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Abstract

Whey beverages that have been added with fruits pulp have always been remained the priority demand of food
consumers, but loss of nutritional contents and microbial safety of such beverages is always matter of concern of food
producers. To overcome these issues food experts are always in try to find out the processing and preservation techniques
for safety of these beverages. In present study kinnow-whey beverage was prepared by addition of kinnow concentrate
and acidic whey, at optimum concentrations. Effect of different processing techniques on the physicochemical properties,
microbial inactivation, and sensory characteristics of beverage were investigated during 90 days of storage. The outcomes
of pasteurization were compared with non-thermal techniques, such as use of preservatives and sonication (20 kHz
frequency, 70% amplitude and 5, 10 and 15 min). pH values of all the treatments were reduced, whereas titratable
acidity was increased significantly, during storage. There was a significant increase in the brix, viscosity and total solids,
with the increase in the storage period. Highest values obtained for brix, viscosity and total solids were T (14.32°), T5
(15.13 cP), and T; (15.13 mg/L) after 90 days storage, respectively. Total plate count (TPC) and yeast and mold count were
increased during prolong storage in all treatments. Results showed that the maximum TPC was noted in T, (2.9 x 10* cfu/
ml) at 90 days, while minimum TPC was observed in T (0.8 x 10* cfu/ml) at start of study. Similarly, maximum yeast and
mold count were noted in T, (3.2 %1 0* cfu/ml) at 90 days whereas, minimum yeast and mold count was observed in T
(0.1 x 10* cfu/ml) at start of study. Overall acceptability of beverage was highest in 15 min sonicated treatments. It was
concluded that the beverages processed with sonication (15 min) demonstrated better stability and sensory attributes
compared to other techniques.

Highlights

e Kinnow-whey beverage processed with different techniques
e Sonication, an effective technology for beverages processing
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¢ Application of sonication for 15 min at 20 kHz, provided promising result
e During 90 days of storage, sonicated beverage exhibited lowest microbial growth
e Higher acceptability of sonicated beverage, compared to other processing techniques.
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1 Introduction

Phytochemistry of fruits and vegetables provide us the base of blending their parts and derived value-added products,
loaded with antioxidants, responsible to counter the attack of pathogens [1]. Fruits pulp, concentrate and juices, are the
base for development of food formulations, which boost the nutritional value of developed products [2].

The net global whey production of cheese whey (liquid) in 2008 was reported to be 187 million metric tons. Around
3.2 million metric tons, which was about 1.7% of total production was used by different food processing industries for
manufacturing of enriched products, such as whey powder (85 million tons), whey protein concentrates, and whey
isolates etc. There was an increase of 6.3% in production of whey protein in 2009. The sale of energy drinks ($1.03 million)
is rising day by day. Roughly 4100 food and beverage products enriched with whey protein were launched in U.S. market
in last 6 years [3].

Kinnow is among the most popular fruits for production of beverages among consumers. The kinnow is extensively
cultivated in Punjab Province of India and Pakistan. It is mandarin hybrid famous for its high yielding properties. It is
hybrid of two cultivars of citrus termed as 'King’ (Citrus nobilis) & 'Willow Leaf’ (Citrus deliciosa). Kinnow was for the first
time developed by Howard B. Frost in the University of California Citrus Experiment Station. The kinnow was assessed and
released as emerging variety of citrus hybrid for cultivation at commercial level in 1935. Pakistan is producing about 2.5
million tons of Kinnow each year and exporting it to round about 50 countries which include Russia, Indonesia, Ukraine,
Sri Lanka, Gulf States, Philippines, United Arab Emirates, Saudi Arabia, Iran, Tajikistan and Uzbekistan [4]. Whether fresh or
processed, orange constitutes a considerable source of antioxidants in the diet, vitamin C and polyphenolic compounds
are considered to be among the prominent [5]. Ascorbic acid, folate, and other vitamins, as well as secondary metabolites,
including limonoids, flavones, phenolics, flavonoids and carotenoids are all abundant in kinnow juice. The way that
kinnow juice is processed and stored affects how many phytochemicals are present in it [6].

In contrast to traditional heat treatment, non-thermal food processing technology known as sonication has attracted
a lot of interest for its ability to preserve food’s nutritional value and original freshness while using less energy and having
a higher level of sensory appeal [7]. One of the non-thermal food processing techniques that can be employed in place
of thermal food processing is ultrasound. The energy generated by sound waves of different frequencies that is too high
for the human ear to detect, or above 16 Kz, is referred to as ultrasound. It is a cutting-edge technology that shortens
processing times and lowers costs while increasing and guaranteeing product quality. It has many benefits when paired
with microwave technology. Food quality has been effectively impacted by factors like texture, colour, antioxidants, and
polyphenolic characteristics [8]. Sonication treatment appeared to be effective for increasing many quality characteristics
as well as microbial decontamination [9, 10]. As a green processing technology, ultrasound has great potential in food
applications [11].

The taste of the whey is pretty much unappealing, highly acidic and lactose to glucose ratio is fairly high especially
in acid whey therefore number of procedures and techniques have been developed to improve its characteristics to
enhance its acceptability for utilization in human nutrition [12]. Orange and citrus flavored drinks have been the most
frequently proposed products in the market for whey blended products [13]. However, a variety of other fruits were also
used in the process, such as tropical fruits such as mango, grapefruit, banana, and papaya [14]. Other fruits such as apple,
cherry, pear, & melon are also used for the manufacturing of useful products from whey [15].

To successfully manufacture whey-fruit based beverages there have been numerous attempts. Dhamsaniya and
Varshney [16] used over ripened bananas to produced whey-based banana beverages. Ahmed et al. [17] and Sakhale
et al. [18] used different ratios of whey and mango pulp and blended them to formulate whey-based mango beverages.
Baljeet et al. [19] and Shukla et al. [20] prepared whey-based pineapple beverages. Naik et al. [21] manufactured whey-
based watermelon beverage, whereas Singh et al. [22] and Singh et al. [23] developed utilized paneer (cottage cheese)
with whey and extracts of guava to produce soft beverage, authors also analyzed the shelf life and quality of the finished
product. Abu-Ghoush et al. [24] created a beverage recipe using orange juice, carboxymethyl cellulose, and whey
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protein isolate. However, these studies were inadequate to present the chemical and microbial safety patterns of these
formulations, which identified the gaps to be covered by this study in a comprehensive approach. Further, in current
study, different preliminary trials were also performed to find out the best formulation of kinnow concentrate and whey.

Investigations on different whey-based beverages, which have been reported previously were limited to common
processing and preservation techniques, which were the possible drawbacks for microbial food safety of stored
beverages. Further, physicochemical and sensory aspects of the beverages were not discussed in detail. Keeping in view
this research gaps, the present study was designed to implement and compare advanced green processing technology,
sonication at different time periods keeping frequency same, to assess the changes in quality, nutrition and microbial
safety of whey-kinnow beverage during 90 days of storage. While a comparison of sonication with chemical-based
preservatives added and pasteurized beverages was also made to find out the most effective technique for processing
and preservation.

2 Materials and methods
2.1 Procurement of raw material

Whey was procured in liquid form from a local dairy industry located in Sargodha, Pakistan. Kinnow was collected in
the form of kinnow concentrate from Fauji Foods Limited, Bhalwal. All other materials were purchased from the local
market of Sargodha.

2.2 Preparation of raw materials

Freshly drained whey, which from the cheese manufacturing process of industry was collected, was further pasteurized
to remove remaining casein. After the process the whey was stored in refrigerated temperature. Kinnow concentrate,
which was acquired for beverage formulation, was already processed.

2.3 Preparation of formulated beverage

Blended beverages were prepared using pasteurized liquid whey (having pH 6.36), kinnow concentrate (having pH
3.65 and Brix 65), and sugar in different combinations, to attain 16 Brix in the final product. Guar gum was added in all
formulations as stabilizer (0.15 g/100 ml of beverage), as it forms thick structure when placed in water for few minutes.
Guar gum helps to increase the stability of kinnow whey beverage during thermal treatment. Artificial food grade orange
flavor was added at the ratio of 1 ml/litter beverage, followed by addition of artificial orange color. For this purpose, 1 g
of color was added in 10 ml of solvent, to prepare color and then 1 ml color solution was added in each 200 ml sample.
The artificial flavor and color greatly enhance the overall acceptability of product [24]. All the ingredients are mixed using
blender/juicer, then poured into bottles and finally corked and stored. All the bottles were thoroughly sanitized before
filling. Five different compositions of kinnow whey beverage were prepared (95:5, 96:4, 97:3, 98:2 and 99:1) as given in
Table 1. Sensory analysis was performed for all the compositions to select best composition for further physicochemical
and microbial testing.

Table 1 Formulation for

o ; . Trial samples Whey (ml) Kinnow conc. Sugar (g) Guargum Brix

preliminary trial of Kinnow (ml) (/100 ml)

whey beverage
1 929 1 10 0.15 16
2 98 2 10 0.15 16
3 97 3 10 0.15 16
4 96 4 10 0.15 16
5 95 5 10 0.15 16
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2.4 Treatment plan for study

After conducting the preliminary trials and selecting the best treatment for further study, six treatments of kinnow
whey beverage were prepared in triplicates, each having 95% whey and 5% kinnow concentrate. Different processing
techniques were applied on each treatment as shown in Table 2. Chemical preservation was applied on sample T, having
a combination of preservatives KMS 75% and sodium benzoate 25% using electronic weighing balance (ELECTRONIC
SCALE JJ224BC), whereas, sample T, was treated with thermal processing technique, as sample was pasteurized at
85 °C for 15 min for preservation (using water bath for heating and laboratory thermometer was used to monitor the
temperature), and sample T, was treated with both processes, preservatives and pasteurization (the sample was first
pasteurized and then preservatives were added in similar ratio as in sample T,). Non-thermal sonication technique was
applied using sonicator (UP400S by Hielscher ultrasound technology, Germany) on remaining three samples at > cycle
and amplitude 70% for different time periods with 20 kHz frequency. The probe size of the sonicator used was 25 mm.
Sample T; was given sonication at given amplitude and cycle for 5 min, which caused its temperature to increase by
1°C (initial temp 18 °C and final temp 19 °C). T, was sonicated at given amplitude and cycle for 10 min, which caused its
temperature to increase by 2 °C (initial temp 17.5 °C and final temp 19.5 °C). Similarly, T5 was processed at given amplitude
and cycle for 15 min, which caused its temperature to increase by 2.5 °C (initial temp 21 °C and final temp 23.5 °C).

2.5 Physicochemical analysis
2.5.1 pH analyses of formulated beverage

The pH value was determined by using digital pH meter (Model PH-209B by Lutron) as described by AOAC method no.
981.12 [25]. The electrode of pH meter was directly dipped into the sample to be analyzed and the value on the meter,
which illustrates the pH of the sample, was noted after performing analysis three times.

2.5.2 Titratable acidity of formulated beverage

Titratable acidity of beverages was determined using the titration method as illustrated in the AOAC [25] and was
expressed as g of citric acid/100 ml of the sample. Briefely explaining, to prepare 0.1N NaOH solution, 2 g of NaOH
was dissolved in 500 ml of distilled water. Similarly, phenolphthalein indicator was prepared by dissolving 1 g of
phenolphthalein in 100 ml ethanol. Then 10 ml of kinnow-whey beverage was taken as sample from each treatment and
2-3 drops of indicator was added into it. Sample was titrated against 0.1N NaOH solution until pink color was obtained.
Acidity factor used for acidity determination was 0.064, and below given formula was used to determine titratable acidity.

Titratable acidity = amount of NaOH used X 0.064.

2.5.3 Brix of formulated beverage

Total soluble solids were measured using a hand refractometer (RHB-32ATC) of 0-32°B. Brix was obtained by adding few
drops of sample solution on the prism of refractometer and closing the lid, under method 932.12 of AOAC [25]. To see

Table 2 Treatment plan for

Treatments Whey: Kinnow conc.  Sugar (g) Guargum Variables
research (ml) (9/100 ml)
To 95:5 10 0.15 Preservatives
T, 95:5 10 0.15 Pasteurization
T, 95:5 10 0.15 Preservatives and
Pasteurization
Ts 95:5 10 0.15 Sonication (5 min)
T, 95:5 10 0.15 Sonication (10 min)
Ts 95:5 10 0.15 Sonication (15 min)
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the internal scale, refractometer was held perpendicularly to a source of light. The Brix reading were clearly seen, where
the light area meets the dark areas on the scale.

2.5.4 Viscosity of formulated beverage

Prior to the measurement of viscosity, the kinnow-whey beverage samples were conditioned at 4 °C. A rotator type
viscometer (LAMY RHEOLOGY instruments) was used to determine the viscosity of beverage samples as earlier reported
by Aggarwal et al. [26], with some modifications. Viscosity was determined in triplicate to find out the mean value, by
using spindle number 5 and the speed was set at 50 rpm. The results of the viscosity were expressed in centipoises (cP).

2.5.5 Total solids of formulated beverage

Total solids of kinnow-whey beverage were determined according to the method reported in AOAC [25], using
conventional oven method, as was earlier determined by Tanwar et al. [27], with required modifications. Briefly describing,
10 g sample of beverage was placed in an air oven at 105 °C in sample dish. The weight of the samples was monitored
every 4 h until the consecutive weight difference was less than 1 mg/g solids. Total solids were determined in triplicate,
and were calculated using the following formula:

Total solids = W2/W1 x 100

where: W, =initial weight of the sample; W, =final weight of the sample.
2.6 Microbial analysis of formulated beverage

Microbial quality of kinnow-whey beverage was monitored periodically after every month, during the whole storage
study. For this purpose, 10 ml sample was taken from each treatment, which was aseptically mixed with 90 ml of distilled
water and shaken properly to homogenize the sample. Subsequent dilutions were prepared for each treatment and
samples were incubated for 24-48 h at 37 °C. Total plate count in the samples was determined according to the guidelines
of American Public Health Association [28], using nutrient agar, while yeast and mold count was calculated using potato
dextrose agar according to APHA [28]. TPC results were calculated from the petri dish as colonies cfu/g. All the trials were
performed in triplicate to find out the mean values.

2.7 Sensory evaluation of formulated beverage

Sensory parameters of kinnow-whey beverage, such as flavor, color, aroma and overall acceptability were evaluated
using ordered nine-point hedonic scale. The 9-point hedonic scale indicates a scale of grading the sample on the basis
of its sensory characteristics from liked extremely (9), liked very much (8), liked moderately (7), liked slightly (6), neither
liked nor disliked (5), disliked slightly (4), disliked moderately (3), disliked very much (2), to disliked extremely (1). Sensory
assessment was planned for 80 participants according to the guidelines given by Lawless and Heymann [29]. From both
genders 80 people participated in the process of evaluation. Complete process was performed in separate booths;
participants were presented with 150 ml of chilled beverage in transparent cups and distilled water for rinsing purpose.

2.8 Storage study of formulated beverage

Kinnow-whey beverage was stored at refrigerated temperature and subjected to above mentioned quality tests
(physicochemical, sensory and microbial) during the storage period of 90 days.

2.9 Statistical analysis of the data obtained after experiments

Data for all measurement are presented as means of triplicate + standard deviation. Significance of treatments were
determined using ANOVA and means were ranked using the HSD Tukey test (p < 0.05). Statistical analysis was performed
on Statistix 8.1 (Analytical Software for Windows Tallahassee, USA) by following the procedures described by Steel and
Torrie [30].
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3 Results and discussion
3.1 pH

Mean values regarding interaction between treatments (T, T, T, T3, T4, and T;) and days (0, 30, 60, and 90) depicted that
the maximum pH was noted in T, (6.31) at 0 day, while the minimum pH was observed in T, (3.01) at 60th day of study,
as presented in Table 3. From the results presented, it was evident that sonication for longer time periods caused less
decrease in pH during storage, which was speedier in other blends during 90 days. This less decrease in pH as a result
of sonication was attributed to less disturbance in organic acids and other molecules of beverage, which was high in
pasteurized and chemically treated samples. One significant factor that describes the stability of bioactive chemicals
in fruit juice is pH [31]. The pH values of all the treatments were reduced significantly during storage. This may be due
to the fact of increasing titratable acidity, which increases due to production of secondary acidic metabolites such as
organic acids during different reactions. The acidity and pH are inversely related. Majumdar et al. [32] showed similar
outcomes for a juice combination of bottle guard and basil leaves, and Jan and Masih [33] reported similar outcomes for a
pineapple juice blend with carrot and orange. Acidification reduces the activity of undesirable microorganisms and their
capacity for proliferation, and this causes reduction of pH which benefits beverage preservation [34]. Similar findings
were reported by Herrera-Ponce et al. [35], in which ultrasound treatment significantly reduced pH during storage of
whey-oat beverage. Supportive results were also found in the experiments of Purewal et al. [36], when pH during 90 days
of storage was decreased in kinnow based beverage.

Ultrasounds (15 min, 40 kHz and 240 W) have been proved useful in inactivation of various kind of microbes without
any significant changes in the juice quality, by increasing the pH of sugarcane juice [37]. Adulvitayakorn et al. [38]
compared thermal processing with microwave and thermosonication for sugarcane juice processing and reported slight
decrease in pH of sugarcane juice processed at 700W through microwave technology and thermosonicated at 80 °C.
Further they linked this variation in pH with variation in temperature of the juice samples under treatment. Previous
studies by Khandpur and Gogate [39] unequivocally demonstrated that pH is crucial to the quality and safety of juices.
Low pH or acidic conditions increase the anti-microbial effectiveness of sonication, which may be related to increased
hydroxyl radical generation. Juices with lower pH values are therefore more sensitive to ultrasonic therapy.

3.2 Titratable acidity
Results presenting interaction between five different treatments and storage days revealed that sonication

significantly lowered down the titratable acidity of beverages, when compared with preservatives and pasteurized,
but change in sonication time had not affected acidity significantly. The maximum titratable acidity was noted in

Table 3 Effect of various

Treatments Storage period (days) Mean +SD

treatments and storage

period on pH of Kinnow whey 0 30 60 920

beverage -
T, 477+0.01 4.02+0.01™ 3.53+0.008° 3.13+0.008" 3.86+0.64
T, 4.82+0.008" 4.17+0.008' 3.76 +£0.008P 3.22+0.008" 3.99+0.61¢
T, 4.92+0.0089 3.92+0.004° 3.71+0.0049 3.07+0.008" 3.90+0.69°
T, 5.91+0.004° 5.31+0.004' 4.22+0.008 3.62+0.008" 4.84+1.058
T, 5.96+0.004° 5.62+0.008° 4.82+0.008" 3.92+0.008° 5.16+0.92%
Ts 5.98+0.004° 5.76+0.004¢ 4.62+0.008 3.97+0.004" 5.17+0.96"
Mean =SD 5.55+0.74" 4.80+0.80° 4.11+0.49° 3.48+0.37°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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T, (0.98) at 90th day, while the minimum acidity was observed in T5 (0.12) at 0 day of study, as can be seen from the
Table 4. Beverage made with whey was shown to be more acidic the longer it was stored. This may be explained by
the presence of acidic polyphenol such mangiferin, gallic acid, benzoic acid, and other phenols and flavonoids in
fruit. This could be the result of bacteria from lactose fermenting organisms spoiling the food [27]. Santhirasegaram
et al. [40] discovered comparable results, when applying thermal treatments of 30 and 60 s at 90 C and 80 °C and
ultrasound treatments of 15, 30, and 60 min at a frequency of 40 kHz to mango juice.

Adulvitayakorn et al. [38] compared conventionally heat-treated sugarcane juice with microwave and
thermosonicated juice samples and calculated their titratable acidity. Thermosonication resulted non-significant
effect of sugarcane juice samples while microwave heating exhibited significant increase in titratable acidity. The
effects of the treatments on the juice’s look and quality might be better understood if you are aware of how the pH
and titratable acidity alter. The acidic hydrolysis of polysaccharides utilizes the acid for the conversion of non-reducing
sugars into reducing sugars, due to which there is a significant decrease in titratable acidity [31]. Orange juice that
had been pasteurized and kept for up to 14 weeks by Kaanane et al. [41], in which ascorbic acid breakdown appeared
to be the primary cause of non-enzymatic browning. Furfural formation during storage was much elevated at higher
temperature and long-time storage.

3.3 Brix

Total soluble solids (Brix) of pasteurized and chemically preserved beverages were significantly increased during
storage, whereas as of those sonicated, it was significantly decreased during storage period. The mean values
regarding interaction between treatments (T, T,, T,, T5, T,, and T:) and days (0, 30, 60, and 90) depicted that the
maximum brix was noted in T; (14.32) at 90th day while the minimum brix was observed in T; (10.02) at 90th day of
study, as presented in Table 5. Total soluble solids were expressed as brix. The total soluble solids of all the treatments
were increased with storage time except the ultrasound treated beverage in which the brix was decreased during
storage. The increase in the brix was due to the breakdown of monosaccharide and other sugars during prolonged
storage of the beverage. The results were in agreement with the findings of Barwal et al. [42] and Yadav et al. [43], as
was observed increase in brix of fruits drink during storage.

Similar findings were also present in the experiments of Purewal et al. [36], as during 90 days of storage a significant
rise in TSS of kinnow-amla beverage was observed. Brix can affect the viscosity characteristics, consistency and
integrity of the beverage. Mukhtar et al. [37] used ultrasonic waves at 15 min, 40 kHz and 240 W for sugarcane juice
processing and observed slight increase in TSS, total sugars and reducing sugars. Further they explained this increase
linked with greater extraction ability of ultrasounds due to which conversion of disaccharides to monosaccharides
may have taken place.

Table 4 Effect of various

treatments and storage period
on titratable acidity of Kinnow 0 30 60 90
whey beverage

Treatments Storage period (days) Mean +SD

T, 0.41+0.004 0.72+0.01f 0.92+0.01° 0.98+0.004° 0.76 £0.23¢
T, 0.43+0.004 0.62+0.01" 0.87 +£0.008° 0.96+0.02° 0.72+0.21¢
T, 0.32£0.01% 0.62+0.008" 0.83+0.01¢ 0.91+0.004° 0.67+0.23°
T, 0.12+0.008" 0.32+0.008" 0.62+0.01" 0.78+£0.009° 0.46+0.26°
T, 0.13+0.02" 0.28+£0.004' 0.52+0.008' 0.73+0.01° 0.41+0.23"
Ts 0.12+0.008" 0.22+0.008™ 0.42+0.008! 0.68 +0.0049 0.36+0.22"
Mean +SD 0.25+0.14° 0.46+0.20 0.69+0.19° 0.84+0.12%

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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Table 5 Effect of various

. Treatments Storage period (days) Mean+£SD

treatments and storage period

on Brix of Kinnow whey 0 30 60 90

beverage
T, 12.82+0.008 13.32+0.0089 13.92+0.008¢ 14.22+0.008°  13.57+0.56"
T, 12.32+0.008™ 12.98+0.008i 13.72+0.008 14.02+0.008¢ 13.26+0.69¢
T, 12.42+0.008' 13.22+0.01" 13.98+0.004Y  1432+0.008°  13.48+0.76"
T, 12.82+0.008 12.41+0.004' 11.34£0.020 10.22+0.008" 11.69+1.05°
T, 12.92+0.008 11.42+0.008" 11.02+0.008¢ 10.32+0.008° 11.42+0.99°
T, 12.97 £0.004' 11.22+0.008° 10.86+0.01" 10.02+0.008" 11.26+1.12°
Mean+SD 12.71£0.25% 1247 £0.86° 12.42+1.458 12.18+2.06°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication

3.4 Viscosity

Data presenting interaction among five treatments (T, T;, T,, T3, T4, and T5) and 90 days storage (0, 30, 60, and 90)
expressed that use of chemical preservatives and pasteurization resulted in increase in viscosity of beverage, whereas
sonication caused significant decrease in it. The maximum viscosity was noted in T; (15.13) at 90th day while the
minimum viscosity was observed in T (8.96) at 90th day of study, as results have been presented in Table 6. The
viscosity of food systems is typically increased by adding thickening agents such as dietary fibre that generate viscous
solutions. Dietary fibres that are water soluble, such as -glucans, pectin, and plant gums, create colloidal solutions that
have a higher viscosity. The results of the treatment without using ultrasound are in line with findings of Saxena et al.
[44]. Change in viscosity of jujube extract incorporated beverages as a results of thickening agents and sonication, in
the study of Farahani et al. [45], were closely related to the current findings. The existence of more concentration of
hydrocolloids in the product may lead to enhance the viscosity parameter because the hydrocolloids can form bonds
with water molecules in the specimen. Silva et al. [46] studied the effects of ultrasound technique on the physical

Table 6 Effect of various

. Treatments Storage period (days) Mean +SD

treatments and storage period

on viscosity of Kinnow whey 0 30 60.com 90

beverage -
T, 12.33+0.008' 13.22+0.008' 13.98+0.004 14.62+0.008° 13.53+0.89¢
T, 12.43+0.01% 13.82+0.008%  14.22+0.008° 14.96+0.02° 13.85+0.95°
T, 12.92+0.008 13.77£0.01" 14.42+0.009%  15.13£0.008°  14.06+0.85
T, 11.94+0.01™ 10.88+0.008°  10.02+0.0087 9.72+0.008° 10.64+0.90°
T, 10.98+0.008"  10.04+0.01¢ 9.53+0.02 9.13+0.008" 9.92+0.72"
Ts 10.62+0.008P 9.82+0.008" 9.13+0.008" 8.96+0.02" 9.63+1.12
Mean +SD 11.87+0.83° 11.92+1.778 11.88+2.41¢ 12.08+2.914

Means carrying different letters are statistically significant

To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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properties and functional attributes of reconstituted whey protein powders. They reported that ultrasonic treatment
of whey protein gels’ microstructure produced a compact network of tightly packed whey protein aggregates.

3.5 Total solids

Total solids (soluble and insoluble) sowed similar trend as Brix and were higher in chemically preserved and pasteurized
samples as compared to sonicated samples. Sonication longer time posed more decrement in total solids than lesser
time, as the values regarding interaction between treatments (T, T;, T,, T3, T,, and T5) and days (0, 30, 60, and 90) depicted
that the maximum total solid contents were noted in T3 (15.13) at 90th day while the minimum total solid contents were
observed inT; (10.03) at 90th day of study, as shown inTable 7. In the T, T,, and T; treatments, the total solid values rise in
comparison to one another over the course of the storage trial. The greater total solids were much more apparent in the
interaction between storage time and treatment. The results are according to the research of Tanwar et al. [27], in which
total solids of mango whey beverage was increased during storage. Whey contains almost half of the total solids present
in the original whole milk. These solids include whey proteins, lactose, vitamins, minerals and some fat. Total solids of
ultrasound treated beverages were decreased during storage in current study. The results are according to findings of
Sattar et al. [47]. Pareek et al. [48] conducted a study on the carbonation of manually prepared whey-based fruit juice.
The manufactured orange juice carbonated whey drink at a 70:30 ratio was the best in terms of total and soluble solids.

Ismail et al. [49] performed experiments on the storage study of mango whey beverage. Results clearly indicated that
there was a change in the physicochemical parameters. According to Jeli¢i¢ and Bozanic [50], whey in its liquid form
contains of 93% water, and roughly 50% of total solids are present.

3.6 Sensory evaluation
3.6.1 Flavor

Sonication for 5 min provided best flavor scores, which were closely related with samples on which synergism of
pasteurization and chemical preservation was applied, and as the sonication time was increased flavor scores were
decreased. The mean values regarding interaction between treatments (T,, T;, T,, T3, T,, and T;) and days (0, 30, 60, and
90) depicted that the maximum score was noted in T; (7.98) at 0 day while the minimum score was observed in T; (4.93)
at 90th day of study as presented in Table 8. The flavor of all the treatments was observed in acceptable limit. While the
ultrasound treated sample showed minimum score when exposed to prolong storage. The current findings are correlated
according to the results obtained by Zinoviadou et al. [51]. Fagnani et al. [52] studied on enhancing the sustainability
of industry by converting whey into highly value-added products. Although without other ingredients, whey (which is
naturally sour) has tasteless flavor. By combining whey with orange juice’s citrus taste, the sensory difficulty was reduced.

Table 7 Effect of various

. Treatments Storage period (days) Mean+SD

treatments and storage period

on total solids of Kinnow 0 30 60 90

whey beverage
T, 13.22+£0.008%  13.98+0.004%9  14.32+0.008%  14.92+0.008°  14.11+0.64®
T, 13.28+0.004 13.93+0.02" 14.13£0.008" 14.84£0.01° 14.04+0.57¢
T, 13.62+0.01 14.25+0.05° 14.93+£0.008°  15.13+0.004° 14.48+0.62%
T, 13.22+£0.008  12.74+0.01" 11.92+£0.008°  11.22+0.01° 12.27+0.79°
T, 13.02+0.01' 12.32+£0.008°  11.52£0.008%  10.82+0.008"  11.92+0.86"
Ts 12.94£0.017 11.32+0.008" 10.98+0.008" 10.03+0.01 11.31£1.09°
Mean +SD 13.21+0.22% 13.09+1.08° 12.96+1.58¢ 12.83+2.22°

Means carrying different letters are statistically significant

To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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Table 8 Effect of various

treatments and storage period Treatments Storage period (days) Mean£SD

on flavor of Kinnow whey 0 30 60 90

beverage
To 7.91+0.004° 7.01+0.0049 6.51+0.004 5.83+0.008P 6.81+0.79°
T, 7.94+0.01° 6.83+0.008' 5.92+0.008° 5.02+0.008" 6.42+1.13F
T, 7.98+0.004% 6.96+0.01" 14.93+0.01" 5.84+0.02° 6.70+0.88¢
T; 7.98+0.004% 7.22+0.008 6.04+0.008 6.22+0.008™ 7.05+0.67"
T, 7.88+0.004¢ 6.96+0.01" 6.03+0.008" 5.82+0.008P 6.67+0.85°
Ts 7.82+0.008° 6.32+0.008' 5.62+0.0089 4,93+0.008° 6.17+1.11°
Mean +SD 7.92+£0.06 6.88+0.28° 6.15+0.39¢ 5.61+0.48°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication

Balaji and Prasad [53] combined the nutrients of the two fruits, kinnow and aonla, into a blended beverage. The
findings demonstrated that combining kinnow concentrate produced better outcomes for flavour of formulation. In
recent past years, a large number of patents having recipes for manufacturing of beverages based on whey by adding
fruit concentrates or fruit juices have been registered. Thus, beverages with citrus flavors and those with the scents of
other tropical fruits, such as mango, banana, or papaya, have often been recommended since they have been successful
in masking the offensive smell of cooked food and the salty-sour fresh whey flavor [54].

3.6.2 Color

The mean values regarding interaction between treatments (T, T, T, T5, T,, and T5) and days (0, 30, 60, and 90) depicted
that the maximum score was noted in T, and T, (7.98) at 0 day while the minimum score was observed in T; (4.73) at
90th day of study, as results have been shown in Table 9. The color scores of all the treatments were reduced during
storage. The minimum score was observed at 90th day of storage. The high intensity and prolong treatment of ultrasound
may affect the color of the beverage. The change in color is due to the Maillard’s reaction. The results are in line with

Table 9 Effect of various

. Treatments Storage period (days) Mean +SD

treatments and storage period

on color of Kinnow whey 0 30 60 920

beverage
T, 7.85+0.01° 6.34+0.02" 5.44+0.02™ 4.96+0.02° 6.15+1.15°
T, 7.98+0.004° 6.82+0.008' 5.95+0.02) 5.02+0.008" 6.44+1.14°
T, 7.98+0.004° 6.95+0.02¢ 6.02+0.008' 5.42+0.008™ 6.59+1.018
T, 7.92+0.008° 6.83+0.008' 6.02+0.008' 5.96+0.03 6.68+0.82%
T, 7.83+0.008¢ 6.94+0.008° 5.83+0.008" 4.92+0.008° 6.38+1.15°
Ts 7.73+0.008¢ 6.77+0.019 5.63+0.008' 4.73+0.008% 6.21+1.18F
Mean +SD 7.88+0.09% 6.77+0.218 5.81+0.22° 5.16+0.42°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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the findings of Tanwar et al. [27]. Aggarwal et al. [26]. investigated the effect of different hydrocolloids on stability of
beverages and kinnow juice which results showed CMC cause more stability and suspending than other hydrocolloids.

Liu et al. [55] identified total 34 volatile components in ultrasonic treated melon juice and the composition of these
volatile components were consistent with those present in control juice samples, which explored that sonication did
not have any negative effect on juices quality. Similar experiments by Farahani et al. [45], provided variation in color of
jujube extract incorporated beverages treated with sonication and other chemicals.

3.6.3 Aroma

The mean values regarding interaction between treatments (T,, T, T,, T5, T,, and T5) and days (0, 30, 60, and 90) depicted
that the maximum score was noted in T5 (7.99) at 0 day, while the minimum score was observed in T; (4.83) at 90th day
of study as shown in Table 10. The highest score was observed in sample treated with 3 min sonication. While all the
scores were significantly reduced during the prolong storage of beverage. Milk that has been sonicated appears to have
an increasingly odd flavor and odor with increasing sonication time. The results are in line with the findings of Carrillo-
Lopez et al. [56].

Similar findings were also present in the experiments of Purewal et al. [36], as sensory evaluation of kinnow-amla
beverage got good scores even after 60 days of storage, and it might be consumed as an antioxidant-rich beverage with
health benefits. Given the ideal processing conditions (concentration temperature of 65 °C) for potential commercial
use, an experimental study demonstrated that it was possible to mix whey and concentrated watermelon juice for the
production of bioactive-rich popsicles, the developed formulations were of good quality in terms of flavor and aroma [571.

3.6.4 Overall acceptability

Overall acceptability of sonicated samples was not much different from others, except those sonicated for 5 min, which
provided best scores even after 90 days of storage. Mean values of interaction between treatments and storage days
represented that the maximum score was noted in T; (7.98) at 0 day while the minimum score was observed in T; (4.93)
at 90th day of study, as depicted in Table 11. All the treatments showed score within an acceptable level. The sample
with 5 min sonication treatment provides highest score. When creating milk beverages, Komes et al. [58] heated goat’s
milk with HIU (100 W for 5 and 10 min) and added plant extracts. The product had much better sensory qualities than
plain goat’s milk, with samples that had been enhanced with mint and rosemary scoring highest overall acceptance.
Bohora [59] studied the utilization of pineapple for the development of whey-based beverage. Eight various
formulations of beverage were produced from whey and pineapple in the range of 50-100% and 0-50%, respectively, and
results were supportive to current ones. In another study, excellent nutritional properties of whey were used along with
orange juice to formulate 9 different blends of beverages at different ratios, by Chatterjee et al. [60]. Use of preservatives

Table 10 Effect of various

. Treatments Storage period (days) Mean +SD

treatments and storage period

on aroma of Kinnow whey 0 30 60 90

beverage
T, 7.97 £0.009° 6.83+0.008" 5.98+0.004 4.98+0.0049 6.44+1.14°
T, 7.93+0.008° 6.92+0.019 5.93+0.02™ 477+0.01° 6.39+1.22F
T, 7.98+0.008° 6.95+0.01f 5.95+0.008™ 5.03+0.004° 6.47+1.15¢
T, 7.99+0.008° 7.47 £0.008° 6.78+0.008' 6.32+0.004 7.13+0.66"
T, 7.88+0.004¢ 6.96+0.01° 6.03+0.008" 5.73+0.008" 6.65+0.88°
Ts 7.82+0.008¢ 6.32+0.008 5.62+0.008° 4.83+0.008" 6.14+1.14F
Mean +SD 7.92+0.06" 6.90+0.34° 6.05+0.36° 5.27+0.57°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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Table 11 Effect of various

treatments and storage period
on overall acceptability of 0 30 60 90
Kinnow whey beverage

Treatments Storage period (days) Mean£SD

T, 7.92+0.008° 6.67+0.004' 5.83+0.008° 4,77 +0.008" 6.31+1.22°
T, 7.94+0.03° 6.72+0.008" 5.46+0.019 4.92+0.008° 6.26+1.22°
T, 7.96+0.02% 6.82+0.019 5.94+0.008™ 5.01+0.004" 6.43+1.13¢
T, 7.98+0.008¢ 7.22+0.008 6.72+0.008" 6.22+0.008 7.02+0.65"
T, 7.88+0.004¢ 6.83+0.0049 6.03+0.008' 5.88+0.004" 6.65+0.82°
Ts 7.82+0.008° 6.32+0.008 5.68+0.008P 4.93+0.008° 6.18+1.11F
Mean+SD 7.91+0.05" 6.76+0.27° 5.94+0.40° 5.29+0.56°

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication

as compared to untreated juices was proved effective in this study, but current study demonstrated that use of ultrasonic
was much effective than other techniques for preservation of juices.

3.7 Microbial analysis
3.7.1 Total plate count

Sonication had significant effect on TPC of beverages and increase in sonication time provided best results for microbial
safety of beverage, even during 90 days of storage. On the other hand, chemical preserved beverages exhibited increase
in TPC during storage. The mean values regarding interaction between treatments (T, T,, T,, T3, T,, and T5) and days (O,
30, 60, and 90) depicted that the maximum total plate count were noted in T, (2.9x 1 0% at 90th day while the minimum
total plate count was observed in T (0.8 1 0% at0 day of study. The total plate count of all treatments showed lower
results and the count was increased during prolong storage as can be seen from Table 12. Fruits and their parts have
loads of bioactives, responsible for antimicrobial activities, and when food formulations are developed by using pulp

Table 12 Effect of various

treatments and storage period
on total plate count (cfu/g) of 0 30 60 90
Kinnow whey beverage

Treatments Storage period (days) Mean +SD

T, 1.82+0.008' 2.13+0.01° 2.82+0.08° 2.96+0.03° 2.43+0.49°
T, 1.73£0.07 1.98£0.0049 2.33£0.01¢ 2.95+0.02° 2.25+0.48°
T, 1.68+0.008* 1.92+0.008" 2.02+0.008f 2.57+0.01° 2.04+0.34¢
T, 1.22+0.008° 1.43£0.01" 1.74£0.008) 1.82£0.004' 1.55+0.25°
T, 1.12+0.008° 1.42+0.008" 1.63+0.008' 1.74+0.02 1.47£0.24F
Ts 0.83+0.008% 1.22+0.008° 1.56£0.008™ 1.72+0.004 1.331£0.35°
Mean +SD 1.40£0.374 1.68+0.35¢ 2.01+0.458 2.29+0.56

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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and concentrates from these fruits, the active components play their role in encountering the growth of microbes thus
extending the shelf life of food products if properly stored [1].

The current findings were similar to the results obtained by Tanwar et al. [27]. The ultrasound treated samples were
showed the lowest microbial count. The physical phenomena of cavitations that occur when applying ultrasound
treatments could be used to explain the ultrasound-treated samples’ considerable decreases in the rate of microbial
growth [61]. Cavitation can break molecules or particles through a variety of mechanisms, which can happen separately
or in combination. These mechanisms include the production of free radicals, micro streaming and implosion shock waves
produced by mechanical stresses; thermal effects caused by bubble implosion. The recent findings are according to the
result obtained by Tomadoni et al. [62]. Microbial growth was accelerated over the storage time in kinnow-banana RTS
under normal storage condition, without any advanced treatment, was reported by Kumar and Singh [63], highlighting
the drawback of conventional processing and storage, as compared to green processing technology, which was applied
in current study.

3.7.2 Yeast and mold count

Mean values regarding interaction between five different treatments and 90 days of storage revealed significantly
different results for all treatments. It was clear that the maximum yeast and mold count were noted in T, (3.2x 10 at
90th day, whereas, the minimum yeast and mold count was observed in T (0.1 x 10%) at 0 day of study. The yeast and
mold count were significantly lower in all the samples except untreated, but in ultrasound treated samples these were
very much under control, due to effectiveness of sonication, as evident from the Table 13. An earlier study discovered
that using ultrasound in Aloe Vera juice could replace the heat treatment method because sonication may be able to
render the microorganisms inactive [64]. The recent findings were also related to the results obtained by de Albuquerque
etal. [65].

Leon-Lopez et al. [66] studied the manufacturing of a whey-based beverage by adding hydrolyzed collagen in different
concentrations. The findings demonstrated that hydrolyzed collagen served as an antimicrobial agent, as a result there
were no microorganism activity present in the treated drinks. In a much similar study Fagnani et al. [67] evaluated orange
juice and whey beverage that had not undergone any enzymatic processing. Four whey and orange juice formulations
were stored at 5 °C for a period of 28 days, during which the beverage, maintained stability and had high microbiological
quality. In a similar fashion study, Bohora [59] pasteurized whey beverage enriched with pineapple concentrate at 82.5 °C
for 20 min, and storage was done at normal temperature (25+5 °C) in 250 ml plastic bottles and refrigerated temperature
(7£1 °C) for time period of 20 days. The effects of time of storage and temperature on microbial parameters, specifically
TPC, yeast and mold count were noted and on the basis of results of all the analysis, they observed that beverage could
be kept perfect for up to 20 days without using preservatives.

Table 13 Effect of various

Treatments Storage period (days) Mean +SD

treatments and storage

period on yeast and mold 0 30 60 90

count (cfu/g) of Kinnow whey

beverage T, 1.73+0.008¢9 1.98+0.008f 2.32+0.008° 2.66+0.01¢ 2.17+0.36°
T, 1.52+0.008? 1.96+0.03¢ 2.64+0.02¢ 3.22+0.008° 2.33+0.67%
T, 1.22+0.01' 1.98+0.008" 12.72+0.008° 3.04+0.01° 224+0.738
T, 0.32+0.008¢ 0.53+0.008° 0.83+0.01' 0.98+0.008’ 0.66+0.26°
T, 0.27+0.008" 0.43+0.008P 0.63+0.01" 0.92+0.01 0.56+0.25F
Ts 0.12+0.008° 0.33+0.019 0.73+0.01™ 0.82+0.008' 0.50+0.30F
Mean +SD 0.86+0.66° 1.20+0.79¢ 1.64+0.94° 1.94+1.07*

Means carrying different letters are statistically significant
To,=Kinnow whey beverage with preservatives

T, =Kinnow whey beverage with pasteurization

T,=Kinnow whey beverage with preservatives and pasteurization
T;=Kinnow whey beverage with 5 min sonication

T,=Kinnow whey beverage with 10 min sonication

Ts=Kinnow whey beverage with 15 min sonication
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4 Conclusion

Development of innovative and nutritional beverages based upon dairy by products are always area of research for food
processors. In this research work, whey was effectively used to produce a kinnow-whey beverage having acceptable
sensory and nutritional properties as well as good shelf life. Physicochemical and sensory parameters of whey beverage
were observed at refrigerated storage temperature (4 °C) for 90 days. During storage, decline in total solids, viscosity
and titratable acidity, were observed, while pH, total plate count, and yeast and mold count were increased. Among
different processing and preservation techniques tested, sonication was proved useful for retaining optimum quality of
the beverage, with minimum physical and chemical deterioration of the beverage. Whereas, untreated beverage samples
lost their quality and safety quickly, during the storage. Overall acceptability of beverage was highest for the beverage
that was sonicated for 15 min. It was discovered that among different treatments, beverage that was sonicated for 15 min
can be stored up to 3 months at refrigerated temperature without addition of any preservatives.

5 Recommendations

Functional beverages are expanding in the world and since fruits are valuable food sources and are known as sources of
antioxidant and phenolic compounds, their extracts and juices in these beverages can be used in different forms. Kinnow
whey beverage is a fascinating and innovative food product in the growing market which can be used by food processing
industries as a productive and high-quality functional food. Awareness among consumers is growing their attention
towards nutritional value and potential health benefits of food. Further phytochemical profiling and antioxidant potential
of this food formulation can be carried out before commercialization of this innovative functional beverage in the market.
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