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Abstract 

The current global obesity crisis has resulted in Government agencies at a global, 

European and national level introducing initiatives to reduce overweight and obesity 

rates and Noncommunicable diseases (NCDs). Sweet bakery products such as cake 

are considered high contributors to added sugar in the diet. Excess sugar consumption 

can lead to weight gain, overweight, obesity and resultant NCDs. Government 

agencies are challenging the cake manufacturers to reformulate to reduce the sugar 

content of cakes, as part of these initiatives.  

Barriers to cooperation of cake manufactures with reformulation include the failure of 

government agencies to consider the financial implications of increased ingredient 

costs and potential commercial failure if the consumer demand for reformulated cakes 

is not prevalent. Sugar reduction in cakes is highly challenging, as no one ingredient 

can replace the full functionality of sugar in cake applications. Previous studies on 

sugar reduction in cake have concluded that the replacement of sugar with sweeteners 

or sugar alcohols has posed challenges. Cake manufacturers are looking to food 

technologists to develop innovative new ingredients to help solve these challenges 

without compromising the consumer experience, or business profit. Novel food 

ingredients are foods that have not been traditionally consumed by the general 

population, potentially involving new production processes, innovative foods, new 

technologies or foods traditionally consumed in other global regions. Novel food 

ingredients can also include valorised by-products from other food production 

processes.  

This thesis investigated whether novel food ingredients would make suitable sugar 

replacers in cake applications, if they were commercially viable and would achieve 

consumer acceptability in terms of best fit texture, volume and sensory criteria. The 

results indicate that novel food ingredients cannot replicate the functionality of sugar 

in cake recipes to achieve consumer acceptability in terms of this criteria. Some novel 

food ingredients demonstrated consumer acceptability on most metrics and therefore 

future research is recommended to ascertain if the addition of emulsifiers, enzymes, 

flavour modulators etc. could achieve consumer acceptability. Assessment of the 

commercial viability of novel food ingredients in terms of global availability and 

market price, concluded that they were not commercially viable for cake 
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manufacturers. Further studies could consider economic incentives such as 

valorisation grants, to reduce the financial burden on cake manufacturers of 

reformulation.  
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1.1 An overview of the global obesity crisis 

Obesity has become an epidemic due to the mortality rates associated with the disease 

creating a global burden on health services (WHO, 2021). The WHO (2021) defines 

obesity and overweight as “abnormal or excessive fat accumulation that presents a risk 

to health”. Humans with a body mass index (BMI) of over 25 kg/m2 are deemed 

overweight and over 30 kg/m2 are deemed obese. Obesity and overweight are 

considered major risk factors for the leading causes of death globally; chronic diseases 

such as heart disease, stroke and cardiovascular disease (WHO, 2021). 

According to the WHO (2021) the number of people globally who are obese, has 

tripled since 1975. As of 2016 1.9 million adults were estimated to be overweight, 

equating to 39% of the adult population, with 650 million of these being obese. The 

WHO estimated that 38.2 million children under 5 were obese or overweight in 2019, 

with 340 million children between 5-19 being overweight or obese (WHO, 2021).  In 

the past obesity was linked to high-income countries, however in the past two decades, 

it has moved to low- and middle-income countries. Asia has nearly half of the world’s 

population of under 5 obese and overweight children and in Africa the number of 

under 5 children who are overweight has increased by 24% since 2000.  Low- and 

middle-income regions are consuming more heavily processed, high fat, sugar and 

salt, high energy, low nutrient foods, because of their low cost compared to healthier 

foods choices which are less affordable (WHO, 2021). This shift in trend demonstrates 

that the global obesity crisis does not have one root cause and is more complex and 

multifaceted.  

 

1.1.1 Modern vs. Traditional Diets 

Prior to the development of food storage and modern transportation methods, human 

diets consisted of local plants and animals sourced from their region (Rutledge, et al., 

2018). These diets relied upon a food staple, available locally, typically a grain or 

vegetable, for example the traditional Mexican diet relied upon corn, the traditional 

Japanese diet relied upon rice, and the traditional Irish diet, relied upon potatoes 

(Rutledge, et al., 2018). In 19th century, inventions such as the canning process, 

cracker manufacturing and cereal processing were invented, commencing mass 

production of food. Capitalising on rail infrastructure, food consumption expanded 
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beyond locally obtained produce. By the 1930’s many households had a refrigerator 

and frozen food technology began experimenting with vegetables (Everts, 2014). As 

food technology developed, humans moved from traditional diets towards modern 

diets, consuming processed foods with high salt, sugar and fat levels leading to an 

increase in overweight and obesity (Rutledge, et al., 2018).  

In the past 50 years there was a clear link between countries which had higher gross 

domestic product (GDP) per capita at purchasing power parity (PPP) and high levels 

of obesity (WHO, 2021). Since the 1990s obesity levels have tripled in lower income 

countries such as Mali, Zambia, Tanzania and Malawi (Centre for Strategic and 

International Studies, 2018). Gross domestic product (GDP) per capita at purchasing 

power parity (PPP) is a monetary measure to compare counties’, as it considers 

inflation and relative cost of living (Goossens, et al., 2007). Modern diets consisting 

of processed foods, high fat, sugar and salt and low levels of whole grains, fruits and 

vegetables and fibre, were linked to high levels of obesity. In comparison, cultures 

such as Greenland’s Inuit population, who traditionally consumed seal blubber, 

Central Native Americans, who traditionally consumed beans and maize or Masai 

tribesmen in Africa, who traditionally consumed milk, meat and cow’s blood, did not 

have a high level of obesity (Pollan, 2009). Inventions and modern food processing 

have increased human consumption of processed foods which are typically high in 

salt, sugar and fat, contributing to the obesity crisis.  

As can be seen from figures 1, 2, and 3 African countries such as the Democratic 

Republic of Congo, Mali, Niger, Liberia, Sierra Leone, Mozambique, where 

traditional diets are typically consumed, demonstrate a trend of low GDP PPP and low 

obesity levels in both males and females. With the exception of some African and 

Asian countries, the rise in obesity figures is greater in countries with low to mid GDP 

PPP. Certain Asian countries such as Indonesia, China, Laos, Vietnam, Cambodia, 

Myanmar have seen the greatest increase in obesity prevalence since 1995 (Lobstein 

& Brinsden, 2020).  
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Figure 1 Map of countries or territories by GDP PPP 2021 taken from World Economic 

Outlook Database 

(Hunter, 2021) 
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Figure 2 Map of Countries or territories by females with obesity 2021 taken from the 

World Obesity Federation 

(World Obesity Federation, 2020) 

 

 

 

 

Figure 3 Map of Countries or territories by males with obesity 2021 taken from the 

World Obesity Federation  

(World Obesity Federation, 2021) 
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Table 1 demonstrates the global increase in childhood obesity, (broken down by 

regions) and predicts that childhood obesity will impact 205.5 million children 

globally by 2025 (Lobstein & Brinsden, 2020). Countries whose population consume 

traditional diets have lower obesity levels than those that consume modern diets 

consisting of highly processed foods, high in fat, sugar and salt, regardless of their 

GDP PPP. This rise can partially be attributed to the lower cost of processed foods, to 

the consumer, compared to fresher, healthier produce.  

Table 1 Percentage and number of children ages 5-19 living with obesity: regional and 

global estimates, 2010, 2016 and predicted 2025 adapted from Obesity: missing the 

global targets 

 (Lobstein & Brinsden, 2020) 

 2010 2016 2025 

Global 4.9% 6.8% 10.5% 

African Region 1.8% 2.8% 5.2% 

Region of the Americas 12.5% 14.4% 18.1% 

South-East Asian Region 6.2% 8.2% 12.0% 

European Region 6.9% 8.6% 11.2% 

Eastern Mediterranean Region 1.7% 3.0% 6.3% 

Western Pacific Region 5.6% 9.6% 16.9% 

 

 

1.1.2 Link between bakery products and obesity crisis 

According to the Azaïs-Braesco, et al. (2017), the average percentage contribution of 

cookies and cakes to the total sugar intake in European adults is 9.8% and 12% in 

children (Azaïs-Braesco, et al., 2017). In comparison sweetened beverages contribute 

on average 16.6% and dairy products 13% of total sugar intake in adults. In children 

sweetened beverages contribute 24.7% and dairy 18% of total sugar intake in Europe. 

On average sweetened bakery products is the 3rd biggest contributor to sugar in the 

European diet (Azaïs-Braesco, et al., 2017).  
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A study conducted on the Chinese and Mexican diets of children between 4 and 13 

years old, concluded that the greatest source of added sugar in Chinese children’s diet 

is bread (27.4%) and sweet bakery products (21.4%). In Mexico the greatest source of 

added sugar is soft drinks (19%) and fruit drinks (17.2%) (Afeiche, et al., 2017).  

Data from the US on sources of sugar in the diet can be seen in figure 4, demonstrating 

the significant contribution that baked products such as cookies, pies, cakes and 

brownies, have to the total added sugar in the diet of children and adults. The study 

concluded that 61-66% of sugar in the US diet is from sweet bakery and sweetened 

beverage sources, regardless of socio-economic background, age or ethnicity 

(Ricciuto, et al., 2021).  On average Irish adults consume 660g of sugar per person per 

month, ranking first place in Europe for prevalence of consumption of sweet and 

savoury snacks (Global Obesity Observatory, 2021). Data is not available on the 

source of sugar in the Irish diet from sweet bakery or cake products. The data available 

concludes that sugar derived from sweet bakery products, including cakes, is a 

significant contributor to sugar in the human diet, with overconsume potentially 

leading to overweight and obesity.  

Figure 4 Bakery product sources and ranking of added sugars as a percentage of total 

daily added sugars intake among United States Adults and Children in 2018 adapted 

from analysis factors using the national health and nutrition examination 

(Ricciuto, et al., 2021) 
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1.1.3 Obesity driven initiatives at a global, European and national level 

Obesity is a complicated global issue, which impacts individuals of all ages, social and 

economic backgrounds, with psychological and social impacts to sufferers (WHO, 

2021). According to Popkin (2009) there is a tendency to condemn overweight or 

obese individuals for their poor lifestyle leading to weight gain (Popkin, 2009). 

Obesity is more nuanced, requiring a comprehensive global solution across multiple 

disciplines, such as psychology, architecture, geography, business, social science and 

economics (Popkin, 2009). Globalisation has resulted in an interconnected world, and 

thus an improved quality of life (Havard School of Public Health, 2012). Globalisation 

has also caused an increase in sedentary lifestyles and an increased supply of low cost, 

unhealthy foods. As globalisation is one of the causations of the crisis, the solution to 

obesity must therefore be a global one, helping to reverse the impact in developed 

countries and prevent the situation worsening in developing countries (Havard School 

of Public Health, 2012).  

In 2011, the United Nations General Assembly Member States agreed to set a target 

of reducing obesity and other noncommunicable diseases (NCD), mandating that the 

World Health Assembly (WHA) create targets countries and a method of achieving 

them by 2025 (Lobstein & Brinsden, 2020).  The World Health Assembly (WHA) is 

the decision-making function of the WHO, whose function is to manage the WHO 

policies and maintain budgets for the policies. The WHA is an annual event held in 

Geneva and attended by all WHO member states (WHO, 2021). In 2011 the United 

Nations (UN) general assembly was held, at which the representative governments 

agreed to address the global prevention of NCDs, acknowledging the complementary 

role that UN plays to national prevention initiatives. The general assembly agreed to 

direct the WHO to submit options for prevention at the 66th WHA session (United 

Nations General Assembly, 2011).   

In 2013, the WHA agreed nine voluntary targets (figure 5 and table 2) for the control 

and prevention of noncommunicable diseases (NCD) by 2025. These included the 

reduction in premature death from NCDs by 25% and a cessation in the rise of obesity 

and diabetes. Actions include a 30% reduction in salt and the development of policies 

to encourage food retailers to provide healthier food options  (World Health Assembly, 

2013).  
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Figure 5 WHO infographic on the nine voluntary global targets set by the WHA in 2013 

taken from global monitoring framework 

(WHO, 2020) 
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Table 2 WHO Global Monitoring Framework (GMF) targets and indicators list adapted 

from the global monitoring framework 

(WHO GMF, 2013) 

Framework 

Element Target Indicator 

Premature 

mortality from 

NCD 

1. A 25% relative reduction in the 

overall mortality from cardiovascular 

diseases, cancer, diabetes, or chronic 

respiratory disease 

1. Unconditional probability of dying 

between ages of 30-70 from 

cardiovascular diseases, cancer, diabetes 

or chronic respiratory diseases 

2. Cancer incidence, by type of cancer, per 

100K population 

Harmful use of 

alcohol 

2. At least 10% relative reduction in 

the harmful use of alcohol, as 

appropriate, within the national 

context 

3.Total alcohol per capita consumption per 

year in litres of pure alcohol 

4. Age-standardised prevalence of heavy 

episodic drinking among adolescents and 

adults 

5. Alcohol-related morbidity and mortality 

among adolescents and adults 

Physical 

inactivity 

3. A 10% relative reduction in 

prevalence of insufficient physical 

activity 

6. Prevalence of insufficiently physically 

active adolescents,  

7. Age-standardised prevalence of 

insufficiently physically active adults  

Salt/sodium 

intake 

4. A 30% relative reduction in mean 

population intake of salt/sodium 

8. Age-standardised mean population 

intake of salt (sodium chloride) per day in 

grams in adults 

Tobacco use 

5. A 30% relative reduction in 

prevalence of current tobacco use 

9. Prevalence of current tobacco use 

among adolescents  

10. Age-standardized prevalence of 

current tobacco use among adults 

Raised blood 

pressure 

6. A 25% relative reduction in the 

prevalence of raised blood pressure or 

contain the prevalence of raised blood 

pressure 

11. Age-standardised prevalence of raised 

blood pressure among persons aged 18+ 

years and mean systolic blood pressure 

Diabetes and 

obesity 

7. Cessation in the rise in diabetes and 

obesity 

12. Age-standardised prevalence of raised 

blood glucose/ diabetes among persons 

aged 18+ years  

13. Prevalence of overweight and obesity 

in adolescents  

14. Age-standardised prevalence of 

overweight and obesity in adults  

16. Age-standardised prevalence of 

persons consuming less than five total 

servings of fruit and vegetables per day 

17. Age-standardised prevalence of raised 

total cholesterol among adults; and mean 

total cholesterol concentration 

Drug therapy 

to prevent 

heart attacks & 

strokes  

8. At least 50% of eligible people 

receive drug therapy and counselling 

to prevent heart attacks and strokes 

18. Proportion of eligible receiving drug 

therapy and counselling to prevent heart 

attacks and strokes 
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NCD 

medicines & 

basic 

technologies 

to treat NCDs 

9. An 80% availability of the 

affordable basic technologies and 

essential medicines, including 

generics required to treat major NCDs 

19. Availability and affordability of 

quality, safe and efficacious essential 

NCD medicines, including generics, and 

basic technologies in both public and 

private facilities 

 

A report conducted in 2020 on the progress of UN Member States indicated that less 

than 10% of countries are expected to meet the 2025 targets, based on the current 

trajectory. The report concluded that obesity is increasing for most member states. In 

certain situations, some member states are experiencing a flattening of obesity levels, 

however the levels continue to be high. Failure to meet the World Health Assembly 

2025 targets will cause escalation in NCDs, increased mortality and higher health care 

costs (Lobstein & Brinsden, 2020).  

In 2016 the WHO European regional office issued the updated action plan for 

implementation of the European strategy for the prevention and control of NCDs, 

incorporating the UN targets for NCDs (WHO Regional Office for Europe, 2016). The 

goal of the action plan to significantly reduce the burden of NCDs on EU member 

states by 2025, through an incorporation action plan, the improvement of quality of 

life and creating an equitable healthy life expectancy for all. The targets set by the 

action plan were the annual reduction in premature death from four NCDs (chronic 

respiratory disease, diabetes, cancers and cardiovascular disease) by 1.5% by 2020 

and 25% by 2025 and 33% by 2030.  

Table 3 represents the status of the WHO European region in 2017 against the nine 

targets set by the UN (WHO Regional Office for Europe, 2017). The conclusion drawn 

by this report was that the European region is off track to meet the 2025 target with 

prevalence for diabetes, overweight and obesity predicted to rise by 2025. The current 

trajectory projects that more than half of adults in the European region will be 

overweight or obese by 2025.  
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Table 3 Summary score card from the WHO GMF on noncommunicable diseases 

adapted from the background paper for the WHO European meeting of national NCD 

directors and programme managers  

(WHO Regional Office for Europe, 2017) 

Target 

Progress/projections for the WHO European 

Region – “business as usual” scenario 

1. A 25% relative reduction in the overall 

mortality from cardiovascular diseases, cancer, 

diabetes, or chronic respiratory disease 

If current trends continue, the Region is on 

course to exceed the target.  

2. At least 10% relative reduction in the harmful 

use of alcohol, as appropriate, within the national 

context 

If trends continue, alcohol per capita 

consumption is expected to reduce by 9% by 

2025.  

3. A 10% relative reduction in prevalence of 

insufficient physical activity 

It is not possible to make projections to 2025 but 

based on trends from surveys of adolescents and 

adults the Region is unlikely to achieve the 

target. 

4. A 30% relative reduction in mean population 

intake of salt/sodium 

It is not currently possible to make projections 

to 2025, but the Region is unlikely to achieve the 

target, given the current pace of change. 

5. A 30% relative reduction in prevalence of 

current tobacco use 

Projections are that the Region will not meet the 

target; nor will 36 of out 53 countries in the 

Region unless something more is done. 

6. A 25% relative reduction in the prevalence of 

raised blood pressure or contain the prevalence of 

raised blood pressure, according to national 

circumstances 

If current trends continue, the Region is on 

course to achieve the target, but widening of 

inequalities across Europe is likely. 

7. Halt the rise in diabetes and obesity 

The Region is well off track for reaching the 

2025 target; prevalence of overweight/obesity is 

projected to rise and diabetes prevalence can be 

expected to do likewise 

8. At least 50% of eligible people receive drug 

therapy and counselling (including glycaemic 

control) to prevent heart attacks and strokes 

This is challenging to measure and projections 

to 2025 are not currently possible.  

9. An 80% availability of the affordable basic 

technologies and essential medicines, including 

generics required to treat major NCDs in both 

public and private facilities 

This is challenging to measure and projections 

to 2025 are not currently possible  

 

Key to colour coding: 

Red Region is off course and unlikely to achieve the target 

Amber Region may or may not reach the target – progress/projections are difficult to measure 

Green Region is on course to achieve the target 
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The WHO Global Monitoring Framework (GMF) collates data on the status of each 

UN member countries in achieving the 2025 NCD targets. Table 4 displays the targets 

set by the Irish government to achieve the NCD targets. The table demonstrates that 

Ireland has not set specific national goals to achieve all the nine targets set by the UN 

(WHO, 2019). The Healthy Ireland Framework 2013-2025 is the Republic of Ireland’s 

response to improve the health and wellbeing of the Irish population (Health Service 

Executive, 2013). The framework is based on four goals: 

• Goal 1: Increase the proportion of people who are healthy at all stages of life 

• Goal 2: Reduce health inequalities 

• Goal 3: Protect the public from threats to health and wellbeing 

• Goal 4: Create an environment where every individual and sector of society 

can play their part in achieving a healthy Ireland (Health Service Executive, 

2013) 
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Table 4 Ireland’s National NCD targets adopted from WHO Noncommunicable Disease 

Document Repository, based on country provided documents 

(WHO, 2019) 

UN NCD 2025 Target National NCD Targets for Ireland 

1. A 25% relative reduction in the overall 

mortality from cardiovascular diseases, cancer, 

diabetes, or chronic respiratory disease No Target 

2. At least 10% relative reduction in the 

harmful use of alcohol, as appropriate, within 

the national context 

Reduce the amount of alcohol consumed by people 

over the age of 15 years to an annual per capita 

consumption of 9.2 litres of pure alcohol  

3. A 10% relative reduction in prevalence of 

insufficient physical activity 

Increase by 20% proportion of the population 

undertaking regular physical activity 

4. A 30% relative reduction in mean population 

intake of salt/sodium No Target 

5. A 30% relative reduction in prevalence of 

current tobacco use 

Reduce overall population prevalence of smoking 

by 1% per annum 

Reduce smoking initiation rates by 1% per annum 

6. A 25% relative reduction in the prevalence 

of raised blood pressure or contain the 

prevalence of raised blood pressure, according 

to national circumstances No Target 

7. Halt the rise in diabetes and obesity 

Increase by 5% the number of adults with a healthy 

weight by 2019 

Increase by 6% the number of children with a 

healthy weight by 2019 

8. At least 50% of eligible people receive drug 

therapy and counselling (including glycaemic 

control) to prevent heart attacks and strokes No Target 

9. An 80% availability of the affordable basic 

technologies and essential medicines, 

including generics required to treat major 

NCDs in both public and private facilities No Target 

 

As part of this framework, the Government of Ireland issued an obesity policy and 

action plan in 2016 to be achieved by 2025, comprised of a ten-step strategy as detailed 

in figure 6 (An Roinn Sláinte, 2016). To date there has been no report issued on the 

progress of the framework against the goals. The obesity crisis is complex and 

nuanced, requiring a global, multifaceted response. Obesity initiatives have been 

established at the global, European and national level to combat NCDs and reduce the 

burden on health services. Progress reports on the status of targets set at global, 

European and national levels; have demonstrated the lack of success of these 

initiatives in reducing the mortality rate from NCDs or the prevalence for overweight 

and obesity.  
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Figure 6 Ireland’s obesity action plan 2016-2025 taken from the obesity policy and action 

plan  

(An Roinn Sláinte, 2016) 
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In 2016, as part of the UK government’s plan to tackle childhood obesity, Public 

Health England (PHE) challenged the food industry, the largest contributors to 

children’s sugar intake, to reduce the sugar content of foods by 20% by 2020 (Action 

on Sugar, 2016). The programme was based on voluntary action by food 

manufacturers and a “name and shame” policy for those who did not achieve it (Action 

on Sugar, 2016). In 2020 Public Health England (PHE) issued the report on industry 

achievement of the 20% reduction, concluding that the average sugar reduction 

achieved across food categories was only 3% (Public Health England, 2020). In the 

cake category the report concludes that there was a 4.8% increase in sugar between 

2016 and 2019, rather than the required decrease (Public Health England, 2020). The 

voluntary nature of the programme rather than a taxation approach, has been blamed 

for the inaction by food manufacturers to achieve the 2020 target (Boseley, 2020).  

In 2015, as part of the European Union’s plan to tackle obesity, EU member states set 

a target to reduce the sugar content of foods by 10% by 2020 (European Commission, 

2015). The target was part of the EU Framework for National Initiatives on Selected 

Nutrients and based upon five elements: data capturing on consumption, 

benchmarking and prioritisation, reformulation and portion control, public awareness 

and monitoring and evaluation. The key message to food manufacturers was to 

prioritise the higher sales products and focus on reformulation and portion size 

reduction (European Commission, 2015).  

 

Figure 7 demonstrates the number of 500g portions of sugar consumed per person, per 

month by Europeans in 2016 (Global Obesity Observatory, 2016). Figure 8 

demonstrates the percentage of adults in European countries who are obese, ranked 

from lowest to highest (Global Obesity Observatory, 2021).  A progress report issued 

in 2018, concluded that the target reduction of 10% sugar content was not being met 

and sales of total sugar in grams per capita per day increased for sweet biscuits, baked 

goods, confectionary, sweet spreads, dairy and condiments (Moz-Christofoletti & 

Wollgast, 2021). The report further concluded that reformulated food products have 

not obtained the level of commercial success as standard products and that more 

research is required to evaluate consumer demand (Moz-Christofoletti & Wollgast, 

2021).  
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Figure 7 Number of 500g portions of sugar consumed by European adults per person 

per month in 2016 taken from WHO European region sugar consumption 

 (Global Obesity Observatory, 2016) 
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Figure 8 percentage of European Adults Classified as Obese Ranked by European 

Country adapted from WHO European region sugar consumption 

(Global Obesity Observatory, 2021) 

 

 

In 2022 the WHO European regional committee will launch the WHO Sugar and 

Calorie Reduction Network, choosing the UK to lead the network to reduce global 

obesity rates through calorie and sugar reduction in food and beverages (The Nutrition 

Society, 2021). Based upon the perceived success of PHE’s approach to sugar 

reduction, the WHO has requested the UK to share its technical expertise and 

knowledge on collaboration with food manufacturers (The Nutrition Society, 2021).  

PHE and the UK initiatives to obtain co-operation from food manufacturers to 

reformulate to reduce sugar content; do not consider consumer demand for these 

products or their commercial success. To achieve success with sugar and calorie 

reduction initiatives, there must be a clear incentive for food manufacturers to comply.  
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1.2 European Cake Manufacturers  

1.2.1 Main European Cake Manufacturers 

European cake manufacturers which dominate the market have not embraced 

reformulation of cake recipes to reduce sugar. Figure 9 demonstrates the ranking of 

the main players in the European cake and pastry market, by their sales in million USD 

in 2020 (Global Data, 2020). Of these top players, only Mondelez is marketing some 

of its cake products as calorie reduced.  Table 5 demonstrates the percentage of sales 

in the European cake market devoted to providing consumers with a weight 

management or low sugar option (Global Data, 2021). Taking into consideration the 

global, European and national sugar reduction initiatives discussed above, it is 

surprising that less than 1% of the European cake market is devoted to low calorie or 

low sugar options.  

 

Figure 9 The leading food manufacturers in the European cake, pastries and sweet pies 

market by performance in millions adapted from global data 

(Global Data, 2020) 
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Table 5 Percentage of sales in the European cake, pastries and sweet pies market with a 

consumer benefit related to obesity adapted from global data 

(Global Data, 2021) 

Consumer Benefits 

Segment 2016 2017 2018 2019 2020 

Diabetic /Dietetic 0.03% 0.03% 0.03% 0.03% 0.03% 

Weight Management 0.98% 0.97% 0.97% 0.96% 0.96% 

None 93.50% 93.70% 94.01% 93.91% 93.98% 

 

According to Searby (2019) the main barrier of reformulation by cake manufacturers 

is the cost, as sugar replacers are considerably more expensive than sugar. 

Manufacturers have not embraced reformulation to reduce sugar, because they do not 

believe the consumer is willing to pay a premium price for the product (Searby, 2019).  

Weight Watcher’s retail cakes are marketed as low calorie, low sugar products, and 

the manufacturer is the second biggest player within this space in Europe (Global Data, 

2021). In Weight Watcher’s lemon cake bars, the sugar replacers used are 

oligofructose, a natural sweetener, and wheat stalk fibres, a natural cellulose found in 

wheat stalks (WW International, Inc, 2021).  

As part of its environmental, social and governance agenda, Mondelez has committed 

to enable consumers to manage their sugar intake by emphasising portion control, 

increasing portion control options, launching lower sugar products, reducing the sugar 

in current products and creating new products with less sugar to support the WHO 

targets (Mondelēz International, 2021). Another player within weight management 

market is General Mills’ brand Fibre One, which launched in European and the UK 

market in 2015 (Bamford, 2015). The brand’s unique selling points are that it contains 

30% fibre, 30% less fat and sugar than conventional cake bars and contributes 90 

kilocalories (Marketing Communication News, 2018). By 2018 sales of the Fibre One 

brand had penetrated 7.8% of UK households, demonstrating a sales growth of 

£17.3m, a 111% increase from 2017 (Marketing Communication News, 2018). Other 

much smaller cake manufacturers within this market include Diablo, Gullon, and 

Free’ist, who specialise in sugar free or low sugar cake products, selling mainly in 

specialised shops or in large supermarkets’ “Free From aisle”.   
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Ingredient costs to reformulate cake recipes to achieve a reduction in sugar is a barrier 

to many cake manufacturers. Large multinational companies such as General Mills 

and Mondelez have significant buying powers and the ability to purchase large 

quantities of sugar replacers at lower costs, compared to smaller bakery 

manufacturers. It is likely that these large multinationals are better equipped to cost-

effectively manufacture sugar reduced cakes at a price that is commercially acceptable 

to consumers, while being profitable to the company.  

 

1.3 Role of Sugar in Cake 

Sugar is a unique food product, due to its specific functionality in cake manufacturing 

(Mariotti & Lucisano, 2014). Figure 10 describes the multifunctional role that sugar 

performs in cake recipes. Sugar is an important component in baking technology due 

to its physical properties; hygroscopicity, crystallisation, particle size distribution, 

solubility and viscosity (Mariotti & Lucisano, 2014). Based on this multifunctional 

role, it can be concluded that the replacement of sugar with sweeteners or sugar 

alcohols has posed challenges. It has been further deduced, through extensive research, 

that there is no one alternative to sugar which matches its functionality in cake 

(Mariotti & Lucisano, 2014).  

  



22 

 

Figure 10 The multifunctional role of sugar in cake recipes adapted from bakery 

products, science and technology 

(Mariotti & Lucisano, 2014) 

 

Sugar performs multiple roles during the cake production process. During the mixing 

stage it retains water, competing with the gluten proteins in wheat flour, thus 

preventing gluten development, which would lead to a more bread-like texture in the 

final cake (Mariotti & Lucisano, 2014). Sugar also assists in the mechanical aeration 

process, enabling the incorporation of air into the batter, providing foam stability, thus 

enabling fine air cells to form, creating a fine even crumb texture in the final cake. The 

level of air incorporated into the cake batter has a direct correlation to the final cake 

volume, as during baking the entrapped air will expand the air cell and escape, creating 

the light texture, even crumb structure and increased volume in the final product. 

During the baking stage, sugar delays starch gelatinisation until the cake has reached 

a higher temperature, thus enabling the gas bubbles to continue to expand, increasing 

the volume, before the cake sets. The combination of caramelisation and the Maillard 

reaction creates the desired brown surface colour, pleasant aroma and typical flavour 

associated by consumers with baked goods. Caramelisation is a group of complex 

reactions which only involve sucrose, creating the flavour and desired colour of the 

final product. The Maillard reaction involves proteins, amino acids and reducing 

sugars reacting with nitrogen containing compounds to create the unique colour and 
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flavour. Both of these interactions require the presence of sugar and are linked to 

consumer acceptance of baked goods (Mariotti & Lucisano, 2014).  

Due to its unique properties and multifunctional role in cake recipes, there is no one 

single ingredient that can replace sugar in a one-for-one substitution. Sugar 

replacement is complex, requiring a holistic understanding of the multifunctional role 

it performs in cake recipes to facilitate its successful replacement. The industry must 

look to innovative new ingredients as potential sugar replacers. It is likely that the 

solution to replacement will include multiple ingredients, replacing specific functions 

of sugar in the recipe.  

 

1.3.3 Sweeteners as sugar replacers in cake 

According to the European Union’s definition, sweeteners are “food additive 

substances, which are used as table-top sweeteners or to impart a sweet taste to a 

food” (European Commission, 2021). To be included on the EU’s list of approved 

additives, the sweetener must be non-carcinogenic, and must be replacing sugar to 

produce energy reduced foods or increased shelf life. There are two categories of 

sweeteners, polyols and high intensity sweeteners. Polyols are considered alcohols 

which contain two or more hydroxyl groups. High Intensity Sweeteners have no 

energy value and an intensive sweet taste (European Commission, 2021).   

Significant research has been conducted into the substitution of sugar in sponge cake 

recipes with sweeteners (Attia, et al., (1993), Baeva, et al., (2003), Hicsasmaz, et al., 

(2003), Lin, et al., (2003), (Psimouli & Oreopoulou, 2012) etc.), demonstrating that 

there is no one ingredient which can replace sugar exactly in cake recipes and that 

sweeteners are not suitable sugar replacers.  

One such study was conducted on the substitution of sugar in a sponge cake recipe 

with polyols (xylitol, maltitol and erythritol) to ascertain if the same cake quality could 

be achieved (Hao, et al., 2016). Figure 11 taken from the study concluded that xylitol 

and erythritol produced lower volume cakes, while maltitol produced a cake with 

similar physiochemical properties and volume to the full sucrose cake recipe but had 

a harder texture over shelf life (Hao, et al., 2016).  
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Figure 11 The effects of sucrose/polyols on the hardness of sponge cake taken from 

Sucrose substitution by polyols in sponge cake and their effects on the foaming and 

thermal properties of egg protein 

(Hao, et al, 2016) 

Means (n = 3) of the same parameters with different letters are significant different 

(P < 0.05) (  Specific volume; ■ Hardness) 

A further study on sugar alcohols as a substitute for sugar in cake evaluated maltitol, 

mannitol, sorbitol, xylitol, Isomaltose, Oligofructose and polydextrose (Ronda, et al., 

2005). The study concluded that xylitol was the best performing substitute on most 

attributes, however it did not match the performance of sugar on all attributes, 

concluding that none of the sugar alcohols evaluated could replace sugar in the cake 

recipe, while maintaining the same quality product (Ronda, et al., 2005). A direct 

substitution of xylitol for sucrose in a sponge cake application concluded that it did 

not match the performance of sucrose in terms of crust colour, volume, firmness, 

porosity or water activity (Javanmardi, et al., 2020).  Due to its functionality, there is 

no one ingredient that can replace sugar in a one-to-one replacement in cake recipes. 

Sweeteners have demonstrated some positive results in sugar replacement for cake 

recipes, however they did not equal sugar’s performance in all attributes to gain 

consumer acceptance.  
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1.3.4 Evaluation of consumer acceptability of cake 

According to Bourne (2002) the three factors of acceptability of foods to consumers 

are appearance, flavour and texture (Bourne, 2002). Cake recipes traditionally contain 

eggs, milk, flour, sugar, water, fat and potentially a raising agent (BakeTran, 2012). 

They are expected by a consumer to be sweet to taste, have a tender eating texture and 

a fragile crumb texture. Final cake quality is reliant on the incorporation of air and the 

stability of the gas bubble created. This directly impacts the volume of the cake, the 

crumb texture and subsequently the sensory experience, mouthfeel, softness and 

organoleptic shelf life (BakeTran, 2012). Consumer expectation of a quality cake will 

impact their acceptability of sugar reduced cakes, if they do not meet all their 

expectations.  

Cauvain and Clark (2019) identified that the evaluation of bakery products is based on 

two fundamental factors: texture and moisture content (Cauvain & Clark, 2019). 

Consumer acceptance of product quality in bakery is directly related to perception of 

the key sensory properties of the product. Cake should have a soft crust, aerated and 

soft internal crumb structure, have a moisture content between 22-28% and a sweet 

flavour. A change in the texture of a cake, perhaps due to nutritional optimisation, will 

impact the flavour of the product and thus the consumer’s acceptability. Batter aeration 

during mixing, the retention of this air in the batter, the expansion of the thermal gas 

and the generation of steam in the oven, will significantly influence the final product’s 

mouthfeel and eating quality (Cauvain & Clark, 2019).  

Cake products are perceived by consumers as indulgent treats and therefore 

indulgence is of higher priority than dietary benefits (Cauvain & Clark, 2019). 

Marketing descriptors such as “reduced sugar” may themselves be a barrier to 

consumer acceptance as the consumer may subconsciously associated these products 

as being of a lessor quality. Furthermore, sugar reduced cakes tend to be more 

expensive, thus further discouraging consumers to purchase them. To overcome these 

consumer perceptions, a nutritionally optimised cake needs to meet consumer’s 

expectations of a traditional cake product to be accepted. Of particular concern to 

bakery manufacturers is that a nutritionally optimised cake versus a standard cake will 

have lower sales as it does not meet consumer’s expectations (Cauvain & Clark, 2019). 

Consumer acceptability of sugar reduced cakes is a significant barrier to cake 
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manufacturers co-operation with government initiatives to reduce sugar, due to the 

potential commercial failure of the product.  

When considering the evaluation of food by consumers, it is vital to comprehend that 

the customer’s first impressions of food is its appearance (Figoni, 2007). Human’s 

sense of sight has developed to such a strong extent, that if conflicting messages are 

received from other senses, such as the flavour not being reflective of a colour, the 

brain will ignore it. Consumers may perceive a cake a darker brown crust colour as 

overbaked and a light crust colour as underbaked. If the crumb texture of a cake is 

coarse, it is perceived as yellow, as opposed to a fine, even crumb texture which is 

perceived as light or whiter and therefore more appealing (Figoni, 2007).  Appearance 

of cake can be measured using specific volume of the baked cake, indicating the level 

of air that is retained by the final cake. A cake with a higher specific volume indicates 

a good gas retention during mixing and thus higher level of gas expansion during the 

baking process (Gómez, et al., 2008).   

Sensory analysis is a scientific discipline that is used to measure, evoke, analyse and 

interpret reactions of the properties of foods as they are perceived by the senses of 

sight, taste, smell, hearing and touch. This scientific disciple assists the food industry 

in the evaluation of their products and its fitness for consumption, interpreting 

consumer’s responses and optimising products (Armstrong, 1996). Sensory perception 

of food lingers in consumer’s perception longer than appearance. Flavour considers 

aroma (e.g., butter, vanilla), basic taste (e.g., sweet, salty, umami) and trigeminal 

impact (e.g., cooling, burning, numbing) (Figoni, 2007).  Sugar is responsible for 

delivering a sweet taste in food by bonding to dimer receptors on the taste receptor 

cells in the oral cavity, thus triggering responses and signals to the brain’s reward 

pathway. Studies have demonstrated that sugar alternatives do not result in the same 

brain signals as sugar, communicating less pleasure and satisfaction than full sugar 

foods. The evaluation of consumer perceptions of sugar reduced foods is vital for food 

producers, due to the relationship the human brain has with sugar (Hutchings, et al., 

2018).  

Bourne (2002) emphasises the importance of texture when consumers’ consider food 

acceptability. If the texture of a food meets consumer’s expectations, it will not be 

noticed, however it the texture does not meet expectations, it will be the reason for 
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rejection of the food. In baked goods such as cake, texture is an important factor, 

making a significant contribution to the perceived product quality, equal to appearance 

and flavour  (Bourne, 2002).  

When evaluating cakes, consumers assess the appearance first, in terms of volume and 

overall visual. Consumers’ primary focus is on the taste experience when consuming 

a cake, however they will reject the cake if the texture is not as expected. When 

evaluating a sugar reduced cake on its acceptability to consumers, the appearance, 

sensory and texture need equal consideration.  

 

1.3.5 Texture Analysis  

The texture of a cake is a qualified measurement regularly used in a sensory analysis 

(Texture Technologies Corp., 2021). Texture profile analysis (TPA) is a double 

compression test to quantify physical properties of foods, for example: hardness, 

cohesiveness, resilience etc. The analysis is a double compression test to replicate 

human mastication (Texture Technologies Corp., 2021).  

Texture profile analysis (TPA), as shown in figure 12 can be used to measure the 

hardness of cake crumb (Rheology Lab, 2021). The TPA probe declines down to the 

prepared cake sample below and once contact is made the probe moves down at a 

specific speed, distance and time. The probe reclines from the sample for a defined 

time and ascends again to evaluate how much the compressed crumb has recovered. 

To measure cake crumb hardness, the probe analyses the highest peak force of first 

compression (Rheology Lab, 2021). For the purposes of this research, for each study, 

the peak sample of the control (full sugar) sample, was compared to the respective 

sugar reduced sample using novel food ingredients. In the papers selected, the texture 

analysis of the control (full sugar) sample was compared to the respective sugar 

reduced sample for each of the 14 novel food ingredients. The difference between the 

control and respective sugar reduced sample was calculated and expressed as a 

percentage of the control.  
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Figure 12 Texture profile analysis of cake sample using a texture analyser 

(AZO Materials, 2020) 

 

1.3.6 Volume 

The American Association of Cereal Chemists, now known as the Cereals and Grains 

Association developed approved methods of analysis for the grain science community 

in 1915 and have continually updated and improved this document as technology has 

advanced (Cereals & Grains Association, 2021).  The baking quality methods include 

approved methods for determining the volume of bakery samples by rapeseed 

displacement and by Laser Topography: BVM Methods (AACC International, 2010). 

Specific volume is the volume of the sample in cubic centimetres divided by the 

sample weight in grams (Bakerpedia, 2021). It is used as a comparison tool to analyse 

samples. Specific volume can be measured using a seed displacement unit or 

specialised instrument such as a laser topography, and image analysis.  (Bakerpedia, 

2021).  

A seed displacement unit, or volumeter, uses rapeseeds to fill empty space in a 

chamber, to calculate the volume of the sample held in the chamber. A graduated scale 

on the side of the chamber reads the volume displaced by the same in cubic centimetres 

(AACC International, 2010). Laser topography can also be used to identify the specific 
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volume of cake by digitally modelling the sample to establish the volume, as shown 

in Figure 13.  This method is generally considered to be more reliable and accurate 

than seed displacement. In both methods, the instrument calculates the volume, which 

is then divided by the product weight in grams to determine the specific volume 

(AACC International, 2010).  

Figure 13 A Volscan Profiler and a typical product scan 

 

In the papers selected, the specific volume of the control (full sugar) sample was 

compared to the respective sugar reduced sample for each of the 14 novel food 

ingredients. The difference between the control and respective sugar reduced sample 

was calculated and expressed as a percentage of the control. 

 

1.3.7 Sensory 

A comparative of analysis of sensory evaluation scoring from cakes in the selected 

papers was conducted to establish consumer acceptability of reformulated cake 

recipes. There are multiple different methods of sensory evaluation which can be used, 

such as descriptive analysis, difference tests, triangle tests, paired comparison etc. 

(Duizer & Walker, 2016).  It should be noted that a limitation of this thesis is that 

analysis of the 14 novel food ingredients, is that not all studies used the same 

methodology. The majority of the studies measured the sensory analyses of the sugar 

reduced cakes relative to the respective control cake samples. The two common 

attributes analysed in the majority of studies were texture and taste. Sensory analysis 
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is subjective and dependent on many factors such as panel training, the quality of the 

control sample, location, time of day, sample preparation etc., and is therefore 

challenging to conduct statistical analysis. The limitations of this study include the 

inability to compare the reformulated products against the same control sample, within 

the same environment. For the purposes of this research, for each of the 14 novel food 

ingredient, sensory analysis was divided into two: a comparative analysis of sensory 

texture and of sensory taste. In the papers selected, the sensory evaluation of the 

control (full sugar) sample was compared to the respective sugar reduced sample for 

each of the 14 novel food ingredients. The difference between the control and 

respective sugar reduced sample was calculated and expressed as a percentage of the 

control. For some studies, the sensory analysis data was not published as part of the 

study, instead using qualitative data to summaries the results. “N/A” has been used to 

identify this data exclusion.  

 

1.4 Novel Foods  

The European Union defines Novel Foods as “a food that has not been consumed to a 

significant degree by humans in the EU prior to 15th May 1997” before novel food 

regulation became law (European Commission, 2021). They can be foods 

manufactured using new production processes, new technologies, an innovative food, 

a new development or a food that has been traditionally consumed outside of the 

European Union. The European Union manages and maintains a novel food catalogue, 

listing the products which are subject to this regulation. The list includes foods such 

as Apricot Kernel (Prunus Armeniaca L.), Brewer's spent grain, Sorghum, Gum 

Arabic (European Commission, 2021).  

Since 2018 the European Food Safety Authority (EFSA) has centralised the 

application process for novel food ingredients entering the EU (Selby, 2018). This 

change streamlined the process and increased the number of novel food applications 

to the EU. The key motivation for the increase is alternative proteins, cultural diversity 

and the search for new nutrient sources, caused by increasing population growth, 

environmental and ethical challenges associated with foods such as meat, climate 

change and sustainability (Selby, 2018).  In December 2020 the European Food Safety 

Authority (EFSA) had received 156 applications for novel foods, 39 of which were 
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approved, three rejected and 114 still under consideration.  Between 2003 and 2017 

only 90 applications were processed by the EFSA, demonstrating a significant increase 

following the centralisation of the application process. The largest increase in 

applications has been seen in ingredients derived from algae, fungi, plants and 

modified molecular structures (Neslen, 2020).  Food innovation and the search for new 

ingredients has been driven by the demand for ethically sourced, environmentally 

sustainable resources to enhance the nutritional profile of foods and help to reduce the 

impact of population growth and climate change.  

Tanner and Silvent (2017) attribute the novel ingredient market growth to rising trend 

of specialised diets and improved consumer education on healthy diets, thus creating 

a demand for foods which meet these needs (Tanner & Silvent, 2017). Consumers and 

public health agencies are looking to food producers to provide healthier alternatives 

to reduce diet related conditions such as diabetes and obesity, demonstrated by a 

growing demand for reduced sugar, fat and salt foods, as well as fortified foods with 

functional ingredients. Consumers are motivated by environmental factors, animal 

welfare, healthy diets, provenance of ingredients and ethical forces, demanding 

convenience and availability. The food industry must innovate to respond to these 

growing consumer demands and is looking to novel food ingredients to meet these 

demands (Tanner & Silvent, 2017). Sugar replacement in cake recipes is a significant 

challenge to the foods industry, as there is no one ingredient which can replace the full 

functionality of sugar. The food industry must look to innovative new ingredients, 

such as novel foods, as potential solutions to this challenge.  

 

1.5 Rationale 

1.5.1 Rationale 

For many years obesity was associated with higher GDP countries, who traditionally 

consumed modern diets. The current global obesity crisis was created as a result of a 

clear shift in trend towards obesity within lower GDP countries, caused, in part, by 

modern food processing technology and the lower cost of processed foods high in 

sugar, fat and salt. Globally sweet bakery products such as cake, are a high contributor 

to added sugar in the diet. Excess sugar consumption is stored as fat in the body, 

leading to weight gain, overweight and obesity and the associated NCDs.  
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Government agencies at a global, European and national level have introduced 

initiatives to reduce overweight and obesity rates and NCD. There is a growing 

demand from these agencies for the food industry to develop healthier food products, 

to help reduce NCDs such as diabetes, obesity and the resulting mortality. Progress 

reports on these initiatives have demonstrated a lack of success in reducing the 

mortality rate from NCDs or the prevalence for overweight and obesity. 

Criticism of these initiatives includes the approach towards food manufacturers and 

the requirement for food manufacturers to reformulate their products, regardless of 

consumer demand. There are two major barriers to the success of reformulation of 

food products: failure to consider the consumer demand for these products and the 

potential commercial failure based upon the low cost of sugar and high cost of sugar 

alternatives. In 2021 the percentage of the European cake market dedicated to low 

calorie or low sugar options is less than 1%, demonstrating the reality of these barriers. 

Large multinational bakery companies are significantly better positioned to 

reformulate their bakery products to meet these initiatives, compared to small to 

medium sized bakeries due to the costs associated with reformulation.   

Sugar is a unique, relatively cheap ingredient, which performs multiple functionalities 

in cake recipes. Sugar replacement is complex, as there is no one ingredient which can 

replace sugar in a one-for-one substitution. While sweeteners have demonstrated some 

potential in sugar replacement, they cannot replicate sugar in all attributes. The cost 

of reformulation of cake recipes is higher for manufacturers, as sugar is inexpensive 

and sugar replacement solutions are likely to be more expensive. The food industry 

must seek new technologies and innovations as potential sugar replacers.  

 

Of major concern for cake manufacturers is the risk of rejection of sugar reduced cakes 

by consumers and the potential commercial failure of reformulated product launches. 

Many food manufacturers believe that consumers are not willing to pay more for a 

reformulated product, posing a significant challenge as sugar replacers are likely to be 

more expensive than sugar. When evaluating the acceptability of a cake, consumers 

will appraise the appearance, taste and texture. Consumer’s expectations of cake 

manufacturers are to produce a healthier product with the same appearance, taste and 
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texture of the standard bakery product, at the same price. Consumer acceptability is 

vital to ensure manufacturers maintain sales volume of reformulated cakes.  

Cake manufacturers are looking to food technologists to develop innovative new 

ingredients to help solve these challenges. The food industry must seek out new 

ingredients as potential sugar replacers and evaluate the suitability of novel food 

ingredients as sugar replacers without compromising the consumer experience, or 

business profit.  

 

1.5.2 Research Aim 

The aim of this thesis is to investigate whether novel food ingredients would make, 

suitable sugar replacements in cake applications and if they are commercially viable 

and will achieve consumer acceptability in terms of best fit sensory, volume and 

texture criteria. 

1.5.3 Research Objectives 

1. Perform a comparative analysis on novel food ingredients as sugar replacers in 

cake recipes using sensory, volume and texture metrics.   

2. Evaluate the suitability of novel food ingredients as sugar replacers in cakes.  

3. Assessment of novel food ingredients as a commercially viable alternative to sugar 

for large scale cake manufacturers.  
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Chapter 2 Methods 
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2.1 Research Method 

2.1.1 Thesis Outline 

The research method used is a desk-based secondary research of, peer reviewed, 

published research papers along with data from government and non-governmental 

organisation sources. A number of research papers have evaluated the potential of 

novel food ingredients as sugar replacers in the bakery market. The research question 

within this thesis is to specifically investigate whether said novel food ingredients 

would act as suitable sugar replacers in cake recipes, using key acceptance metrics 

around their consumer acceptability and commercial viability.  

This research question will be evaluated by performing:  

(i) A comparative analysis of novel food ingredients as sugar replacers 

(ii) An evaluation of suitability as sugar replacers and  

(iii) An analysis of the commercial viability of novel food ingredients for large 

manufacturers 

 

2.1.2 Research Onion 

The research methodology for this thesis was designed based upon Saunders et al. 

(2007) research onion. Research philosophy defines the justification upon which the 

research is conducted (UKEssays, 2018).  The research approach is based on a pre-

existing hypothesis and thus formulates the research approach to prove or disprove. 

The research strategy is depicting how the researched aims to conduct the research and 

choices details whether the researcher will use mono or mixed methods. In terms of 

time horizons, this determines what time period that data collection will be from and 

data collection determines what data will be collected for the study (UKEssays, 2018). 

Below details the research onion of this thesis.  

Research Philosophy: Positivism as the research relied upon the scientific data, 

evidence, experiments and statistics to draw conclusions.  

Research Approach: Deductive approach, as research was conducted on the theory of 

sugar replacement conducting research into whether novel food ingredients had 

demonstrated suitability to replace sugar, based upon these theories.  



36 

 

Research Strategy Archival Research, as research was drawn from historical, peer 

reviewed data and global institutions such as WHO.  

Choices: Mixed methods approach, as research was both qualitative and quantitative 

data to demonstrate whether the sensory, texture analysis and volume results of cakes 

made using novel food ingredients are on par with Control cake samples.  

Time Horizon: Cross Sectional, as data was selected from historical research 

conducted in peer reviewed works.  

Data: Based on the data extracted from the studies selected comparative analysis was 

conducted on sensory, texture and volume, based on the percentage difference 

between the novel food ingredient results and the respective control in the data set. 

Comparative analysis was conducted on the price of the novel food ingredients and 

the market price of sugar. Market analysis was conducted on novel food ingredients 

and the global availability of the ingredient compared to sugar.  

 

2.1.3 Data inclusion criteria  

The research papers selected for inclusion in this study were from experimental or 

observational studies on novel food ingredients as sugar replacers, either partially or 

fully for cake applications. The literature review collected publications from the time 

period 2011 to 2021 using databases such as ScienceDirect, Elsevier, Wiley, and 

Taylor and Francis. The search for relevant articles involved five stages as 

demonstrated in Figure 14. The initial stage searched for “sugar reduction cake” in the 

databases above with 6842 results. During the second stage the articles title were 

reviewed for relevance to the subject matter. Titles which did not analyse novel food 

ingredients were excluded. The abstracts were reviewed for the use of novel food 

ingredients in bakery applications. Studies which did not analyse bakery applications 

were excluded. In the third stage 85 full articles were reviewed which used sugar 

replacers in cake applications, to ascertain if they analysed the sensory, texture and 

volume metrics of the applications. The final stage was to filter out articles which did 

not use novel food ingredients, for a final selection of nine research papers. In this way 

the thesis focused on relevant publications to answer the research question. 
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Figure 14 Flow diagram used for the articles’ systematic selection 
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The nine articles chosen, and the 14 novel food ingredients selected for inclusion in 

this study are shown in table 6, which also included a definition of each novel food 

ingredient.  

Table 6 Novel food ingredient definitions and article source 

Novel Ingredient Ingredient Description Article, Authors and Year 

Grape Pomace 

Grape pomace is composed of the seeds and skins of grapes, 

a by-product of wine production creating approximately 25% 

waste by weight (Dwyer, et al., 2014). Grape pomace is 

derived from residue of wine and juice manufacturing using 

grapes, which can be transformed into flour high in 

antioxidants and phenolic acid (Monteiro, et al., 2021). 

Effect of grape pomace powder 

addition on chemical, nutritional and 

technological properties of cakes – 

Nakov, et al., 2020  

Black Currant 

Pomace 

Black currant pomace, known in this study as Ribes nigrum 

is a high fibre by-product of juice manufacturing, which is 

traditionally used as animal feed. The pomace provided was 

dried and milled to achieve a flour like texture (Quiles, et al., 

2018). Blackcurrant berry pomace makes up approximately 

30% of the blackcurrant farmed, but despite its high levels of 

fibre and polyphenols, is often disposed of (Dinkovski, 

2016) 

Use of berry pomace to replace flour, 

fat or sugar in cakes – Quiles, et al., 

2018 

Aronia Pomace 

Aronia Pomace, also known as Aronia Melanocarpa, or 

black chokeberry is the by-product following juice pressing. 

It is high in phenolic components and hydroxycinnamic 

acids (Csóka & Halász, 2018) 

Use of berry pomace to replace flour, 

fat or sugar in cakes – Quiles, et al., 

2018 

Hydroxypropyl-

methylcellulose 

(HPMC) 

HPMC is a cellulose ether hydrocolloid, that is considered to 

be odourless, transparent, flavourless, economical and 

soluble in water (Zhang, et al., 2019).  

Effects of sugar, starch and HPMC 

concentrations on textural properties 

of reduced-sugar sponge cakes - Frazi, 

et al., 2013 

Debittered 

fenugreek seed 

powder 

Fenugreek, also known as Trigonella foenum-graecum is a 

legume, used as a sensory enhancing spice. Fenugreek has 

demonstrated medical benefits, including antioxidant and 

immunological properties, and as a functional ingredient in 

food as a stabiliser, emulsifier and texture modifier (Wani & 

Kumar, 2018).   

Studies on interaction between 

stevioside, liquid sorbitol, 

hydrocolloids and emulsifiers for 

replacement of sugar in cakes - 

Manisha, et al., 2012 

Oat Fibre 

Oat fibre is derived from oats following purification of bran. 

Oat fibre contains no fat or protein and approximately 90% 

insoluble fibre. It is comprised mainly of lignins, cellulose 

and hemicelluloses (Majzoobi, et al., 2015) 

Effects of Commercial Oat Fibre on 

Characteristics of Batter and Sponge 

Cake - Majzoobi, et al., 2015 

Date Syrup 
Deglet Nour cultivar syrup can be created by macerating date 

paste at 70oC, through a process of evaporation, 

Straightforward extraction of date 

palm syrup from Phoenix dactylifera 

L. by products: application as sucrose 
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caramelisation and filtration, therefore retaining the 

nutritional value of dates (Lajnef, et al., 2020).  

substitute in sponge cake formulation 

– Lajnef, et al., 2020 

Apple Pomace 

Apple pomace is a by-product mainly from the cider industry 

and is one of the most processed fruits globally. They are 

high in insoluble fibre, pectin, phenolics, flavonoids and 

calcium (Gómez & Martinez, 2018).  

Physical, textural and sensory 

characteristics of reduced sucrose 

cakes, incorporated with clean-label 

sugar-replacing alternative 

ingredients – Milner, et al., 2020 

Whey Permeate 

Whey Permeate is a by-product of the dairy industry, in 

particular whey protein and cheese production. During 

production the whey and curds are separated, and the whey 

is filtered and spray dried. As whey permeate is high in 

lactose (85%), it has a high level of sweetness and therefore 

the ability to caramelise and aid in the Maillard reaction 

(Milner, et al., 2020).  

Physical, textural and sensory 

characteristics of reduced sucrose 

cakes, incorporated with clean-label 

sugar-replacing alternative 

ingredients – Milner, et al., 2020 

Oligofructose 

Oligofructose is a dietary fibre, it is created through the 

partial enzymatic hydrolysis of inulin, creating a similar 

sweetness level to sucrose and humectant characteristics in 

baked goods (Milner, et al., 2020).  

Physical, textural and sensory 

characteristics of reduced sucrose 

cakes, incorporated with clean-label 

sugar-replacing alternative 

ingredients – Milner, et al., 2020 

Polydextrose 

Polydextrose is a dietary fibre produced from citric acid, 

glucose and sorbitol. It is less sweet than sucrose, increasing 

the temperature of gelatinisation of starch during baking, 

providing partial functionality of sugar (Milner, et al., 2020). 

Physical, textural and sensory 

characteristics of reduced sucrose 

cakes, incorporated with clean-label 

sugar-replacing alternative 

ingredients – Milner, et al., 2020 

Ultrasound treated 

Apple pectin 

Pectin is a polysaccharide, gelling biopolymer found in the 

cell walls of plants. Pectin was treated with ultrasound 

amplitude to improve rheological properties of the cake 

(Chan, et al., 2019).  

Application of Box-Behnken design 

in optimization of ultrasound effect on 

apple pectin as sugar replacer - Chan, 

et al., 2019 

Sorghum Syrup 

Sweet sorghum, also known as Sorghum bicolor L. Moench, 

is a gluten free, contains 3% fat, 10% protein, high in 

carbohydrates and insoluble fibre. It is considered one of the 

top five most important grains globally and a source of 

nutraceuticals (Pontieri & Giudice, 2016).  

New Approach for Using Different 

Forms of Sweet Sorghum Syrup in 

Cake Making - Khali, et al., 2018 

Freeze-Dried 

Sweet Sorghum 

Juice 

 Sweet sorghum was processed through clarification, 

evaporation, freezer drying and vacuum drying to achieve 

the desired texture (Khali, et al., 2018).  

New Approach for Using Different 

Forms of Sweet Sorghum Syrup in 

Cake Making - Khali, et al., 2018 

 

As the focus of this thesis was on cake applications, research papers which conducted 

analysis on other bakery applications were excluded. Studies which used sugar 

replacers not considered novel food ingredients under the definition (above), were 

excluded, as this thesis focused on the potential of novel food ingredients as sugar 
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replacers. Studies which did not conduct post-bake scientific analysis on the final cake 

products, e.g. texture, volume, sensory, were excluded, as these metrics were key to 

establishing consumer acceptability.  

 

2.2 Comparative data analysis  

2.2.1 Data  

The articles chosen for inclusion in this study analysed the use of 14 individual novel 

food ingredients as sugar replacers in cake recipes. This thesis extracted measurement 

data from these research papers on the (i) volume, (ii) texture and (iii) sensory 

evaluation of the cakes, to perform comparative data analysis. Data analysis was 

carried out to assess the post bake volume of cakes using novel food ingredients as 

sugar replacers compared to control cake volume. As texture analysis methods vary 

between research studies, qualitative analysis was conducted on whether the softness/ 

firmness of the cake is on par with control sample, or softer/ firmer, depending on the 

method used.  As different methods were used to analyse the sensory attributes of the 

cakes, a quantitative scale/meter was created, analysing if the attributes measured were 

on par, better than or worse than control sugar samples for each of the three parameters 

being assessed. To assess the commercial viability of novel food ingredients as sugar 

replacers, analysis was carried out on the availability of the 14 novel food ingredients 

on the global food ingredients market. Metrics collected were compound annual 

growth rate, global production in tonnes, global market value, regional production 

values and market information. Metrics were collected from market research company 

reports and industry publications, with metrics being compared to the global sugar 

market. A comparative analysis was conducted on the market price of the novel food 

ingredients in comparison to the market price of sugar, to establish if they were a 

suitable alternative to sugar for large cake manufacturers.  

 

2.2.2 Data analysis 

According to Bourne (2002) the three factors of acceptability of foods to consumers 

are appearance, flavour and texture (Bourne, 2002). This thesis included studies on 

the use of novel food ingredients as sugar replacers in cake recipes, where specific 
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volume, texture analysis and sensory evaluation methods were used to evaluate 

consumer acceptability of the product. The criteria selected for measuring consumer 

acceptability (the volume, the texture and sensory evaluation) are discussed in the 

introduction. From these studies this thesis extracted data on the volume, texture and 

sensory evaluation of the cakes, to perform comparative data analysis.  

 

2.2.3 Texture Analysis  

In the papers selected, the texture analysis of the control (full sugar) sample was 

compared to the respective sugar reduced sample for each of the 14 novel food 

ingredients. The difference between the control and respective sugar reduced sample 

was calculated and expressed as a percentage of the control. All 14 studies included 

either one of the AACC internationally approved methods for analysing the texture 

analysis of the cakes.  

 

2.2.4 Volume 

In the papers selected, the specific volume of the control (full sugar) sample was 

compared to the respective sugar reduced sample for each of the 14 novel food 

ingredients. The difference between the control and respective sugar reduced sample 

was calculated and expressed as a percentage of the control. All 14 studies included 

either one of the AACC internationally approved methods for analysing the specific 

volume of the cakes.  

 

2.2.5 Sensory 

For the purposes of this research, for each of the 14 novel food ingredient, sensory 

analysis was divided into two: a comparative analysis of sensory texture and of sensory 

taste. Samples from the respective paper was compared to the respective control 

sample, the difference between the control and respective sugar reduced sample was 

calculated and expressed as a percentage of the control. For some studies the sensory 

analysis data was not published as part of the study, instead using qualitative data to 

summaries the results. “N/A” has been used to identify this data exclusion.  
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For each of the four metrics being analysed (texture, volume, sensory texture, and 

sensory taste), a five-point Likert scale was used to standardise the data captured, 

shown in figure 15. Applying a Likert scale (figure 15) to the data collected from the 

papers allowed the data to be captured across a range and to be visualised as a gauge 

measuring performance (-100-+100) relative to the respective control sample cakes 

(0). Aligning the metrics collected from all the papers allowed the researcher to 

visually compare data in a simple format and analyse what changes in performance 

existed for each of the metrics captured.  The Likert scale was used to capture data 

from all four metrics.  

Figure 15 Five-point Likert scale to standardise data captured in the 14 novel ingredient 

studies 

Volume 

Measurement of the difference in volume between the sponge cake using novel food 

ingredients, compared to respective control sponge cakes.  

Significantly 

Lower Slightly Lower No Difference 

Slightly 

Higher 

Significantly 

Higher 

-50%-100% -1%-50% 0% +1%-50% +50%-100% 

 

Analysis using the Likert scale of the extracted data from the papers selection enabled 

the researcher to visually identify for each of the metrics captured, which of the 14 

novel food ingredients performed on par with the control (full sugar) sample, the novel 

food ingredients that demonstrated an improvement compared to the control (full 

sugar) sample and which performed less well compared to the control sample. This 

thesis concluded that novel food ingredients that demonstrated no difference, slight 

improvement or significant improvement in comparison to the control (full sugar), for 

all metrics, would act as suitable sugar replacers in cake recipes. The data was 

analysed using the Likert scale, to visually identify which of the novel food ingredients 

achieved this standard across all metrics.    

 

2.2.6 Commercial Viability 

To identify the commercial viability of using novel food ingredients for large scale 

manufacturers, this study evaluated two metrics: the market price for the ingredient 

per kilogram in United States Dollars and the availability of the novel food ingredient 
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on the global marketplace. Sugar is a commodity ingredient, the largest produced 

product globally (Shahbandeh, 2021) and is therefore tracked daily on a global scale, 

with information freely available. The global market price of sugar at the time of 

writing was $0.51 per kg (International Sugar Organization, 2021). Price fluctuations 

in sugar are minor and has remained relatively stable in the past decade (International 

Sugar Organization, 2021). One limitation of this study was that the novel food 

ingredients are not commodities and therefore price information is not as freely 

available as sugar. Published information on price was available for grape pomace, 

blackcurrant pomace, aronia pomace, HPMC, Debittered fenugreek seed powder, oat 

fibre, date syrup, apple pomace, polydextrose and sorghum syrup ((International Sugar 

Organization, 2021), (Muscadine Products, 2021), (May & Guenther, 2019), 

(AliExpress, 2021), (TradeKey.com, 2021),  (IndiaMART InterMESH Ltd, 2021)).  

When evaluating the seller of the novel food ingredient, this study focused on prices 

based on high minimum order quantities, circa 1 tonne, as large-scale cake 

manufacturers would likely purchase sugar replacers in bulk, in a similar quantity to 

sugar, depending on the recipe One limitation was data accessibility in that some of 

the novel food ingredients pricing were not available in the marketplace and therefore 

the commercial viability could not be evaluated. To counteract this a comparative 

analysis was conducted on the price of the novel food ingredients and the market price 

of sugar. The difference between sugar and the novel food ingredient was expressed 

as a percentage price difference. This thesis structure the commercial viability metric 

on price so that novel food ingredients must have a market price per kg at the same or 

lower than sugar to be considered potentially suitable sugar replacers.   

Market information on the novel food ingredients was obtained from recent market 

research reports and articles, providing background to the manufacturers, details on 

annual growth rates, market size, forecasting etc. Sources used for market review are 

detailed in table 7. Data extracted from the studies on the 14 novel food ingredients 

replaced sugar at different percentages, between a range of 4-50%, for example grape 

pomace replaced 4% of the sugar content and was compared to the control (full sugar) 

recipe and date syrup replaced 50% of the sugar content of its respective control recipe. 

The medium replacement percentage of the sugar for the 14 novel food ingredients 

was 20%. This thesis structured measurements so that novel food ingredients were 

considered to be commercially viable sugar replacers if the global availability was a 
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minimum of 20% of the global availability of sugar and had a price per kg at or lower 

than sugar. One limitation was that this information was only available for the novel 

food ingredients HPMC, debittered fenugreek seed powder and date syrup. The 

metrics for grape pomace, blackcurrant pomace, aronia pomace, oat fibre, apple 

pomace, whey permeate and ultrasound treated apple pectin, were estimated, based 

upon market data available. As these novel food ingredients are by-products derived 

from production processes, the metrics were calculated based upon this data available 

and the potential global production of the by-product. Data for sorghum syrup and 

freeze-dried sorghum juice was not accessible for this thesis.   
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Table 7 Market analysis sources 

Market Analysis Sources 

(AgroCycle, 2020) (Kusch-Brandt, et al., 2019) 

(Ahuja & Rawat, 2018) (Lyu, et al., 2020) 

(Allied Market Research, 2021) (Majzoobi, et al., 2015) 

(Ashew, 2021) (Market Watch, 2021) 

(Bakerpedia, 2020) (May & Guenther, 2019) 

(Barreveld, 1993) (Milner, et al., 2020) 

(Bhargava, et al., 2021) (O'Neill, 2021) 

(Bord Bia, 2021) (Parashar, et al., 2016) 

(Brandessence Market Research & Consulting 

Pvt ltd., 2021) (Persistence Market Research, 2018) 

(Chaubey, et al., 2017) (Persistence Market Research, 2021) 

(Chodhary, et al., 2021) (Peterson & Barregen, 2020) 

(Confectionery Production, 2016) (Petruzzello, 2021) 

(Data Bridge, 2021) (Plainfossé, et al., 2020) 

(Engles & Brinckmann, 2014) (Pulvit Industries Ltd., 2019) 

(European Commission, 2016) (Rajvanshi, et al., 2020) 

(Expert Market Research, 2020) (Research and Markets, 2021) 

(FAO, 1994) (Shahbandeh, 2021) 

(FAO, 2021) (Shalini & Gupta, 2010) 

(Farzi, et al., 2015) (Shere Raza, et al., 2017) 

(Favrea, et al., 2019) (Shoaib, et al., 2016) 

(Fior Markets, 2019) (Statista, 2021) 

(Gál, 2020) (Struck, et al., 2016) 

(Gillespie, et al., 2015) (Switch Med, 2017) 

(Global Market Estimates Research & 

Consultants, 2021) (Tate and Lyle, 2017) 

(Grain Millers, 2018) (Teodoro, 2020)  

(Helgi Library, 2020) (Tetra Pak, 2015) 

(IMARC Services Private Limited, 2021) (Theagarajan, et al., 2019) 

(IndexBox, 2021) (Tiefenbacher, 2017) 

(International Blackcurrant Association, 2020) (Undersander, et al., 2021) 

(International Organisation of Vine & Wine, 

2021) (Vidović, et al., 2019) 

(Kalli, et al., 2018) (Wani & Kumar, 2018) 

(Kashian, 2016) (World of Chemicals News, 2020) 

(Khali, et al., 2018) (Zittan, 1981) 
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Chapter 3 Results 
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This thesis focused on results of (i) analysis of volume, texture and sensory data 

extracted for the 14 novel food ingredients and (ii) commercial viability. The 

commercial viability metric was subdivided into price per kg and global market 

availability.  

3.1 Analysis of novel food ingredients as sugar replacers  

Table 8 demonstrates the converted data for the 14 novel food ingredients in the 

studies identified, as reflected in the five-point Likert scale. Table 8 visualises the data 

measuring performance relative to the respective control cakes. Novel food 

ingredients demonstrating no difference, slightly improved and/or significantly 

improved results across all metrics, are considered to act as suitable sugar replacers in 

cake recipes. The data also captures the percentage of sugar in the respective cake 

recipe that was replaced by the novel food ingredient. Not applicable (N/A) results 

refer to cases where the data could not be converted into the five-point Likert scale, or 

the data was not captured by the study. This thesis structured metrics so that novel 

food ingredients that demonstrated no difference, slight improvement or significant 

improvement in comparison to the control (full sugar), for all metrics, would act as 

suitable sugar replacers in cake recipes. This thesis concluded that none of the 14 novel 

food ingredients met this standard across all metrics.  
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Table 8 Volume, texture and sensory data of 14 novel food ingredients studies, converted 

into a five-point Likert scale 

Novel 

Ingredient 

Sugar 

Replacement 

% 

Hardness Volume Sensory  

Texture 

Sensory  

Taste 

Grape Pomace 4% 

Slightly 

Harder 

No 

Difference 

Slightly 

Softer 

Slightly 

Improved 

Black Currant 

Pomace 30% 

Slightly 

Harder 

Slightly 

Higher 

No 

Difference 

No 

Difference 

Aronia Pomace 30% 

Significantly 

Harder 

Slightly 

Higher 

No 

Difference 

No 

Difference 

HPMC 

  10% 

Slightly 

Harder 

Slightly 

Higher N/A N/A 

Debittered 

fenugreek seed 

powder 10% 

Slightly 

Harder 

Slightly 

Lower 

No 

Difference 

No 

Difference 

Oat Fibre 5% 

Slightly 

Harder 

Slightly 

Higher 

No 

Difference 

Slightly 

Poorer 

Date Syrup 50% 

Slightly 

Harder 

No 

Difference 

No 

Difference 

Slightly 

Poorer 

Apple Pomace 20% 

Significantly 

Harder 

Significantly 

Lower 

Slightly 

Harder 

Slightly 

Poorer 

Whey Permeate 20% 

Slightly 

Harder 

Slightly 

Lower 

Slightly 

Harder 

Slightly 

Poorer 

Oligofructose 20% 

Slightly 

Harder 

Significantly 

Lower 

Slightly 

Harder 

Slightly 

Poorer 

Polydextrose 20% 

Slightly 

Harder 

Significantly 

Lower 

Slightly 

Harder 

Slightly 

Poorer 

Ultrasound 

treated Apple 

pectin  10% 

Slightly 

Softer 

Slightly 

Higher N/A N/A 

Sorghum Syrup 20% N/A 

Slightly 

Lower 

Slightly 

Softer 

No 

Difference 

Freeze-Dried 

Sweet Sorghum 

Juice 50% N/A 

No 

Difference 

No 

Difference 

No 

Difference 

 

 

3.1.1 Grape Pomace 

In the study on grape pomace as a sugar replacer in a cake recipe, 4% of the sugar in 

the recipe was replaced with grape pomace and compared to the control (full sugar) 

cake recipe (Nakov, et al., 2020). Overall, the authors concluded that the results were 

positive, as grape pomace demonstrated a slight impact on the cake texture, no 

negative impact on the volume and a slight improvement on sensory evaluation. The 
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authors’ concluded that replacement with a small level of grape pomace enhanced the 

nutritional qualities of the cake and aided in the valorisation of grape pomace through 

utilisation of the by-product. Figure 15 is photographs taken of the control and 4% 

sugar replaced sample, demonstrating slight colour change in the crust.  

Figure 16 taken from study on grape pomace as a sugar replacer 

(Nakov, et al., 2020) 

 

Control (full sugar) 

 

 

4% grape pomace 

 

 

3.1.2 Blackcurrant Pomace 

In the study on blackcurrant pomace as a sugar replacer in a cake recipe, 30% of the 

sugar in the recipe was replaced with blackcurrant pomace and compared to the control 

(full sugar) cake recipe (Quiles, et al., 2018). The article’s authors concluded that 

blackcurrant pomace demonstrated positive results in sugar replacement in the cake 

recipe, compared to the full sugar sample. There were slight differences between the 

hardness of the blackcurrant samples, compared to the control sample, which was 

equated to premature starch gelatinisation. Specific volume analysis demonstrated a 

slight increase in the volume, compared to the control. Sensory evaluation concluded 

that there were no significant differences in terms of the taste and texture metrics, 

compared to the control cake recipe. The article concluded that the blackcurrant 

pomace samples were acceptable to consumers. Sponge cakes prepared using 

blackcurrant pomace were further concluded to have a nutritionally improved profile 

compared to the control (Quiles, et al., 2018).  
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3.1.3 Aronia Pomace 

The study on aronia pomace also conducted analysis on blackcurrant pomace above 

(Quiles, et al., 2018). Similar to blackcurrant pomace, the study concluded positive 

results on sugar substituted with 30% aronia pomace. In terms of the texture metrics, 

the cake sample using aronia pomace, was significantly harder compared to the 

control. It is interesting to note that this was not reflected in the sensory evaluation 

conducted in the study, which concluded there was no significant difference in terms 

of both the texture and taste sensory metrics. Aronia pomace demonstrated a slight 

improvement in volume, compared to the control sample.  The study further 

demonstrated that aronia pomace samples were considered acceptable to consumers 

and also gained an improved nutritional profile (Quiles, et al., 2018). 

 

3.1.4 HPMC 

The hypothesis of the study on HPMC was that the replacement of sugar with HPMC 

could potentially produce a low-sugar sponge cake (Farzi, et al., 2015). The study 

demonstrated that HPMC increased the porosity of the sugar reduced cake, meaning 

the air cells in the cake crumb. By increasing the porosity, the volume of the sugar 

reduced cake increased slightly, compared to the control sample. Furthermore, the 

study concluded that HPMC slightly decreased the softness of the crumb, 

demonstrating an inferior response to the texture metric. The study concluded, overall, 

that the hypothesis was correct, although further studies into texture were required 

(Farzi, et al., 2015).  

 

3.1.5 Debittered fenugreek seed powder 

Sugar replacement study was conducted on debittered fenugreek seed powder at a 10% 

sugar replacement percentage (Manisha, et al., 2012). The Texture analysis completed 

concluded that the addition of debittered fenugreek seed powder, had a slightly 

negative impact on the cake texture, slightly increasing the hardness compared to the 

control sample. The sugar reduced cake demonstrated slightly lower volume, 

compared to the control. Sensory evaluation concluded that notwithstanding a minor 

change in the crust and crumb colour, the cakes demonstrated fine and uniform crumb 

texture, with no perceptible bitter taste from the fenugreek. Overall, the sensory score 
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demonstrated no significant difference to the control sample. Furthermore, the study 

concluded that the use of debittered fenugreek seed powder improved the nutritional 

profile of the cake, including the dietary fibre content (Manisha, et al., 2012).  

 

3.1.6 Oat fibre 

The aim of the study on oat fibre in a cake application was to determine the sensory 

and physical characteristics of the cake with the inclusion of fibre (Majzoobi, et al., 

2015). Oat fibre was added different at intervals between 5 – 30%, with the optimum 

results demonstrated at the 5% percentage. The study concluded that undesirable 

characteristics were observed at replacement levels higher than 5%, such as darker 

crumb and crust colour, poor sensory qualities, and increased crumb hardness.  Texture 

analysis data demonstrated that the crumb was slightly harder than the control. The 

study concluded that texture is an important aspect of consumer acceptability, which 

was impacted by the oat fibre. Figure 17 demonstrates the cross section of the control 

cake sample and the 5% sugar replacement sample using oat fibre. Oat fibre improved 

the cake volume slightly as it provided additional protein strength to enable gas 

expansion and retention during the mixing and baking process, as demonstrated in 

Figure 17  (Majzoobi, et al., 2015). 

Figure 17 adapted from study on impact of oat fibre on cake 

(Majzoobi, et al., 2015) 

  

Sensory analysis conducted concluded that there was no significant difference 

between the control sample and sugar reduced sample in terms of the texture matrix, 

however the sensory evaluation concluded that it was slightly inferior, owing to the 

bitter aftertaste of the oat fibre. Panellists also noted that there was a slight darker 
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colour difference, which increased as the percentage replacement increased 

(Majzoobi, et al., 2015).  

 

3.1.7 Date syrup 

In the study on date syrup, it was utilised as a sugar replacer in a cake recipe at 50%, 

75% and 100% substitution (Khemiri, et al., 2021). Based upon the results of the study, 

the optimum substitution rate of 50% was concluded. The data from 50% replacement 

was extracted for this thesis. The objective of the study on date syrup was to assess its 

functionality as a sugar replacer in a basic sweet food product, such as cake.  The study 

concluded that the texture of the date syrup cake had a slightly harder crumb texture 

compared to the control sample. In respect of volume, the study determined that the 

replacement of date syrup at 50% did not adversely impact the volume of the cake, as 

demonstrated in Figure 18 (Khemiri, et al., 2021).  

Figure 18 Visual appearance of the cakes adapted from study on date syrup as a sugar 

replacer 

(Khemiri, et al., 2021) 

Control Date Syrup 

 

 

Sensory evaluation concluded that there was no significant difference between the 

samples in terms of texture, but the taste was determined to be slightly inferior. The 

study concluded that the nutritional profile of the date syrup substituted cakes was 

improved as the percentage of date syrup was increased, demonstrating an improved 

antioxidant activity and phenolic compound level. The study further demonstrated the 
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potential contribution that the application of date syrup as a sugar replacer in cakes 

could have on the circular economy (Khemiri, et al., 2021).  

 

3.1.8 Apple pomace 

The study on apple pomace focused on examining clean label, novel sweetening 

ingredients as potential sugar replacers in cake, including the forthcoming three novel 

food ingredients, whey permeate, oligofructose and polydextrose (Milner, et al., 

2020). In the recipe, sugar was replaced with 20% apple pomace. Texture analysis was 

conducted on samples on days 1, 3 and 7 post-bake, with day 0 determined to be the 

day of baking. The sugar reduced samples containing apple pomace were determined 

to have a significantly harder crumb from day 1, which was hypothesised as being 

related to the water minding impact of apple fibres, generating a harder cake crumb. 

In respect of volume, the study concluded that apple pomace produced a lower specific 

volume compared to the control cake of sufficient statistical significance determined. 

The study determined that the lower volume was also due to the high water absorption 

rate of apple pomace, due to the high fibre content, influencing the gluten network 

formation, elasticity, viscosity and consequently the batter volume. Sensory analysis 

was conducted using a trained panel on day 1 post-bake, who determined that apple 

pomace samples were the least preferred sample in terms of texture, flavour, aftertaste, 

colour and overall acceptability. While the flavour was not found to be pleasant by the 

panellists, the sweetness was determined to be similar to the control. The panellists 

also observed the apple pomace crumb and crust colour to be darker compared to the 

control. Overall the study concluded that apple pomace cake samples had the highest 

crumb firmness, lowest consumer acceptability and lowest specific volume compared 

to control (full sugar) cakes, as well as cakes replaced with polydextrose, whey 

permeate and oligofructose, which will be discussed in the following paragraphs 

(Milner, et al., 2020).  

 

3.1.9 Whey permeate 

As discussed above, the aim of the study was to achieve clean label sugar substitution 

in cake recipes (Milner, et al., 2020). Whey permeate is a by-product of whey protein 

production and was determined to be a potential sugar replacer due to its high lactose 
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content. Texture analysis conducted on day 1, 3 and 7 determined that whey permeate 

samples were slightly harder compared to control samples on each day analysed. Whey 

permeate samples were slightly lower compared to the control sample, however it did 

demonstrate the highest volume in the study after control. Sensory evaluation 

concluded that the control sample was the preferred sample of the panellists, scoring 

the highest on all metrics. In terms of taste the whey permeate sample scored slightly 

poorer compared to the control and slightly harder in terms of sensory texture (Milner, 

et al., 2020).  

 

3.1.10 Oligofructose 

Oligofructose was substituted for sugar at a 20% rate during this study (Milner, et al., 

2020). Oligofructose as chosen as a potential sugar replacer in this study, as it has 

demonstrated a perceived sweetness similar to sugar at high concentration levels. It 

has several characteristics comparable to sugar, such as high temperature stability, 

humectant qualities and contribution to the desirable brown colour in bakery 

applications. Oligofructose samples had a slightly harder crumb texture compared to 

control samples during texture analysis across the 3 analysis days. In terms of volume, 

the oligofructose samples demonstrated a significantly lower specific volume 

compared to control. Sensory analysis conducted on day 1 using the trained panel 

concluded that the oligofructose samples were harder in texture and slightly poorer in 

flavour than the full sugar control samples. Overall, it was concluded that the fibres 

contained in oligofructose had a detrimental impact on the cake recipe, however the 

cakes increased in nutritional quality, demonstrating an increased level of fibre 

(Milner, et al., 2020).  

 

3.1.11 Polydextrose 

In the study on polydextrose as a sugar replacer in a cake recipe, 20% of the sugar in 

the recipe was replaced with polydextrose and compared to the full sugar cake recipe 

(Milner, et al., 2020). Polydextrose was chosen by the authors of this study for 

inclusion as it is a dietary fibre which, aids in increasing the temperature of 

gelatinisation of starch, thus aiding in batter thickness and contributes to desirable 

browning of bakery applications. Texture analysis conducted on days 1, 3 and 7 post-
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bake confirmed that the crumb texture was slightly harder for the polydextrose 

samples compared to control. In respect of volume, the polydextrose samples were 

significantly lower than the specific volume of the control, potentially due to the high 

fibre content and water binding attributes. Sensory data extracted from this study 

concluded that the texture was slightly harder and the flavour slightly inferior 

compared to the full sugar sample (Milner, et al., 2020).  

 

3.1.12 Ultrasound treated apple pectin 

The study on ultrasound treated apple pectin focused on sugar replacement at 

incremental percentages between 10-30%, using apple pectin treated using ultrasound 

technology at incremental amplitudes between 20-60%, for incremental sonication 

durations between 5-25 minutes (Chan, et al., 2019). The study focused on 

determining the impact of sugar replacement using this pectin on the batter, hardness, 

volume and aeration qualities of the cake. The study concluded that the optimum sugar 

replacement was 10%, using ultrasound treated apple pectin at 20% amplitude for 25 

minutes. This thesis extracted the results from the identified optimised sample to 

conduct analysis. The limitation of this study was that sensory analysis was not 

conducted and therefore could not be compared.  

This study concluded that 10% sugar replacement increased specific volume of cake 

samples and reduced hardness compared to full sugar control samples, demonstrating 

a positive impact on the cake quality. It further concluded that pectin treated with 

higher amplitude and increased sonication time produced a lower density batter, which 

subsequently increased batter aeration, crumb softness and overall cake volume (Chan, 

et al., 2019).  

 

3.1.13 Sorghum syrup 

The study conducted on sorghum syrup and freeze-dried sorghum juice, discussed 

below, aimed to evaluate sorghum products as sugar replacers in cake recipes (Khali, 

et al., 2018). Sorghum syrup was substituted for sugar in cake recipes at percentages 

10, 20, 30 and 40%. This study extracted data for sugar substitution at 20%, as it was 

concluded to be the optimum replacement level, based upon performance on volume 
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and sensory metrics. A limitation of this study was that texture analysis data could not 

be extracted, as it was conducted as part of the study’s analysis (Khali, et al., 2018).   

Specific volume analysis conducted from this study demonstrated a significant impact 

on volume, at 40% sugar replacement and above, compared to the control sample, thus 

concluding that 20% replacement achieved the optimum specific volume, slightly 

lower compared to the control sample. The study determined that as syrup percentage 

increased, specific volume decreased. This was determined to relate to a reduction in 

air incorporation due to the limited functionality of freeze-dried juice, compared to 

sugar. Furthermore, the use of sorghum juice demonstrated earlier gelatinisation time 

during baking, thereby limiting the oven spring of the cake samples. Sensory 

evaluation was conducted using a trained panel on the day of baking. The panellists 

concluded that there was no significant difference between the control cake samples 

and sorghum syrup samples at 20% replacement, in terms of flavour. The panel further 

determined that sorghum syrup samples were slightly softer than the control samples. 

Overall, the panellists determined that the sugar replaced samples at 20% were 

acceptable. Crust and crumb colour were observed as darker compared to the control 

cake samples.  The conclusion of this study was that sorghum syrup was a suitable 

replacement for sugar in cake recipes (Khali, et al., 2018).  

 

3.1.14 Freeze-dried sorghum juice 

Freeze dried sorghum juice was substituted for sugar at 25, 50, 75 and 100% in a cake 

recipe for this study (Khali, et al., 2018). The optimum substitution level was 

determined as 50%, based on the analysis conducted. For the purposes of this thesis, 

the data extracted was from 50% replacement percentage. Specific volume data 

concluded that there was no significant difference between cake samples using 50% 

juice replacement, compared to full sugar control samples. Sensory evaluation 

demonstrated no substantial difference between 50% replacement and control samples 

across texture and taste metrics. Crust and crumb colour differences were observed 

during analysis, demonstrating that replacement using sorghum juice produced cake 

samples with darker colour crust and crumb (Khali, et al., 2018).  
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3.2 Market pricing of novel food ingredients 

Comparative analysis was conducted on the price of the novel food ingredients and 

the price of sugar. The difference between sugar and the novel food ingredient was 

expressed as a percentage price difference. Table 6 displays the global price in US 

dollars per kg of product, based upon market pricing available and the percentage price 

difference.  

Whey permeate, ultrasound treated apple pectin and freeze-dried sweet sorghum juice 

were not widely available to purchase on the global market and therefore could not be 

evaluated on price. In respect of prices obtained for HPMC and oligofructose, prices 

were provided by the supplier directly, the source of which could not be published. 

The current retail price for blackcurrant pomace was between $0.50 $9.00/ per kg and 

therefore the mean point of $4.75 was used (May & Guenther, 2019). The current retail 

price for aronia powder was between $1-19/ kg and therefore the mean point of $10 

per kg was used for the purpose of analysis (AliExpress, 2021).  Table 9 displays the 

price difference between sugar and the novel food ingredient, as a percentage of sugar 

to demonstrate the potential price increase for the cake manufacturer for sugar 

replacers. The closest novel food ingredient to the prices of sugar was oligofructose, 

at $2.46/ kg (Anon, 2021), compared to $0.51/ kg (International Sugar Organization, 

2021), demonstrating the significant price difference between novel food ingredients 

as sugar replacers and sugar. The most expensive novel food ingredient was grape 

pomace which at $120/kg, was reflective of the processing and resultant yield 

(Theagarajan, et al., 2019).  

This thesis structured the commercial viability metric on price, so that novel food 

ingredients must have a market price per kg at the same or lower than sugar to be 

considered potentially suitable sugar replacers.  The comparative analysis concluded 

that none of the novel food ingredients achieved this, based upon the market data 

available.  
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Table 9 Novel food ingredient global market price per kg and as a percentage price 

increase relative to the global market price per kg of white sugar 

Novel food ingredient 

Price per kg in 

US $ 

Percentage 

price increase 

compared to 

sugar Source 

White sugar $0.51   
 (International Sugar 

Organization, 2021) 

Grape Pomace $120.00 23429% 
 (Muscadine Products, 

2021) 

Black Currant Pomace $4.75 831% 
 (May & Guenther, 

2019) 

Aronia Pomace $10.00 1861%  (AliExpress, 2021) 

HPMC $9.82 1825%  (Anon, 2021) 

Debittered fenugreek 

seed powder $12.50 2351%  (TradeKey.com, 2021) 

Oat Fibre $4.00 684% 
 (IndiaMART 

InterMESH Ltd, 2021) 

Date Syrup $28.68 5524% 
 (IndiaMART 

InterMESH Ltd., 2021) 

Apple Pomace $9.32 1727% 
 (IndiaMART 

InterMESH Ltd., 2021) 

Whey Permeate N/A N/A   

Oligofructose $2.46 382%  (Anon, 2021) 

Polydextrose $3.33 553%  (Rajvi Enterprise, 2021) 

Ultrasound treated Apple 

pectin N/A N/A   

Sorghum Syrup $5.28 935% 

 (UK Cooperative 

Extension Service , 

2002) 

Freeze-Dried Sweet 

Sorghum Juice N/A N/A   
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3.3 Market analysis of novel food ingredients 

This thesis focused on the global market availability of novel food ingredients, 

obtained from research articles, reports, including forecasting and market size. This 

thesis structured measurements so that novel food ingredients were considered to be 

commercially viable sugar replacers if the global availability was a minimum of 20% 

of the global availability of sugar. As discussed above, this study was limited by 

accessibility of data for all novel food ingredients. This data was available for three 

novel food ingredients: HPMC, debittered fenugreek seed powder and date syrup. The 

metrics for grape pomace, blackcurrant pomace, aronia pomace, oat fibre, apple 

pomace, whey permeate and ultrasound treated apple pectin were estimated, based 

upon market data available. As these novel food ingredients are by-products derived 

from production processes, the metrics were calculated based upon this data available 

and the potential global production of the by-product. Data for oligofructose, sorghum 

syrup and freeze-dried sorghum juice was not accessible for this thesis.  

The data concluded that, based upon the global availability information accessible and 

the data predicted, none of the 14 novel food ingredients achieved a minimum global 

availability of 20% of the global availability of sugar and thus were concluded as 

unsuitable sugar replacers for cake manufacturers.  
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Table 10 Global market availability of novel food ingredients  

Novel food 

ingredient 

Global production 

(tonnes) 

Percentage 

production of 

white sugar  

(tonnes) Source 

White sugar 172,000,000 100% (Shahbandeh, 2021) 

Grape Pomace 23,400,000 A 0.16% 

(Bordiga, et al., 

2019) 

Black Currant 

Pomace 153,028 B 0.002% 

(International 

Blackcurrant 

Association, 2020) 

Aronia Pomace 55, 000 C 0.001% 

(European 

Commission, 2016) 

HPMC 135,300 0.08% 

(IMARC Services 

Private Limited, 

2021) 

Debittered 

fenugreek seed 

powder 470 0.0003% 

(Ahuja & Rawat, 

2018) 

Oat Fibre 23,000,000 D 0.3% (FAO, 2021) 

Date Syrup 72,000 0.04% 

(Bellaouchi, et al., 

2017) 

Apple Pomace 17,448,000 E 0.5% 

(Shalini & Gupta, 

2010) 

Whey Permeate 2,800,476 F 1.4% (FAO, 2021) 

Oligofructose N/A N/A   

Polydextrose 101,000 0.06% 

(Fior Markets, 

2019) 

Ultrasound treated 

Apple pectin 160,000G 0.09% 

(Pulvit Industries 

Ltd., 2019) 

Sorghum Syrup N/A N/A   

Freeze-Dried Sweet 

Sorghum Juice N/A N/A   

Global production calculated based upon novel food ingredient source, estimated by-product 

volume and estimated processing yield. Full table in appendix 1 

A Global production of grapes (Statista, 2021) 

B Global production of blackcurrants (International Blackcurrant Association, 2020) 

C Global production of chokeberries (European Commission, 2016) 

D Global production of oats (FAO, 2021) 

E Global production of apples being processed in other products, such as cider, juice, jams, 

pectin and other dried ingredients (Shalini & Gupta, 2010) 

F Global production of dried whey (FAO, 2021) 

G Global production of apple pectin (Pulvit Industries Ltd., 2019), available to potentially 

processed by ultrasound  

N/A Global production of novel food ingredient or source could not be obtained 
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3.3.1 Grape pomace 

Grape pomace is a by-product of wine and grape production, containing inedible 

substances including stems, leaves, seeds and skin (Chodhary, et al., 2021). In wine 

production, following the pressing and fermentation of grapes, the remaining grape 

pomace is circa 20-25% of the total grapes, containing 10-12% skins and grape pulp, 

5-7% stems and 3-6% seeds (Favrea, et al., 2019). In 2020 the global grape production 

was 23.4 million metric tonnes (Statista, 2021). The global grape production is broken 

down as 57% grape wine, 36% table grape (intended for consumption) and 7% dried 

grape (International Organisation of Vine and Wine, 2020).  To produce grape pomace 

powder suitable for use in a cake recipe, the grape pomace requires cleaning, pressing 

to remove liquid, separation from the pulp, drying, milling and sieving to produce 

powdered format, producing approximately 5.87% yield (Theagarajan, et al., 2019).  

 

This thesis estimated the potential global availability of grape pomace. Global 

production of wine equates to 57% of the global grapes grown, of which 20% was 

estimated to be the resultant grape pomace, which could potentially be processed into 

dried grape pomace at an approximate yield of 5.87%. This estimation concluded that 

the global availability of grape pomace could be 156 thousand tonnes, provided all 

available pomace was further processed into grape pomace powder. As this thesis was 

limited by available data, this estimation enabled a comparative analysis on grape 

pomace as a potential sugar replacer on the metric of global availability. This 

concluded that if all wine produced grape pomace was further processed into dried 

grape pomace powder, the availability would be less than 0.1% of the global 

availability of sugar. As this thesis structured measurements so that novel food 

ingredients were considered to be commercially viable sugar replacers, if they had a 

minimum of 20% of the global availability of sugar, it was concluded that grape 

pomace was therefore not a viable sugar replacer under this metric.  

 

3.3.2 Blackcurrant pomace 

The blackcurrant is indigenous to northern Asia and northern and central Europe and 

is farmed in Europe, New Zealand, Asia, and some parts of northern America 

(Plainfossé, et al., 2020). Blackcurrants are cultivated primarily to produce juice and, 
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to a lesser extent jam, jelly, sweets, syrups, colouring and alcoholic beverages 

(Plainfossé, et al., 2020). In 2020, the global production of blackcurrant was 153,028 

tonnes (International Blackcurrant Association, 2020). During processing of cultivated 

blackcurrants, the berries are pressed to produce a concentrate, which consists of 70-

80% of the fruit, with 20-30% by-product remaining (Struck, et al., 2016). The 

remaining pomace contains stems, wooden pieces, leaves, skin, pulp and seeds, with 

approximately 50% moisture content, consisting of high levels of waste for 

manufacturers. To produce dry blackcurrant pomace, from any blackcurrant varieties, 

the berries must first be frozen to -20oC. The berries are then dried by freeze-drying, 

vacuum, microwave or infrared methods, followed by milling and sieving (Struck, et 

al., 2016) 

To estimate the potential global availability of blackcurrant pomace, as a by-product 

this thesis projected that based on the estimation that 20% of blackcurrant production 

is the resultant pomace and approximately 6% is the powdered yield following further 

processing into a powdered format, that the potential global availability of 

blackcurrant pomace was 2,755 tonnes, equating to 0.002% of the global availability 

of sugar, considerably lower than the established minimum of 20%. This calculation 

was conducted to estimate the potential global availability of blackcurrant pomace and 

to establish if this could be a commercially viable sugar replacer.  

 

3.3.3 Aronia pomace 

Black chokeberry, also known as aronia melanocarpa, is a shrub which produces black 

berry native to north America and Canada but primarily cultivated in eastern Europe 

(Engles & Brinckmann, 2014). Black chokeberries are rarely eaten fresh, as they have 

an astringent, bitter flavour, hence the name “choke” berries (Engles & Brinckmann, 

2014). Poland cultivates 90% of global production of black chokeberries, which 

equates to 50,000 tonnes annually (European Commission, 2016). Black chokeberries 

have become increasingly popular due to the bioactive compounds they contain, high 

antioxidant content and their role in the prevention and treatment of cardiovascular 

diseases (Vidović, et al., 2019). Aronia pomace is the by-product of aronia juice 

production, which requires further processing to create a powdered form. This powder 

is used as a natural colourant, food additive, in pharmaceuticals and nutraceuticals, 
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amongst other applications. To achieve the required powder format, aronia pomace 

requires drying, milling, grounding, sieving and fractionation, producing 

approximately 20% yield (Vidović, et al., 2019).  

To estimate the potential global availability of aronia pomace, global production of 

chokeberries was established to be 55,000, with aronia pomace equating to 20%  

(Vidović, et al., 2019). The established yield following production into a powdered 

format was 20%, thus equating to 2,200 tonnes potentially available, provided all 

pomace was further processed into a powder. Based upon the target of 20% global 

availability of sugar, aronia pomace was concluded to not be a suitable replacer as its 

potential availability would be 0.001% of sugar. 

  

3.3.4 HPMC 

HPMC, also known as hydroxypropyl methylcellulose, is a highly versatile 

semisynthetic polymer used in the food, pharmaceutical, construction and personal 

care industrials and as an adhesive (Market Watch, 2021). The global market volume 

was 135.3 kilo tonnes in 2020 (IMARC Services Private Limited, 2021). HPMC 

increases the water binding properties in a cake application and therefore partial or 

full replacement of sugar in a cake application with HMPC requires an increased 

volume of water to fully hydrate the HMPC, thus increasing the overall yield in cake 

manufacturing (Farzi, et al., 2015).  

This thesis structured measurements so that novel food ingredients were considered to 

be commercially viable sugar replacers if the global availability was a minimum of 

20% of the global availability of sugar. HPMC global market volume was accessible 

and therefore not estimated. Based upon this information HPMC global availability 

was 0.08% of sugar and therefore not concluded to be a suitable replacer for sugar.  

 

3.3.5 Debittered fenugreek seed powder 

Fenugreek seed powder is a bitter flavoured legume, typically used as a spice. It can 

be used as a functional ingredient, such as emulsifier, texture modifier and stabiliser 

in different food applications (Wani & Kumar, 2018). Fenugreek seed powder has 

seen a growth in demand from Europe as the health and wellness benefits become 
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more understood and the diversity of applications is increased (Persistence Market 

Research, 2018).  Based upon information available, fenugreek seed powder had an 

estimated globally availability at 470 tonnes (Ahuja & Rawat, 2018), equating to 

0.0003% of the global sugar, and thus is not a suitable sugar replacer.  

 

3.3.6 Oat fibre 

Oat fibre is processed from oats following purification of the bran. It is approximately 

90% insoluble fibre consisting mainly of lignins, cellulose and hemicelluloses 

(Majzoobi, et al., 2015). The global production of oats, producing 23 million tonnes 

of oats in 2019 (FAO, 2021). The US is the primary source of demand for oat fibre, 

followed by Europe (Persistence Market Research, 2021).  

Oat fibre is extracted from the outer part of the oat kernel, called the oat hull  (Grain 

Millers, 2018).  The hull is the major by-product from oat milling, representing an 

average of 25-33% of the wholegrain kernel (figure 19). The hull is inedible in its 

natural form and contains approximately 85% dietary fibre, which is mainly insoluble. 

During processing, the hull is removed and the remaining kernel, called groat is further 

processed into oat products such as steel cut oats, porridge oats etc (Grain Millers, 

2018).  

 

Figure 19 diagram of an oat kernel taken from Grain Millers  

(Grain Millers, 2018) 

 

Processing of oat hulls to create edible oat fibre can be conducted using a treatment of 

alkaline hydrogen peroxide, which may degrade some nutrient values (Bakerpedia, 

2020). Newer processes using hydrothermal and mechanical methods have 

demonstrated reduced degradation during processing (Bakerpedia, 2020). Oat hull 
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fibre has been used in multiple applications including bakery as it is a multifunctional 

ingredient, capable of modifying water activity and acting as a humectant, texture 

modifier and as a bulking agent (Grain Millers, 2018).  

To evaluate the commercial viability of oat fibre, the global volume was estimated 

based on the volume of oats produced globally (23 million tonnes) 2019 (FAO, 2021). 

25% of the kernel is the hull, of which 8.9% equates to oat fibre (Grain Millers, 2018). 

Based upon this estimation, the potential global availability of oat fibre was 512 

thousand tonnes, based on the presumption of full utilisation of the hull for fibre 

production. The global availability of oat fibre was therefore estimated to be 0.3% of 

sugar and therefore not a suitable replacer based upon availability.  

 

3.3.7 Date syrup 

Date syrup is derived from dates which are either damaged, second grade or ungraded, 

or as a result of surplus supply versus demand (Barreveld, 1993). Date syrup is not a 

typical by-product of agriculture practices, however, dates are not grown for the 

purpose of producing date syrup.  The production of date syrup is wholly dependent 

on the date agriculture industry (Barreveld, 1993). Global production of dates has been 

steadily increasing over the past decade, to reach 9 million tonnes in 2019 (FAO, 

2021).  Global production of date syrup in 2017 was 72,000 tonnes (Bellaouchi, et al., 

2017). The production process of dates into date syrup is expensive in terms of energy 

costs and machinery investment. Extraction processes are elaborate and complex, 

requiring multiple stages of pre-treatment, extraction, clarification and concentration  

(Barreveld, 1993).  Date syrup production yields approximately 45% syrup from dates, 

generating an estimated financial return of $0.15 per kg of dates syrup (Switch Med, 

2017).  

The commercial viability of sugar replacers was measured based on their global 

availability being a minimum of 20% of the global availability of sugar. Date syrup 

had a global availability of 0.04%, and thus was considered unsuitable for 

replacement.  
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3.3.8 Apple pomace 

Apple pomace is the by-product of apple juice and cider processing, which is typically 

disposed of in landfill (Lyu, et al., 2020). During juice and cider production, 75% of 

the apple is used and 25% is the by-product apple pomace (Shalini & Gupta, 2010). 

Globally, approximately 71% of apples are consumed fresh, with 20% being processed 

in other products, such as cider, juice, jams, pectin and other dried ingredients (Shalini 

& Gupta, 2010). Apples are the third highest fruit produced globally, after bananas 

and watermelons, at 87.3 million tonnes in 2019 (Shahbandeh, 2021). Production of 

apple pomace powder to achieve the desired low moisture content and particle size 

yields approximately 20% (Gál, 2020). 

The estimation of the potential global availability of apple pomace powder 

commenced with estimating the percentage of apple pomace produced globally. Based 

upon the apple production in 2019 of 87.3 million tonnes (Shahbandeh, 2021)., 

approximately 17.4 million tonnes were processed into ciders, juices etc. (Shalini & 

Gupta, 2010), of which 25% was estimated to be the by-product apple pomace (Shalini 

& Gupta, 2010). Production of apple pomace into a powdered format has an estimated 

yield of 20% (Gál, 2020), equating to an estimated 872,000, 0.5% of the global sugar 

volume. As the commercial viability of novel food ingredients is measured as 20% of 

global sugar volumes, it was concluded that apple pomace was not a viable 

commercial alternative to sugar.  

 

3.3.9 Whey permeate  

Whey permeate is technically a by-product of a by-product, as it is the by-product of 

whey protein production, which in itself is a by-product of cheese production 

(Confectionery Production, 2016). Liquid whey is the resultant of cheese production, 

which is separated into whey and protein. The protein can be used to produce powders 

such as protein isolates and high protein powders for the nutraceuticals and food 

industry. The remaining whey is called whey permeate, which can be dried to create 

whey permeate powder to be used as a food ingredient (Confectionery Production, 

2016). 

Liquid whey contains approximately 94% water and 6% solids and therefore must be 

concentrated to isolate whey proteins (Tetra Pak, 2015). Whey processing involves 
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concentration, typically by reverse osmosis, evaporation and drying by either spray or 

drum drying techniques, resulting in a dry matter of approximately 65%. Whey protein 

is isolated from the whey concentrate by chromatographic and fractionation processes, 

with the resultant being 20-30-fold concentration of the original liquid whey. 

Processed whey protein powder yields 83.3% whey permeate and 16.7% resultant 

(Tetra Pak, 2015). 

Based upon the estimation of 83.3% yield (Tetra Pak, 2015) of global production of 

dried whey in 2019 (FAO, 2021), the potential availability of whey permeate is 1.4% 

of the global availability of sugar. It can therefore be concluded that whey permeate is 

not a suitable sugar replacer based upon the potential estimated global availability.  

 

3.3.10 Oligofructose 

Oligofructose is a dietary fibre, produced through the partial enzymatic hydrolysis of 

inulin (Milner, et al., 2020). Inulin sources include Jerusalem artichoke, tubers and 

chicory root (Shoaib, et al., 2016). The commercial production of inulin is primarily 

from chicory root (Shoaib, et al., 2016). To produce oligofructose, the inulin is further 

processed using enzymes such as inulinase, to achieve a hydrolysis of between 97-

99% (Zittan, 1981).  

One limitation of this thesis was the accessibility of market information on 

oligofructose to analyse the potential global availability and commercial viability of 

its use as a sugar replacer in cakes. For this reason, oligofructose could not be 

evaluated.  

 

3.3.11 Polydextrose 

Polydextrose is a polysaccharide, comprised of randomly bonded glucose polymers, 

citric acid (1%) and sorbitol (10%) (Tiefenbacher, 2017). It is a soluble, non-digestible 

prebiotic fibre and functions as a bulking agent, humectant, thickener and stabiliser in 

food applications (Tiefenbacher, 2017). Production of polydextrose involves the use 

of natural ingredients, however the final product is not considered to be natural and 

has the EU E number E1200 (Peterson & Barregen, 2020). It is anticipated that, in 
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2022, global production of polydextrose will be over 101 thousand tonnes (Fior 

Markets, 2019). 

Based upon the predicted market volume of 101 thousand tonnes in 2022 (Fior 

Markets, 2019), the global availability of polydextrose was concluded to be 0.06% of 

the global sugar market.  

 

3.3.12 Ultrasound treated apple pectin 

Pectin is a polysaccharide-based polymer, a type of structural fibre derived from the 

cell wall and intracellular layer of plant cells (Marcus, 2013). It is primarily found in 

apples, lemons and oranges. In its soluble form, it has gel forming capabilities and is 

utilised in the food industry as a thickener for fruit-based products, such as jams 

(Marcus, 2013). Ultrasound technology has significantly advanced food processing 

with its vast array of applications in food processing, enhancing food sustainability 

and cost optimisation (Bhargava, et al., 2021).  Ultrasound technology has been 

applied to apple pectin to improve emulsification stability, thus enhancing its 

functionality (Bhargava, et al., 2021).  Ultrasound treated apple pectin is not currently 

available of the global market; thus for the purpose of this study, the market analysis 

will focus on the global apple pectin market.  

Annual production of pectin is circa 160,00 tonnes with the food and beverage sector 

being the primary applications (Pulvit Industries Ltd., 2019).  For the purposes of this 

thesis, the global availability is presumed to be the total pectin volumes of 160 

thousand tonnes, which could potentially be treated using ultrasound technology, 

without a reduction in yield. Based on this estimation, the global pectin availability is 

considered to be 0.09% of the global availability of sugar and thus is not a 

commercially viable sugar replacer.  

 

3.3.13 Sorghum syrup and freeze-dried sorghum syrup 

Sorghum is a gluten free cereal grain plant with edible starch leaves. It is typically 

milled to a grain meal format for use in cakes, porridge and flatbread (Petruzzello, 

2021). Sorghum has a strong flavour and is used in the production of oils, alcoholic 

beverages (e.g., beer), starches, dextrose and pastes. The stalks are utilised for 
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construction materials and animal feed. Sweet sorghum is farmed in southern Africa 

and the US, for syrup manufacturing (Petruzzello, 2021). In 2020 the global 

production of sorghum was 57.96 million tonnes (FAO, 2021). Sorghum bicolor (L.) 

Moench, known as sweet sorghum, is used to produce sorghum syrup (Rajvanshi, et 

al., 2020). The ear of the sweet sorghum grain can be used as a food ingredient, the 

pulp and green foliage from harvesting is utilised as animal feed, but can also be used 

for paper manufacturing, fertilising and as biomass for gasification system. The stalk 

is used to produce sorghum juice, jaggery sugar can, ethanol and syrup (Rajvanshi, et 

al., 2020). 

One limitation of this study was the accessibility of information on the global 

production of sorghum syrup and juice to conduct comparative analysis. For this 

reason, sorghum could not be evaluated as a commercially viable sugar replacer based 

on availability.  

 

 

This thesis structured metrics for volume, texture and sensory evaluation of post-baked 

cakes, so that novel food ingredients that demonstrated no difference, slight 

improvement or significant improvement, in comparison to the full sugar control, for 

all metrics, would act as suitable sugar replacers in cake recipes. This thesis further 

structured measurements so that novel food ingredients were considered to be 

commercially viable sugar replacers if the global availability was a minimum of 20% 

of the global availability of sugar and had a price per kg at or lower than sugar. Based 

upon the analysis conducted above, it was concluded that none of the 14 novel food 

ingredients met these standards and therefore were considered to be unsuitable sugar 

replacers for cake recipes.  
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Chapter 4 Discussion 
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The aim of this thesis was to investigate whether novel food ingredients would make 

suitable sugar replacements in cake applications and if they are commercially viable 

and will achieve consumer acceptability in terms of best fit sensory, volume and 

texture criteria. The objectives of this thesis were to: 

1. Perform a comparative analysis on novel food ingredients as sugar replacers in 

cake recipes using sensory, volume and texture metrics.   

2. Evaluate the suitability of novel food ingredients as sugar replacers in cakes.  

3. Assessment of novel food ingredients as a commercially viable alternative to 

sugar for large scale cake manufacturers. 

To conduct the comparative analysis, data was extracted from the papers selected and 

presented using the Likert scale. Data analysis was based upon the novel food 

ingredients demonstrating either no difference, slight improvement and/or significant 

improvement across volume, texture and sensory metrics, to be considered suitable 

sugar replacements. Novel food ingredients which performed slightly inferior or 

significantly inferior compared to the control sample, were deemed to be unsuitable 

sugar replacers. The extracted data from the papers selected was compared to the 

performance with the control sample. The three factors of acceptability of foods to 

consumers are appearance, flavour, and texture (Bourne, 2002), therefore these three 

metrics were selected to conduct the comparative analysis. This thesis investigation 

concluded that the novel food ingredients were not suitable sugar replacers in cake 

applications based upon their commercial viability and consumer acceptability in 

terms of best fit sensory, volume and texture criteria.  

To assess the commercial viability of using novel food ingredients for large scale 

manufacturers, this study evaluated two metrics: the market price for the ingredient 

per kilogram in United States Dollars, and the availability of the novel food ingredient 

on the global marketplace. This thesis structured measurements so that novel food 

ingredients were considered to be commercially viable sugar replacers if the global 

availability was a minimum of 20% of the global availability of sugar and had a price 

per kg at or lower than sugar. 

The price per kg of the novel food ingredient was expressed as a percentage price 

difference. This thesis structured the commercial viability metric on price so that novel 

food ingredients must have a market price per kg at the same or lower than sugar to be 
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considered potentially suitable sugar replacers.  Commercial viability assessment 

concluded that the global price of novel food ingredients was more than the global 

price of sugar and therefore not suitable sugar replacers.  

Global availability data was accessible for the novel food ingredients HPMC, 

debittered fenugreek seed powder and date syrup. The metrics for grape pomace, 

blackcurrant pomace, aronia pomace, oat fibre, apple pomace, whey permeate and 

ultrasound treated apple pectin, were estimated.  Data for sorghum syrup and freeze-

dried sorghum juice was not accessible for this thesis. Commercial viability 

assessment concluded that the global availability of novel food ingredients or the 

estimated availability was insufficient to meet the minimum of 20% of the global 

availability of sugar.  

Based upon the two metrics for commercial viability assessment, this thesis concluded 

that none of the novel food ingredients were suitable sugar replacers.  

 

4.1 Novel food ingredients 

4.1.1 Grape pomace 

Grape pomace was used as a sugar replacer at a 4% level in the cake recipe, 

demonstrating a relatively small level of sugar replacement in the application.  Despite 

the small replacement level, there was an impact on the final cake product, with a 

slightly harder crumb texture and a darker crumb and crust colour. The authors of the 

article concluded that the nutritional qualities of the cake were enhanced due to the 

utilisation of the grape pomace and helped to use a typical waste product of wine 

production. Grape pomace is estimated to be approximately 2.6 million tonnes 

annually, depending on wine production levels (Theagarajan, et al., 2019). There is a 

financial and environmental incentive for wine producers and governments to alleviate 

the impact of this waste product through valorisation techniques. Furthermore, the 

benefit of using this novel food ingredient in cake recipes has the potential to increase 

the nutritional quality of the cake, as well as aid in the reduction of sugar.  

The estimated potential global availability of grape pomace powder was less than 0.1% 

of the global availability of sugar at a global price of $120 per kg, concluding that it 

was not a commercially viable sugar replacer for cake manufacturers. The high cost 
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of grape pomace powder could be attributed to the high production cost and the low 

yield (less than 6%).  

The impact of 4% sugar replacement on colour and texture could continue the 

performance trajectory if the replacement level was increased. The authors of the study 

concluded that the performance of grape pomace was positive, however it could 

potentially be extrapolated that a sugar replacement level at a higher percentage would 

produce an unacceptable product to consumers.  

 

4.1.2 Blackcurrant pomace 

Blackcurrant pomace was substituted for sugar at 30% replacement level, 

demonstrating positive results in terms of volume and sensory metrics and a slightly 

harder crumb texture. The study further concluded that the reformulated cake samples 

had an improve nutritional profile, based upon the nutrients present in blackcurrant 

pomace. The Likert scale demonstrated that blackcurrant achieved the standard for 

consideration as a suitable sugar replacer, for two out of the three consumer 

acceptability metrics. Emulsifiers and enzymes are used in cake manufacturing to 

increase crumb softness in cakes (Bakerpedia, 2021). It is possible that the use of these 

ingredients could improve the performance of blackcurrant pomace, thus facilitating 

its use as a sugar replacer while achieving consumer acceptability.  

The global availability of blackcurrant pomace was estimated to be 0.002% of sugar 

(International Blackcurrant Association, 2020), demonstrating a significant gap in 

availability. While the potential valorisation of blackcurrant pomace would have a 

positive impact on waste volumes for blackcurrant producers and the environment, the 

volumes would fall well below the minimum global availability of 20% of sugar to be 

considered commercially viable. The global price per kg of blackcurrant pomace 

equated to an 831% increase on sugar, further demonstrating its unsuitability as a sugar 

replacer. Overall, commercial viability is the biggest barrier for blackcurrant pomace 

as a sugar replacer for cake manufacturers.  
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4.1.3 Aronia Pomace 

In the study on aronia pomace as a sugar replacer in a cake recipe, 30% of the sugar 

in the recipe was replaced with aronia pomace and compared to the control cake recipe. 

The data extracted and analysed for the texture metric, concluded that the cake had a 

significantly harder texture compared to the control cake sample, therefore concluding 

that aronia pomace is an unacceptable sugar replacer for consumers. In respect of the 

volume metric, the sugar replaced sample performed slightly better than the control 

sample and therefore was considered acceptable for consumers, based upon the 

volume metric. The sensory data extracted demonstrated no significant difference for 

both the sensory texture and sensory taste metrics. In terms of consumer acceptability 

of aronia pomace as a sugar replacer, the criteria were not met across all metrics 

required to determine it as a suitable sugar replacer in cake. As discussed above, 

emulsifiers and enzymes have demonstrated positive results in improving the softness 

of cake textures, however as the cake samples replaced with aronia pomace had a 

significantly harder texture, further analysis is required to confirm if these ingredients 

can reverse the impact of aronia pomace on cake texture.  

The commercial viability analysis of aronia pomace estimated the global availability 

as 0.001% of sugar, demonstrating the significant gap in potential availability. Aronia 

pomace is a by-product of chokeberry production, which is typically disposed of as a 

waste product. Valorisation of this pomace would be beneficial to chokeberry 

producers and the environment, in cost and waste reduction, however the significant 

gap in availability and the price per kg being 1861% higher than the price of sugar, 

concludes it is not a commercially viable option for cake manufacturers.  

 

4.1.4 HPMC 

In the study on HPMC as a sugar replacer in a cake recipe, 10% of the sugar in the 

recipe was replaced with HPMC and compared to the control cake recipe. The texture 

analysis data extracted concluded that HPMC had a slightly harder texture compared 

to the control sample. The data extracted and analysed for the volume metric 

concluded that the volume was slightly higher, compared to control. There was no 

sensory data captured by the HPMC study for extraction and analysis. Further analysis 

is required to establish the impact of HPMC on the taste and texture metrics. Based 
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upon this limitation, the sensory analysis data could not be analysed. The global 

availability of HPMC at 0.08% and price per kg being 1825% higher than sugar 

concluded that it was not a commercially viable replacement of sugar in cakes. Due to 

the limitations of the analysis conducted in the study, further work is required to 

confirm the impact on the sensory impact to confirm if it would be acceptable to 

consumers.  

 

4.1.5 Debittered fenugreek seed powder 

Replacement of 10% sugar in a cake application with debittered fenugreek seed 

powder, demonstrated no sensory significant difference, but negatively impacted the 

texture and volume slightly, compared to the full sugar sample. As discussed above, it 

is possible that additional ingredients such as emulsifiers and enzymes can be used to 

compensate for losses such as crumb hardness, with the potential to aid in sugar 

reduction using novel food ingredients. Furthermore, emulsifiers have demonstrated 

the ability to increase specific volume in some cake applications. The potential 

benefits of these additional ingredients require further assessment to confirm the 

hypothesis. For the purposes of this thesis, it was concluded that debittered fenugreek 

seed powder is not a suitable sugar replacer in cake applications. The data extracted 

from the study on fenugreek powder further concluded that the nutritional profile of 

the cake was improved with the increased fibre content of the cake. There is a potential 

that this additional benefit may be appealing to some health-conscious consumers, 

seeking additional nutritional benefits from sweet bakery products. Further analysis is 

required to confirm this hypothesis and whether there is a gap in the cake market for 

nutritionally optimised cake products.  

The global availability of debittered fenugreek seed powder was concluded to be 

0.0003% of global sugar availability, and thus a very significant gap. Potential 

utilisation of this novel food ingredient by cake manufacturers would increase costs 

by an estimated 2351%, based upon the price per kg. It can be concluded that 

debittered fenugreek seed powder was not a commercially viable sugar replacer.  
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4.1.6 Oat fibre 

The study on oat fibre as a potential sugar replacer in cake was conducted at 

replacement intervals between 5-30%. The study concluded that intervals higher than 

5% demonstrated unacceptable qualities in the cake and therefore this thesis extracted 

metrics data for volume, sensory and texture at 5% substitution level. It is interesting 

to note that 5% sugar replacement is relatively low, with PHE challenging the food 

industry in 2016 to reduce the sugar content in food by 20%  (Action on Sugar, 2016). 

As replacement above 5% demonstrated a negative impact on the metrics required to 

achieve consumer acceptability, and replacement at 5% achieved the required standard 

for volume and sensory texture metrics only, it can be concluded that oat fibre is not 

a viable solution to sugar reduction in cake applications.  

In respect of commercial availability, the global market price per kg of oat fibre 

equated to a 684% increase on the global price of sugar. Global availability was 

estimated based upon the availability of oats and established as 0.3% of the availability 

of sugar, well under the minimum established 20% required. Thus, it can be concluded 

that oat fibre was not a viable solution for sugar replacement in cake.  

 

4.1.7 Date syrup 

Date syrup was evaluated as a potential sugar replacer in cake at 50, 75 and 100% 

sugar substitution, higher than standard substitution levels seen in this thesis. The 

optimum substitution level was identified as 50%, as it performed the best across the 

four metrics, against the control sample cakes. It is interesting to note that the lower 

substitution level performed the best on all metrics when compared to the full sugar 

sample, and this could be extrapolated to predict an improved performance with a 

lower substitution level of circa 20-30%. Further research would be required to 

confirm this hypothesis. Date syrup samples demonstrated no significant difference 

on the volume and sensory texture metrics and demonstrated slightly inferior results 

in terms of texture and sensory taste metrics. Similar to other novel food ingredients 

discussed above, date syrup provides additional nutritional benefits which may appeal 

to health-conscious consumers. Further research is required to ascertain if there is a 

market for nutritionally optimised sweet bakery products.  
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The global production of date syrup was calculated as 0.04% of sugar, failing to meet 

the 20% minimum established in this thesis for commercial viability. Furthermore, the 

global price of date syrup equated to 5524% of sugar, representing a potentially 

significant increase for cake manufacturers and thus not a commercially viable 

solution.  

 

4.1.8 Apple pomace 

Apple pomace data was extracted from a study which also analysed the use of 

polydextrose, oligofructose and whey permeate as suitable sugar replacers in cake. It 

is interesting to note that the utilisation of novel food ingredients that are high in fibre 

delivers the nutritional benefit to the consumer of increased fibre but has a detrimental 

impact on the product. Fibres have high water binding qualities, reducing the amount 

of water available to hydrate the other ingredients, reducing aeration and gas bubble 

formation thus tightening up the crumb, creating a drier crumb texture (Milner, et al., 

2020). The study on apple pomace as a sugar replacer in cake demonstrated the 

negative impact of high fibre novel food ingredients on cake crumb texture and 

volume, both of which were significantly inferior to the full sugar cake. There is a 

potential that an increase in water could balance the action of fibre, however, further 

research is required to confirm this hypothesis. As discussed above, the use of enzymes 

and emulsifiers can aid in the production of cake, helping to increase volume and slow 

the rate of staling of cakes (Bakerpedia, 2021). The use of apple pomace as a sugar 

replacer in cake, resulted in an unpleasant flavour note and a darker crumb and crust 

colour, compared to the control samples. Flavour modulators have become 

increasingly utilised in the sugar reduction space, due to their ability to reduce off-

notes and increase sweetness perception by consumers (Kerry Group, 2021). It would 

be interesting to ascertain if a flavour modulator could reduce the unpleasant flavour 

notes caused using apple pomace in cake applications. To better understand the 

implications of flavour modulation in cake using apple pomace, further studies are 

required.  

The commercial viability of apple pomace was determined by the price per kg 

compared to sugar, equating to an increase of 1727% compared to sugar. In respect of 

global availability an estimation was completed based upon the availability of apple 
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production for juices, ciders and jams, from which apple pomace is derived. This 

estimation concluded that apple pomace has the potential global availability of 0.5% 

of sugar, falling short of the minimum 20% of global sugar availability. This thesis 

concluded that apple pomace is not a suitable sugar replacer based upon commercial 

viability.  

 

4.1.9 Whey permeate 

The study on whey permeate as a potential sugar replacer in cake hypothesised its 

success as a replacer due to its high lactose content. Cake samples made with whey 

permeate achieved slightly inferior results across the four consumer acceptability 

metrics. In terms of performance, whey permeate demonstrated some positivity, with 

the potential to utilise enzymes, emulsifiers and /or flavour modulators discussed 

above to close the gaps between the control. Further research is required to confirm if 

additional processing aids and ingredients could help to achieve a more acceptable 

sugar reduced cake to the consumer.  

In respect of commercial viability, whey permeate had an estimated potential global 

availability of 1.4% of sugar, the highest global availability of all 14 novel food 

ingredients evaluated. A limitation of this study was that whey permeate is not readily 

available on the global market and thus a global price could not be obtained. Therefore, 

the commercial viability could not be evaluated on price and was limited to estimated 

potential global availability. It could therefore be concluded that whey permeate is not 

a suitable sugar replacer for cake manufacturers.    

 

4.1.10 Oligofructose 

Similar to apple pomace discussed above, oligofructose is a dietary fibre which 

resulted in a lower specific volume and increased hardness in the samples produced, 

compared to the control samples. The study hypothesised that oligofructose would 

deliver a slight sweetness to cakes, however the sensory panellists concluded that it 

had a slightly weaker flavour compared to the control samples.  Similarly, to apple 

pomace, oligofructose delivered a slightly harder sensory texture. The study noted the 

nutritional benefit to the cake of the addition of oligofructose, as it is a dietary fibre. 
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Future work could focus on whether there is a consumer demand for cakes with 

additional nutritional benefits to the consumer.  

In respect of commercial viability assessment, oligofructose price per kg was 382% 

higher than the price of sugar, demonstrating a significant price increase for potential 

cake manufacturers. A limitation of this study was the global availability of 

oligofructose could not be confirmed and therefore commercial viability could not be 

fully assessed. Based upon the price increase calculated, oligofructose was not 

considered a viable solution for a sugar replacer in cake.  

 

4.1.11 Polydextrose 

Polydextrose was selected for inclusion in the study on clean label sugar replacers 

based upon its functionality as a bulking agent, humectant, and thickener. The study 

hypothesised that the non-digestible prebiotic fibre could replace some functionality 

of sugar in a cake application (Tiefenbacher, 2017). The study concluded that 

polydextrose performed less well compared to the full sugar sample in all metrics, 

with volume being significantly lower than the control sample. The hypothesis was 

not proven by the study and therefore this thesis concluded it was not a suitable sugar 

replacer based on consumer acceptability.  

Commercial viability of polydextrose concluded that it was not a suitable replacer as 

the price per kg represented a 553% increase compared to sugar. A limitation of this 

study was that information on the global availability of polydextrose was not 

accessible and therefore commercial viability could not be fully evaluated.  

 

4.1.12 Ultrasound treated apple pectin 

This thesis extracted data from the study on ultrasound treated apple pectin on the 

optimum sample at 10% sugar replacement using 20% amplitude, for 25 minutes. This 

thesis was limited to analysing metric data extracted from the study on the volume and 

texture only, as sensory analysis was not conducted as part of the study. The study 

concluded that amplitude and sonication time impacted the volume and subsequently 

the texture of the cake samples. This study demonstrated the benefit of using 
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ultrasound technology and future work could be conducted to evaluate the benefits of 

its application in other novel food ingredients.  

Commercial viability concluded that the price of ultrasound treated apple pectin was 

not accessible, as it is not currently available in the marketplace. In respect of global 

availability, this thesis focused on the potential availability based upon the global 

production of apple pectin, thus concluding that apple pectin is not a viable sugar at 

0.09% availability compared to sugar.  

 

4.1.13 Sorghum syrup 

The study conducted on sorghum syrup replaced sugar at a 20% rate. Sweet sorghum 

is farmed in southern Africa and the US, for syrup manufacturing (Petruzzello, 2021). 

Sorghum syrup at higher replacement rates in this study demonstrated the negative 

impact on volume, where 40% replacement rate had a significant impact, whereas 20% 

had a slight reduction in specific volume, demonstrating the correlation between 

increased sorghum syrup and reduced specific volume. The study equated this impact 

to early gelatinisation during baking, limiting the oven spring of the cake and the lack 

of functionality of syrup compared to sugar. A limitation of this study was the lack of 

texture analysis data available. Sensory data concluded that the texture was slightly 

softer compared to the control sample and there was no impact on flavour. Overall, 

sorghum syrup performed positively and similarly to other novel food ingredients 

discussed above.  

Commercial viability analysis conducted on the price per kg concluded that the use of 

sorghum syrup as a sugar replacer would increase cake manufacturers costs by 936%, 

compared to sugar. Data on global availability of sorghum syrup was not accessible 

and therefore commercial viability analysis was incomplete.  

 

4.1.14 Freeze-dried sweet sorghum juice  

Data was extracted from the study on freeze-dried sweet sorghum juice at the optimum 

replacement percentage of 50%. A limitation of the analysis of the consumer 

acceptability of this novel food ingredient was the lack of texture analysis data. 

Sensory analysis data on the texture could potentially be indicative of positive texture 
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analysis results, however further research is required to confirm this. Overall, this 

novel food ingredient achieved the required standard for this thesis on the remaining 

metrics, which could indicate its suitability as a sugar replacer for cake. It is interesting 

to note the darker coloured crumb and crust observed during analysis, which could 

potentially impact consumer acceptance.  

Commercial viability of freeze-dried sweet sorghum juice could not be evaluated, as 

global availability data and market price was not accessible.  

 

4.2 Consumer acceptability 

4.2.1 Consumer acceptability  

As demonstrated above, sugar reduction in cake is challenging due to the 

multifunctional role of sugar in a cake recipe. No one ingredient can replace sugar in 

a one-for-one ratio and thus the baking industry has found sugar reduction in cakes 

difficult to achieve. This thesis has demonstrated that a sugar replacement for cake 

which achieves consumer acceptability in terms of sensory, volume and texture,  and 

is also a commercially viable option for cake manufacturers in terms of global 

availability and price, is challenging. In terms of functionality, none of the novel food 

ingredients investigated performed as well as sugar in the respective control samples, 

across all four metrics. Grape pomace, blackcurrant pomace and aronia pomace 

demonstrated positive results in terms of volume, sensory texture and sensory taste 

and could potentially achieve the required consumer acceptability if the crumb texture 

was softer. Sorghum syrup, apple pomace, whey permeate, oligofructose, 

polydextrose and debittered fenugreek seed powder achieved a lower specific volume 

compared to the control samples which could potentially achieve the required standard 

if the volume was improved.  Sensory evaluation of oat fibre, date syrup, apple 

pomace, whey permeate, oligofructose and polydextrose achieved slightly inferior 

results for the taste metric compared to the full sugar sample. Some of these novel 

food ingredients delivered bitter notes and after tastes and for some the lack of sugar 

was more prevalent to the panellists.  

The results of the comparative analysis of novel food ingredients confirm that one 

ingredient cannot replace sugar in cake and deliver on all functionalities. The use of 
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novel food ingredients could potentially be improved by using additional ingredients 

such as emulsifiers, enzymes and flavour modulators.  

 

4.2.2 Emulsifiers in cake 

Emulsifiers are surface active agents which stabilise oil and water mixes, preventing 

separation and acting as an intermediary (Bakerpedia, 2021). In a basic cake recipe 

egg functions as the emulsifier, however, large-scale cake manufacturers can use 

commercial emulsifiers to improve cake qualities. Examples include polysorbates, 

polyglycerol esters, lactic acid esters, monoglycerides, etc. Emulsifiers can aid in 

batter stabilisation during mixing, enhancing the creaming of the batter and thus 

allowing the incorporation of more air into the cake batter. During baking the 

emulsifier stabilises the batter allowing for the gases to expand the cake, thus creating 

a higher cake volume, creating more uniform, even cells and a softer final crumb 

texture (Bakerpedia, 2021). Figure 20 demonstrates the difference between a cake 

made using a commercial emulsifier and without, showing increased volume and a 

finer, more uniform crumb texture.  

Figure 20 Comparison of cakes made with and without emulsifiers 

(T&E Prime Food, 2016) 

 

Based upon the functionality of emulsifiers in cake, future work could be conducted 

to evaluate novel food ingredients together with emulsifiers to increase volume and 

softness in a reduced sugar cake using novel food ingredients.  

 

4.2.3 Enzymes in cake 

Enzymes are protein catalysts that can change the chemical composition in biological 

systems, expediting the conversion of a substance into another (Classofoods, 2019). 

Control Emulsifier 
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They are substrate specific, meaning the enzyme will work on a specific substrate to 

complete a specific function (Classofoods, 2019). Enzymes are widely used in the 

baking industry and can help improve bread and cake applications (Enzymes.bio, 

2021). Enzymes such as lipase can be used in cake applications to increase specific 

volume and reduce crumb hardness. Amylase can be used to increase softness in 

crumb over cake shelf life. Phospholipase can be used in cake batters to increase 

volume and elasticity during baking, providing additional structure for increased gas 

cell expansion (Enzymes.bio, 2021). This thesis concluded that novel food ingredients 

alone cannot replace the full functionality of sugar in cake recipes. Future work could 

be conducted to evaluate the impact of enzymes in collaboration with novel food 

ingredients as potential sugar replacers in cake.   

 

4.2.4 Flavour modulators in cake 

Flavour modulators modify the perceived flavour intensity, either through 

amplification of sensory signals of pleasant flavours or masking sensory responses of 

undesirable flavours (Porzio, 2010).  Flavour modulators can be used in sugar 

reduction of foods to reproduce the sweetness perception lost when sugar is reduced 

and help deliver the desired mouthfeel (Green, 2020). Flavour modulators could be 

used in tandem with novel food ingredients to increase sweetness perception and mask 

unpleasant off-notes. Further work could be completed to investigate the impact of 

flavour modulators in improving the functionality of novel food ingredients as sugar 

replacers in cake.  

In line with previous studies, this thesis concluded that one ingredient cannot replace 

sugar in cake recipes. It is possible that a combination of ingredients such as enzymes, 

emulsifiers and flavour modulators, working in tandem with novel food ingredients, 

could produce a reduced sugar cake on par with a full sugar cake, thus enabling cake 

manufacturers to reduce sugar without compromising on consumer acceptability.  

 

4.2.5 Nutritional improvement 

The studies on grape pomace, blackcurrant pomace, aronia pomace, debittered 

fenugreek seed powder, date syrup, oligofructose and apple pomace as sugar replacers 
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in cake, concluded that the nutritional profiles of the cakes were improved, compared 

to the full sugar samples. The improvements included increased fibre, antioxidants, 

polyphenols, flavonoids, calcium etc. There is a potential that sugar reduced cakes 

made using novel food ingredients may provide additional nutrients as well as reduce 

the sugar content. Consumers seeking to make healthier food choices may be 

interested in sugar reduced cakes with added nutrients. Based on these conclusions, 

market research could be conducted to investigate potential market gaps for 

nutritionally optimised cakes. To better understand the implications of this, future 

studies could be beneficial on whether consumers are willing to pay a premium price 

for these cakes. An increased price point could enable cake manufacturers to utilise 

novel food ingredients, which this study concluded are more expensive than sugar.  

 

4.3 Commercial viability 

This thesis investigated if novel food ingredients as sugar replacers in cake were 

commercially viable for large scale cake manufacturers, based upon the global price 

per kg and global availability. The data contributed a clear understanding that novel 

food ingredients are not commercially viable sugar replacers. The data analysed 

provides new insights into the cost implications for large scale cake manufacturers in 

reducing the sugar content of cakes. These results built upon existing evidence that 

sugar replacement is challenging for cake manufacturers in terms of availability of 

replacers and the potential cost increases of utilisation. The availability and estimated 

potential availability of novel food ingredients, compared to the global availability of 

sugar, demonstrated the complexity for cake manufacturers in obtaining a viable 

solution to sugar reduction.  

 

4.3.1 Circular economy 

A circular economy is defined as consumption and production which involves 

repairing, reusing, sharing, refurbishing, recycling, and leasing existing products and 

materials with the goal of extending the products life cycle. It involves reducing waste 

to a minimum, thus creating further value from waste products (European Parliment, 

2015). The valorisation of waste is converting waste materials into useful products or 

materials for further use, such as chemicals, fuels, or energy sources (American 
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Institute of Chemical Engineers, 2021). Valorisation of food waste refers to the 

redirection of food production waste or the conversion into animal feed or food 

products (Metcalfe, 2019). The novel food ingredients grape pomace, blackcurrant 

pomace, aronia pomace, oat fibre, date syrup, apple pomace, and whey permeate are 

by-products of other food production processes and their use in cake recipes involved 

valorisation of a waste product into a useful food ingredient. The use of these novel 

food ingredients has the potential to contribute to a circular economy, reducing the 

volume of waste going to landfill and the costs to the food producer as well as to the 

environment.  

The data analysed in this thesis concluded that the cost of novel food ingredients was 

significantly higher compared to the cost of sugar, demonstrating the potential 

commercial impact to cake manufacturers in using novel food ingredients as sugar 

replacers in cake. The high cost of novel food ingredients which have been valorised 

from food production by-products could potentially be attributed to the high cost of 

processing and the relatively low yield (less than 20%). As the use of novel food 

ingredients could potentially help to reduce the burden of landfills on governments, 

there may be an opportunity for governments to provide economic incentives to food 

producers that valorise by-products. Based on these conclusions, government bodies 

interested in developing opportunities for a circular economy could consider the 

potential use of by-products as sugar replacers. Economic incentives may help to 

reduce the cost of valorisation to food producers, allowing them to reduce the selling 

price of these novel food ingredients to cake manufacturers and thus become 

commercially viable. The use of by-products as sugar replacers has the potential to 

regenerate waste products, reduce landfill and thereby feed into the circular economy. 

Further research is required to better understand the implications of this.   

 

4.4 Limitations 

This thesis extracted measurement data from research papers on the (i) volume, (ii) 

texture and (iii) sensory evaluation of the cakes, to perform comparative analysis. One 

limitation of the comparative analysis was that not all studies utilised the same method 

of analysis for each of the three metrics. Comparative analysis was therefore 

conducted based on the extracted data being compared to its respective control 
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samples. The difference between the control and respective sugar reduced sample was 

calculated and expressed as a percentage of the control. The comparative analysis was 

further limited as not all studies conducted post-bake analysis across the three metrics 

and could not be analysed as suitable sugar replacers across all metrics. This thesis 

was limited by the inability to compare the reformulated cakes using novel food 

ingredients against the same sample, within the same environment.  

Commercial viability of novel food ingredients as sugar replacers for large scale 

manufacturers was evaluated using two metrics: (i) the market price of the ingredient 

per kilogram in United States Dollars; and (ii) the availability of the novel food 

ingredient on the global marketplace. One limitation of this study was that ingredient 

suppliers and distributors do not freely provide price information in order to maintain 

a competitive advantage. Novel food ingredients are not commodities, like sugar and 

therefore price information is not as easily accessible. Published information on price 

was available for grape pomace, blackcurrant pomace, aronia pomace, HPMC, 

Debittered fenugreek seed powder, oat fibre, date syrup, apple pomace, polydextrose 

and sorghum syrup. This study focused on the potential of novel food ingredients as 

sugar replacers in cake recipes and, as such, some of the novel food ingredients are 

not accessible in the marketplace, limiting the evaluation of the commercial viability 

of the ingredient.  

This thesis structured measurements so that novel food ingredients were considered to 

be commercially viable sugar replacers if the global availability was a minimum of 

20% of the global availability of sugar and had a price per kg at or lower than sugar. 

This analysis was limited by accessible information on the global availability of novel 

food ingredients. This information was only accessible for the novel food ingredients 

HPMC, debittered fenugreek seed powder and date syrup. The metrics for grape 

pomace, blackcurrant pomace, aronia pomace, oat fibre, apple pomace, whey 

permeate and ultrasound treated apple pectin, were estimated, based upon market data 

available. As these novel food ingredients are by-products derived from production 

processes, the metrics were calculated based upon the data available on the source of 

the by-product (e.g., grape, blackcurrants, chokeberries etc.) and the potential global 

production of the by-product. Data for sorghum syrup and freeze-dried sorghum juice 

was not accessible for this thesis.   
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5.1 Conclusions 

In conclusion, the suitability of novel food ingredients as sugar replacers in cake 

applications was investigated in terms of best fit sensory, texture, and volume criteria 

and commercial viability. Findings have established that sugar reduction in cake is 

necessary, as sweet bakery products are a significant contributor to added sugar in the 

diet. Excess sugar consumption leads to weight gain, overweight and obesity, 

associated with NCDs. Research concluded that government agencies are pressurising 

cake manufacturers to reformulate cake recipes to reduce sugar and thus help prevent 

NCDs. Sugar’s functionality in cake is unique and cannot be replicated by one 

ingredient. Reformulation of cake recipes to reduce sugar is complex, with previous 

studies demonstrating the challenge to match the quality of full sugar cakes. A major 

concern for cake manufacturers is the rejection of reformulated cakes by consumers. 

Sugar is the most produced product globally and thus is readily available and 

inexpensive. Previous research has not evaluated the financial implications to cake 

manufacturers of reformulation. Cake manufacturers are seeking sugar replacers that 

can match the functionality of sugar in cake, without impacting raw material costs and 

ingredient supply chain. This research aimed to identify if novel food ingredients were 

suitable sugar replacers in terms of consumer acceptability and commercial viability.  

 

The results indicate that novel food ingredients cannot replicate the functionality of 

sugar in cake recipes to achieve consumer acceptability in terms of best fit sensory, 

volume, and texture criteria. Through comparative analysis of novel food ingredients 

the thesis has demonstrated that some functionalities can be replicated, with freeze-

dried sorghum juice, aronia pomace, grape pomace and blackcurrant pomace matching 

sugar functionality in three out of four metrics. By analysing novel food ingredients 

as sugar replacers, this thesis has shown that no one ingredient can match the 

functionality of sugar and achieve consumer acceptability. Further research is needed 

to determine if additional ingredients, functioning in tandem with novel food 

ingredients, can replicate sugar in cake recipes. To better understand the implications 

of this, further studies could investigate the combined functionality of novel food 

ingredients and enzymes, emulsifiers and/or flavour modulators.  
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The research aimed to identify the commercial viability of novel food ingredients in 

terms of price and global availability. Study findings have established that novel food 

ingredients are significantly more expensive than sugar. Through analysis of the 

marketplace, this thesis concluded that novel food ingredients have a significantly 

lower global availability than sugar. Based upon these conclusions, cake 

manufacturers should consider multiple novel food ingredients as sugar replacers to 

increase availability.  By analysing novel food ingredients, this thesis has shown that 

by-products could potentially be valorised thus contributing to the circular economy. 

To better understand the implications of this, future studies could address the potential 

for government incentive schemes to encourage valorisation of waste products into 

novel food ingredients, thus potentially creating a more commercially viable solution 

for cake manufacturers.  

 

Through analysis of novel food ingredients, this thesis has demonstrated that novel 

food ingredients can potentially increase the nutritional quality of cakes in addition to 

reducing sugar. The use of apple pomace, oligofructose, date syrup, debittered 

fenugreek seed powder, aronia pomace, blackcurrant pomace and grape pomace 

provided additional nutrients to the resultant cake. Future research is needed to 

determine whether there is a consumer need for healthier cakes and whether 

consumers are willing to pay an increased price for them.  

Based upon these findings, government agencies seeking cooperation from cake 

manufacturers to reformulate cake recipes, should consider opportunities to 

incentivise manufacturers. Progress reports on government initiatives to reduce the 

prevalence for overweight and obesity have demonstrated a lack of success. As sugar 

replacement using novel food ingredients is not commercially viable for cake 

manufacturers, further studies could consider economic incentives such as valorisation 

grants, to reduce the financial burden on cake manufacturers of reformulation. The 

major barriers to cooperation from cake manufacturers are the potential rejection by 

consumers of reformulated cakes and the resultant financial impact of reduced sales 

and increased ingredient costs. Government agencies should develop a collaborative 

approach, working with cake manufacturers to help alleviate these barriers.  
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5.2 Recommendations and future work 

Sugar reduction in cake applications is complex, with barriers to success including 

failure to consider consumer demand and the potential commercial failure for cake 

manufacturers. Based upon the findings in this thesis, future work is recommended to 

ascertain if there is a gap in the cake market for nutritionally optimised cakes and 

whether consumers are willing to pay a premium price for them.  

From the findings of this thesis, it is evident that novel food ingredients alone cannot 

replicate the functionality of sugar in cake applications. Future studies could address 

these challenges and ascertain if additional ingredients such as enzymes, emulsifiers 

and flavour modulators could work in tandem with novel food ingredients to deliver a 

holistic solution to reformulation.  

Novel food ingredients which are produced from the valorisation of by-products have 

the potential to benefit the environment and enable reformulation. The high price of 

these valorised ingredients is a significant barrier, preventing their use in cake 

applications. Future research is recommended to ascertain if economic incentives 

could reduce the cost of valorisation processes and thus achieve a more commercially 

viable ingredient cost for cake manufacturers.  
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