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Effects of kimchi lactic acid powder (KL) on weight reduction and lipid-lowering activities were studied using rats
fed high fat diet. Spraque Dawley (40 rats) were fed 20% (w/w) high fat diet for 8 weeks to induce obesity and
divided equally into normal diet (ND), high fat diet (HFD), and 10 and 20% KL-added groups. Body weight of
HFD was 150% (p < 0.01) of ND, while those of HFK10 and HFK20 decreased by 13 and 15% compared to HFD,
respectively (p < 0.01). Amounts of visceral fats for HFK10 and HFK20 were decreased by 42 and 48% compared
to that of HFD (198% of ND), respectively (p < 0.01). KL had greater effect on reducing visceral fats than body
weight. Plasma triglyceride (155%), cholesterol (129%), and LDL (161%) concentrations of HFD, which had been
significantly increased compared to ND, dropped by 26, 9, and 8% (p < 0.01) in HFK10, and 35, 17, and 33%
(p < 0.05) in HFK20, respectively. Decreased HDL by high fat diet was re-increased by KL supplementation. KL
showed lipid-lowering and liver-protecting effects in liver possibly by interrupting lipid absorption in the intestine
either by absorbing lipids in their cell walls or degrading them rapidly. Increased excretion of TG and cholesterol
in feces of HFK10 and HFK20 indicates KL might have similar role to dietary fiber.
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�� ��	� �� ���
 ��	 ��	 ����� �


�� ��� �� ���
 ��	 ��� �
�� 	 ��

�
 �� ��� ����� �� ��� ���� ��. �
����� �� ��� ��� 
 ��� �	�
 ����

�� ���
 spray drier� ����� ���� ���� �
� ‘��������’� �� �� �� 
 �� �� ���

������ 	��� �� ���� �� �
� ��� �
�� �� ����� �	�.

�� � ��

��������

��������� (�)��(��)���� �����. �
����
 ���� �� ��� �		 �� 
�� ���

� �� ��� ���
 �� � ��	���
 ���� �
� spray drier� ���	 ����. ������������

��������� 9.1% ���� ��, ������� 108/
g ���� ��.

����

4��� Sprague-Dawley�(SD) � � 40��(���� 118
g)� (�)
������(��)�� ���� 1��� �	��

� ���� � ��� ���	�. �� ���� 20% ��

���� 8�� ��
 ��	 �, 9��� 17��� ����

������(�� ����������� �)� ���� 

���� ��� ���� ��� ������ ������

��
 10% 
 20% ���� ���	�. ���� 	��


�(normal diet group, ND), ������(high fat diet group,
HFD), �������� 10%(high fat diet supplemented with
10% kimchi lactic acid group, HFK10) 
 20% ���(high
fat diet supplemented with 20% kimchi lactic acid group,
HFK20)��, � �� ����� 10��
���. �� 	 �
��� 2��
 ���	�, ��� ��� 20�2oC, ��� 50
�10%� ���	�, ��� 12�� �
�� 
��	�.

����

��� AIN-76� �
�� 	��
�� ��� �
�	�

(385 kcal/100 g) ���� ��
 ���� ��� 20%(w/w) �
����� ���	�. ������ ���� � ���(HFD,
HFK10, HFK20)� ��� ��	 ��� �
(460 kcal/100 g)
� �� �
�	�(Table 1). � ��� ��	 ����� 	
����� � ��� �
� 20% ��, ��� �� ���

� 40%� ���� �
�	�. ����� ��� 	�
 �
������ ���� ���� ��� �	��� ����

���� ��� �
� ��� �� ���� 
�����

������ ��� ��� � ��	 �	�. �� ����

1�� 3
, ��� �� 	 �
 �	�	�. ��� �� 

��� ���� ��� �
��� −18oC ���� ��� �
��	�. �� �	 �� ���� �	�.

�� � ����

17� �� �, 12�� ���� �� ��	� ���� �
���	�, ��� ��	� 
 ���� ���� �� ��


 ���	�. �� � �� ��
 
� �� ��
 ��	

�, ������� �
�� �� � ��
 ��	 �, ��

��, ��, � 
 ��
 � �� ���
�� �� �� �
��� ��
 ��� ���� ��� �	�	�. ��
�

��
 ��� �� �
� −70oC ����� ���	�.

���� ��

�� ���� ��, � ����� 
 HDL ����� �
�� ���� �	 	�� kit(triglyceride AM 157S-K, total
cholesterol AM 202-K, HDL cholesterol AM 203-K, ����,
seoul, Korea)
 ���� �	�	�. �� ����� Folch(31)
�� ���� ��
 ��	 � 	�� kit
 ���� ��

�� 
 ����� ��� �	�	�. 	���� ��
 �
��� ��� 0.5% Triton X-100
 	��� ���	�.

Aspartate transaminase(AST)� alanine transaminase
(ALT) �� ��

�� 
�	�� �	�� ��� ���� ����� AST
� ALT ��
 ���� �	 	�� kit(AM 101-K, ���

�, seoul, Korea)
 ���� �	�	�.

��� �� ��

��� 0, 17�� �� � 48�� �� ���� ���


�
��� �
�� Soxhlet�
 ���� ��
 ��	 �,
���� 
 ����� ��� kit� ���� � �����

	� �� ���� ���	�.

����

����� �� �
��� �����, ����� ���

� ���� �� 
 �� ����� ���� ���� 	
��
�, ������, ����� 10% 
 20% ��� ��

��� one-way anova� ��	 � Duncan’s multiple range
test� ��� ��
 �	�.

Table 1. Composition of experiment diets1) (g/100 g diet)

Ingredients ND
Experimental Groups2)

HFD HFK10 HFK20

Casein
Sucrose
Corn starch
Corn oil
Lard
Cellulose
DL-methionine
AIN-mineral mixture
AIN-vitamin mixture
Choline bitrate
Kimchi lactic acid powder3)

20
40
25
5
-
5

0.2
3.5
1.0
0.3
-

20
40
10
5
15
5

0.2
3.5
1.0
0.3
-

20
30.9
10
5
15
5

0.2
3.5
1.0
0.3
10

20
21.8
10
5
15
5

0.2
3.5
1.0
0.3
20

Total 100 100 100.9 101.8
1)The diet was prepared to be isocaloric, 460 kcal/100 g, among
experimental groups except normal diet (385 kcal/100 g) according to
AIN-76 guide line.
2)ND: normal diet, HFD: high fat diet, HFK10: HFD + kimchi lactic
acid 10%, HFK20%: HFD + kimchi lactic acid 20%
3)Kimchi lactic acid powder contains 9.1% of kimchi lactic acid and
90.9% of maltodextrine.
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�� � ��

���� �� ��

8� �� 20%(w/w) ������ ��
 ��	 �� � �
�� �� � ��	 ���� ��	 ��� ����� �
� ���� ��� 9� �� �	�� ���	
 � � �
��� ����� ND 0.12, HFD 0.20, 	��, HFK10 �
HFK20� �� 0.16�� ���� ��� ��(Table 2, p < 0.01)
���� �� ��� ����. HFD� ��� ND� ��

50% �����(p < 0.01) ���	� HFK10 
 HFK20� �
�� HFD� �� �� � 13% 	�� 15%(p < 0.01) ���

� ��������� ��
 ����� ��� ��� �
����. ��� ��	 ��� �� ������
 �	�

��
 � HFD� ������� ND� �� 98% ����

� ���	�(Table 3, p < 0.01), HFK10 
 HFK20� HFD
�� � 42% 
 48% ����� ���	�(p < 0.01). ���

� ��
 ���� ��� ����� �	 ���� ���

���(g/100 g body weight)�� �	� ��
 �(Table 3)
ND� 4.3 HFD 5.6, HFK10 4.0 	�� HFK20� 3.5� ��

� ���� ��� �����(p < 0.05) ������ �� �
��� ����� ����
 ����� ��� ����,
��������� ���� ��
 ���� ��� ���

�����. ����� ���� ����� �� �� 
 �
������ ���� ��� ��� ����� 20% ��

�� ��� � 
�	 ��� ����.
�� �� ��� ��
 ����
 � HFD� �, �, �

�, �� 
 �� �� �� ��� ND� �� �����

(Table 4, p < 0.01) ���	�, ��������� ��� �
� ���� 	��
�� �
�� ���. �� �� � �
����� �	 �� ��� �� 
��� ��� ��� �

�� ND�� HFD� � 21% ���	��(p < 0.01) HFK10�
HFK20��� ������� �� �� 13%, 18% ���	

�(p < 0.01). 	�� �� ��� ��
 ��� �	 ����

�� ����
 � ND�� �� ��� �� ���.
�������� ��� ���� �� ��� �����

��
 ���� ��� ����� ������ 	 ���

���� ������. ��	 ��� ����� ����

���� �� ������ ��� ��
 ���� ���

��� ��� ���� ��� �� 
���� ���� �
���(10). ��� � Lactobacillus(Lb) acidophilus(32-34) Str.
thermophilus(8,34), Lb. bulgaricus(34), 	�� Bificobzcterium
(33,35,36) �� �����
 ���� 
�� ��� ���

� �� ���� ��� ��
 ���� ���� ����

�
 ���� ��� ���� �� ��� ���� ���

��.

Table 2. Change in body weights, food intakes, and food efficiency ratio (FER) of rats fed high fat diets containing kimchi lactic acid1) for
17 weeks

 Group2)
Weight

Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day) Food efficiency ratio

 ND NS117.37�2.37NS 406.68�34.03c 2.43�0.28c NS21.02�0.68NS 0.11�0.01c

 HFD 116.44�3.28 611.47�29.01a 4.16�0.25a 21.06�0.66 0.20�0.01a

 HFK10 118.84�2.72 531.03�28.05b 3.46�0.24b 21.10�0.60 0.16�0.01b

 HFK20 118.49�1.89 517.27�36.44b 3.35�0.32b 20.87�0.80 0.16�0.02b

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
Food efficiency ratio (FER): weight gain (g/day)/food intakes (g/day)
a-cData are significantly different by one-way ANOVA followed Duncan’s multiple range test at the 0.01 level of significance.

Table 3. Amounts of visceral fats of rats fed high fat diets
containing kimchi lactic acid1) for 17 weeks

Group2)

Visceral fats(g)

Total amounts (g)* Relative amounts**
(g/100 g body weight)

 ND 17.44�3.07b0 4.3�0.8b

 HFD 034.5�10.04a 5.6�1.6a

 HFK10 20.1�5.19b 4.0�1.0b

 HFK20 17.86�4.11b0 3.5�0.8b

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a,bData are significantly different by one-way ANOVA followed
Duncan’s multiple range test (*: p<0.01 **: p<0.05).

Table 4. Weights of major organs of rats fed high fat diets containing kimchi lactic acid1) for 17 weeks

Group2)
Weight (g)

Liver Heart Lung Kidney Spleen Testis

 ND 11.15�1.26b 1.17�0.26a 1.09�0.07b 2.65�0.23b 0.44�0.99c NS2.91�0.16NS

 HFD 13.48�2.00a 1.19�0.11a 1.32�0.13a 3.14�0.24a 0.66�0.12a 3.06�0.37
 HFK10 11.75�2.16b 1.05�0.08b 1.18�0.12b 2.63�0.20b 0.56�0.07b 3.14�0.31
 HFK20 11.05�1.63b 0.98�0.11b 1.16�0.15b 2.34�0.20c 0.55�0.10b 2.91�0.25

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a-cData are significantly different by one-way ANOVA followed Duncan’s multiple range test at the 0.01 level of significance.
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�� ���� ��

������ �� �� � ��
 �� �� ����� �
�� ND� �� HFD�� � 55% ����� ���	�(Table
5, p < 0.01), HFK10� HFK20� HFD� �� 26%, 
 35%
�� ����� ���	�. HFD� ������ ��� ND
� �� 29% ���	�(p < 0.01) HFK10 
 HFK20� ���

HFD� �� � 9%, 17% ����, ������� ����

��(5-10) 
 ���� ���� ��(32-36)� ���� ��

� ��� ���� ��� ���� �� �� ��� ��


 	��	�. HDL-����� ��� ������ �� �
����(14%, p < 0.01), �������� 10% 
 20% ��

� �� �� 16%, 81% ���	�(p < 0.01). LDL ���

HFD� ND� �� 61% 	� ���	�(p < 0.01), HFK10 

HFK20�� � 8%, 33% ����(p < 0.01) ����� ���

�� ��� ����� ����� HFK20� ��� 
��

� ��� ��� ���� 
 ���� �� �� ��� �
���� ��� ����� ������ �	�� � ��

�� �� 
�	 ��� �� 		 ��� �� �����.
� ���� ������ �� �� ����� �� � �

����� �� 
�� ������ �� ��� ��� �
���� �������� ���� ��
 ���� ���

� ����. 	��, ������ �� LDL �� 	�� �
� � ����� �� 	�� �� �� �� �� �� �
��� ���� ���� ������� ���� ��� �
��� ���� ���� VLDL� ��� ��	� �� LDL
� ��� ���� ���� ����. ��	 ������

�	 �� �� �� ��� ��������� ��� ��


��� ������, 	 ��� �� ������.
��� ���� �	 �� �� ��, �� ����� �

� ��� �� 
 ����
 ��� �� 	�
 ��(5-10).
������� �����
 ����� �
���� ���

���� �	 �� ��� ��� Bifidobacterium, Clostridium,
Bacteroides 
 Eubacterium �� ����� �����


coprostanol� ������� ��� �� �� ���(33,37,38),
��� ���� �� hydroxymethylglutarate(HMG)� orotic
acid� ��� ����� �	� ��� ��� HMG-CoA
reductase� ��
 �����(39) acetyl CoA synthetase� �
�
 ������(8) �� ��� ������ ���
 �
�� ��� 	�
 ��. ��� ���� ���� 
��

��� �
 � ���� ��� �� ��� �	�� ��

���� ��� � Lb. acidophilus(32-34) Str. thermophilus(8,
34), Lb. bulgaricus(34), 	�� Bificobzcterium(33,35,36) ��

�����
 ���� ��� ��
 ��� �� � ���

� �����
 ���� ������ ��� ���� �
� ��
 �� �����
 ���� ��� �����. �

�	 ���� ����� ��
�� ��� ��� �� �
� ����� ����� ��
 ���� �� ��� ��

�(36) ���� ��. �	 �� ���� �� Lb. acidophilus
� ���
 	 �������(32,33) ���� 	���
 �
��� ������� ��� �� � �
 �� ��� �
����� �����
 �� ���� ���� �����

��(32) ��� ��	�� 	�. ��	 ���� ����

��� ��� �� ��� 	��� ������ Bif. longum

 �
 ��	 � ��� �� �� ���� ���	
 �
����� ���� 
 ��	� ��� ������ ��

��	 ��� �
 ��	 Str. faecalis� ���	
 �� �
����� ��� Jung �� �� ���	�(10), �����

���� ��	 ����� �
	�� �
	 � �� ��

�
�� ��� ��� �� ��	 �	
 � ������


 LDL ��� ���	�� Park �(30)� ���� � ��

�� ��� ������ ��������
 ���	
 �
�� ����� ���� 
 ����� ��� �����

�� �� ��	 ��� ���	�. 	�� in vitro� ��

���� ���� ��� �� ��� 	�� ��� � Lb.
acidophilus� Lb. bularicus� 	�� ���(2�106 cfu/tablet)
���� �� ��
 3� �� � 350�� ���� 
	


� ���� �� �� ��� tablet� �� ���� ���

���� ��� ���� ���(40).
��� ��� �� �� ��� �	 �
� 	�
 ��

��� ��� ���� ��� ��� ���� ��� ��

�� ��� ����(32).

� �� �� ��

HFD� �� ���� ��� ND� �� 8% ���	��

(Table 6, p < 0.05) �� �� � �� �� ���	�. ��

���� 
�� ��������� ��� �� 3% 
 11%
����� ���	��(p < 0.05) 	 ��� �� ��� �
��. HFD� �� � ����� ��� ND� �� � 33%
	� ����� ���	�(p < 0.01), �������� ��

� �� �� 13% 
 23% ���	�(p < 0.01). � ����

������ �	 �� ����� ��� �� 	�� ��

�� �� ��� �� ���� �� �� LDL� ��� �
�� ���� ��� ��� ��� LDL� ��
 �� �
���� ��� ��� ��� ����. 	�� �����

����� ��� ��� ��� �� �� ��� ����

� ��� �� ���� ����, �	 ��� ��
 ��

�� �� ������ ����� ���� ������.
���� ��� ��� �	�� �� ���� ��� ��

� ��� ����� ��� ��� ��� �� �����

� �� ��� ��� ��
 ���� 	���� ��� �

Table 5. Effects of kimchi lactic acid1) on plasma concentrations of rats fed high fat diets for 17 weeks

Group2) TG (mg/dL) Total cholesterol (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)

 ND 174.19�1.17c 123.08�2.8d0 50.60�0.72b 36.84�1.46d

 HFD 269.33�3.27a 158.24�4.73a 43.59�1.96c 60.43�2.44a

 HFK10 198.69�6.26b 143.38�8.91b 50.78�2.65b 55.42�2.70b

 HFK20 174.87�0.74c 131.62�4.01c 79.07�1.10a 40.27�1.53c

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a-dData are significantly different by one-way ANOVA followed Duncan’s multiple range test at the 0.01 level of significance.
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� � 36 � � 6 � (2004)

� ��	��� �� ���� �� ��� ��� ����

� ���� ����. �	��� ��� ����� ���

�� ��
 ���� � � ��
�� �� ��
 ���

��� ���, ����, ��� �
 �����, � ���

�� ������ ��	 �� �� �� ��� ��� �
��
(Table 4, p < 0.01) ��� 
�
 �	�.
������ �� ��� 
�
 �� �� AST 
 ALT

��� ��� ND� �� � 2� 	� �����(Table 7,
p < 0.01) ��	 �� ��� �������� ��� ��

	� �
� �
�� ��	��� � ��
 ���� ��

� �����. Baek(11)� ���� �� ��� ��, ��,
���� 
 ���� ��� � ��
 ������� � �
�
 ���� ��� �
 ���� ���	�.

��� ����

17� �� � ���� � �� �� ��	 ��� ���

�� ��	 �� HFD� �� ���� 
 ����� ��

� ND� ���� ��� ��� ��� ��� ��� ��

� ����. 	�� HFK10 
 HFK20� ���� ���

HFD� �� � 62% � 111% 	� 
��� ���	�, �
���� ��� HFK20�� � 31% 	� ���	�(Table 8,
p < 0.05). � ���� ����� ���� ��� ��� �
��� ���� ��
 ���� ��
��� ��	 ��

� ��� ����� �� ��� ��� ���� ���


���� ��� ���� ��� ��� ��� ���	�

(32). ��	 ��� ��������� ���� ���� �
�, � 
 �� �� ��� ��� ��� �� 	�� ��

��.

� �

��������� ���� 
 �� �� ��� 20%(w/
w) ������ ���� � ��� �����. �	���

�	��� ���� HFD� ��� ND� �� � 50% ��

�	�, HFK10 
 HFK20��� HFD� �� �� 13% 	�

� 15%(p < 0.01) ���	�. HFD� ����� ��� ND�
�� 98% ���	�(p < 0.01), HFK10 
 HFK20� � ��

42%, 48% ����� ����(p < 0.01) �� �� �� ��

���� ��
 ���� ��� � �� ��� ����.
�� ����� ��� HFD� ND� �� � 55% ���	

�(p < 0.01), HFK10 
 HFK20� HFD� �� 26%, 
 35%
�� ����� ���	�(p < 0.01). �� � ����� �
� �� HFK10 
 HFK20�� ������� ���� ��

� �	�(p < 0.01) LDL ��� HFD� ND�� 61% 	� �
��	�(p < 0.01), HFK10 
 HFK20�� � 8%, 33% ���

�(p < 0.01) � ����� �� LDL� ��� � 
��	�.
HDL� ���� ��������� ��� �	 �� ��

��� �����. �� ��� ���� � �� �� ��

� ��� ��� �� ��� ��� 
��� 	��
��

�� ����
 �� AST 
 ALT ��� ������ �
����. ��� ����� HFD� HFK10 
 HFK20��

�	�	
 � ���� ��� � 62%� 111% 	� 
��

� ���	�, ����� ��� HFK20�� � 31% 	�

���	�(p < 0.05). ��� ���� ��� ��� ����

����� ��
 ���� �� ��
 ����� ���

��� 	�����, � �� ����� 	����. ��	

����� ���� ��� ���� ��� ��� ���

� ���� ����.

��� �

� ��� ����� ��	 2003� ������ �


(302001-03-2-HD110)� ������� ��� �� ��� �
�� ��� ��� ������.
� ��� ��� ����������
 ����� ��

��� (�)��� ������.
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1. Perdigon G, Nader de Macias ME, Alvarez S, Oliver G, Pesce de
Holgado AA. Prevention of gastrointestinal infection using immu-
nobiological methods with milk fermented with Lactobacillus

Table 6. Effects of kimchi lactic acid1) on liver lipids concentrations
of rats fed high fat diets for 17 weeks

 Group2)
Lipid (mg/g wet wt)

Triglyceride** Cholesterol*

 ND
 HFD
 HFK10
 HFK20 

112.09�4.66ab

121.15�3.50a

118.10�1.34a

107.49�2.82b

53.93�1.35c

71.46�1.35a

62.00�0.78b

54.83�0.78c

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a-cData are significantly different by one-way ANOVA followed
Duncan’s multiple range test (*: p<0.01 **: p<0.05).

Table 7. Effects of kimchi lactic acid1) on serum amino-
transferase activities of rats fed high fat diets for 17 weeks

 Group2)
AST ALT

Karmen unit/mL of serum

 ND
 HFD
 HFK10
 HFK20 

21.56�4.04d

42.18�1.99a

27.36�3.61b

25.36�2.99c

24.90�1.98c

50.84�6.31a

33.65�1.59b

35.46�1.64b

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a-dData are significantly different by one-way ANOVA followed
Duncan’s multiple range test at the 0.01 level of significance.

Table 8. Fecal lipids in rats fed high fat diets containing kimchi
lactic acid1) for 17 weeks

Group2)
Lipid (mg/g dry wt)

Triglyceride Cholesterol

 ND 20.04�7.49c 46.59�5.03c

 HFD 24.64�4.18c 53.69�1.71b

 HFK10 39.92�1.59b 58.80�1.56b

 HFK20 52.10�4.43a 70.91�0.57a

Values are mean�SD (n=10)
1,2)See the legend of Table 1.
a-cData are significantly different by one-way ANOVA followed
Duncan’s multiple range test at the 0.05 level of significance.
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