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The Effects of Chungkukjang Powder Supplements on the Regulation of Blood
Glucose and Inflammation in Diabetic Rats
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Major in Food and Nutrition Science, Daegu Haany University, Gyeongsan, Gyeongbuk 712-715, Korea

Abstract

In this study, the effect of Cheonggukjang powder were investigated on the regulation of blood glucose and inflammatory in
STZ-induced diabetic rats. The experimental diet used this study were three kinds of Cheonggukjang, which were soybean
Cheonggukjang, Yakkong Cheonggukjang and black foods such as black rice, black sesame seeds, and sea tangle added Yakkong
Cheonggukjang powder. The experimental animals were divided into 5 groups and fed experimental diets for 7 weeks; non-diabetes
with normal diet group (C), diabetes with normal diet (DC), diabetes with soybean Cheonggukjang (DS), diabetes with Yakkong
Cheonggukjang (DY), and diabetes with Yakkong black foods added Cheonggukjang (DYB). Blood glucose and insulin resistance of
STZ-induced diabetic groups were were significantly higher than C group. But insulin levels and insulin secertory of STZ-induced
diabetic groups were significantly lower than C group. However, supplementation of Yakkong or black foods added Yakkong
Cheonggukjang were proven to regulation them. In diabetic group, free fatty acid level was significantly increased than C group, but this
contents was significantly decreased supplementation of soybean Cheonggukjang. Leptin and adiponectin levels were significantly

decreased in STZ-induced diabetic groups.
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HSELS BYEHA HvW O 23 k3], olEy, ddU=E
71, &, 9733, 9 AgaA 23 5 FHEFS L
3 AkPark YS & 2008). L#v} ofF Euk oy}
oFFS X EHFEY A 5ol thE A
o] Jd& AL BIHI 9thBae E & Moom GS 1997,
Youn HK -5 2001, Lee JO 5 2005, Choi YH & 2008).

ol & AFAe HFA=H, T D EF
T2 51, S, 28 oA ukE JURRE A=A
L] streptozotocin(STZ) 2.2 A58 T o
AEHH PA= ke st G 22 g

m]I,

lo [lllO O{

i

¢

ox o i o i fob
o
o rel 2 off mR off

tlo b

B Agol ARS8 100% tIF2 B o534 £,
100% SFFo 2 ThE FFA=d B gy EF

-
2 51, S99 ogArE Hrkst whE ofF A= |
H(FFFT:Z A2 T} = 86:6:6:2, wiwiwiw)Z et
E=o /X 3 A= (FA R FRAANA Azt Al
Bkl QA= AFS ARSSIATE Ao ® g A
STZ+= Sigma-Aldrich(St. Louis, MO, USA), 1&]al 1&d
(insulin)2 21&¥ =% & kit(Mercodia, Uppsala, Sweden),
83l A Y4E, leptink 2 adiponectin S8 kite
Biovision AKBiovision, Milpitas, CA, USA) A& T
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2lo] 442 Table 13 Zo] 320l #(C), B=fE 4
F2lo]dH(DC), B s thFd=ad 2 55.0% H7H
o]FHDS), BufE FFH=TF L 44.5% FH7M2ol
(DY), 283 Bais SHF=E Hrist FFAH=
B2 50.0% F7H2olH(DYB)E Uro] 753 Ag 2]
E FF3Ah olu Yang JL 5(2003)0 oJAS 3EFF
o A=A Bd] H7E vee 7 AT 2o uf oy
A e £330 9F 19.2~20.0%7F HEE 2AEHT 1
3 7RIS HH 3 C3 DColl H]3)] DL-methionine
AFH7F B¢ A=A AF7<L DS, DY, 2 DYBFOIA
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Table 1, Composition of experimental diets (%)
Groupl)
Ingredient C DC DS DY DYB
Casein 20.0 20.0 _ _ _
Corn starch 51.5 51.5 29.8 39.9 344
Sucrose 10.0 10.0 10.0 10.0 10.0
a-Cellulose 5.0 5.0 0.4 0.4 04
Soybean oil 8.5 8.5 - - -

Mineral mixture
(AIN-93G-MX)

Vitamin mixture
(AIN-93-VX)
DL-methionine 0.3 0.3 0.5 0.5 0.5
Choline bitartrate 0.2 0.2 0.2 0.2 0.2

3.5 3.5 35 3.5 35

1.0 1.0 1.0 1.0 1.0

sc? - - 55.0 - -
yc? - - - 445 7
YCB” - - - - 50.0
Total 100.0 100.0  100.0  100.0  100.0

Y C: Supplementation of normal diet in control rat, DC: Supple-
mentation of normal diet in STZ-induced diabetic rat, DS;
Supplementation of 55.0% SC in STZ-induced diabetic rat,
DY; Supplementation of 44.5% YC in STZ-induced diabetic
rat, DYB; Supplementation of 50% YCB in STZ-induced
diabetic rat.

2 SC: Soybean Chungkukjang powder.

Y yc: Yakkong Chungkukjang powder.

Y YCB: Yakkong Chungkukjang powder added black foods.

Aol IPAAA THE STZE AT kg T 45 mgl &2 5
7 W 13] FAREASE il Q1S STZ FAF 72413
S mAHo A st 708 4 7](Accu-Chek,
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2 7](VS-550, Vision Scientific, Bucheon, Korea)Z &2
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o st d2 A& A<Ed ELISA(enzyme-linked

bt 2275 7] 4] 318 7 25 (2015)

immunosorbent assay) kit(Mercodia, Uppsala, Sweden)E
AH8-31]  microplate reader(Thermo Scientific, Waltham,
MA, USAZ Z43dd. d<€d AFA(HOMA-IR:
homeostasis model assessment of insulin resistance index)
I A p-MEY JAed HEHIS(HOMA-B: homeostasis
model assessment of B-cel)= Chung JO 5(2010)3}
Matthews DR 5(1985)2] &2l o] As}] A4lkslitt

g4 FEAPAEY] == E4H(Cho KI 5 2009)°]
o3k R A =48 kit(Biovison, Milpitas, CA, USA)
& olgste] AU S AR 50 pLell ¥ E7F
89 1 mLe HUhsta, 25°CelA 1083 WXE &
N-ethyl-maleinimide &< 50 pL-& % 7}8le] microplate
reader(Thermo Scientific, Waltham, MA, USA)E ©]-&3}
o 570 nmolX FFEE SHSAH
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Scientific, Waltham, MA, USA)Z =43t} Adiponectin
5T IRAZE adiponectin FAE |83t & FAE
< fEste] E<I3l= adiponectin ELISA kit(Biovision,
Milpitas, CA, USA)E AR5t 450 nmol|A] microplate
reader(Thermo Scientific, Waltham, MA, USA)E ©]-&3}
of A8kt
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AEE T3] dojx AZ= SPSS package program
version 21(SPSS Inc., Chicago, IL, USA)E ©| &3} &
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Fig. 1. Effects of Chungkukiang diets on blood glucose in
STZ-induced diabetic rats.

*° Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0<0.05).
Y C: Supplementation of normal diet in control rat, 2 'DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, ¥ DS:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat,  DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
® DYB: Supplementation of 50% Yakkong Chungkukiang powder
added black foods in STZ-induced diabetic rat,

e 3258+17.8 mg/dLE ©lE T+ Akolol f2F
ztol= @itk 18y DYEH DYBTY 9o 7+
244.2434.39} 222.4424.3 mg/dLE p<0.05 FFollA
2 Eold DCe 3Rt 47 64.5%9F 42.5% A
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FA 20 FAEE B XBAZ ALY
AR Y FoAA A BAEE AHHOZ B
Jded Ay BeFs FaAA 89 dss 5
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Z71E ¥ge g FEY A2 9 g5E s o
e FHE 9E F S ¥R ojyg AHAWALE A
A AF 4 dHI Kim AR 5(2012)2 Halskg ot
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% ZAKKorean National Nutrition Survey)oll
ot gh=ele] 1Y€ A= AFAZFE oF 1.3 golATh
EUPHE B3 & F e F 1530 g AEHOH,
o] Axe] & AHAANAHES @T AARAL Tha 7H
X o2 HIFEJKYang JL 5 2003, Lee KH &

2006). 183 Fix o @ welo] Ue Aae] g
7o zm= AAEY & #87] SRl peroxisome

A B H7hA o)} e 2l0) Bt g Ee] AL
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proliferator activated receptor-y(PPAR-y)E &3t Ao

A Rled 28-S A3AI7IH, a-amylased] S48 A3
st agedA F FrEs WFo] A% 189S gAa
A7 Ao Z YeERgthKwon DY 5 2006). Kim JI 5
(2003)¢] Haro] o)3td *‘OlE%«l 40.1%E A=
H dFToE A= 74%%3““’ E ] o ] e
2ol 87 FEAX AR B Fo ¥3H T T
A FE7F Ao E FHAaston, oleldt A
= dedl s IR Qe AFAAAWESFT 9

oz OE]

AFUZHESTS T A #do] = AL
%

Kang MJ(2004)%] Aol o3t STZE =9 A)2¥
DT FA HFAHTEEDS 87 AN S W A=
2 AT 2% o] tizTtel BIs] frejFom uigk
o} olgfg Ade A=A AAG FFA HIHol7t o
glycosidase €4S A3t ded VNTEE NHAA
213 dgxdo 335 B Tth= Kim SH 5(2008)2] K
a7 5 s Fa1 ok E=3F Lee JS(2006)= STZ

G FHol| T LaFA ol AAH isoflavone] Bl
A FENQ] genisteinee a3 A dF <lad F
=7} 7 =, @A BE G440 AP o =N

5 ¥d, yds ¥ 3L FFo] FoHog J)
ATt Bastt o]jesE B ATt B Ag
AEE 37HA ASE ARE AYERELS BT
A3} diadzein®] FFS FFH=H, 123 genisteinT
anthocyanin I SIHFTE HUIRE SFFA 7ol A
fFrojFog Eodm, Hitst S48 UF 9 EYFsE
7Kgk kg =gl A %WOl =2 Zlog yeyt
(Kong HJ %5 2013, Park HS 5 2013)

whe}A] i AT M= Kang MJ(2004), Kim SH
(2008), 12]al Lee JS(2006)7} _HLJ_ AT Aol 7]
ojyf B AFA7F Hi(Kong HJ 5 2013, Park HS
2013)& 3744 A= Wl 3 ﬂ*&ﬁ}g} #HE A4
2 Z49s T3l STZ T“’rE T FoAA 7+
T2 FFHTH 44.5% L EYFE HUlste] e
TR 50.0%= AHAAZ TolA Astd AoE A

£ J& i ML off 2 oft

e‘ E%PJ gA Q&Y == Fig 29 2t} Cc&9
=21 0.25+0.05 ng/mLoﬂ HIgIA T F=T<
DC, Ds, DY ¥ DYB9 Q€W FE+ p<0.05 ol
A FreH oz gtk a8y DCe] QlEd FEAQ
0.16+0.02 mg/dL BEth= H=3-& FFAZl DS, DY ¥
DYBTT_LQ] € 5= 22 0.20+0.02, 0.20+0.03 L&)

021i0 03 mgmLOE P FEZ Popzl 2&d %
7o A= FFOE p<0.05 Tl F=A

X
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Fig. 2, Eﬁeots of Chungkukjang diets on insulin levels in
STZ-induced diabetic rats,

¥ Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0¢0.05).
! C: Supplementation of normal diet in control rat, ? DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, ¥ DS:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
® DYB: Supplementation of 50% Yakkong Chungkukiang
powder added black foods in STZ-induced diabetic rat,
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Fig. 3. Effects of Chungkukiang diets on HOMA-IR in STZ-
induced diabetic rats,

#° Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0<0.05).
! C: Supplementation of normal diet in control rat,  DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, 9 Ds:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44.5% Yak-
Kong Chungkukiang powder in STZ-induced diabetic rat, ° DYB:
Supplementation of 50% Yakkong Chungkukiang powder
added black foods in STZ-induced diabetic rat, ® HOMA-IR was
calculated as follows: [fasting insulin (WU/mL) xfasting glucose
(mmol/L)}/22.5

HOMA-IR®

Yelgth 28y ct ol HIRIA BT
AFERo| olgd Ao A= Fig 37 T} 2l
AL c79 1.11+021 Bt} DC, DS, DY ¥

gy
adt
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b Al el apekal 4] 4] 319 A 235 (2015)
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Fig. 4. Effects of Chungkuk/ang diets on HOMA-B in STZ-
induced diabetic rats.

¥ Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0¢0.05).
Y C: Supplementation of normal diet in control rat, # DC: Supple-
mentation of normal diet in STZ-induced diabetic rat, Ds:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
% DYB: Supplementation of 50% Yakkong Chungkukiang powder
added black foods in STZ-induced diabetic rat, ® HOMA-8 was
calculated as follows: [20xfasting insulin (uWU/mL))/[fasting
glucose (nmol/L)-3.5]

HOMA-B®

DYB2| A& AdAo] p<0.05 FFoA fFeldoz
25 =4tk ojuf DCe] e’ AR 2.84+1.0290
H8| A DSTS 2.91+0.77, 183l DYTS 2.20+1.022
o]F 37 Atolel &<l o]t gt 12y DYB
9] o1& d AFAL 2.02+0.738 DCH DST Kt} p<
0.05 FFollA freldoz A eyttt ol oS
233 EYFEE RS AT 2ol o3 ded
Aggol MAERAEES gt dsd XSS Fig
49} Zro] Ct9] 20.7+0.040 WA B F=w<l DC,
DS, DY ¥ DYB#& ZHz} 20.140.11, 20.2+0.11, 20.4+0.17
9 20.4£0.130.2 A& FHlFo] ol B3l p<0.05
TFolA fFYHeE B okt 18y g fEE
ozl Qled #¥led FFAHE 9 EdFsE §
3 FFATAL] FFOE p<0.05 FFolA FoF e
2 Z7MNZE e Aoy BATEde vAA Kot
At

bzl gus w5r] 8l A B-AZEAA EHlE
dede] Aol e Yule ded] AW #
o] "oizl AEE Tt o= A2¥E dye
ol Bek olye} 7 AW Wl 2 F e
oA B F5& B o} T2y F i asEel g
F5o] A= phytoestrogens3 F HElo]l=, 18] HA
A FHAE Jded Aol o A2y deHES 9
AU FPETE =F+= A0 F d# A JtHKwon DY

1z oo |f
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& 2006, Lee IS 2006, Kim SH 5 2008, Lee 17 2011).
2 ATNE B AR ol I8 TS
44.5% S BHFEE Hlete] RHE SFFA=AE 50.0%=
AR olA S # ATt =L el nlsiA
FrrolA &g w9 BHle2 v Wi gl
AL wokou, FFAHTH 4.5% B BHUFE=EE A
7¥ste] wh= 9%*7&%” 50.0%2 sEo= Jdad A
A3t EHlsE AN Sls Ao Yeyh

dPde=e] 4 FA sE= Fig 59 At C
o] FrEAt %21 2294021 pg/mLell HIEIA DC
T2 4.7241.23 pg/mLi C Rots= DCwe F2 A4k
EE7} p<0.05 FFEAA Fo)F o7 B9t g fET
ZFolA DCell HIsiA DS FElA4E FEE 2.56
+0.57 pg/mLOE p<0.05 T4 FoH o=z gttt 11
U DY} DYBTS 7+ 3.95+0.15 pg/mL2} 4.69+0.15
pg/mLE DC¢] FeElA#t sroks FolZl Aol
uwt}

Fre| Ao Sk A STkek HILkERE ]l
% ]%og A7 A2 B- ]E]-/H]—Loﬂ FARE R
ool g A& o] Hhgol] &g st <l
Fd AP FFE VA= TLT JAAE IHA Aot

FFA® (pg/ml)
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Fig. 5. Effects of Chungkukjang diets on FFA levels in STZ-
induced diabetic rats,

*° Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0<0.05).
Y C: Supplementation of normal diet in control rat, 2 DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, ¥ DS:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
® DYB: Supplementation of 50% Yakkong Chungkukiang
powder added black foods in STZ-induced diabetic rat. o FFA:
free fatty acid,

DY" DYB?

7 B9 Aot e 79 B 4FE

Aol nx =g 123

(Cho HI 5 1978). ¥%t ojye} S7HE FeAH4te] =
S AFAL ZolE ZaishAl H=t, Lee HI(2008)+
HES 158 HEHF sHe 547 $AE e E
5703t A 2 WEsoll tigk g

A3 FEA R FEAAE w27 U 3o =3k
O} AlZto] ZA#Fte| wel "ol ARe H]lth
Bustdoh =3k 53R 49 4 Ao ¥
gAML 27 w9, Algto] A Hstel w
At wEo AVt HE4E o3 Ymga
(Lee HJ 2008). 18]l FA7]] @33l 43S
HEAF 59 F 4HolA Wds Asht #EEHAS o
A F FRIAY] sE= €9 2 AU 18
T AHERA A3 PR AAo] JASE AlAEEL
ATk B AFA = ATl vlsA FrdalA fElA
kel F5rF 3o, g AEE Folxl A4t
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4. Leptin Sk

A FES] A U leptin® F%+ Fig. 63 £t} C
T2 leptin %= 2.79+0.17 pg/mL, 121 T FET
%l DC, DS, DY % DYB#lA 9] s&& 27 1.29+0.01,
1.54+0.09, 1.46+0.07, 12]3L 1.24+0.01 pg/mLZ C*°ll
H|A F FETEY leptin 5= p<0.05 F=ollA

Leptin (pg/ml)

iIIIIl

Ds])

Fig, 6, Effects of Chungkuk/ang diets on leptin levels in
STZ-induced diabetic rats,

¥ Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0<0.05).
! C: Supplementation of normal diet in control rat, ? DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, ¥ DS:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
® DYB: Supplementation of 50% Yakkong Chungkukiang
powder added black foods in STZ-induced diabetic rat,
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5. Adiponectin S

AP-5E9] adiponectin® %+ Fig. 7% 2tk CT9
adiponectin =21 1.18+0.02 pg/mLell B4 DCT, DS
T, DY 9 DYB2 27 0.69+0.02, 0.87 +0.05, 0.85+
0.03, 12]T 0.69+0.01 pg/mLE p<0.05 FZo| A -]
o8 Yot I8y B =759 adiponectin 5
o)Al ztol7} YUATh A Zol| A EhlEE B 5
9] gk 7FAQI adiponectin A|HA| Lol EolHo=w Wy
He wiEE AAE B3l Wilo] SUkEE
Hx B3t vt 749 ¥ adiponectine 2 Z1S
2 YebgtiKim DH %5 2010). E3F 343 cytokined}
HAAo] = adiponectine 53 7F A A A=A
S S7HAZIA A Akstele dRiE o] Jtial
B%3 AtHAndrez W 5 2002, Baek HS 5 2010).
Adiponectine &=, IdEFT 9 FeHAIEE 7zl
AoRE dHA o EF adiponectin FET= A2 T
=Y 3 e HAS daEeE AogE yEit
(Yoo M & Kim SW 2009).

B A% Asto) M= adiponectin®] FEE Ctoll H]S|
Tt FEH EE TollA adiponectin®] FE7F WA Y
eitom, ojnf F5H AT £ FEdF 2 FH
= B FEF 9 adiponectin 1]l o}l FIFE H]H|
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Fig. 7, Effects of Chungkukjang diets on adiponectin levels in
STZ-induced diabetic rats,

¥ Means with the same lettered alphabets on bars are not
significantly different by duncan's multiple range test (0<0.05).
! C: Supplementation of normal diet in control rat, ? DC: Sup-
plementation of normal diet in STZ-induced diabetic rat, ¥ DS:
Supplementation of 55.0% soybean Chungkukjang powder in
STZ-induced diabetic rat, ¥ DY: Supplementation of 44 5%
Yakkong Chungkukjang powder in STZ-induced diabetic rat,
® DYB: Supplementation of 50% Yakkong Chungkukiang
powder added black foods in STZ-induced diabetic rat,
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Table 2, Correlation between levels of blood glucose, insulin and inflammation

Glucose Insulin HOMA-IR HOMA-3 FFA Leptin Adiponectin
Glucose 1.00
Insulin 04317 1.00
HOMA-IR" 0.935"" -0.139 1.00
HOMA-3” -0.909™ 0.483"" -0.866" 1.00
FFA® 0.304 -0.450" 0.146 -0.412° 1.00
Leptin 06117 0.480"" -0.574™ 0.775"" -0.639" 1.00
Adiponectin 0.418%* -0.408" 0.339° -0.486" 0.410° -0.466" 1.00

Y HOMA-IR: homeostasis model assessment of insulin resistance index.

? HOMA-B: homeostasis model assessment of p-cell.
) FFA: free fatty acid.
P #p<0.5 *##p<0.05 ***p<0.005
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&A= Table
23 2ot g2 Cﬂﬁﬂ@:-o 431, p<0.001), HOME B(r=
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3} adiponectin(r=-0.486, p<0.01) == 22 ATA,
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