5 46 4 srMifks# (FENXI HUAXUE)  BF5EHiss 559 1
2018 4£9 H Chinese Journal of Analytical Chemistry 1501 ~ 1506

DOI: 10.11895/j. issn. 0253-3820. 171238

AEFEFAAENERFETEHNSEBES T
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X &E TaERK KE OFErLT

'CEMOREFE AR R, KF 130012)  P(CEMEANZTYIREE L, KF 130000)

W B ERHRAET TR, B RSS2, 30 A ACRAR, BT AT X RS FF AT BUAL 3L, B3R
FEFFE 224500 SR S RO . RAIEHEE (SEM) 8 B AR 2T AP 5615 (FT-IR ) A X S 2637 59 5 AR 53 B
ANTRITRUAL 3 T 2% TR FF GO A 44 AR 20, IR P 4 4 28 B AS [ T A SRS A A T e , PN TROAL BRASCR
IR LA 2 S I AN [R) 0 Ak B Ot ot o i 2 25 R RS AT Al 235 W 3 S TR R B RO B IR, e vp NaOHE T4tk
S AR S YRR 8 IR R 4 Z A ST R R B AR S 21 M AN [ T Ak H
FEFFHEAT /0T, Forb 1600 F1 1510 em™ A BT 2 A FRAEIE , NaOH FRAL B (145 AT 76 I Ak () AR AE I 3 A 7
28, M NaOH FilAb BN FEFFA BT 1) RBRFCR LRI i, 1744 ~ 1734 em™ 24 C=0 {H454RshRHF I | HE G
RIBREE 5 AR E LR 4E R B A O, R AN 5 vk AL FHUS | bt 0ee W g 58 P2 AN [ it B2 it /0> | 3 B 45 o
AL HR T AN R B L B T AR TR AR AR e R, XS R AT oW e B, AN IR TRUAL B RS FF A 45 i B2
% AR R B A AR, Hoh W, SO, WAL FHR RS FF B 45 S B R B i R, 38 81 43. 4% , P NaOH FiiAh BEFE #T
J5, TR 4E2 HiG% 60 b, [ FCHGAH P =355 33.32 o/L, ANBFSY 4007 T AS[RIAFF T5UAb B 75 v 08058 | h )
FHFORFEFF A= A A0 T Sh 3 T B A

XEERE AT, P, M AR IS, X BT, AL R
1 5| 5

RITEFYE e AR L5 0 A ARG UR , FURAR R AF g R v LUE P= 2R A e T2 . B, &
MV IR SRS FT 2 FTF A B AL PR AOA 52 I A B A A A EE R s, 38 A= W 0 T BOB RS AT 2 F PR
SRR R R AE AL T 0 R RS AT SR AL R R AR R K AT 4k AT A MR, o e
BN AR AR A R A TR, B A T 21 2 2R 5 A O S A W S R S | R e A TR T A M A A ik T
EEC L RTRLFYER R GER TR AR R 3 Flsi gl ak, Heorb 2 25 4 3 R i 2 A0 48
8 W A Yk R A AR B —FhAH B SE A28 X Fh 52 2 4 25 (B G5 A8 (TR o 4 48 25 1T DAAT B8R o
W8, AEVEAT AR BRI, SRR (1 75 2T 2 3% A A T 4 R ORI AR R, 76 ) KR o £ 4
RO}, 75 2 HE AT AL B T IFEF 4R LA R AR TR A B SE (4544 | DA 5 21 4 2 %) /K A
% HET, Tl b F A FAL 0753 34 H,S0, NaOH ,CaO 1 H,0, Ab¥4s 54 . Hirh H,S0, %
T PRV WRAE AL BRI A2 v B R IR AT A2 1 45 2% iy, 3B S A R A R e R NI FT RS AT AR
B YR AT YE R MUK R A PS8 454 ; NaOH  CaO F1 H,0, Z5Em 1 W 35 B B PR ARG FF v A 5
R, WA RS T 5 B 4548

AHIFFE R AN G 7 0 T ORFEFF BT WAL B, 4 50 A R B | B AR e 2T AP 1% A XS AT
X AL B RS FT AT A0 BT, 0T T AS R FAL B 7 SO RS AR A A 52, AN TR =X Ak B Y R AT
PEAT T 25 Y R BRGSO AN, R F KRR A AR = A AL T S 340 T BRI AR I
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2 SLIGERS

2.1 UE5iEH

1200 Series =7 25 W AH 0 15 A (78 E 2 HEAR A F ) 5 FEI Quanta200 494 HL 5% (fif 2% FEI A A]) 5
Shimadzu IRPrestige-21 {8 BLIH AR 2T /MGIEAN ( H AR S HYA )  Bruker D8 S ARAT SHX ( XRD , £l [ A &
TN F]) s HZ-8802S KR EIEIR G 7 ( LR 7)) 722E BUR] WA Y6 G BT F (LI ETE A | ) 5 A i
s T H Sigma-Aldrich 23] 3 H,80, \NaOH ,CaO 1 H,0, 2557 21 g 4l 5286 F K b 58 7K,
FORFEFF R 75 PR FIAE I FOK TS FF
2.2 FEFHTLE

FEAT B FAL B S B8 SCRR [ 4 ] A9 735, 1) 500 mL IR A 30 ¢ T KFEFF, 2 HIIA 60 mL 10%
(m/V) H,80,.60 mL 10% (m/V)NaOH 5 12 g CaO, fil7K Z SAAF N 300 mL, fff H,S0, NaOH 5 CaO
HIA LTI N 2% 2% F1 4% . FHENCRE 1T ,121°C JW 1 h; 5516 500 mL #RHFNA 30 g #7541, 2
JE A 20 mL 30% H,0, , 7k 2 B R 300 mL, BI H,0, BYZLWEE N 2% , 5 mol/L NaOH 75 %
pH 11.5 SRJETE 65°C KB FE IR H474E 3 h, 7E 500 mL FEEHINA 30 g F5FF, fsk 2 A& F 1 300 mL,
HWB 1 h,

o LR R AR R IR R B =R S, N2 A0 o D8 AL B, 25 B8 7K o Pk b B I RS FF , &
TR, 20°C A7, &
2.3 BaHNH

FOKRFEFF LR 2 4 4 R AR BT R 1Y & it 4% 3¢ 5 AR VR 38 mT P 2E e R S8 49 % ( NREL) 9 5 7&
e,
2.4 HEMNE

B/ A B A A i R sk 0, R R OSUIE R [ FEAE AL 5 b TE LS IR EE R
P8 e b3 Ykl R Y il — 2 RS B B0 (SEM) T %%
2.5 HEMITHAIMEIE (FT-IR) 54T

HUPAR RS AR S, LA 12100 Lefil[a] KBr 1475 , 7R S B AR rh S 28 200 ~ 300 H# R, T4L5MNE
J AL il g B R, R AR B AR S 2T A S A AT I, D B S LR 4000 ~ 400 em™ , /3 HESR
H 4 em™  FR—RETILIEFT 32 W,
2.6 X-SI&OTSOH

B S AORE S, F Bruker D8 ShARATSHSIR AT 41 4k 2 A0 25 TR o0 M, Hoh, FHEYE T 10° ~ 500
(20) , FFEHEE 2°/min, $3HLE 30 kV, FHHHLI 30 mA, FEAIYZE B (Crl) RAA (1) 1A,

Crl(%) = [ (I, = 1,.) /1, ] x 100 (1)

T Ty, M 002 SAKATT S A IO UALAEL, RIVZE S DX ARG BB 38 5 1, SN T T DX AT B i J3E DA
2.7 HHEFBEHERLN

WS 1.2 g RN ERTAIRFEF A pH 5.0 B9 50 mmol/L AR ZE s A1 15 FPU/ (g €74k
) WL KB, AMIKZE 40 mL, B T/RBFEKR L ,50°C LA 130 v/min B§f#E 72 h, B 12 h BURE— R, &
O BTSRRI AR AR G A, S I AR Aminex HPX-87H A 5 A 2 M Mk B 1o S0 A €031 4%
09 . AEIR 65°C , FH 0.005 mol/L H,S0, LA 0.6 mL/min A HBEM

3 RS

3.1 AEFAET X TEF A SR

FAT L e R SRR MR R =8 Z AR IR ZE M SC 28 T H B 1 7 4 SR M0 7 4 3Rl K
P, WITFEEAR T 2T 4E 3K =, DRI, 7 SR AL 2 A BT 3k 0 A6 AP B A7 Ak B, R R REBR 25 A
FEH AR BER AP e 2 STRERS AT I (9 254, DTS2 T B A0, SR FIR [ 7 X T4k 340 1 7
AN 1 R, it AR DT BS  FEFFROLF 4R R & R BT MR BT R A R TR, H,S0, i
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A PRE RS FFRY LR 4E 3R & B e iy, 15 59. 8% , KR & i 16. 8% . NaOH FAL L , 2F 4k 3 & 5
52.1% , RIFZEERAUN 8.3% , CaO FIBME H,0, AbFUJT , £F 4L 5 & 153 5 41. 5% F149.9% , K S
AN R4.T% F13.0% AR T I E WAL B 7 % H,S0, B BLS | 2R 4F 48 R & 5 F R R R
(22.6% ) , R H,S0, BURKIRTATMRBRLFAE 361 AR 7 S BUALBR RS FFROHLS S5 b

%&%0 POR AL B A ,*ld:l:ﬁ:ﬂﬁ AN FEPT Table 1 Composition of corn stover pretreated with different
AHULTE ) S, NaOH BB A AR b,

. . ALy YR LY RIFHE
Yj_:‘ﬂ:‘ IJ )EH é% gﬁ %&':f @ﬁl’(% *2[!]: *1: HTJ‘ S 7'( }E %&':f /ﬁ\ I]& Bﬁ é? éﬁ P;'retreatment Cellulose Hemicellulose Lig}r\lin

TR P U 2 AT EF AR AT, - —
I AL PR BRAR BT 2, AR T B o 41 4k R X NaOH 52.1 30.2 8.3
ST Y 2 WY A Ca0 41.5 32.6 14.7

. H,0, 49.9 29.1 13.0
3.2 RESH #UK Hot water 38.7 30.8 18.8

I H B8 L %8 21 901 Ak B S S A 2 T 45 -
FRIIE S0 09 A8 Ak, W 1F BT 7S, o &b B 0 F Untreated
RPN BEE, oot W
H,S0, A3 (& 1A)  FEFFREST | B K A S B F T LN DI T, 502 i TR FF T i IR o 4 4k =k
TR AR RS AT B3R 5 A R SR T8, NaOH ALBEJS AFS AT A0 1B Bz, i T NaOH i#fit)5 , R &
ARIFR R BRS RS AT AR A AMURE AN, 17 L 2% 180 45 A K A I S 33 B, 3 o 7 e gl s, & ok
ZER, B 1C Bt H,0, B S MRS AR, iTLAE I, BT R R L5, IR Z MR,
1D} CaO FALEL IS RS FE A HL NaOH A BEAIAE M H,0, ZbFE, CaO Ab B X A [T £F 4 K 45 k4 1) i AR
AN PRA AR 5T 2 BRSO ANME: , R AT R T S5 F A B S 0 A9 PG O . &1 1E A #OK A S B S FF

35.8 35.3 19.1

1 RE RS R ER . (A) H,S0, BlANHEMFFF; (B)NaOH HiALHE; (C) Bk
H,0, BUALERS ; (D) CaO BIALFRIE HOREFT s (E) #OKALHE; (F) AL PRAGRE AT

Fig. 1 Scanning electron microscopy (SEM) images of corn stove pretreated with (A) H,S0,; (B) NaOH;
(C) H,0,; (D) CaO; (E) hot water; (F) SEM image of untreated corn stover

3.3 BEEMTHRAMESTER

IR B I AR 0 2T A SR AN [ A B A AR AT 04T, 5 SR W 2 o, T4 3R R b RS AT
ZLAMRISCIGE Y 225 S AE T L SE RN IR A G 5 U055 B0 T %, X R W R FIAS [A] oAb B 7 ¥ 0, R 4%
BT 53 -2 23 R S5 A s HES & AR T AR A

3300 ~3500 em™ BILIANR IR 4> T IRIGE G AR O—H AR MAgIRSIEN , W 2 B 7
3300 ~3500 cm™, Z84d NaOH % H,0, FALEE ) , PR3l ikl BH b 96 55 , 150 BH A Ak B BB A% 4T 1 27 4k %
Oy TR EURE TSR A IR RS (RS AT B0 21 4 S50 2 A A0 Ak, 21 HE K e ] e BERE N, A R T4 4
FIBEARE . 2910 em™ AbRYIER —CH, | —CH, P44 sh Wb, A L X B2, F904b B (4 B
LR AT e 55, 3% W T Ah B4 I 5 A e B T B IR L 1744 ~ 1734 em ™ b 906 3% 7% Al 240 1 TR AR o i
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C=0 PgiiRsh, C=0 Mf4sIRsh5HFF K
ARIFRALLF LR AL KA PR A RE AT e i i
B8R BR  T 28 00 T ol Ak B O A 0 1 5 85 A AN
[ FR 3 R R, P 2858 NaOH AL 3L, W i 2
FEA R, F B NaOH XA Jit 2 19 25 BRACR 847
Bl H,0, I CaO AbHS HFEFT , 78 I H5 b mi g i
SRIE TR (BN K2 NaOH 97 42b 35 J W52 i 06 i J 7 oF ~ -
fEEH R, H,S0, THAh P J5 (144 FF 78 b I B0 A 1) iz i S PO \5@ WQQ‘Q m@'@ %QQ‘Q ﬁbgé &QQ‘Q
DA A 5 , (L RR AR AT PR I AR A, 80 T HROK Ak Wavenumber (em)

PRI BOFEFE, 1744 ~ 1734 em™ AbAHFAE 14 f 38 B BE AR - e .
KAF | FABOK AL A GE L PRA R R B4 4R, E:Z ngjﬁi& ﬁfﬁiﬁfﬂﬁf ?Iitfj ij
1600 1 1510 em™ 2b S A it R 1Y FFAE I, NaOH ib 3
(RS FEAE I AL 9 AR AE e A 3 2 | 196 B 28 2o 5 i 4k
RS RS FE AR R 5B, AR &R AL B3 AR 5Bk, Bk H,0, F1 CaO AbBRJS MRS FF, L
FEIE G )5 B A S R ZR BB AR BT 28 19 L BRASCR I &8 (AN & NaOH 5831, H,SO, FIHUK S (1)
FEAF 5 AL BRAEFFAR LL , 78 1Ak %) W WS g 5 2 V5 ) ik ek 728, R W H, S0, FTBUKANBEA AL LR AR .
1431 11164 cm™ Ab ARSI Ry £F 4k 28 A RAIE DG, FEAS ] SBIA B S AR AU K, 2 2 4 25 454 7 il b
PR R ZEAK,
3.4 X-HETHIMER

YR P AEAESS o DRI T TR RN X3, &5 & DX 1 7 4k 2RI H - R o R e R4, 2F
HE KA SE T R ATE T 4E R AR S bR, MLt 4 X R AERHE i gs g R . I XRD HR
SIHTIRAL B AORS AT, LA BT S A FE 4SS BE AR AL, B A R AL B R I RCR . G AR R Tk
RIS , TR AT b — 2o o B, R FR 4540 A ol Ay, 45 B kAR s, ik 2 TR, NaOHL | B 1
H,0, Fil CaO iX 3 Fig Pk 7 WA RS AT I, RS AR 045 B 20 1R 40. 5% 35. 4% F1 14.2% , o,
NaOH Ab B REFFLE S B LT e K, NaOH ABRFE AT S | i TR 4F e 2 FIR R X WA 0 @ JE IX 41
SIBOTE S AT A R S B0, D (AR R R B HL,0, A CaO AYFEME L NaOH
1%, PR TR A B S RS AT 25 SR TR R, H, SO, AL FRRS AT f5 255 | 27 2 2 L M (3R o Ll o, DR LA
FEEOLE LS S AR T 2 v,

Absorbance

corn stover pretreated with different methods

2 ORIF AL SRS 45

H,S0, T 4b 3 J5 #5 FF 09 245 & % B Table 2 Crystalline of comn stover pretreated with different
(43.4% ) 25 i LG N AT fEJ2 B T H,S0, methods

PN N N WL E AR AR ijfﬁiﬁiho | cryﬁlﬁﬁ )

(B 1), MRS FFET 455 b S T, P 1 1 e -

AN, T B LL 5 50 #E B 45 i A%, DR G 45 2 NaOH 40.5

FESER . HOK AL B S RS AT R 4 6 AR AL i Piagz ;‘S‘i
ARI.(25. 4% ), FWTHOK B BEXRS 1 e 5

SERY AR/ LA S R e A W I R 6 FKALFE Untreated 2.3

3.5 LFHEEMHEEST

TERHASFEEA T AR A T i A P A AR oh | SR G AT R4 7 ik, O A5 AT R i il o 14
FFF (A A 503, T BEoR FHAS ) 9 T B 7 I G R AT R A T AL B, NI HT TP REFEAS SR 4540 . ARFFE IR
) 7 UL B RS FE AR , AT 4 R B EA T, DT AL BRACR , WA 5 S an el 3 o , A TRl =X
TiAh PRA RS FFREARASOR 22 R . DIRAC SR RS A1 0 I B, 290%™ 5 7E 60 h ik B &, W iA
B 11.95 g/L, 10 i Ak PR AT b e I 0 260 A0 7 e HU R AL BRAS A 5, HerP NaOHL A FEAS AT I 7= A2 19
HIEHEAE 60 h BN B A RV E (33.32 o/L) W i T HiAb 353X, NaOH kb 3 /5 75 FF 2R 1 4514
AU RYHE (K1), BENSHE RG-S S 8 fl i AL, Z0AMEIE 0 6 NaOH FiAL B 5 | AR Z A5 34
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ROHBR , AR TR B 248 R I 145 NaOH kb
PG RS FE AR 7 P Bk Bl R K, 1,0, AL B A A FF
fi#t 60 h I, MR B i (24.49 g/L) . CaO 4b 3 5 FT B
ARG AE 60 h B, P B i = A 15. 88 o/L, HLBE FIZLAME
TS B BPE H,0, Al CaO TiAL 35 NaOH Fil kb
PHEE LA, AR 1 A (R R v ff A TR 2R I 27 4k %
FINET 2 25 Ty (0 T B 5, DT 384 o 6 it = s it ol ik
H,0, Fil CaO BEPEFLES , XA BT 2R B9 A A 5 DR I e
SR L NaOH AL 22 H,SO, THALFRAS AT o, B i =
HIEHEERTE 60 h BHA B F KME (21.21 o/L) , 5 AR FFE
FEAR L BACBCR D] 48T, s iR W], H,S0, AP 5
PIFE AT R IR B3GR TR A, 20486
T TR 27 413 AR BT R 45 o1 B, A ) T 27 4
R TEYE R, HUK U BERS FFE AR S 7= BHR 7 60 h

401 —=—NaOH
—e—H,S0,
35F —a—H0,
——Ca0
30| —eHot water
—— Untreated

Cynee (/L)

t(h)

3 AR T vk T Ak 34 A S A 19 4F 4t 3R i
Ve fi 4
Fig. 3

stovers hydrolyzed with cellulase

Enzymatic hydrolysis of pretreated corn

IR B RAE (13,13 g/L) M T ARAEERSFE, B A 42Tt AL 1 AT UL FAOK Ak BIAS F1-25 4 5
AR KA FEFTRLLAIMDCTE A 4 R IR ST, PROK TiAl BHS | A Jot 28 242 £ 2 28 55 R Ak 6 ) 56 J38
YA W RO | BIRS R B0 45 A8 R I O WAL - BB

4 i

SR AN TR 5 XA BERS AT , A A48 e B2 2L AP G35 A XS AT S X AN () 75 B AR 21 A9 65 1
WESFIHEAT T3, B 58 T AR R T B SO RS AT G5 A R ENE 38 ik 2T 4k 2% Wit e 1Ak 3RS BORS AT
X PUAL BERS AT RCR AT TP . ABFFE i I 20 A7 U [R) 7 AT BB RS A, AN B AR RCR , A

FEAT m R AE A T i B T AR
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Structure and Enzymatic Hydrolysis Analysis of Corn
Stover Pretreated with Different Pretreatment Methods

SHI Xu-Yang', QIAN Cheng”, LIU Yan', LIU Xin-Tong', SHANG Xin', LIU Shuo’, LIU Yu-Ting’,
YU Yun-Bo’, ZHANG Jun®, REN Xiao-Dong *'
'(School of Life Sciences, Jilin University, Changchun 130012, China)
*( Certificate Appraisal Center of Public Security Department of Jilin Province, Changchun 130000, China)

Abstract In the process of industrial transformation of straw, due to the complicated structural relationship of
straw itself, the conversion efficiency is low. Therefore, different pretreatment methods are required to pretreat
straw to destroy the inherent structure of the straw and improve its enzymatic efficiency. In this study, the
effects of different pretreatments on the microstructure of corn stover were investigated by scanning electron
microscopy ( SEM ), Fourier transform infrared spectroscopy ( FT-IR) and X-ray diffraction ( XRD).
Moreover, the hydrolysis of different pretreated corn stover with cellulase was studied. It was showed that the
surface and structure of corn stover were damaged in some extent in pretreatment. The surface of corn stover
pretreated with NaOH collapsed mostly, which showed that the structure of lignocellulose was broken
effectively. The pretreated corn stover was analyzed with Fourier transform infrared spectroscopy. It was show
that the characteristic peaks of ligin at 1600 and 1510 em™ disappeared for corn stover pretreated with NaOH ,
which indicated that the lignin was removed effectively. The peaks at 1744 —1734 ¢cm™ of pretreated corn
stovers (the characteristic peak of C=0), which related to ligin and hemicellulose, reduced in different
extent. It was shown that the lignin and hemicellulose were removed with different pretreated methods.
Moreover, it was shown that the crystallinities of pretreated corn stovers changed in different extent with X-ray
scanning. The crystallinity of corn stover pretreated with H,SO, got the maxium value of 43.4% . The effects
of different pretreated methods were evaluated with corn stover hydrolysis by cellulase. The maxium value of
glucose was 33.32 g/L. This study provided basis for the efficient production of biochemicals with different
pretreated corn stover.

Keywords Corn stover; Scanning electron microscopy; Fourier transform infrared spectroscopy; X-ray

diffraction; Pretreatment; Enzymatic hydrolysis
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