KOREAN J. FOOD COOKERY SCI ISSN 2287-1780(Print)
Vol 29 No, 6 December, 2013 ISSN 2287-1772(0nline)
htto./yax .ol org/10 9724/kfcs, 2013 296,699

AT ke HYJE9 Ao]7} Streptozotocin®Z -FEEH Tk F O
7 7153} R 2Ao| u]x]= A3}

Effects of Cheonggukjang Powder Made with Black Foods on Liver Function and Lipid
Composition in Streptozotocin—induced Diabetic Rats

Hyeon—Sook Park' - Kyung-Mi Yang2T

"Division of Hotel Culinary Arts, Daegu Technical College, Daegu 704-721, Korea
*Faculty of Herbal Food Cooking and Nutrition, Daegu Hanny University, Gyeongsan 712-715, Korea

Abstract

This study was conducted to examine the effects of Cheonggukjang powder made using black foods on liver function and lipid
composition in streptozotocin(STZ)-induced diabetic rats, The experimental animals were divided into 5 groups and fed the following for 7
weeks; normal diet(control), STZ+normal diet(Diabetic), STZ+50% soybean Cheonggukjang supplementation(DSC), STZ+44.5% yakkong
Cheonggukjang supplementation(DYC), and STZ+supplementation with 50% yakkong black food(black rice, black sesame seeds, and sea
tangle) Cheonggukjang(DYCB). The results showed that the body weight gain and food efficiency ratio of the STZ-induced diabetic groups
were significantly lower than those of the control group. In the Diabetic group, glutamic oxaloacetic transaminase(GOT) and glutamic pyruvic
transaminase(GPT) activities and total bilirubin content in serum were significantly greater than those in the control group. However,
supplementation with Cheonggukjang reduced these values. In the Diabetic group, the triglyceride, total cholesterol, and low-density
lipoprotein(LDL)-cholesterol contents in the serum and liver tissue, as well as the atherogenic index(Al) and cardiac risk factors(CRF) were
significantly higher than the corresponding values in the control group, although the high-density lipoprotein(HDL)-cholesterol and
phospholipid contents were significantly lower than those in the control group. However, supplementation with Cheonggukjang normalized
the changed lipid composition in the STZ-induced diabetic rats. Further, yakkong Cheonggukjang and black food contaning yakkong
Cheonggukjang normalized Al and CRF,
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Fabeta glekwild § & 2004). $Evele] B fHES
AR Feuhet 204 o) ARIITE] 10.0% oW, 2030 d =
Z olF9] 14.3%7} E Aoz ALEaL th(Korean National
Statistical Office 2008, Ministry of health and welfare 2006).
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Table 1, Classification of experimental design

Group” Normal diet scP®  vcp®  vcBP? ST
Control + - - - -
Diabetic + - - - +
DSC - + - - +
DYC - - + - +
DYCB - - - + +

"The experimental diet group are as follows; Control: Normal diet,
Diabetic: ~ Supplementation of normal diet in STZ-induced diabetic
rat, DSC: Supplementation of 50.0% soybean Cheonggukjang powder
in STZ-induced diabetic rat, DYC: Supplementation of 44.5% Yakkong

DYCB:
Supplementation of 50% black foods added Yakkong Cheonggukjang
powder in STZ-induced diabetic rat

2)Soybean Cheonggukjang powder

Cheonggukjang powder in  STZ-induced diabetic  rat

)

9 Yakkong Cheonggukjang powder
“black foods added Yakkong Cheonggukjang powder
STZ: streptozotocin

Table 2, Composition of experimental diets(%)

AHZCZ Ol IR Alo|7} StreptozotocinRZ & S F|o| 7+

Ingredient Control Diabetic DSC DYC DYCB
Casein 20.0 200 - - -
Corn starch 51.5 515 344 399 344
Sucrose 10.0 10.0 10.0 10.0 10.0
a-Cellulose 5.0 5.0 0.4 0.4 0.4
Soybean oil 8.5 85 - - -
Mineral mixture (AIN-93G-MX) 35 35 35 35 35
Vitamin mixture (AIN-93-VX) 1.0 1.0 1.0 1.0 1.0
DL-methionine 0.3 0.3 0.5 0.5 0.5
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
scp” - - 500 - -
ycp? - - - 45 -
YCBP” - - - - 50.0
Total 1000  100.0 100.0 100.0 100.0

USee the group legend of Table 1
2)Soybean Cheonggukjang powder
9 Yakkong Cheonggukjang powder
“Black foods added Yakkong Cheonggukjang

ad libium S 2 F o3}t

B Ao ARgSE A3 2o]E AIN-93 ZA(Reeves PG &
1993)0] ZATt] AAH a5 wEstet. oAz ¢ A
ZE Ho|ng AL g5te] dColx W B 3
A ARgsTh ARMAE Table 13 2on, zkzb A3
thah A 2ol Table 29 o] AAFAoF
(Control), @i AAF2] o] (Diabetic), B FH=A 2ol
(diabetic SCP), Bz FFAHTA 2|o]L(diabetic YCP), L8]l
B BUFS 7t FFARY Aol (diabetic YCBP)E U}
Fol 73 Ay elE FHskrh. A dHE viF 13 12
TEAR oE ASE SHsAL, 4
2ol dHFo R 1/}‘7‘01

AR P REE Gl 099 A2 A
oAk dteS FEATIE AL %EVJ STZE 0.1
M citrate buffer(pH 4.5) 8] %sHA] T AF 7T 50
mg/kg body weight2 B U] AR o]FojHrt F= Ft
Ble sz FARHA] 72417k :511 neHoa st g
ZFo] 300 mg/dL o)to]d Yol HE Aow 7F
o} AAEel Control & STZg Ao 0.9% NaCl &
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L

O

& o
o 32

APTEe A A 122K FEAZSH €O, gasE
53kl BRoEdelr FAVIE F3t

7PEA eFAAIZL & hES
o HEL Hatgoh 7+ =2Fe 1.15% Ko gEdo|
perfusion A7 AL AAT F AgHAE 715 AAS

o} Q3 dHLe 2000xgolA 108 FoF AR 3 S
de FHFY A= 3t &%‘% A& w7kA] -0coM B

9} GPT(glutamic pyruvate transaminase) A EE ReitmanT}
Frankel®] ¥ (Reitman S9} Frankel S 1957)9] ¢J3F GOT9}
GPT &4 =4A& kit(Asan Pharma, Korea)—e— o] &3lo] =A3}
gom, &AL Karmen unit2 YERIAT A Fof dlg)F
vl geke *o‘%ﬂ dE]sdl 548 klt(Asan Pharma, Korea)

£ o]83te] SAstH.

g W SAAA g2 glycerol-3-phosphate oxidase-PAP
SN ol%:o‘]'o:] Azd F44Ad Z4& kit(Asan Pharma.,

Seoul, Korea), & ZFH2HE g FY2HES 715-Ee &
rw EAsMER Aoz waste] St Aavo
2 & ZY2HE =A& kit(Asan Pharma., Seoul, Korea), ~1
2]l HDL-Z8| 28 E 2 phosphotungisticMg EAHOZ
IDL-ZH2H &S AAAZ $ 459 HDL-2H2HES 4
@sle] SA8l= kit(Asan Pharma., Seoul, Korea)2 #-3}1

t}. I22]l1 DL 2EE T Friedewald WT 5(1972)
Holl ojAste] LDL-ZFH2HE = F Fd2HE-HDLE o 2|
2. (ZAAM5) Ao AN 1;]. ) A5} 2] 5 atherogenic
index: AI)¥ Haglund O 5(1991)¢] "ol wlbrA] Al=(FZ |
2| & —HDL-ZL 28| 2)/HDL- 2| 2H 22 AlXbeigic), ©=gt
AlET YRS (cardiac risk factor: CHR)&= Bang MA &
(2002)9] o] wel CHR=ZZ Y 2HE/HDL-ZY2H S8

T3t

22 W F A A Foleh | 51957)2] @Yol 9
As}e] chloroform : methanol(2:1, v/v)& o]&3te] & A&
2289 2ZAAN F AA TS L) qa P
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A 5 455 F8lA isopropanol AT H 4L EGFA]
S AEE ARgste] FAEAE EFESE A Mendez ]

1975)8F3eH, oju] EF&N O 2= wrioleing ARSI

ZY2HE TS Zlatks A9} Zak B(1969)9] WHo g =4
stlom, b 23 f A A B AE AL TGN
#3A glacial acetic acid®} 2+ 49 %@ HE A B2 ARR3E}
o] Eng LF9} Noble EP(1968)2] WHoz HEAM3Ict. oju
BFAF2 KHPOE ARSI @74 W 3 &} onvl
stk ALATHS o]%s} kit(Em biel, Seoul, Korea)Z &7
stolon, EREd A T ol FFex dRn S

AR goz e,

Ol-N' ofi fu

6. SAXzZ|

AYS Fdle] dojF AJEE= SPSS BAl package(version
14,008 o]&ste Ast9em 1 Aie HdtiZFHA
(standard deviation)Z FAISFCE AP A= den)x] ¢
EX(one way analysis of varance)2 3+ ¥ Duncan's
multiple-range testo]] ]3] p(0.05 FFolA ZF Ado] Ht
Aol EAH folde Agsrt

. 23k & oF

1. MSHet | AolzE HEl

ARTEY HFH T AT, 4 AT 28 2
o8-S Table 3% Pt}  Control T HF AFL
498.0120.4 g, 4Y AFZF7EFL 5501030 g, 123 AR
FEE 0.23+0.019 B8] Y=-FET¢l Diabetic, DSC, DYC
183 DYCB w9 HF AlF, dd AFStE 4 /\}fxﬁg
2 p(0.05 FFAN FoFor BT Uttt Ty dik
it k] AR AT, 4Y AFsUbE 28 Aolage %
o] 4l Aoz gldt.

Streptozotocmoﬂ 93l Y= FEF 213 A|Fo|v} AlEE S
At A A Ul B-AE IR ded AT 1 e
o] At AE W] ExT APt fErt, o= <l
sto] oz RS0 R Tholu 25, Az o] A&
il do] oUA|YPLR o] &FHHA 1/}5]"1} Aig dEHn
AtHRakieten N 5 1963). wehr B Ate] A o]t
Aelog <lte] Fufud RF7F ATl uvla] Aol
gt o FHEM, Fufid Qlete] Zad ASS7t
o} AlEEE deiMe dFA=E, FEAT 28 B
FEE Hhet ATl o} Fd TS wAA X A

o2 et

g3 W 7 7% AFES Gore GPT BAEE Table 49}
2t GOT FAEE Control T 75.9£8.28 karmen/mLe]l H]
3|4 "¢l  Diabetic T2  100.4+8.84 karmen/mLE
p(0.05 FFolA E2 A4S Btk ey g2 37t

HOE p(0.05 FEAH FfHoR dEr
AT}, GPT AL Control 9] 26.9£5.70 karmen/ mLoj|
B]3l P72l Diabetic & 43.6+7.46 karmen/mLE p(0.05
FrolA fFoHeR =gtk olm) A=gE FFAIZ DSC,
DYC #, 183l DYCB ¥ E5F Control 73 H|s=3F ZAS
LR

7+ &4 AR5 ol8¥Ea Y= GoTY GpT AL AukH
oluf AN M 5 v T oo ey i
sz vﬁﬂﬁﬁo] frd=o] 3F AETE E4feo] 2w ol
Al EhHlim SS & 1997). Park SH¥} Kim GY(2010)2 STZE
Fod B FHo ¥ F Gorel GrT A2 G Fel v
3 freldo=m wokar, ojul A, A%, Ak, 7R 2 g
712 o]Folx SeFEFFEES vid AF kg T 150 mg,
300 mg, 2l 600 mg TS vl FofF H|HE
GOT®} GPT A& YWFittay Rt 1 7jde=
Stzol <js 7]‘0]] An|3l AP AT g0 F= 2849 SH
7] B9le] B@AstE opT BAo] AEHAARL Y9 57HA|

Table 3. Effects of Cheonggukjang powder made with black foods on body weight gain, food intake and food efficiency ratio in

STZ—induced diabetic rats

Groups” BW(g) FBwY(g) BWG(g/day) FERY
Control 308,5+16,3 \“” 498.0+20 4™ 5.5040,30" 0.23+0,01"
Diabetic 335.8+31.2 291.5+385" -1.84+0.52" 0.06£0.20"
DSC 358.9+42.5 332.4+20,5" -1.63+0,50" 0.05%0.16"
DYC 3355117 320.5%30.0" -0.61+1.12" 0.0240.03"
DYCB 336.3110.2 310.7+22.1° -1.05+0.78" 0.03+0.02"

USee the group legend of Table 1
JIBW: Initial body weight
YFBW: Final body weight
“BWG: Body weight gain
“FER: food efficiency ratio
Values are meanstS.D,, N=8

NSt not significant

®Values with different alphabet within the column indicate significant difference at p<0.05 by

S 2 F 22 83 A A 297 A 635 (2013)

duncan's multiple range test
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Table 4, Effects of Cheonggukjang powder made with black
foods on serum activities of GOT and GPT in
STZ—induced diabetic rats

(karman/mL serum)

Groups” GOT GPT
Control 75.9+8.28" 269+5.70"
Diabetic 100.4+8.84" 43.6+7 46"
DSC 87.9+7.58" 264£116°
DYC 8294157 295+10.9"
DYCB 90,76.94” 3124824

"See the group legend of Table 1

“Values are meanstS.D,, N=8

INS: not significant

NValues with different alphabet within the column indicate significant
difference at p¢0.05 by duncan's multiple range test

o oAty EBEdFEZHo] SsHY|E BIToRMN 7t 7%
AL AoR A3 aiE}(Park SHJJr Kim GY, 2010)

o Boon, bzo}z e ;di—xl-

2 FFoR 1—6¥ *ZOE A=Y, 28EE Fwo|
o3t 7+ 7% & M dEAHTE, FFHFE, 2Eln
SAFrL AUbE FFAT0] A =gl d Ae=R 7|
o).
1.2 -
a
£
2
2 b
4 08 b a
E& T bc
£
§ 0.4 -
E
s
0 - :

Control  Diabetic DSC DYC DYCB

Fig. 1. Effects of Cheonggukjang powder made with black

foods on T-Bilirubin in STZ—-induced diabetic rats
Bars represent mean®S.D., N=8, Control: Normal diet, Diabetic:
Supplementation of control diet in STZ-induced diabetic rat, DSC:
Supplementation of 50.0% soybean Cheonggukjang powder in
STZ-induced diabetic rat, DYC: Supplementation of 44.5% Yakkong
Cheonggukjang  powder in  STZ-induced  diabetic ~rat, DYCB:
Supplementation of 50% black foods added Yakkong Cheonggukjang
powder in STZ-induced diabetic rat, Values with different alpha bet
with in the column indicate significnat different at p{0.05 by duncan's
multiple range test

% O U Jhsel ARS U F B UL U
= Fig. 13 2t} = Wg]FH & Control 79 0.67%0.05
mg/dLe]l M]3 B¢l Diabetici&  0.96+£0.11 mg/dLE
p(0.05 FEIA FolHoR we FFe Btk Jy @
w2 21 % WeRd g okEAwRe FHes

YFER U= FITYEL 40[7} Streptozotocin2 RE=E S F2| 7t 7S A2

w

ZNof ojxle g8 70

Hu

57.3%,

>{L

39.6% L= et dF TRl 0% olde] a1
A2l o]t “&*éﬁ‘d erE AHF olYd= AtAsterast
(CCly 2L 7 &4 240 e §4 2 AL AsHeE
Aog Hi¥i ¢HCho SY 2001, Choi YH % 2006, Ku
HS & 2007). ¥t olue}l dgzdo] A7|7t o]Fojx|A] &
< A4S gslET AAYAL ol 52 ety Mgk 11X

2en GAFIh WhE HEATYe FRO
}\
&

=

A5 (hyperlipemia)® 34 7F 757t ZY€Eda
Goldberg RB(1981)+= A3kl it}
2 AFME ERFER 7 &4 A#Q 8F F cor

5GPt B3 & WeR 3

"3 U A F=FE Table 59 2o}, SAAA e &
A mL F Control T 887+12.8 mgell H|F|A Pl
Diabetic & 105.2£27.6 mgl 2 Fxg oldte] FAxA
o]l p(0.05s FEA FoHoRE =gty a2y ol
DSC, YSC, YSCB 9 FAAHel Zt 60.4%16.2,
7324172, 283 71.8+148 mgE IR <lEte] ZUlE
FAAA FEFol A=Y FFoE FYFToE Yol &
ZY2H &Y IDL-ZE2HE FEs $AAE 59 v
3 AeS HJth HDL(high density lipoprotein)-Z#|2E| &
stke &34 mL 3 Control 9] 27.616.65 mgdl H|E|AH T
579 Diabetic & 15.943.96 mgO 2 p(0.05 FFolA]
42.4%°] e ke iodt} I YSC T 22.2+6.50
mg, 123l YSCB T2 23.7£8.85 mgZ Y=o o3 Zi
3tE HDL—%EﬂiEﬂ% %‘%t% EdFxcg vhE e ¥
o2 U QT AANEY FHFe FH mL T Control
79 19.5£3.26 mgol| H|3|A] Diabetic T 12,1+2.67 mg,
DSC T 10.2%+3.63 mg, L8|l DYC ¥ 11.9£3.65 mg=
Contro ol HIEHA] pc0.05 F<EollA] Soktt, ey EF
= i AT Aol FHI DYCB o v
18.6+3.80 mgl &2 Control T3 FoHog H|Ld =&

et

7+ =27 4 N4 fé} 2 Table 63 Bt F AAe| T

< Control ¥ FEfET Aol #2421 ol AT
:LEJL} ZFXAA @'%k% It %2 g & Control T 47,9%6.20
mgoll H|E|A BTl Diabetic T2 59.1£7.35 mgl R
p(0.05 A 19%2] F7He Btk ey St
T FAAAA FdHFL p0.05 FEolAM FFHTFe] F
R 43.8%, 2l SUFET b SRR AT I
27.1% 7HA] ZFAEQAT B3 Control ol HISIA T
Diabetic oA =718 = ZY2HE ke HZAE
2 p0.05 FFolA F7HE freHos BE5 ot

O -
o

° fu

o,

7
I=]
O
T2l
=)
St=T 1A

A e 7+ %7 g @ Control T 3.83£0.20 mgol] H]|F|A]
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Table 5, Effects of Cheonggukjang powder made with black foods on serum levels of triglycerides, total—cholesterol, HDL—cholesterol

and LDL—cholesterol in STZ— induced diabetic rats

(mg/dL serum)

Groups” Triglyceride Total-C? HDL-C” LoL—c? Phospholipid
Control 887+128™ 53.2+3.09" 27.646.65" 24.942.69° 19.543.26"
Diabetic 105.24279" 75.9%5.23" 15.9+3.96° 55.3%6.54" 1214267

DSC 60.4+16.2° 68.6+5.64" 1974821 3534569 10.2+3 63"

DYC 7324172 58.0+6.11" 22.2+6,50" 36.546.95" 1194365

DYCB 71.8+14.8 5524585 237+885" 346818 88" 18.6+3.80°

USee the group legend of Table 1
Total-C: total cholesterol
YHDL-C: high density lipoprotein

“LDL-C: low density lipoprotein, LDL-C = total-Cholesterol - HDL-cholesterol - (triglyceride/5)

*Values are means+$S.D,, N=8
6

NS: not significant

Values with different alphabet within the column indicate significant difference at p{0.05 by duncan's multiple range test

Table 6, Effects of Cheonggukjang powder made with black foods on liver levels of total lipid, triglyceride, total cholesterol and

phospholipid in STZ—induced diabetic rats (mg/g liver)
Groups” Total lipid Triglyceride Total—cholesterol Phospholipid
Control 6214152 47.9+6.20™" 48041 45" 3.83+0.20"
Diabetic 72.5%15 4 59.1+7.35" 7.20£1.71° 2,921r0,28h

DSC 58,1+119 54,0+7.00" 5904059 2.9940.24°

DYC 58.5£15.5 39.2+6.42° S‘OliO‘SSh 2.93ir0.37h

DYCB 5744132 43,145 46 5.22+0 48" 31140,61°

USee the group legend of Table 1
“Values are means£S.D., N=8
INS: not significant

Values with different alphabet within the column indicate significant difference at p<0.05 by duncan's multiple range test
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daHE, e, @it 22 SY2HE T widg
402 A ol FF& EFE A8 ol9dE T
linoleic acide AW F|2EH|Eoly SR FE A5}
A7tk &fA] Qth(Feingold KR 5 1990, Jiao S 5 1988,
Lee SZ9} Lee HS 1999). th+F, oF&, 12jal A=l I
o] L& genesteind} daidzeine 1 ¥} H|gste] -5+
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2l g HQl dhde), 7AH HDL-ZYU2HE ke &
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Fig. 2. Effects of Cheonggukjang powder made with

black foods on Al in STZ— induced diabetic rats
Bars represent mean®S.D., N=8, Control: Normal diet, Diabetic:
Supplementation of control diet in STZ-induced diabetic rat, DSC:
Supplementation of 50.0% soybean Cheonggukjang powder in
STZ-induced diabetic rat, DYC: Supplementation of 44.5% Yakkong
Cheonggukjang  powder in  STZ-induced  diabetic ~rat, DYCB:
Supplementation of 50% black foods added Yakkong Cheonggukjang
powder in STZ-induced diabetic rat, Values with different alpha bet
with in the column indicate significnat different at p(0.05 by duncan's
multiple range test
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Fig. 3. Effects of Cheongguk/ang powder made with
black foods on CRF in STZ-induced diabetic rats

Bars represent mean®S.D.,

CRF

N=8, Control: Normal diet, Diabetic:
Supplementation of control diet in STZ-induced diabetic rat, DSC:
Supplementation of 50.0% soybean Cheonggukjang powder in
STZ-induced diabetic rat, DYC: Supplementation of 44.5% Yakkong
Cheonggukjang powder in  STZ-induced  diabetic ~rat, DYCB:
Supplementation of 50% black foods added Yakkong Cheonggukjang
powder in STZ-induced diabetic rat,

Values with different alpha bet with in the column indicate significnat
different at p<0.05 by duncan's multiple range test

2 S8R, F 911 FEzEE] Sk whd
of HDL-Ee2ElE3t A o] FaHglen, 1 4
Al CREZF B FAM felHog w7 eyt ey

Alo|7} Streptozotocin@Z SEE Shr F|O| 7+ 7

Table 7. Effects of Cheonggukjang powder made with black
foods on serum levels of total protein, albumin and

globulin in STZ-induced diabetic rats (g/dL serum)
Groups” Total protein Albumin Globulin
Control 3.20+0,52" 2.80%0,20™" 1424039
Diabetic 438+0.62" 2.9240.18 1.44+0 31"
DSC 4.79+0,65™ 3.0240,28 2.28+030™
DYC 72841 04 3274045 3.56+0.80”
DYCB 6.05+0.93™ 2.73+0.24 3.52+0,56"

“See the group legend of Table 1

*Values are means£S.D., N=8

INS: not significant

“Values with different alphabet within the column indicate significant
difference at p(0.05 by duncan's multiple range test
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