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ABSTRACT  

Detection of pesticide residues in milk and dairy products even in trace quantities is possible by 
immunoassay analysis which is based on antibody – antigen reaction. Hapten for DDT was prepared from 

Bis (4 chlorphenyl) ethanol in the present study and conjugated with carrier protein, then antibodies were 

raised in rabbits. The serum IgG was purified using gamma bound sepharose column and used for coating 

of antibody. ELISA (Anthos HT - II) reader was used for the estimation of DDT by plotting DDT 
standard curves. Dairy products viz. milk, buttermilk, khoa, cheese and kalakhand were analysed for 

DDT. Milk and buttermilk did not show any matrix interference, however khoa, cheese and kalakhand 

showed matrix interference which might be due to high fat content in such dairy products. The matrix 
effect was overcome by treating with conc. sulphuric acid. The percentage recovery of DDT in dairy 

products by ELISA method was compared with the results of Gas chromatography. In both the 

techniques, the percentage recovery was 70 and above. From this study, it was confirmed that ELISA 
technique developed for DDT is more reliable. 
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INTRODUCTION 

Pesticides including organ phosphorus pesticides (OPPs), widely used in agriculture, can cause toxic 

effects to humans and animals (Giampiero et al., 2006). Immunoassays based on antibody-antigen 
reaction have become very useful tool in clinical tests and pharmacology laboratories. The same 

technology is becoming popular for the detection of environmentally harmful chemicals.  Pesticide 

immunoassays in the past two decades made much progress and appear to be appropriate for the detection 
of trace quantities of residues usually present in biological samples  (Hermann, 1998 and Anderlaan et al., 

1998).  This method involves particular antigen-antibody reactions and hence is sensitive and specific.  It 

is rapid and offers itself to be a method of choice especially when a large number of samples have to be 

analysed. Any laboratory technician can perform the test after very little training, as the procedure 
involves simple steps such as dilutions, additions, washings and reading colour intensity.  Considering the 

need for quality assurance of export foods with respect to residue contamination, ‘lot to lot’ or ‘pack to 

pack’ basis and also considering the large number of samples for analysis, the ELISA is the method of 
choice for use in the risk management of foods (Karanth, 1998).  

 

MATERIALS AND METHODS 

Fifteen samples each of milk, butter milk, cheese, kalakhand and khoa collected aseptically in and around 
Chennai city, Tamil Nadu, India were quantitatively analysed for DDT using ELISA method. 

Immunochemical methods involve the use of antibodies, which are the key components of all 

immunoassays because their quality greatly contributes to the sensitivity and selectivity                     
(Piao et al., 2009). 

Hapten Synthesis 

Preparation of Hapten – 1 for DDT from DDT-OH: 
Bis (4-chloropheny) ethanol was dissolved in pyridine and succinic anhydrate (10 Molar excess) was 

added to the mixture, stirred overnight and ethyl acetate was then added.  It was washed with water, 1 N 
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HCl and brine.  The organic solvent was dried over anhydrous sodium sulphate and solvent evaporated 

off to get the hapten-1. The structure was confirmed by using NMR. 

Preparation of Hapten Conjugates with Carrier Proteins: 
The hapten was conjugated to bovine serum albumin by dissolving the hapten in alkali and adding to the 

protein aqueous medium followed by 1-ethyl -3 (3-dimethyl aminopropyl) carbomide.  The conjugates 

were dialysed against phosphate buffered saline.  The efficacy of conjugation was tested by the estimation 
of the end amino groups of the lysine residues by conjugating with 2, 4, 6-trinitrobenzene sulphonic acid 

and reading the absorbance at 335 nm. 

Antibody Production: 

One mg equivalent of the hapten - protein conjugate in Freund’s complete adjuvant (1:1 ration) was 
injected epidermally at multiple sites to a female rabbit of 3 - 4 months age as a primary dose. After 30 

days, the primer bleed was checked for the antibodies by antibody capture assay.  When the antibody titre 

was found satisfactory, booster dose was given (500 µg equivalent of protein in incomplete (Freund’s 
adjuvant) by intra muscular injection.  After 8 days, 3-5 ml of blood were drawn from marginal ear vein 

and checked for antibody titre.  When the titre has increased, a second booster was given in incomplete 

Freund’s adjuvant by intramuscular injection.  After 8 days, the antibody production was again checked.  
Since the peak antibody production was noticed at this time, 15-20 ml blood was collected and the serum 

separated. Serum IgG was purified using gamma bind sepharose column.  

Antibody Coating: 

Equal volumes of carbonate buffer and antiserum were mixed.  100 µl of this mixture was added per well 
and incubated overnight at room temperature.  Next day, the wells were emptied and the plate was hand 

washed 5 times using wash buffer (10 mM) and tapped dry on absorbent paper.  The 1% BSA was added 

at the rate of 150 µg / well and incubated for 1 hr at room temperature.  The well was emptied and the 
plate dried. 

In the immunoassay of DDT, the following steps were performed. 

Reagents and Sample Preparation 

Milk Extraction: 
15 ml of milk was extracted in five times the volume of acetonitrile. 

Preparation of Standards:  

A series of working standards (0.1 ppb to 1000 ppb) were prepared from stock solution (100 ppb) with 
mixing of each dilution with vortex mixture. 

Preparation of Substrate Solution:  

Sodium acetate (anhydrous) (8.2g), citric acid (2.5g), cyclodextrin (2.5g) and urea peroxidase (150mg) 
were dissolved in 970 ml of distilled water and this solution should be kept at 4 

0 
C. 

Chromogen Solution:  

10 mg of tetramethylbenzidine (TMB) was mixed with 1 ml of dimethyl sulphoxide (DMSO) and stored 

at room temperature.  
Working Buffer:  

Stock phosphate buffer solution was diluted 5 times with distilled water to get 50 mM working buffer.  

For every 100 ml PBS (50 mM), 1.1 ml of fish gelatin was added.  This was kept at 4 
0 
C and used for all 

dilutions.  Stock PBS (250 mM) wad diluted 25 times to get 100 mM wash buffer.  To 1 Litre of wash 

buffer, 5 ml of 10% tween 20 was added and used for washing plates. 

Bovine Serum Albumin (1%):  
1g of BSA was dissolved in 100 ml of distilled water, kept at 4 

0 
C and was used for blocking. 

Immunoassay Procedure:  

All the reagents and sample extracts were brought to room temperature before use.  Standards and sample 

extracts were added.  Microwell plate was loaded with 100 µl of DDT standards in acetonitrile or sample 
extracts in triplicate using single channel pipette.  The plate was mixed gently by rotating for 10 seconds. 

Addition of Enzyme Conjugate: 
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Horseradish peroxidase (100 µl) was added to all well immediately using a multi channel pipette.  

Microwell plates were mixed gently for 10 seconds.  The plate was covered with parafilm and incubated 

at room temperature for 60 min. The plate was washed with wash buffer and was tapped dry on absorbent 
paper. 

Addition of Substrate Chromogen Solution: 

The color developer (Substrate-chromogen) solution (150 µl) was added in each well using multichannel 
pipette.  The plate was covered with parafilm and incubated for 30 min. at room temperature during 

which time the blue color developed. 

Measurement of Color Solution: 

The reaction was stopped by the addition of 2.5 N H2So4 (stop solution). The color of the solution 
changed to yellow.  The plate was read within 30 min. in a plate reader with a 450 nm inference filter. 
 

RESULTS  

Fifteen samples of milk, butter milk, cheese, kalakhand and khoa were quantitatively analysed for DDT 

using ELISA method. The levels of DDT in milk and milk products were found to be well below 
detectable limits in both methods.  It is a welcoming feature that DDT is present only in traces (< 0.5ng/g) 

in milk and dairy products obtained from organized dairies in and around Chennai city. 

Milk and butter milk were extracted in acetonitrile. Extracts of milk and butter milk had no matrix effect.  

The zero OD (no pesticide) and IC50 were on par with the neat solvent.  The IC50 values for milk and 
butter milk extracts differed by 2 ng/g respectively when compared with acetonitrile standard         

(IC50=14 ng/g). 

Cheese, kalakhand and khoa showed matrix interference.  Therefore the methanol extract of the samples 
were treated with sulphuric acid and washed with water three times. Thereafter the extract was partitioned 

with petroleum ether; the organic layer was collected, evaporated and made up in original solvent.  Clean 

up was achieved up to 70% using this method.  The zero OD of the neat solvent was more or less on par 
with that of the samples (Table 1). 
 

Dairy Products 
Methanol Standard Methanol Extract 

Methanol Clean – Up 

(after Sulphonation) 

Zero O.D 

Cheese 0.97 0.26 1.15 

Kalakhand 0.97 0.82 1.03 

Khoa 0.97 0.74 0.98 

 

The absorbance values obtained for the standards were plotted against their respective concentrations (1, 

10, 100 and 1000 ppb) on semi logarithmic graph to obtain the DDT standard curve, which was found to 

be linear.   
 

DISCUSSION  
From the standard curve, it was observed that absorbance readings obtained from ELISA reader were 

inversely proportional to the concentration of analyte in standard i.e. an increase in concentration will be 

accompanied by a decrease in absorbance values.  

Trace amounts of DDT in milk have to be dislodged by solvent extraction.  In this procedure, a number of 

constituent from the food (the matrix) also gets partitioned along with the pesticide, which may change 

the assay performance either negatively or positively. This is called matrix effect.  Milk and dairy 
products are classified under high fat, high moisture content foodstuffs.  Clean up procedure is needed to 

overcome the food matrix.  The approach made for clean up were derived from sample preparation 
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methods for gas chromatographic analysis of pesticides.  Milk, Butter milk, cheese, kalakhand and khoa 

were analyzed for DDT. 
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