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Supercritical Carbon Dioxide Fluid Extraction of Functional Components
from Momordica charantia L. Fruits
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Abstract ：The supercritical carbon dioxide fluid extraction (SFE-CO2) was adopted to extract total momordicosides and total
flavones from Momordica charantia L. fruits. Two sets of parameters for extracting total momordicosides and total flavones were
optimized to maximize their yields using a U11(1110) uniform design and two regression models decribing the effects of extraction
pressure and temperature and amount of added modifier (absolute ethanol) on the extraction of total momordicosides and total
flavones were built up. The optimal conditions for the improved extraction of total momordicosides were determined as follows:
extraction pressure 25.5 MPa, extraction temperature 42.5 ℃ and amount of added ethanol 180 mL, while those for extracting
total flavones were 27.5 MPa, 39.5 ℃ and 226 mL, respectively. The maximum extraction yields of both total momordicosides
and total flavones could be achieved by extraction for 3 h followed by one-step separationa at 35 ℃.
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超临界-CO2提取苦瓜有效成分的研究
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摘   要：采用 U11(1110)均匀设计试验优选超临界 -CO2 提取苦瓜总皂苷和黄酮的最佳工艺条件。分别以苦瓜中总皂

苷和黄酮含量为指标探讨萃取压力、温度、萃取时间和夹带剂(无水乙醇)用量等因素在不同水平下对苦瓜皂苷和黄

酮提取工艺的影响，确定苦瓜皂苷和黄酮超临界 -CO2 流体萃取最佳工艺参数。苦瓜皂苷的最佳萃取条件为萃取压

力 25.5MPa、温度 42.5℃、夹带剂用量 180mL；苦瓜黄酮的最佳萃取条件是压力 27.5MPa、温度 39.5℃、夹带

剂用量 226mL。萃取时间均为 3h，采用一级分离，分离温度均为 35℃。
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Momordica charantia L., also referred to as bitter gourd
or karela, is a member of the Cucurbitaceae family and is
commonly cultivated as a vegetable crop. Previous studies[1]

indicated that the extracts from  fruits, leaves and roots of
Momordica charantia L. all have many biological activities like
reduction of blood concentration, anti-HIV, anti-oxidation,
antibiosis, and anti-tumor and also can be used for the treat-
ments of gastrointestinal problems, childhood viral diseases,
skin problems and fevers and the gynecological aid[2]. Recently,
there has been extensive research interest in chemical compo-
nents and medicinal functions of Momordica charantia L.[3].
Momordicosides and flavones, two kinds of functional com-

ponents in Momordica charantia L. fruits[4], have some
medicinal functions that are worth applying to medicine. A
number of publications reported[5-7] the extraction of sa-
ponins and flavones by SFE-CO2 extraction, ultrasonic
extraction, resin extraction, solvent extraction, microwave
radiation extraction, UF membrane extraction, etc, while there
have been only a few studies concerning the extraction of
momordicosides and flavones inform Momordica charantia
L. so far: Chen et al[8] reported the extraction of momordicosides
using a mixture of ethanol and water followed by the purifi-
cation using macroporous adsorption resins; Cui et al[9] op-
timized the ethanol extraction of total mormodicosides from
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Mormordica charantia L. using orthogonal array design;
Hua et al[10] pointed out that the SFE method is a rapid and
efficient approach for the extraction of flavones using etha-
nol from various plants including Momordica charantia L..
The SFE-CO2 method can be achieved at relatively low
temperature and has some advantages over conventional
extraction methods including less time and organic solvent
consumption. The extraction characteristics are mainly af-
fected by pressure and temperature of supercritical CO2[11].
This study focused on the optimization of parameters (i.e.,
extraction pressure, extraction temperature and amount of
added ethanol as a modifier) for SFE-CO2 extraction of total
mormodicosides and total flavones from Mormordica
charantia L. fruits using a U11(1110) uniform design.

1 Materials and Methods

1.1 Materials, reagents and instruments
UV-2000 type ultraviolet-visible spectrophotometer was

purchased from UNICO (Shanghai) Instruments Co. Ltd., FA
1104 type electronic balance from Shanghai Precision &
Scientific Instrument Co. Ltd., HA121-50-01 type SFE-CO2 equip-
ment from Jiangsu Nanjing Hua  an SFE Instrument Co. Ltd..

Absolute ethanol used in this investigation was manu-
factured by Fuchen (Tianjin) Chemical Reagent Factory.
Vanillin, NaOH and glacial acetic acid were purchased from
Shanghai Chemical Reagent Company, China National Medi-
cine Group. Perchloric acid, NaNO2 and Al(NO3)3 were
obtained from Taishan (Guangdong) Chemical Reagent
Factory, and ginsenoside Rg-1 standard (2.2 mg/mL) from
College of Chemistry of Jilin University. Rutin standard was
manufactured by China  s National Institute for the Control of
Pharmaceutical and Biological Products.

All solvents used in this study were of analytical-
reagent grade.

SFC-grade carbon dioxide (food grade, 99.5% purity)
used as extraction fluid was supplied by Jiangxi Hydrogen
Nitride Factory.

Fresh fruits of Momordica charantia L. were purchased
from a local farmers market.
1.2 Methods

1.2.1 Sample pretreatment
Unripened green fruits of Momordica charantia L. were

cleaned, cut into small pieces following flesh removal, dried
at 60 ℃ and powdered.

1.2.2 Process flow for SFE-CO2 extraction of total

Before each set of yield determinations at given extrac-
tion conditions, the extractor was manually filled with a
weighed quantity (about 150 g) of dried powder of
Momordica charantia L. fruits. For all of the modifier studies,
ethanol was spiked directly into the extraction vessel with
charged samples prior to extraction. Carbon dioxide flowed
through the filter, the compressor and the accumulator still
and was pumped into the extractor until the desired extrac-
tion pressure value was reached. During the process, tem-
perature of CO2 was controlled by the electrothermostat and
the thermostatic control water leg. After ensuring that there
was no leak in the equipment, the expansion valves were
opened and a steady stream of the solvent was allowed to
pass upward through the bed of ground particles at prede-
termined pressure and temperature values. After a given ex-
traction period these valves were closed, and the extract
from Mormordica charantia L. fruits was separated in the
separate device, deposited in the collector and obtained.
During the course of extraction, CO2 could be decompressed
in separate device and entered the entrance of the filter, so it
was recycling.

1.2.3 Colorimetric determination of total mormodicosides
and total flavones

As described previously, the total mormodicosides
from Mormordica charantia L. fruits were determined by
vanillin-HClO4 colorimetry[8] with ginsenoside Rg-1 standard
as a reference substance, and the total flavones from
Mormordica charantia L. fruits by NaNO2-Al(NO3)3-NaOH
colorimetry[12] with rutin standard as a reference substance.

1.2.4 Optimization of SFE-CO2 extraction procedures of
total mormodicosides and total flavones

1.2.4.1 Determination of time required for the maximum

mormodicosides and total flavones

1. CO2 steel cylinder; 2. filter; 3. compressor; 4. accumulator still;
5. extractor; 6. separate device; 7. temperature ontrol instrument;
8. flowmeter; 9. electrothermostat; 10. thermostatic control water leg.
Fig.1   Schematic illustration of the process flow of SFE-CO2
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extraction
Accurately 150 g of raw sample was weighed into a

container containing 150 mL of ethanol used as a modifier
and the mixture was poured into the extractor following com-
plete mixing. Then the extraction was performed with
supercritical CO2 under given conditions that were as follows:
extraction pressure 25 MPa, extraction temperature 55 ℃ and
separation temperature 35 ℃ for 1, 2, 3 h and 4 h. The
investigation of each level of extraction time was conducted
in triplicate.

1.2.4.2 Optimization of extraction pressure, extraction
temperature and amount of ethanol used[13]

Since SFE-CO2 extraction process is potentially affected
by various parameters, among which extraction pressure,
extraction temperature, amount of added modifier and ex-
traction time are the most significant factors, it is especially
important to optimize these parmeters for the development
of SFE-CO2 method. In this study, a U11(1110) uniform design
combined with regression analysis was employed to opti-
mize the other three parameters except extraction time for
maximizing the extraction yields of total mormodicosides and
total flavones from Mormordica charantia L. fruits. The
mean values obtained from three replicates of each investi-
gation of studied parameters were used to account for the
optimal extraction yields.

1.2.4.3 Verification of optimized SFE-CO2 extraction pa-
rameters

To verify optimized SFE-CO2 extraction parameters of
total mormodicosides and total flavones, the predicted and
the actual values of yield were obtained and compared.

2 Results and Discussion

2.1 Effect of extraction time on the extraction of total
mormodicosides and total flavones

Fig.3   Effects of extraction time on the extraction of total flavones
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Figures 2 and 3 show that both the yields of total
mormodicosides and total flavones from Mormordica
charantia L. fruits first increased dramatically and then
tended to be stable with prolonged extraction time. As shown
in both figures, the maximum extraction yields of total
mormodicosides and total flavones were both achieved at 3
h. So, 3 h can be considered time enough to complete the
extraction of total mormodicosides and total flavones.

Run Pressure/MPa Temperature/℃ Amount of added modifier/mL Mor. yield/% Fla. yield/%
1 15 35 250 1.50 1.210
2 15 45 200 2.94 1.710
3 20 55 100 2.63 1.140
4 20 40 250 3.50 1.685
5 25 55 150 2.61 1.340
6 25 40 50 1.10 0.290
7 25 50 250 2.17 1.235
8 30 35 100 1.65 0.380
9 30 50 50 1.78 0.490
10 35 35 200 2.94 1.695
11 35 45 100 2.21 0.400

Predicted
value of Mor. 25.5 42.5 180 3.55

yield
Actual value of

25.5 42.5 180 3.61
Mor. yield

Predicted value
27.5 39.5 226 2.185

of Fla. yield
Actual value of

27.5 39.5 226 2 .165                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
Fla. yield

Table 1   Arrangement and results of the U11 (1110) uniform design
for optimizing the SFE-CO2 extraction of total mormodicosides and

total flavones

Note: Mor.: total mormodicosides; Fla.: total flavones.
Fig.2   Effects of extraction time on the extraction of total

mormodicosides
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2.2 U11 (1110) uniform design and results
The arrangement and results of a three-variable, five-

level U11 (1110) uniform design are shown in the Table 1,
together with the predicted and the actual values of the
extraction yields of total mormodicosides and total flavones
under optimized extraction conditions.
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The data shown in Table 1 were statistically analyzed
using the DPS software and the analytical results were given
as follows:

The regression equation describing SFE-CO2 extraction
of total mormodicosides from Mormordica charantia L. fruits
was as follows:

Y= － 17.9715+0.3376X1+0.5440X2+0.03828X3 －

0.0047X12－0.0048X22                                                              (1)
For which the correlation coefficient (r) was 0.999, the F

(test) value 268.1608, and the p (conspicuous level) value
0.0474 less than 0.05, indicating a significant difference. The
optimal conditions for SFE-CO2 extraction of total
momordicosides were determined based on analysis of Eq.
(1) as follows: using 180 mL of absolute ethanol as a modifier
for extraction at 42.5 ℃ and 25.5 MPa. As can be seen from
Table 1, the actual value of yield of total momordicosides
under the optimized conditions was 3.61%, approximate to
the predicted value of 3.55%, suggesting excellent validity
of the developed regression model describing extraction of
total momordicosides.

The regression equation describing SFE-CO2 extraction
of total flavones from Mormordica charantia L. fruits was as
follows:

Y= － 12.3123+0.0747X 1+0.4725X 2+0.0325X 3 －

0.0033X12－0.0045X22                                                             (2)
For which the correlation coefficient (r) was 0.9780，

the F (test) value 6.0109, and the P (conspicuous level) value
less than 0.05, indicating a significant difference. The opti-
mal conditions for improved extraction of total flavones from
Mormordica charantia L. fruits were determined based on
analysis of Eq. (2) as follows: using 226 mL of absolute ethanol
as a modifier for extraction at 27.5 MPa and 39.5 ℃. Under
the optimized conditions, the predicted and the actual
values of yield of total flavones were very close, 2.185%
and 2.165% respectively shown in Table 1, proving excellent
validity of the developed regression model describing ex-
traction of total flavones.

The SFE-CO2 extraction for 3 h followed by one-step
separat ion at  35℃ gave maximum yields of  total
momordicosides and total flavones .

3 Conclusions

To our knowledge, this paper is the first one using SFE-
CO2 to extract two kinds of functional components including
total momordicosides and total flavones from Mormordica

charantia L. fruits and using uniform design to optimize three
crucial extraction parameters. Our findings sufficiently dem-
onstrate that SFE-CO2 extraction that can be completed by
one step without causing any contamination and yields high
purity products is a very useful method for extracting total
momordicosides and total flavones from Mormordica
charantia L. fruits. Native momordicosides and flavones can
be extracted without any decomposition due to gentle ex-
traction conditions, and a lower input energy is requested
for SFE-CO2 extraction in comparison with other methods and
therefore it is a cost-saving method. The present study will
lay a substantial foundation for commercial processing of
functional components from plant resources.
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