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Product Quality and Safety

Use of nearinfrared spectroscopy technology with a remote reflectance fibre-optic probe for 
predicting of trace elements contents in tobacco

1 2L. Dospatliev *, S. Atanassova

1Department of Pharmacology, Animal Physiology and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora, 
 Bulgaria
2Department of Biochemistry, Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The purpose of this study is to analyze the content of trace element contents in tobacco by nearinfrared spectroscopy (NIRS) technology together 
with a remote reflectance fibre-optic probe. The method allows immediate analysis of the tobacco without prior sampletreatment or destruction through direct 
application of the fibre-optic probe on ground samples.The calibration results obtained using samples of tobacco allowed the determination of Pb, Cd, Cu, Fe, 
Mn and Zn, with a standard error of prediction (SEC (P)) and a correlation coefficient (RSQ) expressed in mg.kg-1 of tobacco of 1.68 and 0.954 for Pb, 1.05 and 
0.860 for Cd, 12.69 and 0.902 for Cu, 16.67 and 0.68 for Fe, 59.96 and 0.737 for Mn and of 12.14 and 0.869 for Zn, respectively. The prediction capacity of the 
model and the robustness of the method were checked in the external validation of sertified referent material of Virginia tobacco(CTA-VTL-2) which do not 
belong to the calibration group. Based on the results, it can be concluded that NIRS technology is an appropriate method for determining the concentration of 
Pb, Cd and Mn in tobacco. 

Keywords: nearinfrared spectroscopy, trace element contents (Pb, Cd, Cu, Fe, Mn and Zn), tobacco  variable.

Abbreviations: NIRS – nearinfrared spectroscopy, AAS – atomic absorption spectrometer, CTA-VTL-2 – sertified referent material of Virginia tobacco, SEC 
(P) – standard error of prediction, RSQ – multiple correlation coefficient, PLS – partial least-squares, PCR – principal component regression, SECV – standard 
error of cross-validation, SNV – standard normal
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agricultural products has been reported even less frequently and Introduction 
has always been used in the context of plants. Only a few reports can 
be found related to the use of NIRS for macro and trace minerals, It is known that tobacco is a major industry in many countries , 
specifically in both grasses and hay samples, in natural grasses or in including Bulgaria .  The content of toxic components over values is 
botanical fractions of semi-arid grasslands, to predict trace minerals, essential for product quality and human health , which requires -1 -1Na (0.2–6.8) g.kg , Cu ( 5–31) mg.kg-1 and Zn (19–417) mg.kg , in continuous monitoring .  Compared with other crops tobacco 
legumes (Cozzolino and Moron, 2004; Gonzalez et al., 2007), and to accumulates larger quantities of trace elements, even when grown 
determine the mineral content, P (0.24–2.9) and Ca (1.0–20.1) in contaminated soils. Requirements of international markets -1expressed as g.kg  dry matter, in woody plant species (Petisto et al., impose strict controls on their content in tobacco stocks. The great 
2005). Likewise, NIRS spectroscopy has been used to determine variation in concentrations of these elements in tobacco requires the 
the mineral content in soils of common elements such as Ca, Mg, Fe, development of rapid methods for effective control of total and 
Mn and K (Udelhoven et al., 2003), the heavy elements Co, Cu, Ni, mobile forms in order to prevent pollution of tobacco products. The 
Pb, Zn and Mn (Atanassova et al., 2004) or possible contaminants in methods used in routine tests to determine the quantity of different 
urban soils (Wu Y et al., 2005; Todorova et al., 2009). In alfalfa the elements in a sample are long, slow and not very cost-effective 
method has been used to determine the mineral and ash contents in (Murray and Cowe, 1996; Kume et al., 2001). The use of NIRS 
different parts of the plant, separating the leaves and stems(Shenk allows analytes to be determined with little or no sample preparation. 
et al., 2001; Azzouz et al., 2003; Halgerson et al., 2004), using This technique has been used in forages such as alfalfa to determine 
measurements carried out in conventional cells. With NIRS their quality (Shenk and Westerhaus ,1995), fibre and crude protein 
technology and a fibre-optic probe, Martín et al.(2002) determined contents, digestibility, the changes that occur during silo storage, 
fat, protein and the mineralogical composition and fatty acid and after they have been subjected to a drying process (Barton and 
contents of Iberian pig carcasses by applying the probe directly onto Windham, 1988). NIRS also has been used to determine the 
the meat, determining the mineral composition in commercial feeds different nitrogen fractions (Valdes et al., 2006; Gonzalez et al., 
with this technology. NIRS has also been used to determine  the 2007). If NIRS can be used for determining mineral concentrations 
mineral composition of the cheese(Almenara et al., 2007; Karoui et this is due to the association between minerals and organic 
al., 2007; Lucas et al., 2008).functional groups or the organic matrix (Shenk and 

The aim of the present work was to obtain NIR calibration Westerhaus,1995). The prediction of trace elements by NIRS in 
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equations with a remote reflectance fibre-optic probe that would the certified value.  When D is within the borders of  2s, where s  is 
allow instant determination and simultaneous prediction of moisture the standard deviation from the certified value, the result is 
and total  element contents in tobacco samples. Application of the considered to be good; when it is -3s  D≤3s - satisfactory, and 
fibre-optic probe directly on the samples affords faster analysis beyond these limits the result is unsatisfactory (ISO/DIS 13528, 
times since sample preparation is minimum or unnecessary. 2002).

2. D % = D/ XCRM .100 – percentage difference. When the 
values of D % are in the limits ± 200s/ ХCRM  the result is 
considered to be good, when the value is in the limits ± 200s/ ХCRM Material and methods
and ± 300s / ХCRM - satisfactory, and when it is out of the limits ± 

Samples 300s/ХCRM  the result is unsatisfactory.
To determine the content of elements in tobacco samples made 3. Z = X – XCRM /s . When Z≤ 2 the result is considered to be 

33 sample tests taken from 4 major tobacco-growing regions in 
good, when 2 ≤Z≤3- satisfactory, when Z≥3- unsatisfactory. South Bulgaria. Sampling procedures followed Bulgarin 17728-91, 
In presenting the results in the tables, the good results are marked including representative samples collection, washing, drying and 
with 2 stars (**),  and the satisfactory with 1 star (*) . For easier grounding.
evaluation of the effectiveness of the different methods for sample Chemical analyses 
preparation we have used R criterion showing the extent of Instrumentation. AAS-Specter AA-220(Varian, Australia) 
extraction of the element in percents from the certified value. K atomic absorption spectrometer was used in flame mode. The 
criterion showing the differences (%) between the Chemical working wave lengths were as follows: Fe-248.3 nm; Mn-279.5 nm; 
reference method and the NIRS method.Cu-324.8 nm; Zn-213.9 nm; Pb-217.0 nm and Cd-328.8 nm.

NIR spectroscopyReagents and standards. Reagents are qualified “AR” (pa 
A Foss NIRSystem 5000 with a standard 1.5-m 210/7210 Merck I Fluka). The calibration was perfomed using five or six 

bundle fibre-optic probe  was used. The probe employs a remote aqueous standard solutions in 2% v/v HNO3. A commercial multi-
-1 reflectance system and uses a ceramic plate as reference. The element standard solution with concentration 1000 mg.kg  for AAS 

window is of quartz with a 5×5cm surface area, measuring were used as a stock solution. The calibration standard solutions 
-1      reflectance in the IR zone close to 1,100–2,000 nm. The spectra had the folding concentrations: 0; 0.2; 0.4; 0.6; 0.8 and 1.0 mg.kg  

were recorded at intervals of 2 nm, performing 32 scans for both the ( Zn, Cu, Mn and Cd) and 0; 1.0; 2.0; 3.0; 4.0 and 5.0 mg.kg-1 (Fe 
reference and samples. To minimise sampling error, all the samples and Pb) for AAS calibration.
were analysed in triplicate. NIR spectra have been measured by Digestion procedures. Procedure for dry ashing at 525oC in 
using the remote reflectance fibre-optic probe directly on the muffle furnace, following Bulgarian standard 17365-94 was used. 
samples. For easier evaluation of the effectiveness of the NIRS Samples (0.5 g) were weighed in 50 ml glass beakers, charged on a 

o method for sample preparation we have used Rn criterion showing hot plate with stepwise increasing temperature up to 350 C for 4 
o the extent of extraction of the element in percents from the certified hours and finally ashed in a muffle furnace at 525 C for 1 hour. After 

value. Xn is the measured value.cooling, ashes were dissolved in 20 ml of 1.5% HNO3. 
Statistical analyses. PLS regression is similar to PCR, but uses Statistical evaluation of results.  In order to check the accuracy 

both reference data (chemical, physical, etc.) and spectral of the method a reference material CTA-VTL-2  was used. To assess 
information to obtain the factors of use for fitting purposes(Martens the accuracy of assignment in conducting the experiment and the 
and Naes, 2001). For cross-validation, the calibration set is accuracy of the results obtained by different methods, three 
partitioned into several groups; each group is then validated using a generally accepted criteria were used, as follows: 
calibration developed from the other samples. Finally, validation 1. D = X – XCRM, where X is the measured value and XCRM is 

Table 2. Calibration statistical descriptors for the NIR determination trace elements in tobacco 

Pb
Cd
Cu
Zn
Mn
Fe

1D
1D
2D
2D
1D

smooth

3.53
1.44

17.68
16.55
78.43
20.78

1.68
1.05

12.69
12.14
59.96
16.67

0.954
0.860
0.902
0.869
0.737
0.680

Parameter
Data 

transform
Standard error

of prediction SEC
Partial least-squares 

PLS
Standard error of 

cross-validation SECV
Multiple correlation 

coefficient RSQ

11
6
4
4
5
8

Table 1. Chemical composition of calibration set (all units in mg.kg-1)

Parameter Minimum Standard deviation SD

Pb
Cd
Cu
Zn
Mn
Fe

Maximum

0.1
0.4
9.2

17.67
22.7
38.3

Mean

22.1
9.6

126.8
97.5

359.4
151.1

6.157
2.09

33.69
44.91

103.11
78.68

5.16
1.95

28.33
23.36
92.45
23.94

Pb
Cd
Cu
Zn
Mn
Fe

Maximum



Table 3. 
in Virginia Tobacco-CTA-VTA-2 certified reference material 

Effectiveness of microwave mineralization in the determination of Pb, Cd, Cu, Fe, Mn and Zn 

X, mg.kg-1

Pb
Cd
Cu
Zn
Mn
Fe

-1σx, mg.kg

848.00
64.90
16.30
36.50
18.00
1.65

-235.00
-14.80
-1.90
- 6.80
- 4.10

0.13

-21.70
-18.57
-10.40
- 15.70

18.60
8.60

78.3
81.4
89.6
84.3
81.4

108.5

D, %

24.0
1.4
0.9
2.7
0.7
0.1

Method - EPA 3051 ZD R

-7.12
-5.69
-2.10
-3.24
-3.42
0.76

*

**

Table 4. Differences (%) between the reference method and the NIRS method.

Element XCRM, -1mg.kg Rn

Pb
Cd
Cu
Zn
Mn
Fe

X, mg.kg-1

1083.00
79.70
18.20
43.30
22.10
1.52

Xn, mg.kg-1

912.70
88.90
13.50
52.10
21.80
1.57

78.3
81.4
89.6
84.3
81.4

108.5

6.0
20.7
45.7
36.0
10.6
5.2

R

848.0
64.9
16.3
36.5
18.0
1.65

K

84.3
102.1
43.9

120.3
98.6

103.3

Figure 1. Comparison of reference values with the values predicted by the calibration equations for composition in 
trace elements (Pb, Cd, Cu, Fe, Mn and Zn) in tobacco. 
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authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
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Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
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the study. By comparing the results and 
conclusions of other scientists the 
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The conclusions shouldn't be numbered 
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Contributions are the core of conclusions. 
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