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ABSTRACT
Kinetics of extraction of Eucalyptus tereticornis oil was reported in this paper. The kinetics was
found to be adequately described by a 3-parameter model. Fit-statistics such as coefficient of
determination R2, root mean square error (RMSE), and sum of square error (SSE) indicated
appropriateness of the equation. Trend of effective diffusivity with rate of steam was also
investigated using a model based on Fick’s second law of diffusion. Parity plot of the oil yield
from the model and the experimental data indicated closeness of the two yields. The diffusivity
was found to increase with increasing steam rate, the relationship fitted a polynomial model with
R2 = 0.986. Values obtained for the diffusivity D were 6.2898 x 10-6 m2/s, 9.0733 x 10-6 m2/s and
9.7498 x 10-6 m2/s for steam rate of 0.03 kg/h, 0.11 kg/h, and 0.22 kg/h respectively. These
differ in terms of order of magnitude from those reported in literature (10-11) for some aromatic
plant materials.
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INTRODUCTION
Essential oils are the odoriferous constituents of
plants. They occur in various sites of the plant
anatomy and in some cases are found
throughout the plant organs and in other cases
are restricted to specific sites (Wijesekera 1983).
Plant species of the genus Eucalyptus (family
Myrtaceae) are much studied for their essential
oil contents. There are approximately 700
species worldwide and only about 1% are used
for industrial purposes (Zhang et al., 2010). The
uses of Eucalyptus oils, mostly obtained from the
leaves, are grouped as medicinal, industrial,
aromatic and flavouring purposes, depending on
their chemical composition (Isiaka et al., 2005).
Kubatova et al., (2002) studied kinetic models for
extraction of essential oil using hot water and
supercritical carbon dioxide. Cassel and Vargas,
(2006) modeled the extraction of Cymbopogon
winterianus essential oil using a diffusion model,
also Cassel, et al., (2009) applied the same mass
transfer mathematical model, to predict the
essential oil extraction process behaviour in
three species of Labiatae: Rosmarinus officinalis
L., Ocimum basilicum L., and Lavandula dentate
L.
This paper is aimed at investigating
extraction kinetics of essential oil of E.
tereticornis and also applies a mass transfer
model used by Cassel, et al., (2009) to
investigate the dependence of the effective

diffusion parameter on steam rate in steam
distillation of essential oil of Eucalyptus
tereticornis.
MATERIALS AND METHODS
The essential oil was extracted from dried leaves
of E. tereticonis grown in Ahmadu Bello
University Zaria, Nigeria (Latitude 11o 05l N,
Longitude 7o 43l E). 200g dried eucalyptus leaves
were steam distilled for 120 minutes using a
Clevenger – type apparatus (Coffil et al., 2012;
Khajeh, 2011). The kinetics of the extraction and
other parameters of the steam distillation
process were then evaluated using curve fitting
software packages Microsoft Excel 2007 and
DataFit 9.0. (Olawale, 2012).
The oil collected was dried using anhydrous
magnesium sulphate (Kaur et al., 2011; Galadima
and Salau, 2012) and stored at a temperature of
< 10 oC in a refrigerator for analysis. GC-MS
analyses of the oil were conducted using
Shimadzu QP 2010 equipment (Cassel, et al.,
2009; Babu, and Singh, 2009; and Pino et al.,
2002). The steam distillation was modelled based
on Fick’s second law of diffusion in one
dimensional unsteady – state process (Equation
1). The steam rate was determined by
condensate collected per time. Rate of steam was
varied and the diffusivity was evaluated in each
case.

Where:
e(t) = extent of extraction, mA (t) = mass of oil extracted at time t, mA (∞) = mass of oil
extracted at infinite time, D = effective diffusivity, xmax = plate thickness
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RESULTS AND DISCUSSION
The time rates (kinetics) of steam distillation of
essential oil of E. tereticornis were presented in
Figures 1 – 3 for various steam rates. The oil
yield increased with time significantly from 0 –
80 minutes extraction time. Beyond this time
there was no significant increase in the yield as
seen from the figures. Equation 2 was found to
be the most appropriate kinetic model for the
process.

where:

y = oil yield (wt %), t = time, and K1, K2,
and K3 are the kinetic parameters,
K1 and K2 decreased with increased rate of steam
but K3 increased. Kinetic parameter K1 is the most
significant model parameter due to its numerical
value; this was followed by K2 and then K3. The
fit-statistics indicated that the values of
coefficient of determination (R2), root mean
square error (RMSE) and sum of square error
(SSE) obtained for the different rates of steam as
presented
in
Table
1
indicated
the
appropriateness of the equations and their
similarities. This implies that the model fitted the
experimental data very well.
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Figure 1:

Validation of kinetic model in hydrodistillation of E.tereticornis oil
(Steam rate = 0.03 kg/h)
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Figure 2:

Validation of kinetic model in hydrodistillation of E.tereticornis oil
(Steam rate = 0.11kg/h)
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Figure 3:

Validation of kinetic model in hydrodistillation of E.tereticornis oil
(Steam rate = 0.22 kg/h)

Table 1: Kinetic model parameters for
Parameters
Steam rate
K1
K2
(kg/s)
8 E-06
178.933
1.999
3E-05
83.431
1.330
6E-05
77.972
1.292

steam distillation of E. tereticornis oil
Fit – statistics
K3
R2
RMSE
-32.939
-14.555
-15.393

0.997
0.995
0.999

0.00203
0.00149
0.00049

SSE
0.0203
0.0149
0.0049

Values obtained for the diffusivity D were 6.2898 x 10-6 m2/s, and 9.7498 x 10-6 m2/s for steam rate of
8 x 10-6 kg/s, and 8 x 10-5 kg/s respectively. Variation of the diffusivity with the steam rate was
modelled and found to fit experimental data (Figure 4).
(kg/s)

Where:
The diffusivities obtained for E. tereticornis oil
are of the order of 10-6 m/s while, those reported
by Cassel et al., (2009) are of order of magnitude
of 10-11 m/s for rosemary, basil, and lavender
oils. The diffusivity of E. tereticornis oil in this
study was also found to increase with increasing
steam rate. This may be attributed to the
increase in turbulence flow due to the presence
of eddy diffusivity (Coulson et al., 1999). Figure 5
presents parity plot of the oil yield obtained from
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diffusion model (Equation 1) and that of
experimental data for various steam rates. It can
be seen from the figure that the data points are
relatively close to the straight line. This indicated
that the oil yield from the model and the
experimental data differed slightly. GC-MS
analysis (Table 1) indicates that there were 6
constituents of the oil and 1,8-Cineole was the
major component 72.15 %; this classified the oil
as pharmaceutical grade.
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Table 2: GC-MS results of essential oil of E. tereticornis.
Compound
R. Time (min)
Percentage
α-Pinene
6.781
21.13
β-Pinene
7.485
2.52
1,8-Cineole
8.631
74.15
p-menth-1-en-8-ol
9.322
0.70
Fenchol
10.132
0.80
Borneol
11.075
2.70
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CONCLUSIONS
The kinetics of extraction of E. tereticornis oil in
steam distillation was found to be adequately
described by a 3- parameter model (K1, K2, and
K3). The parameters K1, and K2 were found to
increase with increasing steam rate, while
opposite trend was observed with the third
parameter (K3). Effective diffusivity, D was also
REFERENCES
Babu G. D. K. and Singh B. (2009): Simulation of
Eucalyptus cineria oil distillation: A study
on
optimization
of
1,8-cineole
production.
Biochemical
Engineering
Journal 44: 226 – 231.
Cassel, E., Vargas, R. M. F., Martinez, N.,
Lorenzo, D. and Dellacassa, E. (2009):
Steam distillation modeling for essential
oil extraction. Industrial Crops and
Products 29:
171 – 176.
Cassel, E., and Vargas, R. M. F. (2006):
Experiments and modeling of the
Cymbopogon winterianus essential oil
extraction by steam distillation. Journal
of Mexican Chemical Society. 50(3): 126 –
129.
Coffi1 K., Soleymane K., Harisolo R., Balo T.,
Claude C. J., Pierre C., Gilles F., Antoine
A.(2012). Monoterpene hydrocarbons,
major components of the dried leaves
essential oils of five species of the genus
eucalyptus from Côte d’Ivoire. Natural
Science 4 (2012) 106 – 111.
Coulson, J. M., Richardson, J. F., Backhurst, J. R.
and Harker, J. H. (1999): Coulson and
Richardson’s
Chemical
Engineering.
Butterworth-Heinemann, Oxford. Vol. 6
Pp 574.
Galadima, M. S. and Salau R. O. (2012).
Comparative
study
of
the
yield,
physicochemical
properties
and
composition of eucalyptus oil isolated
from dry and wet leaf of Eucalyptus
tereticornis.
Biological
and
Environmental Sciences Journal for the
Tropics 9: 101 – 104.
Isiaka, A. O., Nureni O. O., Kasali A. A. and
Olusegun,
E.,
(2005):
Volatile
constituents
from
the
leaves
of
Eucalyptus cloeziana F. Muell and E.
propinqua Deane & Maiden from Nigeria.
Flavour and Fragrance Journal 20: 637 –
639.
Kaur, S., Singh, H. P., Batish, D. R. and Kohli, R.
K. (2011): Chemical characterization,
antioxidant and antifungal activity of
essential oil from Eucalyptus tereticornis.
Journal of Medicinal Plants Research
5(19): 478 – 4793

Galadima et al.

found to increase with increasing steam rate; this
gives more insight into the mechanism of steam
distillation of Eucalyptus tereticornis oil.
Acknowledgement
The authors wish to acknowledge the financial
support of Education Trust Fund (ETF), Ahmadu
Bello University Zaria.
Khajeh, M. (2011): Optimization of process
variables for essential oil components
from Satureja hortensis by supercritical
fluid extraction using Box-Behnken
experimental
design.
Journal
of
Supercritical Fluids 55: 944 – 948.
Kubatova A., Jansen B, Vaudoisot J., Hawthorne S.
B. (2002). Thermodynamic and kinetic
models for the extraction of essential oil
from savory and polycyclic aromatic
hydrocarbons from soil with hot
(subcritical) water and supercritical CO2.
Journal of Chromatography A, 975: 175
– 188.
Olawale, A. S. (2012). Solid-liquid extraction of
oils of African elemi’s (Canarium
schweinfurthii’s)
fruit.
Agricultural
Engineering International (CIGR) Journal
14(2): 155 - 160
Pino, J. A., Marbot, R. Quert, R., and Humberto G.
(2002): Study of essential oils of
Eucalyptus
resinifera
Smith,
E.
tereticornis
Smith
and
Corymbia
maculate (Hook.). Flavour and Fragrance
Journal 17: 1 – 4.
Wijesekera, R. O. B., Hussain, A., Kahol, A. P.,
Jayewardene, A. L. and Virmani O. P.
(1983): Practical manual on the essential
oils industry. United Nations Industrial
Development
Organization
(UNIDO),
Vienna, Austraia, Pp 3 – 5.
Zhang, J. O., Min, An, M., Wu, H., Stanton, R. and
Lemerle, D. (2010): Chemistry and
bioactivity of eucalyptus essential oils,
Allelopathy Journal 25: 313-330.

107

