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Abstract:    The widespread use of organophosphorus pesticides (OPs) poses a great threat to human health and has 
made the detection of OP residues in food an important task, especially in view of the fact that easy and rapid detection 
methods are needed. Because OPs have inhibitory effects on the activity of α-naphthyl acetate esterase (ANAE) in 
plants, in this work we evaluated the possibility of detecting OPs in vegetables with ANAE extracted from commercial 
flour. The limits of detection (LODs) obtained for methamidophos, dichlorvos, phoxim, dimethoate, and malathion in 
lettuce samples with crude ANAE were 0.17, 0.11, 0.11, 0.96, and 1.70 mg/kg, respectively. Based on the maximum 
residue limits (MRLs) for OPs in food stipulated by Chinese laws which are 0.05, 0.20, 0.05, 1.00, and 8.00 mg/kg for 
methamidophos, dichlorvos, phoxim, dimethoate, and malathion, respectively, the esterase inhibition method with 
crude ANAE had sufficient sensitivity to detect the residues of dichlorvos, dimethoate, and malathion in lettuce, but it 
could not be used to guarantee the safety of the same samples if methamidophos or phoxim residue was present. The 
sensitivity of the method was improved by the use of esterase purified by ammonium sulfate salting-out. The LODs 
obtained for methamidophos and phoxim with purified esterase were lower than the MRLs for these OPs in food. This 
is a very promising method for the detection of OP residues in vegetables using crude or purified esterase because of 
its cheapness, sensitivity, and convenience. 
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1  Introduction 

 
Organophosphorus pesticides (OPs) are one of 

the most common classes of chemicals used for the 
control of insects on vegetables because of their high 

efficacy and broad spectrum of activity. As a result, 
OP residues are likely to occur in vegetables, such as 
lettuce, celtuce, and cabbage. The inappropriate and 
illegal usage of OPs further increases the risk of hu-
man exposure. Therefore, it is important to determine 
the levels of OPs in vegetables to protect human 
health (de Silva et al., 2006; Uygun et al., 2007; 
Darko and Akoto, 2008; Zhao and Zhao, 2009).  

Although chromatographic methods for the 
analysis of OPs in the environment and in food offer 
notable advantages for qualitative and quantitative 
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analyses, they are generally time-consuming, expen-
sive, labor-intensive, and use relatively large volumes 
of solvents. Recently, the acetylcholinesterase inhi-
bition method has been successfully applied to the 
determination of OPs in various environmental ma-
trices (Schulze et al., 2002). In most cases, the ace-
tylcholinesterase applied in this method is extracted 
from the head of the fly Musca domestica. The flies 
are cultured in a tightly controlled environment that is 
free from pollution by any pesticides, especially OPs. 
The extraction procedure is complex and elaborate, 
and requires perfect technique and low-temperature 
processing. These limitations make it inconvenient to 
use acetylcholinesterase for the rapid determination 
of OPs (Li X. et al., 2008; Shi et al., 2008). An es-
terase extracted from plants could react with OPs and 
play an important role in the rapid determination of 
OP residues because of its low cost, easy extraction, 
convenient preservation, sensitivity, and accuracy 
(Huang et al., 2003; Meng et al., 2006; Li J.K. et al., 
2009). As the esterase generally uses α-naphthyl 
acetate as its substrate, the esterase is referred to here 
as α-naphthyl acetate esterase (ANAE).  

The present study was performed to determine 
the optimal parameters for OP detection using the 
ANAE inhibition method and to establish the 
method’s limits of detection (LODs) for methami-
dophos, dichlorvos, phoxim, malathion, and di-
methoate. A simple purification method, ammonium 
sulfate salting-out, was also evaluated by comparing 
the LOD values of the crude ANAE inhibition method 
with those of the method using purified ANAE. 

 
 

2  Materials and methods 

2.1  Chemicals 

Malathion (purity >99.5%) was a gift from Si-
nochem Ningbo Chemicals Co., Ltd. (Ningbo, China). 
Methamidophos (purity >99.0%) was purchased  
from Kefa New Technology Development Co., Ltd. 
(Shenyang, China). Dichlorvos, phoxim, and di-
methoate (purity >99.0%) were purchased from 
Baoling Chemical Co., Ltd. (Nantong, China). Es-
terase was extracted from wheat flour (Triticum aes-
tivum L.) and dissolved in a potassium phosphate 
buffer of pH 6.38 before use. Fast blue B salt, 
α-naphthyl acetate, and α-naphthol were obtained 

from Sinopharm Chemical Reagent Co., Ltd. 
(Shanghai, China). Other solvents or chemicals were 
of high performance liquid chromatography (HPLC) 
or analytical grade.  

2.2  Principle of OP detection by ANAE 

ANAE extracted from flour can catalytically 
hydrolyze α-naphthyl acetate into α-naphthol, which 
can react with fast blue B salt to form a purple-colored 
diazonium dye (Fig. 1) (Marston et al., 2002). The 
enzyme’s activity was determined by the linear rela-
tionship between absorbance of purple-colored dia-
zonium dye and time. The concentration of OPs in the 
samples was calculated according to the percentage of 
inhibition of enzyme activity using the equations in 
Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The percentage of inhibition of enzyme activity 

was calculated according to Eq. (1): 
 

I=(E0−E1)/E0×100%,                      (1) 
 

where I is the inhibition percentage of enzyme activ-
ity, E0 is the enzyme activity of the control group, and 
E1 is the enzyme activity of the test group.  

2.3  Extraction of ANAE 

A total of 2 g of wheat flour was added to 20 ml 
of deionized water. The mixture was shaken gently 
for 15 min and then allowed to stand overnight at 4 °C. 

Fig. 1  Reactions involved in OP detection by the ANAE 
inhibition method
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It was then centrifuged for 10 min at 5 000 r/min. The 
supernatant, representing a crude ANAE solution, 
was stored in a refrigerator at 4 °C until used. ANAE 
was purified by dialysis as follows. A measured 
amount of ammonium sulfate was added to the crude 
ANAE solution to achieve 30% saturation. The mix-
ture was allowed to stand overnight at 4 °C and was 
then centrifuged for 10 min at 5 000 r/min. The su-
pernatant was collected, and ammonium sulfate was 
steadily added and dissolved to reach 60% saturation. 
After 60 min, the mixture was centrifuged for 10 min 
at 5 000 r/min. The sediment containing enzyme was 
collected, dissolved in deionized water, and then 
transferred to a phosphate buffer at pH 6.38 using 
dialysis for 12 h. The operation was repeated several 
times until no sulfate ions were detected in the 
phosphate buffer. The purified ANAE solution was 
dried in a vacuum freeze-drier and stored at −20 °C 
prior to use. 

2.4  Extraction of OPs from vegetables 

The extraction of OPs followed the modified 
procedure of GB/T 18630-2002. Muddy water was 
gently removed from samples of lettuce. Methami-
dophos, dichlorvos, phoxim, malathion, or dimetho-
ate solutions of various concentrations were sprayed 
on the samples. After standing overnight, the samples 
were cut into 1 cm×1 cm pieces and immersed in a 
flask containing acetone for 5 min. Active carbon was 
added to eliminate interference from chlorophyll. The 
mixture was filtered to obtain an acetone solution 
containing OPs, and the solvent was evaporated using 
a rotary evaporator (R-210, Buchi Laboratory 
Equipment, Flawil, Switzerland). The residues were 
dissolved by the mixed solution of phosphate buffer 
and acetone (99/1, v/v) before detection. Meanwhile, 
pesticide-free lettuce samples were prepared in the 
same manner to serve as controls. 

2.5  Enzyme inhibition assay 

The method described by Silva Filho et al. (2004) 
was used to determine the LOD of the ANAE inhibi-
tion method. Briefly, solutions of lettuce extracts  
(20 μl) with various OP concentrations that could 
inhibit an enzyme activity of 10%–90% were added to 
500 μl centrifuge tubes. Next, 180 μl of ANAE solu-
tion was added to each tube. The enzyme-inhibitor 
solution was incubated at 35 °C for 30 min. Control 

samples were prepared with 20 μl of pesticide-free 
vegetable extract in place of the test solution. Enzyme 
activity was spectrophotometrically determined using 
a Bio-Rad model 680 microplate reader (Bio-Rad 
Laboratories, Hercules, CA, USA) at 35 °C (Ellman 
et al., 1961). A 230-μl aliquot of solution consisting 
of fast blue B salt and α-naphthyl acetate was added to 
the wells of a 96-well microtiter plate. After the in-
cubation of the enzyme-inhibitor (or control) solution 
for 30 min, a 20-μl aliquot was drawn from the cen-
trifuge tubes and added to the wells. The rate of hy-
drolysis of α-naphthyl acetate was monitored at  
550 nm at 60-s intervals for 30 min following the 
addition of the enzyme-inhibitor (or control) solution. 
All of the above tests and measurements were re-
peated four times. 

2.6  Validation of the method 

Six lettuce samples from the field were used to 
validate the method. One of these samples did not 
receive any pesticide and served as the control. The 
other five samples were treated in the field using the 
five pesticides examined in this study. The initial 
concentrations of OPs for this treatment were ap-
proximately 0.1 mg/kg for methamidophos, 1.0 mg/kg 
for dichlorvos, 0.3 mg/kg for phoxim, 1.0 mg/kg for 
dimethoate, and 3.0 mg/kg for malathion. The treated 
samples were taken to the laboratory after 10 d of 
aging in the field and were analyzed using the purified 
ANAE inhibition method described above.  

The accuracy of the method was confirmed by 
capillary gas chromatography with a nitrogen/  
phosphorus detector (GC-NPD, Agilent 6890, 
Agilent Technologies Inc., Santa Clara, USA) for 
methamidophos, dichlorvos, malathion, and di-
methoate and by HPLC with an ultraviolet detector 
(HPLC-UV, JASCO LC-2000, JASCO, Tokyo, Japan) 
for phoxim. The analyses followed published proce-
dures (Rastrelli et al., 2002; Anastassiades et al., 2003; 
Hamscher et al., 2007; Wang et al., 2008; Lv et al., 
2009). In brief, the homogenized lettuce sample  
(10 g), ethyl acetate (20 g), and anhydrous sodium 
sulfate (15 g) were mixed thoroughly in a 50-ml cen-
trifuge tube wrapped in silver paper using a vortex 
mixer, and were shaken for 30 min by reciprocating 
shakers at room temperature. The extraction and 
residues were separated by filtering through Whatman 
No. 1 filter paper. The filtrate containing OPs was 
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concentrated to 0.5 ml in a rotary evaporator, and was 
further purified by a solid phase extraction cartridge. 
The eluate in hexane from the column was collected 
and concentrated to 1 ml, 1 μl of which was injected 
into the GC-NPD for methamidophos, dichlorvos, 
malathion, and dimethoate analyses. With respect to 
phoxim, the concentrated eluate was completely dried 
under a gentle stream of nitrogen, and redissolved in  
1 ml of acetonitrile.  

The chromatographic conditions were as follows. 
For GC, an HP-5 capillary column (30 m, 0.25 mm 
i.d., 0.25 μm film thickness, Agilent Technologies 
Inc., Santa Clara, USA) was used. The oven tem-
perature program had an initial temperature of 60 °C, 
held for 1 min, then rising by 12 °C/min to 140 °C and 
then by 8 °C/min to 280 °C, held for 10 min. The 
carrier gas was nitrogen at 1 ml/min, the make-up gas 
was nitrogen at 9 ml/min, the auxiliary gas was air at 
60 ml/min, and the combustion gas was hydrogen at  
3 ml/min. Injector and detector temperatures were 
250 and 300 °C, respectively. For HPLC, an analyti-
cal reversed-phase C18 column (250 mm×4.6 mm, 
Hangzhou Puhui, Co., Ltd., China) was used. The 
mobile phase was a mixture of methanol and water 
(70/30, v/v), the flow rate was 0.8 ml/min, and the 
detection wavelength was 280 nm. The recoveries for 
all OPs were higher than 80%, and the relative stan-
dard deviations (SDs) were lower than 10%. The 
LOD was 0.01 mg/kg for phoxim, and was in the 
range of 0.001–0.005 mg/kg for methamidophos, 
dichlorvos, dimethoate, and malathion. 

 
3  Results and discussion 

3.1  Determination of the dilution ratio of crude 
ANAE  

The crude ANAE contained large amounts of 
protein and caused the rapid generation of large 
amounts of hydrolytic products of α-naphthyl acetate. 
As a result, the measurement of the subsequent col-
orimetric reaction using the spectrophotometer was 
very difficult. Therefore, the dilution of the crude 
ANAE solution was very important for the exact 
determination of OP residues with the crude ANAE 
inhibition method. The effect of the dilution ratio on 
the production rate of azo dye is shown in Fig. 2.  

The absorbance change per minute was inversely 
related to the increase in the dilution ratio. This result 

was consistent with the general principle that the rate 
of an enzymatic reaction is directly proportional to the 
concentration of enzyme in the limited range. In ad-
dition, it was found that the enzymatic reaction 
quickly reached equilibrium and could not be pre-
cisely measured on a spectrophotometer at dilution 
ratios of 3 and 5. The range of absorbance changes 
that could be exactly determined was from 0.04 to 
0.07 U/min. It can be concluded from Fig. 2 that a 
dilution ratio of 10 was optimum for the measurement 
of the colorimetric reaction catalyzed by ANAE.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Effects of temperature and pH on the activity 
of ANAE  

Temperature and pH were the two key factors for 
the enzymatic reaction and had important effects on 
the sensitivity and the accuracy of the enzyme inhi-
bition method. To determine optimal temperature and 
pH values for the method, we investigated the effects 
of temperature and pH on the activity of ANAE. 
These effects were measured by the absorbance 
change per minute (Figs. 3 and 4). The appropriate 
temperature and pH values for the enzymatic reaction 
were 35 °C and 6.38, respectively. Under these con-
ditions, the rates of formation of azo dye reached their 
maximum values. These values were consistent with 
the ranges of temperature and pH required by general 
enzymatic reactions. 

3.3  LOD of ANAE inhibition method for OPs  

The inhibition percentage for crude enzyme ac-
tivity at various concentrations of the five OPs 
(methamidophos, dichlorvos, phoxim, malathion, and 
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dimethoate) was calculated using Eq. (1). The rela-
tionships between the inhibition percentage and the 
concentrations of OPs are shown in Table 1. The 
inhibition percentage of enzyme activity was en-
hanced by the increase in pesticide concentration. The 
relationship between the concentrations of OPs and 
enzyme activity was in accordance with the typical 
dose-effect curve. The dynamic ranges of crude es-
terase assay spanned 0.12–30.67, 0.08–2.97, 0.01–6.74, 
0.51–50.83, and 0.97–107.18 mg/kg for methamido-
phos, dichlorvos, phoxim, dimethoate, and malathion, 
respectively. In this study, the concentration of OPs  
 
 
 
 
 
 
 
 
 

that produced 10% inhibition of enzyme activity was 
taken as the LOD (Jeanty and Marty, 1998). The LOD 
values for methamidophos, dichlorvos, phoxim, 
malathion, and dimethoate using the ANAE inhibi-
tion method ranged from 0.11 to 1.70 mg/kg (Table 1). 
The average recoveries (the ratios of the concentra-
tion determined by the enzyme inhibition assay to the 
concentration spiked on samples) of these five OPs 
were above 90%. The detection sensitivity of the 
ANAE inhibition method differed significantly for 
different OPs. This finding might be related to the 
selective recognition of the enzyme to different OP 
configurations. The LOD values for dichlorvos, di-
methoate, and malathion with crude ANAE were 
lower than the standard for the maximum residue 
limits (MRLs) for pesticides in food (GB 2763-2005), 
whereas the method did not exhibit sufficient sensi-
tivity for detecting methamidophos and phoxim and 
thus cannot be used to determine whether the residues 
of methamidophos and phoxim in lettuce samples 
satisfy food safety requirements.  

Purification of the enzyme generally improved 
the sensitivity of the enzyme inhibition method for 
detecting pesticide residues. The ammonium sulfate 
salting-out procedure is a common, simple, and 
widely-used method for the purification of enzymes. 
To satisfy the basic requirements for detecting OP 
residues in lettuce by the ANAE inhibition method, 
the ammonium sulfate salting-out procedure was used 
to purify crude enzyme extracted from wheat flour 
(Triticum aestivum L.). The dynamic ranges of puri-
fied esterase assay spanned 0.03−42.18, 0.01−9.72, 
and 0.75−138.73 mg/kg for methamidophos, phoxim, 
and malathion, respectively. The LOD values for 
methamidophos, phoxim, and malathion with the 
purified enzyme were 0.044, 0.020, and 1.020 mg/kg, 
respectively (Table 2). The LOD values for the  
purified enzyme were significantly lower than  
the corresponding values for the crude enzyme.  
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Fig. 3  Effect of temperature on reaction rate 
Values are expressed as mean±SD (n=4) 

Table 1  LOD values of the crude ANAE inhibition method for OPs 

OP Regression equation R2 LOD (mg/kg) MRL (mg/kg) Recovery (%)

Methamidophos I=16.3lnC+39.2 0.99 0.17 0.05 92.7 

Dichlorvos I=25.8lnC+66.9 0.93 0.11 0.20 103.9 

Phoxim I=2.2lnC+14.8 0.97 0.11 0.05 90.7 

Dimethoate I=12.6lnC+10.5 0.95 0.96 1.00 95.5 

Malathion I=16.9lnC+1.0 0.99 1.70 8.00 109.8 

MRL: maximum residue limits for pesticides in food (GB2763-2005); I: inhibition percentage of enzyme activity; C: OP concentration 

 

Fig. 4  Effect of pH on reaction rate 
Values are expressed as mean±SD (n=4) 
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The purified-enzyme method could completely sat-
isfy the requirements for the detection of OP residues 
in lettuce. It would be useful to investigate the further 
purification of the target protein. Progress in this area 
may greatly improve the sensitivity of the OP deter-
mination method investigated in this study. 

3.4  Validation of the method 

The concentrations of OPs determined by the 
ANAE inhibition method and the chromatographic 
method in field-treated lettuce samples are shown in 
Table 3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
No OPs were detected in the control by either 

method. All concentrations of OPs detected in the 
samples of field-treated lettuce were below the MRLs 
and higher than the LODs of the ANAE inhibition 
method. The concentration of each OP, as determined 
by the ANAE inhibition method, was higher than that 
determined by the traditional chromatographic method. 
However, the qualitative results of the two methods 
were the same. This result indicated that the ANAE 
inhibition method was sufficiently accurate to evalu-
ate whether the OP residues in vegetables exceeded 
the MRL. Thus, the method can be used as a con-
venient test to assure the safety of vegetables that are 
being marketed and to reduce the exposure of the 
population to OPs. 

 
 
 
 
 
 
 

4  Conclusions 
 
In this study, the ANAE inhibition method was 

used to determine the residues of five OPs in lettuce 
samples, and the LODs of the method were deter-
mined. As the results show, the LOD values of the 
crude ANAE inhibition method were lower than the 
MRLs for dichlorvos, dimethoate, and malathion and 
higher than the MRLs for methamidophos and 
phoxim in vegetables. If the enzyme was purified by 
the ammonium sulfate salting-out procedure, the 
detection sensitivity could be improved to satisfy the 
food safety test requirements for detecting methami-
dophos and phoxim in vegetables. The results of the 
validation study indicated that the purified ANAE 
inhibition method could be used to evaluate OP 
residues in vegetables and to ensure the safety of 
vegetables for human health. Future studies should 
focus on the purification of ANAE, the structural 
analysis of the target enzyme, and the exploration of 
the inhibition mechanism to obtain better sensitivity 
and accuracy for the detection of OPs in food. 
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