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ABSTRACT 
 

Euacalyptus is part of the national economy. This is a natural source that 
provides pulp for papermaking, coal for the steel industry and bioactive 
compounds used in various medical and industrial areas. The essential oil 
extracted from leaves is an important product obtained from Eucalyptus. This 
work evaluated essential oil extracted from leaves of Eucalyptus resistant and 
susceptible to Glycaspis brimblecombei using thermal tools. Samples of 
essential oils were extracted from crushed leaves of E. pellita (resistant) and E. 
camaldulenses (susceptible) by Clevenger method. The oils were analyzed by 
physicochemical characterization, thermogravimetry and differential thermal 
simultaneous analysis (TGA-DTA) and differential scanning calorimetry (DSC). 
The TGA curves of the essential oil from E. camaldulensis and commercial 
showed similarity and show that the major constituent can be 1,8-cineole. 
However, the TGA curves of the E. pellita essential oil has different pattern. In 
DSC, changing the endothermic peak of the commercial oil indicates the 
presence of other components or additives. The results indicate that these 
Eucalyptus essential oils had different chemical composition and the 1,8-
cineole can be the reason of resistance and susceptibility to G. brimblecombei 
attack. Further studies will be performed to characterize these samples. 
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Introduction 
 

Because of its economic value, Eucalyptus spp. 
are cultivated mainly in tropical zone. In Brazil, this 
culture is economically important for the steel and 
paper industries [1,2]. This economical source is 
being threatened by the entry of exotic pests [3].  

 
Among the pests is the Glycaspis 

brimblecombei, originated in Australia (Erro! Fonte 

de referência não encontrada.B). This insect is 
sucking habits damaging eucalyptus leaves and 
facilitates the proliferation of fungi, shown in Erro! 
Fonte de referência não encontrada.A e 1C [4,5]. 
Insect eggs and nymphs of G. brimblecombei are 
found on the leaves of most species of Myrtacea 
including Eucalyptus. Among the Eucalyptus the 
more susceptible to insect attack is E. camaldulensis 
and hybrid clones [6].  
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Figure 1 A – attacked leaf; B – adult of Glycaspis brimblecombei; C – resistant 257 eucalyptus (left) and susceptible (right) to Glycaspis brimblecombei 

 
 The essential oil of Eucalyptus has compounds 
produced for its defense. Between the bioactive 
compounds have phenolic compounds and 
terpenoids which have a certain degree of repellent, 
antimicrobial and pesticide activity [7,8]. 

 
Thermal analysis refers to various techniques 

performed in order to monitor the behavior of a 
sample as a function of time or temperature, with 
thermoanalytics instrumentation is currently used in 
a wide range of scientific investigations. Among the 
most widespread techniques are thermogravimetry 
(TGA), the differential thermal analysis (DTA) and 
differential scanning calorimetry (DSC) [10]. 

 
These techniques can be applied in numerous 

industrial activities, such as chemical, petrochemical, 
pharmaceutical, cosmetics, food and even for 
essential oils industries [11,12]. In the latter case, 
thermal analysis allows essential oils 
characterization, assess to their thermal behavior 
and stability and investigation of possible tampering 
[13].  

 
Field observations indicated that E. pellita was 

slightly susceptible to G. brimblecombei. 
Nevertheless, this insect affected the plantation of 
the E. camaldulensis, in the same field. These 
observations motivated this study. The aim of this 
work was to analyze essential oils extracted from the 
leaves of E. pellita (resistant) and E. camaldulensis 
(susceptible). Therefore, we used thermogravimetry 
and differential thermal simultaneous analysis (TGA-
DTA) and differential scanning calorimetry (DSC). 

The essential oils extracted were compared with the 
commercial oil. 
 
Materials and Methods 
 

Plant Material and Essential Oil Extraction 
 
The leaves of Eucalyptus spp. were collected in 

May 2014 in Vazante-MG (17°41'39.39"S, 
45°33'45.23"W). The neighboring species E. pellita 
and E. camaldulensis were selected because they 
exhibited different degrees of infestation by G. 
brimblecombei. Essential oils were extracted from 
approximately 300 g of crushed leaves. In this 
process, we used hydrodistillation method by 
Clevenger apparatus. It is a simple apparatus in 
which leaves remain in contact with water under high 
pressure and temperature, so the constituents of the 
essential oil volatilize. By steam distillation they are 
carried into the condenser, where they change their 
physical state. In the collection tube there are the 
outlet water and the essential oil fluid, so there is a 
possible separation by density difference [14]. The 
commercial essential oil of Eucalyptus globulus from 
Sigma-Aldrich® Lot # MKBF5278V was used as the 
standard sample. 

 
Physicochemical characterization 
 
The samples underwent physicochemical 

characterizations. Densities of the essential oils 
were determined using an analytical balance relative 
to distilled water at 22ºC as comparative. The 
refractive index was determined with the 
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refractometer type Abbe Refractometer Carl Zeiss at 
20°C [15,16] 

 
 
Thermogravimetric study (TG/DTA) 
 

 
Thermogravimetry and differential thermal 

simultaneous analysis (TGA-DTA) were performed 
using the DTG-60 / TG-DTA equipment (Shimadzu, 
Japan). The methodology was adapted according to 
the literature [17]. The analysis conditions were: 
heated from 30 ºC to 200 ºC, synthetic air flow of 50 
ml min-1, about 10 μL of initial volume, weight of 
approximately 5 mg and heating rate was 20 ºC min-

1, in alumina crucibles. Approximatelly 0.1 mg of 
alpha alumina was added to the empty crucible and 
then filled with eucalyptus oil to prevent from 
samples boiling. The results were processed using 
the software TA 60WS Shimadzu. 

 

Differential scanning calorimetry (DSC) 
 
The DSC curves were obtained from the DSC-

60 equipment (Shimadzu, Japan). The methodology 
was adapted according to the literature [18]. The 
analysis conditions were: heating from 30 ºC to 200 
ºC, air flow of 50 ml min-1, the heating rate was 10 
ºC min-1, the sample volume was about 10 μL, weight 
of approximately 5 mg, in aluminum crucibles sealed 
with a little hole on the lid. Approximatelly 0.1 mg of 
alpha alumina was added to the empty crucible and 
then filled with eucalyptus oil to prevent from 
samples boiling. The results were processed using 
the software TA 60WS Shimadzu.  
 
 
Results and Discussion 

 
   
Physicochemical characterization 

 
After extraction, the samples underwent 

physicochemical analysis. According to Table 1, the 

yields of essential oils extraction were 0.89% (E. 
pellita) and 2.19% (E. camaldulensis). The essential 
oil of the species with major infestation has a lower 
density (0.8513 g/cm³), whereas E. pellita essential 
oil has a density of 0.8827 g/cm³. The trade pattern 
is the densest oil compared to the natural essential 
oils. The refractive indices for the commercial oil and 
E. camaldulensis essential oil have the same value 
(1.5880). E. pellita has a lower index (1.4660). 
 
 

Simultaneous thermogravimetry and 
differential thermal analysis (TG–DTA) 

 
 
The Figure 2 shows the thermogravimetric curve 

(TGA) of the commercial and the extracted essential 
oils. There are distinct behaviors of mass loss at 
different temperatures between the samples. 
Essential oil of E. pellita had mass losses from 68 to 
180 °C. Nevertheless, essential oil of E. 
camaldulensis ranged from 57 to 157 °C, showing 
similarity with commercial essential oil (68 to 143 
°C). These results suggest that the resistance or 
susceptibility of these varieties of Eucalyptus to G. 
brimblecombei may be correlated to the composition 
of the essential oils. 

 
Similar mass loss of Eucalyptus essential oil and 

cineol, its main component, was observed in 
literature [18], at temperature from 55 to 145 ºC. 
This result was similar to the TGA showed in Figure 
2, for samples (b) and (c). This similarity of the 
curves may indicate that the cineole is the major 
compound of samples from E. camaldulensis and 
commercial essential oils samples. In previous 
studies it is reported that 1,8-cineole is the main 
chemical compound of E. camaldulensis essential oil 
(28 to 84%) [19]. Sample (a) curve in Figure 2, 
shows a higher final temperature of the mass loss. 
This result means that E. pellita essential oil has a 
different chemical composition. 
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Figure 2 (a),(b),(c) 

 
The essential oils showed endothermic peaks in 

DTA curves, Figure 2. In this analysis it was 
identified that it contains the peaks at a temperature 
of approximately 187 °C for sample (a) of 167 °C for 

sample (b) and 147 °C for sample (c). These figures 
show that the sample (a) was more resistant toward 
increasing temperature to a certain value when 
compared to the other samples. 

 
Differential scanning calorimetry (DSC)  

 
In the DSC curve, shown in Figure 3, there is a 

sharp change in the sample (c) as compared to 
samples (a) and (b). The event observed in 
commercial oil was more intense than in other 
extracted oils. There is a difference in the 
composition, indicating the presence of other 
components or additives in the commercial essential 
oil [20]. 

 
The sample (a) showed the endothermic peak at 

a higher temperature compared with the samples (b) 
and (c). These results support the observations 
through the TGA curves that E. pellita essential oil 
has different chemical composition of the E. 
camaldulensis and commercial essential oils. 
 
 
 

 
Figure 3 

 
Conclusions  

 
E. pellita is more susceptible to G. 

brimblecombei, a forest plague, than E. 
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camaldulensis. The refractive index of the essential 
oils of E. camaldulensis and commercial has the 
same results, differing of E. pellita essential oil; 
indicating differences in chemical composition 
between the samples. The thermogravimetry and 
differential thermal simultaneous analysis (TGA-
DTA) was showed similarity between the essential 
oils of E. camaldulensis and commercial and curves 
may indicate that the 1,8-cineole is the major 
compound of this samples. However, the TGA-DTA 
curves of the E. Pellita essential oil demonstrate that 
this has a different chemical composition. The 
results of DSC curves collaborate with the 
observations made using the TGA. The results 
indicate that these Eucalyptus essential oils were 
different and the 1,8-cineole can be the compound of 
resistance and susceptibility to G. brimblecombei 
attack. Further studies will be performed to 
characterize these samples and identify the 
compounds present in these essential oils.  
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