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Abstract: Antibiotic resistance genes (ARGs) existing in livestock and poultry manure have the risk to
spread and proliferate. This might endanger people’s health. The common treatment of livestock and poultry
manure is anaerobic digestion. But the change of ARGs during anaerobic digestion require further study,
and the effect of digestate fertilization to the antibiotic resistance of cropland soil is still unclear. This study
investigated the pig manure, biogas liquid, biogas residue, and cropland soils fertilized with and without
digestate. The results showed that, the relative abundance of ARGs in biogas residue was much higher than
other samples. The average relative abundance was 1.46x107! copy ratio (copy of ARG/copy of 16S rRNA
gene), and the total relative abundance was 3.07 copy ratio. There were 21 ARGs detected in the 5 samples.
11 of them were shared by the 5 samples. The main ARGs were aminoglycoside, chloramphenicol,
sulfonamide, tetracycline, and multidrug. Aminoglycoside had the highest relative abundance, and the total
relative abundance in all samples was 1.18 copy ratio. Anaerobic digestion increased the total relative
abundance of ARGs in pig manure from 1.14x10"" to 1.70x10"' copy ratio. Fertilization of digestate

increased the total relative abundance of AGRs in soil from 3.27x107! to 7.29%10! copy ratio.

1 Introduction

Due to the heavy and widely use of antibiotics in the
process of livestock and poultry breeding, livestock
manure has become an important enrichment reservoir
and source of transmission for ARGs and antibiotic
resistance bacteria (ARB) [1]. The content of organic
matter in livestock manure is high. Microorganisms are
easy to breed and reproduce, and at the same time, heavy
metals and antibiotics may remain, which will greatly
promote the formation and spread of ARGs [2]. Studies
have detected chloramphenicol, sulfonamides,
erythromycin, and tetracycline ARGs occurring in
livestock and poultry manure [3, 4]. There are also
articles that detected the occurrence of ARGs in soil
samples directly applied with livestock and poultry
manure, which also confirmed the presence of resistant
bacteria in vegetables, which greatly increases our
exposure to ARGs risk [5]. Therefore, if improperly
handled, ARGs and ARB in livestock and poultry
manure will spread to the environment. In the process of
spreading, drug-resistant pathogens and even super
bacteria may be formed, harming human health [6, 7].
Anaerobic digestion is a common treatment method
for livestock and poultry manure. It has the advantages
of low energy consumption, high reactor load, the ability
to generate methane as an energy substance, and
digestate as a soil amendment [8]. Experiments show
that the anaerobic digestion process can remove ARGs
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and ARB in organic solid waste, and the temperature and
solid retention time are the key factors affecting removal
efficiency [9, 10]. By adding FeCl,, not only the
production of methane can be increased, but also the
removal rate of AGRs can be improved [11]. However,
some studies have shown that ARGs did not decrease
during anaerobic digestion, and some ARGs even
increased significantly [12, 13]. For example, in the
anaerobic digestion process of pig manure, the addition
of magnetite increased the methane production, but the
tetracycline ARG will be enriched in the digestate [14].
On the other hand, the use of livestock and poultry
manure treatment products as farmland fertilizers may
also increase the antibiotic resistance of soil, although
the relative abundance of ARGs in the idle period
declined. The ARGs in farmland soils applied with
digestate throughout the year will remain stable [15]. At
present, most research focus on a few ARGs, while a
more detailed and in-depth analysis and comparison of
ARGs can be conducted through metagenomics.
Especially in the actual treatment process of livestock
and poultry manure, whether ARGs contained in
livestock manure can be effectively removed during the
anaerobic digestion process, and whether the digestate
should be used in the process of farmland utilization is
still opaque. The spread of drug-resistant pollution still
requires further investigation and analysis.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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China is a big country in livestock and poultry
breeding. According to estimation, in 2015, China’s
livestock and poultry manure (including urine) reached
6.554 billion tons, of which pig manure was 3.561
billion tons, accounting for 54% of livestock and poultry
manure. In this study, pig manure was researched to
investigate the occurrence and change of ARGs in pig
manure during anaerobic digestion and farmland
utilization. By comparing the difference of ARGs in soil
with anaerobic digestion liquid and conventional
fertilizer, the potential risks of anaerobic digestion in the
farmland application was evaluated, and scientific basis
for the treatment and disposal of livestock manure will
be provided.

2 METHODS AND MATERIALS

2.1 Sample collection method

Taking the anaerobic digestion of pig manure as the
research object, the digestion reactor treat 775 m® of pig
manure and urine every day. The size of the reactor:
diameter x height = 13.5 m x 10 m. The operating
temperature of the digestion tank is 35 °C. Anaerobic
biogas liquid and the biogas residue after fermentation is
used to irrigate the wheat fields. The amount of biogas
liquid produced per day is about 615 m?, and the amount
of biogas residue is about 10 t. The pig manure and
anaerobic digestion biogas liquid and residue were
collected separately. The biogas liquid and biogas
residue were obtained by sedimentation and separation
for detection and analysis. At the same time, the wheat
field soil with and without application anaerobic
digestate were collected for analysis. Pig manure and
anaerobic digestate gathered 500 mL sample at 3 times
of a day seperatively, then mixed as the test sample. The

soil samples were mixed with 200 g soil around and in
the middle of the farmland. Liquid samples were stored
in polyethylene bottles, and soil samples were stored in
sealed bags. All the samples were sent to the laboratory
immediately. The samples wused for testing
microorganisms were stored in -80 °C refrigerator, and
the samples used for testing other indicators were stored
in 4 °C refrigerator.

Table 1. The corresponding of samples and nomenclature

Sample name Sample type
Pin Pig manure
Pup Biogas liquid
Pdown Biogas residue
Psn Soil without digestate from pig
manure
Psf Soil with digestate from pig manure

2.2 Analysis of conventional indicators

The pH, conductivity, ammonia nitrogen (NH4-N), total
nitrogen (TN), total phosphorus (TP), TS (total solids),
SCOD (soluble chemical organic demand), TCOD (total
chemical organic demand) of the pig manure, biogas
liquid, and biogas residue were analyzed. The pH was
tested with a Mettler F2 pH meter, and the conductivity
was tested with a Raymagnet DDS-307A conductivity
meter. Other indicators were processed in accordance
with the national standard method, and the absorbance
was tested with an ultraviolet-visible spectrophotometer
(Hach, DR6000). The pH, TN, TP, organic matter
content, total salt content and conductivity in the soil
were commissioned to the college platform.

Table 2. Basic characteristics of liquid samples

Samples TCOD SCOD pH Conductivity(ms/cm)  NHa™- TP
(mg/L) (mg/L) N (mg/L)
(mg/L)
Pin 6000 2000 7.09 6.22 276 320
Pup 5400 2600 7.29 5.59 309 330
Pdown 96800 2000 7.47 10.25 926 320
Table 3. Basic characteristics of soil samples
Samples pH Soil Salinity Organic TP TN Moisture
potassium  (g/kg) matter (g/kg) (g/kg) (%)
(g/kg) (g/kg)
Psn 6.96 0.27 0.97 18.90 0.69 1.58 6.65
Psf 6.92 0.33 3.88 13.70 0.80 1.61 6.01
preparation, then wused Qubit 2.0 fluorescence
2.3 DNA extraction and sequencing spec'tr(?photometer. (Ll.f ¢ Te.ChnOIOgleS.’ Germany) for
preliminary quantification, diluted the library to 2 ng/ul,
All  samples were commissioned to Novogene and used Agilent 2100 Bioanalyzer (Agilent

Technology Co., Ltd. (Tianjin, China) for DNA Technologies, USA) to detect the inserted fragments of

extraction. The sample DNA was extracted by CTAB
method, and then analyzed by agarose gel
electrophoresis (AGE) for DNA purity and integrity. The
qualified DNA samples performed gene library

the library. After the library was qualified, the different
libraries were sequenced according to the effective
concentration and the target off-machine data volume.
All DNA samples were sequenced on the Illumina
MiSeq platform (PE250 strategy) of Novogene using
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150 bp paired-end sequencing. Sequencing a sample will
obtain about 6 G data. The sequencing data was
evaluated, and unqualified original sequences were
eliminated, and then subsequent analysis was performed.

2.4 Metagenomic sequencing and analysis

Based on the metagenomics method of second-
generation high-throughput sequencing, the SARG 2.2
database (Structured ARG reference database 2.2) was
used to annotate the ARGs sequence. First, the potential
ARGs sequence was pre-screened from the short
sequence of metagenomic data by the UBLAST tool, and
then uploaded the potential ARGs sequences to the
ARGs standardized online analysis platform (ARGs-
OAP) for analysis and comparison. Then, used BLASTX
to annotate and classify the pre-screened potential ARG
sequences, set the ending e value to 107 and the
sequence similarity to 80%. The sequence length
exceeds 38 amino acids. The relative abundance of ARG
types/subtypes was expressed by the ratio of ARG copy
number to 16S rRNA gene copy number.

Using excel 2013, origin 2018 software, and
Majorbio cloud platform to organize, analyze and graph
the data.

3 RESULTS AND DISCUSSION

3.1 Comparison of the relative abundance of
total ARGs in different samples

As shown in Figure 1, a total of 21 ARGs were detected
in all samples, 11 of which were present in all samples.
At the same time, 12 ARGs coexisted in pig manure feed
and biogas liquid and residue, and 15 ARGs were found
both in soil samples with and without application of
anaerobic digestate.

As shown in Figure 2, the distribution range of ARGs
in the samples was relatively wide. Among the 5 samples,
the total relative abundance of ARGs in anaerobic
digestion biogas residue was the highest, with an average
relative abundance of 1.46x10"' copy ratio. The
distribution range was 2.60x10#-1.02 copy ratio. The
relative abundance range of ARGs in pig manure was
6.54x107-5.86x10" copy ratio, and the average relative
abundance was 5.44x10° copy ratio. The relative
abundance of ARGs in anaerobic digestion liquid was in
the range of 1.11x10%-1.05x10"! copy ratio, and the
average relative abundance of ARGs was 8.08x107 copy
ratio. The relative abundance of ARGs in biogas liquid
was slightly higher than that in pig manure. And there
were fewer ARGs types in the biogas liquid. An article
pointed out that in the anaerobic digestion process, some
ARGs may not be degraded, and there is even an
enrichment process. So the relative abundance of ARGs
in the biogas liquid may be higher than the ARGs in the
pig manure [16]. In addition, the occurrence of ARGs
was also detected in the soil samples. In the soil samples
without anaerobic digestate, the relative abundance
range of ARGs was 3.26x10%-1.47x10"! copy ratio, with
an average relative abundance of 1.56x10 copy ratio.

But when the soil apply with anaerobic digestate, a total
of 20 ARGs were detected, and their relative abundance
distribution range was 2.23x10*-1.22x10"! copy ratio,
and the average relative abundance increased to 3.47x10
2 copy ratio, indicating that the application of digestate
can increase the types and relative abundance of ARGs
in the soil [17].
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Figure 2. The distribution of total relative abundance of ARGs
in different samples

As shown in Figure 3, among all the samples, the
relative abundance of aminoglycoside ARG was the
highest. The average relative abundance in the 5 samples
was as high as 2.35x10"! copy ratio, and the relative
abundance in biogas residue was as high as 1.02 copy
ratio. An article pointed out that the anaerobic digestion
process cannot effectively remove the aminoglycoside
ARGs, and the aminoglycoside ARGs may have
collateral effects with other ARGs under selective
pressure [18]. In addition, due to the higher microbial
density in the anaerobic digestion residue is beneficial to
the spread of ARGs, so aminoglycoside ARGs may be
enriched in biogas residue [19]. Other ARGs with high
relative abundance were: chloramphenicol, with an
average relative abundance of 9.08x1072 copy ratio,
macrolide-lincosamide-streptogramin (MLS) 7.16 x1072
copy ratio, multi-drug resistance 1.01x10"" copy ratio,
sulfonamide 1.10x10"! copy ratio, tetracycline 1.24x107!
copy ratio, and vancomycin 5.11x102 copy ratio. The
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above types of ARGs are also commonly detected in
livestock and poultry manure and their treatment
products, so there may be higher occurrences of these
ARGs in pig manure, anaerobic digestion products and
soils with digestate [7].

Copy of ARG/Copy of 16S rRNA gene

107

Figure 3. The distribution of relative abundance of different
ARGs

3.2 Change of relative abundance of ARGs in
different samples

It can be seen from Figure 4 that 15 kinds of ARGs were
detected in pig manure feed. The relatively abundance of
ARGs: aminoglycoside 1.12x102 copy ratio, bacitracin
4.49x1073 copy ratio, MLS 5.86 x10 copy ratio, multi-
drug resistant type 6.43x10 copy ratio, sulfonamide
4.53x107 copy ratio, tetracycline 7.14x10 copy ratio,
and vancomycin 1.42x103 copy ratio. Comparing the
relative abundance of ARGs in pig manure and biogas
liquid, the relative abundance of most ARGs increased
after anaerobic digestion, and the copy ratio of
aminoglycoside increased from 1.12x102 to 1.91x1072,
The copy ratio of sulfonamide increased from 4.53x1073
to 1.01x102, the copy ratio of MLS increased from
5.86x107% to 1.05x10"!, and the copy ratio of tetracycline
increased from 7.14x10° to 1.41x10 copy ratio.
However, the relative abundance of some ARGs slightly
decreased. For example, the copy ratio of bacitracin
decreased from 4.49x103 to 3.89x103, and the copy
ratio of multi-drug resistance decreased from 6.43x1073
to 5.81 x107 copy ratio, vancomycin decreased from
1.42x1073 to 5.08x10* copy ratio. However, the relative
abundance of overall ARGs increased from 1.14x10"! (in
pig manure) to 1.70x10"" (in biogas liquid). An article
pointed out that the anaerobic digestion process has a
limited effect on elimination of most ARGs. At the same
time, it may have a certain enrichment effect on some
ARGs, resulting in the increase of relative abundance of
ARGs in biogas liquid [19].

The occurrence content of ARGs in biogas residue
was very high. The relative abundance of total ARGs
reached 3.07 copy ratio, which was nearly 30 times
higher than that in the pig manure and nearly 20 times
higher than that in the biogas liquid. ARGs with high
relative abundance include: aminoglycoside with a
relative abundance of 1.02 copy ratio, which was nearly

100 times higher than that in the pig manure and biogas
liquid. The copy ratio of chloramphenicol was 3.80x10"!,
which was 1000 times higher than that in the pig manure,
and it was nearly 100 times higher than that in biogas
liquid. The copy ratio of sulfonamide was 4.27x107,
which was nearly 100 times higher than that in pig
manure and 40 times higher than that in biogas liquid.
The relative abundance of other ARGs was also nearly
10-1000 times higher than that in pig manure and biogas
liquid. It was speculated that most of the microorganisms
were deposited in the biogas residue, including the
microorganisms carrying ARGs. Thus increased the
relative abundance of ARGs in the biogas residue. In
addition, the density of microorganisms in the biogas
residue was very high, and the microbial gene transfer
was more frequent, so ARGs were easier to accumulate
in the biogas residue.

I Vancomycin
Bl Unclassified

(5]
wn

- Trimethoprim
I Tetracycline
Tetracenomycin_C|
B Sulfonamide
B Spectinomycin
I Rifamycin
I Quinolone
B Puromycin
- Polymyxin
I Multidrug
MLS
B Kasugamycin
B Fusidic-Acid
B Fusaric-Acid
B Fosmidomycin
I Fosfomycin
Il Chioramphenicol
0.54 I Carbomycin
Bleomycin
B 5-lactam
B Bacitracin
Psf B Aminoglycoside

heg
=
|

N
W
!

00 Pin Pup Psn Psf

g
=)
N

—
W
1

Copy of ARG/Copy of 16S rRNA gene
s

Pin Pup Pdown Psn
Sample type

Figure 4. Distribution of ARGs in pig manure, digestate, and
soil
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Figure 5. Composition of ARGs in biogas residue

The occurrence of 15 kinds of ARGs were detected
in soil samples without anaerobic digestate. The total
relative abundance of ARGs was 3.27x10°! copy ratio, of
which the highest relative abundance was vancomycin,
1.47x10! copy ratio. Other major ARGs were rifamycin
3.01x10% copy ratio, multi-drug resistance 8.14x1072
copy ratios, bacitracin 1.72x102 copy ratio,
fosmidomycin 1.10x102 copy ratio, and tetracycline
1.18x10% copy ratio. After the application of anaerobic
digestate, the relative abundance and types of ARGs had
been greatly changed. 20 ARGs were detected in soil
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samples applied with anaerobic digestate. Carbamycin,
fosfomycin, fusidic acid, kasugamycin, and trimethoprim
ARGs were new compared to the soil without digestate
fertilization. Fosfomycin and trimethoprim were exist in
the pig manure and anaerobic digestate, so it is presumed
that they were brought into the soil from anaerobic
digestate of pig manure. The others may be caused by
collateral effects of other ARGs and metals or selective
pressure. The total relative abundance of ARGs in the
soil with digestate fertilization had increased to 7.29%10"
2 copy ratio. Among them, aminoglycoside increased
from  4.01x10° to  1.22x10"  copy ratios.
Aminoglycoside was the ARG with the highest relative
abundance in soil samples, biogas liquid and biogas
residue. This confirmed the hypothesis that digestate
have an effect on soil resistance. In addition, the relative
abundance of chloramphenicol increased from 2.21x1073
to 6.67x107 copy ratio, multi-drug resistance increased
from 8.14x10° 2 to 1.16x10! copy ratio, sulfonamide
increased from 1.19x107 to 1.08x10"! copy ratio,
tetracycline increased from 1.18x10 to 1.01x10"! copy
ratio. Most ARGs increased 3-90 times than that in the
soil without digestate application. However, the relative
abundance of some ARGs decreased, the copy ratio of
vancomycin decreased from 1.47x10! to 1.04x10"!, the
copy ratio of quinolone decreased from 2.57x107 to
6.70x10*, the copy ratio of tetracenomycin C was
decreased from 4.22x103 to 2.85x1073. The relative
abundance of these 3 ARGs in pig manure and digestate

were lower than that in soil without digestate application.

Thus the soil applying with anaerobic digestate may also
dilute the ARGs originally present in the soil [20, 21].
Studies have pointed out that if the soil fertilizing with
amendments that are composted from livestock manure,
garden waste and kitchen waste, the resistance of
microorganisms will accumulate. So the application of
soil amendments come from disposition of livestock
manure may increase the antibiotic resistance in the soil
[22]. The relative abundance of ARGs in the soil was far
less than that in biogas residue, which might because the
drug resistance will gradually decrease with the time
lapse and hydraulic scouring [21]. However, the problem
of ARGs should also be considered when applying
anaerobic digestate, especially biogas residue to
cropland. And the biogas residue may require further
treatment to reduce the occurrence of ARGs.

4 CONCLUSIONS

(1) Through sampling and testing, a total of 21 ARGs
were detected in pig manure, biogas liquid, biogas
residue, and soil samples. 11 of them were shared by all
samples, and the most abundant ARG were
aminoglycoside. The total relative abundance of
aminoglycoside in 5 samples reached 1.18 copy ratio.

(2) The relative abundance of ARGs in biogas
residue was much higher than that in other samples. The
average relative abundance reached 1.46x10"! copy ratio,
and the total relative abundance was 3.07 copy ratio. The
relative abundance of ARGs was 10-1000 times higher
than that in pig manure and biogas liquid. The main

types of ARGs were aminoglycoside, chloramphenicol,
sulfonamide, tetracycline, and multi-drug resistance.

(3) Anaerobic digestion increased the relative
abundance of some ARGs. The relative abundance of
total ARGs increased from 1.14x10! to 1.70x10"' copy
ratio after anaerobic digestion; the application of
anaerobic digestate increased some ARGs in the soil.
The relative abundance of total ARGs increased from
3.27x107! to 7.29x10! copy ratio.
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