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INTRODUCTION

Milk and  its products play a very important role in hu-
man nutrition. Milk has a  signifi cantly elevated chemical 
composition and  content of  conjugated linoleic acid, mac-
roelements, microelements [Nalecz-Tarwacka et  al., 2003; 
Barlowska et al., 2006], good microbiological and cytological 
quality [Czerniewicz et al., 2006]. Detected pesticide residues 
in foods are considered hazardous for the consumer health, 
also consumption of  foods containing residues is  not safe 
for humans [Pico et al., 2006]. Furthermore, food-process-
ing methods such as pasteurization, sterilization, ultra-high 
temperatures, and fermentation could not eradicate pesticide 
residues in milk or its products [Steinhart et al., 1996]. 

Pesticides, toxic and carcinogenic compounds, could cause 
very serious health problems for both animals and humans as 
well as the environmental problems [Safe, 1992]. Also, they 
have caused environmental and  health problems in many 
countries [Aktar et  al., 2009]. In  addition to this, pesticide 
poisoning causes more deaths than infectious diseases in de-
veloping countries [Eddleston et  al., 2002]. Malathion, an 
OP having high selective toxicity, is widely used in agriculture 
throughout the world [Bonilla et al., 2008]. It is widely used 
in control of many insects and agriculture [Nair & Pradeep, 
2007]. When malathion is consumed, it is quickly converted 
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to malaoxon and  is metabolized by carboxylesterases within 
an organism [Cannon el al., 1996]. 

Residues of OP should be  strictly controlled and  tested 
on a routine basis for the residue of OP. The purpose of this 
study was to investigate the presence of malathion and mala-
oxon in both cow and buffalo milk samples and to evaluate 
them in terms of consumer health. 

MATERIALS AND METHOD

Chemicals
The  standard for malathion and  malaoxon, ammoni-

um acetate, and  high-performance liquid chromatography 
(HPLC)-grade acetonitrile were obtained from Sigma Aldrich 
(Interlab A.S., Istanbul, Turkey). Pure water was purifi ed with 
a PureLab-Q system and the cartridge column of LC 140 was 
purchased from ELGA, (Marlow, UK).

Milk samples and extraction
A  total of  150  milk samples including 75  buffalo 

and 75 cow milk samples were obtained from Afyonkarahisar 
province and different districts during August 2012 and Janu-
ary 2013. The  samples were transported to the  laboratory 
inside a portable refrigerator, stored at -20ºC and tested for 
the presence of malathion and malaoxon. Milk sample extrac-
tions were carried out according to validated methods report-
ed by Lehotay et al. [2005]. Briefl y, 1 mL sample was put into 
a 50 mL centrifuge tube, followed by adding 15 mL of ace-
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tonitrile containing 1% acetic acid. After shaking for 5 min, 
2.5 g anhydrous MgSO4 plus sodium acetate was added into 
the  tube. The mixed solution was centrifuged for 5 min at 
1650×g and then 6 mL of supernatant was transferred into 
a 15 mL tube (containing 300 mg of primary secondary amine 
sorbent plus 1.8 g of anhydrous MgSO4, which constituted 
a cleanup procedure called dispersive solid-phase extraction). 
Similarly, the solution was centrifuged for 5 min at 1650×g 
and then 1 mL of supernatant was transferred into auto sam-
pler vials for analysis by liquid chromatography/tandem mass 
spectrometry (LC/MS/MS).

Standard preparation and calibration
The malathion and malaoxon standards were dissolved 

in acetonitrile at 1 mg/L and were stored at 4°C in the dark 
until use. To prepare the  working standard for analysis, 
malathion and malaoxon stock solutions were equally pi-
petted and  transferred into a  vial, and  they were diluted 
with the mobile phase. The fi nal concentration of malathion 
and malaoxon was1 μg/L. The  linearity of calibration curve 
was evaluated from peak area calculations after fi ve injections 
of  standard solutions prepared in  acetonitrile at 0.01, 0.1, 
0.5, 1 and 5 μg/L concentrations (Figure 1A and Figure 1B). 
The limit of detection (LOD) was calculated from the relative 
standard deviation (RSD) of average detector responses of ten 
replicate injections, via the formula LOD = 3 × RSD × con-
centration (provided that the response of the blank was zero). 
From these calculated values, a best estimated, rounded LOD 
value was established. The estimated limit of quantifi cation 

(LOQ) was calculated by LOQ =10 × RSD × concentration. 
The analytical methods used in this trial were evaluated using 
milk samples spiked with malathion and malaoxon at levels 
of 0.01 - 5 μg/L (n: 5 per spiking level).

Instrument and conditions
The LC/MS/MS analysis was performed by  an Agilent 

1200  series LC system (Agilent Technologies, Waldbronn, 
Germany), consisting of  a  binary high-pressure gradient 
pump. LC separation was performed on a 2.1 × 100 mm i.d. 
column packed with 2.7  μm Proshell 120 SB C18 (Agilent 
Technologies, Santa Clara, CA, USA) at 35°C. The mobile 
phases were: aqueous 0.4 mmol/L ammonium formamide 
and 0.2 mL formic acid in water (solvent A) and acetonitrile 
(solvent B). The  column gradient program was used con-
sisting of 20% A and 80% B ramped linearly over the course 
of 12 min to 100%. After analysis, the column was re-equil-
ibrated for 15 min at the  initial mobile phase composition. 
The fl ow rate of  the mobile phase was set at 0.35 mL/min 
and the injection volume was 2 μL.

The  mass spectrometry was performed using an Agi-
lent 6460  LC/MS Triple Quadrupole instrument equipped 
with an ESI source (Agilent Technologies, Waldbronn, Ger-
many). The nebulizer and drying gas (350°C) were obtained 
with a  nitrogen generator (Balston, Haverhill, MA, USA). 
The capillary voltage for ion transmission, fragmentor volt-
age for in-source-fragmentation, and vaporizer temperature 
were all optimized using the  analytical column with mala-
thion and malaoxon standard at 0.01  μg/L. Nebulizer gas, 

FIGURE 1. The linearity of malathion (A) and malaoxon (B) calibration curve from peak area calculations after fi ve injections ranging from 0.01 to 
5 μg/L of standard solutions in LC/MS/MS.
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drying gas, capillary voltage and vaporizer temperature were 
set at 45 psi, 11 L/min, 3000 V, and 400°C, respectively. Quan-
titative analysis was carried out in selective reaction monitor-
ing mode. Malathion and  malaoxon retention times were 
5.476  and  4.370. Their molecular weights, precursor ions 
(m/z), and product ions (m/z) were 330, 331, 285, and 314, 
315, 127; respectively.

RESULTS AND DISCUSSION

Calibration curves for quantifi cation of  the  standard 
showed good linearity with correlation coeffi cients (r2) 
>0.999  over the  range studied by  ESI mode (Table 1). 
The  LOD, LOQ, and  RSD of  malathion and  malaoxon 
in  milk samples using LC/MS/MS were 0.01, 0.04  μg/L, 
and 4.79%, respectively. Samples with malathion and malaox-
on levels below 0.01 μg/L were considered negative. Recovery 
of malathion and malaoxon was 94% and 96%, respectively. 
Malathion and malaoxon chromatogram analyses of  stan-
dard (0.01  μg/L), spiked (0.05  μg/L), and buffalo and  cow 
milk samples were shown in Figure 2A-D, respectively.

Some researchers reported that milk and its products were 
contaminated with OP. In the Agreste region of Pernambuco, 

Brazil, 30 raw milk samples and all components of the animal 
diet were collected from several farms. Among the thirty milk 
samples analyzed by gas chromatography (GC), six samples 
(20%) were contaminated with OP, fi ve samples (16.7%) with 
carbamate, and  one sample with both pesticides [Fagnani 
et al., 2011]. Melgar et al. [2010] investigated OP residues 
in raw milk and infant formulas from northwest Spain. A to-
tal of 312  samples were collected (70  from infant formulas 
and 242 from raw milk) biweekly during a 24-month period, 
analyzed by GC with a nitrogen-phosphorus detector. The de-
tectable levels of OP residues were found in 6.73% of whole 
milk and in 8.67% of raw milk samples. The highest percent-
age incidence measured was for dichlorvos (5.78%), followed 
by  coumaphos (2.06%), and  parathion methyl (0.83%). 
In conclusion, no residue was detected in  the fi nal product 
(infant formulas), so any risk to consumer health, especially 
to children’s health, would be  limited. Also, Pagliuca et al. 
[2006] determined the  contamination in  raw milk in  terms 
of OP used in Italy. Among the 135 samples analyzed by GC, 
10 samples showed an OP contamination ranging from 5 to 
18 μg/kg. The higher results were recorded in the samples col-
lected during the autumn-winter period and the main pollut-
ants detected were acephate and chlorpyriphos. Also, Alder 

FIGURE 2. Malathion and malaoxon chromatogram graphics; standards (0.01 μg/L) (A), milk sample spiked with 0.05 μg/L malathion and malaoxon 
(B), cow milk samples (C), and buffalo milk samples (D).

TABLE 1. Mass chromatogram results of malathion and malaoxon in solvent at 0.01–5 μg/L with ESI.

Concentration 
(μg/L )

Response RF value RT (min) Accuracy (%)

Malathion Malaoxon Malathion Malaoxon Malathion Malaoxon Malathion Malaoxon

0.01 164379 276172 16487.92 27617.22 5.476 4.370 72.91 88.34

0.1 1311597 2454642 13115.97 24546.42 5.476 4.370 88.28 92.24

0.5 10612743 16571052 21225.49 33142.10 5.476 4.370 107.55 109.48

1 19538317 29541506 19538.32 29541.51 5.476 4.370 98.38 97.85

5 45081027 55983641 20252.33 32467.89 5.476 4.370 105.26 100.55

Note: RF, radio frequency; RT, retention time.
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et al. [2006] evaluated the capabilities of MS in combination 
with GC and LC for the determination of a multitude of pes-
ticides. They suggested that only for one substance class, 
the organochlorine pesticides, GC-MS achieved better per-
formance. For all other classes of pesticides, the assessment 
showed a wider scope and better sensitivity if detection was 
based on LC–MS. 

In this study, malathion and malaoxon residues were not 
detected in  raw buffalo and cow milk samples from Afyon-
karahisar province. Similarly, Keskin & Kaya [2009] reported 
that OP residues were not detected in  raw milk in Turkey. 
Zhao et al. [2012] reported that OP residues were detected 
at levels of 0.006–0.048 mg/kg in raw cow milk in Heilongji-
ang, China. In addition, Maver et al. [2007] noted that OP 
residues were found in 8.2% of non-animal origin products 
(vegetable, fruits, grains, alcohol drinks); however, they were 
not detected in animal-origin foods (liver, fi sh, eggs, honey, 
and milk) in  Slovenia. The  differences between this study 
and other studies might stem from the region, the contami-
nation level of OP, animal feedstuff and  its source, or from 
the use of different analytical methods. 

CONCLUSIONS

Pesticides especially OP are often used in Turkey. Their 
common and unconscious handling by agricultural workers 
has the potential risk to public health. This is the fi rst study to 
determine malathion and malaoxon in cow and buffalo milk 
in Afyonkarahisar. In this context, malathion- and malaoxon-
-contaminated milk should be considered carefully by manu-
facturers and consumers. To produce milk and milk products 
free from OP residues, is  important for dairy sector. Also, 
auto-control strategies should be implemented in addition to 
strict government controls. Furthermore, consumers should 
be educated about the risks of pesticide contamination in milk 
and its products.
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