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Abstract  

Introduction: The goal of this study was the optimisation of the process parameters for 
the extraction of Benincasa hispida seed extract using the supercritical carbon dioxide. 
Methods: Response surface methodology was carried out using the design expert 
software with the implementation of process parameters including the temperature 
(40°C – 70°C), pressure (100 bar – 400 bar) and supercritical carbon dioxide flow rate (2 
g/min – 10 g/min) in this study due to their significant impact towards the oil yield and 
the polyunsaturated fatty acids. Results: The optimised parameter for this supercritical 
fluid model is 70°C, 247 bar and 7 g/min while 0.36 bar and 40 °C has been chosen from 
previous studies as the optimised parameter for Soxhlet extraction.  The oil yield (33% 
from Soxhlet extract and 9.67% from supercritical fluid extract) obtained was quite 
similar with previous studies, however, the polyunsaturated fatty acids obtained 
throughout this optimisation were much higher indicating that this study provided 
better output of the polyunsaturated fatty acids obtained from the seed oil. Moreover, 
the polyunsaturated fatty acids contents were also compared between the extract 
obtained from the conventional Soxhlet extraction versus novel supercritical fluid 
extraction techniques. Conclusion: The result shows the polyunsaturated fatty acids in 
the supercritical fluid extraction were significantly higher than the Soxhlet extraction 
due to the advantages and suitability of the polyunsaturated fatty acids extraction using 
the supercritical fluid extraction method.
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  Introduction 

Benincasa hispida or also known as komora 
(Assamese) or kushmanda (Sanskrit) is a fruit that is 
widely produced and consumed in the North-East 
India (Mondal et al., 2020). The fruit has proven to 
be beneficial to human health due to its potential for 
medicinal and pharmaceutical purposes. For 
instance, antioxidant, anti-ulcer, anti-inflammatory, 
anti-obesity, anti-compulsive and anti-diarrheal 
activities that can be exerted by B. hispida (Shakya et 
al., 2020). India and South-East Asian countries are 
the two most cultivation places for this fruit (Gade 
et al., 2020).  

B. hispida is considered as a fruit vegetable 
which is rich in nutritional components as 
functional food and nutraceutical market products. 
Two cultivars of Kundur are grown in Malaysia, 
which are the round shaped and elongated. B. 
hispida is one of the Cucurbitaceae family. B. hispida 
can be characterized by its large leaves, an annual 
creeper and bristly hairs on its thickly covered fruit 
skin (Megashree et al., 2017).  

Despite growing interest in the beneficial 
properties of natural plant-based oils for their 
nutritional and therapeutic properties, there is 
limited scientific data on the optimal extraction of B. 
hispida. Traditional extraction such as solvent 
extraction and cold pressing often results in a much 
lower yields and degradation of the targeted 
compounds (Hou et al., 2024).  

Additionally, the application of modern 
and greener types of extraction [supercritical fluid 
extraction (SFE)] is preferable. Moreover, most 
studies related to this plant only focused more on 
the beneficial effect of B. hispida seed oil rather than 
the optimization process and the fatty acid contents 
(Muzahid et al., 2023; Boniamin et al., 2024). 
Therefore, the implementation of optimization 
process by using statistical approach (response 
surface methodology) is tailored to enhance the 
extraction efficiency and preserving the quality of 
the targeted active compounds.    

There was one study of SFE of B. hispida that 
was done for the optimization purposes (Bimakr et 

al., 2013). The parameters involved in that study 
were pressure (150-300 bar), temperature (40-50˚C) 
and dynamic extraction time (60-120 min) towards 
the oil yield using response surface methodology 
(RSM) for optimization. Therefore, the aim of this 
study was to optimize different extraction 
parameters of the B. hispida seed extract (BHSE) 
using RSM and to compare the polyunsaturated 
fatty acids (PUFAs) content between the extracts 
from both SFE and Soxhlet extraction (SE) and their 
fatty acid (FA) profile. 

Materials and methods 

Materials  

Whole winter melons (B. hispida) were 
purchased from a local market at Kuantan, Pahang 
Malaysia. The fruits were chosen with similar 
characteristics such as the color, size and absence of 
surface defects. N-hexane (Merck, Germany) was 
used as the solvent for the SE. The supercritical fluid 
extractor (SFE Waters Thar, USA) with the carbon 
dioxide (CO2) industrial grade (GasWORLD, 
Malaysia) were implemented. Besides that, sodium 
methoxide (Thermo Fisher Scientific, USA) and fatty 
acid methyl ester (FAME) standards (Sigma Aldrich, 
Germany) were used for gas chromatography 
analysis and all chemicals were purchased either in 
chromatography or analytical grade. 

Method 

Seed preparation method 

The fruits were sliced, and the seeds were 
separated manually from the fruit. Later, the seeds 
were washed under running tap water. Then, the 
seeds were dried at 40°C in a ventilated oven for 24 
hours and stored at ambient temperature in the dark 
container (Bimakr et al., 2013). Grinder mill (300 
RPM) was used to grind the seeds into powder form 
to reduce the particle size and thus enhance the 
extraction efficiency (Bimakr et al., 2013). 

Supercritical fluid extraction (SFE) 

SFE was carried out using the supercritical 
fluid apparatus including 500 mL extraction vessel, 
automated back pressure regulator and CO2 pump. 
ICE software was used to control the flow rate of 
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  CO2, extraction temperature and pressure while the 
extraction time was measured using the stopwatch. 
Samples of ground B. hispida seeds (10 g) and glass 
beads (120 g with 2.0 mm in diameter) were mixed 
and placed into the extraction vessel.  

SFE of BHSE was performed on laboratory 
scale at the INHART, Gombak Malaysia. Based on 
Fig. 1, firstly, the liquid CO2 released towards the 
cooling bath circulator to ensure that the liquid CO2 
was maintained at liquid state. Then, it was 
transferred using CO2 pump to the heat exchanger 
to convert the liquid CO2 into supercritical fluid. The 
vessel was heated up to the desired temperature 
while pumping the supercritical solvent phase into 
the vessel to reach values set by system (Bimakr et 
al., 2011). 

Then, the solvent was pumped into the 
extractor vessel where the supercritical stream 
dissolved targeted components and moved towards 
the fraction collector. After the pressure nearly 
reached the targeted set value, the extraction 
process starts by the automatic opening of the 
automated back pressure regulator (ABPR) which 
allows the continuous flow of solvent through the 
extractor while carrying the solubilized components 
to the separator.  Lastly, the CO2 will be released 
through the last valve (Rovetto and Aieta, 2017).  
100-400 bars of pressure, 40-70°C of temperature 
and 2-10g/min flow rate were used for the extraction 
process. The extraction time was maintained at 90 
minutes.

 

Fig. 1: General diagram for SFE    

After the desired temperature and pressure have 

been obtained, the B. hispida seeds were soaked in 
the solvent for 30 min to equilibrate the mixture at 
desired pressure and temperature to enhance 
solvent penetration into the cellular walls and 
increase the oil yield (Bitwell et al., 2023). The static 
extraction time was applied at different desired 
pressure and temperature for each conducted run. 
During the dynamic extraction time, CO2 carrying 
the released solutes will flow out of the unit and the 
extract was collected in the pre-weighted collection 
flask. The procedure was carried out in triplicate for 
a total of 17 runs for one complete cycle (Table 2). 
The extract was weighed using analytical balance 
and the total extractable components (TEC) were 
calculated using following Equation 1 (Nawaz et al., 
2020): 

TEC (%): Weight of Extract x 100%      (1) 

Weight of Sample 

Soxhlet extraction (SE)        

300 mL of n-hexane was measured and 
poured into the round bottom flask containing a 
small amount of boiling chips. The extraction 
process was done for a duration of 6 hours (Al-
Juhaimi and Özcan, 2017). After 6 hours, the solvent 
containing the extracts was filtered using Whatman 
filter paper. Then, it was evaporated using the 
rotary evaporator with 360 mbar pressure and 40°C 
temperature (Buchi, 2018) for approximately 1 hour. 
Finally, the extract was dried again in the drier at 
40°C for 1 hour (Bimakr et al., 2013) to remove the 
remaining solvent in the extract. 

Preparation of Fatty Acid Methyl Esters (FAME) 

Samples were pre-treated to a temperature 
between 50°C - 60°C and homogenized thoroughly 
before the testing to obtain the FAME. An aliquot of 
the sample (100 µL) was mixed with 1mL hexane in 
a 2mL vial. An aliquot of sodium methoxide (1 µL, 
1% w/v) was added to the vial and the mixture was 
mixed vigorously using a vortex mixer. The mixture 
was clear at first and then became turbid at the 
bottom of the solution due to the precipitation of 
sodium glyceroxide which contains the non-soluble 
compounds. After a few minutes, the clear upper 
layer of methyl esters which contains the solubilized 
fatty acids was pipetted off and can be injected into 
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  the gas chromatography (GC) for further analysis 
(Bimakr et al., 2013). 

Gas chromatography Flame Ionization Detector (GC-FID) analysis 

Samples were converted to methyl esters 
which contain the solubilized fatty acids and were 
injected into the GC for further analysis. The GC 
analysis was performed using Hewlet-Packard 6890 
gas chromatograph, equipped with flame ionization 
detector (FID) and a BPX70 GC column. Oven 
temperature was programmed isothermally to 60°C 
during 0.5 min, and raised to 10°C/min till 180°C for 
5 min and then at 5°C/min till 215°C. Then, the 
temperature was raised to 220°C and finally, the 
temperature increased to 240°C at 5°C/min and held 
this temperature for 16 min. 

  Carrier gas, Helium was used as a carrier 
gas as the type of column used in this GC will be the 
capillary column (Alinafiah et al., 2021) and its flow 
rate was 1 mL/min. The injection volume was 1 µL. 
Standard FAME (Sigma Aldrich, Germany) was 
used as the authentic sample. The FA determination 
was accomplished by comparing it with standards 
and values as percentage of each FA. The 
determination of FA was performed in triplicate for 
each sample and expressed as means ± standard 
deviation. 

Experimental designs and statistical analysis 

The optimization of the extraction 
parameters (pressure, temperature and flow rate) 
for the SFE was done using the Design Expert 
software. After choosing the ranges of the 
parameters from previous studies, those values 
were incorporated into the RSM statistical tool for 
optimization purposes. Based on Table 1, pressure, 
temperature and flow rate were chosen as the 
independent variables and extraction yield was the 
only response. All the other parameters such as the 
extraction time (90 min), weight of sample (10 g) and 
extract collection time (20 hours) were kept constant 
throughout the experiments. 

 A three-factor-3-level face-centered design 
was chosen in the extraction of B. hispida seed extract 
(BHSE), which resulted in a total of 17 runs (Table 2) 
consisting of 8 factorial points, 6 axial points and 3 
center points. For the evaluation of whether the 

constructed models were adequately fitted with the 
experimental data, corresponding analysis of 
variance (ANOVA) was applied using software 
which functions as numerical optimization for the 
determination of SFE’s optimum conditions.  

Results and Discussion 

Prediction and optimization using RSM 

RSM-central composite design (RSM-CCD) 
was applied to optimize the SFE conditions of the 
BHSE. The experimental data obtained according to 
the model is presented in Table 2. The experimental 
data was analysed and fitted to linear, interactive 
(2FI), quadratic and cubic models based on previous 
studies (Sodeifian et al., 2017). The adequacy of 
model was tested for response and shown in Table 
3.  

Table 1: The coded and uncoded values of the 
independent variables used in the experimental design 

Independent 
Variables 

Pressure 
(Bar) 

Temperature 
(°C) 

Flow 
Rate 
(g/min) 

Coded levels Level of factor 
+1 100 40 2 
0 250 55 6 
-1 400 70 10 

The result showed that the linear and 
interactive models had lower R2, predicted R2, 
adjusted R2 and high F-values compared with the 
quadratic model which also can be seen in previous 
studies (Rivas et al., 2021; Chalipa et al., 2024; 
Kumaran et al., 2024). Moreover, the cubic mode 
was found to be aliased. Therefore, the quadratic 
model was chosen to describe the current study. 
Quadratic model has been chosen from most of the 
published studies related to the optimization using 
RSM to describe their experimental results (Gan et 
al., 2020). 

Model fitting and statistical analysis 

ANOVA was used to indicate which terms 
are statistically significant and the validity of the 
experimental models (Abassi et al., 2020). Besides 
the ANOVA result, F-value and corresponding p-
values along with the estimated coefficients were 
presented at Table 3. A higher model which the F-
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  value is 40.85 and the associated lower p-values (P < 
0.0001) demonstrated that the corresponding 
coefficients are more significant and illustrate the 
best fit for both experimental and actual values of 
the developed model (Peng et al., 2019).  

In this model, a R2 value of 0.9813 (very 
close to 1) shows that there was a good agreement 
between the experimental and predicted yields of 
BHSE and the model can reasonably explain the 
changes of the oil yield under different sets of 
experimental conditions.  

 On top of that, the adjusted coefficient of 
determination (Adjusted R2 = 0.9573) and predicted 
coefficient of determination (Predicted R2 = 0.8567) 
were also close to 1 which reflects the result of 
highly correlated of both experimental and 
predicted yields and lead to the conclusion that the 
model had fully fitted the data as agreed by a study 
(Kothari et al., 2021).  

The lack of fit was not significant based on 
the F-value (1.90) and p-value (0.3795) to the pure 
error. This finding was in line with previous study 
where the lack of fit was considered as a reference 
besides R- values and p-values to indicate that the 
model values provide significance of the regression 
model to infer the effect of the input variables 
(Nadeem et al., 2021).  

A second order polynomial equation was 
fitted to the experimental data. The constants and 
coefficients were fitted into the equation 2 below so 
that the regression equation as a function of 
independent parameters, namely pressure (A), 
temperature (B) and flow rate (C) while Y is the oil 
yield and was obtained as follows (in terms of coded 
levels): 

 Y = +6.13 – 0.1090A + 0.4620B + 0.9670C + 0.3037AB 
– 0.1038AC + 0.7987BC – 4.52A2 +3.76B2 – 4.16C2 (2) 

In this CCD model, the significance 
determination for each model was assessed by both 
p-value and F-value. The influence of the model 
term on the oil yield was considered significant if 
the p-value is < 0.05 and larger F-value with small p-
value indicates greater significance of the 
corresponding model item as observed in a study 
(Louaer et al., 2019). According to the result 

tabulated in Table 3, the linear terms of pressure and 
temperature showed insignificant impact towards 
the oil yield while the flow rate showed a significant 
(P < 0.05) impact. 

In terms of the interaction terms, interaction 
terms between temperature and flow rate (BC) were 
the only terms with significant impact towards the 
oil yield as agreed previously (Suryawanshi and 
Mohanty, 2018). Meanwhile, the interaction terms 
between pressure and temperature (AB) and 
pressure and flow rate (AC) were not significant. 

In a comprehensive analysis of each model 
item, although the linear terms for the temperature, 
pressure and flow rate had no significant impact 
towards the B. hispida oil yield, the interaction term 
of BC and the quadratic terms of those three 
independent variables (P < 0.0001) had significant 
effects towards the oil yield indicating that these 
selected variables were also part of the 
indispensable factors.  

Previous studies have found that the 
quadratic terms of the pressure, temperature and 
flow rate were significantly interacted, thus proving 
its effectiveness towards the oil yield (Ishak et al., 
2021 as agreed in this study where the three 
quadratic terms were significantly interacted 
towards the SFE of BHSE.  

 Validation of the model was carried out by 
carrying out SFE using three different sets of 
parameters which were generated from the design 
expert software and each of the sets were different 
from the 17 runs. The result of the validation 
showed that by using parameters of 70°C, 247 bar 
and 7 g/min, running in triplicate, result in 8.13% of 
relative error at 90% confidence interval which was 
the lowest compared with the other two set of 
parameters (26.76% & 11.94%). Therefore, the 
optimised parameter for this model is 70°C, 247 bar 
and 7 g/min. 
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  Table 2: The experimental designs of CCD and the oil 
yield measured at different conditions along with the 

predicted oil yield 

Parameters affecting the response 

For the model diagnosis results, the normal 
distribution of residuals and the comparison 
between experimental and predicted values showed 
good linearity which also reflected that the model 
was capable in expressing the relationship among 
the selected parameters as shown in Fig. 2 (a) & Fig. 
2 (c) (Dao et al., 2019). Fig. 2 (c) shows that the 
experimental and predicted values were close to the 
regression line, and it reflects the high R2 value 
(0.9813) thus the changes of oil yield can be 
reasonably explained based on this graph.  

Additionally, Fig. 2 (b) shows the normal 
plot of residuals vs run which indicates that the 
residuals of the experimental yield were scattered 
randomly thus, the model is suitable for 
optimization. The same result can also be found in 
another study, indicating the appropriateness of the 
model to suggest the observation of original value is 
unrelated to the response values (Falowo et al., 
2019). 

 
Fig. 2: Statistical analysis of the surface quadratic model 

For the determination of large residuals in 
runs, the standard residuals in the outlier plot 
should fall into three standard deviations intervals 
as observed in Fig. 2 (d) and similar results were 
recorded in previous study (Zhang et al., 2019).  Any 
outlier that exceeds this interval could result in a 
hidden error in the model or operational error in the 
experiment (Yingngam et al., 2021). 

Table 3: Response surface model adequacy and ANOVA 
analysis 

Source Std. 
Dev. 

R2 Adjusted 
R-square 

Predict
ed R-
square 

p-value PRESS 

Linear 3.55 0.066
0 

-0.1495 -0.5031 0.8203 264.12 

2FI 3.98 0.099
8 

-0.4404 -2.6226 0.9432 636.56 

Quadrat
ic 

0.684
8 

0.981
3 

0.9573 0.8567 <0.0001 25.18 

Cubic 0.445
7 

0.996
6 

0.9819 0.7651 0.1723 41.28 

  
Factor 1 Factor 2 Factor 

3 
Actual 
Yield 

Predicted 
Yield 

Std. 
Order 

Space 
Type 

A: 
Pressure 

(bar) 

B: 
Temperature 

(°C) 

C: 
Flow 
Rate 

(g/min) 

Yield 
(%) 

Yield  
(%) 

1 Factorial 100 40 2 0.7 0.8934 

2 Factorial 400 40 2 0.01 0.2754 

3 Factorial 100 70 2 0.03 0.3876 

4 Factorial 400 70 2 0.01 0.2094 

5 Factorial 100 40 10 1.66 1.44 

6 Factorial 400 40 10 0.01 0.4044 

7 Factorial 100 70 10 3.64 3.35 

8 Factorial 400 70 10 3.75 3.53 

9 Axial 100 55 6 0.99 1.73 

10 Axial 400 55 6 2.15 1.51 

11 Axial 250 40 6 10.06 9.43 

12 Axial 250 70 6 9.63 10.35 

13 Axial 250 55 2 1.25 1.01 

14 Axial 250 55 10 2.61 2.94 

15 Centre 250 55 6 6.36 6.13 

16 Centre 250 55 6 6.63 6.13 

17 Centre 250 55 6 5.6 6.13 
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Fig. 3 shows the three-dimensional (3D) 
plots along with their two-dimensional (2D) 
projections of response surfaces for the graphical 
representations of regression equation obtained 
from the RSM analysis. The constant level of the 
three independent variables (250 bar, 55˚C and 6 
g/min) of each operating parameter (pressure, 
temperature and flow rate) was implemented for the 
interactive analysis of any of the two parameters 
through the 3D plots.  

Different shapes of the 2D contour plot 
including elliptical and circular shape can be 
observed in Fig. 3. Elliptical contour plots mean the 
interactions between the involved parameters were 
significant while circular contour plots indicate the 
interactions were negligible. Previous studies also 
proved the presence of both shapes providing the 
visual relationships between response and the 
experimental levels of each variable and their 
interactions (Zhai et al., 2021).  As from my 
observations, the elliptical contour can be seen at 
Fig. 3 (c) while Fig. 3 (a) and Fig. 3 (b) produced 
more circular contour plots. 

 

  

 

 
Fig 3: 3D graph and 2D plots show the effects of two-

parameter interactions on BHSE 

Temperature 

As observed in Fig. 3, the impact of 
temperature was unique as the oil yield increased at 
both lowest and highest temperature. There are two 
extraction conditions which affect the impact of 
temperature towards the oil yield which are the 
above and below crossover pressure. When there is 
an increased in temperature, the oil yield increased 

Source Sum of 
Squares 

df Mean-
square 

F-value p-
value 

Model 172.44 9 19.16 40.85 < 
0.0001 

A-Pressure 0.1188 1 0.1188 0.2533 0.6302 

B-Temperature 2.13 1 2.13 4.55 0.0703 

C-Flow Rate 9.35 1 9.35 19.94 0.0029 

AB 0.7381 1 0.7381 1.57 0.2499 

AC 0.0861 1 0.0861 0.1836 0.6812 

BC 5.10 1 5.10 10.88 0.0131 

A² 54.70 1 54.70 116.63 < 
0.0001 

B² 37.81 1 37.81 80.62 < 
0.0001 

C² 46.33 1 46.33 98.78 < 
0.0001 

Residual 3.28 7 0.4690 
  

Lack of Fit 2.71 5 0.5425 1.90 0.3795 

Pure Error 0.5705 2 0.2852 
  

Cor Total 175.72 16 
   

(a) 

(b) 

(c) 
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  due to effect of temperature on SC-CO2 density 
became less than the vapor pressure at above 
crossover pressure (Patil et al., 2017). However, 
below the crossover pressure, the effect of 
temperature on density supersedes the vapor 
pressure and at lower temperature, higher SC-CO2 
density contributed to the high solvent power of SC-
CO2 and producing higher oil yield as observed 
(Nde and Foncha, 2020). 

 From Table 2, low oil yield was obtained at 
the lowest temperature (40 ˚C) and pressure (100 
bar) As the temperature increased from 40 ˚C to 70 
˚C, the oil yield became reduced at 100 bar and this 
is because of a reduction of solvation effect to 
disperse into the sample matrix (Ishak et al., 2021).  

Additionally, when there was an increase of 
pressure from 100 bar to 250 bar at the same 
temperature (40 ̊ C), the oil yield increased due to an 
increased in SC-CO2 density and solvation strength 
(Ishak et al., 2021). However, the significant 
reduction of oil yield at high temperature (70 ˚C) 
and pressure (400 bar) decreases the SC-CO2 density 
and the contacts between the seed matric and SC-
CO2 thus minimizing the interaction between the 
solvent and the sample thus lowering the mass 
transfer during extraction (Suryawanshi and 
Mohanty, 2018). 

In this study, the oil yield was lower as the 
temperature was reduced as observed in Fig. 4, but 
as it reached 55˚C, the oil yield started to increase. 
Similar finding was found, where the oil yield 
started to be increased from 19.13% to 21.63% when 
the temperature was increased from 40˚C to 60˚C 
considering the effect of temperature is ruled by 
both solvent density and vapor pressure of the oil 
(Ferrentino et al., 2020). 

Fig. 3 (c) shows the 3D surface graph of the 
effects of temperature and flow rate towards the oil 
yield at fixed pressure (250 bar). The effect of 
temperature in this study also can be seen at the 
lowest temperature (40 °C) which produces high oil 
yield. This research finding is found to be similar 
with the SFE of chia seed where the oil yield was 
higher between 40 °C – 45 °C (Ishak et al., 2021).  

 

 
Fig. 4: Effect of individual parameters towards B hispida 

seed oil yield 

This situation can also be explained by the 
positive correlation between yield and extraction 
temperature when combined with pressure. At 100 
bar, the oil yield decreased when the temperature 
increased, dropping from 0.7% at 40 °C to 0.03% at 
70 °C because at critical pressure, oil solubility 
decreases when the temperature increases, due to 
the predominant effect of density on solute vapor 
pressure. Conversely, the oil yield increased from 
0.01 at 40 °C to 3.75% at 70 °C because above the 
critical pressure, the vapor pressure effect 
dominates, resulting in an increase in solute 
solubility.  The compound’s solubility is thus 
favored or disfavored by increasing the 
temperature, depending on whether the pressure is 
lower or higher than the crossover pressure (Allay 
et al., 2025). 
Pressure 

Fig. 4 (curve A) shows an increase in 
pressure at constant flow rate and temperature 
which did not result in a further increase in the oil 
yield. The highest yield obtained was at 250 bar, 40 
°C and 6 g/min flow rate (10.06%), indicating the 
minimal impact of pressure towards the oil yield. 
Nevertheless, the effect of quadratic term of 
pressure increased significantly at high pressure 
(greater than 250 bar). The possible reason is that the 
highly compressed CO2 led to the reduction in the 
fluid diffusion coefficient. This counteract effect 
often resulted in little impact towards the oil yield 
with high pressure being implemented (Gan et al., 
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  2020). 

  On top of that, the increasing extraction 
pressure caused a reduction in the solvent 
diffusivity, hence the convective mass transfer 
attendant to the extraction process, leading to lower 
oil recovery (Ahangari et al., 2021).  

 The 3D surface graphs of the effect of 
pressure and temperature on the yield of B. hispida 
seed at a constant flow rate (C = 6 g/min) are shown 
at Fig. 3 (a). At the given temperature, the increased 
in pressure caused the density of the supercritical 
solvent CO2 to be higher, which resulted in an 
increase in the solubility of CO2 and ultimately 
increased the oil yield. Higher extraction pressure 
may result in the elevation of vapor pressure, 
facilitating the travel of oil onto the surface of the 
seeds thus improving the oil yield (Peng et al., 2019). 
Thus, the yield of B. hispida seed increases 
significantly with the increase in pressure.  

 Previous findings have proved the positive 
impact of the pressure towards the oil yield and 
their findings were aligned with the current 
findings where the oil yield increased from 0.99% to 
6.36% when the pressure increased from 100 bar to 
250 bar. Similarly, the increase of pressure of 200 to 
300 bar has resulted in the highest yield of extraction 
in previous studies (Teixeira et al., 2020; Santos et al., 
2020). Additionally, the increase of extraction 
pressure from 100 bar to 169 bar was shown to raise 
the recovery of sunflower oil from 47.54% to 52.08% 
(Daraee et al., 2018).  
Flow rate of supercritical carbon dioxide 

Maximum oil yield can be obtained from 
the increased fluid flow rate because of the 
reduction of resistance to mass transfer until the 
exiting fluid became saturated, consequently, 
leading to the solute solubility equilibrium 
(Acevedo-Correa et al., 2018). This occurrence can be 
observed in Fig. 4 (curve C), where the maximum 
flow rate which resulted in maximum oil yield was 
at 6 g/min.  

In Fig. 3 (c), under the given pressure, the 
increase in the CO2 flow could increase the cycle 
extraction time in the pipeline, thus resulting in an 
increase of the oil yield. However, as the CO2 flow 

bypassed 6 g/min rate, the residence time of CO2 
was too short so the contact time with the extract 
was reduced which was not suitable to improve the 
oil yield (Chouaibi et al., 2020).  

Besides that, the extraction yield of wheat 
germ oil and raspberry seed oil was the highest at 
solvent flow rate of 0.4 kg CO2/h or 6.67g/min (Teslić 
et al., 2020; Pavlić et al., 2019) which is in-line with 
the result of the current study because of the 
increase in concentration gradient and consequently 
improving the extraction rate.  

Identification and Quantitation of Fatty Acid Composition 

Table 4 shows the comparison of the FA 
contents from extracts of both SFE and SE. There 
were no significant differences in terms of the FA 
contents for both SE and SFE except for the linoleic 
acid (LA), myristic acid and oleic acid.  

 The total content of saturated fatty acid 
(SFA) (Table 4) was 29.9% from SE and 26.86% from 
SFE with palmitic acid (13.137 ± 1.077 for SE, 13.32 ± 
0.2150 for SFE) accounted to be the highest FA 
content and these results are also recorded in 
previous findings (Anwar et al., 2011; Bimakr et al., 
2013). For comparison, the SFAs extracted from the 
SE were much higher than those extracted using SFE 
even though they are not statistically significant 
except for Myristic acid which were statistically 
significant (P < 0.05).  

The same result was obtained in previous 
study (Rosa et al., 2019) where the application of 
different extraction methods can be the reason and 
lower percentage of PUFAs could contribute to 
proportional increase in SFA and monounsaturated 
fatty acid (MUFA) contents (Rosa et al., 2019). The 
amount of SFAs were lower than the unsaturated 
fatty acids (UFAs) because of the unfavorable high 
temperature for the extraction of SFAs as observed 
in Table 4 (Souza et al., 2020). 

Additionally, the UFAs’ extracted using 
SFE were higher (72.2%) compared to those UFAs 
extracted using SE (70.5%). These data were agreed 
by a study (Anwar et al., 2011), in which this study 
used the same type of seed with only differences in 
the parameters chosen for the extractions. PUFAs 
were accounted for the highest content of FAs for 
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  both types of extractions with PUFAs from SFE were 
significantly higher than in the SE (P ≤ 0.001) which 
is similar with previous studies (Rajei et al., 2005; 
Gustinelli et al., 2018).  

Table 4: Comparison of fatty acids contents between 
different extraction methods 

Each value represents the mean ± SEM of 
triplicate experiments. (*) P ≤ 0.05, (**) P ≤ 0.01, (***) P ≤ 
0.001 and (****) P ≤ 0.0001. 

The content of the LA and the alpha-linoleic 
acid (ALA) were analyzed using the optimised 
parameter from the RSM. Previous findings also 
showed that majority of the FA content extracted 

using the SFE was LA and ALA. The parameters 
affecting the LA and ALA contents are pressure and 
temperature. Firstly, in terms of the pressure, the 
change in pressure of a study from 200 bar to 250 bar 
resulted in an increase of the LA content in 
raspberry seed oil for 20% and similar trend was 
observed for the ALA (Campalani et al., 2020). This 
finding was aligned with the result of this current 
study where the optimised pressure was 247 bar to 
produce the high yield of the PUFAs. 

Besides that, the second parameter which is the 
temperature, , 70˚C was found to be the best 
temperature for the extraction of FAs in wild 
strawberry pomace as well as for the B. hispida seed 
as the application of lower temperature such as 40˚C 
and 50˚C caused a much lower FA content because 
of the solubility of solute mainly affected by the 
increasing vapor tension rather than the CO2 density 
reduction (Campalani et al., 2020). Also, an increase 
in temperature from 20˚C to 60 ˚C resulted an 
increase in LA content for 45% showing the positive 
impact of the high temperature towards LA 
(Hernández-Fernández et al., 2019).   

Conclusion 

As a conclusion, based on the CCD model for the 
optimisation, three parameters were selected and 
optimised according to the range of values for those 
parameters. Thus, the set of parameters (70°C, 247 
bar and 7g/min) with 8.13% relative error was 
determined to be the optimised parameter for the 
BHSE extraction. As for the fatty acid identification, 
the result shows that the PUFAs were detected 
mostly in both types of extraction but the BHSE 
from SFE produced higher PUFAs’ content (9.84% 
differences) and accompanied with advantages of 
the SFE over the SE especially in terms of its safety 
towards the operator and the environment because 
of the solvent recovery and avoidance of the 
released of harmful solvents to the environment. 
However, the primary limitation for the SFE is 
higher operating cost and excessive consumption of 
energy to convert and maintain the supercritical 
state of the solvent.  

 

Fatty Acid 
Category 

Compound 
Name 

Carbon 
Number 

Fatty Acid 
Composition (%) 

Extraction Type SE SFE 
TEC (%) 32.667*** 

± 0.333 
9.623*** ± 

1.688 
Saturated 

Fatty Acids 
Octanoic Acid  8:0 0.36 ± 

0.032 
0.33 ± 
0.103 

Decanoic acid  10:0 - - 
Lauric acid  12:0 0.093 ± 

0.009 
0.073 ± 
0.003 

Tridecanoic 
acid  

13:0 0.207 ± 
0.0351 

0.56 ± 0.02 

Myristic acid  14:0 1.073* ± 
0.078 

0.207* ± 
0.02 

Pentadecanoic 
acid  

15:0 0.447 ± 
0.035 

0.247 ± 
0.009 

Palmitic acid  16:0 13.367 ± 
0.622 

13.317 ± 
0.124 

Heptadecanoic 
acid  

17:0 0.407 ± 
0.007 

0.297 ± 
0.003 

Stearic acid  18:0 11.36 ± 
0.07 

10.78 ± 
0.103 

Arachidic acid  20:0 1.977 ± 
0.02 

1.05 ± 
0.175 

Behenic acid  22:0 0.587 ± 
0.055 

- 

Total 29.9% 26.86% 

Unsaturated 
Fatty Acids 

Myristoleic acid  14:1 n-5 - - 
Palmitoleic acid  16:1 n-7 0.87 ± 

0.017 
0.933 ± 
0.007 

Elaidic acid 
trans  

18:1 0.497 ± 
0.041 

- 

Oleic acid  18:1 n-9 5.467**** ± 
0.179 

2.257**** ± 
0.192 

Linoleic acid  18:2 n-6 58.453**** 
± 0.423 

68.507**** 
± 0.151 

Alpha Linoleic 
acid  

18:3 n-3 1.66 ± 0.08 1.44 ± 0.3 

Eicosenoic acid  20:1 1.123 ± 
0.019 

- 

Erucic acid  22:1 n-9 2.03 ± 0.04 - 

Total 70.5% 72.2% 
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