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Abstract

The study aimed to evaluate the effect of kefir combination from goat milk and soy milk on lipid profile, plasma glucose, glutathione
peroxidase (GPx) activity and the improvement of pancreatic 3-cell in diabetic rats. Male rats were divided into five treatments: normal
control, diabetic control, goat milk kefir, combination of goat milk-soy milk kefir and soy milk kefir. All rats were induced by streptooz-
tocin-nicotinamide (STZ-NA), except for normal control. After 35 d experiment, the rats were sampled for blood, sacrificed and sampled
for pancreatic tissues. Results showed that diabetic rats fed kefir combination had higher (p<0.05) triglyceride than the rats fed goat milk
or soy milk kefir. Decreasing of plasma glucose in diabetic rats fed kefir combination was higher (p<0.05) than rats fed goat millk kefir.
The activity of GPx in diabetic rats fed three kinds of kefir were higher (p<0.01) than untreated diabetic rats. The average number of
Langerhans and B-cells in diabetic rats fed kefir combination was the same as the normal control, but it was higher than diabetic control.
It was concluded that kefir combination can be used as antidiabetic through maintaining in serum triglyceride, decreasing in plasma

glucose, increasing in GPx activity and improving in pancreatic [3-cells.
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Introduction

The prevalence and incidence of type 2 diabetes contin-
ues to increase in the world, especially in developing co-
untries are much associated with increased in obesity and
lifestyle changes. Diabetes mellitus describes a metabolic
disorder of multiple aetiology characterize by chronic
hyperglycemia with disturbances of carbohydrate, fat and
protein metabolism resulting from defects in insulin
secretion, insulin action, or both. Diabetes mellitus may
present with characteristic symptoms such as thirst, poly-
uria, blurring of vision, and weight loss (WHO, 1999). It is
classified into types 1 (insulin-dependent) and type 2 (non-
insulin dependent). Diabetes mellitus type 1 cases which is
primarily due to pancreatic islet-p-cell destruction and is
prone ketoacidosis. Type 2 DM is heterogenous disorder
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characterize by a progressive decline in insulin activity
(insulin resistance), followed by the inability of B-cells to
compensate for insulin resistance (pancreatic B-cell dis-
function) (Srinivasan et al., 2005; WHO, 1999).
Streptozotocin (STZ) can damage pancreatic [3-cells, if
animals injected with NA after administered STZ will
protect B-cell. The mechanism of -cells damage by STZ
through transporting STZ into [B-cells via glucose trans-
porter GLUT?2, so that causes DNA damage leading to in-
creased activity of poly (ADP-ribose) polymerase (PARP-
1) to repair DNA. The excessive activity of this polym-
erase cause diminution of intracellular NAD(+) and ATP,
and finally B-cells will be necrosis. The role of NA thro-
ugh the protective action is by inhibition of PARP-1 acti-
vity, so that it prevent diminution of NAD+ and ATP in
cells. In addition, NA is also a precursor of NAD that can
increase intracellular NAD(+) levels (Szkudelski, 2012).
Type 2 diabetes and dyslipidemia is very clossely rela-
ted, which is characterized by elevated levels of LDL,
triglycerides and decreased HDL levels (Jeppesen et al.,
1997). Induced diabetic dyslipidemia is a common char-
acter and the most prevalence is on type 2 diabetes that
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causes cardiovascular disease in the diabetic population
(Bertoni et al., 2004). Individually, increased triglycerides
and decreased HDL are factors that increase the risk of
cardiovascular disease, and the combination of these two
factors is as strong as the high levels of LDL cholesterol.
Thus as a strong predictor of ischemic heart disease (IHD)
is obtained when high LDL levels (Jeppesen et al., 1997).

Strategy for combat the occuring oxidative stress and
inflammation in diabetic can be done with pharmacologi-
cal and functional food therapy. Plants and animal prod-
ucts are a rich source of various functional food, which
have health benefits. Kefir is a fermented milk product
containing microorganisms such as lactic acid and acetic
acid bacteria and also yeast. It is produced and used in
Middle Asian countries, Russia and Caucasia for many
years. In these countries, kefir has been widely consid-
ered as a beverage and a medication for treatment of var-
ious illnesses (Kylyg et al., 1999). Kefir can be produced
by cow milk or goat milk and other milk such as soy milk
and rice milk. The symbiotic relationship between bacte-
ria and yeast during kefir fermentation produces bioactive
compounds that benefit for health.

Soy is a low-cost source of protein that has been consu-
med in Asian nations for many centuries. This food con-
tains fiber, minerals, and isoflavones (a type of flavonoid),
all beneficial nutrients that may contribute to a reduction
in chronic disease risk. Regular consumption of soy pro-
tein may help to reduce symptoms associated with type 2
diabetes. Soy has been shown to decrease postprandial hy-
perglycemia, to improve glucose tolerance, and to decrease
amounts of glycosylated hemoglobin (Heneman et al., 2007).

So far, some people avoid consumption of goat milk
because it is considered a negative effect on health. This
is due to the fact physiological and biochemical unique-
ness of goat milk quality are just barely known and little
exploited (Haenlein, 2004). Therefore it is necessary to
prove that the goat milk and its products are healthy. In
addition, production of goat milk is lower than cow milk
causing it expensive, whereas soy milk is another high-
quality source of protein with a cheap in price, so that it
can be used as replacer of goat milk partially in kefir pro-
cessing. Thus, the potency of goat milk kefir subtituted
with soy milk as antidiabetic need to be evaluated.

Maintenance integrity of pancreatic B-cells is important
in diabetic management, which is strongly influenced by
diet. Therefore, it needs a proper strategy through the con-
sumption of functional foods which has potentially main-
tain the P-cells. The purposes of this study were to inves-
tigate the effect of kefir combination from goat milk and

soy milk on lipid profile, blood glucose levels, gluta-
thione peroxidase activity and on improving of pancreatic
[B-cells in STZ-NA- induced diabetic rats.

Materials and Methods

Soy milk preparation

Preparation of soy milk according to Kasenkas et al.
(2011) with slight modifications. Briefly, whole soybeans
were washed and soaked overnight in distilled water. After
decanting the water, the soaked soybeans were mixed with
3 times their weight of distilled water for 3 min, blended
and filtered.

Kefir preparation

Goat milk and soy milk were pasteurized for 10 min at
90°C. The pasteurized milk were devided into 5 groups of
kefir combination from goat and soy milk (100:0; 75:25;
50:50; 25:75 and 0:100) and cooled at room temperature.
Kefir grain was inoculated into pasteurized milk as much
as 2% and incubated at room temperature for 18 h (Kesen-
kas et al., 2011). After separating the grain and stirring,
kefir samples were analyzed for antioxidant activity.

Antioxidant activity (as DPPH scavenging)

The effect of kefirs upon 2,2-Diphenyl-1-picrylhydra-
zyl (DPPH) radicals was estimated according to Liu et al.
(2005a). The kefir sample (200 mg) was diluted with 5
mL methanol, mixed well and centrifuged. Methanol (3.0
mL) was added into 1.0 mL supernatant and 1.0 mL of
0.16 mM DPPH. The mixture was shaken vigorously and
left to stand for 30 min in the dark, and the absorbance
was measured at 517 nm.

The capability of the test material to scavenge DPPH
radicals was calculated as (%) = [1 — (absorbance of the
sample at 517 nm) / (absorbance of the control at 517 nm]
x 100

Animal experimental

Male Wistar rats 8-12 wk old were individually cage
and housed. During 7 d the rats were fed unrestricted
amounts of a standard laboratory diet AIN-93G (Reeves
et al., 1993) and were then randomly assigned into five
groups (n=6 per group): 1) negative control (normal rats);
2) positive control (diabetic control); 3) diabetic rats fed
goat milk kefir; 4) diabetic rats fed kefir from goat milk
and soy milk; and 5) diabetic rats fed soy milk kefir. In
group 4, kefir was prepared from combination of goat
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milk and soy milk 1:1. For rat model of type 2 diabetes
was done by induction with streptozotocin-nicotinamide
(STZ-NA) (Ghasemi et al., 2014). Diabetic condition was
prepared by injection with streptozotocin (STZ) of 60
mg/kg body weight, i.p, and after 15 min the rats were
injected with nicotinamide (NA) of 120 mg/kg body
weight, i.p (prepared in fresh in 0.1 M citrate buffer pH
6.3). The rats had diabetic, if 7 d after induction, the fast-
ing blood glucose was more than 126 mg/dL (Ghasemi et
al., 2014). The dose of goat milk kefir was 2 ml/200 g
body weight/day orally, for 35 d experiment with force
feeding. In negative control, the rats were given 2.0 ml
phosphate-buffered saline (PBS). Blood was sampled
before and after treatment for analysis of lipid profiles,
plasma glucose level and GPx activity. Furthermore, the
rats were sacrificed by being given ketamine (80 mg/kg)
anesthesia, and the pancreatic tissues were sampled for
histochemical analysis. All procedures related to animal
experiment in this study were approved by Medical and
Health Research Ethics Committee (MHREC), Faculty of
Medicine Universitas Gadjah Mada, Indonesia (Approval
Number: KE/FK/907/EC).

Lipid profile analysis

Lipid profile of blood serum in rats were analyzed by
enzymatic-photometric methods using Kit from DiaSys
(Diagnostic Systems GmbH & Co) by Photometer (Merck-
Microlab 300) at 540 nm. Total cholesterol and HDL cho-
lesterol were measured by cholesterol oxidase-peroxidase-
4-aminophenazone (CHOD-PAP) method. Triglyceride
was measured by glycerol-3-phosphate oxidase, peroxid-
ase and chromogenic reaction with 4-aminophenazone
(GPO-PAP) method. HDL cholesterol was determinated
after lipoprotein precipitation with phosphotungstic acid
and magnesium chloride, whereas LDL were calculated by
formula (Domanic et al., 2006; Nikam et al., 2013).

Blood glucose analysis

Determination of glucose in plasma was done by enzy-
matic photometric test using Glucose Oxidase Phenol 4-
Aminoantipyrine Peroxidase (GPO-PAP) method accord-
ing to instructions in Kit (Dia Sys, Holzheim, Germany).
Glucose is oxidized enzymatically by glucose oxidase.
The colorimetric indicator is quinoneimine, which is gen-
erated from 4-aminoantipyrine and phenol by hydrogen
peroxide under the catalytic action of peroxidase.

Analysis of glutathione peroxidase activity
GPx converts reduced glutathione (GSH) to oxidized

glutathione (GSSG), while reducing lipid hydroperoxides
to their corresponding alcohols or free hydrogen peroxide
to water. GPx activity was assayed according to instruc-
tions in BioVision’s Glutathione Peroxidase Activity
Assay (Catalog 762-100, Bio Vision, USA). GPx reduced
Cumene Hydroperoxide while oxidizing GSH to GSSG.
The generated GSSG is reduced to GSH with consump-
tion of NADPH by Glutathion Reductase (GR). The
decrease of NADPH (measured spectrophotometrically at
340 nm) is proportional to GPx activity.

Langerhans and B-cells number

Pancreatic tissues were fixed in Bouin’s fluid for 24 h,
washed in 70% alcohol and embeded in paraffin. This tis-
sues were cut of about 5 pum. Paraffin sections were
putted into water and then into mordant for 24-72 h at
37°C. Sections were washed thoroughly under running
tapwater until colorless. Sections were placed in the oxi-
dation mixture for 3-5 min and washed in water. Sections
were placed in 2-5% aqueous solution of sodium bisul-
phate for 1 min and then were washed in water. Sections
were dipped in 70% alcohol for 1 min, and then were
stained in staining solution at room temperature. Only
beta cells stain a deep blue while other cell types remain
colorless. Excess solution was washed in water. Sections
were stained in 0.5% aqueous solution of phloxine for 30-
120 s, and then were washed in distilled water for 1 min.
Sections were mounted and observed under microscope
(Kikui et al., 1977).

Statistical analysis

All the data from this study were expressed as meant
standard deviation. Data of lipids profile in blood serum
pre-test, post-test and delta (the mean value of difference
between pre-test and post-test) include: triglyceride, total
cholesterol, LDL and HDL. One way ANOVA followed
by Duncan’s Multiple Range Test (DMRT) were used for
statistical analyses, and p-values of less than 0.05 (p<
0.05) indicated significant differences. The difference bet-
ween the mean of lipids profile in pre-test and post-test
were analyzed by Paired-Samples 7-Test. Statistical analy-
ses were performed by using the SPSS version 17 Soft-
ware (SPSS, 2007).

Results and Discussion

Antioxidant activity of kefir
The antioxidant properties of kefir in this study was
measured in DPPH radical scavenging activity. Based on
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Table 1. The average of antioxidant actvity (DPPH-scaveng-

Table 2. The average body weight of rats with different treat-

ing) of milk and kefir ment
Milk and .keﬁr DPPH scavenging (%) Perlakuan Body weight (g)
Goat milk 1.01+1.75° Pre- treatment Post- treatment
Soy milk 10.71+1.13¢ Normal control 279.60+18.66° 358.60+13.97°
Goat milk Kefir 5.5240.99 Diabetic control 212.00+41.76*  198.60+75.20°
Goat milk : soy milk (75:25) kefir 3.7042.33% Diabetic + goat milk kefir ~ 217.00+£33.56* 231.60+78.19°
Goat milk : soy milk (50:50) kefir 6.67+2.33% Diabetic + goat-soy milk kefir 257.20+£33.60° 268.20+40.11*
Goat milk : soy milk (25:75) kefir 7.74+3.29% Diabetic + soy milk kefir 221.60+47.69* 195.80+86.25?
Soy milk Kefir 8.08+1.23% Different letters (a, b) in the same row indicated significant differ-

Different letters (a, b) in the column indicated significant differ-
ence (p<0.01).

Table 1, the average scavenging activity of kefir made
from goat milk and soy milk (75:25) was lower than kefir
made from goat milk and soy milk (25:75). Increasing the
percentage of soy milk in kefir preparation tended to
increase scavenging activity. The results were consistent
with a previous study by Kasenkas et al. (2011), that
superoxide scavenging activity increased sharply in kefir
containing at least 50% soy milk.Thus, the high superox-
ide anion scavenging activity in kefir samples indicated
from the isoflavones present in soy milk.

Goat milk as a raw material of kefir had lower scaveng-
ing activity than soy milk. After fermentation into kefir,
scavenging activity increased significantly. This might be
due to the formation of bioactive compounds during fer-
mentation such as antioxidative substances. Results in the
present study were similar to a previous study by Liu ef
al. (2005b), that the cow milk fermented with kefir grain
showed an increase in DPPH radical scavenging activity
than before being fermented. This indicates that the kefir
had a greater ability to donate protons than milk. There-
fore, kefir might protect against free radical proton. Rad-
ical scavenging protons are known to be an important
mechanism for antioxidants.

Body weight of experimental rats

The average of body weight in the rats at the beginning
of the experiment (before treatment) and at the end of the
experiment (after treatment) was shown in Table 2. The
statistical changes in body weight (p<0.01) during the ex-
periment were observed in negative control group com-
pared to other treatment groups. The mean body weight
increased by 28.25% in negative control group. In goat
milk kefir and combination of goat milk-soy milk kefir
groups, the mean body weight of rats increased by 6.72%
and 4.27%, respectively, even though they were not signi-
ficant. However, the mean body weight of rats decreased
by 6.32% in positive control group and by 11.64% in soy

ence (p<0.05).

milk kefir group.

The decreased body weight of rats was due to the STZ
induction which lead to hyperglycemia. In the present
study, the rats were induced with STZ at a dose of 60 mg/
kg and NA at a dose of 120 mg/kg to induce type 2 DM.
Similar with the previous study by Zafar and Naqvi (2010),
that showed an association between hyperglycemia and
decreased body weight of diabetic animals. According to
the study, it was demonstrated that STZ was effective in
producing severe hyperglycaemia in experimental animals.
The STZ through its direct alkylating action could cause
cellular necrosis andselective destruction of the B-cells
producing hyperglycaemia at a dose of 45 mg/kg body
weight. It may also be stated that STZ by producing dia-
betes (hyperglycemia) and hypoinsulinemia caused reduc-
tion in the body weight of diabetic animals.

Triglyceride

Diabetic rats fed a combination of goat milk and soy
milk kefir with a 50:50 proportion had higher triglyceride
levels than untreated diabetic rats, but there was no differ-
ence with rats fed goat milk kefir and soy milk kefir. This
suggests that the breakdown of triglycerides in rats fed
kefir combination less than untreated diabetic rats (posi-
tive control). Possibility of a synergistic effect between
the bioactive components of goat milk and soy milk kefir
could improve pancreatic beta cell damage caused by free
radicals. It is known that milk contains proteins and bio-
active peptides can act as immunomodulators and antiox-
idants (Zimecki and Kruzel, 2000). STZ in this study pro-
ved to decrease triglyceride levels in diabetic rats, so that
it causes serum triglycerides decreased significantly com-
pared to normal rats (Table 3). STZ known selective for
pancreatic beta cell cytotoxicity and has been used exten-
sively to induce type 1 diabetes in animals. However, to
induce diabetes mellitus type 2, nicotinamide was injec-
ted into rats intraperitoneally to enable poly ADP ribose
synthase for repair DNA damage by STZ (Oyedemi et al.,
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Table 3. Lipids profile in rats with different treatments
Treatment
Lipid . . Diabetic+ Diabetic+ Diabetict+

’ Normal control Diabetic control Goat milk kefir Goat-soy milk kefir Soy milk kefir
Triglyceride (mg/dL)
Pre-test 112.98+54.49° 70.74+27.73° 75.33435.93° 67.21425.37° 98.96+83.84°
Post-test 174.97+7.51° 50.80+21.78° 66.34+37.64" 89.43+28.74° 63.08+30.97"
Delta* 61.98+38.49% -19.94+30.33° -8.98+24.13° 22.21432.37% -35.88467.02°
P pre-post** 0.011 0.216 0.678 0.154 0.345
Total Cholesterol (mg/dL)
Pre-test 49.25+12.09* 57.46+12.87° 62.61421.01° 43.93+6.36° 49.58+14.37°
Post-test 45.0+17.37* 44.96+17.29% 61.66+11.30° 51.00+2.90% 50.36+15.16%
Delta* -4.23+11.46® -12.50£12.26 -0.94427.67% 7.06+5.27° 0.78+10.07%
P pre-post** 0.463 0.085 0.859 0.028 0.600
LDL (mg/dL)
Pre-test 15.68+8.36" 22.92+5.88% 25.85+8.48° 19.70+8.69% 17.66+4.07%
Post-test 13.91+4.04° 18.2046.22% 23.13+8.43° 20.23+7.71% 20.46+5.21%
Delta* -1.76%8.41° -4.72+6.89° -2.72+12.87° 0.53+13.44% 2.80+1.90°
p pre-post** 0.629 0.225 0.544 0.926 0.016
HDL (mg/dL)
Pre-test 37.50+8.88* 37.48+9.37° 38.04+10.16° 34.01+4.57° 34.06116.68°
Post-test 22.7016.54° 28.70+7.71% 43.64421.17° 25.9542.31% 32.45+14.07%
Delta* -14.80£10.57° -8.78+12.82* 5.60+26.05° -8.0616.08° -1.61425.37°
P pre-post** 0.016 0.200 0.678 0.023 0.882

Different letters (a, b) in the same row indicated significant difference (p<0.05).
*Delta value (difference mean between pre test-post test): positive number indicated an increase, and negative indicated a decrease.
**p<0.05 in each column indicated significant difference between pre and post-test.

2012). Hyperglycemic conditions caused damage to pan-
creatic beta cells is thought to cause a deposit of triglyc-
erides are degraded to energy for the cell, so that the tri-
glycerides in the serum also decreased.

Total Cholesterol

Feeding three types of kefir could not increase the total
cholesterol in diabetic rats, but there was a tendency that
diabetic rats fed goat milk kefir have higher cholesterol
levels, even though statistically not significant (Table 3).
When compared with normal rats, levels of total choles-
terol in rats fed goat milk kefir was higher, although it is
still below the normal range of cholesterol levels (around
100-200 mg/dL) (Poonuru et al., 2011) and still in accor-
dance with the recommendation by Rush University Me-
dical Center, Chiago, Illinois which it is below 200 mg/
dL. The tendency of increasing cholesterol levels in dia-
betic rats fed goat milk kefir, might be due to goat milk
contains casein which more hypercholesterolemic. Essen-
tial amino acids in casein is more effective in increasing
total cholesterol than non-essential amino acids (Kurowska
and Carroll, 1992). Lysine and methionine more hyperc-
holesterolemic, while the arginine has neutralizing effect
of hypercholestrolemic of other amino acid (Kurowska

and Carroll, 1994). Methionine and lysine contents of goat
milk were higher than soy milk (Nurliyani et al., 2014),
thus the total cholesterol in diabetic rats fed goat milk
kefir was higher than diabetic rats fed soy milk kefir, al-
though there were no significant differences (Table 3).

LDL and HDL

Three types of kefir given to diabetic rats had no effect
on LDL cholesterol, but the diabetic rats fed goat milk
kefir have higher LDL cholesterol levels compared to
normal rats (Table 3). This result was similar to a previ-
ous study by Roselino ef al. (2012) that administration of
synbiotic product had no effect on non-HDL fraction in
diabetic rats. However, diabetic rats fed synbiotic product
had higher level of non-HDL fraction compared to nor-
mal rats.

Increased HDL levels in diabetic rats fed goat milk
kefir by 52%, whereas in rats fed soy milk kefir increased
of HDL only 13%, and in rats fed kefir combination it
decreased by 9.58%. The results were consistent with a
previous studies by Roselino et al. (2012) that diabetic
rats fed synbiotic product from soy milk yacon extract,
showed an increase HDL levels by 23.70%. Increased
HDL in this study was higher than the results according
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to Roselino et al. (2012). This difference was caused by
the fermented products were used, as in this study used
goat milk kefir which different chemical and microbial
composition from fermented soy milk and yacon extract
(Smallanthus sonchifolius). In fermented soy milk and
yacon using lactic acid bacteria, whereas fermentation in
this study using kefir grain containing lactic acid bacteria
and yeast. In fact goat milk kefir had positive effect on
increasing serum HDL in diabetic rats compared with
normal rats without kefir. It is possible that bioactive com-
ponents in goat milk kefir were superior compared to soy
milk kefir. According to Jascolka et al. (2013), ApoE-
deficient mice also had increased HDL levels after treated
with kefir filtrate prepared by fermentation of kefir grain
in brown sugar solutions for 4 wk. Other previous study
by Liu et al. (2006) also showed that the group of ham-
sters fed cow milk kefir and soy milk kefir have higher
HDL levels than the group fed milk only.

Blood glucose levels

The present study demonstrated that three groups of
kefir could decrease the plasma glucose level in diabetic
rats. Combination of goat milk-soy milk kefir and soy
milk kefir provided higher (p<0.05) levels in decreasing
plasma glucose than the goat milk kefir in diabetic rats.
Decreasing plasma glucose in combination of goat milk-
soy milk kefir was higher than soy milk kefir group. Nev-
ertheless, it was not significant (Table 4). This indicated
the presence of a synergistic effect of the bioactive com-
ponents from goat milk and soy milk in kefir, which could
reduce the plasma glucose levels. This could be com-
pared with a previous study by Hadisaputro et al. (2012),
that the decreasing plasma glucosein diabetic rats fed
water kefir was lower (111.00 mg/dL) than the combina-
tion of goat milk-soy milk kefir in the present study.
Although this present study used a lower dose (2.0 mL/
200 g body weight) of kefir, but it was more able to lower
glucose more because of the synergistic effect. While a
previous study, Hadisaputro et al. (2012) used water kefir
only, with larger doses (3.6 mL/200 g body weight) with-

out the addition of other materials. Other previous study
(Alsayadi et al., 2014) also reported that consumption of
water kefir for 5 wk had shown beneficial effect not only
on blood glucose but also on body weight and lipid pro-
files of STZ-induced diabetic rats.

The bioactive components from milk kefir included
peptides and exopolysaccharides (EPSs), whereas bioac-
tive components from soy milk was isoflavon. A majority
of the kefir peptides was not endogenously present in the
raw material milk, but they were released from milk ca-
seins by proteases of the microbiota and were therefore
specific for the product. Sixteen of the newly peptides in-
cluding antioxidant and immunomodulator had been iden-
tified in kefir (Ebner et al., 2015).

Related to the immune system, EPSs acted directly or
indirectly. One mechanism by which EPSs could indi-
rectly modulate immune responses was by contributing to
production of short chain fatty acids such as butyrate.
One mechanism by which EPSs could indirectly modu-
late immune responses was by contributing to production
of short chain fatty acidssuch as butyrate. Bacterial EPSs
could also be scavenged and fermented by competing
microbes, thereby indirectly modulating host immune res-
ponses. EPSs from Bacteroides fragilis, Bacillis subtilis,
Lactobacillus kefiranofaciens, and Bifidobacterium breve
could alter the function of several immune cells, includ-
ing T cells, macrophages, B cells, and dendritic cells (Jones
et al., 2014). The EPS induced a gut mucosal response
and it was able to up and down regulate it for protective
immunity, maintaining intestinal homeostasis, enhancing
the IgA production at both the small and large intestine
level and influencing the systemic immunity through the
cytokines released to the circulating blood (Vinderola et
al., 2006).

Exopolysaccharides also have been proved to have anti-
oxidant and free radical scavenging properties. The free
radical scavenging property of EPSs can also be used to
inhibit oxidation of vegetable oils (Madhuri and Prab-
hakar, 2014). The antioxidant activity of the EPS fraction
showed a correlation with the molecular properties. It

Table 4. The average of plasma glucose levels of rats with different treatment

Plasma glucose (mg/dL)
Treatment groups
Pre-treatment Post-treatment Delta pre-post
Normal control 73.67+12.77 116.86+8.85 43.18+4.95
Diabetic control 283.11+140.01 379.72+83.97 96.61+111.51*
Diabetic + goat milk kefir 220.06+97.50 127.70+46.06 -92.36+116.05*

338.41+41.74
391.24+146.57

Diabetic + goat-soy milk kefir
Diabetic + soy milk kefir

-225.95+36.71°
-133.85£172.37°

112.46+11.11
257.38+175.16

Different letters (a, b) in the same column indicated significant difference (p<0.05).
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might be attributed to the functional groups in the EPS
fraction, which could donate electrons to reduce the radi-
cals to a more stable form or react with the free radicals
to terminate the radical chain reaction (Mao et al., 2014).
In the present study (Table 1), the higher the proportion
of soy milk in kefir, the higher antioxidant activity. Thus
a combination of kefir with soy milk would increase the
antioxidant activity which could ultimately lower the
blood glucose greater than that was goat milk kefir with-
out soy milk.

Glutathione peroxidase activity

Glutathion peroxidase activity in diabetic control rats
were lower (p<0.01) than in diabetic rats fed three kinds
of kefir (Table 5). Consecutively, the diabetic rats fed soy
milk kefir, combination of goat milk-soy milk kefir, and
goat milk kefir, had GPx activity from low to high. How-
ever, these GPx activity in rats fed these kefir were not
significantly different. Goat milk kefir could increase
more GPx activity compared to kefir combination from
goat milk-soy milk and soy milk kefir.

In a previous study by Hadisaputro et al. (2012), water
kefir (fed 30 d) could increase GPx in STZ-induced dia-
betic rats. Result study by Omayma et al. (2013), showed
that fermented soy milk administration was able to nor-
malize SOD and GPx activities which reduced in the rat
tumor tissue. The presence of soy isoflavone, saponin and
Lactobacillus sp. which exerts potent antioxidant activity
and free radical scavenging capability, exerting its activ-
ity via several anti-oxidative mechanisms: catalase, glu-
tathione-system-related compounds and Mn-SOD, decrea-
sing the risk of ROS accumulation also degrade the super-
oxide anion and hydrogen peroxide. Cells have developed
a sophisticated antioxidant enzyme defense system such
as SODs, GPx and CATs, where SODs convert superox-
ide radical (O,) into hydrogen peroxide (H,0,), GPx and
CATs convert H,O, into water. Unlike SOD and CAT,
GPx requires several secondary enzymes (GR and G-6-
PDH) and cofactors (GSH, NADPH, and glucose 6 phos-

Table 5. The average of glutathione peroxidase (GPx) in rats
with different treatment

Treatment groups GPx activity (nmol/mL/min)

Normal control 0.133+0.00?
Diabetic control 0.013+0.00°
Diabetic + goat milk kefir 0.120+0.01%
Diabetic + goat-soy milk kefir 0.116+0.02*
Diabetic + soy milk kefir 0.094+0.03%

Different letters (a, b) in the column indicated significant differ-
ence (p<0.01).

phate) to function at high efficiency (Li et al., 2000).

The supply of either whey proteins or p-lactoglobulin
resulted in an increase in liver GSH and prevented iron-
mediated lipoprotein peroxidation. These protein effects
were reproduced in rats orally administered with either
GSH or its precursor, gamma-glutamylcysteine (Zomm-
ara et al., 1998). Glutathione is a tripeptide thiol which
plays an important role in the stability of lysosomal and
other cell membranes, and in the protection of cells from
the effects of radiation and oxygen radicals. Glutathione,
therefore, is crucial to the functional state or activation of
many cells including both T and B lymphocytes. Unlike
other edible animal and plant proteins, whey protein has
substantial amounts of glutamylcysteine groups which
supply the amino acid precursors necessary for the forma-
tion of glutathione, and may therefore be responsible for
the immunoenhancing effect (Wong and Watson, 1995).

A previous study showed that administration of dahi
containing probiotics Lactobacillus acidophilus and Lac-
tobacillus casei in STZ-induced rats inhibited decreasing
GSH level significantly. This may be due to the increas-
ing GSH biosynthesis or decreasing oxidative stress lead-
ing to reduced GSH degradation. In addition, fermented
milk containing various antioxidant compounds increases
the pool of substrat for biosynthesis of GSH (Yadav et al.,
2008).

Antioxidative effects ascribed to isoflavones may be
partially exerted via enhancement of antioxidant enzyme
activities (Yoon and Park, 2014). This effect might be due
to the direct scavenging activity of the genistein phenolic
ring, activation of antioxidant defense gene transcription,
and modulation of ROS producing enzyme expression
(Yoon and Park, 2014). However, in this study have dem-
onstrated that an increase in GPx activity in diabetic rats
was more influenced by goat milk components in kefir.

GSH has been known as cofactor for GPx (Li ef al.,
2000), while whey protein was precursor for GSH (Wong
and Watson 1995). In the present study, goat milk kefir
contained more whey protein compared to combination
of goat milk-soy milk kefir or soy milk kefir. Thus, dia-
betic rats received goat milk kefir had higher GPx activity
than the rats fed soy milk kefir or combination of goat
milk-soy milk kefir, although the differences were not
significant. Probably, to increase GPx activity signifi-
cantly in diabetic rats is required more whey component
in kefir.

Number of Langerhans islet and B-cell
The average number of Langerhans islet of diabetic rats
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Table 6. The average number of Langerhans and B-cells in
rats with different treatment

Treatment groups Langerhans Beta cells
Normal control 2.60+0.32%  61.29+16.26°
Diabetic control 1.16£0.28"°  2.58 +1.23"

Diabetic + goat milk kefir 2.27£1.05%  15.03+7.70%
Diabetic + goat-soy milk kefir 3.23+0.53*  66.55+20.69*

3.10+£1.45*  29.73+28.07¢

Different letter (a, b, ¢) in the same column indicate significant dif-
ference, for Langerhans (p<0.05), and for B-cells (»p<0.01).

Diabetic + soy milk kefir

fed combination of goat milk-soy milk kefir was higher
than goat milk kefir or soy milk kefir group, even though
statistically they were not significant. However, the dia-
betic rats fed combination of goat milk-soy milk kefir had
higher (»<0.05) number of Langerhans islet compared to
the untreated diabetric rats (positive control) (Table 6).
The lower of Langerhans islet in untreated diabetic rats
was due to the acute hyperglycemia by STZ. This condi-
tion would increase free fatty acids, insulin resistance,
and also reduced of the organ of Langerhans and pancre-
atic B-cell volume by 60% (ADA, 2008).

Kefir prepared from combination of goat milk and soy
milk could increase more number of B-cells than goat
milk kefir or soy milk kefir in diabetic rats. The number
of B-cells in diabetic rats fed kefir combination was simi-
lar to the normal rats (negative control), whereas the num-
ber of B-cells in diabetic rats fed goat milk kefir was sim-
ilar to untreated diabetic rats (Table 6).

By using Victoria-blue staining, we observed the mor-
phology of pancreatic -cells (Fig. 1). Normal rats showed
strongly stained by Victoria blue, so that it was too easy
to find Langerhans islets and B-cells (Fig. 1A). There was
no induction of STZ in the normal rats, so there was no
change in morphological of pancreatic [B-cells. Different
from untreated diabetic rats, it was very difficult to find
Langerhans islets and P-cells, because the cell density
had been changed and damaged in B-cells. Thus, no blue
colour (very rarely found) in Victoria-blue staining which
was specific for beta cells cytoplasm. This result was
similar to a previous study using Victoria-blue and H & E
staining, that untreated diabetic rats showed shrunken
islets of Langerhans displaying degenerative and necrotic
changes, and decreased cellular density. The nucleus of
necrotic cells indicated either pyknosis or marginal hyper-
chromasia. There was mostly hydropic degeneration and
degranulation in the cytoplasm of the degenerative and
necrotic cells, while some of the cells with a pyknotic
nucleus had a dark eosinophilic cytoplasm (Kanter ef al.,
2004; Nugroho et al., 2014).
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Fig. 1. Victoria-blue stained sections for pancreatic B-cells
(showed blue-stained in cytoplasm). A) normal rats; B)
untreated diabetic rats; C, D & E) diabetic rats treated
with goat milk kefir, combination of goat milk-soy milk
kefir and soy milk kefir, respectively. Magnification 100
and 400x.

High number of [3- cells in rats fed combination of goat
milk-soy milk kefir compared to soy milk or goat milk
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kefir showed a synergistic effect of bioactive components
from goat milk and soy milk in the kefir. It is understand-
able that in combination of kefir fermentation can pro-
duce bioactive peptides that majority release from casein
by microbial protease and exospolisaccharides (Ebner et
al., 2015), which can act as an antioxidant and immuno-
modulator (Ebner ef al., 2015; Jones et al., 2014; Madhuri
and Prabhakar, 2014). In addition, isoflavones in kefir
combination derived from soy milk also has a high anti-
oxidant activity. Thus, to regenerate -cells damaged by
free radicals may be required combination of bioactive
components from kefir.

It was seen on Table 1, there were no differences in
antioxidant activity between goat milk kefir, kefir combi-
nation from goat milk-soy milk, and soy milk kefir. How-
ever, kefir combination showed better than soy milk kefir
or goat milk kefir in improving B-cells (Table 6). This
indicated that combination of bioactive component in
kefir made from goat milk and soy milk played an impor-
tant role in the repair of B-cells. It is known that diabetes
mellitus is characterized by hyperglycemia results in gen-
eration of free radical that can reduce antioxidant def-
ences thus leading to the disruption of cellular functions,
oxidative damage to membranes, and increased to lipid
peroxidation (ADA, 2004; Sharma et al., 2010). Free rad-
icals have an unpaired electron, which makes them very
reactive (Isfahlan er al., 2010). DPPH is often used to
determine the antioxidant activity is a stable free radical
that accepts an electron or hydrogen radical and becomes
a stable diamagnetic molecule (Loo et al., 2007), and
principally the antioxdant compounds are able to donate
the hydrogen atom to radicals (Isfahlan et al., 2010). Ac-
cording to Bolanho and Beleia (2011), the antioxidant
activity correlated with total phenolics and avonoids.
While, soy milk rich in phenolic compounds such as phe-
nolic acid (hydroxybenzoic acids, hydroxycinnamic acid),
flavonoids (flavones, flavonols, flavanols), and isofla-
vones: glucosides (daidzin, genistin, glycitin), aglycones
(daidzein, genistein, glycitein) (Rodriguez-Roque et al.,
2013). Phenolic compounds are a high potent antioxidant
due to the hydroxyl groups in phenolic structure that able
to chelate metals, inhibit lipoxygenase and scavenge free
radicals such as DPPH and hydroxyl radicals, thus they
act as free radical terminators (Rani and Pradeep, 2015;
Yin et al., 2008). The DPPH radical scavenging activity
of the fermented soy milk extracts with Lactobacillus
paracasei showed effective than that of standard ascorbic
acid (Rani and Pradeep, 2015). In addition, due to their
phenolic structure, is known to be involved in the healing

process of free radical-mediated diseases, including dia-
betes. In a previous study that ethanol and aqueous ext-
racts of Stephania hernandifolia were found have a strong
antioxidant activity, due to the presence of phenols and
flavonoids, which may have a major role in reducing oxi-
dative stress associated with diabetes (Sharma et al., 2010).

For the improvement in (3-cells, not only due to the anti-
oxidant effect but also due to the immunomodulator of
the milk was very important, since inflammation linked to
B-cells damage. This inflammation was caused by pro-
inflammatory cytokines secreted by immune cells that in-
filtrated the pancreas as mediator B-cells destruction. This
cytokines were inducted by mitochondrial stress (Cerf,
2013).

In a previous study, plain kefir can reduce pro-inflam-
matory cytokines tumor necrosis factor oo (TNF-) in dia-
betic rats (Hadisaputro et al., 2012), so that it contribute
to the improvement of P-cell damage by free radicals.
Synergistic effect has also been reported by Huang et al.
(2013), that the therapeutic effects L.plantarum K68 iso-
lated from Taiwanese traditional food fu-tsai and FVF
products, were due to increased antioxidant status and
decreased proinflammatory cytokines. The increasing the
antioxidant status and decreasing proinflammatory cytok-
ine were as a result from synergistic effect between L.
plantarum and FVF product that promising antidiabetic,
anti-inflammatory, and antioxidant in high fat-fructose-
fed rats.

Soy milk kefir may also contribute to improve B-cells,
through the inhibitory effect on pro-inflammatory cytok-
ines such as reported by Liao ef al. (2010), that TNF-,
interleukin (IL)-6, IL-1 and prostaglandin E2 (PGE2)
produced by RAW 264.7 macrophages induced by LPS
could be inhibited by fermented soy milk.

In conclusion, the antidiabetic effect of kefir could be
enhanced by a combination of goat milk and soy milk
(1:1) in kefir fermentation due to the synergistic effect
between goat milk and soy milk compounds. Kefir com-
bination from goat milk and soy milk, had no negative
effect on the lipid profile of blood serum in diabetic rats,
even goat milk kefir could increase the highest percent-
age in HDL by 52% in diabetic rats compared to normal
rats. The kefir combination also could maintain triglycer-
ide level in diabetic rats. Specifically, to increase GPx
activity in diabetic rats is required more level component
from goat milk kefir. Furthermore, the role of pancreatic
[-cell was important in type 2 diabetic management, which
histologically in Victoria-blue staining was already dem-
onstrated in this study. An increase number of B-cells was
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clearly showed in diabetic rats treated with this kefir com-
bination. The increasing activity of antioxidant enzymes
such as GPx will improve the damage of B-cell. Overall
the kefir combination prepared from goat milk and soy
milk as antidiabetic was through maintaining in triglycer-
ide level, decreasing in plasma glucose levels, increasing
in GPx activity and improving in pancreatic B-cells. Thus,
the kefir has the potential to be used as a functional food
for type 2 diabetes therapy.
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