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FE: TR E L 4L Ik (Ammonia fiber expansion, AFEX) 40 B 7 Az 1 By 2 ) 50 7 K S5 3R % % e 2 190 22 e o it
fife B R, X TR A AT (CKO) AT 18 RPN B2 K P 9 AFEX B4k B (L — AFEX:90°C |5 min; H — AFEX: 140°C |
15 min, ZA TS KFS AR 1 g/g T 60% ), Xf T4k B 5 T KRS FF A AR BT 25 4 4 29 it & i R 4E R R
TR N 2% TH A BR TR PE R A ALHEAT T R G RAL IS0 T IxX LA A X R R e . TSR R W], L — AFEX FI H — AFEX
i 4b BRI R T Y 7 4 0 B 1S R 3 B 5 & 37.57% I 74. 74% 6% AFEX 4L BEIE B 00 TH &, TR A5 AT o
AR PG R T B RE AR L2, AR T3R5 55 T 0 0 A R 5 4 48 R A9 A 7=k
W B TR P2 A T B & B B S W R . AFEX TAL TR BV W TR 09 1Y 25 M R X T 4 2 T K S BE D B 1 R 4 B 2
L — AFEX 1l H —AFEX T 4b 3 )4 i 5 43 5] 4y 4. 10% F1 10. 40% , B 259 % H — AFEX [ 140 5% 4% 497 ity 5 1 00 1 28
H5.06% . AFEX Figh #5306 K T £F 4k % W5 o] Ko i 3% 1 B, o £ 4k K 2 AU 316.08 m’/g (CK) 3k &
430.97 m*/g(L— AFEX) 1 422.27 m*/g(H — AFEX) ¥4 K £ FH A M 293. 13 m*/g(CK) J# /N ZE 271.25 m’/g
(L—AFEX) 1 215.23 m*/g(H - AFEX) , i 4 £ 5 AR T EE WM LLEM 1. 08 (CK) 3% K = 1. 59 (L — AFEX) Fl
1.96 (H — AFEX) , A 8 KR 1 A J5T 22 % £F 4k 3% i 119 2 1) BELA 42 8 1 AR 28086
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Enzymatic Hydrolysis Characteristics of Cellulose in
AFEX Pretreated Corn Stover

LI Junbao LU Minsheng ZHANG Haiyan HAN Lujia
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to further explore the changes of free total phenols content and lignin exposure after
AFEX pretreatment and their effects on enzymatic hydrolysis, AFEX pretreatment experiments were
conducted on corn stover( CK) under two conditions: L — AFEX (1 g/g, 60% moisture content, 90°C ,
5 min) and H— AFEX (1 g/g, 60% moisture content, 140°C , 15 min). The changes of lignocellulosic
composition, content of free total phenols, and exposure of cellulose and lignin of CK, L — AFEX
pretreated corn stover, and H — AFEX pretreated corn stover were systematically characterized, and their
effects on enzymatic hydrolysis were analyzed. The results showed that L. — AFEX and H — AFEX
enhanced the glucose yield of enzymatic hydrolysis of corn stover to 37. 57% and 74. 74% , respectively.
As the condition of AFEX pretreatment was increased, the content of cellulose and hemicellulose in corn
stover remained unchanged, the content of acid soluble lignin was increased, the hydrophilicity of lignin
was enhanced which might weaken the non-productive adsorption between lignin and cellulase during
enzymatic hydrolysis, and more phenols were produced. The inhibition effects of the phenols produced
during AFEX pretreatment on cellulase hydrolysis ability were significant (4.10% for L — AFEX and
10. 40% for H — AFEX). Moreover, the enzymatic hydrolysis of H — AFEX-pretreated solid residue was
inhibited (5.06% ) by phenols. After AFEX pretreatment, the cell wall structure was destroyed, the
enzyme-accessible surface area was increased, surface area of cellulose was increased from 316.08 m*/g
(CK) to 430.97 m*/g (L — AFEX) and 422.27 m’/g (H — AFEX), surface area of lignin was

W e H 3. 2020 -03 - 19 &8l H 1. 2020 — 05 —29

E£WE: BXAARSFEEST FSH (31571569)

EBEE N : ZRE(1990—) , 5, Wi 2k, 322 e All 27 45 BTk 5 AL 31 G % BF ¢ , E-mail ; 1ijunbao0702@ cau. edu. cn
BIEEE . w8 1E(1964—) &, 8082 114 U, 325 S5 4B 9 R 9 U5 5 A FHPF 9, E-mail ;. hanlj@ cau. edu. cn



513

FIRE B FORFEAT AFEX B4k BE 2 4k 5 Wi 15 VAT 52 295

decreased from 293. 13 m*/g (CK) to 271.25 m*’/g (L— AFEX) and 215.23 m*/g (H — AFEX) , and
the ratio of cellulose surface area to lignin surface area was increased from 1.08 (CK) to 1.59 (L —
AFEX) and 1.96 (H — AFEX), which effectively reduced the steric hindrance of lignin and enhanced

the enzymatic hydrolysis efficiency.

Key words: corn stover; ammonia fiber expansion; pretreatment; enzymatic hydrolysis; lignin; phenols
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2k 2% R 2 4 2% 00 Mk, OF BB 5 4T 4k R s R R
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U0 2T 4 A G PR (ER R TR JRUR R L b
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ST 4 I Mk (AFEX) T 4k 32 — Fi 5 28 10 991 b
7 EAANC PR T K R MBER TAE, B R
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JF 2 TR R B, R AT 4 LY AR, Rk 4
ZNEE b0 RS | T 5 125 2 4 % 1) W T % 5 A
Bk i R, B Ah, AFEX Wik B T 238 HoA
L0 25 2% 8 S i K e ke 2 B AT [ i L gk R
TEYVRL B 2 B N K i R R IR S
SCHRL L4 Y, 9K AFEX BiAb BIUS B9 A R 2 45 4
i A R 2 AR G AR B 3 (EK T VA T
PR SCER[ 12T BFFEAHE T AFEX i b B 400 A
TR 90 26 W) A R 9 25 Ak T G T 6 A 1) 5% T, 45
FW],AFEX WAL BEMIAS B R R Z W TR B
JE ST RS A AR S A TR R TR
X 2T 4 22 A0 AR A 7 A g O A AR, 0T T A 3 R 1
L T =2 /1, BT R e 26 3 4R o SCRR [ 13 ]
SR PR T B 0 A U AR 2 R AR 6 AFEX i 4 2
W R Y TR AT B IR T
065 T 2 25 T 0 10 40040 T, 2 B3 2 1o 4 ol 1 1 2R

il

A BT HCP B (3 ~ 10 ku 500 ~ 3 ku) 74 FF
BRI 40y A i K &5 4, Hovh 5 A 7 2 B 26 W)
JoE, HE W 3 28 ) Jo A fiE 2 AFEX AL B b 3 ™ AR
MH R E NIy . RIRIFSEEIRY K AFEX
Ak B Joie 3R N AR iR 1) 2 1) RS P DA B 7= A B T 26
W Jo % I 5 it ik 9 2 0

AR SC VA B KA AT 9 OB, 2547 v IR TR 2%
PFI) AFEX PAR B, 3% F fLAR 20 A R B A 40 g
BEZEA M2 4 30 A ot 38 3% i BUARY 2246, BIF 58 AFEX
TOAL B 5 A T 2R Xk e ik 1) 22 8] BEL A LA B A 1Y
iy A 0 o X i 5 e ik 1) 5

1 #R57FE

1.1 ERFEFREH

EAKFE AW A b E R K b E SR
(40°2'N, 116°20'E) . RAEM FKFEFFFE M & T 25
W KA B AR AT J5 2EAT HLAOE 7% (9ZP — 0. 4 ALKy
PEBIL, 37 RUBRE R KL ) , 7 40°C 1e I T 446
W 48 h ffi ] RT — 34 AU Fr 20Ky #E AL (35 s R
EORS 25 BB A BR A /1) H i 28 66 AT 0 AR 423 38 1 40
H iR gl i , 45 2 £ KRB AT il 2 A2 i (CK) L, BT H &
AT AE T KL = I (20°C) PRAF 4 .

50 T HT T 4 R 1 ( Celluclast 1.5 L) Fl B-#ij 4
BEH B (Novozyme 188) 44 B 3£ [E Sigma — Aldrich
OS] Z 4 R G 0 A 2 IR 56 [ AT AR AR I S
P60 55 I IR AT o B T 1 T O S
HECSCHR [ 15 ] 9 732, A5 2 4 25 s 0 B -4 25 4% 1 1ty
B B 15 43 90 A 72. 8 U/mL A1 385.5 U/mlL,

1.2 EXFEF AFEX FisbE

E A A5 SCHR R W], AFEX T AL Pl ik 9 200K
B Ak R B B T (A 90°C T & 140°C) T i %
s S A T, A BIF 5 1 SRR R R
P A W% i AFEX i 4k #8245 44 (90°C |5 min FiI
140°C |15 min) 3 £7 B g B 3E ", B - WAL 2 7E
Parr 4523 % )7 i 48 ( & [E Parr Instruments A @) ) 1
AT B 1g CK 5 0.6 g KRG, ARz
1g/g( LA BT i EARFEFT ), — 476 90°C T 1H
MAEFE S min(L — AFEX) , 55 — 4 7E 140°C T {8 i 4b
1S min(H — AFEX) , 4K J5 3 3 4T TF ik 1 i 1 3 22
A O AR Tl XU A A KT S T 60°C T 4
b, MR AFEX WAL FRAE 5 T A B 4% b f)
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1.3 BRI
1.3.1 AFEX Ti4b # T KA A1 i il i 18 56

h T 5% AFEX TAL B T K il FF 1 8 5501 Y
S, AFEX 40 #1 5 OK #5 #F 19 5 i 18 56 76 pH B
4.8 (1) 50 mmol/L #7145 FR 2 M i h #E AT, B L
0.05 g/mL, £F 4E 5 [ fin 5 15 O 20 U/ g, B~ 24 #f 1
fit 48 it hy 40 U/ g, Sy sk A il g 2o B b Bl A Wy 1
Yo, i Py PR £ Eh iR Eh £ 0. 08 ¢/L. FEfR 72 h )5,
R B BT U K 10 min {7 21 48 3R il O,
IO AT B 3 5, PG S 7 25 85 7K o e 3]
RBR AR 3 U, WA IR S I A B (0 R T AR )
FRil AR . B 3 G A% W T CaCOL 38 1 pH {H
£ 5 ~6 QA7 T T3 2 WA 22 0 Al o il A 3K
% E 3 41T

FIH] Hitachi L —7200 & 5 208 AH 435X ( H A
Hitachi 23 &) ) M % M6 i 0 rb BB v B, o 3 A i
Benson BP —800 Pb* " Wk K AL & ¥ 2r ikl (£ H
Benson Polymeric 24 ®] ) , 1 8 A0 & #8 4l K , i 3 N
0.6 mL/min , #:3i 2 80°C , #EAE (AR 20 WL, ¥k it i
] A7 40 min, FRBEAG RN KN

Y=gixum% (1)

Krp m——%%nhFﬁmﬁﬁm i, mg
NG/ DU R A N AR N
H,mg
1.3.2 [y 2 o) it A 1) 52

K@%%;m&%%m%ﬁﬁﬁﬁﬁimﬁﬁ
ST e W R TS A AR e R
JIT LA 3200 5 AS TR 4 Jo o %) T S 0 SO0 X Tt e (1) 91
Tl S8R PO A TR M o A SR G Ak e 6t 45 b 18 W
14 T3 28 0y Jo R A7 58 3%, PR 9% P ke R o T ) Ak B
VE R BT A R W, OT W RS I WK i 4F 4E R
PE AR, 7 W ok R AE T A B 3k B v 7 AR Y T 2
Wy 50 %) 1 4k 2% il K A% BE RS e IO B TS P R
(‘Activated carbon ,AC, | Vi AL 2% S H AR A R
F) R LB TSR R e T i KU
HAKTEET 105C T M THREL T, T
9T AFEX $5040 39 7™ A& (% B 28 49 o0 X e e 1 16
53 51K CK L — AFEX Al H— AFEX i &b 3 FOK 5 1
Fedh 5 pH {H 4.8 19 A7 5 R % P W 4% BE R LE
0.05 g/mL &4, 7€ 50°C /K ¥ H 150 v/min 3% 1 h,
3000 r/min .0 15 min 75 RV, A 0. 22 wm A9
UERE LR . & RIS A TR R
TR 1 Y BE MR T VA 52 () DU 5 2 BB J ¥ NREL/TP —
510 — 426237 0 W# 4/ FIE WS 0.05 g/mL 43

VEAb PR Y AC (30°C, 200 r/min, 16 h) i 5 By 2 9
B R E 2 HOFAT. SRSk (21 ] T i
022 B8 % B 259 B BT s b 3 TR v B 2 ) T ( Total

phenolic component, TPC) [ & &, 75 W # TPC ¥

B R J AR N
R:ﬂi;@xum% (2)
A m,—R R Y AT L R+ TPC &,
mg
m,—— IR R I 3 W TPC B
mg
FH 5B B 2 8 5 R 5 B9 b T TRORE £F 4 K Bl ORE

70 £ (292 10 U/g) , UL pH fH 4. 8 BA7 1 R 2% WK
V2 4 R TR 70 £ VEXT B, 23 50K 0.5 mL A B
B L 1.0 mL 7 45 2 2% #P 3 F1 50 mg Whatman
No. 1 JE48 T 15 mL H 2 ik & JF T 50°C ki
HfEE 1 bR S A 3 mL DNS( Zfi 3L KA 1R ) 2
O 2 1k RO I Tk K PR R S min B A, T2
TR ACKE 68 J5 IV PR B — 2 A5 805 i UV — 2550
RISy 66 R 1T ( H AR Shimadzu 24 7)) 76 540 nm T il
FEWLOGRE o 1V RO 41 2 28 0 AR K AR 1 0 ) % 5
VNS W

PCBS_

P,
I = x 100% (3)

CBS

—— WP AR R 2% P R W B 1Y) £ 4 3R i K A
B AR 77 AE 1 38 B T i, mg

P ——— 35 W B 1 41 4 2R Bl K A g A% AR

P 340 JiOR BT i, mg

BT KRS FF A F BR L £F 4 RN R 415 £,
H AFEX X K F FF 09 45 04 38 1 B0 R k28, 0/
FH O3 BRAE AT A IR 92 vl il F0 AC I BRI i 9 34k 21 |
WA CK L — AFEX [ H — AFEX i 4b £ [ {4 5%
20 V1% Tl A 0 2 A R R AE AN W] BV TR Y R 2R
Wy J5 %o T 7% R 07 41 4 5% A% 0 g 4 o o

T A B B L0 RS 1Y) T AL 3 A SR A ) R AT
MR 9% i ol gE 3 3k I 43 B 3 A1, 43 0 R A TR 2% e
W& PR B AC W B A B S0 AR B 1 3 R ek 3
J5 LA 0,05 g/mL PR A3 . T fE A 20 U/g
LT AER TG 40 U/g LR 4E — Wi, AR B
WSRO HRERMEQET 50T,
150 r/min [ 1E i KGR 4 B A% 72 b B 5 7
W7k v o fE YR 10 min K i, 17 J5 3 000 r/min 5.0y
15 min o WA b5 W, FH VBCRE 0 S G e ) A 2 R vk
& A A 5 07 2 5 20 (3) AL,
1.4 KEFLERS> D

R CEA4ER KRR G & 0 & 2 M
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BR[22 ], 05 B AL il T 105°C TR AR b TR =4 T
ARFUR & NIRRT AR R & BRI AR TR & &
ZH AR TR 2 N EE
L5 W&EHlsHm
L5 1 {254

I 5T HE Fe 09 J7 88 00 A i 18 FL AR 23 A R AT 4y
1o LAFE 25 B | 7 52 B T2000 ( Dextran T2000 ) Fi1—
Z AR 2 — % ( Polyethylene glycol, PEG) i 43 F
e, & WA T WM X 2 7 B R AR
TP VPR AR TRE 2 AEL ., KB
HREES MR [23 ], IFFEME B ol ¥ CKL L -
AFEX I H — AFEX B 2b 3] i J R i 25 8 1K inf
Ve IR WTC b P K A it Bl A R BT ) o
20% HYPRAE, M E SRAE R T B, PRI 1.0 g {RAF
TEOER, A 2 mL FTE K E S 0. 01 g/mL 44
Horrism TERTNIRA 2.5 h, Hii4 0.5 h #ik
30 s BekEim S5 EREAIR S YT 3 000 r/min K LG
10 min, JC FVEWR AL 0. 45 wm (9 8 JE I, 54> FF %
B2 AT IR LUK 5IRAEIR A 5 M BV WA DR
i A Ho BB T RET U EE I A A Waters
2414 B 72 K I % (36 [E Waters 23 6] ) /) Waters
2695 H = RO AH {0 35 ORI, E R g ARSI 8 2
() ] — A~ B3 4 S AR 0 A, DR sl A DB 2K,
A 0.4 mL/min, JEAERF N 10 wL,

1 RS TFHHENSFREMESR

Tab.1 Relative molecular masses and diameters of probes

WE 4 T HE X 43 F HAZ/nm
EikaLia 180 0.8
PEG400 400 1.8
PEG1000 1000 2.7
PEG3000 3000 5.0
PEG6000 6 000 7.0
PEG8000 8 000 8.4
PEG10000 10 000 9.8
PEG20000 20 000 13.0
PEG35000 35000 24.0
Dextran T2000 2000 000 56.0

BT B R R EAR @A IR R AT
AWIFLE IR d it A= h

d, _W+q _we (4)
p p G
A W PREF AT, mL
q AR H K R, mL
p AT B, g
C, PREF I W00 1R o 0 88, %

C— EIR R HREN A B B i 70 2, %
A T2000 fRRLAE D 56 nm, dsg,,, BEA 2 B

AR AN AT 3 A LA AR AR, B 7 T JB A T A P kL AR
i B 5y R AT AR FL AR A TR A K
A =d,, -d, (5)

1.5.2 RN

f#i I Hitachi SU — 3500 7 479 4 B + & 5k 45
(Scanning electron microscope, SEM; H 7K Hitachi 2y
A]) 3 A AN [EAE A i R T A I i 2R 3
FE a8 E TR RO SR REY & L, IFEB Au
Ab T, I [E] Ry 60 s I i o Sl 15 KV
1.5.3 4 REL Ay

Pk A ity v A A JEERE A0 L ) 4 A TR 4G
4 1 ORL , F ] Hitachi H — 76508 #Yi% 5 A, 1 12 fif
4% ( Transmission electron microscope, TEM ) W £% X £k
UL (RS R 1T, 20 BT AFEX AL PS5 KRS AT 41 it BE
ik k. SRS, TEM AN i ol 80 kv, FT
TEM WLEE Y D) R i il Vi A SO D R i 2
PR RS ST AR IR A L (0 ) R A i P ) SCRR (261
1.5.4 2F4ER ORJBUR KR

[F] SCHR (27 ], il P MR LA R 35 B 54F
F18 B M R R Al SR i P 2T 4R R AR TR (9 3R 1
o PP GRS AE Y J K WK 7E Matlab 2014a
H ] Langmuir 25 i £ 4045 M5
1.6 ##EAE

AR ST B4 35 O GE - S AH 2R 2 TR
A b o i 22 A 2, 2408 10 22 S A MRS A D
SPSS 20. 0, % F Duncan HLIH Z J7 Z 45 55, ¥ 55 7K F-
H99% (P <0.01) . HR & AT 2k B B i 1 2445 B
Origin 8.5,

2 HRE5WRR

2.1 AFEX i EXFEFAEBEHEIR

WE 1 iz, #fE 72 h J5,CK L — AFEX #1 H —
AFEX i 2b B 3 K A5 F1 4 26 0 15 236 43 531y (26. 18 =
0.57)% .(37.57 0.01) % F1(74.74 £0.07)% , K
WEFIBT 7 A7 15 232 530 A (5.59 £0.17) % , (26.05 +
0.23)% F1(76.63 £0.20)% . A LI & H, AFEX i
A0 ST DK A AT it A 255 L ) e i 0 Ak 5% A 1
I R . SCERL16 ] S5 A BT H — AFEX Hil 4b 3
AHTF] Y S5 AL BT SRR RS AT, 15 I O0 A6 09 1R & Tl il
fift 72 h £33 T 3 80% 1 R A B AT R, &5 R 5 AT
FAIE. IWE 1 IR F i, Zat AFEX fii b #1 fY
T KA T AE I A o 1 4 G WE A5 58 RORE 0 B R A
1509 B 0 S AR R AR T A AR R TAL B
SR 1) B8 58 X R A B AR 0 BT iz A A5 23 1 52 i B
MR, XAl RESE TR AR 4k R AE AFEX T4l B i
ok mEY TR E R ERS, ERY
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Fig. 1 Monosaccharide yields of corn stover before and

after AFEX pretreatment after 72 h of enzymatic hydrolysis

2.2 AFEXHRERIERRAERN TV THURE
Xt g f% B 52
M2 i, CK PR PR MR R
R AR BN (35.16 +0.10)% . (19.01
0.05)% F1(18.82 =0.58)% ., AFEX Wiib ¥ )5, £

H+

KFEEFT PR R 4R AR R & L%
A (P >0.01) , fHE, B UL 28 2% 11 i 19 55, IR
BWARR SR RETE (P <0.01) ,RAEARTR
R HEREI(P <0.01) o X5ICHRITT AR —
B, O R AT AR TR 1 B T BE U T AFEX il
b BEXT AR U B AL et o AR SCHR [ 28 ], PRV K
Jo 2R AT RE 2 AR 5T 2R B A 7 1 R0 AR 1Y 2 K W) T
(RBTR F 8 KA & P8 A& 90 ) 4. 3% Ul
] AFEX i 4k 25 48 i FOKRFE A o 8 20 AR BT & 14 2%
KA, H T B AR B A R R B R A 4E R 1]
et A A P A Y T AR AL IR 4 4y
AR TR 5 27 2 R Z 8] 4 AR R A 7 PR B ) B gt gk
AR . WM, A B P R OR A R | L B
PR YRR MR . AFEX FAL BRA ™ A4 T i O IR
(CK;(0.06 £0.01) mg/mL; L. — AFEX: (0.10 =
0.01) mg/mL; H— AFEX: (0.22 +0.01) mg/mL) ,
WA SE R BT 5T, 2 BR X A ISP Ta i

R2 AFEX FIAEMEERBFHARTLERSSE

Tab.2 Lignocellulosic composition contents of corn stover before and after AFEX pretreatment

S8 CK L - AFEX H - AFEX
2 Y 2 4y 5 % (35.16 £0.10)* (34.04 £0.30)* (34.80 £1.00)*
2 T Y i 4y B % (19.01 £0.05)* (19.12 £0.05)* (18.22 £0.52)*
K2 R A5 % (18.82 £0.58)" (19.72 £0.33)* (20.51 +0.51)*
1% V5 A 5 22 o 4 B % (2.06 £0.01)°€ (3.58 £0.03)" (8.20 £0.26) "

PR ANV 5 2R Bk o3 B/ % (16.76 £0.57)"

(16.14 £0.36)* (12.31+£0.77) "

T < A [ ) B B AN T RS 7 B R 22 5w B 3 (P <0.01) R [l

2.3 AFEX Ti&b 12 7= 4 Y B 28 ) B % H % Big i 1Y
A1)

AC WA S, IS W TPC B2 fb sk 3 fr

No ALUE H, AFEX Wit PS5 Fig i TPC & &

BEHIM(P <0.01), HEE AFEX FAb B 4% {F 1) 3

5, TPC 5 L B 3 (P <0.01) . SCHK[31 -

2] AR TRMAER . AC K5 CK L -

AFEX HI H — AFEX BUAR BLFE i _E 35 0 TPC /Y )
BR324 5 96. 14% 98. 72% 1 98.95% ,
£3 ACRMEELH RS TPC 38

Tab.3 TPC contents in different supernatants before

and after AC adsorption

TPC Ji it b/ ACIRIE TPC Jii 5 %/
DIy U
FE i 44 Bk . TPC Jii it [/
(mg=g™") » %o
(mg-g™")
CK (6.21 £0.12)¢  (0.24 +0.01)* 96. 14
L— AFEX (10.12 £0.12)®  (0.13 +0.01)" 98.72
H-AFEX  (17.11 £0.03)* (0.18 £0.02)"® 98.95

P2 Sy AC I B i b 35 T800F £ 4 2 I8 4R g i
HORFIFZE ,“ CBS” Jy Xf B4, 2y pH {H 4. 8 HYFT 45
R % i Y00 R 1) BRI, B A ST I R 2T HE R S A

[ EVEWOR A bR A “ACT 2 & AC LR 25 ) i
1) s WM B B . LA pH {H 4. 8 TR 2% v
TRORR R 1Y) T RLAE R 6 R, 2 A CK L — AFEX Al
H — AFEX TAb B 1 375 8 %) £F 4 25 0 4% 1 i 9 40 1)
RPN 28.04% 4. 10% FI 10. 40% , 25 R4 & 2%
(P<0.01), HAE, FIEFWBBRBmEY TG, L -
AFEX il H — AFEX i 4b BE | % ¥ 6 7K i 2 % 7= A4
BERMHEAEH (P >0.01) , FEA R 4 B i 72 o
J7EE T T A 25 AT R P S A R T
AR A4 OB KRB (N 2 EE) Rl 2R )
JRY S CK b i P R B A R (2,51 =
0.14) mg/mL,L — AFEX fil H — AFEX i 4b ¥ [ 7%
TP B R A A A B, HLAS B SRR S
CK ¥ TPC & St d5 AR AH 300 1) 28 d5 &, ] BB 2
PRl CKrp A5 A 22 5 11 i 25 00 280 0, 3 46 ) 44 0 1
Sy T 7 ) 0 R 2T 4 E K R RE . LR
T, W26 5 AFEX 75 b 3 £F 4k K K
ffRE I EE ST . R YIS , CK i iR )
M Z AR 17.43% AR SR R F I Bk 193 25 4 o
Hi L — AFEX 1 H — AFEX i &b 38 I 375 & 14 300 1 %%
R



FIRE B FORFEAT AFEX B4k BE 2 4k 5 Wi 15 VAT 52

299

O ezt Tog.

35\ = Wil 72 Do

w 0] 7 170
mﬁ 25 7 160 &
= ol 50 3
£ 1.5 140 §

: 130

® 140-/ / 120

0.5H % % 10

7 ) Jo

0

S D A D NG (D NG
2 oy vf%ﬁ*’swg%‘ﬁ’%

e
B2 AC W BRI S B35 O6) £F 4 3 08 4K i A
i Al
Fig.2 Influence of supernatants before and after AC

adsorption on enzymatic hydrolysis of filter paper

3 g AN TR L3 R T S TR AL [ AR B A
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Fig.3 Influence of supernatants before and after AC

adsorption on enzymatic hydrolysis on corn stover
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Fig.4  Analysis of surface morphology of CK, L — AFEX-
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corn stover and their enzymatically hydrolyzed samples
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