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1.2 EFE

BRI EEFRIE (PDA) « FRENE Y 5442 2009, VIR
He, 111000 mL 7K, ik 1 h, XUZZAGIEEGE, INBEAE 2%,
pH5.4, 121°C K14 20 min.

WA B R L oK K5%, S0P 2%, K,;HPO#3H,0
0.5%, MgSO,#7H,00.1%, pH5.4.
1.3 REHE
1.3.1 E#Ew

FEER AT M LAAR I 1R PP N S AR 55 774 (PDA) H,
30CH;F:7~10d.
1.3.2 R4 IMFHEMLAAF T 57

B 1~2 3 M144 REE R AR T 53R 5,
30°C, 180 r/min JE¥% 5557 48 h,
1.3.3 4y EMIMEKRL R

#20 g KE T H HRK CRHEEEL @ 4) B4 w1
e N A2 O=90 mmfti JC B T 1L, Ay e K i B 7E0.1 MPa T~ 7%
30 minZE R AL, AHIEA0CHER 0% 4 i 5 M 1445 T
W, TE30°C. AHNNEEE80%I 4 N 53R, MEEIRITUAR R
TIAS TR Rh A K ik BE (77 S B, SR IO d, AR il A A
WA BT KIESEHE, 4RI =)7E60°C T 2 1E i 2
1.3.4 W edemgnziEs

KGS 15961-2005 (£ s LT i {4 2% 1 S ARAE[S) ™MD
B AT S . FRENAT A% §h0.500 g, N AT ZI 1100 mL
HBEOIERE R, IN70%Z 450 mL, #2)J5 IN60°C /K i
MAEE2 h, EUHEAH (BB EE 2D, A E e gt
JENHIEEF B =AM, ZUEH10 mLZEA BT, TR EIE I
1 mLJBN25 mLZI B BUA i, NN TO% LMk & A &
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2.1 EEZWMEZENHTE

SEBUE NS R e U EAN [ EARCN-Vod = sR S (IR ER )
ANEFRE T AT WA, IR, MIREEMEREE. X 5
AEFEHEFHATHT R B, Ui B mE R, R
TR IR 1,

FISASH PR RAMARLG &5 R UEAT AL B, AZ R - B4 1
Fe2MNK3, HRNWLME AT R A -

Y,=1784.2505+29.36x,-59.9875x,+71.9375x5+13.8%,

-60.11xs D)
Y,=1.3925+ 0.0225x;-0.0475x,+0.055x3+0.01x,
-0.0475x5 (2
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Tablel Fractional factorial design and experimental results

5 x L%, VIM)  xo CHHZBE %) xo (BRERDE %) xa (BREREE%) x5 (BEBETE%) Y1 (L4 Esos) /U= gt Yo (41 Dsos/ODaz)
1 -1(0.10) -1(0.20) -1(0.30) 1(0.30) 1(0.40) 1700.00 1.33
2 1(0.30) -1 -1 -1(0.10) -1(0.20) 1817.22 142
3 -1 1(0.40) -1 1 -1 169351 1.32
4 1 1 -1 -1 1 163853 1.28
5 1 -1 1(0.50) -1 1 1809.54 141
6 1 -1 1 1 -1 2050.20 1.60
7 1 1 1 -1 -1 1816.52 142
8 1 1 1 1 1 174850 1.36
9 0(0.20) 0(0.30) 0(0.40) 0(0.20) 0(0.30) 1680.01 1.31
10 0 0 0 0 0 1666.25 1.30
11 0 0 0 1714.25 1.30
12 0 0 0 0 1741.97 134

e X Xor Xar Xar XTURMIGME, $55 WA E R FLSEAF .

M2 LLE L (1) §3(P=0.005136<<0.01), J7fAf
KAKCAN4.51%, LUFNATTFHAUE LT, Yo xeFxsIP{EHS
/NF0.01, UERARIATRE . R BN R R T KT B
HoF ARG 45 Y 7E Q9% K - 1 s 2= 7 i

% 2 ViERBEEAS SR

Table2 Regressive analysis of fractional factorial design
Experiment for Y;

TR AHE ST By FE Pr>F
I 1 18651.72  18651.72 12.72305 0.016096
X1 1 6896.077  6896.077 4.704077 0.082258
X 1 28788 28788  19.63739  0.006819
X3 1 4140003 4140003 2824054 0.003155
X 1 152352 152352 1039251 0.354761
Xs 1 289057 289057 19.71768  0.006762
il 6 126165 2102751 0.005136 0.005136
W% 5 7329.894  1465.979
ps¥il 11 133494.9

MEIMLLE R (2) B2 (P=0.002803<0.01) , Ji
FEM R R ECN95.72%, KB FFEUEEUF, Xon XeFlXsIHIP
{HAS/NT-0.01, ULRATTATHE . B FR BRI RE B 75 R 6 BE T 10K
P BRI 45 R YL E99% K - B = R 2 . BRI UL IR i b R
WIS &TE, e T KRB SRRt gy, amf
VI CEEANINE FR R . BRIR BERE L

F 3 YA E VIS HLER
Table3 Regressive analysis of fractional factorial design
experiments for Y

Tr ZERUE FI i RKiL ey F i Pr>F
HHO 1 0017067 0017067 2321995 0.004804
X1 1 0.00405 ~ 0.00405 5510204 0.065774
X2 1 001805  0.01805 2455782 0.004264
Xa 1 0.0242 00242 3292517 0.002252
X4 1 0.0008 0.0008  1.088435 0.344611
Xs 1 001805  0.01805 2455782 0.004264
A 6 0.082217  0.013703 1864324 0.002803
W 5 0.003675  0.000735
ELAN 1 0.085892

2.2 mEERHIRLE
S0 L R LA Y RO Yo, 30 X X [ EAEIR

MO(x=0, x=0), BI¥sin&EANILIR 0.20%, MifREE 0.20%. %
X SN SRR O R DR R B Y B BN R 56
2, meds i 7 RS e MR 5 8 (LD RUTRE (2) e,
RGBT L 4RI 4.

RAGIR T A 55 P19 B 1 AR AR BB 1 AR 4K, T DG
I NAHAE S 341
2.3 MR EER A EFYRRM

H 4l B BT B 5 3, K I Box-Behnkeni 36 111, % Xo.
Xa X 34N IR ZE AT W S T A0 AT, IR0 BT e 4 R L3R5
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Table4 Experimental plan and results of steepest accent for Y;

o) X WIHE  XeWMREE  XoMEREE  YaZLEOHY Y (9

1 %) 1% 1 % Esos/ U * ¢ ODsps/ODazo
1 0.30 0.40 0.30 1760.12 1.36
2 0.28 0.42 0.28 1987.02 152
3 0.26 0.44 0.26 2287.07 1.68
4 0.24 0.46 0.24 1821.01 141
5 0.22 0.48 0.22 1601.00 135
6 0.20 0.50 0.20 986.05 1.27

W X2 Xar XsfREELSIH.

% 5 Box-Behnken i{I it RiRILR

AT FE(DR S, 1551Y,=2351.17 U/g, x,=—0.25062, x;=—0.54769,
xs=-0.59853; BIVsINE M. HiZif 0.25%, filfRe: 0.43%, %
BEE 0.25%.

ME 7 FTLLE H, P=0.000248<<0.05, [H[JH77F% (4) W&,
SINTEE B, BTSN CREE . KR
91.80%, [M[JH7FE (4) AT, H SAS AT H UL 54T,
AT HITZ AT (RS ot R A AT ) S5 R A, K L ASE Y v T
TERERAS TS KM, XEETE (4) KT, B3] Y,=1.75,
%=—0.26344, x3=—0.55956, xs=—0.56632. RIVsinhy. 7iZikk
0.27%, BRlR%E 043%, WHEEE 0.25%.

F 1 LREEEFAFEAESN
Table7 Variance analysisfor regression eguation of model Y

Table5 Design and results of Box-Behnken experiment RS FHE LRl ¥Js Ffi  Pr>F
pm % CGHI%HE  xs (MIREE xs (BEREE W2 <21%1ﬂ_1 Y, (faif PR 9 0.892939  0.099215 12.436 0.000248
/%) 1%) /%)  Esps) /U * g ODsos/ODazo) s 10 0079781  0.007978
1 -1(0.24)  -1(042)  -1(0.24) 2106.83 157 B 19 0.97272
2 -1 -1 1(0.28) 1854.55 1.36
3 1 1(0.46) -1 1709.74 125 Jg TAELL AN R R I A B A, X TRE (3) R
4 -1 1 1 1644.16 1.23 (4) BRALAT3) Y,=2340.01U/g, Y,=1.73, %,=-0.21, x3=—-0.48,
5 1(0.28) -1 -1 1869.98 137 xs=-0.537; RIVRMIH N W4HE 0.26%, MRk 0.43%, Mekf
° : N ! 1704.23 129 B 0.25%, fELAMET, TR & RMEPALMNL (3107 b
: . . . ig;jig ﬁz AR I RUT, ST AR T UL T €3 4
9  -1.68(0.23) 0(0.44) 0(0.26) 1914.61 143 fivbs, A IS ORI )
10 168029 O 0 153301 112 2.4 WMNEHALERHOIERLE
11 0026 -168041) 0 2187.82 163 BUE K SR, i 2820 M AT M144 fE R R A AL 4
12 0 1.68(0.47) 0 1491.15 112 RAMINEFRY), SARIMINEFFIATH L, 56455 WL 8.
13 0 0 -1.68(0.23)  2270.66 1.68
14 0 0 168(029) 175345 131 o % 8 MRIEE L RIIEIR LS o
15 0 0 0 2347 27 176 Table8 Verification test for the results of response surface optimization
16 0 0 0 2214.30 163 AT THEM U - g* T
17 0 0 0 2074.95 1.55 FNIEFEY) 2335.17 1.69
18 0 0 0 2328.15 1.72 AFNIE ) 1500.05 1.03
19 0 0 0 2257.10 1.69 B4 01% 55.67 64.08
20 0 0 0 2350.00 176

T X X X fURGHDE, 55 ARG E N FTAE .

W FSEARRIAT A AT, AR M5 R W R6MKT, 15E]
TRMEEG gD (3) 1 (4)
Y,=2264.3-86.55205%,~157.6155x5-109.7733xs~
29.26X%%3+0.8XX5~164.7037%5°+25.8425x X5~
103.691x> (3
Y,=1.676747-0.063038x,-0.117489x;—0.080978x5~
0.151068x,2+0.01875x,%3~0.00125x,X5—0.122783x,2
+0.01625x3%s—0.075053x52 4
MFE6T LLE 1 P=0.000148<<0.01, [H[HJ5F (3) W3,
ST REW, BT S mNEN SR EE, HXRECY
92.69%, [HIHFFE (3) AL,

® 6 Y EAREAARAEN M

Table6 Variance analysisfor regression equation of model Y,

T7 FEAGR H ALl V] F1{H Pr>F
et 9 1602993  178110.3 14.09476 0.000143
1R 25 10 126366.4  12636.64
gyl 19 1729359

HISASHAFHEAT U 0 M, T JINZAE Y AR RRUE ad B A 27
INEEON A SIEN= R R R T FE ST 2 TN TR SN |- REp I B

f 8 A4, TEMA N AT 381 iR iR IR 41, 2nih
LR L Oy 233547 UlmL, LLxT B8 I 55.67%; £ Hi4r
MO 1.69, ELXTIRIEIN 64.08%. XFE0 Ui T LK
RSy d Ay AN || AN R S ApUN s AN KA DK ack: LE AN IF =77 L)
BERSAOMOOZN T BEMRE. XAEELE Johns
Stuart MHRIE KL FWO06 Jy H A Bk, LK A JEURH R 25 % 1
AP 4 e ER A A R TR 4 BIMIK 37.50% £ 10.00%. {H
FKIIMHG LT KT 40%, MZEF= A 18 K sk 2 —Fh gy
PP 2 i 2D B R, AL ARG &5 SR AT R
RY, ME A= N A

3 & it

D SRHANTPFNRE 11, Box-Behnken 356 5 11 Fmi 3 R
th, W€ TR M M144 TR &R B RE T I 78 74
o FL ARV N R 20 0.26%, iR EE 0.43%, 4 EFE 0.25%.

2) R KA R E 2 2o o R g b, A
AE FEY ] B R S i RN B A E. EET
B b R L AL B E 4L B iIA B 2335.17 Ulg,
W 1.69, ELARFNINE FEYIIN 2 4R T 55.67%F1 64.08%.

3) LUFAR R ih 5 M144 i R BRIdR, LUK N JERE KR
FEAE =4 i e I 45 R, ERERT e ANE
FEIERE . T 4B AT 2 B TR A R S AT AL,
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Optimization of supplemented nutrientsin solid fermentation of corn for
producing Monascus r ed-pigment

Gao Yurong, Sun Wenhong, Sheng Yan
(Food college of Heilongjiang August First Land Reclamation University, Daqging 163319, China)

Abstract: To optimize the main supplemented nutrientsin solid fermentation of corn for producing Monascus red-pigment, addition amounts
of MgSO,, glucose and yeast extract were evaluated as main factors significantly influencing red value and color tone of Monascus
red-pigment from Monascus purpureus M144 by fractional factorial design. By Box-Behnken experimental design and response surface
methodology, the optimal addition amounts of supplemented nutrients were obtained as follows: glucose 0.26%, MgSO, 0.43% and yeast
extract 0.25%. In those conditions, the red value and color tone of Monascus red-pigment were increased to 2335.17 U/g and 1.69, and were
55.67% and 64.08% higher than those in origina conditions of no supplemented nutrients. By the systematic research on optimization of
supplemented nutrients in solid fermentation using corn as raw material, the yield and quality of Monascus red-pigment were increased. This
study can offer technology support for the industrial production of Monascus red-pigment in solid fermentation using corn as raw material.

K ey words: optimization, Monascus red-pigments, supplemented nutrients, Monascus pur pureus M 144, response surface methodology



