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Abstract
This study evaluated the impact of pig manure acidification on anaerobic treatment and composition of the fecal microbial

community. According to the different chemical oxygen demand (COD) in the anaerobic treatment processes, pig manure was diluted
4 times (×4), 16 times (×16), or 64 times (×64) and subjected to acidification. During the acidification process, pH, soluble chemical
oxygen demand (SCOD), volatile fatty acids (VFAs), nitrogen (N), phosphorus (P) and potassium (K) were determined along with
microbial population dynamics. The pH of the three dilutions first declined, and then slowly increased. The total VFAs of ×4 and
×16 dilutions peaked on day 15 and 20, respectively. The content of acetic acid, propanoic acid, butanoic acid and valeric acid of
the × 4 dilution were 23.6, 11.4, 8.8 and 0.6 g/L respectively, and that of the ×16 dilution was 5.6, 2.3, 0.9 and 0.2 g/L respectively.
Only acetic acid was detected in the ×64 dilution, and its level peaked on day 10. The results showed that the liquid pig manure was
more suitable to enter the anaerobic methanogenic bioreactors after two weeks of acidification. During the acidification process, total
P concentration increased during the first ten days, then dropped sharply, and rose again to a relatively high final concentration, while
total N concentration rose initially and then declined. Based on the analysis of denaturing gradient gel electrophoresis (DGGE) and 16S
rRNA gene clone library, we concluded that the acidification process reduced the number of pathogenic bacteria species in pig manure.
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Introduction

All over the world, swine production has increased more
than 3.5-fold during the past 40 years (Song et al., 2010).
The increase of swine herds is associated with a large
increase of swine manure. Swine waste is a significant
source of fecal pollution and can cause serious sani-
tary problems because of high chemical oxygen demand
(COD), high concentrations of suspended solids, nitrogen
and phosphorus compounds and Clostridium perfringens
counts of 40,000 CFU/mL (Mallin et al., 1997). Because
swine waste can lead to watershed pollution due to runoff

from rainfall or leaching into groundwater systems, it is
important to develop an efficient method for storage and
disposal of swine waste.

Biogas fermentation technology has been drawing more
and more attention due to the removal efficiency of high-
strength wastewater. Swine wastewater represents a large
unexploited potential for methane production. Due to the

* Corresponding author. E-mail: acuizj@cau.edu.cn

production of methane, a readily usable energy source,
and relief of burden of environmental pollution, anaerobic
digestion has been widely used for treating swine wastew-
ater (Song et al., 2010). However, few studies have tried
to evaluate the impact of pig manure acidification on the
anaerobic treatment processes. A more systematic analysis
of the acidification process of pig manures would greatly
aid in the development of a method for the valuable use of
pig slurry to produce methane gas.

With regard to microbial population dynamics, and
despite the increasing interest now being paid to the
understanding of pig slurry microbiology, few studies have
tried to evaluate the impact of the acidification process
of pig manure on the composition of the fecal microbial
community. Previous studies have focused on the fate of
pathogenic or fecal indicators by applying cell culture
techniques (Munch et al., 1987). A more thorough anal-
ysis of microbial population dynamics using molecular
methods should further contribute to our understanding
of the metabolic transformations that occur during slurry
acidification (Peu et al., 2006).
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In this study, the impact of the pig manure acidifi-
cation process on the anaerobic treatment process and
the composition of the fecal microbial community were
evaluated. Changes in main nutrients that occurred during
the acidification process were determined. At the same
time, microbial population dynamics were monitored by
denaturing gradient gel electrophoresis (DGGE) analysis
and construction of a 16S rRNA gene clone library.

1 Materials and methods

1.1 Pig manure sampling and preparation

Sampling was carried out on an intensive pig-fattening
farm located in China Agricultural University. Original pig
manure was diluted to 4 times (×4), 16 times (×16), and
64 times (×64) using tap water (Table 1). The diluted pig
manure was stored in 15-L plastic buckets at room tem-
perature for acidification. Samples were collected between
July 4, 2008 and August 3, 2008. Soluble chemical oxygen
demand (SCOD), volatile fatty acids (VFAs), nutrients and
microbial communities were analyzed every five days. The
pH was measured every day.

Table 1 Proportion of pig manure gradient dilution

4-times 16-times 64-times
dilution dilution dilution

Pig manure (kg) 3 0.75 0.19
Tap water (L) 9 11.25 11.81

1.2 Determination of SCOD and pH of pig manure
during the acidification process

Fermented manure (50 mL) was centrifuged at 500
r/min for 1 min, the supernatant was used for determin-
ing SCOD using the water quality monitor (LOVIBOND
99731COD, Germany) on day 0, 5, 10, 15, 20, 25, and
30. pH was measured using a HORIBA Compact pH meter
(Model B-212, Japan).

1.3 Analysis of the volatile fatty acid content of pig
manure

The determination of volatile products was carried out
using a GC-MS. On day 0, 5, 10, 15, 20, 25 and 30, samples
obtained from the acidizing solution were centrifuged at
8000 r/min for 10 min. The resulting supernatants were
filtered through a 0.22 µm pore size filter and analyzed
with a GC-MS (model QP-2010, Shimadzu, Japan) on
line with a capillary column, CP-Chirasil-Dex CB (25 mm
× 0.25 mm). The analytical conditions were as follows:
column temperatures, 60°C (for 1 min) → 100°C (for 1
min), 7°C/min → 195°C (for 2 min), 18°C/min; injector
temperature, 190°C; ion source temperature, 200°C; car-
rier gas: He (60 kPa); rate of flow: 34 mL/min; splitter
ratio: 1/20; voltage of detector: 0.7 kV; sample volume: 1
µL. The resulting peaks were qualitatively analyzed using
the NIST database. Known concentrations of the corre-
sponding compounds were used as standard to confirm

the positions of the peaks and for quantitative analysis
(Guo et al., 2008).

1.4 Determination of nutrients

Total nitrogen (N) concentration was determined using
the Kjeldahl’s method. Total phosphorous (P) was ex-
tracted by digestion in sulphuric acid and H2O2, and its
concentration measured by colorimetric analysis (Zeng et
al., 2007). Total potassium (K) concentration was analyzed
by flame atomic absorption spectrometry (SPECTRAA 55,
Varian, USA) (Wei and Jin, 1997).

1.5 Analyses of microbial community using PCR-
DGGE

DNA extraction was carried out on day 0, 5, 10, 15, 20,
25 and 30. Fermented manure (20 mL) was centrifuged
at 15,000 r/min for 20 min, the supernatant was decanted
carefully to obtain the sediment. An extraction buffer was
used to preserve the sediment at –20°C. Extraction of
DNA was carried out using the benzyl chloride method
(Fukumori et al., 1989; Zhu et al., 1993).

16S rDNA PCR amplification was performed
using GeneAmp PCR System (Model 9700,
Applied Biosystems, USA). The primers used for
DGGE were eubacterial universal primers 357F-GC
(5′-CCTACGGGAGGCAGCAG-3′) with a GC-clamp (5′-
CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCA
CGGGGGG-3′), and 517R (5′-ATTACCGCGGCTGC
TGG-3′) to amplify the V3 region of 16S rRNA gene
(Muyzer et al., 1993). An initial DNA denaturation step
was performed at 95°C for 10 min, followed by 30 cycles
of denaturation at 93°C for 1 min, annealing at 48°C for
1 min, and elongating at 72°C for 1 min 30 sec, followed
by a final elongation step at 72°C for 5 min. The products
were examined by electrophoresis on 2% agarose gel
(Wang et al., 2006).

Denaturing gradient gel electrophoresis (DGGE) analy-
sis of PCR products was performed with the DCodeTM
system (Bio-Rad Laboratories, Hercules, CA, USA) as
described by Muyzer et al. (1993) and Haruta et al. (2002).
Samples were applied to 1 mm thick, 6%–12% (W/V)
polyacrylamide gradient gels in a 0.5× TAE electrophore-
sis buffer (20 mmol/L Tris-HCl pH 8.3, 10 mmol/L acetic
acid, 0.5 mmol/L EDTA), with a 35%–50% denaturant
gradient (where 100% is defined as 7 mol/L urea with
40% formamide). Electrophoresis was performed at a
constant voltage of 200 V and a temperature of 61°C for
5 hr. After electrophoresis, the gels were stained with
SYBRs Green I (Molecular Probes, Eugene, USA) and
photographed, as described previously (Pedro et al., 2001).
The bands on DGGE gel were observed under UV 302
nm using the Alpha Imager 2200 Imaging System (Alpha
Innotech, USA). The DNA was recovered, and, using
the primers 357F (5′-CCTACGGGAGGCAGCAG-3′) and
517R (5′-ATTACCGCGGCTGCTGG-3′) (Haruta et al.,
2004), re-amplified using the same program described
above. The amplified fragments were purified using the
high purity PCR product purification kit (Tiangen Biotech
Co., Ltd., China) and sequenced using the ABI 3730XL
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DNA Sequencer (Perkin Elmer, USA) at SunBiotech
Developing Center. Sequence similarity searches were
performed in the GenBank data library using the BLAST
Program.

1.6 Cloning and sequence analysis of 16S rRNA gene in
plasmid inserts

The samples taken on day 0 and day 30 (×16) were
further analyzed. The total DNA extracted prior to PCR-
DGGE analysis was used to amplify the 16S rRNA gene
with primer pairs 27F and 907R. The PCR reaction began
at 95°C for 10 min, followed by 25 cycles of denat-
uration at 93°C for 1.5 min, annealiation at 50°C for
1 min, and elongation at 72°C for 1.5 min, followed
by a final elongation step at 72°C for 5 min. The PCR
products were then ligated into pGEM-T Easy Vector
(Promega, USA) according to manufacturer’s instruction
after purification using the TIANgel Midi Purification Kit
(Tiangen, China). A total of 148 white colonies were
randomly picked and screened by DGGE profile as de-
scribed above. Clones that produced a single band with
different melting positions were selected for sequence
analysis. The insert DNA fragments were sequenced
using the primers T7 (5′-AATACGACTCACTATAGGG-
3′), 515F (5′-GTGCCAGC(A/C)GCCGCGG-3′) and
Sp6 (5′-ATTTAGGTGACACTATAG-3′) (Randazzo et al.,
2002).

1.7 Phylogenetic analysis

Sequence similarity searches were performed in the
GenBank (http://www.ncbi.nlm.nih.gov/BLAST/) using
the blast database. The tree was constructed using
CLUSTAL X software program and MEGA 4.0 software,
referring neighbor-joining method (Gao et al., 2007).

2 Results and discussion

2.1 Changes in pH during the acidification process of
pig manure

Figure 1 shows that the pH of the ×4 manure dilution
declined rapidly from an initial value of 6.8 to 5.6 on day
11. The pH increased thereafter, reaching a value of 6.1
on day 21 and remained relatively stable at 5.9 on day 24.
The pH of the ×16 manure dilution sharply decreased to
6.3 on day 8, continued to gradually decrease to 6.1 up
until day 20 and then rose to 7.0 thereafter. The pH of the
×64 manure dilution slowly declined from 7.1 to 6.8 during
the first 4 days, remained relatively stable during the next
10 days, and then began to increase. The variations in pH
observed are typical of the acidification period. Numerous
VFAs are produced at the beginning of the acidification
period, thus causing the pH to decrease, and thereafter,
with the consumption of VFAs, the pH begins to increase.
Based on the above data, the acidification process of the
× 4 manure dilution was the slowest, and it was still
incomplete after 30 days. The acidification process of the
× 64 manure dilution was the fastest, with its pH beginning
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Fig. 1 Changes in pH during the acidification process of pig manures.

to increase on day 15.

2.2 Analyses of changes in volatile products during the
acidification process

Results of quantitative analysis of the main volatile
products are shown in Fig. 2. Four volatile products were
detected in the liquid pig slurry. Among these, acetic
acid, propanoic acid, butanoic acid and valeric acid were
the more abundant compounds detected. The results of
quantitative analysis of the volatile products confirmed that
the decrease in pH value of the liquid pig manure was due
to the production of VFAs.

The total levels of the volatile products of the ×4 manure
dilution increased rapidly, and peaked on day 15. On day
15, the products concentration was as follow: acetic acid,
23.6 g/L; propanoic acid, 11.4 g/L; butanoic acid, 8.8
g/L; valeric acid, 0.6 g/L. The levels of these compounds
decreased after day 15.

The total levels of VFAs of the ×16 manure dilution
were at the highest on day 20. The concentration were
as follow: acetic acid, 5.6 g/L; propanoic acid, 2.3 g/L;
butanoic acid, 0.9 g/L and valeric acid, 0.2 g/L.

Only acetic acid was detected in the ×64 manure di-
lution. Its level peaked on day 10, and the concentration
was 1.3 g/L. Both the type and the concentration of VFA
decreased in pig manure at ×64 dilution.

The liquid pig manure produced organic compounds
of low molecular weight via the acidification process.
All these compounds represent good materials for bio-
gas industry. Propanoic acid, butanoic acid and valeric
acid can be degraded to acetic acid and hydrogen by
hydrogen-producing acetogenic bacteria during the acetic
acid production stage of anaerobic treatment processes.
Furthermore, methanogens can utilize acetic acid and
hydrogen to produce methane (Ren and Wang, 2004).
Therefore, in wastewater treatment systems, the more
organic acids the liquid pig manure contains, the more
methane is produced by methanogens. This indicates that
the pig manure dilutions of ×4, ×16 and ×64 should be
used as substrates for anaerobic methanogenic bioreactors
on day 15, 20 and 10, respectively.
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Fig. 2 Quantitative analysis of major volatile fatty acids by GC-MS.
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Fig. 3 Concentrations of total SCOD.

2.3 Changes in SCOD during the acidification process
of pig manure

Figure 3 shows that SCOD increases substantially at
the beginning. On day 10, the SCOD of the ×4 and ×16
manure dilutions peaked at 47,350 and 9395 mg/L, respec-
tively. The SCOD of the ×64 manure dilution peaked at
2777.5 mg/L on day 5.

During the acidification process, the increase of SCOD
is due to the accumulation of small molecule organic
acids. Generally speaking, SCOD can be expressed by
the contents of VFA (Chen et al., 2008). Therefore,
swine wastewater is more suitable to enter anaerobic
methanogenic bioreactors when the SCOD is at its max-
imum.

Based on the SCOD data presented above, the liquid
pig manure should be treated by anaerobic wastewater
treatment system after two weeks of acidification. This
correlates with the analytical results abotained for the
VFAs.

2.4 Changes of nutrient contents during the acidifica-
tion process

In order to analyze the dynamic change of nutrient com-
position in pig manure during the acidification process, the
concentrations of N, P and K in swine wastewater were
determined.

As Fig. 4a shown, total nitrogen concentrations of the
×16 and ×64 manure dilutions reached the maximum value
on day 25 (710 and 180 mg/L respectively), while that
of the ×4 manure dilution reached the maximum value
on day 20 (3200 mg/L). The dynamic changes of total
phosphorus concentrations are shown in Fig. 4b. Total P
concentration increased rapidly during the first ten days,
then dropped sharply, and rose again to reach a relatively
high final concentration. On day 10, total P concentrations
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Fig. 4 Concentrations of total nitrogen (a), total phosphorus (b) and total
potassium (c) in pig manure.

of swine wastewater of three different dilutions ranged
from 2344 to 3136 mg/L (×4), from 280 to 800 mg/L
(×16) and from 66 to 280 mg/L (×64). This might be the
result of a “concentration effect” (Liu et al., 2008), and the
reduction of total P concentrations thereafter, might be due
to the fact that a lot of phosphorus was being consumed by
microorganisms.

Nitrogen plays a major role in the growth of
methanogens. Nitrogen-containing organic compounds
generates amino acids after the mineralization and
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hydrolyzation process. The amino acids are then absorbed
by methanogens (Zhu et al., 2009). Therefore, the amount
of nitrogen is directly proportional to the growth of
methanogens. If 5% of removed COD was used to generate
new cells, the demands for N and P would be 6 and 0.86
kg/1000 kg COD, respectively. The demand for P was
about one-seventh of the demand for N during methanogen
multiplication (Li, 1996). On the basis of the data of total
N concentration, the nitrogen levels of all samples in this
study were sufficient for the growth of methanogens. A
similar conclusion for P can be made.

The analysis showed that total N and total P concen-
trations of pig manure were significantly affected by the
acidification process. At an earlier stage of acidification, N
concentration and P concentration significantly increased.
However, the acidification process produced no significant
effect on total potassium concentrations (Fig. 4c) com-
pared to the N and P concentrations.

2.5 Analysis of the microbial community

2.5.1 DGGE analysis of the dynamics of pig manure
microbial community

The diversity and bacterial dynamic shifts of pig
manure during the acidification process were studied
by PCR-DGGE (Fig. 5). A total of 33 bands (Bands
1–33) were retrieved from the DGGE gel and several
ribotypes were found. The strains identified by genetic
relationship represented by the identified DGGE bands
were Prevotellaceae bacterium (Band 5, 99%) (the val-
ue indicats similarity between the sequence of the band
and the closely related reference sequence); Bacteroides

sp. (Band 6, 96%); Aquaspirillum sp. (Band 8, 98%);
Botryosphaeria dothidea (Band 9, 97%); Uncultured bac-
terium (Band 10, 96%); Uncultured bacterium (Band
11, 98%); Acinetobacter lwoffii (Band 12, 98%); Acine-
tobacter lwoffii (Band 13, 99%); Uncultured bacterium
(Band 14, 96%); Uncultured bacterium (Band 15, 97%);
Uncultured bacterium (Band 16, 98%); Botryosphaeria
dothidea (Band 17, 96%); Alcaligenes sp. (Band 18, 98%);
Uncultured Pseudomonas (Band 19, 95%); Comamonas
sp. (Band 20, 96%); Uncultured bacterium (Band 22,
95%); Uncultured bacterium (Band 23, 99%); Uncultured
bacterium (Band 24, 98%); Uncultured bacterium (Band
26, 89%); Uncultured Hydrogenophaga (Band 27, 96%);
and Botryosphaeria dothidea (Band 28, 95%).

The diversity of the bacteria was greatest on day 0.
As time progressed, the dominant bacteria in pig manure
of different concentrations were distinct. The diversity of
the ×4 manure dilution was the lowest, and the dominant
bands were 9, 12 and 13, identified as belonging to B.
dothidea (Band 9) and A. lwoffii (Bands 12 and 13). New
strong bands (20, 16 and 22) appeared at day 10. They
remained constant for the rest of the monitoring period
and were identified as Comamonas sp. and two uncultured
bacteria. According to the previous report, B. dothidea is
well recognized as a serious pathogen of various woody
plants (Smith et al., 1996), and A. lwoffıi has the ability to
induce gastritis (Rathinavelu et al., 2003). Therefore, after
the acidification, the species of pathogenic bacteria are
not reduced, probably because the low pH is the optimum
growth pH for B. dothidea and A. lwoffii.

The dominant bands of the ×16 manure dilution were
Bands 17, 18, 20, 14, 16, and 24, which were related to
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Fig. 5 DGGE profiles of bacterial dynamic shifts during the acidification process. The long arrows represent the direction of the denaturants (35%–
50%) and the polyacrylamide (6%–12%) gradients. The bands that migrated to a similar position in the gel were presumed to have similar sequences.
Lane 1 is the sample on day 0; lane 2, 5, 8, 11, 14 and 17 are the samples of pig manure diluted 4 times (on day 5, 10, 15, 20, 25 and 30 respectively);
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B. dothidea, Alcaligenes sp., Comamonas sp., and three
uncultured bacteria. A new weak Band 5, closely related
to Prevotellaceae bacterium, appeared at day 15, and was
not detectable at day 20. Bacteroides sp. (Band 6) was
only detected as a very strong band from day 15 onwards.
Alcaligenes sp. can cause pneumonia (Pereira et al., 2007),
and Bacteroides fragilis are both key commensals and
important human pathogens (Sears, 2001). Therefore, the
species of pathogenic bacteria of the ×16 dilution would
be reduced after twenty days of acidification.

In the ×64 manure dilution, the dominant microbial
groups were Aquaspirillum sp. (Band 8), five uncultured
bacteria (Band 10, 11, 15, 16 and 24), and uncultured
Hydrogenophaga (Band 27), and they could be commonly

detected in all DGGE lanes of the ×64 dilution. However,
other dominant bands (Band 6, 17, 20, 24 and 27) became
weaker and weaker, disappeared during the course of the
following days, and corresponded to Bacteroides, B. doth-
idea, Comamonas, uncultured bacterium and uncultured
Hydrogenophaga, respectively. Two new strong bands
suddenly appeared at day 15. They disappeared thereafter
and were identified as uncultured Pseudomonas (Band
19) and B. dothidea (Band 28). Therefore, the species of
pathogenic bacteria of the ×64 manure dilution would be
reduced after about three weeks of acidification.

After the acidification process, the species of pathogenic
bacteria would be reduced in the ×16 and ×64 manure dilu-
tions. This is in agreement with previous reports showing

 ● Clone C1

 Uncultured bacterium clone EAC_2_aaa01h09 16S ribosomal RNA gene (EU774760)_99.3%

 ● Clone C2

 Uncultured bacterium clone p-2053-s959-5 16S ribosomal RNA gene (AF371800)_98.5%

  ● Clone C3

 Uncultured bacterium clone 1103200826925 16S ribosomal RNA gene (EU842642)_99.0%

 ● Clone C4

 Uncultured rumen bacterium clone AF1 16S ribosomal RNA gene (DQ394663)_95.3%

 ● Clone C5

 Uncultured bacterium clone FL_1aaa04d06 16S ribosomal RNA gene (EU472142)_99.8%

 ● Clone C6

 Uncultured bacterium clone p-3263-42A2 16S ribosomal RNA gene (AF371681)_96.9%

 ● Clone C7

 Swine manure bacterium 37-5 16S ribosomal RNA gene, partial sequence (AY167967)_97.3%

 ● Clone C8

 Uncultured bacterium clone FF_d07_1 16S ribosomal RNA gene (EU469707)_98.7%

 ● Clone C9

 Selenomonas sp. WG 16S ribosomal RNA gene (EF139191)_99.0%

 ● Clone C10

 Selenomonas sp. enrichment culture clone yan03 16S ribosomal RNA (FJ386554)_97.9%

 ● Clone C11

 Bacillus sp. CWBI B1434 16S ribosomal RNA gene (EU128488)_98.9%

 ● Clone C12

 Uncultured bacterium clone C102 16S ribosomal RNA gene (AY985230)_99.4%

 ● Clone C13

 Uncultured bacterium clone E129 16S rRNA gene (AM500807)_99.6%
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 Ochrobactrum sp. 15 16S ribosomal RNA gene (EF537010)_99.5%
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 Corynebacterium xerosis 16S ribosomal RNA gene (AF145257)_99.6%
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 Bacterium SM2-6 16S ribosomal RNA gene (AY773134)_98.8%

 Bacillus cereus strain B78 16S ribosomal RNA gene (EU240373)_89.2%
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 Paenibacillus polymyxa strain YC-9 16S ribosomal RNA gene (EU240961)_78.3%
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 Klebsiella pneumoniae strain Y-A47 16S ribosomal RNA gene (EU240974)_91.4%

 ● Clone C25

 Hydrogenophaga sp. BAC120 16S ribosomal RNA gene (EU130959)_91.4%
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 ● Clone D1

 Comamonas sp. PG6-1 gene for 16S rRNA (AB277849)_97.8%

 ● Clone D2

 Bacterium SM2-6 16S ribosomal RNA gene (AY773134)_99.2%

 ● Clone D3

 Alcaligenes sp. BBTR16 16S ribosomal RNA gene (EF471233)_98.7%

 ● Clone D4

 Uncultured bacterium clone:SS_26 16S rRNA gene (AB473892)_90.4%

 ● Clone D5

 Bacillus acidicola strain 105-2 16S ribosomal RNA gene (AF547209)_92.5%

 ● Clone D6

 Uncultured bacterium clone D46 16S rRNA gene (AM500735)_99.4%

 ● Clone D7

 Uncultured bacterium clone 053H03_B_DI_P58 16S rRNA gene (CR933248)_99.4%

 ● Clone D8

 Uncultured bacterium clone CLONG30 16S ribosomal RNA gene (DQ478737)_98.8%

 ● Clone D9

 Uncultured Lachnospiraceae bacterium clone OTU15 16S rRNA gene (AM268131)_99.2%

 ● Clone D10

 Uncultured rumen bacterium clone L3A_E08 16S ribosomal RNA gene (EU381461)_94.5%

 ● Clone D11

 Uncultured Clostridium sp. clone 16IIISN 16S ribosomal RNA gene (EU887804)_94.7%

 ● Clone D12

 Uncultured bacterium clone 24 16S ribosomal RNA gene (FJ534970)_97.5%

 Bilophila wadsworthia strain 754 16S rRNA gene (AJ867048)_71.6%

 ● Clone D13

 ● Clone D14

 ● Clone D15

 ● Clone D16

 Hydrogenophaga sp. BAC120 16S ribosomal RNA gene (EU130959)_91.9%

 Bacterium BAC205 16S ribosomal RNA gene (EU180562)_77.3%

 Bacillus cereus strain TS1 16S ribosomal RNA gene (FJ377886)_90.0%

 ● Clone D17

 Lactobacillus sp. S1 16S ribosomal RNA gene (DQ480421)_77.7%

 Fusobacterium necrogenes strain ATCC 25556 16S rRNA gene (AJ867034)_76.8%

 ● Clone D18

 ● Clone D19

 ● Clone D2078
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● Clones in the library

Fig. 6 continued

Fig. 6 Phylogenetic trees showing the relationship between representative clones in sample C (initial fecal sample) and sample D (acidified fecal
sample) and reference organisms. Reference sequences derived from the GenBank database are shown with their accession number in parentheses, and
the similarity values between the clones and the closely related reference sequences are also shown after the underline ( ). The trees were constructed
by the neighbor-joining method. Bootstrap values were based on 1000 replications shown at branch points and both of bars represent 20% sequence
divergence.

that the number of pathogenic bacteria decreases rapidly
and exponentially with time during pig slurry storage,
but only in the low dose of pig slurry (Munch et al.,
1987; Monroy et al., 2009). Although acidification has
been shown to reduce the number of human pathogenic
microorganisms in pig slurry, little is known about the
mechanisms involved and factors that affect the intensity
of this effect.

The DGGE profile obtained for pig slurry samples
indicated that the diversity of ×4 manure dilution was
the lowest, while higher diversity was observed in the
×16 and ×64 dilutions. This is probably because the low
pH was not the optimum growing environment for the
majority of bacteria. The dominant microbial communities

in pig manures at three different concentrations were quite
distinct from each other. This may be due to the significant
difference of pH or nutrients. Further work is needed to
investigate this cause.

2.5.2 Analysis of 16S rRNA gene clone library and
phylogenesis

Because DGGE analysis showed that the diversity of
the ×16 manure dilution is the highest after acidification,
the acidifying fecal sample was further analyzed at day
30. The composition diversity of microorganisms and
bacteria dynamic shifts before and after acidification were
investigated by construction of a 16S rRNA gene clone
library. A phylogenetic tree based on complete 16S rRNA
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gene sequences of clones is shown in Fig. 6. To select
unique clones prior to sequence analysis, colony-PCR
was applied to 96 clones, and the resulting amplification
products were screened by DGGE analysis. The clones
with different melting positions were selected for sequence
analysis. Twenty five different clones were identified in
initial fecal samples, while 20 different clones were iden-
tified in acidifying fecal samples, thus showing that the
species diversity is reduced after acidification. This result
correlates with the results obtained from the DGGE profile.

The closest relative species corresponding to clones
that disappeared after acidification were Acidovorax sp.
(clone C17), Ochrobactrum sp. (clone C14), Swine manure
bacterium (clone C7), Klebsiella pneumoniae (clone C24),
Selenomonas sp. (clone C9), Corynebacterium xerosis
(clone C15).

K. pneumoniae is a major cause of nosocomial in-
fections and may also cause widespread outbreaks, par-
ticularly when multi-resistant (Legakis et al., 1995). C.
xerosis is a rare cause of endocarditis, mainly affecting
immunocompromised patients and those with predispos-
ing cardiovascular lesions (Pessanha et al., 2003). And
Selenomonas can cause serious human diseases including
bacteraemia (Pomeroy et al., 1987).

Another pathogenic bacterium, which could still be
detected after acidification, was closely related to Bacillus
cereus. B. cereus has at least one gene or component
involved in human diarrhoeal disease, while emetic toxin
was related to only one B. cereus strain (Rosenquist et al.,
2005).

Taken together, our clone results clearly demonstrate
that the species diversity of pathogenic bacteria is greatly
reduced after acidification. This also correlates to the
results obtained by DGGE profile.

3 Conclusions

Based on the experimental results, several conclusions
could be made. (1) The SCOD and VFAs of pig manure
increased sharply during the two weeks of acidification.
Therefore, the pig manure after two weeks of acidification
was more suitable to be treated by anaerobic wastewater
treatment systems. (2) The acidification process had a
significant impact on total nitrogen and total phosphorus
concentrations of pig manure, while it had no significant
effect on total potassium concentration. The concentrations
of total N and total P in liquid pig manure increased at the
very beginning, and then dropped, but the N and P levels of
all samples in this study were sufficient for the growth of
methanogens. (3) Based on the analysis of DGGE and 16S
rRNA gene clone library, after the acidification process, the
species of pathogenic bacteria were reduced in the ×16 and
×64 dilutions. Therefore, the acidified fecal material has a
reduced pollutant effect on the environment and contains
fewer human pathogens.
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