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Abstract

The cholesterol-lowering effects of soymilk fermented with Bacillus subtilis KCCM42923 were studied in apoli-
poprotein E knockout (ApoE KO) mice and compared to the cholesterol-lowering effects of soymilk to which
cheonggukjang powder had been added. ApoE KO mice were divided into 3 groups (n=7/group). Animals were
fed either an atherogenic diet only (AD, control group), an AD supplemented with fermented soymilk containing
Corni fiuctus (FSM group), or an AD supplemented with soymilk to which cheonggukjang (CGJ) powder had
been added at 5% (w/v) (CPS group) for 8 weeks. The amount of FSM or CPS supplementing the AD was 20.8
mL/kg BW. There were no differences in either body weight gain or organ weights among three groups. In the
FSM group, the concentration of plasma total cholesterol (TC) and LDL cholesterol (LDLC) were significantly
decreased by 26.2% and 30.3% compared with the values of the control group (p<0.05). However, the triglyceride
(TG) and HDL-cholesterol (HDLC) levels were not affected. These beneficial effects of FSM on suppressing
the increase in plasma cholesterol level by AD were greater than those of CPS, which revealed 15.4% and 16.4%
inhibition for TC and LDLC, respectively. However, these differences between FSM and CPS groups were not
significantly different. A preventative effect of FSM or CPS on the accumulation of hepatic TC, but not on TG,
was observed. FSM and CPS did not demonstrate any effects on fecal lipid excretion. In conclusion, the cholester-
ol-lowering effects of the soymilk fermented with Bacillus subtilis KCCM42923 were comparable to CGJ pow-
der-added soymilk. These results suggest that drinking FSM might provide beneficial effects on controlling plasma
cholesterol levels.
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INTRODUCTION

The lower incidence of heart disease and cancer in
Asian countries than in Western countries has been at-
tributed to the higher consumption of soybean or soy
products by Asians (1). In Korea, for example, tofu,
doenjang, and cheonggukjang (CGJ), all of which are
made of soybeans, are frequently consumed in the daily
diet. People with hypercholesterolemia, lactose-intoler-
ance, or gluten sensitivity, as well as vegetarians, gen-
erally include soybean products in their diet to address
these health concerns (2). CGJ, which is similar to natto,
is a traditional Korean soybean product fermented with
Bacillus (B.) subtilis (3). Health benefits of CGJ and nat-
to on atherosclerosis (4,5), cancer (6), and diabetes (7)
are well documented. However, unlike natto, which is
consumed raw, CGJ is eaten as part of a stew. Regardless
of the known health benefits of CGJ, Koreans, especially
the younger generations, do not want to cook CGJ stew
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at home because of its distinctive smell. As a con-
sequence, there has been a demand for a new CGJ prod-
uct that has less of the heavy aroma and more easy
applications. Powder or tablet-type CGJ has been in-
troduced in the market (8,9) however they still have the
inconvenience of requiring a liquid for consumption. To
solve these problems, our group has tried to ferment soy-
milk with B. subtilis to develop a CGJ beverage.
Soymilk is an aqueous extract of whole soybeans (10)
and is used as a substitute for cow’s milk for those with
milk allergies or sensitivities, or just concerns about their
own health, as well as vegetarians (2). Soy proteins and
isoflavones in soymilk are thought to have similar anti-
atherogenic effects as other soybean products (11). Fol-
lowing the report by Mann and Spoerry about the choles-
terol-lowering properties of fermented milk (yogurt) (12),
extensive studies have been carried out with different
strains of lactic acid bacteria in the hopes of developing
yogurts with greater effects on controlling plasma cho-
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lesterol (13,14). The idea of increasing the health bene-
fits of milk by fermentation with probiotic bacteria has
been adapted to soymilk, which has subsequently suc-
ceeded in elevating the functional properties of soymilk
(15). The soymilk fermented with probiotic bacteria has
been shown to exhibit antioxidant activity (16), hypo-
cholesterolemic activity (17), anticancer potential (18),
and immunogenic activity (19).

In our previous study, we tried to use B. subtilis as
the starter culture instead of using probiotic bacteria for
the fermentation of soymilk (15). B. subtilis is the micro-
organism responsible for making CGJ. The physical
properties of the soymilk fermented with B. subtilis were
a thick liquid with a weak smell of CGJ (15). The dis-
tinctive smell of CGJ produced during the fermentation
of the cooked soybean with B. subtilis was greatly re-
duced when the soymilk was fermented with the same
starter culture (15). Antiradical activities of beverage
type of soymilk fermented with B. subtilis were greater
than that of unfermented soymilk (20). When different
strains of B. subtilis were tested, soymilk fermented with
B. subtilis KCCM 42923 demonstrated the highest anti-
radical activity among the microorganisms tested (20).
In order to improve the sensory properties of CGJ bever-
age for commercial production, Corni fructus was added
to the soymilk before fermentation (15). A 1% v/v addi-
tion of Corni fructus had the most favorable sensory
evaluation. The lipid lowering effects of Corni fructus
have been well documented (21). In addition, the anti-
radical activities of Corni fructus-containing CGJ bever-
age were the highest among the three samples of either
unfermented soymilk, soymilk fermented with B. sub-
tilis, or soymilk with CGJ powder added (15). In this
study, we examined the cholesterol-lowering properties
of the CGJ beverage in vivo. The hypocholesterolemic
effects of Corni fructus-containing soymilk fermented by
B. subtils KCCM 42923 was studied with apolipoprotein
E knockout (ApoE KO) and their effects were compared
with CGJ powder-added soymilk.

MATERIALS AND METHODS

Fermentation of soymilk

Soymilk was fermented with B. subtilis using a pre-
viously described procedure (15). Soymilk (Donghwa
Food Co., Ltd., Yangsan, Korea) containing 4.0% soy
protein was dispersed into 500 mL bottles and 1% glu-
cose (w/v) were added and heat-treated at 121°C for 15
min. Each bottle was then inoculated with B. subtilis
(KCCM 42923 total 7~8 log CFU/mL) and Corni fruc-
tus (1% v/v) was added before incubation at 40°C for
about 8 hr. Fermentation was terminated when the pH

of the soymilk reached 5.5+0.2.

Corni fructus

Water extract of Corni fructus was used (CH Food
Company, Busan, Korea). The concentration of Corni
Sfructus added to the soymilk was 1% of 10°brix extracts.
Based on previous results, Corni fructus was added to
the soymilk before fermentation (15).

Animals

ApoE KO mice were purchased from Central Lab-
Animal Inc. (Seoul, Korea). The animals were acclimated
for one week and then were divided into 3 groups ac-
cording to the diet given (Table 1). The control group
(n=7) was given atherogenic diet (AD) only, the fer-
mented soymilk group (FSM group, n=7) was fed AD
supplemented with FSM, the CGJ powder-added soy-
milk group (CPS group, n=7) was provided AD supple-
mented with CGJ. Animals were kept individually in
plastic mouse cages in a room with controlled temper-
ature (20~23°C and lights (12 hr light/dark cycles) dur-
ing the experiment. After 8 weeks, the mice were anes-
thetized with ether following a 12 hr fast. Blood samples
were drawn from the inferior vena cava and heart. Feces
were collected for 48 hr before sacrifice. Feces were
freeze- dried and powdered. All samples were stored at
-70°C for the further use.

Diet preparation

The atherogenic diet was prepared to contain 1.25%
cholesterol (Table 1) (22). The amount of FSM and CPS
supplementing the AD was 28.6 mL/kg BW, which is
10 times greater than RNI of milk for adults (200 mL/70
kg BW/day). The amount of CGJ added to the soymilk

Table 1. Composition of the experimental diet

I di Group

ngredients Control FSM" cps?
Casein 20 20 20
Sucrose 44 44 44
Cholesterol 1.25 1.25 1.25
Lard 10 10 10
Cellulose 5 5 5
DL-Methionine 0.3 0.3 0.3
Mineral mixture 3.5 3.5 3.5
Vitamin mixture 1 1 1
Choline bitartrate 0.2 0.2 0.2
Corn starch 15 15 15
FSM" 28.6 mL?

cps? 28.6 mL”

YFSM: 1% Corni fructus added to the soymilk followed fer-
mentation by Bacillus subtilis 2829 PNU 015.

?CPS: 5% cheonggukjang powder added soymilk.

"The amount of sample added to the diet was 10 times of the
one serving of soybean milk (200 mL) consumed by adults
(70 kg).
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was 5% (W/v).

Determination of lipid analysis

The plasma total cholesterol (TC) and high density lip-
oprotein cholesterol (HDLC) concentration were meas-
ured enzymatically using a commercial kit (AM 202-K,
AM 203-K, ASAN, Korea) based on a modification of
cholesterol oxidase method (23). The plasma triglyceride
(TG) concentration was determined using a kit (AM
157S-K, ASAN, Korea), with modified lipase-glycerol
phosphate oxidase method (24). Low density lipoprotein
cholesterol (LDLC) concentration was calculated by Fri-
edewald formula (25). Hepatic TC and TG were also
determined using commercially available kits with lipid
extracted from liver homogenates (Forch method).

Thiobarbituric acid-reactive substances (TBARS)

To determine the antioxidant effects of fermented soy-
milk, hepatic TBARS concentration was measured (26).
Briefly, 2 mL. TBARS solution contained 0.4% TBA,
15% TCA, and 2.5% HCI added to 1 mL liver hom-
ogenate. The reaction media were heated at 95~100°C
for 20 min followed by immediate cooling in ice water.
To avoid evaporation, the tube is tightly capped and
maintained at a heating temperature below 100°C. The
reaction mixture was centrifuged at 800 X g for 10 min.
The absorbance of the obtained supernatant was meas-
ured at 535 nm.

Statistical analysis
One-way analysis of variance (Anova) was followed
by Duncan’s multiple range test in order to determine the
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statistical significance of measurements between groups,
using the SAS software (SAS Institute, Cart, NC, USA).
p<0.05 was considered as significant.

RESULTS

Body weight gains and organ weight

As shown in Table 2, the body weight changes of the
mice (n=7) among the three groups after 8 weeks did
not differ. Also, no differences in the weights of the ma-
jor organs of the mice among the three groups were
observed.

Plasma lipid concentrations

As shown in Table 3, plasma TC and LDLC concen-
trations of the control group reached 1013.74 and 930.3
mg/dL, respectively, indicating that hypercholesterolemia
was successfully induced by AD. Total cholesterol con-
centrations of both the FSM and CPS groups were de-
creased significantly compare to that of the control group
(p<0.05). Approximately 26 and 15% reductions in the
TC concentration were observed for the FSM and CPS
groups, respectively, compared to the control group. The
increase in LDLC concentrations by AD were signif-
icantly suppressed by supplementing AD with FSM and
CPS (Table 3), but no differences in HDLC and TG con-
centrations among the three groups were observed. When
the cholesterol-lowering effects of FSM and CPS were
compared, TC and LDLC concentrations for the FSM
group were lower by 11 and 14%, respectively than those
for the CPS group. But the differences were not statisti-

Table 2. Body weight gain and relative organ weights of apoE KO mouse fed atherogenic diet for 8 week

Experimental Body weight Relative organ weight (mg/100 g body weight)
groupl) gain (%) Liver Heart Lung Kidney Spleen Testis
Control 15713118 1.45£0.24™ 0.14£0.02% 020%0.03™ 03720.07 0.15+0.07"° 0.17+0.01™°
FSM 18.07£6.99 161037 0.15+0.04 0.18£0.03 038FX0.06 0.13+0.05 0.18+0.02
CPS 20.50+5.88 1471023 0.1710.03 020%0.02 043007 0.1570.03 0.16+0.02

Values are mean+SD. “*Not significant.

FSM: 1% Corni fructus added to the soymilk followed by fermentation with Bacillus subtilis.

CPS: 5% cheonggukjang powder was added to the soymilk.

Control group: mouse fed atherogenic diet (1.25% cholesterol diet), FSM group: mouse fed AD supplemented with FSM (28.6
mL/kg BW), CPS group: mouse fed AD supplemented with CPS (28.6 mL/kg BW).

?(final weight— initial weight)/ final weight x 100.

Table 3. Plasma cholesterol concentration of apoE KO mouse fed atherogenic diet for 8 weeks

Experimental Concentration (mg/dL)
group" TC HDLC LDLC TG
Control 1013.7+228.6° 43.6+9.0™ 930.3 +225.6" 228.1+92.8™
FSM 748.3+107.3" 61.0+24.4 648.5+124.3" 193.8+37.2
CPS 861.3+105.7" 4434+10.0 778.1+102.9" 194.4+72.0

Values were mean+SD. “*Not significant.

**Data were significantly different with one-way ANOVA followed by Duncan's multiple range test at the 0.05 level of significance.

USee the legend of Table 1.
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Table 4. Hepatic lipid concentrations of apoE KO mouse fed
atherogenic diet for 8 weeks

Table 5. Fecal lipids concentrations of apoE KO mouse fed
atherogenic diet for 8 weeks

Concentration (mg/g tissue)

Group"

TC TG
Control 6.1+1.0° 475+12.5™
FSM 49+0.6° 38.7+12.6
CPS 49+0.8° 36.7+6.3

Values were mean=SD. "“Not significant.

**Data were significantly different with one-way ANOVA
followed by Duncan's multiple range test at the 0.05 level
of significance.

YSee the legend of Table 1.
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Fig. 1. Hepatic TBARS concentration of apoE KO mouse fed
AD diet supplemented with FSM" or CPS” for 8 week. “"Data
were significantly different with one-way ANOVA followed
by Duncan's multiple range test at the 0.05 level of signifi-
cance. "FSM: 1% Corni fructus added to the soymilk followed
by fermentation with Bacillus subtilis. JCPS: 5% cheongguk-
jang powder was added to the soymilk.

cally significant. The cholesterol-lowering effect of FSM
was found to be comparable to that of CPS.

Inhibition of hepatic lipid accumulation

The hepatic TC concentrations of FSM and CPS groups
compared to that of the control group were lower by
19.7 and 19.4%, respectively (Table 4, p<0.05). But TG
concentrations among three groups were not significantly
different. The antioxidant effects of FSM and CPS on
hepatic lipid oxidation determined as a TBARS concen-
tration were examined. As shown in Fig. 1, the TBARS
concentration of the FSM group was the lowest, followed
by the CPS group and then the control group (p<0.05).

Fecal excretion of lipid

AS shown in Table 5, both TC and TG excretion in
the feces of FSM and CPS group were only slightly in-
creased compared to the control group. No significant
differences in lipid excretion were observed among three
groups.

Concentration (mg/g feces)

1}]
Group TC TG
Control 65.9+6.1" 7.5+13%
FSM 70.1+14.1 82+2.8
CPS 71.5+6.7 9.0+1.4

Values were mean+SD. "*Not significant.
YSee the legend of Table 1.

DISCUSSION

Recently, a powder or tablet type of CGJ which is con-
sumed without additional cooking has been introduced
in the market for a convenient usage (8,9). However,
these products still require a beverage for consumption.
To address this issue, we successfully created a CGJ-
containing beverage by fermenting soymilk with B.
subtilis. Antiradical activity was observed in this CGJ
beverage in vitro (20). In this present study, the hypo-
cholesterolemic effects of the B. subtilis fermented soy-
milk were examined and compared to the effects seen
with soymilk to which CGJ powder was added. These
experiments were run in ApoE KO mice fed AD.

The hypercholesterolemia induced by AD, which was-
over 1,000 mg/mL, was suppressed when the diet was
supplemented with both FSM and CPS. Approximately
26 and 15% decrease in TC concentration by FSM and
CPS compared to the control group was observed. LDLC,
one of the major risk factor for atherosclerosis, is also
reduced by FSM and CPS supplementation. When the
TC and LDLC lowering effects FSM were compared to
those for CPS, the hypocholesterolemic activity of FSM
was found to be the greatest, although the differences
were not significant. Concentrations for TC and LDLC
in the FSM group were lower by 11 and 14%, respectively
than those for the CPS group. However, neither HDLC
increase nor TG decrease effect of FSM and CPS was
observed. Hepatic TC, but not TG, accumulation was also
significantly inhibited by FSM and CPS. Furthermore,
FSM significantly reduced hepatic lipid oxidation, sug-
gesting FSM exerts an antioxidant effect as well as hypo-
cholesterolemic effect. The observation that antiradical
effects and total antioxidant activity of soymilk are en-
hanced when it is fermented is strongly supported by
our previous results (20). Moreover, FSM exhibited
greater radical scavenging activity than fermented soy-
milk to which Corni fructus has not been added (15).
However, neither FSM nor CPS enhanced lipid excretion
in the feces.

Low-molecular peptide (27), soluble dietary pectin
(28), and mucilage (29) produced during the fermentation
process, as well as antioxidative (30) compounds in the
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soymilk, likely contributed to the hypocholesterolemic
effect of FSM and CPS. From these results, we could
conclude that beverage form of CGJ can be used as a
substitute for either CGJ powder or CGJ tablets for cho-
lesterol lowering purposes.

In conclusion, the beverage type of CGJ was demon-
strated to have cholesterol-lowering activity in ApoE KO
mice fed AD. Our data suggest that, in terms of choles-
terol lowering activity, the beverage form of CGJ will
be as effective as CGJ powder added to soymilk.
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