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ABSTRACT

Efeect of Mixture Contained Mulberry Leaf and Green
Tea Powder on Blood Glucose-Lowering in Rats with

Streptozotocin—-Induced Diabetes

by. Han, Ju-hee
Advisor : Prof. Lee, Myung—-Yul, Ph.D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was conducted to investigate the hypoglycemic effects of
mulberry leaf, green tea, and mixture contained mulberry leaf and green tea. It
was also compared the major chemical component of mulberry leaf, green tea,
and mixture contained mulberry leaf and green tea. Green tea in crude protein
and crude fat, mulberry leaf in crude ash, dietary fiber and carbohydrate
exhibited higher content than the other materials. Composition of amino acid in
the three materials were greater in glutamic acid. The major fatty acid was y
-linolenic acid in mulberry leaf and mixture contained mulberry leaf and green
tea and palmitic acid in green tea. Vitamin C of Mulberry leaf, mixture
contained mulberry leaf and green tea, and green tea were 3.56 mg%, 141.61
mg%, and 317.86 mg%, respectively. However, vitamin A was only detected in
green tea. The mineral contents of mulberry leaf and mixture contained
mulberry leaf and green tea were greater in order of Ca, K, Mg and Mn. The
mineral contents in green tea was greater in order of K, Mg, Ca and Mn.
Malic acid was the major organic acid in three materials. Fructose was the
major free sugar in three materials. The results of effects of mulberry Ileaf,
green tea and mixture contained mulberry leaf and green tea on blood glucose

lowering effect in diabetic rats fed normal diet were as follows; Male

- viii -



Sprague-Dawley rats weighing 200 g, were divided into the non-diabetic group,
and diabetic groups were further subdivided into three experimental groups;
diabetic control (STZ), diabetes with 5% mulberry leaf (STZ-M), diabetes with
5% green tea (STZ-G), diabetes with 5% mixture contained mulberry leaf and
green tea (STZ-MG). Food intakes, water intakes and organ weights were
higher in diabetic groups than normal group. However, body weight gain and
food efficiency ratio were lower in diabetic groups. Whole blood glucose
concentrations were higher in diabetic groups compared with normal group,
but gradually decreased in STZ-M, STZ-G and STZ-MG groups compared
with STZ group. ALT and ALP activities in serum were higher in the STZ
group, but these increases in relation to diabetes decreased in STZ-M and
STZ-MG groups. Glucose and fructosamine contents in serum , triglyceride
and total cholesterol in the mesenteric adipose tissue, atherogenic index, and
cardiac risk factor were higher in the STZ group, but these increases in
relation to diabetes decreased in STZ-M, STZ-G and STZ-MG groups..
Contents of insulin and HDL-cholesterol in serum were lower in STZ group,
but diabetes increased in STZ-M, STZ-G and STZ-MG groups. These
results indicate that the dietary supplementation of mulberry leaf, green tea,
and mixture contained mulberry leaf and green tea may help prevent or

attenuate the progression of diabetes STZ-induced diabetic rats.
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2. Ag7]7]

7}. Centrifuge : Combi-514R, Hanil, Inchun, Korea

1}, Spectrophotometer : Shimadzu UV-1601PC, Shimadzu, Kyoto, Japan
t}. Deep freezer : MDF-U52V, Sanyo, Osaka, Japan

2}. Freeze dryer : ED 8512, Ilshin, Yangju, Korea

u}l. Elemental analyzer : EA-1110, Thermo Quest, SPA, Italia

v}, Rotary evaporater : CCA- 1110, Buchi, Tokyo, Japan

Al Amino acid analyzer : S433-H, Eresing, Sykam, Germany

o}. Gas chromatography : GC-17A, Shimadzu, Kyoto, Japan

Z}. HPLC : LC-10AVP, Shimadzu, Kyoto, Japan

2}, Ton chromatography @ DX-600, Dionex, CA, USA

E}l. Clinical chemistry analyzer : Fuji Dry—Chem 3500, Fujifilm, Tokyo, Japan
7}. Atomic absorption spectrometer : AA-6501GS, Shimadzu, Kyoto, Japan
3}, Urine analyzer : Uriscan ProIl, Youngdoung, Youngin, Korea

3}. Accu-chek : , Roche, IL ,Germany
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2. 74 obe]

T4 obmlwmabe] BA L A

=

5 05 g& 18 mL test tubeo] #=Zsle]l 6 N HCI
3 mLE 7}sle] 74 @83 & 120C=E setting® heatting blockell 24A]17F o] 4t
o TR A A, JFeEEE T E3 A= 50CoA rotary evaporater(CCA-
1110, Tokyo, Japan)® AF& A 73+ % Sodium loading buffer® 10 mL A &3 v}
, o] & 1 mLE #3led membrane filter 0.2 ym= o 3¥A]7#A Table 13} o] o}
wAF A5 E4 7] (S433-H, Eresing, Germany) & 4 &84 &1t}

Kol
=]

=

Table 1. Operating conditions of amino acid auto—analyzer

Instrument S433-H(Sykam)

Column Cation separation column(LCA KO06/Na)
Column size 4.6 x 150 mm

Column temperature 57 ~ 74T

Flow rate Buffer 0.45 mL/min, reagent 0.25 mL/min
Buffer pH range 345 ~ 10.85

Wavelength 440 nm and 570 nm




A AL EAE AOACHHG2) 3kl AR 2 g& ether® FF - 97314

i 0 mgs 748 Zet~=9] st IN-KOH - ethanol &
4 4 mLE 4ol FAMEol glold w7hA] nAIZl o o 3§ 30&1E WA g
e AAFFEL FF NaSOE 7Fste] €53 U rotary  vacuum
evaporator(CCA- 1110, Tokyo, Japan)® 7%t - =3ttt A% 100 mgS toluene 5
mLol| &3]3 Wungaarden® W (63)o] w2} BF3; Methanol® WA 3] gas
chromatography(GC-17A, Kyoto, Japan)® EX&t9lon R xAL Table 29 %

7.

Table 2. Operating conditions of gas chromatography for fatty acids

Item Condition

Instrument GC-17A(Shimadzu, Japan)

SP™-2560 capillary column (100 mm length x

Column 0.25 mm id. x 0.25 um film thickness)
Oven temp. 120C

Detector FID detector

Analytic time 80 min/L sample




4. B g9l

ol

HER At HIERY] E 2412 AFTHAH64)Y AR S Vo R Ty
t}. AlE 2 goll ascorbic acid 0.1 g¥} ethanol 10 mLE #H7}ste] &
0ColA 2023 F=3 ths 50% KOHE RS 025 mL H7F
hexane bmLE 7}&}e] 3,000 rpmol A 2057F 44 E2] A7t FHAle| hexane
5 mLE 7Fste] & stst & 0TCol A 2023 =414 3,000 rpmell A 203 9

= [e] =
T8 O SHTE 7Fsto] 1023 WA & 555 A AT o] HAS 33
HEESl & 7 88 F8lo] NaSO4= ©<38}al rotary vacuum evaporator(CCA-

1110, Tokyo, Japan)® hexanes #% - 53k $, HPLC(LC-10AVP, Kyoto, Japan)
2 BAsd e FAFxHE Table 3¢ Zoh HEwR C §&Fe 7 558 02
um membrane filter2 ]33] HPLC(LC-10AVP, Kyoto, Japan)® #1330
o BAZHES Table 49 ot #F3412 L(+)-ascorbic acid(Shinyo Pure
Chemicals Co., LTD., Osaka, Japan)& X Aoz Al&3dle] FHF FE7F 25,
50, 75, 100 ppm°] HE& X FFAS ZA st AAkslS T

o
MN
>~
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Table 3. Operating conditions of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)
Column Shim-pack GLC-ODS(M) 25 cm
Eluent acetonitrile @ isopropanol = 95 @ 5
Flow rate 1 mL/min

Inj. volume 20 uL

Retinol : SPD-10A(UV-VIS Detector 254 nm)

Detection Tocopherol : RF-10A(Spectrofluorometric Detector

Table 4. Operation conditions of HPLC for vitamin C

Item Condition

Instrument Young-Rin Associates

Column nBondapak Cis (3.9x300 mm)
Mobile phase 0.1% phosphoric acid on water
Detector UV 210 nm

Flow rate 0.6 mL/min
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5. #7134

F7138 242 AOACHRH 62 wat F=Fetdch Als 05 g, 20% HNOs 10
mL % 60% HCIOs 3 mLE #H3sto] F9sld w712 7Fdsk & 05 M HNOsS =
50 mLE A&ttt #A4F35E 1F8d9s £ F o vialdl 8 mLA 3}
FEEAoz B9, 05 M HNO:2 Wx7=E o dAFFEE3=A
(AA-6501GS, Kyoto, Japan)® #Alstgon B4 z271-& Table 53 #t}.

Table 5. Operating conditions of atomic absorption spectrophotometer

for minerals

Item Condition

Instrument AA-6501GS(Shimadzu)

Lamp Item Ca Fe K Mg Mn Cu Na /n
g?;i ) 4227 2483 7665 2852 2795 3248 3302 2139
Current(mA) 10 12 10 8 10 6 10 8

Slit Width(nm) 0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5

Lighting Mode BGC-D; BGC-D» Non-BGC BGC-D, BGC-D; BGC-Dy Non-BGC BGC-D,

Burner
height(mm)

Fuel gas Flow

(mL/min) 2.0 2.2 2.0 1.8 2.0 1.8 1.8 2.0
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C.H62) w2k Als 1 gl SF 50 mLE 718+
F oA 4A7F 71D 3 S Whatman filter paper (No. 2)& o #}&}a1, of o)

0

< rotary vacuum evaporator(CCA- 1110, Tokyo, Japan)® 7<) - =3 & &/
T2 10 mLZ A €3}l ion chromatography(DX-600, CA, USA)Z 22139 om
B 271428 Table 63 7t}

Table 6. Operating conditions of ion chromatography for organic

acids
Item Condition
Instrument DX-600(Dionex, USA)
Column IonPac AS11-HS Analytical, 4-mm
Guard Ionpac AG11-HS Guard, 4-mm
ELUENT EGC-KOH Cartridge-38 mM KOH
Flow rate 1.0 mL/min
Inj. volume 20 uL
Detection ED50 Conductivity

,13,



7. TR

He

T4 A2 Gancedo WH (65 T3t AAIEAT. A5 1 gdll 80% ethanol
50 mLE 7}8t9] heating mentledl Al 75C% 547 7}4d3dk tfg Whatman filter
paper(No. 2)& o %3t o NS rotary vacuum evaporator(CCA- 1110, Tokyo,
Japan)ol A - 55 & 10 mLE A E3}9 ion chromatography(DX-600, CA,
USA)Z #Astd o, %712 Table 73 2t}

Table 7. Operating conditions of ion chromatography for free sugars

Item Condition

Instrument DX-600(Dionex, USA)

Column CarboPac TM-PA10 Analytical
Guard CarboPac TM-PA10

Eluent 18mM NaOH

Flow rate 1.0 mL/min

Inj. volume 20 pL

Detection ED50 Intergrated Amperometry

,14,



Al 34 In vivodll A Bxis AF

AR EFEY ALS H 4o

A¥s&2 Sprague DawleyZl 4598 &4 23 40viel & TSADE=(GF)NA
doto] 2Addistn dAsEAEAA dAA o] Aol & w15 Y FF ¥
AL (ARG 22 AESAI7 § HE AT 135~140 g S Rl o
2t Z} A 8vkelA 457 AFSekdth Fefde] o g 05 M
citrate buffer (pH 4.5)°l streptozotocin(STZ, S0130, Sigma Co.) 50 mg/kg B.W
S &3fstel W Al oF 200 gl FA Ho HEF LFol 13 FAste] HFA
xE 939, AT 5229 05 M citrate buffer® FASIA Y. %

o] Qe EF ZHo FASte] FAF 49 F meg o A st T
=2 7](Accu-chek, Roche, Germany)® 12A17F A2 A7 dd&o] 300 mg/dL ©]

$9 B Furt fUE Ao BFse] APl Aarh APTe Table

—
o
H
.
o
o

A (N), Gtz (STZ), 5% &< % H7F @2 (STZ-M), 5%
A B9 A7 FuASTZG), 25% BAW 25% HAEFEY Wb Puw
(STZ-MG) o2 thire] AAsksich Aglel AL4E 2ol AIN-93(66) 71E0 2
Table 83 o] ZASAI, B, w3 LA} =ABFE A7hFe o] 7

o 5%% dhe] WrhSATh E AWl E T3} Aol AF glo] FFAAL A%
o:]
AA

HAZ A Zo A AANA A AFES el AFNA Ao AEFo T Uro] A=
T7HER FAISA I, AAS7ITEY] AFEIMES Y VY] Aol g H R U
v
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Table 8. Experimental design

Groups Diet composition

NV Normal diet

STZ Normal diet + Streptozotocin
STZ-M Normal diet + Streptozotocin + 5% of mulberry leaf powder
STZ-G Normal diet + Streptozotocin + 5% of green tea powder

Normal diet + Streptozotocin + 5% Combination of mulberry leaf
STZ-MG

and green tea powder

Y Modified AIN-93 diet(66)
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Table 9. Composition of experimental diet

(g/kg)
Control M? MGY GY
Casein 20.0 20.0 20.0 20.0
L-cystine 0.3 0.3 0.3 0.3
Sucrose 23.2 23.2 23.2 23.2
Corn starch 41.7486 36.7486 36.7486 36.7486
Cellulose 3.0 3.0 3.0 3.0
Soybean oil 7.0 7.0 7.0 7.0
Choline
] 0.25 0.25 0.25 0.25
bitartrate
Mineral Mix” 35 35 35 35
Vitamin mix" 1.0 1.0 1.0 1.0
t-Butylhydroquinone 0.0014 0.0014 0.0014 0.0014
Mulberry leaf powder 5
Combination of
mulberry leaf and 5
green tea powder
Green tea powder 5

Y Modified AIN-93 diet(66)
2 Mulberry leaf

¥ Combination of mulberry leaf and green tea
")
Green tea

99 AIN-93-MX mineral mixture and AIN-93-VX vitamin mixture(66)
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2. 485 €9 Ag

A2 AFste] 09% YA AFE ol A Bl L e FHEAL AA

Az FEs AAT & TFS 4T v 70T deep freezerol] H¥t

3.2 T AE=A

==

% % AE, bilirubin, urobilinogen, ketone, protein, nitrite, =9, pH, H| =
2 Jeukocytes =43el7] 5t AT a 3G A thAA o] Ao WrolR AWS

#Hstel =48 strip(Urinosan, Youngin, Korea)S  ©|&3}o]  Urine

analyzer(Uriscan Proll, Youngin, Korea)E& A}-&3lo] =4 319t}

,18,



5. 84 &4 84, ¥:29 2 XA 3F =A

¥ <% alanine aminotransferase(ALT), asparate aminotransferase(AST),

alkaline phosphatase(ALP), lactate dehydrogenase(LDH) A % ¥ xto] &2kx

BARTG), T=da2H=(TOE HDL-Zd2HE &2 dAAstes HdA #

of O{N

22X 7] (Fuji Dri-Chem 3500, Fujifilm, Japan)S A}83to] =438ttt LDL-Z 4
H= g Friedwald? (T2 d 2= - (HDL-Zd&HE - 4 A%/5)1(67)
tel AAFetdvh. HDL-2 ¥ 28 &9 e 2H = tgh v &2 HDL-Z 9 2H &
TZU=HER o] Aeith AdaAE = el olfH =

&7 3} %] = (atherogenic index, ADT {(F&d2~HE - HDL-Fd# 2~H &)/HDL-
ZE ZHEH68) ofste] ekl on, A E ¥ d A (cardiac risk factor, CRF)(68)=
TZU2HES HDL-FH 28 &2 vy 83l

[>

1o
oft

o
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%7

d34 = 2<d ¥ Fuctosamine &%

6.

=
=

0l&H % = rat insulin ELISA kit (Crystal Chem. Inc., TL, USA)

w2}

g ol

Johnson(69) ©]

S
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& A7hstel

D1, v/v)

Fal 1,150 xgell A 20&%E

S

ol 6 mL.  CHCls-MeOH(2
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8. TAA=

2 AgdA dojx FAEH A
Science) & o] &3 A At A¥ETd HH+ETFLAR EASH A, F
AA 9

p<0.05 FFo A Tukey's testE o] -&3dto] A3 HAAsATT

o,

HAL dAdux] EAHEA (one-way analysis of variance)S 3 %
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Table 10. Proximate composition of mulberry leaf and green tea

(% dry basis)

Items M" G” MG”
Moisture 7.49 3.13 6.42
Crude protein 17.69 22.66 20.29
Crude fat 5.03 8.45 4.98
Crude ash 11.22 5.20 11.00
Dietary fiber 37.64 34.85 37.01
Carbohydrate” 20.93 25.71 20.30

b Mulberry leaf

2
' Green tea

¥ Combination of mulberry leaf and green tea

Y Carbohydrate = 100 - (Moisture + Crude protein + Crude fat + Crude ash +

Dietary fiber).
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mg%, 52k 1557566 mg%, $UI} 523 E 1355740 mg%= SxF, B =
ApedE 2@ 89 so2 yEyt 8ol Hx 9 By x5 gEe 4 ofv
=48 glutamic acid ko] Z+zF 1,730.41 mg% 2,370.90 mg%, 1,754.91 mg% =
Uely =3k g ko] b =gk A olnAle] S AV RW HAe

glutamic acid, aspartic acid, arginine, leucine, lysine =2 % YEltom ol dl

A

wolyl H2&EeHE S glutamic acid, aspatic acid, leucine, alanine, lysine®] <o &
ettt Ao =4t 5 dgrotm ik Rkl #el 774220 mg%, =

9,161.04 mg%, ¥d3} Z2EFF 7,773.63 mg%el ATt F ofn|x=Ake tigk H4
ofu :wmAke] Hl& & B, Hxb A s2EdEo] 47 58.00%, 58.80%, 57.30%

¥t

wolap woldwate] AEs £ A7) o8t glutamic acid®] o]
S AFE ngo ol wHaAEYd W Chung S(77)9 °|stsd g A+
W ag g Eo] wpel glutamic acid dFo] #Ad= A FAFEE A o] )
2ol 4% Choi & (742 Aol Hlste] =2 Aol AT iAw =A
glutamic acid F#Fol Bom, AMAA 77l = dFF ofn| ik 3ol
Ao 2 HaFTH(78).
2ol opw| w4k b g Rk ofuel FANE AAVE Advk #AESE We of

v =2kl glutamic acid, aspratic acid, %S Wi= alanine, glycine, serine,

LR
Juo I

rr

iy
[

threonine, 2492 W+ arginine, histidine, leucine, methionine, phenylalanine,

tryprophan, valine®] #o]dl:= Ao 2 H11(7980)% o] #ol =i o Bolyl =i}
TEEY PO AR olF Aol FHESH] widd #AFsAAE gEks 7 H
[e]

Ao ARFE BRG D5 ofn]wAl

i
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Table 11. Contents of total amino acids in mixture contained mulberry

leaf and green tea powder

Amino acid M" G MG

Essential mg%6 % mg%6 % mg% %
Threonine 674.05 5.00 737.44 4.70 67892  5.00
Valine 826.17 6.10 872.32 5.60 83545  6.10
Methionine 10358  0.70 276.95 1.70 158.42 1.10
Isoleucine 623.68  4.60 662.82 4.20 655.17  4.80
Leucine 1,250.55  9.30 1,350.69  8.60 1,276.88  9.40
Phenylalanine 773.36  5.70 829.54 5.30 796.07  5.80
Histidine 45148  3.30 621.22 3.90 460.86  3.30
Lysine 901.15 6.70 1,063.64  6.80 922.00  6.80

Non-essential

Aspatic acid 1,628.11 12.10 1,520.37  9.70 1,625.63 11.90
Serine 708.34  5.30 790.27  5.00 71349  5.20
Glutamic acid 1,730.41 12.90 2,370.90  15.20 1,75491 12.90
Proline 804.57  6.00 74162  4.70 801.66  5.90
Glycine 79292 590 856.59 540 79400  5.80
Alanine 944.64 7.00 87823 560 94471  6.90
Cystine 69.19  0.50 64.15  0.40 99.69  0.40
Tyrosine 329.84 240 482.40  3.00 33426 2.40
Arginine 73418 550 1,456.51  9.30 74528  5.40
Total AA” 13,346.22 15,575.66 13,557.40
Total EAA” 7,742.20 9,161.04 7,773.63
EAA/AA(%) 58.00 58.80 57.30

Y See the legend of table 10
? Total AA: Total amino acid.

Y Total EAA: Total essential amino acid.
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3. A

el =2 g By SAEFEe AAl 24 Table 1294 2o T 18F 9]
Apakol HEEH Qo A T AR palmitic acid7F ¥, FA HO#
% 2ol Z}7} 25.96%, 28.78% W 2585% = 7} wWol dhfskar At
ol o stearic acid 3.28%, arachidonic acid 1.38%, heptadecanoic acid 0.69% <=
o8 AZHJE, =22 AH$ arachidonic acid 856%, stearic acid 5.38%,
heptadecanoic acid 0.18% o= HAEHJTh EAFH} 5AE3}ES stearic acid
5.05%, heptadecanoic acid 0.69%, arachidonic acid 5.34% <o =2 AZHJY. &
E3} A Hake wiol w MWoly w3l eE o] 9 y-linolenic acid’} zHzt 51.25%,
30.52% 2 7 Egkom, =29 ¢ linolenic acide] ¥aFol 20.28% = 7Hd =%
th dx Bele tigk Lim 5@ Aol ost EstA Aol B SR AR
9 s gl % EE]CH doletAl YEtwth & Aol Aoldk AdE Bl

L} Ye2} Bae(73)2 Qo] Ag BxspAike] shaFo] X WAE Boh Eof 2
At FARSE Aol ok =2 Fdd E AAk 2AgnE B 2
(82) linolenic acid®] dgr#Fo] 7} &=A YEsE 2™ linoleic acid, palmitic acid <=

o2 e Bz dTh ol gk AR Aol gt ] = AgAT7E glol
3l7] e b 2o JhE L BEAFE ] xpolo] o Ao A7 T}

et ikold W7 6(n-6)  AlEe]  EAWARRD  FE#Atinoleic  acid,
182n-6)2. 21 E FAHE ZALEEA Zrtgl=al4k (GLA, gamma linolenic
acid, 183n-6)¥ YsE7Zvlg]l=dAHDGLA, dihomo-gamma linolenic  acid,

20:3n-6)S L3 (83), vy =#AAHGLA, y-linolenic acid, 18:3n-6, 18:3A6,9,12)
< AFAEARY] U (84,85). AvkAARE sEdlTE Ao Aes A%, F
721 59 9FAg wA, ‘iﬁ}x]oqoi A FFF AHE AHEY] IFRS Fo
A A AL AR o AEAAA AN ZAN, s E 5T, HERAAHES)
W, and et C’ﬂ“, 7 §]r, gk gy agla HAZ7] oJde aves oAdWE
F5o] v A AL JATHE86).
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y-linolenic acidE X33+ 1529 EX
AR 2 S A g37 ZIdEA T A D ThEAE Al B SR A
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Table 12. Compositions of fatty acids of mixture contained mulberry

leaf and green tea powder

Fatty acid MY G MG
Saturates

Palmitic acid (C16:0) 25.96 28.78 25.85
Heptadecanoic acid (C17:0) 0.69 0.18 0.69
Stearic acid (C18:0) 3.28 5.38 5.05
Arachidic acid (C20:0) 1.38 8.56 5.34
Monoenes

Palmitoleic acid (C16:1) 1.38 3.64 1.93
cis—10-Heptadecenoic acid (C17:1) 0.22 0.00 0.22
Elaidic acid (C18:1n9t) 1.61 9.73 3.03
Oleic acid (C18:1n9c¢) 0.32 0.00 0.46
cis—11-Eicosenoic acid(C20:1) 2.34 0.00 2.48
Erucic acid (C22:1n9) 0.89 0.00 0.98
Polyenes

Linolelaidic acid (C18:2n6t) 0.87 0.00 0.42
Linoleic acid (C18:2n6c) 0.23 8.38 5.49
cis—11,14-Eicosadienoic acid(C20:2) 0.29 0.00 0.23
cis—13,16-Docosadienoic acid (C22:2) 6.16 11.54 4.98
y-Linolenic acid (C18:3n6) 51.25 0.00 30.52
Linolenic acid (C18:3n3) 0.93 20.28 10.19
cis—8 11,14-Eicosatrienoic acid (C20:3n6) 1.11 3.53 1.67
cis—11,14,17-Eicosatienoic acid (C20:3n3) 1.11 0.00 0.47
Total 100.00 100.00 100.00
SFA” 31.31 42.90 36.92
PUFA” 61.94 43.73 53.98
PUFA/SFA 1.98 1.02 1.46

Y See the legend of table 10
? SFA: Saturated fatty acids.
Y PUFA: Polyunsaturated fatty acids.
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4. B g9l

B

9,

Wb u weld waEgEe] v A E 9 Co #Ee BME Av:
Table 133 o} =z BIERl A, E 3 Co o] #el 2 B3} 5AEH=
Hlate] Egkrh vlEbYl Eo) dake #9262 mg%, H3k 619 mg% 2 BAI} =

TIE 266 mg% Sow, vHEN CY 2 B 356 mg%, HAF 317.86 mg%,

0
’

Brolxkel Al 9 oo]ste A 5ol #g Lim(81)5 o Halolx Az &
o HlEpdl C kol Ehow, ik wraarel 44 =k 3 Ak HEwR C
Fol 22k 670 mg%, 113.06 mg2%(77)1 A3} wlalshd & Aol A ARg-EE HlE

KS

R

Col o] o A2 Aow yEhuth HE Co ¥ @dasl % A%
ol whel 2ol 7h W e m AJzbE

e AEHeE ndgor g 233 AEg 2(oxidative stress)?} % 7}a}
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Table 13. Contents of vitamin A, E and C in Mixture contained

Mulberry leaf and green tea powder

(mg%)
Vitamin MY MG G
A N.D.? ND.? 5.75
E 2.62 2.66 6.19
C 3.56 141.61 317.86

Y See the legend of table 10
? N.D. : Not Detected
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2ol =A% 2T HAEFEY TP FFES Table 149 2k F 8%
14 4¥el AEHAOM, Cadl FFES Y 228 mg%, ¥ 161 mg% % B
A7} HAEFE 10420 mg%E HEHAOH, 2 W BYI} =H4EFBIA 7}
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ZH AT FEAGY ok HEjHA Y HApe] Ao tigt Park 5(87)¢]
A Ay K Mg o] Hxk7F el ol vlste] wo]l HE% o™, Ca, Mn
Fo 7

AFAAT olsk Lol ¥ Aol e AL BF 2 7ol wel e
Aol 7k thehibs Alow AZselth Hole] Cadl Mge] HAFL T
&3} o Au4e nwuEsEAer, Hold Arse AR A S8
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Table 14. Contents of minerals in mixture contained mulberry leaf

and green tea powder

(mg%)
Mineral M G MG
Ca 228.00 161.86 194.20
Fe 1.79 6.75 1.61
K 174.00 1,199.40 169.20
Mg 45.60 175.80 45.20
Mn 2.34 123.61 2.70
Cu 0.04 0.85 0.04
Na 0.37 9.19 0.40
Zn 0.42 2.01 0.42

Y See the legend of table 10
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wol g mWolyl Hx}E s o] {74 Ee Table 159 2l % 659

= =
A o] %EQ] ol B Oly _‘1':‘],:‘6_:81—% 7&%5]04011] _‘J:j],gq Ao = 4}_94

of

714 S 2 Row, 3 45 & 459 #7
Aol A&=HAT 714 = malic acid o] #ol 3223943 mg/L, b
10,136.20 mg/L, ¥4y} =2&3HE 33,379.14 mg/L=2 7Hg @kt Bl 9 #iel
3} {2EEL acetic acid, citric acid £ 2.2 AEFEHJ O, =2 acetic acid,

tartaric acid, citric acid <=2 2 A5 A}

ko] gk Choi 5 (74)e] Aol o8t {714k citric acid, malic acid,
succinic acid & 3709 7|4kl AEEH AL malic acide] shFo] 7HE =kow,
1 Egs wol A7l XUSE citric acid®t malic acid®] 3ol F7Fsa succinic
acide] FaFo]l #astE Aok e whtrg Al $-FAkdl gk Park 5(89)
9] XA+ fumaric acid, citric acid, malic acid, maleic acid, oxalic acid,
succinic acid £2.2 F 63 AEHALH, o= 2 19 FHol wet {F7]4ke] %
4 9 7ol tigk Aol = Alm El ),
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Table 15. Contents of organic acids in mixture contained mulberry

leaf and green tea powder

(mg/L)
Oragnic Acid MY G MG
Acetic acid 11,624.18 6,459.36 12,406.54
Malic acid 32,239.43 10,136.20 33,379.14
Tartaric acid 2,958.34 1,736.32 3,048.54
Maleic acid 2,648.07 N.D.? 3,033.47
Oxalic acid 6,513.67 N.D.? 6,731.52
Citric acid 7,054.48 2,179.40 7,207.48

Y See the legend of table 10
? Not Detected
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2ol wA 0 YT HAEFEY TAY FFES Table 163 2k F TE

v = O

3T ~
TGl AEHAY. FAE T B =2 2 By =35 3E9 fructose $FE
6 6

=olM 7 ®ol A=, A= glucose Fdol 431810 mg/L= 7HE &

=

(

o] HEHUTE el 2 Wy %23 3E-S mannose, glucose, ribose 2o 2 7
=2} fructose , galactose 607.92 mg/L=2 &2 AEE A}
ool et Yeot Bae(73)e] A 98t maltose®] FHEFo]l 7HE EkowH

fructose, sucrose, glucose %9 o7 HEHJT. Iz @ zF dFgaio] whsh

Choi 5(74)9] Aol olstd #eld = glucose, sucrose, fructose =22 LERSE
=3
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Table 16. Contents of free sugars in mixture contained mulberry

leaf and green tea powder

(mg/L)
Free sugar M" MG G

Fucose 9.54 10.50 N.D.”
Rhamnose 5.77 17.01 N.D.”
Galactose 165.93 249.05 607.92
Glucose 3,582.00 5,199.44 4,318.10
Mannose 5,297.40 5373.81 N.D.?
Fructose 784763 9,058.01 2,277.62
Ribose 649.17 441.70 N.D.”

Y See the legend of table 10
? Not Detected
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Table 17. Body weight and body weight gain in the rats fed

mixture contained mulberry leaf and green tea powder for

4 weeks
G D Initial body wt. Final body wt. Gained body wt.
roups

P (g) (g) (g/day)
N 203.88+5.382N53) 332.13+4.94*Y 4.58+0.55"
STZ 196.00+6.26 241.50+5.70° 1.62+0.37"
STZ-M 196.75+5.66 251.13+6.03" 1.94+0.48"
STZ-G 195.00+5.10 247.75+7.18" 1.88+0.62"
STZ-MG 194.00+5.27 262.00+4.10° 2.43+0.39

PSee the legend of Table 10.

Values are mean * S. E. of 8 rats per each group.

NS : not significantly different among groups.

YValues with different superscript in the same row significantly different (p<0.05)

among groups by Tukey's test.
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Table 18. Effect of mixture contained mulberry leaf and green tea
powder on food intake, food efficiency ratio(FER) and water

intake in the STZ-induced diabetic rats

) Food intake water intake

Groups ) FER
(g/day) (mL/day)

N 29.49+0.37°° 0.16+0.02Y* 38.25+0.59°

STZ 39.22+0.83" 0.04+0.01° 151.13+2.51%

STZ-M 32.49+0.63" 0.06+0.01" 106.88+2.97"

STZ-G 32.67+0.69" 0.06+0.06" 109.25+2.74%

STZ-MG 31.84+0.63" 0.07+0.04 101.13+3.07

DSee the legend of Table 10.
Values are mean + S. E of 8 rats per each group.

YValues with different superscript in the same row significantly different

(p<0.05) among groups by Tukey's test.
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Table 19. Effect of mixture contained mulberry leaf and green tea
powder on organ weights in the STZ-induced diabetic rats

(g/100 g bw)

)

Groups1 Liver Pancreas Spleen Kidney Heart
N 2.99+0.117"  0.17+0.02°°  0.15+0.01°  0.68+0.02°  0.26+0.01°
STZ 5.13+0.38"  0.41+0.03*  0.35+0.03" 1.28+0.10°  0.63+0.08"

STZ-M 434+0.33"  0.29+0.01>  0.22+0.01° 1.20+0.08*  0.37+0.01"
STZ-G 4.48+0.40°  0.33+0.02  0.24+0.02° 1.18+0.09"  0.47+0.05"
STZ-MG  4.10+0.33" 0.27+0.03>  0.21+0.02° 1.02+0.07*  0.35+0.02"¢

Y Abbreviation : See the legend of Table 10.
Values are mean + S. E of 8 rats per each group.

YValues with different superscript in the same row significantly different

(p<0.05) among groups by Tukey's test.
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Fig. 1. Mesenteric adipose tissue weight of rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 2. Epididymal adipose tissue weight of rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 3. Retroperitonial adipose tissue weight of rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Table 20. Contents of urine in the rats fed mixture contained

mulberry leaf and green tea powder for 4 weeks

N STZ STZ-M STZ-MG STZ-G
Blood - - - - -
(RBC/uL) (0~4) (0~4) (0~4) (0~4) (0~4)
Bilirubin - - - - -
(mg/dL) (0~0.4) (0~04) (0~0.4) (0~0.4) (0~0.4)
Urobilinogen D
nor nor nor nor nor
(mg/dL)
Ketones - - - - -
(mg/dL) (0~4) (0~4) (0~4) (0~4) (0~4)
Protein - - - - -
(mg/dL) (0~29) (0~29) (0~29) (0~29) (0~29)
Nitrite 0~004)  (0~004)  (0~004)  (0~004)  (0~004)
Glucose - ++++ ++ ++ ++
(mg/dL) (0~49) (1500~2000) (376~750) (376~750) (376~750)
H 8.0 5.0 7.0 7.0 7.0
b (7.8~8.2) (>52)  (68~72) (68~72)  (68~72)
Specific gravity 1.010 1.010 1.010 1.010 1.010
Leukocytes - - - - -
(WBC/uL) (0~9) (0~9) (0~9) (0~9) (0~9)

Ynor : Normal ()
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Fig. 4. Change of fasting whole blood glucose concentrations mixture
contained mulberry leaf and green tea powder on diet fed
experimental diet containing for 4 weeks in the STZ-induced
diabetic rats.

Values are mean + S. E. of 8 rats per each group and different
superscript letters indicate significant differences at p<0.05 by
Tukey's test.
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Fig. 5. Content of glucose in serum of the rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.
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Fig. 6. Concentration of serum insulin in the STZ-induced diabetic rats
Abbreviations: See the legend of Table 10. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.
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Fig. 7. Concentration of serum fructosamine in the STZ-induced diabetic

rats
Abbreviations: See the legend of Table 10. Values are mean = S. E. of

8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 8. Serum activity of ALT in the rats fed mixture contained mulberry
leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 9. Serum activity of AST in the rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Serum activity of ALP in the rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Serum activity of LDH in the rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E.

of 8 rats per each group. NS : not significantly different among

groups.
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12. Content of triglyceride in serum of the rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.

of 8 rats per each group. NS : not significantly different among

groups.
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Fig. 13. Content of total cholesterol in serum of the rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.

of 8 rats per each group. NS : not significantly different among groups.
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Fig. 14. Content of HDL-cholesterol in serum of the rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.
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Fig. 15. Content of LDL-cholesterol in serum of the rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.

of 8 rats per each group. NS : not significantly different among groups.
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Atherogenic index of rats fed mixture contained mulberry leaf
and green tea powder for 4 weeks

Abbreviations: See the legend of Table 9. Al atherogenic index.
Values are mean = S. E. of 8 rats per each group and different
superscript letters indicate significant differences at p<0.05 by

Tukey's test.
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Fig. 17. Cardiac risk factor of rats fed mixture contained mulberry leaf
and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. CRF: cardiac risk factor.
Values are mean £ S. E. of 8 rats per each group and different
superscript letters indicate significant differences at p<0.05 by

Tukey's test.
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Content of triglyceride in the liver of rats fed mixture contained
mulberry leaf and green tea powder for 4 weeks

Abbreviations: See the legend of Table 9. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.

_73_



@
T

N
T

Total cholesterol(mg/g)

STZ-M STZ-G STZ-MG
Groups

Fig. 19. Content of total cholesterol in the liver of rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 8 rats per each group. NS : not significantly different among

groups.
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Contents of triglyceride in the kidney of rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.
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Fig. 21. Contents of total cholesterol in the kidney of rats fed mixture
contained mulberry leaf and green tea powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean + S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey'’s test.
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Table 21. Triglyceride and total cholesterol contents in the mesenteric,
epididymal and retroperitonial adipose tissues of rats fed

mixture contained mulberry leaf and green tea powder for 4

weeks
(mg/g)
Groups” mesenteric AT” epididymal AT retroperitonial AT
TG TC TG TC TG TC
N 2070:1.38" 21.65+2.88"" 1493+0.80°  3390+2.88" 32.65+1.78" 31.91+1.37""

STZ 3350+156"  32.87+1.44"  23.00+1.05" 50.24+1.44" 43.80+1.46  37.84+3.22

STZ-M 21104172 2364+1.85° 1953+0.82°  41.18+1.84° 4098+1.90  43.26%2.33

ab

STZ-G  2517+1.80™ 2770+3.30 1549+1.33" 36.30+3.31°" 37.80+2.02  33.01%2.15

STZ-MG 2153+141°  2419+0.71°  1533+1.10° 35254071 4035+2.15  39.40+1.88

USee the legend of Table 10.

AT : adipose tissue

YValues are mean * S. E. of 8 rats per each group.

YValues with different superscript in the same row significantly different (p<0.05)
among groups by Tukey's test.

NS : not significantly different among groups.
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Fig. 22. Content of triglyceride in the mesenteric adipose tissue of rats
fed mixture contained mulberry leaf and green tea powder for 4
weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 23. Content of total cholesterol in the mesenteric adipose tissue of
rats fed mixture contained mulberry leaf and green tea powder
for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Content of triglyceride in the epididymal adipose tissue of rats
fed mixture contained mulberry leaf and green tea powder for 4
weeks

Abbreviations: See the legend of Table 9. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 25. Content of total cholesterol in the epididymal adipose tissue of
rats fed mixture contained mulberry leaf and green tea powder
for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E. of
8 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's
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Fig. 26. Content of triglyceride in the retroperitonial adipose tissue of
rats fed mixture contained mulberry leaf and green tea powder

for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 8 rats per each group. NS : not significantly different among

groups.
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Fig. 27. Content of total cholesterol in the retroperitonial adipose tissue
of rats fed mixture contained mulberry leaf and green tea
powder for 4 weeks
Abbreviations: See the legend of Table 9. Values are mean = S. E. of

8 rats per each group. NS : not significantly different among groups.
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