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Effect of Activated Carbon Addition on the Anaerobic Fermentation of Corn

Straw in Mesophilic and Thermophilic Conditions

GAN Rong'?, GE Ming-min"*, LIU Yong-di'*, JIA Hong-hua'?, YAN Zhi-ying’, YONG Xiao-yu'?, WU Xia-
yuan'?, ZHOU Jun'?*"
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Abstract: In order to improve the methane production and concentration, effect of activated carbon addition on the anaerobic
fermentation of corn straw under the conditions of mesophilic temperature (38°C) and thermophilic temperature ( 50°C) was
investigated in this study. The results showed that the addition of activated carbon could significantly promote methane production.
Compared with the control group in mesophilic and thermophilic conditions, cumulative methane production could be increased by 63%
and 96% in test groups. By DGGE analysis, the bacterium enriched by addition of activated carbon was mainly Clostridiales bacterium ,
compared to Bacillus (without adding activated carbon) in the thermophilic system, while the differences in fermentation with adding
activated carbon and without adding activated carbon was not significant in the mesophilic system. With addition of activated carbon,
the archaea enriched in the fermentation liquid was mainly Methanosaeta concilii in the mesophilic system, whereas the archaea
enriched in the fermentation liquid was mainly Methanosarcina acetivorans in the thermophilic system. The archaea enriched on
activated carbon was mainly Methanosaeta concilii at mesophilic temperature, while the archaea enriched on activated carbon was
mainly Methanosarcina thermophila at thermophilic temperature.

Key words :corn straw; activated carbon; anaerobic fermentation; dominant bacteria; carrier
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Fig. 1 Changes of biogas yield during anaerobic fermentation
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Fig. 2 Changes of pH during anaerobic fermentation
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R TERTIRE S A3 S BEAR T 63% F1 64% 474 %
F) & 2 AR T 47 % 1 57% |, ] UL B 32
B A T o R RS AF T AR 4 3R AR
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FAHRT B R RE LR, HEZER AR
Rl 2 X5 SCHR[ 20 ] RO 258 — 2 Ak, B
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2 FR e B B8 v b L R TR R A iR G 2
RERBEGREFT 2 R | 4 4 R %R R 500
e rR IR T BE LR T 42% F1 38 % |, 1o T ik 46 4H IR
ARG FEFT I AT dE 32| 2F 4 32 R i 56 03 i) 1
R TR PR R T 56% A 63% . 1T UL IR I
BT IR R R WX FORFEFFh eF i 3% | V47 4
R IR ol e i 106 M e W BN B ), oA
PRI AR S B S BRI 7 e o, PRk R R
P R AR R R 2 0 B P R D S R A8 e ok
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®1 RERBUEERBHPLIER, TR KRESETNL/%

Table 1  Hemicellulose, cellulose, and lignin contents of corn straw before and after anaerobic fermentation/%

iH KRG iR A R PIRIARAKRE WA RS SRR RS
gYR 37.449 +0. 146 27.651 0. 133 17.100 +0. 047 25.473 +0.012 16. 164 0. 020
SEE 18.333 £0. 081 16. 049 +0. 099 6.781 0. 059 14. 976 +0. 083 6.520 £0. 172
FNDiE 10.791 +0. 119 24.165 +0. 002 32.223 £0.281 27.745 £0.014 35.734 £0. 039

2.4 TEMEAFRIA AT B (SEM) Mg

Sk iHE— 25 WIS U N P e 3 v TR AR = R AL
il , ik SEM WLER & e 1T I 1 P e b B AR R A
H 4 JiR30 00045 25 440 i v e Tl K e 24 99
pZE RE T AL L R - G RN = B B 3 ol AR s
1] iE=p N e VEFiRN:E I FRoN & I E) SN
BRI R BERTJE B1E MR i R R R L, R B
FE IR 16 P e 3% 10T 2 B B R 00N st T
20 R T T 3 P e ) A TR 50 A 141 P A 11 T LA
FBE, Gl AL TG 10 1 1 e 2 1T K LA B2 T B
R ERERR ZAFRE Y W 4, 0] KRB
i SR N TR R R N UE Y RS —E
25t

e ERACE T, T e 2 T B R Y
ARANEAEAR A BRTAT , 4l SR H0 7T 82 7 HH B 3K 0
JR L [ R R RLURS , FLER T, e
RALFFLR G K e D A K B, A T
Z BIA WL AR R BB 1023 I e 2 T A
PG A HE 0T UL 16 P o v A S A b RS

PRAESOBE Z 58 Hh A AR W R 8808 DL R A2, D
RIS THRBERTRETE. AN P 2% BE 32 i FOKFHAT ™
SR BIHL AT RER T Ve G BR e s ok b
T ISR W B T R, T B e R G B AR E R R Ak
$[zz,23]'
2.5 AN[RVAR PR S A IR A B B RS A AR AR
2.5.1  A[E)Ab Pk I RIS 20 AR A

K5 g AR BoRt i P A1 T 9 DGGE 813, )
o] A BUER ERERE Al A1, FAx 6 AR i b 2R L
A8y 46, h 2 al ki, JFURERE o b i A 4
B/ HAR AR A PR BUE 22 e AN 3. TR, i
AN TR B A ity v A 20 R R B R B R 45 KR Cs (R
3) Al AR B 6 AR S R I DR R B 2R
FAVEREARRL IR R0 22 | v i K 6 4L 096 A e R T B R I
WP A2 B 2 AR R 3 e P 2 B AR, ELR L
IR ZH AT P B R AR 2 AR L b | iR e
4 I PP AR, X ] R Pl T il B T e SO T R
WA I B RN L2 5 1 R ol 2 200 MM b 3/ 2 i S
7% g 1240
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(a). (b) . (e) K30 000£%; (d) , (), (£)HAKI00001%;(g) . (h), (i) MRS 0001%; (a) . (d) . (g) il ilond & me s ik % ;
(b) . (e) . (h) PRI A R RERIETESS (¢) o (f) o (3) AR BERTIR M
E4 FERPAMBEREER
Fig. 4 SEM pictures of activated carbon

®2 FARMERERPAEMERTRIEH

Table 2 Shannon index of bacterial population in samples of different anaerobic fermentation periods

A Hl o B2 il 2 Al B o i A [l n e e i R 2
R WE Gy e & 1) R TR s R KWW KW
2.575 4.343 3.582 5.212 3.474 4.777 4.984

R3 TR ERERPEEMEBMUEELR

Table 3 Comparability index of bacterial population in samples of different anaerobic fermentation periods

Y *@xﬁgﬁzﬂ qﬂ/ﬁﬁ\i%ﬁzﬂ *?Efﬁ\ig%éﬂ %}iﬁﬁ\isﬁzﬂ %}(ﬂfﬂé‘ %“iﬂixﬂﬁ

KR TP R T KW TP R T 21 R TR R TEIR
R 100 54. 68 11.42 24. 89 0. 00 0.45 1.20
LT BB A % T 100 13.21 17.74 4.81 34. 60 24.05
Fp R A T P R T 100 51.89 18.04 32.11 33.62
YRR U0 2 % BT 100 24.04 25.27 33.41
TR R 6 2 T M AR R i 100 22. 64 49.55
TR IR G 4 K TR 100 66. 09

Ten LT A 2 2 100
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(a) RS BRZ R BV (b) 5 IR 2 A B 5 () iR it am 4
TSR 5 (d) TR IKI R B ; (e) TR IS AL IG P R
T 5 (£) Hl X BEER B ; () Hefh#, T IR
E5 ARMRERPHAERN DGGE Eif
Fig. 5 DGGE fingerprint of bacteria in samples of

different anaerobic fermentation periods

2.5.2 N[ Ab B AT IS 20 T 00 e 1 23 A

S AN R A E K 5 figk 4 nTLE
KR R FE T Sporosarcina globispora strain 7] fiE &
— M T AT RITE @KW EIEK T,
Capnocytophaga canimorsus 1] g J&—FIRA W, &Kk
P . e TN IR A S T AR 0 A T R R
Bacillus sp. ,J& TERER T, = iR R0 4 00 & B2 b
PR RN Clostridiales bacterium | J& THUFF .
FP LR 2 A e RO P il R 2 B4 R R Th B ok
BB A B4l B O AP, Porphyromonadaceae
bacterium F Petrimonas sulfuriphila strain 1 &—2J5"
TR 1A, BEAEAE T e i 50 21k B h A7 A 1 rh il
IR KR R

A DCGE [T v 2541 4 F 2 A 300, Jstre
Bl ) B AR B /), AR A R A 2 U 25 5+
AR HURTEJS BORE i 55 K T i TR A 48 1 el
REFRAPE R 22 | a] DL 2 ad R AT A R SR I AR &R
PR A BT TR A 2R AR R A2 Ak, R I T IR RE A TR 1Y
Sporosarcina globispora strain 42 & e Jg {H 2% T, M
Capnocytophaga canimorsus 22K We i L, A 4 &
e, SRR b T A o5 D0 35 40 T 2 8 ¥ o
DEFA, X AR T K I J A0 T T A 72 A R D A
2 R X R R 2 1 R R A R A
0w W OBE 4> 9l & Bacillus sp. 1 Clostridiales
bacterium , 3X Wi FP A0 R 35 0 7= R BT, TT K i VE A . 2R
FUT, SRR SRR T W B, R A I Y 75 57
Y EA LR , 2 5 IR R R S — B B, X T g
2 e X R RN 2 A 27 4 2R DA SR 21 2 2R R

R4 ) TR R R IR 2 —. Porphyromonadaceae
bacterium F1 Petrimonas sulfuriphila strain £71£ T 1|
Fe il IR R B, e b L e TN R 2 A R T
O YR T IR, 1X — 287 BRI 7R A i
RErh T A RE 7 A2 SR . CO, A H, R S i J5 AL
H, S S I e ¢ B A0 32 75 AT DR 4 K TR 1K 28 400 A T
FESOR A6, e 4 AT R AR AR A% 1) H ot Yk 2
DA K= P g k) BB S PR 2 — 2
®4 TEMBEHESFEHFONFER
Table 4 Sequencing resulis of bacteria in samples of

different anaerobic fermentation periods

il RErEE HABLEE %
3 Capnocytophaga cynodegmi 87
4 Ruminofilibacter xylanolyticum strain 100
5 Ruminofilibacter xylanolyticum strain 87
6 Flavobacterium sp. 97
7 Porphyromonadaceae bacterium 89
8 Capnocytophaga canimorsus 87
9 Flavobacterium cauense strain 99
11 Petrimonas sulfuriphila strain 96
12 Bacillus sp. 99
13 Clostridiales bactertum 99
15 Sporosarcina globispora strain 92

2.6 AN Ab PR BEET ok TR Y TR AL 1 AR AL
2.6.1 [FIACFE L RIS B 2 R S b

X BERT G FORE 27T 5 DNA 421, PCR 4744
K DGGE 43 %1, 15 2 H: 5 il B /9 DGGE &4,
Bl 6 s, FTLAE W H DGGE Bl b, Sk I
B H YR FEE 2 SRR THME, b
R E L R T 4 SR A
HRERBEG K13 SAWEPRSH T RE

(V] T PR

6 A EEBERPEEN DGGE Eif
Fig. 6 DGGE fingerprint of archaea in samples of

different anaerobic fermentation periods
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A
2

A TR L R R AR R ORI, 15 S AR R
G A R R A L S R NS BT A S =B - B S G B ) 3
W THEAT B AR A P R A AR ok
5 FR LA ARG EOA B 2R, B
[y B AR B A BL PR 48 8 Cs I3 6 o, T LR

H R b 5 O TR I B AR i e e TR R R A DL AT
B2 | vl A A AR v R TR P T R 22
SRRE, T R s MR b 2
PEFAR T v L v e 1K 6 2 0 R TR T Y o T 2
FEAE.

£5 TEMRERFHEMEBLIEER

Table 5 Shannon index of archaea population in samples of different anaerobic fermentation periods

R *?ﬂ?}xfrﬁgzﬂ LPﬁ%'lﬁt%éﬂ LP/E&TE&QE%E %iﬁiﬁ%éﬂ %‘/ﬁﬁt?ﬁéﬂ %‘i&xﬁﬁgzﬂ
R TGP AR R TEME AR R KW
2.575 2.361 1.923 1.773 2.114 2.325 2. 406
F6 AEMEHESPHEMHERIEH
Table 6 Comparability index of archaea population in samples of different anaerobic fermentation periods
Y Efﬂ%ﬁ%}xﬂﬁéﬂ it AL *%@iﬁ@zﬂ AR AL E’?/ﬁﬁ@éﬂ E%@Xﬂﬁéﬂ
KT /&) KT MR R R
EiLY] 100 49.62 44.79 50. 69 47.59 55.03 56.23
FpR T R 2H K I 100 78.25 81.48 50. 13 69. 00 70. 01
rfR e 2 I M R TH 100 51.89 77. 64 73.70 71.17
PR B A & R 100 80. 05 84. 54 78.95
T TR B 21 I P e R 100 80. 67 78.95
IR I 2H & B 100 95.39
TR TR 2 % 100
2.6.2 AN[FIAOFR KRGS RN AT R BEVR R HI S A UM 22 R R A SRR 2 — .

S PII S TR A 6 A 7 aTLIE
WEE AR R E AT, B it v D0 B8y T T 7 AR
Y A Bl B E BE N Methanobacterium
subterraneum sp. , HL AT BIAE G A 0 B 5 A 1
Je R 2L 8 TR DA T TR R D e
e )\BBR T J& ( Methanosarcina sp. ) , "P iR R 56 2H )
TS A T R e 4 A R R P
TR BT 2 5 AN 0355 DI 3ty T TR A X 2y o 52
EHE ( Methanosaeta concilii strain) Fye b )\ B BRE
& 5 v il IR A A TR PP DA TR 2 T e 4 A
J& ( Methanoculleus sp. ) , = i 56 20 A 6 P4 e b (1)t
T PR A 1 T 3 L ) i R ) ok T T R A TR
RS, KN eI g 4 1 A e AT 3ty TR
FENEERR i\ B ER B ( Methanosarcina acetivorans
strain ) A GERE B & | 1M s iR IR 4 G Mo R 1=
LW EENH KNS EREE & RE B
( Methanosarcina thermophila strain) F1H g )\ S ER A .

W DGGE K F A4 B H B ., &
RAGEBA B 2 5. W KA aEAT =) h
Do 35T E 25 A= A8 Ak, HE R v i A B
Methanobacterium subterraneum 25 7% B¢ J5 2 T W H Al
TR LR, T BE TR Y (H,/CO, F1H iR
) = SET AT H I XA RE R P EUR A

rhl s IR ZH A e F DI 38ty TR R A S A e
TR E , TR g 4 R WSS A kel
TR DA RN R R b ) D3y T T A4 TR e 52 B T
F=HBe N SEREEE , 7T UL, AR A T as g ok
AR TEEFR A S B RAER AR AR RIA R T
TE L TRV, Al 14 e 36 A DR S0 T 1 TP o
WRE LR ot 7= de. T B AL K T S 1) A TV
MIPLFA T TR 2 o e 2 v |, o iRl e 4
T i 1 R TR T DU 3 R R 32 R B IR Y ot/ \ & BR TR
A ERE TR |, A] WL, =R A T 3G e oA F T
CTRE T BE TR H e /\ B BR TR 1E RS FF IR B R B AK
F g o el R ORE VR, R BE A LY B g
x7 AEMBEERPHENNFER
Table 7 Sequencing results of archaea in samples of

different anaerobic fermentation periods

Folr mOEmE s AL/ %
1 Methanosarcina sp. 85
2 Methanocorpusculum aggregans 99
4 Methanobacterium subterraneum sp. 83
7 Methanocorpusculum aggregans 99
9 Methanosarcina acetivorans strain 90
11 Methanosarcina thermophila strain 99
12 Methanosaeta concilii strain 90
13 Methanosarcina sp. 99
14 Methanosarcina sp. 99
15 Methanoculleus sp. 100
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