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Acid-tolerant cultivation of methanogen and its biogas
generation characteristics from food wastes
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Abstract Methanogens were cultivated to tolerate acids by gradually increasing the concentration of buty-
rate in an anaerobic digestion system. Subsequently, food wastes were inoculated with the cultured sludge to e-
valuate the characteristics of methane generation by the high-solids fermentation model. The results indicate that
the biogas and methane yields, and final concentrations of VFAs and SCOD in different acid-tolerant cultured
groups were all positively correlated with increasing concentration of sodium butyrate. Methane and biogas yields
in the group dosed with 8 g - L™ sodium butyrate were relatively stable and large, with ultimate values of 229
mL and 830 mL, respectively. Dehydrogenase activity was also relatively large, at 126. 74 TF pg - (mL -
h) ~'. The TS and VS contents of the sludge after cultivation increased 64.13% and 67.31% respectively, com-
pared to the initial sludge, which also increased by 44.05% and 66.07% compared with the cultured control
group. In the methane generation experiments, maximum cumulative methane yield (101.8 mL - (g TS) ™'),
biogas yield (228.0 mL + (g TS) ~'), and methane content (44.7% ) were achieved in the group dosed with 8
g + L' sodium butyrate, representing values of 3.2, 1.3, and 2.4 times those of the control group.
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(975 35, AT DA Rk AR 3R R R AR VFAs, DT
R Z pH 4 Ff 76 38 B8 B, )7 DR A A6
ABDULKARIM 2" F 5 22 W, 7 5 1 v [ 25 R4
P2k B v, B  NaHCO, 2% ol %5 W 7T LA A 20 32
P A L AL 43 B R e T BE IR U . GAO
S5 WS £ B0, VSN 1 000 mg -+ L' NaHCO, 22
W AT DL T 33. 3% 1 DR AEIH AL M RE AN 48. 5%
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77 HIGE T B AR R B IR AR AR 3R 1 W e sl 32 4l
AT . RS %D R Z
R AR pH 1Yy 3 X648 T b S IR B A s AT T
it B O A 355 77, & IR R B AR pH i 37 {8 T 35 %)
4.0, FH 94k J5 i 75 e 4k 3R 5T by %, FE IR pH
(4.5) ARHEBE 25 14 T A fe 58 MRS 1 7™ H Be ik 7 o
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PGSR TS e . H R, W 5 A 0 R 8 2 R AR
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W R R T S
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By EEIR SR T IR, M AP IR th LT IR
PRI, AR AR 9 DA v 7 HE 08 R RE T 1R A T 32 M e, i
M4 T X VEAs 1T 52 B8 77 19 ff B2 S 0, R #
e o] 2 DR ARk T I 7 Y e Ak B o HLAE WAk 85 5 B
B B TRITYIME, &6 R B R R pH
B A, 2 T 0 o 7 Y e ok R . O T A A o R
Fo o R R, R T BRI AT 1t 52 94k o

A 58 X5 77 W Be B R AT A BE T TR 9 Ak B R
AIF 5 X 2 Joif sy 3% v ] 25 DR AR % W 1 7 ot i
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AR 7 H e TR I R 90 Ak 355 % =, AT ol AR Ak 15 %
AR At A B0 0 FROE K

1 #MREFE

SR8 )
2 Aol 7= Y Joe TR Al Ay o M 2 D Ak B T s 3 IR
AR R B e TS e . RIS R AY TS Ml VS
AN R 14.69% 1 7.17%
A 5T by OB A VLR R B s, L TS R VS Ji i
SEAY IR 25.04% F1 23.95% , 43RS U F1 4R 5T
R ) FEME IR 1,
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Table 1 Characteristics of anaerobic sludge
and food wastes

Ei=E 7N A5 e 2 Jof by 3%
A R B (TS) /% 14.69 25.04
5 %2 P [ A (VS) /% 7.17 23.95
VS/TS/% 48.81 95.65
B/ % TS - 52.79
ME/% TS - 3.01
/8 (C/N) - 17.54
Bk &Y/ % TS - 42.23
HMEER/ % TS - 21.91

1.2 LBWERERFE
SEH Ve FH A RCE U 500 mL L 3 LA
P AR, I E T (55 1) CAfE /K 8 b k47 )™
P e B TR R 5 5% S 3, >R L HE K i B UMk . S5
FHESWICHK[12]
®2 TERWWFME
Table 2 Addition of sodium butyrate /(g - L")

LM HOR 2R 4R %6 K 8K
A 0 0 0 0 0
B 4 4 4 4 4
C 4 6 6 6 6
D 4 6 8 8 8
E 4 6 8 10 10

SRR A 200 g 757,20 mL & IR,
SR WLSCRR 13 ], 1.5 g 4 408 A0 42 1) T AR B (3R
2) JFHEEF/KMZE 500 mL, &2 RFMI1.5 g
kL BT U N ER I RER/ Y R R (S -k R/
A ot B AT R R (55 £ 1) C) m [ IR K
Mo M IS TR B BIR A TS FE(E N 10 1, [
TR 0 S T A S5 B 15% , B F 2 80 v -
min ' BIG pH PN 8, K 1 B h AR JE Y pH
£:0.4.6.8 F10 g« L°" [ T B4 EE 35 5 1 7= 1 Joe
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A ek 5 RS0 45 T BE 1 R 180 °C L R AU AR, Hoid
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M 35 C, S AN g P A 210 nm, 3 Bl AR K
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2 HRS5WRR
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Fig. 1 Biogas and methane generation during

acid-tolerant cultivation process of methanogen

FHAA, M A LAME=REEWHK 2 d, 1
A2 AR BT B A R 510 mL, HAth 4]
14 T8 SR R e 7 e L AR R TR AR A S O
Ko T HEREAUS Nt B K, 1 41 TH SR ot 7 o
o I B 4l AR H BE 7 & 4 Bk 700 mL
1173 mL, C 20 (/98 SR H g 7 12 43 3 o 810 mL
1206 mL, 1M D 25 /9 38 R H G 7 o 8 e Ho Bl
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e, o4 900 mL, {HH F B = AT D 41, fUH
196 mL, X ] fig & B o AR R N e 9 T IR X
PR B S A T AR BT T
R
2.2 PR E GBS DRE PR pH, VFAs #0
SCOD KT {5 R

pH B E Y R AR I AR 2 B 1k I T B 4
FRZ—o pH Zx 520 7 HUBE T A W %) 3% P 2 171 5% il
e o WFIE e B, DR AR T ™ WY e M2 ) e
EAH pH YL 6.5 ~8. 2, H ILy [l , ™ H Be ik
AR 2 & B IR, R R AR A R
B T T R A R AR R pHL A fR 1
WNE 2 s . F B 2 0] 1, 6 7 FR e 1 i 7R 0 55 o
i, pH SR 2T R, B A4 W iR pH #P
1E8.0 Aify, W2 d g, MM pH # AR TR, A
HF%E7.0,B.C.D M EHH FREF 6.6 I£4,
DR WIWILG A 2 d, 1A 25 P ] 4 0 o At ke, 32
A HLERE pH VG T e, BlJS , A 41 pH 3
B IR R AE 6.9 247, i H A 4L 54 B F
M Ry MR EAE 5. 89 .6. 09 .6.09 f15.99, H
WAT UL, B .C.D FIE 4% pH 25 A K, H”H
Jo PR T P I A 32 B 8 A A A, 26 I IR UK I e
V3 REIE H #EAT o

FERVERR TR (VFAs) 2 IR K 1A & b A L
YK A R Ak 1 T BE 7= 4, S 7 R e B PR b 1Y
IR, B, VEAs 8515 8 37 M0 IR 480k B 1R &R 14
PR A I R B AR T A R R e
Hi, VEAs ) K B R & & B IR R pH B 5 B AL,
HETT R W 7 B e 3 P2 o 7 T s R T TR B 9 i R
o VFAs AR f g ol an &l 3 o, e 18 3 AT A 7R
Tt R 5 3k R b, AR 4L B9 VFAs #85 E TR #a %, H
A ETHI LR AU VEAs YR h 39. 8
W BEBAL A 2 061.3 mg - L7 i
B.C.D Fl E 41 /%) 4 VFAs % Hy 4 000 mg - L~
Lo e AR 4y ik 3] T 18 267.3 .22 938.0

mg * L_l,
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Fig.2 Changes of pH during acid-tolerant cultivation

process of methanogen
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Changes of VFAs during acid-tolerant

cultivation process of methanogen

COD J& Sz W IR 48 & A 2 v & I VA L BT &%
IR IR AR Y o P o v T R B R R
SCOD 8L L an sl 4 Firon o B 4 R, A 201
Ptk SCOD ¥k iy 5 408 mg - L~", H AL 54 it iR
B Rt AR S L AR e, B [ Oy 2 040 ~ 7 232
mg - L™'. i B.C.D #l E 41494 4k SCOD ¥ Ji N
12 000 mg - L™" 76 47, fiif B8 4% 3 o v A R KR 22 1
T, e 1) SCOD ¥k FZ 4331 2y 30 480,40 880 |
47 360 151 680 mg - L ™', @ ULA W ,B.C.D #1 E
HI I 2 SCOD W FE S T FR &M s hn & & 15 A %,
FeAs B 3 Fn B 4 nl DL & B, SCOD 1 ¥k FE

P4 5™ B e B T R 15 57 i A2 P SCOD i A2 AL 15§ 0
Fig.4 Changes of SCOD during acid-tolerant

cultivation process of methanogen

VFAs (Y LR 5 I AR 5 o X R WY, T R 4 8 Jin
FER PR Z b K W VFAs Mk B gk 25 vy, 2k i £
SCOD it H4 i [a] i A7 AR (19 AL A pH 19 R [
CIE2) 24l o B e T 0 AR, o 1R 3 9 1 4 4
AN B HE — 28 1 i, Xt 2 (i SCOD 1y ¥k
R

2.3 FREEWMBRERIEPHESBEENTN

Il S 2 — S AL W SO AT SR AR i B,
I 1 T AR AR DR 4R 5 I A 2 v 3 0 B I A, T LR
A 2 H A 0 e ) T R R 0 0 ) 1 i
ey =,

7 H J5 IS PR 3% 7R 0k AR T S 1 P A2 A
DLANE S s o f 1B S R AR A I R K IR o
w2 B SR I R L S e R A
VIR 5L R 05 P 73 TF pg - (mLo- h) 7S
Begr 4 d o, B EEE TE R B B OR A, o
154.57 .116.13 [121.32 126.74 #1 110.75 TF ug -
(mlL -« h) "o BJS T IR B, de 26 1 JBE 0 6 0 1 4
A 69.92 .32.36.39.93 44.51 F121.94 TF pg -
(mL -« h) ~' Rl DUR B, A 4R B A G T
o TR, WAl A P, DO Y S S AR
L B AL B S IR, X R, A8 g LT
TR BN R G TS Ve TG R 4 10 g - LT
FREA K % I W 15 e s kA W R MRl . E ok &
BRI R B R Nt B S R A s Ve TR A K I 1L
(VS) 21 LI, Jid % 0 1k W 16 437.33 TF pg -
(mlLo« h) "~ i AR S 0 B U I A, 3k T RS R
R FEE 5 10 2 4 Jot W AR A 35 e TR B R B IS
W JEE i, T A S 580 JUR ) O A B, e R AR, Y
LMl 8 0 P A
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Fig.5 Changes of dehydrogenase activity during

acid-tolerant cultivation process of methanogen

2.4 FRREMEBREFAETE TS.VS KHETEL
7 8 TR T R % 5% i S 95 8 TS VS Y A2 4k 4
x3Pim.
R3 FREEMREFIEGE IS.VS HELER
Table 3 Changes of TS, VS contents of anaerobic sludge

in each batch at beginning and end of acid-tolerant

cultivation process of methanogen /%
TS VS

L1 U . o e .
WRED WEIRIE WA BEIRAET BRE . &R

A 14.69 16.73 13.91 7.17 7.22 0.75
B 14.69 18.52 26.09 7.17 7.61 6.22
C 14.69 19.80 34.81 7.17 8.16 13.89
D 14.69 24.10 64.13 7.17 11.99 67.31
E 14.69 19.53 32.99 7.17 7.57 5.59

H % 3 AT B R Ja 15 Je iy TS VS #8537 /i 4R
B m, A B.C.D Ff1 E 4 TS e T
13.91% 26.09% .34.81% .64.13% F132.99% , VS
SrRRE T 0.75% .6.22% . 13. 89% .67. 31% Al
5.59% o X FRBIRE R G 1075 U8 T I i AR Wi ik R
W BF B BIL  TCAIL A B B g, BRI M Ve A i
Jne WiH B.C.DFIE 4K TS VS & T A 41, TS
SyBIdE A ZHP9 111 1,18 .1.44 F1 1. 17 4%, VS 4> 51
JEA Y 1.05.1.13 1.66F11.05 f#. fitkal W.,D
LR TS F1VS fem B2 8 ¢ - LTI T BREN I IR IR
) 5 6 10 3 PR SR 4
2.5 MEBFRARBAENEFRNREARYNSESRK
AEBETHEER

T R 5% 5 e 040 7 FR ot ¥ U 2 4 I e SR E AT R
[ A5 DR A R I S g, FE BB A b = 3 S e
RSN B 6 R, I 6 AIH A A R

Ay R 204, 4 219.0,228.0 fi1 199. 2 mL - (g
TS) ' F ke A A ol 35.8% 39.5% 44.7%
25.5% , GAO " [F9¢ & B, % I NaHCO, 2 pp
VS WRRT DA AR v R AR R AR R N 92 ok R E T 4
R, HAZ PR A R B, R R AT R
B S NaHCO, 22 s O AR 32 & 1k & i 7 i
BER, B BE p7 ALK 50 mL - (g TS) ~' A
A AR T A SE 00 AT I R B R A A . X
F R B TS R T R BE R IS AT R B IR
[#] 785 DR 46l K T R AT — 7 Y A0 B o

28 g - LTW T BRANEE 3R )5, 15 DR i 7= AN Bl
I, B B R A A T B gk, 43 il
XA 3.2. 1.3 fI2.4 4%, M&10g- LW
TR RN R ZERP E B F2 LT
PE AR AR 1.6.1.2 f1 1.4 f5, X%
W, 28 g« LTV T ERENES 25, 7 7 e T T 1R 2
Fdel R ARG, 2 10 g - LT'HY)
TR G, 7 W b T R ROR A I BRI, IR
AT TRTE WA —E ymdl . X ] 5B 2 B o IRk
FEW T IR Bl K5 5% ml DL v 7 W e T 1Y T R P RE
T ey JB0 2 9 3 ) T IR M 3 R b Y e T 7 A

i R o

260 Y e 48

~ g0 [ CBARR ﬁi'kf‘ﬁfﬁ'_.;* 145
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200 ] » 1130
E 180} .
% l6of x 136 &
4 140F {133 ™
® o120F 130 fj;
F 100} ] =
E s0f % 7] |M[1TF

L osof 7 V) 12

E sf 0 ) 77 12!

0 e iV g gt ) 15

A B C D E

K6 [ S PR A R s A vh BBE AR T e 77
L2 g A Y S AL 2
Fig.6 Cumulative biogas, methane yields and methane content

during high solids digestion process from food wastes
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