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Abstract

This study amid to develop functional yogurt using Saccharomyces boulardii yeast and resistant
starch extracted from Proso millet, and to study its rheological and physicochemical properties.
Treatments YO, Y1, Y2, and Y3 were prepared by adding different percentages of resistant starch
(0.0, 0.1, 0.2, and 0.3%) respectively, to skim milk, in combination with 3% traditional lactic acid
culture and 5% Saccharomyces boulardii yeast. The results indicated that adding Proso millet starch
in moderate proportions contributed to improving the texture, increasing stability and shelf life, and
improving the sensory properties of the product. The functional yogurt treatment Y3 fortified with
0.3% Proso millet starch achieved the best rheological and physicochemical properties, as the
percentage of Viscosity, synereses, WHC, pH and Acidity % on the 28th day of refrigerated storage
reached 2206 cP, 7.73%, 36.67%, 4.49, and 1.02, respectively, compared to the control treatment YO,
which recorded 1903 cP, 11.03%, 33.73%, 4.33, and 1.13, respectively. Y3 also achieved the highest
total sensory evaluation results after 28 days of refrigerated storage, reaching 68.75. It also
contributed to increased growth and viability of S. boulardii yeast, as Y3 recorded the highest live
count at the end of refrigerated storage, reaching 7.01 log CFU./ml, compared to YO0, which recorded
a live count of 6.01 log CFU./ml, thus enhancing its functional properties. It was further noted that
the biological synergy between Proso millet starch and S. boulardii yeast represents a promising
option for developing fermented yogurt products with acceptable sensory properties and enhanced
consumer health benefits.
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Introduction.

Proso millet is an ancient and important crop acids and antimicrobial agents in the colon. [8]
in the human diet, particularly in Asia, The starch found in Proso millet grains is
Australia, Europe, and the United States. [23] classified into three types: waxy starch with an
It contains high amounts of calcium, dietary amylose content of 0-4%; low-amylose starch
fiber, and protein. It is also a gluten-free grain with an amylose content of 8-16%; and non-
and helps reduce malnutrition. [15-25] Millet waxy starch with an amylose content of 17-
starch is used in the food and non-food 34%, which absorbs a small percentage of
industries as a gelling agent, thickener, water water during the cooking process. [20]
binder, emulsion stabilizer, and prebiotic for Fermented dairy products are among the best
functional products. This is due to its high means of delivering probiotics into the host
amylose content, which is a source of resistant body, such as functional yogurt and other
starches. It also stimulates lactic acid bacteria lactic ferments containing probiotic strains [2-
(LAB) to produce a range of short-chain fatty 3], and they are widely spread throughout the
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world due to the health benefits they offer to

consumers, such as lowering blood
cholesterol, preventing cancer, improving
mineral  bioavailability, and preventing

diabetes [21]. Many studies have proven the
health benefits of S. boulardii and its
therapeutic role in regulating the digestive
tract. Therefore, it has been used in the
production of functional foods. Fermented
dairy products such as yogurt, Kkefir,
acidophilic milk, and cheese are among the
most famous foods in which S. boulardii is
used as a probiotic [17]. S. boulardii is a
single-celled eukaryotic microorganism with a
saprophytic feeding pattern. It is round, oval,
or flat in shape, with a sticky or creamy
texture. Its cell diameter ranges from 2-8 pm
and lengths from 3-25 um. It belongs to the
genus Saccharomyces, which includes more
than 20 species [19]. S. boulardii
has many positive properties as a probiotic
that is consumed orally. Its optimal growth
temperature is 37°C, which is similar to the
human body temperature. It also has the
ability to resist bile salts, low pH, and
enzymatic decomposition. It does not
penetrate the membranes of the digestive
system and is safe for human use and does not
cause Side effects and growing in large
numbers [24] The positive interactions that
occur as a result of integrating the probiotic
and the biostimulant in fermented dairy
products have a major role in enhancing the
viability of beneficial organisms, as well as
achieving desirable rheological and texture
properties and acceptable sensory evaluation
even at the end

of the product’s shelf life [10] Therefore, the
aim of this research was to study the
rheological, physicochemical and sensory
properties and increase the shelf life of
fermented dairy with the bio-synergy between
the probiotic yeast S. boulardii and the
prebiotic resistant starch extracted from Proso
millet.

Materials and Methods.
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Materials.

Proso millet grains were obtained from the
Iragi Ministry of Agriculture, Seed Inspection
and Certification Department. The variety was
certified according to document number 6272
on September 17, 2024. Regilait French-made
skimmed milk was purchased, as was a yogurt
starter consisting of strains of Streptococcus
thermophile and Lactobacillus delbrueckii
Subsp bulgaricus in a 1:1 ratio, produced by
the Italian company SACCO, and
Saccharomyces Boulardii yeast prepared by
NOW FOOD USA in a lyophilized form.
Methods.

Preparation of Proso Millet Starch.

The method described by [29-15] was
followed. The grains were washed several
times with distilled water to remove dust and
dirt. The moisture content was then brought to
10%. The grains were then ground in a coffee
grinder and passed through a sieve (mesh 212
un). 100 grams of the resulting flour were
soaked in a 0.15% sodium hydroxide solution
at a ratio of 1:7 w/v. The mixture was mixed
in @ magnetic stirrer for 30 minutes and left at
4°C for 24 hours. The flour was then
centrifuged at 22°C for 10 minutes at 5000 x g
cycles. The precipitate was discarded, and the
precipitate was suspended in the sodium
hydroxide solution twice. The precipitate was
discarded each time, and the surface layer,
which was yellowish and gelatinous in texture,
was scraped off. The precipitate was washed
with distilled water at laboratory temperature.
The washing process was repeated three times,
with centrifugation after each time, and the
precipitate was discarded. The surface layer is
scraped off, and the pH is adjusted to 6.8-7 by
adding drops of 0.1 M dilute hydrochloric
acid. It is then centrifuged, followed by drying
the sample at 40°C until the weight is
constant. It is then crushed, passed through a
100 mesh sieve, and packaged in airtight
plastic containers. Bacterial Culture Activation
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S. thermophile and L. bulgaricus were grown
in 10% recovered skimmed milk, inoculated
with 3% (w/v) and incubated at 42°C until
coagulation and refrigerated at 5°C. [14]

Probiotic Yeast Culture Activation.

S. Boulardii was grown in 10% recovered
skimmed milk + 2% sucrose, inoculated with
3% (w/v) and refrigerated at 37°C for 24
hours. [13]

Functional Yogurt Fortified with Proso Millet
Starch.

%12recovered skimmed milk was added to
the culture, and 0.0%, 0.1%, 0.2%, and 0.3%
of Proso millet starch were added,
representing treatments YO0, Y1, Y2, and Y3,
respectively. Then, it was heated at 90°C for
10 minutes and cooled to 2 + 40°C. A 3%
(v/v) yogurt starter and a 5% (v/v) probiotic
starter, S. boulardii, were added. After mixing
well, the mixture was filled under aseptic
conditions into sterile plastic containers. The
mixture was then incubated at 2 + 40°C until
curdling occurred. The mixture was stored in a
refrigerator at 5°C. Tests were performed after
1,7,14, 21, and 28 days.

Physico-chemical of Functional

Yogurt.

Analysis

Viscosity Estimation.

Apparent viscosity was estimated using a
Brookfield DVII viscometer and calculated in
cP units [12.[

Whey Synereses Estimation(%)

50ml of functional yogurt was placed in a
beaker at a 45-degree angle for 2 hours at 5°C.
Then the whey that had seeped from the
surface was withdrawn using a syringe, then
the cup was weighed again and the equation
below was used [7.[
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whey separation= (Weight of separated
whey)/(Total sample weight before whey
extraction (g))x100

Estimating water holding capacity

10grams of functional yogurt was taken and

centrifuged at 3000 Xg for 60 minutes at
10°C. The filtrate was then removed, the
remaining wet precipitate was weighed, and
the equation below was used [16] Estimating
water holding capacity

Water holding capacity=% (Original sample
weight - Precipitate weight)/(Original sample
weight)x100

Estimation of pH and Total Acidity.

The pH of functional yogurt was determined
by placing a pH meter sensor directly into the
sample, and the percentage of total acidity was
determined according to the standard method
(A.0.A.C., 2008) [9.[

Microbiological Analysis.

During refrigerated storage of functional
yogurt, MRS agar, M17 agar, and SDA media
were used to estimate the number of St
Thermophiles and L. bulgaricus were used,
and the probiotic yeast S. Boulardii was
prepared. The microbial count was determined
using log CFU g-1 for three replicates [22.[

Sensory evaluation.

Sensory tests were conducted in the
Department of Food Sciences, College of
Agriculture, University of Kufa, by a panel
consisting of ten specialized professors, using
a sensory evaluation form that included flavor,
texture, acidity, live probiotic yeast counts,
and appearance according to the evaluation
from shown below [3.[
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Statistical Analysis.

The statistical analysis program GenStat
V.12.1 (GenStat, 2009) was used, using a
Completely Randomized Design (CRD). The
sensory evaluation results were analyzed using
a Randomized Completely Block Design
(RCBD). The least significant difference
(LSD) was used to determine significant
differences between means at a probability
level of (P < 0.05) the physical, chemical,
micro biological and sensory properties using
Analysis of variance (ANOVA (

Results and Discussion.

Physicochemical Properties of Functional

Yogurt.
Viscosity.%

It is noted from Figure (1) that the viscosity
values on the first day of refrigerated storage
were higher for the functional yogurt
treatments Y1, Y2, and Y3 to which Proso
millet starch was added, which were 1670,
1683, and 1710 cP, respectively, compared to
the control treatment YO, which recorded the
lowest viscosity of 1416 cP. The increased
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viscosity values in the yogurt to which millet
starch was added may be due to the higher
carbohydrate content, which leads to increased
growth and activity of the yogurt starter
bacteria responsible for the production of
extracellular Exopolysaccharides. This
contributed to providing a strong texture to the

product and increasing its apparent viscosity
after processing and during refrigerated
storage. Viscosity is an important criterion in
determining yogurt quality and is linked to
product stability as well as taste. Viscosity
stability is an important factor in determining
its quality characteristics [28-3]. An increase
in viscosity was observed as the refrigerated
storage period progressed, as treatments Y1,
Y2 and Y3 recorded viscosity of 2018, 2190

and 2206 cP respectively. The increase was
significant compared to the control treatment
YO0, which recorded the lowest viscosity of
1903 cP. The reason for the increase in
viscosity during storage may be due to the
decrease in pH values and the increase in EPS
produced by starter bacteria, which increased
the hardness of the product, in addition to the
increase in viscosity with the increase in the
percentage of addition of Proso millet starch
[1-5]
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Y0, Y1, Y2, and Y3 represent the functional yogurt parameters added to Proso millet starch at
concentrations of 0.0%, 0.1%, 0.2%, and 0.3%, respectively.

Figure 1. Viscosity (cP) of functional yogurt added to different proportions of Proso millet starch
after processing and during refrigerated storage at 5°C for 28 days.

Estimation of spontaneous whey Synereses.%

It is noted from Figure (2) that the control
treatment YO recorded the highest whey
Synereses percentage on the first day after
processing, reaching 13.43%. This
significantly  differed compared to all
treatments to which Proso millet starch was
added, in which a decrease in the percentage
of spontaneous whey Synereses was observed
with  increasing  starch  concentration.
Treatment Y3 also recorded the lowest
percentage of spontaneous whey Synereses,
reaching 10.05%, while the percentage of
spontaneous whey Synereses for treatments
Y1l and Y2 was 11.89% and 10.99%,
respectively. It was noted that adding millet
starch to yogurt reduced the spontaneous whey
Synereses due to the increased water retention
capacity of the curd [27.[
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A gradual decrease in the percentage of
spontaneous whey leaching was observed with
the progression of the storage period for all
treatments. The lowest percentage after 28
days of refrigerated storage was for treatment
Y3, which reached 7.73%, followed by
treatments Y1 and Y2, which recorded 9.11%
and 8.12%, respectively. All treatments with
Proso millet starch added significantly differed
in the percentage of whey leaching compared
to the control treatment YO, which recorded
the highest percentage of whey leaching at
11.03%. The decrease in spontaneous whey
leaching in functional yogurt with Proso millet

Starch added may be due to the decrease in
whey leaching. Proso millet starch as a result
of increased metabolic activity of starter
bacteria, their production of larger quantities
of Exopolysaccharides, and decreased pressure
in the protein matrix [22.]
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YO0, Y1, Y2, and Y3 represent functional yogurt treatments with Proso millet starch added at
concentrations of 0.0%, 0.1%, 0.2%, and 0.3%, respectively.

Figure 2. Spontaneous whey leaching (WW) in functional yogurt with different levels of Proso millet
starch added after processing and during refrigerated storage at 5°C for 28 days.

Water holding capacity.

The water holding capacity of the treatments
containing Proso millet starch Y1, Y2, and
Y3, shown in Figure (3), reached 31.53%,
32.07%, and 33%, respectively, one day after
processing. The increase was significantly
superior compared to the control treatment YO,
which reached 30.47%. Increased water
holding capacity was observed with the
increase in the concentration of added starch,
which enhanced the protein network's ability
to retain water. Furthermore, increasing the
carbon source of the starter bacteria, which
increased their growth and ability to produce
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EPS intertwined with milk proteins, led to the
production of a strong, consistent network
capable of holding a greater amount of water
[27]. It is also noted that there is an increase in
the percentage of water retention with the
advancement of the refrigerated storage period
for all treatments. The values reached after 28
days for the control treatment 33.73% and the
treatments to which Proso millet starch was
added 35.07%, 35.87% and 36.67%
respectively. Treatment Y3 recorded the
highest percentage of water retention,
followed by treatments Y1 and Y2, which
differed significantly compared to the control
treatment YO, which recorded the lowest
percentage of water retention. This result is
consistent with what was found by [1.[
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YO0, Y1, Y2, and Y3 represent the functional yogurt parameters added to Proso

millet starch at

concentrations of 0.0%, 0.1%, 0.2%, and 0.3%, respectively.

Figure 3. Water retention capacity (%) of functional yogurt with different percentages of Proso millet
starch added after processing and during refrigerated storage at 5°C for 28 days.

pH and total acidity

The results shown in Table (1) show the pH
and acidity% values of functional yogurt with
different percentages of Proso millet starch
added during refrigerated storage at 5°C for 28
days. The control treatment YO recorded a
significant decrease in pH during the first day,
reaching 4.51 compared to treatments Y1, Y2,
and Y3, which were 4.55, 4.56, and 4.60,
respectively. This was accompanied by a
significant increase in acidity, reaching 0.96%,
compared to treatments Y1, Y2, and Y3,
which were 92, 0.90, and 0.89%, respectively.
The addition of millet starch to skimmed skim
milk contributed to maintaining the acidity of
the product by taking longer to coagulate [1].
A decrease in pH values and an increase in
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acidity were observed with the progression of
the refrigerated storage period for all
treatments. After 28 days, the values for the
control treatment YO were 4.33 and 1.13%,
respectively. These values differed
significantly compared to treatments Y1, Y2,
and Y3, which recorded pH values of 4.42,
4.47, and 4.49, respectively. Total acidity was
lower, reaching 1.06%, 1.03%, and 1.02%,
respectively. It is noted that the increase in
acidity during the progression of the storage
period is due to the production of larger
quantities of lactic acid by the yogurt starter
bacteria. The addition of Proso millet starch to
the functional yogurt reduced the acidity of the
product and increased the pH values,
maintaining the balance and growth of the
starter bacteria and increasing the clotting time
in the first days of refrigerated storage in the
product [4 .[
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Table 1. pH and Acidity% values in functional yogurt to which different percentages of millet
starch were added. Proso during refrigerated storage at 5°C, for 28 days

Acidity% in functional yogurt pH in functional yogurt
<3
2
2
é lday | 7day | 14day |2lday 28day | lday | 7day | 14day |2lday | 28day
g
c d c d c a a a a a
YO |096 |[0.98 1.04 1.08 1.13 4.51 447 446 |440 |[433
b c b c b b ab b b b
Y1l (092 [094 [0.98 1.03 1.06 455 453 |452 449 |4.42
a b b b ab b bc b b bc
Y2 0.90 0.92 0.97 1.0 1.03 4.56 4.54 4.53 4.50 4.47
a a a a a c c c b c
Y3 |08 [090 [0.93 |0.98 1.02 460 |[459 |456 |452 |4.49
LSD | 0.015 |0.02 |0.028 |0.018 0.026 0.03 0.057 | 0.033 |0.028 | 0.065

-Values are expressed as the arithmetic mean of three replicates. - Means followed by different

lowercase letters within a column

-Y0, Y1, Y2, and Y3 represent functional
yogurt treatments supplemented with 0%,
0.1%, 0.2%, and 0.3% Proso proteomic starch.

Microbiological of  Functional

Yogurt.

Analysis

Table (2) and Table (3) shows the live counts
of St. thermophiles, L. bulgaricus, and the
probiotic S. boulardii yeast in functional
yogurt supplemented with proso proteomic
starch during 28-day storage.

Treatment Y3 had the highest logarithm of
live counts of St. thermophiles. Thermophiles
reached 10.01 log CFU./ml on the first day of
production.  Treatments Y1 and Y2
significantly outperformed the live counts of
these bacteria, reaching 9.92 and 9.98 log
CFU./ml, respectively, compared to the

indicate
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a significant difference (P < 0.05.(

control treatment YO, which recorded the
lowest live count rate of 9.38 log CFU./ml.

The results obtained for the first day were
higher than those found by [6]. A gradual
decline in the live count rate was then
observed with the aging of the product, with
treatments Y3, Y2, and Y1 maintaining their
significant superiority, achieving the highest
live count rate of 7.86, 7.42, and 6.46 log
CFU./ml, respectively, compared to the
control treatment YO, which recorded the
lowest live count rate of 6.32 log CFU./ml on
the 28th day of storage at 5°C. A significant
increase in the live numbers of L. bulgaricus
bacteria was also observed for treatments Y1
and Y3 since the first day, as the logarithm of
the live numbers reached 10.02 and 10.03 log
CFU./ml, respectively, compared to treatment
Y2 and the control treatment YO, as the live
numbers reached 9.69 and 9.96 log CFU./ml,
respectively, and the results of the first day of
cold storage were higher than what was
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found[6]. A gradual decrease in the
logarithm of the live counts of L. bulgaricus
was observed for all treatments, continuing
until the end of the 28-day storage period.
Treatment Y3 showed a significant superiority
in the live counts of these bacteria, achieving
the highest live count rate of 7.76 log
CFU./ml, followed by treatment Y1, which
was 7.1 log CFU./ml, and then treatment Y2,
which was 6.87 log CFU./ml. Meanwhile, the
control treatment YO recorded the lowest live
count value of 6.3 log CFU./ml on the 28th
day of refrigerated storage. Despite the
decrease in bacterial counts during the
refrigerated storage period, the treatments
containing Proso millet starch were still above
the minimum required level of 106 CFU./ml
[12-3]

From the results shown in Table (3), treatment
Y3 achieved the highest logarithm of live
numbers of S. boulardii yeast, which reached
9.19 log CFU/ml compared to the other
treatments. A significant superiority was
observed for treatments Y1 and Y2, as their
live numbers reached 9.04 and 9.08 log CFU
/ml, respectively, compared to the control
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treatment YO, which was 8.92 log CFU/ml. As
the product aged, a gradual decrease was
observed in the logarithm of live numbers of
S. boulardii yeast. S for all treatments until the
end of the 28-day storage period, while
treatment Y3 continued its significant
superiority compared to the rest of the
treatments, recording the highest live count
values of 7.0 log CFU./ml on the 28th day of
refrigerated storage, followed by treatments
Y1 and Y2, which were 6.48 and 6.50 log
CFU./ml, respectively, as they were
significantly superior compared to the control
treatment YO0, which was 6.01 log CFU./ml on
the 28th day of refrigerated storage. Treatment
Y3 maintained viable yeast counts for more
than 7 logarithmic cycles until the end of the
storage period. This is consistent with the
minimum acceptable level for probiotics in
dairy products to provide consumer health
benefits, which is 107 CFU /ml [6]. The
addition of Proso millet starch to skimmed
milk had a positive role in increasing the
viability of S. boulardii yeast and its survival
during storage. This may be due to starch
being a good carbon source for yeast and
lactic acid bacteria [18 .[
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Table 2: Total live counts of functional yogurt starter bacteria (St. thermophiles and L.
bulgaricus) in skimmed milk supplemented with different proportions of Proso millet starch
during refrigerated storage at 5°C for 28 days.

@ | st. thermophilues (log CFU/mI) in functional | L. bulgaricus (log CFU/ml) in functional
2 | yogurt yogurt
% lday | 7day | l4day |2lday | 28day | lday | 7day | l4day |2lday | 28day
a a a a a a a a a a
YO {938 9.36 8.57 7.81 6.23 9.96 9.50 9.02 790 |63
b b b b b b C b b c
Y1 9.92 9.88 9.23 8.21 6.46 10.02 | 9.96 9.42 8.19 7.1
C C C C C a b c C b
Y2 9.98 9.94 9.41 8.51 7.42 9.96 9.71 9.24 8.38 6.87
d d d d d b c d d d
Y3 1001 |9.98 9.72 8.75 7.86 10.03 |9.98 9.86 8.73 |7.76
LSD | 0.0326 | 0.0292 | 0.0321 | 0.0527 | 0.0739 | 0.0391 | 0.0467 | 0.0580 | 0.184 | 0.0217

Values are expressed as the arithmetic mean of three replicates. Means followed by different
lowercase letters within a column indicate a significant difference at P < 0.05. YO0, Y1, Y2, and Y3
represent the coefficients of functional yogurt supplemented with 0%, 0.1%, 0.2%, and 0.3% Proso
millet starch.

Table 3. Total live counts of S. boulardii yeast in functional yogurt supplemented with different
proportions of Proso millet starch during refrigerated storage at 5°C for 28 days.

probiotic treatments | lday 7day 14day 21day 28day
a a a b a

Y0 8.92 8.82 8.03 73 6.01
S.  boulardii b b b a b
(log CFU/mI) | "1 9.04 8.98 8.71 8.04 6.48
in  functional b b c d b

yogurt Y2 9.08 9.01 8.93 8.27 6.50
C C C C C

Y3 9.19 9.1 9.0 8.66 7.01

LSD 0.067 0.024 0.087 0.124 0.203

-Values are expressed as the arithmetic mean of three replicates. - Means followed by different

lowercase letters within a single column indicate a significant difference at a probability level of P <
0.05. - YO0, Y1, Y2, and Y3 represent functional yogurt treatments with 0%, 0.1%, 0.2%, and 0.3%
Proso millet starch added using the basic method.
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Sensory evaluation of functional yogurt.

Table (4) displays the sensory evaluation
results of the functional yogurt product after
processing and during refrigerated storage for
28 days. Treatments Y3, Y2, and Y1
outperformed in the flavor scores one day after
processing, scoring 34.2, 34.3, and 33.5,
respectively, out of 35 points, compared to the
control treatment YO, which scored a lower
flavor score of 32.7. When observing the
scores assigned to the texture and consistency
traits, it was found that treatments Y3 and Y2
significantly outperformed this trait, with
scores of 28.7 for each out of 30, compared to
the control treatment YO, which scored 26.5.
Meanwhile, treatment Y1 scored 27.7, which
did not significantly differ from the control
treatment. Regarding the scores assigned to
the appearance trait, treatments Y2 and Y3
scored the highest, with scores of 10 for both,
compared to the control treatment YO and
treatment Y1, which scored 9.7 and 9.8,
respectively. This result is consistent with
what was found by [27]. Through the scores
given to the trait of live numbers of the
probiotic yeast S. boulardii and the acidity
trait, it was found that the treatments to which
Proso millet starch was added scored 15 out of
15 scores given to live numbers and differed
significantly compared to the control treatment
YO0, which scored 14.75, while all treatments
scored close to 9, 9.4, 9.8 and 95,
respectively, out of 10 scores given to the
acidity trait. This result is consistent with [26].
The results of the statistical analysis indicate

[
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that the treatments with different percentages
of Proso millet starch added were superior at
the probability level (P < 0.05) compared to
the control treatment in the total sensory
evaluation scores one day after manufacturing.
Treatments Y2 and Y3 obtained the highest
total sensory evaluation scores of 97.80 for
both, followed by treatment Y1, which
reached 96, while the control treatment YO
obtained an average of 93.45 of the total
sensory evaluation scores one day after
manufacturing. This result is consistent with
the findings of [11]. During the progress of the
refrigerated storage period, it was noted that
there was a decrease in all the scores given to
the flavor, texture, consistency, acidity, live
numbers of the probiotic yeast S. boulardii and
appearance for all treatments until the end of
the 28-day storage period. It was noted that the
treatments to which Proso millet starch was
added were superior in the total scores given
for the sensory evaluation compared to the
control treatment YO. Treatment Y3 obtained
the highest total score of 68.75, followed by
treatments Y1 and Y2, which were 61.95 and
65.65, while the control treatment YO obtained
the lowest total sensory evaluation score of
59.13 at the end of the 28-day storage period.
The addition of Proso millet starch to
functional yogurt improved the sensory
properties of the final product even as the
product aged during refrigerated storage. It
also had a positive effect on increasing the
growth and viability of S. boulardii yeast and
keeping it alive. This is consistent with what
was found by [1
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Table 4: Sensory evaluation results of functional yogurt with different proportions of Proso
millet starch added during refrigerated storage at 5°C for 28 days.

S texture and
S . | treatment | Flavor | consistency | live numbers | acidity | Appearance | total
§ 2 |S °35 °30 °15 10° °10 °100
T S
YO0 a a a a a a
32.7 26.5 14.75 9 9.7 93.45
Y1 b ab b ab ab b
335 27.7 15 9.4 9.8 96
Dayl Y2 C b b b b C
34.3 28.7 15 9.8 10 97.80
Y3 bc b b ab ab Cc
34.2 28.7 15 9.5 10 97.80
LSD 0.701 | 1.34 0.094 0.48 0.283 1.57
YO a a a a a a
32.62 |26.5 14.14 8.37 9 90.67
Y1 ab b b a a b
33.12 | 27.0 14.70 8.62 9.37 93.4
Day7 Y2 bc b c b ab b
33.50 |27.38 14.97 9.25 9.62 94.75
Y3 c Cc Cc c b Cc
34.0 28.12 15 9.87 9.87 96.62
LSD 0.501 | 0.467 0.096 0.448 0.596 1.47
YO a a a a a a
28 22.17 11.8 7 6.83 75.98
Y1 ab ab b a ab b
28.5 22.83 12 7.33 7.33 78
Y2 bc bc Cc b b c
28.8 23.5 13 8 7.66 81
14bay 57 c c d b b d
29.5 24 14 8 7.83 83.33
LSD 0.786 | 0.858 0.119 0.449 0.594 1.55
YO0 a a a a a a
24.33 | 20.83 8.46 6.16 6.33 66.13
Y1 b a b a ab b
25.67 | 21.33 9.33 6.83 6.66 69.83
Y2 b b Cc b b c
Day21 26.17 |22.17 9.88 7.5 7.33 73.22
Y3 b b d b b d
26.33 | 22.50 10.7 7.66 7.66 74.72
LSD 0.838 | 0.576 0.389 0.576 0.430 1.012
YO0 a a a a a a
21 19.67 6.13 6.16 6.16 59.13
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Y1 ab a b a a b
Day28 22.17 | 20.17 6.66 6.5 6.5 61.95
Y2 bc b b b bc c
23.33 | 21.33 6.81 7.33 7 65.65
Y3 c b Cc b c d
24 21.67 8.08 7.34 7.5 68.75
LSD 1.26 0.933 0.265 0.343 0.858 0.858
Conclusions

Finally, we conclude from this study that
adding Proso millet starch to skimmed milk in
the production of functional yogurt improved
the physicochemical and sensory properties
and extended the shelf life of the final product
during storage. It also served as a bioprecursor
to enhance the growth and activity of S.
boulardii, which has numerous health benefits
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