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Preperation of feruloylated saccharides from corn straw by enzymatic hydrolysis

RBAE B /R EAM
YOU Meng-zhu'*® LU Jian"**®  CAI Guo-lin"**

QI RFT W AYHARAETMESALRE LR LY
T 214122;3. LR RFAY TR=B LA L8 214122)

EP SRS PPN

214122;2. TR KM E KRB L Z 58K

(1. The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology , Jiangnan University ,

Wuxi, Jiangsu 214122, China; 2. National Engineering Laboratory for Cereal Fermentation Technology , Jiangnan University ,
Wuzxi, Jiangsu 214122, China ; 3. School of Biotechnology , Jiangnan University » Wuxi, Jiangsu 214122, China)

HE ZRABTZSBRREIRALE G HEEME LK
%L B G MR L6 Bl K RN T A T AL BE R AR . AR R AR R
FA T 5 A RUE TR ZE G 09 A5 AT 0 FT AL B R A & 3 44
AT 3.34 455 A W & L4 B Validase TRL,HSP 6000 BG
#» Rapidase Smart Clear, K ¥ 3 B & ] 3248 vk v 4% 35 B 2 3
B fE LA TR AL 225 49 2 R & 4T, Validase TRL B # 2 R &
T HB R BET R 1.46 pmol/g 2 R AAT R e B B 49
3.48 4% ; Y ) B R 09 s A 2R & 4 Validase TRL 100 U/g, &
He By 50 U/g Fe M thvk w4538 50 U/g, Z &4 T4
BRI R A 2.87 pmol/g; BE MR 2 KRILMW g o0 & 4L
Jo o T AL BR TR AR ) IR 81,440,

KEER : B RAEAT ; B 5 ) &5 T 2L BE R 4

Abstract; Multi-stage cyclone grinding can be used to change the
physical structure of corn straw, which can be degraded easier by en-
zymes to release feruloylated saccharides. By the same enzymatic hy-
drolysis, the content of feruloylated saccharides released from multi-
stage cyclone grinding corn straw increased by 3.34 fold than that
Commercial complex enzymes, such as

Validase TRL, HSP 6000 BG, Rapidase Smart Clear, xylosidase and

without pretreatment,

arabinfuranosidease were used to hydrolyze multi-stage cyclone
grinding corn straw, and it showed that Validase TRL had the best
effect, and the yield of feruloylated saccharides was 1.46 pmol/g, in-
creased by 3.48 fold than that without hydrolysis. The best combina-
tion of synergy enzymatic hydrolysis was Validase TRL 100 U/g.,
xylosidase 50 U/g and arabinfuranosidease 50 U/g, and the highest
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yield of feruloylated saccharides was 2.87 pmol/g. After the hydroly-
sater was pured by macroreticular resin, the recovery of feruloylated
saccharides reached 81.44 %.

Keywords: corn straw; enzymatic hydrolysis; preparation; feruloy-

lated saccharides
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(1) 8 28 55 DR BILAT T B K 75 T 9 58 40 AU . XS RS AT kAT
Ak B B R AT R TR 4 R A L e e 4y
A AR R TORAS AT A UK 28 K O L 4R W EORAS
BRI o 80 [ A A2 4 B I R

T 9L PO SR A S BT B R (ferulic acid, FA) 3 1 lig 48 5 R ]
REENRSSE BNy A ZHEWEHED)
RE - LV B FYply U R L R | R IR L i ke A
FPUWEE A5 ol T G o R R R R O A 8 T R 1 R
BATXGREEEAAR B 7R 4k 8 & PRI B A 2R I T
RARAE AT A5 — S8R D REAT B SR . B oA, W
F1o ] 298 T 2R 0 1140 SR T v WK R B K AR 1 B s TR AR
TRAE L TUMCHC R A5 T A R R K R K Bk T A5 BT I 1K 2R
Ik JECUR ST A SR A T T S K o A T R T A1 2R
Rachel 45 43 51 1 = 560 £ TR A1 7 15% 5 DA 22 550 vl 1 45 Bl 240 1
IR ME - Nobuali 451 F i b 38 1 Jy 20D T 3 £F 2k v i 45 B
BRTEAR SR BT L AF B o fEL DL B R A A JEORE L DA o 42 TR Fi
BRE R B TE i R DL AR TE . 3 A T A R KR T A BT 2R
i SR T 50 AR D A R K R AT B0 4N M E TR IS A A )
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R T B BRI SR A 4% . T BB S U S R S A BT Ok
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fEACFERE S B At TERE A T 205 2 Re At & . ok
WRBBN o ERFEFF P LR R N EHEM AL RS
HEREE A EZMM SR TR G LA R RN ELE,
o A SR T BT T e St AN SR R o I L 1 A DU E R A
AR 2 5 0 BT L AT 0 A s A SR T B et R A
T AR Tl D) 8 3 — 25K AR SROBH A 4 K A AR SR A

AT 584U LL KRG R OB, o 2 e KU AL B T4k
LN il 12 ) e T L T SR 114 52 I, 5 % AN ] T B A K
T ) - BT 0 P SR8 9 114 552 W) % A ) 28063 SR T L I B A% i F
it A L AT 0 1 A ) A T R T SROME L L IDT O B B OK S
19 256 ) KCOT 700 B T B 52 416 225 Ak 4
IR T
L1 I8

FLAS W R T B AL Science-10N B, 5 B 2 /4 Wy Bk 4 M
By A R 5

8 RS O ML : Centrifuge 5417R AU, Eppendorf (3 4
O EA

I ROR A RS : Agilent 1260 Y, 35 FH 22 S A 7 5

HLF K OF: PL2002/EL204 B, o ¢ 8 4C F) Z U35 A
FRA W

FLICE AL - DT260 B, 4 5 FE 34 4 BT AL A PR H] 5

TiEHE 78 KA TKA RVI0 B, - 4 471 52 30 % B0 45 A R
AT
1.2 ##

FORFEAF (29 5~10 mm, ¥R EF 24 & 7l 6920 42
i BR R VR AT 4 & 1o 45 20 2 A7) I 22 RE XU TUAL 3R RS
e 3a 26 Z A YR RA A

T i & & W Validase TRL, Rapidase Smart Clear, HSP
6000 BG: FZEEEE WL 1.5 e CPED A RA A 5

I T 0 T 471 1 g R G« TG LR 1L W) R
B A YRR R R 5

T B R W R OB I B R S A UM . 38 [l Sigma
/\ﬁj

I - 3 4t , 52 [ Sigma 2

ARG R EL R AT R VBT S N TE K B K
P A 1 LR < 43 i 4l [ 25 4 AT 2 iR A BR A D
1.3 HiE
1.3.1  BEE 0 E

(1) A SROBH ity 1ty % W 5 - 3% GB/T 238742009 447 .

(2) £ 2 KRS DI 5E < 4% GB/T 238812009 44T .

(3) o 2L 2 P T Tl 035 000 5 - 2 25 SCR (14 1, LA 26 T b 2
ER R S W HEAT I E
1.3.2 Z G0 U TAL BI%T i i 205 (K 52 ) o R JBOML
R FFRE i B 42 2 GOE KU AL B1US B FE FFRE L & 0.20 g,
GO AT R R — R R A A SR v (pHS.0) L IR B R
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Different enzymatic activities of experiment

Table 1

related hydrolytic enzymes

TOELES AT B RGNS 2T 2 3R BRG] 200 P 15 e 0

Validase TRL 952.0 U/mL 167.0 U/mL 22.5 U/mL

Rapidase Smart

Clear 98.6 U/g 0.5 U/g 51.0 U/g
HSP 6000 BG 6.7x10° U/g HKkith 24.0 U/g
A i 9.8%x10* U/g 188.0 U/g 7.6 U/g
PP RLAf Wk B F B 250.0 U/g 18.4 U/g 71U/g

10 g/L.¥%0n Validase TRL 100 U/g JiE 4 CLL A B W fifg il 15
31,50 “CHEgfE 5 h, i by &0 Ik S B 1Y & &

1.3.3 /IS [R) T b 6 X o) 20 T SR OME A5 R A 52 e ol R PR IR
6 20 22 9% Jie XU AL 3L /S i AR L 43 5 A Validase TRL,
Rapidase Smart Clear, HSP 6000 BG . ACHH FF i 25 B 37 171 1ok i 45
GBS A 100 U/ g, R BE S 10 g/ L, AN i 4
R 23 R R L 50 CC AR 5 b I BB SR 0

L34 e e et B 2 ik SR B3 R 2w AR 6 41
2 G05E XU T AL 3G 1K) RE s 8 IS M Mk B 43 5 5. 10,15,
20,25,30 g/L. Validase TRL %Mt & 100 U/g,50 C [
5 by 0 6] 2 T SR 1Y

1.3.5 [tk i) (] ] By 0 Mk SROBE A3 R0 52 0 WERR AR 6 4
Z 9 e KBS AL B B9 BE B, Validase TRL ¥ & 4
100 U/g. IR¥ vk B2 10 g/L, F 50 °C 43 | fig fi% 5,10, 15,
20,25,30 b, 0 7 B 20 15 2R 0 11 5 &k

1.3.6 Dy [ Tl fige o BT 0 Tk SR WA R 9 ME AR AR I 8 41
2 G RS T 3 IS (R L IR IR B 10 /L. E 45 B IR
Jin Validase TRL 100 U/g B9 LAl -, 43 51 m A A 8 3 Bl A0/
B BT A7k o 8 50 U/g 5100 U/ g (B ¥ in 42E 19 4K 375
e T o R 09 SR S o ) L 5 K B[] AR X K A
i) % T BTG SRBE ) S . ELOR B AR AL A 3R 2,

1.3.7  FUBREESRAF A4 A AL B m AL IR D101 X
it A T AT S AS W L PSR DA 3 AR A K, 3 AR A AR
M 10 % L BEVR TR 3 A5 AR AR ALY 20 %6 VA K 5 A Ak R Y

x2 TEAGHBHRIME

Table 2 Different combinations of enzymes added

U/g
R4 AKREWEEE  PTRAMK WY B Validase TRL
1 100 0 100
2 50 0 100
3 0 100 100
4 0 50 100
5 100 100 100
6 100 50 100
7 50 100 100
8 50 50 100
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JUES AT 45 < S5 RS I I A o) 5 ] L Pt 2R A

1 50 %0 LR W HEAT Z G FRER Y 1 mL/min, BEM
WA 2 mL/min, WU 7S [8) P60 BT B o SR
1.3.8 PUEABERMEMM E LA S FA W& =R ERT#
LY

(1) HPLC 4 #7 & 14 : % 4 : Zorbax Eclipse XDB-Cyg
(250 mm X 4.6 mm i.d.,5 pm) (Agilent A& ;i3 AH: &
0.1% Z B2 1 /K ¥ T CA MDD R 0.1% Z e 9 HY BE % (B
A s BEBEWERE 45 4£:0 min, 5% B; 15 min,20% B;45 min,
60% B;50 min,80% B;52 min,5% B;60 min,5% B. 24ME
DA 320 nms A 25 °C i 1 mL/min; #FFE 5 20 pL,

(2) i HPLC 43 JAG M iiF 85 FA R FA & it . [ i
LEUE T 100 C & W KB 10 min, ¥ HIJ5 6 000 r/min &L
10 min B F 35, FH 80% & BEBE VL. b 15 W 24w AL 3t 38
(0.45 pm) J5 RGN A ES FA & ik 5 15 mL [ B 7E
WA 0.24 g NaOH, 580 ¥ i J5 % IR T 8 0 2 ha
A 0.75 mL YR RRZ 1k 2 B, BE UL S AL A i L G 0 H op B

FAMW& &, B FASRS5IEE FA & 82 22 1) R b8 R
Wa R,
1.4 #HiELE

Pr A i 9 B AT 3 UCFAT 4L BOF 3 (E R Excel
BAEIEAT B e Ak BT AR T
2 iR
2.1 % 2R IS T Ab T2 Xof g 6 360 3R Y S T

R ARG AT RLAR K /N2 5~10 mm ., 28 42 9% Jiie RS 191 4k
B R A% B AR /N, 7006 4 R AE 100 ~ 500 prm, 9556 /8 F
1000 prm, T RAE AT A9 AL 2 08/ o L 2 T AR R il A9 FT
PRI BRI AT LR R A AR

Fh P 1 AT R 25 G I Ak R 0 R it S R T 2L
BBk & A 1,47 pmol/g, J& A [R) B AR Ab BE A9 ORL RS FF
(0.45 prmol/g) [ 3.34 % , W fft 0445 2 A AL iy 48 5 . £ B
BB R S I A R B A 7 3 4 B % K A AT A ML
R AT BUAL B 00 J50RE A FT 9 Pk AR Gy 4R T 2.2 fE A
3.3 o T4 Ry 1 e AR . AR T o i 2 2 e KU b
B SEBLT EOR R AR R 9 5, HLA X BROES Ak B AR
T HUBRTAL B AR Y REFE
2.2 AEEmEX A RERES RN E

& 2 ], Validase TRL B 55 FF 45 21 ) BT 20 5 R 4%

1.81
T

e 7
EE 8

B 2100 £
EIF i
BEx

= £ 5 0.6

g

ER

I 02,

MRS DUBTRAL 315 AR5 FF A 6L
B 1 % %o R JETRAL 22 5F B g R o) %vh
Figure 1

the hydrolysis efficiency of corn straw

Effect of multi-stage cyclone grinding pretreatment on

FE IR, o 1046 pmol/g, & & F 4 (0,42 pmol/g) 1
3,48 A s HLUK g B 137 AFT vk A 1 Al (1,05 pemol/ ) FIACHE 3
filf (1.01 pemol/g) , BT B 156 58 M 15 3 43 3 O 25 4L i 2.50 1%
£ 2.40 %,

45 5 B LR A AT A, 24 DA SR Al T T S 0 A Dy S 0 4
b f, AR 8] 3% 0 & 8. 2F 4k R A A O S B AR IR RO
Validase TRL . B 7 Af1 Wk e 4 1 BfF . Rapidase Smart Clear Fil
AHE B i HSP 6000 BG i JU) A A6 H 2F 4 3% G Al 05 . 7%
FT 2 3 22 e NS T AL B0 o AR 5T 3R 3 20 B IR, 2 B i
GUE— R FERMBLAgER . 25 A R MG 2 4E K 05
Ie] 11 FH S A SR B0, R Validase TR Bl iz 4 1k i
I R A I A TS A 2 B B B I SR A R 2
A AR R BEBGAE T, £F 4 3R A2 £F 48 3K 1 HOAR 4 28 I R oK
BT R ROR L TF R 2R 4R R R SRR L L I O
23 5 0 R R BB 9 AT DR HSP 6000 BG il A 45 21 114
PRI R AE & 5 5K ; 1M Rapidase Smart Clear W B #R 4F 4 &
Tt it 3% 5 T AW 6 EL ey T R T R R I AR GO O L o6 LA
Pie g SR BE b R R A5 B 7 — R 1Y FA b oK A BT 55
AT iz e AR R RS FA A o O A I B A RO B FA
S EPEN 1.96 ) 15 PR EE R M R R AR, B ET
— 25 B Uh 5] Pl A X L B Validase TRL AF Jy Skl , B 4ir
A1 VR MR AR T R T A A B Al A () X R OK A A R AT
Til i
2.3 Validase TRL Egff 5t X MR B R ABGS R Z I
2.3.1 R BN BT AR R BT R 0 B 3 AT, Y
TR g 10 g/ L i, [ 2 155 R 45 48 e i (1,43 pmol/g)
UG 40 e 2 208 5 8 00 O, IS R A AR RS R S, AN Tl S
NEW B 58 53 e fih o 75 28 5T AT BT AR AR 408 6 K 75 T ) 4 B0
BT SROBH 119 B A B ] 81 3R A LA T Ak 3L 1 B TR b 2 R A5
i i 10 g/ LAE BRI EZ .
2.3.2 MR I TRD0S BT B T5E SR AEAT AR A ey & 4 AT 0 G
Fff I [R)7E 15 b 2Z | Al PR Vo T 2R T R M 5 I B G A I )
PR3 N T8 0, 15 b i 5 e ik B R {H 1,92 pmol/g, 15 h 2
JE HT T e B AR W — 2P R AR 7 A R i R FAL T
FA &8 A0 1045 BT 20t SR 0 & & e AR B Lt 4%
15 WA Sy 5 AR i i (] .
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Figure 2 Effect of different commercial enzymes on the
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Figure 3 Effect of different substrate concentrations on the

yield of feruloylated saccharides
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Figure 4  Effect of different enzymatic hydrolysis time on

the yield of feruloylated saccharides

2.4 MEBEXMABRBEESEARN

fy & 5 AT S W S Validase TRL 100 U/g  AH¥
G 50 U/ g B R A7 Wk R G 50 U/ g B T A% Vv o]
T 5 W 5 e e 1> O 2,87 pmol/gs XY 3 i I S N R 2R
100 U/ g B, il A 8 Hh By 20 BBk 20 B 2 o J 1K (1,67 pmol/g)
IX AT RESE 3 il o LA 0 TR R e 0 R AU AR
TR GRS FAQH B G % W R B FA 3 4 A 1.61
£5) AEAGH AR LW WO A S FA & R, e 4 S B0
ok SR A A1 .
2.5 FREBRENHE

) FH R LW R R D101 %o 1 A7 45 2 116 Ak i 15 2 1 1 i
AT B S K 10% 22 .20 % ZLBE B 50 %% 2k

3.5r
%EEZS? 2 ? ) 7 z
ﬁ“‘f% e i z "
BEz 15 7 f ”
=52 s .
0.5 |
1 2 3 4 5 6 8

7
ENGIT iR

Different combination of enzymes/(U + )
B 5 bR B AR AT T AL B R AR AT R ) m
Figure 5 Effect of different combinations of synergy enzymatic
hydrolysis on the yield of feruloylated saccharides
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1T 2 VeI G - AN [ Pk RV v By 20 I 3 b & i L6 3. 7 bk
VR 4% 48 R B 2 3 B iy 81,4400, B RN
2.37 pmol/g, 5071y & B Pk B Wk 2 e % 28 & R R T 1R
S o I AR BT B IE M 0 f FA B9 & B8 3.56 %0, Mo & B
Jp69.71% RSN 5.13% KA Fr il 13.84%,

3 SREFRNITHEBERESENZ I
Table 3 Effect of multi-stage elution on the yield of

feruloylated saccharides

i ol 2 Bk SR A / (umol + g 1)

Tt it 2.91
. b} 5% B TR oA
KB At
10% 2.1 0.21
20% LB 0.14
50% LB 2.37

3 &k

22 R T RS T Ak B U ) AR FF 2% T A JE PR A I 2R B 15
2 A () A FEAR RS AT 1 3.34 % 5 FH 5 P AS W) 114 7 b TG 4 30 T
fif WAL 3RS W FEFT L Validase TRL i A 15 31 (1 B 20 Bt 2% 4 15
AR S AL 3,48 £ 5 3F — 25 HE 17 O [ Wi £, 45 20 11
M4l 4 & Validase TRL 100 U/g AT 50 U/g
WO 432 4 1ok MR i 50 U/ g 7 I8 5 2.87 pmol/ g5 IR W) ik
T A IR ) B0 2 R R L R AR IR VR D 10 g/,
FER R 18]S 15 b S Ja AR R AL W B AR R 22E AT 43 5 gl Ak
TR ISR Sy 81.44 04, R I TR R T ok A5 (v BT 2 I 2R M (A
FFA &R 1780, BB & ol 69.71 %0 B R & ol
5.13% K& BN 13.84% . % b 22 G KU DL 79 4k 7
JG o R FORFEFE HEAT W I Al 77 ) 25 BT B R SR OB AT LUAR S K
K FEFT I BFEINARL S S RS AT A0 25 & MR R L T S5 1R 48 .
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56 ¢ W b 3 1 A= BF ] 2 20 b
2.2 EXRBERSHH
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LA P8 Dy S 5 N I [a) 3 453 2L e 38 0 [ A= e 1] Sy PR 36 3 B
AL PR AR A TR R B A K SF B A AR K S (L3 D AT IE
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H1 2 2 TR A% DR 3 X ROR T T b A AN B R R/
A>D>B>C, /32 B2 I 28 Dy ey 5L 52 L H o h [0 it
Ve 18 B T 25 /DN B ) TR 3O i IR (6], el A D2 4%
4 A B, C D, BIGE R FLUCFE 3000 . B3 % 800 W, 4 HiL I
]300 s, 4 °C [m] 420 ho 45 R 2P FORHUME JE B 19 74 5 I
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Table 1 Factors orthogonal test level
e ATEREL B 45 C iR D [ 4
PES wwv wkow mms s
1 25 700 180 10
2 30 800 240 20
3 35 900 300 30
2 EXRURRERE
Table 2 Orthogonal test result table
P aEs A B C D HitkiEkias/ %
1 1 1 1 1 26.4
2 1 2 2 2 27.1
3 1 3 3 3 26.8
4 2 1 2 3 28.0
5 2 2 3 2 28.4
6 2 3 1 1 27.8
7 3 1 3 2 27.8
8 3 2 1 3 27.3
9 3 3 2 1 26.0
'''' ki 267 274 211 267
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k3 27.0 26.8 27.7 27.3
R 1.3 0.8 0.7 1.1
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