The Korean Journal of Microbiology, Vol. 43, No. 1, March 2007, p. 59-65

Copyright ©2007, The Microbiological Society of Korea

HFEHIO ofEt ST
Mge - yaiz!
S AlEgeketat

Z3 A 40) A A vl oFel] &) 3 bl g AL A S AN slr] 98] Monascus sp. KM 1001 ¥ o] FZ ] Ao 2 A
AL YA o] v X = H A MG ZEA S R Z - AESFH T AR TT] ALY & 48 A A R 9] 24 3}
& 242 4% rice powder, 0.15% Bacto-peptone, 0.1% glycine, 0.01% FeSO, - 7H,0, 0.1% MgSO, - 7H,0, 0.25
% KH,PO,, pH 4.5% ). A 31 752] 2.0x10° spores/m12] E A3 gl & A A wl] X] 50 mlol] 353} v F-2= 30
°Coll A1 150 rpm -2 5 7+ vl 3F31 5 & o, 10.00 g/Lo] FA AL} Al Z.9] A A 4, @ WA A A9} A A A A=
Z}7Z} 3.25 unit, 1.59 unit, 0.88 unit=S A A 3t om, A £ P A 4, @ @l X A 42} A A Al 4= 84.96 unit, 78.84

unit, 91.80 unit®] A2 QA 4 9l
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Monascus purpureus, M. ruber, M. pilosus, M. kaoliang 5°] &
A¥)o) LA Arke). Tl Al Aat AL, B
A 40 QMR A Fo] GEA Qe (15, 16, 22, 23), HT
MNzZg- A4 Z A xanthomonasin A2} B7} BHAE7 = 3131
TH21). o5 AAe FAo] jlo] A H AF VMR 74
3-8 k. 9k

Zyto] ks 78 tliE Q] A7 S22 24 monacolin
K (lovastatin)’} & &#A 9o o] 2L cholesterol FJol
#Aod3l= &4 HMG-CoA (3-Hydroxy-3-Methyl  Glutaryl
CoA) reductase®] /LS #3l|sled EF cholesterol #3182
7v= Ao g AdeA] ke, 14, 17, 19).

Monascustt 5 ©]-8-3F A A B 71 Hho] oA jtialE A
e Al &S o] &3k Aol dRistEo] JoH(l1, 12,
13, 24), ARGl Sl Bk A= S A S0 =
velht ol glsol ERIEICH(7), Sk AL
A Al B A= obA mIIgE Ade]el] ATk, 23, 24).

APHES oHF e o dRbHoR IAHTHS A
Zlo] kA o) A0t F=iat-e ALY Y5 o] oFate] EAT
WO R Zuts i wjdshs AL vlg- oEl e RE Fats
HA YA vjgste] T TAAIE AH AESE A
AERe] frelsit.

B AFNN= M purpureusZHE] NTG Aol 2J3] Z2]|&
AaAFsEo] 3 KM 1001 Wo)F(5)E e s St
o] FAHAIFEH AREE 5 e TAS] A3 AL
< SAOl HES) flste] ARl wiAzg 9wz
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Ao AE-F 8]A|<Q] Potato Dextrose Agar (PDA)E Difco
(Difco, Detroit, USAYAIES- A-8-5}91.2™, NTG (N-methyl-N"-nitro-
N-nitrosoguanidine) & 7|E} A|FE-2
St. Louis, USA)AIE-S AH8-319 Tt

Sigma (Sigma-Aldrich Co.

MEZF

B Ao AME3E AFATFE= M purpureus KCCM 600162
ZHE] NTGE ®o] Aglste] 8|3t HolF2HE o]
w9~ <=3+ Monascus sp. KM 1001 Ho|FE ATHFE ALE-

sk,

FEXHEErH M| =

AHAFE PDAMIA|NA 30°C, 797 vl plateol] Hits
F EE 0.08% Tween-80 895 715te] Hite WFo|E o]
83t ZA P FAAE AR T, cotton filterZ o 7}3}]
A EN (2.0x10° spores/ml)S A3} T

hvA
s i

MAHLE 2ISHHIX] & W=

RS Q3 HHudERAS Lolry] ate] AL
A2 de] ARS-E= Lin BRI E ARESFATH10). A RS
$18+] 3% rice powder, 0.25% KH,PO,, 0.15% NaNO,, 0.1%
MgSO,7H,0, pH 6.08] 7[Z8AE 50 m¥ EF=3} 121°Ce]]
A 1583 A7, AEETY] 2AEE 100 pl (2.0x10°
spores/ml)E T O 2 HF3h] 30°ColA 547t 150 rpmO-Z
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e} Wiy,

UEAH e £
Azt A Fe )

(Whatman No. 4)Z 7}3}e] Holzl

Tha, 80°CollA] LG daFo] & wj7hA] 1x3ted filter paper

o] BAE wh ke AZFA o2 ST}

= ]
zge

AA s TAE  Afilter paper
AAE SHTE AR

EIMA =X

M EL] Aol ke vlFAS- filter paper (Whatman No. 4)Z
oAt kS JFelS 12,000 rppmOE 10%-7F YAELF A5
do] FH=Z ZAH oM, NEW Mire zhzte] AZRTA
0.05 goll 80% SNE2-S 10 mI¥ H7I3F &, 150 rpm, 30°ColA]
A7 AEAAXN AAS F238}43L 12,000 rpmollA] 10527F 94
EgE &, s Fs8te] #FF=A(TECHNE Co. Specgene,
England)E- ©]-83}] =& =A33T

o] Ak T2 AAE AR SAg 5, S
AL 400 nmoll A, QAN A FE 470 nmol| A, 24
A2 RS 500 nmollA] FBE(0D)E 2331 0n Az
Ao] 7§ zhzte] Aol High AEd] AT E $Rls)ed
FABFAT A4 1 units 0] FREANAY] FEE 15 1

unit=. 7 &3t

Etaf W HARo| dE

KM 1001 ¥Ho]F=9] A2y gl dAl gt vlale g9l
VTS gohr7] 18t Table 19 Uehd ZH2be] @98 3%
= A7Fe 712alA] ol wekete] AakE dAg B A - 9

Table 1. Effect of carbon sources on the production of pigment from
Monascus sp. KM 1001

Carbon  Dry cell Pigments (unit)
sources weight Yellow
(3%) L) Extra Intra Extra Intra Extra Intra
Rice powder  7.33 396 3483 0.70 37.78 044 36.25
Corn starch 411 1.18 8.07 061 653 050 892
Potato starch  0.78 033 0.77 040 053 040 0.74
Wheat starch 622 098 9.88 030 6.88 020 9.56

Rice starch 4.56 1.80 13.01 236 11.73 194 1461

Orange Red

Glucose 056 030 040 037 041 033 046
Sucrose 0.11 0.06 0.01 0.14 0 0.16 0

Maltose 0.11 0.13  0.02 024 001 023 0.02
Lactose 0.00 0.01 0 0.03 0 003 0

Fructose 033 013 004 022 0.03 019 0.04
Glycerol 0.11 0.04 0.01 0.10 0 012 0.1
Dextrin 067 055 011 055 0.07 058 0.10

The inoculated media containing various carbon sources were incu-
bated on 150 rpm rotary shaker at 30°C for 5 days (pH 6.0).
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A @ FA A HXE gAYe] AAEEE ol ) 95}
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Table 2. Effect of concentrations of rice powder on the production of
pigment from Monascus sp. KM 1001

Rice powder Dry cell weight Intracellular pigments (unit)

(%) (gL) Yellow Orange Red

0.5 1.78 4.46 2.34 3.65
1 3.00 10.83 6.31 9.14
2 6.00 27.86 26.96 26.40
3 7.20 34.82 37.87 36.54
4 8.78 38.52 39.53 37.45
5 9.78 34.74 34.64 3348

The inoculated media containing various concentrations of rice pow-
der were incubated on 150 rpm rotary shaker at 30°C for 5 days (pH
6.0).

Table 3. Effect of nitrogen sources on the production of pigment from
Monascus sp. KM 1001

Nitrogen sources Dry cell weight  Intracellular pigments (unit)

(0.15%) (gL) Yellow  Orange Red
NaNO, 8.90 38.66 3742 35.85
(NH,),S0O, 10.78 3743 48.36 40.38
NH,NO, 6.67 11.59 13.49 13.13
KNO, 5.00 11.11 10.21 10.91
Yeast extract 6.56 11.82 9.98 11.02
Malt extract 5.56 12.44 14.82 14.32
Bacto-peptone 12.01 43.03 34.00 3231
Bacto-soytone 11.67 32.82 36.94 3291
Bacto-tryptone 5.44 8.43 7.02 7.57
MSG 7.67 20.46 18.05 21.24

The inoculated media containing 4% rice powder and various nitrogen
sources (0.15%) were incubated on 150 rpm rotary shaker at 30°C for
5 days (pH 6.0).
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Table 4. Effect of pH on the production of pigment from Monascus
sp. KM 1001

- Dry cell weight Intracellular pigments (unit)

P (&L) Yellow Orange Red

3.0 9.56 37.60 45.75 4221
3.5 10.00 4228 37.44 42.92
4.0 10.22 46.91 21.90 22.00
4.5 11.48 43.81 38.05 4743
5.0 10.44 45.72 17.11 17.79
5.5 10.11 35.67 33.12 45.14
6.0 11.78 41.02 33.96 33.46
6.5 10.00 34.20 27.72 38.52
7.0 10.78 44.15 16.02 17.82

The inoculated media containing 4% rice powder and 0.15% Bacto-
peptone were incubated on 150 rpm rotary shaker at 30°C for 5 days.

Table 5. Effect of metal salts on the production of pigment from
Monascus sp. KM 1001

Metal salts ~ Dry cell weight  Intracellular pigments (unit)
(0.01%) (gh) Yellow  Orange Red
CaCl, 9.56 60.89 55.73 65.02
CuSO,5H,0 10.00 64.08 59.76 67.68
FeCl,6H,0 9.44 38.76 28.22 33.32
FeSO,-7H,0 12.11 79.79 73.25 83.71
MnCl,"4H,0 10.33 57.66 58.03 62.12
MnSO,'H,0 9.89 54.11 52.33 59.81
MgCl, 10.67 58.75 60.67 61.06
ZnCl, 10.22 67.71 74.70 77.28
ZnSO,7TH,0 933 54.77 5242 58.80

The inoculated media containing 4% rice powder and 0.15% Bacto-
peptone were incubated on 150 rpm rotary shaker at 30°C for 5 days
(pH 4.5).
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& AERFAFES YRR, KM 1001 §lo]F7t A3sh= Al
¥ AL QAR M9} HMAAE 396 unit, 0.70 unit,
044 wnits AAEIH M, AF A4 34.83 unit, 23X
A AE 3778 unit, 123 FAAAE 3625 unite] AMAS YA
g AT 22 lactose BAYOE ] o] 8 4= ¢l
om, AxdAHET AArT A AR AT Tseng 5(20)
& Monascus purpureus®] 78-%- SAYU O 2 sucrosel} lactoseS
AMEEI S W) A o] A et Bael 2L ARE UE
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A Ak} AR ek BRAQL rice powdere] 2 AE
T Table 20 YER Ble} o] 5%2] rice powderol| A A3
W] WAL Haighell =adlom, 9.78 gL wA7L A
AEIATE. 23 Y 4%9] rice powder?] FEO|A= 8.78 g/L9]
TAE Aakste] ofzhe] R4S Yeplil o, A AaA/dS 4%
rice powder?] FE=NA 7FE E=A YEISLTE Rice powder 4%%
A7V 78Rl A@dFrE ARk AlEd A=
38.52 unit, LAXMAE 39.53 unit, L8| ZMM A= 3745
units A3+t

olxe] Avlr AHHTF= SAYUOZE 4% rice powder?} T
Ao @ Aol 7Y FEd B Ao = UE
Haglo| Hgt

AL 2 4]0 v D] 9E-2 Table 39
UERd vle} Zo], 5712 4-9Q1 Bacto-peptones H7F81S W
7HE B 1201 gL FAZE AEAoH, Frjdade]
KNOOI M= 718 W 500 g/L.9] 417F A4k ATk, Bacto-
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peptone®] 0.15% EHrE vl A|o|A A7) AAdsh= My
A Q AR A oF A A A= 212} 43.03 unit, 34.00 unit,
32.31 unit®] AAE YA 4= AU
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0.15%32™, 0.50%¢]’32] Bacto-peptone?] F=ol = T34
R} A o) IRk AN,
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ANz APo] AAIR|2] pHE= 6,004 AR Akl 22 <
Z70l, AMaAPAFe] HAH pHE 459tk Chang 5Q)
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W7} 25°C-37°c0lH, 1 F 7P ARS 2571 30CdS ¥
gl A7} fAket A7t

2]

APzl AAujAoIN] AP 2 A2l v)XE
El S FE3 AP Fig 20] VERIQIT A8

ol st
S| )
3 3

™
b

o]

d

Kor. J. Microbiol

60 12

Intracellular pigments (unit)
Dry cell weight (g / L)

20 25 30 35 40

Temperature (°C)

Fig. 1. Effect of temperature on the production of pigment from
Monascus sp. KM 1001. The inoculated media containing 4% rice
powder and 0.15% Bacto-peptone were incubated on 150 rpm rotary
shaker at 20, 24, 30, 37, 40°C for 5 days (pH 4.5). Symbols O , yellow;
@ , orange; A | red; A | dry cell weight.

Dry cell weight (g / L)

Intracellular pigments (unit)

0 20 40 60 80 100 120 140 160 180
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Fig. 2. Effect of shaking speed on the production of pigment from
Monascus sp. KM 1001. The inoculated media containing 4% rice
powder and 0.15% Bacto-peptone were incubated on 0, 50, 100, 150,

180 rpm rotary shaker at 30°C for 5 days (pH 4.5). Symbols O, yellow;
@ , orange; A |, red; A | dry cell weight.

F] FAYRT AL 100 pm 0|31 ABETAXE F
A o] BRI oW, 150 rpmollA] 7 Fsgh
A3E Yeho] 1133 gL 7 E& TAIE Ak = 9
om, AU AL QAL A A= b7} 4401
unit, 38.04 unite} 46.76 unite] AMAE AYARsE 4= AT}, 2EY
150 rpm ©)/3e] FN&ETo M= @5]e] dA| AL Aol

a9t
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2o MAie] QAo o= F&ole F H, ofd
2 AFE T2 AR ZEato] Ao B4 gl wAs
W= Ao dEA JTH3).

Aol AR o] FA YA B ARG X
F499) JPE =G 2L Table 501 JERAAT. Table §
ol ehck sl o), o] AT ALABE ferrous
sulfate(FeSO, - 7H,0)2 %713+ vjR|ol A 718 FE 3o, o] =
AoA 12,11 gLe] TAE AL = Ao AE A
2, LAA A} HAMM A= 22 79.79 unit, 7325 unite}
83.71 unite] A5 Y2 5= AT}

Monascus anka®] 735, MnSO,Z H7FsAS o /g0l
71 70 e Kim $9)9) Raske QA8 egkot,
Monascus purpureus ATCC 163652] 739~ Fe*'ol] ]3] 224204
Aike] ZRETE Lee 5(10)9] Baleh= 22 23E Yehy
AL} o]F FEolLe wFow a0 A5 Y IRRow
g5l e thhkibee] 44 aaw sk Zos A}
SHHO).

HoHEMM o Hek

APEEA = PR B2 1ageEs gy, A=
T2 F A7k AUAES Ao g f31 BN 224
7= Eo|tk®). wehA AMEgAe] A7) Ao dA)
2 A A, 283 AEY R84 o] AEL 29
Eylo] wHE 9FS HEST ZHAE Table 601 YERHIATL
Table 69 YR vle} o] Agitao] w4t AAAY4d-2
0.1% Tween 802 H7}= FA|A2Fo] 1311 gL2A 7 =4
YER o, At Adske MES] FAM L, aIR A
o} Z MM 4.60 unit, 2.60 unit, 1.40 unit® ZF2} BAIFH O
), A ZU S QAR AH A9) A A= 57.80 unit, 53.02
unit} 56.39 unit® 7M=& MAE AWAZET 22U Tween
207} Triton-X 1002 Tween 8091 HI&| A2k A3 A2
Ao Bet Aaks eI

Hlo] A AHEAAAQ] Triton-X 1002] H71E AFFF9] A
X9 A QA A HAMNAE 535 unit, 3.24 unit,
2.04 wnits YeplE Ade o] AdjolA YElA] 21 2
Aze] AAAAZE Ye o] AHEdA o] ot Ay A
7} AEZ 70 B3 = X3t 53 4= 9l

oio| - te| Wk
AGFo] AR M ] dA A Aol HX|=
oM ieAtke] 3RS Golry] 93t o] ofu|ihEs HUgE H
2R e Ao IAPAENE 0.1 ml A FHF3t 30°Cel
A 150 rpmO-E 547t woFst A= Table 70 YFERHSITE
Table 79 YERF vl9} 220], L-lysine 7}3F vl X|ol| A A
Aato] 12.00 gLEZA 718 A Rt o, A4S glycine

F= Aze] Wiz A28 63

Table 6. Effect of surfactants on the production of pigment from
Monascus sp. KM 1001

Pigments (unit)
Sur(foe:)tant ?Ziglltl Yellow Orange Red

L) Extra Intra Extra Intra Extra Intra
None 10.89 1.90 44.06 0.69 37.90 0.60 46.02
Tween 20 (0.10) 11.56 4.28 49.92 226 4742 1.19 50.75
(0.30) 11.56 3.08 44.93 1.50 50.34 0.87 48.67
Tween 80 (0.10) 13.11 4.60 57.80 2.60 53.02 1.40 56.39
(0.30) 13.67 3.73 40.84 2.13 38.87 1.26 36.19
Triton-X 100 (0.10) 10.22  4.61 40.96 2.35 35.03 1.34 36.91
(0.30) 9.89 535 28.08 3.24 22.70 2.04 27.00

The inoculated media containing 4% rice powder and 0.15% Bacto-
peptone were incubated on 150 rpm rotary shaker at 30°C for 5 days
(pH 4.5).

Table 7. Effect of amino acids on the production of pigment from
Monascus sp. KM 1001

Amino acids Dry cell weight  Intracellular pigments (unit)
(0.1%) (g/L) Yellow  Orange Red

L-Arginine 1122 69.49 46.86 61.00
L-Asparagine 10.67 55.30 33.79 53.38
L-Aspartic acid 10.56 50.54 33.44 46.74
L-Alanine 9.89 55.54 38.80 51.98
Cystine 9.11 2539 33.09 28.35
L-Glutamic acid 9.56 85.31 78.09 88.06
Glycine 10.00 84.96 78.84 91.80
L-Leucine 8.89 16.80 15.33 16.13
L-Lysine 12.00 10.24 7.34 7.82
DL-Methionine 8.33 24.00 28.89 26.94
Nicotinic acid 10.11 50.20 4732 51.32
DL-Tryptophan 10.00 18.72 22.50 20.45
L-Tyrosine 10.00 57.02 62.64 58.32
DL-Valine 9.67 30.52 39.60 35.39

The inoculated media containing 4% rice powder and 0.15% Bacto-
peptone were incubated on 150 rpm rotary shaker at 30°C for 5 days
(pH 4.5).

I} L-glutamic acid® 7138+ v Aol A =4 et g
7} glycineS F7FeH vl M YA AW S o
Az} A= 242 84.96 unit, 78.84 unit, Z12]3L 91.80
unit®] MAE AT o) e d#E AFFFQ0 KM 1001
Holzeo] AA| LS S5 TA YRS B Rl = lysine©] S 3]
o AL = glycine?} glutamic acidES 3713 v R0l A
53Tt Kim 5(7)2] Aol = glutamic acid®} arginineS
A7V Wi A7 S A do] BAQl Zo0E Balwo] B
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ABSTRACT : Optimization of Production of Pigment from Monascus sp. in Liquid Culture
Young-Eun Seo, Hyuck-Jun Jung', Soon-Myung Hong, and Tae Shick Yu"* (Department
of Food and Nutrition, Ulsan University, Ulsan 680-765, Korea, 'Department of Microbiology,
Keimyung University, Daegu 701-704, Korea)

The optimal conditions for Monascus pigments production of Monascus sp. KM 1001, pigment overproducing
mutant, in submerged culture was investigated. The optimal medium for the production of pigment from KM
1001 mutant is determined to be composed of 4% rice powder, 0.15% Bacto-peptone, 0.1% glycine, 0.01%
FeSO, - 7TH,0, 0.1% MgSO, - TH,0, 0.25% KH,PO,, pH 4.5. On optimal conditions, 10.0 g/L of the cell mass
was obtained at 30°C for 5 days. Yellow, orange and red pigment of Monascus sp. KM 1001 were produced 3.25
units, 1.59 units and 0.88 units in extracellular part, and 84.96 units, 78.84 units and 91.80 units in intracellular
part, respectively.



