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The Effect of Feedstocks on Microbial Communities in Anaerobic Digesters
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Abstract Food waste, vegetable residue, and wheat stalk were anaerobically digested for biogas production, and the digestate were analyzed
by PCR-DGGE to identify anaerobic micro—organism strains and compare the differences in microorganism communities among three feed -
stocks. Three hydraulic retention times HRT of 30 d, 20 d and 50 d for all digesters were used at the same temperature of 35+1 “C. The diges—
tion parameters and microbial communities were analyzed in the experiments under optimal conditions. The daily biogas yields were 756 mL +
¢'VS™, 696 mL-g'VS™ and 433 mL-g'VS™ for kitchen waste, vegetable residue, and wheat straw, respectively. The methane contents in the
biogas ranged between 51.5%~55.1%. The microbial communities and the variations of bacteria and archaea in three digesters were investi—
gated by PCR-DGGE techniques. The Shannon-Wiener index of bacteria and archaea were 3.14+0.17 and 2.11£0.45, respectively. The
Simpson index of bacteria and archaea were 0.94+0.02 and 0.83+0.09, respectively. Although the bacteria species of Bacteroidetes and the
archaea species of Methanosaeta and Methanospirillum were found to be dominant in the digesters, the quantity and community strains were
different for three feedstocks investigated. The findings could provide useful information for the future studies.
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Table 1 Characteristics of food waste, vegetable waste, wheat straw
Takara 1.5U 50 pLs
P 29,31 3724 16.02 Touch Down PCR 2 5 16SrDNA V3
% 231 215 051 PCR Nested PCR o 50 pL
N 12.69:1 17.32:1 90.24:1 PCR 100
1% 4.01 37.10 75.70 PCR
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TS.VS e 20 wLPCR 200 ng 10 wL5xLoading buffer
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2
Table 2 Primers of bacteria and archaea for PCR operations
53
341F-GC CCTACGGGAGGCAGCAG [10]
534R ATTACCGCGGCTGCTGG 35 °C 1 min 25 [11]
ARCH46F YTAAGCCATGCRAGT [12]
ARCHI017R GGCCATGCACCWCCTCT 5276 15 min 23 [13]
PARCH344F-GC HGCAGCAGGCGCGA g s [14]
UNIV 522R GWATTACCGCGGCKGCTG [15]
GC—-clamp 40 bp 5-CGCLCGCLGCGCGLEGGLGGGLGGGGEGGGGGCACGGGGGG-37,
60°C 20V 10 min VS
130V 6 ho Gel-Red 30 min 1.89 L-L7'-d" 7564 mL-g™
Bio—Rad USA o 0.73 L-L"-d"
30 N
pL TE 4°C o VFA °
DNA GC—clamp 22 DGGE
PCR . PCR Gel doc 2000
o o Quantity One
1.6 DGGE
Quantity One  DGGE o
2.2.1
Shannon—-Wiener DGGE N
Simpson 1 o
o GenBank 1 1
MEGA4 o L7181 DGGE
1A 3 40
2 Simpson 0.90 4
2.1 .3 11
3 2.50, N 22 N
3.25¢VS-L*'-d? 130 gVS-L7'-d” 3 18 N
3 3 35<C °
pH pH
6.8~7.5 1 865.21
mg- L™ (el 1 500 mg- L™ Shannon—-Wiener 3.28
4 3.11 3.04
VS o
3
Table 3 Operational parameters of various anaerobic digesters
/d /gVS-1'-d*  pH /L-L7'-dt VS /mL-g'VS™ /% VFA/mg-L" /mg- L™
110 2.50 7.22 1.89 756.41 53.03 1051.82 1420.42
140 3.25 7.37 1.31 433.52 51.65 963.15 1 865.21
115 1.30 742 0.73 696.54 55.31 1 898.66 798.63
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Figure 1 DGGE pictures of bacteria and archaea
4 N 100% 4 Wang H. ™ 35%C

Table 4 Diversity index of bacteria and archaea in

various digesters

Shannon-Weiner H 328 176 3.04 238 3.11 2.19

Simpson D 09 076 093 089 094 0.85
5 3
7.11.13 7 Bacteroidetes
99% 13 Spirochaetes
98%
2.4.5.6 2 Bacteroides

100% 5
Prevotella 100%
1.3.8.10 8
Streptococcus 100% 10
Bacteroidetes 100%
12.15.16 15 Egrave D R
120}
100% 9.14 9

Bacteroidetes 96% .
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Table 5 Sequencing result of bacteria DGGE preponderance bands in various digesters
1 Uncultured WWEI bacterium 100 CU921669.1
2 Bacteroides graminisolvens gene 100 AB547643.1
3 Uncultured bacterium clone UC-11 100 FJ228426.1
4 Uncultured bacterium isolate DGGE gel band b5 100 GU584032.1
5 Bacteroides suis gene 100 AB542771.1
6 Uncultured bactertum gene 99 AB425282.1
7 Uncultured Bacteroidetes bacterium clone 1946 1 99 EF188796.1
8 Streptococcus macedonicus strain ChF-I1-str93 100 HM462406.1
9 Uncultured Bacteroidetes bacterium clone FO7CT_ControlDayl5 96 (GQ243099.1
10 Uncultured Bacteroidetes bacterium 100 CU918786.1
11 Uncultured bacterium clone 67¢ 99 FJ462097.1
12 Uncultured bacterium partial 100 CT573933.1
13 Uncultured Spirochaetes bacterium 98 CU922012.1
14 Uncultured bacterium partial 98 CT574045.1
15 Uncultured bacterium gene 100 AB494300.1
16 Uncultured bacterium clone GNO1-8.177 87 DQ154877.1
N AB.1.J A
Methanosaeta 100% B
Methanosarcinales 99%
A Klocke M#! LBR
N N J
Methanospirillum 98% Trzcins—
[21] k] A P[24]
99%
C.D.G.H
DGGE G Methanoculleus 99%
o E.F
222 Grabowski A &
DGGE 1B 3
4~10 100% .
40% 3 D E
8 6 - 100%
N 2] Shannon— o
Wiener Simpson Methanoculleus
2.38 26l
0.89 2.19  0.85 G.H
1
6 2 N N 3
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Figure 2 Phylogenetic tree based on the sequences of bacteria in various digesters
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Table 6 Sequencing result of archaea DGGE preponderance bands in various digesters

1%
A Uncultured Methanosaeta sp. clone DI_G06 100 AY454766.1
B Uncultured Methanosarcinales archaeon 99 FN646492.1
C Uncultured archaeon clone arch6 99 GQ369771.1
D Archaeon enrichment culture clone C4-54C-A 99 GU196192.1
E Uncultured archaeon clone SB-BN31 100 EF639575.1
F Uncultured methanogenic archaeon gene 100 AB491299.1
G Uncultured Methanoculleus sp. clone C65 99 GU475175.1
H Uncultured archaeon clone F5T20L533 99 DQ262575.1
I Archaeon enrichment culture clone C4-46C—-A 99 GU196185.1
J Uncultured Methanospirillum sp. clone ARK2_26 98 GQ995121.1
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Figure 3 Phylogenetic tree based on the sequences of archeae in various digesters
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