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Abstract

Dumping whey into sewage caused a substantial loss of nutrients, highlighting the
failure to effectively utilize this valuable resource. The goal of this work was to use
response surface modeling to determine the ideal conditions for alcalase-acylation
of Whey Protein Concentrate (WPC) in order to generate protein hydrolysates with
antioxidant and amino acid properties. In this work, we developed a whey-based ready-
to-eat product called Whey Choco Ball (WCB) using the extracted WPC. Nutritional
content, sensory assessment, and textural evaluation in addition to its microbiological
examination and shelf life of newly developed product were assessed. The WCB
formulation was high in protein, low in fat, and high in mineral content. Additionally,
compared to locally available Brands 1, 2, and 3, WCB appears to have less fat
(~10.0%), more protein (~10%), less total sugar (~5%) suggesting the product as one
of the best sources of protein, and minerals. The product received a score of 9 for color
("liked extremely"), while taste, flavor, mouth feel, texture, and overall acceptance each
scored 8 ("liked very much"), reflecting a generally positive sensory evaluation. From a
microbiological viewpoint, WCB was considered appropriate up to 15 days. The sensory
evaluation panel marked the product at a satisfactory level. Microbial analysis also
showed the acceptable validity of that product. The texture analyzer showed different
textural parameters that will be helpful for the consumer’s approval. The analysis
indicates that WCB can be recognized as a protein-rich food item due to its effective
utilization of whey. The incorporation of WPC in WCB contributes significantly to its
protein content, showcasing the product's ability to harness the nutritional benefits of
this valuable by-product.
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Introduction

Whey is the primary by-product of the dairy industry,
produced after milk coagulates during the process of
making cheese and casein (Kareb and Aider, 2019).
Whey proteins (WP) account for approximately 15

amino acids including leucine, isoleucine, and
valine (Magsood et al., 2019; Patel, 2015). In this
instance, 8 to 9 liters (L) of whey are produced from
the 10 liters of milk used to make the 1 to 2 kg of
cheese. Globally whey production exceeds 160

to 20% of all milk proteins (Camargo ef al., 2018;
Patel, 2015). These proteins include a-lactalbumin
(12% to 25%) and B-lactoglobulin (35% to 65%),
along with smaller amounts of immunoglobulins
(8%), albumin (5%), and lactoferrin (1%). It
provides a lot of cysteine and branched chain
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million tons annually, with a 2% yearly growth rate
(Kareb and Aider, 2019). Therefore, whey presents
a challenge to the dairy sector and can result in
serious environmental issues if not treated properly.
The biological oxygen demand (BOD), which is
predicted to be >35,000 ppm, and chemical oxygen
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demand (COD), which is >60,000 ppm, are both
extremely high in whey in addition to its enormous
volume (Kareb ef al., 2019). Whey was previously
thought to be an environmental burden with limited
use as an animal feed supplement (Mehra et al.,
2021). However, because of the large organic
load (27 to 60 g/L) and high oxygen demand (50
to 102 g/L) for biodegradation, the residues were
thrown in streams or left on wastelands, which had
a detrimental effect on aquatic life and soil quality
and productivity (Brandelli ef al., 2015; Smithers,
2015; Yadav ef al., 2015).

Whey disposal needs to be addressed in order to
reduce environmental harm in addition to the loss of
important nutrients and energy. Instead of discarding
whey, it is crucial to concentrate on low-cost, long-
term strategies for utilizing its potential nutrients and
energy to produce new, useful goods (Zandona et
al., 2021). Numerous studies have been undertaken
to explore viable and eco-friendly options for
utilizing whey, rather than simply disposing of it
in fields or other unsustainable ways (Valta et al.,
2017). The efficient use and conversion of liquid
whey into a wide range of beneficial human food
supplements has increased noticeably as a result of
the imperative disposal (Mehra ef al., 2021).

Whey protein concentrate (WPC) has been
employed as a functional component in numerous
food applications because of its great functional,
biological, and highly nutritious qualities (Mishra et
al.,2022). Whey-derived products are a great source
of sulfur-linked amino acids, which are needed to
execute a variety of metabolic activities, as well
as a rich source of vitamins and minerals, highly
digestible proteins, and important amino acids
(Singh, 2016; Macwan et al., 2016; Papademas and
Kotsaki, 2019). Whey products, which are typically
in dry form, are widely used as food ingredients in a
variety of food products (such as confections, baked
goods, health supplements, and sports nutrition).
They have health beneficial nutritional (such as a
high content of essential amino acids) and biological
(such as antimicrobial, anticarcinogenic, and

immunomodulatory activities) properties and also
have functional (such as a gelation, foaming, and
emulsifying agent) activities (Helkar ez al., 2016).

Whey protein isolates (WPI), whey protein
hydrolysate (WPH), WPC, whey protein powder
(WPP), and other metabolites facilitate the
production of a wide range of valuable whey-derived
products (Kruni¢ ef al., 2019; Sharma, 2019; Yadav
et al., 2015). Whey protein powder, is produced
from the whey that is obtained during the cheese-
making process. The whey undergoes a series of
steps, including clarification to remove impurities,
heat-treatment to denature proteins, and drying to
obtain a fine powder. This process concentrates the
WP, resulting in a versatile and easily usable powder
form. The WPP is widely utilized in the food and
beverage industry, as well as in dietary supplements
and sports nutrition products, due to its high protein
content and beneficial nutritional properties.

The WPP can be combined with other food-
grade compounds to increase or expand their
technological functionality and/or biological
activities (Setiowati et al., 2020). The addition of
WP improves the texture and sensory appeal of the
dish. To enhance the quality and nutritional content
of food like baked products, energy snacks, yogurt,
and beverages (Baba er al., 2021). Additionally,
the WP-derived peptides have been associated
with a number of biological activities that could
be advantageous, including antihypertensive,
antioxidant, and cholesterol-lowering effects,
making them appropriate as constituents in foods
that promote health (Baba et al., 2021; Minj and
Anand, 2020). In the study of (Mishra et al., 2022),
a goat milk rasogolla of acceptable grade was made
using WPC as a functional ingredient. It has recently
been revealed in that cheese whey is used in the
manufacture of organic acids, including bioethanol
and galactic acid (Zhou et al., 2019). Abella et al.
(2016) reported that Lactobacillus bulgaricus and
Streptococcus thermophilus cultures were used to
ferment acid whey (3.32% lactose) in order to create
awhey-based sports drink. According to the findings
of (Ahmed et al., 2023) whey can be used with fruits
and vegetables to create whey-based beverages.
Thus, this study aimed to develop a whey-based
food product. For the first time in Bangladesh, WPC
is used in a ready to eat food product- Whey Choco
Ball (WCB). The present study also evaluated the
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proximate analysis of this product and compare with
other brands available in market. This study also
examined the microbiological, sensory and other
nutritional characteristics of prepared WCB, soon
after manufacture and during the storage period in
the refrigerator (4+1°C) until 15 days.

Materials and Methods

Chemical reagents

Folin-Ciocalteau reagent, DPPH, ferric chloride,
ascorbic acid, and tannic acid were purchased
from Sigma Co. (St. Louis, MO, USA). Methanol,
hydrochloric acid, sodium hydroxide, aluminum
chloride, sodium carbonate was purchased from
Merck, Darmstadt, Germany. Acetic acid, and
ethanol was also obtained from Merck (Darmstadt,
Germany). All the chemicals used in this study were
of analytical grade.

Standardizing and preparing milk

Figure 1 shows the process steps for manufacturing
cheese and preparing milk schematically.
Pasteurized whole milk was used to standardize
milk, aiming for nominal protein levels of 4, 5, or
6% while keeping a protein-to-fat ratio of roughly
1.0.

‘ Milk (100 mL) F Acetic Acid
Standardization, 4, 5, and 6% protein “* Lactic Acid/NaHCOs
Adjusting the pH of 6.5
‘ ‘Warming to 40.5°C ‘

‘ Chilling to 28, 32, or 36°C ‘

Filter using cloth

¥
*% Drying using water bath/Spray dryer ‘

Whey protein
8 g (Approx.)

Figure 1. Schematic diagram of making curd and
preparing milk (Panthi ez al., 2019)

Design of the WPC hydrolysis

The best conditions for hydrolysis are advised by
the enzyme’s manufacturer, although only ranges
rather than exact values are given. The optimal
circumstances are arbitrary and depend on numerous

variables (purpose of study, sample nature, and
equipment availability). It is essential to carefully
consider the ideal conditions on a case-by-case
basis when conducting optimization research on
WPC hydrolysis. The WPC hydrolysis parameters
were optimized using a central composite design,
in which each parameter has three levels coded as
1, 0, and +1, based on three independent variables:
temperature (C, x1), pH (x2), and time (h, x4). Due
to its superior accuracy and suitability for the current
investigation, which manipulates three independent
variables and four dependent variables, CCD was
chosen over an alternative Box-Behnken design
(responses) (Hussein et al., 2020).

Table 1. Hydrolysis process parameters have been coded,
in accordance with the central composite design

Parameter —1 0 +1
x,: pH 6 6.5 7
x,: Time (h) 4 55 7
x,: Temperature (°C) 35 40.5 46

In a nutshell, Alcalase and WPC were combined
in 100 mL of borate buffer at various temperatures
(35 to 46°C), pH levels (6 to 7), and periods (4 to 7
hours), and then incubated in a water bath shaker
with 150 rpm of agitation. Alcalase was then
inactivated following hydrolysis by immersing the
mixture in water that was boiling (100°C) for 10
minutes. After cooling, 10,000 rpm centrifugation
was completed for 15 min. Prior to the examination
of protein, biological activities including amino
acid, and DPPH, the supernatant was kept at or
below -20°C.

To assess the regression coefficients and statistical
significance of the model terms and to fit the expected
mathematical models with the experimental data,
analysis of variance (ANOVA) and the regression
equation were used for data analysis. The obtained
response variables (Alexopoulos 2010; Myers et al.,
1995) were used to generate the multiple regression
coefficients for predicting quadratic and linear
polynomial models using the least-squares method.
The general polynomial model for determining the
response (Equation 1) is as follows:
Y = Bo + B1xy + Baxy + Baxz + P11 xf + Boyx}
+ B33xi + Braxixs + Pr13X1X3 + Ba3xpXs (€Y
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Where, y stands for the response, B, denotes the
offset term for the design, 8, B, and B, stand for
the regression coefficients defining the linear effect
terms, B, f,, and B, stand for the quadratic effects,
B,» B,;and B,, stands the interaction effects and x,
x,, and x, stand for independent components in this
model (Hussein et al., 2020).

Raw materials

Whey protein concentrate is a necessary ingredient
to prepare WCB. Oats, almonds, peanut butter,
honey, cinnamon powder, chocolates, and peanut
butter were among the other items purchased from a
local market in Dhaka, Bangladesh

Formulation of whey choco ball

The WCB was made in accordance with the
flowchart shown in Figure 2. The oats and almonds
were roasted for 5 minutes, then blended using a
blender. The other dry ingredients — WPP, choco
chips, and cinnamon powder — were combined with
the blended oats and almonds. Then, in order to
prepare a smooth batter, honey and peanut butter
were mixed together thoroughly. A small ball
shape was made with that and it was placed in the
refrigerator for 15 minutes. After that, they were
covered with liquid chocolate and presented in
small paper cups. Every choco ball has a weight of
15to 17 g.

N e N e N

Oats and All dried Whey protein Honev was
almonds were D Blended |$ elements were |$ concentrate |:> a d(i/e d
roasted mixed was mixed
( ) f Chocolate was ) ([ Protein balls ) f )
Served in were made and Thick batter
melted for .
paper cups coating kept in was prepared
L ) L ) | refrigerator L )

Figure 2. Schematic diagram of the Whey Choco Ball production process

Proximate analysis

A variety of procedures were employed to observe
the nutritional profile of WCB. A manual of
laboratory techniques was used to determine the
moisture content (AOAC, 1995). The amount of ash
was calculated using the procedure outlined by Kric
and Sawyer. AOAC (1995) reported that organic
Soxhlet extraction procedures were used to assess
the total fat content. The Kjeldahl technique AOAC
(2004) was used to estimate the total protein. The
AOAC (1995) determined crude fiber. An known
analytical method for quantifying reducing sugars,
the Lane and Eynon titration method (Dunsmore
et. al., 1980), was used to determine the sugar
concentration. By titrating the sample against a
standardized Fehling’s solution, this technique
made it possible to measure the sample’s sugar
concentration precisely.

Minerals content

As outlined in the Manual of Laboratory
Techniques (AOAC, 2005), the mineral analyses
for iron, sodium, calcium, phosphorus, potassium,
magnesium, manganese, and zinc were carried out.
A muffle furnace was used to ash a weighted sample
for 6 hours at 600°C. After ashing, a stock solution
was prepared using 6.0 M HCI, and the mineral
concentration was measured with atomic absorption
spectrometry (Thermo Scientific, ICE 3000 series
spectrophotometer).

Sensory Analysis

An assessment of the WCB samples was carried
out by eleven panelists, who were aged 25 to 45.
Taste, mouthfeel, color, texture, flavor, and general
acceptability were among the sensory attributes
that were assessed. A 9-point hedonic scale was
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employed to assess the senses (Wichchukit and
O’Mahony, 2015). Every attribute’s intensity was
measured using a 9-point hedonic scale. Each
attribute was scored based on its intensity
scaled on a 9-point hedonic scale (1 = disliked
extremely, 2 = disliked very much, 3 = disliked
moderately, 4 = disliked slightly, 5 = neither liked
or disliked, 6 = liked slightly, 7 = like moderately, 8
= liked very much, 9 = liked very extremely).

Microbial analysis

Following the guidelines provided by the
Bacteriological Analytical Manual, a microbial
quality analysis was conducted on this WCB
(Maturin, 2001; Tournas et al., 2001). A25 g sample
was carefully weighed using aseptic techniques
and appropriately enriched using 250 mL of sterile
Buffer Peptone Water (BPW, Hi-Media, India). The
sample was diluted in 9 mL BNPW to obtain an
aliquot of 1 mL, which was then placed on plate
count agar (Hi-Media, India) and incubated at 37°C
for 24 hours in order to determine the total viable
count (TVC). Following the period of incubation,
the number of colonies was counted and recorded
as log CFU/g. EC broth, Brilliant green lactose bile
broth (Hi-Media, India), and Lauryl sulfate tryptose
broth (Hi-Media, India) were used in the most likely
number (MPN) test for coliforms and E. coli using
a screw-cap tube. Based on the number of tubes
exhibiting gas generation, the most likely number
of coliforms per milliliter or gram of material was
computed. A table for the determination of most
probable numbers was used according to (Feng et
al.,2002). Dichloran Rose Bengal Chloramphenicol
(DRBC) and Dichloran 18% Glycerol (DGI18)
agar media were used in the plating procedure to

detect the counts of yeast and mold. The plates
were incubated for five to seven days at 37°C. The
CFU counts were made and reported as log CFU/g.
Following the (Gdoura-Ben Amor ef al., 2018), the
prevalence of Bacillus sp. in the cake sample was
established. In accordance with Siala ef al. (2017),
Salmonella sp. was determined. Three duplicates of
each analysis were performed.

Texture analysis

Using the 3-point bend fixture test method and
a texture analyzer (FRTS, Texture Analyzer,
IMADA), 10 repetitions of the texture profiles
were evaluated to determine the texture qualities.
The texture analyzer measured the firmness,
adhesiveness, cohesion, springiness, gumminess
and other parameters of the WCB.

Results and Discussion

Process optimization for the preparation of whey
protein

The response surface approach was used to optimize
the whey protein preparation procedure. Lactic acid
and sodium bicarbonate were used to hydrolyze
whey protein produced from pasteurized cow milk.

The three individual parameters were optimized
by the small central composite design for a total
of 15 runs, including 5 replicates. Table 2 lists
the findings of 15 trials. For each treatment, the
mean pertaining to triplicate measurements was
considered as responses for yields (%, y,), protein
(%, y,), DPPH inhibition (%, y,), and amino acids
(%, y,)- Randomization of experimental runs was
performed to mitigate the impacts of unexpected
variability on actual responses.

Table 2. Experimental design showing different hydrolysis conditions for the optimization of yield of whey protein
concentrate in central composite design

No. X, X, X, % Yield % Protein % DPPH inhibiton ~ (mg/mL) Amino Acid
) v, (vs) P)
1 7 7 35 7.98 6.15 22.47 6.80
2 6 4 35 7.54 6.81 25.53 3.68
3 7 4 46 7.22 6.64 14.39 2.567
4 6.5 3.38 40.5 8.44 7.68 16.66 6.87
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No. X, X, X, % Yield % Protein % DPPH inhibition ~ (mg/mL) Amino Acid

(yl) (yz) (y3) (y4)
5 6.5 5.5 40.5 8.21 8.79 16.64 5.19
6 6.5 5.5 40.5 8.21 8.79 16.64 5.19
7 6.5 5.5 32.72 7.30 6.88 6.85 3.47
8 6.5 7.62 40.5 8.22 6.81 3.05 5.54
9 5.79 5.5 40.5 7.38 8.95 34.84 1.85
10 6.5 5.5 48.28 8.02 8.67 31.95 5.19
11 6.5 5.5 40.5 8.21 8.79 16.64 5.19
12 7.21 5.5 40.5 7.50 6.48 19.25 3.99
13 6 7 46 7.81 8.19 18.92 4.08
14 6.5 5.5 40.5 8.21 8.79 16.64 5.19
15 6.5 5.5 40.5 8.21 8.79 16.64 5.19

Remark: Independent variables: x, = pH; x, = hydrolysis time; x, = Temperature.

The initial regression equations contain all linear
effects, significant or not (reduced model). On the
other hand, for reduced polynomial regression
involving yields (y,), protein (y,), DPPH inhibition
(y,), and amino acids (y,), only significant terms
were taken into account for square and interaction

Numerical optimization

One of the simplest ways to proceed is to
superimpose the two contour plots corresponding to
Yp» ¥ ¥, and y, to inspect the region of the factor
space that meets the requirements, and from there
choose possible optimal values.

effects.
B 7 4 T 35 46
ApH = 6.24188 BTime = 4.22003 C:Temperature = 458075
O

7.218 8.442 6.1533 8.9467 3.05 34.84

Yield = B.46232 Protein = 9.52234 DPPH = 43.5875
vl Desirability = 1.000
1,853 6.873 Solution 1 out of 67
Amino Add = 672

Figure 3. Numerical optimization of process variables
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Optimized hydrolysis condition

Using Central Composite Design, an optimization
process was carried out. The ideal estimated
hydrolysis conditions for WPC are shown in Figure
3, which may theoretically result in the highest
yields of protein, DPPH radical scavenging, and
amino acid activities. The pH was projected to
be 6.24, the hydrolysis time was predicted to be
4.22 hours, and the temperature was predicted
to be 45.81°C. In order to validate the model, the
predicted parameters were used in real experiments.
The overall desirability (D-value) of 1.00 indicated
a high level of confidence for the model to
produce the responses as predicted. Additionally,
the experimental values for yields (8.46), protein
(9.52%), DPPH radical scavenging (43.59%), and

amino acid activity (6.72%) were the same as the
corresponding values of the predictions.

Proximate analysis

Table 3 presents a comparison of the macronutrient
composition of WCB with other brands that are
currently available in the market. In terms of
moisture, ash, fat, protein, and carbohydrate, there
is a noticeable difference overall. The WCB offers
less fat (~10.0%), less total sugar (~5%), and more
protein (~10%) than brands (1, 2, and 3). Compared
to brands, WCB has considerably more moisture
and protein. In comparison with other brands, the
protein content in WCB is approximately 10%
higher, with Brand 3 having the lowest protein
percentage.

Table 3. Comparative proximate analysis of developed WCB and other Brands (1, 2, and 3)

Parameters WCB Brand 1 Brand 2 Brand 3
Moisture (%+SD) 5.91+0.17° 3.09+0.74° 2.86+0.43° 1.89+0.20°
Ash (%+SD) 1.96+0.18* 1.42+0.39° 1.22+0.14° 3.19£1.59°
Protein (%=+SD) 17.27+1.83¢ 8.37+0.98° 8.79+0.48° 5.08+2.51¢
Fat (%=SD) 27.47+1.25¢ 43.41£1.16* 36.83+0.80° 33.75+0.32¢
Crude fiber (%+SD) 0.79+0.30° 1.37+0.40° 0.48+0.03" 0.04+0.06°
Sugar (%=+SD) 32.78+0.78° 37+0.59 35.83+3.30% 40.95+4.02*
Carbohydrate (%+£SD) 46.61+3.27% 42.33+0.87¢ 49.82+0.94° 56.06+4.46°
Energy (%+SD 502+0.01* 593+1.04° 565+2.12° 548+5.83¢

Means with the same letter are not significantly different

According to previous (Mishra et al., 2022), WPP
products had a protein content that was about 10 to
12% higher than non-whey products. Our results
are consistent with these findings. However, Table 3
clearly shows how WCB and other brands differ in
terms of fat, total sugar, and carbohydrate amounts.
The fat percentage in WCB is 27.47+1.25. In WCB,
the fat percentage is considerably lower than that of
the other brands, with Brand 1 exhibiting the highest
level of fat. Table 2 additionally shown that Brand 3
has a larger percentage of total sugar than both WCB
and (Brands 1 and 2). The effectiveness of WPC
and its derivatives in the treatment and prevention

of a number of diseases has been documented in
double-blind, placebo-controlled trials conducted
on humans and animals in addition to the published
meta-analysis (Mehra, 2021).

Mineral content

Figure 4 displays the minerals content of the newly
prepared WCB. The mineral contents of WCB
and Brands 1, 2, and 3 differ significantly. The
WCB contains more sodium, more zinc, and less
magnesium than Brands 1, 2, and 3. Furthermore,
the only food that has a considerable amount of
iron is WCB. Like iron, WCB has substantially
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more sodium, copper, zinc, and manganese content
than other brands. With regard to the content
of calcium, potassium, and magnesium, this is
not the case. Compared to WCB, Brand 1 has a
higher concentration of magnesium, potassium,
and calcium. According to earlier research, whey-

derived products are a great way to get vitamins and
minerals (Singh and Geetanjali, 2016).

We may conclude that WCB has the potential to be
an excellent supplier of certain minerals, such as
iron, sodium, copper, manganese, and zinc, based
on a comparison with Brands 1, 2, and 3.

COMPARIOSN OF MINERAL CONTENT

450.000
400.000
350.000

2800.000

%5 0.000

E

£00.000

%ED.DDD

=)
100.000
50.000

0.000

WCB Brand 1

= - L
I I I

Brand 2 Brand 3

M Iron B Potzssum B Sodium B Cakcium BZ2nc B Magnesum B Manganese B Copper

Figure 4. Comparison of mineral content of developed Whey Choco Ball and other Brands (1,2, and 3)

Sensory Evaluation

This study investigated the overall acceptability as
well as the flavor, taste, color, and texture of WCB.
A product’s acceptance is mostly determined by
its taste, which means that taste has the biggest
influence on a product’s commercial success. The
product was rated highly in sensory evaluation,
with color achieving a top score of 9, described
as “liked extremely,” showcasing its appealing
visual quality. Additional attributes, including taste,

flavor, mouthfeel, and texture, all received scores of
8, indicating they were “liked very much” by the
panel. This consistently high rating across multiple
sensory aspects suggests that the product was well-
received and met consumer expectations in terms
of both appearance and overall sensory appeal. The
findings indicate that WCB’s sensory qualities and
general acceptability are satisfactory. On the other
hand, extensive sensory assessment is advised for
future research. Table 4 shows the evaluation.
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Table 4. Sensory evaluation of Whey Choco Ball

Like Like
moderately  slightly
™ (6)

Like extr-
emely (9)

Quality

Factors

Like very
much (8)

Neither like
nor dislike

Dislike  Dislike Dislike Dislike
slightly  moderately  very extrem-ely
@ (€] much 2) (1)

Color v
Texture
Flavor

Mouth feel

AN NN

Taste

Overall
acceptance

AN

Microbial Analysis

WHO guidelines from 1994 (WHO,1994) state that
baked goods, such as cakes, bread, biscuits, and
others should have a total viable bacterial count
of no more than 2.0 x 10° cfu/g, no detectable E.
coli or coliforms, and controlled levels of mold and

yeast. WCB sample testing revealed that the levels
of mold and yeast matched WHO guidelines, while
the total aerobic bacterial count remained within the
allowed limits for up to 15 days. Furthermore, the
WCB samples included no Salmonella, Listeria, or
Enterobacteriaceae (Table 5).

Table 5. Microbial analysis of Whey Choco Ball on different time period

SINo. Parameters Results Results Results
(Preparation day) (1 week later) (15 days later)
1 TVC (Total Viable Count), cfu/g 5.7 x 102 8.9x 102 9.2x 102
2 Total Coliforms, MPN/g <0.3** <0.3** <0.3%*
3 Escherichia coli, MPN/g <0.3%%* <0.3%%* <0.3%*
4 Yeasts and Molds, cfu/g <10* <10* <10*
5 Salmonella sp., cfu/g Absent Absent Absent
6 Staphylococcus sp., cfu/g <10* <10* <10*
7 Listeria sp. Absent Absent Absent
8 Enterobacteriaceae sp. Absent Absent Absent

*<10 indicate absence of test organisms in 1g of sample

**As per MPN (most probable number) chart, MPN <0.3 indicates absence of test organism in 1g

Textural analysis

Texture evaluation is considered to be critical for
the consumer’s approval of food as palatable and
is a critical step in the development of new food
products. The textural parameters viz., hardness,
fracturability, stickiness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness, probe
diameter, threshold, and filtering range of WCB
were presented in Table 6.

Customers value hardness above other textural
attributes because it influences their perception
of the quality and perceived value of things. The
hardness value for WCB 3.240*10"5. The value for
fracturability, stickiness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness, probe

diameter, threshold, and filtering range found to be
7.925%10"4, 9.230*10"3, 0.1416, 3.9770, 0.1222,
4.589*10%4, 5.608*10"3, 20.000,
respectively.

10 and 04,
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Table 6. Textural analysis of Whey Choco Ball

Texture Profile Unit
Hardness 3.240*10"5 N/m"2
Fracturability 7.925*%10™4 N/m”"2
Stickiness 9.230*10"3 N/m"2
Cohesiveness 0.1416
Adhesiveness 3.9770 J/m"3
Springiness 0.1222
Gumminess 4.589*%10™4 N/m”"2
Chewiness 5.608*%10"3 N/m”2
Probe Diameter 20.000 mm
Threshold 10 N
Filtering Range 0.4 N

N = Newton, mm = millimeter

In an innovative approach, whey protein powder
was incorporated into a ready-to-eat food product
named WCB, a pioneering initiative in Bangladesh.
The study compares the nutritional profile of WCB
with other commercially available brands (Brands
1, 2, and 3) in a comprehensive proximate analysis.
Compared to the other group, WCB showed lower
fat content (~10.0%) because of using peanut
butter. Peanut butter contains about 50% fat (mostly
unsaturated), while regular butter has around 81%
fat, with a higher saturated fat content (Pickford et
al., 2022), lower total sugar content (~5%) as no
extra sugar was added other than honey, and higher
protein level (~ 10%) since using the Whey Protein
Concentrate.

Furthermore, WCB exhibited the potential to
serve as an excellent source of essential minerals,
including iron, sodium, copper, manganese, and
zinc, surpassing Brands 1, 2, and 3. Sensory
evaluation and general acceptability assessments of
WCB were favorable, indicating its potential appeal
to consumers. Microbial analysis over a 15-day
period confirmed the product’s acceptable quality.
Texture analysis revealed satisfactory hardness,
fracturability, stickiness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness, probe

diameter, threshold, and filtering range of WCB.

Conclusions

The findings highlight WCB as a protein-rich
food item, showcasing effective whey utilization.
The incorporation of whey not only contributes
significantly to the product’s protein content but also
emphasizes its potential to harness the nutritional
benefits of this valuable dairy industry by-product.
Whey Choco Ball emerges as a promising and
innovative food product with a favorable nutritional
profile and broad market potential.
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