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Abstract

To develop functional kimchi which had anti-obesity effect, garcinia cambogia extract containing 51.46%
hydroxy citric acid (HCA) was used as a sub-ingredient of American preferred kimchi (APK). The APK added
to garcinia cambogia extracts of 0.5%, 1.0%, 1.5% and 2.0% were prepared, and fermentation characteristics
and anti-obesity effect of those kimchi were investigated. The pH of APK added to garcinia cambogia extracts
(APKH) was low as the amount of garcinia cambogia extract increased at initial stage of fermentation but
the pH of those kimchi showed similar values after optimum ripened stage. The number of Lactobacillus sp.
and Leuconostoc sp. were small as the amount of garcinia cambogia extract increased while the period was
delayed that the number of Lactobacillus sp. and Leuconostoc sp. attained to maximum. In Hunter’s color
values of APKH, lightness and redness decreased as the amount of garcinia cambogia extracts increased while
yellowness increased. Sensory scores in overall acceptance, taste and texture of APKH evaluated by Americans
as sensory panels were similar until the addition amount of garcinia cambogia extract was 1.5%, therefore
the garcinia cambogia extract of 1.5% was determined as the amount adding to APK. The secretions of glycerol
and leptin as a key signalling factor for anti-obesity effect were examined in APK and APKH added to garcinia
cambogia extract of 1.5%. There were no significant differences in the glycerol secretion when adipocytes
were treated with APK and APKH extracts. However, leptin secretion in the adipocytes treated with APKH
extract was significantly decreased compared to that of control (p<0.05).
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7k2A el E Ao} F&E(Hydroxy Citric Acid) &7} =

o] gk FAIFH o] Al71E e o] & AfAsty] §5te] v E
2 Hr1e vl Az A A7 B0)E ek
o]el ml=alo} 5 &t= 7 A el A ol gulrt £37) Q)
+ hydroxy citric acid(HCA)7} 51.46% &% 7}2 Ao}
Ao} FHES st the|oE 7|54 FAAF)
24k st o HCAE L3l o & & Alote] s §
frE o] Sl citric acid®} 38A o2 w9 FARRE 25
M e EARAM, Adx 59 golAjol Aol x] 27 F-E]
w48 AlgkE v FEFE AMS-E Jl2 Ao} Ao}
2 A d o] -5 o] 9l A Feolth HCAE citrateE oxa-
loacetate®} acetyl-CoA R E&#s}= 248 ATP citrate ly-
ased] 7 AR A WA 2 283} citrated] E3 S ol A
T4 ARE AH11-13)3k3 AP e AR o2
citrate= Aol FH =] Fe|ZAL WAl AlLHER
S ZA ] AAte] F71s1A ok HCAC 93 F=] 249
Ao F7hsiH FA o] 3}ofo] x| &f A AFE} o F s o
2] &-0] A A Fh(14-16). et B A Fo A& tho]s E 7]
LX) SEALE wSEe) A3 7] 5] E 7 Hh‘g} 3 o2 HCA}
51.46% -5 7t Ao} k1 zjo} &
gto] 21X & & F o]el whE mltal & i 2o wra g4
2 #FAE W48k, 3T3-L1 v A =
vk Aol ohs] At w Al st
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B AGAAM A W= AT HH-ri F3Aal 74l
135 A3l 3, HCA= HCAZ} 51.46% 375 7F2 A4
o} R Ao} F&EE 7}FE AME3I) vl E FA Zo}
AMg-Etd o I EIFEE Aok HokE, A A EX Y
R [(FEAAL], 25 ALAF)d 4], et A A

& M-St A, oY -, T vbE, AR HE 9 1A

RAGAA Pt

22X M=

o]l a3 Ao Az 2 a2 vlae A
s 2] ATl M-S A 8t 1% ¥ EE
A7FeE w0l =3kl o A Bl )= el 3= 1000 o 3}
of 3 7FF 1.25%, »HE 0.25%, A7 0.25%, "2 A4 A 0.25
9%, Ade 05%, HAE 4%, ¥ E 1%9] v &2 Hrlstadr)
HH%“{ S5E 827t 2 vre] & 16% g2 34
AL FFEEEF R AT B W F 7o
= A Ao AEES 39 32T H]% 10:1% 3kt
7 £ geolx B3l ohg " AR E
:,7___,2_/\4 (=] _1;:: anJ:_ Ao g %A
5°Cel A BEA R} 7HEAY
227155 Fdw 2 Aol A 7] st
2 ERE AL, W3 1000] e TpZA o}

159 A3 Ao LEEA o Fujgt 53 _—

ARA o} FEF9 FE7}105%, 1.0%, 1.5%, 2.0%= A H 7}
sl ot w3 72 AV o} 3H R Ao} FE-E-ol = HCA7} 51.46
% = %7 ol 05%, 1.0%, 1.5%, 2.0%2] 2% A7t 5E
£ HCA #F7bsE2 34bsla 0.26%, 0.52%, 0.77%, 1.03%
7 =il

pH ¥ & £H

pH+= pH meter(pHM210, Radiometer Co., France)2 4
2o 4 ZA3gc) AAEE A2 10 mLE 108 3]4] 8}
pH 8.3°] H %% 0.1 N NaOHZ A% F 2 4H(%) Ad
2.2 AxbsrReka7).

h-
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At 3 AA S ARS8 ©H18). Leuconostoc sp. Al
=) X] = phenylethyl alcohol sucrose agar #] A& Ap-&3}
o] 20°Cell A 54 7F HAw k31 3, Lactobacillus sp. YA
¥ Lactobacillus X1 ¥ x| ol Pediococcus®] A-55 < A3}
7] $)8}e] lactic acid®} sodium acetate® 3 7}3F modified
LBS agar®] A| & A}-4-3}of 30°Cel| 4] 347} & shull oF s} gi o).
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e ARE 2 F 598 A3 109 343 F Minolta
Chroma Meter(CT-310, Macbeth, Japan)® L(lightness),
a(+redness, —‘greeness), b(+:yellowness, —:blueness) s &=
APy, Aee wiFE A R 2HE 10 cm®] #9495
#Ha&l 3x4 cmZ “4¢] Rheometer(SC-100, Sun Scientific
Co., Japan)= A}-2-3}9 puncture testel] &3} ZF A B 5
73] wkE-3te] Z4 315 vh(19).
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- DMEM uljoFod -8 AH4-3}e] 5% CO; incubatorel 4]
wiekstgdch 3~49 F A Z7F §¥3HA H91 0.05% tryp-
sin/EDTAE Helsted AZ25 ¥ F 44 £31(1,000
rpm, 52)8ke] A EE 2 F AE LE=7}33x10° cell/em’
¥ =% suspension 4-4-& W& 12 well plateell 1 mLH
BFled 23 wiokslgdrt. 3, 44 ¥ A7} €A, £3)
w2 (DMEM ki o 5 pg/mL2 insulin, 0.25 pM dexa-
methazone, 0.5 mM IBMX7} 3 719 w1 =) & 8] 5} +3
£ 823190k 2o 7HA 0 & feeding medium(DMEM v oF
Holl 5pg/mL2) insulin?t ZFH wiA]) o2 wix] & Zo} F
mA AubA 2 F3A R F3helx]) Ag] F ok 10de] 7
Falw 909 o] Ate] A ubA 22 F-3 A Hoh21). A Al
ZE0.1%9 =7} 54 feeding mediumel] =34 0.2 um
9] filter 2 of 33k F 2+ 3] F-3L5F A A| ol A2bdct.

e ME YE

FAE AL RaEE@2)2
2 v dd" f2 FAE A 1 mLell 3E A
1 uLE AH7}shed 37°C] 8- F oA 5%7\} s kst &
A& HEFS A= 2= *ﬂ% EFE9(Sigma) 125 ug
3 25 ngg AB9 FAdT 9y uk-2- 2171 & 96-well
plateed] 200 uL-& 3 3} 540 nm°ﬂ A FFEE 24519t

2 2439k 37°C

el £

Ak FoA Eulg We ] k2 Enzyme Linked Im-
munosolvent Assay(ELISA) 8FH(23)& o] 43l &x)3]
9} M A 100 uL2] anti-mouse leptin IgG(2 ng/ml)-& Max-
isorb ELISA plate(Nunc)el] ge] s}%4 wiok&t ¥ PBS-
T0.05%2] Tween 20& ¥3 3}l PBS)E 330 A&
platee] Al Z2HE £33 vl x| 100 uLE& Heol 147
Zob weFalgd vl vhA] PBS-TE 3} A3 %F $ 100 LY
biotinylated anti-mouse leptin IgG(200 ug/mL)& ¥ 3 14]

—0—0.0%

3 1 1 1 1 1 1
0 4 8 12 16 20 24 28

Fermentation period (days)

7r Fok A&l & g ohA PBS-TZ 3 Al 4314t o]
& extravidin-horse radish peroxidase® At-2oll4 147}
ol o3t & 38 A A 5k¢d ok, Immunoreactivity = 2t well
o] 100 pL2l tetramethy! benzidine dihydrochloride sub-
strate(TMB)& ¥ 30% F< w412 F 50 uLel 2 M
HS0/E A7Fsted Whe& £2A713 450 nmeld F4E
& 27a,

EAEN

7o 2 Al g2 3e 98 A8 AsE SAS program
& ol 43l HF L TFAXE wABMG o, 7 FF f-2
A& one-way ANOVAR AFA 71238k ¥ Duncan’s mul-

tiple range testell 23 A ZA (24)3}i ot
Znt % nE

7y Ao}t R Ao} FEF 2] Aol mbE vlFl A

9 A W 3hE Fig. 1o Yehuisich 2%
% pH7} $hwb3) Zhaste 27] HE 2,
a=la A8 A4 2 4# 3 pH 4.2~459] =2 w7}
78] F7F wkE A, 18] 3 pH 4.0 o] 8tE Pzl & HFE
utd whAl R FEE $ gl sigmoidal F41-& viebdcha
(25) stdeh & Aol AH8" 7t Ao} FFH Ao} 22 F
A7} AA AN E o] fARE A S Bt S EE 44 A
A pH R ALEE A7 SeA a2 Frleslw
wE 129 AR E FEEHA #stEg e ool F A
shbsbA Zha 4 FotEE S & A =23 2
Z7] 7k Ao} R Ao} 22 E2| il TS
pHE Yokt A %7] o] Foll= pHE ghol frAMSHA et
Fo g shEA Yol Aot 28-S AR W

Acidity (%)
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Fig. 1. Changes of pH and acidity in American preferred kimchi added GCE during fermentation at 5°C.
0.0%: American preferred kimchi added GCE 0%, 0.5%: American preferred kimchi added GCE 0.5%.
1.0%: American preferred kimchi added GCE 1%, 1.5%: American preferred kimchi added GCE 1.5%.

2.0%: American preferred kimchi added GCE 2%.

GCE: Garcinia cambogia extract containing 51.46% hydroxy citric acid.
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74 stol 2 Adelel 21 A= pH 4.2~45 Abo] 241 At
ke 05~0.75% 2 14(27)541 s, 7kEA Yo}
RA o} 225 A7 v A 572 5°Co A 10~16Y47F
AAE gL o HF SAo) 1A kAl oyt AE7|gd
5 9ldeh Ak st o A] pHe} AR Ao g F)
stom, Az o] Z7H8-2 pHe| 24, A5 = AR A
9] B3 AFHE ehlgich

% Lactobacillus sp. ® Leuconostoc sp. —r«]
H3}E Fig. 2°ﬂ veb s} Lactobacillus sp. ¥ Leuconostoc

EEE 121697 = F553) St 2o F gk
5] HaEe AgE vehlgdh ol A R 43e
= BAF2 BE 2] F33] 218 A =
7kl “}a} 298] ZFA3 A Feh28) 2 st AF ) A E
= & et = DA wEE7E Leuconostoe
mesenterozdesﬂ- Htg ol #Hojdla Holo] Lactobacillus
ol o) as 28R
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Fig. 2. Changes of Lactobacillus sp. and Leuconocstoc sp. counts in American preferred kimchi added GCE during fer-

mentation at 5°C.
0%, 0.5%, 1%, 15%, 2% and GCE: See the legend in Fig. 1.



780

&k

ES
R
2
ro
Ay
ol
)
i

Table 1. Changes of Hunter’s color values in American preferred kimchi added GCE during fermentation at 5°C

Attributes  Samples”

Fermentation period (days)

0 4 8 12 16 20 24 28

0%  59.89+0.09% 5924010 57.63+0.14 5369+020 5327+009 51.08%0.11 49.69+079 45.29%0.20

05%  59.27+008 5886=0.14 57.00+008 53114006 5237+009 51.00%008 49.00+0.19 45.14%0.07

L 10%  5887+009 58231008 56324009 5296+008 51.79%012 50.01+0.11 48724010 44.96%0.10
15%  57.95+007 57241009 5587+033 5246+0.19 50.63%012 49.86+028 48431015 44.63+0.12

20%  56.86+000 55571024 5284+0.17 49894009 49.17+002 49.13+001 47.78+018 43.84%0.13

0% 4625001 571£009% 629+0.10° 7.0510.05" 654+006 59%006 559+0.10 533005

05%  424+006 529T008% 602+009° 657008 6321002 578+006 5424003 529+003

a 10% 383005 492006 559+004% 607£0.10" 5891005 537004 5091005 486+0.05
15% 357013 417+006° 503+005% 562%005" 543%016 507+005 484+007 452+0.09

2.0% 3.04=004 387+0.04" 452+0.02° 513+005° 506+0.03 476+0.04 453006 431+0.05

0%  21.07+022 2332+0.14 2469+0.10 2867018 2886=005 28971004 2967+0.05 29.62+0.01

05%  2149+014 2366011 2501+012 28724007 2892+005 29.04+003 29797001 29.81+0.02

b 10%  21.86£007 24.02+008 2538009 29.11710.04 2943+004 2956002 30.33+0.02 30.27+0.04
15% 22324008 2437+003 2571006 29.43+005 29724002 29.84+001 30572002 30.54+0.02

20% 22711005 2478+005 26151005 2087+005 30.19%0.05 30331004 31.04+0.01 31.01£001

YSee the legend in Fig. 1.

?Mean+SD.

®Within the column, values not sharing a common superscript differed significantly according to one-way analysis of variance
and Duncan’s multiple range test (p<0.05).
GCE: Garcinia cambogia extract containing 51.46% hydroxy citric acid. L: lightness, a: redness, b: yellowness.

Table 2. Changes of hardness in American preferred kimchi added GCE during fermentation at 5°C

Attribute Samples”

Fermentation period (days)

0 4 3 12 16 20 24 28
0% 4760047 490+004 451F005 4111004 391+004 381+002 384+001 387001
Hardness 0.5% 475+0.03 489%0.05 448%*006 4.08+£0.04 383002 3771002 3.72X001 3.72%£0.02
(kg/cm®) 1.0% 4741004 4871004 445%X004 4.06£003 3.80*0.05 367£001 361£0.03 3.6410.02
1.5% 4752004 4851003 4411004 4001022 372006 355001 347£001 352+0.02
2.0% 473+0.05 480+0.02 435£0.04 396*0.01 365002 347£003 342002 3451001

YSee the legend in Fig. 1.

“Mean * SD.

GCE: Garcinia cambogia extract containing 51.46% hydroxy citric acid.
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Fig. 3. QDA profile of GCE added American preferred kimchi 0-day and 12-days fermented at 5°C.
0%, 0.5%, 1%, 1.5%, 2% and GCE: See the legend in Fig. 1.
Fresh kimchi: 0-day kimchi, Optimum ripened kimchi: 12-days fermented kimchi.
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Fig. 4. The secretion of glycerol (A) and leptin (B) from 3T3-L1 adipocytes treated with American preferred kimchi extracts.
APK: American preferred kimchi, APKH: American preferred kimchi added GCE 1.5%.
Different letters above the bars are significantly different at p<0.05.

Aot FAE Bulske vl AdsgA|dde 474 ug
/mL, 7}E2A Yo} gtu el F&E Hr A el = 4878
pg/mLE =] o 7F2A e} Fu Aol 225 HIMES
2A FAE EuleFe] &t Tt ot frelAal 2

= glded, dxdd vzl x FrletA] e 8 W

37F Ak o] 24 w5l A F A A ol 7h2 Ao} ZHH |
of FEES Hriste AL AL Tae A s
& & Uk
el 24
vl=el A e ilﬂ 7y2 Ao} R Ao} FEEE 1.5%
] <

-9 #w Fwu)Ek 127.94 pg/mLYl
= 12217 pg/mLo = FFA3Fsd A3
okgkrh elvh 72 Ao} FH Ao} EEE Hred v

Ql 379 2% el Eulgko] 106.27 pg/mLLo-2 e}
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