NS EES#N

BOE BROE

2025 4 55 44 4% 55 9 1

B 403 W 215

MR EEL L E R E L KR d B R R BEE G

A IE

52, 3R FR2, E A P

(AL FTERGER)FRE R RBARNE, S & #il 52850028k T k¥ AR ¥ 5@ EITEFER, M XX 430068)

B R i IR A T K i i 200 AR A A A SR, TR A A A R T e e T AR A DA IR T S O I o
i £ 1R 4058 1) 21t 2% 12 Bk Monascus sp. CJ 01-014F Jy & I 1 ik | L35 1 ifs Jhy J 18 0 5, ARV R 200 i 20060 3R G T 48 e, R T A
R 2% K50 0 o T 6 X K VA P L 20 € R S R AR R AT AL . S5 OR AR R AR A A 1 T 60 @/L LR 2035 g/L A
% H534.05 g/L GLERW.60.2 o/L WG pHIE N8 K IEIS18]7 ., TEBLOEAL A PR, B il e /K 0 k20 th 21 (4 3R (4.0 Sy (108.5+2.1) U/mL,
Je AT 193845 o £ b, 35 i A o IS A 7 AR I M 20 i 20 68 5 HA B 7, A i i 1) e DR AL R e 2 %

ES - 2u RN AN I EESY STas SN  EANGE Y 4 = S (RN1 4
HhESES . TS264.2

X E 45 :0254-5071(2025)09-0215-08

doi:10.11882/j.issn.0254-5071.2025.09.033

S| ST &K« 5koBr g, TR, SR BH S A R T O Ak i A il K e e R R A R[T]. v R 2025 ,44(9) :215-222.

Optimization of fermentation conditions for Monascus water-soluble red pigment from

soy sauce residues by response surface methodology

ZHANG Xinfeng', WANG Xuan?, HU Chenyang?, WANG Weiping™*

(1.Foshan Haitian (Gaoming) Flavoring & Food Co., Ltd., Foshan 528500, China;
2.School of Life and Health Sciences, Hubei University of Technology, Wuhan 430068, China)

Abstract: Aiming at the resource utilization of soy sauce residue and the demand for low-cost production of water-soluble Monascus red pigment, the

research on the optimization of liquid fermentation conditions of soy sauce residue by Monascus were carried out. In this study, Monascus sp. CJ 01-01

with strong salt tolerance was screened as the fermentation strain, using soy sauce residues as the fermentation substrate and water-soluble Monascus

red pigment color value as the evaluation index, and the fermentation conditions of water-soluble Monascus red pigment from soy sauce residues were

optimized by single factor and response surface experiments. The results showed that the optimal fermentation conditions was as follows: soy sauce

residues 60 g/L, ammonium acetate 0.35 g/L, glucose 34.05 g/L, ferrous sulfate 0.2 g/L, initial pH 8, and fermentation time 7 d. Under these optimal

conditions, the color value of water-soluble Monascus red pigment from soy sauce residue was (108.5+2.1) U/ml, which was 3.8 times that of before the

optimization. In conclusion, soy sauce residues as a substrate for the production of water-soluble Monascus red pigment had a greater potential, pro-

viding a valuable reference for the resource utilization of soy sauce residue.
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Fig. 2 Effect of carbon sources types (a) and glucose addition (b) on
color value of water-soluble Monascus red pigment and
biomass in fermented soy sauce residues
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Fig. 3 Effect of sodium glutamate addition on color value of water—
soluble Monascus red pigment and biomass in fermented
soy sauce residues

224 WEBEANAmEMNEHEA AR T EEZEN Y
REW B
2 S TR AN VS I X 5 T K PR A i 4T B R )
FIGA A B 52 M), 25 58 L 1514

o= A - i

30

20 95
3015 4 [ 50
E15 2030
=) .
S 10 o
Rl 5 "

] L5

0 -0

0.1 04 07 1.0 20
TSR (gL
B4 WMEBAFTMENEHEZBKIEIHICGEZENTNEEEN
#
Fig. 4 Effect of sodium nitrate addition on color value of water—

soluble Monascus red pigment and biomass in fermented
soy sauce residues
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Fig. 5 Effect of ammonium acetate addition on color value of

water-soluble Monascus red pigment and biomass in
fermented soy sauce residues
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Fig. 6 Effect of ferrous sulfate addition on color value of water—

soluble Monascus red pigment and biomass in fermented
soy sauce residues fermentation
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Fig. 7 Effect of fermentation time on color value of water—soluble
Monascus red pigment and biomass in fermented soy
sauce residues
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Fig. 8 Effect of initial pH on color value of water—soluble Monascus
red pigment and biomass in fermented soy sauce residues
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H1(C) B4R (D) | LR (E) W1t pHAE (F) Ak BERT
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JEULF 1,3 3 Design Expert 10.0.7 %0 % #6245 5 9817 7]
VA5 BT , 25 A WL 3R2
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Table 1 Design and results of Plackett—-Burman experiments

g5 AWMHE/ (g-L") BAEIRN/ (g-LY) CHSMRAN/(g-L") DBRRW K/ (g-L") E LR/ (g-L") FRIlspHIE G KEERI/A Y 4/ (U-mL")
1 20.00 3.00 1.00 0.10 1.00 9.00 6.00 4.82
2 50.00 3.00 1.00 0.25 1.00 7.00 6.00 19.20
3 50.00 3.00 1.00 0.25 0.00 9.00 8.00 70.08
4 20.00 5.00 0.40 0.25 1.00 7.00 8.00 43.96
5 20.00 3.00 0.40 0.25 0.00 9.00 8.00 46.80
6 50.00 5.00 0.40 0.25 1.00 9.00 6.00 58.00
7 50.00 5.00 0.40 0.10 0.00 9.00 6.00 62.76
8 20.00 5.00 1.00 0.25 0.00 7.00 6.00 47.88
9 20.00 3.00 0.40 0.10 0.00 7.00 6.00 35.30
10 50.00 3.00 0.40 0.10 1.00 7.00 8.00 28.50
11 50.00 5.00 1.00 0.10 0.00 7.00 8.00 49.24
12 20.00 5.00 1.00 0.10 1.00 9.00 8.00 10.16
#2 Plackett-Burmani® 3 [E )3 4 #7 45 R g%
Table 2 Regression analysis results of Plackett—-Burman experiments sk R PR AdyE Wy FA Pl B
JIEEORIE RMC CTUTR Al ¥y FHE PAH BT WAL 793 75430 1 75430 853 00432
R 431669 7 61667 697 00397  * LFR%E  -12.28 181105 1 181105 2048 00106  *
WAERE 824 814.44 1 81444 921 0.0386 * YiEpHIY 238 67.88 1 6788  0.77 04304
BB  5.61 37744 1 37744 427 0.1077 g 173 35.98 1 3598 041 0.5582
THRE  -6.16  455.59 1 45559 515 0.0857

T *7 RN 45 Y 0 .35 (P<<0.05)
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W AN & 2 (P>0.05) , I, o i & v I R A (4505 ) . D BC 257.28 1 25728 46.84 00002
R 4% ) FIE( 2 B ) A7 — 5 R A A e e 9800
o L A A B 157082 1 157082 28601 <0.0001  **
2.4 va R K A 2 A c 579.83 1 57983 10557 <00001  **
1t Plackett-Burmani®{ 3 45 S A9 B filf L, DL (Y) B2 3845 7 5.49
W 07 AL , % £ R i (A) R %0 A (B) BB R W2k (C) i#E 47 i) KT 2543 3 8.48 261 01888
7 T A4k 5 A2 AT R 56 . Box-Behnkeni® 5 % i1 b 45 5 sz 13.01 4 325
VX T MARS S 3199.61 16
T2 R SR R 45 SR 3 (P<<0.05) , %7 e 7% ) 45 SR 5 ma i L 3%
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Table 3 Design and results of Box-Behnken experiments

Hpe A LTREE/ B4R CEIRW/ Y @i/

) (g-L") (g-L) (g-L) (U-mL")
1 0.50 50.00 0.25 79.30
2 1.00 50.00 0.17 82.52
3 0.50 35.00 0.17 109.00
4 1.00 35.00 0.25 88.80
5 0.50 50.00 0.10 80.68
6 0.00 20.00 0.17 90.00
7 0.50 35.00 0.17 105.64
8 0.00 35.00 0.25 106.00
9 0.50 20.00 0.25 90.70
10 0.50 35.00 0.17 110.24
11 1.00 20.00 0.17 79.36
12 0.00 35.00 0.10 91.00
13 0.00 50.00 0.17 91.60
14 1.00 35.00 0.10 88.00
15 0.50 35.00 0.17 109.76
16 0.50 35.00 0.17 108.96
17 0.50 20.00 0.10 60.00
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Fig. 9 Response surface plots and contour lines of effects of interaction between various factors on color value of water—soluble

Monascus red pigment in fermented soy sauce residues
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