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Abstract: The aim of this study was to compare the physical, chemical, and microbiological features
of bio-yoghurt that had been air-oven-dried at three temperatures (40, 50, and 60 ◦C) to those of
fresh bio-yoghurt. The results showed that drying bio-yoghurt at 40–60 ◦C decreased the number
of probiotic starter bacteria in dried yoghurt products compared to fresh bio-yoghurt. The dried
yoghurt’s moisture, protein, fat, carbohydrate, and ash contents were 4.16–4.55%, 38.22–40.02%,
1.33–1.43%, 47.94–49.45%, and 6.37–6.55%, respectively. The pH and total acidity levels of dried
yoghurt were within acceptable ranges at various temperatures and storage durations. At dif-
ferent temperatures, the viscosity values of the products decreased by 620–550 cp; however, the
hygroscopicity values remained constant. During a 90-day storage period, the dried yoghurt prod-
uct’s physical, chemical, and microbiological characteristics remained within acceptable levels.
Using a drying temperature of 40–50 ◦C kept the number of live bacteria below acceptable ranges
during storage periods. Lactobacillus acidophilus counts were 6.75 and 6.70 log CFU/g, respectively,
whereas Bifidobacterium bifidum numbers were 6.66 and 6.08 log CFU/g, respectively. In conclusion,
drying bio-yoghurt in an air oven at 40–50 ◦C provided a dried product with a high number of
viable probiotic bacteria and satisfactory physicochemical characteristics after 3 months.
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1. Introduction

Yoghurt is a widely recognized food product that is produced through the process of
milk fermentation. Yoghurt is a nutritionally rich substance that encompasses a diverse
array of nutrients. Furthermore, it is considered a healthful food due to its inclusion of
lactic acid bacteria. The bacterial microorganisms exhibit the ability to synthesize multi-
ple bioactive compounds that contribute to the enhancement of the host’s physiological
well-being [1]. Nevertheless, yoghurt is a highly perishable product with a limited shelf
life of no more than one month, resulting in the deterioration of substantial quantities [2].
Yoghurt exhibits a limited duration of freshness, particularly when subjected to a temper-
ature of 25 ◦C. Therefore, it necessitates preservation at a temperature of 4 ◦C [3]. This
entails substantial financial expenditures for the purposes of storage, transportation, and
marketing. In countries with high temperatures, such as Iraq, where there is a notable
increase in ambient temperatures, the difficulties associated with yoghurt storage are exac-
erbated. Elevated temperatures expedite the degradation process, thereby emphasizing the
necessity of refrigerating yoghurt at a reduced temperature. This presents supplementary
economic challenges in relation to the storage, transportation, and marketing aspects, as it
necessitates the utilization of specialized refrigeration facilities and systems to uphold the
desired temperature [4].

Numerous techniques have been utilized to dehydrate yoghurt with the aim of ad-
dressing production obstacles and enhancing its transportation and commercialization.
The techniques employed in this study encompass freeze drying, spray drying, hot air
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drying, and various other methodologies [5,6]. The composition of yoghurt undergoes
alterations during the drying process, which are contingent upon the specific technology
employed and the prevailing drying conditions. These modifications have the potential
to induce substantial alterations in the rheological characteristics and viability of starter
bacteria in contrast to unpreserved yoghurt. As a result, this could potentially reduce the
potential health advantages for consumers and impact the overall acceptance of the end
product [7,8]. The efficacy of storing starter yoghurt cultures for extended periods was
observed to be higher when maintained at a temperature range of 5–10 ◦C compared to
storage at ambient room temperature. The viability of bacterial strains in dried yoghurt,
which underwent either freeze-drying or spray-drying processes from milk cultures, was
found to be improved by storing them at lower temperatures. The spray-dried culture
powders of Lactobacillus. acidophilus and Lactobacillus helveticus exhibited remarkable lactic
acid production, as evidenced by viable plate counts of approximately 109 colony-forming
units per gram [5].

Yoghurt is produced through the fermentation of milk by lactic acid bacteria,
which possess advantageous properties for the well-being of consumers. The microbial
inoculum utilized in the production of yoghurt comprises two distinct bacterial strains,
namely Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus [9]. In
recent years, a number of probiotic bacteria have been employed in the manufacturing
of bio- yoghurt with the aim of augmenting its health-enhancing characteristics. Within
the microbial assemblage, there exist specific bacterial strains, namely Lactobacillus
acidophilus and Bifidobacterium bifidum [10]. The new Codex standard currently uses
the following definition for yoghurt product: a product made from St. thermophilus
and lactobacilli other than Lb. bulgaricus [1]. The bacterial starter cultures facilitate the
production of diverse metabolic byproducts, such as organic acids, flavor compounds,
and bacteriocins. The chemical constituents of yoghurt can undergo alterations as
a result of the temperatures employed during the process of yoghurt dehydration,
resulting in a reduction in the nutritional and health benefits of the dried yoghurt [11].

The objective of the current investigation was to transform bio-yoghurt into dried
yoghurt and evaluate the physical, chemical, and microbiological properties of the bio-
yoghurt product by air drying it at different temperatures while maintaining viable numbers
of probiotic bacteria during storage periods.

2. Materials and Methods
2.1. Raw Materials

The skimmed milk utilized in this study was obtained from the Agricultural Research
Station, College of Agriculture, University of Basrah, Basra City, Iraq. The composition
of the skimmed milk was determined to be 91% water, 4.2% carbohydrates (specifically
lactose), 3.9% protein, and 0.9% ash (comprising minerals). The probiotic starter culture
was acquired from the laboratories of Chr. Hansen A/S in Denmark. It is composed of a
combination of Lactobacillus acidophilus La-5, Bifidobacterium bifidum Bb-12, and Streptococcus
thermophilus in equal proportions (1:1:1). MRS-sorbitol (MRS basal medium devoid of glu-
cose) was prepared by combining 10 mL of membrane-filtered sterile solutions containing
10% D-sorbitol with 90 mL of the basal medium, resulting in a final concentration of 1%
sorbitol. Filter-sterilized MRS-NNLP (stock solutions of the NNPL components, namely
neomycin sulfate at a concentration of 100 mg/L, paromomycin at 200 mg/L, nalidixic acid
at 15 mg/L, and LiCl at 3 g/L) is commercially available from Sigma-Aldrich in Germany.
Additionally, M17 culture media were utilized to activate the starter culture and enumerate
the bacterial population during the production of yoghurt and the subsequent storage
periods. The chemicals utilized in the experiment were of analytical grade [12].

2.2. Yoghurt Production

A total volume of 1000 mL of skimmed milk was utilized in the process of yoghurt
production. The sample was subjected to thermal treatment at a temperature of 95 ◦C for
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a duration of 15 min. After reducing the temperature to 40 ◦C, a 5% concentration of an
activated starter culture containing 109 CFU/g of lactic acid bacteria was introduced. The
mixture was then incubated at 40 ◦C until it achieved a pH level of 4.6. Subsequently, the
sample was subjected to refrigeration at a controlled temperature range of 6–8 ◦C for a
duration of 24 h, during which the subsequent tests were conducted [12].

2.2.1. Yoghurt Analysis
Chemical Composition

The yoghurt samples underwent chemical composition analysis following a storage
period of one day. The moisture content was assessed by exposing the samples to a
controlled hot air oven at a temperature of 105 ± 2 ◦C until a consistent weight was attained.
The total protein content was determined using the micro-Kjeldahl method, which involves
multiplying the nitrogen content by a factor of 6.38. Ash content was determined by heating
samples in the furnace oven at 621 ◦C for 16–20 h. The Gerber method was employed to
quantify the overall lipid concentration. A 10 g sample of yoghurt or dried yoghurt was
subjected to hydrolysis using 10 mL of sulfuric acid (H2SO4) at a temperature range of
60–65 ◦C. After adding 1 mL of amyl alcohol, the mixture was centrifuged at a speed of
1100 rpm for a duration of 15 min. The quantification of fat content was subsequently
determined by observing the calibrated tube of the butyrometer. The quantitative values of
protein, fat, ash, and moisture in the yoghurt were initially determined and combined to
determine the total quantity of carbohydrates [13,14].

Total carbohydrates % = 100 − (moisture% + protein% + fat% + ash%)

Physiochemical Tests

The percentage of total acidity was determined using the titration method, while
the pH value was measured utilizing a pH meter (SD-300 pH, Dortmund City, Germany).
The apparent viscosity of fortified set yoghurt was quantified at ambient temperature
using a Brookfield digital viscometer (Middleboro, MA 02346, USA) [15]. The deter-
mination of susceptibility to syneresis (STS) involved the collection of whey from a
100 mL sample of yoghurt onto filter paper. The STS percentage was then calculated
using the appropriate formula.

STS = 1 − [V1 − V2]× 100

where V1 is the volume of whey collected and V2 is the volume of yoghurt [16].

Starter Bacteria Count

The quantification of starter bacteria viability for each individual can be ascertained
through the utilization of the pour plate technique. St. thermophilus can be grown on
M17 media at a temperature of 42 ◦C for a duration of 48 h under aerobic conditions. On
the other hand, Lb. acidophilus and B. bifidum necessitate anaerobic conditions for growth.
Lb. acidophilus should be cultured on MRS-sorbitol, while B. bifidum should be cultured
on MRS-NNLP. Both should be incubated at a temperature of 37 ◦C for a period of 48 to
72 h [17].

2.3. Yoghurt Drying

In this experimental procedure, a precisely measured quantity of 50 g of yoghurt was
uniformly distributed onto a glass dish that had been sterilized. The glass dish possessed
dimensions of 50 cm in length, 10 cm in width, and a thickness of 0.5 cm. The dish was
subsequently introduced into an air convection oven, where it was subjected to controlled
temperatures of 40, 50, and 60 ◦C for 8–10 h, until the yoghurt reached a state of complete
desiccation [18].
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2.4. Reconstitution of Dried Yoghurt

The dried yoghurt was reconstituted in lukewarm (50 ◦C) water using a 1:6 powder-
to-water ratio. After stirring, the mixture was allowed to cool to 50 ◦C for 5 min before
being poured into cups and refrigerated to enable the reconstituted yoghurt to set. The
chemical composition of dried yoghurt was investigated [19]. Furthermore, pH, total
acidity %, viscosity, water-holding capacity (WHC), and hygroscopicity were measured at
0, 1, 2, and 3 month intervals while the dried yoghurt samples were stored in polyethylene
bags in the refrigerator at a temperature of 7 ± 2 ◦C and a humidity of 30–50% [20,21].
The enumeration of the initial bacterial population in the dried yoghurt was conducted
throughout the duration of its storage [22].

2.5. Statistical Analysis

Mean values and standard deviations were calculated as part of the statistical analysis.
Using Genstat 12 microarray examples for Microsoft Windows 11, the data were then sub-
mitted to one-way analysis of variance (ANOVA) and unpaired least significant difference
(L.S.D.). A p-value of less than 0.05 was considered statistically significant.

3. Results and Discussion
3.1. Bio-Yoghurt Properties

Table 1 shows the chemical components, physical properties, and microbiological
features of yogurt within 24 h of production. Protein, carbohydrate, ash, moisture, and
fat percentages were 5.17, 5.02, 1.10, 88.45, and 0.26, respectively, while the total solids
percentage was 11.55%. Increase in percentages of yoghurt ingredientes compared to raw
milk was surprising, and a convinced explanation is not available. As a result, the viscosity
exhibited a notable increase to a value of 1645 cp. The pH levels exhibited a decline
to 4.33, while the overall acidity experienced an elevation of 1.12%. This phenomenon
can be attributed to the enzymatic transformation of lactose sugar into organic acids,
specifically acetic and lactic acid, facilitated by the starter bacteria. The presence of elevated
bacterial populations is apparent, as indicated by the high bacterial counts. Specifically,
St. thermophilus was found to have a count of 8.86 log CFU/g, Lb. acidophilus had a count
of 8.72 log CFU/g, and B. bifidium had a count of 8.71 log CFU/g. The predominance
of St. thermophilus can be attributed to the optimal growth conditions provided by the
incubation temperature of the yoghurt. These findings were consistent with prior research
that suggests the development of a gelatinous matrix within yoghurt following the cooling
process. Additionally, there was evidence of a decline in pH levels and a rise in overall
acidity as a result of the utilization of lactose and its subsequent transformation into organic
acids by lactic acid bacteria [23,24].

Table 1. Chemical, physical, and microbial properties of produced bio-yoghurt.

Tests Value *

Chemical

Protein (N × 6.38) % 5.17 ± 0.13
Carbohydrates (lactose)% 5.02 ± 0.09

Ash (%) 1.10 ± 0.01
Moisture (%) 88.45 ± 5.06

Fat (%) 0.26 ± 0.00

Physical

pH 4.33 ± 0.11
Total acidity (%) 1.12 ± 0.03

Viscosity (cp) 1645 ± 35.19
Syneresis (%) 29.14 ± 2.15

Water-holding capacity (%) 55.79 ± 3.36

Microbial
St. thermophilus (log CFU/g) 8.86 ± 0.29
Lb. acidophilus (log CFU/g) 8.72 ± 0.41

B. bifidium (log CFU/g) 8.71 ± 0.25
* Note: mean (±SD) values (n = 3 replicates).
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3.2. Dried Yoghurt Properties

Tables 2 and 3 present the chemical composition and physicochemical properties of
dried yoghurt at temperatures of 40, 50, and 60 ◦C over a storage period of 3 months. The
findings suggest that the application of heat treatment resulted in a substantial reduction
in moisture content, thereby causing an increase in the proportion of other constituents.
The protein and ash content values of the dried yoghurt produced at temperatures of 40 ◦C,
50 ◦C, and 60 ◦C exhibited a range of 37.51% to 39.59% and 6.37% to 6.40%, respectively.
Upon examination of the findings from the present investigation, it was noted that the
protein content exhibited an increase while the ash content diminished in comparison to the
values documented by Kumar and Mishra [5]. Based on the report, it has been determined
that skim milk yoghurt powder possesses a protein content ranging from 35% to 37%,
along with an ash content ranging from 7.5% to 8.5%. The objective of this study was
to attain a moisture content level of 5% in order to enhance the feasibility of long-term
storage. This was accomplished by optimizing the process conditions, which encompassed
the operating time and the application temperature for water removal. The lactose content,
which is a type of carbohydrate, was determined to fall within the range of 48.61–50.16%.
An empirical observation revealed a negative correlation between temperature and the
proportion of carbohydrates in yoghurt during the drying process. In general, skim milk
exhibits a fat content ranging from 0.1% to 0.5%. Subsequent to its transformation into
yoghurt powder, the lipid content was determined to range between 1.33% and 1.43%.
The observed rise in fat content can be ascribed to the decrease in moisture resulting from
the process of dehydration. The findings of the current study closely align with those
of a prior research endeavor, wherein it was observed that dried yoghurt derived from
skim milk showcased a chemical composition comprising approximately 35–37% protein,
45–50% carbohydrates, and 7.5–8.5% ash content. Furthermore, the lipid composition of
the yoghurt was determined to be 1.5%, while the water content was measured to be 5%.

Table 2. Chemical ingredients of dried yoghurt product at 40, 50, and 60 ◦C storage periods.

Chemical Ingredients Treatments (◦C)
Storage Periods (Months)

0 1 2 3

Protein (N × 6.38) %

40 37.51 c ± 2.13 37.58 b ± 2.63 37.70 ab ± 1.84 37.78 ab ± 2.31

50 38.49 b ± 1.11 38.43 b ± 1.90 38.28 a ± 1.55 38.61 a ± 1.34

60 39.28 a ± 1.18 39.41 a ± 1.43 39.46 a ± 1.31 39.59 a ± 1.01

Carbohydrates (lactose) %

40 50.16 a ± 2.95 50.11 a ± 3.15 50.09 a ± 3.11 50.07 a ± 2.97

50 49.29 a ± 2.61 49.37 a ± 2.10 49.56 a ± 2.01 49.22 a ± 2.41

60 48.68 ab ± 1.99 48.64 ab ± 2.39 48.66 b ± 2.19 48.61 ab ± 2.59

Ash (%)

40 6.37 a ± 0.12 6.38 a ± 0.31 6.38 a ± 0.22 6.40 a ± 0.19

50 6.37 a ± 0.10 6.40 a ± 0.22 6.38 a ± 0.09 6.44 a ± 0.11

60 6.55 a ± 0.19 6.50 a ± 0.81 6.44 a ± 0.41 6.40 a ± 0.21

Moisture (%)

40 4.55 a ± 0.06 4.52 a ± 0.10 4.42 a ± 0.11 4.33 a ± 0.09

50 4.42 a ± 0.01 4.40 a ± 0.12 4.38 a ± 0.15 4.33 a ± 0.18

60 4.16 a ± 0.02 4.12 ba ± 0.09 4.08 a ± 0.08 4.00 a ± 0.05

Fat (%)

40 1.41 a ± 0.01 1.41 a ± 0.02 1.41 a ± 0.01 1.42 a ± 0.01

50 1.43 a ± 0.03 1.40 a ± 0.05 1.40 a ± 0.05 1.40 a ± 0.02

60 1.33 a ± 0.04 1.33 a ± 0.06 1.36 a ± 0.01 1.40 a ± 0.01

Note: mean (±SD) values (n = 3 replicates) within a column with different lowercase letters are significantly
different according to the least significant difference test (p < 0.05).
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Table 3. Physical properties of dried and reconstituted dried yoghurt products during storage periods.

Physical Properties Treatments (◦C)
Storage Periods (Months)

0 1 2 3

pH

40 4.60 a ± 0.17 4.55 a ± 0.12 4.50 a ± 0.16 4.31 a ± 0.09

50 4.32 a ± 0.14 4.30 a ± 0.11 4.29 a ± 0.10 4.25 a ± 0.13

60 4.11 b ± 0.41 4.10 b ± 0.22 4.06 b ± 0.31 4.00 a ± 0.17

Total acidity (%)

40 1.35 a ± 0.02 1.39 a ± 0.05 1.40 a ± 0.03 1.41 a ± 0.08

50 1.36 a ± 0.01 1.38 a ± 0.01 1.40 a ± 0.05 1.44 a ± 0.07

60 1.36 a ± 0.01 1.37 a ± 0.08 1.40 a ± 0.01 1.41 a ± 0.02

Viscosity (cp)

40 600.00 a ± 15.31 550.00 a ± 12.61 510.00 a ± 32.00 450.00 b ± 44.15

50 620.00 a ± 11.11 580.00 a ± 10.17 530.00 a ± 21.09 500.00 a ± 26.74

60 550.00 b ± 19.28 525.00 a ± 10.73 510.00 a ± 17.71 500.00 a ± 21.19

WHC (%)

40 36.11 a ± 1.25 36.23 a ± 1.39 36.29 b ± 1.11 37.01 b ± 1.95

50 37.00 a ± 1.09 37.23 a ± 1.13 37.50 a ± 1.34 37.73 a ± 1.35

60 37.00 a ± 1.36 37.21 a ± 1.94 37.56 a ± 1.68 38.03 a ± 1.61

Hygroscopicity (%)

40 9.69 a ± 0.42 9.55 a ± 0.64 9.42 a ± 0.55 9.21 a ± 0.91

50 9.55 a ± 0.16 9.50 a ± 0.27 9.40 a ± 0.31 9.16 a ± 0.63

60 9.15 b ± 0.22 9.10 b ± 0.37 8.98 b ± 0.81 8.87 b ± 0.62

Note: mean (±SD) values (n = 3 replicates) within a column with different lowercase letters are significantly
different according to the least significant difference test (p < 0.05).

The pH values and total acidity levels of the reconstituted dried yoghurt samples
were determined and observed to fall within the ranges of 4.00–4.60 and 1.35–1.44%,
respectively. The pH value and total acidity of the dried yoghurt product did not exhibit any
significant changes due to variations in temperature and storage duration, as determined
by statistical analysis (p > 0.05). The pH values deemed appropriate for the reconstitution
of yoghurt powders were those exceeding 4.00, as pH values falling below this threshold
were consistently rejected by consumers [25]. The permissible range of the total acidity
ratio for yoghurts falls within the interval of 0.6% to 1.5%. Hence, the concentrations of
lactic acid in the dried yoghurt specimens were quantified and determined to fall within
the permissible thresholds for fluctuations in temperature and duration of storage, thereby
establishing their viability for the manufacturing of dried yoghurts.

The results of the investigation revealed that the water-holding capacity (WHC) of
the reconstituted dried yoghurt samples exhibited a range of values, specifically between
36.11% and 38.03%. Significantly, the treatment at 40 ◦C produced the lowest WHC,
while the WHC exhibited an increase at lower temperatures. Following a three-month
storage period, it was observed that the WHC of the reconstituted dried yoghurt remained
unaltered when subjected to various drying temperatures (40, 50, and 60 ◦C). The observed
disparity in rehydrated samples may be attributed to the observed increase in protein
aggregates in the dried yoghurt samples produced at a temperature of 60 ◦C. The formation
of substantial protein aggregates results in the creation of more robust gels, which exhibit
enhanced WHC within the gel matrix. The reconstituted dried yoghurt demonstrated a
notable reduction in WHC when compared to the fresh yoghurt [26].

The findings from the viscosity analysis performed on reconstituted dried yoghurt
demonstrate a notable decrease in viscosity when compared to the original, unprocessed
yoghurt sample. The viscosity measurement of reconstituted dried yoghurt varied between
500 and 700 cp. The results exhibited a significant influence on viscosity measurements at
different drying temperatures, with higher temperatures leading to decreased viscosity val-
ues in reconstituted dried yoghurt samples. This observed phenomenon can be attributed
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to the consistent protein matrix that captures both lipid droplets and aqueous molecules.
The structural integrity of this matrix becomes damaged during the process of desiccation,
and its ability to fully recover upon rehydration is hindered due to the denaturation reac-
tions that take place. The reconstitution process can be optimally achieved by employing
a less stringent drying methodology. Moreover, similar results were observed in yoghurt
samples that underwent dehydration using spray-drying techniques. The yoghurt product
obtained from these powders demonstrated insufficient rheological properties due to their
low apparent viscosity [27]. In a prior investigation, it was observed that the utilization of
mechanical energy during the rehydration process, wherein water is combined, induces an
irreversible deterioration of the gel network structure found in yoghurts reconstituted from
dried powders [28]. Yoghurt samples exhibiting increased viscosity values are deemed
unsuitable for the production of reconstituted yoghurt. On the contrary, these powdered
substances may be more appropriate for utilization in the formulation of beverages like
ayran, kumis, and kefir, which demonstrate comparatively lower measurements of viscosity
in comparison to yoghurt [29].

The hygroscopic phenomenon pertains to the ability of a food substance to attract
and retain water molecules from its immediate surroundings via absorption or adsorp-
tion, typically occurring at standard or ambient temperature. When water molecules are
distributed among the molecules of a substance, adsorbing agents have the potential to
undergo physical modifications, including changes in volume, boiling point, viscosity,
or other physical characteristics [30]. Based on the quantitative information provided in
Tables 2 and 3, it was observed that the dried yoghurt samples demonstrated a diminished
propensity for absorbing moisture, as indicated by the hygroscopicity values ranging from
9.69% to 8.87%. The result of this study aligns with the outcomes documented by previous
studies [31,32] on the production of yoghurt powder through the process of spray drying.
It is important to mention that lactose, a crucial constituent in yoghurt, exhibits a glass
transition temperature of 101 ◦C [33]. Furthermore, in previous studies, yoghurt drying
was performed using four different methods: air drying, vacuum drying, freeze drying, and
microwave vacuum drying. After analysis using scanning electron microscopy and X-ray
diffraction patterns, no crystallization of lactose was seen to have occurred in the dried
product [34]. This implies that the drying temperature utilized in this investigation was
maintained below this critical value. Therefore, it can be inferred that the sugars present in
the samples acquired through the process of oven drying and other methodologies exhibit
comparable characteristics. Hence, similar levels of hygroscopicity were observed under
varying drying temperatures. The findings suggest that the application of elevated tem-
peratures during the drying procedure led to a decrease in the hygroscopicity percentage.
This phenomenon can be ascribed to modifications in the bonding of the gelatinous matrix
between saccharides and proteins, coupled with a decrease in the proportion of lactose at
higher drying temperatures.

3.3. Bacteria Starter Count

The log CFU/g of St. thermophilus, La acidophilus, and B. bifidum in dried yoghurt
was measured after subjecting samples to drying in an air oven at temperatures of 40,
50, and 60 ◦C. The samples were then stored for different durations of time (0, 1, 2, and
3 months). The specific values can be found in Figure 1. The empirical evidence suggests
that the population of viable starter bacteria experienced a decline as a result of the ele-
vated temperatures employed during the drying procedure. B. bifidum exhibited a greater
degree of negative impact compared to St. thermophilus and Lb. acidophilus, likely due to its
mesophilic bacterial nature in contrast to the thermotolerant characteristics of the latter two
species. The bacterial populations of St. thermophilus, Lb. acidophilus, and B. bifidum were
measured subsequent to drying at a temperature of 40 ◦C. On the initial day of storage, the
bacterial counts were recorded as 7.22, 7.15, and 6.96 log CFU/g, respectively. Following a
storage period of 90 days, the bacterial counts exhibited a decline, resulting in values of 6.86,
6.75, and 6.66 log CFU/g, respectively. Subjecting the samples to elevated temperatures of
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50 ◦C and 60 ◦C led to a reduction in bacterial populations. Precisely, the measurement of
bacterial populations for St. thermophilus yielded values of 6.45 and 5.28 log CFU/g, respec-
tively. The recorded counts for Lb. acidophilus were 6.99 and 5.13 log CFU/g, respectively.
The counts of B. bifidum were 6.50 and 4.81 log CFU/g, respectively. The observed counts
exhibited a consistent downward trend as the duration of storage increased. The findings
of this investigation were consistent with a prior research endeavor, wherein the quantities
of Lb. acidophilus and B. bifidum, two types of bacteria commonly found in starter yoghurt,
were determined to be 4.65 log CFU/g after employing the spray-drying method for the
dehydration of yoghurt [35].
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Figure 1. Starter bacteria count of dried yoghurt samples during storage periods (3 moths):
(A) St. thermophilus count, (B) Lb. acidophilus count, (C) B. bifidum count. a–c Different small
letters of starter bacteria numbers were significantly different (p < 0.05).

The ability of yoghurt starter cultures to retain a substantial population of bacteria
following the drying process is ascribed to the presence of a protective matrix composed of
total solids that encompass the bacterial cells. The protective layer serves to mitigate the
detrimental effects on the cellular membranes caused by desiccation, while also facilitating
an encapsulation procedure that effectively maintains the bacteria’s viability [36]. The most
suitable quality parameter for assessing process-induced damage and optimizing process
conditions in dried yoghurt is a count of viable yoghurt bacteria [27]. The utilization of air
oven drying at a temperature of 40 ◦C serves as an alternative technique for the produc-
tion of yoghurt powder, resulting in improved physical characteristics. The utilization of
prebiotics or thermotolerant strains of yoghurt bacteria in the process of dried yoghurt pro-
duction can be considered as a viable approach to maintain the survival and functionality
of bacteria during the drying process at temperatures exceeding 40 ◦C. Prebiotics bind to
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protein to form a network that protects the lactic acid bacteria contained inside it from the
effects of drying processes [37]. However, additional research is necessary to investigate
the feasibility of microorganisms that have biological and nutritional importance, such as
the bacteria found in yoghurt, in powders that are produced through the process of air
oven drying [38].

4. Conclusions

The results show the possibility of using an air oven (40–60 ◦C) to dry yoghurt con-
taining probiotic bacteria, and the dried product had satisfactory physical properties and
significant solids content, although viscosity measurements showed a decrease. Further-
more, using air oven drying reduced the number of bacteria in the dried yogurt powder
samples. At higher drying temperatures (60 ◦C), the extent of the reduction was more pro-
nounced. The dried yoghurt product effectively maintained the viability of many probiotic
bacteria for three months, making the product easier to transport and handle. This is in
contrast to freshly made yoghurt, which has a relatively limited shelf life.
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