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Abstract  The presence of veterinary drug residues in bovine milk has raised the need to adapt their detection 
methodologies in milk for human consumption. The avermectins, antiparasitic class have been detected by liquid 
chromatography with fluorescence detection after derivatization reaction. The method validated in this work is fast and 
accurate for the determination of these residues in bovine milk according with limits establishment by Codex Alimentarius. 
The limit of quantitation (LOQ) for Abamectin, Doramectin and Ivermectin is 5 μg L-1 with a great recovery associated 
with a low coefficient of variation. 
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1. Introduction 
Brazil is the fifth largest cow’s milk producer after the 

European Union, India, United States and China. Currently, 
the Brazilian milk production chain shows high growth 
potential, and the Ministry of Agriculture, Livestock and 
Food Supply (MAPA) projections to 2020 indicate that the 
production and consumption will be 37.75 and 33.27 billion 
liters, respectively [1, 2]. The use of veterinary drugs 
accompanies the growth of the Brazilian herd in order to 
ensure animal health and consequently increase livestock 
production. However, the indiscriminate use of these drugs 
during cow´s lactation can lead to the presence of residues in 
milk, even above the maximum residue levels (MRLs) [3, 4]. 

Avermectins belong to the group of macrocyclic lactones 
and are produced by Streptomyces avermectilis. The main 
avermectins are Abamectin (ABA) which is a mixture of 
avermectin B1a and B1b, Ivermectin (IVE) is a mixture of 
two compounds 22,23-dihydroavermectin H2B1a and 
H2B1b and Doramectin (DOR) (Fig. 1) [5]. 

These compounds are antiparasitic agents widely used 
against endo and ectoparasites affecting livestock and 
domestic animals, as well as humans [3, 6]. They act by 
inhibiting the neural transmission causing the death of the 
parasites [7, 8]. The avermectins are liposoluble and can 
remain in the milk of several species, including bovine, for 
weeks after application. 
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The Codex Alimentarius proposed MRLs for IVE and 
DOR the values of 10 µg kg-1 and 15 µg kg-1, respectively. 
For ABA is not established MRL [9]. 

In Brazil, the National Plan of Waste Management in 
Animal Products (PNCRC) provides 10 µg L-1 as the 
reference limit in milk for IVE and ABA and 15 µg L-1 to 
DOR [10]. 

The National Health Surveillance Agency (ANVISA - 
Brazil) also develops in this country the National Program 
for Veterinary Drug Residue Analysis in Foods of Animal 
Origin (PAMVet), and for bovine milk matrix, the presence 
of avermectin residues is checked by high performance 
liquid chromatography with fluorescence detection 
(HPLC-FD) [4].  

The aim of this study is to present the an intralaboratorial 
methodology of validation based on the literature, but with 
modifications related with decrease amount sample and 
solvents volume which allow the simultaneous 
quantification of Ivermectin, Abamectin and Doramectin in 
bovine milk.  

2. Materials and Methods 
2.1. Standards and Reagents 

Standards of ABA, IVE and DOR were purchased from 
Sigma-Aldrich, with 99% of purity. The stock standard 
solutions were individually prepared in acetonitrile and 
stored at -20°C. The working standard solutions were 
prepared by diluting the stock solutions with methanol/ 
water/acetonitrile (40:5:55 v/v/v) in the concentration range 
of 2.5-25 µg L-1. 
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Figure 1.  Chemical structures of avermectins 

Acetonitrile and Methanol HPLC grade were purchased 
from JT Baker (USA). Methylimidazole (MI) and 
trifluoroacetic acid (TFA) (Sigma-Aldrich, St. Louis, MO), 
triethylamine (Vetec, Brazil) and trifluoroacetic anhydride 
(TFAA) (Merck, Darmstadt, Germany) were of analytical 
grade. Water was obtained from a Milli-Q water system 
(Millipore, Bradford, MA, USA). 

2.2. Sample Collection and Preparation 

The milk samples were purchased from a local organic 
farm and stored at -20°C. A total of 2.0 mL sample of milk 
was spiked by adding a standard solution to give fortification 
levels of 5, 10 and 15 µg L-1. 

Aliquots of 2 mL of milk were transferred to a 50 mL 
centrifuge tube and extracted with 5 mL of acetonitrile using 
a vortex mixer for 20 sec and then centrifuged for 10 min at 
3000 g. The supernatant was transferred to a flask in which 
13 mL of deionized water were added.  

A SPE Strata-X cartridge (Phenomenex, Torrance, CA) 
was conditioned with 3 mL acetonitrile and 3 mL acetonitrile: 
water (3:7 v/v). The extract was transferred into the cartridge 
and washed with 5 mL acetonitrile: water (3:7 v/v) and the 
avermectins were eluted into an ambar glass tube with 5 mL 
of acetonitrile. The resulting extract was evaporated under 
nitrogen flow at 58 °C. 

The dried extract was derivatizated with addition of 100 
µL acetonitrile: MI (1:1), 150 µL acetonitrile: TFAA (2:1), 
100 µL trimethylamine: acetonitrile (1:1) and 100 µL TFA: 
acetonitrile (1:1) using a micropipette. After, this solution 
was homogenizing in a vortex for 10 sec, filtered through a 
Millex HV filter (0.45 µm, Millipore) and analyzed by 
HPLC-FD [11]. 

2.3. HPLC-FD Analysis  

The analyses were performed on a HPLC-FD model 
Waters 2695 (Milford, MA, USA) equipped with a 
fluorescence detector. The compounds were separated under 
isocratic conditions into a C18 column (Symmetry, 75 x 4.6 
mm, 3.5 µm) at 30°C and mobile phase methanol: water: 

acetonitrile (40:5:55 v/v/v). The flow rate was 1.0 mL min-1 
and the excitation wavelength 365 nm and emission 
wavelength 475 nm. The total running time was 15 minutes 
and data acquisition was performed by Empower Waters 
software. 

2.4. Method Validation 

The method validation was performed based on the 
criteria and recommendations of European Commission 
Decision 202/657/EC and also on good laboratory practice 
(GLP), supported in good scientific practice [12, 13]. The 
considered parameters were selectivity, linearity, precision, 
accuracy, limit of detection (LOD), limit of quantification 
(LOQ), matrix effect, stability and robustness. 

Selectivity was evaluated by analyzing 20 samples of 
blank milk. Linearity was determined in a range of 2.5-25 µg 
L-1 for ABA, IVE and DOR.  

Precision and accuracy were evaluated by spiking blank 
milk in three fortification levels for each analyte in the range 
of 5-15 µg L-1 with six replicates each one. 

Method precision was evaluated through the CV%. The 
analyses were performed on three different days by the same 
analyst and also by two different analysts at the same day.  

Limits of detection and quantification were estimated 
based on parameters of the calibration curve [14].  

Robustness was performed using Youden´s test. Matrix 
effect was evaluated preparing six replicates in blank matrix 
extract and compared with the external calibration curve. 
This comparison was performed employing Student´s and 
Fisher’s test. 

3. Results and Discussion 
In determining the avermectin residues in bovine milk, the 

derivatization procedure requires care and attention. The 
avermectins containing tetrahydrobenzofuran ring that were 
derivatized with acylating reagent in the presence of a strong 
base, were converted to a chromophore group resulting in a 
fluorescent aromatic derivative Fig. 2 [11, 15]. 
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Figure 2.  Reaction: formation of a fluorescent chromophore [11] 

Thus, low detection limits are achieved when the reaction 
conditions are optimized, since it is possible the formation of 
two derivatization products for each avermectin. The 
derivatization reaction was studied for the compounds 
against the various compositions of the reagents and time 
stability of the derivatives. One study indicates the flu-OH 
derivative as a marker residue of avermectin [11]. Two 
compounds are formed primarily: flu-TFA and flu-OH. Thus, 
a better stability of the derivatives of ABA, IVE and DOR 
were achieved by adding 50 µL of TFA. Resulting in the 
instantaneous formation of the flu-TFA derivate (15 min at 
70 °C) and inhibiting almost entirely flu-OH derivative. 
Therefore, it is very likely that the slow hydrolysis of the 
flow-TFA for the flu-OH is the cause of the reported cases of 
unstable derivative [11]. 

The time between injection and derivatization have also 
been studied and found that the derivatives are stable for up 
to 8 hours at room temperature in the dark. After checking 
the conditions of derivatization, we came to the conclusion to 
carry out the reaction and straightaway inject into the 
chromatograph. 

Furlani et al analyzed the presence of macrocyclic 
lactones using the QuEChERS instead of SPE columns. To 
achieve the required levels of LOQ was necessary to increase 
the sample weight (10 mL) consequently the volume of 
extraction was increased [16]. While Gianetti et al replace 
the cartridges by washing with hexane and used 2.5 mL 
sample [5]. In our method some conditions were adapted, for 
instance, the samples and the solvent extraction volume were 
decrease, respectly 2 mL and 5 mL. And we keep using the 
SPE cartridge aimed at the concentration of the analytes 
studied and cleaning extract. Thus the presence of residues in 
environment was minimized.  

The separation of the standards and their retention times, 
as well as a representative chromatogram of the blank milk 
are shown in Fig 3. The chromatographic conditions allowed 
an adequate separation in 12 min (Fig 3a). The selectivity of 
the method is indicated by the absence of interfering 
compounds in the analytes retention time (Fig 3b). In Figure 
3c, we present a spike milk sample. 

The external calibration curve was obtained from six 
injections at concentrations ranging from 2.5 to 25 µg L-1. 
The curves of the three avermectins were submitted to 
ANOVA test and no deviation linearity (p <0.05) was 
showed. The correlation coefficients (R) were greater than 
0.99. The residuals were randomly distributed and did not 
exceed 20% [17]. 

For LODs and LOQs calculate it was used the method 
described by Ferreira et al [14]. This method uses the 
confidence interval obtained in analytical curve. In our case 
the LODs were 1.1, 3.1 and 4.5 µg L-1 for IVE, ABA and 
DOR respectively. The LOQs were also different for the 
three avermectins, being the highest one obtained for DOR. 
Thus, we fixed in 5 µg L-1 for all of them to facilitate the 
work with the standards. 

In Table 1 is summarized all date obtained in linearity’s 
and limits’ studies. 

Table 1.  Summary of validation dates 

Compound 
Linearity 

(R) 
LOD 
(ppb) 

LOQ 
(ppb) 

MRL Codex 
Alimentarius 

(ppb) 

MRL 
Brazil 
(ppb) 

Abamectin 0.9958 3.1 5 - 10 

Ivermectin 0.9957 1.1 5 10 10 

Doramectin 0.9916 4.5 5 15 15 

So, for precision and accuracy, milk samples were 
prepared in sixplicate and in three concentration levels, 
ranging from 5 to 15 µg L-1. The recoveries varied between 
76 to 105% and the CV from 2 to 10% that were considered 
satisfactory (Table 2) [17]. Using QuEChERS like as 
extraction and clean-up Furlani et al reached 96-109% and 
them CV was until 10% [16].  

In this study there was no matrix effect interfering 
significantly (p <0.05) in the analytical results. 

The stability of avermectins was measured in standard 
solutions stored under two different conditions, at room 
temperature (22 ± 2°C) for 24 hours and in a refrigerator (5 ± 
3°C) for 15 days.  

ABA, IVE and DOR remained stable during 24 hours at 
room temperature. 

Under refrigeration for 15 days, only ABA remained 
stable, while IVE and DOR declined about 20% and 15% of 
initial concentrations, respectively. 

The robustness was performed changing the following 
parameters: sample volume, solvent extraction volume, 
water volume, solvent elution volume, column temperature, 
flow rate and time from reaction to injection. Table 3 shows 
the changes made during the robustness test. 

Using the Youden’ test, the effects were not statistically 
significant, indicating that the validated method is robust. 

A comparison of different analytical methods available for 
the analysis of ivermectins may be seen on Table 4. 
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Junqueira et al obtained accuracy and precision analyzing 
ABA, IVE, DOR and eprinomectin (EPR) in bovine milk 
ranging to 10-30 µg L-1. They also assessed the level of     

5 µg L-1 however, according to the criteria chosen by the 
authors, the level studied showed a variation coefficient 
above accepted [18].  

 

 

 

 

Figure 3.  HPLC-FD chromatograms of (a) standard solutions ABA, IVE and DOR at 5 µg L-1 (b) blank milk sample (c) spike milk sample at 5µg L-1 
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Table 2.  Recoveries and precision for avermectins in milk 

Compound 
Level 

(µg L-1) 

Repetition Precision intermediate 

Recovery ± CV % 

day 1 day 2 day 3 analist 1 analist 2 

ABA 

5 92 ± 5 92 ± 4 95 ± 9 93 ± 8 84 ± 6 

10 97 ± 3 94 ± 5 99 ± 5 97 ± 8 86 ± 4 

15 99 ± 5 93 ± 2 103 ± 5 90 ± 6 90 ± 6 

IVE 

5 93 ± 6 95 ± 5 99 ± 10 90 ± 8 90 ± 6 

10 98 ± 2 95 ± 4 101 ± 5 93 ± 8 94 ± 6 

15 100 ± 5 94 ± 3 105 ± 5 87 ± 6 89 ± 8 

DOR 

5 91 ± 7 92 ± 3 96 ± 9 84 ± 5 76 ± 7 

10 97 ± 3 94 ± 5 99 ± 5 90 ± 5 83 ± 2 

15 99 ± 5 94 ± 2 104 ± 4 85 ± 5 83 ± 2 

The analysis were performed in sixplicates. 

Table 3.  Description of effects during robustness test 

 Variables 1 2 3 4 5 6 7 8 

Aa Sample volume (mL) 2.1 1.9 1.9 2.1 1.9 2.1 2.1 1.9 

Bb Solvent extraction (mL) 5.5 5.5 4.5 4.5 5.5 4.5 5.5 4.5 

Cc Water volume (mL) 14 14 14 12 12 14 12 12 

Dd Solvent elution (mL) 4.5 5.5 5.5 5.5 4.5 4.5 5.5 4.5 

Ee Column temperature (ºC) 31 29 31 31 31 29 29 29 

Ff Flow rate (mLmin-1) 0.95 1.05 0.95 1.05 1.05 1.05 0.95 0.95 

Gg Time from reaction (min) 0 0 5 0 5 5 5 0 

Table 4.  Summary of dates validation obtained by others authors 

Compounds LOD (ppb) LOQ (ppb) Range (ppb) Recovery (%) Reference 

ABA, IVE, DOR, MOX, EPR and EMA - 5 5-200 65-89 Gianetti et al [5] 

ABA, IVE, DOR and MOX 0.3 ND 1-30 83-114 Schenck and Lagman [6] 

ABA, IVE and DOR 0.1-1.2 0.2-7.5 ND 96-109 Furlani et al [16] 

ABA, IVE, DOR and EPR 5 10 10-30 87.2-101.4 Junqueira et al [18] 

IVE 0.037 0.043 0.5-100 73.5-79.5 Perez et al [19] 

IVE 0.6 2 10-100 78 Lobato et al [20] 

IVE 2.5 5 5-20 37-79 Machado et al [21] 

AVE, IVE, DOR, EPR 0.05-0.68 0.17-2.27 2.5-200 63-104 Wang et al [22] 

MOX = moxidectin  EMA = emamectin  ND= not disclosed 

Schenck and Lagman reached average recovery in raw 
milk above 83% in the range of 1-30 µg L-1 [6]. Perez et al 
evaluated only ivermectin in 5 replicates in the range of 0.5 
to 25µg L-1 obtaining recoveries varying from 73.5 to 79.5% 
[19]. Lobato et al also validated a method for ivermectin in 
milk. They found a LOQ of 2 µg L-1 using a sample volume 
of 5 mL [20]. None of these authors explain the robustness 
like a validation item, leaving implicit that method is robust. 

Recently, Machado et al conducted a validation for 
ivermectin in bovine milk obtaining recoveries variables 
(37-70%). The low recoveries values can be related to the 
derivatization reaction [21]. 

Wang et al analysed by liquid chromatography coupled to 
mass spectrometry, the residues of avermectins in various 
animal products among them bovine milk. They obtained 
LOQs of 0.17-2.3 µg L-1 and recoveries of 62-104% [22].  

The methodology optimized and validated in this work 
provides good results related to the applicability to a 
simultaneous analysis of ABA, DOR and IVE residues in 
bovine milk. All the validation parameters studied are in 
accordance to the criteria of European Commission Decision 
202/657/EC. 
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4. Conclusions 
This study demonstrates that methodology is applicable 

for the detection and quantification of Abamectin, 
Ivermectin and Doramectin residues in bovine milk. It is a 
low cost method, with good sensitivity and it uses a kind of 
detector accessible to any laboratory. The results showed 
that the use of small quantities of sample (2 mL) and organic 
solvent (5 mL) for extraction achieves the necessary 
accuracy and precision in compliance to the Brazilian 
legislation for monitoring of these residues. The use of small 
quantities of organic solvents also reduces the potentially 
toxic residues in the environment. 
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