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Effect of temperature on performance and microbial community of
thermophilic methane fermentation of kitchen waste

YANG Lu, ZHANG Ying, TANG Yueqin®, SUN Zhaoyong, HUANG Yulian & KIDA Kenyji

Architecture and Environment College, Sichuan University, Chengdu 610065, China

[}!ba‘j‘ﬁm The study aimed to investigate the effect of temperature on performance and microbial community of thermophilic
methane fermentation of kitchen waste. Kitchen waste was treated using a completely stirred tank reactor (CSTR) at 53 °C and
60 °C. Microbial community structure during treatment was analyzed using T-RFLP and 16S rRNA clone library methods.
At the temperature of 53 °C and a VTS loading rate of 4 g/L/d, the treatment was stable without accumulation of VFA, with
gas production approximately 900 mL/g-VTS. When the temperature was raised to 60 °C, TOC and VFA accumulated sharply
and the gas production decreased, with changes in both bacterial community and archaeal community. At 53 °C, the acid-
producing fermenting bacteria were dominant. When the temperature was increased to 60 °C, however, the population of
fatty acid-oxidizing, especially acetate-oxidizing bacteria increased significantly. The population of aceticlastic methanogen
Methanosarcina decreased while hydrogenotrophic methangen Methanothermobacter increased at 60 °C. The main pathway of
methane production from acetate at 60 °C was through the acetate oxidization followed by hydrogenotrophic methanogenesis,
which needs syntrophism of acetate-oxidizing bacteria and hydrogenotrophic methangens. The results showed that the
operational temperature of 53 °C is suitable for thermophilic methane fermentation of kitchen waste. Increase of operational
temperature to 60 °C would result in decrease of methane production through aceticlastic methanogenesis pathway, leading to
accumulation of VFAs and deterioration of treatment.

[{{Qymb kitchen waste; thermophlic anaerobic digestion; methanogenic community; T-RFLP; 16S rRNA gene clone library
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Table 1 Characteristics of kitchen waste (N = 3)

Ji% 43 Component 25 H. Result
7K 43 Moisture (W/%) 76.3 +0.14
£ #HL4Y Organic content (w/%, DW) 94.4 +0.66
K43 Ash content (dry weight) (w/%, DW) 5.6+ 0.66
JEBE Total sugar (w/%, DW) 51.4 £ 1.60
#H H i Protein (w/%, DW) 15+ 1.31
Mg Lipid (w/%, DW) 24.0+0.19
C (w/%, DW) 56.5+ 1.31
H (w/%, DW) 7.8 +0.08
N (w/%, DW) 244021
C/NHt C/N ratio 23.3+0.41
PN FR Propionate (p/mg L™) 1.7+0.53
LR Acetate (p/mg L) 1117.6 +27.83

3646.9 +48.90
4764.5 £ 76.70

A& Lactate (p/mg L™)
VFA (p/mg L")

TS (W/%) 24.9+0.50
VTS (/%) 23.7+0.28
SS (w/%) 13.6 £ 0.06
VSS (w/%) 13.4+0.03
S-TOC (p/mg L™ 41429.2 +272.2
NH, (p/mg L") 36.5 + 0.64
SO,” (p/mg L) 295.1 + 6.44

pH 5.37+0.06

VFA: ¥R EAHLER; TS: BEK; VTS &M REK; SS: 27 E i,
VSS: #E R PRI A S-TOC: W E BA HLik.

VFA, volatile fatty acid; TS, total solid; VTS, volatile total solid; SS,
suspended solid; VSS, volatile suspended solid; S-TOC, soluble total organic
carbon.

1.3 REHMKALIE

ST HH5E TR AT RS (CSTR) E R R 400 AL 4k B0 % i
%, BRAEHS L, NIZSE =N iR Pt g, Pk e
¥4 7685 v/min. REE)H ST, K8 LIRS M AL i5 e E 42 AR
P, FEUSCIR B 10 ming5 FIA 3647 DS Ak Ak B0 ke 4 38

205 g WA 705

Baf 2 g L' dY, BR—Fshkl oS, 2
FEAHTH AL W pH, TOC ., VFAFINH, V& JE.

1.4 SH7EE

AR B S B T (W-NK-5, Shinagawa, 7%

0, HAS) . TS, VTS, SSFIVSSE I H A5 /K TR &l 2 1Y
FrifE 7", TOCH] FHTOC/M 14X (TOC-V CSH, BHt, HA)
W2 . A LR Wk B = RO AH €3 (HPLC SCL-10A VP, [
HE) MIZE, 43 B4 Shim-pack SCR-101H. NH, " B I 81 (1
FEAL (1CS-1500, 8%, ) ME, HEH N CG20A. TR
IR ITTZE 3 HTX (Vario EL cube, Elementar, 8 [E ) .
L5 EDREES

1.5.1 DNAREL B O UL HEARITG TR, i H FastDNA™
SPIN Kit for Soil (MP Biomedicals, OH, 3£ ) 2B DNA.
1.5.2 RinPRFIMKE 75494 (T-RFLP) HI5¥Eu27F
(5°-AGAGTTTGATCCTGGCTCAG-3*, 5°# Cy5) Fl11490R
(5-GGTTACCTTGTTACGACTT-3") ¥ Hi 41l 1 16S rRNA
[A. PCR =¥ 4tk J5 FRR il 1 9 V) B Afal E AT AL B, 5 bR
Liz-600 (Beck man, USA) iR &, 28 PE Ak ¥ J5 F 4% /3 BT AL
(CEQ8800, BECKMAN, [ ) #4755 Wi 4347 FHIBM SPSS
Statistics (version 19.0) X ¢ fh FE 47 R 2S04

1.5.3 16S IRNAERFERECENWEMSHT 20519
Eu27Ff11490R, FIATl09F (5’-~ACAGCTCAGTAACACGT-3’)
FIAT915R (5-GTGCTCCCCCGCCAATTCCT-3") 435l 6 4
B AT Y 16S IRNAZE[H. $4lifkJ5 i PCR F=#f1 pMD™
19-THARIEAT 3 422, 0T K FF 1 DHS a/sz S A A A 7 34 32
FEMEEAR, FHEIPIMI3-47FIRV-MX FH M 50 % 33E 4T PCREG IE,
FEVRR 6 1 PN VT i Afal 0 Mspl i 4b FEPCR™= ), AR 4% B ) A
Wi 43 S T B T R AT A2, BRERAC R e e b AT R B . A
FH Mothurf {4 "% 40 5 SCE BEAT 28T, 7 AR AT = 97% K9
Tl E AR — ARG 4325 550 (OTU) . FH GenBank4i #%
& (http://www.ncbi.nlm.nih.gov/blast/) Xf OTU# 47 BLASTIH]
JEERE &, ] MEGAS.0 80, DIABAAH % 2 (Neighbour-
joining analysis) M 2 48 & B, XFOTUBEFT & G db 1k 4%
M.

2.1 BRVIRREIHEHALIE

Ib PR R G IGETT T80 d, A3 B H— BB (131
d) & B iR P i 7E60 °C, FEfff (VTS)2 gL' d'fi4 gL' d
M TBAT; BB B (32-50 d) IR EIEHIAES3 C, 72
2g L' d'F4 g L d' &M FigdT; 5 =ANHrB (51-80 d) ¥R %
FEHIFE60 °C, #Efifr4 g L 04 F FigfT. W LpH, TOC,
VFA | NH, ¥ B Fl ™ 03 B B [ 04722 Ak an 1 1 7R

TEVTSHAT2 g L' d' 4 F T IS shIe i &%, 763 %60 C
B4 FiEfT 1721 d, REEIXK (d 9) FIRF=A %K . pH, TOC,
VFAFINH, V& ¥ FRE . I BepH N 7.8-7.9, TOCHE £
1 300-1 500 mg/L, VFA¥ MK F1 600 mg/L, NH, ¥ FEAIL T
345 mg/L. f=/3 A E 1E900-950 mL/g VTS, 2 Hip = i
80%72 47 (KR4 CHONIT 2 /M 45 SR TS e = < it ) .
VTSHimt 34 g L' dYa, =S EA B T, #£860-890
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Fig. 1 Change of pH, concentrations of TOC, VFA, NH," and gas production during thermophilic anaerobic treatment of kitchen waste.

mL/g VISZ [ak3h, NH, WA K KAk, pHAEREE
7.7-7.8, TOCHK J 3% i 7+ 5 112 900 mg/L, VFAMK B 3% i 44 il
#3 000 mg/L, EZRN IR R Jd 321, KIR 253
°C, VISHififzE2 g L' d'. 1847 2d 40, TOCF 1 000 mg/L
Fodi, BABAAHRA LR G VTSt S E4 gL' d'is
17, TOCHIVFAK A B WA R, 7= R 4516 900-920 mL/g
VTS.

Md 50742, B4k PR E IR B E60 C, VTSHf4ifF7Ed ¢
L' d". iz 47 REOE I, TOCE#iEhn, 1Ed 790 TOCIEE N
8 700 mg/LZ= 4. 4 TOCH & i [l Bf, VFAL Z i LR, i B
B CTRFTN BRI A 3440, AEd 7MW PR R 43 i35 3 Sl 4
230 mg/LA12 860 mg/L. NH, ¢ &ty 2 7 1% /i1 5 867 mg/L. ¥Ed
790}, =S F [ E 187 mL/g VTS.

MEEA BTGB KR, KR FEAES3 CHE, A d 3
BIAL AR e Fa e, tEVTSHfiT R4 g L' d' S FRETaE
1T, X5 5B MBI AR, WiAE60 CHEAT IR A AL
B, ZEVTSTf R4 g L "4 Bl LUGA B Fa e ab 3, A WL
KRR, A H R P AL P NH, R E AL F 900 mg/
L, PAA HLRR I AR A2 i T i i 3 3. b 33 e
HAPIR B R EZEHE. N R BRI NR ARG 2
7R e R A7 B AR, T 2R AR SR SR IR £ R R b e R
Z RN WREE M S3 CTHE 60 CRIRE M 1 = H B i A )

g
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HEVE, R 28 7= P BE i 7= B ot P B S0 PE R B 1 R 2
MRE, CR LS ENRMELE.

2.2 HEFGENRESEN

2.2.1 T-RFLPH#F  FIHT-FRLPIR & 746 —FIE =B 53
CFI60 CR BT T 4l PRV 45 1 1 AR 4. XTd 44 (53 C;
TOC, 1 364 mg/L; VFA, 306 mg/L) . d 48 (53 °C; TOC,
1459 mg/L; VFA, 237 mg/L) F1d 58 (60 °C; TOC, 3 181 mg/
L; VFA, 1 450 mg/L) . d 65 (60 °C; TOC, 4 553 mg/L;
VFA, 2 805 mg/L) . d 71 (60 °C; TOC, 4 933 mg/L; VFA,
3 474 mg/L) WY P45 I A B EVE R AT T R, S5 R
2ffin. d 44, d 48, d 58, d 65F1d 71RE 5 7E B 2rP 24 FRAR I
53-1, 53-2, 60-1, 60-2F160-3. \ERALER AT LIFH, 53-1,
53-2FM60-1AH X T 2230, 60-2F160-3 M B 4353T . 7E53-1, 5321
60-1r1, 53-1H153-2B 23, 60-14b AP0k . X 45 5=,
FEFHE$160 Cha, AR EE R AR, 2353 CRY i 28
HREYE, FESSK G #a THI X FsE.

222 HREESH  Xd 48 (53-2) F1d 65 (60-2) W #eh40
TRy TR PR R AT T SRR SCPR3AT. 5327160231 4F it 1 4
B SCE4) il 4% i B-15 B FIB-25 1, 7 T SCE 4 Bl v 44 8
A-VSEFIA25 . 4B P SCE 43 51 3545 50 2 F49 5547
BT A TP A ST A AR AR 5SS AR UT ).



2 B-1F1B-2RE X ERIGIT T

205 1 BESE 707

Table 2 Statistical analysis of B-1 and B-2 bacterial 16S rRNA gene clone libraries

X T AL OTU%L i
ohersy Number of clone Number of OTU Chao Ace Shannon Simpson Coverage Boneh
B-1 73 16 25.33 41.27 2.30 0.13 0.84 2.56
B-2 73 19 30.25 43.64 2.62 0.08 0.80 3.20
CK29 (GU320663) “HAMLIME F199%, 15 BEFI FH 2 14 o A6
2 o TP TR O B Bk Clostridium sp.PML14 (EF522948) H b
60-2
P 495%. OTU B-1-95 Bacillus sp. clone De247 (HQ183761) P
603 FALE R 99% , 5 F1) I HE & % 7 R f9 T ¥k Defluviitalea
saccharophila (HQ020487) P/ AH LI 24 93%.
53-1 . . s
R3 FEMEEENRIERESE
Table 3 Classification of bacterial and archaeal clones
532 53°C 60 °C
432 Taxon No. of No. of No. of No. of
60-1 OTU clone OTU clone
| | | | | M Bacteria B-1 library B-2 library
0 5 10 15 20 25 30 Firmicutes 11 61 14 47
7RG BR B Squared Euclidean distance Clostridiales 5 5 5 10
Thermoanaerobacterales 2 28 6 27
E2 ETHET-RFLPERIELIN. Bacillales Family XII 1 20 - -
Fig. 2 Cluster analysis of bacterial community based on T-RFLP results. Lactobacillales 3 8 3 10
Synergistetes 1 4 1 4
e N candidate division OP9 1 4 1 18
2 F I Mothurf B- VI B-2P5 41 B SCPE I AT pocteroidotes | X ; p
4ZE R B-15EFOTUN16S, SCJETE %5 %8 84%, Shannon?s Planctomycetes 1 1 = =
HOy2.30. SimpsonfHON0.13. 23 EOTURION, STk Dieyoslons b 2 libran
N o) N . \ N e [£S) rchaca -1 library -z library
A180%, Shannon#g % #2.62, Simpsond§ & 40.08. W40 Methanosarcing I 6 1 5
SPEM Z R 2 AL, B2UEM 2R E. Methanothermobacter 1 22 1 26

MR, WA T TR ST 1 22 PR B BAIG, A0 A
F2OTU. A-TFIA-2H A 14> OTURI 2 1R 78 55 s 7 Y b
i Methanosarcina thermophila "™ B.A599% (RIABRIE, 4351 &
SCIEMI21% M 7% 26 A5 55— A OT UM EUE 37 A i 17 o 7
Methanothermobacter crinale " .45 99% M FLIH: , 43515 3
PRI TO%FN93% A0 A7 L 34 T A ™= P o 8 A v ik DR 4RUTH Ak S
7 75 HR R A ) )20,

XTPIA- TR SCEEMOTUR S, T R4 kK B # (E13) . B-1
FE164-0TUS I 6411, 435N EEETE ] (Firmicutes) |
HF:H ] (Synergistetes) . fIFT 5] ( Bacteroidetes) | 1% %5
1] (Planctomycetes) . W F [ [ ] ( Dictyoglomi) #flcandidate
division OP9. B-25 FE19 1 OTU4 AN T, 43 R ERERE ] |
candidate division OP9, AT A ) I EFR G [ ]. A, JERRE
T ) SE BRI b e o, 2 4 X R S A (323) .

B-15FEh, BEEEITA1I1H0TU, 614 5%k,
MEERER84%. 11 OTUSE T448H, 455k
Clostridiales, Thermoanaerobacterales, Bacillales Family
XIIFLactobacillales. J& T ClostridialesH )5 51N OTU, 4%
e, OTU B-1-257= & P2 BR 1 Clostridium clariflavum

(NR_102987) AHME J998% 2. OTU B-1-6H1B-1-1343 51
clone B35_F B_F08 (EF559074) "Hiclone 140 BEl 16
(FJ825462) AHAUTE SR 99% . 55 /MR Clostridium sp. BS-1
(FI805840) PIAR L1 43 1] 4 88%F190%. OTU B-1-145clone

J& T ThermoanaerobacteralesHAJOTUFH 24~. OTU
B-1-4 (25450, HIERERI1/I41%) , 5 Coprothermo-
bacter proteolyticus (NR_029236) WA I 2 99%.
Coprothermobacter proteolyticuste K& W5 11 o FIBEZE =
LI . HLAICO, ™. Lee 2 4 3 IFF A% ¢ 1% 1 R 401 A Al
PG I 21 2K B B P OTU B-1-11 (3 5EfE 1) S i 1R
FALE S Thermacetogenium sp. clone De217 (HQ183800) 9
FIYE R 99%, 5 Syntrophaceticus schinkii (EU386162) AH Ll
PE}94%. Syntrophaceticus schinkiie=—Fh 1R EALH , fE
WO LR LIRS FAL L H, A1 CO, B

OTU B-1-1 (20172, HIEREEE1133%) J& T Bacillales
Family XIIH, 5 G808 & % Wl 25 7= B2 18 Ak Exiguobacterium
aurantiacum (NR_043478) PUAR{: 5 99%. OTU B-1-3, B-1-5
FIB-1-844 )@ T LactobacillalesH, 4351454, 14~F124 5 [,
519 5 Vagococcus elongatus (NR_041883) | Lactobacillus
sakei (AB601167) | Enterococcus gallinarum (JF915769) A1l
T 99%. | 3 3Bk AR R Bk 34 e R RS W ot A B, 7 A K
RIS RIZ A, LB

HHEEITAIOTU, 4105k, 5 Anaerobaculum mobile

(NR_102954) A BI1H: 4 99%. 12 HA L B bk 8 6 4 I 25 11 IR
FMEE P2 A HLER . H,F1CO,P. candidate division OP9A 14~
OTU, 447, Sclone A35 D28 L B _F07 (EF559204) 224H

http://www.cibj.com/
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100 B-2-5(1)
100 [™"Lclone CFB-3 (AB274492)
B-1-10(1)
Caldicoprobacter algeriensis (GU216701)
B-2-15(2)
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100 'Bacillus sp.clone De247 (HQ183761)
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= 10 Clostridium sp. PML14 (EF522948)
B-1-14(1)
100 LClone CK29 (GU320663)
100 +B-1-2(1)
Clostridium clariflavum (NR102987)
B-1-6(1)
CloneB35_F B _F08 (EF559074)
Clostridium sp. BS-1 (F1805840)
B-1-13(1)
100 'Clone 140_BE1_16 (FJ825462)
100 B-1-1(20)
Exiguobacterium aurantiacum (NR043478)
100 ;B-1-3(5)
Vagococcus sp. SSCS12 (AB211029)
B-1-8(2)
Enterococcus gallinarum (JF915769)

60)

400!

100

100 [B—2—17(1)
Lactobacillus sanfranciscensis (NR0O75038)

100 | B-2-4(8)
62 Weissella cibaria (DQ294961)
471 Lactobacillus sakei (AB601167)
B-2-3(1)
100
§2-B-1-5(1)

M -Symbiobacteriumsp. clone De33 (HQ183803)
—|100 B-2-11(1)
100 !Clone 1-1B-26 (F417917)

Clostridia enrichment culture clone WSC-8 (HM635205)

” B-2-16(1)
41 100 !Clone CFB-9 (AB274498)
Desulfotomaculum alkaliphihim (NR024947)
10 Pelotomaculum propionicicum (NR041000)
100 —B-2-8(2)
P4 Clone 1-1B-30 (JF417921)

Moorella thermoacetica (AY884087)

100 |B-2-14(2)
— Clone 1-1B-14 (JF417905)
Syntrophomonas sapovorans (NR028684)

| 100 yB-2-18(1)
[:lone AS55_D21_L_B_F04 (EF559053)

Thermacetogenium phaeum (NR074723)

~
120 00

44
Syntrophaceticus schinkii (EU386162)
10?00 Thermacetogenium sp. clone De217 (HQ183800)
88 B-2-12(7)

100 B-1-11(3)
Tepidanaerobacter acetatoxydans Rel (EU386163)
44 4]00'—_|B'2'1 o)
100 Clone B55_K_B_C04 (DQ887963)
B-2-9(2)
100 Thermoanaerobacteriaceae clone De3174 (HQ183807)

52' Ammonifex degensii (NR075034)

3 1 [B—1—16(2)

100 "Dictyoglomus thermophilum (L39875)

Aminivibrio pyruvatiphilus (AB623229)
79 Anaerobaculum mobile (NR102954)
B-2-6(4)
99'B-1-7(4)
candidate division OP9 clone OPB72 (AF027086)
B-2-1(18)
10 B-1-15(4)
1001cione A35 D28 L B FO7 (EF559204)
Coprothermobacter proteolyticus (NR029236)
B-2-13(8)
1083 B-1-4(25)
Planctomycetes bacterium R1 (KC867694)
—IOOE‘B-HZ(U
00 'Clone HAW-R60-B-1249d-F (FN436200)

1
Methanothermobacter sp.RY3 (F1418154)

0.05

El3 HE16S rIRNAEFZEMARSZ L EH.
Fig. 3 Phylogenetic tree of bacterial 16S rRNA gene clone.
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IR 99%. MFIE A 14-0TU, 24w, SARRAHEER
[ % B Dictyoglomus thermophilum (139875) FHALEE 1 99%.
T 25 TR 1RUDURT B 1 D7 5 B SCPE v e o Lo ] 8 0, 25 A 14
YL, OTU B-1-125 Planctomycetes bacterium R1 (KC867694)
AHALLBE98% , TZ AL T4 Bk i % & B WE 25 7 A A HLER . H, M
CO,". OTU B-1-105clone CFB-3 ( AB274492) PSAa bl Ky
95%, 5 & Caldicoprobacter algeriensis (GU216701) P4H
oL 2 93%.

ATLAE I, B-15 30 DL R SR A A L 28 9
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