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INTRODUCTION

In recent years, human have tended to use many products
derived from nature [1-3]. Among all products, essential oils
with many wonderful uses have been used in many fields and
purposes such as manufacture of antimicrobial compounds,
medicine and food additives. Essential oils are odorous oily
liquids of complex mixtures extracted from several plant organs
such as flowers, seeds, etc. [4-6]. Orange belongs to the citrus
genus, which is popular in Southeast Asian countries including
Vietnam. In citrus fruits, the peel contains many volatile comp-
ounds including essential oils [7]. Citrus essential oils play an
important role in the antioxidant antiviral, anticancer, anti-
inflammatory, antiallergenic and analgesic activities [8]. As a
result, citrus essential oils are considered as an important quality
indicator for utilization of citrus in medicine, food, cosmetics
[8]. According to previous studies, pomelo oil was used in
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foods as a potential preservative [9-11]. The previous study
determined that the essential oil of grapefruit peel had a broad
spectrum of antimicrobial activities against Escherichia coli,
Enterococcus faecalis, Staphylococcus epidermidis and Salmonella
typhimurium [12,13]. Citrus essential oils are helpful for the
treatment of headaches, gingivitis, sinusitis, insomnia, immune
system support, colds and flu, burns, insect bites and various
skin diseases [14]. Moreover, researchers concluded that anti-
cancer activities and digestion-promoting capabilities are due
to the presence of limonene in sour orange essential oil [15].
Another advantage of essential oils is the unnecessity of chemical
preservatives in cosmetic preparations that contain oils including
creams, gels, and ointments [16].

The hydrodistillation method became increasingly popular
for extraction of essential oils from plant materials due to the
simplicity of installations and ease of conduction. Another
study utilized steam distillation method for extraction of essential



oils from lavender and artemisia leaves [17]. In addition, hydro-
distillation and steam distillation were selected for extraction
of Teucrium essential oil [18]. In another study, the yield of
the citronella essential oil extracted by steam distillation was
also optimized [19]. Another conventional extraction method
is hydrodistillation which requires the material to be distilled
at a temperature below 100 ºC. In addition, a previous study
demonstrated that, when compared with traditional hydro-
distillation method, microwave-assisted hydrodistillation was
superior in terms of energy consumption and time when extra-
cting essential oils from Thymus vulgaris L [20-22].

There have been many studies of oil extraction by hydro-
distillation methods to solve the problem of separation efficiency,
composition and utility of essential oils [23-26]. However,
studies on kinetics of essential oils hydrodistillation were lacking.
The kinetic studies could contribute not only to the fundamental
knowledge, but also to improvement in optimization, operation,
and industrial distillation processes. Kinetic models play an
important function for hydrodistillation processes under both
technological and economic perspectives. Another study demons-
trated the relationship between drying of the material to the
performance and composition of essential oil [27-31].

Previous studies have showed that the traditional extraction
methods are easy to implement. However, the majority of the
researches which optimized parameters in the extraction proce-
ssing are limited to the laboratory scale. Therefore, the applica-
tion of these studies to industrial productions could be difficult.
Differences in scale of production will significantly affect the
yield and quality of essential oils. Therefore, the purpose of
this study is to optimize the factors that affect the yield of the
distillation process and evaluate the quality of the extracted
essential oil. The results of this study provide the optimum
technological parameters to produce the maximized essential
oils. The results of this study on the pilot scale could be useful
for technology transfer, which might become the solution to
shorten the gap between research and production.

EXPERIMENTAL

Fresh fruit orange (C. sinensis) was provided from My Hoa
District, Vinh Long province, Vietnam. They were peeled and
the peels were washed with water and stored at standard tempe-
rature. Materials were used within 5 days in this study and
were determined for moisture.

Processing description: Different orange peel samples were
cut or ground into pieces of approximately 0.2-0.5 cm, then they
were fed into hydrodistillation machine. The process was carried
out at different temperature points (120, 126, 132, 136 ºC) and
ratio of material-water (1:1, 1:2, 1:3, 1:4) using a distillation
tower equipment (10 kg/batch). After distillation processing,
hydrosol and essential oil mixture were obtained. Raw essential
oil was dehydrated using anhydrous sodium sulfate to remove
residual water, then filtered by Whatman No. 1 filter paper and
stored in brown glass jar until being analyzed and used.

Sensory properties: A 10 mL of the sample was dropped
into a 20 mL glass. To observe the sample, the environment
should have sufficient light, avoids direct light and has no other
nearby colour source and no strange smell. Test samples were
prepared according to TCVN 11424:2016.

Physical properties: The physical properties of orange
essential oil are defined including refractive index, specific
gravity and optical rotation according to TCVN 11424:2016.
Density of the essential oils was determined by pouring essential
oils into the beaker and then weighting them. The density of
the essential oils were calculated as follows:

Weight of essential oil sample
Specific gravity (%)= 100

Volume of essential oil in the beaker
× (1)

Determination of specific gravity of essential oils: First,
a clean dry bottle was weighed. Second, distilled water was
poured into the bottle and estimated, then the same volume of
oil was put into the same bottle and weighed. The specific gravity
was calculated as follows:

Weight of particular volume of oil extracted
Density (%) 100

Weight of equal volume of water
= × (2)

Chemical analysis of essential oils by gas chromatogra-
phy-mass spectrometry (GC-MS) analysis: A gas chromato-
graphy-mass spectrometry (GC-MS) is used to analyze the
composition of the essential oils of all extraction methods.
Equipment including GC Agilent 6890N, MS 5973 inert, HP5-
MS column, head column pressure 9.3 psi. A sample of essential
oil (25 µL) in 1.0 mL n-Hexane. GC-MS are taken under the
following conditions: carrier gas He; 1.0 mL/min flow rate;
1:100 split; injection volume 1.0 µL; injection temperature
250 ºC; oven temperature progress included an initial hold at
50 ºC for 2 min, a rise to 80 ºC at 2 ºC/min, a rise to 150 ºC at
5 ºC/min, a rise to 200 ºC at 10 ºC/min and rise to 300 ºC at 20
ºC/min for 5 min.

Kinetic modeling of essential oils distillation: Modeling
of the extraction process is applied for the evaluation of  variable
conditions affecting the extraction. It is also recognized as a
vital step for devising an efficient method.

First-order kinetic was given by the equation [26]:

md
km

dt
− = (4)

om
ln kt

m
= (5)

1
ln kt

1 u
=

−
(6)

where, m = average concentration of essential oil in the material
at any time t; mo = initial concentration of essential oil before
distillation starts; t = time of distillation; u = fraction of essential
oils extracted.

Calculation of essential oil yield: The yield of essential
oil extracted in each experiment was calculated based on fresh
material (eqn. 7).

Weight of esssential oil extracted
Yield (%) 00

Weight of fresh material (10 kg)
= × (7)

RESULTS AND DISCUSSION

Effect of distillation time on yield: Distillation time depends
on several factors such as raw materials, the solvent to solid
ratio, temperature, size of samples. The longer distillation time,
the longer distillation time was, resulting in higher amount of
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gained essential oil. However, by extending the distillation to
a certain period, it is observed that the amount of essential oil
ceased to rise, adversely affecting the quality of the product.
This is due to the exposure to the temperature of some substances,
leading to denatured and higher energy consumption. Therefore,
it is necessary to determine the suitable distillation time. The
distillation time was measured starting from the first drop to
constant change in recovered essential oil. Other conditions
include the temperature of 132 ºC, ratio of 1:2 with ground
sample. Samples which were used in the experiments were fresh
samples (moisture content was 78.35 %) that were not stored
(Table-1). Fig. 1 showed the correlation between the time of
distillation and the percentage change in mass of orange essen-
tial oil obtained in different experiments.

TABLE-1 
MOISTURE CONTENT OF MATERIAL  

AT DIFFERENT STORAGE DAYS 

Material Storage (day) Moisture (%) Dry weight (kg) 
Fresh 78.35 2.17 

1 76.69 2.14 
3 58.03 2.73 

Orange peel 

5 8.93 5.28 
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Fig. 1. Effect of distillation time on orange peels essential oil yield

Based on the effect of distillation time on the yield of orange
peels essential oil (Fig. 1), it found that the highest yield at
1.2556 %, was achieved at 135 min starting from the first drop.
However, the optimal optimum condition was chosen at 105
min corresponding to the oil yield of 1.2384 %. It is because
after 105 min, the oil content only increased by 0.0172 %, which
is marginal considering the additional time of distillation of 45
min. Because essential oil content remained in orange peel
were not much and most of the components have higher boiling
points, part of essential oil was dissolved in condensed water.
Therefore, the yield would not increase significantly.

Effect of temperature on yield: One of the important
factors affected on the distillation process of essential oil of
orange peels was temperature. High temperatures promote the
diffusion rate, the convection of solvent and the reduction of
fuel viscosity, thus increasing the distillation efficiency. But at
high temperature, some substances in the essential oil decom-
posed, affecting the extraction efficiency and the quality of
essential oils. After the time of initial distillation was fixed
(105 min), other distillation processes had been carried out
at different temperatures and ratio, ground sample. Samples
which used in the experiments were fresh samples that were

not stored. The correlation between the distillation temperature
and yield of the orange peel essential oil extracted after disti-
llation has shown in Fig. 2.
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Fig. 2. Effect of distillation temperature on essential oil yield

Fig. 2 described the effect of temperature on yield of orange
essential oil which peaked at 1.2728 %, corresponding to temp-
erature of 136 ºC. Yields were 1.2384 % at 132 ºC. However,
the difference between the yield of extracted orange essential
oil at 132 and 136 ºC was not significant. We could found that
increasing temperature leads to increase yield. However essential
oil content in materials was certainly limited. Therefore, after
a certain point, increasing temperature only leads to marginal
improvement in oil yield. Because steam was used to separate
the solid phase components, the high vapourization of water
inside the mixture occurred more rapidly leading to permeation
of water vapour and absorption of the essential oil in the tissues.
The diffusion was therefore faster. Therefore, hydrodistillation
at 132 ºC was the most optimal condition.

Effect of material size on yield: The orange peels were
thick and hard and could affect the distillation process. To
increase the efficiency of essential oil distillation, orange peels
size must be reduced. After fixing time at 105 min, the samples
were distilled with different size (cut, grind and whole) at 132
ºC and ratio of 1:2. Samples which used in the experiments
were fresh samples that were not stored.

Fig. 3 showed the effect of sizes of raw materials on the
yield of orange essential oil. It is seen that extraction of oil
with ground materials had given the highest essential oil extra-
ction efficiency, followed by cut and whole peel materials.
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Fig. 3. Effect of size on orange peels essential oil yield
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The yields of orange essential oil were 1.2384, 1.0578, 0.43 %,
respectively.

For ground materials, the cells that contain essential oils
were broken, facilitating the penetration of into the tissues.
The oil could be then released into the environment and the steam
was responsible for attracting free essential oils.

Effect of storage time on yield: Experiments had been
conducted on four samples in different storage time conditions
(immediately used, 1 day, 3 days and 5 days) at 132 ºC, the
ratio of solid/solvent 1:2, ground samples.

Fig. 4 showed the effect of storage time on yield of orange
essential oil. The yield of essential oil had decreased from
1.2384 % (immediately used) to 1.1352 % (1 day storage) and
reduced to 0.8944 % (5 days storage) for orange peel materials.
As a result, it is suggested that the material should be distilled
immediately and the storage time should not be longer than 1
day storage. Because essential oils contain many volatile comp-
ounds, materials which were stored in long times can cause
the diffusion of essential oil into the air by the effect from the
surrounding environmental factors such as temperature and
humidity.
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Fig. 4. Effect of storage time on orange peel essential oil yield

Effect of ratio solid/solvent on yield: After fixing the
optimum distillation conditions (105 min, 132 ºC), the effect
of ratio of materials and solvents is investigated. The results
of this experiment is showed in Fig. 5. In hydrodistillation,
when heated the mixture of water and material, the water perm-
eated the tissues which contain essential oils, broke down the
essential oils and attracted the essential oil by steam. Based
on the effect of ratio solid/solvent on the yield of essential oil
(Fig. 5), the ratio of solid/water 1:2 with 20 L of water had
given the best yield of 1.24 % for orange essential oil. If the
volume of water was low, the colloidal oil could not be dissolved.
However, excess water could increase the diffusion of oil into
the water. Water could therefore be easily absorbed into the
material, improving efficiency of extraction. In addition, too
much water led to dissolve or to emulsify the essential oils;
reducing of the amount of oil and the economic efficiency of
the distillation because it required more energy, time to heat
and collect essential oils.

Kinetic modeling of hydrodistillation: The first order
extraction constant (k) and coefficient of determination (R2)
were calculated experimentally by referring to the linear plot
(figures not shown), the results were in the range 0.0377-
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Fig. 5. Effect of ratio solid/solvent on orange peel essential oil yield

0.0452 and 0.9674-0.9976. The straight line curve showed that
correlative level between orange peel essential oil hydrodistillation
process and first-order modeling was relatively high (R2 > 0.95)
when ground fresh materials were distillated at 132 ºC at a
different ratio. The essential oil removed per unit time is directly
proportional to the essential oil remaining in the peel. Koul et al.
[26] investigated steam distillation of lemon grass used first-
order kinetic model, the result showed that data of experiment
perfectly followed the first order reaction kinetic [26].

Evaluation of essential oils: Sensory and physical prop-
erties of orange peels essential oil are shown in Table-2. It is
showed that sensory and physical properties of pomelo and
orange peels essential oil were their characteristic properties
according to TCVN 11424:2016 standards, all of which
showed that the essential oils obtained were good quality. The
results of GC-MC analysis (Table-3) showed that D-Limonene
component occurred the highest content for orange peels
essential oil (97.279 %). Orange peels essential oil had met
ISO and TCVN standards with acceptable quality.

TABLE-2 
SENSORY AND PHYSICAL PROPERTIES  

OF ORANGE PEELS ESSENTIAL OIL 

Properties Orange essential oil 
Colour Yellowish 
Odour Featured aroma of orange peels 
State Transparent liquid 
Specific gravity (g/mL) 0.843 
Refractive index 1.472 
Optical rotation +97.16° 

 
TABLE-3 

GC-MS ANALYSIS OF ORANGE PEELS ESSENTIAL OIL 

Retention 
time 
(min) 

Substance 
name Content Mass 

Interoperability 
of mass 

spectrometry 
5.082 1R-α-Pinene 0.741 136 937 
5.972 β-Myrcene 1.814 136 945 
6.811 D-Limonene 97.279 136 932 
10.468 α-Terpineol 0.166 154 911 

 
Conclusion

In this study, parameters involved in the hydrodistillation
processing in pilot scale such as extraction time, temperature,
solvent to solid ratio, material size, storage time that have been
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taken for obtaining optimial operating conditions. The orange
peels essential oil, the maximum yield was 1.2384 % (fresh
matter) at distillation conditions (ground fresh material, the
material-water ratio of 1:2, 105 min, 132 6C). There were some
experiments which would be considered for scaling up. Yield
and quality of essential oils were considered. Results from
GC-MS analysis showed D-limonene was the most prevalent
chemical constituent in orange essential oil, especially orange
peel essential oil (> 90 %). Hence, orange peel essential oil is
a good source of D-limonene. Plot of ln (1/1-u) versus t (where
u is fractional oil uptake) showed that extraction of orange
and pomelo essential oil by hydrodistillation follows first order
kinetics.
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