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Notes to the Thesis

1. Studies
This thesis is made of a number if studies, the first six of which were carried out at

Burton's Foods Ltd in South Wales.

Study 1

The initial development of the product, carried out using the research and development 

facilities, was based on the standard product (Jammie Dodgers) manufactured by 

Burton's Foods Ltd. The study concentrated on the reduction, or removal, of the 

materials that contribute to negative health, i.e. fat, sugar and salt. In addition, focus was 

given to reducing the energy value of the product. Sugar (sucrose and glucose) and salt 

were removed from the formulation and fat was reduced by 66.6%, i.e. from 120 to 40 

units. To facilitate these modifications, a number of others were required. These 

included;

« the use of an emulsifier, to extend the functionality of the remaining fat, 

. dilution of flour proteins (gluten) by the use of heat treated flour,

• the introduction of polydextrose and pre-biotic fibre, to modify eating quality and 

reduce the energy value of the product,

• addition of an artificial sweetener to enhance product sweetness lost by the

removal of sugar, 

. the introduction of vanilla flavour to mask the flavour contributed by the

emulsifier, and

• the addition of selected vitamins, i.e. vitamins C, Bn, Be and folic acid.
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Study 2

This study was the first of three plant trials, and was based on the results of the previous 

development work (study 1). It necessitated a modification to the dough water in order to 

facilitate extraction from the rotary moulder. This study focused on the organoleptic 

properties of the modified product compared to the standard product, and quantified the 

vitamin profile of the modified product. Product from this trial was evaluated by both 

children and adults of both sexes and rejected for a number of reasons, including surface 

colour, eating quality and flavour. The product required further laboratory-based 

development to improve the organoleptic properties.

Study 3

Reducing product hardness was the main aim of this study. Addition of fat to the 

formulation was not an option, so focus was given to opening the structure of the product. 

In addition the opportunity was taken to remove as much sodium from the product as 

possible. Sodium bicarbonate and disodium diphosphate were removed, and replaced as 

aerating agents with an increased level (167% increase) of ammonium bicarbonate. In 

addition, the level of Acesulfume K (artificial sweetener) was reduced to 50% the level 

used on studies 1 and 2.

Study 4

The second plant trial, and was based on the recipe modifications from study 3. Excess 

dough water resulted in dough that was poorly extracted and tearing of the bases was 

evident in approximately 50% of the units. Consequently, the final product was poor in

xxm



all organoleptic properties, especially colour, and also showed signs of surface black 

spots. The product from this trial was sent for analysis of vitamin profile, but was not 

assessed further. Further laboratory-based development was required and this was study 

5.

Study 5

This recipe modifications, based on the results from the second plant trial (study 4), were 

the focus of this study. The primary aims of the development were to eliminate the black 

spots, and improve the surface colour of the product. Changing the encapsulated vitamin 

C eliminated the spot problem, and increasing the whey powder by 400% significantly 

improved the surface colour of the product. Processing dough made in the laboratory 

through the plant under commercial processing conditions gave a high level of 

confidence about the next plant trial.

Study 6

The third plant trial, based on recipe modifications made in study 5. Recipe 

modifications made in previous studies resulted in dough that processed without 

problems under commercial conditions. Product hardness measurements, vitamin profile 

assessment and sensory evaluation were carried out on the product of this study and 

compared to the standard product to confirm viability.

Study 7
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This study composed of two clinical trials. The first was carried out at the University of 

Glamorgan and used undergraduates of both sexes, and was of eight hours duration. The 

second was carried out at Llandough Hospital and used staff members of both sexes from 

the Lipid Unit, and was of a total of three months duration. All participants were 

screened to ensure they were not taking drugs or vitamin supplementation. Ethical 

approval was given by the ethics committee of the university.

2. Referencing

The references follow consecutively throughout this thesis and are listed in alphabetical 

order in the appropriate section at the back of the thesis.

3. Statistical Significance 

Significance was set at the P<0.05 level.

4. Blood Analysis

Lipoprotein(a) results are given in units of rng.L" 1

Triglycerides, HDL-Cholesterol, LDL-Cholesterol, Cholesterol are in units of mmol.L" 1

Glucose results are in units of mmol.L" 1

Homocystiene results are in (jmol.L" 1

Vitamin B 12 results are in picograms.mr 1

Folic acid results are in nanograms.mr 1

5. Dough Temperatures

XXV



All doughs are produced at a temperature of 24°C, based on the temperature of the 

standard dough used on plant used to produce the control product.

6. Dough Consistency Measurement

Dough consistency measurements are traditionally measured in grams force by the 

biscuit industry in the UK. For this reason, grams force measurements have been adopted 

in this thesis. For information, conversion of grams force to Newtons is made by 

multiplying the grams force measurement by 0.00981.

7. Doctoral Seminar Prize for Poster Presentation

Whilst no publications have been possible due to commercial sensitivity, a poster, 

summarising this research, was presented at the Doctoral Seminar at the University of 

Glamorgan on December 5, 2002. The poster was awarded first prize, and a copy of the 

certificate has been included at the back of the thesis.
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Abstract

Coronary heart disease (CHD) remains one of this country's leading cause of mortality. 

This study has concentrated on the development of a functional biscuit, which will reduce 

selected risk factors for heart disease, in particular elevated serum homocysteine. The 

developed biscuit contains vitamins Be, Bi 2 , and folic acid, all of which have been shown 

to be important in homocysteine metabolism.

There were a number of criteria that had to be met for the author to receive the full 

support of Burton's Foods: (1) The biscuit must remain commercially viable and be 

accepted by the consumer. (2) Enzymes should not be used in the preparation of the 

dough. (3) The jam could not be modified in any way. Without exception, these have 

been successfully achieved. Jammie Dodgers were selected as the control product for a 

number of reasons. They are one of the UK's best selling biscuits and are consumed by 

both children and adults. This makes the target number of consumers very large. In 

addition, the standard product is high in both fat and sugar, its modification into a health 

promoting biscuit was therefore technically challenging.

The product resulting from this project is commercially viable; it is low in fat and sugar, 

contains the vitamins that will deliver the full RNI on consumption of just two biscuits 

daily, and is not significantly different to the control product. The product is also 

palatable.
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Clinical trials have demonstrated that following consumption of the product, serum 

homocysteine, an independent risk factor for coronary heart disease, has been 

significantly reduced. In addition, there appears to be a relationship with consumption of 

the modified biscuit and a fall in serum lipoprotein(a).

It is possible to reduce selected mutable risk factors associated with heart disease, simply 

by the daily consumption of a product that is liked and consumed by a great number of 

people.

As far as the author is aware, there has been no other development of this kind prior to 

this study, i.e. a biscuit that will reduce the risk of coronary heart disease by lowering 

serum homocysteine. This biscuit is therefore the first of its kind.
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'If I have seen further, it is by standing on the shoulders of

giants"

(Sir Isaac Newton)
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CHAPTER 1

Introduction

1 . 1 Coronary Heart Disease

Diseases of the heart and circulatory system are the main causes of death in the UK, 

and in the year 2000 accounted for over 235,000 deaths. According to The British 

Heart Foundation, more than one in three people will die from cardiovascular disease 

(British Heart Foundation Statistics Database, 2002). Coronary heart disease (CHD), 

the main form of cardiovascular disease, is the most common cause of death, and one 

in four males and one in six females die from the disease. The peak age at death is 

70-74 years and 75-79 years in males and females respectively (Ashwell, 1993). In 

2000, CHD alone accounted for over 125,000 deaths in the UK (Figure 1.1).

Figure 1 . 1 Coronary Heart Disease Death Rates by Age and Sex in the 

UK, 2000.
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In The British Regional Heart Study (BRHS), over 25% of all men showed evidence 

of coronary heart disease risk factors (Shaper et al., 1984). The Study was designed 

to examine whether differences in personal characteristics could be responsible for 

the marked regional variations in CHD and stroke in Great Britain. The study is 

based on the measurement of potential risk factors in middle-aged men drawn from 

general practices in 24 towns (see Figure 1.2) in England, Wales and Scotland 

(Shaper etal., 1981).

Figure 1.2 Towns Studied in the British Regional Heart Study
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In the study, 7735 men aged 40-59 years were examined by means of a 

questionnaire, taking physical measurements and blood samples, and in addition,
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performing electrocardiography (ECG) and measuring respiratory function. The 

prevalence of CHD averaged about 25%, ranging from 17% in Lowescroft to 30% in 

Merthyr Tydfil, almost a twofold difference in the standardised mortality ratios for 

CHD in the 24 towns (Shaper et ai, 1981).

Death rates published in 2000 highlight external factors such as socio-economic 

status and residential data as important contributory factors. Each year approximately 

5000 men, under the age of 65, die of CHD associated with social class inequalities. 

In male manual workers, e.g. cleaners, those who die prematurely from CHD are 

58% higher than non-manual workers (British Heart Foundation, 2002).

Deaths from CHD have been declining steadily since the late 1970's, probably due to 

improvements in both medical treatments and lifestyle changes (Goldmen & Cook 

1984). International comparisons however reveal that despite recent improvements, 

CHD mortality rates in the UK are among the highest in the world (Figure 1.3).

Moreover, although death rates have been declining in the UK, they have not fallen 

as fast when compared to other countries. For example, between 1981 and 1991 the 

death rate for women aged 35-74 in the UK fell by 18% compared to a reduction of 

30% in the USA, 37% in Australia and 43% in Japan (World Health Organisation, 

1994)
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Figure 1.3 International Differences in Death Rates from CHD
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1.2 Cardiovascular Disease in Wales

Cardiovascular diseases, mainly coronary heart disease, are the commonest cause of 

death in Wales, and in 2000 accounted for 40% of deaths (Health in Wales, 2002). 

Within Wales there is substantial geographical variation in mortality. Overall, 

mortality rates tend to be highest in the South Wales valley areas of Merthyr Tydfil, 

Blaenau Gwent, Caerphilly and Rhondda Cynon Taff, and lowest in the more rural 

areas of Ceredigion, Monmouthshire and Powys, (Figure 1.4). According to the 

Health in Wales Report (2002), rates in Merthyr Tydfil are 50% higher than in 

Ceredigion.

The 1998 Welsh Health Survey stated that one in five adults (21%), reported that 

they had been treated for heart disease. According to the Health in Wales Report 

(2002) rates had subsequently increased since the previous report in 1995. However, 

death rates from coronary heart disease in people below the age of 65 years is lower 

in 2000, following an increase in 1999. Overall, the trend is downwards and 

according to the report is on course to meet the target outlined below. Factors 

contributing to heart disease in Wales include, poor diet, smoking, socio-economic 

deprivation, poor housing and polluted environment (National Assembly for Wales 

1999).

The health gain targets set by the National Assembly for Wales in The Chief Medical 

Officer's Report (2002) were clear. Deaths resulting from coronary heart disease 

were targeted to fall from 985 per 100,000 of the population for persons between the 

age of 65-74 in 1990, to 612 per 100,000 of the population by 2000. For persons

under the age of 65 the target is to reduce deaths from 65 (per 100,000) in 1990 to 36
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(per 100,000) in 2000 (see Figures 1.5 and 1.6). The graphs show for individuals 

aged less than 65 years, the target (25 per 100,000 of population) was not met. 

However, there was a fall in the death rate and in 2000, deaths from coronary heart 

disease was 36 per 100,000. For people aged 65-74 years, the target of 615 per 

100,00 of population was achieved. Deaths due to coronary heart disease in the year 

2000 was 612 per 100,000 of population

Figure 1.4 Mortality Rates in Wales by Unitary Authority 

(1998 - 2000 Average)

Ratesper 2 50-
100,00 

Population

1 = Caerphilly

2 = Methyr 
Tydfil

3 = Rhondda 
Cynan Taff

4 = Blaena 
Gwent

5 = Ceredigion

6 = Cardiff

7 = Vale of 
Glamorgan

Page 6



Figure 1.5 Health Gain Targets (Coronary Heart Disease) for 
People Aged 65-74 Years
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Figure 1.6 Health Gain Targets (Coronary Heart Disease) for People 
Under 65 Years
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1.3 Risk Factors Associated with Coronary Heart Disease

CHD is a multifactorial disorder associated with several non-modifiable (immutable) 

risk factors such as family history, age and sex, in addition to a number of modifiable 

(mutable) risk factors such as diet, obesity, hypertension, and abnormal blood lipids

1.3.1 Non-Modifiable (Immutable) Risk Factors

1.3.1.1 Age and Sex

The risk of CHD is lower for women than it is for men at all ages (Office for 

Population Censuses and Surveys, 1992). Age is the strongest predictor in women 

(Bush, 1991). In 1994 in the UK, there was an 113-fold increase in coronary 

mortality among women at ages 65-74 years, compared with that at 35-44 years, in 

men there was a 44-fold increase (Boaz, 1996). Men have a 5-fold greater risk of 

death from CHD than women up to 55 years of age, but thereafter the rates converge, 

so that for both men and women aged 65-74 years there is a 2-fold greater risk of 

CHD mortality (Boaz, 1996).

1.3.1.2 Family History

In a study of 121 men and 96 women with ischaemic heart disease, it was found that 

female relatives of women with CHD diagnosed under 55 years, have an increased 

risk of early coronary death when compared to the general population (Slack and 

Evans, 1966). In a study of 362 men and 120 women undergoing coronary artery 

bypass grafting, Barbir (1994) found that women were more likely to have a family 

history of premature coronary artery disease than men.

PageS



In the Framingham Heart Study, family history was found to be an independent risk 

factor for coronary artery disease (Myers et al, 1990). Though the effect was greater 

in men, the study showed that people with a positive parental history had a 29% 

increased risk of CHD. Hopkins et al., (1988) observed new cases of CHD over a 

period of 2 years in 1,196 men and women over the age of 20 years. Adjusting for 

age and a variety of other risk factors, family history remained a significant predictor 

of future CHD events. Only age was a more significant factor than parental history of 

coronary disease.

1.3.2 Modifiable (Mutable) Risk Factors.

Of the large number of modifiable risk factors, three are often referred to as 

"established" or "major" risk factors. These are elevated serum total cholesterol, 

raised blood pressure and cigarette smoking (Epstein, 1992; Kannel, 1961; Stamler, 

1992).

1.3.2.1 Diet and Cholesterol Levels

Cholesterol is found in all foods that come from animals, e.g. red meats, eggs and 

cheese in addition to any meat and dairy product. Plant foods do not contain 

cholesterol, therefore, people can significantly reduce their cholesterol levels by 

changing the foods they consume. Results from the Lipid Research Clinics Coronary 

Primary Prevention Trial (Lipid Research Clinics Programme, 1984), show that 

reducing cholesterol by 1% the risk of heart disease is reduced by 2%.
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Foods rich in vitamin C have been shown to raise HDL (Trout, 1991). Guinea pigs 

do not synthesise vitamin C, and studies using them have shown that a negative 

correlation exists between cholesterol and ascorbate (vitamin C) concentrations in 

various organs, that is, low concentrations of ascorbate are associated with high 

concentrations of cholesterol (Hanck and Weiser, 1979). These findings have been 

confirmed (Jenkins, 1980; Holloway and Rivers, 1981). Early studies using guinea 

pigs with marginal vitamin C deficiency showed that there is a cholesterol build up 

in the liver and blood serum (Ginter, 1975). This is thought to be the result of the 

slowing down of the transformation of cholesterol to bile acids, which is dependent 

on vitamin C (Ginter et al., 1971).

Using human subjects, Stamler (1979) found a negative correlation between coronary 

mortality and consumption of fruit and vegetables, the principal sources of vitamin 

C. Hughes reported that in elderly men a rising ascorbate level in plasma is 

accompanied by an increasing concentration of HDL-cholesterol, and within a group 

of healthy people the incidence of hypercholestrolaemia and hypertriglycerideaemia 

is significantly higher in a subgroup with low leucocyte vitamin C concentration 

(Hughes, 1977).

1.3.2.1.1 Serum Total Cholesterol (TC)

Cholesterol (€27 H^O) is a steroid, which is characterised by a common structural 

feature, a carbon framework that is based on a 17 carbon system of three six 

membered rings and one five membered ring fused together (see figure 1.7).
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Figure 1.7 Cholesterol

H3C, CH2CH2CH2CH

No other blood constituent varies so much between different people as cholesterol. 

Trustwell and Mann found the mean varied between 2.6-7.0 mrnol.L" 1 when

measuring from people of different countries using the same method in the same age 

and sex groups (Trustwell and Mann, 1972). It's estimated that a cholesterol level 

lower than 6.5 rnmol.L" 1 would result in deaths attributed to CHD being reduced by 

10% (Britton & McPherson, 2000), and according to Stamler et al, (1986) a 1% 

reduction in total cholesterol is estimated to give a 2% fall in CHD.

According to Shepherd et al., (1987), a strategy for individual subjects 

complementing that of the general population would be possible if all adults had their 

blood lipid concentration measured at least once before the age of 30. Those with 

cholesterol concentrations greater than 5.2 mmol.L" 1 but below 6.5 mmol.L" 1 should 

receive general dietary counselling, and advice on other risk factors. Those with 

cholesterol concentrations greater than 6.5 mmol.L" 1 should receive clinical care, 

except when the raised total cholesterol concentration is due to an increase in HDL 

concentration above 2 mmol.L" 1 (Shepherd et al, 1987). In the same report,
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Shepherd emphasises that for any given cholesterol concentration, the relative risk is 

less in women than it is in men.

Of the risk factors for coronary heart disease, total serum cholesterol appears to be 

the most important determinant of the geographic variation in the distribution of the 

disease, and the association is equally strong among individuals within a population 

(Keys, 1980). The risk of cardiovascular disease varies over an approximate five 

fold range in relation to the plasma cholesterol found in the average American 

population (Martin et al., 1986).

The association of total cholesterol to coronary heart disease is mainly, if not 

entirely, related to the low-density lipoprotein fraction. Oxidised low-density 

lipoprotein can be taken up by macrophages and deposited in the atheromatous 

plaque. Reducing this oxidation, by the intake of dietary antioxidants (e.g. vitamin 

C, vitamin E and carotenoids) may well protect low-density lipoprotein cholesterol 

against oxidation and therefore reduce the progression of the artherosclerotic lesions 

(Duthie et al., 1989; Parthasarathy et al., 1990; Young & Woodside, 2001).

There have been studies that have suggested several foods and nutrients may be 

protective against coronary heart disease (Asherio et al., 1996; Miettinen et al., 1982; 

Rimm et al, 1993; Shekelle et al., 1981). These include wholemeal bread, garlic, 

red wine, dietary fibre, fish, vitamins C, E and flavonoids.

Epidemiological studies in both the UK and the USA have shown a rise in total 

cholesterol with age throughout adult life in both men and women, and that prior to

Page 12



the age of 50 years, men have higher cholesterol levels than women. From 50 years 

onwards this is reversed (Mann et al, 1988; Heiss et ai, 1980; Kannel and Gordon, 

1987). The changes in total cholesterol are mainly due to changes in low-density 

lipoprotein cholesterol (LDL-C), which shows the same pattern of age-related 

increases and differences between both sexes (Mann, 1988; Heiss, 1980).

The risk of CHD increases with higher cholesterol in both men and women (Manolio 

et al, 1992; Bush and Fried 1988; Stamler et al., 1993). For example, in the 

Framingham Study, women with a cholesterol level > 6.8 mmol.L" 1 had a relative 

risk of myocardial infarction two to three times higher than women with levels < 5.3 

mmol.L" 1 (Kannel, 1974). In addition, in the Donolo-Tel Aviv Study, women with 

total cholesterol levels > 6.8 mmol.L" 1 had a relative risk of 1.3 times higher, 

compared to women with concentrations < 5.2 mmol.L" 1 (Brunner et al., 1987).

For any given cholesterol level, women have a lower risk of CHD than men do at all 

ages. In the Framingham Study, for example, women with cholesterol 

concentrations > 7.6 mmol.L" 1 had rates of myocardial infarction lower than for men 

with levels < 5.3 mmol.L" 1 (Kannel, 1974).

1.3.2.1.2 High Density Lipoprotein Cholesterol (HDL-C)

Studies consistently show a strong inverse relationship between levels of HDL-C and 

CHD. In both the Framingham and Lipids Research Clinics Studies, an increase of 

lOmg.dl" 1 in HDL-C levels in women was associated with between 40-50% reduction 

of CHD risk (Kannel & Gordon, 1974; Brunner et al., 1987). Several studies have 

reported that men with lower serum concentrations of HDL-cholesterol have an
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increased risk of death from ischaemic heart disease or non-fatal myocardial 

infarction (Enger et al, 1979; Goldbourt, & Kedalie, 1979; Miller et al, 1977; 

Gordon, et al., 1987; Pocock et al., 1986). In addition, in the Donolo-Tel Aviv 

Study, total cholesterol did not predict CHD where the levels of HDL-C were high. 

Thus, high concentrations of HDL-C appear to neutralise the potentially adverse 

effects of total cholesterol (Brunner et al., 1987).

1.3.2.1.3 Total Cholesterol / High Density Lipoprotein - Cholesterol 

Ratio (TC/HDL-C)

Total cholesterol concentration reflects a two-way process, with cholesterol being 

both deposited and removed from the arterial intima, therefore the TC/HDL-C ratio 

provides a more accurate indication of lipid atherogenesis (Kannel, 1983; Castelli et 

al., 1992; Kannel, 1993). According to these authors the TC/HDL-C ratio is the 

most powerful lipid predictor in those with apparently safe and those with abnormal 

lipid profiles (Kannel & Wilson, 1992). As the ratio increases, so does the risk of 

CHD (Kannel, 1983), and according to Schaefer et al., (1994), a TC/HDL-C ratio 

value >5 may be considered a high-risk value for CHD in both sexes.

1.3.2.1.4 Low Density Lipoprotein Cholesterol (LDL-C)

LDL-C was found to be a predictor of risk for CHD in both the Framingham and the 

Lipid Research Clinics Study, though evidence suggests it is not as strong a predictor 

of risk in women as it is in men (Eaker and Castelli 1987). A possible reason for this 

is cited by Wagner et al., (1989) and LaRosa, (1992) where studies in female
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primates indicate that the presence of circulating oestrogen interferes with the uptake 

of LDL-C into the arterial wall.

1.3.2.1.5 Very Low-Density Lipoprotein Cholesterol (VLDL)

A sub class of LDL-C, having a smaller particle size and density called very low - 

density lipoprotein cholesterol (VLDL-C) is also thought to be of clinical 

significance (Austin et al, 1994; O'Brian, 1994). Presence of these small dense 

particles have been associated with an increased risk of heart disease even when total 

cholesterol is only slightly raised (Slyper, 1994; Campos et al., 1992). According to 

Rajman et al, (1994) and Degraaf et al., (1991), these smaller LDL-C particles 

appear to be more atherogenic than the larger LDL-C particles and are more 

susceptible to oxidation in vitro.

1.3.2.2 Dietary Fat and Coronary Heart Disease

Fatty acids are made up of a hydrocarbon chain terminating at one end in a methyl 

group and at the other in a carboxyl group. The fatty acid hydrocarbon chain may 

contain no double bonds, (saturated fat), or may contain double bonds (unsaturated 

fat). Fatty acids with one double bond are called mono-unsaturated and those with 

more than one are called poly-unsaturated (Durrington, 1993).

Two major influences of CHD risks are obesity and the type of dietary fat 

(Durrington, 1993). Rates of CHD vary considerably throughout the world (see 

Figure 1.1.) the major reason for this is nutritional, and when people from regions of 

low incidence of CHD move to regions with high CHD they assume a higher risk 

(Keys, 1970). In the Seven Countries Study, the correlation between total fat intake
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and CHD rate was not as close as the relationships between CHD and the ratio of 

polyunsaturated fat (PUFA) and saturated fat (SFA). The type of fat we consume is 

therefore important (Keys, 1970).

1.3.2.2.1 Triglycerides (TG)

Support for high blood concentration of triglycerides independently increasing the 

risk of CHD comes from the Framingham study. In this study, both men and women 

with high triglyceride and low HDL-C concentration were found to run a higher risk 

of CHD (Castelli, 1992). This is supported by another study by Hokanson & Austin 

(1996), and more recently by Gotto (2002). Talmud et al., (2002) reported that in 

their study the combined evaluation of apoliporotein B (apoB) with triglycerides 

provides useful diagnostic criteria for coronary heart disease risk, and Zieden et al., 

(2002) found that plasma triglycerides and fat quality may partly account for 

increased LDL oxidation susceptibility. More recently, Jeppesen et al., (2003) 

reported electrocardiogram changes were significantly more predicative in men with 

high triglycerides and low HDL-cholesterol. In coronary heart disease risk factor 

assessment, Miller et al., (2003) recommends that fasting triglycerides should not 

exceed lOOmg.dL" 1 (l.lSmmol.L" 1 ). Previously, recommended levels for triglyceride 

were ISOmg.dL" 1 (Ummol.L" 1 ) (Fruchard and Duriez (2002).

In an earlier report, Assmann and Schult (1992) reported a strong inverse correlation 

between triglycerides and HDL-C. Where adjustment has been made to account for 

HDL-C, other studies have found no independent association between TG's and 

CHD (Criqui etal, 1993; Avins et al., 1989).
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Castelli (Castelli et al, 1992; Castelli, 1988; Castelli, 1986) and Stensvold et al, 

(1993), found high triglyceride levels to be a significant independent risk factor for 

CHD in women but not men. Bengtsson et al., (1993) also found serum triglyceride 

to be an independent risk factor for CHD in women

1.3.2.2.2 Saturated Fatty Acids

The dietary fatty acids with the greatest influence on plasma cholesterol levels are 

the saturated fatty acids, e.g. lauric, (C12:0), myristic (C14:0), palmitic (C16:0) and 

stearic (C18:0). These, along with trans fatty acids, raise serum cholesterol and their 

exclusion from the diet lowers serum cholesterol (Hegsted et al., 1965; Keys et al., 

1965; Grundy, 1987).

In addition to animal products, there are also some vegetable oils high in saturated 

fats. These, known as tropical oils, include palm oil, palm kernel oil and coconut oil. 

Hydrogenated oils are also high in saturated fat and contain trans fatty acids 

(Leissner et al., 1993). Most baked products including biscuits contain a high 

percentage of fat and sugar (Cauvain et al., 1988: Miller et al., 1988). In biscuits, 

some of this fat will be saturated fat, e.g. palm oil, which contains around 50% 

saturated fatty acids.

1.3.2.2.3 Polyunsaturated Fatty Acids.

Linoleic acid (C 18:2), a polyunsaturated fatty acid, is reported to lower total serum 

cholesterol (Chait, et al, 1974; Durrington, et al, 1977; Sommariva, et al, 1978; 

Grundy, 1987). Some authors have suggested that linoleic acid lowers HDL-C 

slightly (Shepherd et al, 1978; Grundy, 1987). Fish oils, for example cod liver oil,
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containing eicosapentaenoic acid (EPA — C20:5) and Docosahexaenoic acid (DHA - 

C20:6) lowers serum triglyceride, but have no effect on serum total cholesterol 

(Sanders, 1990). In a study by Burr et al., (1989), fish oil consumption was 

associated with a decrease in myocardial infarction.

1.3.2.2.4 Monounsaturated Fatty Acids

Olive oil, which is rich in oleic acid (C18:l cis), has been an important part of the 

diet in Mediterranean countries, where CHD is much lower than in northern Europe. 

Studies by Keys et al., (1965) and Hegsted et al., (1965) had reported that oleic acid 

was less effective than linoleic acid (C18:2) in decreasing serum cholesterol. Other 

studies by Grundy (1987) and Mensink & Katan (1987) have, however, reported that 

oleic acid is as effective as linoleic acid in lowering both total and LDL cholesterol.

The Committee on the Medical Aspects of Food Policy (COMA, 1999) recommends 

the following with regard to fat in the UK diet;

1 Total fat should be reduced to 30% of dietary energy
2 Saturated fat should be 10% of dietary energy with trans fatty acids less 

than 2%
3 Cis-polyunsaturated fatty acids (mostly linoleic acid) should be less than 

10%
4 Cis-monounsaturated fatty acids should remain at 12%
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1.3.2.2.5 Diet and Coronary Heart Disease

The UK diet is high in fat, particularly saturated fat, e.g. in 1992 over 40% of all 

energy intake was derived from fat, with over 15% coming from saturated fat alone 

(Department of Health and Social services (DHSS), 1995). The European Economic 

Community (EEC) nutrition policy goal is that only 20-30% of energy should be 

derived from fat (O'Connor, 1992). To reduce the incidence of CHD, the department 

of Health has recommended that the proportions of energy from total fat should be 

reduced to 35%, and from saturated fat should be reduced to 10% (DHSS, 1995). 

There is considerable epidemiological evidence that nutritional intake is related to 

the risk of CHD and this has been reviewed by LaRosa et al, (1990). The evidence 

comes from different types of studies, these include:-

1 Chronological
2 Migrant
3 Cohort

Chronological studies, concern data on observed changes in food consumption and 

mortality over a period of time. Examples include studies in the USA by Slattery & 

Randall (1988), and Stephen & Wald (1990). Both studies found that a reduction in 

saturated fat was followed by a decrease in mortality from CHD.

In the Seven Countries Study, death rates from CHD were related positively to the 

proportion of total energy in the diet contributed by saturated fat, and negatively to 

the proportion of monounsaturated fat. The proportion of polyunsaturated fat 

appeared to have no relationship to death rate. Oleic acid accounted for almost all 

the difference in intake of mono-unsaturated fats between subjects, and CHD death
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rates were low in subjects where olive oil was a principal source of dietary fat (Keys, 

1970).

Migrant population studies provide evidence of the effect of the change in lifestyle 

including diet, on rates of CHD, as groups settle into new cultures. For example, 3 

cohorts of Japanese men were studied in the NI-HO-SAN migrant study, in which 

Native Japanese living in Japan, and consuming a typical Japanese diet, Japanese 

men living in Hawaii and consuming a diet rich in fat and cholesterol and Japanese 

men living in California and consuming a diet with even higher levels of fat and 

cholesterol were studied. The highest rates of CHD were found in the men living in 

California, whilst the lowest rates of CHD were found in the men living in Japan 

(Kagan, etal, 1973; Robertson, etal., 1977).

Cohort studies, provide data collected on individuals who consume different diets 

and who are monitored for a number of years. Examples include the Ireland-Boston 

study, in which the relationship between dietary fat and CHD was studied. In this 

study a statistically significant relationship was shown to exist between CHD and fat 

intake (Kushi et al., 1985)

The fat in fish is rich in eicosapentaenoic acid, and diets rich in fish have been shown 

by Sanders to change blood lipid levels (Sanders, 1987). In another study in which 

1,824 employees, aged between 40 - 59 years, of the Western Electric Company in 

Chicago were followed for 25 years, dietary cholesterol was shown to be associated 

with cardiovascular disease (Shekelle & Stamler, 1989).

Page 20



Burkitt & Trowell (1975) formulated the fibre hypothesis, linking low-fibre intakes 

to a number of Western diseases, including CHD. In the Zutphen Study, 871 middle- 

aged men were followed for 10 years. In this group mortality from CHD was 5.2% 

in the fifth of men with the lowest intakes of dietary fibre, 1.3% in the fifth of men 

with the highest intake and 3.5% in the rest (Kromhout, et ai, 1985). Similar results 

were reported in a study by Morris et al, (1977).

However, studies by Burr and Sweetman (1982) and Fehily et al, (1989), showed no 

difference between dietary fibre intakes and the incidence of heart disease. Attention 

is now focused on soluble fibre, quite a change from the early ideas on roughage or 

insoluble fibre (Trowell & Burkitt 1981). Soluble fibre is widely distributed in fruits 

and pulses.

A relationship between cardiovascular disease and fibre intake has been shown in 

two studies, the London Bank Clerk's and Bus Driver's Study (Morris et al, 1977), 

and the Rancho Bernado Study, California (Khaw & Barrett-Connor, 1987). The 

London Bank Clerk's and Bus Driver's study involved 337 men. Of these, 45 

developed CHD, their intake of dietary fibre was significantly lower than the mean 

intake of dietary fibre (Morris et al, 1977).

In the Rancho Bernardo Study, 859 men and women aged between 50-79 years were 

monitored for 12 years after which time there had been 65 deaths from ischaemic 

heart disease. The study showed that a higher intake of dietary fibre was associated 

with a lower risk of ischaemic heart disease mortality, and that a 6g increment of
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dietary fibre intake was associated with a 25% reduction in such mortality (Khaw & 

Barrett-Connor, 1987).

The British Health Food Shop User's Study involved 10,943 people interested in 

health foods, some of these were vegetarians. After 7 years of follow-up, 140 had 

died from ischaemic heart disease. The vegetarians experienced significantly less 

ischaemic heart disease than the non-vegetarian subjects (Burr & Sweetman, 1982).

There is considerable confusion about individual dietary components and the role 

they play in CHD (British Nutrition Foundation 1992a, 1992b 1992c, 1993). The 

simple message that fats are bad and fibre is good has undergone a great deal of 

refinement in recent years. Advice given to the public on how to reduce the risk has 

also been repeatedly modified, and the research has been re-assessed by the 

Committee on Medical Aspects of Food Policy (COMA, 1994). The report makes 

clear that there is no single dietary factor that is most important during the 

development of the disease, the whole diet is important.

Diet is believed to be a major factor in the aetiology of cardiovascular disease 

(Willett, 1990). Most studies on cardiovascular disease have reported the association 

of risk with nutrients rather than with foods (Willett, 1990). More recent reports on 

plasma homocysteine and cardiovascular risk suggest a connection between fresh 

foods, as a source of folate, and reduced cardiovascular risk (Boushey et al, 1995). 

It's been estimated that a reduction in the average intake of saturated fat from 16% of 

total energy to 10% would reduce average plasma cholesterol by 0.4 mmol.L" 1 to 5.4 

rnmol.L" 1 (Cullum 1994). This could help to achieve an estimated 15-20% reduction 

in coronary heart disease deaths (Ashwell, 1993). However, not all saturated fats

Page 22



raise blood cholesterol to the same extent. The fatty acids lauric, myristic and 

palmitic (found in dairy and meat products), have the greatest effect, myristic being 

the most potent. These stimulate synthesis of low-density lipoprotein (LDL) which 

transports the cholesterol to tissues.

Both monounsaturated fatty acids e.g. oleic acid in olive oil, and polyunsaturated 

fatty acids, e.g. linoleic acid in corn oil, reduce LDL-cholesterol. Monounsaturated 

fatty acids, unlike polyunsaturated fatty acid do not reduce high-density lipoprotein 

(HDL) and may be less easily oxidised (Cullum, 1994). Trans-fatty acids (e.g. found 

in hydrogenated fats) have been implicated as a risk factor of coronary heart disease 

due to their possible effect on LDL cholesterol (Hu et al, 1997). Hydrogenated fats 

and the products that contain them, e.g. biscuits and pastries, are a major source of 

trans-fatty acids in the UK diet. These products are also typically high in total fat, 

discussed later in this thesis.

Dietary changes considered helpful in the fight against coronary heart disease 

include;

1 Reducing consumption of saturated fats and fats containing trans-fatty acid (Hu 

et al., 1997) and increasing consumption of mono-unsaturated fats, e.g. olive oil 

(Willet et al., 1993). Hu et al., reported that a high dietary intake of saturated fat and 

trans-unsaturated fat was associated with an increased risk of coronary disease. 

However, they reported that the observed relation for saturated fat was weaker than 

that predicted in an earlier study by Grundy (Grundy et al., 1982). Hu's study was 

consistent with the small effect associated with metabolic studies of the relation of
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diet and blood lipid levels (Krauss et al, 1996). Krauss estimated that replacing 4% 

of energy from saturated fat with the equivalent from carbohydrates would reduce 

the rate of coronary disease by around 5%.

In addition, the replacement of saturated or trans-unsaturated fat with cis 

(unhydrogenated) unsaturated fats, was associated with larger reductions in risk than 

replacement by carbohydrate (Mensink et al., 1987). Sacks (1994) also reported that 

diets high in polyunsaturated fat are more effective than low-fat, high-carbohydrate 

diets, in lowering total serum cholesterol.

Willet et al., (1993) observed a positive association between intake of trans-fatty 

acids and risk of CHD that was not accounted for by known risk factors including 

other measured dietary variables. The intake of trans-fatty acids was due to the 

intake of partially hydrogenated vegetable fats. Since the beginning of the 20th 

Century, the intake of such fats has increased along with the increase in CHD 

(Booyens & Louwrens, 1986). Since the 1960's however, mortality for CHD has 

declined, as has the intake of trans-fatty acids as a percentage of total vegetable fat 

intake (Booyens & Louwrens, 1986; Stephen & Wald, 1990).

2 Consumption of a diet high in fibre (Pietinen et al, 1996). In their study of a large 

cohort of middle aged men, Pietinen et al, found consistent evidence of an inverse 

association between intake of dietary fibre and risk of CHD. The mean intake of 

dietary fibre in the study was 26.7g.day' 1 , which is substantially greater than the 

mean intake of American men, which was Hg.day" 1 (Alaimo et al, 1994). The 

findings of Pietenin's study were consistent with the Health Professionals Follow-up

Study (Rimm et al, 1996a). In this 6-year follow-up study an inverse association
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between dietary fibre and myocardial infarction was found. In addition, cereal fibre 

was more strongly associated with CHD than was vegetable or fruit fibre. An 

apparent protective effect of vegetable and fruit consumption was also reported in an 

Italian study of CHD (Gramenzi et al., 1990).

In Pietinen's study, the mean intake of soluble fibre was 5.4g.day"' and intake of 

insoluble fibre was 18.9g.day" 1 (Pietinen et al., 1996). They reported that an increase 

in daily soluble fibre by 3g reduced the risk of coronary death by 27%. Adjustment 

for serum cholesterol did not change the result. Water-soluble fibre is also thought to 

lower serum LDL-cholesterol, though the magnitude of the effect is quite small 

(Ripsin et al., 1992). High consumption of all fibre containing foods, cereals, 

vegetables and fruit are recommended to reduce the risk of CHD (Pietinen et al., 

1996).

3 Reduction of salt intake (He et al., 1999). Dietary sodium reduction has been 

recommended to reduce hypertension and cardiovascular disease mortality and 

morbidity (Krauss et al., 1996). The findings of a study in 1999 suggests that reduced 

sodium intake may be especially effective in overweight people (He et al., 1999). 

This is consistent with an earlier study, where blood pressure was more readily 

affected by dietary sodium intake in obese than non-obese people, furthermore, this 

sensitivity was reduced following weight loss (Rocchini et al., 1989).

Increased sensitivity to sodium in obese people may explain why He et al., (1999) 

identified a strong independent relationship between sodium intake and 

cardiovascular disease risk, where other investigators studying non-obese people 

have not found such an association (Kagan et al., 1985; Khaw & Barrett-Connor,
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1987). To reduce the risk of cardiovascular disease in obese people, both weight loss 

and sodium intake reduction should be recommended, and for people who have 

difficulty losing weight it may be more appropriate to pay greater attention to 

reducing intake of sodium (He et al., 1999).

4 Reduction of sugar intake (MacDonald and Braethwaite, 1964). Large amounts of 

sucrose, or other refined carbohydrate, cause an increase in blood triglyceride, an 

increase not associated with complex-starch intake (MacDonald and Braethwaite, 

1964). Such a sucrose effect may however not be evident in a diet of foods higher in 

fat, primarily because of the large effect of the type of fat (McGandy et al, 1967; 

Anderson et al., 1973). For example saturated fat may potentiate the lipid raising 

effect of sucrose (Reiser et al., 1979; Liu et al., 1984), and even a small increase in 

the polyunsaturated to saturated fat ratio may have a lipid lowering effect in higher 

fat diets (Jackson et al., 1984).

In a study by Yudkin et al., (1980), a high sucrose diet (260g.day~' instead of their 

normal HSg.day" 1 ) was given to 14 young men. At the end of three weeks there was 

a significant fall (P<0.01) in the blood concentrations of HDL-cholesterol in 10 of 

the 14 subjects. This reverted back to its normal level when the subjects reverted 

back to their normal diet for three weeks. Throughout the study, there was no 

change in total cholesterol concentrations. It is widely accepted that a low 

concentration of HDL-Cholesterol is a good indicator of coronary risk (Miller & 

Miller, 1975).
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This thesis has focused on the development of a healthy biscuit with significantly 

reduced fat and sugar, removing sodium chloride and adding pre-biotic fibre in 

addition to the inclusion of the following functional ingredients;

• Vitamin B$

• Vitamin B12

• Folic Acid

• Vitamin C - Ascorbic Acid

1.3.2.3 Cigarette Smoking

In the British Region Heart Study, cigarette smokers have almost three times the risk 

of major CHD events as those who have never smoked, and one of the early findings 

from the study was that ex-smokers appeared to have a two-fold risk of CHD (Shaper 

et ai, 1985). Although cigarette smoking was widespread among men at the turn of 

the 20th century, it became socially acceptable for women in the 1920's, reaching a 

peak by the 1950's and 1960's with around 40% of women smoking regularly 

(Amos, 1994). Since the mid-1970's the prevalence of cigarette smoking has been 

falling, so that 28% of women were smoking by 1992 (OPCS, 1992). More recently, 

The Health in England Survey of 1995 shows that 29% of adults aged 16-74 years 

are cigarette smokers - 28% of women and 31% of men. However, among children 

between 11-15 years, smoking is more common among the girls than boys (Thomas 

etal., 1993).

According to Doll et al., (1976 and 1980), for CHD the overall relative risk of death 

is about doubled for both men and women, with a greater relative risk at a younger 

age and a dose response effect. The relationship between smoking and CHD is 

weaker in countries with a generally low incidence of CHD (Keys, 1970) and in
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individuals with relatively low levels of other CHD risk factors (Reid et al., 1976). 

Sudden cardiac death, especially in younger men, is strongly associated with 

smoking (Kannel et al., 1975). The classical epidemiological studies (Doll & Peto, 

1976, Hammond, 1966) showed that although pipe and cigar smoking confer an 

increased risk of cardiovascular disease, the risk is substantially less than that for 

cigarette smoking (Levy & Martin, 1989).

There is evidence that smoking contributes to the atherosclerotic and thrombotic 

processes (Aeurbach et al., 1976; Mustard & Murphy, 1963; Hawkins, 1972; Meade, 

et al., 1987). Post-mortem studies consistently show more extensive and severe 

atherosclerosis in smokers than in non-smokers (Pittilo & Woolf, 1993). The 

introduction of low-tar, low-nicotine cigarettes and the progressive reductions in the 

yield of tar and nicotine has contributed to a fall in the death rate of smokers 

(Hammond et al., 1976). However, there is little evidence that these changes have 

reduced the CHD death rate in smokers. Data from the Framingham Study indicate 

that those who smoke filter cigarettes suffer as many heart attacks as those who 

smoke non-filter cigarettes (Castelli et al., 1981).

Two large studies have shown that smoking increases the risk of an heart attack by 

100% in some people (Prescott, et al., 1998 and Nyboe et al., 1991). According to 

one study, stopping smoking is critical for reversing the risk (Rosenburg et al., 

1990). In Rosenburg's study, female ex-smokers who had not smoked for three or 

more years were virtually indistinguishable from women who had never smoked in 

terms of heart attack risk.
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A consistent feature of the data derived from a number of studies is the clear dose- 

response relationship between smoking and risk of CHD (LaCroix et al, 1991; 

Harris et al., 1988). The risk is increased with just a few cigarettes a day, and 

continues to rise with the numbers smoked (Willett et al., 1987; Slone et al., 1978; 

Wynder et al., 1984). 58% of CHD among the lightest smokers has been attributed 

to smoking, compared to 91% in the heaviest smokers (Willett et al., 1987), and 

Jackson has reported that diabetic women seem particularly vulnerable (Jackson, 

1994). A number of reports have clearly shown that stopping smoking has a major 

impact on CHD (Kawachi et al., 1994; Kannel et al., 1968; Wilhemsson et al., 

1986a)

1.3.2.4 Hypertension

The sixth report of the Joint National Committee on Prevention, Detection, 

Evaluation and Treatment of High Blood Pressure (JNR VI, 1997), defines 

hypertension as a systolic blood pressure (SBP) of > 140mmHg, and/or a diastolic 

blood pressure (DBP) of > 90mmHg. This definition reflects that of the World 

Health Organisation's definition (WHO, 1967). Dietary intervention, e.g. calorie, 

salt, coffee and alcohol restriction, and behavioural changes, e.g. stopping smoking 

and regular physical exercise, can reduce blood pressure (Cchabra et al, (2001). 

Excess weight gain is estimated to be responsible for 65 - 75% of the risk for 

hypertension (Hall et al, 2003). According to Stanton and Lowenthal (2000), 

lifestyle modifications are a safe and effective treatment option for hypertension in 

the elderly.
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Hypertension is the most common cardiovascular risk factor in The USA (Davis and 

Jones, 2002), and Kolovou et al, (2003) suggested that patients with hypertension 

have an exaggerated response and delayed clearence of plasma triglyceride after fat 

loading. Nielsen and Andersen (2003) reported a low physical fitness level and high 

body mass index were independently associated with high blood pressure and risk of 

hypertension in both boys and girls.

A number of observational studies have demonstrated unequivocally a powerful 

association of high blood pressure with risk of cardiovascular disease in males and 

females of all ages (Franklin, 1999; van den Hoogen, 2000). These findings were 

similar to those reported earlier by Kannel et al., (1971), and Stokes et al, (1989), 

who found the relationship between SBP and CHD to be significant in both sexes, 

although the strength of the association varied with age. Below the age of 65 years, 

the risk for CHD for a SBP of >180mmHg, compared to a SBP of 120mmHg, was 

higher in women (by 5 times) then in men (by 3 times). In individuals over the age 

of 65 years the relative risks were reversed (Stokes et al., 1989).

The risk of CHD associated with high SBP has been reported to be similar to that for 

increased DBP (MacMahon et al., 1990). MacMahon used pooled data from nine 

epidemiological studies to examine the relationship between DBP and coronary 

disease. They found that a 7.5mmHg difference in DBP was associated with a 29% 

difference in CHD risk.
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1.3.2.5 Physical Activity

Several reviews of the literature have shown the strong cardio-protective effect of 

physical activity (Powell et al, 1987; Berlin and Colditz. 1990; Whaley and Blair, 

1995). The studies concluded that lack of physical activity is as important a risk 

factor for heart disease as hypertension. There is a two-fold increase in the risk of 

CHD when comparing the least physically active men with those who are more 

active. Regular physical activity can impact cardiovascular health by improving 

many of the risk factors associated with CHD, including hypertension, dyslipidemia, 

obesity, inulin resistance, endothelial function and type 2 diabetes (McKechnie and 

Mosca, 2003, Wei et al, 2000).

Manson et al., (1995), reported that even brisk walking was associated with a 

substantial reduction in risk of CHD, and found an inverse relationship, between the 

level of physical activity and both coronary disease and stroke. Several other studies 

have also shown an inverse relationship between physical activity and CHD (Magnus 

etal, 1979; Salonen et al., 1982; Wingard and Cohn, 1987). In a more recent study, 

Blair and Wei (2000) reported a steep inverse dose-response gradient across activity 

or fitness categories, and that active or fit individuals were at much lower risk for 

morbidity, mortality and loss of function when compared to sedentary or unfit 

individuals. These findings were confirmed in a separate study by Blair et al., 

(2001). In that study they found a greater longevity and reduced risk of CVD, CHD 

and stroke, and colon cancer in more active individuals, hovever they were not able 

to confirm whether activity or fitness is more important for health.
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Tanasescu et al., (2002) looked at the relationship between the type and intensity of 

exercise and CHD. They reported that total physical activity, running, weight 

training and walking were each associated with reduced CHD risk. Regular physical 

exercise at intermediate or high intensity for 30-45 minutes on at least five days per 

week is the recommendation of the German Society of Cardiology (Schuler, 2002). 

This recommendation has recently been modified, by the National Academy of 

Science Institute of Medicine, to at least 60 minutes of cumulative daily physical 

activity to maintain cardiovascular health at a maximal level (McKechnie and 

Mosca, 2003). However, some activity is better than none in protecting against all- 

cause mortality (Crespo et al., 2002), who reported that the benefits of an active 

lifestyle are independent of body weight. They found that overweight and obese 

Puerto Rican men who were physically active experienced significant reductions in 

all-cause mortality compared with their sedentary counterparts.

Silva et al., (2002) studied the benefits of exercise in the treatment of heart failure, 

and reported that exercise training programmes in patients with heart failure can 

bring about an improvement in physical capacity. Routine moderate exercise is 

preferred over excessive exertion for people at risk. According to Mittleman et al., 

(1993), the risk of heart attack rises six-fold for one hour immediately following 

heavy physical activity, particularly among people who are sedentary. This risk is 

more than five times less for people who exercise four or five times per week 

(Willich et al., 1993). Evidence shows that even modest levels of exercise will 

confer a health benefit (Whitehurst & Menedex, 1991; Hardman et al, 1989). 

Whitehurst and Menedex reported that eight weeks of walking resulted in an increase 

in HDL-C whilst decreasing both triglycerides and TC/HDL-C ratio.
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1.3.2.6 Diabetes

According to Resnick et al, (2001), diabetes mellitus increases the risk of 

cardiovascular morbidity and mortality. After adjusting for age and a variety of 

other risk factors in diabetic versus non-diabetic subjects, the relative risk of death 

from CHD was lower in men (Barrett-Connor, 1991). In the Framingham Study, 

impaired glucose tolerance resulted in an increased risk of CHD in women, 

eliminating the usual CHD incidence advantage over men (Kannel, 1987; Kannel, et 

al, 1990).

According to Kannel and MacGee (1979), the higher risk due to diabetes is partially 

mediated through insulin resistance and lipoprotein lipase deficiency which induces 

low HDL-C, and increases triglyceride, high blood pressure and left ventricular 

hypertrophy. Impaired fasting glucose is an indicator of insulin resistance (Tripathy 

et al., 2000), and according to Lindahl et al., (1999) some insulin resistant people 

will develop type 2 diabetes. A study by Ezenwaka and Offiah (2002) showed that 

young patients with type 2 diabetes had poorer metabolic control and higher 

prevalence rates of CVD risk factors than elderly patients

In a report from the Framingham cohort, it was reported that diabetes was associated 

with a two- to three-fold excess risk of intermittent claudication, in both sexes 

(Brand et al., 1989). In a thirty-two year follow-up of the Framingham population, 

the impact of diabetes on long-term survival after myocardial infarction was 

investigated (Wong et al, 1989). In that study, risk of coronary death was strongly 

associated with diabetes in both sexes.
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The increased risk of premature atherosclerosis in diabetics is considerable. A study 

by Krolewski et al., (1987) reported a cumulative CHD mortality rate of 

approximately 35% by the age of 55 years in both sexes. In addition to that study, 

DeStefano et al., (1993) found that diabetic women under 55 years of age without 

any other risk factors for CHD, had a 16-fold higher risk of dying from CHD when 

compared to non-diabetic controls. Data from the Framingham Study also confirm 

the poorer outcome for diabetic patients following myocardial infarction (Wong et 

al., 1989).

Ridker and Hennekens (1991) have highlighted several haemostatic risk factors for 

acute thrombotic events that are highly prevalent among diabetics. Diabetic subjects 

have been shown to have impaired fibrinolytic function, as measured by endogenous 

tissue plasminogen active inhibitor (Vague, et al., 1989; Juhan-Vague et al., 1989). 

Raised levels of plasminogen are known risk factors for CHD and are known to 

correlate with blood sugar concentration (Kannel et al., 1987; Wilhelmsen et al., 

1984).

1.3.2.7 Obesity

Durnin and Wormesly (1974) defined obesity as an excess of adipose tissue 

associated with an increased fat cell size. Body mass index (BMI), which is the 

weight in kilograms divided by the height in metres squared (Kg/M2), is the 

measurement most commonly used to classify obesity (Simopoulos, 1986). For men, 

obesity has been defined as a BMI of >30, and for women obesity is defined as 

>28.6 (Black, 1983). It is now common to use the same thresholds in both sexes, so 

that underweight is defined as a BMI of 20 or less, desirable weight as a BMI of

Page 34



20.1-25, overweight as a BMI of 25.1-30 and obesity as a BMI of >30 (OPCS, 1995; 

Bray, 1987).

For more than a decade it has been acknowledged in developed countries that obesity 

is one of the important public health problems of our time, mainly because obese 

people are more liable to heart disease, hypertension, stroke and non-insulin 

dependant diabetes (Garrow, 1988). Studies in men and women aged 18-30 years, 

have shown that obesity is positively correlated with blood pressure, total 

cholesterol, LDL-C, triglycerides, blood glucose and insulin, and is negatively 

correlated with the protective HDL-C (Folsom et al, 1991).

An association between obesity and various manifestations of heart diseases in 

females, have been reported in a number of studies (Fraser et al., 1992; Beard et al., 

1992; Stevens et al, 1992). Must et al., (1992) reported that being overweight in 

adolescence is associated with a significant increased risk of CHD morbidity in later 

life. Body-fat distribution is also an important factor, independent of body weight 

(Hartz et al., 1984; Seidell et al., 1987). The waist-hip ratio can be used to quantify 

obesity distribution. A waist-hip ratio associated with increased risk of 

cardiovascular disease is > 0.8 in women and > 0.95 in men (Higgins et al., 1988; 

Prineas et al., 1993), and, in part at least, this may explain the differential in CHD 

rates, (Prineas et al., 1993).

Attempts have been made to find subgroups of obese individuals with a high CHD 

risk (Seidell et al., 1987). Vague (1956) used the adipomuscular ratio, derived from 

skinfold thickness and arm and thigh circumference, for differentiation of obesity
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into a male (android) or female (gynoid) type. Vague concluded that the android 

obesity was both diabetogenic and atherogenic. The findings of Bergstrom et al, 

(1990) support Vague's conclusions.

Upper body obesity is associated with insulin resistance and glucose intolerance 

(Kaplan, 1989; Krotkiewski et al., 1983). Studies have shown a relationship between 

insulin resistance and compensatory hyperinsulinaemia with hypertension and 

dyslipoproteinaemia (Davidson, 1995; Modan et al., 1985; DeFronzo and Ferrannini, 

1991). At the present time, it is unclear if the compensatory hyperinsulinaemia is 

itself a predictor of CHD. Fontbonne et al., (1991) reports a weak but significant 

association between high insulin levels and CHD, particularly in middle aged white 

males. However, other studies carried out on women have not shown an association 

(Welborn et al., 1994; Davidson, 1995).

Insulin resistance, is a generalised metabolic disorder in which tissue responsiveness 

to the normal action of insulin is impaired (Zimmer et al., 1999; Haffner, 1999). 

Most persons with insulin resistance have abnormal obesity (Despres, 1998).

Hyperinsulinaemia, hypertension, hypertriglyceridaemia, decreased HDL-C, 

increased small LDL-C particles and reduced fibrinolysis ("clustering" of abdominal 

obesity) have been observed in patients with CHD (Spelsberg et al., 1993; 

Ferrannini, 1992). Reaven (1988; 1994) referred to this clustering of risk factors as 

the metabolic syndrome (syndrome X), and each factor occurs secondary to insulin 

resistance (Kaplan, 1989; Davidson, 1995). The metabolic syndrome and its
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associated risk factors have emerged as a coequal partner to cigarette smoking as 

contributors to premature CHD (Krauss, 2000).

The insulin resistance accompanying the metabolic syndrome is one of the 

underlying causes of type 2 diabetes (Cavaghan et al., 2000). There are no well- 

accepted criteria for the diagnosis of metabolic syndrome, but obesity is a common 

factor (Okosun et al., 2000), as are elevated serum triglycerides (Mekki et al., 1999), 

and moderate (marginal) reductions in HDL-C (Nilsson et al., 2000). According to 

Park et al., (2003), the metabolic syndrome is present in more than 20% of the US 

adult population, and identification and clinical management of this high-risk group 

is an important aspect of coronary heart disease prevention. In addition, a recent 

study by Lakka et al., (2002), concluded that CVD is increased in men with the 

metabolic syndrome, even in the absence of baseline CVD and diabetes. The report 

highlights early identification, treatment and prevention of the metabolic syndrome 

to be a major challenge for health care professionals facing an epidemic of 

overweight and sedentary lifestyle.

There have been studies, assessing the impact of dietary intervention on insulin 

sensitivity. Pereira et al., (2002) assessed the effect of whole grain consumption, and 

reported that fasting glucose was 10% lower during consumption of whole-grains 

than during consumption of a refined-grain diet. Hung et al, (2003) reported that 

diets that are higher in monounsaturated fatty acids, fibre and low glycemic index 

foods appear to have advantages in insulin resistance, glycemic control and blood 

lipids in a number of studies.
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1.3.2.8 Alcohol Consumption

There is considerable evidence to support the view, that low to moderate alcohol 

consumption is associated with a reduction in CHD mortality in both sexes (Rimm et 

al, 1996b; Scragg et al, 1987; Rosenburg et al, 1981; Klatsky et al, 1992; Gordon 

& Kannel, 1983: Gronbaek et al., 1995). Experimental studies have shown that 

alcohol increases the levels of HDL-C (Maclure, 1993; Hulley and Gordon, 1981), 

the basis of observed reduction in CHD risk among moderate drinkers (Stampfer et 

al, 1988). Epidemiological studies have also shown a positive correlation between 

alcohol consumption and serum HDL-C (Castelli, 1984; Gaziano et al, 1993: Langer 

etal, 1992).

Reduced platelet aggregation is another reported mechanism of mediation (Renaud et 

al, 1992), and effects on tissue plasminogen activator and other components of 

clotting and fibrinolysis (Ridker et al, 1994). However, whilst reducing the risk of 

myocardial infarction, alcohol consumption may increase the risk of haemorragic 

stroke (Stampfer et al, 1988) and hypertension (Klatsky et al, 1977).

1.3.2.9 Antioxidants

There is considerable experimental animal evidence in support of oxidative 

modification of low-density lipoprotein playing an important causative role in 

atherosclerosis (Steinberg, 1992). This has been supported by epidemiological 

evidence (Gey et al, 1991; Stampfer et al, 1993). The main contribution of 

antioxidants appears to be in the scavenging of free radicals and converting them to 

inactive substances (Young & Woodside 2001; Sinclair et al, 1990).
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Data comparing the difference in levels of antioxidant vitamins between people with 

and without CHD has given conflicting results. In the Kuopio Risk Factor Study, no 

differences were found between plasma vitamin C levels, or vitamin E/cholesterol 

ratios among people with or without CHD (Salonen et al, 1988). This is supported 

by the Eastern Finland Heart Study, where no difference in concentration of vitamins 

A and E were found between people who died from CHD and matched healthy 

controls (Salonen et al., 1985). Other studies have produced similar results, failing 

to provide evidence in support of an association between antioxidant vitamins and 

cardiovascular morbidity and mortality (Roussouw et al., 1985; Lapidus et al., 1986; 

Gey et al, 1987; Eccleston et al., 2002; Leeson et al., 2002; Lonn et al., 2002).

There have been studies that have reported more promising results, e.g. Riemersma 

et al., (1991), who studied 110 people with angina, and 394 age-matched controls. In 

that study, plasma concentrations of vitamin C, E and carotene were all inversely 

related to the risk of angina. Prospective data from the United States Nurses' Health 

Survey, involving 87,000 people, found that vitamin E and beta carotene intakes 

were both inversely correlated with the risk of developing CHD (Stampfer et al., 

1993). In addition, Myara et al., (2003) reported a positive correlation between low 

plasma vitamin E status and oxidation of LDL-C of nondiabetic obese subjects. 

Watkins et al., (2000) reported limited support for the use of multivitamins, in 

combination with the antioxidant vitamins A, C and E, in reducing CVD mortality. 

In their study, McGavin et al., (2001) concluded that increasing dietary vitamin E 

increased plasma alpha-tocopherol levels, however the levels of vitamin E needed is 

difficult ot achieve in practice without supplementation.
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1.3.2.10 Homocysteine

Homocysteine (Figure 1.8) is a sulphur containing amino acid formed during the 

metabolism of methionine, itself an essential amino acid, which can only enter the 

body via food (mostly animal protein).

Figure 1.8 Homocysteine
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This amino acid is needed by the body to synthesise protein, important for the 

maintenance of cartilage, and is also needed for the formation of other important 

amino acids such as carnitine. Methionine can dimerise to homocysteine or form 

disulphide bonds with proteins, forming protein bound homocysteine. In human 

plasma, more than 70% of homocysteine is protein bound, and plasma protein has a 

high capacity to bind homocysteine. (Togawa et al, 2000).

If homocysteine is not removed it becomes toxic to human cells, and elevated plasma 

concentration of homocysteine is considered to be a strong risk factor for 

cardiovascular disease (McCully, 1969, Urget et al, 2000, Hankey and Eikelnoom, 

1999; Ueland et al., 2000). The original association between elevated homocysteine 

and heart disease was put forward by McCully in 1969, though at the time he was 

largely ignored due to the emphasis on cholesterol. Homocysteine is thought to be up 

to 40 times more predictive than cholesterol in the possibility of detecting
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cardiovascular heart disease (Frankel and Mitchell, 1997; Challem and Dolby, 1996). 

According to published data, vitamins Bi 2 , B6 and folic acid (discussed later in this 

report) are factors that can modify plasma homocysteine (Selhub et al, 1993; 

Bender, 1987; Eichner and Hillian, 1971; Landgren et al., 1995 and Ward et al., 

1997; Scott, 2000: Genest et al, 2000).

There are currently many studies linking high blood levels of homocysteine to 

increased risk of coronary heart disease (Klerk et al., 2002; Billion et al., 2002; 

Sprecher and Pearce, 2002; Clarke and Armitage, 2002; Israelsson et al., 1988; 

Ridker et al., 1999; Bots et al., 1999; Stampfer et al., 1992; Young & Woodside, 

2001).

Many enzymes or catalysts are involved in the metabolism of homocysteine. In 

instances where these are defective or function inefficiently, the body is less able to 

successfully metabolise homocysteine. This breakdown is due to deficiencies in 

certain nutrients, particularly vitamins B$, B^ and folic acid (Hattersley, 1991). 

Metabolism of homocysteine is either via re-methylation, which requires both 

vitamin Bi2 and folic acid, or by a trans-sulphuration, which requires vitamin Bg (see 

Figure 1.9). Vitamins Be, Bia and folic acid are, therefore, important and affect 

serum homocysteine concentrations (Selhub et al, 1993; Scott, 2000; Bender, 1989).

Normal levels of homocysteine for men are around 8-12 micromoles per litre 

(fJ.mol.L~ 1 ) and for women normal levels are 6-10 jamoLU 1 (McCully, 1969). 

However, at this time there are no definitive ranges established with the same 

confidence as those of cholesterol and blood pressure.
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Genest et al., (2000) carried out a four-year study, in which 101 men with vascular 

disease were given supplementary doses of vitamin Be, Bn and folic acid. 

Ultrasound examination of their carotid arteries found a decrease in the amount of 

carotid plaque, with the greatest effect in those whose homocysteine levels had been 

the highest prior to the treatment. The findings of Genest's study, supports a study by 

Malinow in 1999, in which 80,000 women were monitored for 14 years. Malinow 

found that the incidence of heart attacks was lowest amongst those who used 

multivitamins, or who had the highest intake of folic acid from dietary sources. This 

is consistent with the findings that elevated levels of homocysteine are associated 

with heart disease (Malinow et al., 1999). Although lowering the serum 

concentration of homocysteine has been shown to reduce the risk of heart disease in 

subjects with homocysteinuria, studies have not yet determined that this is the case 

with patients with only mildly elevated homocysteine levels (Eikelboom et al., 1999; 

Hackman et al, 2000).

Blood homocysteine levels are related to methionine consumption and metabolism. 

Inborn errors of the metabolism of homocysteine, such as defective enzymes, (e.g. 

betaine-homocysteine S-methylyltranferase) result in much higher plasma 

homocysteine levels (200-300 jamol.L" 1 ). Elevations of plasma homocysteine occurs 

in about 20-30% of patients with atherosclerotic disease (Brattstrom and Wilcken, 

2000). Work carried out by De Leo et al., (2000) on postmenopausal women showed 

that evev low doses of folic acid are associated with significant reductions in plasma 

homocysteine.
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Verhoef et al, (1997) found that for every 10% rise in homocysteine level there is 

almost a corresponding rise in the risk of coronary heart disease. Ridker et al, 

(1999) found that postmenopausal women with elevated homocysteine levels had a 

higher incidence of coronary heart disease.

Omnivores consume sufficient methionine whilst vegetarians may not, due to the 

lower levels of methionine in plants. Under conditions of low methionine 

availability, the remethylation pathway prevails. Therefore vitamin B^ and folate are 

elevated in relation to homocysteine level (Krajcorvicova et al., 2000). 

Krajcorvicova also reported that mild homocysteinaemia in vegetarians verses 

omnivores is a consequence of vitamin Bi2 deficiency.

Homocysteine causes coronary heart disease by injuring the lining of the wall of the 

arteries, regardless of the level of cholesterol. Homocysteine interferes with the way 

the cells use oxygen, resulting in the build up of damaging free radicals. These can 

oxidise low-density lipoproteins, producing oxycholesterols and oxidised fats and 

proteins within developing plaques (Young & Woodside, 2001). In addition, 

homocysteine stimulates growth of smooth muscle cells, causing deposition of 

extracellular matrix and collagen, which causes thickening and hardening of artery 

walls (McCully, 1969).

Elevated plasma homocysteine has also been reported to be associated with stroke, 

vascular dementia and Alzheimer disease (Mcllroy et al., 2002; Reutens and 

Sachdev, 2002).
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Figure 1.9 Pathways of Homocysteine Metabolism
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Three key enzymes - methionine synthase, 5,10-methylenetrahydrofolate reductase 
(MTHFR) and Cystathionine 0-synthase (CBS) are involved in this process. 
Methionine synthase uses a folate co-factor and substrate and vitamin Bi 2 as a 
cofactor. MTHFR converts the folate co-factor to the required format for methionine 

synthase. CBS uses vitamin Be as a co-factor.
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1.3.2.11 Lipoprotein (a)

Lipoproteins are lipid-protein complexes that transport water insoluble lipids in the 

plasma (Von Duvillard, 1997). They are composed of a hydrophobic core of 

cholesterol ester or triglyceride, and a surface coat of phospholipids, free cholesterol 

and proteins called apolipoproteins (Grundy & Denke 1990). Lipoprotein(a) - Lp(a), 

is a unique lipoprotein made up of the apolipoprotein of LDL-cholesterol, linked by 

disulphide bonds to a large protein called apo(a) (Scanu, 1992).

Levels of Lp(a) vary up to 1000-fold between different individuals, that appear to be 

largely genetically determined and are relatively stable in the same individual over 

time (Scanu et al., 1991; Scanu and Fless, 1992; Utermann, 1989; Boerwinkle et al., 

1992).

Since its discovery by Berg (1963), high levels of blood Lp(a) has been shown in 

many studies to be associated with heart disease in men and women (Dahlen et al., 

1986; Hoefler et al. 1988; Sandkamp et al. 1990)

The association between Lp(a) and heart disease was also confirmed in a study by 

Rosengren, who studied 776 Swedish men, and found a higher risk of coronary heart 

disease in subjects with elevated levels of Lp(a) (Rosengren et al., 1990). A study 

carried out on 4,849 middle-aged males by Assman et al., (1996), confirmed that 

those subjects experiencing heart problems had significantly higher levels of Lp(a) 

than those who did not. In addition, a report based on prospective data from 2,191 

males, aged 20-54, enrolled in the Framingham Offspring cohort, found an elevated

Page 45



plasma Lp(a) to be an independent determinant of major coronary heart disease 

events (Bostom et al, 1996).

Diet manipulative options have little effect in reducing elevated plasma Lp(a) 

concentration (Von Duvillard, 1997). Niacin is reported to be the most effective 

treatment for the control of Lp(a) (Batiste and Schaefer, 2002; Pieper, 2002). Pan et 

al, (2002), carried out a study on niacin treatment for the atherogenic lipid profile 

and Lp(a) in diabetics, and reported a decrease in LDL-C (P < 0.001), an increase in 

HDL (P < 0.001) and a decrease in Lp(a) (P < 0.001). The disadvantage of niacin 

use is that in high doses it can be toxic to the liver, cause flushing and headaches 

(Dalessandra, 2002).

1.3.3 Multiple Risk Factors

The combined effect of all risk factors on CHD is striking, and it is important not to 

consider individual risk factors in isolation (Truett et al., 1967). The commonly 

recognised risk factors for ischaemic heart disease (smoking, blood pressure and 

diet), exert a largely independent effect on risk, and their overall effect is cumulative, 

so that persons with multiple risk factors may be at a much greater than average risk 

(Kannel et al., 1976).

Information from the Multiple Risk Factor Intervention Trial (MRFTT) in 1986, 

shows that each individual risk factor will increase by four-fold the risk of 

cardiovascular disease. A smoker with a diastolic pressure and cholesterol in the 

highest quintile, however, is at eleven times the risk of cardiovascular death of a non- 

smoker with a diastolic pressure and cholesterol in the lowest quintile (Kannel et al.,
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1986). This observation has been confirmed by Silberburg (1990), indicating that for 

most risk factors, the risk is more than additive but less than multiplicative.

1.3.3.1 Managing the Risk Factors

Managing the mutable risk factors associated with coronary heart disease is of 

obvious importance in the fight against coronary heart disease itself. What we 

consume affects a number of factors, each of which is reported to increase the risk of 

coronary heart disease. Examples include serum cholesterol, serum triglyceride, 

serum homocysteine and obesity (Stamler et al., 1986; Brunner et al, 1987; Castelli 

et al, 1992; Stevensvold et al., 1993; McCully, 1969; Urget et al, 2000; Fraser et 

al, 1992; Beard et al, 1992).

The consumption of biscuit products is reported to be popular with both adults and 

children in most households in the UK (Taylor Nelson Sofres, 2002). Biscuits are a 

convenient food, readily available and can be consumed at any time. They are 

therefore an ideal food product to use as the carrier for specific functional 

ingredients, the consumption of which may reduce the risk of coronary heart disease. 

Traditionally however, biscuits are high in fat and sugar, making them a calorie 

dense food, which may increase the risk of obesity. The development of a biscuit, 

low in fat and sugar, which delivers the organoleptic qualities traditionally associated 

with biscuits, and at the same time will contribute to positive health, is the subject of 

this study.

Page 47



1.4 Functional Foods

A food can be regarded as functional if it is satisfactorily demonstrated to affect 

beneficially one or more target functions in the body, beyond adequate nutrition, in a 

way that improves health and well being or reduces the risk of disease (Gibson and 

Williams, 2000). The definition implies that a product must remain a food, therefore 

a functional food can be:

• a natural food

• a food to which a positive component is added or a deleterious component 

removed, the subject of this study

• a food where the nature of one or more of the components has been modified.

The term functional food was first used in Japan (Kubomara, 1998), and it is Japan 

that has been in the forefront of the development of functional foods since the early 

1980's. Growth in functional foods is driven by:

• research on the links between diet and the prevention of chronic disease

• increased concern about managing the health of ageing populations, who are 
more prone to diseases like cancer and heart disease

• pressure on public health spending, leading to a greater emphasis on prevention

• increased awareness and concerns of consumers about their responsibility to their 
health

• improvements in food science and technology

These developments have led to a variety of functional foods, including soft drinks 

e.g. energy and sports drinks, cereal and baby foods, and baked goods (the subject of 

this study). Various benefits are offered through consumption of functional foods,
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e.g. reduced risk of disease (Gibson and Williams, 2000), and their mode of 

operation may be classified in the following ways;

• vitamin and mineral fortification, e.g. calcium fortified confectionery and soft 

drinks, calcium-enriched milk with folic acid,

• cholesterol reduction, e.g. the use of omega-3 fatty acids and plant sterols,

• blood homocysteine reduction e.g. the use of vitamin B&, Bi 2 and folic acid,

• dietary fibre, e.g. high fibre pasta with three times the fibre of regular pasta,

• probiotics, a live microbial food supplement used to improve the consumers 

intestinal microbial balance,

• prebiotics, these are short chain oligosaccharides which enhance the growth of 

beneficial bacteria already in the gut,

• synbiotics combine pro- and prebiotic characteristics,

• antioxidants, e.g. vitamin C, E and carotene, which play a role in the body's 

defence against cardiovascular disease.

This study has focused attention on the addition of vitamin B6 , vitamin B^, folic 

acid, vitamin C and prebiotic fibre to a biscuit, thereby producing a functional food.
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1.4.1 Functional Ingredients Used in This Study

1.4.1.1 Vitamin C (Ascorbic Acid)

Ascorbic acid (vitamin C, 2,3-didehydro-L-threo-hexonic acid-g-lactone) is an acid 

derivative of a 6-carbon sugar, (Figure 1.10). The presence of the "diol" grouping at 

carbons 2- and 3- enables the vitamin to act as a powerful reducing agent.

Figure 1.10 Ascorbic Acid

OH

Vitamin C is a water-soluble vitamin, which has limited solubility in alcohol, but is 

easily absorbed from food, in a similar manner to the absorption of glucose 

(Sauberlich, 1975). In man, the vitamin is absorbed through the mucous membranes 

of the mouth, the stomach and the upper part of the small intestine, it is then passed 

into the bloodstream (Spencer et al, 1963; Wilson, 1974). As the vitamin is soluble 

in water excess it is excreted in urine.

The most definitive evidence for the essentiality of vitamin C comes from 

experimental depletion and repletion studies in adult human volunteers (Hartley et 

al, 1953; Hodges et al., 1969). In these studies, the most characteristic clinical signs
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of deficiency include failure of hair follicle eruption and bleeding gums. In addition 

impairment of connective tissue formation was seen, but less often.

Several studies have raised the questions of whether vitamin C has beneficial effects 

on human subjects at intakes and tissue levels greater than those needed to prevent 

scurvy. They include studies on cholesterol turnover (Ginter et al., 1977), physical 

working capacity (Suboticanec et al., 1984; van der Beck et al., 1990) and immune 

function (Anderson et al., 1980).

1.4.1.1.1 The Role of Vitamin C

Vitamin C has been implicated in a number of different biochemical pathways, e.g.

a) Mixed Function Oxidation
(i) Collagen (Bates et al., 1972)
(ii) Carnitine (Hulse & Henderson, 1980)

b) Adrenal Synthesis (Lewin, 1976)

c) Iron metabolism (Roeser, 1983)

d) Immunological Responses (Anderson, 1984)
e) Cholesterol/Lipid Metabolism (Ginter, 1975; Ginter et al., 1977)

Vitamin C has been reported to protect blood vessels from problems associated with 

coronary heart disease (Chambers et al., 1999; Fuller et al., 1996; Rath and Pauling, 

1992). However research attempting to link vitamin C directly to protection from 

heart attacks has been inconsistent (Manson et al., 1992; Klipstein-Grobusch et al., 

1999). The reason appears to be related to the amount of vitamin C in question. 

According to Simon et al., (1998) true or marginal deficiencies of the vitamin 

appears to increase the risk of suffering a heart attack.
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Investigators studying vitamin C levels in subjects with sustained and acute 

myocardial infarction, demonstrated that plasma and tissue concentrations declined 

within a day and increased again after 1 week (Hume et al, 1972; Machtey et al, 

1975). Other investigators showed that vitamin C concentrations in leukocytes were 

lower in subjects with coronary heart disease than those without disease (Ramirez 

and Flowers, 1980). However, epidemiological studies are inconsistent regarding 

vitamin C and coronary heart disease (Levine et al., 1999). Despite the uncertainties 

it is evident that subjects with acute myocardial infarction have lower plasma vitamin 

C than control subjects (Hume et al., 1972; Machtey et al., 1975).

1.4.1.1.2 Vitamin C Requirements

There is no universally accepted recommended daily intake of vitamin C. The WHO 

and FAO recommend a daily intake of 30 mg, whereas in the UK the RDA is 60 mg 

(Department of Health, 1999).

A number of factors may lead to low ascorbic acid status. These include:

i. A low dietary intake.
ii. Age (Davies et al., 1976; Brook and Grimshaw, 1968; Burr et al, 1974). 
iii. Stress (Hume et al., 1977).
iv. Smoking (Brook and Grimshaw, 1968; Evans et al, 1967; Irwin and 

Hutchins, 1976).

v. Gender (Loh and Wilson, 1971).
vi. Oral contraceptive agents (Rivers, 1975; Briggs and Briggs, 1974).

vii. Heavy drinking (Baines, 1978).

viii. Drugs (Loh and Wilson, 1975).
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Age is important in determining vitamin C status, and a negative correlation exists 

between age and blood ascorbic acid concentration in man (Andrews and Brook, 

1966; Burr et al., 1974). This relationship has also been shown in guinea pigs 

(Hughes and Jones, 1971). A number of reasons have been proposed, e.g. increased 

metabolic demand perhaps due to stress and chronic illness (Wilson et al, 1973), 

reduced gastrointestinal absorption of ascorbic acid (Davies et al., 1984) and reduced 

retention capacity of "old" tissues for ascorbic acid (Hughes, 1973).

There has been a suggestion that low ascorbic acid concentrations in the elderly do 

not necessarily indicate nutritional deficiency. Hughes (1981) has suggested that 

elderly people may have an increased capacity to survive on low concentrations of 

ascorbic acid. The evidence for this suggestion is shown by the nutritional surveys 

of the elderly, where many "clinically healthy" people have very low concentrations 

of blood ascorbic acid. In one such survey in South Wales, no correlation could be 

established between morbidity indices and blood ascorbic acid concentrations (Burr 

etal, 1974).

1.4.1.2 Prebiotic Fibre (Fructo-oligosaccharide)

A prebiotic is defined as "a non digestible food ingredient that beneficially affects 

the host by selectively stimulating the growth and/or the activity of one or a number 

of bacteria in the colon, that has the potential to improve health" (Gibson and 

Roberfroid, 1995). Prebiotics, most often referred to as non-digestible 

oligosaccharides, are extracted from natural sources, e.g. Inulin and oligofructose, or 

synthesised from discaccharides.
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The most common of the prebiotics include inulin and oligofructose, found in many 

vegetables, e.g. onions, asparagus, Jeruslaem artichoke and chicory root (Dysseler 

and Hoffem, 1995). They are not digested in the upper gastrointestinal tract, but 

remain intact and are fermented by colonic microflora.

Inulin is currently found as an ingredient of yogurt and ice cream due to its 

thickening properties. It also improves the mouth feel and appearance of low energy 

products (Dysseler and Hoffem, 1995). The prebiotic nature of oligofructose and 

inulin restricts its dosage in humans to 15-20g.day"'. Doses greater than this may 

result in gastrointestinal symptoms such as stomach cramps, flatulence and diarrhoea 

(Pedersen et al, 1997).

The types of food used to increase the amount of oligofructose in the diet are 

numerous. Several studies have investigated the effects of prebiotics on human 

subjects with inconsistent findings. Luo et al., (1996), used 20g oligofructose daily 

in lOOg cookies for 4 weeks. In their study no significant changes were found in 

blood lipids or glucose. Hidaka et al., (1991) used oligofructose in confectionery in 

their study, the findings after 4 weeks was lowered total blood cholesterol.

Other foodstuffs used include low-fat ice cream (Causey et al., 1998). They used 20g 

inulin over a 3 weeks period. Their result was a lowered triacylglycerol with no 

significant changes in blood glucose. Davidson et al., (1998) used 18g of inulin in 

chocolate, the result of which was lower LDL-cholesterol after 6 weeks 

supplementation. Pederson et al, (1997) used 14g of inulin in 40g of margarine, in 

their study no significant differences were found on blood lipids or glucose.
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1.4.1.2.1 Lipid Lowering by the use of Prebiotics

Inulin and oligofructose have been used in order to determine the mechanism of 

action of prebiotics on animals. Early studies using isolated rat hepatocytes indicate 

that the hypolipaemic action of oligofructose was associated with the inhibition of 

cholesterol synthesis by the short chain fatty acid propionate following impairment 

of acute utilisation by the liver for lipogenesis (Demigne et al, 1995). This is 

consistent with human studies investigated by Wolever et al, (1995) in which rectal 

infusion of acetate and propionate resulted in propionate inhibiting the incorporation 

of acetate into triacylglycerol released from the liver.

Fiordaliso et al., (1995) showed significant reductions in plasma triacylglycerol, 

phospholipids and cholesterol in normolipodaemic rats fed a diet containing 10% 

weight to volume (w/v) oligofructose. The triacyglycerol lowering was seen after 1- 

week oligofructose supplementation, and associated with a reduction in very low- 

density lipoprotein secretion. The reduction observed in cholesterol was only seen 

after long-term (16 weeks) supplementation with oligofructose (Fiodaliso et al., 

1995).

1.4.1.2.2 Prebiotics, Glucose and Insulin Levels

Evidence of the effects of prebiotics on fasting levels of insulin and glucose in 

humans is limited and conflicting. In supplementation studies using humans, a 

significant reduction in glucose was reported in non-insulin dependant diabetes 

mellitus subjects by Williams (1998).
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A trend was also observed in hyperlipidaemic subjects supplemented with 

oligofructose (Hidaka et al, 1991). More recently Alles et a/., (1999) reported no 

effect of oligofructose on blood glucose on insulin levels in healthy middle-aged 

subjects.

In a study by Todesca et al., (1991) a significant reduction in post-prandial glucose 

concentration was observed following both acute and chronic intakes of bread 

enriched with propionate.

1.4.1.2.3 The Prebiotic Used in This Study

Actilight®, the bifidofibre, is the prebiotic used in this study and is obtained from 

sugar beet. Made up of one molecule of glucose linked to two, three or four 

molecules of fructose (Figure 1.11).

Figure 1.11 ®The Structure of Actilight (GF2 , GF3 and GF4)
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1.4.1.3 VITAMIN B6

Rich sources of vitamin Be are found in meat, fish, potatoes, bananas and pulses. 

Vitamin Be was identified by Gyorgy in 1934 as the factor that cured scaly dermatitis 

in rats that were fed purified diets. Its role as a coenzyme in amino acid metabolism 

was elucidated during the 1940's and early part of the 1950's. In the 1990's its role 

in the action of glucose metabolism was confirmed (Bender, 2000). Vitamin Be 

exists in three forms, the alcohol, pyridoxine, the aldehyde, pyrodoxal and the amine, 

pyridoxamine, (Figure 1.12).

Figure 1.12 The Three Forms of Vitamin B 6

Pyridoxine Pyridoxamine Pyridoxal 
CH2OH CH2NH2 HC=0

HOCH

Source: Bender, D.A. In: Human Nutrition and Dietetics, 2000

Most (up to 80%) of the body's vitamin Be is found in muscle, as the coenzyme of 

glycogen phosphorylase. This catalyses the breakdown of glycogen to release 

glucose 1-phosphate. It also plays a role in the action of hormones (e.g. androgens, 

oestrogens and progesterone) and in animal experiments deficiency of vitamin B6 

results in increased sensitivity to low doses of hormones (Bender, 1987; Bender, 

1992; Bender and Bender, 1997). The recommended daily intake is 1.6 - 2mg.
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1.4.1.3.1 Vitamin B6 Deficiency

Only one outbreak, in 1954, of severe vitamin B6 deficiency has been reported, when 

infants were fed baby food that had been overheated in manufacture. The affected 

infants suffered seizures, which responded to vitamin B6 supplements (Bessey et al, 

1957; Coursin, 1964). Clinical signs of vitamin B6 deficiency include inflammation 

of the tongue and lesions of the lips and corners of the mouth (Bender, 2000)

A number of studies have shown biochemical signs of deficiency or inadequacy in 

around 10-20% of apparently healthy people (Bender, 1987; Bender, 1989). This 

may be a factor in the development of atherosclerosis, a result of impaired 

metabolism of methionine and raised circulating levels of homocysteine (Bender 

1987; Bender, 1989). It is the relationship of vitamin B6 with homocysteine that is of 

interest in this study. In addition, there is a decrease in plasma concentration of 

vitamin Be with increasing age, (Bender, 2000). This would suggest that the elderly 

might be at risk of deficiency. What is not clear is whether the lower concentration 

of plasma vitamin 65 is because of increased requirement, inadequate intake or 

changes in metabolism of the vitamin with increased age.

1.4.1.3.2 Vitamin B 6 Requirements

The total body pool of vitamin B6 is around 3.57mg per kilogram of body weight 

(Department of Health Report 41, 2000). Depletion studies have shown that 

deficiency developed more rapidly when protein intake was high, and that during 

repletion B6 status is normalized faster at low protein intake (Bender, 1989). These 

studies indicate a requirement of 13(J.g of vitamin B6 per gram of dietary protein. 

Reference nutrient intakes (RNIs) are based on 15-16^g.g"' of protein per day. At
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average intakes of lOOg protein per day this gives an RNI of 1.5-1.6mg of vitamin 

Be. Average intakes in Britain are between 20-30(ig.g"' protein (Bender, 1989).

1.4.1.3.3 VITAMIN Bi 2

Vitamin Bi 2 is involved in the recycling of folate enzymes via involvement in 

methionine synthesis and the degradation of valine via methylmalonyl CoA 

(Department of Health. 1999). Interactions with the folate group of co-enzymes are 

responsible for the haematological abnormalities of megoblastic anaemia, where B^ 

deficiency results in the same syndrome as folate deficiency (Chanarin, 1979).

Only microorganisms make vitamin Bi 2 (Scott, 2000), so vitamin E\2 gets 

assimilated into the food chain mainly because herbivorous animals, which in turn 

form the diet of other animals, consume the micro-organisms. Vitamin 612 is of 

animal origin only, e.g. meat, poultry, fish, milk, cheese and eggs. Vegetarians, and 

more importantly vegans, are at risk of becoming deficient, and according to 

Chanarin (1979), vegans should take a vitamin BII supplement.

1.4.1.3.4 Vitamin B12 Requirements

Approximately 70% of dietary vitamin B^ is absorbed, but decreases to less than 

10% at levels five times greater than the recommended daily allowance (Herbert, 

1987). The current Reference Nutrient Intake (RNI) for vitamin Bi 2 is 1.5(J.g.day" L 

for males and females 15 to 50+ years (Department of Health, 1999).

Severe deficiency of vitamin Bi2 eventually leads to two clear clinical consequences. 

The development of a megaloblastic anaemia, indistinguishable from that seen in
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folate deficiency, and a neuropathy called subacute combined degeneration (Scott, 

2000). For some time there was a belief that the anaemia was due to reduced activity 

of methionine synthase and the neuropathy due to reduced mutase activity (Chanarin, 

1979). However, experimental work on animals has shown that the absence of 

methionine synthase is involved in the aetiology of both conditions (Scott et al., 

1981).

The interest in Vitamin Bn in this study relates to work carried out by Selhub et al., 

(1983), in which elevation of homocysteine as a result of impaired vitamin B J2 status 

has been implicated as a cause of premature cardiovascular disease.

1.4.1.4 Folate (Folic Acid)

Folk acid is involved in a number of single carbon transfer reactions, e.g. in the 

synthesis of methionine (Jacob et al., 1994). Foods that are rich in folate include 

liver, yeast extract and green leafy vegetables (Department of Health, 1999). Folic 

acid is believed to be important to produce optimal protection against the 

development of neural tube defects during pregnancy (Cuskelly et al., 1996), and 

heart disease due to elevated levels of serum homocysteine (Scott, 2000). Jacob et 

al, (1994) reported that plasma total homocysteine levels rose in ten healthy young 

men during folate depletion.

The basic structure of the folate molecule is in the double aromatic ring of a pteridine 

attached to a para-aminobenzoate and a glutamate (Scott, 2000), see Figure 1.13.
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Figure 1.13 Folic Acid

N C x /c—CHi~1)1——O— C0— Glutamate

Folic Acid

Folates participate in the methylation cycle, involving the methylation of 

homocysteine to methionine (Scott, 2000). Many enzymes called methyl- 

transfereases, which transfer methyl groups to a range of acceptors e.g. 

deoxyribonuleicacid (DNA) and proteins such as myelin, exist in mammalian cells. 

The source of the methyl groups is methionine, passed on after activation with 

adenosinetriphosphate (ATP) to form s-adenosylmethionine, and this is normally 

rapidly broken down to form homocysteine. Homocysteine can have further methyl 

groups added to it by the enzyme methionine synthase (vitamin B i2 is important 

here) thus the cycle is completed (Scott, 2000).

Early views on folate deficiency were that the only adverse outcome was the 

interference of cell division due to inadequate folate dependent DNA biosynthesis. 

This view had to be revised, because it became clear that even slight reduction in 

folate status, to levels thought to be in the normal range, resulted in an increase in the 

risk of neural tube defects such as spina bifida (Daly et al., 1995). Intervention and 

case studies have shown that folic acid can prevent at least half and even as much as 

three quarters of neural tube defects (Wald, 1991).
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The conventional view is that as a person gets into negative folate balance, there 

would be a reduction of plasma folate followed by a reduction in tissue folates. This 

would be followed by small and eventually large increases in homocysteine levels 

(Eichner and Hillman, 1971).

Several reports has shown that elevated levels of homocysteine are important risk 

factors for cardiovascular disease and stroke (Urget et al, 2000: Ueland et al, 2000; 

Scott and Weir, 1996). Since even moderate reduction in folate status results in 

elevated plasma homocysteine, a relationship between folate status and risk of 

cardiovascular disease has been established (Morrison et al., 1996).

The folate dietary reference value (DRV) was 400|a.g.day" 1 . Over the past ten years 

these have been reduced to 200|0,g.day~ 1 , because intakes of most people are about 

200u.g.day~ I and folate deficiency is uncommon. However, because of its role in 

neural tube disorder and cardiovascular disease it is thought this lower figure will be 

revised upwards. (Scott, 2000).

Toxicity of folate or folic acid has recently become an important issue because 

efforts to raise folate status via the natural folate in the diet are unlikely to protect 

against neural tube defects or cardiovascular disease. This has led to more focus on 

the use of supplements, or foods fortified with folic acid (Cuskelly et al., 1996). The 

former usually contains 400|Lig.day" 1 , which would be deemed not to have any risk of 

toxicity. The usual therapeutic dose is 1 mg.day" 1 (Rimm et al., 1998).

Whilst supplements are suitable for those aware of the potential benefit, even
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following significant publicity it's clear that only a minority of people, especially in 

the poorer socio-economic group where the risks are greater, can be induced to take 

them on a regular basis (Scott et al, 1994). This has resulted in suggestions that the 

diet should be fortified with folic acid, and in The USA it is now policy that all flour 

is required by law to be fortified with folic acid.
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The best thing about the future is that it comes only one day at a time"

Abraham Lincoln
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CHAPTER 2

2.1 Aims of this Study

The work described in this thesis concentrated on the development of a low moisture, 

long shelf life, and commercially viable biscuit product, that will:

• be low in fat and sugar,

. contain a reduction in calories when compared to the standard product,

• contain functional ingredients,

• contribute to positive health,

• be viable from both a manufacturing and commercial viewpoint.

The aims of this study are:

a. To develop a functional food.

b. To assess the acceptability of the product via commercially accepted 

organoleptic tests, using both adults and children.

c. To prove the manufacturing viability of the product, by maintaining product 

parameter and process specification as per control product.

d. Evaluate the effectiveness of the product at reducing blood homocysteine, 

triglycerides, glucose and cholesterol, by using appropriate clinical trials.
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CHAPTER 3 

Biscuits

The word biscuit is derived from the Latin 'bis coctus' or the old French 'bescoit' 

(Concise Oxford Dictionary, 1975) meaning twice cooked. This was the practice of 

first baking the product in a hot oven then transferring it to a cooler oven to dry the 

product. This two stage baking process was abandoned in the eighteenth century 

(Wilson, 1984). Modern biscuit manufacture relies on a single oven to bake and dry 

the product. The Concise Oxford Dictionary 10th Edition 1999, describes biscuits as 

"small flat crisp unleavened cakes".

One of the difficulties in writing about biscuits is that the very word means different 

things to different people. In The USA for example, the word biscuit is used to 

describe a chemically leavened bread type product, similar to a scone in the UK. 

Products described as biscuits in the UK are called cookies and crackers in The USA 

(Wade, 1988a). What these products all have in common however is their typically 

low moisture content (average 2-3%). For comparison, typical moisture contents of 

some common cereal-based baked products are given in Table 3.1 (Wade, 1988a).

Table 3.1 Approximate Moisture Content of Some Baked Wheat 

Flour Based Products

Product

Bread

Cakes

Biscuits

Moisture Content (%)

35-40

15-30
1-5

Page 66



This low moisture content confers on the biscuit product a long shelf life, because 

they are generally free from microbial spoilage. In addition, the low moisture 

content of biscuits means they offer a relatively high energy density compared to 

high moisture foods. This is due to the higher concentration of fats and 

carbohydrates, the different proportions of which helps characterise different types of 

biscuits.

It is this high fat and carbohydrate (mainly sucrose) content that has over the years 

given biscuits bad press. According to Tannahill (1975), man has eaten biscuits for 

hundreds, if not thousands of years, but current fashion in nutrition decries the 

consumption of biscuits due to their high calorie density.

According to Information Resources London, September 2000, 98.7% of UK 

households buy biscuits, 53.6% of UK households buy children's biscuits. Each 

buyer buys on average 20.4 kg per year, of which 1.9kg per year are children's 

biscuits (Burtons Biscuits, 2001).

The biscuit market as a whole in the UK is worth £1.6 billion per year, and the 

children's biscuit market is worth £103 million. The biscuit on which this study is 

based is worth 17.9% of the children's biscuit market, i.e. £18.4 million. (Source: 

Taylor Nelson and Sofres, February, 2003). Biscuits are a common snack food, liked 

by children and are potentially an ideal food source to use in the fight against 

coronary heart disease.
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3.1 Types of Biscuit Dough

The principal ingredients in the manufacture of biscuit are wheat flour, fat and sugar, 

water is also added, but is done so mainly to aid dough processing (Dale et al, 

1969). The handling characteristics of dough and the eating quality of the final 

product depend largely on the relative proportions of the principal ingredients 

(Lawson et al., 1981). Dough used in the manufacture of crackers and semi-sweet 

biscuits like Marie and Rich Tea have a well-defined gluten network derived from 

the hydrated flour proteins and are known as hard doughs and hard sweet doughs 

respectively (Wade, 1988b). With increasing levels of fat and sugar in the formula, 

less water is required to give the dough its required consistency for processing. The 

result is the formation of little or no gluten. Collectively, they are known as short or 

soft doughs. The biscuit under investigation and development in this report falls into 

this category.

3.2 Outline of the Biscuit Manufacturing Process

Commercial biscuit manufacture is made up of a series of highly mechanised 

operations, designed to convert the raw materials into the final product. The process 

may be considered under the headings shown in Table 3.2 and Figure 3.1 (Burtons 

Biscuits, 200la).
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Table 3.2 Process Stages in the Manufacture of Biscuits

Process Headings

Preparation and measurement of ingredients

Mixing

Formation of individual pieces

Baking

Cooling

Secondary processing

Packaging

Examples

Weighing, sieving & blending

Batch or continuous

Rotary moulding, sheeting and cutting

Jamming, enrobing, creaming

Roll pack, bags, boxes

Figure 3.1 Flow Diagram of Biscuit Manufacture

Raw Materials 

Mixer;lr';" .ji..
Rotary Moulder

JJ ,.

Cooling

Wrapping
SssfS isy:S- s!?.iSS isf!:.I:.!: ::..: i i:.! .5 'S.!* #: si: :<ssM«!S:5!
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3.2.1 Preparation and Measurement of Ingredients

The principal ingredients (flour, fats and sugar) are commonly received and stored in 

bulk. The required amounts of these are metered automatically to the mixer, which 

is typically built onto load cells for accurate weighing. Minor ingredients, e.g. 

syrups, chemical aerating agents and milk powders, are usually hand weighed and 

added to the front of the mixer (Burton's and Horizon Biscuits, 2001).

3.2.2 Mixing

This phase is dependent on the type of biscuit dough being produced. Hard doughs, 

e.g. crackers, require higher water levels and more intense mixing in order to develop 

the gluten network. Short doughs, similar to the biscuit under investigation and 

development in this thesis, require less water and minimal mixing to prevent or 

reduce gluten development.

3.2.3 Formation of Individual Pieces

Biscuit shapes from hard doughs are typically cut from a continuous sheet of the 

dough, the pieces formed from short or soft doughs are typically rotary moulded into 

desired shapes (Figure 3.2). The biscuits type under investigation in this thesis is 

rotary moulded.
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Figure 3.2 Representation of Unit Pieces Formed by a Rotary Moulder

Dough Hopper

I 
Forcing Roller

Knife

Individual Moulded Doueh Pieces to Oven

Extraction Web

Extraction Roller

3.2.4 Baking

Biscuits produced by large manufacturers are baked in travelling band ovens, where 

the unbaked dough piece enters one end and the baked biscuit exits the other 

(Lawson, 1972). The oven chamber will consist of several zones, each designed to 

impact on the dough piece in a specific way (Lawson et al, 1979). Baking time will 

depend on the product, but generally will take between 3-15 minutes (Burtons 

Biscuits, 200la).

3.2.5 Cooling

Before the product can proceed to secondary processing or packing it has to be 

cooled. This is carried out during their travel time to the next process and typically 

the cooling time can take twice the baking time (Burtons and Horizon Biscuits, 

2001).
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3.2.6 Secondary Processing

These include sandwiching jam or cream biscuits and enrobing in chocolate. This is 

the penultimate stage before the products are wrapped and packaged.

3.2.7 Packaging

Biscuits are wrapped in a number of ways, e.g.

• rollwrap (e.g. digestives)
• cartons (e.g. Jaffa cakes) and
• bags (e.g. cookies)

3.3 The Role of the Principal Ingredients in Soft Dough Biscuit 
Products

3.3.1 Flour

Typical biscuit flours used for chemically aerated biscuits have the following 

characteristics (Manley, 2000a).

Protein 8 - 9%
Starch 70 - 75%
Moisture 13-14%
Colour Grade Figure (Kent Jones) 3.5

Wheat flour is the principal component of nearly all biscuits (Manley, 2000b). The 

properties of wheat flour vary not only as a result of the type of wheat, but also from 

season to season from the same type of wheat. The amount of protein deposited in 

the wheat kernel, and to some extent also the characteristics of the protein, are 

largely determined by such environmental factors as soil, rainfall and temperature 

(Barmore, 1948).
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In its synthesis of protein, the wheat plant derives needed elements from the carbon 

dioxide of the air, nitrogen compounds and mineral substances of the soil. The 

protein molecule consists of a large number of amino acids, all of which contain 

nitrogen. Figure 3.3 shows the general formula of an amino acid (Pyler, 1988).

Figure 3.3 General Formula of an Amino Acid

H 

R———C———i

N
/ \H H

The properties of the amino acids found in protein lies in the structure of the side- 

chains, represented by "R" in the above figure. The amino acids are joined together 

by peptide bonds, formed by the interaction of the carbonyl group of one amino acid 

with the amide group of another. When two amino acids join in this way, water is 

released. This chemical condensation reaction may be represented as in Figure 3.4 

(Pyler, 1988).

The protein molecule consists of long chains of amino acids, called a polypeptide, 

see Figure 3.5 (Pyler, 1988).
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Figure 3.4
Condensation Reaction from the Joining of Two Glycine Amino Acids

CH — C=O+ CH — 0

NH 2 OH H NH OH NH 2 NH OH
glycine + glycine glycylglycine (a dipeptido

Figure 3.5
Amino Acids Linking to Form a Polypeptide Chain (Protein)

R H H O R H H
etc. \ / | II \ / I etc.

«——— C N C C v /N. / ———

Y Y X Y Y X
O Ff H A O R7 H

Wheat is almost unique amongst the cereals in that its milled product (flour) is 

capable of forming a dough that will retain gas bubbles evolved during fermentation 

or baking (Pyler, 1973; Belitze et al, 1986; Kaufman et al, 1986). This 

characteristic of wheat is derived from its proteins, which when hydrated and mixed 

(as in dough making) result in gluten formation (Wade, 1988a)

Crude gluten contains about 65-70% water, and its solid matter is about 75-80% 

protein, 5-15% starch that has failed to wash out and around 5-10% lipids. The 

composition of dry crude gluten was established by Blish (1946), and the gross 

composition of gluten from soft wheat (the type used in biscuit manufacture) is given 

in Table 3.3.

Page 74



Table 3.3 Composition of Dry Gluten from Soft Wheat

Protein (Nx 5. 7)

Lipids

Ash

Carbohydrates

72.7 %

7.1 %

0.6%

18.8

Approximately 80% gluten is made up of the gluten forming proteins glutenin and 

gliadin, with some non gluten forming proteins albumin and globulin (Redman, 

1971; Pyler, 1988; Kasarda et al, 1976). Both albumin and globulin are water 

soluble, and therefore washed away in the gluten washing process.

Wheat proteins are crucial in determining the quality of flour for its intended 

purpose. Both the quantity and quality of the proteins are important (Finney & 

Barmore, 1948; Wall, 1979a; Orth & Bushuk, 1972; Orth & Bushuk, 1973). The 

protein content of wheat flour can vary from 7% to 17% (Redman, 1971). It is the 

physico-chemical properties of gluten which enables the dough to retain gas (Pyler, 

1973; Kaufman et al, 1986). Differences in quality between wheat varieties have 

been shown to be due to differences in their gluten (Bietz et al., 1975; Booth & 

Melvin, 1979; MacRitchie, 1989), and hence their suitability for bread, cakes or 

biscuits.

3.3.1.1 Sulphydryl and Bisulphide Groups

Sullivan et al., (1936) were the first to recognise that flour proteins contained

sulphydryl groups. The basic structural components of proteins are amino acids, and
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there are two amino acids in wheat that are important for gluten development, they 

are cysteine and cystine. Sullivan and his team identified that the cysteine amino 

acids contain the sulphydryl group (-SH), which can be oxidised to cystine (-S-S-), in 

this way amino acids join together by means of a disulphide bond (Sokai, 1960) as 

shown in Figure 3.6.

Figure 3.6 Disulphide Bonding of Amino Acids

H O H H o

"x II I I /
N —— C —— C —— N —— C —— C 

H/ I I \>-H
• Disulphide •

H— °\ I I / Hc — c — N — c — c — r H
H C O H

Disulphide bonds, as outlined above, become involved in dough development by a 

mechanism in which pairs of these groups are linked by oxidation to form disulphide 

groups, the sulphur to sulphur linkage being a covalent bond. If this bond involves 

groups that are attached to different polypeptide chains, disulphide cross-links are 

established between them. This results in a more intricate and rigid network of 

protein chains in the dough, increasing the dough's capacity to retain gas bubbles 

evolved during biscuit manufacture (Sokol, 1960).

In biscuit manufacture, the degree of gluten development is crucial to the quality of 

the final product (Fearn et al, 1983). Dough with over developed gluten will have
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marked elastic properties, which will result in shrinkage and therefore distorted 

products, that will also have unacceptable (tough) eating qualities (Wade, 1988a). 

High levels of fat added to the recipe will counteract this effect and confer desirable 

(short) eating qualities to the product. In such dough, the hydration of the protein is 

insufficient to allow the formation of the gluten network.

Unfortunately for the biscuit manufacturer nearly all the research on flour quality by 

Theological testing, has been done with simple flour/water/salt systems which are not 

easy to equate to biscuits, which are high in fat and sugar. It is as well to understand 

what is possible to measure by using a Brabender Farinograph and Extensograph, or 

a Water Absorption Meter or a Choplin Alveograph. These are well documented by 

Kent Jones and Amos (1967). It may be that the use of one or more of these 

instruments may be useful for quality control of flour in a specific biscuit recipe, but 

there is no published work on this.

Flour is basically a mixture of endosperm fragments with free starch, some of which 

will be damaged during the milling process, and some protein. In addition to the 

protein, wheat starch also plays an important role in biscuit manufacture, starch also 

absorbs water during the mixing phase. Starch that has been damaged during milling 

absorbs even more water which is undesirable in biscuit making as the object is to 

add as little water as possible to reduce the amount that has to be baked back out 

(Farrand, 1964). The starch is present as granules, and constitutes about 70% of the 

wheat flour. The composition of the granules is approximately 75% amylopectin, 

which is highly branched, and 25% of the linear amylose. In addition, 0.5-1.2% lipid 

is present, primarily complexed with the amylose (Blanchard, 1987).
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When wetted and exposed to heat over the temperature range 50-65°C (as in the 

baking phase) starch granules gelatinise. The actual temperature of gelatinisation is 

affected both by water content and dough additives such as sucrose (Levine and 

Slade, 1987).

3.3.1.2 The Function of Flour in Biscuits

The main function of flour in biscuit manufacturing is one of structure forming. It 

contributes to product texture, hardness and shape of the biscuit (Manley, 2000b). 

The nature of these effects differs for different biscuit products, depending on fat 

levels, sugar levels and even the way the dough has been mixed. Most biscuits can 

be made from flour with low protein, and gluten that is weak and extensible, thus 

flours with protein levels <9% are commonplace in biscuit production. However, in 

recipes containing very little fat (as in this study), even flours with low protein 

(gluten) contents can result in tough doughs and products. One of the aims of this 

investigation was to overcome this problem.

3.3.2 Fat

Most biscuits made in the UK contain relatively high levels of fat in the recipe 

(Burtons and Horizon Biscuits, 2001). This is the material that confers the short 

"melt-in-the-mouth" eating quality to the product (Lawson et al, 1981). The higher 

the level of fat, the shorter eating will be the biscuit, hence Viennese type products 

where the fat level is as high as 30% are very short eating and are often referred to as 

luxury products. The main function of fat in biscuits is therefore to enhance eating 

quality through gluten development modification (Manley, 2000c).
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3.3.2.1 Chemistry of Fats

Fats are mixtures of triglycerides with the general formula as shown in Figure 3.7 

(Pyler, 1988).

Figure 3.7 General Formula for a triglyceride

H2 -C —— 0-CO-Ri
I 

H-C —— O-CO-R2
I 

H2 -C —— O-CO-R3

Glycerol Fatty Acid 

Where RI R2 and R3 represent three hydrocarbon chains

Any two or all three of the fatty acids forming the triglyceride molecule may be the 

same, but mixtures are most common. The fatty acids have various chain lengths and 

may be saturated or unsaturated. The longer the chain length, the higher the melting 

point of the fat, and the more unsaturated a fatty acid, the lower will be its melting 

point (Leissner et al, 1993). Saturated fats have long carbon chains with no double 

bonds between adjacent carbon atoms. They include palmitic and stearic acids. 

Unsaturated fats contain double bonds in either the cis or trans formation as shown in 

Figure 3.8 (Leissner et al, 1993).
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Figure 3.8 General Representation of Cis and Trans Fatty Acid 
Structures

Trans Fatty Acid Cis Fatty Acid

Unfortunately, oils are of little use in the manufacture of most biscuit types (Burtons 

Biscuits 2001). In order to achieve the required organoleptic qualities in the final 

product, fat is traditionally required. Whilst in some biscuit products animal fats are 

essential, e.g. butter shortbread, in most biscuit types a fat of vegetable origin is used, 

e.g. palm oil (Burtons Biscuits & Horizon Biscuits 2001).

Fat manufacturers are able to modify the melting characteristics of fats in several 

ways, including hydrogenation, a process of adding hydrogen gas which removes 

double bonds, and interesterification, a process of changing the fatty acids attached 

to the glycerol backbone (Leissner et al, 1993).

3.3.2.2 Fat Preparation

Fat delivered to biscuit manufacturers is typically in the form of an oil, and in this 

state it is unsuitable for use in the manufacture of biscuits (Burtons Biscuits and 

Horizon Biscuits, 2001). Thus, the oil is processed on site through through 

equipment called votators, which encourage the formation of fat crystals in the (5' - 

form (beta prime) this essentially converts the oil to a fat. It is in this solid form that
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fat is able to reduce gluten development by limiting the access of proteins to water 

and hence positively influence the product's eating quality (Lawson et al., 1981).

Fat consumption has received a great deal of attention, and the Committee on 

Medical Aspects of Food Policy (1994), reported that biscuits were a major source of 

dietary fat (more than 4% of average intake in the UK). A study by Perez-Jimenez 

et al., (2002) highlights the advantages of consuming monounsaturated fats with 

respect to cardiovascular risk, however, the report also suggests the need for more 

controlled dietary intervention studies to fully assess the benefits of a high 

monounsaturated fat enriched diet.

3.3.2.3 The Functions of Fat in Biscuits

Fats perform a textural function in biscuit doughs (Miller et al., 1988). During the 

mixing phase there is competition for the flour surface between the water and the fat. 

The water, or sugar solution, interacts with the flour proteins, the result is gluten 

which forms a cohesive and extensible network. When fat coats the flour particles, 

the gluten network is interrupted and its development is reduced. Therefore, the 

more fat a biscuit recipe contains the less gluten is developed and the shorter is the 

eating quality of the product (Lawson et al, 1981).

3.3.3 Sugar (Sucrose)

Sucrose (commonly known as table sugar) is produced from either sugar cane or 

sugar beet. It has an empirical formula of Ci 2H22On, and is a disaccharide, made up 

of one unit of glucose and one of fructose.
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3.3.3.1 Functions of Sucrose in Biscuits

In biscuit manufacture, this is the most commonly used sugar, however other sugars 

are also used depending on the product being produced. These include honey, 

treacle, glucose and golden syrup. In this thesis, only sucrose will be discussed. 

Functionally, sucrose is very important in the manufacture of biscuits, conferring 

sweetness, spread, colour and snap to the product (Cunningham, 1964; Lawson et al, 

1981). Thus, recipes containing high levels of sugar are not only sweet but are also 

harder with a high degree of snap.

When sucrose is added to biscuit doughs, it fully or partially dissolves during mixing 

and baking, depending on the amount of water present. Following baking it 

recrystallises and forms an amorphous glass, similar to boiled sweets. In this way, it 

has a strong influence on the texture of the biscuit. Generally, the higher the sucrose 

the harder the biscuit, i.e. the more snap it has, and product flow is increased 

(Lawson et al., 1981).

In addition to the amount of sucrose present, the size of the crystals is also important. 

Larger crystals take longer to dissolve than smaller crystals. This impacts on the 

spread of the biscuit during the baking phase, so that if a sucrose of very small 

particle size was used the biscuit would gain more spread. One of the aims of this 

investigation is to overcome the problems of reducing or removing sucrose from the 

biscuit formulation.

The colour and flavour of biscuits is a result of reactions taking place during the 

baking phase (Wade, 1988c). Some of these reactions are of the Maillard type, and
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take place at lower temperatures than caramelisation reactions. Maillard reactions 

are reactions between reducing sugars and amino acids (Coultate, 1984), and 

contribute to colour as well as to flavour.

3.3.4 Minor Ingredients Used in Biscuit Manufacture

In addition to the principal ingredients, many "minor" ingredients are used in biscuit 

manufacture, which include chemical aerating agents, emulsifiers, whey powder and 

enzymes.

3.3.4.1 Chemical Aerating Agents

These include sodium bicarbonate (NaHCOs) and ammonium bicarbonate 

(NHuHCOa), which are added in small amounts, typically less than 2% of flour 

weight (Wade, 1988d). Their function is to aerate the biscuit, thus their influence on 

the eating quality of the biscuit can be significant. This is because the gas evolved 

during the baking phase becomes trapped in the gluten network and opens the 

structure of the product. The result is a crisp and crumbly eating quality. On its own 

sodium bicarbonate will break down on heating to yield carbon dioxide, water and 

sodium carbonate, as follows (Wade, 1988d).

2Na HC03 ^ Na2 CO3 +H2O + CO2

However, the sodium carbonate so produced has a pronounced soapy aftertaste. If an 

acidulant is used in conjunction with sodium bicarbonate there is no soapy aftertaste.
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In addition, the use of an acidulant results in the release of more carbon dioxide gas 

(Wade, 1988d).

NaHCO3 + Acidulant •=> NaR + H20 + CO2 (where R = acid)

Currently there are two widely used acidulants in biscuit manufacture, they are acid 

calcium phosphate and sodium acid pyrophosphate. Starch is often added to 

commercial acidulants so that two parts acidulant neutralises one part sodium 

bicarbonate (Egan et al, 1981). Wade (1971) investigated the use of different 

aerating agents in biscuits using time lapse photography, and showed that though 

aerating agents contribute to overall biscuit bulk, evaporation of water also 

significantly contributed.

On heating ammonium bicarbonate it breaks down to yield ammonia gas, carbon 

dioxide and water (Wade, 1988d).

NH3 + H2O + CO2

3.3.4.2 Emulsifiers (Surface-Active Agents)

Emulsifiers are natural or synthetic substances that promote the formation and 

stability of emulsions, such as dispersions of fat droplets in aqueous solution or of 

water droplets in a continuous oil phase (Matz, 1996). In biscuit production they are 

effective at low levels, typically less than 2% of recipe weight (Burt & Thacker, 

1981).
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The important character of surface-active agents is that they reduce the surface 

tension forces at the interface between two immiscible substances. Research carried 

out by the Flour Milling and Baking Research Association at Chorleywood 1974, and 

by Tsen et al., (1975) has shown that the use of emulsifiers in biscuits enables a 

reduction in recipe fat of up to 20% on a recipe basis, though some recipe water 

modifications are required. One consequence of the increased water requirement is 

an increase in gluten development, which can prove to be a serious problem in dough 

processing under commercial conditions. This has been an area that has received 

attention in this investigation. A further investigation into fat reduction in biscuits by 

Miller et al., (1988) confirmed the finding that a maximum of 20% of recipe fat can 

be removed, facilitated by the use of an emulsifier.

In addition, emulsifiers influence biscuit spread during the baking phase (Tsen, 1973; 

Hutchinson, 1978), and soften biscuit texture (Hutchinson et al., 1977). Other 

researchers have also investigated this application and have confirmed the softening 

of texture (Burt & Thacker, 1981 & 1983).

3.3.4.2 Whey Powder

This may be regarded as skimmed milk powder less the casein (Matz, 1996). It is the 

liquid fraction obtained when milk is used for cheese production. When used in 

biscuits it enhances crust colour due to the presence of reducing sugars and amino 

acids that take part in Maillard Reactions during the baking phase (Manley, 2000d). 

This is particularly useful in low-fat and low-sugar formulations where crust colour 

will be markedly reduced.
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3.3.4.3 Enzymes

Enzymes are organic catalysts, sometimes referred to as globular proteins. As 

proteins, they are denatured and therefore inactivated by heat. Very little work has 

been reported for the application of enzymes in biscuits, compared with the large 

amounts of research carried out in the bread sector, where enzymes have been used 

to improve processing and retain product quality during storage (Barret, 1975; Chell, 

1995). The enzymes currently of use in the baking industry include different forms 

of amylases, proteases, hemicellulases, oxidases, lipases and lipoxygenases (Manley, 

2000e). Each enzyme performs specific roles, e.g. proteases will break down proteins 

and Upases will break down fats. Only protease was of interest in this study, the 

others will not be discussed further.

3.3.4.4.1 Protease

Proteases are used to modify gluten quality by breaking the amino acid backbone of 

proteins, cleaving the internally located peptide bond. This is in contrast to the use 

of reducing agents, e.g. sodium metabisulphite, which breaks the disulphide bonds 

between different protein strands, see Figure 3.9 (Manley, 2000e). Potentially 

therefore, proteases may have a dramatic effect on the rheology of wheat flour 

doughs (Manley, 2000e). With the action of protease on gluten there is a reduced 

need for fat in the formulation, thus the interest in this enzyme as part of this study.
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Figure 3.9 Effect of Protease on Dough Proteins (Gluten)

S——R-

Action of Reducing Agent

HS——R—

The first ideas about enzyme application began in the 1960's, but at that time the 

enzymes were fairly crude plant extracts. El-Dash and Johnson (1967) did not 

recommend the use of plant proteases because of the difficulty in controlling their 

activity, excessive activity resulting in excessive protein breakdown. Later work by 

Barrett (1975), described the use of fungal and bacterial proteases to "mellow" the 

gluten in the production of cracker biscuits during long fermentation times.

More detailed studies by Wu and Hoseney (1989) emphasised that dough pH was 

important for enzymic activity. In addition, Kulp (1993) reported that under optimal 

dough conditions of temperature, pH and flour strength, dough mixing times could 

be reduced by as much as 25%. It is clear from the early studies that the use of 

proteases could be advantageous in the manufacture of biscuits, if the gluten proteins 

can be hydrolysed in a controlled manner. Protease activity is dependent on dough 

temperature, pH and exposure time (Guy, 2000). One of the limiting factors in
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biscuit manufacture of enzymic activity is exposure time, i.e. the time given between 

addition of the enzyme and its inactivation.

Proteolytic activity starts during the mixing stage and continues until the enzyme is 

inactivated during baking. Protease activity increases rapidly as dough temperature 

rises and may double with every 10°C increase, up to the enzymes optimal activity 

(Guy, 2000). A potential problem with the use of protease in biscuits is the reactions 

in the dough are not reversible. This is in contrast to the use of chemical reducing 

agents (Kulp, 1993). Therefore, there will be processing problems if the dough is 

allowed to stand for too long, e.g. recycling of scrap dough or prolonged standing 

due to mechanical or electrical breakdown.

Specifications of the raw materials used in this study are detailed in Appendix 1

3.4 Development of Biscuit Structure and Other Qualities

Though changes in the rheological properties of the dough take place during mixing, 

the changes that take place as a result of baking are far more pronounced, and they 

are accompanied by changes in product structure (Wade, 1988d). The changes that 

occur do so in a constantly changing temperature and moisture profile, where the 

transmission of thermal energy within the product is accompanied by pronounced 

mass transfer leading to dehydration of the product and rapid drying of its surface. 

In addition, a porous structure develops resulting from the generation of CC>2 or Ntb 

from the thermally promoted decomposition of the chemical-aerating agents, or 

indeed from the vaporisation of the water present in the dough (Wade, 1988d, 

1988e).
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During the baking phase the gas released from the aerating agents, together with 

steam from the dough water, is trapped in the gluten network of the dough. The net 

result is an expansion of the dough piece. This opens up the structure of the product 

and on starch gelatinisation and protein coagulation the structure is set. This open 

structure is important, contributing to the final eating quality of the product. Later in 

the baking phase, crust colour and flavour are developed and final moisture is 

reduced to around 2-3% (Manley, 2000d).

In commercial biscuit ovens these changes take place at different times in the baking 

phase, and these ovens are zoned to facilitate the changes in a controlled way. 

Baking conditions are very important in terms of final product quality and a number 

of papers have been published on this subject (Wade, 1971; Wade, 1972; Lawson, 

1972; Marz, 1968 and Lawsen et al, 1979).

Generally, if the first zone of the oven is too hot, the structure will set before 

liberation of CO2 or NtTj from the aerating agents resulting in biscuits with low bulk 

and poor spread. In contrast, if the first zone is too cool biscuit bulk and spread may 

be increased. This is due to the extra time taken to set the structure allowing more 

expansion of the gluten network. To restrict the spread of biscuits, many are baked 

on a wire mesh band instead of a steel band (Gaines and Tsen, 1980).

The weight loss of biscuit during baking has been demonstrated by a number of 

published curves (Koch, 1983; Lawson, 1972). These show the general 

characteristics of the line representing weight loss in Figure 3.10 (Wade, 1988c).
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Figure 3.10 Changes Taking Place During Baking of Biscuit Doughs

Product 
Property

Thermal Processing

The figure clearly shows a short period where loss in weight is small as the dough 

piece temperature rises and surface moisture evaporates. This is followed by a more 

steady weight loss over a longer period as moisture is taken from below the surface. 

Finally, the weight loss is again slow as the product reaches its low final moisture 

content. At this time the biscuit moisture content will not be even throughout the 

product. The highest moisture will be found at the centre of the product, whilst the 

lowest will be at the surface. These gradients disappear by moisture migration 

during cooling and storage of the product.

Whilst no detailed study has been carried out on biscuit colour and flavour 

formation, it is believed that reactions similar to those found at the surface of bread 

during baking, take place at the surface of biscuits (Linko and Johnson, 1963). 

specifically, Maillard reactions between reducing sugars and amino acids.
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3.5 Energy from Biscuits

Energy is measured in kilocalories (kcals) or kilojoules (kJ). One gram of 

carbohydrate yields 3.75kcals (16kJ), one gram of protein 4 kcals (17kJ) and one 

gram of fat 9 kcals (37kJ) (Paul and Southgate, 1978). The major ingredients of 

biscuits are flour, sugar, and fat, biscuits are therefore high in energy (Nisbet et ai, 

1986). This has been of benefit. Biscuits made to deliver high energy to the 

consumer are made and stored as food for use as a supplement for disaster relief 

(Young etal, 1985).

3.6 Biscuits and Coronary Heart Disease

In 1984, the Committee on Medical Aspects of Food Policy (COMA), produced a 

report about diet in relation to cardiovascular disease (COMA, 1984). This report 

highlighted the dangers of excess fat in the diet to health, and in addition, saturated 

fats were more harmful than unsaturated fats. The report identified biscuits as a 

major source of dietary fat (more than 4% of average intake).

Biscuits are high in fat, and it is traditional to use fat which is semi-solid at room 

temperature (Burtons Biscuits and Horizon Biscuits, 2001) e.g. palm oil which 

contains 50% saturated fatty acids. In addition, the biscuit market is dominated by 

short dough biscuits having fat levels in excess of 20% (Nisbett et al, 1986). 

Biscuits are therefore an obvious choice when consumers are asked to reduce their 

total fat intake. The concluding paragraph of the Diet and Heart Disease report 

(Ashwell, 1993) states that high fat bakery products (biscuits are examples of this 

type of product) should be reduced in the diet. In addition, biscuits (cookies) have
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previously been highlighted in a report by Willet et ai, (1993) as being significantly 

associated with increased risk of CHD.

In 2000 the Co-op Food Chain published an article in the Food Magazine Journal 

calling for the banning of the advertising, during children's TV hours, of any foods 

high in fat, salt or sugar (Co-op July/September 2000). The report highlights that the 

greatest amount of advertising relating to food is for foods that are high in fat and/or 

sugar. This category received 70% (99% on Saturday morning) of total food 

advertising to children on TV. In comparison, fruit and vegetables received no 

advertising targeting children. Another article (Children's Food - ten bad products 

for every good one), published in the April/June issue of the same magazine 

highlights that 77% of food targeting children were nutritionally poor, being high in 

saturated fat, sugar or salt. Clearly, if advertising plays a major role in what children 

eat via pressure on parents, intakes of fatty foods high in sugar will continue to be 

eaten.

Biscuits are a popular food eaten by both children and adults, however, they are 

typically high in the very materials (fat and sugar) that make them "unhealthy" food 

types. In addition, being low in moisture, baked biscuits, as opposed to the unbaked 

varieties (e.g. health bars) rely on the fat content to offer desirable eating 

characterises. The development of a commercially viable biscuit attractive to 

children and adults, that will have a significant reduction in fat and sugar, with fewer 

calories and contain nutrients, designed to reduce the risk of coronary heart disease, 

is highly desirable.
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"Example is not the main thing to influence others, 

it is the only thing"

Albert Schweitzer
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CHAPTER 4

STUDY 1 - Development of the Biscuit 

4.1 Rationale

The product being developed in this study was based on a well known and one of the 

most popular jam sandwich biscuit in the UK. The reason this product was chosen 

was because it is consumed by both children and adults (Burton's Biscuits, 2001). 

The target population of consumers is therefore very large. The fact that this biscuit 

is a favourite with children also makes it an attractive food product to use as the 

carrier for the functional ingredients (vitamin B6 , vitamin Bi 2, vitamin C and folic 

acid). In this way, a food that is popular, but traditionally believed to be unhealthy, 

will have a positive effect on health. The control biscuit is a short dough product, 

made using rotary moulder technology. It is high in both fat (17.8% of recipe) and 

sugar (14.09% of recipe), and contains added salt (0.3% of the recipe). The product 

has the short eating qualities, facilitated by high fat and sugar. The development will 

therefore;

• Reduce, or remove from the formulation, the ingredients that contribute to 

negative health, e.g. fat, sugar and salt.

• Ensure that consumption of the developed product (2 biscuits daily) will deliver 

to the consumer the full RDA's of the functional materials discussed in Chapter 

1.

• Produce a biscuit with reduced calorific value when compared to the standard 

product.

• Result in a commercially viable product.
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4.2 METHODS

4.2.1 Formulation Modification

All modifications were based on the standard product formulation, which is given in 

Table 4.1. The aim was to reduce the materials associated with negative health, and 

to produce a formulation that could be run on plant using commercial production 

parameters.

Table 4.1 Standard Product Formulation

Fat

Granulated Sugar

Whey Powder

Biscuit Dust

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Total

Percentage of Total

17.8

14.09

0.74

8.45

0.3

0.27

0.14

0.44

4.89

0.96

51.91

Weight in grams

120

95

5

57

2

1.8

1

3

33

6.5

350

674.3

4.2.2 Mixing and Processing

4.2.2.1 Commercial

Standard (control) doughs are mixed using a two stage mixing process as follows;
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1 All the ingredients except the flour are mixed for 3 minutes on slow speed in 

an APV Baker high-speed dough mixer (capacity 1 tonne). This is called the 

creaming stage. The aerating agents are dissolved in the water prior to this 

mixing.

2 Flour is added and the whole mixed for a further 1.5 minutes on slow speed.

4.2.2.2 Test Bake - Development

In the test bakery, all mixes were made using a Kenwood Major Planetary Mixer 

with a batter impeller. The control mix was made using standard biscuit formulation, 

and this would be used to assess formulation change effects. In this way the type of 

mixer would not be a variable. The slowest speed was used for the first stage to 

amalgamate the material, then using medium speed for the creaming stage. On 

addition of the flour, the slowest speed was used to produce a clear dough. This 

mixing sequence was used for all test doughs up to recipe code F13. At F13 the 

mixing sequence was altered in order to minimise gluten development.

Processing was carried out by hand, using a semi-automatic dough sheeter to ensure 

consistency with dough piece thickness. Individual units were cut using a 52mm 

plain round cutter. The units were placed onto silicone lined baking trays in rows 

consistent to commercial manufacturing. A Tom Chanley multi-deck oven was used 

to bake the dough pieces, and the same deck was used for all experimental bakes.

Biscuit dust is traditionally added to the mix in order to use (recycle) scrap biscuits. 

Typically, the dust is recycled biscuit (without jam) of the same type. Biscuit dust,
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therefore, contains fat, sugar and salt. A decision was made from the outset to 

remove this dust from all recipes in this development.

One of the objectives of this development was to reduce the level of fat, sugar and 

salt in the formulation, whilst maintaining the product's desirable organoleptic 

properties. To ensure the commercial viability of the product and process was 

another of the objectives. The product needs to fulfil the expectations of this type of 

biscuit, e.g. have acceptable eating qualities, good flavour delivery and good shelf 

life, in order to protect sales and ensure success in a demanding and competitive 

market place.

Dough consistency was measured in grams force (consistent with the biscuit 

industry) using a Stevens LFRA Texture Analyser, set to travel a distance of 8mm at 

1mm sec" 1 and using a cone. Three measurements were taken per dough and the 

average used for comparison. Earlier work had identified that randomly distributed 

air pockets in the dough were a potential cause of variability (Miller, 1984). 

Preparation of the dough into the analyser was therefore carried out taking care to 

minimise trapped gas pockets and handling of the dough.

In addition to dough consistency measurements, final product was assessed for 

overall product shape (distortion caused by shrinkage), eating quality, colour, 

flavour, bulk and diameter. Product bulk was measured using 10 units and diameter 

was measured (two ways) using the same slide-measure equipment used on plant, 

measurements were made to the nearest mm.
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4.2.2.3 Modification to Base Formulation

For formulation details relating to modifications refer to Appendix 2.

4.2.2.3.1 Fat Reduction

The objective was to reduce the fat level to the minimum possible whilst maintaining 

dough processability. As described in Chapter 2, reducing the fat level in a biscuit 

product results in a greater degree of gluten development. This yields "tougher" 

doughs with increased elasticity. Traditionally, such doughs

• are difficult to extract at high speed via a rotary moulder,

• result in shrinkage (increased elasticity via excess gluten development) of the 

dough piece and final product,

• yield oval products, which will be difficult to ensure accurate capping and be 

difficult to pack.

In addition, tough doughs yield tough biscuits that lose their desired eating quality 

(Miller et al, 1988). These problems would mean the product would not be 

commercially viable for the manufacturer or attractive to the consumer. However, 

reduction of fat in the developed biscuit is important in order to reduce calorific 

value of the final product and reduce dietary intake of fat.

A series of test bakes were carried out reducing the fat in stages of lOg, based on an 

initial fat level of 120g. To maintain dough processability, extra water was added as 

appropriate. From trial mix 4, and in all subsequent trial mixes, liquid lecithin, an 

emulsifier, was added and creamed into the fat. The level of this emulsifier was set
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at 2g per 350g (0.57% of flour weight) of flour per test formulation (equivalent to 

2kg per commercial mix). The purpose was to extend the functionality of the fat so 

that gluten shortening would be maximised. In addition, heat-treated flour, referred 

to wheat starch, was used as replacement to part of the flour in order to weaken flour 

strength by diluting gluten-forming proteins. This would further reduce the potential 

for a tough or hard product, therefore contribute to the commercial viability of the 

product.

4.3. RESULTS

4.3.1 Test Recipes Reducing Fat

Control Recipe (C)

Control recipe (C) was the standard product formula mixed in the laboratory, with 

the addition of extra water to facilitate dough processing in the test bakery. The 

dough consistency measured a mean of 312 grams force (SD = ± 3.6 grams force) on 

the texture analyser (309, 316 & 311). The dough processed without problem and 

final product characteristics were excellent in all respects. Standard dough taken off 

the plant had a measured consistency of 392 grams force, this dough could not easily 

be processed at the test bakery, so a decision was made to increase water. A bulk of 

130mm and a diameter of 55.5mm were recorded.

Recipe Code FO
(Removal of Biscuit Dust from the Recipe)

The mix was made up as standard, but without the biscuit dust. The dough 

consistency was very good, though slightly softer than the control dough, measuring
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a mean of 309 grams force with a SD of ± 3.6 grams force (305, 312 & 310). It 

processed without problem and final product was good, with eating quality, flavour, 

colour, diameter (55mm) and bulk (131mm) being similar to the standard product.

Recipe Code Fl
(1 lOg Fat - 8.3% Reduction)

The dough was short and of a viable consistency, measuring a mean of 314 grams 

force with a SD of ±3.6 grams force (310, 315 & 317), there were no signs of 

toughness. No differences were found in the eating quality, colour or flavour of the 

product. In addition, biscuit dimensions were the same as the control, there was no 

dough shrinkage, i.e. bulk was measured as 131mm, with a diameter of 55mm.

Recipe Code F2
(lOOg Fat - 16.7% Reduction)

This dough was noticeably tighter, feeling slightly tough, though it was processed 

without difficulty. The consistency measured a mean of 320 grams force with a S.D. 

of ± 4.36 grams force (325, 317 & 318). The final product was paler than the control 

and was not as short eating (signs of product toughness). However there was no bulk 

(130mm), diameter (55mm) or ovality difference, and flavour was not affected. To 

eliminate the possibility of the differences being the result of tighter dough, it was 

decided to repeat this formulation but with increased water, thus softening the dough.
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Recipe Code F3
(lOOg of Fat with 21% Increase in Water)

Dough consistency was softer than that of recipe code F2, but it was also tougher. Its 

consistency measured a mean of 311 grams force with a SD of ± 4 grams force (315, 

311 & 307). Reduced fat in addition to increased water, resulted in increased gluten 

formation and this was believed to be the reason for the increased toughness. 

However, the dough processed without problem. The product was still paler than the 

control and was thought to be slightly tougher than the product from recipe code Fl. 

No difference in bulk (131mm) or diameter (55mm) was noted. At this point, it was 

decided to use emulsifier to extend the functionality of the fat, and thus reduce gluten 

formation.

Recipe Code F4
(lOOg of Fat with 3g of Emulsifier)

The dough was noticeably shorter, feeling less tough and it processed without 

problem. Its consistency measured a mean of 280 grams force with a SD of ± 10.5 

grams force (290, 281 & 269). The product had improved, having a short eating 

quality and good bulk (130mm), crust colour was however still a little paler than the 

standard product. Product diameter at 55mm was unaffected. The difference in crust 

colour at this time was so small it was decided not to alter baking time or 

temperature. Flavour was however affected by the emulsifier, the product was 

described as tasting "earthy". It was therefore decided to reduce its level to 2.5g.
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Recipe Code F5
(lOOg of Fat with 2.5g of Emulsifier)

No significant differences were noted between this dough and F4, measuring a mean 

of 286 grams force with a SD of ± 11.53 grams force (298, 285& 275). The final 

product was also similar in all characteristics to the control product, except the 

flavour, which was still described as "earthy", but less so. A product bulk of 129mm 

and diameter of 55mm was recorded. Flavour is an important determinant in the sale 

of foods, so a decision was made to further reduce emulsifier level to 2g.

Recipe Code F6
(lOOg of Fat with 2g of Emulsifier)

The dough was a little tougher than the previous, though not as tough as the dough 

from recipe code F3. It measured a mean of 292 grams force with a SD of ± 4.35 

grams force (290, 297 & 289), and it processed well. There was no dough shrinkage 

or ovality of the product and product diameter (55mm) was unaffected. Crust colour 

was still a little pale and the flavour was improved though still very slightly earthy. 

Bulk (131mm) and eating quality was good. It was decided to reduce the emulsifier 

still further in an attempt to remove the "earthy" flavour.

Recipe Code F7
(100 g of Fat with 1.5g of Emulsifier)

The dough was slightly tougher, though it did process without obvious shrinkage pre- 

bake. It measured a mean of 306 grams force with a SD of ± 4 grams force (306, 302 

& 310). However, there was slight shrinkage post-bake, resulting in a very slightly 

oval product. The measured difference was 0.5mm, i.e. 55mm one way and 54mm
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the other. This would not be acceptable in commercial production. Bulk at 133mm 

was slightly increased, and was thought to be the result of product shrinkage during 

baking. However the earthy flavour was no longer evident. Biscuit eating quality 

was tougher (slightly) than the previous, so it was decided to try a slight increase in 

the emulsifier level.

Recipe Code F8
(lOOg of Fat with 1.75g of Emulsifier)

The dough and product characteristics were similar to that from recipe code F7. 

Dough consistency measured a mean of 310 grams force with a SD of ± 4.58 grams 

force (315, 306 & 309). The earthy flavour of the product produced using 2g of 

emulsifier was thought to be more easily offset than the poorer overall quality 

resulting from levels of emulsifier below 2g. The flavour problem would be offset 

by the use of a low level of vanilla flavour. A bulk of 133mm and a diameter of 55 x 

54mm was measured.

Recipe Code F9
(lOOg of Fat-16.7% Reduction, with 2g of Emulsifier and Ig of Vanilla Flavour)

Dough and product characteristics were restored to that of the product from recipe 

code F6. This was with the exception of the slightly earthy flavour, which was now 

completely hidden. Dough consistency was a mean of 292 grams force with a SD of 

± 2.65 grams force (293, 289 & 294), product bulk was 135mm and product diameter 

was 55mm. However, the final product did have a slightly overpowering vanilla 

flavour. A lower level would be needed.
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Recipe Code FIO
(lOOg of Fat-16.7% Reduction, with 2g of emulsifier and 0.6g of Vanilla Flavour)

This was thought to be significantly better in flavour than any previous product in 

this development. The dough was not tough, had a mean consistency measurement 

of 309 grams force with a SD of ± 10.54 grams force (299, 308 & 320), and 

processed well. No shrinkage or ovality was measured. Product bulk (130mm), 

spread and therefore diameter (55mm) were good. In further recipe modifications, 

the levels of flavour and emulsifier would no longer be variables. Again reduction in 

fat would be the focus.

Recipe Code Fl 1
(90g of Fat-25% Reduction)

The dough was a little tighter than that of FIO, but processed without problem. Its 

consistency measured a mean of 321 grams force with a SD of ± 3.6 grams force 

(318, 320 & 325). There were no significant differences in crust colour, bulk 

(129mm) or product diameter (55mm), but eating quality was poorer. The product 

was tougher, though flavour was unaffected. The recipe was repeated, but with 

increased water in order to give dough of suitable consistency.

Recipe Code F12
(90g of Fat with 36.4% Increase in Water)

Though the dough consistency was softer, it was tougher measuring a mean of 300 

grams force with a SD of ± 1.73 grams force (302, 299 & 299). The product had poor 

eating quality, being tough. There were signs of ovality (55 x 54mm) the result of 

dough shrinkage. Product spread was therefore also affected. Product bulk was
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measured as 133mm). The toughness was believed to be the result of excess gluten 

development due to lack of fat in conjunction with the extra water needed to 

maintain dough consistency. As described above, increasing the emulsifier was not 

an option so a decision was made to modify the mixing method in order to attempt to 

reduce gluten development.

Recipe Code Fl3
(90g of Fat-25% Reduction, with Mixing Modification Number 1)

At this point the mixing was modified in order to increase the amount of flour 

proteins exposed to the lower level of fat. This was achieved by adding the flour in 

two stages instead of one. In this mix, 10% of the total flour (i.e. 35g) was creamed 

with the fat/emulsifier for 2 minutes. The remaining 75% would be added in the 

final stage. The mixing method became a three stage in place of the two stage used 

up to this point. Thus, the fat, emulsifier and 25% of the flour were added to the 

mixing bowl and creamed for two minutes, this was stage 1. The water, aerating 

agents, flavour, glucose and salt were mixed together prior to adding to the first 

stage. The whole was then mixed for three minutes, called stage 2, and the 

remaining 90% of the flour added - stage 3.

There was an improvement in dough shortness, it processed without problem with no 

signs of toughness evident. The dough consistency measured a mean of 269 grams 

force with a SD of ± 1.73 grams force (271, 268 & 268). The product was shorter 

than the previous using the same recipe. Product bulk (131mm), diameter (55mm) 

and flavour were all good. The change in mixing sequence was an important 

development in this study, further reductions in fat could now be made.
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Recipe Code F14
(80g of Fat-33.3% Reduction)

The dough processed well, but was still a little dry, it measured a mean of 316 grams 

force with a SD of ± 3.46 grams force (320, 314 & 314). However, final product 

eating quality was a little tough, and slightly paler in colour. Product bulk (131mm) 

and diameter (55mm) were unaffected. A decision was made to maintain baking 

time but increase bake temperature by 5°C to 200°C for subsequent doughs, the aim 

of which was to improve crust colour and therefore aesthetic appearance of the 

product. This temperature would be used next time using the same formulation as 

recipe code F14.

Recipe Code F15
(80g of Fat-33.3% Reduction, with 5°C Baking Temperature Increase)

There was no noticeable change to dough characteristics, its consistency measured a 

mean of 316 grams force with a SD of ± 5.29 grams force (319, 321 & 311). There 

was an improvement in product colour, consequently, as the colour became 

unattractive temperature would be increased. Bake time would remain constant the 

objective of which was to maintain plant efficiency later. This formulation would 

need to be repeated with a slight increase in water in order to maintain desired dough 

consistency. A bulk of 130mm and a diameter of 55mm were recorded.
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Recipe Code F16
(80g of Fat with 51.5% Increase in Water)

Dough consistency was softer, but again a little tough. It gave a mean consistency 

measurement of 307 grams force with a SD of ± 4.36 grams force (310, 309 & 302). 

This was consistent with earlier recipe modifications where water was increased. 

However, the final product was of good colour and flavour, but with a slightly tough 

eating quality. Bulk (134mm) was increased and slight ovality (55mm x 44mm) was 

recorded probably due to the increase in gluten development. To counter this, more 

flour would be used in stage one, in an attempt to reduce overall gluten development.

Recipe Code F17
(80g of Fat with Mixing Modification Number 2)

20% of the total flour, i.e. 70g, was added to the fat/emulsifier and creamed for 2 

minutes. As in recipe code F13, stage 2 was without alteration and stage 3 was the 

remaining flour, in this recipe 280g. The dough was again improved in terms of 

toughness and processed well. It measured a mean value of 290 grams force with a 

SD of + 2 grams force (292, 288 & 290). The final product showed no signs of 

shrinkage. Colour was good, as was flavour, bulk (129mm), diameter (55mm) and 

overall eating quality. Attention could again be placed on reducing the fat.

Recipe Code Fl8
(70g of Fat-41.7% Reduction)

As seen with previous fat reductions the dough was again tougher. A mean 

consistency figure of 311 grams force was measured with a SD of ± 1.53 grams force 

(315, 314 & 312). There were signs of shrinkage during processing and this was
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evident in the final product, which was slightly oval in shape (55mm x 54mm). A 

bulk of 131mm was recorded. Eating quality was also affected, being a little tough. 

Further fat reduction would not be possible until dough and product quality could be 

improved. Increasing the water would again be required to maintain dough 

consistency and this would be the next modification.

Recipe Code F19
(70g of Fat with 66.7% Increase in Water)

Dough consistency had improved, however other characteristics remained 

unchanged. A bulk of 131mm and a slightly oval diameter of 55mm x 54mm was 

recorded. The dough consistency measured a mean of 300 grams force with a SD of 

± 1.73 grams force (302, 299 & 299). It was decided to increase the flour added at 

stage 1 to 30%, the objective of which was to increase the shortening effect of the fat 

and thus reduce toughening.

Recipe Code F20
(70g of Fat with Mixing Modification Number 3)

30% of the total flour was added at stage 1, i.e. 105g, and creamed for 5 minutes. 

Stage 2 and the balance of stage 3 were added as previously. It took longer to imbibe 

the flour into the fat, before creaming could commence. Part of the problem was 

related to the type of mixer and impeller. Product bulk measured 129mm and 

diameter was 55mm x 54mm. Dough consistency measured a mean of 297 grams 

force with a SD of ± 3.6 grams force (301, 296 & 294).
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Product shape (ovality) and toughness were reduced. Product colour, spread and 

bulk were good. In an attempt to increase the shortness of both dough and product, 

the next modification would be to increase the creaming time of stage 1 to 3 minutes 

(an increase of 50%).

Recipe Code F21

(70g of Fat with Mixing Modification Number 4)

No significant differences were noted in either dough or final product, so it was 

decided to increase the initial mixing time to 5 minutes (another 66% increase). 

Dough consistency measured a mean of 298 grams force with a SD of ± 2 grams 

force (300, 296 & 298). Bulk was 129mm and diameter 55mm x 54mm.

Recipe Modification F22
(70g of Fat with Mixing Modification Number 5)

A slight improvement was noted in dough shortness. It measured a mean 

consistency figure of 290 grams force with a SD of + 3.6 grams force (287, 294 & 

289). Product eating quality was also slightly improved, there was no change in 

crust colour or bulk at 129mm. However there was no shrinkage and a diameter of 

55mm was recorded. At this point it was decided that a significant increase in 

mixing time would be assessed, taking it from 5 to 10 minutes.

Recipe Modification F23
(70g of Fat with Mixing Modification Number 6)

The dough and final product were similar in all respect to those produced using 

recipe code F22. The extra mixing offered no real advantage at this level of fat.
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Mixing time would therefore no longer be a variable. The dough consistency 

measured a mean of 290 grams force with a SD of ± 1 grams force (291, 290 & 289), 

bulk was 129mm and the diameter was 55mm. Future mixes would be constant at 5 

minutes for stage 1. To further reduce gluten development, a mix would be 

attempted with another increase of flour in stage 1, 40% was attempted.

Recipe Modification F24
(70g of Fat with Mixing Modification Number 7)

40% of the total flour, i.e. 140g, was added to stage 1. The dough consistency had 

improved, being shorter and easily processed. It measured a mean figure of 281 

grams force with a SD of + 4.48 grams force (286, 280 & 277). Final product was 

also improved in terms of eating quality. Bulk (130mm) colour, flavour and 

diameter (55mm) were all good. Shortening out as much of the gluten as possible is 

obviously crucial to the success of this development. Attempts could now be made 

to further reduce the fat level.

Recipe Modification F25
(60g of Fat - 50% Reduction)

The dough was a little tough, producing a product with poor eating quality, and 

which was slightly oval with measurements of 55mm x 54mm. The mean 

consistency figure was 315 grams force with a SD of ± 1.73 grams force (317, 314 & 

314). Final product was poor, having a chewy eating quality. Colour, flavour and 

bulk (130mm) were all good. Previous recipe modifications, which involved 

increasing water to maintain dough consistency, e.g. F20, did not yield shorter 

doughs or product, so that approach would not be taken. Instead, in order to reduce
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gluten development, a decision was made to dilute the available gluten. Heat-treated 

flour (wheat starch) was chosen, because it is a material already used at the 

Llantarnam biscuit factory.

Recipe Modification F26
(60g of Fat, 90% Standard Flour with 10% Wheat Starch)

In this, and subsequent formulations, the wheat starch would be added at stage 3. 

The dough was a little dry but processed well, the mean dough consistency 

measurement was 302 grams force with a SD of ± 2 grams force (304, 300 & 302). 

The final product was shorter, with a slight crunch. This was considered a desirable 

characteristic. Product colour, bulk (130mm) and flavour were unaffected. Ovality 

was not seen and product diameter was 55mm. With the improvement in eating 

quality, further fat reductions would be possible and this again was the focus of the 

development.

Recipe Modification F27
(50g of Fat - 58.3% reduction, with 10% Wheat Starch)

It was very difficult to imbibe all the flour in stage 1, there was no doubt that 

subsequent fat reductions would necessitate a reduction in added flour at this stage. 

However, the dough, though a little dry was processed. The mean dough consistency 

measurement was 316 grams force with a SD of ± 3.6 grams force (315, 320 & 313). 

Final product was thought to be a little "chewy", i.e. it had lost its crunchiness and 

shortness. Crust colour, flavour and diameter (55mm) however were all good. 

Before further fat reductions could be made, this loss in eating quality needed to be 

addressed. Further gluten dilution would be made, and in the next modification 20%
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wheat starch would be used with a subsequent reduction in standard flour of 20%. 

Product bulk was 131mm.

Recipe Modification F28
(50g of Fat, 80% Standard Flour with 20% Wheat Starch)

As in the previous mix, it was difficult to imbibe the flour in stage 1, this time only a 

"crumble" could be achieved. The benefits of this creaming stage would not be 

realised without a smooth mix. The dough consistency measured a mean of 351 

grams force with a SD of ± 3 grams force (353, 349 & 351). However, the final 

dough was processed with difficulty, but confidence in the characteristics of the final 

product was low. The eating quality was very tough and chewy (similar to 

cardboard), the colour was very pale and significant shrinkage had occurred during 

the baking phase. This mix was repeated because there was a chance an error had 

occurred during the weighing of the ingredients. Bulk was recorded as 133mm and 

an oval diameter of 54mm x 53mm.

Recipe Modification F29
(Repeat of F28)

Again, the flour was difficult to imbibe in stage 1 and only a crumble could be 

produced. Creaming was not possible. The mean dough consistency figure was 346 

grams force with a SD of ± 4 grams force (350, 342 & 346). Final product was 

however improved on the previous mix though eating quality was a little tough. 

Crust colour, flavour, diameter (55mm) and bulk (129mm) were good. The recipe 

would need to be repeated yet again, but with less flour in stage 1 so that adequate 

creaming could take place.
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Recipe Modification F30
(50g of Fat, 80% Standard Flour with 20% Wheat Starch, Flour added at Stage 1

Reduced to 130g)

Flour in Stage 1 was imbibed and a good creaming was possible. The dough, though 

a little dry, processed well, and gave a mean consistency figure of 322 grams force 

with a SD of ± 2.52 grams force (325, 320 & 322). The final product had good 

colour, flavour, diameter (55mm) and bulk (130mm). Eating quality had improved, 

increasing the starch at the expense of the flour appeared to be a positive move. To 

confirm this was the case, it was decided to repeat F30 but using 100% standard 

flour, i.e. no dilution of gluten.

Recipe Modification F31
(50g of Fat with 100% Standard Flour)

As in recipe F30, the dough was a little dry, giving a mean consistency measurement 

of 335 grams force with a SD of ± 3.6 grams force (332, 339 & 334). However, the 

final product had a tough eating quality, and was again described as "cardboard- 

like". Shrinkage was evident (54mm x 53mm), and bulk was high (135mm), which 

is consistent with overdeveloped gluten. To confirm this, the recipe was repeated 

and gave similar results. The use of wheat starch to dilute gluten strength would 

therefore be pursued. The formulation would be assessed again, but with a slight 

increase in water to adjust dough consistency.
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Recipe Modification F32
(50g of Fat with 70% Standard Flour and 30% Wheat Starch, with an 81.8% Increase

in Water)

The dough was softer, and easier to handle than that produced as F31, however it was 

slightly grainy. The mean consistency figure was 308 grams force with a SD of 

±5.29 grams force (310, 302 & 312). This graininess was the result of wheat starch, 

itself being slightly more granular than wheat flour. However, as seen previously, 

the extra water resulted in a tougher product, with signs of shrinkage (55mm x 

54mm). Colour, bulk (131mm) and flavour were good. Due to the ease of handling 

softer, less crumbly, doughs in the test bakery, it was necessary to maintain such 

doughs for easier and more consistent processing. Thus the higher level of water was 

used in the next formulation with all other ingredients unchanged to confirm this 

observation.

Recipe Modification F33
(50g of Fat, 70% Standard Flour with 30% Wheat Starch)

Dough with good consistency was produced, however the graininess of the wheat 

starch was evident. A mean dough consistency figure of 305 grams force was 

measured with a SD of ± 4.58 grams force (300, 309 & 306). The final product was 

found to be similar in all characteristics to the previous product made using the same 

formulation, with a bulk of 131mm and a diameter of 55mm x 54mm. A decision 

was made to include as much wheat starch as possible in order to reduce fat still 

further. The next mix was designed to include 40% wheat starch and 60% standard 

flour.
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Recipe Modification F34
(50g of Fat, 60% Standard Hour with 40% Wheat Starch)

The graininess of the dough was a little more evident, however it processed without 

problem. A mean dough consistency figure of 310 grams force was measured, with a 

SD of ± 2 grams force (312, 310 & 308). Final product was of good colour, diameter 

(55mm) and flavour, though bulk at 128mm was slightly reduced, a sign that strength 

been reduced too much? This question needed to be answered, so a repeat of the 

dough would be needed to eliminate the possibility of human error in the weighing of 

the aerating agents.

Recipe Modification F35 
(Repeat of F34)

The dough and product was similar in quality to the previous, however bulk at 

130mm had improved. A diameter of 54mm was recorded. Mean dough consistency 

was measured as 309 grams force with a SD of + 3.6 grams force (313, 306 & 308). 

It was possible that oven conditions were different in F33, baking parameters are 

sometimes used in commercial baking of biscuits to modify slight variations in bulk. 

To confirm this was the case another repeat would be made of formulation F33, 

paying particular attention to the temperature of the oven.

Recipe Modification F36
(Repeat of F34)

Both dough and final product characteristics were similar to those of the previous 

bake with a measured bulk of 130mm and a diameter of 55mm. Mean dough 

consistency was measured as 310 grams force with a SD of ± 7 grams force (302,
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313 & 315). Of particular interest was the eating quality, which was crunchy yet not 

tough. A further reduction in fat was now possible. The next mix would contain 40g 

of fat.

Recipe Modification F37
(40g of Fat - 66.7% Reduction)

The flour added in stage 1 (130g) could not be imbibed into the fat/emulsifier mix, so 

that a creaming of those ingredients was not possible using the test bake mixers. 

However, the final dough was processed, though it was a little tough and crumbly, 

giving a mean consistency figure of 330 grams force with a SD of ± 7 grams force 

(335, 322 & 333). The final product had good colour, flavour, diameter (54mm) and 

bulk (129mm). Though eating quality was, like the dough, a little tough and again 

described as "cardboard-like". The mix would need to be repeated, with less flour 

added in stage 1 to ensure creaming was possible.

Recipe Modification F38
(40g of Fat, with 120g (42.9%) of the Flour in Stage 1)

Creaming was again possible. The dough produced was however still a little dry and 

crumbly, giving a mean consistency figure of 327 grams force with a SD of ± 7 

grams force (332, 330 & 319). It was processed with some difficulty producing a 

product which had an improved eat, though still thought to be a little tough. Colour 

and flavour were good, though there was shrinkage, with a diameter of 55mm x 

53mm. Bulk was measures as 133mm. Further fat reduction was not possible until 

the eating quality was less tough and no shrinkage was seen. Product ovality would 

be a serious problem on plant, so this had to be eliminated. This mix was repeated
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with a slight increase in water to produce dough of good consistency, which was 

easily processed.

Recipe Modification F39

(40g of Fat, with 100% Increase in Water)

Though the dough was softer and processed well, it did feel a little tougher. A figure 

of 322 grams force was measured as the mean consistency figure, with a SD of 

±3.46 grams force (324, 324 & 318). The final product was similar to the previous 

mix with an oval product (5mm x 53mm), and a bulk of 132mm. Dough toughness 

had to be reduced in order to eliminate dough shrinkage. Therefore, the addition of 

wheat starch would be increased to further dilute gluten level and development.

Recipe Modification F40
(40g of Fat with 50% Standard Flour 50% Wheat Starch)

The dough was of good consistency and easily processed. The mean figure measured 

as dough consistency was 312 grams force with a SD of ± 3.6 grams force (316, 311 

& 309). However it did feel a little grainy which was the result of the addition of 

wheat starch at this high level. Final product had a good eating quality, being 

crunchy yet not tough. There was no ovality, the diameter being 54mm, colour, bulk 

(131mm) and flavour were good. Could fat be further reduced? This was the 

objective of the next mix.
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Recipe Modification F41 

(30g of Fat - 75% Reduction)

The reduction of fat again resulted in drier more crumbly dough, which at this level 

was a little more difficult to process. Extra water would be needed to maintain 

dough viability, but as seen previously this brings with it dough shrinkage and 

product ovality. A mean dough consistency figure of 329 grams force was measured, 

with a SD of + 4 grams force (333, 329 & 325). The final product was also tough 

being described as very "cardboard-like". However, colour, flavour and bulk 

(132mm) were all good. Shrinkage was evident, and a diameter of 54mm x 53mm 

was recorded. Another dough would be produced to confirm the increased potential 

of shrinkage with water addition.

Recipe Modification F42

(30g of Fat with 112.1 % Increase in Water)

The dough though softer was tough and shrinkage pre-bake was seen on processing. 

A mean consistency figure of 320 grams force with a SD of + 6.93 grams force (324, 

312 & 324) was measured. The final product was very tough, though flavour and 

colour were good. The product was oval in shape (54mm x 53mm), contributing to 

the high bulk (133mm), this would need to be addressed.

Recipe Modification F43
(30g of Fat with 40% Standard Hour and 60% Wheat Starch)

The dough was very gritty, and difficult to process because it was also crumbly. It 

gave a mean dough consistency figure of 330 grams force with a SD of ± 4.58 grams
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force (335, 326 & 329). Final product was poor, having a tough eating quality. 

Product colour was also pale, ovality was no longer a problem and a diameter of 

55mm was recorded. However, bulk at 126mm, was reduced. The mix was repeated 

with a slight increase in water to produce viable dough.

Recipe Modification F44
(30g of Fat with 112.1% Increase in Water)

Though the dough was softer, it was still gritty to the feel. It did however process 

without difficulty and gave a mean consistency reading of 310 grams force with a SD 

of ±2.3 grams force (312, 308 & 308). Final product was still tough, was oval at 

54mm x 53mm, was pale and lacked bulk at 127mm. It was thought that an increase 

in aerating agents would improve bulk, spread and eating quality, by opening the 

texture.

Recipe Modification F45
(30g of Fat with 10% increase in Ammonium Bicarbonate)

Dough characteristics were similar to those seen in F44. A mean consistency figure 

of 312 grams force with a SD of ± 2.65 grams force (315, 311 & 310) was recorded. 

There was no improvement in eating quality, though bulk at 129mm had improved. 

Ovality was still evident, and a diameter of 54mm x 53mm was recorded. The 

product was tough, and had eating characteristics again described as "cardboard- 

like". It was evident that the addition of wheat starch at this level was reducing 

product viability, so in subsequent doughs the level was reduced to 175g. In 

addition, it would be worth re-introducing some extra fat in an attempt to improve 

the eating quality, which had obviously deteriorated.

Page 119



Recipe Modification F46
(35g of Fat with 50% Flour and 50% Wheat Starch)

The dough processed without difficulty, though signs of toughness were apparent. 

Dough consistency was measured at a mean of 320 grams force with a SD of ± 3.61 

grams force (323, 321 & 316). The final product, though slightly better then the 

previous, was still poor. Bulk was measured as 132mm, and the diameter was 54mm 

x 53mm. Eating quality was not noticeably different from the previous product. It 

was decided to increase the fat level further.

Recipe Modification F47
(37.5g of Fat - 68.75% Reduction)

The dough again processed without difficulty but toughness was still evident. A 

mean dough consistency figure of 315 grams force with a SD of ± 11.53 grams force 

(319, 324 & 302) was recorded. Final product was not noticeably different from that 

produced with 35g of fat (F46). Product bulk was 130mm and diameter was 55mm x 

54mm. A decision was made to increase the fat to 40g, and using recipe code F40, 

make and process another dough to confirm earlier findings.

Recipe Modification F48

(40g of Fat - 66.7% Reduction, As Recipe Modification F40)

This was better. The dough was again of good consistency, though the graininess 

was still evident. The mean dough consistency was 309 grams force with a SD of 

± 3 grams force (309, 312 & 306). Final product was good, having a crunchy eat, 

though not tough, good flavour, colour, no ovality with a diameter of 55mm, and a 

bulk of 130mm. Having established what was believed to be the lowest fat level
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possible whilst maintaining dough and product viability, attention could now be 

focused on reducing or removing the recipe salt. Fat levels in future recipes would 

be based on F48.

4.3.1.1 The Use of Sodium Stearoyl-2- Lactylate

To this point liquid lecithin was used because of the success of earlier but 

unpublished work by the author on behalf of Burton's Biscuits Ltd. However, work 

carried out by Miller et al, 1988 on reducing fat in biscuits, identified that used at 

1.6% of fat weight sodium stearoyl-2-lactylate (SSL) enabled a reduction of fat to a 

maximum of 20% based on recipe weight. Though this reduction was much less than 

the reduction required in this development, it was decided to assess SSL along with 

the other modifications already highlighted in the hope that further fat reductions 

could be made.

Recipe Modification F49
(As F48 but with 1.6% SSL Based on Fat Weight, i.e. 0.64g)

The dough was very much drier than that from recipe modification F48, though it 

processed without problem. Mean dough consistency was measured as 321 grams 

force with a SD of ± 3.61 grams force (325, 320 & 318). The final product was very 

hard, there were signs of toughness and shrinkage (diameter of 54mm x 53mm). 

Bulk was measured as 132mm, though colour and flavour were unaffected. To rule 

out the possibility that the deterioration in quality was a result of drier dough, the 

mix was repeated using extra water.
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Recipe Modification F50
(As F49, With 157.6% Increase in Water )

The dough was softer than that produced from F49, and processed well. The mean 

dough consistency measurement was 314 grams force with a SD of ± 2 grams force 

(316, 314 & 312). However, the product was still harder than that produced using 

liquid lecithin, toughness as shown by shrinkage was slightly worse with a difference 

across the diameter of 2 mm (54mm x 52mm. Bulk was correspondingly high at 

136mm. At this time a decision was made to increase the level of SSL to the level 

used with lecithin.

Recipe Modification F51
(AsF50With2gofSSL)

No improvements were evident, the product was still very hard. It was decided not to 

pursue SSL further. A mean dough consistency figure of 316 grams force with a SD 

of ± 1.73 grams force (315, 318 & 315) was recorded, with a bulk of 136mm and an 

oval diameter of 54mm x 52mm).

4.3.1.2 The Use of Proteolytic Enzyme

As described in Chapter 1, proteolytic enzymes work by disrupting proteins. It was 

thought that using such enzymes would result in further gluten modification and thus 

enable a further reduction in fat level. The enzyme used was Promod 223P 

manufactured by Biocatalysts of Pontypridd, S Wales. Initial level of use was as per 

manufacturers recommendation, 0.1% of flour weight.
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Recipe Modification F52
(0.1% of Enzyme Dispersed in the Water Phase of Recipe F48)

No difference was noted in the dough or final product characteristics. This was 

thought to be due to one or a combination of insufficient enzyme, dough temperature 

too cool and insufficient time for enzyme activity. The quantity of enzyme used can 

be controlled easily at the Llantarnam site, however increasing the temperature of 

biscuit doughs would prove very difficult at Llantarnam and there is no facility at the 

factory that would allow doughs to stand in a temperature controlled environment. 

The level of enzyme used could however be altered easily, so a decision was made to 

progress this further. Mean dough consistency was measured as 317 grams force 

with a SD of ± 2.65 grams force (316, 320 & 315).

Recipe Modification F53
(Enzyme at 0.2% of Flour weight)

Again no differences were noted in either dough or final product characteristics. 

Mean dough consistency was measured as 317 grams force with a SD of ± 4.36 

grams force (320, 319 & 312) was measured. It was decided to further increase the 

enzyme level.

Recipe Modification F54
(Enzyme at 0.3% of Flour Weight)

Again, no significant differences were noted in either dough or final product 

characteristics. A mean consistency figure of 319 grams force with a SD of ± 1.73 

grams force (320, 320 & 317) was measured. A further increase in enzyme level was 

assessed.
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Recipe Modification F55
(Enzyme at 0.4% of Flour Weight)

At this level, the dough was deemed to be sticky. Such doughs would not be able to 

be processed through a rotary moulder. In addition, final product was very hard 

almost flinty. A mean dough consistency figure of 255 grams force with a SD of 

±4.16 grams force (259, 251 & 257), a bulk of 134mm and a diameter of 54mm x 

53mm were recorded. To ensure no human error in weighing the enzyme, which 

could result in a sticky dough, the mix would need to be repeated.

Recipe Modification F56
(Repeat of F55)

This formulation yielded results similar in all respects to the previous dough and 

final product. A mean dough consistency figure of 261 grams force with a SD of 

+ 7.81 grams force (270, 256 & 257) was recorded, with a bulk of 133mm and a 

diameter of 54mm x 53mm. It was decided not to further pursue the use of enzymes. 

A major contributory factor to this decision was the wish of the company not to use 

enzymes on site and one of the aims of this development was to develop a 

commercially viable product.

4.3.2 Test Recipes Reducing Salt

In the manufacture of biscuits, the most important role of salt is related to its impact 

on flavour. In a biscuit product designed to give positive health benefits, it's 

removal or at least reduction in the formulation would be desirable (Krauss et al, 

1996)
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Recipe Modification SA1
(1.5g Salt - 25% Reduction)

There was no noticeable difference in dough quality when compared to recipe F40. It 

processed without problem. Mean dough consistency was measured as 310 grams 

force with a SD of ± 2.65 grams force (311, 312 & 307). Final product was good in 

all respects, including flavour, bulk (131mm) and diameter (55mm). A further 25% 

reduction would be made.

Recipe modification SA2 

(Ig Salt - 50% Reduction)

Again, there was no noticeable difference in dough quality or final product 

characteristics, including flavour. Mean dough consistency was measured as 311 

grams force with a SD of ± 3.46 grams force (315, 309 & 309), bulk was 131mm and 

diameter was 55mm. A further 25% would be removed from the recipe.

Recipe modification SA3 

(0.5g Salt - 75% Reduction)

Dough quality was good, no processing problems were evident. The mean dough 

consistency was measured as 310 grams force with a SD of ± 2 grams force (312, 

310 & 308), bulk was 130mm and diameter was 55mm. Final product characteristics 

were again good, flavour was now deemed a little less pronounced but still good. It 

was decided to remove the final 25% of salt from the recipe.
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Recipe Modification SA4 

(No Salt - 100% Removal)

There was very slight tackiness related to the dough, but it processed without 

problem. The mean dough consistency measurement was 305 grams force with a SD 

of ±4.58 grams force (310, 301 & 304), bulk was 129mm and diameter was 54mm. 

Final product flavour was good though was less pronounced. The dough tackiness 

would need to be addressed before plant trials could be arranged, and it was decided 

to reduce water to achieve this.

Recipe Modification SA5

(No Salt with 112.1% Increase in Water)

Though water was reduced, slight tackiness was still evident. The dough was of good 

consistency, so reducing the water further was deemed not possible. The mean 

dough consistency figure recorded was 308 grams force with a SD of ± 7.8 grams 

force (313, 299 & 312), bulk and diameter were unchanged at 129mm and 54mm 

respectively. Instead, focus was given to increasing the level of liquid lecithin.

Recipe Modification SA6

(No Salt, 50% Increase in Emulsifier)

The dough was good, no signs of tackiness, the emulsifier had improved dough 

quality. The mean consistency figure recorded was 303 grams force with a SD of ± 2 

grams force (305, 301 & 303), and bulk and diameter were unchanged at 129mm and 

54mm. To confirm there would be no problems on the plant, 25kg of dough using 

this formulation was made and taken to the plant for rotary moulding. There were no
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problems. The dough processed well giving good release from the rotary moulder. 

Therefore, all subsequent doughs would be made without salt and an increase in 

emulsifier. With biscuit crumb removed, salt removed and fat reduced by 66%, 

attention could now be focused on sugar (sucrose) reduction.

4.3.3 Test Recipes Reducing Sugars

Sugar is one of the three most important ingredients in biscuit manufacture (fat and 

flour being the other two). It performs several functions, already outlined in Chapter 

2, so reducing sugar without other suitable modification(s) will have a profound 

affect on product quality. Reducing sugar in biscuit formulations will affect product 

characteristics like colour, sweetness, spread during baking and snap or crunch 

(Lawson 1981 and Cunningham 1964). Sugar is also a bulky ingredient, and its 

removal from the formulation requires substitution with other bulky materials. One 

of the aims of this study is to reduce calories, therefore substitute material(s) were 

chosen which contain fewer calories than the original materials.

Simply removing sugar form the formulation results in a product having a higher 

calorific value, this is because fat makes up a bigger percentage of the recipe. 

Therefore, sugar was substituted with polydextrose (sugar = 3.75 kcal.g' , 

polydextrose = 1 kcal.g' 1 ) and fructo-oligosaccharide (2 kcal.g" 1 ).

A series of further test bakes were carried out reducing sugar by lOg, until the recipe 

contained only 15g then all was removed. Polydextrose (Litesse) was used as a 

straight substitute. The start formulation was recipe code SA6. It was evident that as
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sugar was reduced the sweetness of the product was perceivably reduced, thus a heat 

stable synthetic sweetener (acesulfume-K, Sunnet) was introduced to the mixes to 

restore sweetness. In addition, using only polydextrose as the substitute material 

yielded a product which was excessively hard, therefore fructo-oligosaccharide 

(Actilite® - a prebiotic) was introduced which in earlier (unpublished) experimental 

work (Boobier, 1999) was shown to have a softening effect on eating qualities of 

reduced fat and sugar products.

Recipe Modification SUO 

(100% Removal of Glucose)

The removal of all glucose from the formulation produced dough that was slightly 

drier than the dough produced using recipe code SA6, however, it processed well. 

The mean figure recorded for dough consistency was 306 grams force with a SD of 

± 1.73 grams force (304, 307 & 307). Final product appeared to be unaffected by its 

removal with the exception of crust colour, which was pale. Product diameter 

(55mm), eating quality and bulk (130mm) were good. To improve crust colour, 

whey powder was increased to lOg.

Recipe Modification SU1

(10g - 50% Increase in Whey Powder)

The dough was similar to that produced using formulation SUO, however there was 

an improvement in crust colour (due to increased Maillard reactions). Mean dough 

consistency was measured as 304 grams force with a SD of ± 1.73 grams force (303,
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306 & 303). Flavour, diameter (55mm), bulk (129mm) and eating quality were all 

good.

Recipe Modification SU2

(85g of Sugar - 10.5% Reduction, lOg of Polydextrose)

The dough was of good consistency, and it processed without problem. The average 

consistency figure recorded was 295 grams force with a SD of + 5.6 grams force 

(300, 289, 296). Final product was good in terms of eating quality, bulk (130mm) 

flavour, colour and diameter (55mm), so a further reduction of lOg was used for the 

next mix.

Recipe modification SU3
(75g of Sugar - 21% Reduction, with 20g of Polydextrose)

Dough consistency was again good, no processing problems were experienced. The 

mean dough consistency figure was 297 grams force with a SD of ± 3.6 grams force 

(298, 300 & 293). Final product was a little pale and flavour a little less sweet. 

Diameter (55mm), bulk (129mm) and eating quality were good. It was decided not 

to address the sweetness issue at this time, however the reduced crust colour would 

need to be addressed. To improve crust colour, the formulation was repeated, and 

the dough pieces baked in a slightly hotter oven.

Recipe Modification SU4
(As SU3 with Baking Temperature Modification 1 - 5°C Increase)

The temperature of the oven was increased by 5°C. There was an improvement in 

crust colour. All other parameters remained as detailed above, including mean
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dough consistency (297 grams force). SD was ± 4.58 grams force (296, 302, 293). A 

further lOg of sugar could now be removed from the formulation.

Recipe Modification SU5
(65g of Sugar - 31.6% Reduction, with 30g of Polydextrose)

The dough was again unaffected by the reduction, processing well. 290 grams force 

was recorded as the mean dough consistency figure, with a SD of ± 10.15 grams 

force (288, 301 & 281). The product was again lacking in sweetness, but other 

parameters were good, including crust colour, bulk (129mm) and diameter (55mm). 

It was decided to further reduce sugar in the next formulation, without addressing the 

sweetness issue at this time.

Recipe Modification SU6
(55g of Sugar - 42.1 % Reduction, with 40g of Polydextrose)

The dough was good and no processing problems were evident. Mean dough 

consistency was measured as 292 grams force with a SD of ± 4 grams force (292, 

296 & 288). Final product flavour was now lacking in sweetness to the degree that it 

was decided to start adding a synthetic heat stable sweetener. This recipe would be 

repeated and a level of 0.2g of sweetener added in an attempt to improve overall 

flavour (sweetness). All other product parameters remained unchanged.
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Recipe Modification SU7
(55g of Sugar, 40g of Polydextrose with O.2g of sweetener)

The dough and product characteristics (with the exception of flavour) were similar to 

the previous product. Mean dough consistency was measured as 296 grams force 

with a SD of ± 4 grams force (300, 292 & 296), bulk (129mm) and diameter (55mm). 

However, even at a level of 0.2g addition to the dough of artificial sweetener, the 

sweetness of the product had improved. Thus, the sweetener would be included in 

subsequent mixes. Level was determined by the perceived sweetness of the product.

Recipe Modification SU8
(45g of Sugar - 52.6% Reduction, 50g of Polydextrose with 0.2 g of Sweetener)

Dough was produced which processed without problems. A mean figure of 290 

grams force was recorded for dough consistency, with a SD of ± 1.73 grams force 

(289, 292 & 289). The final product was a little pale in colour, though diameter 

(55mm), bulk (130mm) and eating quality were good. The sweetness of the product 

was thought not to be as sweet as the previous product. The mix was repeated, with 

a slight increase in oven temperature (5°C) the aim of which was to increase crust 

colour. An increase in sweetener would also be required.

Recipe Modification SU9
(As SU8 with Baking Temperature Modification 2 - 10°C Increase)

The dough and product characteristics were similar to that produced using 

formulation SU7. Mean dough consistency was measured as 291 grams force with a 

SD of ±4.58 grams force (287, 290 & 296) bulk (129mm) and diameter (55mm). 

The crust colour was a little dark, which was attributed to the oven itself, which is
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old and difficult to control accurately. Thus, the oven would remain set at this 

temperature for subsequent formulations unless specified otherwise. In addition, to 

increase the level of sweetness a further 0.2g of sweetener was added.

Recipe Modification SU10
(45g of Sugar, 50g of Polydextrose with 0.4 g of Sweetener)

Dough characteristics were good and it processed well. The mean dough consistency 

value was 286 grams force with a SD of ± 2.89 grams force (290, 285 & 285). Final 

product was similar in all respects to that of SU9 however the flavour was again 

sweet. Attention could now be given to reducing the sugar in the recipe still further.

Recipe Modification SU11
(35g of Sugar - 63.2% Reduction, 60g of Polydextrose with 0.4g Sweetener)

The dough was of good consistency and processed well and a mean consistency 

figure of 283 grams force was recorded, with a SD of ± 4.36 grams force (286, 278 

& 285). The final product was also of good quality having good colour, bulk 

(129mm), diameter (55mm) and flavour. The eating quality had however become a 

little harder but was still deemed good. It was therefore decided to decrease the 

sugar by a further lOg.

Recipe Modification SU12
(25g of Sugar - 73.7% Reduction, with 70g of Polydextrose and 0.4g of Sweetener)

The dough was of good consistency and processed without problem. Its mean 

consistency figure recorded was 287 grams force with a SD of ± 10.15 grams force 

(276, 289 & 296). Product flavour, diameter (55mm) and bulk (130mm) were good
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but eating qualities were a little hard and colour was a little pale. The hardness of 

the product would need to be improved, and it was decided to use fructo- 

oligosaccharide (Actilight®) to substitute for some of the polydextrose. Product 

colour would be improved by a modification to the baking profile.

Recipe Modification SU13
(25g of Sugar, 65g of Polydextrose, 5g of Fructo-oligosaccharide with 0.4g of 
Sweetener)

The dough consistency was unaffected, giving a mean value of 287 grams force with 

a SD of ± 3.6 grams force (290, 283 & 288). The dough processed without problem. 

The final product was also good, the eating quality was improved, being less hard 

with a good crunch. Flavour, diameter (55mm) and bulk (130mm) were all good. 

Colour however, was a little pale and this would need to be addressed next. Fructo- 

oligosaccharide is higher in calories than polydextrose, so a decision was made to 

keep its addition to the dough to a minimum. In this way a greater reduction in 

calories could be made - one of the aims of the study. It was now possible to reduce 

the sugar still further.

Recipe Modification SU14
(As SUB with Baking Temperature Modification 3 - 15°C Increase)

The dough was as previous modification, with a mean consistency reading of 286 

grams force and a SD of ± 2.65 grams force (288, 283 & 287). Product diameter 

(55mm), flavour, eating quality and bulk (130mm) were good. A 5°C increase in 

baking temperature improved the crust colour, so a further reduction in sugar was 

now possible.
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Recipe Modification SU15
(15g of Sugar - 84.2% Reduction, 75g of Polydextrose, 5g of Fructo-oligosaccharide 

with 0.4g of Sweetener)

Dough consistency was good and processed without problem. The mean consistency 

reading was 282 grams force with a SD of ± 2 grams force (284, 280 & 282). 

Product diameter (55mm) was good, as was bulk (129mm) and colour. Eating quality 

was also good, but considered to be slightly hard though not tough. However the 

product lacked sweetness. Therefore, hardness and sweetness would need to be 

addressed before further sugar reduction could be made. To address the sweetness, a 

further increase in sweetener would be added to the next dough. The hardness would 

be addressed by increasing the fructo-oligosaccharide.

Recipe Modification SU16
(15g of Sugar, 70g of Polydextrose, 10 of Fructo-oligosaccharide with 0.6g of

Sweetener)

Dough consistency was again good and no processing problems were evident. 280 

grams force was the mean value recorded for dough consistency, with a SD of ± 2.65 

grams force (279, 283 & 278). Product quality was also good, with good flavour, 

colour, bulk (130mm) and diameter (55mm). Product eating quality was slightly less 

hard, described as crunchy but not tough. Focus could now be given to further 

reduce the dough sugar level.
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Recipe Modification SU17
(5g of Sugar - 94.7% Reduction, 80g of Polydextrose, lOg of Fructo-oligosaccharide

with 0.6g of Sweetener)

Dough consistency felt a little drier, was slightly more crumbly yet processed 

without problem. Its mean value for consistency was 301 grams force with a SD of 

± 2.65 grams force (303, 298 & 302). Final product was again thought to be a little 

harder, with a very slightly paler crust colour. Diameter (55mm) and bulk (130mm) 

were good, flavour was lacking in sweetness. The paler colour would be addressed 

later, but the increase in hardness would need to be addressed next. Again, an 

increase in the addition of fructo-oligosaccharide would be used. On re-establishing 

desirable eating quality, the sweetness would be addressed.

Recipe Modification SU18
(5g of Sugar, 75g of Polydextrose, 15g of Fructo-oligosaccharide with 0.6g of 

Sweetener)

The dough was very slightly softer and processed well, its mean consistency reading 

was 282 grams force with a SD of ± 3 grams force (285, 279 & 282). Final product 

was also good, having a crunchy, yet not too hard eating quality, good colour, 

diameter (54mm) and bulk (130mm). Flavour was still lacking in sweetness, and this 

would be addressed next.

Page 135



Recipe Modification SU19
(5 g of Sugar - 94.7% Reduction, 75g of Polydextrose, 15g of Fructo-oligosaccharide 

with 0.8g of Sweetener)

Dough was of good consistency and processed well, 285 grams force was the 

recorded mean consistency figure, with a SD of + 5.29 grams force (287, 279 & 

289). The sweetness of the final product was improved, and flavour, eating quality, 

colour, diameter (55mm) and bulk (131mm) were good. It was now possible to 

assess the effects of removing all sugar from the recipe.

Recipe Modification SU20
(No Sugar, 80g of Polydextrose, 15g of Fructo-oligosaccharide 

with 0.8g of Sweetener)

The dough was good and processed without problem, its mean consistency value was 

288 grams force with a SD of ± 6.24 grams force (290, 281 & 293). Final product 

was also good with no signs of toughness. Eating quality was crunchy, colour, 

diameter (54mm) and bulk (131mm) were good. With all recipe sugar (sucrose) 

removed, the question of still further reducing calories was considered. Polydextrose 

has Ical/gm and fructo-oligosaccharide has 2 cal/g. By further addition of these into 

the dough, the fat level would obviously be reduced (diluted). Thus it was decided to 

add further levels of these materials until product quality was adversely affected.

Recipe Modification SU21
(90g of Polydextrose, 15g of Fructo-oligosaccharide with 0.8g of Sweetener)

The dough processed without problem, having a mean consistency value of 280 

grams force with a SD of ± 6.56 grams force (273, 286 & 281). The final product
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was a little hard, yet not tough. Colour was good as was flavour, diameter (55mm) 

and bulk (130mm). The hardness would need to be reduced, so an increase in the 

level of fructo-oligosaccharide would be made.

Recipe Modification SU22
(90g of Polydextrose, 20g of Fructo-oligosaccharide with 0.8g of Sweetener)

Again, the dough processed without problem, having a mean consistency value of 

286 grams force with a SD of ± 6.24 grams force (279, 288 & 291). Final product 

was good, there was a decrease in hardness and the eating quality was described as 

crunchy but not tough. Product colour, diameter (55mm) and bulk (131mm) were all 

good. Figure 4.1 shows the consistency measurements of the dough development 

results verses standard dough measurement, and Figure 4.2 shows the relationship 

between dough water and reduced dough fat to maintain viable dough.

Figure 4.1 Dough Consistency Readings
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Figure 4.2 Relationship Between Fat Reduction and Water Increase 

Required to Maintain Dough Viability.
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Dough modification from FO to SU22

At this time, a recipe containing no added sucrose or sodium chloride, and a 

significant reduction in fat had been developed in the test bake facilities at 

Llantarnam. A comparison of the following nutritional information with standard 

product (per 100 g of final product) energy, protein, carbohydrates (including sugars) 

and fat (saturated, mono-unsaturates and poly-unsaturates) was now required. Jam 

was added to the bases by hand in the laboratory at the standard level per biscuits to 

enable comparisons to be made. With no facilities at Llantarnam to carry out such 

analysis, samples of the complete biscuits (including standard jam) were taken to 

Western Research Labs in Berkshire for analysis, the results of the analysis are given 

in Table 4.2.
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Table 4.2 Nutrition Information Relating to Standard and Developed 

Jam Biscuit, Produced in the Test Bakery

Energy

Protein

Carbohydrates

of which is sugars

Fat

Of which: saturates

Mono-unsaturates

Poly-unsaturates

Fibre

Sodium

Standard Product per lOOg

1869kJ/448kcal

4.8g

68.8

32.5

16.7

7.4

6.8

1.9

1.7

0.2

Developed Product per lOOg

1633kJ / 387 kcal

5-6g

74.8g

17.5g

7.2

3.1

2.5g

l-2g

1.5

0.1

The figures given for Energy in the above table represent a 13.6% reduction in 
calories.

4.3.4 Addition of Active Ingredients

With fat reduced from 34.28% of flour weight to 11.43%, sucrose (sugar) and salt 

removed from the formulation, the next stage of recipe modification was the addition 

of the active ingredients (vitamin Bg, Bn, C and folic acid). Earlier unpublished 

work by the author had already established a guide to the bake stability, hence the 

overage required, of these ingredients. The overage is the amount needed over and 

above the theoretical amount needed in the formulation, taking into account losses 

resulting from thermal processing. The overage required for each of the materials 

based on the earlier unpublished work by the author is given below. These figures 

were used to assess the addition required in this study.
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• Vitamin B6 = 70%

• Vitamin 612 = 100%

• Encapsulated Vitamin C = 30%

• FolicAcid = 100%

The calculations based on the above figures, for the amounts of these ingredients 

needed per dough are given in Appendix 3, the actual amounts added to test bake 

doughs are given in table 4.3.

Table 4.3 Addition of Active Ingredients to Test Bake Doughs

Active Ingredients

Vitamin B6

Vitamin B 12

Vitamin C

Folic Acid

Test Bake (per 400g of dough)

52.3mg

25mg

1.94g

49.8 Img

In order to include these ingredients into the test bake dough, the formulation 

established to this point in the development was modified to give a total weight of 

400g. This would facilitate easy conversion to 400kg, the minimum weight that 

could be mixed efficiently on plant. This was a simple modification, by taking the 

present weight and dividing it by the required weight (i.e. 400/590.2) gives a value of 

0.678. All ingredients in the recipe were multiplied by this figure, so that for example 

ammonium bicarbonate would become 2g instead of 3.

In this way, the first formulation containing the active ingredients was established. 

This formulation is given in table 4.4. Before going to plant, it was necessary to 

make up a test bake mix in order to assess any affects of the active ingredients on the
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dough and final biscuit, e.g. dough consistency. There was no deterioration in dough 

consistency, the mean dough consistency value was 293 grams force with a SD of 

±7.55 grams force (286, 292, 301).

Table 4.4 Test Bake Formulation Containing Active Ingredients.

Ingredient

Fat

Liquid Lecithin

Hour

Whey Powder

Polydextrose

Fructo-oligosaccharide

Wheat Starch

Water

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Acesulfume K

Vanilla Flavour

Total

Vitamin B6

Vitamin B12

Vitamin C

Folic Acid

Mix to be Modified

40

3

175

10

90

20

175

70

1.8

1

3

0.8

0.6

590.2

0

0

0

0

Modified Mix

27.11

2.034

118.65

6.78

61.02

13.56

118.65

47.46

1.22

0.678

2.034

0.542

0.41

400.16

52.3mg

25mg

1.94g

49.8 ling

The above formulation (in kg) was used on plant trial number 1, from which samples 

were taken for product analysis and consumer trials.
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4.4 DISCUSSION

Reducing recipe fat levels resulted in a toughening effect on dough quality, 

consistent with increased gluten development via disulphide bonding (Manley, 

2000c, 2000e). This finding is consistent with that of Lawson et al. (1981). 

Overcoming this problem was a major aim of the study because excess gluten 

development not only affects dough processability but also final eating quality 

(Lawson et al., 1981). Diluting the insoluble protein content by substituting with 

heat-treated flour where the proteins have been denatured, in addition to the use of 

emulsification and modification to the mixing technique, contributed to reducing this 

problem, and is consistent with the findings of Miller et al., (1988).

The extra water required to maintain dough viability was undesirable for two 

reasons. Firstly, the extra hydration of flour proteins is associated with toughening 

of the gluten network, as reported by Bietz & Wall (1973), and the degree of gluten 

development has an important influence on final product quality (Fern et al., 1983). 

Secondly, because the extra water would need to be removed during the baking 

phase, in order to achieve the low product moisture level required for shelf life and 

eating quality (Farrand, 1964).

Reduction in surface colour of the product resulting from sugar removal was offset 

by a combination of an increase in baking temperature, as reported by Feme and 

Miller (1987) and Lawson et al. (1979), and an increase in the level of whey powder 

(Coultate, 1984). Maillard reactions were therefore facilitated and an increase in 

colour achieved.
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A 13.6% reduction in energy of the modified biscuit compared to the standard 

product was achieved by modifying the type and/or level of ingredients, i.e. the 

removal of sucrose from the base biscuit, the use of lower energy materials, the use 

of an artificial sweetener, and a reduction in dough fat. This reduction in energy 

value is consistent with the recommendations of the COMA report (1994 & 1999), 

with respect to coronary heart disease. Further reduction in energy value was not 

possible, for several reasons. Fat could not be reduced further due to the adverse 

affect of dough rheology and the jam used could not be modified in any way (a 

requirement of the company). The jam was the only source of sugar (sucrose) in the 

final product.

Removal of salt resulted in a very slight increase in dough "tackiness" but this was 

eliminated by the use of emulsifier, and processing was not affected. The increases 

in biscuit spread reported by Lawson et al, (1981) was not seen in this study, 

possible because in their study salt was reduced by 10% only. Its removal is 

consistent with the recommendation by Krauss et al., (1996) & He et al, (1999), 

because of the link between salt, hypertension and cardiovascular mortality.

The use of proteolytic enzyme was not pursued at the request of the company. At the 

time, enzyme technology was of little interest to Burtons Biscuits due to potential 

problems associated with its handling. As commercial viability of the product was 

an important aim of the project, further investigation into its use was therefore of 

little value.
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Conversion of the ingredients to give a dough weight of 400kg for the next trial, the 

first plant trial, was important. This weight is the minimum the mixer (used to 

produce Jammie Dodgers) can mix efficiently. This was previously established by 

the author during a series of pilot studies.
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"The whole of science is nothing more than a refinement of everyday

thinking"

Albert Einstein
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CHAPTER 5
STUDY 2 - PLANT TRIAL NUMBER 1

5.1. METHODS

5.1.1 Biscuit Manufacture

Two doughs were produced, the standard product (control) and developed product 1 
Recipes for the standard and trial dough are given in table 5.1 below

Table 5.1 Plant Trial Recipes

Ingredients

Standard Fat
Granulated Sugar

Glucose
Biscuit Crumb

Salt
Liquid Lecithin

Flour
Wheat Starch
Polydextrose

Fructo-oligosaccharide
Whey Powder

Vitamin 65
Vitamin B 12
Vitamin C
Folic Acid

Water
Ammonium Bicarbonate

Sodium Bicarbonate
Disodium Diphosphate

Acesulfume K
Vanilla Essence

Standard Product
Weight (kg)

71.18
56.35
3.86

33.81
1.19

0
207.62

0
0
0

2.97
0
0
0
0

19.58
1.78
1.07
0.59

0
0

% of Total

17.8
14.09
0.97
8.45
0.3
0

51.91
0
0
0

0.74
0
0
0
0

4.9
0.45
0.27
0.15

0
0

Developed Product 1
Weight (kg)

26.11 *
0
0
0
0

2.03
118.65
118.65
61.02
13.56
6.78

0.065
0.03

2
0.06

47.46
2.034
1.22

0.678
0.542
0.41

% of Total

6.51
0
0
0
0

0.51
29.57
29.57
15.21
3.38
1.69

0.016
0.007
0.498
0.015
11.83
0.51
0.3

0.17
0.14
0.1

Fat reduced to allow for the saturated fat used to encapsulate the vitamin C
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Both the above recipes were designed to give the same weight of dough (i.e. 400kg), 

so that any variation that may be attributed to the efficiency of mixing different size 

doughs would be removed. Rotary moulder and oven settings are given in Table 5.3 

and product weight, bulk, diameter and moisture are given in Table 5.4.

5.1.2 Biscuit Hardness Measurements

Biscuit bases were taken to Western Research Laboratories Ltd. at Berkshire for 

finished biscuit hardness measurements. Biscuit hardness evaluation was carried out 

using a Stevens SMS Texture Analyser, set up as outlined in Table 5.2.

Table 5.2 SMS Texture Analyser Set Up

Mode

Option

Pre-test Speed

Test Speed

Post-test Speed

Distance

Trigger

Probe

Measure force in compression

Return to start

1 .5 mm/sec

0.6 mm/sec

5.0 mm/sec

4.5 mm

Auto-5g

2 mm needle probe

Samples were placed individually on the platform, base downwards. Distance and 

force were recorded for each sample. The instrument logs the force (grams force) as 

the needle penetrates the structure of the biscuit. The total force registered depends 

on the hardness of the biscuit, the higher the force the harder the biscuit. The 

hardness results are presented in Table 5.5.

Page 147



5.1.3 Vitamin Analysis

Samples of the developed product from this study were sent to Western Research 

Laboratories for Nutrition and other labelling information. The samples were 

analysed for vitamin content by Eclipse Scientific Laboratories in Chatteris, Cambs. 

This is an accredited laboratory and is widely used for such analysis by UK food 

companies. The methods used for vitamin analysis are detailed below.

5.1.3.1 Determination of Vitamin B1 2 as Cyanocobalamin

Vitamin B12 was extracted from the samples, containing less than 5mg kg" 1 , using a 

sodium acetate buffer. All liberated B^ is converted to cyanocobalamin with 

potassium cyanide. Using an autodilater, sample extracts are diluted to values within 

the calibrated range. Vitamin B ]2 assay media USB is added to diluted samples, 

which are then sterilised in an autoclave at 121°C. The assay is inoculated 

microbiologically with Lactobacillus delbrueckii subsp. Lactis, and incubated at 

37°C overnight. The concentration of B12 in the samples is measured against vitamin 

Bi 2 calibration standards of known concentrations.

5.1.3.2 Determination of Vitamin B 6 as Pyridoxine

Vitamin B6 was extracted from the sample using 0.06M hydrochloric acid for 4 hours 

at 121°C. Following extraction the sample pH was adjusted to 4.6 ± 0.1, then made 

up to 200 ml with water and filtered. Using an Autodiluter, sample extracts were 

diluted, in triplicate, to values within the calibrated range. Pyridoxine Y medium 

was added to the diluted samples, which were than sterilised in an autoclave at
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121°C. Samples were inoculated with Saccharomyces cerevlsiae and incubated at 

30°C for 30-48 hours. The concentration of vitamin B6 in the samples is measured 

spectrophotometrically against vitamin B6 calibration standards of known 

concentrations.

5.1.3.3 Determination of Folic Acid

Approximately 5g of sample was weighed into a screw-capped bottle labelled with 

its internal sample identification number. To this sample 75ml of 0.1 M Potassium 

phosphate buffer was added. This is heated to 100°C for 15 minutes. After cooling 

the sample was made up to 200ml with de-ionised water and filtered.

The filtrate was diluted to a suitable level and treated with deconjugase enzyme to 

liberate any conjugated folic acid. L-ascorbic acid was also added to prevent 

oxidation of the sample. This enzyme substrate complex was incubated at 37°C for 4 

hours. The sample was then presented to an auto-diluter where it was further diluted 

with de-ionised water to approximately 0.Ing/ml. A stock standard solution was 

diluted down in de-ionised water and eight standard solutions between 0 and 

0.2ng/ml were prepared via the auto-diluter. 1ml of Folic Acid Casei was added to 

all the tubes on the assay, which were then sterilised at 121°C for 5 minutes in an 

autoclave.

After the assay had cooled to ambient temperature, the assay was inoculated with 

Lactobacillus rhamnosus and incubated overnight at 37°C. Crucially this organism 

will only grow in the presence of Folic Acid. The absorbance of each tube in the 

assay was measured on a spectrophotometer at 580nm. A standard curve was
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produced using Microsoft Excel and, using the average absorbance of each sample, 

the concentration of Total Folic Acid in the sample was calculated. Food results are 

normally expressed in |o.g / lOOg or fig /100ml.

5.1.3.4 Determination of Ascorbic Acid

Ascorbic acid is extracted from the sample using metaphosphoric acid and ethylene- 

diamine-tetra-acetic acid (EDTA). The ascorbic acid is then enzymically oxidised to 

dehydro-ascorbic acid and was condensed with O-phenylene diamine to the 

fluorescent quinoxaline derivative. The latter is separated from interfering 

compounds by reverse-phase high performance liquid chromatography (HPLC), with 

fluorimetric detection.

Results of the nutritional information including vitamin analysis are given in Table 

5.6

5.1.4 Sensory Assessment

A consumer acceptability test was carried out using both adults (males and females) 

(n=40) and children (males and females) aged 11-16 years (n=35). The tests were 

single blind, i.e. the participants had no knowledge of the biscuits types they were 

assessing. The biscuits (standard and modified) were presented to the participants 

simultaneously and they were asked to score them using a hedonic scale (1-9) 

where 1 represented "dislike very much" and 9 represented "like very much", see 

Figure 5.1. An example of the actual questionnaire is given in Appendix 4.
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Figure 5.1 Hedonic Scale Used in Sensory Assessment (1)

12345 67
Dislike Dislike Dislike Dislike Neither Like Like Like

Very Much A Lot Slightly Nor Dislike Slightly

8 9
Like Like

A Lot Very Much

To eliminate an order of testing effect which may influence the participants response, 

the order of presentation was random. The participants were also asked to comment 

on the reasons for their response. The results of the evaluation are given in Tables 

5.7 and 5.8.

5.2 RESULTS

Table 5.3 Rotary Moulder and Oven Settings for Plant Trial Number 1

Rotary Moulder Settings

Back Roller

Knife

Pressure Roller

Web

In Weights (8 bases + 8 tops)

Standard Product

07.2

06.3

194

114

128.9

Developed Product

07.4

06.3

185

400

132.4

Oven Settings

Standard Product (°C)

Developed Product (°C)

Fans (both products)

Dampers (both products)

Zone 1

135

145

30

60/30

Zone 2

185

185

30

50/30

Zone 3

220

220

60

50/30

Zone 4

185

190

70

80/30

Bake Time was 7 Minutes for both products
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Table 5.4 Measured Parameters of Standard and Developed Product

Standard Product

Developed Product 1

Diameter

55.5 mm

55.5 mm

Moisture

1.27

2.8

Weight (8 tops and bottoms)

HOg

113.5g

Bulk do

140mm

134mm

5.2.1 Doughs

5.2.1.1 Standard Dough

As would be expected, this dough was of excellent consistency showing no signs of 

toughness. It gave no problems at the rotary moulder. Desired in-weights were 

quickly achieved and settings for the rotary moulder were as for standard production 

runs, see Table 5.2.

5.2.1.2 Developed Dough

This dough was also of very good consistency, however it did not rotary mould 

without problems. The base biscuit (being thinner than the top biscuit) did not extract 

cleanly. It was evident that approximately 20% of the bases were tearing. Allowing 

the dough to stand for 15 minutes to dry out did improve extraction, but still there 

were signs of tearing by approximately 5% of the bases. However, a modification to 

the pressure roller and web did eliminate this, but desired in-weights were not 

achieved. No tailing was evident, as reported by Lawson et a/., (1983). The final 

weights being 3.5g per 8 tops and bottoms too heavy, this is equivalent to 2.7% too 

heavy. In commercial terms this was unacceptable.

Page 152



5.2.2 Products

5.2.2.1 Standard Product

This was as expected, having all the desired parameters of the standard product taken 

from standard production. Bulk, moisture and crust colour, were all as specification 

for that product, (Table 5.3). The product was processed and wrapped, using 

standard Jam and film. There were no issues at any stage of the process.

5.2.2.2 Developed Product 1

The difference in crust colour was evident, the surface colour was paler than the 

control product. Moisture was also higher at 2.8% against 1.27%. In addition, bulk 

was reduced, though there were no signs of wedging or hollow bases. The biscuits 

were jammed using standard Jam and wrapped in standard film. There were no 

issues of concern at these stages of the process, and though the eating quality of the 

biscuit was thought to be hard (Table 5.5), the decision was made to;

. analyse the samples to ensure vitamin contents were as required and to give a

comparison with fat and energy levels, (Table 5.6), and 

• consumer test the developed product against standard (Tables 5.7 and 5.8)
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Table 5.5 Biscuit Hardness Measurements

Sample

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Mean

S.D.

Control Biscuit

Grams Force

695.1

585.8

583.9

492.3

671.6

521.1

523.9

487.4

629.5

752.5

505.6

656.5

575.8

373.3

718.3

545.4

701.3

586.5

692.0

575.9

593.7

95.9

Developed Biscuit 1

Grams Force

1454.4

1102.5

1477.4

1205.3

1486.7

1357.7

1515.4

1144.0

1277.0

1521.9

1441.8

1432.7

1504.8

1303.6

1225.5

1361.4

1496.2

1336.8

1284.2

998.7

1346.4

152.0

These results show the developed biscuit was considerably harder than the control 

biscuit, the higher the figure the harder the biscuit. The results are shown graphically 

in Figure 5.2
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Figure 5.2 Comparison of Biscuit Hardness Measurement Results

Grams 
Force

1600-

ItvU

1000

OwU
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0

Modified Product

\ A A A /^ — -""\ /\\/\/ ~ \y v/XV ^ \
Control Biscuit Standard Product

\ /\ /\ ^ r\ /\x\"^x/ N — ̂ y ^ ^\ 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

_ ——————————————————————— Sample Number ————————————————————

The graph clearly shows the modified product is harder then the standard, i.e. the 

higher readings are a measure of the force needed to break the product base.
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Table 5.6 Nutritional Information of Both Standard and Developed 

Product per lOOg

Energy

Protein

Carbohydrates

Of which is sugars

Fat

- saturates

- mono-unsaturates

- poly-unsaturates

Fibre

Sodium

Vitamin C

Vitamin Be

Folic Acid

Vitamin B^

Standard Product

1869kJ/448kcal

4.8

68.8

32.5

16.7

7.4

6.8

1.9

1.7

0.2

Per lOOg

O

O

0

O

Per 2 biscuits

O

0

O

O

Developed Product

1628kJ/385kcal

5.6g

75.6g

18.5g

6.7g

3.1g

2-3g

l.Og

3.4g

O.lg

Per lOOg

175mg

lOmg

6700^g

4.6|ig

Per 2 biscuits

72.1 mg 

(120%RDA)

4.1mg 

(206% RDA)

2760ug

(1380% RDA)

1.9ug 

190%(RDA)

It is clear from the vitamin analysis that folic acid needs to be reduced in the next 

phase of development.
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Table 5.7 Results of Sensory Assessment (1) By Adults

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Total for Std 
Product

Total for Mod

1
Sid Mod

V

V

</

V

•/

V

•/

S

V
s
s
s
•/
•/
•/
•/

s
s
s

s
</
</
s
</

s

V
</
</

28

2
Std Mod

>/

V

•/

S

S

•/

s
s

s
s

V

s

12

3
Std Mod

Hedonic Scale
4

Sld Mod

5
Std Mod

6
Std Mod

7
Std

V

V

V

3

Mod

8
Std

•/

V

V
V

</
V
•/
•/

V
</
-/
•/

V

V
•/

•/
16

Mod

9
Std

-/

•

•/

V
</

I/
V
V
s
V
V
•/

V
•S

•/
•S
•/

•S
•/
•/
•/

21

Mod
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Table 5.7 shows that 28 (70%) of the participants scored the modified biscuit with 

the lowest score of 1 (dislike very much), and 12 (30%) scored this biscuit with a 2 

(dislike a lot). The standard biscuit scored higher, with 3 (7.5%) participants giving 

a score of 7 (like), 16 (40%) a score of 8 (like a lot) and 21 (52.5%), giving the 

highest score of 9 (like very much).

Comments received relating to the standard product included:

Better colour, better taste, sweeter jam, crumbly, softer bite, typical biscuit, better

appearance, not hard to eat.

Comments received relating to the modified biscuit included:

Harder, pale, under-baked, too crunchy, unpleasant taste, like cardboard, very brittle,

not much colour, not like a typical jam biscuit.
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Table 5.8 Results of Sensory Assessment (1) By Children

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Total for Std 
Product

Total for Mod 
Product

Hedonic Scale
1

Std Mod

</

V

V

•/

S

•/

V

s
•/

</

•/

•/
</

•/
s

15

2
Sld Mod

</

V

•/

V

•/
V
s

•/
s
•/

s

s
•/

•/

s
s
s
V

18

3
Std Mod

,/

1

4
Std Mod

^

1

5
Std Mod

6
Std Mod

7
Std

s

1

Mod

8
Std

•/

•/

•/

•/

S

s
s

s

•/

•/

10

Mod

9
Std

•/

•/

s
•/

V
s
•/

•/
s
s
S
</
</
V

s

s
•/
V
</
•/

•/
•/
V

-/
14

Mod

The children gave similar results, i.e. 15 (42.86%) scored the modified biscuit with 1 

(dislike very much) 18 (51.43%) gave a score of 2 (dislike a lot), 1 (2.86%) gave a
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score of 3 (dislike) and 1 (2.86) gave a score of 4 (dislike slightly). Scores for the 

standard product were much higher, i.e. 14 (40) gave the highest score of 9 (like very 

much), 10 (28.57%) gave a score of 8 (like a lot), 1 gave a score of 7 (like).

Comments received relating to the standard product included:

Softer biscuit, not as hard, not as dry, better colour, really nice, tastes like a Jammie

Dodger and lush.

Comments received about the modified biscuit included: 

Very hard, too crunchy, not nice, very white,

5.2.3 Statistical Analysis of the Results

Statistical analysis was carried out using computer software (SPSS), and using a

Wilcoxon Matched Paires Signed Rank Test - Non Parametric. Non- parametric

was used because the distribution was not normal. There was significant difference

between the biscuits, P<0.05. The modified product was not acceptable to the

consumer.
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5.3 DISCUSSION

The developed formulation produced dough, which though processed with success in 

the laboratory, was not commercially viable. Tearing of the bases, a result of poor 

dough rheology, could not be sustained under full production criteria. Manufacturing 

viability would necessitate problem-free extraction whilst running the rotary moulder 

at commercial operational speeds. In addition, the higher extraction web pressure that 

was needed to extract moulded dough pieces was unacceptably high, set at 400 

against 114 for standard product.

There was no sign of tailing of dough pieces resulting from the higher extraction web 

pressure. This finding was inconsistent with studies by Fern et al, (1983) and 

Lawson et al., (1983), who report that increases web pressure and/or increased water 

levels result in tailing at the rotary moulder.

Problems at the rotary moulder also resulted in failure to achieve the desired in- 

weights, consistent with a study by Lawson et al., (1983). An increase in weight of 

2.7% is unacceptably high and would result in an increase in manufacturing costs.

A contributory factor to the excessive hardness of the product was lack of product 

bulk, (Manley, 2000f, Wade, 1988c). Biscuit texture was too close, possibly due to a 

combination of factors, i.e. tough gluten, which resisted expansion during the early 

stages of baking, excessive "squeezing" of the dough at the rotary moulder and 

insufficient aerating agent.
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Final moisture content of the developed product was 120% higher than the typical 

moisture content of the standard product. This was unacceptably high and was the 

result of the increased water in the dough and possible the increased fibre exerting a 

binding effect. This effect is commonly associated with the use of brown flours, 

which contain branny particles that absorb water (Miller et al, 1985). Though baking 

modification could be used to counter this problem, it would require longer baking, 

necessitating slowing the plant and decreasing output. Such a modification to the 

process parameters would mean a significant increase in manufacturing costs and 

negatively affect commercial viability (Burtons Biscuits, 2001a).

Surface colour of the modified product was also pale. Customer appeal is dependent 

on a number of organoleptic properties, including colour, which relies heavily on 

Maillard reactions during baking (Manley, 2000d). Extending bake time in order to 

improve colour was not an option, due to increased costs. The problem would be 

addressed in the development laboratory, and focus on facilitating increased Maillard 

reactions.

Product analysis of folate was also too high, and would need further attention. This 

was not seen as a major issue, a simple reduction in the level added to the dough was 

all that was required.

In addition to the above manufacturing problems, the developed biscuit was not 

acceptable to the consumer, who rejected product colour, eating quality and flavour. 

Further development was therefore required in order to:
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i) improve manufacturing viability, enabling production of the product that

would meet manufacturing criteria, and 

ii) improve the commercial viability of the product by meeting consumer's

expectations of the product in terms of colour, flavour and eating quality.

This development was carried out in the laboratory (Study 3).
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"Do not let what you cannot do interfere with what you can"

John Wooden
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CHAPTER 6

STUDY 3 - BISCUIT DEVELOPMENT 2

6.1 METHODS

6.1.1 Recipe modification - Test Bake

6.1.1.1 Hardness Reduction

The eating quality of any food product is a major characteristic of that product. 

Biscuit with an eating quality described as too hard would be highly unlikely to be 

bought by the consumer more than once. The Viability of the product would 

therefore be at risk. The problems associated with reducing fat and sugar from biscuit 

doughs have already been described in Chapters 3 and 4 and will not be described 

further here.

The obvious recipe modification that was possible to improve the eating quality of 

the product was to increase fat. This was not an option because of its affect on the 

nutritional profile. It was important to keep the recipe fat level to a minimum and yet 

maintain a viable product. Attention was therefore focused on the openness of the 

structure of the product resulting from the first development. The recipe ingredients 

that contribute to the openness of the product's structure are the aerating-agents (i.e. 

sodium bicarbonate, disodium-diphosphate and ammonium bicarbonate).

Closing the biscuit structure results in a harder eating quality, so the need was to 

open it, i.e. increase the amount of gas liberated during baking. The need to do this 

was also highlighted from the bulk measurements of the product taken from the plant
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trial and given in Table 5.3. Clearly, there is also a need to increase product bulk to 

satisfy processing parameters.

At this time, a decision was made to remove sodium bicarbonate from the 

formulation, thus reduce sodium levels in the final product. Sodium bicarbonate 

however liberates carbon dioxide during the baking phase as explained in Chapter 3, 

so its removal would reduce the gas liberated during baking - the opposite of what 

was required. In addition, removing sodium bicarbonate (an alkali) would decrease 

the pH of the dough, affecting the gluten structure and reduce final product crust 

colour. Its removal would need to be in conjunction with the removal of disodium 

diphosphate (an acid). This would also reduce the product sodium level still further.

To compensate for the reduction in gas evolution, the remaining aerating ingredient, 

ammonium bicarbonate, would need to be increased. The aim of this part of the 

development was therefore to improve the eating quality of the final product by 

opening up the structure. To achieve this a series of test bakes were designed to;

i. reduce or remove sodium bicarbonate and disodium diphosphate from the

formulation, and 

ii. increase the level of ammonium bicarbonate in the formulation.

Details of the recipes used in this series of test bakes are given in Appendix 5
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6.1.2 RESULTS

6.1.2.1 Test Recipe to Reduce Biscuit Hardness

Recipe Code SU 22
(Plant Trial 1 Recipe, Used as the New Control)

The dough and product were similar in all characteristics described earlier in this 

thesis. Modifications made during this series of test bakes are therefore based on this 

formulation. A mean dough consistency of 297 grams force with a SD of + 14.1

grams force (310, 282 & 299) was measured. A bulk measurement of 130mm and 

product diameter of 55mm were recorded.

Recipe Code AA1
(Removal of Sodium Bicarbonate and Disodium Diphosphate, Ammonium

Bicarbonate Remains as 3 g)

There were no significant differences noted with dough consistency, a mean 

consistency value of 289 grams force with a SD of ± 5.5 grams force (291, 286 & 

280) were measured. The bulk of the final product was however significantly 

reduced, from 130mm to 121mm. Eating quality was poor, the biscuits were hard 

and very dense and in addition, product diameter has reduced to 53mm.

Recipe Code AA2
(Ammonium Bicarbonate to 4g - 33.3% Increase)

No significant differences were noted with dough quality, a mean consistency 

measurement of 301 grams force with a SD of ± 7.55 grams force (296, 302, 287)
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was recorded. Final product bulk and spread were slightly improved, a bulk reading 

of 124mm and a diameter of 55.1 was noted. Eating quality was slightly improved 

but still too hard with a texture too close.

Recipe Code AA3
(Ammonium Bicarbonate to 5g - 66.7% Increase)

Dough consistency was good and it processed without problem. A mean dough 

consistency value of 299 grams force with a SD of ± 3.06 grams force (302, 296,

298) was recorded. Product bulk and spread were both improved. A bulk figure of 

132mm and a diameter of 55.3mm were measured. Eating quality was better, though 

still slightly hard.

Recipe Code AA4
(Ammonium Bicarbonate to 6g - 100% Increase)

There were no problems with the dough, and a mean consistency measurement of 

290 grams force was recorded with a SD of ± 2 grams force (292, 290 & 288). Final

product bulk had improved again, a measurement of 137mm was recorded. Product 

diameter was slightly bigger at 56mm. Eating quality had also improved and the 

texture of the biscuit was noticeably more open.

Recipe Code AA5
(Ammonium Bicarbonate to 7g - 133.3% Increase)

A mean consistency value of 300 grams force with a SD of ± 6.6 grams force (294, 

307 & 299) was recorded. There were no problems processing the dough. Final
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product bulk and eating quality were also improved. A bulk reading of 140mm and a 

diameter reading of 57mm were noted. Eating quality and structure were also 

improved.

Recipe Code AA6
(Ammonium Bicarbonate to 8g - 166.7% Increase)

A mean dough consistency value of 289 grams force was recorded, with a SD of 

±11.14 grams force (291, 299 & 277). The final product was very good, with a

further increase in bulk to 141mm; the diameter remained at 57mm. Eating quality 

was very good, texture was open and crumbly.

Recipe Code AA7
(Ammonium Bicarbonate to 9g - 200% Increase)

There was little change to the mean dough consistency value, it was recorded as 281 

grams force with a SD of ± 11.36 grams force (289, 286 & 268). No further

increases were recorded in product bulk, with a measure of 139mm indeed there 

were signs of collapse of structure. Product diameter was slightly larger, at 58mm. 

This recipe was repeated to confirm these findings. Eating quality was described as 

slightly hard.
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Recipe code AA8
(Repeat of AA7)

The findings of recipe code AA7 were confirmed, again slight collapse in structure 

was noted. All further recipe modifications would be based on ammonium 

bicarbonate being included at the rate of 8g per mix (test bake size recipe).

With a marked improvement in eating quality, attention was next focused on 

comments about aftertaste from the consumers when referring to the previous plant 

produced developed biscuit. As with poor eating quality, biscuits that do not taste 

good will not prove to be a viable product. To reduce this aftertaste, attention was 

paid to the level of artificial sweetener, with the aim to reduce as low as possible.

Recipe Code AS 1
(Based on Recipe Code A, With Sweetner at 0.7g - 12.5% Reduction)

No changes were noted with regard to dough quality, and a mean consistency value 

of 291 grams force was recorded with a SD of ± 5.57 grams force (296, 285 & 292).

Product bulk and diameter were also unchanged. Flavour was good, but again, an 

aftertaste was detected. A further reduction would be required.

Recipe Code AS2
(Sweetener to 0.6g - 25% Reduction)

Again, no changes were noted with dough quality and its processability. A mean 

dough consistency value of 292 grams force with a SD of ± 11.14 grams force was 

recorded (294, 280 & 302). Product bulk and diameter were unchanged. Flavour

Page 170



was good with no comments made about a noticeable reduction in sweetness. In 

addition, aftertaste was difficult to detect, but due to cost of the sweetener it was 

decided to reduce still further if possible.

Recipe Code ASS

(Sweetener to 0.5g - 37.5% Reduction)

Dough quality remained unchanged, and a mean consistency value of 300 grams 

force with a SD of ± 10.54 grams force was recorded (290, 299, 311). Product bulk

and diameter remained constant. No aftertaste was detected and the product was 

described as having a good flavour, due to the cost of the sweetener, it was decided 

to reduce further if possible.

Recipe Code AS4

(Sweetener to 0.4g - 50% Reduction)

A mean dough consistency value of 292 grams force with a SD of + 8.49 grams force 

was recorded (293, 287 & 296). Product bulk and diameter were unaffected by the 

reduction in sweetener, no aftertaste was detected and the flavour of the biscuit was 

described as excellent. The decision was made to reduce the sweetener still further.

Recipe Code ASS

(Sweetener to 0.3g - 62.5% Reduction)

No differences were noted with the dough quality, it processed without problem. A 

mean dough consistency value of 287 grams force with a SD of ± 7 grams force was
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recorded (290, 279, 292). Bulk and diameter of the final product remained constant, 

but flavour was described as not sweet enough. Therefore, the level of artificial 

sweetener would be based on 0.4g per test bake mix.

Figure 6.1 shows the bulk results against aerating agent level. The latest recipe, 

excluding vitamin C, Be, Bn and folic acid is given in Table 6.1
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Figure 6.1 Dough Bulk Readings
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Table 6.1 Recipe (without vitamin addition)

Ingredient

Fat

Liquid Lecithin

Flour

Whey Powder

Polydextrose

Fructo-oligosaccharide

Wheat Starch

Water

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Acelsulfame K

Vanilla Flavour

Mix to be Modified

40

3

175

10

90

20

175

70

1.8

1

:vm$%n-: 3 •

0.8

0.6

Modified Mix (AS4)

40

3

175

10

90

20

175

70

0

0

8

0.4

0.6
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6.1.3 DISCUSSION

Dough consistency remained constant throughout this study. Manipulation of 

aerating agents did not significantly affect this quality, dough pH was not affected. 

This finding was consistent to that reported by Lawson et al, (1981). Evaluation of 

the lab-based development indicate an improvement in structure and eating quality, 

when compared to the laboratory product produced from study 1. This is consistent 

with the reported improvement in eating qualities associated with an open biscuit 

structure (Manley, 2000f, Wade, 1988c).

Removal of sodium bicarbonate and disodium diphosphate had been more than 

compensated for by the extra aeration from the increased ammonium bicarbonate, as 

shown in Figure 6.1. This finding is consistent with the findings of Lawson et al., 

(1981), who reported an increase in bulk associated with an increase in ammonium 

bicarbonate. This aeration has been successfully trapped in the gluten network, with 

the resultant increase in bulk and diameter.

Care would need to be taken on plant however, an increase in spread of the 

magnitude seen in the laboratory during this trial would be unacceptable on 

commercial plant, mainly due to transfer and wrapping problems. (Burtons Biscuits, 

2002). The increase in product spread measured in this study is inconsistent with 

that reported by Lawson, who found no spread increase associated with increased 

levels of ammonium bicarbonate. However, in the study by Lawson et al., the 

increase in level was not as great as that used in this study, i.e. in their study a 100% 

increase was used in this study a 166.6% increase was used.

The development has shown that this formulation and mixing technique produces 

dough unable to withstand further aeration than that of recipe code AA6 (i.e. 166.6%
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increase, or 4.6% flour weight). A possible reason for this loss in aeration is probably 

due to ammonia gas escaping from the gluten network during baking, especially 

considering the lower level of gluten development established in trial 1.

The decision was made to run a full plant trial using recipe code AS4 with the added 

vitamins, and this would be Study 4
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"If everyone is thinking alike, then somebody isn't thinking"

George Patton Jr.
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CHAPTER 7

STUDY 4 - PLANT TRIAL NUMBER 2

7.1 METHODS

7.1.1 Biscuit Manufacture

One dough using recipe AS4, (Table 6.1), but with the addition of vitamins, was 

produced in order to assess the manufacturing viability on plant. It was decided to 

reduce the folic acid addition in the formulation based on the analysis of trial 1 

(Table 5.1) by 80%, this would allow for losses during manufacture and shelf-life. 

The full formula is given in Table 7.1 (modified to give a total recipe of 400kg). 

Rotary moulder, oven settings and bake times were as on trial one, and detailed in 

Table 5.3.
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Table 7.1 Recipe Used on Plant Trial Number 2 Compared With The 
Recipe Used on Plant Trial 1

gi; ••-•.'•:.; '••. 

Ingredient

Fat

Liquid Lecithin

Flour

Whey Powder

Polydextrose

Fructo-oligosaccharide

Wheat Starch

Water

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Acelsulfame K

Vanilla Flavour

Total

Vitamin C (Encap)

Vitamin B6

Vitamin Bp

Folic Acid

; Recipe Used on Trial 2 (AS4) 

(Weight in Kg)

26.11

2.03

118.65

6.78

61.02

13.56

118.65

47.46

0

0

5.42

0.27

0.4

400.35

2.00

0.065

0.03

0.0012

Recipe Used on Trial 1 

(Weight in Kg)

26.11

2.03

118.65

6.78

61.02

13.56

118.65

47.46

1.22

0.678

2.034

0.542

0.41

400.144

2.00

0.065

0.03

0.06
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7.2 RESULTS

7.2.1 Dough

The dough was too soft and also very tough. There had been excess gluten 

development due to excess water and final dough mixing. At the rotary moulder it 

processed poorly, with tearing evident on approximately 50% the base units. In- 

weights could not be achieved because of this tearing. Product was however passed 

through the oven for post-bake assessment.

7.2.2 Product

The product was very poor, having little definition from the rotary roller. Bulk was 

low, measuring 130mm for 10 units (the standard product is 140mm), diameter was 

also small at 54mm. Product colour was very pale with brown surface spots evident, 

and the texture was very close. The product had poor eating qualities, the hard, 

tough-eating quality was believed to be related to the toughened dough and poor 

structure resulting from such a dough. The flavour was thought to be good. Product 

was sent to Eclipse Scientific for vitamin analysis, the results are given in Table 7.2.

Table 7.2 Results of Vitamin Analysis

Vitamin

C

B6

Folic Acid

B 12

Per 2 Biscuit

69mg

2mg

347 ng

1.6(ig

%RDA

115

100

174

160
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7.3 DISCUSSION

The problems with this plant trial were believed to be caused by excess dough water 

and/or mixing time. Increases in water couple with reduced fat in biscuit formulation 

resulted in greater development of gluten. This finding is consistent with earlier 

work, reported by Manley (2000c) and Wade et al., (1969). Over developed gluten 

networks in biscuit production have long been associated with poor eating quality 

(Lawson & Pritchard, 1978; Lawson et al., 1981), and the results from this trial are 

consistent with those earlier reports.

Traditionally, there are a number of causes of black spot formation on the surface of 

biscuits. They include undissolved sugar. The formulation used in this trial did not 

contain sugar so the formation of black spots was not understood, however the 

ascorbic acid used on the plant trial had a "grainy" unusual texture, so this would be 

the focus in the laboratory.

The pale surface colour was consistent with limited Maillard reactions between 

reducing sugars and amino acids (Coultate, 1984), in conjunction with elimination of 

sugar from the formulation, with the resultant reduction in caramelisation reactions 

(Wade, 1988d).

Vitamin content was confirmed, delivering at least the RDA for consumption of 2 

biscuits. The product produced on this trial was not thought to be of sufficient 

quality to carry out further analysis and consumer trials.
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"The actuality of thought is life"

Aristotle
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CHAPTER 8

STUDY 5 - BISCUIT DEVELOPMENT 3

8.1 METHODS

8.1.1 Recipe Modification - Test B ake

8.1.2 Colour Improvement

One of the objectives of this development was to maintain standard processing 

conditions as much as possible to maintain commercial viability. The company was 

not in favour of increasing bake time or temperatures. Increasing fat and sugar levels 

would give the desired results, but another of the objectives was to keep levels of 

these materials as low as possible. To improve product surface colour would 

therefore require a different approach. The one recipe ingredient that would offer a 

solution through encouraging Maillard reactions was whey powder, due to the amino 

acids and sugars it contains. Doughs made in the test bakery under test bake 

conditions need to contain more dough water than doughs made and processed on 

plant. Hence, final dough water levels at the test bakery need to be reduced to 

facilitate plant conditions.

8.1.3 Black Spot Identification

Prior to any recipe modification, a test was carried out using the old and new supply 

of encapsulated vitamin C. The test was simply the manufacture and processing of 

two doughs, identical in ingredient balance except encapsulated vitamin C. Dough 1
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included the old vitamin C and dough 2 included the new. Processing remained 

identical to both to eliminate any other variable. Formulation information relating to 

this study is detailed in Appendix 6.

8.2 RESULTS

8.2.1 Black Spot Formation

Whilst black spot formation remained on the product produced from dough 1, there 

was no sign on the product produced from dough 2. The old supply was destroyed 

and the new would be used on the next plant trial.

8.2.2 Test Recipes to Improve Surface Colour

Recipe Code AS4

(Plant Trial 2 Recipe as the New Control)

The dough processed in the test bakery without problem. A mean dough consistency 

value of 292 grams force with a SD of ± 13.11 grams force (290, 280, 306) was 

recorded. Bulk was measured at 140mm with diameters at 56mm.

Recipe Code CC1

(Whey Powder to 12g - 20% Increase)

There was no significant difference noted in dough consistency, with a mean 

consistency value of 291 grams force and a SD of ± 9.54 grams force (286, 297, 305) 

recorded. No obvious differences were seen regarding surface colour, product bulk 

was measured as 140mm and diameters at 56mm.
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Recipe Code CC2

(Whey Powder to 14g - 40% Increase)

No significant difference was noted with dough consistency, with a mean value of 

295 grams force and a SD of ± 11.79 grams force (292, 285, 308) noted. There was

an increase in surface colour, though the improvement was slight. Product bulk was 

measured as 141mm and no change in product diameter (56mm).

Recipe Code CCS

(Whey Powder to 16g - 60% Increase)

Dough consistency remained constant with a mean value of of 291 grams force (292, 

290, 291). Surface colour was again improved, but it was slightly patchy. Product 

bulk was measured as 142mm and diameters at 55.5mm.

Recipe Code CC4

(Whey Powder to 18g - 80% Increase)

No difference was noted in dough consistency, and a mean value of 292 grams force 

with a SD of ± 10.54 grams force was recorded (281, 302, 293). The surface colour

was good. Product bulk was measured as 141mm with diameters measured as 

56mm.

Recipe Code CC5

(Whey Powder to 20g - 100% Increase)

No difference was noted in dough consistency, a mean value of 290 grams force with 

a SD of ± 8.54 grams force was recorded (299, 282, 289). The surface colour was
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very good. Product bulk was measured as 141 mm with diameters measured as 

56mm.

At this time it was decided to repeat this dough, and also confirm the commercial 

bake colour by passing the individual units through the plant oven - the test bake 

oven has been shown not to give a true representation of the commercial bake results.

Recipe Codes AS4 and CC5

(Repeated)

The doughs were processed in the usual way and individual units taken to plant and 

passed through the travel band oven. This was done by removing moulded dough 

pieces from the transfer web, and replacing them with the test pieces produces in the 

laboratory. The difference in surface colour was obvious. The biscuits from AS4 

were as seen on plant trial 2 (Study 3), pale and patchy while the biscuits from CCS 

were described as golden brown with an even colour.

Colour improvement development was considered to be successful, and further 

consideration could now be given to preparing for another plant trial. This required 

focus on dough consistency modification by reducing dough water. Standard dough 

was taken from the plant and consistency measurements taken using the LFRA 

Texture Analyser. The average consistency figure for this dough was measured as 

371 grams force with a SD of ± 7.8 grams force (362, 376, 375), which clearly shows 

the difference in required dough consistency for commercial manufacture against test 

bake manufacture. The average dough consistency figure for AS4 (plant trial 2 - 

Study 3 formulation) was 292, and the latest recipe development (CCS) gave a 

consistency figure of 290 grams force. Dough water would therefore need to be
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reduced prior to any further plant trial. The decision was made not to process the 

doughs. They would be made and measured for consistency only.

Recipe Code Wl

(Water to 65g -1.1% Reduction)

The resultant dough was slightly firmer, and gave a mean consistency measurement 

of 312 grams force with a SD of ± 5.2 grams force (309, 309, 318). The dough was

still not as crumbly as the standard product dough, so more water needs to be 

removed from the recipe.

Recipe Code W2

(Water to 60g - 14.9% Reduction)

A firmer, more crumbly dough was produced, which gave a mean dough consistency 

value of 329 grams force with a SD of ± 3.6 grams force (332, 325, 330). A further 

dough water reduction was required.

Recipe Code W3

(Water to 55g - 21.4% Reduction)

A further increase in dough crumbliness was noted, and a mean dough consistency 

value of 344 grams force with a SD of ± 4 grams force (348, 340, 344) was recorded. 

This dough was thought to be close to the standard product dough, but a decision was 

made to reduce the level of dough water still further.
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Recipe Code W4

(Water to 50g - 28.6% Reduction)

This dough resembled the standard product dough in its appearance and feel. It gave 

a mean dough consistency value of 360 grams force with a SD of ± 5.57 grams force

(366, 359, 355). This figure was very similar to that measured from the standard 

product dough (371 grams force), so a decision was made to make a 5kg quantity of 

this dough in the test bakery and run it through the side of the rotary moulder. This 

would offer the potential for assessment of the dough viability without the expense of 

a full trial. Dough consistency measurements are shown in Figure 8.1.

The dough processed without tearing, and the product moulded by the roller was 

allowed to travel through the oven for bake assessment. The product had very good 

colour and bulk (141mm). Eating quality and flavour were assessed as very good. 

The results of this assessment gave confidence that the modified dough would be 

commercially viable. The decision was made to run a full plant trial using recipe 

code W4 along with the added vitamins, which would be added without alteration to 

levels based on the results from the previous analysis.
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Figure 8.1 Dough Consistency Measurements
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8.3 DISCUSSION

Improvement in surface colour was significant, the resultant product had excellent 

colour and bloom, both of which are associated with Maillard reactions brought 

about by milk or milk products, including whey powder (Manley, 2000g). This 

finding is consistent with those reported by Lawson et ai, (1981). Increasing whey 

powder to the levels used in this study did not have a noticeable affect on dough 

consistency, and the hollowing affect on bases reported by Lawson and colleagues 

(1981) were not seen in this development.

Changing the supply of encapsulated vitamin C proved successful, and the black spot 

problem did not return. There has been no published work on the formation of black 

spots due to encapsulated vitamin C. The author believes the problem could be 

related to poor manufacturing and/or storage of the material prior to receiving it from 

the supplier. In this way, the material became difficult to disperse resulting in 

localised concentrations throughout the dough, which when subjected to baking 

became "caramelised".

Though processing of the reduced water doughs proved impossible in the laboratory, 

processing 5kg through the plant yielded valuable information. The improvement in 

product quality resulting from the development in the lab was very evident.

The next phase of this study was to move to another plant trial (plant trial number 3).
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"If you accept losing you can't win" 

Vince Lombard!
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CHAPTER 9
STUDY 6 - PLANT TRIAL NUMBER 3

9.1

9.1.1

METHODS

Biscuit Manufacture

One dough was processed, using the recipe given in Table 9.1, based on the results of 

previous development work in the laboratory (Study 5). The recipe was modified to 

give a total recipe of 400kg

Table 9.1 Recipe Used on Plant Trial Number 3 Compared with That 
Used on Plant Trial Number 2

Ingredient

Fat

Liquid Lecithin

Flour

Whey Powder

Polydextrose

Fructo-oligosaccharide

Wheat Starch

Water

Ammonium Bicarbonate

Acelsulfame K

Vanilla Flavour

Vitamin C (Encap)

Vitamin B 6

Vitamin B 12

Folk Acid

Recipe Used on Trial 2 (Kg)

27.12

2.03

118.65

6.78

61.02

13.56

118.65

47.46

5.42

0.27

0.4

2.00

0.065

0.03

0.06

Recipe Used on Trial 3 (Kg)

27.6

2.1

121

13.8

62

13.8

121

34.5

5.5

0.27

0.4

2.00

0.065

0.03

0.06
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Rotary moulder, oven settings and bake times are detailed in Table 9.2, and product 

parameters are detailed in Table 9.3.

9.1.2 Sensory Assessment

University students, 12 male and 13 female (n=25) participated in this study, which 

took place at the University of Glamorgan. The test was single blind, and the 

biscuits were presented to the participants in a random fashion, in order to reduce the 

possibility of an order of testing effect. A hedonic scale 0-9 was used, described in 

Chapter 5. Results of the sensory evaluation are given in Table 9.6.

9.2 RESULTS

9.2.1 Dough

The dough was slightly dry and crumbly, though did not show signs of toughness. It 

was mixed and transferred to the rotary moulder without problem. There were no 

obvious issues observed at the rotary moulder, though web pressure was increased to 

aid extraction, the dough processed without tearing. Target in-weights were 

achieved, and these are detailed in Table 9.2.

9.2.2 Product

Product bulk, colour and texture were all good. Target bulk was achieved, and 

surface colour was significantly improved. Product texture was a little more open 

than standard product, which was thought to be desirable in terms of eating quality. 

Moisture was as target and there were no signs of ovality. The product was sent 

through the whole plant and was jammed and capped without problem. Samples
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were collected (wrapped in standard film for commercial reasons) for analysis of 

vitamin content, other nutritional information, sensory evaluation and for clinical 

trials. Biscuit bases were also checked against the standard product for hardness 

(Table 9.4 and Figure 9.1). Results of vitamin analysis and nutritional information 

are detailed in Table 9.5.

Table 9.2 Rotary Moulder and Oven Settings for Plant Trial Number 3

Rotary Moulder Settings

Back Roller

Knife

Pressure Roller

Web

In Weights (8 bases + 8 tops)

Standard Product

07.2

06.3

194

114

128.9

Developed Product

07.3

06.3

189

210

129.1

Oven Settings

Standard Product (°C)

Developed Product (°C)

Fans (both products)

Dampers (both products)

Zone 1

135

145

30

60/30

Zone 2

185

185

30

50/30

Zone 3

220

220

60

50/30

Zone 4

185

190

70

80/30

Bake Time was 7 Minutes for both products
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Table 9.3 Measured Parameters of Standard and Developed Product

Standard Product

Developed Product 1

Diameter

55.5 mm

55.5 mm

Moisture

1.27

1.9

Weight (8 tops and bottoms)

HOg

110.5g

Bulk do

140mm

144mm

Table 9.4 Finished Biscuit Hardness Measurements

Sample

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Mean

S.D.

Control Biscuit

Grams Force

695.1

585.8

583.9

492.3

671.6

521.1

523.9

487.4

629.5

752.5

505.6

656.5

575.8

373.3

718.3

545.4

701.3

586.5

692.0

575.9

593.7

95.9

Developed Biscuit 1

Grams Force

1454.4

1102.5

1477.4

1205.3

1486.7

1357.7

1515.4

1 144.0

1277.0

1521.9

1441.8

1432.7

1504.8

1303.6

1225.5

1361.4

1496.2

1336.8

1284.2

998.7

1346.4

152.0

Final Biscuit

Grams Force

760.6

711.6

699.7

701.6

790.3

753.2

650.6

712.1

670.9

800.7

690.6

760.6

632.1

654.1

806.2

700.6

720.2

690.7

770.3

650.6

716.4

52.6

Page 194



These measurements clearly indicate an improvement in product hardness, i.e. the 

biscuit is not as hard or brittle as the product from Study 2 (plant trial 1). Figure 9.1 

shows the hardness measurements recorded from the product of this study against 

that from study 2 (plant trial 1) and also the control product. Clearly, there was still a 

measurable hardness difference between the product from this trial and the control or 

standard product, however there was also considerable improvement.

Figure 9.1 Comparison of Biscuit Hardness (Control v's Plant Trial 1 
v's Final)

Grams 
Force 1000

Product From Plant Trial 1

Final Product - Trial

Standard Product

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Biscuits Numbers
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Table 9.5 Nutritional Information For Standard and Developed

Product (Plant Trial 3) per lOOg of Product (At Manufacture 

-October 2001)

Energy

Protein

Carbohydrates

Of which is sugars

Fat

- saturates

- mono-unsaturates

- poly-unsaturates

Fibre

Sodium

Vitamin C

Vitamin Ef,

Folic Acid

Vitamin BH

Standard Product

1869kJ/448kcal

4.8

68.8

32.5

16.7

7.4

6.8

1.9

1.7

0.2

Per lOOg Per biscuit

0 0

0 0

0 0

0 0

Developed Product (Trial 3)

1675kJ/396kcal

6.0

77.3

22.5

7

3.1

2.42

1.13

1.6

0.1

Per biscuit %RDA

55mg 92

2.0mg 100

347|Ig 174

2.7|J.g 270
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Table 9.6 Results of Sensory Assessment (2) Adults at Glamorgan University

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Total for Std 
Product

Total for Mod 
Product

Hedonic Scale

Std

I
Mod

2
Std Mod

3
Std

S

1

Mod

S

1

4
Std Mod

V

1

5
Std

•/

•/

S

S

S

V

6

Mod

^

>/

V

s

4

6
Sld

0

Mod

s

s
s

•/

4

7
Std

s

•/

V
•/

4

Mod

^

^

^

3

8
Std

S
•/
•/
</
V

S

</

V

•/
•s

V
s
s
•/

*/
V
V
s
•/

s

20

Mod

•/

s
•/
s
s
</
V

•/
s

s
s

s
s
s
s
•/

s
•/
s
•/

V

21

9
Std

•/

-/

s

•/
s

s

s
s

•/

9

Mod

y

s
s

V
s

•/

6
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Table 9.6 shows a different distribution of marks than those collected from the first 

sensory evaluation. Here, the standard product was awarded a score of 3 by 2.5% of 

participants, a score of 5 by 15% of participants, a score of 7 by 10% of participants, 

a score of 8 by 50% of participants and a maximum score of 9 by 22.5% of 

participants. The modified product was given a score of 1 by 2.5% of the 

participants, a score of 4 by 2.5% of the participants, a score of 5 by 10% of 

participants, a score of 6 by 10% of participants, a score of 7 by 7.5% of participants, 

8 by 52.5% of participants and a maximum score of 9 by 15% of participants.

Comments received relating to the standard product included:

As a biscuit should be, soft, nice jam, good colour, feels greasy, good biscuit

Comments received relating to the modified product included:

Very good, slightly crunchy, good flavour, not so greasy, softer jam, loose in the

mouth.

9.2.3 Statistical Analysis of the Results of Consumer Test

Statistical analysis was carried out using computer software (SPSS), and using a 

Wilcoxon Matched Paires Signed Rank Test - Non Parametric. Non parametric test 

was used because the distribution was not normal. No difference was found between 

the biscuits, P>0.05. The developed biscuit was acceptable to the consumer in terms 

of eating quality, flavour and colour. Commercial acceptability was therefore 

established.
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9.3 DISCUSSION

The formulation used in this study was a significant improvement in terms of 

suitability for commercial process parameters. Problem-free dough extraction 

through the rotary moulder, is crucial for commercial viability. All product quality 

requirements were achieved, i.e. surface colour, bulk, spread, and weight. Secondary 

processing highlighted no problems and the product was wrapped using standard 

product outputs. The finding from this study are consistent with previously 

published work on effects of ingredient levels (Lawson et ai, 1981; Miller and 

Thacker, 1986; Fearne etal., 1983).

With no sucrose in the base recipe, caramelisation reactions during the baking phase 

were insufficient to give the desired colour to the biscuit surface. Addition of whey 

powder has long been used in the food industry to enhance crust colour of a variety 

of baked products, including biscuits, and the improvements to surface colour in this 

study are consistent with those of Lawson et al., (1981).

Dough consistency has also been shown to be crucial in the successful manufacture 

of rotary moulded biscuits. This study has shown that a significant reduction in 

dough water is required for operational success under commercial manufacturing 

conditions. Normally, soft doughs tend to give "tails" when rotary moulded (Lawson 

et al., 1981). In that report, however, the dough contained relatively high levels of 

fat.

In this study the dough contains very little fat, so dough that is too soft must be due 

to high levels of water. The problems with such dough were experienced during
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plant trial number 2, a consequence of which was poor extraction (sticking) but no 

tails. This is because doughs processed by hand need to be softer in order to 

facilitate processing.

An important aim of this research was to develop a biscuit that would be acceptable o 

the consumer. The statistical analysis clearly shows this to be the case. With P>0.05 

no differences were found between the modified and standard products. With the 

development phase successfully completed, in terms of commercial manufacturing 

viability and consumer acceptability, the final phase of the research, i.e. the clinical 

trials, could be arranged.
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"Far and away the best prize that life offers is the chance to work

hard at work worth doing".

Theodore Roosevelt

Page 201



CHAPTER 10

STUDY 7 - CLINICAL TRIAL 1

10.1 SUBJECTS AND STUDY DESIGN

Full time, healthy, non-smoking undergraduate students, males and females (n=25) 

volunteered to take part in the clinical study, which was carried out at the University 

of Glamorgan in March 2002. Ethical approval was obtained from the ethics 

committee of the university. The students were fully briefed and all consented to 

participate. They were randomly assigned into two groups and matched so that 

gender and total weight of each group was similar. They were also screened to 

eliminate those taking supplements or medication, and were instructed not to 

consume food or alcohol for twelve hours prior to the start of the trial, i.e. they would 

consume their last meal 8pm the day before. In addition, they were asked not to take 

part in any heavy physical activity during the trial period (eight hours). Moderate 

walking was allowed.

The subjects were asked to refrain from consuming any food, alcohol or other 

beverages with the exception of the water given to them as part of the study. They 

were randomly assigned either standard biscuits or functional biscuits, the quantity of 

which was calculated based on body weight and the required kcals to match their 

basal metabolic rate, plus twenty percent. The extra twenty percent would allow for 

walking activities around the campus.
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The equation used to calculate the kcal requirement for each subject was taken from 

Dietary Reference Values Number 41 and is shown in Table 10.1

Table 10.1 Calculation for Energy Requirements (BMR)

Males (18-29years)

Females (18-29 years)

15.1 x weight in kg + 692

14.8 x weight in kg + 487

Example of calculation based on a 75kg female student consuming a standard biscuit 

each containing 83.5kcal.

14.8 x 75 + 487 = 1597 kcal.day" 1 . The trial was over an eight-hour period, therefore 

532 kcal were required to account for basal metabolic rate. Taking into account the 

extra 20% allowed for walking, the required kcal intake was 638. The number of 

biscuits required was therefore 7.64 (7.75 to the nearest quarter of a biscuit)

The information relating to each subject, i.e. age, body weight, assigned group and 

number of biscuits is given in Appendix 7

10.2 Blood Sampling

The subjects arrived at the university at Sam, they were rested for thirty minutes in a 

supine position, to control for plasma volume shifts, prior to blood samples being 

taken (Pronk, 1993). They were then divided into two groups, and blood samples 

were collected from each group at the same time, in an attempt to control for 

biological variation (Reilly and Brooks, 1982). All blood samples were drawn from a 

antecubital vein using a torniquet and a vacutainer syringe (Becton Dickinson,
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Rutherford, NJ, USA). The tourniquet was secured to the right arm with the 

minimum of constriction required to obtain a blood sample (Bachorik, 1982).

When collection procedures were finished, the puncture site was cleaned with swabs 

saturated with 70% v/v Isopropyl alcohol (Medi Swab, Smith and Nephew, UK) and 

covered with cotton dressing. These pre-trial blood samples were immediately 

labelled and placed on ice prior to processing. Both groups were processed within 1 

hour.

The subjects were then given their assigned biscuits and instructed to consume them 

every 2 hours, in equal amounts per consumption, e.g. an individual with 6 biscuits 

would consume 1.5 biscuits every 2 hours, starting immediately. Instructions were 

clearly given that no other food should be consumed. Two litres of bottled water was 

given to every student and they were instructed to drink freely throughout the day in 

order to prevent dehydration. Both groups were instructed to return after eight hours, 

and the experimental process repeated exactly as the first. The blood samples taken 

at this time were the post-trial samples, and they were collected and stored in the 

same way as the pre-trial samples.

All samples were centrifuged at 3,500 rev.min" 1 for 10 minutes, within 1 hour of 

collection. Serum and plasma were extracted and placed into eppendorfs and stored 

at -70°C for subsequent biochemical analysis of homocysteine, HDL-cholesterol, 

LDL-cholesterol, total cholesterol, triglycerides and glucose.

Biscuits were sent for analysis to confirm vitamin profile, and blood samples were 

taken to the Royal Glamorgan Hospital for analysis.
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10.3 Determination of Blood Lipids

10.3.1 HDL-Cholesterol

High-density lipoprotein cholesterol (HDL-C) was measured using the Sigma 

EZ Automated Analyser using Sigma EZ reagents. Anti-human p-lipoprotein 

antibody in Reagent 1 binds to lipoproteins (LDL, VLDL and chylomicrons) 

other than HDL-C. The antigen-antibody complexes form block enzyme 

reactions when Reagent 2 is added. Cholesterol esterase (CHE) and cholesterol 

oxidase (CO) in Reagent 2 react only with the HDL-C. Hydrogen peroxide 

produced by the enzymatic reactions with HDL-C yields a blue complex upon 

oxidase condensation with FDAOS [N-ethyl-N-(2-hydroxy-3-sulforopyl)-3,5- 

dimethoxy-4-flouraline, sodium salt] and 4amineoantipyrine (4AA) in the 

presence of peroxidase (POD). By measuring the absorbance of the blue colour 

complex produced at 600nm, the HDL-C concentration in the sample can be 

calculated when compared with the absorbance of the EZ HDL-C Calibrator.

10.3.2 LDL-Cholesterol

Low-density lipoprotein cholesterol (LDL-C) was derived according to the 

Friedwald et al. (1972) formula;

LDL-C (mmol.U 1 ) = Total Cholesterol - Triglvcerides - HDL-C
2.2
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10.3.3 Total Cholesterol

Serum total cholesterol was measured using the Sigma Infinity Automated 

Analyser and reagents based on the formulation of Allain et al. (1974) with the 

solubility modification of Roeschlana (1974). Cholesterol esters are 

enzymatically hydrolysed by cholesterol esterase to cholesterol and free fatty 

acids. Free cholesterol including that originally present is then oxidised by 

cholesterol oxidase to cholest-4-en-3-one and hydrogen peroxide. The hydrogen 

peroxide combines with hydroxy benzoic acid (HBA) and 4-aminoantipyrine 

(4AAP) in the presence of peroxidase to form a chromopore (quinoneiminedye) 

which is quantitated at 540 nm.

10.3.4 Triglyceride

Serum Triglycerides were measured using the Sigma Infinity Automated 

Analyser using reagents based on the method of Wako (Dallas, USA) and the 

modifications of McGowan et al. (1983) and Fossati (1982). Triglycerides are 

enzymatically hydrolysed by lipase to free fatty acids and glycerol. The glycerol 

is phosphorylated by adenosine triphosphate (ATP) with glycerol kinase (GK) to 

produce glycerol-3-phosphate and adenosine diphosphate (ADP). Glycerol-3- 

phosphate is oxidised to dihydroxy-acetone phosphate by glycerol phosphate 

oxidase (GPO) producing hydrogen peroxide (HiCh). In a Trinder type colour 

reaction catalysed by peroxidase (POD), the HaOi reacts with 4-amine- 

antipyrine (4AAP) and 3,5 dichloro-2-hydroxy benzine sulfonate (3,5 DHBS), to 

produce a red coloured dye. The absorbance of this dye is proportional to the 

concentration of triglycerides present in the sample.
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10.3.5 Homocysteine (HCY)

Total homocysteine was measured from plasma blood by fluorescence 

Polarization Immunoassay (FPIA) using the IMx® system analyser Imx® 

reagents (ABBOTT Laboratories, UK). Bound HCY (oxidised form) is 

reduced to free HCY which is enzymatically converted to S-adenosyl-L- 

homocysteine. Homocysteine (HCY) and mixed disulphide and protein-bound 

forms of HCY in the sample are reduced to form free HCY by the use of 

dithiorhreitol (DOT).

10.3.6 Glucose

Glucose was measured using a Vitros slide, which is a dry, multilayered 

analytical element coated on a polyester support. A 10 (j,L drop of the sample 

was deposited on the slide, where the spreading layer promotes uniform 

distribution of the sample and permits an even penetration of solute molecules 

into the underlying reagent layer.

The oxidation of the sample glucose is catalysed by glucose oxidase to form 

hydrogen peroxide and gluconate. This reaction is followed by an oxidative 

coupling catalysed by peroxidase in the presence of precursors to produce a dye. 

The intensity of the dye is measured by reflective light at 540nm. The reaction 

sequence is shown below.

P-D-glucose + 02 + H20 glucose oxidase ^ G-gluconic acid + H2O2
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2H2O2 + 4-aminoantipyrine + 1,7-dihydroxynaphthalene peroxidase red dye 

10.4 RESULTS

Results of the blood analysis are given in Table 10.2, where subjects consuming the 

standard biscuit are highlighted.

Table 10.2 Blood Analysis Results (Trial 1)

No

1
2
4
6
8
12
13
18
19
21
23
25

Mean
S.D

3
5
7
9
10
11
14
15
16
17
20
22
24

Mean
S.D.

Morning - Pre-Trial
Glue
mmol/l
4.92
4.72
5.45
4.93
4.49
4.67
4.73
5.09
5.11
4.67
3.91
4.53

4.77
0.38

4.8
5.42
5.24 
4.83
5.25
4.55
4.83
4.48
4.39
4.6

4.89
4.59
4.02

4.76
0.39

Chol
mmol/l

4.36
5.36
3.61
3.92
5.54
4.67
4.77
7.65
5.25
3.55
3.98
4.34

4.75
1.13

4.24
5.12
5.03
3.73
3.91
4.76
3.73
4.55
4.29
4.93
7.06
6.59
4.08

4.77
1.03

Trig 
mmol/l
0.85
1.06
0.72
1.73
0.97
1.94
1.6

0.95
1.1

1.07
1.05
1.91

1.25
0.43

0.96
1.34
1.6 

0.67
1.43
0.95
0.39
1.41
0.86
0.7
1.39
1.06
0.65

1.03
0.38

HDL
mmol/l

2
1.24
1.23
0.99
2.01
0.95
1.37
1.84
1.35
1.07
1.11
1.42

1.38
0.37

1.34
1.07
1.46 
1.18
0.81
1.09
1.75
2.02
1.35
2.27
1.12
2.22
1.51

1.48
0.62

LDL
mmol/l
1.97
3.64
2.05
2.14
3.09
2.84
2.67
5.38
3.4
1.99
2.39
2.05

2.8
1

2.46
3.44
2.84
2.25
2.45
3.24
1.80
1.89
2.55
2.34
5.31
3.89
2.27

2.83
0.96

Hey
|amol/l
7.9
17.9
19.9
11.7
7.9
9.1
7.4
8.0
9.2
10.5
8.5
17.2

11.3
4.47

6.1
6.3
5.8 
8.4
5.2
14.5
10.7
7.7
7.0
10.2
9.2
5.2
12.3

8.35
2.9

Afternoon - Post Trial
Glue
mmol/l
4.46
4.55
5.06
5.32
4.3
5.09
4.1

4.79
4.68
4.56
4.43
4.57

4.66
0.35

4.81
5.1

5.45 
4.85
5.42
3.22
4.85
4.65
4.55
4.8

5 J
4.67
4.4

4.75
0.55

Chol
mmol/l
5.17
5.35
3.45
3.75
4.96
4.76
4.67
7.89
5.24
3.35
4.67
3.9

4.76
1.21

5.01
5.12
4.57 
3.55
3.84
5.05
3.64
4.65
3.78
4.95
6.93
6.45
4.39

4.76
1.02

Trig
mmol/l
0.79
1.16
0.76
1.17
0.99
1.89
1.71
1.12
1.21
1.1

1
1.54

1.2
0.35

1.35
1.46
1.32 
0.73
0.94
1.33
0.45
2.18
0.86
1.04
1.5

1.67
0.74

1.12
0.52

HDL
mmol/l
2.19
1.19
1.19
1.01
1.78
1.01
1.32
1.74
1.28
1.06
1.63
1.01

1.37
0.38

.42

.06

.42 

.12
0.85

.09

.68
1.9

1.22
2.12
1.16
2.06
1.45

1.43
0.4

LDL
mmol/l
2.62
3.63
1.91
2.21
2.73
2.89
2.57
5.64
3.41
1.79
2.59
2.19

2.85
1.03

2.98
3.40
2.55 
2.10
2.56
3.36
1.76
1.76
2.17
2.36
5.09
3.63
2.60

2.79
0.91

Hey
(imol/l
8.2

21.1
14.4
12.7
7.9
7.3
8.9
7.9
9.0
9.6
7.9
15.9

10.9
4.28

5.3
5.9
7.1 
9.0
5.8
13.4
10.1
6.8
7.4
8.6
9.3
5.8
11.6

8.16
2.47
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10.4.1 Statistical Analysis of Blood Samples

Statistical analysis was carried out on computer based SPSS system. For non- 

parametric results Wilcoxon Matched Pairs Signed Rank Tests for within factor (pre- 

post for both biscuit types) was used, and Mann-Whitney U Tests was used for 

between factor (pre-pre and post-post for both biscuits). For parametric results a 

Two-Way Repeated Analysis of Variance was used. Non parametric analysis was 

used for results that were not of normal distribution, and parametric analysis was 

used when the results had a normal distribution.

No differences were found for glucose, triglycerides, total cholesterol, HDL- 

cholesterol, LDL-cholesterol or homocysteine, following consumption of the 

standard or the modified biscuit (P > 0.05). Results are shown in Table 10.3.

Table 10.3 Statistical Results - Clinical Trial 1

Std. Biscuit

Mod. Biscuit

Parametric

Pre-Post

Pre-Post

Pre-Pre

Post-Post

Total Cholesterol

P > 0.05

P > 0.05

P > 0.05

P > 0.05

HDL-C

P > 0.05

P > 0.05

P > 0.05

P > 0.05

LDL-C

P > 0.05

P > 0.05

P > 0.05

P > 0.05

Homocysteine

P > 0.05

P > 0.05

P > 0.05

P > 0.05

Non-Parametric

Triglycerides

Biscuit P > 0.05

Biscuit x Group P > 0.05

Group P > 0.05

Glucose

P > 0.05

P > 0.05

P > 0.05
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10.5 DISCUSSION

The decision was made to run this trial because, to the author's knowledge, no other 

studies have been reported over such a short duration, and it was possible that it 

would yield some interesting information.

Consumption of the modified biscuit had no effect on the levels of any of the 

measured blood parameters. This is possibly due to the 8-hour duration of the trial. 

No published work could be found on dietary intervention studies and corresponding 

blood profiles using studies of such short duration.

The shortest study found was three days duration (Koutsari et al., 2000), they 

reported higher plasma triglycerides and lower HDL-C following a high 

carbohydrate diet. Several dietary intervention studies have been reported of four 

weeks duration. Venn et al., (2002a and 2002b) found a decrease in serum 

homocysteine coinciding with an increase in serum folate, and Luscombe et al., 

(1999) reported higher levls of HDL-C following a diet of low glycaemic index and 

high mono-unsaturated fat diet (P < 0.05)

Stanger et al, (2002), carried out a study on the effects of folate treatment and 

homocysteiene lowering. They found similar results to Venn et al., (2002b), 

demonstrating a decrease in serum homocysteine following folate treatment (P < 

0.05). Roche et al., (1998), Sprecher and Pearce (2002), Billion et al, (2002) and 

Klerk et al, (2002) were of eight weeks duration. Roche's group found a reduced 

serum LDL, following the long term consumption of olive oil (P < 0.05). Sprecher 

and Pearce found a lowering of serum LDL-C (P < 0.001), following a diet
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consisting of a fibre/multi-vitamin combination. Billions et al, (2002), reported a 

fall in homocysteine following folate therapy (P < 0.001), and Klerk's group also 

found a reduced serum homocysteine following B-vitamin supplementation (P < 

0001).

Studies of six months duration, and longer, have also been documented. Poppit et a/., 

(2002), carried out a dietary intervention study of 6 months duration, and reported a 

decrease in total cholesterol (P < 0.05) in subjects consuming low-fat, high - 

carbohydrate diets. Haulrik et al., (2002) reported their findings following a 6 

months study. They found an inverse relationship between homocysteine 

concentrations and vitamin Bia intakes. In addition, they concluded that a diet high 

in protein and methionine, does not raise serum homocysteine when compared to a 

diet low in protein and methionine in overweight subjects. Sing et al., (1993) 

reported that following a diet high in fruit and vegetables and an increase in exercise 

for 6 months, a significant decrease in serum TC, LDL-C, and triglycerides was 

recorded.

In all of these studies, changes in blood profiles have been recorded resulting from 

dietary intervention, this is in contrast to the findings of the eight-hour intervention 

of the present study.
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The real objective of education is to leave a man in the condition of

continually asking questions

Bishop Creighton
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CHAPTER 11

STUDY 8 - CLINICAL TRIAL 2 

11.1 SUBJECTS AND STUDY DESIGN

Staff (n=12) 6 males and 6 females, at Llandough Hospital (S Wales) were recruited 

for this study, which took place in two separate stages, both of which were single 

blind. The subjects were screened to ensure they were not on medication or taking 

vitamin supplements. The author discussed the trial with all subjects, information 

sheets were given to each subject (Appendix 8) and consent forms (Appendix 9) 

were signed.

11.1.1 Phase 1 - Using the Modified Biscuits

Following an initial overnight fast, blood samples were taken and analysed as 

described in Chapter 10, except that lipoprotein (a), folic acid and vitamin 612 were 

also measured. These were the pre-phase 1 samples. The subjects were given 

enough biscuits to last for twenty-eight days consumed at the rate of four per day, 

and they were asked to consume two in the morning and two in the afternoon. These 

were consumed in conjuction with the subject's normal diet. Due to personal 

reasons, two withdrew from the trial. Following the twenty-eight day period, further 

blood samples were taken and analysed, these were the post-phase 1 samples.

A twenty-eight day period free of trial conditions was allowed prior to phase 2. 

During this period, samples of the biscuits were also analysed to confirm the vitamin 

profile, the results of the analysis are given in Table 11.2.
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11.1.2 Phase 2 - Using Standard Biscuits

This was as described for phase 1, with the exception that during this phase the 

standard biscuits were consumed by the subjects. Samples collected were identified 

as pre-phase 2 and post-phase 2.

11.1.3 Blood Sampling

Homocysteine, vitamins B 12 , and folic acid were analysed at the biochemistry 

department of the Royal Glamorgan Hospital, all other analysis was carried out at the 

biochemistry department of Llandough Hospital.

11.2 Blood Analysis

11.2.1 Lipoprotein (a) [Lp(a)]

Measurement of Lp(a) in serum or plasma is quite complex because of several 

factors, including variability in the size and structure of apo(a) homology (and 

thus potential cross-reactivity) with plasminogen, similarity to the apoB 

contained in LDL, and the appearance of apo(a) in both the free and lipoprotein- 

bound form (Kronenberg et al, 1996). Skewed distribution of Lp(a) levels 

towards the lower end (<10 mg.dl" 1 ), together with wide individual variability, 

requires an assay with great sensitivity that is linear over a wide range to detect 

small differences between groups or across time. In addition, measurement of 

Lp(a) has not been standardised internationally, although several working groups 

have been established throughout the world to address this issue. (Marcovina et 

al., 1995; Kronenberg et al., 1996).
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11.2.2 Vitamin B 12

The ADVIA Centaur assay was used, which is a competitive immunoassay using 

direct chemiluminescent technology in which vitamin Bi 2 from the sample competes 

with vitamin Bn labelled with acridinium ester in the Lite reagent, for a limited 

amount of intrinsic factor. The intrinsic factor is covalently coupled to paramagnetic 

particles in the solid phase. The assay uses Releasing Agent, (sodium hydroxide) and 

DTT to release the vitamin from the binding proteins in the sample, and cobinamide 

to prevent rebinding after the Solid Phase is added to the sample. The system 

automatically performs the following steps:

. The ancillary probe is washed with 100 (O.L of T3/T4/VB12 Ancillary Reagent.

• 100 jiL of sample is dispensed into a cuvette.

• 115 |oL of DTT/Releasing agent is dispensed.

• 200 [iL of Solid Phase is dispensed and incubation at 37°C for 5 minutes.

• 200 |iL of Lite Reagent is dispensed and incubation at 37°C for 2.5 minutes.

• The system separates, aspirates and washes the cuvette with reagent water.

• 300 (iL of each of Acid Reagent and Base Reagent are dispensed to initiate 

	chemoiluminescent reaction.

An inverse relationship exists between the vitamin Bi 2 in the sample and the relative 

light units (RLU's) detected by the system.

11.2.3 Folate

As with vitamin Bi 2 , the assay for folate uses direct immunoassay chemiluminescent 

technology. Folate in the sample competes with acridinium ester-labelled folate in the 

Lite Reagent for a limited amount of biotin-labelled folate binding protein. Biotin
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labelled folate binding protein binds to avidin that is covalently coupled to 

paramagnetic particles in the Solid Phase. In the ADVIA Centaur Folate assay the 

sample is pre-treated to release the folate from the endogenous binding proteins in the 

sample. The system automatically performs the following steps:

. 150 u,L of sample is dispensed into a curette. 

. 50 |^L of DTT/Releasing Agent is dispensed 

. 100 uL of Folate Binding Protein and 200 |oL of Solid phase are dispensed, and
incubated for 5 minutes at 37°C. 

. 100 uL of Lite Reagent is dispensed and incubated for a further 2.5 minutes at
37°C.

. The system separates, aspirates and washes the cuvette with reagent water 

. 300 u,L of each of Acid Reagent and Base Reagent are dispensed to initiate
chemoiluminescent reaction.

An inverse relationship exists between the folate in the sample and the relative light 

units (RLU's) detected by the system.
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Table 11.1 shows the in-batch analytical variance for all measured parameters 

(personal contact with analytical chemists at Llandough and Royal Glamorgan 

hospitals).

Table 11.1 Analytical Variances

Measured Parameter

Lipoprotein (a)

Triglycerides

HDL-C

Total Cholesterol

Glucose

Homocysteine

Folic Acid

Vitamin 612

Analytical Variance

8%

2%

5.3%

1.6%

1%

1.1%

4.8%

7%

Personal communication - biochemistry departments of both Llandough Hospital 

and The royal Glamorgan Hospital

11.3 RESULTS

Results of the final vitamin analysis of the developed biscuit are given in Table 11.2 

and results of the blood analysis are given in Tables 11.3, 11.4 and 11.5.
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Table 11.2 Final Vitamin Profile of Test Biscuit

Vitamin

B6

B 12

Folic Acid

C

Profile at Manufacture

Per 2 Biscuits

2mg

2.7^ig

347^g

55mg

%RDA

100

270

174

92

Final Profile

Per 2 Biscuits

2.58mg

2.21 ug

294 ug

56.7mg

%RDA

129

221

147

95

Table 11.3 Blood Analysis Results 1

#

1
2

3

4

5

6

7

8

9

10

Total Cholesterol 
(mmol.U 1 )

Phase 1
Pre
5.9

4.3

5.6

5.1

4.4

4.7

5.3

6.0

4.4

6.3

Post
6.0

3.7

5.5

4.4

4.3

4.6

5.0

5.05

4.8

6.0

Phase 2
Pre
6.1

4.2

4.7

4.5

4.4

4.6

4.9

5.8

5.1

5.7

Post
6.1

5.0

4.4

4.8

4.1

4.9

5.0

5.7

4.6

6.0

LDL-Cholesterol 
(mmol.U 1 )

Phase 1
Pre
3.7

2.4

3.1

2.9

1.8

2.5

3.1

3.6

2.4

4.0

Post
3.9

2.0

3.3

2.4

1.8

2.9

2.9

2.9

2.8

3.3

Phase 2
Pre
4.1

2.4

2.7

2.6

1.5

2.8

2.8

3.7

3.0

3.2

Post
4.0

2.7

2.3

2.7

2.2

3.1

2.7

3.2

2.7

3.4

HDL-Cholesterol 
(mmol.U )

Phase 1
Pre
1.52

1.17

1.84

1.35

2.38

1.67

1.74

1.66

1.33

1.72

Post
1.46

1.27

1.65

1.45

2.16

1.24

1.68

1.62

1.24

1.91

Phase 2
Pre
1.5

1.25

1.33

1.46

2.34

1.4

1.61

1.44

1.53

1.77

Post
1.66

1.42

1.62

1.51

1.96

1.39

1.85

1.59

1.37

1.73
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Table 11.4 Blood Analysis Results 2

#

1
2

3

4

5

6

7

8

9

10

Lipoprotein (a) 1st 
(rag.!/1)

Phase 1
Pre

184

160

218

171

190

174

1602

158

120

400

Post

245

91

124

96

111

83

915

286

81

288

Phase 2
Pre

251

110

162

81

158

97

1099

80

89

258

Post

344

124

158

119

79

106

1134

70

79

380

Glucose 
(mmol.1/1 )

Phase 1
Pre

5.1

5.5

5.1

4.9

4.1

5.1

4.8

4.7

4

4.9

Post

4.6

5.2

4.7

4.2

4.3

4.5

4.3

4.1

3.8

5.1

Phase 2
Pre

4.1

7.1

5.2

4.7

3.8

5.1

4.3

4.6

4

4.3

Post
4.6

4.7

4.3

4.4

4.6

4.4

3.5

4.8

3.5

4.4

Triglycerides 
(mmol.L' 1 )

Phase 1
Pre

1.5

1.7

1.5

1.9

0.4

1.2

1.0

1.7

1.4

1.2

Post

1.3

0.9

1.3

1.2

0.8

0.9

0.9

1.33

1.7

1.7

Phase 2
Pre

1.1

1.1

1.5

1.0

0.6

0.9

1.0

1.5

1.2

1.6

Post

1.0

1.9

1.0

1.4

0.6

1.0

1.0

1.9

1.1

1.9

Homocysteine 
(Hmol.1/ 1 )

Phase 1
Pre

13.7

11.4

16.2

17.1

13.7

11.9

11.7

34.0

13.3

10.2

Post

10.4

9.4

10.9

12.3

9.1

8.6

10.0

22.5

10.5

8.0

Phase 2
Pre

10.7

10.0

11.0

12.7

12.6

9.3

10.5

28.5

12.1

9.0

Post

11.4

10.4

12.0

15.3

12.9

9.9

11.5

11.5
4

12.8

9.8

Table 11.5 Blood Analysis Results 3

#

1
2

3

4

5

6

7

8

9

10

Vitamin B12 (Picograms.mT1 )

Phase 1

Pre
379

390

252

368

344

534

256

271

283

299

Post
303

452

289

538

457

553

419

296

407

415

Phase 2

Pre
250

445

267

356

359

518

260

323

352

397

Post
332

296

332

289

338

427

270

286

379

398

Folate (nanograms.mT )

Phase 1

Pre
3.8

9

2.5

2.7

4.6

5.3

t 2.8

2.4

12.3

5.1

Post
10

12.6

5.3

7.8

7.7

13.4

6.2

6.5

>24

6.7

Phase 2

Pre
8.1

10.3

3.7

7

5.3

12.1

3.4

8.2

>24

5.3

Post
4.02

5.3

5.2

7.2

4.5

8.1

2.4

3.9

22.1

3.4

Lipoprotein (a) 2nd (mg.L"1 )

Phase 1

Pre
159

146

160

164

139

196

1260

159

109

312

Post
142

79

79

79

79

79

1154

305

79

214

Phase 2

Pre
245

79

79

79

79

79

1227

79

79

216

Post
275

138

126

134

112

109

1254

79

79

312
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Figure 11.1 shows the response of lipoprotein (a) and Figure 11.2 the response of 

homocysteine to the developed biscuit. Figure 11.3 shows the response to blood 

levels of homocysteine with vitamin Bi 2 and folate.

Figure 11.1 Response of Lipoprotein (a) to Developed Biscuit

1800
Mg'L''
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D Lipoprotein - PHASE 2 Pre Q Lipoprotein - PHASE 2 Post

10

Figure 11.2 Response of Homocysteine to Developed Biscuit
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Figure 11.3 Blood Level Response of Homocysteine, Vitamin B 12 and 
Folate to Developed Biscuit

^e^™™™™^™—™^ ___»__ ~»«t»_«______^_H_.^_m__.^ _____

Hcys

El?

Hcys 

Bl?

Hcys

B12

Hcys

B12

Folate

Hcys

£>!/

Folau

Hcys

/

Hcys

a ——
**""¥

3——

= 1 ———

4sa

• Study 
0 Study 
D Study 
D Study

IPre 
1 Post 
2Pre 
2 Post

i

0 25 50 75 100 125 150 175 200 225 250 275 300 32 

Percentage Difference

I 
5

Page 221



11.3.1 Statistical Analysis of Blood Samples

For non-parametric results Wilcoxon Matched Pairs Signed Rank Tests for within 

factor (pre-post for both biscuit types) and for between factor (pre-phase 1 v's pre- 

phase 2, and post-phase 1 v's post-phase 2 for both biscuits) was used. For 

parametric results, a Two-Way Repeated Analysis of Variance was used. Table 11.6 

shows the results of the analysis.

Table 11.6 Statistical Results - Clinical Trial 2

Mod

Std

PrePost

Prepost

Pre-pre

Post-post

Parametric

Lipoprotein (a) 1

P > 0.05

P > 0.05

P < 0.05

P > 0.05

Trig's

P > 0.05

P > 0.05

P > 0.05

P > 0.05

HDL-C

P > 0.05

P > 0.05

P > 0.05

P > 0.05

Hcys.

P<0.05

P > 0.05

P < 0.05

P > 0.05

Lipoprotein (a) 2

P > 0.05

P<0.05

P < 0.05

P > 0.05

Folate

P < 0.05

P<0.05

P < 0.05

P > 0.05

Glucose

P < 0.05

P > 0.05

P > 0.05

P > 0.05

Biscuit

Biscuit x Time

Time

Non Parametric
Total Cholesterol

P > 0.05

P > 0.05

P>0.05

LDL - Cholesterol

P > 0.05

P > 0.05

P > 0.05

Vitamin B,;

P > 0.05

P > 0.05

P > 0.05

No differences were found in levels of total blood cholesterol, HDL-Cholesterol, 

LDL-Cholesterol or triglycerides following consumption of the control or modified 

biscuit. Lipoprotein(a) - the first measurements, did show a response between pre- 

pre (phases 1 and 2), where P < 0.05, but not between pre-post for either standard or 

modified biscuits. Differences were also found in lipoprotein(a) - the second 

measurements, pre and post consumption of the standard product, levels (P < 0.05),
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where the levels were higher following earlier consumption of the standard biscuit 

than following consumption of no biscuits. In addition, there was a difference in 

lipoprotein (a) between pre- consumption of modified biscuits and pre-consumption 

of standard biscuits where P < 0.05. The levels at the start of phase two are 

significantly lower than at the start of phase 1.

Serum homocysteine was significantly lower following consumption of the modified 

biscuit (P < 0.05), but showed no difference in serum levels following consumption 

of the standard biscuit (P > 0.05). Levels of homocysteine were also lower at the 

start of phase two than they were at the start of phase 1 (P < 0.05).

Blood glucose was lowered following consumption of the modified biscuit (P < 

0.05), but no differences were measured between pre-pre, post-post (phases one or 

two) or pre-post following consumption of the standard biscuit. Consumption of the 

modified biscuit therefore lowers blood glucose.

Serum folate levels were higher following consumption of the modified biscuit, and 

the difference was significant (P < 0.05). In contrast, folate levels fell significantly 

following consumption of the standard biscuit (P < 0.05).

No differences were found in levels of vitamin Bi 2 following consumption of the 

standard or modified biscuits (P > 0.05).
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11.4 Discussion

Whilst no differences were found in levels of total cholesterol, HDL-C, LDL-C or 

triglycerides, following consumption of either biscuit, differences were recorded in 

the plasma concentrations of homocysteine, glucose, and folate. Lipoprotein (a) was 

lower pre-phase 1 v's pre-phase 2 consumption of the biscuits (P < 0.05) but not 

different pre-post consumption of the modified or the standard biscuit (P > 0.05). 

The association between consumption of the modified biscuit and lipoprotein(a), as 

seen in Figures 11.1 and 11.3 warrants further research. To date, no dietary 

intervention studies have been found linking diet to reduced lipoprotein(a) levels 

(Mackinnon et al, 1997)

The lower level of serum homocysteine, following consumption of the modified 

biscuit, (P < 0.05), is consistent with the findings of earlier reports relating the effects 

of dietary folate, B$ and Bi2 on homocysteine (Venn et al., 2002a; Venn et al., 

2002b, Landgren et al, 1995; Ward et al, 1997; Willems et al, 2002; Schnyder et 

al, 2002; Clarke and Armitage, 2000). The relationship between folate and reduced 

levels of serum homocysteine is clear, and is shown clearly in figure 11.3. This 

relationship has already been identified (Landgren et al, 1995 and Ward et al, 

1997). Following consumption of the standard biscuit in phase 2 of the trial, 

increased levels of homocysteine are associated with reduced levels of folate. The 

higher level of serum folate found following consumption of the modified biscuit (P 

< 0.05) is consistent with the findings reported by Venn et al, (2002a and 2002c).

Interestingly, blood glucose levels were lower (P < 0.05) following consumption of 

the modified biscuit and this could be of interest to diabetics, and warrants further
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research. The finding is inconsistent with the findings of Luscombe et a/., (1999), 

who reported no difference in glucose metabolism following three diets, differing in 

their glycaemic index, carbohydrate and fat.

No significant differences were recorded in the levels of TC (P > 0.05), HDL-C (P > 

0.05), LDL-C (P > 0.05) or triglycerides (P > 0.05), following consumption of the 

modified biscuit. One of the limiting factors of the present study was that the 

subjects were consuming their normal daily diet in addition to the biscuits. From a 

physiological point of view this makes sense, however, it is possible that there will 

be a masking effect relating to the individuals diet. However this finding is 

inconsistent with the findings of Maki et al., (2001) who added plant sterols to their 

subjects diet and found a reductions of up to 6.6% and 8.1% in TC and LDL-C 

respectively. Their study was however of longer duration, lasting nine weeks. A 

study by van Jaarsveld et al., (2000) on the effects of palm oil on plasma LDL was 

even longer, at six months. Jaarsveld reported no difference between palm oil and 

lard in their cholesterolaemic effects. Poppit's study looked at low fat, high 

carbohydrate diets on body weight and serum lipids in their subjects, and that study 

also was of six months duration (Poppit et al., 2002), in their study, it was the whole 

diet that was controlled. Poppit reported that a low-fat high-carbohydrate diet in 

overweight individuals led to moderate weight loss and an improvement in serum 

cholesterol (P <0.05).
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An educated man should know everything about something and 

something about everything.

Dame C.V. Wedgewood
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CHAPTER 12

GENERAL DISCUSSION

12.1 Introduction

Coronary heart disease (CHD) remains one of the most common causes of death in 

the UK, accounting for over a quarter of a million deaths in 2000 (British Heart 

Foundation Statistics Database, 2002). Poor diet, in particular high consumption of 

fat and sugar-rich products are contributory factors. In addition, low intakes of fresh 

foods, especially, limit consumption of essential vitamins, e.g. folic acid (Boushey et 

al. 1995). Diet related factors such as diabetes and obesity are also powerful risk 

factors for CHD (Wong et al, 1989; Garrow, 1988).

Biscuits are typically high in both fat and sugar and have been identified as a food 

contributing to negative health (COMA, 1984). They are consumed by a large part 

of the UK population, and are popular with children and adults alike. It is 

recommended that intake of biscuits and related products should be reduced 

(Ashwell, 1993). At the same time, biscuit manufacturers are increasingly targeting 

children in their advertising campaigns.

Biscuits are therefore a good choice when determining a food type for development 

against selected risk factors associated with CHD. This study concentrated on one of 

the best selling biscuits in the UK, i.e. Jammie Dodgers, consumed by children and 

adults. The development centres on modification of the nutritional profile, reducing 

the materials that contribute to negative health (fat, sugar and salt) whilst increasing 

or adding materials that contribute to positive health (vitamins and fibre). An
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essential part of this study was the maintenance of commercial and consumer 

viability, i.e. the final product had to be produced using commercial parameters, and 

had to be acceptable to the consumer in terms of organoleptic properties.

12.2 Biscuit Development (Studies 1, 3 and 5)

This was carried out at the research and development facility at Burtons Biscuits in 

S. Wales. Reducing the materials, traditionally termed "essential", in the standard 

product was difficult. The complex interaction between these raw materials 

necessitated a large number of formulation modifications, often with complicated 

issues to address. For example, reduction in fat resulted in several undesirable 

effects such as toughening of base dough, shrinkage of final product, loss of colour 

and eating quality. Often addressing the one problem created another.

It was clear that doughs produced under laboratory conditions were significantly 

different when produced under commercial conditions. Specifically, dough water 

levels were needed to be higher in the laboratory than on plant to facilitate 

processing by hand. Plant processed doughs needed to be drier to facilitate 

extraction from the rotary moulder. Another benefit of the reduced water 

requirement on plant relates to reduced hydration of flour proteins and less water to 

remove during thermal processing in order to achieve the required moisture content 

in the final product.

12.2.1 Fat Reduction

In order to maintain a workable dough following reduction of fat, an increase in

water was needed. Fat obviously makes a significant contribution to dough
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consistency. Doughs became less short (tougher) with fat reduction and this resulted 

in product shrinkage during thermal processing. The most important function of fat 

in biscuit dough is that of preventing gluten development and therefore enhancing 

the eating quality (Lawson et al, 1981). This toughening of the dough was a result 

of the enhanced gluten development to which the extra dough water facilitated by 

hydration of flour proteins. Reduction in fat also resulted in a baking profile 

modification in order to maintain a desirable product colour, i.e. an increase in 

baking time and/or temperature. The eating characteristics of the product became 

very tough and could not be described as "melt-in-the-mouth".

To reduce this toughening effect, dilution of flour proteins by the substitution of a 

portion of the flour with heat treated flour was made. During heat treatment, the 

flour proteins are denatured and therefore unable to produce gluten. In this way, an 

original gluten forming protein content of 9% was reduced to 4.5%. In addition, the 

use of emulsifier extended the functionality of the available fat. A modification in 

the mixing parameters was also made to reduce the toughening during the mixing 

phase. The combination of these modifications contributed to the viability of the 

final product.

Reducing fat facilitated a reduction in energy, because of its energy dense material 

contributing 9 kcal per gram. An important feature of the modified product would be 

a reduction in calories.
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12.2.2 Sugar Reduction

Sugar (sucrose) is, with fat, traditionally called an essential ingredient in biscuit 

manufacture. It performs several functions, including sweetness, product spread, 

product colour and eating quality (Lawson et al, 1981). As sugar levels were 

decreased in this study, not surprisingly sweetness was reduced because the materials 

used to substitute for sugar are less sweet. Colour during thermal processing was 

reduced and the product became less palatable, it lost its desirable snap or crunch.

Like fat reduction, addressing the problems associated with sugar reduction required 

a complex combination of modifications. Sugar is a bulky raw material and simply 

removing it, or reducing it from the formulation had the effect of increasing final fat 

levels. A substitute bulking-ingredient was therefore required, and a mix of 

polydextrose and fructo-oligosaccharide was found to give the best results. Of 

importance here, was the contribution these materials made to further reducing the 

energy content of the biscuit. Polydextrose contributes 1 kcal per gram, whilst 

fructo-oligosaccharide contributes 2 kcal per gram. Sugar contributes 3.75 kcal per 

gram. The addition of both polydextrose and fructo-oligosaccharide made possible 

the removal of all the sugar in the original biscuit base. In addition, fructo- 

oligosaccharide is a pre-biotic fibre, and is reported to improve gut health (Gibson 

and Roberfroid, 1995).

Product sweetness was facilitated by the use of a heat-stable synthetic sweetener 

(Akesulfume K). Product spread and eating quality was improved by increasing the 

level of aerating agent. This had the effect of opening the structure thereby yielding 

a more palatable product. The required enhancement of surface colour was made
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possible by the addition of whey powder, which contributes the raw materials 

required for Maillard Reactions.

12.2.3 Salt Removal

The removal of sodium chloride from the formulation presented no problems with 

respect to dough or product viability. Complete removal of salt from the formulation 

was successful, however small amounts of sodium are present in the jam and flour, 

hence the small level found in the final product.

12.3 Inclusion of Vitamins

Vitamin C was added to the product because previous consumer research, by Burtons 

Biscuits, established this vitamin as the one most associated with health. Vitamins 

Be, 612 and folic acid were added because of their association with serum 

homocysteine. Homocysteine is associated with increased risk of CHD (Bender, 

1989; Selhub et al, 1983; Wald et al, 2002 and Morrison et al., 1996). Modification 

of the standard biscuit to deliver these materials in order to reduce serum 

homocysteine was a fundamental aim of this study. In a recent report by Wald 

(2002) an increase in intake of folic acid by 0.3g was reported to achieve a decrease 

in serum homocysteine of 3 jimol.L" 1 , which would result in a reduced risk of 

ischaemic heart disease by 16%. This level of folic acid is greater than the level used 

in this study.

Vitamin C is very heat sensitive, and is known to degrade during thermal processing. 

It was therefore necessary to use an encapsulated form in order to offer protection 

during this phase of processing. Difficulty was encountered in establishing levels for
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addition to the base dough that would deliver the required dosage on consumption of 

the biscuits. Specifically, folic acid was found to be remarkably heat stable. The 

very low levels needed for the commercial trials necessitated careful handling on 

plant, particularly ensuring even distribution during the limited mixing phase. This 

distribution was made possible by adding the vitamins during phase 1 of the mixing 

process.

12.4 Plant Trials

12.4.1 Plant Trial 1 (Study 2)

Converting the information gathered in the laboratory to a commercial set of 

parameters was not straightforward. Development in the laboratory was completed 

by hand. In this way, softer doughs than could be processed on plant had to be used. 

This gave misleading information, e.g. the extra water needed to produce the softer 

doughs itself gave misleading results due to increased hydration. In addition, the 

relative gentle action of hand processing compared to the high forces encountered 

during rotary moulding, allowed the processing of doughs that could not be 

processed under commercial conditions. However, laboratory based development 

did confirm associations between ingredients that proved invaluable, for example, 

the relationship between dough water and fat levels.

The first commercial trial produced a product which was unacceptable to the 

consumer and manufacturer. From the manufacturer's viewpoint, dough that does 

not rotary mould efficiently is not commercially viable. Wastage of 20% is 

unsustainable, and would increase the final cost of the product significantly. In- 

weights were not achieved due to the tearing at the rotary moulder. Product colour
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and eating quality were unacceptable as shown by the consumer tests. The product 

was exceptionally hard, as highlighted in Tables 5.7 and 5.8, the product was found 

to be significantly harder then the original and was rejected.

In addition, it was following this trial that it became evident the addition of folic acid 

was far in excess of that required, at 1,138% the RDA. Never the less, this plant trial 

highlighted the major problems with taking a formulation from the laboratory and 

scaling up to run at high speed using sophisticated and unforgiving equipment.

12.4.2 Plant Trial 2 (Study 4)

Following substantial further development in the laboratory to reduce product 

hardness, another plant trial was attempted. Increased levels of aerating agents 

proved successful in the laboratory and confidence was high. However due to time 

and cost constraints only one dough was attempted. This was too soft, even allowing 

for reduced water. The result was toughening of the dough and poor extraction from 

the rotary moulder.

Surface colour was again very pale and unacceptable and focus would be given to 

this problem during subsequent development in the laboratory. Another consumer 

test at this stage was thought to be inappropriate. The black spots found on the 

product's surface was investigated in the laboratory, and found to be caused by the 

encapsulating material of the vitamin C, which was due to a poor batch delivered by 

the supplier.
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12.4.3 Plant Trial 3 (Study 6)

Manipulation of whey powder gave the desired effect with regard to surface colour. 

Plant trial number three was better. Though the dough was dry and crumbly it rotary 

moulded well giving good extraction. In-weights were quickly achieved due to the 

improved extraction. No tearing of the bases was evident. Final product parameters 

were in place, including bulk and moisture levels. Jamming was also successful.

This product was collected for further analysis to confirm vitamin content and 

nutritional profile, consumer test, and clinical trials to assess product effectiveness at 

reducing selected risk factors for CHD.

Analysis of the product showed desired levels of all vitamins (see Table 9.4). In 

addition, a reduction in energy from 448kcal per lOOg to 396kcal per lOOg was 

achieved. Even with standard jam (a requirement of the company) the total sugar 

content was reduced from 32.5% to 22.5%. This sugar comes from the jam only, as 

the sugar in the base biscuit had been completely removed. Total fat was reduced 

from 16.7% to 7% and sodium was halved, from 0.2% to 0.1%.

12.5 Sensory Evaluation

Initial sensory evaluation was carried out using adults (N = 40) and children (N = 

35). They rejected the product, it was not viable. Following further development of 

the product, a second consumer test was carried out at the University of Glamorgan 

using students (n=25). A copy of the questionnaire used in both assessments is given 

in Appendix 4. The participants, who ranked both products positively, accepted the 

developed product. The product produced on the third plant trial (Study 6),
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confirmed viability of the product in terms of manufacturing criteria and consumer 

acceptability.

12.6 Clinical Trials (Study 7)

12.6.1 Clinical Trial 1

This trial resulted in no differences in any of the blood parameters assessed, i.e. total 

cholesterol, HDL-cholesterol, LDL-cholesterol, glucose or homocysteine. It is 

believed the duration of this trial was too short, as evidenced by the number of earlier 

reports cited using dietary intervention, and that a future trial should last in excess of 

a week.

12.6.2 Clinical Trial 2

Some very interesting results were noted. In particular the reduction in both serum 

homocysteine, and the changes associated with lipoprotein(a), following 

consumption of the developed biscuit. The drop in lipoprotein(a) will form the basis 

of further research. The reduction in serum homocysteine is consistent with increased 

intake of folate, B6 and & n (Morrison et al, 1996 The recent report by Wald et al, 

(2002) highlighting the causal link between homocysteine and heart disease, makes 

the findings in this study significant.
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If a man keeps cherishing his old knowledge, so as continually to be 
acquiring new, he may be a teacher of others.

Confucius
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CHAPTER 13 

CONCLUSIONS

. The relationship between the raw materials used in the manufacture of 

commercially produced biscuits is complex. Manipulating the level of one 

ingredient often necessitated a manipulation of at least one other. For example 

reducing fat in the formulation not only affected dough rheology, but also 

product spread, bulk, colour and structure. Manipulation of a range of 

ingredients was required to return these qualities to the desired levels. An 

increase in water to manipulate dough consistency and aerating agent levels to 

maintain bulk, are just two examples of such manipulations.

. One of the most challenging aspects of this research was maintaining desired 

rheological properties of the dough and organoleptic properties of the final 

product, in order to retain product viability.

• Test bake modifications to the formulation of the standard product resulted in a 

58.1% reduction in fat as measured in the final product, i.e. 16.7g per lOOg in 

standard product reduced to 7g per lOOg in the modified product. The level of 

saturated fat is also reduced by 58.1%, from 7.4g to 3.1g per lOOg of product.

• A combination of modifications was needed to facilitate the reduction in fat, 

specifically modification of the mixing process, dilution of flour proteins 

available for gluten development and the use of an emulsifying agent. This 

reduction in fat is significant in terms of commercial biscuit manufacturing,
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particularly with respect to dough rheology and organoleptic properties of the 

final product. Both of these qualities impact on product viability.

. A significant reduction in sugar was also achieved. All of the sugar was removed 

from the dough formulation so that the only remaining sugar was contributed by 

the jam. The standard product contains 32.5g per lOOg of product while the 

modified product contains 22.5g, a reduction of 31%.

. Blending polydextrose and fructo-oligosaccharide facilitated this reduction whilst 

maintaining dough and product viability.

• Loss of surface colour during baking, resulting from the reduced fat and sugar in 

the formulation, was compensated by the increased levels of whey powder added 

to the modified formulation. Whey powder contributes both reducing sugars and 

free amino acids, which take part in Maillard reactions during baking. These 

reactions are mainly responsible for the browning of thermally processed foods. 

However whey powder contains lactose, the product may therefore be unsuitable 

for people who are lactose intolerant.

• A reduction in energy of 13.6% was achieved in the developed product. This 

reduction was limited again by the fact that the jam could not be modified.

• The energy reduction resulted from the reduction in fat and sugar, together with 

the use of lower energy substitutes, i.e. polydextrose and fructo-oligosaccharide.
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. Product flavour, i.e. sweetness was made acceptable by the use of a bake-stable 

artificial sweetener, i.e. Akesulfume K.

. Sodium levels were reduced by 50% in the modified product. All salt (sodium 

chloride) was removed form the formulation, however small amounts are found 

in flour and the jam.

. Dough consistency measurements gave valuable information relating to the 

process potential of the dough. Reducing fat resulted in doughs being drier and 

harder than the high fat equivalents. Simply increasing dough water to 

compensate for this drying affect had little application due to the toughening of 

the flour proteins during mixing. However, as fat was reduced, an increase in 

dough water was required to facilitate processing of the dough.

• Vitamin C (ascorbic acid) was successfully used in an encapsulated form. This 

was necessary to protect the vitamin during the baking phase, as this vitamin is 

heat sensitive and degrades when subjected to the temperatures used during the 

baking of the product.

• Vitamins Be, 612 and folate were added without problems, though the stage of 

addition is important to ensure complete and even dispersal through the dough.

• The vitamin profile of the product at the time of manufacture was excellent, i.e. 

per 2 biscuits consumed daily, 2mg (100% RDA) was achieved for vitamin B6 ,

Page 239



2.7 Jig (270% RDA) for vitamin Bi 2 , 347 |j,g (174% RDA) for folic acid and 

55mg (92% RDA) for vitamin C.

. The vitamin profile measured at the time of clinical trial 2 was also excellent, i.e. 

2.58mg (129% RDA) was achieved for vitamin B6 , 2.21 |ig (221% RDA) for 

vitamin Bi 2, 294jig (147% RDA) for folic acid and 56.7mg (95% RDA) for 

vitamin C. The differences in profiles is explained by the precision error of the 

analysis, i.e. for vitamin B6 this is ±25%, for B i2 +40%, for folic acid ±25% and 

for vitamin C ±10%

• Test bakery formulations need slight modification before they can be used on 

commercial plant, i.e. dough consistency needs to be tighter. This necessitates a 

reduction in dough water to enable processing at the high speeds associated with 

commercial production.

• Hand processing of biscuit doughs in the test bakery masks the effects of the 

pressures the dough is subjected to on plant. This is particularly important with 

reference to product structure and eating quality. Rotary moulding of the 

modified effectively "squeezes" the dough. The result is a denser product, 

having less of the melt-in-the-mouth eating quality, which is associated with high 

fat products.

• Consumers of biscuit products are unforgiving, they reject products which do not 

deliver the desired organoleptic properties associated with that type of product. 

The biscuits produced from the first plant trial were not acceptable to the
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participants of the consumer test. Both adults and children were very critical of 

the eating quality and flavour associated with the modified product. Results of 

the test clearly showed the initial modified product to be statistically different to 

the standard product.

. The level of aerating agent proved crucial in modifying the eating quality by 

opening up the structure initially closed down by the high pressures encountered 

at the rotary moulder. An open structure has been shown to be essential in this 

low moisture low fat and sugar product.

. Product improvements subsequent to the first plant trial were significant. Eating 

quality, flavour, bulk, and texture all had been improved via much formulation 

modification in the test bakery, prior the third and final plant trial.

• The second consumer trials showed that there was no difference between the 

standard and modified product.

• Consumption of the modified product over an 8-hour period did not result in 

reduced serum triglycerides, glucose, cholesterol or homocysteine. Clearly, an 

extended time period was needed.

• Consumption of the modified product over a 1-month period did show results. 

Whilst there were no reductions in triglycerides, TC, HDL-Cholesterol, and 

LDL-Cholesterol, there were reductions in homocysteine and glucose. In 

addition an association was seen between consumption of the modified biscuit
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and lipoprotein (a). Whilst the reasons for this association are not understood at 

this time, it will form the basis of further research later. The reduction in 

homocysteine is related to the modified product's delivery of vitamins B6, Bi 2 

and folate, as evidenced by previous research already cited.

. In addition to the measured reduction of homocysteine following consumption of 

the modified product, there was an increase in serum levels of folate. 

Unfortunately vitamin B6 could not be measured due to insufficient samples and 

the freeze-thawing of the samples necessitated during other analysis.

. The period of one month consuming no trial biscuits and then one-month 

consuming standard biscuits resulted in both a fall in serum levels of vitamin Bi2 

and folate, and a rise in serum homocysteine (Figure 10.3). This result supports 

the observation that it is the consumption of the modified biscuits and the 

vitamins they contain, which are responsible for the drop in serum homocysteine.

Therefore, consumer and manufacturing acceptability of a nutritionally modified 

product, based on a very successful, short dough product, has been successfully 

achieved as part of this study. Fat, sugar and salt have been removed or 

significantly reduced from the formulation, and vitamins and pre-biotic fibre added 

to produce a functional product designed to reduce heart disease. The successful 

production of the modified product under strictly commercial conditions, in 

conjunction with consumer acceptability trials have proven to be viable.

Consumption of the product over a one-day period did not result in a decrease in the

levels of serum levels of triglycerides, cholesterol of homocysteine. Clearly an
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extended period was required. However, a one-month period did result in a fall of 

serum homocysteine, glucose and lipoprotein (a), with no changes in cholesterol or 

triglycerides. The reason for the fall in lipoprotein (a) is yet to be established, but the 

fall in levels of homocysteine is consistent with the rise in serum levels of folate 

following consumption of the modified biscuit.
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Education is what survives when what has been learnt has been
forgotten.

B.F. Skinner
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CHAPTER 14

RECOMMENDATIONS FOR FUTURE RESEARCH

The design of an extended clinical trial using subjects with elevated levels of 

serum homocysteine.

Establish a link between serum levels of lipoprotein (a) and the modified biscuit, 

specifically to identify the component(s) of the product which influence serum 

levels.

Apply the technical and formulation modifications established in this study to a 

wider spectrum of products consumed by large numbers of consumers, and 

traditionally associated with poor health.

Remove whey powder from the formulation, making the product suitable for 

people who suffer with lactose intolerance.

Monitor the glucose insulin response following consumption of the modified 

product, and modify as necessary to facilitate safe consumption by diabetics

Launch the product!
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Appendix 1 - Ingredient Specification

Fat

This is 100% palm oil, votated on site to create the correct crystal size, thus 

improving its ability to shorten gluten (it's primary role). It contains no trans fatty 

acids, is not hydrogenated but is made up of 50% saturated fatty acids. This is the 

only fat used by the company at the Llantarnam site in South Wales

Chemical Analysis

Moisture Content
FFA (as oleic)
Peroxide Value

Rancimat Stability

Colour (5V4" cell Lovibond)

Iodine Value
Pulse NMR Solids

N20
N30
N35
N40

0.1% max
0.1% max

1 .0 meq/kg max
10 hours min at 120°C
Target Red 3 Limit 4 

Target Yellow 30 Limit 40

50-56

18-30
5-13
3-7

4 max

Physical Analysis

Appearance

Odour

Flavour

Clear and bright, pale straw colour when melted

Odourless, free from rancid and foreign odours

Bland, free form rancid and foreign flavours
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Sugar

Chemical Analysis

Conductivity Ash

Reducing Sugars

Loss on Drying

Sulphur Dioxide

Lead

Arsenic

Copper

0.02% max

0.04% max

0.04% max

12mg/kgmax

0.5mg/kg max

1 .Omg/kg max

2.0mg/kg max

Physical Analysis

Solution Colour

Insoluble Matter

Screening

32 ICUMSA units

Typically 5-10mg/kg

Particle Size:
- above 2 mm - 0.5% max
- between 2.0 mm - 1 mm - 2% max
- below 0.25 mm - less than 8%

Glucose Syrup (derived from wheat starch) 

Chemical Analysis

Dextrose Equivalent

Colour Optical Density

PH

60-66%

< 2.0 units

4-6

Physical Analysis

Solids Content (Refractometer) 75-77% BRIX
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Hour

Chemical Analysis

Moisture % 
(90 minutes @ 130°C)

Protein % 
(N x 5.7 DUMAS)

Farinograph Water Absorption 
(600 B U Line unsalted, motor speed approx. 

63 rpm)
Starch Damage % 

(Farrand)

Min

14

8.2

49.5

Target

14.5

9.2

52.5

14

Max

15

10.2

55.5

18

Physical Analysis

Brabender Extensograph Extensibility
Resistance

Min
13

100

Max
20

250
Farinograph 500 B U line, 2% salt, motor speed approx. 63 rpm

Colour Grade

Hagberg Falling Number
(7g/25ml)

Normal Harvest
Poor Harvest

100

4.5
7.0

Heat Treated Flour

Chemical Analysis

Protein (N x 5.7)
Moisture

Grade Value(KJ + M units)

9.0% ± 1.0%
14.0% ±1.0%

5.5 + 2.2

Physical Analysis

Appearance

Odour

Flavour
Amylograph Viscosity BU 
60g/450 ml

Free flowing white powder

Free from taints

Bland faint cereal taste

Min 850
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Salt

Chemical Analysis

Moisture
Sodium Sulphate

Sodium Carbonate
Calcium

Iron
Copper

Magnesium
Lead

Arsenic
Anti-caking agent

Assay

0.1%asH20
0.1% asNa2SO4
0.1%asNa2CO3
25mg/kg as Ca
5mg/kg as Fe

0.2mg/kg as Cu
1 mg/kg as Mg
0.2mg/kg as Pb
0.1 mg/kg as As

15mg/kg as Na2Fe(CN)6
99.9% min as NaCl

Physical Analysis

Bulk Density

Sieve Analysis

1.22-1.32gcnV3

100% passes through a 1400 micron sieve

Max 8% retained on a 850 micron sieve

Max 56% retained on a 425 micron sieve

Max 9 1 % retained on a 300 micron sieve
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Sodium Hydrogen Carbonate (Sodium Bicarbonate) - Aerating Agent

Chemical Analysis

Sodium Bicarbonate (as Na HCO3)

Arsenic

Heavy Metals as Lead

Copper

Iron

Sodium Chloride

Sodium Sulphate

Tri Calcium Phosphate

Ash

99.0% min

2mg/kg max

lOmg/kg max

Img/kg max

20mg/kg max

150mg/kg max as C\2

150mg/kg max as SO4

0.5%

63%

Physical (Sieve) Analysis

Retained on 250 micron sieve

Retained on 125 micron sieve

Retained on 63 micron sieve

Pass through a 63 micron sieve

0.2% max

2% max

25% max

72.8% min
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Whey Powder

Chemical Analysis

Free Moisture

Fat

Sodium Chloride

PH

Lipase Activity

4% max

1.5% max

3.0% max

5.6 min (10% solution)

Absent

Physical Analysis

Appearance And Colour

Bulk Density

Scorched Particles

Solubility Index

Particle Size

Creamy White

0.65-0.8g/ml

DiskB

0.1-0.3
80% retained on a 75 micron 

sieve min

Microbial Analysis

Total Viable Count

Enterobacteriacae

EColi

Yeasts

Moulds
Coagulase positive 

Staphyolocci
Salmonella

Limit Reject

< 50,000/g

<10/g

Abs

< 100/g

< 100/g

100/g

Absent in 25g
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Disodium Dihydrogen Diphosphate - Aerating Agent

Chemical Analysis

Disodium Pyrophosphate
Fillers (Wheatflour and Gypsum)

Salt

65%
25%
10%

Physical Analysis

Disodium Pyrophosphate
Wheatflour

Gypsum
Salt

80% < 75 micron

95% < 150 micron
98% < 75 micron

66% < 180 micron

Ammonium Bicarbonate - Aerating Agent

Chemical Analysis

Assay

Arsenic

Iron

Heavy Metals

Chloride

Sulphate

Basic Magnesium Carbonate

99% minimum based on NHs content

1 ppm max

10 ppm max

10 ppm max

Typically not detected

Typically not detected

0.5-1.0%

Physical Analysis

Appearance

Odour

Fine, white crystalline solid

Slightly ammomiacal
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Appendix 2 Recipe Modifications - Study 1

Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Sodium Stearoyl-2- Lactylate
Wheat Starch
Polydextrose

Fructo-oligosaccharide
Acesulfume K

Proteolytic Enzyme
Baking Temperature (°C)

Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Sodium Stearoyl-2- Lactylate
Wheat Starch
Polydextrose

Fructo-oligosaccharide
Acesulfume K

Proteolytic Enzyme
Baking Temperature (°C)

Control
120
95
5

57
2

1.8
1
3

33
6.5
350

-
-
-
-
-
-
-

195

F3
100
95
5
-

2
1.8

1
3

40
6.5
350

-
-
-
-
-
-
-

195

FO
120
95
5
-

2
1.8

1
3

33
6

350
-
-
-
-
-
-
-

195

F4
100
95
5
-

2
1.8

1
3

40
6.5
350

3
-
-
-
-
-
-

195

Fl
110
95
5
-

2
1.8

1
3

33
6

350
-
-
-
-
-
-
-

195

F5
100
95
5
-

2
1.8

1
3

40
6.5
350
2.5

-
-
-
-
-
-

195

F2
100
95
5
-

2
1.8

1
3

33
6

350
-
-
-
-
-
-
-

195

F6
100
95
5
-

2
1.8

1
3

40
6.5
350
2
-
-
-
-
-
-

195
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Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Vanilla Flavour
Sodium Stearoyl-2- Lactylate

Wheat Starch
Polydextrose

Fructo-oligosaccharide
Acesulfume K

Proteolytic Enzyme
Baking Temperature (°C)

F7
100
95
5
-

2
1.8

1
3

40
6.5
350

r: """.:"l.S"""

-
-
-
-
-
-
-

195

F8
100
95
5
-

2
1.8
1
3

40
6.5
350
1.75

-
-
-
-
-
-
-

195

F9
100
95
5
-

2
1.8

1
3

40
6.5
350

2
1
-
-
-
-
-
-

195

F10
100
95
5
-

2
1.8

1
3

40
6.5
350
2

6.6
-
-
-
-
-
-

195

Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Vanilla Flavour
Sodium Stearoyl-2- Lactylate

Wheat Starch
Polydextrose

Fructo-oligosaccharide
Acesulfume K

Proteolytic Enzyme
Baking Temperature (°C)

Fll
90
95
5
-

2
1.8

1
3

40
6.5
350

2
0.6

-
-
-

-
-
-

195

F12
90
95
5
-

2
1.8

1
3

45
6.5
350

2
0.6

-
-
-
-
-

-

195

90
95
5
-

2
1.8

1
3

45
6.5
350

2
0.6

-
-
-
-
-
-

195

F14
80
95
5
-

2
1.8

1
3

45
6.5
350

2
0.6

-
-
-
-
-
-

195
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F15
80

95

5
-

2

1.8

1

3

45

6.5

350

2

0.6
-

-

-

-

-

-

200

F16
80

95

5
-

2

1.8

1

3

50

6.5

350

2

0.6
-

-

-

-

-

-

200

iffinsiiHifiiiiiiiii
80

95

5
-

2

1.8

1

3

50

6.5

350

2

0.6
-

-

-

-

-

-

200

F18
70

95

5
-

2

1.8

1

3

50

6.5

350

2

0.6
-

-

-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F19
70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

I • iiiiiiiggii^pii^iiiigiiP
70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F23
70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

F24
70

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

F25
60

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

F26
60

95

5
-

2

1.8

1

3

55

6.5

315

2

0.6
-

35
-

-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F27
50
95

5
-

2

1.8

1

3

55

6.5

315
T

0.6
-

35
-

-

-

-

200

F28
50

95

5
-

2

1.8

1

3

55

6.5

280
">

0.6
-

70
-

-

-

-

200

F29
50

95

5
-

2

1.8

1

3

55

6.5

280

2

O6
-

70

-

200

50

95

5
-

2

1.8

1

3

55

6.5

280

-

0.6

70

*""
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F31
50

95

5
-

2

1.8

1

3

55

6.5

350

2

0.6
-

-

-

-

-

-

200

F32
50

95

5
-

2

1.8

1

3

60

6.5

245

2

0.6
-

105
-

-

-

-

200

F33
50

95

5
-

2

1.8

1

3

60

6.5

245

2

0.6
-

105
-

-

-

-

200

F34
50

95

5
-

2

1.8

1

3

60

6.5

210

2

0.6
-

140
-

-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F35
50

95

5
-

2

1.8

1

3

60

6.5

210

2

0.6
-

140
-

-

-

-

200

F36
50

95

5
-

2

1.8

1

3

60

6.5

210

2

0.6
-

140
-

-

-

-

200

F37
40

95

5
-

2

1.8

1

3

60

6.5

210

2

0.6
-

140
-

-

-

-

200

i|l??":''F38"-'"™""

40

95

5
-

i

1.8

1

3

60

6.5

210

2

0.6
-

140
-

-

-

-

200
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Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Vanilla Flavour
Sodium Stearoyl-2- Lactylate

Wheat Starch
Polydextrose

Fructo-oligosaccharide
Acesulfume K

Proteolytic Enzyme
Baking Temperature (°C)

F39
40
95
5
-

2
1.8

1
3

65
6.5
210

2
0.6

-

140
-
-
-
-

200

F40
40
95
5
-

2
1.8

1
3

65
6.5
175

2
0.6

-

175
-
-
-
-

200

F41
30
95
5
-

2
1.8

1
3

65
6.5
175
2

0.6
-

175
-
-
-
-

200

F42
30
95
5
-

2
1.8

1
3

70
6.5
175

2
0.6

-

175
-
-
-
-

200

Ingredients
Fat

Sugar
Whey Powder
Biscuit Crumb

Salt
Sodium Bicarbonate

Disodium Diphosphate
Ammonium Bicarbonate

Water
Liquid Glucose

Flour
Lecithin

Vanilla Flavour
Sodium Stearoyl-2- Lactylate

Wheat Starch
Polydextrose

Fructo-oligosaccharide

Acesulfume K
Proteolytic Enzyme

Baking Temperature (°C)

F43
30
95
5
-

2
1.8

1
3

65
6.5
140
2

0.6
-

210
-
-
-
-

200

F44
30
95
5
-

2
1.8

1
3

70
6.5
140
2

0.6
-

210
-
-
-
-

200

F45
30
95
5
-

2
1.8

1
3.3
70
6.5
140
2

0.6
-

210
-
-
-
-

200

F46
35
95
5
-

2
1.8

1
3.3
70
6.5
175
2

0.6

175
~

~

200
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F47
37.5

95

5
-

2

1.8

1

3.3

70

6.5

175

2

0.6
-

175
-

-

-

-

200

F48
40

95

5
-

2

1.8

1

3

70

6.5

175

2

0.6
-

175
-

-

-

-

200

F49
40

95

5
-

2

1.8

1

3

70

6.5

175

2

0.6

0.64
175

-

-

-

-

200

F50
40

95

5
-

2

1.8

1

3.3

75
6.5

175

2

0.6
0.64

175
-

-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F51
37.5

95

5
-

2

1.8

1

3

75

6.5

175

2

0.6

2

175
-

-

-

-

200

F52
40

95

5
-

2

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

0.175

200

F53
40

95

5
-
^>

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

0.35

200

F54
40

95

5
-

2

1.8

1

3

75

6.5

175

2

0.6
-

175
~

-

~

0.525

200
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

F55
37.5

95

5
-

2

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

0.7

200

F56
40

95

5
-

2

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

0.7

200

SA1
40

95

5
-

1.5

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

-

200

SA2
40

95

5
-

1
1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

SA3
40

95

5
-

0.5

1.8

1

3

75

6.5

175

2

0.6
-

175
-

-

-

-

200

SA4
40

95

5
-

-

1.8

1

3

75

6.5

175

2
0.6

-

175
-

-

-

-

200

SA5
40

95

5
-

-

1.8

1

3

70
6.5

175

2

0.6
-

175
-

-

-

-

200

SA6
40

95

5
-

-

1.8

1

3

70

6.5

175

3

0.6
-

175
~

-

~

~

200
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

suo
40

95

5
-

-

1.8

1

3

70
-

175

3

0.6
-

175
-

-

-

-

200

SU1
40

95

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175
-

-

-

-

200

SU2
40

85

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

10
-

-

-

200

SU3
40

75

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

20
-

-

-

200

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

SU4
40

75

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

20
-

-

-

205

SU5
40

65
10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

30
-
-
-

205

SU6
40

55
10
-
-

1.8

1

3

70
-

175

3

0.6
-

175

40
-

-

-

205

SU7
40

55

10
-

-

1.8

1

3

70

175

3

0.6

175

40

0.2

205
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

SU8
40

45
10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

50
-

0.2
-

205

SU9
40

45

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

30
-

0.2
-

210

SU10
40

45

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

50
-

0.4
-

210

sun
40

35
10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

60
-

0.4
-

210

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

SU12
40

25

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

70
-

0.4
-

210

SU13
40

25

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

65

5

0.4
-

210

SU14
40

25

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

65

5

0.4
-

215

SU15
40

15

10
-

-

1.8

1

3

70
-

175

3

0.6
"

175

75

5

0.4

215
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Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (oC)

Ingredients
Fat

Sugar

Whey Powder

Biscuit Crumb

Salt

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Liquid Glucose

Flour

Lecithin

Vanilla Flavour

Sodium Stearoyl-2- Lactylate

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

SU16
40

15

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

70

10

0.6
-

215

SU20
40
-

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

80
15

0.8
-

215

SU17
40

5

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

80

10

0.6
-

215

SU18
40

5

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

75

15

0.6
-

215

SU19
40

5

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

75

15

0.8
-

215

SU21
40

-

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

90
15

0.8
-

215

SU22
40

-

10
-

-

1.8

1

3

70
-

175

3

0.6
-

175

90

20

0.8
-

215
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APPENDIX 3

CALCULATION OF ADDITION LEVELS OF VITAMINS B6, B 12 , C 
AND FOLIC ACID.

The RDA' s for the above are;

Vitamin Be = 2mg (milligrams) day"'

Vitamin Bi 2 = Ijig (microgram) day"'

Vitamin C =60 mg day "'

Folic Acid = 200 jig day ~ 1

The aim of this development was to deliver the full RDA's per serving (1 serving = 2 

complete biscuits). Each biscuit (top and bottom) is made from 16.06g of dough, 

therefore 2 complete biscuits (1 serving) = 32.12g of dough. For scale up purposes 

the calculation was done using 400g of dough (400kg on plant). 400g of dough 

yields 12.4533 servings. Therefore, the theoretical addition of the active ingredients 

to 400g of dough is

B5 = 12.4533 x 2 mg = 24.9 mg

B 12 = 12.4533 x l|lg = 12.4533 ^g

C = 12.4533 X 60 mg =747.2 mg

Folic Acid = 12.4533 x 200 |ig = 2490.66 (ig
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However, These materials are not supplied pure, but are mixed with a carrier (starch) 

to aid accurate weighing. Thus,

Vitamin B6 delivered is 81% active (19% carrier)

Vitamin 612 delivered is 0.1% active (99.9% carrier)

Vitamin C 50% active (50% encapsulating material - hydrogenated fat)

Folic Acid is 10% active (90% carrier)

Therefore, when calculating the amounts required per formulation these figures 

needed to be considered. Thus taking into account the overage required the final 

calculated quantities were;

VITAMIN B6

24.9 mg, overage was 70%, therefore 42.33g required, but activity was only 81%, so 

that the final calculated figure was 42.33/81 x 100 = 52.26mg. This figure was 

rounded to 52.3mg for test bake mixes and for plant trial lit was rounded to 55g.

VITAMIN B 12

12.4533 ^ig, overage is 100%, therefore 24.91 (ig is required, but activity is only 

0.1% so that the final calculated figure was 24910 ug (0.0249g or 24.91 mg). This 

figure was rounded to 0.025g for test bake mixes and for plant it was rounded to 28g
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VITAMIN C

747.2 mg, overage is 30% therefore 971.36 mg was required, but activity was only 

50% because the material is encapsulated. The final figure was 1942.72jig (1.94g) 

for test bake mixes. For plant trial 1 it was rounded to 2kg.

FOLIC ACID

2490.66 |ig, coverage is 100% therefore 4981.32 |U.g was required, but activity was 

only 10% therefore the final calculated figure was 49813.2 (ig (0.04981g or 49.81 

mg) for test bake mixes. For plant trial lit was rounded up to 55g.

The round-up figures for plant were to allow for weighing inaccuracies of other raw 

materials during normal production runs.
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APPENDIX 4

QUESTIONNAIRE USED ON SENSORY EVALUATION

SENSORY EVALUATION OF BISCUITS

Sample: Jam Biscuit 567 Assessor No

Name: ____________ Date: ___

Please taste the samples and score each product using the Hedonic 
Scale by ringing the score that most closely matches your 
assessment of the product

12345 6789
Dislike Dislike Dislike Dislike Neither Like Like Like Like Like

Very Much A Lot Slightly Nor Dislike Slightly A Lot Very Much

Please state your reasons for evaluation
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APPENDIX 5 RECIPE MODIFICATIONS - Study 3

Ingredients
Fat

Whey Powder

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (oC)

SU22
40

10

1.8

1

3

70

175

3

0.6

175

90

20

0.6

215

AA1
40

10
-

-

3

70

175

3

0.6

175

80

10

0.6

215

AA2
40

10
-

-
<::;:::.::X|£: ,-<:,::;„< :^

70

175

3

0.6

175

75

15

0.6

215

AA3
40

10
-

-
i::S:*: ~ ai' ::: 5

70
175

3

0.6

175

75

15

0.8

215

Ingredients
Fat

Whey Powder

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Proteolytic Enzyme

Baking Temperature (°C)

AA4
40

10
-

-

6

70

175

3

0.6

175

90

20

0.8
-

215

AA5
40

10
-

-

7

70

175

3

0.6

175

90

20

0.8
-

215

AA6
40

10
-

-

8

70

175

3

0.6

175

90

20

0.8
-

215

AA7
40

10
-

-

9

70

175

3

0.6

175

90

20

0.8
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Ingredients
Fat

Whey Powder

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (oC)

AA8
40

10
-

-

9

70

175

3

0.6

175

90

20

0.8

215

AS1
40

10
-

-

8

70

175

3

0.6

175

80

10

0.7

215

AS2
40

10
-

-

8

70

175

3

0.6

175

75

15

0.6

215

AS3
40

10
-

-

8

70

175

3

0.6

175

75

15

0.5

215

Ingredients
Fat

Whey Powder

Sodium Bicarbonate

Disodium Diphosphate

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (°C)

AS4
40

10
-

-

8

70

175

3

0.6

175

90

20

0.4

215

ASS
40

10
-

-

8

70

175

3

0.6

175

90

20

0.3
215
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APPENDIX 6 RECIPE MODIFICATIONS - Study 5

Ingredients
Fat

Whey Powder

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (°C)

AS4
40

10

8

70

175

3

0.6

175

90

20

0.4

215

CC1
40

12

8

70

175

3

0.6

175

90

20

0.4

215

CC2
40

14

8

70

175

3

0.6

175

90

20

0.4

215

CC3
40

16

8

70

175

3

0.6

175

90

20

0.4

215

Ingredients
Fat

Whey Powder

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (°C)

Ingredients
Fat

Whey Powder

Ammonium Bicarbonate

Water

Flour

Lecithin

Vanilla Flavour

Wheat Starch

Polydextrose

Fructo-oligosaccharide

Acesulfume K

Baking Temperature (°C)

CC4
40

18

8
70

175

3

0.6

175

90

20

0.4

215

Wl
40

20

8

65

175

3

0.6

175

90

20

0.4

215

CCS
40

20

8

70

175

3

0.6

175

90

20

0.4

215

W2
40

20

8

60

175

3

0.6

175

90

20

0.4

215

W3
40

20

8

55

175

3

0.6

175

90

20

0.4

215

W4
40

20

8

50

175

3

0.6

175

90

20

0.4

215
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APPENDIX 7 CLINICAL TRIAL 1 BISCUIT CALCULATIONS

STD BISCUIT = 83.5kcal FUNCTIONAL = 70.8kcal PER BISCUIT 

Calculations based on 20% extra allowed for walking activities

No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

7.5

Age

30

23

22

18

19

21

18

18

19

18

20

22

22

23

22

21

22

20

22

22

21

22

21

22

Body Weight
(kg)

75

57.5

59.5

80

89

104.5

82

50.5

86

120.5

70

88

85.5

60

52

65.5

84

64.5

69

108

81.5

82

53

75

GROUP 
A = Standard B = Functional

A

A

B

A

B

A

B

A

B

B

B

A

A

B

A

B

B

B

A

A

B

A

B

A

Number of 
standard biscuits

7.75

6.5

-

9.25

-

11

-

6

-

-

-

9.75

9.5

-

6.25

-

-

-

7.25

11

-

9.25

-

8.75

Number of 
functional biscuits

-

-

7.75

-

10.25

•

11

-

11.25

12.75

9.75

-

-

9.5

-

8.25

11

8

-

-

10.75

-

7.27

-

A=927kg (n=12) B=915.5kg (n=13)
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APPENDIX 8 SUBJECT INFORMATION SHEET

ASSESSMENT OF THE EFFECTS OF .TAMMIE DODGER BISCUITS ON SELECTED
BLOOD PARAMETERS

We would like to ask for your help in research to assess the effects of consumption of a biscuit, 
designed to reduce selected risk factors associated with coronary heat disease.

The research will take place in two stages:

The first stage will involve taking a blood sample from you following an overnight fast, then you will 
be asked to consume 4 biscuits per day (in addition to your normal diet) for 28 days. Following this 
period, and to complete this stage, another blood sample will be taken.

There will then be a period of 28 days when only your normal diet will be consumed (i.e. no trial 
biscuits).

The second stage will be a repeat of the first, i.e. an initial blood sample will be taken, followed by 28 
days of consumption of 4 biscuits (in addition to you normal diet). A further blood sample will be 
taken, which will mark the end of the trial.

Therefore, in total over the three months 4 samples of blood will be taken and analysed for selected 
risk factors for coronary heart disease. You will not be told if you are eating a standard biscuit or the 
new version of the biscuit. We ask you not to alter your diet significantly during the trial period, e.g. 
starting a weight-reducing programme.

Your help with this research would be greatly appreciated. You are under no obligation to take part, 
and your treatment will not be affected in any way if you decline. In addition, should you agree to 
take part you may withdraw at any time. If you have any questions, please contact one of the 
following researchers co-ordinating this study.

Investigators names and signatures

DrSB Matthews ___________________ 02920716844
WJBoobier _____________-——————— 01443482972
Sister Suzanne Watkins ______———_____———
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APPENDIX 9 CONSENT FORMS

ASSESSMENT OF THE EFFECTS OF JAMMffi DODGER BISCUITS ON 
SELECTED BLOOD PARAMETERS

CONSENT

Name ___________________ 

Address ____

Tel. No. 

Date of Birth

Consent for consumption of biscuit products
I, the undersigned have read and understood the Information sheet and agree to 
consume the required number of biscuits per day (standard and trail biscuits) for a 
period of 28 days per biscuit type

Name ______________________________________ 

Signature ________________________________________ 

Date ______________________________________ 

Witnessed by _________________ Print Name _____________

Consent for taking blood samples before and after the 28 days consumption of 

both biscuit product
I, the undersigned have read and understood the information sheet and agree to have 
blood samples taken before and after the 28 days consumption of both biscuit 
products. The bloods will be analysed for risk factors for coronary heart disease.

Name

Signature

Date

Witnessed by _________________ Print Name
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