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Abstract

Background: Bitter Melon (Momordica charantia L) is one of the most popular cooked
vegetables in many Asian countries. Its experimental use in mice has indicated improvement in
glucose tolerance against Type Il diabetes and reduction in blood cholesterol. However, it has
not been proven which alkaloids, polypeptides, or their combinations in the Bitter Melon extract
are responsible for the medicinal effects. Green and white varieties of Bitter Melon differ
strikingly in their bitter tastes, green being much more bitter than white. It is not yet known
whether they are different in their special nutritional and hypoglycemic properties. Nutritional
qualities of Bitter Melons such as protein, amino acids, minerals, and polyphenolics contents
were determined using four selected varieties such as Indian Green [IG], Indian White [IW],
Chinese Green [CG], and Chinese White [CW] grown at the University of Arkansas at Pine Bluff
[UAPB] Agricultural Research Center. Results indicated that protein levels of IW were
significantly higher than 1G in both flesh and seed.

Methods: Four Bitter Melon varieties, Indian Green [IG], Indian White [IW], Chinese Green
[CG] and Chinese White [CW] were used for phytochemical analyses to determine protein
contents, protein hydrolysis, amino acids contents, and their antioxidant and antimutagenic
activities. All analyses were conducted following standard methods. Statistical analyses were
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conducted using JMP 5 software package [SAS]. The Tukey’s HSD procedure was used for the
significance of differences at the 5% level.

Results: Moisture contents across the four varieties of Bitter Melon flesh ranged between 92.4
and 93.5%, and that of seed ranged between 53.3 and 75.9%. Protein contents of the flesh were
highest in IW [9.8%] and lowest in CG [8.4%)]. Seed protein contents were the highest in IW
[31.3%] and lowest in 1G [27.0%]. Overall, white varieties had higher protein contents than the
green varieties. Compared with soy protein, most of the essential amino acid contents of Bitter
Melon were similar as in soy proteins. Some amino acids such as Alanine, Glycine, and Valanine
were relatively higher in Bitter Melon flesh than in soy protein. Phenolics contents of the flesh,
seed, and seed coat tissue [SCT] were significantly different [p<0.05] among the four varieties.
The four varieties were similar in their antioxidant activities of the flesh tissues; however, they
were significantly different in their antioxidant activities in the seed and seed coat tissues [SCT].
Bitter melon varieties IW and CG, tested for antimutagenic effects, both flesh and seed had
considerably high activities against benzo[a]pyrene with Salmonella TA98 [92-100% inhibition]
and Salmonella TA100 [79-86% inhibition].

Conclusion: Based on these studies, Bitter Melon is a good source of phenolic compounds. All
four varieties tested showed considerably high antioxidant and antimutagenic activities.
Therefore, these natural plant phenolics can be a good source of biologically active compounds
that may be applied in many food systems to enhance food values and special nutritional
qualities. Further studies will be needed using more genetically diverse varieties to pin point the
bioactive and functional compounds and their physiological properties.
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Background

Nutrition-related health problems such as hypertension, diabetes, ageing, obesity, arthritis, and
cardiovascular diseases are prevalent among disadvantaged rural and urban populations,
especially minorities in the Lower Mississippi Delta Region [1, 2]. Food consumption habits,
dietary intakes, and meal preparation methods are believed to contribute to these problems.
Dietary intervention through the consumption of specialty foods may alleviate the nutrition
related disorders. In addition to the commonly used native herbs and vegetables in the US, many
exotic herbs and vegetables are known for their special nutritional and medicinal properties [5].
During the past decade or two, Americans have realized that they could control their own health
problems and reduce risks of many chronic illnesses by changing certain dietary behaviors [6].
The popular belief of Bitter Melons to improve glucose tolerance in Type Il diabetes and lower
the blood cholesterol. However, it has not been ascertained if or which alkaloids, polypeptides,
or combination of these chemicals, are responsible for the medicinal effect.
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Certain vegetables contain an abundance of polyphenolics, terpenoids, isoflavones,
anthocyanins, amino acids, minerals, vitamins, and other antioxidants that are associated with
protection from cancer, cardiovascular diseases, diabetes and hypertension [4, 7-12]. The most
popular and useful group of the vegetables belong to the family Cucurbitaceae [13]. One of the
members of this family is Bitter Melon [Momordica charantia L.], also known as Karela or
balsam pear, an annual fruity vegetable. It is a delicacy for the East and Southeast Asian people,
especially the people of India, China, Japan, Taiwan, Bangladesh, Pakistan, Thailand, Malaysia,
Indonesia, Philippines, Nepal, Bhutan and Sri Lanka. Bitter Melon is also a popular vegetable in
the West Indies, Brazil, Colombia, Cuba, Mexico, Panama, Peru, and some European countries.
The bitter taste, for which the fruit is named, is perhaps due to the alkaloid momordicine,
sometimes generalized as cucurbitacine. The green warty fruits of this plant are used as a
vegetable, rich in vitamin A, vitamin C, and iron [14]. Fruits vary in size [1.0”- 9.8” long and 1.0
- 5.9” wide]. Fruits may be of oval, round, oblong, club, etc., in shape. Fruit colors at harvest
vary from dark green to creamy white. Fruits mature in 45 to 80 days and turn red when ripe.

The fruits, leaves, and roots of Bitter Melon are traditionally believed to have medicinal
value in reducing blood sugar levels for diabetic patients [15, 16]. The various medicinal
properties of bitter melon are well known in eastern Asia [17]. Sofowora [18] reported several
uses of M. charantia in traditional medicines in Africa. Pharmacologically, the hypoglycemic
properties of the plant organs were established by Lotlikar et al. [19]. The polypeptides from the
seeds and fruits of M. charantia were considered as antidiabetic agents [20-24]. Cucurbitacines
isolated from several species of the family Cucurbitaceae showed antitumor effects [25-27]. Lin
et al. [28] isolated two lectins from seeds of M. charantia, momordin and agglutinin, showing
momordin to inhibit protein synthesis by Ehrlich Ascites cells. Licastro et al. [29] announced that
two proteins isolated from the seeds of M. charantia inhibited protein synthesis and subsequent
DNA synthesis in normal and leukaemic human peripheral blood lymphocytes. Spreafico et al.
[30] reported a protein inhibitor from M. charantia showing immunomodulatory activity in mice.

Bitter Melons are used as cooked vegetables by the ethnic people from Asia, Africa and
Europe, but American consumers have not yet developed a taste and appreciation for it. The crop
could be introduced in the US as an additional food source possessing special nutritional
properties. Therefore the functional compounds contained in these foods and their medicinal
effect demand for thorough investigation followed by precise clinical studies. Research is also
required for developing suitable varieties of this vegetable for their production potential and
specific nutritional and medicinal qualities. In our studies during the past seven years, we have
established that Bitter Melons can be successfully produced in Arkansas and the southern states.
Also, we have some data generated on the recipes and their acceptability to the local consumers.

Methods
Four selected varieties of Bitter Melon were tested in randomized complete block
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design with four replications on Calloway silt loam soil at the UAPB Agricultural Research
Center. Plants were grown on upright trellises with 10 ft. between rows and 12 ft. within rows.
Two four-week old seedlings were transplanted in each hole at the trellises. N, P, and K
fertilizers were applied pre-plant, using 200 Ibs per acre of 13-13-13. Irrigation was provided by
drip irrigation system. Weeds were controlled by covering the beds with black plastic. Roundup
[Glyphosate] was used in controlling weeds around the beds and allies. Melons were harvested
twice a week beginning mid-June and ending mid-September. Fruit samples were stored in
sealed plastic bags in ice chests for phytochemical analyses. Phytochemical analyses were
conducted at the Department of Food Science, University of Arkansas, Fayetteville, AR.

Bitter Melon Sample Preparation: The fruits were washed with deionized water, drained at
ambient temperature and cut in halves, lengthwise. The seeds were removed and flesh was thinly
sliced and collected separately from the seeds. Flesh was divided into two halves. One half was
freeze dried and the other half was oven dried. Seeds and flesh was oven dried at 80 °C for 3
days. Dried flesh and seeds were then ground to flour and passed through a 60-mesh U.S.A.
standard testing sieve [W.S. Tyler Incorporated, Mentor, OH].

Protein Extraction and Determination: Bitter Melon protein isolates were prepared following
a standard procedure for soy protein isolation [31]. Ten grams of bitter melon flour were
extracted with 100 mL of water at pH 8.0 by stirring at ambient temperature for 2 h. The
suspension was then centrifuged at 1500 g for 30 min at 10 °C to separate the supernatant from
the solid phase. The supernatant was then adjusted to pH 4.5, held at 4 °C for 2 h and centrifuged
again at 1500 g for 30 min at 10 °C. The resulting precipitate was dissolved in 20 mL deionized
water, adjusted to pH 8.0 and freeze-dried. Soy proteins were isolated using the same procedure.
Protein content of bitter melon flour and its protein isolates were determined using a Kjeldahl
Unit [Kjeltec Analyzer Unit, Foss Tecator AB, Hoganas, Sweden]. Approximately 50 mg of each
sample was digested with concentrated sulfuric acid in the presence of 1 Kjeltab Unit with 0.1 N
HCI. Kjet-Sorb was used as the receiver during titration. Protein contents were calculated using a
factor of 6.25.

Protein Hydrolysis: Protein hydrolysis was done using a protocol described by Eveleigh and
Winter [32]. Ten mg of proteins were dispersed in 5 mL of 6 N HCI. Two hundred microliters of
the suspension were taken into a vacuum hydrolysis tube [Pierce Chemical Co., Rockford, IL].
The tube was connected to a vacuum pump for 5 min. The tube was then sealed and placed in a
Reacti Heating Module [Pierce Chemical Company] at 150 °C overnight [12 h]. After dialysis,
the tube was cooled to room temperature before the aliquot was transferred to a 2.5 mL amber
vial. The hydrolyzate was then evaporated to dryness under a stream of nitrogen at 60 °C. To the
dried amino acids was then added 0.5 mL sample diluting buffer [Beckman Coulter Inc.,
Fullerton, CA] and the aliquot was filtered through a 0.2 um filter prior to amino acid analysis.
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Amino Acid Composition and Analysis: Amino acid composition was analyzed using an
Amino Acid Analyzer 126 Beckman HPLC system with a post column derivatization reactor
[Beckman Instruments, Inc. Palo Alto, CA]. Bitter melon flour and protein isolates were
hydrolyzed with 6 M HCI to produce amino acids and then analyzed with the Amino Acid
Analyzer. Chromatographic equipment consisted of a Beckman liquid chromatograph model 126
HPLC equipped with a System Gold Nouveau software [Beckman Instruments, Inc, Palo Alto,
CA] was used. The absorbance of the effluent was monitored at 570 nm. The mobile phase
consisted of sodium buffer Na-E [pH 3.3], Na-F [pH 4.3] and Na-D [pH 6.3] [Beckman Coulter
Inc., Fullerton, CA]. A Hi-performance regeneration solution [Na-R] [Beckman Coulter Inc.,
Fullerton, CA] was used to regenerate the column after each run. Flow rate was set at 0.44
mL/min and column temperature was set an initial temperature of 50 °C for 7 min and 75 °C for
the rest of the test. The initial solvent condition was buffer Na-E. After 19.5 min the buffer was
switched to Na-F and at 30 min the buffer was switched to Na-D until 65 min. Then the column
was washed with solvent Na-R for 3 min before the solvent was brought to the original
condition. The flow rate of the ninhydrin [Nin-RX, Beckman Coulter Inc., Fullerton, CA] was
set at 0.23 ml/min. A sample size of 20-100 L was injected during HPLC analysis. The amino
acid composition was calculated from standard curves calibrated using the 17 standard amino
acids.

Determination of Phenolics: Total phenolics of fine ground flesh, seed and SCT of bitter
melons were determined by Folin-Ciocalteu method. One hundred milligrams of each sample
was weighed into a screw-cap test tube and vortexed with 10 mL of methanol. The dispersion
was heated in a water bath of 65 °C for 2h and allowed to cool at room temperature. One (1) mL
of deionized water was added to 1 mL of the clear solution in a screw-cap test tube. The tubes
were vortexed and allowed to stand for 2h at room temperature. Absorption of the solution at 726
nm was measured using a spectrophotometer. The total phenolic content was expressed as
chlorogenic acid equivalents in mg/g dry material. The phenolic acid constituents were analyzed
by HPLC [33].

Antioxidant activity determination: Antioxidant activity was carried out by oxidizing linoleic
acid methyl ester [MeLo] in the presence of phenolic extracts as antioxidants [34]. Two mg of
the extracts were dissolved in 10 mL of methanol. Five hundred microliters of the extracts
solution were added into 0.2 g of MeLo [500 ppm extract in MeLo], and the methanol was
evaporated under a stream of nitrogen at ambient temperature. Five hundred microliters of
methanol were added into 0.2 g of MeLo for blank as a reference. Oxidation of MeLo in the
present of extract was carried out in at 40 °C for 72h. Two mg of sample aliquots were taken at
the starting point [zero time] and after 72h of oxidation [at 40 °C] and dissolved in 10 mL of
2,2,4-trimethylpentane [isooctane]. The conjugated diene absorption of the aliquots was read
using a spectrophotometer [Shimadzu Model UV-1601, Kyoto, Japan] at a wave length of 234
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nm. The antioxidant activities were expressed as percentage inhibition of conjugated diene
hydroperoxides formation of MeLo after 72h of oxidation comparing with blank from MeLo as a
reference antioxidant as follows: % inhibition= [(AB(72h) - AB(0Oh))- (AE(72h) — AE(Oh)]/
[AB(72h) - AB(0h))] x 100; where A= absorbance, E= extract, and B= blank.

Antimutagenic activity determination: The antimutagenic activity of the methanolic extract
from freeze-dried bitter melon flesh and seed from varieties India white and China green was
determined by the method of Ames et al. [35]. The histidine requiring stains of Salmonella
typhimurium TA98 and TA 100 were used for this test. Benzo[a]pyrene and sodium azide were
used as mutagens for mutagenic and antimutagenic tests. The percentage inhibition of
mutagenesis was calculated using the following equation: inhibition% = [1-(number of revertants
in the presence of fraction/number of revertants in the absence of fraction)] X 100.

Statistical analysis: All phytochemical analyses values were reported as means of three
determinations. Completely randomized design was conducted using JMP 5 software package
[SAS 2002] and Tukey HSD procedure was performed for the significance of differences at the
5% level.

Results and Discussion

Nutritive, Protein, and Moisture Content of Bitter Melon: The Bitter Melon fruit has
considerable amount of potassium, calcium, magnesium, vitamin C, protein, and dietary fiber
[Table 1] as compared with other commercial vegetables [14]. It also has niacin, thiamin,
riboflavin, vitamin A, protein, organic acids and other nutrients. Physical separation of bitter
melons resulted in flesh and seed fractions. Samples of Bitter Melon flesh (edible portion) in
general contained about 93% moisture over the four varieties; whereas, the moisture content of
melon seeds varied from about 53% in Indian Green (IG) to 75% in Indian White (IW) [Table
2]. Bitter melon flesh contained 8.4% to 9.8% protein; whereas, seed contained 27% to 31%
protein.

Table 1. Nutritive composition of per 100g edible portion of Bitter Melon [Momordica
charantia L.] Fruits [Wills et al., 1984].

Component Minerals [mg] Vitamins/Protein/Fat

Edible portion [%]  84.0 Ca 22.0 Vitamin A [mg] 0.04
Water [%)] 93.8 K 260.0 Thiamin [mg] 0.05
Energy [KJ] 20.0 Mg 16.0 Riboflavin [mg] 0.03
Carbohydrate [g] 0.20 Fe 0.9 Niacin [mg] 0.40
Dietary fiber [g] 3.30 Na 3.0 Vitamin C [mg] 50.00
Organic acids [g] 0.11 Zn 0.1 Protein [g] 0.90

Ash [g] 0.60 Fat [g] 0.10
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Table 2. Protein and moisture content of flesh and seeds of different varieties of bitter melons
grown in University of Arkansas at Pine Bluff [UAPB] Agricultural Research Farm

Name of the variety Protein content [%]" Moisture content [%]

Indian Green [F] 8.9+0.1b 93.5+0.2a
Indian White [F] 9.8+0.2a 92.7+0.3a
Chinese Green [F] 8.4+0.2c 92.4+0.2a
Chinese White [F] 89+0.1b 929+0.1a
Indian Green [S] 27.0x0.1c 53.3+0.5d
Indian White [S] 31.3+0.1a 75.9+2.2a
Chinese Green [S] 29.0+0.3b 67.1 £ 0.6b
Chinese White [S] 30.2+£0.2b 71.8 +0.3c

Values were means + SD. F= Flesh, S= Seed. Mean values in a column within the same fractions [F or S]
with the same letters were not significantly different at p>0.05. "Values were on dry basis.

Amino Acid Composition of Bitter Melon: Freeze dried melon flesh was high in lysine [mole
percentage] compared to soy protein isolate. Flesh was relative lower in glutamic acid and
arginine [Table 3]. Essential amino acids, including threonine, valine, methionine, isoleucine,
leucine, and phenylalanine are comparable in amount to soy proteins and other legume proteins.
On the other hand, oven dried flesh had a much lower percentage of lysine and a lower
percentage of arginine while other amino acids were almost similar. Amino acid compositions
of seeds are given in Table 4. Seed protein was higher in glutamic acid and arginine but lower in
lysine compared to flesh proteins. Glycine was also higher in bitter melon compared to soy
proteins.

Quality Criteria: The general quality criterion of Bitter Melon is a fresh appearance with
uniform coloration and firmness without excessive seed development. The bitter melons are
harvested, selected for size and uniformity of fruit surface characteristics and commonly packed
in carton or wood boxes containing 5, 10, or 20 kg of fruit. It is a chilling sensitive vegetable,
and may be air-cooled to 10 °C-12 °C [36, 37]. Bitter melons are intermediate in perishability.
The common postharvest defects are in seed development, softening and ripening with internal
/external color change. The recommended temperature and relative humidity for postharvest
handling of bitter melon are 10-12.5°C and 85-90%, respectively, with estimated shelf-life 7 to
14 days [36, 37].

Phenolics contents: Overall phenolics content in oven-dried samples were significantly higher
than freeze-dried samples [Table 5]. Phenolic contents of the oven dried and freeze-dried tissues
ranged from 5.39-8.94 mg of chlorogenic acid equivalent [CAE]/g dry matter and 4.64-8.90
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mg/CAE.g dry matter, respectively. Phenolic contents of seed, SCT, and flesh ranged from 4.67-
8.02, 4.64-8.94, and 5.36-8.90 mg/CAE dry matter, respectively. Phenolic contents of the flesh
were significantly higher than those of the SCT and seed; phenolic contents of the seed were the
lowest among those of all the tissues. The total phenolic contents of four varieties were
significantly different with the highest in IW, followed by CW, CG, and IG.

Table 3. Amino acid composition [mole %] of flesh from four varieties of bitter melon Grown
on UAPB Agricultural Research Farm at Pine Bluff.

Acids Freeze-Dried Flesh Oven-Dried Flesh

IGF IWF CGF CWF IGF IWF CGF CWF SPI
ASP 9.4 8.9 7.9 7.7 8.6 8.5 8.9 9.0 10.7
THR* 4.0 4.2 3.9 3.8 3.8 3.4 4.1 4.0 3.8
SER 4.7 6.2 5.2 4.8 5.3 4.9 6.1 4.9 5.0
GLU 1038 12.0 9.6 10.2 10.4 13.8 115 105 15.2
PRO 5.2 55 3.2 4.8 6.8 5.3 55 6.1 6.0
GLY 8.1 7.8 8.9 8.1 9.1 9.5 9.9 9.7 8.5
ALA 7.5 8.4 9.0 8.8 9.9 7.9 8.7 8.8 7.2
CYS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
VAL* 6.0 6.4 7.0 6.9 7.3 7.8 6.9 7.6 6.3
MET* 1.0 0.9 1.1 1.0 0.8 1.2 1.2 1.3 1.4
ILU* 45 4.2 4.7 4.5 4.8 4.7 4.8 4.9 4.6
LEU* 6.9 6.9 7.2 6.8 7.6 7.1 7.3 7.1 7.1
TRY* 28 2.1 2.8 2.5 1.8 2.3 2.1 2.3 2.8
PHE* 4.4 4.0 4.5 4.5 4.1 4.6 4.1 4.3 4.6
HIS* 3.3 3.2 3.2 4.0 2.3 2.8 2.0 2.4 2.7
LYS* 7.7 7.5 6.9 1.7 5.8 4.4 45 4.9 6.6
ARG* 5.7 4.4 5.3 55 4.2 3.9 3.7 4.2 6.4

IGF=Indian Green Flesh; IWF=Indian White Flesh; CGF= Chinese Green Flesh; CWF=Chinese
White Flesh, SPI=Soy Protein Isolate.*=Essential amino acid, ASP= Asparagine; THR=
Threonine, SER=Serine, GLU=Glutamine, PRO=Proline, GLY=Glycine, ALA=Alanine,
CYS=Cysteine, VAL=Valine, MET=Methionine, ILU=Isoleucine, LEU=  Leucine,
TRY=Tryptophan, PHE=Phenylalanine, HIS=Histidine, LY S=Lysine, ARG=Arginine.
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Table 4. Amino acid composition [mole %] of oven-dried seeds from different varieties of bitter
melon grown on UAPB Agricultural Research Farm at Pine Bluff

Amino acids IGS IWS CGS CWS SPI
ASP 8.5 8.6 8.6 8.6 10.7
THR* 3.0 3.1 3.0 3.3 3.8
SER 3.9 4.0 4.1 4.8 5.0
GLU 14.2 13.9 14.0 13.6 15.2
PRO 5.4 5.0 5.1 5.2 6.0
GLY 10.6 10.3 10.6 10.3 8.5
ALA 8.7 8.9 9.1 10.0 7.2
CYS 0.0 0.1 0.2 0.2 0.5
VAL* 7.0 6.9 6.7 7.0 6.3
MET* 1.5 1.5 1.4 1.4 1.4
ILU* 4.8 4.9 4.6 4.2 4.6
LEU* 1.7 1.7 7.6 6.9 7.1
TRY™* 2.7 2.9 2.9 2.6 2.8
PHE* 4.5 4.5 4.3 4.4 4.6
HIS* 3.4 3.1 3.2 3.1 2.7
LYS* 4.6 5.1 4.7 4.9 6.6
ARG* 8.4 8.6 8.6 8.4 6.4

IGF=Indian Green Seed; IWF=Indian White Seed; CGF= Chinese Green Seed; CWF=Chinese White
Seed, SPI=Soy Protein Isolate. *=Essential amino acid. ASP= Asparagine; THR= Threonine,

SER=Serine,
VAL=Valine,

GLU=Glutamine,
MET=Methionine,
PHE=Phenylalanine, HIS=Histidine, LYS=Lysine, ARG=Arginine.

PRO=Proline,
ILU=lsoleucine,

GLY=Glycine,
LEU=

Table 5. Total phenolic contents of bitter melon tissues [mg/g dry matter]

ALA=Alanine,
Leucine,

CYS=Cysteine,
TRY=Tryptophan,

Varieties Oven-dried Freeze-dried

Flesh SCT* Seed Flesh SCT* Seed
Indian Green 6.5+0.06c 6.8+0.12b 6.7 +0.08b 6.4 +0.06d 4.6 +0.10d 4.7 +0.02c
Indian white 7.1+40.12b 89+0.36a 8.0+0.02a 7.2+0.04c 7.940.09a 6.0+0.05b
China Green 5.4 +0.06d 7.0+0.07b 7.7+0.05a  7.8+0.14b 5.7 +0.25c 6.2 +0.02b
China White 7.8+0.07a 6.1+0.16c 6.9+0.31b  8.9+0.09a 6.6+0.23b 6.7 +0.19a
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*SCT= Seed coat tissue; Mean with different letters in the same column are significantly different
[p<0.05].

Antioxidant activities of Bitter Melon extract: There was no significant difference in the
antioxidant activities [% inhibition] of the methanolic extracts from bitter melons among
varieties and drying methods [oven and freeze-dried] [Table 6]. The antioxidant activities of
Indian green, Indian white, China green and China white ranged from 79-88, 79-87, 80-86, and
79-87% inhibition, respectively. The antioxidant activities of the oven-dried samples and the
freeze-dried samples were 79-88 and 79-86% inhibition, respectively. The antioxidant activities
of the methanolic extracts of flesh and SCT were not significantly different, while they were
significantly higher than that of seeds. Shu-Jing and Lean-Teik [38] reported that bitter melon
extracts possess potent antioxidant and free radical scavenging activities. These antioxidant
activities could have contributed, at least partly, to the therapeutic benefits of certain traditional
claims of wild bitter melons.

Table 6. Antioxidant activities [% inhibition] of melon tissues

Varieties Oven-dried Freeze-dried

Flesh SCT* Seed Flesh SCT~* Seed

Indian Green 82+3.8a 88+04a 85+2.7a 84+16a 86+0.8a 79+1.6b

Indian white 83+2.7a 87+l1.1ab 79+1.2b 83+2.0a 86+0.5a 83 +1.0ab
China Green 84+42.0a 81+1.4c 85+0.7a 84 +0.8a 86+1.2a 80+l1.0ab
China White 87+2.0a 84+2.6bc 79 +2.6b 84 +0.1a 83 +1.0ab 84 +0.9a

*SCT= Seed coat tissue; Mean with different letters in the same column are significantly
different [p<0.05].

Antimutagenicity of bitter melon extract: Bitter melon varieties IW and CG showed higher
antimutagenic effects against benzo[a]pyrene with Salmonella TA98 [92-100% inhibition] and
Salmonella TA100 [79-86% inhibition] [Table 7] but lower antimutagenic effects against sodium
azide (data not shown). Similar finding was reported by several authors [39, 40]. Wattenberg
[41] discussed chemopreventive agents as blocking agents that prevent carcinogens from
reaching or reacting with critical target sites, and as suppressing agents that prevent evolution of
the neoplastic process in cells that otherwise would become malignant. Bitter melon extract
contains both agents [40]. Although the exact mechanism of the chemopreventive effects of
bitter melon is not yet known, these findings suggest that bitter melon is a possible
chemopreventive agent against carcinogenesis.
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This piece of research had a limitation of amount of field samples and the data for the
chemical analyses. The scopes and resources for elaborate statistical analyses and testing were
limited. However, efforts will be made to change the situations in the follow up research.

Table 7. Antimutagenic activities [% inhibition] of methanolic extracts from bitter melon against
benzo[a]pyrene with Salmonella stains TA98 and TA100

Bitter Melon extracts TA98 TA100
China Green flesh 99.3 86.2
China Green flesh 91.7 815
India White seed 100 78.7
India White seed 100 80.9

Concentration of extract: 500 pg/plate; benzo[a]pyrene and sodium azide [10 pg/plate].

Conclusions

Bitter Melon is an excellent source of phenolic compounds, antioxidants, and antimutagen. This
can find application in food products and dietary supplements. The phenolic extracts showed
high inhibition effect to prevent lipid oxidation. These natural plant phenolics can be a good
antioxidant which may be applied in many food systems to enhance and maintain food quality.
More detailed investigations on bitter melon phenolics, peptides, and proteins are needed to
provide information for their nutraceutical values. Bitter melon has high demand in the ethnic
markets, especially Asian, African, and certain South American countries. To the best of our
knowledge in normal vegetable usage of Bitter Melon, no toxicity has been reported. However,
high dose of bitter melon capsule which is now available in the US as well as international
markets may cause some kind of toxic effect, like an overdose of any other polyphenolics. More
detailed investigations on Bitter Melon phenolics, peptides, and proteins are needed to provide
information for their nutraceutical values. There are scopes of varietal improvement for special
nutritional and medicinal qualities. Genetics and breeding research evaluating new germplasm
and developing some unique varieties possessing special quality characteristics is the demand of
the day.

Abbreviations:
SCT= Seed coat tissue, IGF=Indian Green Seed; IWF=Indian White Seed; CGF= Chinese Green
Seed; CWF=Chinese White Seed, SPI=Soy Protein Isolate.

Competing interests
No competing interests.



10.

11.

12.

13.

14.

Functional Foods in Health and Disease 2011, 1(2):61-74 Page 72 of 74

Authors Contributions
All the authors contributed equally. The principal author is writing a grant proposal and
manuscript. E-mail: islams@uapb.edu

References

Idris, R., S. Graham-Kresge, K. Jairaj, E. Neal. Nutritional and health status of the elderly. In G.
Harrison (ed.) Nutrition and health Status in the Lower Mississippi delta of Arkansas, Louisiana,
and Mississippi. The Lower Mississippi Delta Nutrition Intervention Research Consortium.
1997; P. 109-117.

Islam, S., M. Jalaluddin. Sweetpotato- a potential nutritionally rich multifunctional food crop for
Arkansas: J. Arkansas Agricultural & Rural Dev, 2004; 4:3-7.

Broadhurst, CL. Balanced intakes of natural triglycerides for optimum nutrition: an evolutionary
and phytochemical perspective. Med Hypotheses. 1997; 49:247-261.

Craig, W.J. Phytochemicals: guardians of our health. J. Amer. Diet. Assoc. 1997; 199-204.
Timothy, J. N. New opportunities in Cucurbitaceae,. In J. Janick and J.E. Simon (eds.) New
Crops, Purdue University, John Wiley and Sons, Inc., N.Y. 1991; p. 538-546

Sloan, E. The new market: Foods for the not so healthy. Journal of Food Technology. 1999;
53:254-258.

Islam, S., M. Yoshimoto, S. Yahara, S. Okuno, K. Ishiguro, O. Yamakawa. Identification and
characterization of foliar polyphenolic compositions in sweetpotato (Ipomoea batatas L.)
genotypes. J. Agric. Food Chem., 2002; 50:3718-3722.

Islam, S., M. Yoshimoto, O. Yamakawa. Distribution and physiological function of
caffeoylquinic acid derivatives in sweetpotato genotypes. J. Food Sci., 2003a; 68:111-116.

Islam, S., M. Yoshimoto, K. Ishiguro, S. Okuno, O. Yamakawa. Effect of artificial shading and
temperature on radical scavenging activity and polyphenolic composition in sweetpotato
(Ipomoea batatas L.) leaves. J. Amer. Soc. Hortic. Sci., 2003b; 128:182-187.

Islam, S., M. Yoshimoto, O. Yamakawa. Bioactive Compounds in Ipomoea batatas Leaves. Acta
Hortic., 2003c; 628:693-699.

Islam, S., M. Jalaluddin, G.O. Garner, M. Yoshimoto, O. Yamakawa. Artificial shading and
temperature influence on anthocyanin compositions in sweetpotato (Ipomoea batatas L.) Leaves.
HortScience, 2005; 40: 176-180.

Islam, S. Sweetpoptato (Ipomoea batatas L.) Leaf: Its potential effect on human health and
nutrition. J. Food Sci.2006; 70: R13-R21.

Whitaker, T.W. Cucurbits of potential economic importance. In: D.M. Bates, R.W. Robinson,
and C. Jeffrey (editors). Biology and utilization of the Cucurbitaceae. Cornell Univ. Press.,
Ithaca. 1990; pages 318-324.

Wills, R. B. H., AW.K. Wong, F. M. Scriven, H. Greenfield. Nutrient composition of Chinese
vegetables. Journal of Agricultural and Food Chemistry. 1984; 32:413-416.


mailto:islams@uapb.edu

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Functional Foods in Health and Disease 2011, 1(2):61-74 Page 73 of 74

Ali, L, Khan, A.K.A, Mamun, M.L.R., Mosihuzzaman, M., Nahar, N., Alam, M.N. Rokeya, B.
Studies on Hypoglycemic effects of fruit pulp, seed, and whole plant of Momordica charantia on
normal and diabetic model rats. Planta Medica. 1993; 391: 408-412.

Perl, M. The biochemical basis of the hypoglycemic effects of some plant extracts. Vol. 3,. In
L.E. Croker, J.E. Simpson (eds.) Herbs, spices, and medicinal plants: Recent advances in botany,
horticulture, and pharmacology. Oryx Press, Phoenix, AZ. 1988; p. 49-70

Morton, J.F. The balsam pear- an edible, medicinal, and toxic plant. Econ. Bot., 1967; 21: 57-68.
Sofowora, E.A. “Medicinal plants and traditional medicine in Africa”. John Wily & Sons Ltd.,
New York. 1982.

Lotlikar, M.M., M.R. Rajarma-Rao. Pharmacology of hypoglycaemic principle cited from the
fruits of Momordica charantia L. Indian J. Pharm., 1966; 28: 129-133.

Zheng, Z. X. The hypoglycemic effects of crude polysaxxharides extract from Momordica
charantia in mice. Wei Sheng Yan Jiu. 2005; 34: 361-363.

Sathishsekar, D. 2005. Beneficial effects of Momordica charantia seeds in the treatment of STZ-
induced diabetes in experimental rats. Biol. Pharm. Bull. 2005; 28: 978-983.

Shetty, A. K. Effect of bitter gourd (Momordica charantia) on glycaemic status in streptozotocin
induced diabetic rats. Plant Foods Hum. Nutr. 2005; 60: 109-112.

Khanna, P., S.C. Jain, A. Panagariya, V.P. Dixit. 1981. Hypoglycaemic activity of polypeptide
from a plant source. Lloydia, 1981. 44; 648-655.

El-Gengaihi, S., M. S. Karawya, M.A. Selim, H.M. Motawe, N.A. Ibrahim. Chemical and
biological investigation of polypeptides of Momordica and Luffa spp. Farm. Cucurbitaceae.
Bull. NRC, Egypt. 1996; 21: 269-276.

Lavie D., D. Willner, M. Belkin, G. Hardy. New compounds from plants with antitumor activity.
Acta Unio Internat. Contra Cancerum, 1959; 15: 177-181.

Gitter S., Gallily R., Shohat B., Lavie D., Studies on the antitumor effect of cucurbitacines.
Cancer Res., 1961; 21: 516-523.

Abbott, B.J., J. Leiter, L. Hartwell, M.R. Caldwell, J.L. Beal, R.E. Perdne, S.A. Shepartz.
Screening data from the cancer chemotherapy national service center screening laboratories;
Plant Extracts. Cancer Res., 1966; 26, suppl. Part 2.

Lin, J.Y., M. J. Hou, Y.C. Chen. Isolation of toxic and non-toxic lectins from the bitter pear
melon Momordica charantia. Toxicon, 1978; 16: 653-660.

Licastro, F., C. Franceschi, L. Barbieri, Stripe, F. Toxicity of Momordica charantia lectin and
inhibitor for human normal and leukaemic lymphocytes. Virchows Arch. B. Cell Path., 1980; 33:
257-265.

Spreafico F., C. Malfiore, M. Moras, L. Marmonti, S. Filippeschi, L. Barbieri, P. Perocco, Stripe
F. The immunomodulatory activity of plant proteins; Momordica charantia inhibitor and
pokeweed antiviral protein. Int. J. Immunopharmacol. 198;.5: 335-343.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Functional Foods in Health and Disease 2011, 1(2):61-74 Page 74 of 74

Anon, M.C., D.A. Sorgentin, J.R. Wagner. Relationships between different hydration properties
of commercial and laboratory soybean isolates. Journal of Agricultural and Food Chemistry.
2001; 49:4852-4858.

Eveleigh, JW., G.D. Winter. Protein sequence determination. Editor: Needleman, S.B.,
Springer-Verlag, 1970; pages 92-95.

Cai, R.,, N. S. Hettiarachchy, M. Jalaluddin. High-performance liquid chromatography
determination of phenolic constituents in 17 varieties of cowpeas. J. Agric. Food Chem., 2003;
51:1623-1627.

Heinonen, M., A. S. Meyer, E. N. Frankel. Antioxidant activity of berry phenolics on human
low-density lipoprotein and liposome oxidation. J. Agric. Food Chem., 1998; 46: 4107-4112.
Ames, B. N., J. McCann, E. Yamasaki. Methods for detecting carcinogens and mutagens with
the Salmonella/mammalian-microsome mutagenicity test. Mutation Res., 1975; 31: 347-364.
Zong, R. J., M. Cantwell, L. Morris, V. Rubatzky. Postharvest studies on four fruit-type Chinese
vegetables. Acta Horticulturae. 1992; 318:345-354.

Zong, R. J., L. Morris, M. Cantwell. Postharvest physiology and quality of bitter melon
(Momordica charantia L.). Postharvest Biol. Tech. 1995; 6:65-72.

Shu-Jing Wu, Lean-Teik N. Antioxidant and free radical scavenging activities of wild bitter
melon (Momordica charantia Linn. var. abbreviata Ser.) in Taiwan. LWT - Food Science &
Technology. 2008; 41: 323-330.

Sumanth, M., Nagarjuna, G. C. Antimutagenic activity of agueous extract of Momordica
charantia. International J. Biotech. & Molecular Biol. Res., 2010; 1: 42-46.

Chiampanichayakul S, Kataoka K, Arimochi H, Thumvijit S, Kuwahara T, Nakayama H,
Vinitketkumnuen U, Ohnishi Y. Inhibitory effects of bitter melon (Momordica charantia Linn.)
on bacterial mutagenesis and aberrant crypt focus formation in the rat colon. J Med Invest.,
2001;. 48:88-96.

Wattenberg, I. W. Chemoprevention of cancer by naturally occurring and synthetic compounds.
In: Wattenberg I, Lipkin, M., Boone, C.W. and Kelloff, G.J., eds. Cancer Chemoprevention.
CRC Press. Boca Raton, FL. 1992; pp. 19-39.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiampanichayakul%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kataoka%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arimochi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thumvijit%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuwahara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakayama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vinitketkumnuen%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohnishi%20Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Med%20Invest.');

