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Abstract 

In our paper the change in chemical composition was studied on samples (leaf, tendril
flower, stem, complete plant) taken in a 2-week period (July 2-July 16) of the development of 
tobacco plant, grown by two different modes of cultivation (bed and ensilage) with classical 
analytical and infrared (IR) spectroscopic methods. IR spectra were evaluated by traditional 
spectroscopic method and by pattern recognition method PRIMA (pattern Recognition by 
Independent Multicategory Analysis). The intensity of the IR bands was used for our investiga
tions, which was given in relative % value, introduced by us. Data needed for mathematical 
processing were obtained by a new procedure, by feature selection resting on spectroscopical 
basis. 

The dependence of cellulose and total nitrogen content, further the intensity of the IR 
spectral bands characteristic of these components, on the ripeness of the plant, on the quality 
of the plant part, on the mode of cultivation and on the place of the leaf on the plant were 
established. Various tobacco plant samples, having an identical IR spectrum on visual inspec
tion, were separated and identified with the PRIMA pattern recognition method with a 
recognition power between 97 and 100% according to their origin (ripeness, mode of cultiva
tion quality, place on the plant). 

Introduction 

In our paper chemical conversions during the development of the tobac
co plant are studied by classical analytical and IR spectroscopic methods, and 
measuring results are processed by the pattern recognition process PRIMA 
(Pattern Recognition by Independent Multicategory Analysis). 
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The basic principle of our process was described in our earlier papers [1, 
2]. Its essence is summarized in the following. 

The IR spectra of organic substances, containing many components of 
predominantly complicated structure, are for samples of identical type very 
similar to one another, show no visible differences, or if so, then only to a 
small measure. The reason of this is that the major part of these samples 
contain the same components, only in different quantitative ratios, depending 
on the various parameters. 

The situation is the same in the case of the IR spectra of tobacco plant 
parts investigated by us. The quantitative composition of the different plant 
parts (leaf, tendril-flower, stem and average sample of the whole plant) is 
influenced besides by the quality of the plant also by its grade of ripeness, 
mode of cultivation, in the case of leaves by their position on the plant, etc., 
but in spite of this the IR spectra of parts of plants of different type and 
different degree of ripeness are practically the same, if only the number and 
place of absorption bands is investigated, because identical components (car
bohydrates, proteins, etc.) absorbe at identical places. However, if the in
tensity behaviour of the IR spectral bands is also investigated, then consider
ably more data are obtained, on the basis of which samples of various types 
can be already separated. 

It causes a problem that intensity data are subject to many errors (weight 
of sample, inhomogeneity, particle size, etc.), moreover, that the handling of 
many data is a complicated and lengthy operation. 

Therefore, a new and simple process was developed (see later), by which 
substances of the said type can be separated, and using the PRIMA pattern 
recognition method, can be identified on the basis of their IR spectra. 

In our process, the samples to be investigated are arrayed on the basis 
of their different properties-in the present case, the quality, ripeness, mode 
of cultivation and position on the plant of the parts-into classes (teaching 
program). The properties defining the class are difficult to measure (e.g. 
protein, cellulose, etc. content), therefore, classing is carried out on the basis 
of easily measurable properties, e.g. the intensity of their selected IR spectral 
bands. This is justified, because the properties defining the class (e.g. cellulose 
content depending on ripeness, etc.), are correlated with the IR spectrum, so 
that classification (identification) on the basis of properties difficult to mea
sure, can be solved indirectly, with the aid of properties, easy to mea
sure. This method is already known, was used since a long time by 
several authors [3-7]. Thus, the novelty of our work is not the applica
tion, but on one part, the selection of the substances studied (tobacco plant 
parts, not investigated so far by this method), and on the other part, our 
method developed for giving the intensity of the IR spectral bands. Moreover, 
it can be considered as novelty that the feature selection of data obtainable 
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from the IR spectrum is not done mathematically, but on the basis of their 
spectral knowledge. Places to be taken into consideration are selected so that 
the absorbability of the various substances in the set of samples shall differ at 
these places. It can be proved by data in the literature that the results of 
pattern recognition are improved, if the places of investigation are not selected 
equidistantly (e.g. each 5 or 10 cm -1) by a computer, but by an expert with 
spectroscopic practice. Thereby, the number of places is considerably de
creased, and with it computer time, efficiency increases and the solving of 
tasks becomes possible, which are already insoluble for practical spectroscop
ists working with traditional methods. 

A brief survey of literature dealing with the chemical 
composition and analysis of tobacco 

For the qualitative evaluation of tobacco it is important to know the 
chemical composition, which is developed as a result of the metabolic proces
sess of the plant, and depends on the variety of tobacco, on its circumstances 
of cultivation, its stage of ripeness and many other factors. Biochemical 
processes of nutrient uptake and metabolization continuously change in the 
single sections of the day and over longer periods, and the composition of the 
different plant parts changes accordingly [8-16]. The number of identified 
compounds, composing tobacco leaves, surpassed already in 1975 1500 [17]. 
In addition to the principal components (carbohydrates, proteins), there are 
many constituents occurring in small quantities, playing an important role in 
the forming of the organoleptic properties of tobacco. 

Inorganic compounds are present in tobacco partly in the form of 
dissolved salts (nitrates, sulfates, phosphates, chlorides), and partly incor
porated in organic substances (proteins, organic acids, chlorophyll, enzymes). 
The main elements are potassium, sodium, calcium, magnesium and iron; 
trace elements are copper, manganese, boron, molybdenum, cobalt, zinc, 
nickel [11]. 

The groups of compounds of organic constituents are the following: 
carbohydrates, compounds containing nitrogen, organic acids, polyphenols, 
volatile oils, resins, waxes dyestuffs, enzymes. 

Carbohydrates are partly simple sugars, partly polysaccharides 
(starch, dextrins, cellulose). The total carbohydrate content of tobacco 
leaf is about 40%. 

One part of organic acids participates in the regulation of the pH of cells, 
while their other part forms salts with cations or organic bases. Organic acids 
with carbon atom numbers C1-CI0 shape the organoleptic properties of 
smoke [18]. 
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Compounds contamll1g nitrogen are present in the form of proteins, 
alkaloids, amides, amines. The quantity of proteins depends on the variety, 
ripeness and cultivation conditions of tobacco [15]. There are skeletal pro
teins, further hormone, enzyme and plasma proteins. The major part of the 
alkaloids of tobacco is 3-pyridyl derivative (nicotine, nornicotine, anabasine), 
and amounts to 1-2% of the dry substance [16, 19, 20]. 

Polyphenols occur mainly as glycosides, linked to sugar, in a quantity of 
2-5% [14]. 

Volatile oils, waxes, resins are secreted by the glandular hair of the plant, 
they do not participate in the metabolism of the plant, they protect the 
plant against the injurious effect of weather. Their quantity depends on 
cultivation, weather conditions and mechanical injuries, and may vary 
between 3 and 16% [11]. 

The more important dyestuffs are chlorophyll A and B, carotene, 
xanthophyll, rutin and anthocyan, occurring in a quantity between 0.5 
and 4% [10, 11]. 

Enzymes contained in the tobacco plant can be divided into two main 
groups. Hydrolases catalyze conversions in conjunction with uptake or release 
of water, desmalases redox processes. 

Without aiming at completeness, as termination of literature dealing 
with chemical composition, we briefly survey works dealing with the changes 
of chemical composition occurring during the ripening of tobacco, and with their 
determination. 

The technological ripeness of tobacco leaf is still determined today 
mostly subjectively, though more and more research is done on the develop
ment of an objective measuring technique, based e.g. on the measurement of 
coloring matters or other chemical constituents (e.g. NIR spectroscopy). 

- Changes of carbohydrates: the quantity of simple carbohydrates is 
highest at the time of blooming, while the content in composite carbohydrates 
decreases in this period, then afterwards it increases up to the yellowing of the 
leaves [12]. 

- Changes of compounds containing nitrogen: protein nitrogen content 
is low in the seedling period, but then it begins to increase up to the blooming 
period, then it decreases, and afterwards it increases again, up to turning 
yellow. Nicotine nitrogen content reveals gradual steady increase [12]. 

- Changes of pectins and cO!OJ'ing matters: the disintegration of pectins 
begins after the full development of the leaves, therefore it is important to 
choose well the time of gathering in, because too much pectin causes hygros
copicity and spoilage, while insufficient pectin bad water absorption capacity 
and breakability [11]. 

In leaves near to ripeness chlorophyll A begins to be enzymatically 
decomposed, the leaf becomes lighter. The yellow colour of the ripe leaf is 
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caused by carotenes. The changes of green and yellow coloring matters during 
ripening was investigated by several authors [21-23]. _ 

The brown coloring matters on dried and fermented tobacco amount to 
6.5%, and are composite compounds, consisting of water-soluble polyphenols 
of high molecular mass and of proteins [21]. 

Finally, we mention some works, dealing with spectroscopic methods, 
suitablefor the analysis of the composition of natural organic substances, among 
others, of parts of tobacco plant. 

The authors of Ref. 24 assembled a survey containing 260 references on 
the application of IR and Raman spectroscopy for the investigation of biolog
ical systems. 

Near infrared reflection (NIR) spectroscopy is the most modern, most 
simple method of investigation for the quantitative analysis of multicom
ponent systems, thus of natural organic substances, without previous separa
tion. Wetzel [25] gives a survey on the principle of the method and its possible 
applications. 

For the determination of the moisture, sugar, nicotine and cellulose 
content of tobacco a NIR spectroscopic process was developed by Long 
[26, 27]. 

The reducing sugar content of dried tobacco [28], the alkaloide content 
of sauced tobacco [29], the quantity of polyphenols [30], further the total 
nitrogen content [31] were measured by the authors cited with spectro
photometric, Fourier transform and NIR spectrocopic methods, and results 
obtained were compared [32]. 

Samples investigated and experimental methods 

- Samples 
Two varieties of tobacco (of Heves and coarse tobacco) were inves

tigated. Coarse tobacco was grown by two ways of cultivation (ensilaged or 
twin-row and bed cultivation [12]). In both cases of cultivation samples were 
obtained from different parts of the plant (leaf, tendril-flower, stalk, total 
plant). In the case of coarse tobacco, the whole 2-week period (July 2-July 
16) was investigated. In the case of tobacco from Heves, leaves were taken 
from different heights of the tobacco plant. 

Characteristic data of our samples investigated are contained in Table 1. 
- Classical analytical tests 
- Preparation of samples 

Analyses were carried out on samples pulverized by grinding and 
dried to constant weight. 

- Determination of cellulose content by the method of Kirschner and 
Hoffer 
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Table 1 

Characteristic data of the tobacco plant samples investigate 

Type of Ser. Mode of Time of Part of the Number of leaf 
tobacco No. cultivation sampling 1987 plant on the plant 

2 3 4 5 6 

coarse ensilaged I July 2 total 
coarse 2 ensilaged I July 2 leaf 
coarse 3 ensilaged I July 2 tendril-flower 
coarse 4 ensilaged I July 2 stern 
coarse* 5 ensilaged I July 2 total 

coarse 6 ensilaged II July 9 total 
coarse 7 ensilaged II July 9 leaf 
coarse 8 ensilaged II July 9 tendril-flower 
coarse 9 ensilaged II July 9 stern 

coarse 10 ensilaged III July 16 total 
coarse II ensilaged III July 16 leaf 
coarse 12 ensilaged HI July 16 tendril-flower 
coarse 13 ensilaged III July 16 stern 

coarse 14 bed I July 2 total 
coarse 15 bed I July 2 leaf 
coarse 16 bed I July 2 tendril-flower 
coarse 17 bed I July 2 stern 
coarse* 18 bed I July 2 total 

coarse 19 bed II July 9 total 
coarse 20 bed II July 9 leaf 
coarse 21 bed II July 9 tendril-flower 
coarse 22 bed II July 9 stern 

coarse ?' -j bed III July 16 total 
coarse 24 bed III July 16 leaf 
coarse 25 bed III July 16 tendril-flower 
coarse 26 bed III July 16 stern 

Heves 27 leaf 
Heves 28 leaf 2 
Heves 29 leaf 3 
Heves 30 leaf 5 
Heves 31 leaf 7 

Note: Samples 5 and 18 marked with x are identical with samples I and 14. respectively. In the 
evaluation they were taken into consideration as parallel samples. 
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Fig. 1. IR spectrum of a tobacco leaf sample and its interpretation 

The principle of the method is that constituents other than cellulose can 
be solubilized by cooking the tobacco plant part in a mixture of alcohol and 
nitric acid. The mass of residual cellulose is weighed [13]. 

- Determination of total nitrogen with Kjeldahl's method 
The total nitrogen content of tobacco plapt \vas measured after decom

position with concentrated sulfuric acid. Ammonia, set free with sodium 
hydroxide from ammonium sulfate formed, was distilled into 0.1 n hydro
chloric acid, and excess acid was titrated back [13]. 

- IR spectroscopic analysis 
From the pulverized tobacco plant samples, dried to constant weigh, 

1-1.5 mg was homogenized with 300 mg of potassium bromide by 
triturating in an agate mortar for 5 minutes, then compressed to pills at a 
pressure of 2.104 KPa. Three parallel measurements were made for each 
sample. Spectra were taken with a Zeiss Specord 75 spectroscope. 

Measuring results and their evaluation 
- Investigation of the IR spectra 
The IR spectrum of a tobacco leaf sample is shown in Fig. 1. The 

spectrum of the substance, containing many and predominantly high-molec
ular organic components, seems simple, the absorption bands of the principal 
components--carbohydrates and proteins--dominate in them. These bands 
were formed by the summation of the absorption of all the components, but 
at certain positions the absorption of certain types of components dominates. 

The assignment of the bands is shown in Fig. 1 and Table 2, using the 
symbol system of Sohar-Holly-Varsanyi [33], where v: stretching vibration, 
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Table 2 

Characteristic absorption positions of the IR spectra of the tobacco plant samples investigated, 
their assignement and bands selected for computerized evaluation 

Interpretation 
Bands 

selected for 
(Mode of vibration) 

evaluation 

vNH, vOH 

Vas CH3, Vas CH2 2 

VS CH3, VS CH2 

vC=O 3 

vC=O+vC-N 4 

pNH+vC-N 5 

Ps CH2 6 

B .. CH3 7 

POH 8 

Bs CH3 9 

vC-N+PNH 10 

VasC-O-C 11 

vC-C 12 

vC-O 13 

vsC-O-C 14 

{JO=C-N, i'NH, 
yC=O 

Position 
of the band 

(cm -1) 

3400 

2980 

2870 

1710 

1600 

1550 

1470 

1430 

1400 

1375 

1300 

1240 

1130 

1080 

1020 

720----600 

Remark 

broad, intensive 

weak bands, difficult to separate 

shoulder indicative of the presence of aldehydes, 
ketones, characteristic of simple sugars, formed in 
the decomposition of polysaccharides 

amide I band, characteristic of the protein part 

amide II band, characteristic of proteins 

diffuse band system of medium intensity, the single 
modes of vibration cannot be separated, it arises 
mainly from hydrocarbon groups in the different 
components and the OH deformation vibrations of 
carbohydrates 

amide In band, weak, characteristic of proteins 

intensive merged band system, the band of different 
vibrations cannot be separated, this region is charac
teristic of the the carbo hydrate part 

amide IV, amide V, amide VI merged bands of low 
intensity 

9: bending vibration, fJ: in plane, y: out of plane deformation vibration, s, as: 
symmetric, asymmetric vibration, amide I, H, HI: marking band series arising 
from the amide group. Vertical arrows mark those two absorption regions, in 
which mainly proteins or mainly carbohydrates absorb. It can be seen from 
the figure, where the more important groups, bonds, of the plant components 
appear with bands in the spectrum. 

For the comparison of classical qualitative analysis data and data calcul
able from the IR spectra, further for evaluation with the PRIMA pattern 
recognition method, the intensity of the bands at the absorption positions of 
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Fig. 2. Change in cellulose content of tobacco plant samples cultivated in different modes 

the different groups was also determined. Absorbances were calculated with 
the base line correction method. Intensity data were given in two ways: 

1. absorbance/weight of sample [mg] 
2. absorbance [relative %] 
This latter mode of giving the results is also new [34], in so far as it does 

not calculate with absorbance falling to unit of sample, but gives the results 
in relative %, by determining the absorbance values (Ai) at an arbitrarily 
selected number (n) of characteristic absorption positions, summarizes these 

etl Ai} and gives as percent of the sum the measure of absorption at the 

Ai 
single positions: A j [relative %] = -n--' 100. Data obtained in this way 

L Ai 
i = 1 
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Fig. 3. Change in total nitrogen content of tobacco plant samples cultivated in different modes 

characterize well in the case of a sample set the quantity of functional groups 
absorbing at the selected positions in relation to one another. 

Evaluation of classical quantitative analysis data 
-- Dependence of cellulose content on the ripeness of the plant, on the 

quality of the plant part, and on the mode of cultivation 
Figure 2 shows the changes of the cellulose content of the whole plant, 

of leaf, tendril-flower and stem samples, obtained by ensilaged and bed 
cultivation, as a function of growing time for a selected 2-week period of 
ripening. The figure shows that the cellulose content of each sample increased 
with time, there is a difference only with respect to the magnitude of cellulose 
concentrations and to the rate of increase, depending on the quality of the 
plant part and on the mode of cultivation. The cellulose content of the parts 
of the plant (with the exception of the stem), grown by ensilaged cultivation, 
is higher than that of the samples of bed cultivation. 

-- Total nitrogen content as a function of the ripeness of the plant, of the 
quality of the plant part and of the mode of cultivation 

Changes of total nitrogen content, as a function of the parameters above 
are shown in Fig. 3. Nitrogen content decreased during the two weeks inves
tigated with one exception (ensilaged, complete plant), and for two samples 
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(ensilaged, stem, bed stem) data of samples taken at the end of the first and 
second week are identical, i.e. there was no change in the second week. In the 
case of samples obtained by bed cultivation, nitrogen contents are higher for 
each plant part, than in ensilaged cultivation. This trend is opposite to the 
behaviour of cellulose content. The only exception was found only for stem 
samples, where both the cellulose contents and the nitrogen contents are the 
same in the two modes of cultivation. 

- Comparison of classical analytical and IR spectral evaluation data 
Chemical changes in composition during the ripening of the tobacco 

plant were studied by analysing the samples, taken in the selected 2-week 
interval of ripening, with classical analytical method described above, then the 
IR spectra of the same samples were also taken. Our investigations were aimed 
to clear, whether the time-, labour- and chemical-intensive classical methods 
of analysis can be replaced by IR spectroscopic measurements. Therefore, the 
behaviour of the cellulose content of the samples was compared with the 
change of intensity of such IR spectral bands, which arise mainly from 
cellulose components, then we investigated, whether the tendency of the 
change in ratio of cellulose and total nitrogen concentrations is similar to the 
change of the intensity ratio of two such bands of the IR spectrum, which arise 
from the cellulose and protein components. 

As may be seen from Figs 4-7, the change of intensity data, calculated 
from the IR spectra-of which the absorbance of the band at 1080 cm - 1 was 
given in relative %, that of the band at 1025 cm 1 in values falling to unit of 
sample-follow in each case for all the tobacco plant parts the tendency of the 
change of cellulose concentration. Evidently, slopes are not identical, but 
neither are the data characteristic of cellulose content, however, it can be seen 
unequivocally from the figures that if we wish to study as a function of time 
chemical conversions occurring during the ripening of a plant, classical analy
sis can be replaced by simpler IR spectroscopic analysis, by measuring the 
change in intensity of the IR spectral band, characteristic of the component 
to be investigated. These data follow within a set of samples the change in 
quantity of the given component. If not only the tendency of changes, but the 
absolute value of concentration is important, then we can prepare a calibra
tion from a few "teaching" samples of known concentration. 

In Figs 8-11, the changes of cellulose and total nitrogen concentration 
ratios, characteristic of cellulose/protein ratio, and the change in intensity 
ratio (A1080cm-l/A1600cm-l) of the band at 1080 cm-l, characteristic of 
cellulose, and of the band at 1600 cm - l, characteristic of proteins, can be 
studied as a function of time. Our experiences are the same as above, and show 
that IR transmission spectra can be used both in the investigation of the 
development of the plant and in tobacco technological research, as they yield 
rapidly and simply data, suitable to follow also numerically in the whole 
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Fig. 12. Changes of some IR spectral data of the leaves of tobacco from Heves according to 
the position of the leaf on the plant 

development period of the plant or during tobacco processing changes in 
chemical composition, caused by different parameters. 

- Change of the IR spectral characteristics of tobacco leaf, depending on 
the place occupied on the plant 

Of the tobacco leaves of Heves a sample series of 5 members was 
investigated, the leaves were positioned (upwards from below) in places 1,2, 
3, 5 and 7. We investigated of the IR spectral data the dependence of the 
intensity of the band at 1600 cm -l-attributable mainly to protein com
ponents-on the position occupied on the plant (Fig. 12). Our measurements 
showed that the intensity of this band does not change virtually. 

However, the measure of absorption at 1080 cm - 1-arising mainly 
from carbohydrates-increased up to the 5th leaf, to return then at the 
7th leaf to the value measured for the 1st leaf. Thus, the change of the 
quotient (A 1080 cm -ljA 1600 cm - 1), characteristic of the carbohydrate-protein 
ratio, reveals also at the 5th leaf a maximum. 

- Application of the PRIMA pattern recognition method for the evalua
tion of the IR spectra of tobacco plant parts 

After the description of our results, obtained by classical analysis and 
traditional spectroscopy, we report on the computer-aided evaluation of the 
IR spectra of tobacco plant parts listed in Table 1. 

We outlined in the introduction aim and method of our investigations. 
In this chapter we give also in detail our working method and results. 

The IR spectra of 31 samples, prepared in 3 parallel measurements were 
available for our investigations. These spectra did not show visible differences 
because of the reasons already mentioned. 
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We assumed that if we apply the PRIMA pattern recognition method, 
this will separate the samples of various origin on the basis of their IR spectral 
data. For the computerized evaluation the intensity of the bands was deter
mined at 14 positions, given in Table 2. Their values were expressed in 
"absorbance, relative %", introduced by us (see investigation ofIR spectra). 
in addition, 3 absorbance quotients were determined, which are characteristic 
of carbohydrate-protein ratio, and of the shape of the structured bands of 
carbohydrates and hydrocarbons. They were the following: 

The 17 data given above characterized each of a sample. Then we 
investigated according to the kind of the plant parts, ripeness, mode of 
cultivation and the position occupie~_ on the plant, whether the pattern 
recognition method separates the samples. 

First, 5 classes were formed according to the kind of the parts, and 
considering the available leaf, tenderil-flower, stem, stalk and whole plant 
samples, taken at the same point of time, as "teaching" samples, the "teach
ing" program was developed. Next followed recognition, where all the sam
ples were considered as unknown, and the "recognition" program separated 
them with a certainty of 97-100%, according to whether they were leaves, 
tendril-flowers, etc. 

The procedure was the same, when we formed according to the ripeness 
of the different plant parts 3 classes (in accordance with the point of time of 
sampling). Here, recognition power proved to be 100%. 

Similarly, the program recognized with a certainty of 100%, whether the 
plant part derived from a plant, cultivated by ensilaged or bed mode of 
cultivation. 

Finally, 5 classes were formed according to the place occupied on the 
plant (places 1, 2, 3, 5 and 7), and for this the "teaching" program was 
developed. Considering the leaf samples as unknown, the recognition pro
gram decided with a certainty of 100%, which place was occupied by which 
leaf on the plant. 

Summarizing our experiences, it can be established that tobacco plant 
parts, apparently having completely identical IR spectra, are separated by the 
pattern recognition method PRIMA according to their origin. On the basis of 
knowledge yielded by this experimental series, we can recommend the applica
tion of the method above to research workers, who study the change in 
composition of natural subtances of complicated composition, caused by 
different parameters. 
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