
ORIGINAL ARTICLE

Journal of Food Science and Technology
https://doi.org/10.1007/s13197-024-06023-y

Highlights
 ● Paneer whey is generally dumped as waste that increases 

environmental burden.
 ● An attempt has been made to bio-transform this waste 

into a functional product.
 ● Paneer whey-based kefir drink was standardized and 

characterized.
 ● Nutritional facts were validated as per requirements of 

the regulatory standards.
 ● Developed product was evaluated for functional proper-

ties under in vitro conditions.
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Introduction

Sustainable development goals adopted by United Nation 
member states has driven everyone’s’ attention. It has 
been accepted that it is necessary to coexist in harmony 
with environment, identify healthier way to reduce carbon 
footprint, find innovation in waste management and ensur-
ing healthy lifestyle to everyone. As far as Indian dairy 
industries are concerned, the tremendous growth has been 
observed in past decades both in terms of production that is 
from 55.6 million tonnes in 1991-92 to 230.6 million tonnes 
in 2022-23 and consumption (Milk Production in India | 
nddb.coop). The dairy products are highly popular among 
Indian population especially among vegetarians who con-
sider dairy products as an ideal nutritional source.

Paneer is, one of the most popular indigenous dairy 
products, generally prepared by acid coagulation of milk. 
Approximately 7% of total milk produced in the country 
is transformed to paneer in particular (Kapoor et al. 2021). 
Paneer is also termed as Indian cottage cheese owing to its 
non melting soft creamy texture and subtle taste. It is pop-
ular as a meat alternative among vegetarian population of 
the country owing to its high protein and calcium content 
(Smetana et al. 2023). Generally, one liter of milk yields 

Abstract
Present research focused on biotransformation of paneer 
whey into a functional fermented product using kefir cul-
ture. Out of 9 formulations (S-1 to S-9) tried; S-8, obtained 
by fermenting FOS (1%) supplemented paneer whey and 
adding 8% refined sugar, was identified as the most accept-
able product. Nutritional analysis revealed the following 
as per 100 g of product: 44.24 kcal total energy, 8.29 g 
carbohydrates, 7.19 g sugar, 1.51 g protein, 0.52 g total 
fat, 0.13 g saturated fat, 0.30 g MUFA, 0.23 g ash, 49.7 mg 
sodium content, 0.51% (w/w) alcohol and 4.5% (v/v) CO2. 
Results revealed a notable decline in pH and a rise in acid-
ity during the early stages of storage followed by stabi-
lization thereafter. Additionally a progressive decrement 
in lactose content and increase in ethanol was reported 
owing to the fermentation activity of the diverse micro-
flora in kefir culture. The product exhibited antimicrobial 
as well as antioxidant activity and also remained stable for 
12 days under refrigeration. Microbial stability was further 
strengthened by the absence of E.coli and consistent viable 
count of lactic acid bacteria and yeast in confirmation with 
the microbiological standards of fermented milk products. 
Results indicated that both proteinaceous as well as non-
proteinaceous components are responsible for antioxidant 
activity of the product. Hence, the development of paneer 
whey-based kefir could relieve hassle of waste manage-
ment and also provide health benefits.

  Tejinder Pal Singh
88tejindersingh@gmail.com

1 Department of Dairy Microbiology, College of Dairy Science 
and Technology, Lala Lajpat Rai University of Veterinary and 
Animal Sciences, Hisar 125001, Haryana, India

2 Department of Dairy Chemistry, College of Dairy Science 
and Technology, Lala Lajpat Rai University of Veterinary and 
Animal Sciences, Hisar 125001, Haryana, India

3 Department of Dairy Technology, College of Dairy Science 
and Technology, Lala Lajpat Rai University of Veterinary and 
Animal Sciences, Hisar 125001, Haryana, India

Revised: 6 June 2024 / Accepted: 21 June 2024
© Association of Food Scientists & Technologists (India) 2024

Development of nutri-functional paneer whey-based kefir drink

Harisha Devi1 · Tejinder Pal Singh1 · Ruby Siwach2 · Vandana Chaudhary3

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-024-06023-y&domain=pdf&date_stamp=2024-6-28


Journal of Food Science and Technology

18-20% paneer and 80-82% paneer whey (Gawande et al. 
2023). Hence, paneer whey is a by-product obtained from 
acid based coagulation of milk which can be designated as 
acid whey as the pH generally remains less than 5 (Lievore 
et al. 2015).

Whey generally contains approximately 55% of the milk 
nutrients which includes 20% of the total milk proteins 
(Rocha-Mendoza et al. 2021). Researchers have suggested 
that whey is an affluent source of high quality protein, 
essential amino acids, minerals and bio-active peptides that 
can provide various health benefits such as immunomodu-
lation, anti-inflammation, anti-hypertension, and tissue 
maintenance (Mehra et al. 2021). Emerging evidences of 
health benefits associated with whey or whey components 
have drawn interest to develop innovative methods to uti-
lize the functional whey components. Whey is currently 
being exploited for preparation of whey protein isolates, 
whey concentrates, de-mineralized whey powder and lac-
tose extraction. However, these productions are restricted 
to sizable dairy enterprises owing to involvement of costly 
high-end technologies. The small and medium sized dairy 
enterprises cannot bear the expenses of installing the neces-
sary equipment to process the limited volumes of whey (Roy 
et al. 2023). This has created a pressure on dairy industry to 
find innovative strategies to utilize acid whey particularly in 
a sustainable manner. Considering that India is a developing 
country and a significant portion of milk is curdled in unor-
ganized small to medium dairies or in households, this often 
results in the wastage of nutritionally as well as functionally 
rich whey.

Kefir is a functional product with distinct characteristics 
such as acidic-alcoholic taste, creamy texture, and efferves-
cence due to mixed fermentation by lactic acid bacteria and 
yeast (Vashisht et al. 2023). Kefir is known to possess anti-
stress, anti-allergenic, anti-asthmatic, anti-microbial, anti-
cancer, immunomodulatory, hypocholesterolemic properties 
aside from its ability to maintain gut homeostasis (Farag et 
al. 2020). Such benefits may be attributed to the potential of 
kefir to modulate gut microbiota and mycobiota, based on 
the excellent survivability, colonization ability, and micro-
bial interaction of the microorganisms in kefir as well as its 
rich bioactive components (Kim et al. 2019). Owing to high 
nutritional and functional value, and increasing consumers’ 
awareness regarding impact of diet on health, whey can be 
used as a base to prepare a functional fermented drink such 
as kefir. The kefir drink prepared by fermentation of paneer 
whey using kefir culture are speculated to be deep-pocketed 
with various health promoting properties that can help in 
restoring gut homeostasis. Therefore, considering such limi-
tations and concerns associated with acid whey utilization, 
the present work proposed the transformation of this by-
product into nutri-functional paneer whey-based kefir drink.

Materials and methods

Materials

Standardized milk (4.5% fat and 8.5% SNF; solid not fat) 
was procured from Milk Plant, Department of Livestock 
Products Technology, Lala Lajpat Rai University of Veteri-
nary and Animal Sciences (LUVAS), Hisar. All the chemi-
cals (citric acid, NaOH, Fructo-oligosaccharide (FOS) etc.) 
used for analysis were purchased from Himedia, Mumbai, 
India. The kefir culture used for fermentation was obtained 
from Zoh Probiotics, Mumbai, India. The pathogenic strains 
of E. coli O157:H7 ATCC 43,888 and Salmonella enter-
itidis ATCC 13,076 were procured from College Central 
Laboratory (CCL), LUVAS. The pathogenic strains were 
maintained as 25% glycerol stock until use. The pathogenic 
strains were sub-cultured in Brain Heart Infusion (BHI) 
broth twice before performing antimicrobial activity.

Extraction of paneer whey

Firstly, the standardized milk was heated to 90oC and then 
cooled to 70oC followed by addition of preheated (70oC) 2% 
citric acid solution with continuous but gentle stirring till 
clear whey which was greenish translucent, separated from 
the coagulum. Further, the content was kept undisturbed for 
10 min to achieve complete separation of coagulum from 
whey. Lastly, the clear whey was separated from coagulum 
using double layered muslin cloth. The whey obtained was 
analyzed for physicochemical parameters such as pH using 
electrode digital pH meter (EUTECH Instruments, Mum-
bai), titratable acidity as per BIS (Bureau of Indian Stan-
dards) guidelines (1960), total solids as per BIS guidelines 
(1961), fat as per AOAC (2000) guidelines, total protein 
content using automatic Kjeldhal digestion and distillation 
unit (Kel Plus- KES12L, Pelican Industries, Chennai) and 
lactose by using methodology given by Abu-Lehia (1987).

Development of paneer whey-based kefir

Paneer whey extracted was allowed to cool (25oC) and neu-
tralized to pH 6.5 using food grade NaOH (1 N) to avoid 
insolubalization of whey proteins which may otherwise 
create difficulty during processing. The neutralized whey 
was then filtered through muslin cloth to get clear whey. 
Further, different concentrations (0.5%, 1% and 1.5%) of 
prebiotic fructo-oligosaccharides (FOS) were added to the 
whey followed by heating at 65oC for 30 min in a water 
bath. Subsequently, the kefir starter culture (Zoh Probiot-
ics, Amazon) was inoculated to FOS supplemented whey 
samples as per the manufacturers’ directions and the fer-
mentation was allowed for 18 h at 25˚C. After fermentation, 
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the refined sugar (6%, 7%, and 8%) was added to respective 
fermented whey preparations. The resulting products (S-1 
to S-9) were then stored at 4oC overnight before performing 
sensory evaluation.

Sensory evaluation

The kefir beverages developed were subjected to dou-
ble blind randomized sensory evaluation using a 9-point 
hedonic scale. In this, 10 ml of each sample was served to 
25 semi-trained judges. The judgement was based on char-
acteristics such as flavour/taste, body and texture, colour 
and appearance, container and overall acceptability. The 
study was approved by the competent committee of the 
University LUVAS, Hisar (LUVAS/PGS/Acad/2022/3229-
31) and the consent was taken from each participant before 
performing the analysis.

Physicochemical analysis of selected product

The product selected on the basis of sensory evaluation 
results was analysed for physico-chemical parameters. The 
pH, acidity, fat, lactose content, total solids and total pro-
tein content were estimated as per standard protocols men-
tioned above. However, the viscosity of the samples was 
assessed using a Brookfield Viscometer Model RVT (Scien-
tific Instrument and Technology, Delhi) at 20 °C. The alco-
hol content of the product samples was determined using 
hydrometer based on specific gravity measurement prin-
ciple (AOAC 2000). The color assessment was done using 
Chroma Meter CR-400 (Konica Minolta INC., Japan). The 
product analysis results were also compared with the values 
obtained for whey and fermented whey (without FOS).

Storage study

In this study, the developed product samples (control fer-
mented whey and selected product; S-8) were kept in refrig-
eration continuously for 12 days. During this period, the 
samples were tested for physicochemical and microbiologi-
cal parameters on every third day (0th day, 3rd day, 6th day, 
9th day and 12th day). The physicochemical parameters 
evaluated are same as mentioned above for developed prod-
uct. For microbiological parameters, the coliform, yeast and 
mold and lactic acid bacteria count was estimated using 
standard pour plating method.

Nutritional facts as per labelling requirement

The samples of developed paneer whey-based kefir were 
sent to NABL and FSSAI accredited laboratory (Sigma 
Test and Research Center, Badli, New Delhi) to obtain 

certification for nutritional facts to be mentioned on product 
label.

Antimicrobial activity

The antimicrobial activity of the test samples was investi-
gated against E. coli O157:H7 ATCC 43,888 and Salmo-
nella enteritidis ATCC 13,076 using agar well diffusion 
method. Firstly, the sterilized BHI agar (2% agar) was 
poured in petri plates and was allowed to solidify followed 
by over-layering of the test pathogen (inoculated at the rate 
of 2%) containing BHI soft agar (0.8% agar). The wells of 6 
to 8 mm diameter were punched using sterile cork borer and 
50 µL of the test samples were introduced into the respec-
tive wells. The plates were observed for zone of inhibition 
after incubation period of 16–18 h at 37oC.

Antioxidant activity

The antioxidant activity of the samples was evaluated using 
the DPPH. The DPPH solution was freshly prepared by dis-
solving 0.39432 g of DPPH in 1 L of methanol and homog-
enizing in an ultrasonic bath for 30 s. Two ml of test sample 
was mixed with 20 ml of extracting solvent (methanol: 
water, 70:30 v/v) and blended thoroughly on a magnetic stir-
rer followed by storage at 20 ± 1 °C for 4 h in a dark place. 
Further, it was centrifuged at 10,000 rpm for 10 min and 
filtered through Whatman™ Grade 2 cellulose filter paper 
(Diameter: 12.5 cm, Pore Size: 8 μm) (Whatman Interna-
tional Ltd., Maidstone, England). The extract of the samples 
obtained was used to determine antioxidant activity. The 
following different cocktail combinations were prepared 
for estimation of antioxidant activity: 1 ml of extract + 3 ml 
methanol (control), 1 ml DPPH + 3 ml methanol (blank) and 
1 ml of extract + 2 ml methanol + 1 ml DPPH (sample). The 
cocktails prepared were kept in the dark for 30 min and the 
absorbance was read at 517 nm using a spectrophotometer 
(Genesys 10 S UV- Vis, Thermo Scientific). The estimation 
was done using following calculations:

DPPH Scavenging Activity (%) =

(
1−

(
A1 −A0

A2

))
× 100

Where, A0 = Absorbance at 517 nm for control; A1 = Absor-
bance at 517 nm for the sample; & A2 = Absorbance at 
517 nm for the Blank Values.

Extraction of bioactive components

Three fractions on molecular weight (MW) basis (> 5 kDa, 
5 − 3 kDa, 3 − 1 kDa) were obtained from the developed 
paneer whey-based kefir and the neutralized whey using 
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5.43 ± 0.12% and 0.60 ± 0.02%, respectively. Furthermore, 
the fat and total solids were found to be 0.50 ± 0.01% and 
9.45 ± 0.24%, respectively. The variability observed in com-
parison to available literature for lactose and total solid con-
tent of paneer whey could be due to variability in initial milk 
composition and processing treatments involved. Further-
more, the values for pH, acidity and total solids also vary 
with the type and amount of acidulant used for coagulation.

Sensory evaluation

The paneer whey obtained was further processed and fer-
mented to obtain nine different products (S-1 to S-9) using 
varied concentration of prebiotic FOS (0.5%. 1.0% and 
1.5%) and refined sugar (6%, 7% and 8%). The prepared 
product samples were subjected to double blinded ran-
domized sensory evaluation to identify the most accept-
able product in terms of flavor, body and texture, color and 
appearance, and overall acceptability. The results mani-
fested that the mean scores for flavor, body and texture, and 
overall acceptability were significantly (p < 0.05) different 
among all the kefir samples as depicted in Table 1. However, 
no significant difference (p > 0.05) was observed for color 
and appearance scores among the prepared kefir samples. 
Sample S-1was least accepted as this sample showed low-
est scoring for flavor and overall acceptability in compari-
son to other eight samples. The lowest scores of body and 
texture were observed for S-1 and S-4. In terms of overall 
acceptability, the lowest scores were observed for S-1, S-2 
and S-4. However, no significant difference was observed 
for S-3, S-5, S-6, S-7 and S-9. Three kefir samples S-5, S-6 
and S-9 showed similar scoring for all the five parameters 
evaluated. Based on the sensory evaluation outcomes, the 
paneer whey-based kefir drink (S-8), developed by ferment-
ing FOS (1%) supplemented paneer whey, with added (post 
fermentation) refined sugar to the final concentration of 
8% was found to be the most acceptable formulation as it 
showed significantly (p < 0.05) higher scores for taste, body 

MW cut-off filters. For this, the test samples were loaded 
to the filter tubes chambers followed by centrifugation for 
15 min at 12,000 rpm. The fractions derived were collected 
in the sample tubes and stored at -20oC till further use. The 
protein concentrations in obtained fractions were estimated 
using Lowry method. The fractions obtained were evalu-
ated for antioxidant activity before and after Proteinase K 
treatment.

Statistical analysis

The experiment data, as when necessary, is presented as 
the mean ± standard deviation (SD) of different param-
eters studied in the present investigation. The mean and 
standard deviation were determined using Microsoft Excel 
2007 Software Package, Microsoft Corporation, USA. Sta-
tistical analysis was performed on the data obtained from 
the experiments conducted in triplicate for optimizing the 
beverage. This included sensory behavior, nutritional and 
functional analysis. The software used for analysis was IBM 
SPSS Statistics 25, and the statistical tests used were one-
way analysis of variance (ANOVA) with the multiple com-
parison Tukey Test (p < 0.05).

Results and discussion

Parameters studied for paneer whey

The present study focused on biotransformation of dairy 
by-product paneer whey into nutri-functional product. The 
paneer whey obtained by acidification of standardized milk 
was evaluated for various physicochemical parameters such 
as pH, acidity, lactose, protein, fat and total solids. The pH 
for obtained whey was found to be 5.39 ± 0.28 which con-
firms that the whey obtained was acid whey in accordance 
to Lievore et al. (2015). The acidity, lactose content and pro-
tein content in the paneer whey extracted was 0.19 ± 0.02%, 

Table 1 Impact of varying concentrations of FOS and refined sugar on the sensory characteristics of paneer whey-based kefir drink
Composition
(FOS & Refined sugar)

Sample Flavour Body &Texture Color & Appearance Overall Acceptability

0.5% & 6% S-1 6.24 c± 0.52 6.76b ± 0.52 7.28a ± 0.54 6.98c ± 0.46
1% & 6% S-2 7.24ab ± 0.43 7.08ab ± 0.86 7.08a ± 0.64 7.28abc ± 0.45
1.5% & 6% S-3 6.96b ± 0.68 7.40a ± 0.76 7.56a ± 0.77 7.43ab ± 0.62
0.5% & 7% S-4 7.00b ± 0.82 6.80b ± 0.5 7.2a ± 0.76 7.20bc ± 0.45
1% & 7% S-5 7.20ab ± 1.04 7.08a b± 0.75 7.16a ± 0.85 7.31ab ± 0.53
1.5% & 7% S-6 7.16ab ± 1.11 7.16ab ± 0.62 7.24a ± 0.88 7.34ab ± 0.47
0.5% & 8% S-7 7.04b ± 0.73 7.12ab ± 1.01 7.32a ± 0.85 7.32ab ± 0.58
1% & 8% S-8 7.60a ± 0.76 7.48a ± 0.65 7.52a ± 0.82 7.60a ± 0.55
1.5% & 8% S-9 7.12ab ± 0.78 7.20ab ± 0.91 7.28a ± 0.84 7.35ab ± 0.59
Data are Mean ± standard deviation of results from three separate experiments
abcde Different symbol means statistically significant difference (P < 0.05) within the same column
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culture. Furthermore, the significant difference for lactose 
content and protein content was observed among whey, FW 
and S-8. The ethanol content was not seen in whey but was 
observed in both fermented products i.e. FW (0.43 ± 0.01%) 
and S-8 (0.42 ± 0.02%), however, the values were found 
to be non-significant. This possibly due to the presence of 
alcohol producing yeast (Kluyveromyces sp.) heterofermen-
tative bacteria (e.g. Lactobacillus kefir) in the kefir culture 
(Magalhães et al. 2010).

Storage stability

The storage stability of fermented whey (FW) and S-8 
were assessed for 12 days at refrigeration conditions dur-
ing which the samples were analyzed for alterations in 
various physicochemical (pH, acidity, lactose, ethanol, vis-
cosity, color) and microbial parameters at a regular interval 
of 3 days (0th, 3rd, 6th, 9th and 12th day). The significant 
(p < 0.05) drop in pH was observed for FW and S-8 during 
storage period (Table 3). The sudden fall was observed in 
initial 3 days of storage (0th to 3rd day) for both FW and 
S-8. After 3rd day, the slight but non-significant variations 
were seen in pH values. The acidity values also showed sud-
den significant (p < 0.05) increase during initial three days 
which remain statistically unchanged till 6th day and then 
again showed significant increase on 12th day for both FW 
and S-8. The lactose content reduced significantly (p < 0.05) 
for both FW and S-8 during the storage period. The lactose 
content for FW and S-8 dropped significantly and progres-
sively from 3.66 ± 0.02 (0th day) to 2.76 ± 0.02 (12th day) 
and form 4.14 ± 0.01 (0th day) to 2.17 ± 0.01 (12th day) dur-
ing storage, respectively. A significant (p < 0.05) difference 
in lactose content was observed among FW and S-8.

Kefir starter is a consortium of undefined bacterial and 
yeast species that perform mixed fermentation. The homo-
fermentative lactic acid bacteria are responsible for lactic 
acid fermentation while others heterofermenters and yeasts 
are involved in alcoholic fermentation. In fact, facultative 
and heterofermentative lactobacilli also possess an enzyme, 
alcohol dehydrogenase, which allows them to produce etha-
nol via acetaldehyde from lactose metabolism (Magalhães et 
al. 2010). In this study, the ethanol content of 0.43 ± 0.01% 
and 0.42 ± 0.02% was observed for FW and S-8, respec-
tively, which significantly (p < 0.05) increased during stor-
age. No significant effect of FOS was noticed as the ethanol 
contents were almost similar in both the samples. Even the 
ethanol content in FW and S-8 significantly increased up to 
6th day which further showed a non-significant increment 
up to 12th day. Earlier, Wulansari et al. (2021) had also 
reported successive increments of ethanol content during 14 
days storage of the goat milk kefir which supports the obser-
vations of the present study.

and texture and overall acceptability. Very few but some 
researchers have exploited cheese whey (sweet whey) as a 
substrate for kefir preparation; performed comparative sen-
sory analysis of whey-based kefir and milk kefir (Magalhães 
et al. 2010; Pereira et al. 2015). However, limited attempts 
have been made for utilizing acid whey to develop kefir.

Physicochemical parameters studies for final 
product

The most acceptable paneer whey-based kefir drink (S-8) 
was investigated for various physiochemical parameters 
including pH, acidity, lactose, viscosity, total solids, and 
ethanol content. The pH and acidity of the product was 
found to be 5.87 ± 0.06 and 0.10 ± 0.01%, respectively. Total 
solids, lactose and fat content values were 8.81 ± 0.31%, 
4.14 ± 0.01% and 0.50 ± 0.01%, respectively. The ethanol 
content of the product was ascertained to be 0.42 ± 0.02%. 
The compositional values for paneer whey-based kefir 
developed in the present study were comparable with the 
observations reported by Pereira et al. (2015) who devel-
oped kefir beverage using whey protein concentrates and 
concentrated ultrafiltered whey permeates. The viscosity of 
the developed product was ascertained to be 1.16 ± 0.35cP 
which was comparatively less than observations reported 
for whey-based kefir beverage developed by Sabokbar et al. 
(2015). The use of kefir culture instead of kefir grains in 
this study was assumed to be the responsible factor for such 
variability in viscosity.

The compositional parameters of whey, fermented whey 
(FW) and selected product (S-8) were also compared. It 
is evident from Table 2 that the pH and acidity values for 
whey were significantly (p < 0.05) different when com-
pared to non-significant values of FW and S-8 which obvi-
ously due to fermentation. No significant difference was 
observed in total solids for FW and S-8, however the values 
were significantly (p < 0.05) lower in comparison to those 
observed for whey. Such reduction in overall total solids 
content could be attributed to hydrolytic activities of starter 

Table 2 Physico-chemical characteristics of whey, fermented whey 
and selected kefir product S-8
Parameters Whey Fermented whey S-8
pH 5.44b ± 0.03 5.90a ± 0.00 5.87a ± 0.06
Acidity (%) 0.19a ± 0.01 0.16b ± 0.01 0.15b ± 0.01
Total Solids (%) 9.45a ± 0.24 8.86b ± 0.55 8.82b ± 0.31
Lactose (%) 5.37a ± 0.06 3.66c ± 0.02 4.14b ± 0.01
Protein (%) 0.62a ± 0.01 0.53c ± 0.01 0.55b ± 0.01
Ethanol (w/w %) Nil 0.43a ± 0.01 0.42a ± 0.02
Data are Mean ± standard deviation of results from three separate 
experiments
abcde Different symbol means statistically significant difference 
(P < 0.05) within the same column
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No significant difference in viscosity among FW and S-8 
samples were observed during storage. However, the suc-
cessive and significant increment in viscosity values was 
observed within FW and S-8 samples during 12 days storage 
as evident from Table 3. The production of exopolysaccha-
rides by kefir starter could be responsible for such changes 
in viscosity. Previously, Pereira et al. (2015) also noticed an 
increase in viscosity of kefir developed form whey protein 
concentrates and concentrated ultrafiltered whey permeates 
during 7 days storage.

The color of the products was analyzed in terms of L 
(whiteness), a* (redness) and b* (yellowness) values. The 
readings ranges from 0 (black) to 100 (white) for L, + 60 
(red) to -60 (green) for a* and + 60 (yellow) to -60 (blue) for 
b* values. As evident from Table 3, the L (whiteness) values 
kept on increasing significantly in FW from 49.56 ± 5.47 
(0th day) to 65.05 ± 3.64 (12th day) during storage. Simi-
larly, the values for L showed significant increment for S-8 
during 12 days storage. During the storage, the a* values 
remained in negative side and the b* values remained on 
positive side showing the slight green and yellow tinge in 
FW and S-8 samples. The color parameters showed no sig-
nificant variation when the readings for FW and S-8 sam-
ples were compared on any particular day during storage. 
Previously, Aidarbekova and Aider (2021) studied the color 
changes in milk kefir supplemented with different concen-
trations of whey. They found that the whiteness decreased 
with increasing concentration of whey and lowering fat 
content. This probably is due to presence of colloidal pro-
teins (casein micelles) in milk which scatters light. But, in 
this study the paneer whey was used which lacks colloidal 
proteins and has more pronounced green color because of 
riboflavin.

During the storage study, no coliforms were seen which 
confirms that the product was hygienically prepared, packed 
and maintained. Absence of coliforms ensures that the prod-
uct can withstand the microbiological standards of fer-
mented milk products given by FSSAI, India. No significant 
change in lactic acid bacteria counts were seen as the counts 
ranged between 8 and 9 log cfu/ml during the 12 days stor-
age. Similarly, yeast and molds counts were found in the 
range of 5–6 log cfu/ml during storage. These observations 
explicated that the starter microbes remained viable during 
12 days storage. According to the Codex Standards (Com-
mission 2003), kefir must contain minimum 7 log CFU/g of 
kefir microorganisms and 4 log CFU/g yeasts. Hence, the 
product developed can satisfy the microbiological standards 
of both FSSAI and Codex.
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0.51% by weight and 4.5% by volume, respectively, in the 
developed product. The data obtained for nutritional facts 
can be used to design a product label as per FSSAI (Label-
ing and Display) Regulations, 2020 (Food Safety and Stan-
dards Authority of India F 2020).

Antimicrobial properties

Antimicrobial activity is one amongst many other func-
tional properties that have been associated with kefir. This 
activity has been attributed to the ability of its starters to 
produce antimicrobial components during fermentation 
(Kim et al. 2019). The paneer whey-based kefir developed 
in this project was also assessed for its ability to inhibit the 
growth of pathogenic bacteria, specifically E.coli ATCC 
43,888 (O157:H7) and Salmonella enteritidis ATCC 13,076 
using agar-well assay. As evident from the results, no anti-
microbial activity was observed for whey samples against 
tested pathogens. However, both FW and S-8 showed anti-
microbial activity against E.coli O157:H7. S-8 showed 
significantly (p < 0.05) wider zone of clearance (21.9 mm) 
in comparison to FW (18.5 mm) that too disappeared after 
neutralization with NaOH. This depicts that the activity 
was because of metabolites produced during fermenta-
tion such as lactic acid and alcohol. However, the product 
samples (before and after neutralization) showed no antimi-
crobial activity against Salmonella enteritidis. Previously, 
researchers have also reported the antagonistic activity of 
milk kefir against various pathogens and spoilage bacteria 
(Al-Mohammadi et al. 2021; Kim et al. 2019). There are 
several components like organic acids, hydrogen peroxide, 
carbon dioxide, diacetyl and ethanol produced by the bac-
teria in kefir grains that could inhibit the growth of harmful 
bacteria (Shen et al. 2018). Besides, certain bioactive pep-
tides also created during fermentation that could have anti-
microbial activity. But these bioactive components have 
potential interactions that can either enhance or hinder their 
antimicrobial effects. Due to these interactions, kefir exhib-
its varied antimicrobial activities against different bacteria 
(Kim et al. 2019). This could be the reason for the selec-
tive inhibition observed for E. coli in this study. Similar to 
our observations, others have also reported the reduction of 
antimicrobial activity post neutralization of milk kefir (Al-
Mohammadi et al. 2021).

Antioxidant potential

An antioxidant potential of three samples - whey, FW and 
S-8 was assessed using the 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging activity method. As evident 
from the results, the statistically significant (p < 0.05) dif-
ference was observed in the antioxidant activities of whey, 

Nutritional facts

As per FSSAI Labeling and Display Regulations, 2020 
(Food Safety and Standards Authority of India 2020), 
nutritional information, a description intended to inform 
the consumer of nutritional properties of the food, must be 
clearly given on the sample. Considering the importance 
of labeling, the samples of developed paneer whey-based 
kefir (S-8) were sent to NABL and FSSAI accredited labo-
ratory (Sigma Test and Research Center, Badli, New Delhi) 
to obtain certification for nutritional facts to be mentioned 
on product label. The certified data received from the NABL 
and FSSAI accredited lab is given in Table 4. The total 
energy of the product was found to be 44.24 kcal per 100 g 
product which may be considered as a low-calorie product. 
However, FSSAI recommended that the total energy should 
not be more than 40 kcal per 100 g product to declare the 
product as low-calorie product. The total fat content of the 
product was 0.52 g per 100 g product (which is less than 
1.5 g per 100 g product), therefore, the product can be clas-
sified as a low-fat product. The developed product falls 
under the category of low sodium product as the product 
showed less than 0.12 g of sodium per 100 g product. The 
developed product cannot be considered as a protein-rich 
source for an adult as it does not provide 20% of protein 
recommended dietary allowance per 100 g of product. The 
product was found to contain 8.29 g of carbohydrates and 
7.19 g of sugar per 100 g of product, respectively. The prod-
uct did not contain any PUFA (polyunsaturated fatty acids) 
or dietary fibers. Additionally, the product showed low lev-
els of saturated fats as the values were found to be less than 
0.75 g per 100 g of the product. However, MUFA content 
contributed to 43.33% of the total fat found in the product 
but still the product falls under low MUFA category. The 
ash content of the product was found to be 0.23 g per 100 g 
of product. The alcohol and CO2 content were estimated as 

Table 4 Nutritional facts about the developed paneer whey-based kefir 
drink (S-8)*
NUTRITIONAL FACTS
Energy (/100 g) 44.24 kcal
Total Carbohydrates (/100 g) 8.29 g
Total Sugars (/100 g) 7.19
Protein (/100 g) 1.51 g
Total Fat (/100 g) 0.52 g
Saturated Fat (/100 g) 0.13 g
MUFA (/100 g of total fat) 0.30 g
PUFA (/100 g of total fat) Nil
Ash (/100 g) 0.23 g
Sodium (/100 g) 49.7 mg
Dietary Fibres NIL
Carbon dioxide (v/v) 4.5
Alcohol % (w/w) 0.51
*As per report of NABL / FSSAI accredited laboratory
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< 3 kDa fractions. Overall, the fractions obtained from kefir 
(S-8) had more protein contents than those obtained from 
whey.

Before analyzing the antioxidant activity of obtained 
fractions, the protein concentration in each fraction obtained 
from product S-8 and whey was adjusted to 1 mg/ml. This 
was done to standardize the comparison of antioxidant 
activity between the fractions with respect to protein con-
centration. The purpose was to determine which fraction 
contributed the most to the antioxidant activity of the prod-
uct. Table 5 depicts the results for antioxidant activity of 
each standardized fraction.

A significant difference in the antioxidant activity among 
the different fractions standardized to a protein concentra-
tion of 1 mg/ml was observed. The kefir (S-8) fraction of 
> 5 kDa (12.73 ± 0.15%) showed the highest antioxidant 
activity followed by fractions 3–5 kDa (7.67 ± 0.15%) and 
< 3 kDa (6.17 ± 0.06%), respectively. The fraction > 5 kDa 
may contain peptides generated from casein and lactofer-
rin, which contribute to antioxidant activity. The fraction 
3–5 kDa might contain smaller peptides and free amino 
acids like cysteine and methionine, whereas < 3 kDa may 
include very small peptides together with trace amounts 
of vitamin C and uric acid adding to antioxidant activity 
(Mehra et al. 2021). However, there was no significant dif-
ference was seen in the antioxidant activity among the whey 
fractions. The antioxidant activity in whey fractions was 
significantly lower when compared with kefir fractions of 
the corresponding molecular weights. Malta et al. (2022) 
uncovered antioxidant potential within the peptide fraction 
of < 10 kDa sourced from milk kefir. These findings exhib-
ited reasonable concurrence with the present investigation.

Proteinase K treatment was conducted on all the three 
fractions (> 5 kDa, 5 − 3 kDa, < 3 kDa) to determine 
whether the antioxidant activity was solely attributed to 
proteins or some non-proteinaceous components were 
also involved. The antioxidant activity of the treated frac-
tions was then compared to the activity of their respective 
untreated fractions. The antioxidant activity of Proteinase K 

FW and S-8. The highest antioxidant activity was seen for 
S-8 (41.31 ± 0.09%) followed by FW (36.97 ± 0.05%) and 
whey (4.6 ± 0.16%), respectively. Possible reason for some 
antioxidant activity in whey could be the presence of whey 
proteins, urate, lactoferrin and residual vitamin C in smaller 
proportions. Fermentation has the potential to increase 
the antioxidant activity of substrates by releasing various 
metabolic end products. The extracellular proteinases of 
the LAB can hydrolyze milk proteins during fermentation, 
leading to the formation of peptides that can contribute to 
the antioxidative properties of fermented products. Also, the 
use of starter cultures in fermentation enhances the release 
of reductants like cysteine found in whey protein peptides 
(Kadyan et al. 2021). Antioxidants derived from food have 
the potential to shield the host from the intestinal oxidative 
stress by lowering the levels of free radicals and influencing 
the presence of beneficial microbial species in the gut (Lobo 
et al. 2010). This could possibly be the reason for the higher 
antioxidant activity in FW and S-8 as kefir starter contains 
significant amount of lactic acid bacteria and yeast. Other 
researchers have also reported the higher antioxidant activ-
ity in kefir starter fermented products of milk, soya milk 
or blend of pomegranate juice and whey in comparison to 
their respective unfermented counterparts (Yilmaz-Ersan et 
al. 2016).

Bioactive components with antioxidant potential

Various fractions (> 5 kDa, 5 − 3 kDa, 3 − 1 kDa) were 
extracted from whey and S-8 using molecular weight cut-
off filters of different sizes. After extraction, the protein 
content of each fraction was determined by following lowry 
method. The highest protein content (36 mg/ml) was found 
in fraction with > 5 kDa molecular weight obtained from 
S-8In addition, the fractions with 3–5 kDa (k) and < 3 kDa 
(k) molecular weight had protein content of 21.43 mg/ml 
and 16.46 mg/ml, respectively. In case of fractions obtained 
from whey, the protein contents were 36 mg/ml, 15 mg/ml 
and 12.83 mg/ml, respectively, for > 5 kDa, 3–5 kDa and 

Table 5 Antioxidant activity of protein fractions from whey and kefir standardized to 1 mg/ml protein concentration
Samples MW

Fractions
Protein Concentration (mg/
ml)

Anti-oxidant activity for Standard-
ized (1 mg/ml) Fractions
(%)

Calculated Anti-
oxidant activity 
for fractions
(%)

Whey > 5 kDa 36 5.57cd ± 0.49 200.52
3–5 kDa 15 5.67c ± 0.06 85.05
< 3 kDa 12.83 5.03d ± 0.06 64.53

Kefir
(Product II)

> 5 kDa 48.2 12.73a ± 0.15 613.58
3–5 kDa 21.43 7.67b ± 0.15 164.36
< 3 kDa 16.46 6.17c ± 0.06 101.55

Data are Mean ± standard deviation of results from three separate experiments
abcde Different symbol means statistically significant difference (P < 0.05) within the same column
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