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Abstract

Baek-kimchi (whitish baechu kimchi) was evaluated for anti-obesity properties and effects on triglyceride
(TG) and cholesterol in blood and adipose tissues in rats fed a high fat (20%) diet, and compared to the
similar effects of baechu kimchi. Baek-kimchi does not use red pepper powder but contains higher levels of
sliced radish and pear than baechu kimchi. SD rats were raised for four weeks on either a normal diet (ND,
based on the AIN-93M diet), high fat diet (HFD, supplemented with 16 % lard oil in the ND), or HFD containing
5% baek-kimchi or 5% baechu kimchi. Feed consumption was not different among the groups, but weight
gains were significantly lower in the groups fed either the normal diet or HFD with baek-kimchi or baechu
kimchi diets than the group fed HFD alone. The weights of liver and epididymal and perirenal fat pads
in baek-kimchi and baechu kimchi diet groups were lower than those of the HFD groups, but the baek-kimchi
diet group had lower epididymal and perirenal fat pad weights than the baechu kimchi diet group (p < 0.05).
The baechu kimchi dietary group also had significantly lower triglyceride and cholesterol contents in liver
and epididymal and perirenal fat, reversing the higher levels seen in HFD. Baek-kimchi and baechu kimchi
diets were also effective in lowering serum triglyceride and cholesterol levels (p < 0.05). These results suggest
that baek-kimchi and baechu kimchi consumption can reverse the effects of HFD on weight gain and blood
and tissue lipids, and that baek-kimchi is more effective than baechu kimchi. The greater effect is probably

due to the higher content of radish and pear used in baek-kimchi.
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INTRODUCTION

Obesity is a global public health problem, affecting
about 315 million people world-wide (1). The increa-
sing prevalence of obesity is associated with a massive
increase in metabolic disease, which is also a major pub-
lic health problem (2). The major reason for the increase
in these conditions is imbalance between energy intake
and energy expenditure. This imbalance is largely due
to increasing food availiability and intake (both of total
energy and of fat) and a reduction in physical activity
(3). High fat diets are especially implicated in body
weight gain and increase the lipid and cholesterol content
of organ tissues (4,5). Because metabolic syndrome and
obesity are rapidly accelerating pandemics, a global since
of urgency has resulted in intense research efforts to
identify safe and effective dietary components with di-
rect andfor indirect anti-obesity properties. Among tra-
ditional Korean foods, kimchi has attracted public at-
tention. Kimchi, a traditional Korean fermented vegetable
food, has been recongnized in recent years to be a health-
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promoting functional food. The most popular kimchi is
‘baechu (Korean cabbage) kimchi’ made with baechu
cabbage and secondary ingredients such as red pepper
powder, green onion, ginger, gatlic, radish, etc. Kimchi
is a rich source of vitamins, minerals, dietary fiber, lactic
acid bacteria and fermented phytochemicals (6). Kimchi
is known to inhibit mutagenicity (7), carcinogenocity (8),
oxidation processes (9) and atherosclerosis (10-12). Kim-
chi also enhances immune function (13), relieves toxicity
in skin (14) and has antithrombotic effects (15). Kimchi
was also reported to function as a regulator of lipid
metabolism (16).

Due to the economic growth and westernized life style,
many Koreans prefer processed animal food to kimchi
and dislike of the hot taste of kimchi is increasing (17).
Baek-kimchi, a watery Korean pickled cabbage prepared
without a fish source or red pepper powder, is an al-
ternative kimchi for people who dislike the strong flavor
of kimchi. Baek-kimchi is neither salty nor hot, so it can
be consumed in relatively large quantities without dis-
comfort. Thus the use of baek-kimchi is expected to in-
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crease.

Research into the functionalities of kimchi have largely
focused on baechu kimchi. Thus, in this study we in-
vestigated the effect of baek-kimchi on body weight and
organ lipids in male Sprague-Dawley rats fed 16% lard
oil diets for 4 week. Body, organ and fat pad weights;
as well as total lipids, triglycerides and cholesterol con-
centrations in blood and tissues, were compared and used
to evaluated the relative antiobesity effects of baek-
kimchi and baechu kimchi.

MATERIALS AND METHODS

Animal experiment

Twenty four 4 week old male Sprague-Dawley rats,
weighting approximately 110 g, were purchased from the
Korean Experimental Animal Center (Daegu, Korea).
Rats were acclimated to the experimental facility for 1
week. The rats were divided into 4 groups of 6 and in-
dividually housed in polycarbonate cages in a room main-
tained at 22+ 1°C and 55+5% relative humidity. The
room was exposed to alternating 12-hr periods of light
and dark. All rats were allowed free access to their re-
spective diets and drinking water for 4 weeks. Food in-
take was measured daily and body weight weekly.

Preparation of baek-kimchi and baechu kimchi
Kalackshin 1 ho baechu cabbages (cultivated in Gim-
hae, Korea), radish, red pepper powder (cultivated in
Youngyang, Gyeongbuk, Korea), garlic, ginger, dropwort,
pear, annchovy juice (Daesang Co., Chunan, Korea), and
chunil salt (Wooil Co., Busan, Korea) were purchased
from a local market in Busan, Korea.
Baechu cabbage was cut into 4 pieces, soaked in 10%
brine for 10 hours, rinsed three times with tap water and

Table 1. Ingredients and composition (%) of baek-kimchi and
baechu kimchi

Baek-kimchi  Baechu kimchi
Baechu cabbage 100.0 100.0
Radish 20.0 13.0
Green onion 0.8 20
Garlic 0.8 1.4
Ginger 0.5 0.6
Red pepper powder - 35
Anchovy juice - 22
Sugar - 1.0
Dropwort 14 -
Pear 3.6 -
Final salt concentration 2.0 2.5

then drained for 3 hours. The ingredients and their pro-
portions for baek-kimchi and baechu kimchi are shown
in Table 1. The final salt concentration of baek-kimchi
was adjusted to 2.0% and for baek-kimchi juice to 0.9%.
The final salt concentration of baechu kimchi was ad-
justed to 2.5%. Baechu kimchi was prepared by the
standardized recipe of the Kimchi Institute (18). The
baek-kimchi and baechu kimchi were fermented at 5°C
to pH 4.3 (the optimally ripened kimchi). The fermented
baek-kimchi and baechu kimchi were freeze-dried and
powdered.

Experimental diets

The experimental diets consisted of a normal diet (ND)
based on the AIN-93M diet (19); high fat diet (HFD, ND
supplemented with 16% lard oil); and the HFD with 5%
baek-kimchi or baechu kimchi. Casein was purchased
from PC&S, Korea. Starch, lard oil, cellulose (fiber),
mineral, vitamin, L-cystein, methionine, TBHQ, soy bean
oil and choline bitartrate were purchased from SIGMA
Co., USA. Dextrinized corn starch, mineral and vitamin,
were purchased from Dy4ts Inc., USA. The compositions
of the experimental diets are shown in Table 2.

Measurement of body weight and feed consumption

Body weight was measured every week and rounded
to the second decimal place. Feed consumption was mea-
sured every day. Feed efficiency ratio (FER) was calcu-
lated as daily weight gain in grams divided by daily
dietary intake in grams.

Preparation of organ tissues for lipid analyis

After 4 weeks on the experimental dicts, the rats were
anesthetized with dry ice. Blood samples were taken
from the interior vena cava, and the plasma separated
by centrifugation (Vision, VS-15CFU refrigerated cen-
trifuge, Gyeonggi, 3000 rpm, for 15 min) and stored at
-20°C until assayed. The liver, spleen, kidney, epididymal
fat pad and perirenal fat pad were excised, weighed and
stored at -20°C until assayed.

Quantitation of total lipid, triglyceride, cholesterol

The concentrations of plasma triglyceride and choles-
terol were assayed enzymatically using commercial kits
(Asan pharms. Co., Korea). Total lipid in liver and adi-
pose tissues were extracted by the method of Folch et
al. (20) and weighed. Triglyceride and cholesterol con-
centration in liver and adipose tissues were assayed en-
zymatically by a commercial kits (Asan pharms. Co.,

Table 2. Proximate analysis of baek-kimchi and baechu kimchi (Unit: %)
Item Water Crude fat Crude protein Crude ash Crude fiber
Baek-kimchi 15.66+0.14 1.01=0.10 15.62+0.57 15.62+t0.57 6.37£0.13
Baechu kimchi 16.89+0.14 2.75+0.04 14.9710.31 21.360.17 10.76 £0.58
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Table 3. Preparation and compositions of the normal diet, high fat diet (HFD) and samples added to the high fat diet

(g/100 g diet)

ND” HFD? HFD + Baek-kimchi® HFD + Baechu_kimchi®

Casein 14.0 14.0 13.22* 13.25*
L-cystein 0.18 0.18 0.18 0.18
Corn starch 46.57 30.57 28.95* 28.91*
Dextrinized comn starch 155 15.5 15.5 15.5
Sucrose 10.0 10.0 10.0 10.0
Fiber 50 5.0 4.68* 4.46*
Soybean oil 4.0 4.0 3.95* 3.86*
AIN-93 mineral Mix, 35 35 3.5 35
AIN-93 vitamin Mix. 1.0 1.0 1.0 1.0
Cholin bitartrate 0.25 0.25 0.25 0.25
TBHQ (mg) 0.8 0.8 0.8 0.8
Lard oil 16.0 16.0 16.0
Baek-kimchi 5.0

Baechu kimchi 5.0
Total 101.8 102.8 102.71 103.03

])Normal diet is based on the AIN-93M diet (19).
Contams 16% lard oil added to the normal diet.
“High fat diet+5% baek-kimchi.

“High fat diet+5% baechu kimchi.

*Adjusted quantities from the proximate analysis of 5% baek-kimchi and baechu kimchi, respectively.

Korea) with the aid of a detergent, triton X-100.

Statistical analysis

All statistical analyses were performed on a SAS pro-
gram (SAS, 1997). Significant difference among the treat-
ment means were determined using Duncan’s multiple
range test at p<<0.05.

RESULTS AND DISCUSSION

Body weight of the rats

The group fed the HFD, containing 16% lard oil, had
a significantly higher final body weight (342.2+3.3 g)
than rats fed the normal diet (303.5£6.3 g, p<0.05).
However, the final body weight of the group fed the
HFD diet plus baek-kimchi was the same as that of the
normal diet group. Baechu kimchi diet reduced weight

gains to an intermediate value between normal and HFD.
Baek- kimchi, which does not contain red pepper powder,
was more effective than baechu kimchi for reducing
weight gain. Thus other sub-ingredients of baek-kimchi
may play a greater role than red pepper powder in pre-
venting weight gain.

Weight of organs and fat pads

Weights of liver, epididymal and perirenal fat pad
(g/100 g body weight) were significantly higher in HFD
group than in ND group. The addition of baek-kimchi
to the HFD negated the effect of HFD on liver weight,
but baechu kimchi addition had an intermediate effect.
Weights of epididymal and perirenal fat pads in baek-
kimchi and baechu kimchi diet groups were significantly
reduced. Baek-kimchi showed a greater effect than bae-
chu kimchi in reducing fat pad weights. The weights of

Table 4. Changes in the body weight, food intake and food efficiency ratio (FER) of rats fed experimental diets

ND" HFD? HFD + Baek-kimchi® HFD + Baechu kimchi®

Body weight

Initial weight (g) 150.7 629 143.9+24.7 152.5+9.6 151.6+7.6

Final weight 303.5+6.3 3422433 318.9+9.1% 329.6+12.5%

Weight gain (g/day) 5.1+0.1° 6.60.8" 55+02° 5.9+04%
Food intake (g/day) & FER

Food intake (g/day) 19.8+02™ 19.8+0.3 19.8+0.2 19.3%0.2

Food efficiency ratio 0.26+0.01° 0.33£0.05° 0.28+0.01° 0.28+0.02°

”Nonnal diet (AIN-93M).

ngh fat diet.

ngh fat diet+5% baek-kimchi.

ngh fat diet+5% baechu kimchi.

Calculated as daily weight gain/daily dietary intake.
NS Not significant.

"Means with different letters in the same row are significantly different (p<<0.05) by Duncan’s multiple range test.
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Table 5. The weight ratio of liver, spleen, kidney and adipose tissue in rats fed experimental diets for 4 weeks

Organ weight (g/100 g BW) NDV HFD” HFD + Baek-kimchi® ~ HFD -+ Baechu kimchi®
Liver 3.002% 3.8+0.3" 33+03° 3.410.1%
Spleen 0.2+0.1%9 0.2+0.0 0.2+0.0 0.2+0.0
Kidney 1.0+0.0™ 0.9+0.0 0.9+0.1 0.9+0.0
Epididymal fat pad 0.91+0.3° 2.170.1° 1.1+0.1° 1.6+02°
Perirenal fat pad 1.00.0° 1.80.1° 0.9+0.1° 1.2%0.1°

"Normal diet (AIN-93M).

“High fat diet.

“High fat diet+5% baek-kimchi.
“High fat diet+5% baechu kimchi.

Means with different letters in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

ONS: Not significant.

Table 6. Effect of kimchi diet on total lipid in liver, epididymal fat pad, and perirenal fat pad in rats

ND" HFD? HFD + Baek-kimchi® ~ HFD + Baechu kimchi®

Liver (mg/g, wet wt)

Total lipid 4310.6” 6.5+0.3" 43+04° 52+05°

Triglyceride 1101125 1902%25° 99.3+3,0° 131.1+13.7°

Cholesterol 21.6+1.9% 43.7+4.8° 200+ 1.1° 255+12°
Epididymal fat pad (mg/g, wet wt)

Total lipid 61.6-6.8° 81.7+42° 68.6+3.0 72.4+09°
Triglyceride 95.0£5.2° 140.9+8.0° 103.0+6.4> 109.6+3.2°
Cholesterol 23.941.3° 453+5.8° 21.6+05° 35.6+4.2°
Perirenal fat pad (mg/g, wet wt)

Total lipid 64.4+2.0° 76.9+2.5° 65.7+2.0° 69.3+1.2°
Triglyceride 1355112  198.8+10.9° 136.9+8.7° 142.3+11.0°

Cholesterol 25.1£2.8° 412+2.1° 25.7+0.8% 28.9+1.0°

"Normal diet (AIN-93M).

“High fat diet.

“High fat diet+5% baek-kimchi.
“High fat diet+5% baechu kimchi.

Means with different letters in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

epididymal and perirenal fat pad were almost identical
in the baek-kimchi and normal diet, suggesting that baek-
kimchi completely reversed the effect of HFD (p <0.05).

Lipid contents in liver, epididymal and perirenal
fat pad

Hepatic total lipids, triglyceride and cholesterol in the
groups fed baek-kimchi and baechu kimchi were signif-
icantly lower than in the HFD group; the lowest con-
centrations were in the baek-kimchi group.

Lipid, triglyceride and cholesterol contents in fat pads
of groups fed diets containing both baek-kimchi and
baechu kimchi were significantly lower compared to the

HFD group (p<0.05), but again the effect was the gre-
atest in the baek-kimchi diet group. These results in-
dicated that baek-kimchi and baechu kimchi stimulate
lipid metabolism in adipose tissues and effectively in-
hibit adipose lipid accumulation caused by HFD.

Lipid contents in blood

Plasma triglyceride and cholesterol concentrations in
the HFD group were higher than those in the normal
group. Triglyceride concentrations of the baek-kimchi
and baechu kimchi diet groups were the same as the
normal diet group (p<0.05). Cholesterol concentrations
were showed similar tendency as triglyceride, but the

Table 7. The effect of kimchi diets on serum lipid concentrations in rat

ND" HFD? HFD + Baek-kimchi® HFD + Baechu kimchi®
Triglyceride 68.1+9.8" 99.1+7.2° 70.7+8.2° 85.3+5.5°
Cholesterol 44.8+32° 66.3+11.0° 475+05% 512+ 1.1%

"Normal diet (AIN-93M).

“High fat diet.

“High fat diet+5% baek-kimchi.
“High fat diet+5% baechu kimchi.

YMeans with different letters in the same row are significantly different (p<0.05) by Duncan’s multiple range test.
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baek-kimchi group had lower cholesterol concentration
than did the baechu kimchi group.

In this study, we compared the antiobesity effects
of baek-kimchi and baechu kimchi. Both kimchis de-
creased body fatness and lipid content in tissues of rats.
However, baek-kimchi had an even greater anti-obesity
activity than did baechu kimchi. It is common knowledge
that kimchi decreases total lipids, triglycerides and cho-
lesterol in serum, liver and fat pad by increasing lipid
metabolism and lipid excretion via feces (21-23). How-
ever in this experiment baechu kimchi did not show
the greater effect, this may be because baechu kimchi
amounted to only 5% of the diet. It may also be due
to a difference in the sub-ingredient content between
baek-kimchi and baechu kimchi. Baek-kimchi contains
7% more radish and 3.6% pear, which is not in baechu
kimchi (Table 1). Radish was reported as an antiobesity
vegetable (24). Dietary fiber in radish decreased total
lipids, triglycerides and cholesterol concentration in plas-
ma by fecal exceretion of lipid. It has also been sug-
gested that flavonoids such as keamferol have hypo-
lipidemic effect (24). It has also been suggested that fla-
voniods interfere with intestinal absorption of lipid (25,
26). In this experiment, freeze-dried radish did not
contain more dietary fiber than other ingredients (Table
2). Thus, phytochemicals such as flavonoids may have
contributed to the hypolipidemic effect. Flavonoids also
inhibit HMG-CoA reductase activity and probably exert
an influence on steroid metabolism thus contributing to
the reduction of blood cholesterol (27). It was also re-
ported that the polyphenol fraction isolated from pear
reduces fat accumulation (28). Further study is needed
to identify the phytochmicals and interactions among
sub-ingredients in baek-kimchi to elucidate its anti-ob-
esity and hypolipidemic properties.

ACKNOWLEDGEMENTS

This study was supported by Technology Develop-
ment Program for Agriculture and Forestey, Ministry of
Agriculture and Forestry, Republic of Korea.

REFERENCES

1. World Health Organization. 2000. Obesity: Preventing and
Managing the Global Epidemic. Technical report 894:
Geneva, WHO, 256.

2. Garrow JS. 1998. Obesity and related disease. Churchill
Livingstone, Edinburgh.

3. Caterson ID. 2002. Obesity: epidemiology and possible
prevention. Best Practice & Research 16: 595-610.

4. Sim KW, Lee HS. 2001. The relationship between body
mass index and mobility in Korea. J Korea Soc Study Obes
10: 147-155.

5. Kang SY, Hong CH, Hong TY. 1997. The prevalence of
childhood and adolesent obesity over the last 18 years in
Seoul arca. Korean J Nutr 30: 832-839.

6. Park KY. 1995. The nutritional evaluation and antimuta-
genic and anticancer effects of kimchi. J Korean Soc Food
Nutr 24: 169-182.

7. Park KY, Cho EJ, Rhee SH. 1998. Increased antimuta-
genic and anticancer activities of Chinese cabbage kimchi
by changing kinds and levels of sub-ingredient. J Korean
Soc Food Nutr 27: 625-632.

8. Kim JY, Rhee SH, Park KY. 2000. Enhancement of anti-
cancer activities of kimchi by manipulating ingredients. J
Korean Soc Food Nutr 5: 126-130.

9. Lee YO, Cheigh HS. 1996. Antioxident activity of various
solvent extracts from freeze dried kimchi. Korean J Life
Sci 6: 66-71.

10. Kwon MJ, Song YO, Song YS. 1997. Effect of kimchi
on tissue and fecal lipid composition and apolipoprotein
and thyroxin levels in rats. J Korean Soc Food Sci Nutr
26: 507-513.

11. Kwon MJ, Song YS, Song YO. 1998. Antioxidative effect
of kimchi ingridients on rabbits fed cholesterol diet. J
Korea Soc Food Sci Nutr 28: 1189-1196.

12. Kim HJ. 2000. Antiatherogenic effect of solvent of cab-
bage kimchi in rabbit. MS Thesis. Pusan National Uni-
versity.

13. Choi MW, Kim KH, Park KY. 1997. Effects of kimchi
extracts on the growth of sarcoma-180 and phagocytic
activity of mice. J Korea Soc Food Sci Nutr 26: 254-260.

14. Ryu SH, Jeon YS, Moon GS. 1997. Effect of kimchi in-
gredients to reactive oxygen species in skin cell cyto-
toxicity. J Korea Soc Food Sci Nutr 26: 998-1005.

15. Kim M]J, Song YS, Song YO. 1998. The fibrinolytic ac-
tivity of kimchi on plasma lipid concentration of rabbit
fed high cholesterol diet. J Korea Soc Food Sci Nutr 27:
633-638.

16. Kim JY, Lee YS. 1997. The effects of kimchi intake on
lipid contents of body and mitogen reponse of spleen lym-
pocytes in rats. J Korean Soc Food Nutr 26: 1200-1207.

17. Moon SK, Ryu HS. 1997. Changes in the contents of
dietary fibers and pectic substances during fermentation
of Baik-kimchi. J Korean Soc Food Sci Nutr 26: 1006-
1012,

18. Cho EJ, Lee SM, Rhee SH, Park KY. 1998. Studies on
the standardization of Chinese cabbage kimchi. Korean J
Food Sci Technol 30: 324-332.

19. Reeves PG. 1997. Components of the AIN-93 diets as
improvements in the AIN-76A diet. J Nutr 127: 838S-
8418.

20. Folch J, Less M, Sbanestanley GH. 1975. A simple meth-
od for the isolation and purification of total lipids from
animal tissue. J Biol Chem 226: 497-499.

21. Choi SM. 2002. Red pepper powder and kimchi reduce
body weight and blood and tissue lipids in rats fed a high
fat diet. Nutraceut Food 7: 162-167.

22. Kwon MJ, Chun JH, Song YS, Song YO. 1999. Dairy kim-
chi consumption and its hypolipidemic effect in middle-
aged men. J Korea Soc Food Sci Nutr 28: 1140-1150.

23. Jeon HN, Kwon MJ, Song YO. 2002. Effects of kimchi
fractions on accumulation of lipids in heart, kidney and
lung of rabbits fed high cholesterol diet. J Korea Soc Food
Sci Nutr 31: 814-818.

24. An SJ, Kim MK. 2001. Effect of dry powders, ethanol
extracts and radish and onion on lipid metabolism and an-
tioxidative capacity in rats. Korean Nutr Soc 34: 513-524.



264 Ji-Young Yoon et al.

25. Loest HB, Noh SK, Koo SI. 2002. Green tea extract in- 27. Havsteen BH. 2002. The biochemistry and medical signif-

hibits lymphatic absorptipn of cholesterol and « -toco- icance of the flavonoids. Pharmacol Therapeu 96: 67-202.
pherol in ovariectomized rats. J Nutr 132: 1282-1288. 28. Choi HJ, Park JH, Han HS, Son JH, Son GM, Bae JH,

26. Juhel C, Arm M, Pafumi Y. 2000. Green tea extract in- Choi C. 2004. Effect of polyphenol compound from Ko-
hibits lipolysis of triglycerides in gastric and guodernal rean pear (Pyrus pyrifolia Nakai) on lipid metabolism. J
medium in vitro. J Nutr Biochem 11: 45-51. Korea Soc Food Sci Nutr 33: 299-304.

(Received July 20, 2004; Accepted September 1, 2004)



