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W OE: AKRGBEMEN IR YL — 5 S AN, TR TR &BALRALE B A,
RSEFBAE, AR T —4k 5 7~ BB 09 40 ¥ & A Ak Monascus sanguineus X1, VABSALEE & /1 41 45
AR, B R BE UL AR S A pH A 4 Ao @ xt X1 B k09 35 S R AT O B 2 IS R OE SRR R,
s KR BE A B i AL B2 S K ) B BRALIR BT T SRR LB | TBR 5 B AL AT AR 40 R A Am A B AL R
W& Y, SEREW, Lol ERAK B RAE S (VL 100 mL i) K EH 7.0 g, K 2% & Ik
2.0 g,NaNO, 0.2 g,KH,P0, 0. 15 g,MgSO, -7H,0 0. 1 g, 3% Fx 4745 pH A 5. 0, AP 3 10% (A%
), EEHT BB HA 10% 37 KAnRARG B A 4% 09 LB B & F) +T % 745. 80 U/ml,
16] BE AL B % P A NARAR AN 0. 8% 45 TERAFe AR AR 2 H 20% 09 TEF 4R34 1 d 6, BRfLiR T T
B LBS 69 R AR 2T 35 0. 121 % 5 o 160 BS AL B R P AN AR AR 8 A 10% 935K )G |, TBR T s o SLBR
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HLRL 25 e e o 3 2807 3, DL A 20 fh 3 S
P Ak P K T A TR AR U D DL ARGE , A SCR ] — Bk
e TR A TP 2 1 B TR XL, AT AL T 0 b 45
BRI BREEAT T 8 IR LA B 5E T K L 2
T | O TR 55 TG A 17 4% 0 T3 0 JFE WA 285 T % ) 45 T AL
WSR2 5 LA T BR AR AH G S 8, a5 2R
57 A A 21 i B B TR A B A B K R ) I 4 41 B
wZ%,

1 MBl57AE

1.1 SReHH

21 18 ( Monascus sanguineus) X1 H R ERHE K
SR TR SAYIBOR =B R B i SR s I & B
FUST, TEIREN MR S RREE B A
By ba g Ted W) WP e it Gk o

BRI 2RI R T MR R K
KH5 3 g,NaNO, 0. 3 g,KH, PO, 0. 25 g,MgSO0, -7H,0
0.1¢g, A#KIK 100 mL,pH A%, KEEEEFREL. KOK
¥35 g, NaNO, 0.3 g, KH, PO, 0. 15 g, MgSO, -7H, O
0.1g, AK/K 100 mL,pH {64 7.0, DI E3GFHEK
B &F 4 121 °C |15 min,

1.2 (UFE5iE&

SW-CJ-1FD B#&H TAES, FiliilEE g
FRA RBP4 LS - BSOL 57 3 F1 281K
By, b HEAeL R AR BR A |] 5 KCL2000 Y fE
IR R M, H AR EYELA % & B 4k 2 #;
AG22331 Rk B0 ML, f82 [E Eppendorf 24 F] ; ZWY
-2112D RUEE K SR %% , 1 S8 43 B AL il
A BRAH
1.3 XEFHE
1.3.1 % X1 =B ulhog & i i
1.3.1.1 HRHERELEEIT

1 AR BSR4, DLk
it 155 1 M AEAT , BEREAN [ RRUR ik L bl | HE R )

#1 ARIEEESECERF R T

F kAL

Tab.1 Conditions of single factor test for different
fermentation parameters
S A%
A 70 g/ L AIVATEEM A KK (7.5 3 g)
AL BRAL AT BN 4.2:1 .6.3:1.5.5:1
PR (RBGED) 8% 10% Al 12%
WRIEFREE pH (E LM E 4.55.0.5.5

f pH {H, BT HXTLT 55 X1 VRAS & 1= g AL A A
AN
1.3.1.2  IEsCREEIT
WG BRI R IR 25 31 DARRTR AR AL %Rl
pH B Ry 52 R R | BRALBEE 1 A 4845, 247 1E AR
RIS (£ 2) e R R b & .

#£2 EZRAE BT
Tab.2  Orthogonal experimental design

kS
K- A B C D
IR TRA L PR/ % pH
1 RAM 4.2:1 8 5.5
2 A HETE R 5.5:1 10 5.0
3 6.3:1 12 4.5

grhas X1 9 7™ T 1k il e 3 B 7K s n
piokiiibe

FE B 28 S50 A IE A8 IR 80 45 21 1 0 Ak A5 1R 2
fith b, 33— 25 BF 90 R K B K & (0.5%
10% 20% (AR5 %0) ) XFerh 28 Wbk X1 A&
T 7 T ARt 9 52 T, 5 B TR PR XL 7 TR 1 I8 1) SR o
BOKEN N
1.3.2  BEALRH) & F E R Hdn 2 b 7 E

KEEREFRILALALIS | L)L 3 000 r/min Z.L> 10 min,
WSO Tl e e B ) R T TR, A P A T, —
HTIMR(0.0.05% 0. 10% (HF4M%50) ) Fl 2
(0.0.5% 2.0% 4.0% 6.0% 8.0% .10. 0% ({&FH
S ) —4L AN K (0.5% 10% ,20% (&
FUMED) ), o3 il S BRI, W98 O R | S BTSN
S FIE RN 2 X i AR ) 5 B 52
1.3.3 A= x

LR O LB LR OTE . C R CBERELIR £
Pk Ao 2 >R FHASOAE 2385 75 . B 8 000 1/min 2.0 &
B, B W, 3 0. 22 o JE NS5 SERERG A6
20 A TS BL 48 FID K U5 (450GC, 1l
Ty, a]) AT, LZP-930 [ 6 4045 4 43
FE(30 m x0. 32 mm x 1. 0 wm, P EBL2ERE 22 M A7
YRRAGE T ) , FERE TR EE 200 °C, i #5755 200
C, H: W # 5.00 mL/min, #% < N 4 S (4
99.99% ) , #X < #E 25 mL/min, &< 30 mL/min,
2300 mL/min, 433 EG 100 1, #EFE R 1 pl,
7 THIR 2 F 00 i iR 60 °C, PR 5 min, LU
5.0 C/mini#ELEFHE E 180 °CIFI-EF 3 min,

1.3.1.3
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1.3.4 BB & /) 2

SR 1- 257 L ikt e A RS 1 A T
FitE TG 378 S AE 37 C AT, 15 min 7K 1-BERRZER ™
A 1.0 nmol 1-ZEM PB4 1 /NG J1EAAE(U) .

2 #R5itE

2.1 REEFEXNIHE X1 FELEBHZNE
PABRAC RS 1 4 b, e FE AN Rl B IRk L
AR AN G pH {EL, FFFE XL A X1 WS KR 5

FEERAL T SC A RN 3,
2.1.1  BORT X1 B Ak~ BEALEEE /1 09 % R
&3 IRCRB AR IR, & IR L VR P R AL
Fi1% 714 435. 05 U/mL; DL AT PETE s R B IR I, i
ARG 1AM 302.35 U/mL, Z R B, —HEH
AT RESE T IE M & i SRR R B R A
ANA] X AR SN DR P A i 6 ) A7 A 22
So AN, KoK EFREEE | FRSRIE 2, ik
B, FORVE f b AR X A 22 (R NS ) 45 SRR
SEZNR X1 B RRAE K R IL B = A

3 ORIR BRALL RPN pH (BN X1 TR RIS A 1™ R AL B 1 52 )

Tab.3  Effect of carbon source, C/N ratio,inoculation amount and pH on esterifying enzyme activity of

X1 strain in liquid fermentation

i WAL
il 55

HefiE pH

A" B* 4.2:1 5.5:1 6.3:1

8% 10% 12% 4.5 5.0 5.5

f§% 1/ 302.35+ 43505+ 335.05+ 446.89+ 322.31+ 381.84= 43505+ 324.07+ 362.96+ 404.25+ 427.68 =

(UemL™")  2.75 3.03 4.34 2.88 3.70

3.23 3.11 2.67 2.88 3.03 2.76

[ SN I 7l S R RS e i WA v

2.1.2  sEAT X1 Bk T ERALERE ) 69 % a
A HE XTI P 2R S ARG e 3 K 27 35 5%
BRI, Zy 5 RS TR AR 3 2 R0 A W, TR R Aot
Bo RPN, 5555, AR F iR A K
AR 2 AR A K TR AR AR
gl BRI AR A KA 101, — Tl
KRR A L2 R 50: 1, i Tl I e — 2K
FI , 78 2 T FE rh EIRTH AR 2, R I, 3 o BRI
FEHEAPRR AL, T 4% v R AL ) e T AR 5T
oYM BR IR ER A L R 5.5 1 2n i B XD R
W PR AL TS J1fein , i 446. 89 U/mL, 156 W Mk L
FoA R F X1 B RRER LG A ™
2.1.3 BAE S X1 B4R T BRALERE ) 69 % a
R X AR Y AE KR B U B 7Rk
P Tolb b B R AN i — e 7% ~15% (R 43
) o SRR KEA &, vl 45 50 & el R v T A 2
B 5 3] e WA BT [ IS R Al 7 2R DR A TR
P BRI, by g R FEARTES WA A,
FEWRACEGTE S TR, AR, Y2 th A i
H 109 W}, K e Th IR A S ok 435. 05 U/mL, i
G X1 BRA R S BRI ™
2.1.4 Ak pH AL X1 H Ak = BEALEEE /) 69 %
FIH LR ¥ i W) 4 K W % 5% 2k pH 1 R 5.5
i, & B e AL BT 1 427. 68 U/mL; pH {H

5.0 B, KB R AL B TS 1k 404,25 U/mL, X L
pH {H 5.5 /9 & BB & 71 11% 23. 43 U/mL, B,
pH {E 5.0 Fl pH {8 5. 5 BB FRIL KM E A XL
PRRAE A K BR AR ™
2.1.5 X1 @Ak B ALBE K B35 I A OB R IR AL
R

FE LR R SR FERE b, AR F b I, 45 1 bk
A5 501, AR 10% , pH {H 5. 0 N &4 k47 1E
R, R A R R 4, BT IR S 2 1
KR A A GE— |, N IE S 4 b — A B0, 4%
Rk s, 2 SREBA (KA A) WL R E T 1
SIRIE AL (P AKE ), BRI KR by s R, e S EE R
5.5:1, 3R N 10% , pH {H4 5.0 B9 1555 51448

gt

HH & 5 ATAT, X1 PR RIS & I T AL I 14 £ 4k
B3k (B8 DL 100 mL i) KK 7 o, KE R
Jii 2 g, NaNO, 0.2 g, KH, PO, 0. 15 g, MgSO, - 7H, 0
0.1g, PRALEFFEEAMH 500 mL = A28 50
mL, ¥I4h pH A 5.0, R & 10% , 8RR 30 C,
PRIRHE 3 180 v/min, JEFRIA] 4 d
2.1.6 KA X1 W ARR & KB = Bg AL B0
EAL)

K H A D T R o AR R R A v

¥y BRI IR A R TR S 2T A A K
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B, W EE AU, vl 5 2 i E A e
ARt , AT 2 K B T R AL TG J) . FEUL, B 5T
BOK TR 20 M8 X1 & B ™ Fe Ak il 00 5% ), 25
EWE 1,

K4 X1 RERRIES B BR AL S IE A 45 R
Tab.4 Results of orthogonal test of esterifying enzyme

of X1 strain in liquid fermentation

N KR it 1% 71/
B C D (U-mL™h)
1 1 1 1 1 446. 89
2 1 2 2 2 433.78
3 1 3 3 3 246. 60
4 1 1 2 3 351. 84
5 1 2 3 1 254.07
6 1 3 1 2 322.31
7 2 1 3 2 299. 38
8 2 2 1 3 302.35
9 2 3 2 1 296. 49
K, 2055.49 1098.11 1071.55 997.45
K, 898.22  990.20 1082.11 1055.40
K, 865.40  800.05  900.79
k, 342.58  366.04 357.18  332.48
k, 299.41  330.07 360.70  351.82
ky 288.47  266.68  300.26

Wz 43.18 71.57 94. 02 51.56

(SR
X C>B>D>A
iy
7K Ay B, C, D,
hdl & A,B,C,D,

5 X1 RRRIRAS A ™ e AL A IE 501 4 R 4k

Tab.5 Verification of orthogonal test on liquid fermentation

of Monascus sanguineus X1 strain U/mL
_ RV
Y5
1 2 3 4
1 (KT 444,35 437.58 439. 21 442,55
2(MHE)  439.83 452.59 440. 20 448.32

TEZS AL RSB A b, & 18 138 Wb R AL T
NERFETHE IR, 2 AL R T ER L
fitg 1% SI AR5 2 REFHSEER 2 &,y 211,50 U/mlL, HL
R, 5 4 IR BIHE )55 (489. 45 U/mlL) , 2
JaFFUR TR, FE5S 6 KBTS 1 F R3] 392. 07 U/ml,
Jtre R Y 80. 1% 5 SC s 4 21 i B X1 Y7 AEE K
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Fig. 1 Effect of yellow water addition in esterifying

enzyme activity

A R I FEAR N 5% 10% 20% EE/K 40, Bl G
T HIAES 4 K5 KA S5 Kik 85 m (723,38,
765.95.590.98 U/mL) , HHILAT UL W5 H0 5% ~20%
K AT 4 S R A 1, o 109% ROR JAF 5 53 5
I 30% \40% Bk 0l 1 2nhag X1 AR,
BEACEE 1% AKX P BB B Tk i K A s
SHEESRI pH AR s AL, BN 5% 10% |
20% 30% 40% BK AL, HBE SRR 06 pH {E 573 31
H75.41 4.60 4.29 4.08 3.98 3.92, pH {HXf 4
YA R A — 5 B2 ), DT X i A il 5
AN, PR BE, EN N K BE SR R AT i FE XD AR
Kt AR b P A lR AL
2.2 AEBEELEYRER TR & F F R m
2.2.1 TER BRI AT BE AL &0 %R

KR SRR AL T | AT Bt 5 ) d5e i 19 T
AR AN [ AR R 2 B O TR RN 2L B A 45 TR b
T, B LR AN £ T V4 I X T A i) 48 P S, 512
ZE K 2, WE 2 AT BEAE O RR TS I i 1
i, R e A B B 2 3G (H ORI R A Bl
FHOm SIS e s R EH, fE2H
A, R OFRIER B H 0. 004 8% 5 IR
JnsE Sl 0. 8% I, SRR AR BIR K, N 7.61%,
BEi 2R L ER AR L4500 0. 029% |, 45 4138
T 5%, MOBRAME N 0. 8% i, & B A FH 5,
CR CFRA UK, MY RNt = T 0. 8%
BF, BT pH (R B0 0 F R, O RA 3
Bl Z FEAR, T B R R ™ 5 O BRSNS i
EH,

TECTREA (0.8% ) 5140 T, M 45 £ B VS o &
IR, R TR R B 5 RSB N s It 34, 24 2
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Fig.2 Effect of hexanoic acid and ethanol addition on production of ethyl caproate in esterification liquid

B V% A R 20% B, & R 2 BE R B 4 Bk 3
0. 121% ; 4 ZBETR NN 25% B, O R BRI R
A R me = A 21.5% . X A] BESE BT BRI
TR A LB BE A ) T R Tl 0 e, o nT e 2
MOAS T BRI B S R AR T BR b R, S 30 iR 2 1R
A R
2.2.2 AR HAKFAE R EAC A & 09
FEBR AL 7 5 10 K I8 VR PRI AR TR)
TR B K ) 2% TR Ak T, AR 5% /KR o2 X iR 4L
W28 s SE 25 N A 3

0.06
H0.04
0.05F
L 0041 1003 ¥
um um
N N
0.03F
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Yoo 2
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CTRAE i By 52 R

Fig.3 Effect of yellow water addition on production of ethyl

lactate and ethyl caproate in esterification liquid

FH L 3 W Bl KIS I i3, FLIR £ 1R
VR S LR TR VR FE S I S A, 24
WK RN &= N 10% B, 7L IR £ R R BL4r 5k
0.032% , C IR LERIR R 43 8GR 5 0. 055% . Bl
JKER L RGN, FLER £, s 34 i A BH 581 O R & P
W TP LR ARG, X v] BBJE th FAEmRfL R ik &= v, 2L
PR A O TR AE R S S PRI , 2 — e YR, 2 34 B
B IS B T S BN ks g T e
I TE LR T U, O R LR A B A 23k

D AT RE R TAEIZE SRR AT, A Y TR T i
HHELIR £ R A R TS TR T O R 2 B A R TS
,@[21] .,

MAELL M X1 REERE TR AR5
0. 8% W R KT E R 20% 1) L BELR 22 1 77
1d )&, Befb i b & R O ERIARFL 50T 35 0. 121% 4
0T 14 R AL B P AN IR FR 2080k 10% #K )5, © iR
LR A FL IR £ B8 AR FRL 43 %04 3 v 3k 0. 055% Fl
0.032% , W BEIARFL %00 0. 087 % .,

b

3 % i
W5R T 41 Monascus sanguineus X1 Ab ¥ 7%
IR RE TR A B BR A ] 8 2k . S5 R R W] 3%
gL & Ak & B RS 352 340 43 (LA 100 mL 1) - KOk
7.0 g, RKEHEEM 2.0 g, NaNO, 0.2 g, KH,PO,
0.15 g,MgSO, -7H,0 0. 1 g, H F=5:W b pH {E 5.0,
e 10% (D o TEICARIET AR
$h 0. 8% 1 CRRFAT M ECR 20% 1) £ FEdk 2 b5
1 d JaE, BRAE 4 2 R & R AR B4 BT ik
0. 121% ; I [ i A it 9 4D AR R 53 550k 10% 1Y
HKJG , O R R ANEL R £ 158 A PR B0 B4 301 ml ik
) 0. 055% 1 0. 032% , MFRIAB 4R 0. 087%
PR e A 7 IR 2R BN AL SO, S5
A BEABAIR , S AR A A 3 g T HL ™ b 4l v
R FARAEIE (0 P XUBR 2 A AR I 1 4K, RT3 o
L 2SR AR R TR G T TV L TR 1
YooK R RAKSE R EOR, In AR R, A
R R OV 2 e 2, T LA b s A5 3 i g A=
R, VEZ ) HBAE Rl R AL A e ARk
A7 R T R RIS | 44 o VA A R I A A T T 3 B
T A MR 55, D0 PR 1 = A5 2 25 6 R A, SR
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Optimization of Culture Medium for Treatment of Yellow Water by
Monascus sanguineus X1 and Preparation of Esterification Liquid

LIU Dan, YANG Fan, XUE Yibin, WANG Xufeng, ZHANG Jing, LIU Huanhuan,
LI Zhenjing, CHEN Mianhua, WANG Changlu”
(College of Food Engineering and Biotechnology/State Key Laboratory of Food Nutrition and Safety,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: Yellow water, the main by-product of Baijiu brewing, was rich in a variety of organic matter.
It can be used to prepare esterification liquid, which can promote the aroma of Baijiu, and improve its
utilization. Monascus sanguineus X1, a high esterifying enzyme-producing strain, was used to optimize
the enzyme activity by single factor and orthogonal experiments from four aspects: carbon source, carbon-
nitrogen ratio, inoculation amount and pH. Then, the esterifying solution was prepared by treating the
yellow water with an esterifying enzyme solution, and the influence of the addition amount of the esterified
precursors such as yellow water, ethanol and caproic acid on the preparation of the esterification liquid
was studied. The results showed that the optimum fermentation medium for Monascus was ( per 100 mL)
rice flour 7. 0 g, soybean peptone 2.0 g, NaNO, 0.2 g, KH,PO, 0.15 g, MgSO, - 7H,0 0.1 g, initial
pH 5.0 and inoculation volume 10% ( volume fraction). Under these conditions, adding 10% yellow
water by volume and 4% ethanol by volume, the enzyme activity could reach 745. 80 U/mL. After adding
0. 8% caproic acid and 20% ethanol by volume to the esterifying enzyme solution for 1 day, the volume
fraction of ethyl caproate in the esterifying solution could reach 0.121% , while after adding 10% by
volume yellow water to the esterifying enzyme solution, the volume fraction of ethyl caproate and ethyl
lactate could reach 0. 055% and 0. 032% , respectively. The results is intended to provided a reference

for the study of yellow water resources for Baijiu flavor enhancement.

Keywords: Monascus sanguineus; yellow water; esterification liquid; Baijiu aroma enhancement;

fermentation optimization
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