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Abstract : This study evaluated microbial risk that could develop within soil microbial communities after
amended with organic fertilizers from stabilized swine manure waste. For this purpose, we assessed the
occurrences and competitiveness of antibiotic resistance and pathogenicity in soil microbial communities that
were amended with swine manure wastes stabilized by a ftraditional lagoon fermentation process and an
autothermal thermophilic aerobic digestion process, respectively. According to laboratory cultivation detection
analysis, soil applications of the stabilized organic fertilizers resulted in increases in absolute abundances of
antibiotic resistant bacteria and of two tested pathogenic bacteria indicators. The increase in occurrences
might be due to the overall growth of microbial communities by the supplement of nutrients from the
fertilizers. Meanwhile, the soil applications were found to reduce competitiveness for various types of
antibiotic resistant bacteria in the soil microbial communities, as indicated by the decrease in relative
abundances (of total viable heterotrophic bacteria). However, competitiveness of pathogens in response to
the fertilization was pathogens-specific, since the relative abundance of Staphylococcus was decreased by the
soil applications, while the relative abundance of Salmonella was increased. Further testes revealed that no
MAR (multiple antibiotic resistance) occurrence was detected among cultivated pathogen colonies. These
findings suggest that microbial risk in the soil amended with the fertilizers may not be critical to public
health. However, because of the increased occurrences of antibiotic resistance and pathogenicity resulted
from the overall microbial growth by the nutrient supply from the fertilizers, potential microbial risk could
not be completely ruled out in the organic-fertilized soil samples.

Key Wonds : Antibiotic resistant bacteria, Autothermal thermophilic aerobic digestion, Lagoon fermentation,
Multiple antibiotic resistance (MAR), Pathogen

INTRODUCTION

The ‘antibiotic era’ was started in 1928 form
the discovery of the first antimicrobial agent,
penicillin. Since then antibiotic have saved mil-
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lions of lives by making once fatal bacterial
infection treatable.” But due to their prolong
misuses, antibiotic resistant (AR) bacteria started
to emerge. For example, AR Staphylococcus
species were observed in 1946, and 4 years later
AR Streptococcus species were reported.” In
1992, MAR (multiple antibiotic resistant)-bacterial

infections caused 19,000 deaths in the United
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States.” The rising number of AR bacteria species
and their quick adaptation to newly- formulated
antibiotics have been serious concerns to public
health, environmental regulation and management.“
In agricultural industry, vast amount of antibio-
tics are being used in livestock feeds (~0.2%
w/w) for growth stimulation and infection control
while little degradation through animal digestive
system occurs. Because of this, the concentrations
of antimicrobial substances in animal manure
wastes are generally high.l’s) The high antibiotic
concentration can result in the selection and
occurrence of AR bacteria in livestock manure
waste, and its accidental release into environ-
ment can have devastating effects on bacterial
infections to human.”

For many years, in agricultural industry, stabi-
lized livestock manures have been used as alter-
natives to chemical fertilizers_.m The conventional
and most frequently used manure stabilization
method for “organic” fertilizer production is a
lagoon fermentation process.n This process is a
very primitive stabilization technique in which
livestock manure waste 1s stabilized through
microbial fermentation processes by simply stor-
ing the wastes i a deep lagoon tank for several
months.”” In Korea a rising demand for “orga-
nically-cultured” crop products stimulated the
production and utilization of organic fertilizers.'”
A major disadvantage in use of lagoon fermenta-
tion is its slow process. Because this, relatively
quick and efficient aerobic processes have been
considered as an alternative stabilization appro-
ach.'” Autothermal thermophilic aerobic digestion
(ATAD) has been regarded as a preferred aerobic
process in stabilizing livestock manure waste not
only because its stabilization generally takes
relatively short time (i.e., couple of days), but
also because the heat developed during the aero-
bic digestion has a potential for effective micro-
bial risk reduction.’”'" For example, we previ-
ously reported detection of relatively high micro-
bial risk in manure of chlortetracyclin-fed pig
and in its 6-month lagoon- fermented products,
while ATAD could significantly reduce the occ-
urrences and competitiveness of AR bacteria and

pathogenic bacteria indicators from microbial

) There are several studies that

communities."?
have evaluated microbial risk in stabilized live-
stock manure products and dissipation of antimi-
crobial substance in soil.”” But little is known
about the occurrence and compefitiveness of AR
bacteria and pathogens in soil microbial commu-
nities in response to soil application with organic
fertilizers.

The aim of this study was to evaluate micro-
bial risk in soil microbial communities in response
to amendment of organic fertilizers. For this, we
assessed the occurrences and compétitiveness of
AR bacteria and pathogenic indicator bacteria in
soil microbial communities, when amended with
the swine manure fertilizers stabilized by lagoon
fermentation and ATAD treatments, respectively.
To examine whether microbial risk in the orga-
nic-fertilized soils was critical to public health, a
potential existence of MAR-exhibiting pathogenic
bacteria was also assayed.

MATERIALS AND METHODS

Stabilized Swine Manure Products

Swine manure was stabilized by a field-scale
lagoon fermentation process and a pilot-scale
ATAD process in Daun swine farm (Seosan, Chung-
cheongnamdo). Pigs were fed with feeds that
contained 0.2% (w/w) chlortetracycline. Fermented
manure products were collected from a bottom
of the field lagoon tank after 6 months of fermen-
tation stabilization. ATAD treated products were
collected after 3 days of the ATAD operation in
which the operational temperature rose up to 65-
70°C after 1.5 days of operation period, and the
developed thermophilic condition was sustained
until the end of the operation. More detail infor-
mation on the stabilization operations and the sam-

pling of stabilized products is described elsewhere.'”

Soil Amendments with Stabilized Swine

Manure Products

To examine the effects of organic fertilization
in sotl microbial communities, previously unfer-
tilized soil from a forest area was collected
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(Ahn Mountain, 20 c¢m below top soil). After
homogenization of the soil using sterilized garden
shovels, 1t was divided into six cylindrical pots
(height x diameter, 200 mm x 250 mm) which
were further divided into three sets of duplicated
pots. The first set was left unfertilized as a
control (Untreated), the second set was fertilized
with 150 mL of fermented swine manure (Ferm-
ented), and the final set with 150 mL of ATAD
treated swine manure (ATAD). The prepared
pots were incubated under outdoor conditions for
five weeks (May 16~Jun 20, 2005), triplicate
soil samples (0.5-1.0 g) were taken and prepared
for the following microbial assays (viable counts
for heterotrophic bacteria, antibiotic resistant
bacteria, and pathogenic bacteria indictors),

Viable Counting for Heterotrophic Bacteria
To quantify overall heterotrophic bacteria in
soil samples, a standard spreading plate assayls)
was conducted under aerobic conditions using
R2A solid agar medium (Difco). For the experiment,
cells were extracted from soil samples (approxi-
mately 0.5 g of wet soil weight) by vortexing
for 15 min. with 1 mL of a sterilized potassium
phosphate buffer (0.1 M, pH 6.8). The soil micro-
organism suspensions were diluted in series with
the same potassium phosphate buffer and 0.1 mL
of the each diluted cell suspension was spread
onto separate R2A plate. The spread plates were
incubated at 24°C for 3 days, and the number
of colonies formed on each plate were counted.
For absolute abundance report, colony counts
were normalized by the weight of dried soil, i.e.,
CFUs (colony formation units) per gram of dried
soil. For weighing of dried soil, the taken soil
samples were oven-dried overnight at 105°C.

Abundance and Competitiveness of Antibiotic
Resistant Bacteria

AR bacteria in tested soils were quantified by
counting the number of viable colonies formed
on antibiotic applied culture plates after 5 days
of incubation at 25°C. For this, modified stan-
dard spread plate method was adapted, in which
each R2A solid medium were mixed with each

antibiotic agent (100 pg/mL)."”’ Viable AR bac-
teria counts per gram of dried soil was reported
as absolute abundance. For competitiveness mea-
surement, relative abundance was calculated by
dividing viable AR bacteria counts with viable
heterotrophic bacteria counts (on no-antibiotic-
amended R2A plate). Antibacterial agents used
tin this study were tetracycline (Tet), kanamycin
(Ka), ampicillin (Amp), and rifampicin (Rif).
These agents were purchased from Sigma-Aldrich.
These antibiotics were selected because they are
representative compounds for different antimicro-
bial mechanisms, i.e., tetracycline and kanamycin
inhibit bacterial protein synthesis including those
of ribosomal proteins; ampicillin disturbs cell
walls and membranes; and rifampicin inhibits
DNA/RNA synthesis."'”

Abundance and Competitiveness of Pathogenic
Bacteria Indicators

Salmonella (Sal) and Staphylococcus (Sta) were
pathogenic bacterial indicators assessed in this
study. Desoxycholate Citrate agar'’ (BBL) and
Mannitol Salt agarls) (BBL) were used for the
selective growth and isolation of Salmonella and
Staphylococcus, respectively. For the selective
growth and isolation of pathogenic indicator bac-
teria method specified on manufacturers protocols
were used. After 5 days of incubation at 37°C,
colonies on each plate were counted. Viable pa-
thogeniz indicator count per gram of dried soil
was reported for absolute abundance of a patho-
genic bacteria indicator in a soil sample. For
competitiveness measurement, relative abundance
was calculated by dividing viable pathogen indi-
cator count with viable heterotrophic bacteria count
(on no-antibiotic-amended R2A plate).

Multiple Antibiotic Resistance (MAR) Assays

To examine whether pathogenic bacteria exhibit
MAR phenotype, eighty of either Staphylococcus
or Salmonella colonies formed on the correspon-
ding pathogen indicator plates were transferred
onto multiple antibiotic amended plates (MAAP),
in which a combination of three antibiotics was
added in R2A media. The MAAP contained
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either i) a combination of tetracycline, kanamycin
and rifampicin (Tet + Kan + Rif, 100 pg/mL
each) or ii) a combination of tetracycline, kana-
mycin and ampicillin each (Tet + Kan + Amp, 100
ng/mL). MAAPs were then incubated for 3 days
at 25°C and 37°C respectively, the number of
colonies formed on each plate was counted.

RESULTS & DISCUSSION

Abundance of Heterotrophic Bacteria in
response to Organic Fertilizers

After 5 weeks of outdoor incubation, the amend-
ments with organic fertilizers resulted in incre-
ased heterotrophic bacteria viable counts in the
tested soil samples (Table 1). The absolute abun-
dance of heterotrophic bacteria for the lagoon-
fermented fertilizer applied soil (Fermented) was
approximately 67-time greater than that for no-
fertilization control (Untreated), while the soil
application with ATAD-stabilized fertilizer (ATAD)
resulted in approximately S552-time increase in
the absolute abundance of heterotrophic bacteria.
Between the two differently fertilized soils (Fer-
mented and ATAD), the amendment with ATAD-
stabilized fertilizer showed approximately 7.2-time
higher population growth. This difference might
be partially attributed to the greater organic con-
tent in the ATAD fertilizer. The concentration of
volatile suspended solid (VSS) in the ATAD
fertilized (36.7+£0.5 g/L) was approximately 3-time
greater than the VSS concentration in the Fer-
mented fertilizer (12.4£1.1 g/L). However, only
3 times greater VSS concentration cannot explain
the more preferential growth in the ATAD ferti-
lized case. Although the mechanism for this
observation was unclear, these findings strongly
suggested that the ATAD-stabilized {fertilizer
provided a better nutrient environment for the

Table 1. Viable counts for heterotrophic bacteria

indigenous soil microbial communities to grow.

Abundance and Competitiveness of AR
Bacteria in response to Organic Fertilizers

The unfertilized soil samples showed the pre-
sence of bacteria that exhibited resistance against
the tested antibiotic agents (Fig. 1). A possible
explanation for this observation is that indigenous
bacteria, which probably had defense mechanisms
against naturally-occurring antimicrobial agents,
have fortuitously exhibited resistance against tested
antibiotics. The amendments with the Fermented
and ATAD fertilizers resulted in increases in
absolute abundances of kanamycine-resistant and
ampicillin-resistant bacteria (p-values < 0.005),
and constant tetracycline resistance occurrences.
These suggested that, although the fertilizer
production methods may be biologically different,
the amendments of the two fertilizers have simi-
lar effects on the abundances of particular bacteria

kil
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Figure 1. Absolute abundance (viable counts cfu
[colony formation unit] per gram of
dried soil) for antibiotic resistant bacteria
in response to soil application with
swine manure fertilizers, i.e., no-soil
treatment (Untreated), lagoon-fermented
treated (Fermented), and ATAD-stabilized
treated (ATAD). Four different types of
antibiotic resistance were assayed. “Tet”
indicates tetracycline; “Ka” kanamycin;
“Amp” ampicillin; “Rif” rifampicin.

Soil Sample Untreated Fermented ATAD
Heterotrophic counts per Soil dried weight 193.0 12,950 106,600
(10° CFU/g) (£12.0)" (£11,290) (£39,200)

" “Untreated” indicates no-fertilization control; “Fermented” indicates soil samples amended with lagoon fermented swine manure
fertilizer; “ATAD” indicate soil samples amended with ATAD-stabilized swine manure fertilizer). '
* The number in each parenthesis indicates one-standard-deviation among replicate experiments.
P g 1ep
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that were resistant against protein synthesis (kana-
mycin and tetracycline) and/or cell wall/membranes
(ampicillin) inhibitors. In contrast, the response
of soil microbial communities to antibiotic agents
disturbing the nucleic acids synthesis (rifampicin)
seemed to depend on fertilizer stabilization methods,
i.e., rifampicin-resistant bacteria were decreased
when soil was amended with the ATAD fertilizer
(p-value < 0.005) while rifampicin-resistant bac-
teria were increased when same were done with
the fermented fertilizer (p-value < 0.01).
According to our previous study, no AR bac-
terial colonies were detected in the ATAD-stabi-
lized fertilizer while a significant number of AR
bacterial colonies were observed in the Fermented
fertilizer.'” Thus, the increase in AR bacteria for
the ATAD-fertilizer application was not attributed
to the transfer of AR bacteria from ATAD ferti-
lizer to soil or their selective stimulation. Instead,
it might be simply due to the overall microbial
growth, which was stimulated by the nutritious
fertilizer. This is also supported by the fact that
the fertilizer applications resulted in decreases in
their relative abundances (Fig. 2). This suggests
that the fertilization selectively reduced the com-
petitiveness of AR bacteria in the soil communities,
which is beneficial in controlling microbial risk.

8.10

a Tet
Nka
0O Amp
k3 Rif

0.0%

0.00

Antibiotic resistant CFU/Heterotrophic CFLI{%4)

Untre ated Fermented ATAD

Figure 2. Relative abundances (total heterotrophic
viable counts) for antibiotic resistant bac-
teria in soil microbial communities in
response to soil applications with stabi-
lized swine manure fertilizers i.e., no-soil
treatment (Untreated), lagoon-fermented
treated (Fermented), and ATAD-stabilized
treated (ATAD). “Tet” indicates tetracy-
cline; “Ka” kanamycin; “Amp” ampi-
cillin; “Rif” rifampicin.

Occurrence and Competitiveness of Patho-
genicity in response to Organic Fertilizers

In the no-fertilization control soil samples,
Staphylococcus was detected, but Salmonella was
not (Fig. 3). But in comparison, both the ATAD
and Fermented fertilizer applications led to
increases in absolute abundances of Staphyloco-
ccus and of Salmonella, respectively. The incre-
ases in Staphylococcus colonies may be due to
the nonselective overall microbial growth by the
addition of nutritious fertilizers. Salmonella colo-
nies, which were not detected in Untreated, were
significantly increased in the organo-fertilized soils.
According to our previous study no Salmonella
and Staphylococcus colonies were not detected
in the ATAD-stabilized fertilizer."”” These suggests
that the significant increases of Sa/monella-like
microorganisms by the fertilization is attributed
to nonselective growth of microorganisms which
already existed at a minuscule number in either
soil or ATAD-fertilizer. Nevertheless, according
to the relative abundance data (Fig. 4), the orga-
nic fertilizer applications significantly reduced
competitiveness of tested pathogen indicator
bacteria.

Examination of MAR-exhibiting Pathogenic

Bacteria
The existence of pathogens with MAR pheno-

C]

£

S e

3

=]

o

-

%

@ N Sta.
@ 1056 — [ Sal.
T

8

@

i3]

e

o

k<]

£ 104

I Untreated Femented ATAD

Figure 3. Absolute abundance (viable counts CFU
[colony formation unit] per gram of dried
soil) for pathogenic bacteria indicators
(Staphylococcus [Sta] and Salmonella [Sal)),
in response to soil application with swine
manure fertilizers i.e., no-soil treatment
(Untreated), lagoon-fermented treated (Fermen-
ted), and ATAD-stabilized treated (ATAD).
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Table 2. Result of MAR(multiple antibiotic resistant)-pathogenicity analysis

Pathogen Indicator Antibiotics Untreated Fermented ATAD
Stanhvlococeus TettKa+Amp ND* ND ND
. payio Tet+Ka+Rif ND ND ND
Soil % sample
Salmonella Tet+KatAmp ND ND ND
"o Tet+Ka+Rif ND ND ND
*ND indicates “non-detected”
< public health. However, the nonselective growth
X 00300 ) . L .
z of microbial communities in response to the
z;&m addition of nutritious fertilizers could have incre-
‘gmm ased the occurrences of AR bacteria and patho-
S om0 T N Sta. genic indicator bacteria in soil. Because of this
s —— possibility, potential microbial risk could not be
% Lo completely ruled out,
£ ooy i ACKNOWLEDGEMENT
Untreated Femented ATAD

Figure 4. Relative abundances (total heterotrophic
viable counts) for pathogenic bacteria
indicators (Staphylococcus [Sta] and Sai-
monella [Sal]) in soil microbial communities
in response to soil applications with
stabilized swine manure fertilizers, 1.e.,
no-soil treatment (Untreated), lagoon-
fermented treated (Fermented), and ATAD-
stabilized treated (ATAD).

types was also examined in microbial commu-
nities of the organo-fertilized soils (Table 2).
Fortunately no MAR-exhibiting pathogenic colo-
nies were detected. This suggests that the degree
of microbial risk associated in the organo-fertilized
soils are not critical to public health.

CONCLUSION

In this study microbiological evaluations were
carried out to assess AR and pathogenicity of
soils amended with biologically-stabilized swine
manure fertilizers. In all the tested soil samples,
no MAR-exhibiting pathogenic colonies were
detected. In addition, the organic fertilizer appli-
cations resulted in reduced competitiveness of
AR bacteria and pathogenic indicator bacteria. It
is possible to conclude that the use of biologically-
stabilized fertilizers did not cause critical risk to

This work was supported by Yonsei University
Research Fund of 2005.
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