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Abstract: Objective: This study focuses on realizing the reuse and
resource optimization of corncobs. Methods: Using corncob as
raw material, using cellulase and hemicellulase to synergistically
degrade corncob to prepare reducing sugars. Based on single
factor test, response surface methodology was used to determine
the mass ratio of cellulase to hemicellulase and double-enzyme
process conditions, including addition amount, enzymolysis time,
enzymolysis temperature, were optimized. Results: The optimal
process parameters for corncob degradation to produce reducing
sugars were as follows. The mass ratio of cellulase to hemicellu-
lase was 13 : 2, and the amount of double enzyme added was
3.25% , hydrolyzed at 50 “C for 5.0 h. The reducing sugar content
in the corncob enzymatic hydrolysate prepared under the
conditions could reach 12.45 mg/mL. Conclusion: The use of cel-

lulase and hemicellulase to synergize the degradation of corncobs
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to efficiently and directionally prepare reducing sugars can achieve
high-value utilization of corncobs.
Keywords: corncob; compound reducing

enzyme; sugars;
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reducing sugar content
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Response surface test design factors and levels
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Table 2 Response surface test design scheme and results
\ A JEORE R/ A R i/
e A B C ) A B C
(mg * mL™1) (mg * mL~1)
1 1 0 0 —1 11.31 16 —1 1 0 0 11.02
2 —1 — 0 0 10.49 17 0 —1 0 1 11.63
3 0 0 1 1 11.21 18 0 0 0 0 12.39
4 0 0 0 0 12.34 19 1 0 0 1 11.81
5 1 1 0 0 11.86 20 —1 0 0 —1 11.32
6 0 — 1 0 10.47 21 0 0 1 —1 10.69
7 1 0 1 0 11.29 22 0 0 0 0 12.38
8 0 1 0 —1 10.90 23 0 1 —1 0 10.54
9 1 —1 0 0 11.07 24 —1 0 0 1 11.54
10 0 1 0 1 11.71 25 0 0 —1 1 11.25
11 0 0 0 0 11.81 26 0 0 —1 —1 9.85
12 —1 0 1 0 10.90 27 0 1 1 0 11.05
13 0 0 0 0 12.28 28 —1 0 —1 0 9.95
14 0 —1 0 —1 10.65 29 0 —1 —1 0 10.47
15 1 0 —1 0 11.13
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Table 3 Analysis of variance results of response surface tests
P 3 7 1 Hi ¥ 5 F 1A P 1A M
8 12.29 14 0.88 12.81 <<0.000 1 % x
A 0.88 1 0.88 12.84 0.003 0 % %
B 0.44 1 0.44 6.43 0.023 7 *
C 0.49 1 0.49 7.12 0.018 4 *
D 1.64 1 1.64 23.86 0.000 2 * %
AB 0.02 1 0.02 0.25 0.627 2
AC 0.16 1 0.16 2.28 0.153 6
AD 0.02 1 0.02 0.29 0.601 2
BC 0.07 1 0.07 0.95 0.346 6
BD 7.23E—03 1 7.23E—03 0.11 0.750 2
CD 0.19 1 0.19 2.82 0.115 0
A? 1.11 1 1.11 16.17 0.001 3 * %
B? 2.67 1 2.67 39.02 <20.000 1 * %
C? 6.81 1 6.81 99.36 <20.000 1 * %
D? 0.99 1 0.99 14.46 0.001 9 * %
sk 0.96 IV 0.07
ES R 0.72 10 0.07 1.21 0.462 9
ali i & 0.24 4 0.06
RL2E 13.25 28

tox BERBEP<0.05); % *
R3;=0.855 2;CV=2.33%.

2SR (P<T0.01) ; FRifEgR 25 0.26; R*=0.927 6;
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Figure 6 Contours and response surfaces of the interaction of various factors

2.3.3 IS AR B IR AR AR 5 b7 T A TR 1Y
255 19 5 b 2T 2 R R T 4 R 8 AT I IR B oK
KO B o BRSO BUER BC B (msgrw
Mg 13.38 ¢ 2 EEAN AN 3.08 %0 (A I ¥ 50.10 C |
il A% B (8] 5.15 o, 76 12 £ 4 T Wi 7 TR 40 24 o 00 g 3 M 2
O 12.40 mg/mL, K77 L PR#AE G T2 S 8E E
F LB IC L (mopgpze 2. BT 3 n &
3.25 %6 (R B 50 °C (AT IR] 5 h (¥ 4 4 R AT 3 IR
AT B AR SE B HT 8 AR S O 12,45 mg/ml, 5
TROTHOIN 1) 5 R e AR — B0, 3R AR R AT DU 850 B 45 A

Pompggzy ) 13 ¢

ZR 0 A JEURE B A Y 5 R BB T AT
3 g

T FHT 2T 245 3 T 2 21 4 2% T 0 K A 6 40 790 R0 0L
b [e] B i K8 2 1] ) A 308 JsUWE L o A R PR R R
RUBERC EE Cm sy * 1m0 )« RS 02 O A S0 2
i PR 1] 252 PRI 2R 0 26 KU I8 JROBE 5 ik B9 52 L O 36 A )
ﬁiﬁﬂﬁﬁii@@ﬁ?liiﬁﬁﬁﬁt,E)%ni]ﬁﬂ@uiﬂiﬁ?@@ﬁﬂi
200 WUHG E Y Cmspgm ¢ mopsramzm ) 13 ¢+ 2, B %S 0 &
25%6 , B R B 50 C il fig it 1R] 5 b A& F AR 21 £

209



210

F % Bz DEVELOPMENT &. APPLICATION

K5 RS JEORE 5 B 12.45 meg/mlL. 57407
15 P 25 26 G A K 05 A 3R P 4 0 19 50 70 35
R R 2 3 ) O A JEORE I R L 5
I 55 B 006K S AW — 2 2
L 4 425 S A

2% 3Tk

(1] Bk L, YA, o 5000, 55 BT B R O TR A B A 5 4k
REWFSE[1]. 47 &0 L, 2017C14): 9-11, 18.

ZHAO Yi-fan, XIE Jian-zhi, GAO Jia-tong, et al. Study of the new
environmental protection of corncob's property and manufacture[J].
Farm Products Processing, 2017(14): 9-11, 18.

[2] BRtH i, BUTL, 0. 36 A ISR R BDIRBF 72 5 K2 A 4
10 H 8 241 D). A K 2, 2019017 3.

CHEN Shi-li, HE Jiang, HOU Yuan. Research on the status quo of
corncob recycling:Based on the analysis of undergraduate entrepre-
neurship project[J]. The Farmers Consultant, 2019(17): 3.

31 & 229, 8. TR 4 R i & & RAL D] R 5 R,
2020, 33(6): 88-91.

LUO Lan-ping, LI Xiang. Extraction and characterization of hemi-
celluloses from maize cob[J]. Cereals & Oils, 2020, 33(6): 88-91.

(4] Mibm T bg, Bk, S5, 5 R TR I DR IR) 8% R F ] #

TEKAED] a2 B4R, 2021, 39(2): 55-60.
LIN Biao-sheng, YAN Jian-bin, ZHONG Zhi-long, et al. Response
surface methodology to optimize the processing parameters for producing
corncob fermentation feed by bacteria coupled fermentation with
enzymes[J]. Journal of Longyan University, 2021, 39(2): 55-60.

[5] ZHANG Hui, WU Jun-hui. Statistical optimization of aqueous am-
monia pretreatment and enzymatic hydrolysis of corn cob powder
for enhancing sugars production [J]. Biochemical Engineering
Journal, 2021, 174(5): 106-108.

[6] VIRNANDA F N, PRATTANA K, PARIPOK P, et al. Efficient bio-
logical pretreatment and bioconversion of corn cob by the
sequential application of a Bacillus firmus K-1 cellulase-free xyl-
anolytic enzyme and commercial cellulases [ J ]. Applied
Microbiology and Biotechnology, 2021(4): 1-10.

(7] o) 75 B, X9, £ B, 45 Al 6 KU AR BB O 8 5 D 4R L
ERATAEACTE P ' Tk, 2021, 42(5): 1-5.

HE Xiang-ning, LTU Na, WANG Yuan, et al. Ultrasonic assisted ex-
traction and antioxidant activity of enzymatic hydrolysis of corn
cob xylan[J]. The Food Industry, 2021, 42(5): 1-5.

[8] DUAN Deng-le, DONG Xiao-yong, WANG Qin, et al. Production of
renewable phenols from corn cob using catalytic pyrolysis over
self-derived activated carbons prepared with torrefaction
pretreatment and chemical activation[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2021, 623(5): 126-507.

(91 i, FAEWI, X0 0¢, 46, 3 oK m il B4 $2 UK SR B T2 4t
D] B AT 5 T %, 2021, 42C1D: 112-116.

MENG Yue, TIAN Zhi-gang, LIU Xiang-ying, et al. Optimization of

extracting pentosan from corncob by high temperature pyrolysis[J].

BE 2438 | 20228 1 A | 5 UUMH

Food Research and Development, 2021, 42(1): 112-116.

[10] AT, XIS, s, 45, i R WA /K TUAL B 45 & o i 2 0 2

HEET Ak 2 T K iR B ORGS0 A7k Ak %, 2018, 37C12):
92-97.
DAI Li, LIU Kai, HAN Feng, et al. Promotion of corncobs enzy-
matic hydrolysis by hot liquid water pretreatment combined with
surfactant assistant[J]. Petrochemical Industry Application, 2018,
37(12): 92-97.

(U] BESCAR, 8L, SRIE%, 4. BRI i Ak | BUAL B £ K

B FUTG K % 2503 W 5 W (3], AR AL 5 Tk, 2018, 38(5):
100-106.
YING Wen-jun, WU Kai, SHI Zheng-jun, et al. Pretreatment of
corncob by the combination of H; PO4-H, O, and their effect on
enzymatic hydrolysis efficiency [J]. Chemistry and Industry of
Forest Products, 2018, 38(5): 100-106.

[12] A8 F. P A5 il e A J5T 27 48 JRURY 1) 98 40 2R A BB [D]. 3R
FH: PUAE A AR} B R, 2020 7.

HAO Qian-xun. Production of xylooligosaccharides and monosac-
charides from lignocelluloses by two-step enzymatic hydrolysis [D].
Xianyang: Northwest A&F University, 2020: 7.

(131 0 i 40, 5 38, 2R R0, 45 BRI RS B 4 4600 & A vk
L EMRAD] T AR ARAFL, 2019, 46(8): 138-145.

LIU Li-na, FU Man-qin, XU Yu-juan, et al. Optimization of mixed
enzymatic modification process of corncob dietary fiber[J]. Guang-
dong Agricultural Sciences, 2019, 46(8): 138-145.

[14] IR B AGE T4k 20 ) 45 21 £F 4 KA AR B [D]. 7N 42 i A1
TR2, 2018: 13.

YAN Yu-huan. Production of hemicellulose-derived sugars from
corncob by pretreatment[D]. Guangzhou: South China University
of Technology, 2018: 13.

[1S] TEWRMS . A A A< ol B2 5 9 36 0Kt 16 W8 904 A0 00 3 0], P4 98
#2021, 43(3): 20-21.

WANG Xiao-peng. Introduction to the resource utilization and ap-
plication of agricultural waste corncob[J]. West Leather, 2021, 43
(3): 20-21.

[16] {7477 KT b B 125 T 1t it o) 4% 4 %4 % 19 BF 58 (D). Mt
M- W BE TR 2, 2020: 2.

FU Dan-ning. Study on pretreatment process and enzymatic hy-
drolysis of corncob for glucose preparation [ D]. Hangzhou:
Zhejiang Sci-Tech University, 2020: 2.

[17) Bl 2B 3, ZE0itd, SRAE IR, 5. vk e g T KO0 A 7= IR e ot
M ST BRI AL, 201909): 41-45.

LU Bu-shi, LI Xin-she, DAI Yuan-yuan, et al. Enzymatic degrada-
tion of corncob to produce low-alcohol drinks[J]. Liquor-Making
Science & Technology, 2019(9): 41-45.

(18] Kfizb ¢, EHitt, W SCH, 45 IR & 08 15 W A 5 oK 8 A 7 A%
PRAB ORI BIF 5 9], BT, 2020, 47(2): 74-78.

LU Bu-shi, LI Xin-she, XIAO Wen-zhuo, et al. Research on mixed
enzymatic degradation of corncob to produce low alcohol drink[J].
Liquor Making 2020, 47(2): 74-78.

(F#% 223 70



