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V. Popova, S. Tasheva, S. Damyanova, A. Stoyanova 

 
The thermodynamic parameters characterizing the extraction of tobacco leaves (Oriental type, 
grown in Bulgaria) for obtaining the commercially-ready concentrated aromatic products con-
crete and resinoid have been determined – Gibbs free energy, activation energy, entropy and 
enthalpy of the process.  

 
Introduction 
Essential oil bearing and medicinal plants, either in fresh or dried form, are processed in various 

ways for obtaining aromatic products – by distillation, extraction, enfleurage, pressing, depending 
on their glands structure, position and basic properties (volatility, solubility, adsorption, viscosity, 
etc.).  A single plant material is often processed in a number of ways, to obtain various aromatic 
products – concrete, resinoid, absolute, liquid or concentrated extracts [12]. Concrete is a product 
obtained by extraction with non-polar volatile solvents, often at room temperature, followed by 
low-temperature vacuum evaporation of the solvent. On its turn, resinoid is obtained by hot extrac-
tion with polar solvents and further concentrated by a more intensive solvent vacuum evaporation. 
The two concentrated aromatic products differ in physical and chemical properties, as well as in 
chemical composition [12]. All extraction aromatic products contain a number of partly volatile or 
non-volatile substances that are not found in the essential oil – waxes, resins, tannins, flavonoids, 
phenolic acids, etc. [2, 3, 12].  

Tobacco (Nicotiana tabacum L.), beside its basic role as a material for the manufacture of smok-
ing and smokeless products for human consumption, is a typical essential oil bearing plant and as 
such – a valuable source for obtaining aromatic products [11]. 

 
Materials and methods of analysis 
Cured leaves from Oriental tobacco (ecotype Basma – Krumovgrad), grown in Bulgaria have 

been used as plant raw material [8, 9]. All technological investigations have been conducted in la-
boratory conditions. Prior to extraction, tobacco leaves have been dried, ground in a laboratory mill 
and sieved (mesh 0,11 cm). The coefficients of molecular diffusion of the respective aromatic prod-
ucts have been calculated [9], under the following extraction conditions: raw material:                 
solvent ratio = 1 : 10; duration = 1 h; at each10 min interval the extract being removed by filtration 
and the remaining raw material extracted with a new portion of fresh solvent. The respective aro-
matic products have been obtained by extraction with: petroleum ether, temperature range 20÷40 °C 
– for concrete; and 95 % ethanol, temperature range 20÷70 °C – for resinoid. The solvents have 
been removed by evaporation on a rotary vacuum evaporator at water bath temperature 35 °C (con-
crete) and 70 °C (resinoid) [8, 9]. 

On the basis of aromatic products yields, the equilibrium constant of the process has been deter-
mined and the thermodynamic parameters calculated – Gibbs free energy, activation energy, entro-
py and enthalpy of the process. All experiments have been carried out in triplicate and average val-
ues are presented. 

Gibbs free energy is determined by the equation [1, 4, 5, 10, 13, 14] 
 

,ln KRTG −=∆      (1) 
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where G∆  – Gibbs free energy, J/mol;  
            R – universal gas constant, J/(K⋅mol);  
            T – absolute temperature, K;  
            K – equilibrium constant of the process. 

 
The activation energy of the process is determined by the equation [1, 4, 10, 13, 14, 15]:  
 

αRTtgEact 3,2=        (2)  
 
The entropy is defined by the equation [4, 15]: 
 

( )
T

GES act ∆+
=∆

      (3) 
 

The enthalpy is determined by the equation [1, 10]:  
 

STGH ∆+∆=∆       (4) 
 

Results and discussion 
Figures 1–4 present the change of the thermodynamic parameters characterizing the extraction 

of concrete from Oriental tobacco leaves – Gibbs energy, activation energy, entropy and enthalpy. 
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Figure 1 – Change of Gibbs free energy  
in dependence on temperature 

Figure 2 – Change of activation energy  
in dependence of temperature 
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Figure 3 – Change of entropy in dependence  
of temperature 

Figure 4 – Change of enthalpy in dependence 
 of temperature 
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Considering data displayed on the figures it can be seen that the smallest values of three of the 
studied thermodynamic parameters during the extraction of concrete from Oriental tobacco leaves – 
Gibbs energy, activation energy and enthalpy, are obtained at temperature 20 °C. At the same tem-
perature, entropy achieves its maximal value. These findings lead to the conclusion that the process 
of Oriental tobacco leaves extraction with the specified solvent would be most effective at that tem-
perature, since it would require minimum amount of heat for its completion, supplemented at the 
same time by maximal entropy. 

Comparing the results about the calculated thermodynamic parameters obtained for Burley light 
air-cured [6] and Virginia flue-cured tobaccos [7] it becomes obvious that the activation energy of 
the process takes minimal values at temperature 20 °C, but there is considerable deviation in Gibbs 
energy, entropy and enthalpy values. These variations reflect the differences in the chemical com-
position of the used raw materials and the interactions occurring during the extraction of concrete. 
Generally, it could be concluded that the most appropriate extraction temperature for obtaining con-
crete from tobacco (regardless of tobacco type) with 95 % ethanol as a solvent is 20 °C. 

Figures 5–8 present the change of the studied thermodynamic parameters – Gibbs energy, activa-
tion energy, entropy and enthalpy of the process, during the extraction of resinoid from Oriental to-
bacco leaves. 

 

G
, k

J/
m

ol

-1000
4000
9000

14000
19000
24000
29000
34000
39000
44000
49000

T, K
293,15 303,15 313,15 323,15 333,15 343,15

 

 

 293,15 303,15 313,15 323,15 333,15 343,15-6800
-6600

-6400
-6200

-6000
-5800

-5600
-5400
-5200

E
ak

, k
J/

m
ol

T, K  

Figure 5 – Change of Gibbs free energy  
in dependence on temperature 

Figure 6 – Change of activation energy  
in dependence of temperature 
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Figure 7 – Change of entropy in dependence  

of temperature 
Figure 8 – Change of enthalpy in dependence  

of temperature 
 

Data show that the values of Gibbs energy, activation energy and enthalpy characterizing the ob-
taining of resinoid from Oriental tobacco leaves are the smallest at temperature 20 °C, while that of 
entropy – at 40 °C. The calculated maximal values of the studied thermodynamic parameters are as 
follows: Gibbs energy – at temperature 70 °C, entropy – at 30 °C, and enthalpy – at 70 °C. The 
negative values registered for the activation energy suggest that there are certain chemical interac-
tions occurring between the extracted raw material and the solvent. 

If the results are compared to those referring the extraction of resinoid from the two other tobac-
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cos grown in Bulgaria – Burley light air-cured and Virginia flue-cured, it turns out that there is a 
complete coincidence of process parameters [6, 7]. Therefore, the thermodynamic parameters of the 
process of extraction of resinoid from cured tobacco leaves show no variation with respect to raw 
material (tobacco ecotype).  

 
Conclusion 
For the first time, there have been defined the thermodynamic parameters – Gibbs free energy, 

activation energy, entropy and enthalpy, during the extraction of concrete and resinoid from Orien-
tal-type tobacco leaves. 
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