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Abstract

The combination of multiple strains and multiple species in lactic acid bacteria-based fermented milk offers the potential
for nutritional and sensory attributes, making it an attractive option for developing high-quality and health-promoting
probiotic yoghurt-like fermented milk products. In the present study, four combinations of yoghurt-like fermented
milk samples: Sample 1 (Control), Sample 2 (Lactobacillus desidiosus), Sample 3 (Lactobacillus fermentum), and Sample 4
(Lactobacillus desidiosus and Lactobacillus fermentum) were developed. Proximate composition (moisture, ash, protein,
fat, carbohydrate), physicochemical (pH, titratable acidity, syneresis, total soluble sloid), microbiological (Lactobacillus
bacteria, yeast and mold, and coliform bacteria), and sensory properties (color, flavor, texture, taste, and overall accept-
ability) were assessed under refrigerator conditions (4 °C) from 0 to 28 days of storage period. Proximate composition
differed significantly (p <0.05) among samples for moisture (49.34-79.32%), ash (1.14-0.31%), protein (3.72-3.21%), fat
(11.23-5.62%), and carbohydrate (33.11-12.98%). Yoghurt-like fermented milk containing Lactobacillus desidiosus as
single or in combination with Lactobacillus fermentum resulted in reduced pH levels (6.02-3.49), total soluble solid
(41.66-24.66%) and increased syneresis (30.04-65.52%), titratable acidity content (0.42-1.62%). Single or combination
of Lactobacillus desidiosus and Lactobacillus fermentum significantly (p <0.05) reduced Lactobacillus bacteria (8.17-6.01
Log CFU/q), yeast, and mold (1.45-1.19 Log CFU/g). Additionally, none of the samples of probiotic yoghurt-like fermented
milk showed any detectable coliform count, indicating the possibility of prolonging the shelf life. The sample prepared
by Lactobacillus desidiosus had the highest sensory ranking (8.10) at day 0 and during storage than other samples. In
conclusion, the inclusion of Lactobacillus desidiosus and Lactobacillus fermentum strains in the composition of production
starter cultures holds great promise. The utilization of these enriched starter cultures enables the production of healthy
food products that maintain their quality throughout the entire storage period.
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1 Introduction

Probiotics are defined as live microorganisms that, when consumed in sufficient quantities, provide health benefits
to the host. These beneficial effects can be attributed to a range of core benefits observed across different probiotic
species. These core benefits include the regulation of intestinal transit, the restoration of disrupted microbiota bal-
ance, the turnover of intestinal cells, the prevention of pathogen colonization, the enhancement of colonization
resistance, and the production of short-chain fatty acids. In addition to these core benefits, specific probiotic strains
have been found to offer unique advantages such as neurological, immunological, and endocrinological effects and
the production of bioactive compounds [1]. One popular form of delivering probiotics is through fermented milk
that has been consumed for centuries [2-4].

In the pursuit of developing innovative and effective probiotic fermented milk, researchers have turned their atten-
tion to specific strains of lactic acid bacteria, such as Lactobacillus desidiosus and Lactobacillus fermentum [5, 6]. These
strains have shown promising characteristics and have been extensively studied for their probiotic properties. Lacto-
bacillus desidiosus, a species of lactic acid bacteria, has been isolated from various sources, including fermented foods
and the gastrointestinal tract of animals. It possesses unique traits that make it an attractive candidate for probiotic
applications. Studies have demonstrated that Lactobacillus desidiosus exhibits excellent survival rates in the harsh
conditions of the digestive tract, allowing it to reach the intestines and exert its beneficial effects [7]. Additionally,
it has been shown to have antimicrobial activity against harmful bacteria, which further contributes to its potential
as a probiotic strain [8]. Similarly, Lactobacillus fermentum is another strain of lactic acid bacteria that has gained
attention for its probiotic properties. It has been isolated from various sources, including fermented foods, human
breast milk, and the gastrointestinal tract [9]. Lactobacillus fermentum has been extensively studied for its ability to
survive gastric acid and bile salts, enabling its colonization in the gut. It also exhibits anti-inflammatory properties,
supports the immune system, and aids in maintaining a healthy balance of gut microbiota [10].

The development of a probiotic food products based on Lactobacillus desidiosus and Lactobacillus fermentum
offers several advantages [11]. Firstly, the inherent properties of these strains make them well-suited for survival and
colonization in the gut. This ensures that a sufficient number of viable probiotic cells reach the intestines, where they
can confer their health benefits. Secondly, the potential antimicrobial activity of these strains can help in inhibiting
the growth of pathogenic bacteria in the gut, promoting a healthy gut microbiota. Lastly, the combination of Lacto-
bacillus desidiosus and Lactobacillus fermentum in fermented milk can provide a diverse range of beneficial effects,
as each strain has its own unique properties [12].

The main objectives of this study were to produce probiotic yoghurt-like fermented milk product with combina-
tion of Lactobacillus desidiosus and Lactobacillus fermentum and to investigate the effect of these combinations on
proximate composition (moisture, ash, protein, fat, carbohydrate, titratable acidity content), physicochemical (total
soluble solids, pH, syneresis), microbiological, and sensory properties during refrigerated storage.

2 Materials and methods
2.1 Isolation of Lactobacillus species

Lactic acid bacteria for probiotic characteristics were isolated from different commercially manufactured yoghurts
and other milk samples. For the present study, twenty-three samples were collected from different regions of Bang-
ladesh. Ten Lactobacillus spp. were isolated from twenty-three milk products. Two isolates (Lactobacillus desidiosus
and Lactobacillus fermentum) were selected for the present study to prepare probiotic yoghurt-like fermented milk
based on some probiotic confirmation tests (data not provided).
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Fig. 1 Manufacturing process of probiotic yogurt-like fermented milk

Fig.2 Probiotic yogurt-like
fermented milk samples
developed from Lactic Acid
Bacteria

2.2 Development of probiotic yoghurt-like fermented milk
2.2.1 Preparation of lactobacillus spp. mother culture

The frozen stock cultures of Lactobacillus spp. (Lactobacillus desidiosus and Lactobacillus fermentum) were revived by
spreading them on sterile De Man Rogosa and Sharpe (MRS) agar (69964, Sigma-Aldrich, Bangalore, India). Following
that, the plates were placed in an incubator at 37 °C for a period of 48-72 h. Afterward, a single colony was selected
and introduced into 10 mL of MRS broth, which was then incubated at 37 °C for 24 h. This process aimed to obtain
samples with a concentration level of approximately 10° colony-forming units per mL (CFU/mL) for further processing
[13]. 10 mL of the Lactobacillus spp. (Lactobacillus desidiosus and Lactobacillus fermentum) cultures cultivated in MRS
broth were harvested individually subjected to centrifugation at 6000 x g (Avanti J-20 XPI, Beckman Coulter Inc.,
Fullerton, CA, USA) for 5 min at 4 °C. The supernatant was then discarded and the pellets were reconstituted in 1 mL of
phosphate buffered solution (PBS) (P3813, Sigma-Aldrich, Bangalore, India) and vortexed (58816-123, VWR, CA, USA)
properly [13]. This process aimed to obtain bacterial pellets, which were subsequently washed twice with sterile PBS.

2.2.2 Preparation of probiotic yoghurt like-fermented milk

The toned milk (PRO1005, Milk Vita Company Ltd., Dhaka, Bangladesh), following to the prescribed standards (PFA)
for toned milk with 3% fat and 8.5% solids-not-fat, was purchased from a local market and milk was tested within 24 h
of purchase to minimize any potential quality degradation or microbial growth. The collected liquid milk was then
homogenized at 55-65 °C and 15-20 MPa, followed by pasteurization at 85-90 °C for 30 min, and immediate cooling
to incubation temperature (40-45 °C) (Fig. 1). Once the pasteurized milk reached a temperature of 42 °C, a total of 20
previously sterilized food grade plastic jars were divided into four categories, each consisting of five jars. These catego-
ries were as follows: (i) Sample 1: control; (i) Sample 2: Lactobacillus desidiosus; (iii) Sample 3: Lactobacillus fermentum;
and (iv) Sample 4: mixed culture of Lactobacillus desidiosus and Lactobacillus fermentum (Fig. 2). At first, 100 mL of pas-
teurized milk was poured into each jar. Each category of jars was inoculated with a different bacterial culture. For the
control group, a popular brand of fermented milk called Bonoful was used as the starter culture, with 2 g added to each
control jar. Sample 2 and Sample 3 were inoculated with 2% (equivalent to 2 mL) of previously prepared Lactobacil-
lus mother culture of Lactobacillus desidiosus and Lactobacillus fermentum, respectively. Sample 4 was inoculated with
1% (equivalent to 1 mL) of Lactobacillus desidiosus and 1% (equivalent to 1 mL) of Lactobacillus fermentum. Following
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inoculation, the combination of pasteurized milk and starter culture was vigorously stirred to ensure the even distribu-
tion of the fermented milk starter culture throughout the cooled milk. Subsequently, the jars were placed in an incubator
and incubated for a period of 18 h at a temperature of 42 °C and approximately pH 4.5 [14]. Once the 18-h incubation
period was completed, the yoghurt-like fermented milk were developed. They were then allowed to cool down to room
temperature. After cooling, the yoghurt-like fermented milk samples were transferred and stored inside a refrigerator,
maintaining a temperature of 4+ 1 °C.

2.3 Determination of proximate composition
2.3.1 Moisture content

The moisture content was ascertained using the oven method specified by the Association of Official Analytical Chemists
(AOAC) [15]. A quantity of 2 g from the sample was subjected to evaporation in a water bath to eliminate any surplus
water and subsequently dried in a hot air oven at a temperature of 105 °C for a duration of 3 h. The reduction in weight
was measured and documented as the moisture content, in accordance with Eq. 1:

Weight of water in sample

%Moisture =
oronsture Weight of sample

X 100 (M

2.3.2 Ash content

The ash content was evaluated using the direct heating technique outlined by AOAC [15]. A quantity of 2 g from the
sample was measured and subjected to evaporation in a water bath to eliminate any surplus water, followed by burning
to ash in a muffle furnace for a duration of 3 h at a temperature of 550 °C. Subsequently, the sample was cooled in a
desiccator, and the weight of the resulting ash was determined using Eq. 2:

Weight of ash

%Ash= ————
ons Weight of sample

X 100 )

2.3.3 Protein content

The crude protein content was assessed using the macro Kjeldahl method outlined in AOAC [15]. A portion of 2 g from the
samples was introduced into the digestion flask. In the flask, a mixture of 10 g of copper sulphate and sodium sulphate
in a 5:1 ratio, along with 25 mL of concentrated sulphuric acid, was added. The flask was then placed in a digestion block
located in a fume cupboard and heated until the frothing ceased, resulting in a clear and light blue coloration. After
allowing the mixture to cool, it was diluted with distilled water until reaching a volume of 25 mL in a volumetric flask.
Subsequently, 10 mL of the mixture was transferred to the distillation apparatus, and 10 mL of 40% sodium hydroxide
was added. The released ammonia was allowed to continue until 10 mL of boric acid reacted with 0.02 M of hydrochloric
acid, causing the green color to transition to purple. The nitrogen content in the sample was then determined from Eq. 3.
Finally, the percentage of cruden protein in the sample was calculated using Eq. 4.

molar mass of nitrogen X acid concentration(0.02M) X volume made X titre value
Sample weight(2g) X 10 x 1000

% Nitrogen = X 100 (3)

% Crude protein = % Nitrogen X 6.38 (4)

2.3.4 Fat content

The fat content was determined utilizing the Soxhlet solvent extraction technique outlined in AOAC [16]. In this method, a
2 g sample was carefully weighed and placed into a flat-bottom flask of known weight, with the extractor securely attached.
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The thimble was positioned at a midpoint within the extractor, and the measured sample was meticulously transferred
into the thimble, which was subsequently sealed using cotton wool. The extraction process was carried out throughout
8 h, maintaining a temperature range of 40 to 60 °C. Following this, the solvent was evaporated to eliminate it entirely, and
the remaining contents in the flask were subjected to drying in an oven at 80 °C for 30 min. After sufficient cooling within a
desiccator, the flask underwent reweighing, facilitating the calculation of the percentage of fat (Eq. 5).

Weight of extracted fat

%Fat =
ora Weight of sample used x

)

2.3.5 Carbohydrate content

The difference determined the total carbohydrate content. The sum of the percentage moisture, ash, and crude protein was
subtracted from 100 as described by Ihokoronye and Ngoddy [17], summarized in Eq. 6:

% of Carbohydrate = 100 — (% of Moisture + % of Fat + % of Protein + % of ASH) (6)

2.4 Determination of physicochemical properties
2.4.1 Titratable acidity content

The titratable acidity content of different yoghurt-like fermented milk samples was determined by AOAC method 947.05 [18].
A total of 10 g of the sample was measured and combined with 20 mL of boiled and cooled distilled water. Additionally, 1 mL
of phenolphthalein indicator, which was prepared at a concentration of 1% in 95% ethyl alcohol, was added to the mixture.
The resulting mixture was subjected to titration using standardized 0.1N NaOH solution. The titration process involved adding
the NaOH solution gradually to the mixture while observing for the first color change, which indicated the neutralization of
the lactic acid. The color change observed was a transition to pink. Once the pink color appeared, it was allowed to persist for
305s.To ensure complete neutralization of the lactic acid, an additional drop of 0.1N NaOH solution was added to the mixture.
The final volume of 0.1N NaOH required to achieve the desired color change and neutralization was carefully noted. The
titratable acidity was calculated according to the Eq. 7.

+ Total titratable acidity of lactic acid(%)
_ Volume of NaOH used x Molarity of NaOH used X Equivalent weight of lactic acid(90.08 mg) (7)
- Volume of sample used '

2.4.2 Total soluble solids

The method described by Mazumdar and Majumder [19] was used to determine the total soluble solids using a Digital-Bench
Refractometer (model: RX-5000i, Thomas Scientific, New Jersey, USA). The instrument was cleaned and adjusted to zero at
a temperature of 25 °C using distilled water before it was used. Using a glass rod, an appropriate quantity of each product
sample was placed on the refractometer’s prism-plate, with the cover folded back. The instrument was calibrated with
distilled water for each sample. The reading shown on the screen was directly noted as the total soluble solids, expressed
in terms of Brix.

243 pH
The measurement of pH was conducted by employing a digital pH meter (model: Jenway 3505, Cadmus, Essex, UK) that
underwent calibration using pH 4 and 7 buffers. A volume of 25 mL of the sample was carefully moved into a 50 mL beaker.

Subsequently, the pH probe was submerged into the sample, and the beaker was gently swirled until the pH reading
stabilized, at which point the value was recorded [13].
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2.4.4 Syneresis

Yoghurt-like fermented milk samples syneresis was determined using a bench-top centrifuge (model: Eppendorf 5810R,
Eppendorf South Pacific Pty. Ltd, New South Wales, Australia) following the method outlined by Motoki and Seguro [20]. A
20 g sample was placed in a 50 mL glass tube and subjected to centrifugation at 3500 rpm for 15 min at a temperature of
20 °C.The syneresis was quantified by calculating the proportion of whey released relative to the initial weight of the gel.

Weight of supernatant
Weight of yoghurt

% Syneresis = 100. (8)

2.5 Microbiological analysis

To determine the growth of microorganisms, the microbial count was carried out in triplicate using the standard spread
plate method as per the IDF standard procedure [21]. The presence of Lactobacillus in the sample was specifically assessed
by utilizing MRS agar as the culture medium. For the preparation of serial dilutions, each yoghurt-like fermented milk
sample weighing 10 g was carefully measured and placed in sterile stomacher bags under sterile conditions. To obtain
the initial dilution, 90 mL of 0.1% sterile peptone water was added to the stomacher bags for 90 s. Following that, 1 mL
of each dilution (ranging from 1073 to 107%) was transferred onto MRS agar plates using a sterile pipette, and the spread
was evenly distributed across the plates using a sterile glass spreader. All plates were incubated at 37+ 1 °C for 48 h
[22]. The yeast and mold counts were determined using the AACC 42-50 method [23], employing the same dilutions
for the pour plate technique. The plates were then incubated at a temperature of 25+ 1 °C for 3-5 days. Enumeration
of coliform bacteria was performed on lauryl sulfate tryptone broth agar and incubated at 37 °C for 24-48 h [24]. After
incubation, the colonies were counted on plates with between 3 to 300 colonies and the CFU/g was calculated by using
following equation:

Number of colonies

CFU/g =
/9 Total dilution used

&)

The results were expressed as a logarithm of colony forming units (Log CFU/qg).

2.6 Sensory evaluation

A 9-point hedonic scale rating was utilized to evaluate the sensory characteristics of the different treatment samples.
This scale spanned from ‘like extremely’ with a top score of ‘9’ to ‘dislike extremely’ with a bottom score of "1’ [25].
Intermediate scores were assigned according to the preferences of the panel members. A semi-trained panel consisting of
30 participants, comprising postgraduate students and faculty members from the Food Engineering and Tea Technology
department at Shahjalal University of Science and Technology, was formed. They assessed various sensory parameters
including color, flavor, taste, texture, and overall acceptability of the products.

2.7 Statistical analysis

The experiments were conducted in triplicate and repeated three times independently, and the collected data were
analyzed utilizing GraphPad Prism version 9 (GraphPad Software Inc., San Diego, CA, USA). The outcomes are expressed
as mean values accompanied by their corresponding standard deviation. To assess the statistical significance between
the groups, a two-way analysis of variance (ANOVA) was performed, followed by Tukey’s multiple comparison test. A
p-value lower than 0.05 was considered statistically significant at a 95% confidence interval.
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Table 1 Proximate composition of developed probiotic yoghurt-like fermented milk samples

Parameters Sample No. Day 0 Days 7 Days 14 Days 21 Days 28
Moisture content (%) Sample 1 (Control)  73.58+0.37%®  70.80+0.47%  77.24+064%  77.96+0.42  79.32+0.61%P°
Sample 2 7063+0.44C  63.77+022°C  5805+0.48"  5554+042**  54.96+0.13%
Sample 3 66.22+0.10%  5841+0.36°  56.70+0.14C  5523+0.36®  53.72+0.60*
Sample 4 68.62+0.28°  65.07+0.22P  6351+0.15C  61.44+0.48°®  4934+0.33%
Ash content (%) Sample 1 (Control) 1.14+0.15° 0.42+0.06*¢ 0.36+0.09%8 0.32+0.06"*  0.31+0.02%A
Sample 2 1.02+0.18%° 0.94+0.25°¢ 0.88+0.12°8 0.85+£0.12°®6  0.76+0.18°*
Sample 3 1.59+0.57P 0.96+0.11°¢ 0.93+£0.09%¢  091+0.13%%  0.86+0.18"
Sample 4 1.06 +0.45%¢ 0.94+0.19°8 0.90£0.04"%  088+0.07"  0.86+0.07"
Protein content (%) Sample 1 (Control) 3.59+0.25°° 3.56+0.45°C 3.50+0.05"8 3.42+0.30° 333030
Sample 2 3.71£0.30P 3.65+0.58°P  3.60+0.15< 352+0.30%  3.41+045°
Sample 3 3.80+0.32%° 3.73+0.10< 3.66+£0.50%¢  361+0.26®  349+0.55%A
Sample 4 3.50+0.36C 3.45+0.32°C 3.39+0.40% 335+0.15%  328+0.15%*
Fat content (%) Sample 1 (Control) 8.75+0.24P 8.66+0.09%° 6.47 +£0.10%C 6.18+0.08%®  562+0.04*
Sample 2 7.17 £0.09°A 7.23+0.07°A 9.54+0.07®  10.19£0.09°C  11.23+0.07°
Sample 3 7.24+0.05°* 7.61+0.11B 8.47+0.10°¢ 8.71+£0.07°°®  8.91+0.03%
Sample 4 6.39+0.11%* 6.67+0.06%® 8.52+0.10°¢ 8.77+0.03°°  8.94+0.03%
Carbohydrate content (%)  Sample 1 (Control) ~ 12.98+0.08%F  16.59+0.09°°  12.49+0.10°C  12.09+0.10®®  11.63+0.29%
Sample 2 17.63+£0.08°"  2461+042®  28.00+021C  29.98+0.09°  29.74+.026°°
Sample 3 21.25+0.16"  29.14+0.21%  3030+0.11%  31.66+0.04%°  33.11+0.19
Sample 4 20.50+0.07%"  23.82+0.29°®  23.64+0.40°®  2551+0.27°C  27.65+0.22°°

Results are expressed as mean values +standard deviation (n=3). For each group, mean values followed by lowercase letters within the
column and uppercase letters within the row indicate significant differences according to Tukey’s multiple comparison tests with a
probability of 5% (p < 0.05)

3 Results and discussion
3.1 Proximate composition

The proximate composition of change in moisture, protein, ash, carbohydrate, and fat content of yoghurt-like fermented
milk samples are presented in Table 1. At 0-day moisture content of samples were 70.80+0.47%, 54.96+0.13%,
53.72+£0.60%, and 49.34 + 0.33% for Sample 1 (Control), Sample 2, Sample 3, and Sample 4, respectively, indicating that
Sample 1 (Control) and Sample 2 have the highest moisture contents. After 28 days of storage at refrigerator temperature
(4 °C) there was a significant (p < 0.05) increase in moisture content across the samples (Sample 1 (Control): 79.32+0.61%,
Sample 2: 70.63 £0.44%, Sample 3:66.22 +0.10%, and Sample 4: 68.62 +0.28%). These increases in moisture content of the
samples are a result of decrease in carbohydrate, protein, fat, and titratable acidity content. This could be attributed to the
fact that factors such as the concentration of milk proteins, and the activity of microbial enzymes can influence syneresis
[26]. If Lactobacillus desidiosus and Lactobacillus fermentum do not produce sufficient amounts of exopolysaccharides or if
other stabilizers are not present, syneresis can occur, leading to an increase in moisture content. In addition, Lactobacillus
species, including Lactobacillus desidiosus and Lactobacillus fermentum, continue their metabolic activities even during
refrigerated storage. They may consume lactic acid present in the yoghurt-like fermented milk, which can result in a
decrease in acidity over time. This reduction in acidity can lead to a weakening of the gel structure and contribute to the
release of moisture [27]. It is also possible that during storage, moisture can migrate within the yoghurt-like fermented
milk matrix due to differences in water activity and concentration gradients. This movement of water can lead to an
increase in moisture content in certain regions of yoghurt-like fermented milk. These results concurred with the finding
of Nayla et al.[28], who reported an increase in moisture content of two different yoghurt samples during storage. The
study conducted by Sanz et al. [29] demonstrated that the moisture content of yoghurt fell within the range of 80-85%.
However, the moisture content of developed yoghurt also depends on composition of milk, addition of sugar, starter
culture, etc.
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Sample 1 (Control), Sample 2, Sample 3, and Sample 4 had protein contents of 3.59+0.25, 3.71+£0.30, 3.80+0.32,
and 3.50+0.36 at the start of the experiment (day 0) (Table 1). After 28 days of storage under refrigerated conditions, a
significant (p < 0.05) decrease was observed (Sample 1:3.33+0.30, Sample 2: 3.41+0.45, Sample 3:3.49+0.55, and Sample
4:3.28+0.15). Sample 3 exhibited the highest protein content, whereas sample 4 displayed the lowest protein content.
Several factors contribute to the phenomenon of decrease in protein content. For instance, the lactic acid bacteria
present in yoghurt-like fermented milk, including Lactobacillus desidiosus and Lactobacillus fermentum, continue their
metabolic activities during storage. These bacteria produce enzymes that can degrade proteins over time. Enzymes such
as proteases can break down proteins into smaller peptides or amino acids, resulting in a decrease in protein content
[30]. In the yoghurt-like fermented milk environment, various microbial populations coexist, including lactic acid bacteria
and potentially spoilage microorganisms. As the storage period progresses, competition among these microorganisms
can occur. Some spoilage microorganisms may utilize proteins as a nutrient source, leading to their breakdown and a
subsequent decrease in protein content [31]. Moreover, while lactic acid bacteria generally do not exhibit significant
proteolytic activity, certain strains or conditions during storage can promote limited proteolysis. This proteolysis can
contribute to a reduction in protein content over time. Sample 1(Control), Sample 2, Sample 3, and Sample 4 had protein
content within the acceptable range of 3.2% of protein by weight, as defined by the ClI [32] standard.

A significant (p <0.05) decrease in ash content is observed (Sample 1(Control): 0 day—1.14+0.05%, 28th day—
0.31+0.02%; Sample 2: 0 day—1.02 +0.08%, 28th day—0.76 +£0.08%; Sample 3: 0 day—1.59+0.57, 28th day—
0.86 +0.08%; Sample 4: 0 day—1.06 + 0.45%, 28th day—0.86 + 0.07%) indicating significant variability in the percentage
of ash contents among the samples stored under refrigerated conditions (Table 1). Ash content in yoghurt-like fermented
milk primarily consists of minerals such as calcium, phosphorus, potassium, and magnesium. During storage, these
minerals may leach out of the yoghurt-like fermented milk matrix into the surrounding liquid phase. Leaching can occur
due to the concentration gradients and physical processes that take place during refrigerated storage, resulting in a
decrease in ash content [33]. Also, Lactic acid bacteria, including Lactobacillus desidiosus and Lactobacillus fermentum,
continue their metabolic activities during refrigerated storage. These bacteria may produce enzymes that can contribute
to the breakdown of organic matter, including minerals [11]. Enzymatic processes may affect the availability or stability
of minerals in yoghurt-like fermented milk, resulting in a decrease in ash content over time. In addition, various chemical
reactions, such as precipitation or complexation, can occur between minerals and other components present in the
yoghurt-like fermented milk during storage. These reactions may alter the solubility or form of minerals, leading to
changes in ash content. This result is in agreement with the findings of Amove et al. [34], who also reported significant
difference in the ash content of enriched whole soybean flour-based yoghurt (1.40 £ 0.82-0.39 +£0.05%) stored under
refrigerator storage conditions.

After 28 days of storage, there was a significant (p < 0.05) decrease in the fat content across all samples. The fat content
of the yoghurt samples ranges from 8.75 £ 0.24-5.62 + 0.04% in Sample 1 (Control), 11.23+0.07-7.17 £0.09% in Sample
2,8.91+0.03-7.24+0.05% in Sample 3, and 8.94+0.03-6.39+0.11% in Sample 4 after 28 days of storage period under
refrigerator conditions (Table 1). Lactic acid bacteria can produce lipase enzymes that can hydrolyze or break down fats.
During storage, these lipase enzymes may remain active, leading to the breakdown of fats present in the yoghurt-like
fermented milk. This enzymatic activity can result in a gradual decrease in the fat content over time [30]. However, over
extended periods of storage, fat globules may undergo creaming, which is the migration of fat to the surface of the
yoghurt-like fermented milk. This creaming process can result in visible separation of fat, leading to a decrease in overall
fat content when measured [35]. Furthermore, fats in yoghurt-like fermented milk are susceptible to oxidation, which
can occur even under refrigerated conditions. Oxidation of fats can lead to the formation of off-flavors and degradation
of the fat molecules. As a result, the fat content may decrease due to the breakdown and modification of fat molecules
during storage [36]. As per the U.S. Department of Agriculture guidelines from 2001 [37], yoghurt with a fat content
below 0.5% should be labeled as non-fat yoghurt, yoghurt with a fat content ranging from 0.5 to 2.0% should be labeled
as low-fat yoghurt, and yoghurt with a fat content above 3.25% should be labeled as whole milk yoghurt. Consequently,
all the yoghurt samples included in the present study would be classified as whole milk yoghurt.

The initial carbohydrate content of samples 1, 2, 3,and 4 were 11.63+0.29, 29.74+0.026,33.11£0.19, and 27.65+0.22,
respectively. Following a storage period of 28 days under refrigeration conditions, there was a significant (p <0.05)
reduction in the carbohydrate content of the samples (Sample 1(Control): 12.98 £0.08, Sample 2: 17.63 £0.08, Sample
3:21.25+0.16, and Sample 4: 20.50 £ 0.07) (Table 1). During fermentation, Lactobacillus desidiosus and Lactobacillus fer-
mentum bacteria convert lactose into lactic acid, which lowers the pH of the yoghurt-like fermented milk and provides
its characteristic tangy flavor. As lactose is consumed during fermentation, the overall carbohydrate content of the
yoghurt-like fermented milk decreases [38]. In some cases, lactic acid bacteria possess enzymes capable of breaking
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Table 2 Physicochemical properties of developed probiotic yoghurt-like fermented milk samples

Parameters Sample no. Day 0 Days 7 Days 14 Days 21 Days 28

pH Sample 1 (Control)  3.86+0.20% 3.80+0.30%° 3.75+0.32%¢ 3.67+0.268 3.49+0.25%
Sample 2 5.74+0.45° 556+0.15°®  5.39+0.20°C 5.25+0.23%8 5.01+0.20°*
Sample 3 5.94+0.64F 5.85+0.30°  5.67+0.26% 5.53+0.30% 5.31+0.10%
Sample 4 6.02+0.45 5.74%0.11P 5.53+0.05 5.42+0.17% 5.23+0.414

Titratable acidity content (%)  Sample 1 (Control)  1.39+.025" 149+ .01% 1.53+.029¢ 1.59+.02°0 1.62+.0190
Sample 2 0.55+.01A 0.57+.01 0.59+.01<¢ 0.60+.01<¢ 0.62+.01P
Sample 3 0.48+.01°* 0.51+.028 0.52+.01°¢ 0.55+.01°° 0.58+.01%F
Sample 4 0.42+.01%A 0.46+.02%° 0.48+.01%¢ 0.50+.013¢ 0.52+.01%°

Syneresis (%) Sample 1 (Control)  60.08+0.24°F  5562+0.41°°  5206+0.94°C  50.16+0.07°®  47.94+0.78°*
Sample 2 64.89+0.36  60.21+0.36C 55.86+0.54  5329+035  53.67+0.50%
Sample 3 30.04+0.17°"  32.84+0.35®  33.76+0.68%°C 3529+1.08C  3544+1.9%
Sample 4 65.52+0.179°  60.62+0.66 58.05+0.60%  5545+043% 54274194

Total Soluble Solid (%) Sample 1 (Control)  31.00£1.00°°  30.00+1.00°° 27.66+0.58°  2633+0.58%®  24.66+0.57*"
Sample 2 35.00+1.00°C  3566+0.58°C 34.66+0.57°5¢ 33.33+0.57°"®  32.00+1.00*
Sample 3 41.66+0.57%  38.00+1.00C  40.00+1.00°°  3566+0.57®  33.66+0.57%
Sample 4 33.66+0.57%%  29.66+0.57*  3566+1.15°C  33.00+1.00°®  30.66+0.57°*

Results are expressed as mean values +standard deviation (n=3). For each group, mean values followed by lowercase letters within the
column and uppercase letters within the row indicate significant differences according to Tukey’s multiple comparison tests with a
probability of 5% (p < 0.05)

down complex carbohydrates, such as starches or dietary fibers. During storage, these enzymes may hydrolyze complex
carbohydrates into simpler sugars, which can then be utilized by the bacteria or further metabolized. This breakdown of
complex carbohydrates can contribute to a decrease in the overall carbohydrate content of yoghurt-like fermented milk
[39]. A reduction in carbohydrate content has also been observed in sweet orange (Citrus sinensis) marmalade yoghurt
products, which utilize Streptococcus salivarius thermophilus and Lactobacillus delbrueckii bulgaricus as starter cultures [40].

3.2 Physicochemical properties

During the 28-day storage period, the pH value of the samples decreased significantly (p <0.05). Sample 3 exhibited
the highest pH value (5.31+0.10) at the end of the storage period, while Sample 1 (Control) had the lowest pH value
(3.49+0.25) compared to Sample 2 (5.01 +£0.20) and Sample 3 (5.23£0.41) (Table 2). The decrease in pH value observed
during the storage period can be attributed to the activity of the starter culture [41]. This activity includes post
acidification resulting from the formation of lactic acid as well as bacterial growth during fermentation. The low pH
levels can effectively limit microbial activity, leading to an extended shelf-life for the products. However, on the flip
side, the low pH can also result in a sour taste, potentially leading to product rejection. Lactobacillus strains possess the
capability to ferment lactose, converting it into lactic acid. This fermentation process leads to an increase in acidity and a
subsequent decrease in the pH of yoghurt-like fermented milk, ultimately causing the coagulation of the mixture during
fermentation. These findings align with the research conducted by Sokolinska et al. [42], which examined the influence
of the proportion of yoghurt bacterial strains on milk souring and the development of curd qualitative characteristics.
Their study revealed a decrease in pH from 4.34 to 4.11 over a 21-day storage period. The decrease in pH observed in our
study aligns with the findings reported by Panesar and Shinde [43] in their investigation of the quality attributes of soy
yoghurt during the storage period. Hossain et al. [44] also found a decrease in pH and an increase in acidity in probiotic
apple and star fruit juices during chill storage.

The titratable acidity of the control and Samples were increased significantly (p <0.05) during the storage period
(28-day) at 4+ 1 °C (Sample 1 (Control): 1.39+0.025-1.62 +0.01%, Sample 2: 0.55+0.01-0.62 £0.01%, Sample 3:
0.48+0.01-0.58+0.01%, and Sample 4: 0.42+0.01-0.52+0.01%) (Table 2). Amadarshanie et al.[45] conducted a study
on control natural yoghurt, utilizing the Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus strains.
They observed a decrease in pH from 4.92 to 3.58% and a two-fold increase in lactic acid content (to 1.24%) during a
21-day storage period. This change in pH is attributed to the fermentation of lactose by the lactic acid bacteria used in
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yoghurt production, resulting in the production of lactic acid. While the metabolic activity of the bacteria decreases after
incubation due to cooling, their enzymatic activity continues during storage. As a result, changes in acidity are observed
even after the initial incubation period [46]. In another study by Arslaner et al. [47], smaller differences were reported in
the control yoghurts. Over a three-week storage period, the pH of the control yoghurts decreased by 0.15% (from 4.31
10 4.16%, p < 0.01), while the lactic acid content increased by 0.08% points (from 1.00 to 1.08%, p <0.01). These findings
highlight the ongoing fermentation process and the impact it has on the acidity and lactic acid content of yoghurt-like
fermented milk during storage.

Syneresis values for all Samples of probiotic yoghurt-like fermented milk stored at 4+ 1 °C for 28 days are shown in
Table 2. The initial value of syneresis for probiotic yoghurt-like fermented milk was found to be 47.94 +£0.78% (Sample
1(Control)), 53.67 £0.50% (Sample 2), 30.04+£0.17% (Sample 3), and 54.27 + 1.9% (Sample 4), which after storage of
28 days increased significantly (p <0.05) to 60.08 £0.24%, 64.89 + 0.36, 35.44+1.9%, and 65.52+0.17% for Sample
1(Control), Sample 2, Sample 3, and Sample 4, respectively. This finding is in the agreement with the report of Obi and
Akpoka [48] and Panesar and Shinde [43], wherein they stated that the rate of syneresis is directly related to the acidity
and therefore inversely related to pH. Moreover, a significant correlation existed between syneresis and the duration of
storage. The rise in syneresis values can be attributed to the likely absence of stabilizers, which would have otherwise
contributed to the firmness of the yoghurt-like fermented milk samples and minimized whey separation. Additionally,
the presence of stabilizers would have enhanced the yoghurt-like fermented milk samples’ ability to retain water. The
increase in syneresis may also be influenced by the denaturation of beta-lactoglobulin in the processed milk and the
natural aging of the curd during storage [49].

The changes in the total soluble solids of the probiotic yoghurt-like fermented milk samples are depicted in Table 2.
Over the storage period, a significant (p <0.05) increase in total soluble solids was observed for all samples. Sample
1(Control), Sample 2, Sample 3, and Sample 4 exhibited initial total soluble solid values of 24.66 +0.57%, 32.00 £ 1.00%,
33.66+0.57%, and 30.66 + 0.57%, respectively. By the end of the storage period, the total soluble solid values were
31.00£1.00%, 35.00 £ 1.00%, 41.66 £ 0.57%, and 33.66+0.57% for Sample 1(Control), Sample 2, Sample 3, and Sample 4,
respectively. This increase in total soluble solids can be attributed to the metabolic activities of lactic acid bacteria, which
continue to carry out processes such as the breakdown of complex carbohydrates and the conversion of sugars into
organic acids. As these carbohydrates are metabolized, the concentration of soluble solids in the yoghurt-like fermented
milk increases, leading to an overall increase in total soluble solids content [50]. A similar trend of increasing total soluble
solids over the storage period was observed by Adeola et al. [51]. In their study on baobab-tiger nut, baobab-bambara,
and baobab-coconut yoghurts, the researchers found that the control samples exhibited total soluble solid values ranging
from 23.34 to 25.89°Brix over the storage period of day 1 to day 15. The other experimental yoghurt-like fermented
milk samples showed total soluble solid values ranging from 20.20 to 25.12, 21.27 to 24.34, and 21.26 to 24.88°Brix,
respectively, for the same storage period.

Table 3 Microbiological characteristics of different probiotic yogurt-like fermented milk samples during storage

Microorganism Sample no. Day 0 Days 7 Days 14 Days 21 Days 28

groups

Lactobacillus bacteria Sample 1 (Control) 0 0 0 0 0

(Log CFU/g) Sample 2 8.17+0.02% 8.12+0.02%* 7.08+0.01%8 6.88+0.03% 6.14+0.01%C
Sample 3 8.09+0.03°* 8.08+0.01%°A 7.75+0.01%8 7.03+0.03%8 6.07+£0.01%¢
Sample 4 8.05+0.02°* 7.21+0.03%8 7.03+0.01%8 6.56+0.01%C 6.01+0.01%

Yeast and mold Sample 1 (Control) 1.45+0.05% 1.69+0.01%8 1.7440.03%¢ 1.71+0.02%¢ 1.44+0.04%°

(Log CFU/g) Sample 2 1.39+0.03°* 1.54+0.01%8 1.65+0.02°¢ 1.61+0.03°¢ 1.47+0.03%0
Sample 3 1.36+0.03°* 1.44+0.01€ 1.49+0.02® 1.37+0.01<¢ 1.29+0.03°°
Sample 4 1.34+0.01°4 1.42+0.01 1.47+0.016 1.23+0.019¢ 1.1940.01<¢

Results are expressed as mean values + standard deviation (n=3). For each sample group, mean values followed by lower case letters within
column and uppercase letters within row indicates significant difference according to Tukey’s multiple comparison test with a probability of
5% (p<0.05)
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3.3 Microbiological characteristics

The initial Lactobacillus count in all samples at the start of storage ranged from 8.05+0.02 (Sample 4) to 8.17+£0.02 Log
CFU/g (Sample 2). However, by the end of storage, the count decreased to 6.01£0.01 (Sample 4) to 6.14+0.01 Log CFU/g
(Sample 2) (Table 3). After the storage period, the prepared probiotic yoghurt-like fermented milk products continued to
meet the criteria required to be classified as probiotic food. The combined count of Lactobacillus in all samples fulfilled
the recommended minimum requirement of 6.0 Log CFU/g for probiotic products [52]. As mentioned by Salvucci et al.
[53], anincrease in storage time leads to a higher production of lactic acid. This increase in lactic acid production eventu-
ally results in a nutrient deficiency for lactic acid bacteria, leading to a phase of decline in their population known as the
death phase. Based on Sah et al. [54], bacterial activity is hindered by the increasing acidity that develops. As a result,
bacterial activity decreases due to the inhibitory effects of acidity. Furthermore, as the growth of bacteria accelerates,
there is an increased utilization of sugars for both their growth and the production of lactic acid. Consequently, the sugar
content progressively decreases. This decline in sugar content serves as a crucial substrate for bacterial growth, gradually
depleting the available substrate. During the mortality phase, the rate of deceased probiotic bacteria continues to rise,
while the rate of cell division becomes zero. The amount of Lactobacillus bacteria was nearly the same as in the study
by Saccaro et al. [55] and Aini et al. [56], which stated that storage of yoghurt up to 28 days can maintain Lactobacillus
bacteria of 4.72 to 7.1 Log CFU/g and 6.50-7.57 Log CFU/g, respectively.

In this study, yoghurt-like fermented milk samples appear to be the treatment that can resist spoilage with yeasts and
molds (Table 3). According to Egyptian Organization for Standardization & Quality (EOSQ) [57], mold and yeasts count
must not exceed 10 CFU/g in yoghurt. Sample 1(Control), Sample 2, Sample 3, and Sample 4 were within a permissible limit
until 28 days of storage with a mean count of 1.44+0.04, 1.47 +£0.03, 1.29+0.03, and 1.19+£0.01 Log CFU/g, respectively.
The presence of yeast and mold on Day 0 in pasteurized probiotic yogurt-like fermented milk can be attributed to several
factors. For instance, yeast and mold spores are particularly resistant to heat and can survive pasteurization temperatures
that would kill most bacteria. If the thermal treatment is not uniformly applied or if the holding time is insufficient to reach
the thermal death point of these organisms, they may survive. After pasteurization, the cooling and subsequent handling
stages are critical points where contaminants can be introduced. Even with stringent sanitary practices, it's challenging
to completely eliminate these microorganisms [2-4]. Interestingly, the increase in yeast and mold growth was observed
in all probiotic yoghurt-like fermented milk samples during the 7th and 14th days of storage at refrigerator temperature
(4+1 °C), which can be attributed to several factors. For instance, firstly, during the initial stages of storage, the yoghurt-like
fermented milk environment may still contain residual nutrients and moisture that can promote the growth of yeast and
mold. This can be due to factors such as incomplete sterilization or the presence of naturally occurring microorganisms that
are more tolerant to refrigeration conditions [58]. Secondly, the presence of lactic acid bacteria in the probiotic yoghurt-like
fermented milk can contribute to the increase in yeast and mold growth. While lactic acid bacteria are beneficial probiotics,
they can produce byproducts such as lactic acid and other organic acids during fermentation. These acids create an acidic
environment that may inhibit the growth of undesirable microorganisms. However, as the storage period progresses, the
acidity of the yoghurt-like fermented milk may decrease, providing a more favorable environment for yeast and mold
growth [39]. Lastly, the decrease in yeast and mold growth observed after the 14th day and gradually up to 28 days of
storage can be attributed to the depletion of available nutrients. As the yoghurt-like fermented milk ages, the nutrient
content decreases as the lactic acid bacteria utilize the available sugars and other nutrients for their growth and acid pro-
duction. This depletion of nutrients limits the resources available for yeast and mold growth, leading to a gradual decline
in their population [50]. These findings are consistent with the results obtained by Abee et al. [59] and Hussien et al. [60].

In contrast, none of the samples of probiotic yoghurt-like fermented milk stored at refrigerated temperature conditions
(4+1 °C) for up to 28 days showed any detectable coliform count, which serves as an indicator of fecal contamination.
Lactic acid bacteria possess antagonistic properties against other microorganisms, including coliform bacteria. They
produce lactic acid and other metabolites that create an acidic environment, inhibiting the growth of coliform bacteria.
This acidic condition, combined with the competition for nutrients and space, suppresses the proliferation of coliform
bacteria in yoghurt-like fermented milk [61]. Furthermore, refrigeration at 4 + 1 °Cis an effective method for inhibiting the
growth and survival of coliform bacteria. The low temperature slows down their metabolic activities, reproduction, and
overall bacterial growth. Coliform bacteria are mesophilic organisms that thrive at higher temperatures, and refrigeration
inhibits their growth and reduces their viability [62]. According to Aluko et al. [63], the presence of coliform bacteria,
Escherichia coli, and Salmonella spp. was not detected in both the control and baobab pulp enriched probiotic yoghurts
throughout the 28-day storage period under refrigerated temperature conditions (4 + 1 °C).
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Fig.3 Sensory properties Sensory evaluation of yogurt-like fermented milk samples
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3.4 Sensory properties

The results of sensory evaluation have been presented in Fig. 3. All the samples were evaluated for color, flavor, texture,
taste, and overall acceptability during refrigerated storage from day 0 to day 28 at 7 days interval. Overall, sample 2
and 4 had the maximum sensory score at day 0 for almost all the parameters. The sensory characteristics were reduced
slightly with the increasing storage days for sample 2, 3, and 4. However, the organoleptic rating scores were reduced
drastically for control samples with increasing storage time. The sensory ratings for probiotic yoghurt-like fermented
milk Samples (Sample 2, 3, and 4) were within acceptable limits until 21 days of refrigerated storage. However, the con-
trol sample becomes unacceptable after one week of storage at 4 °C. The initial overall acceptability ratings of Sample
2,3,and 4 were 8.1, 7.7, and 7.8, respectively, whereas for control sample it was 7.1. The overall acceptability of sample
1 reduced to 3.80 during days 14 although it was 7.1, 6.4, and 6.4 for sample 2, 3, and 4 after days 21. Hence, probiotic
yoghurt made by Lactobacillus desidiosus exhibited the best sensory score than other samples. Lactobacillus fermentum
and the co-culture of Lactobacillus fermentum and Lactobacillus desidiosus also gave satisfactory results, meaning that
these bacteria strains could be used together to develop probiotic yoghurt-like fermented milk. These results signify that
the yoghurt-like fermented milk developed by Lactobacillus desidiosus and Lactobacillus fermentum had better accept-
ability and shelf-life than the control. The poor sensory score of control sample after 7 days may be related to presence
of yeast and mold in control sample which damage the yoghurt-like fermented milk quality. In probiotic samples, there
was a lower presence of yeast and mold. In addition, the presence of Lactobacillus desidiosus and Lactobacillus fermen-
tum may hinder the growth of yeast and molds, thereby the organoleptic quality remained good for a long time. These
results were in line with the results of the previous research by Lestari et al. [64] who found that yoghurt prepared by
Lactobacillus acidophilus and Bifidobacterium animalis gave better hedonic scores than control sample. Dias et al. [65] also
found similar organoleptic test for probiotic yoghurts prepared by Streptococcus thermophilus, Bifidobacterium bifidum,
and Lactobacillus delbrueckii.

4 Conclusion

After thorough evaluation of the findings, it is evident that varying combinations of lactic acid bacteria have a substantial
impact on the nutritional, rheological, microbiological and sensory characteristics of yoghurt-like fermented milk during
a refrigerated storage period of 28 days. During a 28-day storage period at 4+ 1 °C, the presence of either Lactobacillus
desidiosus or Lactobacillus fermentum, as well as their combined presence, resulted in yoghurt-like fermented milk
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with elevated pH levels, reduced moisture content, decreased titratable acidity, increased ash, protein, fat content,
carbohydrates, syneresis, and total soluble solids. Additionally, it was noted that probiotic yoghurt-like fermented
displays more pronounced alterations in its rheological, microbiological, and sensory attributes. The combination
of strains has a greater impact on the nutritional, rheological, and sensory properties of the yoghurt-like fermented
milk compared to control. The utilization of a combination of multiple strains and multiple species in probiotics led to
enhanced texture and improved probiotic potential, with the combination of multiple species proving to be particularly
effective. Consequently, when choosing between mono-strain or multi-strain probiotics, the decision should be based
on the desired nutritional, rheological, microbiological, and sensory properties of the final product. The findings of this
study underscore the significant potential of incorporating Lactobacillus desidiosus and Lactobacillus fermentum strains
into yoghurt-like fermented milk production to enhance nutritional, sensory, and health-promoting attributes. Looking
ahead, these results pave the way for further research into the optimization of fermentation processes and formulation
strategies to maximize the probiotic and health benefits of yoghurt and other fermented dairy products. Future studies
may also explore the interaction effects between different probiotic strains in mixed-culture fermentations to understand
their synergistic or antagonistic impacts on the product’s quality and shelf-life.
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