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The Effects of Solvent Fractions of Kimchi on Plasma Lipid
Concentration of Rabbit Fed High Cholesterol Diet

Ji-Won Hwang and Yeong-Ok Song'

Dept. of Food Science and Nutritiopn & Kimchi Research Institute, Pusan National University,
Pusan 609-735, Korea

Abstract

The antioxidative effects of solvent fractions of kimchi on LDL oxidation in vitro as well as hypolipidemic
effects of these fractions in rabbit fed atherogenic diet were studied. Methanol extract of deffated kimchi
was fractionated sequentially with dichloromethane, ethylacetate, butanol and water. All solvent fractions
of kimchi inhibited Cu®' -induced LDL oxidation. Among these fractions, the dichloromethane fraction
at the concentration of 25 gg/mL showed the highest antioxidant effects against LDL oxidation in the
aspect of inhibiting TBARS production by 28.03% or prolonged lag phase duration 2-fold compared
to those of control. Based on the results from in vitro study, New Zealand White Rabbits grouped six
each were fed for 8 weeks either basal diet containing 1% cholesterol or experimental diet containing
dichloromethane, ethylacetate or water fraction added to the basal diet. The amount of solvent fraction
of kimchi added to the experimental diet was equivalent to 5% of freeze-~dried kimchi. The hypolipidemic
effects was observed from all experimental groups, especially from dichloromethane fraction added
group. The plasma and LDL cholesterol levels of this group were decreased by 49% and 472, respectively
while that of HDL increased by 91% compared to those of control. The calculated atherogenic index for
the dichloromethane group was the lowest among groups. However, TG lowering effect of experimental
group was not observed since solvent fraction of kimchi was used instead of freeze—dried kimchi. The
TBARS concentration of LDL isolated from rabbit fed dichloromethane fraction was decreased 21% than
that of control. These results indicate that active principles responsible for inhibiting LDL oxidation
and lowering plasma cholesterol may present abundantly in dichloromethane fraction of kimchi.

Key words: kimchi, dichloromethane fraction, LDL oxidation, cholesterol, atherogenic index

Aol 2
SERE

w
o

2 7

R oot K

19
—

>,

s
2o
rig

o

s

o

01:0 :1 =3
Rl

=

o
)
tju
N
i
W
pond
lo
oo
N
R
i)
. ofl
i<

NE,
Aoy
)
)

1]
X

!.:
O

o} Fujiwara(2) 5%
Z A3z B-sitosterol ¥} S-methy!
Y eE w55 A0 B

e B
.

A

ﬁf..

)

..l

2

o=

ofL
ol o

fafy

cystein sulfoxide”}

TTo whom all correspondence should be addressed

Al

o
fils o
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74 Zingiber officinale Rosc.)9] gingerol-& %"’"—‘1‘
‘ZI Aste gAdo] ol 7oz deA 9loe
2l allylsulfide, allyldisulfide, zingerone % shogaol
FaksiAl o) gl Ael A B E ¥ E T gloh(12). 3
Ao} FA 8 4= EA ZH~HE FEE HEATE
83 ARk Q1A E w gle] o] A st H el A
A Al N7 58 zhe A B Eo it d7-Ee] Bol
Bau=w glom(1314) $elvtebell e g4 A el A
g 2 gle 2l o] FAA3} b ol dha) AAE 2

A =4t Kwon(15)5} Kim(16)& 4, 27} & o] &3
EAYANA wlF A A7} EFAA F=E A} Iﬂ—t—
7} ol & Bk ot} A1 A g o bk FAR
B 3, v, A5 52 e A 2 857 ALR R 577194
il ol 21 2e] A Asle A w2l HAEHA Apolrt sl &
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upebr] B ool M & T ko] sl 2 A9
FAEAL A7 48 712 A7E A 4" il E2YAE
4o B3 ste] T 3E Fdslhe AUFY sl LDL
A2 A8l AR invitroodll A SA R o714 &
1%l A g wleo g FuAstA el (1% FH 2HE 4
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Table 1. Kimchi recipe used for this experiment

Ingredients Weight (g)
Brined Korean cabbage 1,000

(Brassica pekiinemsis)
Red pepper powder (Capsium annuum) 18
Garlic (Allium sativum) 75
Ginger (Zingiber officinale) 1.9
Fermented shrimp sauce 225
Fermented sandlance sauce 225
Glutinous rice paste 12.8
23t} o g BEsidny FAAE PAARE F
w2 wEe] sabe g 33 Wby &5 WA Hul e
Were 2 124 7) wubste] 33] whE &3l Wge
F2E52 3|4 AFES7E ol 43l 5 F, oA
vz 2 oot eel &, Fehg 2 Lol 28 e
sole A7sT Al Hestelch

LDL 22|

1247 ARG A7 Ao 2Ry AT Y&
°Cell A 3,000 rpm. 22 1083 A4 ¥ 2]sle] HAhg 42
the o g3 0 2 HE fixed angle rotorg A3t 2
fAal#ald o) LDL-& ¥l A Ack17). ¥2€ LDL2
phosphate buffered salineol| 2447t 4313+ 3~ 0.45 um
syringe-mountable filters- E3}A]A A#Fstsch. LDL
o] il v Lowry Hog S o i Fe
g LDL2 3 o4t AR&-3bA] Akt

10

Conjugated diene &3 3! LDL /7| A4t

LDL s+¥3 =% 7} 0.1 mg/mL7} 5174 LDL-S # 3l
oJ7]o] 2T FIL(HF F& 05%)S A7tz Al
& 38 = phosphate buffered salineoll =<1 7
0] SufF RS HEET 25 ug/mLE A Hrbstgc A
& Aak A" Cu”' & #HF¥E 2 Mol H A Hrtste]

2 42 % LDL A 54tEE F 23} o] & vhg-o
2 cuvettedl] 71 E7F A7)A] 924 QL& t}e AL £
LDL AFgA4ks7t Asi=ln LDL 43 33 5 AAd=Ee
conjugated diene %25 10 HH2 2 A15d o2 &4
3tA =228 # diod array spectrophotometer (model
8452A, Hewlett Packard, Rockville, MD, USA)& o] &
slo] 234 nmollA] 2484 TH18,19). A% conjugated
diene 52 A7}l o 8] plottings} LDL AH3}=+41 -8
%€ 4~ 9l LDL Absh7) AlAbsE] & 8 AR g Al st
Ax}z)e] A9 Al S 2L Aol Htp= A
AL Fato] o] F FrEV|2 3t 7Y AlZHE A4t
aksdch

TBARS &4
FE 314 4o 887 0.0 mg/mLe} LDL @3]



206 279
42w oo LDL Ab2 G =3l7] sl Cu™ o) HE

FZ 2 UM Bl =2 Absbe] 2412k F9F 40°CellA] At
A7 F o] uk-gA 05 mle| 04% TBA, 15% TCA,
2.5% HCle] &% TBARS solutiong 1 mlL ﬁ 2 c}g
uhg Eatale 9r> 100°C Awwm 20%-

0

A
0 % 2000mpmel 4 1083 4Ll o}y HEAL
532 nmell A FFHEE F4 e cH20). A 552 TBARS

9] F&* malonaldehyde (MDA)E %H5¢12 MDA
ZXE] MDAS nmole® 4] vlehdc)

= =
e

in vivooll A A2
138l B7](New zca
A Eﬁ oA A F-of who}
AP S At cHTable
B2 invitro 28 A LDL 413} o 4] &3
7} 7F3 #1%1 dichloromethane(CH-Cl») 8% 18] 31 o}
o} frAbar dHabs A5 B 99 ethylacetate(EtOAc)
e At 1, B3 3H4ke g3 v E Sl ¥
3 tha "o} Al E AL Ao HEslr]d) Held e
aejste] A7pA g5 Addste] F2AH-S A Ak
Alo]i= 7.3 A} S (Purina rabbit chow pellet) & ¥4 2
e H, TS sty el 1% FH aEH S (w/
wid Eg3ste] Apgstgd omj(d 2 T) ol *‘°]°“ 5%
Az A sl g= = CHClL, EtOAc 3 &
& Table 29} ol AMrpste] 877t *}ws}“ﬂw’l) 01“9
2 olive oilel] =of 2]eld] E3}slgdvt AR
FALR AP Aol AR o o
R 4C YA gsted AlAsA THsw, Ae]
Aol 2% = 20°C, Al s 5595 f-A) &)
Tl 12217 A o' 245

AL )3 el 2F HA0R &
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Table 2. Compositj_on of experimental diet

- A
S

ol

S =

Aoz ZeAHE X SHXY

oS 10°Coll 4] 3,000 rpm &2 1087
HAuhg #Hslo], -20°CH M Y5 B3
B Algstoict 33y o g2 ne] A gl Q%P/]
angle rotorg AF&3tod ¢l /\]—tr"“‘/] o} "]?'y
tation method(22)2 ¥} o 2 el Wln
LDL 28] 2 HDL®] A sﬂ%g °*°4L1r %'J
o] EFo 28 E T A 423 25 %
2F(cholesterol E kit BC 108-E, od $-#|ek) 2
m] A= VLDLY =4 A} H} aﬂ-ao);___ a4

Aek8 kitA] Htriglyceride kit BC 118, o4 %= F)
ZHslgith =g ¥21¥ LDL-& ©] 83l TBARSE
S

2 A AR 15U A7 A9 GEE 2.24%
2 Audsigl on pHi= 4130] 7 AHE £ 0752 whE 54
o] 2 =l uho] -2 Abefo]A). o]uf A} FheFL-
1.26%0°] 1 A A2 907 logCFU/mLe) it 54 d}_
Algo] dubd Be £8 1628 23] 0.03, 25 5

A 128 Telw el g it

1855%e] e}

2 F&39d) o] o ¥ %%l:—%% %*é o] t}& CHzUz,
EtOAc, 18] BuOH ©2.2 233jglon Yo 2o
EZo 2 gt} o] &l 839 4-5-8-& Table 39

vhepuisleh

In vitroo|M Zix| Soj&lFe] LDLMS} oz}

A o] Sul B3 5ol Sl AsiAlg Alsy ]—d
stod LDL Q] 4F3tekAt-2- conjugated diene A & 2 25

(Group Dieit” " o
B Basal diet 98%)1’+ 1% Lhoksteuﬂ*l o olive oil

BC Basal diet (93%)+1% cholesterol —1% olive oil +CHCL 1r. in 5% of freeze dried kimchi®

BE Basal diet (93%)+1% cholesterol + 1% olive oil+EtOAc {r. in 5% of f{reeze dried kz'mchz':“
BW Basal diet Q?%)+1‘/n Cholcstcml*l % ()11\( oil+H-0 fr in .) /J of free7( dried Azmrhl

"Chow pellet for rabbit was powdered to prepare the experimental diet.
783 mg CH:Cl» fr. was added to prepare 1 kg experimental diet.
56 mg EtOAc fr. was added to prepare 1 kg experimental dict.
19919 mg H:O fr. was added to prepare 1 kg experimental diet.
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Table 3. Yield of solvent fraction from kimchi'

Fraction Yield (g) %

Hexane ext. 57.9 1.93
MeOH ext. 1503.8 50.13
CH:Cl fr. 49.8 1.66
EtOAc fr. 337 1.12
BuOH fr. 89.0 297
Water fr. 1331.3 44.38

'3 kg freeze-dried kimchi was used for the fractionation.

B} LDL At8 curved 92 o} o] 2 BE AR er] &
AAbstelch 7))o 2 8-S A 718 DL Abshs A E
A Q) A A Arstepat-g vpehgl o ol E A &R
Y7 e f 27l via T vl Aok HELe f
7% 100% % £85t e o F3 ¥ 11642, EtOAcY
B 123.21, MeOH# ¥ 137.07, BuOHE ¥ 141.73 A=A
CH:ClE Bo)| 21537% 2 28 3= £ EeA bk
5718 AAA7)= 37 )19 (Table 4, p<0.05) 5
3 CHoClhZ-& Abstfr=7| & 2ul7bek A4 A7) 44
g LDL 43} 934 &=zl ek

ol2)gt 71 x| o] &vf & E2] IDLAMY A&7 TB
ARSHW o2 =2x 3519l 2 fx Fd3t A58 ehi i
(Fig. 1. 71 ;‘(]_Q-DHQ_‘;L% =] 7}.1‘7). nE o] TBARS um
al:o ;ﬁﬂ,ﬂ. 711],9_\3]]321 o“ _‘r_io]_hﬂ o7 Q-Aﬁl,ﬁ
° o (p<0.05), 50 ug/mL %9 7 =&+ ¥ M7t}
c};d,o_ u}] TBARSQI xgx-l 2o qz;oﬂ H] gﬂ uﬂb}-.Q_ _'_E
£ 2474, CHoClLE & 4064, EtOAc8 ¥ 3415, BuOH#

23133, 282 B3 52 20.98% 47} 7} A3kl a2, vl Al
o & A}83 £ %9 BHT TBARS A4 & 4356
9% 7k A Ak o] 4ke] A ¥ ARz RE 7] % ¢ CHLLE
B2 DL A3 AA B} AAE 2 A2 ek
x9] v o] BHTS 78] fAHe Hatst & 745 vhehd

ol 70| B U Rt
IiIE A%

8% A 7F B 279 AEE/HES a2 122

ZolaHE

Table 4. The antioxidant effect of solvent fraction of kimchi
on LDL oxidation expressed in lag phase duration

Fraction Lag phase duration (% of control)
Control 100°

H.O fr. 116.42+10.87""

EtOAc fr. 123.21+16.61"

Hexane fr. 137.07+13.01°

BuOH fr. 14173+ 11.86"

CH:CL fr. 215.37 +41.95°

"Values are means* SD.

““Datas in columns were significantly different analvzed
by one-way ANOVA followed Duncan’s multiple range
test at the 0.05 level of significance.
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Fig. 1. Antioxidative effect of solvent fraction of kimchi"
on the susceptibility of LDL to oxidation.
YSee Table 2 for the composition of experimental diet.
" Datas were significantly different analyzed by one
way ANOVA followed Duncan’s multiple range test
at the 0.05 level of significance.

%, CH:CL3 3 A7 12.7%, EtOAc® ¥ A 7H 12.8%,
2 H7bE 115%R 27 AFZF7}e 2ol 7k st Z4
2HBS 1% A7LgE Ao & A AE B9 A FH A
B2 2rs A% 71 0E R E Tl Srbstdd ot
ol v 71X o] ujE B HFE Sl dolA] 1 FUks
Zo] yhgkon] 67 RE] FH AHE FE M3l o]}
Qgich 857 Ao B o aHE FEE AT
ol vl &l CHoCLE# & 7}ato] 49%, EtOAcH ¥ #H7hol
20% 18] 3 B8 B &vhate] 20% A= webd o FA
o g 8 olsd th(Fig. 2. p<0.05). 2 A& o] A 2ol A
E A $uE R ATl A FH 2 E AT
£ o Asle 37t B¢l v o) g A= dichloro
methane 8% #H7Hg Foll A 7ba 2ok A9 T
5} oA|uF el o gk Kwon(15)8] od-tel of shsd Al § A
ool 19% Zall <623} wis, uF 12l vhed 47
8, 1, 1%(w/w) A71ak Alo] & 7)o 12770 AHE 2
3 82 Zo~uF Fre dEael vle 3T 23%,
TEABRT 0% 28T vHETS 19% ol ZA| o] ¥
A gol| o 2HES A4 st Aart sl ol 2
= 7)Ao v & o Eox] 3 Ze 2~ F S-S
A5l B AR dupg Al Fa sdeh1b).

LDL 28 ~HE 5% Wl Fig. 30 bl vps} 32
o] A§ 4% 2ol ule] wE A SviE R A}
Fol A A dehgo} 85 Foll= CHLCREE A7
o] LDL 2| AHE x = thxdel vl s 47% Za(p<
0.05)% 2.9l b EtOAc A 7bra £33 8 Arigbel A+
LDL Zd ~e & %7} ol 273 fFAbskadch

HDL Zall 26| &2 AbS 47A 8 23] S0l A
7he] eh =T Bl &) ek ot (Fig. 3) 8F Foll= tix
3t 283 A7hEel HDL 4 28 52 fAkekad
T, CHCLE & 713} EtOAcE) B 7kt tizidel

er

1

o o



208 B - F

Cholesterol Con. (mg/dL)

Triglyceride Con. (mg/dL)

Time (weeks)

Fig. 2. Changes in plasma cholesterol and triglyceride
concentration of rabbit fed atherogenic diet con-
]t?ining solvent fraction of kimchi"’ for 8 weeks.

See Table 2 for the composition of experimental diet.
“"“Datas were significantly different analyzed by one-
way ANOVA followed Duncan’s muiltiple range test
at the 0.05 level of significance.

vl 782k 919%, 209%4 Z71ebd vhp<0.05). o) iFe) A

2 FYe 129 CHCLY L 8% 2H2HE 2
LDL 24 28 82 H3}47] 2 HDL 2208 27}

7} LDL F2) 2888 74417] & Astnch o 2 2
°2 vehg

Hx| Soi& 0| £77| €D XA SMX|Y
ST Ystol ojx|l= G

AbE717Y0] A3l mel ¥ 2AAY FE Fig 2
o viepst vhe o] F7) slel o] 2%} ClS
ool ok XA Fro] A5d HY FHAHE X
2] A0 g 9l lipogenic enzyme &Aoo} Zr}aled )
ol Fo)et . B nEb tH2D). AHS 4T A 7R = Al o) F 7}
o W2 apol7} glglend AL 65 e 2Tl B s
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Fig. 3. Changes in LDL and HDL cholesterol concentration

of rabbit fed atherogenic diet containing solvent
fraction of kimchi" for 8 weeks.
YSee Table 2 for the composition of experimental diet.
#"“Datas were significantly different analyzed by one-
way ANOVA followed Duncan’s multiple range test
at the 0.05 level of significance.

FEE g RTe] 418.09, CH.CLE ¥ A 378.77, EtOAc
8 A7 39031 18]35 Ao 382.82 mg/dL
2 CHLCLEE A& v 270 nlal] 04% 7425 B
o Z¥| e F A4 &l wish FAHAYE Bojmel =
B stk

VLDL A4 sE = F7kel] A8 27|88 Aol &
BEg Bt ol 2l A8l 8 8-S Aol M= F
AR dojmel: 3yt Fale] AAE A WEskvh
(data not shown). 22} &7} £&E) 2 ST 3
2 B2 A A el R g AL FulaHEE E
ojmalE 7| de] 7 Fo] Alo] dfrhel o7 F
5 A8} wj-Fo] opyd7} AJ7bRlch

o

Soyzisix| s

AR7)17r 5 2 7o T3 EA5 HEE Table 5ef
vepligdch FHaHE AHrAe] A2 e mE A
Tl A T A B R prF et o] 53 d el 4 o
Aol 7bd @Al 45 e FuUAs Are gz
o) 489, CHLCLH ¥ A 7T 116, EtOAcH ¥ #7h7
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Table 5. Changes in atherogenic index" of rabbit fed ath-
erogenic diet containing solvent fraction of kim-
chi® for 8 weeks

0 Week 4 Week 8 Week
B 0.04+0.01 489+1.22° 4.74+0.38°
BC 0.40£0.19 1.16+0.05 0.52+0.25°
BE 0.17+0.07 124+0.21° 271 +0.94°
BW 0.27%0.16 1.26+0.40° 355+057°

"(Total cholesterol - HDL-C)/HDL-C
?See Table 2 for the composition of experimental diet.
““Datas were significantly different analyzed by one-way
ANOVA followed Duncan’s multiple range test at the 0.05
fevel of significance.

124 28| 3 B8 F A7t 126202 R E AP TANA o
z2Fd vl&f ¢ kot 8FAdle 2T U3
A 45 A 9} v)5zakel o CHCLE ¥ A7h 052,
EtOAcH ¥ A7 271 18] 1 8 ¥ 7L 3552 o
27 vla) A FellA 27 89%, 43% LB 3L 25% A
5ol 7 x] Svf) 3] Fo] EUAEE AR S AAT
4 ¢l2laL 53} dichloromethaneZ 9] 597 3} ¥} &
i WAl o] Ho FA Ho] Fol IS Fa
3l o}, Framingham Heart studyoll 4+ 59 73 8= 4
7} 350)3ted FAFEH AL Y o FRE| A 5
Foln Aol & 450]81& FAF =S YA TH26-28).
B A # o) 4] &= o &7l 4] = Framingham study <l 4] +}
L £EE 2stg o} Lo F R Hohwol s T
A3 57} ol A 0 g ol (p<0.05) 31 2] 9] vl EY %
of FHASE A E A U S C F UL
3] dichloromethaneZ <l ¥9 7 3}& <Wsle 4 &
o] wol f=e] gl AR AztE ezt

el

LDL ¢t&ts g8t

LS 0F, 45, 857 B3 Evle] A2 e
2% LDL& CuSO:& 4H3A1 A TBARS#HS 543k
tHFig. 4). 059 TBARSZ-2 B2 0] 2824, CH:.Cl ¥
B A7 2691, EtOAcE ¥ 37452779 18l 28 %
H7}o] 302 nmol MDA 2 452| TBARS#H 2 &
o] 3557, CH.CL8 ¥ % 7}Fo] 28.85, EtOACE £ A7t
o] 3246 28] 2 3% Arlo) 35.24 nmol MDAS]
o 8ol = 2] 4081, CHCLE - A7lfe] 32.23,
EtOAcH ¥ #7}o] 3412 melx B8 Avlte] 3497
nmol MDA & A}-&-7] 7ko] ol ol alel 219 Abs
A EL FA8] Friald el o)l & 1% ZH~HE A
7} Aol W F-o g Azbdct e AR S EE Hok
o) Absl A A B2 ol 2 Foll vl gl o] @] gt A AL
717k HAALZE ] & Falo] e i) 7 717
R ZAAL 3 AH7bEe MDA A %S v wsh B
2ol Bl 8 CHCLE & % 7HE2 EtOAcE # A7
9] MDA A4 4F o] F7E FH o2 Fhag)on

45

35

25

TBARS
(nmole MDA/mg LDL protein)

0 4 8
Time (weeks)

Fig. 4. TBARS concentration of LDL isolated from rabbit

fed atherogenic diet containing solvent fraction of
kimchi’ for 8 weeks.
YSee Table 2 for the composition of experimental diet.
*“Datas were significantly different analyzed by one-
way ANOVA followed Duncan’'s multiple range test
at the 0.05 level of significance.

(p<0.05) 53] 855 CHCLE ¥ H7}+2] TBARS ¥ %
ozl vl 21% A= okl 2 A ] A ool
A9 2vfE g2 7oA nEANHE Ao E A4S
A Zgoll = st w 2T ol vl 3] LDL 437} §-21 A
A A=A E&S Bastel 2 o] A= CHCLE
B H7boll A 7ha @ sho] olvt i E 9l A 55 o))
= ZAEA ) CHCLE R o 714 gol Eolslv A
(o]

y
A AEE invitrod A FAH s o] & F dA 5 &4t
3 Z3E vl A o A Al A8l EHE in vivo
A gelztgdch E7lellA 1% ZAAHES e A
ol in vitrolA] LDL AHshed A Azt sl CH.Cl ¥
EtOAcH ¥ 818 5% $4AZ 77 A=+
Frbg tzTAlolo Hrlste] 857 ALSEuiA HA
2 Aok 230 oAl g AR HEtE Bas)
Rk Invitro A A w713 &) 84 AH7IjELDLY
43l A %= 8 TBARS ¥5 2 Yehiolg o BHT, Hex. $
%, CH:CLE®, EtOAcH ¥, BuOHE &, 8% 37}
T2 2T w8 Zh2F 40.68, 21.10, 28.03, 9.95, 21.23,
8l3 930% A= LDL A3hr} A = glc} o] & A
Lofl F2 F7E9 LDL AR Erle dl a2l vl =
E gy adAEsl e 53 CHXLLY ¥ A7kl 4
31 §-57]%= ok vl 7hek 3 E 9tk CHCl 2 EtOAcE
B3 2388 AR AR R 8FEek 4183 B9 &
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A 2208 g AR FEE A g E
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