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Monascus pilosus (KCCM 60160) in submerged culture was optimized based on culture medium and fermentation conditions.
Monacolin-K (lovastatin), one of the cholesterol lowing-agent which was produced by Monascus pilosus may maintain a
healthy lipid level by inhibiting the biosynthesis of cholesterol. Plackett-Burman design and response surface method were
employed to study the culture medium for the desirable monacolin-K production. As a result of experimental designs,
optimized production medium components and concentrations (g/L) were determined on soluble starch 96, malt extract 44.5,
beef extract 30.23, yeast extract 15, (NH4).SO, 4.03, NaHPO, - 12H.O 0.5, L-Histidine 3.0, KHSOs 1.0, respectively.
Monacolin-K production was improved about 3 times in comparison with shake flask fermentation of the basic production
medium. The effect of agitation speed (300, 350, 400 and 450 rpm) on the monacolin-K production were also observed in a
batch fermenter. Maximum monacolin-K production with the basic production medium was 68 mg/L when agitation speed was
500 rpm. And it was found that all spherical pellets (average diameter of 1.0~1.5 mm) were dominant during fermentation.
Based on the results, the maximum production of 185 mg/L of monacolin-K with the optimized production medium was
obtained at pH (controlled) 6.5, agitation rate 400 rpm, aeration rate 1 vvm, and inoculum size 3%.
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FE s Yz, FE R, FES & 2ANA AN
59 Az ol ol&H: AAY LS AR A7)
AP Fol ATHD).

Saro) vl B EE A8l F57+ monacin, ankaglavin,
monascarubin, rubropunctatin, monascarubramine} rubropunctamine
50 lom, o]g2 FAo| glv A HAEAM ookE9 A
ZY AF F7MEEA AREEHI JTHE, 3).

Z 2= Monascus 52 U39 Monascus pilosus, Monascus
anak, Monascus ruber®} Monascus purpurus 52 WS E3}
o FU=EE-K (monacolin-K) ¥ I FEAI7} dAEICH,
EUZd-Ke FH2HE AR o)A 1AEF ARAZ A}
£5= lovastating} YUY EFZ YWEHCTE, 5). T
Monascus purpureus25-8 E¥ EZQl monacidin AT
Bacillus subtiliso] 3| sad&Alo] A= AT 8 FHTH6).
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LA ¥SF (hyperlipidemia)S A& ZFg 2E| Eolu =4
A ko] kol o]idol A HFo g FYrHEN FAA
S ke Xaue] giabz AYE o] Fojx|A] ol
WAt AoE ¥HA dvh A4 nAEFHS AR
A AT A% F shE ANH glon, el
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AE AAZ BA7} ohd S Rdloln gd2HE
AstA o]z} A EE X BAZE AMS-EH T ¢+ lovastatind
19873 HZZ2 vl MerkAlol] 93] 2aAAL AH &
2l A H ol AlAHAT. £F et A% lovastatin ©]
e AES Tt e AAE S FEHer o
& 3’1]*}011/\1 A @ofstar Qi) Lovastatin® TAME A &
o}l Aspergillus terreusoﬂ oj&) AT, FFNE ulA
HAg, ez 9 550 I g& =5E ] ng]q]
AAMEH A A lovastatmo} = A
AgslrEozy oxtel Aol glolt B H?—J % gtk
wg oleld vlggo] st 44 lo %
Monascus spp.9}= Bd) 2a T £33 AAY FAHAGA
b 2FEG olelst ANZRE Monascus spp. WFL A
£ 27) Ao @ Wt A4 29 Bo Rhz B
o] v ALE YA gt

MFEA WAGEA ofelo] mAZe) e B
AR 4ol WReA dEe weTh e oAl
el AR mAEY F2& H3td FR8d oy XA
Q3 QYrE FWIA B
Monascus pilosus®] v} %ol A peptone, corn steep liquor%}
NaNO; 9| #H7}7} BUZEg-K S o= AHod v
1ERoH, = gE EJ 93H Monascus sp.ol &k
4B Al NaNO;o ¥77F BUEFdK e w95 94
gko]l Qi B IIHYUH1, 7). Monascus purpureusol] <3}
A A AL A= yeast extract7} A §e AAYololH, o
AFS AT AAE THHATE, 9).

Kim %—8- Aspergillus  terreus®] HAEpde] o3l
lovastatin A 4+2] A9 K,HPO,8] A7} 98] oF 58] =&
T&°o| 73t er, 6 gL o]t FYR1AE S H7t A
oA F2 F71eA T lovastatin A 4FF2 7443 2
Aol WAl BAHE FAQANRY FrE zhste
Aol Hagheg AAEAT 181 ggs oprxit Fol
A L-histidine#} L-methionine¢] #H7}7} lovastatin A AFS- 7
v EoFEdal B usRH10). Tolypocladium inglatumol] €
gk cyclosporin A A4HA] Bt B4 FEAAY HAF
T2 Z L-valine 283to] H 1% 0 ™(11), 3+ Monascus
ankaol] £]3} o] x}tPAAFE AYXFA] histidinee] F7p7F A A
BdE w9FY, Z4EF (citinin) BAHe- HAe T £
o] ¥ EATHI).

BUEH-KE &53l1 d+= Monascus pilosus v kel 7
T AALEAFY M &3] flow, NEFoR 7‘}713
E< ¢ F U= FH] ok B FAMY AREFTE
TaAA PP R FYPAHE FHE BRAIE
lovastatin (] FH2HE A 20%)o] vls] AHHo
2 A ZH2HEY FA A ZH2HE A
80%)= Atz AU FHAHE 2 AHsh] a3}
F< o8 dHA Yo A Fw, B gtk T

pree————

Optimization of production medium for Monascus pilosus Culture 289

o dntH o2 F=of
= A v&F BHEolAaL

Noit, iﬂLH e 2 &Y FHE AAskE =2EAM
AqARMES BUSd-KE AFos Aidstr] dalMe
33 e know-howE Q3= @77} o Fo]Hof gtk

57174 ATAHYA slofo] SREAL dinin 42
Hrgdll & $89 TUSIKE S F Sle
A HFske AERETINAM EEREE AHES
e A Tbsde HESE T ATE
Atk

£
ok
.
ool o3

NBEF

B o] ALEH dF5 Monascus pilosus (KCCM
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AL Glucose 30 g/L (NH4)gSO4 10 g/, KH,PO4 0.75 g/L
MgSOs7H,O0 0.5 g/L, CaCl. 0.1 g/L trace elemental
solution(ZnSO4+7H-0 4.4 g/L, MnCl4H,O 0.18 g/L, CuSOy
5H.0 5 g/L, NaMoO,4 0.0025 g/L, H,SOs 2 mL/L) | mL/L3}
Zow, ZUZAK S A3 72N Y] 242
galactose 96 g/L, malt extract 40 g/L, beef extract 30 g/L,
yeast extract 15 g/L, Na,HPO412H,O 0.5 g/L, L-Histidine 3.0
gL, KHSO, 125 g/Lolth(13). 7| RA MRS o] &-3tef )
22 HA3S da= Soluble starch 96 g/L, Malt extract
44,5 gfL, Beef extract 30.23 g/L, Yeast extract 15 g/L,
(NH4),SO4 4.03 g/L, Na,HPOs#12H;0 0.5 g/L, L-Histidine 3.0
g/L., KHSO, L0 g/Lo| 3T

& (Dry Cell Weight)o. & =43}
= 0&7] 215} blendero| N T2 3}3H 10
mLe] wjoFe}S 3000 pmo) A SE7r A4St A
W & FRFE Yo EFsta oA HaEd
REESte] s 3 &7 dAE
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Starch
Hg Aol starch= Dubois HHHS HANA =AY
(14). A 52E 4 285t ZAAS FHar AT

3l Al 2 mLo)| 80% phenol & m
Sab 5 mLE FHUPS T A7l & AFof A
x5l B335 A (Shimadzu, UV-1601)E o] 83l 488
nmmoj A FHEE FSASIHT-

&
o
=

HPLC (Shlmadzu Co Ltd., Class-LC 10A, Japan)i R o e |
o BAMZFALE Table 13 7Zth(15). B -K (lovastatin
lactone form) FF8N O F = 3 lovastatin (Sigma, USA)
S FEEE methanold] &35t AFESFE T Acidic form
EF=E£HLS 10 mg9 lactone formS 3 mL9] methanole] =

o] 0.1 M NaOH 8 mL< 7}t & 20% %<F sonicationd}
a1, 1A ZF B¢ 50CoA 7}€3t & 0.1 M HCIE pHE 7.7
2 ZAste HF F37} 10 mlo] HES gtyof FH
acidic form 1000 mg/L (1000 ppm)7} BtEolZt}, o|AS =
EHE FAste FAd AMSEIAY EUEdKe %
5300 mgLe] WA $HE ANF] AFUE AT
RA vjst FA Y AES A As) wigds o
2313 T 5 mLE #HdtY EF2o] methanolS 713F & 27T
of| A 200 rpmO.Z 2A|7HsQ &8t A3 X (Whatman

<

No. H2 18 5 AF4S 3000 pmel A 4825}
U A4S ThA 12000 pmeld gy Eelstel e 4

495 HPLCE BASROH, TEEAAA ol A4
& ol gshe] AAEY G2 Atadrh

Table 1. HPLC condition for monacolin-K analysis

HPLC Shimadzu {Class-LC 10)
Detector UV detector (SPD-10A)
Wave length 238 nm
Temperature 40T
Kanto mightysil, C18 reverse-phase column
|
Column (4.6 x 250mm)
, Methanol : 18 mM ortho-phosphoric acid
Mobile phase - 775295
Flow rate 1.2 mL/min
Injection volume 20 ul

Citrinin = 4l NziE2AM

Citrinin¢] 4.2 RemgardQ} Zimmerli(16)2] WS 1
3ty HPLCE A %E-A 319 0™, mightysil C;3 RP column
(250 x 4.6 mm, kanto, Japan), ©]|&4} methanol-0.25 M
ortho-phosphoric acid (80 : 20, v/v), < 0.5 mL/min, 25C,
7{:’%71-‘: UV 250 nm 5o 202 A8ttt AA|ufet
3 FA Y citrining A7) Y3 A AHFE 2
GJEUK 223 £99 BeE s9aY xEsde

%t citrinin (Sigam-Aldrich Co., USA)S- methanold] £-3]
s FEEZ H4sd HEsAe AxaULH, EAol
Ae-shac
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Mg E2tA3 vl Y WY

1A FjFe 24417 B wiGEA ST 1
719} agar plated] 3% peptone water 4 mL-& 21 FoW
A A 02 mLE agar plateo] =% HF3lqg 27CoAM 7Y
7t wjeksldoh A Fuig2 171 agar plateo] 3%
peptone water 4 mLES % 301LH A AL 50 ml (250
ml baffle flask)9] AIAu| Ao BT HEslo 27C, 130
rpmol 4 5Q7F AEHu ek -JJ’}*‘* K ARE 93 1
mm Z7]9 pelleto] FAH HA] FujoFd-S 50 mLe A
Al Ao 10% (vv) AE=3 F 27T, 200 pmo] A 1047}

Agojt sk

Hi 5 X Hjj Qdk

4§ % (KoBio Tech Co. Lid)+= 259 5 L B39 AF
S AMEslaa, 47ty 2YRge 159 3 LE s3Y v
tew = 27C, E7]|%4L 1 vvm (volume of air/ volume
of fluid min)Z AP FE F BYHE AFS A
Ast7) Y&l AEAZ  simethicone emulsion USP (Dow
Coming Co., USA)E ALt T8 28 5 S¢=E <l
3w A9 ZHAE BY] A FE7] (humidifienE ¥ 7]

CRERERL 1 AX 3, 3719 FEFol TPIHE H

A st WAz FFFoh TS 1Y v
FYUF HJ%_QI—L' wjoFate) AMESH e, 3% & 10%
(viv)e] Bl &2 Ha 2 JFeo FHsAY. w0

2 waz WFFANE NRYNAE AR
W, Qalelo} E7)%e] wsl A HPAAE 2 Aol
q 7 ARPANAE AL§SHAH

HEAS 9s]A SAS (statical analysis system,
Release 8.01, SAS Institute Inc., Cary, NC, USA)-S ©|&3}

3
- A 1= = B
At} Ad AdE BAEA BaesA, 'o—’-‘.ﬂ Ay HEE

A S olgste AHH (E%tﬂ—r)"ﬂl o g

1 o= !
< s E= AR fuRs veol Eﬂf_%‘lﬁ} Rl
o gBAE ArERY FASE M wep W F

o] @A BHALAE dSstn, HHsaArk

EtA 20| DL}ZE-K Mo OjX|= G
B e ZzAow IX uYgr] ANE £ Ye
1

U3 &
A= R HAES 93le, Graeco-Latin ¥2Ho oA
BAA AEAGH ot wjA HAHE FYFUT
g o] AZYHE 4 ARt wEAgol glts 7
teto & gty 9o AL £t Yty FIH
AGAg A 435 1599 AYPL vig o 1A &
Fe Hol ¥4 g, 1 9, ofv:=2tem T 44
ANS MAAste zhzhe] Ao tid s F2 8
g AdAgsiger, 44" WAE T v=E HZHIHE
AFTh(17, 18). Graeco-Latin 2ol o5t ul=| #23} A3
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+ galactose 96 g/L, malt exiract 40 g/L, beef extract 30
g/, yeast extract 15 g/, NaHPOs+12H.O 0.5 g/L,
L-Histidine 3.0 g/L, KHSO, 1.25 g/Lo|®, citrinin A A& )
Ron| oF 1857 mg/Le RUZHU-KE AL ATHAIR 7
A A, 13).

o nEALY FEE HHe Y
TowE A e wWiAxdE FYEY F JE F
2 Ho“ﬂ-g—i 22 5 2.

Z A Graeco-Latin B2 Y o| vl FHEMH B]s)] o
=)

FeEAE Yo AARE AASH A0 wdg 4
e L
T i

400 50
350 <
_ | 40
-5 300
E’ - . —
250
g 0
& 2004 B
8 3
X - 20 <
é 150 8
> L
§ 100-
E L 10
50 4
= 1 |
0- . , 0
A B c D E F G H
Carbon sources

Figure 1. Effect of various carbon sources on the production of
monacolin-K  (A; control(galactose), B; fructose, C; glucose, D;
glycerol, E; lactose, F, maltose, G; soluble starch, H; sucrose, l;
monacolin-K, [ ]; DCW),

Graeco-Latin AR ol o3 Med A< dF-&
TS ARHA T3 wjR o) 7)Y, AN 5 :
3t A3 soluble starchE er4oz A b x| ol A]
galactose & A}-8-3F O 27+ wla} 1.88] <713k 340.0 mg/L
27 =2 EYUYFHK NS BIon, oA #Ee 413
gLE wAF tiHl EUSHK ANFE 111 gL2 7h3
=2 A2 HYohEFig. 1), thERFE AMR-H galactosed]
H] 3] soluble starche] 7}Zo] AjH oz AEsitds HS
2HE}E AN AEAN nEEHE AV o $ed
ATt 53] soluble starch®] 74§ o]zt ALAHE AJARA] o
&= catabolite repressionS siA % ¢ v @2 Y A
of m& olxthAlrp s ol HuUFA-K ALlol
o3tk weHAT 18lu ¥E § g9 Y 4LxE A
HE 27 38 JeHEo dAFEHE 2 Agds AS
A 4 U d9 FeEF2)F T Y 49 FE
Hax APAM AtAARGo] YBEA o]l FoAH] =

EA7F el Ao 2 ey AT gAY o]e]e] TE
A 280 Iy, #o 7] HFH A WYE7] pH T
of 93t o A Ao FIE Fv HoZAN HiuH
2912 BgoR ¥4 AP Fikd 2-o| 5 3
o7 AZET(19).
500 50
400 _ 40
= ~
o
%300 B -30ﬁ
—
5 - [] B =)
: — 1wz
!& 200 N T —‘-—20 8
el 0 — r
&
e 100 - 10
Q
= 1l w
0 o L L] |l el B L, 0
A B C D E F G H | J K L M N

Nitrogen sources

Figure 2. Effect of nitrogen sources and nitrogen concentration on
the production of monacolin-K (A; control, B. without yeast extract,
C; without beef extract, D; without malt exfract, E; added only yeast
extract 7.5 g/L, F: added only yeast extract 15 g/L, G; added only
yeast extract 30 g/, H; added only yeast extract 40 g/L, I, added
only beef extract 15 g/L, J; added only beef extract 30 g/L, K;
added only beef extract 40 g/L, L; added only malt extract 20 g/L,
M; added only malt extract 30 g/L, N; added only malt extract 40
g/L. W, monacolin-K, [_J; DCW).

maglo] ZEo| BLZalK Mol njxs A
B 4aS 93 BEA G700 AF A4 4
Qo Bo% al, @A WA RANAZA AEFL mal
extract, beef extract®} yeast extract®] AH-§- L7te] 7tAHO=Z
Astel Aie WARN AEaA e Aol ek A
Axe AA%E Azstar] oo 9 a9 EE
SobA Aade Z@se] RUZAK A ¥
woret olu BHAYS ANZFA] 2F+ EF soluble starch
2 Agagd Solal dETE AYG B
N WA S RUIAK ANT D
24 84 A §71249 AR E
K s FARge JBL FE Q4
A I THFig. 2). Yeast extract®] 74-% Monascus purpureus
3

> AR g
2 Jo

WA AL A yeast extractE A 7}EHA| g2 Bl A]

extract ¥ 2AS T3 TY A AloAE & v
Tt = A TH20).

AR f71d 2ol ZubaEd-K it
Ztedo]l FHd AHEE TEE o= A
o, g 79 Fe7x S Ssta Frjdad

o] Mg AT A E EUEUK A4 dA

g
1-0.8,



292

Foln /429 1% F7E B9, BE 2PN
BUEAK Yue] gaste 3%e B FUTkFg I

Table 2. Effect of various concentrations of organic nitrogen sources
with and without inorganic nitrogen sources on monacolin-K
production

Organic Inorganic ~ Monacolin-K

nitrogen nitrogen  concentration DCW Final pH
soutces. source (mg/L) (g/L)

100% (control) 381.3 29.12 6.58
90% 409.0 32.75 6.14
80% none 288.3 32.95 5.79
70% 223.7 33.32 5.88
60% 131.0 31.38 6.47
90% | 435.2 31.95 5.86
80% a““ﬂ?m“m 389.8 31.96 5.51
70% (fg ;/ti) 322.1 2943 5.40
60% 294.1 27.17 5.50
90% | 273.0 2947 6.23
80% potastum 278.4 30.46 621
70% (ﬁl)“;i’) 245.8 2733 5.88
60% 268.8 32.08 5.75

*orgam'c nitrogen sources: malt extract 40 g/L, beef extract 30 g/L,
and yeast extract 15 g/L

600 50
500 B "
j —
D 400
_§_, _ | 30
2 )
8 300 ___ B E
X 20 5
[ _
£ 200 =)
3
10
c
g 100
=
0 18 0

ABCDTETFGHIJKLMNOTP
Inorganic nitrogen sources

Figure 3. Effect of various inorganic nitrogen sources (10 g/L) on
the production of monacolin-K (A; 100% organic nitrogen sources, B;
90% organic nitrogen sources, C; ammonium acetate, D; ammonium
carbonate, E; ammonium chloride, F; ammonium citrate dibasic, G;
ammonium nitrate, H; ammonium oxalate, I; ammonium phosphate
dibasic, J; ammonium sulfate, K; lithium nitrate, L; magnesium
nitratc, M; potassium nitrate, N, sodium nitrate, O; zinc nitrate, P;
ureca, [ll; monacolin-K, [ |; DCW).

w7144 de TEE 10%5Y o ZAAZ § e o
2 A7 Ao R vBE ZEUZda-K ALl
Hl =3 AV ZA HA %L ammonium sulfate®} potassium
nitrate® S| AAH] §712499 FEo] B2 wUE
d-K3 A &S S48t Table 2¢] Yt ol g
A& A-P7LA] AE+H X F soluble starchE A3l HTH
HzTe AL EUFdAKeY Az gAHE 247 3813
mg/L2} 29.1 g/Lolglon, w71 Hl&S 90%E 3}
11 ammonium sulfateE 1% (w/v)E FH7}sF A R A=
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RUZP-K} AZTA S 47 4352 mg/Lé} 319 glLE
Vel At A Ag TN dxRdAZFS 30 gLes =2
Hojupx] gkgron, RUEd-Ke HAFE FrELsde
557h RolAd adhe A%E wol FUrh

Potasium nitrateS A7} v A9 A5 v 4dAEH
2o MAE AL AAEIH AL, olF AE WA
Ao M= 5Y o] Fo A7l AAAEHJY. Y FHTE
o] 749 ammonium sulfate®} potasium nitrateE 77} 3+ Hl| A
oA FAAETHE AR Fej7t B}, new BE L 12
mm, old AEL ¢k 335 mm YZE AHY FAZ FHE
HoFgloh

§714449 HE&L 90%E S} ammonium sulfateE
10g/L A7}k vh|olA] 4352 mgLeA 7P & AN B
goul, FAZ tn] AL 136 mg/gl A tEFY 131
mg/gd} BlwA] AL {FAREE ¢ F UMY Ammonium
sulfates= LaE F FHF pHY w9 =X TS F<
NAZ FuiE]7] wfFo) % A3 <] Plackett-Burman designo]]
o3 g9 JAAZE AAs BEUFH-K ALk tx= 9
&S SAJEE AU

Table 3. The composition of selected production medium for
Plackett-Burman design

component concentration (gfL) variables
Soluble starch 96.0 A
Malt extract 40.0 B
Beef extract 30.0 C
Yeast extract 15.0 D
Ammonium sulfate 10.0 E
Na.HPQ, - 12H:0 0.5 F
L-Histidine 3.0 G
KHSO, 1.25 H
Twin 80 (dummy value) 0.5 I

Plackett-Burman designof| 2|5t = gt v x| MEY

Plackett-Burman designol] €3} v X ZA3 ZUF3-K Al
A a3 Z1d] wE B4 Table 3, 49 59 YEL
H2l), 557} & AD H$E o 2dS FAgHA
208 24 SR, sE7F Re URA Mesd 50%E
TEE ZA%4YYt. G dummy variableo]™ X 05
gLz ZA3AT o o 7P w2 A4S B M=
M2 RPUESdKe AxATAHS 27 35838 mg/Let
31.65 g/lLE e AT

TUEE-K Ak gist Z it v %S
o] Table 5ol e ZUEd-K Abe] 9FS v
£ AT+ mean square O 2 HUWE 4 glon, O
Ao vt A3 HL2 s YeEd 39 =& ¥
X2 beef extract, KHSO,2} ammonium sulfate©| ]t}
ihg & pHE 4% 23 AME-E wiA o 24 et 45
AM 75742 HL HYE vE o pH Alo] 2= T3
& Fg Aol IS & 5 AT

MES T DIEAH Of ©f 3t AAX| 2% 3}
AzHow FA FEE A7) Hote] WSEURA
He Agagen, AATe FARIAYL Festanh
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A Are] Z|of| A Plackett-Burman designol] <]3] Aelg =g
T2 beef extract, ammonium sulfate?} KHSO,o|™, =&H
F59 #E7 APFAE Table 63 79 el Qo
Table 4. Plackett-Burman design for nine variables(22)
Trial Variables Yield DCW Final
A B CDEF G H I (mgl) (gL) pH
MI + - - - + = — + + 26619 3419 4.79
M2 + + - — — 4+ — ~— 4 35838 3165 545
M3 + + + - - - 4+ — — 3893 2569 1708
M4 + + + + - - — + — 20551 27.13 6.15
MY - 4+ 4+ + 4+ - — = 4 168 2115 741
M6 + - + + + + - - = 706 1785 7.63
M7 - + - + 4+ + + = — 23964 3274 6.19
M8 + - 4+ - 4+ + + + — 3078 2438 555
M9 + + - + — + + + 4+ 31491 3052 569
MIO - + + — 4+ — + + + 29316 3228 580
MITP - - + + - 4+ - 4+ + 15509 2753 728
MI2 + - - + 4+ - 4+ — + 1805 2324 17.19
MI3 - + - — 4+ + - 4+ = 13132 3089 435
M4 - - + - - 4+ 4+ — + 12512 2411 6.65
MI5 - - — + — — + 4+ — 33048 2994 727
MI6 - - - - - - — = — 17789 2677 5.63

A: soluble starch at a high conc. of 1152 g/l. and a low conc. of 76.8 g/l
B: malt extract at a high conc. of 48 g/l and a low conc. 32 g/l
C: beef extract at a high conc. of 24 g/l and a low conc. of 16 gL
D: yeast extract at a high conc. of 18 g/l and a low conc. of 12 g/L
E: ammonium sulfate at a high conc. of 15 g/L. and a low con. of 5.0 g/L
F: Na;HPO, - 12H,O at a high conc. of 0.75 g/l and a low conc. of 025 gL
G: L-histidine at a high con. of 4.5 g/L and a low conc. of 1.5 gL
H: KHSO, at a high conc. of 1.875 g/l and a low con, of 0.625 g/L
I: twin 80 dummy value 0.5 g/L.
+: The high concentration of variable
—: The low concentration of variable

Table 5. Analysis of the yields shown in Table 4
variables
A B C D E F G H I
2H) 1329 1688 962 1377 1003 1362 1328 1817 1547
(L) 1469 1110 1836 1421 1796 1437 1408 981 1251
Difference -139 578.0 -874 -44 -793 -74 -79 835 296

Effect 34 144 218 -11  -198 -18 -19 208 74
Mean
square

2439 41763 95573 244 78665 698 786 87273 10960

Table 6. Levels of independent variables for experimental design

X Independent Level

" variables (g/L) -a -1 0 1 +a
X1 beef extract 1897 2143 300 3857 41.03
X2 (NH,),S0y4 1.07 1.5 3.0 4.5 4,93
X3 KHSOq4 0.89 125 2.5 375 411

-, -1,0, 13 a oA A2 538351901, %%‘%ﬂi_“}ﬁ (Xn)
= SAAAA g wet 168 Y72 FEGFoH, FAEE
2APTE AYTOE agt2 1.2870]%1Th(18, 22). AP O
& A2 SAS T2 I & ARE- 3 o

BEAEA AT R-square (AR A F) 09214oi 19 7}
A% BE YEe) wemde) ALY £ e ek
don, A 2de §oIEFL 0010502 OOSHE} 2+ o
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22 7HA"E 2yEybgo] AR Hgsohn ddE AT

RYFA-K AL (N)S A3 22 ¥ digh 23 34
RAAe g 2o AN

— 1.09x% — 2.12x x>
— 9.54x3 4+ 5.11x x5 — 8.84x,x 5 — 13.77x%

2E 24 5% A4 574078 YErich
HEEARNS Eaje] RUZAK ik
4 ARE FE V) A4 SRS 248 5 Aok

Table 7. Experimental design and results of central composite design

Natural value (g/L) Monacolin-K (mg/L)

Exp.

No. Xifbeef (NH.S04  X[KHSO4] Exp. Pred.
extract]
1 18.57(+) 4.5(+) 3.75(+) 4343 4643
2 38.57(+) 4.5(+) 1.25(-) 5423 494.6
3 38.57(+) 1.5() 375(+) 536.9 531.5
4 38.57(+) 1.5() 1.25(-) 476.8 495.4
5 21.43() 4.5(+) 3.75(+) 2373 231.8
6 21.43(-) 4.5(+) 1.25(-) 462.6 481.1
7 21.43(-) 1.50) 3.75(+) 128.9 189.7
8 21.43(-) 1.50) 1.25(-) 389.6 3727
9 30.0(0) 3.0(0) 2.5(0) 493.0 530.3
10 30.0(0) 3.0(0) 2.5(0) 525.1 5303
11 18.97(-a) 3.0(0) 2.5(0) 323.6 283.9
12 41.03(+a) 3.0(0) 2.5(0) 504.4 512.5
13 30.000) 1.07(-a) 2.5(0) 521.4 481.6
14 30.0(0) 4.93(+d) 2.5(0) 499.9 508.1
15 30.0(0) 3.0(0) 0.89(-a) 537.4 563.3
16 30.0(0) 3.0(0) 4.11(+a) 483.7 426.1

B EHEA st AAH 717 FL (g/l)T beef
extract 30.25, (NH4):SO, 4.03¢} KHSO, 1.00|3lth, HH35t=
i xjof] o] Zeki3 HjYES s 2 7|2 A ET
oF 30 £7b@ 55896 mglel mUEAKE ANT 5 9
A} o ge mANA T AhGH T Ao} Qe
2 ALgk Axlo|t). 3 W 2 Y WHEE A4S 2 ¥
29 WHAEL Fig 49 YEH Y. x5, KHSOE 1.0 gLg
A3 x;, beef extract®} x; (NH):8049] ¥Hg-HWS L
(@] Vel RuEd-K Y beef extract?] &5
wel ¥EM Bgs Uedlen, 38& e beef
extract®] X+ °F 30 g/Lo|}ict. ¥ (NH4):8049 &
wrb ZA43E RUEAK ARe dueA Erekt 7
S Rol =90k 2AM)O)E x, (NHi):S0:8 FEE 4.03
g/LE 1A% 5 beef extract®} KHSO,9] ¥Harol tfsh Xt
#ZYK Ao vrEH-E el Hh beef extracts= S}

iy (3)9} |53 7Aeks HoFelon, KHSO,«
beef extract®] & uj o] = KHSO.9 %7} <7)st
™ oYK A 7FAS)a, beef extract®] TRV =
& wo)= KHSO.9 F% Wyt RuyZd-K Aol mA
= 9g3ko] vn|EtE T 198 (c)ol & xi, beef extract FL &
3023 /L& TS 3, (NHg)S0.8h KHSO.9 4o tgh
EUrzEJ K A 2ke HL—S—EEﬂ% e Th KHSO,9 %57}
o A9 (NH4)80.98 s%7F F74etd K 44t
& gwkElA Fvkske AEE B FUt agar

o o rx ru[
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Figure 4. Response surface plot showing the interaction between (a);
beef extract and (NH:),SO; at optimum KHSO, concentration (1.0
g/ll), (b); beef extract and KHSOs at optimum (NH,).SO,
concentration (4.03 g/L), and (c); (NH4);SO; and KHSOy4 at optimum
beef extract concentration (30.23 g/L).
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Figure 5. Effect of agitation speed (rpm) on dissolved oxygen and
monacolin-K production by Monascus pilosus cultivated in basic
production medium at 27C, 1 vvm, inoculum 10%, and pH
uncontrolled.
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Figure 6. Effect of agitation speed (rpm) on dry cell weight and pH
profile by Monascus pilosus cultivated in basic production medium at
27C, 1 vvm, inoculum 10%, and pH uncontrolled.
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Figure 7. Time course of monacolin-K production, dry cell weight,
and dissolved oxygen by Monascus pilosus cultivated in optimum
production medium at 400 rpm, 27°C, 1 vvm, pH 6.5, and inoculum
3% (H: monacolin-K, [1: DCW, @: starch, -2 DO (dissolved
oxygen), ---: pH).
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TS A3 v X8} FHAHEH FE (g/l)= soluble starch
96, malt extract 44.5, beef extract 30.23, yeast extract 15,
(NH4)>S04 4.03, Na,HPO,12H.O 0.5, L-Histidine 3.03}
KHSO, 1.0¢]m|, 7|2 =] 2] ity of 3u)
=713t 558.96 mg/Le] AAHS BIT. AERFSI|AAM =
Ak =7 BUE-K A4 mAs 938 247 9
3t 712N E o] &38}o] 300, 350, 4003 500 rpmol]
A ARe PSR wEtER 500 pmo A 68 mg/Lo.
2 7 w2 A4S Bgoen, o o #F9 FHEFRe
300, 3503} 400 pmo X AP} FAA I} TEEE A=
gEA 42 FeET At Al 3} Hjow, AER
s71F ol&std Ta A HE 7t RYZA-K A4k
M FS FHFEYS € 7 U SHE HH AL
A& o]-&ste 400 rpm, 1 vwm¥} 3% 7] HZFNA pH
2 658 243 A% 185 mg/Le /M =& wyEd-Kr}
A Hlow, o FA S 32 gLE YeEhySith

Z Al

Aed =& $4 v
University of California, Irvineo] #) 2 3}A)= Henry C. Lim
A7 A=Y
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