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Introduction:  

The global food supply is continually changing to meet the needs of consumers who differ by 

community. For decades, lowering the fat content of certain foods has been a goal, either to 

minimise total fat intake or to avoid certain kinds of fats. Saturated fats are unhealthy and 

consuming too much can increase risk of coronary heart disease through high cholesterol levels.  

Similarly, the primary advantage of reducing salt consumption aids in decreasing high blood 

pressure hence also influencing the study. (McSweeney, Fox, Cotter and Everett, 2017) 

There is a broad need for the food industry to develop innovative and novel formulations 

especially with consumers and game players within the food industry who are concerned with 

sustainability and ethical issues. The increasing demand for plant-based alternatives for cheeses 

has led to research into methods for producing plant-based cheeses that have the same taste, 

texture and functionality as full fat versions of the corresponding cheese. With plant-based 

cheeses a good nutritional profile is often hard to achieve if focusing on flavour or function 

attributes therefore this brings about research into ingredients which provide a cheesy profile 

without being detrimental to the finished formulation. Flavour enhancing ingredients tested 

within the study include lemon juice, apple cider vinegar, garlic, miso paste, tahini and 

nutritional yeast. With constant efforts being made worldwide and nationally nutritional 

requirements for food and drink in schools has recently come into force in Scotland. A balanced 

diet is necessary for good health and draws importance upon the need for children and young 

people to be given a strong basis for developing healthy eating habits. These new school 

compliant regulations have resulted in a need for companies to reformulate current items 

available to more healthier alternatives. (The Nutritional Requirements for Food and Drink in 

Schools (Scotland) Regulations 2020, 2021) (Healthy eating in schools: guidance 2020 - gov.scot, 
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2021) One such company is Pizza Hut, this family restaurant, it is the perfect company to work 

with in the reformulating of a pizza product for nutritional. Pizza Hut is a restaurant pizza chain 

and worldwide franchise established in America in 1958. In 1973 the first pizza hut restaurant 

was opened employing over 10,000 staff and spreading 260 restaurants in the United Kingdom. 

Cheese production is the most popular manufactured commodity from milk, in 2018 4438 

million litres of milk was processed into cheese. Fresh semi soft cheese in comparison to other 

cheeses is eaten fresh and isn’t left to age which for other cheese creates flavour development. 

Traditional mozzarella as found in Italy is made from buffalo milk. There are a number of steps 

involved in the mozzarella making process as can be seen in figure 1 below. 
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Figure 1 - Mozzarella Cheese Making Process. Adapted from (AH and Tagalpallewar, 2017) 

(Gulzar et al., 2020) 

 

 

 

The type of mozzarella used for inclusion on pizza and at all UK Pizza Huts is low-moisture 

mozzarella, this type has a slightly different process including higher pasteurisation temperatures 

as well as cutting the curds into smaller pieces resulting in higher whey being released, and more 
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continuous stirring all contribute to the production of LMMC. This type of mozzarella has higher 

melting, stretching and browning capabilities. (AH and Tagalpallewar, 2017) 

 During the acidification process the mozzarella is soured for longer and then dried out also 

contributing to a lower moisture content which allows for a saltier flavour and also long shelf 

life. Pizza Hut also have an extensive range of vegan products on offer. The company currently 

uses Violife vegan cheese, a plant-based alternative to real mozzarella. (Pizza Hut, 2021) This 

product is allergen free which allows for its inclusion as part of gluten free formulations also 

meaning it is suitable for inclusion for coeliac sufferers and those who suffer from a lactose 

allergy. Due to specification for inclusion as part of a reformulated pizza product there will be an 

aim to minimise allergen content within the formulations as a way of promoting healthy eating 

with no barriers. Upon further research into nutritional breakdown of existing products it was 

discovered that the current vegan cheese in use although allergen free contains 24g of fat, 22g of 

which are saturated fat as can be seen in figure 2 below. This brings about the want to find a 

healthier alternative which not only is more nutritionally viable but also successful in recreating 

the textural and functional properties of pizza mozzarella. Coconut oil, coconut milk, cashew 

nuts, sunflower seeds, tofu and soy yogurt are among ingredients which will be tested as part of 

formulations in an effort to reduce saturated fat content. 
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Figure 2 - Nutritional Declaration Violife Mozzarella 

 

There is a broad need for the food industry to develop innovative novel formulations. There are 

numerous opportunities within this industry ranging including the opportunity within the free 

from section. In particular with plant-based cheeses due to a lack of animal proteins certain 

functional attributes are often missing. With real cheese as the temperature increases, the solid 

fats start to liquefy, as the cheese softens melted fat begins to rise to the surface. The bonds 

within the casein proteins dissolve as the cheese heats up causing the cheese to melt. Certain 

hydrocolloids such as Xanthan Gum are used for its ability to improve melting properties within 

the reduced-fat dairy industry. (Gulzar et al., 2020) There is potentiality in hydrocolloid 

inclusion for improvement in textural composition hence, psyllium husk, agar, tapioca starch and 

xanthan gum will be investigated throughout the study to identify which are most suitable for 

creating a plant-based cheese with melting, stretching, elasticity and browning qualities similar 

to mozzarella. (Maiti and Jana, 2019) 

 Shredability of formulation is also of importance as it relates to the physical attributes as well as 

the shape and integrity of the shreds used for pizza making hence varying concentrations of agar 

and psyllium husk will be tested to understand their effect of shredability.  
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The aims of the study include the nutritional enhancement of a vegan alternative to mozzarella 

for inclusion in the reformulation of a pizza product, to develop a more acceptable texturally and 

functional vegan alternative, and, to develop a vegan alternative which has flavour attributes 

similar to pizza cheese. 

 

Methods: 

All tests were conducted from home due COVID hence all formulations will be made using basic 

kitchen equipment. 

The aim of the initial screening test was to trial out different formulations and ingredients which 

when combined created a product which was able to be grated and used in a similar manner to 

that of low moisture mozzarella. This screening test was also essential in identifying which 

ingredients work cohesively to ensure a good flavour basis. Ingredients and their varying 

amounts used in formulations 1-6 can be seen in figure 3 below. 

 

Ingredients Formulations 

1 2 3 4 5 6 

Agar Powder   4g 4g 8g 8g   

Apple Cider Vinegar     21g       

Aquafaba     160g       

Cashew Nuts 80g 60g         

Coconut Milk       385g     

Coconut Oil 55g 27g 80g   72g   
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Garlic Powder   1.5g 1.5g 1.5g   1.5g 

Lemon Juice 7g 10.5g         

Miso Paste     5g     20g 

Non-Dairy Coconut Yogurt         125g   

Nutritional Yeast 11g   11g 22g   11g 

Psyllium Husk 3g           

Salt 3g 3g   7.5g 6g 3g 

Silken Tofu           62g 

Soy Milk   90g       245g 

Sunflower Seeds     50g       

Tahini   2.5g 5g       

Tapioca Starch  10g   10g 25g 15g 30g 

Water  120g 220g   120g 60g   

Xanthan Gum         0.5g   

Figure 3 - Formulation ratio Pilot Test 

The process involved in creating formulations 1, 2, 3,4 and 6 were the same as used in the main 

method a full method with pictures can be found below figure 10 – figure 18. 

This pilot study was essential in informing the development of the final protocol used in the 

experimental study. Following this, certain formulations were excluded, and others were 

reformulated, and processes modified to create different formulations. Nutritional analyses and 

sensory analyses were conducted on the viable concepts. The products of these formulations 

were reformulated, and processes modified to create different formulations and more 

nutritionally acceptable products. 
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Nutritional analysis was conducted on the viable concepts through use of a standard nutritional 

spreadsheet calculator.  

Figure 4 below shows ingredient usage and concentrations of ingredient usage within 

formulations A-N. 

  Formulations 

Ingredients A  C  D  E  F  H I L M N  

Agar Powder   4g 4g 6g 4g 8g 8g 10g 10g 10g 

Apple Cider 

Vinegar   21g 21g 21g 21g 14g 28g 14g 14g 14g 

Aquafaba         160g   160g       

Cashew Nuts 80g 60g                 

Coconut Oil 55g 27g 27g 27g 80g 70g 40g     35g 

Garlic Powder   1.5g  1.5g 1.5g 1.5g   3g 3g 3g 3g 

Lemon Juice 7g                   

Miso Paste   2.5g 5g 5g 5g 20g 20g   10g   

Nutritional Yeast 11g 11g   11g 11g 22g 22g 11g 11g 11g 

Psyllium Husk 3g         6g   6g 6g 6g 

Salt 3g 1.5g                  

Soy Milk   90g 90g 90g             

Sunflower Seeds     60g 60g 50g 75g 100g 75g 75g 75g 

Tahini   2.5g 5g 5g 5g           

Tapioca Starch  10g 10g   10g 10g 30g 20g 30g 30g 30g 

Water  120g 220g 220g 220g   300g   300g 300g 300g 
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Figure 4 - Formulation Ratio A-N 

The method for total product generation was split into different processes, pizza dough making, 

cheese making, passata making and pizza cooking. 

Initially during the screening test of formulations 1-6 a copycat basic thin dough pizza recipe 

was used. 

   

Figure 5 - Proofed Pizza Dough  Figure 6 - Pizza Dough pre second proof 

Following obtaining Individual thin pizza disks from the partner company Pizza Hut these were 

then used in the test of formulations A-N. In an attempt ensure standardisation. The thin 

individual base used allowed for standardisation within the products tested with only the cheese 

component changing with each test as can be seen in figure 7.  Pizza dough was thawed 

overnight in the fridge for 10-12 hrs. The thawed dough was flattened slightly figure 8, then 

stretched out in a rotating motion as evenly as possible. Figure 9 below indicates pizza base 

ready for assembling.  
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Figure 7 Individual Frozen Thin Dough 

   

Figure 8 - Thawed Pizza Dough pre-pushing 

  

Figure 9 - Pushed pizza dough ready for toppings 
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The cheese making process involved the modification and reformulation of formulations. The 

method for each formulation was the same. A variety of ingredients were used in varying 

concentrations to create cheese like flavour and texture when cooked in the oven. Formulation 

ratios for formulations A-N can be found in figure 4. The protein component within the 

formulations required soaking in boiling water for 20 minutes. The protein content and liquid 

were blended together using a high-speed blender. Psyllium husk component within formulations 

was required to be saturated with water to form a gel. All ingredients were blended together to 

ensure a smooth mixture. See figure 10 to figure 13 below. 

     

Figure 10 - Softening Sunflower Seeds Figure 11 - Sunflower seeds and liquid blending 

     

Figure 12 - Psyllium Husk and water slurry    Figure 13 - Vegan cheese sauce precooking 
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Agar was heated in water at a high temperature, the cheese mixture then added to the agar 

mixture. This mixture was then heated together till thickened and more similar to that of a thick 

cheese sauce. See figure 14 – figure 17 below. 

     

Figure 14 - Agar Activation Process    Figure 15 - Addition of cheese sauce 

to Agar 

      

Figure 16 - Rigorous mixing of cheese mixture   Figure 17 - Cheese mixture 

ready to set 
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The cheese mixture was set in a mold lined with clingfilm to ensure ease in removal and no 

product loss. Cheese was then allowed to cool at room temperature and then stored in the fridge 

for use later. See figure 18. 

 

Figure 18 - Cheese set in mould 

Passata sauce was comprised of tomato concentrate and water in a ratio of 1:2. 

 

Figure 19 - Pizza base sauced 

 

The pizzas were cooked on a standard pizza baking tray at 220°C for 12 minutes rotating 90°C 

every 4 minutes in an attempt to standardise the cooking process.  
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Figure 20 - Prebaking and Post baking pizza 

 

Due to covid-19 restrictions the sample number was limited to 2 panelists from the same 

household. Participant consent was identified through use of a standard consent form. 

 

To ensure distinction when testing various formulations clean cut lines were used to separate the 

pizzas into quarters as can be seen in figure 21 and 22. 
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Figure 21- Pizza Separating for Cheese placement 

    

 

Figure 22 - Example of reformulated pizza product for testing 

 

In conjunction to nutritional analysis, sensory analysis was also used within the study to examine 

acceptability in comparison to the already existing products available at Pizza Hut. Hedonic 

sensory testing methods were used to obtain results allowing to collate to results surrounding 

consumer acceptability of the developed formulations. Sensory test templates used throughout 

the testing process can be seen in figure 23 and figure 24.  
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Score 

Sample Code 

1 2 3 

(9) Like extremely       

(8) Like very much       

(7) Like moderately       

(6) Like slightly       

(5) Neither like nor dislike       

(4) Dislike slightly       

(3) Dislike moderately       

(2) Dislike very much       

(1) Dislike extremely       

Figure 23 - Hedonic Sensory Test Template 

 

  

Sensory Attribute 

Cheesy Acidic Rancid Salty Creamy 

Formulation 

X           

Comments 

______________________________________________________________

_ 

 

______________________________________________________________ 
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Sensory 

Descriptors 

Cheesy – 

Intensity of 

cheese 

flavour 

Acidic – How 

acidic does 

the sample 

taste 

Rancid – How 

soapy does the 

formulation taste 

Salty – 

Intensity of 

saltiness 

        

Creamy – 

Intensity 

of sugar 

taste 

Figure 24 - Descriptive Sensory Test Template 

The methods of sensory testing used allows for a comparison between samples as well as 

identifying strengths and weaknesses withing the formulations whilst gaining an understanding 

of preference from a sensory perspective.  

 

Due to the product specification regarding creating functions and texture similar to that of low 

moisture cheese when comparison tests were conducted the [constant] used throughout the tests 

were made to low moisture mozzarella.  

 

Results:  

 

Results of the screening test including formulations 1-6 are as follows.  
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Figure 25 - Formulation 1 

Formulation 1 was a psyllium husk based cashew cheese set in a mold 

 

 

Figure 26 - Formulation 2 

Formulation 2 was an agar based cashew cheese set in a mold 
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Figure 27 - Formulation 3 

Formulation 3 was an agar based sunflower and aquafaba cheese set in a mold 

 

 

Figure 28 - Formulation 4 

Formulation 4 was and agar and tapioca based coconut milk cheese set in a mold 
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Figure 29 - Formulation 5 

Formulation 5 was agar and xanthan gum based coconut soy yogurt cheese stored in brine  

 

 

Figure 30 - Formulation 6 

Formulation 6 was a tapioca based tofu cheese set in brine. 

 

Following the initial pilot test all ingredients used in formulations were added to the base 

spreadsheet with full nutritional data, details of which can be found in figure 31.  

 

 Nutritional Information 

  Protein CHO Fat Fibre  Alcohol Sodium 
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Ingredient 

Name 

 

total 

of 

which 

sugars total saturates monounsat polyunsat 

 

 

 

Agar 

Powder 0.5 6.6 0.3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 

Apple 

Cider 

Vinegar 0.5 0.1 0.1 0.5 0.1 0.0 0.0 0.5 0.0 0.1 

Aquafaba 1.0 2.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 

Cashew 

Nuts 17.7 18.1 4.6 48.2 9.5 27.8 8.8 3.2 0.0 0.1 

Coconut 

Milk 1.0 1.6 1.6 15.0 12.0 0.0 0.0 2.2 0.0 0.06 

Coconut 

Oil 0.0 0.0 0.0 99.9 86.5 6.0 1.5 0.0 0.0 0.5 

Garlic 

Powder 16.6 72.7 2.4 0.7 0.2 0.1 0.2 9.0 0.0 0.15 

Lemon 

Juice 0.4 6.9 2.5 0.2 0.0 0.0 0.0 0.3 0.0 0.01 

Miso Paste 4.6 9.7 7.5 2.5 0.5 0.0 0.0 4.4 0.0 6.2 

Non-Dairy 

Coconut 

Yogurt 3.9 2.3 2.1 3.0 1.1 0.0 0.0 0.8 0.0 0.32 
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Nutritional 

Yeast 51.0 13.0 0.1 3.7 0.5 0.0 0.0 22.0 0.0 14.4 

Psyllium 

Husk 0.9 0.2 0.2 0.6 0.0 0.0 0.0 85.0 0.0 0.0 

Salt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 99.9 

Silken 

Tofu 4.8 2.9 1.3 2.7 0.4 0.5 1.6 0.1 0.0 0.013 

Soy Milk 2.4 0.5 0.2 1.6 0.2 0.3 1.1 0.2 0.0 0.0 

Sunflower 

Seeds 19.8 18.6 1.7 47.5 6.6 10.7 28.2 6.0 0.0 0.1 

Tahini 18.5 0.9 0.4 58.9 8.4 22.0 25.8 8.0 0.0 0.1 

Tapioca 

Starch  6.7 62.2 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 

Water  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Xanthan 

Gum 0.0 88.2 0.0 0.0 0.0 0.0 0.0 88.2 0.0 4.63 

Figure 31 - Nutritional Breakdown of Ingredients 

 

The table below shows the results of the nutritional analysis conducted on viable formulations A, 

F, H, I, L, M and N. Figure 32 shows a comparison between formulations and mozzarella, 

highlighted in yellow.  And figure 34 shows the comparison against Violife mozzarella shreds 

which is the current vegan alternative available at Pizza Hut.  
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Green indicates a better nutritional content in comparison to the control whereas orange 

highlights a worse nutritional content in comparison to the control. The discussion will be 

influenced by the highlighted nutrients below.  

 

Nutrient per 100g 

Formulations 

A F H I L M N Mozzarella 

Energy KJ 1487 1379 1321 1410 813 799 1100 1320 

Energy Kcalories 355 330 316 337 194 191 263 317 

Fat (g) 32.5 31 27 29.2 12.1 11.8 20.7 22.5 

Of Which Saturates (g) 19.1 21 16.6 17.2 1.7 1.6 10.3 14.5 

Of Which Mono-

unsaturates (g) 8.8 3.2 3.1 3.5 2.7 2.6 2.9 5.8 

Of Which Poly-

unsaturates (g) 2.7 4.8 5.6 6.6 7.1 6.8 6.3 0.5 

Carbohydrate (g) 7.8 6.7 9.6 9.8 12.3 12.3 11 7.1 

Of Which Sugars (g) 1.3 0.3 0.7 0.8 0.5 0.7 0.6 1.9 

Fibre (g) 2.7 1.8 4.1 2.8 4.4 4.4 3.9 <0.5 

Protein (g) 7.1 5.5 7.4 8 7.7 7.6 6.9 21.4 

Salt (g) 5.51 1.61 3.06 2.88 1.4 1.86 1.8 1.46 

Figure 32 - Nutritional Analysis: Mozzarella vs Formulations 

Formulations A, F, H and I have a total fat content (and sat fat) is higher than control. 

Formulations L, M and N have an overall lover total fat content (and sat fat) than control. 

Formulation A has a higher monounsaturated fat content in comparison to formulations F, H, I, 
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L, M and N. All formulations had a lower sugar content than control. All formulations had a 

higher fibre content than control. All formulations had a higher salt content in comparison to the 

control bar Formulation L. 

 

 

%age reductions: formulations vs Mozzarella 

 

L M N 

    
Total Fat Reduction 53.78% 47.56% 8% 

    
Saturated Fat 

Reduction 88.28% 88.97% 28.97% 

    

 

L 

      
Salt Reduction 4.11% 

      

 

A F H I L M N 

Sugar Reduction 31.58% 84.21% 63.16% 57.89% 

73.68

% 63.16% 

68.42

% 

 

%age increases: formulation vs 

Mozzarella 

   

 

A 

      
Monounsat Fat 

Increase 51.72% 

      

 

A F H I L M N 

Fibre Increase 440% 260% 720% 460% 780% 780% 680% 

Figure 33 - Percentage Increase and Decrease of Specific Nutrients Mozzarella 
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Nutrient per 100g 

Formulations 

A F H I L M N Violife 

Energy KJ 1487 1379 1321 1410 813 799 1100 1247 

Energy Kcalories 355 330 316 337 194 191 263 298 

Fat (g) 32.5 31 27 29.2 12.1 11.8 20.7 24 

Of Which Saturates (g) 19.1 21 16.6 17.2 1.7 1.6 10.3 22 

Of Which Mono-

unsaturates (g)                                                        

8.8 3.2 3.1 3.5 2.7 2.6 2.9 

n/a 

Of Which Poly-

unsaturates (g)                                                        

2.7 4.8 5.6 6.6 7.1 6.8 6.3 

n/a 

Carbohydrate (g) 7.8 6.7 9.6 9.8 12.3 12.3 11 21 

Of Which Sugars (g) 1.3 0.3 0.7 0.8 0.5 0.7 0.6 0 

Fibre (g) 2.7 1.8 4.1 2.8 4.4 4.4 3.9 0 

Protein (g) 7.1 5.5 7.4 8 7.7 7.6 6.9 0 

Salt (g)  5.51 1.61 3.06 2.88 1.4 1.86 1.8 1.7 

Figure 34 - Nutritional Analysis: Violife vs Formulations 

Formulations A, F, H and I have an overall higher total fat content than the control. Formulations 

L, M and N have a lower total fat content compared to the control. All formulations have a lower 

saturated fat content in comparison to the control. All formulations have a higher 

monounsaturated and polyunsaturated fat content than the control. All formulations have a 

higher fibre content than the control. All formulations have a higher protein content than control. 

Formulations A, H, I, M and N have a higher salt content than the control. Formulations F and L 

have a lower salt content than formulations. 



 28  

 

 

%age reductions: formulations vs Violife 

 

L M N 

    

Total Fat Reduction 

49.58

% 

50.83

% 

13.75

% 

    

 

A F H I L M N 

Saturated Fat 

Reduction 

13.18

% 4.55% 

24.55

% 

21.82

% 

92.27

% 

92.72

% 

53.18

% 

 

F L 

     

Salt Reduction 5.29% 

17.65

% 

     

 

%age increases: formulations vs Violfie 

 

A F H I L M N 

Monounsat Fat Increase 880% 320% 310% 350% 270% 260% 290% 

Polyunsat Fat Increase 270% 480% 560% 660% 710% 680% 630% 

Protein Increase 710% 550% 740% 800% 770% 760% 690% 

Fibre Increase 270% 180% 410% 280% 440% 440% 390% 

Figure 35 - Percentage Increase and Decrease of Specific Nutrients Violife 

Figure 36 below shows formulations A-N and the varying concentrations of ingredients used.  

Ingredient functionality and its specificity in each formulation will be discussed further. 

 

 

 Formulations 

Key 
*indicates relating to nutrition 
**indicates relating to formulation/functionality 
***indicates flavour 
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Ingredients A C D E F H I L M N 

Agar Powder **  4 4 6 4 8 8 10 10 10 

Apple Cider Vinegar ***  21 21 21 21 14 28 14 14 14 

Aquafaba **     160  160    

Cashew Nuts * 80 60         

Coconut Oil ** 55 27 27 27 80 70 40   35 

Garlic Powder ***  1.5 1.5 1.5 1.5  3 3 3 3 

Lemon Juice *** 7          

Miso Paste ***  2.5 5 5 5 20 20  10  

Nutritional Yeast *** 11 11  11 11 22 22 11 11 11 

Psyllium Husk ** 3     6  6 6 6 

Salt *** 3 1.5         

Soy Milk **  90 90 90       

Sunflower Seeds *   60 60 50 75 100 75 75 75 

Tahini ***  2.5 5 5 5      

Tapioca Starch ** 10 10  10 10 30 20 30 30 30 

Water ** 120 220 220 220  300  300 300 300 

Figure 36 - Functionality and Ingredients within Formulations 

  

  

Results from the screening test can be seen in the figure 37 below. 

 

Score Sample Code 
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A  C  D  E  F  H I L M N  

Cheesy 3 4 3 5 7 9 7 7 7 8 

Acidic 3 0 0 0 0 0 0  0 0 0 

Rancid 0 0 0 0 0 0 0 0 0 0 

Salty 5 3 4 4 6 6 5 4 1 2 

Creamy 6 6 7  7 9 8 6 3 3 7 

Meltability 3 4 2 4 9 9 8 2 2 6 

Oiliness 2 4 4 4 7 6 6 0 0 4 

Edge Browning 4 2 2 2 3 9 7 1 2 6 

Overall Likeness 5 7 5 6 8 9 8 8 7 9 

Shredability 2 4 4 4 2 5 5 6 7 7 

Figure 37 - Sensory Test Results: Screening Test 

 

 

Figure 38 - Hedonic Star Profile: Overall Likeness 
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Formulations H and N were most sensory acceptable as they both ranked the highest for overall 

likeness on the final pizza product.   

 

 

Figure 39 - Hedonic Star Profile: Cheesiness of Formulations 

Formulation H had the highest cheese flavour with formulation N following it. Formulations A 

and D had the least cheese flavour from samples tested. 

 

 

Figure 40 - Hedonic Star Profile: Creaminess of Formulations 
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Formulation F was ranked highest for creaminess followed by formulation H. The least creamy 

formulations were M and N 

 

 

Figure 41 - Hedonic Star Profile: Saltiness of Formulations 

 Formulations F and H had the highest salt intensity out of all tested formulations. 

 

 

Discussion:  

 

Formulation 1 uses psyllium husk as a setting agent for the cheese this soluble fibre has the 

ability to absorb liquid swelling to form a gel. This cheese although set in the mould was difficult 

to grate, resulting in the slicing the cheese. This formulation was able to be spread when pressure 

was applied creating a similar consistency to that of cream cheese. Formulations 2, 3 and 4 all 

used agar as the main setting ingredient. It was decided from the start opting to choose agar 

powder opposed to agar flakes or strips. This attempt at standardising allows the agar 

1
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9
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measurement to be as reliable as possible. This is due to small increases or decreases in agar 

quantity affecting the final outcome. Formulation 2 used cashew nuts as the main ingredient to 

create a smooth cheese, the overall results for this formulation were liked and hence would go on 

to be reformulated. This formulation lacked the inclusion of tapioca starch which from [pic 

above] shows an overall rougher texture in comparison to the other formulations bar formulation 

1 which was psyllium husk containing. Formulation 3 included aquafaba as the liquid component 

within the cheese. When sunflower seeds were blended with the aquafaba it created a smooth 

mixture which was desirable resulting a smooth set cheese product. Formulation 4 contained 

coconut milk as the main ingredient. This ingredient choice was discarded due to the flavour of 

the cheese. The use of coconut milk although creating a smooth creamy texture created strong 

coconut undertones which was undesirable in the flavour of the cheese. Similarly, following the 

discard of coconut milk due to its flavour addition, refined coconut oil was used in all 

formulations opposed to unrefined coconut oil with the aim of creating a neutral flavoured vegan 

cheese with no coconut aroma. The process involved in formulation 5 was lengthier in 

comparison to the other formulations in the screening test due to the need to culture the recipe. 

This meant the cheese making process was extended by 24 hours. Figure 42 shows coconut oil 

and soy yogurt left to culture. The starter culture created a sour and tangy flavour which is 

associated with the typical flavour of cheese.  
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Figure 42 - Formulation 5: Starter Culture 

Formulation 5 incorporated xanthan gum within the formulation. This hydrocolloid acts as a 

thickener and stabilises the mixture. This is due to xanthan gum’s ability to stabilise water-based 

and oil-based systems preventing the mixture from splitting. (Maiti and Jana, 2019) 

Formulations 5 and 6 did not great well and rather than recreating the typical low moisture 

mozzarella used for pizzas the formulations when set were similar to that of real mozzarella. This 

could also be attributed to the fact that the cheese balls created were set in brine comprised of 

salt ice water. Although having the capability to melt well and spread when heated they were 

difficult to use functionally as pizza cheese and hence were not developed further. 

 

Figure 43 shows a compiled table of nutritional analysis on formulations A, F, H, I, L, M and N 

in comparison between formulations and mozzarella and Violife mozzarella shreds. 

All formulations have a protein percentage increase over 500 in comparison to the Violife 

control which has 0g of protein. Full percentage increases and decrease values can be seen in 

figure 35. Protein high ingredients such as cashew nuts and sunflower seeds were used to attain a 

more nutritionally providing plant-based cheese.  Proteins are an essential nutrient required for 

growth and development due to their make-up of amino acids which act as building blocks 

within the body aiding in muscular repair and growth. Mozzarella cheese is a naturally low 
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sodium cheese, in comparison to the mozzarella control all tested formulations contained more 

salt. Whereas, formulations F and L had lower salt content in comparison to Violife. Added salt 

was excluded from formulations in an effort to reduce overall salt content following formulation 

A having 5.51g of salt per 100g. It is possible that other ingredients like miso paste and 

nutritional yeast could contribute to a high salt content in formulations F-N. 

 

  Mozzarella Violife A F H I L M N 

Total Fat 22.5g 24g 32.5g 26.8g 27g 29.2g 11.8g 11.5g 20.2g 

Saturated Fat 14.5g 22g 19.1g 18.2g 16.6g 17.2g 1.6g 1.6g 10g 

Monounsaturated 

Fat 5.8g n/a 8.8g 2.8g 3.1g 3.5g 2.5g 2.5g 2.9g 

Polyunsaturated Fat 0.5g n/a 2.7g 4.1g 5.6g 6.6g 6.6g 6.6g 6.1g 

  Mozzarella Violife A F H I L M N 

Protein 21.4g 0g 7.1g 4.9g 7.4g 8.0g 7.7g 7.6g 6.9g 

  Mozzarella Violife A F H I L M N 

Salt 1.46g 1.76g 5.51g 1.42g 3.06g 2.88g 1.40g 1.86g 1.80g 

Figure 43 - Nutrition of Formulations vs Mozzarella and Violife 

Overall, the most nutritionally viable concept is formulation L. This formulation contained a 

53.78% total fat reduction in comparison to mozzarella and a 49.58% total fat reduction from 

Violife. This could be attributed to the exclusion of coconut oil which is mostly comprised of 

saturated fats. Following this formulation M is the next most nutritionally viable concept. Both 

formulations L and M are more nutritionally acceptable than mozzarella and Violife cheeses in 

terms of total fat content. The inclusion of sunflower seeds within these formulations has 
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resulted in a high protein content as well as high monounsaturated and polyunsaturated fat 

content. As these formulations are high in unsaturated fats their inclusion as part of a 

nutritionally reformulated pizza products encourages reducing the risk of stroke and coronary 

heart disease. [ref]  

 

Nutrient per 100g Formulation L Formulation M Mozzarella Violife 

 
Energy KJ 813 799 1320 1247 

 
Energy Kcalories 194 191 317 298 

 
Fat (g) 12.1 11.8 22.5 24 

 
Of Which Saturates (g) 1.7 1.6 14.5 22 

 
Of Which Mono-unsaturates 

(g) 2.7 2.6 5.8 n/a 

 
Of Which Poly-unsaturates 

(g) 7.1 6.8 0.5 n/a 

 
Carbohydrate (g) 12.3 12.3 7.1 21 

 
Of Which Sugars (g) 0.5 0.7 1.9 0 

 
Fibre (g) 4.4 4.4 <0.5 0 

 
Protein (g) 7.7 7.6 21.4 0 

 
Salt (g) 1.4 1.86 1.46 1.7 

 
Figure 44 - Formulation L and M vs Mozzarella and Violife 

 

Shredability allows for ease in preparation ensuring that the amount of product used in the 

formulation is equally spread and even. Secondly having a vegan cheese formulation which is 
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highly shredable allows for ease in preparation for company use. As can be seen from the table in 

figure 45, as agar concentration increases shredability of formulation also increases. Agar was 

used in all formulations except formulation A, which had a shredability of two resulting a semi-

set cheese which was difficult to grate.  

 

 

 

Figure 45 - Shredability of Formulations vs Agar Concentration 

 

It was noticed during preparation that agar required activation. This process involved allowing 

the agar powder to fully dissolve in the mixture and then boiling it for 5 minutes. To ensure 

dissolution the formulation needs to set at room temperature. There is the possibility that some 

formulations failed to set due to low pH levels. As tests were conducted from home and there 

was not a rigorous test for pH conducted throughout the cheese making process it could be a 

confounding factor as to why formulations A, C, E and F were poorly set. 
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Figure 46 - Formulation H and I pre-baking 

The picture above shows formulations H and I pre-baking. Due to these formulations not setting 

well the cheeses were put in the freezer for 2 hours in an attempt to allow for easier grating 

which helped with pizza production. 

Formulation A contains solely psyllium husk as a setting agent. The use of this soluble fibre 

resulted in a stretchy cheese however unfunctional for use on pizza due to inability to grate the 

formulation. Psyllium husk was excluded as a setting agent however was later reintroduced as 

part of Formulations L-N as it contributed to a fibrous and stringy texture similar to real 

mozzarella. Inclusion of psyllium husk within formulations also contributes to a higher 

nutritional fibre content.  (Galanakis, 2019.) 

 Diets high in fibre prevent snacking due to satiety promoting healthy eating habits within school 

children. Tapioca starch was a functional ingredient utilised within the formulations due to its 

high viscosity and binding abilities. Tapioca starch contains large granules which swell easily 

due to a low molecular bonding. The amylose linear structure in tapioca starch allows for more 

hydrogen bonding to occur producing a gel like substance. All formulations bar D used tapioca 

starch, this could contribute to the low meltability of formulation D. Tapioca starch was also 
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experimented at varying concentrations at 10g, 20g and 30g. The inclusion of this particular 

starch assisted in created formulations which had higher melting abilities. However, the inclusion 

of coconut oil most definitely had an effect on the meltability of formulations as part of the 

reformulated pizza product. All formulations contained refined coconut oil except formulation L 

and M. Although removing this ingredient considerably improved the nutritional composition it 

resulted in less melting abilities in comparison to coconut oil containing formulations. Both L 

and M visibly did not melt during the cooking process as can be seen in figure 47. Therefore, 

coconut oil was required as part of a plant-based cheese alternative as it allows the cheese shreds 

to melt upon heating. Throughout the testing process coconut oil was used in varying 

concentrations to further understand its functionality within formulations. 

 

 

Figure 47 - Formulation L and N post baking 

Lemon juice was trialed as part of the formulation due to its potential to create sour undertones 

as desired in cheese. However, results from sensory analysis show that inclusion of lemon juice 

created an acidity which was not liked. Following this apple cider vinegar was tested within the 
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formulations. Sensory results so formulations containing apple cider vinegar had a higher 

cheesier rating and lower acidity rating in comparison to formulation A. Numerous ingredients 

were combined in varying concentrations to enhance cheese flavour, one such ingredient was 

tahini. This ingredient was discarded due to sesame allergy sufferers to ensure efforts to create an 

allergen free formulation. Miso paste was also used within all formulations bar formulation A, L 

and N as a salt replacer. Results from sensory analysis showed that saltiness increases cheesy 

flavour which was desired. However, due to miso paste being soybean containing was rationale 

for excluding it from later formulations. This is also attributed to results from sensory testing 

showing that overall likeness did not seem to be affected by this absence sodium. This could be 

potentially due to the inclusion of garlic powder in later formulations at higher concentrations. 

The garlic powder helps imitate a desired cheesy flavour. Similarly using nutritional yeast within 

the formulation was effective in contributing to a cheesy flavour due to its nutty, salty and 

umami undertones. Formulation D was ranked among the lowest in comparison to other 

formulations, this is attributed to the omission of nutritional yeast showing the importance of the 

umami flavour within vegan pizza cheese.  

Cashew nuts were used as the main ingredient within formulations A and C however following 

nutritional testing results showed that these formulations were high in total fat. They were also 

unviable samples due to being nut containing hence resulting in the inclusion of sunflower seeds 

as a main ingredient. This ingredient proved to have the same textural result however better 

blending ability resulting in ease in prep. Sunflower seed containing formulations had a higher 

protein content in comparison to cashew containing ones.  
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Figure 48 - Formulation H       Figure 49 - Formulation N 

 

Results from sensory analysis show formulation H to be the most sensory acceptable 

formulation. The overall finished look was browned and melted appearing similar to that of low 

moisture mozzarella. Formulation H was chosen out of all formulations as being most similar 

tasting to mozzarella. Following formulation H, Formulation N was rated as the most similar 

cheese tasting. Formulation N appears to melt slightly however distinctly keep the cheese shred 

shape whilst cooking this can be attributed to half the amount of coconut oil being present in 

formulation N compared to formulation H.  

 

There are options for further possible nutritional reformulation which could involve looking for 

alternative oils opposed to the refined coconut oil which was used. There may be plant-based oils 

which contain less saturated fats. Future enhancements of the study also include the potential to 

trial out more flavour combinations including the option of lactic acid. This may create a product 

which is even cheesier in flavour. Other methods to further look into include investigating plant-
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based starter cultures due to the success in fermenting soy yogurt in earlier trials. It would also 

be interesting to further understand the molecular synergy between agar, psyllium husk and 

tapioca starch especially with moisture retention. Unfortunately, due to current circumstances all 

testing was completed from home, however, this brings about the opportunity to test current 

formulations within the study in a more industrialised environment to create a plant-based 

product which would be fit for inclusion as part of a reformulated pizza product and for further 

company use. 
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