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Abstract

The present study was undertaken to evaluate the effect of functional food, which was processed with
fermented soybean as main ingredient (FS), on the body weight, organ weight, plasma glucose, and plasma
lipid in diabetic rats caused by streptozotocin (STZ). The body weight was decreased more slowly in the
FS group than in the diabetic, and the food intake increased significantly in all diabetic groups. The food
efficiency was very low in all diabetic groups, but increased significantly in the FS groups than diabetic control
(p<0.05). In comparing the weight of organ, the weight of liver and kidney were increased in all diabetic groups
than in the control, and decreased slightly in FS groups. The weight of heart and spleen were not different
among all test groups. In the oral glucose tolerance test, the blood glucose in the diabetic group was the highest
in 60 minutes. And the blood glucose in the FS group was the highest in 30 minutes, and decreased significantly
after 120 minutes to the level of fasting glucose. The glucose in serum was decreased significantly in the
FS groups fed the functional food for 4 weeks, compared to the diabetic control (p<0.05). Total cholesterol,
triglyceride and atherogenic index (AlI) in serum were significantly higher in diabetic control, compared to
the normal (p<0.05), and decreased by 16.4%, 15.4% and 48.3%, respectively, in the FS fed 400 mg/kg of
functional food. HDL-cholesterol was increased significantly in the FS-400, compared to the diabetic control.
These resulis support that functional food using fermented soybean improve glucose and lipid metabolism in

diabetic rats.

Key words: functional food, diabetic rat, glucose metabolism

A

i

[

o) ARt} 2
@71 AR v 2ol
SEEEREETE I RE
o] Z7hRl w2} 2 ot A
QEHD). Fuo] 2o A%

¢ LTS
A7) o dNeH P&

1ol

MR

4
oft

o me

N
of K
o

rlo

w
=

R

=2
e N
!

b
o

i

o

X2

B

&

Aomx
[o]

2

N

oo =
ok T

2 &
o

B

R

N

123 ¥

i

e

L

e WA gl
S8 97 Aol 2

&3
"Corresponding author. E-mail: hamss@cc.kangwon.ac.kr
Phone: 82-33-250-6453, Fax: 82-33-250-6453

oZ
L oX o

oF71 4171
24, &

o

b
L}
K

| 2 A

=1
=

5o
R

gprkatA g, A
g Sl 7 ol
321}, o} A7k U3} whyo
Aol th(2-4).

ol g 7129 dEel} A4 g 7}
oA A5} A A7) o Eell FH el

ilkely

[

o

=

s

o]

2AZ W e AR ARAZAL s
Q77 AR T ok B, VLY A9 AUA
AN £t AR AR E AR B ¥p Faka 27
7h subalo} B 442 A% S4 AZTAH U mBA

= AN



Streptozotocin - FxF ¢ oA LEFTS

4, ¥4 H?’é” % 7]'7‘L|- ek meba] wIZka o
2 2} L7}, olof o}
2} 2| Zol dF7F3tel] A} gl AR G A 9le &
(5), E7146), TF53H2), dF 2 | F YA Q), 7HA 2
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7to] ol ajRE Q75 = Aot 12’k T ol A
B o gofdt RS AU gle AEERZRE 33k A
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P AN A £4 A total cholesterol, triglyceride
(TG), HDL-cholesterol 5-2] $Hgk &3 & 217} o} Al A ok kit
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T AL A Fud kA 3 712
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2007, FS-4007-2.2 F¥35to] Algabgict.

d

Z

fo > B o

o
I> m

o
0%, %

o
_X°_‘,

s

A
=
=
T

NJ—‘-OIN

_IEI_
.1
%ol

>l> =

H]

Streptozotocinoll 2|8t S F| Fiut

FxE L) 3t HAe] Wil zat SelHo g
Zg-ste] ok 7)ol FFE vIAA| devhar ded Al strep-
tozotocing 15749 A-§A17] FF ol 0.01 M citrate buffer
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Blood Glucose Monitoring System(Medisense Inc., USA)
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S Fao] R AR 7hdte] gl Abg-shd e

HE gzt & AojMF

AF S-S A AY 713 B8k 3d R o2 4
g A7l S 3kg on, Aol Al H e md dAT /‘17}"1]
A3 F FoiFolla =S 23t At Aolx
(food efficiency ratio: FER)-& A AFE713& 22 7|zt
e AojdHe g vpolgo 2z A4bstadct

EMAR xfF

477 Ag Absg A3 5 1247
22 7PEA v e B g
8te] 4°Coll A 3087 WAl F 400
el 84S 2a)sle] -70°CollA B% B
Apgstdch Arie A" F 24
HEalgon, Az A2 A
Ag F BAS 2 ste] AF 100 gFe
Abstedct.

A7 o 23t 2

47729 A Ahgo) B A
F G w2 9l FRA vl
37 (Medisense Inc., USA) 2 "th-g
Y2 Asla 72+ Foll 50% EE &
kg BW)% incubation tubeE A}-8-3}o] 3 —‘?:'04 s} 30%,
602, 90% ¥ 120%-0] A A=t} v
o ¥ FE WEg Aok

U Ao|2E

Jb RS

>

g
o o
2
al
2
Z

X g
=
__Q,_]O N?i
X b
po T
S
A
~
—I-fr.sz%
HE o o
o 2
2 o o

s
ot
o)

v

rki
N
3
>
oL

0
s
v
)

o,
o

¥
He
o
&
fo X
i

ot

Jo
o
X
of

ot
JP-:
-{m
A
2
)
Sk

ARANEL TN F @ APEES 1247
YA F ool Be A H sto) WA (Medise-
nse Inc., USA)E 98 Z4stgon, Yool 2eiat &
‘7@ total cholesterol, triglyceride, HDL~cholesterol2] £
& 7zt o bRl kit® Abgste] Eaioz 2Asint

EAIXE|

B AN Y nE A AT SPSS(Statistical pack-
age for social sciences) package program< ©]-4-3}53.2.9,
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Fig. 1. Changes in body weights of diabetic rats fed functional

food.

—@—: Normal control (NC), —v—: Diabetic + functional food (200

mg/kg), —O—: Diabetic control (DC), —w—: Diabetic + functional

food (400 mg/kg).

DValues are the mean+SD (n=7).

#*Means with the different alphabets in the same period are sig-
nificantly different by Duncan’s multiple range test (p<0.05).

22 3uE fid Felde dufl 15 $4e FA%
ﬂl% ZAa2E vEpge] 3136463 goll A 45 F 243.9+17.7

2.2 6971258 go| ZF&dtdvh 2ol Bk ikl F e
7]“‘6“/‘6‘ A& 457 2+ 200 mg/kg ¥ 400 mg/kgS Fo
T A3 4 AF A4 E dehiRA 45 Felle 47
119+89¢ ¥ 550134 g_.z A Fo) 2715 Yehio] B
2Tl BlEt Fo A F715 ety 7154 4]
F Aol f2Aal Atol7t A H A @ rHp<0.05). Ko &
24y B4, M e, Tt £ ol gk &g
S AN FaT2 229 AF FE vehd ubd, £
F A2g FATNA 20 g9 FH Q) F1E UrE}»Hait‘u
Bastgdedl ol B AF A} dA s} B A AH
oA & 4 dFo) 7154 A EE B FEAN FAT22HN
AF A3k WA 6}1 mﬂ AHE 7H Aoz e &
A7t = AR 348 5 SE AAEeh

Table 1-- *‘ol*‘AEUr Ao lﬁ% viebd A o)), A
ol H L BE BTl AT vlste] foAd F
7+ Yl 2m (p<0.05), BaTH 7154 AE T
Abel = frel A ]l Aol & vreb A edghel. Aol A g2 A4
ol vigte] BE FaTolAM FoAd #AaE e
v el w3 71—‘*—*& AF Fo Lol A Aolagel £
Al 27He vl e F 7154 A ET Alele #2914
3l Zo] & Yehli A 2@ 3teh(p<0.05). ©)4+e A @i
Al oA o] AFHE Holw, Pl Histe] gnTte]
Aol wke] Goolx 233tn AEAA AFHLE
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Table 1. Diet intake and feed efficiency ratio in diabetic rats fed on the experimental diets for 4 weeks (g/day)
Group”

Weeks NC FS-200 FS-400

0 day 17.6+355% 16.3+4.2° 151+31° 149+ 4.2°

1st week 134+18° 246124 228128 253176

2nd week 152+33° 2716+26° 25.0%6.4° 238%6.0°

3rd week 146*19° 26.4+t2.9° 23756 28.1+4.0°

4th week 157+29° 215+2.7° 26.3+5.8° 255%3.9°

Mean 153+15° 233+45° 225+4.4° © 235+5.1°

FER? 0.289+0.02° -0.107+0.07° 0.035+0.02° 0.0840.04°

YNC: Normal control, DC: Diabetic control, FS-200: Diabetic + functional food (200 mg/kg), FS-400: Diabetic + functional food (400

mg/kg).
2FER: Food efficiency ratio.
Values are mean=SD of 7 rats.

“Means with the different letters in rows are significantly different (p<0.05) by Duncan’s multiple range test.

Aolel 2A|

Table 2+ 7t Fx AP T ES 7 A7] FA9] W55 viet
W Aot k3 AR} AL B fUE FAE Al
B3l fejH o g & £FEE Rolx 9129 (p<0.05), °]
= streptozotocinel] 93] 4% DdxFH oA 7h3} AlAo)
76“""“ v 3] vl giAlele B (26)9 dA st o H

< 3x FLA 1497159 AEE Be|d gy Ev|vt
Zi stE]o] Al QA o2 218 x] grol 7F ufell XA
o] g o2 o] v = He)=(27), ¥ F H AT
off mlxz] Eata FoAQl Ffo]E Me|x| T k] FA 7}
7154 A F FoATe] B 2T vlsle vlnd oo
Fojgke] Frtel we} A veho] 7154 A Ee 4
7} 2k 715 F Boll =%o] HASS U 7t et A
A5, FrF A AT viste oA F1E By
= (p<0.05), 7154 A FH FH= A FA7} Fxol
w# Fashe e vdehi stk FxAd glein A
Fx}o] UDP-glucose B+ glycogeno 2 tjalE o] Al
A2 mesangial cellsol] &35 AvH28), pentose phos-
phate 24 ZE39] 425} RNA % DNAS] 48 &
7R L 2R A8 AEELE FRAA 4] vdEA|
EALE H3E T gl oni(26), G 4] wljAduke] Fot
2 XA Fedo] Azl ez vddA= FASE e AL
2 A" mebA FaF o QoA 7154 A Fe] Foirt
Ao Hohk-g FF e XA Fo, FALe] Ao = o] El =

T AE A F A Y
W (glucose tolerance)°l] ]% % 49 E 25 Fig.
20l vtebdl wie} ok Ak A9 A, 227 ol F, 308
Foll @o] FA3] et Hx #2E el ed o
F AAAH 02 ZFadte 908 FHE= A Ve 2
22 A&t Fuded AF, 22T Fo F 308 FF
B @do] F43] A538le] 60% F-oll F 43 of] D3t o
o 2§ A ArE ke 1208 FellE 5 E9AE
velgl el v 7154 AFE AR 200 mg/kg T 400 mg/
kg FoJTollA & 304 G} HuA S 45}14131 °
o, 90 Folle A9 FHA 3 #Fdd =3t 2
T FEHQl Fe] & e ol oH (p<0.05), ¥l & AT
ol vl3ke] F2) A3l Aol & "}E‘r‘ﬂ‘}i o 718 HEY
oz ql %}01 G e o wixl= el dose effect7}
vebdE AAtsE o) = 75 A A ES Fort 7
el dF Frot g Nl FAA A £347) &
< & 9 ded, meba r)5A A Fe] YA A £
8 beAdE A5 F st

ot U "€ 24

AP BEFTE FUER D)5 AFS) Foi7)

Aoz Azt 2 AR ¥R A4 2EAYT T EER FEL AR ZFE Fig. 3o vrehisich A
Table 2. Organ weights in diabetic rats fed on functional food (g/100 g BW)
. Group”
Visce
seera NC FS-200 FS-400
Liver 3.938+0522" 5.207+0.16" 4723%£0.24° 4.835+0.31°
Kidney 0.807 £0.26° 1.000+0.28° 0.880+0.30° 0.876+0.28"
Spleen 0.171+0.08" 0.177+0.12° 0.174+0.19* 0.176+0.13°
Heart 0.382+0.26° 0.426+0.23° 0.412+0.21° 0.4060.12°

USee the legend of Table 1.
DV alues are mean*SD of 7 rats.

MMeans with the different letters in rows are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Glucose challenge of normal and diabetic rats fed the

é;(penmental diets for 4 weeks.

—@—: Normal contol (NC), —v/—: Diabetic + functional food (200

mg/kg), —O—: Diabetic control (DC), —w—: Diabetic + functional

food (400 mg/kg).

Myalues are the mean£SD (n=7).

**Means with the different alphabets in the same period are sig-
nificantly different by Duncan’s multiple range test (p<0.05).

229 A, AR Fob £ wEE JehA gta
streptozotocinoll &3 F25 B#x F 9 A4, EF x99
FEE1F F 35064126 mg/dLE FAEEH o 4471
oA Q) H3LE eh A ookt B E FaielM s A4
ol v)sle] AAeA =& ¥F FEE el e A
g A2E F 2F3RE 7154 AES R GaTdM B
& g2l vlsle f-9A el A2 (p<0.05)F Bolr] A=}
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F;ig. 3. Effect of functional food extract on blood glucose

lqvel in streptozotocin-induced diabetic rsts.

—@—: Normal contol (NC), —v—: Diabetic+ functional food (200

mg/kg), —O—: Diabetic control (DC), —w¥—: Diabetic + functional

food (400 mg/kg).

D¥alues are the mean£SD (n=7).

#*Means with the different alphabets in the same period are sig-
nificantly different by Duncan’s muttiple range test (p<0.05).

I REES

<o W - o] B - jh A

stod A 45 Foll & 7154 A1 E A 585 200 mg/keg 400
mg/kgs F1A v Fx7} 201.31245 mg/dLe} 1836+
12,7 mg/dLZ "Feix #A g 378l A34-5 eblig e
v 7154 AlE T T Alelell = A Ql Aol & Ve A
223k tHp <0.05). 2 ool A}-4-%l streptozotocin-S W EF A
EoA Al e $FE fislr| ke 27) 24
AN FTxgdol] gt A3 Aded ) 9hEE EA4AA
TEFEL FEE}29). 2 APAFAARE 715 AE
4 5% F dFd FH o AA g A b eF-& SAT
Az, 7154 A AT Gl vl A ¥
7

A

U

} &35 Jebl gl el o’ ¥t Ate 7154
N Fo] ¥ 248 75 & 2T, 7154 Al &4
o] ol dF = (17), A+43018), I E(19), isofla-
vone(20-23), 7FA 225 (9), E531&2(7), A4 (10), 371(13)
5 FEAQEER Q8 xrdel tig dEd Y 7& Aol
MR DAY £4R et 2] 7]5o] 45 A&3HA 3
B vepd 2o Al5EY, ko2 g ofula A
BollA %FE °‘T”-‘+ A 7154 AES 58310 GAZY
B o= —% ZAaA7a AR A5 Fole =&
o]

E‘m&*l

A%_g
7§§}%—% ‘%h"éﬂx}ﬂ Atk el FollA 7 v
Zo2 48 g, G Ay Farol
L et ulste] EWASA BAEW A Fo|L} W B3
of &)k A ¢ o] 2~4ul =& A2 2 X 3(30,31)F
Ak Fxw-§ HA3] 23R dow £3] A x| xhy
o xbe o] Ate] vpelrte, o]of whE A Y] very low den-
sity lipoprotein(VLDL)3} low density lipoprotein(LDL)2]
Z7te 33t A sl 27] TAA s WstE 29
34 ¥} 33, high density lipoprotein(HDL)<- LDL} &
g guk-g o A sl el A3 cholesterol 2 A3}
of EolzslEe] BAS A F Y= ADHAR e
on dF =2 o5 FH v EH FAAY FER F
As) e AAESE Frd fuls = I Fo)rh olof £
Ao A 7154 A Fort BdxFle A4 e AAA
F52] el v o Fell viste] AT A7 (Table 3),
A F FU2EUEL ZE Gl ATl vt #
el F7HE et e, 7154 A¥EFE 200 mg/kgt
400 mg/kg FoI A BT v)sle] Zh2 82%9) 16.4%
o} Zb2E vehgl ey, 400 mg/kg FAA o F2 YA
HE AstEadE Jehiiglch o]l 1 22 W S 2HE
tAbe) Zhae) AW FaElaEE A SR SR AR
ZH2HE o] Fo] FrhE Jeldtls Bae) U3
(32). 53], AFAA AL 754 AES 2o i 2544
400 mg/kgSs F94 A F ZH A E2 G o) ¥4
frol A Ql ZFAaE Vb o (p<0.05) 7154 A Fol FrE e
g o MA &7t 9l Ao R Alssch
FAAY) Fre RE DG el HAT

¢
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Wl Rl 22 rfo
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Table 3. Serum lipid levels of diabetic rats fed the experimental diets for 4 weeks

Ttern Group
NC DC FS-200 FS-400
Total cholesterol (mg/dL) 824610517 125.37+8.92° 115.13+11.01° 104.87+16.22°
HDL cholesterol (mg/dL) 43390+1.85° 2975+ 452" 3518+ 3.28% 39.39+6.16
HTR? 52.62+4.87 23.73£4.12° 30.56+3.15° 37.56£6.07°
Triglyceride (mg/dL) 79.84+8.19° 139.69+14.73" 122.57+9.56° 118.14+14.13°
AP 090+0.13° 3.21+0.24° 227+021™ 1.66+0.43°

USee the legend of Table 1.
PHTR: HDL cholesterol/Total cholesterol x 100.

Y AT (Atherogenic index): (Total cholesterol - HDL cholesterol) / HDL cholesterol.

“Values are mean+SD of 7 rat.

"Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.

o foAe F7HE e 29 (p<0.05), 200 mg/kg T}
400 mg/kg F4 A} FnhETo wiske] 7+7) 12.3%9} 154
%9 A vepld oy f9A Q1 Ae) = vebA] ekst
tH(p<0.05). ol F i kel 27 FefjALe] ol ako] A Y
ALe] Aol & 2R Ao 2 A 3, IANEFL S5
ZAepate] FAA 2 ARE e &2zt AAA R} war]
ol 83 FAA ko] Folxlvke A= Ioh33).

HDL-cholesterole Zx WExFolA AAbTo] v]3t
31.4%9] FA4< &g Jehligl e, 3 2T v
3t 7154 A1 E-$ 200 mg/kg T A 154% 2 F7bste o
400 mg/kg T4 245%°] - F71E et
(p<0.05). HDL-cholesterolel] tht & Za|2H 22 & 2
T B i AT ¥ste {24l FAaE e
yeoen 7154 AlES 400 me/kg T A BnTol vlst
o 36.8%9 F24al F71E el A tHp<0.05). T8 3}
o digt H¥A HeE HaF= T332 4 Allathero-
genic index)¥ 7154 A &E-& 200 mg/kg} 400 mg/kg F
Al G 2Tl vl 77k 29.3%9} 48.3% 2] AT
b ol 2 n 53] 400 me/kg T Al B 2T vle £
o4l ZHag Vel o] (p<0.05) 7154 A F 2 AR
400 mg/kg FHA o & 5 o 2HE Aslatgo] g
& & w7t Uk B APYARERYE ] AETS

EtETo vt FZHAHE 5 Y32 HDL-E
HAEHE £2& 94 7AdF A2 nA 0] o]l 75
A AlEe] AT G FAEAA P Tz DA
97 5he} AL o] 7)d g & Q&g A AR
wetA] 7154 A Ee B 2xAd el A A g4}
2 MAEHIL 9l& A= Hold, B3] 400 mg/kg T3+
o} 200 mg/kg FH TR AHH oz o /A
Ao vjebgtrl

ojAte] A AAZ e MAFT S FUEE T o8 71H
9 7154 A7 A7HR 71 AEL AR B9 ¥
o) WhE A o] A A 23} HAMEE 2] ohFst 7] 5 A
2AER EF3E, ThA v F3), s ey, 7| AL, S E
V4, &7, S vhe, AT S AR ER o] Fel 1
Tk AN FL 758 AFLR FrhEg A E

o H F

2 AF EASE VG A E Sl A 77} B4 %
93 e A 7 AREReN} Fasw ot T AR
A A%E 2 o) 2FAL Ao AT 53, T 4L
£ A2 B4 £ Fo) HAAE WA B A8} 9

g2z 2g7|ztg utsle Al o AP
ofdt o2 Algdr}. 53], A AN &5 £
28 F A F] S ES AFs e Aol g A &
= Fagdejofdt #A| 9 glrtolrt. o)} o] Fo} F oA
AV F-2 2 A G Aol 23 HaATA S AXHA
AA7 F4817) A& AEA B AP o= g g ugl
S A oule X gl A AR Hyse] T
I+ 52 “Adde 282 e A g g5 g F
Hta A Eo A A% FAld A Ego] B AL
AR, o] & Y8 doB FL o] &F FE AF ML
g Fo A7 = g wh el A vhekgt 2 2 E o]
of 3 7o w Hutsit)

2

B AFANAELNET S FHURREF 71 5A A Fo] strep-
tozotosin® & &% FxF e AF, A7 FA, ¥, F
F3AY, 5 FH2HE, HDL-ZH 28 & v A& 9
gol] dizte] AL} 754 Al ETOlA = Bt v
gtod 2hubgl AlF FFAE vehdlglow] Ao e B E
FrTold dAE F7HE el ol age RE G
Zaell A I A E veligl o 75 A EY Foir
Aol fo] Pl vls fAQ F4HE YA p<
0.05). 47]¢] = ulaellA Za} AL 3%, BE Fud
A A} ATl vlste] Z71E Jehdigl e J15A A Ee
Fol 2 i A E vehdigich Al A e v e F A v E
Aol Al 2ol & Vel =] gkt (p<0.05). 7T
A FHAM A = Bl 60 ol x| r) F 3
Gatdch 7154 AF Fof FollA e 308 el ] x]d o]
2309 120 Foll= dASA Haso] Ao FEAHY &
ol 2@sldh 5 22D & /A AFY 4F
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7 Tl e FuTol vldte) A s ehis
1:}(p<005) A F 2ZdU2EE, S, A9 $3=

E duTod Aol vle] 4902 & FAE
A ch(p<0.05). 7154 AE 400 mg/kgS T Fo4F
of A= s 7ol w)sled z2h7} 16.4%, 15.4% 18] 31 48.3% 2
Zrag vehligl et Al gateld] f-2 A9l Aol = AR
oFHeH(p<0.05). HDL-ESH A H L 7] 54 AF Foid 9
8 FrTd vlE ot 7S Jehilde s, 400 mg/kgd
Foigk FollAE A £ 2A3 ] A4 913
o) 7} QA H R FoHp<0.05) WEFRS FURR T 7154
A o] B AF o) A FTH 26 E Mot A A
2971 deS & 5 At
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