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ABSTRACT
The usage of antibiotics in animal husbandry has
dramatically increased the concentration of antibiotic
residues and has promoted the development and
abundance of antibiotic resistance in manure. When
it is spread onto agricultural land, both residues of
antibiotics and bacteria carrying antibiotic resistance
genes may be introduced into the environment. In this
research, we isolated resistant gram negative bacteria
from manure produced in two dairy and two beef
cattle farms, located in Madrid (Spain), to determine
their resistance to seventeen representative antibiotics
commonly used in veterinary therapy. A total of 63
isolates were used to assess the overall bacterial antimicrobial resistance on cattle manure samples. Predominant species were Escherichia coli and Comamonas testosteroni accounting for 25% and 19.6% of the
total, respectively. The most found antimicrobial resistances in gram-negative bacteria were to tetracycline (66.7%), sulphamethoxazole (55.6%), ampicillin
(52.4%), cephalothin (46.0%), chloramphenicol
(44.4%), nalidixic acid (39.7%) and trimethroprimsulphamethoxazole (33.3%). The mean of resistance
and the percentage of multi-resistant bacteria in beef
farms were higher and statistically significant when
compared to dairy farms which is opposite from the
findings of the previous studies. The presence of three
tetracyclines in all manure samples was also examined with stable recoveries (76% - 82%) and high
sensitivity (limit of quantification 0.015 - 0.03 μg/kg).
The concentrations of tetracyclines detected (<0.015 10 mg/kg) were consistent to the theoretical tetracycline levels in manure in Spain according to the excretion rate of these antibiotics and the values reported in scientific literature in other European countries.
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1. INTRODUCTION
Many studies have highlighted the spread of veterinary
antibiotic residues around the world. After their application to prevent and to treat animal diseases, most of the
veterinary antibiotics, almost in 90% unchanged form,
reach the environment through direct urination or defecation on the fields or through dispersion on agricultural
lands as fertilizers [1]. Thus, it is not surprising that antibiotics are commonly found in animal manure [2], soils
and waters [3] since more than two decades ago.
Despite the fact that the individual amounts of antibiotics and their metabolites introduced into the environment are likely low, continuous introduction can lead to
cumulative high long-term concentrations. Among the
adverse consequences, their environmental impact [4,5]
and the potential for development of antimicrobial resistance through continuous exposure [6-8] are of particular
concern.
The current information regarding the implications of
veterinary antibiotics on the terrestrial environment and
impacts on human health is still limited. Antibiotics have
only received attention as environmental contaminants.
Different countries have conducted a priorization of veterinary antibiotics [9-11] and have initiated monitoring
programs for the characterization of antibiotic distribution in the environment. This resulted in an European
legislation on veterinary antibiotics which requires ecotoxicological assessment of their environmental risks
before they can be marketed [12]. On the contrary, the
potential for development of antibiotic-resistant bacteria
in the environment has only recently raised social concerns. Current European surveillance plans on antimicrobial resistance only include monitoring on volumes of
sales of antibiotics and on levels of resistance in zoonotic
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and indicator bacteria from humans, animals and food.
But research on antimicrobial resistance on swine manure [13-15], poultry litter [16], dairy manure [17] and
farm surroundings [17-22] is only advancing during the
past years. But the problem cannot be reliably quantified
as there is insufficient surveillance data. Specifically in
Spain, one of the major farm animals’ producers and
veterinary antibiotics consumer in the EU (1102 Tons in
2009 [23]) there is only few available data about antibiotic residues and antimicrobial resistance in animal manure and farm environments. During recent years, the
manure production of Spain has been estimated on 111
tonnes per year [24], from which cattle manure represents a 41% of the total (49.87 tonnes per year). Manure
is usually employed as a fertilizer in peninsular Spain
where most soils have low organic matter content.
This paper compares the percentage of antimicrobial
resistance found in gram negative bacteria and their resistance patterns in cattle manures from two dairy and
two beef farms located in Madrid, Spain. Tetracyclines
were also quantified and compared to the theoretical
mean values in animal manure according to the recent
publish values of veterinary antibiotics sold in Spain.
The gram negative bacteria were selected because it is an
abundant and representative fecal flora in cattle manure,
whereas tetracyclines were selected because they are
commonly used in dairy and beef cattle and show a high
persistence in the environment.

2. MATERIAL AND METHODS
2.1. Collection of Manure Samples
Manure samples were collected from two dairy cattle
farms and two beef cattle farms located in the center of
Spain, Community of Madrid, which housed more than
300 cattle per enclosed building. Samples were collected
from each farm in the summer (July 2010) and winter
(January 2011). Overall, eight manure samples were taken
for analysis in this study.
Each manure sample was prepared by mixing an equal
amount of 5 - 10 discrete subsample collected from manure heaps using an Auger sampling at a depth of 10 cm
below the surface. All samples were placed into plastic
containers (three containers per sample) and immediately
stored on ice and transported to the laboratory. One of the
containers was stored at 4˚C and processed within 24
hours for the microbiological assay. The second was employed in the physic-chemical characterization of the
manure and the last one was stored at –20˚C for a maximum of one month for later chemical analysis.

2.2. Antibiotic Resistance of Gram-Negative
Bacteria
The microbiological approach is summarized in Figure 1.
Copyright © 2013 SciRes.

Two main steps were realized: firstly antibiotic resistant
gram-negative bacteria were isolated from cow manure
samples, and secondly, bacterial identification and a
complete antibiotic resistant profile of selected strains
were attempted. The methodological scheme is detailed
in subsections 2.2.1 and 2.2.2.
2.2.1. Isolation of Resistant Gram-Negative Bacteria
The cow manure samples were diluted in peptone water
solution on a 1:10 (w/v) ratio and macerated with an
automatic homogenizer. Resistant gram-negative bacteria
were isolated following the standard CLSI protocol (National Committee for Clinical Laboratory Standards,
CLSI, 2001). Aliquots (100 µl) were growth by triplicate
on MacConkey agar (MAC, difco/becton Dickinson,
Sparks, MD) amended with tetracycline (16 ug/ml)
(MAC+TET), nalidixic acid (32 ug/ml) (MAC+NAL) and
cloramphenicol (32 ug/ml) (MAC+C), representing members of tetracyclines, quinolones and phenicols respectively.
2.2.2. Identification of Resistant Gram-Negative
Bacteria and Antimicrobial Susceptibility
Testing
Five of the resistant bacterial isolated in the antibiotic
plates were selected for bacterial identification and antimicrobial susceptibility testing. For their identification,
bacteria were regrown in no-selective medium (Lab
Lemco, Oxoid) and identified by bioquimic methodologies using the Rapid method (RapID ONE and RapID NF
Plus, Oxoid). Antimicrobial susceptibility of strains was
tested against 17 antimicrobials using the diffusion
method recommended by the Clinical and Laboratory
Standards Institute (CLSI). Selected antibiotics are detailed in Table 1. The test was performed using Mueller
Hinton (MH) agar (Oxoid) plates containing the appropriate concentrations of antibiotics. Disk contents and

Figure 1. Flowchart outlining the microbiological approach for
determining the antibiotic resistance in gram-negative bacteria.
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growth inhibition zones were in accordance with criteria
set by the standard protocol for bacteria isolated from
animals.

2.3. Chemical Analysis of Tetracyclines
2.3.1. Samples Extraction and Clean-Up
The treatment of manure samples is shown in the flowchart in Figure 2. Before analyzing, samples were dried
for 24 h at 100˚C and then crushed and passed through 2
mm sieve. Desiccated solid cow manure (1 g) was mixed
to 30 ml methanol, 3 ml EDTA (0.5 mg/ml) and 7 ml
buffer phosphate (0.14 M). The pH of the solution was
adjusted below 3 using chlorhidric acid (1 M). The mixture was vortexed in automatic agitation for 1 hour (rpm)
and then placed into ultrasonic bath for 10 min and centrifuged at approximately 3500 rpm for 10 min. The resultant supernatant was decanted into a glass bottle and
the extraction was repeated for one more time. The two
supernatants were combined, filtered through 0.45 μm
membrane filter (PVDF Acrodis® LC, Pall, USA) and
diluted with water (30 ml methanol: 200 ml water). The
methanol/water solution was passed through a Water
Oasis HLB cartridge (Waters, Milford MA, USA), previously conditioned with 20 ml methanol: 10 ml Milli-Q
water, at a flow rate of 10 mL/min to concentrate and
purify the diluted manure extract. In the last step, the
cartridges were washed (water and methano l5%), dried
under nitrogen flows, eluted (2) from the cartridge with
3 ml methanol and concentrated to dryness under nitrogen flows. The residue was dissolved in 2 ml methanol
for LC-MS analysis.
2.3.2. Analytical Quantification
The analytical method applied has been previously described by Jacobsen et al. [25] and Babić et al. [27]. The
concentrations of selected antibiotics (Oxitetraciclina
(OTC) (Aldrich 05875-10 g), Doxicilina (DX) (Sigma
D9892) and Clortetraciclina (CTC) (Fluka 46133); 99%
purity) were determined with an LC-MS system consisting of Varian Liquid Chromatography con bomb ProStar
and automatic autosampler (Varian, Autosample 410,
USA). A Zorbax SB C18 column (4.6  150 mm, 5 μm
pore size, Agillent) thermostated at 25˚C - 30˚C was used
for separation of antibiotics. Gradient elution was carried
out with 0.1% formic acid in 99.9% acetonitrile (v/v)
(mobile phase A) and 0.1% formic acid in 99.9% Milli-Q
water (v/v) (mobile phased B). The injection volume was
10 μl and the flow rate was 0.2 ml/min. The separation of
antibiotics was achieve with a gradient program described as follows: A:B was 1:99 at 0 min and maintained for 2 min, 8:92 at 2.1 min, 10:90 at 6 min, 60:40 at
15 min, 95:5 at 18 min and maintained 10 min, 1:99 at
28.1 min and maintained 12 min for column equilibration.
All the four antibiotics could be eluted within 25 min.
Copyright © 2013 SciRes.

Figure 2. Flowchart outlining the sample preparation and
analytical detection procedures.

The triple-cuadruple mass spectrometer (MS) (Varian
1200 L) was equipped with an electrospray ionisation
(ESI) source and operated in the positive ion mode. The
ESI source values were: capillary voltage 4.5 kV, cone
voltage 30 V, source temperature 120˚C, desolvation
temperature 200˚C and pressure of the desolvation and
cone gas 24 and 50 psi respectively. The precursor ion
parent [M+H]+ (oxitetracycline: 461 m/z, doxitetracycline: 323 m/z, chlortetracycline: 479 m/z) was used for
quantification in the selected ion recording (SIR) mode
for each antibiotic, while the product ion daughter
OPEN ACCESS
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Table 1. Antibiotic classes, compounds and quantities used for
the antibiotic resistance study.
Antibiotic class
β-lactams

Antibiotic

Quantity
(μg)

Ampicillin

10

Amoxicillin-clavulanic acid

30

Ticarcillin

75

Ticarcillin-clavulanic acid

85

Cefoxitin

30

Cephalothin

30

Ceftiofur

30

Nalidixic acid

30

Ciprofloxacin

5

Enrofloxacin

5

Amikacin

30

Gentamicin

10

Kanamycin

30

Sulphamethoxazole

25

Trimethoprim-sulphamethozaxole

25

Phenicols

Chloramphenicol

30

Tetracyclines

Tetracycline

30

Quinolones

Aminoglycosides

Sulfonamides

(oxitetracycline: 446 m/z, doxitetracycline: 157 m/z, chlortetracycline: 479 m/z) was used for confirmation purpose.
2.3.3. Method Validation
Analytical procedures were checked for linearity, accuracy, precision, limit of detection (LOD) and limit of
quantification (LOQ). Concentrations in the samples
were calculated by external standard method based on
the peak area of the monitored product ion daughter. The
repeatability of the LC/MS method was evaluated by
injection of standard solutions (0.5, 5, 10 µg/l) into the
system. The standard solutions were prepared from the
corresponding stock solutions (2 mg/ml MeOH) by subsequent dilutions. Results indicate that good linearity
was achieved (r2 > 0.8) for the calibration curves of all
selected antibiotics in the studied concentration range.
Recoveries for the entire procedure were determined
using samples taken from the farms. To determine the
influence of different matrixes on LC/MS analyses, manure samples were fortified with chlortetracycline, oxytetracycline and doxicycline at three concentration levels
(approximately 0.5, 5 and 10 mg/kg). Since these fortified samples contained target compounds, blanks (nonfortified manure samples) were also analysed as well as
procedural and instrumental blanks to avoid laboratory
Copyright © 2013 SciRes.

contamination and analytical interferences. The fortified
and non-fortified samples were extracted and analyzed
using the entire procedure. For each matrix and concentration, recoveries were determined by triplicate samples
comparing the obtained concentrations with initial fortified levels. Table 2 shows that the recoveries of the test
antibiotics ranged from 76% to 82% which fell within
the analytical recommended range [28]. The limit of detection (LOD) was estimated at a signal-to-noise ratio
(S/N) of 3, while the limit of quantification (LOQ) value
was estimated by using S/N of 5 (Table 2). These results
confirmed that the LOD and LOQ achieved with the developed method are sufficient to determine the antibiotic
concentrations in field manure samples.

2.4. Statistical Analysis.
The variations in the average number of resistance between different kinds of production (beef, dairy) were
compared using an ANOVA test. A Pearson’s X2 test was
used to measure the bivariate probability of association
between kind of production (beef, dairy) and categories
of resistance. Resistance was categorized into resistance
(to 1 or 2 antibiotic classes) and multi-resistance (i.e. resistant to ≥3 antibiotic classes (Karczmarczyk et al.,
2011). All statistical studies were conducted using SPSS
v.15.0 software.

3. RESULTS AND DISCUSSION
A total of 63 isolates were used to assess the overall antimicrobial resistance on cattle manure samples. The
predominant species found were Escherichia coli and
Comamonas testosteroni accounting for 25% and 19.6%
of the total, respectively. Other identified species were
Proteus vulgaris (12.5%), Pseudomonas aeruginosa
(10.7%), Serratia marcenscens (8.9%), Burkholderia
cepacia (5.4%), Enterobacter cloacae (5.4%), Moraxella
osloensis (3.6%), Providencia rettgeri (3.6%), Alcaligenes fecalis (3.6%) and Myroides odoratum (1.8%). The
most found antimicrobial resistances in gram negative
bacteria were to tetracycline (66.7%), sulphamethoxazole
(55.6%), ampicillin (52.4%), cephalothin (46.0%), chloramphenicol (44.4%), nalidixic acid (39.7%) and trimethroprim-sulphamethoxazole (33.3%) (Table 3). This
profile is similar to previous findings in Spanish cattle,
Table 2. Recoveries, LOD (limit of detection) and LOQ (limit
of quantification) of selected antibiotics.
Antibiotics

Recovery (%)

LOD (mg/kg)

LOQ (mg/kg)

Oxytetracycline

82

0.114

0.19

Doxycycline

82

0.020

0.03

Chlortetracycline

76

0.015

0.02
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Table 3. Comparison between dairy and beef cattle manures:
Occurrence of resistance (in percentage) in Gram-negative bacteria.
Antibiotic

Dairy manure

Beef manure

N

28.0

35.0

Nº Multi-resistance

14.0

29.0

% Multi-resistance

50.0

83.0

Average number of resistances

3.8

5.4

Max value of Resistance

11.0

10.0

Percentage of resistant strains
Amoxicillin-clavulanic acid

28.0

35.0

Ampicillin

14.0

29.0

Cefoxitin

50.0

83.0

Ceftiofur

3.8

5.4

Cephalotin

11.0

10.0

Chloramphenicol

17.9

25.7

Ciprofloxacin

42.9

60.0

Enrofloxacin

21.4

25.7

Gentamycin

3.6

2.9

Kanamycin

35.7

54.3

Nalidixic acid

32.1

54.3

Sulfamethoxazole

10.7

2.9

Tetracycline

10.7

20.0

Ticarcillin

0.0

20.0

Ticarcillin-clavulanic acid

0.0

22.9

Trimethoprim-sulfamethoxazole

28.0

35.0

where the most common antimicrobial resistances were
to sulfonamides, followed by tetracycline, aminoglycosides and ampicillin. It is also similar to the studies performed in European livestock, where the antibiotic resistance phenotype most commonly found was tetracycline,
ampicillin, aminoglycosides and sulfonamides [29,30].
According to surveillance data, bacteria are more resistant to antibiotics that have been used for a long time in
human and veterinary medicine, such as tetracyclines
[31].
In order to establish differences between the different
cattle production systems (dairy or beef), both mean of
antimicrobial resistance and multi-resistance profiles
were compared. The mean of resistance in beef farms
(5.37) was higher and statistically significant (p = 0.018)
compared to dairy farms (3.79). The percentage of multiresistant bacteria in beef farms (83%) was also higher
Copyright © 2013 SciRes.
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and statistically significant (p = 0.04) compared to dairy
farms (50%). This result is unexpected, given that in previous studies carried out in the United States, the authors
found that the multi-resistance profile was higher in Escherichia coli isolates from dairy cattle than in those
isolated from beef cattle [32]. The scarce observational
studies available in scientific literature, usually find that
cattle from conventional dairies harbor a higher prevalence of antimicrobial resistant enteric bacteria compared
to beef cattle farms, given that dairies usually use more
antibiotics than beef in the United States [33,34]. Due to
the lack of studies in other geographical areas it is particularly interesting to obtain relevant data to compare
both production systems in those respective areas.
The elevated resistance levels of tetracycline found in
animal manure could be associated with its higher consumption compared with other veterinary antibiotics,
since the use of antibiotics has been identified as an important risk factor for the development of antimicrobial
resistance [1,35]. The sale pattern of veterinary antimicrobials in Europe has been recently analyzed by the
European Medicines Agency (EMA). As per day, data
have been provided by nine European countries. The
contribution of tetracyclines to the total amounts sold
was high, representing more than 40% of the total tonnes
sold in 2009 [35]. The total sales by country during 2009,
in tonnes of active ingredient, were 487.28 tonnes in
France, 267.26 tonnes in the Netherlands, 176.89 tonnes
in the United Kingdom, 38.35 tonnes in Denmark, 36.17
tonnes in the Czech Republic, 16.4 tonnes in Switzerland,
2.28 tonnes in Finland, 1.17 tonnes in Sweden and 0.22
tonnes in Norway [36]. In Spain, monitoring data from
the use of antibiotics in animals indicated that tetracyclines were also the highest selling antibiotic family, accounting for 344.36 tonnes in 2009 (31% of the total)
[23]. Therefore, Spain is the second European country in
consumption of tetracycline after France. Taking into
account that the estimated manure output from farm
animals in Spain is nearly 110,840,522 tonnes of dry
matter per year [24] and considering the percentage of
excretion of each antibiotic group, data suggest that tetracyclines should be expected to represent the antibiotics
with the highest theoretical concentration in animal manure in Spain (Table 4). This theoretical value (2.24
mg/kg manure) (Table 4) is very close located to the
average concentration of tetracyclines (3.2 mg/kg manure) found in cattle manure in this study (Table 5).
Our results showed concentrations of 0.7 - 10 mg/kg
for oxytetracycline and <0.02 - 0.5 mg/kg for chlortetracycline. In contrast, doxycycline was not identified in
any of the samples analysed. These values are slightly
higher than those reported in other European countries
for cattle manure: 0.82 mg/kg for oxytetracycline and
OPEN ACCESS
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Table 4. Theoretical tetracycline concentrations in animal manure (mg/kg) in Spain.
Antibiotic

TCs sold in Spain
(tonnes year-1) (AGEMED, 2011)

Excretion
rate (%)

Reference

Theoretical PEC manure (mg/kg)

Tetracyclines

344.36

0.72

[42]

2.24

Sulfonamides and Trimethoprim

245.73

0.90

[43]

2.00

B lactams (penicillins)

179.62

0.85

[44]

1.38

Lincosamides

93.17

0.80

[45]

0.67

Macrolides

77.50

1.00

[3]

0.70

Pleuromutilins

54.53

0.90

[45]

0.44

Fluoroquinolones

51.19

0.55

[44]

0.25

Aminoglycosides

24.52

0.90

[46]

0.20

Amphenicols

8.02

0.05

[47]

0.00

Other quinolones

4.13

0.60

[46]

0.02

3rd - 4th gen. Cephalosporins

1.41

0.75

[47]

0.01

1st - 2nd gen. Cephalosporins

0.57

0.75

[47]

0.00

Polymyxins

0.10

0.60

[46]

0.00

Others

17.50

-

-

-

Table 5. Tetracycline concentrations in cattle manure (mg/kg).
Country

Antibiotic

Mean value (mg/kg)

Concentration range (mg/kg)

Reference

Spain

Oxytetracycline

5.39 ± 3.67

0.7 - 10

Our study

Chlortetracycline

0.32 ± 0.16

<0.02 - 0.5

Our study

Doxitetracycline

<0.02

<0.02

Our study

Germany

Chlortetracycline

-

0.01 - 0.21

[48,49]

Italia

Oxytetracycline

0.82

-

[50]

China

Oxytetracycline

-

1.24 - 10.37

[2,51]

Chlortetracycline

-

0.60 - 2.22

[2,51]

Doxitetracycline

0.68

-

[51]

Tetracycline

-

0.43 - 27

[2]

Oxytetracycline

1.10

-

[52]

Chlortetracycline

-

0.90 - 4.00

[52]

USA

0.01 - 0.21 mg/kg for chlortetracycline (Table 5). Values
up to 10.37 mg/kg and 4 mg/kg (Table 5) have been
found in the United States and China for oxytetracycline
and chlortetracycline respectively.
The long-term risk of antibiotic residues and antimicrobial resistances has yet to be well elucidated. Very
few data exist on the environmental effects of antibiotics
under field conditions because their ecotoxicity to microorganisms, plants and soil fauna has been mainly investigated under laboratory conditions. Field data on the
emergence of antibiotic resistance after manure fertilizaCopyright © 2013 SciRes.

tion on soils are also scarce and are currently under discussion. Some authors suggest that continuous introduction of antibiotics into the environment even at low concentrations, can lead to cumulative high long-term concentrations because they often have longer environmental half lives and can also contribute to the development of antibiotic-resistant microbial populations [6]. On
the contrary, other researchers hypothesize that resistance
among soil bacteria can returned to preapplication levels
within 6 months of manure application [37]. Ghosg and
LaPara [38] recommend more stringent control of animal
OPEN ACCESS
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manure as a viable approach to slow the proliferation of
antibiotic-resistant bacteria.
The need to investigate potential environmental problems caused by veterinary antibiotics has been highlighted by the veterinary pharmacovigilance programme
of the European Medicines Agency (EMA). The most
important action to achieve it is leaded by the European
Surveillance of Veterinary Antimicrobial Consumption
(ESVAC) project to obtain detailed data at package level
of sales, but this information should always be complemented with field data on antibiotic residues and antimicrobial resistances on manure, soils and waters. Recent
studies suggest that a screening of antibiotics on the en-vironment is required to ensure agro-ecosystem safety
and reduce the adverse effects of antibiotic residuals [39].
It should be supported by predictive models that help to
identify the high risk areas of antibiotic contamination to
focus the surveillance programmes [40]. Some efforts are
also being made to improve the knowledge on the effectiveness of livestock management, e.g. size of the operation or general hygienic measures, to decrease the release
of antibiotics to the environment. Also the efficiency of
different manure treatments is recently beginning to be
explored focusing on reduction or elimination of the problem at source [41]. All together, these data could help in
setting management priorities.

4. CONCLUSSION
The mean of resistance and the percentage of multi-resistant bacteria in beef farms were higher and statistically
significant compared to dairy farms which is opposite
from the findings of the previous studies. The average
concentration of tetracyclines in catlle manures were
similar to the theoretical levels expected in animal manure in Spain and showed slightly higher values than
those reported in other European countries.
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