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Abstract: The growth characteristics and production of color
pigments by Monascus strains were investigated during lig-
uid culture, and production of monacolin K in red mold rice
was carried out by solid state fermentation. Four different Mo-
nascus ruber strains were cultured in potato dextrose yeast
extract broth (PDYB) media at 25°C for 15 days. The high
producing strain for red pigment was not corresponded to the
strain for yellow pigment. Production of red pigment was high
in the strain causing the fast pH change in culture broth. Pro-
duction of monacolin K in red mold rice by solid state fer-
mentation was influenced by a combination of wet cell weight
and spore density in inoculum by liquid culture. Most strains
showed the high production of monacolin K in red mold rice,
when submerged fermentation was carried out for 5 days as
inoculum for solid state fermentation. These results suggest
that submerged fermentation period of inoculum have an ef-
fect on the production of monacolin K in red mold rice by
solid state fermentation, and monacolin K in red mold rice
could be increased by controlling the condition of submerged
fermentation for inoculum.
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& BT FRALC) AN S TR JUAR WAFE AL AT, o] 8 DAL EIN] FHEE A

0] ufeh M0 R} TR0 FehAL ACT e 23 5 monacolin K| Bk} 27 AL BA Abnfnsk

A Ak [7]. Ch E3h A F o 2 A HAESF 7] 7] S AT A O
FRFL O THE BRo| RS B AL e nlAE A SIS HH A 17HE B To R

55 ¥€5 7 e, olAS F= (k#)ol2tal sk, 53] A monacolin K& AAitera SAAI 4= Qe S=4 LAY

3L o] WAT AL FAMIIT A FARL & & 208 FAs A o}t

YuUehE HZSE FobAlof A oA LMY HFH L

2 ARG E o] & A7AF O R, Zap o] AT A Q1 AY

2 &A] A E-& monacolin Ko| T} [8]. Monacolin K9] 7] 54] &
cholesterol gHAJof] Bodt= a 421 HMG-CoA (3-Hudroxy-
3-Methyl Glutaryl CoA) reductase®] 84S #sjgto = H &
T ZEl&HE AE AT 7= Ao 2 g A Sl [9,10].
71 ofof| &= F=rofl ofjt ek [11], F4ks} [12], FH & [13]
SolgrE A glon, HTo= A EUCEN Y
4 1A gto] tigt oA ket [14] @ ol et & ¥t
Atts FEA 297 A = A [15].

$9) 7154 A4 E-21 monacolin K&] A A Monascus sp.
of A Hjro] Sl B4 O] 202\ gLof, 52 AAFA ]
=2 Aspergillus sp.o] Q8] A= itk T, Asper-
gillus sp.2} 2] Monascus sp.& TAL AT TS A7}
7|5 A E 02 AREE 5= Qlo] F| o= Monascus sp.2] 1A
8 & 52 monacolin K&] A4 & S7HA 7] = A7) 0]
Fol A gt AAH A9 TR = 584 521 monacolin
Ko} of g Mag Wk opy e} A5 42 2488l citrinino]
A FrE O] A= A 7F B2 [16], o] = Z=ro] ABAst
X monacolin K&} MAE0] A=A 2 228} citrinin $-2]
AT TS A B RE AAT d o ®E o
A At [17]. o] A7t AL A S ool ZFE FJEY =
4o 2z 370 ERet sz lol o5 ARt ¢
ATk [18].

AAEEE FE Z= 2 2 5E monacolin KO] A At thgt
A= HsHA o] Fol A =, F, E, Ee, M4, ¥
Y A7 ZE 718 Fol A= Wn 7t 7Ht =& AR
< et slem [19], LA EA ] HALE S B 7
H YA S 208 ol F7HAI7 )= Ak B ALE QLT [20].
E3F, Aol A o] A A ARFo] aLAE & of A €] mona-
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AL R AN TANRE BT T 6] mo-
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vjoF 2719 223517 F sttt & Ao A= AE A B
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Ao AR et Aol A A7 715 A% Azl
g3 5 QR QYT Qi REEL AFEaketh o) H
Al of| A v] L& A 7Z-o] Z15}7| ¥kl monacolin K2J AJAF
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M. ruber KCCM 60167, M. ruber KCCM 60394 & 4+FF5 A
ol AMgsklth ZF o= AT v A=A LAl
E (KCTC)¢} k=] A& 2 A E (KCCM)of| A] E-oFdtof A}
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L5 3 0% Aol ThA S8 SRS 7] 99 2R A
o] 10%] st Baas 27k W7kshe] & viA|
Zul st

vl 2 v ) of o Juof 0. Fu)E F3S 8% (viw)h
HEE HEIL, HE T 25°Col A 102 59t g4 T
ALEE Ashelth LALE v 515 1 54 e}
A28 £02 AN IRFG T, RALEI FRE F AR
2 A)ste] F349] ABkAteoF monacolin K| AYAFS
=4 5tgich W opo] FRE AR 60°Col A 4:50] gloj 3
wh7hA) 24412k o] A AxBte] HF FRS A2 T AR
shof mabahuA] B0 ALgslct
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24. 928 BE4
oA} Bk 7 I A AT FHE W
& FAE clhste] S5 el ol gttt 2t 7
9] ujj oFo] 7}l -2- 96 well plateo] 100 uLA F-F35F th-2- spec-
trophotometer (Infinite M200Pro, TECAN, Swizzerland)E ©]
$30] SRS ST F50) A4 AL 4 4
A2 385 nmoj| A, A A 4= 495 nmof| A S 7 g2 A
o &2 sF) 23]
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2.5. Monacolin K ¥ citrinin 4]
Zao] HAet= 8 785 ¢ monacolin K} 4174 =
22 21 cirining] B4 Aebg oA AR 71747]
LAz 7|2 W 749 AFHE 1113.6.6 T [11.2.5.40] u}
o 2 AP HPLC H & A stol R4I5toltt [24]
Monacolin K¢] £-4]-8 HPLC (Dionex ultimate3000)E- o]-&
&Fo] UV detector ©]-§-5tof 237 nmof| A S7}51ct A9
2 C18 column (4.6 mm x 250 mm, 5 pm)S AFE319] 0.2%
phosphoric acid : acetonitrile = 65:35 (v/v)2 §F SN L o] FAF
o7 5t T WIS FH 1 mL/min®] f40 2 =95}
AT EEE A v184F 0] 43 Sigma (USA) 25
B Fste] EEE 10 mgS 75% o gk 50 mLof o]
200 ug/mL F= 2 3 ohg ARESHGLAL, B Y- HIEA
HEZEZA £9 2mLE 0.5mL 0.05 N NaOHo| Z38}5F & A
2o A WA 3t & FERH o2 ARSI

(b)

Citrinin®] £-4-& HPLC (Dionex ultimate3000)E- ©]-&35}¢]
fluorescence detectorS 0]-&5}0] =43519th AHL2 C18 co-
lumn (4.6 mm x 250 mm, 5 pm)-S AFE-319] 0.12% trifluoride
acetic acid : acetonitrile = 60:40 (v/v)= §t 8N o] FAL O &2
3}11 1 mL/min®] §£ 2 2 fluorescence detectorsS ©]-8-5}¢]
Aex =335nm, Aem =502 nmoj|A =A3s}l%ct EEEALS
Sigma (USA)ZH-E| ¢ sto] meh& = o ARE-sh3it.
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of 47|12 E4stqch E4H =71 1 goll ellgh& 9mL
= A7Fsto] 25°C, 180 rpmof| A 1A|7F 52t wRbshH &3t
% 13,000 rpmof| 4] 3 min 5-QF YAl 2|8t AFSAat A
= 2ok, A AS 34dt oy FEH 0] 2 mo-
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Fig. 1. Color changes of liquid culture broths by Monascus strains in PDYB. (a) M. ruber KCTC 6122 (b) M. ruber KCCM 60394 (c) M.

ruber KCCM 60141 (d) M. ruber KCCM 60167.
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3.2. WA o] w2 M A4 E WS
ZF w55 WA A ol A Fabe X o 159 <t
ol BiskE HAIH o2 AW H kTt 7 2] A g
of 2FE Aol FFS FHEE o]§5ko] spectrophoto-
meter=2 F4]3F A3} A A A= KCTC 6122 o Foll A =7
UFERE T (Fig. 2(a)), 24 A 4= KCCM 60394 2] ulj <F
Hof| A = A| LefT (Fig. 2(b)). &4 9] 7 9= KCTC 6122
7} 9 28 S-S YR HHH KCCM 60394 59}
KCCM 61041 #3+= $7F 49 S Yeyglon,
KCCM 60167 vt 5= Ao 2 & & -2 WA AAkekS e
ek E3E, 24 2] 7 -0l = KCCM 60394 w57} ufj9- -2
oS YERY LA, KCTC 6122 #5& S A 29 g
e 9] 2.1, KCCM 60141 #+59F KCCM 60167 3= A
i H o g o A AYARFS GER it o] g Aok &
Qto 2 St Aot thE A VERgh=d], S92 2= KCTC
6122 7} Aol 7Hg Ag A 02 YEt o, SEEE
o] &3t A A A4 AYAEFS KCCM 60394 7} 7H =7
Ut 235 HolEqoth o] 3l Apo 9] o] {2 = £¢F
O] 9 7Y ok v oFsh vk o 2 Ik ot S
T BAL 15U Bt vl R o] A A AYARFS 24519 7] o
2ol Ao g wetEh AA R YL SAT A 4o
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F2F KCTC 6122 o7} w9~ 2 2po] & YERY L 9l oLt 7
A 5ot vl oFat v kY of| A = 25t 57t Aol 7F A2] Y= A
© 2 Vrepbar Qo Trefu, SHAY A4 0] 9ol = 7Y uljeF
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T2 A4S ARSI Q=) o] & <8l Seto = e
KCCM 6122 3#37h 8] ©] st 5l 202 weg.
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AN A 4L 7R = F HIHE BolA] i SURRE A
& AAbEFo] Z7tE= AE B9tk KCTC 6122 2
735 A Aok A A W SURRE APAbgFo] ST}
&17] Al&bato] 9d Aol H kS et o] & A stA 54
H= AS VER ST 18y, KCCM 60394 2] 79
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3.3. AR A ] pH A3t
7} 78R A oF Fok pHE) W BHE Abw] 1 gpck. o4 v
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Fig. 2. Pigment production by liquid culture of Monascus strains.
(a) Yellow pigment was measured as absorbance at 385 nm by spec-
trophotometer. (b) Red pigment was measured as absorbance at 495
nm by spectrophotometer.
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Fig. 3. Changes of pH in liquid culture broths by Monascus strains.
pH of medium was adjusted to be 6.0 at inoculation time, and pH
was measured during cultivation of Monascus strains at 25°C, 180
rpm for 15 days.

6002 2HF 5 Ao B WEW ohS 150 5
58 st A oo 1314 Wopol g 5)5:3of pHE
in =S

AL e

Sttt vl 3L A7 A] B b0l Al pH7E 4.0 7}7ko]
o om, o] F5E| thA] F7FE7] AlAHSEe] 9U A 7HA] pH
7.5 Yol & Z7}stelt} (Fig. 3). o] F 2= 25 pH 7.540.5
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of| Al A 52 == FFS HeEt =T, ol 21k pHE]
W3t o7 ABEHA dojuhs of g A E o] EH]
oF 27} AR O] AT AEE Ao E doHn 45
5 pH W3} OFA-S A 2w KCCM 60394 257} Th2 25
S0 o E P et = s 3UA o] pHY] ST}
O w550l vlal vl w2 A Yepukar gl o] 2t |
/42 KCCM 60394 <+529] A A 4 A Ak o] wh2 F7fet
UA|eh=T, o= A M0 AAbgFo] =2 H50] ¢
pH7} 54 ol 7HAl sopxlth= Aaete f-ARHS o 4= 9l
o} [26]. o]&} F2 AME v o2 & wf Monascus w52
BA e F-2 F7E A A A4 0] PALat pHO| HSH= - U A
A A o] Q1S Ao R HekE Tt [18].

3.4. QA FA ] ZAF W FAF

WA W FE St A 2 F ] FAF L B = 2
S5tk wiF A1 539,59, 7Y, 158 A of| Z o+
2 220 ket oA ] HishE S st B Aat, JH
W2 2Rt FA|FY STt FAF2 AR T EA et
KCCM 60394 ot =5 A| &] 3k th F-5-9] o =0l A A -2 v
& sYA ol FH A ST T TUA L} 15LA ol = eFHA
H2BAYG A B= A g Bo] FAF g SEA 7 X
7t He= Ae G AU (Fig. 4). B3, o F=H 2 FA 7
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o A& Hlsx Foz YEE A
A0 Aol dFEE Aol o
g, KCTC 6122 #F7F H| 13 =&
KCCM 60394 vt 5= At 2] 0. 2 uf] - ke 225 A A3}
At dmbol| o2 Z2}4=0] A A ST fFEE R uf St
A et =), KCTC 6122 #3F1 KCCM 60167 H-F+= A
7bo] G5B A&Hog A YATFo| Zrtstg A,
KCCM 60141 F31= 527 of] Z7}3t EA}4=71 T A of) eF7t
AT 159 A o) ThA] 278k 9FAFS B 931, KCCM
60394 = 7UA of| A7} 74 ol A E QT 15
Ao 088 FAaste AL Bt o] et AT F
Fu e A e F Gl wel A0k A o) Aol A
2 g2y, 23 PAA7|E AR 2= AL ou|sith
[21].

3.5. 1AL E T34 monacolin K ¥ citrinin 3

WA FHS T2 o]§sto] AALAE T3 T4
Azl loj A HAuYFe] Hufetr]zro] Z=4k AY4tol vl
A= FFE Got 7] flsfio] 7= 24243, 5,7, 1597
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Fig. 4. Spore density and wet cell weight of Monascus strains in liquid culture broths according to submerged fermentation periods. (a) M.
ruber KCTC 6122 (b) M. ruber KCCM 60394 (¢) M. ruber KCCM 60141 (d) M. ruber KCCM 60167.
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Fig. 5. Red mold rice by solid state fermentation of Monascus strains for 10 days. Liquid culture broth was inoculated after submerged
fermentation for 5 days. (a) M. ruber KCTC 6122 (b) M. ruber KCCM 60394 (c) M. ruber KCCM 60141 (d) M. ruber KCCM 60167.

o=, 53] KCCM 60141 #52 o] &31of 4|23 T4
o] 7P $-& A2 ek ek (Fig. 5). o] 2 a @ARS Ay
ok AJof] KCCM 60394 #3290+ KCTC 6122 237} A3k 2] 4
& U A ahe Apolat Aube A 2359 oA u %t
AE ATt A2 X 3hA) gheths A ol ol A
o AR Wk o] Rujore] iopx AT et
A7) wh o] 0] AT A AL GRFS Fi 2AE
gebgozi A Aol AP E WA Ha AntH o R
F50] Aol Lt Ao] chaA kb 0.2 shebE (27),
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o5 T=4of 223 monacolin KO 33 245 A}
FdFEE o] 7] 7bol| whel A4 == monacolin K 2] 3
Fol A& o 27 veksttt (Fig. 6). 529 04 3
Ho} 5 Fot AdufFet A ufFH-S HEotHS o, 1A
Hh§ ¥ S 4kof| Z3HE monacolin K9] 3Hefo] &3l 7
g B ot KCCM 60394 o= T2 7432 YEfl Sl
t}. KCCM 60394 #322] A9 59 ZoF A ufjoFal of 2|l oF
HE HEstaS et 3 50& T v oF gt HA oS HE

31912 ] 2] monacolin K AJAFeFo] §-A}st a1, @.8|8 7Y
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Fig. 6. Concentration of active and inactive monacolin K in red mold rice after solid state fermentation of Monascus strains for 10 days.
Liquid culture broth was inoculated after cultivation for each submerged fermentation periods. (a) M. ruber KCTC 6122 (b) M. ruber

KCCM 60394 (c) M. ruber KCCM 60141 (d) M. ruber KCCM 60167.
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9] § Jol §53te Fde AT E3 o] &9 Al

A A o 2 A /d &= monacolin K9] 90| th& o9
Hl 3l **ﬂ% 0 & GHA et g, KCTC 6122 52 7
9ol = A2 15 Bt oh S o, LAY A S

A 7+ %;—S_ monacolin K& A4 81 S, i oF 7]17ko]
o A AR =AY Ao A AEshr|o= o2& A
O & wekEh o9} e ANE B o g & w Monascus
FE ol g 30] FRAE AL o o] ARkl )
o7|7ke: 59lo] HZ el Ao 2 AzhEh

Fhe @5 A o] kol ohe 24 monacolin K2} v
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