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ABSTRACT

Bitter melon, Momordica charantia L, is a popular traditional medicinal fruit in tropical and subtropical coun-
tries. It has been linked with therapeutic effects, some of which are likely due to its flavonoids. To determine its
total flavonoid content (TFC) and to prepare extracts for use as nutritional supplements or ingredients for
nutraceutical functional foods, various solvents have been used, including water, which is the preferred solvent
because it is inexpensive, safe and environmentally friendly. The study aimed to extract bitter melon, using five
solvents (ethanol, methanol, n-butanol, acetone and water) before and after the optimal conditions for water
were determined in terms of extraction temperature, time, ratio of water to bitter melon (mL/g) and number of
times the same material was extracted. The TFC of six varieties of bitter melon was also determined. Acetone
was the best of the five solvents for extracting flavonoids from the Moonlight variety (23.2 mg Rutin Equivalents
(RE)/g). Even after increasing the extraction by 88% (1.24 vs 0.66 mg RE/g) using optimised conditions for the
aqueous extraction (two extractions at 40°C for 15 min at a ratio of 100:1 mL/g of bitter melon powder), the fla-
vonoids extracted from the Moonlight variety using water was very little (5.4%) compared to acetone. Further-
more, using acetone, it was shown that the Moonlight variety (23.2 mg RE/g) bought at a local market had higher
levels of flavonoids than the greenhouse-grown Jade (15.3 mg RE/g), Niddhi (16.9 mg RE/g), Indra (15.0 mg RE/
g), Hanuman (3.9 mg RE/g) and White (6.9 mg RE/g) varieties. Therefore, acetone was the best solvent for ex-
tracting flavonoids from bitter melon and the agueous extraction could only be improved to extract 5.4% of the
flavonoids extracted with acetone from the Moonlight variety, which had the highest TFC of the six varieties of
bitter melon.
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1. Introduction shape, ranging from 9 to 60 cm long, but in contrast to
cucumbers, it has a very warty-looking exterior [2].
Bitter melon is widely cultivated in tropical and sub-
tropical countries, where it is a popular traditional me-
dicinal fruit. In the scientific literature, it has been linked
with a wide range of therapeutic effects, including anti-
cancer [3], anti-viral [4], anti-inflammatory [5], hypol-
ipidaemic [6], hypocholesterolaemic [6], immuno-modu-
latory [7] and anti-diabetic [8] properties. Studies have
reported that different varieties of bitter melon may differ
in their content of bioactive compounds [9,10]. However,
some of the proposed therapeutic effects have been in
“Corresponding author. part attributed to its content of flavonoids [7,8,11].

Bitter melon, Momordica charantia L. is a member of
the Cucurbitaceae family. The latin name “Momordica”
means ‘to bite” and refers to the leaves of the bitter me-
lon plants, which have jagged edges and look like they
have been bitten [1]. It is also referred to by different
names around the world: balsam pear (English), Karella
(Hindi or Urdu), Nigauri or Goya (Japanese), Ku gua
(Madarin), Ko guai (Taiwanese), Kho qua (Vietnamese),
Ampalaya (Philippines) and Assorossie (French). Gener-
ally, the bitter melon fruit has an oblong cucumber-like
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Flavonoids are polyphenolic compounds with a nu-
clear structure of Cg-C3-Cs, which is comprised of two
benzene rings linked to a pyrene ring containing oxygen
[12]. Flavonoids occur naturally in plants either linked to
sugars (glycosides) or without the sugars (aglycones).
Flavonoid aglycones are usually extracted with less polar
solvents, such as benzene, chloroform and diethyl ether
[13] while flavonoid glycosides are commonly extracted
with more polar solvents, such as acetone, butanol, me-
thanol and ethanol [14-16]. Ethanol [11,17], water [11]
and methanol [18] have been used for extracting flavon-
oids and other bioactive compounds from bitter melon.
However, studies on the use of different solvents, in-
cluding water and less polar organic solvents, for the
extraction of flavonoids from different bitter melon va-
rieties are still limited. For example, the ratio of flavon-
oid aglycones to glycosides may differ between varieties
and thereby lead to different extraction efficiencies, de-
pending on the type of solvent used [13-16].

Recently, the use of less polar organic solvents for ex-
tracting bioactive components and other compounds
from plant materials has become increasingly unpopular
because these solvents have significant safety, toxicity
and environmental issues associated with them and con-
sumers are increasingly concerned about the impact on
their health of such practices. Therefore, water (a polar
solvent) is always preferable as an extraction solvent
because it is non-toxic, environmentally friendly and
inexpensive compared with organic solvents [19].

Importantly, water has been used to extract flavonoids
from bitter melon [11]. However, if water is to be the
solvent of choice, the optimal conditions for the aqueous
extraction of flavonoids from bitter melon need to be
determined. The aqueous extraction of bioactive com-
pounds from plant matrices is known to be dependent on
several extraction parameters [12,20]. For example, the
temperature and length (time) of the extraction, the ratio
of the water to the plant material and how many times the
same material is extracted can have significant impacts
on the extraction of bioactive compounds from plant ma-
terials [19-21]. Furthermore, in the case of flavonoids,
because they occur as aglycones and glycosides, the ex-
traction efficiency obtained with optimal aqueous condi-
tions also needs to be compared with that of less polar
solvents.

Therefore, the present study aimed to determine the
optimal aqueous conditions for extracting flavonoids
from bitter melon, in terms of extraction temperature and
time, the ratio of water to bitter melon (mL/g) and the
number of times the same material was extracted. For
comparison, extractions with less polar solvents, metha-
nol, ethanol, n-butanol and acetone, were also done. The
flavonoid content of six varieties of bitter melon was also
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determined.

2. Materials and Methods
2.1. Plant Materials

Six varieties, Moonlight, Hanuman, White, Jade, Niddhi
and Indra were analysed in the present study. The Moon-
light variety was purchased from the Sydney Markets
(Sydney, NSW, Australia) and used for most of the stud-
ies because high amounts were available. The other five
varieties were grown in greenhouses at the NSW De-
partment of Primary Industries Research Station in Na-
rara, NSW, Australia (151°19'E, 33°23'S) in January
2013.

The bitter melons were immediately stored at —20°C
until used. The frozen bitter melons were cut into slices
(~1 to 2 mm), cooled further in liquid nitrogen and then
dried using a FD3 freeze dryer (Rietschle Thomas, Seven
Hills, NSW, Australia). The freeze-dried bitter melon
slices were ground using a commercial Waring blender
(John Morris Scientific, Chatswood, NSW, Australia).
Then, the powder was passed through a 1 mm EFL 2000
stainless steel sieve (Endecotts, London, England). The
ground freeze-dried bitter melon powder was then sealed
in resealable storage plastic bags (Bi-Lo Supermarket,
Lisarow, NSW, Australia) and stored at —20°C until used.

2.2. Chemicals

Methanol and acetone were obtained from Merck (Kil-
syth, Vic, Australia). Ethanol was purchased from Fron-
ine (Taren Point, NSW, Australia) and the n-Butanol was
obtained from Swift Australia Chemical Supplier (Mul-
grave, Vic, Australia). Sodium nitrite, aluminium chlo-
ride, sodium hydroxide and rutin were purchased from
Sigma-Aldrich (Castle Hill, NSW, Australia).

2.3. Extraction of Bitter Melons

2.3.1. Extraction with Five Solvents

The freeze-dried powder from the Moonlight variety was
used to compare the extraction of flavonoids using five
solvents: methanol, ethanol, n-butanol, acetone and water.
Moonlight powder samples (1 g) were added to 100 mL
of each solvent and incubated for 1 h at different tem-
peratures using a shaking water bath (Ratek Instruments,
Boronia, Vic, Australia). The extraction temperatures
were set below the boiling point of each solvent: 80°C
for ethanol, n-butanol and water and 50°C and 60°C for
acetone and methanol, respectively.

After extraction, the samples were allowed to cool
down and settle for 10 min on ice. The extracts were then
centrifuged at 4350 x g for 10 min at 10°C using a
Beckman J2-MC Centrifuge and a JA-20 rotor (Beckman
Instruments Inc, Palo Alto, CA, USA) and the super-
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natant from each sample was filtered through a 0.45 pm
syringe filter (Phenomenex, Pennants Hills, NSW, Aus-
tralia).

2.3.2. Optimising Aqueous Extraction Conditions

To determine the optimal conditions for the aqueous ex-
traction of the flavonoids from bitter melon, four pa-
rameters were studied: temperature (5°C, 10°C, 20°C,
30°C, 40°C, 50°C, 60°C, 70°C, 80°C, and 90°C), time (5,
10, 15, 20, 25, 30, 40, 50 and 60 min), ratio of water to
bitter melon powder (10, 20, 25, 30, 40, 50, 100 and 120
mL/g of powder) and the number of times the same
powder sample was extracted (1, 2 and 3 times).

Firstly, 1 g of freeze-dried Moonlight powder was ex-
tracted with 100 mL of deionised water at the different
temperatures for 1 h using the shaking water bath. The
optimal temperature (40°C) was then used for the ex-
periment to determine the optimal extraction time. Brief-
ly, 1 g of freeze-dried powder was extracted with 100 mL
of deionised water at 40°C for the different lengths of
extraction time. The optimal time (15 min) and tempera-
ture (40°C) were then used to determine the optimal wa-
ter-to-powder ratio (mL/g); again, 1 g of freeze-dried
powder was extracted using the different volumes of
deionised water. Finally, to determine the impact of the
number of times the same sample was extracted, 1 g of
the freeze-dried powder was extracted with 100 mL (the
optimal ratio) of deionised water once, twice or three
times at 40°C for 15 min. All extracts were then centri-
fuged and filtered as described in Section 2.3.1.

2.3.3. Extraction of the Six Varieties of Bitter Melons
To compare the six varieties of bitter melon, 1 g of each
freeze-dried powder from the Moonlight, Hanuman,
White, Jade, Niddhi and Indra varieties were extracted
with 100 mL of acetone at 50°C using the shaking water
bath. The extracts were then centrifuged and filtered as
described in Section 2.3.1.

2.4. Total Flavonoid Content

The total flavonoid content (TFC) of the bitter melon
extracts was determined as described by Wu and Ng [11].
Briefly, 0.5 mL of diluted sample was mixed with 2 mL
of deionised water followed by the addition of 150 uL of
5% (w/v) sodium nitrite solution. After 6 min, 150 pL of
10% (wi/v) aluminum chloride was added and the mixture
was incubated for another 6 min. Then, 2 mL of 4% (w/v)
sodium hydroxide was added and the solution was im-
mediately made up to 5 mL with deionised water, mixed
thoroughly and placed in the dark at room temperature
for 15 min. The absorption of the solution was measured
at 510 nm against a reagent blank. Rutin was used as a
standard and the TFC was expressed as mg of Rutin
Equivalents (RE) per g of bitter melon powder on a dry
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basis (mg RE/g).

2.5. Statistical Analysis

Results were expressed as mean values with standard
deviations (mean £ SD). Significant differences between
mean values in the different experiments were tested
using the one-way analysis of variance (ANOVA) and
the Bonferroni post-hoc test using a 5% significance lev-
el (P <0.05).

3. Results and Discussion
3.1. Extraction of Flavonoids with Five Solvents

The solubility of flavonoids is highly correlated with
their chemical structures and the nature of the extraction
solvent [22]. Of the different solvents studied (Figure 1),
acetone (23.17 mg RE/g) was by far the best solvent for
extracting flavonoids from the Moonlight bitter melon
variety, followed by methanol (7.67 mg RE/qg), ethanol
(5.38 mg RE/g), n-butanol (1.81 mg RE/g) and water
(0.66 mg RE/qg).

Our findings were in agreement with a study by
Ferreira & Pinho [23], which found that the flavonoid,
hesperetin, was more soluble in acetone than in metha-
nol, followed by ethanol, ethyl acetate and acetonitrile. A
similar trend was reported by Wu et al. [24], who found
that the flavonoid, genistein, was more soluble in me-
thanol and ethanol than in propan-2-ol, followed by bu-
tanol and water [24]. Furthermore, Tommasini et al. [25]
found that the solubility of flavonoids was very low in
polar solvents, especially in water. However, a study by
Wu and Ng [11] demonstrated that the bitter melon
aqueous extract had a higher TFC than the ethanol ex-
tract.

3.2. Optimising Aqueous Extraction Conditions

The study by Wu and Ng [11] suggests that some of the
flavonoids in bitter melon are soluble in water. Therefore,
because water is the safest, cheapest and most environ-
mentally-friendly solvent for natural product extractions,
it was important to determine the optimal conditions for
extracting flavonoids from bitter melon using water.

3.2.1. Optimal Extraction Temperature
Several studies have indicated that temperature is one of
the most important parameters that can affect the extrac-
tion efficiency of flavonoids from plant materials [19,
21,26]. As a consequence, the influence of temperature
on the extraction of flavonoids from bitter melon was de-
termined using the Moonlight variety. The results show-
ed that temperature had a significant impact on the TFC
(Figure 2).

The TFC of the aqueous extracts significantly in-
creased by 46% when the temperature was increased
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Figure 1. The extraction of flavonoids with five solvents.
Moonlight bitter melon powder (1 g) was extracted with 100
mL of each solvent for 1 h at 80°C for ethanol, n-butanol
and water and at 50°C and 60°C for acetone and methanol,
respectively. Values are means + SD of flavonoids extracted
per gram of bitter melon powder and those not sharing a
letter are significantly different (P < 0.05).
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Figure 2. Effect of temperature on the aqueous extraction of
flavonoids. Moonlight bitter melon powder (1 g) was ex-
tracted with 100 mL of water for 1 h at 80°C. Values are
means + SD of flavonoids extracted per gram of bitter me-
lon powder and those not sharing a letter are significantly
different (P < 0.05).

from 5°C to 30°C, where it reached a plateau, and then
decreased at temperatures above 50°C, the latter possibly
due to degradation of the flavonoids [12]. Nevertheless,
significantly more flavonoids were extracted at the high
temperatures (60°C - 90°C) compared to the low tem-
peratures (5°C - 20°C) (Figure 2). It is well known that
heat increases the solubility and diffusion coefficients of
solutes, like the flavonoids, and decreases the viscosity
of the extracting solvent, especially water. High tem-
peratures can also result in the cell wall of plant mate-
rials, such as bitter melon, becoming more permeable to
solvent and therefore, the inner cell components can dif-
fuse more easily into the solvent [19,21]. Since the TFC
reached a plateau (Figure 3) between 30°C and 50°C (0.8
- 0.9 mg RE/qg), the optimal temperature was chosen to
be 40°C (0.87 mg RE/g) and used for the subsequent op-
timisation experiments.
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Figure 3. Effect of time on the aqueous extraction of flavon-
oids. Moonlight bitter melon powder (1 g) was extracted
with 100 mL of water for 1 h at 40°C. Values are means =+
SD of flavonoids extracted per gram of bitter melon powder
and those not sharing a letter are significantly different (P <
0.05).

3.2.2. Optimal Extraction Time

The TFC of the aqueous extracts increased by 30% be-
tween 5 and 10 min of extraction time and then did not
change substantially up to 60 min (Figure 3). This find-
ing suggests that extending the extraction time up to 1 h,
as done in Figure 1, had little impact on the extraction of
the bitter melon flavonoids. However, it also suggests
that the flavonoids were stable and did not substantially
degrade at 40°C throughout the 1 h extraction. Therefore,
in the present study, the optimal extraction time was
chosen to be 15 min (0.83 mg RE/g). In contrast, Xu et al.
[27] reported that an extraction time of just over 2 h was
optimal for the extraction of flavonoids from Fructus
sophorae. However, this long extraction may have been
due to their focus on only the aglycon forms of three of
the flavonoids, quercetin, kaempferol and isorhamnetin
and the high temperature of 90°C they used [27].

3.2.3. Optimal Extraction Water-to-Powder Ratio

Figure 4 shows that the TFC of the aqueous extracts was
constant for the water-to-powder ratios of 10 to 50 but it
was significantly increased by 73% at the ratios of 100
(0.83 mg RE/g) and 120 (0.84 mg RE/g) and the latter
two TFC were not significantly different. Therefore, the
ratio of 100:1 mL/g was chosen to be optimal instead of
120:1 mL/g, in order to save on the amount of water used.
The observation that the higher water-to-powder ratios
resulted in the highest extraction of flavonoids from the
bitter melon was not unexpected; this is known to happen
because the higher ratios result in higher osmotic pres-
sures due to steeper concentration gradients between the
concentration of the solutes in the powder, such as the
flavonoids, and their concentration in the solvent includ-
ing at the surface of the solid material [28]. This in-
creases the movement of the solutes from the solid mate-
rial to the solvent. Therefore, the current finding was also

FNS



462 Extraction of Flavonoids from Bitter Melon

consistent with other studies on the extraction of other
solutes from other plant materials [19,29].

3.2.4. Optimal Number of Extractions of the Same
Material

Figure 5 shows that, compared to a single extraction
(0.83 mg RE/g), two (1.24 mg RE/g) and three (1.34 mg
RE/g) extractions of the same bitter melon material sig-
nificantly increased the TFC of the aqueous extracts by
49% and 61%, respectively. However, there was no sig-
nificant difference between two and three sequential ex-
tractions with a total of 200 mL and 300 mL of water,
respectively (Figure 5). The higher the amount of water
used for an extraction the higher the cost will be, not
only for the water itself but also for the energy needed to
heat the water during the extraction and often for drying
the extract in order to produce a powdered extract [30].
Therefore, two extractions of the same material was

2
)
E 15
)
£
2 1 d d
s
g a4 abbbe be ¢
505
=
0

0 20 40 60 80 100 120
Water-to-Powder Ratio (mL/g)

Figure 4. Effect of the water-to-powder ratio on the aque-
ous extraction of flavonoids. Moonlight bitter melon pow-
der (1 g) was extracted with 100 mL of water for 15 min at
40°C. Values are means * SD of flavonoids extracted per
gram of bitter melon powder and those not sharing a letter
are significantly different (P < 0.05).
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Figure 5. Effect of the number of extractions on the aqueous
extraction of flavonoids. Moonlight bitter melon powder (1
g) was extracted once (1x), twice (2x) or three times (3x)
with 100 mL of water for 15 min at 40°C. Values are means
+ SD of flavonoids extracted per gram of bitter melon pow-
der and those not sharing a letter are significantly different
(P <0.05).
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chosen as the optimal method for the extraction of the
bitter melon flavonoids at 40°C for 15 min with a water-
to-powder ratio of 100:1 mL/g.

The optimal aqueous extraction conditions determined
in this study resulted in 88% more flavonoids being ex-
tracted from the Moonlight bitter melon powder (1.24 mg
RE/g) than was obtained (0.66 mg RE/g) prior to optimi-
sation (Figure 1). However, despite this improvement,
water was still not the best solvent for extracting the fla-
vonoids from bitter melon since only 5.4% of the flavon-
oids (1.24 mg RE/g) were extracted using the optimal
aqueous extraction conditions compared to the acetone
extract (23.2 mg RE/g) (Figure 1). The use of other tech-
nologies may assist and thus increase the aqueous extrac-
tion of flavonoids from bitter melon. For example, the
flavonoids extracted from bitter melon using the ethanol-
modified supercritical carbon dioxide extraction at 46°C
for 53.2 min at 33.4 MPa was significantly higher than
with a conventional ethanol extraction at 80°C for 150
min [17].

In the current study, acetone was by far the best sol-
vent for extraction of the flavonoids from bitter melon,
even after the aqueous extraction was optimised. This
suggests that the flavonoids in the Moonlight variety of
bitter melon, which was used to optimise the aqueous
extraction, were most likely flavonoid glycosides as
these are well extracted with polar solvents such as ace-
tone [14-16]. However, clearly, not many of the flavon-
oid glycosides (5.4%) in the Moonlight variety are polar
enough to be effectively solubilised by water.

3.3. Extraction of Six Varieties of Bitter Melon
with Acetone

To compare the TFC of the six varieties of bitter melon,
Moonlight, Hanuman, White, Jade, Niddhi and Indra, the
best solvent in the present study, acetone (Figure 1), was
selected for the extraction (Figure 6). This demonstrated
that the bitter melon varieties differed significantly in
their levels of flavonoids with Moonlight having the
highest (23.2 mg RE/g) while Hanuman (3.9 mg RE/g)
and White (6.9 mg RE/g) had the lowest (Figure 6). The
other three varieties, Jade (15.3 mg RE/g), Niddhi (16.9
mg RE/g) and Indra (15.0 mg RE/g) had intermediate
levels.

It is possible that different growing conditions may
explain some of the differences in the amount of flavon-
oids extracted using acetone (Figure 6). For example,
although the information was not available for the Moon-
light variety bought at a local market, it is likely to have
been produced under open field conditions. In contrast,
the other five varieties were produced under greenhouse
conditions. If they were grown under Australian field
conditions, the Moonlight bitter melons are more likely
to have been exposed to environmental stresses, such as
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Figure 6. The extraction of flavonoids from six bitter melon
varieties. Powder (1 g) from each variety was extracted with
100 mL of acetone at 50°C for 1 h. Values are means + SD
of flavonoids extracted per gram of bitter melon powder
and those not sharing a letter are significantly different (P <
0.05).

intense sunlight and heat, and therefore have increased
TFC because it is well known that fruit crops attempt to
protect themselves against environmental stresses by
increasing their content of bioactive compounds [9,10].

In contrast, the differences seen among the other five
varieties (Figure 6) are more likely to be due to real va-
rietal differences because they were grown under the
same controlled conditions in greenhouses. Nevertheless,
further studies on the bioactive compound content of bit-
ter melon, including TFC, will have to be conducted un-
der different growing conditions, in order to understand
the effect of environmental factors on the flavonoid and
other bioactive compound content of bitter melons.

The TFC of the six varieties of bitter melon fruit in
this study (Figure 6) were all lower (3.9 to 23.2 mg RE/Q)
than that previously measured in bitter melon leaf (56.7
mg RE/g) [31]. Even so, bitter melon fruit has been
claimed to have therapeutic effects [7,8], of which some
could be derived from its flavonoids [7,8,11]. The pre-
sent findings suggest that the bitter melon fruit, espe-
cially from the Moonlight variety, does have substantial
amounts of flavonoids and therefore, may have medicinal
properties. Furthermore, bitter melon extracts may have
potential as nutritional supplements or as value-added
ingredients for incorporation into nutraceutical functional
foods.

4. Conclusion

The present study demonstrated that acetone was the best
of five solvents, including water, for extracting flavon-
oids from bitter melon. The conditions for the aqueous
extraction of flavonoids from bitter melon were opti-
mised and determined to be two extractions of the same
material at 40°C for 15 min at a ratio of 100:1 mL/g of
bitter melon powder. However, after optimisation, the
content of flavonoids in the aqueous extract was still
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much less (only 5.4%) than in the acetone extract. Fur-
thermore, using acetone, it was shown that the Moonlight
variety bought at a local market had a higher content of
flavonoids compared to five other greenhouse-grown bit-
ter melon varieties.
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