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Abstract

The effect of red pepper powder (RPP) or kimchi on body weight and blood and tissue lipids was evaluated

- in male Sprague-Dawley rats fed a high fat diet (HFD). RPP (0.006% capsaicin) diet contained 5% RPP in HFD;
the kimchi diet was 10% kimchi (50% RPP by dry weight) in HFD. Food consumption of the RPP and kimchi
diet groups was not different than the normal or HFD groups, but final body weights were significantly lower
than the HFD group (p<0.05) after 4 weeks on the RPP or kimchi diets. The weights of liver, epididymal fat
pad and perirenal fat pad in RPP and kimchi diet groups were lower than those of the HFD group, but the rats
on the kimchi diet had even lower weights than those on the RPP diet. Plasma concentrations of triglyceride
and cholesterol were lowest in the kimchi diet group (p <0.05). The RPP and kimchi diet groups had lower total
lipids, triglycerides and cholesterol in liver; as well as in tissue fat pads than the HFD group, with the greatest
effect being in the kimchi diet group. These results suggested that RPP and kimchi consumption can reverse
the effects of HFD on weight gain and blood and tissue lipids, and that kimchi does so more effectively than

RPP alone.
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INTRODUCTION

High fat diets can cause body weight gain and increase
the lipid and cholesterol content of organ tissues (1,2). Ori-
ental diets are typically low in fat and high in vegetable
content, which may contribute to the low incidence of obe-
sity in oriental countries. Dietary interventions aimed at reg-
ulating lipid metabolism, and reducing body weight and se-
rum concentrations of triglycerides and cholesterol, include
the use dietary components including: chitin-chitosan (3),
dietary fiber (4,5) green tea (6), oolong tea (7), carnitine
(8), red pepper (9,10), kochujang (11) and kimchi (12) and
others. Red pepper (Capsicum annum L.) is an important
ingredient in many traditional Korean foods such as kimchi
(Korean fermented vegetables) and kochujang (Korean red
pepper soybean paste) (13). Lim et al. (10) reported that hot
red pepper meal increased plasma catecholamine levels and
induced lipolysis in rats. The effects of red pepper powder
on energy and lipid metabolism appear to be a consequence
of capsaicin (9,10,12,14) and dietary fiber (4). Red pepper
and capsaicin modulate total body fat and lipogenic enzyme
activities in the liver, and increases lipid oxidation in rats
(9). Capsaicin is an active, hot, and characteristic compound
found in red pepper powder that has established lipolytic
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activity (14). However, red pepper powder (0.02% capsai-
cin) has been shown to be more effective than equal a-
mounts of capsaicin alone in reducing obesity in rats, sug-
gesting that other compounds in addition to capsaicin in
RPP may have antiobesity activity (15).

Kimchi is a traditional Korean fermented vegetable food
used as a side dish at every meal. Kimchi is a source of
vitamins, minerals, dietary fiber, lactic acid bacteria, and
fermented phytochemicals (16). Kimchi is known to inhibit
mutagenicity (17), carcinogenicity (18), and oxidation proc-
esses (19). Recently, kimchi was also reported to function
as a regulator of lipid metabolism (12). Kimchi (baechu
kimchi) is made with baechu (cabbage) and secondary-ingre-
dients such as red pepper powder, garlic, ginger, etc. Kimchi
has about 24% fiber, on a dry weight basis (20). Dietary
fiber decreases lipid concentrations in blood and liver by
binding bile acids, thereby increasing their fecal excretion,
and by enhancing fecal energy loss (4). Increased bile ex-
cretion may cause increased hepatic synthesis of bile acids
from cholesterol resulting in a depletion of liver choles-
terol, and reduced serum cholesterol (5). Garlic, an impor-
tant secondary-ingredient in kimchi, contains allyl sulfide
which exerts a regulatory influence on lipid metabolism.
It was reported that the administration of garlic decreased
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blood cholesterol and triglyceride levels in both human
and rats (21). Thus, it can be postulated that kimchi might
reduce weight gain and lipid parameters by inducing li-
polysis. Kimchi also contains fermented phytochemicals
(16), red pepper powder, and dietary fiber in addition to
garlic; all of which have potential for weight reduction ac-
tivity. Kim and Lee (12) reported that ripened kimchi re-
duced the body weight of rats more effectively than fresh
kimchi, indicating that the additional fermentation products
may contribute to weight reduction.

In this study, we investigated the effect of red pepper
powder and ripened kimchi on body weight, and organ lip-
ids in male Sprague-Dawley rats fed a 20% corn oil diet
for 4 weeks. Body, organ, and fat pad weights; and total
lipid, triglyceride and cholesterol concentrations in blood
and tissues, were compared and used to evaluate the rela-
tive antiobesity effect of RPP and kimchi.

MATERIALS AND METHODS

Animals

Twenty four 4 week old male Sprague-Dawley rats,
weighting approx 120 g, were purchased from the Korean
Experimental Animal Center (Daegu, Korea). Rats were ac-
climated to the experimental facility for 1 week, during
which time average weights increased to 171-7.2 g. The
rats were divided into 4 groups of 6 and individually housed
in polycarbonate cages in a room maintained at 23+ 1°C
with 50+ 10% relative humidity. The room was exposed
to alternating 12-hr periods of light and dark. All rats were
allowed free access to their respective diets and drinking
water for 4 weeks. Food intake was measured daily and
body weight weekly.

Red pepper powder (RPP)

Sun dried red pepper (Taeyangcho; 41.7 mg% capsaicinoid
and 19.1% free sugar contents, Youngyang, Kyungbuk, Ko-
rea) was purchased from the Agriculture Cooperative As-
sociation in Youngyang, ground and sifted through a 50
mesh sieve.

Preparation of kimchi

Baechu, cabbage, was cut into 4 pieces and soaked in
10% saltwater brine for 10 hours and then rinsed three
times with tap water and drained for 3 hours. The ratio of
ingredients was as follows: 13 parts radish, 2.0 green on-
ion, 5.0 red pepper powder (Youngyang, Kyungbuk, Korea),
2.8 garlic, 0.6 ginger, 2.2 anchovy juice, 1.0 sugar, 5.0 mus-
tard leaf, 0.1 Chinese pepper powder, and a final salt con-
centration of 2.5 in 100 parts salted baechu cabbage. The
ingredients for the kimchi were purchased from a local vege-
table market. Kimchi was prepared by the standardized rec-
ipe of the Kimchi Research Institute (12). The kimchi was

fermented at 15°C for 1 day and then at 5°C for 4 weeks.
The optimally ripened kimchi (pH 4.3) was freeze-dried
and powdered. The final product was approximately 50%
red pepper powder.

Experimental diets

The experimental diets consisted of a normal diet based
on the AIN-76TM diet (22); high fat diet (HFD), 20% corn
oil in the normal diet (23); RPP diet (RPP+HFD), 5% RPP
in the HFD; and kimchi diet (kimchi+HFD), 10% kimchi
(the freeze dried kimchi with 50% red pepper powder) in
the HFD. Since the dry weight of the kimchi was 50%
RPP, both the RPP and kimchi diets had approximately
equal amounts of RPP. Casein was purchased from Junsei
Chemical Co., Japan. Vitamins, minerals and cellulose were
purchased from ICN Biochmical Co., USA. The HFD with-
out RPP and kimchi was used as the control. The composi-
tion of the experimental diets is shown in Table 1. FER
(food efficiency ratio) was calculated as daily weight gain
in grams divided by daily dietary intake in grams.

Measurement of body weight and feed consumption

Body weight was measured every week and rounded to
the second decimal place. Feed consumption was measured
every day.

Preparation of organ tissues for lipid analysis

After 4 weeks on the experimental diets, the rats were
anesthetized with dry ice. Blood samples were taken from
the inferior vena cava, and the plasma separated by centri-
fugation (3000 rpm, for 15 min) and stored at -20°C until

Table 1. Compositions of normal diet, high fat diet (HFD) and
red pepper powder (RPP) diet (HFD+RPP) and kimchi diet (HFD+

kimchi) (g/100 g diet)
High fat HFD HFD
Normal g L
diet” (HFDY? RPPY  kimchi”
Casein 20.0 20.0 19.1*  18.0**
Methionin 0.3 0.3 0.3 0.3
Corn starch 30.0 30.0 27.7*  25.8**
Sucrose 35.0 20.0 20.0 20.0
Fiber 5.0 5.0 4.0* 2.6™*
Corn oil 5.0 20.0 19.3*  18.9**
AIN-mineral mixture 3.5 3.5 3.5 3.5
AIN-vitamin mixture 1.0 1.0 1.0 1.0
Cholin bitartrate 0.2 0.2 0.2 0.2
Red pepper powder - - 5.0 -
Kimchi - - - 10.0
Total 100.0 100.0 100.1 100.3

"Normal diet is based on AIN-76"" diet (22).

“Contains 20% corn oil in normal diet (23).

“High fat diet+5% RPP.

“High fat diet+10% freeze dried kimchi that contained 50% RPP.

*Adjusted quantities from the proximate analysis of 5% RPP.

**Adjusted quantities from the proximate analysis of 10%
kimchi.
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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 and cholesterol
in tissues

The concentrations of plasma triglyceride and choles-
terol were assayed enzymatically using commercial Kits
(Asan pharm. Co., Korea). Total lipid in liver and adipose
tissues were extracted by the method of Folch et al. (24)
and weighed. Triglyceride and cholesterol concentrations
in liver and adipose tissues were enzymatically assayed
by a commercial kit (Asan pharm. Co., Korea) with the aid
of a detergent, triton X-100.

Statistical analysis

Comparisons among groups were evaluated by analysis
of variance (ANOVA). Significant differences among the
treatment means were determined using Duncan’s multiple
range test at p<0.05 (25).

RESULTS AND DISCUSSION

Body weight of the rats

Final body weights are shown in Table 2. Rats fed the
HFD, containing 20% corn oil, had a significantly higher
final body weight (338.7 + 12.4 g) than rats fed the normal
diet (302.5+10.7 g, p<0.05). However, rats fed the RPP
diet and kimchi diet had comparable final body weights
to the rats fed the normal diet. The kimchi diet group gain-
ed the least body weight among the treated groups. The
final body weight of the kimchi diet group was almost the
same as that of the normal diet group. Kimchi contains addi-
tiona! ingredients and fermented components besides RPP,
which may be responsible for the lower weight gain in the
kimchi group than the RPP group. Garlic (21) and dietary
fiber (4,5) in kimchi seem to play a role in reducing weight
gain by stimulating lipolysis in adipose tissues, and/or de-
creasing intestinal absorption of lipids. B-Sitosterol is also
an active functional compound in kimchi (26) which may

contribute to reduced body weight gain (27).

Kim and Lee (12) reported that ripened kimchi was more
effective than fresh kimchi at reducing weight gain. They
also suggested that fermentation products other than the
raw RPP, garlic, dietary fiber, etc, in fresh kimchi were re-
sponsible for the greater effects. The food efficiency ratio
of the HFD group was the highest among the groups, while
those of RPP and kimchi groups were the same as the
normal diet group (p < 0.05). The high food efficiency ratio
of the HFD group was due to an increase in body weight,
and not to decreased feed consumption.

Weight of organs and fat pads

Liver weights (/100 g body weight) were significantly
higher in HFD group rats than in the normal diet group.
The addition of kimchi to the HFD negated the effect of
HFD on liver weight (normal 3.61 g: kimchi + HFD 3.69
g), but RPP addition had an intermediate effect, and liver
weights in that group were not significantly different from
any of the other groups.

RPP and kimchi supplementation in the HFD signifi-
cantly reduced epididymal and perirenal fat pad weights to
an intermediate value between normal and HFD. Kimchi
appeared to have a greater effect than RPP in reducing fat
pad weights, although the differences the two were not sig-
nificant. Kimchi diet exhibited the same effect in the reduc-
tion of tissue weight as in the reduction of body weight
gain.

Lipid contents in blood

Rats fed HFD had significantly higher triglyceride con-
centrations than those on a normal diet, addition of kimchi
or RPP to the HFD resulted in lowered triglycerides, but
the effect was only significant in the kimchi group. Plasma
cholesterol was also higher in HFD diets, but the effect of
HFD was significantly reduced in both the RPP and kimchi
groups, but the greatest reduction was in the kimchi group
(Table 4). The lipid lowering properties of the kimchi diet
may again be due to the presence of secondary-ingredients

Table 2. Changes in body weight, food intake and food efficiency ratio (FER) of rats fed experimental diets for 4 weeks

Normal diet" High fat diet (HFD)” HFD+RPP” HFD-+kimchi”

Body weight

Initial weight (g) 1715+ 9.1™ 170.3+7.0 171.8+8.5 171.2+4.1

Final weight (g) 302.5+10.7"" 338.7+12.4° 311.0+10.3° 305.7+9.7°

Weight gain (g/day) 4.7840.47° 6.241+0.51° 5.16+0.49° 4.80+0.42°
Food intake & FER

Food intake (g/day) 19.13+0.85™ 19.93+0.81 19.50+ 1.06 19.42+0.94

FER” 0.25+0.02° 0.311£0.02° 0.26 0.02° 0.25+0.02°

YNormal diet is based on AIN-76™ diet (22). IContains 20% com oil in normal diet (23).
“High fat diet+5% RPP. “High fat diet+10% freeze dried kimchi that contained 50% RPP.
SCalculated as daily weight gain/daily dietary intake. ®ns: not significant.

DMeans with the different letters in the same row are significantly different (p<0.05) by Duncan’s multiple range test.
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Table 3. Weights (g/100 g body weight) of liver, spleen, kidney and adipose tissues in rats fed experimental diets for 4 weeks

Normal diet" High fat diet (HFD)" HFD+RPP” HFD-+kimchi"
Liver 3.61+0.25> 439+0.22° 4.01+0.19® 3.69+0.13%
Spleen 0.20+0.03™° 0.2110.04 0.21+0.05 0.22-0.05
Kidney 0.91+0.07™ 0.93+0.11 0.90+0.06 0.900.06
Epididymal fat pad 0.96 +0.07¢ 1.594+0.12° 1.35+0.09° 1.26 +0.07™
Perirenal fat pad 0.89+0.02¢ 135%0.11° 1.21+0.03° 1.14+0.06™

"Normal diet is based on AIN-76" diet (22). Contains 20% corn oil in normal diet (23).
3)High fat diet+5% RPP. 4)High fat diet+10% freeze dried kimchi that contained 50% RPP.
'Means with the different letters in the same row are significantly different (p<0.05) by Duncan’s muiltiple range test.

6 ..
'ns: not significant.

Table 4. Triglyceride and cholesterol concentrations in plasma
(mg/dL) of the rats fed with experimental diets for 4 weeks

RPP and kimchi diets significantly decreased total lipid,
triglyceride and cholesterol in the livers as compared to

Normal ngh tfat HED HED the HFD (p < 0.05). However, the kimchi diet decreased
diet” (HFIE)M RPPY  kimchi" total lipid and cholesterol more than the RPP diet. Liver

Triglyceride 79.5+7.9" 100.8+ 11.1* 88.3 £ 7.2** 81.5+7.0°
Cholesterol 72.3+58 119.5+ 7.2% 89.54+7.9° 753 +4.4°

"Normal diet is based on AIN-76"" diet (22).

?Contains 20% corn oil in normal diet (23).

'High fat diet+5% RPP.

4)High fat diet+10% freeze dried kimchi that contained 50%
RPP.

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

and fermented products in kimchi. Dietary fiber decreases
the lipid contents of blood and liver by binding bile acids
and enhancing fecal energy loss (28). Allicin in garlic de-
creases blood lipids by inhibiting lipid synthesis, increas-
ing HDL-cholesterol in blood and secretion of bile acids
(21). B-Sitosterol can also decrease triglyceride and cho-
lesterol concentrations in the blood of rats (27,29,30). Lactic
acid bacteria in kimchi may also decrease cholesterol lev-
els in blood (31). Sambaiah and Satyanarayana (9) found
that rats fed a diet containing 10% fructose and 0.015%
capsaicin for 6 weeks had lower serum triglyceride concen-
trations than the control group. Capsaicin decreased total
serum cholesterol and lipid contents in turkeys fed a high
cholesterol diet (32). The combined results of our data and
those of others illustrate that kimchi has various com-
pounds/components with blood lipid lowering properties.

Lipid contents in liver
Lipid contents of the rat livers are shown in Table 3.

triglyceride, cholesterol, and total lipids were almost iden-
tical in the kimchi and normal diet groups, suggesting that
kimchi completely reversed the effect of HFD. Capsaicin
in RPP can increase lipid metabolism. Lim et al. (10) re-
ported that capsaicinoid in RPP has a liver glycogen spar-
ing effect, increases the breakdown of fat in adipose tis-
sues, and increases the release of free fatty acid by increas-
ing insulin and catecholamine concentrations in serum.
However, kimchi has other compounds that lower lipids
in liver even more effectively than red pepper or capsaicin
alone. Further study is needed to identify the active com-
pounds in kimchi and to elucidate their roles in the re-
duction of liver lipids.

Lipid contents of fat pads

The lipid profiles of fat pads are shown in Table 6.
Total lipid and triglyceride contents (mg/g, wet wt) of ep-
ididymal fat pad were significantly reduced in the kimchi
diet group (653.3+=21.5) and were not significantly dif-
ferent than the normal diet group (637.3+23.7, p<0.05).
Total lipids and triglycerides in the perirenal fat pad were
also lower in the kimchi diet group, and not significantly
different than the normal diet group.

Kimchi decreased the lipid contents in the fat pads more
effectively than RPP alone. This is probably due to the ad-
ditive effects of RPP, dietary fiber, garlic, and fermented
phytochemicals in kimchi. These results indicate that RPP
and kimchi stimulate lipid metabolism in adipose tissues

Table S. Total lipid, triglyceride and cholesterol concentrations in liver (mg/g, wet wt) of rats fed experimental diet for 4 weeks

Normal diet” High fat diet (HFD)” HFD+RPP” HED+kimchi®
Total lipid 168.5+6.3% 190.8+ 11.0° 178.6 + 8.8%° 169.8+7.9
Triglyceride 20.0+2.2° 285+ 2.1° 23.5+1.9° 20.5+1.7°
Cholesterol 183+1.7° 235+ 2.1° 21.3+£2.5" 185+1.3"

“Normal diet is based on AIN-76"" diet (22). JContains 20% corn oil in normal diet (23).
“High fat diet+5% RPP. “High fat diet+10% freeze dried kimchi that contained 50% RPP.
“Means with the different letters in the same row are significantly different (p<(0.05) by Duncan’s multiple range test.
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Table 6. Total lipid, triglyceride and cholesterol contents in epididymal fat pad and perirenal fat pad of rats fed experimental

diet for 4 weeks

Normal diet”  High fat diet (HFD)®  HFD+RPP’ HFD-+kimchi®

Epididymal fat pad (mg/g, wet wt)

Total lipid 637.3+23.7% 731.0+11.9° 690.5+17.8° 653.3121.5°

Triglyceride 187.8+17.9° 273.8+21.4° 231.5+154° 186.316.9°

Cholesterol 23.8+ 22° 30.5+ 2.4° 275+ 13% 250+ 08°
Perirenal fat pad (mg/g, wet wt)

Total lipid 584.8+12.3° 747.8+29.2° 656.0+25.1° 616.3 +24.7

Triglyceride 181.3+15.1° 272.8+15.7° 2393+ 11.6° 181.5+17.0°

Cholesterol 238+ 1.3° 31.0+ 2.3° 263+ 1.7° 243+ 1.0°

;)Normal diet is based on AIN-76™ diet (22). YContains 20% corn oil in normal diet (23).
S)High fat diet+5% RPP. “High fat diet+10% freeze dried kimchi that contained 50% RPP.
‘Means with the different letters in the same row are significantly different (p <0.05) by Duncan’s multiple range test.

and effectively inhibit adipose lipid accumulation caused
by HFD.

In this study, we compared the antiobesity effects of
RPP and kimchi in HFD. RPP and capsaicin are known
to decrease body fatness and lipid content in the tissues
of rats (15). However, kimchi has even greater antiobesity
activity than RPP alone. This is probably due to the pre-
sence of the RPP and other components found in kimchi
such as dietary fiber (4,5), garlic (21), B-sitosterol (27,29,30),
and probably some unidentified fermented phytochemicals,
since fermented kimchi is known to have higher antiobesity
activity rather than fresh kimchi (12). Kimchi decreases
total lipids, triglyceride and cholesterol concentrations in
serum, liver and fat pad by increasing lipid metabolism
and lipid excretion via feces (12).

Further studies are needed to identify the antiobesity
components, especially the fermented compounds, in kimchi
and to elucidate detailed mechanisms of the antiobesity
activity of kimchi.
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