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Abstract In this study, to evaluate the anti-obesity effects of mulberry leaf tea and its fermented product by
Monascus pilosus, we investigated body and organ weight, blood and liver biomarkers in mice fed 1% tea infusions
instead of water for 8 weeks. Mice were divided into three groups such as a normal control (NC), unfermented
mulberry leaf tea infusion (UMI) and fermented mulberry leaf tea infusion (FMI). Although it is not significant, tea
infusion groups showed reduction of body weight gains compared with NC group. Moreover, contents of
LDL-cholesterol and lipid peroxide (LPO), altherogenic index, and xanthin oxidase (XO) activity were significantly
decreased, and glutathione S-transferase (GST) activity was significantly elevated. The results from this study
suggested that UMI and FMI may have an anti-obesity activity, upregulate antioxidant enzymes and reduce levels
of oxidants related to liver damage.
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Al ROl 2% W7t Hegs ARl
Az A HAEJNE A28 M. pilosus & i
MO olucose(5%), peptone (2%), KH2PO4(0.8%),0
MgS04-7H20 (0.05%), CH3COOK(0.2%), NaCl(0.1%)=
Fpahs wKlo] 23S HESIL 150 pme] Hehujary]

oA wR 1097 ujeFste] AMESFSTE

2 1.5 mm

o] A= 21-24 g2] ICR(Crljori:
CD-1), SPF/VAF outbred mice (Orient Ltd., Sungnamsi,
Korea)E basic pellet chew?l 5L79 diets (PMI Nutrition,
LLC, Brentwood, MO, USA)Z 153U7F oH] AlS3}o]
AR g A-GAI T AT Table 1042} o]
3INE Yieo] AA|E}TE Basic pellet chew(SL79 diets,
PMI Nutrition, LLC, Brentwood, MO, USA)S i3}l
S85g 2222 2oddt ZA(NC), basic pellet chewS
TolalT 2844l uukE BRKUM) 1% S9l(1 tea
bag 7|5, 100 Co] I 3E7F &3 2902 20C
2 Yhes Fogt UMD 181

:"01]’6‘]-"7 284 YAl M. pilosus= 2ra3E EAXHFM)
|5 Holdh I(EMD 5 37 o= FE8h] 85

basic pellet chew=

AEAZ3]AFQ]  Feeds Lab  (Guri-si,
Gyeonggi—do Korea)o]| Q&|5lo] A3 Alo|& A3t )
S 4 CoA BHshdA ud AAEE 20|12 I8l
A EE2 stainless steel caged] ¥o] ARSI, &%
E 382 T, 60£5%= FAsIgon, JuFr|=

oR MYRYL, AEEE B 385 2

[Table 1] Experimental groups and ingredients of diets

(%)

Compositions NCY UMI FMI

Basic pellet chew
. 100 100 100

(5L79 diets)
Water ©]
umr? o
FMIY o

DThe diets for animal experiments manufactured in PMI
Nutrition, LLC, Brentwood, MO, USA. Guaranteed
analysis: crude protein 18%, crude fat 5%, crude fiber
5%, ash 8%.

PUMI: unfermented mulberry leaf tea infusion(1%).

FMI: fermented mulberry leaf tea infusion(1%).

“NC; normal control group.
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2.4 Ao| MHZ, XE 5712 U Mo|5E
A3 Holge Ml QBAte] 25t

2]o] f-g(feed efficiency ratio, FER)2 1527F2] A5 ]—

o

?;9.

e 170ke) AolATOR the o2 stk
25 @ ALT 24 ! x|
H% alanine aminotransferase (ALT) ZA==

Reitman¥} Freanke[16]2] ol &3}l kitA]2F(Asan
Pham., Seoul, Korea)2 A}g3to] =Astg o A 1
mL% 5 NADHO] 352 0.001 7HAA]7]=
unit2 HERHRITH17]. SRS, SEELEE 2
HDL-Z#| A2 32 7}2F kit A|2HAM 157S-K, AM
202-K, AM 203-K, Asanpharm Co., Korea) 2.2 =73}
o, LDL-ZF|AHSEHL Friedewald S[18]2] =
of we} AXSITE Atherogenic index (AD+= AAHA]
[(total cholesterol —HD-cholesterol) /HDL-cholesterol]o]|
oJste] arzstatt.

Karmen

Al7]3L ether WHFE U, St o 2K E HFsFGirt
A3t Fale Ao A ST T 4T, 2,500xgo] Al
1087 AaEesiel YL Belstn 70T nas
WA BAE 2R AMgeldT 4710 4Ee Wyl
el 18 R O s, 7 371
FAE A8kt A& 1t 24 Aol 4k
025 M sucrose B Y upzt T FRNS
10,000xg (4C)ol A 3087+ Rt
postmitochondrial fractiong #|5}o] 4 TAE =H o

ol 8315,

2.7 7t =3 x|HeH

Folch 5{19]9] ®ie] wet S4AH9] g} 5=
YAHE9 sl=RS kit A]2F (AM 157S-K, Asan Pharm
Co. Ltd.,, Korea, AM 202-K, Asan Pharm Co. Ltd.,
Korea)o &2 ZZ} Z2H3519ct Alg= chloroform_v_’—}
1) &gtallo] 7 22 U}JHOH AA =2 7))
o7]en) B ojxe)

methanol (2 :
a3 161—6} 1:]-_9_ lﬂ]-x] o]_o:] .T_E]
A0 Qs 2 Sl A Zvlstc

mlo i

2.8 ZF =X%| GSH & LPOQo| & =X

7 %2]9] glutathione (GSH)Q] 3}eF2S Ellman[20]9]
ol wWel QHel 7t 23 opgole]
5,5'-dithibis(2-nitrobenzoic do]  AAE=
2-nitro-5-mercapto-benzoic acid®] SHE=E 412nmoj| 4]

acid)&
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S4st9lem 2t 27 g GSH umole® YERHSITH
lipid peroxide (LPO)2] $}eF2- Ohkawa 5[21]9] HHoj
w2} thiobarbituric acid (TBA) £912 Yo dhA]7|aL
7}5Fo] TBA-reactive substanceS &3 T}
S 532 nmollA] SRR ZASAT. Y 1 24

T malondialdehyde (MDA) nmoleZ2 UEJ}IS
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9] 9F2 nmolezZ YE ST SODEA-L Martin 5{23]
o] Hhol uwat radicalo]]  Jsf
hematoxylin © 2 1 E] A A &)= hemating 560 nmoj|A] =
Aotglon aids 7P3P1| o 2T FBEE
50% A|ol= AATFS 1 unitZ 3Fo] 1 mge] T zlo|
hematoxylin2] X}%&Q—g AAEH= A=E U (Unih)2
e It} GST €2 Habig 5[24]19] ®e] wet &
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H-3-5to] A/JE]= thioether®] S 3EE 340 nmojlA =
A3 ok FBAG(E=9.5 M 'em )E ol g3to] BAE
£ Arerslon £ Tl 1 mgo] AJA4JAIX] thioether
9] umoleZ YEFHRITE GPX EHA]-& Paglia S(2519] H#
Ho wglk 1 mM EDTA 3§ 50 mM phosphate
buffer(pH 7.0) & AAZFo] 1 mM sodium azide, 0.2
mM NADPH, 1 mM GSH, 1 unit glutathione reductase %!
Aol a4} 7]2lel 0.25 mM hydrogen peroxideS
7kl 25TCoA WEEA7I= Fetel AHAE  oxidized
glutathione2 $HIA]7]=d] AR %E NADPHE 340 nmoj
4 57451 ATk olth NADPHE] T2 21
FAG (=622 mM 'em )E o]g3lo] ALtslgon,
849 A== 1 mge wlRoe] 137F AsE A]7]
NADPH9] 312 nmoleZ e SICT

superox1de anion

210 CHE =3
chlg o) ke Lowry 5[26]] Hholl weh 750nm

A R S0l U Ao, bovine

F ARSSE 13 7 2AS AFSEe] 10% neutral
formalinel] THAIZ] ThS, oH1S ek, whebnl Eofstol

microtome ©. 2 4 ym T2 22} hematoxylin@} eosin.©.
2 Quisto] Fekaiv| g sl

212 S &

RE A3 A= SPSS ver. 14.0 (SPSS Inc., Chicago,
IL) software packages o|-&sfo] EA35}1%Ich 1:1]0]512
AREE sobelel oE B EEEAR tehig)

GOl HEL  Duncan's multiple range testo] 4°H

p<0.059] SZol A AE 7R St
3.8 ¥ 1nH
3.1 HZE, AoMHY L Ao|EE

Monascus pilosus2 WaA|7] EAx} 4 FE2HS
S8 tiadell 853 FojshHA uvt Zae} ydst
o AE57He, AoldFE # Aolas ‘52 1%}1 2
I}= Table 2 9 Fig. 19 YeRRALE F o
NC (0.86£0.03 g), UMI (0.740.01 g), FMI (0.69¢0.02)
<02 eI (Table 2, Normal diet group), A3 A2t
22 FHEL NCTo| ]3] UMISF FMIZE B0l A 2|4
Hog o HEZ7eS HPrkFig 1). kAT 2]o]
A3 NCtof| w3 23|28 UMIwty}; FMIT-S 20.78
9 15.77% Z¥2} 7151 AL, calorie A F|&F E3F Ao 4]
Aot AR A2 Urehiolth Tea S84 gAlS
2 AH A desE=el e UMK FMIofA]
NCof| B3| 53~56% A= ol HFsteler UMIZ
I EMIZIS] SR §l9)

[Table 2] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on body
weight, feed intakes and feed efficiency ratio of
mouse fed a normal diets for 8 weeks

Measurements NC? uMP? FMI?
Initial body weight ()~ 29.81£142 2945:1167 3028126
Final body weight () 3670:220  3540+164 35.83£1.19
Feed intakes (gfweek) 43524235  5256:308"  502443.65"
Claie imales(ealfwek)  162284876°  19585+1147°  187.39+1361°

Weight gain(g/week) 0.86+003" 0.74001° 069:002°
Water intakes(nljweck) 54164432 84561630°  83.124651°
FER" 0.02:0.00" 0010.00° 001:0.00°

YFeed efficiency ratio.

*¥See Table 1.

FValues are mean * standard deviations (n=5), different
superscripts in the same row indicate significant differences
(p<0.05).
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——NC

——UMI

Body weight (% against initial)

Feeding periods (weeks)

[Fig. 1] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on body
weight gain (% against initial) of mouse fed a
normal diets for 8 weeks. Abbreviations: See
Table 1 and 2. Values are means (n=5), and the
values of the final week are mean * standard
deviations (n=5). Different superscripts in the
final week indicate significant differences
(p<0.05).

o]Aro] ATl A] UMI Bl FMIT: REojlA] o] A3 e
I AHEF 2 NCIof| vls] FASH woll= =
St Al S7RE0] WA UEhe a4 Eela da
S deFado] Aolass AaAA ATHEaNE
UERHL 93-S & & Qloh v vldaEgely) wE
B9 AsH2aNE vuS o BLHgeRs UMI
o] wlste] FMIgtoll A thar SOt Aol H 7t 413
o] UMIOIA] thar 553 Aot o] 2zte] Aol
L gt Aoz Holt) o]AL TA|HAo|R TS &
=3t B Fo]| M. pilosus= HWFEA|7] XS Bt 3
2 A Hrtete] ol o] AT A 2t
=2 B3 Lee 51519 A3} Bl E Aoz A
ol HAUAH AF %‘i a7} *JEHZJEE 2R3k uf
2hAl %ﬁ%‘i‘%ﬂ%
=3 A|Se] 4

?4.
o
o
i)
ro

28
o
ol
N

H

_15 4

B
rlj

&

Z£50| PPARy actlvated
receptor v) agonist= A1§3to] Alo] ML AAAY
o @A gt 537} Ehdcts Bustg o), B Alg
Aol A ot 43 dResls 02 Are
9l AE ¥ o) BAe] BRFES OE s|Foz
gujnt g3k ey Aer AlgEch  ESh
Monascus<s UAE2 HFAY] T2 L3S 7HA

(peroxlsome- prohferator

S #at obu]ah28] gt I} e AL
E]—[29 uteha], M. pilosus2 WA A7 ELx
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2
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OJAQl ztolE IS 4= glleh Alo] g W I
e deolxls FiAbe] Ed3 HJor A==
glucose flux 2 H]AAFZ Q] RNAQ} DNAS] gtAdo = 71
= HZ3 A7159 Sl Sk AeE deA o
OLH30], & AR A deFEES Jolt A% A
Hegol F7HSolE Etstal 479 FFolAl A7}
R A ST Lee 5152 A2 oof Tfsto] I
78 T2 v a gl 2T gols HRkeZ H|tsf

A 7150 B A PEAYE Bech e
o) 9 WolE R A Aolo] olg 47|15 Hy
§ R BT Pl TPRLE 2ok
=S

2 NCo] 1.05%2 FMI
9] 0.95%2F F2HQ1 Zpol7} Glgle UMILtollAl=
0.63%= NCL¥} FMIsto| H|3to] 1 gHafo] 7hAslct
(Fig. 2). o|2} o] vTHEBMAE 8 tilez &

B A9ol sk ALY o] AR Srow
Zashs Aol off 7ol ofs) UEhheRL 23
A%A 77} et

[Table 3] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water (normal
diets) on organs weight in mouse fed a normal
diets for 8 weeks

(% against body weight)

Organs NCP umr? EMI”
Liver 3.71+0.08 3.76+0.12" 3.81+0.13
Kidney 1.75+0.09 1.79+0.11 1.74+0.14
Heart 0.54+0.04 0.56+0.05 0.57+0.04
Testis 0.690.06 0.660.04 0.660.06
9See Table 1.

“Values are mean * standard deviations (n=5), different
superscripts in the same row indicate significant differences
(p<0.05).

5650



Aol nhese] AE 7k 24 AP BAT

o]l 1] x]+= Monascus pilosus &ra #olx} d4=Eo] v}

15
z
2 12r 105"
S
s 095"
=
g
g 09
=
g 063"
E
o 0.6
Bt
<
<
&
-
=}
= 03}
2
=
=3
O

0

NC I FMI

[Fig. 2] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
content of fat around epididymal in mouse fed a
normal diets for 8 weeks. Abbreviations: See
Table 1. Values are mean * standard deviations
(n=5), different superscripts in the figures
indicates significant differences (p<0.05).
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o|2 H¥hE =3t mouseol A HEEUAT} BI7gLH
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"l o}ug} HDL-cholesterolS 0|31 LDL-cholesterol-2
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5 A= Monascus<s nAEZ A sE 22 XA
4 ol SI HRBE AT YA A 4
S BAEOR ARAATE BIE A A0 A4
28}

[Table 4] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
content of lipid profiles in serum of mouse fed
a normal diets for 8 weeks

Measurements” NC uMr’ 3V
TG 7216313 70.15:386"  70.10:343
TC 11378569 11140:724 10955822
HDL-chol 5325320  5487:384 5571306
LDL~chol 46.1042.94"  42.50:2.65°  30.82+2.39"
Al L14£007  1.03:006°  097:0.06°

1)TG; triglyceride, TC; total cholesterol, HDL-chol;
HDL-cholesterol, LDL-chol; LDL-cholesterol=[total cholesterol
— (triglyceride/5)] + HDL-cholesterol, AI; altherogenic
index=(Total cholesterol — HDL-cholesterol) / HDL-
cholesterol.

*¥See Table 1.

Values are mean * standard deviations (n=5), different
superscripts in the same row indicate significant differences
(p<0.05).

20

10.80" 1070

8.49

Hepatic TG (mg/g of tissue)

NC ML FMI



A St sl=RA) 4147 A11S, 2013

20
B

16
_
3
E
]
- NS
s 12 10.59 10.26 1041
L0
D)
E
g s
2
g
=
a2
<
==

4

0

NC UMI FMI

[Fig. 3] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
content of hepatic TG (triglyceride) and TC (total
cholesterol) of mouse fed a normal diets for 8
weeks. Abbreviations: See Table 1. Values are
mean * standard deviations (n=5), different
superscripts in the figures indicates significant
differences (p<0.05).
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[Fig. 4] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
content of hepatic GSH (glutathione) in mouse
fed a normal diets for 8 weeks. Abbreviations:
See Table 1. Values are mean =* standard
deviations (n=5), different superscripts in the
figures indicates significant differences (p<0.05).
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[Fig. 5] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
content of hepatic LPO (lipid peroxide) in mouse
fed a normal diets for 8 weeks. Abbreviations:
See Table 1. Values are mean +* standard
deviations (n=5), different superscripts in the
figures indicates significant differences (p<0.05).
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[Fig. 6] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water (normal
diets), and high fat diets on the serum ALT
activities in mouse fed a normal diets for 8
weeks. Abbreviations: See Table 1. Values are
mean * standard deviations (n=5), different
superscripts in the figures indicates significant
differences (p<0.05).
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[Fig. 7] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
hepatic XO (xanthine oxidase) activity in mouse
fed a normal diets for 8 weeks. Abbreviations:
See Table 1.
deviations (n=5), different superscripts in the

figures indicates significant differences (p<0.05).

Values are mean =* standard

8] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
hepatic SOD (superoxide dismutase) activity in
mouse fed a normal diets for 8 weeks.
Abbreviations: See Table 1. Values are mean *
standard deviations (n=5), different superscripts
in the figures indicates significant differences
(p<0.05).
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9] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
hepatic GST (glutathione S-transferase) activity
in mouse fed a normal diets for 8 weeks.
Abbreviations: See Table 1. Values are mean *
standard deviations (n=5), different superscripts
in the figures indicates significant differences
(p<0.05).
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[Fig. 10] Effects of unfermented and fermented mulberry
leaf tea 1% infusion instead of water on the
hepatic GPX (glutathione peroxidase) activity in
mouse fed a normal diets for 8 weeks.
Abbreviations: See Table 1. Values are mean +
standard deviations (n=5), different superscripts
in the figures indicates significant differences
(p<0.05).
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[Fig. 11] Light microscopic photographs of liver tissue
(bar: 25 ym) of mouse fed a normal diets with
unfermented and fermented mulberry leaf tea
1% infusion instead of water for 8 weeks (HE
stain).
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