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1. Introduction: Dairy-free hemp and other plant-based milk products. 

1.1. What is hemp? 

Cannabis sativa L, an herbaceous plant that belongs to the Cannabaceae family is commonly 

known as hemp. It is challenging to recognize the correct origin of the hemp plant because of being 

the most ancient, cultivated plant and long history of cultivation (Farinon et al., 2020). Hemp is 

commonly used to produce fibers, as animal feed, in snacks, as a component of the meal, in protein 

shakes, energy bars, and most importantly as hemp milk. (House et al., 2010, Radočaj et al., 2014).  

Additionally, hemp seed has asserted itself medically by diminishing blood pressure and 

cholesterol levels (Oomah et al., 2002). Hemp seeds contain various macromolecules such as 20-

25% of proteins, 20-30% of carbohydrates, 10-15% of insoluble fibers and minerals (Latif and 

Anwar, 2009). So far, the usage of hemp for milk production is not well-studied. Therefore, this 

study intends to explore the role of hemp in milk production along with its quality controls.  

1.2. Legislation of Hemp 

Till first half of the 21st century’s, the hemp plants are grown only for seed and to produce textiles. 

From 1900-1950 the agricultural commodity of hemp is explored. The US department of 

agriculture supported the production of Hemp for its potential use in textiles and papers. (Rawson, 

2005). However, in Europe after Russia, Italy was the second one to allow the production of Hemp 

and accepted its importance (Porto et al., 2015). After that many other countries also accepted the 

significance values of Hemp and allow its cultivation. However, the acceptance of the medical 

importance of Hemp was first done by the US and Canada between 1914-1933. Moreover, hemp 

was recognized as a narcotic drug in 1937 by Marihuana. The decline in the production of hemp 

was seen from 1943 to the 1950s. However, during 1970 the  CSA (Controlled Substances Act) 

was given to Hemp and its cultivation and production were started again (Farinon et al., 2020). 

Previously, the production of hemp was restricted due to the existence of the psychoactive 

compound tetrahydrocannabinol (THC). But from the 1990s most of the countries allowed the 

cultivation of hemp and its licensed growth with reduced levels of THC i.e., <0.3% (Cherney and 

Small, 2016). 
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1.3. Properties of Hemp Seed  

Hemp seeds are an excellent source of nutrients containing carbohydrates, oil, insoluble fibers, 

proteins, and various minerals and vitamins such as calcium, zinc, sulfur, magnesium, etc (House 

et al., 2010). Removal of exterior seed, the leaves approximately, 46.7% of oil and 35.9% of 

protein. However, antinutritional compound concentration is very low in hemp seeds (Russo and 

Reggiani, 2013). Moreover, the oil has an abundance of unsaturated fatty acids. The by-product of 

oil is rich in storage proteins (Porto et al., 2015). The exceptional digestibility and composition of 

residing amino acids of Hemp protein make it more significant (Wang et al., 2008).  The Hemp 

seeds have the highest arginine content i.e, 12% (Aiello et al., 2016).  

The C. sativa L. yield has the most primitive use as a plant fiber in the industrial sector. The interest 

in the seeds of the plant is increased in the last decade, which is the fruit of hemp, namely one-

seeded dry fruits, and resembles the cereal grain (Naraine et al., 2020). The hemp seeds cultivated 

for fiber manufacturing were regarded as waste and used as food for animals (Vonapartis et al., 

2015). Due to the increasing acknowledgment of nutritional features of hemp seeds and their 

associated benefits of health, the production of these seeds has increased thereby turning into a 

product with a significant and increasing possibility for the market (Karus and Vogt, 2004). Hence, 

the studies regarding the nutritional and functional features associated with these seed products 

have been explored.  

1.4. Hempseed Nutritional Features 

Because of the high nutritive characteristics of hemp seed, it is considered a highly nutritious food 

source. It can be eaten in many ways such as (whole seed) or the peeled (hempseed kernel), in 

addition to its processing foods, containing oil, and protein powder. Regardless, certain studies 

stressed upon high inconsistency in the hempseed structure according to genotypic and ecological 

factors (House et al., 2010) (Irakli et al.), it usually contains 25–35% lipids with an entirely stable 

arrangement of fatty acids; 20–25% proteins that are easily assimilated and rich in vital amino 

acids; 20–30% carbohydrates, as well as vitamins, and minerals. Hempseeds are as well abundant 

in organic antioxidants and bioactive elements like phenolic compounds, peptides, tocopherols, 

phytosterols, and carotenoids. The substance of these components seems to be primarily impacted 

by ecological and agronomical elements and, to a lesser significance by genetic diversity (House 

et al., 2010). Moreover, there are also some antinutritional compounds in hempseed that could 

have a negative effect on its nutritional value. 
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1.5. Hempseed Fatty Acid Composition 

Industrially, fats are the most important component of hemp seeds. As hemp seeds are rich in oil 

so also known as oilseeds and oil is the primary nutrition product of concern so it is feasible to 

obtain oil from them. Due to this justification, the fat content of hemp seed is usually called oil. 

Numerous studies (Vonapartis et al., 2015) (Galasso et al., 2016) (Lan et al., 2019) validated that 

this content of hempseeds that belongs to several cvs stretches from twenty-five to thirty-five 

percent of the entire seed. Galasso and collaborators (Galasso et al., 2016) and Irakly and co-

workers (House et al., 2010), after analyzing the seeds fitting to various industrial hemp cvs, 

demonstrated that exhibited variation can be owed to its “genotype”. Researchers (Naraine et al., 

2020) also noted that eco-friendly situations such as topography, climate, and local agricultural 

influences also have an impact on the total content of oil, but less significant than the genetic 

constitution. This indication is in line with the conclusions of Kriese and colleagues (Kriese et al., 

2004) and Mihoc and co-workers (Mihoc et al., 2012). The oil composition of 5 Romanian 

manufacturing hemp cvs grown in two successive years in a similar position, were analyzed by 

authors later and it was originating that environmental conditions such as the extreme condition of 

25–26-degree Celsius temperature and a little rainfall (223 mm during the flourishing season) led 

to an imperfect ripening of hempseeds which in turn resulted in the reduction of oil content. While 

considering the biochemical arrangement of the hemp seed's fat, it is important to reflect that 

maximum of the literature about this dispute is stated to the oil obtained from hemp over exact 

manufacturing methods, because of the elevated industrial values of hempseed oil.  

1.6. Hempseed Proteins 

Due to environmental factors, the protein part of the entire hempseed ranges from 20 to 25%. This 

extent can further rise in several hempseed-processed foodstuffs including hempseed food or cake 

(also known as hempseed flour), that is, the lasting portion of hempseed achieved after dismissing 

its oil fraction (Mattila et al., 2018) (Siano et al., 2019).It was demonstrated by Mattila and 

colleagues (Mattila et al., 2018) that the protein component is hempseed is mainly present in the 

deep sheet of the seed, in reality only a small amount of total protein component in the structure is 

noticed. Hence, upsurge in the protein composition of treated entities can be clarified as the 

significance of protein concentration subsequently eliminating some section of the entire seed that 

completely or nearly absences in protein, such as the exterior, anywhere utmost of the fiber is 

situated, and the elimination of that component leads to 1.5 times rise in mutual protein and oil 

quantity. The AA content is shown in Table 1.  
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Table 1. The Amino acid content of Hemp seed discussed by various researchers.  

Val Ala Tyr Arg Tr

p 

Asp Thr Cys Ser Glu Pr

o 

Gl

y 

Ph

e 

Hi

s 

Met Ile Lys Leu Ref 

1.2 1.2 0.86 3.1 0.2 2.78 0.88 0.4 1.2

7 

4.57 1.1 1.1 1.1

7 

0.7 0.58 0.98 1.0 1.7 (Callaway, 

2004) 

0.6 1.2 0.7 2.76 Na 2.1 0.85 0.3 1.2

7 

4.58 1.1 1.2 1.0 0.6 0.5 0.6 1.28 1.5 (Oseyko et 

al., 2019) 

1.1 0.9 0.78 2.69 Na 2.3 0.79 0.3 1.1 3.8 0.8

9 

1.0 1.0 0.5 0.55 0.86 0.8 1.4 (Mattila et 

al., 2018) 

1.1 0.96 0.68 2.28 0.2 2.39 1.0 0.4 1.1

9 

3.7 0.9 1.0

6 

1.0

3 

0.5 0.56 0.8 0.86 1.4 (House et 

al., 2010) 

 

When the major component of whole hempseed (both hull and oil) is removed more proteins are 

also present. Their elimination results in finding the product produced from hemp seed have the 

maximum protein (>50%) and the smallest fat content (<10%, built on the kind of extraction 

methods being utilized) (House et al., 2010). According to the research originated in the 20th 

century about hempseed proteins the main proteins of hempseeds were highlighted which are the 

storing protein albumin, spherical in shape, and edstin, a legumin. The latter one is the highly 

plentiful hemp protein element, comprising almost 82% of the overall protein substance. It is a 

hexamer weighing 300 KDa comprising of six same subunits, each of which is produced of two 

subunits: acidic and basic having weighing around 33.0 and 20.0 KDa, and are connected by single 

disulphide linkage (Wang et al., 2008).  Additionally, the recently discovered elements were 

mostly albumin components (13% of total protein) an-conglycinin comprising <5% of protein, the 

existence of these have been newly verified by Pavlovic and co-employees (Pavlovic et al., 2019) 

and in the latest genome-wide study (Ponzoni et al., 2018) reporting one vicilin-like and two 

albumin and encrypting genes in supplement to three edestin isoforms where identified each coded 

by a diverse gene, contrasting for the quantity of sulphurated AA that is mainly rich in the 

isoform3. 

 

1.7. Hempseed Carbohydrate and Dietary Fiber 

Nutritional fiber is the component of plant materials in the food and is resilient to enzymatic 

breakdown. The fibers consist of important components like polysaccharides which may be 
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cellulosic or non-cellulosic. Other than that, it also comprises a non-carb component known as 

“lignin”.  Dietary fiber also called roughage is believed to be an essential component of a food 

substance nutritionally. As formerly discussed, that the total carbohydrate matter of hempseed can 

fluctuate from twenty to thirty percent (Table 1). Rare literature examined the overall carbohydrate 

and fiber content of hemp seed. From these, Callaway (Callaway, 2004) discovered that the 

complete carbohydrate substance of the entire hempseed that belongs to the cv Finola weighted 

27.6 gram per 100 grams of seeds, whereas some other researchers  (Mattila et al., 2018) by 

analyzing the dietary value of the industrial protein-rich seeds containing hempseed, uncovered 

that the overall carbohydrate matter of whole hempseed was comparable to those observed in the 

entire. The huge portion of the overall carbohydrate of the examined hempseed was represented 

by dietary fiber mostly the insoluble fraction (Table 1).  The most intriguing outcome of both 

studies. 

Callaway uncovered Total Dietary Fiber substance (TDF) of seed to be 27.6 g/100 g (Callaway, 

2004), displaying the complete carbohydrate fraction involved in diet fiber, although in the 

research conducted by Mattila and colleagues (Mattila et al., 2018), the TDF of hempseed was 

weighted to be 33.8 ±  1.9 grams/ 100 grams of seeds, indicating 98% of the overall carbohydrate. 

1.8. Hempseed Nutritional Supplement 

The anti-inflammatory and antioxidant effect of the hempseed's components provides a platform 

for different authors to investigate hempseed food supplements. It might have the capability to 

respond to chronic progressive disorders categorized by prolonged oxidative and inflammatory 

stress conditions, including heart and brain sicknesses. Till nowadays, most of the research has 

been shown on animal models and insufficient reports exist on humans, highlighting the necessity 

to examine the effects of the supplement with hemp and their byproducts on the well-being of 

humans and to comprehend their importance as a component for functional foods. 

 

 

1.9. Hempseed Foods 

Owing to the exceptional nutritional value and composition of hemp seeds in the field of food 

technology, they have been utilized as a component or means to enhance the nutritive and 

beneficial quality of food, and to achieve healthful and possibly efficient foods. The struggles by 

the food industry in the employment of these seeds focused on their consumption as a method to 

enhance the value of animal originated edible products, such as the utilization of hemp or its 
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offshoots (i.e., flour or oil) as livestock consume complement to improve the condition of products 

that are animal-based including milk, meat, eggs, etc. Hemp coupled with its by-products have 

also been an important component to enhance daily utilized foods (e.g., bakery products) 

1.10. Commercial hemp milk products 

The hemp milk production involves several important steps listed below in Figure 1. 
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Figure 1. The basic steps involved in the production of Hemp Milk.  

Firstly, the hemp seed is added to water and soaked in it (Wang et al., 2018). The seeds are then 

added to hot water until they become soft and absorb water (Mitchell and Shammet, 2008). These 

seeds are then ground until the preferred texture is reached (Mitchell and Shammet, 2008). The 

homogenization of this mixture is carried out for stability. The mixture is then allowed to cool to 

stop the oxidation of vitamins and oils (Mitchell and Shammet, 2008). Then, sweeteners, 

stabilizers, and flavors are added to the milk to make it more favorable. (Mitchell and Shammet, 

2008). In the end, the temperature treatment is carried out for the extension of its life (Mitchell and 

Shammet, 2008).  

After the production of Hemp milk, it is subjected to various tests for determining its lipids, 

carbohydrates, and protein content. The microbiological significance of milk was also checked 

(Szparaga et al., 2019).  

Hemp milk has several advantages over already used plant milk. It is gluten-free, dairy-free, low 

in sodium, cholesterol-free (Vahanvaty, 2009).  

1.11. Advantages of Hemp Milk 

Hemp milk has several medical benefits over already used traditional plant products. The hemp 

milk has a high-fat content and low carbohydrates, hence preferable for health. One glass of milk 

contains 50% of recommended alpha-linolenic acid. It is a rich source of omega fatty acids.  The 

hemp milk results in the reduction of serum triglycerides and serum cholesterol content 

(MINODORA et al., 2020). Hemp is also used as a folk medicine for the stimulation of functions 

of kidneys and liver. It is also used in baking and cooking.  

1.12. What is quality control? 

The milk and milk products are easily susceptible to microbial contamination due to their large 

water content i.e,87% (Fusco et al., 2020). Therefore, the availability of hygienic milk is a 

challenge and alarming for our health. Milk testing and its quality controls are of foremost 

importance for all the milk processing industries irrespective of their scale (large, small). 

Additionally, due to the high nutritive values of milk, it is a perfect medium for bacterial 

multiplication. Therefore, a milk processor fulfills all the quality criteria of various stages like 

packaging, handling, transportation, etc. The unhygienic conditions are usually due to improper 
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processing and storage of the milk, also the personnel are not trained enough and are not educated. 

Therefore, applying the quality controls might result in the betterment of the dairy industry.  

Milk quality controls include various quality tests that make sure about the purity as well chemical 

composition of milk products. The tests are devised to ensure the WHO accepted the standard of 

milk products (Farinon et al., 2020).  

1.13. Why Hazard analysis and critical control point system (HACCP)? 

The already used quality programs have been proven to be insufficient in managing many food- 

generated illnesses (Riswadkar, 2000). The investigation programs of WHO also confirmed that 

the causative agents of food generated diseases are increasing day by day (Todd, 1996). Therefore, 

there is a dire need to implement such a quality program that overcome the previous deficiencies. 

Hence, HACCP's implementation is the best way for attaining the food product quality and also 

disease reduction (Roberts, 1995). The HACCP system was developed in the 1960s by the U.S. 

Army and the National Aeronautics and Space Administration (NASA) for ensuring quality food. 

Moreover, the developing regulation of HACCP for the dairy industry is proved by Food and Drug 

Administration (FDA) (Nasr et al., 2017). To improve all the stages of milk safety, HACCP must 

be applied to milk marketing for its advancement. HACCP system has been recognized and 

accepted internationally for effective food safety management. The most prominent risk factor in 

the dairy industry is its contamination by bacteria. Therefore, to satisfy the customers it is 

necessary to implement the HACCP safety plan and policy.  

1.14. What is HACCP? 

The HACCP system used a systematic approach for the calculation and identification of various 

risks associated with milk production. The system also includes the actions used for the prevention 

of bacterial, microbial, and any kind of dangers (physical, chemical) linked with various stages of 

the food chain. The system includes seven basic steps (Nasr et al., 2017). 

a) Analysis of threats associated with the process. 

b) Identify critical control points (CCPs) 

c) establish critical limits for CCPs,  

d) monitor CCPs,  

e) take corrective action,  

f) record-keeping and verify that the system is working (Corlett, 1998)  
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The ultimate objective of these CCPs is to make sure about the prevention and control of food 

safety. Many renowned milk manufacturing industries have applied the HACCP system for 

attaining a better quality of products. It is the product and plant-specific quality system (Nasr et 

al., 2017).   

A proper quality control system ensures mil quality and associated products. The preparation of 

milk reveals the demolition of microbes causing illnesses in people, the consideration of nature of 

item separated from appearance, nutritive properties, and the choice of life forms which may 

deliver inadmissible items and the deficiency of flavor. We can guarantee that great quality milk 

can be created by utilizing this basic quality control framework. This will improve our standing as 

quality milk providers, increment the benefits, and secure the strength of consumers (Hamid et al., 

2013). 

1.15. HACCP System 

The HACCP system includes five preliminary steps and seven working principles. Therefore, all 

the steps and principles must be followed accordingly. If any of the steps is missed it will ultimately 

have resulted in the effectiveness of the system.  

The preliminary steps include: 

1) Establishing a HACCP team 

2) Description of the product 

3) Launch the proposed use of the product. 

4) Build a flow diagram. 

5) Verify the flow diagram. 

However, the principles are as follows. 

1) Perform risk evaluation. 

2) Identification of the critical control points (CCPs). 

3) Decide crucial restrictions. 

4) Launch monitoring processes. 

5) Determine remedial measures! 

6) Set Up authentication methods. 

7) Create records and record-keeping procedures.  
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2. Literature Review 

The substitutes for cow's milk have been introduced into the market because of an excessive 

upsurge in allergenicity towards cow's milk. Furthermore, the pervasiveness of 

hypercholesterolemia along with lactose intolerance are also important factors leading towards 

cow's milk replacement (Munekata et al., 2020). Therefore, plant-based milk products are 

frequently used by health-conscious consumers due to bioactive components of plants having 

health-boosting properties. But the nutritional value of this milk is not comparable with cow's milk. 

Contrasting to cow's milk, these plants' milk does not contain lactose and cholesterol. This milk 

contains additional calcium and vitamins. Moreover, cereals like oat, rice, spelled, etc., legumes 

like peanut, soy cowpea, nuts including coconut, hazelnut, almond, etc., and seeds comprising 

hemp, flax, sunflower, etc. are the most common source of plant-based beverages (Sethi et al., 

2016).  

Various ultra-high temperature (UHT) treatments are applied to plant-based milk to ensure the 

quality and safety of these products. The traditional high-temperature processing resulted in 

alteration of physicochemical properties by degradation of various useful compounds (Barba et 

al., 2013).  Hence, to overcome these problems alternative techniques like high pressure, 

ultrasound, and high hydrostatic pressure have been introduced. The scientific assessment of these 

advanced techniques has shown promising results not only in improving the shelf life but also in 

preserving its nutritional value (Munekata et al., 2020).  

A 2017 study (McCarthy et al., 2017) of North Carolina cow and plant milk consumers used a 

combined selection-based assessment to assess the relevance of certain product characteristics to 

cow's milk and plant milk. For cow's milk, the key features found was fat content (1-2% fat), pack 

size and label information (locally farmed). Further study by Kano, "The attractive traits for 

consumers of liquid milk (cow's milk) (n = 82) included milk that was completely natural, organic, 

reduced fat, and enriched with vitamins"(McCarthy et al., 2017). The vital characteristics of plant-

based milk was sugar concentration (naturally sweet), plant resource (almond), and pack size. Key 

principles for both groups of consumers were leading a healthy lifestyle and a balanced diet. All 

two groups of consumers mentioned taste (sweetness, creaminess, aftertaste) healthy nutrients, 

and, interestingly, lactose free as essential characteristics of the product, also the protein and 

calcium content in the product. Apart from the North Carolina study, other studies looked at soy 
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milk or soy products versus cow's milk. Palacios et al. observed that cow's milk is significantly 

better assessed in terms of taste and other sensory features than soy milk (Palacios et al., 2009). 

Variables such as gender, ethnicity, lactose intolerance and age had no effect. They obtained 

similar results in a complementary study involving children and adolescents. The least preferred 

alternative was soy milk without added flavor (Palacios et al., 2010). Villegas et al. conducted a 

comparable study on vanilla flavored soy milk, and cow's milk was considerably more favored 

than soy milk (Villegas, Carbonell and Costell, 2009). A study on Australian customers showed a 

better perception of cow's milk compared to soy milk for sensory values and accessibility. Cow's 

milk was observed as a good resource of nutrients with a decent taste. Adverse perception of cow's 

milk was associated with excessive levels of, fat, energy cholesterol value of whole milk (Bus and 

Worsley, 2003). Lea et al. (Lea, Crawford, and Worsley, 2005), observed nutritional and health 

benefits as vital factors for consumers of plant-based food. Even Though soy milk contains about 

10 times less calcium compared to cow's milk (Sousa and Bolanz, 2017), studies by McCarthy et 

al. (McCarthy et al., 2017) and Bus and Worsley (Bus and Worsley, 2003) stated that consumers 

perceive plant / soy milk as an important supply of calcium. A research in Switzerland examined 

45 plant-based dairy products (soybeans, coconuts, rice etc.) from major supermarkets in terms of 

nutrient content. It was discovered that substituting cow's milk with plant-based milk led to a 

decrease in the consumption of proteins, minerals, calcium some vitamins, and an increased 

consumption of salt (Sousa and Bolanz, 2017). A core group study with US consumers and non-

consumers of soy products retrieved that consumers switched to soy because of a lifestyle change 

(Schyver and Smith, 2005). Starting a vegetarian diet, lactose intolerance, and concern for the 

environment were important factors when consuming soy products. The good taste of these 

products led to continued consumption of soy foodstuffs. For non-consumers, soybeans had a poor 

product impression, were unfamiliar with soy products, described that the sense of taste of animal 

products was irreplaceable, and lacked knowledge about how the prepare and use soy products. 

Higher cost and less accessibility were the major barriers to use of soy products (Schyver and 

Smith, 2005). 
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2.1. Comparison of nutritional components among various milk 

The plant-based beverages have a varying composition as contrasted to cow's milk. The different 

production processes of plant-based milk resulted in a fluctuating amount of nutrients and sugars. 

The most used plant-based beverages are listed along with their nutritional values in table 2.  

 

 

Table 2.  Most common used Plant-based beverages along with their functional components.  

Milk 

Type 

Proteins 

(g) 

Lipids 

(g) 

Calories 

(g) 

Carbohydrates 

(kcal) 

Functional 

components 

References 

Cow’s 

Milk 

3.15 3.25 61 4.8 - (Gebhardt 

et al., 2004) 

Hemp 2 6 70 1 Omega 3-fatty 

acids 

(Sethi et al., 

2016) 

Soy 7 4 80 4 Isoflavones, 

Phytosterols 

(Omoni and 

Aluko, 

2005) 

Oat 2.5 4 80 - β-Glucan (Deswal et 

al., 2014) 

Almond 1 3 40 2 α-Tocopherol, 

Arabinose 

(Dhakal et 

al., 2014) 

Rice 1 2 130 27 Phytosterols (β-

sitosterol and γ-

oryzanol) 

(Pineli et 

al., 2015) 

Coconut <1 5 80 7 Lauric acid, 

Vitamin E 

(Seow and 

Gwee, 

1997) 

Quinoa 4.5 6 104 9 Manganese, 

Phosphorous 

(Pineli et 

al., 2015) 

Among these plant-based beverages, quinoa and soy milk have the highest protein content i.e., > 

4%, whereas rice has the highest carbohydrates and calories. The important functional components 
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of these products like β-glucan have a role in maintaining the insulin levels in the body (Welch, 

1995), phytosterols and isoflavones, helps to reduce the risks associated with cardiovascular 

diseases (Pineli et al., 2015), lignans reduce cholesterol levels in the body (Namiki, 2007), omega-

3 fatty acids also have a role in protection and development of immunity against heart diseases 

(Shahidi and Ambigaipalan, 2018).  

2.2. Various Techniques for Plant-Based Beverages Processing 

2.2.1. High-Hydrostatic-Pressure Processing 

High hydrostatics pressure (HHP) was first used in the 19th century for the conversion of starch 

into glucose. It uses the pressure of 100-800 MPa with or without the use of heat 

(Balasubramaniam et al., 2015). However, the use of pressure along with temperature causes 

various physical and chemical changes in the food. Hence, using HHP changes the important 

properties of milk such as protein resulting in reduced nutritional values (Dhakal et al., 2014).  

2.2.2. High-Pressure Homogenization 

High-pressure homogenization (HPH) is used to improve the stability of plant milk without 

affecting its nutritious values (Bernat et al., 2015). It uses the pressure of 200-600 MPa and also 

the temperature of 30-85oC. Although significant improvements have been made by using this 

technique regarding nutritious values of milk, however, further studies might optimize the 

processing conditions related to pant-based beverages.  

2.2.3. Other Innovative Techniques 

The application of ultrasonication in plant-based milk is not well understood, however, it is widely 

used for the homogenization of cow's milk (Jafari et al., 2007). The pulsed electric fields (PEF) is 

also used for inactivation of microorganism in food products without using heat. It has minimal 

effect on the nutritious values of the product (Barba et al., 2015).  

2.3. Problems Associated with Plant-Based Products 

2.3.1. Plant-Based Milk 

Plant-based milk is preferred usually over traditional dairy milk due to lactose intolerance but 

along with advantages there are disadvantages of using these plant-based milk products and these 

generally includes:  

 The cost of plant-based milk is generally more as compared to dairy milk. 
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 Plant-based milk is not as rich in protein as cow milk, so these provide lower proteins. 

 Plant-based milk also lacks other necessary nutrients such as calcium (Silva et al., 2020). 

Several types of plant-based milk include soy, almond, hemp, coconut, rice, oat, cashew but 

some problems caused by using these are given as under: 

Soy is the common allergen. Some people are soy intolerant or sensitive which results in bloating, 

abdominal pain, headache, or skin reactions (Patel and Volcheck, 2015). However, almond milk 

is low in protein, vitamin D and E. Almond milk has to be fortified with calcium, and Vitamin B2, 

B12, D, and E as a result most of the nutrients are lost while processing the milk (Roncero et al., 

2016). Furthermore, hemp milk has to be fortified with calcium and Vitamins D and E and is not 

widely used because of its earthy taste (Radočaj et al., 2014). Coconut milk has low calcium 

content an essential nutrient (Krans, 2017). Moreover, rice milk is low in calcium and protein, are 

usually fortified with calcium, vitamins B3, B12, and iron (Manfredi et al., 2017). The oat milk 

because of its earthy taste a lot of artificial flavors are added (Zhang et al., 2007). Concludingly, 

cashew milk is low in protein, fiber content (Mattison et al., 2018). 

2.3.2. PLANT-BASED DIETS 

There are downsides to a plant-based diet lifestyle, and these are to be considered. In plant-based 

diets, it is difficult to meet protein requirements because without consuming meat poultry fish 

products it becomes very tough to fulfill protein requirements. It is difficult to maintain Iron, 

calcium, and B12 nutrient levels in individuals following a plant-based diet (Silva et al., 2020). 

This diet requires an individual to change their eating habits. Changing diets can also lead to odd, 

side effect symptoms, such as cold (Silva et al., 2020). 

Although Plant-based products are using as an alternative to cow's milk, their safety, and 

nutritional composition are of great importance. Hence, various quality checks must apply to these 

plant-based products to ensure the quality of products. Hence in this research work, HACCP 

process is used for the quality control of hemp milk.  

3. Methodology  

3.1. Implementation of HACCP in milk 

The overall workflow of implementation is as follows.  
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Figure 2. The overall workflow of HACCP 

3.1.1. Create HACCP Team/ 

For the implementation of HACCP in the milk processing plant, the initial task was team creation. 

The team must have the knowledge and expertise to develop the required plan. The team must 

include all personnel including the person for production, sanitation, quality assurance, engineer, 

etc. All the members of the team must have clarity about their roles.  

3.1.2. Describe Product 

The description of the product is the second most important step in this process. Here the product 

is hemp milk. The HACCP team should make a complete description regarding ingredients, 

processing, packaging, etc. This description helps us to identify all the possible hazards linked 

with the product.  The hemp milk product has various advantages over traditionally used plant 

based dairy products. It looks a lot like the cow’s milk color, taste, and consistency. It is also safe 

product for those who exhibits soy allergy.  
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3.1.3. Identify proposed Use. 

The usage of the product is also defined i.e, its use by consumers, infants, elder people. The 

processed milk is more commonly used by baby food, tea, coffee, or cheese, etc. Additionally, the 

time frame within which it can be used is also defined.  

3.1.4. List all the Potential Hazards 

One of the most distinguishing features of the HACCP plan is a guarantee of the safety of the 

product both during and after the process. The shelf-life of the product is also improved by the 

HACCP plan and makes its consumption safe. The analysis of all related risk factors is conducted 

by the HACCP team. The possible hazards include unprocessed material, the ingredients, pre- and 

post-process operations including biological, chemical, and physical operations.  These hazards 

might evolve during the processing steps. Hemp milk is made from seeds of Cannabis sativa plant 

so potential hazard could arise during drying and curing process, where mold and bacteria can 

spoil the harvest plant, Other possible hazards are reported in Table 3.  

3.1.5. Determine CCPs. 

The most crucial step in the HACCP plan is the identification of CCPs (Table 3). The decision tree 

by Codex was used for detection for CCPs. The tree was flexible based on production, processing, 

storage, etc. Appropriate drying of the hemp flower will prevent contamination. Staff hygiene 

(gloves, protect clothing and hand washing technique). 

3.1.6. Establish a critical limit for CCP. 

The limit for each CCP was specified (Table 3). The limit represents the boundaries used for the 

judgment of operation i.e whether the product is safe and completing the quality criteria. The 

factors like time, product measurement, humidity level, temperature, water, etc must be kept in 

mind while setting the limit. The safety of the product is confirmed from these parameters.  

3.1.7. Establish a monitoring system. 

The monitoring process includes the overall assessment of the HACCP plan (Table 3). It checks 

whether the conditions of production are in line with the HACCP plan. The temperature, pH, 

moisture level, etc will be monitored on a weekly and monthly basis.  
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3.1.8. Documentation 

The monitoring procedure was recorded on documents for future use. Log drying times, product 

weight and lab tests for every batch. Using all those steps, we might continue to update the 

HACCP plans when encounter a newly identified hazard. The conceptual framework of a 

HACCP plan can help detect and solve problems. 

By application of this HACCP system to the Hemp seed milk, the quality must be improved 

(Tabeen et al., 2016).  

Table 3. HACCP system’s important factors  

List of hazards Critical points Proposed 

limits 

Monitoring System 

Risk of Diabetes Cooking, where 

food safety 

managers 

designate critical 

limits. 

Temperature In-line systems involve the taking of measurements 

during the process and may be either continuous, such 

as using an in-line thermometer or non-continuous for 

example by inserting a temperature probe into food. 

Stomach aches,  Reliability 

analysis for 

water treatment 

processes. 

Time,  Off-line systems involve the taking of samples for 

rapid testing for example to determine pH or using 

calibrated meters. 
Bloating,  pH,  

Inflammation of the 

digestive system 

Water 

activity or 

available 

chlorine 

 

4. Discussion  

Hemp seed is an emerging plant source and is widely used in food products because of its 

nutritional values. The demand for hemp seeds is rapidly increasing day by day. Even though a lot 

of research is carried out reading the significance of hemp milk, but the quality controls still need 

to be further explored. Hence, in this research work, the HACCP system is applied to hemp milk 
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products. The methodology is mentioned in the above section. The HACCP was applied to 

minimize the hazards. Based on hazards critical limits monitoring and corrective actions will also 

be performed. The CCPs will be also identified to answer the questions logically. HACCP plan is 

not just for preventing contamination, but for protecting worker safety as well. 

Milk quality controls include various quality tests that make sure about the purity as well chemical 

composition of milk products. In this research work, the use of HACCP for maintaining the quality 

of hemp milk might be fruitful for its nutritious values. HACCP system has been recognized and 

accepted internationally for effective food safety management. Therefore, the application of this 

system for Hemp milk improves the quality of the milk by controlling critical points. The reduction 

in CCP number will ensure the safety of the product and consumers as well. The system includes 

the actions used for the prevention of bacterial, microbial, and any kind of dangers (physical, 

chemical) linked with various stages of the food chain. Many renowned milk manufacturing 

industries have applied the HACCP system for attaining a better quality of products. Hence, we 

can control the quality as well as safety of the product by applying this HACCP system.  

Whether growing, harvesting, extracting, or pouring cannabis into edible products, it's important 

to commit to proactive risk management measures, which include a HACCP plan developed by 

the company's safety team. The HACCP plan provides effective procedures to protect consumers 

from the risks associated with the production and distribution of cannabis products - including 

biological, chemical, and physical risks. In the absence of federal market regulations, companies 

are advised to adopt these best practices to reduce the severity and likelihood of food safety 

violations. 
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