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Abstract

Commeonly used spices in Korean cooking (red pepper powder, garlic, ginger) were 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. 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 diets containing 5% red pepper
powder (RPP), garlic or ginger. These spices significantly decreased weight gain compared to HFD, but garlic
and ginger showed a greater effect on reducing weight gain than RPP. The weights of liver and epididymal
and perirenal fat pads in garlic and ginger diet groups were lower than those of the HFD groups (p <0.05).
The garlic and ginger also decreased triglyceride and cholesterol contents in liver and epididymal and
perirenal fat pad, reversing the higher levels seen in HFD. RPP, garlic and ginger supplemented diets were
effective in lowering serum triglyceride and cholesterol levels (p <0.05). These results indicated that garlic
and ginger more effectively suppressed the effects of HFD on body fat gain and lipid values of adipose

tissues and serum than RPP.
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INTRODUCTION

Obesity is the most prevalent nutritional disorder (1).
Obesity is defined as an excess of body weight that is
mainly attributable to an increased body fat accumulation
and induced by an imbalance of energy intake and ex-
penditure. Overweight carries an increased risk of health
problems such as cardiovascular disease, insulin resis-
tance, diabetes, hyperlipidemia, hypertension, gallblad-
der disease, certain cancers, and premature mortality (2).
As such, the effects of dietary components on lipid me-
tabolism have recently received considerable attention,
thereby highlighting the importance of naturally oc-
curring compounds as lipid metabolism regulators. From
this point of view, Korean major spices such as red
pepper powder, garlic and ginger have been attracted
public attention.

Red pepper, especially red ‘hot” pepper (Capsicum an-
nuum L.), garlic (Allium sativum L.) and ginger (Zingiber
officinale Rosc.) are commonly used Korean spices that
have been used as a raw material in many traditional
preparations since ancient times. Capsicum species, hot
pepper, are important culinary plants and have been used
world wide as food, spices and medicines. Red pepper
has been shown to increase plasma catecholamine levels,
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induced lypolysis (3) and can reverse the effects of a
high fat diet on body weight and blood and tissue lipids
{4). Evidence from several studies points to the fact that
garlic can exert the normalization of plasma lipids (5-7),
enhancement of fibrinolytic activity (8), inhibition of
platelet aggregation (9), and reduction of blood pressure
(10) and glucose (11). Ginger is known to be effective
as appetite enhancer, anti-cold, anti-inflammatory agent
(12). Several studies have suggested that ginger could
be used as an cholesterol-lowering (13), antihyperli-
pidemic (14), and antithrombotic agents (15).

In this study, we investigated the effect of three major
Korean spices (red pepper powder, garlic and ginger)
on body weight and organ lipids in male Sprague-
Dawley rats fed 16% lard oil diet for 4 weeks. Body,
organ and fat pad weights; and total lipids, triglycerides
and cholesterol concentrations in blood and tissues, were
compared and used to evaluate the relative antiobesity
effect of the major Korean spices.

MATERIALS AND METHODS

Animal experiment
Twenty four 4 week old male Sprague-Dawley rats,
weighting approximately 110 g, were purchased from the
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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
individually housed in polycarbonate cages in a room
maintained 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
respective diets and drinking water for 4 weeks. Food
intake was measured daily and body weight weekly.

Preparation of spices

Red pepper (Capsicum annum L.) powder, garlic (Al-
lium stavinm L.) and ginger (Zingiber officinale Rosc.)
were purchased from a local market in Busan, Korea,
freeze-dried, and powdered. Red pepper powder was cul-
tivated Youngyang, Gyeongsangbuk-do, Korea. Garlic
and gingers were cultivated in Namhae, Gyeongsangnam-
do, Korea.

Experimental diets

The experimental diets consisted of a normal diet (ND,
containing 4% soybean oil) based on the AIN-93M diet
(16); high fat diet (HFD, ND supplemented with 16%

lard oil); and the HFD with 5% red pepper powder, gatlic
or ginger. Casein was purchased from PCS, Korea. Starch,
lard oil, cellulose (fiber), mineral, vitamin, L-cystein,
methionine, TBHQ (tert-butylhyroquinone), soy bean oil
and choline bitartrate were purchased from Sigma Co.,
USA. Dextrinized corn starch, mineral and vitamin mix.
were purchased from Dyts Inc., USA. Contributions of
the spices to the compositions of the experimental diets
compositions were confirmed by proximate analysis data
(Table 1). The compositions of the experimental diets
are shown in Table 2.

Measurement of body weight and food consump-
tion

Body weight was measured every week and rounded
to the second decimal place. Feed consumption was mea-
sured every day. Food efficiency ratio (FER) was cal-
culated 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 diets, the rats were
anesthetized with dry ice. Blood samples were taken

Table 1. Proximate analysis of freeze dried Korean major spices (Unit: %)
Item - Water  Crude protein  Crude fat  Crude carbohydrate  Crude fiber Crude ash
Red pepper powder” 19.80.03 12903 8.60.9 260*0.4 26.7+0.3 6.1+0.5
Garlic 92=x0.1 18.8 0.1 0.09%£0.01 65.7x0.1 2.710.04 35x02
Ginger 14.60.2 13.0+0.1 45+0.2 45.5%0.09 14.1+0.1 8.3+0.1

Table 2. Preparation and compositions of the normal diet, high fat diet and samples added to the high fat diets

(g/100 g diet)

- - ND" HFD? HFD + RPP” HFD + Garlic” HFD + Ginger”
Casein 14.0 14.0 13.36* 13.06* 13.35*
L-Cystine 0.18 0.18 0.18 0.18 0.18
Corn starch 46.57 34.57 33.27* 31.28* 32.29*
Dextrinized corn starch 15.5 15.5 15.5 15.5 15.5
Sucrose 10.0 10.0 10.0 10.0 10.0
Fiber 5.0 5.0 4.50* 4.86* 4.30*
Soybean oil 4.0 4.0 3.093* 4.00* 3.77*
AIN-93 mineral mix. 35 35 35 35 35
AIN-93 vitamin mix. 1.0 1.0 1.0 1.0 1.0
Choline bitartrate 0.25 0.25 0.25 0.25 0.25
TBHQ® (mg) 0.8 0.8 0.8 0.8 0.8
Lard oil 16.0 16.0 16.0 16.0
Red pepper powderB) 5.0
Garlic 5.0
Ginger 50
Total 101.8 102.8 102.09 101.43 101.94

"Normal diet is based on the AIN-93M diet (14).
?Contains 16% lard oil added to the normal diet.
3)High fat diet+5% red pepper powder.

“High fat diet +5% garlic.

*High fat diet+5% ginger.
tert-Butylhydroquinone.

*Adjusted quantities from the proximate analysis of 5% red pepper powder, ginger and garlic respectively.
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from the interior vena cava, and the plasma separated
by centrifugation (Vision, VS-15CFU refrigerated cen-
trifuge, Gyeonggi, 3,000 rpm, for 15 min) and stored
at -20°C until assayed. The liver, spleen, kidney, epidi-
dymal fat pad and perirenal fat pad were excised, wei-
ghed and stored at -20°C until assayed.

Quantitation of total lipid, triglyceride, cholesterol
and high-density lipoprotein (HDL) cholesterol

The concentrations of plasma triglyceride, cholesterol
and HDL-cholesterol were assayed enzymatically using
commercial kits (Asan pharms. Co., Korea). Total lipids
in liver and adipose tissues were extracted by the method
of Folch et al. (17) and weighed. Triglyceride and total
cholesterol concentrations in liver and adipose tissues
were assayed enzymatically using a commercial kits
(Asan pharms. Co., Korea) with the aid of a detergent,
triton X-100.

Statistical analysis

All statistical analysis were performed on a SAS pro-
gram (SAS 8.0). Significant difference among the treat-
ment means were determined using ANOVA and Duncan’s
multiple range test at p<0.05.

RESULTS AND DISCUSSION

Body weight of the rats

Final body weights are shown in Table 3. Rats fed
the HFD, containing 16% lard oil, had significantly
higher final body weights (371.5+13.7 g) than rats fed
the HFD with RPP, garlic or ginger. Spices in diets
significantly reduced the weight gain compared to the
HFD diet group. The garlic diet group gained the least
body weight among the treated groups (p <0.05). Except
for the garlic diet group, food intakes were not sig-
nificantly different among the groups. Food intakes of

the garlic diet group were smaller than those of other
groups, this may be due to unpleasant smell of garlic.
The food efficiency ratio (FER) of the HFD and RPP
diet group was higher than that of the ND group. Ginger
and garlic reduced FER which was increased by HFD.
The high FER of the HFD group was due to an increase
in body weight, and not to deceased feed consumption.
The garlic diet group ate less than the others, while the
FER of garlic group was the same as that of ND.

In this study, the RPP was less effective than garlic
or ginger for reducing the weight gain. Choi et al. (4)
reported that 10% RPP decreased the fatness of rats.
However, 3% RPP in HFD did not reduce the body
weight gain compared to controls (HFD, 18). Do et al.
(19) reported that high-pungency red pepper extract
might have a direct lypolytic activity in adipocytes that
is mediated by capsaicin. Capsaicin is an active, hot, and
characteristic compound found in red pepper powder that
has established lipolytic activity (20,21). Especially, cap-
saicinoid concentrations of var. Youngyang used in this
study were considerably lower than that of high-pun-
gency RPP (var. Chungyang, 22). These results sug-
gested that a high level of capsaicin in RPP might be
required to decrease body fatness.

Garlic is almost always less than 5% of any daily
meal. Sheo (23) reported that megadoses of dietary garlic
up to 5% did not have any significant adverse effects
on the body weight gain of rats. There were no ab-
normalities or apparent changes in the appearance and
motility in 3% and 5% garlic diet groups. However, the
animals fed 5% garlic showed mild erythema on their
mucosal membrane of the stomach. So, the second ex-
periment was carried out to examine antiobestic effect
of garlic in low concentration. The experimental diets
containing 1, 2, 5% garlic in HFD showed dose-de-
pendent effects on reducing body fat gain in the rats fed

Table 3. Changes in body weight, food intake and food efficiency ratio (FER) of rats fed experimental diets

ND" HFD” HED + RPP” HFD +Garlic? ~ HFD + Ginger”
Body weight
Initial weight (g) 1421407 1369+8.0 1342+14.5 140.5+6.2 141.1+1.6
Final weight (g) 3244+39® 371.5+13.7° 349.8+7.3" 287.2+7.4° 308.7+7.8°
Weight gain (g/day) 6.1-0.2° 7.8+0.5" 72+03° 49+0.1° 5.6+0.2°
Food intake (g/day) & FER
Food intake (g/day) 18.6+0.3" 183+0.3" 18.3+0.3" 162+0.3° 18.3+0.4°
Food efficiency ratio 031+001°  038%0.02° 0.39+0.01° 0.30+0.01° 0.31+0.01°

"Normal diet (AIN-93M).

“High fat diet.

“High fat diet+5% red pepper powder.

“High fat diet+5% garlic.

SHigh fat diet+5% ginger.

®Calculated as daily weight gain/daily dietary intake.
"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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with HFD (data not shown). Therefore garlic seems to
play a role in reducing weight gain.

Lipid contents in blood

Plasma triglyceride and cholesterol concentrations
were high in HFD diet, but the effect of HFD was
significantly reduced groups also receiving RPP, garlic
and ginger (Table 4). The greatest reduction was ob-
served in the garlic group. HDL-cholesterol concen-
trations in the HFD group were significantly lower than
the ND group (p < 0.05). HDL-cholesterol levels of RPP,
garlic and ginger groups were almost the same as that
of the ND group. Kwon et al. (24) reported that red
pepper decreased total serum triglyceride and choles-
terol, and increased HDL-cholesterol in cholesterol-fed
rabbits. Red pepper had been shown to increase plasma
catecholamine levels and induced lipolysis in rats (3).
Yoshioka et al. (25) reported that the addition of red
pepper to high-fat meals significantly increased diet-
induced thermogenesis and lipid oxidation in humans,
while capsaicin stimulated lipid mobilization from adi-
pose tissue and lowered the serum triglyceride con-
centration in lard-fed rats (26). Garlic supplementation
and allyl-containing sulfides in garlic enhance thermo-
genesis by increasing uncoupling protein in interscapular
brown adipose tissue, and noradrenaline and adrenaline
secretion, that is, garlic stimulates triglyceride meta-

bolism and exerts a hypotriglyceridemic effect (5). Focke
et al. (27) reported allicin especially inhibits acetyl CoA
synthesis and diallyl sulfide inhibits 3-hydroxy 3-methyl
glutaryl CoA reductase activity thus contributing to the
reduction of blood cholesterol. These data suggested that
RPP and garlic increases catecholamine-mediated ther-
mogenesis and the serum triglyceride lowering properties
of RPP and garlic might be due to stimulation of tri-
glyceride metabolism by capsaicin and allylsulfides, re-
spectively.

It is reported that ginger significantly reduced chol-
esterol and triglyceride concentration in serum, and
HDL-cholesterol concentrations in rats (13,14). Further
study is needed to identify the active compounds in
ginger and to elucidate their roles in the reduction of
serum lipids.

Weight of organs and fat pads

Garlic and ginger supplementation in HFD signifi-
cantly reduced liver weight (g/100 g body weight) and
RPP had an intermediate value between the HFD and
garlic group (Table 5). Weights of epididymal and peri-
renal fat pads in the HFD group were significantly higher
than those in the ND group (p<0.05). The garlic and
ginger groups were the same as the ND group. However
the RPP group exhibited no reduction in the weights of
epididymal fat pad and perirenal fat pad compared to

Table 4. The effects of various diets on serum (mg/dL) lipid concentrations in rats

. ND" HFD” HFD + RPP” HFD + Garlic?  HFD + Ginger”
Triglyceride 167.5+14.9%° 270.5+58.7" 202.614.0° 117.2+16.4° 166.2+22.6"
Total cholesterol 83.0+1.5° 116.3+4.3 97.6+6.5" 88.5+3.5% 933+4.6™
HDL-cholesterol 27.63.0° 19.3=5.4° 253+15° 275+ 1.0° 26.3+0.9°

“Normal diet (AIN-93M).
“High fat diet.

“High fat diet + 5% red pepper powder.
“High fat diet+5% garlic.

“High fat diet+ 5% ginger.

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

Table 5. The weight ratio of liver, spleen, kidney and adipose tissue in rats fed experimental diets for 4 weeks

Organ {veight

/100 g BW) NDV HFD” HFD +RPP” HFD +Garlic’ ~ HFD + Ginger”
Liver 4.00+0.05"° 4.37+0.05° 4.19+0.25" 3.94+0.15° 3.98+0.30°
Spleen 0.21+0.03™" 0.31=0.21 0.22+0.03 0.27 £0.04 0.22+0.02
Kidney 0.81+0.04™ 0.76 +0.03 0.79+0.03 0.79+0.05 0.79+0.02
Epididymal fat pad 1.13+0.50 1.65+0.19° 1.59+0.11°* 1.14+0.08° 1.16+0.09°
Perirenal fat pad 1.23+0.23° 2.16+0.36" 1.92+0.40° 127+0.11° 1.69+0.13%

"Normal diet (AIN-93M).
“High fat diet.

3)High fat diet+5% red pepper powder.
“High fat diet +5% garlic.

>High fat diet+5% ginger.

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

?Not significant.
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Table 6. Effect of various diets on total lipids in liver, epididymal fat pad, perirenal fat pad in rats

ND" HFD? HFD + RPP” HFD + Garlic? ~ HFD + Ginger”

Liver (mg/g, Wet wt)

Total lipid 4.1+0.2%° 6.1+0.2° 5.5+0.9" 4.6+0.4> 54+04%

Triglyceride 10.4+0.1° 19.60.4" 133+0.8 8.8+0.5° 10.0£0.4°

Total cholesterol 117.6+1.6° 166.2 +18.2° 132.8-8.9™ 130.6+5.6™ 143.4+17.8°
Epididymal fat pad (mg/g, Wet wt)

Total lipid 66.0+1.5% 82.1+4.6" 712+23° 66.7+3.1% 63.5+4.0

Triglyceride 156.1=8.1° 371.8+92.3 300.2+25.6™ 152.5+18.8° 249.8+27.6°

Total cholesterol 63.4+14.6° 190.2 +44.7° 142.7+17.6° 87.1+32¢ 101.7+1.0°
Perirenal fat pad (mg/g, Wet wt)

Total lipid 63.21+5.61° 77.58 +3.38° 67.74+2.51° 63.58+4.75° 65.59+6.98"

Triglyceride 25.4+0.5° S1.4+1.2° 38.9+3.2° 26.1+5.1° 31.9+0.6°

Total cholesterol 105.0+5.7 225.7+12.9° 185.0+21.6™ 123.4+232° 144.7+37.4"

“Normal diet (AIN-93M).

“High fat diet.

“High fat diet-+5% red pepper powder.
“High fat diet+5% garlic.

“High fat diet+5% ginger.

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

the HFD group. Ginger and garlic groups showed a
greater effect than RPP in reducing the fat pad weights
(p <0.05). The weights of epididymal and perirenal fat
pads were almost identical among the groups fed ginger,
garlic and normal diets, suggesting that ginger and garlic
completely reversed the effect of HFD (p<0.05).

Lipid contents in liver, epididymal and perirenal
fat pad

Hepatic triglyceride and cholesterol in all treated group
were significantly lower than those in the HFD group;
the lowest concentrations were in the garlic group (Table
6). Total lipid, triglyceride and cholesterol contents in
fat pads of the groups fed diets containing the spices
were significantly lower compared to the HFD group (p
< 0.05), but the effect was the greatest in the garlic diet
group. These results indicated that RPP, ginger and garlic
stimulate lipid metabolism in adipose tissues and
effectively inhibit adipose lipid accumulation caused by
HFD. Feeding ginger to rats with ginger significantly
elevated the activity of hepatic cholesterol 7 ¢ -hydr-
oxylase (28), which converts cholesterol into bile acids,
an important pathway for elimination of cholesterol from
the body (29).

In this study, we compared the antiobesity effects of
major Korean spices in HFD. 5% RPP in the HFD
reduced body weight gain and lipid values of adipose
tissues and serum, whereas it did not decrease the weight
of epididymal and perirenal fat pads. Garlic and ginger
had more suppressive effects on body fat gain and lipid
values of the adipose tissues and serum than did RPP.
Further study is needed to identify the phytochemicals
involved, in garlic and ginger and elucidate their mech-

anisms in the antiobestic effect and improvement of the
lipid content.

ACKNOWLEDGEMENTS

This study was supported by technology by Devel-
opment Program for Agriculture and Forestey, Ministry
of Agriculture and Forestry, Republic of Korea.

REFERENCES

1. Grundy SH. 1998. Muti-fratorial causation of obesity: im-
plication for prevention. Am J Cli Nutr 67 (Suppl): 563s-
572s.

2. Park HS. 2001. The approach to obesity and medical ther-
apy at primary medical examination. Arch Family Med
22: 447-458.

3. Lim K, Yoshiok M, Kikuzato S, Kiyonaga A, Tanaka H,
Shindo M, Suzuki M. 1997. Dietary red pepper ingestion
increases cabohydrate oxidation at rest and during exercise
in runners. Med Sci Sports Fxerc 29: 355-361.

4. Choi SM, Jeon YS, Rhee SH, Park KY. 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.

5. Oi Y, Kawada T, Shishido C, Wada K, Kominato Y,
Nishimura S, Ariga T, Iwai K. 1999. Ally-containing sul-
fides in garlic increase uncoupling content in brown adi-
pose tissue, and noradrenaline and adrenaline secretion in
rats. J Nutr 129: 336-342.

6. Yeh YY, Yeh SM. 1994. Garlic reduces plasma lipids by
inhibiting hepatic and triacylglycerol synthesis. Lipids 29:
189-193.

7. Sheo HJ. 1999. Effects of garlic on the blood lipid and
other serum components in rats. J Korean Soc Food Sc
Nutr 28: 1139-1148.

8. Srivastava KC, Tyagi OD. 1993. Effects of garlic-derived
principles (ajoene) on aggregation and arachinodic acid



10.

11.

12.

13.

14.

15.

16.

17.

18.

Antiobesity Effect of Major Korean Spices 63

metabolism in human blood platelets. Prostaglandins
Leukot Essent Fatty Acids 49: 587-595.

. Legnani C, Frascaro M, Guazzaloca G, Ludovici S,

Cesarano G, Coccheri S. 1993. Effects of a dried garlic
preparation on fibrinolysis and platelet aggregation in
healty subject. Arzneimittelforschung 43: 119-122,
McMahon FG, Vargas R. 1993. Can garlic lower blood
pressure? A pilot study. Pharmacotherapy 13: 406-407.
Chang MW, Johnson MA. 1980. Effects of garlic on car-
bohydrate metabolism and lipid synthesis in rats. J Nutr
110: 931-936.

Suekawa M, Ishige A, Yusas K, Sudo K, Aburada M,
Hosoya E. 1984. Pharmacological studies on ginger. 1.
Pharmacological actions of pungent constituents, (6)-gin-
gerol and (6)-shogaol. J Pharmacobiol Dyn 7: 836-848.
Bhandari U, Sharma JN, Zafar R. 1998. The protective
action of ginger (Zinger officinale) extract infed rabbits.
J Ethnopharmacology 61: 167-171.

Shin JH, Lee SJ, Sung NJ. 2002. Effects of Zinger mioga,
Zinger mioga Root and Zinger officiale on the lipid con-
centration hyperlipidemic rats. J Korean Soc Food Sci
Nutr 31: 679-684.

Bordia A, Verma SK, Srivastava KC. 1997. Effect of gin-
ger (Zingiber officinale Rosc.) and fenugreek (Trigonella
Sfoenumgraecum L.) on blood lipids, blood sugar and
platelet aggregation in patients with coronary artery dis-
case. Prostaglandins Leukot Essent Fatty Acids 56: 379-
384.

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

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

Rhee SH, Kong KR, Jung KO, Park K. 2003. Decreasing
effect of kochujang on body weight and lipid levels of
adipose tissues and serum in rats fed a high-fat diet. J
Korean Soc Food Sci Nutr 32: 882-886.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Do MS, Hong SE, Ha JH, Choi SM, Ahn IS, Yoon JY,
Park KY. 2004. Increased lipolytic activity by high-pun-
gency red pepper extract (var. Chungyang) in rat adi-
pocytes in vitro. J Food Sci Nutr 9: 34-38.

Kawada T, Hagihara KI, Iwai K. 1986. Effect of capsaic-
ine on lipid metabolism in rats fed a high fat diet. J Nutr
116: 1272-1278.

Sambaiah K, Satyanrayana MN. 1982. Influence of red
pepper and capsaicin on body composition and lipogenesis
in rats. J Biosci 4: 425-430.

Choi SM, Jeon YS, Park KY. 2000. Comparison of quality
of red pepper powders produced in Korea. Korean J Food
Sci Technol 32: 1251-1257.

Sheo HJ. 2000. Toxic effects of the megadose garlic juice
in the rats. J Korean Soc Food Sci Nutr 29: 485-492.
Kwon MJ, Song YS, Choi MS, Song YO. 2003. Red
pepper attenutes cholesteryl ester transfer protein activity
and atherosclerosis in chilesterol-fed rabbits. Elsevier Sci
BV 332: 37-44.

Yoshioka M, St-Pierre S, Suzuki M, Tremblay A. 1998.
Effects of red pepper added to high-fat and high-car-
bohydrate meals on energy metabolism and secondarystrate
utilization in Japanese women. Br J Nutr 80: 503-510.
Kawada T, Watanabe T, Takashi T, Tanaka T, Iwai K.
1986. Effect of capsaicin-induced beta-adrenergic action
on oxygen consumption, the respiratory qutotient, and
secondary strate utilization. Proc Soc Exp Biol Med 183:
250-2563.

Focke M, Feld A, Lichtenthaler K. 1990. Allicin, a occur-
ring antibiotic from garlic, specially inhibits synthesis.
Federation of European Bioche Soc Letters 261: 106-108.
Srinivassan K, Sambiaiah K. 1980. Hypocholesterolemic
effect of red pepper and capsaicin. Indian J Exp Biol 18:
898-899.

Srinivassan K, Sambiaiah K. 1991. The effect spices on
cholesterol 1 alpa-hydroxylase activity and on serum and
hepatic cholesterol levels in the rat. Int J Vitam Nutr Res
61: 364-369.

(Received December 22, 2004; Accepted February 23, 2005)



