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A B S T R A C T

The widest-spectrum, most-consumed β-lactam antibiotic amoxicillin (AMX) is used to treat bovine mastitis that is
caused primarily by many bacteria. Excessive use of antibiotics can lead to established residual contamination of
the milk even after pasteurization. The amount of antibiotic residue above Maximum Residue Limit (MRL) has a
negative impact on both public health and the environment. Therefore, the objective of this study is to determine
the concentration of amoxicillin residue (AMXR) in raw and pasteurized milk samples of cow suffered from
mastitis, by the standard methods of HPLC compared to pure AMX drug and effect of the said residue on the
developmental toxicity and genotoxicity of zebra fish at 72 hpf and 48 hpf embryo, respectively. Results obtained
by HPLC showed that AMXR exhibits 574.89 and 250.75 times higher concentration in the raw and pasteurized
milk than MRL in compare to pure AMX drug. This current study showed that AMXR decreased the body length
and yolk sac region, while the pure AMX drug-treated group showed increased height and length of the yolk sac
and shorter body length relative to the other groups. The Comet Assay measured the DNA damage caused by
AMXR. The group where AMXR were applied showed the highest percentage of tail DNA and tail moment relative
to other groups. So, here AMXR is considered as the genotoxic contaminant that is emerging and affect on public
health.
1. Introduction

Antibiotics are typically used for the treatment and prevention of the
bacterial diseases even in animals. These have also been used in many
domestic and food animals as a growth enhancer and mortality reducer
by reducing the function of the immune system. These also minimize the
nutrient wastage and the development of toxins (Graham et al., 2007)
(Nisha, 2008). The antibiotic amoxicillin (AMX) is one of the most
commonly used antibiotics in the world (Elizalde-Vel�azquez et al., 2016).
It is an effective antibiotic agent against bovine mastitis which is pri-
marily caused by bacteria (Saidi et al., 2019) (Ruegg, 2017). In India,
mastitis causes major annual economic losses (Banerjee et al., 2017).
Antibiotics are highly soluble in water and are the least usable biologi-
cally. Therefore, those residues were present in the marine environments
(Zhou et al., 2018). AMX can be degraded by biotic and abiotic factors,
but produces distinct intermediate products that are more resistant to
breakdown and more toxic than the mother compound. These potent
compounds can affect aquatic organisms in the aquatic environment and
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ultimately create an ecological imbalance (Elizalde-Vel�azquez et al.,
2016).

Improper application of these antibiotics results the presence of an-
tibiotics as a residual form in the milk. After excretion, a trace of the
drugs might be found in milk, poultry, and egg (Sachi et al., 2019). Since
2006, antibiotic practice as a growth enhancer has been prohibited by
European Union (EU) legislation (Ch�afer-Peric�as et al., 2010). Nisha
(2008) reported that drug residues induce reproductive disorders,
toxicity of the bone marrow, autoimmunity, nephropathy, hepatotoxicity
affecting human health. It also reported that, the drug residue having
carcinogenicity and mutagenicity properties (Nisha, 2008).

In recent decades, some chemical substances or compound have
been identified by sophisticated methods of scientific detection tech-
nique which are characterized by a genuine or discerned threat to the
environment or human health with a paucity of declared health
criteria is called Emerging contaminants. Among such prevalent
emerging contaminants include veterinary pharmaceuticals and drug
residues (Lei et al., 2015). That residue has become a problem
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internationally (Teuber, 2001) in present day. This residue inhibits
the microbes of the starter culture that produce fermented milk
products such as yoghurt and cheeses (Seymour et al., 1988). Scien-
tific literature revealed that, human beings are the ultimate users of
these antibiotic residues (Nisha, 2008). It is reported that, pasteuri-
zation usually decreases the bacterial load present in milk, but will not
reduce the amount of antibiotic residues (Ruegg, 2017). Furthermore,
the proficient regulation of antibiotic residues in milk is crucial. Food
and Agriculture Organization of the United Nations and the World
Health Organization (FAO/WHO) Codex Alimentarius Commission
jointly laid down international standards for Food safety and moni-
toring efforts. Authorized Maximum Residue Limits (MRLs) for vet-
erinary drugs in food are imposed in their products of treated animals
with officially tolerable amounts of mother drugs or their metabolites
that are harmless to consumers under National Council Regulation No.
-EEC/2377/90 (Okocha et al., 2018). The maximum residue concen-
tration is called the observable residue amount above the Maximum
Residue Limit (MRL). These are created by the excessive use of a
chemical in either the agricultural or veterinary sectors (Beyene,
2015). The embryo of zebra fish is a commonly used model for
mechanism-based studies of developmental toxicity (Nishimura et al.,
2016). Biomarkers in zebra fish have been reported to be altered by
antibiotics (Oliveira et al., 2013). Zhang et al. reported that tetracy-
cline generates oxidative stress and induces apoptosis that causes
zebra fish embryos to disrupt development (Zhang et al., 2015). The
genotoxic effects of agricultural pesticides on zebra fish were assessed
by the comet assay (D'Costa et al., 2018). Thus, the objectives of this
study are (i) to detect the presence of AMXR by using the HPLC
method, in milk samples obtained at post therapeutic drug withdrawal
period of 30-days from cows those have anamnesis of mastitis, and
also quantification of AMXR of those samples compared to the stan-
dard AMX drug using the same technique; (ii) to detect AMXR in the
same milk after pasteurization using the same method (iii) to inves-
tigate the effect of AMXR on the developmental stage of the embryo of
zebra fish (iv) to assess the effect of AMXR as a genotoxic agent by
Comet assay.

2. Materials and methods

2.1. Chemicals and reagents

Acetonitrile (ACTN) and other reagents used in this analysis were of
analytical grade and obtained from SRL laboratories (India). Milli Q Elix
(USA) used for water purification. The analytical grade of Amoxicillin
(AMX) purchased from Sigma Aldrich (USA).

2.2. Collection of milk samples from cow

30 milk samples (100ml/sample) of about 10 herds in the dairy
farming villages around the Kalyani, Nadia, West Bengal, India were
collected from cows (i.e. 15 from clinical mastitis milk and 15 from
subclinical mastitis milk) after examining the udder health of cows with a
record of clinical and subclinical mastitis. The mastitis milk samples were
confirmed by California Mastitis Test (CMT) and White Side Test (WST)
(Mpatswenumugabo et al., 2017). The herds were marked on the day of
first screening and after 30 days post screening anamnesis of the treat-
ment regime was taken from the owners of that marked herds and those
samples were collected and held in sterilised containers and stored at 4 �C
for further use.

Collection of milk samples and experimental procedures reported in
this manuscript followed the guidelines of the Committee for Control and
Supervision of Experiments on Animals, (CPCSEA), India and procedures
have been approved by the Institutional Animal Ethics Committee,
WBUAFS, Kolkata [Ref. No. IAEC/67/xiv(B)] of 19.08.2019. In this
research, animal experimentation was not performed. So, our present
study did not sacrifice or anaesthetize any animals.
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2.3. Amoxicillin residue (AMXR) screening from milk samples, its
identification and quantification through High Performance Liquid
Chromatography (HPLC)

All of these 30 milk samples were handled, processed and run in High
Performance Liquid Chromatography (HPLC) Schimadzu Lc-20 AT sys-
tem attached with Thermo ODS Hypersil C18 column (250 mm, 4.6 mm-
ID; 5 μmparticle size, USA) in accordance to the standard protocol for the
finding of AMXR in milk samples (Schenck and Callery, 1998). For the
analysis of amoxicillin residues in milk samples, along with optimization
and validation of the analytical result, the simple and responsive HPLC
protocol was followed (Ibrahim and Nasr, 2014). The detection was
performed at a wavelength of 254 nm using a UV Vis SPD 20 detector.
The mobile phase was prepared with acetonitrile and milipore distilled
water after filtration and sonication. Examination of the results obtained
by comparing the curve obtained from samples with that of the regular
one. 20μl of processed milk samples were subjected to HPLC following
standard protocol utilizing “LC Real Time Analysis” software. Then the
findings obtained were analyzed by comparing curves obtained from
samples with those of standard one. The AMXR quantification was per-
formed by comparing the sample peak area to that of the standard AMX
having the corresponding chromatogram (Kurjogi et al., 2019).

2.4. Treatments on zebra fish (Danio rerio) model

2.4.1. Determination of the maximum residue limit (MRL) of AMXR,
obtained from milk samples by the process of HPLC and selection of drug
residues for In vivo analysis

As a way to standardize the process, an aliquot of residue was ob-
tained in acetonitrile and then we measured the Maximum Residue Limit
(MRL) multiples in each sample. We deduced 1X MRL ¼ 1 μl from the
selected sample of drug residues for AMX. As this drug is frequently used
against mastitis in the field of study, therefore AMX was taken into ac-
count. That's why we considered AMXR as a target contaminant in this
study. The maximum residue concentration is the Maximum Residue
Limit (MRL) that results from the registered use of an agricultural or
veterinary chemical. It was recommended as appropriate on a food,
agricultural product, or animal feed by legal and accepted authorization.
The concentration is given in milligrams per kilogram of the commodity
(or milligrams per liter in the case of a liquid commodity) (Boisseau,
1993).

Thus, we inoculated the drug residue obtained from a fraction of
HPLC in 1 ml of E3 medium containing 10 nos. of just hatched 24 hpf
zebra fish embryo at 25 well plate to monitoring their livability under 1x
MRL inoculums for 24 h for amoxicillin residue (AMXR). Zebra fish eggs
were maintained and hatched by following the modified method re-
ported by Oliveira et al. (2013) (Oliveira et al., 2013).

We got 1066 X 1 MRL concentration of AMXR dissolved in acetoni-
trile in 1 ml of container obtained from one pasteurized milk sample,
which we took for convenience of measurement, i.e. 1066 X 1 MRL in 1
ml i.e., 1000 μl. So, 1 μl ¼ 1.066 X 1 MRL, i.e., 1 μl ¼ 1 X MRL of
amoxicillin residue (approx.) Here, 0.004ppm comprises 1 μl. Thus there
was 4 μg in the 1ml or 1000 μl fraction collection vial. But the MRL of
amoxicillin is 0.004ppm or 0.004 μg/ml.

We have got tolerance of absolute acetonitrile up to 14 μl by testing
the livability of just hatched zebra fish embryos. As drug residues are
dissolved in absolute acetonitrile so, in the 1X MRL amoxicillin residue
containing sample, the concentration at 4 μg/ml of amoxicillin residue is
dissolved in 1 μl, which was used for testing the livability of just hatched
zebra fish embryos. It was noted that the maximium embryo was started
dying at 3 X MRL of the pure drug (AMX) solution in acetonitrile.
Therefore, the observed tolerance for AMX is up to 2 XMRL. Accordingly,
just hatched and survived embryos of zebra fish in the E3 medium were
charged with 2 X MRL AMX concentration of the same pure drugs in the
E3 medium containing the same quantity of zebra fish embryo and 14 μl
of acetonitrile were charged as well.



Figure 1. Concentration of Amoxicillin residue (AMXR) in raw and pasteurized
milk determined by using high-performance liquid chromatography (HPLC).
These experiments were repeated for three times with three sets. The data are
shown as average values �SD. P<0.05 defines significant difference of con-
centration between raw milk and pasteurized milk.
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1μl of AMXR containing 0.004ppm residue was charged to the 1ml E3
medium. Thus, in our present analysis, 1ml or 1000 μl E3 medium con-
tains 0.004μg/ml which is too harmful to zebra fish in the E3 medium.
Untreated zebra fish embryos at E3 medium was acts as control.

But the concentration of AMXR in the extraction vial was 4ppm or
4μg/ml which is 1000 times more than the MRL value of AMX.

2.4.2. Impact of AMXR on zebra fish (Danio rerio) morphological traits
Treatments were administered on 48 hpf Zebra fish embryos and

monitored after 24h development. Body length, yolk sac length and yolk
sac height traits were included in the effects of AMX, AMXR and ACTN on
the developmental process of embryos. Of each zebra fish, the body
length was assessed at 72 hpf. This measurement was performed using an
EVOS FL Auto (Invitrogen) fluorescent microscope. During this experi-
ment temperature was held at 28 � 0.5 �C (Zhang et al., 2015). The
embryo analysis was performed using Image J 2.0 software.

2.4.3. Impact of AMXR on embryo cells of zebra fish by comet assay
A sensitive and rapid method for quantifying and analyzing DNA

damage in individual cells is the Comet Assay, or single cell gel electro-
phoresis (SCGE). This assay has numerous applications, such as DNA
damage, genotoxicity testing of new chemicals and pharmaceuticals,
environmental biomonitoring etc. It also has the application for the
assessment of genotoxicity and the efficacy of chemoprevention in cancer
studies and testing also (Ostling and Johanson, 1984); (Singh et al.,
1988).

Cell samples, including controls, were prepared to conduct this test by
centrifuging trypsin-treated 24 hpf Zebra fish embryo cells exposed to 1X
MRL amoxicillin residue (AMXR) i.e. 1 μl, 14 μl ACTN (acetonitrile) and 2
μl AMX (pure amoxicillin) for 24 h. Cells were centrifuged for 3 min at
7000 rpm, and then supernatant discarded. Then, the standard methods
were used to treat and stain these cells (Frenzilli et al., 2004); (Olive and
Durand, 2005) (Speit and Rothfuss, 2012). The photography of the slides
was performed using an EVOS FL Auto (Invitrogen) fluorescent
microscope.

These images of cells were marked one by one and analysis of comet
study was done by Cometscore2.0.0.0 software.

The Tail DNA % and DNA migration (tail moment) are the parameter
used for the DNA damage, which is the product of the length of the tail
per the percentage of DNA in the tail (D'Costa et al., 2018) (Rocco et al.,
2012). The sample numbers were enough for the statistical analysis of
data to estimate genotoxic effects induced by the said treatment on the
experimental model chosen (D'Costa et al., 2018) (Rocco et al., 2012).

The sample numbers on the selected experimental model is sufficient
for statistical data analysis to estimate genotoxic effects caused by the
procedure.

2.5. Statistical analysis

Graph Pad Prism 8 (Graph Pad Software, La Jolla, USA) was used for
the statistical analysis of the experiments. The Student's-test was used for
determination of AMXR. For developmental toxicity and genotoxicity, a
one-way variance study (ANOVA, Kruskal-Wallis) based comparison
rendered statistical significance between the untreated and treated
groups.

3. Results

3.1. Detection of AMXR and determination of concentration by HPLC in
milk samples

The trace of amoxicillin was primarily seen in the raw milk in all
samples. In the case of pasteurized milk, 25 out of 30 samples showed
traces of amoxicillin. So, in this study priority was given to the drug
residue of amoxicillin (AMXR). Pasteurized milk samples revealed the
existence of AMXR that was confirmed by the result of HPLC after
3

comparison with the peak of the pure AMX drugs. In this current study,
quantity of AMXR was measured to be 2299.56 μg/ml and 1003μg/ml in
raw and pasteurized milk samples, respectively, (Figure 1). Therefore,
the present study revealed that the quantity of AMXR in the raw and
pasteurized milk respectively were 574.89 times and 250.75 higher than
its MRL value, which is really alarming.

3.2. The effect of AMXR on zebra fish embryos

The finding of this present study regarding treatment of zebra fish
after 24 hpf revealed that amoxicillin residue (AMXR) has adverse effects
on the growth and development of the zebra fish. Compared to the un-
treated community (Figures 2a, 3a), the AMXR treated group shows
reduced body length (Figures 2b, 2c, 2d, and 3a). The group treated with
pure AMX shows an improved length of 1306.49 � 12.04 μm of yolk sac
and 494.647 � 7.786 μm of yolk sac height and 2378.66 � 13.80 μm of
shorter body length (Figures 2c, 3b, 3c, 3a). The development of the
embryos' body length was estimated at 72 hpf and the results are shown
in Figures 2a, 2b, 2c, 2d and 3a and the length and height of the yolk sac
are shown in Figure 3b and 3c. Compared with the controls, acetonitrile
and amoxicillin have no major effect on physical appearance of the body.
But the embryos had been healthy and active in the untreated commu-
nity. The length of the body was 2613.86 � 7.36 μm and could take up
nutrients at 72 hpf from the yolk sac region. Zebra fish embryos exposed
to ACTN and AMX exhibit 2461.09 � 7.107μm, body length 2378.66 �
13.80 μm. These display no major decreases in body length. But in the
case of AMXR, the body length of 1729.1 � 4.789μm shows that the
increase in their delayed yolk sac absorption dramatically decreased their
development. In the untreated category, no malformations were
observed. Although, there was delayed absorption of yolk sac in the
treated population. These findings showed that AMXR significantly de-
creases the growth of zebra fish embryos.

3.3. DNA damage measurement of zebra fish embryos by comet assay

The Comet Assay is a sensitive and fast technique used to measure and
analyze individual DNA damage of the cell. The percentage of tail DNA
and DNA migration (tail moment) are expressed here as a marker of the
same.

3.3.1. Tail DNA%
Acetonitrile-treated cells show an improvement in tail DNA of 15.5

percent relative to the untreated community (Figures 4a, 4b, 5a).
Treatment with AMX indicates 35.75 per cent tail DNA (Figures 4c, 5a).
However, the highest 71.69 percent tail DNA compared to other groups



Figure 2. (a) Image of untreated D. rerio embryos at 72 hpf. (b)Image of D. rerio embryos malformations after ACTN treatment at 72 hpf (c) Image of D. rerio embryos
malformations after AMX treatment at 72 hpf (d) Image of D. rerio embryos malformations after AMXR treatment at 72 hpf.

Figure 3. (a) Body length of D. rerio embryos
without treatment (untreated) and with treat-
ment of ACTN, AMX and AMXR at 72 hpf (b)
Length of yolk sac of D. rerio embryos without
treatment (untreated) and with treatment of
ACTN, AMX and AMXR at 72 hpf.(c) Height of
yolk sac of D. rerio embryos without treatment
(untreated) and with treatment of ACTN, AMX
and AMXR at 72 hpf. These experiments were
repeated for three times with three sets. The data
are shown as average values � SD. P˂0.05 defines
significant difference between untreated and
treated cells.

Figure 4. (a) Image of no DNA damage on untreated D. rerio embryos at 48 hpf. (b)Image of DNA damage of D. rerio embryos after ACTN treatment at 48 hpf (c) Image
of DNA damage of D. rerio embryos after AMX treatment at 48 hpf (d) Image of DNA damage of D. rerio embryos after AMXR treatment at 48 hpf.
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Figure 5. (a) Tail DNA (%) in cells of D. rerio without treatment (Untreated) and treatment with ACTN, AMX and AMXR at 48 hpf (b) Tail DNA moment in cells of
D. rerio without treatment (Untreated) and treatment with ACTN, AMX and AMXR at 48hpf. These experiments were repeated for three times with three sets. The data
are shown as average values � SD. P˂0.05 defines significant difference between untreated and treated cells.
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was observed in the AMXR treated community (Figures 4d, 5a). AMXR
caused a rise in the percentage of tail DNA after just 24 h of treatment in
this study. It is interestingly observed here that untreated cells and AMX
show 35.75% tail DNA, while acetonitrile and AMXR treated cells show
15.51 and 71.69% tail DNA (Figures 4b, 4d and 5a,5b). In such cases,
there was a difference in the percentage of tail DNA between AMX
treated cells and untreated cells, which does not define a significant level
of DNA damage. But AMXR-treated cells display the highest percentage
of tail DNA under microscopy, which indicates substantial amount of
DNA damage shown by comet tail.

3.3.2. Tail moment
In our analysis, we found a substantial increase in the tail moment of

treatment with AMXR (0.53) relative to the untreated classes, ACTN
(0.23) or AMX (0.35) (Figures 4a,4b,4c,4d, 5b).

4. Discussions

In veterinary medicine antibiotics are commonly used in the
treatment of infectious diseases such as mastitis (Aalipour et al.,
2015). Antibiotic residue monitoring is not used in standard quality
control. Kurjogi stated that tetracycline residues at 70 �C and 100 �C
had not been fully extracted from the milk and its products (Kurjogi
et al., 2019). The MRL of amoxicillin in milk listed in Council Regu-
lation No. 2377/90/EC by the European Commission is 4 μg/kg
('Forthcoming Papers,' 1990) (Sachi et al., 2019). Antibiotic residues
that exceed the MRL in milk and milk products cause serious health
problems for consumers (Van den Meersche et al., 2016). Antibiotic
residues present in food materials can cause potential health effects,
such as cancer and hypersensitivity reactions through bio-
accumulation in muscle tissue, as well as the development of anti-
biotic resistance (Hassan, 2014).

We identified the AMXR here in raw and pasteurized milk. Milk
pasteurization is the regular procedure for the milk packaging, paneer,
curd, yoghurt, cheese production in the dairy industry. This AMXR rea-
ches into this milk product and these items are consumed by the public
with alarming concentration of the same. Here, the concentration of
AMXR is high in raw milk and low in pasteurized milk, even 250 times
that of pasteurized milk.

The pathway of amoxicillin degradation in aqueous medium was
documented on 2013 by Gozlan et al. β-lactam containing a four-
membered ring has been opened by hydrolysis and creates an interme-
diate product of AMX-penicillloic acid, which has an additional free
group of carboxylic acids (Gozlan et al., 2013). pH has also a role in the
degradation of AMX. In the alkaline scale, the lone pair electrons present
on the amine group of the AMX-penicilloic acid is ready for nucleophilic
attack on the carbonyl group. This yields a six member stable diketopi-
perazine ring which is the breakdown product (Elizalde-Vel�azquez et al.,
2016).
5

Mastitis milk has an alkaline pH, which plays this role and can also
generate this substance. Therefore raw milk possibly contains high
AMXR.

Full removal of tetracycline has not occurred at high temperatures
and degradation of tetracycline often depends on various factors, such as
types of food matrix and cooking, etc (Kurjogi et al., 2019).

The factors behind the breakdown of the ß-lactam ring of amoxicillin
are high temperatures and humid conditions (Naidoo et al., 2006). In our
present study, this destruction of the ß-lactam ring structure is caused by
pasteurization, so AMXR is present in the pasteurized milk at low
concentration.

The vital link between environmental contamination and human
health is fish. The harmful influence of antibiotic residues in the fish
model, on the other hand, is not studied in depth (Zhou et al., 2018). We
studied the effect of AMXR on themodel of zebra fish. In our research, the
adverse impact of AMXR is on the development of the zebra fish embryo.
The length of the body is an significant marker of embryo development.
The loss of nutrients may induce a shorter body length. In this AMXR
study, AMXR reduces the body length of zebra fish and increased the
length of yolk sac and decreases the height of yolk sac. During the early
developmental stage, the yolk sac has a vital function, as it only provides
food for embryos. The physical size of yolk sac will decrease along with
the development of embryos (Zhang et al., 2015). AMXR demonstrates
toxicity in development. The development of many enzyme activities
such as alkaline phosphatase (AKP), acid phosphatase (ACP) and
anti-oxidant response is also affected by antibiotics (Zhou et al., 2018). In
fish muscle tissues, bioaccumulation of AMX takes place and results in
immuno-allergic responses to consumer health (Elizalde-Vel�azquez et al.,
2016). Here, AMXR may cause these reactions to induce developmental
damage to the embryos.

We performed the Comet Assay to assess AMXR 0s role in the damage
to DNA. The findings of our current analysis indicate a percentage in-
crease in tail DNA and tail moment. Some studies have documented that
erythromycin, lincomycin, ibuprofen, atorvastatin and gemfibrozil sub-
stantially confirm DNA damage after a short period of exposure and some
antibiotics induced an increase in DNA migration (tail moment) and act
as a genotoxic agent (Rocco et al., 2012). Toxins and chemicals cause
Single-stranded DNA break. DNA breaks and DNA repair are more or less
equilibrated in the In vivo setting. The quantity of DNA breaks increases if
damage is greater than their repair capability. Diseases can evolve for this
reason (Mozaffarieh et al., 2008). Comet assay proves its function with
greater value and suitability as a bioindicator of genotoxic stress. In the
analysis of this study, AMXR clearly demonstrated damage to the DNA
and functions as genotoxic emerging contaminant.

5. Conclusion

The occurrence of antibiotic residue in the raw and pasteurized
mastitis cow's milk by HPLC revealed that AMXR present 574.89 times
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more its MRL level. But it is very surprising that, even after pasteuriza-
tion, the presence of antibiotic residue is 250.75 times which is too
alarming because in the Indian sense, the use of pasteurized milk is a
common habit of the people before consuming milk. Yet literature is
scanty that the drug residue is impacting the host system. Here, our
experimental outcome showed that the bacteria were irradiated from the
milk by pasteurization, but revealed that conventional pasteurization
does not remove drug residues from the food chain. This affects the
embryo of zebra fish in our research on In vivo. In our current research,
AMXR influences body growth. AMXR influences the growth of body
length and yolk sac region rather than AMX in our present research.
Comet analysis found the highest 71.69 percent of tail DNA and the
highest tail moment in AMXR, where 35.75 percent tail DNA was found
in AMX. AMXR is the genotoxic material and an emerging contaminant.
This is a pilot project, however, which involves a long-term prospective
analysis to build up this view with more distinct antibiotics and more
bovine herds spread in the first phase over other districts of West Bengal
and then in the second phase over all Indian provinces.
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