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Estimation for bacterial safety of methane fermentation liquid from
swine excrement slurry.

Ryoichi SoNopa”, Isao AkaGI?, Yoki Asano®, Akihiro YAMAMOTO”, Yuichi SAEKIV

" Division of Biotechnology and Biochemistry, Department of Biochemistry and Applied Biosciences,
Faculty of Agriculture, University of Miyazaki
? Department of Regional Agricultural Systems, Faculty of Agriculture, University of Miyazaki

Summary : Recently, the domestic animal excrement causes serious water pollution and the problem of bad
smell because of the inappropriate managements. The methane fermentation that is one of the methods of
processing the animal excrement is expected as technology of a biomass recycling system, and the fermenta-
tion liquid is expected as liquid fertilizer. It is important to secure the safety for agricultural products when
using it as liquid fertilizer. Therefore, in this study, we performed the evaluation about the microbiological
safety of the fermentation liquid. The swine excrement slurry and the fermentation liquid processed by the
biogas plant at University of Miyazaki were used as the samples. We researched about coliform bacteria, de-
tection by PCR with specific primer sets for pathogenic bacteria, Biolog indices based on utilization of carbon
sources and detection of protozoa by the nested-PCR specific for Cryptosporidium. The coliform bacteria was
not observed in fermentation liquid but observed in the excrement slurry by the coliform selective medium.
In the PCR for food pathogenic bacteria, though E. coli was detected in the excrement slurry, pathogenic bac-
teria were not detected in any samples. Furthermore, the existence of pathogenic bacteria was not detected in
the fermentation liquid by Biolog indices. In addition, Cryptosporidium was not confirmed in the fermentation
liquid. These results indicate that fermentation liquid will be safe in terms of pathogenic bacteria for use as
liquid fertilizer.

Key words : Anaerobic bacterium, Gram negative bacterium, Gram positive bacterium, Liquid fertilizer,
Methane fermentation liquid.
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00,000, 0000009%00000000
0ooooooooooooooooooo
Biologh 0 O O (BIOLOG, CA, USA) OO OO
ooooooooooooo. og, ooooo
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000o0O0. DNAODOOOISOIL (oooog
0)Oooo, DOoooOo0ooooO. oooog
popuLO0005¢g O IDODOOODODOOL5mL
ooooooogoooo, 570u«L0O Lysis Solu-
tion HEO 30 #L.O Lysis Solution 20SO O O ,
0000000, Bead Beater (DISRUPTOR
GENIE, Scientific Industries) O OO O, 300
0000, 650000000000 000O0.
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oooo, s00o0oo0ooooooooo, O
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Oood (12,000x g, OO, 1500)0000. O
0480000 0O, 480 «L0O Precipitation Solu—
tionD0 0O DODODODODOOODOO, ODOOO
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Taqg buffer 2.0¢L, dNTP mix(2.5 mM) 2.0 «L,
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0000 5pLOPCROODOOODOO, OODNA
OO02ng/00000000O0OOOO, PCRO
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opoooogd, 9s003000, 55003000,
7200300000003 O000000DO0O,
700000000000000000. PCRO
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@5mM)20ul, O10xMOODODOO0LuL, Ex
Tag DNA polymerase (5 U/uL) 0.1 L, OO
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PCROOOOODOO, O0ODDOOOO. PCROO
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oooo, do0o0ooooono, 9400450
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O0000O. O0000PCROOO Secondary-PCR
OO0ODNAOOOOO. Secondary-PCRO OO
0 PCROODOO, O000O0OOPrimary-PCRO
odoooooood. pCROOO, TAE buffer
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0000000000000000000000
00000, 0000000000000000
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II. EFEHFRERBAT S/ —Z2AVE

PCRICK BREMEY DR
00000, Clostridium perfringens [0

Clostridium botulinum, Escherichia coli O
00o00oU0oo0ooUooO0ooUoooooooo
(Table HOOOOOOOOOOOOOOOOO
ooooooooooobooooooooooo

Fig. 1. The culture that used coliform bacteria selection nutrient medium.The Figure shows the nu-
trient medium after 24 hours. The left side shows culture of the swine excrement slurry, and
the right side shows culture of the fermentation liquid.

Table 1. List of food pathogens and the amplification sizes of the primers sets

No. oooo oo ooooo
) Staphylococcus spp. oooooo 414 bp
Clostridium perfringens gooooo 257 bp
5 Vibrio parahaemolyticus group ooooooo @oo) 368 bp
Clostridium perfringens oooooo 230 bp
3 Campylobactor jejuni goooooood 107 bp
4 Vibrio cholerae gooo@oono) 494 bp
Clostridium botulinum AB(F) group 0000000 ABF)O 390 bp
s Listeria monocytogenes group ooooobo 411 bp
Bacillus cereus group gooooo @oooooo) 152 bp
p Salmonella spp. oooooo @ooo) 422 bp
Bacillus cereus group gooooo 143 bp
7 E. coli/Shigella group ooo/oon 413 bp
. Bacterial universal oooo 510 bp
Fungal universal oooo 380 bp
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Table 2. List of diarrheal pathogens and the amplification sizes of the primer sets

No. oooo oo ooooo
1 Invasive E. coli/Shigella 000/00o0oooo 127 bp
5 Enterotoxigenic E. coli Opoooooogg (ETEC 297 bp

Enterohemorrhagic E. coli Jooooooggd (EHEC) 376 bp
3 Invasive E. coli/Shigella ooo/ooooooog 137 bp
Enterohemorrhagic E. coli 000000o0og (EHEC) 272 bp
4 Vibrio parahaemolyticus group oooooo 368 bp
Enterotoxigenic E. coli 0o0ooooog (ETEC) 171 bp
5 Vibrio cholerae oooo @ooo) 494 bp
p Yersinia group gooooooo 316 bp
Campylobacter jejuni goooooood 107 bp
7 Invasive E. coli/Shigella 0oo/00ooooo 117 bp
. Salmonella spp. gooooo @ooo) 422 bp
Enteroaggregative E. coli goooooooo 173 bp
the swine excrement slurry the fermentationliqud

AM1234567812345678

(bp)

500

Fig. 2. The result of PCR amplification for detection of food pathogens and diarrheal pathogens.

A : Detection of food pathogens, M : Size marker (100 bp ladder), 1 : Staphylococcus spp./
Clostridium perfringens , 2 : Vibrio parahaemolyticus group/Clostridium perfringens, 3 :
Campylobactor jejuni, 4 : Vibrio cholera/Clostridium botulinum AB(F) group, 5 : Listeria
monocytogenes group/Bacillus cereus group, 6 : Salmonella spp./Bacillus cereus group, 7 :
E. coli/Shigella group, 8 : Bacterial universal/Fungal universal.

B : Detection of diarrheal pathogens, M : Size marker (100 bp ladder), 1 :Invasive E. coli/
Shigella, 2 : Enterotoxigenic E. coli/Enterohemorrhagic E. coli, 3 : Invasive E. coli/Shigella/
Enterohemorrhagic E. coli, 4 : Vibrio parahaemolyticus group/Enterotoxigenic E. coli, 5 :
Vibrio cholerae, 6 : Yersinia group/Campylobacter jejuni, 7 : Invasive E.coli / Shigella, 8 :

Salmonella spp./Enteroaggregative E. coli

OO0 (Table 2 OOOO. OO, OOODODO
gooobooboboobog, gooboobo
ooooboobobooboobooboobo
opCROOOOCOOODO. OO, OOODOO
gooooopCRODOOODODOOOODOOO
0 (Fig.2A). OJO0O00OO0OOOO0OODOOOOOOO
oo, oboooboboobooboobobo

goboobooboooboooboobooboon
goooobooooooobgoob. oo, ooo
goboobooobooobooboobooboon
gooooo, boobooboobobooo
0o0oooooooooooooo. pCROO
gooobo, ooooboobooboboooo
gooobooboooboo, gpoobooo
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oooobooboboooboob, obboo,
gboooboobobooboobooobobo
oOoooooOg (Fig.2B). Oooooogd, O
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ooooog.
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oooobooboboooboobg, bobo
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000000391+ 2200000000 (Fig. 3).
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ooo0ooObs9.4+ 300 000000000000
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O000000BiologddOOODOOOOOOOOOO
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Heooeoe
the swine excrementslurry

gooooodoououooooboooooon
0000. oooooooooooooooooo
Vibrio parahaemolyticus, Salmonella bongori,
E. coli,00000000, Listeria monocytogenes,
Staphylococcus aureus, Bacillus cereus,
0000000 Campylobactor, C. botulinum,
C. perfringenst) , OO0 O0O0O0O0O0O0O0O0OOOO
00o0oooooooooooooo. oogg
00ooooooooooooooooooog
0ooooooooo, Dooooooooog
jdddoooopo+ssSboooooo, ooOod
00do0ooooooooooooooooooo
0089.8+ 240 (Fig.3)00O0000OO0DOO,
BiologDOOOOOOOOOoOoO, 0000000
000000O0o0o0Oo. 0000000 Biolog
oooooood, oooooos. bongori, V.
parahaemolyticusO 0 0000000090000
gooooooono (Fig.3). 0o, 0o0oog,
E. colil139.0+ 0.00, S. bongorid41.5+ 1.600 ,
V. parahaemolyticust 50.0+ 0.00 000000
0o0pDoooDpDoooo (Fig. 3). DOoooO
O0BioclogDODODODODODODODODODOO
oooooooooooooooo, L
monocytogenes 53.5+ 9.90 , S. aureus 65.5
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the fermentation ligquid

T O0OMMo O @ >
T OMMO O @ >

Vibrio parahaemolyticus

Salmonella boneori

1 234/58|78 9101112

T O TMmMmOO @ >

Escherichiacoli

Fig. 3. The utilization patterns of Biolog plate for the Gram-negative bacterium in the slurry and

the fermentation liquid.

The left side of the upper section shows the utilization pattern of the excrement slurry, and
the right side of upper section shows the utilization pattern of the fermentation liquid. The
lower section quoted utilization patterns of Vibrio parahaemolyticus and Salmonella
bongori and Escherichea coli from the Biolog database.
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Fig. 4. The utilization patterns of Biolog plate for the Gram-positive bacterium in the slurry and the
fermentation liquid.
The left side of the upper section shows the utilization pattern of the excrement slurry, and
the right side of upper section shows the utilization pattern of the fermentation liquid. The
lower section quoted utilization pattern of Listeria monocytogenes and Staphylococcus
aureus and Bacillus cereus from the Biolog database.

12 3 4365 88101112 1 2 3% 45675 82517017112 1 2 3% 43565 8 vIiDi112
A s AN 8 - s = A

» B# w0 ee 9B . 96w i
e oW e e C8 ¥ e @ s eE 538 G rRu &R
D » Do 2 ok RO sDhssmenes s &9
E- P Ee = o Ee & g - w e
F - = Fh o % » y = o » Fas @ s n B
P AR DERO AR RE R E SRS =
H. a - 59 " ]_r .A..-_.H PITRLE Fe

the fermentation liquid(@  the fermentation liquid @ the fermentation liquid @

I 3 4 5 & 7 8 900 00 I 2 3 4 5 6 7 8 % 10 11 18

= 0O mm O 0 @ »
= o0 MmO o o ¥

Cunpylobacter tmnpyvlobacter rectus
curvus gracills

P2 3 4 5 % 7 8 30 T2 3 4 5 & 7 8§ 9% W0 g

= o mm O 3w ¥
e mom O O o >

loseridium borulinum Clostridium perfiringens

Fig. 5. The utilization pattern of Biolog plate for the Anaerobic bacterium in the fermentation liquid.
The upper section shows the utilization patterns of the fermentation liquid. The middle section
quoted the utilization pattern of Campylobactor, and the lower section quoted utilization pattern
of Clostridium botulinum and Clostridium perfringens from the Biolog database.
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+ 340, B. cereusd] 67.3+ 5.20 000, O0O0O
00000000 oong, L. monocytogenest
59+ 1.60, S. aureusl 85+ 3.30, B. cereus
082+ 1300, OODOOOUOOODOOOOO
O (Fig. 4). 00O, 0O0oOoOooooooooodg
oodooooooooooooo, oogo Cam-
pylobacter curvus [ 129+ 850 , Campylo-
bacter rectusd 14.5+ 6.60 , C. botulinumd 21.4
+ 240 , C. perfringens 225+ 5300000
(Fig. 5).
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O, BiologDODODOOODOOOOOO, OOO
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Ooooooooooooooooooo. oo
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O00doooooooO, Doooogoooog
00, O00O0dooooog, BiologdOOO
Oo00o0ooooooooooooooooog
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PCROOOODODOOE coiDODOOOO. O
OO0, 00000O0o0oouooooooooog
000, BiologDOOOOOOOooooooOO
goooooooooooobooo, oooood
OoD000oDO00oooooooooooo. 0o
O, BiologDOODODOOOOPCROOOODOO
O0000000E coi00ODOO0DOOOO
oogd, pPCROODODOOODOODODOOOOO
V. parahaemolyticusd S. bongoril 0 00 0O 0O
o, tdobobooooodooooooood
ooooo.

IV. Nested-PCRICK 27 UT MRRU T A
DR
goooooooooo, ooooooooao,
gooooooooooobD, ouooooood
godooooooooooooooo . oog,
dooodoooooooooooooooon
oo, dooooooooooooo. oo
O, Nested-PCROOODODDODOOOOOOO
Cryptosporidium 0 000 O000000ODO.
Nested-PCRO 0O O, CryptosporidiumO O 0O
dooopooooooon (Fig.6). oDoodoo

kbp | M 1 2
43 ' -

2.3 -
2.0 .

0.53 ummm—

0.56|

Fig. 6. The result of nested-PCR amplification for
detection of Cryptosporidium.
Lane M shows AHind III marker. Lane number
1 shows the excrement slurry, and lane number
2 shows the fermentation liquid, respectively.

JdooopoooopPCROODOOOOOOOO
0825bpd 00 (Xiao et al. 1999), DO O OO
dooooooopPCROODODOOOOOO
gbp0 000 O0O0DOOODOOODODOOO
CryptosporidiumO0 00000000 0O00O00O0O
O00. 000o0ooooogo, Cryptosporidium
JooooooopPCROOODODOOODODODO.

V. £&0
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OO0, OD000000004 V. parahaemolyticus,
S. bongori, E. coli, OOOOOOODOO, L.
monocytogenes, S. aureus, B. cereus, 00O
000 00 Campylobactor, C. botulinum, C.
perfringcens0 00000000000 O0ODO0O
gooooooooooooboboooog. ™
ooo, oooooooo, boooooooo
0Joooooooooooooog. 0ooo
Nested-PCRO OO OOOODOOOOOOOO
0000, 000000000 Cryptosporidium
OO00O0ooOoopPCRODOOOODOOODOO
O, 0000000000000 . Coté et al
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