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Abstract
Aim: The present study was aimed to estimate deltamethrin residues in cow’s and goat’s environment over a certain period 
of time post-application, to identify the role of both feed and water as a source of pesticides, and to conduct some trials to 
reduce their levels in milk.

Materials and Methods: A total of 80 water and feed samples (40 of each) and 120 milk samples (80 cow’s milk and 40 
goat’s milk) were collected. Fresh milk samples were collected directly from the udder as well as from feed and water before 
application and 1st, 2nd, 3rd, 7th, 15th, 21st, and 35th days after insecticide application. 

Results: Deltamethrin residues were detected after its application in both water and feed at different levels up to the first 
3 days and in all cow’s and goat’s milk samples at 35th day. The highest levels were detected in milk samples at the 2nd day 
then at the 7th day followed at the 15th day after application as such levels were above the maximum residual limits. By 
microwaving the polluted cow’s milk samples, deltamethrin residues were not detected without influencing the chemical 
composition of the milk. However, on freezing of milk, the deltamethrin residues reached 12.6±3.24 μg/L in association 
with a significant decline in the concentration of fat.

Conclusion: Microwaving of milk is an effective method to decline deltamethrin concentration in milk.

Keywords: deltamethrin, freezing, high-performance liquid chromatography, microwaving treatment, milk, pesticides residues.

Introduction

Deltamethrin is a synthetic type II pyrethroids 
insecticide [1]. It is one of the most known potent 
insecticides, and it is largely used in veterinary med-
icine as acaricide against animal infestations as well 
as agriculture formulations to control numerous insect 
pests on fruits, vegetables, and field crops [2].

Deltamethrin is derived from natural pyrethrins 
(esters of chrysanthemic and pyrethric acid extracted 
from chrysanthemum flowers, Chrysanthemum cin-
erariaefolium, and related species). It is insoluble in 
the water, soluble in acetone, dimethyl sulfoxide, N,N-
dimethylformamide, benzene, xylene, cyclohexanone, 
and ethyl acetone, and slightly soluble in ethanol and 
isopropanol. It is stable in the acidic and neutral solu-
tions and at 40°C in the dark and at room temperature in 
the light. However, it is unstable in alkaline solutions [3].

The major toxic effects of deltamethrin include 
choreoathetosis, hyperexcitability, and saliva-
tion [4]. These effects are generally rapid in onset 

and brief in duration [5]. Moreover, there is a 
reported case of a 30-year-old male who died within 
2 days after consuming about 30 mL of deltame-
thrin. Another possible adverse effect of deltame-
thrin is teratogenesis [6].

Egypt is one of the largest users of pesticides to 
duplicate its animal and plant production power. The 
monitoring of pesticide residues is very important 
for controlling the safety of milk and dairy products 
consumed by infants, children, and adults through-
out the world. Especially, milk is known as a nutri-
tious, wholesome food consumed globally and it is an 
inexpensive source of protein and calcium essential 
for promoting the growth of children and the general 
good health of the population [7].

Nowadays, there is a great concern about the 
quality of the food consumed by human beings in the 
modern world. In addition, pesticide residues cause 
many troubles in food [8]. For example, insecticides 
affect the activity of starter culture and the quality of 
the dairy products as they elongate the coagulation 
time in cheese with the formation of many holes [9].

Countries have enacted regulations to set the 
maximum residue level (MRL) of such pesticide resi-
dues in milk and dairy product to protect the consum-
ers’ health [10]. This is guided by different analytical 
approaches such as thin-layer chromatography, liq-
uid chromatography, and immunochemistry [11]. 
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However, the most important approach is based on 
high-performance liquid chromatography method 
(HPLC) [12,13].

Insight of these facts, the current study aimed  
to estimate deltamethrin residues in cow’s and goat’s 
environment over a period of time post-application, to 
identify the role of both feed and water as a source of 
pesticides, and to apply some trials for reduction of its 
levels in milk.
Materials and Methods

Ethical approval
The study was approved by the Research 

Committee of the Faculty of Veterinary Medicine, 
Benha University, Qualyobia, Egypt. 
Animals

Two farms, cow and goat ones, were included 
in this study located at Qalyubia Governorate. The 
experiment was carried out on apparent healthy lac-
tating cows (n=10) and goats (n=5). Each animal was 
sprayed by the same person with a single therapeu-
tic concentration of the deltamethrin (Butox® 50 with 
active ingredient deltamethrin 50 mg/L) with recom-
mended quantity (50 mL/100 L water) on the back 
from the shoulder to sacrum under field condition.
Feed and water samples

Eighty water and feed samples were collected 
(n=5 of each group for water and n=5 of each group 
for feed) at different intervals before and after the 
application of deltamethrin. Feed and water samples 
were 500 mL and 200 g respectively. Water samples 
were collected in glass bottles, then immediately were 
filtered through a 0.7 µm glass filter, and were stored 
in darkness at 4°C. While feed samples (Corn-Drees-
Silage-Soya-Bran-Linseed-Molasses-Hey-Grille 
feed-Berseem) were collected from feed troughs. The 
feed samples were stored at −20°C until processing.
Milk samples’ collection

A total of 120 milk samples (80 cow’s milk and 
40 goat’s milk) were collected at different intervals 
at zero time, 1st, 2nd, 3rd, 7th, 15th, 21st, and 35th days 
after application and in addition to control group. The 
milk samples were collected in sterilized 50 ml Falcon 
tubes. They were immediately transferred to the labo-
ratory for examination.
Treatments of polluted milk samples to control their 
deltamethrin residues

In Egypt, there is no interest for the consumer to 
drink goat’s milk due to its pronounced flavor. Hence, 
focusing on treatment of cow’s milk is necessary.

10 cow’s milk samples were collected at the 
2nd day after insecticides application (highest deltame-
thrin concentration) and divided into two parts. The 
first part was treated by microwave at 900 W for 75 s 
according to Tremonte et al. [14], while the second 
part was treated by freezing at −20°C for 1 week after 
collection [15].

Chemical analysis of milk composition
Fresh and treated milk samples (microwaving or 

freezing) were analyzed for fat percentage, solid-not-
fat percentage, protein percentage, lactose percentage, 
and ash percentage using lactoscan (Lactoscan S, soft-
ware version 50, and LCD, software version 45, Nova 
Zagora, Bulgaria). In addition, pH values of treated 
milk samples were measured using pH meter (Jenway 
3051 pH meter) equipped with standard combination 
electrodes. The apparatus was calibrated before each 
measure using standard buffer solutions pH 4.00 and 
pH 7.00 at 25°C. The pH values for each sample were 
recorded in comparison with fresh raw milk.
Analysis of deltamethrin residues

Standard
The standard of deltamethrin (97-99%) was 

granted by Pak China.

Deltamethrin in water, feed and milk samples
Deltamethrin residues were assessed by HPLC-

ultraviolet (UV) by chromatograph equipped with UV 
detector in water according to Hanan et al. [16], feed 
according to Boussahel et al. [17], and milk samples 
according to Darko and Acquaah [18]. Accordingly, 
the suitable conditions of HPLC were HPLC appara-
tus (Agilent1100) equipped with diode array detector; 
column: Zorbax SBC 18 (150 mm×4.6 mm×0.5 um 
film thickness); mobile phase: Acetonitrile: distilled 
deionized water (80:20); flow rate: 1.0 mL/min.; and 
detector: 226 nm UV.

The deltamethrin residues in the examined sam-
ples were compared with those obtained from similar 
injections of the standard solutions. Quantitative deter-
mination of these residues was obtained by the mea-
surement of the peak areas in the chromatogram [19].
Statistical analysis

The statistical analysis of quantitative data of 
deltamethrin concentration in milk samples was esti-
mated by univariate analysis of variance (ANOVA), 
one-way ANOVA, and independent t-tests using SPSS 
program version 20 [20]. The results were considered 
significantly different at p<0.05. The experiment was 
done 3 times and the values indicated were the aver-
age of triplicate±standard error.
Results

Deltamethrin in water and feeds existed at the 1st, 
2nd, and 3rd days after application of deltamethrin, and 
in contrary, the residues were not detected at the 7th, 
15th, 21st, and 35th days after application (Table-1).

Deltamethrin residues in cow’s and goat’s milk 
samples recorded the highest value at the 2nd day fol-
lowed by the 3rd, 7th, and 15th days, after application 
above MRLs, while it was detected at the 21st and 
35th days after application in cow’s and goat’s milk 
within MRLs as shown in Table-2 and Figure-1.

Regarding the deltamethrin residues in treated 
polluted cow’s milk samples, the residues were not 
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due to their effectiveness against lice treatment and 
mosquito. In recent years, there is an increase in 
the public concern against the cancer risk related to 
chronic low-level exposure to pesticide residues in 
milk and other foods [21]. Deltamethrin residues were 
detected in both water and feed at different levels up 
to the first 3 days after its application. This may be 
attributed to the poor biosafety measures such as lack 
of precaution during pesticides spraying, absence of 
special area for pesticides spraying, and drinker, not 
frequency changed after spraying [22]. The current 
results clarify that deltamethrin could be not detected 
from the 7th day in feed and water after its application. 
Similar results were obtained by Thomson [23].

The current results have indicated that both feed 
and water act as main sources of entry of pesticides 
into the animal body. Once the animal body system 
gets contaminated with pesticides residues, not only 
does it affect the animal directly but also exerts an 
indirect effect on human health through the food of 
animal origins such as milk and meat [24].

Deltamethrin residues were detected in all cow’s 
and goat’s milk samples up to the 35th day after insec-
ticides application. The highest levels were detected at 
the 2nd day then at the 7th day followed at the 15th day 
after application as such levels were above the maxi-
mum residue limit (50 µg/kg) stated by EU pesticides 
database [25]. The current findings agreed with those 
recorded by El-Maghraby [26] who detected deltame-
thrin in milk samples collected for 28 days subcuta-
neously from treated cows with 2000 μg/kg deltame-
thrin. The current findings slight disagreed with those 
recorded by Castillo et al. [27] who recorded that the 
deltamethrin was rapidly absorbed and slowly excreted. 
Furthermore, they found that the level of deltamethrin 
residues in milk was very low, <1% of the treatment 
dose, and maximum levels were reached after 2 days 
9 µg/kg for 0.1 g deltamethrin and 53 µg/kg for 1 g 
deltamethrin. For two concentrations, no residue level 
was detected after 8 days of the pour-on application.

Deltamethrin was previously detected in milk at 
higher concentrations during the studies performed by 
Misra et al. [28] and Shahzadi et al. [29]. On the other 
hand, Nasr et al. [30] failed to detect any pyrethroid 
residues in the examined samples of cow milk.

The variation in the persistence of pesticides 
may be attributed to the type and concentration of 

Table-1: Deltamethrin residues in water and feed 
collected from cow’s and goat’s farms.

Samples Deltamethrin residue

Water (μg/L) Feed (μg/Kg)

Before application 0.00±0.00a 0.00±0.00a

After application
1st day 280.77±17.80a 381.30±26.57a

2nd day 92.49±6.89b 94.29±8.30b

3rd day 27.05±3.66c 41.99±4.10c

7th day ND* ND
15th day ND ND
21st day ND ND
35th day ND ND

*ND=Not detected. The means with different 
superscript in the same column indicate significant 
difference (p<0.05). The values indicated were the 
mean±standard error

Table-2: Deltamethrin residues in cow and goat milk 
samples.

Samples Deltamethrin residue (μg/L)

Cow’s milk Goat’s milk

Before application 0.00±0.00d 0.00±0.00d

After application
1st day 16.33±2.99d 15.87±1.22c

2nd day 301.30±27.01a 90.00±4.22a

3rd day 284.31±25.58 b 87.08±3.75a

7th day 267.32±24.06b 84.17±3.29a

15th day 99.19±9.78c 30.01±3.82b

21st day 33.59±5.40d 16.25±1.65c

35th day 10.78±2.47d 3.17±3.01d

The means with different superscript in the same column 
indicate significant difference (p<0.05). The values 
indicated were the mean±standard error

detected at the 2nd day after application after exposure 
to microwave at 900 W for 75 s, but the mean values 
decline to 12.6±3.24 μg/L after freezing at −20 for 
1 week (Figure-2).

Regarding the effect of both freezing and micro-
waving on chemical constituents of milk, microwav-
ing did not affected chemical composition of milk in 
which they were nearly similar to those in fresh raw 
milk. However, by freezing, there was a relevant 
decline in the concentration of fat . It was 5.59±0.391 
in compare to 7.69±0.074 in fresh raw milk (Table-3).
Discussion

Synthetic pyrethroids often serve as replace-
ments for controlling pests in agriculture and animals 

Table-3: Effect of microwaving and freezing on chemical profile of milk.

Chemical parameter (%) Fresh raw milk (control) Treated samples

Microwaving Freezing

Fat 7.69±0.04a 7.68±0.021a 5.59±0.213b

SNF 6.62±0.012a 6.63±0.109a 6.56±0.580b

Protein 2.47±0.006a 2.49±0.009b 2.49±0.006b

Lactose 3.45±0.006a 3.47±0.007b 3.51±0.026c

Ash 0.66±0.004a 0.65±0.011a 0.63±0.014a

pH 6.51±0.007a 6.49±0.003b 6.72±0.0580c

abcValues in the same row having different superscripts differ significantly (p<0.05). The values indicated were the mean 
of triplicates±standard error. SNF=Solid-not-fat
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pesticides, the source of feed and water as well as the 
mode of pesticide application [31].

Deltamethrin residues were not detected in all 
cows’ milk samples which had the highest concentra-
tion at the 2nd day after treatment of the milk by micro-
wave, but there were 12.6±3.24 μg/L after treatment of 

the milk by freezing; this indicated that the microwav-
ing of milk samples is more effective than the freezing 
for destroying of deltamethrin residues in milk samples.

There is no doubt that milk is excellent nutrition 
for the human being due to its content of proteins, fat, 
lactose, minerals, and vitamins. In addition, apart from 

 Figure-1: The persistence of deltamethrin (%) in cow and goat milk. Blue line referred to the persistence of deltamethrin 
residues in cow’s milk, but the red line referred to the persistence of deltamethrin residues in goat’s milk during the period 
of the study.

 Figure-2: Concentration of deltamethrin residues before and after treatment of cow’s milk by freezing and 
microwaving (μg/L). The blue  line referred to the mean value of deltamethrin residues  in cow’s milk samples, and the 
values indicated were the mean±standard error.
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that, milk proteins can also exert numerous antimicro-
bial and physiological activities benefiting the con-
sumer in a variety of ways. These activities include 
enhancement of immune function and defending 
against pathogenic bacteria, viruses, and yeasts [32].

Regarding the effect of both freezing and micro-
waving on the milk chemical constituents, microwaving 
was shown to be devoid from any effect on the chemical 
composition of milk, being the same as to those of fresh 
raw milk. However, by freezing, the concentration of fat 
as compared to that of fresh raw milk was significantly 
declined. This effect was similar to that obtained by 
Garcı´a-Lara et al. [33] and Vieira et al. [34]. Freezing 
of milk gives rise to a series of physical changes in its 
fat content such as rupture of the fat globule membranes 
and alteration of casein micelles [33].

In the same context, Oliveira et al. [35] reported 
that at the temperature of −20°C, lipase activity is 
maintained, and therefore, there is active lipolysis. 
This breaks down the triglycerides, reduces their con-
tent, and increases the monoglycerides, diglycerides, 
and free fatty acids content.

At the same time, the levels of deltamethrin in 
milk samples were very lower than the recommended 
MRL [25] after milk treatment by microwaving or 
freezing without affecting milk composition.

The deltamethrin is stable at 40°C in the dark, 
at room temperature in the light, and its melting point 
is 98-101°C. Microwave treatment of milk at 900 W 
for 75 s can destroy the deltamethrin residues in milk. 
This can be attributed to the fact that the high tem-
perature can reduce the amount or the value of the pes-
ticide residue [36]. The estimated pesticide residues in 
microwaved milk samples showed the efficient role of 
heat processing perhaps due to evaporation, codistil-
lation, and thermal degradation which vary with the 
chemical nature of pesticides [37].

Microwaved milk sample content of residues was 
below the detectable levels in raw milk. These results 
are in agreement with that reported by  Abou-Arab[38], 
who showed the efficient role of heat treatment on the 
degradation of some pesticides in milk products.

The results of this work suggested that the con-
sumption of heat-treated milk and milk products may 
be safer than consumption of raw milk also indicated 
that some of the pyrethroid pesticides still contaminate 
the environment resulting in contamination of food-
stuffs, particularly milk. There is a potential risk of the 
consumption of such contaminated milk on human’s 
health, particularly infants and children [39-42].

Milk contamination with the pesticides residues 
can be controlled by preventing the contamination of 
feedstuffs. The findings of the study might help in 
extending awareness in dairy farmers and local people 
about pesticides and their hazardous effects on human.
Conclusion

Feed and water act as important sources of pes-
ticides into animal body, also deltamethrin does not 

persist in the environment. It disappears in both feed 
and water within 1 week, so it considered biodegrad-
able and save insecticides. Moreover, our results con-
cluded that microwave is an effective method for the 
elimination of deltamethrin from milk than freezing.

It can be concluded from the analysis of milk 
samples that treated by microwave play an important 
role in reducing the concentration of deltamethrin in 
milk without affecting its chemical profile.
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