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ABSTRACT 
Ivermectin and deltamethrin are antiparasitic agents widely used as pesticides or veterinary drugs for food producing animals. A validated 

quantitative high performance liquid chromatography method (HPLC) with UV detection at 233 nm is presented for simultaneous detection 

of ivermectin and deltamethrin in milk. An extraction procedure based on QUECHERS methodology (quick, easy, cheap, effective, rugged 

and safe) which was initially developed for anthelmintic and pesticides residues analysis. The method involved extracting sample (10 ml) 

with acetonitrile (10 ml), followed by phase separation from water (salting out) with MgSo4: NaCl (4:1 w/w). After sample cleans up with a 

bonded PSA, the mixture was centrifuged and the supernatant was filtered prior analysis. Average recoveries from bovine milk samples 
were in the range of 92.22- 96.7% for ivermectin with Relative Standard Division (RSD) from 1.53 to 3.06% and 92.56- 97.78% for 

deltamethrin with RSD from 0.84 to 5.09%. The detection and quantification limits have been calculated as 2 and 6µg.kg-1for ivermectin as 

well as 3 and 9 µg/kg for deltamethrin, respectively. The results indicated that 18.18, 28.57, 40, 100 and 60% of the collected milk samples 
from five studied localities were found to contain ivermectin residues below the maximum residual limits whereas 81.82, 71.43, 60, 0, 40% 

of milk samples contained ivermectin residues above the maximum residue limits. Otherwise, deltamethrin did not detected in the 33 

analyzed samples. The method provides a rapid, reliable and sensitive method for determinating avermectin and deltamethrin residues in 
milk samples by HPLC. Since QuEChERS method has been recently reported with great advantages while it is simple and practical. 
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INTRODUCTION 

 

Many classes of veterinary drugs such as anthelmintic, macrolides and pesticides, sulphonamides are 

widely administered to food –producing animals for the purposes of prevention and treatment of several diseases 

as well as for promoting growth [1, 2].  

Macrocyclic lactone is a strong pesticide for cow, pig and horse. It can classify into two groups: 

avermectins and milbemycins. They are used routinely in veterinary medicine for prevention and control of 

nematode species, including most larvae and adult forms. The mechanism of action is believed to involve the 

activation of the gamma- aminobutyric acid (GABA) pathways and the chloride channel permeability, with a 

significant membrane hyperpolarization that block electrical activity in nerve and muscle. The avermectins are a 

mixture, at different ratios, of natural compounds isolated from the fermentation process with the 

microorganism Streptomyces avermetilis, Streptomyces cyanogrise and Streptomyces hygroscpicus [3]. 

Ivermectin (IVM) is a mixture of the two homologous compounds 22, 23- dihydroavermectin (H2B1a, at least 

80%) and 22,23- dihydroavermectin (H2B1b, not more than 20%) [4]. The IVM molecule has high liposolubility, 
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this fact is important because their excretion could be by milk [5]. It is recommend a careful administration and 

respect of the withdrawal period to avoid IVM residues in milk and milk products. 

The natural pyrethroids are one of the oldest insecticides known to man. Pyrethrum extract is used in many 

household insecticides and for external parasites presents on animal´s body by its rapid knock down effect. The 

term “pyrethrins” covers the insecticidal active ingredients in the extract of the “Pyrethrum flowers” [6]. Early 

synthetic pyrethrins were derivatives of the chrysanthemic acid (chrysanthemum momocarboxylic acid). 

According to the structure and the symptoms they induce, the pyrethroids have two typ I, non –alpha- 

cyanopyrethroids (as tetramethrin and resmethrin) and type II, alpha – cyanopyrethroids (as deltamethrin and 

cypermethrin) [7].   

Deltamethrin, is regarded as the leader of the family of synthetic pyrethoid insecticides [8] and [9].  It's 

largely used in veterinary medicine as acaricide to fight against animal infestations by Rhipicephalus 

Songuineus [10] or acaricide and scabicide [11]. 

The monitoring of veterinary drugs residues is very important for controlling the safety of milk for human 

consumption. Aermectins are highly lipophilic and are stored in fat tissue, which acts as a reservoir, contributing 

to their long –term persistence in the body [12]. The quality of the human being food at the  present time is 

major of concern in the modern world. It implies several fields among them treatments with pesticide residues in 

food and food stuffs originating from veterinary treatments have become increasing noticeable [13]. Milk is 

known as a nutritious wholesome food consumed globally and it is an in expensive source of protein and 

calcium essential for promoting growth in children and the general good health of population [14]. 

A larger number of pharmacokinetic studies are available for these compounds, reporting a large volume of 

distribution, long residence time and extensive elimination in milk during lactation, where it is possible to find 

residues of these compounds in milk after analysis [15]. 

The maximum residue limits (MRLs) in milk have been set for a n umber of veterinary drugs with the aim 

of minimizing the risk of human health associated with their consumption to detect these residues in milk 

different analytical   approach have been used, like thin layer chromatography, liquid chromatography and 

immunochemistry [16]. The most important method is based on High performance liquid chromatography 

method (HPLC) [17, 18, 19, 20, 21,].    

In the last few years, a fast and inexpensive method for the analysis of pesticides in food (including fat 

matrices), named QUECHERS (Quick, easy, cheap, effective, rugged and safe technique) has been reported [22, 

23a, 24, 25]. For all the mentioned above our study aimed to simultaneous detection of ivermectin and 

deltamethrin residues in bulk milk samples collected from different dairy farms by HPLC method and the 

objective of this work was determined if HPLC method is suitable to detect and quantify residues of two 

antiparastic agents in milk samples. 

 

MATERIAL AND METHODS 

 

1. Materials: 

1- Samples: Milk samples were collected from five localities (East Delta, the center of the delta, West 

Delta, El Fayuom and Bani Suif) dairy farms. Milk samples were collected in a sterile McCartney bottles for 

determination of ivermectin and deltamethrin residues. All samples were transported to the laboratory. Each 

sample was labeled to identify the source of sample. Delayed samples were stored in ice bag.  

2- Reagents: 

(a) - Organic solvents: Acetonitrile (ACN) and Methanol (MeOH) are high purity chromatographic grade.  

(b) - Double distilled water  

(c) – Salts: Sodium chloride (NaCl), unhydrate magnesium suphate (MgSO4). 

(d) – Primary secondary amine (PSA) 40Mn analytical grade. 

(e) – Syringe filter: syringe filters were of pore size 0.2 µm and 0.45 µm, with diameter of 25 mm. 

(f) Acetic acid: ACS.Iso, Reag. Ph Eur 100 % Emsure ®was from Merck. 

3- Reference standards: Ivermectin and deltamethrin with purity of > 99% were purchased from Sigma 

Aldrich. 

4- Equipment: High Performance Liquid Chromatography (HPLC) analyses (Agilent, 1200). 

Chromatographic separation was achieved at 30°C on a reversed phase column C18 (250 × 4.6 mm, 5µ) using a 

mobile phase methanol and water 95:5 (v/v) with quaternary pump. The flow rate was kept at 1.0 ml.ml-1 and 

detection was carried out at 233 nm. The injection volume was 20 µl for assay level. 

5- Preparation of mobile phase: methanol (950ml) was added with 50 ml of double distilled water (95:5). 

Solvents gently mixed, degassed with sonication and filtration. The filtrate was used as the mobile phase. 

 

II - Methods: 

1. Preparation of standard curves: Stock standards solution of ivermectin and deltamethrin were prepared by 

dissolved 10 mg of each compounds in 10 ml of methanol to obtain a final concentration of 1 mg.ml-1. Stock 
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standard solution were stored at -20°C and were stable for at least 3-month. The working mixed standard 

solution for each compounds (ivermectin and deltamethrin) 0.5, 1, 2, 5 and 10 µg.ml-1 were prepared by dilution 

of the stock standard solution in methanol. The linear regression data for the calibration curves indicate that the 

response is linear over the concentration range studied for both the drugs.  

 

2. Preparation of samples:  

The milk samples were row bovine milk obtained from five different localities. Aliquots of 10ml of samples 

(bulk) and 10ml of acetonitrile (1 %ACS) were placed to a 50 ml centrifuge tube and the mixture was manually 

shaken for 1 min. Vortex mixing for 2 min, 4 gm of magnesium sulphate and 1 gm of sodium chloride were 

added. Samples were immediately shaken for 1 min to prevent agglomerates forming during MgSO4 hydration, 

and centrifuged at 4000 rpm for 10 min. For samples clean-up, a supernatant was transferred into containing 

PSA tube. The supernatant was filtrated by syringe filter and transferred to HPLC vials for analysis. 

 

3. Determination the limits of detection (LOD): 

 A series of low concentration of mixed working standard solution in 0.01, 0.02, 0.025, 0.04 and 0.05 µg.ml-

1were prepared and derivatized as described in the above mentioned method. Each sample solution (0.1ml) was 

auto-injected into HPLC and analyzed in triplicate. According to [26] guideline validation operation of 

Analytical Method (DOH), the linear regression of each standard solution was plotted by peak area VS 

concentration. [27] described several approaches on determine the LOD and LOQ. These include visual 

evaluation, S/N and the use of SD of the response and slope of the calibration curve.  

 

4. Recovery studies:  

 Recovery studies were carried out with whole milk samples free of residual pesticides, which were obtained 

from a free farm.  The accuracy of the method was evaluated following the QuEChERS approach: 10 mL of a 

control milk sample was poured into Falcon tubes and appropriate volumes of working stock solutions of 

pesticides were added to the samples at three concentration levels: 0.005, 0.01and 0.015 μg.ml-1of ivermectin 

and 0.015, 0.03 and 0.045 μg/ml of deltamethrin. After mixing and standing for at least 2 hr at room 

temperature, samples were extracted as described above then analyzed. Three replicates were analysed in each 

case, corresponding to three aliquote of each sample independently fortified and analysed. The extraction 

procedure described above was followed.  

 

RESULTS AND DISCUSSION 

 

The optimization sequence followed in this study consisted of two steps: the first focused on the best 

separation technique for determination of the compounds using HPLC and secondly to detected the residue of 

the compounds in milk. 

 

Method development: 

Method development for the simultaneous detection of both ivermectin and deltamethrin was challenging 

task because of their different compounds structure. Beside food matrices which may influence immunoassay 

performance; Milk is a difficult matrix for all analytical methods because it contains high levels of lipids, 

sugars, proteins and other materials in a heterogeneous aqueous base.  

Several tests were carried out using different solvents to remove all fat in milk. Several mobile phase 

compositions were tried to resolve the peaks of ivermectin (IVM) and deltamethrin (DEL) and where in the 

response could be measured simultaneously. The different mobile phase compositions tried were methanol: 

acetonitrile (50:50) methanol: acetonitrile: water (50:35:15) methanol: water (95:5). Also different flow rats for 

the mobile phase were tried; these were 1.0, 1.4, 1.8, 2.0 mL.min-1. The different UV detector at 245, 233 and 

254 nm were tried. The optimum mobile phase containing methanol: water (95:5) at a flow rate of 1.0 mL.min-1 

was selected because it was found to be the ideal to resolve the peaks of ivermectin (IVM) and deltamethrin 

(DEL). Quantification was achieved with UV detector at 233nm based on peak area. 

Validation is performed to demonstrate that an analytical methodology is suitable for a determined purpose 

[28]. Although some working groups developed and validated similar methods, it is preferable that each 

laboratory does the validation before their implementation because slight variations could affect the final results. 

He objective of this work was determined if HPLC method is suitable to detect and quantify residues of IVM in 

milk samples. 

Chromatographic conditions were carried out on freshly prepared standard solution of the compounds and 

parameters obtained with 20 µL injection volume are summarized in table (1). A representation chromatogram 

is shown in Fig (1). 
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Table 1: Chromatographic conditions 

Column  C18 column (250 mm× 4.6 mm, 5 micron)  

Mobile phase  Methanol: water (97: 3)  

Column temperature  30oC  

UV-Detector  233 

Flow rate  1 ml.min-1 

Injection volume  20μl  

 

 
 

 

 
Fig. 1: Typical chromatogram of ivermectin (6.5 min) (A) and deltamethrin (3.9 min) (B). 

 

Linearity and range: 

 The linearity was demonstrated for 2 analysts by preparing a five –point calibration curve at concentration 

levels of 0.5, 1, 2, 5 and 10 µg.ml-1 for ivermectin and deltamethrin (Fig, 2). The values of coefficient of 

correlation, “r “were 0.998 and 0.997 for ivermectin and deltamethrin . The equation for regression line was  

Y = 62.898x +19.79 (R2= 0.998) for ivermectin and Y = 164.006x+31.25 (R2= 0.997) for deltamethrin .  
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Fig. 2: Standard curve of ivermectin (A) and deltamethrin (B) 

 

Detection and Quantification Limits: 

[27] describe several approaches on determine the LOD and LOQ. These include visual evaluation, S/N and 

the use of SD of the response and slope of the calibration curve. In the present study, LOD determined by the 

analysis of samples with known concentrations of analyte and by establishing the minimum level at which the 

analyte can be reliably detected. Based on the LOD strength the LOQ values were calculated by multiplication 

with three times. LOD and LOQ were found to be 0.002 and 0.006 μg.mL-1for IVR and 0.003 and 0.009 μg.mL-

1 for DLT respectively, indicating adequate assay sensitivity of the proposed method. The acquired LOD was 

0.8 µg.kg-1andthe LOQm were between 2.5 µg.kg-1for HPLC-FD for ivermectin [29]. The method LOD was 

0.002 µg.g-1. and LOQ values were 0.010 µg.g-1for deltamethrin[30]. 

Lowest concentration level was chosen considering that it should be higher than the equipment limit of 

detection (0.01 corresponding to 0.03µg. ml-1) and lower than the limits established by the [31] (0.01 and 0.03 

µg.g-1for ivermectin and deltamethrin, respectively).This limit was considered since there is no legislation in 

concerning the presence of macrocyclic lactone, pyrethroid residues in bovine milk used for human 

consumption. 

 

Recovery test and precision: 

The average recovery for each level has been calculated by proportion of the area of the peak of pesticides 

resulted from the spiked solution to the area of the peak of that pesticides resulted from a standard solution 

prepared from standard of that pesticides. Results have showed that the current method has good recovery 

(93.33, 96.67 and 92.22%) for ivermectin and (97.78 ,92.56 and 97.26%) for dethamethrin  at the three 

concentration levels studied (0.005, 0.01and 0.015 μg.ml-1) for ivermectin  and (0.015, 0.03, and 0.045 μg.ml-1 ) 

for  deltamethrin, with a relative standard deviation lower than 1.0% (see table 2). 
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Table 2: Recoveries from fortified bovine milk. 
Analyte Spiked level Recovery % (mean±SD) 

Ivermectin 0.005 93.33± 3.06 

0.01 96.67±1.53 

0.015 92.22±1.92 

Deltamethrin 0.015 97.78± 5.09 

0.03 92.56±2.50 

0.045 97.26±0.84 

 

The recovery values obtained are in  agreement with the 2002/657/EC guidelines for validation method, 

where the acceptable trueness of measurements is assessed through recovery of additions of known amounts of 

the analyte(s) to a blank matrix. Data corrected with the mean recovery are only acceptable when they fall 

within the following ranges: ≤1.0 µg.kg-1 from 50% to 120%; > 1.0 to 10.0 µg.kg-1 from 70% to 110% and 

≥10.0 µg. kg-1 from 80% to 110%. The relative standard deviation obtained within reproducibility conditions did 

not exceed the recommendation set value of 20%, considering the concentration range validated for this analysis 

[32]. 

 

Analytical method: 

The major source of contamination of dairy products by different hazardous pesticides is the presence of 

their residues in animal feed stuffs. Other factors that may also contribute to this sort of contamination include 

the application of pesticides on farm animals, environmental contamination and accidental spills [33]. Milker or 

producer mistakes as accidental transfer into bulk tank, failure to observe recommended label withdrawal time, 

lack of advice on withdrawal period and prolonged drug clearance. 

In QuEChERS, the high-moisture sample (water is added to dry foods) is first extracted with an organic 

solvent (acetonitrile (MeCN), ethyl acetate, or acetone) in the presence of salts (MgSO4, NaCl, and or buffering 

agents) to induce phase separation of the solvent from the water. Upon shaking and centrifugation, an aliquot of 

the organic phase is subjected to further cleanup using dispersive-SPE, which entails mixing sorbents with the 

extract. Afterwards, the mixture is centrifuged and the resulting supernatant can be analyzed directly or can be 

subjected to a concentration and/or solvent exchange step if necessary. The approach is very flexible, and since 

its development [22] there have been several modifications to the technique depending on analytes, matrices, 

instrumentation, and analyst preferences [23a,34,35,36,37,38,39,40]. PSA was found to effectively remove fatty 

acids from food samples. The approach uses very little labware and generates little waste. The technique 

provides high recovery for many LC- and GC-amenable analytes, gives high reproducibility, and costs less than 

many typical sample preparation approaches [22].      

The addition of salts in the extraction process enhanced the extraction recovery by yielding better 

separation of the organic and aqueous phases. The QuEChERS method employs a mixture of 1 g of sodium 

chloride (NaCl) and 4 g of magnesium sulfate (MgSO4), which serves to remove water. Its adsorption of 

moisture is exothermic, resulting in the heating of sample between 40 and 45°C during the extraction and 

partitioning steps, which reduces the volume of the aqueous phase [41]. The sample cleanup using NaCl 

minimized the need for cleaning of the mass spectrometry ionization source [42].  The next step in the sample 

preparation included the cleanup using 25 mg PSA and 150 mg MgSO4. This final cleanup step enabled the 

removal of most of the co-extracted matrices. Furthermore, NaCl helps to remove highly water – soluble polar 

matrix interferences, thus provides clean – up of the samples and reduces the need for frequent cleaning of the 

MS ionization source [43]. Also, PSA was found to effectively remove fatty acids from food samples. 

QuEChERS was used for determination of abamectin, doramectin, ivermectin and eprinomectin in meat with 

reliable results from 2.5 to 150 μg kg-1 and LOQ of 2.5 μg kg-1. [44].  

 

Analysis of bovine milk samples: 

It was collected a 33 milk samples, from five dairy farms in five localities. When analyzed according to the 

above mentioned extraction and chromatographic procedure, deltamethrin was not detected (below LOD), while 

the results indicated that 18.18, 28.57, 40, 100 and 60% of the collected milk samples from five localities were 

found to contain ivermectin residues below the maximum residual limits and 81.82, 71.43, 60, 0, 40% of milk 

samples contained ivermectin residues above the maximum residue limits. Deltamethrin was not detected in the 

33 analyzed samples. 

A similar study was done on dairy sheep’s and goat milk and feed samples for the detection of pesticides 

residues in Greece by [45]. Endosulfan was the main pesticide residue which was detected in the feed samples 

with the average of 0.10 mg/kg and this level was lower than the [46] level. In sheep and goat milk samples no 

pesticides were detected and this milk was considered to be safe for human use. In the other study sheep's milk 

samples were mostly contaminated with the pesticides residues. 50 % of goat milk samples were also 

contaminated with pesticides residues. In sheep milk samples the highest level of deltamethrin found was 0.80 

mg/kg and in the goat milk samples imidacloprid was at 0.80 mg.kg-1[47].  
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Also,[40] found that milk samples of cow, buffalo, goat, sheep and camel collected from different areas and 

farms of Lahore were analyzed for six different pesticides (bifenthrin, carbofuran, chlorpyrifos, deltamethrin, 

and imidacloprid and lambda cyhalothrin). The residue analysis revealed that about 50 % of mil samples were 

contaminated with the pesticides. From all the pesticides under study the occurrence of the deltamethrin residues 

was highest followed by carbofuran. 50 percent of the milk samples were contaminated with pesticides residue. 

Among cow milk samples bifenthrin was detected in 17 cow milk samples, chlorpyrifos was in 12, carbofuran, 

deltamethrin, and imidacloprid were detected in 16 each and lambda cyhalothrin was detected in 13 milk 

samples. 

The presence of pesticides in milk indicates the incorrect use of drugs in livestock. The use of pesticides is 

not allowed for lactating cows, and the detection of pesticides in milk samples is indicative of poor veterinary 

practice. This proves that stricter guidance should be implemented in milk production in order to provide milk 

without pesticides residues for public consumption. Also, the major source of contamination of dairy products 

by different hazardous pesticides is the presence of their residues in animal feed stuffs. Other factors that may 

also contribute to this sort of contamination include the application of pesticides on farm animals, environmental 

contamination and accidental spills. 

 

Conclusion: 

The applicability of the proposed method allows its use for routine analysis of ivermectin and deltamethrin 

in milk matrices, with enough sensitivity to determine concentrations below the limits established by the Codex 

Alimentarius. It offers the advantages of being simple, rapid and inexpensive, with reduced solvent consumption 

and demanding shorter time of analysis. Despite being present in low concentrations in the analyzed samples, 

the occurrence of ivermectin indicates the need to monitor pesticide residues in milk in order to guarantee its 

quality.  
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