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Abstract: Volatile fatty acids ( VFAs) production process via anaerobic digestion from rice straw is
highly promising due to the preferable economic value of mixed short-chain fatty acids. However, the
VFA fermentation has critical disadvantage as low digestion rate of rice straw owing to the relatively short
digestion time. To increase the VFAs yield and enhance rice straw utilization, the anaerobic digestion
(AD) digestate from the VFAs production was exploited for the second stage VFAs production. The first
stage VFAs production was conducted by three different pretreatment methods and three different
fermentation temperatures, thus the AD digestate of all sets after fermentation was used as substrates for
the second stage VFAs production, and VFAs potential production for all AD digestate sets still needed to
be investigated. The AD digestate of all sets was directly fermented at the same temperature of 35°C for
the second stage VFAs production without further additional pretreatment. The results revealed that all
sets can have more stable and suitable pH value at the second stage. Both hydrothermal and 2% HCI sets
had higher VFAs yield at the second stage. The maximum VFAs yield was achieved under the condition
of 1% Ca(OH), pretreatment and temperature of 35°C. By combining the two stages together, the total
VFAs yield of 1% Ca(OH), group was enhanced from 0.07 ~0.20 g/¢ at the first stage to 0.27 ~
0.38 g/g in total. The mass balance analysis was based on the hypotheses that the initial substrate was
100 g rice straw and 1% Ca(OH), pretreatment was chosen at the first stage. The 1% Ca(OH), and
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35°C group produced 12.24 ¢ VFAs at the first stage and 11. 69 ¢ VFAs at the second stage. The VFAs
yield for the combined two-stage was 95. 5% greater than that of the first stage. The research result could

provide useful reference for enhancing VFAs yield by further fermentation of the AD digestate obtained

from the first stage.

Key words: rice straw; volatile fatty acids; anaerobic digestate; anaerobic digestion
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Tab.1 Composition characteristics of experimental raw materials
¥ HeRS FREFE HULIITRFY
bi&:\ 2% HCl 1% Ca(OH) ,
T B A A (TR R ) /% 10.79 £1.40 83.91 +3.00 97.31 £0.39 95.61 0. 54 90. 95 +0. 59
PR PR BT i B (IR /% 3.50 £0. 40 74.43 3. 02 65.81 +0.75 56.27 +1.06 59.90 +0. 33
RA 65.00 +4.37 70.00 £2. 10 78.00 = 1.21 75.00 +4. 33
pH 4 5.05 +0.20

A E TR AE (T ) /% 18.16 +0.91 43.48 £0.53 40.74 £0.78 45.31 £1.93 38.72 £0.28
LU R TR THE) /% 9.40 +0. 40 28.13 £0. 14 26.05 =0. 40 1.52%0.15 14.77 +0.21
AR B A (T3 /% 6.37 +0.78 4.29 +0.30 5.59 +0. 26 10.91 1. 01 3.75 £0.24
TGy BT 538 (T3 /% 3.31+0.29 6.11+0.28 6.33 +0. 67 6.37+1.16 3.56 £0.29
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FE o FERAENR WA IR FH GCOT9011 HI S AH a3
AL CHITARSE 2N W) R, 25000  FID (KHG 3 F10)
Kl #% , KB — WAX B 408 4,30 m x 0. 32 mm x
0.25 pm, SN EAMER, PEAE TR BE 250°C , #
FATRLE 80°C , FEIF THE , KRR 250°C , kA L
AR Multi N/C 2100 %9 TOC/TN (&34 HLER/ B
R0) oA (FERD) P 7E
2 #R5itie
2.1 REFBREABIRESHEIE
2.1.1  PRYGERRAY pH {E A TEA LY &

FERR AN A A AE pH VS FIAR 58, 7E pH {H K
3.5 ~8. 0 JER N AT A K, — A Ml pH (H

9.0 9.0

85 35C 8.5
8.0 O—55C 8.0
_ —A—70C 75
. 10 70t
< 65 = 65¢

6.0 S 6.0F

5.5~7.0, pH fH B #2702 A e A sE % A
KRR RS, — 7 BRI, 1% Ca(OH), Tl
AR ZH A7 P Ak BRI 5% B 2 i, KK T 2% HCI
UKL PIEE pH AE (1) (HBEE VFAs B4 B
15 pH {EHFEE T e, BRI pH (EW] AR TR 2
5.5 ~6.5 BIGHE TR

B — U RIS RN U BRI R pH (E#EAT X
e, H pH AL S H R X, — K= IRE pH
{H N RS B B =R VE k= BRI pH (HAH
SRR E , IRTEER I pH (EIRAAE 5.5 ~6.5 1k
HTRIEE NS A, — K ER IR K 4 2H A1 29% HCL
AP TR AL, R R WY pH fH R 2 5.5 LU
T BFERH— K= BRI AT R PR R I IR A
KRG, R TR 2 5 MR Ak 1 K 4 2%
HCl FiAbFRAH | i8S w1 hh pH {H48 = #Y 1% Ca(OH),
TR BRL 78 K IR 1 AE AR A5 BT b e e S B
KW pH 1A,

B2 St T — IR PR A IR PR R A AT IR A HL
Yy e B, — W R I SR R IR 35°C RN i TR

9.0

350 8.5
== 5570 8.0
—A— 70°C 75

o 10
E 6.5

6.0

551 ™ 55} 55
b-"». - . -
5.0 O‘:a?—-g 50F % % "; e A 50
4.5 NG 45t - - - 45
;2 4 W8 101E 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
[ ()i fifal i)
(a) —P0™mh, K (h) — /g, 2% HC (e) —U ™8, 1% Ca(OH),
7.0 1590 A 70T 7.0 357 A—T0°C 7.0
6.5 —O— 55 6.5 —0—55C 6.51 A 5 4 I
= 6.0 = 6.0 = 6.0 il =
= = = ¢ Pl &
5 55 i — e A
5.0 i il 5.0 5.0 o &3
=t MU —0— 550 =A—T70°C
45 4.5 4.5
0 2 4 6 8 10 12 14 16 0 2 4 8 10 12 14 16 0 2 4 6 8 10 12 14 16
s} fia) Al i)/ e () /d
(d) —Wr=me, Ak (e) — =8k, 2% HCL (F) 7R, 1% Ca(OH),
3 S A Y- Vi3
Pl RERS 9™ R & WK pH (H

Fig. 1

pH values of two-stage fermentation broth with rice straw
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Fig.3 VFAs concentrations of two-stage anaerobic fermentation broth
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Tab.2 VFAs yield, VS and lignocellulose content degradation in single and combined fermentations

A RIE/ FERRAR/ S AT 345 25 B/ %

C (g-g™") VSR / % HF o YRR ENTES
35 0.06 +0.01 9.22 0.1 9.31+1.9 7.19+1.5 12.45£0.9
TKIA 55 0.03 +0.01 5.59 2.34+0.3 1.96 +0.3 4.95+0.3
70 0.02 +0.01 12.60 0.2 10.77 £0.9 9.08 +0.2 17.16 0. 1
35 0.08 +0. 01 9. 80 8.05+0.7 46.50 +0. 6 12..4+0. 4
— PR 2% HCl 55 0.04 6.12 4.75+0.9 28.85 +0. 1 4.96+1.0
70 0.02 12.40 £0. 1 6.19 0.4 13.30 0. 1 8.75+3.4
35 0.20 +0. 02 20.44 +0. 1 22.41 1.0 30.46 +0. 8 63.27 +0. 8
1% Ca(OH), 55 0.09 +0.01 16.47 £0.2 19.00 0. 4 12.17 £0.3 34.12 1.6
70 0.07 +0. 02 20.28 0. 1 26.65 0.5 14. 65 +0. 1 46.92 0.2
35 0.05 14.38 £1.2 13.85 0.9 17.69 £2.8 22.12+2.8
IR 55 0.07 15.74 +1. 1 18.43 +0.5 19.66 +1.6 34.64 +6.5
70 0.06 +0. 01 16.20 0.9 4.91 1.1 15.93 +0.5 27.18 7. 1
35 0.06 +0. 02 11.54 1.1 10.91 0.5 6.06 +0.7 14.63 £3.2
TWEIR 2% HCl 55 0.06 +0. 01 13.04 £0.6 6.41 £2.5 12.92 3.1 38.74 +4.6
70 0.04 14.45 0.1 3.53+0.3 34.97 +0.5 8.16 £0.6
35 0.19 +0. 01 13.55 +0. 4 5.86+3.3 28.68 +2.6 23.64 £2.9
1% Ca(OH), 55 0.22 +0.02 23.06 +2.0 12.52 0.5 35.58 +0.9 22.10 £3.3
70 0.20 +0. 02 29.00 2.1 20.02£1.5 37.15+2. 1 32.26+2.9
35 0.12 22.27 +1.2 31.15 0.3 38.31+1.0 48.84 +0.3
IKHA 55 0.10 £0.01 20.37 1.2 37.73 +0. 1 40.05 0.7 71.11 4.2
70 0.09 26.76 0.9 13.81 1.2 35.22+2.1 60.71 2.3
35 0. 14 +0.01 20.21 +1.1 24.80 1.6 29.32 +0.4 33.85 5.1
WIS G IR 2% HCl 55 0.11 18.34 £1.4 14.58 £2.2 36.51 +1.4 79.31 £0.9
70 0.06 25.06 +0. 1 9.63+0.6 74.86 +3.2 19.56 £2.7
35 0.38 +0.02 31.19 0.2 20.01 1.1 68.63 0.2 70.69 2.0
1% Ca( OH), 55 0.31 +0.01 35.76 £2.0 32.07 1.2 75.67 £2.1 56.82 2.1
70 0.27 +0.02 43.41 £2.0 49.90 £0.9 79.72 +4.6 81.88 +4. 1
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A © AR TR AT e SO Y — IR R I
Xof 3 A 3 S R AT X EUAH [R] 5 AT 7 R R
P | 32 AL BRZ A | 7 R J e e 11 A 8 A 6 DA K
B/ UC A B T4 P2 TR Ak 34 | K AT AL B
EATI

FARI L P, 70°C 77 BR S FF SR 78 2 o it 2 i
o, RIS e T AT R 0 A P K A A A (H R
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Fig.4 Mass balance of rice straw from anaerobic fermentation to produce VFAs
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