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ABSTRACT Rapeseed straw was used as raw material to investigate the changes in the lignocellulosic
components, types and contents of degradation products after different absorbed doses of “Co-y-ray irradiation, and
the enzymatic hydrolysis and fermentation characteristics were evaluated in this research. The results showed that
the contents of cellulose, xylan and lignin decreased, the total amount of water-soluble components increased, and
the pH of water extract gradually decreased in the rapeseed straw with the increase of irradiation absorbed dose. The
total amount of four types of small molecular fatty acids in the degradation products of rapeseed straw gradually
increased with the irradiation absorbed dose increasing, reaching a maximum of 9.25 mg/g after 1 000 kGy
irradiated. The total amount of nine types of small molecular aromatic degradation products first increased and then
decreased, reaching a maximum of 0.22 mg/g in 800 kGy irradiated rapeseed straw. The cellulose conversion rate
and glucose concentration of rapeseed straw by enzymatic hydrolysis increased with the increase of irradiation
absorbed dose. The cellulose conversion rate decreased and the glucose concentration in enzymatic hydrolysate
gradually increased with increasing substrate concentration. The cellulose conversion rate for enzymatic hydrolysis
was 57.55% and ethanol conversion rate was less than 10% of 800 kGy irradiated rapeseed straw at 15% substrate
concentration in separate hydrolysis and fermentation. Irradiation combined with water extraction significantly
improved the enzymatic and fermentation efficiency of rapeseed straw. The cellulose conversion rate and glucose
concentration for enzymatic hydrolysis were 71.62% and 40.38 mg/mL, respectively, the ethanol conversion rate was
64.00% after 48 h of separate fermentation, and the glucose in fermentation broth was completely consumed for
800 kGy irradiated rapeseed straw after water extraction at 15% substrate concentration.

KEYWORDS
hydrolysis and fermentation
CLC TL99, S216

®Co- vy -ray irradiation, Rapeseed straw, Degradation products, Enzymatic hydrolysis, Separate

WS MANE . FK. KRAKE Z A F
B X — KARAEY), BRI AR AR 7= 8 4 o 57
13 M. SRS FHE N B R R AT 4 R BT,
HAdg R, PAGEMAT RS E5 58 41.37%-.
23.63% F1113.03%, % mBIAa4e s & EfH oy R
B IR Sl A = R P (H SR RS AR
SRy 2 B EES A, 7S A B R
HOW st BmFLBRE . IR 4E RS mE,
P H R E R R B BT, EERE
AR AT Y R AR A A B 7 VA LG 3k,
WIS R AR SE, WBREFEm s b
ik, WL, WG, MEG YRR T A
PITiAL S, AR R ™ PR AR A
WA S EFRE AR B E .

R TR TRAL BB A R y S 2 Bl 1 AR AL B A
WIS, K FLmE 1A A 4E R L R T T
ik, FEE A Y R TR A NN TR S
Mol BREEE D RFR AP, 800 kGy Ab HE [ B
K e ANENE AT BEAR,  40% IR IR JE 2T 4
B AR T IL B 77.1%, 8 60 0 00 o B0 AT
1% 104.6 g/L. Liu % " R H 800 kGy Ak 2 1) £ K
O R MEREATEGME, IR B Re Ik 3

30%~40%, ZF 4 Z W KM= 1) b S B R B 43 i) ik
FJ251 g/L. 185.58 g/L f1212.87 g/L. Zhang %5 '
IR I, 4 IR B8 PR A SRS AT RLAR, 4 /N
FEmAivu i, R A, HAbEE S SR
A ERRAG, TN 5 EfR . X S iR,
o1 i SR J R TLAh B A 1% I 3 R = A R I B K AR
PERE, ARV m U A e T

2 R VA R AE T DA TR A o 48 4 2R ) [
SEK, HOOREEXT A 4E R AT R, EATEHTFE
SRR A AR ATE NG, R B AR R B
FLAS TR Aoh 258 Rk 22 4 TR A 5 7 A ) 00 ok 40 b 25 T
SEMAEZER M, L% " (R4 IR AL B P R A
) —LeBE NI, W AR . PRI
B HIR. MR MR & TR, B
BN I L 0 A B B R s . e A
K GC-MS i &b 3 5 1 i =5 A5 T Hh B A 7= ) 20 Bt
RIW, e TR S B = A X B AE 1000 kGy i}
KB KAR, 77 B EBEAE P2 VI1E 800 kGy o 75 5 it
fH1o Liugs "7 71 800 kGy % HE AL 3 (1) 7 25 Az 21
Ty S0 ) 1 B & B 9 4.25 mg/mL. X Ee 0614
(7= A e B B B R I A P U, {HH TR AT
o5 R P Ak R i SR P R TR A A 7 ) AR RO AR

060401-2



A HASE s Co-y S AL T SEREAT B g™ 40 20 Wi B SELOX Il gt A I FH) R

Je I Ja B AR W e AL AR PR IR G RE P A AT A RE )
s HEANTE R . R, ASCEL0~1 000 kGy ## 8 ib
BRI REAT N R, WIS ARG B Ak B S
Py S A X C AN /TR Gy I R i S O
FUPG M R B REVE AT VAN, D B T A 2 3 S A
FERFEADHIVI I B BRTR S5

1 #MR5ERE

L1 AR5

THEEREHT,  WSCER T W17 4B RO R 2 e AR P it
FUFTIR GG, B ARMT, DIK10~15 em /DB,
%H.

98% WML . WERR. LR LMREA. MREL .
PR . BRREE. SULES. oK LEEI A5
frat, W1 E2G R AR AR AR BEEEE
BB AR, 6T T R I RHA IR
Al WEE. CREREEa, T 22 HOR Al
WHARAFR .

AW AR 1% (High performance  liquid
chromatography, HPLC) #5 #E ¥ & : % % B
(Glucose) I A (Xylose), T Sigma-Aldrich 2
A3 R (Formic acid) « 4R (Acetic acid) « N R
(Propionic acid) 1 1E ] & (n-Butyric acid), 7T I
BT T AR R A IR AR W PR
(p-Hydroxybenzonic acid) « ¥ 5 [ (Vanillic acid) -
T 4 IR (Syringic acid) \ Xf ¥£ 4 2% H [#% (p-Hydroxy
benzaldehyde) . 7 &L % (Vanilline) « X} & & & (p-
Coumaric acid) . ] #F i (Syringaldehyde) « 7 #. 2. fifi
(Acetovanillone) M #E 2 (Ferulic acid), W1 Lifg
F AR B G R AT .

Cellulast 1.5 L£F4ER A T 22 45 A vl .

CICC31014 MR W B (Saccharomyces
cerevisiae) W T A [E Tk B A= 4 v Bl £ i, B BE
il

1.2 UE5E&

CCo-yAmMREEE, WFE LAY 5HRE M
FTs FWITTRENL, RERARHESA IR A
SHZ-MIfEM KR E AL, Ll D AE SEIs AR A IR
AF]; PHS-3CHpHF, B ACHRHA A
PR DGH-9246 A HLAVE R & XT84, L
F5 % 5206 W 45 PR 2 @] ;. Thermo Ultimate 3000 15
ROBAR TS, FEBRIHREHE: (R ED AIRA

Fl; YXQ-LS-50S11 /&y 287 K #%, g e si
AT PR A 7 97 %) s Bluestar A 5 4MA] W43k
e, bR SR RRM R R A IR A A HZQ-
F100fE R FEIR, MR AR AR TG16-I
BREEBON, KD NAECRERAA

1.3 “Co-yHtkiaiB 4t

WEEFEFE, AT, BASREEE, =
iR © Co-y S EBAT B AFRIRAL B, R I
7 & AN: 0kGy. 200 kGy. 400 kGy. 600 kGy-
800 kGy. 1000 kGy, &% K2 kGy/h. %&MEAL
RS ORE SR e, 1 0.425 mm G, 3N H B4
g H .

14 HSRIEFTES O

141 KizEHpH 4

FREL2.0 g #ESh, 0N 60 mL 258 7K, T
50 °CCZAF FHEA LB 1 ho 45 35 S VR HEAT 1l
Ve, WSENEWR, HEATpH. WAIRE. A, WA
HIRENE . TIEYEARTNE . RN BR BN DT A KRR
FER . DETE, 105 °CHET, BEIT AR 4ER AL
3T
142 pHME

I — s AR R I SRS AT K IR 39, R pH it
e e pHAH
1.43 B HAEARHE REER B4R KRN 2

1 mL s A AT KR A2, 3 0.45 pm 7K &
JEIE, SR HPLC 7 MK IR E& W A 2w . ABE S
o W EWEW 7 mL, A 72% i B2 0.25 mL,
121 °C/ M1 h, SR EMRE, 1T 0.45 pm K R JE
JEE, SR F HPLC 73 B 7K IR & Hh 7K i VA SR AR

HPLC 73 M 26 2 2% /N5 56 Y 7% . Bio
Rad Aminex HPX-87H (7.8 mmx300 mm) {4
FE ¥ 55 °C,  0.005 mol/L i B8 A it 3 AH , i i
0.6 mL/min, #EFEE 10 pL, RZEFCKIE, H
i 45 °C,
1.4.4  JERGBR Koy & RIERR = A7

U1 mL e A A KR 42, 3 0.45 pm 7K &
JEME, KA HPLC 7 IR, 4FR. NERAIIE TR
LHEMTBRKRBEMRT=Y); MRERFR ., FER.
THER. MR ERRE. FEE. UEFEGR. T
Tl 7B LRI 2R IR 55 05 A5 SRR AR

HPLC % M7 %6 1 2% Chen 25" 1) J5 VL R &

060401-3



LER I RTIE S Z T L R

4R 2023,41:060401

Mo (OiEF N Waters YMC2EHA%E N 24 S-3(250 mmx
4.6 mm), BN AH A N 0.05% (viv) BE R (pH=2.2) , i
B FH B A 90% L E K, & 0.8 mL/min, 5 4
ALV A 28 | K 210 nm, BRI 30 °C , i3 R4
FU10 uLo BRFEEVEMLAE 7 9 :0.00~25.00 min, i)
FH B A 5% F6 & 18 1 25 20% 5 25.01~30.00 min , Ji 5
FH B M 20% 5 2 59 41 22 80% :30.01~35.00 min , i 5]
FH B M 80% s FF A% & 5% 35.01~40.00 min, i 5
FHB IR FE 5% A% o
145 KRR ZBYHH

FREL0.3 g KR )5 9 T 100 mL = A+,
BN 3 mL 72% BilR, iR BEdik % 224 i 5 R 78 40
TBE, TEN30 CCIKIBREIR M1 h, SRIGIA 84 mL
FBETK, 121 °CRPB 1 he RNSGREAH, T
T8, JEHE 105 CCHE T ERABEAR R S & W
JEEMAE 320 nm P FIROGAE, THERRIE VAR
RoE; FHERAARRNS & HPLC I 2 I8
HH T B RO & AT T P

1.5 ERfHIe

Rt I AR A W S5 RIE I V5T . AN RIIR
W71 & (0 kGy.200 kGy.400 kGy.600 kGy.800 kGy-
1 000 kGy) &b PR 5 3 S ARG FT, 48 10% Ak E
BN 0.1 mol/L Z.R- . BREN G (pH=4.8), £T 4k
KGNS N 15 FPU/g, BRI RN: 8FE 50 °C.
#5%130 r/min. B A]96 h, HIFEOh. 4h. 24 h.
48 h. 72 hF196 h HUFE, Wl # Ao &, MRIEA
X (D WHEGLERMEMEEIR,

T YE RBEARIEAL R (%) =i A 8 % 5
Tx0.9x 100/FF i HH 41 4 3 i 7 eD)

1.6 SERELLER

AKIZHENEEE: 800 kGy AbFE FIHEREFT Ry, 4%
B L1 30 N K E T K, T 50 °CE% M4 T~
WFE h, SERJEHIE, WERDEVE, 60 °CHET, A
KB FEIE B 5 FE

RBERE TR 72 g/LIifRE: . 5 g/LIEIR &
L1 g/LEREREE. 0.2 /LSS, 5 o/L BEREFREL
¥, pH=6,

BRI 43 51 DL 800 kGy 4% I AL BE R /K V2 42
it B Ja SR A AT R N ERE, 1% 5% 10% A1 15%
JRYDIRFEIMN R B3 F2 58, A A RBERMERN

15 FPU/g, B il 2514 4 « ¥5 50 °C L 5%3% 130 r/min.
I 72 hy 3 BIAEOhy 4 hy 24 hy 48 h 172 h B

B, MEMER S E, RIEAKX (D IHEF4ER
L5 i e

ORI ¥ FR B 115 °CKTH 20 min,
0% P ERNTEW G, B TIHIRREIR
Wi, 37 °C. 150 t/min 2k PF T 2EAT 43 0 AL R %
SRITERTEOhy 4hy 8h. 24 h M 48 hHUKE, %
§1.4.3 1 HPLC 43 H7 J5 v s L wh 81 2 0 AN 2 5
&, BIEAR O iHHE L,

LBEHALE (%) =RIEH T LB & x0.51%

100/ B ) 4 481 72 B o £ 2)

1.7 BIRAIE

ARG EE 2%, K Excel 2016 #4173k
Y5411, Origin 2019 BHT4 A,

2 ZER545%H

21 AEIREFIEEBLIEGEHREEFTES S
i

N T W VAT 751 R A L 9 SR T R % 4 40
SR IE AR, mE @A, Kb
MR R A g R, KREBEMARRSES N
35.17%.  16.22% £ 28.70%, 5 &5 FT & & 1
80.09%. fE0~1 000 kGy 7= E R, Bl BRI
BT, MR AgER. RRBEAAR R
TERBEFCES, A AR RNE R &K,
HRRA gz, AR 525 B2 AH X R/ (] 1
(a))o JHSEREAT H KA 1t 20 4 e o B W A P
R W N, 800 kGy H ik F 30.78%, & X
(10.13%) i1 3.04 155 (B 1(b)) o 1) AT (D AT 41,
o R AL P AT A T SRR AR A SRB  WA )
BT m 2R A, 800 kGy 4E HE b H 5 1)
ik B e KA, 73 9N 19.37 mg/g A1 68.58 mg/g;  Hi
%] W R ACRE 2 5 B R ORI = 1 3 i G B R
KIF A4 R R R PR IR T REVLZLAR, 7 TR
Wy SZVE MRS R, PR, R RS A
R B AR T 4 22 FHOR SREWE () 40 1 2 T 34 I VA R P
T AR B e B o Bl B N T a5 MR, KR
REBARAGEN, Retm Ta4ERMNARERRE,
[A] b 52 2 HR PR 52 M R X AL/

060401-4



A HASE s Co-y S AL T SEREAT B g™ 40 20 Wi B SELOX Il gt A I FH) R

1 %%L@Fﬁxﬁﬂ@%ﬁﬁ(wﬁﬁﬁﬂk R R 3

Contents / %

Contents / (mg-g™)
P

35

30

25

15F

10

08|

06F

0.4

0.2

20 |

@ —=®— Cellulose
—®— Xylan
—&— Lignin

L‘\‘\T\A\T\f
0 200 400 600 800 1000
Absorbed dose / kGy
—8— Glucose ©)
—o— Xylose
®

}\,/'*'\.

\/\

200 400 600 800 1 000
Absorbed dose / kGy

3B (b)

sl S

25+ —I— ]

20

151

10}

S—H
M 200

70
(@) — 5
—®— Water soluble glucan
60 | —®— Water soluble xylan

50 +

Water-soluble components content / %

400 600 800 1000
Absorbed dose / kGy

40

30+

Contents / (mg-g™)

20 + =

10 /./"—‘_'

L L L ),
0 200 400 600 800 1000
Absorbed dose / kGy

<wmmﬁ@ﬁ¢$<om P 2H 7 v i 4 B A AR

Bl (@) KIEHRAL AT ﬁﬁ* R

Fig.1 Composition analysis of rapeseed straw after irradiation treatment: (a) contents of cellulose, xylan, and lignin; (b) total
amount of water soluble components; (c) contents of glucose and xylose in water soluble fraction; (d) contents of glucan and xylan
in water soluble fraction
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