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Abstract  

Non-communicable diseases (NCDs) such as cardiovascular, endocrine, metabolic and 
cerebrovascular diseases are increasing contributors to, and major causes of worldwide 
morbidity and mortality. Hypertension and obesity are the most preventable cardiovascular 
risk factors which can be modified by diet and lifestyle changes.  
 

The pomegranate, valued as a medicinal fruit since antiquity, and its extract (PE), are both 
rich in polyphenol antioxidants which have the potential to improve both the management 
and outcomes of chronic disease, to decrease blood pressure and increase satiety, thus 
assisting in the reduction of cardiovascular disease (CVD), overweight and obesity. Chronic 
pomegranate supplementation has recently been shown to improve memory retention, and 
verbal memory with increased functional brain activity during visual and verbal memory 
tasks. PE consumption may perform a role in enhancing cognitive performance or towards 
preventing cognitive decline. The primary aims of this research were to investigate the 
effects of PE on BP and stress hormones, and to explore the relationship between PE intake 
and satiety, anthropometry, quality of life (QoL) and cognitive function indicators. 
Four studies were conducted in healthy volunteers to fulfil these aims using double-blind, 
placebo-controlled, RCT designs. The first three parallel studies were conducted over 4 and 
8 weeks. The exploratory (Pom-01; n=29), satiety (Pom-01s; n=29) and blood pressure and 
anthropometry (Pom-02; n=55) studies investigated the effect of PE consumption on 
anthropometric, physiological, biochemical, satiety and QoL parameters. The fourth 
crossover RCT (Pom-03; n=20) explored the acute effect of PE on cognitive function. 

In Pom-01, paired t-tests showed that systolic BP was significantly reduced following PE 
intake (4.75 mmHg; p = 0.012), with reductions in diastolic BP (1.73 mmHg; p˃0.05). Levels 
of HOMA-IR (p = 0.045), glucose, insulin and uric acid all decreased. No significant changes 
were recorded in volunteers taking the placebo (PL). ANOVA indicated no significant 
differences between the groups. PE consumption caused a highly significant drop in salivary 
cortisol levels (p = 0.016 to p<0.001), and the cortisol/cortisone ratio was also significantly 
reduced (p = 0.011 to p< 0.001). The RAND 36 QoL questionnaire showed significant 
improvements in physical (p = 0.018) and social functioning (p = 0.021), pain (p = 0.003), 
general health (p = 0.008) and overall QoL score (p = 0.007) over the 4-week study within 
the PE group compared to no significant changes in these parameters within the PL. In 
Pom-01s, volunteers taking PE reported feeling less hungry, with less desire to eat, felt 
fuller and more satisfied, and ate less (p = 0.05) than those who consumed the PL.  

There was a significant difference between the PE and PL groups in Pom-02 for diastolic 
BP (F2, 102 =4·4; p = 0·02), where PE decreased (2.79mmHg) compared to placebo. There 
was a similar non-significant decrease in magnitude of SBP (2.6mmHg) compared to PL. 
The QoL questionnaire, showed that significant improvements were also found in four 
parameters for the PE group between baseline and 8 weeks: energy (p = 0.017), emotional 
well-being (p = 0.003), social functioning (p = 0.046) and the overall QoL score (p = 0.022). 
There were no significant differences in the PL group. Acute PE ingestion in Pom-03 
improved aspects of cognitive performance in healthy adults (Picture Recognition, p = 
0.026; overall logical reasoning reaction time (RT), p<0.001; serial subtraction, p<0.001) 
compared to the non-biophenol PL.  

These results suggest that PE intake could be useful for public health. It may ameliorate 
non-communicable disease risk factors, reducing stress and blood pressure levels, 
improving cardiovascular health, perceived health related quality of life and aspects of 
cognitive function. The concurrent ability to decrease insulin resistance and modulate 
indicators of satiety could be of benefit to those who suffer from diabetes (type 2), metabolic 
syndrome or obesity. Future dietary intervention RCTs should focus on PE treatment effects 
over time and explore the most effective dosages in different population groups, age and 
body composition ranges. 

Key words: Pomegranate, Pomegranate Extract (PE), Polyphenols, Antioxidants, 
Anthropometry, Blood Pressure, Cholesterol, Cortisol, Diabetes, Stress, Insulin resistance, 
Satiety, Quality of Life, Health, Cognitive function, Memory, Ageing, Obesity, 
Cardiovascular Disease, Non-communicable diseases.
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Thesis Structure 

This thesis was undertaken to investigate the effects of pomegranate consumption on 

human health in response to the major worldwide health challenges posed by non-

communicable diseases. The increasing focus on identifying and implementing 

effective preventative health strategies to reduce the burden of chronic disease 

through modification of lifestyle behaviours has identified nutrition as a major 

modifiable determinant of non-communicable diseases (NCDs) (Lenoir-Wijnkoop et 

al. 2013). 

This thesis includes four projects which, although designed to interface with each 

other, provide valuable information as stand-alone trials and have been published 

independently of each other. This is reflected in the approach to documenting 

individual projects. The information in each trial was generally written so that it could 

be read alone as well as in conjunction with the others. As such, brief details of 

background, materials and methods are always included to provide context despite 

some of these aspects being previously covered in the literature and methods. When 

the trials are considered together they provide a body of evidence about the effect of 

pomegranate on various parameters of health which are deemed to be risk factors for 

non-communicable diseases. 

This thesis is comprised of 9 chapters. Chapter 1 provides an introduction and 

background to the thesis and reviews the history, cultivation, properties and traditional 

uses of pomegranate. It also discusses the key terms and themes of the interventions, 

as well as issues surrounding non-communicable diseases. The materials and 

methods Chapter 2 provides details on the general experimental methods, tests, 

equipment and pomegranate products used in the studies. Specific methodology 

details relevant to an individual study (e.g. the computerised testing system, 

COMPASS, in the cognitive study) are outlined within the appropriate study chapters 

or the Appendices in Chapter 9.  

The Chapter 3 Exploratory study (Pom-01) discusses this small-scale study with a 

variety of outcome measures. Pom-01 provided the information to power the main 

Blood Pressure and Anthropometry study in Chapter 5 (Pom-02) with its larger sample 

size and more focused outcome measures. The Chapter 4 Satiety study (Pom-01s) 

and the Chapter 6 Cognitive study (Pom-03) have embodied literature reviews which 

are specifically relevant to those chapters rather than being included in the general 

background review in Chapter 1. Discussions about each study and its results are 

considered within each chapter with final conclusions summarised in Chapter 7. 



 

 
 

CHAPTER 1 

 

GENERAL INTRODUCTION 
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 General Introduction 

1.1 Pomegranate 

 Introduction 

The pomegranate has been part of our horticultural heritage for as long as mankind 

itself, with a constant, recognised presence throughout history. It has served as a 

valued therapeutic agent since ancient times (Southgate 2007) and was mentioned 

in the biblical Songs of Solomon (4:13-15): 

 

“……an orchard of pomegranates with all choicest fruits, henna with nard, and saffron, 

calamus and cinnamon, with all trees of frankincense, myrrh and aloes, with all chief 

spices, a garden fountain, a well of living water, and flowing streams from Lebanon” 

(Bible Hub 2018). 

 

 

Figure 1-1 - Pomegranate fruit growing on the tree (WN network 2007) 

 
Pomegranates were also discussed in the 7th book of Homers Odyssey (v.113-120), 

poetically translated by Alexander Pope in the 18th century. His vivid description of the 

mythical Garden of Alcinous illustrates the importance of pomegranate and other fruit 

trees in antiquity.  
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“Close to the gates a spacious garden lies, 

From the storms defended and inclement skies; 

Four acres was the allotted Space of Ground, 

Fenced with a green enclosure all around. 

 

Tall thriving trees confessed the fruitful mould: 

The reddening apple ripens here to gold, 

Here the blue fig with luscious juice o’erflows, 

With deeper red the full pomegranate glows, 

The branch here bends beneath the weighty pear, 

And verdant olives flourish round the year”. 
 

Pope (2010) 
 
 

 
Figure 1-2 - Pomegranate garden (Peterson 2007) 

 
The pomegranate (Punica granatum L.), a fruit native to the Middle East, has gained 

widespread popularity as a functional food and nutraceutical source. It has been used 

in folk medicine for centuries in the Middle East, India, and China, and has been 

employed to treat ailments ranging from inflammation and rheumatism to the pain of 

a simple sore throat (Arun 2012). The health effects of the whole fruit, as well as its 
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juices and extracts, have been studied in relation to a wide variety of chronic diseases 

and many of pomegranate’s positive effects have been attributed to the antioxidants 

which it contains (Johanningsmeier and Harris 2011). Epidemiological evidence 

suggests that diets high in antioxidants may play an important role in the management 

of conditions of current public health concern such as hypertension, diabetes, obesity, 

cancer and cardiovascular disease (Jurenka 2008). 

 Description and Cultivation  

 Naming and botanical classification 

The botanical name Punica (from the Latin punicus) is the feminized Roman name for 

Carthage, the ancient city in northern Tunisia from which the best pomegranates 

came to Italy. It was initially known as Malum punicum, the apple of Carthage.  

 
Table 1-1 - Common names for pomegranate (Bartram 1998, Charles 2013; CBI 2016) 

Language Name for pomegranate 

Urdu Anar 

Hindi Anardana, anar 

Indian/Sanskrit Dalim 

Malayan Dalima 

Dutch Granaatappel 

Spanish Granada 

German Granatbaum, Granatapfel 

Italian Granato 

French Grenadier, Grenade 

Arabian Rumman 

Italian Melograno 

Iranian Ruman 
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However, Linneaus then selected the current botanical name, with the specific epithet 

granatum, meaning seedy or grainy. Its common name therefore means “seedy apple” 

(Stover and Mercure 2007).  

The common name ‘pomegranate’ may also have been derived from the Latin pōmum 

‘apple’ and grānātus ‘seeded’. Pomegranate was known in early English as ‘apple of 

Grenadab’ (Alaniz 2012). The common names for pomegranate in different languages 

are listed in Figure 1-3. 

Botanically, the pomegranate (P. granatum) is in the subclass Rosidae, order Myrtales 

(Figure 1-4) which is home to a few other fruits such as the guava (Psidium sp.) and 

feijoa (Feijoa sp) (Stover and Mercure 2007). 

 
Table 1-2 - Botanical classification for Punica granatum L. (USDA Plants Database 2018) 

Rank Scientific Name and Common Name 

Kingdom Plantae - Plants 

Subkingdom Tracheobionta – Vascular plants 

Superdivision Spermatophyta - Seed plants 

Division Magnoliophyta – Flowering plants 

Class Magnoliopsida - Dicotyledons 

Subclass Rosidae 

Order Myrtales 

Family Punicacea – Pomegranate family 

Genus Punica L. - pomegranate 

Species Punica granatum L.- pomegranate 

 
Unusually, pomegranate belongs to its own botanical family, Punicaceae, being one 

of only two species in its genus Punica, with one predominant species called P. 

granatum (Hodgson 1917; Zarfeshany et al. 2014). The second species in Punica, P. 

protopunica, is found only on the island of Socotra, of the Arabian Peninsula, and is 

considered an ancestral species or an independent evolutionary path (Stover and 

Mercure 2007).  
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The pomegranate can be divided into several anatomical compartments including 

seed, arils, peel, leaf, flower, bark, and root (Figure 1-5) with each possessing 

interesting pharmacological and toxicological activities (Rahimi et al. 2012). 

 

 

Figure 1-3 - Pomegranate plant botanical drawing showing leaf, fruit, flower, and arils with 
cross-sections (Bhandari 2012) 

 

 Pomegranate anatomy 

The pomegranate contains therapeutic compounds in different parts of the fruit. The 

fruit can be divided into three anatomical origins e.g. peel, seeds, and arils (Vuida-

Martos et al. 2010). The peel comprises about 50% of the fruit, with the arils and 

seeds making up 40% and 10% respectively of the edible other half (Al-Muammar 

and Khan 2012). Pomegranate juice is another important product derived from the 

fruit. This is obtained from the arils which are rich sources of bioactive compounds 

like phenolics and flavonoids (Li et al. 2006). Pomegranate fruit is considered 

nutritious due to its biological actions; which have been attributed to its high phenolic 
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and vitamin C content (Lansky and Newman, 2007). Pomegranate seeds are a rich 

fount of polyunsaturated fatty acids (PUFA) - mostly linolenic (n-3), and linoleic (n-2) 

(Anahita et al. 2015). 

The various parts of the pomegranate have specific names. The husk of the 

pomegranate is composed of two parts: the rind or pericarp is the outer peel which 

provides a cuticle layer and fibrous mat for the fruit. The albedo or mesocarp is the 

white, spongy fleshy tissue directly under the skin of a pomegranate where the arils 

attach Figure 1-4 and Figure 1-5). Arils are the botanical term for a seed surrounded 

by a juice sac (Armstrong 2002).  

 

 

Figure 1-4 - Pomegranate fruit parts (Armstrong 2002) 

 
The translucent yellow material surrounding the pomegranate arils is called a septal 

membrane (or membrane) (Figure 1-5) and these, along with the mesocarp, separate 

the arils into multiple chambers (Stover and Mercure 2007; Simply Wonderful 2016). 

 Origins and geographical distribution 

Pomegranate, Punica granatum, is a member of the Punicaceae family, which is a 

large deciduous shrub or small tree native to Asia (Arun 2012). Pomegranate is 

common in West to Middle Asia but has also been cultivated since antiquity in the 

Middle East and the Mediterranean (Alimentarium 2015). 

Pomegranate is a long-lived and drought-tolerant plant popularly grown in arid and 

semiarid zones (Figure 1-6). Pomegranate is widely considered native in the region 
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of Iran to the Himalayas in northern India and has been cultivated and naturalized 

over the entire Mediterranean area since ancient times, starting during the Neolithic 

age (Still 2006; Holland and Bar-Ya´akov, 2008; Meerts et al. 2009). 

Since then, cultivation of pomegranate has expanded to five continents. It now grows 

widely in other tropical and subtropical countries (Charles 2013). 

The trees are currently widely cultivated in Iran, India, the drier parts of Southeast 

Asia, Malaysia, the East Indies, tropical Africa and the Mediterranean countries such 

as Turkey, Egypt, Tunisia, Spain, and Morocco. Pomegranate is also grown in the 

United States (drier parts of California and Arizona), China, Japan, and Russia 

(Fadavi 2006).  

 

 

Figure 1-5 - Pomegranate anatomy (Simply Wonderful 2015) 

 
Since 2013, India, followed by Iran and then China, have been the world’s largest 

pomegranate producers. India is one of the largest exporters of fresh and processed 

pomegranates, with a production of 745,000 tons in 2013. South Africa, Peru, Chile 

and Argentina have recently become major players in both pomegranate production 

and its international trade (Prospectiva 2015).  
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Figure 1-6 - Pomegranates at different stages of ripening (Trnkoczy 2017) 

 
Although pomegranate thrives in Mediterranean environments with cool winters and 

hot summers, it can also be grown in the humid tropics or subtropics and survives as 

far north as Washington, DC (Morton 1987). 

 Pomegranate botanical description 

Punica granatum (pomegranate) is a deciduous shrub or small tree, usually more of 

a bush, typically growing to between 12 and 16 feet (up to 5 m) high but able to reach 

30 feet (10 m) at maturity (Rahimi et al. 2012). It is very closely branched and twiggy, 

inherently developing numerous trunks, but it can be trimmed into the shape of a tree 

and in orchards, trees are normally trained to a single trunk (Morton 1987). The 

branches are slender and frail and somewhat spiny. The tree itself varies in 

appearance from drooping to erect (Melgarejo, 2010). Pomegranate can be extremely 
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long lived, as evidenced by trees at Versailles, France, which are known to be at least 

200 years old (Schneider 1945). 

The trunk bark usually contains between 10 – 25% tannin and was used in leather 

manufacturing. The root bark has a 28% tannin content and the leaves have 11% 

(Teixeira da Silva et al. 2013). The bark, which is mainly stem bark, occurs in flat or 

quilled pieces, and is externally a yellowish-grey colour, furrowed occasionally with 

patches of lichen and internally finely striated (Williamson 2003). 

The leaves are glossy, light green, opposite, lance-like, narrow, from 3-7 cm long and 

2 cm broad (Figure 1-6) (Schneider 1945). New shoots appear reddish bronze and 

the bark of the tree turns grey as the tree ages (Mohammed and Kashani 2011). 

Unlike many fruit trees, pomegranates produce both male and female flowers on the 

same tree (Figure 1-7). The male flowers can pollinate female flowers on the same 

tree or other trees. Pomegranate can be self-pollinated or cross-pollinated by insects 

(Stover and Mercure 2007). Flowers are primarily borne on short lateral branches 

older than 1 year although some cultivars flower on spurs. Flowers occur as single 

blossoms or in clusters of up to five (El-Kassas et al. 1998). 

 

 

Figure 1-7 - Pomegranate flowers with calyx developing into fruit (Eade 2013, Garden.eco 
2018) 

 
The large, attractive flowers are bell-shaped and borne on the new growth of the 

previous year's wood. They are very showy bright red, orange, pink, white, or 

variegated in colour. The 3-6 ruffled petals are 3 cm in diameter and have a thick, 

crown-like, tubular calyx with five to nine points at the base which eventually becomes 

the fruit (Figure 1-7and Figure 1-8) (Schneider 1945; Newman et al. 2007). The 

flowers have a light, sweet fragrance and some fruitless varieties are grown for the 

flowers alone (Morton 1987; Garden.eco 2018).  
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The flowers are produced from June to September, shortly after which the embryonic 

fruit will appear. However, in northern Europe these will generally only ripen under 

greenhouse conditions (Eade 2013). In California, flowering is earlier and 

pomegranate blooms from early May to November, with most trees flowering from 

mid-May to early June with pollination carried out by insects or hummingbirds 

(Melgarejo et al. 2000). 

 

 

Figure 1-8 - Pomegranate flower petals and calyx (Akulova 2016; National Gardening 
Association 2018 (on the left)) 

 
The smooth skinned pomegranate fruit has a leathery rind (or husk) enclosing many 

seeds surrounded by juicy, jewel-like arils, which comprise the edible, astringent, 

pulpy, flesh portion of the fruit (Figure 1-8 and Figure 1-9) (Williamson 2003; Newman 

et al. 2007). The arils range in colour from white to deep red and purple (Lansky et al. 

2007). 

The aril juice sack is composed of many epidermal cells (Stover and Mercure 2007) 

and they are set close together like the cells of a honeycomb which are embedded in 

a white, or pinkish spongy, astringent pulp (Schneider 1945). The number of arils (and 

enclosed seeds) varies but may be as high as 1300 per fruit (Levin 2006). 

The edible fruit is an apple like berry, intermediate in size between a lemon and a 

grapefruit (Morton 1987). The grenade shaped pomegranate fruit can grow up to five 

inches (5-12.5cm) wide (Lansky et al. 2007). Zaouay et al. (2012) differentiated fruits 

into small (100-200g), medium sized (200-400g) and large sized (˃400g) categories. 

The pomegranate husk is crowned at the base by the prominent pointed calyx, a 

distinctive feature of the fruit (Levin 2006; Mohammed and Kashani 2011). It is said 
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that the crowns worn by kings were inspired by the design of this calyx (Schneider 

1945). This strong skin or rind is usually greenish yellow overlaid with light or deep 

pink or rich red (Figure 1 11) (Kays, 1999) but can range from deep red, to light yellow 

as well as housing arils of differing colours (Figure 1 10). 

 

 

Figure 1-9 - Pomegranate arils (Stockton 2014) 

 
Depending on the particular cultivar, arils range from deep red to virtually colourless 

and there is no correlation between the outer skin colour of the rind and the colour of 

the arils (Kader 2006). The external outer skin colour provides no indication of the 

degree of ripening of the fruit or its readiness for consumption either because it can 

attain its final colour before the arils are fully ripened (Holland et al. 2009).  

However, once the fruit have developed their distinctive colour, they are considered 

to be ripe if they make a metallic sound when tapped. Fruit should be selected based 

on weight, with heavier fruits being riper (Eade 2013). A large pomegranate fruit can 

weigh up to 2-3 pounds (0.9- 1.4 kg) and a mature tree often bears 400-500 pounds 

(180–225 kg) of fruit (Hodgson 1917). 

Fruits ripen about 6 to 7 months after flowering. In the northern hemisphere, 

pomegranates are typically in season from September until February, while in the 

southern hemisphere, they are in season from March until May (Morton, 1987). 

For morphological characterization, pomegranate fruit weight, fruit length, fruit width, 

peel thickness, and number of arils were evaluated by Akram et al. (2015). The 
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parameter results showed a range for fruit weight of 36-215 (g), fruit length of 30-66.9 

(mm), fruit width of 8.45-64.61 (mm), peel thickness of 0.2-4.2 (mm), and the number 

of arils between 180-490 respectively. 

The pomegranate has more than 500 named cultivars, many of which are widely 

available on the European market. Cultivars which are produced in Europe (Spain) 

include ‘Mollar de Elche’, ‘Mollar Valenciana’, and ‘Wonderful’ (CBI 2016). 

 

 

Figure 1-10 - Pomegranate sections showing rind, mesocarp, arils and membrane (Clark 
2013) 

 
Rahimi et al (2012) highlighted that over 764 cultivars of Punica granatum have been 

collected in Iran, all of which possess specific fruit characteristics including size, 

colour, taste, time of ripening, and disease resistance. They emphasised the 

importance of pomegranate to this region due to its ability to adapt to adverse 

ecological conditions. Pomegranate thrives on a wide variety of soils and has a high 

resistance to salinity. It is extremely drought tolerant once established but produces 

more fruit with generous moisture (Melgarejo, 2003). 

Pomegranates can produce fruit in the second or third year after propagation, but 

good commercial production is usually at 5 to 6 years. Pomegranate storage life is 

fairly long, equalling the apple and the fruit ships very well (Morton, 1987). 

Pomegranate also has a wonderful range of flavours ranging from mild watermelon to 

strawberry-like flavours in low acid types to bright cherry and cranberry-like flavours 

in sweet/tart type cultivars (Hodgson 1917). 
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Figure 1-11 - Mature pomegranate fruit (Trnkoczy 2018) 

 

 Cultural history and symbolism 

The pomegranate seems to have been in existence since antiquity (Schneider 1945). 

Pomegranates were domesticated around 4,000 B.C. and the pomegranate fruit has 

a fascinating history of traditional use as food, medicine, and cultural icon (Dreher 

2008).  

Pomegranate has been used extensively in the folk medicine of many cultures since 

ancient times as both a food and a medicinal agent to treat a broad variety of 

conditions (Vuida-Martos et al. 2010). There is evidence that before Hippocrates, 

Galen and perhaps even Imhotep, pomegranate was a medicinal staple 

recommended by both Dioscorides and Pliny the Elder (Southgate 2007). Dreher 

(2008) noted that the healing property of pomegranates was discussed in one of the 

oldest medical texts, the Ebers Papyrus, from ancient Egypt (circa 1500 BC).  

The scholars wrote about various pomegranate remedies. Dioscorides recommended 

the juice of sour pomegranates, pressed out and mixed with honey, as being good for 

ulcers in the mouth and pains in the ears and nostrils.  He also believed that 

swallowing three or more pomegranate flowers would prevent any eye trouble all year 

(Schneider 1945).  

The ancient Persians recognized the beneficial effect of pomegranates with 

Theophrastus and Pliny recounting the different pomegranate varieties and their 
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medicinal properties (Alimentarium 2015). They both considered the pomegranate a 

valuable plant for its beauty and medicinal properties. Pliny listed twenty-six remedies 

made from it. Theophrastus, besides describing the virtues of the pomegranate, 

commented in depth on its culture (Schneider 1945). Late medieval books on plants 

described both the appearance and therapeutic effects of pomegranates (Schneider 

1945; Alimentarium 2015). 

Edible pomegranates were cultivated in Persia (Iran) as long ago as 3000 BCE, and 

by 2000 BCE were established in North Africa (Tunisia and Egypt), naturalized in 

western Turkey and Greece, eventually reaching China around 100 BCE. By the 800s 

they then appeared throughout Spain, India and the Roman Empire (Stover and 

Mercure 2007). The pomegranate made its way to Indonesia in the 1400s and 

continued on to Central and South America in the 1500-1600s. Its cultivation moved 

northwards to the USA in the 1700s and it was recorded growing in California missions 

by 1770 (Morton, 1987).  

The first pomegranate in England is believed to have been planted by King Henry VIII 

in the 1500s. The fruit featured prominently during the celebration of his wedding to 

Catherine of Aragon and her coronation (Wilson 2018). John Gerard, a physician and 

famous amateur herbalist of sixteenth-century England, also had pomegranates in his 

garden (Schneider 1945). 

Pomegranate is ingrained into our collective cultural history. Archaeologists have 

found carbonized pomegranate exocarps originating from the Early Bronze Age (3000 

BC) in Jericho, from the Late Bronze Age in Cyprus (Boncuk 2014) and Turkey in 

1400BCE (Ward 2003). It was also revered enough to have been painted on walls 

and tombs in Egyptian tombs symbolising life after death (Boncuk 2014).  

Some scholars of antiquity have concluded that the pomegranate was actually the 

tree of life in the Garden of Eden. They believed that it was the pomegranate fruit 

rather than the apple with which Eve tempted Adam (Schneider 1945). Pomegranate 

symbolises fertility, beauty, immortality, success, and wealth. It has appeared in texts 

and illustrations throughout the centuries and was revered for possessing powers of 

fertility, abundance and good luck (Miguel et al. 2010).  
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Figure 1-12 - Pomegranate arils (Holland, 2018a) 

 
Pomegranates have diverse cultural-religious significance, not only as a symbol of life 

and fertility owing to their many seeds (Figure 1-12) but also as a symbol of power 

(imperial orb), blood and death (Alimentarium 2015). Marincola (1996) pointed out 

that in the account of the Persian war Herodotus mentioned golden pomegranates 

adorning the spears of warriors in the Persian phalanx. When Persia invaded Greece 

in 480BC, their army had pomegranates on the ends of their spears instead of spikes 

because pomegranates were considered a symbol of strength. 

The fruit is richly depicted in worldwide mythology. Its presence is woven into the 

fabric of ancient lore from Eve’s choice in the Garden of Eden to Persephone’s fateful 

decision in Hades underworld (Figure 1-13) (Southgate 2007). In both Greek and 

Persian mythology pomegranates represent life, regeneration, and marriage (Dreher 

2008). In Buddhism, pomegranate is considered to be one of the three sacred fruits, 

along with lemons and peaches, symbolizing the essence of favourable influences 

(Bhandari 2012). Pomegranate is widely represented in ceramic art in China and for 

centuries, they have been used in traditional Chinese medicine (Dreher 2008). For 

the Chinese, the pomegranate denoted fertility, abundance, longevity, posterity, 

immortality and numerous and virtuous offspring, with a sanctified future. (Bhandari 

2012).  

According to the Quran, pomegranates grow in the gardens of paradise (Rahimi et al. 

2012). The Quran mentions pomegranate three times representing, for example, the 
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good things created by God, whether earthly fruit or that of Paradise, hence it is also 

sometimes referred to as the ‘apple of paradise’ (Alimentarium 2015). Both the Arabic 

(rumman) and Hebrew name for pomegranate (rimmon) are reported to originate as 

‘fruit of paradise’, which demonstrates its appreciation in these cultures (Stover and 

Mercure 2007).  

The Pomegranate was familiar to the Hebrews in biblical times and was certainly 

known in the gardens of Babylon. The Old Testament mentions pomegranates 

numerous times with examples in Exodus (39: 24-4), Numbers (13:23 and 20:5), 

Deuteronomy (8:8), Samuel (14:2), Song of Solomon (4:3;13, 6:7; 11, 7:12, 8:2 and 

others (Longtin 2003).  

In Babylonia, the pomegranate was an agent of resurrection. It is still used by Jews 

in certain ceremonies and has been used in architecture from ancient times. 

According to Jewish custom, pomegranates contain 613 seeds, one for each 

commandment given to Israel in the Old Testament (Wilson 2018). A picture of the 

fruit appeared in the decoration on the pillars of King Solomon’s Temple, and was 

embroidered on the hem of the High Priest’s robe (Charles 2013).  

Pomegranate has long been associated with love and was one of the symbols of the 

love goddess Aphrodite (Stover and Mercure 2007). The poet, Elisabeth Barret 

Browning (Browning 1844) intrigued her future husband Robert with a courtship poem 

where she observed "pomegranate, which, if cut deep down the middle, shows a heart 

within blood-tinctured, of a veined humanity!” They were married soon afterwards in 

1846. 

In Zoroastrianism, the pomegranate symbolizes both fecundity and immortality. It is 

also an emblem of prosperity and was much used in Zoroastrian ritual and domestic 

observances (Panthaky 2018). The Persians believed that the seeds of pomegranate 

conferred invincibility on the battle field. In Persian mythology Isfandiyar eats a 

pomegranate and becomes invincible (Curtis 1996).  
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Figure 1-13 - The Myth of Persephone and the Pomegranate (Smith 2015) 

 
The pomegranate occupies a distinct role as a fertility symbol in marriages among the 

Bedouins of the Middle East (Bhandari 2012). A fine pomegranate specimen is split 

open by the groom as he enters the doorway to the house or tent which he shares 

with his bride. Abundant seeds are deemed to ensure that the couple who eat it will 

have many children (Langley 2000). Legend in Turkey has it that a bride could know 

the number of children she would have by the number of seeds that would spill out of 

a pomegranate when she dropped it onto the floor (Charles 2013). 

When opened, the pomegranate spills a wondrous mass of shiny ruby seeds (Figure 

1-12), which perhaps led to its reputation and prominent symbol of fertility over the 

ages (Southgate 2007). It is easy to translate this pomegranate seediness into its 

association with fertility (Stover and Mercure 2007).  

Perhaps pomegranate inspired the Greek myth in which Persephone was forced to 

spend part of each year in Hades underworld kingdom because she had eaten 

pomegranate seeds while living with Hades, but her return is celebrated with the 

coming of spring (Figure 1-13). The number of seeds eaten by Persephone varies in 

differing versions of the tale, but these equate to the number of months she remains 

underground each year with Hades e.g. 4 seeds = 4 months.  

The Greeks also saw pomegranate as the ‘fruit of the dead’ providing sustenance to 

the residents of Hades (Lansky et al. 2000). As a practical contributor to the diet, these 
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fruits were likely invaluable to early desert travellers as an easily carried, well-

protected form of water (Morton, 1987). 

Because of its role in the Greek legend of Persephone, the pomegranate came to 

symbolize fertility, death, and eternity and was an emblem of the Eleusinian mysteries 

(Charles 2013). The Ancient Greeks associated this fertility symbol with the 

goddesses Demeter, Persephone, Aphrodite, and Athena (Alimentarium 2015). 

 
 

 

Figure 1-14 - Madonna of the Pomegranate 1487 (Botticelli 2011) 

 
 
In Christian art, the pomegranate is a symbol of hope (Charles 2013) and an icon of 

renaissance and life eternal. The pomegranate is often found in devotional statues 

and paintings of the Virgin and Child (Bhandari 2012). Botticelli’s Madonna of the 

Magnificat was painted with a pomegranate in her left hand (Figure 1-14). 

The pomegranate tree tethered the unicorn in medieval tapestries and was the chosen 

shade for the Shakespeare’s Romeo and Juliet’s romantic love tryst (Southgate 

2007). In the Song of Solomon (Cant. 4: 3), Sulamith’s cheeks are compared to halves 

of a pomegranate (Alimentarium 2015). Other artefacts such as ancient Egyptian 

glass medicine vessels shaped in the likeness of pomegranate, dated from 1280 to 

1080 BCE, have been exhibited in the Metropolitan Museum of Art (Southgate 2007). 
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Figure 1-15 - Mystic with pomegranate tree of life (left) (Lilla 2013) and the Heraldic badge of 
Catherine of Aragon (right), whose motto was ‘humble and loyal’ (Hickey 2016) 

 

In more modern times, the pomegranate garden continues to be a symbol of heaven 

in mysticism and dreams. Carl Jung saw a garden of pomegranates when he was 

near to death (Figure 1-15) recalling “I myself was, so it seemed, in the Pardes 

Rimmonim, the garden of pomegranates…. I cannot tell you how wonderful it was” 

(Lilla 2013). 

The pomegranate was chosen as the logo for the British Medical Journal’s Millennium 

Festival of Medicine because of its historically recognized medicinal properties.  It also 

features in the heraldic crests of The British Medical Association and three royal 

colleges (Figure 1-16) (Dreher 2008).  

The pomegranate formed part of Catherine of Aragon's coat of arms and was her 

personal emblem (Figure 1-15). It was accepted into English heraldry when she 

married King Henry VIII in 1509. The Museum of London houses a badge showing a 

pomegranate and a Tudor rose combined. The Royal College of Physicians of London 

had adopted it in their coat of arms by the middle of the sixteenth century. The heraldic 

meanings of the pomegranate seem aimed to echo the age-old meanings of the 

pomegranate —the persistence of life, fertility, and regeneration (Langley 2000). 
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Figure 1-16 - Coat of arms for the British Medical Association (left) and Royal College of 
Physicians (right) (Langley 2000) 

 

Figure 1-17 shows the remaining medical institutions featuring pomegranate in their 

crests. These are the Royal College of Obstetricians and Gynaecologists and the 

Royal College of Midwives (Langley 2000). 

 

       

Figure 1-17 - Royal College of Obstetricians and Gynaecologists (left) and Royal College of 
Midwives (right) (Langley 2000) 
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The pomegranate is also featured on the Royal College of Physicians (RCP) current 

coat of arms and is represented both in the arms of cherubs inside the building and 

above the reception desk (Figure 1-18).  

 

 

Figure 1-18 - Stone carved arms of the Royal College of Physicians, late 17th century 
(Stockton 2011 with permission from RCP 2012) 

 

 Traditional medicinal uses 

It was not only for its symbolic significance that the pomegranate was regarded so 

highly. Aside from the seeds serving as food, all parts of the plant, which is highly 

astringent, could be used for some purpose and they were much employed in 

traditional medicine (Schneider 1945). 

The pomegranate is renowned for its deep association with the cultures of the 

Mediterranean region and Near East, being savoured as a delicacy, appreciated as 

an important dietary component and revered for its medicinal properties (Stover and 

Mercure 2007). Indian royalty began their banquets with pomegranate, grape, and 

jujube (red or Chinese dates) (Seeram et al. 2006b). 

Preparations of different parts of the plant - flower, fruit juice, rind, bark - have been 

historically used for a wide variety of conditions, particularly gastroenterological 

ailments. The Greek physician Dioscorides describes some of them: 

‘All sorts of pommegranats are of a pleasant taste and good for ye stomach … The 

juice of the kernells prest out, being sod and mixed with Hony, are good for the ulcers 

that are in ye mouth and in ye Genitalls and in the seate, and for ye paines of ye 

eares, and for the griefs in ye nosthrills … The decoction of ye flowers is a collution 
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of moist flagging gummes and of loose teeth . . . ye rinde having a binding faculty… 

but ye decoction of ye roots doth expell and kill the Latas tineas ventris’ (Lamplugh 

2015). 

The use of pomegranate rind and root bark as a treatment for tapeworm infestation 

(‘Latas tineas ventris’) was recommended by several early Roman medical writers 

(Langley 2000). For generations the bark of the stem, the roots, and, to some extent, 

the skin of the fruit were used to make a well-known vermifuge, particularly effective 

for tapeworm. The fresh bark was considered to produce the best results.  (Schneider 

1945). It is still listed as a treatment for tapeworms and diarrhoea in a current 

encyclopaedia of medicinal plants (Langley 2000).  

Bartram (1998) states that pomegranate is used to treat round, pin and tapeworms, 

as well as a bitter and treatment for irritable bowel and dysentery. He also mentions 

its action as an aphrodisiac, the demulcent action of the seeds and its role in 

alleviating cystitis through eating the fruit.  

A decoction of the bark or fruit rind is made [by adding 2 oz (56g) of bark or rind to 2 

pints (1.14 L) water which is simmered down by half to a pint], and a therapeutic dose 

of a wineglassful (125 ml) administered three times daily. Infusions or tinctures of the 

fresh or dried fruit rind are usually taken with added honey to counter the bitter taste. 

A root bark decoction (sometimes with stem bark, leaves or young fruit added) has 

traditionally been used as a vermifuge to treat intestinal parasites - mainly tapeworm 

(Bartram 1998). The astringent juice is reputed to heal wounds and disorders of the 

digestive tract and the thick vibrant cordial syrup and drink mixer, grenadine, was also 

named after the pomegranate (Southgate 2007). 

Several Middle Eastern, Asian, and South American peoples continue to chew small 

pieces of its bark, petals, and peel to treat ailments ranging from dysentery to 

diseases of the mouth and gums (Longtin 2003). For centuries, pomegranates have 

been used in traditional Chinese medicine as antimicrobial and anti-inflammatory 

agents (Dreher 2008). In various forms of traditional Asian medicine, pomegranate 

fruits were recommended as a health tonic and as a treatment for numerous ailments 

including diarrhoea, dysentery, and diabetes (McCutcheon et al. 2008). The dried fruit 

rind or the fruit pulp is a common remedy for upset stomachs (Figure 1-19). The leaves 

were made into a paste and applied onto the eyes for conjunctivitis, while the leaf 

juice or powdered flower buds were given in dysentery or made into a tea as remedy 

for bronchitis (Chatterjee and Pakrashi 2003; Charles 2013). In Mexico, extracts of 
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the flowers were used as a gargle to relieve mouth and throat inflammation. Other 

traditional uses of pomegranate products have included treatments for contraception, 

diabetes, and leprosy (Morton 1987; Lansky et al. 2000; Stover and Mercure 2007). 

 

 

Figure 1-19 - Harvested pomegranate at market (Holland 2018b) 

 
The Ayurvedic system of medicine regards pomegranate as a 'pharmacy unto itself', 

using the juice to help lower fevers and as a blood tonic. All parts of the plant (roots, 

bark, flowers, fruits, and leaves) are used for remedial purposes in Ayurveda where 

pomegranate is also valued as an anti-parasitic agent and blood tonic. It is employed 

to heal diarrhoea and ulcers (Newman et al. 2007). In India the rind was often 

combined with opium for chronic dysentery and diarrhoea. The flowers were called 

"balaustia". When dried, they were said to keep their strength for two years (Schneider 

1945). 

 

The Greeks regarded the flowers as a diabetes treatment and the bark and roots of 

the tree as means of treating parasitic infections and worms (Newman et al. 2007). 

Pomegranate also functions as a remedy for diabetes in the Unani system of medicine 

practiced in the Middle East and India (Bhandari 2012). 

Different parts of the pomegranate were used depending on the ailment being treated. 

Pomegranate’s therapeutic properties are extensive and have been found in the bark, 

leaves, flowers and fruit (mainly, juice, seeds and peel). It has also been used in the 
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treatment and prevention of cancer, cardiovascular disease, diabetes, dental 

conditions, erectile dysfunction, arthritis, and obesity (Jurenka 2008). 

The fruit has been widely employed as a traditional remedy against acidosis, 

dysentery, microbial infections, diarrhoea, helminth, haemorrhage and respiratory 

pathologies (Kim and Choi 2009). The dried pericarp and the fruit juice functioned as 

diuretics and were considered helpful for the treatment of colic, colitis, menorrhagia, 

headache, acne, piles, allergic dermatitis, and treatment of oral diseases (Ricci 2006; 

Rahimi et al. 2012). Seeram et al. (2006b) considered that many of these traditional 

uses were at least somewhat supported by modern scientific studies. 

 

 Culinary and household uses 

There have been many other useful applications for the products of the pomegranate 

tree, including a long culinary tradition. Pomegranates were highly valued in Ancient 

Egypt and were part of the supply of fruits required in a pharaoh's residence around 

1600 BCE (Wang et al. 2018). 

The fruit is used as a dessert, and in the East, the juice is included in cold drinks 

(Figure 1-20). The first sherbet was believed to have been made by mixing 

pomegranate juice with snow and grenadine cordial is still used in drinks today 

(Wilson 2018). Pomegranate has an astringent aroma and a very sweet-sour taste 

(Charles 2013) and is also used in savoury dishes. Crushed pomegranate seeds are 

sprinkled on hummus, the famous Middle Eastern dip. In Indian cooking pomegranate 

seeds can be used as a souring agent instead of lemon juice (Charles 2013). 

The seed dried with the pulp is called anardana and is used as a spice in many dishes. 

Anardana is made by drying the pomegranate seeds for 10 to 15 days and is enjoyed 

in both Indian and Pakistani cuisines. Literally, the word comes from (anar) seeds and 

(dana) in Persian. The seeds are used as an acidic agent for a variety of chutneys 

and curries (Alaniz 2012). Pomegranate juice and seeds are used to make toppings, 

sauces and dips for many types of food (Salgado et al. 2012). Table 1-3 shows the 

basic macro and micronutrient values for 100g of fresh pomegranate (edible product). 
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Figure 1-20 - Pomegranate juice freshly squeezed at market (Holland 2018c) 

 
Pomegranate bark produces tannins which help to create Moroccan leather. The 

leathery pomegranate rind was boiled into tannin rich concoctions which tanned and 

dyed leather (Van Wyk and Wink 2004; Wilson 2018). Extracts of pomegranate rind 

provided a major source of medieval ink in Europe, particularly Germany, and 

specialty craft inks are still created from pomegranate. One recipe recommended that 

(blue) vitriol, yeast, the lees (dregs) of wine and the rind of the pomegranate be 

‘commingled together’ to give results similar to the widely used gall ink. One 

‘pomegranate’ ink document from the reign of Charlemagne in the ninth century on 

yellow-brown Esparto (a Spanish rush) paper is still preserved. Other specimens up 

until the 14th Century exist in the British Museum and other public libraries (Carvalho, 

1998). 

 

Cooking the fruit yields a pitch-black ink and extracts from pomegranate fruit husks, 

juice and crushed flowers have been used to dye oriental carpets and textiles for 

centuries (Alimentarium 2015). The longevity and distinctive appearance of the 
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harvested pomegranate fruit results in their widespread use in table arrangements, 

particularly during the Thanksgiving to Christmas season in the USA. Pomegranate 

images are frequently included in paintings and architecture, emphasising its 

popularity (Stover and Mercure 2007). 

 Pomegranate nutrients and active constituents  

 Nutrient values 

The pomegranate tree possesses a unique biochemistry (Longtin 2003). The health 

benefits of pomegranate have been attributed to its wide range of phytochemicals, 

with its antioxidant activity originating from its high polyphenolic content, specifically 

punicalagins, punicalins, gallagic acid, and ellagic acid [Zhang et al 2009]. 

Pomegranates also contain a complex mixture of gallotannins, ellagitannins, and 

anthocyanins (Viuda-Martos et al 2010). 

 
Table 1-3 - Pomegranate nutrient values for 100g of edible product. These values are based 
on pomegranate samples of the California Wonderful variety (Jurenka 2008; Zarfeshany et al. 
2014; USDA 2018) 

 

 
The edible part of the pomegranate fruit (50% of total pomegranate weight) consists 

of 80% juice and 20% seeds. The fresh juice contains 85% water, 10% total sugars, 
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1.5% pectin, ascorbic acid and polyphenolic flavonoids. Pomegranate also contains 

reasonable amounts of protein, fibre, vitamins, minerals, polyphenols, and isoflavones 

(Table 1-3) (Al-Muammar and Khan 2012). 

The soluble polyphenol content varies between 0.2 and 1.0%, depending on the fruit 

variety and includes mainly anthocyanins, catechins, ellagic tannins and gallic and 

ellagic acids (Aviram et al. 2000; Ghosh and Scheepens 2009). These pomegranate 

phytochemicals are explained and discussed more fully in the polyphenol section later 

in this chapter.  

 Active constituents in fruit parts 

Various parts of the pomegranate such as its bark, leaves, fruit and flowers have been 

used therapeutically for centuries by many cultures. This has been documented as 

long ago as 1550 B.C.E (Seeram et al. 2006c). A list of the phytochemicals present 

in pomegranate appears in Appendix 9.1. These compounds are accompanied by the 

relevant chemical formulae and the plant part(s) where the constituent is present. 

The main categories of phytochemicals shown are: ellagitannins and gallotannins, 

ellagic acid derivatives, catechin and procyanidins, anthocyanins and anthocyanidins, 

flavonols, organic acids, simple galloyl derivatives, fatty acids and triglycerides, 

sterols and terpenoids, alkaloids, and other compounds. 

The chemical composition of the fruits differs depending on the cultivar, growing 

region, maturity, cultivation practice, climate, and storage circumstances (Fadavi et 

al. 2005). Researchers have studied all parts of the pomegranate for their potential 

health benefits. Those parts include the fruit, seed, seed oil, tannin-rich peel, root, 

leaf, and flower (NCCIH 2017). 

 Peel  

About 50% of the total fruit weight corresponds to the pericarp/peel, which is an 

important source of bioactive compounds. These include phenolics, flavonoids 

(flavones, flavanones, and other flavanols), ellagitannins and gallotannins (mainly 

punicalin and punicalagin at very high concentrations -up to 28%), proanthocyanidins, 

minerals (mostly potassium, nitrogen, calcium, phosphorus, magnesium, and sodium) 

and complex polysaccharides (Viuda-Martos et al 2010; Bhandari 2012). Several 

piperidine alkaloids are present in the roots, bark, leaves, and young fruit but not in 

the rind (Van Wyk and Wink 2004; Charles 2013).  
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Hepatoprotective and immunomodulatory activity have also been identified in fruit rind 

extracts which have antimicrobial and anti-fungal properties. Because the peel is not 

an edible part of the plant, pharmaceuticals have been produced in different forms 

such as pills, powders, and capsules for easy consumption (Al-Muammar and Khan 

2012). 

 Seed 

In addition to the high levels of antioxidant-rich tannins and flavonoids in the juice and 

peel, the seeds can be crushed and dried to produce a unique oil. Pomegranate seed 

oil is composed primarily of punicic acid and sterols (Bhandari 2012). 

 

 

Figure 1-21 - Pomegranate section showing the leaves, fruit peel, arils and endocarp (Banned 
Book 2014) 

 
About 70-80% of the oil is punicic acid, a rare 18-carbon fatty acid, which is a 

conjugated isomer unique to pomegranate oil. The other 20-30% comprises the 

phytoestrogens coumestrol and genistein (which is an isoflavone), the sex steroid 

oestrone. Oestradiol, asiatic and maslinic acids, sitosterol, and glucosides (Rahimi et 

al. 2012; Charles 2013). In fact, the pomegranate is one of the only plants in nature 

known to contain oestrone (Longtin 2003; Viladomiu et al. 2013). The pomegranate 

seeds are a rich source of total lipids, with a high concentration of conjugated fatty 

acids such as linoleic acid (LA) and linolenic acid (Al-Muammar and Khan 2012). The 
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fatty acid component of pomegranate seed oil comprises over 95% of the oil, of which 

99% is triacylglycerols (Lansky and Newman 2007). 

 Leaf 

The pomegranate leaf, like the peel, is rich in polyphenolic compounds including 

tannins (punicalin, punicafolin, pedunculagan, gallagic acid, ellagic acid and its esters 

of glucose) as well as flavonoids (flavone glycosides e.g. luteolin and apigenin). The 

leaves were reported to contain betulic acid, granatins A and B, and punicatolin 

(Chatterjee and Pakrashi 2003). Among the tannins, ellagic acid and punicalgins have 

aroused great interest, being linked in recent years with the greatest health benefits 

of the pomegranate (Bialonska et al. 2009; Bhandari 2012). 

 Flowers 

The flowers of pomegranate are composed of ursolic acid, triterpenoids like maslinic 

acid, and asiatic acid (Bhandari 2012).  

 Roots and bark 

Ellagitannins and piperidine alkaloids are present in pomegranate roots and bark 

(Bhandari 2012). 

 Fruit /Juice 

Pomegranate arils contain 85% water, 10% total sugars - mainly fructose and glucose, 

and 1.5% pectin, organic acid, such as ascorbic acid, citric acid, and malic acid, and 

bioactive compounds such as phenolics and flavonoids, principally anthocyanins 

(Viuda-Martos et al. 2010; Sreekumar et al. 2014). 

Phenolic compounds appear to be mainly responsible for the health-promoting 

properties of pomegranate fruit and juice prepared from the entire fruit. These 

phenolics are predominantly hydrolysable tannins (comprising gallotannins and 

ellagitannins) together with gallagylesters. These hydrolysable tannins account for an 

average of 99 to 100 % of total phenolics in the pericarps/peel, 87 % in pomegranate 

juices from entire fruits, and only 33 % in pomegranate juices made from isolated arils 

(Todaro et al. 2016). The pomegranate juice made from the whole fruit is richer in 

phenolics than juice made solely from arils. 

Pomegranate juice contains anthocyanins, glucose, ascorbic acid, ellagic acid, gallic 

acid, caffeic acid, catechin, epigallocatechin gallate (EGCG), querticin, rutin, iron, and 

amino acids (Bhandari 2012). The fruit juice appears to confer cardiovascular health 
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benefits due to its anti-oxidant activity. All of these phytochemicals contribute to the 

overall spectrum of health benefits (Al-Muammar and Khan 2012).  

 Pomegranate dietary supplements 

Pomegranate is available in various other dietary forms than fruit, such as bottled juice 

(fresh or concentrated), powdered capsules, and tablets, which are derived from seed, 

fermented juice, peel, leaf and flower, gelatine, seed oil extract capsules, tea from 

leaves or seeds, and other culinary food such as jams, jellies, sauces, salad 

dressings, and vinegars (Newman et al. 2007). Other important pomegranate 

products are marmalades, ice cream, creams and gels (Rahimi et al. 2012). 

Anardana, the powdered form of pomegranate seed, is used as a type of spice 

(Zarfeshany et al. 2014). 

Pomegranate has been used as a dietary supplement for many conditions including 

wounds, heart conditions, intestinal problems, and as a gargle for a sore throat. 

(NCCIH 2017). The high antioxidant activities of the phytochemicals found in 

pomegranate have led to the development of dietary supplements which contain 

these biologically active polyphenols, namely, the hydrolysable tannins - ellagitannins 

and punicalagins. Various pomegranate extracts, enriched in tannin content, have 

been prepared for dietary supplement use from whole fruit, arils, and seeds. The 

supplement contains similar tannins to pomegranate juice (PJ) but lacks the sugars 

and calories naturally found in the juice (Heber et al. 2007). 

 Pomegranate research 

In recent years, there has been growing curiosity from consumers, researchers, and 

the food industry into how food products can help maintain health. This response has 

been stimulated by the widely accepted understanding of the vital part which diet plays 

in the prevention and treatment of many illnesses, prompting an interest in functional 

foods. 

Apart from their basic nutritional functions, these foods provide physiological benefits 

and play an important role in disease prevention and management (Viuda-Martos et 

al. 2010). Pomegranate contains several groups of substances which are useful in 

disease risk reduction. Jurenka (2008) reviewed the therapeutic properties of 

pomegranate concluding that its potential was wide‐ranging. Possible applications 

included the treatment and prevention of cancer, cardiovascular disease, diabetes, 

metabolic syndrome, dental conditions, erectile dysfunction and protection from 
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ultraviolet radiation. Other potential applications encompassed Alzheimer’s disease, 

male infertility, arthritis and obesity. This potential has led to a burgeoning fascination 

with the pomegranate as both a medicinal and nutritional product. (Martínez et al. 

2006; Jaiswal et al. 2010).  

The field of pomegranate research has subsequently experienced tremendous 

growth. The high antioxidant activity of pomegranate when compared to other fruits 

and beverages, along with its anti-inflammatory and anti-obesity properties, has 

stimulated interest in determining its potential functional food applications (Figure 

1-22).  

 

 

Figure 1-22 - Principal functional and medicinal effects of pomegranate (Viuda-Martos et al. 
2010) 

 
The number of scientific publications on pomegranate and its health-promoting 

benefits has increased significantly in recent years. A PUBMED 2012 search revealed 

677 publications related to pomegranate with 619 published from 2002-12 and 425 of 

these from 2007-12 (Viladomiu et al. 2013). Only 38 papers were published in the 25 

years from 1975-1999 (Longtin 2003) and this was confirmed and stratified by Stover 

and Mercure (2007) when they made comparisons between the 40 pomegranate 

journal publications produced in 2005 against the much smaller amount of 30 in total 

published between 1945 to 2000 (Schulman 2006).  

The reason for this, despite the impressive therapeutic history, seems to be that 

Western scientists were slow to show an interest in pomegranate. Longtin (2003, 

p.346) suggested that since pomegranate was native to the Middle East and not 
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commonly consumed in Western diets, it may simply have “fallen through the cultural 

cracks”.  

This changed when Ephraim Lansky, a well-known pomegranate enthusiast, seriously 

began researching its medicinal properties in 1992 after presenting to a conference 

on the Sharaf and Nigm (1964) findings which confirmed the high content of the 

female hormone oestrone (a type of oestrogen) in pomegranate seed oil. 

Lansky published papers with fellow researchers on pomegranate’s strong antioxidant 

properties (Schubert et al. 1999), its pharmacological and therapeutic properties 

(Lansky 2000) and its potential for the prevention and treatment of inflammation and 

cancer (Lansky and Newman 2007). Lansky founded the pomegranate product 

company Rimonest in the late 1990s and around this time other Israeli scientists 

began to study pomegranate, which in turn sparked the worldwide interest which 

continues today. 

 

 

Figure 1-23 - The increasing number of papers on the health benefits of ellagitannins 
(polyphenols contained in pomegranate) over time as shown by the cumulative number of 
papers from 2001 to 2016 (Danesi and Ferguson 2017) 

 
Alongside the Lansky research, the Michael Aviram led trial showing that 

pomegranate juice may improve key indicators of cardiovascular health (Aviram et al. 

2000), marked the beginning of the more widespread investigation into 

pomegranate’s health promoting properties and its potential as a medicinal fruit. 

 Many of these early papers, primarily focusing on the medical implications of 

pomegranate and its products, were reviewed in the book ‘Pomegranates: Ancient 
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Roots to Modern Medicine’ edited by Seeram et al. (2006b). Before considering the 

research on pomegranate in more detail, it is important to explore the functions, 

structures and properties of the phytochemicals contained within pomegranate.  

1.2 Polyphenols and pomegranate phytochemicals 

 Phytochemicals, polyphenols and antioxidants 

 Introduction to phytochemicals, polyphenols and biophenols 

Phytochemicals are bioactive chemical compounds naturally found in plants which 

are considered to be beneficial to human health. These chemicals are produced by 

plants generally to provide a defence against disease and predators. Dietary 

phytochemicals have human health benefits but are not considered essential nutrients 

like carbohydrates, fats, protein, vitamins and minerals (Pandey and Rizvi 2009).  

 
 

 

Figure 1-24 - Classes of polyphenols with flavonoid subgroups and structures (Yilmaz and 
Toledo 2004) 

 

 

Polyphenols are the main class of pomegranate phytochemicals in the composition of 

the fruit (Figure 1-24). Pomegranate polyphenols include flavonoids (flavanols, 
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anthocyanins and flavonols), hydrolysable tannins (ellagitannins and gallotannins) 

and condensed tannins (proanthocyanidins). Other phytochemicals identified in 

pomegranate have been triglycerides, fatty acids, alkaloids, terpenoids, steroids and 

phenolic acids (Seeram et al. 2006b). 

 
Polyphenols are common constituents of plant origin foods and these provide most of 

the major antioxidants in our diet, having many acknowledged health benefits. They 

protect the body’s cells against damage caused by free radicals arising from many 

sources e.g. pollution which contribute to tissue damage (Basu and Penugonda 2009; 

Seeram et al. 2004). Our total polyphenol dietary intake is about 1 g/day with the main 

dietary sources of polyphenols being fruits and beverages. This is much higher than 

that of all other classes of phytochemicals and known dietary antioxidants. The 

evidence for the protective role of polyphenols against degenerative diseases is 

compelling and different mechanisms of action have been proposed to explain these 

effects. Current evidence strongly supports a contribution of polyphenols to the 

prevention of cardiovascular disease (CVD) (Scalbert et al. 2005; Borges et al. 2010). 

However, much of the evidence on the prevention of diseases by polyphenols has 

been derived from in vitro or animal experiments, which are often performed with 

doses much higher than those to which humans are exposed to through the diet 

(Vauzour et al. 2010).  

 

Figure 1-25 - Phenol basic chemical structure 

 
The terms polyphenol and biophenol are often used interchangeably and this may be 

the case in much of the reviewed literature where, for accuracy, the terminology used 

by each author has been retained. However, they are technically different. 

Polyphenols are compounds containing more than one phenolic hydroxyl group. The 

term ‘biophenols’ provides a more comprehensive and chemically accurate 

expression to describe plant phenols. Biophenols contain an aromatic ring substituted 

with one or more hydroxyl groups (Figure 1-25). There is no restriction on the number 

of aromatic rings and/ hydroxyl groups in biophenols. The prefix ‘bio’ also denotes the 
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biological origin as opposed to synthetic compounds. Thus, ‘biophenols’ is a broader 

umbrella term which refers to all phenolic molecules derived from botanical origin. 

Biophenols are the most frequently investigated plant secondary metabolites. The 

recent surge in biophenol research is fuelled both by their unique antioxidant 

properties (employed to counteract oxidative stress) and wide spectrum of 

pharmacological activities (Obied et al., 2012; Obied 2013). 

 Free radicals 

A free radical can be defined as any molecular species capable of independent 

existence that contains an unpaired electron in an atomic orbital (Lobo et al. 2010). 

Free radicals and reactive oxygen species (ROS) are generated in the body by 

various endogenous systems, exposure to different physiochemical conditions or 

pathological states. There are also external sources of free radicals and ROS 

including exposure to X-rays, ozone, cigarette smoking, air pollutants, and industrial 

chemicals (Fang et al. 2002). Free radicals are highly reactive species, capable of 

damaging biological molecules such as DNA, proteins, carbohydrates, and lipids 

leading to cell damage and homeostatic disruption. Free radicals can damage cells, 

proteins, and DNA by altering their chemical structure. Major targets of free radicals 

include lipids, nucleic acids, and proteins (Bagchi et al. 1998). 

A balance between free radicals and antioxidants is necessary for proper 

physiological function. If free radicals overwhelm the body's ability to regulate them, 

a condition known as oxidative stress ensues. Free radicals thus adversely alter lipids, 

proteins, and DNA and trigger a number of human diseases. Hence application of 

external sources of antioxidants can assist in coping this oxidative stress. Free radical 

damage contributes to the aetiology of many chronic health problems such as 

cardiovascular and inflammatory disease, cataract, and cancer (Lobo et al. 2010). 

 Antioxidants 

Substances which negate the effect of free radicals and inhibit the destruction process 

which they initiate are universally known as antioxidants due to their ability to 

incapacitate potentially damaging oxidants prior to them reacting with biological 

targets (Ratnam et al. 2006). 

Antioxidants have a leading role in health maintenance based on their modulation of 

the oxidation processes in the body (Lee et al. 2002). Antioxidants prevent free radical 

induced tissue damage by preventing the formation of radicals, scavenging them, or 
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by promoting their decomposition. They protect the organism from oxidative 

modification of human cells and tissues which have been associated with 

degenerative diseases, diabetes, atherosclerosis and carcinogenesis (Salgado et al. 

2012). 

The body generally has a sufficient store of antioxidant defences to deal with the free 

radicals and allow the cells to function normally. However, when it is exposed to many 

factors which cause oxidative stress such as tobacco smoke and other air pollutants 

(e.g. motor vehicles), combined with exercise that is known to induce oxidative stress, 

the production of these free radicals increases. This may lead to the defence system 

working ineffectively causing cell damage, especially if there is a deficiency of 

antioxidants (Krikorian et al. 2010; Hyson 2015; Al-Dujaili et al. 2016). Thus, without 

dietary antioxidants, the human antioxidant defence system appears to be incomplete 

(Ratnam et al. 2006; Casey 2014). Antioxidants have numerous positive properties, 

including protection against cholesterol oxidation, antiaging effects and protection 

against atherosclerosis (de Nigris et al. 2006). 

Various dietary antioxidant compounds play a vital role as free radical scavengers 

and protect the body from oxidative damage by preventing the free radical mediated 

process and lipid peroxidation. In order to do so, antioxidants can hinder chain 

reactions, or they can be used as a preventative measure so that the species is not 

produced in the first place (Huang et al. 2005, Ashraf et al. 2011).  

Numerous preclinical studies reveal that selected polyphenols exhibit strong 

protective actions on many pathological conditions particularly those triggered by 

oxidative stress from reactive oxygen and nitrogen species such as cancer, chronic 

inflammation, CVD, metabolic disorders and other degenerative diseases (Tsao 

2010). Polyphenols have been found to be strong antioxidants which can neutralize 

free radicals by donating an electron or hydrogen atom. They operate by suppressing 

the generation of free radicals, thus reducing the rate of oxidation by inhibiting the 

formation of, or deactivating, the active species and precursors of free radicals (Pietta 

2000). 

The search for effective, nontoxic natural compounds with antioxidative activity has 

been intensified in recent years. Consumption of dietary and other components of 

plants form a major antioxidant complementary force in addition to endogenous 

defence systems (Anahita et al. 2015). Dietary antioxidants are referred to as non-

enzymatic antioxidants and include polyphenols, carotenoids, flavonoids, phenolic 
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acids, vitamins, minerals and organosulfur compounds (Ratnam et al. 2006). The role 

of fruit antioxidants has recently been highlighted due to the revelation from 

epidemiological studies that high fruit intake was associated with reduced mortality 

and morbidity of some chronic diseases such as CVD, cancers and neurological 

damage (Aviram et al. 2002; Kuskoski et al. 2004; Lansky and Newman 2007). 

 

 Health effects of dietary polyphenols 

Polyphenols are common constituents of foods of plant origin and major antioxidants 

of our diet. A protective role of polyphenols against degenerative diseases is 

supported by many studies carried out on animals and different mechanisms of action 

have been proposed to explain such protective effects (Scalbert et al. 2005). 

Consumption of fresh fruits and vegetables to improve human health has been 

attributed primarily to their high contents of healthful phytochemicals and other 

micronutrients (Opara and Al-Ani 2010).  

Phenolic content is the main compound attributed to most of the functional properties 

of many fruits such as pomegranate and grapes (Viuda et al. 2011). Some phenolic 

compounds are even more powerful as antioxidants in vitro than vitamin C and E, and 

significantly bioavailable, as demonstrated by animal and human studies (Cao et al. 

1998; Mazza et al. 2002). 

Phytochemicals, especially polyphenols, are the predominant contributor to the total 

antioxidant activities of fruits, rather than vitamin C. Fruit and beverages such as tea 

and red wine represent the main sources of polyphenols. Emerging findings suggest 

a large number of potential mechanisms of action of polyphenols in preventing 

disease, which may be independent of their conventional antioxidant activities 

(D’Archivio et al. 2007). 

There is some evidence to suggest that appetite is regulated by free radicals and that 

dietary antioxidants may have the potential to modify appetite by inducing satiety 

(Josic et al. 2010). As satiation is directly linked to total energy intake, then 

antioxidant/polyphenol consumption may possess possible mechanisms which could 

assist in food intake restriction. According to Lai et al. (2012), some phytochemicals 

have been used to treat obesity as metabolic stimulants, appetite suppressants, and 

via regulation of glucose and lipid metabolism as well as targeting adipocyte 

differentiation. Dietary polyphenols may additionally suppress growth of the adipose 
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tissue through their antiangiogenic activity (Gonzalez-Castejon and Rodriguez-

Casado 2011). 

Flavonoids (flavonols, flavones, and isoflavones) are potent free radical scavengers 

that inhibit lipid peroxidation, prevent atherosclerosis, promote vascular relaxation, 

and have antihypertensive properties. In addition, they reduce stroke and provide 

cardioprotective effects that reduce CHD morbidity and mortality in the elderly 

(Houston 2005).  

Pomegranate (Punica granatum) has excellent antioxidant potential due its high 

phenolic content, specifically the punicalagins (Figure 1-28), punicalins, gallagic acid 

and ellagic acid present in the fruit. The inherent properties of these compounds act 

in the prevention of various diseases (Salgado et al. 2012). Anthocyanins and the 

unique fatty acid profile of the seed oil may also play a role in pomegranate’s health 

effects. (Johanningsmeier and Harris 2011).  

Rosenblat et al. (2010) found that of 35 beverages researchers studied, both 100% 

pomegranate and 100% black currant juices were the most potent antioxidants in 

vitro, inhibiting low-density lipoprotein (LDL) oxidation by up to 94%, serum lipid 

peroxidation by up to 38% and increasing serum paraoxonase 1 (PON1) activity by 

up to 51%.  

 Polyphenol classification 

Polyphenols are a group of naturally occurring phytochemicals present in high 

amounts in fruits, vegetables, and natural products and are characterised by the 

presence of multiple hydroxyl groups on aromatic rings. Fruits, vegetables, whole 

grains and other types of foods and beverages such as tea, chocolate and wine are 

rich sources of polyphenols (Manach et al. 2004). These dietary phenolics constitute 

one of the most numerous and widely distributed groups of natural products in the 

plant kingdom. This phenolic group is highly diverse and contains several sub-groups 

of compounds. More than 10000 phenolic structures are currently known, with at least 

4000 flavonoids identified among them (Kennedy and Wightman 2011).  

These flavonoids have been identified in such diverse substances as fruits, 

vegetables, red wine, tea, soy, and liquorice (Houston 2005). The diversity and wide 

distribution of polyphenols in plants have led to different ways of categorizing these 

naturally occurring compounds (Tsao 2010).  
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Polyphenols are commonly divided into two main categories, the flavonoids and non-

flavonoids, based on the number of phenol rings and the way in which these rings 

interact (D’Archivio et al. 2007).  

For the flavonoid group, the major differences between the individual groups arise 

from the hydroxylation pattern of the ring-structure, the degree of saturation of the C-

ring, and the substitution of the 3-position (Figure 1-26) (Vauzour 2012).  

 

 
Figure 1-26 - Structures of polyphenols divided into flavonoids and non-flavonoids (Vauzour 
2012). HBAs - hydroxybenzoic acids; HCAs - hydroxycinammic acids. Correction to diagram: 
the R3 column in Stilbenes and Isoflavones should be relabelled as R1. 

 Polyphenol chemical structures 

Polyphenols share at least 1 aromatic hydrocarbon ring with 1 or more hydroxyl 

groups attached. Phenolics range from simple low-molecular weight compounds, 

such as the simple phenylpropanoids, coumarins, and benzoic acid derivatives, to 
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more complex structures such as flavonoids, stilbenes, and tannins (Kennedy and 

Wightman 2011). 

 Phenolic acids  

These are non-flavonoid polyphenolic compounds which can be further divided into 

two main types, benzoic acid and cinnamic acid derivatives.  

 Flavonoids  

The flavonoids represent the largest, most diverse group, encompassing some 6000 

compounds, all of which share a common underlying structure of two aromatic 6-

carbon rings, with a 3-carbon bridge (Williams and Spencer 2012). Flavonoids can 

then be subdivided according to modifications of this basic skeleton into chalcones, 

flavones, flavonols, flavanones, isoflavones, flavan-3-ols, and anthocyanins (Bowsher 

and Tobin 2008; Tsao 2010) (Figure 1-26). 

Various flavonoids have undergone extensive scientific studies that demonstrate a 

wide variety of protective cardiovascular effects. Soy, which contains diadzein and 

genistein, lowers total cholesterol, LDL-C, and blood pressure (BP), and reduces 

coronary and generalized thrombosis (Kalaiselvan et al. 2010). Red wine contains 

quercetin, which reduces oxidation of LDL (oxLDL) and decreases platelet 

aggregation (Cooper et al. 2004). Blueberries (vaccinium myrtillus) are rich in 

antioxidants, reduce oxidized LDL, and are more potent than vitamin C on a molar 

basis as an antioxidant (Faria et al. 2005). Liquorice root (Glycyrrhiza glabra) is a 

potent antioxidant, anti-inflammatory, antiplatelet, and antiviral, but it may lower K, 

increase Na retention, and elevate BP which is caused by a mineralocorticoid action 

when used in high doses (Houston 2005). Pomegranate flavonoids include flavonols 

such as luteolin, quercetin, and kaempferol found in the peel extract (van Elswijk et 

al. 2004) and anthocyanins found in the arils (Figure 1-27).  

 
The main dietary groups of flavonoids are:  

1. Flavonols e.g. kaempferol and quercetin, which are found in onions, leeks, 

and broccoli;  

2. Flavones e.g. apigenin and luteolin, which are found in parsley and celery; 

3. Isoflavones e.g. daidzein and genistein, which are mainly found in soy and soy 

products; 
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4. Flavanones e.g. hesperetin and naringenin, which are mainly found in citrus 

fruit and tomatoes; 

5. Flavanols e.g. (+)-catechin, (−)-epicatechin, epigallocatechin and 

epigallocatechin gallate (EGCG), which are abundant in green tea, red wine, 

and chocolate and  

6. Anthocyanidins e.g., pelargonidin, cyanidin and malvidin, whose sources 

include red wine and berry fruits (Williams and Spencer 2012).  These are 

generally found in their glycosidic forms in plants which are referred to as 

anthocyanins. 

In their meta-analysis of RCTs examining flavonoids and CVD risk Hooper et al. 

(2008) considered that the epidemiologic evidence of the cardiovascular effects of 

diets rich in flavonoids was mixed, with some studies supporting and others not 

supporting positive effects. However, they reported on a large prospective study of 

post-menopausal women with 16 years of follow up (Mink et al. 2007) which showed 

that dietary intakes of foods rich in anthocyanins and flavanones were associated with 

a significantly lower risk of all-cause mortality, death due to CHD, and death due to 

cardiovascular disease. 

A number of additional studies have indicated that the consumption of flavonoid-rich 

plant foods and extracts may also be capable of inducing improvements in cognitive 

performance (Commenges, 2000; Letenneur 2007; Spencer, 2008 and 2010a). 

 Flavones, Flavonols, Flavanones and Flavanonols.  

These flavonoid subgroups are the most common, and almost ubiquitous, throughout 

the plant kingdom (Figure 1-26). Flavones with their 3-hydroxy derivatives flavonols, 

make this the largest subgroup among all polyphenols. The number of flavanones, 

and their 3-hydroxy derivatives (flavanonols, which are also referred to as 

dihydroflavonols) identified in the last 15 years has significantly increased (Katz et al. 

2011). 

 Flavanols or catechins.  

Flavanols or flavan-3-ols are commonly called catechins and are found in many fruits, 

particularly in the skins of grapes, apple and blueberries. Monomeric flavanols 

(catechin and epicatechin) and their derivatives (e.g., gallocatechins) are the major 

flavonoids in tea leaves and cacao bean (chocolate). Catechin and epicatechin can 

form polymers, which are often referred to as proanthocyanidins because an acid-



 

1-42 
 

catalysed cleavage of the polymeric chains produces anthocyanidins (de Pascual-

Teresa 2010). 

 Proanthocyanidins or condensed tannins 

Proanthocyanidins, traditionally considered as condensed tannins, are found in many 

plants and are responsible for the astringent character of fruit and for the bitterness 

of chocolate and red wine (Katz et al. 2011). Proanthocyanidins inhibit inflammatory 

genes expression and modulate the intracellular antioxidants level which provides 

protection from ischaemia and CVD. Although abundant in the diet, proanthocyanidins 

are very poorly absorbed and their action is restricted to the intestine (Gonzalez-

Castejon and Rodriguez-Casado 2011). 

 Anthocyanidins and anthocyanins  

Anthocyanidins are the principal components of the red, blue and purple pigments of 

the majority of flower petals, fruits and vegetables, and certain special varieties of 

grains like black rice. Anthocyanidins in plants are usually found in glycosidic form i.e. 

as anthocyanins. The colour of anthocyanins is pH-dependent, i.e. red in acidic and 

blue in basic conditions. Anthocyanins are the water-soluble pigments which imbue 

pomegranate juice with its bright red colour. They include the compounds cyanidin; 

rutinoside; delphinidin and pelargonidin (Santagati et al.1984; Hernandez et al. 1999; 

Koo et al. 2017). 

Anthocyanins act as powerful antioxidants and have been associated with a lower risk 

for certain cancers, good urinary tract health, improved memory and aging. Along with 

fresh berries, a variety of berry products such as juice, wine, jam, and food colourants 

contribute significantly to the dietary intake of anthocyanins. Anthocyanins’ potential 

antioxidant effects and positive effects on blood vessels have been reported in 

humans (Nile and Park 2013).  

An independent study of the 3 major PJ anthocyanidins found that delphinidin, 

cyanidin, and pelargonidin scavenged oxygen radicals in a dose-dependent manner. 

Other PJ constituents - prodelphinidins, gallocatechin, ellagic acid and gallic acid 

(Figure 1-31) derivatives, fatty acids, and polysaccharides - were also found to exert 

significant antioxidant effects (McCutcheon et al. 2008). 
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 Non-flavonoid polyphenols 

Some non-flavonoid polyphenols found in foods are considered important to human 

health e.g. resveratrol found in grapes, pistachios, blueberries, dark chocolate and 

red wine.  Ellagic acid and its derivatives are found in berry fruits e.g. strawberries 

and raspberries, while both gallic acid and ellagic acid, found in their free glucose 

ester forms, are known as hydrolysable tannins, also exist in different plants (Tsao 

2010).  

 Health effects of pomegranate 

Pomegranate provides a rich and varied source of biophenols. The health effects of 

the whole fruit, as well as its juices and extracts, have been studied in relation to a 

variety of chronic diseases (Johanningsmeier and Harris 2011). These benefits have 

been attributed to pomegranate’s wide range of phytochemicals, with the antioxidant 

activity originating from its high polyphenolic content, specifically punicalagins, 

punicalins, gallagic acid, and ellagic acid (Zhang et al. 2009).  

Pomegranates also contain a complex mixture of gallotannins, ellagitannins, and 

anthocyanins (Viuda-Martos et al. 2010). The total amount of polyphenols in 

pomegranate juice, as well as its capacity to destroy free radicals, is estimated to be 

higher than orange, grapefruit, cranberry, pear, pineapple, apple, grapes and other 

plant extracts (De Nigris et al. 2006; Rosenblat and Aviram 2006; Seeram et al. 2008; 

Wolfe et al. 2008). In vitro testing has shown pomegranate juice and seed extracts 

having 2-3 times the antioxidant capacity of either red wine or green tea (Gill et al. 

2000). In vitro and in vivo studies have supported the ability of pomegranate juice to 

scavenge free radicals and inhibit low density lipoprotein oxidation (Davidson et al. 

2009; Parashar and Badal 2011). Animal studies have found that PEs scavenge free 

radicals and decrease macrophage oxidative stress and lipid peroxidation (Rosenblat 

et al. 2006). Studies conducted among elderly adults showed an increase in plasma 

antioxidant capacity (Guo et al. 2006) and increased function (Parashar and Badal 

2011). 

PJ contains 2 major classes of polyphenolic compounds: hydrolysable tannins (HTs) 

and flavonoids, with very small levels of condensed tannins. The HTs are the 

predominant polyphenols in PJ and include ellagitannins, gallotannins, and gallagoyl 

esters. The most abundant HTs are the gallagyl tannins, punicalagins (anomers A 

and B) and related tannins, which comprise roughly 63% of the constituent 

polyphenols. Other reported HTs include pedunculagin, punicalin, gallagic and ellagic 
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acid esters of glucose (16.8%), and ellagic acid derivatives (4.9%) (McCutcheon et 

al. 2008). 

The polyphenolic content and correspondingly antioxidant activity of commercial 

whole fruit PJ was significantly greater than that of aril juice. Gil et al. (2000) calculated 

that the punicalagins constituted 62.8% and other HTs 16.8% of the total phenolic 

content, together accounting for 78.5% of the antioxidant activity. These results 

subsequently led many researchers to focus on the HTs as the primary antioxidant 

constituents of PJ.  

In various in vitro models, the punicalagins have been reported to protect lipids, 

proteins and DNA against oxidative damage by several mechanisms: scavenging free 

radicals, transferring electrons to repair oxidatively damaged components, and 

chelating metal ions (McCutcheon et al. 2008). However, as highlighted, PJ 

anthocyanidins, ellagic acid, and other phenolics also contributed to the overall 

antioxidant effect of the polyphenols even though they were present in much lower 

concentrations than the HTs (Gil et al. 2000). Current research seems to indicate that 

the most therapeutically beneficial PG constituents are ellagic acid ellagitannins 

(including punicalagins), punicic acid, flavonoids, anthocyanidins, anthocyanins, and 

estrogenic flavonols and flavones (Jurenka 2008). 

Promising results have been reported from human clinical trials due to pomegranates 

antioxidant, anti-diabetic, anti-hypolipidaemic, anti-carcinogenic and anti-

inflammatory properties. These suggest the possible use of pomegranate juice and 

extracts as a therapy or adjunct for prevention and treatment of CVD, diabetes, and 

prostate cancer (Jurenka 2008). Numerous preclinical studies reveal that selected 

biophenols exhibit strong protective actions on many pathological conditions 

particularly those triggered by oxidative stress such as CVD and metabolic disorders 

(Al-Dujaili et al. 2010; Stowe 2011; Al-Dujaili and Stockton 2014). 

Pomegranate was shown to be effective at reducing CVD risk factors, particularly with 

respect to anti-hypertensive effects, inhibition of platelet aggregation and increasing 

endothelial-dependent vasodilation. Moreover, since dietary polyphenols may 

modulate adipocyte metabolism, pomegranate could potentially assist in reducing 

obesity and its co-morbidity risk factors (Chong et al. 2010; Gonzalez-Castejon and 

Rodriguez-Casado 2011). 

Although it has been widely accepted that pomegranate intake can provide significant 

health benefits as discussed, the results of human clinical trials using pomegranate 
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juice as a therapeutic agent have not been completely consistent. This may, in part, 

be due to variability in the composition and dosage of the administered pomegranate 

product and other experimental differences between trials e.g. population, time 

period. Several studies have suggested that pomegranate intake has positive effects 

on blood pressure (Lynn et al. 2012; Sahebkar et al. 2017) and cardiovascular risk 

factors in diabetic (Esmaillzadeh et al 2006; Rock et al. 2008), obese (Gonzalez-Ortiz 

et al. 2011; Al-Muammar and Khan 2012), hypertensive and ischemic patients 

(Sumner et al. 2005; Asgary et al. 2008). 

Conversely, systematic review meta-analysis found that pomegranate had no effect 

on lipid profiles (Sahebkar et al. 2016) with another recent review (Gbinigie et al. 

2017) finding that the evidence for the effect of pomegranate on blood pressure was 

mixed (Danesi and Ferguson 2017). 
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Figure 1-27 - Main subgroups of pomegranate phenolics with pomegranate phytochemicals. 
(Created from information in: Longtin 2003; Vuida-Marcos et al. 2010; Al-Muammar and Khan 
2012; Rothwell et al. 2013; Viladomiu et al. 2013; Zarveshany et al. 2014 and Zhao et al. 2014) 

 Pomegranate phytochemicals 

The comprehensive identification of phenolic compounds in food and beverages is a 

crucial starting point for assessing their biological, nutritional, and technological 

properties. Pomegranate (Punica granatum L.) has been described as a rich source  
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Figure 1-28 - Punicalagins, the main polyphenolic compounds present in pomegranate (α and 
β Punicalagins (C48H28O30) (Probeltebio 2008) 

 
of (poly)phenolic components, with a broad array of different structures such as 

phenolic acids, flavonoids, and hydrolysable tannins e.g. punicalagins (Figure 1-27 

and Figure 1-28). Mena et al. (2012) physically identified around 75 compounds in 

pomegranate.  

HTs were the main class of (poly)phenolics identified in PJs. A broad number of 

anthocyanins, non-coloured flavonoids, phenolic acids and other phytochemicals, 

such as lignans and several organic acids were detected. Pomegranates have been 

shown to contain 124 different phytochemicals (Figure 1-28), and some of them act 

in concert to exert antioxidant and anti-inflammatory effects on cancer cells (Heber 

2010).  

Pomegranate phytochemicals include: polyphenolic catechins, gallocatechins, and 

anthocyanins, such as prodelphinidins, delphinidin, cyanidin, and pelargonidin, all 

with potential anti-inflammatory and cytoprotective properties (Plumb et al. 2002). 

Other phytochemicals identified from pomegranate are organic and phenolic acids, 

sterols and triterpenoids, fatty acids, triglycerides, and alkaloids (Seeram et al. 2006). 

As well as the hydrolysed tannins, such as ellagitannin Figure 1-29) and 

anthocyanins, PJ is also rich in sugar and organic acids. In addition to PJ, which is 

mainly prepared from the pomegranate arils (the fleshy seed coverings), other parts 

of the pomegranate fruit were also found to have antioxidative and antiatherogenic 

capacities. Pomegranate extracts, which incorporate the major antioxidants found in 

pomegranates, ellagitannins (including punicalagins) – have been developed as 
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dietary supplements to provide an alternative convenient form to consume the 

bioactive polyphenols found in PJ, but without the sugars and calories (Heber 2007).  

 

 

Figure 1-29 - Chemical structures of pomegranate polyphenols (Sayed et al. 2013) 

 
The polyphenols in pomegranate fruit extract primarily consist of hydrolysed tannins 

with anthocyanins, or almost pure hydrolysed tannins Standardised extracts of 

pomegranate prepared from the red peel have been shown to possess antioxidative, 

anti-inflammatory and cardiovascular disease-preventing properties (Matiello et al. 

2009; Balbir-Gurman et al. 2011). 

A list of the phytochemicals in pomegranate with their chemical nomenclatures and 

the plant parts in which they are found can be found in Appendix 9.1. All parts of the 

pomegranate fruit contain polyphenols, including the peel, the inner membranes, and 

the arils; although the pericarp (peel and membrane) is reported to contain the highest 

concentrations. The major concentration of phytochemicals is within the pericarp and 

these include tannins, anthocyanidins such as delphinidin, cyanidin and pelargonidin, 

proanthocyanidins and various flavonoids, with significant antioxidant activity 

demonstrated in various in vitro models (Kotamballi et al. 2002; Houston et al. 2017). 
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 Metabolism and bioavailability of pomegranate polyphenols  

The potential health benefits of pomegranate polyphenols have been demonstrated 

in numerous studies, and this evidence, alongside the research investigating the 

bioavailability of its compounds, illustrates that pomegranate's bioactive constituents 

can be absorbed and exert their biological activity. Some studies suggest that 

pomegranate metabolites such as urolithins A and B (Figure 1-30) may also contribute 

to its therapeutic effects along with the components of the fruit (Viladomiu et al. 2013).  

The major pomegranate ellagitannins, punicalagin and others, are not found intact in 

circulation, but rather are hydrolysed to release ellagic acid, EA and then are 

subsequently bio transformed by gut microbiota to yield its derivatives urolithins A and 

B (Mertens-Talcott et al 2006; Yuan et al. 2016).  

The bioavailability and metabolism of ellagitannins in human subjects, after the 

consumption of pomegranate juice and pomegranate extracts, are well established 

(Cerda et al, 2004; Seeram et al. 2004). The bioavailability of polyphenols varies 

greatly amongst phenolic compounds, and the most abundant dietary polyphenols are 

not necessarily those that possess the best bioavailability profile (Casey 2014). 

 

 

Figure 1-30 - Chemical structures of pomegranate phenolics and their in vivo colonic-
microbiota derived metabolites (Liu et al. 2014) 

 

Evidence suggests that the bioavailability of ellagitannins and ellagic acid is minimal 

due to extensive metabolism by gut microbiota producing urolithins (Figure 1-30) 

which have enhanced absorbance and circulate in the plasma as glucuronide and 

sulphate conjugates at a concentration of approximately 0.2-20µM (Espín et al. 2013) 
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As ellagitannins are easily hydrolysed to ellagic acid, the enzymatic action by gut 

microflora or physiological pH could trigger their breakdown to release ellagitannin 

units (Seeram et al. 2004, Clifford and Scalbert 2000). In vivo studies have indicated 

that approximately 3-6% of ingested punicalagin or its metabolites can be detected in 

both faeces and urine. Consequently, it has been concluded that the greater part of 

ellagitannins accumulated in non-analysed tissues or was converted to undetectable 

metabolites (Aviram and Rosenblat 2012). 

 Phytochemicals in pomegranate plant parts  

Pomegranate contains chemical components in its different parts, which possess 

various pharmacological and toxicological activities (Rahimi et al. 2012). These 

components were summarised by Jurenka (2008): 

 Pomegranate juice contains:  

o Anthocyanins; glucose, ascorbic acid; ellagic acid, gallic acid,  

o caffeic acid; catechin, EGCG (epigallocatechin gallate); quercetin, 

rutin; numerous minerals, particularly iron and amino acids.  

 Pomegranate seed oil contains: 

o 95‐percent punicic acid; other constituents, including ellagic acid; other 

o fatty acids and sterols. 

 Pomegranate pericarp (peel, rind) contains: 

o Phenolic punicalagins; gallic acid and other fatty acids; catechin, 

EGCG; quercetin, rutin, and other flavonols; flavones, flavonones and 

anthocyanidins.   

o Pomegranate leaves contain: 

o Tannins (punicalin and punicafolin); and flavones glycosides, including 

luteolin and apigenin. 

 Pomegranate flowers contain: 

o Gallic acid, ursolic acid; triterpenoids, including maslinic and Asiatic 

acid; other unidentified constituents. 

 Roots and bark contain:  

o Ellagitannins, including punicalin and punicalagin; numerous 

piperidine alkaloids. 

HTs are available in the peels (rind, husk, or pericarp), membranes, and piths of the 

fruit (Seeram et al. 2005). Pomegranate peel, like the juice, is also composed of a 

substantial quantity of phenolic compounds including hydrolysable tannins such as 
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pedunculagin, punicalagin, punicalin, ellagic and gallic acid in addition to flavonoids 

such as catechins, anthocyanins and other complex flavonoids (Ismail et al. 2012). 

Anthocyanidins (delphinidin, cyanidin, and pelargonidin) and hydrolysable tannins 

(such as punicalagin, pedunculagin, punicalin, gallagic, and ellagic acid esters of 

glucose), account for the major antioxidant activity of whole fruit (Shreekumar et al. 

2014). Phenolic acids, flavonoids, and tannins are present in different parts of 

pomegranate fruit and this may be one of the reasons why many of the studies 

demonstrated that combinations of pomegranate extract from different parts of the 

fruit were more effective than a single extract (Jain et al. 2014).  

 Commercial pomegranate  

In commercial PJ, obtained industrially by the hydrostatic pressing of whole fruits, the 

water-soluble membrane and peel punicalagins are dissolved in the juice along with 

most of the other phytochemicals including polyphenols from the arils and seeds 

which are extracted along with the juice. These all contribute to the antioxidant activity 

of pomegranate juices (Gil et al. 2000). The predominant polyphenols in commercial 

pomegranate juice (PJ) are flavonoids, condensed tannins and hydrolysable tannins 

(Seeram et al, 2005; Seeram et al, 2006; Gil et al, 2000).  

It is important to recognise that punicalagin is present in commercial PJ (from the 

pressing of the peel and membrane), whereas consumption of the edible fruit part, 

the arils, would not yield this potentially healthy phytochemical without this addition. 

Seeram et al. (2006b) considered that there was great potential for the use of PEs as 

ingredients in functional foods and as botanical dietary supplements. They however 

shared valid concerns that complex plant extract mixtures used as active ingredients 

were often not standardised. They recognised that there was great variation 

depending on harvesting practises, geographical origin, environmental factors etc. 

There was also possible adulteration with pesticides or other plant matter, which was 

not helped by the lack of commercial or relevant reference standards.  

Their concerns were reinforced later by Madrigal-Carballo et al. (2009) who evaluated 

19 pomegranate supplements for their authenticity. Only a limited number of 

pomegranate supplements were authentic and less than a third (six products) had 

tannin compositions that resembled pomegranate (punicalagin, punicalin, 

ellagitannins and gallotannins). The product labels were inconsistent with polyphenol 

composition and antioxidant content and a majority of the samples (n = 13) contained 
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disproportionately high amounts of ellagic acid and low or no detectable pomegranate 

tannins.  

To counter these issues, they recommended a combination of well-designed basic 

and clinical studies to evaluate the quality, safety, bioavailability and possible herb-

drug interactions of any dietary extracts (Seeram et al. 2006). 

 Ellagitannins 

The main antioxidant polyphenols in pomegranate are the HTs called ellagitannins 

(ellagic acid bound to a carbohydrate) and punicalagins (Basu & Penugonda 2009) 

(Figure 1-30). The former accounts for 92% of the antioxidant activity and is located 

in the peel, membrane and pith of the fruit (Kulkarni et al. 2007) and Elfalleh et al. 

(2011) also found that the antioxidant effect of pomegranate extracts was correlated 

with their phenolic compound content. 

Ellagitannins (ETs) (Figure 1-29) are a group of HTs, bioactive polyphenols 

comprising punicalins, punicalagins, and granatins which occur mainly in the peel, 

piths and arils of pomegranate. Ellagic acid, which is a product of the hydrolysis of 

ellagitannins, has been used as a marker for ensuring that commercial pomegranate 

extracts are made from genuine pomegranate fruit (Borges et al. 2010). 

ET and ellagic acid (EA) are polyphenols present in nuts, seeds and some fruit such 

as pomegranates, black and red raspberries, strawberries, walnuts and almonds.  

Pomegranate juice obtained by squeezing the whole fruit has the highest 

concentration of ETs of any commonly consumed juice. It contains the unique 

ellagitannin, punicalagin. Pomegranate ETs are not absorbed intact into the blood 

stream but are hydrolysed to ellagic acid over several hours in the intestine (Heber 

2010). ETs are hydrolysed to EA under physiological conditions in vivo and EA is then 

gradually metabolized by the intestinal microbiota to produce different urolithins A and 

B. These urolithins circulate in the blood and can reach many of the target organs 

where the effects of pomegranate ETs are noted (Seeram et al. 2008).  

Epidemiological evidence indicates that intake of ET and EA-rich foods may be 

protective against certain chronic diseases (Landete 2011). It has been shown that 

ET-rich fruits have anti-oxidant, anti-inflammatory, anti-neoplastic and chemo-

preventive properties. Pomegranate (Punica granatum L.) is a rich source of ET 

punicalagin (Danesi and Ferguson 2017).  
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Figure 1-31 - Ellagic acid (C14H6O8) and gallic acid chemical structures (Razani et al. 2017) 

 

 Punicalagin 

Punicalagin is the largest known polyphenol with a molecular mass of 1084.7 g/mol 

and is reported to be responsible for more than half the potent antioxidant activity of 

PJ (Houston et al. 2017). Punicalagin is unique to pomegranate and is part of the 

ellagitannins family, which also includes minor tannins such as punicalin and gallagic 

acid. All of these ETs can be hydrolysed to EA, resulting in a prolonged release of EA 

into the blood following the ingestion of PJ (Heber 2010). Punicalagins are found in 

forms alpha and beta in pomegranates, are water soluble and have high bioavailability 

(Tiwari 2012). Punicalagin is also known as 2, 3‐(S)‐Hexahydroxydiphenoyl‐4, 6‐(S, 

S)‐gallagyl‐D‐glucose. These HTs are the predominant polyphenols in the 

pomegranate fruit with the most abundant being the gallagyl tannins punicalagins 

(anomers α and β) which comprise roughly 63% of the constituent polyphenols 

(Matiello et al. 2009).  

Punicalagin is most abundant in the fruit husk as opposed to the juicy arils found within 

the fruit. By pressing the whole fruit during the squeezing process, ellagitannins are 

extracted into pomegranate juice in significant quantities, reaching levels of >2 g/L 

juice (Gil et al. 2000; Heber 2010). 

Cerda et al. (2003) demonstrated the potential for punicalagin being responsible for 

significant decreases in food consumption and the body weight of female rats. 

Subsequently, Lin et al. (2011) found that punicalagin targeted and inactivated HSV-

1 viral particles and could prevent secondary infection (Lin et al. 2011). Punicalagin 

was further reported to exhibit effective broad-spectrum antiviral activity against 
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infection by human cytomegalovirus (HCMV), hepatitis C virus (HCV), dengue virus 

(DENV), measles virus (MV), and respiratory syncytial virus (RSV), at μM 

concentrations and in dose-dependent manners without significant cytotoxicity (Lin et 

al. 2013).  

It can be seen that Pomegranate (Punica granatum L.) possesses a wide range of 

phytochemicals which provide a sound starting point for assessing their biological, 

nutritional, and potential health promoting properties. Pomegranate could prove to be 

a strong ally in facing the many challenges of life in the 21st century which finds many 

people living with non-communicable diseases (NCDs).   

1.3 The major public health challenge of non-communicable 

diseases  

 Non-communicable diseases  

NCDs are non-infectious and non-transmissible diseases which may be caused by 

genetic or behavioural factors and generally have a slow progression and long 

duration. 

Alwan (2011) considers that NCDs are polygenic diseases involving complex 

interactions between two or more genes and the environment. These diseases 

include cardiovascular diseases, cancer, chronic respiratory diseases, and diabetes 

(Figure 1-32). Other NCDs include diseases causing blindness or deafness, birth 

defects, mental and neurological disorders (including Alzheimer’s disease), and renal 

and autoimmune diseases (Kaiser Family Foundation 2018). 

Some NCDs may be caused by viral infections, but the diseases themselves are not 

infectious nor transmissible. Though they are sometimes referred to as ‘chronic 

diseases’, NCDs are not distinguished by their duration (WHO 2018a). 
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Figure 1-32 - Types of NCDs (leaves) with associated common risk factors (CDC 2013) 

 

 Epidemiology of NCDs 

The World Economic Forum highlighted NCDs as one of the three most significant 

risks to global well-being, recognizing them as major and increasing contributors to 

morbidity and mortality rates in developing and industrialised countries. NCDs are the 

leading causes of death and preventable illness and related disability globally, killing 

more than three in five people worldwide and are responsible for more than half of the 

global burden of disease. Their related escalating healthcare costs have become a 

major concern for health authorities all over the world. Epidemiological and scientific 

evidence have demonstrated clear links between food and health maintenance and 

disease development (Figure 1-33). NCDs cause and perpetuate poverty while 

hindering economic development in low-and middle-income countries. If they continue 

their upward trend, NCDs are estimated to cause a cumulative loss of output of $47 

trillion between 2011 and 2030. (WEF 2010; Kaiser Family Foundation 2018).  

Cardiovascular diseases account for most NCD deaths, or 17.9 million people 

annually, followed by cancers (9.0 million), respiratory diseases (3.9million), and 

diabetes (1.6 million) (WHO 2018b). The need for targeted prevention of these key 
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NCDs in the UK as NCDs are expected to account for over 73% of global mortality in 

2020. The majority of these deaths occur in developed countries such as the UK.  

Given that up to 80% of chronic disease burden from CVD, cancer, chronic respiratory 

diseases, and diabetes is preventable through modification of lifestyle behaviours 

such as healthier food consumption, increased attention is being focused towards 

identifying and implementing effective preventative health strategies. Nutrition has 

been confirmed as an essential major modifiable determinant of NCDs. It is critical for 

dietary guideline and disease prevention strategies to be reviewed in order to improve 

their efficacy (Fallaize et al. 2013; Lenoir-Wijnkoop et al. 2013). Alwan (2011) 

reiterated that unhealthy diets and physical inactivity were amongst the key causes of 

NCD and required to be addressed in order to reduce their significant impact.  

 

Figure 1-33 - The NCD causation pathway (Domingo 2016) 

 

 Cardiovascular disease caused by NCD 

CVD accounts for over half of NCD mortality and is the main cause of mortality in the 

European Union, contributing to over 2 million deaths each year. In 2008, CVD 

accounted for more than 30% of all deaths in the UK, with total health care costs 

reaching in excess of £18 billion. CVD are chronic diseases with a long latency period 

and a spectrum of risk factors. Advances in research enabled earlier identification of 

individuals at risk of CVD and, hence, increased opportunities for preventative 

interventions (Fallaize et al. 2013).  
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 The preventative role of nutrition in NCD 

The WHO definition of health is ‘a state of complete physical, mental and social well-

being and not merely the absence of disease and infirmity’ (WHO 1946). The world is 

changing, society is ageing, and cancer is predicted to be the leading cause of death 

through to 2030 (Mathers and Loncar 2005). Cancers can be caused either by 

inadequacy of nutrients or overindulgence (half of cancers occur in developing 

countries) and so diet plays a critical role in the prevention of ill health (Lenoir-

Wijnkoop et al 2013). Prevention strategies involving dietary and lifestyle changes 

have recently been proposed to address this global health problem (WHO 2010). 

There is substantial evidence linking dietary factors to the primary and secondary 

prevention of major chronic diseases such as heart disease, diabetes and certain 

cancers as well as the improvement of functions, for example muscle function or 

immune response (Welch et al. 2011). 

The potential societal and economic benefits of adopting a healthy lifestyle could be 

enormous. A recent cost analysis from Harvard University suggested that if present 

health trends are reversed, the drop in occurrence or complications from the five 

common NCD – cancer, diabetes, heart disease, lung disease and mental health 

problems – could save the world US$47 trillion in treatment costs and lost wages over 

the next 20 years (Bloom et al. 2011). 

Much recent research has focused around the concept of plant–derived polyphenols 

acting through various biochemical, physiological and endocrinological pathways both 

to promote health and prevent chronic diseases (Al Moosawi, 2010; Panche et al. 

2016). Epidemiological evidence suggests that diets high in antioxidants, such as the 

pomegranate fruit with its high biophenol content, may play an important role in the 

management of NCDs (Al-Dujaili et al. 2010; Stowe 2011, Asgary et al. 2014). 

1.4 Cardiovascular disease  

 Definition 

Cardiovascular disease (CVD) is an umbrella term for a number of linked pathologies, 

including all heart and circulatory diseases, coronary heart disease -also called 

ischaemic heart disease (CHD), hypertension, cerebrovascular disease (stroke, 

transient ischaemic attack and vascular dementia), peripheral arterial disease, 

rheumatic and congenital heart diseases and venous thromboembolism (Stewart et 

al. 2017). The main forms of CVD are coronary heart disease, CHD, or stroke. CVD 
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is most commonly caused by the development of atheroma and thrombosis in the 

body’s blood vessels which supply the heart (CHD), the brain (cerebrovascular 

disease) and the limbs (peripheral arterial disease) (NICE 2011b).  

 Incidence and prevalence 

Almost half (46%) of all CVD deaths are from CHD and nearly a quarter (23%) are 

from stroke (BHF 2010). The rate of CVD worldwide is predicted to increase as the 

prevalence of risk factors for CVD rises in previously low-risk countries. CVD is 

expected to be the major cause of mortality in most developing nations by 2020, 

overtaking infectious disease (WHO 2012). Currently 80% of CVD mortality occurs in 

developing nations. Globally CVD accounts for 31% of mortality, the majority of this 

in the form of CHD and cerebrovascular disease and it is the leading cause of loss of 

disability-adjusted life years (Perk et al. 2012). The World Health Organisation (WHO 

2016) estimate that over 75% of premature CVD is preventable and risk factor 

improvement can help reduce the growing CVD burden on both individuals and 

healthcare providers. 

 Trends in the UK 

There has been a steady downward trend in death from coronary heart disease in 

Scotland and the rest of the UK over the last ten years. In Scotland, the mortality rate 

fell by 37.6% between 2006 and 2015. However, coronary heart disease is still a 

leading cause of death and a national clinical priority for Scotland. The incidence rate 

for coronary heart disease decreased over the past decade by 27.3%. Incidence rates 

for coronary heart disease remain consistently higher in males than females. (NHS 

ISD 2017). Between 1990 and 2013 CVD death rates in England declined by 52%, 

CHD by 60%, and stroke by 46%. Despite these large reductions in mortality from 

CVD, CHD, and stroke, these conditions have remained a substantial burden to the 

UK, with rises in treatment and hospital admissions for all CVD (Bhatnagar et al. 

2016). 

 Risk factors 

Cardiovascular risk factors such as hypertension and diabetes are known to initiate a 

chain of events that include oxidative stress, endothelial dysfunction, and vascular 

remodelling (Figure 1-34), and that if left to progress unchecked, will eventually 

culminate in end-stage cardiovascular disease (Fox 2007). High blood pressure (BP) 

and hypertension are among the leading causes of cardiovascular morbidity and 
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mortality throughout the world and BP-lowering strategies reduce the risk of 

cardiovascular complications such as CHD, stroke and congestive heart failure, 

among others (Mancia et al 2014). 

According to the World Health Organisation (2011), the most common behavioural 

risk factors are an unhealthy diet, physical inactivity and tobacco use. The 

consequences of these lifestyle choices may manifest themselves as hypertension, 

hyperglycaemia and hyperlipidaemia contributing further to CVD risk. Two important 

intermediate risk factors; obesity and diabetes, are simultaneously escalating rapidly 

both in the UK and many other developing countries. This creates a major threat to 

the population in terms of health and the subsequent cost to society. There are also 

major determinants of health derived from social, economic and cultural changes 

including poverty, globalisation, urbanization and an increase in an aging population 

which cannot be ignored as they are essential underlying contributors to CVD.  

 

 

Figure 1-34 - The cardiovascular disease continuum (Roshene and Naufal Rizwan 2016) 

 
Many CHD risk factors have been identified thanks to studies like the Wilson et al. 

(1998). This was a prospective, single centre, community-based study of over 5000 

men and women from 30-70 years old, with 12 years of follow up, which produced a 

CHD risk prediction algorithm. The Framingham Heart Study (2017) provided 

landmark information about managing heart disease risk factors. Some risk factors 

are fixed such as age, gender and family history of CVD. However, management of 

the controllable risk factors can decrease the risk of having coronary heart disease. 
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This is important since CHD may not produce any symptoms until the incidence of a 

heart attack or sudden cardiac death, which can be the first sign of heart disease 

(Torpy et al. 2009). 

The modifiable risk factors are: 

 Smoking; 

 Hypertension; 

 Diabetes; 

 Obesity; 

 Unhealthy cholesterol levels, namely high total cholesterol, low high-density 

lipoprotein (HDL) cholesterol, high LDL cholesterol and high triglycerides; 

 Low physical activity; 

 Accumulation of abdominal fat ("apple" body shape). 

There is also sound evidence that elevated plasma cholesterol, particularly LDL-

cholesterol, elevated plasma TAG and low plasma HDL-cholesterol levels are 

independently associated with increased CVD risk. Estimations suggest that 45% of 

heart attacks in Western Europe are due to abnormal lipid profiles, and that examining 

the complete lipoprotein profile of a person is advisable to determine an individual’s 

risk of CVD (Chong et al 2010). 

The UK Government recognised that a reduction in CVD risk factors could be created 

by intervening at both the individual and population level. Interventions focusing on 

changing individuals’ behaviour are recognised as being important and are supported. 

However, changes affected at the population level with the aid of the knowledge from 

research institutions being implemented by collaboration with food and drink 

manufactures could lead to further substantial benefits (NICE 2010). 

 Prevention 

Cardiovascular disease (CVD) prevention is defined as a coordinated set of actions, 

at the population level or targeted at an individual, which are aimed at eliminating or 

minimizing the impact of CVDs and their related disabilities (Piepoli et al. 2016). 

Recognition of CVD risk factors led to recommendations for their management and 

prevention. These were to: stop smoking; exercise at least 30 minutes most days of 

the week; treat high blood pressure, control blood sugar in diabetes; lose excess 

weight and maintain a healthy weight through a balanced diet and exercise; eat lots 

of high-fibre fruits, vegetables, and whole grains; limit intake of animal fats, trans fats, 
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sugars, and starches and to lower cholesterol through diet, exercise, and prescribed 

medications (Buttar et al. 2005). Mounting evidence from epidemiological studies 

suggests that there is an association between diets rich in fruits and vegetables and 

a reduction in the risk and incidence of CVD (WHO 2013). Similar evidence suggests 

that polyphenols may, in part, explain the CVD benefits of increased fruit and 

vegetable intake (Dauchet et al 2009).  

If preventive measures were practised, they would markedly reduce the prevalence 

of CVD (Figure 1-35). However, poor implementation of preventive measures is a 

concern. Prevention should be delivered by promoting healthy lifestyle behaviour, 

tackling unhealthy behaviours and by optimising risk factors. Prevention has been 

shown to be effective: the elimination of health risk behaviours would make it possible 

to prevent at least 80% of CVDs and even 40% of cancers (Piepoli et al. 2016). 

 

Figure 1-35 - Cardiovascular disease prevention and health promotion (Hong et al. 2017) 

 
The objective of CVD prevention is to reduce the occurrence of major cardiovascular 

events thereby reducing premature disability and morbidity whilst prolonging survival 

and quality of life (Stewart et al. 2017). Preventive public health campaigns have been 

implemented worldwide e.g. smoking cessation, reduction of salt consumption, 

increased physical activity, eating more fruit and vegetables and heart-friendly 

lifestyle education (Micha et al. 2012).  

Nonpharmacologic interventions to reduce BP have a clinical impact and include 

programmes such as: weight loss for overweight or obese patients with a heart 
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healthy diet; sodium restriction; increased potassium within the diet and increased 

physical activity accompanied by a structured exercise programme. 

Recommendations state that alcohol should be limited to no more than 2 standard 

alcohol drinks daily for men and to no more than 1 daily for women. In the United 

States, a standard drink is an alcoholic beverage which contains 14 grams of pure 

alcohol. This can be translated as 12 oz of beer, 5 oz of wine, or 1.5 oz of 80-proof 

whiskey.  

The usual result of each lifestyle change is a 4-5 mm Hg decrease in SBP and a 2-4 

mm Hg decrease in diastolic blood pressure (DBP); but a diet low in sodium, saturated 

fat, and total fat coupled with an increase in fruits, vegetables, and grains may 

decrease SBP by approximately 11 mm Hg (JNC-7 2004). 

Although currently there is improved pharmacological treatment of CVD with effective 

drugs available such as statins, beta-blockers, and ACE inhibitors, their side effects 

and lack of patient compliance with treatment often limit their effectiveness. Concern 

about adverse effects and forgetfulness leads to most patients being hesitant to start 

drug therapy, preferring not to have medication to manage their condition (Stowe 

2011).  

Although considerable progress has been made in the treatment and prevention of 

CVD with pharmacological therapy, diet therapy and lifestyle changes remain the 

basis of clinical intervention (Galema-Boers and Roeters van Lennep 2015). In 

addition to prescription drugs, nutraceuticals or functional foods are being increasingly 

added as an adjunct treatment of CVD or to prevent it in those who are considered at 

high-risk of developing it (Dutta et al. 2014). Because of the strong epidemiological 

correlation between plant-based diets and lower CVD incidence (Visioli et al. 2005a), 

much research is being devoted to determining the biological activities of 

phytochemicals, namely of biophenols. In recent years, many human dietary 

interventions aimed at investigating the potential cardiovascular health effects of 

biophenol-derived preparations on cardiovascular risk markers have been carried out 

(Tomé-Carneiro and Visioli 2016; Rienks et al. 2017). 

 CVD pathophysiology  

A complete picture of the progression of cardiovascular disease from risk factors 

through to coronary artery disease, stroke, MI and then finally to end stage heart 

disease and death can be found in Figure 1-34 which shows the cardiovascular 

continuum. 
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 Hypertension 

Hypertension is defined as systolic blood pressure (SBP) of greater than 140mmHg 

or diastolic BP of greater than 90 mmHg. A reduction in the entire distribution of BP 

in the population by 5mmHg has been hypothesised to produce a 40% decrease in 

the incidence of stroke and a 20–25% reduction in CHD (Chong et al. 2010).  

Hypertension is an independent risk factor for the development of CVD. There are 

compelling arguments for preventing hypertension. The effect of increasing 

BP > 115/75 mmHg is consistent and exponential, where each 20 mmHg increase in 

SBP or a 10 mmHg increase in DBP doubles the risk of a cardiovascular event 

(Stewart et al. 2017).  

In persons 30 years of age or older, higher SBP and DBP are associated with 

increased risk for CVD, angina, MI, heart failure (HF), stroke, peripheral arterial 

disease, and abdominal aortic aneurysm. Most patients with hypertension will also 

require two or more anti-hypertensive medications to achieve goal blood pressure 

(<140/90 mmHg, or <130/80mmHg for patients with diabetes) (JNC-7 2004). 

With a high global prevalence of approximately 15%, hypertension is a foremost risk 

factor for diseases such as cerebrovascular and CVD in addition to metabolic 

syndrome, type II diabetes and end stage renal disease; with its occurrence estimated 

to soar to 30% by 2025 (Asgary et al. 2013).  

Hypertension is the most common disease in primary care of patients and is found in 

comorbidity with diabetes and cardiovascular disease. Lifestyle modifications such as 

optimal nutrition, nutraceuticals, vitamins, antioxidants, minerals, weight loss, 

exercise, smoking cessation, and moderate restriction of alcohol and caffeine can 

prevent, delay the onset, reduce the severity, treat, and control hypertension in many 

patients (Houston 2005).  

 Vascular endothelium, oxidative stress and nitric oxide 

Vascular biology assumes a pivotal role in the initiation and perpetuation of 

hypertension. Endothelial activation, oxidative stress, and vascular smooth muscle 

dysfunction are initial events which can all contribute towards hypertension 

(Rajendran et al. 2013). The vascular endothelium plays a key role in the regulation 

of vascular homeostasis and changes in endothelial function contribute towards the 

pathogenesis and clinical expression of CVD (Vita and Keaney 2002). Study findings 
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suggest that vascular function may becoming increasingly accepted as a clinical 

measure and outcome marker of CVD in research (Vita 2005). 

Evidence has also noted that oxidation plays a prime role in the progression of 

hypertension. The pathophysiology of hypertension involves multifaceted interactions 

of various vascular effectors. These include the sympathetic nervous system, 

inflammatory mediators and the initiation of the renin-angiotensin-aldosterone 

system. This resulting vasoconstriction and inflammation lead to vessel remodelling 

and then progresses to the formation of atherosclerotic lesions; a hallmark of 

advanced disease (Schulz et al. 2011).  

Supporting the action of nitric oxide is another way to protect the cardiovascular 

system. Nitric oxide (NO) is one of the principal endothelium derived vasodilators and 

is a focal signalling messenger in the cardiovascular system (Napoli and Ignarro 

2009). Normal endothelial function appears to mainly depend on the homeostatic 

balance between nitric oxide (NO) and reactive oxygen species (ROS). Nitric oxide 

exerts many essential antioxidant and anti-inflammatory effects in the body, including 

scavenging certain reactive oxygen species, preventing LDL oxidation, deterring the 

adhesion and aggregation of blood cells and platelets along the endothelial cell lining, 

and inhibiting the proliferation of vascular smooth muscle cells. Together, these 

effects help retard the progression of atherosclerosis (Ignarro and Napoli 2004).  

Oxidative stress results when an increase in ROS generation leads to a reduction in 

NO activity and subsequent endothelial dysfunction. This imbalance is a known effect 

of established CVD risk factors such as smoking, diabetes and obesity. Oxidative 

stress additionally stimulates proinflammatory mediators such as the vascular cell 

adhesion molecule, intracellular adhesion molecule, and chemoattractant proteins 

which all play a role in early atherogenesis (Roshene and Naufal Rizwan 2016). 

NO plays a fundamental role in the proliferation of smooth muscle cells while inhibiting 

platelet aggregation and thrombosis. Dobutović et al. (2011) reviewed the role of NO 

in IR, diabetes and heart failure (based on animal studies), and concluded, like Napoli 

and Ignarro (2001) in their discussion about NO and atherosclerosis, that NO is 

associated with blood pressure haemostasis as a vasodilator. When researchers 

tested pomegranate against other antioxidants, they found that it helped enhance the 

biological actions of nitric oxide, thus conferring significant cardio protection (Ignarro 

and Napoli 2004). 
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 Atherosclerosis and inflammation 

Atherosclerosis or ‘hardening of the arteries’, is a condition characterized by the 

accumulation of lipids in the arteries, particularly cholesterol. This leads to plaque 

formation, which narrows the artery and consequently causes restriction of blood flow 

(Bhatia 2010). Atherogenesis, the formation of these atherosclerotic plaques, is a 

complex process which involves several mechanisms, including endothelial 

dysfunction, neovascularization, vascular proliferation, apoptosis, inflammation, and 

thrombosis (Hansson 2005). 

Atherosclerosis is the major degenerative disease of the arteries which develops as 

a result of a long-term inflammatory process. Most hypotheses about the 

pathogenesis and progression of atherosclerosis concur that it involves the disruption 

of normal homeostatic mechanisms creating an imbalance between free radical 

formation and antioxidant status incurring oxidative stress in the body (Yang et al. 

2017).  

Since both oxidative stress and inflammation initiate, participate in and enhance the 

process of atherosclerosis these are seen as main targets for therapeutic 

interventions with dietary phytochemicals (Basu and Penugonda 2008). Considering 

that PJ has been shown to be the beverage with high antioxidant activity (three times 

more than red wine and green tea) there is huge potential that this might have a 

preventative and protective effect in terms of CVD (Gil et al. 2000).  

 Dyslipidaemia 

Dyslipidaemia is another one of the main established CVD risk factors and describes 

a variety of lipid abnormalities, including hypercholesterolaemia, hyperlipidaemia and 

mixed dyslipidaemia, in which disturbances in fat metabolism lead to changes in blood 

lipid concentrations (NICE 2015). Dyslipidaemia is a disorder of the metabolism of 

lipoproteins, expressed by high total serum cholesterol (TC), high LDL cholesterol 

(LDL-C), low HDL cholesterol (HDL-C) and/or elevated triglycerides (TG) levels 

(Nelson 2012). These disorders of lipid changes have been associated with the 

development and progression of atherosclerosis and CVD (Galema-Boers and 

Roeters van Lennep 2015). 

Aviram and Rosenblat (2013) demonstrated that oxidized LDL exists in the plasma of 

patients with CVD and in atherosclerotic lesions. It is also correlated with existence of 

plaques and thus increased risk of a future MI independent of any other risk factors. 
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By inhibiting this oxidation of LDL, cholesterol deposits within the arteries can be 

counteracted (Ismail et al. 2012). 

 Effects of pomegranate in cardiovascular disease 

The pomegranate is a polyphenol-rich fruit with a high antioxidant capacity. 

Pomegranate juice and extracts provide an abundant source of polyphenols with a 

high antioxidative potential (Seeram et al. 2008). Moreover, the antiatherogenic, 

antihypertensive, and anti-inflammatory effects of pomegranate have been shown in 

both human and animal models (Gil et al. 2000). There is a growing body of evidence 

suggesting the potential cardioprotective effect of pomegranate fruit in alleviating the 

consequential pathophysiology of both CVD risk factors and disease progression 

along the cardiovascular continuum (Figure 1-35) (Sreekumar et al. 2014). In vivo 

(peritoneal macrophage oxidative stress and cholesterol metabolism in 

atherosclerotic E0 mice) and in vitro (free-radical scavenging capacity and inhibition 

of copper ion-induced LDL oxidation) analysis of pomegranate fruit parts, i.e., the 

peel, arils, seeds, and flower in extract form were shown to possess antioxidative 

properties and act via several antiatherogenic mechanisms (Aviram et al. 2008). 

 Blood pressure 

Many studies report a reduction in blood pressure after supplementation with 

pomegranate juice or extract.  

In randomized placebo-controlled trials with healthy subjects, pomegranate juice (PJ) 

consumption, resulted in a significant decrease in SBP and DBP (∼1044 mg total 

polyphenols (TP) daily for 6 weeks) compared to controls (Lynn et al. 2012). Shema-

Didi et al. (2014) observed a significant decrease in SBP and DBP within the PJ group 

in an RCT with hypertensive patients. However, there were no differences between 

the PJ and PL groups post-intervention values (Tomé-Carneiro and Visioli 2015). 

In a small study of hypertensive patients, consumption of pomegranate juice for two 

weeks was shown to reduce SBP by inhibiting serum ACE (Aviram and Dornfeld 

2001). A subsequent non-controlled trial with carotid artery stenosis (CAS) patients 

(Aviram et al. 2004) also found significant within-group decreases in SBP. 

Tsang et al. (2012) discovered that pomegranate juice ingestion significantly reduced 

both SBP and DBP, insulin resistance and cortisol levels in healthy individuals over 

two weeks. In another two-week pomegranate intervention on hypertensive 

participants, a 4.5% reduction in DBP and a 5% reduction in SBP was observed in 



 

1-67 
 

the pomegranate group compared to placebo (Asgary et al. 2013). In a later RCT, PJ 

consumption (500mL/day with 1685mg TP GAE/L) significantly decreased SBP and 

DBP pre-and post-exercise (30 minutes on a treadmill) in overweight participants 

compared to the placebo (PL) group (Al-Dujaili et al. 2016). 

Asgary et al. (2014) subsequently studied the effect of a two-week intake of fresh PJ 

(150 ml daily) on BP in 21 hypertensive patients ranging from 30-67 years old. PJ 

consumption was associated with significant reductions in SBP (p = 0.002) and DBP 

(p = 0.038). They suggested that PJ consumption had effective hypotensive effects 

and improved endothelial function by decreasing serum concentrations of vascular 

endothelial adhesion molecule (which were significantly reduced in the PJ group).  

The influence of pomegranate peel extract (PPE) consumption on SBP, ACE, 

coronary activity, oxidative stress, and vascular morphology over 30 days was 

examined in spontaneously hypertensive rats. Data showed significant reduction in 

SBP and coronary ACE activity with PPE consumption conferring protection against 

hypertension. This finding was demonstrated by marked reduction in coronary ACE 

activity, oxidative stress, and vascular remodelling, indicating that the use of PPE may 

prove beneficial in alleviating CHD (Dos Santos et al. 2016). 

Recently Sahebkar et al. (2017) conducted a systematic review and meta-analysis of 

RCTS on the effects of PJ on blood pressure. Several of the qualifying eight studies 

suggested that PJ could exert antiatherogenic, antioxidant, antihypertensive, and anti-

inflammatory effects (Figure 1-36). Their data showed significant reductions in both 

SBP (-4.96mmHg, 95% CI: -7.67 to -2.25, p<0.001) and DBP (-2.01mmHg, 95% CI: -

3.71 to -0.31, p = 0.021) after PJ consumption. They also discovered that the SBP 

reduction was not time or dosage dependent, whereas doses >240ml provided a 

borderline significant effect in reducing DBP. 

According to Stowe (2011), evidence has implied that the key mechanisms of action 

of PJ focus on reducing SBP, thereby leading to an overall positive effect on 

atherosclerotic progression and subsequently the potential development of CHD.  

However, some other studies either do not show any significant effects on blood 

pressure or mixed effects on cardiovascular health. Results from two trials carried out 

in haemodialysis patients reported a lack of effect on BP. In the first (Rivara et al. 

2015), volunteers received PJ (650 GAE/day), pomegranate extract (PE) (650 

GAE/day), or placebo for 4 weeks. In the other, with 33 patients, although there was 

a reduction in SBP (24±13.7) and DBP (10±5.3) mmHg, (P<.05) in the pomegranate 
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polyphenol extract group (∼980 mg TP/day for 6 months) compared to placebo. 

However, these differences between PE and PL groups were no longer significant 

after controlling for baseline BP (Tomé-Carneiro and Visioli 2015). They concluded 

that although pomegranate extract supplementation may reduce BP and increase the 

antioxidant activity in HD patients, it did not improve other markers of cardiovascular 

risk, physical function, or muscle strength (Wu et al. 2015). 

 

 
 
Figure 1-36 - The effect of pomegranate polyphenols on endothelial cell function and BP. Their 
meta-analysis suggests consistent benefits of pomegranate juice (Sahebkar et al. 2017) 

 
Previously Sumner et al. (2005) reported no effect on BP after 240 ml/d of PJ (a larger 

volume than Aviram’s 50 ml/d) was consumed for a longer length of time (90 days) in 

a much larger group of participants (n=45) with ischaemic coronary disease. However, 

PJ was associated with a reduction in stress-induced ischaemia instead, so a cardio-

protective mechanism appeared to be in operation even though BP remained 

unchanged. 
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Another systematic review (Gbinigie et al. 2017) evaluated the effect of pomegranate 

consumption on blood pressure. Their findings differed from those of Sahebkar et al. 

(2017), concluding that there was mixed evidence for a beneficial effect of 

pomegranate consumption upon SBP and DBP, with a general lack of data reporting 

on between rather than within treatment groups. Due to the numerous inconsistencies 

across the trials reviewed, they recommended performing studies of higher quality 

and longer duration with more stringent reporting to provide a clearer picture of effect.  

Stowe (2011) was more optimistic in terms of how pomegranate supported the 

cardiovascular system. She concluded that the principal mechanisms of action of 

pomegranate juice may include decreased SBP, thus causing an overall positive 

effect on the progression of atherosclerosis and the ensuing potential development of 

CHD.  

It is apparent that although there have been numerous human studies with positive 

results in BP reduction, there is no distinct, consistent evidence across this field in 

terms of what effect pomegranate products have on blood pressure. The explanation 

for these resulting discrepancies is not obvious (Chong et al. 2010). However, some 

reasons for this may be that there does not seem to be any kind of standardisation 

between conducted trials in terms of the pomegranate supplementation given, 

dosage, details of polyphenol content, stratified groups of volunteers (e.g., healthy or 

with health conditions; sex or age), time-period, placebo controls or statistical 

comparisons between groups as well as within groups when reporting trial results. 

Future studies should be designed with these factors in mind. 

 Oxidative stress and inflammation 

Inflammation and oxidative stress are involved in the complex pathology of CVD. 

There is a strong evidence that polyphenols can exert anti-inflammatory and 

immunomodulatory activities (Tomé-Carneiro and Visioli 2016). Increasing scientific 

evidence associates an improvement in inflammation and oxidative status with a 

reduction in the incidence of various chronic diseases or in their associated risk 

factors. Biomarkers of inflammation and oxidative stress may serve to help identify 

patients at risk of CVD, to monitor the efficacy of treatments, and to develop new 

pharmacological tools (Stoner et al. 2013).  

Thiobarbituric acid reactive substances (TBARS) are an essential biomarker of 

oxidative stress as they measure the damaging products of lipid oxidation. As 
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individuals age, and as a consequence of chronic disease accompanied by oxidative 

stress, the amount of circulating TBARS tends to increase, indicating elevated levels 

of oxidative stress. Serum TBARS levels have been found to be strong predictors of 

cardiovascular events in those with stable CHD, independent of inflammatory markers 

and traditional risk factors (Heber et al. 2007). 

As powerful antioxidants, pomegranates phytochemicals may protect the body from 

damaging oxidation reactions (Ananga et al 2013; Aviram and Dornfeld 2001 and 

Bastien et al. 2014). Studies measuring inflammation and oxidative stress using 

pomegranate juice and extract have produced conflicting results. Rosenblat et al. 

(2006) studied the effect of PJ consumption (50ml/day for three months) on ten 

healthy subjects (controls) and 10 non-insulin dependent diabetes mellitus (NIDDM) 

patients. In the patients versus controls serum levels of lipid peroxides and 

thiobarbituric acid reactive substances (TBARS) both increased, by 350% and 51%, 

respectively. Post intervention, although PJ consumption did not affect serum 

glucose, cholesterol and TAG levels, a significant reduction in serum lipid peroxides 

(56%) and TBARS levels (28%) was observed. 

After 2 weeks of a pomegranate juice (PJ) consumption of 255.2 mg total polyphenols 

(TP) / day Aviram et al. (2000) described a decreased susceptibility to free radical-

induced lipid peroxidation in human plasma. A few years later, they found a significant 

reduction in the concentration of antibodies against oxLDL in carotid artery stenosis 

patients together with an increase in serum total antioxidant status after one year of 

PJ consumption (Aviram et al. 2004). Fifty type 2 diabetic patients who consumed 200 

ml/day of pomegranate juice for 6 weeks showed significant increases in paraoxonase 

(PON1) activity, with significantly reduced MDA (0.073 to 0.029 μmol/L) which 

indicated that polyphenol compounds in PJ had an antioxidant effect (Parsaeyan et 

al. 2012). PON1 is a protective, potentially anti-atherogenic enzyme which is 

associated with HDL and protects LDL from oxidative modification. PJ is thought to 

increase the PON1 activity because its components (tannins and anthocyanin) have 

direct effect on enzyme activity (Gil et al. 2000). 

Al-Muammar and Khan (2012) pointed out that Aviram et al. (2008) analysed the 

mechanism of action of the various pomegranate fruit parts, i.e., the peel, arils, seeds, 

and flower both in vivo and in vitro. All pomegranate extracts were shown to possess 

antioxidative properties in vitro while the pomegranate flower extract (PFE) 

consumption resulted in lower serum lipids and glucose levels by 18% to 25%. 
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Conversely, some more recent interventions have not observed any antioxidant 

effects. One of these was conducted by Lynn et al. (2012). There were no observed 

effects on plasma FRAP in an RCT where healthy adults consumed PJ (∼1044 mg 

TP (GAE)/day) for 4 weeks. This pattern was repeated in other studies with 

haemodialysis patients where there was no reported effect on inflammation and 

oxidative stress biomarkers after for 6 months of pomegranate extract of 980 mg 

TP/day (Wu et al. 2015) or with Rivara et al. (2015) when they administered both PJ 

(650 mg TP/day) and PE (650 mg TP/day) for 4 weeks. 

However, the randomised, placebo-controlled pilot study (n=12) conducted by Al -

Dujaili et al. (2016) did show TBARS reductions. They investigated whether PJ intake 

(500 ml/day, 1685 mg GAE) attenuated exercise-induced oxidative stress and BP in 

overweight and obese individuals. Urinary levels of TBARS were significantly 

reduced, from 31.2 ± 10.6 to 26.5 ± 9.8 MDA µmole/day following 1 week of PJ 

consumption. No significant changes observed in the placebo arm of the study. 

 Plasma lipids 

High plasma LDL concentration is a major risk factor for atherosclerosis. Therefore, 

LDL modifications, including oxidation, retention, and aggregation, play a key role in 

atherosclerosis as well (Zarfeshany et al. 2014). The polyphenols in pomegranate are 

believed to provide the antioxidant activity and protect LDL against cell-mediated 

oxidation:  

 directly by interaction with the lipoprotein; and 

 indirectly by accumulation in arterial macrophages. 

In addition, pomegranate may:  

 cause antihypertensive effects by decreasing ACE activity;  

 play a beneficial role in reducing stress induced ischaemia; and  

 in the treatment of hyperlipidaemia.  

Haber et al. (2011) considered that additional investigation was needed to support its 

efficacy and to determine the optimal dosage. 

In early research examining the consequence of PJ supplementation (0.35 µmol/day 

of polyphenols) over 14 weeks in atherosclerotic apolipoprotein E-deficient (E(0)) 

mice, Aviram et al. (2000) noted a reduction of 90% in the oxidation of LDL by 

peritoneal macrophages, a 44% reduction in the size of atherosclerotic lesions and a 
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decrease of 20% in the uptake of oxidised LDL. As part of the same study they 

observed that in humans, 2 weeks of PJ consumption resulted in declined retention 

and aggregation of LDL susceptibility and increased activity of PON1 by 20%. De 

Nigris et al. (2005) supported this evidence suggesting that polyphenolic antioxidants 

contained in the juice derived from the pomegranate can contribute to the reduction 

of oxidative stress and atherogenesis. 

The Esmaillzadeh et al. (2006) pilot study found that after 6-8 weeks consumption of 

concentrated PJ, type 2 diabetic patients with hyperlipidaemia had significantly 

reduced TC, LDL, LDL/ HDL ratio, and TC to HDL ratios, although this was not the 

case for serum TG or HDL-C. In a similar investigation discussed earlier, Parsaeyan 

et al. (2012) observed significant decreases in TC and LDL-C as well as increases in 

the activity of PON1.There were no significant changes in TG or HDL-C. Rock et al. 

(2008) found that diabetic patients who consumed PJ and PPE presented higher 

PON1 stabilization and association with HDL, but no effect was found on blood lipids.  

Punicic acid, which is the main constituent of pomegranate seed oil (PSO), has been 

found to have antiatherogenic effects. In a study on 51 hyperlipidaemic patients, PSO 

was administered twice a day (800 mg/day) for 4 weeks. There was a significant 

decrease in both TG (by 2.75 mmol/L) and the TG to HDL-C ratio (by 5.7 mmol/L) 

whereas serum cholesterol, LDL-C, and glucose concentration remained unchanged 

(Mirmiran et al 2010). 

A recent 1-year RCT in haemodialysis patients showed that supplementation with PJ 

(119 mg TP (GAE), 3 times/week) led to a significant reduction in triglycerides and to 

an increase in HDL-C (Shema-Didi et al. 2014). Conversely, a prospective trial by 

Rivara et al. (2015) reported that neither PJ (650 GAE/day) nor PE (650 GAE/day) 

intake for 4 weeks had a significant effect on serum lipids levels. The Wu et al. (2015) 

study with a 6-month intake of PPE (∼980 mg TP/day) produced no changes in the 

lipid profile of haemodialysis patients, except for a significant increase in PON1 

activity when compared to the placebo group which was similar to the Parsaeyan et 

al. (2012) findings. 

Aviram and Rosenblat (2012) summarised the antioxidative and antiatherogenic 

effects of pomegranate polyphenols on serum lipoproteins and on arterial 

macrophages (major components in the atherosclerotic lesion), using human and 

mice models. They observed that PJ and its by-products substantially reduced 

macrophage cholesterol and oxidized lipids accumulation, and foam cell formation 
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(the hallmark of early atherogenesis), leading to attenuation of atherosclerosis 

development, and its consequent cardiovascular events. 

In a placebo-controlled trial, Haghighian et al. (2016) evaluated the effects of PPE 

(1000 mg/day) on CVD risk factors on 38 obese women with dyslipidaemia. for 8 

weeks. They found that PPE significantly decreased levels of serum TC, LDL-C and 

TG and increased HDL-C compared to baseline. SBP levels and hs-CRP within the 

PPE group significantly decreased whereas DBP levels and BMI remained 

unchanged. There were no significant changes in the placebo group. After adjusting 

for the baseline values, energy intake and weight changes, there were significant 

differences in post-treatment values between the two groups except in serum 

concentrations of HDL-C, DBP and BMI. The researchers concluded that the study 

showed a positive effect of PPE in improving cardiovascular risk factors in obese 

women with dyslipidaemia.  

Shahebkar et al. (2016) conducted a systematic review and meta-analysis of RCTs 

to investigate lipid profile changes after pomegranate consumption on plasma lipid 

concentrations. Twelve RCTs (545 individuals) met their eligibility criteria. However, 

analysis of the RCTs did not show any significant effect of pomegranate consumption 

on plasma lipid concentrations. No significant association between duration of 

supplementation and impact of pomegranate on total cholesterol and HDL-C was 

observed, while an inverse association was found with changes in triglycerides levels. 

There was also no association shown between the amount of PJ consumed per day 

and respective changes in plasma total cholesterol, LDL-C, HDL-C or triglycerides, 

suggesting that there was no observed effect of pomegranate consumption on lipid 

profiles in humans. 

 Vascular and antiatherogenic effects 

Most research on its vascular effects has been carried out either using cell lines or 

animal models. However, some PJ antiatherogenic properties have been reported in 

human subjects. Results from a small randomised human trial (Aviram et al. 2004) 

suggested that PJ consumption (50 mL of PJ, containing 1.5 mmol/L TPs) by patients 

with severe carotid artery stenosis induced a decrease in carotid intima-media 

thickness (CIMT) and systolic blood pressure. These results were not replicated by 

the Davidson et al. (2009) intervention on the effects of consumption of pomegranate 

juice on carotid intima-media thickness in men and women at moderate risk for 

coronary heart disease. Although this randomized, double-blind, parallel trial (n= 289) 
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found that in subjects at moderate coronary heart disease risk, PJ consumption had 

no significant effect on overall CIMT progression rate, they do suggest that 

pomegranate intake may have slowed CIMT progression in subjects with increased 

oxidative stress and disturbances in the TG-rich lipoprotein/HDL axis. 

Many studies have reported the anti-inflammatory potential of PE. In a study on 30 

rats with acute inflammation, 100 μl/day of PE could significantly reduce the reactive-

oxygen species (ROS) levels. The extract was administered 1 day before and 2 days 

after surgery. Reduced thickness of lamina propria and vessel density was reported 

as well (Kahya et al. 2011). Ellagitannins, including punicalagin, and ellagic acid are 

the main components of PE, and they possess anti-inflammatory properties. These 

compounds are metabolized by gut microbiota to yield the bioavailable urolithins 

which appear to be the main components responsible for the anti-inflammation 

properties of pomegranate (Zarveshany et al. 2014). 

A 2012 clinical trial of about 100 dialysis patients suggested that PJ may have anti-

inflammatory properties. The group of patients given PJ (3 times weekly for a year) 

had fewer hospitalizations for infections and fewer signs of inflammation, compared 

with the placebo group (Shema-Didi et al. 2012). 

As ROS contributes to endothelial-dependant contraction and enhanced vascular 

resistance, antioxidants could have the potential to restore endothelial function and 

thereby reduce BP (Aviram and Dornfeld 2001). Elevated serum ACE activity is 

correlated with increased sensitivity to lipid peroxidation and so, the inhibitory 

influence of PJ in terms of ACE activity can further promote the antioxidant 

mechanism of action and help diminish atherosclerotic risk (Aviram and Dornfeld 

2001, Keidar et al. 1994).  

PJ may reduce BP through interacting directly with ACE as experiments have noted 

a significant decrease of 36% in serum ACE activity and a 5% reduction in SBP in 

hypertensive patients post pomegranate juice consumption (Aviram and Dornfeld 

2001). With no reduction in BP, a decrease in ACE activity was found to reduce the 

progression of atherosclerosis (Aviram and Rosenblat 2013) and they considered that 

pomegranate supplementation may offer protection against CVD through its inhibitory 

action on both oxidative stress and ACE activity.  
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 Nitric Oxide 

Substantial evidence has found that punicalin, punicalagin, granatin B and strictinin 

A, the anti-inflammatory components of pomegranate peel, can inhibit the expression 

of pro-inflammatory proteins by altering the production of NO (Lee et al. 2008; Ismail 

et al. 2012). When animals were fed PJ or PE supplemented diets, endothelial NO 

synthase expression was significantly amplified when compared to their controls 

(Viuda-Martos et al. 2010). Evidence has shown that polyphenols have considerable 

effects in relation to hindering cellular uptake of LDL, reducing atherosclerotic lesions 

and protecting LDL from oxidation (Vlachojannis et al. 2015). 

An 8-week daily consumption of PJ concentrate in a rabbit model of arteriogenic 

erectile dysfunction significantly increased intracavernous blood flow and smooth 

muscle relaxation. It was suggested that this may be due to its antioxidant effect on 

enhanced nitric oxide preservation and bioavailability (Azadzoi et al. 2005). 

De Nigris et al. (2007) compared the influence of PE with PJ on nitric oxide and arterial 

function in obese rats. They demonstrated that both pomegranate products 

significantly reduced the vascular inflammatory markers expression 

(thrombospondin), and cytokine TGFP 1 as well as increased plasma nitrite and 

nitrate. 

 Heart disease 

Pomegranate is rich in polyphenols and demonstrates high capability in scavenging 

free radicals and inhibiting low-density lipoprotein oxidation in vitro and in vivo.  

The effects of PJ on patients who have CHD was investigated by Sumner et al. (2005) 

in a randomised, placebo-controlled double-blind study. PJ (240 ml/day) was 

consumed for 3 months to determine any effect on myocardial perfusion in 45 CHD 

and myocardial ischaemia patients. 

After 3 months, the extent of stress-induced ischaemia decreased in the pomegranate 

group but increased in the control group. This benefit was observed without changes 

in cardiac medications, blood sugar, haemoglobin A1c, weight, or blood pressure in 

either group. The clinical significance of this finding is illustrated by noting the average 

improvement of 17% in myocardial perfusion in the experimental group and an 

average worsening of 18% in the control group (i.e. a 35% relative between-group 

difference) after only 3 months. Given the strength of the trial design and the clinically 

significant findings over a relatively short period of time, then daily PJ consumption 
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may improve stress-induced myocardial ischaemia in patients who have CHD 

(Sumner et al. 2005). 

The cardioprotective effects of pomegranate juice in patients with ischaemic heart 

disease were also investigated by Razani et al. (2017) in a study of a hundred patients 

diagnosed with unstable angina or myocardial infarction. Patients received 220 mL 

PJ daily over 5 days. They observed that pomegranate juice caused significant 

reductions in the intensity, occurrence, and duration of angina pectoris in patients with 

unstable angina. Consistently, the test patients had significantly lower levels of serum 

troponin and MDA with no changes in the other study parameters. The results of this 

study suggested protective effects of PJ against myocardial ischaemia and 

reperfusion injury.  

 Pomegranate and CVD conclusion 

Various studies have shown that pomegranate consumption exhibits protective 

effects on the cardiovascular system. Evidence from human interventions indicates 

that pomegranate can reduce oxidative stress and systemic inflammation (Danesi and 

Ferguson 2017). Clinical trials, in which pomegranate supplementation has been 

given to humans and rats exhibiting type 2 diabetes, hypertension and atherosclerosis 

in differing dosages over a variety of time periods, have shown that dietary 

supplementation with pomegranate ameliorates these conditions. 

This range of vasculoprotective effects reported includes diminished oxidative stress, 

a reduction in lipid oxidation, plasma lipids and platelet aggregation, a reduction in 

inflammation, decreased blood pressure via the inhibition of ACE activity, increased 

biological actions of NO, a reduction in oxidized LDL uptake by macrophages, 

reduced atherosclerotic lesion areas, vasodilatory effects and positive influencing of 

endothelial cell function. Together, these alterations have the ability to lead to a 

reduction in blood pressure as well as causing an overall favourable outcome on the 

advancement of atherosclerosis and the subsequent progression of CVD 

(Esmaillzadeh et al. 2000; Aviram & Dornfeld 2001; Rosenblat and Hayek 2006; Basu 

and Penugonda 2009).  

The vasculoprotective role exhibited by pomegranate is primarily attributed to the 

presence of hydrolyzable tannins ellagitannins and ellagic acid, as well as other 

flavonoids and phenolic acids. Clinical studies demonstrated that a daily intake of PJ 

lessens hypertension and attenuates atherosclerosis in humans. This highlights the 
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potential benefits of a broader use of pomegranate and its constituents as dietary 

supplements or as adjuvants in therapy of vascular diseases, such as hypertension, 

coronary artery disease, and peripheral artery disease (Tomé-Carneiro and Visioli 

2016; Wang et al. 2018).  

Although these clinical findings have been promising, more research, with larger 

participant numbers and authenticated dosages of pomegranate with placebo control 

is required to strengthen the case for the therapeutic effects of pomegranate. 

1.5 Diabetes 

 Background and definitions 

 Incidence and prevalence 

The global prevalence of diabetes among adults over 18 years of age has risen from 

108 million (4.7%) in 1980 to 422 million (8.5%) in 2014 (of the existing world 

population). Diabetes is a major cause of blindness, kidney failure, heart attacks, 

stroke and lower limb amputation, with an estimated 1.6 million deaths directly caused 

by diabetes in 2016. WHO (2018) estimates that diabetes was the seventh leading 

cause of death in 2016, with another 2.2 million deaths attributable to high blood 

glucose in 2012.  

In the past three decades the prevalence of type 2 diabetes has risen dramatically in 

countries of all income levels. Until recently, type 2 diabetes was seen only in adults, 

but it is now also occurring increasingly frequently in children. Type 2 diabetes 

comprises the majority of people with diabetes around the world and is largely the 

result of excess body weight and physical inactivity (WHO 2018). 

 Definition of diabetes and high blood glucose 

WHO and IDF (2017) refer to diabetes as a chronic, metabolic disease characterized 

by elevated levels of blood glucose where fasting plasma glucose ≥ 7.0mmol/l 

(126mg/dl) or the patient is on medication for raised blood glucose or has a history of 

diagnosis of diabetes. This leads over time to serious damage to the heart, blood 

vessels, eyes, kidneys, and nerves.  

High blood glucose is not a clinical or diagnostic category but is rather defined as a 

distribution of fasting plasma glucose in a population that is higher than the theoretical 

distribution that would minimize risks to health (derived from epidemiological studies). 
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Almost half of all deaths attributable to high blood glucose occur before the age of 70 

years (WHO and IDF 2017).  

 Type 1 and type 2 diabetes 

There are 2 types of diabetes – types 1 and 2. Type 1 diabetes, or insulin-dependent 

diabetes, is a chronic condition characterised by a lack of pancreatic insulin 

production. Type 2 occurs when the body cannot effectively use the insulin it produces 

(WHO 2016). Insulin is a hormone that regulates blood sugar. Hyperglycaemia, or 

raised blood glucose, is a common effect of uncontrolled diabetes and over time leads 

to serious damage to many of the body's systems. While type 2 is potentially 

preventable, the causes and risk factors for type 1 diabetes remain unknown and 

prevention strategies have not been successful (WHO 1999). Type 2 diabetes (T2DM) 

is the focus of current preventative measures and interventions. 

 Diabetes symptoms 

Symptoms for type 1 include excessive excretion of urine (polyuria), thirst (polydipsia), 

constant hunger, weight loss, vision changes, and fatigue and may occur suddenly. 

Those for T2DM may be similar to those of type 1 but are often less apparent. As a 

result, the disease may be diagnosed several years after onset, once complications 

have already arisen (WHO 2018). 

 Impaired glucose tolerance  

Impaired glucose tolerance (IGT) and impaired fasting glycaemia (IFG) are 

intermediate conditions in the transition between normality and diabetes. People with 

IGT or IFG are at high risk of progressing to T2DM, although this is not inevitable 

(WHO and IDF 2017). 

 Complications  

In their analysis of over 100 prospective studies, Sanwar et al. (2010) found that adults 

with diabetes have a two to three-fold increased risk of heart attacks and strokes. 

Combined with reduced blood flow, neuropathy (nerve damage) in the feet increases 

the chance of foot ulcers, infection and the eventual need for limb amputation (WHO 

2018). Diabetes is not only among the leading causes of kidney failure (NIH 2014), 

but also an important cause of blindness due to diabetic retinopathy. It occurs as a 

result of long-term accumulated damage to the small blood vessels in the retina and 

2.6% of global blindness can be attributed to diabetes (Bourne et al. 2013). 
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 Prevention 

Simple lifestyle measures have been shown to be effective in preventing or delaying 

the onset of T2DM. To help prevent T2DM and its complications, it is recommended 

that people: 

 achieve and maintain healthy body weight; 

 are physically active – at least 30 minutes of regular, moderate-intensity 

activity on most days. More activity is required for weight control; 

 eat a healthy diet, avoiding sugar and saturated fats intake; and 

 avoid tobacco use – smoking increases the risk of diabetes and cardiovascular 

diseases (WHO 2018). 

 Metabolic syndrome, insulin sensitivity and 11 β - HSD1. 

Metabolic syndrome is the presence of multiple risk factors for the development of 

cardiovascular disease and non-alcoholic fatty liver disease (NAFLD) including 

hypertension, insulin resistance, obesity and dyslipidaemia (Paschos and Paletas 

2009). The prevalence of metabolic syndrome, cardiovascular disease and NAFLD is 

increasing throughout the world, in both developed and developing countries 

(Benedict and Zhang 2017). Its prevalence is increasing along with the increase in 

obesity, and it is reaching epidemic proportions affecting between 24% and 34% of 

the adult US population (Heindel et al. 2016). 

Thus, it is important to establish simple therapeutic concepts, such as dietary 

interventions, which decrease the incidence and symptoms of metabolic syndrome. 

Researchers found, after inducing metabolic syndrome in rats, that ellagic acid may 

provide a useful dietary supplement to decrease the characteristic changes in 

metabolism and in cardiac and hepatic structure and function induced by a high-

carbohydrate, high-fat diet by suppressing oxidative stress and inflammation (Panchal 

et al. 2013). 

Obesity is a leading component of the metabolic syndrome which in turn is an 

important risk factor for T2DM, and both are underlying factors linked to metabolic risk 

and to cardiovascular morbidity and mortality (Han and Lean 2016), as well as 

abnormal cortisol levels and metabolism (Abraham et al. 2013). The metabolic 

syndrome (Figure 1-37) consists of a constellation of co-associated metabolic 

abnormalities such as insulin resistance, T2DM, dyslipidaemia, hypertension and 
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visceral obesity (Morton and Seckl 2008). The requirement of insulin resistance is a 

major factor for diagnosis.  

These abnormalities can manifest as elevated waist circumference, triglycerides, 

blood pressure, fasting glucose and reduced high-density lipoprotein (HDL). 

Exhibiting three or more of these conditions is currently defined as having the 

metabolic syndrome. Consequently, weight reduction and blood-lipid regulation play 

important roles in the treatment and prevention of metabolic syndrome (Aucott et al. 

2011). Metabolic syndrome is not considered as a disease but rather a clustering of 

individual risk factors for disease. 

 

Risk Factor Criteria 

Obesity Waist circumference, which is geographic and ethnic 
specific. 
US men >102cm, US women >88cm 

Dyslipidaemia (TG) Triglycerides >150mg/dL or being treated for elevated 
triglycerides 

Dyslipidaemia (HDL) Low HDL cholesterol 
Male <40mg/dL, female <50mg/dL 

Hyperglycaemia Fasting plasma glucose >100mg/dL or being treated 
for hyperglycaemia 

Hypertension Systolic blood pressure >130mmHg, or being treated 
for hypertension 

HDL = high-density lipoprotein cholesterol; TG = triglycerides 
 

Figure 1-37 - A closer look at the criteria for the diagnosis of Metabolic Syndrome (a correction 
of a diagram by Sampson and Garber 2014) 

 

There is strong evidence that glucocorticoid action underlies metabolic disease, 

largely from rodent obesity models where removing glucocorticoids reverses obesity 

and its metabolic abnormalities. Glucocorticoids are anti-inflammatory corticosteroids, 

types of steroid hormones (e.g. cortisol), made in the cortex of the adrenal gland which 

predominantly affect the metabolism of carbohydrates and, to a lesser extent, fats and 

proteins (Shaikh et al. 2012). 

It is well established that glucocorticoids oppose the insulin effect in regulation of 

carbohydrate metabolism in vivo, including glucose uptake in peripheral tissues and 

hepatic glucose production. The liver plays a central role in maintaining glucose 
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homeostasis and patients with T2DM have increased hepatic glucose production, 

mainly due to increased gluconeogenesis (Geer et al. 2014).  

It was also discovered that intracellular glucocorticoid reactivation was elevated in 

adipose tissue of obese rodents and humans. 11 Beta hydroxysteroid dehydrogenase 

(11β-HSD) is the principal enzyme responsible for regulating glucocorticoid 

metabolism. Glucocorticoid action on target tissues is determined by the two isozymes 

of 11β-HSD.  The 11β-HSD type 1 enzyme mediates the conversion of inert cortisone 

(11-dehydrocorticosterone in rodents) to active cortisol (corticosterone in rodents), 

locally within tissues (Figure 1-38) (Drapeau et al. 2003; Morton and Seckl 2008).   

11β-HSD1 catalyses the regeneration of active glucocorticoids, amplifying cellular 

action and it is widely expressed in liver, adipose tissue, muscle, pancreatic islets, 

adult brain, inflammatory cells, and gonads. In obesity 11β-HSD1 is selectively 

elevated in adipose tissue where it contributes to metabolic complications. Similarly, 

11β-HSD1 is elevated in the ageing brain where it exacerbates glucocorticoid-

associated cognitive decline. Selective inhibition of 11β-HSD1 improves multiple 

metabolic syndrome parameters in rodent models and human clinical trials and 

similarly improves cognitive function with ageing. In contrast, the enzyme 11β−HSD 

type 2 catalyses the opposite reaction, the inactivation of active glucocorticoid 

converting cortisol to cortisone. 11β-HSD type 2 is present in aldosterone-selective 

tissues including the kidneys. 11β-HSD2 inhibition or genetic deficiency causes 

apparent mineralocorticoid excess and hypertension (Alberts et al. 2003; Chapman 

et al. 2013). 

 

Figure 1-38 - 11 β-hydroxysteroid dehydrogenases converting glucocorticoids 
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 The role of cortisol in metabolic syndrome and other NCD risk 

factors  

Stress is believed to be one of the central factors that has a negative impact on human 

health as it is mediated by hormones which play a vital role in relation to the immune 

system, body composition and the regulation of lipid and glucose metabolism. 

(Manenschijn et al. 2013; Heindel et al. 2016). Stress can be induced by abdominal 

obesity (Drapeau et al. 2003). The adrenal cortex secretes two major steroids 

including cortisol, which is a glucocorticoid, a functional antagonist of insulin action 

and aldosterone which is a mineralocorticoid that encourages sodium retention 

(Kidambi et al. 2007). 

The importance of cortisol in regulating blood pressure has been highlighted in several 

conditions, and chronic excessive activation of the glucocorticoid receptor is known 

to induce obesity, insulin resistance, glucose intolerance and hypertension (Duclos et 

al. 2005; Whitworth 2005).  

Glucocorticoids exert a direct effect on the heart and blood vessels via 11β HSD 

enzymes type 1 and 2. Increased 11β HSD-1 activity is implicated in the development 

of the metabolic syndrome and identifying dietary constituents that influence 11β 

HSD-1 activity could lead to novel methods of preventing CVD and associated risk 

factors (Tsang et al. 2012). Tsang et al. (2012) found that PJ consumption enhanced 

antioxidant status, reduced systolic blood pressure and waist circumference, with a 

reduction in the cortisol/cortisone ratio in both urine and saliva (possibly via inhibition 

of 11β-HSD1 in the liver and adipose tissue). 

The association between excess cortisol and various parameters of the metabolic 

syndrome, including hypertension and insulin resistance, is now increasingly 

recognised (Abraham et al. 2013). A reduction in insulin resistance might have 

potential benefits in lowering the risk of developing T2DM, obesity and metabolic 

syndrome (Al-Dujaili et al. 2010).  

Plasma cortisol is an important factor in blood pressure regulation, and it can also 

exert negative effects on the cardiovascular system. Al-Dujaili et al. (2016) suggested 

that PJ consumption inhibited 11β-HSD type 1 activity, noted in both urine and saliva, 

as evidenced by the reduction in the cortisol/cortisone ratio, and that PJ consumption 

which could be responsible for the drop in blood pressure after exercise induced 

oxidative stress. 
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When the glucocorticoid receptor is excessively activated chronically, it has been 

found to induce ROS overproduction, which progresses to reduced endothelial 

expression, thereby exacerbating hypertension, insulin resistance, glucose 

intolerance, obesity, metabolic syndrome and CVD. Research to date suggests that 

both steroids have been associated with the progression and increased incidence of 

these diseases (Kidambi et al. 2007; Almoosawi et al. 2010).  

Glucocorticoids are thought to stimulate the proliferation and differentiation of human 

adipose tissue with more receptors in visceral adipose tissue compared to 

subcutaneous fat (Duclos et al. 2005). As adipose tissue is the site of action of 11β-

HSD type 1, enzymatic activity is enhanced with increased abdominal fat mass, 

resulting in elevated cortisol production (Stulnig and Waldhäusl 2004). Thus, 

extensive glucocorticoid activity and enhanced circulating concentrations of cortisol 

may contribute to insulin resistance explaining its connection with central obesity, 

hypertension, dyslipidaemia and endothelial dysfunction; all of which lead to an 

increased risk of developing NCDs. 

 Effects of pomegranate on diabetes and glucocorticoid metabolism  

Diabetes has historically been treated with plants or plant-derived formulations in 

different cultures. Scientific investigations have reported the efficiency of several 

plants and plant preparations including pomegranate (Huang et al. 2005a) with 

diabetes prevention and treatment. Pomegranate plant parts are used traditionally for 

the treatment of various disorders. However, only the pomegranate flower has been 

prescribed in Unani and Ayurvedic medicines for the treatment of diabetes (Li et al. 

2008). The study conducted by Huang et al. (2005a) demonstrated that the anti-

diabetic effect of Punica granatum flower extract may result from the improved 

sensitivity of the insulin receptor. Phytochemical investigation demonstrated that the 

gallic acid in pomegranate flower extract was mainly responsible for this activity.  

Banihani et al. (2013) suggested that pomegranate extracts and their active 

components have great medical potential as they may provide an effective and safe 

treatment for T2DM and its associated pathologies. They reviewed various recent 

studies which linked pomegranate with T2DM prevention and treatment in cell, animal 

model and human trials. Hyperglycaemia results in oxidative stress in T2DM, which 

is a major factor in the pathogenesis of cardiovascular disease. Researchers 

discovered that pomegranate reduces oxidative stress and lipid peroxidation and that 

fasting blood glucose levels were decreased significantly by punicic acid, methanolic 
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seed extract, and pomegranate peel extract (Katz et al. 2007; Rock et al 2008; 

Fenercioglu et al. 2010). Their results suggested that pomegranate extract, owing to 

its polyphenol-rich antioxidants (oleanolic, ursolic, and gallic acids), could prevent 

cardiovascular complications through decrease in LDL, increase in HDL, serum PON1 

stability and activity, and nitric oxide production. Known compounds in pomegranate, 

such as punicalagin and ellagic, gallic, oleanolic, ursolic, and uallic acids, have been 

identified as having antidiabetic actions.  

The connection between pomegranate and diabetes was discussed by Katz et al. 

(2007). They concluded that pomegranate extracts and their active compounds could 

be effective in the treatment and prevention of T2DM. A later review by Medjakovic 

and Jungbauer (2013) focused on the potential use of pomegranate and its 

compounds in therapy for metabolic syndrome and related factors associated with 

biochemical and metabolic conditions associated with diabetes. They considered that 

pomegranate positively affected T2DM, mainly by antagonizing the damaging effects 

of ROS. Moreover, they suggested that such a mechanism may occur directly or 

indirectly by increasing the activity of certain antioxidant enzymes, such as PON1, 

inhibit or activate certain transcriptional factors involved in glucose normalization and 

reduce resistin formation.  

Other studies show positive effects of pomegranate consumption on lipid profiles, 

body weight and insulin sensitivity. Concentrated PJ was given to T2DM patients with 

hyperlipidaemia (TC or TG ≥200 mg/dL) (Esmaillzadeh et al. 2006). After 8 weeks of 

PJ intake there were significant reductions in TC, and LDL, (but not TAG or HCL) 

concentrations. Pomegranate leaf extract was administered (400 and 800 mg/kg/day) 

to obese and hyperlipidaemic mice for 5 weeks. The results indicated significant 

reduction in body weight, energy intake (based on food intake), serum total cholesterol 

(TC), TG, FBG, and TC/HDL-C ratio. Intestinal fat absorption was inhibited as well 

(Lei et al. 2007).  

A high fat diet with 1% pomegranate seed oil was administered for 12 weeks to induce 

obesity and insulin resistance in mice. The pomegranate seed oil-fed group exhibited 

lower body weight (4%) and body fat mass (3.1%) compared to those on the same 

diet but without the oil. A 70% improvement was observed in peripheral insulin 

sensitivity in pomegranate seed oil-administered mice. However, the potential lack of 

palatability of the pomegranate seed oil as a factor in this reduction remains to be 

explored (Vroegrijk et al. 2007). 
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In brief, further studies have shown that dietary punicic acid reduced plasma glucose 

(Hontecillas et al. 2009) and pomegranate seed oil reduced the risk for T2DM in mice 

by improving insulin sensitivity (McFarlin et al. 2009). Pomegranate flowers also 

alleviated T2DM in Zucker fatty diabetic rats by enhancing the expression of hepatic 

genes involved in fatty acid oxidation (Xu et al. 2009). Furthermore, pomegranate 

extract appears beneficial in controlling glucose homeostasis in humans by 

suppressing the activation of NF-κB, neutralizing the generated ROS and the 

expression of tumour necrosis factor-α, which delays the development of T2DM 

(Huang et al. 2005b; Fuhrman et al. 2010).  

Conversely, Huang et al. (2017) reviewed 16 trials in a systematic review and 

concluded that pomegranate intake did not lead to any significant changes in glucose 

levels, and insulin concentrations, HOMA-IR or HbA1c. Glycated protein, such as 

HbA1c, is considered the standard measure of long-term glycaemic control, and the 

measurement of HbA1c levels is strongly associated with complications of diabetes. 

They did highlight that these results were perhaps inconclusive because of the limited 

number of eligible RCTs included and a general lack of comprehensive indicators for 

glycaemic control and insulin sensitivity. Their conclusions were unexpected given the 

positive results published elsewhere, but they do serve as a note of caution in terms 

of what should be included in the design and reporting of future trials to make review 

comparisons and therefore the results from future research more accurate. 

Different mechanisms for the antidiabetic effect of pomegranate have been proposed: 

increased release of insulin, reduction of intestinal glucose absorption, enhancement 

of glycogen synthesis, and also by exerting anti-obesity and antidiabetic action via the 

inhibition of adipocyte differentiation and inhibition of adipose tissue accumulation, 

thus decreasing adipokine secretions. The inclusion of pomegranate in the diet could 

reduce the incidence of obesity and attenuate developing metabolic syndrome 

(Mueller and Jungbauer 2009). 

1.6 Obesity 

Obesity is a major cause of morbidity and mortality in non-communicable diseases 

such as cardiovascular, endocrine-metabolic and musculoskeletal disease as well as 

some cancers (endometrial, breast, and colon). Obesity also creates negative 

psychological well-being (Giskes et al. 2010). It can add to emotional problems and 
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also decrease quality of life through social stigmatisation and decreased mobility 

(Souza 2005). 

WHO (2017) comment on the current status of obesity stating that worldwide, it has 

nearly tripled since 1975. In 2016, more than 1.9 billion adults (18 years and older) 

were overweight. Of these over 650 million were obese. 39% of adults were 

overweight in 2016, and 13% were obese. Over 340 million children and adolescents 

aged 5-19 were overweight or obese in 2016. Most of the world's population live in 

countries where overweight and obesity kills more people than being underweight. 

As a result, the issue of overweight and obesity is increasingly being recognised as a 

significant health challenge facing all ages of the population. Obesity is also a risk 

factor for many chronic conditions such as diabetes, heart disease, hypertension, 

sleep apnea, osteoarthritis, reduced fertility, and asthma. Effective treatment of 

obesity can lead to a reduction of risk factors for these diseases and may result in 

decreased morbidity and mortality (Molan et al. 2007). 

Evidence indicates that abdominal or visceral obesity i.e. waist circumference (WC) 

in men ≥102 cm and women ≥88 cm - which affects approximately two-fifths of adults 

worldwide and over half of US adults - may be of greater importance in increasing 

morbidity and mortality risk than total obesity. Additionally, abdominal obesity is a key 

component of the metabolic syndrome, a major risk factor for CVD and T2DM. About 

20–30% of the global adult population and a third of US men and women have 

metabolic syndrome (Kimokoti et al. 2012). 

In adults, body weight increases often incur detrimental changes to the blood-lipid 

profile particularly in visceral obesity. A leading aim of contemporary public health 

policy is to reduce levels of obesity in an attempt to reduce these other risk factors. 

(Aucott et al. 2011). The proportion of medical costs attributable to overweight and 

obesity, currently 10 %, is expected to rise to approximately 16–18% of total US 

medical costs by 2030. By then, almost half of the world’s adult population will be 

overweight or obese presuming that the current trend continues. Consequently, the 

costs attributable to obesity will increase. Due to these health-related consequences 

and associated costs, timely prevention of overweight and obesity, and in particular 

abdominal obesity, is critical (Tremmel et al. 2017). 
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 Definition of obesity 

Obesity can be defined as ‘a multifactorial disorder characterized by an imbalance 

between intake and daily requirement of nutrients in the metabolism of a genetically 

susceptible person. Sex, age, cultural and behavioural aspects influence its 

development’ (Bonifacio 2010, p.1).  

Obesity occurs when the energy intake from food and drink consumed is greater than 

the body’s metabolism or energy expenditure over a prolonged period, resulting in the 

accumulation of excess body fat (Hill et al. 2012). If this excess fat occurs around the 

waist area (abdominal obesity), it is associated with a high risk of developing 

metabolic abnormalities characterized by increased blood pressure, blood cholesterol 

and triglyceride levels, and lower HDL levels (Yahia et al 2011). 

Overweight and obesity are defined in clinical practice by the body mass index or BMI. 

BMI is calculated by weight (kg) divided by height squared (m²) and this formula was 

developed by the Belgian mathematician Adolphe Quetelet, who was considered a 

founder of the social sciences, in 1835 (Eknoyan 2008). BMI provides the most useful 

population-level measure of overweight and obesity as it is the same for both sexes 

and for all ages of adults. A person with a BMI of 30 or more is generally considered 

obese. A person with a BMI equal to or more than 25 is considered overweight (WHO 

2011).  

 Trends in obesity 

Obesity is preventable (WHO 2011b). However, over the last two decades there have 

been marked increases in the prevalence of overweight and obesity (James 2008). In 

2008, 1.5 billion adults aged 20 and older, were overweight. Of these over 200 million 

men and nearly 300 million women were obese. The consequences of overweight 

and obesity lead to substantial health and economic burdens, which are predicted to 

continue rising, particularly as the population ages (Branca et al. 2007). This growing 

trend is predicted to worsen, with adult obesity levels reaching over 40% by 2030. 

Future consequences of obesity will reflect, perpetuate and potentially increase social 

inequalities in health unless supported by public interventions that ensure healthier 

choices are fairly and widely available (The Scottish Government 2010).  

 Aetiology of obesity 

The aetiology of obesity, like its definition, is multifactorial, involving a complex web 

of societal and biological interactions, which, when food is plentiful, can predispose 
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individuals to weight gain. Genetic, environmental, metabolic and behavioural issues 

may all contribute to the development of obesity as well as hormones, individual 

psychology, food environment, societal influences, physical activity and the activity 

environment (Chan and Woo 2010). As an example, the culture of over-eating and a 

sedentary lifestyle is compounding the effects of a dietary profile that contains a large 

percentage of energy-dense processed and conventional foods (Hruby and Hu 2015). 

Stress is another factor which can induce eating and could contribute to a tendency 

to overeating and obesity (Rolls, 2011). Social inequality as a result of economic 

insecurity is also considered a probable cause (Scottish Government 2010). It is clear 

that obesity has a major impact on individual well-being, both physically and 

emotionally (Pearson 2005).  

Although the above factors all have a bearing on obesity, the essential cause of 

obesity and overweight is an energy imbalance between calories consumed and 

calories expended. Globally, there has been an increased intake of energy-dense 

foods that are high in fat; and simultaneously, a decrease in physical activity due to 

the increasingly sedentary nature of work, urbanization and changing modes of 

transport. These changes in dietary and physical activity patterns are often occur due 

to larger social and environmental changes associated with a lack of supportive 

policies in sectors such as health, agriculture, transport, urban planning, environment, 

food processing, distribution, marketing, and education (WHO 2017). 

 Consequences of obesity 

A high BMI (≥30kg/m²) and the development of cardiovascular risk factors including 

hypertension, dyslipidaemia, insulin resistance and diabetes mellitus are largely 

associated.  
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Figure 1-39 - Consequences of obesity (Susmedicos 2008) 

 
While BMI and the progression of these co-morbidities are proportionate, obesity is 

deemed an independent risk factor for CVD and other NCDs, largely owing to its 

effects on endothelial dysfunction and subclinical inflammation (Lavie et al. 2014, 

Bastien et al. 2014). 

Childhood obesity is associated with a higher chance of obesity, premature death and 

disability in adulthood. In addition to increased future risks, obese children experience 

breathing difficulties, increased risk of fractures, hypertension, early markers of 

cardiovascular disease, insulin resistance and psychological effects (WHO 2018c). 

Raised BMI is a major risk factor for NCDs (Figure 1-39) such as: 

 CVD (mainly heart disease and stroke); 

 diabetes;  

 musculoskeletal disorders (especially osteoarthritis);  

 some cancers (including endometrial, breast, ovarian, prostate, liver, 

gallbladder, kidney, and colon) (WHO 2017).  

 Abdominal obesity and adipose tissue 

Obesity is a highly prevalent condition related to metabolic disorders. Excessive fat 

stored in adipose tissue caused by environmental factors, lifestyles, and genetic 

factors is associated with numerous metabolic diseases such as CVD, insulin 

resistance, T2DM, hypertension, fatty liver disease, and increased mortality (Lai et al 

2012). Chronic, excessive adipose tissue expansion leads to an increase in the risk 

for CVD, T2DM and cancer (Conroy et al. 2011). The bodily pattern of fat deposition 
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in abdominal obesity is an important prognostic factor, particularly in the elderly, with 

increased CVD risk observed in those with central or visceral fat accumulation. 

Central measures of adiposity may be even more strongly associated with 

cardiovascular events than BMI (Padwal et al. 2009).  

Abdominal adipose tissue has more cells per unit mass, higher blood flow and more 

glucocorticoid receptors than subcutaneous adipose tissue. Thus, glucocorticoids 

affect abdominal fat to a greater extent than other adipose tissue. Supporting 

evidence shows that abdominal obesity is associated with an increased cortisol 

clearance. Hormonal and enzymatic changes have also been implicated in this 

preferential body fat accumulation in response to stress. Specific genetic background 

may also accentuate this visceral fat accumulation in some stress exposed individuals 

(Drapeau et al. 2003). 

The major functions of adipose tissue include thermogenesis, insulating and 

cushioning internal organs and energy storage (triglycerides). In the normal 

physiological state, excess fuel substrate is partitioned to adipose tissue, where it is 

stored as triacylglycerols until its subsequent release as non-esterified fatty acids 

(NEFA). Pathophysiological disorders of adipose tissue, such as obesity, are 

associated with dysregulation of this process (Gómez-Zorita et al. 2013). 

Adipose tissue is the largest endocrine organ in the body secreting cytokines (pro-

inflammatory/proatherogenic) and adipokines including adiponectin and hormones 

which are involved in host immunity, energy homeostasis, systemic insulin sensitivity, 

and tissue regeneration. As caloric intake increases, adipocytes store energy in the 

form of triacylglycerols that result in enhanced adipogenesis, increased adipose 

tissue mass, and consequently obesity (Lai et al. 2012).  

 



 

1-91 
 

 

Figure 1-40 - Abdominal/visceral obesity and the effects of associated insulin resistance 
(Medscape 2018) 

 
In obesity, dysfunction of adipose tissue contributes to abnormal cytokine and 

hormone production in adipocytes and results in metabolic dysfunction. 

Consequently, obesity has been considered to be a low-grade systemic inflammatory 

state. This arises from the complex interplay of factors including metabolic 

endotoxaemia, increased plasma NEFA, hypertrophic adipocytes and localised 

hypoxia (Conroy et al. 2011). Recent research has also indicated that increased 

intakes of antioxidants and u-3 fatty acids can modify the inflammation associated 

with excess adiposity (Sacheck 2008).  

Adipose tissue regulates intermediary metabolism and is the target of hormones such 

as oestrogens, and glucocorticoids. Obesity causes inflammation and subsequently 

increases the local production of TNF-α and insulin resistance (Figure 1-40) 

(Gonzalez-Castejon and Rodriguez-Casado 2011). 

The adipose tissue gain in obesity appears to deregulate the control of appetite 

through the actions of insulin resistance. Insulin resistance is known to dampen the 

impact of satiety signals, thereby preventing an appropriate level of energy 

compensation. Therefore, the control over appetite becomes progressively less 

accurate and sensitive as obesity develops. One well recognized approach for limiting 

food intake in obesity is to replicate the signaling effects of a full gut or the effects of 
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a recent meal. As a result, body weight, and therefore obesity, can be reduced by 

affecting satiety (Blundell 2006). 

 Management of Obesity  

The effective treatment and prevention of obesity has become a worldwide health 

concern. Dealing with obesity successfully can have a major impact on public health 

by decreasing mortality and morbidity and the associated health costs of chronic 

disease (Goldstone 2006). 

Current approaches, however, do not appear to be effective. Bariatric surgery has 

limited applicability and is currently indicated only for the very obese (BMI˃40 kg/m² 

or BMI 35-40 kg/m²) with an obesity related disorder. Operative mortality is less than 

1% in appropriate patients, but long-term gastrointestinal adverse effects and other 

complications can occur (Padwal et al. 2009; Tzotzas et al. 2011).  

Thus, clinical guidelines advise lifestyle and behavioural interventions as the primary 

approach for successful weight loss and maintenance. Advice usually consists of 

reducing energy intake and increasing physical activity to promote a weight loss 

deficit. However, compliance with this approach is notoriously poor long term and 

success is moderate (Truby et al. 2006; NICE 2006). Therefore, it is not surprising 

that people are seeking alternatives to lifestyle modification and are increasingly 

turning to ‘slimming supplements’ to lose weight. Orlistat is the only approved drug for 

obesity treatment in the UK and has a proven mechanistic action working by inhibiting 

pancreatic lipases, thereby reducing intestinal fat absorption (Gibson – Moore 2010). 

Other previous drug treatments, such as Sibutramine, have been withdrawn due to 

evidence of increased strokes and heart attacks (NICE 2010).  

This lack of success with current approaches to weight management and uncertainty 

around potential drug side effects and long-term usage has led to hopeful consumer 

interest in nutraceuticals or functional foods (Halford and Harrold 2012). These are 

defined as foodstuff (as fortified foods or dietary supplements) which are held to 

provide health or medical benefits in addition to their basic nutritional value (Conroy 

et al. 2011). The consumption of pomegranate juice, a rich source of antioxidant 

polyphenols, has grown tremendously due to its reported health benefits (Mertens-

Talcott et al. 2006). Pomegranate extracts, which contain ellagitannins, the major 

antioxidants found in pomegranates, have been developed as botanical nutraceutical 

supplements in a convenient form to consume the bioactive polyphenols found in the 

juice (Heber et al 2007). A large body of literature shows that many phytochemicals 



 

1-93 
 

and natural products are used to treat obesity as metabolic stimulates, appetite 

suppressants and starch blockers, and by regulation of glucose and lipid metabolism 

as well as targeting adipocyte differentiation (Lai et al. 2012). 

 The role of obesity in the development of NCDs 

The role of NEFA appears to be important in human obesity. In particular, abdominal 

obesity is linked with increased NEFA levels, which are associated with an increase 

in blood pressure and resistance to suppression by insulin (Schlaich 2010). 

Furthermore, a pilot study including participants with type 2 diabetes with 

hyperlipidaemia found concentrated pomegranate juice decreased cholesterol 

absorption, increased excretion of cholesterol, significantly reduced total and LDL 

cholesterol and improved total: HDL and LDL:HDL cholesterol ratios (Esmaillzadeh et 

al.2006). A reduction in plasma NEFA in some participants was also found in a recent 

4-week study (n = 28) investigating the effect of pomegranate juice in volunteers at 

high risk of CVD (Tsang et al. 2012). 

The role of NEFA in human obesity appears to be important, and experimental 

evidence links the NEFA induced presser response to sympathetic activation (Florian 

and Pawelczyk 2010). Abdominal obesity is linked to increased NEFA levels, which 

are associated with an increase in BP, and are seemingly resistant to suppression by 

insulin (Jun and Polotsky 2015). 

In obesity, the pathophysiology involves triglycerides and free fatty acids rather than 

LDL cholesterol as seen in atherosclerosis. Due to chronically excessive calorie 

intake, the storage capacity of dietary fatty acids in adipose tissue becomes 

overloaded, resulting in a spill over of lipids being stored in tissues including the 

muscles, liver, intra-abdominal or visceral adipose deposits (Rocha and Libby 2009). 

When these events occur, the concentration of a number of inflammatory mediators 

and hormones are altered. Adipose tissue also secretes adipocytokines, further 

contributing to the inflammatory profile detected in obesity, and together these 

metabolic alterations are associated with processes that promote atherosclerosis 

including dyslipidaemia, hypercoagulability and endothelial vasomotor dysfunction 

(Bastien et al. 2014, Van Gaal et al. 2006). 
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 Effect of polyphenols and pomegranate phytochemicals on obesity  

 Polyphenols and obesity 

Polyphenols have been attributed with having a positive effect on contributing factors 

to obesity. Hanhineva et al. (2010) considered the importance of dietary polyphenols 

on carbohydrate metabolism in human studies. Polyphenols and foods or beverages 

rich in polyphenols attenuated postprandial glycaemic responses and fasting 

hyperglycaemia and improved acute insulin secretion and insulin sensitivity. The 

possible mechanisms postulated included inhibition of carbohydrate digestion and 

glucose absorption in the intestine, stimulation of insulin secretion from the pancreatic 

β–cells, modulation of glucose release from the liver, activation of insulin receptors 

and glucose uptake in the insulin-sensitive tissues, and modulation of intracellular 

signaling pathways and gene expression.  

Polyphenols have also been accredited with the anti-obesity reputation of green tea, 

especially epigallocatechin (EGCG), a flavonoid, which is also found in pomegranate. 

A ten-year epidemiological human study, in conjunction with other studies, found a 

significant decrease in body weight, body fat and waist circumference compared to 

baseline measurements (Westerterp-Plantenga et al. 2005). EGCG, which is 

abundant in green tea, has also been found to inhibit adipocyte proliferation and 

differentiation in in vitro studies. However, many of these reports lacked a controlled 

design, were of short duration, had small sample sizes, or were combined with other 

weight control methods (Hsu et al. 2008). 

Although the aetiology of obesity is multi-faceted, low-grade inflammation is common 

and represents a potentially useful and general target. In this respect, Gonzalez-

Castejon and Rodriguez-Casado (2011) highlighted that several phytochemicals 

possess anti-inflammatory effects which might be exploited in the adjunct therapy of 

obesity. Others induced apoptosis, decreased lipid accumulation, and induced 

lipolysis. As complex and interconnected cell signalling pathways are involved in the 

development and maintenance of obesity, they concluded that the use of multiple 

phytochemicals might result in synergistic and enhanced effects. 

Carnauba et al. (2016) conducted a systematic review covering 2167 participants over 

2 countries with an age range of 18-70 years to discover whether high consumption 

of phytochemical rich foods was associated with lower values of anthropometric 

measurements. They found that higher polyphenol intake was associated with lower 
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body mass index, waist circumference and adiposity. Whether the results were a 

reflex of a lower calorie intake or the anti-obesity properties of phytochemicals 

remains to be elucidated.  

 Pomegranate and obesity 

Different mechanisms have been proposed to explain the antiobesity effects of 

different pomegranate constituents. Evidence for body weight management by 

suppressing energy intake using pomegranate has been shown in several studies, in 

particular the study by Lei et al. (2007) where they demonstrated dual antiobesity 

effects of PE. The first was an inhibition of lipase activity and the second was the 

suppression of energy intake. It was reported that the effect of the pomegranate 

extract on energy intake was similar to Orlistat, and that the active compounds (ellagic 

acid and tannic acid) present in the extract decreased hyperlipidaemia by inhibiting 

pancreatic lipase activity in vitro and increasing faecal fat excretion (Lei et al. 2007). 

They also suggested that pomegranate extract operated like sibutramine, an appetite 

suppressant used in clinics. Similarly, the pomegranate extract was observed to 

markedly decrease the calorie intake of mice fed a high fat diet but not of those fed a 

normal diet (Al-Muammar and Khan 2012). 

Recently, positive effects on fat reduction have been shown using pomegranate and 

its extracts. Many of the beneficial effects are related to the abundance of 

antioxidants, including flavonoids and polyphenols, as well as tannins and 

anthocyanins present in pomegranate (Al-Muammar and Khan 2012). 

In animal models it has been shown for both pomegranate extract (Cerda 2003) and 

leaf that there were significant decreases in feed consumption and body weight and 

inhibition of the development of obesity and hyperlipidaemia. The effects appear to 

be partly mediated by inhibiting the pancreatic lipase activity and suppressing energy 

intake (Vuida-Martos et al. 2010; Lei et al. 2007). Vroegrijk et al (2011) found that 

pomegranate seed oil, which is a rich source of punicic acid, when fed to mice over 

12 weeks, led to a significantly lower body weight and body fat mass without affecting 

food intake or energy expenditure (3.3 ± 2.3g vs. 6.7 ± 2.7g; p = 0.02) and improved 

peripheral insulin sensitivity (p = 0.01). 

Pomegranate consumption has shown improvement in insulin sensitivity and been 

associated with beneficial effects on weight, leptin and adiponectin concentrations. 

There have been few human studies but McFarlin et al. (2009) considered that 
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pomegranate may be able to regulate appetite and participate in managing obesity. 

In addition to the results discussed earlier, they discovered that pomegranate seed oil 

intake was associated with an improvement in insulin sensitivity, suggesting that risk 

of developing T2DM may have been reduced. 

Commercial PJ is known to contain significant levels of both ellagitannins and 

anthocyanins which may influence fat digestion and excretion. One recent 4-week 

study did however show significant reductions in both insulin and insulin resistance, 

alongside a trend towards a reduction in waist circumference and NEFA (although not 

in overall body weight) following PJ consumption (Tsang et al. 2012).  

In a 16-week double-blind randomized placebo-controlled trial, Abidov et al. (2010) 

investigated the effects of Xanthigen, a dietary supplement containing 300mg each of 

pomegranate seed oil, and brown seaweed extract on the weight management of 

obese premenopausal women with non-alcoholic fatty liver disease (NAFLD) and 

those with normal liver fat. Waist circumference reduced by 5.6cm in those with the 

NAFLD. They stated that both the supplement and its individual components had 

clinically relevant anti-obesity properties in reducing the body weight, body fat and 

liver fat content in non-diabetic obese female volunteers. A year later, Gonzalez-Ortiz 

et al. (2011) carried out a one-month placebo controlled clinical trial on obese adults 

to evaluate the effect of PJ on insulin secretion and sensitivity. There were no changes 

in these parameters, but the placebo group significantly increased in fat mass by 

1.1%, while the pomegranate group did not, reducing significantly by 1.4%. 

A placebo-controlled study on the effects of PE supplementation (1000mg/daily) on 

inflammation in overweight and obese individuals was conducted by Hosseini et al. 

(2015) over thirty days on 48 participants. There was a significant decrease in mean 

serum levels of glucose, insulin, total cholesterol, and LDL-C with PE intake compared 

to placebo. Plasma MDA, IL-6 and hs-CRP and HDL-C significantly increased 

following the PE intake compared to placebo. These results suggest that PE 

consumption may reduce complications linked with obesity. There was also a 

significant decrease in the serum concentration of insulin and HOMA-IR in the PE 

group only. As there was a significant association between mean serum insulin 

changes and mean body weight changes, it is likely that weight reduction led to lower 

serum insulin level in the intervention group. Other studies had often reported that 

insulin secretion and insulin sensitivity were not modified by the administration of PJ, 
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but this is not the case here and perhaps could be due to the fact that the PE has 

been used as opposed to the PJ in other studies which has a sugar content. 

The wealth of recent research into plant polyphenols and their role in human health 

and disease has suggested that a variety of natural bioactive compounds have the 

potential to be useful in obesity treatments (Li et al. 2005). Pomegranate constituents 

have demonstrated various beneficial actions relating to anti-inflammatory, 

antioxidant, carbohydrate and lipid metabolism effects. These effects ameliorate 

some of the conditions which are implicated in the genesis and progression of obesity. 

There is some evidence that pomegranate supplementation may play a beneficial role 

in altering body composition and alleviate the symptoms and progression of obesity. 

The physiological changes observed in some studies may be a result of energy intake 

suppression and the hindrance of pancreatic lipase activity, caused by pomegranate 

supplementation (Viuda-Martos et al. 2010), but more research is required to clearly 

describe potential mechanisms of action for the effects of pomegranate in obesity.  

1.7 Thesis aims and rationale  

This thesis was undertaken to investigate the effects of pomegranate consumption on 

human health in response to the major worldwide health challenges posed by non-

communicable diseases. Nutrition has been confirmed as a major modifiable 

determinant of NCDs. 

The aim of the thesis was to contribute towards identifying potential preventative 

health strategies to reduce the burden of chronic, non-communicable diseases 

through modifying dietary intake and behaviour. Hypertension and obesity are 

considered to be the most preventable cardiovascular risk factors which can be 

moderated by dietary and lifestyle changes. These conditions provided the focus for 

the first three studies in this thesis. The exploratory (Pom-01; n=29), satiety (Pom-

01s; n=29) and blood pressure with anthropometry (Pom-02; n=55) studies were 

conducted within 4-8 week time spans. The study population consisted of healthy 

volunteers and used parallel, double-blinded, placebo-controlled randomised trial 

designs. The aims and objectives of each study are discussed within the relevant 

chapters. 

Dementia is an umbrella term for a variety of diseases causing cognitive impairment. 

Alzheimer’s disease is the most common form of dementia. The increasing 

prevalence of dementia with age presents a growing concern in our societies with 
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their extending longevity. Its prevalence currently doubles approximately every 6 

years from the age of 65 years, increasing from 7 % in those aged 75–79 years to 40 

% in those aged 90 years or over (Cheng 2016). A body of preclinical and clinical 

research in healthy individuals or at the early stage of cognitive decline has 

demonstrated the beneficial impact of nutrition on cognitive functions (Vauzour et al. 

2017). Epidemiological studies suggest that dietary modulation was associated with 

a 50% reduction in the risk of dementia, a preservation of cognitive performance with 

ageing, and an onset delay in Alzheimer’s disease (Vauzour et al. 2010). The fourth 

cognitive study (Pom-03; n=20), was a crossover, double blinded, randomised, 

placebo controlled RCT and explored the acute effect of pomegranate extract on 

cognitive function.  

Together, these studies investigate the effects of pomegranate extract on blood 

pressure and stress hormones while exploring the relationship between pomegranate 

extract intake and cognitive function, satiety, anthropometry, body composition, blood 

lipids, and quality of life (QoL) using appropriate outcome measure objectives. As 

Wang and Martins-Green (2014) recommended, these clinical trials were conducted 

with appropriate control groups using well-characterized and standardized amounts 

of pomegranate extract where specific components had been identified. 
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 Materials and Methods 
This chapter provides details about the general methods, materials, equipment and 

instruments used in the studies. Details relevant to specific studies are outlined within 

their relevant study chapters. 

2.1 Ethical Approval 

Ethical approval for each study was gained from the Queen Margaret University 

Research Ethics Committee, School of Health Sciences. All interventions were 

conducted according to the guidelines laid down in the Declaration of Helsinki (World 

Medical Association 2017). As all studies involved human subjects, information 

sheets were provided to potential volunteers and written informed consent was 

obtained prior to participation. All collected data was stored according to the Data 

Protection Act (UK Government 1998).  

Volunteers were also offered feedback on any data collected during the interventions. 

If any participant had results which indicated the potential requirement for medical 

attention, they were asked to visit their GP.  

2.2 Search strategy 

To identify relevant literature, electronic searches were carried out using Medline, 

PubMed Embase, Allied and Complementary Medicine Database (AMED), EBSCO, 

Cochrane Collection Plus, NICE Evidence Search, Proquest Central, PsycINFO and 

CINAHL databases and on sites such as ResearchGate and WHO. Key words used 

were: pomegranate, pomegranate extract, polyphenols, anti-inflammatory, 

antioxidants, blood pressure, cortisol, cardiovascular disease, RAND 36 health-

related quality of life, insulin resistance, obesity, satiety, appetite, cognitive tests, 

ageing, cognitive function, memory and other derivatives of these. 

Searches were generally conducted from 1995 - 2017 for articles in English (effective 

translation of foreign languages was not resourced). Google Scholar was also 

searched for relevant internet proceedings, and the bibliography of online or located 

library articles and books were also searched either electronically or by hand. Other 

landmark texts were sourced which preceded 1995 and these were included when 

relevant. Due to time constraints a systematic review and meta-analysis was not 

possible, and results were presented as a narrative review. 
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2.3 Trial registrations 

As part of the dissemination of scientific knowledge and information process, the trials 

were registered with ClinicalTrials.gov. This a resource provided by the U.S. National 

Library of Medicine. It has records of almost 300,000 research studies in 50 American 

states and 207 other countries worldwide. Each trial has a unique identifier number 

and can be located on their website. 

 The Exploratory trial - Pom-01 has the ClinicalTrials.gov identifier (or NCT 

number): NCT02005939; 

 The Blood Pressure and Anthropometry trial - Pom-02 ClinicalTrials.gov 

identifier is: NCT02017132; 

 The Cognitive trial - Pom-03 ClinicalTrials.gov Identifier is: NCT02935777. 

2.4 Participants and recruitment 

Participants were recruited using the email moderator digest at QMU and through 

word of mouth. Eligibility criteria for each study were determined using objective, 

quantitative descriptors wherever possible. Apparently healthy volunteers were 

recruited and at the induction meetings a general screening questionnaire was 

completed. This evaluated health through medical history and lifestyle, so that 

eligibility could be confirmed (Welch et al 2011). This questionnaire covered 

information on social characteristics, lifestyle habits and medical history (Appendix 

9.5 and Appendix 9.25).  

 Randomisation 

The randomisation process was conducted by technical staff independent of the study 

who allocated treatment using an internet random number generator site (Randomizer 

2017). The numbers produced were used to allocate the pomegranate and placebo 

capsules, which looked identical. These were placed in sealed, labelled and pre-

prepared opaque containers (Figure 2-1) by the technicians ensuring double blinding 

for both the investigator and the participants. Unblinding took place after the studies 

were complete when the allocations were emailed to the researcher. 
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Figure 2-1 - Amber opaque bottles to ensure blinding (Stockton 2013) 

2.5 Materials 

 Pomegranate extract and placebo capsules 

All pomegranate capsules and placebo capsules for Pom-01 were supplied by 

PomeGreat (Bristol, UK) and produced by ProbelteBio (now Euromed). ProbelteBio 

continued to supply the capsules directly for the Pom-02 and Pom-03 studies.  

Capsules contain a 100% natural, concentrated pomegranate extract (POMANOX®) 

obtained through a water-based, eco-friendly extraction process. The process uses 

physical means, without organic solvents. POMANOX® is made from cultivated whole 

pomegranates grown on ProbelteBio horticultural farms in Spain - not solely from the 

fruit husk wasted during the production of industrial pomegranate juice. 

The POMANOX® extract is combined with maltodextrin and contained in red, hard 

gelatine capsules. The PE capsules and the placebo capsules were the same shape 

and colour rendering them identical, weighing 1.1g each. 

The dark red capsule shell is made from gelatine, glycerine and colouring - red iron 

oxide, black iron oxide, titanium dioxide and carmine red. They are gluten, lactose, 

sweetener and artificial preservative free. This shell was used for both PE and PL 

capsules. 

The fine orange to yellow POMANOX® pomegranate extract powder comprised of: 

pomegranate extract, extra virgin olive oil, emulsifiers – glyceryl monostearate and 

soy lecithin and anti-caking agent – colloidal silica. 
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Individual PE capsules comprised of the gelatine shell, maltodextrin and 287 mg 

POMANOX® containing:  

 110.8mg (38.6%) of punicalagins;  

 176.2 mg (61.4%) of other pomegranate biophenols e.g. flavonoids, ellagic 

acid and anthocyanins. 

 
Conformance certificates are shown in Appendix 9.35. Placebo capsules consisted 

only of maltodextrin to provide the same energy content as the PE capsules i.e. 6.52 

kcal or 27.28 kJ per capsule. The maltodextrin in both capsules was derived from 

potato starch. Capsules were stored in a tightly closed container at a temp of below 

25°C, protected from light and humidity. 

At the final clinical visits, participants were asked to complete post-intervention forms 

(Appendices 9.12 and 9.19) and record which capsules they believed that they were 

taking. This was important to confirm how successful the blinding process was and 

also acknowledged that participant beliefs can affect outcome measures (Welch et al. 

2011). Participants also returned their treatment bottles with any unused capsules at 

clinic visits which was another method of ensuring compliance of capsule intake. 

 Validation and characterisation of pomegranate extract  

Punicalagins are the most powerful antioxidants present in pomegranate fruit. The 

POMANOX® extract is standardised to punicalagins α, and β (˃ 30%) which allow the 

extract to be instantly soluble in water even at larger concentrations (≥ 100 g/litre), 

presenting high bioavailability. It is also rich in ellagic acid (1.8%) and anthocyanins 

providing a broad spectrum of the phytochemicals present in the whole pomegranate. 

This standardisation is important as studies have concluded that synergy among the 

various pomegranate phytochemicals, and not simply the concentration of ellagic 

acid, is a key factor for assessing the healthy benefits of PE. Zhang et al. (2009) 

demonstrated that antioxidant capacity could be reproduced with added ellagic acid 

rather than punicalagins from pomegranate and considered that only by specifically 

measuring the pomegranate polyphenols, rather than just the antioxidant activity, 

could this form of adulteration be detected and prevented. Otherwise, use of 

pomegranate supplements adulterated with ellagic acid without providing 

pomegranate tannins may lead to false-negative research results and no health 

benefits for consumers. 
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The polyphenol content of both pomegranate and placebo capsules was validated 

against standardised pomegranate data at the James Hutton Institute, Dundee via the 

liquid chromatography–mass spectrometry (LC-MS) method. The LC-MS results 

confirmed that the PE capsules contained punicalagins (Figure 2-2) at the expected 

ratio compared with the other polyphenol components (Appendix 9.16). 

 

Figure 2-2 - Phenolic components in both placebo and pomegranate study capsules 

 

This LC-MS analysis confirmed that the study capsules were rich in punicalagins as 

suggested by the manufacturers. Without having standards to exactly compare, 
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component amounts were more difficult to estimate. However, the peak areas of the 

two main punicalagin peaks (α and β isomers) amount to just more than 50% of the 

total area of peaks defined as phenolic components, which confirms the 

manufacturer’s specifications. The placebo capsules (Figure 2-2) effectively 

contained no phenolics.  

Details of the PE preparation and analysis and the overlay of the experimental PE 

capsules (POM-EXP) with the known mass spectrometry standards (POM-MS) as 

well as their separate graphs are shown in Appendix 9.16. 

UV traces are at 280 nm; placebo and study capsules were extracted as per methods 

in Appendix 9.16. Peaks 3* and 6* are the punicalagin peaks. Full-scale deflection 

compared at 1.5e6 absorbance units to highlight the differences between the 

samples. Peak identifications are given in Table 2-1 (courtesy of Gordon J McDougall 

in Stockton et al (2015)). 

Table 2-1 - Putative Identifications of phenolic compounds * based on liquid chromatography mass 
spectrometry (LCMS) data. Possible punicalagin isomer in this peak; HHDP = hexahydroxydiphenoyl 
unit 

Peak m/z [M-H] MS2 Identification 

1* 1415* 1113, 933, 783, 
781, 633 

Di (HHDP galloyl glucose) 
pentose 

2 783 481, 301, 275 Pendunculagin isomer 

3* 1083 781, 721, 601, 575 α-Punicalagin 

4 951 907, 783, 301 Granatin B isomer 1 

5 951 907, 783, 301 Granatin B isomer 2 

6* 1083 781, 721, 601, 575 β-Punicalagin 

7 1085 785, 631, 451 Digalloylgallagyl hexoside 

8 935 633, 301 GalloyldiHHDP hexoside 

9 1567 N/A Sanguiin H10 isomer 

10 633 463, 301 Galloyl HHDP hexoside 

11 463 301, 275 EA hexoside 

12 447 301 EA rhamnoside 

13* 301 301, 275 Ellagic acid (EA) 
 
Punicalagin has the chemical formula of C48H28O30. Punicalagin is also known as 2, 

3‐(S)‐Hexahydroxydiphenoyl‐4, 6‐(S, S)‐gallagyl‐D‐glucose. 
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All of the identified components (Table 2-1) yield MS data that suggest that they are 

either ellagitannins (which include punicalagins) or ellagic acid (13*) derivatives. 

Identifications are supported by data from Mena et al. (2012) and Borges et al. (2010). 

Conformance certificates for capsule shells and contents were provided by the 

manufacturer (Appendix 9.35). These stated that the total phenols were greater than 

50%, with ellagic acid less than 5% (confirmed as 1.8%) and punicalagins α and β 

greater than 30% (confirmed as 38.6%) and that all microbiology (testing for micro-

organisms and identification tests) was performed within the quality standards and 

validation criteria set by the European Pharmacopeia. 

 Safety of pomegranate extract  

Pomegranates and their constituents which are commonly used in food and traditional 

medicine have been consumed safely with no adverse effects for centuries (Vidal et 

al 2003).  

Various studies into the safety of the extract have been completed. No adverse 

changes in blood (haematology, serum, and chemistry) or urine or allergic reactions 

were reported in any of the studies. Heber et al (2007) investigated the safety of 

consuming up to 1420mg/day of pomegranate extract tablets (equivalent of 870mg 

gallic acid) for one month in 86 obese volunteers. Blood chemistry analysis of kidney, 

heart and liver function showed no toxic effects and no allergic reactions were 

observed in any of the subjects who consumed the dietary supplement at the two 

clinical study sites. There were also no adverse events reported or abnormalities in 

the blood or urine tests conducted by Aviram et al (2004) where they studied 10 

patients for 3 years who consumed pomegranate juice daily (equivalent to 121 mg/L 

ellagic acid).  

Punicalagin toxicity was evaluated in rats. No toxic effects or significant differences 

were observed between the groups and this was confirmed through histopathological 

analysis of the rat organs (Cerdá et al. 2003a). No adverse effects were seen in rats 

with a pomegranate extract gastric dose of 1.2mg/kg bodyweight (Vidal et al. 2003). 

Oral intakes of up to 5g/kg bodyweight PE (standardised to 30% punicalagins) were 

also deemed non-toxic acutely, with 600mg/kg bodyweight showing no toxic effects 

over 90 days (Patel et al. 2008). 

Farkas et al. (2007) also alleviated concerns about potential pomegranate interaction 

with cytochrome P450-3A activity. They demonstrated that 100% PJ does not impair 

clearance of oral or intravenous midazolam, implying a lack of juice–drug interaction. 
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Although this was conducted with PJ rather than PE, it is likely, given the shared 

chemical constituents, that the effect would be similar. 

The findings from these studies suggested that the pomegranate extract dosage for 

the duration of these studies was safe. 

2.6 Methods and equipment 

Unless stated otherwise, three measurements of each outcome parameter were 

recorded, and the mean calculated. Post intervention measurements were kept 

independently, on different worksheets, without reference to the initial set of 

measurements. 

 Blood pressure 

Systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse rate were 

recorded on an A & D Medical UA-767 Plus Digital Blood Pressure Monitor (2005). 

 

Figure 2-3 - A & D Medical UA-767 Plus Digital Blood Pressure Monitor (Stockton 2012) 

Blood pressure measurement with the electronic blood pressure monitor was 

completed following the guidelines from the British Hypertension Society (2012). 

The patient was seated for at least 5 minutes, relaxed, stationary and not speaking. 

The arm was supported at the level of the heart and no tight clothing constricted the 

arm. The BP cuff was placed with the centre of the bladder 1-2 cm above the 

antecubital fossa in line with the brachial artery on the upper arm. 

The bladder encircled at least 80% of the arm (but not more than 100%), or another 

appropriate cuff size was used. The monitor automatically inflates and re-inflates to 

the next setting if required.  
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This process was repeated three times and the measurements recorded as displayed. 

Blood pressure in both arms was recorded initially. The arm with highest reading was 

then used for the subsequent measurement. Three measurements were taken at 1 – 

2-minute intervals and a mean reading was used. 

Normal BP was defined as levels <120/80 mmHg and hypertension stages are shown 

in Table 2-2. 

The classifications show that:  

 high blood pressure is considered to be 140/90mmHg or higher; 

 ideal blood pressure is considered to be between 90/60mmHg and 

120/80mmHg; and 

 low blood pressure is considered to be 90/60mmHg or lower. 

 
A blood pressure reading of between 120/80mmHg and 140/90mmHg may suggest 
that there is a risk of developing high blood pressure. 
 
Table 2-2 - Classification of blood pressure in adults (NICE 2011a) 

BP Classification  SBP (mmHg) DBP (mmHg) 

Normal < 120  And < 80 

Prehypertension 120-139 Or 80-89 

Stage 1 Hypertension 140-159 Or 90-99  

Stage 2 Hypertension ≥160 Or ≥100 

 

 Blood sampling  

Blood sampling was performed by certified phlebotomists. Sample analysis was used 

to provide information on any changes in blood lipids, antioxidant, glucose or insulin 

levels during the interventions. 

All blood was sampled at the end of the clinic sessions using BD Vacutainer blood 

collection tubes from BD Diagnostics, Oxford.  Three fasting venous blood samples 

were collected (from the antecubital vein with a butterfly needle) and drawn into the 

following tubes: 

1. Glucose (grey top). These tubes contained anticoagulant and stabiliser 

(potassium oxalate and sodium fluoride) and measured blood glucose.  
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2. Heparin (green top). The interior of the tube wall was coated with lithium 

heparin. The anticoagulant heparin activates antithrombins, thus blocking the 

coagulation cascade and producing a whole blood / plasma sample instead 

of clotted blood plus serum. 

3. EDTA (fuchsia top). This tube contained dried K2EDTA. The EDTA binds 

calcium ions, blocking the coagulation cascade. Erythrocytes, leucocytes and 

thrombocytes are stable in EDTA anticoagulated blood for up to 24 hours. 

Each blood sample taken was ≤ 25 ml. The extraction methods for serum/plasma 

samples are shown in Appendix 9.29. These were centrifuged immediately after 

collection to extract plasma on a calibrated Jouan B3.11, model O-CEN09021701 

centrifuge (Thermo Fisher Scientific, Waltham, Massachusetts) at 4°C and 3100 g 

force for 10 minutes. The plasma was then stored in blue (glucose), pink (heparin) 

and clear (EDTA) Eppendorfs and placed in participant order within coloured plastic 

boxes (Figure 2-4). These were stored in a Sanyo commercial freezer at -75 to -85ºC 

for subsequent analysis. Pre and post samples were marked in black and red 

respectively. 

 

 

Figure 2-4 - Boxes of plasma samples stored in freezer (Stockton 2013) 

 

 Blood analysis 

Blood analysis was conducted at the Queens Medical Research Institute at the Royal 

Infirmary of Edinburgh under the guidance of Forbes Howie on a Roche Cobas Fara 

automated chemistry analyser with Wako Chemicals reagents (from Alpha 

Laboratories Ltd., Eastleigh, UK). Tests were conducted for: 

 Glucose (mmol/l); 

 Total cholesterol (mmol/l); 
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 HDL cholesterol(mmol/l); 

 Triglycerides(mmol/l); 

 LDL by equation; 

 NEFA (mmol/l); and  

 Uric acid (mmol/l). 

All commercial kits were adapted for use on a Cobas Fara centrifugal analyser from 

Roche Diagnostics Ltd, Welwyn Garden City, UK. 

Calculations based on blood sample values were: 

 LDL-C (mmol/l) [via the Friedwald equation: LDL = (TC) minus (HDL) minus 

(Triglycerides (TGs) / 5)]; 

 Total cholesterol to HDL ratio; and 

 Insulin resistance, HOMA-IR, which was calculated from the insulin and 

glucose results (refer to section 2.6.4.3). 

 Glucose 

 Background 

Glucose is a simple sugar which is the main source of body energy. Most cells require 

glucose for energy production and the brain and nervous system rely on glucose and 

can only function when blood glucose remains within a certain range. Ingested 

carbohydrates are broken down into glucose and other simple sugars that are 

absorbed in the small intestine and circulated around the body. The pancreatic 

hormones insulin and glucagon regulate blood glucose levels and determine how 

glucose is used or stored by the body. Normally blood glucose rises slightly after a 

meal and insulin is released to bring the level back to normal and glucose is stored in 

the liver. If blood glucose falls below the normal range, as can occur after strenuous 

exercise or between meals, glucagon is produced promoting the release of glucose 

from the liver.  

High levels of glucose (mmol/l) in the blood over a prolonged period of time can 

damage blood vessels. If blood glucose levels are poorly controlled, they can increase 

the risk of developing cardiovascular diseases and diabetes. Measuring glucose can 

help diagnose and monitor diabetes and hypoglycaemia. 
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 Serum Glucose determination  

Serum glucose was determined by a Sentinel Diagnostics Glucose Liquid kit from 

Alpha Laboratories Ltd., Eastleigh, UK. This is a single, ready-to-use liquid chemistry 

kit for measuring glucose in serum, plasma (heparin or EDTA), urine or cerebrospinal 

fluid. This glucose enzymatic colorimetric assay measuring range was 3-400 mg/dL.  

The assay uses the Trinder method principles of glucose oxidase and peroxidase 

oxidation. The basic process involves the oxidation of glucose by glucose oxidase 

(GOD) into gluconic acid and hydrogen peroxide, which, in the presence of 

perodidase reacts with 4-aminoantipyrine and hydroxybenzoic acid, forming a red 

compound. Colour intensity monitored at 505nm is proportional to the concentration 

of glucose in the sample. The glucose enzymatic colorimetric assay which performs 

this process is manufactured by Sentinel Diagnostics. 

  Insulin and HOMA-IR 

 Background 

Insulin is a polypeptide hormone that regulates carbohydrate metabolism. It helps 

muscle, fat, and liver cells absorb glucose from the bloodstream and reduces glucose 

production in the liver, lowering blood glucose levels. Insulin has effects on fat 

metabolism and can change the liver's ability to release fat stores.  

Insulin is involved in: control of cellular intake of glucose in muscle and adipose tissue; 

increase of DNA replication and protein synthesis; modification of the activity of 

numerous enzymes (allosteric effect); increased glycogen; fatty acid synthesis; amino 

acid uptake; decreased proteinolysis; lipolysis and gluconeogenesis. Beta cells 

release insulin in a glucose-dependent way.  

In most humans, blood glucose levels vary from about 70 mg/dl to perhaps 110 mg/dl 

(3.9 to 6.1 mmol/l) except shortly after eating when the blood glucose level rises 

temporarily. In both type1 and type 2 diabetes the insulin production must be 

increased by medication or delivering insulin by oral or by intravenous method. The 

quantitative determination of insulin can help to determinate the dose to deliver.  

 Insulin determination 

Insulin (mIU/L) was tested at the QMU lab using the GenWay-EASIA 

immunoenzymetric assay kit from GenWay Biotech, San Diego, for the quantitative 

determination of Insulin in human serum or plasma. For methodology details see 
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Appendix 9.30. When insulin levels were determined, they were used to calculate 

HOMA-IR in section 2.6.4. 

 Total cholesterol (mmol/l) 

 Background 

The body uses cholesterol to help build cells and produce hormones. Determining the 

total cholesterol value provides an overall measure of LDL cholesterol, HDL 

cholesterol, and other lipid components, providing an indication of risk of heart 

disease or stroke. 

Cholesterol helps to form cell membranes and is used to make hormones for 

development, growth and reproduction. It also forms bile acids that are needed to 

absorb nutrients from food. Cholesterol comes from the diet and is also produced by 

the liver. A small amount of the body's cholesterol circulates in the blood in the form 

of lipoproteins - complexes formed between lipids and apolipoproteins. There are four 

classes of lipoprotein: high-density lipoprotein (HDL), low-density lipoprotein (LDL), 

very low-density lipoprotein (VLDL) and chylomicrons. High-Density Lipoprotein 

(HDL) is responsible for uptake and disposal of cholesterol whilst Low Density 

Lipoprotein (LDL) transports cholesterol to around the body where it is deposited in 

tissues and organs. Excess cholesterol in the blood can be deposited on the walls of 

blood vessels leading to atherosclerosis and increased risk of heart disease and 

stroke.  

 Total cholesterol determination 

Total cholesterol measurements were determined by a Total Cholesterol Liquid kit 

manufactured by Sentinel Diagnostics and obtained from Alpha Laboratories Ltd, 

Eastleigh, UK. 

The Sentinel Cholesterol Liquid kit -measures total cholesterol using an enzymatic, 

colorimetric method standardised to NIST (National Institute of Standards and 

Technology). Cholesterol in the sample is first hydrolysed into free cholesterol and 

fatty acid by the enzyme cholesterol esterase. The free cholesterol is then oxidised 

by cholesterol oxidase to give cholestene-3-one and hydrogen peroxide. The peroxide 

reacts with 4-aminoantipyrine (AP) and hydroxybenzoate, and is catalysed by 

peroxidase, to form a red compound. The colour intensity as measured at 505nm is 

proportional to the total cholesterol present in the sample. Cholesterol Liquid can be 
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used to determine total cholesterol in serum or plasma (heparin, EDTA) and has a 

measuring range of 4-700 mg/dL. 

 HDL cholesterol (mmol/l).  

 Background 

These lipoproteins act as cholesterol scavengers, picking up and removing excess 

cholesterol in the blood. High HDL levels are desirable and can reduce the risk of 

heart disease. HDL-C determination is an important tool used to assess the individual 

risk of developing coronary heart disease (CHD) since a strong negative relationship 

between HDL-C concentration and CHD was reported. 

 HDL determination 

High density lipoprotein cholesterol was determined by a kit produced by Wako 

Chemicals GmbH, distributed by Alpha Laboratories Ltd., Eastleigh, UK. The HDL-C 

L-Type Assay is an in vitro diagnostic (IVD) test for the quantitative determination of 

High-Density Lipoprotein Cholesterol (HDL-C) in serum. This assay is a liquid type 

reagent that assays HDL-C in serum by blocking lipoproteins like LDL, VLDL and 

chylomicrons (immunoinhibition method) and subsequent enzymatic reactions. 

Anti-human ß-lipoprotein antibody binds to lipoproteins (LDL, VLDL, and 

chylomicrons) other than HDL. The antigen-antibody complexes formed block 

enzyme reactions. Cholesterol esterase (CHE) and cholesterol oxidase (CO) react 

only with HDL-C. Hydrogen peroxide produced by the enzyme reactions with HDL-C 

yields a blue colour complex upon oxidative condensation of F-DAOS [N-ethyl-N-(2-

hydroxy-3-sulfopropyl)-3,5- dimethoxy-4-fluoroaniline, sodium salt] and 4-

aminoantipyrine (4-AA) in the presence of peroxidase (POD). The HDL-C 

concentration in the sample can be obtained by measuring the absorbance of the blue 

colour complex produced. 

 Triglycerides (mmol/l).  

 Background 

Triglycerides are the major type of fat in the body. They play an essential role in the 

metabolism process. High levels can contribute to the hardening and narrowing of 

arteries, increasing the risk of heart attack or stroke. 
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 Triglyceride determination 

Serum Triglyceride was determined by a kit supplied by Alpha Laboratories Ltd., 

Eastleigh, UK. Triglycerides are hydrolysed by lipoproteinlipase to glycerol and fatty 

acids; glycerol is phosphorilized to glycerol-3-phosphate in the presence of glycerol 

kinase and ATP and then converted by glycerol-3-phosphate oxidase into 

dihydroxyacetonephosphate and hydrogen peroxide. In the presence of Peroxidase, 

the hydrogen Peroxidase oxidises the chromogen 4-aminoantipyrine and N-ethyl-N-

(2-hydroxy-3sulfopropyl)-3-methylanaline to form a red compound. The compound 

colour intensity is proportional to the concentration of analyte in the sample. 

 Non-Esterified Fatty Acids (NEFA) (mmol/l). 

 Background 

Increased NEFA plasma concentration has been shown to be associated with 

increased familial risk of cardiovascular disease. NEFA binding to albumin in serum 

is used as an important energy source of peripheral tissues. The amount at NEFA in 

serum depends on a balance between intake in liver and peripheral tissues as well as 

on the release from adipose tissues. It decreases by physical exercise and increases 

by starvation, cold, fear or smoking. An increase or decrease of NEFA is also 

observed in diabetes, hepatic diseases or endocrine diseases. One of the major 

applications of this test is the diagnostics of the metabolic syndrome. 

 NEFA determination 

NEFA was determined by a commercial kit produced by Wako Chemicals GmbH, 

distributed by Alpha Laboratories Ltd., Eastleigh, UK. The NEFA-HR(2) Assay is an 

in vitro diagnostic (IVD) test for the quantitative determination of NEFA in serum. 

NEFA-HR(2) Assay is based on the enzymatic method using 3-Methyl-N-Ethyl-N-(β-

Hydroxyethyl)-Aniline (MEHA) as a violet colour agent. Non-esterified fatty acid 

(NEFA) in the sample is converted to Acyl-CoA, AMP and pyrophosphoric acid (PPi) 

by the action of Acyl-CoA synthetase (ACS), under coexistence with coenzyme A 

(CoA) and adenosine 5- triphosphate disodium salt (ATP). Obtained Acyl-CoA is 

oxidized and yields 2,3-trans-Enoyl-CoA and hydrogen peroxide by the action of Acyl-

CoA oxidase (ACOD). In the presence of peroxidase (POD), the hydrogen peroxide 

formed yields a blue purple pigment by quantitative oxidation condensation with 3-

Methyl-N-Ethyl-N-(β-Hydroxyethyl)-Aniline (MEHA) and 4-aminoantipyrine (4-AA). 

NEFA concentration is obtained by measuring absorbance of the blue purple colour. 
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 Uric acid (mmol/l). 

 Background 

Uric acid is a chemical created when the body breaks down substances called 

purines. Uric acid is useful in the diagnosis and treatment of several renal and 

metabolic disorders including kidney disease, leukaemia, psoriasis and starvation. 

Elevated levels of uric acid in the blood indicate that the body is breaking down cells 

too quickly or that the body is not getting rid of uric acid quickly enough. High levels 

can result in inflammation of joints, gout and kidney stones and constitute an indirect 

risk factor for coronary heart disease. Lower than normal levels or uric acid in the 

blood are rare and not of clinical significance. Decreased values are however 

associated with some kinds of liver and kidney disease.  

Testing uric acid levels in Pom-01 should show normal levels for healthy participants. 

It also allows for the potential exclusion of any participants with high levels which could 

indicate undiagnosed conditions and therefore have an impact on results. 

 Uric acid determination 

The Uric Acid Assay Enzymatic Colorimetric serum plasma reagent manufactured by 

Sentinel Diagnostics was supplied by Alpha Laboratories Ltd, Eastleigh, UK. Uric Acid 

Liquid is suitable for use with serum or plasma (EDTA, heparin) with an assay range 

of 0.3-25mg/dL.  

Uric Acid is converted by uricase to allantoin and hydrogen peroxide, which under the 

catalytic influence of peroxidase, oxidizes 3,5-Dichloro- 2-hydroxybenzenesulfonic 

acid and 4-aminophenazone to form a red-violet quinoneimine compound. The colour 

intensity is proportional to the concentration of analyte in the sample.  

 Thio barbituric acid reactive substances [TBARS] 

 Background 

Consumption of pomegranate extract (PE) should show antioxidant effects. 

Thiobarbituric acid reactive substances, or TBARS, are an important biomarker of 

oxidative stress, measuring harmful products of lipid (fat) oxidation found in the blood. 

Lower levels of TBARS are seen in healthy and younger individuals. As people age, 

and in certain diseases such as coronary heart disease, the amount of TBARS 

circulating in the blood increases, indicating elevated oxidative stress levels. Serum 
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levels of TBARS are strongly predictable indicators of cardiovascular events in people 

with stable coronary artery disease, independent of traditional risk factors and 

inflammatory markers (Walter et al. 2004).  

 TBARS determination 

The TBARS assay (Appendix 9.33) was performed for the assessment of oxidative 

stress as previously described by Beuge and Aust (1978). It was modified by Al-Dujaili 

et al. (2016) and can be used with serum samples. This assay quantifies the amount 

of malonaldehyde (MDA) formed as a result of lipid peroxidation and involves reacting 

samples with 2-thiobarbituric acid (TBA) under high temperatures (90-100°C) and 

acidic conditions. TBA reacts with an MDA to produce a stable adduct that can be 

quantified spectrophotometrically. TBARS are measured in μmolMDA/day. 

 Calculations from blood sample values 

 LDL-C (mmol/l) levels 

LDL cholesterol particles within the blood vessel walls can build into plaques which 

may eventually narrow the vessels to the point of blocking blood flow, causing 

coronary artery disease. LDL-C concentrations < 3.36 mmol/L are considered 

desirable while those > 4.14 mmol/L are considered high. Medication is often 

administered to subjects falling into the latter group (Vujovic et al 2010).  

LDL-C levels were determined via the Friedwald equation:  

LDL = (TC) minus (HDL) minus (Triglycerides(TGs) / 5) in mmol/l.  

 Total cholesterol to HDL ratio.  

The total cholesterol/HDL ratio is considered a better predictor of cardiovascular 

disease than the total cholesterol value alone. This is the total cholesterol level divided 

by the HDL level. Generally, this ratio should be below 4.5 for men and below 4 for 

women, as a higher ratio increases the risk of heart disease (Millán et al. 2009). 

 Insulin resistance - HOMA-IR  

HOMA-IR is a measure of insulin resistance and is calculated from the insulin and 

glucose results using the equation below. This shows the dynamic between fasting 

blood glucose and insulin levels. The higher the value, the more insulin resistance is 

present in the body. This means that the muscle, fat, and liver cells do not respond 

properly to insulin and so cannot easily absorb glucose from the bloodstream. 
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Subsequently, higher levels of insulin are required to help glucose enter cells. Without 

enough insulin, excess glucose builds up in the bloodstream, potentially leading to 

diabetes, prediabetes, and other serious health disorders.   

The following equation was used to calculate HOMA-IR.  

HOMA − IR =  
Glucose x Insulin

22.5
 

Assuming normal-weight, normal subjects < 35 years, having 100% -cell function with 

an insulin resistance of 1.  Values are fasting insulin and glucose measurements 

(Matthews et al. 1985). 

 Urine 

 Urine collection 

A 24-hr urine collection (Appendix 9.9) was collected from participants in order to 

measure the steroid hormones cortisol and cortisone as well as the antioxidant levels 

from total polyphenols, FRAP, and TBARS values. Measuring polyphenols was also 

intended to monitor compliance of capsule intake. 

The levels of some biochemical markers in urine can fluctuate according to what was 

eaten at the last meal, and the amount of fluid intake. A collection over 24 hours gives 

much more reliable information than a single collection about the usual daily levels of 

these markers in a participant’s diet. 

Participants provided a 24-hour collection at baseline and post-intervention clinic 

visits. They were allocated 2 x 2 L screw-capped collection bottles, a funnel, labels 

and a full set of instructions on how to make the collection (Appendix 9.9). 

 Sample preparation 

Total urine was weighed, sampled into 15ml tubes, and then stored in Eppendorfs 

which were frozen at -25ºC until required for testing. All extractions were carried out 

in triplicate. Urine samples were extracted according to the methods in Appendix 9.29. 
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Figure 2-5 - Urine sample pre-post pairs.  Pre with black text labels and post with red text 
labels (Stockton 2012). 

 

 Folin-Ciocalteu method  

Urine was tested for total phenolics (TP) by the Folin-Ciocalteau (FC) method using 

well developed protocols by Singleton and Rossi (1965). This is explained fully in 

Appendix 9.32. In brief, the FC method is a colorimetric assay adapted by Singleton 

and Rossi from an earlier method using Folin-Denis reagent. It measures the ability 

of a sample to reduce yellow heteropoly phosphomolybdate-tungstate anions in the 

FC reagent to blue using gallic acid as a standard (Singleton and Rossi 1965). 

Although non-specific, the method’s simplicity and reproducibility have allowed it to 

be used widely in determining total phenolic values in biological samples and plant 

extracts. Total phenolic concentration (mg/ml) of the samples were analysed in 

triplicate and extrapolated from a standard curve, constructed by using Gallic acid as 

a standard. Results were expressed as Gallic acid equivalents (GAE) (McDougall et 

al. 2005; Anahita et al. 2015).  

 Ferric-reducing capacity of plasma  

The Ferric-reducing antioxidant power (FRAP) capacity was also investigated. The 

FRAP assay, illustrating general antioxidant levels, was carried out according to the 

procedure of Benzie and Strain (1996) – see Appendix 9.31 for complete methodology 

details. Ferric to ferrous ion reduction at low pH causes a coloured complex - an 

intense blue colour with an absorption maximum at 593 nm. The results were 

calculated from the standard curve prepared by different concentrations of ferrous 

sulphate. 
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 TBARS 

The final urine antioxidant assay tested for Thiobarbituric acid reactive substance 

(TBARS) and the modified method of Beuge and Aust (1978) is explained in Appendix 

9.33. 

Lipid peroxidation is a well-defined mechanism of cellular damage in animals and 

plants. Lipid peroxides are unstable indicators of oxidative stress in cells that 

decompose to form more complex and reactive compounds such as Malondialdehyde 

(MDA) and 4-hydroxynonenal (4-HNE), natural biproducts of lipid peroxidation. Lipid 

oxidation can occur in certain disease conditions. Measuring lipid oxidation products 

is an accepted marker of oxidative stress. The quick, easy, TBARS assay is well-

established for screening and monitoring lipid peroxidation and has been used to 

evaluate food, drug and tissue samples. Malondialdehyde (MDA) forms an adduct 

with thiobarbituric acid which can be measured colorimetrically. TBARS levels are 

determined from an MDA equivalence standard (Ayala et al. 2014).  

 Validation of urine collection 

Presenting data based on 24-hour urinary collections without verification of their 

completeness may lead to incorrect results and affect the study validity (Johansson 

et al. 1999). Compliance can either be measured by a marker such as creatinine 

(which would show completeness of collection) or in this case by assessing the total 

phenolic content of 24 h urine samples collected at baseline and the end of the study 

period. Completeness of collection can be gauged by comparison of the urinary 

volumes pre- and post-intervention. These should not normally differ by more than 

20% (Bingham 2003; Tsang et al. 2012). 

 Saliva 

 Introduction 

Saliva analysis provides important information about the functioning of various organs 

within the body. Changes in the steroid hormones contained in saliva are important 

markers of psychological stress and levels may be related to mental or physical 

diseases (Hellhammer et al. 2009). 

Evaluation of salivary free cortisol has been found to be a good indicator of unbound 

concentrations of cortisol in serum or plasma (Restituto et al. 2008). A highly sensitive 
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and specific assay is needed to determine the very low concentrations of cortisol and 

cortisone existing in saliva.  

 Saliva samples 

Saliva samples, collected through a simple, non-invasive method, were taken upon 

wakening in the morning - am, at noon and in the evening - pm the day before the 

clinic visit for the exploratory study and in the morning and after treatment in the 

cognitive study. Information sheets were provided for participants to refer to 

concerning the procedure and precautions before performing the saliva collection 

(Appendix 9.10). 

The purpose of these collections was to monitor the effect of the treatment on steroid 

hormones cortisol and cortisone. Reminders were printed for participants to place in 

the bathroom for the morning collections (Appendix 9.28). 

Saliva samples were stable for 7 days at room temperature and for 9 months at -20°C. 

Diurnal rhythms, during which the cortisol and cortisone concentrations were higher 

in the morning than in the afternoon, were also observed (Lee et al 2010) and these 

are reflected in the results. Reference ranges were estimated to range between 3.5-

27 nmol/L at 8 am and < 6nmol/L at 10pm (Aardal and Holm 1995). 

 Cortisol and Cortisone ELISA 

 Introduction 

Cortisol and cortisone levels in the samples were estimated by using highly specific 

and sensitive enzyme-linked immunosorbent assay (ELISA) methods developed and 

previously published by Al-Dujaili et al (2011 and 2012). This protocol is detailed in 

Appendix 9.34. 

The ELISA technique is widely used to accurately estimate the level of various 

hormones in biological fluids. The test is relatively quick and yields information that 

would be hard to obtain using other methods. Advantages of ELISAs are that only 

small sample volumes are required plus they are quick, with excellent precision, very 

specific and possess a high sensitivity to detect physiological levels of hormones.  

Measurement of salivary hormones has now been fully recognised as an important 

tool to investigate the physiology and pathophysiology of endocrine function. Salivary 

hormones represent mainly the free or bio-available form which is likely to provide the 
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more meaningful information about the biologically active parameter of the hormone, 

and in this case, cortisol. 

 Principles and summary of protocol 

This is based on the competition between plasma/saliva cortisol and cortisol 

conjugate absorbed on the plate for binding to a limited amount of the antibody. 

Because the concentration of the cortisol adsorbed is held constant while the level of 

the cortisol in plasma varies, the amount of cortisol tracer which can bind the antibody 

is inversely proportional to the concentration of cortisol in the sample. 

The antibody-cortisol complex than binds to the second antibody that is coated to the 

microtitre well and after washing and addition of substrate and stop solution a distinct 

yellow colour is formed. The intensity of the colour is then measured in an ELISA 

(plate) reader and the cortisol concentration can be calculated from a standard curve. 

 Preparation of saliva samples 

 

Figure 2-6 - Saliva samples ready to be transferred to Eppendorfs (Stockton 2012). 

Saliva samples were extracted by Tert-butyl-methyl ether (TBME) according to the 

protocol in Appendix 9.29. The samples were then ready to be used for the ELISA 

process below (see Appendix 9.34, for step by step methods). 
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 ELISA procedure summary 

 

 

Figure 2-7 - Cortisol (yellow wells) and cortisone (blue wells) plates (Stockton 2013) 

 
1. Add 50uL of each standard cortisol or patient sample into the wells of the plate. 

2. Add 100uL of antibody solution in to each well and incubate at room 

temperature for 2 hours. 

3. Discard the contents of the wells into the sink and blot on paper. 

4. Wash 3X with wash buffer (200ul) and repeat step 3. 

5. Add cortisol - double antibody enzyme solution (tracer) (100uL) and incubate 

at room temperature for 60 min. Discard and repeat step 3. 

6. Add 100uL of substrate solution and incubate for 10-15 mins. 

7. Add 50 ul stop solution and read at absorbance 450nm. 

8. Plot the data on the graph paper or use the data reduction software of the 

MRX ELISA reader. 

All samples from the same subject were tested on the same day, on the same plate 

to prevent any inter-day variation. The data were then used to calculate cortisol-to-

cortisone ratio which serves as an index of 11β-Hydroxy steroid dehydrogenase 

activity. Monitoring the activity of this enzyme helps to detect changes in peripheral 

metabolism of cortisol (Palermo et al.1996). 
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Figure 2-8 - Cortisone plate with yellow stop solution in left hand wells 

 

 Cortisol ELISA validation data 

Cross-reactivity was not that significant with many interfering steroids: 

Cortisone=1.2%, Corticosterone= 1.5%, Deoxy-cortisol = 1%, Prednisolone=24%, 

Testosterone= 0.4%, other steroids were < 0.5%. Intra-assay precision data ranged 

from 3.65% to 6.12%, and Inter-assay precision data ranged from 4.74% to 8.66%. 

Recovery studies for a range of cortisol levels from 2.6 – 40.8 ng/ml were 89.8% to 

107.7%. Sensitivity of the assay defined as the minimum detection limit was 0.1 ng/ml 

(0.03 nmol/L) (Al-Dujaili 2009; Krasowski et al. 2014). 

 Anthropometry 

Anthropometric measurements were conducted following the National Health and 

Nutrition Examination Survey (NHANES) handbook protocols and methods. The 

NHANES anthropometry data have been used to track growth and weight trends in 

the US population for more than 30 years (Cavaleri et al. 2007).  

Outcome measurements were: height, weight, BMI, waist circumference (WC), hip 

circumference (HC) and mid -upper arm circumference (UAC). The latter was 

undertaken to ensure no displacement of adipose tissue if there were changes in waist 

circumference during the intervention. All measurements were performed in triplicate 

and the mean used in results. 
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 Height 

Standing height is an assessment of maximum vertical size. Standing height was 

measured using a stadiometer with a fixed vertical backboard and an adjustable head 

piece. A SECA Leicester stadiometer (Invicta Plastics Ltd 2011) with a sensitivity of 1 

mm was used in these studies. 

The volunteer stood on the 'footprints' at the base of the stadiometer, barefoot, with 

heels together, touching the backstop (see Figure 2-9). The toes pointed slightly 

outward at approximately a 60º angle. Legs were straight, with knees together and 

the buttocks and shoulder blades were touching the uprights. The shoulders were 

relaxed, and arms placed to the side. Hair clips, bands, buns, braid or any headgear 

which could compromise the measurement position were removed where appropriate. 

 

 

Figure 2-9 - Measurement of standing height (Cavaleri et al. 2007) 
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The head was held in the Frankfort horizontal plane with the volunteer looking directly 

ahead. The Frankfort plane occurs when the horizontal line from the ear canal to the 

lower border of the orbit of the eye is parallel to the floor and perpendicular to the 

vertical backboard. The researcher then lowered the stadiometer measuring arm 

firmly onto the top of the head, with sufficient pressure to compress the hair.  

The participant was requested to stand as tall as possible, to take a deep breath, and 

to hold this position. The act of taking a deep breath helps to straighten the spine, 

yielding a more consistent and reproducible stature measurement. The inhalation can 

cause the headpiece to rise slightly. This allowed the full length from the crown to the 

feet to be measured. Height is read to the last completed millimetre at the red arrow 

pointing to the Metric scale. 

 Weight  

Weight was measured on calibrated Salter scales: 9018S SV3R. They had a 

maximum possible weight of 180kg, and they had a sensitivity of 0.1kg. 

Participants’ body weight was measured at the start of each clinic session in the same 

clothing, with no shoes, three times.  

 Body Mass Index 

Body Mass Index or BMI is a simple index of weight to height ratio which is commonly 

used to classify underweight, overweight and obesity in adults. It is defined as weight 

in kilograms divided by height in metres squared (kg/m²) and mean values were 

calculated from participant height and weight measurements. BMI is commonly used 

as a rough measure of body fat to assess health risks associated with increased body 

mass. While BMI is highly correlated with metabolic derangement-associated 

diseases and acts as a useful predictor for these diseases, it lacks the ability to 

discriminate between fat mass and fat free mass. This means that its diagnostic 

performance on body weight ranges is limited. Studies have found that individuals 

with a normal BMI and a high body fat % exhibited a CVD risk profile comparable to 

individuals that had both a high BMI and body fat %, thus highlighting the importance 

of in-depth body composition analysis such as bioelectrical impedance analysis or 

BIA (Zeng et al. 2012). 
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 Waist and hip circumference and ratio 

Waist, hip and upper-arm circumference were measured by a calibrated metal Lufkin 

W606PM Thinline Executive 2m x 6mm diameter yellow clad steel tape (Cooper 

Tools) to the nearest mm. The tape was snug (without compressing the skin) and 

parallel to the floor (Farhat et al. 2015). 

Marfell-Jones et al (2006 p.10) provided general guidelines about anthropometric 

tapes, stating that tapes should be non-extensible, flexible, no wider than 7 mm, 

enclosed in a case with automatic retraction and have a stub of at least 4 cm before 

the zero line. They recommended a steel tape, like the Lufkin W606PM, at least 1.5 

m long, calibrated in cm with mm gradations, pointing out that non-metal tapes may 

stretch over time. The tape was read with the zero-mark aligned below the top scale, 

with the top scale value being recorded. 

Waist circumference (WC) is now accepted as a practical measure of adipose tissue 

distribution. There is no definitive site for the measurement of WC that is universally 

accepted (Ashwell 2011). Four body sites for WC measurements are commonly used, 

as follows: immediately below the lowest ribs (WC1), the narrowest waist (WC2), the 

midpoint between the lowest rib and the iliac crest (WC3), and immediately above the 

iliac crest (WC4). It can be measured at four different sites in adults, but the most 

important point is that the method should be reproducible. Wang et al. (2003) found 

that for all of these sites, measurement reproducibility was high, with intraclass 

correlation (r) values > 0.99.  

 

WC was measured immediately above the iliac crest (WC4) as follows: 

 Participants were instructed to gather their tops above the waist, and cross 

their arms, placing their hands on opposite shoulders. The position was 

demonstrated by the researcher suggesting that it was like giving themselves 

a hug. Where necessary, participants moved their bottom-half clothing to 

slightly below the waist.  

 The measurement site was marked. Standing on the participant’s right side, 

the researcher palpated the hip area to locate the right ilium of the pelvis. A 

cosmetic pencil was used to draw a horizontal line just above the uppermost 

lateral border of the right ilium. This mark was crossed at the midaxillary line, 

which extended from the armpit down the side of the torso (Figure 2-10).  
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 The measuring tape was extended around the waist, positioned in a horizontal 

plane at the level of the measurement mark. A wall mirror can be used to 

ensure the horizontal alignment of the tape. The placement of the tape on the 

left side was checked to ensure that it was horizontally in line with the right 

side and parallel to the floor (Figure 2-10). The zero end of the tape is always 

placed below the section containing the measurement value which was taken 

to the nearest 0.1 cm at the end of the participants’ normal expiration and 

recorded.  

 

 

Figure 2-10 - Measuring tape position for waist circumference and waist circumference mark 
(Cavaleri et al. 2007 p. 46). 

 

 This was followed directly by the hip circumference measurement. HC was 

measured lower than WC, around the widest portion of the buttocks, with the 

tape parallel to the floor. To preserve modesty the tape was held at the right 

side of the participant and values recorded. For both measurements, 

participants stood with feet close together, arms at the side and body weight 

evenly distributed, wearing thin clothing. The subjects were relaxed, with the 

measurements taken at the end of a normal exhalation. 
 

The waist-to-hip ratio (WHR) is the ratio of the circumference of the waist to that of 

the hips. It was calculated from WC divided by hip circumference (WC ÷ HC). Thus, 

an individual with a 32″ waist and 41″ hips has a waist-hip ratio of 0.78. 
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The waist–hip ratio was suggested as an additional measure of body fat distribution. 

It is useful as the ratio can be measured more precisely than skin folds, and it provides 

an index of both subcutaneous and intra- abdominal adipose tissue (WHO 2011c). 

 Upper arm circumference 

The arm circumference is measured on the right arm at the level of the upper arm 

mid-point mark. The researcher made this mark on the posterior surface of the arm 

immediately after measuring the upper arm length which was performed first. 

 Measuring upper arm length 

The length of the upper arm was measured first to obtain reliable arm circumference 

measurements. 

The participant was asked to turn away from the researcher and to stand upright with 

the right arm bent 90º at the elbow and the right palm facing up. This position was 

demonstrated where necessary.  

 

 

Figure 2-11 - SP position for upper arm length and midpoint (Cavaleri et al. 2007 p. 44) 

 
The measurement site was then marked by locating the end of the spine of the right 

scapula by following the scapula out to the arm until it makes a sharp V-turn to the 
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front of the body. A horizontal line was marked with a cosmetic pencil on the 

uppermost edge of the posterior border of the spine extending from the acromion 

process (Figure 2-11).  

The measurement, to the nearest 0.1 cm, was taken by holding the zero end of the 

measuring tape at this mark and extending the tape down the posterior surface of the 

arm to the tip of the olecranon process, the bony part of the mid-elbow (Figure 2-12). 

It was important to ensure that the tape was centred on the posterior surface of the 

arm. Figure 2-12shows the correct tape placement and this value was recorded. 

 

 

Figure 2-12 - Marking spine extending from acromion process; correct tape placement for 
upper arm length, marking upper arm length midpoint (Cavaleri et al. 2007 p.43) 

 
This value is halved to calculate the midpoint of the measured length. While the tape 

is held in place, a horizontal mark is made at the midpoint and crossed with a 

perpendicular line (Figure 2-12). The vertical line should be centred on the posterior 

surface of the arm. This mark defines the site at which the arm circumference is 

measured.  

 Measuring upper arm circumference 

With the researcher facing the participants’ right side, they were asked to relax their 

right arm to proceed to the arm circumference measurement. The shoulders should 

still have been relaxed, with the right arm hanging loosely at the sides. Flexing or 

tightening the arm muscles could yield inaccurate measurements. The tape was 

wrapped around the arm at the level of the upper arm mid-point mark and positioned 

perpendicular to the long axis of the upper arm. 
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Figure 2-13 - Adult arm circumference with measuring tape wrapped at the level of the upper 
arm midpoint (NHANES 2009 p.53) 

 
The two ends of the overlapping tape were pulled snugly together so that the zero 

end sat below the measurement value with the result lying on the lateral aspect of the 

arm (not the posterior surface). The measurement was taken to the nearest 0.1cm. 

 Body composition measurement -Bioelectrical impedance analysis 

(BIA) 

Bioelectrical impedance analysis or BIA machines are used to measure body 

composition. Accurate determinations of body composition have the potential to 

provide clinically useful guidance to assess human health risks associated with low 

levels of lean mass and an increased percentage of body fat which could help 

optimize individual preventative or therapeutic interventions (Zeng et al. 2012). 

The underlying assumption is that an electrical current is poorly conducted by fat and 

bone mass but demonstrates a high conductivity through water and electrolyte–

containing parts of the body. By sending electrical currents from one electrode to 

another throughout the body, BIA can estimate body composition by recording 

variations in voltage drops (Kahraman et al. 2010). 

Kyle et al. (2004; 2004b) highlight that BIA is popular because: it is quick to use, easy 

to perform, non-invasive, safe, relatively inexpensive, has very limited between-

observer variations and can be performed in almost any subject because it is portable. 

BIA works well in both healthy subjects and those with chronic diseases. It measures 
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conductivity from hand to foot, allowing the determination of the fat-free mass (FFM) 

and total body water (TBW) in subjects without significant fluid and electrolyte 

abnormalities. FFM is everything that is not body fat.  

 

Figure 2-14 - Schematic diagram of fat-free mass (FFM), total body water, intracellular water, 
extracellular water and body cell mass. (Kyle et al 2004) 

These BIA parameters were measured in participants on a single frequency Body 

Composition Monitoring Unit - the Bodystat 1500 DD (Williams Medical supplies, 

Gwent, Wales; 2002). The BIA measurements were conducted after the participant 

had rested in a supine position for approximately 10 minutes. Participants were fasted 

and had voided their bladders.  

Lying on a clinic bed at a slight (30°) angle, participants were asked to remove their 

right footwear in order to attach the Bodystat alligator clips to new electrode tabs. 

The electrodes were then attached to the right hand and foot at: 

 the dorsal surfaces at the distal metacarpals and metatarsals; 

 between the distal prominences of the radius and the ulna; and  

 between the medial and latterly malleoli at the ankle as shown in Figure 2-15.  

BIA measurements were recorded and stored by the machine until retrieval into an 

Excel™ spreadsheet. 

 

Figure 2-15 - Electrode Placement for bioelectrical impedance analysis (Lukaski et al. 1985) 
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 Measurement error - anthropometry 

When making a series of measurements of the same clinical variable we find that 

these measurements show some variability. This can be due to the measurement 

process being imperfect or inconsistent, such as the variation in marking anatomical 

points, because the underlying property being measured may vary from test to test or 

because the measurements depend on exactly how the test is performed. 

Understanding the extent of this variability is important when making clinical 

decisions. Possible errors of measurement do occur and imprecision, largely due to 

observer error, is the most commonly cited measure of anthropometric measurement 

error. There is the potential for intra-observer error when measuring upper arm and 

waist circumference (Ellis 2001).  

If any error exists, then it is possible to calculate the technical error of measurement 

(TEM) thus providing an objective measure of the error associated with a single 

observer. This can be estimated by carrying out repeated anthropometric measures 

on the same subjects (n≥20) and calculating the TEM, and relative technical error of 

measurement (% TEM). There is a clear hierarchy in the precision of different 

nutritional anthropometric measures, with weight and height being the most precise. 

Waist and upper arm circumference show strong between-observer differences, and 

so were carried out by one observer only. Skinfolds can be associated with such large 

measurement error that interpretation is problematic and therefore they were not 

included in this study (Ulijaszek and Kerr 1999). 

TEM values allow anthropometrists to verify the accuracy degree when performing 

and repeating anthropometrical measurements (intra-evaluator) and when comparing 

their measurement with measurements from other anthropometrists (inter-evaluator).  

TEM was calculated using the method outlined in Perini et al. (2005). The difference 

(deviation) between the repeated measurements for each variable was calculated for 

each anthropometrical point measured by the same anthropometrist for each 

participant. These were then squared (raised to the power of 2) and then all added 

together i.e. Σ(SD)². The values were then calculated according to the equation 

TEM(=√[Σ(SD)²i/2n] where Σ(SD)²= summation of deviations raised to the second 

power; n = of participants measured and i = the number of deviations. The relative 

technical error or %TEM number was calculated from the average of the mean value 

of each set of the measurements, also referred to as the variable average value 

(VAV), and %TEM=TEM/mean x100.  
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This procedure was performed for each one of the 29 exploratory study volunteers. 

The 29 averages obtained were summed up and divided by 29 (total no of volunteers) 

to obtain this mean or VAV. The required number of subjects to establish the TEM is 

normally not less than 20 (Norton and Olds, 1999 pp. 82). As the study had 29 

participants these repeated measures and their means were eligible to be used to 

calculate the TEM and % TEM and was calculated from measurements taken directly 

from the study population.  

This study measured height, UAC and WC on each participant three times at baseline 

and for WC and UAC post intervention.  

The results were as follows:  

 Height; TEM =0.0011m; and %TEM HT = 0.0006 (mean 1.682m). 

 WC; TEM = 0.0034m; and %TEM WC = 0.4166 (mean 0.82m). 

 UAC; TEM = 0.0038m and %TEM UAC = 1.22 (mean 0.31m). 

These results are well within normal accepted levels (Norton and Olds 1999) and 

compare extremely favourably to the reported values for intra-observer TEM by 

Ulijaszek and Kerr (1999). They quote a TEM mean for WC of 0.013m (range 0.01-

0.016m); 0.0026 m (range 0.001- 0.006m) for UAC and 0.0038 for Height (range 

0.001 - 0.013m). They also provide values for means and measurement error values 

for different anthropometric measurements. UAC had a TEM of 0.0035m); % TEM 

(1.16) and a mean of 0.303m. WC had a TEM of 0.0059m; % TEM of 0.79 and mean 

of 0.746 m. Perini et al (2005) also discuss acceptable relative TEM values. They 

make the distinction between beginner and skilful anthropometrists with non-skinfold 

measures for intra evaluators falling between 1-1.5% (with 1% TEM being the most 

skilled). The values for this study fall between 0.0006% and 1.22% showing again that 

the researcher operated within TEM acceptable levels. 

 VAS scales 

It is generally accepted that appetite sensations play a key role in the control of energy 

intake (Murphy and Bloom 2006), and therefore in body weight control (Drapeau et 

al. 2007). The measurement of appetite sensations has also been proposed as a long-

term indicator of energy intake (Stubbs et al. 2000), especially in formerly obese 

people (Doucet et al. 2003). 

Preload studies have emerged as one of the recognised foundations of appetite 

research, and consequently are frequently used to validate satiety claims for foods 
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and nutrients. These studies measure the effects of a specific nutrient, or food 

‘preload’ on appetite-related ratings such as hunger and fullness. These ratings are 

measured by Visual Analogue Scales (VAS). If the food or nutrient preload alters 

subjective appetite sensations, then it may also alter eating behaviour as a 

consequence. It has been suggested that this alteration can be quantified by 

measuring the ad libitum food intake at the outcome test meal as in Pom-01s 

(Zaremba et al. 2016). 

Blundell et al. (2010) stated that 20–25 subjects were generally sufficient to capture 

a 10% difference in mean appetite ratings between foods, which are based on 

subjective VAS scores. VAS scales and scores are discussed fully in section 4.3.2 of 

the satiety study in Chapter 4. 

 Dietary analysis 

 Dietary assessment 

Dietary assessment is an essential tool for investigating food and nutrient intake, 

eating habits and the possible links between diet and disease, in groups or individuals. 

It can be used in public health, clinical and research settings (Young 2009).  

A record of all food and beverage intake was monitored over the study period to 

assess compliance with the dietary instructions given and also to determine whether 

nutritional intake was different between the groups. Diet should also be assessed 

during longer-term interventions, in order to detect any potentially confounding 

changes which may occur.  

Measuring dietary intake accurately is a well- known, on-going research problem in 

the field of health and nutrition with many limitations and complexities (Jenab et al. 

2009). There are several established methods of dietary assessment available which 

can measure either current food intake (by weighed food or estimated food intake) or 

record past food intake (by 24-hour recalls or diet history) and typical food intake (by 

Food Frequency Questionnaires) (Thomas 2001; Para et al. 2008). 

 
 
 
 
 
 
 
 
 



 

2-136 
 

Table 2-3 - Uses, advantages and limitations of dietary assessment methods (Gibson 2005) 

 

 
However, dietary intake assessment is subject to misreporting. Dietary measurement 

tools present a challenge to nutritional scientists as they are subject to human error 

at each stage of the assessment process and all methods may cause bias. A common 

weakness of self-reported dietary intake data is where participants tend to under-

report overall dietary intake and to over-report intakes of ‘healthy’ foods in general 

(Welch et al. 2011). Major impediments to nutrition research are that eating 

behaviours tend to be highly variable and difficult to measure with an over reliance on 

self-reported methods (Illner et al. 2010).  

Some of the common dietary assessment methods are briefly described in Table 2-3. 

Each method has strengths and limitations, as well as possible issues in terms of 

practicality, reliability, validity and sensitivity in detecting dietary changes (Gibson 

2005). Data collection depends upon participant motivation, and both weighed 

records and paper diet diaries involve a large participant commitment. Dietary 

      Method        Procedure   Uses/Advantages    Limitations

      Used to assess 
‘actual’ intake, most 
accurate measure of 

intake 

   

     ER – estimated 
records – e.g. Diet 

Diary

    All food and drink 
recorded in estimated 

quantities (usually 
household measures) 

    Used to assess 
‘actual’ intake, less 
time consuming as 

WR 

    Requires literate 
participants, accuracy 
depends on ability to 
estimate quantities. 

    Useful for 
assessing average 

‘usual’ intakes. 
Inexpensive, quick, 

easy with low 
respondent burden. 

  

     FFQ – food 
frequency 

questionnaire

    Comprehensive or 
specific food item list 

to record intakes, 
obtained by interview 
or self-administered 

questionnaire 

    Useful to obtain 
qualitative data on 

‘usual’ intakes. Quick, 
low respondent 

burden. 

Accuracy is lower 
than for other 
methods. 

               

   24hr Recall 

     Subject recalls all 
food intake of previous 

24hrs in an interview 
(estimated quantities) 

     Relies on memory, 
unsatisfactory measure 
for the elderly or young 

children. 

      WR –weighed 
records

      All food consumed 
over designated time 
weighed and recorded 

      Time consuming, 
requires literate and 
motivated subjects, 

expensive. 
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assessment methods perceived as less burdensome and time consuming may 

improve compliance (Zhu et al. 2008). 

Young (2009) further cautioned that no dietary assessment method can capture 

habitual diets with complete accuracy or for long enough without changing the 

individuals eating behaviour. Therefore, when deciding on a dietary assessment 

method, the strengths and limitations of each method should be well understood. 

 Diet diaries in Pom-01 and Pom-02 studies 

Estimated food and drink diaries are one of the most accurate methods of dietary 

assessment to measure nutrient intake, and these were chosen for the Pom-01 and 

Pom-02 studies. As a prospective method, it provides a direct measure of current diet, 

allowing more detailed dietary intake to be captured, as they do not measure against 

a predefined food list. Additionally, compared with food records, they are less reliant 

on participant recall. This method seems very acceptable to a variety of populations, 

as it is less invasive compared to other methods which helps with participation and 

compliance. Food diaries require individuals to quantitatively describe as accurately 

as possible their daily food and drink intake, estimating portion sizes based on 

household measures. This can lead to over or under estimating food intake, which 

can result in an inaccurate measure of food consumption, which is why training in 

measuring intake is important (Thomas 2001).  

Diet diaries also provide important information about eating occasions, frequency of 

eating, regularity and the combination of foods consumed. Research increasingly 

suggests that measuring these additional aspects of dietary behaviour provides a 

holistic understanding about the relationship between diet and various chronic 

metabolic diseases (Gibson et al. 2017). 

 Diet diary methodology 

Participants were only requested to curtail polyphenol rich foods the day before the 

Pom-03 study as this was an acute intervention over a few hours. Compliance was 

checked through evaluation of a 24-hr food diary which was given to the researcher 

on the study morning (Appendix 9.24). Dietary restrictions for Pom-03 were listed in 

the study information sheet (Appendix 9.22). 

Participants were asked to maintain their usual life style throughout the intervention 

period and were not asked to avoid polyphenol-rich foods during the Pom-01 and 
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Pom-02 studies. This was due to the studies being conducted over long time periods 

– 1-2 months – which aimed to be as close to ‘real life’ conditions as possible. To 

monitor changes in dietary intake for these studies, participants were asked to fill a 

three-day un-weighted food and drink diary twice: at the run-in phase and at week 3. 

Participants were provided with standard instructions on how to complete the record. 

They were instructed to estimate servings of foods using household measurements 

as described in national dietary guidance documents and provided with visual guides 

to portion sizes (Al-Dujaili et al. 2016). This was in response to the Faulkner et al. 

(2012) findings which showed that there were worldwide inconsistent and often 

conflicting messages about portion size selection. The data suggested that 

consumers had difficulty in understanding terms such as ‘portion size’ and ‘serving 

size’, as these tended to be used interchangeably. It also highlighted that consumers 

generally understood and visualised serving size best when expressed in terms of 

household measures rather than actual weights.  

Compliance was checked at the beginning of visits when the completed diary was 

returned, and the contents were checked and discussed with each participant. This 

allowed any difficulties to be resolved and for incomplete entries to be finalised. 

 Dietary intake analysis 

All nutrient intakes were then analysed from the diaries using the NetWISP dietary 

software package (V 3.0 and 4.0) with energy and macronutrient intakes reported. 

NetWISP is a nutritional analysis program which enables users to input food/nutrient 

intake data, to generate nutrient intake reports and then to perform statistical analyses 

from the data, either within the package or exported into a statistical programme 

(Tinuviel Software 2006).  

 RAND 36/SF-36 questionnaire 

The RAND 36 or SF- 36 (Short Form 36) is a multi-purpose, health survey with only 

36 questions. It is a medical outcomes study which explains variations in patient 

outcomes.  

The questions measure functional health and well-being from the patient's point of 

view. The RAND-36 is a practical, reliable and valid measure of physical and mental 

health that can be completed in five to ten minutes and functions as a health-related 

quality of life (QoL) indicator. This generic health survey can be used across different 

ages (18 and older), diseases, and treatment groups. The survey is meaningful to 
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patients, clinicians and researchers across the health care spectrum and has various 

applications including: 

 Measuring health improvement or decline 

 Assessing treatment effectiveness 

 Comparing disease burden across populations 

The questionnaire covers a wide range of health functions considering health-related 

quality of life (QoL) across both mental and physical domains.  

 

 

Figure 2-16 - Physical and mental components of health in the RAND/SF-36 questionnaire 
(Chowdhury 2013) 

 
The 36-item questionnaire assesses eight health concepts which are: physical 

functioning, role limitations caused by physical health problems, role limitations in role 

activity caused by emotional problems, social functioning, emotional well-being, 

vitality (energy/fatigue), bodily pain and general health perceptions as well as two 

summary scores: physical and mental health (Ware and Sherbourne 1992; Anderson 

et al. 1996).  

The RAND-36 tool is popular for several reasons. It is available free to researchers, it 

has been translated and used in many countries and national norms by age and sex 

of respondent are available. A standardised tool, such as the RAND-36, which 

measures a patient’s health perceptions and permits valid and reliable comparisons 
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across intervention groups is essential to understand change across studies and to 

compare treatments in clinical trials.  

 
Table 2-4 - Health-related concerns covered by the Physical Component Summary of the 
RAND/SF-36 Health Survey 

 

 
The 8 scales included in the RAND-36 fall into 2 categories: Physical Component 

Summary (Table 2-4) and Mental Component Summary (Table 2-5). These 

designations allow simpler analysis in monitoring disease groups over time and in 

making comparisons with the normative general population. The scales comprise 

health-related concerns that are rated by the patient and together provide the 

variables used to produce the final scores. Research validating the quality of the tool 

and the wide range of its applications has multiplied over the years. A MEDLINE 

search covering 1996 to 2001 revealed more than 1400 references to the RAND/SF-

36 (Jordan-Marsh 2002). 

 

 

 

 

 

Physical functioning Role, 
physical

Bodily pain General health

Vigorous activities Pain, magnitude Overall rating

Moderate activities Pain, interferes Get sick more easily

Lift, carry groceries As healthy as others

Climb several flights Expect health to get

Climb 1 flight worse

Bend, kneel Health excellent

Walk a mile

Walk several hundred yards

Walk 100 yards

Bathe, dress

Less stamina

Accomplished less

Limited variety of activities

Had difficulty performing the 
work or other activities 
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Table 2-5 - Health-related concerns covered by the Mental Component Summary of the 
RAND/SF-36 Health Survey 

 

 
To be eligible for inclusion in the Cochrane Collaboration’s stringent reviews on 

dietary supplements, trials had to report a quality of life or mortality/morbidity outcome 

(Jull et al. 2008) and thus the RAND 36 was included in the pomegranate studies. 

This health-related QoL Questionnaire, RAND 36 (Appendix 9.6) was administered 

pre- and post-intervention in Pom-01 and Pom-02. Scoring details are found in 

Appendix 9.7. 

 

 

 

  

Vitality Role, emotional Mental health

Full of life
Cut down time on 

work, activities
Nervous

Lot of energy Accomplished less Down in dumps

Feel worn out Not careful Calm and peaceful

Feel tired Depressed

Social, extent health 
interfered with

Happy

Social, frequency health 
interfered with
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 Labelling systems 

To ensure accuracy of results and streamlined organisation for easy analysis, the 

following labelling systems were introduced:  

Blood samples and urine samples were stored in different coloured boxes until 

analysis. 

2.7 Cognitive measurements 
These are discussed in the materials and methods section in Chapter 6. 

2.8 Statistical Analysis 

All data were expressed as means and standard deviations unless otherwise 

specified. Data were analysed using the SPSS statistical software versions 19-23, 

(SPSS, Inc., Chicago, IL). Data collected pre, during and post-consumption of 

pomegranate extract or placebo were compared and analysed by a series of paired 

t-tests, ANOVA, ANCOVA or Linear Mixed Models, depending on what was most 

appropriate for each intervention. These are described in each chapter. Where 

possible, results were calculated and reported for both within and between groups. 

Significance levels were determined by p-value of ≤ 0.05 (Welch et al. 2011; Al-Dujaili 

et al. 2016). 

Items 
 

Baseline colour label Post study colour label 

Diet diaries Green round sticker Red round sticker 
   
Rand 36 Questionnaires Blue square or small 

stickers multi shapes 
Red various including small 
stickers multishapes 

   
Mood questionnaires Orange stickers Yellow stickers 
   
Saliva samples Black permanent pen Red permanent pen 
   
Urine samples Black with number (1) Red with number (2) 
   
Blood samples Black with number (1) Red with number (2) 

 

Collection tubes Testing for  Colour of freezer storage 
tubes 

Grey tube Glucose 1 blue plastic tube 
   
Green tube Heparin & inflammatory 

markers 
3 pink plastic tubes 

   
Fuchsia tube EDTA and polyphenols 3 clear plastic tubes 

 



 

 
 

CHAPTER 3 

 

EXPLORATORY STUDY – POM-01 
 



 

 
 



 

3-145 
 

 Exploratory study - Pom-01. 
This exploratory randomised, double-blind, placebo-controlled trial investigated the 

effect of pomegranate extract consumption on NCD and CVD risk factors. The study 

focused on anthropometric, hormonal, metabolic, physiological, and perceived quality 

of life outcome measures in human volunteers. 

This trial was registered with ClinicalTrials.gov as NCT02005939 

3.1 Background and rationale 

Pomegranate extract (PE) provides a rich and varied source of polyphenols, which 

can act as powerful antioxidants. Several epidemiological studies suggest that the 

regular consumption of foods and beverages rich in flavonoids is associated with a 

reduction in the risk of NCDs embracing several pathological conditions ranging from 

hypertension to coronary heart disease, stroke and dementia (Ghosh and Scheepens 

2009). These biophenols include ellagitannins, anthocyanins, and ellagic and gallic 

acid derivatives. The health benefits of pomegranate have been attributed to its wide 

range of phytochemicals, with its antioxidant activity originating from its high 

polyphenolic content, specifically punicalagins, punicalins, gallagic acid, and ellagic 

acid (Zhang et al. 2009). Pomegranates also contain a complex mixture of 

gallotannins, ellagitannins, and anthocyanins (Viuda-Martos et al. 2010).  

Determining the beneficial effect of antioxidant-rich pomegranate on body 

composition, quality of life, appetite and other biochemical and hormonal markers may 

be significant in decreasing risk factors for some of the major chronic diseases. 

There is evidence to suggest that pomegranate consumption may alleviate NCD and 

cardiovascular disease (CVD) risk factors. Promising results have been reported from 

human clinical trials in terms of pomegranates antioxidant, antidiabetic, 

hypolipidaemic, anticarcinogenic and anti-inflammatory properties. These findings 

suggest the possible use of pomegranate juice and extracts as a therapy or adjunct 

for prevention and treatment of cardiovascular disease, diabetes, and prostate cancer 

(Jurenka 2008). 

Studies have shown that consumption of pomegranate juice appears to inhibit serum 

angiotensin converting enzyme activity which reduces systolic blood pressure. Other 

studies have shown that pomegranate ingestion significantly reduces both systolic 
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and diastolic blood pressure, insulin resistance and cortisol levels in healthy 

individuals over a period of two weeks (Stowe 2010). 

This exploratory study investigates the effect of PE consumption on blood pressure 

(BP), insulin resistance (HOMA-IR), stress hormone levels (cortisol/cortisone) and the 

quality of life in healthy human volunteers. POM-01 was designed as an exploratory 

small-scale study aiming to build upon the body of previous research concerning 

pomegranate extract and also to perform some new interventions. These 

investigations were designed to test the feasibility of methods and procedures as well 

as to explore whether possible effects and associations would be worth following up 

in a subsequent larger study (Thabane et al. 2010).  

Few studies, if any, have investigated the effect of pomegranate on healthy volunteers 

with normal blood pressure, their perceived quality of life, insulin resistance, blood 

lipids, or salivary stress hormones which have a direct effect on the heart and blood 

vessels. Most have also not been double blinded. Previous studies which have been 

conducted in this area have made use of pomegranate juice rather than pomegranate 

extract e.g. Tsang et al. (2012). PE capsules, which incorporate the major antioxidants 

found in pomegranates, have been developed as botanical dietary supplements. They 

provide an alternative form for consuming similar biophenols to those found in 

pomegranate juice (Heber et al. 2007). The extract provides a convenient alternative 

to juice and has the advantage of having little impact on energy intake.  

In addition to healthy changes in diet and lifestyle, antioxidant rich pomegranate juice 

and extracts may have the potential to improve both the management and outcomes 

of chronic disease, and to increase satiety, thus assisting in the urgent challenge of 

reducing obesity and overweight. 

 Design and context 

The Pom-01 study, a double blinded, randomised, placebo-controlled, parallel trial 

comprising of 2 arms, one of PE and the other with placebo capsule (PL) ingestion, 

was designed to inform the subsequent Pom-02 study discussed in Chapter 5. Pom-

01 investigated a wide range of outcome measures which could be positively 

influenced by the consumption of PE. These included: health related Quality of Life; 

body weight and composition; physiological, hormonal and biochemical markers. The 

acute effects of pomegranate juice (PJ) on satiety and satiation were also examined 

within the Pom-01 study. This nested study (Pom-01s) provided the additional benefit 



 

3-147 
 

of determining the longer-term use of PE combined with the preload PJ on satiety. 

The Pom-01s satiety study is discussed fully in Chapter 4. 

A crossover pilot study was considered ideal experimentally. However, the concern 

was that compliance would have been affected with this design. Participants would 

have too many tasks, visits and outcome measures to complete and sustain over a 

longer period of time. Using a parallel design was thought to be more realistic and 

achievable for participants as it shortened the intervention period by two visits and a 

period of 6 weeks. 

 Aims  

The primary aim of this exploratory study was to investigate the implications of 

consuming pomegranate extract on cardiovascular risk factors of healthy individuals. 

This involved examining the effects of 4-weeks of pomegranate extract consumption 

on anthropometric, physiological, biochemical and quality of life measurements in 

healthy human volunteers.  

The pomegranate extract capsules had not been tested in previous studies – most 

studies focused on pomegranate juice rather than extract. This study was designed 

to provide the blueprint for a larger, powered RCT to follow up the exploratory findings.  

The secondary aim, in Pom-01s, was to examine the relationship between the acute 

consumption of pomegranate juice and the chronic effects of pomegranate extract 

ingestion on measures of satiety and food energy intake. 

 Hypotheses  

 Pom-01 

Pomegranate extract supplementation for 28 days will improve physiological and 

clinical biomarkers of: lipids; blood pressure; glucose; anti-oxidant status; hormone 

levels, body composition, anthropometric measurements and quality of life in healthy 

adult participants. 
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 Pom-01s  

Acute intake of pomegranate juice with 21 days of pomegranate extract priming 

supplementation will affect satiety parameters, improve mood and reduce the amount 

of food consumed at a meal in healthy adult participants. 

To test these hypotheses and to achieve the overall aims of the study, a series of 

investigations were conducted to determine outcome measures for the following 

objectives. 

 Objectives 

To measure the effects of pomegranate extract on clinical biomarkers and physiology 

such as blood pressure, glucose regulation; lipid profiles; antioxidant status; 

cortisol/cortisone; mood and perceived health related quality of life. These outcome 

measures were undertaken to: 

 Assess whether pomegranate extract has physiological benefits; including an 

anti-hypertensive effect. 

 Establish if pomegranate extract has any effects on body composition such as 

body weight, waist circumference, BMI and fat mass or lean mass (muscle 

mass). 

 Assess whether PE causes reductions in insulin levels (i.e. pointing to a 

relationship between polyphenols and glucose regulation), which would 

explore a potential relationship between PE’s polyphenols and glucose 

control.  

 Note any changes between the steroid hormones cortisol and cortisone (as 

they are important markers of CVD risk) and to consider potential 

mechanisms.  

 Explore whether PE has an effect on plasma lipid levels.  

 Determine the antioxidant potential from urine and the serum level of lipid 

oxidation products.  

 Investigate whether PE and PJ have any influence on food intake and satiety.  

 To determine whether pomegranate juice and pomegranate extract have any 

psychological benefits such as improvement in mood or health related Quality 

of Life. 



 

3-149 
 

 Outcome measures 

These outcome measures were chosen in order to measure changes in physiology, 

biochemical markers and health related quality of life. Measures from blood, urine and 

saliva samples were: 

 blood lipid levels (total cholesterol, LDL cholesterol, HDL cholesterol, 

triglycerides, NEFA); 

 cortisone and cortisol levels; 

 uric acid, TBARS, FRAP and polyphenols. 

Measures from questionnaires and diet diaries were: 

 health related quality of life from RAND 36; 

 energy and macronutrient status.  

To measure changes in satiety, body composition and anthropometric markers, the 

following outcome measures were taken from clinical measurements, VAS scales; 

mood questionnaires and food weight. 

 Indicators of body mass (body weight, height, BMI, waist circumference, upper 

arm circumference, fat and lean mass); 

 Blood pressure and resting heart rate; 

 Satiety parameters of: hunger; fullness, desire to eat; satisfaction; enough to 

consume and palatability; 

 Juice and meal ratings for: smell; visual appeal, taste; texture and overall 

palatability; 

 Determination of the amount of food consumed at the meal; 

 Mood questionnaire scores. 

3.2 Methods and materials 

 Participants 

 Recruitment 

Healthy volunteers aged 18-65 years, with a BMI between 18 and 34.9 kg/m² were 

included in this trial. Participants were recruited through an email advertisement 

(Appendix 9.2) at Queen Margaret University (QMU), Edinburgh and by word of 

mouth. 
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Exclusion criteria included those with systemic disease, including heart, liver or kidney 

disease or diabetes, allergic reactions to pomegranate, immunological conditions, or 

those who had lost weight within the previous two months, were pregnant, or 

breastfeeding.  

After meeting with the researcher and reading the information sheet (Appendix 9.4), 

participants provided written informed consent (Appendix 9.3) and completed a 

lifestyle screening questionnaire to determine their eligibility (Appendix 9.5). This 

included a food frequency questionnaire to examine the amount and type of 

polyphenolic compounds typically consumed in their usual daily diet. All participants 

were advised to maintain their usual diet during the study period, including their usual 

energy intake and eating habits. Participants were asked to return their opaque plastic 

capsule bottles, with any remaining capsules (4 extra capsules were allocated per 

participant to allow for any inadvertent losses). This was considered good practise to 

encourage compliance (Hosseini et al. 2016). 

 Treatment 

 General 

This study took the form of a parallel, double blinded, randomised, placebo-controlled 

trial. It was conducted over five weeks comprising of a 1-week run-in phase for 

registration and trial preparation of eligible participants, followed by a 4-week active 

intervention period. To verify tolerance of both the pomegranate extract capsule and 

the placebo capsule, participants were asked after trial registration to consume 1 

capsule of each (with at least one day between them) before the study period began, 

and to monitor and report any adverse reactions. All future visits were diarised at 

registration and email or text reminders were sent before each of the 3 planned QMU 

attendance sessions. One of these visits involved attending the food laboratory for a 

half day in week 4 to complete the nested satiety phase of the study - Pom-01s - 

which is discussed separately in Chapter 4. 

Participants were randomly assigned to either the placebo capsule (PL) or 

pomegranate extract (PE) (POMANOX®, ProbelteBio) group. After visit 1 where 

baseline measurements and characteristics were recorded, one capsule of 

pomegranate extract or placebo was taken daily after a meal with a glass of water or 

juice for 4 weeks. Participant outcome measures were recorded again at visit 3 (in 

week 5) at the end of the intervention. At visit 2 (in week 4) participants attended QMU 
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for a breakfast and lunch period to complete the satiety phase of the study (Pom-01s). 

Participants were also provided with a post-intervention clinic evaluation form 

(Appendix 9.12) which specifically asked about any adverse events during the study 

and requested whether any feedback from the study was desired by the participant. 

Blood sampling was performed at each visit. 

All measurements were taken at baseline (week 0) and once again on completion of 

the intervention period (week 4). Participants provided body composition and blood 

pressure measurements, 24-hour urine samples (Appendix 9.9), blood samples, and 

information about any adverse effects on their visits. Saliva samples were collected 

on the morning, lunchtime and evening of the day before each clinic visit (Appendix 

9.10). The health-related Quality of Life Questionnaire (RAND 36) was also completed 

at baseline and week 4 (Appendix 9.6). Pre and post intervention measurements were 

recorded independently, on different sheets, without reference to the initial set of 

measurements. Three measurements were taken for height, weight, waist and mid 

upper arm circumference (MUAC) and blood pressure with the mean of these used 

for analysis. BMI was calculated from weight and height. Age and sex were also 

recorded. 

The study capsules were provided at the first participant visit alongside urine 

containers and saliva sample jars for returning at the post intervention visit. 

Completed food and alcohol diaries were collected and discussed at the beginning of 

each visit. Participants also delivered urine and saliva as well as their completed 

RAND 36 questionnaire. 

After ensuring that participants had empty bladders, measurements were taken in the 

following order: height, weight, waist circumference (WC) and MUAC. The participant 

was then asked to lie down, and the bioelectric impedance analysis (BIA) machine 

was used. BIA measures conductivity of hand to foot and assesses body water thus 

calculating both fat and fat free mass. Blood pressure and pulse were taken after the 

BIA was administered with blood samples taken at the end of the session.  

 Anthropometry and body composition measurements 

The anthropometric measurements collected were body weight, measured on Salter 

scales; height using a SECA Leicester stadiometer; and waist circumference using a 

steel tape (6 mm x 2 mm). Body mass index (BMI) was calculated using the following 

standard equation: BMI (kg/m2) = (weight kg/ (height m)2). The National Health and 
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Nutrition Examination Survey (NHANES) handbook protocols and methods (NHANES 

2009) were followed.  The BIA machine (Bodystat 1500; 2002) recorded participant 

measurements of: Fat mass (%); Fat mass (kg); Lean or fat free mass (%); and Lean 

or fat free mass (kg). 

 Blood pressure 

Systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse rate were 

recorded on an A and D Medical UA-767 Plus Digital Blood Pressure Monitor (2005). 

Three readings of BP and pulse rate were taken while participants were seated at 

each visit and the mean was calculated. 

 Blood analysis  

Three fasting venous blood samples were taken from the antecubital fossa of a 

forearm vein of each participant and drawn into glucose, heparin and EDTA-treated 

tubes. The samples were then centrifuged at 3100 g force for 10 minutes to extract 

plasma and stored in a Sanyo commercial freezer at -75 to -85°C until analysis was 

conducted.  

All blood analysis, with the exception of TBARS, was conducted at the Queen’s 

Medical Research Institute (QMRI) at the Royal Infirmary of Edinburgh on a Cobas 

Fara automated centrifugal analyser using Wako, Sentinel and GenWay reagents. 

Analysis was conducted for glucose, total cholesterol (TC), cholesterol subfraction 

HDL, triglycerides, uric acid (all mmol/L), and NEFA (mol/l). Typical plasma NEFA 

concentrations in various physiological states range from around 300–600 μmol/L in 

the overnight fasting state (depending upon methodology and cohort) to ∼1,300 

μmol/L after a 72-h fast (Karpe et al. 2011).  

Insulin (mIU/L) was tested at QMU using the GenWay INS-EASIA immunoenzymetric 

assay kit (Appendix 9.30). Calculations based on blood sample values included LDL 

cholesterol (mmol/l) via the Friedwald equation (Vujovic et al. 2010) and TC to HDL 

ratio. Insulin resistance was calculated by homeostasis assessment model (HOMA-

IR) from fasting insulin and glucose concentrations according to the formula: fasting 

insulin (µIU/mL) x fasting glucose (mmol/L)/22.5 (Turner et al.1979).  

Measuring the end products of lipid peroxidation is one of the most widely accepted 

assays for oxidative damage. The formation of lipid peroxidation products was 

evaluated as thiobarbituric reactive species (TBARS) serum test (Katalinić et al. 

2007). This assay was performed in the QMU laboratory for the assessment of the 
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levels of damage by oxidative stress to lipids both before and after the intervention as 

previously described by Beuge and Aust (1978). Samples were extracted with the 

plasma protocol (Appendix 9.31) and then the TBARS assay in (Appendix 9.33) was 

followed to provide the MDA level of the samples. These were calculated using the 

straight line from the standards and expressed as mg/L of malonaldehyde (MDA). All 

assay results were multiplied by the total urine volume collected in 24 hours for each 

participant to calculate the total MDA levels per day.  

 Saliva collection and analysis 

Saliva samples were collected pre and post intervention at three time-periods during 

a single day (morning, noon and afternoon) according to the protocol and reminder in 

Appendices 9.10 and 9.28. Samples were extracted by TBME under nitrogen and this 

protocol is detailed for saliva, urine and plasma samples in Appendix 9.29. 

Cortisol and cortisone levels in saliva samples were estimated by using highly specific 

and sensitive ELISA methods developed by Al-Dujaili. et al. (2011; 2012) which is 

detailed in Appendix 9.34. 

 Urine collection and analysis 

24-hour urine collections were made pre and post intervention following the 

instructions in Appendix 9.9. Urine was tested for total phenolics (TP) by the Folin and 

Ciocalteau method (Appendix 9.32) using protocols developed by Singleton and 

Rossi (1965). Ferric-reducing antioxidant power (FRAP) capacity was also 

investigated. The ability to reduce ferric ions by antioxidants from the serum (FRAP), 

was taken as the indicator of total antioxidation potential (Katalinić et al. 2007). The 

FRAP assay was carried out according to the procedure of Benzie and Strain (1996) 

(Appendix 9.31). 

 Food and alcohol diaries 

Participants were asked to complete a 3-day food and alcohol diary (completed for 2 

weekdays and 1 weekend day) before the beginning of the intervention and also for 

the same days of the week in week 4 (Appendix 9.14). Six diet diary days in total were 

recorded by each participant. For compliance and validation purposes each diary was 

considered and discussed by researcher and participants at the clinic visits. 

High validity and precision have been reported for food diaries, particularly as foods 

and drinks are recorded as they are consumed thus minimizing omissions due to poor 
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memory. However, the method is known to influence food behaviour in respondents 

where they modify their food intake to make it easier to record. There can also be 

difficulties in describing the portion sizes (Ortega et al. 2015). Training on portion sizes 

and how to complete the diary was provided to each participant after recruitment. 

 RAND 36 Questionnaires 

Self-rated health-related quality of life (HRQoL) was assessed at baseline and at 4 

weeks via the RAND 36-item general health survey (RAND-36) (Rand Corporation 

2011; 2011a and 2011b). Refer to Appendix 9.6. This series of questions covers eight 

spheres of health and have been proven to be scientifically robust having been used 

in over 200 health related scientific trials. The 36-item questionnaire covers a wide 

range of health functions considering HRQoL across both mental and physical 

domains (Ware and Sherbourne 1992).  

3.3 Statistical analysis 

All statistical analyses were performed using SPSS for Windows, versions 19-23 

(SPSS Inc. and IBM 2010). Significance was determined as p < 0.05. All data were 

expressed as mean values (M) and with standard deviations (SD) or standard error 

of the mean (SE/SEM). Differences between groups pre-intervention characteristics 

were examined using independent (unpaired) t-tests with PE and PL groups as the 

independent variables and SBP, DBP, waist circumference, upper arm circumference, 

BMI, fat mass, fat free mass, body weight, fasting insulin, glucose, uric acid, lipid 

profile, NEFA, salivary cortisol and cortisone, cortisol (F) to cortisone (E) ratio and 

antioxidant capacity (total polyphenols, TBARS and FRAP) as the dependent 

variables. These were conducted to investigate any significant differences between 

the groups at the beginning of the intervention.  

Paired t-tests were conducted to determine differences between the pre and post 

intervention measurements for each treatment. This determined any differences 

within the PE and placebo group. Relationships between the antioxidant capacity 

variables were assessed using Pearson’s correlation co-efficient (r). These data are 

generally thought to follow a normal distribution therefore a parametric comparison is 

appropriate. They are the most common method used in medical literature to describe 

the association between the values of two variables, X and Y (Altman 1991).  

As there was more than one continuous dependent variable, ANCOVAs were also 

performed to determine whether there were any pre-post differences between the PE 
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and placebo groups. In these, each post intervention measure (e.g. post-glucose) was 

used as the dependent variable, the treatment group - pomegranate or placebo - as 

the fixed/independent factor and the covariate as the pre/baseline measurement (e.g. 

pre-glucose). A post-hoc Bonferroni confidence interval adjustment was used to 

account for multiple testing. In ANCOVA univariate tests, F tests the effect of group. 

The test is based on the linearly independent pairwise comparisons among the 

estimated marginal means. 

3.4 Results 

 Participant recruitment and characteristics 

A total of 31 volunteers were assessed for eligibility and 30 were enrolled. One 

participant did not arrive for the first visit. Twenty-nine participants (7 males and 22 

females) began and completed the study (Figure 3-1). The intervention was 

conducted between April and July 2012.  

 

Figure 3-1 - Flow diagram of the enrolment, randomisation and follow up of POM-01 
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Participants were aged from 19 - 62 years with a BMI ranging between 18.5 and 32.7 

kg/m2. There were 4 males and 11 females in the pomegranate extract group (n=15). 

Their mean age was 36 (±15) years and height = 1.66 (±0.06) m. Due to uneven 

recruitment numbers, there were 3 males and 11 females in the placebo group (n=14). 

Their mean age was 33 (±13) years and height = 1.7 (±0.09) m.  

Post clinical evaluation (Appendix 9.12) showed that the blinding process was 

effective as only 51.7% of volunteers correctly guessed whether they were taking 

pomegranate or placebo capsules. All participants who requested feedback from their 

test results were provided with data by email after the analysis and unblinding were 

complete. No adverse events were reported. 

 Overall outcome measure results 

Independent t-tests showed that the two groups were not significantly different at 

baseline in terms of age, anthropometric and body composition measures (BMI, HT, 

WT, UAC, and BIA), blood pressure, plasma cholesterol or lipid profiles, food and 

alcohol diaries, total phenolics, FRAP, and TBARS. 

Paired t-test outcome measure results are shown for pomegranate extract in Table 

3-1 and for placebo in Table 3-2. These will be discussed in more detail where 

required in the relevant sections. There were some significant differences within the 

pomegranate extract group results in Table 3-1. The Table 3-2 placebo group also 

showed significant pre-post differences within the group. 
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Table 3-1 – Changes in Pom-01 outcome variables from baseline after 4 weeks of PE consumption. Mean differences are (pre-post) with standard 
deviations and upper and lower confidence intervals and p values. Significant p values are shown in bold. *TC: Total cholesterol; HOMA-IR: 
Homeostasis model assessment of insulin resistance; NEFA: non-esterified fatty acids.  

.  

 

P value

Mean SD Mean SD (A-B) SD Lower Upper

Weight (kg) 70.07 13.7 70.39 13.78 -0.320 0.99 -0.87 0.23 0.233

BMI (kg/m2) 25.36 4.45 25.41 4.5 -0.047 0.42 -0.28 0.18 0.671

Waist circumference (m) 0.820 0.130 0.810 0.130 0.010 0.016 0.005 0.022 0.005

Upper arm circumference 
(m)

0.310 0.400 0.310 0.400 -0.002 0.004 -0.004 0.001 0.172

Fat-mass (kg) 20.8 8.2 20.49 7.8 0.310 1.20 -0.36 0.96 0.348

Fat-mass (%) 29.4 8.5 28.89 8.1 0.493 1.28 -0.21 1.2011 0.157

Fat-free mass (kg) 49.3 10.2 49.89 10.55 -0.620 0.79 -1.06 -0.18 0.009

Fat-free mass (%) 70.62 8.5 71.11 8.1 -0.490 1.28 -0.21 1.20 0.157

Systolic Blood Pressure 
(mmHg)

120.33 13.26 115.58 13.05 4.750 6.39 1.22 8.30 0.012

Diastolic Blood Pressure 
(mmHg)

80.04 10.49 78.31 7.95 1.730 4.95 -1.01 4.47 0.196

Plasma glucose (mmol/l) 5.37 0.51 5.31 0.49 0.058 0.49 -0.25 0.37 0.688

Plasma insulin (mIU/l) 8.24 10.34 6.79 8.06 1.446 3.65 -0.87 3.76 0.197

Total cholesterol (mmol/l) 4.45 0.73 4.49 0.77 -0.040 0.30 -0.23 0.15 0.654

HDL cholesterol (mmol/l) 1.72 0.29 1.65 0.3 0.068 0.12 -0.01 0.15 0.085

LDL cholesterol (mmol/l) 2.34 0.72 2.34 0.77 -0.006 0.26 -0.17 0.16 0.94

Triglycerides (mmol/l) 0.9 0.43 1.09 0.6 -0.192 0.40 -0.45 0.06 0.126

HOMA-IR 2.22 2.62 1.61 1.88 0.605 0.93 0.02 1.19 0.045

Uric acid (mmol/l) 0.28 0.13 0.27 0.13 0.010 0.05 -0.02 0.04 0.525

NEFA (mmol/l) 0.52 0.21 0.40 0.11 0.121 0.20 0.00 0.25 0.057

POMEGRANATE 
EXTRACT GROUP 

(n=15)

95% CIDifference Baseline (A) 4 weeks (B)
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Table 3-2 - Changes in Pom-01 outcome variables from baseline after 4 weeks of PE consumption. Mean differences are (pre-post) with standard 
deviations and upper and lower confidence intervals and p values. Significant p values are shown in bold.  *TC: Total cholesterol; HOMA-IR: 
Homeostasis model assessment of insulin resistance, NEFA: non-esterified fatty acids.  

 

 

P value

Mean SD Mean SD (A-B) SD Lower Upper

Weight (kg) 72.01 12.05 71.79 12.29 0.214 1.56 -0.69 1.12 0.616

BMI (kg/m2) 24.77 3.43 24.64 3.54 0.129 0.51 -0.16 0.42 0.359

Waist circumference (m) 0.816 0.090 0.798 0.100 0.018 0.020 0.007 0.030 0.004

Upper arm circumference 
(m)

0.312 0.028 0.312 0.032 0.0001 0.007 -0.004 0.004 0.939

Fat-mass (kg) 20.69 7.18 19.96 7.34 0.730 1.43 -0.09 1.55 0.078

Fat-mass (%) 28.69 7.78 27.69 7.63 1.000 1.62 0.06 1.94 0.038

Fat-free mass (kg) 51.32 10.85 51.84 10.5 -0.520 1.20 -1.21 0.18 0.133

Fat-free mass (%) 71.31 7.77 72.31 7.63 -1.000 1.62 -1.94 -0.06 0.038

Systolic Blood Pressure 
(mmHg)

111.55 11.86 112.26 7.95 -0.714 10.21 -6.61 5.18 0.798

Diastolic Blood Pressure 
(mmHg)

79.98 5.71 77.64 5.49 2.333 5.16 -0.64 5.31 0.114

Plasma glucose (mmol/l) 5.08 0.37 5.09 0.32 -0.015 0.27 -0.18 0.15 0.841

Plasma insulin (mIU/l) 10.92 8.26 7.65 5.79 3.269 6.12 -0.43 6.97 0.078

Total cholesterol (mmol/l) 4.33 0.68 4.33 0.81 0.005 0.61 -0.36 0.37 0.979

HDL cholesterol (mmol/l) 1.58 0.29 1.58 0.25 0.005 0.17 -0.10 0.11 0.922

LDL cholesterol (mmol/l) 2.28 0.52 2.32 0.53 -0.035 0.44 -0.30 0.23 0.782

Triglycerides (mmol/l) 1.02 0.35 0.95 0.66 0.077 0.49 -0.22 0.38 0.584

HOMA-IR 2.44 1.79 1.7 1.26 0.737 1.35 -0.08 1.55 0.072

Uric acid (mmol/l) 0.24 0.05 0.27 0.05 -0.024 0.04 -0.05 0.00 0.067

NEFA (mmol/l) 0.37 0.14 0.45 0.17 -0.076 0.12 -0.15 0.00 0.048

4 weeks (B)PLACEBO EXTRACT 
GROUP (n=14)

95% CIDifference Baseline (A)
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Adjustments for pre-intervention variables were made to investigate any differences 

between the PE and PL groups. All ANCOVA results were calculated but the values 

included in Table 3-3 were for those which showed differences within the PE or PL 

groups:  

Table 3-3 - ANCOVA results for POM-01 after 4 weeks of PE or PL consumption. *SBP, Systolic 
blood pressure; DBP, Diastolic blood pressure; HOMA-IR: Homeostasis model assessment of 
insulin resistance, NEFA: non-esterified fatty acids, HDL: High density lipoprotein cholesterol  

 

ANCOVA found that there were no significant differences found between the PE and 

PL groups. However, there was a trend towards significance with NEFA: F1,22 = 4.02, 

p= 0.057. NEFA significantly increased within the PL group pre 0.37 (± 0.14) to post 

0.45 (± 0.17) mmol/L, p = 0.048 and dropped (approaching significance) within the PE 

group from pre 0.52 (± 0.21) to post 0.4 (± 0.1) mmol/L, p = 0.057. 

 Anthropometry and body composition 

No significant changes in body weight or BMI were observed, however, waist 

circumference significantly decreased in both the PE group (p = 0.005) and placebo 

group (p = 0.004) after 4 weeks (Table 3-1 and Table 3-2). No significant changes 

were seen in upper arm circumference in either group over the 4-week intervention. 

A slight decrease in fat mass and slight increase in fat-free mass was found in both 

groups after 4 weeks. A significant decrease in percentage fat mass (p = 0.038), and 

a significant increase in percentage fat-free mass (p = 0.038) was found in the placebo 

group at 4 weeks. In the PE group, the increase in fat-free mass was significant (p = 

0.009), although the decrease in fat mass did not reach significance. ANCOVA results 

Outcome Measure ANCOVA F value Significance

HDL F1,22 = 0.42 p = 0.52

HOMA-IR F1,22 = 0.02 p = 0.88

Uric acid F1,22 = 2.34 p = 0.14

Insulin F1,22 = 0.29 p = 0.60

SBP F1,26 = 0.68 p = 0.42

DBP F1,26 = 0.16 p = 0.69

Waist circumference F1,26 = 0.68 p = 0.42

Fat mass % F1,26 = 1.05 p = 0.32

Lean mass (kg) F1,26 = 0.06 p = 0.81

Lean mass % F1,26 = 1.05 p = 0.32

NEFA F1,22 = 4.02 p = 0.057
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(Table 3-3) confirm that there are no significant differences between the groups post 

intervention. 

 Blood pressure 

The PE group showed a significant decrease in SBP (Table 3-1) from 120.33 ± 13.26 

mmHg to 115.58 ± 13.05 mmHg (p = 0.012).  

There was a slight increase in SBP in the PL group (Figure 3-2 and Table 3-2).  

Diastolic BP reduced from 80.04 ± 10.49 mmHg to 78.31 ± 7.95 mmHg in the PE 

group (Table 3-1), but this was not found to be significant (p = 0.196).  

DBP also reduced in the PL group but not significantly (Table 3-2). 

ANCOVA showed no significant differences between the groups for either SBP or 

DBP. 

 

 

Figure 3-2 – Change from baseline in systolic (a) and diastolic (b) blood pressure in PE and 
PL groups after 4 weeks. Results are reflected as mean (±sem) mmHg. 

 

 Glucose, Insulin and HOMA-IR 

There was a slight reduction in plasma glucose in the PE group and a very small 

increase in glucose within the PL group, but these changes were not significant. 

Plasma insulin reduced in both the PE and PL group, but was not significant. There 

was however a significant reduction in insulin resistance (HOMA-IR) in the PE group 

from 2.22 ± 2.62 to 1.61 ± 1.88 (p = 0.045) (Figure 3-3 and Table 3-1). A comparable 

reduction was also observed in the PL group, but this did not reach statistical 

significance (p = 0.072). 
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Figure 3-3 – Mean PE and PL group HOMA-IR with standard errors at baseline and at 4 
weeks for Pom-01 by paired t-test analysis. There was a significant reduction in insulin 

resistance in the pomegranate group (p = 0.045) *HOMA-IR: homeostasis model of 
assessment of insulin resistance. 

 
ANCOVA analysis showed no significant differences between the groups for Glucose: 

F (1,22) =0.16, p = 0.69; insulin: F (1,22) = 0.29 p = 0.60 or HOMA-IR: F (1,22) = 0.23 

p = 0.88. 

 Blood lipids and markers 

No significant difference from baseline to 4 weeks was found in the placebo group 

with total, HDL and LDL cholesterol. In the PE group, total cholesterol and LDL 

cholesterol were similar at baseline and at 4 weeks and a slight decrease was found 

in HDL cholesterol from baseline to 28-days, although this was not statistically 

significant (p = 0.085). Triglycerides increased slightly in the PE group from baseline 

to 4 weeks, although this was not statistically significant (p = 0.126). In the placebo 

group a slight decrease in triglycerides was found over the same period, although 

again this was not significant (p = 0.584). A decrease in NEFA, although not significant 

(F1,22 = 4.02, p= 0.057), was seen in the PE group at 4 weeks. In contrast, a significant 

increase (p = 0.048) in NEFA was seen in the placebo group at 4 weeks. Both plasma 

glucose and uric acid decreased in the PE group and increased in the PL group. 

ANCOVA analysis indicated that there were no significant differences within or 

between the groups - F(1,22)=0.16, p = 0.69 for plasma glucose and F(1,22)=2.34, p 

= 0.14, for uric acid. 
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 Salivary cortisol and cortisone 

 Independent t-tests 

A comparison of both groups at baseline was conducted. There were no significant 

differences at baseline. However, the pomegranate group cortisol was much higher 

in the noon PE group than the PL group (9.77 vs 5.63 nmol/L and p = 0.05) so could 

usually be considered as significantly different if p had not already been established 

at p<0.05. However, what should be considered with the baseline noon figure is that 

this value has actually reduced to below that of the placebo group during the 

intervention i.e. - to PE = 5.37 vs PL = 7.79 nmol/L. Aardal and Holm (1995) estimated 

cortisol reference ranges in saliva from 3.5-27nmol/L at 8 am and <6.0nmol/L at 10pm. 

 
Table 3-4 - Baseline and post intervention cortisol shown for PE and PL groups at am, noon 
and pm time points. Results are mean nmol/L with standard deviations and errors for each 
group and time point. 

 

 

 Paired t-tests 

 Pomegranate extract 

PE intake caused a significant drop in stress hormones. There was a significant 

reduction in salivary cortisol levels in the morning and at noon. 

 

 

 

  

Mean SD SEM Mean SD SEM

Am Pomegranate 11.149 5.063 1.307 6.602 3.871 0.999

Placebo 8.191 3.963 1.059 9.274 4.256 1.137

Noon Pomegranate 9.772 6.883 1.777 5.367 2.201 0.568

Placebo 5.629 3.213 0.859 7.792 4.703 1.257

Pm Pomegranate 4.648 2.345 0.606 4.645 3.101 0.801

Placebo 4.720 3.697 0.988 7.655 7.243 1.936

Post cortisol (nmol/L)Baseline cortisol (nmol/L)
Time Group
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3.4.7.2.1.1 Cortisol – PE 

 

 

 
 

Figure 3-4 –Cortisol concentrations in saliva at baseline and after 4 weeks PE intake in Pom-
01 at am, noon and pm. Results shown in nmol/L as mean with standard errors. There was a 

significant drop in the am (p < 0.001) and noon (p = 0.016) cortisol post study. 

 
 
 
Evening (pm) cortisol levels reduced slightly in the PE group but rose in the PL group 

(Figure 3-4). At each time-period the post cortisol in the PE group was reduced and 

the placebo increased. 

 Am: from 11.15 ± 5.06 to 6.60 ± 3.9 nmol/L; p < 0.001;  

 Noon: from 9.77 ± 6.88 to 5.37 ± 2.20 nmol/L, p = 0.016; and  

 Pm: from 4.648 ± 2.35 to 4.646 ± 3.10 nmol/L; p = 0.996. 
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3.4.7.2.1.2 Cortisone -PE 

 

 

 
 

Figure 3-5 - Cortisone concentrations in saliva at baseline and after 4 weeks PE intake in 
Pom-01 at am, noon and pm. Results shown in nmol/L as mean values with standard errors. 

There was a significant rise in cortisone at noon (p = 0.001) and pm (p=0.024) post study. 

 
 
 
Cortisone increased in the PE group at each time-period (Figure 3-5) and rose 

significantly at noon and pm. Pre to post values (nmol/L) were:  

 Am: from 11.80 ± 6.33 to 13.61 ± 8.2; p = 0.09;  

 Noon: from 7.94 ± 32.3 to 12.21 ± 9.34; p = 0.001; and  

 Pm: from 4.69 ± 2.39 to 11.08 ± 10.87; p = 0.024. 
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3.4.7.2.1.3 Cortisol/Cortisone ratio – PE 

 

The PE group salivary cortisol/cortisone ratio was also significantly reduced post 

intervention (Figure 3-6) at all three time-periods: 

 

 
 

Figure 3-6 – Cortisol/Cortisone ratio at baseline and after 4 weeks PE intake in Pom-01 at 
am, noon and pm. Results shown as mean values with standard errors. There was a 

significant pre-post drop in the ratio at all time points: am (p < 0.001) at noon (p < 0.001) and 
pm (p=0.01). **p = 0.001, *p = 0.01 

 
 
Pre-post values (nmol/L) were: 

 Am from 1.11 ± 0.51 to 0.55 ± 0.26, p < 0.001,  

 Noon from 1.57 ± 0.85 to 0.75 ± 0.72, p < 0.001 and  

 Pm from 1.22 ± 0.9 to 0.74 ± 0.59, p = 0.011  

Cortisone levels increase in the PE group and this decreasing FE ratio suggests a 

reduction in 11B-HSD1 activity. In contrast, all placebo group mean F/E ratios 

increased post intervention.   
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 Placebo 

3.4.7.2.2.1 Cortisol – PL 

 

There was an increase in salivary cortisol at all time points (Figure 3-7), rather than 

the decrease found in the PE group, in the placebo group. Only the evening values 

were approaching significance.  

 

 
 

Figure 3-7 - Cortisol concentrations in saliva at baseline and after 4 weeks PL intake in Pom-
01 at am, noon and pm. Results shown in nmol/L as mean with standard errors. Only the pm 

value approached significance (p=0.052) post study. 

 
 
Pre to post values (nmol/L) were: 

 Am from 8.19 ± 3.96 to 9.27 ± 4.26, p = 0.302,  

 Noon from 5.63 ± 3.21 to 7.79 ± 4.70, p = 0.148 and  

 Pm from 4.72 ± 3.70 to 7.66 ± 7.24, p = 0.052 
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3.4.7.2.2.2 Cortisone – PL 

 

There was an increase in salivary cortisone for the placebo group at noon and pm, 

but neither increase was significant (Figure 3-8). This may have been due to the high 

SD values which were comparable to the mean values. 

 

 

 
Figure 3-8 - Cortisone concentrations in saliva at baseline and after 4 weeks of PE intake in 
Pom-01 at am, noon and pm. Results shown in nmol/L as mean values with standard errors. 

There were no significant differences. 

 
 
Pre to post values (nmol/L) were: 

 Am from 8.49 ± 6.41 to 7.64 ± 6.64, p < 0.12,  

 Noon from 4.78 ± 3.13 to 6.53 ± 7.06, p < 0.23 and  

 Pm from 3.38 ± 1.97 to 6.00 ± 8.90, p = 0.25. 
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3.4.7.2.2.3 Cortisol/Cortisone ratio – PL 

 
 

 
 
 

Figure 3-9 - Cortisol/Cortisone ratio at baseline and after 4 weeks PL intake in Pom-01 at 
am, noon and pm. Results shown as mean values with standard errors. There was a 

significant rise in the ratio at am (p < 0.008) and although the ratios also rose at noon and 
pm these were not significant.  

 
 
 
All placebo cortisol/cortisone ratios increased, with the pre-post am group increasing 

significantly (p = 0.008) (Figure 3-9). Pre-post ratios were: 

 Am from 1.15 ± 0.50 to 1.72 ± 1.00, p < 0.008,  

 Noon from 1.59 ± 1.31 to 2.38 ± 2.64, p < 0.221 and  

 Pm from 1.78 ± 1.53 to 1.91 ± 1.77, p = 0.667 
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 ANCOVA 

After adjustment for pre-intervention values, there was a statistically significant 

difference between the pomegranate extract and placebo interventions for both 

cortisol concentration and FE ratio concentration. Only one of the cortisone measures 

- cortisone am - was approaching significance. 

 
Table 3-5 - ANCOVA Pom-01 results for cortisol, cortisone and FE ratio with p values and 
mean differences between groups defined as PE-PL in nmol/L. 

 

 
All ANCOVA except cortisone noon and pm were significant or approaching 

significance. 

The overall effect was a significant reduction in Cortisol (active hormone) and no effect 

or an increase in Cortisone (inactive hormone) which led to the reduction in the FE 

ratio. This indicates the inhibition of the11ß-HSD1 enzyme which tends to help in 

reducing BP, stress and improving mood and QoL. 

 Antioxidant activity 

 Total phenolics 

There were no significant differences between the groups at baseline: p = 0.53). To 

calculate urinary total phenolics, a standard polyphenol calibration was conducted. 

The correlation curve of absorbance against gallic acid concentration was y = 0.0024x 

+ 0.0197, with R² = 0.9973.  

For those taking the pomegranate extract, there was a slight decrease in the urinary 

total phenolics, but this was not significant. The pomegranate group moved from 

407.71 (± 115.28) to 364.45 (±105.46) mgGAE/day, p = 0.29. There was also a 

Outcome measure
ANCOVA   
F(1,26) =

Significance 
(p)

Mean difference 
between groups            
(PE-PL) nmol/L 

Cortisol am 13.5 <0.001 -4.43

Cortisol noon 4.6 0.042 -3.07

Cortisol pm 4 0.056 -2.92
Cortisone am 4 0.056 2.418
Cortisone noon 0.438 0.514 1.049
Cortisone pm 0.372 0.547 2.082
FE ratio am 27.06 <0.001 -1.14
FE ratio noon 7.96 0.009 -2.84
FE ratio pm 10.17 0.004 -1.708
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decrease in the placebo values from 436.53 (± 113.02) to 408.3 (± 125.9) 

mgGAE/day, p = 0.34. All values are mean with SDs.  

Total phenolics ANCOVA results were F1,26 = 0.662, p = 0.423, so there were no 

significant differences between the PE and PL groups. 

 
Table 3-6 - Total antioxidant capacity, total polyphenols and TBARS/malonaldehyde (MDA) 
levels in the urine after 4 weeks for PE and PL groups. Differences are reflected as (baseline 
-4 week values) and results shown as means of three determinations with standard deviations, 
confidence intervals and p values. Significant p values are shown in bold. *TAC, Total antioxidant 
capacity; GAE, Gallic acid equivalent; MDA, malonaldehyde. Data were analysed using paired t-tests. 

 

 
 

There was no increase in antioxidant capacity in the Total polyphenols or FRAP, 

which we might have expected if participant polyphenol consumption due to the PE 

capsules increased. However, there may have been issues around compliance in 

terms of capsule consumption (participants were required to return containers and 

extra capsules, so this was unlikely) or the urinary collection itself. Some participants 

indicated that they had found the 24-hour collection process challenging, so there 

may have been incomplete collections, thus smaller volumes of urine and lower 

antioxidant readings. Participants were also allowed to eat freely for the study period 

and thus there could also have been variations in food intake. 

 FRAP 

The urinary total FRAP values in mmolFe/day were calculated using standard curve 

calibrations. Three 96-well plates, each with a standard curve, were used for the 

Group
P 

value
Mean SD Mean SD (A-B) SD Lower Upper

Pomegranate 407.71 115.28 364.45 105.46 43.26 151.74 -40.77 127.29 0.288

Placebo 436.53 113.02 408.30 125.90 28.22 105.48 -32.68 89.12 0.335

Pomegranate 7.38 2.62 7.53 2.13 -0.15 2.94 -1.78 1.48 0.848

Placebo 7.60 1.58 8.15 2.85 -0.55 2.67 -2.09 0.99 0.456

Pomegranate 5.15 3.89 2.74 2.92 2.41 2.72 0.91 3.92 0.004

Placebo 5.40 4.13 6.34 5.42 -0.94 3.54 -2.99 1.10 0.337

Serum TBARS/MDA (µmol/L 
MDA)

Baseline (A) 4 weeks (B) Difference 95% CIVariable 

Urinary Total Polyphenols 
(mgGAE/day)

Urinary FRAP (mmol Fe(II)/day)
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samples. The standard curve values were in y = mx + c format: The correlation curves 

of absorbance against ferrous sulphate concentration were:  

Plate 1: y = 0.6714x + 0.248, with R²= 0.9954; Plate 2: y = 0.66x + 0.2583, with R²= 

0.9944; and Plate 3: y = 0.6694x + 0.26, with R²= 0.9943. 

From these the concentration of mmolFe/L was analysed e.g. for plate 1, sample 50 

baseline: concentration = (absorbance average – c)/m = (0.393-0.248) / 0.6714 = 

0.214. This concentration was then multiplied by the total daily volume of urine in ml 

(0.214 x 1449.66)/1000 to provide a FRAP volume of 1:10 or 0.310 mmolFe2+/day. 

This value was multiplied by 10 to provide the total FRAP value of 3.102 

mmolFe2+/day and the process repeated for the rest of the samples. The mean sample 

values for both pomegranate and placebo are shown in Table 3-6, above. 

FRAP independent t-tests (p = 0.786) showed no significant differences between the 

groups at baseline.  

There were also no significant differences within the pomegranate and placebo pre 

and post results. Both groups moved slightly upwards. The pomegranate group went 

from 7.38 (± 2.62) to 7.53 (± 2.13) mmolFe2+/day, (p = 0.82) and placebo from 7.66 (± 

1.58) to 8.15 (± 2.85) mmolFe2+/day with p = 0.46.  

FRAP ANCOVA: F1,26 = 0.35, p = 0.55 showed that there were no significant 

differences between the PE and PL groups. 

 TBARS  

An independent t-test showed no significant differences between the PE and PL 

groups at baseline (p = 0.89).  

Serum TBARS paired t-test results for the PE group show a significant reduction 

within the group from 5.15 (± 3.9) to 2.74 (± 2.92) µmol/L MDA; p = 0.004 and an 

increased level of TBARS in those taking the placebo, even though this was not 

significant. PL baseline mean was 5.40 (± 4.13) which increased to 6.34 (± 5.42) with 

p = 0.337).  

An ANCOVA was performed to evaluate differences between the PE and PL groups: 

F1,26 = 9.0, p = 0.006. This indicates that there was a significant difference between 

the intervention and placebo groups with a decrease in serum TBARS only in those 

taking the pomegranate extract. 



 

3-172 

 Food and alcohol diaries 

Independent t-tests showed that there were no significant differences between the 

groups for energy or nutrient intake at the beginning of the intervention. 

The avoidance of foods with strong antioxidant properties was considered, such as a 

decreased intake of dark berries and juices. However, in order to maintain the study 

conditions as close to ‘real life’ as possible and given the 28-day length of the 

intervention it was decided that it could be unethical to require participants to reduce 

their fruit and vegetable intake.   

Food and alcohol diaries were analysed for baseline and intervention values. There 

were 29 sets of food diaries recorded on 6 days. The resulting 174 days of food diaries 

were analysed. The complete energy expenditures, macronutrient and micronutrient 

intakes by participant for the POM-01 food and alcohol diaries at baseline and post 

intervention are listed in Appendix 9.15. 

Paired t-testing performed to explore the nutrient level differences within the groups 

is detailed in Table 3-7. It shows a comparison of energy, macronutrient and 

micronutrient daily mean intakes by pomegranate or placebo group for baseline and 

post study with pre-post changes. These results highlight some significant increases 

pre-post study in the PE group, namely, carbohydrates, sugars, starch, NMES, niacin 

and vitamin B6. These increases, and more, were mirrored in the PL group. 

The analysis of the food diary at baseline and towards the end of the study showed 

that there was a comparable intake of total energy and macronutrients in both the PE 

and PL groups.  

ANCOVA were also conducted (with 4-week values as the dependent variables and 

baseline as covariates) to investigate the differences within the groups and thus the 

treatment effect. They showed that the difference in energy (kcal) consumed between 

the PE and PL groups was not significant with F1,26 =0.07, p = 0.79. Al-Dujaili et al. 

(2016) suggested as a result that participant food intake did not influence the 

physiological and biochemical parameters studied. 
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Table 3-7 - Energy, macronutrient and micronutrient daily means, over a 3-day consumption 
period, pre- and post POM-01 study. Includes SD, SEM and differences within the PE and PL 
groups. Significant p values for the difference (baseline-4 weeks) are shown in bold. 

 

Variable

Mean SD SEM p value Mean SD SEM p value

Energy kcal (kcal) Baseline 1913.20 415.97 107.40 1840.64 11.93 3.19
4 weeks 2109.53 512.60 132.35 2119.79 12.34 3.30
change -196.33 388.90 100.41 0.071 -279.14 629.49 168.24 0.121

Energy kJ (kJ) Baseline 8037.53 1744.32 450.38 7738.14 322.55 86.21
4 weeks 8893.00 2148.51 554.74 8931.14 556.36 148.69
change -855.47 1611.12 415.99 0.059 -1193.00 2639.54 705.45 0.115

Protein (g) Baseline 75.52 16.42 4.24 78.44 1345.88 359.70
4 weeks 75.23 12.69 3.28 91.34 2338.91 625.10
change 0.29 17.48 4.51 0.950 -12.89 24.31 6.50 0.069

Carbohydrate (g) Baseline 232.75 59.84 15.45 210.76 38.45 10.28
4 weeks 297.53 74.52 19.24 269.29 54.24 14.50
change -64.78 30.69 7.92 <0.001 -58.52 80.59 21.54 0.018

Sugars (g) Baseline 101.47 42.59 11.00 90.91 34.67 9.27
4 weeks 129.14 47.02 12.14 111.00 67.11 17.94
change -27.67 30.17 7.79 0.003 -20.09 29.12 7.78 0.023

Starch (g) Baseline 127.12 44.23 11.42 112.13 27.58 7.37
4 weeks 162.75 44.19 11.41 154.53 26.64 7.12
change -35.63 31.52 8.14 0.001 -42.40 60.00 16.04 0.020

Total Fat (g) Baseline 76.73 30.22 7.80 80.28 30.08 8.04
4 weeks 71.60 26.46 6.83 77.90 44.82 11.98
change 5.13 32.90 8.50 0.556 2.38 33.40 8.93 0.794

Saturates (g) Baseline 25.41 16.27 4.20 23.90 20.17 5.39
4 weeks 22.11 8.45 2.18 24.49 27.05 7.23
change 3.30 15.45 3.99 0.422 -0.59 9.78 2.61 0.826

Monounsaturates (g) Baseline 24.37 9.19 2.37 28.02 5.86 1.57
4 weeks 24.96 9.56 2.47 26.95 8.52 2.28
change -0.59 11.41 2.95 0.845 1.07 12.74 3.40 0.758

Polyunsaturates (g) Baseline 13.60 8.11 2.09 15.89 7.94 2.12
4 weeks 15.22 5.40 1.39 13.58 11.48 3.07
change -1.62 7.65 1.97 0.426 2.31 7.73 2.07 0.284

Fibre AOAC (g) Baseline 20.51 5.30 1.37 21.29 6.30 1.68
4 weeks 21.10 6.03 1.56 26.08 5.24 1.40
change -0.59 5.72 1.48 0.697 -4.79 8.48 2.27 0.054

NMES (g) Baseline 47.36 39.33 10.16 39.02 6.21 1.66
4 weeks 84.45 40.56 10.47 59.89 6.04 1.61
change -37.09 37.85 9.77 0.002 -20.87 18.66 4.99 0.001

Alcohol (g) Baseline 7.50 16.17 4.18 3.67 13.51 3.61
4 weeks 6.73 13.28 3.43 6.19 19.44 5.19
change 0.77 7.25 1.87 0.688 -2.51 5.53 1.48 0.113

Sodium (mg) Baseline 2418.20 765.11 197.55 2195.07 6.52 1.74
4 weeks 2620.00 917.25 236.83 2951.86 9.99 2.67
change -201.80 1182.24 305.25 0.519 -756.79 965.59 258.07 0.012

Potassium (mg) Baseline 3513.13 2365.69 610.82 3101.79 637.23 170.31
4 weeks 3353.80 984.45 254.18 3623.71 788.59 210.76
change 159.33 2497.48 644.85 0.808 -521.93 828.91 221.54 0.035

Calcium (mg) Baseline 826.13 241.21 62.28 832.14 926.15 247.52
4 weeks 821.00 236.11 60.96 913.07 1193.16 318.89
change 5.13 213.39 55.10 0.927 -80.93 375.33 100.31 0.434

Magnesium (mg) Baseline 341.27 215.16 55.55 344.57 302.88 80.95
4 weeks 308.80 76.03 19.63 361.00 214.25 57.26
change 32.47 212.30 54.82 0.563 -16.43 104.79 28.01 0.567

Phosphorus (mg) Baseline 1318.80 226.05 58.37 1319.43 118.30 31.62
4 weeks 1287.40 236.03 60.94 1534.29 110.12 29.43
change 31.40 279.23 72.10 0.670 -214.86 375.15 100.26 0.052

Iron (mg) Baseline 11.97 4.51 1.17 13.26 452.55 120.95
4 weeks 12.85 2.82 0.73 14.83 616.92 164.88
change -0.87 4.52 1.17 0.466 -1.56 3.11 0.83 0.083

Placebo (PL) group (n=14)
Pomegranate Extract 

group (n=15)
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Variable

Copper (mg) Baseline 1.69 1.75 0.45 1.72 2.37 0.63
4 weeks 1.48 0.57 0.15 1.59 2.41 0.64
change 0.20 1.67 0.43 0.643 0.13 0.83 0.22 0.581

Zinc (mg) Baseline 8.72 2.52 0.65 9.35 0.81 0.22
4 weeks 7.92 2.08 0.54 9.65 0.48 0.13
change 0.80 2.93 0.76 0.306 -0.30 4.24 1.13 0.794

Chloride (mg) Baseline 3563.73 1093.48 282.34 3139.00 2.94 0.79
4 weeks 4006.40 1131.69 292.20 4471.86 3.59 0.96
change -442.67 1514.07 390.93 0.277 -1332.86 1470.25 392.94 0.005

Manganese (mg) Baseline 4.19 1.96 0.51 4.41 921.15 246.19
4 weeks 3.67 0.98 0.25 4.29 1241.55 331.82
change 0.52 1.73 0.45 0.266 0.12 1.59 0.43 0.790

Selenium (µg) Baseline 48.07 20.29 5.24 41.93 1.46 0.39
4 weeks 52.47 17.57 4.54 46.43 1.14 0.30
change -4.40 17.08 4.41 0.335 -4.50 17.14 4.58 0.344

Iodine (µg) Baseline 107.40 44.60 11.51 105.29 17.87 4.78
4 weeks 113.53 48.56 12.54 110.07 25.69 6.87
change -6.13 52.60 13.58 0.658 -4.79 44.50 11.89 0.694

Retinol (µg) Baseline 866.93 2133.39 550.84 433.71 509.11 136.07
4 weeks 224.27 124.20 32.07 287.21 100.86 26.96
change 642.67 2160.03 557.72 0.268 146.50 558.29 149.21 0.344

Carotene (µg) Baseline 4186.67 5289.45 1365.73 4047.43 2925.88 781.97
4 weeks 2031.53 1343.96 347.01 2344.71 1649.80 440.93
change 2155.13 5342.29 1379.37 0.141 1702.71 3153.16 842.72 0.064

Vitamin D (µg) Baseline 3.28 2.46 0.63 4.15 5.31 1.42
4 weeks 2.61 1.69 0.44 2.28 1.55 0.41
change 0.66 2.39 0.62 0.302 1.87 5.29 1.41 0.209

Vitamin E (mg) Baseline 9.27 4.21 1.09 9.86 4.55 1.22
4 weeks 10.91 2.63 0.68 11.67 3.97 1.06
change -1.64 3.49 0.90 0.091 -1.82 5.29 1.41 0.221

Thiamin (mg) Baseline 3.04 6.24 1.61 2.34 3.37 0.90
4 weeks 1.66 0.47 0.12 1.80 0.53 0.14
change 1.38 6.40 1.65 0.416 0.54 3.50 0.93 0.575

Riboflavin (mg) Baseline 1.65 0.85 0.22 1.67 1.15 0.31
4 weeks 1.72 0.47 0.12 2.04 1.44 0.38
change -0.07 0.75 0.19 0.726 -0.37 0.52 0.14 0.020

Niacin (mg) Baseline 18.68 6.89 1.78 19.43 11.23 3.00
4 weeks 24.47 7.79 2.01 27.22 17.11 4.57
change -5.79 6.29 1.62 0.003 -7.80 8.10 2.16 0.003

Potential Niacin (mg) Baseline 14.59 3.52 0.91 15.80 7.78 2.08
4 weeks 15.13 2.54 0.66 18.28 11.63 3.11
change -0.54 3.70 0.95 0.582 -2.48 5.12 1.37 0.093

Vitamin B6 (mg) Baseline 1.77 0.69 0.18 1.77 0.71 0.19
4 weeks 2.66 0.49 0.13 2.69 0.98 0.26
change -0.89 0.62 0.16 <0.001 -0.92 0.47 0.13 <0.001

Vitamin B12 (mg) Baseline 6.43 9.15 2.36 3.75 1.60 0.43
4 weeks 5.54 1.52 0.39 5.40 2.01 0.54
change 0.89 8.81 2.27 0.703 -1.65 2.44 0.65 0.025

Folate (µg) Baseline 235.60 71.37 18.43 242.36 74.43 19.89
4 weeks 255.40 108.35 27.98 271.29 59.82 15.99
change -19.80 86.00 22.21 0.388 -28.93 64.51 17.24 0.117

Pantothenate (mg) Baseline 4.83 1.56 0.40 4.68 2.30 0.61
4 weeks 5.60 1.37 0.35 6.21 3.66 0.98
change -0.77 1.65 0.43 0.093 -1.53 1.62 0.43 0.004

Biotin (µg) Baseline 45.01 40.17 10.37 39.39 23.25 6.21
4 weeks 33.96 12.85 3.32 41.32 18.65 4.98
change 11.05 42.57 10.99 0.332 -1.93 17.86 4.77 0.693

Vitamin C (mg) Baseline 104.53 77.48 20.01 110.36 60.21 16.09
4 weeks 132.33 144.63 37.34 124.50 40.21 10.75
change -27.80 88.50 22.85 0.244 -14.14 55.52 14.84 0.358

Placebo (PL) group (n=14)
Pomegranate Extract 

group (n=15)
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However, paired t-tests showed that participants in the PL group consumed 

significantly more fibre compared to those in the PE group over the study period. PE 

group mean intake was 21.20 (±1.54) g with a 95% CI from 18.05-24.36g. The PL 

group mean intake was 25.97(± 1.59) g and a 95%CI range from (22.7-29.24) g with 

ANCOVA showing a significant difference between the groups for fibre intake with 

F1,26 =4.65, p = 0.04.  

All other ANCOVA were not significant. ANCOVA for macronutrients of interest were: 

Carbohydrates: F1,26 = 0.219, p = 0.64; NMES: F1,26 = 3.59, p = 0.07; starch: F1,26 = 

0.02, p = 0.9; and sugars: F1,26 = 0.94, p = 0.34;  

The Department of Health (1991) have published information on Dietary Reference 

Values for men and women over a range of age groups. There have been more recent 

updates to these values e.g. vitamin D and energy requirements, and these can be 

found at the website for the Scientific Advisory Committee on Nutrition (SACN 2018). 

The information from this study could be useful for future researchers who may wish 

to explore the trial participants’ intake in more detail in the future.   

 RAND 36 Questionnaires 

Scores for the eight scales were calculated according to the summative method of 

calculating the mean of the items for each scale (Appendix 9.7) Scores for each scale 

ranged from 0 to 100, where a higher score reflected a more positive health state 

(Hays and Morales 2001).  

Independent t-tests showed that there were no significant differences between the 

placebo and PE groups at baseline. Paired t-tests (Table 3-8) for the PE group 

showed that significant improvements were found in five of the quality of life 

parameters between baseline and 4 weeks: physical functioning (p = 0.018), social 

functioning (p = 0.021), pain (p = 0.003), general health (p = 0.008) and overall rand 

score (p = 0.007). Tests for the placebo group found no significant differences other 

than emotional wellbeing, which was significantly improved (p = 0.016).  

ANCOVAS for each function showed no significant differences between the groups.  
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Table 3-8 - Health related quality of life (RAND-36) variables are shown as mean (±SD) scores. 
Differences are calculated from baseline-4 weeks. Paired t-tests were used to compare scores 
at baseline and at 4 weeks in PE and PL groups. *Significant scores are shown in bold 

 

3.5 Discussion 

 Strengths and limitations 

The design and implementation of this trial followed the guidelines and 

recommendations made by Welsh et al. (2011) about best practise when reporting 

human intervention studies to evaluate the health benefits of foods. The Consolidated 

Standards of Reporting Trials (CONSORT) guidelines for conducting and reporting 

parallel group randomised trials were also adhered to (Moher et al. 2010). This 

ensured that attention was paid to all aspects of the study from design and conduct 

to its analysis and interpretation. 

Data collection by one investigator within one trial centre ensured that a consistently 

high quality of data was collected. This also impacted positively on the recruitment 

RAND 36  

Baseline 4 weeks mean SD Sig Baseline 4 weeks mean SD Sig

Physical functioning
94.29 
(6.16)

96.07 
(6.56)

-1.79 6.08 0.292
92.33 
(8.84)

98.00 
(3.68)

-5.67 8.21 0.018

Role limitations due to 
physical health

80.36 
(36.92)

87.50 
(32.15)

-7.14 42.09 0.537
90.00 
(28.03)

94.17 
(14.07)

-4.17 27.41 0.565

Role limitations due to 
emotional problems

76.19 
(42.22)

88.10 
(21.11)

-11.91 36.08 0.239
70.01 
(30.99)

77.23 
(33.40)

-7.22 21.56 0.216

Energy/Fatigue
58.57 
(16.34)

58.57 
(13.51)

0.00 17.10 1.00
53.33 
(14.10)

60.00 
(16.70)

-6.67 16.11 0.131

Emotional well being
69.14 
(16.93)

76.93 
(10.72)

-7.79 10.47 0.016
65.33 
(13.91)

70.93 
(14.46)

-5.60 14.09 0.146

Social functioning
78.57 
(23.22)

89.29 
(12.84)

-10.71 25.41 0.139
80.83 
(14.07)

92.50 
(12.32)

-11.67 17.34 0.021

Pain
73.39 
(23.24)

82.68 
(15.30)

-9.29 22.50 0.147
76.67 
(16.92)

89.18 
(8.57)

-12.51 13.34 0.003

General health
71.43 
(12.62)

73.21 
(13.39)

-1.79 11.54 0.572
64.33 
(17.10)

71.00 
(16.17)

-6.67 8.38 0.008

Overall Rand
75.25 
(14.61)

81.56 
(7.93)

-6.31 12.94 0.091
74.12 
(10.70)

81.63 
(11.08)

-7.51 9.16 0.007

Quality of Life       
variables

Difference Difference

PLACEBO GROUP (n=14) POMEGRANATE GROUP (n=15)
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and retention of participants. The attrition rates for this study were excellent. Only one 

person assessed for eligibility was excluded, and another did not attend the first visit. 

There were no withdrawals from the groups after the start of the intervention.  

The intervention was assessed for compliance not only by counting the returned 

capsules at visits, but by analysing total polyphenols and FRAP in 24-hour urine 

samples as a biochemical marker for compliance. Despite the limitations related to 

this test discussed earlier, it may have provided a better indication of study adherence. 

Body fat percentage was also measured to indicate whether any recorded changes 

in weight were caused by an increase or decrease in fat mass. Food and alcohol 

diaries were used to compare pre and post energy intake which may have contributed 

to any anthropometry or body composition changes. Unlike many previous studies 

(Gbinigie et al. 2017), results for Pom-01 have been calculated for not only changes 

within, but also between intervention groups.  

At a ratio of 3:1, women were the dominant gender in both arms of the study, which 

was not randomised to account for either gender or age which may limit the 

generalisation of results. As participants were free-living, and it would have been 

unethical to limit polyphenol-rich foods for 4 weeks, there was an inability to control 

participants diet. Therefore, it cannot be ruled out that the consumption of other 

polyphenol-rich foods may have produced some effects or that the inter individual 

differences in the bioavailability of polyphenols might have affected the results 

(Cooper et al. 2008).  

A four-week pilot study may also not have been long enough to assess changes 

accurately in the selected biomarkers and is much shorter than the medium term (8-

12 week) interventions recommended to identify any changes in body weight and BMI 

(Jull et al. 2008).  

 Blood pressure 

The present study was conducted to investigate the cardio metabolic effects of 

consumption of PE, rich in biophenols, over a 4-week period in apparently healthy 

adults. Previous clinical studies have shown beneficial effects on CVD risk, for 

example, reduced SBP and improved insulin resistance (Lynn et al. 2012; Tsang et 

al. 2012). Previous clinical studies have found consumption of pomegranate juice to 

reduce SBP (Aviram and Dornfeld 2001; Chong et al. 2010). These studies have 

mainly involved participants at elevated risk of CVD and have used pomegranate juice 
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rather than extract. The present study suggests that PE consumption among healthy 

adults is beneficial in improving a variety of CVD risk factors. 

The PE group showed a significant drop of 4.75 (± 6.39) mmHg in SBP over 4 weeks 

and there was a slight SBP increase of 0.71 (± 10.21) mmHg in the PL group which 

was not significant. Diastolic BP reduced by 1.73 (± 4.95) mmHg in the PE group, and 

by 2.33 (± 5.16) mmHg in the PL group, but neither was significant. ANCOVA analysis, 

perhaps due to the large SDs, showed no significant differences between the groups 

for SBP or DBP, but the SBP differences within the PE group were encouraging – 

certainly enough to warrant continuing with an exploration of the effects of PE on BP 

in a larger study and providing the data to power it (Stockton et al. 2017).  

Lynn et al. (2012) considered that the underlying mechanism for the effect on BP was 

unclear, but that there was the possibility that the polyphenol content of the extract 

was responsible for the hypotensive effect. Recommending further study, they also 

concluded that pomegranate supplementation did have highly significant benefits for 

BP and that the effects which they observed on BP were similar in size to those 

achieved by dietary interventions of Na and K.  

The mechanism by which PE consumption reduced SBP may relate to its ability to 

decrease angiotensin-converting-enzyme (ACE) activity (secondary to its antioxidant 

properties) or potentially due to a direct effect on serum ACE activity (Aviram and 

Dornfeld 2001). If PE consumption in healthy, normotensive volunteers reduces blood 

pressure, it may ameliorate recognised cardiovascular risk factors in overweight and 

obese populations. The concurrent ability to decrease insulin resistance could be of 

benefit to those who suffer from non-insulin dependent diabetes, metabolic syndrome 

or obesity.  

 Cortisol and blood pressure 

The present study found a significant decrease in salivary cortisol levels in the PE 

group. A reduction in salivary cortisol levels may prove to be beneficial for people 

suffering from chronic stress. Cortisol is known to unfavourably influence BP and lipid 

profile as it can induce oxidative stress that has been linked to hyper insulinaemia and 

insulin resistance (Walker et al. 1992; Duclos et al. 2005). This might explain the 

findings that PE consumption has improved insulin resistance in our participants. 

Physiologically, cortisol is essential for the maintenance of blood glucose levels and 

its regulation. While it induces the liver to synthesise glucose by the process of 

gluconeogenesis if needed, it inhibits the effects of insulin. This action is vital to 
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maintain ample amounts of glucose for the brain in times of increased activity as the 

latter relies primarily on glucose for fuel (Stewart 2008). One objective of this study 

was to investigate whether the drop in blood pressure might be caused by inactivation 

of 11ß-HSD1 enzyme which converts cortisone to the active steroid, cortisol. Plasma 

cortisol is an important factor in BP regulation and can also exert negative effects on 

the cardiovascular system at an autocrine level. There are two isozymes of 11β-HSD 

that catalyse the inter conversion of active cortisol and inactive cortisone. 11β-HSD1 

is mostly abundant in liver and adipose human tissue. It functions mainly as an 

oxidoreductase converting cortisone to cortisol (Chapman et al. 2013). This study has 

shown that PE intake has the potential to inhibit 11β-HSD1 activity as is evident from 

the reduction in the cortisol/cortisone ratio in both urine and saliva. The role of this 

enzyme in hypertension has been previously reported, for example in the syndrome 

of apparent mineralocorticoid excess (Palermo et al. 1996; Edwards et al. 1988). It 

has also been suggested that selective inhibitors of 11β-HSD1 may lower blood 

glucose and HOMA-IR in type 2 diabetic animal models (Al-Dujaili et al. 2011). 

 Glucose, insulin and HOMA-IR 

The findings showed a significant decrease in HOMA-IR in the PE group at 4 weeks. 

It has been found that insulin resistance is associated with increased cardiovascular 

risk (Haffner et al. 2000). Evidence from a number of studies has shown that impaired 

insulin action is accompanied by atherogenic lipid profile i.e. that is elevated plasma 

levels of triglycerides and LDL cholesterol and decreased HDL cholesterol (Keska et 

al. 2013). Ferrannini et al. (2007) also related insulin resistance to reduced glucose 

tolerance and lower HDL cholesterol, higher free fatty acids, triglycerides and LDL-

cholesterol. The results of the present study do not support this - there were no 

changes in TC, LDL, HDL, and only a slight increase in triglycerides in the PE group 

- although a larger study with longer intervention period may find such an association.  

There was no significant impact found on glucose levels after PE supplementation 

and this result is similar to the findings from the systematic review and meta- analysis 

carried out by Huang et al. (2017) on the evidence of efficacy of pomegranate 

supplementation for glucose management, insulin levels and sensitivity. They 

concluded that although ‘significant heterogeneity’ was found for fasting blood insulin 

and HOMA-IR, it was difficult to identify factors influencing this and that overall, 

pomegranate intake did not exhibit a notably positive effect on improvements in 
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glucose or insulin metabolism. The researchers did not recommend pomegranate as 

a potential therapeutic strategy in glycaemic management. 

 NEFA 

Karpe et al. (2011) point out that there is a widespread acceptance in the literature 

that NEFA, or free fatty acids, can mediate many adverse metabolic effects, 

particularly insulin resistance. Elevated NEFA concentrations in obesity are thought 

to originate from adipose tissue mass increases. The differences between the groups 

NEFA levels were approaching significance. NEFA dropped in the PE group and 

increased significantly in the PL group, suggesting that PE may help to prevent NEFA 

levels rising and to assist in avoiding insulin resistance. There was also no significant 

difference in fat intake between the PE and PL groups. 

 Anthropometry and body composition 

No significant changes in body weight, upper arm circumference or BMI were 

observed in either study group over the 4-week intervention period. Waist 

circumference significantly decreased in both the PE and placebo group after 4 

weeks. Ferrannini et al. (2007) found that increased Waist circumference was related 

to higher blood pressure and serum triglycerides as well as LDL-cholesterol. 

In terms of body composition, there was a decrease in fat mass and an increase in 

fat-free mass found in both groups after 4 weeks. The slight increase in fat free (lean) 

tissue among participants in the PE group was significant with p = 0.009. The PL 

group exhibited a significant decrease in the fat percentage (p = 0.038) and a 

significant increase (p = 0.038) in percentage of fat-free (lean) tissue. This may reflect 

changes in participant behaviour (other than that prescribed by the trial protocol) 

known as the Hawthorn effect (Braunholtz et al. 2001).  

 Food and alcohol diaries 

Food and alcohol diary analysis showed that the difference in energy (kcal) consumed 

between the PE and PL groups pre-post study was not significant. ANCOVA 

confirmed that there were no significant differences between the groups for all other 

macronutrients (except fibre), despite some significant differences within each of the 

groups e.g. for carbohydrates, starches and sugars. Since the pre-post intakes were 

comparable, this suggests that the participants’ food intake did not have an effect on 

the biochemical and physiological measures studied (Al-Dujaili et al. 2016). The 
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placebo group consumed significantly more fibre than those in the pomegranate 

extract group over the study period. 

 Health related Quality of Life 

This study showed significant improvement in quality of life in the PE group from 

baseline to 4 weeks in overall RAND score and a variety of parameters indicating 

improvements in physical and mental health. The only significant improvement in 

HRQoL between baseline and 4 weeks in the placebo group could be due to the non-

specific effects of trial participation (McCarney et al. 2007). 

 Antioxidant status 

The question of bioavailability of pomegranate polyphenols remains controversial. 

Some authors have concluded that phenolic compounds such as those present in 

pomegranate are poorly absorbed and do not markedly contribute to antioxidant 

activity (Borges et al. 2010; Mena et al. 2012).  However, the majority of studies have 

shown demonstrable health benefits following the consumption of pomegranate juice 

or extract and attributed these to the biotransformation of pomegranate polyphenols 

(Gill et al. 2000; Kim et al. 2002; Seeram et al. 2005; Ignarro et al. 2006; Mertens 

Talcott et al. 2006; Seeram et al. 2006a). There is also now good evidence that 

ellagitannin metabolites such as urolithins A, B and C and their glucuronides and 

sulphates are biologically active (Bialonska et al. 2009; Thabane et al. 2010; González 

Barrio et al. 2011). 

Some studies of pomegranate supplementation have reported an increase in plasma 

total antioxidant status (Aviram et al. 2000 and 2004; Rosenblat et al. 2006; Guo et 

al. 2008).  However, there were no significant differences reported within or between 

the groups when assessing FRAP and polyphenol antioxidant activity. This may have 

been due to compliance issues around the 24-hour urine collection. Miler and 

Simundić (2013) found that more than half of their participants did not collect their 24-

hour urine sample properly, discarding some of their sample or not following collection 

timing instructions. 

Conversely, the PE paired t-test for serum TBARS, from blood samples, showed a 

significant reduction within the group and an increased level of TBARS in those taking 

the placebo, even though this was not significant. The TBARS ANCOVA indicated 

that there was a significant difference between the PE and PL groups, with a decrease 

in serum TBARS only in those taking the pomegranate extract. This may suggest that 
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the issue with total polyphenols and FRAP is not due to lack of compliance with 

pomegranate extract consumption, but with the urinary collection, since the serum did 

show the increased antioxidant effects expected (by reducing the TBARS 

level).TBARS indicate levels of damage by oxidative stress to lipids and since PE 

reduced these inflammatory markers, there is a possibility that since obesity is linked 

to increases in inflammation, then it could help in the battle against obesity (Lynn et 

al. 2012). A similar reduction in oxidative stress biomarkers was observed in the 

Hosseini et al. (2016) double-blind, placebo-controlled study on the effect of 30 days 

of oral PE capsule (1000 mg) supplementation on obese and overweight participants. 

The PE supplementation resulted in a significant decrease in mean serum levels of 

glucose, insulin, total cholesterol, LDL-C, and plasma MDA, IL-6 and hs-CRP which 

suggested that pomegranate extract consumption could reduce complications linked 

with obesity. 

A reduction in serum TBARS may also ameliorate cardiovascular risk. Walter et al. 

(2004) discovered that TBARS levels measured on coronary artery disease patients 

were predictive of cardiovascular events independently of blood pressure (systolic 

and diastolic), lipids (total cholesterol, HDL, LDL, and triglycerides), inflammatory 

markers, age, gender, and body mass index. Thus, elevated levels of serum TBARS 

were associated with increased cardiovascular risk.  

The type of polyphenols in pomegranate extract and their particular combination might 

have impacted positively on CVD risk measurements. The potential for synergistic 

effects of combing various types of polyphenols in a supplement may be even more 

protective against CVD. This phenomenon has been reported in the Pomi-T trial for 

anti-cancer effect in prostate cancer patients (Thomas et al. 2014). All the identified 

components in our study yield MS data that suggest that they are either ellagitannins 

or ellagic acid derivatives (Appendix 9.17). Identifications are supported by data from 

Mena et al. (2012) and Borges et al. (2010).  
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3.6 Conclusion 

This study was designed to provide a blueprint for a larger randomised controlled trial 

to follow up the exploratory findings. The aim of this trial was to conduct initial testing 

of the effect of PE on CVD risk factors, stress and quality of life in healthy human 

volunteers. 

The objective of this exploratory study was to recruit a large enough sample 

population in order to provide useful information about the aspects being assessed 

for feasibility and to identify any potential statistical trends and future directions 

(Thabane et al. 2010). 

These results suggest that an intake of pomegranate extract rich in biophenols 

reduces systolic blood pressure, cortisol levels, oxidative stress and may have an 

effect on body composition. PE might also ameliorate cardiovascular risk factors, 

reduce stress levels and improve perceived health related quality of life. The reduction 

in salivary cortisol levels may prove beneficial for people suffering from chronic stress. 

This may be due to the inhibition of 11 βHSD type 1 activity as evidenced by the 

reduction in the cortisol/cortisone ratio (Al-Dujaili et al. 2016) 

PE has the potential to provide a convenient, low cost and low-calorie intervention, 

compared to pomegranate juice, to benefit the population. With NCDs including 

cardiovascular disease and obesity being leading causes of mortality worldwide, and 

their high economic and personal costs, preventative measures such as dietary 

intervention are becoming much more important in the reduction of risk factors for 

these diseases 

This exploratory study has demonstrated that a larger double-blind, randomised, 

placebo-controlled trial investigating the effect of PE consumption on CVD risk factors, 

stress and quality of life in healthy human volunteers is justified. 
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 Satiety and pomegranate - Pom-01s.  
Chapter 4 explores the effect of pomegranate extract and juice on satiety parameters 

in human volunteers in a small-scale, nested study. 

4.1 Background and rationale 

 Design and Context 

This small-scale parallel satiety exploration study (Pom-01s) was conducted within 

the 4-week Pom-01 study discussed earlier (Stockton et al. 2015) which focused on 

investigating blood pressure, changes in insulin sensitivity (HOMA-IR), quality of life 

and stress hormone levels (cortisol/cortisone). Pom-01 was a randomised, double-

blinded, placebo controlled and parallel study where participants received either 

Pomanox pomegranate extract capsules rich in polyphenols (Euromed, Spain) or 

placebo capsules daily for 4 weeks. After 3 weeks, the satiety study (Pom-01s) was 

conducted over the morning and lunch time of one day. Pom-01s was also a 

randomised, parallel, placebo-controlled trial.  

The protocol of the Pom-01s study was approved by the Research Ethics Committee 

at Queen Margaret University (UK) and was performed under the declaration of 

Helsinki principles. The overall trial, Pom-01, during which this study took place, was 

registered in clinicaltrials.gov as NCT2005939 and is discussed both in CH3 and 

Stockton et al. (2015). 

 Satiety, appetite and weight control 

 Definitions  

Hunger is the conscious experience associated with the drive to eat and this is 

responsible for beginning and sustaining eating activity. This activity of consumption 

then initiates feedback which brings the meal to an end. The processes which occur 

during ingestion which end a meal are collectively referred to as satiation. Satiation 

takes place during a meal and determines the duration and size of a meal as well as 

how quickly it is consumed. Satiety occurs at the end of a meal which prevents further 

eating. Hunger, fullness, prospective consumption and desire to eat are the most 

consistently used appetite related dimensions in research (Halford and Harrold 2012). 
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 Appetite sensations 

Appetite control has been highlighted as one of the most important factors involved in 

the success of dietary treatment of obesity. It is known that appetite sensations play 

a key role in the control of energy intake (Murphy and Bloom 2006), and therefore in 

the control of body weight (Drapeau et al. 2007; Parra et al. 2008). Appetite is 

frequently referred to as a sensation related to maintenance of eating, often a desire 

for something specific, but here it is used as a general term of the overall sensations 

related to food intake. Drapeau et al. (2007) considered that appetite sensations were 

relatively useful predictors of spontaneous energy intake, free-living total energy 

intake and body weight loss. 

The sensation of hunger can be described as a nagging, irritating feeling that signifies 

food deprivation and the requirement for a meal, whereas ‘desire to eat’ may refer to 

a milder, pleasant feeling of appetite for a snack and fullness as a sensation of the 

degree of stomach filling (Sorensen et al. 2003). Prospective consumption or ‘how 

much can you eat?’ seems to be an easier and more concrete question than a more 

abstract question about hunger. These terms all relate to slightly different aspects of 

the motivation to eat and are commonly used in questionnaires measuring satiety 

(Stubbs et al. 2010; Clegg and Shafat 2010). 

Being hungry is cited as one of the main causes of breaking a diet and thus successful 

weight control regimes must cater for a decrease in energy intake while preserving 

high satiety levels. The negative physiological and psychological consequences of 

restricting food intake make weight reduction difficult. It appears that the public want 

dietary solutions that help avoid hunger and the sense of deprivation associated with 

restricted diets. Appetite control has been shown to be one of the most important 

factors involved in the success of dietary treatment of obesity. Research indicates that 

appetite may be regulated by free radicals and that dietary antioxidants could modify 

appetite by creating satiety (Stubbs et al. 2010). 

 Regulation of eating behaviour 

Humans eat not only to satisfy their appetite but also for many other reasons such as 

social pressures, sensory stimulation satisfaction, tension reduction, and boredom. 

Eating behaviours are determined by a complex mixture of hunger, cravings, social 

behaviours and hedonic sensations, which are in turn controlled by sophisticated 

physiological mechanisms (De Graaf et al. 2004). These are tightly regulated by 

homeostatic processes, involving the gastrointestinal tract with the nervous system; 
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the central nervous system and the enteric system or gut-brain axis (Mayer 2011). A 

variety of neuropeptides e.g. cholecystokinin (CCK) and ghrelin, plus hormone 

secretions such as leptin, mediate these processes and have been identified to 

influence food intake and therefore satiety (Ahima and Antwi 2008; Benelam 2009). 

Since obesity is a growing worldwide problem and satiation is directly linked with total 

energy intake, research is looking into possible strategies, including high 

antioxidant/polyphenol intake, to manipulate this mechanism in order to restrict food 

intake to ultimately prevent obesity (Hursel et al. 2011; Molan et al. 2007). 

 Satiation and satiety 

The processes generated by eating which end a meal are collectively referred to as 

satiation. It is satiation which determines the duration, size and rate of consumption 

of a meal (Blundell et al. 2001). Feelings of fullness are particularly potent at reducing 

further eating behaviour and are critical to satiation. It is usually assessed by the 

volume or weight of food eaten and its energy and macronutrient composition 

(Livingstone et al. 2000). 

Satiety is the suppression of further intake that occurs at the end of a meal, inhibiting 

further consumption. Satiety prevents consumption between eating episodes and 

delays the onset of the next substantive meal. It may be assessed in terms of its 

intensity (the amount of food consumed at a subsequent eating event) and strength 

(the duration of the suppression of hunger) (Halford and Harrold 2012).  

Taken together, the mediating processes involved in satiation and satiety (Figure 4-1) 

are often referred to as the satiety cascade. This satiety cascade provides the 

conceptual framework for experiments on the satiating effects of foods (Livingstone 

et al. 2000). It maps the biological systems underpinning the control of appetite onto 

the behavioural events and psychological experiences that determine meal to meal 

appetite control. The satiety cascade also highlights that sensory and cognitive factors 

are crucial in determining eating behaviour (Blundell et al. 2001). 

Both satiety and satiation are important in determining total energy intake (Benelam 

2009). Yeoman and Chambers (2011) state that one of the key measures of satiety 

is the degree to which increased energy before a meal results in reduced intake at 

that meal (energy compensation). If a food or drink can increase satiety and 

subsequently decrease the amount of energy ingested, then this could have a positive 

effect on weight management. 
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Figure 4-1 - Satiety cascade showing the relationship between satiation and satiety, and some 
mediating psychological and physiological processes (Blundell 2010) 

 

 The health benefits of pomegranate  

The pomegranate (Punica granatum L) is a widely cultivated fruit in India, Malaysia, 

Iran, Mediterranean countries and tropical Africa (Fadavi et al. 2005). The edible parts 

of pomegranate consist of the seeds and the juice (Al-Muammar and Khan 2012). 

The health benefits of pomegranate have been recognized throughout history and 

were mainly attributed to its high antioxidant capacity. The consumption of 

pomegranate juice has grown tremendously due to its reported health benefits 

(Ferguson and Danesi 2017). According to Gil et al. (2000) pomegranate contains 

high amounts of polyphenols, particularly tannins, anthocyanins and ellagic acid 

derivatives.  

According to Lai et al. (2012), some phytochemicals have been used to treat obesity 

as metabolic stimulants, appetite suppressants, and via regulation of glucose and lipid 

metabolism as well as targeting adipocyte differentiation. From both animal and in 

vitro studies pomegranate has been implicated in reducing inflammation (Kaplan et 

al. 2001), lipid peroxidation, oxidative stress, blood pressure (Aviram et al. 2008) and 

insulin resistance (McFarlin et al. 2009). Pomegranate may therefore have a 
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protective role against atherosclerosis, hypertension, cancer and diabetes type II 

(McFarlin et al. 2009). It has also been shown that intake of pomegranate juice (Tsang 

et al. 2012) and pomegranate extract (Stockton et al. 2015) reduced blood pressure, 

homeostasis model assessment of insulin resistance (HOMA-IR) and stress 

hormones.  

 Obesity and satiety 

In 2014, more than 1.9 billion adults were overweight worldwide, with over 600 million 

classified as obese. Three million adults die each year as a result of being overweight 

or obese and thus the impact of obesity on morbidity, mortality, and health care costs 

is extensive. It is universally recognised that both lifestyle and dietary habits are the 

key determinants in the prevalence of obesity (Gho et al. 2017). 

Yeoman and Chambers (2011, p.1410) suggested that “the world-wide increase in 

the prevalence of obesity and overweight has resulted in an urgent need to better 

understand the nature of satiety”. In the past decade, polyphenols have received 

special attention as potential complementary approaches in the management of 

obesity (Meydani and Syeda 2010). The continuous rise in obesity worldwide (World 

Health Organisation 2016) coupled with the lack of success of current approaches to 

weight management and the uncertainty around potential drug side effects have led 

to hopeful consumer interest in nutraceuticals or functional foods (Halford and Harrold 

2012). De Graaf et al. (2004) concluded from their research into biomarkers of 

satiation and satiety that the next important challenge in the field was to identify food 

ingredients which may have an impact on either satiety or satiation with the hope that 

such foods may assist consumers to maintain a healthy body weight. The capacity for 

specific foods and food characteristics to affect appetite such as feelings of hunger 

and satiety continue to be of interest e.g. Dansinger et al. (2005), particularly in 

relation to food consumption and weight management (Sadoul et al. 2012). 

 The role of pomegranate in obesity 

Pomegranate juice and pomegranate extracts have been previously reported to 

decrease food consumption and body weight in animals (Cerdá et al. 2003b; Lei et al. 

2007). In addition, a human study by González-Ortiz et al. (2011) demonstrated that 

the administration of 120 ml pomegranate juice daily for one month significantly 

decreased fat mass in adults, whereas there was a significant increase in weight, BMI 

and fat mass in the placebo group after the intervention. The significant difference in 

changes from baseline in fat mass between groups were: 1.1 (± 1.1)% for the placebo 



 

4-192 

group and -1.4 (± 3.0)% for the pomegranate group, (p = 0.01). They concluded that 

while the pomegranate juice trial administration did not modify insulin secretion or 

sensitivity in patients with obesity; ‘the natural evolution to increased weight and 

adiposity was halted’. 

The pomegranate fruit is a high source of polyphenols and has been suggested to 

reduce food intake and lower weight in limited animal and human studies. Polyphenols 

have been previously investigated in terms of their role in obesity management in 

animals, in vitro and to a lesser extent in humans. It has been suggested that they 

may reduce body weight and modify body composition through different mechanisms. 

Farhat et al. (2017) found that nine studies showed a significant decrease in weight 

(mean = 1.47; SD = 0.5 kg) and concluded that several of the studies indicated that 

polyphenols may be particularly effective in preventing small increases in weight 

during periods of overfeeding.  

It has been suggested that one of the mechanisms by which pomegranate can 

participate in the management of obesity is through regulating appetite (McFarlin et 

al. 2009). However, research investigating this association remains relatively limited.  

 Aims and objectives 

The aim of the study was to investigate the effect of pomegranate extract and juice 

on satiety parameters in healthy human volunteers.  

This was achieved by examining whether participants provided with a pomegranate 

juice rather than a placebo juice preload, altered their subsequent appetite or food 

intake, or their mood was affected.  

Outcome measures chosen were: the weight of food intake at the study lunch, Visual 

Analogue Scale (VAS) appetite ratings conducted during the period from before the 

preload through to post lunch consumption, diet diaries of food intake pre and 

postintervention and mood questionnaires. 

4.2 Methods and materials 

 Participants 

 Recruitment 

Volunteers were recruited through the university email research digest and by word-

of-mouth recommendation. Participants were provided with a written information 
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sheet about the study (Appendix 9.4) and were asked to sign a consent form before 

taking part in the study.  

Potential volunteers were individually briefed and also given the opportunity to ask 

any relevant questions and to discuss the study. This was followed by a general health 

screening assessment (Appendix 9.6) which included anthropometric measurements 

and details of personal habits (including alcohol, smoking, lifestyle and any weight 

changes), dietary habits, allergies and finally, medical and family history.  

 Inclusion and exclusion criteria 

The study was open to both men and women from 18-65 years old with a BMI of 

between 18-34.9 kg/m² and no history of diabetes or cardiovascular diseases. 

Exclusion criteria were: systemic disease including heart disease, diabetes, liver or 

kidney disease; abuse of drugs or alcohol; pregnancy or breastfeeding; heavy 

smokers; those with allergies to either pomegranate or the test foods; immunological 

conditions or a history of weight control management within the last 2 months. 

Another potential exclusion factor related to participants also being assessed for 

‘dietary restraint’ using factor 1 of the Three-Factor Eating Questionnaire (TFEQ) 

developed by Stunkard and Messick (1984) in a revised questionnaire (Appendix 9.8). 

Restrained eaters were not eligible for participation in this nested study. Smeets et al. 

(2009) and Parker et al. (2004) recommended that participants who recorded a score 

of ˃7, indicating that they may control their intake of food and would be unlikely to eat 

freely, should be excluded.  

 Visual analogue scales (VAS) 

Reviewing appetite and food intake methodology Blundell et al. (2010) concluded that 

visual analogue scales (VAS) were currently the most established tools to assess 

subjective appetite and that they were ‘‘…a sensitive, reliable and valid way to access 

relevant feeling states and motivations’’. VAS have often been used to measure 

subjective appetite sensations and their validity and reproducibility have been shown 

in several studies. Participant perceptions of hunger, fullness, desire to eat, and 

satiety were measured in this study using validated VAS (Flint et al. 2000; Wansink 

2004 and Smeets et al. 2009). Flint et al. (2000) concluded that VAS scores were 

reliable for appetite research and that reproducibility was good when ratings of 

appetite were made immediately one after another on the same test day.  
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The VAS used in Pom-01s (Appendix 9.12), consisted of horizontal lines of 100mm 

in length, with words anchored at each end expressing the most positive and negative 

rating of an appetite related characteristic i.e. 0mm = not at all and extremely = 

100mm. Participants were instructed to rate themselves by marking the scale at the 

point that was most appropriate to their feeling at that time. They made vertical marks 

on the printed lines and the distance from this point to the left end of the scale was 

measured in mm to provide a score for each of the appetite characteristics. 

Comparison of pomegranate and placebo scores for each of the four main responses 

reported provided subjective scores for each satiety measurement. A composite score 

of the VAS responses was used to report the overall subjective satiety scores for each 

treatment. As with Veldhorst et al. (2009), changes from baseline were calculated by 

subtracting the baseline score (at 0 min) from the score at a certain time point (starting 

at 15m and continuing through VAS time points until 120m). 

 Treatment 

Participants attended a first clinic visit for the overall exploratory study (POM-01) 

where baseline measurements were recorded, and they were randomised to 

pomegranate or placebo capsules. They also completed the Three-factor Eating 

Questionnaire. 

Participants were emailed with instructions for the satiety session and attended this 

second appointment 3 weeks after starting the Pom-01 study. Participants attended 

the lab in week 4 to complete this longer intervention, so scheduling this satiety visit 

in week 3 ensured that attendance commitment from each participant was no more 

than once a week. Participants were advised to follow their usual diets with no 

restrictions. However, fasting was required from 23.00h the evening before the study, 

except for water, and participants were requested to refrain from alcohol or extra 

physical activity on the previous day. Participants then arrived at the QMU food lab at 

prescheduled times between 8.30-9.30am. Timings were sequentially adjusted for 

later starting clinic sessions ( 

Figure 4-2). 

Participants were welcomed and instructed on the day’s procedure. Details of the 

day’s schedule for participants to follow remained on the whiteboard screen (similar 

to  

Figure 4-2) throughout the session. Participants then completed the PANAS mood 

questionnaire (Appendix 9.14) before breakfast was served and eaten. 
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Time Satiety study POM-01s intervention session 

8.30 

Participants complete mood questionnaire (no.1). 

Breakfast served and eaten. 60g Crunchy nut cornflakes; 150 ml semi-
skim milk; 250 ml pomegranate juice (PJ) or placebo (PL) 

3-hour 
Interval 

Participants fast and then return to the kitchen for the lunch session. 

11.30 

Participants start to complete satiety study pack with Visual Acuity 
Scales (VAS) no.1- the satiety baseline.  

The 250 ml PJ or PL preload was served and then participants 
complete satiety VAS no’s 2 & 3 which also asked them to rate the 
palatability of their drink. 

12.00 
Lunch was placed in dish at each participant table and they begin to 
complete VAS satiety pack. VAS 4 was completed before eating 
anything. 

12.05 
Participants consume 1 spoon of lunch then complete palatability VAS 
for food (VAS 5). Afterwards participants continue to eat lunch. 

12.15 
Complete VAS again but this time with extra single palatability question 
(VAS 6). A timer was used to prompt participants. 

12.30 Repeat above (VAS 7) 

12.45 Repeat (VAS 8) 

1.00 Repeat (VAS 9) 

1.15 Repeat (VAS 10) 

1.30 Repeat (VAS 11) 

1.35 Complete mood questionnaire (no. 2). 

 
Figure 4-2 – Timing schedule of intervention stages in the Pom-01s satiety study. If the start 

time varied then the rest of the timings were adjusted accordingly. 

Participants were randomised by independent technical staff using a randomisation 

site (Randomizer 2017) to receive either pomegranate juice or placebo (control) juice. 

The placebo juice was equivalent to pomegranate juice in both colour and energy. 

Participants consumed 250 ml of the juice at each meal i.e. with breakfast and then 

again 30 minutes before the lunch test meal. The trial was single blinded in terms of 

the juice provided to participants as the assessor provided these according to the 

randomisation schedule and therefore had knowledge of the content. However, the 

assessor did not know the participant allocation of Pomanox pomegranate extract or 
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placebo capsules. All drinks of each type and the meals were identical and freshly 

prepared by the assessor.  

Breakfast was provided on the intervention day to standardise pre-lunch food intake. 

Participants returned 3 hours after the breakfast start time for the lunch session. 

Fasting - drinking water only - was required by participants between breakfast and 

lunch meals. On returning to the lab at 11.30am, participants began to complete the 

provided Satiety Study Information Pack (Appendix 9.12). Participants were kept in 

this controlled kitchen lab environment while completing all VAS scores. Participants 

recorded their VAS scores at baseline (0 mins and VAS 1) from the start of the 

intervention, in the absence of food or juice, and then at 15-minute intervals for 120 

minutes (VAS 2-11). Consumption of the allocated preload juice took place 

immediately after recording the baseline VAS.  

The researcher rang a buzzer to alert participants to complete their VAS scale at each 

time point i.e. 0, 15, 30, 45, 60, 75, 90, 105 and 120 minutes. The main VAS questions 

were:  

 How hungry do you feel?  

 How strongly do you feel a desire to eat?  

 How satisfied do you feel?  

 How full do you feel right now? 

Additional VAS were used to examine the acceptability and palatability of both the 

juice and the test meal qualities, immediately after consuming them. If these scores 

were low for the meal, then this lack of appeal may have reduced normal eating 

behaviour and affected the validity of results.  

Questions asked about the meal and juice were:  

 How visually appealing is the meal/ juice? 

 How much do you like the smell of the meal/juice? 

 How much do you like the taste of the meal/juice? 

 How much do you like the texture of the meal/juice?  

 How palatable is the meal/juice overall? 
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Figure 4-3 - Kitchen lab prepared for lunch (Stockton 2012) 

The pre-weighed lunch portion was served after completion of the VAS at 30 minutes 

after the preload juice (pomegranate or placebo). Yeomans and Chambers (2011) 

and Livingstone et al. (2000) both recommend a 30 min delay between the preload 

and lunch as this has been shown to be an optimal time-period for detecting 

preloading effects using drinks. They qualify this by adding that a longer time interval 

is needed to measure post absorptive effects on satiety. The palatability of the test 

meal continued to be rated after the meal, within the VAS scales, from 45 minutes to 

120 minutes.  

Participants were instructed to eat ad libitum -freely - until ‘comfortable satisfaction’ 

eating as much or as little as they liked of the lunch meal until they were comfortably 

full. As participants were completing VAS scales over a fairly long 2-hour period, 

participants were also provided with a stainless-steel jug containing 500mls of water 

which they could drink as required (Berti et al. 2005). They were also able to talk, as 

long as the conversation didn’t involve food, appetite or their rating scores. When 

participants finished the meal, the time taken to eat the meal was recorded and the 

plates were removed and weighed again to the nearest 0.1g. This provided the actual 

food weight consumed. De Graaf et al. (2004) considered that appetite could be 
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measured by actual food intake; i.e. that the amount of food eaten, when measured 

under standardized conditions, could be considered as a measure or post-hoc 

indicator of appetite.  

 Breakfast and lunch meals 

The breakfast meal (432 kcal) consisted of 60g of Kellogg’s Crunchy Nut Cornflakes 

cereal (243kcal), 150ml of semi-skimmed milk (69 kcal) and 250 ml of either 

pomegranate or control juice (120 kcal). 

The lunch meal consisted of 1.0 kg of pasta and sauce and was served hot. The 

energy and nutrient composition of the meal is summarized in Table 4-1. The pasta 

and sauce comprised 500g cooked weight of pasta - Morrison’s Italian Pasta Twists 

(100% durum wheat semolina) plus 500g of a pre-prepared pasta sauce (Tesco 

Bolognese Sauce - a vegetarian tomato sauce with garlic and herbs). 

The choice of this food quantity was based on a trial run carried out on four 

participants provided with the test meal to eat. Up to 1.0 kg of pasta and sauce was 

consumed. The Rolls et al. (2002) study investigating portion sizes of food also 

showed that participants can eat up to one 1 kg of pasta at lunch time.  

A foil cover was supplied with the oven-to-table food serving dish and was used to 

keep all of the food hot until eaten. A smaller food serving size was decided against 

as the cue of an empty dish could prompt meal termination (Burger et al. 2011). The 

test meal was of a homogeneous nature so that macronutrient and energy intake 

could be determined easily (Astbury et al. 2010).  

Table 4-1 - Nutritional composition of the constituents of the lunch meal consumed during the 
Pom-01s study. 

Nutritional 
composition 

Pasta 
(500g cooked) 

Pasta sauce 
(500g) 

Total meal 
composition 

Energy (Kcal) 765 220 985 
Protein (g) 28 9 37 
Carbohydrates 
(g) 138.5 39.5 178 
Sugars (g) 3.5 35 38.5 
Fat (g) 8.5 3 11.5 
Saturated (g) 2.5 0.5 3 
Fibre (g) 12 9 21 
Sodium (g) Trace 2 2 
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 Food and drink diaries  

A Food and Drink Diary (Appendix 9.15) was used to account for dietary habits or 

changes which may have influenced the study results. The three-day diet diaries were 

completed on two occasions - once before the study began and then for the days 

preceding, during and after the lunch intervention. One of the key measures of satiety 

is considered to be the degree to which increased energy before a meal results in 

reduced intake at that meal (Yeomans and Chambers 2011). These measures aimed 

to show whether or not there had been any energy displacement in the diet due to 

consuming the juice. If there was no displacement, then dietary intake should remain 

constant. Halford and Harrold (2012, p.352) discussed the science and regulation of 

functional foods for weight management: 

“….With regard to appetite control….effects on appetite should be accompanied 

by corresponding reductions in energy intake. These effects on appetite should 

be sustainable. Sustainability is in part determined by the absence of 

compensation…..It is not sufficient for a food to reduce energy intake at a 

subsequent ad libitum meal if over-consumption then occurs at later eating 

opportunities” 

In order to monitor for this potential effect, the participant 3-day diet diary 

encompassing the study day was compared to the pre-intervention consecutive 3-day 

diet diary. For consistency, they were both kept over the same days of the week. 

Energy and macronutrient intakes were analysed using the NetWISP dietary software 

package (V 4.0). Training was provided on how to complete the food diary. (Astbury 

et al. 2010). 

 Mood questionnaire 

The Positive Affect Negative Affect Schedule (PANAS) questionnaire aimed to 

establish the effects of Pomanox and pomegranate juice intake, compared to placebo, 

on mood and general well-being. This PANAS questionnaire, is the original, shorter 

version of the more recent PANAS-X questionnaire. They were developed by 

researchers at the Department of Psychology and Brain Science at the University of 

Iowa to evaluate general stress levels and wellbeing during daily life. 

Watson and Clark (1999; p.1) discuss the fact that two overarching factors, usually 

referred to as Positive Affect (PA) and Negative Affect (NA), are now considered “the 

dominant dimensions of emotional experience”. They point out that these factors have 
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been consistently identified in analyses, emerging across differing cultures, time 

frames, response formats and languages. 

To measure these factors, Watson et al. (1988) developed the Positive and Negative 

Affect Schedule (PANAS). The PANAS consists of two 10-item scales for PA and NA, 

respectively (Appendix 9.14). The authors considered that these two general 

dimensions account for most of the variance in self-rated affect i.e. for around one-

half to three-quarters of the common variance in mood terms. Preliminary reliability 

and validity analyses indicated that 10 terms were sufficient for both the Positive and 

Negative Affect scales. Negative Affect terms were afraid, scared, nervous, jittery, 

irritable, hostile, guilty, ashamed, upset and distressed. Positive Affect terms were 

active, alert, attentive, determined, enthusiastic, excited, inspired, interested, proud 

and strong (Watson and Clark 1999). Participants were asked to complete a form 

indicating to what extent they felt that way right now, in that moment and to mark the 

most appropriate score category i.e. Very slightly/ not at all; A little; Moderately; Quite 

a bit or Extremely. 

 Pomegranate and placebo juice 

The pomegranate juice, PomeGreat PurePlus (supplied by RJA Foods, UK), was 

given to participants both at breakfast and then 30 minutes before the test meal.  

The placebo juice was a commercial drink, Sainsbury’s Apple and Blackcurrant 

Squash (Sainsbury Groceries, Edinburgh, UK), which contained 10% fruit juice and 

only natural colours and flavours. Ingredients were: Water, sugar, fruit juices from 

concentrate (apple 9% and blackcurrant 1%); glucose-fructose syrup; citric acid; 

natural flavourings; natural colour - anthocyanins and preservatives - potassium 

sorbate and sodium metabisulphite.  

To make the placebo juice, one part of squash (200ml) was diluted with 4 parts of 

water (800mls total which included 110g of dissolved white sugar), as recommended 

by the manufacturer. The addition of sugar ensured that the energy content of the 

placebo juice was equivalent to the pomegranate juice. The nutritional and polyphenol 

content of the pomegranate and placebo juices are summarised in Table 4-2. 
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Table 4-2 - Nutritional and polyphenol composition of pomegranate/placebo juice with 
polyphenols measured in Gallic acid equivalent/L (GAE/L) 
 

Nutrients (per 250 ml) 
Pomegranate 

juice 
Control juice 

Energy (Kcal) 120 120 

Protein (g) 0.6 Trace 

Carbohydrates (g) 23.2 45.5 

Fat (g) Trace Trace 

Fibre (g) Trace Trace 

Polyphenols (mg GAE/L) 842.5 Negligible 

 
 

Consumption of juice at each meal was 250 ml, making the total ingested 500ml. The 

quantity of beverage required was based upon findings from human research which 

indicates that the recommended amount of polyphenols per day is 1-2g as GAE/day 

(Scalbert and Williamson 2000). In this study participants were given 842 mg GAE/L 

which is under the daily dose, even with the additional polyphenols (538mg) from the 

PE. The Tsang et al. (2012) study where volunteers consumed 500ml of PJ daily for 

4 weeks leading to significant decreases in both systolic and diastolic blood pressure, 

suggested that this dosage was safe, sustainable and therapeutic.  

The drinks were equivalent for colour and energy. They were served in black 

containers so that no difference could be observed between the pomegranate and 

control juice. This disguised the slightly different appearance and viscosity of the 

liquids. The PJ was thicker and slightly cloudy. 

 Pomegranate extract and placebo capsules 

The pomegranate extract capsules and placebo capsules appeared identical, each 

weighing 1.08g. The pomegranate capsule contained a 100% natural concentrated 

extract of the whole pomegranate (POMANOX®) and maltodextrin. Each capsule 

contained: 210 mg punicalagin (the recommended daily intake to provide the 

beneficial effects of these antioxidants); 328 mg other pomegranate polyphenols (e.g. 

flavonoids and ellagic acid) and 0.37 mg anthocyanins. The placebo capsule 

contained maltodextrin to provide the same energy content as the PE capsules (6.52 

kcal per capsule).  
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4.3 Statistical analysis  

Data were analysed using SPSS for Windows® version 21.0 (IBM Corp 2012). 

Continuous normally distributed data were expressed as mean ± SD. Normality of all 

data were examined using the Shapiro–Wilk test. Differences in baseline 

characteristics between groups were explored using independent t-tests or Mann-

Whitney when the data was non-parametric. Data are generally presented as means 

± SEs unless otherwise indicated. 

Myles et al. (1999) considered whether the VAS score was linear or nonlinear i.e. 

whether the VAS score was ratio or ordinal data. They concluded that the VAS was 

linear and that the VAS scores can be treated as ratio data. Thus, a change in the 

VAS score represents a relative change in the magnitude of appetite sensations and 

supports use of parametric tests when analysing VAS scores. 

VAS for subjective ratings of hunger, desire to eat, satisfaction and fullness during the 

120 min post prandial period were analysed using a mixed two-way model Analysis 

of Variance (ANOVA) with time (15, 30, 45, 60, 75, 90, 105, 120 min) as the within-

subject factor, and treatment type (pomegranate capsules/placebo capsules) as the 

between-subject factor. To control for any potential effect arising from the 

consumption of juice prior to the ad libitum meal, a 3-way mixed ANOVA was carried 

out including the type of juice (pomegranate or placebo juice) as an independent 

variable.  

Food intake at the test meal was calculated from the amount of food (g) eaten at the 

ad libitum meal. Energy intake (kcal), and macronutrient intakes i.e. protein, fat and 

carbohydrate were expressed in g and calculated from diet diary data input using 

NetWISP 4 (Tinuviel Software 2006). Differences in energy and macronutrients were 

assessed using paired t-tests. Significant changes were set at p≤ 0.05.  

This study aimed to conduct a preliminary testing of the potential roles of pomegranate 

extract and juice in inducing satiety and reducing food intake. It is also important to 

remember that the focus of a small sample size study is on feasibility goals, and 

therefore descriptive statistics, and emphasis should not be placed on statistical 

significance (Altman and Bland 1995). 
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4.4 Results 

 Participants 

Among the 30 volunteers who responded to the advert, and were eligible for the study, 

only one participant dropped out and did not attend the initial appointment. The 

remaining participants were randomised between pomegranate and placebo capsules 

and all participants completed the study. The twenty-nine participants (7 males and 

22 females) consumed either a pomegranate extract (n=15) or a placebo extract 

(n=14) for 4 weeks. Mean BMI was 25 ± 4 kg/m² ranging from 19-32 kg/m². Mean age 

was 34.5 ± 14 years ranging from 19-62 years. 

No adverse events were reported. The characteristics of study participants are 

summarised in Table 4-3. There were no significant baseline differences in age (p = 

0.51) and BMI (p = 0.72) between the 2 groups. 

 

Table 4-3 - Baseline characteristics of PE and PL groups randomised to Pom-01s study. 
Reflected as mean and standard deviation values. 

 
Characteristic 

Pomegranate 
capsule group mean 
(SD) 

Placebo capsule 
group mean (SD) 

Age (years)  36.5 (14.6) 32.6 (12.9) 

Gender (M/F)  4/11 3/11 

Height (m) 1.66 (0.06) 1.70 (0.09) 

Weight (kg) 70.01 (13.7) 72.01 (12.0) 

BMI (kg/m2)  25.3 (4.5) 24.8 (3.4) 

 
 
Study participants were further randomised to PJ and PLD groups. The A-D group 

numbers were uneven due to the initial randomisation process concealing the initial 

capsule allocation and the study could not be unblinded until after completion. This 

meant that although there were an equivalent number of participants randomised to 

the PE (n=15) and PL(n=14) groups in Pom-01 and thus the preload for this study, 

there were an uneven number of participants consuming each type of juice drink. 

Seventeen participants had an acute preload of PJ and 12 had the placebo drink 

intake. This could be remedied in the future through careful understanding of what is 

required throughout the blinding process. 
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Figure 4-4 - Flow diagram of the enrolment and randomisation of Pom-01s 

 

 Three factor Questionnaires 

Participants who recorded a score of ˃7, which indicated that they were unlikely to 

eat freely, were to be excluded from the study. However, all participant results were 

less than this value (with a mean score of 5) and so all registered participants were 

eligible to take part. 
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 VAS results  

 

Data recorded from VAS scores showed with paired t-test analysis that there was a 

trend towards lower levels of hunger and a desire to eat as well as higher levels of 

fullness and satisfaction in the pomegranate capsule group drinking pomegranate 

juice compared to those who had placebo priming.  

 

The trends are illustrated within the graphs and associated data tables below (Figure 

4-4 to Figure 4-14) for each appetite characteristic and palatability. Data show the 

mean differences in VAS scores for pomegranate juice with pomegranate or placebo 

capsule priming at different time points ranging from 0-120 min. The pomegranate 

juice was served at 0 min and the ad libitum meal at 30 min. Changes from baseline 

data were adopted to normalize for the differences in the basal values. 
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 Hunger 

 

Figure 4-4 - Change in hunger from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PJ intake. Results are expressed as 
mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract, 
PL=placebo capsules, PJ=pomegranate juice. There were no overall significant differences 
between the groups (p=0.11). 

Participants were less hungry after consuming pomegranate juice with a priming of 

pomegranate capsules at 30-90 mins, than those who consumed pomegranate juice 

with a priming of placebo capsules. 

Table 4-4 - Change in hunger from baseline (mmVAS) over 120 minute lunch meal period after 
4 week pomegranate extract and placebo capsule consumption and acute PJ intake. Results 
are expressed as mean (SE). * PJ=pomegranate juice.  
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Figure 4-5 - Change in hunger from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PLD intake. Results are expressed 
as mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract,, 
PL=placebo capsules, PLD=placebo juice drink. There was an overall significant difference 
between the groups (p=0.02). 

 

Consumption of PLD with the PL priming in this case leads to participants being less 

hungry than those who consumed the PLD with pomegranate capsule priming. 

 

Table 4-5 - Change in hunger from baseline (mmVAS) over 120 minute lunch meal period after 
4 week pomegranate extract and placebo capsule consumption and acute PLD intake. Results 
are expressed as mean (SE). * PLD=placebo juice drink. 
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 Desire to eat 

 

Figure 4-6 - Change in desire to eat from baseline (mmVAS) over 120 minute lunch meal 
period after 4 week PE and PL capsule consumption and acute PJ intake. Results are 
expressed as mean (SE), with standard errors represented by vertical bars. *PE, pomegranate 
extract, PL=placebo capsules, PJ=pomegranate juice. There was an overall significant 
difference between the groups (p<0.001) with the desire to eat being significantly less in the 
PE group. 
 

The desire to eat was less at all time points in participants who had taken 

pomegranate capsules with pomegranate juice before lunch compared to those who 

had the priming of placebo capsules with pomegranate juice. 

Table 4-6 - Change in desire to eat from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week pomegranate extract and placebo capsule consumption and acute PJ intake. 
Results are expressed as mean (SE). * PJ=pomegranate juice 
 

 

-70.00

-60.00

-50.00

-40.00

-30.00

-20.00

-10.00

0.00

10.00

20.00

0 30 60 90 120 150

Ch
an

ge
 fr

om
 B

as
el

in
e 

(m
m

 V
AS

)

Time (mins)

PE and PJ PL and PJ

Mean SE Mean SE 
15 -18.22 4.45 -13.00 6.75
30 -9.89 6.51 10.13 6.94
45 -57.56 6.11 -39.00 10.06
60 -54.89 4.78 -36.75 15.91
75 -56.56 6.24 -35.25 12.99
90 -53.56 6.29 -37.75 9.35
105 -46.00 9.26 -33.75 12.43
120 -40.00 10.34 -36.13 8.22

Time 
(mins)

Desire to eat

Pomegranate Placebo

 Mean change from baseline (mm VAS) with PJ preload



 

4-209 

 

 

Figure 4-7 - Change in desire to eat from baseline (mmVAS) over 120 minute lunch meal 
period after 4 week PE and PL capsule consumption and acute PLD intake. Results are 
expressed as mean (SE), with standard errors represented by vertical bars. *PE, pomegranate 
extract, PL=placebo capsules, PLD=placebo juice drink. There were no statistical differences 
between the groups (p=0.77). 

 

There was marginally less of a desire to eat in the PE rather than the PL group with 

the placebo drink, until 60 minutes when the results were similar. The 60 minute time 

point occurs just after consumption of the meal. From 105 and 120 mins, which was 

some time after the meal, the PL group showed less of a desire to eat. 

Table 4-7 - Change in desire to eat from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week pomegranate extract and placebo capsule consumption and acute PLD intake. 
Results are expressed as mean (SE). * PLD=placebo juice drink 
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 Satisfaction 

 

Figure 4-8 - Change in satisfaction from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PJ intake. Results are expressed as 
mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract, 
PL=placebo capsules, PLD=placebo juice drink. There were no statistical differences between 
the groups (p=0.07). 

These results suggest that the PE group with the pomegranate juice preload is 

generally more satisfying than the PL group with the pomegranate juice preload, 

specifically after consuming lunch (after 30 minutes). 

Table 4-8 - Change in satisfaction from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week pomegranate extract and placebo capsule consumption and acute PJ intake. 
Results are expressed as mean (SE). * PJ=pomegranate juice 
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Figure 4-9 - Change in satisfaction from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PLD intake. Results are expressed 
as mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract, 
PL=placebo capsules, PLD=placebo juice drink. There were no statistical differences between 
the groups (p=0.07). 

 

Satisfaction for PE and PL groups consuming the placebo drink are similar until after 

60 minutes when the PL group were more satisfied until 120 minutes. 

 

Table 4-9 - Change in satisfaction from baseline (mmVAS) over 120 minute meal period after 
4 week pomegranate extract and placebo capsule consumption and acute PLD intake. Results 
are expressed as mean (SE). * PLD=placebo juice drink 
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 Fullness  

 

Figure 4-10 - Change in fullness from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PJ intake. Results are expressed as 
mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract, 
PL=placebo capsules, PJ=pomegranate juice. The PE group experienced significantly more 
fullness than the PL group with PJ (p=0.02). 

Participants in the PE group consuming pomegranate juice felt less full before lunch 

that the PL group. However, the PE group experienced more fullness than those in 

the PL group as lunch progressed (from 30 mins) until 120 minutes. 

Table 4-10 - Change in fullness from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week pomegranate extract and placebo capsule consumption and acute PJ intake. 
Results are expressed as mean (SE). * PJ=pomegranate juice 

 

0

10

20

30

40

50

60

70

0 30 60 90 120 150

Ch
an

ge
 fr

om
 B

as
el

in
e 

(m
m

 V
AS

)

Time (mins)

PE and PJ PL and PJ

Mean SE Mean SE 
15 16.22 4.31 20.20 3.07
30 3.78 4.95 9.00 6.67
45 56.11 5.60 36.00 7.53
60 55.44 6.07 36.38 8.12
75 52.22 6.47 42.38 7.70
90 52.00 6.46 40.38 6.16
105 50.20 8.26 39.75 7.24
120 52.80 7.22 40.63 6.19

Fullness
Time 

(mins)
 Mean change from baseline (mm VAS) with PJ preload

Pomegranate Placebo



 

4-213 

 

 
 

Figure 4-11 - Change in fullness from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week PE and PL capsule consumption and acute PLD intake. Results are expressed 
as mean (SE), with standard errors represented by vertical bars. *PE, pomegranate extract 
PL=placebo capsules, PLD=placebo juice drink. There were no significant differences between the 
groups (p=0.58) 

The results from both groups with the PLD are similar. The PE group with PLD 

preloading provides more of a sense of fullness at 15 mins and then at 75 minutes. 

However, placebo juice with pomegranate capsule priming creates more fullness from 

30-60 minutes with the groups being comparable thereafter.  

Table 4-11 - Change in fullness from baseline (mmVAS) over 120 minute lunch meal period 
after 4 week pomegranate extract and placebo capsule consumption and acute PLD intake. 
Results are expressed as mean (SE). * PLD=placebo juice drink 
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 Meal quality 

Five meal quality ratings were recorded during VAS 5 (at the 35 minute time period). 
All qualities were rated above 60% suggesting that the meal qualities would not have 
adversely affected eating behaviour. Paired t-tests showed that there was a significant 
difference between the groups (p = 0.001). The group who consumed pomegranate 
juice rated all of the meal qualities and the total meal quality more highly (72.9 ± 12.7g) 
than those who consumed the placebo juice (63.8 ± 5.5g). 

 
 
Figure 4-12 - Meal quality ratings for the pomegranate and placebo juice preload. All meal 
qualities in the pomegranate juice group were rated more highly than the placebo juice. The 
PJ group liked the smell of the meal significantly more than the PL juice (p=0.02). Results are 
expressed in mean mmVAS. * PJ=pomegranate juice drink, PLD=placebo juice drink. 

Total meal quality was a composite score derived from the quality means (visual 
appeal, liked smell, liked taste, liked texture and perceived overall palatability /5). All 
meal qualities in the pomegranate juice group were rated more highly than the 
placebo juice, however, ‘liked smell’ (p = 0.024) was the only individual meal quality 
which was significantly greater for the pomegranate juice compared to placebo juice 
in the paired t-tests. 

Table 4-12 - VAS ratings for aspects of meal quality (mmVAS) for pomegranate and placebo 
juice after 4 week pomegranate extract and placebo capsule consumption. Results are 
expressed as means 

Meal quality
Pomegranate juice 

mean (mmVAS)
Placebo juice mean 

(mmVAS)

Visual appeal 67.18 62.17

Liked smell 74.53 64.50

Liked taste 74.82 61.67

Liked texture 71.76 63.08

Overall palatability 76.12 67.50
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 Meal palatability 

 

Figure 4-13 - Meal palatability ratings over 120 min lunch period for PE and PL group with PJ 
preload. Results are shown in mean mmVAS with vertical standard error bars. The meal was 
rated significantly more highly (p=0.05) by the PE group with the PJ preload than those in the 
PL group. 

These ratings were taken over the entire lunch period of 120 minutes. There was a 

significant increase in palatability ratings for the lunch meal. The meal was rated 

significantly more highly (p<0.05) by PE participants who drank the pomegranate juice 

(23.99 ± 8.9 mm) than those in the PL group (15.91 ±12.07 mm). 

Table 4-13 - VAS ratings for meal palatability (mmVAS) after 4 week pomegranate and placebo 
capsule consumption with pomegranate juice preload. Results are expressed as means in 
mmVAS with standard errors 
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 Mean change from baseline (mm VAS) with PJ preload

Pomegranate Placebo
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Figure 4-14 - Meal palatability ratings over 120 min lunch period for PE and PL group with PLD 
preload. Results are shown in mean mmVAS with vertical standard error bars. There were no 
significant differences between the PE and PL groups. *PLD: placebo drink 

These ratings were taken over the entire lunch period of 120 minutes. Those in the 

PE group found the meal more palatable until just after 60 minutes and then this trend 

reversed until 120 minutes. However, there were no significant differences in 

palatability ratings for the lunch meal between the groups. 

Table 4-14 - VAS ratings for meal palatability (mmVAS) after 4 week pomegranate and placebo 
capsule consumption with PLD preload. Results are expressed as means in mmVAS with 
standard errors.*PLD: placebo drink 
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 ANOVA analysis of satiety VAS 

ANOVA analysis of VAS showed that there was no statistically significant interaction 

between time and type of capsule on recorded levels of hunger (F (3.5, 96) = 1.4, p = 

0.24), desire to eat (F (3.9, 106) = 1.5, p = 0.2), satisfaction (F (4.4, 118) = 0.53, p = 

0.73) and fullness (F (3.6, 96) = 2.1, p = 0.09).  

To control any potential effect arising from the consumption of juice prior to the ad-

libitum meal, a 3-way mixed ANOVA was carried out including the type of juice 

(pomegranate or placebo control) as an independent variable.  

Results showed no significant effect of the type of juice (pomegranate or control) on 

recorded levels of hunger (F (3.5, 88) = 1.4, p = 0.24), desire to eat (F (4.1, 103) = 

0.58, p = 0.69), satisfaction (F (4.6, 114) = 1.8, p = 0.12) or fullness (F (4.1, 102) p = 

0.8). Furthermore, there was no significant difference in the overall palatability of the 

meal and the juice between the 2 groups (p = 0.21 and p = 0.98, respectively).  

The fact that there were no significant results in the ANOVA may also be due to the 

huge differences in baseline which had to be normalised. 

 Meal food consumption 

The food consumption data were tested for normality using the Shapiro Wilk test, 

which was most appropriate as n˂50. The consumption data were not normal and 

thus categorized as non-parametric data. The hypothesis was that a pomegranate 

pre-load would reduce food consumption at a meal. The Mann-Whitney test showed 

that there was no significant difference between the groups in the times taken for 

satiety to be achieved. However, there was a significance difference in the weight of 

food consumed between the pomegranate and placebo juice groups (p = 0.05).  

Consideration of the descriptive statistics in Table 4-11 indicate that the mean (±SD) 

and median weights of food consumed in the pomegranate juice preload group (447 

±110 g and 475 ± 388 g) were lower than those of the placebo juice preload group 

(574 ± 169g and 525 ± 569 g) for the test meal. The hypothesis was that a 

pomegranate juice pre-load would reduce food consumption at a meal.  
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Table 4-15- Descriptive statistics for weight of food consumed (g) in PJ and PLD preload 
groups after 4 week consumption of PE and PL capsules 
 

 

 
However, ANOVA showed that there was no significant difference in the amount of 

foods consumed between participants who had the pomegranate capsule priming 

(521 ± 115 g) compared to placebo capsule priming (476 ±180 g) (p= 0.11). The SD 

were high in both groups. In addition, there was no significant effect of the type of 

juice on the amount of foods consumed in the pomegranate capsule group (p= 0.11) 

and the placebo capsule group (p = 0.94). Thus, there was no effect of treatment on 

ad libitum eating.  

 

 Food and drink diaries 

Independent t-tests for the groups at baseline showed no significant differences 

between the groups in terms of their energy and macronutrient intake.  

Paired t-test analysis comparing the intervention food diary to the baseline food diary 

showed a significant pre-post increase in carbohydrate and sugar intake for both the 

pomegranate and the placebo groups (Table 4-12). Mean (±SD) values of pre-post 

differences are reflected with p values of these changes. PE carbohydrate was (64.78 

± 30.69g, p< 0.001) and PE sugars were (27.67 ± 30.17g, p= 0.003). The PL 

carbohydrate was (58.52 ± 80.59g, p = 0.018) and PL sugars were (20.09 ± 29.12g, 

p = 0.023).  

This rise may have been due to the high carbohydrate content of both the study 

breakfast and lunch. However, the increases did not significantly affect the total 

energy intake in either the pomegranate group or the placebo group with mean 

differences from baseline of PE = 196 ± 389 kcal, p= 0.07 and PL = 279 ± 629 kcal, 

p= 0.12). 

 

Group Mean SD SE Median Range Min Max

Pomegranate 
juice preload

447 110 27 475 388 247 636

Placebo juice 
preload

574 169 49 525 569 431 1000

Weight of food consumed at meal (g)
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Table 4-16 - POM-01 energy expenditure and macronutrient intake baseline and 4-week post 
study values for PE and PL groups with differences (baseline-4 weeks). Results are expressed 
in means with SD and SEM and p values. There were significant increases in carbohydrates 
(p<0.001) sugars (p=0.003) and starch (p=0.001). 
 

 

 

 PANAS Mood Questionnaires 

Half of the PANAS questionnaire items measures positive emotions, and the other 

half measures negative emotions. Each half can be scored separately or combined 

for overall mood status. In terms of positive affect scores, a higher score indicates a 

more positive affect, or the extent to which the individual feels enthusiastic, active and 

less stressed.  

Similarly, a higher score for negative affects indicates more negative affect, or the 

extent to which the individual feels aversive mood states and general distress. Mean 

Positive Affect and Negative Affect scores were initially calculated for each participant. 

Overall sample means with standard deviations were then determined for each 

positive and negative scale.  
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Table 4-17– PANAS mood scores for acute PJ consumption during Pom-01s satiety study. 
Results are expressed as means with standard deviation and p values derived from paired t-
tests. The mean positive score increases and the negative score decreases, but neither of 
these differences were significant 
 

 

 

In the PJ group, the mean positive score increases (0.2; p = 0.93) and the negative 

score decreases (1.0, p = 0.09), but neither of these trends were significant. 

 

Table 4-18 - PANAS mood scores for acute PLD consumption during Pom-01s satiety study. 
Results are expressed as means with standard deviation and p values derived from paired t-
tests. The mean positive score increases and the negative score decreases, but neither of 
these differences were significant.* PLD: placebo juice drink 
 

 

 

In the PJ group, the positive PANAS score increases post intervention (2.6, p = 0.16) 

and the negative score decreases (1.0; p = 0.14). Neither of these differences is 

significant, however, this trend mirrored the PJ results, and thus the trend for all 

participants combined was considered too. 

 

 

 

 

 

pre post pre post
Mean 29.2 29.4 12.2 11.2
SD 10.7 10.2 1.9 1.3

-0.2 1
T-test (p) 0.93 0.09

Positive score Negative score

Difference

PANAS - pomegranate juice

pre post pre post
Mean 25.1 27.7 11.9 10.7
SD 8.3 6.4 2.6 1.0

-2.60 1.2
T-test (p) 0.16 0.14

PANAS - placebo juice 

Positive score Negative score

Difference
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Table 4-19 - PANAS mood scores for combined PJ and PLD group acute consumption during 
Pom-01s satiety study. Results are expressed as means with standard deviation and p values 
derived from paired t-tests. All study participants were more positive after the study period 
compared to beforehand, and they were significantly less negative ( p = 0.02). * PLD: placebo 
juice drink 

 

All participants were more positive after the study period compared to beforehand 

(mean increase of 0.83, p = 0.49), and they were significantly less negative (a 

reduction in negative score of 1.07, p = 0.02). Thus, it appears that taking part in this 

study led to all participants, regardless of their grouping, to be more positive and 

significantly less negative afterwards. This suggests that the study was beneficial for 

all participants in terms of mood. 

4.5 Discussion 

This study aimed to conduct a preliminary testing of the potential roles of pomegranate 

extract and juice in promoting satiety and reducing food intake. 

 VAS  

Paired t-tests results for VAS appetite measurements showed some significant results 

and a definite trend towards lower levels of hunger and a desire to eat, as well as 

higher levels of fullness and satisfaction, thus greater levels of satiety in participants 

consuming pomegranate extract and pomegranate juice compared to placebo. These 

apparent effects may have been substantiated if a larger sample size was used. The 

fact that these trends were only noted in the pomegranate extract group consuming 

pomegranate juice (and not control juice) deserves more investigation.  

The assessment of meal and juice palatability was carried out to eliminate any 

potential change in food and juice intake resulting from low scores in either the meal 

or juice palatability between the two groups. The mean scores for both groups were 

high enough to confirm that the participants found the meal and the PE and PL juice 

to be palatable. However, in paired t-tests, the meal was rated significantly more 

pre post pre post

Mean 27.76 28.59 11.93 10.86
SD 8.95 7.79 2.27 1.30

-0.83 1.07
T-test (p) 0.49 0.02

Positive score Negative score

PANAS - all participants

Difference
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highly (p=0.05) by participants who drank the pomegranate juice and had Pomanox 

PE priming (23.99 ± 8.9 mm) than the placebo capsule priming (15.91 ±12.07 mm). 

VAS analysis by ANOVA, which adjusts for baselines, SD variations, participant 

numbers and multiple comparisons, showed that taking these factors into account, 

pomegranate extract did not significantly affect the sensations of hunger (p = 0.24), 

desire to eat (p = 0.2) fullness (p =0.09) or satisfaction (p = 0.73). There were also no 

significant effects of either the pomegranate or placebo juice on recorded levels of 

hunger (p = 0.24), desire to eat (p = 0.69), satisfaction (p = 0.12) or fullness (p = 0.8). 

ANOVA also found no significant differences in overall palatability of the meal and 

juice between the PE and the PL group (p = 0.21 and p = 0.98, respectively). 

 Mechanisms  

The mechanisms underlying the potential effect of pomegranate extract/juice on 

satiety are not well elucidated. It has been suggested that polyphenols in 

pomegranate can exert a similar role to Sibutramine in suppressing appetite (Lei et 

al. 2007). High dose (800 mg/kg) pomegranate leaf extract (PLE) had an inhibitory 

effect on the energy intake of mice and showed a marked decrease in serum glucose, 

TG and TC concentrations alongside a significant decrease in TC/HDL-C ratio, 

compared to the high-fat diet mice. The PLE mice showed a significant decrease in 

body weight and energy intake compared to the high-fat diet control group. 

Sibutramine, the anti-obesity drug, was used in another arm of the same study and 

also had significant effects, not only on reducing body weight and adiposity, but also 

on lowering circulation TG and glucose concentrations as well as the TC/HDL-C ratio. 

The researchers suggested that, as the effect of PLE on energy intake was similar to 

that of sibutramine, suppressing energy intake and inhibiting the intestinal absorption 

of dietary fat via inhibition of pancreatic lipase activity might be potential mechanisms 

for the anti-obesity effect of pomegranate extract. 

It could also be possible that the intense flavour generated by polyphenols in the juice 

(Lesschaeve and Noble 2005) is responsible for inducing satiety. Therefore, 

designing a study using VAS to measure the effect of pomegranate extract and juice 

on sensory feelings may be useful.  

 Food consumption 

The consumption of pomegranate extract with or without pomegranate juice did not 

result in a significant difference in the amount of foods consumed (M = 521; SD ± 115 

g) compared to participants who consumed the placebo capsule (M = 476 SD ±180g) 
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with p = 0.11. However, if we merely consider the effect of juice consumption on the 

amount of foods consumed (independently of the type of capsules administered), 

there is a statistical trend that participants in the control juice group ate more than 

those in the pomegranate juice group (574 ± 169g and 445 ± 100g respectively, p = 

0.051).  

Although these consumption statistics have also shown a trend towards significance 

where a pomegranate juice pre-load before a meal may lead to less food consumed 

at that meal, small scale studies are not powered to detect minimal clinically important 

differences and typically do not show statistically significant results (Thabane et al. 

2010). However, these results are encouraging and provide a good foundation for any 

future investigations testing the direct effect of pomegranate juice on satiety and meal 

consumption. 

The analysis of food and alcohol diaries showed an increase in carbohydrate and 

sugar intake in both groups compared to pre-intervention levels. This could be 

explained by the additional energy provided from the ingestion of meal and juice (high 

in carbohydrates and sugars) which have affected the mean intake. In fact, Rolls et 

al. (2002) showed that people offered a large portion of food eat more than those 

offered a small portion. This outcome deserves more investigation and could be 

revisited in future studies. Whether a different pre-load time, inter-meal interval, higher 

dose of pomegranate extract priming / pomegranate juice or different meals may have 

produced more significant eating effects which could be considered in future studies. 

Because satiation depends on both gastric and intestinal nutrient stimulation and 

interactions, Zaremba et al. (2018) consider that an optimal dose and timing between 

preload and ad libitum test meal is likely to be crucial to detect any eating-inhibitory 

effects.  

 Future directions 

Due to possible inter-individual differences in eating patterns and the way in which 

VAS are completed, a ‘within subject’ study design, rather than separate groups of 

control and test subjects, is generally used with participants acting as their own 

controls (Benelam 2009). A crossover trial, where VAS could be repeated during the 

test meal with the alternative juice treatment, could also be considered in further 

studies to provide more accurate results (Josic et al. 2010). 

In Pom-01, there were unequal numbers of participants in the pomegranate extract 

(n=15) and placebo (n=14) arm. Participant numbers were also unequal in the satiety 
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intervention sub groups due to this previous blinding which is not ideal. The effect of 

the pomegranate juice may also have been confounded by the priming capsules 

consumed at the same time and this deserves more investigation. However, blinding 

participants effectively to the type of extract and juice consumed was beneficial to 

avoid any potential significant effects resulting from expectation bias. Future studies 

may consider the randomisation process for more complex studies carefully. 

The study recruited mainly normal weight, unrestrained eating participants. 

Compensatory eating and responses to sensory quality vary across individuals 

depending on their body size, physical activity, age, and restraint (Yeomans and 

Chambers 2011). Whether the results would have been the same with an 

overweight/obese participant group remains to be explored in future studies. Due to 

the length of the lunch part of the study, participants had access to 500ml of water. 

Since participants could drink water, they should have been able to clearly identify 

whether they were hungry, rather than thirsty, more accurately. Conversely, this may 

have led to incorrect feelings of satiety (based on the water consumed vs the food). 

The volume of water consumed should be recorded in future and considered in light 

of the results. The Cochrane collaboration systematic review of studies concerning 

the dietary supplement Chitosan and weight loss (Jull et al. 2008) recommended that 

investigations in terms of BMI and appetite should be medium to long term. They 

considered that as 8 weeks was the average time period for the trials accepted for 

their review paper, this should be considered in future work.  

VAS have also been viewed critically. Various well controlled studies can be cited in 

which changes in VAS failed to predict subsequent reductions in intake (Stubbs et al. 

2007; Beck et al. 2009; Halford and Harrold 2012). Another well documented criticism 

of VAS is the reluctance of subjects to make full use of the scale, preferring either to 

avoid extreme responses or to record only these responses, again affecting results 

(Livingstone et al. 2000). Some of the other problems associated with the use of 

standard VAS measurements were discussed by Sadoul et al. (2012) e.g. non-

linearity, the inherently abstract nature of overall ‘hunger’ feelings, and the lack of 

quantitative interpretation in terms of when or how much the volunteer might wish to 

eat. Single-item meals can also be monotonous, thus likely to limit consumption within 

the study as a whole, irrespective of the enhanced satiating potential of one of the 

preloads. Dietary monotony may curb excessive intake but is unlikely to be 

commercially viable as a solution to weight management (Halford and Harrold 2012). 
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If VAS were completed in shorter time intervals, statistical analysis could also be 

performed specifically on the 0-30 min values (or later time points) to get a better 

understanding both of the effect of preload juice on VAS parameters before the test 

meal intake and a comparison of time point measurements after the meal. The final 

VAS satiety question “how strongly do you feel that you have had enough to 

consume?” appeared to be confusing for participants and was not scored. In future 

studies it may be clearer to ask participants about prospective consumption instead 

e.g. how much could you consume / eat at this time?  

As the satiety measures were purely exploratory, the study was not statistically 

powered to detect any significant effects on satiety measures making it more difficult 

to detect any meaningful effects. However, the main aim of the study was to generate 

hypotheses for larger or more focused trials. Livingstone et al. (2000) highlighted that 

the measurement of satiety was complex as many factors can influence appetite and 

energy intake e.g. physical factors such as bodyweight, age, gender and menstrual 

cycles (De Graaf et al. 2004).  

Eating behaviour is also affected by behavioural factors such as diet or the influence 

of other people present. Food related cues result in learned preparatory responses 

and sensory qualities also generate clear satiety expectations (Yeomans and 

Chambers 2011). Although appetite studies usually take place in a laboratory, where 

confounders like these can be managed, being able to validate these controlled 

laboratory findings in closer to real-life settings, which involves measurements of 

habitual food intake, is accepted as being much more difficult. Examples of this 

include the completion of a food diary which is prone to bias, particularly towards 

under-reporting of energy and differential mis-reporting of the macronutrients. Dietary 

reporting may also result in conscious or unconscious changes in diet intake during 

the period of observation (Gibson et al. 2017). 

Benelam (2009) cautioned that despite satiation and satiety processes having the 

potential to control energy intake, many individuals habitually override the signals 

which their bodies generate. He argued that to help people control their energy intake, 

thus preventing weight gain, knowledge about foods, ingredients and dietary patterns 

which can enhance satiation and satiety is still potentially useful for controlling 

bodyweight and avoiding shifts towards obesity. However, he also recognised that for 

this knowledge to be effective in helping people to control their energy intake, the use 

of research-developed devices to increase satiety should be tempered with the 
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understanding that there are many other factors influencing eating behaviours which 

require to be managed for successful results.  

Food diary analysis was completed using the NetWISP software programme which 

required a high degree of data processing. Some input errors would be expected, 

particularly for inaccurate nutritional substitutions for food categories not available 

within the programme (Beasley et al. 2008). The programme was also not fully 

compatible with the QMU servers, data was lost regularly and eventually the software 

was not supported when the company closed down. The choice of this type of 

software should be scrutinized carefully in future to ensure full capability for the 

desired outcomes. 

 Public health implications 

Pomegranate juice and extract could be useful for public health. Although not as 

inexpensive as some supplements, the capsules and juice are readily commercially 

available and appear to have no side effects. This could prove attractive for people 

who have found their weight, blood pressure, glucose or lipid profiles rising, but who 

have not yet reached the threshold for medication and would like to improve their 

health. Pomegranate products could provide an alternative therapy to pharmaceutical 

drugs which have side effects that people cannot tolerate or find undesirable. One 

example of this is Orlistat, a drug used for weight loss, which is a highly potent 

pharmaceutical and has well recognized side effects such as diarrhoea and fatty 

stools. It can also interfere with the absorption of vitamins A, D, E, K and beta-

carotene (Opala et al. 2006). 

Moyad (2012) made a point of stating that while companies should be given 

recognition for their research efforts into the effects of pomegranate, more attention 

should be paid to the efficacy of experimental designs with suitable control groups. 

He suggested that since many brands of pomegranate and other novel juices contain 

at least 140 calories per serving (240 ml), similar to the calories (100-150 kcal) in most 

commercial soft and alcoholic drinks, then consideration of the caloric contribution of 

pomegranate juice within the daily diet should be undertaken. Moyad cautions that as 

these juices are expensive in comparison with cheaper nutritious and lower-calorie 

products, it is concerning that people with low-incomes may find it difficult to afford 

them.  

Blundell (2010) reminds us that care is also required when considering the legislative 

framework around functional food product claims. Examples of these have been 
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'freedom from hunger' and 'feel fuller for longer'. The European Food Safety Authority 

state that claims must be substantiated by scientific evidence and should be clearly 

understood by consumers. Since ingested foods influence appetite by a system of 

physiological satiety signals, functional foods could act by increasing the potency 

and/or duration of these signals. He then asks an important question: to make a 

scientifically valid claim, what constitutes a useful action in terms of satiety? Reduced 

hunger, increased fullness, reduced food intake at a meal, adjustment in energy 

balance or a reduction in body weight? Blundell also highlights that there is a 

difference between a proof of concept and a guarantee of success and that this may 

be a point which is not easily conveyed to the consumer. Pomegranate products may 

prove to be suitable for populations struggling with obesity, hypertension, stress and 

for those who wish to improve their blood lipid profiles. Although this could also be 

achieved through eating more fruit and vegetables, most individuals do not consume 

the recommended “five a day” but may conversely consume the capsule or the juice 

if they are seen to be more convenient (Chong et al. 2010). 

 Conclusion 

This study indicates that pomegranate extract and juice could have potential in 

modulating satiety, yet consideration of the study design, the small number of 

participants and the outcomes obtained do not support making strong assumptions. 

Further trials with a larger number of volunteers and assessment of the effect of the 

extract and juice on satiety parameters are required. 
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 Blood pressure and anthropometry - Pom-02 
This chapter concerns the effect of pomegranate extract on BP, anthropometry and 

body composition in adults which is investigated through a double-blind placebo-

controlled randomised clinical trial with human volunteers. 

5.1 Background 

 Context 

It has been suggested that pomegranate (Punica granatum), a polyphenol-rich fruit, 

may reduce cardiovascular risk due to its antioxidant properties. Hypertension and 

obesity are the most preventable cardiovascular risk factors.  

CVD currently affects more than 7 million individuals in the UK and is responsible for 

26 % of total deaths (British Heart Foundation 2017). High BP is considered the 

greatest contributor to CVD worldwide and one of the most common CVD risk factors 

(Lopez 2006). 

Obesity remains a global epidemic and is an independent risk factor for CVD. It is also 

associated with increased BP, morbidity and mortality risks, and decreased life 

expectancy (Poirier et al. 2006). The benefits of lowering BP and reducing obesity for 

the prevention of CVD are well established. Studies have reported that a reduction in 

systolic BP (SBP) and/or diastolic BP (DBP) by 5 mmHg is clinically significant. This 

reduction decreased cardiovascular risk by 20 % (Glynn et al 2002), the risk of stroke 

by 20 % (McInnes 2005) and mortality risk by 7 % (Whelton et al 2002). Moreover, a 

modest weight loss of 5–10 % can significantly decrease risk factors for diabetes and 

CVD (Resnick et al. 2000; Wing et al 2007).  Therefore, attenuating obesity and BP 

could have a potential effect on reducing CVD risk in the population. In addition to diet 

and exercise, studies of complementary approaches towards the prevention and 

management of CVD are now emerging (Rabito and Kaye 2013). Bioactive 

components, particularly polyphenols, have been studied for their potential beneficial 

effects on health (Pandey and Rizvi 2009). 

Pomegranate has a high antioxidant capacity due its considerable polyphenol 

content, particularly tannins, anthocyanins and ellagic acid derivatives (Gil et al. 

2000). Pomegranate has been reported to reduce inflammation (Kaplan et al. 2003), 

lipid peroxidation, oxidative stress (Aviram et al. 2008) and insulin resistance 
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(McFarlin et al. 2009). Some studies have shown that pomegranate juice reduces BP 

in hypertensive (Aviram and Dornfeld 2001) and normotensive populations (Lynn et 

al. 2012; Tsang et al. 2012). However, another study showed that 3 months of 

pomegranate juice supplementation did not significantly affect BP in patients with 

CHD (Sumner et al. 2005). In addition, Mathew et al. (2012) showed that pomegranate 

extract (PE) suppressed the postprandial increase in SBP following a high-fat meal. 

A randomised, placebo-controlled parallel trial (n = 29) also illustrated that 4 weeks of 

daily PE supplementation reduced SBP (from 120.3 (SD 13.3) to 115.6 (SD 13.1) 

mmHg; p = 0.012), while no significant changes occurred in the control group 

(Stockton et al. 2015). In relation to obesity, PE has been reported to decrease 

bodyweight gain in animals who were administered a high-fat diet (Stockton et al 

2015; Cerdá et al. 2003a; Lei et al 2007; Zhang et al. 2010; Vroegrijk et al. 2011). 

However, its effects in humans remain unclear. One study reported that pomegranate 

juice supplementation for 1 month prevented weight gain and body fat increase in 

obese humans (p < 0·05), while the latter parameters significantly increased in the 

control group administered juice with no polyphenols (p < 0·05) (González-Ortiz et al. 

2011). 

 Rationale 

Cardiovascular disease risk factors are responsible for major worldwide economic, 

societal and personal costs, with hypertension being one of the most important 

preventable causes of premature death (Gbinigie et al. 2017). It continues to be 

essential to explore any possible dietary strategies or interventions which could 

decrease the occurrence of chronic non-communicable diseases and improve 

population overall health and well-being. Pomegranate juice has previously been 

shown to have significant effects on blood pressure, weight and obesity in both human 

and animal studies (Mertens-Talcott et al. 2006).  

This research aimed to study the potential preventive effect of pomegranate on 

cardiovascular risk by exploring the effect of PE on SBP, DBP, body-weight status 

and quality of life in an adult normotensive population. 

Few studies on the effect of pomegranate extract on BP or body-weight status have 

been conducted in human subjects. Previous investigations have tended to focus on 

pomegranate juice. The exploratory small-scale study POM-01, conducted previously, 

suggested that there may be an effect on BP after PE consumption. This study was 
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powered and designed to investigate this further. This trial was registered in 

clinicaltrials.gov as NCT02017132. 

 Aim 

The aim of this Pom-02 study was to investigate the effect of pomegranate extract 

(PE) on BP (primarily SBP due to the results in Pom-01), body composition and 

anthropometric measures in adults with no symptomatic disease. 

 Hypothesis 

Pomegranate extract supplementation for 8 weeks will improve physiological and 

clinical biomarkers of systolic and diastolic blood pressure, anti-oxidant status, body 

composition, anthropometric measurements and the health-related quality of life in 

healthy adult participants. 

To test this hypothesis and to achieve the overall aims of the study, investigations 

were conducted to determine outcome measures for the following objectives. 

 Objectives 

To measure the effects of pomegranate extract on clinical biomarkers, physiology, 

anthropometry, body composition, quality of life and energy and macronutrient 

intakes, outcome measures were undertaken to: 

 Assess whether pomegranate extract has an anti-hypertensive effect; 

 Establish if pomegranate extract has any effects on body composition such as 

body weight, waist circumference, BMI and fat mass or lean mass (muscle 

mass); 

 Determine the antioxidant potential from 24h urine collections; 

 Investigate whether PE has any influence on food intake; 

 To discover whether pomegranate extract has any psychological benefits such 

as improvement in mood or health related Quality of Life. 

 Outcome measures 

Changes in blood pressure, body composition and anthropometric markers, were 

calculated from clinical measurements. 

 Indicators of body mass (body weight, height, BMI, waist circumference, mid 

upper arm circumference, hip circumference, fat and lean mass); 

 Systolic and diastolic blood pressure and resting heart rate. 
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Measures from urine samples were: 

 TBARS, FRAP and polyphenols. 

Measures from RAND 36 questionnaires and diet diaries were: 

 health related quality of life; 

 energy and macronutrient status.  

5.2 Methods and materials 

 Participants  

Participants were recruited from the local community between April 2013 and 

December 2013 by advertising in the Queen Margaret University (QMU) research 

recruitment digest and word of mouth. Eligible participants included men and women, 

aged 18–65 years with a BMI between 18 and 34.9 kg/m2. Volunteers answered the 

pre-assessment questionnaire before they registered for the study to ensure that they 

did not have any symptomatic disease. Exclusion criteria included taking medication 

for diabetes, heart, liver or kidney disease; weight loss within 2 months preceding the 

study; pregnancy; lactation; and allergies to pomegranate. No participants had a 

regular intake of pomegranate which would have required exclusion. 

 Treatment 

 General 

Pom-02 had a double-blinded, parallel, controlled design where participants were 

randomised to the daily intake of either one PE capsule or placebo capsule for 8 

weeks (see chapter 2 for details). Each participant attended the QMU laboratory on 

three occasions (week 0 or baseline, week 4 and week 8), during which clinical and 

anthropometric measurements were taken. The randomisation process was 

conducted by technical staff independent of the study who allocated treatment using 

an internet random number generator site (Randomizer 2017). The pomegranate and 

placebo capsules also appeared identical. All capsules were placed in sealed, 

labelled and pre-prepared opaque containers (Figure 5-1). Participants were asked to 

maintain their usual diet and exercise regimens throughout the intervention. 
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Figure 5-1 - Amber opaque bottles for capsules ensuring adequate blinding 

 
Participants were asked to attend the QMU laboratory during a fasting state (after 8 

hours of food and drink restriction) at each visit. For consistency, participants were 

asked to consume one PE or placebo capsule daily after a meal (the same chosen 

meal each day) with a glass of water. Weight, height, waist circumference, hip 

circumference, mid-upper arm circumference, body composition (body fat and lean 

body mass) and BP measurements were collected at baseline, week 4 and week 8. 

BMI and waist:hip ratios were then calculated. Total antioxidant capacity, total 

polyphenols levels and TBARS (measured as malonaldehyde levels) were measured 

as biomarkers of compliance using 24-h urine collections at baseline and week 8. 

Post-intervention measurements were recorded independently on different 

worksheets, without reference to the initial set of measurements. Participants were 

also provided with a post-intervention clinic evaluation form (Appendix 9.19) which 

specifically asked about any adverse events during the study and requested whether 

any feedback from the study was desired by the participant.  

 Blood pressure 

Based on the Center for Disease Control and Prevention (CDC) recommendations 

(Cavalieri et al. 2007), BP was measured by a digital sphygmomanometer (Omron 

MS-1), with the participants in a seated position, using the right arm, following a 10-

min rest. The arm was positioned so that the midpoint of the upper arm was at the 

same level as the heart, and the cuff was placed 2–3 cm above the pulsation of the 

brachial artery. BP was measured three times on each occasion and the average was 

calculated. 
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 Anthropometry and body composition 

Anthropometric measurements were conducted following the National Health and 

Nutrition Examination Survey (NHANES) handbook protocols and methods (Cavalieri 

et al. 2007). Weight was measured in the same clothing, with no shoes, on Salter 

scales (9018S SV3R). Height was measured on a SECA Leicester stadiometer (no. 

5) with a sensitivity of 1 mm. Waist, mid-upper arm and hip circumferences were 

measured by a Lufkin W606PM Thinline Executive diameter steel tape yellow clad (6 

mm × 2 m; Cooper Tools). Body composition was measured using bioelectrical 

impedance analysis (BIA) with the Bodystat 1500 (2002) machine. Body fat mass, 

lean body mass and BMI were recorded. BIA measurements were conducted after 

the participant had rested in a supine position for approximately 10 min. Participants 

were fasted and advised to void their bladders before the session. 

 Antioxidant capacity 

A 24-h urine sample collection was required the day before both the baseline and 

week 8 visits. Total urine was weighed, sampled into 15 ml tubes, then aliquoted for 

use. Aliquots (1.5ml) were frozen at −25°C before testing. Total polyphenols were 

analysed by the Folin and Ciocalteau method (Appendix 9.32), and the total 

antioxidant capacity was determined by the ferric reducing antioxidant power (FRAP) 

assay. As an indicator of lipid peroxidation, the thiobarbituric acid-reactive substances 

(TBARS) method was performed as previously described (Buege and Aust 1978). 

 Food and alcohol diaries 

To account for any changes in energy and macronutrient intake (carbohydrate, 

protein, fat or carbohydrate) which could influence the results, a 3-day food diary was 

collected at baseline and over the same days of the week during week 4. Nutrient 

intakes were generated using NetWISP Software V4.0 (Tinuviel Software 2006). Food 

recording support and training, including guidance on portions sizes and household 

measures, were provided by the researcher to assist participants in completing the 

food diaries (Ortega et al. 2015). 

 RAND 36 Questionnaires 

Self-rated health-related Quality of Life (HRQoL) was assessed at both the baseline 

and at the 8-week clinic visit via the RAND 36-item general health survey (RAND-36) 

(Rand Corporation 2011; 2011a and 2011b). Refer to Appendix 9.6. 
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5.3 Statistical analysis 

Calculations based on 80 % power, showed that a sample size of fifty-two participants 

was required to achieve a difference of 5 - 6 mmHg in SBP between the PE and PL 

groups. An assumption was made that the common standard deviation was 7 mmHg 

and a two-group t-test with a 0.05 two-sided significance level was employed. These 

assumptions were derived from the exploratory study Pom-01 previously conducted 

at QMU on PE and BP (Stockton et al. 2015). Assuming 5% attrition, a recruitment 

target of fifty-five participants was identified and this number was subsequently 

enrolled. 

Data were analysed using SPSS for Windows version 21.0 (IBM CORP 2012) and 

expressed as means and standard deviations. For multiple comparisons, data were 

analysed using two-way mixed-model ANOVA with time (baseline, week 4, and week 

8) as the within-subject factor, and treatment (PE/placebo) as the between-subject 

factor. FRAP, TBARS and total polyphenols in the urine were analysed using 

ANCOVA as well as paired t-tests as these measures were taken at 2 timepoints. The 

ANCOVA type analysis takes account of chance imbalance in baseline values by 

adjusting/covarying the baseline value.  Energy, protein, fat and carbohydrate intakes 

and RAND 36 Questionnaires were also analysed using paired t-tests. Significance 

was set at p ≤ 0.05. 

5.4 Results 

 Participant characteristics  

The trial took place between April and December 2013. Of the fifty-five participants 

recruited into the trial, fifty-three completed the study. Forty females and fifteen males 

were inducted into the study. The participant flow diagram is shown in Figure 5-2. One 

participant dropped out before and another after the second appointment. Participants 

with at least two valid time points were included in the analysis. All participants 

adhered to the protocol. Baseline characteristics of the studied population are shown 

in Table 5-1.  
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Randomised 
participants (n=55)

Allocated to 
pomegranate extract 

capsules (n=28)

Allocated to placebo 
capsules (n=27)

Discontinued 
intervention (n=0)

Discontinued 
intervention (n=2)

Family reasons (n=1)
Relocation (n=1)

Analysed (n=28) Analysed (n=26)

 

 

Figure 5-2 - Participant flow diagram for Pom-02 blood pressure and anthropometry study. 

 
Post clinical evaluation (Appendix 9.19) showed that the blinding process was 

effective as only 47.3% of Pom-02 volunteers correctly guessed whether they were 

taking pomegranate or placebo capsules. After unblinding, participants were provided 

with the measurements and feedback information which they had requested. No 

adverse events were recorded. 

 
Independent t-tests showed no significant differences between the PE and PL 

groups at baseline as show in Table 5-1. 
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Table 5-1 - Baseline characteristics of the intention-to-treat dataset (Mean values and standard 
deviations) with independent t-test results showing no significant differences between the 
groups. *PE, pomegranate extract; WC, waist circumference; WHR, waist:hip ratio; LBM, lean body 
mass; SBP, systolic BP; DBP, diastolic BP, UAC, mid-upper arm circumference  
 

 

 

 

 

 Blood Pressure 

 Paired t-test analysis 

 SBP 

In paired t-test analysis, SBP reduced from a mean of 116.5 (± 9.94) mmHg at 

baseline to 113.9 (±10.02) mmHg at 8 weeks showing a reduction of 2.57 (± 7.4) 

mmHg, but this was not statistically significant (p = 0.08).  

 DBP 

There was a significant drop in DBP from baseline to 8 weeks reducing from 71.54 

(±8.57) mmHg to 68.75 (±8.83) mmHg, a difference of 2.79 (±5.32) mmHg, p = 0.010.  

Mean SD Mean SD

Age 30.14 10.95 34.11 11.28 0.19

Weight (kg) 70.34 11.30 68.85 12.00 0.64

BMI (kg/m2) 24.76 3.83 23.57 3.44 0.23

WC (cm) 77.25 8.76 76.00 11.02 0.64

WHR 0.76 0.54 0.77 0.80 0.60

Body fat % 27.56 8.56 24.07 7.22 0.11

LBM % 72.11 8.45 74.78 8.91 0.26

SBP (mm Hg) 116.46 9.90 116.80 11.80 0.90

DBP (mm Hg) 71.50 8.57 70.37 7.96 0.60

Hip (cm) 100.5 7.25 97.84 6.32 0.17

UAC (cm) 28.83 3.15 27.88 3.23 0.27

Independent   
t-test (p) 

Participant 
characteristics 

PE  group (n=28)
 Placebo group 

(n=27)
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Results were considered for DBP at the differing time points in order to determine 

when any significant changes took place. The reduction in DBP from baseline to 4 

weeks:71.54 (±8.57) to 69.46 (±7.90); showed a difference of 2.07 (±5.48) mmHg, p 

= 0.055. This was greater than the drop in DBP from 4-8 weeks: 69.46 (±7.90) to 

68.75 (±8.83) mmHg; resulting in a reduction of 0.71 (±3.9) mmHg; p= 0.34. From this 

it is difficult to connect the significant drop with a particular number of weeks although 

the reduction was larger in the first 4 weeks of the intervention. 

While there was a significant drop in the DBP and the SBP also reduced (although 

not significantly) in the PE group, conversely, the PL blood pressure values increased 

slightly for both SBP and DBP. There were no significant reductions in blood pressure 

for the placebo group. 

 

 ANOVA analysis 

Table 5-2 - Mean systolic and diastolic blood pressure (mmHg) at baseline (pre), 4 weeks 
(mid) and 8 weeks (post) for Pom-02 PE and PL groups from ANOVA analysis 
 

 

 
 
ANOVA analysis (Table 5-2) showed that there was a significant interaction between 

treatment and time for DBP (F2, 102 = 4.4; p = 0·02) but not for SBP (F2,102 = 1.2; p = 

0.30).  

  

Group
Time Mean SEM Time Mean SEM

Lower Upper Lower Upper

Pomegranate pre 116.46 2.07 112.30 120.63 pre 71.54 1.53 68.46 74.61
mid 115.43 2.05 111.32 119.53 mid 69.46 1.48 66.49 72.44
post 113.89 2.01 109.85 117.93 post 68.75 1.60 65.54 71.96

Placebo pre 116.56 2.19 112.16 120.97 pre 70.12 1.62 66.87 73.37
mid 116.96 2.16 112.62 121.31 mid 71.32 1.57 68.17 74.47
post 116.68 2.13 112.41 120.96 post 70.44 1.69 67.05 73.84

95% Confidence 
Interval

95% Confidence 
Interval

Systolic blood pressure Diastolic blood  pressure
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(a) Systolic blood pressure 

 

(b) Diastolic blood pressure 

 

Figure 5-3 - Changes in SBP (a) and DBP (b) between groups at different time points. Results 
are means, with standard errors represented by vertical bars. DBP significantly decreased 
after 8 weeks in the PE group and although there was a similar decrease of magnitude in SBP, 
it did not reach statistical significance. Results are expressed as mean (SEM) p< 0.05. *SBP, 
Systolic blood pressure; DBP, Diastolic blood pressure; PE, Pomegranate extract.  

 

In summary, there was a significant difference between the groups for DBP with 

significant reductions in the PE group. SBP was also reduced in the PE group 

although not significantly. 
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 Anthropometric and body composition measures 

ANOVA results showed no statistically significant interactions between the 

intervention and time for body weight (F 1.6, 81.8 = 0.24, p= 0.74); BMI (F 1.7, 86.9 = 0.57 

p = 0.54); waist circumference (F 2, 106  = 0.25, p = 0.78); waist: hip ratio (F 1.6. 86.6 = 

1.07, p = 0.34); body fat percentage (F 1.5, 76.5 = 2.02, p = 0.15), lean body mass 

percentage (F 1.2, 60.3 = 0.05, p = 0.87), hip circumference (F1, 50 = 4.6, p = 0.057) or 

upper arm circumference (F1, 50 =0.15, p = 0.71). 

There was no significant difference between the two groups i.e. for all the measures 

p > 0.05. Data are presented in Table 5-3. 

 

Table 5-3 - Changes in outcome variables from baseline at weeks 4 and 8 in the pomegranate 
extract (PE) and placebo groups. *(Mean differences (pre-post) and standard deviations). WC, waist 
circumference; WHR, waist:hip ratio; LBM, lean body mass * Data were analysed using ANOVA. 

 

 
 

 Antioxidants: total polyphenols, FRAP and MDA 

Curve equations used for data analysis were: TBARS: y=0.075x +0.0309, R² =0.9899; 

FRAP: y=0.6979x +0.1011, R² = 0.9966 and Total Polyphenols: y=0.0014x +0.0056, 

R² = 0.9998. 

Although paired t-test analysis (Table 5-4) showed a marked drop in total polyphenols 

in the PL group, no significant differences were found within either the PE or PL 

groups between baseline and 8 weeks. 

 

 

Outcome variables

Mean                                      SD Mean       SD Mean         SD Mean  SD

Weight (kg) 0.32 1.10 -0.14 1.43 0.23 1.50 0.30 1.87

BMI (kg/m2) 0.11 0.44 0.01 5.46 0.12 0.50 0.15 6.38

WC (cm) 0.17 0.40 0.14 0.41 0.17 0.45 0.21 0.55

WHR 0.00 0.40 0.00 0.14 -0.03 0.14 -0.45 0.20

Body fat % -0.19 2.10 0.45 2.68 0.88 2.40 0.49 2.35

LBM % 0.51 3.01 0.68 3.23 0.29 4.36 0.75 4.37

Hip (cm) 0.10 0.53 -0.11 0.57 -0.01 0.50 0.18 0.54

UAC (cm) 0.14 0.29 0.19 0.27 0.13 0.27 0.14 0.31

Pomegranate group (n=28)            Placebo group (n=26)

Difference at week 4 
from baseline

Difference at week 
8  from baseline  

Difference at week 
4 from baseline

Difference at week 
8 from baseline
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Table 5-4 - Pom-02 total antioxidant capacity, total polyphenols and TBARS as MDA levels in 
the urine. *TAC, Total antioxidant capacity; GAE, Gallic acid equivalent; MDA, malonaldehyde. Data 
were analysed using paired t-tests and expressed in means with standard deviations, confidence 
intervals and p values. 

 

 

 
 
After adjustment for pre-intervention levels of all biomarkers, ANCOVA showed that 

there was no statistically significant difference in post-intervention levels between 

groups for total antioxidant capacity (F1,47 = 0.19; P = 0·7), total polyphenol levels (F1,48 

= 0.98; P = 0·98) and levels of TBARS measured as malonaldehyde per day (F1,47 = 

0.11; P = 0.74) in the urine. 

 

 Food and alcohol diaries 

The diaries were completed by 55 participants at baseline and 52 participants at 4 

weeks. A total of 321 days of food and alcohol diaries were analysed. 

The complete records for each participant in terms of energy expenditure and macro 

and micronutrient intake, can be viewed in Table 1 and 2 in Appendix 9.20. The first 

table is for baseline and the second for week 4 food and alcohol diaries. 

Independent t-tests showed no significant differences between the PE and placebo 

group in baseline levels of macronutrients and energy intakes i.e. energy (p = 0.08), 

carbohydrate (p = 0.4), protein (p = 0.23) and fat (p = 0.06). Table 5-5 compares the 

descriptive statistics for energy and macronutrients at baseline and then at week 4. 

 

Group P value

Mean SD Mean SD (A-B) SD Lower Upper

Pomegranate 687.60 239 682 252.6 5.44 280.66 -105.59 116.46 0.921

Placebo 790 395 676 239 114.13 530.42 -109.84 338.11 0.303

Pomegranate 6.86 1.70 6.43 1.86 0.42 1.67 -0.24 1.085 0.201
Placebo 6.60 1.92 6.49 1.94 0.11 1.90 -0.71 0.93 0.781

Pomegranate 0.72 0.29 0.75 0.39 -0.03 0.38 -0.18 0.12 0.705
Placebo 0.89 0.39 0.78 0.39 0.11 0.44 -0.08 0.30 0.255

95% CI

Total Polyphenols (mg GAE/day)

FRAP / TAC (mg GAE/day)

TBARS (µmol MDA/day)

Variable Baseline (A) 8 weeks (B) Difference 
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Table 5-5 - Energy and macronutrient intakes at baseline and week 4 for PE and PL groups 
during Pom-02. There were no significant differences between the groups. Data were shown 
as mean and standard deviations and analysed using paired t tests 
 

 
 
 
Paired t-test analysis showed no significant differences in the energy and 

macronutrient intake between baseline and week 4 levels (Table 5-6) within either 

group. Table 5-6 also shows all micronutrient intakes with paired differences within 

the groups. 

 

  

Mean SD Mean SD

Energy kJ PE 8661 1929 8644 3125

Placebo 9452 1766 9242 2096

Energy kcal PE 2070 461 2066 747

Placebo 2259 422 2209 501

Carbohydrate (g) PE 264 98 264 134

Placebo 281 69 280 92

Protein (g) PE 79 19 78 21

Placebo 85 20 80 19

Fat (g) PE 79 28 82 35

Placebo 90 22 87 21

Week 4Baseline
Intake Intervention
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Table 5-6 - Energy, macronutrient and micronutrient daily means, over a 3-day consumption 
period, at baseline and week 4 of the Pom-02 study.* Includes SD, SEM and differences 
(baseline-4 weeks) within the PE and PL groups. Significant p values for the differences are 
in bold. 

 
 
(continued) 
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 RAND 36 Quality of life questionnaires 

As in Pom-01, scores for each of the eight scales, ranging from 0-100, were calculated 

(refer to Appendix 9.7). Higher scores indicate a more positive health state. 

Independent t-tests indicated that there were no significant differences between the 

groups at baseline.  

Paired t-tests (Table 5-7) showed that significant improvements were found in four of 

the quality of life parameters for the PE group between baseline and 8 weeks: energy 

(p = 0.017), emotional well-being (p = 0.003), social functioning (p = 0.046) and the 

overall rand score (p = 0.022).  

There were no significant differences in the placebo group. 

Table 5-7 - Health related quality of life (RAND-36) variables are shown as mean values 
including their (±SD) scores. Differences are calculated from baseline-4 weeks with SD values 
and p value significance. Paired t-tests were used to compare scores at baseline and at 8 
weeks in PE and PL groups. *Significant scores, only in the PE group, are shown in bold. 
 

 
 

ANCOVA analysis of the parameters showed a significant difference between the PE 

and PL groups for social functioning with F 1, 47  = 5.48, p = 0.023. The pomegranate 

mean score of 91.83 (± 2.86) was significantly more than the placebo score of 82.27 

(± 2.86). The pomegranate score for emotional well-being was also close to 

RAND 36 

Baseline 
(A)

8 weeks 
(B)

Difference 
(A-B)

SD Sig Baseline 
(A)

8 weeks 
(B) 

Difference 
(A-B)

SD Sig

Physical functioning
92.6 
(15.48)

94 
(15.48)

-1.40 4.21 0.110
92.1 
(15.97)

96.4 
(6.54)

-4.30 11.94 0.084

Role limitations due to 
physical health

87 
(28.98)

86 
(28.93)

1.00 34.97 0.888
90.00 
(27.96)

91 
(22.68)

-1.00 23.36 0.832

Role limitations due to 
emotional problems

71.99 
(34.28)

85.33 
(27.36)

-13.34 39.68 0.106
82.66 
(29.07)

88 
(21.26)

-5.34 39.31 0.504

Energy/Fatigue
51.8 
(16.58)

58.4 
(12.56)

-6.60 12.81 0.017
59.2 
(17.54)

58.4 
(17.84)

0.80 16.50 0.811

Emotional well being
67.25 
(15.82)

75.36 
(13.05)

-8.11 12.43 0.003
72.88 
(12.54)

71.36 
(14.59)

1.52 16.16 0.642

Social functioning
81.45 
(21.94)

91.3 
(11.71)

-9.85 23.45 0.046
88.5 
(11.37)

82.8 
(16.35)

5.70 16.81 0.103

Pain
85.17 
(18.72)

87.56 
(19.64)

-2.38 20.05 0.558
84.68 
(31.74)

80.1 
(17.69)

4.58 28.05 0.422

General health
70.75 
(11.88)

73.82 
(12.60)

-3.08 11.75 0.203
72.16 
(13.97)

72.99 
(14.89)

-0.83 12.40 0.741

Overall Rand
76.02 
(14.40)

83.04 
(7.39)

-7.07 14.43 0.022
80.48 
(12.04)

80.31 
(9.93)

0.17 11.52 0.942

POMEGRANATE GROUP (n=25) PLACEBO GROUP  (n=25)

Quality of Life variables
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significance with F 1, 47 = 3.44, p = 0.07. There were no other significant differences 

between the groups.  

5.5 Discussion 

This study investigated the effect of 8 weeks of PE supplementation on BP and 

anthropometric measures in volunteers with no symptomatic disease and a mean BP 

in the normotensive range. Results indicate that PE induced a significant decrease in 

DBP (by 2.8 (SD 5.32) mmHg) in the PE group which strongly suggests that 

pomegranate extract could offer some protection against cardiovascular disease. 

Although the Pom-02 SBP decreased (by 2.57 (SD 7.4) mmHg) in the PE group by 

almost the same amount as the DBP (by 0.12 (SD 6.02) mmHg) compared with the 

placebo group after 8 weeks, the SBP difference between the groups did not reach 

statistical significance. This decrease in BP is in line with our previous exploratory 

study, yet this earlier investigation noted a significant decrease only in SBP but not 

DBP (Stockton et al. 2015). In both studies SBP and DBP were reduced. In Pom-01, 

over 4 weeks, the significant difference was for the PE SBP group - showing a 

significant drop of 4.75 (SD 6.39) mmHg – whereas the PE DBP reduced by 1.73 (SD 

4.95) mmHg in the PE group, but not significantly.  Considering both of these findings, 

PE lowers blood pressure and we have found significant results for both SBP and 

DBP, with a mean reduction of 2.57-4.75 mmHg for SBP and 0.12-1.73 mmHg for 

DBP.  

These results are consistent with the findings in the Sahebkar et al. (2017) systematic 

review and meta-analysis of randomised controlled trials on the effects of 

pomegranate juice on blood pressure. These show an average reduction of 4.96 

mmHg for systolic BP and one of 2.01 mmHg for diastolic BP after PJ consumption 

and that PJ reduced SBP regardless of the duration of supplementation. This would 

suggest that there is a comparable effect between PJ and PE in terms of its effect on 

blood pressure. They also concluded that the hypotensive effects of pomegranate 

juice might be more likely to be elicited in hypertensive patients, and this could also 

be extended to pomegranate extract and perhaps provide a focal point in future 

studies. 

To provide some context, Lynn et al. (2012), pointed out that although this observed 

fall in BP is modest, it can be viewed alongside studies of dietary sodium restriction 

in normotensive individuals in CVD treatment. With a reduction in dietary salt of 4.4 
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g/d (about half of usual intake), there was a reported mean drop in SBP of 2.03 mmHg 

with a corresponding decrease in DBP of 0.99 mmHg, slightly less of a reduction than 

with the PE in these studies where a normal diet was followed.  

The difference in findings between Pom-01 and Pom-02 are similar to those in another 

systematic review which evaluated the effect of pomegranate consumption on blood 

pressure (Gbinigie et al. 2017). They found that there was mixed evidence for a 

beneficial effect of pomegranate consumption upon systolic blood pressure. Two of 

their eligible studies reported a significant between group reduction in SBP (Asgary 

et al. 2014; Mirmiran et al. 2010), with a further two reporting a significant within group 

reduction (Shemadidi et al. 2014; Tsang et al. 2012).  

There was also mixed evidence for reductions in DBP. They considered that the 

impact of pomegranate consumption on blood pressure, both systolic and diastolic, 

was not consistent across the trials and recommended performing studies of high 

quality and longer duration with more stringent reporting to provide a clearer picture 

of effect. An explanation for these discrepancies in results could be differences in the 

source and polyphenolic content of the pomegranate product that was used, and also 

differences in demographic characteristics of the populations studied in clinical trials.  

Recently, Vlachojannis et al. (2015a) attempted to evaluate the clinical evidence for 

using pomegranate products aiming to prevent or treat CVD. Although their search 

strategy identified many studies, only 24 clinical studies met their criteria of clinical 

significance. They also commented on the lack of HPLC data on coactive ingredients 

in the preparations consumed by participants (see Appendix 9.16) for our LCMS 

profile). The researchers concluded that for pomegranate to have a role in the 

prevention and treatment of CVD, then dosage determination and further long-term 

confirmatory studies proving clinical benefit are required, preferably confirming 

reductions in BP or a reduction in atherosclerotic plaques.  

This study presented a novel aspect in terms of pomegranate research as limited 

clinical research has assessed the effect of PE on CVD risk factors so far. Given the 

concerns about obesity resulting from a positive energy imbalance (Krzysztoszek et 

al. 2015) demonstrating beneficial effects of a low-energy extract of pomegranate 

would be useful. It would overcome the increase in energy intake resulting from 

consumption of large quantities of juice, particularly when it seems that the BP 

reductions across both products are of a similar magnitude. 
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It is worth mentioning that Seeram et al. (2008b) reported no significant difference in 

the bioavailability of polyphenols from pomegranate juice (875 mg of polyphenols) 

and extracts (755 mg of polyphenols). This was demonstrated by similar changes in 

serum ellagic acid levels following consumption of both pomegranate products on 

different days. This finding provides a justification for the comparison between 

different forms of pomegranate. 

Therefore, it could be suggested that the consistent results obtained with 

pomegranate juice rely in the use of higher doses of polyphenols compared with our 

study (PE contained 538 mg of polyphenols). For instance, the Tsang et al. (2012) 

study reported a significant decrease in both SBP and DBP following the 

administration of pomegranate juice (842.5 mg of polyphenols) daily for 4 weeks. This 

provides a rationale for carrying out studies investigating different doses of 

polyphenols in PE on BP. 

Mechanisms of action of PE on BP may involve the role of polyphenols in reducing 

serum angiotensin converting enzyme (ACE) activity as shown in the 2001 Aviram 

and Dornfeld study. They investigated the effect of 2 weeks of pomegranate juice 

supplementation on BP. Results showed a 36% decrement in serum ACE activity and 

a 5% reduction in SBP (P < 0.05). They considered that the reduction in ACE levels 

could be related to the antioxidant properties of pomegranate and their beneficial 

effect on endothelial function and BP. Another potential mechanism involves the role 

of polyphenols in increasing nitric oxide levels (Basu and Penugonda 2009). To clarify 

which mechanisms may be responsible for these effects requires further human 

studies. 

Importantly, although the significant decrease in DBP was statistically significant, 

there is a question about the clinical relevance of this finding. A 5 mmHg decrease in 

DBP was considered to be clinically significant (Law et al. 2003). Therefore, results 

might not be clinically significant for all participants. This might be explained by the 

fact that our population was normotensive. For instance, SBP decreased by 5% in 

hypertensive participants administered pomegranate juice (Aviram and Dornfeld 

2001). Further research is needed to study the clinical effect of pomegranate and 

bioactive components on BP and demonstrate whether their preventive effects on 

hypertension can be relevant only in conjunction with other lifestyle medications such 

as diet and physical activity. 
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The decrease in DBP was not associated with a significant increase in total 

polyphenols, total antioxidant capacity or a decrease in malonaldehyde levels in the 

urine in the PE group compared with the placebo group. Apart from possible non-

compliance with the intervention (or the urine collection itself), these outcomes could 

also be attributed to the intra and inter-individual variability in the metabolism of 

polyphenols (Santos-Buelga et al. 2010). 

Furthermore, despite the importance of determining compliance to polyphenol 

intervention, the short half-life of polyphenols (1–5 d) can present a potential limitation, 

even with repeated daily intakes (Pérez-Jiménez et al. 2010). Therefore, the 

biomarker of compliance testing in studies with duration of more than 5 d may be 

affected. There were also marked differences in the volume of the collected 24-h urine 

between the pre and post samples for thirteen participants, indicating a potential 

decrease in compliance in providing the 24-hour samples. 

The analysis of body weight, waist circumference and waist:hip ratio did not report 

significant interaction between time and treatment on the effects. Body composition 

measurement was undertaken to explain any potential change in body weight, waist 

circumference and waist:hip ratio resulting from the intervention. This finding is not in 

line with several animal studies which demonstrated a significant lowering effect of 

pomegranate on body weight (Cerdá et al. 2003a; Lei et al. 2007; Vroegrijk et al. 2011; 

Zhang et al. 2010), however, these studies administered PE in the context of a high-

fat diet.  

It has previously been hypothesised that polyphenols might have a counteracting 

effect on the increase in body weight caused by an increased energy intake (Farhat 

et al. 2015). This has been suggested to be mediated by suppressing food intake and 

inhibiting pancreatic activity (Stockton et al. 2015). Carnauba et al. (2016) suggest in 

their findings that a higher polyphenol consumption is associated with lower body 

mass index, waist circumference and adiposity. It is unclear whether the results are 

due to a lower calorie intake or the anti-obesity properties of phytochemicals. 

The differing results in this study could be due to the inclusion of normal-weight 

participants and overweight participants following their usual diet. These findings may 

then provide a direction for future research in studying the effects of pomegranate in 

the obese population. Comparing the effect of pomegranate in the context of a 

normoenergetic and a high-energy diet or high-fat diet would contribute towards 

testing the hypothesis generated by animal studies. 
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The RAND 36 Health-related quality of life scores showed that significant 

improvements were found in four parameters within the PE group between baseline 

and 8 weeks - energy, emotional well-being, social functioning and the overall rand 

score. There was also a significant difference between the PE and PL groups for 

social functioning with the pomegranate group scoring significantly higher than the 

placebo. There were no significant differences within the PL group. This indicates that 

participants consuming the pomegranate extract had improved quality of life 

compared to when they began the study and that they had improved social functioning 

compared to the PL group. 

Again, this pattern is similar to the improvements found in Pom-01 where, although 

there were no significant differences between the groups, there were significant 

improvements in five of the quality of life parameters between baseline and 4 weeks 

for the PE group: physical functioning, pain, general health, and as in Pom-02, social 

functioning and overall rand score.   

The study has potential strengths as well as limitations. Three biomarkers were used 

to assess participant compliance. In addition, the study was randomised and double-

blinded which avoided expectation and selection bias and the attrition rate was lower 

than the expected 5%. There were statistical outcome measures for both within and 

between groups, unlike some of the studies considered in recent systematic reviews 

(Gibinigie et al. 2017). However, the sample size, although realistic for the resources 

available, did not provide enough power to explore the effect of other factors such as 

age and weight status. Women represented the majority of the population, which 

might also affect the generalisation of results. The findings are also limited by the lack 

of current knowledge of the physiological mechanisms underlying the decrease in 

DBP. 

5.6 Conclusion 

This study showed that pomegranate extract reduced DBP both within and between 

the pomegranate extract and placebo groups. Although not significant, there were 

also reductions in SBP. This promising evidence suggests that pomegranate extract 

might be considered as an effective adjunct to anti-hypertensive medications and also 

as a regular part of the diet, perhaps contributing towards the prevention of NCD risk 

factors, particularly for patients who are high risk for hypertension and cardiovascular 
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disease. Therapeutically, the management of CVD with pomegranate extract requires 

large and well-designed clinical trials with long-term follow up. 

Although its effect on body composition and anthropometry was not significant, 

pomegranate extract consumption improved health-related quality of life. 

Further long-term studies with larger populations, using differing polyphenol dosages 

should be conducted in the future. It is also important to ascertain the long-term impact 

of pomegranate consumption on the complications of hypertension as well as 

cardiovascular events to provide a clear direction for future public health 

recommendations. 
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 Cognitive study – Pom-03. 
Chapter 6 involved an investigation of the acute effect of pomegranate extract on 

indicators of cognitive function in human volunteers and took the form of a double–

blind, placebo-controlled, randomised, crossover trial. 

6.1 Background 

The World Health Organisation stated that the number of people aged 65 or older was 

projected to treble to around 1.5 billion in 2050, with most of the increase in developing 

countries (WHO 2011). With these spiralling numbers, there is a critical need to 

discover ways of diminishing age-related changes in healthy adults.  

The brain is recognised to be extremely susceptible to oxidative damage. This is 

thought to be due to its high metabolic load and the oxidisable substances it contains, 

such as the poly-unsaturated fatty acids forming the plasma membranes in neural 

cells (Gómez-Pinilla, 2008). If free radical levels overwhelm the body’s ability to 

regulate them, then this imbalance between antioxidants and free radicals creates 

oxidative stress. Free radicals can attack DNA, proteins and lipids within the cells. 

This process contributes to several conditions and diseases related to aging including 

neurodegenerative diseases such as: Alzheimer’s disease (AD) (Tuppo and Arias 

2005; Rubio-Perez and Morillas-Ruiz 2012), vascular dementia (VAD) and 

Parkinson’s disease (PD) (Mackler, et al. 2013). The inflammatory process is also 

considered to be an important factor in the pathophysiology of neurodegenerative 

diseases (Swathi et al. 2015; Kesse-Guyot et al. 2017).  

Parkinson’s and Alzheimer’s diseases represent an increasing problem in our aging 

societies, as there is an increased prevalence of both with age. These and other 

neurodegenerative disorders appear to be triggered by multi-factorial events including 

neuroinflammation, increases in oxidative stress or the depletion of endogenous 

antioxidants. Epidemiological studies have suggested that dietary modulation of these 

diseases, such as regular intake of flavonoid-rich foods and/or beverages, has been 

associated with a 50% reduction in the risk of dementia, a preservation of cognitive 

performance with ageing, a delay in the onset of Alzheimer’s disease and a reduction 

in the risk of developing Parkinson’s disease (Vauzour et al. 2010).  

There is also a burgeoning interest in the potential of polyphenols to improve memory, 

learning and general cognitive ability (Spencer 2008a, Spencer 2008b, Vauzour et al. 
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2008; Rendeiro et al. 2009). A substantial body of animal behavioural research to 

suggest that berries, in particular blueberries and strawberries, are effective at 

reversing age-related deficits in spatial working memory has existed since the late 

1990’s (Joseph et al. 1998; Joseph et al. 1998; Casadesus et al. 2004; Ramirez et al. 

2005 and Barros et al. 2006; Williams et al. 2008) and in improving object recognition 

memory (Goyarzu et al. 2004). Human investigations have also suggested that fruits 

and vegetables may have a positive impact on memory (How et al. 2007; Macready 

et al. 2009; Krikorian et al. 2010b; Bell et al. 2015 and Laman et al. 2018) The 

beneficial effects of flavonoid-rich foods and drinks on psychomotor activity in older 

animals have also been reported (Joseph et al. 1999 and Shukitt-Hale et al. 2006). 

Pomegranate (Hartman et al. 2006), tea (Chan et al. 2006), Ginkgo biloba (Diamond 

et al. 2000; Schif et al. 2006; Spencer 2007 and Vauzour et al. 2007) , orange juice 

(Kean et al. 2015; Alharbi et al. 2016 and Lamport et al. 2016) grape juice (Haskell-

Ramsay et al. 2017), cocoa flavanols (Scholey et al. 2010)  pure flavanols such as 

quercetin, rutin (Pu et al. 2007) and fisetin (Maher et al. 2006) have all been shown 

to be beneficial in reversing neuronal and behavioural aging (Vauzour et al. 2010). 

As a result, maintaining and improving cognitive function, as well as preventing any 

further decline through dietary intake has become the focus of much recent research. 

 The importance of memory  

Memory is essentially the ability to retain information over a time delay. This delay 

can range from seconds to a lifetime. The information held in memory can be 

subjected to additional processing, as in the case of mental arithmetic, or processes 

of decay where information is lost from memory or becomes difficult to retrieve and 

thus forgetting occurs. Understanding how memory systems operate is critical to 

comprehend important issues concerning human mental faculties, such as how and 

why information is learned and forgotten, and what processes are involved in its 

maintenance. This knowledge informs important societal and health related questions 

such as how the changes in the brain associated with aging and dementia influence 

our memories. Since memory is the principal internal mechanism for retaining 

information about our lives and ourselves, it follows that an effective memory plays an 

important part in how we function within our community, society and humanity (Peters 

2006; Schacter et al. 2011, Darling 2016). 
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 Memory function 

The most widely seen cognitive change associated with ageing is that of memory. 

Memory function can be broadly divided into episodic memory, semantic memory, 

and working memory. Episodic and semantic memory are the most important types 

of memory in terms of ageing (Parkin 1997).  

 Episodic memory definition  

Episodic memory is specific to the individual and is a form of memory in which 

information is stored with ‘mental tags', about where, when and how the information 

was picked up. It is the recollection of biographical experiences and specific events 

in time, from actual events that took place at specific points in peoples’ lives which 

can be reconstructed. An example of an episodic memory would be recalling a first 

day of school, knowing the name and breed of first pets, the important meeting that 

was attended last week or recalling the guests at a best friend’s birthday party (Tulving 

1972). 

 Semantic memory 

Semantic memory refers to a portion of long-term memory that processes ideas and 

concepts which are factual and not drawn from personal experience. It is defined as 

“memory for meanings” e.g. knowing that Paris is the capital of France, that there are 

10 mm in a centimetre, or that Mozart composed the Magic Flute (Reber 1995). 

Semantic memory includes things that are common knowledge, such as the names 

of colours, the sounds of letters, capitals of countries and other basic facts acquired 

over a lifetime. Semantic memory increases gradually from middle age to the young 

elderly but then declines in the very elderly. It has been hypothesised that the very 

elderly may have less resources to draw on with their performance perhaps being 

affected in some tasks by slower reaction times and processing speeds, lower 

attentional levels, detriments in sensory and or perceptual functions, and a lesser 

ability to use strategies (Cabeza et al. 2004; Lustig and Buckner 2004; Peters 2006). 

 Working memory 

Definitions of working memory have developed over the years, but the current 

consensus is that it is a property of the brain which supports the successful attainment 

of behavioural goals being carried out by any of several systems. These include 

sensory and motor systems as well as the processes responsible for semantic and 

episodic memory. Working memory is required to perform complex behaviour, 
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regardless of the cognitive domain/s being engaged. If it fails, then innumerable daily 

living activities cannot be carried out. Working memory is impaired in many 

neurological and psychiatric syndromes that are characterized by disordered 

behaviour (D'Esposito and Postle 2015). 

 Cognitive function and domains   

Cognitive function concerns the mental capacity which enables people to accomplish 

their everyday tasks (Wesnes 2010). Cognitive function can be subdivided into 

various domains. These include attention and vigilance (concentration), visuo-spatial 

and constructional skills, sensory perceptual function, language and communication, 

memory and learning, executive function, intellectual function and mood, thought 

content, personality and behaviour (Al Damen et al. 2018).  

 The brain and cognitive function 

Cognitive function encompasses the processes by which sensory input is elaborated, 

transformed, reduced, stored, recovered and used. It arises from the connections 

made in the different cortical and subcortical areas of the brain. The cerebral cortex 

in the brain plays a key role in memory, attention, perceptual awareness, thought, 

language and consciousness. The brain is a rich, complex interwoven network 

endowed with different association pathways, which are visible on brain images, and 

comprise the frontal, temporal, occipital and parietal lobes (Scarabini and Salvolini 

2006).  

 

Figure 6-1 - Diagram of the brain with cerebral hemisphere lobes (Roberts 2013) 
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The cerebrum is divided into four main regions or lobes which cover both hemispheres 

(Figure 6-1). The frontal lobe is involved in conscious thought and higher mental 

functions such as decision-making, particularly in that part of the frontal lobe known 

as the prefrontal cortex (Stuss and Knight 2013). The cognitive processes which have 

been attributed to the prefrontal cortex include: working memory, response inhibition 

and attention allocation. It plays an important part in processing short-term memories 

and retaining longer term memories. The parietal lobe is involved in integrating 

sensory information from the various senses, and in the manipulation of objects in 

determining spatial sense and navigation. The temporal lobe is thought to be 

concerned with the senses of smell and sound, the processing of semantics in both 

speech and vision, including the processing of complex stimuli like faces and scenes, 

and to perform a key role in the formation of long-term memory. Finally, the occipital 

lobe is mainly involved with the sense of sight (Mastin 2010). 

The cognitive tasks completed in this study are all standard measures of cognitive 

function which have previously been shown to increase activation of specific brain 

regions, particularly the frontal lobe (Casey et al. 2000; Curtis and D'esposito 2003). 

Although specific tasks may be identified as having a defined neuropsychological 

focus, in reality, any task is usually supported by several neural regions e.g. during 

episodic memory retrieval, fMRI studies have shown activations in the prefrontal and 

parietal cortices as well as the temporal lobes (MacCready et al. 2010). 

 Cognitive domains 

The various domains of cognitive function can be described as follows:  

 Attention is defined as the capacity to detect and orient to various stimuli, while 

vigilance and concentration involve directing thoughts and actions toward a 

stimulus; 
 

 Visuo-spatial function refers to the ability to understand visual representations 

and their spatial relationships; 
 

 Sensory and perceptual functions entail elaborations and interpretations in 

different parts of the brain which enable perception or awareness of external 

stimulations, including auditory, tactile and visual stimuli; 
 

 Language function includes language production and comprehension as well 

as the ability to read and to produce written language; 
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 Executive function is used to describe special and specific control functions 

that are distinguished from processing speed, memory and motor functions. 

Examples of executive functions include: switching or shifting - alternating 

between behaviour and information sources; inhibition - the ability to suppress 

automatic and habitual response or behaviour; updating - the ability to discard 

and replace information; sustained attention - sustained concentration and 

monitoring skills; strategic memory search - conscious, controlled retrieval of 

structured information; and planning - the ability to deal with novel information, 

generate goals and make decisions on a suitable course of action; 
 
 

 All of these processes are dependent on working memory, here used as a 

psychological construct to describe a hypothetical system for the temporary 

manipulation and maintenance of speech-based and/or visuo-spatial 

information, requiring the control of attention resources (Al Damen et al. 2018); 
 

 

 Memory and learning have also been evaluated by different tests. This domain 

includes short-term memory (e.g. digit span or digit recall tasks) and long-term 

memory (e.g. episodic immediate or delayed recall and recognition), 

conscious or unconscious processes (e.g. explicit versus implicit forms of 

memory and learning), memory of events (episodic memory) or meaning 

(semantic memory), remembering to perform actions (prospective memory), 

memory of skills (procedural memory) and memory of images and/or spatial 

orientation (visuo-spatial or spatial memory). 

While each of these domains is discrete, difficulties in one domain, like language, may 

produce problems with another domain such as visuo-spatial and constructional skills 

(as some constructional skills are verbally mediated) (Halligan et al. 2003; MacCready 

et al. 2009). 

 Cognitive function measures 

Measures of cognitive performance used are usually limited to a small number of well-

known tasks or tests. Bellisle et al. (1998) observed that there was considerable scope 

for more and better research using clearly defined nutritional manipulations or 

nutrients and an extended range of sensitive and relevant cognitive tasks. They 

recognized that while a large number of cognitive tasks were potentially able to 

demonstrate the effects of foods on performance, a limited number of tests were 

actually used in practice.  
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Those frequently used have included Simple (SRT) or Choice reaction time (CRT), 

Working, Short-term and Immediate recall memory, Word recognition and Digit 

vigilance. The researchers added some tests which had not been used frequently 

such as Corsi blocks (spatial memory), and various types of reasoning (logical, 

mathematical, abstract). It was also highlighted that cognitive tasks usually represent 

single components which form part of more complex skills and abilities like driving 

and operating machinery. The way in which these single components relate to 

compound tasks requiring simultaneous use of multiple faculties, is not clear. Due to 

this they considered that it was important to attempt to demonstrate whether 

nutritional manipulations exert a net effect on complex cognitive performance in total 

or on specific aspects of a task (Bellisle et al. 1998). 

Cognitive performance measures include not only measures of reaction time or speed 

but also of accuracy, and interventions could affect some or all of these aspects. New 

computer technology has provided the opportunity for these tasks to be administered 

electronically so that it has become possible to measure reaction time with correct 

and error responses and rates extremely accurately.  

Wesnes (2010) argued that it was important to use a wide range of cognitive tasks to 

fully determine cognitive ability. Most well-established test batteries include 

assessments of attention, episodic memory, motor control, working memory and 

executive function. Where possible, they suggested that more than a single test task 

should be included for each domain. This aims to help determine whether any null 

effect is a true finding or rather an indication of poor task sensitivity for the 

pomegranate extract and/or the dosage levels being investigated (MacCready et al. 

2010). 

The broad variety of tasks completed in the study included those testing the accuracy 

and speed of attention and vigilance; aspects of memory (spatial, secondary or 

working); cognitive demand; and executive function and mood (refer to Figure 6-2).   
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Figure 6-2 - Cognitive domains and the associated tasks performed in the Cognitive POM-03 
study (Stockton and Townsend 2013) 

 
The tests for the cognitive domains in the Pom-03 study were described as follows 

(Haskell 2013 and Tulving 2001):  

 Attention and vigilance  

The ability to concentrate on selected aspects of the environment while ignoring other 

stimuli – with vigilance representing the ability to maintain attention and alertness over 

time. Study tests include choice reaction time, digit vigilance and simple reaction time 

 Cognitive demand 

A selection of cognitively demanding tasks which have been shown to be sensitive to 

a variety of manipulations. Several tasks can be presented in easy or hard versions. 

Serial subtractions test this domain. 

 Working memory 

This can also be referred to as primary or short-term memory. This is the ability to 

hold information in mind while completing more complex cognitive processes. 

Working memory scores reflect the ability to attend and to maintain information for 
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use in a task, and this is demonstrated in Corsi blocks, logical reasoning, numeric 

working memory and serial subtraction tests.  

Spatial memory is the ability to hold information relating to spatial relationships (e.g. 

the location of an object in space, the position of one object in relation to another, or 

the correct path through a maze) in mind while carrying out more complex cognitive 

processes. The Corsi blocks and Corsi blocks lite test this domain. 

 Secondary memory 

Secondary memory is also referred to as long term or declarative memory. This can 

be subgrouped into two types, episodic and semantic memory (see above). 

 Episodic memory tests  

This is the `memory for personally experienced events’ or the ability to recall specific 

past events about what happened when and where. Episodic memory is distinct from 

other kinds of memory in being explicitly located in the past and accompanied by the 

feeling of remembering. Tests using this ability are: immediate and delayed word 

recall, delayed word recognition and delayed picture recognition. 

 Semantic memory tests  

This is the ‘memory for general facts of the world’ or the ability to hold memories that 

can be consciously recalled such as: facts, items, events, faces. This skill is used in: 

Picture presentation, Picture recognition, Word presentation and Word recognition. 

Immediate memory scores reflect how much information is learned in the short term, 

and delayed memory scores reflect how much information is recalled relative to how 

much information was actually presented (Ropaki et al. 2013). 

 Executive function 

This requires the co-ordination of cognitive resources which are involved in planning, 

initiating and inhibiting actions, cognitive flexibility, abstract thinking, and rule 

acquisition. Logical reasoning and serial subtractions test this domain. 

 Mood 

Emotional states that last a relatively long time that can be of negative or positive 

valence. The Bond-Lader test evaluates these states which result in consolidated 

measures of being alert, calm and contented. 
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All of these cognitive domains and their associated tests are discussed in more detail 

in the methods and materials section of this chapter. 

 Cognitive function and polyphenol rich foods 

Phenolic compounds are abundant naturally in some foods possessing both 

antioxidant and anti-inflammatory effects. These actions explain the recent surge of 

interest in examining their roles in the reduction of oxidative stress and inflammatory 

processes involved in cognitive deficits and the maintenance of cognitive function in 

adults (MacCready et al. 2010). The investigations were designed to highlight their 

potential use as neuroprotective nutrients in the maintenance of normal cognitive 

function and as therapeutic agents - especially where there were cognitive function 

declines (Abate et al. 2017). 

Flavonoids are polyphenolic compounds found in varying concentrations in many 

plant-based foods. Most fruits and their pure beverages contain variable levels of 

flavonoids. Herbal extracts are also commonly prepared from the leaves, bark, or 

berries of these plants to provide a more concentrated flavonoid source (Bell et al. 

2015). Flavonoids have already been well documented to elicit health benefits by 

reducing the risk factors associated with cardiovascular disease, diabetes and stroke 

(Basu 2010; Novotny 2015) and interest has naturally developed in their ability to 

induce cognitive benefits.  

Certain polyphenols, particularly the flavonoid anthocyanidins, can cross the blood-

brain barrier and localise in the hippocampus, the learning and memory area (Andres-

Lacueva et al. 2005). They have also been found in brain areas that are responsible 

for cognition (Singh et al. 2008). A decline in multiple domains of cognitive function, 

including memory and processing speed, usually accompanies ageing. Due to the 

scarcity of effective treatments for neurodegenerative disorders, nutritional practises 

assisting in the prevention or slowing decline of cognitive function could significantly 

contribute towards optimal cognitive functioning throughout the adult life-span 

(Crichton et al. 2016).  

Macronutrients such as carbohydrate and fat have been shown to both impair and 

improve certain aspects of cognitive performance, as have other food components 

(e.g. vitamins, glucose and tryptophan). Well-documented effects on cognitive 

performance have been observed following administration of caffeine and alcohol, 

although the effects tend not to be as great as those which follow psychotropic 

pharmaceutical preparations (Hindmarch et al. 1991). 
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Dietary patterns are widely recognised as contributors to both cerebrovascular and 

cardiovascular disease. The ability of phenol-rich foods to improve cognitive function 

has already been demonstrated in several studies. A number of epidemiological 

studies suggest that the regular consumption of foods and beverages rich in 

flavonoids is associated with a reduction in the risk of pathological conditions ranging 

from hypertension to coronary heart disease, stroke and dementia (Letenneur et al. 

2007; Nurk et al. 2009) and clinical trials (MacCready et al. 2009).  

The impairment of endothelial function is directly related to ageing and an association 

between decreased cerebral perfusion and dementia has been shown. Increasing 

cerebral blood flow (CBF), which ensures a constant delivery of oxygen and glucose 

and the removal of waste products to the brain, is one potential way for improving 

cognitive function (Ghosh and Scheepens 2009). The prospect for increasing CBF 

with dietary polyphenols appears promising. The major phenolics shown to have 

some of these effects in humans are primarily from cocoa, wine, grape seed, berries, 

tea, tomatoes, soy and pomegranate. (Ghosh 2009). 

There has been a significant paradigm shift in polyphenol research during the last 

decade. This increasing body of evidence suggests that fruit-derived phytochemicals, 

particularly phenolics in the form of flavonoids, are capable of exerting beneficial 

effects on memory and learning through their ability to exert effects directly on the 

brain’s memory systems which deteriorate with ageing. Neuronal populations or 

synaptic connections are lost over time, leaving the system less capable of processing 

and storing sensory information. A prospective study provided strong evidence that 

dietary flavonoid intake was associated with better cognitive evolution, i.e. the 

preservation of cognitive performance with ageing (Letenneur et al. 2007)  

There is also recent evidence to suggest that flavonoids found in fruits and their juices 

(most notably flavanols, flavanones and anthocyanins) have the capacity to improve 

memory (Keane et al. 2015; Lamport et al. 2016). The precise mechanism appears to 

be dependent on the period of flavonoid exposure. Improvements in cognition 

resulting from acute dietary flavonoid-rich fruit interventions are currently thought to 

be dependent on increased cerebrovascular blood flow (Spencer 2010b).  

An increasing number of flavonoids have been shown to delay the initiation of and/ or 

inhibit the development of Alzheimer disease (AD)-like pathology and related 

neurodegenerative disorders. Cognition deficits have been reversed in rodent models, 

suggesting a potential therapeutic use in dementia. The actions of flavonoid-rich foods 
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like green tea and blueberry seem to arise from the direct interactions of absorbed 

flavonoids and their metabolites’ ability to interact with intracellular neuronal and glial 

signalling pathways. This activity increases the strength and number of connections 

between neurons. The vascular system effects may also lead to improved cognitive 

performance through increased brain blood flow and an ability to initiate neurogenesis 

in the hippocampus. Together these processes act to maintain the number and quality 

of neural connections in key brain regions and thus flavonoids have the potential to 

prevent the progression of neurodegenerative pathologies and to promote cognitive 

performance. Suggested mechanisms include the ability to reduce neuronal damage 

and losses induced by neurotoxicity such as oxidative stress and neuroinflammation 

and the inhibition of amyloid β generation and aggregation (Williams and Spencer 

2012). The antioxidant and anti-inflammatory properties of polyphenols have been 

shown to influence neuronal signalling involved in memory function. (Ishige et al. 

2001; Joseph et al. 2009). They can protect neuronal cells in various in vivo and in 

vitro models through different intracellular targets, although specific mechanisms of 

action have not yet been specifically defined (Ramassamy, 2006).  

Various animal models have demonstrated that berry extracts with high levels of 

anthocyanins, flavonoids or other polyphenols can reverse brain and age-related 

cognitive decline in rodents with the active compounds able to cross the blood brain 

barrier (Willis et al. 2009). Similarly, in healthy humans, complex mixtures of cocoa-

flavanols have been shown to improve performance on cognitively demanding tasks 

(Scholey et al. 2009). They also improve peripheral vasodilation and cerebral blow 

flow during task performance, as indexed by functional MRI (Francis et al. 2006).  Fruit 

polyphenols have also been known to produce various positive physiological benefits, 

in both animal and human studies, and epidemiological studies suggest that fruit and 

vegetable consumption is associated with better cognitive performance in the elderly 

and a lower risk of developing neurodegenerative conditions (Letenneur et al. 2007). 

This evidence appears to support William and Spencer’s (2012) supposition that the 

consumption of flavonoid-rich foods can beneficially influence normal cognitive 

function, may limit neurodegeneration and also prevent or reverse deteriorations in 

cognitive performance (Wightman and Kennedy 2011). 
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 Effect of whole fruit, juices and extract on cognitive function 

A few emerging studies have specifically considered the effects of dietary 

supplementation with fruit juices and extracts on cognitive function such as 

blueberries, blackcurrants and grapes. Concord grape juice (CGJ), has also been 

used in a variety of these cognitive studies, and is a rich source of polyphenols, 

particularly flavonoids such as proanthocyanidins and anthocyanins (Lamport et al. 

2016). These compounds may positively affect cognitive function through a variety of 

mechanisms which include inducing neurogenesis and synaptic plasticity and the 

inhibition of neuroinflammation (Spencer et al. 2012).  

Long term flavonoid supplementation over a period of weeks or months has been 

investigated and reviewed, particularly with respect to cognitive ageing and 

neurodegenerative disease. Less attention has been directed towards the short-term 

effects, i.e. within the immediate 0–6 h post ingestion of single doses of flavonoids on 

cognition. Immediate cognitive enhancement is often sought after in academic and 

work environments e.g. for exams, client presentations or where improved 

performance is desirable. In these situations, flavonoids may be useful as an 

alternative to other stimulants such as caffeine in energy drinks. Acute studies are 

also important in understanding the complete range of effects which flavonoids may 

produce, and their mechanisms of action (Bell et al. 2015). 

 Fresh blueberries 

Cognitive effects in children were investigated by Whyte and Williams (2015) in a 

small, crossover study (n=14) using fresh whole blueberries (200g, 143mg 

anthocyanins). Although there were no effects at 2h for executive function tasks, they 

noted a significant improvement in delayed word recall using the Rey auditory verbal 

learning task (RAVLT) (d=0.74). Even with no baseline measures the RAVLT effect 

size is good evidence for the positive effects of blueberry flavonoids in children. Whyte 

et al. (2015) then conducted a larger (n=21) double-blind, placebo-controlled, 

crossover study investigating the cognitive effects of 2 separate blueberry doses 

(127mg and 253mg anthocyanins) in children. The highest dose resulted in significant 

improvements in immediate word recall after 1.25 h (d=0.80), and in delayed word 

recognition after 6h (d=0.78). The positive blueberry effects in children appear to be 

focused on episodic memory (Bell et al. 2015).  
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 Blueberry juice 

Rodrigues-Mateos et al. (2013) investigated polyphenol dosage and timings by 

considering the impact of blueberry flavonoid intake on flow-mediated dilation (FMD) 

with 21 healthy men in a randomised, controlled, double-blind, crossover intervention. 

Polyphenol absorption and metabolism was assessed at baseline then 1, 2, 4, and 6-

h after consumption of blueberry drinks containing 766, 1278, and 1791 mg total 

blueberry polyphenols or a non-polyphenol nutrient-matched control drink. Intakes, 

from baseline to 1-h, with amounts from 319 to 1791 mg total blueberry polyphenols 

and a control were investigated. They observed significant increases at between 1–

2-h and 6-h after consumption of blueberry polyphenols. After 1-h, FMD increased 

dose dependently up to 766 mg total blueberry polyphenol intake, after which FMD 

plateaued. These increases were closely linked to increases in circulating metabolites 

and they concluded that blueberry intake acutely improved vascular function in 

healthy men dependent on timing and dose intake. These benefits may be 

mechanistically linked to the actions of circulating phenolic metabolites. From these 

data, the blueberry polyphenol intake necessary to achieve half-maximal effects was 

calculated to be 482 mg, which corresponded to 152 g fresh blueberries.  

 Grape and orange juice 

The effect of grape supplementation on cognition in healthy individuals with no 

cognitive function impairment or decline has been investigated with long-term and 

acute consumption dosages. Grape juice supplementation had previously been 

shown to improve memory and motor function in rodent studies (Shukitt-Hale et al. 

2006), and Krikorian et al. (2010a) used daily grape juice supplementation with older 

adults with mild cognitive impairment over 3 months. In the Krikorian study, there was 

a significant improvement in memory function i.e. improved verbal learning and spatial 

and verbal recall. Systematic reviews (Lamport et al. 2012) have also suggested that 

the consumption of polyphenol-rich foods and drinks, such as grape juice and 

blueberries, are associated with cognitive benefits in humans. 

Lamport et al. (2016) subsequently conducted a 12-week placebo-controlled, 

randomized crossover trial which suggested that biophenol-rich grape juice may be 

beneficial for cognition in healthy individuals. Participants were mothers of preteen 

children experiencing a psychologically demanding and potentially stressful lifestyle 

but had no apparent cognitive disorders. The women (n= 25) were aged 40-50 years 

old and were also employed for ≥ 30 hours/week. They consumed either Concord 
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grape juice (CGJ) (12 ounces = 355ml) containing 777mg total polyphenols (includes 

167 mg anthocyanins and 334 mg proanthocyanidins) or a matched placebo drink for 

12 weeks daily with a 4-week washout period. A marked improvement in spatial 

memory and driving skills were observed with no effects on measures of executive 

function, verbal memory and psychomotor skill. However, evidence of benefits in 

verbal recall and executive function remained after cessation of the CGJ 

supplementation. This finding was supported in another crossover-controlled study of 

chronic flavanone-rich orange juice consumption (containing 777mg total polyphenols 

as gallic acid equivalent), where measures of both executive function and memory 

were improved (Kean et al. 2005). 

 Acute consumption – grape juice and blackcurrant extract 

Acute biophenol consumption was investigated in two studies looking at the effect of 

grape juice on cognition and mood. Haskell-Ramsay et al. (2017) conducted a 

randomized, placebo-controlled, double-blind, crossover study in 20 healthy young 

adults (mean age 21 years). The study examined measures of episodic memory, 

working memory, attention and mood following a 20-minute absorption period of a 

230 ml single serving of commercially available purple grape juice. The juice 

contained 1504 mg total phenols and 138 mg anthocyanin.  

An earlier study conducted by Hendrickson and Mattes (2007) investigated whether 

an acute dose of grape juice would mitigate deficits in mood and cognition that 

commonly occur following a large meal. They enrolled 35 young adult smokers (mean 

age 26 years). Smokers were selected on the rationale that they have increased levels 

of oxidative stress, and because smoking abstinence can exaggerate the post-meal 

dip in cognitive or affective state, thus this population may be more sensitive to the 

effects of flavonoids than healthy non-smokers. The participants consumed either 600 

mL of CGJ (10mL/kg containing around 2,100mg total phenols and 580 mg 

anthocyanins) along with a standardized lunch or energy-matched placebo followed 

by assessments of mood and implicit memory. This was a well powered, large study, 

yet no significant effects of grape juice were observed 1 h postprandially compared to 

placebo. Interestingly, mood ratings for positive mood states (pleasure, arousal and 

vigour) declined and ratings of negative mood states (confusion and fatigue) 

increased under both grape and placebo conditions. 

Neither study found an effect of acute grape juice supplementation on memory. 

However, the Haskell-Ramsay study discovered a significant effect of the acute 
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administration on attention and mood. This was measured by enhanced overall speed 

on attention tasks and significantly increased calm ratings. However, executive 

function was not evaluated separately in these studies. Haskell-Ramsay et al. (2017) 

evaluated this instead through a composite score of memory reaction time (Memory 

reaction time (RT) = (RT delayed word recognition + RT delayed picture recognition 

+ RT numeric working memory)/3). Similarly, Hendrickson and Mattes (2007) only 

measured one cognitive domain - implicit memory. 

Moreover, Watson et al. (2015) conducted a double-blind, controlled crossover trial 

investigating the acute consumption of two blackcurrant extracts (cold-pressed juice 

or freeze-dried powder). Blackcurrants are also a rich source of anthocyanins. Results 

showed improved mood and cognitive function in 36 healthy young adults compared 

to placebo. Improved attention compared with an energy-matched control was 

observed during a 70-min-long, cognitively fatiguing battery, beginning 1 h 

postprandially. Specifically, declining accuracy and reaction time on a rapid visual 

information processing (RVIP) task was reduced after taking the powdered and juiced 

extract (although the placebo intervention reaction time was reduced on the extract 

too). No effects were observed for the Stroop test (a measure of inhibition and 

attention), or for subjective measures of mood and mental fatigue. The total 

polyphenol content of the two extracts were matched at 525 mg/60 kg bodyweight 

with the anthocyanin content differing slightly: 483 mg/60 kg bodyweight for the 

powder and 467 mg/60 kg for the juice. The significant cognitive effects observed for 

tests of executive function (RVIP and, to some extent, vigilance) were consistent with 

the executive function benefits reported in healthy young adults following blueberry 

anthocyanins (Bell et al. 2015). 

The consumption of fruit polyphenols appears to have the potential to prevent 

cognitive decline, or perhaps even to enhance cognitive performance (Al Damen et 

al. 2018). 

 Pomegranate and cognitive function 

Pomegranate is known to be a particularly rich source of fruit polyphenols, with an 

antioxidant potency greater than red wine, grape, blueberry, cranberry, cherry, acai 

and orange juices (Seeram et al. 2008a). Pomegranate juice antioxidant power was 

shown to be three times higher than those of red wine and green tea (Gil et al. 2000). 

Pomegranate juice is also rich in a phytochemical group called anthocyanins. They 

are responsible for the red hue of many fruits and vegetables. Anthocyanins help 
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protect the brain from age-related cognitive decline and improve working memory 

(Basu and Penugonda 2009).  

In addition to flavonoids such as delphinidin, cyanidin, and pelargonidin (Noda et al. 

2002), pomegranate species contain hydrolysable tannins called punicalagins which 

are the largest polyphenolic antioxidants. Following ingestion, these tannins are 

hydrolysed into ellagic acid and others that are transferred to the blood circulation. 

Punicalagins (α and β), gallagic acid and ellagic acid are the main ellagitannins found 

in pomegranate extract (Gómez-Caravaca et al. 2013). The gut converts these 

ellagitannins into urolithins which are small molecules that possess antioxidant 

properties (Mackler et al. 2013). Ellagic acid, gallic acid and punicalagins found in 

pomegranate were shown to inhibit lipopolysaccharide (LPS) induced nitric oxide 

(NO), prostaglandin E2 (PGE-2) and interleukin-6 (IL-6) production which is believed 

to be responsible for the anti-inflammatory effect of pomegranate extract (Bensaad et 

al. 2017). Ellagic acid (EA) shows antioxidant capacity and anti-inflammatory actions 

in several animal tissues and has been considered as a possible neuroprotective 

agent. However, the evidence is limited regarding whether and how EA exerts 

neuroprotection in humans (De Oliveira 2016). 

 Animal and constituent studies 

Pomegranate flower improved learning and memory performances in rats (Cambay 

et al. 2011) and it shows neuroprotective effects against Alzheimer’s disease (AD) in 

several reported animal studies such as Essa et al. (2015) who investigated long-term 

dietary supplementation of pomegranates on transgenic mice AD models where it 

alleviated neuroinflammation. 

Using brain cells isolated from LPS-activated rats, genetically bred to develop 

Alzheimer’s disease Olajide et al. (2014) showed that the punicalagin found in 

pomegranate extract can inhibit neuro-inflammation found in microglia -specialised 

brain cells. Researchers considered that as inflammation leads to the destruction of 

more and more brain cells, the condition of dementia sufferers becomes progressively 

worse. The rats taking the extract not only did not get worse as they got older, they 

actually showed improved memory and behaviour. While there is still no cure for the 

disease, the researchers concluded that the regular intake of punicalagin in 

pomegranate could help prevent or slow down its development. The amount of 

pomegranate required to be effective has yet to be determined.  
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It was unknown whether pomegranates constituent ellagitannins and/or their 

physiologically relevant gut microbiota-derived metabolites, namely, urolithins, were 

the responsible bioactive constituents for these positive effects. However, in 2016, 

Yuan et al. isolated 21 constituents, which were primarily ellagitannins, from a PE and 

identified them by HPLC, NMR, and high-resolution electrospray ionisation mass 

spectrometry (HRESIMS). One of the hallmarks of Alzheimer’s disease pathogenesis 

is the accumulation of the amyloid beta protein in plaques that lead to 

neurodegeneration. To protect the brain against these structures and prevent their 

formation, compounds must be able to cross the blood-brain barrier, a highly selective 

membrane that separates the circulating blood from the brain. Only the urolithins, 

fulfilled the criteria required for penetration of the blood-brain barrier, preventing β-

amyloid fibrillation in vitro, appearing to be the molecules responsible for pomegranate 

extract’s apparent neuroprotective effectives against Alzheimer’s disease. 

 Human studies 

 Pomegranate Juice 

Human studies have also been conducted with pomegranate supplementation. 

Participants had symptoms of decline in their cognitive function but completely normal 

cognitive function tests. Bookheimer et al. (2013) conducted a placebo controlled 

randomised trial with 28 middle aged and older adults with mild memory complaints 

who consumed 8 oz (240ml) of pomegranate juice for 4 weeks. Participants 

underwent a battery of cognitive tests and memory tests before the study alongside 

functional magnetic resonance imaging (fMRI) which can show actual changes in the 

brain memory function areas. The pomegranate group improved statistically in all of 

the test scores with some improvements almost double that of the placebo group. 

Only the pomegranate group showed improvements in verbal memory and increased 

fMRI activity during both verbal and visual memory tasks. FMRI directly registers 

blood flow to functioning areas of the brain, thereby providing information on brain 

activity (Oxford University 2016). Researchers concluded that there would appear to 

be an association between pomegranate supplementation over a period of weeks and 

improvements in cognitive performance. They hypothesized that polyphenols (and 

other antioxidants) enhance resting and task-related cerebral blood flow and brain 

activation thus improving memory ability in older adults with pre-existing mild memory 

complaints. Bookheimer et al. (2013) also recommended that as they were unable to 

determine whether other aspects of cognition were affected by PJ or PE, future 
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studies should examine their effects using a more comprehensive cognitive battery of 

tests. 

 Pomegranate extract 

Ropaki et al. (2013) examined the impact of pomegranate supplementation on 

memory performance after cardiac surgery on 10 patients. They showed that in a 

group of patients undergoing heart surgery, the placebo group had significant 

deficiencies in memory retention post-surgery compared to the pomegranate group. 

The pomegranate group improved in memory retention for up to 6 weeks post-surgery 

compared to beforehand. They compared the results of baseline neuropsychological 

tests for immediate memory, delayed memory, and retention in treatment and placebo 

groups to post-operative test results. Patients undergoing elective coronary artery 

bypass graft and/or valve surgery were given either 2 g of pomegranate extract (in 2 

PO pills) or placebo (pills containing no pomegranate ingredients) each day from one 

week before surgery to 6 weeks after surgery. Each 1 g capsule contained a 

concentrated blend of the polyphenols derived from 240mL of pomegranate juice 

(∼375mg punicalagins, 93mg anthocyanins, 29mg ellagic acid, and 100mg other 

tannins). The dose of two pills per day was chosen because doses of 1-2g were 

proven safe and effective in other human studies. The patients were also administered 

a battery of neuropsychological tests to assess baseline memory function at 1-week 

pre-surgery, and then 2 and 6 weeks post-surgery. The placebo group had significant 

deficits in post-surgery memory retention, and the pomegranate treatment not only 

protected against this effect, but also actually improved memory retention 

performance for up to 6 weeks after surgery as compared to pre-surgery baseline 

performance.  

 Mechanisms and cognitive review 

Kim et al. (2017) considered that neuroinflammation was significant in the 

pathogenesis and development of AD. Having previously shown that 

lipopolysaccharide (LPS) induced neuroinflammation caused memory impairment, 

they investigated the possible preventive effects of punicalagin on memory deficiency 

caused by LPS, along with the fundamental mechanisms. Their results suggested that 

punicalagin inhibits LPS-induced memory impairment via anti-inflammatory and anti-

amylogenic mechanisms through inhibition of nuclear factor-kappaB (NF-κB) 

activation. However, the specific mechanisms by which pomegranate polyphenols 

affect memory are currently unknown (Ropaki et al. 2013). 
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Al-Dujaili and colleagues conducted an extensive review of the effect of pomegranate 

and other biophenols on cognition (Al Damen et al. 2018). They reported that no 

animal studies have been conducted to investigate the effect of pomegranate extract 

on age related cognitive decline. However, human interventional studies of grape, 

berry and pomegranate showed a significant enhancement of cognitive functions in 

older subjects with age-related memory complaints and mild cognitive impairment 

(MCI). This was evidenced by some of the memory and executive function measures 

assessed. Animal studies investigating the effect of pomegranate on cognition deficit 

induced by cerebral ischaemia showed a significant enhancement of active and 

passive cognitive function measures as well as a beneficial role on cognitive and 

behavioural parameters in AD.  

 Rationale 

The evidence discussed suggests that the consumption of berry and pomegranate 

polyphenols, both acute and chronic, may have the potential to enhance cognitive 

performance, and perhaps even to prevent cognitive decline. However, there are only 

a few human studies investigating the effect of an acute dosage of berry polyphenols 

on cognitive function. Some of these had very small sample sizes, and no baseline 

measurements or physiological markers. There do not appear to be any existing 

human studies investigating the impact of an acute application of pomegranate 

polyphenols on cognitive function. The POM-03 cognitive study was designed to 

explore this area.  

6.2 Aims and objectives  

This intervention focused on the effect of acute intake of pomegranate extract on 

various aspects of cognitive function, including memory and mood in healthy adult 

participants. The primary objective was to measure changes in cognitive function and 

the secondary objective was to examine physiological, biochemical and mood 

measurements which may provide supporting evidence of any cognitive changes. 
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6.3 Outcome measures 

 Primary outcomes 

The primary outcomes were cognitive measures of memory function, administered by 

the computerised cognitive testing battery COMPASS, recorded pre and 

postintervention. These were measured by completion reaction time (RT) in 

milliseconds, and the number and accuracy of these responses. Bond Lader mood 

scales were presented as a score out of 100. Tests included: determining the 

accuracy and speed of attention and vigilance; aspects of memory (spatial, 

secondary, working or prospective); and executive function. 

 Secondary outcomes 

Changes in physiological, biochemical markers and mood were calculated by:  

 Measuring pre and post systolic and diastolic blood pressure (mmHg) to 

investigate any changes. 

 Analysis of pre and post saliva collection for cortisol and cortisone levels 

(nmol/L). These were processed via ELISA to determine stress and mood 

levels. The calculated cortisol-to-cortisone ratio (F/E ratio) is a marker of 

cortisol metabolism (net 11βHSD activity). 

 Mood was assessed using VAS scales within the COMPASS test battery. 

6.4 Methods and materials 

 Design 

A double-blinded, randomized, placebo-controlled, counter-balanced -crossover 

design was employed. Ethical approval was granted for the intervention on 

02/10/2014 by the Queen Margaret University School of Health Sciences Divisional 

Ethics Committee. The study began in April 2014 and completed in July 2014. This 

trial was registered as ClinicalTrials.gov Identifier: NCT02935777. 

 Crossover trials 

This design has a long history in the planning of scientific trials and forms the 

continued basis of a large number of clinical studies. Crossover trials provide each 

participant with two or more sequential treatments in a random order normally 

separated by a washout period. Each participant within a trial is able to act as his or 

her own control and permits between and within group comparisons. Crossover 
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studies are most appropriate in studies where the effects of the treatment(s) are short-

lived and reversible. They have proven popular for the study of new and 

developmental drugs. The advantage of a crossover design is that the interventions 

under investigation are evaluated within the same patients allowing each participant 

to be his/her own control. This is essentially a matched design which eliminates 

between-subject variability, removing all fixed within-patient factors e.g. gender (Mills 

et al. 2009). Responses of treatment and placebo are compared for each patient 

where they randomly receive either the active intervention followed by a “washout” 

period in which no active or inactive treatment is given, and then the control treatment, 

or vice-versa. This is known as counterbalancing and helps to reduce the bias that 

could result from the order in which a condition is provided (Nason and Follmann 

2010). 

The crossover design was used to permit within participant comparisons. Providing 

the same cognitive landscape with different treatments means that a smaller sample 

size is required. The simplest type of crossover trial was chosen which is a two 

treatment, two period design. In each treatment period, baseline scores were 

determined before the intervention and compared to those post capsule ingestion 

(Tianjing et al. 2015). Most clinical disciplines use the crossover design, particularly 

studies in the CNS specialties of neurology and psychiatry, as well as pain treatment 

trials. The crossover design thus avoids problems of comparability of study and 

control groups with regard to confounding variables (e.g. age and sex). Moreover, the 

crossover design is advantageous regarding the power of the statistical test carried 

out to confirm the existence of a treatment effect: Crossover trials require lower 

sample sizes than parallel-group trials to meet the same criteria (Ressing et al. 2010). 

Wellek and Blettner (2012) stated that a few pitfalls must be avoided in the planning 

and analysis of crossover trials. The two trial periods in which the patient receives the 

different treatments (whose effects are being compared) should be separated by a 

washout phase that is sufficiently long to rule out any carryover effect where the 

prospect of having performed in one condition affects performance in the second 

condition. Thus, the best approach is to make sure there is no carry-over with an 

efficient wash-out period. The FDA recommend a washout period of ≥ 3 x half-life of 

the intervention treatment (Senn 1994 and Senn et al. 2004) and a week washout 

period ensures that a carryover does not occur. Participants who receive treatment A 

in period 1 and then treatment B in period 2 (or vice versa) may show systematic 

differences in outcome even when A and B have identical effects (e.g. when the same 
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treatment is given [A=B]), because of time effects. As a consequence, they 

recommend that researchers planning and analysing a crossover trial have to take 

special precautions to avoid any confounding of treatment effects and period effects. 

A simple example of a period effect is familiarization with the study situation (Mills et 

al. 2009).  

 Absorption period and dosage 

After capsule ingestion, a 1-hour absorption period was allowed before the post 

intervention test session began. This time period was chosen after consideration of 

the absorption time period in previous polyphenol acute intervention trials. The 

Rodriguez-Mateos et al. (2013) double trials on blueberry flavonoid induced 

improvements in vascular function showed that there were significant increases 

between 1-2 hours after consumption of the polyphenols. In another evaluation of the 

acute effects of guarana in humans, Haskell et al. (2007) performed testing sessions 

at 1 hour after intake. Mertens-Talcott et al. (2006) investigated the absorption and 

antioxidant effects of the acute consumption of 800 mg of standardized pomegranate 

extract in healthy human volunteers and showed very similar results to Seeram et al. 

(2004b). In both, EA and metabolites were found in plasma after the consumption of 

pomegranate extract, with inter-subject variability. The optimal absorption period was 

around an hour. Although the treatment duration was short, there is evidence in 

animal literature that antioxidant use can affect cerebral blood flow (Bookheimer et al. 

2017). In a double-blind, placebo-controlled crossover study, Wightman et al. (2012) 

administered 135 mg and 270 mg doses of the flavanol EGCG extract but observed 

no cognitive or mood effects for either dose. Cognitive tests were measured at 

baseline and 45 min after supplementation (Bell et al. 2015). As no results had been 

shown at these times and dosages, the administered dosage in the POM-03 study 

was aligned more with the Ropaki et al. (2013) trials where participants were given a 

higher 2 g dose of polyphenols. As in Stockton et al. (2015), this proved to be a safe, 

effective dosage. The Ropaki et al. (2013) dosage of two capsules contained ∼ 375mg 

punicalagins, 93mg anthocyanins, 29mg ellagic acid, and 100mg other tannins to 

participants. The dosage in this POM-03 trial was also 2 x 1.1g capsules (see 

pomegranate capsule profile below).  
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 Participants 

Participants were recruited by means of a written advertisement in the QMU research 

recruitment email digest and through word of mouth (Appendix 9.17). Inclusion and 

exclusion criteria were confirmed from a screening questionnaire and initial interview.  

Participants were considered for inclusion in the study if they were healthy, between 

18-65 years old and enjoyed computer tasks. Exclusions applied for conditions which 

would affect cognitive function or interfere with intervention procedures. These 

included:  

 

 Diagnosis with any neurological, psychiatric or significant medical condition 

which could affect cognitive function; 

 Known cognitive impairment; 

 Use of any prescription, herbal or recreational drugs; 

 Gastrointestinal disease; 

 Pregnancy or breastfeeding; 

 Pomegranate allergy. 
 

 Treatment 

Participants visited the QMU clinical lab three times. The first recruitment and 

screening visit fully briefed volunteers about the study requirements through 

discussion around the participant information sheet (Appendix 9.18). Completion of 

the medical screening questionnaire (Appendix 9.21) with the researcher ensured that 

participants met the essential study criteria. After informed consent (Appendix 9.19) 

was given, demographic information and measurements of age, height, weight, 

ethnicity and gender were recorded.  

Participants also completed a training and practise session on the Computerized 

Mental Performance Assessment System (COMPASS), software developed by 

Northumbria University which assesses cognitive function (Appendices 9.23 and 

9.24). This familiarized participants with the software and attenuated any period 

(practice) effects.  
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Figure 6-3 - Pom-03 cognitive study scheduling. 

 
Saliva containers and instructions for saliva collection (Appendix 9.11) were provided. 

The first saliva collection on each study day was taken after wakening and washing 

out the mouth, but before brushing teeth. Reminders were provided (Appendix 9.24) 

to ensure that 2-3mls of saliva was collected, as this required more than one saliva 

deposit in the collection tube. 

After recruitment, participants were randomly assigned to either the pomegranate 

extract (PE) or placebo group (PL). The researcher and participants were both blinded 

as to which capsules were consumed until data collection was complete. The 

randomisation process was carried out by independent technical staff who used an 

internet random number generator site (Randomizer 2017) to allocate treatment. The 

pomegranate and placebo capsules looked identical and were placed in sealed, 

labelled, pre-prepared opaque containers numbered by technicians (Figure 6-4). 
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Figure 6-4 - Blinding of capsules in cognitive study (Stockton 2014) 

 
On the day prior to testing, participants were requested to abstain from alcohol, 

recreational drugs, and vigorous exercise. Participants were also required to restrict 

herbal extracts, food supplements and polyphenols such as dark chocolate, fruit rich 

in polyphenols and antioxidants to less than three portions for 24 hrs before visits 2 

and 3. This list of restrictions was provided to participants: Dark/Red Grapes and their 

juices; berry fruits and their juices; green tea, black tea, and coffee; pomegranate and 

juices; dark chocolate; red wine and soy and soy products.  

A 24-hour pre-test food diary was completed to assist with compliance (Appendix 

9.20) and examined before the study period began. Participants were also advised to 

have a good night’s sleep (at least 6−8 h) during the night before the intervention visit 

and that they should not be more stressed than usual. If there was a pre-study 

compliance issue or baseline blood pressure readings had suggested that the 

participant was unduly stressed, then the test session would have been rearranged. 

Lab visits 2 and 3, which were seven days apart, constituted the intervention phase. 

Each visit lasted for approximately 3 hours taking place between 9am and 12 noon 

each day. Participants were requested to have the same breakfast, at the same time, 

on the morning of each study day. Morning sessions were chosen for this study as it 

had been observed by Bellisle et al. (1998) that when nutritional manipulations were 

made at midday, performance on attention and reaction time tasks was usually 

impaired. Thus, the study period aimed to finish before then. They also reiterated that 

caffeine was well known to increase alertness and therefore may have an impact on 

cognitive function. Accordingly, participants were asked to abstain from tea and coffee 

overnight and on the morning of the intervention. 

The pre-study saliva collection was completed at home by participants early in the 

morning after rising on the day of each intervention. The samples were then frozen 
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until analysis was performed for cortisol and cortisone levels. These provided a 

biochemical marker for stress levels which aimed to support any cognitive findings 

and the results from the Bond Lader mood questionnaire completed during the 

computer testing.  

Participants began their randomised study arm on lab visit 2, and after a washout 

period of 7 days, repeated this procedure at visit 3, where they crossed over to the 

remaining intervention. At each visit, beginning at 9am, participants completed two 

laptop computer testing sessions lasting approximately 45 minutes – one pre and one 

post capsule ingestion. The first computerised cognitive test battery was administered 

in the lab after taking baseline blood pressure and heart rate. Blood pressure 

measurements were recorded 5-10 minutes after participants arrived and settled 

down. Then the first cognitive testing session began. 

Each COMPASS test duration was approximately 45 mins. All assessments were 

performed on a QMU laptop computer which was used by individual participants at 

every baseline and post dose assessment. There is a large bank of different stimuli 

for each cognitive test and all stimuli were randomised across participants and 

assessments. The results were automatically recorded by the software, except 

immediate and delayed word recall, which were completed on paper. The investigator 

then observed the participants consuming either two placebo or two pomegranate 

extract capsules, with water by mouth. This was followed by a one-hour absorption 

period, spent as quiet resting time, before the next test session began.  

The two pomegranate extract capsules provided a combined dosage of 574 mg 

POMANOX® containing 221.6mg punicalagin and 352.4mg of other pomegranate 

polyphenols such as flavonoids, ellagic acid and anthocyanins. Placebo capsules 

contained maltodextrin from potato starch and no polyphenols. There was no need 

for compliance measures as the researcher was present when the treatment capsules 

were consumed. 

After the absorption period, at around 11am, cognitive testing was completed once 

more and then a second, post intervention, saliva collection was taken. Systolic and 

diastolic BP and heart rate were also measured. Participants completed the 

intervention around 12 noon. The cognitive testing was conducted under controlled 

laboratory conditions. The assessments for both arms at baseline and post 

intervention were performed at the same time of day (between 9.00 and 12.00) in 

order to mirror conditions for both arms as closely as possible. 
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 Biochemical and physiological measures   

 Saliva 

Changes in the steroid hormones cortisol and cortisone found in saliva are important 

markers of stress and CVD risk. Differing patterns of glucocorticoid (GC) secretions 

have been reported particularly in older adults, with some individuals attaining very 

high levels of GCs, while others maintain moderate levels. A high cortisol level impairs 

cognitive function, especially in the elderly, as base levels can rise as people get older 

(Souza-Talarico et al. 2011). The POM-03 study investigated whether acute PE intake 

affected cortisol levels after a 1-hour absorption period. Morning (pre-test) and noon 

(post-test) levels were compared between and within intervention arms. Cortisol and 

cortisone levels were estimated by using highly specific and sensitive ELISA methods 

developed by Al-Dujaili et al. (2011). Using this method of collecting saliva for steroid 

hormone determination ensured that no blood contamination was observed in saliva 

samples taken and that no rogue results were obtained. Mean cortisol and cortisone 

levels which are within the normal ranges would confirm that the participant population 

had normal patterns of GCs, stress and CVD risk and that these risk factors would 

not affect the intervention results. Normal salivary cortisol levels (Papanicolaou et al. 

2002; Al-Dujaili et al. 2011) are summarized as follows: 

 7am - 9am:            1.0-7.5 ng/mL = 2.76 – 20.7 nmole; 

 12noon -1pm:        0.3 – 4.1 ng/mL= 0.828 – 11.316 nmole; 

 8pm - 11pm:         <0.10 – 2.8 ng/mL = <0.28- 7.73 nmole. 

 Blood pressure 

Blood pressure and heart rate were measured with participants in a sitting position by 

a digital blood pressure monitor from A & D Medical, model UA-767 Plus 30 (2012) 

with a measuring range of 20-280mmHg (serial no: 5120506005). Readings were 

taken in triplicate before the first baseline test 5-10 minutes after arrival and again 

following post-dose completion of the cognitive tasks. An average of the readings was 

calculated for each time point. BP is a physiological measure of stress and in test 

situations, stress levels can influence the results obtained. Any significant differences 

in BP can be discussed alongside saliva markers and assist in the interpretation of 

results. 
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 COMPASS for cognitive and mood assessment  

All participant cognitive and mood function assessments were delivered using the 

Computerised Mental Performance Assessment System or COMPASS [Version 

4.2.1] (Northumbria University, Newcastle upon Tyne, UK), a purpose-designed 

software application for the flexible delivery of randomly-generated, parallel versions 

of standard and novel cognitive assessment tasks (Dodd et al. 2015). Various forms 

of the cognitive demand battery, including COMPASS, have been validated and used 

in a variety of recent studies plus have been shown to be sensitive to nutritional and 

herbal interventions (Reay et al. 2005; Kennedy et al. 2010; Scholey et al. 2010; 

Kennedy and Haskell 2011; Stonehouse et al. 2013). The tasks completed at baseline 

and post-dose were identical. 

COMPASS creates a full set of randomised stimuli for every single assessment 

performed by each individual participant, which ensures that participants do not 

become familiar with the test stimuli as time progresses. It also provides pre-

programmed word lists, and pictures developed for healthy adults, allowing research 

to be conducted across age groups, or in other languages. COMPASS is 

straightforward to configure, only requiring that the number of participants, 

assessments, stimulus intervals and pre-programmed tests are chosen during the set-

up procedure. The programme can then be reloaded as required. Although there are 

set defaults within COMPASS, the speed of presentation, length of tasks and the 

number of stimuli can be changed for every task assessment. The data produced from 

each participant assessment is automatically consolidated into one spreadsheet for 

the complete study. Raw data is available for quality checks and more in-depth 

analyses (Haskell 2013).  

The computerized tests were conducted using a laptop computer with all stimuli 

randomised across participant and assessment. Progress through the tasks is 

controlled by the participant, with brief instructions presented on-screen before the 

start of each task. Tasks were presented in the same order on each occasion. With 

the exception of the paper and pen tasks (word recall), all responses were made using 

the laptop mouse and keyboard. 

Due to the limited available data regarding the effects of acute consumption of 

pomegranate or other fruit extracts on cognitive performance outcomes, the tasks 

selected comprised standard psychometric tasks assessing cognitive function across 

a range of different domains (Haskell-Ramsay et al. 2017 & 2018). 
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Figure 6-5 - Participant work station for COMPASS tests (Stockton 2014) 

 
A trial session was provided for participants to become familiar with the study software 

and procedures before the intervention. All sessions were performed in a quiet room 

with no distractions on a Toshiba Tecra A11-11H laptop with Windows 7 software and 

a vPro i5 Intel core (2012). 

The COMPASS training pack (Appendix 9.22) prepared for each participant included 

detailed task instructions. Participants read the pack before the practice day and then 

were trained on the package by the researcher before completing the practice session 

comprising shortened versions of all the study tests. Any questions or difficulties were 

resolved. Participant scores were also checked against previously established norms 

listed in Appendix 9.23 to ensure that participants had gained a thorough 

understanding of each task.   

 Cognitive task descriptions 

 Task order and cognitive function tested. 

The cognitive tasks below were performed by participants during each testing session. 

The same tasks were applied pre and post intervention, but the content of each, 

although drawn from the same database, was unique e.g. the photographs in picture 

presentation may have been completely different pre and post, but the task remained 

the same. Tasks were configured to take place in the following order with the cognitive 

performance tested in brackets: 
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1. Picture presentation (semantic memory); 

2. Word presentation (semantic memory); 

3. Immediate word recall (episodic memory and quality of memory); 

4. Simple reaction time (attention and vigilance, speed of attention); 

5. Digit vigilance (attention and vigilance, speed and accuracy of attention); 

6. Choice reaction time (attention and vigilance, speed and accuracy of 

attention); 

7. Logical Reasoning (executive function); 

8. Numeric working memory (working memory, speed and quality of memory); 

9. Corsi blocks/Corsi blocks lite (working memory, spatial memory); 

10. Serial Subtraction Tasks (3s) (executive function and cognitive demand); 

11. Delayed word recall (episodic memory and quality of memory); 

12. Word recognition – (episodic and semantic memory, quality and speed of 

memory); 

13. Picture recognition- delayed (episodic and semantic memory, speed and 

quality of memory); 

14. Bond Lader (mood scales). 

Outcome measures were captured electronically during each task by COMPASS and 

reflected automatically in Excel, unless stated otherwise. 

 Picture presentation 

A series of photographs of objects, building and scenes were displayed on the screen, 

one at a time. Participants viewed the pictures and were asked to look at them 

carefully and to remember them as they would be shown some of these pictures again 

later. Recall of the pictures can be tested either directly after presentation (immediate 

recall) and/or later in the session (delayed recall) as in this study. In this session, 

fifteen pictures were presented on screen for 2s each with an interval of 1s. 

 Word presentation  

Fifteen words were presented, one at a time, in the middle of the screen for the 

participant to remember. The rate was one word per second and there was a stimulus 

duration of one second. Participants were informed that, as well as the next immediate 

recall test, towards the end of the session, they would again be asked to write down 

as many of the words as they could remember (delayed recall). However, this would 
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be without seeing them again, underlining the importance of memorising the words at 

this stage. 

 Immediate Word recall  

Immediately after the last word was shown, participants were given 60 seconds to 

write down as many of the words that they were shown in the word presentation task 

and could recall, in any order. This task was scored manually to determine the number 

of correct responses. 

 Simple reaction time  

An arrow pointing upwards appeared in the centre of the screen at irregular intervals. 

The gap between each presentation varied, so participants knew what was going to 

happen but were not sure when. Participants pressed the spacebar as quickly as they 

could as soon as they saw the arrow appear. They had their index fingers resting very 

lightly on the spacebar to achieve the fastest reaction time possible. The task, with 70 

stimuli, ran for 3 minutes and the inter-stimulus interval varied randomly between 1 

and 3.5s. The speed of response or overall reaction time (RT) was recorded in 

milliseconds (ms). 

 Digit Vigilance  

This task measured how well participants could hold their concentration on a series 

of rapidly changing digits. A fixed number was displayed on the right of the screen 

and simultaneously a series of changing numbers appeared in the centre of the 

screen. Participants were required to make a response when the number on the left 

of the screen matched the number on the right. They were also informed that it was 

important not to press the spacebar when they had not seen a match as this could 

negatively affect their score. The task lasted 3 min. Task outcomes were accuracy 

(%), reaction time for number of correct responses (ms) and false alarms (number). 

 Choice reaction time 

Arrows pointing left or right appeared on the screen at irregular intervals. The random 

inter-stimulus duration was between 1 - 3.5s. Participants were required to indicate 

the direction of the arrow, by pressing different keys on the keyboard (M for right 

pointing or Z for left pointing arrows) as quickly as possible, whenever an arrow was 

displayed. One hundred and eighty-five stimuli were presented. This task measured 

attention and vigilance, speed and accuracy of attention. The outcomes were overall 
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reaction time (ms), speed of correct reaction (ms) and accuracy of responses (% 

correct). 

 Logical reasoning  

Participants were shown several short sentences on screen followed by a pair of 

letters. The sentences claim to describe the order of the two letters as they appear on 

screen, which is unrelated to their order in the alphabet. Participants are required to 

judge whether each sentence correctly describes the pair of letters that follow it by 

selecting true or false.  

The sentences can describe the order of the letters in several different ways. For 

example, the order AB can be correctly described by saying either (1) A precedes B, 

or (2) B follows A, or (3) B does not precede A, or (4) A does not follow B. All of these 

are correct descriptions of the pair AB but are incorrect when applied to the other pair 

BA. Participants were required to read each sentence and decide whether it was a 

true or false description of the letter pair which followed it. Participants were informed 

that it was important to read each sentence carefully and respond to the information 

presented and that precede meant “to come before”. Accuracy (%), reaction time 

(ms), and correct responses (number) were recorded for overall, true and false 

responses. 

 Numeric working memory (NWM) 

A series of 5 numbers were displayed on the screen, one at a time. Participants were 

required to memorise these numbers as they appeared. After this, numbers were 

displayed one at a time and participants were required to indicate if each number was 

presented in the previous list or not. The M key indicated yes, it was one of the 

memorised numbers and the Z key was no if it was any other number. The numbers 

did not have to appear in the order in which they were originally presented; 

participants simply had to identify the number as being from the memorised series or 

not. After responding to all the numbers a few times, they were given the cue ‘Get 

ready to remember a new set of numbers’, and the task was then repeated for a total 

of three times. They were asked to respond as quickly and as accurately as they 

could. Outcome measures were: overall RT (ms), RT for yes and no responses (ms), 

correct RT (ms), and accuracy (% correct) for overall, yes and no responses. 
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 Corsi blocks (lite)  

Blue squares on a black background were displayed on the screen. Some of the blue 

squares changed to red and back to blue again in a sequence. Participants were 

required to remember this sequence and used the cursor to click the blocks in the 

exact sequence in which they were presented. The Corsi blocks lite version used in 

this study has a maximum of 6 squares in a sequence and all participants completed 

levels 4-6 regardless of incorrect responses. The task was repeated five times at each 

level of difficulty with the sequence span increasing from 4 upwards. This contrasts 

with the full version of Corsi blocks which can have up to 9 squares in each sequence 

and continue up to 9 levels if participants are making enough correct responses. Less 

than 3 correct responses (out of the five in one level) end the task. The span score 

(number) and overall reaction time (ms) for the task were recorded. The span score 

is calculated as the average of the last 3 correctly completed trials. For example, if 

the participant correctly responded to all five Level 4 trials and only one Level 5 trial, 

their span score would be 4.3 [(4 + 4 + 5)/3].  

 Serial 3 subtractions  

A random starting number (between 800 and 999) was displayed on the screen. 

Participants were required to subtract 3 from this number and continue to subtract 

from the resultant numbers for the duration of the task as quickly and as accurately 

as possible. If the starting number was 997, the participant would subtract 3 from this 

number and enter it on the keyboard (994) and continue to take away in threes 

(991,988, 985…) until the task concluded after 2 minutes. Participants were only 

shown one number on screen and the rest of the numbers were generated by 

subtracting from the previous number in their head. In the case of incorrect responses, 

subsequent responses were scored positively if they were correct in relation to the 

new number. The aim was to produce as many correct responses as possible before 

the allocated time ended. Participants used the numeric keypad on the right-hand side 

of the laptop in order to respond faster. Task outcomes were the number of overall, 

correct, and error responses. 

 Delayed Word recall 

Participants were given 60 seconds to write down as many of the words they were 

shown earlier in the testing session as they could. This task was performed following 

a delay. They were instructed to write down the same words on their sheet of paper 
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that they wrote in the immediate word recall task, as well as any others that they 

thought were on the list. The task outcome was the number of correct responses 

which was scored manually.  

 Word recognition  

All words which were displayed during Word Presentation plus an equal number of 

new words, which acted as decoys, were displayed on the screen, one at a time. 

Participants indicated whether they remembered seeing the word earlier or not. The 

M key was pressed if they recognised the word and the Z key if they didn’t. They were 

instructed to respond as quickly as they could once they made their decision and if 

unsure to guess. Task outcomes were: overall, yes, no and correct RT (ms) and 

overall, no and yes response accuracy (%). 

 Picture recognition  

All pictures previously shown to each participant during the Picture Presentation task 

plus an equal number of new pictures (decoys) were displayed on the screen one at 

a time. Participants selected ‘Yes’ or ‘No’ (M or Z keys) to indicate whether they had 

seen the picture before or not. Participants were reminded to respond as quickly they 

could once they had made their decision. Task outcomes were: overall, yes, no and 

correct RT (ms) and overall, no and yes response accuracy (%). 

 Bond Lader  

In this task, participants rate how they were feeling on a series of scales. The Bond-

Lader mood scales (Bond and Lader 1974) comprise sixteen, 100 mm bipolar lines 

anchored at each end by an adjective describing the opposites of a mood state. These 

visual analogue scales (VAS) are scored out of a 100. The scale end points are 

anchored by adjectives describing the opposite extremes of a mood, namely: alert-

drowsy, calm-excited, strong-feeble, muzzy-clearheaded, well-coordinated-clumsy, 

lethargic-energetic, contented-discontented, troubled-tranquil, mentally slow-quick 

witted, tense-relaxed, attentive-dreamy, incompetent-proficient, happy-sad, 

antagonistic-friendly, interested-bored and withdrawn-sociable (Scholey et al. 2013). 

Participants clicked a point on the scale that represented how they felt at that moment. 

Individual item scores were calculated as % distance along the line from the left. From 

these scales, three composite scores were calculated describing feelings of ‘Alert’, 

‘Calm’ and ‘Content’, which are presented as a score out of 100 (Haskell-Ramsay et 

al. 2017). Participants were encouraged to be honest and to try to avoid using the 



 

6-292 

extreme ends of the scales, as this represented the most that they would have felt 

that way in their lives.  

 Pomegranate extract and placebo capsule profiles  

Each 1.1g ProbelteBio soft gelatinous capsule of POMANOX® pomegranate extract 

contained 210mg of punicalagins, 328mg of other biophenols (e.g. flavonoids and 

ellagic acid), 0.37mg anthocyanins, and maltodextrin. Placebo capsules consisted 

solely of maltodextrin (from potato starch). The treatment dose of two capsules 

provided 420mg of punicalagins and 656mg total biophenols. Both PE and PL 

capsules provided a negligible amount of energy (6·52 kcal (27·28 kJ) per capsule). 

The sample characteristics of pomegranate extract were validated and discussed in 

more detail in Ch.2.  

6.5 Statistics 

All data were analysed using SPSS versions 23 or 24 (IBM CORP 2015, 2016) and 

expressed as means, standard deviations (SD) and standard error of the mean (SE).  

 Statistical tests 

Independent t-tests were conducted on baseline values for each treatment type to 

investigate the possibility of any differences in cognitive performance and mood pre-

treatment.  

In order to record participant physiological, biomechanical and cognitive test scores 

for comparisons in future studies, as well as determining any changes in these 

parameters within the groups, the difference in the treatment effect (baseline score – 

post-dose score) was examined using paired t-tests. All values were unadjusted. 

Analysis of Variance (ANOVA) were also performed to highlight differences between 

the treatment groups for physiological and biochemical measures since there would 

be no order effects on blood pressure, heart rate and cortisol/cortisone levels. Effects 

of treatment values (F) are presented with adjusted means (M) and standard error of 

the mean (SE). The effect of treatment on blood pressure, heart rate, cortisone and 

cortisol levels and their ratio were tested using ANCOVA with SPSS for Windows 

version 23.0 (SPSS, 2015). Baseline pre-treatment values were included as 

covariates, post–treatment values as the dependent variables and the type of 

treatment as fixed factors.  
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The aim was to examine whether one of two different treatments (PE vs PL) was more 

effective in improving cognitive function i.e. whether PE is more effective than the PL 

(control) treatment. As the participants have undergone two conditions – here the 

factors are time (pre and post) and treatments (PE or PL). The dependent variable is 

the measure of cognitive function, i.e. each cognitive test. All 20 participants undergo 

treatment PL and PE. The question is whether there is an interaction between time 

(baseline and post) and treatment (PE or PL) on cognitive function. 

Ropaki et al. (2013) did carry out statistical analyses using ANOVA in SPSS to answer 

a similar question. They conducted a repeated-measures between-groups ANOVA 

was using short versus long-term working memory data and composite scores for 

immediate memory, delayed memory, and retention to examine differences between 

and within groups at each post-operative time point.  

However, Linear Mixed Models (LMM) were introduced by Fisher at the beginning of 

the 20th century and they have been considered widely as a method of analysing 

repeated measures data mainly within the last two decades. Although repeated 

measures ANOVA is a well-established, simple analysis model, LMM were chosen to 

be used in this trial as they are flexible and always more accurate, particularly in 

answering more complicated research questions (Grace-Martin 2018). 

In order to examine treatment effects in this study, cognitive post-dose data were 

analysed using LMM with treatment, order, and treatment x order as fixed effects, 

including the respective baseline as a covariate. Significant interactions were 

explored with pairwise comparisons using a Bonferroni post hoc test. Significance 

was defined at p≤ 0.05. 
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6.6 Results 

 Participants 

Twenty healthy adults (7 male, 13 female) were recruited to the study. Ages ranged 

between 18-64 years with an average age of 35.8 (±15.5) years. Average height was 

1.73 (± 0.1) m and weight 76.1(±12.2) kg which resulted in a mean BMI of 25.6 

(±15.1). Seventeen participants self-identified as European, two as middle Eastern 

and one as Asian. All enrolled subjects completed the study.  

 

 

Figure 6-6 - CONSORT diagram of the participant flow in the Cognitive Study Pom-03. 
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 Within group effects 

Simple analysis makes use of the within-participant comparison and here paired t-

tests are appropriate for continuous outcome measures.  

 Baseline 

Independent t-test results showed that there were no statistically significant 

differences in cognitive performance or in physiological and biochemical measures at 

baseline between the pomegranate and placebo groups. In a crossover study this 

means that the participants had no significant differences in their baseline 

measurements over the whole testing period. 
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 Paired t-tests  

Mean unadjusted pre-dose baseline and post-dose scores for each treatment 

(pomegranate and placebo) are presented in Table 6-1 along with standard 

deviations, standard error of mean, pre-post dose differences and p values. 

Table 6-1 - Unadjusted baseline and post-dose means, SD and italicised SE with changes 
from baseline for physiological, biochemical and cognitive performance scores. Mean(A-B) 
data in bold with * show a significant change from baseline (p ≤ 0.05)  

 

 

 

Measure Treatment

Mean SD SE Mean SD SE Mean SE Sig

Pomegranate 118.95 11.18 2.50 120.00 12.74 2.85 -1.05 1.35 0.45

Placebo 118.60 12.20 2.73 119.55 12.41 2.77 -0.95 1.28 0.47

Pomegranate 70.45 8.04 1.80 70.30 7.81 1.75 0.15 0.94 0.87
Placebo 69.60 9.69 2.17 69.60 7.31 1.63 0.00 1.08 1.00

Pomegranate 64.10 11.47 2.56 58.35 7.18 1.61 5.75 1.50 <0.001 *
Placebo 65.75 12.85 2.87 57.50 8.06 1.80 8.25 1.68 <0.001 *

Pomegranate 5.68 2.12 0.47 3.13 0.78 0.17 2.54 0.45 <0.001 *
Placebo 6.14 2.51 0.56 3.17 0.92 0.21 2.97 0.52 <0.001 *

Pomegranate 4.73 1.97 0.44 2.31 0.70 0.16 2.42 0.43 <0.001 *
Placebo 4.22 1.20 0.27 2.16 0.88 0.20 2.06 0.28 <0.001 *

Pomegranate 1.28 0.48 0.11 1.52 0.66 0.15 -0.24 0.18 0.20
Placebo 1.52 0.64 0.14 1.67 0.72 0.16 -0.15 0.19 0.43

Pomegranate 280.21 75.53 16.89 294.89 55.29 12.36 -14.68 9.21 0.13

Placebo 282.25 32.90 7.36 286.16 37.09 8.29 -3.92 7.72 0.62

Pomegranate 98.56 2.53 0.56 96.78 4.64 1.04 1.78 1.06 0.11

Placebo 98.00 3.81 0.85 97.22 4.20 0.94 0.78 0.97 0.43

Pomegranate 443.17 59.03 13.20 447.42 63.33 14.16 -4.25 5.53 0.45
Placebo 426.46 46.02 10.29 436.93 36.16 8.08 -10.47 4.86 0.04 *

Pomegranate 0.05 0.22 0.05 0.45 0.69 0.15 -0.40 0.13 0.01 *
Placebo 0.10 0.31 0.07 0.30 0.57 0.13 -0.20 0.16 0.21

Pomegranate 399.43 62.37 13.95 412.60 60.48 13.52 -13.17 4.24 0.01 *
Placebo 407.99 45.59 10.19 401.42 50.63 11.32 6.56 4.81 0.19

Pomegranate 402.39 62.64 14.01 416.75 60.52 13.53 -14.36 4.58 0.01 *
Placebo 412.06 46.37 10.37 404.43 51.58 11.53 7.63 5.00 0.14

Pomegranate 834.97 192.53 43.05 821.99 179.16 40.06 12.98 36.25 0.72
Placebo 813.87 180.44 40.35 817.74 155.08 34.68 -3.87 24.47 0.88

Pomegranate 96.95 3.08 0.69 96.28 2.89 0.65 0.67 0.67 0.33
Placebo 96.28 4.51 1.01 96.56 3.38 0.76 -0.28 0.91 0.76

Pomegranate 830.62 179.44 40.12 814.18 168.27 37.63 16.43 34.67 0.64
Placebo 810.48 176.07 39.37 811.83 151.82 33.95 -1.35 23.48 0.95

Post-dose score (B)
Post-dose change from 

baseline  (A-B)
Pre-dose baseline (A)

Systolic Blood pressure 
(mmHg)

Diastolic Blood pressure 
(mmHg)

Heart rate (bpm)

Cortisol (nmol/L)

Cortisone (nmol/L)

Cortisol/Cortisone ratio

Digital Vigilance False 
Alarms (number)

Choice RT (ms)

Choice RT correct (ms)

NWM RT (ms)

NWM (% accuracy)

NWM correct RT (ms)

Digital Vigilance correct 
response RT (ms)

Digital Vigilance (% 
correct)

Simple RT (ms)
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Measure Treatment

Mean SD SE Mean SD SE Mean SE Sig

Pomegranate 95.56 4.73 1.06 95.22 3.17 0.71 0.33 1.01 0.74
Placebo 94.67 6.89 1.54 95.45 3.98 0.89 -0.78 1.30 0.56

Pomegranate 98.33 2.15 0.48 97.33 3.50 0.78 1.00 0.73 0.19

Placebo 97.89 2.55 0.57 97.67 3.18 0.71 0.22 0.80 0.79

Pomegranate 803.49 212.19 47.45 772.41 181.33 40.55 31.08 41.25 0.46
Placebo 762.23 155.44 34.76 778.11 147.00 32.87 -15.88 20.91 0.46

Pomegranate 866.44 190.28 42.55 871.56 190.89 42.69 -5.12 41.51 0.90
Placebo 865.51 225.08 50.33 857.36 173.42 38.78 8.15 35.89 0.82

Pomegranate 4929.41 1535.07 343.25 4168.96 1120.79 250.62 760.45 168.51 <0.001 *

Placebo 4919.08 1484.98 332.05 4261.70 1093.36 244.48 657.38 268.10 0.02 *

Pomegranate 87.00 9.38 2.10 88.50 12.58 2.81 -1.50 2.97 0.62
Placebo 84.00 13.53 3.03 85.00 11.81 2.64 -1.00 2.04 0.63

Pomegranate 4916.81 1656.44 370.39 4116.95 1125.27 251.62 799.86 197.49 <0.001 *
Placebo 4754.56 1412.05 315.74 4189.51 1101.59 246.32 565.05 241.68 0.03 *

Pomegranate 86.50 12.68 2.84 88.50 15.65 3.50 -2.00 2.96 0.51
Placebo 81.50 16.94 3.79 83.50 16.31 3.65 -2.00 3.13 0.53

Pomegranate 87.50 11.18 2.50 88.50 12.68 2.84 -1.00 3.97 0.80
Placebo 86.50 13.87 3.10 86.50 14.96 3.35 0.00 3.32 1.00

Pomegranate 4609.71 1437.79 321.50 4059.53 1005.41 224.82 550.18 222.93 0.02 *
Placebo 4682.19 1373.55 307.14 4098.75 1072.71 239.87 583.44 237.98 0.02 *

Pomegranate 5249.11 1818.56 406.64 4278.38 1423.37 318.27 970.72 229.44 <0.001 *
Placebo 5155.97 1949.82 435.99 4424.64 1235.19 276.20 731.32 411.69 0.09

Pomegranate 6.05 0.85 0.19 6.05 0.78 0.17 0.00 0.11 1.00

Placebo 5.98 0.87 0.20 6.09 1.05 0.23 -0.10 0.18 0.59

Pomegranate 6708.97 1832.94 409.86 6228.86 1713.44 383.14 480.11 365.94 0.21
Placebo 6195.31 1513.73 338.48 5909.57 1753.09 392.00 285.74 364.51 0.44

Pomegranate 36.95 9.91 2.22 40.70 9.77 2.18 -3.75 0.82 <0.001 *
Placebo 38.10 10.42 2.33 41.20 9.83 2.20 -3.10 1.45 0.05 *

Pomegranate 34.95 10.17 2.28 37.30 8.83 1.97 -2.35 1.13 0.05 *
Placebo 35.75 10.21 2.28 38.35 9.08 2.03 -2.60 1.26 0.05 *

Pomegranate 2.00 2.13 0.48 3.40 2.28 0.51 -1.40 0.62 0.04 *
Placebo 2.35 2.08 0.47 2.85 3.00 0.67 -0.50 0.67 0.47

Pomegranate 1000.45 272.30 60.89 1002.45 239.83 53.63 -2.00 37.63 0.96
Placebo 982.96 228.54 51.10 1042.35 257.06 57.48 -59.39 49.04 0.24

Pomegranate 84.33 7.95 1.78 83.67 7.87 1.76 0.67 1.52 0.67
Placebo 86.17 7.36 1.65 82.17 10.39 2.32 4.00 2.34 0.10

Pomegranate 948.51 236.94 52.98 980.84 266.86 59.67 -32.33 44.04 0.47
Placebo 954.92 230.56 51.55 971.41 214.24 47.91 -16.48 51.20 0.75

Pomegranate 76.33 12.88 2.88 78.33 13.13 2.94 -2.00 2.22 0.38
Placebo 79.67 13.76 3.08 77.00 16.96 3.79 2.67 3.70 0.48

Pomegranate 92.33 8.73 1.95 89.00 10.87 2.43 3.33 2.58 0.21
Placebo 92.67 9.15 2.05 87.33 12.78 2.86 5.33 2.54 0.05 *

Post-dose score (B)
Post-dose change from 

baseline  (A-B)
Pre-dose baseline (A)

NWM 'yes' response (% 
accuracy)

NWM 'no' response (% 
accuracy)

NWM 'yes' RT (ms)

NWM 'no' RT (ms)

Logical Reasoning RT 
(ms)

Logical Reasoning (% 
accuracy)

Logical Reasoning  
correct RT (ms)

Logical Reasoning 'true' 
response (% accuracy)

Logical Reasoning 'false' 
response (% accuracy)

Logical Reasoning 'true' 
RT (ms)

Logical Reasoning 'false' 
RT (ms)

Corsi Block Lite Span 
Score (number)

Serial 3 subtractions 
(number)

Serial 3 Subtraction 
(number correct)

Serial 3 Subtraction 
(number error)

Word Recognition RT 
(ms)

Word Recognition 
correct RT (ms)

Corsi Block Lite RT (ms)

Word Recognition 'yes' 
response (% accuracy) 

Word Recognition 'no' 
response (% accuracy)

Word Recognition (% 
accuracy)
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Table 6-1 provides a benchmark for mean cognitive scores for a wide range of 

cognitive tests under laboratory conditions using a laptop and keyboard which may 

be of use to future researchers.  

To simplify the large number of outcome measures generated and facilitate 

discussion, only significant results for paired T-test pre-post differences were 

illustrated in Table 6-2. 

 

  

Measure Treatment

Mean SD SE Mean SD SE Mean SE Sig

Pomegranate 1013.46 328.31 73.41 981.23 246.24 55.06 32.24 37.65 0.40
Placebo 988.75 289.82 64.80 1000.93 221.70 49.57 -12.18 54.74 0.83

Pomegranate 987.43 258.66 57.84 1023.68 330.95 74.00 -36.24 81.02 0.66
Placebo 977.17 245.77 54.96 1083.77 357.70 79.98 -106.60 71.30 0.15

Pomegranate 7.80 2.33 0.52 6.50 2.19 0.49 1.30 0.45 0.01 *
Placebo 7.55 2.76 0.62 7.80 2.35 0.53 -0.25 0.51 0.63

Pomegranate 6.35 2.37 0.53 4.50 2.96 0.66 1.85 0.75 0.02 *
Placebo 6.50 2.78 0.62 5.75 3.21 0.72 0.75 0.62 0.24

Pomegranate 794.13 147.62 33.01 808.01 129.67 29.00 -13.88 29.91 0.65
Placebo 829.30 158.91 35.53 855.27 165.10 36.92 -25.97 26.25 0.33

Pomegranate 97.67 3.08 0.69 98.33 2.29 0.51 -0.67 0.86 0.45
Placebo 96.83 3.66 0.82 96.00 4.27 0.96 0.83 1.39 0.56

Pomegranate 784.17 131.17 29.33 803.69 129.13 28.87 -19.52 25.53 0.45

Placebo 809.71 142.95 31.97 841.60 144.92 32.40 -31.89 17.25 0.08

Pomegranate 98.00 3.81 0.85 98.00 3.14 0.70 0.00 1.18 1.00
Placebo 96.33 5.50 1.23 95.00 6.07 1.36 1.33 2.03 0.52

Pomegranate 97.33 3.99 0.89 98.67 2.74 0.61 -1.33 1.04 0.21
Placebo 97.33 3.35 0.75 97.00 4.58 1.02 0.33 1.23 0.79

Pomegranate 766.81 160.78 35.95 792.83 140.49 31.41 -26.03 32.56 0.43
Placebo 816.56 147.13 32.90 801.04 154.86 34.63 15.51 31.41 0.63

Pomegranate 821.45 159.43 35.65 823.18 141.51 31.64 -1.73 31.58 0.96
Placebo 842.05 179.89 40.22 909.50 212.37 47.49 -67.45 29.17 0.03 *

Pomegranate 52.85 14.24 3.19 54.65 13.41 3.00 -1.80 2.97 0.55
Placebo 50.95 14.10 3.15 52.98 13.36 2.99 -2.03 3.09 0.52

Pomegranate 60.76 13.11 2.93 62.94 12.84 2.87 -2.18 1.80 0.24
Placebo 56.78 15.00 3.35 60.03 12.40 2.77 -3.25 1.95 0.11

Pomegranate 62.15 11.65 2.61 60.93 12.62 2.82 1.23 2.68 0.65
Placebo 56.05 14.69 3.28 55.23 14.26 3.19 0.82 2.66 0.76

Post-dose score (B)
Post-dose change from 

baseline  (A-B)
Pre-dose baseline (A)

Picture Recognition 'no' 
(% accuracy)

Picture Recognition 'yes' 
(% accuracy)

Bond-Lader Alert (factor 
score)

Bond-Lader Content 
(factor score)

Bond-Lader Calm (factor 
score)

Delayed word Recall  
(number)

Word Recognition 'yes' 
RT (ms)

Immediate word Recall  
(number)

Word Recognition 'no' 
RT (ms)

Picture Recognition RT 
(ms)

Picture Recognition (% 
accuracy)

Picture Recognition 
correct RT (ms)

Picture Recognition RT 
'yes' (ms)

Picture Recognition RT 
'no' response (ms)
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Table 6-2 - Selected cognitive, cardiovascular and biochemical outcome measures for PE and 
PL groups in Pom-03 after acute administration of pomegranate extract or placebo. Results 
are shown as means with standard deviations and errors of the mean for the pre-post 
differences calculated as (A-B). Significant results are shown in bold. 
 

 
 

 Between group effects  

ANOVA performed for biochemical and physiological variables showed that there 

were no significant differences between the PE and PL treatments. 

Data was analysed using LMM with treatment, order, and treatment x order as fixed 

effects and included baseline as a covariate. Significant interactions were explored 

Mean SD Mean SD Mean SE
Sig (2-
tailed)

Mean SD Mean SD Mean SE
 Sig (2-
tailed)

Heart rate (bpm) 64.1 11.5 58.4 7.2 5.7 1.5 0.001 65.8 12.9 57.5 8.1 8.3 1.7 < 0.001

Cortisol (nM/day) 5.7 2.1 3.1 0.8 2.5 0.4 < 0.001 6.1 2.5 3.2 0.9 3.0 0.5 < 0.001

Cortisone (nM/day) 4.7 2.0 2.3 0.7 2.4 0.4 < 0.001 4.2 1.2 2.2 0.9 2.1 0.3 < 0.001

Digital Vigilance correct 
response RT (ms)

443.2 59.0 447.4 63.3 -4.3 5.5 0.451 426.5 46.0 436.9 36.2 -10.5 4.9 0.044

Digital Vigilance False 
Alarms (number)

0.1 0.2 0.5 0.7 -0.4 0.1 0.008 0.1 0.3 0.3 0.6 -0.2 0.2 0.214

Choice RT (ms) 399 62 413 60 -13 4 0.006 408 46 401 51 7 5 0.189

Choice RT correct (ms) 402 63 417 61 -14 5 0.005 412 46 404 52 8 5 0.143

Logical Reasoning 
RT(ms)

4929 1535 4169 1121 760 169 < 0.001 4919 1485 4262 1093 657 268 0.024

Logical Reasoning 
correct (ms)

4917 1656 4117 1125 800 197 < 0.001 4755 1412 4190 1102 565 242 0.030

Logical Reasoning 'true' 
response (ms)

4610 1438 4060 1005 550 223 0.023 4682 1374 4099 1073 583 238 0.024

Logical Reasoning 
'false' (ms)

5249 1819 4278 1423 971 229 < 0.001 5156 1950 4425 1235 731 412 0.092

Immediate word Recall  
(number correct)

7.8 2.3 6.5 2.2 1.3 0.5 0.010 7.6 2.8 7.8 2.4 -0.3 0.5 0.631

Delayed word Recall 
(number correct)

6.4 2.4 4.5 3.0 1.9 0.8 0.024 6.5 2.8 5.8 3.2 0.8 0.6 0.241

Serial 3 subtractions 
(number)

37.0 9.9 40.7 9.8 -3.8 0.8 < 0.001 38.1 10.4 41.2 9.8 -3.1 1.5 0.046

Serial 3 subtractions 
(number correct)

35.0 10.2 37.3 8.8 -2.3 1.1 0.052 35.8 10.2 38.4 9.1 -2.6 1.3 0.052

Serial 3 Subtraction 
(number of errors)

2.0 2.1 3.4 2.3 -1.40 0.62 0.035 2.4 2.1 2.9 3.0 -0.5 0.7 0.468

Word Recognition 'no' 
response (% accuracy)

92 9 89 11 3 3 0.212 93 9 87 13 5 3 0.049

Picture Recognition 'no' 
response RT (ms)

821 159 823 142 -2 32 0.957 842 180 909 212 -67 29 0.032

Measure

Pomegranate extract (n=20) Placebo capsule (n=20)

Pre-dose 
baseline (A)

Post-dose 
score (B)

Pre-dose 
baseline (A)

Difference     
(A-B)

Difference   
(A-B)

Post study (B)
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with pairwise comparisons using the Bonferroni test. Blood pressure, heart rate, 

cortisol, cortisone and the F/E (cortisol/cortisone) ratio were analysed using ANOVA. 

All data were analysed using SPSS version 24 for windows. 

LMM analysis showed that there was no significant interaction between treatment and 

order for any of the outcome measures (p>0.05).  

However, a significant effect of treatment was found for two cognitive measures in the 

picture recognition test.  

 Picture Recognition (% accuracy) (F(1,40) = 5.33 p = 0.026); and 

 Picture Recognition 'yes' response (% accuracy) (F(1,40) = 4.33, p = 0.044).  

No significant effects of treatment were shown for the remaining measures and all 

results have been recorded in the section below.  

 Outcome measure results 

There was no significant interaction between treatment and order for all the selected 

parameters (p > 0.05). 

 Blood pressure (mmHg) 

There were no significant differences within or between groups according to paired t-

tests and ANOVA.  

 Systolic BP: F(1,37) = 0.004, p = 0.95 and PE (M = 119.83, SE = 1.33). PL (M 

= 119.72, SE = 1.38); 

 Diastolic BP: F(1,37) = 0.004, p = 0.95 with PE (M = 69.99, SE = 0.87) and PL 

(M = 69.91, SE = 0.87). 

Blood pressure remained almost constant over both testing sessions which may 

indicate that participants seemed no more stressed after the testing than they were at 

baseline. 

 Heart rate (bpm) 

When considering the post-dose change from baseline scores in paired t-tests, HR 

was significantly reduced (p<0.001) post-dose for both the PE (M = 5.8, SE = 1.5) and 

PL (M = 8.3, SE = 1.7) treatments. ANOVA showed no effect of treatment on HR 

F(1,37) = 1.64, p = 0.208 with PE (M = 58.78, SE = 0.95), Placebo (M = 57.1, SE = 

0.95). 
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Heart rate dropped significantly within both groups and this may be attributed to the 

more sedentary activity of participants as the test sessions progressed 

 Cortisol, cortisone (nmol/L) and ratio 

Within each of the treatment groups there were highly significant differences (all p < 

0.001) for both Cortisol and Cortisone, with a clear reduction in values. The cortisol 

pre-post change for PE was (M = 2.54, SE = 0.45) and PL (M = 2.97, SE = 0.52); and 

Cortisone pre-post change for PE. The FE ratio pre-post change was not significant 

with (M = 0.24, SE = 0.18, p = 0.2) with PL (M = 0.15, SE = 0.19, p = 0.43). 

ANOVA showed that there were no significant differences between the treatment 

groups for any saliva measure: 

 Cortisol: F(1,37) = 0.009, p = 0.925 with PE (M = 3.17 SE = 0.18); and PL (M 

= 3.14, SE = 0.18); 

 Cortisone: F(1,37) = 0.098, p = 0.76 with PE (M = 2.27, SE = 0.17) and PL (M 

= 2.19, SE = 0.17); or  

 FE ratio: F(1,37) = 0.24, p = 0.65 with PE (M = 1.54, SE = 0.16) and PL (M = 

1.65, SE = 0.16). 

There was a significant reduction within the cortisol and cortisone groups for both PE 

and PL treatments but no effect of treatment between the groups. There is a natural 

circadian rhythm drop in cortisol and cortisone values occurring from early morning to 

midday and so these results were as expected. The baseline values provide us with 

a measure of how stressed a participant is. If the cortisol measurement was very high 

a participant could be excluded from the study. From these results, the data show that 

all participant measurement are as expected, and none were impaired/compromised 

by the HPA axis. Thus, they are apparently normal in terms of adrenal function and 

the results for cognitive function are viable.  

Assuming a normal plasma cortisol range in the morning of 400-700 nmol/L which 

then decreases throughout the day and that there is 5-10% of this present in saliva, 

then the reported values are well within the normal range. The cortisol/cortisone ratio 

is normally between 0.5-2.5 nmol/L, so again the mean values of 1.57-1.65 nmol/L, 

were normal. The cortisone value is more variable than the cortisol as the 11β HSD 

type 2 enzyme in saliva, (which converts cortisol to cortisone), is present in smaller 

quantities than the11β HSD type 1 enzyme (which converts cortisone to cortisol) and 
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thus this equilibrium fluctuates. This is more apparent in children (Al-Dujaili et al. 

2011). 

 Simple reaction time (ms) 

In paired T-tests, the reaction time for both groups increased slightly, but not 

significantly. LMM showed no significant differences between treatments. Simple 

RT(ms) was (F(1, 40) = 0.43, p = 0.52). 

 Digital Vigilance (%, ms and number) 

Only the placebo treatment had an effect on the Digital Vigilance correct response RT 

(ms). In paired T-testing this was significantly increased (p = 0.04) from baseline PL 

(M = 426.46, SE = 10.29) to post-dose (M = 436.93, SE = 8.08) with a reaction time 

increase of (M = 10.47, SE = 4.86, p = 0.04). 

However, LMM tests showed no differences between the treatments with Digital 

Vigilance (% correct) (F(1,40) = 0.11, p = 0.74); Digital Vigilance correct response RT 

(ms) (F(1,40) = 0.57, p = 0.46) and Digital Vigilance False Alarms (number) (F(1,40) 

= 0.61, p = 0.44). 

 Choice Reaction time (ms) 

Within the treatment groups, the PE treatment had significantly slower reaction times 

for both CRT and the CRT correct compared to PL reaction time (the PE group CRT 

was slightly increased). Paired differences show a CRT PE (M = -13.17, SE= 4.24, p 

= 0.01) compared to PL (M = 6.56, SE = 4.81 and p = 0.19). and for CRT correct, PE 

(M = -14.36, SE = 4.58, p = 0.01) and PL (M = 7.63, SE = 5.00, p = 0.14). 

Further LMM tests showed no significant differences between the treatment groups 

with Choice RT (ms) (F(1,40) = 0.48, p = 0.5) and Choice RT correct (ms) (F(1,40) = 

0.56, p = 0.46). Estimated marginal means for CRT were PE = 412.6, PL = 401.42 

with SE = 11.47 for both. CRT correct were PE = 416.75, PL = 404.43 with an SE = 

11.63. 

 Logical Reasoning (ms, number and % accuracy) 

Paired t-tests showed some significant differences within the treatment groups.  

In Logical Reasoning overall RT (ms), the largest significant decrease occurred in the 

PE treatment group with (M = 760.45, SE = 168.51, p = < 0.001). There was a smaller 

decrease in RT with the PL treatment (M = 657.38, SE = 268.1, p = 0.02). 
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Logical reasoning correct RT (ms) followed the same pattern with PE (M = 799.86, 

SE = 197.49, p <0.001) and PL (M = 565.05, SE = 241.68, p = 0.03). 

Logical Reasoning 'false' RT(ms). The reaction time for answering ‘False’ in this test 

was significantly less within the pomegranate sessions PE (M = 970.72, SE = 229.44, 

p <0.001) compared to PL (M = 731.32, SE = 411.69, p = 0.09). 

Logical Reasoning 'true' response (ms) reaction time for answering True in the Logical 

Reasoning was equally significantly less in the PE (M = 550.18, SE = 222.93, p = 

0.023) and PL (M = 583.44, SE = 237.98, p = 0.024) sessions.  

The LMM tests however showed no significant effect of either PE or PL treatment on 

any of the logical reasoning outcome measures: 

 Logical Reasoning RT (ms) (F(1,40) = 0.08, p = 0.78); 

 Logical Reasoning (% accuracy) (F(1,40) = 0.87, p = 0.36); 

 Logical Reasoning correct RT (ms) (F(1,40) = 0.05, p = 0.83); 

 Logical Reasoning 'true' response (% accuracy) (F(1,40) = 1.05, p = 0.31); 

 Logical Reasoning 'false' response (% accuracy) (F(1,40) = 0.22, p = 0.64); 

 Logical Reasoning 'true' RT (ms) (F(1,40) = 0.02, p = 0.9); 

 Logical Reasoning 'false' RT (ms) (F(1,40) = 0.14, p = 0.72). 

 Numeric working memory (ms and % accuracy) 

Paired t-tests showed no significant differences within the pomegranate or placebo 

groups. There were also no significant differences between the treatment groups 

according to LMM tests:  

 NWM RT (ms) (F(1,40) = 0.007, p = 0.93); 

 NWM (% accuracy) (F(1,40) = 0.84 p = 0.77); 

 NWM correct RT (ms) (F(1,40) = 0.002, p = 0.96); 

 NWM 'yes' response (% accuracy) (F(1,40) = 0.04, p = 0.84); 

 NWM 'no' response (% accuracy) (F(1,40) = 0.11, p = 0.74); 

 NWM 'yes' RT (ms) (F(1,40) = 0.13, p = 0.91); 

 NWM 'no' RT (ms) (F(1,40) = 0.07, p = 0.8). 
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 Corsi block lite 

There were no significant differences between or within the treatment groups. LMM 

calculated fixed effects for the Corsi Block Lite Span Score (number) as (F(1,40) = 

0.15, p = 0.9) and the Corsi Block Lite RT (ms) (F(1,40) = 0.36 p = 0.55). 

 Serial 3 subtractions (number) 

Paired t-tests showed some significant differences within the groups. The number of 

Serial Subtractions increased highly significantly for PE (M = -3.75, SE = 0.82, p 

<0.001), and significantly for PL (M = -3.10, SE =1.45, p = 0.046) too. The number of 

correct serial subtractions also increased significantly within both groups: PE (M = -

2.35, SE =1.13, p = 0.05) and PL (M =-2.60, SE = 1.26, p = 0.05). However, the 

number of subtraction errors increased in both groups PL (M = - 0.50, SE = 0.67, p = 

0.47) and was significant in the pomegranate group PE (M =-1.40, SE = 0.62, p = 

0.04). Significant increases in both treatment groups raised the question of whether 

there was a training or practice effect in operation. 

However, LMM showed no effect of treatment or order: 

 Serial 3 subtractions (number) (F(1,40) = 0.03, p = 0.87); 

 Serial 3 Subtraction (number correct) (F(1,40) = 0.15, p = 0.7); 

 Serial 3 Subtraction (number error) (F(1,40) = 0.49, p = 0.49). 

 Word Recognition (ms, % accuracy) 

Paired t-tests showed that only Word Recognition 'no' response (% accuracy) 

decreased within each treatment group but was not significant with PE (M = 3.33, SE 

=2.58, p = 0.21). It was significantly more in the PL group (M = 5.33, SE = 2.54, p = 

0.049). 

There were no treatment effects shown by LMM between the groups: 

 Word Recognition (% accuracy) (F(1,40) = 0.29, p = 0.59); 

 Word Recognition RT (ms) (F(1,40) = 0.06, p = 0.82); 

 Word Recognition correct RT (ms) (F(1,40) = 0.02, p = 0.9); 

 Word Recognition 'yes' response (% accuracy) (F(1,40) = 0.66, p = 0.42); 

 Word Recognition 'no' response (% accuracy) (F(1,40) = 0.22, p = 0.65); 

 Word Recognition 'yes' RT (ms) (F(1,40) = 0.08, p = 0.78); 

 Word Recognition 'no' RT (ms) (F(1,40) = 0.33, p = 0.57). 
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 Immediate and delayed word recall (number correct) 

There were differences within the treatment groups. Immediate word Recall (number) 

improved slightly within the PL group (M = - 0.25, SE = 0.51, p = 0.63) but was 

significantly reduced for the PE group (M = 1.30, SE = 0.45, p = 0.01). 

In the Delayed word Recall (number) test, the performance in both treatment groups 

reduced, PL (M = 0.75, SE = 0.62, p = 0.24), but those who had PE (M = 1.85, SE = 

0.75, p = 0.02) remembered fewer words. However, LMM showed that there were no 

significant effects between treatments: 

 Immediate Word Recall (number) (F(1,40) = 3.63, p = 0.06); 

 Delayed Word Recall (number) (F(1,40) = 0.04, p = 0.85). 

 Picture Recognition (ms and % accuracy) 

Paired t-tests showed only one significant difference within the treatment groups.  

 The Picture Recognition RT 'no' response (ms) time for the PL group 

increased significantly (M = - 67.45, SE = 29.17, p = 0.03) whereas the PE 

group (M = -1.73, SE = 31.58, p = 0.96) reaction time remained almost the 

same. It took longer for participants having the placebo treatment to record a 

‘no’ response to pictures which were not part of the originals viewed compared 

to baseline. Linear Mixed Models showed a Picture Recognition RT 'no' 

response (ms) of (F(1,40) = 2.46, p = 0.12) PE (M = 823.2, SE = 38.9), PL (M 

= 909.5, SE = 38.9); paired differences (M = 86.33, SE= 55.0, p = 0.12) and 

therefore no significant differences between the treatment groups. 

LMM identified differences in effect of treatment between two of the picture recognition 

measures:  

 Picture Recognition (% accuracy) (F(1,40) = 5.33 p = 0.026). When 

participants received the PE, they had a higher accuracy of correct picture 

recognition, determining whether they had seen a picture or not before, than 

with PL. PE (M = 98.33, SE = 0.715); PL (M = 96.0, SE = 0.72). Mean 

difference (M = 2.33, SE = 1.01, p = 0.026); 

 There was a significant effect of treatment on Picture Recognition 'yes' (% 

accuracy) which is the accuracy of responses identifying pictures which 

participants had seen earlier in the test battery of (F(1,40) = 4.33, p = 0.044). 

Participants receiving the PE group had a higher percentage of correct 
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responses identifying pictures which they had seen before. PE (M = 98.0, SE 

= 1.02); PL (M = 95.0, SE = 1.02) with paired differences (M = 3.0, SE = 1.44, 

p = 0.04) than the PL group. 

 

LMM showed no significant differences between treatment for the other picture 

recognition outcome measures: 

 Picture Recognition 'no' (% accuracy) (F(1,40) = 2.17, p = 0.15). PE (M = 98.7 

SE = 0.8); PL (M = 97.0, SE = 0.8); paired differences (M = 1.66, SE = 1.13). 

 Picture Recognition RT (ms) (F(1,40) = 1.01 p = 0.3); paired differences (M = 

47.3, SE = 45.3, p = 0.303); 

 Picture Recognition RT 'yes' (ms) (F(1,40) = 0.03, p = 0.86) with paired 

differences (M = 8.21, SE = 45.1, p = 0.86); 

 Picture Recognition correct RT (ms) (F(1,40) = 0.81 p = 0.37): PE (M = 803.7 

SE = 29.706) PL (M = 841.6, SE = 29.7); paired differences (M = 37.91, SE = 

42.02). 

 Bond-Lader 

There were no significant effects of treatment within or between the PE and PL 

groups: 

 Bond-Lader Alert (factor score) (F(1,40) = 0.2, p = 0.66); 

 Bond-Lader Content (factor score) (F(1,40) = 0.89, p = 0.35); 

 Bond-Lader Calm (factor score) (F(1,40) = 2.38, p = 0.13). 

6.7 Discussion 

 Findings 

The results of the current study demonstrate for the first time that acute consumption 

of pomegranate extract can improve aspects of cognitive performance in healthy 

adults. Compared to the non-biophenol placebo, Probeltebio pomegranate extract 

significantly increased the accuracy of responses in the picture recognition cognitive 

task.  

Participants had a significantly higher accuracy of correct picture recognition in the 

delayed picture recognition task in determining whether they had seen a picture or 

not before after consuming the pomegranate extract, than with placebo. They also 
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had a significantly higher accuracy of correctly identifying pictures which had been 

part of the group presented earlier in the test, compared to placebo. 

This is the first study to examine acute effects of pomegranate extract on cognitive 

function and contributes towards a growing body evidence concerning the positive 

effects of biophenol rich foods, particularly berries and fruit, in supporting cognitive 

function across a wide range of ages.  

Delayed picture recognition tasks examine aspects of secondary (long-term) memory 

– both semantic and episodic (Ropaki et al. 2013). Episodic memory performance is 

thought to decline from middle age onwards, particularly for recall in normal ageing, 

although not as much for recognition. This decline is also a characteristic of the 

memory loss seen in Alzheimer's disease (Nyberg and Bäckman 2004). If episodic 

memory can be enhanced through the use of biophenols as this study suggests, and 

consequently the process of decline in ageing or disease diminished or slowed, 

pomegranate extract could make a positive contribution towards ameliorating 

negative ageing conditions. 

The findings of significant effects of treatment on long term memory in this POM-03 

study were unexpected. Previous studies failed to find any acute effects on memory 

either in young (Haskell-Ramsey et al. 2017), middle-aged (Alharbi et al. 2016) or 

elderly participants (Cox et al. 2015). However, acute supplementation with wild 

blueberry was able to improve memory in 7–10-year-old children (Whyte et al. 2016). 

This led to Bell et al. (2015) suggesting that there may be specific stages of 

development which may, or may not, be sensitive to acute manipulation with 

biophenols.  

Conversely, the Haskell-Ramsey et al. (2017) study on the acute effects of PGJ found 

treatment effects for the attention tasks reaction times composite score. This was 

created from simple and choice RTs as well as the digit vigilance RT. Similar effects 

of treatment on attention tasks were not observed in this study. The PGJ study also 

used COMPASS and the composite score for memory accuracy showed no significant 

differences of treatment, the score being created from more than one cognitive test 

(involving numeric working memory, word recall and recognition as well as picture 

recognition). Despite the mean age being much higher in the current study i.e.35.8 

(SD = 15.5) vs 21.05 (SD = 0.89) years old, it may be worthwhile comparing results 

for the same individual parameters of picture recognition which showed significant 

differences in treatment here.  
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This study did not find any significant differences in treatment either within or between 

the Bond-Lader mood ratings, executive function, working memory or speed of 

memory. Future studies should perhaps focus more on volunteers in older age cohorts 

because the elderly are at the most immediate risk of declining cognitive function. 

 Time and resources 

Due to time and resource limitations, this exploratory project was small, with only 20 

volunteers. This has limited the power to detect differences between the pomegranate 

extract and placebo interventions. The study was also not controlled for other factors 

such as gender. However, in the future, stratification could be performed in larger 

studies across multiple sites with consideration of results around different clusters 

such as age, activity, gender, ethnicity etc.  

 Acute and long-term intake 

Here, only the acute intake of pomegranate extract was able to be examined. Given 

that a chronic intake of PE was investigated over four and eight weeks in the earlier 

studies with positive outcomes on CVD risk factors without unwanted effects 

(Stockton et al. 2015 and 2017), and that this was the chosen methodology for the 

Bookheimer et al. (2013) and Ropaki et al. (2013) cognitive function investigations, it 

may have been beneficial to conduct a subsequent longer-term exploration of the 

effect of pomegranate extract on cognitive function.  

 Dosage and absorption time  

In their review of the cognitive effects in humans following acute supplementation with 

flavonoids, Bell et al. (2015), point out that comparisons between studies are often 

difficult due to differences in dose and flavonoid source. With this limitation they 

provide a summary of statistically significant cognitive outcomes in ascending order 

of effect size. The treatments which produce the six largest effect sizes have a 

postprandial timepoint of 1- 2.5 h. Post-dose testing in this POM-03 study took place 

an hour after the treatment and this may not have been long enough for absorption of 

the capsules to have an effect in all volunteers. 

Flavonoids or their metabolites are able to cross the blood brain barrier and the 

timings of peak levels in blood plasma appear to correspond with the timings of 

cognitive effects e.g. plasma anthocyanins and their metabolites and vasodilatory 

effects are observed to peak at 1–2 h and 6 h following blueberry supplementation 

(Rodriguez-Mateos et al. 2013), which appears to correspond with the two distinct 
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timings of cognitive benefits observed for blueberry. Given these variations, future 

investigations should aim to determine the optimum period from dosage to 

intervention specifically for the PE treatment capsules. The capsule ingestion time 

could be extended for up to another hour and a half, considering each 30-minute 

interval. Some studies like Wightman (2012) only allow 45 mins for the ingestion 

period, but as pomegranate extract is a mixture of compounds and requires enough 

time to dissolve rather than only a pure compound, it would be expected that the 

process takes longer allowing more of the active molecules to be absorbed .The 

absorption process of the polyphenols in the capsules may also vary from individual 

to individual, which could produce different effects in the given time period. 

Bell et al. (2015) argued that the timings of cognitive effects appear closely related to 

the absorption and metabolism rates of the supplemented flavonoid compounds. They 

concluded that since these timings were likely to be related to the digestion, 

absorption and metabolism of flavonoids, further mapping of cognitive and 

physiological observations were required to resolve inconsistencies in findings. The 

evidence from their review also pointed towards a dose-dependent effect of 

flavonoids, but with no clear physiological mechanisms of action. These potential 

effects of dose require more specific investigation across the main pomegranate 

flavonoids and other phenolic subclasses, using a wider range of doses than those 

which have been investigated.  

They also highlighted that the timings of cognitive effects vary depending on the 

flavonoid source which could reflect differences in rates of absorption and metabolism 

for individual flavonoid types, or simply for different food types. The researchers finally 

concluded that there was encouraging evidence for flavonoid supplementation 

benefiting cognitive outcomes within an acute time frame (0–6 h), but that larger 

studies, combining both cognitive and physiological measures, were required. 

Krikorian et al. (2010a, p.733) suggest in their grape juice study that “it may be that 

consistent, moderate term consumption is necessary to achieve sufficient 

concentrations in brain sites”. The earlier studies on pomegranate extract mentioned 

have also focused on longer term studies of 4-8 weeks and have shown treatment 

effects. If chronic consumption of PE is required to attain cognitive effects, then an 

investigation with similar cognitive testing being conducted over longer periods could 

prove fruitful.  
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 Effects on episodic memory 

Bell et al. (2015) argued that the current evidence suggests that flavonoids may be 

beneficial to attention, working memory, and psychomotor processing speed in a 

general population and that their effects on cognitive outcomes are mediated by age. 

They stated that episodic memory effects had been less well defined and that these 

appeared to be restricted to child or older adult populations. The significant treatment 

effects of PE on picture recognition in this POM-03 study suggest that these effects 

on episodic memory actually occur over a wider age (18-65 years) range than has 

been considered up till now. Since previous studies have mainly cantered around 

young adults, Bell et al. (2015) recommended that further studies should be 

undertaken to determine differences between age groups, allowing direct comparison 

of different participant groups within the same study. POM-03 results validate and 

support this future direction. 

 Testing session length 

As each testing session lasted approximately 45 minutes, the test battery may have 

to be shortened with the focus being solely on tests which displayed some differences 

in terms of treatment either within or between groups in previous studies. This may 

alleviate participant fatigue and ensure that any treatment effect fell within the test 

times. The total study time period required 3 hours at each session plus training time. 

For those in full time employment, it may not have been easy to find this time or to 

access the university. Others may have found it difficult to abstain from tea and coffee 

and thus did not comply with this requirement and there was no biochemical 

compliance measure to determine this. 

 Crossover study methodology 

A strength of this study is that since the participants acted as their own controls, the 

use of a paired design is much more efficient than a parallel group design when 

researchers expect a high correlation between patients' responses to the different 

treatments (Mills et al. 2009). It is also important to reduce the impact of practice-

related improvements in cognitive performance which is often associated with 

repeated testing. This was achieved in this study through having a week long wash 

out period, and via the randomly generated data content of each cognitive test. 

The usual limitations to crossover designs are the two assumptions that the effects of 

the treatment assigned during the first period have no residual effect on the treatment 

assigned during the second period and that the patient's condition remains stable 
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during both periods (Antman et al. 2013). A period effect is a tendency which occurs 

in crossover trials meaning that even if participants were given identical treatments in 

both time periods, values in the second treatment period would always be higher (or 

always lower) than those in the first. A carryover effect is where the treatment effect 

from one period continues to be present during the following period (Li et al. 2015). 

Antman et al. (2013) pointed out that the validity of these assumptions is often difficult 

to verify either clinically or statistically. However, our study design minimized these 

effects and the independent T tests and LMM tests here have shown that there were 

no carryover or period effects nor any significant differences at baseline for the 

participants. 

Bellisle et al. (1998) also point out that any of the effects regarding performance on 

complex tasks and cognitive load are subject to modulating or confounding factors. 

These include time of day (diurnal rhythm), personality type (extroversion-

introversion), level of arousal, load or difficulty of the task, and the nature of the task 

itself. These factors could be taken into consideration in future experimental designs. 

 Potential mechanisms 

Many studies have reported the bioavailability of polyphenols in the systemic 

circulation (Manach et al. 2005; Williamson and Manach 2005; Crozier and Jaganath 

2009) and flavanones such as hesperetin, naringenin and their in vivo metabolites, 

have been shown to traverse the blood brain barrier (BBB) in relevant in vitro and in 

situ models (Youdim et al. 2004a). While it is not yet clear to what extent and by what 

mechanism berry fruit constituents cross the BBB, anthocyanins have been identified 

in specific brain tissues even when not detected in plasma (Krikorian et al. 2010). In 

addition, several anthocyanins have also been identified in the cortex and cerebellum 

of animals following feeding with blueberries. This evidence suggests that 

polyphenols are able to transverse the BBB to varying degrees and are likely 

candidates for direct neuroprotective and neuromodulatory actions (Milbury and Kalt 

2010).  

Cerebral blood flow (CBF) has been positively correlated with cognitive performance, 

particularly in the epidemiological assessment of dementia risk (where CBF is 

reduced). Greater CBF velocity is associated with a lower rate of cognitive decline 

and a lower risk of dementia in healthy ageing (Ruitenberg et al. 2005; Spencer 

2010a). Although acute increases in CBF following flavonoid ingestion have not been 

correlated with matching cognitive improvements yet, cognitive training during healthy 
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ageing has been observed to increase both CBF and cognitive performance (Mozolic 

et al. 2010). Therefore, vasodilatory mechanisms of action may account for at least 

some of the cognitive improvements observed in acute supplementation studies. Bell 

et al. (2015) remind us that in order to directly observe cognitive improvements in 

conjunction with vascular-related effects there is a need for future studies to 

incorporate synchronous cognitive and vascular measurements.  

The ability of many fruits to create cognitive effects appears to be mediated by their 

flavonoid content and involves a number of mechanisms. These include the potential 

anti-inflammatory effects to protect neurons against neurotoxin injury and 

neuroinflammation, an ability to activate synaptic signalling and a capacity to improve 

cerebrovascular blood flow (Spencer 2010b). Pre-clinical data indicating absorption 

of anthocyanins in brain regions mediating cognition and associations with 

behavioural indices of cognitive function would also support the notion that 

improvement in memory ability may reflect reduced inflammation and/or enhanced 

neural function in response to the intervention. As a result, consistent application of a 

food product with anti-inflammatory effects over a brief to moderate timeframe also 

might be expected to induce cognitive–cerebral enhancement, especially in 

individuals with very early neurodegeneration (Krikorian et al. 2010b). However, 

Vauzour et al. (2015) discussing neuroinflammatory processes in cognitive disorders 

caution that while it is biologically plausible that peripheral inflammatory modulation 

may reflect underlying brain health, further human studies would be required to 

determine whether dietary bioactives can truly act as anti-inflammatory agents in the 

CNS.  

Meanwhile, polyphenols as antioxidants have been shown to protect neurons against 

oxidative stress and neuronal injury. Flavonoids may act to protect the brain in a 

number of ways, ultimately protecting vulnerable neurons, enhancing existing 

neuronal function and stimulating neuronal regeneration (Youdim et al. 2004b). 

Anthocyanins, isoflavones and the actions of other flavonoids on neuronal signalling 

may be capable of reducing the neurodegeneration associated with the accumulation 

of advanced glycation end products (AGEs), during normal and abnormal brain 

ageing (Lee and Lee 2007). Phenolic compounds such as caffeic acid and tyrosol 

have also been shown to protect against neurotoxicity in vitro. The effects of 

polyphenols on cognition and neurodegenerative processes appear to be mediated 

via their interactions with the neuronal and glial signalling pathways which affect gene 

expression and interfere with the cell death mechanisms. This suggests that there 
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may be interplay between signalling pathways, transcription factors and cytokine 

production in determining the neuroinflammatory response in the CNS (Vauzour et al. 

2010).  

Spencer (2010) suggests that flavonoids seem to create beneficial changes in the 

cellular architecture underpinning cognition. These improvements provide a more 

efficient cognitive framework for interpreting nerve and sensory memory and thus the 

storage, processing and retrieval of information. This process simultaneously appears 

to protect the brain against ageing associated neuronal losses, preventing neuronal 

population and synaptic connection loss over time, and allowing it to be more efficient 

in its ability to process sensory information (Spencer 2010). We are reminded by the 

excellent review undertaken by Bell et al. (2015) that flavonoid-induced cognitive 

effects have been evident across multiple cognitive domains, particularly 

improvements for attention tasks and factors.  

 Discussion and future directions  

Despite plants and their extracts often having a history spanning hundreds of years 

as medicinal treatments (e.g. sage for cognitive deterioration) and their association 

with very few side effects (Reay et al. 2006), a surprising paucity of sound research 

has been conducted to determine their effectiveness in supporting cognitive function. 

Kennedy et al. (2011) pointed out that some reasons for this may be due to the large 

gaps in our current understanding of the relative contributions of plant extract 

constituents to any treatment effects, as well as a general inability to adequately 

standardize the levels of the appropriate phytochemicals in final products. To produce 

tailor-made natural extracts rich in the most advantageous constituents, they 

recommend that more research should be directed towards discovering the relative 

contributions and synergies within complex plant chemicals, and their 

CNS/behavioural effects on mammal health.  

Kennedy et al. (2011) argue that only then can there be a move towards effective 

extracts with more potent medicinal properties. However, this could be a bigger 

challenge than it first appears considering that the levels of active phytochemicals in 

plant material depend on a wide range of factors. These include: climate, soil 

composition, light levels, time and season of harvest, geographic location, habitat, 

salinity, exposure to phytophages, pathogens, and ultraviolet light, as well as 

hydration status. They add that the currently prescribed cholinesterase inhibiting 

treatments for AD (some based on alkaloid phytochemicals), have been shown to 
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have limited efficacy and can have high levels of negative side effects. Thus, any 

potential treatment such as pomegranate extract, for both the symptoms of dementia 

and the mild cognitive impairment in cognitive performance which comes with ageing, 

which is well tolerated (due to the chemical structure of its active components) 

deserves further investigation. 

As there are so few studies involving pomegranate and cognitive function, it is 

important to take a wider view in terms of the results and implications of cognitive 

research performed using other fruit and berry polyphenols with human participants. 

A summary of human studies conducted for the evaluation of cognition effects of 

grape and berries in healthy individuals with no cognitive decline described positive 

effects for chronic grape juice supplementation on cognitive function, particularly in 

spatial memory (Al Damen et al. 2018). A sustained effect for executive function was 

also noticed after the CGJ treatment ended. So, to accurately indicate whether chronic 

CGJ intake produces additional benefits in executive function and verbal memory, 

future studies should be conducted with longer wash out periods to avoid carryover 

effects or be designed differently. No randomised, placebo-controlled studies have 

been performed investigating the chronic consumption of either berries or 

pomegranate in healthy subjects. This fact could justify chronic intervention studies 

being conducted in the near future.  

There was some evidence of acute grape intake showing memory benefits in healthy 

young adults, where acute intake of PGJ was shown to increase a composite score 

of speed of attention (Haskel-Ramsay et al. 2017). Beneficial effects of acute 

blueberry and blackcurrant supplementations were also observed on the executive 

function in young adults. However, no such benefits were noticed after cherry intake, 

which could have been due to the small sample size employed. A larger RCT study 

using a range of anthocyanin doses would be useful to determine whether cherry 

anthocyanins can elicit acute cognitive effects similar to those of other anthocyanin-

rich fruits (Caldwell et al. 2015). If these other anthocyanin-rich supplements 

(blueberry, blackcurrant and grape) are shown to produce similar executive function 

improvement in young healthy adults, then further studies evaluating the acute effects 

of CGJ intake on cognition which investigate measurements of executive function 

could be explored. 

In children and older adults, memory functions were seen to be enhanced mainly after 

blueberry supplementation. In addition, cherry intake showed an enhancement in 
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executive function in older adults. However, intervention studies using blackcurrant 

and grape extracts on children and older adults (≥ 55 years) have not been conducted 

to date. Performing such studies would also strengthen the evidence of anthocyanins-

rich fruit intake as memory improvement supplements in children (Al Damen et al. 

2018). 

Chronic pomegranate extract supplementation improved memory retention 

performance for individuals who had undergone a surgical treatment shown to cause 

a decline in performance, and Ropaki et al. (2013) suggested that this treatment may 

improve the cognitive function of healthy individuals. They also questioned whether a 

larger dose of PE would provide more benefits, or if a smaller dose would prove 

equally as effective. This again supports the idea that future studies could explore the 

issue of dosage and composition. The researchers also wondered whether isolated 

polyphenolic compounds would provide as many beneficial effects as the combined 

range of compounds naturally found in the whole fruit. This particular study raised the 

possibility that dietary supplementation with pomegranate polyphenols can improve 

cognition. So far, other than POM-03, no other studies using pomegranate extract 

have been conducted in healthy subjects to evaluate either acute or chronic treatment 

effects on memory. Given the growing importance of the maintenance and 

improvement of cognitive function, and the positive association with cognitive effects 

shown in other fruit and berries research, further studies with pomegranate extract 

supplementation in healthy individuals appear warranted. 

 Conclusion  

Dementia not only devastates lives, but this serious form of cognitive decline creates 

enormous costs to the wider economy - an estimated £26 billion a year in the UK 

alone - so the potential impact of diet and dietary supplements in terms of economic 

and individual health and wellbeing costs should not be ignored. This figure is 

expected to more than double to £55bn in the next 25 years (Prince et al. 2014). 

Dementia also has higher health and social care costs (£11.9bn) than cancer (£5.0bn) 

and chronic heart disease (£2.5bn) combined (Luengo-Fernandez et al. 2015). In 

2018 the cost of dementia globally was projected to reach $1 trillion dollars and then 

expected to double to $2 trillion by 2030 (Prince et al. 2015). 

Spencer (2010) highlighted that if scientists could develop a treatment that would 

reduce severe cognitive impairment in older people by just 1 % per year, then 

according to the Alzheimer’s Research Trust, this would cancel out all estimated 
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increases in the long-term care costs due to our ageing population. The dawning 

recognition of both the human and financial costs of cognitive degeneration have 

created a strong interest in developing drugs capable of enhancing memory and 

learning. Spencer (2010) also considered that in the future there was a strong 

possibility that certain nutrients, especially fruit-derived flavonoids, could function as 

precursors for the development of new memory-enhancing drugs.  

It appears that the beneficial effects of biophenol-rich fruits on cognition of healthy 

subjects or cognitive deficits related to aging, mild and post-operative cognitive 

impairment and Alzheimer’s disease present a safe and effective approach for 

memory domain improvement. The effect of acute and chronic flavonoid-rich 

supplementation on cognition of healthy subjects was observed to be age, dose and 

subclass dependent. Not all flavonoid subclasses have similar benefits on cognition. 

Anthocyanidins found in pomegranate, grape and berry did provide treatment effects 

(Al Damen et al. 2018). Other flavonoid subclasses investigated have shown 

differential effects: e.g. flavanones were found to be beneficial for cognition of healthy 

subjects. Orange juice is the richest source of flavanones, and both acute and chronic 

orange juice consumption studies indicated a marked enhancement of cognitive 

measures (Kean et al. 2015; Alharbi et al. 2016; Lamport et al. 2016). Conversely, 

studies of flavonols (quercetin) and flavan-3-ols (epicatechin) rich in apple showed no 

observed effects on mood, measures of attention or executive functions (Bondonno 

2014). However, the Camfield et al. (2014) review showed some non-significant acute 

effects on cognitive function measures reported for the flavan-3-ol, epigallocatechin 

gallate (EGCG) in green tea.  

Generally, the effect of biophenol rich fruit and pomegranate on cognitive deficits or 

decline could be examined in terms of prevention and/or treatment. Since there is no 

remedy for dementia to date, and no prediction of when, or if, an effective therapy will 

be developed, it is important to consider the potential role of these fruits on cognitive 

deficits associated with dementia.  

Dementia has been shown to have a long “pre-dementia phase”, which could last for 

years as a precursor to AD. Elias et al. (2000) suggested that this phase is 

characterised by patients having lower cognitive function associated with difficulties 

in performing instrumental activities. However, interventions initiated in individuals 

with pre-dementia conditions such as mild cognitive impairment (MCI) might prevent 

further progression of cognitive decline, and MCI may represent the final point at 
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which intervention can be effective. Interventional studies with pomegranate for MCI 

cases showed an improvement in cognitive function which suggests that 

supplementation could have a preventative role for AD if started at the MCI stage. 

This potential treatment option of supporting cognitive function using biophenol-rich 

fruit such as pomegranate, has not been thoroughly studied. Two such studies (one 

RCT with cherry and one cross sectional study with flavonoids) conducted in mild to 

moderate Alzheimer’s type dementia, showed an enhancement of specific cognitive 

domains. This, alongside the improvement in cognitive deficit which can occur in 

patients with cerebral ischaemia or following surgery could suggest an adjunctive role 

for such supplementation (Al Damen et al. 2018). 

However, in terms of design, current studies are a long way from the large scale 

randomised controlled trials (RCTs) that are required to build a strong and robust 

evidence base supporting beneficial effects of flavonoid ingestion for cognitive 

outcomes in the immediate postprandial period (Bell et al. 2015). In addition, since 

multiple factors across the life course influence brain function in late life, multidomain 

interventions might be more promising in the prevention of cognitive decline and 

dementia/AD. Designing such trials remains very challenging for researchers. In this 

perspective, future clinical investigations should pay attention to larger sample sizes, 

a continued exploration of acute or longer-term dosage and a longer follow-up 

(Gillette-Guyonnet et al. 2013). 

This current study is the first double blinded randomised, placebo-controlled trial to 

investigate cognitive responses to an acute intervention with pomegranate extract. 

There has been evidence of cognitive improvements in other trials examining the 

acute effects of other polyphenol containing fruit and berry extracts. Various 

pomegranate studies have also shown that pomegranate constituents are reasonably 

bioavailable shortly after ingestion. Chronic pomegranate supplementation has 

recently been shown to improve memory retention, and verbal memory with increased 

functional brain activity during visual and verbal memory tasks (Bookheimer et al. 

2013). These improvements were made with populations who had either undergone 

surgery or were middle aged to older adults with mild memory complaints and 

provides a hopeful basis for future research on differing population groups.  

Thus, the consumption of polyphenol-rich foods holds the potential to “limit 

neurodegeneration and to prevent or reverse age-dependent losses in cognitive 

performance” (Vauzour et al. 2008, p.115). The keen worldwide interest in the 
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development of drugs capable of enhancing brain function has led to speculation that 

polyphenols may represent important precursor molecules in the quest to maximize 

our brainpower.  
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 Summary and conclusion 
 

This thesis investigated the effects of pomegranate consumption on human health in 

response to the major worldwide health challenges posed by non-communicable 

diseases such as cardiovascular disease, obesity, diabetes and conditions which 

affect cognitive function. The exploratory, satiety, cognitive blood pressure and 

anthropometry studies which were conducted as part of this thesis, aimed to 

contribute towards identifying potential preventative health strategies to reduce the 

burden of chronic disease through modification of dietary intake and behaviour. 

Together, these studies investigate the effects of pomegranate extract on blood 

pressure and stress hormones while exploring the relationship between pomegranate 

extract intake and cognitive function, satiety, anthropometry, body composition, blood 

lipids, and quality of life (QoL). The main findings are highlighted for each study below 

and then discussed as a whole in the remainder of the results summary.  

 

7.1 Results summary 

 Main Findings 

 The exploratory study Pom-01 

Results by Pom-01 outcome measure : 

 Blood pressure.  

SBP significantly reduced following PE intake (4.75 mmHg; p = 0.012) and 

DBP showed non-significant reductions (1.73 mmHg; p˃0.05) with PE intake 

in paired t-test analysis. ANCOVA indicated no significant differences between 

the groups for either SBP or DBP.  
 

 HOMA-IR.  

Paired t-tests showed a significant reduction in HOMA-IR (p = 0.045) and 

decreased levels of glucose, insulin and uric acid levels all in the PE group. 

However, ANCOVA analysis indicated that there were no significant 

differences within or between the groups for insulin, HOMA-IR, uric acid or 

glucose. 
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 NEFA.  

NEFA concentration reduced and ANCOVA results showed a trend towards 

significance in the PE group; F1,22 = 4.02, p= 0.057, with a significant increase 

(p=0.0048) in the PL group. 
 

 Waist Circumference. 

WC reduced significantly in both PE (p=0.005) and PL (p=0.004) groups. 
 

 Fat free mass  

FFM increase was significant (p=0.009) in PE group and % FFM (p=0.038) 

increased in the PL group but ANCOVA showed no differences between the 

groups in terms of anthropometry and body composition. This included BMI 

and body weight. 
 

 TBARS 

Serum TBARS paired t-test results for the PE group show a significant 

reduction within the PE group from 5.15 (± 3.9) to 2.74 (± 2.92) µM MDA/day; 

p = 0.004 compared to the PL group. There were no differences for FRAP and 

total phenolics. 
 

 Blood lipids 

No significant differences were found within or between the groups for total, 

HDL and LDL cholesterol or TG. 
 

 Cortisol and cortisone 

Cortisol concentration was shown by paired t-test analysis to drop significantly 

in the morning (p<0.001) and noon (p=0.016) with PE intake. Cortisone 

increased in the PE group at each time-period am (p = 0.09), noon (p=0.001) 

and pm (p=0.024). The cortisol/cortisone ratio was also significantly reduced 

(p = 0.011 to p< 0.001) in the PE group. 
 

ANCOVA showed there was a statistically significant difference between the 

pomegranate extract and placebo interventions for both cortisol concentration 

and cortisol/cortisone ratios. 
 

 Quality of life 

The RAND 36 QoL questionnaire showed significant improvements in physical 

(p = 0.018) and social functioning (p = 0.021), pain (p = 0.003), general health 

(p = 0.008) and overall QoL score (p = 0.007) in PE but not PL group. 
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 The satiety study Pom-01s 

Paired t-tests showed: 

 Desire to eat: there was an overall significant difference between the VAS 

scores for the PE group with PJ preload compared to the PL group (p<0.001), 

with the desire to eat being significantly less in the PE/PJ group. 
 

 Satisfaction: PE with PJ preload group found the meal significantly more 

satisfying (p=0.02) than the PL/PJ group, specifically after consuming lunch 

(after 30 minutes). 
 

 Fullness: the PE/PJ group experienced significantly more fullness than the 

PL/PJ group (p=0.02) over the 120-minute lunch period. 
 

 There was a significance difference in the weight of food consumed between 

the pomegranate and placebo juice groups (p = 0.05). 
 

 Participants in the PE group with PJ preload generally reported feeling less 

desire to eat, felt fuller and more satisfied, and ate less (p = 0.05) than those 

who consumed the PLD. 
 

 All meal qualities in the group were rated more highly than the placebo juice. 

The PJ group liked the smell of the meal significantly more than the PLD juice 

group (p=0.02). 
 

 Meal palatability was rated significantly more highly (p=0.05) by the PE group 

with the PJ preload than those in the PL/PJ group. 
 

 PANAS mood scores showed that all study participants were more positive 

after the study period compared to beforehand, and they were significantly 

less negative (p = 0.02). 

ANOVA analysis showed: 

 No statistically significant interaction between time and type of capsule on 

recorded levels of hunger (F (3.5, 96) = 1.4, p = 0.24), desire to eat (F (3.9, 

106) = 1.5, p = 0.2), satisfaction (F (4.4, 118) = 0.53, p = 0.73) and fullness (F 

(3.6, 96) = 2.1, p = 0.09).  
 

 No significant difference in the amount of foods consumed between 

participants who had the pomegranate capsule priming (521 ± 115 g) 

compared to placebo capsule priming (476 ±180 g) (p= 0.11). 
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 No significant effect of the type of juice on the amount of foods consumed in 

the pomegranate capsule group (p= 0.11) and the placebo capsule group (p 

= 0.94). Thus, there was no effect of treatment on ad libitum eating.  

 The blood pressure and anthropometry study Pom-02 

Paired t-test analysis showed: 

 That there was a significant drop in DBP in the PE group from baseline to 8 

weeks reducing from 71.54 (±8.57) mmHg to 68.75 (±8.83) mmHg, a 

difference of 2.79 (±5.32) mmHg (p = 0.010).  
 

 A reduction in DBP from baseline to 4 weeks of 2.07 (±5.48) mmHg; (p = 

0.055) was greater than the drop in DBP from 4-8 weeks: 0.71 (±3.9) mmHg; 

(p= 0.34). 
 

 SBP reduced in the PE group by 2.57 (± 7.4) mmHg, but this was not 

significant (p = 0.08). 
 

 No significant differences in the energy and macronutrient intake between 

baseline and week 4 time periods within either group. 
 

 That significant improvements were also found in four QoL parameters for the 

PE group between baseline and 8 weeks: energy (p = 0.017), emotional well-

being (p = 0.003), social functioning (p = 0.046) and the overall QoL score (p 

= 0.022). There were no significant differences in the PL group. 
 

ANOVA analysis showed: 

 A significant interaction between treatment and time for DBP (F2, 102 = 4.4; p 

= 0·02) but not for SBP (F2,102 = 1.2; p = 0.30) where PE decreased 

(2.79mmHg) compared to placebo. 
 

 That there were no statistically significant interactions between the 

intervention and time for the anthropometric, body composition measures and 

antioxidants. 
 

 A significant difference between the RAND QoL PE and PL groups for social 

functioning with F 1, 47 = 5.48, p = 0.023. The pomegranate mean score of 

91.83 (± 2.86) was significantly more than the placebo score of 82.27 (± 2.86). 

The pomegranate score for emotional well-being was also close to 

significance with F 1, 47 = 3.44, p = 0.07. There were no other significant 

differences between the groups.  
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 The cognitive study Pom-03 

 Acute PE ingestion in Pom-03 improved some aspects of cognitive 

performance in healthy adults. Paired t-tests showed significant improvements 

in: overall logical reasoning reaction time, p<0.001; and serial subtraction, 

p<0.001 compared to the non-biophenol PLD. 
 

 ANOVA performed for biochemical and physiological variables showed that 

there were no significant differences between the PE and PL treatments. 
 

 LMM analysis showed that there was no significant interaction between 

treatment and order for any of the outcome measures (p>0.05).  
 

 LMM found a significant effect of treatment for two cognitive measures in the 

picture recognition test: Picture Recognition (% accuracy) (F(1,40) = 5.33 p = 

0.026); and 
 

 Picture Recognition 'yes' response (% accuracy) (F(1,40) = 4.33, p = 0.044).  
 

 No significant effects of treatment were shown for the remaining measures. 
 

It is important to consider these results as a whole and what implications they may 

present in terms of preventative and public health. 

 

 Blood pressure 

Pomegranate polyphenols have been noted to lower systolic blood pressure (SBP) 

and insulin resistance thus decreasing CVD risk in several previous trials involving 

hypertensive or normotensive volunteers (Carpenter et al. 2010; Tsang et al. 2012).  

Few studies on the effect of pomegranate extract on blood pressure have been 

conducted in human subjects. Previous investigations have tended to concentrate on 

pomegranate juice. 

This thesis, which focused on the effects of pomegranate extract on blood pressure 

and insulin resistance (HOMA-IR) in healthy human volunteers, found corroborating 

evidence, albeit in a normotensive population, suggesting that PE consumption 

among healthy adults is beneficial in improving a variety of CVD risk factors.  

There was a significant decrease in SBP (4.75 mmHg) and a non-significant reduction 

in DBP (1.73 mmHg) over 4 weeks within the PE group in the exploratory study 
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compared to placebo. There were no significant differences between the groups, 

however, perhaps due to the large standard deviations. In the larger, powered 8-week 

blood pressure study, there was again a non-significant reduction in SBP (2.6mmHg), 

but the reduction in DBP (2.8 mmHg) was significant both within and between the 

groups compared to the placebo values which increased slightly. As stated by Lynn 

et al. (2012), it could be concluded that pomegranate supplementation does have 

highly significant benefits for BP and that the effects which they observed on BP were 

similar in size to those achieved by dietary interventions of Na and K.  

These BP results also accord with the findings of Sahebkar et al. (2017) in their recent 

systematic review and meta-analysis of pomegranate juice on blood pressure. Their 

data from the qualifying RCTs showed significant mean reductions in both systolic 

(4.96mmHg), and diastolic BP (2.01) mmHg after pomegranate juice consumption. 

Results also showed that PJ reduced SBP regardless of the duration and dose 

consumed. This suggests that PE has similar reduction effects on blood pressure as 

PJ. Sahebkar et al. (2017) continued to highlight that a prolonged reduction of SBP 

by only 2 mmHg results in reduction in the incidence of death secondary to stroke 

(7%) and other vascular aetiologies (10%). In addition, Reboldi et al (2011) analysis 

showed in their meta-regression analysis that the risk of stroke decreased by 13% for 

each 5-mmHg reduction in SBP and by 11.5% for each 2-mmHg reduction in DBP.  

Asgary et al. (2014) found that PJ consumption over a shorter 2-week period also 

improved endothelial function and had effective hypotensive effects and could act as 

a beneficial cardioprotective supplement for a hypertensive population. In the light of 

this evidence, the results of these trials show that the effect of PE on blood pressure 

is clinically relevant. 

 Glucose, insulin and insulin resistance 

Glucose, insulin and uric acid levels decreased from baseline accompanied by a 

significant reduction in the HOMA-IR within the PE group. No significant changes were 

recorded in volunteers taking the placebo or between the groups. This decrease in 

insulin resistance may assist in improving health outcomes. 

However, human clinical trial data evaluating the possible beneficial effects of 

pomegranate products and extracts on glycaemic control and insulin levels and 

sensitivity have generated mixed findings with some studies showing improvements 

(Tsang et al. 2012; Asgary et al. 2014) in these profiles, but others finding no change 

(Sumner et al. 2005; Cerdá et al 2006; Gonzalez-Ortiz et al. 2011; Mirmiran et al. 
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2012 and Huang et al 2017). Considering these findings in conjunction with the 

positive Pom-01 results, including the reduction in NEFA, there may have to be more 

research in this area before viewing PE as a potential adjunct to glycaemic 

management.  

 NEFA and blood lipids 

No significant differences were found either within or between the groups over 4 

weeks for HDL, total and LDL cholesterol. 

However, non-esterified free fatty acids or NEFA dropped within the PE group while 

increasing significantly within the placebo group. The reduction was approaching 

significance between the groups. Since elevated NEFA concentrations in obesity are 

thought to arise from adipose tissue mass increases, a drop in these levels tends to 

imply that PE consumption may prevent NEFA levels rising and so to reduce insulin 

resistance. 

 Cortisol/cortisone 

Cortisol is known to unfavourably influence BP and lipid profiles as it can induce 

oxidative stress which has been associated with hyper insulinaemia and insulin 

resistance (Duclos et al. 2005).  

Chronic PE consumption over 4-weeks caused a drop in stress hormones due to the 

significant decrease in salivary cortisol (active hormone) levels both within and 

between the groups. However, there was no significant difference in Cortisone 

(inactive hormone) and this led to the significant reduction in the cortisol/cortisone 

ratio.  

As expected, with the acute pomegranate extract consumption in the Cognitive study, 

the cortisol and cortisone levels were normal following the circadian rhythm, showing 

that the subjects were apparently not stressed. There were no significant differences 

between the groups for this acute extract consumption. 

This suggests that PE intake has the potential to inhibit 11β-HSD1 enzyme activity 

which is evident from the reduction in the FE ratio. The role of this enzyme in 

hypertension is to help reduce BP, stress and to improve mood and quality of life. 

 Antioxidant activity 

There were no significant differences in antioxidant status for TAC, FRAP or TBARS 

in any of the urine samples. However, the TBARS measured in serum did show the 
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significant increased anti-oxidant effects expected for the PE intake, not only within 

the pomegranate group but also compared to the placebo treatment. This discrepancy 

may have been due to lack of compliance in providing complete urinary collections, 

however, the positive TBARS results suggests that the participants showed 

compliance in consuming the PE capsules.  

 Food and alcohol diaries 

Dietary history was recorded to assess confounding factors. Analysis showed no 

significant differences pre-post study in the energy and macronutrient intakes for 

Pom-02 over the 321 days analysed. There were significant increases mirrored within 

the PE and PL group in Pom-01 for both carbohydrate and sugar intakes, which were 

thought to have been due to the content of the study meals consumed by all 

volunteers. However, there were no differences between the groups in the 174 days 

analysed. Thus, it can be assumed that any of the significant changes in the study 

parameters were not due to dietary changes.  

 Anthropometry and body composition 

No significant changes in body weight, BMI, or upper arm circumference were 

observed, however, waist circumference significantly decreased within both the PE 

and PL group after 4 weeks. A slight decrease in fat mass and slight increase in fat-

free mass was found in both groups after 4 weeks. The fat-free mass increase was 

only significant in the PE group. No differences were observed between these groups.  

Over the longer period of 8 weeks, ANOVA results showed no statistically significant 

interactions between the intervention and time for body weight BMI, waist 

circumference, waist: hip ratio; body fat percentage, lean body mass percentage; hip 

circumference or upper arm circumference.  

In these trials, there appeared to be no significant effects on body composition or 

anthropometry due to PE, as the WC results were mirrored in the PL group also. 

 Health-related Quality of Life questionnaire  

Both Pom-01 and Pom-02 trials showed a significant improvement in quality of life 

within the PE group in the overall RAND score, social functioning and a variety of 

parameters indicating improvements in physical and mental health. These included: 

physical functioning, pain, general health, energy, and emotional well-being. The only 

significant improvement in HRQoL within the placebo group could be due to the non-

specific effects of trial participation (McCarney et al. 2007). 
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ANCOVA analysis of the parameters showed a significant difference between the PE 

and PL groups for social functioning with the PE score more than the placebo. The 

pomegranate score for emotional well-being was also close to significance.  

 Satiety  

Appetite control has been implicated as an important factor in the dietary treatment of 

obesity (Drapeau et al. 2007), and research shows that dietary antioxidants may 

modify appetite by inducing satiety (Josic et al. 2010). Polyphenols have been 

extensively studied for their role in obesity management. Pomegranate, a high source 

of polyphenols, has been suggested to reduce food intake and lower weight in limited 

animal and human studies. The acute effects of pomegranate juice on satiety and 

satiation in healthy adults were examined.  

VAS appetite measurements showed a definite trend towards lower levels of hunger 

and a desire to eat as well as higher levels of fullness and satisfaction, thus greater 

levels of satiety within the participant group consuming pomegranate extract and 

pomegranate juice compared to placebo. This PE group also rated the meal to be 

more palatable than PL. Considering the effect of juice consumption on the amount 

of foods consumed there is a statistical trend that participants in the control juice group 

ate more than those in the pomegranate juice group.  

However, after adjusting for baselines, SD variations, participant numbers and 

multiple comparisons, there were no significant differences between the treatment 

groups. In addition, consideration of the study design, the small number of participants 

and the outcomes obtained do not support making strong assumptions. Further trials 

with a larger number of volunteers and assessment of the effect of the extract and 

juice on satiety parameters are required. 

Pomegranate extract and juice could be implicated in modulating satiety by reducing 

hunger and desire to eat and enhancing fullness and satisfaction, while 

simultaneously increasing enjoyment of the food. Pomegranate extract and juice may 

have the potential to assist in reducing risk factors for overweight and obesity although 

further research is required to confirm these results.  

 Cognitive performance 

Decline in cognitive function can be observed in normal aging, MCI, 

neurodegenerative disorders, cerebral hypoperfusion and post-surgery. Cognitive 

impairment presents with limited therapeutic options. Berries, pomegranates and 
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grapes are polyphenol-rich fruits that have both antioxidant and anti-inflammatory 

effects. Biophenol-rich fruits have been shown to exert cognitive functions boosting 

and enhanced memory in healthy adults. In patients with age related cognitive decline, 

MCI and AD, biophenols-rich fruits showed a marked enhancement of memory and 

verbal fluency with reduced dementia risk, and in artery graft and valve surgery, 

pomegranate protected against memory impairment (Al-Damen et al. 2018). 

The cognitive crossover double blinded RCT explored whether acute supplementation 

with pomegranate extract could modulate indicators of cognitive function and mood. 

Linear mixed model analysis of computerized cognitive testing measures was used to 

demonstrate for the first time that acute consumption of pomegranate extract can 

improve aspects of cognitive performance in healthy adults. Compared to the non-

biophenol placebo, PE significantly increased the accuracy of responses in the picture 

recognition cognitive task.  

Participants had a significantly higher accuracy of correct picture recognition in the 

delayed picture recognition task in determining whether they had seen a picture or 

not before after consuming the pomegranate extract, than with the placebo treatment. 

They also had a significantly higher accuracy of correctly identifying pictures which 

had been part of the group presented earlier in the test, compared to placebo. 

Analysis of differences within the groups showed a significantly improved reaction 

time in logical reasoning and serial subtraction tests for the pomegranate extract 

group. 

This is the first study to examine acute effects of pomegranate extract on cognitive 

function and contributes towards a growing body of evidence concerning the positive 

effects of biophenol rich foods, particularly berries and fruit, in supporting cognitive 

function across a wide range of ages. Larger scale future studies are required to fully 

evaluate the preventive and/or adjunctive therapy of pomegranate extract in cognitive 

decline, deficit and dementia. 

7.2 Conclusion  

Pomegranate extract could be useful for public health. Although not cost-free, the 

capsules are readily commercially available and appear to have no side effects. 

Pomegranate extract capsules, which incorporate the major antioxidants found in 

pomegranates, have been developed as botanical dietary supplements to provide an 

alternative convenient form for consuming very similar biophenols to those found in 
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pomegranate juice (Heber et al. 2007). The extract provides a convenient alternative 

to juice and has little impact on energy intake.  

Pomegranate supplementation reduces blood pressure and could be extremely useful 

in a preventative capacity as a constituent in the daily diet of those who are at high 

risk for hypertension, cardiovascular disease and other NCDs.  

Pomegranate extract capsules could also prove attractive to people who have found 

their blood pressure, glucose or lipid profiles rising, but who have not yet reached the 

threshold for medication and would like to improve their health. Although this could 

also be achieved through eating more fruit and vegetables, most individuals do not 

consume the recommended “5 a day” but may consider consuming the capsules if 

these are seen to be more convenient.  

A major stumbling block to this process is that commercial pomegranate products vary 

greatly in their content of coactive ingredients (Vlachojannis 2015b) and product label 

claims on pomegranate supplements may not correlate with actual content of 

antioxidants, polyphenols or tannins. Madrigal-Carballo et al. (2009) highlighted that 

only a limited number of pomegranate supplements were authentic. For pomegranate 

products to provide effective therapeutic results, reliable labelling information, better 

standardization, improved manufacturing practices and regulation of the market are 

required to assure consumers of the pomegranate supplement quality.  

The findings from these studies suggest that future dietary intervention RCTs should 

focus on pomegranate extract treatment effects over time (determining both minimum 

and maximum times to incur therapeutic effects). In addition, they should explore the 

most effective dosages over different population groups, age and body composition 

ranges. As PE intake reduces blood pressure in normotensive volunteers, it is 

important to conduct further trials in overweight and obese populations where CVD 

risk reduction can have a real impact on health and quality of life. Continued research 

in relation to pomegranate polyphenols is fundamental to determine the optimal dose 

of polyphenols necessary to impart beneficial biological effects. Long term effects of 

pomegranate supplementation in the diet should be monitored, with determination of 

the required dosages to maintain any short-term reductions achieved in blood 

pressure. The effects and timing of withdrawals from treatment should also be 

evaluated. 

These results suggest that pomegranate extract intake rich in biophenols increases 

antioxidant activity and decreases NEFA and insulin resistance which could be of 
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benefit to those suffering from type 2 diabetes, metabolic syndrome or obesity. The 

decrease in blood pressure ameliorating cardiovascular risk factors coupled with the 

significant reduction in cortisol and in 11β-HSD1 activity, reduces chronic stress levels 

while improving aspects of cognitive function leading to enhanced health related 

quality of life. 

Ultimately, as Stowe (2011) highlighted, by integrating non-pharmacological 

approaches such as pomegranate intake and lifestyle changes into the prevention 

and management of NCD regimens, health care practitioners could help to improve 

clinical outcomes as well as decrease the economic burden and mortality of 

contemporary chronic conditions. 
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 Appendices 

9.1 Phytochemical constituents of Pomegranate (Punica 

granatum) 

Phytochemicals present in pomegranate (Punica granatum) based on Seeram et al. 
(2006b, pp. 5-9) and Rahimi et al. (2012). 

 

 

Pomegranate Phytochemicals 

 

Chemical 
Formula 

 

Molecular 
weight (MW) 

 

Plant Part 

 

Ellagitannins and Gallotannins 

   

2,3-(S)-HHDP-D-glucosea [HHDP 
=hexahydroxydiphenoyl]  

 

482.35 

 

Bark, peel 

Castalagin C41H26O26 934.63 Bark 

Casuariin C34H24O22 784.54 Bark 

Casuarinin 
C41H28O26 

936.65 Bark, 
pericarp 

Corilagin 
C20H18O14 

 

634.45 

Fruit, leaves, 
pericarp 

Cyclic 2,4:3,6-bis(4,4′,5,5′,6,6′-
hexahydroxy [1,1′-biphenyl]- 2,2′-
dicarboxylate) 1-(3,4,5-
trihydroxybenzoate) b-D-Glucose 

C41H28O26 

 

936.65 

 

leaves 

Granatin A C34H24O23 800.54 Pericarp 

Granatin B C34H28O27 952.64 Peel 

Pedunculagin 
C34H24O22 

784.52 Bark, 
pericarp 

Punicacortein A C27H22O18 634.45 Bark 

Punicacortein B C27H22O18 634.45 Bark 

Punicafolin C41H30O26 938.66 Leaves 

Punigluconin C34H26O23 802.56 Bark 

Strictinin C27H22O18 634.45 Leaves 

Tellimagrandin I 
C34H26O22 

786.56 Leaves, 
pericarp 

Tercatain C34H26O22 786.56 Leaves 
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2-O-galloyl-4,6(S,S) gallagoyl-D-glucose C41H26O26 934.63 Bark 

5-O-galloyl-punicacortein D C54H34O34 1222.8 Leaves 

Punicacortein C C47H26O30 1070.7 Bark 

Punicacortein D 
C47H26O30 

1070.7 Bark, 
heartwood 

Punicalin 
C34H22O22 

782.53 Bark, 
pericarp 

Punicalagin 
C48H28O30 

1084.7 Bark, 
pericarp, peel 

Terminalin/gallayldilacton C28H20O16 602.37 Pericarp 

 

Ellagic Acid Derivatives 

 
  

Ellagic acid 
C14H6O8 

302.19 Fruit, 
pericarp, 
bark 

Ellagic acid, 3,3′-di-O-methyl C16H10O8 330.25 Seed 

Ellagic acid, 3,3′, 4′-tri-O-methyl C17H12O8 344.27 Seed 

Ellagic acid, 3′-O-methyl-3, 4-methylene C16H8O8 328.23 Heartwood 

Eschweilenol C C20H16O12 448.33 Heartwood 

Diellagic acid rhamnosyl(1-4) glucoside C40H30O24 894.65 Heartwood 

 

Catechin and Procyanidins 

 
  

(-)-Catechin C15H14O6 290.27 Juice 

Catechin-(4,8)-gallocatechin C30H26O13 594.52 Peel 

Gallocatechin C15H14O7 306.27 Peel 

Gallocatechin-(4,8)-catechin C30H26O13 594.52 Peel 

Gallocatechin-(4,8)-gallocatechin C30H26O14 610.52 Peel 

Procyanidin B1 C30H26O12 578.52 Juice 

Procyanidin B2 C30H26O12 578.52 Juice 

 

Anthocyanins and Anthocyanidins 

 
  

Cyanidin C15H11O6 287.24 Peel 

Cyanidin-3-glucoside C21H21O11 449.38 Juice 

Cyanidin-3,5-diglucoside C27H31O16 611.52 Juice 

Cyanidin-3-rutinoside C27H31O15 595.53 Juice 

Delphinidin C15H11O7 303.24 Juice 

Delphinidin-3-glucoside C21H21O12 465.38 Juice 
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Delphinidin 3, 5-diglucoside C27H31O17 627.52 Juice 

Pelargonidin 3-glucoside C21H21O10 433.38 Juice 

Pelargonidin 3,5-diglucoside C27H31O15 595.53 Juice 

 

Flavonols 

 
  

Apigenin-4′-O-β-D-glucoside C21H20O11 448.32 Leaves 

Kaempferol C15H10O6 286.24 Peel, fruit 

Luteolin C15H10O6 286.24 Peel, fruit 

Luteolin-3′-O-β-D-glucoside C21H20O10 432.11 Leaves 

Luteolin-4′-O-β-D-glucoside C21H20O10 432.11 Leaves 

Luteolin-3′-O-β-D-Xyloside C21H18O10 418.09 Leaves 

Myricetin C15H10O8 318.04 Fruit 

Quercetin C15H10O7 302.04 Peel, fruit 

Quercimeritrin C21H20O12 464.38 Fruit 

Quercetin-3-O-rutinoside C27H30O16 610.52 Fruit 

Quercetin-3,4′-dimethyl ether 7-O-α-L-
arabinofuranosyl-(1-6)-β-D-glucoside 

C28H32O16 
624.54 Bark, peel 

Eriodictyol-7-O-α-Larabinofuranosyl (1-
6)-β-D-glucoside 

C26H30O15 
582.51 Leaves 

Naringenin 4′-methylether 7-O-α-L-
arabinofuranosyl (1-6)-β-D-glucoside 

C27H32O14 
580.53 Leaves 

 

Organic Acids 

 
  

Caffeic acid C9H8O4 180.16 Juice 

Chlorogenic acid C16H18O9 345.31 Juice 

Cinnamic acid C9H8O2 148.16 Juice 

Citric acid C6H8O7 192.12 Juice 

o-Coumaric acid C9H8O3 164.16 Juice 

p-Coumaric acid C9H8O3 164.16 Juice 

Ferulic acid C10H10O4 194.18 Juice 

Gallic acid C7H6O5 170.12 Juice 

L-Malic acid C4H6O5 134.09 Juice 

Oxalic acid C2H2O4 90.03 Juice 

Protocatechuic acid C7H6O4 154.12 Juice 

Quinic acid C7H12O6 192.17 Juice 

Succinic acid C4H6O4 118.09 Juice 
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Tartaric acid C4H6O6 150.09 Juice 

 

Simple Gallyol Derivatives 

 
  

Brevifolin C12H8O6 248.19 Leaves 

Brevifolin carboxylic acid C13H8O8 292.2 Leaves 

Brevifolin carboxylic acid-10-
monosulphate 

C13H7KO10S 
394.25 Leaves 

1,2,3-Tri-O-galloyl-β-D-glucose C27H24O18 448.32 Leaves 

1,2,4-Tri-O-galloyl-β-D-glucose C27H24O18 286.24 Leaves 

1,2,6-Tri-O-galloyl-β-D-glucose C27H24O18 286.24 Leaves 

1,4,6-Tri-O-galloyl-β-D-glucose C27H24O18 432.11 Leaves 

1,3,4-Tri-O-galloyl-β-D-glucose C27H24O18 432.11 Leaves 

1,2, 4, 6-Tetra-O-galloyl-β-D-glucose C34H28O22 418.09 Leaves 

1,2,3,4, 6-Pent-O-galloyl-β-D-glucose C41H32O26 318.04 Leaves 

Methyl gallate C8H8O5 302.04 Heartwood 

3,4,8,9,10-pentahydroxy-
dibenzo[b,d]pyran-6-one 

C13H8O7 
464.38 Leaves 

 

Fatty Acids and Triglycerides 

 
  

Eicosenoic acid C20H40O2 312.53 Seed oil 

Linoleic acid C18H32O2 280.45 Seed oil 

Linolenic acid C18H30O2 278.43 Seed oil 

Oleic acid C18H34O2 282.46 Seed oil 

Palmitic acid C16H32O2 256.42 Seed oil 

Punicic acid C18H30O2 278.43 Seed oil 

Stearic acid C18H36O2 284.48 Seed oil 

Tri-O-punicylglycerol C57H92O6 873.34 Seeds 

Di-O-punicyl-O-octadeca-8Z-11Z-13E-
trienylglycerol 

C57H92O6 
873.34 Seeds 

1-O-trans, cis, trans, octadecatrienol 
glycerol 

C21H36O4 
352.51 Seed oil 

1-O-isopentyl-3-O-octadec-2-enoyl 
glycerol 

C26H50O4 
426.67 Seed oil 

 

Sterols and Terpenoids 

 
  

Asiatic acid C30H48O5 488.7 Juice 

Betulinic acid C30H48O3 456.7 Seed 
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Cholesterol C27H46O 386.65 Seed oil 

Daucosterol C35H60O6 576.85 Seed 

Oestrone C18H22O2 270.37 Seed oil 

Oestradiol C18H24O2 272.38 Seed oil 

Oestriol C18H24O3 288.38 Seed oil 

Friedooleanan-3-one C30H50O 426.72 Bark 

β-Sitosterol 
C29H50O 

414.71 Seed oil, 
leaves, stem 

Stigmasterol C29H48O 412.69 Seed oil 

Testosterone C19H28O2 288.42 Seed oil 

Ursolic acid C30H48O3 456.7 Seed 

 

Alkaloids 

 
  

Hygrine C8H15NO 141.21 Root bark 

Norhygrine C7H13NO 127.18 Root bark 

Pelletierine C8H15NO 141.21 Bark 

N-methyl pelletierine C9H17NO 155.24 Bark 

Sedridine C8H17NO 143.23 Bark 

Pseudopelletierine C9H15NO 153.22 Bark 

Nor-pseudopelletierine C8H13NO 139.19 Bark 

2,3,4,5-tetrahydro-6-propenyl-pyridine C8H13N 123.2 Bark 

3,4,5,6-tetrahydro-a-methyl-2-pyridine 
ethanol 

C8H15NO 
141.21 Bark 

1-(2,5-dyihydroxy-phenyl)-pyridium 
chloride 

C11H10ClNO2 
223.66 Leaves 

 

Other Compounds 

 
  

Coniferyl 9-O-[β-D-apiofuranosyl-(1-6)]-
O-β-D-glucopyranoside 

C21H30O12 
474.46 Seed 

Pseudopelletierine C9H15NO 153.22 Bark 

Nor-pseudopelletierine C8H13NO 139.19 Bark 

2,3,4,5-tetrahydro-6-propenyl-pyridine C8H13N 123.2 Bark 

3,4,5,6-tetrahydro-a-methyl-2-pyridine 
ethanol 

C8H15NO 
141.21 Bark 

1-(2,5-dyihydroxy-phenyl)-pyridium 
chloride 

C11H10ClNO
2 

223.66 Leaves 

Coniferyl 9-O-[β-D-apiofuranosyl-(1-6)]-
O-β-D-glucopyranoside 

C21H30O12 
474.46 Seed 
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Sinapyl 9-O-[β-D-apiofuranosyl-(1-6)]-O-
β-D-glucopyranoside 

C18H36O2 
284.48 Seed 

Phenylethylrutinoside C57H92O6 873.34 Seeds 

Icariside D1 C57H92O6 873.34 Seeds 

Mannitol C21H36O4 352.51 Bark 
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9.2 Recruitment advert - exploratory study POM-01 

Does Pomegranate intake influence Body Mass Index, body composition and 
appetite? 

 

Are you interested in the effects of fruit on your health and quality of life? Would you 
like to test the effects of pomegranate extract/juice on your body mass index [BMI], 
body composition, biochemistry and appetite? No major dietary changes are required.  

This Ph.D. pilot study is open to men and women, aged 18-65 years with a BMI within 
the range of 18-34.9 kg/m². 

If you agree to take part, you will be required to: 

 Visit the research lab twice at QMU over a period of 5 weeks, where body 
composition and BMI will be measured, and blood, urine and saliva samples 
supplied for biochemical analysis 

 Consume one pomegranate or placebo capsule daily for 4 weeks 

 Visit the QMU kitchen where a free cereal breakfast and pasta with tomato 
sauce lunch will be served after drinking pomegranate juice. You can eat as 
much lunch as you like. You will only be required to complete VAS sheets and 
a mood questionnaire at this visit. 

 Complete health quality of life questionnaires and diet diaries 

Exclusion criteria: those taking medications for heart, liver or kidney disease and 
diabetes; recent weight loss within the last 2 months; pregnancy; lactation; allergies 
to pomegranate or to the meals provided.  

The time required to spend at QMU will be approximately an hour on the first visit, a 
breakfast and lunch period for the meal session and then around 30- 40 minutes on 
the final visit.   

If you are interested in taking part, or have any further questions regarding 
participation in this study please contact Angela Stockton at 0131-474-0000 or email  

 

AStockton@qmu.ac.uk    
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9.3 Consent form - exploratory and satiety study 

 
 

PARTICIPANT CONSENT FORM 
 

“The effects of Pomegranate capsules and juice on metabolic and hormonal 
parameters, body composition and satiety in healthy participants - the pilot study” 

 
 
Participant number: 
 
I have read and understood the information sheet and this consent form. I have had 
an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in this study. 
 
I understand that my data will be retained anonymously for up to 10 years for future 
academic use. 
 
I understand that I have the right to withdraw from this study at any stage without 
giving any reason. 
 
I agree to participate in this study. 
 
Name of participant:  _____________________________________ 
 
Signature of participant: _____________________________________ 
 
Signature of researcher: _____________________________________ 
 
Date:   _________________ 
 
 
Researcher details: Angela Stockton 
 
Address:     Ph.D. Student 
                 Public Health Nutrition 
                              Department of Dietetics, Nutrition & Biological Sciences 

Queen Margaret University, 
                Queen Margaret University Drive, 

Musselburgh, 
East Lothian. EH21 6UU 
 

Email / Telephone: AStockton@qmu.ac.uk / 0131 474 0000 
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9.4 Exploratory (POM-01) and satiety (POM-01s) study 

participant information sheet 

 

 
 
Information Sheet for Potential Participants 

The effects of Pomegranate capsules and juice on metabolic and hormonal 
parameters, body composition and satiety in healthy participants – a pilot study 

 
You are invited to take part in this research study. Please read all the information 
below carefully before you decide to participate. 
 
My name is Angela Stockton and I am a PhD research student in Public Health 
Nutrition at the School of Health Sciences at Queen Margaret University. 

 
Background: 
 
I am currently investigating the effects of pomegranate extract and juice on appetite 
and the different markers responsible for the eventual development of non-
communicable diseases such as diabetes and cardiovascular conditions. Being 
overweight or obese is a major risk factor for some of these diseases, as well as 
being recognised as a significant public health challenge on its own. The trend 
towards overweight and obesity is rapidly increasing and approaches towards 
halting this worldwide epidemic have so far met with limited success. 

Antioxidants are widely available in foods and recent scientific studies have focused 
on their successful role in reducing risk factors for cardiovascular diseases and 
blood pressure. 
There is current evidence that antioxidants may affect an individual’s appetite and 
therefore they may play a role in altering body composition or in weight control. The 
pomegranate is rich in antioxidants, thus, determining the beneficial effect of 
pomegranate on differing BMI groups, in terms of body composition, appetite, quality 
of life and other biochemical and hormonal markers may be significant in decreasing 
risk factors for some of the major chronic diseases. 
 
 
 
 
 
Criteria for taking part in the study 
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The study is open to both men and women from 18-65 years old, with a focus on the 
ages of 35-65. 
Participants should be healthy and have a BMI between 18-34.9 kg/m² who do not 
have: systemic disease including heart disease, diabetes, liver or kidney disease; 
abuse drugs or alcohol; are pregnant or breastfeeding; are heavy smokers; allergies 
to pomegranates or the test foods; immunological conditions or a history of weight 
control management within the last 2 months. 
 
Procedure 
 
The study focuses on the effects of pomegranate extract capsules on participants 
and their quality of life. The role of pomegranate juice on appetite and mood is also 
investigated during a visit to the QMU kitchen. 

If you agree to participate in the study you will be advised to follow your usual diet, 
and to make three visits to QMU over a period of 5 weeks. The first visit is in week 
1, the second visit is in week 4 and the final visit takes place in week 5 as the 
intervention ends. You will be required to take one pomegranate or placebo capsule 
after a meal, with water or juice, daily for four weeks. Diet diaries will be completed 
before the beginning of the capsule intervention and then during the satiety phase in 
week 4. Both diet diaries will be a three-day food and alcohol record and be 
completed for the same days of the week each time. 

When arriving for a QMU visit, you will have to fast for 12 hours beforehand, except 
for water, and refrain from alcohol or extra physical activity on the previous day. 

Visit one (approx. 1 hour) will entail: 

 Completion of study screening questionnaire; information sheet and consent 
form 

 Providing details of age, gender and height 
 Baseline measurements of the procedures below 
 Randomisation to pomegranate or placebo capsule group and supply of 

relevant study materials. 
The following procedures will take place during both of your clinical visits in week 1 
and week 5: 

 Body composition measurements – weight, waist circumference, skinfold 
measurements and fat free mass 

 Blood samples. These will be less than 25mls and will be taken by a trained 
phlebotomist. 

 Measurement of blood pressure and heart rate 
 Completion of a health-related quality of life questionnaire 
 Delivery of any completed diet diary booklets 
 Saliva and 24-hour urine samples. These will be 

collected the day before the clinic visit and brought to the researcher. 
Instructions will be supplied. 

 Any medication changes, adverse effects or events should be discussed 
Visit three in week 5 will take approximately 30-40 minutes. 
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Your second visit in week 4 involves having two meals at the QMU kitchen and 
spending from morning breakfast until after lunch on your chosen day at the 
university. You will have 3 free hours between these meals. You will be fed a cereal 
breakfast and fill in a mood questionnaire in the morning and then drink 250 mls of 
pomegranate juice or placebo 30 minutes before lunch. Fasting, except for non-
calorific drinks, is required between breakfast and lunch. Subjective measurements 
of food and juice palatability and satiety including hunger, fullness, thirst, tiredness, 
and a feeling of having consumed enough will be explored using VAS (visual acuity 
scales) which only take a few minutes to complete. The VAS will be completed at 
intervals before, during and after the pasta and tomato sauce lunch, which you can 
eat as much of as you like. You will then answer the mood questionnaire again. Diet 
diaries will be completed for this day, the day before and the day afterwards. 

Benefits: 
 
The pomegranate products consumed may improve your health, well-being and 
biological markers. You will receive the products and test meals free of charge. In 
addition, you will receive a copy of the results of all the tests performed if you wish. 
 
Confidentiality: 
 
Your name will be replaced with a participant identification number, and it will not be 
possible for you to be identified in any reporting of the data gathered. All data 
collected will be anonymous and lab tests results will be totally confidential. The 
results may be published in a journal or presented at a conference. 

You are free to withdraw from the study at any time for no reason. 
You may omit items in any questionnaire that you do not wish to answer. 
 
If you would like to contact an independent person, who knows about this project but 
is not involved in it, you are welcome to contact Dr Douglas McBean. His contact 
details are given below. 

If you have read and understood this information sheet, and any questions you had 
have been answered, and you would like to be a participant in the study, please now 
see the consent form. 

 

Contact details of the researcher: 

Name of researcher: Angela Stockton 

Address:                  PhD student 
Public Health Nutrition 
Department of Dietetics, Nutrition & Biological Sciences 

Queen Margaret University 
Queen Margaret University Drive 
Musselburgh, East Lothian 
EH21 6UU 
 

Email/ Telephone:   AStockton@qmu.ac.uk / 0131 474 0000 
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Contacts details of the research supervisor: 
 
Name of supervisor:   Dr Emad Al-Dujaili 
 
Address:  Senior Lecturer in Biochemistry 

Department of Dietetics, Nutrition & Biological Sciences 
Queen Margaret University, Edinburgh 
                                   Queen Margaret University Drive 
Musselburgh, East Lothian 
                                   EH21 6UU 
 
Email/ Telephone: ealdujaili@qmu.ac.uk / 0131 474 0000 
 
 
Contact details of the independent adviser 

Name of adviser:   Dr Douglas McBean 
 
Address:  Senior lecturer in Neurosciences 
Department of Dietetics, Nutrition & Biological Sciences 
Queen Margaret University, Edinburgh 
                                   Queen Margaret University Drive 
Musselburgh, East Lothian 
                                   EH21 6UU 
 
Email/ Telephone: DMcBean@qmu.ac.uk / 0131 474 0000 
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9.5 Screening Questionnaire for POM-01 and POM-02  

 

The effects of Pomegranate Pure Plus® capsules and juice on metabolic and 
hormonal parameters, body composition and satiety in healthy volunteers 

SCREENING VISIT PARTICIPANT QUESTIONNAIRE 

 

Patient Identification Number:      Date: 

Date of Birth:     /      /19…..      Age: 

Sex:   Male              Female 

Height…………..m           Weight…………kg 

Occupation: 

Ethnicity: 

Medical and Family History 

1. Do you have any of the following conditions? 

High Blood Pressure 

Cardiovascular diseases 

(Including angina pectoris and myocardial infarction) 

Diabetes 

Stroke 

Liver or kidney disease 

Immunological conditions 

Allergies 

If yes, please provide details 
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………………………………………… 

 

 



 

9-413 

Do you take any medications for: 

 
High Cholesterol level 
If yes, please specify the type and brand name 
……………………………………………………………………………………………
……………………………………………………………………………………………
………… 
 
High Triglycerides level 
If yes, please specify the type and brand name 
……………………………………………………………………………………………
……………………………………………………………………………………………
………… 
 
Hypertension 
If yes, please specify the type and brand name 
……………………………………………………………………………………………
……………………………………………………………………………………………
………… 

Diabetes 

If yes, please specify the type and brand name             
…………………………………………………………………………………………………
………………………………………………………………………………………………… 

Any other conditions or reasons 

If yes, please specify the condition and the brand name of the medication 

……………………………………………………………………………………………
……………………………………………………………………………………………
… 
 

2. Do you take any dietary supplements?                        Yes                                   
No 
 
If yes, specify the type, brand name and frequency of intake 
……………………………………………………………………………………………
……………………………………………………………………………………………
…………… 

3. For women only 
Do you take contraceptives?                                              Yes              No 
If yes, please specify the type: 
……………………………………………………………………………………………
……………………………………………………………………………………………
…… 
 
Are you currently pregnant or breastfeeding  Yes                   No 
 

4. Are there any chronic diseases in your family such as diabetes, hypertension 
and/or heart diseases?         Yes                     No 
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If yes, please specify: 
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………… 
 

Personal habits: 

5. Do you currently smoke a pipe, cigar or cigarettes? 
 
Yes, daily                   Yes, occasionally              No 
 
Please specify which of the above you smoke, the brand and the amount 
smoked daily:                                                                         
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………… 
 
 

6. Do you consume alcohol? 
 
Yes, daily                                No                   Occasionally 
 

Please specify what kind(s) of alcoholic beverage you drink, and the amount 
consumed daily or weekly                                                                
….…………………………………………………………………………………………….. 

 
7. Do you exercise?      Yes                       No 
Types of exercise: 
…………………………………………………………………………………………………
….. 

Hours per day:                       Hours per week:                    Hours per month: 

 

8. How many pieces/portions of fresh fruit & veg do you usually consume? : 
Pieces per day:                       Pieces per week:                    Pieces per month: 

 

What type of fruit and vegetables do you usually eat  e.g. carrots, apples, 
blueberries? 

…………………………………………………………………………………………………
…… 

9. Do you usually eat pomegranate or consume pomegranate products? 
Yes                  No 
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If yes, please provide details, including how much and how often you take 
them……………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………… 

10. Have you been recently (in the past 2 months) or are you currently on a weight 
management programme? 
 
Yes                                     No 
 

If yes please provide details 
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………… 
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9.6 RAND 36 Health Survey Questionnaire 

RAND 36-Item Short Form Health Survey 1.0 

A 36-Item questionnaire developed at Rand as part of the Medical Outcomes Study 

 

Please circle the appropriate number in each box in answer to the questions below: 

 

1. In general, would you say your health is: 

Excellent 1 

Very good 2 

Good 3 

Fair 4 

Poor 5 

 

 

2. Compared to one year ago, how would you rate your health in 
general now? 

Much better now than one year ago 1 

Somewhat better now than one year ago 2 

About the same 3 

Somewhat worse now than one year ago 4 

Much worse now than one year ago 5 

 

 

The following items are about activities you might do during a typical day. Does 
your health now limit you in these activities?  If so, by how much? 

(Circle One Number on Each Line) 
 

Yes, 
Limited a 
Lot 

Yes, 
Limited a 
Little 

No, Not 
limited at 
All 

3. Vigorous activities, such as running, 
lifting heavy objects, participating in 
strenuous sports 

[1] [2] [3] 
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4. Moderate activities, such as moving a 
table, pushing a vacuum cleaner, bowling, 
or playing golf 

[1] [2] [3] 

5. Lifting or carrying groceries [1] [2] [3] 

6. Climbing several flights of stairs [1] [2] [3] 

7. Climbing one flight of stairs [1] [2] [3] 

8. Bending, kneeling, or stooping [1] [2] [3] 

9. Walking more than a mile [1] [2] [3] 

10. Walking several blocks [1] [2] [3] 

11. Walking one block [1] [2] [3] 

12. Bathing or dressing yourself [1] [2] [3] 

 

During the past 4 weeks, have you had any of the following problems with your 
work or other regular daily activities as a result of your physical health? 

(Circle One Number on Each Line) 
 

Yes No 

13. Cut down the amount of time you spent on work or other 
activities 

1 2 

14. Accomplished less than you would like 1 2 

15. Were limited in the kind of work or other activities 1 2 

16. Had difficulty performing the work or other activities (for 
example, it took extra effort) 

1 2 

 

During the past 4 weeks, have you had any of the following problems with your 
work or other regular daily activities as a result of any emotional problems (such 
as feeling depressed or anxious)? 

(Circle One Number on Each Line) 
 

Yes No 

17. Cut down the amount of time you spent on work or other 
activities 

1 2 

18. Accomplished less than you would like 1 2 

19. Didn't do work or other activities as carefully as usual 1 2 
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20. During the past 4 weeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends, 
neighbours, or groups? 

(Circle One Number) 

 

Not at all  1 

Slightly  2 

Moderately  3 

Quite a bit  4 

Extremely  5 

 

 

 

21. How much bodily pain have you had during the past 4 weeks? 

(Circle One Number) 

None   1 

Very mild  2 

Mild   3 

Moderate  4 

Severe  5 

Very severe  6 

 

22. During the past 4 weeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)? 

(Circle One Number) 

Not at all  1 

A little bit  2 

Moderately  3 

Quite a bit  4 

Extremely  5 
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These questions are about how you feel and how things have been with you during 
the past 4 weeks. For each question, please give the one answer that comes 
closest to the way you have been feeling. 

How much of the time during the past 4 weeks: 

(Circle One Number on Each Line) 
 

All of 
the 
Time 

Most of 
the 
Time 

A Good 
Bit of the 
Time 

Some of 
the 
Time 

A Little 
of the 
Time 

None of 
the 
Time 

23. Did you feel full of pep 
[oomph]? 

1 2 3 4 5 6 

24. Have you been a very 
nervous person? 

1 2 3 4 5 6 

25. Have you felt so down 
in the dumps that nothing 
could cheer you up? 

1 2 3 4 5 6 

26. Have you felt calm 
and peaceful? 

1 2 3 4 5 6 

27. Did you have a lot of 
energy? 

1 2 3 4 5 6 

28. Have you felt 
downhearted and blue? 

1 2 3 4 5 6 

29. Did you feel worn out? 1 2 3 4 5 6 

30. Have you been a 
happy person? 

1 2 3 4 5 6 

31. Did you feel tired? 1 2 3 4 5 6 

 

 

32. During the past 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting with friends, 
relatives, etc.)? 

(Circle One Number) 

All of the time   1 

Most of the time   2 

Some of the time   3 

A little of the time   4 

None of the time   5 
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How TRUE or FALSE is each of the following statements for you. 

(Circle One Number on Each Line) 
 

Definitely 
True 

Mostly 
True 

Don't 
Know 

Mostly 
False 

Definitely 
False 

33. I seem to get sick a 
little easier than other 
people 

1 2 3 4 5 

34. I am as healthy as 
anybody I know 

1 2 3 4 5 

35. I expect my health to 
get worse 

1 2 3 4 5 

36. My health is excellent 1 2 3 4 5 

RAND® is a registered trademark. Copyright © 1994-2012 RAND Corporation. Last 
Modified: March 1, 2010 
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9.7 How to score the RAND 36 Questionnaire 

STEP 1:  SCORING QUESTIONS: 

Question  
Number 

Original 
Response 

Recorded 
Value 

1, 2, 20, 22, 
34, 36 

1 100 

 
2 75 

 
3 50 

 
4 25 

 
5 0 

3, 4, 5, 6, 7, 
8, 9, 10, 11, 
12 

1 0 

 
2 50 

 
3 100 

13, 14, 15, 
16, 17, 18, 19 

1 0 

 
2 100 

21, 23, 26, 
27, 30 

1 100 

 
2 80 

 
3 60 

 
4 40 

 
5 20 

 
6 0 

24, 25, 28, 
29, 31 

1 0 

 
2 20 

 
3 40 

 
4 60 

 
5 80 

 
6 100 

32, 33, 35 1 0 
 

2 25 
 

3 50 
 

4 75 
 

5 100 
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STEP 2: AVERAGING ITEMS TO FORM 8 SCALES 

 
SCALE 

NUMBER 
OF ITEMS 

AFTER RECORDING AS PER 
TABLE 1,   AVERAGE 
THE FOLLOWING ITEMS 

Physical functioning 10 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 

Role limitations due to 
physical health 

 
4 

 
13, 14, 15, 16 

Role limitations due to 
emotional problems 

 
3 

 
17, 18, 19 

Energy/ fatigue 4 23, 27, 29, 31 

Emotional well being 5 24, 25, 26, 28, 30 

Social functioning 2 20, 32 

Pain 2 21, 22 

General health 5 1, 33, 34, 35, 36 

 

STEP 3:  CALCULATING SCORES: 
 
RAND recommends the following straightforward approach to scoring the RAND 36-
Item Health Survey. 
 
All questions are scored on a scale from 0 to 100, with 100 representing the highest 
level of functioning possible.  Aggregate scores are compiled as a percentage of the 
total points possible, using the RAND scoring table in step 1. 
 
The scores from those questions that address each specific area of functional health 
status (step 2 chart) are then averaged together, for a final score within each of the 8 
dimensions measured. (eg pain, physical functioning etc.) 
 
For example, to measure the patient’s energy/fatigue level, add the scores from 
questions 23, 27, 29, and 31.  If a patient circled 4 on 23, 3 on 27, 3 on 29 and left 31 
blank, use table 1 to score them. 
 
An answer of 4 to Q23 is scored as 40, 3 to Q27 is scored as 60, and 3 to Q29 is 
scored as 40. Q31 is omitted.  The score for this block is 40+60+40 =140. Now we 
divide that 140 by the 3 answered questions to get a total score of 46.7.  Since a 
score of 100 represents high energy with no fatigue, the lower score of 46.7% 
suggests the patient is experiencing a loss of energy and is experiencing some 
fatigue. 
 
All 8 categories are scored in the same way.  Using this questionnaire at the 
beginning and end of the intervention, we can track the progress of the 8 parameters 
in step 2 above.  
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9.8 Revised Three Factor Eating Questionnaire 

REVISED THREE-FACTOR EATING QUESTIONNAIRE 

Participant number: 

Please provide your answer to the following questions by indicating whether they 

are True (T) or False (F) for you. 

E.g. “I often feel so hungry I just have to eat something” T 

QUESTIONS 

1. When I have eaten my quota of calories, I am usually good about not eating 

any more. T/F 

2. I deliberately take small helpings as a means of controlling my weight. T/F 

3. Life is too short to worry about dieting. T/F 

4. I have a pretty good idea of the number of calories in common food. T/F 

5. While on a diet, if I eat food that is not allowed, I consciously eat less for a 

period of time to make up for it. T/F 

6. I enjoy eating too much to spoil it by counting calories or watching my 

weight. T/F 

7. I often stop eating when I am not really full as a conscious means of limiting 

the amount that I eat. T/F 

8. I consciously hold back at meals in order not to gain weight. T/F 

9. I eat anything I want, any time I want. T/F 

10. I count calories as a conscious means of controlling my weight. T/F 

11. I do not eat some foods because they make me fat. T/F 

12. I pay a great deal of attention to changes in my figure. T/F 
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9.9 24-Hour Urine Collection instructions 

PARTICIPANT INSTRUCTIONS FOR 24-HOUR URINE COLLECTION 
 
THE 24-HOUR URINE COLLECTION 
We are interested in measuring levels of steroid hormones, polyphenols and other 
antioxidants in the urine. This information will be obtained from the analyses of the 
urine sample you provide. 
We cannot get this essential information in any other way. 
We are not testing for drugs or viruses. 
 
Why 24 hours? 
 
The levels of some biochemical markers in urine fluctuate according to what was 
eaten at 
the last meal, and how much fluid we drink. A collection over 24 hours gives much 
more reliable information than a single collection about the usual levels of these 
markers in a participant’s diet. 
 
Equipment provided 
 
The researcher will give you the following equipment for making your collections. All 
collecting equipment should be returned with the final urine sample. 
Urine-collecting equipment: 
 

(a) Two, 2 litre screw-capped plastic collection bottles-one for use inside the 
home and the other for when outside the home and 
 

(b) a funnel for female participants 
 

(c) labels for you to attach with your participant number and date to your urine 
container 

 
Before making the urine collection 
 
After your registration for the study, you will decide on the two dates on which you 
will attend the clinical lab with your urine samples. The researcher will remind you 
that you will make a 24-hour urine collection beginning the morning before your visit 
the next day to QMU e.g. starting at 8am the day before and ending at 8 am on the 
day of your visit. 
You may prefer to choose a day to do this collection when you will be mostly at 
home or only going out for a short time. 
 
PRECAUTIONS: 
Please refrain from alcohol intake and strenuous exercise at least 24hour prior 
to urine collection 
If you are female, you should not make your collection during your period. 

How to make your collection 
 
Please start your collection from the second time you pass urine in the morning. DO 
NOT PUT YOUR FIRST URINE OF THE DAY INTO THE BOTTLE 
From then on please collect all of your urine for the next 24 hours INCLUDING THE 
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FIRST URINE OF THE NEXT MORNING, even if this extends your 24-hour time 
period. 
This completes the 24-hour collection. 
 
You should pass all urine direct into the collection container using the funnel if 
required. If you need to open your bowels, always remember to pass urine first 
before you pass a stool. 
 
Urinary amounts vary from person to person and their fluid intake, so some people 
may require to use one container and others both containers to hold their samples 
over the 24 hrs. Please do not limit your fluid intake on your collection day. The 
researcher can supply extra containers when required. 
 
If you miss a sample 
 
If during the collection one sample is missed for any reason, such as because of a 
bowel 
motion, please record this on a sheet of paper and let your researcher know as this 
can affect your results. 
 
Missed samples can occur in the middle of the night when participants are not fully 
awake. Keeping an empty jug on top of the closed toilet lid is a good reminder to 
produce any samples in the container instead of the toilet. In shared living conditions 
this may not be possible so try to devise a reminder which would work for you in 
your circumstances. 
 
Storing your sample 
Where possible, please store your sample in the fridge (in sealed plastic bags) in 
order to preserve some of the biochemical markers. Otherwise, store in a dark, cool 
place. Please ensure that the lid of your container is firmly screwed on before 
storing or transporting to QMU. Please transport within a number of plastic bags or 
other fluid proof container to prevent any spillage. 
 
If you have any other questions 
 
We hope this information sheet answers any questions which you may have. If you 
have further questions, please do not hesitate to speak to your researcher. You are 
free to withdraw from this study at any point. 
 
 
Your co-operation is very much appreciated. Thank you. 
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9.10 Saliva collection information sheet  

How to perform your saliva collection  

We have developed a simple and reliable method for collecting saliva samples for steroid 

hormone determination as shown below.   

 

Procedure: 

The following is a step by step guide to successful saliva sample collection 

1. Rinse and swill your mouth out thoroughly three times with tap or bottled water 

2. If you feel that you do not have enough saliva to produce samples, then either 

imagine biting into a lemon or chew one small piece of sugar-free gum, as this will aid 

saliva production. 

3. When you feel your mouth beginning to water, retain the sugar-free gum in your 

mouth, and then spit away the first mouthful of saliva into the container provided.  

This will remove unwanted cellular elements in the mouth and from the chewing gum 

4. Stop chewing the gum and now spit into the collection container provided, until you 

have deposited around 3-5 millilitres (ml) of saliva. This is almost a teaspoon, so this 

will involve a few deposits into the collection tube.  Ensure the cap is replaced tightly. 

5. Please state the date and time of the collected sample on the label of the collection 

container. 

6. Please bring samples to the clinical lab the same day. Samples will then be 

processed  by the researcher and frozen at – 20C to break up mucopolysaccharides.  

 

The saliva collection times are between: 7.00-8.00h (or 30 minutes after waking), and then 

between 12.00 - 1.00h after your cognitive tests are complete on the day of your clinical visit. 

Please refrigerate these samples until you leave home on the study day. 

 

PRECAUTIONS: 

 DO NOT perform long or strenuous exercise 24 hours prior to or on the day of 
salivary sample collections. (Exercise is defined as organised physical activity e.g. 
swimming, cycling, yoga etc.) Walking as part of your normal activities is fine. 

 DO NOT consume alcohol 24 hours prior to, or on the day of salivary sample 
collections 

 DO NOT eat a heavy meal or brush your teeth for 60 minutes prior to saliva sample 
collection 

 Each time you collect a saliva sample the method should be identical, so either 
visualise lemons or use chewing gum to produce the saliva.  

  



 

9-427 

9.11 Satiety study information pack 

Date: _________________  Participant Number:  ______________ 

Introduction 

This document contains all of the forms which require to be filled in during your 
lunch session. 

Please refer to the screen at the front of the kitchen for more information on the 
content and timings of your study today. If you have any other queries, please 
discuss these with your researcher who will assist you. 

The session consists of drinking juice before having a meal and you will answer a 
series of questions, repeated over time, about these events which are called VAS 
scales.  

You can eat as much or as little as you like until you are “comfortably full”. 

Arrival for lunch 

Please complete the following VAS scale before you drink your juice. 

VAS 1. 

Please make a vertical mark across the line corresponding to your feelings 

1) How hungry do you feel? 
 

 “Not at all”      
 “Extremely” 

2) How strongly do you feel a desire to eat? 
 

 
 “Not at all”      
 “Extremely” 
 
 
 
 

3) How satisfied do you feel? 
 

 

 “Not at all”      
 “Extremely” 

 

4) How full do you feel right now? 
 
 

 
 “Not at all”      
 “Extremely” 
 

5) How thirsty do you feel right now? 
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 “Not at all”      
 “Extremely” 
 
 

6) How strongly do you feel that you have had enough to consume? 
 

 
 “Not at all”      
 “Extremely” 
 

Now you can drink your allocated juice.  
 
VAS 2. 
This should be filled in immediately after drinking the juice. 
 

Please make a vertical mark across the line corresponding to your feelings. 

 
1) How visually appealing is the juice? 

 
 “Not at all”      
 “Extremely” 
  

2) How much do you like the smell of the juice? 
 

            “Not at all”      
 “Extremely” 

3) How much do you like the taste of the juice? 
 
 

 “Not at all”      
 “Extremely” 
 

4) How much do you like the texture of the juice? 
 
 

 “Not at all”      
 “Extremely” 
 

5) How palatable is the juice overall? 
 
 

 “Not at all”      
 “Extremely” 
 
Q. Which juice do you think that you drank? The pomegranate juice or 

the placebo juice? Any other comments about the juice? 
 

A.  

 

VAS 3. 
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To be completed shortly after VAS 2. 
 
Please make a vertical mark across the line corresponding to your feelings 

1) How hungry do you feel? 
 

 “Not at all”      
 “Extremely” 

 

2) How strongly do you feel a desire to eat? 
 

 
 “Not at all”      
 “Extremely” 
 

3) How satisfied do you feel? 
 

 

 “Not at all”      
 “Extremely” 

  

4) How full do you feel right now? 
 

 
 “Not at all”      
 “Extremely” 
 

5) How thirsty do you feel right now? 
 

 
 “Not at all”      
 “Extremely” 
 
 

6) How strongly do you feel that you have had enough to consume? 
 

 
 “Not at all”      
 “Extremely” 

 
When lunch is placed on your table, but before you eat anything, please complete 
the next section, VAS 4. 
 
VAS 4 
 
Please make a vertical mark across the line corresponding to your feelings 

1) How hungry do you feel? 
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 “Not at all”      
 “Extremely” 

 

2) How strongly do you feel a desire to eat? 
 

 
 “Not at all”      
 “Extremely” 

3) How satisfied do you feel? 
 

 “Not at all”      
 “Extremely” 

  

4) How full do you feel right now? 
 

 
 “Not at all”      
 “Extremely” 
 
 

5) How thirsty do you feel right now? 
 

 
 “Not at all”      
 “Extremely” 
 

6) How strongly do you feel that you have had enough to consume? 
 

 
 “Not at all”      
 “Extremely” 

 
Now eat 1 spoon of the lunch and complete the following VAS 5. 
 
VAS 5. 
 
Please make a vertical mark across the line corresponding to your feelings. 
   

1) How visually appealing is the food? 
 
 

“Not at all”      
 “Extremely” 
  

2) How much do you like the smell of the food? 
 
 

 

“Not at all”      
 “Extremely” 
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3) How much do you like the taste of the food? 
 
 

“Not at all”      
 “Extremely” 
 

4) How much do you like the texture of the food? 
 
 

“Not at all”      
 “Extremely” 
 

5) How palatable is the food overall? 
 
 

“Not at all”      
 “Extremely” 
 

Please begin to eat your lunch. You can eat as much or as little as you like until 
you are “comfortably full”. When the buzzer sounds, and the researcher alerts you, it 
is time to complete VAS 6. Let your researcher know when you have finished eating. 
 
VAS 6 
Please make a vertical mark across the line corresponding to your feelings 

1) How hungry do you feel? 
 

 

 “Not at all”      
 “Extremely” 

 

2) How strongly do you feel a desire to eat? 
 

 
 “Not at all”      
 “Extremely” 
 
 
 
 

3) How satisfied do you feel? 
 

 

 “Not at all”      
 “Extremely” 

  

4) How full do you feel right now? 
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 “Not at all”      
 “Extremely” 
 

5) How palatable is the food overall? 
 

 

 “Not at all”      

 “Extremely” 

 

6) How strongly do you feel that you have had enough to consume? 
 

 

 “Not at all”      

 “Extremely” 

From now on the buzzer will sound at regular intervals which will act as a prompt for 

you to complete each subsequent VAS (7-11).  

 

VAS 7 
 

1) How hungry do you feel? 
 

 

 “Not at all”      
 “Extremely” 

2) How strongly do you feel a desire to eat? 
 

 
 “Not at all”      
 “Extremely” 

3) How satisfied do you feel? 
 

 

 “Not at all”      
 “Extremely” 

  

4) How full do you feel right now? 
 
 

 
 “Not at all”      
 “Extremely” 
 

5) How palatable is the food overall? 
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 “Not at all”      
 “Extremely” 
 

6) How strongly do you feel that you have had enough to consume? 
 
 

 
 “Not at all”      
 “Extremely” 
 
 

This question is repeated from VAS 8 to VAS 11 
 
Your VAS scales are now complete. Please fill in the final mood questionnaire and 
thank you very much for taking part in the study. 
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9.12 Post-Intervention clinic evaluation – POM-01 

POST- INTERVENTION CLINICAL VISIT 

Participant number: 

Thank you for participating in the Pomegranate extract study. Your time and effort 

are greatly appreciated and will contribute towards the scientific understanding of 

how pomegranate products affect our health. 

Before you leave the study process, please could you complete a few final 

questions? 

1. What capsules do you think that you were taking? Pomegranate or placebo? 
 
 
 
 

2. Have you made any lifestyle or dietary changes during the course of the 
study? 
 

 

 
3. Did you experience any adverse events during the study? Do you have any 

other comments to make about taking part in the study? 
 

 

4. What specific feedback would you like from the study? 
 

 

Please fill in your final RAND 36 Quality of Life Questionnaire which relates to the 

previous 4 weeks. 
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9.13 PANAS Mood Questionnaire 

Measurement of the effects of pomegranate pure juice intake on mood and 
general well-being 
 
Participant number: 

 
 
The simplified PANAS questionnaire is intended to evaluate your general stress and 
well-being during daily life. 
 
Below is a list of emotional states. Please indicate to what extent you feel this way 
right now, that is, at the present moment by marking the most appropriate box. 
Please refer to the first-row example. 
 

 Very 
slightly/ 
not at all 

A little Moderately Quite a bit Extremely 

Motivated    X  

 

Interested 

     

 

Distressed 

     

 

Excited 

     

 

Upset 

     

 

Strong 

     

 

Guilty 

     

 

Scared 

     

 

Hostile 

     

 

Enthusiastic 

     

 

Proud 

     

 

Irritated 
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 Very 
slightly/ 
not at all 

A little Moderately Quite a bit Extremely 

Motivated    X  

 

Alert 

     

 

Ashamed 

     

 

Inspired 

     

 

Nervous 

     

 

Determined 

     

 

Attentive 

     

 

Jittery 

     

 

Active  

     

 

Afraid 
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9.14 Food Diary Booklet – POM-01 and POM-02 
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9.15 Food Diary Intakes POM-01/POM-01s  

Complete macro and micronutrient results per participant 

Table 9-1 - Baseline energy expenditure with macro and micronutrient intakes from POM-01/s food and alcohol diaries. Group 1= Pomegranate Capsules; Group 
2 = Placebo capsules; Sex: 1 = Male; 2 = Female, n=29. 

 

 

ID Group Sex
Height 
(cm)

Weight 
(kg)

Energy 
(kcal)

Energy 
(kJ)

Protein 
(g)

Carbohy
drate (g)

Sugars 
(g)

Starch 
(g)

Total 
Fat (g)

Satur
ates 
(g)

Monou
nsaturat
es (g)

Polyuns
aturates 
(g)

Fibre_A
OAC (g)

NMES (g)
Alcohol 
(g)

Sodium 
(mg)

Potassi
um 
(mg)

Calcium 
(mg)

Magne
sium 
(mg)

Phosp
horus 
(mg)

Iron 
(mg)

Copper 
(mg)

Zinc 
(mg)

Chloride 
(mg)

Manga
nese 
(mg)

Selen
ium 
(µg)

Iodine 
(µg)

Retinol 
(µg)

Carote
ne 
(µg)

Vitamin
_D (µg)

Vitamin
_E (mg)

Thiamin 
(mg)

Ribofla
vin 
(mg)

Niacin 
(mg)

Potential
_Niacin 
(mg)

Vitamin
_B6 
(mg)

Vitamin
_B12 
(mg)

Folate 
(µg)

Pantoth
enate 
(mg)

Biotin 
(µg)

Vitamin
_C (mg)

50 1 2 157 54.7 1480 6238 65 212.2 77.2 132.5 33.9 7.9 10.4 6.7 18.1 39.8 16.7 2287 2512 759 242 1097 16.37 1 6.32 3434 3.85 77 113 134 626 3.06 7.9 1.42 1.73 30.59 12.96 2.5 6.6 278 6.19 35.7 46
51 1 2 164.3 69.3 1629 6913 61.7 292.1 98.2 188.4 32 9.1 10.3 10.1 33.9 63.829 0 1620 3121 691 301 1179 13.23 1.67 7.62 2814 4.19 48 67 148 2191 0.79 8.14 1.4 1.01 15.28 12.84 2.2 4.2 231 4.13 25 110
52 1 2 169.7 59.4 2009 8452 74.6 280.6 124.1 152.3 72.5 23 26.2 17.6 13.2 105.058 0 2671 2386 601 186 1019 10.85 0.74 6.98 3814 2.66 48 71 159 2475 2.82 10.01 1.13 1.28 26.93 15.63 2.24 4.9 149 4.26 22.9 54
53 1 2 160.1 82.3 2178 9205 67.3 366.3 153.1 188 59.4 22 19.5 12.3 20 112.863 0 3391 3492 923 272 1115 10.93 1.38 6.45 4489 3.19 24 70 431 218 1.23 11.67 2.24 1.43 18.54 13.88 2.71 4.7 190 5.26 27.7 77
54 2 1 179.3 90.6 2957 12433 110 398.5 168.9 223.9 112.9 32.8 45.5 20.2 37.3 92.091 0 3843 4221 1147 479 1937 18.38 2.39 13.88 5465 7.67 54 164 449 2281 2.42 18.72 2.01 2.5 30.46 23.45 3.12 6.8 317 7.45 73.8 88
55 2 2 164.5 88.2 2008 8430 83.4 232.8 96.5 133.5 88.7 27.6 26.5 21.9 18.1 64.932 0 2640 2728 690 291 1323 12.35 1.32 8.86 3784 3.59 36 90 238 1320 1.19 7.04 1.54 1.55 26.5 16.51 2.25 5.8 245 4.95 31.8 149
56 2 2 165 67.9 1740 7302 51.4 190.5 84.4 101.5 86.9 31.8 35.2 13.1 24.7 47.606 5.2 1849 2943 707 280 1122 11.28 1.47 6.68 2495 3.81 17 60 370 3667 0.89 13.81 1.37 1.47 16.59 10.24 2.32 1.9 257 5.1 40.5 147
57 2 2 163.3 66.1 1528 6444 46.1 216.8 83.2 130.4 59.1 23.5 20.3 9.8 17.2 55.917 0 2643 2107 719 222 1087 12.11 1.05 5.8 3645 3.23 25 77 371 2102 1.5 7.24 1.25 1.1 14.38 9.97 1.7 3.2 161 3.58 24.8 77
58 2 2 162.8 58.7 2826 11916 88.9 357.2 115.1 236.9 110.1 33.4 38.9 19.4 31.7 47.424 19.8 2900 3892 882 371 1502 15.14 1.76 8.82 3789 4.5 53 97 400 3530 4.75 15.92 1.61 1.68 28.23 17.29 2.6 6.7 264 6.44 43.6 91
59 2 2 175.5 65.7 2622 11040 94.1 361.4 141.1 218.6 98.5 23.9 25.1 12 34.1 73.998 0 4064 3747 1176 398 1717 15.37 1.84 11.07 6456 5.12 32 150 212 1022 1.65 11.78 2.17 1.77 23.25 16.82 2.51 4.9 226 6.57 28.6 142
60 2 2 175.5 65.7 1893 7987 81.6 242.8 91.7 142.9 50.7 15.6 14.6 8.1 22.1 55.688 28.6 2181 3297 601 318 1217 14.27 1.3 6.36 3369 3.07 71 143 165 3777 1.28 9.73 1.32 1.33 21.15 13.7 2.3 5.1 217 3.98 30.7 127
61 2 2 169.5 83.4 1934 8157 66.8 299.4 133.9 163.2 62.1 21.2 22.7 12.7 23.2 81.074 0 2612 3907 847 333 1205 15.31 1.34 7.17 4350 3.19 30 77 175 645 0.88 11.68 2.23 1.91 30.62 12.07 2.54 3.8 304 4.63 41.1 218
62 2 2 169.2 65.7 1617 6836 80.4 216.7 89.1 125.3 54 14.8 14.3 14 24.2 48.813 0 2344 3247 869 314 1333 12.69 1.45 11.6 3775 4.39 49 74 154 3790 3.72 10.48 1.46 1.39 19.34 17.35 2.48 7.1 283 5.43 32 165
63 1 2 167.6 89.1 1606 6775 74.7 213.5 134.2 73.8 56.7 13.9 27.3 10.7 12.8 66.054 0 2049 3039 630 249 1175 7.83 0.86 4.57 3491 2.35 68 111 130 5409 4.75 9.68 1.04 1.47 30.02 14.65 2.87 5 157 5.47 20.2 103
64 2 2 164.1 64.4 1522 6431 50.7 188 89.7 94.5 51.5 16.3 19.9 9.2 23.3 35.79 21.6 1731 2997 813 306 1061 14.61 1.45 7.48 2968 4.29 34 77 223 6312 1.9 9.91 1.55 1.56 20.52 11.25 2.06 7.3 292 4.47 38.1 95
65 1 1 170.5 89.5 1854 7837 71 265.5 100.5 162.2 63.4 20.9 21.1 16 23.1 39.62 0 1902 2709 732 317 1203 11.02 1.63 9.56 3000 4.42 37 91 122 873 1.21 11.4 1.3 1.33 21.59 13.51 2.33 4.2 159 4.67 42.4 87
66 1 2 163.5 55.2 2748 11551 90.9 382.4 230.5 139.7 95.3 29 36.5 20.9 22 150.348 13 1696 5735 1191 453 1731 14.23 1.38 12.31 3197 5.77 38 215 243 2891 2.04 9.5 1.69 2.2 23.71 17.09 3.03 4.6 265 8.4 67.4 162
67 1 1 172.9 69.1 2322 9741 80.8 249.2 64.2 179 81.7 19.8 29.4 22.7 25.8 40.103 46.7 2810 2430 428 305 1276 14.08 1.21 10.09 4418 3.04 51 63 102 1399 1.1 9.87 2.02 1.44 29.04 17.54 2.73 5.7 327 3.93 29.6 51
68 1 2 163.9 65.7 1562 6563 45.8 239.3 107.2 125.3 52.4 18.7 19.2 10.8 13.5 86.285 0 2411 2288 698 180 886 7.69 0.99 4.83 4070 2.69 18 57 189 546 0.44 9.31 0.99 1.19 10.77 8.8 1.82 2.3 161 4.05 23.6 26
69 1 1 175.5 80.1 3176 13365 93.3 439.1 177.6 258.8 128.4 41.3 39.4 16.1 27.5 134.989 0 4387 4370 978 361 1525 15.43 3.14 9.52 5731 3.85 60 109 464 2144 2.55 12.94 2.23 1.8 35.88 18.59 3.34 7.5 341 5.85 29.8 293
70 2 2 167.9 75.3 2863 12066 131 320.2 140.5 173.1 126.1 44.2 46 15.6 28 91.584 0 3925 3994 1234 431 1939 18.11 2.31 17.44 5525 4.51 47 192 430 941 3.03 14.51 2.04 2.33 28.9 26.74 2.49 7.1 270 6.6 49.3 78
71 1 2 173.1 59.6 2076 8780 81 317.3 148 165.9 61.2 22 25.5 9.2 23.7 103.017 1.9 2090 3241 784 285 1204 16.64 1.52 7.23 3305 2.99 74 165 121 2256 6.66 8.14 2.23 2.33 37.32 15.98 3.59 6.3 284 6.48 22.7 116
72 1 2 160.6 57.2 1663 7010 67.3 196 85.4 107.8 73.1 21.4 21.8 21.7 16 51.536 0 1716 2966 561 379 1294 12.06 1.95 7.34 2736 3.99 67 96 139 2073 4.56 15.36 1.61 2 13.95 14.19 2.6 7.2 247 4.88 42.2 51
73 2 1 190.8 81.1 1445 6099 55.7 234.5 95.7 138.8 37.9 19.8 9.9 4.2 33.4 63.915 0 3525 3125 848 303 1146 12.98 0.74 6.29 5751 4.41 42 83 286 1131 0.25 5.58 1.25 1.13 12.12 10.3 2.16 2.2 249 4.29 30.1 104
74 2 1 184.2 83.5 2711 11424 260.7 245.8 124.8 119 82.7 21 35 19.8 22.3 26.943 0 3777 7265 1250 669 3417 16.28 2.26 14.65 5272 4 122 130 299 754 2.92 17.45 3.13 6.82 83 54.84 5.78 8.4 426 18.33 89 153
75 1 2 163.2 59.6 2677 11236 86.6 304.1 116.5 186.6 114.4 32 44.3 24.5 26.6 77.085 22.7 4338 3789 1092 384 1571 15.47 1.66 9.46 6593 5.34 67 136 296 3075 2.75 17.06 1.52 1.85 20.43 17.72 2.44 8.1 247 6.83 47.9 109
76 2 2 159.7 47.3 2011 8471 77.9 265.4 99.4 161.8 69.4 16.9 23.4 10.1 25.5 52.743 11.4 3292 3262 1000 339 1474 18.68 1.64 9 5962 4.33 38 127 249 1554 5.56 9.55 2.26 1.98 26.07 15.36 3.29 5.3 287 5.1 25.1 109
77 1 2 159.5 68.1 2010 8520 80.4 291.3 114.5 173.8 66.1 23.5 22.2 14.8 17.5 41.904 0 2301 3362 1124 362 1551 12.12 1.5 9.03 3624 3.03 51 190 271 1025 2.27 10.53 1.65 2.08 24.53 16.5 2.17 6.6 216 5.73 27.6 99
78 1 1 171.2 96.3 2653 11209 88.1 414.1 205.9 207.1 83.5 27.2 21.3 14.2 22.8 154.263 0 3631 4867 1123 356 1485 14.74 1.62 7.49 5380 3.68 59 149 415 3272 2.99 12.15 2.45 2.69 28.4 17.08 3.28 5.2 579 7.83 44.7 601
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Table 9-2 - Post intervention energy expenditure with macro and micronutrient intakes from POM-01/s food and alcohol diaries. Group 1= Pomegranate 
Capsules; Group 2 = Placebo capsules; Sex: 1 = Male; 2 = Female, n=29 

 



 

9-440 

9.16 LCMS pomegranate capsule samples profile at 280 nm 

FSD set at 1.7 e6 for comparison.  For identification of peak numbers refer to table. 
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The above figures show the overlay of the experimental PE capsules (POM-EXP) 

with the known mass spectometry standards (POM-MS) 

Putative Identifications of phenolic compounds based on MS data 

Peak  m/z [M-H] MS2 Identification 

 

1 1415* 1113, 933, 783, 781, 
633 

di(HHDP galloyl glucose) 
pentose 

 

2 783 481, 301, 275 Pendunculagin isomer 

 

3 1083 781, 721, 601, 575 α-Punicalagin 

 

4 951 907, 783, 301 Granatin B isomer 1 

 

5 951 907, 783, 301 Granatin B isomer 2 

 

6 1083 781, 721, 601, 575 β-Punicalagin 

 

7 1085 785, 631, 451 Digalloyl gallagyl hexoside 

 

8 935 633, 301 Galloyl diHHDP hexoside 

 

9 1567 N/A Sanguiin H10 isomer 

 

10 633 463, 301 Galloyl HHDP hexoside 

 

11 463 301, 275 EA hexoside 

 

12 447 301 EA rhamnoside 

 

13 301 301, 275 Ellagic acid (EA) 

 

 

* possible punicalagin isomer in this peak; underlined = major MS2 fragments, N/A = 

MS2 not available. HHDP = hexahydroxydiphenoyl unit. 
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The peak areas of the two main punicalagin peaks when expressed as a percentage 

of the total peak area comes to just more than 50 % of the total. The LCMS data 

confirms that the study capsules are rich in punicalagins as suggested by the 

manufacturers. The placebo capsules effectively contain no phenolics. 

Extraction of pomegranate sample capsules for polyphenol analysis 

Capsules were extracted in triplicate with 10 mL of 50 % acetonitrile in ultrapure 
water containing 0.2 % formic acid, vortex mixed to ensure dissolution and placed 
on a blood rotator at 45 rpm for 30 mins at 4 C. After centrifugation (2780 X g, 5 
mins, 5 ºC), the supernatants were removed to fresh tubes and the extraction 
repeated on the pellet. The two extractions were combined (20 mL), mixed and 1 mL 
aliquots removed and dried in a centrifugal evaporator. The dried samples were re-
dissolved in 500 L of 5 % acetonitrile in ultrapure water containing 0.1 % formic 
acid. 

Liquid Chromatography Mass Spectrometry (LCMS) 

Samples were analysed on an LCQ-Deca system, comprising Surveyor 
autosampler, pump and photodiode array detector (PDAD) and an ion-trap mass 
spectrometer (Thermo Fisher Scientific, Hemel Hempstead, UK). The PDAD 
scanned discrete channels at 280 nm, 365 nm and 520 nm. The samples were 
applied to a C18 column (Synergi Hydro C18 with polar endcapping, 2 mm X 150 
mm, Phenomenex Ltd.) and eluted using a gradient of 5% acetonitrile containing 
0.1% formic acid to 40% acetonitrile containing 0.1% formic acid over 30 min at a 
rate of 200 µL/min. The LCQ-Deca LC–MS was fitted with an ESI (electrospray 
ionisation) interface and analysed the samples in positive and negative ion mode. All 
data shown is in negative mode. There were two scan events; full scan analysis 
followed by data-dependent MS/MS of the most intense ions using collision energies 
(source voltage) of 45%. The capillary temp was set at 250ºC, with sheath gas at 60 
psi and auxiliary gas at 15 psi.  
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9.17 Information sheet - POM-02  

Information Sheet – Pomegranate Extract Study 
 

 
 
Information Sheet for Potential Participants 
 
The effects of pomegranate extract on anthropometric, physiological and biochemical 
parameters in human volunteers  

 
 
 
You are invited to take part in this research study. Please read all the information 
below carefully before you decide to participate. 
 
My name is Angela Stockton and I am a PhD research student in the department of 
Dietetics, Nutrition and Biological Sciences at Queen Margaret University.  
 
Background:  
 
I am currently investigating the effects of pomegranate extract on appetite, body 
composition and blood pressure as well as on the biochemical markers responsible 
for the eventual development of non-communicable diseases such as diabetes and 
cardiovascular conditions. Being overweight or obese is a major risk factor for some 
of these diseases, as well as being recognised as a significant public health 
challenge on its own. The trend towards overweight and obesity is rapidly increasing 
and approaches towards halting this worldwide epidemic have so far met with 
limited success.  
 
Antioxidants are widely available in foods and recent scientific studies have focused 
on their successful role in reducing risk factors for cardiovascular diseases and 
blood pressure. 
There is current evidence that antioxidants may affect an individual’s appetite and 
therefore they may play a role in altering body composition or in weight control. The 
pomegranate is rich in antioxidants, thus, determining the beneficial effect of 
pomegranate on differing BMI groups, in terms of body composition, appetite, quality 
of life and other biochemical and hormonal markers may be significant in decreasing 
risk factors for some of the major chronic diseases. 
 
Criteria for taking part in the study 
 
The study is open to both men and women from 18-65 years old, with a focus on the 
ages of 35-65. 
 
Participants should be healthy and have a BMI between 18-34.9 kg/m² who do not 
have: systemic disease including heart disease, diabetes, liver or kidney disease; 
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abuse drugs or alcohol; are pregnant or breastfeeding; are heavy smokers; allergies 
to pomegranates or the test foods; immunological conditions or a history of weight 
control management within the last 2 months. 
Procedure 
 
The study focuses on the effects of pomegranate extract capsules on participants 
and their BMI, blood pressure and perceived quality of life.  
 
If you agree to participate in the study you will be advised to follow your usual diet, 
and to make three visits to QMU over a period of 8 weeks. The first visit is before 
the study starts, the second visit is in week 4 and the final visit takes place in week 8 
as the intervention ends. You will be required to take one pomegranate or placebo 
capsule after a meal, with water or juice, daily for eight weeks. The researcher does 
not know which capsules you are taking. Diet diaries will be completed before the 
beginning of the capsule intervention and then in week 4. Both diet diaries will be a 
three-day food and alcohol record and be completed for the same days of the week 
each time. 
 
When arriving for a QMU visit, you will have to fast from the night beforehand 
(except for water) and refrain from alcohol or extra physical activity on the previous 
day. This means no breakfast on the days of your visit. 
 
Your first visit before the study will entail: 
 

 Reading the information sheet and completion of the study screening sheet 
and consent form 

 Providing details of age and gender 
 Completion of eating and Quality of Life questionnaires 
 Baseline measurements of the procedures below 
 Randomisation to pomegranate or placebo capsule group and supply of 

relevant study materials. 
 Delivery of the 24-hour urine sample and first diet diary 

 
The following procedures will take place during your clinical visits in weeks 4 and 8: 
 

 Body composition measurements – height, weight, abdominal, upper arm, 
hip and waist circumference. Lean and fat mass will be measured with a BIA 
machine  

 Measurement of blood pressure and heart rate  
 Questionnaire completion   
 Delivery of the final diet diary booklet 
 In week 8 only – bringing your final 24 hour urine sample. This will be 

collected the day before the clinic visit. Instructions will be supplied. 
 Any medication changes, adverse effects or events should be discussed at 

visits 
 
Please allow approximately 30 minutes for each visit. 
 
 
 
 
 
Benefits: 
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The pomegranate products consumed may improve your health, well-being, body 
composition and physiological or biological markers. You will receive the products 
free of charge. In addition, you will receive feedback on the results of all the tests 
performed if you request this.  
Confidentiality:  
 
Your name will be replaced with a participant identification number, and it will not be 
possible for you to be identified in any reporting of the data gathered. All data 
collected will be anonymous and lab tests results will be totally confidential. The 
results may be published in a journal or presented at a conference. 
 
You are free to withdraw from the study at any time for no reason. 
You may omit items in any questionnaire that you do not wish to answer. 
 
If you would like to contact an independent person, who knows about this project but 
is not involved in it, you are welcome to contact Dr Douglas McBean. His contact 
details are given below. 
 
If you have read and understood this information sheet, and any questions you had 
have been answered, and you would like to be a participant in the study, please now 
see the consent form. 
 
Contact details of the researcher:  
 
     Name of researcher: Angela Stockton 
     Address:                  PhD student 
                                       Public Health Nutrition 
                                       Department of Dietetics, Nutrition & Biological Sciences 
                                       Queen Margaret University 
                                       Queen Margaret University Drive 
                                 Musselburgh, East Lothian 
                                      EH21 6UU 
 
     Email/ Telephone:   Astockton@qmu.ac.uk / 0131 474 0000 
 
Contacts details of the research supervisor: 
     Name of supervisor:   Dr Emad Al-Dujaili; Senior Lecturer in Biochemistry 
 
     Address:  Department of Dietetics, Nutrition & Biological Sciences 
                                   QMU as above 
     Email/ Telephone: ealdujaili@qmu.ac.uk / 0131 474 0000 
 
Contact details of the independent adviser 
     Name of adviser:   Dr Douglas McBean; Senior lecturer in Neurosciences 
 
     Address:  Department of Dietetics, Nutrition & Biological Sciences 
   QMU as above 
     Email/ Telephone: DMcBean@qmu.ac.uk   / 0131 474 0000 
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9.18 Consent form - POM-02 

Participant Consent – Pomegranate extract 

 

PARTICIPANT CONSENT FORM 

The effects of pomegranate extract on anthropometric, physiological and 

biochemical parameters in human volunteers 

Participant number: 

I have read and understood the information sheet and this consent form. I have had 
an opportunity to ask questions about my participation. 

I understand that I am under no obligation to take part in this study. 

I understand that my data will be retained anonymously for up to 10 years for future 
academic use. 

I understand that I have the right to withdraw from this study at any stage without 
giving any reason. 

I agree to participate in this study. 

Name of participant:  _____________________________________ 

Signature of participant: _____________________________________ 

Signature of researcher: _____________________________________ 

Date:   _________________ 

Contact details of the researcher: 

Name of researcher: Angela Stockton 

Address:  Ph.D. Student, Public Health Nutrition, Department of 

Dietetics, Nutrition & Biological Sciences, Queen Margaret University, Queen 

Margaret University Drive, Musselburgh,  East Lothian. EH21 6UU. 

Email / Telephone: AStockton@qmu.ac.uk / 0131 474 000 

  



 

9-447 

9.19 Post intervention clinic evaluation POM-02. 

 

Post-Extract Intervention Clinical Visit  

Participant number: 

Thank you for participating in the Pomegranate extract study. Your time and effort 

are greatly appreciated and will contribute towards the scientific understanding of 

how pomegranate products affect our health.  

Before you leave the study process, please could you complete a few final 

questions? 

1. What capsules do you think that you were taking? Pomegranate or placebo? 
 

 

2. Have you made any lifestyle or dietary changes during the course of the 
study? 

 

 

3. Did you experience any adverse events during the study? Do you have any 
other comments to make about taking part in the study? 
 

 

4. What specific feedback would you like from the study? 

 

 

Please fill in your final RAND 36 Quality of Life Questionnaire which relates to the 

previous 8 weeks.  
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9.20 Food Diary Intakes POM-02  

Table 9-3 - Baseline energy expenditure with complete macro and micronutrient intake results per participant from POM-02 food and alcohol 
diaries. Group 1= Pomegranate Capsules; Group 2 = Placebo capsules; Sex: 1 = Male; 2 = Female, n=55. 

 

 

ID
Gro
up

Sex
Height 
(cm)

Weight 
(kg)

Energy 
kcal 

(kcal)

Energy 
(kJ)

Protein 
(g)

Carbohy
drate (g)

Sugars 
(g)

Starch 
(g)

Total 
Fat 
(g)

Satur
ates 
(g)

Monou
nsatura
tes (g)

Polyun
saturat
es (g)

Fibre 
AOAC 

(g)

NMES 
(g)

Alco
hol 
(g)

Sodium 
(mg)

Potassi
um 

(mg)

Calciu
m (mg)

Magne
sium 
(mg)

Phosp
horus 
(mg)

Iron 
(mg)

Copper 
(mg)

Zinc 
(mg)

Chloride 
(mg)

Manga
nese 
(mg)

Seleni
um 
(µg)

Iodin
e 

(µg)

Retin
ol 

(µg)

Carote
ne 

(µg)

Vitamin 
D (µg)

Vitamin 
E (mg)

Thiami
n (mg)

Ribofla
vin 

(mg)

Niacin 
(mg)

Potential 
Niacin 
(mg)

Vitamin 
B6 (mg)

Vitamin 
B12 (mg)

Folate 
(µg)

Pantoth
enate 
(mg)

Biotin 
(µg)

Vitamin 
C (mg)

1 2 2 169 68.5 1982 8329 68.8 232.5 75.4 153 81.2 27 24.6 15.9 28.5 44.67 16.3 1975 2894 1199 333 1379 14.62 1.79 10.2 2900 5.5 31 47 426 6558 0.87 12.81 11.18 1.38 16.72 15.18 1.71 1.7 306 3.68 31.8 171
2 1 2 166 71.7 1802 7558 77.4 179.4 109.6 62 80 26.4 27.2 13.3 19.4 45.95 14.2 2028 3573 824 290 1341 10.64 1.17 7.54 2824 3.16 32 135 408 12504 1.93 9.89 1.13 1.87 19.7 17.74 1.73 2.7 183 5.66 41.9 144
3 1 2 165 69 2864 12019 77.6 281.2 173 103 163 63 56 20.1 20.4 124.9 5.7 2421 3672 770 319 1416 16.87 1.6 9.45 3443 3.7 37 113 359 7613 3.01 10.07 1.34 1.42 15.65 14.7 1.53 4.6 228 5.15 37.4 279
4 2 2 162 71.2 2545 10674 130.9 233.7 57.4 173 104 41.1 38.4 14.2 20.5 29.1 29.3 3275 2936 1248 306 1712 18.84 1.47 16.9 5199 3.78 47 107 382 1102 1.29 5.88 1.3 1.88 24.62 27.37 2.18 6.7 245 3.82 27.2 103
5 2 2 164 55.4 1643 6887 49 215.5 110.9 103 66.5 22.2 19.5 9.6 24.5 49.43 5.2 2143 2596 870 251 1085 7.12 0.92 6.87 3466 3.2 11 118 270 1668 3.96 8.95 0.97 1.2 9.6 9.79 1.02 1.9 164 3.1 26.2 86
6 1 1 180 88.9 2574 10782 131 279.3 139.8 134 111 37.6 39.8 17.5 21.9 88.44 0 1687 3929 901 324 1938 11.47 1.4 15.3 2539 4.57 60 298 144 4116 4.32 8.34 2.05 2.21 30.2 25.99 2.28 8.8 270 7.23 38.7 58
7 1 2 168 84.8 1349 5682 53 182.3 92.8 89 51.3 14.7 9.8 3 11.7 54.93 0 2287 1292 457 125 661 5.43 0.53 3.75 2779 1.14 28 146 117 2605 0.78 2.51 0.78 0.7 12.09 9.06 0.88 1.5 130 2.35 9.9 43
8 2 2 158 67.8 1684 7080 70.9 221.3 87.1 132 62.8 18.1 21.7 10.2 16.7 55.01 0 4436 2104 724 220 1063 8.56 0.76 9.8 6440 4.19 32 57 93 718 0.86 3.24 1.45 0.89 18.94 13.29 1.6 3.8 144 3.21 16.2 52
9 1 1 192 83.1 1997 8417 90.2 264.5 66.5 197 71.8 23.4 28.1 14.8 24.6 38.9 0 2303 2456 1371 297 1384 17.23 1.21 9.32 3067 2.36 63 269 199 2610 2.44 8.06 1.71 1.64 30.16 18.03 2.71 5.4 247 7.27 31.2 52

10 2 2 167 61.8 2383 10009 94.3 277.6 130.6 146 104 33.1 25 9.3 27.6 56.44 3.7 3504 3806 1249 372 1900 12.39 1.28 9.39 4320 4.88 32 202 484 1958 3.62 9.19 1.5 2.11 24.47 19.8 1.95 4.3 272 6.19 49.1 112
11 2 2 176 81.9 2387 9981 83.9 363.5 177.6 177 78.5 23.9 22.7 23.6 21.6 136.9 0.1 3171 3077 1145 293 1426 8.44 0.83 8.35 4563 3.98 42 154 383 6149 1.6 14.64 1.58 1.32 14.9 15.03 1.88 3.7 233 4.2 29.4 81
12 1 2 161 47.3 1719 7246 73.6 225.5 82.4 137 55.6 20.7 19 10.8 26.2 16.71 12.3 2835 3698 736 364 1476 21.72 1.77 8.9 4217 4.39 47 185 279 3247 2.14 8.65 2.24 1.89 21.87 15.36 2.85 3 356 4.55 27.1 119
13 1 2 161 69.2 1515 6416 56.8 195.1 105.8 85 61.3 24.8 19.8 10.6 13.9 55.09 0 2052 2431 802 210 1211 8.13 0.78 6.37 2561 1.95 34 217 282 3090 3.15 6.74 0.93 1.16 14.23 10.62 0.92 3.1 161 3.7 19 114
14 2 1 172 95.2 2354 9893 90.7 312.6 127.5 182 91 22.5 28.2 30.2 24.6 71.4 0 2976 3853 791 315 1406 10.51 1.21 7.29 4200 4.28 57 87 360 1543 1.36 17.69 1.45 1.38 25.17 17.95 2.63 2.9 316 5.67 36.2 242
15 1 2 162 55.6 2190 9238 112.5 284.7 152.9 129 74.1 21.7 28.6 16.6 34.9 21.31 0 2677 4785 1060 445 1914 14.03 1.87 11.4 3981 5.59 60 129 210 7568 4.3 14.29 1.65 1.98 32.22 21.17 2.97 5.3 338 6.66 34.6 219
16 2 2 177 67.4 2153 9025 60.7 239.2 120.7 105 91.6 27.7 37.6 20.5 27.4 41.46 26.8 2603 3176 909 430 1539 11.74 1.41 7.81 3652 4.42 83 90 209 1565 0.71 11.8 1.31 1.56 23.74 12.97 1.9 1.4 231 5.27 96.2 55
17 2 1 179 90.6 3189 13350 136.8 348.5 121.9 192 148 63 51 22.5 29.3 53.92 0 2917 3742 1482 338 2024 13.69 1.35 16 3053 3.74 82 174 547 5374 3.02 14.76 1.95 2.06 25.32 27.35 2.42 8.3 298 16.31 77.2 207
18 1 2 165 91.6 2432 10238 59.8 367.6 156.6 211 84.1 27.4 31.5 17.3 24.2 81.31 7.9 3372 4091 833 296 1294 18.5 1.43 6.94 4546 3.24 29 90 361 1263 3.42 20.16 1.56 1.5 17.8 11.96 1.99 2.5 222 5.13 26.7 133
19 1 2 157 71.2 2552 10745 65.5 332.6 156.6 172 98.5 38.6 33.1 14.7 27.6 114.7 22.3 2906 3594 1165 329 1429 15.66 1.37 8.52 5077 4.67 26 114 334 2305 2.54 10.98 2.36 1.62 14.4 11.71 1.6 2.1 301 4.45 26.1 110
20 2 2 167 69 2869 12040 106.3 328.7 150.2 172 126 29.7 57.1 20.6 34.2 87.75 9.6 4641 4007 1040 417 1675 15.67 1.56 9.75 7305 4.81 148 201 275 6691 7.23 15.96 1.43 1.38 36.1 21.88 2.62 8.4 293 6.35 54.7 98
21 1 2 170 83.1 1428 6042 100.6 111.6 49.2 50 59.7 14.8 19.5 10.1 13.6 12.48 8.9 1461 2938 603 235 1330 9.04 0.89 7.81 1928 2.7 49 122 192 7107 1.41 4.9 1.08 1.32 31.97 19.59 1.85 3.3 184 5.87 29.5 81
22 2 2 170 83.1 2030 8545 78.1 263.7 144.6 117 76.3 32.4 24 9.8 23.7 69.21 6.2 1838 3897 1044 290 1354 13.12 1.07 8.89 2758 2.33 37 154 333 4830 0.76 7.34 1.91 1.78 22.99 15.32 2.29 2.8 302 5.88 31.7 118
23 1 2 163 86.8 1762 7422 78.6 200.5 70.3 130 69.1 26.1 20.8 9.6 17.2 37.49 10.6 2698 2982 747 221 1135 8.75 0.84 6.46 3727 3.37 34 102 334 2573 4.29 8.18 1.51 1.38 22.63 15.51 2.24 4.3 249 4.08 30.6 54
24 2 1 177 75.6 2306 9692 86.5 249.8 121.6 123 84.7 26.1 32.4 19.6 21.9 91.67 37.3 2960 3538 765 370 1402 11.76 1.25 8.32 4346 4.87 86 118 207 2390 5.86 11.42 1.63 1.37 29.13 18.15 2.16 5.8 267 4.77 59.2 233
25 2 2 166 53.7 2655 11124 85.4 300.7 89.1 210 132 35.3 44.7 25.9 28 40.61 0 2865 3399 1183 505 1918 12.86 2.46 11.5 5021 7.03 60 135 311 4210 2.67 16.44 1.6 1.29 21.17 18.59 1.6 3.8 217 4.16 68 126
26 1 1 181 85.9 2255 9534 94.4 332.6 118.1 195 65.4 23.9 23.4 11.4 26.3 14.11 6.2 5193 5024 1287 427 1735 15.56 1.93 13.2 5756 5.82 59 186 251 3636 1.46 9.7 2.22 1.9 23.56 20.96 3.16 7.4 415 5.98 48.9 202
27 2 2 165 58.7 2151 9040 112.8 221.3 98.7 121 92.4 34.9 29.6 13.9 24.8 44.41 5.6 2985 4276 835 336 1618 13.49 1.66 14.1 4241 3.32 54 158 381 5731 1.66 7.36 1.44 1.8 28.65 22.7 2.2 5.6 182 5.49 35.8 53
28 1 2 158 60 1306 5500 52.9 171.6 63.1 107 50.3 15.7 14.1 10.6 16.4 20.51 0 1454 1993 621 212 874 8.36 1.13 5.61 2386 2 34 76 81 829 1.8 6 0.87 1.15 17.68 9.51 1.53 2.7 178 4.48 20.7 240
29 2 1 187 62.3 2161 9107 69.4 315.8 48.5 254 77.6 12.9 30.3 21.1 33.8 0.426 0 1955 3502 388 739 1871 23.9 3.7 15.4 2622 9.5 35 14 23 2135 0.17 5.43 2.54 0.95 10.7 15.37 1.42 0.7 231 3.09 48.9 52
30 1 2 166 58.6 2014 8443 84.3 194 58.1 130 105 38.7 36.4 18 34.4 27.99 1.6 3313 3305 744 328 1337 16.05 1.63 9.16 4671 5.77 42 177 510 4677 4.67 13.51 1.47 1.24 16.3 15.22 1.72 6.7 391 4.52 41 114
31 1 1 182 77.9 3104 13185 78.8 622.2 349 269 50.8 7.3 10 12.7 87.1 23.94 0 1848 11248 950 952 1683 22.16 3.65 12.5 3681 11.74 69 132 0 15979 0 14.14 3.4 1.5 26.46 16.53 7.71 0.3 872 10.58 57.8 503
32 2 2 160 58.6 2499 10520 93.1 310.8 110.7 191 109 21.9 43.3 33.7 38.4 14.36 0 2200 5002 818 433 1675 16.6 2.63 11.1 4049 6.39 72 353 275 6251 0.97 17.01 2.04 1.76 17.5 20.56 2.95 3.7 304 6.34 44.5 213
33 2 2 159 61.9 1528 6394 57.9 151.8 70.3 77 80.4 17.4 22.9 31.5 20.8 4.676 0 2157 3755 501 358 1193 13.8 1.68 9.25 3233 2.26 24 58 33 4628 1.28 12.46 1.12 1.09 15.52 12.35 1.98 2.6 199 3.91 26.1 125
34 1 2 165 68.8 1881 7943 90.1 281.7 160.2 118 54.5 25.2 17.4 6.9 26.8 62.54 0 3077 3977 1115 334 1726 11.6 1.11 11.7 3935 3.36 33 157 225 5254 1.45 5.18 1.63 1.98 18.51 17.94 2.18 4.6 211 5.27 28.4 157
35 1 2 164 66.4 1623 6885 58.5 225.9 81.3 141 60.2 23 19.8 11.7 31 50.11 0 2288 2694 692 279 1034 11.07 1.41 11.2 3131 6.53 25 44 286 1065 0.6 9.38 1.3 1.11 7.91 11.61 1.18 2.4 257 3.44 30.5 132
36 1 1 180 74.2 1976 8344 63.7 370.8 106.3 253 41.4 6.5 10 15 58.7 0.501 0 1490 4890 712 534 1440 19.69 3.15 11.8 2239 9.7 39 27 0 12706 0 9.15 2.62 1.21 15.24 13.44 3.48 0 661 5.46 39.7 219
37 1 2 162 72.9 2129 9003 63.1 350.9 100.9 247 57.8 21.5 21.1 11 19.6 77.52 6.2 1309 2571 873 293 1265 9.64 1.41 7.21 2327 4.21 48 156 120 949 0.27 3.99 1.51 1.42 13.42 14.15 1.36 4.5 222 3.81 27.1 173
38 2 2 170 58.4 2328 9794 55.1 268.8 99.1 162 123 31.8 50.3 23.8 41.3 51.71 0 3968 3531 702 462 1341 14.27 1.76 8.85 5930 6.44 24 50 241 5741 1.55 16.6 1.85 1.74 16.37 11.79 2.03 0.7 274 4.37 38.1 97
39 2 2 165 50 2266 9542 78.3 298.3 124.2 170 86.2 26.1 36 16.1 21.6 95.26 8.4 4549 2869 1021 279 1199 19.39 1.11 9.67 7027 4.3 33 98 179 1831 1.08 9.98 1.4 1.08 16.46 14.41 1.41 3.6 373 3.65 25.2 91
40 1 1 178 73 2397 10077 110.6 275 126.3 142 87 26.4 41.7 12.1 25.7 32.94 19.6 1800 4217 1779 445 2362 11.91 1.68 13.5 3123 6.74 53 324 365 1203 2.31 9.47 1.85 3.16 25.39 23.93 2.69 8 325 9.6 72.1 110
41 1 2 173 69.4 1779 7476 82.2 194.7 71.1 120 73.8 28.8 22.1 11 15.2 27.49 8 2980 3096 1076 269 1402 9.04 0.8 7.98 5118 3.11 57 210 463 2374 3.92 10.13 1.66 1.5 20.56 17.67 1.95 4.6 236 5.15 41 142
42 1 1 172 62.8 1777 7454 65.2 187.4 82.9 100 90.5 31.6 32.4 17.5 24.3 36.07 0 1813 2691 855 349 1362 11.93 1.6 8.55 2503 4.35 63 100 417 4631 3.02 10.85 1.32 1.25 11.15 13.68 1.15 2.8 164 4.47 36.3 96
43 2 1 189 81.6 3152 13297 104.9 446.9 305.6 135 118 49.1 41.6 17.9 23.5 191.3 0 4129 4895 1498 398 1930 17.05 1.35 11.2 5356 6.36 48 181 328 8341 4.11 13.35 2.24 2.26 20.39 17.38 2.61 6.3 279 6.82 42.8 242
44 2 1 175 77.9 2779 11670 96 343.4 167.5 174 122 25.6 43.5 39 35.6 72.76 4.5 5674 4207 1451 560 1877 23.3 2.5 12.8 8433 6.64 51 112 245 8233 1.53 20.81 1.5 1.55 23.51 20.69 2 4.7 360 5.52 68.6 238
45 2 1 179 80.8 1883 7876 91.5 199.8 86.5 110 84.8 27.5 26 18.4 23.2 15.08 0 2904 3543 1120 317 1491 10.73 1.24 8.67 4456 5.31 38 137 283 5715 12.72 10.4 1.44 2.05 19.42 18.42 1.87 2.8 270 6.11 55.6 63
46 2 2 171 60.8 1809 7636 64.1 230.9 81.1 143 80.6 20.9 26.4 27.1 20.4 43.86 0 1185 2856 801 347 1367 10.55 1.62 7.82 1907 5.55 46 132 247 4484 4.31 13.68 1.72 1.23 13.33 12.84 1.4 2 177 4.51 55.6 70
47 1 2 155 67 2671 11225 96.8 303.2 110.7 183 123 23.9 37.6 25.8 41.7 31.19 5.9 5301 4584 1824 554 1894 23.93 2.69 11.5 8181 9.34 47 52 174 10703 1.25 16.89 4.13 3 28.9 17.8 2.44 1 507 4.81 67.5 162
48 1 2 178 74.6 1968 8320 64.5 172.4 68.3 99 71.1 18.9 30.5 16.4 13.8 42.28 60.4 1997 2566 545 276 1088 13.89 1.28 7.35 2700 4.25 40 71 192 10994 2.27 12.23 1.15 1.16 14.25 12.88 1.21 4.1 143 3.57 30.6 50
49 1 2 175 63.5 2009 8441 81 251.4 89.8 160 74.1 29.7 24.1 11.8 14.6 55.18 10.1 2736 2341 749 263 1394 8.5 1.19 9.59 3747 4.48 47 128 431 1822 3.45 8.81 1.51 1.33 13.55 16.89 1.82 6 193 4.6 36.7 44
50 2 2 169 54.6 2047 8624 104.3 257.6 98.3 155 73.9 29.5 23.4 13 20.6 39.23 0 2259 2866 1251 274 1862 8.26 1.03 8.57 2931 3.06 57 269 210 2549 3.03 10.47 1.46 2.19 26.01 21.88 1.99 5.7 267 7.12 33.6 74
51 1 2 168 58.8 2246 9412 76.5 219.5 62.5 124 102 34.5 32.3 19.8 10.6 52.05 28.5 3125 2277 421 219 1084 8.98 1.07 6.51 4225 2.02 40 41 1355 1257 1.5 8.71 1.16 0.81 23.31 14.1 1.68 5.5 153 3.51 23.8 71
52 2 1 177 80 2884 12147 105.3 431.3 155.1 180 49.7 17.1 13.8 7.6 17.8 79.7 52.6 3830 3002 1110 335 1680 24.68 2.62 18.2 6243 6.19 76 174 846 475 5.22 16.18 3.31 2.48 43.82 17.59 4.11 5.5 425 8.25 57.2 100
53 1 2 171 56.4 2643 11110 81.7 320.7 158.1 151 121 49.3 43.1 12.4 31.7 55.07 3.6 3529 4361 1147 387 1809 13.78 1.8 9.77 5716 6.04 41 151 657 17439 2.62 19.6 1.66 2.07 26.05 17.42 2.27 3.7 262 7.89 42.1 127
54 2 2 160 57.9 1898 7990 70.8 273.2 142.2 117 64.9 18 26.1 9 31.7 42.84 0 2146 4300 1070 358 1585 13.65 1.07 8.57 3367 4.55 35 168 295 12064 3.89 6.35 1.99 2 14.83 15.29 2.92 7 371 5.4 48.5 203
55 1 2 165 57.2 2247 9426 87.6 245.6 117 127 91.1 41.5 29.8 9.7 10.2 81.11 21.7 2492 2012 656 168 1194 7.65 2.46 8.19 2497 1.72 37 81 697 4233 1.92 4.42 1.34 1.24 21.31 17.69 1.43 3.3 142 6.64 22.7 59
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Table 9-4 - Post intervention energy expenditure with macro and micronutrient intakes from POM-02 food and alcohol diaries. Group 1= 
Pomegranate Capsules; Group 2 = Placebo capsules; Sex: 1 = Male; 2 = Female, n=52 

 

ID Group Sex
Weight 

(kg)

Energy 
kcal 

(kcal)

Energy 
(kJ)

Protein 
(g)

Carbohyd
rate (g)

Sugars 
(g)

Starch 
(g)

Total 
Fat 
(g)

Satur
ates 
(g)

Monou
nsatura
tes (g)

Polyun
saturat
es (g)

Fibre 
AOAC 

(g)

NMES 
(g)

Alco
hol 
(g)

Sodium 
(mg)

Potassi
um 

(mg)

Calcium 
(mg)

Magn
esium 
(mg)

Phosp
horus 
(mg)

Iron 
(mg)

Coppe
r (mg)

Zinc 
(mg)

Chloride 
(mg)

Mangane
se (mg)

Seleni
um 
(µg)

Iodine 
(µg)

Retinol 
(µg)

Carot
ene 
(µg)

Vitamin 
D (µg)

Vitamin 
E (mg)

Thiami
n (mg)

Ribofla
vin 

(mg)

Niacin 
(mg)

Potential 
Niacin 
(mg)

Vitamin 
B6 (mg)

Vitamin 
B12 (mg)

Folate 
(µg)

Pantoth
enate 
(mg)

Biotin 
(µg)

Vitamin 
C (mg)

1 2 2 67.8 1882 7928 46.6 247 89.3 155 85.4 23.4 26.4 15.9 24.9 54.55 0 1588 2479 695 236 922 12 1.18 6.33 2620 4.4 22 54 172 3433 0.32 12.28 5.34 0.75 11.45 9.65 1.44 0.4 165 2.86 19 101
2 1 2 70.3 2086 8764 61.8 262.9 141.3 117 84.2 22.1 31.8 15.6 23.2 64.23 13.6 1957 3454 723 388 1156 12.8 1.37 7 3000 3.25 45 241 103 5287 8.81 13.12 1.58 1.51 22.38 13.41 1.86 7.1 161 4.95 24.5 242
3 1 2 71.8 1871 7868 71.6 229.4 111.9 116 80.4 27 30.4 12.9 23.6 38.32 0 2956 3265 773 241 1097 9.17 1.14 5.96 3976 2.56 41 70 333 4318 1.78 9.63 0.91 1.17 16.61 13.16 1.42 2.6 187 4.32 19.3 190
4 2 2 71.5 1305 5477 54.5 138.9 51.9 87 56.6 22.6 19.6 10.3 9.6 30.63 8 2705 1707 763 160 918 10 0.67 5.31 4149 1.14 43 130 299 1552 4.34 6.07 1.21 1.95 16.32 11.6 1.91 6.7 218 3.75 27.8 79
5 2 2 55.9 2087 8733 57.8 260.5 134.2 123 97.7 39.2 26.7 14.6 27.6 69.4 0 2513 2628 1128 278 1365 8.92 1.1 7.8 3652 3.38 20 149 471 2803 4.24 9.57 1.07 1.34 9.31 11.93 1.33 1.6 196 3.65 25.9 106
6 1 1 87.9 1513 6390 61.5 220.5 143.9 73 49.1 18.3 19.2 7.3 20.7 60.77 0 1640 3073 869 277 1091 10.1 0.97 7.44 2269 3.03 21 167 82 8983 2.62 4.14 1.31 1.89 13.05 9.67 1.97 3.9 303 4.97 29.1 139
7 1 2 81.7 1164 4913 63.3 151.6 79.3 69 38.5 10.4 14.6 7.6 17.5 36.44 0 1989 2496 414 239 864 10.9 0.8 5.99 2944 3.39 68 58 105 7553 3.01 6.04 0.93 0.72 24.82 12.67 1.42 3.9 218 3.04 25.1 139
8 2 2 68.4 1696 7113 63.7 199.3 72.9 126 73.6 19.3 20.6 17.3 13.9 44.21 4.1 2670 2193 721 181 1024 8.21 0.86 6.28 3575 2.64 63 64 226 1570 2.48 12.12 0.94 0.88 19.15 12.88 1.33 4.1 124 6.18 30.1 34
9 1 1 83.7 1644 6942 67 229.6 77.1 150 50.3 12.3 12.8 12.1 20.6 52.48 10.1 2923 2495 720 283 1136 12.4 1.83 9.53 4381 3.71 28 122 141 574 0.77 8.38 1.35 1.32 20.13 13.37 1.63 3 204 4.2 18.1 21

10 2 2 62.3 2409 10134 89.3 302.4 160.1 140 84.4 25.6 27.9 12.9 29 87.03 23.1 2634 4832 1149 429 1730 15.9 1.94 10.8 4238 4.82 67 143 336 5079 4.7 11.02 1.56 1.91 18.23 17.78 1.82 5.1 334 7.68 56.5 370
11 2 2 81.3 2312 9693 92.4 308.3 116 184 87.1 31.2 27 19.1 25.1 70.28 0 4255 3969 1131 352 1618 12.9 1.2 8.64 5955 4.3 69 129 467 8231 4.46 14.09 2.27 1.82 30.73 18.6 3.14 5.9 372 6.21 35.9 228
12 1 2 46.8 1654 6963 73.1 203.5 68.8 126 58.1 19.9 23.8 9.1 23.2 17.94 10.8 3138 2768 719 281 1325 17.4 1.41 8.89 4220 3.64 49 111 166 3435 3.28 6.4 2.16 2.07 22.67 14.27 2.34 4.6 339 7.12 23.9 163
13 1 2 68.9 2619 10989 105.3 299.8 124.8 167 119 37.4 45 25.1 23.5 60.58 0 3235 3603 1019 402 1748 15.6 1.86 14.4 4332 5.26 44 169 301 5284 2.47 15.99 1.85 1.93 25.82 21.49 2 5.2 289 6.25 61.6 118
14 2 1 96.7 2125 8966 87.3 294.8 127.1 167 74.7 23.9 25.6 16.8 23.2 58.9 0 2560 3269 835 268 1117 10.7 1.35 8.68 3788 3.56 76 291 86 1510 0.44 12.11 1.38 1.12 20.55 17.73 2.03 4.3 262 4.97 26.9 241
15 1 2 55.4 1828 7723 59.3 252.8 157.9 86 66.1 16.1 25.9 13.7 36.2 41.24 6.1 2538 4172 879 422 1338 14.8 1.63 7.77 3907 4.87 21 73 115 7063 0.59 11.26 1.61 1.87 21.15 12.15 3.02 2.3 320 6.37 33.7 255
18 1 2 89.9 1710 7154 70.3 147.3 60.2 87 97.3 40.9 32.3 15.3 14.4 26.2 0 3233 1729 613 178 1112 9.88 0.82 8.36 4755 1.82 34 120 687 3751 4.18 10.87 1.13 1.38 12.1 16.15 1.3 6.2 170 4.48 42.2 114
19 1 2 70.1 1963 8290 51.6 306.9 155.3 150 68.5 22.2 20.7 14.9 19.2 130.3 0 4040 2308 836 231 962 11.8 1.2 7.15 5284 2.86 18 83 130 373 2.22 10.12 12.97 1.38 14.74 8.96 1.21 1.8 182 2.97 19.3 25
20 2 2 69.4 2092 8813 78.6 284.8 180.1 101 78.8 28.5 26.3 16.2 31.5 92.69 0 3058 3265 1295 351 1577 10.7 1.28 8.5 4760 4.73 72 177 461 1561 4.48 13.3 1.42 1.64 19.9 16.51 1.6 7.5 267 5.32 37.5 209
21 1 2 76.8 1781 7519 80.2 198.6 61.8 133 77 19.9 22.1 13.4 17.8 27.12 3.1 3790 2651 833 363 1574 12.5 1.31 8.68 5462 4.8 44 110 202 3250 1.75 7.19 1.5 1.21 23.91 16.02 1.56 2.7 193 5.06 47.9 48
22 2 2 84 2155 9073 88 286.4 157.5 126 81 32.9 29.4 12.6 21.2 80.69 0 1759 3596 1104 309 1561 12.5 0.9 9.9 2767 3.23 63 152 327 3079 7.08 8.79 1.74 1.84 23.03 17.42 2.71 7.2 288 5.89 39.8 84
23 1 2 88.7 1268 5355 52.4 161.8 45.2 115 42.3 9.9 11.9 10.4 15 31.47 10.6 2883 2305 597 192 838 8.55 0.71 4.52 4814 2.8 21 69 172 991 0.66 5.93 1.27 0.84 16.52 9.4 1.68 0.7 205 2.42 14.2 47
24 2 1 79.6 2076 8727 87.1 209.9 41.6 165 81.6 21 21 16.4 22.8 13.29 29.7 2620 2842 1019 299 1448 16.5 1.14 9.66 5219 4.09 38 231 502 1879 4.41 12.83 1.69 1.27 17.54 18.5 1.55 3.8 203 4.09 40.8 51
25 2 2 54.6 2162 9057 76.6 245.9 125 114 104 32.3 38.1 26.4 36.5 71.81 0 2113 3304 1097 388 1674 13.4 1.17 11.1 3740 6.27 20 105 389 1174 0.69 11.81 2.63 1.21 13.19 15.39 1.64 1.3 209 3.82 48.1 101
26 1 1 87.4 2700 11375 98.7 365 137 227 98.5 37.1 30.6 18.2 39.4 77.85 7.4 5034 4613 1027 446 1674 20 1.82 10.4 7369 6.22 68 163 420 3613 2.19 7.42 2.19 1.74 21.08 18.59 2.55 4.1 324 6.02 52.7 53
27 2 2 56.4 1808 7641 93.9 250.6 113.2 131 54.6 17.1 13.7 13.2 25.3 57.41 0 2352 3910 661 427 1569 13.3 2.14 9.74 3673 5.65 39 109 183 1053 1.22 10.35 1.79 1.48 30.22 18.5 2.3 2.1 228 5.97 36.3 88
28 1 2 58.4 1300 5476 100.7 145.2 43.2 76 40.4 11.5 11.6 4.3 16.9 16.48 0 2442 2104 902 200 1162 10.4 0.96 10.1 3665 2.62 49 196 138 3382 3.31 2.66 1.63 1.5 17.27 19.23 0.84 5.6 145 4.9 25 61
29 2 1 64.2 1978 8382 69.3 246.7 45.9 192 83.8 12.5 23.9 33.1 35 13.76 3.4 1927 3203 600 633 1432 27.5 3.42 12 2851 6.47 30 39 96 5870 3.5 23.14 3.52 1.95 33 12.75 1.26 0.7 392 3.63 22 71
30 1 2 59.6 1487 6246 57.7 130.5 55.2 69 85.5 24.7 32.6 19 19.8 14.02 0 2583 2580 690 355 1207 12.3 1.45 8.06 3348 4.47 54 100 329 605 2.25 11.02 1.34 1.42 9.79 13.14 1.3 4.1 229 4.56 49.8 104
31 1 1 79.2 3917 16552 98.8 720.9 449 270 90.3 19.1 26 23.7 83.9 65.22 0 4195 13282 729 1316 2572 34 4.8 16.4 6733 16.53 51 180 91 8653 0 32.97 4.69 4.41 39.67 19.64 8.41 0.2 1434 12.4 88.4 646
32 2 2 57.2 2028 8505 62.7 260.8 94.8 165 89 19.3 40 23.4 33 12.47 0 1343 3450 520 328 991 11.2 1.87 8.66 2523 4.27 49 59 148 8444 1.05 16.89 1.2 0.96 12.09 11.67 1.71 2.3 226 3.4 35.4 127
33 2 2 60.4 1463 6146 72.3 156.2 47.5 108 65.4 24.1 21.8 15.1 13.4 17.13 0 2401 2539 619 246 1174 7.79 1.23 7.36 3508 2.03 46 124 76 785 0.93 10.41 1.17 1.42 16.05 14.52 1.7 2.3 173 3.34 15.1 151
34 1 2 69.4 1275 5384 52.6 203.2 99.1 103 33.7 13.9 9.1 5.5 24.1 29.44 0 2953 2915 612 255 1045 8.82 0.71 5.04 3956 2.86 42 94 99 3971 3.31 6 1.25 0.88 15.19 10.1 1.7 3.2 201 3.71 27.2 130
35 1 2 68.4 1971 8348 63.3 259.8 89.2 153 78.2 22.4 26.1 14.8 25.1 59.94 4.9 2463 2312 798 236 1177 11.6 1.36 8.08 3670 3.93 33 61 361 2703 2.11 10.75 1.46 0.98 9.85 12.74 1.1 3.7 209 3.52 24 85
36 2 1 68.4 2896 12252 105.7 538 293.4 240 63.4 7.2 12.1 33.7 89.9 17.4 0 1064 8453 1583 900 1830 34.9 5.09 18.6 2691 12.74 59 37 0 #### 0 28.55 2.79 1.54 21.74 20.45 4.1 0 961 7.42 13 286
37 1 2 74.6 1500 6321 55.4 199.7 41.6 155 59 18.6 19.6 10.3 11.7 12.37 0 1948 1652 686 193 958 8.41 0.8 6.66 3017 3.47 23 95 155 5112 1.56 4.35 1.36 1.14 12.6 10.99 1.05 2.1 194 2.58 19.4 39
38 2 2 58.2 1820 7685 45.3 231.9 78.5 145 81.6 16.8 38.8 20.3 33.2 34.49 5.7 2684 3112 473 389 1127 16 1.72 8.44 3962 7.8 15 19 87 7005 1.02 17.68 1.35 0.67 12.68 9.26 1.84 0.1 226 3.86 42.5 269
39 2 2 50.8 2727 11415 117.5 221 81.6 139 148 58.9 51.2 25.7 20.1 35.67 16.7 3673 2874 1267 368 1848 11.6 1.55 10.9 5446 3.59 53 171 798 2090 1.87 13.58 1.93 2.13 30.55 23.59 2.06 4.3 290 7.09 66.9 86
40 1 1 72.2 2313 9720 102.6 240.4 117.9 121 93.8 41.2 36.8 9 16.6 22.89 22.9 2345 3757 2355 353 2242 8.39 1.29 12.3 4080 3.03 54 375 566 5247 2.74 5.72 1.1 3.37 13.42 22.87 1.83 6 282 7.57 54.1 117
41 1 2 69.4 2303 9634 116.3 198.1 70.6 123 121 36.3 57.2 17.9 33.7 8.787 0 2272 4929 1109 599 2043 12.2 2.05 12.3 3472 5.63 43 127 352 2826 0.68 30.62 2.37 2.18 29.44 22.51 3 5.4 317 6.53 99.8 177
42 1 1 63.6 1850 7732 81.9 162.1 77.6 81 102 40.6 34.3 17.3 20.2 28.76 0 2015 3286 1250 358 1551 12.2 1.57 12 3109 3.71 45 169 518 1568 4.4 13.87 1.36 1.85 12.14 17.9 1.26 4.6 187 5.74 43.3 47
43 2 1 84.6 3530 14887 97.9 556.4 352.8 164 116 41.5 34.5 21.3 30.7 241.8 1.1 3353 4368 1080 354 2002 15.5 1.75 11.9 4760 3.53 64 169 399 4970 13.79 10.91 1.29 1.85 20.31 19.11 2.59 10.6 210 5.61 41.8 78
44 2 1 77.2 2446 10258 72.6 283.6 138.7 142 111 28.1 41.2 28.7 33.7 75.35 12.8 4140 3362 857 473 1451 15.6 1.76 12.1 6354 4.38 40 96 177 6156 1.25 10.13 1.38 1.22 21.17 17.08 1.65 2.7 244 4.59 64.4 58
45 2 1 81 2189 9154 102.6 247.1 82.6 164 91.7 30.8 32.1 20.2 23.7 27.28 2.4 1909 4056 1263 391 1863 11.4 1.4 10.5 3145 5.7 58 155 354 1654 3.98 7 1.33 2.36 25.04 21.24 1.8 7 240 6.64 49.1 57
46 2 2 62.2 2380 10101 78.1 360 128.2 221 74.3 24.7 28.1 14.8 25 44.15 6.8 2950 3652 1025 357 1307 15.3 1.85 8.59 4252 4.49 93 222 185 8476 2.05 8.91 2.24 1.96 19.06 14.28 2.48 5.6 297 4.76 29.8 60
47 1 2 69 3791 15947 99.9 485.2 205.9 265 156 31.6 48.6 36.5 56.7 96.72 25.7 4604 5825 1535 716 2275 26.5 3.35 15 7138 11.21 73 124 443 #### 1.25 32.57 9.02 2.59 35.75 18.41 2.4 1 551 6.19 78.8 150
48 1 2 74 1344 5708 58.4 136.8 54.3 78 66.2 22 23.4 14 13.8 9.775 0 1907 2693 343 285 966 10.4 1.38 9.35 2133 4.19 27 39 183 2140 2.89 10.14 0.96 0.85 17.73 11.07 1.18 2.7 133 2.67 36.9 39
49 1 2 62 2372 9954 75.5 301.2 112.5 187 104 41.4 36.5 18.4 25.5 78.43 0 3047 2595 659 318 1352 12.3 1.1 8.9 3917 7.09 58 127 156 987 4.19 15.67 1.73 1.16 17.68 16.65 1.96 4.2 183 4.88 44.9 63
50 2 2 55.8 2354 9892 103.9 260.8 78.3 182 107 34.6 38.8 19 27.6 9.203 0 3133 4140 1455 440 2241 11.4 1.65 15.1 4153 5.4 54 262 412 1411 4.7 12.95 2.14 2.22 20.94 23.08 2.76 7.7 303 7.1 77.6 118
51 1 2 58.4 2171 9121 101.1 241.8 71 162 91.4 22 23.4 16.6 10.8 47.22 5.7 3397 2602 1003 255 1430 8.13 0.68 7.94 3354 2.66 28 47 289 2730 0.71 10.87 1.25 1.08 28.38 17.92 1.66 1.9 116 3.36 14.3 97
52 2 1 80 3269 13740 106.3 475.4 198.3 180 64 20.5 19 8.4 24.4 101.3 64.3 3580 4008 1055 428 1745 22.2 2.57 20.3 5950 7.51 77 171 779 3208 7.36 16.44 3.57 2.85 42.66 19.11 3.97 5 528 9.46 69.1 154
53 1 2 57 3547 14880 98.9 385.5 121.4 257 184 57.6 68.4 44.8 39.6 81.86 7 4673 4101 980 590 2243 20.1 3.06 15.2 6985 10.21 62 199 184 589 2.1 16.53 2.07 1.62 19.91 20.75 3.14 6.3 277 8.02 46.3 66
54 2 2 59.4 2733 11502 77.1 396.2 174.9 133 103 27.1 39.3 26.2 26.4 116.4 0 3213 3935 942 339 1475 13.5 1.62 8.99 3939 4.79 48 180 295 7949 4.12 17.73 2.01 2.06 16.88 16.19 2.39 7.2 258 5.61 53.8 84
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9.21 Recruitment Advert - Cognitive Study - POM-03 
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9.22 Information Sheet – POM-03 - Cognitive Study 

Information Sheet for potential participants 

The effect of pomegranate extract on cognitive performance in healthy adult volunteers. 

 

My name is Angela Stockton and I am a PhD student within the department of Dietetics, 
Nutrition and Biological Sciences at Queen Margaret University. I am currently investigating 
the effects of pomegranate supplementation on various aspects of health. This study is looking 
at cognitive function (including memory and attention span) in healthy adults. 

Background 

Cognitive function concerns the mental capacity which enables people to accomplish their 
everyday tasks. Lately, there has been a surge of interest in examining the evidence of the 
relationship between polyphenols and the maintenance of cognitive function in adults.  

Polyphenols are abundant micronutrients and antioxidants found in edible plants such as fruit, 
(especially berries), cocoa, red wine, tea and coffee. Pomegranate is known to be a 
particularly rich source of polyphenols. This study will focus on the effect of acute intake of 
pomegranate extract on various aspects of cognitive function, including memory. 

 
Study criteria 
 
You should be generally healthy, aged between 18-65 years, and be competent at using 
computerised programmes. Volunteers will be excluded from the study if they are: pregnant or 
breastfeeding, have been diagnosed with any serious medical condition or are taking 
medication which may affect cognitive function; or have any allergies to pomegranate. Any 
herbal or recreational drugs, including tobacco and alcohol, cannot be used during the study 
period. 
 
What will happen if I take part? 

If you do decide to take part you will be given this information sheet to keep and be asked to 
sign a consent form.  If you decide to take part you are still free to withdraw at any time and 
without giving a reason. 
 
You will be involved in the study for 3 clinic sessions. The first session is where you will have 
basic information provided and collected and the opportunity to practise your cognitive tests. 
This session should take around 90 minutes.  
 

On a further two occasions, visits 2 and 3, you will need to: 
 

 complete a 24-hour diet diary for the day before the study,  
 bring in one saliva sample on the study morning–this will be tested for cortisol and 

cortisone 
 assess your cognitive function on a computer twice - before and after taking the 

capsules.   
 consume two pomegranate or placebo capsules after the first cognitive test 
 have your blood pressure taken before and after each study session   
 provide a final saliva sample after the cognitive testing  
 eat your normal breakfast before the session, except for restricted items below. Please 

eat the same on each study morning at the same time. 
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Visits 2 and 3 will be at least one week apart and you will need approximately 3 hours for each 
of these sessions from around 9am till 12 noon, although there is a quiet waiting time between 
the tests.  
 
Dietary restrictions 
 
You will be asked to follow your usual eating habits but to restrict foods and beverages rich in 
polyphenols for 24 hrs before the study period. Please preferably avoid or minimise: 
 
• Dark/Red Grapes and their juices 
• Berry fruits and their juices 
• Green tea, black tea, and coffee 
• Pomegranate and juices 
• Dark chocolate 
• Red wine 
• Soy and soy products 
 
Alcohol can interfere with your study results, so you will be asked to abstain from alcohol the 
day before your clinic visit until after the clinic visit is complete at lunchtime the following day 
(24 hrs). 
 
Study duration 
 
After an initial information and practise session lasting around 90 minutes, you will be required 
to attend the QMU clinic on 2 further mornings.  Each session should last for around 3 hours 
with a quiet time break in the middle. The clinic visits will be approximately a week apart. 
 
What are the possible benefits of taking part? 

You may/may not get a direct benefit from taking part in this study.  Pomegranate capsules will 
be provided free of charge. Your cognitive function may improve. You will be given feedback 
on your test results if requested. Your participation will assist  
 
in the investigation of whether short term nutrient supplementation can improve cognitive 
function which would be valuable for public health. 
 
 
What are the possible disadvantages and risks of taking part? 

It is not thought that there are any disadvantages; however, the study will take up two whole 
mornings as well as an hour and a half induction period, with some dietary restriction. 
 
The total capsule consumption raises no safety concerns. No adverse physical or 
psychological reactions were reported from the two previous studies at QMU which received 
ethical approval, where the same capsules were taken for two months taken daily. If a 
participant forgot to consume one the previous day, they have taken 2 capsules per day. 
 
 
Will my taking part in the study be kept confidential? 

All the information we collect during the course of the research will be kept confidential and 
there are strict laws which safeguard your privacy at every stage. Your name will be removed 
from the data so that you cannot be recognised from it and will be replaced with a participant 
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identification number. All data collected will be anonymous and lab tests results will be totally 
confidential. The results may be published in a journal or presented at a conference. 

 

If you would like to contact an independent person, who knows about this project but is not 
involved in it, you are welcome to contact Dr Douglas McBean. His contact details are given 
below. 

Contact details of the researcher:  
     Name of researcher: Angela Stockton 
     Address:                  PhD student, Public Health Nutrition, 
                                       Department of Dietetics, Nutrition & Biological Sciences 
                                       Queen Margaret University 
                                       Queen Margaret University Drive 
                                 Musselburgh, East Lothian,  EH21 6UU 
     Email/ Telephone:   Astockton@qmu.ac.uk / 0131 474 0000 
Contacts details of the research supervisor: 
     Name of supervisor:   Dr Emad Al-Dujaili; Senior Lecturer in Biochemistry 
 
     Address:  Department of Dietetics, Nutrition & Biological Sciences 
                                   QMU as above 
 
     Email/ Telephone: ealdujaili@qmu.ac.uk / 0131 474 0000 
 
Contact details of the independent adviser 
     Name of adviser:   Dr Douglas McBean; Senior lecturer in Neurosciences 
 
     Address:  Department of Dietetics, Nutrition & Biological Sciences 
   QMU as above 
 
     Email/ Telephone: DMcBean@qmu.ac.uk   / 0131 474 0000 
 

If you have read and understood this information sheet, had your questions answered, and 
you would now like to be a participant in the study, please sign the study consent form. 

 

Thank you for taking the time to read this information sheet. 
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9.23 Consent form - Cognitive study – POM-03 

 

CONSENT FORM 

Title of Project:  

Investigation of the acute effect of pomegranate extract on cognitive function in human 
volunteers: a double-blind, placebo-controlled, crossover trial. 

 Name of Researcher:  ANGELA STOCKTON      

 Please initial box 

1. I confirm that I have read and understand the information sheet 
dated 17TH January 2014 for the above study. I have had the 
opportunity to consider the information, ask questions and have 
had these answered satisfactorily.  
 

 

2. I understand that my participation is voluntary and that I am free 
to withdraw at any time without giving any reason, without my 
medical care or legal rights being affected. 

 

3. I understand that relevant sections of my medical records and 
data collected during the study may be looked at by the 
researchers, where it is relevant to this research project. I give 
permission for these individuals to have access to my records.  
 

 

4. I agree to take part in the above study.   

     

Name of Participant                    Date       Signature…….. 

 

 

    

Address                    Phone       Email……….. 

 

Angela Stockton 

    

Name of Person taking 

consent 

 Date                                    Signature              
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9.24 24-hour food diary – POM-03 
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9.25 Screening questionnaire - POM-03 

 

The rest of this form is identical to the screening questionnaire for the exploratory and 

main studies (Appendix 9.6) 

 

The effect of acute intake of biophenol-rich pomegranate on cognitive 
performance in healthy adults:  

SCREENING VISIT PARTICIPANT QUESTIONNAIRE 

Participant Number:       Date:    

Date of Birth:     /      /19      Age: 

Sex:   Male                  Female 

Height…………..m                   Weight………… Kg                BMI………….. 

Occupation: 

Ethnicity:                  White                           Asian or Asian British                                            

                                 Chinese                       Black or Black British  

Mixed                           Eastern Mediterranean /Middle East Arab 

Other ethnic group - please describe                                  

 

A. Medical and Family History 
 

1. Do you have any of the following conditions?:       Yes            No 

                High Blood Pressure                                                                                                      

               Cardiovascular  
                (Including angina pectoris and myocardial infarction)                

                Diabetes/Liver or kidney                                       

                Neurological conditions        

                 Immunological or allergies                                                                         

If yes, please provide details: ……………………………………………………………… 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………. 
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9.26 COMPASS training instructions - POM-03 

COMPASS TRAINING INSTRUCTIONS FOR COGNITIVE STUDY 
 
Participant no: 
 
Bond-Lader Visual Analogue Scales 
In this task you will be asked to rate how you are feeling. You will be shown a series of scales, 
with each scale representing one aspect of the way you are feeling. For each scale, there is an 
adjective describing a mood at one end, and an adjective describing the opposite mood at the 
other end. Please click ‘Continue’ now to view the first scale. Using your mouse, click to place 
a cross on the scale that represents how you feel right now. If you wish to move the cross 
simply hold down the left mouse button and drag the cross to the position you want. 
Remember to be honest, and to click on the part of the scale that really describes how you feel 
right now. Try to avoid using the extreme ends of the scales, as this represents the MOST you 
have felt that way in your life! When you have placed the cross in the position that you want, 
select the ‘Next’ button using the mouse to move onto the next scale. There are 16 scales to 
rate in total. 
 
Choice Reaction Time  
Either an arrow pointing LEFT or an arrow pointing RIGHT will appear on the screen at 
irregular intervals. Every time you see the LEFT arrow appear, press the Z key on your 
keyboard as quickly as you can; every time you see the RIGHT arrow appear, press the M key 
as quickly as you can. In order to gain the fastest reaction time, rest your index fingers lightly 
on the keys so that you are ready to respond as soon as you see an arrow appear on the 
screen.  
 
Corsi Blocks  
On your screen you will see three blue squares arranged on a black background. Some of the 
blue squares will change to red and back to blue again in a sequence. Your task is to try to 
remember this sequence. During the sequence presentation you will not be able to move your 
mouse. When the mouse arrow appears in the middle of the screen, use it to click the boxes in 
the exact sequence in which they were presented. The task starts at three boxes and slowly 
progresses to more, so make sure you click on the correct number of boxes for each trial in 
order to progress to the next one. 
 
Digit Vigilance  
This task will measure how well you can hold your concentration on a series of rapidly 
changing digits. A single number will appear on the right-hand side of the screen and stay 
there. A continuous series of numbers will appear, one at a time, on the left-hand side of the 
screen. Every time the number on the left is the same as the one on the right, press the 
SPACEBAR as quickly as you can, even if the number on the left has disappeared. So, for 
example, if the number on the right is a number ‘2’, press the spacebar every time a number 
‘2’ appears on the left. The numbers on the left come up quite quickly so you will have to keep 
your attention on the screen otherwise you might miss some of them. Please note: it is also 
very important that you DO NOT press the spacebar when you haven’t seen a match as this 
can negatively affect your score, so don’t worry if you feel like you’re not pressing the 
spacebar constantly in this task. Rest your index finger very lightly on the spacebar to get the 
fastest reaction time possible 
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Logical Reasoning  
You will be shown a number of short sentences followed by a pair of letters. The sentences 
claim to describe the order of the two letters as they appear on screen, which is unrelated to 
their order in the alphabet. The sentences can describe the order of the letters in several 
different ways. For example, the order AB can be correctly described by saying either (1) A 
precedes B, or (2) B follows A, or (3) B does not precede A, or (4) A does not follow B. All of 
these are correct descriptions of the pair AB but are incorrect when applied to the other pair 
BA. Your job is to read each sentence and decide whether it is a true or false description of the 
letter pair which follows it. If you think the sentence is TRUE, press the M key on your 
keyboard; if you think the sentence is FALSE, press the Z key. It is important to read each 
sentence carefully and respond to the information presented. Please note: The word precede 
means “to come before”. 
 
Numeric Working Memory  
Five numbers will appear on the screen one at a time. Try to remember them.  
Numbers will then appear on screen, one at a time, but this time you will have the option to 
press the M key on your keyboard for YES if it is one of the numbers you are remembering 
and the Z key for NO if it is any other number. The numbers do not have to appear in the order 
in which they were originally presented; your task is simply to identify the number as from the 
series you are holding in your head or not. After you have responded to all the numbers a few 
times you will be given the cue ‘Get ready to remember a new set of numbers’, the task will 
then be repeated. Remember to respond as quickly and as accurately as you can. 
 
Picture Presentation  
A number of pictures will appear on the screen, one at a time. Look carefully at these pictures 
and try to remember the details in them. Later in the test, you will again be shown these 
pictures one at a time, but they will be mixed up with some new pictures which might be very 
similar. You will have to decide which of those pictures were in the series you are about to 
see, and which are new pictures, so make sure you watch these pictures carefully as they 
appear on the screen.  
 
Picture Recognition  
You are now going to see the pictures you were shown earlier in the test session, but they will 
be mixed up with some new pictures. The pictures will appear on the screen one at a time. For 
each picture, if you recognise it as being exactly the same as one of the pictures that was 
shown earlier, press the M key on your keyboard for YES. If you do not think the picture was 
shown earlier, press the Z key button for NO. Remember to respond as quickly as you can 
once you have made your decision.  
 
Serial Subtraction Tasks – 3s  
In this task you will be shown a number starting anywhere between 800 and 999 on the 
screen. Your task is to subtract 3 from this number in your head. Using the number keys on 
your keyboard you should type the resultant number and then press enter. You should then 
subtract 3 from the number you just entered and continue to do this until the time is up. You 
will only be shown one number on the screen and the rest of the numbers will be generated by 
subtracting from the number in your head. Please note: in the case of an incorrect response 
you should just subtract 3 from whatever number you entered last. If you really can’t 
remember then just type in a 3-digit number and start from there. Your aim is to produce as 
many correct responses as possible before your time is up. 
 
 
 
 
Simple Reaction Time  
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An upwards-pointing arrow will appear in the middle of the screen at irregular intervals. Every 
time you see the upwards-pointing arrow appear, press the SPACEBAR on your keyboard. 
The gap between each presentation varies, so you know what is going to happen, but you are 
not sure when. The upwards-pointing arrow will be the only thing that will appear on the 
screen, so make sure you are ready to press as soon as you see anything appear. Have your 
index finger resting very lightly on the spacebar so you can get the fastest reaction time 
possible. 
 
Word Presentation and Immediate Word Recall  
A number of words will appear in the middle of the screen, one at a time. Try to remember as 
many as you can. After the task has finished you will be prompted that you have 60 seconds to 
write down as many of the words that you can remember. You can write these words in any 
order, but please write clearly. Near the end of the test session, you will again be asked to 
write down as many of the words as you can remember, but without seeing them again, so it is 
important to get the words fixed firmly in your mind. The sheet that you use for this task has 
‘Immediate Word Recall’ written on it. Please note: once your time is up you should place your 
completed sheet, face down on the opposite side of your desk.  
 
Word Recall (Delayed)  
Now we are going back to the list of words you saw earlier in this testing session. You will 
have 60 seconds to write down as many of the words that you can still remember. You can 
write down the same words that you wrote in the immediate word recall task, as well as any 
others you think were on the list. The sheet that you use for this task has ‘Delayed Word 
Recall’ written on it. Please note: once your time is up you should place your completed sheet, 
face down on the opposite side of your desk. Press ‘Continue’ now to start your time. 
 
Word Recognition  
You are now going to see the words you were shown earlier in the test session, but they will 
be mixed up with some new words. They will appear on the screen one at a time. For each 
word, if you recognise it as one of the words that was shown in the list earlier in this testing 
session, press the M key on your keyboard. If you do not think the word was shown earlier, 
press the Z key for NO. Remember to respond as quickly as you can once you have made 
your decision. If you are unsure about a word, try not to spend a long time thinking about it, 
guess if you are really not sure. 
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9.27 COMPASS participant training form 

Provided by the brain, performance and nutrition research centre at Northumbria University 
food and diet neuroscience department. 

Subject ID:        

Date:  

RR: 

Participant scores should be checked against these norms and minimum performance and 
used to flag participants who have perhaps misunderstood the demands of the task. If a 
participant can explain back to you what they are supposed to be doing but still achieve a low 
score, then they may be entered into the study. Note: All norms are for a Response Pad, 
where applicable-please see COMPASS norms on server if using Keyboard 

Measure Norm Min Score 1 Score 2 Score 3 Score 4 

3back Acc 91 68     

3back RT 1106 2399     

4CRT Acc 98 92     

4CRT 442 581     

CRT Acc 97 90     

CRT 401 514     

Dig Vig Acc 95 82     

Dig Vig RT 432 508     

Dig Vig FA 1 3     

Dig Vig slow Acc 97 90     

Dig Vig Slow RT 389 446     

Dig Vig Slow FA 1 3     

Log Res RT 3766 5571     

Log Res Acc 90 72     

NWM Acc 95 87     

NWM RT 742 1057     

Word rec Acc 80 55     

Word rec RT 943 1104     

Pic Rec Acc 94 83     

Pic Rec RT 832 1086     

RVIP Acc 60 18     

RVIP RT 495 610     

RVIP FA 3 8     
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Sevens Corr 25 4     

Seventeens Corr 13 1     

SRT 289 365     

Stroop Acc 96 78     

Stroop RT 687 919     

Thirteens Corr 17 2     

Threes Corr 39 12     

PAB Completion 4511 4951     

PAB RT 1653 2319     

IWR Corr 8 4     

IWR Err 0 2     

DWR Corr 6 1     

DWR Err 1 3     

Corsi 6 5     

TNT Acc 34 -17     

TNT RT 6888 9840     

 

  



 

9-463 

9.28 Saliva sample reminder cognitive study 

 SALIVA 

AM   30 minutes after waking  

NOON  Before lunch 

 

****DO NOT BRUSH YOUR TEETH BEFORE PROVIDING THE SAMPLE**** 

 

SALIVA 

AM   30 minutes after waking  

NOON  Before lunch 

 

****DO NOT BRUSH YOUR TEETH BEFORE PROVIDING THE SAMPLE**** 
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9.29 Extraction methods for Saliva, Plasma and Urine 

Modified method for extraction by Tert-butyl-methyl ether (TBME) 
 
A) Plasma samples 
 

1. Take 50uL of serum/plasma into Eppendorf tube 
2. Add 1.25mL TBME, Vortex for 6 - 8 minutes 
3. Freeze at -80C for 5 minutes 
4. Decant the ether layer(upper) into a clean dry glass tube 
5. Evaporate the ether to dryness under nitrogen 
6. Reconstitute the residue with 1000uL ELISA assay buffer 
7. Vortex for 5 minutes and use in ELISA 
8. Multiply the results by x10 to get the final value. 

 
B) Urine samples 
 

1. Turn on nitrogen so that dial is at 50. 
2. Take 100uL of Urine into Eppendorf tube 
3. Add 1.25mL TBME(pipette in cupboard), Vortex for 6-8 minutes. Remember that the 

vortex machine can dislodge the racks easily so stand and watch the process, securing 
the racks again when necessary. 

4. Freeze at -80C for 5 minutes – keep on ice 
5. Decant the ether layer(upper) into a clean dry glass tube 
6. Evaporate the ether to dryness under nitrogen 
7. Reconstitute the residue with 1000uL ELISA assay buffer 
8. Vortex for 5 minutes and use in ELISA 
9. Multiply the results by x 10 to get the final value. 

 
C) Saliva samples 
 

1. If samples were frozen then vortex when defrosted and then centrifuge for 10 mins@ 
3000 if required. 

2. Take 250uL of saliva sample into Eppendorf tube.  
There are 6 for each participant -3 pre and 3 post. 

3. Add 1.25mL TBME and vortex for 5 minutes 
4. Freeze at -80C for 5 minutes – keep on ice. 
5. Decant the ether and steroid layer (upper) into a clean dry glass tube 
6. Put fan and light on and set extractor to 45C and lower half an  

inch into the tubes. 
7. Evaporate the ether to dryness under nitrogen (2 psi was adequate for the samples 

here)- for approximately 10 mins – the other older methods take too long - then cover 
with parafilm and leave in fridge. When the extraction is done there should be no liquid 
left in the test tubes. Reconstitute the residue with 250uL ELISA assay buffer. 

8. Vortex for 5 minutes and use in ELISA 
9. Calculate the results from the standard curve. 

 
ASSAY BUFFER: 5 ml block buffer + 20ml of coating buffer; BLOCK BUFFER: 50ml of coating 
buffer + 0.25g of BSA. 
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9.30 Insulin ELISA Assay  

The GenWay INS-EASIA enzyme immunoassay is for the quantitative determination of Insulin 
in human serum or plasma. The kit is used in the direct immunoenzymatic colorimetric method 
for quantitative determination of Insulin in human serum or plasma. Complete information for 
product number 40-521-475037 is available from: www.genwaybio.com 

PRINCIPLE OF THE ASSAY  

The Insulin ELISA test is based on simultaneous binding of human insulin by two monoclonal 
antibodies, one immobilized on microwell plates and the other conjugates with horseradish 
peroxidase (HRP). After incubation, the bound/free separation is performed by a simple solid-
phase washing, then the TMB-Substrate solution (TMB) is added. After an appropriate time 
has elapsed for maximum colour development, the enzyme reaction is stopped, and the 
absorbencies are determined. The insulin concentration in the sample is calculated based on a 
series of standards. The colour intensity is proportional to the insulin concentration in the 
sample.  

MATERIALS  

Reagents and materials  

§ Coated Microplate: 12 break apart 8-well snap-off strips coated with monoclonal anti-insulin 
antibodies; in resealable aluminium foil. § Stop Solution: 1 bottle containing 15 ml sulphuric 
acid, 0.15 mol/l (avoid any skin contact). § Conjugate: 1 bottle containing 13 ml of horseradish 
peroxidase labelled monoclonal anti-Insulin antibodies.§ TMB Substrate Solution: 1 bottle 
containing 15 ml 3, 3´, 5, 5´-tetramethylbenzidine (H2O2-TMB 0.26 g/l) (avoid any skin 
contact). § Wash solution 50x conc.: 1 bottle containing 20 ml (NaCl 45 g/l and between-20 
55 g/l) § Insulin Control: 1 bottle containing 1 ml of lot-specific control solution. The 
concentration is indicated on the label of the bottle. § Insulin Standards: 6 bottles with 3 ml 
(Standard 0) or 1 ml (Standard 1-5) Insulin solution. The concentration is: § Standard 0: 0 
μIU/ml, § Standard 1: 3 μIU/ml, § Standard 2: 10 μIU/ml, § Standard 3: 30 μIU/ml, § Standard 
4: 80 μIU/ml, § Standard 5: 200 μIU/ml.  § 1 Strip holder , § 1 Cover foils, § 1 Test protocol, § 
1 Distribution and identification plan  

Materials and Equipment needed  

§ ELISA microwell plate reader (programme 35), equipped for the measurement of 
absorbance at 450 nm, § Automatic Dispensers, § Distilled water  

ASSAY PROCEDURE  

Prior to commencing the assay, the distribution and identification plan for all specimens and 
controls was carefully established in graph paper grids . Standards were allocated to the 96 
well plate  as follows: 1 well (e.g. A1) for substrate blank; 2 wells (e.g. B1+C1) for standard 0; 
2 wells (e.g. D1+E1) for standard 1; 2 wells (e.g. F1+G1) for standard 2; 2 wells (e.g. H1+A2) 
for standard 3 ; 2 wells (e.g. B2+C2) for standard 4 ; 2 wells (e.g. D2+E2) for standard 5; and 2 
wells (e.g. F2+G2) for control. Standards and participant samples were analysed in duplicate.  

 

 



 

9-466 

Method  

The closed reagents are stable up to the expiry date stated on the label when stored at 2 - 8 
°C in the dark. It is very important to bring all reagents, samples and standards to room 
temperature (21-28°C) before starting the test run!  

100 μL standards and samples were dispensed into their respective wells and 100 μL 
conjugate added to each well. Wells were covered with foil and incubated for 2 h at room 
temperature (22-28°C).  

When incubation was complete, the foil was removed, and the well contents aspirated. Each 
well was washed three times with 300 μL diluted wash solution. Washing is critical and 
insufficient washing results in poor precision and falsely elevated absorbance values  Avoid 
overflows from the reaction wells. The soak time between each wash cycle should be >5sec. 
At the end any remaining fluid was carefully removed by tapping strips on tissue paper.  

100 μL TMB substrate solution was dispensed  into all wells and the plate  incubated for 
exactly 15 min at room temperature (22-28°C) in the dark. 100 μL stop solution was dispensed 
into all wells in the same order and at the same rate as for the TMB Substrate Solution and the 
microplate shaken gently. Any blue colour developed during the incubation turns into yellow. 
The absorbance of the sample was measured at 450 nm.  

Calculation  

The mean of the absorbance is calculated for each point of the standard curve and of each 
sample. The smoothed cubic spline is used as the calculation algorithm and the dose 
response curve is used to ascertain the concentration of insulin in the samples. These values 
are obtained from the printout of the microplate reader.  

Reference value  

Based on the clinical data gathered by GenWay in concordance with the published literature 
the following ranges have been assigned and used as guidelines only: Children <12 yrs <10 
μIU/ml; adult (Normal) 0.7 – 9.0 μIU/ml;  diabetic (Type II) 0.7 – 25 μIU/ml.  

Precision 

Intra Assay Variation: The within assay variability is ≤ 5 %.  

Inter Assay Variation: The between assay variability is ≤ 10 %.  
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9.31 FRAP assay 

METHOD 

Defrost urine samples then vortex and wait 30 minutes for them to settle. Wash, rinse and dry 
all plates to be used. All pre and post pairs were analysed together on the same plate so that 
any errors were the same. All samples were analysed in triplicate. 1 ml of urine from each 
sample was pipetted into Eppendorfs and centrifuged for 3 minutes at 10 °C. 

 

REAGENT PREPARATION: 

1 mM Ferrous sulphate (standard curve) 

Weigh 27.8 mg Ferrous sulphate and make up to 100ml with distilled water. Dilute as follows 
in 6 tubes to make standards: 

 

These standards can be frozen at -20 °C in labelled 0.2ml Eppendorfs for convenience until 
required. Subtract the water blank value from the sample/standard values. A linear regression 
equation was calculated for the standards (absorbance against concentration). 

300 mM Acetate buffer (pH 3.6)  

Weigh 3.1 g sodium acetate and measure out 16 mL glacial acetic acid. Add distilled water up 
to the 1 litre mark in a volumetric flask, mix well and measure pH of solution. Store solution at 
4 ºC. 

40 mM HCl 

Measure 1 ml of concentrated 12M HCl into a volumetric flask and then add distilled water up 
to 300 ml. Similarly, 1 ml of 5M HCl added to 125 ml distilled water is also 40mM. Mix well and 
store at room temperature 

10 mM TPTZ 

Weigh 0.031 g TPTZ and add to 10 mL 40 mM HCl (prepared as described above). Stir on a 
heated plate (max temperature 50 °C) with magnetic stirrer to dissolve.  

20 mM Ferric Chloride 

Weigh 0.054 g ferric chloride (which has been kept in the dark) add to 10 mL distilled water 
and mix well. Care should be taken as this substance is sticky and clumps easily. Vortex the 
resulting solution 3 times. 

Preparation of working FRAP solution 

 100 mL acetate buffer 
 10 mL TPTZ 

Standard conc (mM) Ferrous sulphate sol (mL) Distilled water (mL)
0.1 1 9
0.2 2 8
0.4 4 6
0.6 6 4
0.8 8 2
1 10 0
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 10 mL Ferric chloride 
 12 mL distilled water 

Add the water, acetate buffer and ferric chloride to a glass bottle. Add the TPTZ solution last 
drop-wise to the contents of the bottle. The solution should be straw coloured. Any trace of a 
blue colour suggests a reaction is taking place and the solution should be discarded and 
prepared again. Leave the FRAP reagent in water bath (37 ºC). The solution made should 
have a brownish-gold/bronze colour. 

 

96-well plate protocol. 

Each 96 well plate had samples, standards and blanks tested at the same time. 10µL of 
diluted sample or standard was added, followed by 250µL of working FRAP solution to each 
well on the plate. Grids were made (8x 12) detailing which sample was placed in each cell. 

Keeping a note of the grid allows matching of the figures generated by the plate reader [in a 
grid numerical display] with the original samples. Make the required FRAP reagents and store 
in the dark, bringing the reagent up to 37ºC before use. All pipettes (eight tipped 10 µL and  
250µL M300) were calibrated before use. Vortex the samples of standards well and pipette 10 
µL into the plate according to the pattern on the written reference grid. Then add 250µL of the 
FRAP solution into each cell. Check to ensure that there are no air bubbles in the sample. The 
cells will start to turn blue. 

The plate was then incubated at 37ºC in a dark oven for 4 minutes prior to reading the colour 
changes in a microplate reader. The absorbance filter for the microplate reader was set at 
600nm. This reflects methodology explained in similar studies by Kambayashi et al. (2009) 
and LeBlanc et al. (2009). Data input was made into an excel sheet and the standard curve 
drawn. The FRAP concentration was calculated for all of the urine samples from the equation 
calculated from the standard curve. 

Set the wavelength on the UV detector at 593 nm. Zero with a water blank. The absorbance at 
593 nm is measured 4 min after the addition of the FRAP reagent. Add 10 µL sample + 0.33 
mL FRAP working reagent to a test tube and leave to incubate in a water bath set at 37 ºC for 
4 min prior to reading absorbance at 593 nm. 

The regression equation from the standard curve was used to calculate the average  FRAP 
values (in mM Fe(II) per litre) of the samples. The amount of Fe2+ mM produced is: [FRAP] = p 
[Abs sample – c] / m where p = dilution factor of original sample; Abs sample = y or abs at 593 
nm; c = intercept from linear regression and m = slope from linear regression. 
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9.32 Total Phenolic assay. 

The total polyphenolic content is determined by the Folin and Ciocalteau method developed by 

Singleton and Rossi (1965). 

BACKGROUND 

This method determines phenols and oxidized substances by producing a blue colour from 
reducing yellow heteropoly-phosphotunstate-molybdate anions. Sequences of reversible one or 
two electron reduction reactions lead to the production of these ‘blue species’ . It is believed that 
the molybdenum is easier to be reduced in the complex and electron transfer reaction occurs 
between reductants and Mo (VI). The Folin’s reagent is non-specific to phenolic compounds as 
it can be reduced by many other non-phenolic compounds such as vitamin C and Cu(I). 
Phenolics react with Folin’s reagent only under basic conditions (ca. pH 10). Dissociation of a 
phenolic proton leads to a phenolate anion, which is capable of reducing Folin’s reagent thus 
occurring through an electron transfer mechanism. The blue compounds formed between 
phenolate and Folin’s reagent are independent of the structure of phenolic compounds, 
therefore ruling out the possibility of co-ordination complexes formed between the metal centre 
and the phenolic compounds. Despite the undefined chemical nature of Folin’s reagent the total 
phenols assay is convenient, simple and reproducible, and has become a routine assay in 
studying phenolic antioxidants. 

Original protocol: In brief, 200 µL of sample is added to 10 mL of a 1:10 dilution of Folin and 
Ciocalteau reagent. After 5 min 7.0 mL of a Na2CO3 solution (115 g L-1) is added and the reaction 
mixture is left to stand at room temperature for 2 h. The absorbance of the solution is read at 
765 nm against a water blank on spectrophotometer. The optical density (O.D) is compared to 
a standard curve prepared with 50 to 500 mg L-1 gallic acid and the results expressed as mg L-

1 gallic acid equivalents (GAE). 

Optimised protocol 

The original protocol was optimised to reflect that 4 ml cuvettes were being used in the 
colorimeter. 

Reagents 

Prepare the following reagents: 

 115 g L-1Sodium Carbonate (Na2CO3) 

 1:10 dilution of Folin’s reagent 

 Gallic acid standards 50- 500 µg L-1 

Sodium Carbonate: Weigh 115 g Na2CO3 and make up to 1 litre, mix well. Half of this amount 
was used for POM-01 samples. Store at 4 ºC. If using pre-prepared solution, place on magnetic 
stirrer until any crystals have been dissolved (5-30 min) 

Folin and Ciocalteau reagent: Measure 100 mL of Folin’s reagent and add to 900 mL distilled 
water (1:10 dilution) then make up to a litre. Mix well and store at 4 ºC . For 150 samples, 300 
ml of reagent was constituted (i.e. 30 ml Folins and 300ml distilled water). 
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Preparation of gallic acid calibration curve Weigh out 500 mg gallic acid powder and add to 
900 mL distilled water( which makes 1000ml). Mix well. Prepare the following standards : 500 
mg – 10 mL stock; 400 mg – 8 mL stock +  2 mL distilled water; 300 mg – 6 mL stock +  4 mL 
distilled water; 200 mg – 4 mL stock +  6 mL distilled water;100 mg – 2 mL stock +  8 mL distilled 
water and 50 mg – 1 mL stock +  9 mL distilled water. 

Optimised method: Vortex urine samples thoroughly Take 50uL of sample or standard and 
add 2 mL of 1:10 diluted FC reagent to each cuvette.  Leave for 5 min, covered, in the dark as 
the samples are light sensitive. Add 1.5mL of a Na2CO3 solution (115 g L-1) is added and the 
reaction mixture is left in the dark, at room temperature for 2 h. Start reading in order of the 
cuvettes filled first. The absorbance of the solution is read on the Thermo Nexos α machine at 
765 nm against a water blank on spectrophotometer. The optical density (O.D) is compared to 
a standard curve prepared with 50 to 500 mg L-1 gallic acid and the results expressed as mg L-

1 gallic acid equivalents (GAE). Pre and post samples were analysed one after the other. 
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9.33 TBARS assay 

Thiobarbituric acid reactive substance (TBARS) method 
Standard preparation  
 
TEP (tetraethoxy propane) or TMPC (tetramethoxypropane) standards are prepared from a 1 
mM stock solution. The idea is to prepare a series of standards which have a known amount of 
TEP (in nmol) present in a 10 μL sample. This allows development of a standard curve of 
absorbance plotted against nmol. TEP stock solution is diluted with HPLC grade ethanol. 
Standard series should be stored at 4oC. 
 
Reagent preparation and storage . USE FUME HOOD 
 
1. Wearing gloves, CAREFULLY weigh out 15 g of TCA and mix with 10 ml of water (for about 
100 mL of ddH2O) in a beaker (just enough water to dissolve TCA). 
2. Weigh out 0.375 g of TBA and dissolve as best as possible in 25 mL of 1 N HCl. 
3. Weigh out 40 mg of BHT and dissolve in 2 mL of HPLC grade ethanol. 
4. Add all solutions to a 100 mL volumetric flask. Ensure of each of the solutions has been added 
completely by rinsing each beaker with a small amount of ddH2O. 
5. Bring up to 100 mL mark with ddH2O. 
6. Transfer to a capped glass bottle wrapped with aluminium foil. Ensure all of the reagent has 
been transferred by rinsing the volumetric flask with the reagent.  
7. Label with date and store at 4oC for up to one week. 
 
Assay procedure  
 
Water bath should be turned on and set to 100oC  well before time wished to begin assay. An 
Eppendorf tube for each sample along with 5 for the standards and 1 for a blank should be 
prepared prior to beginning assay by cutting off but retaining the tops of the tubes and labelling 
them appropriately.  
 
1. Fill each of the Eppendorf tubes (both for samples and standards) with 1 mL of TBA reagent. 
2. Add 100 μL of sample or 10 μL of standard to the appropriate tube. For the blank, nothing 
further is added to the 1 mL of TBA reagent. 
3. Cover the tubes with aluminium foil and boil for 15 min at 100oC in water bath. During this 
time, a template should be prepared for the SpectraMax Plus (λ = 532 nm). 
4. Remove the samples and standards from the water bath, replace foil with the retained tube 
tops and place on ice. 
5. Centrifuge all samples at 3000g for 5 min. 
6. Remove the supernatant from each sample or standard using a transfer pipette and place in 
a micro-cuvette. 
7. Read absorbance of micro-cuvette at 532 nm beginning with the blank. Select the “ref” button 
for the blank and “read” for each sample and standard. 
8. Dispose of all samples and standards in TBARS waste container in fume hood.  
 
This method is a modification of the one published in Beuge and Aust (1978).  
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9.34 Cortisol and Cortisone ELISA 

BACKGROUND 

Cortisol is the primary glucocorticoid produced by the adrenal cortex gland. It 

modulates most of the peripheral and central activities of the hypothalamic-pituitary-

adrenal axis (HPA). The presence of adequate levels of cortisol throughout the day is 

mandatory for basic physiological processes such as cardiovascular function. Cortisol 

is also important for the normal response to stress. During the day, cortisol exhibits a 

circadian rhythm and therefore the normal values of plasma cortisol range from 

500nmol/l at 0900 hour to 250 nmol/l at 2400 hour. The production of cortisol by the 

adrenal gland is under the hypothalamic-pituitary control; the secretion of 

corticotrophin releasing factor (CRF) from the hypothalamus occurs in stress, 

circadian rhythm and other stimuli and CRF then stimulates ACTH release from the 

pituitary which then stimulates cortisol production.  Only 10% of the cortisol secreted 

is found free in the circulation and the other 90% is bound to transport proteins - mainly 

cortisol-binding protein (Whirledge and Cidlowski 2010) 

This ELISA protocol is used for both Cortisol (F) and Cortisone (E) determination. 
 
BUFFER PREPARATION 
 

1.  E and F Coating solution 
For 1 plate: 

 Cortisol (F coating): 40-60 µl of cortisol conjugate + 21 ml of coating buffer. 
 Cortisone (E coating): 60 µl of cortisone conjugate + 21 ml of coating buffer. 

Can use up to 120 µl if required e.g. the reagent is a bit older. Vortex the 
solutions well. 

 
Vortex the solution. 
 

1. Coating buffer 
 With PBS (phosphate buffered saline) tablets: 1 tablet in 100 ml = 0.025 M 

 
2. Block buffer 
 50 ml of coating buffer + 0.25 g of BSA (0.5 % of the solution weight)  or 100 

ml of coating buffer + 0.50 g of BSA. The amount required here per plate 
was 25ml coating buffer plus 0.12g BSA. Leave the solution standing without 
shaking until the BSA is completely dissolved. Do not shake so that the 
protein dissolves properly. Shake gently just before using it. 

 
3. Assay Buffer 

Prepared from block buffer as it’s difficult to weigh out a few mg of BSA. Combine 5 
ml of block buffer + 20 ml of coating buffer. Mix the solution gently. This has less 
protein than the block buffer. 
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4. Antibody solution 

For 1 plate: 
 Cortisone (E): 100 µl of antibody + 11 ml of assay buffer. 
 Cortisol (F): 60µl of antibody + 11 ml of assay buffer. Vortex the solution. 

 
5. Enzyme preparation       

For 1 plate: 
 Cortisone (E): 10 µl of Anti- rabbit enzyme + 11 ml of assay buffer. 
 Cortisol (F): 10 µl of Anti-sheep DAS enzyme + 11 ml of assay buffer. Vortex 

the solution. 
 

6. Substrate solution 
      For 1 plate: 

 10 ml of substrate buffer + 250 µl of substrate (TMB). Vortex the solution. 
Add 60 µl of H2O2 just before using the substrate solution and then vortex 
again. 

 
7. Washing buffer 
 Combine 100 ml of master buffer (0.125 M) + 900 ml of distilled water + 400 

µl of Tween 20 (the viscous liquid polyethylene glycol sorbitan monolaurate). 
Mix well. 

 
 
 
PROCEDURE 
 
Urine or Saliva samples are extracted with dichloromethane or ether (as detailed in 
Appendix 9.31). 
 
 
Preparation of the plate 
The Grehener Microlon plate needs to be coated at least 1 night or up to three nights 
before carrying out the ELISA assay. 
 

 Coating the plate 
The eight-tip pipette was used to add 200 µl of E or F coating solution in the plate. 
For half a plate, 4 yellow pipette tips were used. The next morning (or up to three 
mornings after):  
Defrost the standards and antibodies (it takes approximately 30 minutes). Discard the 
content of the plate in the sink and do 3 washes. 
 

 Washing the plate 
Add 300 µl of wash solution in the plate with the eight-tip pipette. Take 300 ml pipette 
tips for this as the yellow ones are too small and only go up to 250ml. Pipette at the 
mouth of the wells at an angle. Wait 1 or 2 minutes between any washes.  
 
After having finished one wash, discard the content of the plate in the sink and then 
wash the plate once more. After the third wash, discard the content of the plate in the 
sink and blot on the tissue paper until the plate is well dried. 
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Blocking buffer is added to the plate 
Use the pipette with eight tips to add 200 µl of blocking buffer in the plate. While 
pipetting, cover all parts of the plate which are not immediately being worked on with 
Para film.  
Afterwards, cover the whole plate with Para film and seal. Incubate the plate at 37 ° 
C in the oven for 1 hour. Discard the solution of the plate in the sink and blot on the 
paper until dried.  
 
Blanks, standards and samples are added to the plate 
 
Pipette 50 µL of the blank (Assay Buffer), standards and sample extracts (in 
duplicates) into the wells of the prepared plate as shown in table 1. The standards 
were: 0.2.5, 10, 50, 250 and 1000 µg/ml. The standards need to be pipetted in 
sequence order. While pipetting, cover all parts of the plate apart from the cells being 
worked on with Para film and lid. After all cells have been filled, cover the plate with 
Para film and lid. 
 
Table 1: The plate plan 
 
 1 2 3 4 5 6 7 8 9 10 11 12 

A Blan
k 

Blan
k 

ST1 ST1 ST2 ST2 ST
3 

ST
3 

ST
4 

ST
4 

ST
5 

ST
5 

B Sam
1 

Sam
1 

Sam
2 

Sam
2 

Sam
3 

Sam
3 

….
. 

….
. 

…. etc   

C             

D             

E             

F             

G             

H             

 
Sam1= sample 1. 
 
Antibody solution is added to the plate  
Prepare the antibody solution, Use the eight-tip pipette to add 100µL of Anti-sheep 
Cortisol or Rabbit anti-cortisone. Again, cover all areas with Para film and lid apart 
from cells being filled.  
 
When complete, cover the plate with Para film and seal. Shake gently from side to 
side while the plate is on the working surface. Incubate the covered plate in the 
cupboards at room temperature for two hours. 
 
Enzyme solution is added to the plate 
Discard the content of the plate in the sink. Wash the plate 3 times as before. Prepare 
the enzyme solution. Use 8 tip pipette to add 100 µl of the Enzyme solution in the 
plate. Cover all areas with Para film and lid apart from cells being filled and when 
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complete cover again and seal. Shake the plate gently without dropping it! Incubate 
the plate in the cupboard at room temperature for 1 hour. 
Substrate solution is added to the plate 
 
Wash the plate 3 times. Prepare the substrate solution. Use the pipette with 8 tips to 
add 100 µl of substrate solution in the plate. Ensure cells covered apart from when 
being filled and then cover the plate with the lid. Shake gently without dropping the 
solution. Incubate in the cupboard at room temperature for 10 – 15 minutes. 
 
Stop solution is added to the plate 
Use the pipette with eight tips to add 50 µl of the stop solution. This is usually 1-2 M 
sulphuric acid. Shake gently without dropping the solution. 
 
Absorbance reading 
Read the absorbance of the plate ELISA MRX reader at 450 nm (before reading the 
absorbance, check if there are any bubbles in the wells and in that case remove 
them with a clean pipette tip 
 
Instructions for the ELISA MRX reader 
 
Check that machine and printer are switched on. There are some instructions on the 
top of the ELISA machine, but these do not refer to the specific programs which we 
need to use on the machine. 
Click “endpoint/start”. Type “13” for cortisol or “22” for cortisone. 
Put the plate into the tray. Click enter. Will ask then if you have 96 samples. Click 
enter if correct or use keys to indicate the correct number e.g. 48 – half a plate and 
then click “enter” . “Any more sample?” click “no”. Wells in column or in row? click 
“Rows”. Click “Graph” and then “Yes”. 
Edit standards?  Press “No” if the standards do not need to be edited and yes if instead 
they need to be edited. The first value of the standard curve often needs to be 
removed as it dries out easily at the edge of the plate and can negatively affect the 
results. Enter the number of the well affected  and click “no” to the option “saving the 
curve”. 
 
Click “Matrix” to print for manual only and then press esc on machine to print all sheets 
after the first one arrives automatically. 
 
Results are in ng/ml; and the results multiplied by 10 when urine samples have been 
used. 
 
The Standard curve was drawn, and results calculated for the cortisol (or cortisone) 
content of each cell in the plate. This printout was used in conjunction with the grids 
which were created to label and identify the samples and then the printout was 
labelled with the correct sample numbers. These results were then transferred into 
Excel.  
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9.35 Conformance certificates for pomegranate and placebo 

capsules 
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