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Optimization of response surface for fermented feed in Idesia polycarpa

residues through solid-state fermentation
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Key laboratory of Bio-resources and Eco-environment of Ministry of Education,
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Abstract: In this study, response surface methodology (RSM) was performed the optimization of the
fermentation o f Idesia polycarpa residues, and Candida utilis was selected for solid-state fermenta-
tion. Five influences of the fermentation were studied by one-factor tests, and the Plackett-Burman ex-
periment subsequent confirmed three main influences for Box-Behnken RSM design. Optimized condi-
tions of the fermentation as follow: residues with ratio of solid to liquid 1 : 1. 2, NH,NO, additive a-
mount 8. 8%, and Candida utilis inoculation 10. 5% fermented in 30°C for 4 days. Fermentation results
showed that, the crude protein content of fermented feed increased from 8.49% to 19.13%, and the nu-
trition ratio of products became more reasonable. This study suggests that Idesia polycarpa residues
have a real potential on the modern farming by the solid-state fermentation.
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Fig. 1 The growth curve of Candida utilis

2.2.3 ®WEGgME W 1lmL #F % F 55001/
min .0 Smin, FE LF. LI EEKER.EH 2



% 4 #

Mg, ¥ A AA R @A E S KA T AR T BLRE R E A B R 865

UL EVLE, TR EE R RARE. I ELEAT
H.AWE, M FRPTEASTEDEEITAN
0. 005g/mL, Ji5 £ 5% 5o v 48 45 £ 9ol 25 L 28 (3 % 52
05 25 B 52 ).

2.2.4 FEAMBANE KB PR ATRE R B
(ARG 2 2% 2 18 IS R € Bk (F_NCP_FL_ 0040)
HEAT.

2.2.5 BRI F BRI E R TR
FN%EAH Sg O KW H T 557C Bk~ [ 4K & 1 55 77 5
(9 100mL = I, A — % 8 A9 JC B K AR R
B fE — 2R B T AR A AT
K.

2.2.6 mEkanzg HEEIKERLGB/T
6432-1994) P47 A 25 2 LV E 43 & 2t

2.2.7 MEgw e E SRR KWL (GB/T
6433-2006/1SO 6492:1999) % %& M & & b B KL g
0 R AT 0 5 L RS I 4 OR DL

2.2.8 EZEMkALE AW P Plackett-Bur-
man S5 Al Box-Behnken i i 171 {1k 52 %6 49 J7 7%
Bt K45 2R 43 B ¥ LL Design-Expert 8. 0 3 4 i#
1. T 0 S 05 20 35 A & — AN FE A AL R — A AT
AW E B 3 W RO BB AR 5256 45

3 HRESH

3.1 REBBREREHEEBHMEEANSENTE
205 L A K W Ll A T e SR i b LR
U B4 B oA 13,30 %0 MR Y & ok 8. 49 %6, ]
B AR R R A KW 2 Mma e, HE
B3 IR TE A B4 T M H R IS A5 AE R
A W) e T ok R e T ke U R 8 R R e
3.2 BEHEZIWRER
B TR R S G AL R T I L ke TR R L RMR LE
TP B RIS 2 e S I B X R RS R S AN SR L
rhRY R VR N R R BB R B ¥ DLDE R B

it
3.2.1 REMBRAERME  HRERIMEDH N

626 .8%,10 %% . 1220 I RE 43 31 AT B RHBLE 1
L WG HERN i 1000 . WG R BE RS ] 4d T 30°C #5357
RAEAT B 9. 70 2 W 45 A » D Rk i 1R e 1y Wi i
R & 3 B 5% A% i TR e X 3l 00 77 A OR R0 9 5 ) R
ATTF A i T B A T TR e AT 0 AL A B it TR
VISR 10 0 1 12 06 (9 RE S b BT S TR R Y
i TR B2 B A% O R TIE il R B 1149 7€ 20 W WSOR T A
TR AR R Iy 804,

3.2.2 RIEZXMBA VUWHERILL: 1,046
PR R 1026 f R 4 VS i i 820, W) A k eI [R] 4
KArHT 26°C,28°C,30°C, 32°C Ky F A A7 & ¥
ST 2 3 77 e A 22 F B X6 6 - L AR 5 5 Big AL 3 1)
RIEETE 26 ~32°CHR Al #E 47, 76 30°C I HOM 2 1 %
HEhe, N 18,7510, 21% (B & 7E 26°C F1 32°C 1Y
M KA AN SR AR EAL. PR e A L e R R IR
&R 30°C.

3.2.3 mIEX®ENE UWIGHESRIL 1 1,046
PR 1020 PR AL WS N it 826 . #E 30°C K5 g 48 h
3SR 3.4,5,6d, 45 R LR 3. kR 3 AT LUK
LA U R AN R 0k B O R EE IR HL R
S (18,6240, 23) % HI(18.57+0.14) %,
WA AT E AR TR TS S KT RE A A
PR A G R T i B TR B RE TR R
FRP) 5T, PRk T AT 2 S 1 e A O B I TR] E
4 K.

3.2.4 miEH®Rw KWLM K 1:0.5,1¢
1,1+ 1.5,1 ¢ 2 AR5 LAKIUR 32 Fh i 500, il R
WO 8% #E 30°CHEFR Al h G 9% 4d. W ad 45 3k
A KD TRENSFMT, KRS FIFA
REAR I UEAT AR 1L g 1+ 1 BPRLAE 1 & 5k 5
W fH 18. 78 £ 0. 1300, A Mt 8 a2 5 A R W L
1 1.

3.2, REBAFE ELEFESMNN 5%, 10%,
20% 530 Yo I FE S LIRHBEL N 1 ¢ 1, il 18 54 S in
870 7E 30°CREFRM P 85 3% Ad, R LRI il 109
MYFE SO TE AR T h i R I e A B S & 19. 04
+0.29%. Pk B e R Rl 10 %,

#& 1 Plackett-Burman iZit E &Kk EF 4G

Tab. 1  Design of Plackett-Burman experimental factors
and codes

A 0 [ 2% #ifih 7K F Code Level

Code Factor R C(—1) 2K (D
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Tab. 2 Design of RSM experimental factors and codes

= — 7 , N - P AN ES i 7K Code Level
AN [ 3 0 SR 0 B B L R 4 s S - : 1
PR 55 5 52 30 7 25 TR 1] 4l & TR JEE 30°C Y T T T e EN -
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C R (%) 5 10 20

DR 2R A8 A LR W) B G0 e ok R ) 52 MR R AT BF S

#*& 3 Plackett-Burman EI§ 45 R

Tab. 3 Results of Plackett-Burman experiment

75 1 2 3 4 5 6 7 8 9 10 11 12
R {H 17. 34 14.94 18.59 16. 61 14.77 16.01 14.02 15. 60 13. 15.11 19.2 14. 69
& 4 Plackett-Burman L3845 R 45
Tab.4 Results assay of Plackett-Burman experiment
I T e e
WK% Facor =T M B h B df WRIE % Coef  PhEBRE F P
Sum of squares Standard error
Model 49. 14 6 19. 10 0.22 14. 32 0.0052
N 4. 81 1 0.63 0.22 8.41 0.0338
Inoculation 6.16 1 —0.72 0.22 10.78 0.0219
Time 1.61 1 —0.37 0.22 2.82 0.1539
Temperature 0. 96 1 0.28 0.22 1. 68 0.2510
S/L 33.33 1 1.67 0.22 58.28 0. 0006
1 oL 2.25 1 —0.43 0.22 3.94 0.1039
RO MEBEXRBETHFERER F6 ZmEIPAAERMAESW
Tab.5 RSM design and results Tab. 6 analysis of variance of binary regression equations
it Code HEA SO R BEF M AdE PHIE
¥ 5 NO. P
B C CP Source Sum of squares df Mean square
1 -1 0 1 15.8 Model 44,07 9 4,90 74,43 <<0.0001
2 0 0 0 1 A 6. 30 1 6. 30 95.78 <0.0001
3 —1 0 —1 14. 6
B 8. 00 1 8. 00 121.61 <0.0001
4 0 1 1 17.7
. [N~ 4
5 0 1 1 152 C 0.55 1 0.55 8.38 0.0232
6 —1 1 0 16. 4 AB 0. 040 1 0. 040 0.61 0.4611
7 0 0 0 19.4 AC 0.42 1 0.42 6.42  0.0390
8 0 0 0 19.2 BC 0.49 1 0.49 7.45 0.0294
9 —1 —1 0 14. 4
A2 8.52 1 8.52 129.51 <0.0001
10 1 0 1 17
11 0 0 0 18.6 B2 7.65 1 7.65 116.22 <0.0001
12 0 0 0 18.9 C2 9.13 1 9.13 138. 78 <<0.0001
13 0 -1 -1 15.4 Residual 0.46 7 0. 066
14 1 -l 0 15.9 Lack of fit 0.093 3 0.031 0.34 0.8021
15 0 0 —1 16. 5
Pure error 0.37 4 0.092
16 1 0 —1 17.1
17 1 1 0 18.3 Cor Total 44,53 16
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Fig. 2 Response surface and contour graphs of the ratio of solid to liquid, additive amount of NH4NO3
and inoculation effect on crude protein during fermentation
A Ratio of solid to liquid; B: Additive amount of NH4NO3 (%) ;C: Inoculation (%); CP: Crude protein content (%)
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Tab. 7 analysis of variance of experimental results of RSM

Z ¥ parameter ¥l Value 2% parameter ¥l Value
2% Std. Dev 0. 26 52 % R % R-squared 0.9897
Y Mean 17.02 % IEAH 26 2 %80 Adj R-squared 0.9764
WREKC V. % 1.51 T AH 5 & %0 Pred R-squared 0.9539
T 4% 2% 3 J7 PRESS 2.05 {5 W [t Adeq Precision 23.168
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