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Abstract

This study was carried out to investigate the contents of monacolin K and citrinin, along with the sensory
quality and antioxidant activity of mulberry leaf tea fermented by Monascus pilsous (FMM). Total monacolin
K content of FMM was 0.058%, but citrinin was not detected. Redness of brewed FMM was remarkably higher
than that of unfermented mulberry leaf tea (UFM). In sensory evaluation of brewed FMM, while astringent
taste and savory taste were lower, flavor, color, and overall acceptability were significantly higher than those
of UFM. Total polyphenol contents of UFM and FMM were 83.1 and 23.61 mg/g (dry basis), total flavonoid
contents of UFM and FMM were 17.96 and 3.99 mg/g (dry basis), respectively. Xanthine oxidase (XO) inhibitory
activity and superoxide dismutase (SOD)-like activity of FMM were lower than those of UFM. Electron-donating
ability and ferric-reducing antioxidant power of FMM were slightly lower than those of UFM. However, the
antioxidant activities of FMM per polyphenol content were markedly higher than those of UFM. These results
suggest that FMM may scavenge excessive reactive oxygen spices (ROS) via inhibition of XO and SOD-like
activity. Furthermore, FMM demonstrated relatively higher acceptability and antioxidant ability along with func-
tionality of Hongguk (red yeast rice), and therefore could be utilized to prevent various ROS-induced diseases.
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A8 BA(M. alba leaves)S 2011'd 9€ ol AF 3 Ao
Z ol G F2FHJNAE FFADoN A AlFdton, o+
FE AgFAE Yol EFT-E M. pilosus IFO 44802
AHE-3F 3ot

&olo| eg

wolol Wtg = Fig. 1049} o] A ¥S 1x2 cm 2 7]

2 AE FT A°CoA 2¢3t AZEA1Z M (unfermented
1y leaves: UFM), &8+ AZA|Z] B E& 7}8}
o F 8 FFFo] 29%7F HA - T 2 LEC] poly-
propylene bagdll 500 g# Y1l air filterE H32 5] 121°Coll
A 90&3E Astdt. vl ] 81§ M. pilosus W ¥
A 50 mLE HES F 30°CollA] 15¢7t sjFstAnt. 18)a
40°Coll A o] 2% W7k S =5 xA12 5 2 mm
A2 HA TEBAXHEMM)E AZstA

M. pilosus Wl FH-2 glucose(5%), peptone(2%), KHoPO4
(0.8%), MgSQO,-7H20(0.05%), CHsCOOK(0.2%), NaCl(0.1
%)& FHrsle wiAd #F5 HE3H 150 rpme] 1Eu)
7114 1047t Bl gt AFE-3EA

’ Mulberry leaves ‘

[
’ Cutting (1x2 cm) ‘

’ Drying at 40°C for 2 days ‘

o] >
3

M. pilosus
[ starter
Adjusting moisture
Wintermairet content (29%)
mulberry I
leaves: UFM Autoclaving at 121°C

for 90 min
l
Cooling until room
temperature

[

Inoculation (10%, v/w)

l
Fermentation at 30°C
for 15 days
l

Fermented mulberry leaves tea
by M. pilosus: FMM

}7

Fig. 1. Preparation procedure of mulberry leaves tea fer-
mented by M. pilosus.
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WSS %! ESS &zke| =4

WSS(water soluble substance) 2 ESS(ethanol soluble
substance)®] &% UFM % FMM 7} 1 goll /5 E£&
70% ethanolg 7}3l4] 100 mLE 49 1087 8 & HF
o2 100 mLE AE3stx A3 oA 50 mLES FH3H
Az %S A A

s
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tel
=} 2] }2 2} 3% 7](Damian Tea Co., Anyang,
Korea)oll UFM % FMM 7} 1 g¥S Y3l = & 100 mL=
7bsle] 38ZF 8l 22 M2HA (Chromameter CR-200,
Minolta, Tokyo, Japan)Z ¥7](L": lightness), M %= (a"™:
redness), A% (b" yellowness) ¥ hue angle(H)S =3
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FAY o2 A7|nSE FIsta e 40~604] 4
o= UHZ 2;\]7].41\ 43 7r ]-7‘|o u/\]_oi_E_ ZNOE 7LE9]_
71Z5 dgle] FAS AN F B Yris etk &
UFM# FMM Z+ 2 g & #3lo] 73 o 2] (Fine fllters
Sungilunders Co., Gyeonggi-do, Korea)o| o} 2} 357]
(Damian Tea Co)dll ¥ & #+= & 200 mLZ AL &
3 8 AR AF H WA =217 7] 30 mLA
Fo] A|F(70+2°C)3HH .

Monacalin K &hzf

Roman®} Vladimir(27)2] W el upg} HPLC(Series 1200,
Agilent Technologies Co., Ltd., Palo Alto, CA, USA)Z
gradientZ 3}t EFZ monacolin K(lovastatin lac—
tone form, Sigma-Aldrich Co., St. Louis, MO, USA)<
75% ethanol®l] &3fl3te] ARE-3sl T o]w] columna Waters
120 ODS-AP(5 pm, 4.6x150 mm, Milford, MA, USA), de-
tector= UV 237 nm, flow rate= 1.0 mL/min, mobile phase

= CHsCN : 0.2% H3POu(gradient), &=+ 40°Ce] 7Aoo =2
=233 At Acid form EE8%4L 10 mg9] lactone form
monacolin K 70% ethanol & 2 mLel 0.05 N NaOH £
05 mLE 7}3F & A2 304 WXte] ZA|5H o H,
S 42 JEF st A&t

Citrinin &2}

Reinhard$} Zimmerli(28)2] Wl w2} HPLC[(Series
1200, Agilent Technologies Co., Ltd.), column: Waters 120
ODS-AP(G pm, 4.6x150 mm), detector: UV (excitation



708 Y - olel R - HET - FB - ol2le] - HF

wavelengths 335 nm, measurement wavelengths 502 nm),
flow rate: 1.0 mL/min, mobile phase: CH3;CN-0.1% tri-
fluoroacetic acid(35/65), temperature: 40°C]E #2438} % o},
EF 892 citrinin(Sigma-Aldrich) methanol €% & A&
stRom EEFY] AR st FFS =S

Total polyphenol, total flavonoid ! EHAELs  EA
Al2e| =&

TP(total polyphenol), TF(total flavonoid) & % aFAk3}
5 BAAEY F2£& UFM3 FMM 2+ 1~5 goll 70% etha-
nols 7ksted 100 mLE A2 F 4°Coll A 543t W25t
FE39 o, o2 (Advantec 5B, Toyo Roshi Kaisha,
Tokyo, Japan)Z 23t Mg F24]§ AlHo 2 A3t

Total polyphenol %! total flavonoid &tk
Total polyphenol %2 Minussi 5(29)2] W we}
AlgFZEY 100 pLoll 2% sodium carbonate 2 mL2} 50%
Folin—-Ciocalteu reagent 100 pLE 7}3F 3 720 nmol A &3F
T2 =339 o, gallic acid(Sigma-Aldrich Co.)9] A=
el o3t gaFE 4FE3tH T Total flavonoid 332
Meda 5(30)¢] el wte} A8 FZ 1 mLell 2% alumi-
num chloride 1 mL$} 50% ethanol 1 mLE &%3}e] 429
A 1087 ¥EEAIZ T 415 nmoll A F3 =8 459
Z3F naringin(Sigma-Aldrich Co.)¢] AZA ) ¢3s}

XO Asl{&tA

XO(xanthine oxidase) A ZAHL +HZHEH HAT &
2Q (1S o)&31 Stirpe?t Della Corte(32)] ¥ ol o
2} &47} 7129l xanthined uric acid29] &S A5}
= AEE AgE %= eI

MRS 0{2ty

Blois(33)9] W wel Al8FEH 02 mLoll 0.4 mM
DPPH(1,1-diphenyl-2- picryl-hydrazy) &< 0.8 mLZ 7}
3ko] 1087 X3 thg 525 nmollA FHEE A3 L
w A A2 electron donating ability (%) =[1— (X E£& 3%
NE2TFEE)]x10090] 9t TS &3

Superoxide dismutase(SOD) A HeHA

Martin 5(34)¢] ol wet A|5FF9 0.2 mLel 50
mM tris—HCI buffer(pH 7.4) €% 3 mL%} 5 mM hematox-
ylin 60 pLE 7}atar 25°Cell A 5837t ¥H-&-A121 % 560 nmol]
A FREE SAsIHR T ALk, SOD FAHEA3(2%6)=100
—[(AZ+F OD—AFE OD)/(HZTF OD)x0.5]x100]°] <
st A4S A=t

Ferric-reducing antioxidant power(FRAP)

Oyaizu(35)9] WHol wet A|ZFEY 0.75 mLel 0.2 M
phosphate buffer(pH 6.6) 0.75 mL<} 1% potassium ferri—
cyanide &9 0.75 mLE 7} F 50°Cel| A 20823t ¥H-EA1 7

e

s
e

t}. o}l 10% trichloroacetic acid €< 0.75 mLE 7}3+ &
3,000xgol A 1083 47 st 4 45 d 1.5 mLol
74 15 mLe} 1% FeCl; €9 0.3 mLE 7}8F 3 700 nmell

N FREE 24390

Ferrous iron chelating &HAd

Dinis 5(36)¢] ol wet Al55F9 1 mLel 3.7 mL9]
FHFE 718 & 2 mM9| ferrous chloride 0.1 mL2} 5 mM
9] ferrozine 0.2 mLE 7}3te] A2A 1083 ¥H-3A1A
562 nme] FHFEE St GAE(%)E [1-[A1= OD/
iz ODIx100]2.2 Abah o).

SHAz|

AL 33 WhE o2 dyste] P et FAAR e
YR3, e e B89 25% ] Hi g FUAE
el Atk A AFS version 129 SPSS(Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
software package program= ©]&3}4 Duncan’s multiple
range test ® t-testES F3}FA T}
#o 9 1

Monacolin K 3! citrinin &zf

AZBAUFMY ZaB A FEMM)E A2 3}
monacolin K¢} citrining #4¢ A3+ Table 134 2
FMM$] % monacolin K¢| &2 0.056%°]eH 438
1l acid form®] 0.047%, ¥]1&43 3821 lactone forme] 0.009%
2 acid form©] 83.93%% AA 3t ATE. Monascussy P18 =
& HAAZ SFAAME ST ndAg Y o] &5t A
o7 4e#x YTH37). vEAE Y monacolin K lactone
formE AW carboxyesterase®] ¢lste] A acid
forme 2 A 35 o] HMG CoA reductaseE As|A| o2
A AW cholesterole] AT S AA|ste ALoZE HiuEi
ATH38). AW carboxyesterase2] &A1& FNQIA7E =W, 9
okx o 7 HAujr 31 Q= carboxyesterasex lactone form]
MGl A 27} Aol &4 2 & A S (myopathy)S
29 7 de A2 deA AvHR9). 18V Moascusss

Table 1. Monacolin K and citrinin contents of mulberry leaves
tea fermented by M. pilosus % (dry basis)

Measurements UFM” FMM?
Monacolin K
Acid form - 0.047+0.08"
Lactone form — 0.009+0.00°
Total - 0.056+0.01"
Citrinin - ND?
LIS Fig. 1.

YValues are mean+standard deviations of triplicate determi—
nations, and different superscripts within a column (a,b) in—-
dicate significantly different at p<0.05.

YNot detected.
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WSS 2! ESS st

UFM¥ FMM 9] E7F8AE - (WSS)3} 70% ethanol 7}
44 EZ(ESS)9 FFS ]ﬂ?} A= Fig. 29 #oh
UFMe] WSS g (Fig. 2A)2 24.20%(w/w) 21 H| 313}04
FMMel M= 28.25%(w/w)Z 221 2}o]& Ve A
}, ESS g3 (Fig. 2B)> UFM(12.03%, w/w)3} FMM(11.34
%, w/w)Zo] FEigk ApolE HolA| grskt). wheba] #ele]
a5 HF8A Edo] #8440 HEHE ALE AR
Ho}.
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UFM3 FMM 1% EF29 9] A5 vlug d3=
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=LY 35S JeEuE bgho] dx8A Ak ut
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light yellowoll A dark redE W3}= At o]gfsk xS =}
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s ZE
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Table 2. Color of brewed mulberry leaves tea fermented by
M. pilosus

Measurements UFMY FMM?

L* (lightness) 64.00+0.21*Y 34.38+0.14"
a" (redness) 5.94+0.79° 24.35-+0.39"
b" (yellowness) 34.26+0.29° 9.50+0.15"
H° (hue angle) 83.60+0.70° 27.17+0.15°

12See Fig. 1.

YValues are mean+standard deviations of triplicate determi-
nations, and different superscripts within a row (a,b) indicate
significantly different at p<0.05.

Table 3. Sensory characteristics of brewed mulberry leaves
tea fermented by M. pilosus

Attributes UFM” FMM?
Sweet taste” 1.8540.19™10 1.68+0.12
Sour taste” 1.2540.12™ 1.30+0.14
Astringent taste” 2434025 1.8840.24
Savory taste® 3.45+0.21"° 3.66+0.28
Flavor acceptability” 3.27+0.22° 2.75+0.25"
Color acceptability” 3.0240.17° 3.454+0.18"
Overall acceptability” 3.05+0.26" 3.64+0.24%

1())See Fig. 1.

39Values are mean+standard deviation of 25 panels evaluated
from very low (1 point) to very strong (5 points). Different
superscripts at the same row (a—c) indicate significant dif-
ferences (p<0.05).

Values are mean+standard deviation of 25 panels evaluated
from very poor (1 point) to very good (5 points).

ODifferent superscripts on the same row (ab) indicate sig—
nificant differences (p<0.05). NS: not significant.

ke UFM(3.4573)0] FMM(3.66%)0l| vldte] wte Ro =
Uehtou s f9 22l o] & RolA] skt g Mg
3 2§H9 7|3 EoAE FMMe] URMe B8l =gkth,

Total polyphenol & total flavonoid &H&¢

UFM ™} FMM$] total polyphenol 2 total flavonoid &&F
=438 A= Fig. 3% Zth FMMY total
polyphenol &2 2361 mg/g(dry basis)2.E UFME
83.10 mg/g(dry basis)®] 28.41%°l E3}351%3.2.H, total fla-
vonoid®] &L 3.99 mg/g(dry basis) 22 UMM 22.22%

(dry basis)<S

(B) 50
0
2 40
[
o
)
T 30
=
7
w 20
“5 NS
= 12.03 11.34
L 0l
s
(@]

0

UFM FMM

Fig. 2. Content of water soluble (WSS) (A) and 70% ethanol soluble solid (ESS) (B) of mulberry leaves tea fermented by
M. pilosus. UFM and FMM: See Fig. 1. NS: not significant. Values are mean+standard deviations of triplicate determinations. Different
superscripts on the same bars (ab) indicate significantly differences (p<0.05).
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Fig. 3. Content of total polyphenol and total flavonoid of
mulberry leaves tea fermented by M. pilosus. Abbreviations:
See Fig. 1. Values are meanzstandard deviations of triplicate
determinations. Different superscripts on the same bars (a,b and
A B) indicate significantly differences (p<0.05).
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UFM#} FMM 70% ethanol +&&¢] XO As&4S =
43 A= Fig. 49 2tk UFM¥} FMM tf 2] &= vl
102 EolAe AES e e 500 ng/mLe] FEd
A UFM2 51.82%, FMM-2 46.36%2] A s 84S Ve
t}. XO+ XOR(xanthin oxidoreductase)?] oxidase type &
22 A WA hypoxanthineS xanthine Z, xanthine
< uric acid® AFs}bsh=d Bofshr(49-51), A= (0)E A
A& A Z o] &3t ROSE AT ZH A A9 #4ths]
w3} Foll T Wk ofygt ZHF AR fEe] A1
HoHG2-54). weEbA A i X0 24& AfAIE + de
polyphenol ¥+ flavonoid 5% H]%f{} 2}% phytochem-
icalsell &g A7} vh o] FolA| AL glom 11 AsEde
o] A FHH x| wet xto|E Hole o R 4
A A (55-60). FMMe] polyphenol 2 flavonoid & & o]
UFME] 22.19~2841%(Fig. 3)ol A}A] o= XO A3
o] A Yehbe A2 B9 wao) st AFA

Y58 - oo - HFY - AEE
80
T UFM
_ mFMM
X L
< 60 51.82°
= A
Z 6.36
[§) b
e 3652
S 40 |
% 24.72°
= 19.81°
S 200 1231°
) ﬁﬁ
0
500
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Fig. 4. Xanthine oxidase (XO) inhibitory activity of mulberry
leaves tea fermented by M. pilosus. Abbreviations: See Fig.
1. Values are meanztstandard deviations of triplicate determi-
nations. Different superscripts on the same bars (a-d and A-D)
indicate significantly differences (p<0.05).

AAAE = 472 g8 M. pilosus7t B33 23 tiAME

Eo ot a7 AL HTL

MAs0is H FRAP

AAZ AL AW olA ROSO AAE FojsgtozH 4t
35 v sl %“*9] AFE g A Aom(6l). FRAP
E Fe¥'o] Fe''2 395e 588 2YFoan its &
e g Ae A RY R F2 phenolic acid
2 flavonoid 5 phenold EA9] &Aitslz8-S ZA 3=t
853 QtH62). UFMY FMM F&&9] Ax3d53

FRAPE ZAVe A3b= Fig. 5 2 63 2ok, UFM¥ FMM
BT x| vgste] Frlsle AEgS BRAon HAE
Chas FRAP 5% UFMS] Z-$-7F FMMel| Hl8te] 3.41~5.85
o] =& &S BYHFig. 5). o)¢F 22 d42 La
o)3le] 4kslE o] =& polyphenol AEE0| ZA 743}
+= ¥HA theaflavins B2 thearubigins2} 22 polyphenol 2]
AetE A7 AAAE 7] WEole) s FTH63).
FRAP(Fig. 6)9] 7% AAgdsd FAS dFo=

UFM®] 7Z-9-7} FMMe| Hlate] 2.58~4.608] 7} =3kth. o
100
. DUFM
s BFMM
2 75t
= 59.26°
®
o 52.05
£
= 50 |
c c
S 34.71
c
o
8 7.35%
] 0.25°
100 150

Concentration (ug/mL)

Fig. 5. Electron donating ability of mulberry leaves tea 70%
ethanol extracts fermented by M. pilosus. Abbreviations: See
Fig. 1. Values are mean#standard deviations of triplicate de—
terminations. Different superscripts on the same bars (a-d and
A-D) indicate significantly differences (p<0.05).
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Fig. 6. Ferric-reducing antioxidant power (FRAP) of mul-
berry leaves tea 70% ethanol extracts fermented by M. pilosus.
Abbreviations: See Fig. 1. Values are mean+standard deviations
of triplicate determinations. Different superscripts on the same
bars (a-d and A-D) indicate significantly differences (p<0.05).

WA 0 2 phenold 429 Ftstse F2 o 7]l
3 (64), 1 FFol =S45 dabstE o] Frhhehes). 1
Hu IO 2= phenold 29| FFo] mo&F= A3 4t

ol A0 Do WA LA+ AL 55T B
S} Bgol AR AEEE a7} HlEaRel] HS
e Aow Feld ATkED.

SOD FAEHA 3! ferrous iron chelating &4

SOD+= superoxideZE #AHelF4 2 AEst=d AAst=
F4o0]H, SOD FAFEHA-S SOD9F 2] superoxide] Ak3}
W8-S AAFoZHN AAE HEdl= AEAY phyto-
chemicals® ¢&# & ATH68). T3}, ferrous iron chelating
g2 AAY AeE Eul gt olgg ol2E= AH3)
o WREAZREE AAESEZN A ksl @48 v
EFN M (69), A 0 2 ferrozine® ferrous ion9 chelating
£ JAE= A= E 4 3HE6,70).

Fig. 7914= UFM®} FMM F& &9 dig SOD A
ZAbst k. UFM#

4} & ferrous iron chelating &4&

(A) 15
D UFM 1477
mFMM
g 1 |
2 077"
2 071°
£ B
° 0.55
X~ C
= 0.42
A 051 0.32°
2 0.24%.23°
0 ﬁ
05 1 15 2

Concentration (mg/mL)

Axpe] FAEAEH dtske 711

FMM E5F F%o v &3t SOD A& Ao Z7)sl= A
ura}q] Rom, UFMe] FMMel ®l&te] 1.04~1.528) 7k
& Yel) 3 th(Fig. 7A). Ferrous iron chelating

% UFMQ} FMM FE£E EF 1~3 mg/mLolAE 5%

lglste] S7heke Aol oy 1 oo sEoAM=

%Loh BEFE BReH, 3 mg/mLolA e &4 UFM¥
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Fig. 7. SOD-like activity and ferrous iron chelating activity (FICA) of mulberry leaves tea 70% ethanol extracts fermented
by M. pilosus. Abbreviations: See Fig. 1. Values are mean+standard deviations of triplicate determinations. Different superscripts on
the same bars (a-d and A-D) indicate significantly differences (p<0.05).
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