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SUMMARY

I. Title

Screening and application for mass production of monacolin K for

milling and brewing

0. Objectives and importance

The secreted pigment from Monascus sp. 1s consisted of
monascarubin, monascarubramin, rubropunctatin and rubropunctamine
moscasin and non-toxic. This natural red pigment is welcome for
manufacturing of medicine or foods. Recently monacolin, which is a
cholesterol-synthesizing inhibitor, was found in Monascus pilosus,
Monascus ruber and Monascus pubigerus and a bioactive material,
which is similar to monacolin, has been purified. It has been known
that the components inhibit the activity of HMG-CoA(3-Hydroxy—-3—
Methyl Glutaryl CoA) reductase, which is involved in an enzyme
system for cholesterol synthesizing. A small injection to animals such
as mice, cats, and dogs showed cholesterol-lowering effect and it has
been known that the material is very effective in high cholesterol
patients in a clinical test and in lowering preferentially low density
lipoprotein cholesterol which induces sclerosis of the arteries. The
research on medical and bioactive materials from Monascus sp. and the
development of health foods and hypertension drugs are in progress in
China, Taiwan, and Japan.

However, there are only a few reports about pigment production

from Monascus sp. and few researches have been carried out about



component analysis or mass production of monacolin K(MK) in Korea.
Therefore, this research is focused on strain screening for mass

production of high functional MK, finding the optimized condition of

culture, extraction and purification and finally developing products using

Monascus sp.

M. The scope and contents of research

1. Selection of the strain producing MK
The strains of Monascus sp. were from Korea Food
Research Institute, were cultured on PDA agar media at 30C for 5
days and were cultured in rice media. MK was extracted and was

confirmed by HPLC and strains for MK production were selected.

2. Establishment of culture condition

- Establishment of liquid culture method : establishment of the
optimized culture condition of the selected strains using peptone,
potato, or soybean

- Establishment of solid culture method : establishment of the optimized
condition of the selected strains according to rice soaking time,

culture temperature and culture time

3. Establishment of extraction process of Monacolin K
MK was extracted according to solvent or physical treatment by sonicator

and the optimized extraction condition was decided by HPLC.



4. Safety test of the culture of Monascus sp.
Presence test of citrinin known as a toxic material produced by
Monascus sp.

5. Establishment of mass separation method of MK
Mass extraction of MK using an open column packed with neutral
aluminum oxide

6. Product development using the culture

- Manufacturing flour of liquid and solid culture mixture

- Manufacturing grain wine using solid culture

- Manufacturing fermented soybean product using the selected strains

IV. Results and recommendation

29 strains of Monascus sp. were cultured on PDA agar medium, in
a liquid medium or in rice medium and the strain producing the
maximum MK was No. 29, its production of red pigment was the
maximum and it was identified as Monascus purpureus CBS 281.34.
The maximum amount of MK and red pigment was produced in the
culture of rice medium. The liquid culture medium was consisted of rice
powder (3%), sodium nitrate (0.15%), magnesium sulfate (0.1%) and
potassium dihydrogen phosphate (0.25%). The optimum drying condition
of the rice culture was at 80C for 60 min and MK was stable at this
condition. The optimized extraction method was established using a
sonicator and the processing time was reduced. MK and the pigment
were stable under neutral or acidic condition, were resolved highly
under alkaline condition at pH 10 and were unstable in the presence of

HCIl. They were stable at below 10C and can be extracted using 100%



alcohol and stored at below 10C for water dilution. The purification
yvield of MK was over 70% when batch purification was carried out
using an open column packed with neutral aluminum oxide. The
analysis of citrinin, which is a mycotoxin produced by Monascus sp.,
showed that citrinin was not produced by Monascus purpureus CBS
281.34 or extremely small quantities which is very difficult to analyze
might be produced.

GOP, GTP, total cholesterol, LDL, HDL and triglyceride in the blood
of rat were analyzed for functional investigation of red yeast rice. GOP
and GTP in the mice ingested feed with red yeast rice were lower than
those in the mice ingested feed with lard. Total cholesterol in the mice
ingested feed with red yeast rice was lower than in control mice. The
results of LDL and triglyceride were similar to those of total
cholesterol. The antioxidant property of the ethanol extract of red yeast
rice was measured in vitro and the ability of elimination of hydroxy
radical of the extract was 2 times higher than that of a-tocopherol and
the inhibition effect of peroxides production of the extract was the same
as that of a-tocopherol.

Noddle, bread and drink were manufactured and the preference test
were undertaken. The color preference in the products in which red
yeast rice (3%) was added was good and the total preference was
higher than un-treated controls. The extract of red yeast rice was used
for manufacturing grain wine (the alcohol content was 15-25%) and the
preference was good when sake flavor was added. Addition of red
yeast rice (1.5%) to red pepper paste showed the greatest value in total
preference and showed more than 90% inhibition activity against

HMG-CoA reductase.

Therefore, it is evaluated that the functional properties of monacolin



K are good and the usefulness of red yeast rice is high.

The results were in publication (Screening and identification of
Monascus sp. for mass production of monacolin K, Production and
extraction optimization of monacolin K from Monascus sp.), one patent
(Manufacturing beverage containing red yeast rice extract) was applied

and technology transference is going to be performed.

_10_



CONTENTS

Chapter 1. Introduction ——————=-===——————————————————————————— 15
Section 1. Introduction and background ———-------------——-—~ 15
Section 2. Objectives and importance of the research ——————--—- 17
Section 3. Scope and contents of the research ~—————-——————- 20

Chapter 2. Strain screening and identification for mass production

of monacolin K ------------————""--—------ 21
Section 1. Materials and Methods —————-——--"-"="--—————————~ 21
Section 2. Results and Discussion ————————————"——"—"~"""~~————— 24

Chapter 3. Culture condition of the strains producing

monacoln K ~----------—-——++--—-"-"----"-"--—-"""" 35
Section 1. Materials and Methods ~————-——------""-""--"—————— 35
Section 2. Results and Discussion —————=————=—=————————————~ 37

Chapter 4. Drying condition of the culture of Monascus sp. and

monacolin K extraction condition —————————————————=——————————— 42
Section 1. Materials and Methods -~~~ 42
Section 2. Results and Discussion ——————————————————————————— 45

Chapter 5. Purification, characterization and safety test of

monacolin K - 49
Section 1. Materials and Methods —————-———-"-"—""-——————————~ 50
Section 2. Results and Discussion —————————————"—"—"~"""~~————— 52

_11_



Chapter 6. Functional study of red yeast rice culture and product

development —~—————-—————"—"""""""—————— - ————— 67
Section 1. Materials and Methods -———--—------""-""--——————— 67
Section 2. Results and Discussion —————==———=——————————————~ 75
Chapter 7. References ~———-—----"-"""""""""-"--—————— 91

_12_



A1 A
A 14
A 24

A 34

| 27
A 14

A 24

A 37
A 14

A 24

Al 47
A 14

A 24

| 5%
A 14

A 24

A 67
A 14

A 24

= 15
ME R 15
AL 54 2 d9 4y 17
AT W& L HY 20
Monacolin K¢ = A4k 4+ 84 2 54— 21
AN LY 21
A P TF 24
Monacolin K A w59 vz ———— 35
A LY - 35
AR L 3F 37

o gFEY A% 2 Monacolin K #2714 ——————— 42
AdAs 29— 42
Ay D 37 45
Monacolin K¢ gA - &4 &2 dAH — 49
APgAs L WY 50
A 2 373 52
TG Ee] VA R AE Y 67
APAE R WY 67
A 9 aF - 75

_13_



_14_



A

Xt
o

ST

1l 73

ml
=X

A 1A M=

ol¢l B =i (Monascus sp.)< F=

ol WA A HxA Aow T, O

Bl

ofUet FFARE AgHo &

(Hf

koji®] 7]

i) ok M =S (IR E) ] 7]

0

5

cholesterol@dAd S A

L
JE

&=l

A gk Z1ubel =

of¢} #Z2 7]

= grel A

& % monacolin K(mevinolin <& lovastatin)oll 2]

ATt

ol

_10
ol
Jlo

oy

= ool £

Aok Aol A

2 994

Re.

ol

A

o o}t

]

H, #HT el A= o

Howm oFofA 9

7kl 7]

Nfo

1=
[}

4 7]

e

=]
=

, AR, Sl

—_

0

T
0
jod
of
=)

!

dxd, 84z, =

Nr

;QL
rAO

0

|

—

monacolin K(MK)ol| #3F At 2

el

MKe] o A2

=0
o

1=
[}

Est o, MK 7]
HAGMHow B} Be 4o MK

A=

e 9

Wl A

1

A
&

el

= MK A4

el A

_15_



——
o

=
=

MK

= fI8 w5 HA
, mycotoxinQ! citrinin®] A3

z=

J_,Al
Hjn
=T

—_

;OL

el
i

Monascus T

, MK¢]

Y=
T

A

3

A

3

K

K

A

"
N

_16_



ox

ko

A2 A A 5

p =
i)

iy
A\
)

1. 7&

Monascus sp.olA ®H¥]E = AAE monascarubin, monascarub—

ramin, rubropunctatin, rubropunctamine moscasin®] TFE& 7}A 1 9o

ol HAo] glv ARz dHA HA ANMALZA ofofFe] Az 4
ol HQ3k MirgM Z+gS B Ay 2o M= Monascus 49

e,
of\

ol Monascus pilosus, Monascus ruber, Monascus pubigerus &l A

oY

e ZdladEe $AAH A monacolin®] ¥ E 3 T monacolin
oAbt AeddEde] EeE vk v olgd AEe EdxdHE &
AAel @424 HMG-CoA (3-hydroxy-3-methyl glutaryl CoA)
reductase®] &5 A st= 540 Ath Monacolinell gk A7k 13
Hol Z4F SEF, 1Yol /M Sl A% Foste F ZHzHEC] A

steal T35 aEexHE @Al Wete] fasttal Bad \k gl
7

o
iU

32 Al 7]= low density lipoprotein Zd| AHES A F o

gy syt M= Monascus el o7 242 Aibel] tjsto] of
?_

B3 9 ¥, MK FARA FHEA P dhFge] B

debd B AFNE @Al mAHoZ AW

=
o
R
ofd
el
=)
)
Ef
a2/
rir



Rus

o_] O]

[¢]
e

CER

#9¥ 3 gor MK
9o o] Y 714 ke
A kg3 700,000

il 5 kg (

135) = 2

1

9
hul

U}
Bt ool Al oFalALE

2

ol H W
b T o=
N % = = L
<r o o m.Aru m e ¢ © £
~o Ro < H_T_ H_T LL ]
3 5 - 2 o) KW T
he 0 0 . 5 v w0 :
) J elﬁ ol ﬁT N e s
25 W ™ E 3 3 N =) wow g7
B owu ol s TR "o == - P X < <
1_,_A|y : : m_ < BN 1;.r_. ﬂ K LR
7 < z = . S
5o N S W 3 g S
,ul g ~ :.L i ,AL = JI = _;LOﬂ _ZT
Ed = S w s omox o e
> T 7 e Moo e N o <o W
Hn 03 o 5 % : :
i WA i SRR 3
: ME % o Q.a ™ ﬂﬁ o o 1~_l ToH
NI o%.%Ki wo o 1%%%
S i, - L g u of T O 5 (ay
— T o oo © o T S T o5 Y % |
) X X a4 2 Mo = i
o X T o} ) m o) T m@ - > mﬁ v m_w ;
—_— : ; ‘Ir
e P22 ER . cExlirs
- < < i : ] ]
TR Am w WO : P50 : ]
R E o m w il H oo
3 7L : | > ; o Sy 8 O )
: T 5 wm_ = . L % N © . e Y
D a OIS o zu.wm_, mrT_ i DEz 1 M mo
pox ™ a ' = o i%aaomﬂi
v . e wOE w X
y - OC 3 : # _Eo T < B © _ = 1= _zT < 5
1 s g woar W Nr T 4 W T o
T T . X = K oy W . B % i
H.f \Ul Jﬂ_ _~ e} o0 o) x o T RO [ ,i EL
u % o me o = of- o o © o L L
: e ¥ wt T - W e al 7} _wﬁ = = o o] o
]l e ’ O % <
Z.L 1 A_VHI _ZT.: ._Iﬁmd i \Nﬂ :AO ‘% 0 —_— J.W 1‘~Ilr.V|
RS T w4 u%amoimﬁm
- = GR (N = ®
i ,mu 4 - ﬂ__\ﬂ ;oL
. T TR =S %
L N ° =
B o it
10

_18_



8l

ol wep welA A7)

= =
TS

~

he

o7

—_—

o

of

R

e

1o

TR

0
Ho

o

73

el

e =)

71E2 Aldle] Wskel o Eo

Jo
)

ol
!

10

e

=r
™
)

mJ
e

tel MK o kA A 7}

X el 235

Al

{ﬂ,

o] ¥

_19_



oF
TH

mK

T W&

g’

X

A3

o =
= = o
& <2 Y fo &
o ® = W o oy mm N
R o & oo o N o ﬂ o+ e <
K T g A YR E ™ o NN
B w9 © g o X 2 &= w F o o
oo Mo N N E S T Mo = W 6
= | Nk O Ly M_“ ot - w O = o} ) X
IS W oo N g 9 | N x° Alg
o | o N oo 3 S b £ & ° Cos
z 4 = o ° %o S Hom 4 BT W =
= ZT _ - O = T o _AE 5 o v.:l X o)
Sl T P = = R W TR E 4
1l I N A SN B T o A I
5 Mm%%%@amﬂgﬁ_z_ﬁ P B R
R S o= g 2 W Fooow ol T o = = mox M B ay B
L SEE e wiE2E Forgwar TEU
= o SR G W R - N -
| PO ERE| DETEANZE Z2TD
N , , , _ o - F 2 ® - B
& R g — ! !
r ) T
M X v T = N
@ | = T = e AR e o ﬁ i
= .|Q ZT T Jl ﬂ O.._ ﬂwo gl %
N ) \mﬂ 7L )AO i 7L o)
g R 2 %P9 N s
| & P I Gl @ o 2
| = o = e o 9, oy g ™
A = N = M-W W WM So 5o Hin
HT o o - a = ,_ﬂ_l = =
Mo S o o
g W
T % O L=
1 x <
(&N

-20 -



M 2 &  Monacolin Ke| CHZF MA A3 ERAY

Fore Monascus & 5 E potato dextrose agar(PDA®|A]; Difco)

A g2 WA S dof IAAZ v 303 = wZlE sk 200
g5 1 Lo AzZelazo) Yar 121TColA 2087t autoclavedtal 2 2ol A
% PDA WiA&2 wjFd dF5 HEste]l 30TolA 1193F wiek

st old v 2d AT EH = & wWIES ol dHA FF e

e Axe= 80ToAA 2083 $FAx2F F AELsto] Aol AHEst

_21_



3. Mw=A

Y

£ TS 80% dEs(MEs), B SFTE 10 34ste] 20T

oA 1AIRE wEksie] A4 =% e HAAds==2 3Hsta

Ll
o

filtering(0.45 m)3 & 500 nm &4 =(Hewlett Packard

spectrophotometer, model 8753, Germany)S =43} t}.
4. MKe] F=%4

= % 1 gol methanol 9 mLS 7} %S597](Sonic & Materials
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o B ethanol FEES 045 e EH=Z oy oiodqs
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HsPO, = 65 : 3590 running buffer2 1 mL/min® % 2% wave length
238 nmelA MKe| 3taks A&Fstith. MKe At&e d@dewiry At
39 =d E2E 2L mevinolin(sigma M2147)& Alg3tgon Z&E

FAL mevinoling 0-0.1%9 TE=HHYE methanolo] £3)A)1#H HPLCY

peak area@® Z}d 3k Th.

6. Mg *F 54
"EY  Fwde (F) vholamolg-tol  fEste]  ITS(Internal

transcribed spacer) 2 28S ribosomal RNA #i# 3714 4S8 B435t9] &
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Aakgich. WA ITS % 285 rDNA 7+ 345 PCR(GenAmp'" PCR
system 9700, Perkin-Elmer, Boston, USA)el ¢]3] =ZAZt}. PCRS 9
3k wkgolol AL 10 mM Tris-HCl buffer (pH 9.0), 40 mM KCl, 0.15
mM MgCly, 3 mM MgSO4 200 uM deoxynucleotide triphosphate, 10 ng
DNA 53, 1U Taq polymerase % 0.5 pM primer set® & H3= 50
pL= 3. AFEE primer®t prober 4 ITSO A S
ITS5(55'-GGAAGTAAAAGTCGTAACAAGG-3")9  ITS4(5'-TCCTCCG
CTTATATGC-3'), 285 rDNA®¢] Z-9 NL 26(5'-ACCCGCTGAAYTTA
AGCATAT-3)¥ NL660(5'-CTCCTTGGTCCGTGTTTCAAGACGG-3")
S AFgEte skttt PCR O WH$2  predenaturation(94C, 3%),
denaturartion (64C, 30%), annealing(50C, 30%), elongation(94C, 3%&),
extention (72C, 10&)= 303 HbEESITY. 3 ¥ PCR AHE2 Wizard
PCR Prep DNA purification system(Promega, USA)ZE o] &3}o] A A3
™

i, 971 AE B4 BigDye

’

reaction kit (Perkin-Elmer)& AF&3te] PCRZ HE$-(96TC 10%, 50T 5%,

terminator cycle sequencing ready

60°C 4%)A171 3 genetic analyzer(ABI Prism'™ 310, Perkin-Elmer)® 3}
Atk Aozl AVIAEY  AdEAHS  NCBI  (National Ceter for
Biotechnology Information, Bethesda, MD, USA)¢] Blast program® = %
A5t

T3 PDA(Difco)¢t MEA(malt extract agar; Difco)ul] x| AFoll A ¢ w2l
g 2 383 v A [Microphot-TXARIE E 2L #7), Eclipse E600(F A

A 2, Nickon, Japan]@ AL§3te] Feishd Bae Wstg,
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1. #3732 oS

T2 Adaty] 98 SRS 20%G

E L FFAEATATUORNE LG we FF
No. Strain Address No. Strain Address
1 M. anka IFO 4478 16 % IFO 32317
2 % IFO 30873 17 % IFO 7537
3 M. pilosus IFO 4520 18 M. araneosus
4 ” IFO 4480 19 M fuliginosus  IFO 4483
5 % IFO 8201 20 M. kaoliang ~ ATCC 46392
6 % IFO 4521 21 % ATCC 465%
7 M. purpureus  ATCC 6405 22 ” ATCC 4659%
8 % ATCC 16427 23 M. ruber IFO 32318
9 ” ATCC 16436 24 M. kaling ATCC 46598
10 ” ATCC 48162| 25  Monascus sp.  ATCC 16437
11 ” IFO 4489 26 % ATCC 16435
12 ” IFO 32316 27 M. vitreus IFO 4532
13 ” IFO 32228 28 M. purpureua  IFO 4482
14 M. ruber IFO 9203 29  Monascus sp. VB4
15 ” IFO 4492
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29 2 Az AuokEe) ALY

1-29, strain number
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AZWUEZHE ethanol, methanol ¥ =HFF FEES A F3 500
1

0 o]l g =

rlo
N
e}
N
N
—_
N
0
N
—
w
N
)
R}
N
)
g
lo
A
o
N
i
30
o
B
oo
=2
ofy
=2
o
rlr
ot
o
5
Q
5
=B
o

32 RTEdY HAEFHE Ued FHeoln xRFEEHEY AwgEY
chromatography pattern< 19 49} 2t X +=52 2 retention time ¢ 6
oA AEHNoH AuGE FEEIMNE TLA 67N A peak’| A

= H A

3500000
3000000 [
2500000 |
2000000 [

Area

1500000 [
y = 3E+07x
1000000 | R2 = 0 9998

500000 [
0

0 0.02 0.04 0.06 0.08 0.1 0.12
Concentration (%)

1% 3. Monacolin K 7 %4
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jas)
=
o

¥ 2. Monascus % W55 o] &3 k5ol A% (0.D. 500 nm)

TFHE o+ 9 80% olgts  80% W &S ST
1 M. anka 5.60 5.58 0.36
2 " 7.30 7.49 0.42
3 M. pilosus 0.01
4 ” 0.01
5 " 0
6 % 0
7 M. purpureus 11.60 15.90 0.57
8 " 25.70 26.13 0.74
9 " 0.02
10 ” 10.20 12.03 0.65
11 ” 0.01
12 % 17.10 19.07 0.55
13 " 20.40 20.92 0.68
14 M. ruber 0.02
15 " 0.32
16 " 0.01
17 " 0.01
18 M. araneosus 0.07
19 M. fuliginosus 0.01
20 M. kaoliang 1.20 1.46 0.12
21 ” 31.10 30.08 0.74
22 ” 16.20 17.86 0.52
23 M. ruber 0.04
24 M. kaoliang 15.90 19.74 0.66
25 Monascus sp. 0.06
26 ” 10.00 11.57 0.70
27 M. vitreus 0.04
28 M. purpureua 0.03
29 IR ! 39.30 41.02 0.65
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208408 A

1.5E+D5

PL5H

1.0E+E5

5.0E+D4

e

0.0E+00 200 4.00 & 840 10.00
1 AE+DS|
| ZE+0S
1. 0E+05
B OE+D4
B.OE+Dd \

4 JE+C4

20604

OLOE+DG 2.00 4.00 E.OD T ]] 10.68

[ ]
: TS IEkL]

A

256405
Z20E+D5
2 isets

Ui E S

10E=05
SOE=-{4

DOE+00 2.00 4.00 B.O0 300 10.00

Retention time (min)

O 4. BEFEA 3 A YE9 HPLC chromatogram

A; mevinolin standard 32, B; 12¥ ®j%E C; 299 w4&
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HjeFakivt. & W2 PDA A

=
HEotr 2 U2 QA GE 5% v/w)S BufA ol HF ko] wjdstA

PDAM{A] o] 2} #FE5 g oS & wiAd HEF 33 golx 3
%t} (3%), sodium nitrate (0.15%), magnesium sulfate (0.1%), potassium
dihydrogen phosphate (0.25%)2] ZA o2 A3t dAa]A o TFE 30T
ol 5] 72A17t shaking incubation A1 ZAo =z & wjx]e] 5% FHZF sl
HjFatel MK $Hebs 418 A3, 3 3048 o] HAatz wjks A&

20 12359 MK @raFo] zhzh 1213, 0532% = =4 Priegon &
Zpe] Wz Ao A= 20 o] A 1.252%°¢] MK7F A&t o]

g Az FE MK &g ¢4 dF2A 209 d5s HE Ad

PN
T AN
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MK 38}z MK e
o (%) (%)

1 0.050

2 0.068 -

7 0.074 _

8 0.253 0.662
10 0.220 .
12 0.532 0.126
13 0.220 0.128
20 0.007 .
21 0.146 0.003
22 0.209 0.434
24 0.107 0.164
26 0.098 -
29 1.213 1.252

1) 2 WA e] PDAMYG #52 HEF A

2) & o] AA G FFE 5% (v/w) BE

N
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20F°] = T vEA 299 F=ato] MK tigFALitel 7HE A9t
g Aom AAHST| o] #F TS HAAGATE F 49 Hol Ao &
o] ITS¢t 28S rRNA® @A7IMLDe] FAdE vl Al 29 F=9 ¢
1ML 100%°] =& FAMS Zte v 27 3% Zo® Yy
o ey 28S rRNAS A7|AdelA = 100%S] FAME S YERd M.
ruber®t M. pilosus7} 1TSS 7| Ee] FAMI S & L3hAl 99.58%<21 H
R3] A M. purpureuss= ITS®} 28S rRNAOA FARE o] BF 100%=
B 232 HE 294 T2 M. purpureus CBS 281.34(accession No.;
AF222496, frAHd; 100%)Q1 A o= 54 ¥ Sl

Fejed #F A3 F MEAS PDA uix]do el HAFEHE B,
T oA ek ol 7z ik Al R EREEe] PFEHE WA
1w, MEA®|A oA Eti= PDAMAlA o #F wgH . =3
purpureuss= At ol Hoh= wgolr AFEARel EAEAHERE of
&t Su¥ze AA3TH24). 238 Y M. purpureus CBS 281.34
ARt ApGEare] Aikol AASHA wWoka(1H 6), thEFe]

)
2 z7)d #FEE ] AFAJ M. purpureus€= thah T

=<

$=)
b=

p

)

i

A

kel
[T

bl

A

e}

g
a

o

ot

2l

il

e

% THdata not shown).

St M. anka Nakazawa et Sato IFO 4478¢] ®Wo]5<1 UN 5504-4¢]
A 2 APAFEF(AS00) L AFQ IFO 4478K.th 21vjy =& o= Wil
Hth(25). 20¥ ERFE gy g o ZE= EXo] Hol ot FE A 3}
ol¢} M At} monacolin K¢t 2 tiAMbE<] dAAg A" 22 54

FH 208 Toryto] MEA JheAdE AAFE QAT
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¥ 4. 291 T 98 Monascus 592l ITS(Internal transcribed

spacer) A

Accession Similarity Nucleotide

Strain )
No. (%) differences
M. araneosus 1AM 12152 AF458471 100 0/478
M. kaoliang ATCC 46596 AF451859 100 0/477
M. purpureus U18356 100 0/493
M. ruber ATCC 22080 AF458470 99.58 2/478
M. pilosus ATCC 16364 AF451856 99.58 2/478
Penicillium brocae NRRL 31485 AF484399 87.84 58/477

¥ 5. 299 #F9 92 Monascus 59F2] 28S rRNA F-4A} A3

Accession Similarity  Nucleotide

Strain No. (%) differences
M. purpureus CBS 281.34 AF222496 100 0/540
M. ruber ATCC 96218 AF364984 100 0/540
M. pilosus ATCC 62949 AF364976 100 0/540
M. eremophilus ATCC 62925 AF365023 99.81 1/540
M. pilosus ATCC 16369 AF365003 99.81 1/540
M. barkeri ATCC 16966 AF364983 99.81 1/540
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a9 5. M. purpureus CBS 281.34 59 #jxd A}zl

PDA;, potato dextrose agar, MEA; malt extract agar,
MEA-1; malt extract agar® Hj%E plated] A

29 6. M. purpureus CBS 281.34 9] light micrographs
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M 3 & Monacolin K M2 Hjk=xZH

A1l A AFAE 2 U
1. LA Hf
A 2 Aol MK AAd=ke] Huiel M. purpureus CBS 281.34 #F&

PDA°] wjokst vg F ¥, ®He, & A8 uAuAzR vkt ujek

oA 1197 WFatgeh. olu wWF 29 ARE L BHFEL 5Tl

0C
st H Rk wFES 80THAA 2083 $FAxRT T A E5H

|

2. N Hf

D ¥iA 1 (RP) @ gl 39t (1, 2, 3%)

2) H¥ixl 2 (RP-1) : go]~ I9tt (3%), sodium nitrate (0.15%),
magnesium sulfate (0.1%), potassium dihydrogen phosphate
(0.25%)

3) ®iA] 3 (GYN "A]) : Glucose (4%), veast extract (0.7%),

Sodium nitrate (0.3%), KH2P04(0.025%), magnesium
sulfate(0.1%), CaCl2(0.01%)

4) 8fA] 4 (GSP ®iA]) : Glycerin (6%), glucose (3%), soybean (3%),
peptone (0.8%), sodium nitrate (0.2%), magnesium  sulfate (0.1%)

5 #l%] 5 (PDB) : Potato dextrose broth (Difco A})
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ol 2 5% mAE o]&ete] B dFE ¥l HES ¥
30Col A 72A1%F shaking incubator® o]-&3&te] HjSatdtt. HZFH wiA+=
A e TRA ARl oz FH ko] MAtetATt
3. A A
A 24 A 1A 3% 2o Aeg FAAT
4. MK9] =

A2 A1 A 49 Zo] MKE FE33 T

5. MKe9| =4

A2 A1 A 58 Zo] MKE A #sh3lt.
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A2 A As R 0

=
1o elAmje 27 4%
b woFEe] A%
AFwy e 5% wWAEZ olfele 30CHIA 7247 shaking

incubatorg ©]-83lo] wjger A3} E 6ol A9} o] RP-1wx <2} GSP Hl
Ao A FA ] 7Y B Ao ®E UERR T

RP RP-1 GYN PDB GSP

A 2 + ++++ 4+ + +4+++

. oA o] A

oA el 7 wol AAE RP-191A9 A 2ol ~39-1H(3%),
sodium nitrate(0.15%), magnesium sulfate(0.1%), potassium dihydrogen
phosphate(0.25%) &gulel 50 mLoll PDABIXZ v &3t 55 1 A&
o] HE3ske] 30CoA 493t shaking incubatorZ o] -&3Fo] wiFdE vhS
filtration & W& 7FA1AQ MEES ARG A3 a9 79 2ol 21, 15, 29
HoFe] AR =] AAZe] e dFEY v $-9ed U= Ao
Uelston 500 nmoll e F3 =z AAass A3 Ay § 7oA 2
o] FFETF 1.50174%1 w59 F¥E+ 15 20 1 26) 7> 200 100 9 29)
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169] o= =4 YESTh

swwre

1 2 3 4 5 6
wow w

7 - 3 9 10 11 12
ST T

13 14 15 16 17 .- 18
we we
- - y & ‘\

19 20 21 22 23 24
T

25 26 27 -2_8 29

2% 7 A FE o] AR
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F 7. 4A wig=el M =(0D. 500 nm)

ELRaki R @ A
1 M. anka 2.421
2 ” 1.358
3 M. pilosus 0.439
4 ” 0.412
5 " 0.890
6 " 0.060
7 M. purpureus 2.291
8 " 0.221
9 " 2.029
10 " 2.187
11 " -
12 ” 1.171
13 " 1.264
14 M. ruber 1.427
15 " 2.782
16 " 1.525
17 " 0.053
18 M. araneosus 0.110
19 M. fuliginosus 0.178
20 M. kaoliang 2.205
21 ” 2.426
22 " -
23 M. ruber 0.207
24 M. kaoliang 1.113
25 Monascus sp. 0.558
26 " 2.366
27 M. vitreus 0.785
28 M. purpureua 0.705
29 Monascus sp. 1.755
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T, 0E, By, 3 &S wiAE 12, 29
PDA =& H7bel W& MK 3&s 48kt 1 23 3 83 9o
Ak Zo] PDA wiFujAl o] H7kAl oA o® e MK7F &5 o
i MKe e ) ) d) By fso® Eodn o A

MK7F A&9 A skt olds Az iy 2 & = Us o] &3 A

rz
4
N
i

2
i_ll‘
=
o
it
k)
N

)

FQ AR 1F2F R FFe) Az AL AT = ANk

3E 8 12, 299 59 A FE 5% (v/w, F)E AT el HF -l

HqAExA 25 o Peak Area MK (%)
29 0 0.000
BA A LFE 5%(v/wW) =
12 0 0.000
29 9,926,125 0.049
Al A= 5%(v/w) il
12 6,976,409 0.035
29 1,042,426 0.006
AR AE 5%(v/w) K
12 1,111,297 0.006
) 29 481,294 0.002
AR AE 5%(v/w) R
12 142,813 0.001
29 46918630 0.235
B A A& 52%(v/W) %y
12 9107,855 0.001
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¥ 9. PDA9 wix]ol] 12, 299 TE st & 245 I HF - s wid=E

o MKe] %

HEZA I o Peak Area MK $HK(%)
29 0 0.000
A = =
12 0 0.000
29 1,445576 0.007
A= ]
12 2,020,469 0.010
29 826,430 0.004
A= By
12 1,362,746 0.007
29 12,210,077 0.061
A S Iy
12 2,103,068 0.011
29 137,222,580 0.686
A= &
12 83,946,687 0.419

, S AARSE de] BAR AlES tdo® MKe] FEFE vl
-Gk Ak 100149k el ArRe] MKe| g v w2 $F

ojem BARS] °F 03%7F AEFHUT. o] AyrRE E AolA A

g ek Wlae] & w 20% o] MKE] AAbs(GE 99 AnmdE

0.686%)<= &2 BAF AlF R H53] 3 Zow FrhHn

F 10. &= A MK g vl

NS Peak Area MK s+ (%)
A} A= 1,554,696 0.008
BAF A5 59,555,210 0.298
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M 4 &% =224 =2 A= 2 monacolin

Wujo] oS wigetel Axd EF=(o]st F=)S dry ovens ©]&

ake] 80T 2F 100TCell A 20, 40, 607F =3 ATh MK S48+ 35 &

T 1 goll ethanol 9 mLS 7}l 183 EE0] FE53 A5 do] AEHA
o dzT7Ee Y A5 Az e TS AMgssith B=d Az

Lo AIZFS dEsle] Al xd T B8-S PDAuA| o] =wale] 30T ol A
497 W gt & AxEe} AR wE T Al g dolr ok

o,

Zx B9 1 gol ethanol, methanol, ethylacetate, water 9 mL< 2+7zt
1

B3 £E0] £3% F 4592 A3 MK 93¢ S33a0k

A2 A 1A 49 2ol MKE FZE331th

4. Ethanol =9 93

ool

= % 1 gol 0, 20, 40, 60, 80, 100% ethanol 9 mL< 7kl 123t
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it
2
o
oy
o
=
o
4

rlok

a2} ethanol?t B & <9

a1

S 1, 05 025 gl 80% ethanol 9, 9.5, 9.75 mL&
S Zb7F 10, 20, 40vf = sho] 143t

Z = B23} ethanol 7H9] H&S

e Fal MK e SHskadvh

il
A
ey
QL
52
s

= 59’]' %O] MK‘é‘

B
=
k
A\
ol

e
ol
fd

T w0, 20, 40, 60, 80, 100% ethanols 7Faf MAiE F
& Z3shan.

A2 AL A3 el HES 5

A\
o

IS %

e
fol

7}. Protease &4 =4

Protease 42 Hagihara® WHeol| F£3lo] SAHSAL & 249 0.

mée]l 0.1 M phosphate buffer(pH 6.2) 1 mLE 7}3%

o
T
oo
>
b
A

(

Hammarstein casein, pH 6.2)5& 21 37CelA 30&
% 044 M trichloroacetic acid(TCA) 25 mLE Yo] W8S FTAA7|n
Ao A 1023 X S dAEZAA e 1 mLel 055 M

NaxCOs; &1 10 mL¢ 1 mL9 1 N Folin & ciocalteus’ reagent &2

_43_



ol 37ColA 3027 EAAA 660 nmoll A F3=E S48

. p-amylase A4

400 pLe] Potassium phosphate buffer solution(pH5.9)°l 1% Soluble

starch 500 pLE % Z&%3 % sample solution (enzyme)100 pLE Yo

25C water bathollA 10&37F WFS-A7Ith, WES-o] #Fy of7|o] 0.1 N

HCl 100 uLE 93&te] wkg-& AR A 71t o] k&g 01 mLS F 3l
o] 7]o] DNSA2F 0.3 mLS ¥o]587F boling 2171 % 550 nmoll A &3 =
= ZA3
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K

3}
=

o] 92lo] protease Z amylase?

ki3

Anson-—

O
&

3}
=

}i Tt Protease

3|

Hagihara® el <34 660 nm<]

2l o

100Co A 603t

0.2170]1 %2

3l
ZS|

Foll A H]

3|

o} dukd o 2 protease’} 50C ©]

I &= = 80C%F 100TCoAA = €4 o]

0

%
N

T

vzl

o

PS

protease

i
W

o]
b

W
_ZTd

!

)

ol

3 dinitrosalicylic acid¥ ol +3lo] 550

[e]

el S
=

Z1¥8] 3l B-amylase

29

)

3
“

=50

oA &7dol A

M Monascus 52 A UdE9

}o] PDA plateol

d|

= 34

605, 100CoN A AZ3 ZuFE A= colony’} =5 A

AWRZRE HZA AZZAL 80TNA 60%7He] Ao 2 ey}
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A b 83 Protease activity Amylase activity Eis
(min) (%) (OD 660 nm)  q-(660nm) B-(550nm) B+
Control

2
L

1

58.22 0.217 0.055 1.498 +++
() o)
20 52.06 0.145 0.061 1.343 +++
50C 40 51.24 0.197 0.077 1.440 +++
60 46.27 0.317 0.082 1.220 +++
20 37.13 0.197 0.023 1.463 ++
80T 40 22.60 0.379 0.022 1.214 +
60 10.94 0.194 0.010 1.204 -
20 21.57 0.237 - 1.213 -
100C 40 9.38 0.124 - 0.874 -
60 454 - - 0.559 -

. MKe| &

ToRRE 1A Ul - 29 BE MKE F&E3b7] 98 8vs geste] i+
e Az A agEel 7K & sonication HE(EE FAE)S dob whA|skaL
filtrationg+ T MK9] 3aks 2418 A3 £ 129} 13049 #2o] & 55 Al
fatale 718 B sonication A 2lfrell W O] Abol= A9 fl= A
o2 Yepton wgs FEAEE MKSES 2493 243, FE5A170E MKe
sl Ao glE Aow eyt olddt AFERE M. purpureus CBS
281.34 ol 9l&l] AAFE = MKE oA Aol ofd #EnAd AR A&
d F ddew MKe F=
sonication¥t T dof WA F ofdel= el whE d9It ARks Hase ¢

J& Ao ARRH.

e JEe] FEuw WRes sk

r
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# 4 ethanol H7}1&4S ZA}8H7] ethanole] =& 2t Aot &
S WHoR FTwoRRYH FEHES AXd MK s B3 2z
1% 8ol A gt %ol ethanol 20% ©oldtell A= MK7F H38 FE5HA &Fska
40%°] Fol A= oF 54%Wro] FEEA ST 60% ool A= 71 o
w9 MK7F 55+ ASR Yeh o025 MKs FE87] 91

ethanol® ¥EZ S0%=E ZAA s}

¥ 12 vjdES &uid 2 F3E3 A5 sonication A E FFo] ©WrE MK
shefw 3}
£ o Sonication Peak area MK &%)
2] 137,222,580 0.686
Methanol .
=32 128,082,680 0.640
=1 €] 137,261,520 0.683
Ethanol _
8 139,399,040 0.697
2] 135,946,470 0.680
EtOAc ]
T2 131,773,730 0.659
2] 35,131,360 0.176
Water .
HA]E] 0 0.000
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FZA|7Hhr) Peak area MK $HH%)
0 129,285,200 0.646
3 129,420,940 0.647
6 144,860,650 0.724
12 121,530,860 0.608
18 137,222,580 0.6%6
MonacolinK , , 0361 0-367 (.354
(2/100g)
0.3
0.2}
011 0.025
0 = = &

0 20 40 60 80 100

Ethanol concentration (%)

8 8 Fthanol 53 MK 3= 3



M 5 &  Monacolin K& Ml - EM 3 otMM

ool A U= AR FaElA = 19261 I AT EEE
olgfE FE olF MAE U A e dF 4R wgxas T4
o2 3 A7t P o, vAAAg e HHNS B4 B 1
Hu FH Saate] giAMEE S MKZE cholesterol 3 9A, 5 A&
Ash, g g3 59 VTS e Ao BHuHE o]F olF o]&d A%

A3EZ o] ke sk B o] ETolx]a 9t} Monacolind]l = K

ofl
o
1o
2

hydroxy acid K&, dihydromonacolion K, dehydromonacolin K, monacolin
L 2 Jd 5 59 F=A4A7F &AH, o] & MK7/F Jd &S Afshe
Aoz w3x Ut MKE A WolA polyketide pathwayE S
acetate®} methioneo] Zgs] AAE 2%F¢ C-187 C-14 polyketide chain
S 7Nte® sl gAd"E FggEoltt. X3 rubropunctamin,
monascorubramin % monascin 59 A4, mycotoxin®] €<l citrinin 52 23
AMEEES 593 pathways 4drete] 45+ 2oz oA o
ol¢} Zo] 754 AEd MKl #sfiAe= ddad, 8%, AR
MK A4 5o &4 Fo e A=At 22y MKE ol &3 Al#%
MEs Y es AAE E9s g2 o

A dadol dia 7hE T8 T MK b8 tiair = HES|oF

& Aoz ARHAY. ol & <

-
2
X
s
5
5
Q
&
!
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A1 A2 AddAs 32 U

1. AE L A
= Al QAN FLS] AESA T MK F&58 g &2
SHF4 T HPLCEA & (Fisher)S AF&3s3tt. 5% MK (mevinolin)&

Sigmart25F-E Fste] AL&39lth
2. FoA=

E 35 Monascus purpureus CBS 281.34% PDAMIA S AF&-3le] 30C
ANA 4L3F wAE v =, viA] TR 10%0] AEsteE duTE )
Aol H7bstar Este] Wmj(dof FHste] Bk & gAY A H
o} 120TCel A 20%3F SAEFIthel 5%7F S =% HFsh v 15 kg
S ofmAAYE ] FA30x30x10 em’)ol Hol 27 A= "e F QI
] o] B (48x45x50 cm’)ol 242 L ¥tk oL 30TelA 1097k W)

Fe F ASCAA 247 Ax3 AReke] G At

s 13k

ot

=3 & =°] MKe}
2 A 451 40T 9] F27]
T

71 A 12412 A #Fst

Z 1 go 80% ethanol 9 mLS 7}&l 3
AMAE FE3 T 10T A243 20T A

b 60TCe] =70l A 24411, 80T9] =
Ak aga FAIA 2AT AEde] 3 N HCIE 718l pH 2(&v =
450 pL/10 mL)¢} pH 4105 uL/10 mL)Z, 3 N NaOHZE 7}3] pH
8(20.5 pL/10 mL)¥ pH 10(50.0 uL/10 mL)o.2 243 & 20TlA 5
AR ek sdeA 2AS ARAS 80% NEES AMEste] 5
HlE tAl g4 & g 10 mLol Z4FE 0.5 mL7bske] 20Tl A 40
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AlZEERE Atk wpA o R Fa B 1 goll 99.9% olEE 9 mLe
Tl 0, 20, 40, 60,

7Hell sdstA MKE =% § SHTE #7H 28

4. MK A A

Z2ogREe MKe A+ neutral aluminum oxide(Sigma) 4=
80%<2]  ethanol®  AA#3}e]  open columndl < EFIAZ TS
chromatography S &3ste] #2839t Columne 2x30 cme =Z7|Z,
A& 60 mLol HE=E stglon, gl 80% o eha& Abgsto], &
Aol 6 mL(Z= &% 1 goll 80% ©ll&h& 9 mLE& 7Fel 1383F &5 %

3 go)g HEsgor 5 mLA &3 510 nmol Ao &3 = (Hewlett

A2 A1 A 59 o] MKE A &8t

3

A\

6. A%

A2 A1 A3 o] A=E AU
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A28 A g w

1. MK % AAao] pH 9 ZA4kel] ik A A

FTato]l Aatete MK 2 AM4E 982 3 g3 %S Axs7
el E MK 9 Ao obgdE HESefokyt gt

pHoll digh St S Lolr 7] 93] 80% ethanol F+ZF<S 3 N HCIZ
pH 29} 4, 3 N NaOH=Z pH 8% 102 pHE ZAI T 20Tl 547
At MK shaks 43 Ay 1 14oA e} o]l 5U7F A A
pH 28} 40 A& 16.2%, pH 8ol A& 10.8%, pH 1091 4E 4599 MK7F #
dE= How yey MKe T4 % APl A= vz bgsial ot #

gzbE| o A= A oA AE At

A

ghH, 2okl A o] kA A7) fE] 80% ethanol FEFH-S 80%
etgoz 5 gMe & A 10 mLol ZAHS 05 mL7Fste] 20T
A A0A ZHERE Age A3 19 9ol A o 3ol Algto] A gl wel MK
7 BalEo] 40¥0] AHFE v 321%7F Bl At wjg B

K
fru
T
Aul
X
N
ool
Hl
S
S
i
tlo
X
o
©
Q1
X
[\
Q1
Do
8
c
i
oL
2
=
rII.
%
ot
©

s 7k AR ZEEEFAIAL A ") ExA xR
Acetobacter acetic ATCC 15073, 2% 65, 1.75 L)¢} &= FE&F 252
mL, yeast extract 35 g, X5 70 g, (NHy-HPO, 0.175 g, MgS0O,.7H-0)
0.14 g, NHuNO3 0.14 g, k-citrate 0.21 g& &3] HE 2% 30+0.1TC,
F71% 40 m’/hr, 27] pH 3479] 2R o2 WEAZT AN FxAx

WA ze] A oF 72-96 Al MR FRE, % Axel Bk
ol

s

oA om WFA o] AQoem o= 27| HA T4

dojfol uwel Wy e] AlRto] Hojmom wFE = AMFOoRE AZo]
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ol
fllo

218k

b AgHA FARG o] Aste] 7 wWRE LA Frbas] Al

35, = 1™ 100142k o] 48AIt7hA o] W E 270 = At

o

Atk 2P AtE 6329 HE A2 MKEFs 43 43 MKe
A=A Gkt webd g FEE A6t dAMkE S A4 MK

£ oaae] 4%S AL Wal TR 2 o8 Bl olyk

sto] MKE FEARESRE 3te dx22x9 Axe E7isd 2o= add
Hrh
3 14. MK pH <A
(g/100 g)
Storage time (day)
pH
0 1 3 5

2 0.37( 0.0)” 0.35( 5.4) 0.32(13.5) 0.31(16.2)

4 0.37( 0.0) 0.34( 8.1) 0.31(16.2) 0.31(16.2)

8 0.35( 5.4) 0.34( 8.1) 0.34( 8.1) 0.33(10.8)

10 0.33(10.8) 0.31(16.2) 0.30(18.9) 0.20(45.9)

Vo= [&% 1 go ethanol(99.9%) 9 mLS 7}5te] ZA3t &3 oo U

g MK2| &l & (%)
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s & 5=
© =R
)
— o -5
4 T
= oo
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o [ep) °
il i
! ! ﬂ folo o}
N = e 3 it
= = N = N O WL S ®OAN— O
(8001/3) > urooruo N TN (%) Siv

AlZE (hr)

24 48 79 96 120 144 152
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S

S, 1093 pH Wiste] wa AAae] tFAS AR A3 x 159
oF v AR Adde el A ATt
7 Eebgstel 1090 Ak AlMelA 24.4%9] M7t EEE Ao
FAolA WA ebgstAnt oF 15% who] EajEE Aoz UEwth

T35 % 5%2] acetic acid A 3F2] Ao A AAho] oFHAS ZAS A

R
o
.
9,
=
~
o
o

an
r o]
o
o,
lo,
i
_Y\_I‘

27 1S ol 247 ol F MAF Fasty] AlsA 40417ke] A3
B ol oF 18%° AMAs HalHE Aow eyt o Ad: ¥

15¢] pH 2° W3t A4 b3 frAbeE el

(A500)
pH Storage time (day)
0 1 3 5 10
2 272.10 238.97(12.2)" 22565(17.1) 225.65(17.1) 212.42(21.9)
4 27210 252.20( 7.3) 252.20( 7.3) 245.63( 9.7) 225.65(17.1)
3 27210 252.20( 7.3) 245.63( 9.7) 225.65(17.1) 232.31(14.6)
10 27210 258.86( 4.9) 245.63( 9.4) 225.65(17.1) 205.76(24.4)

Ve z(&3 1 gol 80% ethanol 9 mLS 7}8ta 3 N HCl T 3 N

NaOH= pHE =43 2] #5-of Algeo] gt Haof el &(%).
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300

S S S
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(@\| —

(00SV) wawdg

40

24

Storage tome (hr)

A

3

g

A

cd_

A A 9] acetic acid 3ol A 2]

a9 11,

Vo zt(zA 03] Ao tiat Aael 5a]8(%).

FEd

80% 2] ethanol =

THFEES 10T 20T, 40C, 60T, 80T

FgH e 2

Abekaith. MK

ol 10Tl 453t A% A

oo
5 /v}

554

MK7F 7 9] 23

1
fu

1E 1200 A 9}
O} 207 ol A

4
stef 30.2% 7}, 60T

7
Ao 2 YE}, 40T o]4te] 2%l

oA 4 AZAA FA 3

]

A A 7

¥ Al 50.7%9 MK7F &35 =

skol 12A41%F A

E

Edy

2=
=

L
L

7F, 80T el A

= ¥

< 19 13949k o] 10TaAA 4573 A% Al 10% o] U]
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[e]

Monacolin K (g/100 g)

0.4

0.3

0.2

0.1

AN

o] AgolMe Fds A @
a7 welx = Agoe R UE
23967} R =l om 80TA 12417 AGAl oF 304%7F B3
o] exol i ¥l Wee MKe 4 oA

Aow tegon 2Est Bes

= 60ColA 2447 A A~

-

ATt

0.4 0.4

R s q

2 2.2)1

5 0.3 @2 03 | \

t (24.2)

302 0.2 |

E 10°C 20°C

= 01 0.1

0 1 2 3 4 0 1 2 3 4
Storage time (week) Storage time (week)
0.4 0.4
L L L

(8.7) (17.4) (18.9)

0.3 0.3
1 22.7 4 (22.
(02 G20 @27 @7.2) EN
0.2 0.2
40°C 60°C 80°C
0.1 0.1
0 1 23 4 5 0 6 12 18 24 0 4 8

Storage time (day)

Vg 27353 1 goll ethanol(99.9%) 9 mL& 7}ato] zA| 3

& 3lol

i H T

Storage time (hr)

13 12, Monacolin K¢ €A A

Jell gk MKe] &3 &(%)
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300 300

_ w\’_\’\<

g 1

2 (7.3) ©.8) e i

g 20 200 : (21.8)

5

o 10°C 20°C

100 100
0 1 2 3 4 0 1 2 3 4
Storage time (week) Storage time (week)
300 300 300
s b ‘\ 9
g
2 9.2)
: \\\ ;
< 200 (132) 187 o5 2 23.0)] 200 (16.5)
g ‘ (30.4)
= 40°C 60°C 80°C
100 . . . . 100 100
0 1 2 3 4 5 0 6 12 18 240 4 8 12
Storage time (day) Storage time (hr) Storage time (hr)

Fig. 13. A4 A4

Vo =55 1 goll 80% ethanol 9 mLS 7hebe] A
=

AR T Ao e Aao] 28] &(%).

3 MK 2 A 829 BelAel g4

7h MKe] =l digk k44

-

ool AAksk= MK & tigh k8-S

©

z
vl 2Fe] 99.9% ethanolZ 713 FZ NS A zsta o7)d ZHFES H7)
sl Fi&o] 0, 20, 40, 60, 80%7F ==& ZAF = 20T 10ToNA 45
b AGEEA MKe ghwists 2ARSEATh 20Tl A Ade A¥ 17

140 M &} 2ol 2k 99.9%9] ethanol FEAAME 4FIF AFsd = 86%2
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MK we] #also] ul$ ehg o veskem 80% olshel ethanol

FrAAE Al FHeE MK ZalEA=d 473 FIAAd= o

0.4
o0 |
8 00 week
;&0'3 | @1 week
M 2 week
=02 |
= O04 week
o ,,,,,,,
2
s 0.1 F------™=----
2 ,,,,,,,

=

80 60 40 20 0
Water content in sample solution (%)

a9 14 20CAAM 9] S75 s=E MK HA

10CAA e A= 27 150049 o] 20TAe] MKe] 4
el Axet & Aol HolA @tont HnkHom 10T A Al 2
0CelA AstAs Wrrh MK Bal&=s s =3 3102 ety
o a2 SRSl 20%9F 40%% A9 4FA ] MKe E& 4wt
20CHT =2 Aoz YEy

et FHFEES 8 AFY AF Ao FEEULS FH 100%
& Ab&3te] FE3t] AAete Zlo] vigAsty B2 SME ot i

ol = 10C olske] AollA Atz Zo] naAd ZAow ddd.
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20

40
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Water content in solvent (%)

9 15, 10Coll 41 €]

%= ethanol =% 0-100%%

bzt shee,

Xéa‘

S|
=

=
=

=t 1 Ay 27 16049k 2ol

1 Aggoen ethanol %71 WY&

1A 825 o

FE9
=]
=

80% 9] ethanol

SER

F

F=3F 45 80% ethanol®

10090 =

3

o] oA

= == O
=5 FEE

6.8%¢ll <=3k Att.

2% v
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300

200

100

O.D. 500 n

0 20 40 60 80 100
Ethanol & = (%)

2% 16. Ethanol #=8 Mk F&5FH

S Fmo] Aitste Ao =ol dE HFAHES =AY E =

27F obdRh Aem vEhg 80%] & H7bek S W HaEE 10TA
16.1%7F #2aatslem 20ToA = 54.7%7F #adte Aoz vyl

g ANRE FRALL 8T A4F AE AL A FEEL
22 48] A8T AS 10T olatel Aeelq st o] gt

& Zoz dAuw,
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® 16 & w5 Mo ks
(A500)
Water Storage time (week)
(%) 0 1 2 4
10C 233.50" 233.30(0.1)  22854( 2.1)  224.62( 3.8)
’ 20C 233.50 233.30(0.1)  22854( 2.1)  215.60( 7.7)
20?2 10T 198.88 142.58(28.3)  115.11(42.1) 86.13(56.7)
20C 198.88 101.51(49.0) 83.25(58.1) 42.45(78.7)
10C 155.61 109.03(30.0)  107.06(31.2) 94.65(39.2)
40 20C 155.61 89.07(42.7) 87.19(44.0) 77.48(50.2)
10C 70.03 55.04(21.4) 53.86(23.1) 53.18(24.1)
o 20C 70.03 45.33(35.3) 44.97(35.8) 44.90(35.9)
10T 38.95 37.44( 3.9) 33.18( 8.8) 32.45(16.1)
W 20C 38.95 27.79(28.7) 23.74(28.6) 17.64(54.7)
Vojz (A Q5o Al H)e] thh A2 wk(%).

Y% 1 goll ethanol(99.9%) 9 mLS 7hake] ZA|g &3t o
Fs el SRFE 20, 40, 60, 80%7F H =5 H7hstdh

4. MK9] 3 A

80% ethanol® washing 3+ Neutral aluminum oxide A& ©]&3}o]

open column chromatographyZ 33l MKES &
170 o} 2Eo] 2229 peak=

=H%er MKe 342
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5-15W fraction® AXA EIHAJ}. ol MKe 3+&L2 70%=2A4 12+
HAAZ v 73 AA=E el AL

10-18H 9] fractions =7 &%ste] HPLCE #A8 A3 17 189
A} o] T Fo MKE 1 x#l9 neutral aluminum oxide A 3

2 90%e] % el - AASAL S & 5 Uk

S

[ .
= h ——510 nm 'é
o8t .18 =
S " - === Monacolin K | g
(Vg I\ A4
w 06 . 1 60
8 | 1! E
g 04 r 1 1 40 S
E ! g
2 02 \ 12 2
o '\, >
< :
0 & le_ - o - - - - I 0

0 10 20 30 40 50 60 70 8 90 100
Fraction No.

19 17. Neutral aluminum oxide % & A}83%F open column

chromatography

column size; 2x30 cm, A volume; 60 mL,

elution £ 9%; 80% ©ll <, fraction volume; 10 mL
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Minsacdin K

7 5Es04
E
3 0Es E]
s 158005 | EE 8 |
o PRI, |I|'| E !l I | .
N
H:‘": -r fu -"ﬂ"--ll'lll}.__ ..-I'J II'-H - -_—._.I'l:!‘- —-
aoEed— E0g 00 W TR
Betergion time (mind
Before isolation
=
Missacolin K
B 0Es04| 3
| !
|
o GOE4| I
= .
:-’ i OE+ga| I'
(!
2 0g s
o opsod m s o Tl

Retsfilicon s |munj

After isolation

19 18. Open column chromatographyell 2|3k &= 80%
ethanol F+ZE 25 MK #2152 HPLC

chromatogram
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TS AdubA © 2 mycotoxin® E citrining A E AoE

e
v}

A
o 17 19942t Zo] methanolol A Mmax7F 224, 250, 31491 Ao =
ga 7k ok 2 AFol A= citrinin®] F3F I olHA MK FH 4
S5 a4l 238 nmol A citrining FA AT 1 A3 17 200049 &
o] citrinine 2.95 ®A HAEFHAN ™ Monascus purpureus CBS 281.34
52 Qe T ethanol FEEL 29584 va7t AEHA G
Ao 2 Ho} Monascus purpureus CBS 281.34 i & wlFE<Ql &0
M= citrinino] A A ALY 238 nmollAd HEEA #S Ao F

Fol Add 7hedel e Ao dekd.

CELTS |

29 19. Citrinin®] UV spectrum
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R e LT

Monacolin K~ -
25E+08 |
2,0E+05
of - 15E408|
g 1.0E+05
506404
0.0E+00 ) ¥ 600
Retention-time (min)
Before isolation
1.0E+05
MonacalinK:
8.0E404 §
§ G.0E+04 £
C 40E04
2.0E404 ‘
R T A L s
0.0E+00 "{.dﬁ 400 6.00 800 1000
Retention time {min) '
After isolation

23 18. Open column chromatographyel &% &3 80%
ethanol FEEZ 59 MK #83%9 HPLC

chromatogram
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M o6& &= 7led & MENY

A1 A AdAE 3 A

1. &rtshaAyg

7}, Benzioc acid 4FsE WE-g-o] ]3¢+ hydroxyl radical £&~71%

Fenton ®Fgo2 A - OHOl <98to] benzene 8|2 C3 & Cy
Ao kst wkgo] doju= A& o] &% Chung 5o Wl wet 3
akirh. Algel 0.1 mM Fe’/EDTA £ 200 pL, 10 mM sodium
bezoic acid 200 uL, A&} 200 pLe} 0.1 M phosphate buffer(pH 7.4)%
H7kste] 1800 puL7F = A & the, 10 mM H:0. 200 pL& 7tske] 37C
o A 2A17F WA Z yk-g-o] EER s = 0.1 mM
diehthjlenetriaminepentaacetic acid(DTPA) 2 mL< 7}ste] d4F=AE
o] -&3te] 305 nm EF I 405 nm FF I A FFEE FA3AT

ARel - OH £A%©0)& olele 2ol Asta.

Fls—F.Io
Flc—F.1lo 100

- OH scavenging activity(%)= (1 —
F.I.o: Fluorescence intensity of no treatment at Ex 305 nm and Em 405
nm

F.Is: Fluorescence intensity of sample treatment at Ex 305 nm and Em

405 nm

F.Ic: Fluorescence intensity of conrol at Ex 305 nm and Em 405 nm
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L}, Ferric thiocynate(TCA)®R ol 2|3t kalslAd A g

Nakatani 59 ®Hol| wel 80% ofghgo Hel A& 120 uL, 251%
linoleic acid 2.88 mL, 40 mM phosphate buffer(pH 7.0)2} £33 & 40T
9.

oA incubationstAth. BAAo® A& 100 uLE 75% ol&E& 9.7 mL

of 343 & 30% ammonium thiocyanate &9 100pLE 7}8lx 38 %

20 mM FeCly/35% HCl 100 pLA#& 7hate] ZskAl 2'&AIZL ok 500

nmel A FFEE FAste] AAEE HASEFS gz Bl sith

FArste e a9 FFEAA AETY FEEE A FgS iz
=

pud

Lipid oeroxidation Inhibition (%) = —(Abc=Abs) 109
Abc

Abc : Absorbance of treated control at 500nm

Abs : Absorbance of treated sample at 500nm

7F A R

TEARE MRS AV(YRAR), BE(IPHALE 90%+=4] 10%), C
(d¥Ats 885%+=A 10%+&= 1.5%), D (YRALE 87%++=%] 10%+%
o & @ 10 »te] 9 rat(H¥ Als, 200 g)oll HAANH L

l,—;
v @YRAe 370 7 AAEE AL AAse] Agagon 37
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e

oxalpacetic acid®} L-glutamic acid® W 3}3tcl, Al oxaloacetic acidE

Z84 NADHO &A] st MDHZ#-E S = malate?’t A4 %3 NADH7F

NAD+2 28hd w, b3 340 nmol M YRS BaE SRk

A F9o GOT 282 = aspartic acid®} alpha-ketoglutamic acid+=

b

= "

t}. 83 SGPTY =4

AA =9 GPT #8992 L-alanine® alpha-ketoglutamic acid&
pyruvic acid®} L-glutamic acid® W3}ttt A E pyruvic acide 2
Z~ NADH¢9 &#] 3ol LDH Zg°o=2 lactate’} A ¥ NAHD7}

-
ELEQ] RN E z_xgg 93\1:]._

NAD+= 4tsbd o, 9% 340 nmol A &3 Has

2}, Cholesterol®] =4

esters’} cholesterol esterase® #go

24 ¥+ cholesterol
Aba EA Sl A

fatty acids’} AAl %3l cholesteroli=

cholesterol +
280 2 cholest-4-en-3-one + HoOs&

cholesterol oxidate<] g
A E 2H.0001 4-aminoantipyrine® phenol £A]3}olA POl 280 =
Aol 71=8 AMAa7E PAEHE deElE ol&ste] F43th R208 I
o]-&3ate] FAsA

cholesterol-R A 2F(d 5 A <F, 3k=)3} Hitachi 747<
=3

= xg

v}, HDL-cholesterol®] =

HDL-cholesterolo] HO &A)3Fol A PEG-cholesterol esterase®] =H&
= A4 EA el A

1o oS

[e)

=

Wl cholesterol + RCOOH”F A A & a1 cholesterol

PEG-cholesterol esterase?] #-8-2 Hbol cholesterol® Ho0.7} A

_69_



AAE 2Hx029F 4-aminophenazone® EMSE, H+ + HxO &A] 3ol
peroxidase®] Z+&° 2 quinone imine dye®} 5H.O7F AAEHE A#ZE o]
g3to] =A39tt. HDL-C, Bohringer mannheim, %% 4] 23} Hitachi
7150 o] &3sto] A3

v}, LDL-cholesterol®] =4

=48+ lipoprotein % cholesterol¥ cholesterol esterase %
cholesterol oxidaseZ o] &3slo] EFFZRE 71 vlo]&A AHIAHAS
o] &, LDL ©]9]9] lipoprotein 52| cholesterol ¥+$S ZZIA1A A A0 H
EA 3o 242 ZEAA cholesterolE 273 & Aol EA) st =4

ALEE = vo) A AW A o LDL 9 cholesterols &9 2

o o3 Meldor FAHEE= HYE ol&ste] FAHAT. AFEA k>
LDL-cholesterol kit(DaichiA}, Japan), =74 7]17]%= A3}st 22 7]21 Hitachi

7150& A&kt

A}, Triglyceride®] &7

=498 triglyceridesell 3H, &4 A] lipase® ZHg o= glycerol#
3RCOOH7F A AAH glycerolo] ATP &4 slolA] GKe| #&o 2
glycerol-3-phosphate¢} H,O07F A 12 AAE glycerol-3-phophaGPO+
dihydroxyacetone  phosphate¢} H.0.2 A=  AAHHEH HO0
4-aminophenazone®} 4-chlorophenol &£ A 3d}oll 4 deoxidase2] #g&o =
4-(p-benzoquinone-mono- imino)-phenazone-2H-0¢} HCLo] A EH = <
g5 o]&ste] FAHSFAY. HAMA 2 TG(Boehringer Mannheim,

Germany)S 7 AH7]17]+E Hitachi 747 AH-83Fo] A3
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A A9l MKE A2 ol =S Monascus purpureus (CBS 281.34)=

TR Awste] Al 4 Al 1 Ay 22 e o

= o H

Mixer(Model K5SS, USA)E Al&35le] w35ttt Al =3k W
Machine (A-RYUK)S A}-&3}o] dHb= m
2 93 =ol 2 mm, §ol b mm/t HEE AE F EE & o 102 A

wo = 1S A8k

!

Z BoAg) 0, 1,2 3, 4, 5% =& 7zt H7bske

=
210 g7 & E Yo a3 F Kaiser 2WA=27](UBM-610/611)E o] &

A9t MK A4k o]l =8 Monascus purpureus (CBS 281.34)E
s
[€)

TR Adee] ot A wUES AFRsy Ax - B

fLE
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a(redness), b(yellowness) #° 2 X Aldt9th. HMG-CoA A3 &4 =4

£ Hulcher @ OlesonE 9] spectrophotometric methodZ W3 sle] =43}

ATt
A #HE AL
HsAA 89S S AFIIYAT Y FHE 208 10, W 109)
S ez 9o r FAAY. HAAME = SAS E7 programs ©]
£3}o] Duncan® thEH|mg o2 A4t
E 18 TS Ut nF g dm x|
(g)
FERANGE | g | W) | aEAR| B A | 2 F 2
0 258 85.83 258 85.83 80 404.2
15 (1.5%) 243 85.83 258 85.83 30 404.2
30 (3.0%) 228 85.83 258 85.83 80 404.2
7t 3L FE wEo

1)Agoergillus oryzae®} Bacillus subtilis® Z}
Bushe g 112 £Fate] AT A

Az -
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A 2d Ay 9 gz

TXoRRE 100% % 60% ethanol FEE& A% hydroxy
radical 2155 ZFASE A3 F 19942 Zo] 100% ethanol® F=73F
o} BHAe®| H]a] ztz} <oF 2u), 15819 hydroxy

radical 2A%5°] A& Aoz YERWY. 3 60%° ethanol® FZ3+ 7

Aol 9 a-tocopherol

= 100% ethanolZ F&3% FZE| Y3 hydroxy radical 2~A%°] t

[e)
o
ooyt d e 10 FAE Al AAFL a-tocopherol©] Lt

Fao) AatsE A4 Aslse AR AT E 200049 2ol 100%

ethanolZ F%E3F FZ 80| 60% ethanolZ FE3 FE& WU b A
sol E=A Yehytow 100% ethanol &% Y4l H$ a-tocophrol©]
U BHAC Hl&] Aslse tha A SRy vwd ggikstg st
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¥ 19. Benzoic acid hydroxylation methodell ¢]% &=r3%E-2] hydroxyl

radical £2A%

Concentration Inhibition(%)

dA 95.4+2.7
10096 ethanol )

100 g4 90.6£3.2
extract .

1008) 3] 4 37.8t29

o aH 81.512.5

00% cthanol 108 84 704418
extract

1000] 3] 4] 35554
a—tocopherol 1 mg/mL 476154
BHA 1 mg/mL 65.4+3.3

¥ 20. Ferric thiocyanate nmethodol] ¢]3F %

A &l 24

225 9] lipid peroxidation

Concentration Inhibition (%)

2 ol 60.4+3.3
10096 ethanol

’ 108 5] 4] 46.7+3.4

extract .

100w 3] 4] 19.6+4.1

ol 55.4+1.5
60% ethanol .

108 3] A 50.442.3
extract B

1009 &4 20.5+2.9
a-tocopherol 1 mg/mL 78.7+2.4
BHA 1 mg/mL 85.9+4.3
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TS Aol A o] Abmol 1.5%, 3.0% Z+z F7bste] A
25 Axdto] ratol 37 AFHAAIIEA 0, 1, 35 A5 A F] o
GOT, GPT, = cholesterol, HDL-cholesterol, LDL-cholesterol,
triglyceride®] &S At 2 A3 29 21004 ¢ 2ol GOT #&
3%°] =& HFAAA ratoll A 3 w2 FAE YR e, GPTE 74
= TS HeA ¥ B el wls) ofzt v dEwth a8a %

cholesterol®] A-%-= d¥Al2E HHAAZ A wRYE 238 <A e
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2% 6.40£0.84° 7.100.74 6.70+1.42"
3% 6.80+0.79° 7.20+1.23 7.20%1.75

UMean values within a column with the different letters are

significantly different by Duncan’s multiple range test(p <0.05)
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F5 TR BE 0940 0%E HY Ee AdTHS novh @9

71l EZI7EA 90% ] A &S Hol F=HIF aFEe

a5 %i;ﬂ A Z ek =5
0 3.39 6.25 4,09
5 20 3.24 552 448
A7) 40 378 5.80 423
60 473 564 4.16
0 3.30 5.80 433
T 20 4.00 5.70 442
1.5% 40 363 5.63 421
60 4.39 572 428
0 3.64 6.30 431
5 20 3.82 5.47 457
3.0% 40 5.19 577 432
60 346 581 466
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¥ 28 =4 717t 3= HA7 15339 HMG-CoA reductase
A 824
] %A 2% 8(%) HMGR A & (%)
] o]
(D | pw. MeOH D.W. MeOH
0 62 39 50 0
20 69 42 50 0
Control
40 65 48 54 0
60 70 45 60 0
0 67 43 7 89
_ _ 20 68 40 63 90
T 15% A7t
40 68 50 90 92
60 63 54 10 80
0 60 42 75 90
. _ 20 70 43 79 90
= 3.0% H7b
40 70 51 88 89
60 62 52 50 88
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