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Weight Reduction and Lipid Lowering Effects of
Kimchi Lactic Acid Powder in Rats Fed High Fat Diets

Jin-Young Kwon, Hong-Sik Cheigh, and Yeong-Ok Song*
Department of Food Science and Nutrition/Kimchi Research Ingtitute, Pusan National University

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 HFK 20 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 HFK 20 indicates KL might have similar role to dietary fiber.
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3 o] Sprague-Dawley7(SD) 3 # 409}2] (8
OE F)rtel oAl =2 E)olA FYeted 17U7H %J‘?_P%‘O]
2 AR T APl AT BE A2 20% A
Wao| = 877k Hvks: fEgh % OFolX 17572 ZHAXFAt
AFEELL I8 AAMFEEolgaL §He iﬂ%ﬂ‘“* oL
X]X‘Xi st Eﬂﬁ— Ao H 7 -r]o}oq A2 olo AR|FAEF

= 10% B 20% F7Fete] ARgsidith At Xé*o*mé
—TL(normd dlet group, ND), Ao (high fa diet group,
HFD), AX-2kt3+=EE 10%(high fat diet supplemented with
10% kimchi Iactlc acid group, HFK10) ¥ 20% 37 (high
fa diet supplemented with 20% kimchi lactic acid group,
HFK20)0]2Z, 7} 93 A3sES 10vkey o]t #He & A
olRjoll 20k ARSI, AR LEE 20+2°C, FEE 50
+10%E FABHAL, B 1247k 1A o2 2dsgth

NWE]
Hole AINTE 71Zse] Yhzel Aol

Az

(385kea/100g) AT BTk R3] l5le] 20%6(wiw) 3L
A2olE AAlEITE. Aol E AFH sk 7 AFH(HFD,
HFK10, HFK20)] 2lole Fdgt olUA] 4~5(460 keal/100 g)

o] FA Lok‘iiEP(Table 1). & A7l AR HlEol= A
Aol it & olR] $250] 20% L, AR 2]o] A
o] A0%E AFAEHA AZIIATE AolFaS olsdl shiHA 1
z]H]—No]:,L_,] J:Lq-;(%?_] g_ﬂako]] DLZO] z—]]zs]—x% o7 _1__'3_ ]_o:]
AFAEE oUA] Fo] AFE 7l T i%:j?;_iﬁ
AX Y] 298 AHE £ IS siGth 2o dFHS
1500 3%, AT w5 g bﬂ_&‘ ZA3IAh Hole wFE =
Aste] AFOZ THEe] ARAIAX -18°C WEHI FHA F
Fath &2 Ag glo] AraF st

s o WIS

177 AMS: F, 124070 AN T oHER ulHA)
MBS, Boje sty @ Agelr Aol F4 &
2 stk AY F 7] FHL €I I A% A2

(e o o

Aol vlwk oA 2 x| #3}F &3} 1015

Table 1. Composition of experiment diets? (9/100 g diet)
Experimental Groups?

Ingredients ND
HFD HFK10 HFK20

Casain 20 20 20 20
Sucrose 40 40 30.9 21.8
Corn starch 25 10 10 10
Cornoail 5 5 5 5
Lard - 15 15 15
Cdlulose 5 5 5 5
DL-methionine 0.2 0.2 0.2 0.2
AIN-minera mixture 35 35 35 35
AIN-vitamin mixture 10 1.0 1.0 1.0
Choline bitrate 0.3 0.3 0.3 0.3
Kimchi lactic acid powder® - - 10 20

Total 100 100 1009 1018

YThe 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.

AND: normal diet, HFD: high fat diet, HFK10: HFD + kimchi lactic
acid 10%, HFK20%: HFD + kimchi lactic acid 20%

IKimchi lactic acid powder contains 9.1% of kimchi lactic acid and
90.9% of maltodextrine.

JFAo R ARl A7 U A4S AAS &, 143
Mk A o 2 73S o) LHO% Agadez e the o
S &3] AASE FAE A5 olskey
o] BE AEE —70°C Y52l Aslit.

% Z928HE 2 HDL S ZHE &
T gAY gk A8 kit(triglyceride AM 157SK, totd
cholesterol AM 202-K, HDL cholesterol AM 203K, o}xkA|<F,
seoul, Koreg)e AME-3le] =439t} 7ke] x| A% Folch(3l)
o e r e FE2T F AT kit ARt $4
Ad B ZYEEHE s S v e S W
A)817] $18ke] 05% Triton X-100& wHg-<lol] H7}slsict.
Aspartate  transaminase(AST)2} alanine transaminase
(ALT) M =X

7b0) SRS 24el] Ssked olal HolEAe) AST
9} ALT €4S aio ot A8 kit(AM 101K, OP‘PX%]
°f, seoul, Koreg)s ©]-8-sft] 4513t

2ol XY MY

TR 0, 17-Z|~79‘H B A 48A7E F)t sk ddrE
AxH oz Azl Soxhlab” S olgste] S FET F,
A B Eﬁﬂ’\Eﬂi FFE kits ARESte] 7F SHZHE
B Aot FLEHA AT OPME}.
SHE

AdAde P ZTHAE e, AX F2E
o] AsaE 29 ¢ A ApaHAE 4 -PIPJl SlaiM= A
Az, A A o) i]ﬂ_/\L;L 10% 2 20% A7kt 749
235 oneway anova?a B3 & Duncan's multiple range

tet® ol HSES SISTh
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Table 2. Changein body weights, food intakes, and food efficiency ratio (FER) of ratsfed high fat diets containing kimchi lactic acid® for

17 weeks
Weight
Group” __ — — _ —
Initial weight (g) Final weight (g) Weight gain (g/day) Foodintake (g/day)  Food efficiency ratio
ND 117.37+2.37"S 406.68+ 34.03° 243+0.28° 21.02+0.68"S 0.11+0.01°
HFD 116.44+3.28 611.47+29.012 416+0.25% 21.06+0.66 0.20+0.012
HFK10 118.84+2.72 531.03+28.05" 346+0.24° 21.10+0.60 0.16+0.01°
HFK20 118.49+1.89 517.27+36.44° 3.35+0.32° 20.87+0.80 0.16+0.02°

Values are mean+SD (n=10)
2See the legend of Table 1.

Food efficiency ratio (FER): weight gain (g/day)/food intakes (g/day)

*Data are significantly different by one-way ANOVA followed Duncan’'s multiple range test at the 0.01 level of significance.
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FK20& 717} 01622 f-2]&2 fol7t lof(Table 2, p<0.01)
A7 Al Zpel7t vERHTh HFDS] A5 NDell H]E]
50% r9]F o 2(p<00l) 718N HRK10 2 HFK202] |
Z2 HFDo vl Zzt oF 13% ZE]3l 15%(p<001) 7438}
o HAAFAHFEES ATS AT a7 sl &
ZHE QA Binre] Fadk Rl He HRAEERS Hlaws)
HOMS Wl HFDS] H-7AEHES NDol| M]3 98% 9142
2 Z7}819l3(Table 3, p<001), HFK10 ¥ HFK20S HFD
Hlal] 7} 42% 2 48% FrelF o2 743t (p<0.01). E5A
W RS AFoE vre] deAIF gk Al 574
W5 H(g/100g body weight) o2 H|ws] H9ke wi(Table 3)
NDE 4.3 HFD 56, HFK10 40 22|32 HFK20S 35% et
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Table 3. Amounts of visceral fats of rats fed high fat diets
containing kimchi lactic acid® for 17 weeks

Viscera fatg(g)
Group? Relative amounts**
*
Tota amounts (g) (91009t weight)
ND 17.44+307° 43+08°
HFD 34.5+10.04° 56+16%
HFK10 20.1+5.19° 40+1.0°
HFK20 17.86+4.11° 35+08°

Vaues are mean+SD (n=10)

+2See the legend of Table 1.

#Data are significantly different by oneway ANOVA followed
Duncan’s multiple range test (*: p<0.01 **: p<0.05).

©2 NDEU HFDE °F 21% S7F otk (p<0.01) HFK102
HFK200I 4= A2 ool Hlsl ZHzt 13%, 18% 743l
THp<0.01). U o5 719 TS ATl et disE
o2 YRS W NDw-o] 7] Sl 7HE =S8k
HAAFAFEE S22 AlSA s Byt ohygt B
FAE Ak a3t FeHoR AFEHIoH I ad=
A7 oEH U olgd e Akt FEE
FHrE Sl Al EY Aol AWE st widd
ogA AR FrEe A dol S| HEew A
Z+Eth(10). F4tt % Lactobacillus(Lb) acidophilus(32-34) S,
thermophilus(8,34), Lb. bulgaricus(34), —Z&]3. Bificobzcterium
(333536) 5 FELEHIES Stk Aol ol Hily
o] o]5 fAkto] THrE AES AFsHE ol ZuzE
£S5 FTot AR FEe ol Fold Zolgta By

At

Table 4. Weights of major organs of ratsfed high fat diets containing kimchi lactic acid® for 17 weeks

) Weight (g)
Group? - - -
Liver Heart Lung Kidney Spleen Testis
ND 11.15+1.26° 1.17+£0.26* 1.09+0.07° 2.65+0.23° 0.44£0.99° 291+0.16"
HFD 13.48+2.00°7 1.19+0.11* 1.32+0.13° 3.14+£0.24* 0.66£0.12* 3.06£0.37
HFK10 11.75+2.16° 1.05+0.08° 1.18+0.12° 2.63+0.20° 0.56+0.07° 3.14£0.31
HFK20 11.05+1.63° 0.98+0.11° 1.16+0.15° 2.34+£0.20° 0.55+0.10° 291+025

Values are mean=SD (n=10)
2See the legend of Table 1.

#Data are significantly different by one-way ANOVA followed Duncan’'s multiple range test at the 0.01 level of significance.
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Table 5. Effects of kimchi lactic acid® on plasma concentrations of ratsfed high fat dietsfor 17 weeks

Group? TG (mg/dL) Total cholesterol (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)
ND 17419+ 1.17° 12308+ 2.8 50.60+0.72° 36.84+1.46°
HFD 260.33+3.27 15824+ 473 4350+ 1.96° 60.43+2.44%
HFK10 19860+ 6.26° 143.38+891° 50.78+2.65° 55.42+2.70°
HFK20 174.87+0.74° 13162+ 4.01° 79.07+1.10° 40.27+153

Values are mean=* SD (n=10)
12See the legend of Table 1.

#iData are significantly different by one-way ANOVA followed Duncan’s multiple range test at the 0.01 level of significance.
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Aol o3 7Y F FgE e T AN F
5 NDoll Bla] HFDoA <F 55% foldos Z718i3 1 (Tale
5 p<001), HFK10:} HFK20 HFDO ®]3l] 26%, % 35%
Fe oEFow 7HAEITH HFDY ZEY2HE =& ND
o Hlal 29% 53103 (p<001) HFK10 2 HFK200] F%+&
HFDell Hl3l oF 9%, 17% 7HAsted, faktdafre] A2A st
A7H510) B fikre] AEA s BIH32-36)2 L8t Al
o] FEiQl fAtE A Al AE Ast a3t s
< IS HDL-ZEZHE T IAWlold] o3 ¥
o} 21 14%, p<001), HAFARFFEE 10% 2 20% 7t
of °al 7+t 16%, 81% T/t th(p<00l). LDL =&
HFD7} NDell ®18) 61% 4= %718F9 1 (p<0.01), HFK10 2
HFK20014 <F 8%, 33% 743led(p<0.01) Akt FE2E
A7t e gEFH oz YEon HFK200 a3 dAS
of ShollA e AFA B FRAW F4 oA a3 A
ARt FEE A7FsRe dEH e e 7 A7t
& ol ARG AfolE WA X3 Ads o Foldrh

B Aol IA A olef| 3] € TS A T F
B &) Hlal] dAs] FsEHA=E ol 2ol HdHE
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2 Azt g, el fs) LDL s 8=
% ZY2HE A Gxo vl B AL 2o] Au

Aol Hgsle] A ALzrlo| AR iR FEst

1-‘—|—'r_{n
Hif . ngb (o ofy

o] Zglo] Wolx 7| wliEoZ AlzZtE) o]gdt A2 o]
ot 7 XA Fx e HAATARFTEES] H7b o3
AR AR H, 1 3 = JEH0IUTh
Frabt EEfol ok A At 5, 53] FHHE A
st B FE B EES Bl dE ¢EA Avk(5-10).
AR E A7 SHESHES AHTIE 7R E2AE fA
g ol ot AU #%2 ¥slE Bifidobacterium, Clogtridium,
Bacteroides ¥ Eubacterium 52 AUAl42 FHHES
coprostanol£ AgA e 24 F71 HA] 2 81AuH(33,37,39),
-l 5ol &= hydroxymethylglutarate(HMG) S} orotic
adid7t ikt HEfE EAT Zlo]al ©]52 HMG-CoA
reductase®] E4S A|3FALH39) acetyl CoA synthetasee] &
A& AT EA(8) A WA SH=HES] AdS A
g oz dHA Stk fakd Bafe] AZAS 2>
HEfr Az Al ARgSE 7ol wet 23 tEval B
HJEd 4 5 Lb. acidophilus(32-34) Sr. thermophilus(8,
34), Lb. bulgaricus(34), 22|32 Bificobzcterium(33,35,36) 5
ZY2H 2SS FFole Aow WA o5 A Al A
A FYZEHES ] SFTeEAM AR olFdte &
o] Hojx ¥ FHZHES AsAZ AR HIEUT o]

23 fakte] FHAHE S48 1wk
= ZYZEHE grREE A4S dAEke 3 a3 % 9l
3(36) AHsiar Uk S o5 kS 53] Lb. ad

= 95 g IFAF o2 (32,33) B5Ate] AledEke
2NA EFFHHE TEE UE U2 B o
sliulellA FeE2EES A Esllste] AlxEe A3A17
2AM[3E2) 55 AdASaL sttt ol et fAakre] A-AAEE
3= Alero] ofd Alte] A9l #A=UEH Bif. longum
S 7HE A & Bsl sl olE Bl FoEns
YA Ho] vroix|a @ FulAsl Wo] fAEYeH o]}
fAksE 37} 71 AHtEk Qr faecalisE AFEEIIS e B
ZEis 274E Jung 5] 9§ B (10), FH2EH =
A0 $5E AT RE QFEEE AR T o) 57
Azxsle] Bdo] ez Foll FoId s19S u FFe=EE
2 DL T=7F #AASATAL Pak $(30)0] Basle] B A
oA g yA A olof HAAFAFFEES HUEINS W
T oEH R FAXNAE 2 FHZHE FEF AAEA 0
wof BlE] e Aol dAEdth. 28y in vitrod &
Agor AFAE a7t & o2 4z f4kt £ Lb
acidophilusel Lb. bularicusS 2eFe] FEj2(2X10° cfultablet)
AL e AES 3F B oF 3/0H] AREeAl HAS
) gkl Hlg] o]E Akt table B ATME FE2

AAske E37h BAEA 2elthao)

bt Aol A7 A Bl B A1Ae QelA 9A
oL} ofubi f4kFe] @A) Aol o] FE W

he Ao A7HETH3).

2t 71s M g1t

HFD2] 7ke] SAAM F== NDol|l Bls) 8% Z7Fstiom
(Table 6, p<0.05) ©|= 3| 7+ TF A S7tskich 7k
AWEA g AAFEES] A7l 9s) 3% 2 1%
fFYH o7 Ao (p<005) I BEFE FE oFEF o
Atk HFDL] Zke] F FelZEE s NDeol| Bls] <F 33%
AE fFodog =712 (p<0.01), AXFAEFEE H7)
o oJaf ztzt 13% L 23% 7HAEFTHp<0.01). B A3 o)A
Ao ok 7he] FHAHE TR SV ARE T4
A w2 F7kl HlE] =%t ol ¥ LDLo| EolR
Fo} dxjsh= AoE 7o 7 F9¥ LDLo] Hobx 7+
dAHE FE7F Fokdl Zlew Aztenh e HAFA
H7RElA A smrt Wbkl AL d Aol AX 4
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Table 6. Effects of kimchi lactic acid® on liver lipids concentrations
of ratsfed high fat dietsfor 17 weeks

Lipid (mg/g wet wt)

Group? - :

Triglyceride** Cholesterol*
ND 112.09+ 4.66% 53.93+1.35°
HFD 121.15+ 3507 7146+ 1.35%
HFK10 118.10+1.34° 62.00+0.78°
HFK20 107.49+2.82° 54.83+0.78°

Values are mean=* SD (n=10)

12See the legend of Table 1.

*Data are significantly different by oneway ANOVA followed
Duncan’s multiple range test (*: p<0.01 **: p<0.05).

Table 7. Effects of kimchi lactic acid? on serum amino-
transferase activities of ratsfed high fat dietsfor 17 weeks

AST ALT
Group? -
Karmen unit/mL of serum
ND 21.56+4.04¢ 2490+ 1.98°
HFD 4218+ 1.99* 50.84+6.317
HFK10 27.36+3.61° 33.65+1.59
HFK20 25.36+£2.99° 35.46+1.64°

Values are mean=*SD (n=10)

2See the legend of Table 1.

*Data are significantly different by oneway ANOVA followed
Duncan’s multiple range test a the 0.01 level of significance.

Table 8. Fecal lipidsin rats fed high fat diets containing kimchi
lactic acid® for 17 weeks

Lipid (mg/g dry wt)

Group? - _

Triglyceride Cholesterol
ND 20.04+7.49° 46.59+£5.03
HFD 24.64+4.18° 53.69+1.71°
HFK10 39.92+1.59 58.80+1.56"
HFK20 52.10+4.43* 7091+£057%

Values are mean=SD (n=10)

2See the legend of Table 1.

*Data are significantly different by one-way ANOVA followed
Duncan’s multiple range test a the 0.05 level of significance.

o] Yoozl o5 HE3] fldl Hiel Aol =
7] WEe g AzbeEc, dutd oz ko] A gFH = A
Abe] olide st 7+ 5 Av|RFe| AW HAS doF]
o2 MY, IATE, AW 5 fusket, 2 A
‘__'04

thafl 4 (Table 4, p<0.01) **7F S B Th

IA2lolo] oJF) AW |AS Bl Fe] AST 2 ALT
E49 FEE NDell vls] o&F 28] A= EHolxom(Table 7,
p<001) °lz3dt 82 AL PNFAFFEE 7ol s
A URE TEoR BolFozA 7+ 715 s &

He{o| X|Al=E

—_ —
177 A1 3 FAS] A olE Btk gk el AHbE
=5 B3 43 HFDe ¥ SR 2 w2 =

hud

= ND2} frAkste] 2o|= AF e Aol it F58
2 veigth 28y HFK10 ¥ HFK209] S4AY 5
HFDell vl Z+ 62% <F 111% F= A A F78IL, &
G2EE FEE HRK200IM F 31% A% 78I tH(Tale 8,
p<005). ¥ A7A Akt FE2ES AW F4E 9
Alste] EHoR widS FXshs Aoldfast fAkeE a3
7b o] FAHUJL ol Mkt dAle ol IS
xHst] FE Welske a3t dvke At dXs

(32). oldd A= AAFAEFE=S H7Egl vlHskd &
3 AR A FEUF Yokl Axs g Els] FaL

AT},

k0

(o]
=l

ARG FEES] HA 8 AE At a3E 20%(w/
w) A0S HFHAZL B FollA Al At olE
SHeoll= B3k HFDS] A5 NDe| Hl3l] oF 50% 57t
31932, HFK10 2 HFK200A1= HFDel H1s] 212} 13% 18]
3L 15%(p<001) 748ttt HFDS] ERx|uke] kS NDo
H)3] 98% Z71813(p<0.01), HFK10 2 HFK209 A z}7}
42%, 48% oA o7 FHAdted(p<0.01) As Ast &3 Bt
R 245 JAlsle a3 § B8 Jo® yeyth
7 SR F=E HFD7F NDol| H]3)] oF 55% Z71s13
I (p<001), HFK10 2 HFK20& HFDel Hls) 26%, 2 35%
B oEHo® 7H48%tHp<001). € & ZYEHE &
T A HRK10 2 HRK209A sxol&d oz o2l 7ha
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