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RESUMO

Introducédo: O uso inadequado e ndo regulamentado de medicamentos veterinarios na produgao de alimentos
de origem animal pode ser prejudicial tanto a sadde do consumidor quanto a industria leiteira. A presenca de
residuos de antibiéticos no leite contribui para o surgimento de bactérias resistentes a antibiéticos, que podem
ser transmitidas dos animais aos seres humanos, levando ao desenvolvimento de alergias e ao desequilibrio
da microflora intestinal. Objetivo: Este estudo teve como objetivo detectar residuos dos antibiéticos penicilina
G e estreptomicina em leite pasteurizado e leite cru na cidade de Karbala, utilizando um isolado local de
Bacillus subtilis. Métodos: B. subtilis HS foi isolado de uma area agricola e utilizado como micro-organismo
teste para a deteccao de residuos de antibidticos em amostras de leite. Um total de 45 amostras de leite,
incluindo 32 leites crus provenientes de diferentes fazendas e 13 leites pasteurizados adquiridos em mercados,
foi coletado no periodo de setembro de 2024 a abril de 2025. Os residuos de antibidticos nas amostras de leite
foram detectados por meio do método de difusdo em pogco em agar e cromatografia em camada delgada
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(CCD). Resultados: O ensaio de difusdo em pog¢o em agar demonstrou que, das 45 amostras analisadas (4/13
de leite pasteurizado e 12/32 de leite cru), 30,76% e 37,5% foram positivas, respectivamente. As amostras de
leite apresentaram uma taxa de prevaléncia total de 35,5% para residuos de antibioticos. Os resultados da
CCD evidenciaram a presenca de residuos de penicilina G em 9 amostras de leite (56,25%), sendo 1 de leite
pasteurizado e 8 de leite cru, as quais apresentaram mancha idéntica a do antibiético padrao ao valor de Rf de
0,85. Quanto a presenca de residuos de estreptomicina, 2 amostras (12,5%) de leite cru apresentaram mancha
idéntica a do antibiético padrdo ao valor de Rf de 0,51. Ambos os residuos de antibidticos foram detectados
simultaneamente em 2 amostras (12,5%) de leite cru. Discussdo: A maior ocorréncia de residuos de
antibidticos no leite cru em comparagao ao leite pasteurizado pode ser atribuida ao ndo cumprimento, por parte
dos produtores, dos periodos de caréncia estabelecidos pela Comissdo do Codex Alimentarius apos a
administracdo de medicamentos aos animais. Contribui também para esse cenario a auséncia de controle
sobre a comercializagdo do leite cru, vendido diretamente pelos produtores sem a realizagdo de testes
rigorosos. Conclusées: A presenca de residuos de antibiéticos nas amostras de leite evidencia a necessidade
de que as autoridades monitorem a qualidade do leite cru que chega ao mercado consumidor.

Palavras-chave: Seguranca alimentar, cromatografia em camada delgada, ensaio de difusdo em poco em
dgar, Bacillus subtilis, leite pasteurizado.

ABSTRACT

Background: The improper and unregulated use of veterinary drugs in animal food production can be harmful
to both consumer health and the dairy industry. The presence of antibiotic residues in milk contributes to the
emergence of antibiotic-resistant bacteria that could be transmitted from animals to humans, leading to the
development of allergies and disturbances in the balance of intestinal microflora. Aim: This study aimed to
detect penicillin G and streptomycin antibiotic residues in pasteurized and raw milk in Karbala city using a local
isolate of Bacillus subtilis. Methods: B. subtilis HS was isolated from an agricultural area and used as a test
microorganism for antibiotic residues in milk samples. A total of 45 milk samples, including 32 raw milks from
various farms and 13 pasteurized milks from markets, were collected from September 2024 to April 2025.
Antibiotic residues in milk samples were detected using Agar Well diffusion method and thin-layer
chromatography (TLC). Results. Agar well diffusion assay showed that, out of 45 samples (4/13 pasteurized
milk and 12/32 raw milk), 30.76% and 37.5% were positive, respectively. The milk samples had a total
prevalence rate of 35.5% for antibiotic residues. The results of TLC showed the presence of penicillin G residue
was out of 9 milk samples (56.25%), 1 (pasteurized milk), and 8 (raw milk) had an identical spot with the
standard antibiotic at Rf value of 0.85. Regarding the presence of streptomycin residue, 2 samples (12.5%) from
raw milk showed an identical spot with the standard antibiotic at Rf of 0.51. Both antibiotic residues were
detected in 2 samples (12.5%) of raw milk. Discussion: The higher occurrence of antibiotic residues in raw milk
compared to pasteurized milk samples could be attributed to farmers not following the withdrawal periods set by
the Codex Alimentarius Commission after administering medication to their animals. Also, the lack of control
over raw milk sales, where farmers are sold directly without undergoing strict testing. Conclusions: The
presence of antibiotic residues in milk samples necessitates that authorities monitor the quality of raw milk
entering the consumer market.

Keywords: Food safety, thin layer chromatography, Agar well diffusion assay, Bacillus subtills, pasteurized
milk.
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1. INTRODUCTION:

The mitigation of the increasing threat of
antimicrobial residues in milk and dairy products
is the farmer’s responsibility. Antibiotics are
widely used in livestock farming for disease
prevention, infection treatment, and growth
promotion, accounting for more than 70% of
global antibiotic consumption (Allen et al., 2013;
Jechalke et al.,, 2014; Salim et al., 2018). Most
antibiotics used in animals are the same as or
closely related to those used in humans (Marshall
and Levy, 2011; Ma et al., 2021). It is well known
that antibiotic contamination creates selective
pressure for resistant bacterial strains (Tello et
al., 2012; Arséne et al., 2022). The most widely
used antibiotics for both animal and human are

classified within the p-lactam group, which
includes: carbapenem, monobactam,
cephalosporin, and penicillin (Prescott and

Hardefeldt, 2024; Garkavenko et al.,2021). Other
classes include macrolides such as erythromycin
and azithromycin. Aminoglycosides such as
streptomycin,  gentamycin  (Conceicdao et
al.,2023). Some antibiotics are incompletely
absorbed and metabolized in animals, so the
residues are excreted unchanged through urine
(Chee-Sanford et al., 2009). Consequently, high
concentrations of residual antibiotics are released
in animal manure (Qian et al., 2018).

The presence of antibiotic residues in
food products, especially milk, has certain
harmful effects on public health. A study
conducted by Zhang found that antibiotic
residues in the muscles, kidneys, and livers of
cattle and sheep, may pose a threat to human
health (Zhang et al.,2021). Another study found
antibiotic residues in milk (Titouche et al., 2013;
Batah et al, 2025). Moreover, poultry may
contain antibiotic residues, which can cause
numerous adverse health effects in humans.
Antibiotic residues have been detected in chicken
production (meat and eggs) (Chang et al., 2015).
The accumulation of penicillin residues in milk led
to the development of allergies in some
hypersensitive individuals, while the accumulation
of sulfamethazine and oxytetracycline could
increase the risk of cancer (Hou et al., 2015).
Also, the presence of gentamicin residues is

causing nephropathy and disturbances in the
intestinal microbiota (Back et al, 2020).
Therefore, the detection of veterinary drug
residues in food represents an important food
safety issue

The bioanalytical techniques used to
detect antibiotic residues in food products are
mainly categorized into two groups: screening
methods and Confirmatory Methods (Chafer-
Pericas et al., 2010). Screening methods such as
microbial inhibition tests, immunoassays like
ELISA, and lateral flow tests are characterized by
their quickness, ease of use, and affordability
(Ghimpeteanu et al., 2022). They detect the
presence of antibiotic residue above a certain
limit rather than identifying the specific type
(Chéfer-Pericas et al, 2010). Confirmatory
methods, such as chromatography coupled with
mass spectrometry (LC-MS/MS) and (GC-
MS/MS), require expensive equipment and
trained personnel (Wang et al.,2022). However,
these methods are particularly powerful, capable
of identifying and quantifying over 100 different
antibiotics at very low levels in a single test
(Berendsen et al.,2013).

Bacillus subtilis is referred to as a “soil
dweller,” with its natural niche in soil. It is a spore-
forming, Gram-positive, rod-shaped, motile
bacterium (Norris & Wolf, 1961). B. subtilis is
considered an effective microorganism that is
used to detect antibiotic residues in milk for
several reasons: first, the broad sensitivity, where
many studies showed that B. subtilis is naturally
sensitive to a wide range of antibiotics such as
penicillin, amoxicillin,  cephalosporins, and
tetracyclines (Sharma et al,2025). This wide-
ranging sensitivity enables a single test of B.
subtilis to effectively detect contamination of food
with a variety of different antibiotics (Lee et al.,
2007; Navratilova et al.,, 2024). B. subtilisis an
ideal organism for commercial test kits because it
produces spores, which are a stable, inactive
state and highly resistant to both heat and drying.
This characteristic gives the test kits a long shelf
life and allows them to be stored and transported
easily (Gondova et al, 2014; Trufanov et al.,
2015). Also, microbial tests using B. subtilis are
more practical and quicker for screening than
chromatography or mass spectrometry. They are
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simpler, faster, and much cheaper (Ferone et
al.,2020).

1.1. Aims

Due to public health concerns, milk and
dairy products containing antibiotic residues
above safe levels are not considered safe for
people to drink (Plumb, 2018). However, there's
been growing concern about how often veterinary
drug residues are found in food, especially milk.
Despite this, no previous studies have specifically
examined antibiotic residues in milk sold in
Karbala Province. So, this study aims to detect
these residues in pasteurized milk (market) and
raw cow milk (dairy farm) in Karbala using the
Agar well diffusion method and thin-layer
chromatography.

2. MATERIALS AND METHODS:

2.1. Materials

2.1.1 Isolation and Identification of Bacillus
subtilis

B. subtilis is isolated selectively, as
recommended by Vehapi et al. (2023), with a
slight modification. Soil samples were collected
from an agricultural area in the College of
science/, Karbala University. Ten soil samples,
taken to a depth of 10 cm, were placed in sterile,
sealed bags and transported to the laboratory.
From each soil sample, 1 g was weighed and
placed in a test tube containing 9 mL of sterile
saline solution. To obtain a homogeneous
suspension by breaking up aggregated soil
particles, the samples were shaken in a vortex
machine at the highest speed for 20 minutes. To
obtain B. subtilis spores, the soil suspension from
each sample was heated in a water bath at 80 °C
for 20 minutes to eliminate vegetative bacterial

cells. Then 10 pL of the soil suspension was
transferred and spread on a solid culture surface
of sterile nutrient agar. The plates were incubated
at 30 °C in an incubator for 24-48 hours.

An initial confirmation test was used to
identify the selected isolates, including the Gram
stain and catalase tests (Amin et al, 2015). All
isolates were identified as B. subtilis. After that,
the Viteck 2 test was performed for more
accurate identification. The strain was designated
as “HS”.

2.1.2 Preparation of Bacillus subtilis HS spore
suspension

The spore suspension of B. subtilis HS
was prepared according to the method described
by ElI Atabani et al. (2014). Under sterile
conditions, several colonies of the bacteria were
transferred to sterile nutrient agar culture plates
and incubated at 30 °C for 10 days to induce
bacterial cells to produce spores. At the end of
the incubation period, the cells were harvested in
10 mL of sterile saline (0.8% Sodium chloride),
then centrifuged at 3000 rpm for 10 minutes
(repeated twice). The suspension was heated at
70 °C in a water bath for 30 minutes to kill the
vegetative cells. The hot suspension was
transferred to a centrifuge and spun at 3000 rpm
for 10 minutes; the supernatant was discarded.
Another 10 mL of sterile saline was added to
wash the remnants of the vegetative cells. The
mixture was concentrated at the same speed and
duration (repeated twice) to obtain a pure spore’s
suspension.

2.1.3 Antibiotic sensitivity test for B. subtilis HS

Antibiotic sensitivity tests for B. subtilis HS
were performed using the Kirby-Bauer method,
following the guidelines for antimicrobial disk
susceptibility testing established by the Clinical
and Laboratory Standards Institute (CLSI, 2012).
Nine types of antibiotics (Oxoid, UK) used have
been used. The selected antibiotic belonged to
five classes of antimicrobials. These antibiotics
include aminoglycosides: Kanamycin (K, 30 ug),
Neomycin (N, 30 ug) and Streptomycin (S, 10
ug); B-lactam: Ampicillin (AM, 10 pg), Amoxicillin
(AmC, 30 pg) and Penicilin G (P, 10 ug);

fluroquinolones: Ciprofloxacin  (CIP, 5 pg);
phenicols:  Chloramphenicol (C, 30 ug);
tetracyclines: Tetracycline (Te, 30 pg). An

overnight bacterial suspension was made to
match the turbidity of a 0.5 McFarland standard.
This suspension was then evenly spread across
Muller Hinton agar plates using a cotton swab.
Four antibiotic disks were impregnated on the
plates, with a distance of 10 mm between each.
The plates were transferred to a fridge for 20
minutes, then incubated at 35 °C for 24 hours.
Zone inhibition around each disk was measured
in millimeters (mm), and the results were
recorded.

2.1.4 Milk sample collecting

Two types of milk samples were randomly
collected from September 2024 to April 2025.
Samples of all types were collected from Karbala
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province. The first one was different brands of
unflavored pasteurized milk samples (13),
denoted by (P), purchased at the point of sale.
The other one was raw milk samples from cows
(32), denoted by (C), that were collected from
different farms. The samples were kept under
cold conditions until transported to the laboratory.

2.1.5 Preparation of standard antibiotic

concentrations

Two antibiotics were used in this study:
penicillin G and streptomycin, which were kindly
supplied by the State Company for Drug
Industries and Medical Appliances, Samarra,
Irag. The stock solution for each antibiotic was
prepared at a concentration 0.1 mg/mL by
dissolving in methanol. Working stock solutions of
Penicillin G and streptomycin were sterilized
using a Millipore filter and stored at 4 °C until
used.

2.2. Methods

2.2.1 Detection of antibiotic residue using Agar

well diffusion method

To perform this test, 100 uL of B. subtilis HS
spore suspension (diluted with normal saline to
achieve a turbidity of McFarland’s standard
solution (0.5) that equivalent to about 1.5x10%
CFU/mL) were transferred to each 100 mL of
solid culture medium of Muller- Hinton agar
cooled to 45 °C (prior to solidification of the
medium) and mix well. The medium was then
poured into sterilized Petri dishes and left to
solidify at room temperature. Using a sterile cork
borer, four holes (8 mm in diameter) spaced 20
mm apart were drilled into the surface of the
Muller-Hinton culture medium. Each well was
filled with 100 pL of the milk samples,
individually. The plates were incubated at 30 °C
for 24 hours under aerobic conditions. The
presence of antibiotic residues was indicated by
the formation of an inhibition zone around the
wells (absence of bacterial growth). The inhibition
zones around the wells were measured, and the
results were recorded (Al-Mashhadany et
al.,2018). The prevalence percentage of antibiotic
residue is determined using Equation 1

Number of positive samples

Prevalence (%) = ( ) x100

Total number of samples tested

(Eq. 1)

Detection of minimum inhibition zone
diameter was performed by preparing a serial
dilution of each antibiotic (25, 10, 5, 2, 1 ug/mL).
Then add the prepared antibiotic solution to
antibiotic-free milk, followed by the extraction of
antibiotics from the spiked milk. The steps for the
Agar well diffusion method, as mentioned above,
were repeated. Then determine the lowest
antibiotic concentration that yields the smallest
inhibition zone (mm).

2.2.2 Detection of antibiotic residue using the
thin-layer chromatography (TLC) technique

2.2.2.1 Mobile phase of TLC

The mobile phase was prepared as
described by Kaya and Filazi (2010). This
solution was composed of Acetone-chloroform-n-
propanol-impregnation liquid (16 + 20 + 27 + 16).

The impregnation liquid was a pre-
prepared solution (0.1 N phthalate, pH 3.75, and
glycerin, 19+1).

2.2.2.2 Thin-layer chromatography

The samples that showed a positive result
(a clear inhibition zone; 4 pasteurized milk, 12
raw milk) were applied to thin-layer
chromatography as described by Kaya and Filazi
(2010). In the current study, two TLC plates were
used, one for the pasteurized milk sample and
the other for the raw milk samples. The TLC plate
used for pasteurized milk was divided into 6
equal channels (4 pasteurized milk and 2
standard antibiotics), while the TLC plate used for
raw milk samples was divided into 14 equal
channels (12 raw milk and 2 standard antibiotics).
Ten microliters of the extract were spotted onto a
glass capillary tube. The plates were then
allowed to dry for 5 minutes at room temperature
to prevent sample decomposition. Subsequently,
each plate was placed in a TLC tank containing
the mobile phase, which had been prepared an
hour beforehand to achieve an optimal saturated
environment, and the tank was covered with a lid.
Once the solution front reached to the line drawn
below 1 cm from the up edge, the plates were
removed, dried, and then transferred to a freshly
tank. Two methods were used to visualize the
spots: UV detection box at 254 nm (Skorupa and
Gierak, 2011; Hayati and Anggraini, 2023) and
evaporated lodine. To calculate the Retardation
factor (Rf), sample spots were marked with a
pencil. The Rf value is determined using Equation
2 (Kumar et al., 2013).
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__distance travelld by component

Rf =

(Eq. 2)

distance traveled by solvent

A matching Rf value between a sample and a
standard indicates that two compounds are
identical (Fink et al.,1963; Ciesla et al.,2009)

2.2.2.2 Quality control

The limit of detection (LOD) and the limit
of quantification (LOQ) to evaluate the sensitivity
of TLC for penicillin G and streptomycin, a serial
dilution was prepared. Different concentrations
(50, 25, 10, 5, 1, and 0.5 ug/mL) were prepared
by dissolving the standard antibiotics in methanol
to obtain the desired concentrations. These
concentrations were used for minimum
detectable concentrations, as mentioned by Kaya
and Filazi (2010).

The recovery (%) of an antibiotic with a
milk sampling was detected by adding a known
concentration of (50, 25, 5 ug/mL) of standard
antibiotic to a milk-free antibiotic sample.
Followed by extracting the antibiotic from milk as
described by Tyczkowska et al. (1989), one mL of
the milk sample was mixed with 1 mL of protein
precipitation  solution  (acetonitrile-methanol-
deionized water at a ratio of 40:20:20,
respectively) in a centrifuge tube. After gently
shaking the tube, it was centrifuged at 3000 rpm
for 10 minutes. Then spiking the samples in the
TLC plate. Recovery (%) was calculated using
Equation 3.

R ) Amount detected after extraction 100
= X
ecovery is Amount of originality added

(Ea. 3)

The detection of Precision (RSD%) of the
TLC method was evaluated by performing
replicate analyses (n=4) of spiked milk samples
with a known concentration of antibiotic (25, 10,
and 5 ug/mL. The RF value was measured for
each run. The RSD% was calculated using

Equation 4. RSD% values below 5% are
considered good precision.
SD
RSD (%) = — ~100 (Eq. 4)

2.3 Statistical Analysis

SPSS version 20 software for descriptive
statistical analysis was used for results analysis.
To evaluate the prevalence of antibiotic residues,
milk samples were categorized as 'positive’ or
'negative’ based on the presence of an inhibition
zone 22 mm. Given the unequal group sizes
(n=13vs.n=32) and the presence of small
expected frequencies in some
categories, Fisher’s Exact Test was employed
to determine if the proportion of positive antibiotic
detections differed significantly between raw and
pasteurized milk. This approach provides a
robust, non-parametric assessment of the
association between milk processing type and the
presence of veterinary drug residues. Results
were considered statistically significant if P <
0.05. Also, the Confidence Interval (Cl) at 95%
was calculated

3. RESULTS AND DISCUSSION:
3.1. Results
3.1.1. Antibiotic sensitivity test for B. subtilis

B. subtilis HS was found to be sensitive to all
the antibiotics tested. The results, shown in Table
1, demonstrated its susceptibility to kanamycin,
neomycin, streptomycin, ampicillin, amoxicillin,
penicillin G, ciprofloxacin, chloramphenicol, and
tetracycline. Because of this broad sensitivity, B.
subtilis HS is a strong candidate for use as a test
microorganism to detect antibiotic residues in
milk.

3.1.2. Detection of antibiotic residue in milk
using the Agar well diffusion method

The results of the Agar well diffusion
method for detecting antibiotic residues showed
that, out of 13 pasteurized samples collected
from markets, only 4 (30.76%) gave a positive
result (formation of an inhibition zone around the
holes). Of 32 raw milk samples, only 12 (37.5%)
tested positive for antibiotic residues. Altogether,
the milk samples showed a total occurrence of
antibiotic residues of 35.5%, as presented in
Table 2. The positive and negative results for the
antibiotic residue in milk are shown in Figure 1.

The diameter of the inhibition zone was
varied between pasteurized and raw milk Figure
2. The raw milk showed a larger zone of inhibition
than pasteurized milk. Even within the same
group, the inhibition zone was varied. However,
there was no significant difference between
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pasteurized and raw mik (p<0.05=0.52).
Statistically, the 95% confidence interval for both
pasteurized and raw milk samples was 14.75%-
22.59%.

The minimum inhibition zone diameter for
antibiotic residues in milk was detected using
Agar well diffusion method at concentrations of
25, 10, 5, 2, and 1 ug/mL). Results in Table 3
and Figure 3 showed that the minimum inhibition
zone diameters for Penicillin G and Streptomycin
were 10 ul/mL and 5 pl/mL, respectively.

3.1.3. Detection of Penicillin G and
Streptomycin antibiotic residue in milk using
the TLC method

The milk samples that showed a positive
result (inhibition zone) were subjected to a TLC
test to identify the antibiotic residue present in the
milk. Penicillin G and Streptomycin were used as
standard antibiotics. As shown in Table 4, the
Retardation factors (Rf) were varied between and
within the milk samples. For the presence of
Penicillin G residue, there were 9 milk samples
(56.25%), 1 belonging to pasteurized milk; P11
and 8 belonging to raw cow milk; C3, C8, C12,
C17, C18, C22, C26, and C30 showed an
identical spot with the standard antibiotic
penicillin G at Rf value 0.85. Regarding the
presence of Streptomycin residue, 2 samples
(12.5%) from raw cow milk (C29 and C34)
showed an identical spot with the standard
antibiotic streptomycin at an Rf of 0.51. On the
other hand, the combination of Penicillin G and
Streptomycin antibiotic residues was detected in
2 samples (12.5%) from raw cow milk (C1 and
C20), which showed 2 spots identical to the
standards. However, 3 samples from pasteurized
milk (P3, P6, and P7) showed spots that were not
identical to the standard antibiotic, with different
Rf values.

The precision test (RSD%) values for
Penicillin G and Streptomycin are shown in Table
5. Where the RSD% for penicilin G was 1.7%
and for streptomycin was 2.3%.

3.1.4. Quality control

The sensitivity of the TLC method was
evaluated by determining the limit of detection
(LOD) and limit of quantification (LOQ) for
Penicillin G and Streptomycin in milk. The LOD
values for Penicilin G were found to be 0.5

ug/mL as shown in Table 6 and Figure 4. For
Streptomycin, the LOD values were found to be 1
pg/mL as shown in Table 6 and Figure 5. The
LOQ values for Penicillin G and Streptomycin
were 1.5 ug/mL and 3 pg/mL, respectively (Table
6).

The recovery % for Penicilin G was 82-
87%, while for Streptomycin was 85-89%, which
are considered good values, Table 6.

3.2. DISCUSSION

Since  Alexander Fleming discovered
antibiotics, millions of lives have been saved.
Despite that, the future of antibiotics used in
medicine is more complicated than anyone
expected (Hutchings et al., 2019). The overuse of
antibiotics contributes to the development of
antibiotic-resistant strains. This resistance is
based on the concept of Darwinian survival of the
fittest (Fleming, 2006). The use of antibiotics is
not limited to human pathogenic infections; it also
includes animal and plant infections (Arsene et
al., 2022). Reports of antibiotic residues in
milk began appearing in the 1960s, but
detections significantly rose after 2000. This
issue has drawn considerable attention recently,
driven by growing concerns over food safety and
public health (Sachi et al., 2019). The presence
of antimicrobial residues in milk and dairy
products is considered a serious threat to public
health (Ghimpeteanu et al.,2022).

Therefore, simple, and effective screening tests
are important for identifying residues of various
classes of antimicrobials in food, particularly milk
(Islam et al, 2020). In the current study, the
occurrence of antibiotic residues in raw milk
samples collected from the fields using Agar well
diffusion method was higher (37.5%) than in
pasteurized milk samples collected from markets
in Karbala (30.76%). This could be attributed to
several reasons; first, farmers do not follow the
withdrawal periods set by the Codex Alimentarius
Commission after administering medication to
their animals, which can result in contamination
of their raw milk (Alimentarius, 2010). As is well
known, withdrawal periods refer to the time
required for an animal to fully metabolize and
eliminate a given antibiotic from its tissues,
thereby reducing it to a safe and acceptable level
for consumption (Virto et al, 2022). Each
antibiotic has a specific withdrawal time, such as
Penicillin 72 hours, Amoxicillin 60 hours
(Burmanczuk et al., 2017), and a combination of
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Streptomycin with Penicillin 72 hours (Karande et
al., 2021). Accordingly, milk produced during that
time must be disposed of. Secondly, the lack of
control over raw milk sales, where farmers sell
raw milk directly without undergoing strict testing
or meeting quality control standards (Zavala and
Revoredo-Giha, 2022). Unlikely, the milk
intended for pasteurization is usually tested for
antibiotic residues at collection centers; milk
exceeding safe limits is rejected, ensuring that
the raw milk used for pasteurization has very low
or undetectable levels of these residues (Rahman
et al., 2021).

To sum up, the greater detection of antibiotic
residues in raw milk compared to pasteurized
milk is largely due to residues originating from
farm-level veterinary drug use. However, the
pasteurization process, along with the quality
control measures in place for milk intended for
pasteurization, degrades or inactivates some of
these residues, resulting in lower levels in the
final product. Despite that, the percentage of total
occurrence of antibiotic residue in the current
study was 35.5%, which was concordant with
other studies with a total occurrence ranging from
28-35%, such as Iran 34% (Olatoye et al.,2016),
Kenya 30.7% (Orwa et al., 2017), and Somalia
30% (Mohamed et al., 2020). Although many
studies have detected antibiotic residues in milk
samples, the overall incidence has varied. This
variation was low in some regions (Kumarswamy
et al,, 2018) and high in others (Stella et al,
2020). This variation could be attributed to many
factors, such as withdrawal time of milk, the
method used to detect antibiotic residues, and
the stability of the antibiotic in milk (Sachi et al.,
2019). Also, the experimental season was
conducted. A study by Moghadam et al. (2016)
showed that the winter season had a higher
incidence of antibiotic residues in milk than the
spring season. Likewise, this study was
conducted during the winter season
when antibiotic residues are typically more
common. This can be attributed to colder
temperatures and shorter days, which lead
animals to be kept indoors more often, increasing
the risk of infections and, in turn, prompting the
use of an antibiotic for treatment (Alimohammadi
et al., 2020).

In the current study, the choice of B.
subtilis to detect penicilin G and streptomycin
residues in milk samples is due to its remarkable
sensitivity to these antibiotics (Titouche et al.,
2022). This led to the next part of the work, which
was the use of penicillin G and streptomycin as a
standard for performing TLC tests on samples

that showed a positive result. Table 2 clearly
demonstrated that penicillin G had the highest
antibiotic residue in milk samples (56.25%),
followed by streptomycin (12.5%) and the
combination of penicilin G and streptomycin
(12.5%). The reasons for the higher occurrence
of penicillin G as an antibiotic residue in milk
compared to streptomycin are that penicillin G
belongs to the beta-lactam antibiotics, known for
its wide spectrum of activity against gram-positive
pathogens such as  streptococcal and
staphylococcal infections (Okonko et al., 2009).
Also, penicilin G has fewer side effects than
streptomycin, which can cause an allergic
reaction in cattle (Hirvonen et al, 1994).
Additionally, the low cost, availability, and
effectiveness of treatment for infectious diseases
lead farmers in remote areas to use penicillin G
without veterinary guidance (Layada et al., 2016;
Batah et al., 2025). In general, this study agrees
with other studies that reported a high rate of
penicillin G in milk samples compared to other
antibiotics (Kaya and Filazi, 2010; Malgwi et al.,
2023).

Numerous analytical techniques exist for
detecting antibiotic residues in milk,
including microbiological tests, chromatographic
methods, immunochemical assays, and receptor-
and enzyme-based tests (Kantiani et al., 2009;
Kaya and Filazi, 2010). Among these,
microbiological tests, particularly the agar well
diffusion method, are frequently used in the dairy
industry to detect antibiotic residues (Titouche et
al, 2013; Almashhadany, 2021). The
combination of thin-layer chromatography (TLC)
with microbiological detection methods, such as
the agar well diffusion assay, is an effective
approach for detecting antibiotic residues in milk.
This method is valued for its simplicity, low cost,
sensitivity, and specificity in identifying various
antibiotics (Kaya and Filazi, 2010; Piech et al.,
2016).

At this point, robust disease prevention
practices should be implemented to minimize the
need for antibiotic overuse in livestock. Three
main pillars are considered cornerstones for
protecting livestock health: smart husbandry,
biosecurity, and hygiene (Paramitadevi et al.,
2023; Jimenez et al., 2023). Smart husbandry,
using technology to control and optimize all
environmental conditions inside livestock houses,
is ideal for controlling disease spread. An
example of smart husbandry is the use of
sensors to adjust ideal temperature, humidity,
and ventilation levels (Ongom, 2023), smart
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feeding by balancing the quantity of feed that
meets the demands of animals (Makkar, 2016),
and utilizing sensors to track animal health,
behavior, and productivity (Kistanova et al.,2024).
The biosecurity sector involves restricting and
controlling antibiotic prescribing and vaccinating
animals (Renault et al, 2021). To achieve
biosecurity, many practices are used today,
including food safety, limiting and managing
invasive species, and controlling the risk of
pathogen transfer (zoonosis) (Subasinghe et al.,
2023). Hygiene is the third crucial sector for
protecting livestock health. To prevent disease, it
is important tomaintain a clean-living
environment, provide clean water and food, and
practice good personal hygiene. Regular cleaning
and disinfection of housing, equipment, and
vehicles are also very effective in reducing
disease risk (Jimenez et al., 2023).

To mitigate the harmful effects of antibiotic
residue in milk, it's crucial to educate farmers
about these risks. This could be accomplished by
using an alternative antibiotic, such as a vaccine
or phage therapy. Also, the use of prebiotics and
probiotics in animal feed, and the use of
traditional medicinal herbs to reduce the need for
antibiotics in foodstuffs are considered promising
steps towards minimizing the use of antibiotics.

4. CONCLUSIONS:

This study was conducted in Karbala
province, where two types of milk samples were
collected. Raw milk from cows was collected from
the fields, and pasteurized milk from different
brands was purchased from the markets. This
study clearly demonstrated that the antibiotic
residues in raw milk was higher than in
pasteurized milk. The presence of antibiotics in
milk is a serious public health concern. This issue
stems from the improper use of veterinary drugs
and the failure to monitor the withdrawal period -
the time required between giving antibiotics to the
animal and collecting its milk. This could lead
to long-lasting illnesses, which would
cause medical costs to go up and high mortality
rates. Consequently, this points to inefficient and
failing public health rules and to farmers using
antibiotics carelessly, which is dangerous for
consumers.

5. DECLARATIONS

5.1. Study Limitations

The main limitations of this study were the
unclear history of antibiotic use among farmers in
Karbala city and the lack of a clear schedule and
protocols for veterinarians. For these reasons,
the results provide an overall picture of antibiotic
residues in milk rather than explaining them in
detail. However, the cows in the city are
distributed in small groups (fewer than 10 per
farmer), so the sample size needs to be large to
capture the city's geographic distribution, which is
very expensive.

Although TLC is a highly accessible and
economical screening method for antibiotic
residues, its detection threshold often exceeds
the strict MRLs mandated by Codex. Advanced
analytical platforms (HPLC/LC-MS/MS) offer
superior sensitivity but are significantly more
expensive. In this study, TLC was utilized as a
viable alternative for preliminary contamination
assessment despite these sensitivity constraints."
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Table 2. Confidence Interval (Cl 95%) and antibiotic residue ocurance for pasteurized and raw
milk samples using the Agar well diffusion method depending on the values of the inhibiotion zone

(mm)

Parameters Pasteurize

d milk

P3
P6
P7
P11

No. of
positive
samples

95% ClI

Antibiotic
residue
Occurance

Inhibition zone
(mm) as positive
results out of 13

o A~ 01 O

3.70%-6.30%

30.7%

Raw
milk

C1

C3

C8

C12
C17
c18
C20
C22
C26
C29
C30
C34

Inhibition zone Total

(mm) as positive
results out of 32

14
10
16
24
10
15
13
12
17
13
12
8

12 16

11.05%-16.29% 14.75%-22.59%

37.5% 35.5%
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Table 3. The minimum inhibition zone diameter for antibiotic residues in milk was detected using Agar

well diffusion method at concentrations (25, 10, 5, 2,1 ug/mL) for Penicillin G and Streptomycin. (+),

presence of inhibition zone and (-), no inhibition zone.

Concentration (ug/mL)

Table 4. Retardation factor (Rf) of pasteurized milk and raw milk samples compared to standard

25
10

penicillin G streptomycin

+

+

antibiotics, penicillin G and streptomycin, measured by TLC.

Milk sample

P3
P6
P7
P11
C1

C3
C8
C12
c17
C18
C20

c22
C26
C29

C30
C34

Rf identical with
penicillin G?

0.85
0.85

0.85
0.85
0.85
0.85
0.85
0.85

0.85
0.85

0.85

a = Retardation factor of standard penicillin G was 0.85
b = Retardation factor of standard streptomycin was 0.51
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Rf identical
with

+

+

+

streptomycin®

Not identical

0.29
0.71
0.29

77



Table 5. The Precision test (RSD%) for (n=4) depending on Retardation Factor (Rf) of spiked milk
samples (pasteurized and raw milk) for penicillin G and streptomycin.

Antibiotic Mean RF SD RSD (%)
Penicillin G 0.85 0.015 1.7%
Streptomycin 0.51 0.012 2.3%

Table 6. Quality control for the TLC test, including LOD, LOQ, and Recovery (%).

Antibiotic LOD LOQ Recovery (%)
Penicillin G 0.5 ug/ml 1.5 ug/ml 82-87%
Streptomycin 1ug/ml 3ug/ml 85-89%

Figure 1. The inhibition zone (mm) of a milk containing an antibiotic, a positive result (A) and milk
without antibiotic, a negative result (B) using the Agar well diffusion method.
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Figure 2. The dimension of the inhibition zone (mm) of pasteurized milk and raw milk using the Agar
well diffusion method. P: Pasteurized milk and C: Cow milk

Figure 3. The minimum inhibition zone diameter for antibiotic residues in milk. (A), penicillin G at
concentration 10 ug/mL and streptomycin at 5ug/mL using Agar well diffusion method.
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A. B. C. D. E. F. G. H.

Figure 4. TLC analysis of penicillin G antibiotic standard at different concentration. Spots
corresponding to the following concentration: (A) 100 ug/mL, (B) 50 ug/mL, (C) 25 ug/mL, (D) 10
ug/mL, (E) 5 ug/mL, (F) 1 ug/mL, (G) 0.5 ug/mL and (H) milk-free antibiotic extract used as a negative
control.

A. B. C. D. E. F. G. H.

Figure 5. TLC analysis of streptomycin antibiotic standard at different concentration. Spots
corresponding to the following concentration: (A) milk-free antibiotic extract used as a negative
control, (B) 100 ug/mL, (C) 50 ug/mL, (D) 25 ug/mL, (E) 10 ug/mL, (F) 5 ug/mL, (G) 1 ug/mL and (H)
0. ug/mL.
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