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Abstract

Background: The contamination of food by chemical hazards is a worldwide public health concern and is a
leading cause of trade problems internationally. Based on former work describing the prevalent use and misuse of
antibiotics in cattle in the Far North Region of Cameroon, we designed a study to detect antibiotic (penicillin G and
oxytetracycline) in beef sold for human consumption in Maroua (Cameroon). To determine the mean concentration
of antibiotic residues in beef, sample of liver and muscle were collected from 202 cattle selected randomly in all
the slaughterhouses of Maroua and Godola and analyzed using Liquid Chromatographic tandem Mass
Spectrometry (LC-MS/MS). Characteristics of the cattle selected (age, sex, breed, body condition score, weight,
production system, and pathology, etc) were also collected before and/or after slaughter — by physical examination
and survey, and post mortem examination.

Results: Results revealed that out of 202 cattle 41 (20.30%) tested positive for antibiotics in one or more of their
organs. The meat of cattle from transhumance system, sick animals and older cattle was more likely to be
contained with penicillin G and oxytetracycline residues. The average residues concentration in beef was 17.58 ug/
kg for penicillin G and 240 ug/kg for oxytetracycline.

Conclusions: The findings of the present study should be alarming for the legislative authorities in food security
and safety. This highlights a very serious problem, both for the consumers of Maroua city and the herders of the
region as well as for the whole economy of Cameroon. It is therefore be important that measures be taken at
several levels by the actors of the sector (public authorities, veterinary auxiliaries, etc.) to guarantee the safety of the
food of animal origin.
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Background safety of these products. Certain safety standards do

In several countries around the world, there are special-
ized organizations to monitor veterinary drugs in foods
of animal origin (Kang et al. 2015). For example in
United Kingdom, the statutory surveillance programme
is operated by the Veterinary Medicines Directorate
(VMD 2011) and in US we have the National Residue
Program (FSIS 2011). In Cameroon as in many african
countries, Few controls are made on the quality and

* Correspondence: romsonbey@yahoo.fr

'Department of Biological Sciences, Faculty of Sciences, University of Maroua,
P.O Box: 814, Maroua, Cameroon

Full list of author information is available at the end of the article

@ Springer Open

exist but are still yet to be enforced. Inspections done so
far by regulatory authorities are partial and do not cover
important hazards that require laboratory analysis
(Pouokam et al. 2017). Food containing drug residues
are considered to be a public health hazard (Chicoine
2007). When animal products with high levels of veter-
inary drug residues are ingested by humans, there is oc-
currence numerous adverse health effects like
permanent gene mutation, liver poisoning (Nisha 2008),
development of allergic reactions in some hypersensitive
individuals, increased risk of carcinogenicity (Petrovi¢ et
al. 2008; Hou et al. 2014), growth of resistant bacterial
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strains, and imbalances in intestinal microflora (Wang et
al. 2006; Borras et al. 2011).

Hazards in foods of animal origin are gratually consid-
ered as public health threats in africa. In Cameroon,
consumption of animal products covered up to 8.1% of
the total diet (Pouokam et al. 2017). In this country
where cattle breeding is a lever for the economic devel-
opment of the country (Messomo 2006), very few studies
have been carried out by researchers in this domain.
Only the work carried out by Edima et al. (2012) on
cow’s milk and Guetiya et al. (2016) on eggs have been
done. No study has been carried out on meat, which is a
very important foodstuffs for Cameroonians (Vougat et
al. 2016). For example, cooked beef represent 9.86g/day/
Adult Equivalent (AE) and poultry meat consumption
accounted for 9.81g/day/AE (Pouokam et al. 2017). The
bovine sector is the main channel chosen in the livestock
sector under the Three-Year Emergency Plan for Growth
and Employment put in place by the President of the Re-
public of Cameroon to speed up the economy growth
and improve living conditions for population.

As the country plans to export beef, is it therefore es-
sential to assess the extent of this problem in Cameroon.
The presence of veterinary drug residues in foodstuffs of
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animal origin may jeopardize international trade follow-
ing the World Trade Organization’s agreements on the
application of sanitary and phytosanitary measures es-
tablishing the globalization of markets (Chillaud 1996).
This was all the most necessary in the case of Cameroon
where the previous studies highlighted the extensive
misuse of veterinary medicines in beef production areas
(Vougat et al. 2017). The main causes of antibiotics resi-
dues in animal products have been attribute to the mis-
use of drugs (Donkor et al. 2011; Bousova et al. 2013).

The Far North Region of Cameroon has the second
cattle population (24.7%) of the country (MINEPIA 2015).
In this region, pastoralists generally treat their animal’s
using drug without following the recommended dosage,
frequency, duration, and withdrawal period. The most
commonly used medications by these herders are procaine
penicillin G and oxytetracycline (Vougat et al. 2017).

The dual purpose of this study is to determine, on one
hand the proportion of animals whose carcasses are
contaminated with penicillin G and oxytetracycline resi-
dues in Maroua (Far North of Cameroon); and in the
other hand to estimate the concentration of residues of
these antibiotics in the beef consumed in Maroua town.
According to the Codex Alimentarius Commission
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regulation the maximum residual limits of oxytetracyc-
line in muscle and liver are 200 and 600 ug/kg respect-
ively while penicillin G should not exceed 50 pg/kg in
both tissues (CAC/MRL 2015).

Methods

Study area

This study was carried out in the Far North region of
Cameroon and especially in Maroua and Godola towns.
It covered all of Maroua town slaughterhouses (Maka-
baye, Municipal, Kongola [1 and 2], Meskine and Salak)
and the Godola slaughterhouse located 10 km from
Maroua (Fig. 1). Godola slaughterhouse was also chose
because most of the beef from this slaughterhouse is
sold in Maroua (Report of Far North Regional delegation
of MINEPIA 2014-unpublished).

Samples collection

Due to the lack of data related to this subject in our
study area in particular and in Cameroon in general, and
due to the difficulty of doing preliminary test (due to
lack of technology) in order to estimate the probability
of having beef contaminated with residues of veterinary
medicines, we proceeded with the assumption that the
positive sample rate is 20%. This assumption is based on
the results of our previous research (Vougat et al. 2017).
The choice of a 95% confidence interval and a 10% ac-
curacy enabled us to have a minimum sample size of 61
cattle using the formula below (Thrusfield 2007):

p(1-p)Z°

iZ

N =

For a 95% confidence interval, Z =1.96, i is the accur-
acy, p the percentage of contaminated cattle or preva-
lence, and N is the sample size.

To increase the reliability of our data, we planned to
sample 200 cattle instead of 61. Thus, taking into
account the number of cattle slaughtered in each slaugh-
terhouse in our sample, 115, 45, and 26 cattle were
respectively sampled in the Municipal, Makabaye and
Kongola slaughterhouses. In the Meskine and Salak
slaughterhouses, 8 and 5 cattle were sampled respect-
ively. At Godola slaughterhouse data was collected on 3
cattle instead of 2 to have a reliable statistics. Indeed,
according to the regional report of MINEPIA in April
2014, 58% of cattle slaughtered in Maroua per week
came from Municipal slaughterhouse while 22, 13, 4, 2
and 1% are respectively from the slaughterhouses of
Makabaye, Kongola, Meskine, Salak, and Godola.

The collection of samples from these slaughterhouses
was done between mid-May and June because it was
during this period that the majority of herders in the Far
North region treat their animals (Moritz et al. 2016).
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Finally, to quantify antibiotic residues in beef, approxi-
mately 200 g of liver (Keegan et al. 2011) and 200 g of
muscle were post-mortem collected from each of 202
randomly selected cattle in the Maroua and Godola
slaughterhouse. The butcher’s authorization was ob-
tained prior to collection. The demographics of the
cattle like age (FAO 1995), sex, body condition score
(Nicholson and Butterworth 1989), weight (Crévat 1980;
Pater 2007), breed, production system, type of produc-
tion, town of origin, and health status (Dongmo et al.
2007; Djamen 2008) were also collected before and/or
after slaughter by physical examination and survey, and
post mortem examination, respectively. All those param-
eters were collected because they can influence the
prevalence of drug residues in the animal body (Kaneene
and Miller 1997; Beyene 2016).

Collected samples were sealed in a polystyrene plastic
bag (Ziploc bag), labeled on a card (OIE, 2008) designed
for this purpose and the securely transported under re-
frigeration to the laboratory for storing at freezer
temperature (-20 ° C) till analysis.

Determination of penicillin G and oxytetracycline residues
Liquid chromatography (LC) tandem mass spectrometry
(LC-MS/MS) was used for the determination of residues
according to the revised method of the United States
Department of Agriculture (USDA 2014a) followed by
some modifications. The Mcllvaine buffer was used to
satisfy USA protocols APHIS (animal and plant health
inspection service) for foot and mouth virus inactivation
prior to entry in US (USDA 2014b). Details of the chem-
ical analysis methods used can be found in Additional
file 1.

Data analysis

Data collected in the slaughterhouses were entered dir-
ectly into the Statistical Package for Social Sciences
(SPSS) software version 20.0 (IBM® SPSS°® Statistics ver-
sion 20.0, http://www-01.ibm.com/support/docview.ws-
s?uid=swg24029274). This enabled us to calculate the
descriptive statistics for all the characteristics evaluated
and the chi-squared test was applied to compare the

percentage.
However, Statgraphics version 5.0 (Windows,
www.Statgraphics.com) via the Duncan Multiple

Comparison Test enabled the comparison of body
weight of cattle. The same analysis was used for com-
parison of the concentration of residues according to
animal demographics.

The mass spectra from the LC-MS/MS antibiotic
residue assay were acquired and processed using
MassLynxTM 4.1 SNC 714 (Water Corporation 2009).
The processed data was then transported to GraphPad
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Prism version 5.00 for Windows (GraphPad Software,
San Diego California USA, www.graphpad.com), for ana-
lysis. For each variable (age, sex, breed, production sys-
tem, type of production, etc.), the Chi square test was
performed to compare the percentage of contaminated
cattle carcass.

Results

Demographics of sampled cattle

The majority of the cattle sampled (23.35%) were
10 years old. However, 21.67% of the females were under
8 years old and 23.08% of males were <4 years old. All
castrated cattle were at least 4 years old.

The majority (91.58%) of slaughtered animals were
female. This percentage is significantly higher (p < 0.001)
than that of the entire male (6.44%) and castrated cattle
(1.98%). 47.52% of the animals in the sample belong to
the Red Fulani breed. The other most represented
breeds were White Fulani (32.18%) and Goudali
(6.44%).

86.93% of cattle subjected to an ante-mortem examin-
ation were found to be free of all diseases or abnormal-
ities and 7.54% had dermatophilosis.

The results of the post-mortem examination shows that
84.58% of the animal were not sick and the remaining
were diagnosed positive for at least one of the following
diseases: liver abscesses, tuberculosis, Echinochocose and
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distomatosis. However, results of the ante and post
mortem examinations revealed that all the cattle from the
slaughterhouse of Godola were sick.

About 62.19% of the animals sampled in our study
area come from extensive system for meat and milk pro-
duction. This proportion is significantly higher (p < 0.05)
compared to the number of cattle which come from
semi-intensive breeding (22.89%). Data on production
system showed that 79.49% of the cattle identified came
from sedentary farming, while the other (20.51%) came
from transhumant production system.

The majority of cattle sampled (65.17%) were thin,
only one animal was fat (score 8). There was no statis-
tical difference (p < 0.05) between the number of animals
in the different classes (score 1, 2 and 3) of thin cattle.
In contrast, among animals which have a normal BCS
(34.33% of the herd), those with a score of 4 were signifi-
cantly more numerous (22.89%) than those in the other
subclasses of this category (5 and 6).

Similarly, the average body weight of the sampled cattle
was 170.50 + 18.98 kg. However, the Duncan test preceded
by ANOVA shows a significant difference (p <0.05)
between the weight of animals slaughtered in Kodola
(171.51 + 28.41 kg) and Makabaye (157.24 + 30.19 kg) and
those of Makabaye and Municipal (175.66 +23.31 kg).
The average weight of animals slaughtered in Meskine,
Godola and Salak were 17624 +13.34 kg 17921+
27.52 kg and 160.75 + 27.92 kg respectively.
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Identification and dosage determination of drug residues
in beef carcasses

For all the standards used, the correlation coefficient of
standard curves varied from 0.9875 to 0.9998 (Fig. 2).
Figures 3, 4, 5 and 6 present the chromatograms of the
standards and some positive and reference samples used
as controls.

Percentage of cattle carcass positive sample

Table 1 summarizes the percentage of contaminated cat-
tle based on their demographics and factors related to
their breeding. Overall, the carcasses of 20.30% (more
than 1/5) of the cattle studied were contaminated with
antibiotic residues. Among them, 18.81% and 1.49%
respectively contained the residues of penicillin G and
oxytetracycline respectively. Among the carcasses
contaminated with penicillin G residues, 28.95% (11 of
38 cattle) contained concentrations above the maximum
residues limit (MRL) 200 pg/Kg.

We also found out that the number of transhumant
cattle (31.25%) whose carcasses were contaminated with
antibiotic residues (penicillin G and oxytetracycline) was
significantly higher than those resulting from the seden-
tary system (19.35%).

The percentage of beef produced from fattening and
whose carcasses contained the residues of antibiotics
studied was significantly low (17.39%) compared to those
from mixed (26.67%) systems (P<0.05). In addition,

oxytetracycline residues were not found in the carcasses
of any beef resulting from fattening.

From this table, it is evident that the percentage of sick
cattle tested whose carcasses are contaminated with
antibiotic residues is significantly higher (85.71%) than
that of the healthy cattle (12.70%) (P < 0.01).

Among the cattle breeds (Toupouri, Goudali and Red
Fulani) whose carcasses were contaminated with anti-
biotic residues, the Red Fulani (2.08%) and White Fulani
(1.54%) were the only ones whose carcasses contained
oxytetracycline residues.

Concentration of antibiotic residues in beef

Considering the 404 liver and muscle samples analyzed,
it appears that the mean concentration of penicillin G
residues in the beef of cattle slaughtered in Maroua was
17.58 pg/kg. However, this concentration ranged from 0
to 1 mg/kg (20 times the MRL).

Table 2 shows the variation of the concentration of
penicillin residues according to animal characteristics.
Animals that had been identified by veterinarians
after ante and/or post-mortem inspections with at
least one pathology, their carcasses contained more
penicillin residues than that of others. For this class
of animals, the maximum penicillin residues obtained
was 0.8 pg/g. Also, as presented in the same table,
the concentration average of penicillin G residues re-
corded in the carcass samples from mixed farming
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systems is higher (0.263 pg/ g) than in the other cat-
egories of cattle with a variation ranging from 3 x 107 to
0.77 pg/g (Table 2).

This table also shows that cattle carcasses from trans-
humant system were contaminated at significantly
higher mean penicillin residue levels (0.227 pg/g) than
animals from other livestock systems. The median con-
centration of penicillin residues obtained in carcasses of
this cattle group was higher (0.303 pg/g) than in the
other group and six times higher than the MRL. How-
ever, the highest concentrations were recorded in the
animal carcasses from the sedentary system (0.773 pg/g).
The results show also that the concentration of penicil-
lin residues increases with the age of the animals.

Furthermore, the median concentration of the highest
penicillin residues (0.106 pg/g) was recorded in the car-
casses of the oldest animals. The median penicillin con-
centration in the liver is higher (0.087 ug/g) than in
muscle (0.055 pg/g). In some liver samples, concentra-
tions were six time higher than the MRL.

The mean concentration of oxytetracycline residues in
beef consumed in Maroua is 0.24 pg/g. These concentra-
tions ranged from 0 to 22 pg/g.

Discussion

The results obtained showed that the carcasses of
20.30% of the cattle sampled were contaminated with
antibiotic residues, and among them 34.14% (14 out of
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41) had residues above the MRLs (200 ug/Kg). This high
proportion of contaminated carcasses could be explained
by the fact that the majority of farmers in the Far North
region do not respect the dosage of the veterinary medi-
cines administered to their animals (Vougat et al. 2017).
This poses a potential risk for consumers, as contami-
nated beef can lead to allergies, cancers, embryonic tox-
icities and even bacterial resistance in consumers (Aliu
et al. 2001). This risk may have negative effects on the
physical and chemical composition of the carcasses,

leading to economic losses for butchers. This high per-
centage of contaminated beef could also have an impact
on beef trade (Olatoye and Ehinmowo, 2009).

The proportion of contamination (20.30%) is however
smaller less than that obtained by Adesokan et al.
(2013), Olatoye and Ogundipe (2009) and Olatoye and
Ehinmowo (2009) in their analysis of the cattle samples
collected in different slaughterhouses in several cities in
Nigeria. Indeed, they obtained percentages of contamin-
ation of 100, 40 and 54.44% respectively. This difference
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Table 1 Percentage (%) of cattle carcasses contaminated
according to their demographics
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Table 2 Concentration of penicillin residues on beef according
to cattle demographics (n = 202)

Variables PEN OoTC OTC+
residues residues PEN residues
Age (year)
<8(n=37) 1892 0 1892
8-10 (n=101) 17.82 1.98 19.80
>10 (n=59) 16.95 1.69 1864
ND (n=5) 60 0 60
Sex
Entired male (n=13) 15.38 0 1538
Castrated male (n=4) 0 0 0
Female (n=185) 19.46 149 21.08
Production system*
Transhumance (n=16) 25 6.25 31.25
Sedentary (n=62) 19.35 0 19.35
ND (n=124) 17.74 1.61 19.35
Type of production®
Fattery (n = 46) 17.39 0 17.39
Mixed (n = 30) 2333 333 2667
ND (n=125) 184 1.60 20
Health status**
Sick (n=21) 80.95 4.76 85.71
Healthy (n=181) 1160 1.10 12.70
Body condition score
Thin (n=131) 18.32 153 19.85
Normal (n =69) 18.84 145 20.30
Fat(n=1) 100 0 100
Breed*
Goudali (n=13) 23.08 0 23.08
White Fulani (n = 65) 18.46 1.54 20
Red Fulani (n = 96) 20.83 2.08 2292
Arabe Shuwa (n = 8) 12.5 0 125
Toupouri (n=3) 3333 0 3333
Kapsiki (n=9) 1.1 0 1.1
Peul (n=1) 0 0 0
ND (n=7) 0 0 0
Slaughterhouses
Municipal (n=115) 13.04 1.74 14.78
Makabaye (n = 45) 2222 0 2222
Kongola (n = 26) 26.92 0 26.92
Meskine (n=8) 25 125 37.50
Salak (n=5) 0 0 0
Godola (n=3) 100 0 100

PEN penicillin G, OTC Oxytetracycline, ND No determined

*P<0.05, **P < 0.01

Variable Mean Median Maximum Minimum
Sex
Male 0.109 0.068 0.198 0.068
Female 0.140 0.072 0.773 0.001
Age (year)
<8 0.108 0.094 0.198 0.009
[8; 10] 0.106 0013 0.773 0.001
>10 0.192 0.106 0.734 0.003
Breed
Red Fulani 0.143 0,072 0,773 0,001
White Fulani 0.144 0.067 0.734 0.001
Goudali 0.061 0.061 0.068 0.054
Kapsiki 0.088 / / /
Arabe Shuwa 0.119 / / /
Toupouri 0.182 / / /
Tissus
Muscle 0.054 0.055 0.090 0.009
Liver 0.151 0.087 0.773 0.001
Body condition scoring
Fat 0.128 0.128 0.196 0.061
Normal 0.164 0.087 0.734 0.001
Thin 0.124 0.066 0.773 0.001
Health status
Sick 0.163 0.090 0.773 0.001
Healthy 0.120 0.062 0.734 0.001
Type of production
Fattering 0.096 0.061 0337 0.001
Mixed (n=6) 0.263 0211 0.773 0.003
ND 0.121 0.070 0.734 0.001
Production system
Sedentary 0.144 0.067 0.773 0.001
Transhumance 0.227 0.303 0.325 0.054
ND 0.123 0.072 0.734 0.001

is due to the quality of the veterinary medicines sold in
these two areas. Indeed, the poor quality (were not up to
international quality standards) of medicinal products
promotes the presence of residues of these drugs in ani-
mal products (Myllyniemi 2004; Gberindyer et al. 2014).
In fact, the majority of medicines sold in Nigeria are of
poor quality and the fact that Cameroon is one of the
countries where these products are sold, could explain
these results (Messomo 2006; Tomdieu, 2013). Percent-
ages of the contamination higher than those recorded in
this study were also noted by Ibrahim et al. (2009), Er et
al. (2013) and Abdul Samad et al. (2014) in Nigeria
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(44%), Turkey (57.7%) and Pakistan (38.33%) respect-
ively. On the other hand, this percentage of contamin-
ation in our study area is higher than that of Dipeolu
and Alonge (2002) and Morshdy et al. (2013) in the
Dakahlia Province in Egypt (2%) and Nigeria (16.11%)
respectively.

The proportion of cattle carcasses contaminated with
penicillin residues (18.81%) is significantly higher than
those contaminated with oxytetracycline residues
(1.49%). This confirms the fact that penicillin is used
more than oxytetracycline in the Far North region of
Cameroon (Vougat et al. 2017). This trend was also ob-
served in Nigeria (Ibrahim et al. 2009), where the per-
centage of contamination with penicillin residues was
higher. This convergence confirms the fact that this
molecule is one of the most widely used antibiotics in
the veterinary sector worldwide (Emiri et al. 2014; Aali-
pour et al. 2015).

It also resulted from our analysis that the percentage
of cattle from transhumant system whose carcasses con-
tained antibiotic residues was significantly high (31.25%)
compared to animals from a sedentary system (19.25%).
This could be explained by the fact that in that region,
all animals from transhumance system are treated by
pastoralists. Unfortunately, all of the pastoralist do not
respect the dosage indicated on the labels of veterinary
drugs The fact that penicillin is used more than oxy-
tetracycline clearly explains the difference observed be-
tween the two classes of drugs (Vougat et al. 2017).

Similarly, the proportion of animals with disease
whose carcasses were contaminated with antibiotic resi-
dues (85.71%) was significantly higher than that of
healthy animals (12.70%). This result can be explained
by the fact during the period of this study, animals are
generally highly infected and receive several veterinary
treatments (Moritz et al. 2016).

The mean concentration of penicillin G residues in the
beef was 17.58 pg/kg. This concentration is lower than
the MRL (50 pg/kg). This could be attributed to the
probably low doses of antimicrobials commonly admin-
istered by pastoralists in order to maximize the number
of doses available (Olatoye and Ehinmowo, 2009). This
concentration is higher than that obtained in beef
consumed in the southwestern Nigeria (8.81 pg/kg)
(Adesokan et al. 2013).

Unlike several studies carried out worldwide, this
study highlights the influence of several factors on the
rate of contamination by the residues of penicillin G
and oxytetracycline in beef consumed in Maroua city. It
was found that the average concentration of penicillin
G residues in bovine carcasses was higher in sick cattle
compared with those tested negative during ante and
post mortem diagnostics. This clearly demonstrates
that sick animals may have received treatment a few
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days before slaughtering, which would justify failure to
comply with the withdrawal period indicated on the
veterinary drug labels.

The mean concentration of penicillin residues in car-
casses of older cattle (over 10 years) was significantly
higher than that of younger animals. Indeed, in our
study area and during the period when our data were re-
corded (period of death), the oldest animals are the most
susceptible to diseases and thus receive several treat-
ments based on veterinary drugs.

The average concentration of oxytetracycline residues
in the beef consumed in Maroua was 240 ug/kg. This
concentration was lower than the MRL (600 pg/kg).
Though lower than MRL, presence of residues highlights
once again the misuse of drugs in the Far North region
of Cameroon (Vougat et al. 2017) and the need to solve
this public health problem. The concentration of 240
ug/kg is, however, significantly higher than that obtained
in the South-West of Nigeria (12.79 pg/kg) by Adesokan
et al. (2013). This shows the high level of contamination
in this study zone and also in Nigeria where, all the sam-
ples analyzed contained the residues of this antibiotic.
Lower concentrations than that those found in this study
were noted by Bedada et al. (2012) in Ethiopia.

Conclusion

The results obtained in this study showed that 20.3% of
the carcasses of the cattle slaughtered in Maroua and
Godola were contaminated with antibiotic residues. This
percentage of positive samples was relatively high
compared to those found in studies in others African
countries. The meat of cattle from transhumance system,
sick animals, and older cattle was more likely to
contained penicillin G and oxytetracycline residues.
Analysis indicated that beef sold in Maroua was found
to be with high levels of antibiotic residues as compared
to other studies. Beef contamination by antibiotics may
pose a health threat to consumers in the Far North Re-
gion of Cameroon. Strict regulation on the use of anti-
microbial drugs in the livestock sector and associated
testing of animal-derived food sources prior to market-
ing are required. This work can serve as an initial step
to assess the dietary exposure to antibiotic residues
through beef consumption in Cameroon.

Additional file

Additional file 1: Materials and Method for the determination of
Penicillin G and oxytetracycline residues. (DOCX 21 kb)

Abbreviation
MRL: Maximum residues limit
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