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Abstract

A recipe for diet kimchi containing 20% of sea tangle to Korean cabbage kimchi (SK) was developed for
weight reduction purpose. The fermentation process of SK showed typical Lactobacillus sp. growth pattern
like other kimchis. The effects of SK on weight reduction was studied in high fat diet (HFD) fed rats (n=40).
Diet groups used for the animal study were HFD, HFD supplemented either with Korean cabbage kimchi used
as experimental control (HCK), or with SK (HSK), or with Jkimchi (JK) which was purchased at market
(FJK). The effect of kimchi on preventing obesity in rat fed HFD was found to be obvious by means of reducing
visceral fat contents and improving serum lipid profiles through enhancing the lipid excretion in the feces
(p<0.05). Leptin concentration of rat was significantly decreased by kimchi consumption (p<0.05). This result
can be interpreted that adipocytes in these animals were fewer than that of HFD group. The plasma bililubin
concentration was lower in kimchi group than HFD, meaning that returning bile from ileum to the liver was
reduced. When the observe beneficial effects of kimchi on preventing obesity were compared among kimchi
groups, SK only reduced the relative visceral fat contents significantly than other kimchi groups (p<0.05).
Besides this, other parameters such as plasma lipid profiles, feces lipids, leptin, and bililubin concentration
were not significantly different, even though the most beneficial effect on these parameters was observed
from SK. In conclusion, long term consumption of SK seems to have a beneficial effect on the prevention
of obesity through enhancing the excretion of lipids in the feces. The dietary fiber content of SK was increased
by 7% compared to CK when 20% of sea tangle was added.
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= Arr23) 2 71E A4 EA(24) ol AEA} &
H7t deol As #AF a3}t d& Hew Azdr
YAlwR(L. aminaria japonica)© $+=rQlo] &7 ® & 5H7‘
FE G Fao g e *ﬁﬂﬂ AEHo] FFEol 2

A AR a3 25-27)7}F 9

o
o,
=
Iy
N
ﬁ

= A= AT
M) slskel 4

off

B
7t Fwa

o
[N
ot o Bomd

&> o o

EEER S ES
R 4
EREMIELER-E

X]—
= uﬂ‘]ﬂ H°ﬂ7ﬂ é}oil x] A A5 2 W wkel

iy
n
N
)
_0|L
2
Ll

24 Zﬂ o]— aE &

oL _1:: FE
M
o N
N -
_v‘ o
T i
= T

jﬁ_&n
et
o
1o

= ol
12 ox ]

oy
el
=
Hu

=
gl
rir
oy
:(,)l:t

P
tlo
>~
=
o
ol

2
ro o

2
o
>

o o

14
2

T A i )
1N
rlo
=)
- o~
) e 32 o
E
poo
tlo
- B~
it
rlo
e
e,
o2
o F
>
>,
ofo
ol
ol
32
H

>
I
ﬂ
O
&=

:Cg
2 Ko
™~ gt o

et

N

N

ot

N

olr

oX,

N,

=
R}

o
oo M
=2
>
>
op
o
oy
frod
=

WL

= 0 i

W

] o il

o oy
$

=
i
5
o
N
=2
)
>,
o
a
SE,
ot
o off M o

)
.
i)
f
>,
s
ofo
T
=
W
2
g
>
-
o
N
o
_o|L
-

=

71']“ _H%_/\lﬁgl

=}
L

B2 BN
Mg
ook
s
o
>
"

i
9
R
nft
rd
=
oy

‘
2
1

\
==

—
=
—
bzt

.=
o & g3 ARE = ez
S ahis %Xé EH T (positive control) &2

a Ash Axddel 2L W F9

olN
o

— o
oY
Y
rr
re
Z

IR IO w A e o

P
-
2
o
2
Qm
o
=)
m
>
fo
ol
Q
Ol

S[eSER EXTEE ESIOE
.2~25 ke® BUIF2 85
10%2] 255l 2-347F 2
A &7 flstel wlFE FAL Aow e T, 49
AR F 38 9, oldlE 1% Ak WMo dEst

R A Ak 1141

1.940.1%0l =23l8lS f 2% & 33 A& sta 3~4
AZF A g2 ste] AAGFEA G A vbE B Eol
IE7FE vAA MR 25 22 A7](2x3 cm) & o)A
}\}B_g}oﬂ;]_

g=AA G T NS 98k Hrke thaeke] e v
Aleks AR AR AR F FA19] 10~30% W9 W M7
L% 3fo] Table 13 #Zo] AXE Ha & d5HA A%=E
thAlmE H A H7 RS ARt sz X o] A A A &
IE AR 3 FEA AL AA dA e v
T} 2} dZ=7 71X (Korean cabbage kimchi used as con-
trol kimchi; CK)= A1 Wl 76 g, ¥ 13 g, ¥ 2 g, 157
35g W= 15g, A% 06 g, BXAA 22 g AF 1 g
H71eR ar, 827 X (sea tangle added Korean cabbage
kimchi: SK)& 491 w15 60 g, AW 20 g, F+ 15 g, &
5g AFE7HF 32¢g vE 14 g, A% 05 g, DA AA 2g,
A 09 g A7) AF Aol A T X eF Al
A= - X (J-kimehi; JK)+= AXY41-8 14X T 58
G2 £ 5°CE A4 AAYFI(HNR2217S, S Electron-
ics, Korea)oll /] R3St X9 HF d=+ 2.140.1%

HsHA
7154 EzAAY AT ML FEAAE Ve RE
AABHGITY, thajuke] H7bEY e e 540 F o
AA ko] WMstE 95 HEWol ofste] Hrletqint. A
=& 9] (appearance), =W (fresh cabbage like smell), Al
W(acidic smell), TEH(moldy smell), & <& HH(fresh
cabbage like taste), 21 % (acidic taste), 75 %Hmoldy taste),
A3 TH(sweetly sour taste), oF2FoFA e crispness), 23
2 o1 F 7} overall acceptability)o] 2t} 98 H =S o] &
SRS wf HIF A 14 o}F ekglo| o) L 5H e
HE 952 ofF Aol ol FHow ‘/‘rE]rlﬂoi‘?}

)

Table 1. Recipe developed for the preparation of sea tangle
added Korean cabbage kimchi and its sensory evaluation
result

Ingredients (g) AV B C
Korean cabbage 73 60 50
Sea tangle 10 20 25
Radish 18 15 20
Carrot - 5.0 5.0
Red pepper powder 4.2 3.2 3.2
Garlic 1.8 14 14
Ginger 0.7 0.5 0.5
Fermented anchovy juice 2.6 2.0 2.0
Sugar 1.2 0.9 0.9
Overall acceptabilityz) 5.4 7.2 6.7

UThe final percentage of sea tangle added to the recipe A, B
and C is 9, 185, and 23.1%, respectively.

2>Sensory evaluation was carried out with kimchi of which
acidity is 0.7540.05%. Nine point scale from 'very good=9’
to 'very bad=1".
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pH, Atz EHRIEr o MAMHR =X

Ao AMEE g2 A, Al A], 28]a [-AA o] 2a
G2 pH, A=, 3 2 RAA 5 S5k ¥ asksl
o, olgtel A 93k AXA 5= AAF2 oA FE
Ab 7] (Angla AJM-2515, (F)<l

7AX¢] pHE pH meter
(Orion Research Inc., Boston, MA, USA)E Al&3le] =4
&3, FAEE A9 10 mLE 0.1 N NaOH §o 2
pH 817}4] 381718 4H]E 01 N NaOH9] AH] mLE
lactic acid(%, w/w) StFo & shakate] 2 AAE(%, w/v)
2 BAERTH29). AR Akt SA S HAATHE o
88k TH30).

o~
N
ot

o
[p)

prague-Dawley(SD)7Al 3F 40v}2] & T3}
A(FHLTQIE, A&) 157¢7F dutalol=2 J-gA171 & 4
ol AREIAT 753 AlEAA Y vRE GAaTE A
B7] 93t & A2 1AW o] (High fat diet group,
HFD), 2% X+ (HFD containing freeze-dried control
kimchi, HCK), 3Z7X*(HFD containing freeze—dried
control kimchi supplemented with 20% of sea tangle,
HSK) 18]l J-FHX+(HFD containing freeze—dried
J-kimchi, HJK)©. 2 B5F 4702 7} 9 A FE2 10v}
Aol ek AEAZ Al ZF a-o] F 9] A5 (14240.63
@) TYUINEF o= ujx gl on, o‘gﬁ gk Aol Ao

Z

20kel A o] ALSSTh AFRAS] RE(20£2°0)9} F
(50+10%) AFH o2 2A5eh A9 §et eycle
2 12A13F Z¥A 01 07:00~19:0001 &5 A Atk

Alo| z=x|

A A o]= AIN-93 7}o]
ZAsA Y. A EEe R E}E 15%(w/w) 2} ST+ 5%
(w/w)g &3Fate] AH&akalar o] wf Awko] A= eh= ol
A HEL F Ay A 9] 40% ’“ZOWE} A= A2 o]
o] A71al7] Yéto] A 0.7540.05%0 =EadS ul &
A AxAAeH, HA7FEE 10%(w/w)ol ik ZF A3t i
Abs 9] oA e B L3460 keal/100 g) 2248 T
(Table 2). ZXHUP 2] 1“ nPow wtEo] ARAN T

A4
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Table 2. Composition of the experimental diet?
(g/100 g diet)

Experimental groupsm

Ingredients HFD HCK  HSK HJK
Casein 20 20 20 20
Sucrose 40 39.4 39.5 39.4
Corn starch 10 10 10 10
Corn oil 5 4.7 4.8 4.7
Lard 15 15 15 15
Cellulose 5 5 5 5
DL-methionine 0.2 0.2 0.2 0.2
AIN-mineral mixture 35 35 35 35
AIN-vitamin mixture 1 1 1 1
Choline bitrate 0.3 0.3 0.3 0.3
Freeze dried kimchi - 10 10 10
Total 100 109.1 109.3  109.1

UThe calorie of diet was prepared to be same, 460 kcal/100 g,
among experimental groups according to AIN-93 guide line.

YHFD: high fat diet, HCK: high fat diet containing control kim-
chi which is Korean cabbage kimchi, HSK: high fat diet con—
taining sea tangle added Korean cabbage kimchi, HJK: high
fat diet containing J-kimchi (commercially available one at
market).

5 7H£3}oﬂ—7 Jolo el U Ao A 23 s )
A& % phosphate buffered saline(PBS) €90 &2 #-573}¢]
A7) 0 dHe AA ) 33 A, A d 23S
gulo] A AAFE AL v X Z 58S ¢
F %
o

Yu gl AW HEsl $3L Y5
By XY, HE Y YRy =57

A TAAA,
&, HDL-cholesterol, LDL-cholesterol 2 bihrubln 5
EAo AE-% 7]7]E Olympus AU 5200(Olympus Diag-
nostic Systems, Melville, NY, USA)°] 1L, 31€12 Cobra
O Gamma Counter(Packard Instrument Co., Rockford,

Illinois, USA)S o]-8-3lo] #2439t}

2t g BHo| XASE £

2 FW o R HE AE FEIY kitS o] &3t FF
2~ EE &% (total cholesterol AM 202-K, o}2kA] k)¢t &
AAY FZ(TG-S AM 157, oMiHAlehE S 3 th(32,
33). g e A FENE 4l )4 Eke] o]F 0.1 mL
& A8 N0 AREEGl) A e Ae] s 14} 3]
A7 H 0.2 mLe] ol gh&o] §alate] AlsR ARSI
A gol 7t EaAeks Y 37°C 824 5~10%3F
SAA LA T FZY2HELS 500 nm, A AT
550 nmol A EF w2 A4t Fe S FAATL
FFE NS o] &3t o] WA LA LAAA FF
S5 SAT T AR FEE @S UYste FEusHE
I FAA S Felh
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Table 3. Characteristics of Korean cabbage kimchi containing sea tangle fermented at 5°C for 10 days

Kimchi" pH Acidity (%) Leuconostoc sp. (log CFU/mL) Lactobacillus sp. (log CFU/mL)
CK 417 0.68 7.85 7.40
SK 4.15 0.75 8.50 7.60
JK 4.13 0.76 7.97 6.74

UCK: Korean cabbage kimchi used for the control. Brined Korean cabbage 100 g, radish 13 g, green onion 2 g, red pepper powder
35 g, ginger 0.6 g, garlic 1.4 g, fermented anchovy juice 2.2 g. SK: CK supplemented with 18.5% of sea tangle. Brined Korean cabbage
60 g, sea tangle 20 g, radish 15 g, carrot 5 g, red pepper powder 3.2 g, garlic 1.4 g, ginger 0.5 g, fermented anchovy juice 2.0 g,
sugar 0.9 g. JK! J-cabbage kimchi made by of D company (Receipt is not available).

EREEEEEE ESE R PR DR T
2 AN e AT 1FoR ST Y 2t
A2 He ATk Aol B85% Fgort A9
slgko] gt 7129 Slgko] HTHOR FEF AOE
vhebe ThAlEk A7k 309 ola) Wil Al A A A )
Wahol FEHALE WA A3t BAITH} 185%(w/w) T
d WA R g2 AA9) FEH B g e
W, o 1 FER/E A7k 07 WHAA 7288 wol s
G717k %70 LhkeK(Table 1.

SAIRHE 185% H7HE S A1) BEPHE0E )

(A

B u) bR} A7RES W A 109 T

3l ol AIREE H7F Al AR 9] sAdo] wE A= AS ¢
T AA}T} o] wf sfFH 2] Leuconostoc sp.2} Lactobacillus

sp. AFE S8 doju} AP AX TadgS e
A tHTable 3).

simzxlel At 2 MRL B

AHE 0.75+0.05%] EEE GAo] el B AT B
4 Azsle] o)5e] AAAT B AR s B
W (Table 4) &7 A sk -2 9] Ak e w239,
SARE QA AEAAE The AAe vs) Agde
S A L Aol s G o} AEpA ol
URER E-E R R e C A ESE R R
M fa e 2P A we) 7%, el e v

11% =9kt

Table 4. Content of lipid and fiber of freezedried sea tangle

added Korean cabbage kimchi® (%)
Kimchi”?  Crude lipid Crude fiber Dietary fiber
CK 2.83 10.24 29.42
SK 1.94 13.28 36.45
JK 2.90 10.63 25.76

VAcidity of kimchi was 0.75£0.05%.
“See the legend of Table 3.
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518 TH(Table 5).
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Table 5. Change in body weight, food intake and food efficiency ratio (FER) of rats fed high fat diets supplemented with

kimchi for 8 weeks

Group” Initial weight (g) Final weight (g) Weight gain (g/day) Food intake (g/day) FER?
HFD 142.14+5.64°™N° 512.50+18.37° 5.77+0.30™ 19.27+0.30™ 0.2940.01
HCK 142.42+7.02 476.67+30.11° 5.4440.26 19.1140.40 0.3040.02
HSK 142.63+£3.72 481.67+18.35" 5.61+0.15 19.1240.43 0.2840.01
HJK 142.19+3.08 471.67+35.45" 5.64+0.29 18.72+0.95 0.29+0.01

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

YFood efficiency ratio (FER): weight gain (g/day)/food intakes (g/day).
“PData are significantly different by one-way ANOVA followed Duncan’s multiple range test at the 0.05 level of significance.

NS not significant.
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Table 6. Amount of visceral fat of rat fed high fat diet
supplemented with kimchi for 8 weeks

Visceral fat

Groupl) Relative amounts
Total amounts (g) (g/ 100 g B.W.)
HFD 43.814+6.56™ (100%) 7.15+0.75* (100%)
HCK 33.86+4.80" (77.3%) 6.53+0.98" (91.3%)
HSK 28.35+1.54° (64.7%) 5934059 (82.9%)
HJK 31.98+2.12° (73.0%) 6.39+0.57" (89.3%)

YSee the legend of Table 2. “Values are mean+SD (n=10).
“PData are significantly different by one-way ANOVA fol-
lowed Duncan’s multiple range test at the 0.05 level of
significance.

0.02 mg/dL><>1
J-AA7(0.1240.05 mg/dL)
mg/dL) 0.2 A Aol ol HlF] tjZ2A|

ERA T SRS Z47E 59% Sk o (p<0.05), 1A
E AFANR 30 Apol= (AT Fig. 1. & A= W
SAG ] Aot dAsh= Ao w el FH4E F A
2 HA AF el oal 23~35% fro] A om st o,
AL 2pol= fro] Aol A dstrh. a3 sl=HAE
AAE Ao €5 99 s dixgd Aol Hlal 1% J=
Stof sl ArjHoer AT o vwks gAS 5
A= 7150l e AR AdEdY EF AR e Al
A eFt ol AdaaArE e (35), aALA o= HE
o HES FIAA dF e FEE ST Haly
o] S1tH(36,37)
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Fig. 1. Serum leptin concentration of rat fed high fat diet
supplemented with kimchi for 8 weeks?.

DSee the legend of Table 2.

*Data are significantly different by one-way ANOVA followed
Duncan’s multiple range test at the 0.05 level of significance.
Values are mean+SD (n=10).

DL—C% Zﬂ SkA| 71«”— *JJrE %91
ATH21). £ Aol A =50 A]
izt AX - A el vl oF 129
sholxlon FH2~EE v gzl vldl 8%
Rk}, Seal?} Mathers 47(39)o A thA|wle] g
alginateE 5%} 10% 43 ~A121 23} plasma cholesterol ¥}
triglycerided] =2 Fo o g GFd=d, B A4
sz 2] AdAa I thAut Aol fo] ok gt
7 o= Ar vEhd 3o R Al drh

o L ot Hf Ho [
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oX,
X
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off ML BT ol L
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S =ZIx|of HIZH oAX| 2HHT|H™
B A sx: sl e vwt Al gate] B3k 7]

AEpAT L J-aAwe] FHAD F 34 s A olE
vl 3l 39%, 51% % 40% oA o2 7HAstgtH(Table (Table 8). +¥ 9] %‘}‘oz W FEE aX WA o]l HF o
7, p<0.05). 2 F ZH2HE A3t A = AX T ZAAT(36%), AME=AXT(49%) D J-Z X7 (32%) N A
(21%)3} J-FA A 7-(23%) o A ut fro) 8 oz B2E A cHp< FoHow 57 }6}91E}<p<005> aea BEFe] FY 2
0.05). =] Aol 2% LDL-CS} HDL-C2| W3l= 2y 2 FEE 21X 0“1 olwoll w3 R (61%), =4
A gkoke), R o] A AAS g o AFE B3 B A(71%) 2 J-AAT(65%)N A F718F 3 o (p<0.05). 3l
Table 7. Concentrations of serum lipids of rat fed high fat diet supplemented with kimchi for 8 weeks (mg/mL)
Groupl) Triglyceride Total-cholesterol HDL-cholesterol LDL-cholesterol
HFD 129.0+26.0°" 99.0£19.7° 64.8+10.1" 10.3+6.7"°
HCK 79.0+26.9° 85.8+11.1% 66.8+11.2 8.0+£2.0
HSK 62.7415.8" 77.8410.5" 61.6+7.3 6.3+£2.2
HJK 77.3£29.0° 76.0+£4.3" 58.8+4.4 75+2.1

USee the legend of Table 2. IValues are mean+SD (n=10). **Data are significantly different by one-way ANOVA followed Duncan’s
multiple range test at the 0.05 level of significance. NS: not significant.
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Table 8. Effects of kimchi on fecal lipids concentrations of
rats fed high fat diets for 8 weeks

Lipid (mg/g dry wt)

1)
Group Triglyceride Cholesterol
HFD 14.73+2.28”" 10.89+1.49
HCK 19.96+0.74° 17.56+1.99"
HSK 21.9044.54° 18.62+2.48"
HJK 19.38+1.42° 17.9240.50°

YSee the legend of Table 2. ?Values are mean+SD (n=10).
“Data are significantly different by one-way ANOVA fol-
lowed Duncan’s multiple range test at the 0.05 level of
significance.

2AAL] AdA Gt adE 2wt Blasgls o 34
A gl ez Ee] i 3 G397 10% o) kot
TAH R FoletA Fokrt

3 WIFH F= =0 A 9] v oA gl w3
71 T HF AEFTE dAlshs 71HE ARy 915t
ooz Al FE Eirol elA ZalFol EF e
o= wdE %S A Az A el
FEE A2 0] 7(0.3440.05 mg/dL)o] 7HE a1, tlF
A (0.3140.03 mg/dL), 31371 2] (0.26+0.02 mg/dL)
ag)a - T0.2240.03 me/dL) =o.2 A2 o]

o] Hl3l 9%, 24% X 35% o] Ao = A3t (Fig. 2, p<
0.05) AAAAH A 28 T35 ASS IA 71de Felgd 5
AR oy, AT 7H] FeolH el Apol= AT 5 AU TH

Ao Ty AT A adbe dixdt ARl H]E

B AT s 2 0AE AT F42 oAsks au
i Ao BaHed X 4w drse B
FA o]l gixtel HE] Ao vk o w (p<0.05),
ARHNEZHE o5 JE g2t 9904 &%
St ok 10% A= Skt o)# st @S AWAER o] F

0.5
[an L a
§| 0.4 _|_ )
o
£ I
¢ 03} b
5 T b
< T
g o2}
=
I
5 01}
2
0 . , )
HFD HCK HSK HIK

Fig. 2. Serum total bilirubin concentration of rat fed high
fat diet supplemented with kimchi for 8 weeks".

USee the legend of Table 2.

*"Data are significantly different by one-way ANOVA followed
Duncan’s multiple range test at the 0.05 level of significance.
Values are mean+SD (n=10).

o}
24X FrEo] e Aol dfrart ALY &
FE W3te] ZHoR mAS £X% A= e
2o df-5 AFH S AU Aol o5 Laso] AdE o
A Wako] 3-hydroxy-3-methyl glutaryl CoA reductase
(HMG-CoA reductase)®] &5 JA|sto] Z 289
TS AsfAt g A vt o2 d F& 2 HE pool

o Zarh defx k27 Fo| FUXHE tumover HEF
SN Ao AzhE A dvH40). sz Ao Ee s
HE Ast v gdsdad, sxidAse 45 2
HE = dxael vlsf 8% vk, Bwle] Fe=HE
FE 10% S7FeFSAT) o= ofvhis 2 A 7 Aol 2
SHE F Walnvs 95 AlFes dAsT] v
O2 AAX = & Aol AR A eldl= F@
o] H7bHA aska, 29 2uE FEe S &
kot A Wil $eE SAE BokS u, A
o] el FNl s evF izl vla)] 15% tobA, wEe
A7t AASMTE dHAR] AaE Fote] 52 5
AAT. o] H 3 sz x| o] vk Al F 3= vhAlul bl
o8 Aol Adfa FeFo] diz AXe wlal 7% Y Fold o
2A Aol Ade) F B @Fo A el ATk ot
A7) Moz e 84 Holdfre Hdel Eot
A ZHU2EHE B SAALY F4E At o5
e SAeAY, e A ZHzdHE % 4414
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