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An isotonic beverage based on whey permeate with higher levels of
electrolytes and carbohydrates is presented as an alternative hydration
source to conventional sports drinks. In this study, a functional
beverage was prepared from hydrolyzed whey permeate inoculated
with Lactobacillus plantarum and Lactobacillus casei at a
concentration of 1 x 108 CFU/ml. The lactose present in whey
permeate was hydrolyzed using the enzyme B-galactosidase. In this
context, the effects of added prebiotics (inulin and oligofructose) and
lactose hydrolysis on physicochemical and microbiological factors
during storage in refrigeration were examined. The resulting product
exhibited good viability for the starter culture, maintaining a
concentration of 1 x 108 CFU/ml after 4 weeks of refrigeration. The
addition of prebiotics significantly increased the phenolic content and
antioxidant properties of the beverage (p < 0.05). Oligofructose and
inulin improved the sensory attributes. The treatment containing both
probiotics and prebiotics showed the highest sensory scores
throughout the storage period (p < 0.05). Lactose hydrolysis, along
with improved acceptability of the sports beverage, may provide a
suitable option for individuals with lactose intolerance. Based on the
results obtained, this beverage can be a good alternative to sports

drinks and allergenic products containing lactose.
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1. Introduction

Sports drinks are liquids designed to provide
hydration, electrolytes, energy, and essential
nutrients needed by athletes. These drinks
typically contain water, electrolytes (such as
sodium and potassium), carbohydrates, and
vitamins. Isotonic drinks based on whey have
been suggested as an alternative source of
hydration to sports drinks due to their higher
electrolyte  concentration and  similar
carbohydrate content. Whey, a byproduct
obtained from the ultrafiltration process of
sweet whey, contains lactose (as the main
component) along with several water-soluble
vitamins, which makes it nutritionally
important [1].

Fermentation is an effective method for
producing functional hydro-electrolytes based
on whey permeate, which can also serve as an
important carrier for probiotics. Moreover,
lactic acid bacteria produce various inhibitory
substances that can extend the shelf life of
fermented products [2].

Probiotic bacteria have limited survival due to
their sensitivity to environmental conditions
during food processing as well as within the
gastrointestinal tract, which is considered one
of the main challenges in the production and
processing of probiotic products. In this regard,
the wuse of prebiotic substances—which
stimulate the growth of probiotics in the
intestine and can help improve their survival
during the product's shelf life—seems essential
in the production of probiotic foods and is
highly suitable for large-scale and economical
production of probiotic products. Among these
compounds, inulin and oligofructose can be
mentioned [2].

Prebiotics are non-digestible carbohydrates that
selectively stimulate the growth and activity of
certain gut bacteria, exerting beneficial effects
on the host. Examples of prebiotics include
inulin, fibrous gums, raftiline, pyrodextrin,
xylan, stachyose, maltodextrin, lactilol, xylo-
oligosaccharide, lactosucrose, raffinose,
lactulose, and fructooligosaccharides. Among
the non-digestible oligosaccharides, inulin and
oligofructose are well-known prebiotics with
proven beneficial effects. They are selectively
fermented by beneficial gut bacteria such as
Bifidobacteria and Lactobacillus, stimulating
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the growth of these beneficial microbes in the
intestine [3].

Although there are numerous studies on the
preparation of drinks from whey enriched with
probiotics and prebiotics [4, 5], no study was
found regarding the formulation of a hydro-
electrolytic drink based on hydrolyzed whey
permeate that is simultaneously enriched with
probiotic bacteria and prebiotics. The aim of
this study was to produce a functional sports
drink based on whey permeate, a byproduct
obtained from cheese production, enriched with
prebiotics (inulin and oligofructose) and
probiotic bacteria including Lactobacillus
plantarum (strain 1) and Lactobacillus casei
(strain 2). This product could be introduced as
a completely natural and low-cost alternative to
commercial sports drinks.

2. Materials and Methods

Whey permeate (an ultrafiltered and
concentrated product from skimmed cow’s
milk using reverse osmosis) was obtained from
Ramak Dairy Company (Karaj, Iran). Inulin (6
g per 100 g, degree of polymerization > 23) and
oligofructose (96 g per 100 g, degree of
polymerization 8) were sourced from BENEO-
Orafti®, Brazil. The Lactobacillus plantarum
starter culture (PTCC 1058) and Lactobacillus
casei (PTCC 1608) were obtained from
Takgene Zist Company (Tehran, Iran), with an
initial live cell count of 1 x 10° CFU/mL. MRS
agar culture medium was purchased from
Ibersco (Tehran, Iran).

2-1. Lactose Hydrolysis

Hydrolysis of whey permeate with an initial pH
of 6.45 was performed using the enzyme [-
galactosidase (of microbial origin from
Kluyveromyces lactis) at an enzyme
concentration of 1.11 g/L. The process was
carried out in a rotary shaker (150 rpm) at 37°C.
The activity of this enzyme was equivalent to
2000 neutral lactase units per gram of enzyme.
One unit of neutral lactase is defined as the
amount of enzyme that releases 1.3 micromoles
of o-nitrophenol per minute from o-
nitrophenol-B-D-galactoside. A IN KOH
solution was then used to adjust the acidic pH
of the enzyme solution and optimize enzyme
activity, bringing the pH to 6.5. The resulting
samples were incubated at 37°C for 4 hours.
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The enzyme was subsequently inactivated by
heating the solution at 60°C for 5 minutes. This
temperature is similar to that reported by
Beucler et al. (2005), where they used lactase at
37°C for 3 hours for hydrolyzing whey
permeate, followed by enzyme inactivation at
63°C for 5 minutes. The prepared samples were
then rapidly cooled to room temperature and
filtered to remove turbidity [6].

To assess the initial lactose content and sugars
resulting from lactose hydrolysis, high-
performance liquid chromatography (HPLC)
was used. A Waters-brand HPLC system
equipped with a UV-vis detector was used to
determine the lactose hydrolysis level. The
system utilized a Furokat H column and a
mobile phase of 0.01N sulfuric acid with a flow
rate of 0.05 mL/min. The quantity of sugars was
calculated based on the area under the curve [7].

2-2. Preparation of Probiotic Culture

The strains of probiotic bacteria Lactobacillus
plantarum (PTCC 1058) and Lactobacillus
casei (PTCC 1608) with specified batch
numbers were obtained from the Takgene
Center. MRS broth and MRS agar media were
also procured from Ibersco. To prepare the
bacterial inoculum from the stock culture, the
probiotic bacterial strains were first activated
by culturing them in MRS broth at 37°C for 24
hours. A second subculture was then prepared
by transferring the first culture into fresh MRS
broth and incubating again at 37°C for another
24 hours. Sterile tubes were prepared, and 5 mL
of sterile liquid medium was added to each.
Different volumes from the second culture were
transferred into cuvettes, and the optical density
was measured using a spectrophotometer at 600
nm—this wavelength is specific to bacterial
measurement and corresponds to the growth
curve. These readings were then used to
estimate the bacterial count.Finally, the cuvette
tube containing half McFarland standard
(equivalent to 1.3 x 10® bacteria per milliliter)
was selected for preparing the inoculum dose.
Additionally, one drop of the MRS broth
culture was streaked onto solid MRS agar
medium to isolate a pure single colony.

2-3. Preparation of Sports Drink

100 mL of ultrafiltered and concentrated whey
permeate was placed into 250 mL Erlenmeyer
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flasks. Two different treatment groups were
prepared as follows:

(D Hydrolyzed permeate (v/v) with 1%
Lactobacillus plantarum and Lactobacillus
casei bacteria, and

(I) Hydrolyzed permeate (v/v) with 1%
Lactobacillus plantarum and Lactobacillus
casei bacteria along with 1% prebiotics (inulin
+ oligofructose).

After the addition of the probiotic culture and
prebiotics, the samples were incubated at 42°C
for fermentation. The incubation time was set
between 4 to 4.5 hours, until the pH reached 5.
After fermentation, the products were stored in
a refrigerator at 4°C and kept under these
conditions for 28 days.

2-4. Probiotic Bacteria Count

Assessing the probiotic population in a
functional product is essential to determine how
the total probiotic population, comprised of two
probiotic strains, changes over the course of the
storage period.

2-4-1. Lactobacillus plantarum Count

To count viable cells, the tenfold serial dilution
method and the pour plate technique were used.
For dilution preparation, 10 mL of the
homogenized sample was weighed into sterile
zip-lock bags containing 90 mL of sterile
trisodium citrate (2 g per 100 g). The mixture
was homogenized for two minutes using a
stomacher device (SCIENTZ-09, China). Then,
using a 100—1000 pL micropipette, 1 mL was
transferred to test tubes containing 9 mL of
0.1% sterile peptone water to prepare a series of
tenfold serial dilutions. Each subsequent
dilution was made by adding 1 mL of the
previous dilution to 9 mL of sterile peptone
water. From each dilution tube, 0.1 mL was
taken using a sterile micropipette and plated on
solid MRS agar. Plates were incubated for 72
hours at 37°C. Colony counts of Lactobacillus
plantarum were recorded for samples stored for
1, 14, and 28 days in the refrigerator. Plates
with a countable number of colonies—typically
between 30 and 300—were selected. Colonies
counted were spherical, concave, with a
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diameter of 1-1.5 cm, smooth and clearly
defined edges, and without halos. Colony
numbers were recorded after calculating the
number per milliliter using the following
formula:

Formula (1): Colonies/mL = (Number of
colonies X 1) / Dilution factor

2-4-2. Lactobacillus casei Count

Counting of Lactobacillus casei was carried out
using the pour plate and standard plate count
methods on MRS agar. Appropriate dilutions
were prepared, and after inoculating the MRS
agar plates, they were incubated at 37°C for 72
hours, and colony counts were performed [8].

2-5. Physicochemical Properties
2-5-1. Measurement of Acidity and pH

To ensure flavor stability of the product during
storage—so that the taste on the first day of
purchase and on the twenty-eighth day remains
similar—changes in pH and titratable acidity
must be evaluated. The sample with the least
variation was selected. After production of the
beverage, pH changes were measured at 25°C
using a pH meter (Metrohm model 827,
Switzerland). The percentage of titratable
acidity was calculated based on the volume of
0.IN NaOH used to titrate 18 grams of the
sample until reaching a final pH of 8.3 [9].

2-5-2. Evaluation of Free
Scavenging Activity

Radical

The DPPH free radical scavenging ability of the
treatments was determined using the method of
Sanchez et al. with a spectrophotometer at 517
nm. DPPH is a lipophilic radical with
maximum absorption at 517 nm. In the DPPH
assay, hydroxyl groups of antioxidant
compounds donate hydrogen atoms to DPPH
radicals, reducing them and changing the
solution color from deep purple to light yellow,
thereby decreasing absorbance.

The absorbance at 517 nm reflects the amount
of remaining DPPH. To prepare the solution,
39.43 mg of DPPH was dissolved in 100 mL of
methanol, then diluted with methanol at a 1:10
ratio.
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0.1 mL of beverage samples with varying
concentrations were mixed with 3.9 mL of 0.1
mM DPPH methanolic solution to reach a total
volume of 4 mL. The mixture was vortexed for
30 seconds (Stuart model SA7), then left in the
dark at room temperature for 30 minutes for the
reaction to occur. Absorbance was then
measured at 517 nm using a spectrophotometer
against a methanol blank. The percentage of
free radical inhibition was calculated using the
following formula:

Formula (2): %IP = [(A_control - A_sample) /
A_control] x 100

Where:
%IP is the percentage of free radical inhibition,

A control is the absorbance of the control
(containing all reagents except the sample),

A _sample is the absorbance of the sample
(containing various concentrations of plant
extract, methanol, and DPPH solution) [10].

2-5-3. Determination of Total Phenolic
Compounds

Quantification of total phenols was performed
using a spectrophotometric method based on
the Folin—Ciocalteu reagent. This method is
among the most widely used for measuring
phenolic compounds. The principle of the
method is the reduction of the Folin reagent by
phenolic compounds in an alkaline medium,
forming a blue-colored complex that shows
maximum absorbance at 760 nm. In this
method, 0.5 mL of the beverage sample was
mixed with 2.5 mL of 0.2 N Folin—Ciocalteu
reagent in a test tube. After 5 minutes, 2 mL of
sodium carbonate solution (75 g/L) was added
to the mixture. The absorbance of the colored
solution was measured after 2 hours using a
spectrophotometer at 760 nm. Total phenolic
content was calculated using a gallic acid
standard curve (R* = 0.9912). For constructing
the gallic acid calibration curve, concentrations
of 25, 50, 100, 150, 200, 250, 300, 350, and 400
mg/L were used. Results were reported as mg
of gallic acid equivalents (GAE) per 100 mg of
sample [11].
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3. Sensory Evaluation of the Samples

The sensory effects resulting from the addition
of Lactobacillus plantarum, Lactobacillus
casei, and prebiotics to the beverage samples
were evaluated through a hedonic sensory
test.The synbiotic beverage samples were
poured into 10 mL glass containers, which were
randomly coded to prevent bias during the
evaluation process. After overnight storage at
4°C, twelve trained taste panelists assessed the
samples using a 5-point hedonic scale. Each
evaluator rated the color, taste, aroma,
mouthfeel, and overall acceptance of each 10
mL synbiotic beverage sample using the
following categories: (1) Very Bad, (2) Bad, (3)
Average, (4) Good, and (5) Very Good [12].

4. Statistical Analysis

The experimental design was carried out using
a factorial arrangement in the form of a
completely randomized design with three
replications. To identify statistically significant
differences among the mean values of the
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obtained data, analysis of variance (ANOVA)
followed by Duncan’s multiple range test was
performed using SPSS software version 22. A
significance level of p < 0.05 was considered
for all statistical analyses.

5. Results and Discussion
5-1. Lactose Hydrolysis

Figure 1 shows the chromatogram of lactose
hydrolysis after mixing with B-galactosidase
enzyme. Peaks corresponding to glucose,
galactose (the two main components of
lactose), and pentose (most likely arabinose)
were observed at 11.7, 14.7, and 20 minutes,
respectively. Based on the resulting
chromatogram, it was confirmed that all the
lactose present in the whey permeate was
completely hydrolyzed into its constituent
sugars. Martinez et al. (2011) achieved similar
results when using f-galactosidase produced by
Kluyveromyces lactis for the hydrolysis of
lactose in regular yogurt [13].

14.00 16.00 1600 2000

Figure 1. chromatogram of sugar analysis by the HPLC method

5-2. Acidity and pH

Table 1 shows the acidity and pH values of the
different beverages over a 28-day storage
period at 4°C, based on hydrolyzed whey
permeate in the presence and absence of inulin
and oligofructose.

Table 1. pH and titratable acidity of samples during storage

Treatment | Storage time

Hydrolyzed permeate/probiotic

Hydrolyzed permeate/probiotic/prebiotic

pH 1% day

4.82 +0.189%

4.84+0.19®
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7" day 472+ 0.10° 472+0.12F

14* day 456+ 0.03* 4.69 + 0.23%

28" day 4.25+0.32% 450+0.15%

I day 0.68 = 1.19% 0.78 = 1.09%

o 7* day 0.85 + 0.28° 0.88 + 0.08°
ey 00 14* day 1.05 % 0.15% 0.97 +0.15"
28" day 2.68 % 0.10° 1.88+0.10°

Numbers are expressed as means & standard deviation. Different lowercase letters indicate significance in the column (p

<(0.05). Different capital letters indicate significance in the row (p <0.05).

According to Table 1, a significant difference
was observed between the various treatments
when comparing the means (p > 0.05). With the
increase in the amount of inulin and
oligofructose in the beverage, the acidity
significantly decreased, and pH significantly
increased (p > 0.05). Moreover, over time, the
acidity significantly increased and pH similarly
decreased (p > 0.05). In conclusion, it can be
stated that the addition of inulin and
oligofructose to the beverages causes changes
in both acidity and pH.

According to the results obtained during the
fermentation stage, the acidity increased due to
the microbial activity. The bacteria
Lactobacillus plantarum and Lactobacillus
casei produce lactic acid and a range of organic
acids such as acetic acid. The decrease in pH
and the increase in acidity are associated with
the production of organic acids. Based on
studies, a pH level of around 3.5-4.5 in food

formulations leads to a reduction in the pH of
the digestive tract, which in turn increases the
stability of probiotics. This also prevents the
growth of pathogenic microorganisms [14].

The main factor responsible for the decrease in
pH and the increase in acidity during the
storage period may be the breakdown of
organic acids and the production of short-chain
fatty acids [15]. In the study by Shah et al.
(2001), the effects of prebiotics such as
lactulose, inulin, and oligofructose in probiotic
yogurt showed similar results regarding acidity
and pH [16].

5-3. Phenolic Compounds and Antioxidant
Properties

Changes in total phenolic content and
antioxidant activity in fermented beverages
stored at 4°C for 28 days are shown in Table 2.

Table 2. Total phenolic content and percentage of DPPH measured for 28 days at 4 ° C

Treatment Storage time Hydrolyzed permeate/probiotic Hydrolyzed
permeate/probiotic/prebiotic
1% day (before fermentation) 17.5+£0.05% 19.5 + 0.052A
FOTAL 1% day (after fermentation) 16.5 +0.05® 2504 +0.16%8

bC
GAE/ 100 m) 7y 2019075 25962038
14 day 23.63 + 1.30bD 26.56+ 1.8 aD
28 day 25.20+0.14E 98.43 + 1.25E
1% day (before fermentation) 0.02 £ 0.24%4 0.09 = 0.242A

o,

DPPH (%) 1t day (after fermentation) 2.14 £ 1.24%8 4.64 + 1208
7% day 6.15 £ 1.15%C 9.65 + 1.05%C
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14% day

bD
8.02+1.45 15.32 £1.15%0

28% day

bE
15.37+0.25 18.72 £ 1.25%

Numbers are expressed as means + standard deviation. Different lowercase letters indicate significance in the column (p
<(0.05). Different capital letters indicate significance in the row (p <0.05).

Phenolic compounds in both beverage samples
significantly increased after fermentation (p <
0.05); however, fermented beverages
containing inulin and oligofructose had the
highest levels of phenolic compounds. This
may be due to the hydrolysis of glycosylated
phenolic compounds and the release of free
phenolic compounds during fermentation [17].

The results indicate that fermentation of the
beverages by lactic acid bacteria (LAB)
preserves the bioactive components of the
synbiotic beverage [18]. Although a diet rich in
dietary fiber and polyphenols has positive
effects on human health, their bioactivity can be
influenced by molecular interactions between
them [19].

Antioxidant activity showed a similar trend.
The total phenolic content of the functional
beverage had a positive correlation with
antioxidant activity, as shown in Table 2. The
increase in antioxidant activity was observed in
both fermented beverages, but the level was
significantly higher in the beverage containing
prebiotics. These findings are consistent with
the study by Pereira et al. (2012), who
evaluated the effects of lactic acid fermentation
on cashew apple juice [20]. The increase in
antioxidant activity in fermented beverages

may be due to the elevated concentration of
antioxidant compounds such as polyphenols,
flavonoids, and beta-carotene produced during
fermentation by lactic acid bacteria [21].

The increase in total phenolic content during
the fermentation process and the resulting
improvement in antioxidant properties have
been confirmed by many researchers. This is
attributed to the hydrolysis of glycosylated
phenolic compounds and the formation of free
phenols. The mentioned microorganisms are
capable of increasing phenol levels during
fermentation. However, in the sample without
prebiotics, the level of phenolic compounds
showed less change over time compared to the
sample containing prebiotics. In a similar study,
researchers reported that the total phenolic
content of cranberry, grape, and strawberry
juice significantly increased after fermentation
with Serratia vaccinii—for example, after 5
days of fermenting strawberry juice, total
phenol content rose from 385 to 771 mg gallic
acid per liter [22].

5-4. Counting Lactobacillus casei and
Lactobacillus plantarum

Figure 2 shows the survival of probiotics during
cold storage over a 28-day period.

9.5
— aB
)
S 92 i
< T aC
) T T
S bB aD
= 8.9 aA L
= IL )y b I aE
: ! . -
< 8.6 T
> bE
o
'C—) 8.3
o
)
& 8

DAY1 DAY7 DAY14 DAY 21 DAY 28

—4— Hydrolyzed Milk permeate/probiotics

Hydrolyzed Milk permeate/probiotics/peribiotics

Figure 2. Survival of probiotic bacteria in beverages during storage
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Results show that probiotic bacteria maintained
good viability during storage, with counts
reaching 102 CFU/mL. The decline in probiotic
levels over the storage period may be associated
with a decrease in pH and the accumulation of
organic acids resulting from bacterial growth
and fermentation. In this regard, Jayamanne
and Adams (2009) reported a significant
reduction in the viability of Bifidobacterium
lactis in products over cold storage time [23].
Based on the findings, probiotic levels in all
treatments reached approximately 102 CFU/mL
by the end of the fourth week. This level meets
international standards (102 CFU/mL) for the
number of viable probiotic bacteria per
milliliter of product at the time of consumption
[24]. These results are consistent with previous
studies [25].

The addition of prebiotics (inulin and
oligofructose) significantly enhanced (P <0.05)
the viability of L. casei and L. plantarum in
synbiotic beverages. The stimulatory effect of
prebiotics on the growth and survival of
probiotic bacteria in the product aligns with
findings from similar research [26]. In this
context, Nouri et al. (2017) reported that rye
sprout extract, due to its prebiotic activity,
increased the growth and viability of probiotic
bacteria [27].

5-5. Sensory Properties

Table 3 presents the sensory evaluation scores
of the beverage samples over the storage
period. The panelists reported significant
sensory changes among different samples over
the 28-day period (P < 0.05).

Table 3. Predominant sensory scores (1-5) " for taste, odour, and overall acceptability of sport drink samples:
HWP/Pro (Hydrolyzed Whey Permeate and Probiotic) and HWP/Pro/Pre (Hydrolyzed Whey Permeate,
Probiotic, and Prebiotic) for 28 days storage at 4 °C.

Day(s)
parameter Group

1 7 14 21 28
Taste HWP/Pro  5+0.00P 4.10 £0.23%¢ 4 +0.00%¢ 3.5+0.00% 3+£0.00%4
HWP/Pro/Pre 5 +0.00° 5+ 0.00°P 4.70 £ 0.55%¢ 4.52+0.85°®  4.01 £0.08"*
HWP/Pro  5+0.00° 4.82 +£0.23P 4+ 0.00%¢ 3.6 +0.83%8 3 +0.00%

Odour
HWP/Pro/Pre 5+ 0.00¢ 4.80 +0.00¢ 4.56+0.21°8 422+£024% 3,99 + (.82
HWP/Pro  5+0.00° 4.5 +0.00%P 4+ 0.00%¢ 3.54+0.16%8 3.25+0.2324

Overall

Acceptability
HWP/Pro/Pre  5+0.00€ 5 £ 0.00%¢ 4.77 +£0.16°8 4.50+0.33%48 420+ 0.16"

Data are means + SD. Means in a column shown with different lowercase letters are significantly different (p <0.05). Means
in a row shown with different uppercase letters are significantly different a row (p <0.05).

Flavor scores in both groups were evaluated as
acceptable after fermentation. This can be
attributed to the hydrolysis of lactose in the
whey permeate into its monosaccharide
components prior to fermentation. The
beverage samples containing inulin and
oligofructose received the highest sensory
scores throughout the storage period (p < 0.05).
Moreover, as time progressed, the flavor score
significantly decreased (p < 0.05). This
reduction is likely related to the increased
acidity and decreased pH of the samples during
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storage. Sensory scores for aroma were lower
compared to flavor, which may be due to the
acidic odor of the samples.

6. Conclusion

A sports drink based on hydrolyzed whey
permeate containing the probiotics L. casei and
L. plantarum, along with prebiotic compounds
including inulin and oligofructose, was
formulated to not only improve the sensory
attributes and taste of the product through
lactose hydrolysis, but also to enhance the
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functional properties of the beverage. A
satisfactory level of probiotic viability was
observed during storage up to day 28. The
hydrolysis of lactose into its monosaccharide
components significantly improved the sensory
characteristics of the beverage, while the
incorporation of prebiotics (inulin and
oligofructose) had a positive impact on the
survival of probiotic bacteria during storage.
Therefore, the formulated functional isotonic
beverage could serve as a suitable alternative to
existing sports drinks. Additionally, it may be
considered an appropriate beverage option for
individuals with lactose intolerance.

7. References

[1] Berry, C. W., Murray, B., & Kenney, W. L.
(2022). Scientific basis for a milk permeate-
based sports drink—A critical review.
International Dairy Journal, 127, 105296.

[2] Gamage, S. M., Mihirani, M. K. S., Perera,
O. D. A. N.,, & Weerahewa, H. L. (2016).
Development of synbiotic beverage from
beetroot juice using beneficial probiotic
Lactobacillus Casei 431. Ruhuna Journal of
Science, 7(2 December).

[3] Ejaz, A., Afzaal, M., Saeed, F., Waliat, S.,
Shah, Y. A., Imran, A., Akram, N., Asghar, A.,
Ateeq, H., Alomar, S.Y., & Nawaz, A. (2023).
Development and characterization of symbiotic
microcapsules to enhance the viability of
probiotic ~ under  stressed  conditions.
International Journal of Food Properties,
26(2), 2838-2853.

[4] Rivas, J. C., Cabral, L. M. C., & Rocha-
Ledo, M. H. M. D. (2021). Microencapsulation
of guava pulp using prebiotic wall
material. Brazilian ~ Journal  of  Food
Technology, 24, €2020213.

[5] Guimaraes, J. T., Silva, E. K., Alvarenga, V.
0., Costa, A. L. R., Cunha, R. L., Sant'Ana, A.
S., ... & Cruz, A. G. (2018). Physicochemical

73

changes and microbial inactivation after high-
intensity ultrasound processing of prebiotic
whey beverage applying different ultrasonic
power levels. Ultrasonics sonochemistry, 44,
251-260.

[6] Beucler, J., Drake, M., & Foegeding, E. A.
(2005). Design of a beverage from whey
permeate. Journal of food science, 70(4), S277-
S285.

[7] Jeon, L. J., Galitzer, S. J., & Hennessy, K. J.
(1984). Rapid determination of lactose and its
hydrolyzates in whey and whey permeate by
high performance liquid
chromatography. Journal of Dairy
Science, 67(4), 884-887.

[8] Institute of Standards and Industrial
Research of Iran (1393). standard 5272-2.

[9] Becker, A. F., Rebelatto, E., Sabadin, K.,
Becker, J., Steffens, J., Bagatini, L., ... & Rigo,
E. (2021). Evaluation of whey permeate
obtained through nanofiltration for the
formulation sports drinks. Brazilian Journal of

Development, 7(2), 18753-18769.

[10] Gad, A. S., Emam, W. H., Mohamed, G.
F., & Sayd, A. F. (2013). Utilization whey in
production of functional healthy beverage

whey-mango beverages. American Journal of

Food Technology, 8(3), 133-148.

[11] AbdulAlim, T. S., Zayan, A. F., Campelo,
P. H., & Bakry, A. M. (2018). Development of
new functional fermented product: Mulberry-
whey beverage. J Nutr Food Technol, 1(3), 64-
69.


http://dx.doi.org/10.22034/FSCT.21.153.65
https://fsct.modares.ac.ir/article-7-67584-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

[ DOI: 10.22034/FSCT.21.153.65]

Maryam Soltani et al.

Formulation of Health Beneficial ...

[12] Stokes, C. N., O’Sullivan, M. G., Kerry, J.
P. (2017). Hedonic and descriptive sensory
evaluation of instant and fresh coffee products.
European Food Research and Technology,
243, 331-340.

[13] Martins, A. R., Monteiro, R. L., Burkert, J.
F. D. M., & Burkert, C. A. V. (2012).
Simultaneous enzymatic hydrolysis and lactic
fermentation to obtain a yogurt with low lactose
content. Ciéncia e Agrotecnologia, 36, 551-
559.

[14] Garro, M.S., de Valdez, G.F., Oliver, G.
and de Giori, G.S., 1998. Growth
characteristics and fermentation products of
Streptococcus salivarius subsp. thermophilus,
Lactobacillus casei and L. fermentum in
soymilk. Zeitschrift fiir
Lebensmitteluntersuchung
A, 206(1), pp.72-75.

[15] Pan, X.D., Chen, F.Q., Wu, T.X., Tang,
H.G. and Zhao, Z.Y., 2009. Prebiotic

und-Forschung

oligosaccharides change the concentrations of
short-chain fatty acids and the microbial
population of mouse bowels. Journal of
Zhejiang University SCIENCE B, 10(4),
pp-258-263.

[16] Shah, N., 2001. Functional foods from
probiotics and

Technology.55.46-53.
[17] Jayamanne, V.S. and Adams, M.R., 2009.

prebiotics. Food

Modelling the effects of pH, storage
temperature and redox potential (Eh) on the
survival of bifidobacteria in fermented
milk. International journal of food science &

technology, 44(6), pp.1131-1138.

74

[18] Khalil, R., El-Halafawy, K., Mahrous, H.,
Kamaly, K., Frank, J. and El Soda, M., 2007.
Evaluation of the probiotic potential of lactic
acid bacteria isolated from faeces of breast-fed
infants in  Egypt. African  Journal of

Biotechnology, 6(7).

[19] Kumar, A. and Kumar, D., 2016.
Development of antioxidant rich fruit
supplemented probiotic yogurts using free and
microencapsulated Lactobacillus rhamnosus
culture. Journal of food science and
technology, 53(1), pp.667-675.

[20] Pereira ALF, Maciel TC, Rodrigues S.
Probiotic beverage from cashew apple juice
fermented with Lactobacillus casei. Food Res
Int 2011; 44: 1276— 1283.

[21] Pan, X.D., Chen, F.Q., Wu, T.X., Tang,
H.G. and Zhao, Z.Y., 2009. Prebiotic
oligosaccharides change the concentrations of
short-chain fatty acids and the microbial
population of mouse bowels. Journal of
Zhejiang University SCIENCE B, 10(4),
pp.258-263.

[22] Quiros-Sauceda, A.E., Ayala-Zavala, J.F.,
Sayago-Ayerdi, S.G., Vélez-de La Rocha, R.,
Safiudo-Barajas, A. and Gonzalez-Aguilar,
G.A., 2014. Added dietary fiber reduces the
antioxidant capacity of phenolic compounds
extracted from tropical fruit. Journal of Applied
Botany and Food Quality, 87.

[23] Jayamanne, V.S. and Adams, M.R., 2009.
Modelling the effects of pH, storage
temperature and redox potential (Eh) on the
survival of bifidobacteria in fermented
milk. International journal of food science &

technology, 44(6), pp.1131-1138.


http://dx.doi.org/10.22034/FSCT.21.153.65
https://fsct.modares.ac.ir/article-7-67584-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

[ DOI: 10.22034/FSCT.21.153.65]

Iranian journal of food science and industry

Number 163, Volume 22, September 2025

[24] Tewari, S., Dubey, K.K. and Singhal, R.S.,
2018. Evaluation and application of prebiotic
and probiotic ingredients for development of
ready to drink tea beverage. Journal of food
science and technology, 55(4), pp.1525-1534.

[25] Towo, E., Matuschek, E. and Svanberg, U.,
2006. Fermentation and enzyme treatment of
tannin sorghum gruels: effects on phenolic
compounds, phytate and in vitro accessible

iron. Food Chemistry, 94(3), pp.369-376.

75

[26] Wu, S.C., Su, Y.S. and Cheng, H.Y ", 2011.
Antioxidant properties of Lactobacillus-
fermented and non-fermented Graptopetalum
paraguayense E. Walther at different stages of

maturity. Food Chemistry, 129(3), pp.804-809.

[27] Noori, N., Hamedi, H., Kargozari, M. and
Shotorbani, P.M., 2017. Investigation of
potential prebiotic activity of rye sprout

extract. Food bioscience, 19, pp.


http://dx.doi.org/10.22034/FSCT.21.153.65
https://fsct.modares.ac.ir/article-7-67584-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-20 ]

[ DOI: 10.22034/FSCT.21.153.65]

\i'i;ﬁj@,ﬁl Y oy NV o lels LQ\J.')'l J\-Lo C—Lﬂﬁ}(’j\"‘d’”“

www.fsct.modares.ac.ir :a>es Colu

e dd s g Ol Conp Bl g Asgul B S e e (505 SRS DT g p

Yb‘{_}d}‘Mﬁ‘%ﬂ“&L})ML%Yu\:&A A ‘\‘;"LE.L.« mr

Ol 0L ¢ Sl 5 psle Al ¢ oSl sl o&ils ¢ plie ghesesle oS =)

.[)lﬁ\gb\ﬁu&%wgm\bgdlﬁét&jf}ka‘g; -Y

a.L_S.r dlae Sl

305 LS Gly Kl Dabhls sie S Olye 4 ey S
sl el el p Gad gl ol 5o el e s
Chle 4 G35 skl sSY 5 e 00 e shsl SV Lol 5 0l s 5 50n
BT Sl el b iy OF ey 3 55 50 555V S 46 VPV 1A CFULmI-1
5 o) okd o338 S suis S kaly cal 53 A3 S s ssds Sl SV
Jsb 55 3,5 5 aberd 5500 Lo, S B 6o, 2 55SY o 5 (G855,
Glp o ohledss sdalmnsts Jgmame i oy e gl L3 IS
DL o Jarl 3 55 656 azin £ 5l oy VoA CFUMI-1 jlie U 5kl coiS
R Slsme 03 s JB SRl e St 4 LS s 0 03538 0l
ikl gl 5 5555,5,5 - (P < 0/05) us J g SlaeS| ST il
ksl SV LSS g8 2 5 Ssmsn 93 2 Golb Jles Ldiisy ssp ) e
o o 4 555 sdgsdn (p < 0/05) Wosls Ol (I e Jsb 55 1) pem
ks 558N Joos e Hlas & (60l 3 (6l LS e o055 GAd S Sady e
i Sl WIS e Gt edalist S all A3l b S

3L 558 sl sl slse 5 S5 S s Sl

VENVAYY 1Sl s b

VEFNYNA s sl

(el olds
w2l
S 2
S sm5
ST

SIpd oS S

10.22034/FSCT.22.163.65.

*

RGOy Prvy

vmofid@sbmvaeir

76


http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.21.153.65
https://fsct.modares.ac.ir/article-7-67584-en.html
http://www.tcpdf.org

