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Abstract:

In this study, three formulations were prepared with different whey and mango proportions
(sample-1 = 60:20 mL, sample-2 = 65:15 mL, and sample-3 = 70:10 mL). Over a 25-day
storage period, the prepared beverage samples exhibited significant changes in acidity (0.27 +
0.02-0.64 = 0.03%), TSS (17.15 £ 0.01-18.20 £+ 0.01 °Brix), reducing sugars (3.01 = 0.01—
3.67 = 0.01%), moisture (74.50 = 0.02—-87.02 + 0.03%), protein (5.67 = 0.02-7.58 + 0.01%),
fat (0.97 £0.01-1.39 + 0.04%), and carbohydrate (18.01 & 0.02—-3.45 + 0.02%). Sedimentation
rate was negligible at 1%. The total plate count for the prepared samples ranged from 3.32 +
0.08 to 3.49 + 0.15 log CFU/mL, while yeast and mold counts varied between 0.48 + 0.01 to
1.85 £0.11 Log CFU/mL. Coliform count was below the detection limit (<1). Overall sensory
evaluation indicated that the whey beverage with higher mango juice content achieved an
acceptable quality during processing. These findings suggest the potential of whey in

developing beverages when combined with fruits and vegetables.
Keywords: whey; mango; physico-chemical properties; functional beverage; shelf-life
Introduction:

The food industry is currently searching for ingredients that can enhance both the functionality
and nutrition of their products, aiming to create value-added food items [1]. With consumers
becoming more informed about nutrition, health, and food quality, and the market becoming
highly competitive[2], food manufacturers are exploring novel functional food options. Among
these, dairy products account for over 40% of functional foods[3], and fermented beverages

containing milk whey are leading examples of functional beverages[4]
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Whey, a valuable by-product obtained during cheese production from milk protein
precipitation[5], has garnered significant interest in recent years. Unfortunately, a considerable
amount of global whey production[6], approximately 40%, goes to waste. Traditionally, whey
has been disposed of in surface water or used as cattle feed, causing severe environmental
pollution [7] and posing threats to aquatic life and human health. Meeting environmental
regulations and the cost of transporting and disposing of whey have also presented challenges

to cheese producers [8].

However, whey is a rich source of essential nutrients, such as calcium, magnesium, phosphorus,
vitamins (riboflavin and thiamine) [9], and various proteins, accounting for 85-95% of milk
volume and retaining up to 55% of its contents after processing. In light of the valuable
nutrients in whey and the problem of waste [10], the food industry is actively developing
innovative food combinations based on whey. This approach is not only a more logical and
economical method than disposal but also presents an opportunity to address food security and
environmental sustainability [11], considering the global food crisis and environmental

concerns.

Numerous attempts have been made to incorporate whey into various dairy products, but there
is still a vast potential to [12] explore its uses in the beverage industry. Several patents have
been registered for preparing whey beverages by adding different ingredients, including
various fruits like citrus, tropical fruits [13] (mango, banana, grapefruit, papaya, tangerine),
and other fruits such as berries, apples, cherries, pear, apricot, and melon. Some researchers
have also experimented with oats, vanilla, cocoa, rice, chocolate, mint [ 14], and other flavoring
agents. However, these recipes may face challenges such as sedimentation due to a high volume
of dry fruit matter and protein interactions [15], leading to suboptimal market performance.
Additionally, certain fruits with strong acidity, bitterness, and astringency may not offer

desirable taste and flavor [16].

Furthermore, some individuals may be allergic to whey protein[ 17], while others follow
cholesterol-restricted diets or vegetarianism [18]. To address these issues and enhance the
acceptance, nutrients, and sensory properties of whey-based beverages, combining fruits,
vegetables, and whey could be a promising solution [19]. Mango and carrot stand out as

suitable choices due to their low cost, nutrient content, and palatable flavor. Mango and carrot
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also contain functional components like phenolic compounds [20], ascorbic acid, fiber,

vitamins, minerals, alpha- and beta-carotene, lutein, and lycopene [21].

Researchers have recommended almond and green tea extract for their anti-allergic potential
and flavor-enhancing properties [22]. Almonds provide essential fatty acids, vitamins, and
minerals without cholesterol, while green tea extract may help in muscle preservation and fat
burning [23]. Including citric acid in the recipe can enhance the shelf-life of the beverage,

control microbial growth, and improve storage capabilities [24].

Previous studies have reported attempts to create whey-based beverages using only mango pulp
or powder with varying concentrations of whey and mango [25]. However, finding the optimal
recipe for mixing fruit concentrates and other ingredients with fresh whey remains a challenge
[26]. This study aims to develop a whey-mango-based mixed beverage with different whey and
mango concentrations, along with a constant amount of carrot, almond, green tea extract, sugar,
and citric acid [27]. The physico-chemical, microbiological, and sensory characteristics of the
prepared beverages will be evaluated both immediately after production and during a 25-day

storage period in the refrigerator[28].
Materials and methods:
Chemicals:

All chemicals used in this study were of analytical grade and [29] procured from reputable

suppliers, including Sigma-Aldrich (St. Louis, MI, USA) and Merck (Darmstadt, Germany)

Preparation of Milk Whey:

Raw milk was obtained from the local market of Sylhet city, Bangladesh. The whey was
prepared with slight modifications based on the procedure described by Baljeet et al. [30]. The
raw milk was heated to 82 °C while stirring continuously and then acidified by adding 2% citric
acid at a rate of 2 g/kg of milk, resulting in the coagulation of milk proteins (casein). The
coagulated mixture was filtered [31] using a muslin cloth to separate the whey from the
coagulum. The pH of the collected whey was adjusted to pH 5.0 using 10% NaHCO3 [32]. The

obtained whey was then stored at 4 = 1 °C in a refrigerator for further use [33].

Preparation of mango juice:
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Fresh ripe mangoes (Mangifera indica L.) were purchased from the local market in Sylhet city,
Bangladesh [34]. The mangoes were cleaned using hot water (55 °C) and then cut into small
pieces after removing the peel and seeds [35]. The mango juice was extracted in an aseptic
manner using a juice extractor (model TRK-74, Turbora, Thailand) [36]. The extracted juice
was refined by passing it through a muslin cloth and then stored under refrigeration at 4 = 1 °C

for later use [37].
Preparation of Carrot Juice:

Mature carrots (Daucus carota subsp. Sativus) were procured from the local market in Sylhet
city, Bangladesh [38]. The carrots were first rinsed with hot water (55 °C) and then washed
with distilled water. The carrots were hand-peeled with a knife and cut into small pieces. The
juice was extracted from the carrots using a juice extractor [39] (model: TRK-74, Turbora,
Thailand) under aseptic conditions [40]. The extracted juice was strained through a muslin
cloth to remove stone cells and coarse particles, leaving behind only fine particles with

colloidal coherence. The carrot juice was stored at 4 + 1 C until further use [41].
Preparation of Green Tea Extract:

Green tea (Camellia sinensis) extract was prepared with slight modifications to the method
described by Kawakastu et al. [42]. Refined green tea (Department of Food Engineering and
Tea Technology, SUST, Bangladesh) was steeped and extracted using 10 g of green tea in 50
mL of hot water at 80—100 -C with moderate agitation (1500 rpm) in a 10 L container. The
extract was then filtered through a no. 4 Whatman filter paper. After cooling the extract to 25

°C, it was used as a green tea extract for the experiment [43].
Preparation of Almond Extract:

Large quantities of almonds (Prunus dulcis) were obtained from the local market in Sylhet city,
Bangladesh. The almond extract was prepared with slight modifications to the technique used
by Erdogan and Aygun [44]. The almonds were sorted and soaked in distilled water for 24
hours. The peels were then removed from the almonds using a knife, and the almonds were
crushed with a clean sterilized blender (model: Osterizer 857, Willamette Industries, Portland,
Oregon, USA). The extract was filtered using a muslin cloth to remove any chaff, and then

stored under refrigerated conditions for future use [45].
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Preparation of Whey-Mango-Based Mixed Beverage Modifications:

Three different beverages were prepared with varying proportions of whey and mango, denoted
as sample-1 (60 mL whey, 20 mL mango), sample-2 (65 mL whey, 15 mL mango), and sample-
3 (70 mL whey, 10 mL mango) [46]. Each sample included a constant amount of 10 mL carrot,
6 mL sugar, 1.5 mL almond, and 1.5 mL green tea extract (see Table 1)[ 47]. Whey was heated
to 50 °C, and sugar was added to the mixture, which was then filtered through a muslin cloth
after thorough mixing [48]. Subsequently, mango juice, carrot juice, green tea extract, almond
extract, and 1% citric acid were added to the whey and homogenized [49]. The resulting
beverages were filtered and transferred to sanitized glass bottles (250 mL) with 2.5 cm
headspace, sealed with a crown cork for airtightness. The filled bottles were pasteurized at 85—
90 -C for 10—-15 min, cooled to room temperature, and stored in a refrigerator at 4 = 1 -C for

further [50].

Table 1. Formulation of whey-mango based mixed beverage.

Ingredients Sample-1 Sample-2 Sample-3
Whey (mL) 60 65 70
Mango (mL) 20 15 10

Carrot (mL) 10 10 10

Sugar (mL) 6 6 6
Almond (mL) 1.5 1.5 1.5
Green tea extract (mL) 1.5 1.5 1.5

Citric acid (20%) (mL) 1 1 1
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Table 2. Physicochemical analysis of whey-mango based mixed beverage .

Parameter Storage (Days) Sample-1 Sample-2 Sample-3
0 041 00324 0.39 = 0.02bcA 027 £002¢4
5 0.44 £ 0.03248 44 4+ 03 e AB 0.29 + (.02 ¢ AB
Acidity (%) 10 048 £0.0324F 0484003 032+002¢48
15 0.51 + 0.032BC 0.52 + 0.03 b€ 0.36 = (.04 ¢<BC
20 0.58 £ 0.032C0 55+ .04 <€D 0.40 £+ 0.05¢CD
25 0.64 +0.0320 0.61 +0.04bcD 044 +0.03¢P
0 427 £ 00724 444 00204 458 + 009 ¢A
5 423+ 0.05248 439+ 002bAB 452 + (.04 <AB
pH 10 417 +0.03248 4354+ 004 ABC 443 4 002¢BC
15 413 +0.0528 428 + 0.03 < BCD 435 + (0,060
20 412 £ 0.042B 4.26 = 0.05beCD 429 +002¢D
25 3.99 +0.082C 421 +0.04bcD 428 +0.03¢D
0 17.15 £ 0012* 1750+ 00124 18.10 + 0.01 ¢~
5 17.20 + 0.0128B 17.60 £ 0.01bB 18.10 £ 0.02 <A
TSS (°Brix) 10 17.50 + 0.01 :ﬂC 17.80 + 0.01 € 18.20 + 0.01 <€
15 17.50 £ 0012  17.80 £ 0.01°C 18.20 + 0.01 <€
20 1750 £ 0.012C  17.80 £ 0.02b€ 18.20 + 0.01 <€
25 17.50 + 0.012€ 17.80 + 0.02 b€ 18.20 + 0.01 <€
0 332+ 00234 314+ 00304 301 +£0.01¢A
5 3.45+0.0228 320+ 00104 312 +0.04¢B
Reducing 10 3.52 +0.012€ 3.29 + 0.02 bE 3.19 + 0.06 <€
Sugars (%) 15 3.59 +0.0420 3.32 + 0.02 PBC 321 +0.02¢€
20 3.63+0.032PE 335+ 0.04PEC 328 +0.01¢<P
25 3.67 = 0.01 2E 3.38 £ 0.03bC 3.31 £0.01¢D
0 992 + (00124 898 £ 0.0104A 776 £ 0014
5 8.89 +0.0128 7.70 £ 0.01 04 6.73 +0.01<B
Ascorbicacid  1p 8.04 +0.012 7.05 + 0.01 »C 6.38 +0.01 <€
(mg/100mL) 15 7.80 £ 0.0120 679 +0.01bD 5.95 + 0.01¢<P
20 7.18 £ 0.012E 6.24 +0.01PE 4.89 + (.01 <E
25 6.26 +0.012F 559 +0.01bF 401 + 0.01 <F
0 5.78 £0.0124 6.69 £ 0.0304A 823 +001¢A
5 5.75 £ 0.0124 6.77 £ 0.0204 8.20 £ 0.01¢A
Solid-not-fat 10 567 +0.0128 6.69 + 00208 7.98 + 0.03 B
(SNF) (%) 15 559 +0.012€ 6.67 £ 0.02E 7.83 £ 0.02¢C
20 5.48 £ 0.0120 6.58 = 0.02bC 7.75 £ 0.05¢D
25 5.20 + 0.01 2E 530 +0.0300 560 + 0.02 <E

/olume 10, Iss 2, 2021

! Results are expressed as mean values £ standard deviation (1 = 3). Mean values followed by uppercase letters
within column and lowercase letters within row indicates significant difference according to Tukey's multiple
comparison test with a probability of 5% (p < 0.05).
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Parameter Storage (Days)  Sample-1 Sample-2 Sample-3
0 7450 £ 00234 7850 +£ 00604 83.00 +0.04°¢A
5 7500 £ 0.0128 7901+ 0.04"F 8402 £0.03<E
Moisture (%) 10 75.86 + 0.03 f‘c 7988 £0.02PC 8547 + 0.4 <€
15 78.04 £ 00120 8109+ 005D 8666 +0.01¢D
20 7883 £ 0022 8179 +001"F 8691 £0.02¢F
25 7991 +0.02°F  g08+005°F 8702 +003¢F
0 5.67 £ 0.0224 736 £0.01bA 7.66 £ 0.01¢A
5 565+ 0.0124F 73 +0.0104 7.62 +£001¢<8B
Protein (%) 10 565001248 733+£001°4%  762+002¢F
15 563+ 00228  734+001bAB 76240018
20 5.60 £0.0120 732 +0.01bEC 7.60 £ 0.01 <BC
25 5.57 +0.0220 7.29 £+ 0.02°¢ 7.58 +0.01¢<C
0 0.97 +0.0124 130+ 0.01%4 1.57 + 0.01<*
5 0.96 £ 0.0324 1.29 £ 0.04 b A 1.57 £ 0.03¢4A
Fat (%) 10 0.96 +0.0224 1.27 £ 0.04b A 1.56 £ 0.02¢A
15 095+ 001248 127 + 00504 1.53 + (.02 <AB
20 0.89 +0.0228C 119 +0.02b8 148 £ 0.03¢B
25 0.83 £ 0.012€ 1.14 £ 0.02bB 1.39 £ 0.04<C
0 1801 £ 002244 1167 +001°4 698 £002¢4
5 1791 + 0.0228 1127 £ 0018 647 £ 0.02¢F
Carbohydrate (%) 10 1701 £0062¢ 1119 +002°¢ 609 +002¢¢
15 1407 £ 00220 898+ 00600 4.07 £ 004D
20 1296 + 0.02°E 891 +0.03%F 3.98 + 0.02¢F
25 12.87 + 0.01 2F 8.79 £ 0.02bF 345+ 0.02¢F
0 0.84 £ 0.0124 0.75 £ 0.01 b4 0.67 £ 0.02¢4
5 0.84 +0.0124 072 001748 064 £ 00248
Ash (%) 10 0.83 +0.0424 071 +0.03"48 060+ 0.03°BC
15 0.79 £ 0.02248 071 £ 004248 0,60 £ 0.02<BC
20 0.79+0.03248  p70 00348 059+ 0.01<BC
25 0.77 £ 0.02°28 0.68 +0.01 5B 0.56 + 0.02°C

! Results are expressed as mean values & standard deviation (1 = 3). Mean values followed by uppercase letters
within column and lowercase letters within row indicates significant difference according to Tukey's multiple
comparison test with a probability of 5% (p < 0.05).
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Figure 1. Minerals profile of whey-based mixed beverages: (A) calcium content; (B) phosphorus
content; and (C) iron content. All the values are expressed as mean =+ standard deviation of three
replicates. Different uppercase letters above the same pattern bars indicate significant differences

according to Tukey’s multiple comparison test (p < 0.05).
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Table 4. Microbiological analysis of whey-mango based mixed beverages during storage .

Parameter Storage (Days) Sample-1 Sample-2 Sample-3
0 3320084 333+ 008" 334 +0.1024
5 334400548 335400524 337 £ 005248
rC 10 337+ 00828 338+ 00928 339+ 01028
(log CFU/mL) 15 3.40 +0.06°C 3.42 +0.07 %€ 343 £ 0.04bC
20 343+ 00720 345400820 346 +0052C
25 345+ 00920 347 + 00720 349 +0.15°P
0 0.48 £ 00124 0.60 £+ 0.0224 0.60 £ 0.0324
5 1.00 £ 003248 115+ 005248 120+ 004248
Yeastand mold 10 1.26 £ 00524 136+ 00828 148 + 0.09 2 BC
(log CFU/mL) 15 138 £ 00625 148 +00828C 15730092
20 158 £ 00820 13+ 0062CF 172+ 011PDE
25 1.71 + 01020 1.78 £ 0.122D 1.85+0.11FE
0 0 0 0
5 <] <] = <] *
Coliform 10 <] <] = <] *
(log CFU/mL) 15 <] <1 = <%
20 <] <] = <] **
25 <] <] = <] *

! Results are expressed as mean values + standard deviation (1 = 3). Mean values followed by uppercase letters
within column and lowercase letters within row indicates significant difference according to Tukey’s multiple
comparison test with a probability of 5% (p < 0.05). ** below the detection limit of the method.

Table 5. Sensory analysis of whey-mango based mixed beverage during storage *.

Overall
Sample Storage (Days)  Color Flavor Taste Appearance Acceptability
0 §.24 + 0.03 * 7.28 £ 0.03 4 6.88 + 0.034 525+ 0.03° 6.87 £ 0.04 4
5 7.79 + 0.06 B 7.16 £ 0.04 B 639 £ 0.03€ 485+ 0020 6.76 £ 0.17 B
Sample-1 10 7.42 £0.02€ 6.92+£0.030 6.09 £ 0.03F 421 +002F 618 £0.020
15 6.24 + 0.01 E 6.18 £0.056 571+ 0.04H 4.09 + 0036 553 + 0.05F
20 424 +003F 3.99 +0.02] 4.09 +0.06 € 348 +007L 3.88 + 0.101
25 2.89 + 0.02" 217 £ 005" 3.10 £ 0.03N 3.09 + 0.03! 2.83 +0.02%
0 8.29 + 0,03 7.28 £ 0.04 4 671+ 0.03 8 5.36 + 003 4 6.87 £ 0.06 "
5 7.83 £ 0.09 B 7.14 +0.06 B 6.20 + 0.02 F 5.09 + 003 © 6.60 + 0.03
Sample-2 10 731+ 0.08P 6.85+0.04F 573+ 0041 488 +002P 6.20 + 0.03°
15 622+ 004 F 6.18 £0.05¢ 520 +0.08" 426 £ 003" 5.41+0.07°€
20 413 +006C 378 £0.09K 391+ 006" 3.69 + 002 H 3.86 + 0.061
25 299 +0.02H 2.11 £0.05! 307 £ 0.04 N 3.02+005% 2.81 £ 0.02K
0 823+ 0.054 7.25 +0.04 4 631 +0020 52140028 673+ 0048
5 7.79 + 0.02 B 6.99 £0.02€ 624 +0.03F 513+ 007€ 6.55 £ 0.04C
Sample-3 10 7.33 £ 0020 645+ 0.01F 5.88 £0.01C 458 + 003 E 6.05 + 0.03E
15 6.20 + 0.02 F 5.77 £ 0.02H 499 +0.027 4.08 £ 003 525+ 0.03H
20 430 +£001F 41240011 326 + 0.03M 3.13+ 0027 3.67 + 0.057
25 2.83 +0.02! 218 +003L 310 £+ 0.03N 285+ 0021 275+ 0.03K

! Results are expressed as mean values + standard error (n = 30). Mean values followed by uppercase letters
within column indicates significant difference according to Tukey’s multiple comparison test with a probability
of 5% (p < 0.05).

Sensory evaluation:

The sensory evaluation results for all samples after 25 days are presented in Table 5. Initially,
the sample [51] with a whey to mango juice ratio of 60:20 and 65:15 received the highest
sensory score for overall acceptability, with a score of 6.87 [52]. However, these scores

gradually decreased during the storage period, reaching 2.83 and 2.81, respectively [53], on the
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25th day of storage. The sample with the highest proportion of whey obtained similar scores in
terms of color and flavor compared to other samples, but there were noticeable differences in
taste, appearance, and overall acceptability [54]. The decline in overall acceptability scores
over the storage period may be attributed to the beverages' color changes, increased acidity[55],
and alterations in taste and flavor. Regardless of the treatment and storage duration, all samples

experienced a reduction in their sensory scores as the storage period progressed.
Conclusion:

In conclusion, this study demonstrates that whey combined with fruits and vegetables holds
great potential for developing healthy whey-based beverages with favorable sensory attributes.
The whey-mango-based mixed beverages showed satisfactory microbiological safety during
storage for up to 15 days under refrigerated conditions (4 = 1 °C). Considering the functional
properties derived from the bioactive constituents present in both fruit and whey, these whey-
mango-based mixed beverages could be an appealing product in the ever-expanding beverage

market.

To utilize whey-mango-based mixed beverages at a commercial scale, further investigations
are recommended. These include studying the beverage's shelf life, enhancing quality through
the incorporation of stabilizers and employing opaque packaging, optimizing the production
process conditions, and conducting clinical trials to ensure safety and verify the beverage's

functional benefits for human health.
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