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Supercritical fluid extraction (SFE) is the best extraction method for high purity of
charantin rich extract from Momordica charantia fruit. It is due to the unique
characteristic of transport properties of supercritical fluid such as viscosity and
diffusivity. Therefore, the focus of this study was to investigate the effects of carbon
dioxide flow rate and extraction time on the Momordica charantia extract yield. The
effects of carbon dioxide flow rate and extraction time were investigated using flow
rate of 4, 6 and 8 mL/min with constant mean particle size of 0.3 mm. Different
temperatures (45 and 65oC) and pressures (10 and 30 MPa) were used to investigate
the effect between low and high operating condition. Based on the results, it showed
that as the carbon dioxide flow rate increased to 8 mL/min, the extract yield increased
to 3.698% at low operating condition. Furthermore, the time taken to reach plateau
phase decreased from 150 min to 90 min. Therefore, it is recommended to use high
flow rate in this study for highest extract yield in short time.
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1. Introduction
Supercritical fluid extraction (SFE) is a clean technology commonly used to extract high purity
extract from natural product [1]. Supercritical fluid is a single homogenous fluid, form after the fluid
exceed its critical point of temperature and pressure which was first discovered by Baron Cagniard
de la Tour in 1822 [2]. Hannay and Hogarth in 1897 then found that the fluid can dissolve the solute
and show potential as the alternative for conventional organic solvent [3].
The main advantage of supercritical fluid is the ability of the fluid to change its behaviour by
manipulating the operational condition such as temperature and pressure depending on the specific
components extracted [4]. Supercritical fluid has low viscosity and high diffusivity, therefore the fluid
possesses better transport properties than liquid and easily diffuse into the solute particle which then
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enhanced the extraction rates [5]. Carbon dioxide mostly used as the solvent in the supercritical fluid
extraction due to its mild critical temperature and pressure (31.1°C, 7.38 MPa), inert, non-flammable,
non-explosive, inexpensive, odourless, colourless clean solvent, non-toxic and harmless in
pharmaceutical and food [6].
Momordica charantia is one of the natural sources for traditional treatment of Type 2 diabetes
mellitus (T2DM). The plant is also known as peria katak (Malaysia), bitter gourd/ bitter melon
(English), karela (India), ampalaya (Phillipine) and so on. The plant is a climbing perennial that usually
grows up to 5 m, and bears elongated fruit with a range of 9–60 cm long. One of the bioactive
component in the Momordica charantia is charantin, a steroidal saponins [7] known to possess a
hypoglycemic effect similar with sulfonylurea medicine for T2DM [8].
T2DM is one of the critical disease in Malaysia as well as in the world. World Health Organization
(WHO) had estimated that the world population of diabetes patient will likely to increase to 300
million or more by 2025 [9]. Based on Malaysia National Diabetes Registry volume 1 [10], 99.3% of
total registered diabetes patient was diagnosed with T2DM and 58.4% from it were women in the
age of 45 - 54 years old.
Since SFE is a clean and effective technology to replace conventional method, hence it will be
used in this study to extract bioactive component in Momordica charantia. Therefore, the aim of this
study was to investigate the effect of carbon dioxide flow rate and extraction time in SFE to increase
the extract yield of Momordica charantia.
2. Methodology
2.1 Sample Preparation
Green bitter gourds (Momordica charantia) grown in Simpang Renggam (Johor, Malaysia) were
purchased from a local market. The fruits were cleaned and cut into small pieces, and then oven dried
together with the seeds at 50°C for 24 hours. The dried sample was then grounded using commercial
blender (Waring, U.S). The ground sample was sieved using Endecotts Octagon 2000 Digital Sieve
Shaker to get mean particle size of 0.3 mm. The sample was then stored in a freezer (-20°C) until
further use.
2.2 Supercritical Carbon Dioxide (SC-CO2) Extraction
A ratio of 1:3 pure ethanol (Merck, Malaysia) was mixed with 5 g of Momordica charantia dried
sample in the extractor vessel for the SC-CO2 extraction with addition of co-extractor. While, SC-CO2
extraction without addition of co-extractor was performed with pure SC-CO2 solvent only (skipped
mixing step of Momordica charantia dried sample and pure ethanol).
The supercritical carbon dioxide extraction was carried out at constant pressure and temperature
using SFE laboratory apparatus shown in Figure 1, which consists of force ventilation oven (MMM
Group, German) fitted with a 50 mL stainless steel extraction vessel. Pure 99.9% CO 2 (Mega Mount
Industrial Gases Sdn Bhd, Malaysia) gas was liquidized using a refrigerated (cooler) bath circulator
(Daihan Scientific. Co Ltd, Korea) and pumped to extraction vessel using carbon dioxide liquid pump
(Tokyo, Japan) with a constant flow rate of 4 mL/min.
Pressure in the extraction vessel was regulated by means of a back-pressure (Tescom Corp.,U.S)
valve installed in the line between the extraction vessel and the separator. The depressurization
process using control valve will convert the supercritical phase of carbon dioxide into its original
phase with the help of water circulation bath (Daihan Scientific. Co Ltd, Korea) at the separator line
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which can separate the CO2 from the extracted sample. The extraction process was done dynamically
for total extraction time of 150 min and extract yield collected at every 30 min interval times.
The Momordica charantia extract was weighed using the analytical balance (Ohaus, U.S) with an
accuracy up to 0.0001 g. The whole process was repeated for the other flow rate of 6 and 8 mL/min
using constant 0.3 mm particle size. The pressure (10 and 30 MPa) and temperature (45 and 65°C)
used were chosen in order to investigate the effect of low and high operating condition on the
Momordica charantia extract yield. Temperature higher than 65°C will degrade the thermolabile
compound in the extract. While, high pressure than 30 MPa will damage the equipment. The suitable
particle size used was determined in the previous study [11].

Fig. 1. Supercritical carbon dioxide extraction schematic diagram

2.3 Soxhlet Extraction
Solvent extraction was carried out using Soxhlet apparatus with 20 g of powdered Momordica
charantia. The sample was extracted with 200 mL of 95% ethanol and hexane (Merck, Malaysia) for
6 hours. The remaining solvent trapped with the extracts was removed via rotary evaporator
(Heidolph, German). The extract yield was weighed and then compared with the extract yield from
SC-CO2 extraction before stored in a freezer (-20oC) until further analysis.
2.4 Extract Yield Determination
The percentage of extract yield was calculated using Equation (1). The extract was stored in a
freezer (-20oC) until further analysis.

Extract yield (%) =

𝑂𝑖𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 (𝑔)
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)

x 100

(1)

2.5 Statistical Analysis
Experimental results were expressed as means ± standard errors. All experiments were carried
out in duplicate.
3. Results and Discussion
3.1 Effect of Flow Rate at Constant Low Pressure and Different Temperature
At constant low pressure and different temperature, the extract yield of Momordica charantia
increases as the flow rate increase as shown in Figure 2. The extract yield increases as the flow rate
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increase up to 8 mL/min. Low flow rate of 4 mL/min limits the transport of solute to the bulk solvent
due to increase in mass transfer resistance surrounding the solid particle. The solvent then leaving
the extractor vessel unsaturated. Hence, the extract yield decreases with decrease in flow rate. In
contrast, at high flow rate of 8 mL/min, the mass transfer resistance surrounds the solid particle had
been reduced and therefore solute inside solid particle easily transported to bulk solvent. The solvent
then leaving the extractor vessel saturated and thus increase the extract yield.
Danlami, et al., [12] suggested that increasing the flow rate enhanced the extraction efficiency.
However, when the flow rate was too high it would disturb the process due to low loading of SC-CO2
and poor solute trapping. Meanwhile, a very low flow rate might plug the restrictors. Ruslan, et al.,
[13] also agreed that the solvent would pass through the solute with less intimate contact when
further increased the flow rate thus decreasing the extraction efficiency and extract yield.
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Fig. 2. Effect of flow rate on extraction of Momordica
charantia (P = 10 MPa, T = 45oC, dp = 0.3 mm)

However, Figure 3 showed that at 6 mL/min, the extract yield of Momordica charantia decreased
due to the decreasing of solvent density which apparently decreased the solvent power of SC-CO2 to
extract the solute in solid particle.
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Fig. 3 Effect of flow rate on extraction of Momordica
charantia (P = 10 MPa, T = 65oC, dp = 0.3 mm)

At condition of low pressure and high temperature, the increase flow rate of 8 mL/min would
help in increasing the extract yield as explained by Maran and Priya [14], when the flow rate increase,
the film thickness surround the solid particle reduced and thus reducing the external mass transfer
resistance around the solid. Therefore, solute easily escaped to bulk solvent and enhanced the
solubility between solute-solvent leads to increase in the extract yield.
Other than that, Özkal and Yener [15] in their study emphasised that increasing flow rate
significantly enhanced the grinding efficiency, G due to the increase in the convective effect of SC-
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CO2 consequently causing damages to the weak parts of the solid particle and leading to extra free
solute removed from the solid particle during extraction.
3.2 Effect of Flow Rate at Constant High Pressure and Different Temperature
Similarly, the effect of flow rate in constant high pressure and different temperature also
indicated that the extract yield of Momordica charantia increase as the flow rate increase as shown
in Figure 4 and 5.
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Fig. 4. Effect of flow rate on extraction of Momordica
charantia (P = 30 MPa, T = 45oC, dp = 0.3 mm)
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Fig. 5. Effect of flow rate on extraction of Momordica
charantia (P = 30 MPa, T = 65oC, dp = 0.3 mm)

Zhao and Zhang [6] demonstrated that at constant high pressure and low temperature, the
extract yield was increased with increased of fluid flow rate due to synergistic effect of a mass
transfer process and thermodynamic equilibrium state. It appeared that the density of SC-CO2
increased in high pressure and low temperature conditions and it was possible for the extract to
dissolve easily in the SC-CO2 and thus reached equilibrium before leaving the extractor vessel. It was
most likely that mass transfer resistance which control the extraction process rather than solubility.
Meanwhile, in Figure 5, at constant pressure 30 MPa and temperature, 65 oC; there was less
extract yield of Momordica charantia as compared to extract yield shown in Figure 2. The reason is
due to solubility dominant that occurred in high pressure and high temperature condition. Increasing
the fluid flow rate would not increase the extract yield of Momordica charantia because the solubility
of solute in solvent was stronger than the effect of fluid flow rate. Rebolleda, et al., [16] agreed that
when the extraction condition is high pressure and high temperature, fluid flow rate does not have
effect on increasing the extract yield.
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3.3 Effect of Extraction Time
Based on the experimental results shown in Figure 2 until Figure 5, the extraction of Momordica
charantia started to reach plateau phase (equilibrium) at extraction time of 90 minutes. Therefore,
for this study, the extraction process should stop at time of 90 minutes instead of 150 minutes as
suggested by Lisichkov, et al., [17] and Sodeifian, et al., [18].
According to Klein-Júnior, et al., [19], the determination of extraction time is very important as it
will affect the extraction process and might cause incomplete extraction if the extraction time was
too short. On the other hand, if the extraction time took too much time, it would leads to wasting
time and solvent used as well as degrade the bioactive compound. Salleh et al., [20], agreed that,
the increased in extraction time had no significant effect on the extraction yield when the extraction
started to reached plateau phase.
However, there was a study done by Belayneh, et al., [21] which needed to increase their
extraction time to 510 minutes in order to complete the extraction of omega-3 from Camelina seed.
Above all, the nature of the plant and other operating condition would also affect the extraction time
in order to achieve the plateau phase.
According to Larry [22], Özkal, et al., [23] and Machmudah, et al., [24], the dynamic extraction
profiles divided into 3 regions namely fast, intermediates and slow extraction. In fast extraction, most
of free oil and bulk solute dispersed onto solid particle and easily dissolved into bulk solvent due to
increase in solubility and therefore reduce the time to reach plateau phase. At intermediates region,
the extraction process started to decrease due to disruption between solute-solvent interactions
before entered the slow extraction region where diffusion process takes place inside solid particle.
At slow region, increasing the extraction time would not increase the extract yield since most of the
solvent has already reached equilibrium.
Figure 2 shows that the extract yield increased as the solvent flow rate increase. It only took 60
min for the extraction to start reached the plateau phase due to the solubility of solute in solvent
depend on the flow rate used. Whereas, when the low flow rat use i.e 4mL/min, the time taken to
start reaching the plateau phase had increased to 90 min. Similar trend showed in Figure 3, when the
high flow rate 8 mL/min was used, the time taken to reach plateau phase was only 60 min while the
flow rate of 6 mL/min and 4 mL/min needs 120 min to reach plateau phase. Figure 4 and 5 also proved
that when high flow rate was used, the time to reach plateau phase was reduced.
Undoubtedly, if the low flow rate is chosen, the extraction rate decreases as film thickness
surround solid particle and accumulation in the bulk still prevail over intra-particle and solubility
demand. The extract oil would likely have a difficult time to dissolve in SC-CO2 thus reducing the
extract yield and longer residence time required for the system to reach equilibrium.
Meanwhile, when the high flow rate was chosen, SC-CO2 was in excess and increase the operation
cost since the SC-CO2 would only bypass the solid particle with no contact at all and leaved extractor
vessel unsaturated. Though the residence time was shorter, however it would reduce the extraction
efficiency and gave low quality of extract yield. In summary, a preliminary study needed to be done
in order to determine the best extraction time and fluid flow rate to achieve highest extract yield.
3.4 Comparison of Extract Yield between Soxhlet and SC-CO2 Extraction Method
Figure 6 shows the percentage of Momordica charantia’s extract yield obtained using Soxhlet and
SC-CO2 extraction method. From the result, it appeared that extract yield obtained from Soxhlet
method (6.802%) was higher than extract yield obtained from SC-CO2 (3.698%).
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Fig. 6 Comparison on extraction yield of Momordica
charantia using SC-CO2 and Soxhlet extraction method

However, the extraction hours of Soxhlet method was longer (6 hours) compared when using SCCO2 (150 min) extraction method. The longer extraction time indeed enhanced the extract yield since
ethanol (polar solvent) was able to extract both polar and non-polar compound in the extraction
process. Nevertheless, longer extraction time might affect the target compound. Thermolabile
compound might degrade as the process took longer period and used high temperature so it would
decrease the quality of the extract.
Moreover, Soxhlet method used large amount of sample and solvent compared with SC-CO2
extraction method. For example, 200 mL of ethanol was used for 20 g of sample in Soxhlet method
compared to 15 mL of ethanol used for 5 g of sample in SC-CO2 method.
The type of solvent used also played a major role in extracting the target compound. In Soxhlet
method, ethanol gave higher extract yield (6.802%) compared to n-hexane (2.607%). The reason was
the solvent polarity of the solvents. Ethanol is more polar rather than n-hexane therefore there will
be a limitation on type of compound extracted based on the polarity of solvent.
Similarly, in SC-CO2 extraction, the extract yield would increase when co-extractor was introduced
in the SC-CO2 extraction process. When only pure SC-CO2 (no co-extractor in the system) was used as
shown in Figure 6, the yield was only 1.294%. Whereas, when co-extractor introduced in SC-CO2
system (use pure ethanol as a co-extractor), the extract yield increase to 3.698%. The addition of coextractor was to enhance the transport property of solute in the solvent instead of adding the cosolvent to enhance the polarity of solvent.
Smith, et al., [25] explained in their book, a co-extractor is use by mixing the suitable substance
directly with the solid sample containing target compound to facilitate transport of target compound
to the co-extractant phase. Then, pure SC-CO2 is used to perform the whole extraction process. In
comparison, the working principle of co-solvent is different because it need to dissolve into SC-CO2
to form a homogeneous phase prior to extraction. If co-solvent modifies the properties of SC-CO2
then, addition of co-extractor modifies the transport properties of target compound. Likewise, Yunus,
et al. ,[26] agreed that the extraction of solute is more favourable when the polarity scale of solute
and solvent is the same.
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4. Conclusion
The effect of fluid flow rate and extraction time indeed influenced the extraction yield in SC-CO2
extraction method. Free solute outside solid surface would easily dissolved in SC-CO2 when high flow
rate was applied. Besides, high flow rate improved the diffusivity SC-CO2 to penetrate deep into solid
particle and consequently reduced the residence time and helped in increasing the extract yield.
Therefore, the higher flow rate, 8 mL/min in this study will be used for further optimization study .
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