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Effect of Two-step Pretreatment on Enzymatic Hydrolysis and Biogas
Fermentation of Anaerobically Digested Fiber from VFAs Production
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Abstract; The enzymatic hydrolysis and biogas fermentation of anaerobically digested fiber from volatile
fatty acids ( VFAs) production with rice straw were studied. The effects of two-step pretreatment of acetic
acid and aqueous ammonia on the degradation of lignocellulose, glucose concentration, xylose
concentration and biogas production were explored. The results showed that two-step pretreatment of
acetic acid and aqueous ammonia can further degrade the hemicellulose and lignin in anaerobically
digested fiber from VFAs production, and the recovery rate of cellulose was higher, which was 77.47% ~
81.44% . Among them, the mass fraction of cellulose was 56.82% and the mass fraction of
hemicellulose was only 7. 94% for pretreatment of 4% acetic acid and 10% aqueous ammonia at 121°C .
Under the above pretreatment conditions, the enzymatic saccharification efficiency was the highest, the
mass concentration of glucose was 47.46 g/L, and the glucose yield was 67.73% . Furthermore, the
biogas production rate of anaerobically digested fiber from volatile fatty acids production pretreated by two-
step pretreatment was better than those of acetic acid pretreatment alone and aqueous ammonia
pretreatment alone. The highest biogas yield (414 mL/g) was obtained. Two-step pretreatment effectively
improved the biogas yield of anaerobically digested fiber from VFAs production. Therefore, the research
proved a new biorefinery way of anaerobically digested fiber.

Key words: anaerobically digested fiber from VFAs production; enzymatic hydrolysis; biogas

fermentation; two-step pretreatment
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1.1 REHUFRI4ES&F

FERS B E e el K22 KR, B AR RT G 8
R FH 5 3RS Tl I B A2 ROl R 2% TE 12 17 /9 LA
35 Ry R T JEORE I R A, TR SR RS U Y pH
{60 5.5, 45 545 B8 3% A1 1% 9 Eb A5 in A 5 26 R4
BRI 14 d,

AR Al 117 0 7 1R S 6 45 R, DR AR Ak 7 48 k1 R
7 R Aok bR 1% J5i S 43 ) A 4 A S A 2 A
& H B 10 mL/g (W1 L F 121°C FIiALEE 1 h, 15
b PR S B, K TUAL B Y RS AT AE 35°C SRR KR
10 d, $ZF0 2K 10% , & T &3 50h 10% . 40
FE L FE R VERR TR ST W BE Oy 14 o/ L #E R VENR i R
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Tab.1 Characteristics of experimental materials %
K fE
28 - Btk R
e Wi R
S 5 3 B 86. 89 10.79 -
4 S Ve [ A 5 23 B 74.43 3.50 78. 65
KR TR 34.99 18. 16 44.19
o 4 2 R 26. 02 9.40 13.54
NS 3.56 6.37 9.72
TRy T A3 B 3.25 3.31 5.41

1.2 REHEHUFBRAENTSHRLLE

PRAETEA T BREF 4 Y6 R ] 4% T 3 B L 1R
TE121°C T AAb 3 2 h W[ By 10 mL/ g5 & B2 Ak
PRSE UG AR 5% 10% Fi 15% J5t 5 43 5000 42
JKAE 121°CF HiAb #E 1 h, T 4L 2 58 505 , 14 R
Z PRV TG HEAT AL 43 DN L AR VR UK B, T
A 3V 20T BRG] A B £ R AL B R B
K AL B,
1.3

HCPiAb B SS R 3 g, A 47 mL £ PR - L RN
2% pP (50 mmol/L, pH B 4. 8 ) fif [ 4 J5t 5 /3 %1
H 6% o LTHEER L4 (B-H SRR ) R T 5% T
6 x 10" U, £F- 4t K i 1% 1 K T % T 600 U, A b i
WHRFET 1x10° U) % [ 72 MIKEE A HA
AR T, AE 150 v/min A1 50°C T [iff % 48 h, & [F
24 h O AE 43 AT v B
1.4 BRE®

TEAWE AR A 150 mL & B, A 3 g T
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N IRETE AL G, £F 2 78 75 T X W i, A o 3 ot R
fift AT AL 7 4t 4R T LR S K W A WAL B 7
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N T.94% . W AR WG N, 4F 4 RN £ 4k
Egl 2 NIl s S =
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HE AL o R b, T R A b B B B A5 AL PR G
CTHE R TN 2F 2 R 10 B A 2801 RN IS S 2T 4k 1) R
R, %8 T RRET 24 2 mSCR, e 2 firos . 1l
DL Bl 20 R T Ak B R A1 K T Ak B R £F 4k R
IR 55 &, 4 B 92.56% Fi 87.96% , %43 2,
12 1A 7K TG A T4 P00 , &1 4 25 Al i A A v, h
T7.47% ~81.44% , X A F| F L4 2 ) FI . X
Foper g, ok 2 K WAL B E R 2 TR AL PR
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TER . MARJRZE BR &, £ B 5 74 P %
AT B R B85, AR &R Mk 95.39% ,
A WA PR B T — MR R LR,

1 ToUAb B PRI AL 7 BRET 4 AR BT 2T 4 3R & ik i 5 1)
Fig.1 Effect of pretreatment on lignocellulose content of

anaerobically digested fiber from VFAs production

P2 oAb B IR A7 R 2T 4k R J5 2T 4k 3R M Wi 44 A 5 )
Fig.2 Effect of pretreatment on lignocellulose recovery rate

of anaerobically digested fiber from VFAs production
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HBGR I3 AT 1 AN TR Ak B 9 BRI 16 7 IR 2T 4 Tily
fifk Je B A B AR R B, AR 20 R Ak B
JEU i R T e 48 h 1) 4 2 W B MR O 23,31 ¢/L,
AR BE AL 2. 49 ¢/ L, X i T AR AL B A
A EUE 2 BIR TR 1AL 2 (015 B ORI
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PR B e AN AT DA A 7= 8 R Tt Ll LAAEE
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Tab.2 Changes in glucose and xylose concentrations

during enzymatic hydrolysis g/L
i3 koL N

24h 48h 24h 48h
FaFE 20. 38 23.31 2.17 2.49
DR 40T Ak 7 R & 4 32.90 36. 49 2.25 2.99
Z TR A ¥R R 36.28 39. 44 2.82 3.20
S K Ak 0 29. 46 36. 50 5.27 5.87
2. +5% 5K 37.22 44.15 4.90 5.54
215 +10% %K 38. 62 47. 46 4.48 5.93
2. +15% K 38.92 43.25 4.61 5.66

o il SR TUAL B S, T 25 RO T Rk B
A BT, i A A K A BES  HA BE  R vR E JC I
AR A, T ACOBE BT o R e, XA TR A Ak B A e e
AL EBR T ARTTE 358 T P24 R Ak, mi B
R TR AT AR A A W T R R A B,
TR K WI A0 T A B 4 1 R A B R o R B S
o, o 10% Kk S 56 21 4 2 0 R vk B A, ol
47.46 g/L X T L TR WAL BRI 1) £F 4t P 4843 20K
b SR, 2F 4 3R 1 e ik 40 2 A, A LU SR S K A B 4
o TR YRR 0 T A B AL SR K e B E TR R AL
T3 o ) A S AT A R R LB
2.3 RLHAEBEBNRETBRALEBSLEBMEREM

RRFEZEFHZM

T Ak T X DR AT Al R AT 4 1 7R VR TR T IR
M A& 3 Fr 7, 5 A A B ) DR AR Ak 7 IR AT 4 A L

(287 mL/g) , B £, i@ 1 R 28 K A B )5, TH R
PR W B BRI £ TR TUAL B R 2R 4 R
R A, 3 35T 0™ R AT e 5 R 2K ik B S
TR %R 304 mL/g, REIAR BT &R 19 L BRA F T
i aom R R, 5 TR T AR A B AR
T Z ) R BRSO, I AD 1AL B ) IR A A6 7 R AF
WEA R RIEER S, SRS 5% 2K 15% 2
K B4 FREH B9 AT A8 R AL BZH R L 43 s T
25.09% #128.92% ; ZFRIE A 10% 22 /K 7 b B 4H 1%
WA R, N 414 mL/g, M R AL BRAL, 10 <™
R T 44.25% , R W LR A KA T B AT
R = R AATH AL T TR EF e (R R 3, LI T AW
JoT R J5T £ 4 2 1 2 0R

P 3 A B DR SETH Al ™ R 21 4ETH UK BT 1 152

Fig.3 Effect of pretreatment on biogas potential of

anaerobically digested fiber from VFAs production
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R EBR AN 29. 40% , 5 H Al 52 AH Fo g &, i o2& A
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K 40.50% F1 42. 67 % , o] LK 483 1k 7= R 2T 4 1 i
A SRR B S AN [R) R b A G 5 TR 2 2 R K T
A 3 ) S TR A4 25 B R AR W 0, KO R, B
[ 44 2 SR A8 45 A 7 ORI R BT 47 4k 3 & & 3 it
A HITIAL P e OR B R L BB 2, R R S A T A
BRI R, RO . AR A B AR A5 4 T K IR 2T 4 2R
2.4 BREBIEMEE Gompertz HE S

KB IE /Y Gompertz 151 1Y fiff & IR A & 8% i
R A RN
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Tab.3 Model parameters of modified Gompertz equation
51 B =5/ p/ R,/ R/ )Y S Ay B g [ A e
- (mL'g") (mL-g™") (mL-h™") (mL-g”'-h™") h R/ P BB/ %
TR AT A6 7 R 4 4 287 279 6.09 2.03 2.04 56.70 29. 40 0.992 6
T T A LX) iR 274 262 7.11 2.37 4.27 61.61 40. 50 0.9885
K TR B AR 304 290 8.43 2.81 4.00 63.75 42.67 0.988 6
2R +5% F oK 359 344 9.57 3.19 5.85 62. 49 25.56 0.9917
2. +10% &k 414 399 11.28 3.76 7.28 63.25 42. 64 0.9930
2. +15% 5K 370 356 10. 02 3.34 7.43 64.26 51.28 0.9935
PR SYBIEIL PR, B LK B SR A7 0
B, AR AR R T A R B FR PR %@ﬁ%ﬁ
N N = ™ . R FEfperde | 972 s RBUR
S RLRAE R R A Aok 4 5 S PRI T sariwn
= VI 4H. [=} P B> N 79.44 4% 2714%4&“@
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RS LI N K VR R TR i S il J—
— =3 = K ok nl ) B IE A 33 ¢ K4
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PR AN 3.76 mL/ (g-h) 1 H GE IR B[] 34 45 oK s g;“l‘gggf
— N 25 a) . ~, NS . g7
58, R DA AL P TR £ 4 —Fh A 18 1Y R R JEORE 13.67 g Hth
oy = . HEEL =R
G 2 T B A R T 4R A R, S M Z R R TRRERE | ERE
M E K AL B AH L, P25 TAL BRSO L B T \
SRR AR BRTE st wEEE | 25SLES
2.5 TiAE EBBNESEEBIEREREE A i
e B4 I WAL B AR R LF L P 7 TR A
T 100 g PR fb 7™ R 41 4t 18 ot & - 5 70 At [

(E4) , &b REE G R E &4 44,19 g 4
YoR CEAAER TRl 13.54 g ZRWALI)G,
FYEIR 20.56 g P AR YRR IR 3.3 g, F A YER
PR 4.05 g R HE & EIEARRA A LR S
(M £F 4 B 20t 10% 4 K B Ab B, OB T R R K
21.70% LR R a8, o 35. 34 g, LA 4ER
JREAUH 4.94 g, M KPR TR ZARTR, N T
27 4k 0 FL IR R ol AR, A R T S A 4 KB A
FIRE LD B fik o A WAL 25 SR 3R T 33.22 ¢
AR, 5T IR A AL 7= FREF 4118, A8 4 WK i 45
Rk F) 67.73% 5 B A T4k B £F 4 IR 46 % B e vl
A% 25. 8 LIH Ao o -5 43 BT 55 0 IR A7 b 1 A
T A 2R E K T PR T Ak 7 R £ Ak i AR Y £F
i K 45 Y R RALEE
2.6 REBEUFBRALEFESTBSSHT

A4 X E T RERS R ST 0 £ A AR S AR
R 2T 4 AN [) 9 A FH 7 32 R 0 20 A5 36 1 IR
AEBEMIRA R, NBR =R LRE, LR HE
FU A R R 7K A B 2% 1F R WA A R A, LR
SOK 1 5 25 T A 3 R 0 — 25 B i DR GRU T Ak 7 R AT 4
VR A0™ i, B R = SRR B 414 mL/g; X F
2 WA 23R 1 0 Ak L P A Oy 3 3, ) 2 W A R A
w1, 51.60% , 55 5 b A AR AH H, DR 40T A £F 4E A
RATEL =R i h TH R EB G WE®E , ET

Fig.4 Mass balance in two-step pretreatment for sugar or
biogas production with anaerobically digested fiber from

VFAs production
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Tab.4 Comparison of glucose conversion and biogas

yield of different feedstocks and pretreatments

) i M R E
KRR T Ah B 7 2 K S h
BEIS R/ % (m]ng’])
Tk 6% Tifiz ,20°C ,30 d 150 120
i JK AL ,80°C ,6 h 281 12
FeEFE 10% 1% ,126°C ,1 h 314 12!
Fei T TR 91 Ak 1 51.60 [
ANk
2% NaOH,130°C ,2 h 68.20 24
£ 4
RAEM
3% NaOH,60C ,6 h 58.70°
2 4
PR 4T 1k 4% ¥R ,2 h,121°C
67.73 414
7= TR T 4t 10% & 7K ,2 h,121C

A% Ak, DRI EL T Ak R 8 A o 2 AS [ T D R R
NaOH Fii Ak BE AT A5 2% £ o DR SR A 2T 2 1) it A AL
RO AT IEHE T IR AL ™ TR 2T 4 1) 2 R 1
KT LK WA AL BRTT 5 A R A R AR R
7 AR 3K O AR S A I I R A 0 I AR v B i
G EES N D pER G e
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