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Abstract Levels of cyclodiene pesticides (aldrin, α-en-

dosulfan, β-endosulfan, endosulfan sulfate and heptachlor) 

residues in muscle, liver and kidney tissues of buffalo were 

estimated. The effects of common cooking methods (micro-

wave cooking, boiling, broiling and pressure cooking) on 

the levels of endosulfan were determined. Aldrin and total 

endosulfan (α-endosulfan, β-endosulfan, endosulfan sul-

fate) residues were found in 42.86 and 64.29% of buffalo 

tissue samples, with overall mean residual concentration of 

0.013 and 0.055 ppm, respectively. However, the levels of 

these residues were well below the maximum residue limit 

(MRL: aldrin 0.2 ppm ; endosulfan 0.1 ppm) specifi ed by 

national and international regulatory bodies. Cooking of 

endosulfan (Endoin 35 EC) spiked meat resulted in 58.33–

64.59% reduction in α-endosulfan and 55.93–61.60% 

reduction in β-endosulfan. Among the cooking methods, 

pressure cooking was most effective in reducing both α- 

and β-endosulfan. 

Keywords Buffalo meat . Cyclodiene . 

Pesticide residues . Endosulfan . Cooking methods

Introduction

The powerful insecticidal properties of organochlorine 

pesticides promoted their widespread usage for the control 

of agricultural pests and invertebrate vectors of animal dis-

eases. Higher stability and persistence of these chemicals 

in the environment led to the contamination of foodstuffs, 

especially those having high fat content such as milk and 

meat products (Kannan et al. 1992). Presence of pesticides 

residues in food materials has caused concern due to their 

association with endocrine dysfunction, birth defects, car-

cinomas, neurological disorders and weakened immune 

system (Brody and Rudel 2003) and their estimation has 

been regarded as an essential component of food quality 

control programme. Though there are some reports avail-

able on organochlorine pesticides like dichloro diphenyl 

trichloroethane (DDT) and hexachlorocyclohexane (HCH) 

pesticide residues in meat and meat products, little informa-

tion is available on the cyclodiene group of organochlorine 

pesticides (aldrin, α-endosulfan, β-endosulfan, endosulfan 

sulfate and heptachlor).

Generally, risk assessments due to chemical residues are 

based on residues levels in uncooked food, even though a 

large proportion of food consumed is either cooked or pro-

cessed before consumption. To properly assess the risks of 

pesticide residues to consumer, it is necessary to consider 

the effects of cooking on the residues (Holden et al. 2001). 

Reports indicate that cooking causes considerable destruc-

tion of pesticide residues in food commodities (Mirna and 

Coretti 1979, Dejonckheere et al. 1996, Wani et al. 1998, 

Rajashekar et al. 2007). The presence of residues above the 

permissible levels is a major hindrance in the acceptance of 

meat by importing countries, besides it is necessary to pro-

tect the health of domestic consumers as well. Hence, the 

present experiment was undertaken to estimate the levels 

of cyclodiene pesticides residues in tissues of buffaloes and 

also to study the effect of different cooking methods on the 

levels of endosulfan, a routinely used cyclodiene pesticide. 
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Materials and methods

Muscle, liver and kidney samples (14 numbers) of buffaloes 

(Bos bubalis) aged 5 years and above were collected from 

Greater Hyderabad Municipal Corporation slaughterhouse, 

Hyderabad and stored at –20°C until analysis. 

Fat extraction and clean up: A 15 g portion from each 

of the minced samples were ground along with 30 g of 

anhydrous sodium sulphate in a pestle and mortar. Resul-

tant tissue material was extracted for cyclodiene residues 

by Soxhlet apparatus (Soxplus, Chennai, India) for 6 h in 

petroleum ether at 50–55°C as outlined by Tonkabony et al. 

(1981). The fat extracted from the samples was subjected to 

clean-up as per the procedure of AOAC (1995) with slight 

modifi cation. The extracted fat diluted with 15 ml petro-

leum ether was extracted thrice with 30 ml of acetonitrile 

saturated with petroleum ether in 125 ml separator. Each 

time, the acetonitrile portion was drained into a 1 l separator 

containing 650 ml water, 40 ml saturated NaCl solution and 

100 ml petroleum ether. The one litre separator containing 

acetonitrile extract was shaken thoroughly. The aqueous 

layer separated was drained into another one litre separator 

to which 100 ml petroleum ether were added and shaken 

thoroughly with care (back extraction into petroleum ether). 

After discarding the aqueous layer, the petroleum ether 

portion was combined with that of the fi rst 1 l separator, 

washed with two 100 ml portions water and the washings 

were discarded. The clean up of samples to remove the re-

sidual fat was performed by column chromatography using 

activated anhydrous sodium sulphate and Florisil. Elution 

was carried out with 200 ml of 6% eluting solvent at 40–45 

drops per min and the elute was concentrated in a vacuum 

evaporator (Lab Tech, Korea). 

Estimation of cyclodiene residues: One μl of the re-

constituted sample was injected into a gas chromatograph 

(Shimadzu, Japan) equipped with an electron capture detec-

tor. Instrumental settings were: injection port, column and 

detector temperature 80–220, 260 and 300°C, respectively 

with N
2
 gas fl ow rate of 5 ml/ min. This injection mode was 

splitless. The retention time along with the height and areas 

of peak were recorded. The cyclodiene pesticides were 

quantifi ed from individually resolved peak heights with 

corresponding peak heights of standards. For every set of 

10 samples, a procedural blank consisting of all reagents 

and glassware used during analysis was run to detect inter-

ference and cross contamination.

Recovery experiment: Two meat samples were fortifi ed 

with working standards (0.01 and 0.1 ppm) of cyclodiene 

compounds to estimate the recovery by the procedure 

described above to ascertain the effi ciency of extraction. 

Residue levels of pesticides were corrected according to 

their recoveries and expressed as ppm.

Effect of cooking on the level of endosulfan residues: 
About 1 kg of buffalo meat was procured from local mar-

ket, packed in polyethylene bags and transported in ice to 

the laboratory in 30 min. After removing the connective 

tissues and separable fat, the lean portion was ground 

(through 8 mm plate) using a meat mincer (model TC 22 

RIO INOX, Sirman, Italy). The ground meat was spiked 

with commercially available endosulfan (Endoin 35 EC, 

Insecticides India Ltd, Bhiwadi, Rajasthan) at 10 ppm 

and divided into 5 parts of 200 g each. One part of spiked 

ground meat sample without cooking was used as control. 

Remaining 4 spiked ground meat samples were subjected 

to commonly used cooking methods like boiling in water 

bath (100°C), pressure cooking (121°C), broiling (100°C) 

and microwave cooking. For boiling, meat samples were 

cooked in boiling water for 30 min in low-density water im-

permeable polyethylene bags. Pressure cooking was done 

by wrapping meat samples in aluminum foil and cooked in 

a domestic pressure cooker for 15 min. For broiling, meat 

samples were made into small patties of about 1.5 cm thick-

nesses using mold and cooked in a preheated hot air oven 

for ~30 min to obtain an internal temperature of 80°C. The 

patties were turned upside with every 10 min interval. In 

microwave cooking, meat samples were placed in a glass 

bowl and cooked in microwave oven at 2450 MHz for 5 

min. The drip collected in each cooking method was mixed 

with cooked samples. 

The concentration of α and β-endosulfan isomers in the 

commercial preparation was determined before spiking the 

meat samples. A 15 g portion from each group was utilized 

to estimate the change in the level of endosulfan in a gas 

chromatograph as per the procedure described earlier. Resi-

due levels of endosulfan was calculated according to their 

height and areas of the specifi c peak and expressed as ppm. 

The experiment was repeated 6 times. 

Statistical analysis: Data were subjected to analysis of 

variance to determine the differences in the concentration 

of cyclodiene compounds among the different tissues of 

buffalo and also in the level of spiked endosulfan between 

different cooking methods. Signifi cant differences among 

the means were determined by Tukey honestly signifi cant 

difference test. All statistical computations were performed 

using the SPSS 10.0 for Windows software (SPSS Inc., 

Chicago, IL, USA). 

Results and discussion

Cyclodiene pesticide residues: The recovery of various 

cyclodiene compounds from spiked meat samples ranged 

from 79.7 to 101.8% (Table 1). The extraction procedure 

employed in this experiment was effi cient in recovering 

the maximum amount of residues present in samples as a 

recovery of 75–102% is considered acceptable (Solymos 

et al. 2001). Several workers reported similar recovery of 

pesticide residues from various meat samples (Doong and 

Lee 1999, Bedi et al. 2005). 

The results indicated that 42.9% buffalo tissue samples 

were positive for aldrin and the residual concentrations 

ranged from 0.012 to 0.027 ppm (Table 2). Presence of resi-

dues of aldrin in cattle feed (Dikshith et al. 1989), buffalo 
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milk (Saxena and Siddiqui 1982) and meat and fat (Kannan 

et al. 1992) were already reported in India. However, the 

reported data on aldrin residues in buffalo tissues are rather 

sparse. Aldrin levels in the samples analyzed in the present 

study were much lower than the recommended maximum 

limit of 0.2 ppm specifi ed by national (MFPO 1973) and 

international (Codex 2006) regulatory bodies.

The residues of endosulfan (sum of α-endosulfan, β-

endosulfan and endosulfan sulfate) were present in 64.3% 

tissue samples of buffaloes and the overall mean residual 

level ranged between 0.038 and 0.084 ppm. Contamination 

of feed, feed materials (oil cakes and bran) and water with 

endosulfan as reported by Dikshith et al. (1989) and Shukla 

et al. (2006) might be the reason for detection of residues 

in buffalo tissues in the present study. This is in agreement 

with Indraningsih et al. (1993), who also observed accu-

mulation of endosulfan residues in tissues of animals fed 

with endosulfan spiked feed. The higher incidence might 

be due to the extensive use of endosulfan to control insects, 

as it has wider spectrum of biological activities and higher 

stability in the environment as reported by Kathpal and De-

wan (1975). However, the residual concentrations of endo-

sullfan in buffalo tissues recorded in the present study were 

very low and in all cases the levels were below the MRL of 

0.1 ppm specifi ed by Codex (2006) and EU (2006). 

Presence of endosulfan residues in milk (Kumari et al. 

2005), and fi sh (Amaraneni 2002) were also reported in 

India. Residues of endosulfan were also reported in milk 

in Canada (Frank et al. 1985) and meat in Spain (Lazaro et 

al. 1996). 

None of the samples screened contained heptachlor 

residue above detectable level (Table 2). Existence of ban 

on this pesticide since 1992 might be the reason for the ab-

sence of heptachlor residue in the analyzed animal samples. 

Heptachlor below detectable level was also reported in 

pork from Spain (Hererra et al. 1994) and fi sh samples

from Punjab (Kaur et al. 2008). However, Kannan et al. 

(1992) reported a very low level of heptachlor (0.09 ppb) 

in meat and animal fat in India. Similarly, very low level 

of residues of heptachlor were also reported in chicken 

(0.0033 ppm), beef (0.0001 ppm) and pork (0.0013 ppm) 

by Madarena et al. (1980) and in poultry tissues by Jevsnik 

et al. (2004).

Effect of cooking on endosulfan residues: Endosulfan 

is available in a formulation comprising mixture of α- and 

β- endosulfan isomers in an approximate concentration of 

2:1 (Awasthi 2007). In the present study, buffalo meat was 

spiked with endosulfan at 10 ppm level. This has resulted in 

7.464 ppm (74.6%) of α-endosulfan and 2.692 ppm (27%) 

of β-endosulfan in spiked samples.

A highly signifi cant (p< 0.01) difference in the levels of 

endosulfan was observed between spiked raw and cooked 

buffalo meat samples (Table 3). Cooking of meat resulted 

in 58.3–64.6% and 55.9–61.6% reduction in the level of α- 

and β-endosulfan, respectively. This signifi cant reduction in 

endosulfan in meat during cooking could be attributed to the 

volatility of these compounds and the elimination of these 

compounds with fat rendering induced by high temperature 

as suggested by Wani et al. (1998) and Sallam and Morshedy 

(2008). However, as reported by Lane et al. (1979) that re-

duction in pesticide residues level varies between naturally 

contaminated and artifi cially spiked samples due to variation 

in bonding of xenobiotic to some compounds of medium. 

The effect of cooking in the reduction of endosulfan is in 

accordance with the fi ndings of Ramesh and Balasubrama-

nian (1999) and Rajashekar et al. (2007), who also reported 

53 to 100% reduction in endosulfan residues in different 

food materials due to various cooking methods. Similarly, 

reduction in the levels of various organochlorine pesticides 

after thermal processing of meat is also reported. These in-

clude 44% of DDT in lamb meat cuts (Bayarri et al. 1994), 

65% of lindane in rabbit meat (Mirna and Coretti 1979) and 

29.2 to 55.0% of various organochlorine pesticides in beef 

(Sallam and Morshedy 2008).

Among cooking methods, more reduction in both

α- and β-endosulfan was observed in pressure cooking,

Table 1 Retention time and recovery percentage of 

cyclodiene  pesticides in spiked meat samples

Pesticide Retention time, min  Recovery, %

Heptachlor 34.088 101.8

Aldrin 37.586 79.7

α-Endosulfan 44.545 89.7

β-Endosulfan 48.359 80.0

Endosulfan sulphate 52.145 82.4

Table  2 Mean residual levels (ppm) of cyclodiene pesticides in tissues of buffalo

Name of Pesticide Muscle Liver Kidney Overall mean Per cent occurrence

Aldrin 0.012 ± 0.003 0.010 ± 0.005 0.017 ± 0.004 0.013 42.86

α-endosulfan 0.038b ± 0.004 0.012a ± 0.004 0.008a ± 0.002 0.023  57.14

β-endosulfan 0.021 ± 0.002 0.015 ± 0.004  0.012 ± 0.003  0.016 57.14

Endosulfan sulfate  0.025 ± 0.005 0.015 ± 0.004 0.018 ± 0.009 0.020 50.0

Total endosulfan  0.084 0.042 0.038 0.055 64.29

Heptachlor BDL BDL BDL - -

BDL- Below detectable level

n=14; Means bearing different superscripts between columns (a, b) differ signifi cantly (P< 0.05)
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followed by broiling, microwave cooking and boiling. 

Higher temperature due to pressure might have resulted 

in more volatility of these compounds in pressure cooking. 

This is in agreement with Nath and Agnihotri (1984), who 

noticed more loss of endosulfan residues in steam cooking 

than open cooking. The dissipation was higher for β-endo-

sulfan, when compared to α-endosulfan. Rajashekar et al. 

(2007) also noticed higher loss of β-endosulfan than α-en-

dosulfan in milk processing. This might be due to variation 

in susceptibility to heat by different chemical compounds 

as stated by Dejonckheere et al. (1996) that the effects of 

cooking and steaming in reducing the pesticide concentra-

tion varied depending on the type of pesticide and food. 

Conclusion

Residues of cyclodiene group of organochlorine pesticides 

like aldrin, and endosulfan were found in the majority of an-

alyzed meat and organs of buffaloes. However, the levels of 

contamination were quite low and well below the maximum 

residue limit and may not present any threat to public health. 

Further, cooking of meat resulted in signifi cant reduction in 

the residue level of endosulfan. Among cooking methods, 

pressure cooking resulted in highest reduction in pesticides 

level. This study calls for a continuous monitoring of foods 

especially of animal origin for the presence of various pes-

ticide residues and attempts should be made to defi ne the 

source of contamination as a means to correct the situation. 
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