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ABSTRACT

The objective of this study was to use the “Screening
test for antibiotic residues” (STAR) as a broad-spectrum
detection method for antibiotic residues in poultry
meat. The STAR method is a microbiological inhibition
assay (a five plate test) where the development of inhi-
bition zones (IZs) indicates the presence of antibiotic
residues in meat samples. By using the STAR method, in
a total of 13 poultry products providing 18 meat samples
(14 muscle and 4 skin) and 18 corresponding juice sam-
ples, 11 out of the 18 samples were positive for containing
antibiotic residues. Based on muscle alone (which is the
matrix validated for use in the STAR method), 6 of the
14 muscle samples were positive for antibiotic residues.
The STAR method as a screening technique proves ad-
vantageous as it is relatively easy to perform and of a low
cost. Furthermore, the STAR method not only indicates
the presence or absence of antibacterial substances, but
simultaneously, a positive sample gives an indication of
the antibiotic family present due to the use of five differ-

ent bacterial test organisms. Families of antibiotics pre-

identified due to positive samples in the results of this
study include aminoglycosides (one out of 18), beta-lac-
tams and sulphonamides (6 out of 18), and macrolides
(5 out of 18). Such pre-identification of the antimicro-
bial families allows for a targeted confirmatory analysis.
However, one could argue that the STAR method is labo-
rious and time consuming. Overall, given the potential
for false positive/negative results, further confirmatory
method analysis of the samples must be performed to en-

sure that the results and conclusions drawn here are true.

Key words: antibiotics; meat; residues; screening

INTRODUCTION

Throughout the world, there is an emerging public
health crisis and a growing concern regarding the potential
for the development of antimicrobial resistance (AMR) that
can occur as a result of the selective pressure and dissemi-
nation of resistance caused by unscrupulous misuse and

inappropriate antimicrobial usage [1, 9, 13, 19]. Over time,



the restriction of antibiotic usage has been encouraged, if
not enacted through legislation, in an attempt to prevent
such AMR development due to non-rational veterinary
antimicrobial use [10]. However, despite this, by 2030, the
global use of antimicrobials in food animal production is
expected to increase by 67 % compared to the 2010 usage
levels [18, 19].

Antimicrobial usage within the veterinary industry can
result in the presence of antimicrobial residues in food of
animal origin [15]. Such presence of antimicrobial residues
can result in direct toxicity or indirectly in AMR. Antimi-
crobial residue levels in the edible tissues of livestock, in-
cluding poultry, should be monitored via detection meth-
ods (screening and subsequent confirmation) and assessed
regularly to ensure that the food of animal origin is safe
and wholesome for consumers and does not contain an-
timicrobial residues at levels which exceed the established
Maximum Residue Limits (MRLs) as defined by legislation
[4,13].

The purpose of screening methods is to rapidly iden-
tify a desired analyte (antibiotic residues in this instance)
where present, using ideally a simple (meaning requir-
ing minimal resources and able to be performed by an
unskilled personnel) and high throughput method [2].
Where a screening method results in a positive result for
a sample, a confirmation is performed to determine if the
sample is indeed positive (for antibiotic residues), identify
the substance(s) present; and, in relation to antibiotic resi-
dues present in the meat, determine if these residues are
at levels above the MRL which would result in condemna-
tion of the meat product [8]. Plate tests are microbiological
inhibition assays used as the main screening method for
antibiotics in slaughter animals in Europe [15]. Plate tests
rely on the principle that when antimicrobial (antibiotic)
residue-containing samples are applied, the growth of the
bacteria will be impeded resulting in the formation of in-
hibition zones (IZs) as a result of diffusion of the antibiotic
from the sample [2, 15].

This study concerned the use of the STAR method as
a broad spectrum multi-plate assay method for the detec-
tion of antibiotic residues in poultry meat. By its comple-
tion we aimed to determine whether antibiotic residues
were present in the samples and also to evaluate the STAR
method as a screening method for a broad spectrum detec-
tion of antibiotic residues. We also wanted to compare and

draw conclusions from the results given by the use of dif-
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ferent matrices, despite the STAR method being validated

only for use in muscle (and milk).

MATERIALS AND METHODS

Sample material

A total of 13 poultry products from the UK and Ire-
land were used for residues analysis. The 18 samples with
sample numbers 1 and 6—9 being thigh; sample numbers
3—5, 10—12 and 15 being breast; sample number 2 being
a chicken portion; sample number 13 being a wing; and
sample numbers 14, 16—18 being skin which was used
as a different matrix for 4 products in addition to muscle
(namely sample numbers 15, 8, 7 and 6, respectively). For
one product, the muscle from 2 different locations (breast—
sample number 15; wing—sample number 13) were used.
For all samples, in addition to the skin or muscle matrix

used, also the juices were collected for testing.

Sample analysis

The study used the STAR method in the manner pre-
scribed by the STAR protocol of Gaudin and Fuse-
lier [5]. The test organisms used were: Bacillus stearother-
mophilus ATCC 10149, grown at pH 7.4 (with the addition
of Trimethoprim ata 1 % concentration equalling 0.005 pg.
ml™ agar medium), Bacillus cereus ATCC 11778, grown at
pH 6, Bacillus subtilis B. G. A., grown at pH 7.2, Escherichia
coli ATCC 11303, grown at pH 8, and Kocuria rhizophila
ATCC 9341 (formerly Micrococcus luteus), grown at pH 8.
Prior to use, the meat samples were stored at 18 °C (deep-
freeze freezer temperature) and the removal of samples for
analysis from the freezer occurred to allow slight defrost-
ing prior to sample preparation. For each muscle sample,
a sterile cork borer of 8 mm diameter was used to remove
a cylindrical plug measuring approximately 2 cm in length
(and 8 mm in diameter). Then the muscle sample was gen-
tly pushed out from the borer (using forceps) and cut into
slices of approximately 2 mm thick, using a sterile scalpel.
Where the skin was attainable, it was removed from the
corresponding muscle via manual manipulation and scis-
sors were used to cut a small section from the skin similar
in size and shape to the muscle slices taken. The prepared
tissue (muscle or skin) slices were transferred to the test
plates using sterile forceps. The juice was obtained from

the skin and muscle samples via thawing the tissue samples



(placed in 15 ml capped plastic graduated cylinder centri-
fuge tubes with the cap loosened in the test tube racks) us-
ing a microwave oven set on the defrost setting. For juices,
antibiotic test paper discs (diameter of 9 mm from Albert
Lab Science, Germany) were used to soak up approximate-
ly 30 pl from the juice obtained for each sample and then
placed onto the test plates using sterile forceps. Onto each
plate, 3 tissue (muscle or skin) slices were placed as well as
the juice-soaked test paper discs corresponding to the same
product and type of sample from which these slices were
obtained; resulting in 6 samples per plate. Testing occurred
in duplicate. Placement was aimed to be approximately
1 cm away from the rim of the plate and other samples. The
prepared plates inoculated with test bacteria and with sam-
ples were incubated as follows: Bacillus stearothermophilus
incubated at 55 °C for 15 hours, Bacillus cereus incubated
at 30 °C for 18 hours, Bacillus subtilis incubated at 30 °C for
18 hours, Escherichia coli incubated at 37 °C for 24 hours,

and Kocuria varians incubated at 37 °C for 24 hours.

Evaluation of results

For each plate, individual tissue samples (skin or meat)
and juice-soaked test paper discs were visually analysed
for the presence or absence of IZs. The presence of an IZ
indicated the diffusion of antimicrobial substances present
within the sample/juice for which the test organism inocu-
lated on the test plate was sensitive; resulting in the inhibi-
tion of test organism growth creating the IZ seen. Where
the clear IZs were present, the zones were measured using
a digital caliper (with a precision of 0.01 mm) at 3 points
from the boundary of the tissue sample or the test paper
disc to the outer limits of the IZ. The measurements were
recorded and a mathematical average was taken to deter-
mine one value (from 3) for each IZ where present. Sam-
ples were deemed positive where an 1Z equal to or more
than a width of 2 mm was found on the test plates inoculat-
ed with four of the test organisms: Bacillus cereus, Bacillus
subtilis, Escherichia coli and Kocuria rhizophila. For the test
plate inoculated with Bacillus stearothermophilus, samples
were deemed positive where an IZ equal to or more than
a width of 4 mm was found. According to the protocol of
Gaudin and Fuselier [5], if at least one plate out of
the 5 plates containing different test bacteria was positive,
the sample was considered overall positive for containing
antibacterial residues. Positive (quality) control plates in-

oculated with test organisms were validated for systematic

respect of operating conditions using standard solutions

containing reference antibiotics.

RESULTS AND DISCUSSION

Based on all matrices used, 11 out of the 18 samples
were positive for containing antibiotic residues. Based on
the muscle as the matrix alone (which is the matrix validat-
ed for use in the STAR method), 6 of the 14 muscle samples
were positive for containing antibiotic residues. Based on
additional matrices not validated for use within the STAR
method, 3 of the 4 skin samples and 3 of the 18 juice sam-
ples (juice as obtained from meat samples/muscle and skin)
were positive for containing antibiotic residues. Note that
no IZs were produced when Bacillus cereus was the organ-
ism, nor when meat was the matrix used when Bacillus
subtilis was the organism, and nor where juice was the ma-
trix used when Escherichia coli was the organism. Table 1
shows a summary of the overall results for the samples us-
ing the STAR method. Table 2 gives the results of the STAR
method based on the mean inhibition zone measured (in
mm) with standard deviation (SD) for all organisms and
all plates. Figures 1—5 present the plates for sample num-
bers 1—6 for each individual organism (Bacillus stearother-
mophilus, Bacillus cereus, Bacillus subtilis, Escherichia coli
and Kocuria rhizophila, respectively).

According to the plates for Bacillus stearothermophilus,
based on meat (muscle and skin) as the matrix, IZs were
produced for all samples. Furthermore, based on juice as
the matrix for the B. stearothermophilus plates, 1Zs were
produced for 5 of the 18 samples (sample numbers 3, 4, 6,
8 and 9); with positive results given for 3 of the 14 muscle
samples (sample numbers 1, 6, and 13) and 3 of the 4 skin
samples (sample numbers 14, 16 and 17). For the B. stea-
rothermophilus plates, based on SD values and given the
spread of data, one could argue that sample numbers 6
and 14, where muscle and skin was used as the matrix
respectively, could be false positives; whilst sample num-
ber 18, where skin was used as the matrix, could be a false
negative. According to the plates for Bacillus cereus, no 1Zs
were produced for any of the samples on any of the plates.
According to the plates for Bacillus subtilis, an IZ of a size
greater than 2 mm indicating a positive result was produced
for sample number 3 with juice as the matrix. No other

IZs were produced for the B. subtilis plates. According to
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Table 1. Summary table giving the overall results for the samples using the STAR method

Organism — Bacillus Bacillus cereus Bacillus subtilis Escherichia coli Kocuria rhizophila
stearothermophilus
Overall
Matrix — Result Juice Meat Juice Meat Juice Meat Juice Meat Juice Meat
Sample no. |
1Thigh Positive - + - - - - - - -
2 Portion Positive - - - - - - - + -
3 Breast Positive - - - - + - - - - _
4 Breast Positive - - - - - - - - + -
5 Breast Negative - - - - - - - - - -
6 Thigh Positive - + - - - - - - - _
7 Thigh Negative - - - - - - - - - -
8 Thigh Negative - - - - - - - - - -
9 Thigh Negative - - - - - - - - _ -
10 Breast Negative - - - - - - - - - -
11 Breast Positive - - - - - - - - - +
12 Breast Negative - - - - - - - - _ -
13 Wing Positive - + - - - - - - - +
14 Skin Positive - + - - - - - - - -
15 Breast Positive - - - - - - - - - +
16 Skin Positive - + - - - - - - - -
17 Skin Positive - + - - - - - - - -
18 Skin Negative - - - - - - - - . -

the plates for Escherichia coli, based only on muscle as the
matrix, I[Zs were produced for 4 of the 14 samples (sample
numbers 2, 4, 5 and 6). None of these IZs produced were of
a size great enough to result in a positive result; and no oth-
er IZs were produced for the E. coli plates. According to the
Kocuria rhizophila plates, based on muscle as the matrix,
IZs were produced for 10 of the 14 samples (sample num-
bers 2—6, 10—13 and 15). Furthermore, based on juice as
the matrix for the K. rhizophila plates, IZs were produced
for 8 of the 18 samples (sample numbers 1—6, 8 and 15).
Based on skin as the matrix for the K. rhizophila plates, an
IZ was produced for one of the 4 samples (sample number
14). For the K. rhizophila plates, positive results were given
for 3 muscle samples (sample numbers 11, 13 and 15) and
2 juice samples (sample number 2 and 4). For the K. rhi-

zophila plates, based on SD values and given the spread
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of data, one could argue that sample numbers 2 (juice),
11 (muscle) and 13 (muscle) could be false positives; whilst
sample numbers 1 and 15, where juice was used as the ma-
trix, could be false negatives.

The STAR method detected the presence of inhibitory
substances and so gave positive results for some samples;
and in doing so, it detected antibiotics from the families
including aminoglycosides (indicated by the B. subtilis
plates), B-lactams and sulphonamides (indicated by the
B. stearothermophilus plates), and macrolides (indicated
by the K. rhizophila plates). The STAR method is validat-
ed for use only in the case that muscle samples and milk
are the matrix in accordance with the European Decision
2002/657/EC [3] and with an internal guideline of vali-
dation as defined by the authors of the validation paper

[6, 7]. As such, the positive results given by juice samples



Table 2. Results of screening for the presence of antibiotic residues in samples using the STAR method for all organisms and all plates

Organism  Bacillus stearothermophilus  Bacillus cereus Bacillus subtilis Escherichia coli Kocuria varians
Matrix — Juice Meat Juice Meat Juice Juice Meat Juice Meat
Sample Mean Mean Mean Mean Mean Mean Mean Mean Mean
no. | 1Z V4 1z 1Z 1Z 1Z 1Z V4 1Z
+SD +SD +SD *SD +SD +SD +SD +SD +SD
1 Thigh - 4.01£0.51 - - - - - 1.87 £0.95 -
2 Portion - 1.74 £0.99 - - - - 0.69£0.19 2.33+0.34 1.04 £0.11
3 Breast 0.84+0.35 0.99 £ 0.44 - - 4.38£0.21 - - 0.88+0.58 1.03£0.25
4 Breast 1.35£0.29 3.65+0.34 - - - - 0.53+£0.02 2.49+0.35 143+£0.30
5 Breast - 1.29+0.12 - - - - 0.85+0.20 142+0.10 144 +0.44
6 Thigh 1.95+0.26 4.42+0.72 - - - - 0.60 +0.03 1.08 £ 0.50 1.04 £0.20
7 Thigh - 2.15+0.16 - - - - - - -
8 Thigh 1.16 £0.82 3.28+0.03 - - - - - 0.60+0.28 -
9 Thigh 0.55+0.16 346+0.12 - - - - - - -
10 Breast - 2.23+0.40 - - - - - - 143 £0.47
11 Breast - 241+0.22 - - - - - - 2.20+0.44
12 Breast - 1.26 £0.12 - - - - - - 0.64 +0.15
13 Wing - 5.34+0.68 - - - - - - 2.39+£0.90
14 Skin - 4.31+1.19 - - - - - - 1.47 £0.24
15 Breast - 291+0.52 - - - - - 1.67 £ 0.44 3.61+0.27
16 Skin - 6.81+1.18 - - - - - - -
17 Skin - 4.40 £ 0.1 - - - - - - -
18 Skin - 3.86£1.14 - - - - - - -

Mean IZ—Average Inhibition Zone (mm); SD—standard deviation; Bold numerals indicate a positive result

and skin samples are questionable; especially whereas it is
known that the matrix used can impact upon the results
given [14, 17]. The results show evident of a discrepancy
between whether an 1Z is produced and whether an 1Z
produced yields of a positive result based upon the type
of matrix used when comparing muscle vs. juice vs. skin.
Also, given the SD and the spread of data, false negative
and false positive results are possible; with a false negative
being of a more significant concern given where a nega-
tive result is produced, means no further testing is per-
formed.

Given the use of calipers for the measurement of IZs as-
sociated with antibiotic residue presence, the STAR meth-
od could be defined as a semi-quantitative method used as

a qualitative screening assessment; where the diameter of

the IZ produced theoretically correlates and so is directly
proportional to the level/concentration of antibiotic resi-
dues found within a sample [11, 12, 16]. Note that there
is some subjectivity in relation to determining at which
points to measure on an IZ and also the respective distance
of the IZ. This subjectivity is limited given that 3 points are
measured and then the average is taken to give the IZ size;
however, this could prove significant in relation to the SD
in cases where the results could be deemed as false positives
or false negatives.

The STAR method proved of value as a screening meth-
od due to its relative ease to perform, low cost, robustness
and ability to detect a wide range of antibiotics at a level of
satisfactory sensitivity. However, the STAR method proved

laborious and time consuming. Furthermore, the STAR
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Fig. 1. Images showing the Bacillus stearothermophilus plates post-incubation for sample numbers 1—6 where IZs are present
for all meat samples and for samples 3°, 4° and 6° where juice was the matrix

Fig. 2. Images showing Bacillus cereus plates post-incubation
for sample numbers 1—6 (no IZs present)
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Fig. 3. Images showing the Bacillus subtilis plates post-incubation for sample numbers 1—6 where no IZs
are present except for sample number 3° where juice was used as the matrix

Fig. 4. Image showing the Escherichia coli plates post-incubation for sample numbers 1—6 where IZs are present
for sample numbers 2, 4, 5 and 6 where muscle was the matrix used
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Fig. 5. Images showing the Kocuria rhizophila plates post-incubation for sample numbers 1—6 showing IZs present
for meat samples 2—6 and for juice samples 1°—6°

method may not detect certain antibiotics or prove less sen-
sitive in relation to other methods (as seen by the validation
studies performed in 2010 by Gaudin etal [7].

To promote this work, one could perform further ex-
perimentations of the same poultry products and samples
with other screening methods for comparison. Addition-
ally, the experiment using the STAR method could be re-
peated to determine if the same results are attained. More-
over, the STAR method could be evaluated in relation to
a larger sample size. In relation to the effect of the matrix
on the STAR method’s performance, no experimentations
or other studies have been performed and published which
looked at using matrices other than muscle, like meat, juice
and skin, using the STAR method. Given the discrepancies
discussed, further experimentations are needed to ascer-
tain whether other matrices can be validated for use in the
STAR method so that reasonable conclusions can be drawn

from the results.

CONCLUSIONS

This study concerned the broad-spectrum detection of
antibiotic residues in poultry meat by a multi-plate assay
via use of the STAR method. Families of antibiotics pre-

identified due to positive samples in the results of this work
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include aminoglycosides, beta-lactams, sulphonamides
and macrolides. As a targeted confirmatory analysis was
not performed, we are unable to determine where false pos-
itive and false negative results arose as given by the use of
the STAR screening method. Therefore, to be able to draw
any definitive conclusions from this study, further confir-

matory analysis must be performed.
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