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INTRODUCTION

Essential oils are the mixture of various volatile compounds
including hydrocarbons, alcohols, esters and aldehydes and
could be obtained in various plant organs [1-8]. Essential oil
of citrus is often located in oil glands of the peel and makes up
of around 1-3 % of the fresh weight of fruit. Due to the presence
of useful natural ingredients, essential oil from citrus find wide
applications in manufacturing of cosmetics and supplement
foods [9-11].

One of the species of citrus, Citrus grandis (L.) Osbeck,
also known as pomelo, is a plant that bears large citrus fruits
and belongs to the Rutaceae family that are native to China,
Japan, Vietnam, Malaysia, Indonesia and Thailand [12-16].
The properties which are exhibited by pomelo essential oils
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include antioxidant, antiviral, anticancer, anti-inflammatory
and antiallergenic properties. The peels of pomelos, which are
regarded as by-products, occupy a large proportion of pomelo
weight and have been found as a promising source of dietary
fiber and health-beneficial compounds. Essential oils extracted
from pomelo peels have also been widely used in production
of foods, cosmetics, beverages and medicines as a popular
flavourant. In medicine, pomelo oil is used in aromatherapy
treatments.

To obtain essential oils, various techniques could be emp-
loyed such as hydrodistillation, supercritical fluid extraction
and microwave extraction [17-20]. Among which, hydrodis-
tillation figures due to its viability, safety and suitability for
herbs and plants. The method is facile and could be used to
separate an oil from water. However, extraction efficiency of



the method largely depends on operating conditions. As a result,
selecting optimal experimental parameters becomes crucial
for obtaining maximum oil yield. For chemical processes,
response surface methodology (RSM) has been commonly
employed. The optimization technique involves developing a
statistical model that could accurately describe a desired
variable relatively to its influential parameters. Results from
RSM could be used to improve existing processes and contri-
bute to existing product designs [21-30].

The aim of this work was to examine the relationship between
hydrodistillation operation parameters on the efficiency of
essential oil recovery process from peels of Vietnamese Pomelo
(Citrus grandis L.) Peels. To be specific, conditional parameters
generated from central composite design (CCD) will be experi-
mentally attempted. The data will be used to establish a statis-
tical model describing the yield from which, optimum condi-
tion would be calculated. This process is advantageous in terms
of time and cost since it could reduce the required experiments
to the feasible amount. The quality of obtained oil is evaluated
by GC-MS analysis.

EXPERIMENTAL

Anhydrous sodium sulfate (Analytical grade) was purc-
hased from Sigma-Aldrich (USA). Deionized water produced
by Milli-Q purification system (Millipore, USA) was used as
the solvent in this study. Pomelo peels (Citrus grandis L.) were
collected from Tien Giang province of Vietnam in March 2019.
The size of material used in this study includes original size,
cut into fibre and grounded. The peels were then stored at room
temperature as required.

Pomelo (Citrus grandis L.) peels essential oil extraction
by hydrodistillation process: For extraction of oil by hydro-
distillation, 100 g of peels were placed in a 1 L flask containing
distilled water in a specified ratio. Following that hydrodistil-
lation took place for 180 min using a Clevenger-type apparatus.
The produced vapour was then subjected to condensation in the
apparatus. The essential oil is separated from water by decan-
tation, dehydrated with anhydrous sodium sulfate and stored
at 4 ºC for further analysis. Each extraction was performed
three times. Yield of essential oil (Y) was calculated as follows:

Volume of essential oil (mL)
Y (%) 100

Amount of raw materials (g)
= × (1)

Optimization of the extraction process using central
composite design model: Response surface methodology, in
conjunction with central composite design (CCD), was empl-
oyed to optimize the extraction process by generating a set of
experimental trials. A calculation of experimental trials and
optimum yield was performed using Design Expert 11. A central
composite design approach was adopted incorporating three
variables factor (Water-to-material ratio, extraction time and

temperature) and one response (pomelo oil yield). The final
set consists of 20 experiments corresponding 8 factorial, 6 axial
point and 6 center points as shown in Table-1. For each variable,
the initial level was determined from the acquaintance with
the materials and preliminary experiments. Predicted optimal
yield was then verified by further experiments.

For statistical analysis, analysis of variance (ANOVA) was
used to calculate model and coefficient significance. Fitting
accuracy was evaluated through various statistics including
significance, F-value, coefficient of determination and lack of
fit ratio.

Chemical composition analysis GC-MS: Obtained essen-
tial oil was then assayed for chemical composition using GC-
MS technique. Prior to analysis, 25 µL of oil sample was mixed
into 1.0 mL of n-hexane. A GC Agilent 6890N apparatus was
coupled with MS 5973 inert and HP5-MS column. The head
column pressure was set at 9.3 psi. Helium gas was used as the
carrier. The following conditions were designated: flow rate
of 1.0 mL/min; split injection with the ratio of 1:100 and volume
of 1.0 µL. Temperature of injection was set at 250 ºC. Temp-
erature progress in the oven initiated at 50 ºC for 2 min, followed
by a rise to 80 ºC at 2 ºC/min, then to 150 ºC at 5 ºC/min, then
to 200 ºC at 10 ºC/min and to 300 ºC at 20 ºC/min for 5 min.

RESULTS AND DISCUSSION

Optimization of extraction process

Central composite design (CCD) and fitting the model:
In CCD, different ratio (A: 3.32, 4, 5, 6 and 6.68 mL/g);
extraction time (B: 79.77, 90, 105, 120 and 130.23 min) and
temperature (C: 103.18, 110, 120, 130 and 136.82 ºC) were
selected and ascendingly encoded as -α, -1, 0, +1, +α, respec-
tively (Table-2). After running 20 experiments, ANOVA was
performed (Table-3). The significance was recognized with
p-value < 0.05. At first glance, it was found that ratio exhibited
insignificant effect on yield, as demonstrated by high p-value
of the coefficient. However, since there is only one insignificant
model term, model reduction is not necessary to improve the
prediction and fitting accuracy.

Non-significant "Lack of Fit" (p > 0.05) indicates that the
proposed model fit the experimental data well. The value of
the coefficient of determinations R2, predicted R2 and adjusted
R2 indicate the correlation between the actual data and the
predicted values by the RSM model.

The second-order model based on condition variables was
established as follows:

Y = 4.38 + 0.0062A + 0.2927B + 0.1005C +
   0.0250AB – 0.1375AC + 0.0375BC –
   0.2510A2 – 0.2510 B2 – 0.3305C2 (2)

As indicated in eqn. 2, extraction time exerted the most
prominent effect on the oil yield from pomelo peels. The linear

TABLE-1 
EXPERIMENTAL DESIGN VARIABLES AND THEIR ENCODED LEVELS FOR RSM MODEL 

Range and level 
Variables Code 

–α –1 0 +1 +α 
Water-to-material ratio (mL/g) A 3.32 4 5 6 6.68 
Extraction time (min) B 79.77 90 105 120 130.23 
Temperature (°C) C 103.18 110 120 130 136.82 
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effects of A, B, C and interaction of AB, BC are also significant
and positive, suggesting that oil yield could be improved with
increasing examined parameters.

Model fitting was evaluated based on residual analysis
and coefficient of determination. It is expected that residuals,
which are defined as difference between predicted and actual
data, are random and should follow normal distribution. Fig. 1
plotting studentized residuals against probability shows that
the data points are distributed across a line, indicating that
residuals are likely to follow a normal distribution. This is cont-
rasted with the situation where an S shape curve is observed,
which often indicates non-normal distribution of residuals and
the need for model transformation. In Fig. 2, data points corres-
ponding to actual yield values and predicted yield values are
scattered across the 45-degree line and are situated equally on
both sides of the line. This indicates that the obtained model

can predict actual extraction yield well. For independence veri-
fication, Fig. 3 further elaborates the distribution of residuals
with respect to run number and predicted value, respectively.

Analysis of response surface methodology: Mutual inter-
actions of independent variables were visualized using contour
plots and three-dimensional response surface plot. In addition,
the plots could be used to speculate the optimal yields. In each
plot, one parameter is kept constant at the central level and the
other two are allowed to vary. Interactive effects of extraction
time and temperature on extraction yield of pomelo oil were
displayed in Fig. 4a. Apparently, increasing extraction time
exhibits a larger impact on oil yield than elevating temperature
does, which is in line with the result of the quadratic model.
The contour plot indicated that the oil yield could reach appro-
ximately 4.4 % when time ranges from 101.05 to 124.74 min
and temperature ranges from 115.53 to 128.05 ºC.

TABLE-2 
MATRIX OF ACTUAL AND PREDICTED VALUES FOR RSM MODEL 

Code variables RSM 
Std. order Run order 

A (mL/g) B (min) C (°C) 
Actual 

Predicted Residual 
1 18 –1 –1 –1 3.10 3.08 0.0234 
2 16 1 –1 –1 3.30 3.31 –0.0139 
3 20 –1 1 –1 3.55 3.54 0.0130 
4 17 1 1 –1 3.90 3.87 0.0256 
5 6 –1 –1 1 3.45 3.48 –0.0276 
6 5 1 –1 1 3.15 3.16 –0.0149 
7 19 –1 1 1 4.10 4.09 0.0119 
8 7 1 1 1 3.85 3.88 –0.0254 
9 11 –α 0 0 3.65 3.66 –0.0132 

10 4 α 0 0 3.70 3.68 0.0160 
11 15 0 –α 0 3.20 3.18 0.0187 
12 10 0 α 0 4.15 4.17 –0.0159 
13 12 0 0 –α 3.25 3.28 –0.0296 
14 13 0 0 α 3.65 3.62 0.0324 
15 9 0 0 0 4.35 4.38 –0.0334 
16 1 0 0 0 4.40 4.38 0.0166 
17 2 0 0 0 4.40 4.38 0.0166 
18 8 0 0 0 4.40 4.38 0.0166 
19 3 0 0 0 4.40 4.38 0.0166 
20 14 0 0 0 4.35 4.38 –0.0334 

 
TABLE-3 

ANOVA FOR RESPONSE SURFACE TO QUADRATIC MODEL FOR THE YIELD OF POMELO OIL 

Source Sum of Squares df Mean F-value p-value Significance 
Model 4.31 9 0.4801 498.60 < 0.0001 Significant 
A-ratio 0.005 1 0.0005 0.5377 0.4082 Not significant 
B-time 1.17 1 1.17 1215.32 < 0.0001 Significant 

C-temperature 0.1380 1 0.1380 143.30 < 0.0001 Significant 
AB 0.0050 1 0.0050 5.19 0.0459 Significant 
AC 0.1513 1 0.1513 157.08 < 0.0001 Significant 
BC 0.0112 1 0.0112 11.68 0.0066 Significant 
A2 0.9076 1 0.9076 942.60 < 0.0001 Significant 
B2 0.9076 1 0.9076 942.60 < 0.0001 Significant 
C2 1.57 1 1.57 1634.88 < 0.0001 Significant 

Residual 0.0096 10 0.0010    
Lack of fit 0.0063 5 0.0013 1.89 0.2510 Not significant 
Pure error 0.0033 5 0.0007    
Core total 4.33 19 Std. Dev 0.0310 R2 0.9978 

   Mean 3.81 Adjusted R2 0.9958 
   C.V. (%) 0.8134 Predicted R2 0.9874 
     Adeq precision 59.5582 

P < 0.01 highly significant; 0.01 < P < 0.05 significant; P > 0.05 not significant; Values obtained from Design-Expert 11. 
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The interaction effects of water-to-material ratio and extra-
ction time on the pomelo oil yield are presented in Fig. 4b. The
results showed that in the ratio range from 4.38 to 5.80 mL/g
and time range from 101.05 to 124.74 min, the extraction yield
peaked. This improved yield is caused by enlarged interfacial
area when increasing the quantity of solvent, facilitating the
release from disrupted cells in the materials [31,32].

Surface plot demonstrating effect of temperature and water-
to-material ratio is shown in Fig. 4c. Similar to previous plots,
the oil yield was shown to be positively responsive by elevated
temperature until 126.26 ºC, where the yield started to decline
thereafter. The positive influence of heat on extraction yield
could be explained by the rapid destruction of the plant cells,
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which in turn causes intracellular components to quickly diffuse
into the solvent. On the other hands, rapid acceleration of temp-
erature could also cause components in the essential oil to
partially decompose, leading to reduced yield. From three plots
and further calculation from the quadratic model, it could be
concluded that the highest pomelo oil extraction yield (4.46 %)
could be achieved at water-to-material ratio of 5.07 mL/g, extra-
ction time of 113.68 min and temperature at 119.29 ºC with
desirability of 1.

Verification experiment: The calculated optimal condi-
tions were then experimentally verified with almost identical
parameters (Table-4). Under those conditions, actual yields of
pomelo oil extraction ranged from 4.45 to 4.50 (%, v/w) and

(a) (b)6.00

4.00

2.00

0

-2.00

-4.00

-6.00

6.00

4.00

2.00

0

-2.00

-4.00

-6.00

E
xt

er
na

lly
 s

tu
d

en
tiz

ed
 r

e
si

d
ua

ls

E
xt

e
rn

a
lly

 s
tu

de
n

tiz
ed

 r
es

id
u

al
s

1 4 7 10 13 16 19

Run number

4.14579

0

-4.14579

4.14579

0

-4.14579

Residuals  Runvs. Residuals  Predicted vs.

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4

Predicted

Fig. 3. Studentized residuals versus (A) Run number, (B) Predicted responses

240  Dao et al. Asian J. Chem.



(a) 

(b) 

(c)

137.0

128.5

120.0

111.5

103.0

130.0

117.5

105.0

92.5

80.0

137.0

128.5

120.0

111.5

103.0

C
 (

°C
)

B
 (

m
in

)
C

 (
°C

)

80.0 92.5 105.0 117.5 130.0

3.32 4.16 5.00 5.84 6.68

3.32 4.16 5.00 5.84 6.68

B (min)

A (mL/g)

A (mL/g)

Y (%)

Y (%)

Y (%)

3.1 4.4

4.5

3.6

2.7

1.8

0.9

0

4.5

3.6

2.7

1.8

0.9

0

4.5

3.6

2.7

1.8

0.9

0

Y
 (

%
)

Y
 (

%
)

Y
 (

%
)

137.0 

137.0 

128.5 

128.5 

120.0 

120.0 

111.5 

111.5 

103.0

103.0

C (°C)

C (°C)

80.0 

80.0 

92.5

92.5

105.0 

105.0 

117.5 

117.5 

130.0

130.0

B (min)

B (min)

6.68

6.68

5.84

5.84

5.00

5.00

4.16

4.16

3.32

3.32

A (mL/g)

A (mL/g)

Fig. 4. 2D and 3D response surface plots of interaction relationship of yield (Y) with (a) Extraction and temperature, (b) Water-to-material
ratio and extraction time, (c) Water-to-material ratio and temperature

Vol. 32, No. 2 (2020) Essential Oil Extraction of Vietnamese Pomelo (Citrus grandis L.) Peels by Hydrodistillation Process  241



TABLE-4 
COMPARISON BETWEEN PREDICTED BY RSM MODEL AND EXPERIMENTAL RESULTS 

 A (ratio, mL/g) B (time, min) C (heat, °C) Y (Yield, %) Error (%) 
Predicted 5.07 113.68 119.29 4.46  – 

Experiment 1 5.07 113.70 120.00 4.50 0.8969 
Experiment 2 5.07 113.70 120.00 4.45 -0.2242 
Experiment 3 5.07 113.70 120.00 4.45 -0.2242 
Average exp 5.07 113.70 120.00 4.47 0.2242 

 

the predicted yield of 4.46 approximatly with very small errors
of 0.22 %. The low deviation indicated that the developed
model was reliable and reasonable.

GC-MS: The composition of essential oil from pomelo
was identified by GC-MS analysis. The produced retention times
and GC-MS spectra were compared with spectra of authentic
samples and the mass spectra library. In this study, the essential
oil has been obtained by hydrodistillation at optimal conditions,
giving the yield of 4.5 %. Overall, five constituents were detec-
ted from peels, accounting for 100 % of the total content. D-
Limonene was the major compound accounting for 97.318 %.
Limonene was reportedly insecticidal to cath fleas and may
play a part in conferring resistance to trees against attack by
insect. Limonene is commonly used as a dietary supplement
and fragrance ingredient for cosmetics products, polymers and
adhesives [33]. Additionally, four other compounds were also
identified at a retention time of 7.272, 9.008, 9.949 and 10.503
min, which corresponds to α-pinene (0.636 %), sabinene
(0.227 %), β-myrcene (1.350 %) and α-phellandrene (0.469 %),
respectively (Fig. 5). In comparison with published results,
reported pomelo oil composition seems to be different [7,8]. To
be specific, hydrodistilled oil from pomelo of Turkey and Hong
Kong was found to be abundantly composed of D-Limonene
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Fig. 5. GC-MS chromatogram of pomelo oil

at 88.60 and 82.58, respectively, which are lower than the content
in present study. Such discrepancies may suggest harvest timing,
geographical location and age of the plant, which contribute the
difference of chemical composition of pomelo oils (Table-5).

Conclusion

The hydrodistillation of essential oils from Vietnamese
pomelo (Citrus grandis L.) peels is reported. In addition, RSM
was adopted to optimize the process, giving the highest possible
yield.Three condition parameters that were considered include
water-to-material ratio, extraction time, and temperature. From
RSM analysis, it is concluded that water-to-material ratio, extra-
ction time, temperature and interaction of ratio and time, time
and temperature contributes significantly for efficient production
of pomelo oil. Furthermore, under optimal condition, confirmed
yield of extraction was 4.46 %, which also agrees well with
the predicted results. The composition of pomelo oils was
determined by GC-MS and five components were identified.
Compared with other reported works, the obtained results indi-
cated pomelo peels in Vietnam extracted by hydrodistillation
consist of a high content of D-limonene.
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