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Enzymatic Hydrolysis of Rice Straw Based on 3 ,5-dinitrosalicylic Acid Method

Li Bin Chen Kunjie
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Gao Xiang Sun Qian

Abstract ; For the purpose to improve the conversion rate of reducing sugar of rice straw, the cellulose was
used in the enzymatic hydrolysis of rice straw. The content of reducing sugar was detected by
3,5-dinitrosalicylic acid method. The enzyme concentration, hydrolysis time and temperature were
selected as inspecting factors. Meantime, comparisons of the enzymatic hydrolysis of rural rice straw with
that of steam explosion pretreatment rice straw were made. The results showed when the cellulose weight
content taking 10% of the dry rice straw, enzymatic hydrolysis time of 48 h and reaction temperature of
50°C were ideal reaction conditions. The maximum reducing sugar yield of enzymatic hydrolysis original
rice straw was 9. 7% . The highest reducing sugar yield of enzymatic hydrolysis steam explosion rice straw
was approximately 34.3% . Steam explosion pretreatment can obviously improve the production of
reducing sugar of enzymatic hydrolysis rice straw, and at the same time accelerate the reaction rate.
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Bio N T FTRE A FRLYIRE AT 2 AR B A R A ER 1
ZEM SISO [ A Ah R MO R R
AR TIAIN N ) N AR Y UL 7/E: (R A S
FAE WAL B0 5 4 LA R 2 Rl e D7 vk 1 DU v
i T8 SRR P

I JF R A R B FERE S,
T e A e T R R R ) R R £ A U R Y
TOREER B R VR RO BB LA A AT R
UM FURE 2 2. Ry A PTOBEE ki
G N i T AR R 0 T i 4 EL o Y o R A AR
FURAG I ZE TR o AT AT LU X R S A
SR HEAT RN, TFE AR 0 v X A B O SR HE AT
U, T R T R A M L R E R
Ze BRI 3, 5- 0l R K M R R T4 Ok i, Ly
DNS ¥, J& 36 [ 13 A 25 196 B 4 4 77 10 00 5 7 26 M
FRITE . WO RO O P 4 R v
o HRHLIE 3,5-fiFf 3K W R I T 5 38 DR b
VLA WA JE R 21 e B IR B, TR — B
VI S TR P, 0 B 194 R AR T € 1 TR 1 O O
— L6 Z, AT BL @ vk AT R S Y B
U Rl T K L S R R
A SR P I T I A O ) O O e, DA
R A Xk G, [ S X A 2 7 4% 12k HEAT-BF 5 2047 L 9
T IR B B 3T 27 4 R AP 4 % AR
L2 I HLIRIBE LS | AR s B J 1 8 SO 3 ik

1 HEE5H®

1.1 IEH R

IKREREFE (P ARl KF ) 5 U8 A (R
HET GRS 40 Ak 2 S R A BR AR L 4 A 2k Tk
B R M (R st A AL A BRA A 43 B 4l T A
FRHFEN 3 ,5- Al S KA IR TS /K A 2 B8 R Ty | 2F 4
F (2 AR A BR A R L 3 R i ali
1.2 XWiEH&

FBEALCA S, WE L FiR) T4 (DHG - 101
B, AR YT S CA FRA ) M EEAL (JFSO — 100
R 1 5 AR A R A A R IR KA B (HH
—60 M E N EEB S ARAR) KA FE(SHZ-D
BT P AR A R SEAE A R ) AR L4
JERETE (7598 WY, by AR R AR A IR A W) L
T (40 H ,#iiL B EESE K0T ) DL K RO
(0.000 1 g) Z# i (50 mL) |1 mL B84 45 45 Fh
FAL2 2
1.3 XWRBRMFAE

5 ) 21 4 28l A 1) TR0 3R A Tl A X 2 T G o L il
fif s[O3k BE DA Rk W 7 9% 1 %) DNS & (K

0 4D S B R RS I B A IR e R A L 45 A oA
WFFE AL, A% 52 96 96 FAS 00 BeF 0 38 4 o g o | G A
B N Y B A S BIF 9 X 42, K TR T ) ) K R
Tl AT B4 A b 5 5 A X B, OR300 4% 9 AR A T A B A
IR .
L3019 78 V8 i T Ak 3
KKREREFFB I ERKE 3 ~5 em, I —E 1
TN R AR BB T O R AT 0 R VR o 2RV KU H K
NI BV AR S WAL AR S K %R
TG IR TR T, W R R R T N R B —
I S 3 2o 48 SRR 4R AL S A s i (4% dir e
0. 008 s 4 B[] P SR A2 78 9%, R ) 28 VR AE 8 i)
R, SR B 0 H o ROBRPLR BRI E 1 R .
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Fig.1 Working principle diagram of steam explosion machine

1.3.2 Kol A AR S i Ak 3

W SRR K RS RS FF RV I 0 K R A AT IS, T
P MR 2L 40 H O, SR DY 39k BURE
1.3.3  WaR R mm s

(1) DNS 5] : FR i 18. 199 2 g 05 47 FR ¥ 4 T
50 mL ZE 4K o, I, mA 0.631 3 g 3,5-filf Jk
KR (DNS)

(2) W4 6.9 ¢ 85§ R B T 15.2 mL
10% NaOH ¥ , 75 1K 76 B & 69 mL, 76 JL ¥ W
JA 6.9 g 4 2 24 o

(3) & ¥ 255 g W5 A1 B2 A0 4k % T 300 mL
10% NaOH %, T A 880 mL 1% ¥ 3,5-—fil§
FAKAG R W

W W SV O A B B R A T AR R
CE T ~10 d JE

(4)1 mg/mL 4 %5 WE b M & W Uk B BRI
100 mg 43 A7 0 ) 45 45 % ( HISE7E 105°C T4 2 h) ]
/DB R AR KU A S5 7 B 22 100 mL, VKA AR A7 55 o
1.3.4 724 Wb o il 2 22

A EHEARES W (1 mg/mL) 0 ~0. 8 mL 43 51 i
AR B ZE KBS 1 mL, A 1 mL DNS
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1T 72w KR OB S min, HUH LA SR A, P
A 8 mL IR 2], FE P 500 ~ 540 nm |, 3% B AL
A, LA T em o @0 LI 5 4% 45 D6 95 8 (25 B A
W) | LA 26 AR S ek 3 B O A A A A O A5 A
DG A A s 2 il o E 1 6
1.3.5 [ S50 07 3k

KB PR ECT 8 o 40 F DY 23 i 2 )5 B R i
0.2 g, A SO mL ({9 75 B A, A — JE 2 (19 2 4k
ENNDE S R o A el R R S O S

AR AR
1.3.6 if JF b & F) Il

W 138 RN J5 ) SE B RE SO A A B R R L
FLAS G HEAT Al U8 (B I ) BB R 1 mL (v B
BT BT B BE) A 1 mL ) DNS 3K, 7
AV A S min, B DL A SRR B H, FEINAZE
7K 8 mL IR AT TEA NI, 1 em Fo 68 LI 2
R I I BE o 6 LA o i AR A RO Y
o MR JERE T E  EOTE A

ml
c:mxloo%
X o——FE R RS &, %

m, ——2 bR 12 T A5 F DU R R T O iR
Wi &, mg

m——FF i, g

V—FF i B R R, mL

V, —— R AR R AR, mL

2 HRE5OMW

2.1 BHEERAEMKNNE
i B3R5 1%, 75 500 ~ 550 nm P X E R, DL &
] B 10 nm (934 70 51 0 ~ 0. 8 mg/mL 25 9 2
7 AR L R R WO B R Y O R SR AN 1
iR o Pk IESC R A 2 Frs
F1 FREREEEERETRRERENREE

Tab.1 Relation between standard glucose solution

and absorbance under different wavelengths

) 26 B P /nm
e /mg-mL "' 500 510 520 530 540 550
0 0 0 0 0 0 0
0.1 0.325 0.221 0.202 0.157 0.123 0.086
0.2 0.508 0.428 0.372 0.328 0.251 0.192
0.3 0.661 0.568 0.508 0.426 0.363 0.298
0.4 0.831 0.719 0.666 0.563 0.503 0.405
0.5 1.016 0.859 0.804 0.715 0.597 0.501
0.6 1.185 0.987 0.947 0.84 0.726 0.615
0.7 1.364 1.141 1.061 0.964 0.842 0.735
0.8 1.504 1.274 1.175 1.07 0.967 0.844

[ = 500nm
L4 9 510nm
1.2 - A 520nm

s 1.0 - ® 530 nm

Sog | ®540nmm
2 o
= 550 nm
0.4
02

0 0.1 02 03 04 05 06 07 08
B R S /mg e mL !

B2 AR[R EK  i  o h %
Fig.2 Standard glucose curves under different wavelengths

28 819 43 BF 2 5%, 500 ~ 550 nm P K R A
S ZBUKR KN 0.991 7.0.992 4 .0.993 9.0.997 1.,
0.9995 .0.998 9. W i, 7E 540 nm T, % %5 4 b5
b 2k 1 2t 56 R Al

HRAE 1 540 nm T A4 25 0% T vk B S WO B
ZIRIWSCZR 2o il A A W Am o i 26 . OB 5 4
BT Z AR SE RN

Y =1.201 5X +0.005 2
FOESE 99.95% , @ 4 p =0.000 1 <0.01, i B
o v T 2 2 O AR A S, S I B A
2.2 MNERNBEMRIE

T RIEE 3, 5- T 3 K A R A A T 45 AR 1Y AR
SEE g — 8 S T IR S I K RS RS FE e BRI G
LREFE T A T i E 10 mg/ g, AR 48 h, SN i
J# 50°C , J5 7€ 540 nm KT R0 R J5ORE S i, B A
8 WAL, SN FE2,

Boys oy M BoR, B K (H 32.49% , B /M A
31.84% M 32. 17% ,H% 22 0. 65, J5 2% 0. 068 7 , 7
22 0.26, e KAHXT 222 0.99% .

2.3 WBIZHR
2.3.1 Jiin e X A RO B R A R

3 TV BB G R R A R R R AT I A S 06, A
) 8 A i )8 DB 5

(1) BUR IR K RERS FF K OO 0 L T4 L3 40 H
G, DU AR R ORE . B8 ZH 0.2 g KR SL 2 B A G2 3
JiR & B LT 4E R, T 50 mL 255 i 50°C e
T 24 h S5, FHER AN AT UL 43 56 6 B T 6 0 0 '
(3 YRIBCHIAEL ) , A% 405 460 250 W% b o ot 2 0 550 Lh RS
il 0t i )0 TR o . S5 SR AN 3 PR .

o1 3 AT UL, JRUAG K R RS AT A 24 b, 3E B
AN FEAT BT R 5. 2% , Y i ik F 50 mg/g
(0.2 g FE NG 10 mg) WF 2 52 08 o Y 0 i &t
KT 100 mg/g (0.2 g F i hNEF 20 mg) B, B A 5 1)
I D B S P

(2) BUPE — 58 £ 1 T VR0 J5 10 /K R A L A ik
B T M ik 40 Hf DU MR EORE . B8 410.2 g £
a4 R & A 4E R, B T 50 mL
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Tab.2 Stability testing of reducing sugar content using 3,5-dinitrosalicylic acid method

¥ 2451
1 2 3 4 5 6 7 8
W i 0.519 0.516 0.512 0.522 0.513 0.512 0.522 0.520
TR/ % 32.27 32.13 31. 84 32.46 31.93 31.88 32.49 32.35
®3 EREANBESTEIERESEXR
Tab.3 Relationship between reducing sugar content and enzyme content ( rural rice straw)
BH 20 53
1 2 3 4 5 6 7 8
T/ mg 0 1 5 10 15 20 30 40
Wt 0.052 0. 069 0.078 0.202 0.222 0.252 0.255 0. 257
SR/ % 0.9 1.3 1.5 4.1 4.5 5.1 5.2 5.2

x4 ABEANBESTIERESEXR

Tab.4 Relationship between reducing sugar content and enzyme content (steam explosion rice straw)

2 215
1 2 3 4 5 6 7 8
i/ mg 0 1 5 10 15 20 30 40
W BE 0.157 0.178 0.262 0.321 0.338 0. 469 0.515 0.521
B/ % 9.5 10. 8 16.0 19.7 20. 8 29.0 31.8 32.2
AR A S0C fE L RV 24 h J5, B 1 mL 0 J5 19 XFEe ] U 7R () I e R AL VRO AR R AT

VW R 3 A R MRS T L AN AT UL O DL AR v KR AR 1) SR ) . Ry T v ARG U
TGN W S BE 5 AR 30 ) 280 W A v ot 2T E S IR RS AT RERR AR A SO R AR A SR R T R 2

it fife S5 1) 38 MR 5 HE £ 100 mg/g.
132 4 LB M PO KRR FF A 24 b 36 2.3.2 FARAT K X3 EURE & B i B
N A J 20 R R A 32. 2% Y I iR T (1) BRI KRR RS FE, Uk i T4 3t 40 H
100 meg/g B , B 2 -0 R R T 2% G5, DU 4YEEBORE o B9 41 0.2 g BESLIA 20 mg HOF
b0 A A, DR K RS RS FE S R IOOK 4B, BT S0 mL A5 R, 50°C FER R . 4
RS R AR JEORE 2 0T HL LI 3., TER S B R (I 1) B, JF 48 90 07 I 49 56 58 BE - 4
1 A VRO I B , L4 280 40 o 2 8 O
e R B 6 B T U 19 D50 i
= 20 = i fhy 22 AT I, SRR K RS R T £ 0 A i B 2
g R FEAE 0. 7% . WL, I Ak RS 2 16
5| 959, Fo Ay AR 60 h L4 I 0 2 BB ]
0 5 10 15 20 25 30 35 40 (2) B[R] B A — 5 S50 T 18 5 KR8 #5 FF
iR Uk e T it 40 H R, DU 4R B BORE . B9 4

P03 R G N A 5 A OB 5 4 58 RN L

Fig.3 Relationship between reducing sugar content and

0.2 g BESHAIA 20 mg (2T 4E K i, B T 50 mL ¢t
TP SOC R IRLIZ IV o 4 BILEH 6 7% i f 1l B, X

enzyme content (before and after steam explosion)

x5 BEHRBEVBBENKSIERESEXR

Tab.5 Reducing sugar content vs reaction time ( rural rice straw)

o1 5
2 205
1 2 3 4 5 6 7 8 9
i fiE f K /h 4 8 12 16 20 24 48 60 96
% 6 B 0. 035 0. 106 0. 136 0.177 0. 199 0.252 0.368 0. 459 0.471

R/ % 0.6 2.1 2.7 3.6 4.0 5.1 7.5 9.4 9.7
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Tab.6 Reducing sugar content vs reaction time (steam explosion rice straw)
il
P 21 9
1 2 3 4 5 6 7 8 9
fifg f7 i 1< /b 4 8 12 16 20 24 48 60 9
% 6 B 0.291 0.429 0. 443 0.451 0. 456 0. 469 0.521 0. 545 0. 554
SRR/ % 17.8 26. 4 27.3 27.8 28.1 29.0 32.2 33.7 34.3

1 mL SN J5 (9998, B R 3 A%, T ARSI 7 ik &
BT L3 5 5 BE A I W I B, AR 0 4 2 s o
ST HH AN [ S 7 o [ s At A A ) 3 SO 5

12 6 AT UL, VR I 0 7K e A T A 3 D
R IRATEEALE 34.3% o

Wit T e 1o I AR A, D K R G AT 1RO i Y K
RS T i e s DO 5 2 F L DL I 4

F AT DL JCRB A A i g SN2 8 h A — A

35

301
= 257 —— VRS
3 20f —— FURFSHT
EREN
<1

10
57///’——‘
0 12 24 36 48 60 72 84 9%
AN /b
K4 PR B RS 5 A0 R S O R AT

Fig.4 Reducing sugar content vs reaction time ( before

and after steam explosion)

BRI B TR R 22 )5 B ROV RN AR . 8 b i
fifp 30 ISRl B 24 oy B A OB S B 77% o 48 h TR
i OB R 2 R OB Y 93.9%
2.3.3 SN X O U Y R

(1) BUs bR K R RS AT KOOk B T4 ad 40 H
it DU EIBORE o B9 41 0.2 g BRI 20 mg [ £F
HEZRX W, BT 50 mL AN, 2 AR T BT iR
JE ARSI 48 ho RSP AT UL A3 560 BE T4 i
TG E AR AR 48T 2 R s o oy 4 530 HE A [ e
IO ik JEE V140 G AT R 7R S )30 SO 5 i

(2) BUPE — JE 26 1F B VOB i 19 /K R R A, KK
BreE TH o 40 H G PRk R B9 41 0.2 ¢
BRI 20 mg (Y27 4E R0, BT 50 mL AR,
Iy BIAEFR 8 B i I BE R fE I SN 48 he B 1 mL
SN e R T R 3 A, 4 RS U5 ik T S A el I
I3 BE TR I W O JEE , AR 0 A W A A i 43T
S H A [R) S I i L 8 RS T I A i )3 SO 5 4

®T BEHRBEMARNEESTEERESEXR

Tab.7 Reducing sugar content vs reaction temperature (rural rice straw)

P 41531
1 2 3 4 5 6 7 8 9
J2 N iR/ °C 20 25 30 35 40 45 50 55 60
% 5 0. 034 0.072 0. 101 0.120 0.212 0. 255 0. 366 0.249 0.178
SRR % 0.6 1.4 2.5 3.0 4.3 5.2 7.5 5.1 3.6
RS REBAREEESTIEHEESEXER
Tab.8 Reducing sugar content vs reaction temperature (steam explosion rice straw)
5 205
| 2 3 4 5 6 7 8 9
J iR/ °C 20 25 30 35 40 45 50 55 60
% S B 0.079 0. 101 0. 154 0.223 0.276 0. 455 0.518 0.381 0.236
SRR/ % 4.8 6.2 9.5 13.8 17.1 28.3 32.2 23.7 14.6

B B0 3 RE A2 A e KRR RS RS 1O IR oK
RS T o i s DO 5 0 FE LI S

HIE S W] 0L, 24 BN BEAR T 50°C 1, i Jp
WO SO T S0°C R i SR R T
T . SO°C Ze A f A1 R T 41 2k 3% I e 2B il A AR
o BRI, fE 40 ~ 45°C i BT A, PR
A K ARG AT 52 35 JEE A 52 W) B 56 271

Hy b3 S B g R i e KR RS AT T R

B 10% L 48 b, S 36 5 61 7 SO°C 2 1O
T KR R T 5 AL A 5D 5

3 i

(1)3,5-Zfiff B 7K A B 1k Aar DN i Jom & R 22
AKT 1% , AT UL T LT MSEmE /e 4
I 9 4 PR AE 540 nm B A6 0 45 SR A RS o

() EKFEREFT A4 KBl TS, B & =5
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VRIS Y 7K R RS AT e 28 T i 50 SOl 55 570 48 h
Tif e 35 DR 5 R 0 0 o5 T W BB Y 34.3% A
32.2%

(4) 7873 B i S e AR R AT 75 22 60 h L E 1y S
JOL IR E] o PR IS K R RS AT 8 h B il Ak o JORE 5 &

—— VURAET
—— JEUURS L

5
0 T e 2y i BB IR AR 77 % ,48 h iR A8 RS 5 R 2
20 25 30 35 40 45 50 55 60
IR 1'C i SR JEUE Y 93. 9% o 2 T B TAL B TS A
IS VORI P ERE 53 R 5 S 1 fl 5 5354 0 K S A0 1 8 DB 38 i K
Fig.5 Reducing sugar content vs reaction temperature mﬁ%%%% E‘inmﬁﬁo
(before and after steany explosion) (5) % H SCHR L 20 W0 2 5 6 AR RS 1301

K REREFE T W1 10% , Wi fge 48 b, S )z ik B2 50°C @J 14% 19386 JERE , 38 W R[] B 26 OB I T2 46 AR 25
A EL AT 2R A 7 i L A o B I R 1 e 257 B TR b A 6 R IO

(3) B iy 7K R R T o 20 i i 38 DM 5 B2 0 48 h Iaﬁii A A — 2 TR 5T -

ity i 38 JSORE 5 0 0 o TR 9. 7% A T.5% .
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