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Study on Monascus Strains and Characteristic for Manufacturing Red Yeast Rice with
High Production of Monacolin K

Ji-Young Park, Sang-lk HanT, Woo Duck Seo, Ji-Eun Ra, Eun-Yeong Sim, and Min—Hee Nam
Department of Functional Crop, NICS, RDA, Miryang 627-803, Korea

ABSTRACT Red yeast rice (RYR) is the product of ] ]Oﬂ B (Monascus perpereus)< Z5}aL v oF
fermented yeast by Monascus strains on rice, and has o] WE ARG ZILo AL A7) SO AT oga] W
recently becolme a popular dle.tary suppleme.:nt as a traditional n} 0}1,]‘1} 29 ug @_ HbE A A Zof afu] 24|, T
food in A.s1a.. RYR contains mona(.sohn K sgbstances JAA R LR T glon mzkHe] 1w A5t 22
known to inhibit cholesterol synthesis as efficiently as o Hol 23t 7H“°ﬂ a7} 9 Ao el oA it
statin drugs. To determine the optimal rice cultivar for =7 v e M=

manufacturing RYR, 7 rice cultivars (Goami, Goami2, (Ma et al., 2000).

Sangjuchalbyeo, Seolgaeng, Saegyejinmi, Yeonghojinmi ol Zdl2H1E &4 A2l monacolin K(lovastatin)
and Chilbo) were fermented using two Monascus strains 7} akogjo] glojx Al ZYAHE At &FLo] 9= A

(M. ruber KCTC6122 and KCCM60141 of M. ruber) in o7 IHA 9lov(Wang et al., 1997, Li et al., 1998,

this study. The monacolin K content of Sangjuchalbyeo Heber, 1999), Z ol &0 wrantgo|a] A4 ==

were 47.24 ppm on KCTC6122 cultures and 117.03 ppm -
[} A EE 0 oF =40 1 o)
on KCCM60141 cultures, respectively. Other cultivars, A HiAE e B 71 I #arHal Slek(Kwon,

especially Goami and Goami2, which had less content of 2012).

monacolin K could not seem to ferment normally because S g% o] 9= azaphilone AH4~E(monascin,
those didn’t show red color. These results imply that ankaflavin, rubropunctatin, monascorburin, rubropunctamine
Sangjuchalbyeo can be optimal rice cultivar as a commercial 21 monascorburamine) ] %% ZH§, y-aminobutyric acid

RYR which is well fermented rice and has high content of o] AAAY U Fo}7sl &3k, dimerumic acid, tannin,

monacolin K. phenol %! unsaturated fatty acids®] A4S} 2F-8-0] H 15
o] 9l o m(Martinkova et al., 1999; Akihisa et al., 2005;
Taira et al., 2002; Lee, 2006), & -24 7t&Abof| st 7h
B 3 A8(Cheong et al., 2011), 12|31 Alzheimer’s disease

Keywords : Monascus, Monacolin K, Red yeast rice, Rice cultivar

S, Y&, g, Am Ao, oigk, Hejw 5 ofAlot YT H Q= amyloid B-peptide®] A17A| o] Tt =
7ol A, Monascus é.\— FFE QY] Ao mge =z 8 A aHLee, 2008) S HalE OTE}

Z oo A7, HAMA, AZRZAEA g Eot o] StH, M (Oryza sativa L) AAA 2142 60% o]Ato]
SEojgct 1 F 7} A 6 AL T o], ‘red rice’, Akl glom, A AA Q19| 40% O]*PO] o & FA L
‘red yeast rice, ang-kak, anka, ankak, angkak, angquac, L 2 o] §3tal QItk(Stork er al., 2005). B2 oA ¥ %
2] 1 beni-kojigt= thoFst o]2 o & ot A ¢rh(Patakova, — wNF oyl H[THEA|, S 2EHE ASH T AA ] ook
2005). A 24715 7H AlEoer dEA QIti(Choe et al,
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2002; Kyoun et al., 2006). €A = & AL A4l
s, Ao it ohefstar st AlEFsol didt &
H|ZES] @k 9 ¥k AZ 0 2 A AO] AH| A HA| Y
A5-3F A= 2ol ool A wstar 9lthKong ef al.
1997). weha Av] 2 S0 FES ML HBRS &
o)31 thgkaulh Pt o] 4R AT 1 Bl Ak
TfEAE 7Hmo] A%t Alsto|th(Huh ef al., 2012).

v 99 SoldL 9 RS Buoy 2382
AR5 R Ausiel AEL BolslR ger, 2
el M= $RUL it 4E 5o A 5B R A
sto] sl Qlth(Kim & Park, 2012).

e Az v, FE Azo] Azke 3wl A
of Wash, gl MHS F2 FARL 4o HET T
ujFato] AJAFSHH= monacolin K9] ghefolu} A A/J 5 o] A
AleFL 7o 2 Y3t AWtz © 2 monacolin K&} &
8 Hze) AR &S FHE A Ao| a5,
monacolin K g4tofl et w55 317] %’45& ol )
A= =Wl = 35%2) Monascus o5 o= A
Hi x| o] A &f wt5=E HljF 5/d3 monacolin K A4 2 A
A AR S EQIsH vl Qltk(Seo & Park, 2012).

SHAIRE S Al Al ARt A FFo deiA= A
T HEZE glok 3754 SRS AR ] flElA, o'
2 FZFol A monacolin Ko A4Hdo] #2215 &ld 2
a7 ek wEpA 2 ﬂ?oﬂfﬂ% +5=2] Hj ¥} monacolin
K N-]/K}-Oﬂ 7(4‘0‘1—‘6]— /V\T-_,] %. 73)(4 o]—7] ‘I'JOH 7_:___,] pAAS ﬁ
25 Aoz H]%‘f’\é%(lnactlve monacolin K,
form)2} A& monacolin K(active monacolin K, hydroxy
acid form)3HFS E4514th &4 4 monacolin K= -3}
ol =B A\ bolnl, SELEN 12 Qg HHEo] oe) @A
Ho, 7 AFEAQ FEFRY] v|ZAE monacolin K
3 BRI HelA ZAelE, pH olEH o AE
FtH(Ana et al., 2013).
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Table 1. Various rice cultivars used in this study for
manufacturing Red Yeast Rice.

Type Rice cultivars The number
High Quality Chilbo, Younghojinmi 2
High Yielding Segejinmi 1

Processing Rice Seolgaeng, Goami, Goami2 3
Glutinous Rice Sangjuchalbyeo 1
Total 7

perpureus7} 15%, M. ruber7} 132, M. pilosus7} 7£0| 4=
A =l o] & o5t Ao ARESIATE AMEHRA=
7|EA o R A% 9= HjX|Ql potato dextrose yeast
extract agar(PDYA, Difco, USA), potato dextrose agar(PDA,

Difco, USA), malt extract agar(MEA, Difco, USA) 52 A}
23197, oH

15+ Sabouraud dextrose agar(SDA, Difco,
USA), corn meal agar(CMA, Difco, USA) Hj#|] 52 7}
2 gtk 25CoN TU% BAE Wgstel At
o ARl $E A S 13 1402 A

oFslo] Alale AastATh B Ald o] A= Park(2012)2] A
o)A monacolin K AYAHEF -14‘ A ABAero] #&

Monascus ruber KCTC6122, KCCM 60141 2&9] 4F=
Aels, tRre] @57t o WA ek PDYAUA
5 quagc. $E Az olgH ¥ B9 2ES
Table 1o] UelfQct. theksl Txo0] AFRE =], 11

Az PrhEs 28 (Kim ef al., 2009), FE20|(Yeo et al.,
2012), T1e]31 Sefo] £& B 1EA ¥ AA7u](Cho
et al., 2012), 7|28 = WwaEAo] £& 47 (Hong et al.,
20113 ToFUR QA E20] Fotu|(Song ef al, 2008)
Jotu)2, A E59] AFZH([Ryu ef al., 1988) 2 F
Zoltt.

Al o

H|ZA 4 monacolin K(lactone form)e] HFEZHZA]
Mevinolin, from Aspergillus sp.(Sigma-aldrich, USA)E A}
€319 37, A3 monacolin K(acid form)2] F&E2-2 H|
243 monacolin K9] &2 Mevinoling o|-83}6] %
At
&, SHIEYo|EE %4 -81l+= J.T.BakerA{USA) 2] HPLC
5 Aore ASSAm, T F30) AgH JHEL
Merckﬂ}(Gennanyvﬂ—ﬁ o1 g5teitt. o154 A0l 0.1%
AME-E A E trifloroacetic acid(TFA)+= sigma-aldrichAHUSA)
& FUSHAAL, BE o] FA> 0.2 um FEo| o} & ARG
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shc

EZU =& U AREH|

ANE AAEs 7t F5HE daE &
8lo] Kim & Park(2012)9] &3} A]oF%
A% 71541F8 71 4 49 AEH 111.3.6.601] wh2}
Z4|819 tHKFDA, 2010). A& 0.5 g& AeFate] 75% o
B 10 mLoj| &3t ohF 6027t 233 A& Stk 1
S ZghufeFr] o A 6087F B &3 tha, 3,000 rpmo A
10E7F YAEZ|8 AFSNS 0.2 ym WEHQALE R o]}
sto] ARG o= shgitt.

2

-101

77I2M=A

ZatFo] A= FR -84 821 monacolin K2 £4

2 B Avula(2009)°] wg} &I Z2utE I E o] &
’6‘}—‘_— UPLC(Ultra-performance liquid chromatography)&-4]
oz At Avular et al., 2009). AA| 2 Monacolin K

B4 ol 8" 77le

1o

UPLC mass spectrometry(TQ

Table 2. UPLC-MS/MS parameters for the analysis of
monacolin K.

Injection
2ulL
volume K
Endeavorsil C18 column
Column . .
(particle size 1.8 ym, 2.1x100 mm, DIKMA)

Flow rate 0.4 mL/min

Column 30C
temperature

A: 0.1% TFA in H20

Mobile phase B: Acetonitrile

Gradient o
solvent B(%) 40 50 70 100 100 40 40
Detector PDA 237nm, TQ Detector
(Acquity UPLC, Waters)
Inactive (lactone form)
Ionization - Positive(+) ion electrospray
mode Active (hydroxy acid form)
- Negative(-) ion electrospray
Capillary 3.50 kV
voltage

Inactive (lactone form)-16 V

C 1t . .
ofie votage Active (hydroxy acid form)-20 V

Collision
Energy

Inactive (lactone form)-16 V
Active (hydroxy acid form)-22 V

m
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Detector, Acquity Ultra Performance LC, Waters)& il
monacolin K| v AP ztzF Bastgct &
HL C18 column(2.1x100 mm, 1.8 um)& ARSI} 0.1%
TFA : acetonitrile = 60 : 4002 3 gAML o]FAlo 2 3}
1 =% HIE Fo 0.4 mL/mine] $4508 FY5H9 L,
UV detector 237 nmoj| A A% BEA5}HTH

FEEHE HZ O 9 SigmaAt=EE Sk HH|iE
2 (Mevinolin, Monacolin K) 10 mg2 Ad3}A 2o} 75%
of|E+-2- 50 mLof| =] H]ZA & monacolin K 378000 &
ARESERLAL, o] 5 2 mLE F[8to] 0.05 N AR EF
=89 0.5 mLE Yl A2oA 24 307 WA|ske] &
413 monacolin K& ¥F8d o2 218359ttt PDA A&
7] 237 nm ZANA AFEAEHTE LC-MS/MS 272
739, H]24 3 monacolin K9] 0] 23} REL ¢folL &
(ESTH)o|H, A& monacolin K& 20|21 =(ESI-)oj| A
d20] ofslel 7t 278 elato] BAEITE LCMSMS
%71 Table 20| Yetfict.

SHXzE|

AR BA-S- SAS 9.2(SAS Institute Inc., Cary, NC, USA)
PC packageS ol §stith. AT ATL 2 WEgS 5
o WELEZHAR el 7 o] e el
2| AR A (one-way ANOVA)S AASIIL, AFEAA S
2 += Duncan’s multiple range testE 2]-8-5}% 01, a=0.05
oA folde AR,

zd I.I:ll

EJ_'— 1| xF

L=

I}
uEZH S2W us

Monascus ruber KCTC61223 KCCM60141 F7}%]
F5 o] 8ol TS AyASE ATt Fig 13 2t} =
2 oo F Upehbs e 20| djolo] wjehd e EE

o4 the Aoz wleo] Ho] A4to] HgAt #mrh
= 30 uehA] uj$ 24 Yyeh= FEde 2ok 7f
g

P oA Aakd A2 Aol AAAN, g2xlv] 5

Ho AmE vsslglon, motule Ao wEvt 57 ¢
ot %% Mo gheFo] ALl UehA| gh= ARl H2
A Asheko] ke ARZ2kE 7} monacolin K AJAFEFo] ThQEA]

o}, r,}g EZZES 9w EE o M42F monacolin K gFo]
ATRAL A0 e A gtk o] A8 Seo & Park
(2012)©] monacolin K AJArAF2] JHE-2 M. rubero] 3f

=] L
Sl AL, A AARsO] =Tkl 2
-
.

%2 monacolin K $5Fo] sz ¢l

M perpureus
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Strains Goami2 Sangjuchalbyeo ~ Seolgaeng Segejinmi Yeonghojinmi Chilbo
,/_‘\\‘ aamas N 3 oo
KCTC6122
KCCM60141

Fig. 1. RYR of various rice cultivars used in this study.

b)

Mevinalin - § 631

o 030 1) 15 280 3W 3M W 45

Fig. 2. UPLC chromatogram of monacolin K from red yeast rice: a)active monacolin K (acid form), b) inactive monacolin K

(lactone form).
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A% =25-9] monacolin KZ UPLCZ
Fig. 29} Zt}. Fig. 29| 1= (peak) a)+= &4
K&, 93 b)= HZA3E monacolin K9
(Retention time)= UEHHTE 2H2bo] 55 AlRof digh
AREIRS 4o, s
HE712 BASHch Fig. 29 A Wy 93¢ EA4Y
monacolin K&] LC/MSMSZ#}+= Fig. 39] a)o| A &2l &
T Sledl, A7 50 23HESD) WA 9 Fol&(-) =0l A
S AEE Ul onRg Jo| nEF ARSI A

oL
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o
=
o
(e}
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=

F-o]-&(precursor ion)> m/z 421& AEHSI, FEYAE
7Vele] m/z 101, 3199 AAdo]l2(product ion)S AYAIS}o]
MRM(multiple reaction monitoring) &2 &3] Qlo]&
(criteria ion)o. 2 AMEEQITE SHH, Fig. 39 b)ofA v
& monacolin K& LC/MSMS EX5-8 39l o 4~ =1,
ESI+ol|A] =7} ) Fof ¢Fol& BEE ARSI AHo]
2(precursor ion)-2 m/z 4052 &1} 1, A4 o] (product
ion):> m/z 199, 2850]3ith. 27t T 559 AlRE 4
stof Fig. 39 Aol AHERY 22 Aag A, H
27391 4% monacolin K AlFo]2 gl Aol & A=k
= Ittt Table 304 S/d@n HIZIF Y Aol
9 Aol EAfel el AelsiA UEh itk
So| W Z=H monacolin K gt2F

Z2d M. ruber KCTC61229} M. ruber KCCM60141 2]
ol whE A FFE F=42] monacolin K o] Tt
Z3}t= Table 42} Table 50f ZH2 Upebyi it} KCTC 6122
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Fig. 3. LC/MSMS spectrums: a) Product ion of active monacolin K by ESI- mode, b) Product ion of inactive monacolin K

by ESI+ mode.

Table 3. MS spectral data of active and inactive monacolin

K from RYR.
Compound Precursor ion Product ion (m/z)
Active monacolin K 421 m/z 101, 319 m/z
Inactive monacolin K 405 m/z 199, 285 m/z

F50 T BAT AT, 45
7} v1gg gt %L’H % monacolin K 25 7}4 =2 3}
% monacolin K35§o] 47.24 ppm o2 2|4
Sl ATHgEE AYITHTable 4). MIZHgR v 4
monacolin K 10| 54 o)A} =2 AulE Hic}t 1tk
o2 A7a AA A7} 2k} 3.10, 3.07ppm O 2 AFF 2]
of Het AAsHA @& kol AN 11 9 thE 4 FF9
Aatol sl FoJstA w2 S UL
KCCM601414t55 o] gate] T4 EAg Aahe=
ez B2 &4E monacolin K o & 7}
A =7 Ve, & monacolin K 30| 117.03 ppm o &

A A A HTable 5). 138]31 KCTC6122
of Akt A3 FEY Fke] Bls 2uf o]/
=9 % monacolin K’é}%k% el ¢ttt 414 monacolin
H|ZA 3 monacolin K &2 5ulj7}=F
pOTTEN

Alfred(1988)°] oJ5HH W& H-G7Fol|A=(in vivo) &/
P} H|Z/d % monacolin K W57 22 AA|ZHS HolA|
wh #gako] ol & o & Fwsh | vl B4
& monacolin K(hydroxy acid)®] &4o] ¢ au}xo|t}. s}
A9k, ZHEAENE -2 8|24 monacolin K7} AL ekE
(prodrug) 241, 7tollA] chARARE-fl 2J3 €dF monacolin K
2 AgE chAlfred, 1988). wh2hA], KCCM 601414-30] A
W E ) Az 7 S 18] B]243 monacolin K2
o Z7tsksiAL Al BYF o2 Ay
g g long 2 gaMn AAkEFo] 47.24 ppmof| 4] 117.03
ppmO & OF 258 H= F7HE o= HojZlrh 1 9 tf

ko o
o -
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Table 4. Monacolin K production by M. ruber KCTC6122.

Type Goami Goami2 Sangjuchalbyeo  Seolgaeng Segejinmi  Younghojinmi Chilbo
Inactive 0.01+ 0.05+ 7.56% 0.35+ 031+ 0.26+ 0.15%

v 0.01"%" 0.00° 0.35" 0.08° 0.11° 0.00° 0.00°

Active 0.23+ 0.81+ 39.68+ 2.75+ 2.76+ 0.53+ 0.22+
0.00° 0.02° 1.01° 0.02° 0.70° 0.04° 0.01°

Total 0.23+ 0.86+ 4724+ 3.10+ 3.07+ 0.79+ 0.37+
monacolin K 0.00° 0.03¢ 0.66" 0.06° 0.59° 0.05° 0.01°

Y All values are mean +SD (n=3).
? Means are significantly different(p<0.05) by Duncan’s multiple range test.

Table 5. Monacolin K production by M. ruber KCCM60141.

Type Goami Goami2 Sangjuchalbyeo  Seolgaeng Segejinmi  Younghojinmi Chilbo
Inacti 0.04+ 0.15+ 52.73+ 1.55+ 391+ 1.13+ 1.16+
active 0.01"2¢ 0.01° 1.56° 0.01° 0.13° 0.06% 0.03
Active 0.40+ 3.66+ 64.30+ 2.60+ 12.71% 1.30+ 222+
0.03¢ 0.01° 221° 0.09% 0.08" 0.08* 0.72%

Total 0.43+ 3.80+ 117.03+ 4.15+ 16.62+ 243+ 3.38+
monacolin K 0.03° 0.00% 3.78" 0.10° 0.21° 0.140% 0.74%

Y All values are mean +SD (n=3).
 Means are significantly different(p<0.05) by Duncan’s multiple range test.

£ #39 monacolin K3Hg KCCM601419] t-=of| A 4§ K] Al3Lo]&(precursor ion)> 22} m/z 421, 40511
ARsE Zao] KCTC6122-E o]8afo] AJArsE a4 W} A o] &(product ion) Z A oé% m/z 101,319, H]|Z
AAH ez =2 Aol o] dugie s wdd w, M ABE m/z 199, 2859 EARS Eelstyinh
ruber KCCM601410] KCTC 6122¢] H]sf Z=42 Az 3. M. ruber KCTC61223} M. ruber KCCM60141 #3E
UL Agsirtal AbrEnh B3 A 5 FolA A= ol-gsto] A ZFHI AJASE =149 monacolin K
T2 73S Wl monacolin K 4§ J%% 7P =A st SRS B3 Ax), A zL 7H2E 47.24, 117.03ppm
22, IFH Tas AN 5 Qs Aol wtd o7 7MY W I UERRlH
4. 729 E22 vuPyS u, M. ruber KCCM6014109]
e KCTC61223} B]13}o] monacolin K AJAteFo] o] =&
W0laL, 1 F @L_ngtqg ol-gsh= Zo] T=& A
4% ZY2HE AsHEE0] 9l monacolin K g Abol] AATE 22 Mol wehgc)
S YAES Q) 259 T et 7Y A EFE AL
ot =2 AT A4t =2 monacolin Ab A}
K g &A% 23+ o33 &2

= A ool
=%A9E monacolin K AY4beFal 72 M40 Aw7} 212-Z¢1(REFERENCES)
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=
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