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i E. RFRRREAORESE(32%~40%) K T A D HELEAR KR 20 TLHEESE
BRE, BHTHEERREMR T RA, AKIE R A B8 ks B A e e i B (4 E B+ R
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1 i vy B2 @ IR I AL B AR S M ——pH (3.2~4.8) (IR (45~55 ) (B at 1 (18~30 h) A= &
Mk JE (BP EA 4K E,100~200 g/L) 52) VARAC AT & B i 51 A A 3T BB (R AR AC 4R ) | 12 R K Bl
fREM T (AL B g E o H IR R AL R, 4R 1) p @K% R AW, pH B E i
fi B 8] 2 AR R AR HAL E A MR EH v (P<0.01) ,pH 53 F B 5 B 18 5738 R B AL R 69 % vk
HHAEEEFH X IR (P<0.05);2) 5 %14 (pH 4.8 2 & 50 C B at 18 24 h J& ¥k &
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JV/ [ ¥ ( response surface method ) J&— Fl F T £ A8
TEEAURI LA A B gt ik BRI LR A TE AN —
AR S N (AR ) BOC R, 7T T AL
fi A

AW FE LA JroWE 5 A6 6 R F8 A, R i 3 T
BACIE G £ Y 5 fire 1 T ik = 7 R0 9 55 08, LA 3B
& 1 SRR 38 b 7 | IR 4R 6

1 MRlEFR*E
1.1 iRe s
L.1.1 kM

A5 T FH 2R (rh i 7R I ST )
YL 55 ) R A BR 2 /) S 4t ok #% f5 5 40 B G
#H,
1.1.2 g5

ARG T S Tl | 4T 4R R Y ) AR A
YR A R AR AL B30 AT, R B Ry FH A7 5
2P (0.05 mol/L, pH 4.8) I fi#,8 000 r/min &5
L 10 min J5 B3, R4S BTG PE . £F 4 K
i PES B Ghose ™ Y J7 A, LA 1 4K il 35 7 20
i (FPU) Frm , B EHG S % Li 451 i ik ik
ARSI, LA 1% 7 B (U) 3R
1.2 RKEH*E
1.2.1 B A 25 4 A il 00 i

¥ 5 g SERFMIINA S 125 mL K B, fnsk
47 mL ¥E%4), {8 1 mol/L HCI ¥ pH #75 & 4.8,
KA G2 M L U8 BR T (0.22 wm) B (3 mL)
NI 2 R B AT R BE A 100 ¢/L i B0k 3
AN R 4 D ER AL & B TN i i 2
PRIELLANT :1) 27 4 K i (10 FPU/g RSM) ;2) 2R
JKEHE (10 U/g RSM) ; 3) £F 4k % i (10 FPU/g
RSM) + R Ji i (10 U/g RSM) . ¥ % R & T
50 T 150 r/min B9 1E R FE IR B R4 617 24 h 1Y
T e, T i 25 R )5 55 B8 & 00 C 1H IR K R b
10 minZ& 15 2 5 1050 25 SR S 4G DN SR K F o 1) 340 i
g
1.2.2 w7 TSR 56 DA b il A SR AT R 2% 1

SR FH W 7 T 3% 56 X A A5 T 2 R i I G A7 S T
KIS AT Ak, LA S5 R 7 R0 b 3 JEOR i 1
FAE Ry e N AE, pH | U BE | A B[R] I ok BE (R
SERFRIHRBE ) o A AR i, & R 3 AN K (R
1) ; 2 4% Box-Behnken 531 4 K2 3 K0 b7 [ 32
¥y, 320 ANAL R Hirp 5 AN AR F N b 5 R

5, B 4 NEE . D2 o EIE IR
BRI
Y=8+ §Bi'xi+ §B[1xf+1§1§BUx1xj+80

A Y I BEAE B, (B By 8 I A |
RS EAE R B x, X, - xS
K N7 R e HBENLIR 2 .

I FH 45 BLKG B ( lack-of-fit test) A4S 56 Jir 4t 57
(RS TR JE: A5 2 DA A T UL 5% 341) 1% 50 90 5 AR 90 T 2
7 AR 22 ] e iz gty TR P R I N7 Y 46 v R A
Mg iy 55 75 it 22 [A] 1Y 5C 2R Al ALK ; G2 1T/ Design-
Expert 9 F T 1 38 150 B0 48 0 181 05 43 Fr LA S BT 1Y
2l

&1 Rz EXIE R E E K E
Table 1 Experimental factors and levels of

response surface method

K2 7K Levels
Factors -1 0 1
A.pH 3.2 4.0 4.8
B
45 50 55

Temperature/ C
C: Ay [

: T n. 18 24 30
Enzymatic time/h
D. Wi

IRPIR 100 150 200

Substrate concentration/ ( g/L)

1.2.3 SR BAR S5 A X ST RO 27 2 5 5 1 5

FI F Design-Expert K {4 X £ 74 J7 2 #F 17 43
BT, 15 Hh 52 21 2 9% e 00 I A KT R 10 S £ 2% 1
RIS T SR 2 4 & i, iR L0 3
2. 1) RACAL  Fe B AR A SRR R AT 5 2) XA $%
WAk Rl B fire 25 1 (pH 4.8 Y& FE 50 °C | i fife i ]
24 h JEYIWREE 100 g/L) #E47;3) 25 L4, $ie X} 18
YRR AR IEAT, LSR8 ) TR B AR,
fEZS IS T 90 CHEIR /K H 10 min DLZ R
RN, B 45 R B0 (8 000 r/min, 10 min)
S A 0 3 DR A R B0 S R R AR T
65 CTHEATH 24 h, M5 R UEAS L™ K DU AL £F
Yt PRV VAT A R M VR VR AT A B i R FHPILIG
SE AL R R R A, SR S AR AR T
SE A AT
1.3 FEBEHLERNE

A FH i KAz R T O R I i R A SRR
i, 2% Loman 45" ({5 B M AR RS 1L 3R 3
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(= 7= v {1l
R JERHEEAL R (% ) = 100538 JFUE & 5/ SEFPRITRE
1.4 Sitoth

BE VLI {E £hR 1 2 (mean+=SD) 27K, >k
GraphPad Prism 7.0 ¥ {F1E [l , i i SPSS 20.0 4¢
THERAFHEAT B 2 U5 22 3 BT (one-way ANOVA) |
R Tukey’ s W4T MK T, P<0.05 22
S WE,P<0.01 2T E

2 #R595W
21 EETHEEBEHBINHE

W1 B, R e Tl 2L i kS AT R v 380 D A
AL R E T A4 E AL (P<0.05), 52 43
it AF LY, 5265 £F 2k o ik 1 ( R T Bl + 27 41 2 il ) 1t
AT I 2 SRR A RO G AL R (P<0.05)

= A4ERR Cellulase
on REE Pectinase

B2 A4ERERIKEF Cellulase+pectinase

25

20

=

.
AL =

15

10

Reducing sugar conversion ratio/%

5

0

BEAEARTE AN [F) 7R 22 5 .3 (P<0.05) .
Data columns with different letter mean significant differ-

ence (P<0.05).
B 1 FREEEREEEENZM
Fig.1 Effects of different enzymes on reducing

sugar conversion ratio

2.2 MRz EGE AL ER IR SEAF AR
2.2.1  ARAVHE ST K i RS A

i 52 6 & 2k 5 fifk i 6 AN [R) A 55 10 5 X4 3¢
FPRIEATREAR 27 DO FR AR IR 45 R ANk 2 PR,
L [FE B AR AR T
Y=21.08-0.63A-0.71B+1.43C+0.12D+0.79AB-

0.11AC+0.06AD—0.81BC-0.41BD—0.65CD—
0.77A*-2.19B°-0.62C*-0.40D"
K. Y N G A A K A i I A SRR v A i

WAL A ;A B . C D 43 5%|20 pH il BE | Tl fige e 1] |
TP B

D52 e R 3 ok, AR R =
0.916>0.80 , B R E IZBI AT DU REZ 91.6% 1 [
I ] AR P R R e 3030 (lack of fit) P =0.092 >
0.05, VTR B v o BT 20 I 46 21,
LAMERBOT pH(A) IR BE (B) 1A B[] (C)
T e J7 L1 52 M S A I 3 (P<0.01) 5 32 AR T v
pH 5 (AB) JREE 5B (BC) X I & 14 5%
i) A J 2 (P<0.05) , LR 25510 B pH | i B il
i R 2 52 Wi il e S5 R PR i S e 1 3R 1Y) 2 82
2.2.2 WRZIEZEHAE- B

WA 2-A Fi7s, 24 pH 24 3.2~4.0 i BN
45~49 T I TR Ak R fie i, pH AL EE 9 T =
Py 2 (30 JEWR B Ak 3R AT, — 2 i) 7 T 61 4 B Wi
Ui pH FIRLEE X 2 AN 2 (A7 76 1E 17 28 BAE
W 2-B Fri, Tk B2 R ik B () %) vie) 7 T A2 B
AR IR BEFE A7 ~51 CHF 38 OB £k 335 31 168 r
ity BRI T HORT (24 h) |, 24 R G TR L i
JEOE % Ak 28 15 B 06 5 T 75 09 B TE) 384 10 (30 h) |, 14
FUF Sk R Aot B () 22 (o) A AE IE ) 38 BAE
23 RMEEGTEHENZFHNEEEEMLED
AESENFMI

FIH Design Expert #{F #4753 #r , 15 5 45
R WAL . pH 3.98 (i JE 49.62 C | il fifk 1 1]
28.16 h JEMIW FE 200 g/L, TEM M, iR J5 b
AL R B TMAE N 21.11% , M08 F 35248 B S A
ZFIRE A pH 4.0 JRFE 50 C A 28 h | JE
YR IE 200 g/L, W% 4 FiR, AL 4k JFbE 55 1k
ik 23.13% , 5 WA 4200, HL W& & T 0 R4
) 19.80% ( P<0.05) ; 5 % B2 A1 [b , P Ak 4 v o
VR LT MR PE VR R A e & B E R (P<
0.05) B 0T FHF R OB AR 1 B R 8 R IR T
AR B & B G R (P>0.05)

3 3 i
3.1 EEAHMEMEBNTE

Yk R S AL N U A SRR L AU A R
WHEG RN B—WH 1T Bl 05 1 , AT A 2L R E 2 e % ia
TEFTORET 4 X ) 1, 4— B A B AT 4 2% R
SRR AR T SR R S I O 2 L b I A
T ER 22 FUOME % A 1 20 %, BB 08 0 il R e 2 W
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A LIRS ER R AR R ZLRE B0, Matsuo Y R HY | 2T ¢ 22 A R M i I S
BiJ@ Tk J5 b, LB JE AL R N TR AR RE e A 8 I LT e Rl T v PR E 00 5 & 5 T 4% Tl S S S
IR IX 2 il 0 B e 2R . ARG 45 R KW, Spagnuolo 45 b & BILZT 4k £ R 40 R K il
22 2% il A0SR Tl ] B I B GRS OME  AR RENS I AR e T R R I A 4R R M Y RIOR
(19.71%) 8 T W0 2 500 7% 0 B (2F 4 2 W, UABAK 2 R (m] i AR 6% i B g sl i ok Ak
8.19% ; R . 16.45% ) , X FHIAMIFELE R —

£2 4 RUTBAOMLERR G RERBRLESER

Table 2 Experimental design of response surface with four independent variables and reducing sugar conversion ratio results

[K| Z Factors

N i
Aib B _— Tik i i 1] JERPHe Reducing suar
Treatments pH A Enzymatic Substrate . & g
Temperature/C ) ) conversion ratio/ %
time/h concentration/ ( g/L)

1 4.0 50 24 150 21.32

2 4.0 50 30 100 21.30

3 4.0 45 24 200 19.52

4 3.2 50 24 100 21.04

5 4.8 50 30 150 21.02

6 4.0 50 24 150 21.07

7 4.0 50 30 200 21.23

8 4.0 55 18 150 17.76

9 3.2 50 24 200 21.30
10 4.0 50 24 150 20.46
11 4.8 45 24 150 16.91
12 4.8 55 24 150 17.20
13 4.0 50 18 200 19.54
14 4.0 45 24 100 19.56
15 4.0 55 24 200 16.57
16 4.0 50 24 150 21.08
17 4.0 55 30 150 18.60
18 3.2 50 30 150 21.52
19 3.2 50 18 150 18.14
20 3.2 55 24 150 17.19
21 4.8 50 24 200 19.51
22 4.0 50 24 150 21.48
23 4.0 45 18 150 16.95
24 4.0 55 24 100 18.27
25 3.2 45 24 150 20.07
26 4.0 45 30 150 21.02
27 4.8 50 18 150 18.07
28 4.0 50 18 100 17.03
29 4.8 50 24 100 19.02
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Table 3 Analysis of variance for variables pertaining to response of reducing sugar conversion ratio
SYE| S5 F ¥J5 F{H P1H B
Items Sum of squares df Mean square F-value P-value Significance
7] Model 75.08 14 5.36 10.94 <0.001 ek
A 4.73 1 4.73 9.64 0.008 stk
B 5.97 1 5.97 12.18 0.004 ok
C 24.65 1 24.65 50.29 <0.001 Hok
D 0.17 1 0.17 0.35 0.561 NS
AB 2.51 1 2.51 5.13 0.040 ®
AC 0.05 1 0.05 0.09 0.764 NS
AD 0.01 1 0.01 0.03 0.875 NS
BC 2.60 1 2.60 5.30 0.037 ®
BD 0.68 1 0.68 1.39 0.258 NS
CD 1.66 1 1.66 3.39 0.087 NS
5%2% Residual 6.86 14 0.49
BT Lack of fit 6.26 10 0.63 4.14 0.092 NS
2 Error 0.60 4 0.15
S Total 81.95 28
R>=0.916

A pH B REE  Co I ] DRI .« s 7 BB E (P<0.01) 3% = 7 B3 ( P<0.05) ;“NS” . A E (P>0.05) .

¢ ok

A: pH; B: temperature; C. enzymatic time; D. substrate concentration.

significant ( P<0.05) ; “NS” . not significant ( P>0.05).

>

TR %

Reducing sugar conversion ratio/%

3 47 3.6
% 45 3.9 pH

Temperature/ C

¢ ” ”

. extremely significant ( P<0.01); “ *

o

I JERE AR

Reducing sugar conversion ratio/%

CHXCRIRITIIND
BBV, 0.0.0.0% So s
9.9.9.90:0%",
"0:0:0:0:0::"
(X XXX
(X2

('

w2 :E.
Enzymatic time/h i85

Temperature/C

2 pH 5EE (A) JVRE SEEMERE (B) X EfE 54 11T R A8 R L 2= /9 I 5

Fig.2 Response surfaces of pHXtemperature and temperaturexenzymatic time on reducing sugar

conversion ratio of enzymatic hydrolyzed rapeseed meal

3.2 MNEEAAEEEIFHENES

pH W] 52 M i 14 25 () 4544, DT o4 A2 Il 1) /) 52
JEvE AT pH 2028 4.0 B8 JEORE 1k % i
H o AWEITHGE , TR AR R Y TR R T AR S £F
A fire , T B2 50 3 SRR A Ak % Yl BE e AP 0] 25
il R A 5 P PR AR A S5 R ) AR R 45 SR T
525 T YRR A I ) B R R 50 C i i sl ad Ik
) ox BEAR M2 % . Loman %5 | FH & & 2T 4 %

i A T A7 KT, TR JETE 48 ~ 51 °C I AT A e b A
A JFOME () AR s

TNV A A B T i e A Ao AR s SO Y
i, B 7R TAE B (100 ~ 200 g/L) %
Wy B 34 JOWE B Ak 3R T B 5 W, 3R B AE I
FEL PN B g 14 JEC 10 YR 2 B % 7 A 52 Wi it At 0% 110 1
LT ARG T 2 0038 J50E DL Ak IS 0% il A 1 18] Ry
28 h, BRI FR R, B H & G 25 2k B fife g X
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RAEAT AT 47 AR PRF 8] £ 24 b JE R 2 48 ho X
TP A RO AL R T AR HEVE T UL

0 T 11 AR 7R N [0 A R A 7 AR A B o

x4 BEFHTEHENFHERBELERNLEZRS SEHNRME

Table 4 Effects of enzymatic hydrolysis on reducing sugar conversion ratio and chemical component

contents of rapeseed meal in optimal condition

i H FHA popiiEa) R P 1A

Items Blank group Control group  Optimum group P-value
I JFE B AL R Reducing sugar conversion ratio/ % 4.53+0.47¢ 19.80+0.98" 23.13+1.89° <0.05
HZF4E Crude fiber/% DM 8.82+0.51° 4.64%0.45" 4.27+0.64° <0.05
rhPEVE IS ST 4 Neutral detergent fiber/% DM 38.13+£2.26° 22.36x1.79° 18.68+1.08° <0.05
TR UE R 4F 4 Acid detergent fiber/% DM 25.37+1.65* 18.04+1.53" 15.56+0.64¢ <0.05
ML H i Crude protein/% DM 36.51+1.55 36.59+1.18 36.66+1.25 0.77
WA 2 H Glucosinolate/ ( wmol/g) 115.35+9.66 112.01+10.51  113.17+6.96 0.81

AR LK pH S E Z WA FAAEIE M 2 . R, 78 &AM T MR & 7 kv ke

VER . RS BRI, pH B AIC, Tl A 52 KT R IE J5 A 7
b 0 v ; T () 5 3R R 2 [B) A7 FE OE 1) 58 HL
YER, MBI AE 40 °C B IRHE] N 24 h B} 36
T 27 b 26 5 1) B v, 1 0 e At BsF ] 2 1 30
AR IR, U WTAE DL ko I8 A 50 B 7 [ i s i) o
ARABAF RS AL AE B AR C 48 |, Loman
L0V PR i 1 TR 3 O Ak S A T A A A T A R
S, B pH L BE G R M A T Y B
AR AT TE i1 38 A FH 5 Mudgil 2500 76 F i 1
D ACET 2 2 il i R0 A%, Rk BT R ) R
W B Em S AR, UL H 5 2 A AR i,
M) IO TR 9 2 A A e 2 A A T
33 EREGTEHMBNZFMEREBEEMLEM
HESENZME

5500 A0 A Tl i 45 0 A B AR R PR AR S
W JFE L AL 0 5 0 (19.80% vs. 23.13%) , Uit
A I ik 2% A DAL 2 — B RT AT 9 32 150 SR AT R 2T 4 il
fift S KA HE W, Chen 25" AL T 4 4t K il 6 1t
T KOS 22 M A TR A ST ) R0 JES 9 R R 1 3 B A
EFIRE T 7.5% ., Gao 1 WF5E Wow , b Tk
Je 1) TG F S A P ORI MR B R R T 2 A% (200 g/L
vs. 100 g/L) , il fif 7=y v i JEOME & o2 AL mr i
2.34 1% (19.80 g/L vs. 46.27 g/L) ; 1M iz He B iy ]
K TEREAT I T Bl 7= 0 0F — 25 R T A Ak ol HoAth =5
WA 5 B AR REAR T SR M oL 27 4 T 1
VRV ET 4 (R 4 R A 2R ) A P Pk vk 47 2
(DR LF R LR AR ) W& &, YL 41
Y 10 o S 3 SRR PR AR B B RN, e Ah, S X

Yk TR Pk 14 2F 4k 1 B3 A 72 2, 3t itk — DIk 5
TR A B A b TR A O SRR TP OML AR
HBE M HAE T SRR EEm, ARAk
I, FLERHT TR 45 52 6 TR R T S K RO RE 8 11 S K R
AR 1 0 & f 4R i 12.08% , B A 4 2 1 5 i
FEAK 85.05% %, AT 55 i FH 1) B & £F 4 [ ik g
RE A% 2 fire 2 4, i 7L R FF 1R & 18 U0 R IS 4 i A7
AR T AR, P X SRR B R
BIASCGEE R, I A 5 R B AR SRR 8 i —
o UCE SN E SR, BT — 2B 5T

4 & it

R FE ) 7 T8 0 Ak A2 A 2T A 1% figt TG ( 2T 4 %
it + R JC T ) AR SRR A 1) 2% A I T S50HE o SR AT
FAR 8 U = | AR 27 4 5 1 ML) B
fift 24k H pH 4.0 JEE 50 T B#NH 28 h JEY)
W RE 200 g/L,

SE
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Optimization of Enzymatic Hydrolysis Conditions of Rapeseed Meal by
Response Surface Method

ZHU Xiaofeng' ZHANG Zhen' DING Liren> HANG Sugqin'”
(1. National Joint Research Center for Animal Digestive Tract Nutrition, College of Animal Science and Technology, Nanjing
Agricultural University, Nanjing 210095, China; 2. National Experimental Teaching Center for Animal
Science, College of Animal Science and Technology, Nanjing

Agricultural University, Nanjing 210095, China)

Abstract: Rapeseed meal (RSM) is a potential source for animal feed due to its relatively high crude protein
content (32% to 40% ). However, the high fiber content in RSM has limited its application in pig and poultry
diets. The aim of this study was to optimized the conditions for enzymatic hydrolysis of RSM by complex fiber-
degrading enzyme ( cellulase+pectinase) through the response surface method to obtain a higher yield of reduc-
ing sugar and lower fiber content. Method: 1) the enzymatic hydrolysis conditions of pH (3.2 to 4.8) , tem-
perature (45 to 55 C ), enzymatic time (18 to 24 h) and substrate concentration (RSM concentration, 100 to
200 g/L) were optimized by response surface experiment; 2) RSM was enzymatic hydrolyzed under the opti-
mal conditions (optimum group) , and the enzymatic hydrolysis conditions before optimization were used as a
control ( control group) to investigate the optimization effect. Results: 1) response surface experiment results
showed that pH, temperature and enzymatic time had extremely significant effects on reducing sugar conversion
ratio ( P<0.01). The pHxtemperature and temperature Xenzymatic time had significant interactions on reducing
sugar conversion ratio ( P<0.05). 2) Compared with the control group (4.8 for pH, 50 ‘C for temperature,
24 h for enzymatic time, and 100 g/L for substrate concentration) , the reducing sugar conversion ratio in the
optimum group (4.0 for pH, 50 C for temperature, 28 h for enzymatic time, and 200 g/L for substrate con-
centration) was significantly increased ( P<0.05), and the contents of neutral detergent fiber and acid deter-
gent fiber were significantly decreased ( P<0.05). Conclusion: 1) the enzymatic hydrolysis conditions opti-
mized by response surface method can effectively increase the reducing sugar production and reduce the fiber
content of RSM; 2) the optimized conditions are 4.0 for pH, 50 C for temperature,, 28 h for enzymatic time,
and 200 g/L for substrate concentration.[ Chinese Journal of Animal Nutrition, 2021, 33(3) :1708-1715 ]

Key words: response surface method; cellulase; pectinase; enzymatic hydrolysis conditions; rapeseed meal;

reducing sugar; fiber content
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