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Study on Ultrasonic-Assisted Enzymatic Hydrolysis of Distiller’s
Grains Cellulose
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(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
2.Solid-state Fermentation Resource Utilization Key Laboratory of Sichuan Province, Yibin 644000, China)

Abstract: In order to promote the development and utilization of distiller’s grain resources in China, the present study
explored the enzymatic hydrolysis conditions of distiller’s grains cellulose based on ultrasonic pretreatment. Firstly, the
effects of ultrasound parameters (time, temperature, power) and enzymatic hydrolysis process parameters (time, pH,
temperature, enzyme addition, substrate concentration) on the enzymatic hydrolysis of vinasse cellulose were studied
through single-factor experiments. The Plackett-Burman test was carried out to screen out the key factors which affected the
enzymatic hydrolysis reaction, and then the Box-Behnken test was used to optimize the enzymatic hydrolysis process. The
Plackett-Burman test results showed that the key factors affecting the enzymatic hydrolysis of vinasse cellulose were
ultrasound time, enzymatic hydrolysis time, enzymatic hydrolysis pH, and enzyme addition. The Box-Behnken results
showed that the optimal enzymolysis process conditions were ultrasonic time 21 min, enzymolysis time 140 min, enzymatic
hydrolysis pH5.41, enzyme addition 990 U/g, ultrasonic temperature 60 °C, ultrasonic power 200 W, enzymolysis
temperature 50 °C, and the concentration of enzymatic hydrolysis substrate 1:20 g/mL. Under these conditions, the
cellulose conversion rate of distiller’s grains were 5.62%, which was 35.4% higher than that of the control group. The
results showed that ultrasonic pretreatment was an effective way to improve the cellulose conversion rate of distiller’s
grains.
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0 120 800 6.0 20

1 150 1000 7.0 25

1.2.6 FEHRIRE
1.2.6.1 JERE P SGRFERE S I SR DNS et
I R VPG AR T 24 3R Tkt e A DR g )

BN e i /N W1

A+0.1479
- <(5.689>< 100()) A

o XTI AR PR R R, g A R
Ao o TR AR 5 B o VR G 5 0.1479 A 47 28 B AR 1AE 1
2 PRV BUH B 6.689 Sk A 4 HE AR o T £k pR R R
V R IS RGE R BT, mL; %0 0.0049 5 1 g W
W 2 WA T 2 30 JEOME 2 &t g5 me SRy AR T I A
RS T, g
1.2.6.2 FrAEMLPIHIVE  BOS & AR fE S T
90 °C MtTZEIHE, MEMFKE 0.100 g THRIEEF M
WIZPPE I 2B oK E 25 5] 100 mL, 15 34k B
1 g/L H 2 EPRUETS W - 53 0] 1) HLZE 20 BE A A
0.2. 0.4. 0.6, 0.8, 1.0. 1.2 mL #A&GWEFRUEL W, 5
BN 2 mL 3,5- i EOKAG IR IEW (DNS), 5 25
FIKENZE 10 mL, BBk HE 5 min, FHVKKIRGH A H 2
FiE, JA O THE 540 nm P AR INAS AR
WESCRE . IR AR bR R F A AR AR B (mg/mL)
YA FR AW CAE, Zead VR B4 2 AE B 69 [B105 J7
iy = 6.6842x —0.1479, R>=0.9952.
1.2.6.3 £F4ERFEARWME  LFUAEREARIIR
PR ERHE L A T, KBELT 4 R AL A . H T
=

XV -=0.0049 xm

BEALE (%) = — (2
mXxa

U X TSR AR P R S i, gs m R
T FIT I AP BT, g5 o SARPORE AP oREL £ 4 2 T
1.3 #IEAIE

BRI 3 UK, LEIRLL I EbRUEZE " R
7o A Excel SRAAUEA 745 R 23R8 A9 B 43 B
LU B AE B, 25 PR 2K 22 55 8 35 1 (P<0.05) 2R

x 100



% 43% % s

FIETYE 45 A YRR A D BRI L 20T - 199 -

SPSS 22.0 #A4: " By Tukey ¥r 8672, S Minitab18
4T Plackett-Burman 38R MIT, SR Design
Expert10 {43317 Box-Behnken R 5347 o

2 EREDH

2.1 BRERRIHLER

2.1.1 PRI POR L AR AR g s £ 4ER
Tt S NN TED X RS T AR AL AR RO S22 1 Ffezs o

2.5 1

g
=]
|

—_
(%
1

LFUERILALR (%)

<
W

e
o

0 30 60 9 120 150 180
FEAFERT ] (min)
B 1 AR SR B (RGP R AT 2 R A AR A5

Fig.1 Effect of enzymatic hydrolysis reaction time on the
conversion rate of distiller’s grains cellulose
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Fig.2 Effect of substrate concentration in enzymatic hydrolysis
reaction on the conversion rate of distiller’s grains cellulose
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Fig.3 Effect of enzyme addition on the conversion rate of
distiller’s grains cellulose
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Fig.4 Effect of pH of enzymatic hydrolysis reaction on the
conversion rate of distiller’s grains cellulose
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Fig.5 Effect of enzymatic hydrolysis reaction temperature on
the conversion rate of distiller’s grains cellulose

FR & 5 AT, B S D R R S W T, SR e
RS ETVE T, TEIREE R 50 °C H Bl RAE, 3X
JE AR T, S RGE s, (e Uk T B SR
LG IR, WAL 4E R AR AW =, 2SR
b AT 4k R B Fal U e, 27 4 R A LI £
W AZ BN, TS5 AR AR
2.1.6 KR I AL IR R XV R £ 4 22 e AL R A0 S i)

P I Ak B IR JEE TP R 2T 24 22 5 Ak R A B i 4
&l 6 B

5.0 1

LR ILAE (%)
R

by
o
|

g
o3

20 30 40 50 60 70 80
IR (C)
Bl 6 75 i A PR X R A 4l 22 e AL 3R s e
Fig.6 Effect of ultrasonic pretreatment temperature on the
conversion of distiller’s grains cellulose
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Fig.7 Effect of ultrasonic power on the conversion rate of
distiller’s grains cellulose

ma A BT S, (BJRAE 200 W I, A TAREDR
X AL B (TP A LT AEZR Wi AR S BRBGR, AE
D138 400 W I T RS PR BT, DIk A
PEHAL B 200 W ] LUVE AP R Tt it e bk 7 I
PALBRD R SR BEAE P Pl A B R ) 5
WITHE R, 2= ARG I i, 77 AR B3 1 R R 2,
XL [ phy AT (RS PR, DT ERETHE 2 1954
A5 LA, AHSCUFFER I, (RT3 P P X LT 4E 2
et A A W] S A R, (HUR 2 ) SR B R ] 400
W i, AESE i DX &5 SR DX I B £ 4 2 1 i B
o, FEWROE P AR B BE RS, R 4R AR EEBE
183, el B DA A PRI LT AE R AR S i X H
ARG, DIMITE—E R L B REIRET 4R N SRS 5
DA E AL RIS 522
2.1.8 AP I A PR [A) XM 2T 241 2R e AL R p 52 i)
AR P I TR XCHED R LT AE SR AR A2 AN ] 8 7 .
I 8 TN, B A I Tl A S, WA AT 4 2R ek
e EIVE TR, TR A AL 20 min B RCRIA B
AEH, AR A A B 8] . A RSON F AR BY LA
FH, XA OB RO i . (HR A R S Ta
FEPALIR, (A HOPE S5 U 2 A R A A2 SE R
IVANTITESEA P b e {1 e
5.0 1

s
n

by
o

g
n

STUER AR (%)

ey
o
)

N
W

5 10 15 20 25 30 35
FE IR E] (min)
(& 8 7 il Ak FHL RS (R X M 41 28 e AL R 5 )
Fig.8 Effect of ultrasonic pretreatment time on the conversion
rate of distiller’s grains cellulose
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Table 3 Experimental design and response values of Plackett-
Burman test

LHS X, X, Xy X, X5 Xg X, Xy GHERHER%)
1 -1 -1 1 1 -1l 1.55
-1 -1 4.00
11 2.98
1 -1 222
1 -1 1.59
-1 1 -1 -1 1 -1 1 |1 241
1
1

1
1
-1 -1 1 -1 -1 1
1
1

1 -1 2.17
1 1 3.78
-1 -1 1 1 1 -1 -1 -1 1.62
1 -1 1 -1 1 1.69
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Table 4 Evaluations of Plackett-Burman experiments

M A RE REdaMR TH PH BEME
GRS 2.4893 0.0782 31.83  0.000
X, 1.0283 0.5142 0.0782 6.58  0.007 Hx
X, 0.4083 0.2042 0.0782 2.61  0.080
X5 1.1117 0.5558 0.0782 7.11  0.006 *K
Xy —0.8450  —0.4225 0.0782 —5.40 0.012 *
X5 —0.4150 —0.2075 0.0782 -2.65 0.077
X6 —0.3017  —-0.1508 0.0782 —-1.93  0.149
X 0.0717 0.0358 0.0782 0.46  0.678
Xy 0.5917 0.2958 0.0782 3.78  0.032 *

TE: P<0.05, 225¢ 03, AI*30R; P<0.01, 2253 B3, 3R, Kol

PANFR 4 0T LIS H, 25 D838 0T R 4T 24 22 It A
B FASZ IR R INHEFPAR YR Ry X (RS e ) >X (it
Bt E]) > X, (Rl pH)>X g GEE A I A PR ) > X (i
L) >X, (T e JE 400 R 3 ) >X o G 75 I A B )
>X,GEFEPEDIFR) o A ERES I 0 A s a] XV
AELT A1 22 Bl RO I e M e dnk 55 (P<0.011), ifffire pH Al
P 0 A B S ) o) T 2T 2 2 T A SR R ) S
(P<0.05), ML VS 400 T 58 RN A8 75 I8 Ak BRI 5
HE P I T AR SE I AN i 35 (P>0.05), Ptk
PEPREEE AR ] | AR P AL FRA ] | BEAR pH. BEESIN
HOX DA PRI ZR AT N — 25w g A A3, o b it
BEFIRE R 50 °C, BEfAICYIMR LRI A~ 1:20 g/mL, 8
PR T RE R 60 °C, MBASIRLIERFERE N 200 W
2.3 MR E SR

Box-Behnken i {5458 03K 5. T Er
HTULER 6.

iz ] Design Expert 10 ZR A4 %3030 2 Pm 81757
T3, 759 2R 2T 2k FE R 1. 250 k£ oo nleg
7‘:_"*5'5:

YR (%) = 5.36+0.41X, +0.60X, — 0.67X,+

0.26X; +0.050X, X, — 0.25X, X, — 0.66X,X; — 0.040XX, -
0.27XX; +0.048X X, — 0.87X: - 0.49X; - 1.70X; — 0.85X;

22 6 AT, [MUFBIE P<0.0001 (H)% .3%), J<itl

%5 Box-Behnken iREe kit 545 5%

Table 5 Design and results of Box-Behnken experiment

LRE X, X, X, X, CFHEEEEE%)
1 0 0 1 -1 1.52
2 -1 -1 0 0 2.78
3 -1 0 0 -1 3.17
4 1 0 1 0 2.09
5 -1 1 0 0 3.80
6 -1 0 1 0 2.12
7 0 1 0 1 4.83
8 0 -1 0 1 3.84
9 0 -1 -1 0 2.71
10 1 0 -1 0 4.10
11 -1 0 -1 0 3.13
12 0 0 -1 -1 2.97
13 0 -1 0 -1 2.79
14 1 -1 0 0 3.83
15 0 0 0 0 5.04
16 1 0 0 1 421
17 0 0 -1 1 3.74
18 0 0 0 0 5.43
19 0 0 0 0 5.56
20 0 -1 1 0 2.87
21 1 1 0 0 5.05
22 0 0 0 0 5.42
23 0 1 1 0 2.49
24 0 0 0 0 5.37
25 0 0 1 1 2.48
26 0 1 -1 0 4.96
27 1 0 0 -1 4.10
28 0 1 0 -1 4.87
29 -1 0 0 1 3.44

7% 6 Box-Behnken iX56 J5 2270 M 45 5

Table 6 Variance analysis results of Box-Behnken test

iKW P AdmEE ¥y Fld P WEM

X, 2.03 1 2.03 258 0.0002 o
X, 43 1 43 545 <0.0001  **
X, 5.39 1 5.39 68.34 <0.0001  **
Xq 0.81 1 0.81 1029 0.0063 o

X,X;  1.00E-02 1 1.00E-02  0.13  0.727

X, X, 0.25 1 0.25 3.17  0.0966

XX, 1.73 1 1.73 21.94  0.0004 o

XXy 6.40E-03 1 6.40E-03  0.081  0.7799

XXg  9.03E-03 1 9.03E-03  0.11  0.7401

X, Xq 0.3 1 0.3 377 0.0726
X2 4.87 1 4.87 61.8  <0.0001 o
X2 18.67 1 18.67  236.87 <0.0001  **
X3 1.57 1 1.57 19.89  0.0005 o
X2 4.68 1 4.68 5933 <0.0001 o

TR 36.85 14 2.63 3339 <0.0001 o

B2 1.1 14 0.079

KA 0.95 10 0.095 252 01929 AEH
4R 2% 0.15 4 0.038
A 37.95 28

i P=0.1929>0.05 A W3, PG ot A2 v R i ge:
I XTLE IR, P REL RP=0.9709, FEHHA
AU GRS . B IE SR B DR GE B R?,4=0.9418,
5 R B, TS 5 SEBRE s B A G, FRATZASTR



202 - i Tl B

20224 4 A

TP R PR, X PR T 4 275 Sl Bh s T2
S AT BRI BUNYE R . AFR 4 HhidsmT LIAS
— I XL Xy Xy Xg FTRIXE, X2 X2 X2, &8
T X XX A S 0 5 AR ik 35 (P<0.01), HiAth K]
AR E(P>0.05),

it % a0 0 A 2 8 pHL A8 T A FH 4 i 8 T
3D FEFNSE L& EWE 9 s,

CEEALAR (%)

— £FYiz

1000

900

800

X: BEAS N (Ulg)

1G]
600 420
5.0 55 6.0 6.5 7.0
X,: HfpH

KO MEAS I AR SN pH A2 ELA AR i 1 T
3D AR 25
Fig.9 3D response surface and contour diagram of the
interaction between enzyme amount and pH

2 6 5 & 9 Al %, 45 P A B AE XA LT
Yk R LA RIS AR 2 mi S5 Rs, BREAS I e: L A fifg
fi pH 28 HAE X B SN SR 2 25 (P<0.01), T
HCAth PN 22 38 LA FH T VY R Tt A S N 5 i AN B 5
(P>0.05), HJFER AT GBS pH A TR0 X R 2
O EA PRI HIVEFH, P LT 4 22 i % FH 4
R, AR BEEHI A R .
24 mEERIZEINE

AR Design Expert10 443478048 53 B 45 1,
TE A 50 B it 22 1 S PR Tl i = 250Ky 8 75 5[]
21.01 min, BEfFEITE] 140.16 min, BEfE pHS5.41, BEER
InEE 992.34 U/g, TV LT 4k 2 i 55 AL R B (E
A 5.63%. AR ZSEL, 455 SBRERVETS L, e
BEH AR 240 7S D% TAES 2 (B1E] 21 min,
TR 60 °C, TIEE 200 WO H T 2454 (BsHA] 140 min,
pHS5.41, BSHNEE 990 U/g, & 50 °C, JIRPHEE 1:20
g/mL), I HARYE e 2o Bt AL S 80 T 50 E
56 A K AH R Bt S5 A JCHEE 75 A BT HE LS, 75 B2
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Box-Behnken {256 %P 2T 4 28 B S N S 80681 T
e, f32UE IE S Wi RN 12280 B it
PR A] 21 min, BEAERTTE] 140 min, BEE pHS.41, i
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