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1 Introduction
Milk is among the most important products of Brazilian 

agriculture and its derivatives play a relevant role in the food 
supply and the generation of jobs and income for the population 
(Hemme & Otte, 2010). The Northeast region is responsible for 
approximately 5% of all bovine milk produced in the country 
(Instituto Brasileiro de Geografia e Estatística, 2013). The State 
of Pernambuco currently produces about 1.6 million liters per 
day (Instituto Agronômico de Pernambuco, 2014).

Milk production is constantly growing, however, dairy 
producers still use unskilled methods, resulting in a poor quality 
raw material (Correa et al., 2009). The control of parasites in 
cattle is an important factor in production, since they cause great 
economic losses due to reduced productivity (Villa-Mancera & 
Reynoso-Palomar, 2019) and pathogen transmission, which can 
lead to death of animals (Delgado et al., 2009).

There are approximately 1,500 medicines licensed by the 
Ministério da Agricultura, Pecuária e Abastecimento for use 
in Brazilian cattle. Among these, the therapeutic class with the 
largest number of medications are antiparasitic (ectoparasiticides, 
endoparasiticides and endectocides), with just over 400 items 
(Junquera et al., 2019). Among these formulations, 127 contain 
avermectins in their composition, whether abamectin, doramectin, 
eprinomectin, ivermectin or moxidectin (Bushra et al., 2019, 
Prichard & Geary, 2019). These avermectins represent over 35% of 

all parasitic drugs marketed in the country (Pacheco-Silva et al., 
2014).

The preference for avermectins is probably a consequence 
of their extended endectocidal activity and due to the slow 
elimination rates of these compounds in cattle. However, the 
higher persistence of these compounds in the body may also 
lead to the presence of residues in animal foods at levels above 
the Maximum Residues Limit (MRL) set up by the different 
countries, causing undesirable public health risks associated 
with its consumption (Rübensam et al., 2013; Li et al., 2015; 
Silva et al., 2017).

The elimination of pharmacological residues and their 
metabolites in milk may have negative effects on human 
health (Beltrán et al., 2018), since in addition to triggering the 
phenomenon of parasitic resistance, the drugs used may have 
genotoxic and/or teratogenic effects (European Medicines 
Agency, 2002; Jafari et al., 2019). The pasteurization, boiling and 
sterilization processes of milk does not eliminate the residues 
of avermectins from this food (Forsythe, 2002; Imperiale et al., 
2009). Although they pose a health hazard to the population, 
the presence of drug residues in food needs to be further studied 
to determine the real risk to the population from consuming 
contaminated food (International Dairy Federation, 2013).

In order to achieve greater safety in milk consumption, 
it is necessary to establish food safety policies and control of 
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these residues in milk and dairy products (Garcia et al., 2019). 
Federal government agencies have established programs to 
verify the presence of such residues in food of animal origin for 
human consumption (Agência Nacional de Vigilância Sanitária, 
2003). However, not all states in Brazil can be covered by the 
programs. Thus, the objective of this study was to evaluate the 
occurrence of avermectin residues in milk produced in the state 
of Pernambuco.

2 Materials and methods
A survey of pasteurized dairy producers and UHT (ultra 

high temperature) in the state of Pernambuco. Information 
about existing trademarks was obtained from the Ministério da 
Agricultura, Pecuária e Abastecimento (MAPA) and Agência de 
Defesa e Fiscalização Agropecuária de Pernambuco to identify 
which companies had inspection services in their respective 
agencies (Federal Inspection Service - F.I.S. and State Inspection 
Service - S.I.S.).

Thus, 75 milk samples were collected with F.I.S and 33 with 
S.I.S., totaling 108 samples. From each brand, a minimum of 
six samples and a maximum of 12 samples were collected from 
the retail food retailers in their sealed primary packaging. 
The collections were performed in two periods: dry (60 samples) 
and rainy (48 samples), with rainfall indexes between 370mm3 
to 1.600mm3 and 267mm3 to 4.500mm3, respectively (Instituto 
Agronômico de Pernambuco, 2015).

Each milk sample collected was fractionated and packed 
in sterile 50 ml plastic vials, remaining frozen at - 18 °C until 
processing. The samples were packed in an isothermal box and 
transported frozen by air to Laboratório Nacional Agropecuário 
(LANAGRO/ RS) for analysis according to the official methods 
of the MAPA.

For the determination of avermectin residues in bovine milk, 
5 mL of milk was used following the Test Method, advocated 
by MAPA. The milk samples were submitted to the extraction 
process with organic solvent (acetonitrile) to obtain a purified 
extract, going through the freezing and evaporation clean-up 
step. The final extracts were analyzed by liquid chromatography 
coupled to mass spectrometry. Results were expressed as 
Detectable Limits (DL) and Quantifiable Limits (QL) of residues, 
being 1.0 µg/L and 2.5 µg/L, respectively. The drugs evaluated 
belonged to the macrocyclic lactone classes (abamectin – ABA; 
doramectin – DOR; eprinomectin – EPR; ivermectin – IVE; 
moxidectin – MOX).

Statistical analysis was performed by calculating absolute 
and relative frequency (Sampaio, 1998) and Fisher’s Exact test to 
compare the results obtained between the two periods analyzed.

3 Results and discussion
In this study, 10 milk brands were identified, six with F.I.S. 

and four with S.I.S. Milk-processing dairy products with F.I.S. 
were located in the municipalities of Agreste Pernambucano: 
Bom Conselho, Garanhuns, Pedra and São Bento do Uma. 
Já os que possuem S.I.S. Those with S.I.S. were located in 

the municipalities of the Agreste region and Zona da Mata: 
Bom Conselho, Pesqueira, Serra Talhada and Lagoa de Itaenga.

In the dry period, 46.7% (28/60) of samples with residues 
above DL and 1.7% (01/60) with levels above QL were obtained. 
No residue was detected in 51.6% (31/60) of the samples. In the 
rainy season, 6.25% (03/48) of the samples presented avermectin 
residues above the DL. No sample presented residues above 
the QL. In 93.75% (45/48) of the samples collected in the rainy 
season there was no detection of residues (Table 1).

When there is a comparison regarding the presence (above 
DL and QL) and absence (Undetectable Limit) of avermectins 
in milk between the collections performed, in the dry and rainy 
period, it is clear that there is a significant association (p=0.05) 
between the analyzed periods. Milk samples collected in the dry 
season were more likely to contain avermectin residues than 
those produced in the rainy season.

The control of endoparasites, in general, in Brazil, is 
performed at the driest time of the year where pastures are low 
and at their earliest moment of development. Thus, the larvae 
cannot survive in the natural environment, occurring a larger 
population of parasites in the animals, making this period the 
most conducive to their control through the use of antiparasitics 
(Carvalho et al., 2003, Simões et al., 2010).

It is possible that a larger amount of milk samples with 
avermectin residues were detected in the dry period as this is 
the most suitable period for deworming in animals. In addition, 
during November, (the period considered dry in this region) 
when the foot-and-mouth vaccination takes place, (Brasil, 2014a), 
there is usually an opportunity for producers to deworm their 
animals, and the two concomitant actions prevent unnecessary 
management in the herd.

During the collection period, the on-site sanitary management 
of lactating cows reared on the property of one of the S.I.S. dairy 
farms was monitored. and their milk was analyzed. Antiparasitic 
use was found throughout the year, with the active ingredient 
IVE, being used in an attempt to control ticks. In all the samples 
collected from this dairy product, a total of six, three in each 
period studied, there contained IVE residues, including the 
only sample from the study in which residue detection above 
QL was obtained.

Considering the total samples studied in both periods, 
it was observed that 70.37% (76/108) of them did not detect 
avermectin residues. Already 28.07% (31/108) of the samples 
showed residues of avermectins in amounts above the DL, but 

Table 1. Analysis of avermectin residues in milk samples produced in 
the state of Pernambuco during the dry and rainy period.

Avermectin Residues
Dry Period Rainy Period

Presence1 QL 1.7% (01) 0% (0)
DL 46.7% (28) 6.25% (03)

Absence2 51.6% (31) 93.75% (45)
Total 100% (60) 100% (48)
1Values found above Quantifiable Limits (QL) and Detectable Limits (DL); 2Undetectable 
Limit.
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below the QL. Only 0.93% (1/108) of the samples was above 
the QL. No samples were detected with avermectins above 
MRL (Table 2). Thus, all samples analyzed meet the standards 
established by Legislation for the presence of avermectin residues 
in milk. (Brasil, 2009b).

However, considering the occurrence of avermectin 
residues in milk marketed in the domestic market, although 
below the maximum limits established by the norm in most 
cases, this food should be considered as an important source 
of human exposure to these residues (Rübensam, 2010). Most 
products of animal origin detected with chemical residues have 
a low concentration of residues, which during a single or a few 
exposures may cause adverse health effects (Beltrán et al., 2018). 
However, milk is present in human food from childhood to the 
last days of life, being one of the most consumed foods, exposing 
the population constantly to the residues present in this food. 
This fact increases the importance of research regarding the 
problems that this frequent exposure can cause to the health of 
consumers (Picinin, 2013).

Regarding the different groups of avermectins analyzed, it was 
observed that EPR was not detected in any of the samples, both 
in the dry and rainy periods (Table 3). The use of eprinomectin is 
permitted and its MRL in milk is 20 μg/L. This substance maintains 
the same antiparasitic activities as avermectins and, as it is more 
hydrophilic, is less likely to appear in milk. This led to the use 
of EPR in dairy cattle. (Holste et al., 1997, Hunter et al., 2013).

However, although permissible MRLs are defined by 
international criteria, there are substances that are contraindicated 
in lactating animals, but nonetheless they are accepted in these 
programs in a contradictory manner (Durden & Wotske, 2009). 
The use of ABA and DOR is not authorized for lactating cows, 
so milk cannot contain residues of them; however their MRLs 
are 10 µg/L and 15 µg/L (Brasil, 2006). In this study we identified 
a sample with residual amount of DOR above DL in the dry 
period (Table 3). Considering the non-authorization of the use of 
this substance in lactating cows, the sample should be violated, 
however only quantities of the substance that exceeded MRL 
were characterized as violations and unfit for consumption.

The IVE was the most detected substance in the 108 samples 
of this study being present in 30 of them (27,77%), including, 
presenting amounts of residue above the QL in a sample (0,93%) 
collected in the dry period (Table 3). In the rainy season, IVE was 
detected only with residues above DL. The use of ivermectin is 
allowed and its MRL in milk is 10 μg/L (Ni et al., 2019). However, 
product labels containing ivermectin do not recommend use in 
lactating cows (Brasil, 2006), this being another contradiction 
between what is allowed and not allowed.

It is emphasized that milks containing IVE residues should 
not be intended for human consumption due to toxicological 
reasons (Chicarino, 2007; Türkan et al., 2018). The lipophilic 
character of the IVE molecule provides its permanence in the 
body for long periods (Rübensam et al., 2013) and presence 
in milk is indicative of a lack of good veterinary practice. 
Based on this finding, and according to European Community 
recommendations, ivermectin should be banned for use in dairy 
cows (Jesus, 2007).

Lobato et al. (2006) collected 168 samples of pasteurized and 
UHT milk from 1999 to 2001 in supermarkets in Campinas-SP 
and in the metropolitan region of Rio de Janeiro-RJ to investigate 
the presence of IVE. They found residues of the substance in 
concentrations above the QL (2.0 μg/L) in 17.8% (30/168) of 
the samples, reaching a concentration of 07 µg/L, close to the 
MRL stipulated by Brazilian legislation, but not above this limit. 
Although the milk samples were already collected from their 
ready-to-eat primary packaging, in accordance with our research, 
the Plano Nacional de Controle de Resíduos e Contaminantes 
(PNCRC) was not a current program in Brazil, and perhaps 
for this reason the frequency of samples with higher residue 
levels has been verified. In addition, the QL of the laboratory 
responsible for the analyzes performed was lower than that used 
in the present study and probably for this reason the percentage 
of avermectins was lower.

On the other hand, Jesus (2007) analyzed 157 pasteurized 
whole milk samples collected in the Paraná State dairy basin and 
found that 39/157 (25%) of the samples did not contain any of 
the avermectin residues which were studied (ABA, DOR, IVE 
e EPR). However, the presence of EPR residues was detected 
in two samples, ABA in 27, DOR in 31 and IVE in 107. Of the 
157 samples analyzed, 65% were in accordance with the legislation 
and 35% were in disagreement. (Brasil, 2006). Of the samples in 
disagreement, 100% were disapproved for containing prohibited 
avermectins (ABA and DOR) for lactating cows. However, no 
sample showed residue values   above the MRL.

In Minas Gerais, Picinin (2013) researched 42 different 
substances, including avermectins in 132 raw milk samples 
collected from 45 dairy farms and detected the presence of 
ABA in 07/132 (5.3%) samples and one of them had residue 
levels above the MRL.

Between 2002 and 2007 Agência nacional de Vigilância Sanitária 
(ANVISA), through the Programa de Análises de Resíduos de 
Medicamentos Veterinários em Alimentos (PAMVet), analyzed 
samples of UHT, powdered and pasteurized milk to verify the 
occurrence of avermectin residues. Only in 2006 and 2007, 8% 
(48/603) of the analyzed samples presented doramectin residues 
above the established MRL, being, therefore, violated samples and 
the milk unfit for consumption (Agência Nacional de Vigilância 
Sanitária, 2005, 2006, 2009). The only northeastern state that 
had milks analyzed in the program was Bahia (Agência Nacional 
de Vigilância Sanitária, 2009). Thus, there is no information on 
the occurrence of veterinary drug residues in milk produced in 
the state of Pernambuco and consumed by the local population.

The MAPA, through the PNCRC, since 2006 it has been 
analyzing the presence of residues of avermectins and other 

Table 2. Avermectin residues in milk samples produced in the state 
of Pernambuco.

Avermectin
Not detectable 70.37% (76/108)
Detectable 28.07% (31/108)
Quantifiable 0.93% (1/108)
Maximum Residues Limit 0 (0%)
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substances in raw, processed (F.I.S.) milk and powdered milk. 
In 2006, 2007 and 2008, avermectin residues above MRL were 
detected in 4.8% (06/125), 1.16% (01/86) and 4.38% (05/114) 
of the samples. analyzed respectively. Between 2009 and 2013, 
no sample among the 640 analyzed showed avermectin levels 
above the MRL (Brasil, 2007, 2008, 2009a, 2010, 2011, 2012, 
2013, 2014b).

Monitoring data on veterinary drug residues is important 
to assess human exposure to these compounds, as the results 
of the official programs of the Brazilian Government and other 
research show that the use of avermectins over the years has been 
observed. In lactating cows it is a common practice, despite the 
manufacturers’ indication of non-use in lactating animals or that 
the withdrawal periods indicated for each substance are met. 
Thus, the development of new research is important, as well 
as the maintenance and expansion of government programs 
to determine the possible damage to the population’s health.

4 Conclusion
The results of this study indicate that during the dry season 

the probability of obtaining milk with avermectin residues is 
higher. However, even milk produced in the driest period does 
not cause high risks to consumer health due to the low amount 
of avermectin residues present, below the MRLs advocated by 
various world agencies.
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