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Optimization of culture conditions for pigment production of Monascus purpureus P-57 mutant was investigated in liquid

culture.

The optimum composition of medium for the pigment production was 4% rice power, 0.1% beef extract, 0.03% glutamic
acid, 0.1% MgSO;, - 7H,0, 0.25% KH:POq, the optimum initial pH was 5.0. And the optimum culture conditions was at 30C
for 8 days under 150 rpm with shaking. M. purpureus P-57 mutant produced the highest pigment as 356.04 units at red
pigment and as 268.20 units at yellow pigment, and produced high cell mass as 15.00 g/L in liquid culture under the

optimum conditions.
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B (Monascus sp.)o] AAbsteE AiEe 22, Uig, &
F 5ANN 0UEY T, FFY 5o 4F A4z
AR gted, 2 MAEE A A9 monascin,
ankaflavin, Q@ @ XA A14¢l rubropunctatin, monascorubrin,
a2 AHA M9l rubropunctamine, monascorubramine©)

de A Qo).

Monascus 42 AAHTE (Eumycota) F 2| Algdol&
(Ascomycotina), F-AAFT7 (Plectomycetes), &A=&
(Eurotiales), Monascaceaeol] &3l= APAFOEZA FAA
g 8 F e SHAY APToITQ). gty o g Ee
Tgolztn Bele Monascusd wFE AM, &, FA
5 109 71A] o]Ate] M4 EFES AMAFH polyketide
BEE T3 A= o] polyketide pigmentz} 37T FHTHG,
4). Aol FEAHEE B A9 Ao HIHI
dE 2 IJuelA ZF 7pFAFY FAAR o]&He F
FRAALE dAlste AGALZ Z39tn oi]).
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Monascus%: o] #3 AFE 60dRE A]FEHY
AA7A 2o dAF37F AAYHT Yo}t Monascusd: 43S
o] &5 ML B I ¥ oRYARIE AL dA
Ao 2 AL o] &3 mAwgo] YurslE oot
19773 M. purpureus®] FZE-8 Bacillus, StreptococcusS}
Pseudomonasdl] thsle] dATA A7 od, HZd=
Monascus®] B WFH FZFo] FAFAH Hg B ol
g} G2dA, AIgA &3}, wi=A (embryotoxic)} =3
9 NYgERE Jeldde Hix 3g3).

Kang® Jung$)e Sgolrel 2 Ageld Eyw
Monascus sp.9] At Eof Badd dode] 27

2 F%, pH, $71E3, opv= Hoh, wlEk ot A9
23, W 5o g Ak AT els BuEe
o, #FE N-methyl-N'-nitrosoguanidine *2]Z o]
frretel Mk AAFE F7F AFT Yoshimura 5(6)&
Monascus sp. @& ©] &3l thgFe ZPA A ] F
€ B¢ AEY A4 AAHY 27& FES v o
ZTaFL MAa o] cholesterol AFAo| BAE=
& 4¢] hydroxy-3-methyl glutaryl CoA (HMG-CoA) reductase
A 8]A Q] monacolin K9} Na wjd 288 FIFdozH ¥
473t A2E 3HE v-aminobutyric acid (GABAYE A) A8}
@, 7. T4 Axdd e EA9 A 15, FQ
714, jgzae weh 74 A9 nlgo] G ¢

¢

o2 o2
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27 FANE WA A& pH 24 502 34 ¢ F
4 Szl 4T S54 A9 4HPe geAE A
o2 d#A Utk

wata] B AR E A ATl £58 wHolFd
Monascus purpureus P-57 WHo|FE o] &3}e] o & nj ool A
o] A M4k MY HHY 21E HAESTA AT

A 717) Y Al

B Ago] AL A|efoF PDA (Potato dextrose agar,
Difco), Wu] (SHA4Y), 223 KHPO., MgSOs.7H0,
NaNOs;, 52 Sigma Co. (USA)AE-E AlL3gct gz
M ZHE 98] UV-VIS spectrophotometer (Techne Co.
Specgene, England)S A}-&31 3}

SATE I ALBHIX|

Aol AHEd FATFE £ dFHANA B{3ln Ade
A YA WHolF M. purpureus P-57 WolFE ALE-31%
t}. 223l PDA (0.4% potato starch, 2% dextrose, 1.5% agar,
pH 5.6 £ 02) WA & FAFTFY 22 AAHE $45 A )
S AE AMEEHI, MAMGS AT HAWLS Lin's
WA (3% rice powder, 0.15% NaNO;, 0.25% KH,PO,, 0.1%
MgSO, - TH,0, pH 60)& 7|Ruj 212 ALg3hech

SANTEFo Y

SAEFE PDA w{A[of A 30T, 77wt & dag
oF 10 m H7Fsta WFolE o|&ste] wixzRe Xt
3|3t ¥, cotton filterg ©|-83le] WAL TAE EE
3 FFSE 33 AAsY TAFEEAL AzEgok A
oA 3,500 pmo. 2 PAIE ]S}, hemocytometerES ©] -8
of ZALE AEF F 2 x 10° spores/nt A 345}
Z928 AE3AL

A AL A Lins WAE 100 ml H2F

30 mA FFEt 121Co A 1587 273 &, £ e
300 wE AEste] 30T, 150 rpmol) A 7UZE w3l )

e o rjo ok mw mw

Az FHE 55
MEd BAERY Az A% 29 d%A (Toyo
No)E ol§3te] Z4alth. 80TAA 342 vla] Az
o
=

P FFFE 33 A3
¥, B0TCAA o] @ W7tA Bz
Fe A
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0 pmo 2 277t FE3A. F28 A
A2 823 F, UV-VIS spectrophotometerE ©)
o HAH2= 500 nm, FA4A2E 400 nmmol N FFE
2R57, olg AN FAFOR B} FHE (OD)
Lwnite. 2 242 A0 4949 $AMAZ ekl
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Monascus purpureus P-57 #59] M A oA &
o FFE LolrHy] Y3t wik 28 74 25T, 2
8T, 30T, 35T, 40C2 ZA3lo] wjokg A, Table 19
Ve vhel Zo] 30CAA Haa4rt 10325 unit, A
AA7h 8035 wnite 2 71 H& M4 AL JES
32, 40T olelXE Ak Aol FHIA HdAEE ¢
g g aela gA#FY ASode 30CROE 28T
A 983 glL2 7 #e FAVF AAdEAeH Aik A4
e 2 A 25T 5.67 gLz 7 Aol Hzsgo

Table 1. Effect of temperature on the production of pigments by
Monascus purpureus P-57

Temperature  Pigment production Dry cell weight )
(C) Red Yellow K L) % Final pH
25 61.06 50.32 5.67 5.79
28 89.92 7222 9.83 4.96
30 103.25 80.35 9.00 5.02
35 41.50 43.40 8.33 5.04
40 746 17.52 8.00 5.44

HiQ pHO| A5t

W 7] pHoll gt AA Al o5 nlaslr] 9
&kl pHE 3.5~7.070A 05 @92 A8l w3t A3,
Table 20| ebd wle} o] pH 4.5~55 Alo]9] <ofaka
2104 & A4 AdES YA, pH 5.0 4
AN 2 156.68 unit, 3444 12338 mito 2 71 = 4
A5 AAEPY. s pHI} FAHoE Z4E MAa
ol ZAse AFE UEhA, pH 700X = A A
A7} 20.16 unit, 3271 2021 wnit2 7P e Al A
e i =

TA A A9E pH 4544 1033 gLz 718 =
YEPEAE, A GG ME & oyt vA ggs ¢
AT, 22t FH9Ge 2 Z54E FAFYT pH 7.0
Al 8.0 glLE T Ao 7Hg HZIA Ve

)

w2 o

A
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Table 2. Effect of pH on the production of pigments by Monascus
purpureuys P-57

Pigment production Dry cell weight

pH Red Yellow (L) Final pH
35 84.25 7375 9.83 593
40 7745 75.39 10.10 6.08
45 13095 109.62 1033 591
50 156.68 12338 1020 5.59
55 125.17 99.85 9.77 492
6.0 94.66 78.42 9.67 5.00
65 64.69 57.41 8.67 5.8
7.0 20.16 2021 8.0 5.93

EtAflo] olgf

Bado] MA e wXe FTS Lolry] 9o
Bodoz oy FHY HEF, 297 @9F 5L 4
Zt 3% Hrtstd wgst dal, Table 3904 AHH rice
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powder7} HAAA 13270 unit, FHML 10534 unito 2
7 =4 AAEReH, FAF 94 950 gLz M =
A veigt aga F2 A8de] gAYeR o 8HAY
W g% gde] BUE AE ¢ 4 ANeH, £
Auge W) 15} AR B 452 YEE 3
HE ol9e fod 9FEAE AP 402 ARE
. 221} fructose, maltose, sucrose, glucose, lactose?r-2 o
e 2A ABEH Az e BT ARARC
ofatAl UEbsttl 53] lactosed] Ffole K AA 7
Aol ol2olAA) e FA & 5 ALch

ML

fqr 9t oo L o

Table 3. Effect of catbon sources on the production of pigments by
Monascus purpureus P-57
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= 9} Zo), beef extractolA] A A7} 24830 unit,
A A A7) 189,58 unite.® 714 =4 el e, MSG,
NHNO;, (NHa):SO A% 24 A A47F 200 unit 0] o2
A Vebgth 2@l soytone, yeast extract, CSLY A5+
M Aol AzEE ¢ & AT

FA e A= Table 59|49 7+o] beef extracts}
MSGol A 13.67 glLE 7} 2 FAE AiedAw, o
2 A429E% 448 Aole JER it o]t Z
ZH= MSG7F M A A g Budk Lee §

O3} Su10SkE old Z#E ehi ik ~

ot fz

Table 5. Effect of nitrogen sources on the production of pigments by
Monascus purpureus P-57

Carbon sources Pigment production  Dry cell weight

Final pH

Nitrogen source Pigment production

Dry cell weight Final pH

(3%) Red Yellow (gL (0.15%) Red Yellow (g/L)

Rice powder 132.70 105.34 9.50 5.98 Soytone 95.31 95.61 12.33 441
Wheat starch 32.56 28.60 7.33 4.63 Bacto peptone 158.81 126.36 13.00 3.58
Com starch 79.34 58.82 6.33 4.85 Yeast extract 92.07 92.10 12.50 4.10
Rice starch 38.29 31.64 5.83 476 Beef extract 248.30 189.58 13.67 4.47
Potato starch 15.86 13.68 433 4.39 MSG 206.31 162.03 13.67 428
Soluble starch 4.44 3.78 333 3.85 CSL 108.26 102.02 13.00 425
Fructose 421 3.48 0.83 512 NaNO; 168.90 134.10 12.50 482
Maltose 6.41 5.24 1.17 4.36 NH4NO; 211.40 165.90 13.17 3.20
Sucrose 1.20 1.22 0.83 491 (NH4)2S0, 201.60 167.04 13.33 2.28
Glucose 3432 25.39 1.83 4.50 MSG ; Mono sodium glutamate

Lactose - - - 5.07 CSL ; Corn steep liquor

Table 4. Effect of rice powder concentration on the production of
pigments by Monascus purpureus P-57

Rice powder Pigment production  Dry cell weight

concentration(%) Red Yellow (g/L) Final pH
1 2750 25.06 3.00 598
2 32.26 57.72 6.17 5.93
3 120.84 98.27 9.50 5.67
4 134.47 108.89 13.00 495
5 122.39 107.51 15.50 5.05
6 129.17 106.27 18.00 4.69

Rice powder T2 sk

gr908 744 2438 rice powderd FE7F A A
Ao nAe 9FS HESI] Y& 1~-6%7HA W7l
i3 An, Table 4914 He uhsp Zo] AL 3
2 3%5H FAsA Z71E7) AlFEte 4%olA 134.47
wite. 2 743 A Jelgz, 5% olddMe HAEs ¢
Atk AT FRAFY Aole @hdol FIHEl
getd ALHez F74EE ¢ F AAeH, ol #wrt
27} Bl B gong Hylgo] Fyhgd ueiA #A
gz gol Ul Aoz Az ol4e Aie Pak
=(8)3 Kang®} Jung(5)9] Budte thad xtol7t AATh

AL B

Mz gRd vIAE AAAY 9T AR Sk
4% rice powderE 43 Lin’s %o NaNOsth4l soytone,
bacto peptone, yeast extract, beef extract, mono sodium
glutamate (MSG), com steep liquor (CSL), NH4NOs;,
(NH.);SO.E 0.15%4 #Hriste] wjdd A3, Table 5o|A

Beef extract <=9 st

Axog 71 9538 beef extractEZ 0~0.25%7}A]
0.05% T2 Ztzt F78le 24Y Fxo wE A4 A
M=o nlwagct 2 Ad Table 694 M 0.1%S 3
b w HAAMAT}F 236.99 unit, A4 A7} 186,18 unit
o2 74 =& Ax ANSE Jehddded, oA AAAF
dA] 0.1%1A 1450 L2 718 =A JeEds & 5 9
Aok 2ehy A AAFY Aee AA9Y TR #A
glol 2 o)zl YehA F5& AT + AATh

Table 6. Effect of beef extract concentration on the production of
pigments by Monascus purpureus P-57

Beef extract Pigment production  Dry cell weight _,
. Final pH
concentration(%) Red Yellow (gL
0 116.43 98.19 12.67 342
0.05 152.06 128.48 13.83 3.72
0.1 236.99 186.18 14.50 3.90
0.15 191.95 159.96 14.33 431
0.2 151.02 132.10 14.33 4.44
025 143.45 124.53 14.17 5.02

Amino acid9] gk

obrlm4to] MaAAel PlAE JFL ZAler) Asd
13579 ofmnite wiAel 0.1%HA Hrkskel Ztztel
Wi A% vmste] Btk 1 A Table 79 Uheh
@ ouksh gl opuleitg AZEHA ge Wz wWm
S HYL uw glutamic acidvho] F A A A7} 223.86 unit, ¥
A Az7b 20129 wiit? ¥ M Adee UEIG.
12] 3 trytophan, methionine, cystine, lysine®| 7Z-¢ol= 4
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& Aol I3 Ax3At
A g AT DA glutamic acidel)A] 1517 glLE 7}
B2 g ]7} AAEAem, M o] oA vehd

trytophan, methionine, cystine, lysined]| /\i% T3 AATE
10 gl AEZ AA YAATE 7L & 4 ot o) 2
= glutamic acid7} A4 Ao «43ckm X2 Kim

TADFH LT 2HE HEh AT

Table 7. Effect of amino acid on the production of pigments by
Monascus purpureus P-57

Amino acid Pigment production  Dry cell weight .
©.1%) Red  Yellow i L) E% il pH

DL-trytophan 23.74 36.48 10.67 345
L-arginine 159.04 166.70 14.50 4.13
L-asparagine 120.03 128.83 14.67 4.94
DL-methionine 20.62 25.44 10.17 3.82
L-glutamic acid 223.86 201.29 15.17 5.30
DL-valine 93.96 104.58 13.83 4.49
L-aspartic acid ~ 122.51 120.18 13.83 4.85

Glycine 132.24 137.11 14.50 4.58
L-tyrosine 130.90 131.92 14.17 412
L-cystine 13.89 14.20 10.33 3.09
L-leusine 76.69 89.31 13.83 443
L-lysine 42.80 45.60 13.33 3.06
L-alanine 103.60 118.55 14.83 471
Control 190.10 171.95 14.83 4.10

Glutamic acid ==9| ¥gf

Ak A Mg $FE obvite® UEhd  glutamic
acid #l=]o] 0.01, 0.03, 0.05, 0.1, 02% A 22+ A713}e]
oppliAte] FEo wE i AYHeS Hus] E A,
Table 8] }e}t vlol %0] 0.03% glutamic acidE F7}h<S
o A AAE 24196 unit, FA] WA= 20033 wnit® 2 7}
Z Eokonm, ofulit Hulge] S ESE A Ao
Zade ATE Jedidd. a8 ﬁxﬂ *E*J%WWE
0.05% A 14.43 gL 717 \%8 TAE AaketgA T, A
A Aol7t WivEhg & F AU

Table 8. Effect of glutamic acid concentration on the production of
pigments by Monascus purpureus P-57

Glutamic acid Pigment production  Dry cell weight

concentration (%) Red Yellow (g/L) Final pH
0.01 171.02 152.54 13.67 426
0.03 241.96 200.33 14.10 4.38
0.05 177.01 157.96 1443 4.80
0.1 161.70 151.54 13.67 5.14
0.2 70.19 81.02 13.67 5.19

et fxof st A

g £xo E A4 < uwsly] Yt HA
279 WA A Ay &=F 2+ 50, 100, 150, 180 rpm
o2 ZAY 30CHA 797 MEFe AANET 1 2
¥}, Table 9o YEbE ZAA = 50, 100 rpmo)] M= A A
o} 23] AT 150 mpmelME FA3S] F7iste 180
mpmo A Q3E 4% Zraste Aoz ekt e
Ao AR HA A" £EE 150 pmoPgon], Ma A

>

qeko A A4t 315.04 unit, A A7) 243.58 unito)
Ak A AR AT G4 150 pmelH 1467
gLE Vg $439m Ak 44T nae 3o F7
¢ 398 & 99k

Table 9. Effect of shaking speed on the production of pigments by
Monascus purpureus P-57

Shaking speed

Pigment production  Dry cell weight

(RPM) Red  Yellow (L) Final pH
0 2438 2424 6.23 382
50 722 7.84 7,67 354
100 3094 4311 1057 413
150 31504 24358 14.67 425
180 24843 190.15 13.57 437

350 |

300 |

250 |

200 |

150 |

Pigment production(Unit)
[=]
Dry cell weight(g/L)

100 |

50 |

Incubation time(days)
—®@— : Yellow, —®— : Dry cell weight

—O— . Red,

Figure 1. Effect of incubation times on the production of pigments
by Monascus purpureus P-57.

HHQEAIZIO) M2 ofs

M. purpureus P-57 Wo|F9o] BAuj A7t WE A4k
A4 Masts) dsel A WAZPCR 20T, 150
pmold A2t 2~ 109744 290 BeE AL ARSE
2% A%, Fig 10433 9 207A% A2 440 A
o] o]FojAA] ggtom, 49 o|FRH FAGA FUHHE
A & 5 Atk ada wik YA HH M7}
356.04 unit, S A A7} 26820 wnito. 2 714 EA e
I, 109 Wl 28 2% Zase A& ¢ F
Aok FATFE nAME Y& Al ALy de wj g
doll Hugts Wil evk(12), AAufdelA e MagA
o] 892 Hugtel =gt Akl LAMYRT 4
a4 AZtel 2288 ¢ 5 UM

TAUFY oA AT AAMYG 8Ll 1500 gL
Z 7 wsen, Mas npastAR 49 ojF e #73)
Zohstgon, WY 100 oFolE o8e £F Pade
Ae #A¥ & Yo

R:3

ir

=30 30

0

it

o O}
v e |

B AFE Monascus purpureus P-57 WHo|FE 0] L3}
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AAMFS 53 Axd) A2 AHe HH wFzAS T
et i

M. purpureus P-57¢) MAAAL % HFH A AzAHL
4% rice powder, 0.1% beef extract, 0.03% glutamic acid,
0.1% MgSO; - TH,0, 025% KH,PO.0 5, wlx| 9] pHE 5.0
olgth zgx HA Wiz 30T, 150 pmol A 84 zF
e oW P E:e A4 AAYS JEhdY M
purpureus P-57& o|4el HH Z7iolA wjFRE o A4
A7) 356.04 unit, A A7) 26820 wite. = Jp B
Ar2 WABPT, FATL 1500 gLs AT 5 3
o

a Al

2 A7 4YARRY A9HA AdPYAds Bt
A%y, BRTEAG A3 AGUSE AFAERL A
W9 aE AEAT AHY AUl 9@ A7 23
Yolm ofe] ZAEAU T
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