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Abstract

Supplementing yoghurt with natural sweeteners can help mitigate the health implications associated
with excessive sugar consumption, such as diabetes and hypertension. This study aimed to improve the
nutritional value of yoghurt by incorporating omidun (fermented maize supernatant), as a natural
sweetener. Yoghurt was produced from skim milk powder using Lactobacillus bulgaricus and
Streptococcus thermophilus. The omidun was incorporated into the yoghurt at different concentrations
(10%, 20%, and 30%) analyzed for physicochemical properties, proximate composition and
microbiological quality. The protein content of yoghurt increased from 3.63 % to 14.21 % in that
supplemented with 10 % omidun. The pH remained steady in the supplemented yoghurt while that of
plain yoghurt showed a sharp decrease. However, the titratable acidity increased in all the yoghurts
samples over the storage period. The sugar content increased from 1.5 mg/ml in the plain yoghurt to
2.5 mg/ml in the omidun supplemented yoghurt, and remained stable during storage, while that of plain
yoghurt decreased rapidly during storage. Total bacterial and Lactic acid bacteria (LAB) count
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increased up to day 6. The supplementation favored the taste, colour and texture characteristics, with
10 % omidun, recording the highest acceptability before storage. Therefore, the incorporation of omidun
stabilized the sugar content and improved the nutritional profile of the yoghurt, thus could serve as
alternative sweetener in yoghurt.
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INTRODUCTION

Among the dietary options, yoghurt, a fermented dairy product, has gained attention for its
potential health benefits, including its role in metabolic health. Yoghurt is produced through
lactic acid fermentation of milk (Ihemeje et al., 2015). According to the Code of Federal
Regulations from the United States Food and Drug Administration (FDA, 2013), yoghurt is
defined as a food product derived from the action of a characteristic bacterial culture that
includes the lactic acid-producing bacteria Lactobacillus bulgaricus and Streptococcus
thermophilus on ingredients such as cream, milk, partially skimmed milk, or skimmed milk,
either alone or in combination. Yoghurt is among the most widely consumed nutritious foods
globally (Shi et al., 2017; Zhi et al., 2018). Moreover, the probiotics found in yoghurt,
particularly Lactobacillus bulgaricus and Streptococcus thermophilus, are known to promote gut
health and may contribute to metabolic regulation, which is especially relevant for individuals
with diabetes (Moghimi et al., 2023). These probiotics, classified as beneficial or 'friendly'
microorganisms, support gut flora balance and improve overall health (Bhunia, 2023).

The production of sweetened yoghurt usually requires the addition of sugar, corn syrup or
fruit concentrate. Recently, there have been various improvement in yoghurt quality using
natural sweeteners. The incorporation of various fruits into yoghurt is now a common
practice. This enhances its flavor, nutritional profile, physicochemical properties,
microbiological characteristics, and sensory attributes. Studies on Pawpaw (Njoya et al., 2017);
Mango (Afiyah et al. 2022); Avocado (Fatimah, 2024); Pineapple, apple, and sweet lemon juice
(Gangwar et al., 2016) have been reported.

However, supplementation of yoghurt with natural sweetener such as omidun is barely
investigated. Omidun, as referred to by Yoruba’'s and 'mmiri akamu' in Igbo, is the water
derived from milled and sieved fermented maize. Traditionally, it is used in Yoruba land to
prepare herbal remedies and is considered a medicinal liquid believed to prevent and treat
various diseases in southwestern Nigeria. The fermentation of maize improves its digestibility
and increases the bioavailability of nutrients, making it a vital component in the diet of many
communities in this region (Adeleke and Jelilat, 2022; Ogunshe, 2024). The fermentation
process of maize, particularly in the production of omidun, involves the action of lactic acid
bacteria, predominantly Lactobacillus plantarum, Saccharomyces cerevisiae and Pediococcus
acidilactici (Kazeem and Wakil 2012), that contribute to the development of beneficial
metabolites. Studies have shown that fermentation can lead to the production of free amino
acids, organic acids, and other bioactive compounds that possess immunomodulatory and
anti-inflammatory properties (Tonolo et al., 2023). These compounds are believed to play a
role in preventing and treating various diseases, thereby enhancing the medicinal value of
omidun. Various studies have highlighted the multifaceted health benefits of fermented ogi,
particularly its antimicrobial properties and its potential role in promoting eye health and
reducing the risk of type 2 diabetes (Elughi, 2024; Oluyemi, 2024; Tian et al., 2023).
Fermentation of maize also leads to the release of fermentable sugars through the breakdown
of complex carbohydrate by the fermenting organisms, which serve as carbon source to drive
metabolic activities of the organisms.
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Such fermentable sugars could be harnessed as natural sweetener in yoghurt production.
With yoghurt’s probiotic benefits and its potential to aid in managing diabetes, incorporating
other probiotic-rich foods such as omidun may offer additional nutritional value as functional
food. This research focuses on enhancing the nutritional quality of yoghurt by supplementing
it with omidun, exploring its potential as an alternative sweetener for diabetic patients.

MATERIALS AND METHODS

Yoghurt production

Yoghurt was produced following international standards as described by Guler and Mutlu
(2005). A total of 400 g of skim milk powder was reconstituted in 1000 mL of water to obtain
a uniform, creamy mixture. The milk was pasteurized at 80°C for 10 mins to eliminate
undesirable microorganisms, then cooled to 42°C. After cooling, 3 g of starter culture,
consisting of Lactobacillus bulgaricus and Streptococcus thermophilus, was added to the mixture.
The inoculated mixture was incubated at 42°C for 12 hrs to allow the production of fresh
yoghurt.

Preparation of omidun

Five hundred grams of maize (Zea mays) was sorted to remove dirt and impurities, then
soaked in 1 L of distilled water for 48 hrs. After soaking, the water was drained, and the grains
were rinsed thoroughly. The soaked grains were then ground using a grinding machine, with
distilled water added gradually to achieve a smooth paste. The mixture was left to ferment
for 24 hrs, after which the omidun was collected as the supernatant

Experimental design

The yoghurt was divided into four equal portions and placed into pre-washed plastic
containers. The plastic containers were thoroughly cleaned with boiled water before use.
Omidun was incorporated into 100 mL of yoghurt at concentrations of 10%, 20%, and 30% in
separate containers, while one portion served as the control (plain yoghurt) (Nahar et al.,
2007).

Proximate analysis

Moisture content determination

This was determined using the AOAC (2011) gravimetric method. A measured weight of the
samples 5 g was weighed into a previously weighed moisture can. The sample in the can was
evaporated to dryness over a steam bath and then dried in the oven at 105°C for 3 hrs in the
first instance. It was cooled in a desiccator and weighed. It was then returned to the oven for
further drying. Drying, cooling and weighing were repeated until a constant weight was
obtained. By difference, the weight of the moisture lost was obtained and expressed as a
percentage of the weight of sample analyzed.

% Moisture Content (MC) = VKVZZ__xi x 100

Where:

W1 = Weight of empty moisture can

W, = Weight of can + sample before drying

W; = weight of can + sample after drying

Ash content determination

The Ash content was determined by the Furnace Incineration Gravimetric Method (James,
2015). Yoghurt sample (5g) was weighed into previously weighed crucible. It was evaporated
to dryness over a steam bath and then burnt in a muffle furnace at 550°C until it becomes grey
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ash. The ash in the crucible was carefully removed and cooled in a desiccator and reweighed.
By weighed increased, the weight of ash was obtained and expressed as a percentage of the

sample analyzed and calculated as shown below:
0 _ wz-w1

%o Ash = Weight of sample X100

Where: W1 = Weight of empty crucible;

W2 = Weight of crucible + Ash

Protein content determination

The macro Kjeldah method as described by AOAC (2005) was used to determine the crude
protein content. 2 g of the samples was introduced into the digestion flask. 10 g of copper
sulphate and sodium sulphate in the ratio of 5:1 and 25 mL of concentrated sulphuric acid
was added to the digestion flask. The flask was placed into digestion block in fume cupboard
and heated until frothing ceased given a clear and light blue colouration. The mixture was
allowed to cool and was diluted with distilled water until it reached 25 mL of volumetric flask.
10ml of the mixture was poured into the distillation apparatus and 10 mL of 40% sodium
hydroxide was added. The released ammonia by boric acid was allow to continue until 10ml
of boric acid is treated with 0.02 M of hydrochloric acid until the green colour change to
purple. The nitrogen in the sample was then determined. The percentage nitrogen of the

sample was calculated as;
(VXNx1.4007)

%Nitrogen = "

Where:
V = Volume of acid used in titration (mL)
N = Normality of H.SOs used for titration
1.4007 = A constant that converts milliequivalents of nitrogen into percent nitrogen
W = Weight of the sample (g)

% Crude protein = % Nitrogen x 6.25

Fat content determination

According to AOAC (2011), 5.0 g of yoghurt sample was mixed with 0.88 ammonia solution
and 10 mL of 95% ethanol was added to it and mixed well. A 25 mL of diethyl ether was added
to it and shaken vigorously for 1 min. 25 mL of petroleum ether was added and mixed well.
The mixture was allowed to separate into phases and after standing for 1 hr. The fat extract
(ether phase) was collected and the sample was re-extracted with the same solvent and the
extracts pooled together. The extract was then transferred to a weighed flask and the solvent
recovered while the fat in the flask was dried in the oven. The weight of fat was determined
and the amount of fat determined and expressed as a percentage of the sample analysed, it

was calculated as shown below:

w2—- w3
% fat = ——  x 100
Weight of sample

Where:
W1 = Weight of flask alone
W> = Weight of flask and extract

Determination of total solids (Dry matter content)

The Total Solids was determined as described by AOAC (2005). For this analysis, 3 g of the
sample was weighed into a dry Petri dish of a known weight. The total portion was pre-dried
for 25 mins on steam bath and then dried for 3 hrs at 100°C in forced draft air oven. The Total
Solid sample is the weight of the dried sample residue and was calculated as:

% Total Solid = “2="1 % 100
wi-w
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Where:

W = Weight of the dish

W1 = Weight of dish and sample test portion
W2 = Weight of dish and dry sample

Determination of carbohydrate content

Carbohydrate was calculated as Nitrogen free extract using method described by James
(2015).

% Carbohydrate = 100 — % (protein + ash + fat + moisture content)

Mineral and vitamin C determination

The resulting ash was dissolved in 100 mL of HCl and then made up to 100 mL in a volumetric
flask with distilled water. This solution was used for mineral analysis. The calcium and
magnesium contents of the test samples were determined using ethylenediamine tetraacetic
acid (EDTA) complexometric titration as outlined by AOAC (2005). For vitamin C
determination, 5 g of the sample were weighed into a 100 mL volumetric flask. To this, 2.5 mL
of 20% meta-phosphoric acid was added as a stabilizing agent, and the mixture was diluted
to 100 mL with distilled water. From this solution, 10 mL was transferred into a small flask,
and 2.5 mL of acetone was added. The solution was then titrated with indophenol’s solution
until a faint pink color persisted for 15 seconds. The concentration of vitamin C in the sample
was calculated as mg/100 mL using a UV spectrophotometer at a wavelength of 264 nm with
water as the reference (Okonkwo, and Agharandu, 2017).

Sensory properties

The product samples were evaluated using hedonic method for sensory characteristics and
overall acceptability by a set of students selected randomly. They were served coded samples
of yoghurt and asked to compare it by testing for taste, colour, flavour, texture and overall
acceptability. All tests were performed and rated on a 7-point hedonic scale described by
Kazeem and Wakil (2012). The 7-point hedonic scale is a widely used tool in sensory
evaluation to measure the degree of liking or preference for a product often food or beverages.
The scale ranges from 1 to 7, with each point corresponding to a specific verbal descriptor of
liking or preference (1= dislike extremely and 7= like extremely).

Storage stability studies

The supplemented yoghurt samples were stored in sterile plastic containers at ambient
conditions on the laboratory bench. The stored samples were monitored for pH, titratable
acidity sugar content and microbial changes at 2 days intervals for 8 days

Determination of titratable acidity

Titratable acidity (% lactic acid) was determined by the method described by Oladipo et al.,
(2014). Briefly, 10 g of the sample was dissolved in 30 mL of distilled water and mixed
thoroughly. A few drops of phenolphthalein indicator were added in the mixed solution. It
was titrated against standard 0.1N sodium hydroxide solution until a pale pink colour was
persisted for about 10-15 seconds for complete neutralization. The titratable acidity was
calculated based on lactic acid which is the main organic acid in yoghurt samples and is given
below:

Titratable acidity (%) =

Vol.of NaOH(ml)x0.1NNaOHxmilliequivalentfactor
Mass of sample(g)

x 100
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Determination of sugar content

The sugar content was determined using Fehling's solution A (Copper(II) sulfate solution),
Fehling's solution B (Alkaline tartrate solution), Distilled water, Yoghurt sample, Measuring
cylinders, Pipettes, Burette, Conical flasks, Beakers, Water bath, Filter paper. Equal volumes
of Fehling’s solution A and Fehling’s solution B were mixed together and the mixture as
prepared fresh before use. 10 mL of the yoghurt sample was taken and diluted with 10 ml of
distilled water. The diluted yoghurt was filtered to remove any solid particles. 10 ml of the
prepared Fehling’s solution was pipetted into a conical flask and 40 mL of distilled water was
added to the flask. The mixture was heated to boiling in a water bath. After boiling, the
Fehling’s solution was titrated with the filtered yoghurt sample and the sample was added
gradually using a burette. It was added continually until the blue colour of the Fehling’s
solution completely disappears and a brick-red precipitate was formed.

Microbiological analysis

The microbial load of the yoghurt samples was done by plating 1 mL aliquot of the 10
dilution of the yoghurt sample using the pour plate method. Nutrient agar was used to
determine the total viable count, while De Man Rogosa Sharpe (MRS) medium was used to
plate for lactic acid bacteria. The plates were incubated at 37°C for 24 hrs and microbial counts
were recorded accordingly.

Statistical analysis

Statistical analysis was performed with SPSS Version 27.0 statistic software package and
Duncan's test for mean comparison was adopted to highlight significant differences among
the yoghurt samples. Data were significant if the p-value was found to be < 0.05. Data are
expressed as means * standard deviation (SD)

RESULTS

Nutritional quality of the omidun supplemented yoghurt

The proximate composition of yoghurt supplemented with 10% 20% and 30% omidun was
done to examine its effect on the nutritional content (Table 1). The result shows an increase in
moisture content with increase in the omidun supplementation. The highest moisture content
(90.53 %) was observed in yoghurt supplemented with 30 % omidun while the lowest (50.58
%) was observed in yoghurt that was not supplemented with omidun. Also, the viscosity of
the yoghurt appeared to be higher than that of the omidun. Addition of omidun to the yoghurt
decreased the fat content of the yoghurt. Although the fat content decreased with increase in
the omidun concentration, however, there is no significant difference (p<0.05) among the
samples except for the omidun which recorded the lowest fat content of 0.68 %. The plain
yoghurt showed the lowest ash content (0.86%), whereas the other samples had higher values,
with no noticeable difference between the omidun-supplemented yoghurt and omidun alone.
The protein content was influenced by the omidun concentration. Result showed that the
protein content was significantly improved by the addition of omidun. The lowest protein
content (3.63%) was observed in the plain yoghurt while the highest (18.73%) was observed
with the omidun alone. It was observed that the protein content significantly decreased from
14.21% to 8.58 % when the omidun concentration was increased from 10% to 30%.
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Table 1. Proximate composition of omidun supplemented yoghurt

Proximate Yoghurt Omidun 10% 20% 30%
composition Omidun Omidun Omidun

(%)

Moisture 50.58 + .262 55.83 £0.22b 85.79 = .11c 87.56 £0.59¢ 90.53 £0.314d
Content

Dry Matter 14.43 + 2]1a 15.18 £0.97° 14.18 £ .97a 14.44 £0.10a 14.47 £0.17a
Content

Crude Protein ~ 3.63 + 0.062 18.73 £ 0.03¢ 14.21 + 494 7.14 +0.02b 8.58 + 0.26¢
Fat 1.64 +0.05P 0.68 £ 0.802 1.59 £ 0.07v 1.57 +0.10b 1.55 +0.03b
Ash 0.86 +0.102 3.53 £0.04b 3.52 £ 0.05b 3.55 £0.04b 3.55 £0.04b
Nitrogen Free ~ 8.55 £0.174 26.70 + 48 3.80 £ 0.07¢ 2.97 +0.13b 0.79 £0.19a
Extract

Means sharing the same superscript in each row are not significantly different at P < 0.05 by Duncan's
Multiple range test

Mineral composition of omidun supplemented yoghurt

The result of the analysis of mineral content showed no significant improvement in the
calcium and iron content of the different yoghurt at (P<0.05) Table 2. However, yoghurt
supplemented with 20 % and 30 % omidun showed the highest iron and calcium content of
2.11 and 0.53 mg/100 g, respectively. The plain yoghurt had the highest vitamin C content of
2.43 mg/100g which was not improved by the addition of omidun. The vitamin C content
decreased to 1.19 mg/100 g with 10% omidun supplementation.

Table 2. Mineral composition of omidun supplemented yoghurt

1(\:111;;33;) Yoghurt Omidun 10% Omidun 20% Omidun 30% Omidun
Calcium 2.10 £ 0.062 2.08 £0.072 2.10 £ 0.062 2.11 £0.052 2.08 +0.062
Iron 0.48 £0.052 0.43 £0.022 0.39 £ 0.042 0.46 £ 0.092 0.53 £0.092
Magnesium 0.98 £0.12b 0.88 +0.00° 0.89 £0.010 0.86 £ 0.05> 1.01 +0.13b
Vitamin C 2.43 +£0.07¢ 2.36 +£0.06¢ 1.19+ 0.122 1.88 +0.16° 2.03 +0.08b

Means sharing the same superscript in each row are not significantly different at P < 0.05 by Duncan's Multiple
range test

Organoleptic properties of omidun supplemented yoghurt

The result of the sensory properties of the yoghurt is shown in Table 3. The sensory
characteristic was scored differently in all the samples supplemented with a 10%, 20% and
30% omidun.. The plain yoghurt received higher acceptability scores than the supplemented
yoghurt. Panelist preferred the taste of 10 % supplemented omidun while the flavour was rated
highest in the 20 % omidun supplementation.

Table 3. Sensory characteristic and acceptability of omidun supplemented yoghurt.

Concentration Taste Colour Flavour Texture Overall
of omidun (%) acceptability
Plain yoghurt 6.0 7.0 6.8 7.0 6.7
10 7.0 7.0 6.2 6.0 6.6
20 6.0 6.9 7.0 6.0 6.5
30 6.0 6.9 6.8 6.0 6.4

Samples were evaluated on 7-point hedonic scale (1= dislike extremely and 7= like extremely).
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Changes in physicochemical properties on storage of the omidun supplemented yoghurt
The changes in the physicochemical properties (pH, titratable acidity and sugar content) of
yoghurt supplemented with omidun is shown in Figure 1. The addition of omidun slightly
increased the pH of the yoghurt from 3.3 to 3.6. However, the titratable (TTA) acidity
increased with increase in storage days.

There was an increase in the sugar content after the addition of the omidun. The sugar content
increased from 1.5 mg/ml in plain yoghurt sample (control) to 2.5 mg/ml in the
supplemented samples. Thereafter, the sugar content of the plain product decreased
gradually as the storage days increased and reached 0.15 mg/ml after 8 days of storage.
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Figure 1: Effect of storage on (a) pH, (b)TTA and (c) sugar content of omidun supplemented yoghurt omidun

Changes in microbial quality on storage

At day 0, total bacterial load was low across all yoghurt samples, with the 20% omidun sample
showing a slightly higher count (2.00x10* Cfu/ml) than the 10% (1.00x10* Cfu/ml) and 30%
(1.50x10* Cfu/ml) samples. By day 2, bacterial counts increased significantly, with the 10%
omidun sample reaching 1.01x10° Cfu/ml, while the 20% and 30% samples recorded 9.08x10*
and 9.80x10* Cfu/ml, respectively. At day 4, the 20% sample peaked at 1.20x10° Cfu/ml, while
the 30% sample began to decline. By day 8, the bacterial count in the 30 % omidun sample
dropped significantly to 2.60x10* Cfu/ml, and the 20 % sample decreased to 1.00x10* Cfu/ml,
whereas the 10 % sample peaked at 2.10x10° Cfu/ml. LAB counts followed a slightly different
pattern. By day 2, LAB populations increased across all samples, peaking at day 4 in the 10 %
omidun sample (1.20x10° Cfu/ml), coinciding with a significant reduction in the total bacterial
load.
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Table 4. Effect of storage on the total bacterial and lactic acid bacteria counts

Storage time(day) 10% Omidun 20% Omidun 30% Omidun

Total bacteria (TB) count

0 1.00x104 2.00 x104 1.50 x104
2 1.01x105 9.08 x104 9.80 x104
4 1.00x104 1.20x105 7.60x104
6 7.50x104 1.10 x 105 5.20 x104
8 2.10%105 1.00 x104 2.60%x104
Lactic acid bacteria (LAB) count

0 2.50%x104 3.40%x104 4.20%x104
2 3.60 x 104 3.90x104 9.00x104
4 1.20 %105 9.90x104 8.40%104
6 1.82x105 1.08x105 8.80%x104
8 4.40%x104 7.00x104 6.40x104

Effect of storage on sensory properties of the omidun supplemented yoghurt

The taste, colour, texture and flavor showed different scores observed by the panelist (Table
2). Generally, sample at day zero was rated highest in terms of taste, colour, flavour and
texture, except for 20 % omidun which received the higher rating in colour at day 2 and 30 %
omidun -supplementation which received higher rating of taste and flavor at day 2. It is worth
to note that yoghurt samples at day 8 of storage received the lowest rating in terms of taste
which could be due to the longer storage period. For the taste, the scores range from 7.0-4.9
which indicates the changes in taste from day 0 to day 8. The scores for colour also reduced
from day 0 to day 8 (6.5-4.5) and texture also decreases. For 20 % of Omidun, day 8 has the
lowest taste score. There is also reduction in the scores for colour, flavor, texture and overall
acceptability from day 0 to day 8. The same result applicable to 30% omidun.
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Figure 2. Effect of storage on sensory properties of yoghurt supplemented with (a) 10 % omidun, (b) 20 % omidum
(c) 30 % omidun.

DISCUSSION

The proximate composition showed variation in results. The higher moisture content
observed in the omidun supplemented yoghurt was expected since omidun consist of more
than 90 % water. The fat content of yoghurt is significantly influenced by the type of milk used
(Teffane, 2024). The low fat content of the yoghurt could be attributed to the low oil content
of the milk which was the major substrate of the yoghurt produced. According to the code of
Federal Regulations, FDA, U.S, yoghurt manufactured from skimmed milk have been defined
to contain very low fat content (within the range of 1-2%) while those produced from full
cream milk will have fat content in the region of 4% or slightly above. The decline in protein
content with higher omidun concentrations suggests the existence of an optimal concentration
range required to enhance the protein content of the formulations. The protein content in the
yoghurt is consistent with the research of Farinde et al. (2016) that reported a 3.04% protein
content in dried powder milk yoghurt fermented with commercial starter. The protein content
in omidun may be from the variety of grain used which became rich in proteins, particularly
after fermentation. Grains often vary in protein contents between 6-13%. In a study by Ilyas et
al. (2014), protein content ranging between 10.82-13.59% was recorded. From these
observations, incorporating omidun into yoghurt enhances its protein content and nutritional
profile. The higher protein content observed in the omidun-supplemented yoghurt compared
to plain yoghurt may be attributed to the fermenting yeast and lactic acid bacteria present in
the omidun, which contribute as sources of single-cell protein. Increased protein intake has
been associated with muscle repair, immune function, weight management, enhanced
metabolic rate (Chang et al., 2015). Some studies advocate for high-protein diets, others
caution against excessive protein consumption, as it may lead to insulin resistance and other
metabolic complications over time (Laeger ef al., 2018). Plant based proteins such as the one
from grains have been linked to better glycemic control and overall health benefits (Nishi et
al., 2023). The protein content in the omidun fortified yoghurts are in a range (10-20%) that
maintains a balance, and suitable for diabetic patients (Horikawa et al., 2013). The addition of
omidun increased the ash content of the yoghurt. Farinde et al. (2008) recorded an increase in
ash content of yoghurt supplemented with maize steep water compared to commercial
yoghurt. The inherent ash content of omidun is an indicator of its mineral composition which
plays significant role in human health (Gautam et al., 2022). The mineral content showed
variation in values as a result of omidun supplementation with no significant difference among
them. Magnesium functions as a co-factor for many enzymes involved in energy metabolism,
protein synthesis and maintenance of the electrical potential of nervous tissues and cell
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membranes (Onimawo and Akubor, 2012). Magnesium deficiency can exacerbate
complications such as nephropathy (Tariq, 2023). Calcium plays important function in bone
health and muscle formation.

Adequate calcium levels may help mitigate the risk of complications such as osteoporosis in
diabetic patients (Gonzaga, 2021). Iron is a key component of hemoglobin and its deficiency
can lead to anemia, which is particularly concerning for diabetic patients as it may worsen
their overall health status and complicate management strategies (Yang et al., 2023). The 10 %
omidun fortified yoghurt has the highest overall acceptability than the other concentrations
which may be explained due to the low quantity of omidun in the yoghurt. The addition of
omidun to yoghurt at varying influences the sensory properties, with omidun (10 %) being more
favorable to panelists due to its minimal impact on the organoleptic characteristics of the
yoghurt. Higher concentrations of omidun (30%) reduce overall acceptability due to a more
pronounced alteration of flavor or taste.

The pH plays important role in acceptability and shelf life of foods. The pH levels of all
products indicated that they were in the acidic range. The drop in pH may be due to the action
of microorganisms or increase in the hydrogen ion concentration resulting from protein-
protein interaction or changes in composition (Das, 2024; Pokharnikar, 2023). The pH in this
study is consistent with findings from previous studies that reported pH values for yoghurt
typically ranging from 4.0 to 4.4 (Hwang et al., 2016). The pH of omidun varies significantly
depending on the maize variety used. According to a study by Falana et al., (2016), yellow
maize had a mean pH of 4.0, which is notably higher than the 3.6 pH observed in omidun from
white maize varieties. The low pH could limit microbial activity thereby extending the shelf-
life of the products. Conversely too low pH may cause the product to taste sour thereby
causing it to be rejected. During an 8 days storage, the pH recorded slight stability to reduction
till the end of storage. It could be inferred that the omidun act as a buffering agent for the
yoghurt. The TTA typically rises due to the accumulation of lactic acid produced by
fermentative bacteria, which concurrently lowers the pH (Onyimba et al., 2022).

The decrease in sugar content of the plain yoghurt during storage is similar to the findings of
Jariczuk et al. (2023), who reported a general decrease in sugars, as a result of enzymatic
processes during storage which are driven by the metabolic activities of the microorganisms
present in the yoghurt (Ge et al., 2022). Contrary to this, the sugar content of the omidun
supplemented yoghurt was stable at all concentrations throughout the storage days. The
addition of omidun may have altered the microbial community dynamics, favoring strains that
are less aggressive in sugar consumption, hence, limiting sugar utilization. Despite these
variations, in total bacteria count in the samples, all samples remained within safe microbial
limits of 5 x 10* Cfu/ml, as specified by the Indian Standards Institute (ISI). These results
suggest that omidun, particularly at higher concentrations, may act as a biopreservative,
enhancing the microbial safety and shelf life of yoghurt. LAB are known for their antimicrobial
effects, primarily through the production of organic acids, bacteriocins, and other inhibitory
compounds (Bamgbose et al., 2021). This result suggest that LAB can reduce bacterial loads as
fermentation progresses, however, increasing the concentration of omidun can further aid its
antimicrobial activity. The changes in sensory properties of yoghurt supplemented with
omidun at different concentrations indicated that functional ingredients can influence sensory
attributes at the different concentrations of omidun. According to Yildiz and Ozcan (2018), the
metabolic activity of yogurt bacteria leads to increased lactic acid production and a decrease
in pH, which can negatively impact sensory attributes if not managed properly. In all samples
studied, yoghurt at day zero had the highest overall acceptability. This is in line with the
findings of Pourghorban et al., (2022), who reported that the supplementation of yoghurt with
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olive leaf powder and olive leaf extract indicated that functional ingredients can influence
sensory attributes. The decline in overall acceptability with increasing storage days may be
due to the unsuitability of ambient temperature for storage, as the rise in microbial growth
likely affected the organoleptic qualities of the yoghurt.

CONCLUSION

The nutritional enhancement of yoghurt supplemented with omidun offers a promising sugar
alternative in yoghurt. As a natural sugar alternative, omidun also enriches the yoghurt with
essential nutrients beneficial for managing diabetes. Despite some alterations in taste, there
was a substantial increase in protein content which highlights its nutritional advantage over
commercial sugar. Future research should focus on storage via refrigeration. Additionally,
exploring pasteurization methods could enhance the shelf-life of omidun, facilitating its
broader production and consumption in the market. This approach could contribute
significantly to healthier dietary options for individuals with diabetes, promoting both
wellness and quality of life.
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