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Abstract  Near infrared spectroscopy (NIRS) technique as an advance innovative technology has come to stay in 

food, chemical, pharmaceutical, petrochemical industries. This technology coupled with the development of 

chemometric techniques has become a powerful, fast, reliable and non-destructive analytical tool for the 

measurement of qualitative and quantitative properties in organic materials. This review paper focuses on the 

potential application of NIRS as an advance analytical tool for the determination of harmful chemical residues in 

food materials. The results of rich studies conducted previously revealed that the application of NIRS technique was 

successful in detecting and to some extent measure harmful chemical residues such as Agro-chemicals and 

Mycotoxins in foods. It was however observed that, NIR spectroscopy had poor sensitivity in quantifying chemical 

residues in food materials. It can therefore be concluded that there is the need to work towards the advancement of 

this tool for accurate measurement of chemical residues in food. This tool has a far reaching merit as an initial tool 

for detecting and sorting of food product with and without harmful chemical residues. NIRS advance analytical tool 

was found to be quick, non-destructive & semi-destructive, low cost and environmentally friendly in relation to the 

reference antecedent methods such as HPLC, HTLC, GC-MS and ELISA in the classification of food commodities 

with and without harmful chemical residue. 
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1. Introduction 

The ever changing world with increasing population is 

researching into quick, reliable and accurate techniques 

for the determination of food quality. NIR as a non-

destructive technology has come to provide the solution. 

Various studies revealed that non-destructive methods 

have come to stay with promising results and its 

application runs through all fields of science. 

Near Infrared spectroscopy has taken its place among 

other proven spectroscopic tools, especially for 

determining chemical and physical properties of foods and 

food products [1]. The technique has shown continuous 

growth after its first introduction with a short history from 

1905. NIR spectroscopy is currently known and used in 

many fields such as Medicine, Agriculture, Textiles, 

Pharmaceuticals and Cosmetics, with a promising success. 

NIR spectra are obtained as a result of relatively weak, 

broad overtones and combination bands of fundamental 

vibrational transitions associated basically with C-H, N-H, 

and O-H functional groups [2]. Also according to Roggo 

et al. [3] NIR spectroscopy covers the transition from the 

visible spectral range (800-2500nm) to the mid infrared 

region (12821-4000 cm
-1

). Countless number of 

publications have described and stated that NIRS coupled 

with chemometrics provide an effective means of 

qualitative and quantitative determination or analysis of 

various properties in many fields. This technique is quick, 

reliable, accurate and low cost. It has the potential for the 

determination of other compounds [4]. Other researchers 

used NIRS to determine other important compounds some 

of which are; antioxidant activity [5] adulterants in raw 

milk ([6], ochratoxin producers and non producers [7], 

low concentration of preservatives [8], kernel rot & 

mycotoxins [9] etc. All these therefore revealed that NIRS 

has the potential for the determination of harmful 

chemical residues in foods hence this review set out to 

investigate further. 

Currently, harmful chemical residues in foods have 

been of great concern for researchers, consumers, 

industries and policymakers. These chemical residues 

mostly found in foods and food materials are Agro-

chemicals namely; herbicides, fungicides, pesticides, 

nematicides and insecticides. Also veterinary drugs and 

mycotoxins are also harmful residues because they also 

leave chemical residues in foods. All these chemicals have 

their maximum residual limit (MRL) beyond which it is 

known to be lethal. Many studies have shown that these 

chemical residues have various consequences such as; 

carcinogenic, mutagenic [10] also may exert genotoxic, 

and endocrine effects on consumers [11]. There is no need 
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of eating if the food will kill you slowly or immediately. 

Hence the need to use the best analytical method to predict 

accurately food quality by taking into consideration all 

aspects of food such as nutrient content and the level of 

harmful chemical residue. Non-destructive measurement 

of food quality is no doubt an excellent piece of 

innovation that has far reaching advantages compared to 

the normal traditional way of the determination of food 

quality.. 

Many research papers on the analysis of chemical 

residues in foods and food materials have been reported 

with classical detection results but these are all destructive 

with the accompanying disadvantages such as: very 

expensive (chemical involved), time consuming, 

environmentally unfriendly and require well trained 

personnel and advance laboratory. To overcome these 

bottlenecks, various nondestructive procedures have been 

used for other food quality parameters with anticipation 

that, they can also have the potential for determining 

harmful residues in foods and food materials. Therefore 

this review critically seeks to find out the potential 

application of non-destructive technique using Near 

Infrared spectroscopy (NIRS) for quick, reliable and 

accurate analysis of harmful chemical residues in food 

materials. 

2. Chemical Residue Mostly Identified in 

Foods 

2.1. Agro-Chemicals  

Almost every industry in the world depends directly or 

indirectly on agriculture, therefore the need to increase 

production. Nearly after the World War II, the use of 

chemicals for food production increased as a result of high 

food demand. This approach happened to solve the 

problem by resulting in an increase in food production; 

however it also led to the rising of other problems such as 

environmental pollution with its diverse consequences, 

and occurrence of harmful chemical residues in soil, water 

bodies and food materials. The main threat to food safety 

is the chemical residues that contaminate food through the 

various channels then to consumers. These chemicals 

include; veterinary drugs, pesticides, hormones, herbicides, 

fungicides, toxins, overuse of food additives and 

contamination of heavy metals; trace elements. 

The residues when ingested are known to cause harmful 

effect to humans such as teratogenic, carcinogenic, 

mutagenic effects, allergic reaction and sometimes death 

[12,13]. In the food production process, raw materials are 

subjected to a series of procedures such as mechanical 

handling, processing, packaging and transportation before 

finally being sold to the customers [13]. It is therefore 

easy for chemical contamination to occur if any part of 

this process uses unscientific or unsuitable method. 

Consumers want and need to eat food devoid of chemical 

residues or feel safe when food is eaten therefore there 

have been various maximum residual limit permitted in 

food materials. However, how to determine these 

chemical residues quickly and with less cost has become a 

mirage. Specific chemical residue mostly identified in 

foods which are of agricultural origin includes; 

tetracycline found in milk [14], penicillin and cloxacillin 

in raw milk [15], Carbendazim, malathion, iprodione, 

quincloracand tricyclazole are found in rice whiles 

buprofezin, hexaconazole and edifenphos also in paddy 

rice [16]. Also, other fertilizers found in mostly vegetables 

cannot be left out. 

To overcome these problems of ingesting harmful 

chemicals by humans and animals, Maximum Residual 

Limit (MRL) has been set by International Organization to 

reduce its effect while other chemicals such as DDT, 

Penicillin, Tetracycline, Pyrimethamine have been banned. 

2.2. Mycotoxins 

Chemical residues are not only from synthetic 

chemicals used by man to rather improve production but 

also can be produced by micro-organisms which find their 

way to food materials. Notable among them are 

Mycotoxins, these toxins are natural contaminant 

produced by various species of ubiquitous fungi and 

present the most serious problem involving agricultural 

products [17,18]. These mycotoxins are very difficult to 

deal with, it can only be reduced but not entirely removed 

because of the complex interaction of temperature, 

precipitation, relative humidity, moisture content of the 

product and the materials susceptibility to fungal 

contamination [17]. The secondary metabolites produced 

by the fungi are living organism. It is often found in food 

materials such as; corn, rice, maize, coffee & cocoa bean, 

wheat, barley, nuts, cheese, peanuts, cottonseed, milk, 

pork, beef, and almost all agricultural products  because of 

the ability of the mycotoxins to be transferred from one 

production line to another. One other important thing is 

that, these toxins produced by the mycotoxins found in 

food materials are very low, mostly in parts per million 

(ppm) 

The major mycotoxins found in the contamination of 

food and food materials normally recognized includes; 

Aflatoxin, Ochratoxin, Fumonisins, deoxynivalenol, T-2 

toxin, HT-2 toxin, and Zeralenone. Generally, these 

filamentous fungi cause toxin response (mycotoxicosis) 

when ingested by animals and humans. Specifically, the 

most abundantly found mycotoxin is Aflatoxin B1 & M1 

and are known to be carcinogenic, mutagenic, hepatotoxic 

and immunosuppressive [19,20], while next sought after is 

Ochatoxin which is also known to be a potent renal toxin 

in all animal species tested, though there is still no 

adequate evidence for its renal carcinogenity [21]. 

Furthermore, Ochratoxin (OTA) is believed to be the most 

important, based on the observed teratogenic, embryotoxic, 

genotoxic, neurotoxic, immunosuppressive, nephrotoxic 

and carcinogenic effects [22,23] Experimentally, OTA has 

shown to be an enzyme inhibitor and has effect on lipid 

peroxidation, also it has been implicated in Balkan 

nephropathy in humans [24]. With all these effect 

currently known, high standards are observed during 

production and processing however these mycotoxins still 

find their way into food materials, therefore most 

countries like USA, UK, Japan, France, Germany and 

others have set maximum residual levels to prevent its 

harmful effect on human and animals.  

3. Concerns of Chemical Residues in 

Food Materials 

Chemical residues find their way into food materials in 

numerous ways because of the high demand for food due 
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to the ever increasing population. However, it is well 

established that these residues cause adverse toxic effects 

on consumers’ health. Various international organizations 

and other developed countries have set up regulations on 

the administration and monitoring of harmful chemical 

residue in food and food materials.  

China’s Administration for Quality Supervision 

Inspection and Quarantine (AQSIQ) in 2007 stated 85% as 

the average up-to-standard rate for food product whiles the 

average qualification rate of all export food was above 

99% [13]. On the other hand, Chinese Ministry of Health 

(MOH) bulletin in the first quarter of 2007 recorded 16 

serious chemical food poisoning incidents with 306 

persons poisoned and 13 deaths. However, it is a reduction 

compared with the same quarter in 2006 [13]. According 

to ‘Report on Food Safety, which was stated in Wang et al 

[13] chemical contamination is the main factor affecting 

China’s food safety. [25]revealed  that, chemical 

contamination made up 38.56% of all polluted products in 

a random test of raw meat, cooked meat, milk, everyday 

products, seafood, fruits and vegetables in various regions 

of China from 2000 to 2002. 

More so in Portugal, the consumption of intoxicated 

lamb and bovine meat with residues of clenbuterol 

resulted in 50 persons with symptoms described as gross 

tremors of the extremities, tachycardia, nausa, headaches 

and dizziness [26,27]. Furthermore, various international 

organizations such as Food Safety Authority in Europe 

has published views on the effect of hormonal residue in 

meat and have reflected that epidemiological data 

provided evidence for an association between some forms 

of hormone-dependent cancer and red meat consumptions 

[28]. All these suggest that chemical residue is a great 

concern to all. 

In regard of these, the presence of chemical residues 

and its related harmful health consequences on human and 

animals make the quick and simple determination of these 

as an important issue for ensuring consumer safety and 

confidence. This will go a long way to enhance the quick 

monitoring of anabolic chemical residues. 

4. Rationale and Procedure for Evaluation 

of Foods by NIR Spectroscopy 

Near infrared (NIR) spectroscopy was discovered by 

Friedrich Wilhelm Herschel in 1800 [29,30]. However, it 

was earlier used in measuring the moisture content of 

grains [31]. The advantages includes; it is fast, accurate 

and a non-destructive analytical tool. [32]. Its radiation 

covers the range of the electromagnetic spectrum of 

700nm to 2500nm [30]. As a product is scanned with NIR 

spectroscopy, it penetrates the products and visible spectra 

diagram with peaks. The near infrared spectrum is located 

around the infrared and the visible region which is known 

as the overtone region. In the NIR spectroscopy, the 

absorption of polymers originates from the overtones of 

O-H, N-H, C-H, and S-H stretching vibrations as well as 

from stretching-bending combination involving these 

groups [1,5]. Because the vibrations in the NIRS involves 

these groups in the spectrum region, overtones and 

combination vibrational modes emits chemical and 

physical information. These overtone and combination 

bands in the NIRS region are normally broad and 

overlapping leading to complex spectra. For example, 

when a food material is exposed to NIR radiation, the 

radiant energy is transmitted, absorbed or reflected. These 

specific patterns exhibited by the materials in the NIR 

region can reveal the physical and chemical composition 

of the material being studied, therefore, making NIR 

spectroscopy a good tool for the determination of specific 

properties in organic or biological materials. 

More specifically, the general trend of the chemical 

residue measurement by NIR spectroscopy is briefly 

summarized in this review. This was similar to the 

procedure used by [33,34]. The procedure or process 

includes: (1) Spectral data acquisitions of sample by NIR 

spectrometer; (2) Data pretreatment or pre-processing of 

the spectra with the aim of eliminating noises and baseline 

shift from the background and instrument; (3) Chemical 

analysis of the same sample from which the spectra was 

measured. In this process a suitable reference method is 

employed to detect the concentration of the chemical 

residue in question. It is the most sensitive and important 

process, because the reliability of the NIRS depend on the 

sensitivity of the reference method; (4) Divide the entire 

acquired reference data set (known/obtained concentration) 

into two set namely, calibration set and prediction set by a 

well defined order and build the calibration model(s); and 

finally (5) Transfer the model to test it with the prediction 

set. It was mostly observed that, chemometrics analysis 

from which various models are used facilitated data pre-

processing and building of calibration models, however its 

discussion is beyond the scope of this review. It is 

evidently clear that NIRS coupled with chemometrics has 

provided rapid, simple, accurate and reliable tool for 

measurement of food quality and safety.  

Table 1. Analytical features of the different regions and 

preprocessing techniques evaluated for PLS-FTNIR determination 

of aflatoxins B content in red chili powder samples for best 

calibration models 

Wavenumber 

region 

Preprocessing 

method 

PLS 

factors 

aRMSECV 

(%) 

bR2 

(%) 

6900.3-4998.8 
and 4902.3-

3999.8 

Minimum 
maximum 

normalization 

9 0.98 74 

6900.3-4998.8 

and4902.3-
3999.8 

Constant offset 

elimination 
7 0.96 87 

6900.3-4998.8 

and 4902.3-
3999.8 

Straight line 

subtraction 
5 0.65 98 

12000-4000 
No 

preprocessing 
10 1.88 72 

aRoot mean square error of cross validation, bR2 is the correlation 

coefficient of the regression line between predicted and actual values of 

determined parameter. Table by Tripathi and Mishra [2] 

Figure 1 show an attempt of using NIR spectroscopy 

for the determination of different mycotoxins in food 

material. It could be observed that, differences exist and 

with the aid of chemometric techniques the component of 

interest could be measured. Figure 2 also showed how 

tetracycline residue in milk was determined by NIR 

spectroscopy. The major peaks revealed chemical 

properties that could be used to measure the residue. In 

Figure 3 satisfactory model was achieved with correlation 

above 90% showing a very good responds between actual 

and predicted. NIR spectroscopy was used to predict 

accurately the actual concentrations of aflatoxins in chili 

powder. The equation of the straight line for the cross 

validation plot of the calibration data set with the r
2 

was 



4 American Journal of Food Science and Technology  

reasonably high and this revealed that; NIR could be used 

to predict aflatoxins content in chili pepper. 

Table 1 show that, different regions of the spectra have 

unique feature for the determination of chemical residue 

of interest. It also revealed that with the recent increase in 

mathematical pretreatment or preprocessing methods, NIR 

could become very sensitive and accurate. 

 

Figure 1. NIR spectra of sample of paprika (a) non-contaminated with all five mycotoxins and (c) highly contaminated with aflatoxin B1 and 

ochratoxin A and; the difference spectra in the most suitable mathematical treatment that enables calibration of aflatoxin B1, ochratoxin A and total 

aflatoxins [21] 

 

Figure 2. FT-NIR spectra of milk: (a) FT-NIR spectrum of pure milk; (b) FT-NIR spectra of milk with different concentrations of tetracycline 

hydrochloride [14] 
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Figure 3. Actual vs predicted concentrations of tetracycline hydrochloride in milk: (a) tetracycline hydrochloride range in milk (4-500 ppb); (b) 

tetracycline hydrochloride range in milk (520-2000 ppb)[14] 

 

Figure 4. (a) Comparative Chili powder FT-NIR absorption spectra: (1) spiked; (2) unspiked and (3) aflatoxin B standard (A). Linear regression plot of 

measured versus predicted aflatoxin B1 content of the calibration (B) and validation (C) data set by Tripathin and Mishra [2] 
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5. Application of NIR Spectroscopy in the 

Measurement of Chemical Residue in 

Foods 

Numerous authors have stated that NIRS tool is a rapid, 

simple, and cost effective and an environmentally friendly 

analytical tool. After its initial use in 1964 for grains 

quality, NIT spectroscopy is now used for the quick 

prediction in a wide range of food materials. Below are a 

few, recent application of NIR spectroscopy which 

includes; detection and quantification of sunflower oil 

adulteration in extra virgin oil [35], internal damage [36], 

assessment of fat, water, protein content of meat [37,38], 

[39,40], the measuring of sensory properties [41], tea 

quality assessment, [42], sorting of stone fruits [43] 

determination of total volatile basic nitrogen [44], catechin 

content in tea [45] and antioxidant activity in tea [5] and 

determination of 27 chemical constituents in tobacco [46]. 

However, more specifically NIRS has found it use in 

the determination of chemical residue in food materials 

and various studies are still ongoing. Sivakesava and 

Irudayaraj [14] investigated the feasibility of measuring 

tetracycline hydrochloride residues at ppb (4-520 and 520-

2000) levels in milk by FT-MIR and FT-NIR 

spectroscopic techniques. It was concluded that maximum 

correlation coefficient (R
2
) value was about 0.89 and also 

FT-MIR spectroscopy could be used for rapid detection of 

tetracycline hydrochloride residues in Milk. 

More so, Pettersson and Aberg [4] used NIR 

spectroscopy for the determination of mycotoxins 

deoxynivalenol (DON) in wheat kernel and had a 

correlation coefficient of 0.984 and concluded that it may 

be possible in the future to develop a calibration model, 

which can be used to screen for DON in wheat. Berardo et 

al [9] also demonstrated / studied the rapid detection of 

kernel rots and mycotoxins in maize by NIR reflectance 

spectroscopy and found out that NIR predicted values in 

maize kernel samples (R
2
 = 0.80), hence concluded that 

NIR methodology can be applied for monitoring mold 

contamination in postharvest maize, particularly the 

presence of Fusarium verticilliodes and fumonism with 

their metabolite (ergosterol and FBI). Studies, further 

conducted by Hernandez-Hierro et al. [21], supported the 

fact that NIR spectroscopy tool seems to have an excellent 

potential for quick and reasonable inexpensive analysis for 

Aflatoxin B1, Ochratoxin A and total Aflatoxin in 

naturally contaminated red paprika and offers an 

alternative for the determination of mycotoxins to that of 

chemical method. 

Recently, Sanchez et al. [47] conducted studies on the 

measurement of pesticide residues in peppers by NIR 

reflectance spectroscopy and his result further confirmed 

that NIRS tool may be used for swift, non-destructive 

preliminary screening for pesticides residues in suspected 

food samples. A rapid FT-NIR method for estimation of 

aflatoxin B1 in chili powder has also been developed by [2] 

with a maximum correlation coefficient for validation 

plots (R
2
=96.7) though the limit of detection is slightly 

above that approved by European union, however, it could 

be very useful for bulk sorting of  infected ones from 

healthy ones. Also, Fernandez-Ibanez et al. [19], study on 

assessing the utility of NIRS for rapid detection of 

mycotoxigenic fungi in cereals and the results 

demonstrated that NIRS technology is an excellent 

alternative tool for fast AFB1 detection in cereals. Not 

forgetting, [15] studied the possibility of the use of FT-

NIR spectroscopy for determining residues of selected 

antibiotics (Penicillin G and Cloxacillin) in milk. They 

revealed that; correlation coefficients (R) and standard 

errors of calibration (SEC) for Penicillin G and Cloxacillin 

in milk were R=0.951 & SEC =0.004 for Penicillin G and 

R=0.871 & SEC=0.007 for Cloxacillin. They then 

concluded that the maximum residue limit of Cloxacillin 

in milk can be determined but it is not a suitable method 

for accurate determination of Penicillin G. 

In addition, Saranwong and Kawano [48] developed a 

system for rapid fungicide residue determination using 

NIR spectroscopy with dry-extract system for infrared 

technique and they obtained a satisfactory result (SEP= 

7.89 ppm). They further tested the reliability of pesticides 

determinations using near infrared spectroscopy and the 

dry-extract system for infrared (DESIR) technique and 

concluded that based on the Japanese pesticide control 

level, the developed system could be used for the 

monitoring of some pesticides in fruits and vegetables 

In summary NIRS tool has been used to estimate 

chemical residues such as tetracycline hydrochloride in 

milk, various types of mycotoxins in (wheat, maize, red 

chili powder, barley, paprika etc), pesticide in peppers and 

penicillin G & cloxacillin in raw cow milk. However it 

was revealed that this tool is most useful for 

distinguishing, sorting, screening and monitoring. 

Therefore, with the recent advancement of chemometric, 

further studies should be conducted to increase the 

sensitivity. However, in a whole, the result of different 

researchers revealed that NIR spectroscopy was a suitable 

replacement of the reference method (wet analytical 

antecedent methods) used in the analysis of chemical 

residues in foods. But its strength is in the identification of 

the presence of chemical residue which could be used as 

an initial protocol for sorting. Hence, it is expected that, in 

the very near future, NIRS techniques will be applied to 

evaluate chemical residue in food materials other than the 

standard reference method (wet chemistry) such as: HPLC, 

TLC, GC-MS and ELISA. 

6. Why NIR Spectroscopy Tool for 

Determining Chemical Residue 

Everybody demands quality and it should be provided 

because it is the best money can buy. However, most at 

times, quality demanded are not given or fall short of the 

standard required and some are even contaminated with 

harmful anabolic chemical residue which are transferred 

from production through processing and even to the 

consumers’ table. 

There is therefore the need to check and cross-check 

food quality parameters in food materials by an accurate, 

reliable and rapid technique for easy onward transfer of 

information to the consumer. Food quality analysis is 

mostly determined by traditional methods/ reference 

methods which are found to exhibit good precision, 

reliability and accuracy however, these methods are 

destructive, time consuming, expensive (because of the 
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equipment  and trained personnel required), 

environmentally unfriendly (because of the chemicals 

involved) and are unsuitable for in-situ or on site 

determination [49]. 

Furthermore, there is a high demand for quality food 

and almost everything in the world is moving faster with 

little waste. This calls for techniques that are quicker to 

perform as well as being nondestructive (to avoid 

excessive wastage). To overcome these short comings and 

solve the problem in the ever increasing population, non-

destructive tool, more specifically Near Infrared 

spectroscopy has emerged as a savior for the 

determination of food quality and safety attributes. This 

tool is quick, reliable and comfortable procedure coupled 

with a very promising result in its evaluation. As the name 

sound, it is nondestructive and can be used in a wide range 

of food quality and safety analysis. Also, among the 

nondestructive methods, NIR spectroscopy provides the 

needed advantage for the determination of chemical 

residues in foods with high sensitivity. According to Cen 

and He [33] with the development of computer science 

and chemometrics, the available application of NIRS 

techniques has become more popular and has attracted 

more attention from food researchers. NIRS tool provides 

wide information for simultaneous determination of 

various food quality and safety parameters of interest and 

it is also very versatile. 

7. Future Trends and Conclusions 

The potential of near infrared spectroscopy (NIRS) to 

determine harmful chemical (both Agro-chemicals and 

Mycotoxins) residues in food materials have been 

reviewed with the following observations; NIRS is very 

promising tool to detect chemical residues in foods 

because, it is fast, nondestructive, accurate and reliable. 

Furthermore, with environmental pollution issues on the 

rise, it is the best solution because there is no chemical 

involved compared with reference method such as HPLC, 

HPTLC, ELISA and GC-MS. It also requires no 

sophisticated laboratory and well trained personnel to 

perform the analysis except the initial cost of the NIR 

spectroscopy. Finally, it could be perceived that, in the 

near future NIRS will be an excellent alternative to the 

standard reference method to classify, identify and predict 

harmful chemical residue in foods. 
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