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ential oil from Zingiber officinale
and statistical optimization of process parameters
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and Mohd Azizi Che Yunusd

The main objective of this study is to investigate the effect of process extraction variables (extraction time,

volume of solvent, weight of sample) on the production of essential oil from ginger rhizome using Response

Surface Methodology (RSM). A gas chromatography-mass spectrometry (GC-MS) method was employed to

obtain the essential oil concentration in percentage (%) area. The RSM indicated that the weight of the

sample had a major linear effect on the oil recovery while the extraction time had a major quadratic

effect on the essential oil concentration in % area. The highest oil recovery and essential oil

concentration in % area were 15.2% and 22.64%, respectively. The best operation conditions for the oil

recovery were 4 hours of extraction time, 750 mL volume of methanol and 30 g weight of sample. The

best operation conditions for the essential oil concentration in % area were 5 hours of extraction time,

500 mL volume of methanol and 30 g weight of sample.
1. Introduction

Herbs and spices have been used for thousands of years to
enhance the color, avor and aroma of food. Besides boosting
avor, herbs and spices are also known for their preservative,1

anti-oxidative,2 antimicrobial,3 and various other medicinal
uses.4 On the other hand, there is valuable interest in the
production of functional, high value, natural products without
chemical modication and residues of solvents or additives.
Essential oils, which are natural volatile extracts of plant
materials, hold high export potential since they are of great
interest in the pharmaceutical and nutrition sectors. Plant
essences and extracts that have developed into our modern
essential oils were in regular use in Rome, Greece, Egypt and
throughout the Middle and Far East for some centuries.5 The
highest concentration of oils can be extracted using different
extraction methods. Essential oils can be obtained from
different types and parts of the plants. Flowers, fruits, herbs,
stems, roots, leaves, buds, blossoms, seeds, nuts and even tree
bark produce some of the most aromatic and therapeutic
essential oils. Essential oils are aromatic substances that are
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widely used in the perfume industries, pharmaceutical sector,
food and human nutrition eld. They are mixtures of more than
200 compounds,6 that can be grouped basically into two frac-
tions: a volatile fraction that constitutes 90 to 95% of the whole
oil, hydrocarbons and their oxygenated derivatives along with
aliphatic aldehydes, alcohols and esters and the non-volatile
residue that constitutes 5 to 10% of the whole oil, hydrocar-
bons, fatty acids, sterols and waxes. Essential oils contrary to
the use of the word “oil” are not really oily-feeling at all. Most
essential oils are clear, but some oils such as patchouli, orange
and lemon grass are amber or yellow in color. Essential oils
contain the true essence of the plant it is derived from. They are
not the same as perfume or fragrance oils because they are
derived from the true plants. Perfume oils are industrially
created fragrances or contain articial substances and do not
offer the therapeutic benets that essential oils offer. Essential
oils are commonly extracted by distillation or solvent extraction.
They are used in perfumes, cosmetics, soap and other products.
Also, for avoring food, drink, scenting incense, and household
cleaning products. Essential oils vary greatly in quality and
price. Factors that can affect the quality and price of the oil
includes rarity of the plant, country and conditions that the
plant grew, quality standards of the distiller, and how much oil
is produced by the plant. Essential oils can also be purchased as
blends of several essential oils. The advantage, if it is a blend
from pure essential oils is that you can save from having to buy
every essential oil individually. However, the disadvantage is
that you cannot mix the blends with other oils.

Ginger is one of the oldest herbs known by humankind and
it is one of the earliest spices to be known in the east. Ginger
consists of thick scaly rhizomes of the plant Zingiber officinale; it
RSC Adv., 2022, 12, 4843–4851 | 4843
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Fig. 1 Homogenous mixture of essential oil and methanol.
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belongs to the family Zingiberaceae. The plant is indigenous to
warm tropical climates, particularly south eastern Asia. It is now
widely transplanted in many countries like: India, China,
Nigeria, Jamaica, Mexico and Hawaii. Indian ginger is charac-
terized as an erect perennial growing plant from 1–3  in
height.7 The ginger rhizomes are aromatic, thick lobed,
branched and scaly structures with a spicy lemon-like scent.
They contain both aromatic and pungent components. The
essential oil and oleoresins extracted from ginger rhizomes are
very valuable products responsible for the characteristic ginger
avor and pungency. Both the oil and oleoresins are used in
many food items and medicinal substances.

The Soxhlet extraction technique is one method that is
effective in the extraction of essential oils. The method is
environmentally friendly, has low operating cost and all the
parameters that are involved in the extraction process are easy
to control. Response surface methodology (RSM) was used to
optimize the extraction parameters. This assisted in deter-
mining the best operation conditions of extracting the essential
oil from ginger.

The increasing importance of essential oils as pharmaceu-
tical and aromatherapy aid besides their traditional role in
cosmetics not only as potent ingredients but also as a fragrance
donor has opened up wide opportunities for global marketing.
Besides having medicinal properties, the ginger oil is used as an
ingredient in aromatherapy candles, oils, lotion and in
perfumes. The essential oil from ginger rhizome (Zingiber offi-
cinale) was successfully extracted using Soxhlet extraction. The
process extraction variables such as extraction time, volume of
solvent and weight of sample on essential oil recovery were
optimized.
2. Methodology
2.1 Sample preparation

The sample of ginger used in this study was purchased from the
local market in Skudai, Johor Bahru, Malaysia. The ginger was
washed thoroughly with tap water aer which it was dried in an
oven at 30 �C for 5 days. The dried ginger was grinded to powder
using a grinder and stored in a closed receptacle. 10 g of the
powdered ginger sample was placed inside a thimble and
inserted into the Soxhlet extractor. 250 mL of methanol was
added to 10 g ginger sample and extraction of the oil was carried
out for 3 hours. The procedure was repeated for 20 g and 30 g of
the powdered sample using 500 mL and 750 mL of methanol for
4 hours and 5 hours respectively. The quantity of ginger sample
used were based on the statistical design as specied in Box–
Behnken standard design. The reuxing temperature was 65 �C.
Aer extraction, the methanol was removed using rotary evap-
orator leaving the essential oil only. The essential oil was kept in
a bottle for the gas chromatography-mass spectrometry (GC-MS)
analysis.
2.2 Percentage of essential oil

GC-MS was used to obtain the essential oil concentration in
percentage area. Fig. 1 shows the homogenous mixture of the
4844 | RSC Adv., 2022, 12, 4843–4851
essential oil and methanol. The GC-MS equipped with a capil-
lary column type HP-5MS 5% phenyl methyl siloxane (30 m �
0.25 mm i.d. � lm thickness 0.25 mm) was used. The split ratio
was 1 : 100 and the injection volume was 1 mL. The oven
temperatures were as follows: the initial temperature was 50 �C
and held for 5 min. It was raised to 200 �C at rate of 10 �Cmin�1,
then to 300 �C at the rate of 5 �C min�1 until 320 �C. The
detector, ion source and quadruple temperatures were 250 �C,
230 �C and 150 �C respectively. Helium was used as the carrier
gas with a ow rate of 2 mL min�1 and ionizing energy of 70 eV.

The quantication of compounds of interest was measured
in percentage area. The concentrations of essential oils in %
area were identied by matching their mass ionization spectral
with those in the WILEY database and the NIST (National
Institute of Standards and Technologies) mass spectral
libraries. The percentage of matching was assigned above 79%.
The selection of 79% as the minimum matching similarity was
due to the complex multi-components nature of the oil rather
than pure components.

2.3 Statistical analysis

In this research, two responses which are weight of the extracted
oil and the concentration of essential oil in percentage area
were considered. The two responses and three independent
variables were analyzed using RSM in order to determine the
most dominant factor on the responses. Fieen run of the
extraction were required using Soxhlet extraction to cover all
possible relation of variable levels as presented in Table 2. This
help in determining the optimum condition of the parameters
to produce the highest value of extracted oil. Table 1 shows the
variables for each run. The second-order model shows the
relationship between the dependent variables of extraction
process which are the weight of oil recovery (Y1) and the
percentage of recovery (Y2), with the independent variables,
which are extraction time X1, volume of methanol X2, and
weight of sample X3.

Y ¼ b0 þ
Xk

i¼1

biXi þ
Xk

i# j

bijXiXj
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Encoded and coded levels of independent variables

Coded variables
level (Zi)

Encoded variables level

Extraction
time (h), X1

Volume of
methanol (mL), X2

Weight of
sample (g), X3

+1 5 750 30
0 4 500 20
�1 3 250 10
DXi 1 250 10
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y ¼ b0 + b1X1 + b2X2 + b11X11
2 + b22X22

2 + b12X1X2 + 3

where: Y ¼ predicted response, b0 ¼ intercept coefficient, bi ¼
linear coefficient, bii ¼ quadratic coefficient, bij ¼ interactive
coefficients; Xi and Xj are the levels of independent variables.

3. Results and discussions
3.1 Produced oil

Table 2 shows the oil outcome results from each run. The three
independent variables were plotted versus the produced oil
using response surface plot in order to get the mathematical
model for the extraction process.

3.1.1 Statistical analysis of oil recovery
3.1.1.1 Analysis of variance (ANOVA) of oil recovery. The

analysis of variance was used to test the signicance of second
order model through applying the F-test measurement. F-value
is a measurement of variance of data about the mean based on
the ratio of mean square of group variance due to error. The
main objective of calculating of F-value is to reject the null
hypothesis. To reject the null hypothesis, the value of F-calcu-
lated must be greater than the value of F-tabulated. Table 3 is
the ANOVA table. The value of F-tabulated was determined from
the match between the degree of freedom of regression (P � 1)
which is 9 and the degree of freedom of error (N � P) which is 5
Table 2 Variable factors and response of oil recovery

Run
Extraction
time (hour)

Volume of
methanol (mL)

Weight of
sample (g)

Extracted
oil

(g) %

1 3 250 20 2.02 10.1
2 5 250 20 2.29 11.45
3 3 750 20 2.57 12.85
4 5 750 20 2.88 14.4
5 3 500 10 0.89 8.9
6 5 500 10 1.27 12.7
7 3 500 30 3.41 11.36
8 5 500 30 3.87 12.9
9 4 250 10 0.56 5.6
10 4 750 10 0.98 9.8
11 4 250 30 3.34 11.13
12 4 750 30 4.56 15.2
13 4 500 20 2.79 13.95
14 4 500 20 2.48 12.4
15 4 500 20 2.23 11.15

© 2022 The Author(s). Published by the Royal Society of Chemistry
with 95% condence level. The value of F-tabulated was 4.772.
On the other hand, the value of F-calculated was determined by
dividing the mean square of regression due to mean square of
error as shown in Table 4. The value of F-calculated was 25.547
based on the data obtained from the experiments. That means
the value of F-calculated is greater than the value of F-tabulated
(Fcal. > Ftab.). Therefore, the model is signicant and the rejec-
tion of null hypothesis is being accepted. Furthermore, the
estimated model that ts the data can be measured by the value
of 0.978 based on NOVA table. This implies that 97.8% of the
total variance is justied by the model, indicating a good
correlation and agreement between the experimental and the
predicted values.

R2 ¼ SSR

SST

R2 ¼ 17:90179

18:29109

¼ 0:978

R square is 97.8%, which is >80%, which indicated a very good
agreement between the experimental and the predicted values.

3.1.1.2 Response surface and contour plot of produced oil.
Fig. 2 shows the effect of extraction time and volume of solvent
(methanol) on the produced oil. It can be observed that the
extracted oil increased when the extraction time increased and
vice versa. This was attributed to the short extraction time which
is not effective enough for the diffusion process of the solute in
the solvent. The extraction process reaches the equilibrium
state when all the solutes are completely extracted and at that
time. Any additional time have positive effect on the rate of
extraction. This is because the extraction process is already
completed.8 Other researchers have also conrmed that
increasing the extraction time enhances the extraction of most
components and results in higher outcome.9 On the other hand,
it can be seen from Fig. 2 that the oil recovery increased when
the volume of the solvent increased, while it decreased when the
volume of the solvent decreased. Also, larger quantities of
solvent enhanced and improved the establishment of equilib-
rium between the oil and the solvent with the resultant effect of
increasing the oil recovery. The large volume of solvent also
promotes an increase in the concentration gradient between the
solvent and the solid sample. As a consequence, a large mass
transfer occurred between the solid sample and solvent leading
to high oil recovery.10

Fig. 3 shows the effect of extraction time and weight of
sample on the oil recovery. It can be observed that the weight of
the sample is the most dominant factor in the extraction
process of the oil. The Pareto chart showed that the weight of
the sample had a signicant effect on the oil recovery. The
reason is large amount of sample produces high oil recovery
since there are many molecules of the sample that can dissolve
in the solvent resulting in high oil extraction. Also, the sample
was dried and ground to powder in other to release the sample
from the moisture content. High moisture content could
generate unwanted phenomenon and toxic compounds which
can result in lesser recovery and lower quality of the oil. It has
been conrmed that increasing the sample weight enhances the
RSC Adv., 2022, 12, 4843–4851 | 4845
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Table 3 ANOVA result of the oil outcome

Factor

ANOVA; var.: oil yield (g); R-sqr ¼ 0.97872; Adj: 3 3-level factors, 1 blocks, 15 runs; MS residual.
DV: oil yield (g)

SS df MS F P

(1)Extraction time (hour) L + Q 0.5537 2 0.127687 1.6400 0.283375
(2) Volume of methanol (mL) L + Q 0.96937 2 0.484687 6.2251 0.043946
(3) Weight of sample (g) L + Q 16.51848 2 8.259238 106.0781 0.000080
1 � 2 0.00040 1 0.000400 0.0051 0.945639
1 � 3 0.00160 1 0.001600 0.0205 0.891611
2 � 3 0.16000 1 0.160000 2.0550 0.211159
Error 0.38930 5 0.077860
Total SS 18.29109 14

Table 4 ANOVA result of the oil outcome

Sources Sum of squares Degree of freedom Mean squares Fcalculated

Regression SSR 17.90179 9 (P � 1) SSR/dfR ¼ 1.98908 MS(R)/MS(E) ¼ 1.98908/0.07786 ¼ 25.547
Error SSE 0.38930 5 (N � P) SSE/dfE ¼ 0.07786
Total SST 18.29109 14 (N � 1)

Fig. 2 Response surface plot for the effect of extraction time and
volume of methanol on the oil recovery (3 3-level factors, 1 blocks, 15
runs; MS residual ¼ 0.07786).

Fig. 3 Response surface plot for the effect of extraction time and
weight of sample on the oil recovery (3 3-level factors, 1 blocks, 15
runs; MS residual ¼ 0.07786).
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oil recovery.11 A constant weight of sample has also been used in
another study.12–16 It was observed that extraction time inu-
enced the oil recovery but when extended, it becomes less effi-
cient than the weight of the sample. However, less extraction
time had insignicant effect on extraction efficiency for a given
dynamic extraction. In contrast, increasing the extraction time
improved dramatically the extraction efficiency.17

Fig. 4 shows the effect of volume of methanol and weight of
sample on the oil recovery. It can be seen that the oil recovery
increased when the weight of sample and volume of methanol
were increased. The optimum value for the extracted oil was
15.2% (4.56 g) at 30 g of sample weight and 750 mL volume of
methanol. That means there is good interaction between the
two independent variables. From the Pareto chart, the most
dominant factor was the weight of the sample followed by the
volume of methanol.
4846 | RSC Adv., 2022, 12, 4843–4851
The effect of extraction time on the oil recovery had less
impact based on the results from the Pareto chart in Fig. 8.
However, shorter extraction time was not efficient for the solute
to dissolve in the solvent since not all solute can be extracted. It
is important to maximize the contact of sample with the solvent
to enhance the efficiency of the Soxhlet extraction. The result
also showed that oil recovery was enhanced between 4–5 hours
prior to dynamic extraction and also improved the oil recovery
in the Soxhlet extractor. At 4 hours' extraction time, the highest
oil recovery of 4.56 was obtained. The volume of methanol had
the second impact on the extracted oil as shown in Fig. 8. The
polarity of methanol also matched the polarity of the
compounds of interest since they are both polar.

The weight of the sample in linear form had the most
dominant and signicant effect on the oil recovery as shown in
Fig. 5. The maximum extracted oil was achieved at a higher
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Response surface plot for the effect of volume of methanol and
weight of sample on the oil recovery (3 3-level factors, 1 blocks, 15
runs; MS residual ¼ 0.07786).

Fig. 5 Pareto chart of standardized effects of oil recovery (3 3-level
factors, 1 blocks, 15 runs; MS residual ¼ 0.07786).
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weight of sample which is 30 g according to the experimental
data.

From Fig. 2–4, the mathematical model for the extraction
process was obtained as shown below:

Z1 ¼ �1.775 + 0.3575X1 � 0.0299X1
2 + 0.00011X2

� 0.0000048X2
2 + 0.000399X1X2 (1)

Z2 ¼ �1.775 + 0.3575X1 � 0.0299X1
2 + 0.1395X3 � 0.011X3

2

+ 0.00199X1X3 (2)

Z3 ¼ �1.775 + 0.00011X2 � 0.0000048X2
2 + 0.1395X3 � 0.011X3

2

+ 0.0008X2X3 (3)

Thus, the nal mathematical model is shown in eqn (4):

Z¼�1.775 + 0.3575X1 � 0.0299X1
2 + 0.00011X2 � 0.0000048X2

2

+ 0.1395X3 � 0.011X3
2 + 0.000399X1X2 + 0.00199X1X3

+ 0.0008X2X3 (4)

Eqn (4) was obtained from the summary of eqn (1)–(3). The
interpretation of eqn (4) is based on the magnitude and sign of
© 2022 The Author(s). Published by the Royal Society of Chemistry
the regression coefficient. Coefficient of independent variables
with higher value shows greater inuence on the response. The
sign indicates the direction of the proportionality coefficient in
relation to the response. A positive sign implies that the relation
between the independent variable and the response is directly
proportional, while a negative sign implies the relation between
independent variables and the response is inversely proportional.
3.2 GC-MS analysis of essential oil concentration

For run number 1, the peak of essential oil was identied at
a retention time of 12.631 minutes and the value of concen-
tration in % area was 0.41. From NIST Library, the name of the
selected essential oil compound is 1, 6, and 10-dodecatriene.
Fig. 6 shows the chromatogram of the essential oil for run
number 1.

Fig. 7 shows the chromatogram of the essential oil for run
number 2. The peak of essential oil was identied at a retention
time of 12.631 minutes and the value of concentration in% area
is 7.41.

The concentration of oil in % area for all runs is shown in
Table 5. All the essential oils were eluted at almost the same
retention time of 12.6 minutes. The percentage concentration of
essential oil could not be identied at runs 10, 11, 13, 14 and 15.

3.2.1 Statistical analysis of oil concentration
3.2.1.1 Analysis of variance (ANOVA) of oil concentration. The

analysis of variance was used for the concentration in % area of
essential oil. Table 6 shows ANOVA table of the oil concentra-
tion in % area. The value of F-tabulated was obtained from the
match between the degree of freedom of regression (P � 1)
which is 9 and the degree of freedom of error (N � P) which is 5
at 95% condence level. So, the value of F-tabulated was 4.772.
On the other hand, the value of F-calculated was determined by
dividing the mean square of regression due to the mean square
of error as shown in Table 7. The value of F-calculated was
40.787 based on the data obtained from the experiments. That
means the value of F-calculated is greater than the value of F-
tabulated (Fcal. > Ftab.). Therefore, the model is signicant and
the rejection of the null hypothesis is accepted. The estimated
model that ts the data can be measured by the value of R2,
which is 0.9865 based on the ANOVA table. This implies that
98.65% of the total variance is justied by the model, indicating
a good correlation and agreement between the GC-MS data and
the predicted values.

R2 ¼ SSR

SST

R2 ¼ 957:7992

970:8454

¼ 0:9865

R square is 98.65%, which is >80%, it means very good agree-
ment between GC-MS data and predicted values.

3.2.1.2 Response surface and contour plot of oil concentration.
Fig. 8 shows the effect of extraction time and volume of solvent
(methanol) on the essential oil concentration in % area. It was
observed that the oil concentration in % area increased when
the extraction time increased to 5 hours. From the Pareto chat,
RSC Adv., 2022, 12, 4843–4851 | 4847
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Fig. 6 GC-MS chromatogram of essential oil recovery for run number 1.

Fig. 7 GC-MS chromatogram of essential oil for run number 2.
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it can be seen that the quadratic extraction time is the most
dominant factor on the oil concentration % area. However, the
oil concentration % area was high at 3 hours of extraction time
and then dropped at 4 hours. The oil concentration % area
reached its maximum value at 5 hours. The reason is most likely
due to the different selectivity of the oil components and
different selectivity of the independent variables. Besides, the
increase in essential oils concentrations with extraction time is
probably due to their higher molecular weights, higher volatil-
ities and lower solubility in solvent than the other constituents.
More time is required for the oil concentration to reach the
maximum levels in the oil recovery as also observed by other
workers.18 The decrease in the concentration during the later
4848 | RSC Adv., 2022, 12, 4843–4851
stages of extraction may be due to enhanced leaching of
substances that are more difficult to be extracted. As a conse-
quence of the relationship between the extraction conditions
and qualitative composition of the oil extract, the latter can be
manipulated by changing the conditions of the extraction such
as static extraction time.19 The volume of methanol was
observed to be the lowest factor that inuenced the oil
concentration % area. The maximum concentration of oil was
obtained at 500 mL. However, it can be seen that the oil
concentration % area increased with increasing solvent volume
from 250 to 500 mL and then decreased. The decrease aer
500 mL can be attributed to insufficient equilibration time.20

Also, it has been reported that a major concentration gradient is
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Concentrations of essential oil in % area

Run
Retention
time Peak number

Conc. of oil
in % area

1 12.631 4 0.41
2 12.631 5 7.41
3 12.625 2 15.03
4 12.625 5 10.13
5 12.625 2 18.81
6 12.625 3 12.69
7 12.625 3 14.92
8 12.620 2 22.64
9 12.625 2 1.75
10 0 0 0
11 0 0 0
12 12.620 2 17.95
13 0 0 0
14 0 0 0
15 0 0 0
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derived from the utilization of higher solvent quantities. As
a result, an expectable intensication of mass transfer from the
solid matrix to solvent is produced.21

Fig. 9 shows the effect of extraction time and weight of
sample on the oil concentration % area. In this case, it can be
seen that the effect of the weight of sample was varied from 10
to 30 g and the maximum concentration % area was obtained at
weight equal to 30 g and 5 hours. That means, there was good
interaction between the two independent variables until the
concentration % area reached the maximum value of 22.64. The
Pareto chart showed that the quadratic weight of the sample
had the second effect on the oil concentration % area while the
quadratic extraction time had the dominant effect on the oil
concentration. The oil concentration % area was high at 10 g
Table 6 ANOVA table of the oil concentration % area

Factor

ANOVA; var.: con. % are
DV: con. % area

SS d

(1) Extraction time (hour) L + Q 392.8579 2
(2) Volume of methanol (mL) L + Q 156.0956 2
(3) Weight of sample (g) L + Q 241.4428 2
1 � 2 35.4025 1
1 � 3 47.8864 1
2 � 3 97.0225 1
Error 13.0462 5
Total SS 970.8454 1

Table 7 ANOVA result of the oil concentration % area

Sources Sum of squares Degree of freedom

Regression SSR 957.7992 9 (P � 1)
Error SSE 13.0462 5 (N � P)
Total SST 970.8454 14 (N � 1)

© 2022 The Author(s). Published by the Royal Society of Chemistry
and dropped gradually until at 30 g that it raised again. The
reason might be due to the different selectivity of essential oil
compositions. Other researchers have summited that the
percent concentrations of oil increase continuously with
increasing sample weight and then decrease with further
increase of the sample weight.20,22 This is an indication that
increasing the sample weight has no further effect on the mass
transfer into the extracting solvent. The observed extraction
behavior might also be related to solubility of the volatile
compounds in the solvent. However, the effect of the extraction
time still remained to be the same as the previous case.

Fig. 10 shows the effect of volume of methanol and weight of
sample on the oil concentration % area. It can be seen that the
oil concentration % area was high at 10 g weight and dropped at
20 g weight but raised again to the maximum value at 30 g
weight. This is due to different selectivity of the run conditions.
On the other hand, the effect of methanol volume was
maximum at 500 mL since the optimum value of the oil
concentration % area was obtained at 500 mL. Other
researchers have also agreed that choosing the most suitable
extraction solvent is very critical especially in the analysis of
volatile components of essential oil. This is due to the great
differences in the volatility and polarity of the compounds.23

From the Pareto chart, the quadratic weight of the sample had
the second effect while the linear volume of methanol had the
lowest effect on the oil concentration % area.

Based on the data of Pareto chart of standardized effects of
the oil % area in Fig. 11, the quadratic extraction time with
value �12.2437 had the most dominant effect on the oil
concentration percentage area without taking into consider-
ation the negative sign.

From Fig. 8–10, the mathematical model for the extraction
process was obtained as shown below:
a; R-sqr ¼ 0.98656; Adj: 3 3-level factors, 1 blocks, 15 runs; MS residual.

f MS F P

196.4290 75.28235 0.000185
78.0478 29.91219 0.001652

120.7214 46.26706 0.000595
35.4035 13.56818 0.014242
47.8864 18.35269 0.007834
97.0225 37.18434 0.001717
2.6092

4

Mean squares Fcalculated

SSR/dfR ¼ 106.422 MS(R)/MS(E) ¼ 106.422/2.6092 ¼ 40.787
SSE/dfE ¼ 2.6092

RSC Adv., 2022, 12, 4843–4851 | 4849
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Fig. 8 Response surface plot for the effect of extraction time and
volume of methanol on the oil concentration % area (3 3-level factors,
1 blocks, 15 runs; MS residual ¼ 2.60923).

Fig. 9 Response surface plot for the effect of extraction time and
weight of sample on the oil concentration % area (3 3-level factors, 1
blocks, 15 runs; MS residual ¼ 2.60923).

Fig. 10 Response surface plot for the effect of volume of methanol
andweight of sample on the oil concentration % area (3 3-level factors,
1 blocks, 15 runs; MS residual ¼ 2.60923).

Fig. 11 Pareto chart of standardized effects of the oil concentration %
area (3 3-level factors, 1 blocks, 15 runs; MS residual ¼ 2.60923).
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Z1 ¼ 192.16 � 82.8475X1 + 10.2925X1
2 + 0.05773X2

� 0.00003276X2
2 � 0.0119X1X2 (5)

Z2 ¼ 192.16 � 82.8475X1 + 10.2925X1
2 � 4.8797X3

+ 0.06972X3
2 + 0.346X1X3 (6)

Z2 ¼ 192.16 + 0.05773X2 � 0.00003276X2
2 � 4.8797X3

+ 0.06972X3
2 + 0.00197X2X3 (7)

Thus, the nal mathematical model is shown in eqn (8):

Z ¼ 192.16 � 82.8475X1 + 10.2925X1
2 + 0.05773X2

� 0.00003276X2
2 � 4.8797X3 + 0.06972X3

2 + 0.346X1X3

� 0.0119X1X2 + 0.00197X2X3 (8)

Eqn (8) was obtained from the summary of eqn (5)–(7). The
interpretation of eqn (8) is based on the magnitude and sign of
4850 | RSC Adv., 2022, 12, 4843–4851
the regression coefficient. Coefficient of independent variables
with higher value shows greater inuence on the response. The
sign indicates the direction of the proportionality coefficient in
relation to the response. A positive sign implies that the relation
between the independent variable and the response is directly
proportional. Meanwhile, a negative sign implies the relation-
ship between independent variables and the response is
inversely proportional.
4. Conclusion

The essential oil of ginger rhizome was successfully extracted
and analyzed using Soxhlet extraction and GC-MS respectively.
The highest oil recovery was 15.2% while the highest oil
concentration % area was 22.64. The best operation conditions
for the oil recovery were 4 hours of extraction time, 750 mL of
volume of methanol and 30 g of weight of sample. The best
operation conditions for the oil concentration % area were 5
© 2022 The Author(s). Published by the Royal Society of Chemistry
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hours of extraction time, 500 mL of volume of methanol and
30 g of weight of sample. The results obtained from statistical
analysis showed that the second-order models and Box–
Behnken design were sufficient to describe, explain and predict
the response variable of the oil recovery and oil concentration%
area to change in the process parameters for the Soxhlet
extraction of essential oil within the experimental ranges. The
linear weight of the sample had a signicant effect on the
extracted oil while the quadratic extraction time had the
signicant effect on the oil concentration % area.
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