
2722  |  	﻿�  Food Sci Nutr. 2021;9:2722–2732.www.foodscience-nutrition.com

 

Received: 8 October 2020  |  Revised: 22 February 2021  |  Accepted: 25 February 2021

DOI: 10.1002/fsn3.2234  

O R I G I N A L  R E S E A R C H

Comparison and optimization of conventional and 
ultrasound-assisted solvent extraction for synthetization 
of lemongrass (Cymbopogon)-infused cooking oil

Soh Fong Lim1  |   Adirah Hamdan1 |   Sing Ngie David Chua1  |   Bee Huah Lim2

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2021 The Authors. Food Science & Nutrition published by Wiley Periodicals LLC

1Faculty of Engineering, Universiti Malaysia 
Sarawak, Kota Samarahan, Malaysia
2Fuel Cell Institute, Universiti Kebangsaan 
Malaysia, Bangi, Malaysia

Correspondence
Soh Fong Lim, Faculty of Engineering, 
Universiti Malaysia Sarawak, 94300 Kota 
Samarahan, Sarawak, Malaysia.
Emails: sflim@unimas.my; sflim@alumni.nus.
edu.sg

Funding information
CREN Grant, Grant/Award Number: CoERE/
Grant/2013/04

Abstract
The lemongrass plant, which is widely cultivated in Asia, Australia, and Africa, has 
been reported to have many significant health benefits such as antimicrobial, insec-
ticide, anticancer, fight fever, and disinfection. Therefore, it is an added benefit to 
have lemongrass compounds in cooking oil. This study was aimed to compare the 
conventional (CSE), and ultrasound-assisted solvent extraction (UASE) for citral com-
pounds from lemongrass (Cymbopogon) leaves and to optimize the best extraction 
method using the response surface methodology (RSM) and ANOVA. RSM design of 
experiments using three types of cooking oils; palm oil, sunflower oil, and corn oil. 
The effect of three independent variables, which are temperature (48.2–81.8°C), ex-
traction time (4.8–55.2 min), and solvent to leaves ratio (5.3–18.7), was investigated. 
The characterization of lemongrass-infused cooking oil was evaluated by Fourier 
transform infrared spectroscopy (FT-IR), Gas Chromatography-Mass Spectrometry 
(GC-MS) and Scanning Electron Microscopy (SEM) analysis for confirmation of the 
citral compound extraction. This extraction process is optimized using Response 
Surface Methodology (RSM) for producing the lemongrass-infused cooking oil. After 
optimization, the UASE process gives 1.009 × 106 maximum citral area for palm oil 
and 1.767 × 106 maximum citral area for sunflower oil. CSE process only can give 
2.025  ×  105 and 2.179  ×  105 citral area in the GC-MS spectrum for palm oil and 
sunflower oil respectively. For both the UASE and the CSE, the optimum operating 
conditions are 81.8°C of extraction temperature and 55.2 min of extraction time ex-
cept for lemongrass-infused palm oil in the CSE process with 45 min extraction time. 
The optimum solvent to leaves ratio varies from 5.3:1 to 12.9:1. This study found that 
corn oil cannot be used as a solvent to extract lemongrass-infused cooking oil due to 
the insignificant changes and no citral peak. The lemongrass (Cymbopogon)-infused 
palm oil and sunflower oil extracted using the UASE have a higher maximum citral 
area than the CSE process.
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1  | INTRODUC TION

Lemongrass is a native and widely cultivated in tropical and sub-
tropical climates of Asia, Australia, and Africa and is usually used as 
an ingredient in cooking (Singh et al., 2014). An extraction process 
can produce lemongrass oil from its leaves. An ancient India has 
used it to fight fever and infection (Al-shaer, 2006). Lemongrass oil is 
characterized by having a significant component of citral, which con-
tains a mixture of tran-citral and cis-citral (Weisheimer, 2008). It was 
reported to have many advantages such as antimicrobial activities, 
insecticide activity, and anticancer (Avoseh et al., 2015). Hence, var-
ious extraction process of lemongrass oil may give many advantages 
to pharmaceutical industries.

Many methods can extract volatile oil from different parts of 
a plant such as leaves, fruit, flower, and stem (Falcão et al., 2012). 
Extraction methods such as solid-liquid extraction, also known as 
Soxhlet, distillation, enfleurage, and maceration, were traditionally 
used (Kostova et al., 2010). However, there new extraction methods. 
such as Accelerated Solvent Extraction (ASE), Ultrasound-Assisted 
Solvent Extraction (UASE), Microwave-Assisted Extraction (MAE) 
and Supercritical Fluid Extraction (SCFE), had been introduced 
(Carlson et  al.,  2001; Falcão et  al.,  2012; Kaur & Dutt,  2013; Lim 
et al., 2017; Parniakov et al., 2015; Petigny et al., 2013; Sodeifian, 
Ardestani, et  al.,  2016; Sodeifian, Sajadian, et  al.,  2016). The new 
extraction technologies can shorten the extraction time, reduce sol-
vent consumption, increase pollution prevention, and higher consent 
for thermolabile constituents (Shams et al., 2015). The SCFE method 
is an extraction technique using fluids in elevated conditions above 
their critical point of temperature (Sodeifian, Ardestani, et al., 2016; 
Sodeifian, Sajadian, et al., 2016). Carlson et al. (2001) extracted the 
lemongrass (Cymbopogon citratus) essential oil using dense carbon 
dioxide at 23–50°C and 85–120 bar. The requirement for high pres-
sures in the SCFE increases the cost compared to conventional liquid 
extraction. The usage of carbon dioxide as a solvent in the SCFE is 
non-polar and has limited dissolving power, which cannot always be 
used as a solvent on its own, particularly for polar solutes.

The UASE method is cheaper than other advanced extraction 
techniques, and its operation is much easier (Wang & Weller, 2006). 
This method induced cavitation bubbles and accelerates the release 
of organic compounds contained within the plant body. Thus, the 
yield of oil obtained can be increased (Parniakov et al., 2015). The 
design of green and sustainable extraction methods of natural prod-
ucts is currently a hot research topic in the multidisciplinary area 
of applied chemistry, biology, and technology (Chemat et al., 2012). 

Hence, a green solvent can be used as alternative solvents or innova-
tory plant resources and eliminate petroleum-based solvents to en-
sure high quality extracted products (Li et al., 2014). In conjunction, 
many researchers used extracted products as value-added or addi-
tives in food industries. Thus, various types of cooking oil were used 
so that the oil base used in cooking is full of nutrients. This study was 
aimed to compare the conventional (CSE) and ultrasound-assisted 
solvent extraction (UASE) for citral compounds from lemongrass 
(Cymbopogon) leaves and to optimize the best extraction method 
using the response surface methodology (RSM) and ANOVA using 
three types of cooking oils; palm oil, sunflower oil, and corn oil. This 
paper focuses on examining the optimum conditions for synthetiza-
tion of lemongrass (Cymbopogon)-infused cooking oil and the infor-
mation derived is particularly important for scaling up the operation.

2  | MATERIAL S AND METHODS

2.1 | Materials

All chemicals which were utilized in this study were of analytical 
grade. Distilled water was consumed in the preparation of solu-
tions. The lemongrass (Cymbopogon) leaves were collected from a 
residential area of Kota Samarahan, Sarawak, Malaysia. Cooking oils 
such as sunflower oil, corn oil, and olive oil were purchased from the 
consumer market.

To extract the lemongrass oil, an ultrasonic cleaning bath and 
heating bathtub were used. Moreover, GC-MS and FT-IR were used 
for chemicals analysis purposes. Other than that, to analyse the oil's 
physical properties, Portable Density Meter DMA 35 and Atago 
3850 Refractometer were used.

2.2 | Experimental design

Response surface methodology (RSM) based on the circumscribed 
central composite design (CCD) was employed to study the effect 
of the three independent variables; time, temperature, and solvent 
to lemongrass leaves ratio ( Lim et al., 2017). Each variable was scru-
tinized at five following levels: −1, −α, 0, +α, and +1, as tabulated in 
Table 1. These three independent variables were studied in a multi-
variate study with 20 experimental runs. As described in Equation 1, 
the empirical quadratic model explains the behavior of the extrac-
tion process.

Selected independent 
variables Symbol Unit

Coded and uncoded levels

−1 −α 0 +α 1

Temperature T oC 48.2 55 65 80 81.8

Time t min 4.8 15 30 45 55.2

Solvent to lemongrass 
leaves ratio

S/L ml/g 5.3 8 12 16 18.7

TA B L E  1   The coded and uncoded level 
of three selected independent variables 
used in the study
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where, Y = predicted response; A, B and C = uncoded factors; β = co-
efficients; α = offset term.

The response surface fittings were generated using MATLAB 
version R2019b to enable a surface fitting analysis of the response 
over an entire range of varying factors with 20 number of experi-
mental runs. Data were analysed using variance (ANOVA) analysis, 
and the effective treatment means were separated by the least sig-
nificant difference (LSD) at a 95% confidence level. The relationships 
between the citral area in the GC-MS chromatogram and all parame-
ter were determined using regression analysis. All statistical analysis 
was performed using Minitab Statistical Software.

2.3 | Extraction procedures

The extraction procedures were carried out using both CSE and 
UASE methods to optimize the extraction operating conditions. 
The lemongrass leaves have undergone two processes: ultrasound-
assisted solvent extraction (UASE) and conventional solvent ex-
traction (CSE). The extracts were aliquoted and analysed using 
instrumental analyses.

2.3.1 | Conventional solvent extraction

The experiments were conducted for the conventional solvent ex-
traction using the lemongrass leaves, which were cut and weighed 
according to the fixed parameter in a 250 ml beaker. One hundred 
milliliter of solvent was measured and mixed with the weighed lem-
ongrass leaves. The sample was then blended and subjected to 
treatment in an indirect heating bath with the time and tempera-
ture established in the experimental design. The extract and leaves 
mixture was filtered on a sieve to separate the leaves and extracted 
product. The extracted product was then stored in the dark and 
under room temperature (24°C) until used.

2.3.2 | Ultrasound-assisted solvent extraction

The extraction of lemongrass oil was performed in an ultrasound 
bath (Ultronique, Q 5.9/40A, Eco-Sonics), with the power of 176 W 
and ultrasound frequency of 100  kHz. In each experimental run, 
fresh lemongrass leaves were cut and weighed according to the 
250 ml beaker's fixed parameter. Next, 100 ml of solvent was meas-
ured and mixed with the weighed lemongrass leaves. The sample 
was then blended and subjected to treatment in an indirect bath 
ultrasound with the time and temperature established in the experi-
mental design. The extract and leaves mixture was filtered on a sieve 
to separate the leaves and extracted product. The extracted product 
was then stored in the dark and under room temperature (24°C) until 
further usage.

2.4 | Instrumental analysis of the lemongrass-
infused cooking oil

2.4.1 | Scanning electron microscopy (SEM)

The SEM analysis was conducted using a Hitachi TM3030 Tabletop 
Microscope to determine the lemongrass leaf samples' surface mor-
phology for both after CSE and UASE processes respectively. The 
samples were coated with Au film and mounted onto a stub which 
was placed inside the SEM equipment. Micrographs of the samples 
with different magnifications were recorded from the SEM equip-
ment for further analysis.

2.4.2 | Fourier transform infrared spectroscopy (FT-
IR)

The functional groups present in the lemongrass-infused cooking oil 
were defined by comparing the FT-IR spectrum's wavelengths with 
an infrared (IR) correlation chart from literature. The FT-IR spectrom-
eter (Iraffinity-1, Shimadzu) was used to obtain an infrared spectrum 
of the samples absorption. The samples were placed directly on the 
Attenuated Total Reflection (ATR) top plate at room temperature. 
The measurements were performed in the IR region intensity over 
a range of wavelengths from 4,000 to 600 cm−1. All of the measure-
ment scannings were performed at a resolution of 4.00 cm−1 with a 
scanning speed of 0.20 cm/s.

2.4.3 | Gas chromatography-mass spectrometry 
(GC-MS)

A gas chromatograph (Shimadzu GP-2010) coupled to mass spec-
trometry (GC-MS) was used to analyse the chemicals component in 
the lemongrass-infused cooking oil. The GC-MS is equipped with a 
30  m  ×  0.25  mm non-polar DPX-5 capillary column with 0.25  μm 
film thickness. The column temperature was set at 80°C for 2 min, 
increased at 10°C per minute, and held at 260°C for 18  min. The 
injector and detector temperatures were set at 200 and 280°C 
respectively. Helium gas was used as the carrier gas at a flow rate 
of 1.0 ml/min. 1.0 μl of diluted lemongrass oil (1/10 in HPLC-grade 
Hexane) was injected automatically and splitless. Identifying com-
ponents was based on the 2008 version of the NIST/EPA/NIH Mass 
Spectral Library (NIST 08).

3  | RESULTS AND DISCUSSION

3.1 | RSM model development

Three types of solvents (palm oil, sunflower oil, and corn oil) were 
used to examine the effects of extraction solvent on citral com-
pound using both the CSE and UASE. The multivariate study was 

(1)
Y = �1A + �2B + �3C + �12AB + �13AC + �23BC + �11A

2
+ �22B

2
+ �33C

2
+ �
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done for each type of oil and technique of the extraction used. The 
optimizing process was done using Minitab Statistical Software to 
predict the extraction process trend and its optimum condition. The 
citral area data from the GC-MS were recorded to represent the con-
centration of citral compounds in each sample. Table 2 summarizes 
the RSM design for the three-independent variables and five-levels 
and the scrutinized responses on citral compounds under different 
experimental conditions. Although all 20 multivariate studies for 
both UASE and CSE process were carried out, it is found out that 
corn oil did not give citral area in the GC-MS spectrum. The GC-MS 
spectrum of all of the samples for both processes did not show the 
citral peak after the UASE and CSE process. Hence, it is concluded 
that corn oil cannot be used as a solvent to extract lemongrass-
infused cooking oil.

By using Matlab and Minitab Software, both CSE and UASE 
processes' operating conditions are optimized and analysed for the 
effects of palm oil and sunflower oil as the solvent. The relationship 
for each parameter is shown in Figures 1–4. The temperature ver-
sus solvent to leaves ratio graph (Figure 1a) for palm oil as solvent 
using the CSE shows that a low solvent to leaves ratio gives a higher 
mean of citral area. This is due to the concentration of the citral 
is decreasing as the solvent to leaves proportion increasing. The 
temperature versus time graph (Figure 1b) shows that the mean of 
citral area is growing as the temperature and time increasing for 
palm oil solvent.

At the beginning of extraction, 45 min of extraction duration 
time gives less citral area than 30 min. However, as the tempera-
ture increases, at the 45 min of an extraction duration time, a high 
amount of mean citral area is obtained. Moreover, the time versus 
solvent to leaves ratio graph (Figure  1c) shows that the solvent 
to leaves ratio of 16 gives a lower mean of citral area than 8 and 
12 ratios. Besides that, it is shown that the mean of citral area 
is increasing as the duration of the extraction process increased. 
When the extraction time is higher, the time for the citral infused 

into the solvent is expanding. Hence, the amount of extracted 
lemongrass oil is increased. Table  S1 in the supplementary sec-
tion shows the optimum condition of the CSE process for palm 
oil. It is estimated that at 81.8°C, 45  min, and 5.4:1 of solvent 
to leaves ratio as the process's optimum operating conditions. It 
gives a maximum citral area which is 2.025 × 105 citral area in the 
GC-MS spectrum.

Figure 2 shows the interaction effects of temperature, time, and 
solvent to leaves ratio on citral area using palm oil as a solvent in 
the UASE. The mean of citral area is increasing as the temperature 
increasing. The solvent to leaves ratio versus temperature graph 
(Figure  2a) reveals that the lower the solvent to leaves ratio, the 
higher the mean of citral area. This relationship might be due to the 
concentration of the citral is declining as the liquid to solid amount 
heaped. The temperature versus time graph (Figure 2b) shows that 
at the low temperature of extraction, 45 min of extraction duration 
gives less mean of citral area compared to 15 min. However, as the 
temperature increases, the 45 min of extraction duration getting a 
higher mean of citral area.

Moreover, Figure  2c shows that the S/L ratio of 8 and below 
gives a higher mean of citral area. It is also demonstrated that the 
mean of citral area is rising as the duration time of extraction getting 
big, which insinuates that the extraction duration time is propor-
tional to the time for the citral compounds to infuse into the solvent. 
The optimum condition of the UASE process for palm oil is unfolded 
in Table  S1. The estimated optimum operating condition is at the 
temperature of 81.8°C for 55.2 min with a solvent to leaves ratio of 
5.3:1, which produced a maximum citral area of 1.009 × 106 mAu.
min citral area in the GC-MS spectrum.

Figures  3 and 4 show the response surface and contour plots 
for the effects of sunflower oil as solvent using CSE and UASE re-
spectively. The temperature versus time graph in Figures 3a and 4a 
shows that the citral area's mean increases as the temperature rises. 
However, the 15 min duration of UASE extraction decreases over 

F I G U R E  1   Effects of palm oil as solvent using CSE. The response surface and contour plots of: (a) citral area versus temperature and 
time; (b) citral area versus temperature and solvent to lemongrass leaves ratio; and (c) citral area versus time and solvent to lemongrass 
leaves ratio
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the increasing temperature (Figure 4a). The temperature versus sol-
vent to leaves ratio graphs (Figures 3b and 4b) show that the lower 
the solvent to leaves ratio gives a higher mean of citral area. This is 
due to the concentration of the citral is decreasing as the solvent to 
leaves proportion increasing.

Moreover, the time versus solvent to leaves graph Figure 4c dis-
plays that the solvent to leaves ratio of 8 gives a higher mean of citral 
area. Besides that, it is delineated that the mean of the citral area in-
creases as the duration of extraction increases. When the extraction 
duration is higher, the time for the citral infused into the cooking oil 

is rising. Hence, the amount of extracted lemongrass oil is increased. 
It is estimated that at 81.8°C, 55.2 min and 5.3:1 of solvent to leaves 
ratio, the optimum condition of the CSE process using the sunflower 
oil give a maximum citral area which is 2.179  ×  105 GC-MS spec-
trum citral area. The optimum condition of the UASE process for 
sunflower oil as laid out in Table S1 is at 81.8°C, 55.2 min and 12.9:1 
of solvent to leaves ratio which produced a maximum citral area of 
1.767 × 106 citral area in the GC-MS spectrum.

The significant model terms for lemongrass-infused cook-
ing oil are the main effect of temperature (A), the main effect of 

F I G U R E  2   Effects of palm oil as solvent using UASE. The response surface and contour plots of: (a) citral area versus temperature and 
time; (b) citral area versus temperature and solvent to lemongrass leaves ratio; and (c) citral area versus time and solvent to lemongrass 
leaves ratio

F I G U R E  3   Effects of sunflower oil as solvent using CSE. The response surface and contour plots of: (a) citral area versus temperature 
and time; (b) citral area versus temperature and solvent to lemongrass leaves ratio; and (c) citral area versus time and solvent to lemongrass 
leaves ratio

(a) (b)                                                  (c)
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F I G U R E  4   Effects of sunflower oil as solvent using UASE. The response surface and contour plots of: (a) citral area versus temperature 
and time; (b) citral area versus temperature and solvent to lemongrass leaves ratio; and (c) citral area versus time and solvent to lemongrass 
leaves ratio

TA B L E  3   Mathematical relationship between the variables and the response using second-order polynomial model

Solvent Process Mathematical equation Equation No.

Palm oil CSE Citral Area= −768, 035+16, 915×A+3, 059×B+27, 543×C−80.7×AA

−49.6×BB−502×CC+20.4×AB−246×AC−43×BC

2

UASE Citral Area= 3, 831, 125−102, 812×A−34, 328×B−52, 763×C+800.6×AA

+143.7×BB+1, 728×CC+449.0×AB−7×AC+8×BC

3

Sunflower oil CSE Citral Area= 464, 635−16, 488×A+693×B+2, 872×C+160.4×AA

−3.5×BB+43×CC+6.8×AB−84×AC−33×BC

4

UASE Citral Area= 6, 582, 315−139, 372×A−116, 028×B−79, 907×C+700×AA

+374×BB−702×CC+1, 561×AB+1, 298×AC−149×BC

5

TA B L E  4   Variables involved in the Central Composite Design (CCD) and response obtained

Solvent Palm oil Sunflower oil

Process CSE UASE CSE UASE

Source
Sum of 
squares df

Mean 
square F-Value p-Value

Sum of 
squares df Mean square F-Value p-Value Sum of squares df Mean square F-Value p-Value Sum of squares df Mean square F-Value p-Value

A: Temperature 2.2712E+10 1 2.2712E+10 41.96 .000 2.9332E+11 1 2.9332E+11 287.65 .000 1.7253E+10 1 1.7253E+10 50.08 .000 2.6829E+11 1 2.6829E+11 9.38 .012

B: Time 2.4131E+09 1 2.4131E+09 4.46 .061 3.9258E+10 1 3.9258E+10 38.50 .000 8.6258E+08 1 8.6258E+08 2.50 .145 1.1432E+11 1 1.1432E+11 4.00 .073

C: Solvent to 
leaves ratio

6.8934E+08 1 6.8934E+08 1.27 .285 2.8874E+10 1 2.8874E+10 28.32 .000 1.4420E+09 1 1.4420E+09 4.19 .068 6.1989E+10 1 6.1989E+10 2.17 .172

AA 9.3966E+08 1 9.3966E+08 1.74 .217 9.2381E+10 1 9.2381E+10 90.59 .000 3.7077E+09 1 3.7077E+09 10.76 .008 7.0567E+10 1 7.0567E+10 2.47 .147

BB 17964E+09 1 1.7964E+09 3.32 .098 1.5059E+09 1 1.5059E+09 14.77 .003 8.9515E+06 1 8.9515E+06 0.03 .875 1.0195E+11 1 1.0195E+11 3.57 .088

CC 9.2879E+08 1 9.2879E+08 1.72 .220 1.1020E+08 1 1.1020E+08 10.81 .008 6.7752E+06 1 6.7752E+06 0.02 .891 1.8175E+09 1 1.8175E+09 0.06 .806

AB 7.4609E+07 1 7.4609E+07 0.14 .718 3.6282E+10 1 3.6282E+10 35.58 .000 8.2763E+06 1 8.2763E+06 0.02 .880 4.3881E+11 1 4.3881E+11 15.35 .003

AC 7.7356E+08 1 7.7356E+08 1.43 .259 6.4639E+05 1 6.4639E+05 0.00 .966 9.1172E+07 1 9.1172E+07 0.26 .618 2.1573E+10 1 2.1573E+10 0.75 .405

BC 5.3950E+07 1 5.3950E+07 0.10 .759 2.0040E+06 1 2.0040E+06 0.00 .980 3.0949E+07 1 3.0949E+07 0.09 .771 6.4075E+08 1 6.4075E+08 0.02 .884

Lack of fit 3.6290E+09 5 7.2579E+08 2.03 .227 7.5989E+09 5 1.5198E+09 2.92 .132 3.0364E+09 5 6.0728 E+08 7.43 .023 2.7327E+11 5 5.4654 E+10 21.67 .002

Pure error 1.7838E+09 5 3.5675 
E+08

1.78385E+09 5 5.1969E+08 4.0893 E+08 5 8.1785 E+07 1.2608 E+10 5 2.5216 E+09

Total (corr.) 3.5212E+10 19 5.1346E+11 19 2.6931E+10 19 1.3580E+12 19

R2 84.63 R
2

adj
70.79 98.01 R

2

adj
96.23 87.21 R

2

adj
75.69 84.63 R

2

adj
70.79
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extraction time (B), the main effect of solvent to leaves ratio (C), 
the two-level interactions of temperature and temperature (AA), 
the two-level interactions of extraction time and extraction time 
(BB), the two-level interactions of solvent to leaves ratio and sol-
vent to leaves ratio (CC), the two-level interactions of temperature 
and extraction time (AB), the two-level interactions of temperature 
and solvent to leaves ratio (AC), and the two-level interactions of 
extraction time and solvent to leaves ratio (BC). The mathematical 
relationship between the variables and the response is expressed 
by the second-order polynomial equation, tabulated in Table 3. In 
ensuring a good model for the response, two tests were performed 
to fit the regression model; (a) significance on individual coeffi-
cients and (b) lack-of-fit. Fully coded experiments and responses 
obtained for each run of the CCD were tabulated in Table 4. The 
significance and suitability of the optimized conditions were then 
studied using analysis of variance (ANOVA). Statistical significance 
of each effect, including interaction terms, linear and quadratic im-
pact, was validated by comparing the mean squared against esti-
mated experimental error. Depending upon the degree of freedom 
(df) involved, F-ratio can be calculated (the mean squared error to 
the pure error). With a confidence level of 95%, F-ratio significance 
is evaluated using the p-value column. In this column, when the 
value is lower than 0.05, the effect is significant. Tables  3 and 4 
show that all three parameters significantly affect the extraction 
process. Other than that, R2 represents the proportion of the total 
variability explained by the regression model. It is a measure for 
the amount of response variation defined by the variables and will 
always increase when a new term is added to the model. The R2

adj
 is 

an adjusted form of R2 for several terms in the model. The R2 and 
R
2

adj
 values are relatively high and are at an acceptable range.

3.2 | Optimized conditions

The optimized parameters for UASE and CSE processes are tabu-
lated in Table 5. This study found that the UASE process gives five 
times higher maximum citral area than the CSE process. The opti-
mum temperature is at 81.8°C, and the optimum extraction time 
is 55.2  min except for lemongrass-infused palm oil after the CSE 
process (45 min). The optimum solvent to leaves ratio is varied from 
5.3:1 to 12.9:1.

3.3 | Characterization of the infused oils

To study the oil content, three types of analysis were done which 
are Scanning Electron Microscopy (SEM), Fourier Transform Infrared 
(FT-IR) Spectroscopy and Gas Chromatography-Mass Spectrometry 
(GC-MS). The lemongrass's morphological characteristics, before 
and after CSE and UASE processes, were illustrated in Figure 5. On 
the leaf's upper surface in Figure 5a, the body consists of prickle hair 
known as trichomes (Kaur & Dutt, 2013) and fixed shape Parenchyma 
cell, which is both in the circle. Due to CSE extraction's high tem-
perature, the trichomes were ruptured, and the Parenchyma cells 
were shrunken compared to the fresh lemongrass leaf (Figure 5b). 
The trichomes that contain the metabolite liquid are the source of 
lemongrass oil. Whenever the trichomes break, the lemongrass oil is 
produced, and this figure demonstrates that the extraction process 
occurred. The lemongrass leaf's cell and trichomes that underwent 
the UASE process (Figure  5c) were ruptured and abraded, which 
might be due to the cavitation bubble induced by the ultrasonica-
tor collapsing on the surface of the lemongrass leaf. This finding is 

TA B L E  4   Variables involved in the Central Composite Design (CCD) and response obtained

Solvent Palm oil Sunflower oil

Process CSE UASE CSE UASE

Source
Sum of 
squares df

Mean 
square F-Value p-Value

Sum of 
squares df Mean square F-Value p-Value Sum of squares df Mean square F-Value p-Value Sum of squares df Mean square F-Value p-Value

A: Temperature 2.2712E+10 1 2.2712E+10 41.96 .000 2.9332E+11 1 2.9332E+11 287.65 .000 1.7253E+10 1 1.7253E+10 50.08 .000 2.6829E+11 1 2.6829E+11 9.38 .012

B: Time 2.4131E+09 1 2.4131E+09 4.46 .061 3.9258E+10 1 3.9258E+10 38.50 .000 8.6258E+08 1 8.6258E+08 2.50 .145 1.1432E+11 1 1.1432E+11 4.00 .073

C: Solvent to 
leaves ratio

6.8934E+08 1 6.8934E+08 1.27 .285 2.8874E+10 1 2.8874E+10 28.32 .000 1.4420E+09 1 1.4420E+09 4.19 .068 6.1989E+10 1 6.1989E+10 2.17 .172

AA 9.3966E+08 1 9.3966E+08 1.74 .217 9.2381E+10 1 9.2381E+10 90.59 .000 3.7077E+09 1 3.7077E+09 10.76 .008 7.0567E+10 1 7.0567E+10 2.47 .147

BB 17964E+09 1 1.7964E+09 3.32 .098 1.5059E+09 1 1.5059E+09 14.77 .003 8.9515E+06 1 8.9515E+06 0.03 .875 1.0195E+11 1 1.0195E+11 3.57 .088

CC 9.2879E+08 1 9.2879E+08 1.72 .220 1.1020E+08 1 1.1020E+08 10.81 .008 6.7752E+06 1 6.7752E+06 0.02 .891 1.8175E+09 1 1.8175E+09 0.06 .806

AB 7.4609E+07 1 7.4609E+07 0.14 .718 3.6282E+10 1 3.6282E+10 35.58 .000 8.2763E+06 1 8.2763E+06 0.02 .880 4.3881E+11 1 4.3881E+11 15.35 .003

AC 7.7356E+08 1 7.7356E+08 1.43 .259 6.4639E+05 1 6.4639E+05 0.00 .966 9.1172E+07 1 9.1172E+07 0.26 .618 2.1573E+10 1 2.1573E+10 0.75 .405

BC 5.3950E+07 1 5.3950E+07 0.10 .759 2.0040E+06 1 2.0040E+06 0.00 .980 3.0949E+07 1 3.0949E+07 0.09 .771 6.4075E+08 1 6.4075E+08 0.02 .884

Lack of fit 3.6290E+09 5 7.2579E+08 2.03 .227 7.5989E+09 5 1.5198E+09 2.92 .132 3.0364E+09 5 6.0728 E+08 7.43 .023 2.7327E+11 5 5.4654 E+10 21.67 .002

Pure error 1.7838E+09 5 3.5675 
E+08

1.78385E+09 5 5.1969E+08 4.0893 E+08 5 8.1785 E+07 1.2608 E+10 5 2.5216 E+09

Total (corr.) 3.5212E+10 19 5.1346E+11 19 2.6931E+10 19 1.3580E+12 19

R2 84.63 R
2

adj
70.79 98.01 R

2

adj
96.23 87.21 R

2

adj
75.69 84.63 R

2

adj
70.79
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consistent with the work as reported by Petigny et  al.  (2013) and 
Parniakov et al. (2015).

Figure  6 shows the FT-IR spectrum of extracted oil samples 
attained in the wavenumber region between 4,000 and 600 cm−1. 
The result from FT-IR is tabulated in Table 6. It was found that the 
spectra of the three types of extracted oils were very much similar 
to each other. This indicates that the functional group of all cooking 
oil samples is not much different from each other. In vibrations at 
3,010.88 cm−1, a stretching of =C-H is observed corresponding to an 
alkene. Symmetric and asymmetric stretching of C-H is observed in 
vibration at 2,922.16 and 2,852.72 cm−1. The intense band observed 
at 1,745.58  cm−1 is due to vibrations of C=O, which showed the 
presence of esters of saturated aliphatic. This group is also known as 
triglyceride (TGA), the dominant component in fats and oils (Wahab 

et al., 2015). The peak at 1,541.12 cm−1 indicates stretching of C=C 
of the alkenes group. The peak at 1,456.26 cm−1 is observed due to 
C-C stretching, which is in the aromatics group. FT-IR analysed each 
sample for all multivariate study. However, there is no significant 
change in the functional group after CSE and UASE were carried 
out for all cooking oil types. This is because all of the samples still 
contain the same functional group, organic functional groups. Other 
than that, it also shows that the component in the cooking oils did 
not change significantly.

Studies from GC-MS revealed that both CSE and UASE processes 
produced infused oil that has similar components. Figure S1 shows 
the GC-MS spectrum before the extraction process (virgin oil) and 
after the extraction process using palm oil, sunflower oil and corn oil. 
From the GC-MS spectrum comparison between the virgin oil and 

TA B L E  5   Summary of optimized parameter

Type of oil Technique
Maximum citral 
area

Optimum temperature 
(oC)

Optimum extraction 
time (min)

Optimum solvent to 
leaves ratio

Palm oil UASE 1.009 × 106 81.8 55.2 5.3:1

CSE 2.025 ×105 81.8 45 5.4:1

Sunflower oil UASE 1.767 × 106 81.8 55.2 12.9:1

CSE 2.179 × 105 81.8 55.2 5.3:1

F I G U R E  5   SEM micrographs of the lemongrass leaf: (a) virgin, (b) after CSE, and (c) after UASE (×500)

(a) (b) (c)

F I G U R E  6   FT-IR spectrum of three 
different types of oil samples; (a) palm oil, 
(b) sunflower oil, and (c) corn oil
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infused oil, the additional component that had been ingrained from 
the lemongrass leaves are shown in Table 7. The graphs for corn oil 
on virgin and infused show no additional component appeared after 
the CSE and UASE processes. Hence, it can be concluded that corn 
oil cannot be used as a solvent to extract lemongrass oil. This may 
due to the component contained in the corn oil itself, which inhibit 
the extraction process.

4  | CONCLUSIONS

This study found that the UASE process gives five times higher 
maximum citral area than the CSE process. The optimum temper-
ature is at 81.8°C, and the optimum extraction time is 55.2  min 
except for lemongrass-infused palm oil after the CSE process 
(45 min). The optimum solvent to leaves ratio is varied from 5.3:1 
to 12.9:1. The SEM analysis shows that the lemongrass leaf con-
sists of hair like that containing metabolism of the plant, which is 
also known as an essential oil. After going through the extraction 
process, the trichome was ruptured, thus produced the lemongrass 
oil. This study concludes that ultrasound-assisted could assist the 
extraction process by induced cavitation bubbles and accelerates 
the release of organic compounds within the plant body. Thus, oil 
production is increasing, and the yield of oil production will be 
high. The FT-IR Spectroscopy shows that the saturated aliphatic 
and aromatics group is present in the alkenes' infused oil. These 
entire groups give a significant peak in the FT-IR spectrum. The 
GC-MS analysis reveals the additional component in the infused 
oil. This study discovers that neral and geranial are the significant 
components added from the lemongrass.
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