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ABSTRACT

Yoghurt is a fermented dairy product with a short shelf life of about 3 weeks or less and should be stored
at low a temperature which has the implication of increasing the cost of storage hence limiting its
sustainable consumption in poor communities where electricity is in short supply.

The main purpose of this research was to evaluate the effect of honey sweetener on the shelf life of
yoghurt. Honey Sweetened Yoghurt (HSY) was prepared together with Sucrose Sweetened Yoghurt
(SSY) as experimental control. The pH, titratable acidity, Susceptibility to Syneresis (STS) and Water
Holding Capacity (WHC) were measured under refrigeration and room temperature storage conditions
over a period of 26 days for both yoghurt samples. The shelf lives of both honey sweetened yoghurt and
sucrose sweetened yoghurt stored at room temperature were also estimated. Finally, sensory evaluation

of both yoghurt samples was carried out using the 9-point hedonic scale.

The pH of both SSY and HSY decreased during storage at refrigeration temperature and the decrease
was significant (P<0.05) for SSY (4.84 to 4.62) compared to that of HSY (4.69 to 4.67) where the
decrease was not significant. However, at room temperature storage, there was a significant decrease in
pH for both yoghurt samples. There was no significant increase (P>0.05) in the titratable acidity of both
yoghurt samples at refrigeration temperature but the increase was significant at room temperature with
the highest value of 1.53+0.04% for SSY and 1.32+0.13% for HSY. The STS at refrigeration
temperature was higher in HSY with the highest value of 67.00+2.65% but at room temperature it was
higher in SSY with the highest value of 65.33+0.58%. The WHC decreased at both storage conditions
but the decrease was more rapid at room temperature. The lowest WHC was 31.33+£1.15% for SSY at

room temperature.

The shelf life of SSY at room temperature was 8 days while that of HSY under the same storage
conditions was more than 11 days hence, honey had an effect of extending the shelf life of yoghurt for
about 3 days under room temperature storage. On the other hand, the yoghurt samples stored at
refrigeration temperature did not expire even after the 26 days of storage thus; yoghurt storage at
refrigeration temperature remains advantageous and highly recommended even in cases where honey is

used as a sweetener.



Upon sensory evaluation, HSY had higher scores for all the sensory attributes tested compared to
Sucrose Sweetened Yoghurt and the preference for HSY was also confirmed with the overall
acceptability score of 7.00+0.63 for HSY and 6.73+1.62 for SSY. Therefore, in addition to extending

shelf life, sweetening yoghurt with honey also enhanced its sensory attributes.



CHAPTER ONE: INTRODUCTION

1.1 Background
Yoghurt is a fermented dairy product produced with the aid of microbial starter cultures. The most
commonly used yoghurt starter culture consists of Streptococcus thermophilus and Lactobacillus

bulgaricus mixed in a ratio of 1.1 (Fisberg and Machado, 2015).

Yoghurt contains essential nutrients, highly bioavailable proteins, calcium, potassium, phosphorus,
magnesium, riboflavin, vitamin B12 and vitamin A (Fisberg and Machado, 2015). Because the protein,
fat, and lactose components undergo partial hydrolysis during fermentation, yoghurt is an easily

digestible dairy product (Rasic and Kurmann, 1978).

Amongst diverse fermented milk products, yoghurt is well known for its healthy image and can be
suitably utilized as a probiotic carrier (Pandey and Mishra, 2015). Probiotic administration is generally
recognized as safe (Van den Nieuwboer et al., 2015) and reviewed literature on functional properties of
yoghurt and probiotics suggested inclusion of probiotics in yoghurt for augmenting the functionality of

plain yoghurt (Sarkar, 2019a).

Yoghurt belongs to the group of dairy products with a short shelf life, which is normally about 3 weeks
or less (Mojka 2013). The recommended storage temperature of yoghurt ranges from 4 - 8°C (Pikul,
2004). Improper storage temperature of yoghurt can lead to increased activity the starter culture leading
to increased acidification, lowering pH & deterioration of its sensory quality (Cais-Sokoli'nska and
Pikul 2001). Improper storage conditions can also lead to a decrease in nutritional value and
deterioration of sensory characteristics of yoghurts, as well as to a reduction in content of yogurt

bacteria that carry out the process of lactic fermentation (Zareba and Ziarno 2013, Wojtczak et al. 2018).

Yoghurt could be sweetened using various sweeteners such as sucrose, high-fructose corn syrup and
honey among others (Aryana & Olson, 2017; Popa & Ustunol, 2011). Honey is a natural sweetener
containing primarily fructose (38.5%) and glucose (31.3%) (Ustunol and Gandhi, 2001), has anti-
oxidative, antibiotic and immune boosting properties (Bansal et al., 2005). The antibiotic property of
honey could hypothetically contribute to the extended shelf-life of yoghurt by inhibiting the activity of

the starter culture hence preventing accumulation of lactic acid after the fermentation process. However
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that hypothesis needs to be investigated, proved right or wrong and it forms the basis of my proposed

study.

1.2 Problem Statement
Yoghurt is normally stored at refrigeration temperatures of ~4-8 °C in order to slow down the rate of

fermentation and extend its shelf life. The use of electricity/energy consuming refrigerators for yoghurt
storage increases the cost of storage hence limiting its sustainable consumption in poor communities
where electricity is in short supply. Therefore, there is need to modify the production process so that

yoghurt can be stored for longer periods without need of refrigeration.

One way of modifying the production process in order to influence yoghurt storage temperature could be
by using honey instead of sucrose to sweeten the yoghurt. Honey is known to be a unique natural
sweetener with anti-oxidative, antibiotic and immune boosting properties. By theoretical implication, the
antibiotic property of honey is expected to inactivate or inhibit the continued activity of the yoghurt
starter culture after fermentation thus preventing the accumulation of lactic acid during storage. This
could contribute to the extended shelf-life of yoghurt even when stored at room temperature. Being able
to store yoghurt at room temperature without it going bad eliminates the need for refrigeration and
reduces cost of storage.

1.3 Objectives

1.3.1 General Objective
The main objective of this study was to evaluate the effect of using honey sweetener on yoghurt shelf

life.

1.3.2 Specific Objectives
The specific objectives were to:

1. Determine the effect of storage temperature on Honey Sweetened Yoghurt using parameters such

as Water Holding Capacity, Susceptibility to Syneresis, titratable acidity and pH.



2. Estimate the shelf life of honey sweetened yoghurt at refrigeration and room temperature.

3. Carry out sensory evaluation of HSY in comparison with SSY using the 9 point hedonic scale.

1.4 Research Questions
1. Does honey have an effect on the shelf life of yoghurt?

2. What is the optimum concentration of honey that gives the sweetness similar to that of the control

yoghurt sample (Sucrose sweetened yoghurt)?

1.5 Significance of the study
The findings of this study will go a long way in providing alternative storage conditions for yoghurt and

reducing the cost of storage by using room temperature instead of refrigeration temperature which calls
for sustainable electricity supply that may not be readily available in some communities especially in

developing countries.

1.6 Justification
The use of honey as a sweetener instead of sucrose in yoghurt does not only extend yoghurt’s shelf life

but also results into production of a functional food product with antibiotic, anti-oxidative and immune
boosting properties. Additionally, the final product would also be suitable for consumption by diabetic
patients owing to the hypoglycemic nature of honey which is a natural sugar and thus safe for such

individuals.



CHAPTER TWO: LITERATURE REVIEW
2.1 Yoghurt
2.1.1 Definition of yoghurt
Yoghurt is a diary product produced by fermentation of milk using a group of microorganisms known as
starter culture which mainly includes Streptococcus thermophilus and Lactobacillus delbrueckii subsp.
Bulgaricus (Sanz et al. 2005). Yoghurt is easily digested since the milk protein, fat, and lactose

components undergo partial hydrolysis during fermentation (Sanchez-Segarra et al. 2000).

2.1.2 Yoghurt as a functional food

Functional foods are a new direction in the science that exist at the interface between food and drugs,
and this offers great potential for health improvement and prevention of diseases when ingested as part
of a balanced diet. Recent societal interest in healthful foods has led to the development of functional
dairy products that basically provide health benefits in addition to their fundamental nutrients (Sarkar,
2019b)

With the growing awareness of consumers toward health foods, the basic concepts of nutrition are
undergoing significant change. Foods can no longer be evaluated in terms of macronutrient and
micronutrient content alone. Consumer’s belief that certain foods can show health benefits has resulted
in the making up of the term functional foods and consumers are focusing more on the health benefits of

functional products, resulting in the growth of global dairy market.

Consumer disposition toward probiotic foods has been stimulated due to well documented evidence of
health benefits of probiotic-containing products and consumer demand for natural products (Sarkar,
2018). FAO/WHO (2001) defines probiotics as live microorganisms which when administered in
adequate amounts confer a health benefit on the host.

Probiotics has now become one of the most effective functional foods owing to therapeutic and
nutritional features and have been found effective in regulating gastrointestinal flora to prevent
proliferation of diverse disease (Sarkar et al., 2017). Sanders and Marco (2010) reported better growth
of probiotics in food matrices containing bioactive ingredients such as prebiotics, vitamins, minerals,

fibers, enzymes, food preservatives and flavors.



2.2 Honey

2.2.1 Definition of honey

Honey is the natural sweet substance produced by honey bees from the nectar of plants or from
secretions of living parts of plants or excretions of plant sucking insects on the living parts of plants,
which is collected by bees, transformed by combining with specific substances made by bees, deposited,

dehydrated, stored and left in the honey comb to ripen and mature (Codex Standard, 2001).

Microflora of honey is majorly contributed by those originating from pollen, the digestive tracts of
honeybees, dust, flowers, dirt and the air and microorganisms capable of surviving the low pH and
antimicrobial compounds are present in honey (Tajabadi et al., 2013).

2.2.2 Nutritional composition of honey

The nutritional composition of honey is mainly influenced by the floral source (Khalil and Sulaiman,
2010) and external factors such as processing, storage and environmental conditions (Mohan et al.,
2017). According to Kamal and Klein (2011), honey is a supersaturated solution of sugars, mainly
composed of 75% monosaccharides comprising of fructose, glucose; 10-15% disaccharides such as
sucrose, maltose, turanose, isomaltose, maltulose, trehalose, nigerose, kojibiose and trisaccharides such
as maltotriose and melezitose. It also contains minerals, vitamins, enzymes, proteins, free amino acids

and polyphenols (Alvarez-Suarez et al., 2013).

2.2.3 Therapeutic properties of honey
According to reviewed literature, it is indicated that honey being rich in flavonoids and polyphenols,
which act as natural antioxidants and are the two main bioactive molecules present in honey, which play

an important role in contributing to human health (Cianciosi et al., 2018).

Honey antibacterial activity is due to higher sugar content, higher acidity (Mohan et al., 2017) and
presence of bacteriostatic and bactericidal factors such as hydrogen peroxide, antioxidants, lysozyme,
polyphenols, phenolic acids, flavonoids, methylglyoxal and bee peptides (Israili, 2014). Most prebiotics,
such as fructooligosaccharide (FOS), galactooligosaccharide (GOS) or inulin have been documented to
support the growth and survival of exogenously administered Bifidobacteria and Lactobacilli inside the
gut (Forssten et al., 2011). Prebiotics may be defined as non-digestible food ingredients that benefit the

host by selectively stimulating the favorable growth and/or activity of one or more indigenous probiotic



bacteria (Roberfroid, 2007). Honey can selectively regulate the gut microbial balance by favoring the
growth of probiotic lactobacilli and bifidobacteria due to the presence of oligosaccharides, thus

improving the host metabolic function (Mohan et al., 2017).

Health benefits confered by honey in humans include; antibacterial, antimutagenic, antiproliferative,
hepatoprotective, hypoglycemic, antioxidant (Erejuwa et al., 2010), cardiovascular diseases, chemo-
preventive activity in multistage carcinogenesis, anti-microbial benefits, improving endothelial function
and plasma lipid profile (Alvarez-Suarez et al., 2013), gastrointestinal tract diseases, neurological
disorders, fertility disorders (Rao et al., 2016), prebiotic properties, human pathogen control and
antiviral activity (Miguel et al., 2017).

2.2.4 Functionality of honey sweetened yoghurt

Nutritional value of yoghurt is enhanced with the incorporation of honey. Maize yoghurt containing
10% honey had 3.15% protein, 2.73% fat, 20.54% total solids, 0.32%, 4.49% fiber and a total lactic acid
bacteria count of 5.3x10° cfu/ml (Nofrianti et al., 2013). Average protein content enhanced (3.15 to
4.34%) with increasing honey concentration (0 to 10%) in yoghurt (Krisnaningsih and Yulianti, 2015)
due to synthesis of the amino acids, resulting from interaction of components of honey with yoghurt

cultures during fermentation (Zhang et al., 2011).

Ingestion of soy-yoghurt-honey formula led to a significant reduction in body weight, total fat mass and
internal abdominal fat (Konig et al., 2015). Reviewed literature indicated that intake of soy-yoghurt-
honey formula may be a safe alternative for weight loss and an improvement in the metabolic milieu
within a sustained time period, independent of sex, age and diagnosed symptoms of the metabolic
syndrome (Koohkan et al., 2017).

Recently, it has been reported that honey acts as an encapsulant, comparable to sodium alginate
microencapsulation and improved the survivability of two probiotic Bifidobacterium strains in simulated

gastrointestinal conditions (Favarin et al., 2015).

2.2.5 Growth characteristics of yoghurt cultures in presence of honey
In freshly prepared yoghurt, the viable count (cfu/ml) of Streptococcus thermophilus increased (32 x 10°
to 40 x 10 ) with the addition of 5% black cumin bee honey but decreased (32 x 10° to 30 x 10° ) with

increasing concentration of honey (10 to 15%). However, viability of Lactobacillus delbrueckii subsp.
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bulgaricus decreased (55 x 10° to 34 x 10°) in yoghurt containing 5% honey, which further decreased
(20 x 10° to 21 x 10°) at higher concentration of honey. Higher total mesophilic aerobic bacteria counts
(8.27 vs 4.39 log cfu/g) were encountered in yoghurt containing 7 per cent honey in contrast to those
without honey at 28 day of cold storage. Significant higher counts of L. delbrueckii subsp. bulgaricus
were noted in yoghurt containing 7% honey but yoghurt with 3% and 5% honey induced lower counts
than those in control (Bakr et al., 2017). On the contrary, Mercan and Akin (2016) reported that yoghurt
with 7% honey had the lowest S. thermophilus counts in comparison to those with 3% and 5% honey.

A higher viable population (cfu/g) of both L. delbrueckii subsp. bulgaricus (19 x 10° vs. 5 x 10°) and S.
thermophilus (22 x 10° vs 10 x 10°) were observed in yoghurt made from cow milk containing honey
employing ABT cultures (combination of Lactobacillus acidophilus, Bifidobacterium bifidum and S.

thermophilus) than classical yoghurt cultures during 15 days of storage at 4°C (Hamad et al., 2016).

However, lower viable counts (cfu/ml) of L. bulgaricus (25 x 10° ) than S. thermophilus (27 x 10° ) were
encountered in freshly prepared ABT yoghurt made from mixed cow milk and coconut milk (50:50)

containing 5% honey (Ismail et al., 2017).

No effect on the growth and survival of starter streptococci in camel and cow milks containing 5%
honey was observed during production and subsequent refrigerated storage of fermented ABT milks at
4°C up to 5 weeks (Varga et al., 2014).

Recently, a decline in counts of yoghurt cultures and L. acidophilus La-05 was encountered during 21
day of refrigerated storage but decrement was less in yoghurt containing honey (Machado et al., 2017).
Attempts were also made to evaluate growth behavior of yoghurt cultures in the presence of certain
additives along with honey. It was reported that counts of lactic acid bacteria in freshly prepared yoghurt
containing 1% whey protein concentrate (3.0 x 10 +6 4 x 10° ) increased with the increase in extent of
incorporation of honey from 2% (7.0 x 10™ +6 9 x 10°) to 4% (1.110% +6 10'°) (Glusac et al., 2015).

It has been reported as well for the viable population (log cfu/ml) of S. thermophilus and L. delbrueckii
subsp. bulgaricus in freshly prepared yoghurt to be 1.38 x 10" and 1.59 x 10 respectively. An abatement
in counts (2.14 x 10® and 2.17 x 10® , respectively) were noted with the inclusion of goji berries (Lycium
barbarum) but further addition of honey induced lower values (1.70 x 10" and 1.30 x 10% , respectively)

(Rotar et al., 2015). Therefore starter cultures may be inhibited or retarded due to
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bacteriostatic/bactericidal effect of honey and thus suitability of starter cultures must be evaluated prior

to its application.

Since yoghurt is known to have a short shelf life which is approximately less than 3 weeks (Mojka,
2013), this research will focus on assessing the effect of using honey as a sweetener instead of sucrose

on the shelf life of yoghurt.

Titratable acidity and pH have important roles in lactose fermentation and acceptability, as well as in the
shelf life of yogurt (Kavas et al., 2003).



CHAPTER THREE: MATERIALS AND METHODS

3.1 Research Design

The research was mainly focused on determining the effect of using honey sweetener on the shelf life of
yoghurt. Honey sweetened yoghurt was prepared together with a control yoghurt (sucrose sweetened) in
the laboratory. The two yoghurt samples were further grouped into two batches with one batch stored at
room temperature and another batch stored at refrigeration temperature. Each batch consisted of one
sample of honey sweetened yoghurt and one sample of sucrose sweetened yoghurt. During the storage
period, the titratable acidity, pH, Susceptibility to Syneresis (STS) and Water Holding Capacity (WHC)
of each sample were measured over a period of 26 days.

Another batch of honey sweetened and sucrose sweetened yoghurt was freshly prepared and then
subjected to sensory evaluation using the 9- point hedonic scale to evaluate the different sensory

attributes of both yoghurt samples.

The investigation was carried out at the Biochemistry laboratory at the College of Natural Sciences of
Makerere University from 29" May 2022 to 4™ September 2022.

3.2 Materials
> Milk

Sucrose

Honey

Yoghurt starter culture
NaOH solution
Phenolphthalein indicator
Heat source

Falcon tubes

Refrigerator

Four 1 liter jerry cans

Centrifuge

V V.V V V VYV V V V VYV V

Clean water source



3.3 Preparation of yoghurt

3.3.1 Preparation of Sucrose Sweetened Yoghurt (Control)

a)

b)

9)

h)

The apparatus used in yoghurt production were first washed thoroughly using hot water with soap
and finally rinsed to remove dirt and other competing microorganisms that might overpower the
starter culture.

500ml of milk were boiled in a source pan with the aid of a hotplate in order to kill whatever
unsavory microbes that maybe lurking in the milk and to ensure that there was no remnant bacteria,
pathogens, molds or spores thus creating a sterile environment for the yoghurt bacteria. Heating the
milk also created thicker yoghurt by changing the protein structure.

7% (w/v) sucrose was be added to the heated milk as a sweetener.

After adding the sweetener (sucrose), the milk was then cooled to room temperature to allow the
cream to form which was removed using the sieve.

The milk was transferred into a one liter jerry can for pasteurization at 85°C for 30 minutes using a
water bath set at 85°C.

The milk was then cooled to about 45°C under tap water.

30% (w/v) of active culture (Streptococcus thermophilus and Lactobacillus bulgaricus) was added to
the milk and mixed thoroughly by stirring. A commercial yoghurt starter culture was used.

The milk was incubated at 43°C in a water bath for about 5 hours.

After the yoghurt was formed, it was transferred to a refrigerator set at 4°C for storage prior to
analysis for refrigeration-stored sample or just left to stand at room temperature for the room
temperature-stored yoghurt.
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Milk boiling

Add 7% w/v sucrose for SSY

Cooling to room temperature and filtration

Cream taken off

Pasteurization at 85°C for 30 minutes

Cooling to ~43°C

Add 3% wi/v starter culture

Incubation at 43°C for about 5 hours

Refrigeration/ room temperature storage

Figure 3.1: A flow chart summarizing the preparation of sucrose sweetened yoghurt

3.3.2 Preparation of honey sweetened yoghurt
a) The apparatus used in yoghurt production were first washed thoroughly using hot water with

soap and finally rinsed to remove dirt and other competing microorganisms that might

overpower the starter culture.
11



b)

9)
h)

500ml of milk in a saucepan were boiled using a hotplate in order to kill off any microorganisms
that might be present in it, thus creating a sterile environment.

The milk was cooled to room temperature to allow the cream floating on the surface of the milk
to form, which was filtered off using a sieve.

The milk was the transferred to a one liter jerry can for pasteurization at 85°C for 30 minutes
using a water bath set at this temperature.

The milk was cooled to about 45°C under tap water.

30% (w/v) of active starter culture (Streptococcus thermophilus and Lactobacillus bulgaricus)
was added to the milk, mixed thoroughly by shaking. A commercial yoghurt starter culture was
used.

The mixture was then incubate at 43°C using a water bath set at this temperature for 5 hours.
10% (v/v) of honey was added, stirred thoroughly and transferred to the refrigerator for storage
prior to analysis for the refrigeration-stored sample or just left to stand at room temperature for

the room temperature-stored yoghurt.
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Milk boiling

Cooling to room temperature and filtration

Cream taken off

Pasteurization at 85°C for 30 minutes

Cooling to ~43°C

Add 3% wl/v starter culture

Incubation at 43°C for about 5 hours

Add 10%v/v of honey

Refrigeration/ room temperature storage

Figure 3.2: A flow chart summarizing the preparation of honey sweetened yoghurt
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3.4 Water Holding Capacity (WHC)
Water holding capacity measures the amount of water absorbed in the protein structure of the yogurt.

This was determined by centrifuging 10ml of a yoghurt sample at 3,000rpm for 15 minutes using a
centrifuge (Spasenija et al., 2007). The WHC was then calculated using the mathematical formula

below;
%WHC = (1 - 2)X100

Where: V1 = volume of whey after centrifugation V, = volume of yoghurt sample.

nmec SCT 5B \ |

Figure 3.3: Centrifugation and whey separation

3.5 Susceptibility to Syneresis (STS)
This was determined by measuring the volume of the whey collected in a measuring cylinder after the
drainage of 10ml of yoghurt sample placed on a filter paper on top of a funnel for 2 hours at room

temperature (Isanga and Zhang, 2007). The STS was then calculated with the formula as follows;

% STS = %XlOO

Where: V1 = Volume of whey collected after drainage and V, = Volume of yoghurt sample used.
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Figure 3.4: Drainage of yoghurt samples through filter paper.

3.6 Determination of pH values

The pH of yoghurt samples was measured using a pH meter (Akalin et al., 2012).

3.7 Determination of Titratable Acidity

Titratable acidity is an approximation of the total acidity in a substance. The titratable acidity of the
yoghurt samples was determined by measuring how much base (0.1N NaOH) was required to neutralize
lactic acid in 10ml of yoghurt using phenolphthalein indicator (Parmar, 2003).

The titratable acidity was then calculated using the formula below;

Volume of titrant x N x 90
Weight of sample X 100

Titratable acidity = x 100

Where N = Normality of titrant and 90 is the equivalent weight for lactic acid.

’i(,-,j&j-%f !é \
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t

Figure 3.5: Color of yoghurt sample before and after titration

3.8 Shelf life determination
The shelf life of the honey sweetened yoghurt and sucrose sweetened yoghurt stored at room and

refrigeration temperatures was determined by estimating the period for which the pH and titratable
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acidity were still within the working ranges of 4.4-4.8 and 0.7-1.2% respectively. Any sample whose pH

or titratable acidity was not within those working ranges were considered expired.

3.9 Sensory Evaluation

The yoghurt samples (sucrose sweetened and honey sweetened) were subjected to sensory evaluation in
order to determine the preference of each type of yoghurt. Sensory evaluation of the yoghurt samples
was carried out using a nine-point hedonic scale to measure the sensory attributes based on appearance,
texture (mouth-feel), flavor and overall acceptability of the yoghurt samples by a group of 11 people and
these were students from my class who were first briefed before carrying out the sensory evaluation
(Isanga and Zhang, 2007).

Each individual was given about 20ml from each sample in a small cup coded with a 3-digit code and
the individuals rinsed their mouth with water before testing each sample. The samples were scored using
the following opinions; 1 for dislike extremely, 2 for dislike very much, 3 for dislike moderately, 4 for
dislike slightly, 5 for neither like nor dislike, 6 for like slightly, 7 for like moderately, 8 for like very
much and 9 for like extremely.

3.10 Statistical Data Analysis
All analytical determinations were performed in triplicates and values for the different parameters were

expressed as the mean +standard deviation.

The data was analyzed statistically using the one way ANOVA to obtain the p-value using Microsoft

Excel 2016. P values < 0.05 were considered significant.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Honey sweetened yoghurt preparation

Unlike during the preparation of SSY (figure 3.1), in the case of honey sweetened yoghurt preparation
(figure 3.2); the sweetener (honey) was added after the incubation step. This was so because if honey
had been added before incubation, it would have inhibited the yoghurt starter culture before gel

formation due to its antimicrobial activity (Chen et al., 2000).

4.2 Titratable Acidity
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Figure 4.1: Titratable acidity at different storage temperatures in SSY and HSY. (a) Variation of titratable acidity in SSY at
different storage temperatures. (b) Variation of titratable acidity in HSY at different storage temperatures.

As seen in figures 4.1(a) and 4.1(b), there was a significant increase (P<0.05) in the titratable acidity of
both yoghurt samples at room temperature storage. The titratable acidity was higher in samples stored at
room temperature. The significant increase in titratable acidity at room temperature was due to rapid
fermentation of the lactose sugar into lactic acid by the yoghurt starter cultures. However, the lower
titratable acidity during refrigeration storage could be attributed to the decreased activity of the yoghurt
starter cultures at the lower temperatures (Jankowska and Reps 2013). Therefore, storage temperature

significantly affected the titratable acidity in both yoghurt samples.
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Table 4.1: Variation of yoghurt titratable acidity during refrigeration storage

Time in Days SSY (%) HSY (%)
1 0.73+0.012 0.69:+0.042
4 0.67+0.04 2 0.71+0.02°2
8 0.56+0.03 2 0.62+0.03"
11 0.61+0.02°2 0.64+0.04°
26 0.72+0.022 0.69:+0.062

The results indicated in the table above are expressed as means + Standard deviation. The Mean values having similar

superscripts within the same row are not significantly different (P>0.05).

From table 4.1, there was no significant (P>0.05) difference in the titratable acidity during refrigeration
temperature storage between the yoghurt samples except on day 8. There was an initial decrease in the
titratable acidity which then increased with increasing storage time. The initial decrease could be
explained by the rapid reduction in the rate of lactic acid production from the fermentation of the lactose

sugar in milk by the yoghurt starter cultures due to lower refrigeration temperatures in comparison to the

previous higher incubation temperatures at which the yoghurt was prepared.

On the other hand, the increase could be attributed to the continued post acidification by the yoghurt
starter cultures after adaptation to the low refrigeration temperatures. This observation is consistent with
reports from several authors who reported that the titratable acidity of yoghurt stored under refrigeration

conditions increases significantly with increasing storage time (Singh & Muthukumarappan, 2008;

Hassan & Amjad, 2010).

Table 4.2: Variation of yoghurt titratable acidity during room temperature storage

Time in Days SSY (%) HSY (%)
1 0.91+0.04 0.86+0.02°
4 1.06+0.02° 1.04+0.03°
8 1.08+0.03° 1.05+0.09°
11 1.16+0.14% 1.00+0.04?2
26 1.53+0.04° 1.32+0.13°

The results indicated in the table above are expressed as means + Standard deviation. The Mean values having similar

superscripts within the same row are not significantly different (P>0.05).

From the table 4.2, the titratable acidity generally increased with increasing time in both yoghurt

samples. This could be attributed to the fact that the fermentation and subsequent lactic acid production
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rate remained the same since the storage temperature was equivalent to the incubation temperature used
during yoghurt preparation. However, the titratable acidity was lower in honey sweetened yoghurt
throughout the storage period and this was probably because of the reduced rate of lactic acid production
by the yoghurt starter culture due to inhibition by honey which has antimicrobial properties (Chen et al.,
2000).

4.3 pH

As observed in figures 4.2 (a) and 4.2 (b), there was a more rapid decrease in pH at room temperature
compared to that during refrigeration storage in both yoghurt samples. The rapid decrease at room
temperature was probably due to faster production of lactic acid from fermentation of lactose by the
yoghurt starter cultures compared to the slower production of lactic acid at refrigeration temperature due
to reduced activity of the yoghurt starter cultures (Jankowska and Reps 2013). Therefore, storage

temperature had a substantial effect on the pH in both yoghurt samples.

From figure 4.2 (c), the pH of both yoghurt samples initially increased and then decreased for the rest of
the storage period. The initial increase can probably be accounted for by certain milk salts such as
calcium phosphate which exists partly in soluble form and partly in colloidal phase associated with
casein micelles. Changes in temperature modify the equilibrium between the soluble and colloidal
phases. Moderate heating for example during pasteurization decreases the solubility of Calcium
phosphate due to formation of the colloidal calcium phosphate which is accompanied with a decrease in
pH. However, subsequent cooling and storage at low temperature perhaps restores the original
equilibrium by increasing both the solubility of calcium phosphate and the yoghurt pH. Therefore
calcium phosphate probably influences the pH of yoghurt through the buffering action (Lucey and
Horne, 2009).

The decrease in pH during the rest of the storage period was probably due to the continued slow
production of lactic acid and other organic acids after the starter culture adaptation to the low
refrigeration temperatures However, the decrease in pH was lower in the Honey sweetened yoghurt
compared to that in the sucrose sweetened yoghurt. This is probably because in addition to the low

temperatures, the honey further reduced the activity of the yoghurt starter cultures due to its
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antimicrobial activity thus the rate at which lactic acid was produced from the fermentation of the

lactose by the starter cultures was much slower in honey sweetened yoghurt than in sucrose sweetened

yoghurt.
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Figure 4.2: Variation of pH at different storage temperatures in HSY and SSY. (a) A graph showing variation of pH in SSY
at different storage temperatures. (b) A graph showing variation of pH in HSY at different storage temperatures. (c) A graph
showing variation of pH in SSY and HSY at refrigeration temperature. (d) A graph showing variation of pH in SSY and HSY

at room temperature.

From figure 4.2(c), the pH of honey sweetened yoghurt was generally lower than that of sucrose

sweetened yoghurt. This could be attributed to the presence of organic acids in honey such as lactic,
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malic, pyroglutamic, formic, citric, acetic, butyric and gluconic acid which is the major acid in honey

and a flavor enhancer (Resurreccion, 1995).

As observed in figure 4.2(d) above, the pH decreased with increasing storage time in both yoghurt
samples during room temperature storage. This was probably due to the formation lactic acid as well as
other organic acids such as formic acid from the fermentation of the lactose sugar in milk by the yoghurt
starter cultures. The continuous formation of lactic acid by the yoghurt starter cultures was responsible
for the decrease in yoghurt pH during storage and this decrease was more rapid compared to that during
refrigeration storage. However, the pH of honey sweetened yoghurt was lower than that of sucrose
sweetened yoghurt and this was probably because honey contains organic acids such as lactic, malic,
pyroglutamic, formic, citric, acetic, butyric and gluconic acid which is the major acid in honey and a

flavor enhancer (Resurreccion, 1995).
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4.3 Susceptibility to Syneresis
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Figure 4.3: Variation of STS at different storage temperatures in SSY and HSY. (a) A graph showing variation of STS in
SSY at different storage temperatures. (b) A graph showing variation of STS in HSY at different storage temperatures. (c) A
graph showing variation of STS in SSY and HSY at refrigeration temperature. (d) A graph showing variation of STS in SSY

and HSY at room temperature.

From figures 4.3(a) and 4.3(b), there was no clear relationship between the STS and storage
temperature. This implied that storage temperature had no significant influence on the STS of the

yoghurt samples.
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From figure 4.3(c), it can be observed that the STS was higher in honey sweetened yoghurt throughout
the storage period at refrigeration temperature. This can be explained by the increased acidity of honey
in the honey sweetened yoghurt at refrigeration temperature (Kedzierska-Matysek, 2016) making it
more acidic than the sucrose sweetened yoghurt which causes the denaturation of the casein protein in
yoghurt that loses the capacity to attract/ hold the whey which is easily expelled and is observed in the

yoghurt.

As seen in figure 4.3(d), the STS was lower in honey sweetened yoghurt throughout the storage period.
The lower STS in the yoghurt with honey was probably due to the high osmolarity of honey which
attracts water to the yoghurt-forming casein micelles which reduces liquid (whey) release to the
surrounding. Conversely, the higher STS in sucrose sweetened yoghurt could be due to the three
dimensional protein networks becoming denser thus gradually lose the ability to attract the whey which
is easily expelled and becomes visible in the yoghurt (Bezerra et al., 2012). The results obtained were

consistent with those earlier reported by Tamires et al (2017).
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4.4 Water Holding Capacity
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Figure 4.4: Variation of WHC at different storage temperatures in SSY and HSY. (a) A graph showing variation of WHC in
SSY at different storage temperatures. (b) A graph showing variation of WHC in HSY at different storage temperatures. (c)
A graph showing variation of WHC in SSY and HSY at refrigeration temperature. (d) A graph showing variation of WHC in
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SSY and HSY at room temperature.

From figures 4.4(a) and 4.4(b), the WHC in

storage. This may be associated with the faster fermentation of the yoghurt starter cultures at room
temperature which results into increase in acidity during storage that increases water release (syneresis)

in the yoghurt because of possible protein denaturation due to pH decrease up to the isoelectric point.
24

both yoghurt samples was lower at room temperature



This causes destabilization of the casein micelles and subsequent loss liquid (Bezerra et al., 2012)

leading to low WHC at room temperature.

From the figure 4.4(c) above, there was a decrease in the Water Holding Capacity (WHC) during
refrigeration storage though the decrease was slight. This behavior is probably associated with syneresis
as the increasing release of the liquid phase in yoghurt is concurrent with smaller WHC in yoghurt over
time. It may also be associated with the slower metabolic rate of the yoghurt starter culture at
refrigeration temperature which results into a slight increase in acidity during storage that slightly
increases water release (syneresis) in the yoghurt because of possible protein denaturation due to pH
decrease up to the isoelectric point. This causes destabilization of the casein micelles and subsequent

loss liquid (Bezerra et al., 2012) thus a decrease in WHC.

The findings of this study were similar to those of Coskun and Karabulut (Coskun and Karabulut, 2019)
who reported that the WHC decreased during storage. However the findings were contrary to those
reported by Sert et al (Sert et al., 2011) whose values for WHC of yoghurt with honey increased during
storage. The difference between these two studies could be attributed to the differences in the starter

cultures and the production methods used.

From the figure 4.4(d), there was a decrease in the WHC which was more rapid compared to that during
refrigeration temperature storage. This is probably due to rapid fermentation of lactose by the yoghurt
starter culture at room temperature which results into increase in acidity during storage and therefore
increased water release (syneresis) in the yoghurt because of possible protein denaturation due to rapid
pH decrease up to the isoelectric point. This causes destabilization of the casein micelles and subsequent
loss of liquid (Bezerra et al., 2012) thus a decrease in WHC.

4.5 Shelf life estimation
For room temperature-stored yoghurt, the shelf life of honey sweetened yoghurt was estimated to be 11
days while that of sucrose sweetened yoghurt was estimated to be 8 days. This implies that honey

extended the shelf life of room temperature-stored yoghurt by 3 days.
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Titratable acidity and pH were the main parameters used in the estimation of shelf life since they have
important roles in lactose fermentation and acceptability, as well as in the shelf life of yoghurt (Kavas et
al., 2003).

The shelf life of sucrose-sweetened yoghurt was estimated to be 8 days because there was growth of
molds and yeast which were indicators of spoilage at a pH of 4.19 and the yoghurt had a bad odor. Yeast
and mold are the principal agents of microbial spoilage of yogurt. In fresh yoghurt products, yeast and
mold may be present due to contamination in the processing operations, from the packaging materials
and/or the filling operations (MacBean, 2010). Yeast and molds are less affected by low pH and may

cause spoilage of yoghurt during storage (Al-Ashmawy & Ibrahim, 2009).

On the other hand, the shelf life of honey-sweetened yoghurt was estimated to be about 11 days because
there was a rapid increase in the titratable acidity and a significant decrease in the pH of the yoghurt
sample and it as well had a bad odor after 11 days. However there was no growth of molds and yeast in
the honey-sweetened yoghurt during the storage period. This could be due to the low water activity of
honey owing its high sugar concentration and such conditions did not favor the growth of yeast and
molds. Honey also contains hydrogen peroxide which kills the yeast and molds (Crandal, 2007).

The yoghurt samples stored at refrigeration temperature did not expire for the 26 days of storage since
their ti-3tratable acidity and pH values remained within the acceptable ranges of 0.7-1.2% and 4.3-4.8
respectively (Choi et al., 2016).

4.6 Sensory Evaluation

From the table 4.3, honey sweetened yoghurt had higher sensory scores for all the sensory attributes
compared to sucrose sweetened yoghurt and this therefore implied that honey sweetened yoghurt was
more accepted by the panelists compared to sucrose sweetened yoghurt. This could be because of the
sweet taste of honey, which was preferable to most panelists. Addition of honey not only improved
yoghurt flavor, but also body and texture. The results of this study were in agreement with those earlier
reported by Riazi and Ziar, 2012 who also obtained higher scores in yoghurt containing honey compared
to that without honey. However the results obtained were contradictory to those obtained by Popa and
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Ustunol, 2011 who found that sucrose sweetened yoghurt was more preferred over honey sweetened

yoghurt.
Table 4.3: Scores for different sensory attributes of the two yoghurt samples
Sample Sensory Attribute
Appearance/Color | Texture/mouth feel | Flavor Overall Acceptability
SSY 6.55+1.44° 6.73+1.68° 6.82+1.83% | 6.73+1.62°
HSY 7.00+£0.89° 6.82+0.87° 7.55+0.93% | 7.00+0.63°

The results indicated in the table above are expressed as means * Standard deviation. The Mean values having similar superscripts within
the same column are not significantly different (P>0.05).

Various comments were obtained from the panelists in regards to improvement of the quality of the
product for example homogenization of the sample in order to improve the texture of the yoghurt. The
panelists also recommended that the honey sweetened yoghurt should be made more viscous by addition

of stabilizers.
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

Honey Sweetened Yoghurt was successfully prepared together with Sucrose Sweetened Yoghurt as the
experimental control. The pH, titratable acidity, Water Holding Capacity and Susceptibility to Syneresis
were determined for each yoghurt sample under refrigeration and room temperature storage conditions
for a period of 26 days. Generally, the storage temperature significantly affected the pH, titratable
acidity and WHC but had no clear effect on the STS.

The pH of both SSY and HSY decreased during storage at refrigeration temperature and the decrease
was significant (P<0.05) for SSY (4.84 to 4.62) compared to that of HSY (4.69 to 4.67) where the
decrease was not significant. However, at room temperature storage, there was a significant decrease in
pH for both yoghurt samples. There was no significant increase (P>0.05) in the titratable acidity of both
yoghurt samples at refrigeration temperature but the increase was significant at room temperature with
the highest value of 1.53+0.04% for SSY and 1.32+0.13% for HSY. The STS at refrigeration
temperature was higher in HSY with the highest value of 67.00+2.65% but at room temperature it was
higher in SSY with the highest value of 65.33+0.58%. The WHC decreased at both storage conditions
but the decrease was more rapid at room temperature. The lowest WHC was 31.33+£1.15% for SSY at

room temperature.

The shelf life of SSY at room temperature was 8 days while that of HSY under the same storage
conditions was more than 11 days hence, honey had an effect of extending the shelf life of yoghurt for
about 3 days under room temperature storage. On the other hand, the yoghurt samples stored at
refrigeration temperature did not expire even after the 26 days of storage thus; yoghurt storage at
refrigeration temperature remains advantageous and highly recommended even in cases where honey is

used as a sweetener.

Upon sensory evaluation, HSY had higher scores for all the sensory attributes tested compared to
sucrose sweetened yoghurt and the preference for HSY was also confirmed with the overall acceptability
score of 7.00+£0.63 for HSY and 6.73+£1.62 for SSY. Therefore, in addition to extending shelf life,

sweetening yoghurt with honey also enhanced its sensory attributes.
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5.2 RECOMMENDATIONS
e A suitable stabilizer should be identified and added to honey sweetened yoghurt in order to

increase its viscosity.

e Honey sweetened yoghurt should still be stored at low temperature to further extend its shelf life.
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APPENDICES

Appendix 1: Score Card
Sensory evaluation of yoghurt using the 9-point hedonic scale by 11 panelists
Name:....ocoveiieiiniineinnnnnee Type of sample: Yoghurt

Sensory attributes to evaluate: Appearance/Color, Texture (Mouth-feel) and overall acceptability.
Instructions

® You are provided with 2 coded samples of yoghurt for sensory evaluation.

® From the nine statements below, carefully choose the phrase which best describes your attitude

towards the sample whose code matches that on the score card and fill it in the space provided in the
table below.

® Remember to rinse your mouth with water before testing another sample.

Dislike extremely Dislike slightly Like moderately
Dislike very much Neither like nor dislike | 8] Like very much
Dislike moderately @ Like slightly @ Like extremely

Samples | Sensory Attribute

Appearance/Color | Texture/Mouth-feel | Flavor | Overall

acceptability

954
946

Thanks for your co-operation.
Key

954 — Sucrose sweetened yoghurt

946 — Honey sweetened yoghurt
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Appendix 2: Sensory evaluation scores

Score values obtained during sensory evaluation of yoghurt using the 9-point hedonic scale by 11

panelists.
Sucrose Sweetened Yoghurt Honey Sweetened Yoghurt
overall Overall
No. | Appearance | texture | flavor | acceptability | Appearance | texture | flavor | acceptability
1 5 7 8 7 7 6 6 6
2 8 7 8 7 8 8 8 8
3 7 7 6 7 8 7 8 7
4 3 2 2 2 6 7 9 8
5 7 8 8 8 7 7 6 7
6 7 8 6 7 8 7 7 7
7 6 7 7 8 8 7 7 7
8 7 8 8 7 6 5 8 7
9 7 6 8 7 6 8 8 7
10 8 7 6 7 7 6 8 6
11 7 7 8 7 6 7 8 7
Appendix 3: Work Plan
The research was carried out according to the following schedule.
Date Activity
May 2022 Proposal development and proposal writing.
June 2022 Yoghurt production.
July to August 2022 Data collection and data analysis.
September 2022 Report writing and final Report submission.
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