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Abstract: Carbendazim  is a fungicide that is not approved for use in the European Union, but is used 
in some other countries to preserve agricultural crops. Enzyme-linked immunosorbent assay (ELISA) 

become a viable alternative to traditional instrumental methods in pesticides analysis, for screening 

purpose. Carbendazim residues were determined in two green lettuce cultivars, from the experimental 

lots, harvested at different times after the treatment with 0.1 % carbendazim solution, by an ELISA 
carbendazim commercial kit and the values  were compared with those obtained by high performance 

liquid chromatography (HPLC). The results of ELISA and HPLC analysis of carbendazim residues in 

the two green lettuce cultivars were well correlated (Pearson correlation coefficient r=0.8925). 
Carbendazim residues in green lettuce/vegetables can be determined with high reliability by 

commercial ELISAs with results well correlated with those obtained by HPLC, with an additional 

sample preparation step involving solid phase extraction, in order to reduce matrix effects; the assay 
can be used for carbendazim screening of many vegetable/fruit samples in shorter time and with 

inexpensive/cheaper equipment. 
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1. Introduction 

 

The concern about the food safety with 

reference to pesticide residue levels and the 

appropriate analysis methods is constant 

[1-3]. Carbendazim (Metil N-

benzimidazol-2-carbamat) belongs to 

carbamate pesticide class and is a fungicide 

used in fruit and   vegetable growing and 

viticulture. This pesticide is not approved 

for the use in the European Union [4], but 

it is used in some other countries to 

preserve agricultural crops. Carbendazim 

causes embryotoxicity, apoptosis, 

teratogenicity, infertility, hepatocellular 

dysfunction, endocrine disrupting effects, 

disruption of haematological functions, 

mitotic spindle abnormalities mutagenic 

and aneugenic effects [5]. Carbendazim 

residues are detected by high performance 

liquid chromatography (HPLC) with UV 

[6,7], fluorescence detector [8] or by liquid 

chromatography-mass spectrometry [9]. 

But simple, high-throughput and fast 

analytical techniques with low cost are in 

great need as an alternative to traditional 

instrumental methods for screening 

purposes [10]. And so immunoassays 

become a viable alternative to traditional 

instrumental methods, especially enzyme-

linked immunosorbent assay (ELISA), 

characterized by increased specificity and 
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sensitivity, simple operation, the possibility 

of analyzing a large number of samples in 

a short time and low costs per analysis. 

Itak et al. [11] developed a competitive 

ELISA for the quantitation of benomyl (as 

carbendazim) and carbendazim in water. 

This immunoassay can also be used for the 

determination of carbendazim in fruit juice. 

Williams et al. [12] reported that some 

commercial ELISA kits designed to detect 

pesticide residues in water can, with care 

and experience, be successfully applied as 

a screening technique for residues in food 

extracts. A modified enzyme immunoassay 

method has been developed to determine 

methyl 2-benzimidazole carbamate in fruit 

juices and concentrates and the agreement 

between this method and high-performance 

liquid chromatography was good [13].  

The aim of our study was to determine 

carbendazim residues in two green lettuce 

cultivars, from the experimental lots, 

harvested at different times after the 

treatment with 0.1% carbendazim solution, 

by an ELISA carbendazim commercial kit 

and to compare the results with values 

obtained by high performance liquid 

chromatography. 

 

2. Materials and method 

 

2.1. Field trial 

The experience was conducted into the 

Department of Horticultural Cultures in 

Protected Areas, HORTING Institute, 

Bucharest, Romania,  during the vegetation 

period of the vegetable plants grown in a 

block type cold greenhouse. The biological 

material used was represented by two 

green lettuce cultivars: Allegiance and 

Lollo Bionda, intended for fresh 

consumption. The treatment with 0.1% 

carbendazim solution (prepared in the 

chemistry lab) was achieved by sprinkling 

the plants during the vegetation period. The 

samples were collected at different 

intervals after carbendazim treatment (3; 8; 

13 days) and kept at -200C before being 

analysed. 

 

2.2. Reagents and standards 

MaxSignal® Carbendazim ELISA Test Kit 

was purchased from Bioo Scientific 

(Austin, Texas, USA). Carbendazim (97 

%) was purchased from Sigma-Aldrich 

(Darmstadt, Germany). A carbendazim 

stock solution (250 µg/ml) was prepared in 

methanol and used for the preparation of 

working standard solutions necessary for 

calibration curve (1; 2.5; 5; 7.5; 10; 12.5 

and 15 µg/ml) in HPLC. All other reagents 

used were p.a. grade and solvents were 

HPLC grade.  

 

2.3. Analytical procedure 

    Analysis of carbendazim by ELISA 

MaxSignal® Carbendazim ELISA Test Kit 

is a competitive enzyme immunoassay for 

the quantitative analysis of carbendazim in 

honey, juice, meat, rice/feed. Vegetables 

are complex matrices, so a response 

enhancement could appear in ELISA. For 

this reason we first clean up the vegetables 

extracts by solid phase extraction.  

Samples were well blended and 10 g 

sample were extracted in 20 ml methanol. 

The extracts were filtered through 

Whatman No. 1 filter papers (GE 

Healthcare Life Sciences Whatman); the 

filtrates were cleanup on OASIS MCX 

cartridges (Waters, Ireland) following the 

manufacturer instructions, then were 

concentrated to 1 ml using a TurboVap LV 

equipment (Caliper LifeSciences, USA). 

The concentrated filtrates were prediluted 

1:100 with phosphate-buffered saline (pH 

7.2), then to 1:500 with sample extraction 

buffer F, and after used in ELISA 

according to the protocol described by kit 

manufacturer. Samples and calibration 

standards were analyzed in duplicate. 

Absorbance was recorded on a microplate 

reader EZ Read 400 Research (Biochrom, 

Massachusetts, USA) with a 450 nm filter.  
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    Analysis of carbendazim by HPLC 

Samples were well blended and 10 g 

sample were extracted in 20 ml methanol. 

The extracts were filtered through 

Whatman No. 1 filter papers (GE 

Healthcare Life Sciences Whatman); the 

filtrates were cleanup on OASIS MCX 

cartridges (Waters, Ireland) following the 

manufacturer instructions, then were 

concentrated using a TurboVap LV 

equipment (Caliper LifeSciences, USA), so 

that the injected volume contained an 

amount of carbendazim within  the linear 

range of  the diode array detector. Finally  

the samples were filtered through 0.45 μm 

syringe filters (Thermo Scientific, USA) 

prior to injection. The chromatographic 

separation was performed using a 

LichroCART Purospher RP-18 column 

(250 * 4 mm), with 5 μ particle size 

(Merck KGaA, Germany) and the mobile 

phase consisted of water and methanol 

(25:75 - by volume) under isocratic 

chromatographic conditions, with a flow 

rate of 1 mL/min. The column temperature 

was set at 200C. Carbendazim was detected 

at 286 nm by the diode array detector [14]. 

Samples were analyzed in duplicate.The 

data acquisition and processing have been 

done with the ChromQuest 4.2. software 

(Thermo Electron Corporation, USA).  

We calculated the average, standard 

deviation, and then calculated the Pearson 

correlation coefficient (r) to express the 

correlation between the  concentration of 

carbendazim by ELISA  and HPLC. The 

value of r ranges from -1 to +1. The closer 

|r| is to 1, the stronger is the correlation 

between the variables [15]. The results 

were statistically processed using 

GraphPad Prism (version 8.0.2, GraphPad 

Software Inc., San Diego, CA) [16].  

 

3. Results and Discussion 

 

In ELISA the standard calibration curve 

was prepared in the concentration range of 

0.5 to 12.0 ng/ml (0.5; 1.5; 3.0; 6.0; 12.0 

ng/ml)  and the correlation coefficient was 

0.9982 (Fig. 1). An enzyme-linked 

immunosorbent assay kit was used for the 

analysis of carbendazim residues in fruit 

and vegetables [17]. The authors observed 

a response enhancement in ELISA due to 

the sample matrix and controlled this issue 

using a strawberry sample extract free of 

carbendazim for standard preparation. In 

this study we attenuated interferences in 

ELISA response by cleaning up the 

vegetables extracts using solid phase 

extraction.   

 
 

Fig. 1. MaxSignal Carbendazim ELISA Test Kit 

standard curve 
Carbendazim residues were detected (at 

concentrations >0.001 mg/kg) in 8.3% of 

20469 vegetable samples from 31 Chinese 

provinces, analyzed between 2014 and 

2016 [18]. Carbendazim was found most 

often in cowpeas, celery, beans with pods, 

lettuces, cucumbers, and leeks. Lettuces 

contained the highest mean carbendazim 

concentration. 

Carbendazim residues in green lettuce 

samples collected at different post 

treatment days are presented in Table 1. 

For both cultivars carbendazim residues in 

samples collected on 3, 8 respectively 13 

days after treatment with 0.1% 

carbendazim solution were between 0.21 

and 3.05 mg/kg. The results of ELISA and 

HPLC analysis of carbendazim residues in 
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the two green lettuce cultivars were well 

correlated (r=0.8925) (Fig. 2).  

 
Fig. 2. Correlation between carbendazim 

concentrations as determined by ELISA and 

HPLC in green lettuce (n=18, Pearson 

correlation coefficient r=0.8925) 
Mountfort et al. [17] reported a correlation 

coefficient of 0.91 between ELISA and 

HPLC for the analysis of carbendazim 

residues in fruit and vegetables.  

Our results for both cultivars on 3 and 8 

days are similar with those obtained by 

Bhattacherjee et al. [19] in mango fruits 

pulp after pre-harvest application of 

carbendazim at the rate of 0.1% (2.24 

mg/kg on 4 days, respectively 1.23 mg/kg 

on 9 days), but the values obtained on 13 

days were lower (0.51 mg/kg on 15 days in 

mango fruits pulp at the rate of 0.1%).   

  
 Table 1.  

Carbendazim residues in Allegiance and Lollo Bionda cultivars determined by ELISA and HPLC 

Carbendazim residues (mg/kg)±SD 

(n=3 samples/cultivar/test) 

Time interval post carbendazim treatment 

 3 days 8 days 13 days 

Cultivar ELISA 

 

HPLC 

 

ELISA 

 

HPLC 

 

ELISA 

 

HPLC 

 

Allegiance 3.05±0.62 

 

2.43±0.31 

 

 

1.21±0.15 

 

1.05±0.15 

 

0.21±0.03 

 

0.22±0.04 

 Lollo Bionda 2.33±0.42 
 

2.29±0.40 
 

1.53±0.31 
 

1.28±0.38 0.29±0.07 
 

0.27±0.04 
 

SD=standard deviation 

 

4. Conclusion 
 

Carbendazim residues in green 

lettuce/vegetables can be determined by 

MaxSignal Carbendazim ELISA Test Kit, 

with an additional sample preparation step 

involving solid phase extraction. The 

results of ELISA and HPLC analysis of 

carbendazim residues in the two green 

lettuce cultivars correlated well (Pearson 

correlation coefficient r=0.8925). In 

addition, ELISA technique implies shorter 

analysis time than chromatographic 

method, that is very important for 

screening of a large number of fresh 

vegetables/fruits that are perishable. 

ELISA also implies smaller solvent 

volumes, less expensive and sophisticated 

equipment. 

 

 

5. Acknowledgments 

 
This work was supported by the Romanian Ministry of 

Education and Scientific Research - Executive Agency 

for Higher Education, Research, Development and 

Innovation Funding (UEFISCDI), under the National 
R&D&I Plan II - Partnering Program, Grant PN II-PT-

PCCA-2013-4-0128, Contract no. 147/2014 to M.D. 

and R.I.T. Some expenditure was supported by the 

Doctoral School in Engineering and Plant and Animal 

Resources Management of the University of 

Agronomical Sciences and Veterinary Medicine in 

Bucharest, for V.T. and N.B. 
All the authors declare no conflict of interest. 
 

6. References  

 
[1]. FERNANDES V.C., DOMINGUES V.F., 

MATEUS N., DELERUE-MATOS C., Determination 

of pesticides in fruit and fruit juices by 

chromatographic methods. An overview, Journal of 

Chromatographic Science, 49: 715-30, (2011) 



Food and Environment Safety - Journal of Faculty of Food Engineering, Ştefan cel Mare University - Suceava 

Volume XXI, Issue 1 – 2022  

Veronica TANASA, Madalina DOLTU, Dorin SORA, Radu I. TANASA, Narcisa BABEANU, Carbendazim residues 
quantification in green lettuce by enzyme-linked immunosorbent assay, Food and Environment Safety, Volume XXI, Issue 1 – 
2022, pag. 28 -  32 

32 

 

[2]. CARVALHO F.P., Pesticides, environment, and 

food safety, Food and Energy Security, 6(2): 48–60, 

(2017) 
[3]. LAZIĆ S., ŠUNJKA D., JOVANOV P., 

VUKOVIĆ S., GUZSVÁNY V., LC-MS/MS 
determination of acetamiprid residues in sweet 

cherries, Romanian Biotechnological Letters, 23(1): 

13317-26, (2018) 

[4]. COMMISSION REGULATION (EU) no 

559/2011 of 7 June 2011 amending Annexes II and 

III to Regulation (EC) No 396/2005 of the 

European Parliament and of the Council as regards 

maximum residue levels for captan, carbendazim, 

cyromazine, ethephon, fenamiphos, thiophanate-

methyl, triasulfuron and triticonazole in or on 

certain products 
[5]. SINGH S., SINGH N., KUMAR V., DATTA S., 

WANI A.B., SINGH D. et al., Toxicity, monitoring 

and biodegradation of the fungicide carbendazim, 

Environmental Chemistry Letters, 14(3): 317-29, 

(2016) 
[6]. PARANTHAMAN R., SUDHA A., 

KUMARAVEL S., Determination of pesticide 

residues in banana by using high performance 

liquid chromatography gas chromatography –mass 

spectrometry, American Journal of Biochemistry 

and Biotechnology, 8(1): 1-6, (2012)  
[7]. PHANSAWAN B., PRAPAMONTOL T., 
THAVORNYUTIKARN P., CHANTARA S., 

MANGKLABRUKS A., SANTASUP C., A 

sensitive method for determination of carbendazim 

residue in vegetable samples using HPLC-UV and 

its application in health risk assessment, Chiang 

Mai Journal of Science, 42(3): 681-90, (2015) 
[8]. HU Y., YANG X., WANG C., ZHAO J., LI W., 

WANG Z., A sensitive determination method for 

carbendazim and thiabendazole in apples by solid-

phase microextraction−high performance liquid 

chromatography with fluorescence detection, Food 
Additives and Contaminants Part A., 25(3): 314-19, 

(2008) 
[9]. BLASCO C., FERNANDEZ M., PICO Y., 

FONT G., MANES J., Simultaneous determination 

of imidacloprid, carbendazim, methiocarb and 

hexythiazox in peaches and nectarines by liquid 

chromatography–mass spectrometry, Analytica 

chimica acta, 461 (1): 109-16, (2002)

[10]. LI Y.F., SUN Y.M., BEIER R.C., LEI H.T., GEE 

S., HAMMOCK B.D. et al., Immunochemical 

techniques for multianalyte analysis of chemical 

residues in food and the environment: A review, 

Trends in Analytical Chemistry, 88: 25-40, (2017) 
[11]. ITAK J.A., SELISKER M.Y., JOURDAN S.W., 

FLEEKER J.R., HERZOG D.P., Determination of 

Benomyl (as Carbendazim) and Carbendazim in 

Water, Soil, and Fruit Juice by a Magnetic Particle-

Based Immunoassay, Journal of Agricultural and Food 

Chemistry, 41: 2329-32, (1993) 
[12]. WILLIAMS K.J., THORPE S.A., REYNOLDS 

S.L., The use of ELISA for  the  determination of 

pesticide residues in food, International Journal of 

Environmental Analytical Chemistry, 65:149-52, 

(1996) 
[13]. BUSHWAY R.J., SAVAGE S.A., FERGUSON 

B.S., Determination of Methyl 2-

Benzimidazolecarbamate in Fruit Juices by 

Immunoassay, Food Chemistry, 35: 51-58, (1990) 
[14]. TANASA V., DOLTU M., SORA D., TANASA 

R.I., BABEANU N., Validation of a high performance 

liquid chromatography method for carbendazim 

residues quantification in tomatoes, Food and 

environment safety, 17(3): 327-31, (2018) 

[15]. ELLISON S.L.R., BARWICK V.J., DUGUID 

FARRANT T.J., Practical Statistics for the Analytical 

Scientist: A Bench Guide, 2nd Edition. LGC Limited, 
Published by The Royal Society of Chemistry, 

Cambridge, UK, (2009), pp. 92-113 

[16]. Welcome to the Prism 8 User Guide 
https://www.graphpad.com/guides/prism/8/user-

guide/index.htm (accessed 21 January 2022) 
[17]. MOUNTFORT K.A., REYNOLDS S.L., 

THORPE S.A.,  WHITE S.N., Comparison of ELISA 

and HPLC techniques for the analysis of carbendazim 

and thiabendazole residues in fruit and vegetables, 

Food and Agricultural Immunology, 6: 17-22, (1994) 
[18]. XU X., CHEN J., LI B., TANG L., Carbendazim 

residues in vegetables in China between 2014 and 

2016 and a chronic carbendazim exposure risk 

assessment, Food Control, 91: 20-5, (2018) 
[19]. BHATTACHERJEE A.K., PANDEY B.K., OM 

PRAKASH, Persistence and dissipation of 

carbendazim residues in mango fruits after pre- and 

post-harvest applications, Journal of Food Science and 

Technology, 46(4): 347-49, (2009) 
 

 

 

https://www.graphpad.com/guides/prism/8/user-guide/index.htm
https://www.graphpad.com/guides/prism/8/user-guide/index.htm

