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animalis and investigation of some health effects of this functional beverage on rats
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Abstract

To meet consumer requirements and expectations, innovative approaches to combining whey with other ingredients are being
explored. The demand for health-promoting drinks containing vitamins, probiotics, prebiotics, minerals, and bioactive components
(antioxidants) has risen, propelling market expansion. The purpose of this study was to develop a synbiotic functional whey
beverage supplemented with Bifidobacterium animalis, D-allulose, and -glucan and evaluate its microbiological, physicochemical,
and influence on several health indicators in a Wistar rat model. The beverage supplemented with D-allulose had the highest
average viable counts of B. animalis (9.20 log, CFU/g) and was the second most preferred in terms of of taste, texture and
general acceptability compared to p-glucan-containing beverage. The highest TAS and lowest TOS values were determined
in the serum samples of rats belonging to group WA, WG and WAG, respectively. This study might lead to additional studies
focusing on specific variables and the relevance of utilizing D-allulose in dairy product processing.
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Practical Application: Whey beverage combining -glucan, D-allulose, and Bifidobacterium has the potential to play an essential
role in promoting health and preventing illnesses, particularly in terms of decreasing total cholesterol, enhancing blood lipid

profile, and reducing or maintaining body weight.

1 Introduction

The importance of the intestinal microbiota in health has
grown in recent years (Quigley, 2019). Dietary supplements,
such as prebiotics, are one common approach for altering the
composition of the gut microbiota. Prebiotics are defined as:”
selectively fermented ingredients that result in specific changes in
the composition and/or activity of the gastrointestinal microbiota,
thus conferring benefit(s) upon host” (Gibson et al., 2017).
As a result, there is an increasing interest in interventions that
can regulate the microbiota and its interactions with the host.
In this sense, prebiotics are one of the most used substances to
maintain a healthy microbiome or to restore its equilibrium
when bacterial homeostasis is disrupted (Farias et al., 2019).
Food components with prebiotic characteristics include non-
digestible carbohydrates such lactulose, inulin, and others (Al
Saqqa, 2021; Colantonio et al., 2020; Mohanty et al., 2018).
These components have been proven to enhance the growth
of Bifidobacterium populations in vitro and in randomized
controlled trials (Roberfroid et al., 1998; Sawicki et al., 2017).
Although probiotics are commonly defined as live and active
microorganisms, Zendeboodi et al. (2020) recommend
conceptualization of probiotics in 3 classes, which are ‘true
probiotic’ referring to viable and active cells, ‘pseudo-probiotic’
referring to viable and inactive cells in the forms of vegetative
or spore and ‘ghost probiotic’ referring to dead/nonviable cell,
in the forms of intact or ruptured. The Bifidobacterium genera

are the most often utilized probiotics in the food industry. They
are also common occupants of the human gut and have a long
history of safe use in the food industry (Dinkgi et al., 2019).
The survivability of Bifidobacterium spp. in foods is affected
by factors such as shelf life, preservation temperature, and the
presence of O, (Sir¢ et al., 2008).

International Society of Rare Sugars (ISRS) defines the term
“rare sugars” as “monosaccharides and their derivations that
are rare in nature.” Natural D-allulose, which is a C-3 epimer
of D-fructose (C.H ,0,) is one of the uncommon sugars
found in nature (Chung et al., 2012). Dietary D-allulose has a
calorie-reduction impact on the body, which improves insulin
resistance, antioxidant capacity and hypoglycemia control, as
well as diabetes and obesity management (Han et al., 2016;
Itoh et al.,, 2015). In addition, D-allulose can be utilized as a
prebiotic in synbiotic mixtures (Do et al., 2019). f-glucan is an
important dietary fiber found in cereal crops, such as barley,
oats, and mushrooms (Ahmad et al., 2012). It is an appealing
glucose polymer and a physiologically functional component
with a wide range of health effects, including anti-inflammatory,
antioxidant, anti-tumor, immunomodulation, and glycemic
and blood cholesterol regulation (Zanon et al., 2020). f-glucan
has been reported to act as a substrate for microbiological
fermentation and selectively stimulate growth and activity of
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beneficial bacteria such as Bifidobacterium and Lactobacillus
resulting in the formation of beneficial short chain fatty acids
(SCFA) (Nordlund et al., 2012; Shen et al., 2012). Lactobacillus
fermentum Lf2 can produce large quantities of exopolysaccharides
consisting of high molecular mass B-glucan (Ale et al., 2020).

Whey is the dairy industry’s greatest volume co-product,
and over the last two centuries, a great deal of effort has gone
into determining its chemical makeup and better understanding
the biological actions of whey components (Tsermoula et al.,
2021). Whey beverages have long been studied as carriers
for different prebiotics (Guimardes et al., 2018, 2019). Whey-
based beverages have a high nutritional value due to the high
concentration of essential and branched-chain amino acids
(Yadav etal., 2015). Consumption of this type of ready-to-drink
beverage is widespread, and its nutritional value is enhanced
by the addition of compounds such as probiotics and prebiotics
(Chavan etal., 2015). The purpose of this study was to investigate
the link between oat B-glucan, D-allulose, and survival of
Bifidobacterium animalis in whey beverage during cold storage,
as well as the influence of probiotic supplemented D-allulose
and P-glucan diet on some quality parameters, both separately
and in combination, in a rat model.

2 Materials and methods
2.1 Materials and preparation of whey beverage

The whey powder, D-allulose, and f—glucan used in the
preparation of the whey beverage were purchased commercially
from Mirel® Siit Uriinleri, Demireller Akaryakit Nak. Tic.
ve San. Ltd. Sti., Astraea, Matsutani Chemical Industry Co.,
Ltd. and Hammaddedepo Beta Glucan (80%), respectively.
Bifidobacterium animalis (ATCC 25527) was supplied from
the culture collection of Mehmet Akif Ersoy University, Faculty
of Veterinary Medicine, Department of Food Hygiene and
Technology.

Whey beverage was prepared using 90% demineralized
skimmed whey powder. The whey powder was dissolved in sterile
dH,0O at 65 °C for 15 min to approximately 20% of total solids.
It was cooled to 35 °C immediately after the heat treatment.
Afterwards, B. animalis and prebiotics were inoculated under
aseptic conditions and dispersed in equal volume containers
in the appropriate groups. The study consisted of four groups.
The sole ingredients in the control group (W) were whey and
B. animalis. Group WA had whey, B. animalis, and D-allulose
(1.2%), whereas group WG contained whey, B. animalis and -
glucan (1.2%). Group WAG was made up of whey, B. animalis,
D-allulose (0.6%) and p—glucan (0.6%) combination. B. animalis
was inoculated at the 0.5 McFarland level. The beverage was
distributed in equal volume containers and stored at 4 °C until
the analysis days. Production and analysis were performed in
triplicates.

2.2 Methods

Determining the microbiological quality of whey beverage

Total aerobic mesophilic counts (TAMC) were determined
by using plate count agar (Merck KGaA, Darmstadt, Germany,

VM748563624). Incubation was done at 37 °C for 48 h
(International Organization for Standardization, 2003). Total
aerobic psychrotrophic counts were determined by using plate
count agar (Merck KGaA, Darmstadt, Germany, VM748563624).
Incubation was done at 6.5 °C for 10 days (International
Organization for Standardization, 2019). Yeast and mould counts
were determined by using potato dextrose agar (Biolife, LOT
CH1803). Incubation was done at 25 °C for 5 days (International
Organization for Standardization, 2008). Coliform counts were
determined by using violet, red bile dextrose agar (Merck KGaA,
Darmstadt, Germany, VM730375616). Incubation was done at
37°Cfor 24 + 2 h (International Organization for Standardization,
2006). B animalis counts were determined with the use of a
selective culture medium MRS-NNLP by using the pour plate
method. It consisted of MRS Agar Iso Formulation, produced
by Biolife (LOT HC5002) supplemented with filter sterilized
solutions of nalidixic acid (PhytoTechnology Laboratories,
15 mg/L), neomycin sulfate (PhytoTechnology Laboratories©,
100 mg/L), lithium chloride (Merck KGaA, Darmstadt, Germany,
3.0 g/L), paromomycin sulfate (Cayman Chemical Company;,
Batch0538278-4, 200 mg/L), and L-cysteine hydrochloride
(Merck KGaA, Darmstadt, Germany, 0.5 g/L). Incubation was
done in anaerobic conditions as above mentioned at 37 °C for
72 h (Man et al., 1960).

Determining the physicochemical quality of whey beverage

Titratable acidity, dry matter, total nitrogen content and total
protein content was evaluated in accordance with Association
of Official Analytical Chemists (Williams, 1984). pH was
measured directly with a pH meter (704 pH Meter, Metrohm,
Netherlands). A tristimulus chromatometer (Minolta CR-400,
Osaka, Japan) was used to measure color, which was calibrated
with a white reference plate and CIELAB L*a*b* and E values.
Minolta measures were represented as L* for lightness, a* for
redness, and b* for yellowness (Kristensen et al., 2000). Viscosity
of beverage was measured using a rotary viscometer (DVII+Pro;
Brookfield Engineering, Middleboro, MA, USA). Results obtained
after 10 s are expressed as cP (Gassem & Frank, 1991).

Sensory analysis of whey beverage

A panel of ten expert analysts conducted sensory evaluations
on days 0, 7, 14, 21, and 28. The goal of sensory evaluation was
to determine if fermentation of whey would produce a drink
with acceptable sensory qualities. The evaluation was carried
out on a 9-point hedonic scale (9 being extremely excellent
and 1 being extremely poor). Color, texture, aroma, taste and
general acceptability were all rated by the panelists (International
Organization for Standardization, 2016).

Animals and experimental design

All experimental procedures were approved by the institutional
animal care committee in accordance with the guidelines of the
Experimental Animal Production and Experimental Research
Center (Protocol no: 813). A total of 50 male Wistar rats (6-8 weeks)
were purchased from the laboratory of the Experimental Animal
Production and Experimental Research Center. Only males
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weighing 250-300 g were used in the study. After a week of
acclimatization, the animals were randomly separated into five
groups (n = 10 animals per group) and housed in a room under
standard conditions of humidity (50-60%), temperature (25 £ 2 °C)
and on a 12 h light/dark cycle. A diet with standard laboratory
pellet and water ad libitum was provided. The research consisted
of five groups including a negative control (NC) group (dH,0).
Beverages were given to each member of the group (1 mL per
300 g animal). Prior to the administration of the beverages the
rats were weighed. The weightings were repeated on the 7, 14,
21 and 28" days, respectively. After the prepared products were
given to the rats for 28 days. Stool samples were taken from the
rats on the 7, 14 and 28" days. Coliform counts were determined
by using violet, red bile dextrose agar (Merck KGaA, Darmstadt,
Germany, VM730375616). Incubation was done at 37 °C for
24 + 2 h (International Organization for Standardization, 2006).
E. coli counts were determined on TBX (Oxoid CM 945) agar at
30°C for 4 h, then at 44 °C for 18 h, Lactococcus spp. (Dolci et al.,
2020), Lactobacillus spp. (Man et al., 1960), Streptococcus spp.
(Delgado-Fernandez et al., 2020) and Bifidobacterium animalis
(Dave & Shah, 1996) counts were analyzed from stool samples.
In addition, biochemical analyzes were performed from stool and
blood samples taken on days 14 and 28", respectively. Analyzes
were performed in triplicates.

Biochemical analysis

On the 14" day, blood samples were collected from 5 rats in
each group while they were under chemical anesthesia (ketamine
85 mg/kg-xylazine 10 mg/kg). Serum glucose, total cholesterol,
triglyceride, alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) were determined. A commercial kit
(Rel Assay Diagnostic) was used to determine the levels of total
oxidant status (TOS) and total antioxidant status (TAS) of the
serum samples.

2.3 Statistical analysis

All analyses were carried out in triplicate. The results were
subjected to one-way variance analysis (ANOVA) using the
Statistical Package for the Social Sciences (SPSS) (Version 26.0;
SPSS, Chicago, IL, USA). The statistical procedure, Tukey’s test,
was used to determine significant differences among the mean

values. Mann Whitney U test, which is the non-parametric
equivalent of the independent sample T-test, was used in the
analysis of the difference between days in biochemical analyses
and p < 0.05 was considered statistically significant in all analyses.
The results were expressed as mean * standard deviation (SD).

3 Results and discussions
3.1 Microbiological properties of whey beverage

The beverage was pasteurized at 65 °C for 30 min. The primary
objective of this heat treatment was to prevent or eliminate
microorganisms that may compromise the quality of the food
product. Thermal treatment was successful since no bacteria
were present (day 1). Table 1 illustrates the changes in counts
of B. animalis (at 7-day intervals) in synbiotic whey beverages
containing D-allulose and oat-based p-glucan during 28 days of
storage at 4 °C. B. animalis counts in probiotic whey beverage
supplemented with D-allulose (WA) were substantially higher
than in beverage supplemented with B-glucan. Dairy products
are the primary carriers of probiotics, and it has been indicated
that the minimum counts of probiotic bacteria in fermented
milk products at the time of ingestion should be 10°-10” cfu/mL
to impart health benefits (Kurtuldu & Ozcan, 2018). Obtained
results show that the viability of B. animalis was significantly
enhanced by D-allulose supplementation. The beverage with
D-allulose had the highest average viable count of B. animalis
(9.201log ,CFU/g), which was greater than in f-glucan-containing
beverage. The current study found that viable counts of B.
animalis on day 7 were substantially greater than viable counts
on previous storage days (P < 0.05).

3.2 Physicochemical properties of whey beverage

Table 2 shows the changes in chemical contents of synbiotic
whey beverage samples held at refrigerator temperature (4 °C)
for 28 days. pH is one of the most important factors impacting
probiotic viability. The pH of the drinks altered over time, with
the B. animalis and D-allulose-containing groups having a slightly
higher average pH than the other groups. The initial titratable
acidity in D-allulose and -glucan samples was 0.38 and 0.42%,
respectively, and gradually increased after 28 days of storage.
The initial viscosity for all beverages was around 8 mPa.s except for

Table 1. Microbiological properties of whey beverage samples during storage.

1 7 14 21 28

TAMC

w 8.69 + 0.03% 8.81 + 0.034¢ 8.67 +0.02 8.79 £ 0.01482 8.58 + 0.01%

WA 8.89 +0.014 8.83 +0.014¢ 8.85 + 0.014® 8.78 £ 0.01% 8.86 +0.014°

WG 8.77 + 0.04% 8.69 + 0.03%° 8.64 +0.01¢° 8.76 +0.01% 8.49 + 0.02°¢

WAG 8.87 +0.02% 8.81 +0.01% 8.76 + 0.025 8.81 +0.01% 8.53 +0.03%
B.animalis

w 8.83 + 0.3 8.54 +0.01¢ 8.70 £ 0.01¢® 8.71 £ 0.04% 8.81 +0.01%

WA 8.84 +0.014 9.20 £ 0.014¢ 8.90 +0.014° 8.88 + 0.014¢ 8.86 +0.0144

WG 8.77 +0.01% 8.75 + 0.025® 8.61 +0.01"¢ 8.74 +0.01% 8.76 £ 0.01°®

WAG 8.80 + 0.0148 8.75 + 0.065% 8.80 + 0.04% 8.77 £0.01% 8.78 +£0.01%*

Values are expressed as mean + Standard Deviation (SD). A-D = values with different superscripts in the same column are significantly different (P < 0.05); a-e = values with different
superscripts in the same line are significantly different (P < 0.05). W = control; WA = D-allulose 1.2%; WG = B-glucan 1.2%; WAG = D-allulose 0.6% and B-glucan 0.6%.
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Table 2. Physicochemical properties of whey beverage samples during storage.

1 7 14 21 28
pH
w 4.85+0.014 4.63 + 0.06A™ 4.63 £ 0.01%° 4.66 + 0.01% 4.41 £0.01¢
WA 4.87 +0.014 4.70 £ 0.014% 4.63 + 0.094 4.77 £ 0.014® 4.74 £ 0.01%
WG 4.83 +£0.01% 4.55 + 0.02% 4.53 +0.014 4.61 +0.01¢ 4.49 + 0.04%
WAG 4.86 + 0.024 4.64 +0.01% 4.58 £0.01% 4.68 £ 0.01% 4.49 +0.02%
Dry mater
w 17.69 + 0.01% 17.69 £ 0.04% 17.67 £ 0.01% 17.69 + 0.01% 17.70 £ 0.01%
WA 18.65 £ 0.014* 18.64 + 0.014° 18.63 £ 0.01* 18.63 £ 0.014 18.65 + 0.014
WG 18.65 £ 0.014 18.65 + 0.014* 18.65 + 0.024 18.65 £ 0.024* 18.66 + 0.014
WAG 18.64 + 0.014® 18.63 £ 0.014 18.62 + 0.024° 18.64 + 0.014® 18.65 + 0.014
Titratable acidity
w 0.39 +0.015< 0.54 +0.01% 0.54 +0.01™ 0.51 +0.01% 0.71 £ 0.014
WA 0.38 £ 0.01¢ 0.50 £ 0.01™ 0.55+0.01%% 0.42 £ 0.01¢¢ 0.44 £ 0.01¢
WG 0.42 +0.0244 0.60 + 0.014 0.57 £ 0.014% 0.55 +0.014¢ 0.66 + 0.01%
WAG 0.41 +0.01484 0.52 +0.01¢ 0.57 + 0.0148 0.51 £ 0.01% 0.66 £ 0.01%
Total protein content
w 1.81 £ 0.04¢ 1.94 £ 0.02% 2.21 £ 0.065® 2.31+0.07% 2.12 +0.06%°
WA 1.90 + 0.02% 2.16 £ 0.01%° 2.26 + 0.03A8 2.48 £ 0.074 2.21 +0.06%°
WG 1.97 £ 0.02% 2.11 £ 0.04 2.33 £0.01% 2.41 £ 0.03A8 2.21 £ 0.03%
WAG 1.93 +0.014% 2.15+0.01% 2.26 + 0.0248° 2.37 +0.0348 2.11 £ 0.074

Values are expressed as mean + Standard Deviation (SD). A-D = values with different superscripts in the same column are significantly different (P < 0.05); a-e = values with different
superscripts in the same line are significantly different (P < 0.05). W = control; WA = D-allulose 1.2%; WG = B-glucan 1.2%; WAG = D-allulose 0.6% and p-glucan 0.6%.

Viscosity of beverage
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Figure 1. Shear stress versus shear rate for whey beverages. W= control;
WA = D-allulose 1.2%; WG = B-glucan 1.2%; WAG = D-allulose 0.6%
and B-glucan 0.6%.

the control group (9 mPa.s) (Figure 1). All drinks demonstrated
an increase in viscosity with time, with the control group having
the highest value (14.5). The similar trend of pH and viscosity
was reported by Ryan & Foegeding (2015). When compared to
the other groups, the WG and WAG groups, appeared to have
the highest amount of protein (Table 2).

Table 3 shows the evaluation of the color parameters such
as L* (lightness), a* (redness: green to red), and b* (yellowness:
blue to yellow) of the samples. Analyzing L* parameter, control
group (W) seemed to be darker meanwhile the highest L*
value was determined in group WG (P > 0.05). On the first day
of storage, the L*, a* and b* values of the control group were

58.16-8.03 and 8.55, respectively. After 28 days of shelflife, these
values changed to 73.76-8.66 and 15.50. After 28 days of shelf
life, these values changed as 73.76-8.66 and 15.50.

3.3 Sensory evaluation of whey beverage

In sensory evaluation of whey beverages prepared with
B-glucan, D-allulose and B. animalis, control group (W) on the
14" day resulted to have the highest scores in terms of taste,
aroma, color, texture, and general acceptability. Meanwhile, WG
and WAG groups containing -glucan received the lowest scores
in terms of taste, texture and general acceptability. Kurtuldu &
Ozcan (2018) reported that yoghurt samples containing p-glucan
had a softer and rougher structure than the groups that did
not contain P-glucan. This situation may be related with the
secondary metabolites released because of synbiotic activities
(Kurtuldu & Ozcan, 2018). In terms of general acceptability,
it was seen that the group W and WA were not statistically
different (P > 0.05). Results are related with the findings in
other studies (Costa et al., 2020). Because of their functional
and technical properties, integration in the food matrix of
synbiotics may be of great interest for improving the texture
of food products. Especially, prospects for the development of
innovative functional foods with appealing sensory features
that are accepted by consumers are created, in addition to the
possibility of developing healthy products for persons with
dietary restrictions (Guimaraes et al., 2020). According to the
sensory evaluation results, the most liked group was the group
W, followed by the group WA. However, large-scale further
research is needed in the evaluation of consumer perceptions
in new functional products, as in the study of Silva et al. (2021).
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While the second most liked group was WA, it was seen that
the group W and WA were not statistically different in terms
of general acceptability (P > 0.05). Similar results were found
by Kim & Han (2019), where the overall acceptability score of
soy yogurt made using allulose received the highest score when
compared to the groups using less allulose.

3.4 Animal experiments
The effect of probiotic and prebiotics on body weight

The effect of the combined use of functional whey beverages
enhanced with D-allulose and B-glucan containing B. animalis
on some health and microbiological parameters in rats were
investigated for 4 weeks. The body weight changes are shown in
Table 4. The total weight gains of the groups were 70.4 + 27.4,
58.5+20.2,63.3+11.4,63.9 £ 14.2,and 63.4 + 29.3 g, respectively,
over 28 days. Although the weight gain of the negative control
(NC) group was higher than the groups containing functional
beverages, no statistically significant difference was found
(P>0.05). Similarly, although the experimental group receiving
only B. animalis (W) gained at least (58.5 * 20.2) for 28 days,
there was no statistically significant difference (P > 0.05). To the

Table 3. Changing on color parameters of whey beverage samples
during storage.

1 28
L>1>
w 58.16 + 2.114° 73.76 £ 0.5%
WA 61.31 + 3.54% 73.17 £ 0.548
WG 63.85 +0.234 72.27 £0.5%
WAG 60.80 + 2.68" 62.01 £ 0.5
a*
w -8.03 £ 0.02% -8.66 £ 0.05%
WA -8.46 £ 0.32% -9.19 £ 0.05"
WG -7.00 £ 1.194 -7.17 £ 0.05%
WAG -7.13 £0.36" -6.86 £ 0.05"
b)(-
w 8.55 + (.20 15.50 + 0.5%
WA 10.16 + 1.374 16.30 + 0.10%
WG 9.45 + 0.70 13.79 + 0.02¢
WAG 7.86 £ 1.26 10.20 + 0.02"*

Values are expressed as mean + Standard Deviation (SD). A-D = values with different
superscripts in the same column are significantly different (P < 0.05); a-e = values with
different superscripts in the same line are significantly different (P < 0.05). W = control;
WA = D-allulose 1.2%; WG = p-glucan 1.2%; WAG = D-allulose 0.6% and -glucan 0.6%.

knowledge of the authors, no study was found to investigate in
a beverage the prebiotic effects of both D-allulose and -glucan
together or separately in the same product. Therefore, this study
is the first scientific research in this context. Choi et al. (2018)
investigated the effects of D-allulose as a synbiotic mixture with
Lactobacillus sakei LS03 and Leuconostoc kimchii GJ2 probiotics
on diet-induced obese mice. At the end of the study, they
reported that groups containing D-allulose and probiotic
bacteria significantly reduced weight loss at the end of 12 weeks.
In the current study, healthy rats were fed with synbiotic whey
beverages. Therefore, it was necessary to comment on weight
gain rather than weight loss.

Do et al. (2019) investigated the effects of D-allulose on
impaired blood glucose and blood lipids with a high-fat diet
in C57BL/6] mice and reported that the group containing
D-allulose showed less weight gain than the control group.
Ke et al. (2019) investigated the synbiotic effects of f-glucan in
high cholesterol diet on wistar rats; it has been shown that rats
fed with a synbiotic mixture containing p-glucan and B. animalis
gained lower weight. However, in this study, unlike our study,
the synbiotic mixture was given to the experimental animals as
a supplement, not in the food matrix.

Biochemical analysis of blood samples

The blood glucose, lipids, AST-ALT enzymes, TAS and
TOS capacity of the rats on the 14™ and 28" days are shown in
Table 5. When the mean plasma glucose levels the lowest and
highest plasma glucose levels varied between 112.0 + 3.0 and
123.3 £ 1.3, but there is no significant difference (P > 0.05).
The evaluation of the plasma glucose levels revealed that this
parameter remains regular for 4 weeks. The lack of significant
differences between the groups in this study can be explained
by the fact that healthy experimental animals were studied, and
the plasma glucose levels were not impaired by diet or any drug.

Triglyceride and total cholesterol level examination revealed
no statistically difference in mean triglyceride levels between the
groups and between the days within the same group (P > 0.05).
On the other hand, total cholesterol levels of the groups on
the 14" day revealed that the highest total cholesterol level
was in the negative control (NC) group, and the lowest total
cholesterol level was in the group that received a synbiotic
mixture containing D-allulose + B-glucan (WAG), and this
difference was statistically significant (P < 0.05). At the end of
the 4™ week, the total cholesterol level was found to be highest

Table 4. Weight changes of the experimental groups during the study.

Experimental Groups (Mean + Std. Deviation)

Parameters
NC W WA WG WAG
Initial body weight (g) 227.1 + 30.8%° 243.4 +29.1%° 218.1 + 26.4"° 231.1 +21.6% 225.7 + 32.54°
7. day body weight (g) 255.7 + 34.94® 268.2 + 31.24® 240.4 + 27.84® 255.7 + 22,14 252.6 + 33.64%

14. day body weight (g)

21. day body weight (g)

28. day body weight (g)
Weight gain (g)

270.4 + 38.14®

285.3 +27.0M

297.5 +27.0%
70.4 +27.44

286.5 £ 32.74

283.5 +£20.3%®

301.9 +20.44
58.5 +20.24

259.1 + 30.14®

271.0 +£33.3%
281.4 +33.5M
633+ 11.44

275.8 + 24740

286.1 £ 22,94

295.1 +24.4%
63.9 + 14.24

264.6 + 36.0%°

285.2 + 14.0%
289.1 +£19.8%
63.4 +29.34

Differences in analyzes between groups are shown in capital letters; differences in analyzes between days are shown in lowercase letters.
NC = negative control; W = whey beverage; WA = whey+D-allulose; WG = whey+B-glucan; WAG = whey+D-allulose+p-glucan; g = gram; Std. = standart.
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Table 5. Results of some biochemical parameter analyzes of the experimental groups.

Experimental Groups (Mean + Std. Deviation)

Parameters Day*
NC W WA WG WAG
Glucose (mg/dL) 14 112.0 £ 3.0% 116.0 + 2.0* 114.0 +2.0% 115.0 + 5.0% 113.3 £ 1.3%
28 115.0 + 6.6* 115.3 +0.0% 118.0 + 0.0% 111.3 £ 4.7% 123.7 £ 7.0%
Triglyceride (mg/dL) 14 52.3 £21.6™ 427 £2.7% 25.6 £ 6.7 46.1 £ 0.7 53.1 £ 14.3%
28 335+ 7.5% 36.0 + 3.0 31.0 £ 3.0% 46.5 + 8.5% 40.5 + 4.5%
Total cholesterol (mg/dL) 14 34.5 + 5.6 34.3 + 1.24% 29.1 + 3,548 32.0 + 4.14% 24.6 +2.5%
28 34.0 £2.04% 31.0 £5.0% 32.0 £ 3.0M 32.5+4.5% 27.0 £3.0%
AST (U/L) 14 91.5 +10.24 121.8 £ 1.4% 81.9 £5.14 102.8 + 32.9% 134.4 +24.3%
28 217.1+9.4% 187.7 £ 32.7% 191.4 + 34.6™ 188.3 +18.14 143.4 + 14.1%
ALT (U/L) 14 53.8 £ 11.5% 72.6 £13.9% 70.8 £ 25.0% 48.4 + 6.7 61.0 +£2.0"
28 57.4 +16.7% 58.9 + 10.6* 56.8 + 11.0% 51.6 + 3.3% 53.4 + 4.4%
TAS (mmol/L) 14 1.1 £0.7% 1.0 +£0.24 0.8 +£0.14 0.8 £0.14 0.7 £0.7%
28 1.0 £0.3% 0.8 £0.3% 1.0 £0.1% 1.0 +0.1%* 1.6 +0.1%
TOS (ummol/L) 14 4.4+0.8% 7.6 +2.5% 2.9 £0.6%% 9.6 + 1.65% 59+0.7%
28 9.4 + 5.3 3.8 2.1 2.8+0.7% 2.5+ 0.4 2.5+0.1%

*Mann Whitney U test was used. Differences in analyzes between groups are shown in capital letters; differences in analyzes between days are shown in lowercase letters. NC = negative
control; W = whey control; WA = whey+D-allulose; WG = whey+p-glucan; WAG = whey+D-allulose+B-glucan; AST = aspartate aminotransferase; ALT = alanine aminotransferase;
Std. = standart; mg/dL = milligram/deciliter; U/L = unite/liter; mmol/L = millimole/liter; ummol/L = micromole/liter.

in the WA group and lowest in the WAG group. Although the
effect of the synbiotic mixture containing D-allulose + B-glucan
on total cholesterol levels is higher, the total cholesterol levels
of all groups are lower than the reference values.

Regarding the administration of prebiotics, most meta-
analyses revealed minor or no changes in body weight as well
as improvements in total cholesterol level as in the present study
(Vallianou et al., 2020). Colonization in the human gut of the
Bifidobacteria, which has many beneficial health effects, prevents
hypercholesterolemia (Rosburg et al., 2010). p-glucan and D-allulose
commonly metabolized by Bifidobacterium reduce energy intake
and lower cholesterol levels by altering the lipid metabolism and
increasing the excretion of fecal lipids (Fernandez-Julia et al.,
2021; Han et al., 2020). These effects were clearly demonstrated
in the present study. Likewise, Guimardes et al. (2022) observed
that a 15 days of prebiotic soursop whey beverage consumption
was sufficient to cause significant alterations in healthy Wistar
rats’ health indices.

There was no statistically significant difference between the
days in the TAS and TOS values (P < 0.05) (Table 5). When the
TAS values are examined, it is seen that there is a decrease from
the 14 to the 28" day in the NC and W groups, while there is an
increase in the WA, WG and WAG groups. While there was an
increase in TOS values in the NC group, there was a decrease
in all other groups. As a result, it is thought that WA, WG and
WAG groups increase TAS in experimental animals while
decreasing TOS. Therefore, it can be said that D-allulose and
B-glucan in beverages have antioxidant effects. Suna & Tokuda
(2020) reported that D-allulose prevents phthalic acid-induced
testicular damage by inhibiting reactive oxygen species. Alp et al.
(2012) reported that -glucan supplementation increased TAS
levels and decreased TOS levels in diabetic rats. It is seen that
the combined effect of D-allulose and p-glucan causes higher
TAS level and lower TOS level compared to the groups in which
they are administered separately.

Choi et al. (2018) studied the effects of D-allulose on the
plasma lipid profile in their study on diet-induced obese rats
using D-allulose as a synbiotic mixture. It has been reported
that the plasma triglyceride, non-HDL and apolipoprotein
A1l values of the group given Lactobacillus sakei LS03 and
Leuconostoc kimchii G]2 and D-allulose decreased significantly.
It has been reported that supplementation of Leuconostoc
kimchii GJ2 with D-allulose is associated with lower triglyceride
and total cholesterol levels. As a result, it has been shown
that D-allulose, which has anti-obesity effects, can be used in
synbiotic mixtures. Do et al. (2019) investigated the effects of
high-fat diet and high-fat diet containing D-allulose on blood
glucose and blood lipids in C57BL/6] mice; They reported that
plasma blood glucose, triglyceride, AST and ALT enzyme levels
were significantly lower in the group containing D-allulose at
the end of 8 weeks. In a study in which p-glucan was given to
rats as a synbiotic mixture with B. animalis, it was reported that
the synbiotic mixture reduced fasting blood sugar levels more
than the control group and the groups in which prebiotics and
probiotics were given separately.

Microbiological analysis of faeces

Table 6 displays the findings of microbiological assessment
conducted on fecal samples collected from individuals of each
group on the 7, 14, and 28" days. Except for the coliform counts
in the WG group, the obtained findings were nearly similar for
all parameters. On the 28" day, this group showed a statistically
significant decline (P < 0.05). E. coli counts were found to be
identical to coliform counts. The decrease in the WK and WG
groups was statistically significant only on the 14" day, although
it was discovered that this decline tended to increase again on
the 28" day. Initially Lactobacillus spp. counts increased with
the highest counts on the 14" day in all groups; but it started
to decrease again on the 28" day. On the 7™ day, the highest
Lactobacillus spp. counts were found in the WA group, then in
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Table 6. Microbiological analysis of fecal samples.

Experimental Groups (Mean + Std. Deviation)

Parameters Day
NC WA WG WAG

Coliform 7 5.50 + 0.07" 5.71 £ 0.074% 5.81 +0.02* 5.42 +0.16" 5.68 £ 0.15%

14 5.62 +0.15% 5.71 +0.09% 5.70 + 0.15% 5.57 +0.524 5.40 + 0.28%

28 545+ 0.294 5.51 +0.394 5.59 +0.23% 5.09 + 0.00% 5.51 + 0.46*

E. coli 7 5.75+0.12% 5.80 + 0.50* 5.61 +0.20* 5.71 +0.00* 5.53 +0.82*
14 5.94 + 0.04* 5.29 +0.10% 5.91 +0.53% 5.09 + 0.88" 5.55 + 0.38*%

28 5.90 + 0.50* 5.79 £ 0.16* 579 £0.11* 5.40 + 0.30* 5.55 + 0.34*
Lactobacillus spp. 7 8.44 + 0.56° 8.82 £ 0.88% 9.00 + 0.434 8.87 £ 0.23%% 8.92 £ 0.01*%
14 9.42 +0.224 9.48 + 0.25% 9.36 £ 0.26* 9.12+0.81% 9.15 + 0.56*

28 8.50 +0.24" 8.39 +£0.17% 830 £0.13% 8.26 £ 0.20™ 8.38 £0.15"

B. animalis 7 8.47 £ 0.67% 8.88 £ 0.29" 9.12+0.15% 8.94 +0.15" 9.08 £0.13%*

14 9.23 +£0.14% 9.39 £0.124% 9.18 £ 0.53" 9.24 +0.88" 9.53 +0.96*
28 8.33 +0.84"% 8.45 + 0.54% 8.10£0.17% 8.16 + 0.52¢ 8.94 + 0.59%¢¢

Lactococcus spp. 7 6.97 +0.16* 7.31+0.21% 7.03 + 0.0045 6.90 % 0.04% 7.63  0.45%
14 7.89 +0.024 7.79 £ 0.96* 7.93 +1.02% 8.17 +0.39* 7.80 + 0.074

28 7.05 +0.39% 7.57 £0.70% 7.03 £0.07% 8.72 £0.07% 8.69 £ 0.0%
Streptococcus spp. 7 8.09 +0.034 891 +0.17% 8.91+0.17% 8.76 + 0.1% 8.92 +0.10%°
14 8.36 £0.13* 8.77 £0.16* 8.71 £ 0.07* 8.80 + 0.43* 8.71 +£0.174®
28 8.61 +0.39* 8.01 +0.06" 8.04 + 0.04% 9.16 + 0.32% 9.21 +0.20%*

Differences in analyzes between groups are shown in capital letters; differences in analyzes between days are shown in lowercase letters. NC = negative control; W = whey control; WA
= whey+D-allulose; WG = whey+p-glucan; WAG = whey+D-allulose+p-glucan; Std. = standart.

the WAG and WG groups. B. animalis used as a probiotic in
the study was found to be in the lowest NK group, which is an
expected result.

4 Conclusion

Although the health benefits of f-glucan, D-allulose and
Bifidobacterium species have been demonstrated in vivo and in
vitro studies, no study has been conducted on a diet modeling
using all of them at once, and on revealing their effects on
experimental animals. For this purpose, a functional whey
beverage was prepared by using these components in different
combinations and the effects of this beverage on some health
parameters were investigated on a rat model.

In view of obtained data we can safely say that the whey
beverage prepared with the combination of B-glucan, D-allulose
and Bifidobacterium is a high-quality product in terms of the
tested parameters. The obtained results revealed that whey
beverage containing these components is a candidate to play
an important role in promoting health and protecting against
diseases, especially for lowering total cholesterol, improving
blood lipid profile, reducing, or maintaining body weight.
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