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Abstract

High-protein fermented whey beverage (FWB) was manufactured using whey protein concentrate (WPC) and Lactobacillus plan-
tarum DK211 isolated from kimchi. This study was designed to evaluate the anti-obesity activity of FWB in male rats fed a high-fat diet.
Male Sprague-Dawley rats were randomly assigned to three groups (n=8 per group). The three groups differed in their diet; one group
received a normal diet (ND), another, a high-fat diet (HD), and the third, a HD plus fermented whey beverage (HDFWB), for 4 wk.
Supplementation with FWB (the HDFWB group) prevented weight gain and body fat accumulation. The food intake in the HDWFB
group was significantly lower (p<0.05) than that of the HD group. The HDWFB group also showed a significant decrease in organ
weights (p<0.05), except for the weight of the testis. There was a significant decrease in total cholesterol, LDL-cholesterol, and triglyc-
erides in the HDFWB group compared with the HD group (p<0.05), but there was no significant difference in serum HDL-cholesterol
levels among the experimental groups. Rats ingesting FWB (the HDFWB group) also showed a significant decrease in blood glucose
levels, and plasma levels of insulin, leptin, and ghrelin compared to HD group (p<0.05). These results indicate that FWB has beneficial
effects on dietary control, weight control, and reduction in fat composition and serum lipid level; consequently, it may provide anti-

obesity and hypolipidemic activity against high fat diet-induced obesity in rats.
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Introduction

To maintain body weight in a stable condition, there
must be an energy balance; energy intake has to be equal
to energy expenditure. However, when the energy balance
gets disturbed, this may eventually lead to sustained wei-
ght problems, such as obese subjects (Klok et al., 2007).
Obesity is primarily considered as a disorder of lipid
metabolism as well as a disarray of energy balance. It is
one of the major public health problems in the world due
to its association with an increased risk of various chronic
diseases, including cardiovascular diseases, type 2 diabe-
tes, hypertension, dyslipidemia, and various cancers (Jin
et al., 2013). Chronic consumption of a high-fat and high-
cholesterol diet may induce hyperlipidemia, hepatic lipid
accumulation, lipid peroxidation, and hepatotoxicity (Xu
et al., 2013).

There are many different treatments to help control obe-
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sity, including diet, exercise, behavior modification, and
medication (You ef al., 2014). Among these treatments,
reducing excessive energy intake might be one of the ma-
jor ways to correct obesity, but the compliance of energy-
restricted diets should not be easy (Yu et al., 2009).
Therefore, dietary manipulations maximizing satiety or
consumption of food components with adipogenesis-sup-
pressive ability may be obvious applications for the
future treatment of the overweight and obese (Yu et al.,
2009; Xu et al., 2013).

Consuming more frequent, higher protein meals is a
commonly practiced dietary strategy to increase healthy
eating and promote weight loss, as well as, the prevention
of weight re-gain following weight loss (Douglas et al.,
2013). It is well known that dietary protein, compared
with high fat and/or high carbohydrate diets, has a higher
appetite control and satiety effect, shown by its ability to
suppress the subject’s caloric intake in subsequent meals
(Douglas et al., 2013; Yu et al., 2009). Dairy proteins,
especially whey proteins, have been suggested to have a
better effect on appetite control than other protein sour-
ces, such as egg and casein, and to play a key role as a
mediator of beneficial metabolic effects (Pal ef al., 2010;
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Shi et al., 2012). Several animal and clinical studies have
shown the effects of whey protein intake on obesity and
obesity-related diseases (Belobrajdic et al., 2004; Jakub-
owicz and Froy, 2013; Pal et al., 2010; Park et al., 2008;
Pilvi et al., 2008; Shi et al., 2011; Shi et al., 2012; Sid-
diqui ef al., 2008; Yu et al., 2009).

Several prospective observational studies and clinical
studies have been conducted to examine the relationship
between dairy product consumption and weight gain or
overweight/obesity status (Martinez-Gonzalez et al., 2014).
Dairy products intake has shown the beneficial effects on
metabolic risk factors in overweight and obese individu-
als (Pal et al., 2010; Shi et al., 2012). It has been thought
that the slenderizing effects of yogurt are due to a probi-
otic bacteria-mediated mechanism. The relationship bet-
ween the intestinal environment and host health has been
extensively studied since the importance of lactic acid
bacteria on good health and longevity has been suggested
by Mechinikoff (Ikeda et al., 2014). Lactic acid bacteria
are important members of the normal intestinal microf-
lora and are reported to exert beneficial effects, not only
for bowel function, but also many biological functions or
expressions of diseases, such as serum cholesterol, lipid
metabolism, blood pressure, immune system, and obesity
(Ikeda et al., 2014; Lee et al., 2013). Therefore, dietary
probiotic consumption alters gut microbiota and may be
another effective strategy for weight control.

Recently, consumers’ interests in ready-to-drink (RTD)
protein drinks have increased in the market for sports
nutrition, and medical and therapeutic beverages, because
of their unique nutritional value, especially abundant sup-
ply of essential amino acids for protein synthesis, and ex-
cellent functional properties in food products (Rittmanic,
2010; Sanmartin et al., 2013). In previous study (Cho et
al., 2015), we developed a functional fermented whey be-
verage (FWB) manufactured using whey protein concen-
trates 80 (WPC 80) and Lactobacillus plantarum DK211
isolated from traditional Korean fermented food, and
evaluated its functionality and sensory properties. The
aim of the present study was to investigate the potential
anti-obesity and metabolic effects of FWB through the
measurements of body weight gain, organ weights, serum
lipid, blood glucose, insulin and appetite-related hor-
mones in high-fat diet-induced obese rats.

Materials and Methods

Materials
The strain, Lactobacillus plantarum DKL 121 was iso-

lated from kimchi samples, and maintained in glycerol
stocks at -20°C. Lactococcus lactis (L. lactis R704, Chris-
tian Hansen, Denmark) was provided from Jupiter Int. Co.
(Korea). Whey protein concentrate (WPC 80) and skim
milk were purchased from Sung Poon Co. (Korea) and
Seoul Milk (Korea), respectively. Sucrose was obtained
from CJ Co. (Korea). MRS broth was purchased from
Difco (USA). All other chemicals and reagents used were
of analytical grade, and were purchased from Sigma-Ald-
rich (USA). The general and high-fat diets were pur-
chased from Daehan Biolink Co. Ltd. (Korea), and their
formula and nutritionals compositions are shown in Table
1 and Table 2, respectively.

Manufacture of fermented whey beverage

Fermented whey beverage was prepared using 11% WPC
80, 2% skim milk powder, and 10.3% sugar. The mixed
culture of Lactobacillus plantarum DK211 and Lactococ-
cus lactis was previously sub-cultured in triplicates in
MRS broth at 37°C. All dry ingredients were dissolved in
sterile water and homogenized with a homomixer (IKA,
Korea) at 10,000 rpm. This mixture was then pasteurized
at 70°C for 30 min, cooled to about 40°C, inoculated cul-
ture at a rate of 20 mLeL™" (10° CFUsmL™"), and fer-
mented at 37°C for 10 h until the desired pH of 4.5 had
developed. The nutritional composition of final FWB pro-
duct is shown in Table 2.

Table 1. Composition of the experimental diets fed to rats
High-fat diet

Normal diet

Component (g/kg) (ND) (HD)
Casein 210.0 265.0

Sucrose 325.0 90.0
Maltodextrin 50.0 160.0
Cellulose 37.15 65.5

Mineral Mix, AIN-93G-MX 35.0 48.0
Vitamin Mix, AIN-93-VX 15.0 21.0
Soybean oil 20.0 30.0
Lard 20.0 310.0

L-Cystine 3.0 4.0

Table 2. Nutritional compositions of the experimental diets
and fermented whey beverage (FWB)

Normal diet High-fat diet

(ND) (HD) FwB
Energy (Kcal) 451.4 701.5 83.8
Protein (%) 20.1 18.4 9.0
Carbohydrate (%) 69.8 21.3 11.5
Fat (%) 10.2 60.3 0.2
Viable cell count
(Log CFU/mL) - 9.6240.05
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Experimental animals and diets

Four-week-old male Sprague-Dawley (SD) rats (n=24)
with an average body weight of 156.04+11.74 g were pur-
chased from Daehan Biolink Co. Ltd. (Korea). The rats
were housed in stainless steel cages in a room with con-
trolled temperature (22+2°C), humidity (65+5%), and
lighting (12 h altering light-dark cycle). Following one
week of acclimatization with a pelletized normal diet, rats
were randomly divided into three groups as follows: nor-
mal diet (ND), high-fat diet (HD) and HD plus FWB
(HDFWB). Each experimental group consisted of 8 ani-
mals. All mice in the HD and HDFWB groups received a
high-fat diet. The mice in the HDWFB group were given
the FWB (3,000 mgeday') using oral gavage once a day,
while the mice in the ND and HD groups were given
same amount of saline solution via oral gavage. During
the experimental period (4 wk), the rats were given free
access to food and water. Food intake was monitored daily,
and their body weights were measured once per week.
Weight gain was determined from body weight. The ex-
perimental design was approved by Experimental Animals
Ethics Committee of Dankook University, and the rats
were maintained in accordance with their guidelines.

Preparation of organ samples and body fat pads

At the end of the experimental period, following 12 h
of fasting, the rats were anesthetized with ethyl ether.
Blood was collected using a cardiac puncture, and serum
was separated by centrifugation at 10,000 g for 10 min.
The serum was stored at -80°C until analysis. The liver,
spleen, kidney, and testis were removed to measure the
change in weight. The body fat pads of the abdominal
and epididymal areas were collected, washed with saline,
and weighed.

Measurement of serum lipid levels

Serum triglyceride (TG), total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), and low density
lipoprotein cholesterol (LDL-C) levels were measured
using enzyme kits TG, CHOL, HDL-C plus 3rd genera-
tion, and LDL-C plus 2nd generation (Roche, Mannheim,
Germany), respectively.

Measurement of serum glucose, insulin and appe-

tite-related hormones levels

The concentrations of blood glucose were measured by
an enzymatic kinetic assay, using the enzyme kit GLU
(Germany). Serum insulin concentrations were measured
by an enzyme-linked immunosorbent assay (ELISA) using

the Insulin-Rat/Mouse ELISA Kit (Millipore, USA). The
major appetite-related hormones, leptin and ghrelin were
measured by ELISA using the Mouse Leptin ELISA Kit
and Rat/Mouse Ghrelin (Total) ELISA (Millipore, USA),
respectively.

Statistical analysis

For statistical analysis, statistical analysis system (SAS)
program was used and data were expressed as the means+
standard deviation (SD). The significance of differences
among the three groups was assessed by Duncan’s multi-
ple range test. Results were considered to be significantly
different when P values were <0.05.

Results

Effects of the FWB on body weight changes and

food intake

After the experimental period, the final body weight in
HD group was 316.76+16.15 g (Table 3), consequently,
rats in HD group showed a significant body weight gain
compared to ND and HDFWB groups (p<0.05). There
was no significant difference in the final body weights
between ND group (274.78+10.54 g) and HDFWB group
(259.28+19.23 g), but the body weight gain in HDFWB
group was lower than that of ND group. Similarly, the
food intake in HD group was significantly higher than
other two groups (p<0.05).

Effects of the FWB on the weight organs and body

fat pads

The HDFWB group showed significantly lower liver,
spleen, and kidney weights compared to the HD group
(Table 4). However, no significant increase was observed
with the high fat diet on the weight of the kidney. In accor-

Table 3. Body weight changes and food intakes of rats that
fed normal diet (ND), high-fat diet (HD), or HD plus
fermented whey beverages (HDFWB) during exper-
imental periods

Treatment groups
Normal diet High-fat diet

(ND) (HD) HDFWB
Body weight (g)
Initial 156.03+11.57* 156.05£9.39* 156.04+14.27°
Final 274.78+10.54°316.76+16.15*259.28+19.23°
Gain 118.7446.02° 157.75+13.722103.24+12.04°
Food intake (g/d)  17.36+2.36° 23.01£3.05* 17.51+2.22°

Values are expressed as mean+SD (n=8).
“®Means with different superscript letter among groups are signif-
icantly different at »<0.05 by Duncan’s multiple range test.
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Table 4. Effects of the fermented whey beverage (FWB) on
organ and fat pad weights of the rats after the ex-
perimental period

Weights (g)
Normal diet High-fat diet
(ND) (HD) HDFWB
Liver 9.69+0.91°  11.79+1.73* 8.76+1.41°
Spleen 0.7740.09°  0.75+0.15*  0.58+0.11°
Kidney 2.39+0.29°  2.41+£0.27°  1.97+0.10°
Testis 3.0240.20*°  3.06+0.43*  2.91+0.15°
Abdominaland 1o 1 50 G agiigpr 3084127
epididymal fat pads

Values are expressed as mean+SD (n=8).
“®Means with different superscript letter among groups are signif-
icantly different at p<0.05 by Duncan’s multiple range test.

Table 5. Effects of the fermented whey beverage (FWB) on
serum lipid profiles of the rats after the experimen-
tal period

Treatment groups
Normal diet High-fat diet
(ND) (HD)
Triglyceride 76.25+1.54° 142.75+5.41* 65.63+1.78°
Total cholesterol ~ 84.25+1.24°  97.88+1.95*  73.75+2.05°
LDL-cholesterol ~ 66.50£4.21°  77.88+1.49* 56.88+2.94°
HDL-cholesterol ~ 17.88+1.59°  19.38+4.28°  16.50+0.83°
Values are expressed as mean£=SD (n=8).
**Means with different superscript letter among groups are signif-
icantly different at p<0.05 by Duncan’s multiple range test.

Serum lipid levels
(mg/dL)

HDFWB

dance with body weight, the weight of the abdominal and
epididymal fat pads was also markedly higher in the HD
group compared to the ND and HDFWB groups. The dif-
ference between the ND and HDFWB groups with res-
pect to the weight of liver and fat pads did not reach sta-
tistical significance.

Effects of the FWB on serum lipid profiles

It was observed that rats supplemented with FWB (the
HDFWB group) for 4 consecutive weeks showed a sig-
nificant decrease in the levels of serum triglycerides (65.63
+1.78 mgedL™), total cholesterol (73.75+2.05 mgedL™"),
and LDL-cholesterol (56.88+2.94 mgedL™") compared to
the HD group (p<0.05) (Table 5). LDL-cholesterol levels
in the HDFWB group were even significantly lower than
those of the ND group (p<0.05). No significant differ-
ences in the HDL-cholesterol levels among the three
groups were observed in this study.

Effects of the FWB on the levels in blood glucose

and serum insulin

As shown in Fig. 1, the fasting blood glucose level and
serum insulin level were significantly increased in the HD
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group compared to the ND and HDWFB groups after 4
wk of the experimental period (p<0.05). There was no sig-
nificant difference between the ND and HDWFB groups.

Effects of the FWB on serum appetite-related hor-

mones

Fig. 2 shows the effects of FWB on the levels of appe-
tite related hormones, leptin and ghrelin. Both leptin and
ghrelin levels in the ND and HDWFB groups were not
significantly different, but those in the HD group were
significantly higher than those in the ND and HDWFB
groups (p<0.05).

Discussion

Obesity is an important topic in the world of public
health and preventive medicine. It is characterized by an
increase in the number and size of adipocytes at the cellu-
lar level in humans and animals (Pal ef al., 2010). In the
present study, the effect of FWB on obesity in male rats
fed a high-fat diet was evaluated.

As in other animal studies, this study proved that a high
fat diet for 4 wk resulted in a significant increase in the
rats’ body weights. Daily food intake was also signifi-
cantly increased in the HD group compared to the ND
and HDFWB groups. This observation indicates that the
increase in body weight is related to the amount of food
consumption. Supplementation with FWB causes a remar-
kable reduction in body weight when compared to the HD
group, showing the anti-obesity action of FWB. Shi e al.
(2011) showed that a diet based on whey protein enhan-
ced weight loss and decreased body fat content in high-fat
diet fed mice compared with casein. The major whey pro-
tein fractions are o-lactalbumin, [3-lactoglobulin, and lac-
toferrin. B-lactoglobulin is a member of the lipocalin fam-
ily, capable of trapping hydrophobic molecules, such as
fatty acids and cholesterol, and consequently it may par-
ticipate in reducing intestinal lipid absorption (Shi et al.,
2012). It has also been recognized that microbiota and
obesity or cardiovascular diseases are related. The probi-
otics, such as Lactobacillus and Bifidobacterium, that
come from dairy products have been suggested to posi-
tively modulate gut microbiota, and consequently may
help to reduce the risk of overweight or obese (Martinez-
Gonzalez et al., 2014). Poutahidis er al., (2013) discov-
ered, in their mouse model study, that feeding of probiotic
yogurt together with general chow or with ‘fast food’ style
chow entirely inhibited the mice’s fat accumulation and
body weight gain. They noted that both lactic acid bacte-

ria and the resident microbiome affect the host immunity,
which in turn affects obesity. Martinez-Gonzalez et al.
(2014) also found that a higher consumption of yogurt
was associated with a lower risk of being overweight or
obese in their cohort study.

The inter-meal interval and number of meals are con-
sidered to be indicators of satiety, which indicates a pro-
longed fullness after meals and a reduction of motivation
to reinitiate a next meal (Yu et al., 2009). The results sho-
wed that dietary supplementation with a fermented whey
beverage had significant effect on the daily food intake
compared to the HD and ND groups (p<0.05). The dec-
rease in the number of meals in the HDWFB group indi-
cates that the diet reduced spontaneous meal frequency
during the experiment period. Yu et al. (2009) also rep-
orted that the inter-meal interval of mice fed a whey pro-
tein diet was the longest and their number of meals was
the lowest among the tested diets. These results indicate
that the whey protein diet had a potent satiety effect.

Obesity is characterized not just by an increase in body
weight, but also by changes in body composition, and in
particular, an increase in body-fat is a key indicator of
obesity (Bocarsly ef al., 2010). Compared to the HD and
ND group, the weights of spleen and kidney were signif-
icantly decreased in the HDFWB group. Also, there were
significant decrease in the weight of liver, and the body
fat pads in the abdominal and epididymal areas of the
HDFWB group compared to those of the HD group. Pou-
tahidis ef al. (2013) observed that abdominal fat and sub-
cutaneous fat accumulations were significantly reduced in
mice eating purified probiotics. Martinez-Gonzalez et al.
(2014) stated that the potential anti-inflammatory actions
of probiotics contained in yogurt may contribute to reduc-
ing the risk of overweight/obesity, possibly as a result of
their ability to reduce lipopolysaccharide production. As
mentioned earlier, whey protein also contributes to the
reduction of body fat accumulation.

Dyslipidemia is another important hallmark in the
pathogenesis of obesity characterized by hypertriglyceri-
demia with decreased levels of LDL and VLDL-choles-
terol (Bais et al., 2014). To investigate the effects of FWB
on the improvement of lipid disorders in mice, the levels
of triglycerides, total cholesterol, HDL-cholesterol, and
LDL-cholesterol in serum were measured. It was observed
that supplementation with FWB did significantly attenu-
ate the serum levels of triglycerides, total cholesterol, and
LDL-cholesterol. These results were in accordance with
the results reported by Jacobucci ef al. (2001), where the
blood serum and liver cholesterol were significantly dec-
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reased in the rats on a whey protein concentrate (WPC)
diet. According to Shi et al. (2012), B-lactoglobulin, one
of the major whey protein fractions, is a member of the
lipocalin family, capable of trapping hydrophobic mole-
cules such as fatty acids, cholesterol, retinol, and vitamin
D. Therefore, it is possible that f3-lactoglobulin partici-
pates in reducing intestinal lipid absorption. Pal et al.
(2010) also stated that whey protein supplementation can
significantly improve metabolic risk factors associated
with chronic diseases in overweight and obese individu-
als.

Insulin resistance is associated with a number of meta-
bolic disorders such as obesity, hyperlipidemia, and hy-
pertension (Bais et al., 2014). Several studies (Bais et al.,
2014; Fan et al., 2014) indicated that in animal studies,
high fat diets resulted in disturbance in glucose metabo-
lism and caused glucose tolerance. Similar to their stud-
ies, the present study demonstrated a significant increase
in blood glucose and serum insulin levels in the HD group,
while the HDFWB group showed lowest levels (Fig. 1).
These findings suggest that FWB can reduce blood glu-
cose levels and improve insulin resistance. These results
are coincident with other animal studies (Park ez al., 2008;
Shi et al., 2011) in which whey protein had significant
effect on the decrease in blood glucose and serum insulin.
Pal et al. (2010), in their clinical study, also indicated that
fasting insulin levels and the homeostasis model assess-
ment of insulin resistance scores were significantly dec-
reased in the whey group. They explained that the impro-
vement of insulin sensitivity in the whey protein diet
group was due to the reduction in visceral fat because vis-
ceral obesity was strongly correlated with insulin resis-
tance.

Leptin and ghrelin are two hormones that have been
recognized to have a major influence on energy balance
through regulation of food intake and body weight (Klok
et al., 2007). Leptin, a hormone mainly produced in the
adipocytes, is a mediator of long-term regulation of energy
balance, suppressing food intake and thereby inducing
energy expenditure and weight loss (Fradinho et al., 2014;
Klok et al., 2007; Kondoh and Torii, 2008). On the other
hand, ghrelin, an endogenous peptide hormone which is
known as a ligand of growth hormone secretagogue re-
ceptors (GHS-Rs), is a fast-acting hormone and plays a
role in meal initiation (Klok ef al., 2007). It has been
found that the serum leptin level is positively correlated
with body fat mass (Klok et al., 2007; Kondoh and Torii,
2008). This correlation was observed in this study, as the
serum leptin levels in the HDWFB group (1.46+0.36 nge

mL™") were significantly lower than those in the HD group
(2.79£0.69 ngemL™). In general, the blood level of ghre-
lin is increased during fasting and decreased after food
intake (Klok et al., 2007: Sim et al., 2014). It has been
found ghrelin to be reduced in obese humans. However,
our study showed conflicting results, as the serum ghrelin
levels were significantly higher in the HD group than in
the other groups (p<0.05) and decreased in the HDFWB
group. This result agrees with those of Park et al. (2008),
in which the serum ghrelin level was significantly decrea-
sed in rats fed whey protein. Therefore it refers to the
ghrelin increased in obese that can be reduced by fed FWB.

Conclusion

The present study showed that FWB could suppress
body weight gain, organ weight gain, and white adipose
tissue formation, reduce the levels of serum lipids and
appetite-related hormones, and improve insulin sensitiv-
ity in obese rats fed a high-fat diet. Both probiotics and
whey protein used for the fermentation of the FWB prod-
uct might contribute to the anti-obesity and lipid lowering
effects.
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