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Abstract: Pesticides have long been used in cabbage industry to control pests. This study aimed to 

investigate the potential application of visible shortwave near infrared spectroscopy for detection of 

typical pesticide (deltamethrin) on round cabbages. In this study, a total of 60 round cabbages were used. 

The sample were divided into four batches. Three batches of round cabbage were sprayed with 

deltamethrin at three different concentrations level of pesticides namely low, medium and high with 

values of 0.08, 0.11 and 0.14 % (v/v), respectively. Spectral data of the cabbage samples were collected 

using visible shortwave near infrared spectrometer (VSWNIRS) with the wavelength range between 200 

to 1100 nm. The spectral data was pretreated using multiple scattering correction (MSC) method in order 

to obtain optimal prediction values. Gas chromatography was used to determine the multi-residue limit 

(MRL) value of the samples. Calibration and prediction models were developed to correlate the spectral 

data with MRL values using partial least square regression (PLS) method. The calibration model produced 

the values of coefficient of determination (R2) and root mean square errors (RMSEP) of 0.98 and 0.02, 

respectively. The prediction models gave good R2 and RMSEC values of 0.94 and 0.04, respectively. These 

results demonstrated that the proposed spectroscopic measurement provide a promising technique for 

pesticide detection at different level of concentration on round cabbage. 

Keywords: gas chromatography, spectroscopy, MRL, pesticide residues, PLS, round cabbages 
 
INTRODUCTION  
 
Cabbage (Brassicae oleracea var. capitata) is one of the most important and widely cultivated vegetable 
because of its nutritional and economical values. The world’s biggest cabbage producers are China, India, 
and Russia with the production amount around 32.8 Mt, 8.2 Mt and 3.3Mt, respectively (Chepkemoi, 
2017). In Malaysia, the production of round cabbage in 2015 was 0.28 Mt with the production value about 
RM 3.3 million (DOSM, 2016). In addition, cabbage is good source of vitamins such as vitamin C and vitamin 
K (USDA, 2000). 
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However, cabbage cultivation is always exposed to a problem of pest infestations such as leafminers, 
thrips, whiteflies, cabbage maggots, beetles, true bugs and caterpillars (Carr, 1979). Cartwright et al. (1987) 
reported that the most prominent insect pest of cabbage crops is cabbage looper (Trichoplusia ni Hübner) 
and diamondback moth (Plutella xylostella L). Meanwhile in India, common insect pests on cabbage are 
diamondback moth (Plutella xylostella), webworm (Hellula undalis), head caterpillar (Crocidolomia 
binotalis), cabbage butterflies (Pieris brassicae), aphids (Lipaphis erysimi) and flea beetle (Phyllotreta 
brassicae) (Chaudhuri et al., 2001; Srinivasan and Murthy, 1991). 
 
Typically, farmers use pesticides to manage the agricultural pests (Bommarco et al., 2011). However, it 
was reported that some farmers may overuse and apply pesticides rampantly as to satisfy the high 
demand of the vegetable (Jipanin et al., 2001). As a result, a very serious undesirable problem is increasing 
including food poisoning, contaminated market produces and environmental pollution. Pesticides have 
been examined in epidemiologic studies as environmental and risk factor for cancer (Teitelbaum, 2002). 
The contaminated vegetables in a market is dangerous because it can affect the consumer life and health 
(Lim, 1990). 
 
Usually, the pesticide residues are measured in a laboratory using expensive technology such as gas 
chromatography with tandem mass spectrometry (GC-MS) (Osman, et al., 2010; Palenikova et al., 2015) and 
liquid chromatography with tandem mass spectrometry LS-MS (Alez et al., 2008; Kaczyñski and 
Lozowicka,  (2016). 
 
These measurement methods to detect pesticides presence in agricultural produce involves complex 
sample treatment as the vegetable need to be crushed and extract in order to obtain an aliquot. The 
sample is also needed to be brought back to a laboratory which will cause losses in cost and time. Thus, a 
new measurement method which is non-destructive is required for rapid screening of pesticide presence 
on cabbage samples. 
 
One of the most promising non-destructive techniques to detect pesticide residue is by using spectroscopic 
method (Jamshidi et al. 2016). This technique is non-contaminant, low operating cost and fast response 
times compared with the conventional techniques (Montes et al. 2006). Furthermore, it also requires little 
or no sample preparation (Peng et al., 2012). Thus, this study was conducted to investigate the potential 
application of visible shortwave near infrared spectrometer to detect the pesticide presence on cabbage 
samples. The specific objective was to develop calibration and prediction models between multi-residue 
limit (MRL) values and spectral data. 
 
METHODS 
 
A total of 60 organic round cabbages were used in the experiment. Cabbage were brought from Cameron 
Highlands, Malaysia after one day of harvest. The average weight of cabbage sample is 1 kg. The samples 
were divided into four batches, where the first three batches were treated with deltamethrin pesticide at 
different concentrations namely low (0.08% (v/v)), medium (0.11% (v/v)) and high (0.14% (v/v)). The fourth 

batch was not treated with any pesticide. Deltamethrin (C22H19Br2NO3) belongs to a pyrethroids pesticide 

group. The pesticide was manually sprayed on cabbage samples by using knapsack sprayer with an 
average volume of 600 ml per sample. The nozzle sprayer was positioned vertically to the samples. 
Pesticides were sprayed on the round cabbages 24 hour before spectral scanning. 
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The reflectance spectra of each cabbage sample were collected using VSWNIR spectrometer (Ocean 
Optics HR4000, high resolution miniature fiber optic spectrometer with the charge-coupled device (CCD) 
detector. The spectrometer was sensitive in the VSWNIR spectrum at the wavelength range between 200 
and 1100 nm with the optical resolution of 0.025 nm. The Spectrasuite software (Ocean Optic, Inc.) was 
used for collecting, viewing and processing the spectra. 
 
The reflectance data were collected from the surfaces of cabbage samples at five different points. The 
individual sample was placed inside a custom made measuring box. The measuring box was used to 
enclose the sample and sensor from the ambient light which can affect the spectra (Guthrie & Walsh, 
1997; Lu et al., 2000). The surface inside the box was painted black to minimize the influence of the 
background colour on the spectral data (Wu et al., 2008). The measurement distance between probe and 
sample was fixed at 5 mm. 
 
After the spectral measurement, the samples were sent to the Department of Chemical, Petaling Jaya, 
Malaysia for the measurement of multi-residue limit (MRL) of deltamethrin with a reference method of 
gas chromatograpy (GC) analysis. The sample preparation and extraction for GC analysis were based on 
GC standard developed by FAO (2003); and Pakvilai et al. (2015). An Agilent 7890A gas chromatograph 
(Agilent Technologies Inc., Santa Clara, CA, USA) was used to measure the concentration of pesticide 
residue in each cabbage sample. 
 
The raw spectral data obtained from the spectrometer contains noise, uncertainties, variability and 
unrecognised features of the sample information (Mohghimi et al., 2010). There are several types of 
preprocessing methods available for data treatment (Nawi et al., 2013). The spectral data obtained from 
the spectrometer need to undergo preprocessing to improve the accuracy and the reliability of the data 
(Cen & He, 2007). The spectral data of cabbage was treated using Savitzky-Golay method. All spectral data 
were preprocessed using Unscrambler X version 10.3 software (CAMO PROCESS, AS, Oslo, Norway). 
 
RESULTS AND DISCUSSION 
 
Typical reflectance spectra of cabbages at different pesticides concentration 
The reflectance spectra in Figure 1 shows typical spectra of the cabbage samples with deltamethrin 
pesticide at different concentration (high, medium and low) and without deltamethrin applied. The trends 
of the curve were similar however a high concentration of pesticide gives low reflectance value. The 
difference of reflectance is due to the different chemical composition in each pesticide (Tano, 1996). 
Jamshidi et al., (2016) also reported the presence of pesticide gives the low value of spectra. 
 
The difference between the spectra was observed in the visible region. There was a spectral peak at 682 

nm due to chlorophyll of the cabbages absorbed the light source. This spectral peak can be used as an 

effective wavelength as it could show the difference of reflectance values in corresponding to different 

pesticide concentrations. 

However, the high concentration pesticide shows the lowest reflectance value. It was noticed that the 
increase of sample reflectance value indicates pesticide free in the sample. The NIR region from 700 to 
900 nm also shows the high concentration of pesticide has low reflectance value. This increase is more 
related to C-H bonding (María- teresa et al., 2010). 
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Figure 1: Typical spectra of cabbages at low (DL), medium (DM), high (DH) deltamethrin concentration 
and with no pesticide (NP). 
 
Multi-Residue Limit (MRL) of cabbage samples 
Table 1 show the results of MRL for different pesticide concentrations. The low concentration of pesticide 
sprayed on the cabbages gives a low concentration of MRL. According to Department of Agriculture, 
Malaysia (2015) the maximum permitted proportion of pesticide residue in food for deltamethrin is 0.2 
mg/kg. The cabbage treated with high concentration of deltamethrin (DH) was above MRL value. 
 

Table 1: MRL values for each pesticide concentration. 
 

CONCENTRATION (% v/v) MRL (mg/kg) 

Deltamethrin Low (DL) 0.06 
Deltamethrin Medium (DM) 0.17 
Deltamethrin High (DH) 0.41 
No Pesticide (NP) 0.00 

 
Calibration and prediction model of cabbage sample 
There were 75% of the samples used for the calibration model and 25% were used for the prediction 
model. The quality of both calibration and prediction models represented by the value of correlation of 
determination (R2) for the samples were 0.98 and 0.94, respectively. It can be seen that correlation 
between MRL and spectral data had higher R2 values for both calibration and prediction models. 
 
CONCLUSIONS 
 
This study showed the VSWNIR spectrometer has the potential to detect the presence of deltamethrin on 
cabbage samples at different concentrations. The result also showed that the cabbage with a high 
concentration of pesticide has low reflectance value compared to cabbage without pesticide treatment.  
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The correlation between MRL and the spectral data gave a good accuracy values for the both calibration 
and prediction models with R2 values of 0.98 and 0.94, respectively. Thus, the portable spectroscopic  
 
technique could potentially be used for fast, low-cost and non-destructive screening system to detect 
pesticide residues of the cabbages. 
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