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Abstract This study was to investigate serum triglyceride (TG),

phospholipid (PL), and cholesterol concentrations after feeding

the combined diets of prepared traditional Cheonggukjang (TC) or

Cheonggukjang made from sword bean powder (CS), the feed,

and high-fat cholesterols at certain ratio for 8 weeks in rats, and

then confirmed the effects of the diets based on the changes in the

tissues of livers, kidneys, and spleens. The serum TG concentrations

were lower in CS group compared to that of in TC group. The

increase of PL concentrations was greater in CS group than that of

TC group. FChCS6 group (92% feed+2% cholesterol+6% CS)

showed the lowest total-cholesterol (T-C), 60.1±8.5 mg/dL, indicating

that CS was effective to lower the T-C. Both TG/PL and T-C/PL

ratio tended to be decreased. As CS intake was effective in the

reduction of low density lipoprotein-cholesterol level as well as

the increase of high density lipoprotein-cholesterol level, it would

be effective in the prevention of adult diseases and circulatory

diseases. It was confirmed that there were no changes in organ

appearance and tissues in the rats with CS intake. Therefore, CS

intake showed superior functionalities than that of TC intake.
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Introduction

The food intake of high-cholesterol is indicates the effect that it is

negative in the serum lipid profile. Elevated levels of serum total

cholesterol (T-C) and low density lipoprotein-cholesterol (LDL-C)

are among the risk factors associated with the incidence of adult

and circulatory diseases (Braunwald, 1997; Sohn et al., 2007). In

particular, major risk factors such as hypercholesterolemia,

hypertension and diabetes are known to induce diseases through

increased serum LDL-C and T-C levels. On the other hand,

elevated levels of serum high density lipoprotein-cholesterol

(HDL-C) is associated with increased longevity as well as with a

lower incidence of adult and circulatory diseases (Warnick and

Albers, 1978; Sohn et al., 2007).

Soybeans are excellent protein sources among the traditional

Korean food ingredients. Soybeans are not only nutritious but also

rich in dietary fibers, phospholipids, isoflavones (genistein and

daidzein etc.), phenolic acids, saponins, trypsin inhibitor, phytic

acid and glycosides, the bioactive compounds to enhance human

health, and further possess anticancer, adult disease (aging, constipation,

renal failure, allergenic, obesity, alzheimer’s, atherosclerosis, heart

disease, diabetic, osteoporosis etc.), anti-virus, and anti-haemostatic

effects (Chung, 1999). Along with the big influence of well-being

recently, the consumptions of soy-based food products have

gradually increased. Of them, Cheonggukjang is defined as “pastes,

pills, and powders that are prepared by fermentation of soybeans

with bacteria in Bacillus genus or by seasoning the fermented

soybeans with red pepper powders and garlic” according to Korea

standards codex (MFDS, 2012). Natto which is produced by

growing Bacillus subtilis natto on well cooked soybeans is very

popular fermented soybean products in Japan; and is also called

Cheonggukjang these days (Kim et al., 2012).
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On the other hand, sword beans, which may be derived from

Canavalia virosa Wight & Am growing wild in Tropical Asia and

Africa, is utilized to improve the functionalities of Cheonggukjang.

Young bean pods and beans are widely utilized in Tropical Asia.

Canavalia genus is classified into 4 sub-genus and 51 species;

sword beans belong to sub-genus Canavalia of Canavalia genus.

They are categorized into two species based upon the colors of

flowers and seeds, including Canavalia gladiata (Jacq.) DC. var.

alba (white) and Canavalia gladiata (Jacq.) DC. (red) (Smartt,

1990). Especially, white sword beans used in the preparation of

Cheonggukjang, the largest variety of edible legumes, are annual

vine plants with the beans that are called sword beans as the bean

pods are a similar shape to swords. Sword beans bear bean pods

in the flowering season, June to July, and then the fruits are

ripened in the fruiting season, August to October (Cho et al.,

2000). In addition, the pods covering sword beans is approximately

10–30 cm and contain 10–14 beans. The entire plants including

seeds, roots, pods, and leaves are in medicinal or edible uses

(Chang et al., 2011). Sword beans contain starch, fat, and

canavanine etc, and canavalia gibberellin I and II are included in

young bean. Canavanine present in leaves is known to have tumor

inhibitory activity, anti-inflammatory effects, and blood circulation

promotion effects as well as utilized as folk remedies including

the improvements and treatments of hiccups, rhinitis, sinusitis,

perussis, and low back pains (Lee, 1994). Moreover, since the

phytohaemagglutinin of sword beans possesses superior anticancer

effects, sword beans are applied as folk remedies to treat rhinitis,

toothache, pyorrhea alveolaris, eczema, boils, and purulent

inflammatory disease in Japan (Cho et al., 2000). Regardless of

such variety pharmacological and functional effects, the demand

of sword beans is relatively low as compared to the amount of

production so that the farmers have had low profits due to the lack

of studies regarding processing methods, the development of their

use, and functional heath effects. It would be much meaningful for

facilitating the consumption of sword beans 1)if providing the

functionalities of sword beans 2) if developing Cheonggukjang

with improved preferences and functionalities as the solution of

such issue above.

Therefore, the objectives of this study were to investigate serum

triglyceride, phospholipid, and cholesterol concentraions after

feeding the combined diets of the sword beans added Cheonggukjang

diets with high-cholesterols at certain ratio for 8 weeks in rats, and

then confirmed the effects of the diets based on the changes in the

tissues of livers, kidneys, and spleens.

Materials and Methods

Cheonggukjang preparation. Soybean and sword bean were

purchased from local market (Sunchang and Jincheon, Korea) and

B. subtillis KCTC3239 was donated from KCTC (Korea).

Cheonggukjang was prepared according to the methods reported

previously (Kim et al., 2001; Yang et al., 2006) with a modification.

Two kinds of Cheonggukjang samples used the other raw

material. In the case of traditional Cheonggukjang (TC), the

carefully selected soybean was used as the raw material. In the

case of Cheonggukjang made from sword bean (CS), the raw

sword bean was prepared into powder form and sword bean

powder was mixed to the soybean with the constant rate (soybean:

sword bean powder, 70:30 (w/w)). The combination rate of this

kind of sword bean prepared according to the method of the Kim

et al. (2001) that the ammonia off-flavor was small and the amino

acid fermentation was efficiently made. The combined material

(set 1) and carefully selected soybean (set 2) were washed, soaked

with tap water for 12 h at room temperature, and autoclaved at

121oC for 30 min. Cooked materials were cooled down to 50oC.

Subsequently, set 1 was inoculated with 2% B. subtilis and the set

2 was covered with rice straw without addition of B. subtilis.

Cooked whole Cheonggukjang prepared with or without addition

of B. subtilis were designated as CS and TC, respectively, and

fermented for 24 h at 40oC in a incubator (Fig. 1). Finally

fermented CS and TC samples prepared the freeze-dried powder

<Set 1> <Set 2>

Combined beans (Soybean:sword bean powder, 70:30 (w/w)) Carefully selected soy bean

Washing and soaking (12 h, room temp.) Washing and soaking (12 h, room temp.)

Cooking (121oC, 30 min) Cooking (121oC, 30 min)

Cooling (50oC) Cooling (50oC)

Inoculation 2% B. subtilis Inoculation by rice straw without addition B. subtilis

Fermentation (24 h, 40oC) Fermentation (24 h, 40oC)

Cheonggukjang made from sword bean powder (CS) Traditional Cheonggukjang (TC)

Fig. 1 Schematic diagram for preparation of Cheonggukjang made from sword bean powder (CS) and traditional Cheonggukjang (TC).
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form, containing carbohydrate: 42.7 and 28.3%, crude lipid: 10.8

and 18.4%, crude protein: 33.6 and 38.0%, and ash: 6.5 and 9.1%

(Standard in dry matter).

Animals and experimental diets. Male Sprague-Dawley rats (3

weeks old, Daehan Experimental Animals Inc., Korea) were housed

individually in the cages in a temperature- and humidity-controlled

conditions (21oC and 60%). After 1 weeks of adaptation period

for normal feed, animals were randomly divided into 10 groups

(n=12) by randomized block design each and fed a different diet

for 8 week, as follows: The basal diet group fed the feed of the

powder form (F). One group fed a feed containing TC- and CS-

4%, i.e. control group (FTC4 and FCS4). The other group was

prepared in order to evaluate the digestibility of lipids in high-

cholesterol diet. That is, the feed containing 2% cholesterol was

fed adding 0, 2, 4, and 6% of TC (FCh, FChTC2, FChTC4, and

FChTC6) and CS (FCh, FChCS2, FChCS4, and FChCS6),

respectively. All of the experimental diets were fed with free

access to water and diet throughout experimental period of 8

weeks. Experiment procedures were in accordance with the

Guidelines for the Care and Use of experimental Animals of

Chungbuk Provincial University.

Measurements of Dietary intake and growth characteristics.

The treatment of diets was continued for 8 weeks. Water and diet

intakes were measured both daily and weekly for all group. The

food efficiency ratio (FER) was calculated by weight gain/fed diet

and the weight gain was calculated by experimental start weight

- experimental end weight.

Blood and tissue preparation. The animals were then anesthetized

with diethyl ether (Merck, Germany) and the blood was collected

via cardiac puncture. Afterward, the blood samples were centrifuged

at 800×g for 15 min to obtain the serum, which was kept at −20oC

until analysis. The animals were then euthanized and the brain,

liver, spleen, lung, testis, and kidney were carefully removed,

washed and immediately weighed. In addition, weighing tissues

were fixed on 10% neutral-formalin (Sigma chemical, USA) as

specimen in the cause of tissue speculum.

Measurements of serum lipid concentration The serum

triglyceride (TG) concentration was determined using SR-3200 kit

(Mizuho medy, Japan) based on an lipase-glycerol phosphate

oxidase method of Mcgowan et al. (1983). The serum phospholipid

(PL) concentration was measured using SR-2700 kit (Mizuho

medy, Japan) based on an phospholipase method of Takayama et

al. (1977). The serum T-C concentration was measured using SR-

2210 kit (Mizuho medy, Japan) based on an cholesterol oxidase

method of Allain et al. (1974). The serum HDL-C concentration

was measured using SR-3010 kit (Mizuho medy, Japan) based on

herapin-MgCl2 precipitation method of Waenic et al. (1978). The

serum LDL-C concentration was calculated by formula of total

cholesterol minus HDL-C and the atherogenic index (AI) was

calculated by formula of LDL-C/HDL-C. All analyses were

measured using a UV-vis spectrophotometer (absorbance at TG:

555 nm, PL: 500 nm, T-C and HDL-C: 540 nm) (V-560, Jasco,

Japan).

Tissues sample processing and microscopic examination. The

tissues were cut after dissection and fixed in 10% neutral-formalin

(Sigma chemical, USA) for 24 hr. The fixed tissues were cut into

4 to 5 µm semi-thin sections, and then dehydrated the sections by

using ethyl alcohol (Merck, Germany) with increasing concentrations

from 70 to 100%. The samples were then rinsed with xylene

(Sigma chemical, USA) and embedded them in paraffin (Sigma

chemical, USA). These were then cut into 5 µm sections with an

microtome after freeze. The sections were floated in water bath

including gelatin, and then set into slide. The slide samples were

then stained with hematoxylin-eosin dye, and then viewed using

electron microscopy.

Statistical analysis. Statistical analysis was performed using

SPSS Ver. 12 (SPSS Inc., USA). Test of multiple comparisons and

normality among measured data were performed by Duncan’s

multiple range test of One-way ANOVA at p<0.05.

Results and Discussion

Dietary intake and growth characteristics. Table 2 represented

the weight gain and FER of the rats that were fed the diets with

different concentration of TC and CS for 8 weeks. There were no

differences observed in initial weights between the dietary groups.

Statistically significant differences were found in final weights

after 8 weeks between F diet and CS diet groups (FChCS2,

FChCS4 and FChCS6) (p <0.05). Even if there were no significant

differences in all dietary groups except for FCh diet, it showed a

decrease pattern than that of F diet. The reasons of such results

may be explained by previous studies, addressing that there were

weight losses exhibited when soy-processed food products were

ingested so that intake of soy-processed TC and CS would

Table 1 Ingredient compositions of experimental diets

Group1)
Feed2) TC3) CS4) Cholesterol

g/kg

F 1000 0 0 0

FCh 980 0 0 20

FTC4 960 40 0 0

FChTC2 960 20 0 20

FChTC4 940 40 0 20

FChTC6 920 60 0 20

FCS4 960 0 40 0

FChCS2 960 0 20 20

FChCS4 940 0 40 20

FChCS6 920 0 60 20

1)F: feed; Ch: cholesterol; TC: traditional Cheonggukjang; CS:
Cheonggukjang made from sword bean powder

2)Feed (per kg): crude protein, 221 g; crude lipid, 35 g; crude cellulose,
50 g; non-nitrogen soluble extract 470 g; ash, 92 g; vitamin, 35 g;
nutrition medicine, 13 g; moisture 84 g

3)TC (per kg): crude protein, 380 g; crude lipid, 184 g; carbohydrate,
283 g; ash ,91 g; moisture 62 g

4)CS (per kg): crude protein, 336 g; crude lipid 108 g; carbohydrate,
427 g; ash 65 g; moisture 64 g
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increase the effects of weight loss. Moreover, it showed that the

effects of the weight loss were higher in CS compared to that of

TC. This may be due to various functional compounds in sword

beans (Lee, 1994; Cho et al., 2000).

Daily weight gains tended to decrease in all diets than that of

F diet. Significant decreases in daily weight gains, 7.8 and 7.9%,

were exhibited for FChCS4 and FChCS6 compared to F diet,

respectively (p <0.05). Such results are in agreement with a study

by Lee et al. (2006), suggesting that the weight in female college

students was decreased when ingesting steamed soybeans and

Cheonggukjang powders; and a study by Anderson et al. (1999),

reporting anti-obesity effects of soy proteins.

FER of F, FTC4 and FCS4, TC diet group (ChT2, ChT4,

ChT6), and CS diet group (ChC2, ChC4, ChC6) showed 0.261,

0.257–0.259, and 0.238–0.251, respectively. As compared to FCh

(0.250) with 2% (w/w) of cholesterol and the basic diet, FER in

CS group tended to be low generally than that of TC diet group.

It is considered because the peptides and other substances in

Cheonggukjang stimulate one or more than two of leptin, CRP (C-

reative protein), ghrelin, adponectin, β3-adrenaline receptor, UCP

(un coupling protein), and IRS-1 (insulin receptor substrate-1) to

consume energy thereby suppressing the weight gains (Chung,

2004). Therefore, there might be compounds lowing FER in TC

and CS ingested groups. If the functional compounds are

identified, it would be very helpful in the development of anti-

obesity food products.

Tissue weight. Table 3 described the tissue weight of the rats that

were fed the diets with different concentration of TC and CS for

8 weeks.

Although there were differences exhibited in final weight of the

rats fed for 8 weeks between the groups, significant differences

were not found in lung weight and different patterns were observed

in other tissues as well. Statistically significant differences were

shown between FChCS6 diet and FChTC4 group for brains;

between FChTC6 group and F group, FTC group, FCS group, and

FChCS6 group for livers; between FChTC4 group and FCh

group, FTC4 group, FChTC2 group, FChTC6 group, FChCS2

group, FChCS4 group, and FChCS6 group for spleens; between F

Table 2 Effects of eight-week treatment with experiment diets on body weight, weight gain, and FER in rats

Group1) Initial weight (g) Final weight (g) Weight gain (mL/day/head) FER2) (weight gain/fed diets)

F 59.6±2.4ns3) 313.2±13.7a4) 4.9±0.3a 0.261±0.012ns

FCh 59.3±2.3 280.8±20.2abc 4.7±0.2ab 0.250±0.007

FTC4 59.4±2.4 312.8±16.2a 4.9±0.3a 0.261±0.011

FChTC2 59.6±2.4 311.3±15.0a 4.8±0.3a 0.259±0.011

FChTC4 59.3±2.6 310.3±23.5a 4.8±0.4a 0.259±0.017

FChTC6 58.6±3.1 310.7±14.8a 4.8±0.3a 0.257±0.011

FCS4 59.8±2.1 312.7±17.4a 4.7±0.3ab 0.261±0.011

FChCS2 59.1±2.4 304.2±15.7ab 4.7±0.3ab 0.251±0.013

FChCS4 58.7±2.4 292.2±18.1bc 4.5±0.4b 0.240±0.016

FChCS6 59.0±2.6 292.9±9.7c 4.5±0.3b 0.238±0.012

1)See footnote Table 1
2)FER: food efficiency ratio
3)ns: not significant
4)a-c or ns: Means with the same letter superscript in columns are not significantly different at the 5% level by Duncan’s multiple range test

Table 3 Effects of eight-week treatment with experiment diets on brain, liver, spleen, lung, testis, and kidney weight in rats

Group1) Brain (g) Liver (g) Spleen (g) Lung (g) Testis (g) Kidney (g)

F 1.54±0.28ab2) 9.12±0.84bc 0.64±0.09abc 1.42±0.14ns3) 3.70±0.30a 2.44±0.15ab

FCh 1.54±0.23ab 9.64±0.98abc 0.56±0.07cd 1.34±0.12 3.60±0.17ab 2.36±0.13ab

FTC4 1.59±0.20ab 8.89±0.84c 0.59±0.07bcd 1.33±0.14 3.60±0.22a 2.46±0.11ab

FChTC2 1.53±0.24ab 9.86±0.93ab 0.61±0.08bcd 1.35±0.14 3.55±0.18ab 2.32±0.08b

FChTC4 1.49±0.33b 9.68±1.31abc 0.71±0.13a 1.45±0.13 3.49±0.29ab 2.41±0.18ab

FChTC6 1.63±0.17ab 10.22±1.25a 0.58±0.08bcd 1.38±0.14 3.45±0.29ab 2.50±0.21a

FCS4 1.62±0.21ab 9.13±1.22bc 0.65±0.18ab 1.39±0.10 3.62±0.15a 2.41±0.21ab

FChCS2 1.62±0.18ab 9.76±0.81abc 0.59±0.05bcd 1.38±0.16 3.59±0.16ab 2.37±0.18ab

FChCS4 1.65±0.19ab 9.47±0.71abc 0.55±0.05d 1.36±0.14 3.33±0.66b 2.33±0.14b

FChCS6 1.72±0.07a 9.12±0.84bc 0.55±0.04d 1.36±0.11 3.51±0.08ab 2.34±0.14b

1)See footnote Table 1
2)a-d or ns: Means with the same letter superscript in columns are not significantly different at the 5% level by Duncan’s multiple range test
3)ns: not significant
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group, FTC4 group, and FCS4 group and FChCS4 group for

testicles; between FChTC6 group and FChTC2 group, FChCS4

group, and FChCS6 group for kidneys (p <0.05). The weight of

brains and testicles were slightly higher in CS ingested group

while the weight of livers, spleens, testicles, and kidneys were

slightly higher or similar in the group with traditional Cheonggukjang

compared to that of the group with sword beans added

Cheonggukjang.

Lee and Koh (2006) reported when Cheonggukjang was ingested

to female mice with high-fat intake, it inhibited lipid absorption,

elevated lipid excretion, and suppressed fat accumulation thereby

lowering the tissue weight. In the present study, the changes in

tissue weight were not notable between the basic dietary intake

group and the group with 2% (w/w) of cholesterol intake. This

may be because of the inhibition effects of the changes in tissue

weight that would occur by cholesterol intake as well as

homeostasis maintenance minimizing the contents of cholesterols

in the body even if ingesting the food productions in high cholesterol

contents for a long time (Lovati et al., 2000). Furthermore, it is

considered that fibers, proteins, low molecular weight peptides,

polyphenols, and various fermentation products in Cheonggukjang

inhibit absorbing cholesterols and facilitating excretion (Taguchi

et al., 1986; Lee et al., 1991).

Serum lipid concentration. Table 4 demonstrated the serum TG,

PL, T-C, HDL-C, and LDL-C concentrations of the rats that were

fed the diets with different concentration of TC and CS for 8

weeks. The groups which added two kinds of Cheonggukjang in

F diet, intake of the diet only, and FCh group, intake of the diet

with cholesterols additionally, respectively, showed a reduction in

TG compared to that of F and FCh groups. In other words, 13.9,

14.9, 28.8, and 33.4% of reductions were observed in TC diet

group (FTC4, FChTC2, FChTC4, FChTC6) than that of FCh

group, respectively, whereas 14.2, 26.5, 33.1, and 41.4% of decreases

were exhibited in CS diet group (FCS4, FChCS2, FChCS4,

FChCS6), respectively. Given the results, it was confirmed that

the intake of CS diet would be superior lowering TG than that of

TC diet. This result was similar to the reduced effect of TG by soy

protein intake reported to the existing (Iwai et al., 2002; Liao et

al., 2007). Especially, according to Liao et al., it determined that

protein ingredient in soybean had an effect on the serum TG

reduction (Liao et al., 2007). Similarly, in the result of this research,

it is assumed that bean protein ingredient of Cheonggukjang

shows the reduced effect of serum TG.

The concentrations of PL were higher in all diets than that of

FCh. The highest amount of PL were present in F diet, the basic

diet only, in an order of FChTC2 < FChCS2 < FChTC4 < FChTC6

< FChCS4 < FChCS6 < FTC4 < FCS4 < F, indicating that PL

concentrations were reduced in the diet group with cholesterols

intake. However, the reduction of PL concentrations was significantly

alleviated when TC and CS were ingested (p <0.05). That is, PL

concentrations in TC diet group (FTC4, FChTC2, FChTC4,

FChTC6) were increased by 23.56, 2.14, 7.10, and 11.52%

compared to that of FCh, respectively, while increased by 31.6,

6.7, 17.6, and 18.3% in CS diet group (FCS4, FChCS2, FChCS4,

FChCS6), respectively. Hence, it was confirmed that the

alleviation capacity is better in CS diet intake than that of TC diet

intake.

T-C concentrations showed a range of 60.1±8.5−83.7±9.8 mg/

dL with a decrease in an order of FCh > F > FChCS2 > FTC4 >

FCS4 > FChTC2 > FChTC4 > FChCS4 > FChTC6 > FChCS6.

There were significant differences observed among the three groups

of (FCh, F) (FChCS2, FTC4, FCS4) (FChTC2, FChTC4, FChCS4)

(FChTC6, FChCS6) (p<0.05). Especially, FChCS6 group showed

the lowest T-C level, 60.1±8.5 mg/dL, representing that CS was

effective to reduce T-C. As to the research result related to this

result, the Ridges et al. (2001) and Jenkins et al. (2002) announce

the cholesterol reduction effect by the soybean diet. In addition,

the reduced effect of the serum cholesterol by the soybean protein

was excellent when the diets were the high-cholesterol content

than the normal content (Wong et al., 1998). Therefore, in this

research, the serum cholesterol reduced effect of the rat by

Cheonggukjang is assumed to be excellent because the diet was

prepared with the high-cholesterol level of 2%.

HDL-C levels showed a range of 26.0±3.5−31.2±2.7 mg/dL

Table 4 Effects of experimental diets on serum triglyceride (TG), phospholipid (PL), and total-cholesterol (T-C), HDL-cholesterol (HDL-C), and LDL-
cholesterol (LDL-C) concentrations in rats

Group1) TG PL T-C HDL-C LDL-C

F 28.9±6.1a2) 120.8±9.3a 83.2±14.8a 30.4±3.7a 52.8±6.1b

FCh 30.2±6.9a 88.7±12.7f 83.7±9.8a 26.0±3.5d 57.7±5.7a

FTC4 26.0±5.1ab 109.6±16.6bc 75.3±11.0ab 30.5±3.5a 44.8±4.3d

FChTC2 25.7±7.3ab 90.6±15.4ef 78.5±9.5ab 29.1±4.9ab 50.4±4.4bc

FChTC4 21.5±3.3bc 95.0±10.9def 77.0±8.4ab 29.8±2.2ab 47.2±3.3cd

FChTC6 20.1±5.1c 102.1±12.4cde 64.6±7.5c 26.6±3.3cd 38.0±3.2e

FCS4 25.9±8.9ab 116.7±7.3ab 75.1±8.1ab 31.2±2.7a 43.9±3.4d

FChCS2 22.2±5.7bc 94.6±11.7def 77.0±8.2ab 30.3±2.0a 46.7±3.0d

FChCS4 20.2±5.4bc 104.3±15.3cd 73.8±8.0b 29.9±2.8ab 43.9±3.7d

FChCS6 17.7±3.7c 104.9±19.0cd 60.1±8.5c 27.1±4.9bcd 33.0±3.3f

1)See footnote Table 1
2)a-f: Means with the same letter superscript in histograms are not significantly different at the 5% level by Duncan’s multiple range test
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and were decreased in an order of FCS4 > FTC4 > F > FChCS2

> FChCS4 > FChTC4 > FChTC2 > FChCS6 > FChTC6 > FCh.

There were significant differences exhibited among 4 groups

(p <0.05). Particularly, HDL-C level was increased as the

concentrations of TC and CS were increased. The increase in CS

tended to be greater than that of TC. Additionally, FCh group

showed the lowest HDL-C level (26.0±3.5 mg/dL), indicating that

the diet with cholesterols reduced HDL-C. The least amount of

HDL-C was decreased in FCS4 diet. Specially, the decrease

tended to be alleviated as two kinds of Cheonggukjang intake was

increased.

LDL-C levels showed a range of 33.0±3.3−57.7±5.7 mg/dL

and were increased in an order of FChCS6 < FChTC6 < FCS4

< FChCS4 < FTC4 < FChCS2 < FChTC4 < FChTC2 < F < FCh.

Significant differences were exhibited among the 5 groups of

(FCh), (F, FChTC2, FChTC4, FChCS2), (FChCS2, FTC4, FChC4,

FCS4), (FChTC6), (FChCS6) (p <0.05). Additionally, LDL-C

tended to be increased clearly as there were more cholesterols

added to Cheonggukjang. It was especially decreased more in CS

than that of TC. This result was the tendency to be similar to the

increasing effect of HDL-C by the soy protein and isofavones

intake which Jenkins et al. (2002) report and reduced effect of

LDL-C by the soy protein intake which Wong et al. (1998) report.

When TG/PL in FCh group was 0.340, TG/PL in TC diet group

(FTC4, FChTC2, FChTC4, FChTC6) was decreased by 30.29,

16.47, 33.53, and 42.06% with a range of 0.284–0.197, respectively,

whereas decreased by 34.7, 30.9, 42.9, and 50.3% in CS diet

group (FCS4, FChCS2, FChCS4, FChCS6) with a range of

0.235–0.169, respectively, indicating that it was decreased by

14.4–8.2% in CS compared to that of TC (Table 5). When T-C/PL

in FCh group was 0.944, T-C/PL in TC diet group (FTC4,

FChTC2, FChTC4, FChTC6) was decreased by 27.2, 8.3, 14.2,

and 32.9% with a range of 0.633-0.866, respectively, whereas

decreased by 31.8, 13.8, 25.0, and 39.3% in CS diet group (FCS4,

FChCS2, FChCS4, FChCS6) with a range of 0.573–0.814,

respectively (Table 5). PL concentrations were increased as the

intake of TC and CS were increased thereby decreasing T-C/PL.

Similar to TG/PL, CS tended to be decreased by 5–6.4% than that

of TC. This is considered because two kinds of Cheonggukjang

intake not only reduces the concentrations of TG and cholesterols

but also elevates the concentrations of PL and further lowers TG/

PL and T-C/PL thereby positively affecting on the prevention of

circulatory diseases. Such results showed similar patterns with a

study performed by Potter (1995), reporting that the components

in soybeans were effective to prevent chronic degenerative diseases

including arteriosclerosis, heart diseases, and cancers; and a study

by Lee et al. (2005), suggesting that soybeans were favorable in

the prevention of arteriosclerosis, myocardial infarction, stroke,

hypertension, and diabetes.

It is generally admitted that there are higher incidence of adult

diseases as T-C/HDL-C is greater. In this study, T-C/HDL-C were

2.737, 3.219, 2.429–2.695, and 2.218–2.541 for F group, FCh

group, TC diet group, and CS diet group, respectively (Table 5).

Moreover, T-C /HDL-C lowering effects based on FCh group

showed 23.3, 16.3, 19.7, and 24.5% in TC diet group and 25.2,

21.1, 23.3, and 31.1% in CS diet group, respectively. Thus, T-C/

HDL-C is reduced as the intake of TC and CS is increased ,

representing that it would lower the incidences of adult disease.

As LDL-C/HDL-C which is utilized as arteriosclerosis index

(AI) is larger (Haglund et al., 1992), the incidence of arteriosclerosis,

one of the circulatory diseases, is increased. In the present study,

AI showed a range of 1.218–2.219 and was increased in an order

of FChCS 6 < FCS4 < FChTC6 < FChCS4 < FTC4 < FChCS2 <

FChTC4 < FChTC2 < F < FCh (Table 5). However, when AI is

based upon FCh group, it was reduced by 33.8, 22.0, 28.6, and

35.6% in TC diet group (TC4, ChT2, ChT4, ChT6) and 36.6,

30.6, 33.8, and 45.1% in CS diet group (CS4, ChC2, ChC4,

ChC6), respectively, representing that the decrease was greater in

CS group than that of TC group. Therefore, the intake of CS

seems to be effective on the reduction of LDL-C as well as the

elevation of HDL-C.

In this study, serum lipid profile in rats fed on high-lipid and CS

diets were measured and compared with TC diet. The rat fed on

high-cholesterol was indicates the effect that it is negative in the

serum lipid profile. For example, the obesity by the increase of

TG concentration and the circulatory disease (Arteriosclerosis and

Table 5 Effects of experimental diets on serum TG/PL, T-C/PL or T-C/HDL-C and LDL-C/HDL-C ratios in rats

Group1) TG/PL T-C/PL T-C/HDL-C. LDL-C/HDL-C

F 0.239±0.032bc2) 0.689±0.070de 2.737±0.156b 1.737±0.011b

FCh 0.340±0.030a 0.944±0.025a 3.219±0.058a 2.219±0.081a

FTC4 0.237±0.011bc 0.687±0.004de 2.469±0.079cd 1.469±0.028cde

FChTC2 0.284±0.033b 0.866±0.044b 2.698±0.132b 1.732±0.145b

FChTC4 0.226±0.009bcd 0.811±0.005c 2.584±0.092bc 1.584±0.006c

FChTC6 0.197±0.026cd 0.633±0.003e 2.429±0.020cd 1.429±0.058de

FCS4 0.222±0.063cd 0.644±0.029e 2.407±0.052d 1.407±0.013e

FChCS2 0.235±0.032bc 0.814±0.014c 2.541±0.103cd 1.541±0.003cd

FChCS4 0.194±0.024cd 0.708±0.028d 2.468±0.037cd 1.468±0.014cde

FChCS6 0.169±0.005d 0.573±0.024f 2.218±0.091e 1.218±0.102f

1)See footnote Table 1
2)a-f: Means with the same letter superscript in histograms are not significantly different at the 5% level by Duncan’s multiple range test
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Fig. 2 Effect of experimental diets on the morphology property change in the lobe of the liver of rats fed with traditional Cheonggukjang (TC) and
Cheonggukjang made from sword bean (CS). 1: F, 2:FCh, 3:FTC4, 4: FChTC2, 5: FChTC4, 6: FChTC6, 7:FCS4, 8:FChCS2, 9: FChCS4, 10: FChCS6.

Fig. 3 Effect of experimental diets on the morphology property change in the liver tissue of rats fed with TC and CS (Hematoxylin-Eosin stain, 40×).
CV: central vein, LC: liver cell cord, LS: liver sinusoid.

Fig. 4 Effect of experimental diets on the morphology property change in the kidney tissue of rats fed with TC and CS (Hematoxylin-Eosin stain,
100×). G: glomerulus, B: Bowman's capsule, T: tubules.
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heart disease etc.) by increase of T-C and LDL-C can be given

(Ando et al., 1998; Iwai et al., 2002). However, the rats fed on

Cheonggukjang increased HDL-C and decreased for LDL-C, TG,

and T-C. Such results may be because the absorption of cholesterols

are delayed in the intestine due to various components present in

Cheonggukjang including proteins, peptides, trypsin inhibitors,

vitamin E, flavonoids, isoflavonoids, lecithin, saponin, cellulose,

pectin, and phytin so excreted in feces (Taguchi et al., 1986; Lee

et al., 1991). Especially, the supplement of the isoflavonoids

remarkably increases HDL-C and reduces TG, T-C, and LDL-C

(Jenkins et al., 2002). Because of being the flavonoids compound

in which the isoflavonoids has the anti-oxidant and estrogen

properties, if this is supplied in vivo, it improves the serum lipid

profile (Setchell, 1998). Therefore, the isoflavonoids which is in

Cheonggukjang is considered to be helpful to the improvement of

the serum lipid profile. In addition, the supply of CS had higher

the improvement effect of serum lipid profile than TC diet. This

results can prove the hypocholesterolemic effect from the

preceding report in which the isoflavonoids content shows the

high result in CS than TC (Kim et al., 2012). In conclusion, the

hypocholesterolemic effects confirmed the excellent in the already

known not only TC but also CS.

Organ appearance and tissue changes. There were no differences

observed in organ appearance between F and FCh groups and TC

and CS groups. This may be because cholesterol accumulation

was alleviated due to the interactions of the nutrients and

physiologically active components present in the two components

added to Cheonggukjang as TC and CS were ingested (Fig. 2).

Liver tissues were examined through an optical microscopy to

investigate if any abnormalities were present in the liver tissues

(Fig. 3). For centrilobular zone, no differences were observed in

liver cell cords (LC) that are radially arranged from central veins

(CV) and liver sinusoid (LS). As shown in Fig. 4, there were no

differences exhibited in glomerulus (G), Bowman’s capsule (B),

and tubules (T) of renal cortex via an optical microscopy. Likewise,

kidney tissues didn’t show any abnormalities microscopically and

the results of maintaining normal tissues in Table 2 and 3 seem to

be agreed with Table 4 and 5. Fig. 5 represented white pulp and

red pulp (RP) of spleens via an optical microscopy. No changes in

lymph nodule (LN), marginal zone (MZ), and RP were found.

Therefore, it is considered that kidneys and spleens tissues

didn’t have abnormalities microscopically and the results of

maintaining normal tissues in Table 2 and 3 seem to be agreed

with Table 4 and 5.
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