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Abstract

This study aims to examine the use of encapsulating elderberry fruit anthocyanins with whey protein
isolates in B. coagulans (BC30) and whey beverages with additional inulin. Anthocyanins were
extracted from elderberry fruit and combined with whey protein isolate to create 6 unique whey
beverages that contained BC30 and inulin. Control group K, anthocyanin-containing group A, BC30-
containing group B, BC30 and inulin-containing group C, BC30 and anthocyanin-containing group D,
BC30, anthocyanin, and inulin-containing group E were determined. These beverages were stored at
4°C for 28 days, and the determination of anthocyanin content in the beverages, determination of
anthocyanin stability, microbiological, physicochemical, and sensory analyses were performed. The
total amount of anthocyanin was found to be 174.8 mg L' after anthocyanin extraction, and the
encapsulation efficiency was 50.46%. The group B had the most TMAB on 28" day of analysis. The
TPAB counts of their beverages were discovered to be 4.52-4.63 log10 CFU mL"! on the first day of
analysis. The group with the lowest BC30 count on the first day of analysis of the beverage groups (B,
C, D, and E) with BC30 added is group D, with 7.1 logl0 CFU mL™!. The group with the highest
number of BC30 is group B with 7.83 logl0 CFU mL. The anthocyanin-containing groups (A, D,
and E) had radical scavenging activity values of 51.35% + 19.4%, 60.21% + 15.7%, and 60.63% =+
15.2%, respectively. Consequently, it is anticipated that the created whey beverages will provide the
food sector with crucial market data.
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Introduction

Sambucus nigra L., sometimes known as the European elderberry, is one of the little fruits that grows
wild or is cultivated for production in the Northern Hemisphere with the broadest application area
(Ferreira et al., 2022). Due to its expanded usage regions and simplicity of production, elderberry
(Sambucus nigra L.), which has been used as a medicinal plant for hundreds of years, has started to

find wider cultivation sites (Charlebois et al., 2010). Elderberry production has increased, particularly
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in the last few years, largely because of the COVID-19 pandemic, owing to the strong demand for
goods based on elderberries and dietary supplements (Uhl et al., 2022). The global elderberry market
is experiencing a period of substantial growth, with projections indicating a surge of $389.8 million
on a global scale from 2023 to 2028, at a compound annual growth rate of 8.8% (Cai et al., 2024). This
will lead to the processing of elderberries, releasing a significant amount of waste (pulp), which will
present a variety of opportunities for use. Elderberries are mostly composed of anthocyanins, a
polyphenolic composition with a strong antioxidant potential. Elderberry juice and polar extracts
contain the primary anthocyanins from elderberries, cyanidin-3-glucoside and cyanidin-3-
sambubioside (Vlachojannis et al., 2015). Elderberries are also a great source of procyanidins, phenolic
acids, and flavanols. Flavonoids, including kaempferol, astragalin, quercetin, quercetin-3-O-glucoside,
routine, isoquercitrin, and hyperoside, as well as phenolic acids, gallic acid, and gentisic acid, are
particularly abundant in elderberry blooms (Dominguez et al. 2020). Given the absence of any
substantiated reports of deleterious effects resulting from the consumption of S. nigra ripe fruit or fruit
extract, and the absence of any known potentially harmful compounds at any reasonable dosage, it is
considered safe for use as a temporary or continuous dietary supplement (Porter and Bode, 2017).

B. coagulans is a gram-positive, facultative anaerobic, nonpathogenic, spore-forming, lactic
acid-producing bacterium. The optimum growth temperature of B. coagulans, a heat-resistant
bacterium, is 35-50°C, and the optimum growth pH is 5.5-6.5 (Majeed et al., 2016). Some strains of
B. coagulans have been reported as facultative anaerobic, thermophilic bacteria that can grow at pH
6.2 and 60—-65°C (Benson et al., 2012). B. coagulans improves the preservation of food when provided
particularly because it produces lactic acid. Some strains not only produce lactic acid but also
thermostable a-amylase (De Clerck et al., 2004). B. coagulans is therefore a significant industrial
bacterium. The US Food and Drug Administration (FDA) has recognized B. coagulans as Generally
Recognized as Safe (GRAS) (FDA, 2016). A dose as high as 9.52 x 10! CFU was demonstrated to be
well tolerated and safe for a 70 kg individual in an in vivo research assessing the safety of B. coagulans
(Endres et al., 2009). Furthermore, B. coagulans genome study has demonstrated that no other genes
with possible safety concerns were found, and genes linked to antibiotic resistance in this species
cannot be readily transmitted to other bacteria (Salvetti et al., 2016). Today, there are many types of
functional foods on the market that contain B. coagulans, such as pasta, chocolate, and ice cream. This
is mainly because B. coagulans is a spore-forming bacterium that can remain stable and viable in
functional foods, unlike other probiotic bacterial strains (Majeed et al., 2016). Spores of B. coagulans,
for instance, resist high-temperature food preparation, including boiling and heating. Because of this,

B. coagulans is the perfect option for creating beneficial goods (Konuray and Erginkaya, 2018). The



preferability of the products is increased by the fact that the inclusion of B. coagulans does not
adversely affect their sensory or nutritional qualities (Kobus-Cisowska et al., 2019).

Because of the prebiotics' technological applications and health benefits, the dairy industry is
using increasing quantities of prebiotic compounds in the development of its products. One of the most
investigated prebiotics is inulin. A class of carbohydrates called fructans, inulin is attached to glucose
and fructose molecules through B (2-1) bonds and, a (1-2) and, respectively. The richest sources of
inulin include chicory root, onion, garlic, leek, bananas, immature wheat, rye, and barley, as well as
Jerusalem artichokes (Scheid et al., 2013). Inulin is used in the food industry as a prebiotic in dairy
products, a low-energy sweetener, and an indigestible fiber that helps form gels, raise viscosity, and
improve organoleptic properties (Meyer et al., 2011). A study showed that an emulsion based on whey
protein could offer additional protection for the inulin encapsulation. Inulin encapsulated with whey
has been shown to enhance probiotic bacterial stability during storage. According to Ha et al. (2016),
the synbiotic formulation of this probiotic and prebiotic has focused on its potential to improve the
proliferation of probiotic bacteria in the intestine and thus change the intestinal microflora (Ozer et al.,
2005). One of the most important by-products of the dairy industry is whey. Approximately 180
million tons of whey were produced in 2012. However, approximately 30-50% of the total production
is not used (Sitanggang et al., 2016). Despite its environmental pollutant potential, whey is considered
a valuable source of numerous nutritional, functional, and bioactive compounds. Whey offers a high
lactose and protein content that can be used to produce versatile, beneficial ingredients (Kareb and
Aider, 2019). The interactions between phenolic compounds (such as anthocyanins) and proteins (such
as whey) have been studied by many scientists. The excess of hydroxyl groups on phenolic compounds
provides opportunities for interaction with proteins (Buitimea-Cantda et al., 2018). The formation of
their complexes leads to structural, functional, and nutritional changes of both proteins and phenolic
compounds (Zhang et al., 2020). The stability of anthocyanins poses a major challenge for their
application in the food industry. Whey protein can be used as a wall material by encapsulation to keep
anthocyanins stable in the digestive tract and improve bioavailability (Sharif et al., 2020).
Anthocyanin-loaded whey protein microgels can rapidly dissolve in the gastrointestinal tract, and the
resulting liquid microparticles inhibit the release and degradation of anthocyanins (Liao et al., 2021).

This study was carried out to determine the anthocyanin level and some quality characteristics

of elderberry (Sambucus nigra L.) fruit grown in Burdur province;

e To measure the effectiveness of anthocyanin components by encapsulating the obtained

anthocyanins with whey protein isolate (WPI),



e To determine the effect of anthocyanins obtained from elderberry and encapsulated
with WPI on whey,

e Determining the stability of the whey in the beverage, revealing the effect of
encapsulated anthocyanin and inulin on B. coagulans during the storage of whey
beverages,

e Examining the shelf life of the encapsulated whey beverages with elderberry
anthocyanin, inulin, and B. coagulans and the changes that will occur in the quality

parameters during the storage process.
Materials and Methods

The study was carried out in two stages. The first step involved analyzing the parts and structure of
the elderberry fruits that were used for production and preparing the fruits for use in the final product.
The second step involved producing whey using BC30 and/or inulin with encapsulated elderberry
anthocyanins added, and then preserving it according to the method's stated analyses. Ripe and fresh
black elderberry fruits were supplied from a specific farm in the Altinyayla district of Burdur province.

Until they were used, fruits were stored frozen at -18 + 1°C.
Analyses Conducted before Whey Beverage Production
Elderberry Fruit Moisture and Dry Matter Content Measurement

Using the gravimetric method, the amount of moisture and dry matter in elderberry fruit was calculated
(The AOAC, 2019). The following procedure was used to compute the dry matter and moisture

content:

m
Moisture% = ——x 100

mi: The dried, empty drying container's weight (g)

my: Before the drying procedure, the test sample's weight in the drying container (g)

m3: The test sample inside is the weight of the drying container after the drying process (g)
Dry matter % = (m3-mp) / (mz2-mp) x 100

Total dry matter % (g/100g) = 100 - % moisture

Anthocyanin Extraction from Elderberry

A supercritical CO, system was used for the extraction procedure. An extractor with a 1500 mL
capacity, 400 bar pressure resistance, and three phases divided by specialized filters was utilized for
the extraction process. Liquid CO2 was pumped at high pressure using an ISCO pump. According to

Seabra et al. (2010), extraction was carried out with minor adjustments to the given protocol. 1/3 of
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the volume of elderberry fruits was added to the extractor. A heat jacket with digital control was used
to heat the extraction unit. Ethanol, ethanol-water (5:5, v/v), and water were used as co-solvents, and
the co-solvents were transferred to the extractor using a peristaltic pump. The extractor's gas intake
and outflow components are equipped with specialized filters. A constant 50°C temperature was
maintained, and CO> flow was ensured. In the first step, low-polarity carbon dioxide-soluble
components were removed during a 15-minute static and 40-minute dynamic period. In the second
step, extraction was carried out using a co-solvent for the extraction of polar components for 45
minutes. Liquid carbon dioxide pressure was reached in the range of 200-350 bar. When the extraction
was complete, the CO; and extracts were transported to the collection unit by opening the output valve.

Here, the CO: pressure was lowered to yield extracts.
Calculating the Total Anthocyanin Content of the Elderberry Extract

The pH differential method was employed in accordance with a widely accepted protocol to determine
the total anthocyanins in the resultant extract (Zbik et al., 2023). The examined extract was divided
into two dilutions, one with potassium chloride buffer (pH 1.0) and the other with sodium acetate
buffer (pH 4.5), and they were allowed to equilibrate for 15 min. At 520 and 700 nm, the absorbance
of the dilutions was measured. The diluted sample (A)'s absorbance was computed using the following
formula:

A = (A 520-A 700) pH 1,0 - (A 520-A 700) pH 4,5

Next, the concentration of monomeric anthocyanin pigment (MAPC) was computed using the

following formula:

AxMW xDF x 1000
exl

MAPC (mg/L) =
MW: molecular weight, DF: dilution factor, e: molar absorptivity, I: optical path length.
Encapsulation of Anthocyanins and Determination of Encapsulation Efficiency

The carrier material was whey protein isolate (WPI) that was purchased from a local company. The
anthocyanin extract and carrier suspension were combined at a ratio of 1:9 (v/v) and homogenized at
20,000 rpm for 20 min. after the WPI was suspended at a concentration of 20% (g/v) in 1% citric acid
solution (CLS Scientific/ CLPM- 400). The produced samples were freeze-dried and kept for 96 h. (-
54°C, 230-300 Hg) following a 24-h. cooling period to -40°C. Using a mortar and pestle, dried
materials were ground and sieved before being kept in closed plastic bags in desiccators at room
temperature until needed (Souza et al., 2017).

The encapsulation efficiency was calculated based on the amount of anthocyanin before and

after encapsulation (Murali et al., 2015).



Total amount of anthocyanin in the powder 100

Encapsulation efficiency = — X
P y Total amount of anthocyanin in the extract

Scanning Electron Microscope (SEM) Examination of Capsule Morphological Characteristics

The surface morphology of capsules has been studied using SEM analysis of beverages (Rosenberg et
al., 1985). Samples were fixed on aluminum stubs with double-sided carbon tape and sputter-coated
with gold—palladium for 90 s at a thickness of approximately 10 nm (JEOL JSM-7100-F). To detect
varying magnification powers, the scale was calibrated at three different levels: 1, 10, and 100 pum.
The SEM was used for observation at a temperature of less than -140°C and 10.0 kV. Images were
obtained at accelerating voltages of 10.0 kV, with a working distance of 10 mm. At magnifications of
200, 500, 1000, 2000, 5000, and 15000 x, respectively, the particle size of n>200 microcapsules was

measured using ImagelJ software.
Preparation of Inoculation Culture

Ganeden BC30, also known as B. coagulans GBI-30, 6086, was created by modifying the procedure
described by Abhari et al. (2016). Using the boot plate method, B. coagulans was grown on Nutrient
yeast extract salt agar (NYSM) and incubated for 24 h. at 37°C in an aerobic environment. From the
agar in issue, a colony was chosen, moved to Nutrient Yeast Extract Salt Broth, and cultured for 48 h.
at 37°C with 250 rpm. Following incubation, the pellets were mixed with 0.9% sterile physiological
saline, the supernatant was discarded, and the mixture was centrifuged at 3000 x g for 20 min. using
an Electro-Mag M 815 A. The last pellet was put back into a sterile normal saline suspension. In order
to calculate the number of spores per milliliter in suspension, serial dilutions were prepared, heated to
80°C for 15 min., and then NYSM medium was cultivated using the pour plate method. Following the
procedures, the concentration in sterile physiological saline was measured using a cell densitometer

(Biosan DEN-1) at 0.5 McFarland (103/mL).
Preparation of Whey Beverage and Addition of Ingredients

To make an experimental whey beverage, 20% whey powder (Mirel®) was dissolved in sterile water
and pasteurized for 15 min. at 65°C. The whey beverage in groups A, D, and E was supplemented with
0.1% of elderberry anthocyanins encapsulated with WPI, following the instructions listed in Table 1.
Groups B, C, D, and E were each given 10® spores/mL of B. coagulans. To promote B. coagulans, 1%
inulin was added to groups C and E.

Table 1 Experimental whey beverage groups

Whey beverages Anthocyanin B. coagulans Inulin

Control (K) - - -



A + - -
B - + -
C - + +
D + + -
E + + +

Analysis Conducted on Whey Beverages after Production
Determination of Anthocyanin Amount in Experimental Whey Beverage

Using the pH difference method and a widely accepted protocol, the total anthocyanins in the
experimental whey beverage were determined (Zbik et al., 2023).

Determination of Stability of Encapsulated Anthocyanins in Experimental Whey Beverage

The stability of anthocyanins depending on storage time was determined according to the method
specified by Da Rosa et al. (2019). The decay constant (k) and half-life (t/2) were calculated using
equations 1 and 2, respectively.

In (C) =1n (Co) - k (t) (Equation 1)

C: anthocyanin concentration at time t (mg/mL)

Co: Initial concentration of anthocyanins (mg/mL)

t: Storage period (days)

t/2=1In (2) / kt (Equation 2)

t 2: Half-life time (days)

k: Kinetic decay constant

t: time (day)
Microbiological Analyses

Six distinct product groups were established in total (Table 2). During the storage period, the products
were kept in a refrigerator at 4°C. During the first, 7%, 14", 21 and 28™ day of the preservation
procedure, laboratory analyses were conducted on each set of products that were generated
experimentally. On the scheduled analysis days, samples were obtained from every experimental whey
beverage group and subjected to the following microbiological tests. Using the pour plate method,
plantings were done in two series, and plates with between 30-300 colonies were assessed after the
incubation period. The values of measurement are logl0 CFU mL".

For total mesophilic aerobic bacteria (TMAB) and total psychrophilic aerobic bacteria (TPAB)
count, the prepared dilutions were inoculated onto Plate Count Agar (PCA) (Merck 1.05463) using the
cast plate method and incubated at 30 + 1°C for 48 h. (ISO, 2008) and 10°C for 5 days, respectively.



In determining coliform bacteria, the medium was diluted to yield 1 mL of Violet Red Bile Agar
(VRBA) (Merck 1.01406), which was then cultivated using the double-layer pouring method. After
the petri dishes were incubated at 37 £ 1°C for 24 h., typical colonies developed and counted (ISO,
2008). By applying the pour plate method to the prepared dilutions, they were inoculated into Potato
Dextrose Agar (PDA) (Merck 1.10130) medium and counted as yeast and molds after 5 days of
incubation at 22 + 1°C (ISO, 2008). Bacillus coagulans count was determined according to the method
described by Sekhavatizadeh et al. (2019). Tryptone Glucose Yeast Extract Agar (Condalab, 1190.00)
medium was used. The prepared dilutions were first kept in a water bath (Memmert model WB 14,
Germany) for 10 min. at 80°C, then immediately cooled to 45°C and then inoculated using the cast
plate method. Petri dishes were incubated at 37°C for 48 h. under anaerobic conditions (Soares et al.,

2019).
Physicochemical Analyses

Using the Kjeldahl method, the levels of crude protein in the whey beverage were calculated (Lynch
and Barbano, 1999). The correction factor of 6.38 was used to get total protein from total nitrogen.
The whey beverage's titratable acidity was assessed using the alkaline titration method. The results
were represented as a percentage of lactic acid. The pH of samples was determined using a digital pH
meter (704 pH Meter, Metrohm). The gravimetric method was used to calculate the dry matter content
of beverage samples (AOAC, 2019). The "100-dry matter ratio" is used to compute the moisture.
Viscosity measurements were performed by modifying the method defined by Nooshkam et al. (2022).
The rheological characterization of the samples was performed using a Brookfield DV-II+ Pro model
rotary viscometer with an RV2 spindle (Spindle No. 2). The rheometer setup consisted of a measuring
chamber (with a diameter of 36 mm and a height of 70 mm) and a cylinder spindle (with a diameter of
25 mm and a height of 45 mm) for rheological analysis. Rheological characterization of the samples
was carried out under constant temperature conditions without any heat treatment. All samples were
held at the laboratory temperature of 22+1°C for approximately 3 hours prior to measurement, allowing
them to reach thermal equilibrium. The shear rate varied between 160 s™' and 200 s during the 10-
second test period. Viscosity results were reported in mPa.s. Color parameters were measured using a
tristimulus chromatometer (Minolta CR-400, Osaka, Japan), which was equipped with a sample holder
for 10 mm plastic cells suited for liquid analysis. It was calibrated with a white reference plate. The
standard illuminant used was D65, and a 2° observer was employed in the L*, a*, b* color space. The
reflectance (R) spectrum was acquired from 360 to 740 nm at 10 nm intervals. The colorimeter yielded

CIE L* values, which indicate lightness and range from 0 (for black) to 100 (for white)., a* [-a* (for



greenness) + The color system "varies between a* (for redness)] was used to express it, b* [b*

(yellowness) + b* (blueness)].
Determination of Antioxidant Capacity

The method used by Brand-Williams et al. (1995) was developed with small modifications to
determine the amount of DPPH antioxidant capacity. A UV-VIS spectrophotometer (PGI brand T60U
series) was used to measure the absorbance at 517 nm using ascorbic acid as the standard and methanol
as a blank solution. The following equation was used to calculate the percent inhibition (%I) of DPPH

radical scavenging activity.

A0 — Al
I(%) =A—0X100

AO0: Absorbance of control group
A1l: Absorbance of sample

Sensory Analysis

A sensory assessment was conducted in compliance with ISO (2016) standards. Ten expert panelists
were selected from the Department of Food Hygiene and Technology, Faculty of Veterinary Medicine
at Burdur Mehmet Akif Ersoy University, comprising five women and five men are consistent with
ISO standards. Panelists were informed of the study, and experiments were carried out with those who
provided informed consent. Panelists with allergies to the beverage ingredients, impaired taste
sensations due to conditions such as viral infections, and those unable to adequately taste or smell were
excluded from the study. The assessment took place in a clean, well-ventilated room with an ideal
room temperature of 20°C. Each single-blind randomized sample used in a panel session was placed
in a plastic cup labelled with the corresponding group letter. The 50 mL beverage samples were left at
room temperature (around 20°C) for 30 min. before analysis. Panelists were provided with drinking
water and unsalted crackers, which they were instructed to consume following each sampling.
Evaluation was made using a 9-point hedonic scale (9 = fairly good; 1 = extremely poor). The panelists
assessed the beverage samples for appearance, texture, odor, aroma, taste, consistency, color,
homogeneity, and general acceptability.

Statistical Analysis

Analyses were made using the Statistical Package for the Social Sciences (SPSS) program version 26.
Descriptive data in tables are presented as mean (X) + standard deviation (SD), whereas figures display
mean (X) =+ standard error (SE) to illustrate variability and precision, respectively. The Shapiro-Wilk
test was used to check if the data were normally disturbance. In comparing two datasets, a paired

samples t-test was used for normally distributed data, and a Wilcoxon test was used for non-normally
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distributed data. Data were analyzed using a one-way ANOVA (or Kruskal-Wallis test, where non-
normally distributed data) to compare groups at each storage day. When statistically significant
differences were found, the Tukey post-hoc test was used for multiple comparisons. p < 0.05 was
accepted as the significance level. Each experimental condition was produced in triplicate (n=3), and
all analyses were performed in duplicate to ensure analytical reliability.

Results

Analyses Conducted before Whey Beverage Production

Fresh elderberry fruits had a moisture content of 78.9% + 0.1% and a dry matter ratio of 21.1% + 0.1%.
Although the results are consistent with those of other studies (Costica et al., 2019; Divis, Ferreira et
al., 2022; Potizka et al., 2015) found a lower dry matter ratio in their study. The storage duration and
conditions following fruit harvest, in addition to the region and environmental elements where
elderberries are found, might alter the product's dry matter content.

Anthocyanins, which constitute 25-40% of the total weight of elderberry fruit (Brennum-
Hansen and Hansen, 1983), especially cyanidin 3-sambubioside-5-glucoside, cyanidin 3,5-glucoside,
cyanidin 3-sambubioside, and cyanidin 3-glucoside, provide significant protection against oxidative
damage and help prevent endothelial cell dysfunction (Youdim et al., 2000). In this study, the total
anthocyanin amount of elderberry extracts extracted by the Supercritical CO2 method and turned into
powder was found to be 174.8 mg L!, which is consistent with previously reported ranges for S. nigra
extracts. According to studies, the fractionated high-pressure extraction method (Seabra et al., 2010)
and HPLC yield a total anthocyanin content of 39-153 mg g™ and 28.8-64.6 mg L™}, respectively,
when using the conventional extraction method (Dominguez et al., 2020). Using the method, it was
found to be between 73.8 and 282.0 mg L' (Kaack et al., 2008). Various methods can yield different
effects since they alter the anthocyanin content directly. The best anthocyanin ratios under the ideal
pressure and temperature can be achieved with the use of optimization studies, even though the
supercritical CO» approach is highly effective. Furthermore, the number of anthocyanins in the
extracted fruit can be directly impacted by every environmental component it comes into contact with,
from the harvest to the laboratory setting.

The encapsulated powder's anthocyanin content was found to be 88.2 mg LI, and its
encapsulation efficiency was 50.46%. Because anthocyanins are unstable and are impacted by a variety
of factors, including pH, temperature, light, metal ions, oxygen enzymes, ascorbic acid, sugars, and
the products of their breakdown, proteins, and sulfur dioxide, their bioavailability is limited
(Fernandez-Lopez et al., 2013). The use of anthocyanin encapsulation technology increases
bioavailability and protects against adverse effects. One of the most crucial factors defining the

microencapsulation process is encapsulation efficiency. According to Ren et al. (2021), WPI is an
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excellent wall material for encapsulating anthocyanins and can enhance their stability, color, and
antioxidant capability. The encapsulation effectiveness of the anthocyanins obtained in our
investigation, which were encapsulated with WPI utilizing the freeze-dryer method, was determined
to be 50.46%. In a study using B-glucan as the encapsulation agent, the group containing 0.5% -
glucan had the best encapsulation efficiency, 93.9 % (Sobieralska and Kurek, 2019). Elderberry extract
was encapsulated into nanoparticles using varying phospholipids by Bryta et al. (2015), who found
that the encapsulation effectiveness ranged from 25 to 69%. The encapsulation effectiveness of
anthocyanins with liposomes, achieved by the supercritical CO2 method, was determined to be 50.6%
by Zhao et al. (2017). The anthocyanins isolated from cranberry fruits were freeze-dried by Enache et
al. (2020) and then encapsulated at varying rates using a mixture of WPI, inulin, and chitosan. The
encapsulation efficiency was found to be 89.16% + 1.23%. Tao et al. (2017) reported that the ratios of
WPI, maltodextrin, B-cyclodextrin, and gum Arabic used to encapsulate blueberry anthocyanins
ranged from 47.0% to 96.3%. All of the findings indicate that the encapsulation efficiency is directly
impacted by variations in the encapsulation techniques and wall materials used.

SEM analysis can be used to look at the external structures of the capsules during the
encapsulation process. Fig. 1 shows the results of the SEM imaging of anthocyanins encapsulated with
WPI. Upon closer inspection, it was discovered that certain encapsulated anthocyanins had smooth
surfaces while others had rough surfaces (Fig. 1g). In addition to irregular particles, multilayer
structures and irregularly shaped particles are also observed (Fig. 1a-b). The particles' size distribution
is not regular (Fig. 1d). The cohesive quality of the encapsulating agent used is responsible for this
creation (Rather et al., 2017). The analysis yielded the average size of the capsules, which was found
to be 147 + 65.5 um. There were visible splits or fissures in the microparticles. The quick sublimation
of ice from particles and the creation of pores in place of ice crystals result in the spongy structure that
is clearly seen in Figure 1a (Amine et al., 2014). The limited quantity of free molecules in Figure 1c-
d indicates that the anthocyanins have been properly encapsulated. All of the samples showed
inconsistent shrinkage and rough surfaces in the SEM investigation of capsules made with various
types and ratios of wall materials, including WPI (Tao et al., 2017). Furthermore, all particles seem to
have glassy forms, which is consistent with our research. The anthocyanins within the capsules can be
shielded from heat and oxidation by means of these glassy structures. Additionally, it was determined
that certain areas of the capsules included porous features, indicating that the encapsulating process
was successful but not entirely successful. According to Sobieralska and Kurek (2019), microcapsules
with 0.5% B-glucan had an aggregated sphere and a smooth surface. According to Deng et al. (2023),

the anthocyanin capsules containing WPI had smooth, crack-free surfaces.
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a: 5.000 x; b: 15.000 x; ¢: 500 x; d: 200 x; e: 5.000 x; f: 100 x; g: 2.000 x; h: 1.500 x; i: 1.000 x
Scale bars: 100 pm (a,h), 10 pm (b,c,g), 1 um (d,e,f;1)
Fig. 1 Microstructure by scanning electron microscopy of anthocyanins encapsulated by freeze drying

Analysis Conducted on Whey Beverages after Production
Amount of Anthocyanin in Experimental Whey Beverages

Anthocyanins are unstable chemicals with little stability. Therefore, their quantities in products might
decrease depending on the storage process. In the present study, anthocyanins were encapsulated with
whey protein isolate (WPI) and incorporated into the product in order to reduce the loss. The
measurements in the anthocyanin-containing groups (A, D, and E) showed that the anthocyanin
contents of whey beverages on the first day were 6.5+0.7,5.8+0.5, and 4.0 £ 0.7 mg L', respectively.
Group E showed the lowest anthocyanin concentration among the beverage groups that had been stored
for a day; there was a statistically significant difference (p < 0.05) between it and groups A and D.
Groups A, D, and E were found to have anthocyanin contents of 5.6 + 0.1, 5.0 £ 0.1, and 2.7 + 0.1 mg
L' on the 28™ day of storage (p < 0.05). Only in the E group did it turn out that there was a statistically
significant difference (p < 0.05) in the anthocyanin contents of the whey beverage groups
between days. Anthocyanins may have been used by the probiotic BC30 in group D and transformed

into other metabolites. Probiotics metabolize anthocyanins because they give them a carbon source
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(Wang et al., 2022). According to Oliveira et al. (2021), the dried strawberry group without B.
coagulans BC4 has higher anthocyanins than the group with BC4. In contrast to groups A and D, group
E's inulin content raised the beverage's density and may have reduced its overall anthocyanin content.
In their study, Tomas et al. (2020) discovered that, in comparison to the control group, the total amount
of monomeric anthocyanins in blackberry puree samples containing inulin and pectin dropped
significantly (p <0.05). According to Tomas et al. (2018), the total phenolic material content of tomato
sauce was dramatically decreased by the combination of inulin and tomato sauce. Dietary fibers and
phenolic compounds can interact in ways that are either beneficial or detrimental to the bioactivities
of polyphenols (Suharoschi et al., 2019). According to reports, storage below 4°C has a more beneficial
impact on anthocyanin stability (Palencia-Argel et al., 2022; Urbano da Silva et al., 2019). Similar
studies on different products containing BC30 revealed that anthocyanin levels steadily dropped
throughout the course of the next few storage days (Cheng et al., 2023; Miranda et al., 2020).
According to Jing and Giusti (2005) and Ren et al. (2021), these reductions could be caused by the
way anthocyanins interact with other elements in the products and by the way they establish intricate

hydrogen bonds with environmental proteins.

Stability of Encapsulated Anthocyanins in Experimental Whey Beverage

Anthocyanins' storage stability is enhanced by the encapsulation process (Rezvankhah et al., 2020),
but over time, their structures degrade due to high molecular mobility and easy oxygen diffusion,
particularly in environments with high water activity (Baeza et al., 2021). This investigation
determined the whey beverage's anthocyanin degradation constant, half-life, and loss rates over the
first and last days of storage. Group E had the highest degradation constant (k) (0.0147). Group E was
found to have a shorter half-life (50.2 days) than groups A and D (p < 0.05). The rates of anthocyanin
loss were determined to be 12.7% + 8.2%, 12.1% =+ 8.8%, and 32.5% = 8.0% for groups A, D, and E,
respectively. The anthocyanin loss in group E is statistically higher than that in groups A and D (p <
0.05), although there is no statistically significant difference between groups A and D when the loss
rates between the groups are compared. Whey protein microgels are a type of anthocyanin
encapsulation material that dissolves quickly in the digestive system to create liquid particles that
inhibit the release and degradation of anthocyanins (Ren et al., 2021). According to Chung et al.
(2015), heat-denatured WPI and natural WPI would exhibit the best anthocyanin stability. In studies
where the encapsulation of elderberry anthocyanins was carried out with different materials, it was
reported that the stability of anthocyanins changed depending on factors such as storage conditions,
coating materials, different environmental conditions, and water activity (Baeza and Chirife, 2021;

Casati et al., 2019; Ribeiro et al., 2019). Zhao et al. (2021) determined the anthocyanin degradation
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constant in 4 different beverage groups with encapsulated anthocyanin addition as 0.474, 0.172, 0.134,
and 0.085, respectively. This is explained by the complex formation of anthocyanin with the other
components used, and also by the chemical protection of the anthocyanin chromophore by preserving
the highly electrophilic C2-position of the flavylium cation. There should be a comparable association
between anthocyanin and inulin based on the closeness between the degradation constants in this study
and those found in group E (0.0147) in our investigation. These findings collectively demonstrate the
beneficial effects of whey protein isolate on the storage and bioavailability of anthocyanins.

Microbiological Analysis

Microbiological analysis results of whey beverage groups on days 1, 7, 14, 21, and 28™ are shown in
Table 2. The most often used metric to assess a product's microbiological quality is its total mean
absorbance bond (TMAB) content (ISO 4833:2003(E), 2003). According to Samarizija et al. (2012),
there is a strong link between increased bacterial load caused by storage and beverage deterioration
during shelf life. The amount of TMAB in the product reduced in the anthocyanin-containing groups
(A, D, and E) during storage, while it rose in the other groups. This difference was determined to be
statistically significant on the seventh day of storage (p < 0.05). These findings imply that the total
bacterial load in the beverage is decreased when anthocyanin is added to whey. In contrast to our study,
Maity et al. (2008) observed that during 15 days of storage, the total bacterial count decreased. In
another study, after 15 days of storage, it was found that the quantity of TMAB in a whey beverage
made with goat milk increased (p > 0.05) (Vieira et al., 2020). According to a study where rose oil was
added to a whey beverage at varying rates, after 28 days of storage, the TMAB number increased from
6.44 logl0 CFU mL"!, which was the starting point, to 7.88 logl0 CFU mL™! (Ding¢oglu and Rugji,
2021). Rugji et al. (2022), the amount of TMAB in whey beverages with prebiotic added was 8.69
log10 CFU mL™! on the first day, but it dropped until the 28" day, when it was 8.58 log10 CFU mL".

In all groups, the quantities of TPAB generally rose with the length of storage. This increase
differed in the other groups that had components, but it happened consistently in the K group, which
has no additives in its composition. It is normal for beverages kept at 4°C to produce psychrophilic
bacteria. Certain groups' structural components, including BC30, inulin, and anthocyanins,
demonstrated a suppressive effect on the regular growth of these bacteria. It is hypothesized that the
psychrophilic group bacteria's inability to adjust to the production environment on the first day may
be the cause of the statistically significant increase in TPAB levels (p < 0.05) in all groups on the
seventh day. The TPAB count in a trial utilizing blueberry extract increased from 4.5 log10 CFU mL"
"on day 1 to 5.5 log10 CFU mL™! on day 9. However, the amount of anthocyanin in the extracts made

without the use of an enzyme was lower than that made using other methods, and this circumstance is
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claimed to lessen the bacterial inhibitory effect of polyphenols (Dinkova et al., 2014). According to
De Jesus et al. (2020), the bacteria belonging to the psychrophilic group increased from 5.21 logl0
CFU mL"! to 6.30 logl0 CFU mL"! after 28 days of storage of agai pulp.

Studies show that coliforms have limited ability to survive in low pH fermented milk products,
and their presence would indicate contamination (Hervert et al., 2017). None of the whey beverages
made for our investigation contained bacteria from the coliform category (Table 2). This instance
demonstrates that the product was stored at the proper temperature, contamination did not occur during
storage, and the samples were prepared hygienically. Coliform group bacteria were not found in whey
beverages in the majority of comparable research (Ahmed et al., 2023; Larionov et al., 2020).

Although fermented milk products are generally considered microbiologically stable, due to
the ability of many types of yeasts and molds to grow in low pH and low temperature conditions,
product quality deterioration and shortening of shelf life may occur (Nielsen et al., 2021). In the current
study, mold and yeast were found in group K from the outset of storage, whereas isolation was carried
out in the other groups starting on the fourteenth day. This could be because of the components other
than group K, which are believed to inhibit the growth of molds and yeasts. It is possible to interpret
the notable rise in yeast and mold counts on the 21% day of storage in all groups as a sign that the
product has started to lose its quality as a result of storage. On the other hand, Din¢oglu and Rugji
(2021) observed that the number of yeast molds was 6.08—6.43 logl0 CFU mL™! on the first day and
increased on the 28™ day (indicating a statistically significant difference). According to research by
Ismail et al. (2011), during the course of the 30-day storage period, there was a steady decline in the
quantity of mold and yeast in whey beverages containing mango. The same study found that beverages'
acidity rates rose when they were kept in storage.

Probiotic viability in food is directly impacted by storage conditions, temperature, oxygenation,
acidity, moisture content, and ingredients added to the product's structure (Shah, 2000). The fact that
both inulin and anthocyanins promote BC30 reproduction may be the reason why the amount of BC30
in group B samples was at its highest level at the start of storage and decreased on the 7™ day of storage,
while the highest number of BC30 was reached in group E, which contains both anthocyanin and
inulin. The fact that the increased presence of other microbes generated a competitive environment
that hindered BC30 reproduction can be used to explain why the quantity of BC30 fell in all groups
on the 14™ day of storage. On the final day of storage, the BC30 count rose in all groups except group
E (p <0.05). According to Tomas et al. (2020), there is a possibility that this is because group E has a
larger concentration of other microbes or that the anthocyanin and inulin in this group interact
negatively with BC 30. Similar to our findings, Rugji and Dingoglu (2022) found that the greatest
BC30 number was inulin (6.82 logl0 CFU mL™) on the last day of storage, and that the number of
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components in white brine cheeses to which BC30 was added declined from the first day to the 90"
day of storage (p < 0.05). They claimed to have seen it in the group that included. In the study they
conducted using yogurt samples that had additional BC30, Cao et al. (2022) reported that the BC30
levels of yoghurts kept for 14 days stayed stable (p > 0.05) during the course of the storage period. In
their investigation using BC30-containing kashar cheese, Sekhavatizadeh et al. (2019) reported that
the overall number of BC30 dropped during storage. In a study that was comparable to this one,
Ehsannia and Sanjabi (2016) assessed the characteristics of cheeses that had B. coagulans added and
found that as storage times rose, the amount of B. coagulans dropped.

Table 2 Microbiological analysis results of whey beverage groups (logl0 CFU mL™")

Beverages groups (X + SD)
Parameters Days
K A B C D E
7.62£0.1 7.62+£0.1
1 6.82+0.1 Aa  6.86+0.1 Ac 7.39+£0.2 Bb 7.74 £0.1 Cb
BCb BCb
7.57£0.1 6.96 £ 0.1 7.30 £0.6
7 6.43 £0.1 Ba 5.52+04 Aa 7.95+0.1 Dc
CDbce BCab CDab
TMAB
6.90 £ 0.1 6.77 £0.1
14 7.91+£01 Ebc  6.52+0.1 Ac 6.96 £0.1 Da 6.70 £ 0.1 Ba
CDa BCa
21 7.68 £0.3 Bb 6.67 £0.1 Ac 7.88 +0.0 Be 7.72+0.2 Bb 6.73+£0.1 Aab 6.84+0.1 Aa
28 8.20+0.2 Bc 6.03+03Ab 9.06+0.0 Bd 8.87+0.1 Bd 6.38£0.7 Aa 6.89 £0.1 Aa
4.58£0.1 4.54 £0.1 4.60+£0.1
1 4.52+0.1 Aa 4.52+0.1 Aa 4.63+0.1 Ba
ABa ABa ABa
7.16 £0.1 7.08+0.1
7 6.89 £0.1 Ac 7.59 £ 0.4 Bb 6.84 £0.1 Ab 7.00+0.1 Ab
ABb ABb
TPAB 14 743+0.8b 6.70+0.1b 7.11+£0.1b 737+£0.1b 735+0.1¢ 6.99+0.1b
8.89 £0.1
21 8.81+0.1 Bc 9.11 £0.1 Ce BC 8.68 +0.2 Bc 9.13+£0.1 Ce 8.16 £0.1 Ac
c
8.80 £ 0.1 8.63+0.1
28 891+0.1Cc 8.54+0.1 Ad 8.53+0.2 Ac 8.41 +0.1Ad
BCc ABd
1 ND ND ND ND ND ND
7 ND ND ND ND ND ND
Coliform 14 ND ND ND ND ND ND
21 ND ND ND ND ND ND
28 ND ND ND ND ND ND
1 390+£0.1a ND ND ND ND ND
7 6.76 £0.1b ND ND ND ND ND
6.88 £ 0.1 6.76 £ 0.1 6.69 £ 0.1
Yeast- 14 7.13+£0.3Bb 6.43£0.3 Aa 6.98+0.1 Ba
ABa ABa ABa
Mold
21 8.30+0.1 Cc 8.11+0.1 Bb 7.83 £0.1 Ac 7.69 £0.1 Ab 8.11+0.1 Bc 7.70 £0.1 Ab
7.30+0.4 7.58 £0.2 7.87 £0.1 7.85+0.1
28 8.07+0.5Bc 7.17+£0.1 Ab
ABb ABb ABDb ABc
B. 1 - - 7.83+£1.2 743+0.1b 7.09+0.1¢ 7.51+£0.1c¢
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coagulans 7 - - 725+02A 8.20+ 0.3 Bc 7.89+0.1Bd 9.14+0.1Cd

14 - - 6.84 £0.3 6.77+0.1a 6.76 £0.1a 6.71+£0.1b
21 - - 6.70 0.1 A 6.76 £ 0.1 Ba 6.81+0.1Cab 6.89+0.1 Db
28 - - 7.80£0.1C 8.10+ 0.1 Dc 6.97+0.1 Bbc 597+0.1 Aa

* K: Whey, A: Whey + Anthocyanin, B: Whey + B. coagulans, C: Whey + B. coagulans + Inulin, D: Whey + Anthocyanin
+ B. coagulans, E: Whey + Anthocyanin + B. coagulans + Inulin. X £ SD: Mean and standard deviation. TMAB: Total
mesophilic aerobic bacteria, TPAB: Total psychrophilic aerobic bacteria, ND: Not detected (<1 logl0 CFU gV).

Differences between groups are shown in uppercase letters, and differences between days are shown in lowercase letters.

Physicochemical Analysis
The total nitrogen content, expressed as crude protein equivalent using the Kjeldahl method (factor
6.38), ranged from 7.5% to 10.6% on day 14. These values reflect not only true whey proteins but also
non-protein nitrogen (NPN) sources, including bacterial metabolites, cellular nitrogen, and
anthocyanin-protein complexes formed during storage. In the experimental whey beverages, group D
had the highest protein amount (10.6% =+ 0.1%), whereas group K had the lowest protein level (7.5%
+ 0.1%). A study found that the protein values of a probiotic fermented whey beverage with rose oil
ranged from 0.15 £ 0.15 to 0.68 £+ 0.02 (Dingoglu and Rugji, 2021). In a study on whey and mango-
based functional beverage products, it was determined that the crude protein content of beverages
containing 70% whey was 7.66% on the first day of storage, decreasing to 7.58% on the 25" day. The
rise in the crude protein ratio in whey protein isolates used in beverage production accounts for the
high crude protein ratio found in whey beverages (Ahmed et al., 2023). A physicochemical assessment
of various probiotic whey-pineapple beverages was conducted by Islam et al. (2021), who found that
the beverages' protein ratios ranged from 0.61 £ 0.22 to 1.48 £ 0.24.

Fig. 2 shows the titratable acidity and pH values obtained for each beverage group on days 1,
7, 14,21, and 28 of storage. The control of pH and acidity in food products has an impact on the food's
microbiological and physicochemical stability. The stability of the proteins in dairy products is also
affected by the acidic environment, which can prevent the formation of numerous bacterial species.
However, because of shelf life, increased acidity in food can potentially be a sign of microbial
deterioration (Awuah et al., 2007). On the first day of titratable acidity measurements, groups K, C,
and D were found to have statistically significantly higher acidity than the other groups, based on the
data gathered as a result of acidity measurements taken on each analysis day for each beverage group.
Groups B and D had higher acidity levels on the 7 day, and all groups had higher acidity levels on
day 14", It is thought that this can be because the product starts to degrade in the days that follow
storage. In research investigating the prebiotic properties of whey beverages with soursop (4dnnona
muricata), Guimaraes et al. (2019) observed that the beverages' acidity ranged from 0.50 + 0.10 to

0.56 + 0.03 in terms of citric acid. Similarly, a study on functional beverages made with whey and
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pineapple found that their acidity values, in terms of lactic acid, increased between 0.65 = 0.02 and
0.74 + 0.02 depending on their shelf life (Islam et al., 2021). The explanation for this is assumed to be
that bacteria digest the beverages' simple sugars, increasing the product's acidity. Additionally, this
study found a negative association between protein, dry matter, and acidity. Nevertheless, our
investigation did not find this kind of effect. Naik et al. (2023) created a functional beverage with whey
and carrots and investigated its physicochemical characteristics. According to the study, the beverage
groups' acidity values ranged from 0.018 to 0.036; however, there was no discernible difference
between the products' acidity and pH variations over storage. The transformation of lactose and protein
into lactic acid and amino acids, however, has reportedly been suggested as a potential source of the
acidity shift. Similar to this, during the course of the 21 storage period, Oliveira et al. (2022) noticed
an increase in the acidity of the orange juice whey beverage. Dingoglu and Rugji (2021) observed that
on the first day of production, the titratable acidity values of the functional whey beverages, which
they made with the inclusion of probiotics and rose oil, ranged from 0.31 + 0.01 to 0.38 = 0.01. Group
B samples had the greatest pH value on the 28" day of storage, while having the lowest pH value on
the first day of storage, according to an analysis of the pH values of the beverage groups in the current
study. The pH levels of every group, except groups B and C, dropped with increasing storage duration.
In their research, Guimaraes et al. (2009) discovered that the pH range of whey beverages was 5.41 +
0.1 to 5.4 £0.1. In this research, the prebiotic food utilized explained the low pH. According to Islam
et al. (2021), whey beverages had a pH of 4.3 + 0.1 on day one and 3.5 = 0.1 on day 35". Naik et al.
(2023) reported that the pH values of whey-carrot-based beverages varied between 5.5 and 6.5.
Dingoglu and Rugji (2021) stated that the pH values of whey beverages ranged between 5.07 + 0.02
and 5.25+ 0.02 on the first day of production, and between 4.47 + 0.03 and 5.14 + 0.04 on the 28"
day. They stated that the pH values of the groups containing rose oil were lower than the other groups.
It has been reported that the low pH values detected in this study can be associated with the presence
of rose oil as well as the activity of probiotic bacteria. It is observed that different functional beverage
products have different titratable acidity and pH values. The main reason for this is said to be the
components that add functionality to the product, the shelf life of the products, and the microbiological
activities in the products. In this study, the lower acidity value of the products was reflected in the
sensory evaluation, and while all beverages received high scores in the sensory evaluation on the first
day of production, relatively lower scores appeared from the 21% day of production. The relatively low
titratable acidity values (0.014-0.032%) compared to Lactobacillus-fermented products reflect the
lower acid-producing capacity of B. coagulans GBI-30, 6086. This strain is specifically selected for
probiotic applications requiring minimal pH reduction (Cao et al., 2022). Our values are consistent

with those of Naik et al. (2023), who reported 0.018-0.036% in similar whey beverages. The gradual
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increase from day 1 to 28, coupled with corresponding pH decline (7.03 to 6.64 in Group D), confirms

expected fermentation patterns.
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+ B. coagulans + Inulin. Mean + SE with distinct lowercase letters on the bar indicating significant differences at p < 0.05

using the Tukey test. Differences between groups are shown in lowercase letters. Error bars represent the standard error

(SE) of triplicate measurements (n=3)
Fig. 2 Changes in titratable acidity and pH of whey beverages during storage

On the first, 14", and 28" day of storage, dry matter and moisture content were measured in
the whey beverage groups (Table 3). Dry matter determination is an analysis generally performed on
foods with high moisture content to determine whether the food complies with the standards and to
determine its stability or preservation period. When the dry matter ratios of the whey beverages
produced in the study were examined, it was seen that the dry matter contents increased in the
following storage days in groups A, C, and E. The group with the highest dry matter content was group
E with 18.96% on the 28" day, and the group with the least dry matter content was group K with
15.39% on the first day of storage. It is thought that this may be due to the presence of both anthocyanin
and inulin in group E and the increase in dry matter ratio as a result of microbiological activities. Rugji
et al. (2022) found the dry matter ratios of whey beverages prepared at 20% and analyzed for 28 days
at 4°C to be between 17.67-17.70%. Kassem et al. (2025) stated that storage time did not change the
total solids in milk and whey-based beverages enriched with Mango and Lactobacillus plantarum, and
the only significant difference (p < 0.001) was between the total solids of fermented milk and the total
solids of fermented whey-based beverages. In a study conducted, it was found that total solids content
was highest in probiotic-added whey beverages combined with condensed milk, and storage time
affected the total solids content (Skryplonek et al., 2019). Dry matter and moisture content in foods
are among the parameters that provide information about the metabolic activities occurring in the
product during the preservation process. A decrease in the dry matter ratio may occur as a result of the
lipolytic and proteolytic activities of the bacteria present in the food. In our study, there is a positive
relationship between storage time and dry matter in all groups. It was determined that the group with
the highest dry matter ratio was group E. This is thought to be due to the antibacterial effects of
encapsulated anthocyanin and B. coagulans in group E.

Table 3 Dry matter and moisture amount of whey beverage groups (%)

Days K (% £ SD) A (X +SD) B (X £ SD) C (X £ SD) D (X £SD) E (X + SD)

Dry matter

1 1539+0.1A 1583+0.1Ca 1558+0.1B 1641+0.1Da 1556+0.1 AB 16.27+0.1 Da

14 1548+0.1AB 1633+0.1Cb 1559+0.1B 16.51+0.1Dab 1539+0.1 A 1637+0.1Ca

28 1576 £ 0.1 A 1646+0.1Bb 1569+0.1A 1697+0.1Cb 1565+0.1 A 18.96+0.1 Db
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Moisture

1 84.61+0.1D 84.17+£0.1B 8442+0.1C 83.59+0.1A 84.44+0.1CD 83.73+0.1 Ab

14 84.52+0.1CD 83.67+0.1B 84.41+0.1C 83.49+0.1 A 84.61+0.1D  83.63+0.1Bb

28 84.34+0.1D 83.64+0.1C 84.41+0.1D 83.13+0.1B 8445+0.1D  81.14+0.1 Aa

* K: Whey, A: Whey + Anthocyanin, B: Whey + B. coagulans, C: Whey + B. coagulans + Inulin, D: Whey + Anthocyanin
+ B. coagulans, E: Whey + Anthocyanin + B. coagulans + Inulin. X £ SD: Mean and standard deviation. Differences

between groups are shown in uppercase letters, and differences between days are shown in lowercase letters.

The viscosity results of beverage samples at different rotation speeds (rpm) are shown in Fig.
3. It is seen that the beverage groups show similar viscosities at different speeds. The lowest viscosity
at 160 and 180 rpm was detected in group K (24 mPas™), while group E beverages had the highest
viscosity (27 mPas™) at 180 and 190 rpm. Natural and artificial stabilizing agents are employed in the
manufacturing of milk and dairy-based beverages to give rheological qualities such as texture,
viscosity, and hardness (Oliveira et al., 2018; Silveira et al., 2015). In addition, one of the elements
influencing viscosities is the beverage's entire solid and fibrous composition (Zaman et al., 2023). The
beverage groups in this analysis exhibit comparable viscosities at various rates. Yanes et al. (2002)
observed the rheological behavior of chocolate milk beverages and reported that the viscosity varied
between 2.7-18.7 mPas™ at 25°C and increased in viscosity at 5°C. Rocha et al. (2018), in a study on
whey beverages containing jabuticaba anthocyanins, 0.5%; In beverages containing 2%, 4% and 6%
whey, viscosity values are <20.0, respectively; <20.0; They found it to be 21.0 and 62.0 mPas™'. Sen
and Yiiceer (2019) detected viscosity values of 1.37 £ 0.0, 1.38 £ 0.1, 1.64 £ 0.1, and 1.61 £ 0.1 cP on
the first day in whey beverage samples they developed using kefir. They reported that there was an
increase in viscosity depending on shelf life. It was shown that the viscosity of a functional whey
beverage with sugar cane increased with time (12.86 + 0.21 to 13.95 = 0.05 mPas™) until the end of
storage (day 28), and the storage process had a highly significant effect on the viscosity of the beverage
(Zaman et al., 2023). Rugji et al. (2022) determined the viscosity value as 14.5 mPas™! at 200 rpm in
the group containing only whey in the functional whey beverages they prepared as mixtures with two
different prebiotics and probiotics. Viscosity values of 5.8 mPa and 7.9 mPa were found by Vargas-
Diaz et al. (2023) in their work, where they generated a fermented beverage from whey sweetened
with tagatose. Thus, the same viscosity values of whey beverages can be explained by their identical
total dry matter content, pH, and titratable acidity values. These findings may have a direct impact on

the sensory enjoyment of prepared beverages.
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Viscosity at Different Rotation Speeds
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* K: Whey, A: Whey + Anthocyanin, B: Whey + B. coagulans, C: Whey + B. coagulans + Inulin, D: Whey + Anthocyanin
+ B. coagulans, E: Whey + Anthocyanin + B. coagulans + Inulin. Mean + SE with distinct lowercase letters on the bar

indicating significant differences at p < 0.05 using the Tukey test. Differences between groups are shown in lowercase
letters. Error bars represent the standard error (SE) of triplicate measurements (n=3)

Fig. 3 Viscosity chart of whey beverages at different rotation speeds (rpm)

On the 14" day of storage, the beverages' colors were measured, and the results are shown in Table 4.
The groups' L* values were between 53.3-56.9, and there was no statistically significant difference (p
>0.05) observed between these values. Groups A, D, and E that contained anthocyanins showed higher
a* values than the other groups, and this difference was statistically significant (p < 0.05). Group A
has the highest value in comparison to the other groups, and this difference is also statistically
significant (p < 0.05) when looking at the b* value. Since whey is a yellow-green colored beverage
due to its high riboflavin content, color analysis results for a pure whey beverage should show -a and
+b values. The groups having anthocyanin in the whey beverages utilized in the study should have
greater -a and +b values, as expected. Jing and Giusti (2005) discovered that the L* value of
anthocyanin-rich extracts from purple maize cobs was 56.2; the a* and b* values were 3.2 and -2.3,
respectively. The color may have been redder and the a* value higher due to the higher amount of
anthocyanin extract applied in this investigation. As can be observed, the L* value was discovered to
be comparable to our research. L*, a*, and b* values dropped with increasing whey content, according
to Wang et al. (2023) investigation using whey containing rose anthocyanins extract. L*, a*, and b*
values in another study showing favorable values when 2% jabuticaba anthocyanins were added to
whey beverages were noted, and the L* value tended to rise with increasing whey concentration (Rocha

etal., 2018).
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Table 4. Color analysis of whey beverages during storage

Beverage samples

Color

value K (x £ SD) A (X = SD) B (X + SD) C (x+SD) D (X = SD) E (X + SD)
L* 56.9+2.8 53.6+2.8 53.3+0.8 55.9+3.6 539421 533+2.8
a* -398+03A -1.54+0.1B -352+04A -329+05A  -1.71+£03B -1.3+03B
b* 458+02AB 480+0.1B 351403 A 453+01AB 449+04AB 451+05AB

* K: Whey, A: Whey + Anthocyanin, B: Whey + B. coagulans, C: Whey + B. coagulans + Inulin, D: Whey + Anthocyanin
+ B. coagulans, E: Whey + Anthocyanin + B. coagulans + Inulin. X + SD: Mean and standard deviation. Differences

between groups are shown in uppercase letters.

Antioxidant Capacity

The whey beverages' DPPH-radical scavenging activities (RSA) were measured on the first day of
storage. There was no statistically significant difference (p > 0.05) between the groups. However, the
groups containing anthocyanin (E, D, and A) had the highest RSA values, with 60.63%, 60.21%, and
51.35%, respectively. The lowest value was found in group K, with 44.19%. The results of our study
indicate that anthocyanins, even when employed in extremely low levels in beverages, can
considerably boost antioxidant capacity since groups containing them demonstrated better antioxidant
capacity than other groups. In a study conducted by Zaman et al. (2023), it was found that the
antioxidant activity of a functional whey beverage containing sugar cane remained constant during
storage, and storage days had an insignificant effect on antioxidants (p > 0.05). As the amount of sugar
cane juice increased, antioxidants also increased. Oliveira et al. (2019) reported that there was a
decrease in antioxidant activity in fermented whey beverages with Kluyveromyces lactis and beet juice
between the beginning and the last days of shelf life (0 to 21 days), and the inhibition of DPPH varied
between 38.69% and 81.02% after 21 days of storage. They say that antioxidant activity also increased
due to the increase in the amount of beet juice. Purkiewicz and Pietrzak-Fie¢ko (2021) conducted a
study on the antioxidant capacity of whey beverages and discovered that the highest antioxidant
capacity was found in homemade whey beverages containing green fruits and vegetables (79.32%),
while supermarket whey beverages containing red fruits and vegetables (7.35%) had the highest
antioxidant capacity. They concluded that its antioxidant capacity was the lowest. In their investigation
using fermented milk and yoghurt containing acai berries, Campos et al. (2017) reported that
antioxidant activity had a strong association with anthocyanins and declined as these components

decreased.
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Sensory Analysis

Sensory analyses of whey beverages were carried out on the first, 14", and 21% days after storage (Fig.
4). Regarding the 'odor' parameter, only the score provided by the panelists on the 21 day in group E
was found to be statistically lower than the scores on the other days (p < 0.05). On the 14" day, there
is no statistically significant difference between the groups when examining the 'aroma’ scores of whey
beverages (p > 0.05). When the panelists evaluated the beverages according to ‘taste’ (p> 0.05), there
was no statistically significant difference between the groups on the 14" day. Group A achieved the
highest scores, while group E obtained the lowest scores on the 21% day, similar to the 'aroma'
parameter. It is obvious that the group was given the anthocyanin-containing groups (A, D, and E)
scored lower than the other groups on the first and 14" day, according to the analysis of the 'Color'
parameter; however, this difference was not statistically significant (p > 0.05). There were no
significant differences between the groups in terms of 'general acceptability' assessments on the first
and 14™ day (p > 0.05). In the analysis conducted on the 21 day, group A scored the highest with 8.2,
while group E scored the lowest with 4.4. There is still much to be learned about how to raise the
amount of whey consumed in the beverage sector, even though whey has been extensively researched
and used in the composition of many dairy products. A large number of patents about the process of
preparing whey beverages through the addition of different components have been registered recently.
For instance, whey beverages have been made with a variety of citrus fruits, tropical fruits, and other
fruits like strawberries, apples, cherries, pears, apricots, or melons (Djuri€ et al., 2004). Nevertheless,
whey lacks pleasing color, flavor, and aroma when consumed alone. As a result, different substances
are added to food to enhance its sensory qualities as well as its nutritional value. The finished product
must be consumable or acceptable to customers, even though functional features are also extremely
important. Protein concentrations utilized in combination with anthocyanins still require optimization,
according to Ren et al. (2021), because they have an impact on the rheological and sensory qualities
of anthocyanin-protein complexes, two crucial characteristics for food and beverage products.
Panelists assessed whey beverages according to homogeneity, homogeneity, appearance, texture, odor,
flavor, taste, consistency, and color in the current study. It was concluded that there was no statistically
significant variation in the panelists' ratings for appearance, texture, consistency, and homogeneity
among groups and days. Islam et al. (2021) found statistically significant variations in the average
scores of whey-pineapple beverages for color and appearance, flavor, mouthfeel, sweetness, and
overall acceptability. On the other hand, a 0-5 scoring system was used, and graphical results were
displayed. Upon closer inspection, the graph reveals that whey-pineapple beverages gradually lose

points while they are stored. It was stressed at the study's conclusion that the beverages made were a

24



significant development for food technology. Based on the sensory analysis results of the current study,
it is thought that whey beverages have a high potential to be a new functional beverage. Dingoglu and
Rugji (2021), in their study on the use of rose oil as a functional food in probiotic fermented whey,
found that the control group received the lowest score (2.38 £ 0.54) on the first day of production in
the scores the panelists gave to whey beverages for the 'generally acceptable' parameter. Similar results
were determined on other analysis days and were reported as 2.00+0.47, 1.81 £0.36, 1.75 £ 0.39, and
1.63 £ 0.45, respectively. In our study, it is seen that the highest score given by the panelists to whey
beverages on the 21% day is 8.2 + 0.4 (group A), and the lowest score is 4.4 = 0.5 (group E). For this
reason, although whey beverages received lower scores in our study due to the progress of
preservation, it can be said that they received higher scores compared to the study of Dingoglu and
Rugji (2021). Skryplonek et al. (2019) assessed the physicochemical and sensory characteristics of
fermented beverages containing probiotic bacteria based on acid whey combined with milk, condensed
milk, or skim milk powder. It was reported that the hardness of the samples did not change during
storage, and the beverage made from whey, milk, condensed milk, and L. acidophilus had the best
sensory properties. In their study, Ahmed et al. (2023) asked the panelists to rate the whey-mango
beverages on a scale of 1 to 9 for color, flavor, taste, appearance, and overall acceptability. It was
found that the panelists' ratings of the beverages declined in direct proportion to the duration of storage.
Thus, it can be concluded that one of the most crucial factors in determining whether or not the newly
produced functional beverage is accepted is the sensory evaluation. Even if whey beverages don't have
appealing sensory qualities, it can be said that the more ingredients added to the beverage, the more
consumable it becomes. In addition to the use of different food components and hedonic scales in the
studies, sharing graphical presentations rather than numerical data prevents an effective discussion.
However, it can still be said that the consumption desires of different whey beverages decrease due to
the advancement of their shelf life. The existence of microbiological activities related to the
preservation of beverages affects the results, such as pH, acidity, color, odor, aroma, and viscosity.

These parameters are directly reflected in sensory evaluations.
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(G), Aroma (H), and General Acceptability (I) parameters. K: Whey, A: Whey + Anthocyanin, B: Whey + B. coagulans,
C: Whey + B. coagulans + Inulin, D: Whey + Anthocyanin + B. coagulans, E: Whey + Anthocyanin + B. coagulans +

Inulin. Mean + SE with distinct lowercase letters on the bar indicating significant differences at p < 0.05 using the Tukey

test. Differences between groups are shown in lowercase letters. Error bars represent the standard error (SE) of panelist
scores (n=10)

Fig. 4 Sensory analysis chart of whey beverages
Conclusion

Some of the 6 different whey beverage groups produced in the study were fortified with WPI-

encapsulated elderberry anthocyanins, B. coagulans, and inulin. In the anthocyanin-containing groups
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(A, D, and E), there were reductions in both the stability and quantity of anthocyanin. The panelists
evaluated the beverages and gave very positive feedback on the first day of storage, but the scores
tended to decrease on the 21 day. Sensory analyses could not be carried out on the 28" day due to the
physicochemical and microbiological changes in the beverages. According to the available literature,
no research has been conducted on the creation of a functional whey beverage with probiotic and
prebiotic mixes, elderberry fruit extracts, and encapsulated anthocyanins. This is a noteworthy area of
study. Promising results from analyses on whey beverages that were enhanced with encapsulated
anthocyanins, BC30, and inulin suggest that the resulting beverage may have beneficial characteristics.
The beverage produced demonstrates promising in vitro antioxidant activity and sustains probiotic
viability at acceptable levels. Nonetheless, any prospective health advantages necessitate confirmation
via in vivo and clinical investigations. The results shown here describe the beverage’s functional
properties, but they don't make any health claims. The sensory analysis findings suggest that the
product is readily consumable. Conducting research and development in conjunction with facilities
that have more standardized and closed system production conditions can help to obtain optimal results
and facilitate the product's integration into the industrial field, which is one of the study's objectives.
The information gathered and provided in this study holds promise for helping researchers and
scientists understand the potential health impacts of the product. To aid the integration of this
functional beverage into the food industry, interventional clinical studies will be carried out using the

available data.
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