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Figure 1. chromatogram of sugar analysis by the HPLC method
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Table 1. pH and titratable acidity of samples during storage

Treatment | Storage time | Hydrolyzed permeate/probiotic Hydrolyzed permeate/probiotic/prebiotic
1% day 4.82 +£0.189% 4.84 +0.19%
H 7% day 4.72£0.10% 4.72+0.12B
P 14* day 4.56 +0.03%A 4.69 +0.23%
28 day 4.25+0.32%4 4.50+0.15%8
1* day 0.68 £ 1.19¢ 0.78 £ 1.09¢
L 7% day 0.85 + 0.28 0.88 + 0.08B
acidity (%) 145 gay 105 0.15% 0.97%0.15%
28 day 2.68 +0.10% 1.88 +0.10%8

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

<0.05). Different capital letters indicate significance in the row (p <0.05)
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Table 2. Total phenolic content and percentage of DPPH measured for 28 days at 4 © C

Treatment Storage time perll;llzzilt:‘/)ll)};‘ﬁ)diotic permeat:/lgl(‘ltfl(:ilgtzii(/lprebiotic
R
OTAL ?eﬁzn(t‘;zf:g 17.5 +0.05% 19.5 +0.05%
MWoml) | rormension 165+ 005" 25040167
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st
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st
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DPPH (%)
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14% day 8.02 + 1.45 15.32 + 1.15%°
28" day 15.37 = 0.25° 1872 + 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).
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Figure 2. Survival of probiotic bacteria in beverages during storage
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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+£0.00°  4.10£0.23%¢ 4 +0.00%¢ 3.5+0.00%8 3 +0.00%
HWP/Pro/Pre 5 +0.00° 54 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+0.218 4.22 +£0.24%A 3.99 + 0.82P4
HWP/Pro 540.00P 4.5 £0.00°P 4 4+0.00%¢ 3.54+0.16% 3.25+£0.234
Overall
Acceptability
HWP/Pro/Pre 5 +0.00¢ 5+0.00%¢ 4.77 £0.16°8 4.50 +0.33%48 4.20 £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).

b 5SS s sl Jels Sisnin DS 5
Gib 3l Jpams ook 5 oo ol 250 SIS 2 B S
P S 63 Ses ol GeSY soae
b 5 bSSmsn 5l Jsd B Sledis Ol il
w5 e Al edalise YA 55 U (glue )
b aly Geds e ol T B B s
B S G IS 5 Ak 2 6 St
Gl SL ety » ate U (S5 58050
S ol by il (ilae s sk s S e
b sl 1 e el po b s sl b S s 5
Gl e AL sz A5 slaghds Gl
e 33 ey e Sty K Bl by

pyd a8l s SN fesdeds (ool

[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.

74

bl dsd BB e 5l dn o5 8 55 8 53 ab sl
Sy 53 35290 555y 3oy Ol o | ol e
St dls e 5l S il sladd
lasbaal VL 5585 3,850 5 sl sl Gt s
wdlea (P 0700) Wsls OLES (5,10 Uk s 1, e
35 1y (2l (g bslas gomia b Slael Oley 28U
Aos Ll b Bl s Kl e L2alS ol (< 0/00)
A3 (e sk 55 s 6ges 53 PH 2l 5 and
Sop S eb baslie 3 5 4 by s Sl

NP PPVEIT-R Wt BY-PYRCH EEPURGIN IR SO
S S 4

i sl s Ol S Bl s S S
s L. plantarum 5 L. casei Wbssws, s3>
@L'..a—\/

[2] Gamage, S. M., Mihirani, M. K. S., Perera, O.
D. A. N., & Weerahewa, H. L. (2016).
Development of synbiotic beverage from
beetroot juice wusing beneficial probiotic


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

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

[ DOI: 10.22034/FSCT.21.153.65]

\i'i)ﬁjg.i Y 09> Ay OJLQ.-::I

Q|j_| &L'\.b 6\.—&3‘33.\.94.1;54

Lactobacillus Casei 431. Ruhuna Journal of
Science, 7(2 December).

[3] Ejaz, A., Afzaal, M., Saced, 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.
O., Costa, A. L. R., Cunha, R. L., Sant'Ana, A.
S., ... & Cruz, A. G. (2018). Physicochemical
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, 1. 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.

75

[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 und-Forschung
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
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 prebiotics. Food
Technology.55.46-53.

[17] 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.

[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


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

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

[ DOI: 10.22034/FSCT.21.153.65]

e sl B S g e D305 St 5 O e e b

Q\)&.@jd%ﬁf

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

[22] Quirds-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.

[24] Tewari, S., Dubey, K.K. and Singhal, R.S.,
2018. Evaluation and application of prebiotic and

76

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.

[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-fa.html

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

[ DOI: 10.22034/FSCT.21.153.65]

JFST No. 163, Vol. 22, September2025 ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Formulation of Health Beneficial Synbiotic Sports Drink based on Hydrolyzed Whey

Permeate

Maryam Soltani !, Vahid Mofid *?, Mohammad Rabbani !, Seyed Amir Mohammad Mortazavian 2

1- Department of Food Science and Industry, Islamic Azad University, Science and Research Unit, Tehran, Iran.

2- Department of Food Science and Industry, Shahid Beheshti University, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2023/2/21

Accepted:2025/3/8

Keywords:

whey permeate,
prebiotics,
probiotics,
lactose,

phenolic compounds

10.22034/FSCT.22.163.65.

*Corresponding Author E-

vmofid@sbmvaeir

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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