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Abstract: Brazil chicken production is around 13 million tons and about a third is exported to over
150 countries, placing Brazil as the world largest chicken meat producer, and therefore it is crucial
to follow the legislation of all importer markets. This study aimed at evaluating ten chemical residues
(amoxicillin, bacitracin, colistin, dinitolmide + zoalene, spectinomycin, roxarsone, tiamulin, tylosin,
trenbolone acetate and virginiamycin) in chicken breast and one (halofuginone hydrobromide) in
chicken liver. Most of these compounds are not covered by National Residues and Contaminants
Control Plan (PNCRC), although they are mandatory to export chicken meat worldwide. A total of
2580 samples were collected from 45 industries and submitted to analyte extraction and
chromatographic verification of compliance in an accredited laboratory. The results showed that no
compound exceeded the maximum residue limits established by worldwide legislation. All results
were below the method detection limit, thereby confirming the capability of Brazilian chicken meat
plants in complying to foreign markets. Our results can provide occurrence trends of veterinary drug
from poultry products in Brazil.
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1. Introduction

Brazil is the world leader in chicken exports (4.2 million tons), serving more than 150
countries, followed by the United States (3.2 million tons) and the European Union (1.5
million tons). With respect to chicken production, Brazil also plays a significant role as
and the second largest producer (13.2 million tons), being overcome by the United States
(19.9 million of tons) and close to the European Union (12.4 million tons), occupying 13%
of the world market in chicken meat production [1].

Poultry products are among the main protein sources consumed in the world because
they please people of any religion, are relatively cheap when compared to other meat
sources and are versatile once they can be prepared in different ways and be part of many
dishes. Considering that from the amount produced, 68% remains in the country and 32%
is exported [1], it is necessary to keep monitoring the safety of poultry products to assure
consumer protection, maintain the high quality of the food products, specially concerns
related to sanitary and residue issues, as well as sensitiveness to specific requirements of
different markets.

Regulatory agencies and authorities have established maximum residue limits (MRL)
in various food matrices of animal origin to support governments and food operators in
the monitoring of veterinary drug residues in the food chain. About 200 veterinary drug
residues from several families, mainly with antibiotic, antiparasitic or anti-inflammatory
activities, are regulated in a variety of food matrices [2]. As veterinary drugs and feed
additives are used in animal husbandry, there are concerns about residues in edible
matrices [3].
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In this sense, exporter food companies must follow the rules of the importing
countries. Such demands may be difficult to attend and depend on advanced laboratory
techniques, such as liquid-chromatography coupled to mass spectrometry to detect
extremely low amounts of a given veterinary drug. At the end, the objective is to
demonstrate that an exporter country can produce meat in such required circumstances.

Therefore, it is important to continuously control and monitor the quality of chicken
meat and products, investigating if the industry complies with the agreed international
standards. Besides, it is recommended that the statistical reassessment of the National
Sampling Plan undergoes a review, if necessary, to evaluate residues of some substances.
Therefore, the objective of this study was to evaluate randomly 45 different Brazilian
exporter chicken companies regarding eleven compounds normally used in the poultry
production system and check whether residues of these chemicals are detected in
concentrations above the legislation limits.

2. Results and Discussion

2.1. Feed additives

The use of feed additives or veterinary drugs may result in residue concentrations in
edible tissues that exceed the corresponding maximum residue limits (MRL), therefore it
is important to continuously monitor and control the presence of residues in the
production chain to assure food security. From the evaluated veterinary drugs shown in
Table 1, all complied to the international standards.

Regarding the domestic market, Brazilian MAPA monitors feed additives in
different matrices (muscle, egg, kidney, milk, and honey) from animal-origin samples.
Every year, MAPA collects samples from Federal Inspected (SIF) meat plants and
monitors the feed additive residues through the National Plan for the Control of Residues
and Contaminants in Animal Products (PNCRC) for the chains of beef, pork, goat, mutton,
equine, rabbit, poultry, ostrich meat, and milk, fisheries, honey, and eggs. Usually, MAPA
analyzes 7 from the 11 antimicrobials displayed in Table 1, however in a different matrix,
other than chicken muscle, for instance, bacitracin in eggs or spectinomycin in kidneys.
Nevertheless, when Brazil wants to export chicken meat to other countries, it must follow
the rules of these countries and sometimes need to analyze other veterinary drugs in
different matrices, as happened in the present research. For instance, Brazilian MAPA
published an ordinance (87/2018) recognizing the private protocol of the Gulf Technical
Regulation to attend Middle East requirements [5].

Among the chemical residues monitored in chicken meat production by Brazilian
PNCRC (Table 1) which are demanded and analyzed by the main importing countries,
most of them refer to antibiotics used as prophylactic agents. For instance, tylosin is a
macrolide antibiotic, which is registered exclusively for veterinary use (pigs, chickens,
turkeys, and cattle) in many countries and is effective against gram-positive bacteria,
Mycoplasma and Chlamydia spp. Tylosin is available as a premix and as a powder to add
to feed or to the drinking water [3].

Amoxicillin (AMX) is a semisynthetic 3-lactam antibiotic which belongs to the
aminopenicillin group. AMX has a broad antimicrobial spectrum, low toxicity when
compared to other veterinary drugs and a relatively good absorption rate. It is of low cost
and applied in poultry farming. However, it may penetrate in tissues and is considered in
most monitoring plans in Latin America [6]. Colistin is one of the most effective
antimicrobial agents and showed to inactivate Salmonella spp. in poultry by 100% [7].

Tiamulin is approved to be used in chicken and turkey to reduce the severity of
disease caused by mycoplasma, while in swine, tiamulin is FDA-approved to treat
pneumonia and dysentery [8]. Bacitracin is indicated for the prevention of necrotic
enteritis caused, for instance, by Clostridium spp [9].
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Spectinomycin is an aminocyclitol antibiotic, distinct from the aminoglycosides and
has a broad-spectrum antibiotic applied in veterinary medicine for mycoplasma infections
and for treating organisms with multiple antibiotic resistance [10,11].

Roxarsone is an arsenic-basic veterinary drug, which was banned since 2014 and
withdrawn from the market [12]. Although arsenic speciation is an important issue to be
considered, once the organic form is less harmful than the inorganic one, FDA banned the
commercialization [13]. Therefore, if this compound is found in feed or food matrices, it
violates legislation, except for China and Asia, which accept this additive.

Virginiamycin is used as a feed additive to enhance growth of animals, such as cows,
swine, poultry, and fish, and contains lactonic rings that are primarily composed of two
anti-bacterial factors, namely M1 and S1 [14]. Only Codex forbids its use [15].

Halofuginone hydrobromide is an antiparasitic agent, which acts against protozoa
[16], and is more common to be analyzed in liver, while trenbolone acetate is a synthetic
progestational agent, used mainly as implants under the animal skin of feedlot steers [17];
and usually analyzed in cattle [15] in both muscle (MRL =2 ug/kg) and liver (MRL =10
ug/kg); however anabolic steroids are forbidden for food producing animals in the EU
[18], China [19], USA [20] and Brazil [21], although it stands in Brazilian legislation, the
MRL = 2 pg/kg (Table 1) corresponds to the Minimum Required Performance Limit
(MRPL) for the analytical method in swine urine. Dinitolmide is a nitro amide coccidiostat
used in poultry feed and may be harmful to the environment and human health [22] and
it is not authorized in Brazil, EU and nor recommended by Codex [15,16,21], however it
is allowed by Canada, China, USA and Asian legislation at 3000 ug/kg (Table 1).

Although these three compounds mentioned above have MRL according to Brazilian
legislation, they are not registered by MAPA; the country does not have validated
methodologies to analyze them as a routine. Therefore, these analyses are performed by
accredited laboratories, only when demanded by certain importing countries, whose
headquarters lays abroad. To maintain the poultry production and exports, it is
imperative to continuously educate farmers. This includes the introduction of chemical
residue legislation to this public, besides knowledge about inspection system, biosecurity
measures and animal vaccination, so as to ensure food safety, food security, and public
health [23].

Table 1. Results of the eleven compounds analyzed in chicken meat and liver, number of samples analyzed for each matrix;
Brazilian legislation (matrix, number of samples, MRL) compared to worldwide MRL legislation regarding these same residues in

meat.
This study MRL in meat (ug/kg)
Compound Residues Number of Brazil » Middle EU¢ Chinad Canadac USAf CODEXs
(ug/kg) * samples ** East®
. Number MRL
Matrix
of samples
Amoxicillin <10 300 Chicken 600 50 10 50 50 10 10 50
muscle
Bacitracin <75 300 Egg 300 500 500 150 500 500 500 -
Colistin <75 300 Egg 300 300 150 150 150 - - 150
Dinitolmide <5 60 - - - 3000 - 3000 3000 3000 -
and zoalene
Spectinomycin <50 300 Kidney 600 5000 100 300 500 100 100 500
Halofuginone <3 60 - - - 100 10 10 10 - -
hydrobromide
Roxarsone <70 300 - - - 500 - 500 - - -

Tiamulin <25 300 Egg 300 1000 100 100 100 100 - -
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Tylosin <25 300 il 600 100 200 100 200 200 200 100
17-a- <2 60 Swine 60 2 2000 - - 2 - 2
Trenbolone urine

Virginiamycin <20 300 - - - 200 10 100 100 100 -

aBRASIL [21]; ® Gulf Technical Regulation[25]; ¢ UE[16]; 4 MOA([19]; eHealth Canada [26];f Code of Federal Regulation [20]; 8 Codex Alimentarius [15]
*Residue found were below the MRL comparing all worldwide legislation; **all samples evaluated herein were from chicken breast, except for

halofuginone hydrobromide, which was analyzed in liver; ***Tylosin has MRL for chicken muscle, kidney, egg, milk, and honey

2.2. Statistical analyses to evaluate the need of decreasing the National sampling plan and increas-
ing limit of non-compliance

For a 95% probability of detecting a violation, if it occurs in 1% of the population, the
event should be surveyed in 299 individuals and/or units of that population, a number
that is rounded to 300, for practical purposes as recommended by MAPA [24]. This mini-
mum amount is important for the establishment of plans/protocols that are being imple-
mented for the first time and whenever necessary, the sampling plan can be revised.

Therefore, considering these satisfactory results and that more analyzes of each sub-
stance are carried out annually, making the Brazilian protocol increasingly robust, it is
possible to increase the prevalence limit for non-compliance from 1.0% to 1.5% for the
substances allowed for use in national poultry farming. In this situation, the sampling
calculated by the binomial model to guarantee (with 95% confidence) that there would be
at least one sample above the MRL would be 199 per year, rounded up to 204 samples for
convenience, representing 17 monthly samples. For substances not allowed for use in
poultry farming, sampling must be maintained according to the protocol in execution.

3. Materials and Methods
3.1. Sampling plan and chromatographic determination of chemical residues

A total of 2580 chicken meat and liver samples were collected (Figure 1) during one
year of evaluation (March 2019 to March 2020) from 45 slaughterhouses registered under

the Federal Inspection System (SIF), which are licensed to export to foreign markets, al-
lowed by the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA).
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Figure 1. Chicken sample collection and determination according to official procedures

In the sampling plan proposed and executed in the protocol, the prevalence of non-
conformity of 1% and 95% confidence coefficient for substances allowed for use in national
poultry farming was considered, totaling an annual sampling of 300 samples for each sub-
stance. For three compounds (dinitolmide, halofuginone hydrobromide and trenbolone
acetate) not registered by MAPA for use in poultry production, a higher prevalence of
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non-conformity (5%) was considered, resulting in 60 samples annually, at 95% confidence
coefficient.

The samples were immediately identified, processed, and submitted to an accredited
laboratory, Eurofins, located in Indaiatuba, SP, Brazil. The sample preparation procedure
comprised homogenization and solid-liquid extraction with acetonitrile. Then the samples
were submitted to the dilution and filtration process, ready for subsequent chromato-
graphic analysis, according to an internal protocol of the laboratory: Internal Method
POP-QV028/3 for tiamulin, virginiamycin, tylosin, spectinomycin, amoxicillin, trenbolone
acetate, dinitolmide+zoalene; Internal Method POP-QV013/3 for bacitracin, colistin,
halofuginone hydrobromide; and AOAC 2013.06 for roxarsone.

In order to determine the chemical residues by chromatographic analysis, a C8 col-
umn (150 mm x 3 mm x 4 um) was used for analytes separation in a system consisting of
an HPLC (Sciex Exion LC), coupled to an ABSciex API 5500 mass detector, with a binary
pump, a column oven, and an auto-injector. The mobile phase consisted of an aqueous
solution with 0.1% formic acid (v/v) + 5 mM ammonium formate and methanol with 0.1%
formic acid (v/v) + 5 mM ammonium formats.

3.2. Statistical analysis

The sampling procedures are specific to each type of problem to be addressed. With
respect to the National Residues and Contaminants Control Plan (PNCRC) applied to
products of animal origin, Discrete Probability Models are usually adopted. The main dis-
crete models used in the PNCRC are based on the Hypergeometric and Binomial Distri-
bution Models.

The Hypergeometric Model aims to describe the number of successes (for example,
a sample violating the MRL of a given residue displayed at the PNCRC) in a sequence of
“n” extractions from a finite population of small size, without replacement. In this case,
the effect of sampling without replacement significantly impacts in the coming probabili-
ties of a new successful sample. For this situation, the sample distribution must be based
on the Hypergeometric Distribution.

In populations of larger sizes (N > 5,000 units evaluated, for instance), the effect of
sampling without replacement is negligible. Thus, the Binomial Distribution can be used
to determine an appropriate number of samples to be used, as the number of samples for
a high confidence coefficient defined previously, will be constant for populations over
5,000 evaluated units [4]. PNCRC for poultry, swine, and cattle (and other species) fall
into this category, given the number of animals normally slaughtered over the period of
one year.

For adoption of the Binomial Distribution Model, initially a certain residue/contam-
inant is quantified in a particular number of samples and, subsequently, each sample is
classified as a Binary Variable as: 0 = does not violate the MRL for market “X” or 1 = vio-
lates the MRLs for the same “X” market. Thus, each sample behaves like a success and
failure test, characterized as a classic Bernoulli distribution model, the sum of "N" Ber-
noulli tests, originating the Binomial Probability Distribution. Thus, the Binomial model
is more likely to be suitable for PNCRC because the populations of interest (cattle, poultry,
swine, etc.) consist of thousands of individuals and/or units.

When non-compliance results are detected (for example, MRL violations of a given
residue "X"), it is possible to obtain an estimate of likely prevalence of each residue in the
general population. However, when non-compliant results are not found or the behavior
of residue "X" is unknown, as is the case for some residues not yet assessed by the PNCRC,
any claims about prevalence should be stated with a defined confidence coefficient, so
that the prevalence of non-compliant results does not exceed a specified percentage. In
this case, a prevalence of 1% is usually adopted when the behavior of residue "X" is un-
known. The number of samples needed to provide a high coefficient of confidence to de-
tect at least one non-conformity result is around 300 samples [4].

4. Conclusions
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None of the evaluated substances as residue in the Brazilian chicken meat does vio-
late any of the international regulatory limits considered (Middle East, EU, China, Can-
ada, USA, CODEX). Whether good manufacturing practices and good production prac-
tices are adopted, the risk of chemical residues in products of animal origin are minimized.
Even so, a continuous, broad, and robust monitoring plan cannot be ignored to maintain
the quality, safety, and competitiveness, of the meat products.
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