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Abstract

Purpose: To evaluate the contents of carotenoids, triterpenoids, and phenylpropanoids in different parts
of white bitter melon.

Methods: We evaluated the accumulation of 2 triterpenoids, 10 carotenoids, and 11 phenylpropanoids
in different parts of white bitter melon, including fruits at four different developmental stages using
HPLC.

Results: Charantin, lutein, and rutin were the main triterpenoids, carotenoids, and phenylpropanoids,
respectively. The accumulation of triterpenoids (momordicine and charantin), carotenoids
(antheraxanthin, lutein, violaxanthin, a-carotene, and B-carotene), and phenylpropanoids (caffeic acid,
chlorogenic acid, epicatechin, gallic acid, p-coumaric acid, rutin, and trans-cinnamic acid) was high in
the leaves and/or flowers, which are exposed to direct sunlight, but low in the roots.

Conclusion: Most of the analyzed components were accumulated at high levels in the leaves and/or
flowers. These results will help exploit the compounds in various parts of white bitter melon that are
beneficial for human health.
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INTRODUCTION diabetes, cancer, and human immunodeficiency

virus infection [1-4]. Studies have shown that
Bitter melon (Momordica charantia) is a popular  bitter melon is rich in carotenoids, terpenoids,
herb used in traditional medicine in Asia, Africa, essential oils, fatty acids, flavonoids, phenolic
and the Caribbean. Bitter melon has been used acids, proteins, and saponins [5], which are
to effectively treat several diseases such as important components used in the
sepsis, ulcers, viral infections, inflammations, pharmaceutical industry.
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Secondary metabolites such as stilbenes,
carotenoids, flavonoids, monolignols, and various
phenolic acids are derivatives and intermediate
metabolites of phenylalanine [6]. These
compounds play significant roles in plant growth
and development, and protection against
adverse biotic and abiotic stresses, such as UV
irradiation, pollutants, infections, and herbivores.
Furthermore, phenylpropanoids synthesized from
phenylalanine play a significant role in plant
defense, and synergism between plants and
bacteria [4]. Carotenoid derivatives are pigments
that accumulate in vegetables, flowers, and
fruits, and they have been used to treat chronic
and vascular diseases [7]. To date, over 1100
carotenoids have been identified in plants, and
they are categorized into xanthophylls and
carotenes [8,9]. In plants, carotenoids absorb
light energy and protect chlorophyll from
photodamage during photosynthesis [9,10].
Lutein, meso-zeaxanthin, and zeaxanthin are
collectively called macular pigments, and are
found in the human eye [11]. Vitamin A is a
group of wunsaturated nutritional organic
compounds and it is synthesized from the
intermediary molecules of carotenoids (a-
carotene, B-carotene, B-cryptoxanthin, and vy-
carotene). In humans, vitamin A deficiency
causes progressive eye diseases such as
xerophthalmia and night blindness. Additionally,
the intake of carotenoids helps reduce the risk of
heart-related diseases, cancer, and cataract
formation in humans [12,13]. Momordicin and
charantin, two natural cucurbitane-type
triterpenoids in plants, have been reported to
exhibit potent hypoglycemic [14], potent anti-
cancer, anti-diabetic, and anti-bacterial effects
[5]. These ftriterpenoids have been found in the
fruits, leaves, and seeds [2,15] of bitter melon.

The gene expression levels of carotenoid,
triterpenoid, and phenolic biosynthetic pathways
in green bitter melon have been described
[1,3,4]. However, similar information on white
bitter melon is limited. In this study, we evaluated
the accumulation of carotenoids, triterpenoids,
and phenylpropanoids in different parts of white
bitter melon, including fruits at four different
developmental stages.

EXPERIMENTAL
Plant materials

Seeds of white bitter melon were provided by
Beijing Namo Tech.-Trade Co. Ltd. (Beijing,
China). After germination of the seeds in the
laboratory, the seedlings were grown in a farm at
Chungnam National University (Daejeon, Korea)
for 90 days. Different parts of white bitter melon,

including fruits at four different development
stages (Figure 1), were collected. The collected
samples were immediately transferred into liquid
nitrogen and freeze-dried for 72 h at -70°C for
triterpenoid, carotenoid, and phenylpropanoid

compound analysis.

Figure 1: Phenotype of white bitter melon. Leaf (A),
stem (B), female flower (C), male flower (D), root (E),
and fruits at different developmental stages (F). The
scale bars represent 2.5 cm

Extraction and HPLC analysis of
triterpenoids, carotenoids, and phenylpropa-
noids in white bitter melon

Triterpenoid compounds were extracted and
analyzed using a previously described protocol
[2]. The HPLC analysis, gradient program, and
quantification of ftriterpenoids in white bitter
melon were performed as per methods described
by Cuong et al [2].

Carotenoid extraction and HPLC analysis were
performed according to the protocol described by
Cuong et al [1]. The HPLC conditions, gradient
program, and quantification were according to
the protocol described by Cuong et al [3] and
Tuan et al [16].

Phenylpropanoid compounds were extracted and
analyzed as per method described by Cuong et
al [4]. The HPLC analysis, gradient program, and
quantification of  phenylpropanoids and
flavonoids were performed as per procedures
described by Cuong et al [4].

Statistical analysis

All data in this study were analyzed using the
Statistical Analysis System software (SAS
version 9.2, SAS Institute Inc., Cary, NC, USA,
2009) and expressed as mean + SD of three
biological replicates. The significant differences
among the means were calculated using analysis
of variance (ANOVA) with Duncan’s Multiple
Range Test (DMRT).
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RESULTS
Triterpenoid content

The accumulation of terpenoids in flowers (male
and female flowers), leaves (young and mature
leaves), roots, stems, and different stages of
fruits was examined wusing HPLC. The
momordicine content (ug/g dry weight (dw)) was
significantly high in the flowers; the male flowers
had the highest content (42.34), followed by the
female flowers (28.99) (Table 1). Momordicine
accumulation was low in the roots, young leaves,
and stage-1 fruits, whereas it was not detected in
the stems, old leaves, and fruits (stages 2 — 4).
The accumulation of charantin in white bitter
melon was highest in old leaves (131.59 ug/g
dw), followed by stage-4 fruits and young leaves;
its accumulation was low in the stems, flowers,
and fruits (stages 1-3), whereas it was not
detected in the roots. The accumulation of
charantin increased significantly during the
development of fruits, and was 130.76-, 21.15-,
and 4.62-fold higher in stage 4 than that in
stages 1-3, respectively.

Table 1: Momordicin and charantin levels in different
parts of white bitter melon (ug/g dw)

Variable Momordicine Charantin
Root 1.39+0.36 ¢ ND f
Stem NDc 233+0.7f
Young leaf 0.77 £0.082 ¢ 43.37£8.8¢c
Old leaf NDc 131.59+84a
Female flower 2899+ 3.74b 1049+25e
Male flower 4234 +4.87 a 19.99+0.7d
Stage-1 fruit 0.05+0.015¢ 0.38+0.03f
Stage-2 fruit NDc 2.349+£0.012f
Stage-3 fruit NDc 10.75+ 04 e
Stage-4 fruit ND c 49.69+£4.123 b

The mean and standard deviation values were
obtained from three biological replicates. ND: not
detected. Letters a-f denote significant differences (p <
0.05)

Carotenoid content

The HPLC results of white bitter melon showed
that the major carotenoids, lutein and B-carotene
(13Z-B-carotene, 9Z-B-carotene, and E-B-
carotene), were mostly present in the leaves,
whereas lutein (0.14 pg/g dw) was the only
carotenoid present in the roots. However, its
accumulation was significantly lower when
compared to that in other parts. The
accumulation of lutein was highest in old leaves
(349.503 pg/g dw), and was 1.76-, 3.69-, 6.4-,
7.09-, and 123.66-fold higher than that in the
young leaves, stems, male flowers, female
flowers, and roots, respectively. In fruits, the
lutein level (ug/g dw) was highest in stage 4
(12.43), followed by stage 1 (5.09), stage 2

(5.09), and stage 3 (5.12). Additionally, B-
carotene accumulation (13Z-B-carotene, 9Z-3-
carotene, and E-B-carotene) was highest in the
leaves followed by the stems and flowers,
whereas it was low in the fruits; it was
undetectable in the roots. The E-B-carotene
content was the highest in old leaves (194.096
pg/g dw), and was 102.9-, 89.51-, 61.95-, 11.9-,
6.99-, 3.91-, 3.16-, and 1.73- fold higher than that
in stage-2, stage-3, stage-1, and stage 4 fruits,
female flowers, stems, male flowers, and young
leaves, respectively. The accumulation of the
isomers, 13Z-B-carotene and 9Z-3-carotene, was
abundant in old leaves when compared to that in
the other plant parts, and was low in the fruits;
however, it was undetectable in the roots.
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Figure 2: Carotenoid contents of different parts of
white bitter melon (ug/g dw). The mean and standard
deviation values were obtained from three biological
replicates. Y-leaves: Young leaves; O-leaves: Old
leaves; F-flower: Female flower; M-flower: Male flower.
Letters a—g denote significant differences (p < 0.05)

The a-carotene content (ug/g dw) was highest in
old leaves (20.86) followed by young leaves
(4.54), male flowers (5.53), stems (3.77), female
flowers (3.07), and stage-4 fruits (2.42).
However, it was not detectable in the roots and
fruits (stages 1-3). White bitter melon also
contained a small amount of lycopene in stage-4
fruits; this was not detected in any of the other
organs. The accumulation of violaxanthin and
antheraxanthin was highest in male flowers and
was low in the other plant segments. The [3-
cryptoxanthin content (ug/g dw) was highest in
stage-4 fruits (40.33) followed by male flowers
(17.32), whereas it was low in the stems, leaves,
and female flowers; it was not detectable in the
roots and fruits (stages 1-3). In the fruits of white
bitter melon, the contents of individual
carotenoids were highest in stage 4, except that
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of violaxanthin, which was not detected in any of
the fruit stages.

Phenylpropanoid content

The results of HPLC analysis showed that the
contents of most phenylpropanoid compounds
were highest in the organs (e.g., leaves, flowers,
and stems), and lowest in the roots, except that
of 4-hydroxybenzoic acid. p-Coumaric acid,
chlorogenic acid, gallic acid, and rutin were
accumulated more in the leaves than in the other
organs (Figure 3).
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Figure 3: Phenylpropanoid contents in different parts
of white bitter melon (ug/g dw). The mean and
standard deviation values were obtained from three
biological replicates. Y-leaves: Young leaves; O-
leaves: Old leaves; F-flower: Female flower; M-flower:
Male flower. Letters a—h denote significant differences
(p <0.05)

In fruits, only 4-hydroxybenzoic acid, catechin
hydrate, gallic acid, kaempferol, p-coumaric acid,
rutin, and trans-cinnamic acid were detected;
specifically, the content of rutin and catechin
hydrate were highest, followed by those of gallic
acid, 4-hydroxybenzoic acid, p-coumaric acid,
and kaempferol, whereas that of trans-cinnamic
acid was the lowest. The amount of phenolic
compounds varied between covering stages 1-3
to orange (stage 4). The contents of trans-
cinnamic acid and kaempferol steadily increased
in the four developmental stages and peaked in
stage-4 fruits (1.15 and 25.61 pg/g dw,
respectively). Contrarily, the accumulation of 4-
hydroxybenzoic acid was highest in stage-1
fruits, and then decreased, whereas the
accumulation of rutin was found to be similar in
the four stages of fruit development. The

accumulation of p-coumaric acid and catechin
hydrate increased and peaked in stage-2 fruits,
and then decreased in stages 3—4 fruits.

DISCUSSION

Several studies have revealed that triterpenoids
exhibit potent anti-cancer, anti-diabetic, and anti-
bacterial properties [5]. In this study, the contents
of charantin and momordicine in white bitter
melon were analyzed using HPLC (Table 1).
Among the different fruits, stage-4 fruits showed
the highest accumulation of charantin. This was
in agreement with the findings of a previous
study on green bitter melon; the charantin
content significantly increased when the color of
fruits changed from green (stages 1-3) to orange
(stage 4) [2]. However, the accumulation of
charantin (ug/g dw) in stage-4 fruits of white
bitter melon (49.69) was 2.68-fold higher than
that in green bitter melon (18.50) [2]. Similar
results have been reported; the charantin content
was higher in the fruits than that in the leaves of
the most green bitter melon cultivar [2,15].
However, in this study, the accumulation of
charantin in old leaves was significantly higher
than that in the fruits of white bitter melon.

In white bitter melon, most individual carotenoid
contents were higher in the leaves when
compared to that in the other parts. Similar
results have been obtained for green bitter melon
[1]. Additionally, the accumulation of E-§-
carotene and lutein was observed in all stages of
fruit development, whereas antheraxanthin,
lycopene, zeaxanthin, a-carotene, and (-
cryptoxanthin were found only in stage-4 fruits.
Similar results were obtained in a previous study;
a comparison of carotenoid accumulation in
white and green bitter melon showed that green
bitter melon accumulated higher carotenoid
content [1]. In the present study, the carotenoid
contents were relatively higher in the leaves,
flowers, stems, and fruits; this might have been
due to the exposure of these parts to direct
sunlight. The roots were not exposed to sunlight;
hence, the carotenoid accumulation was lower.
Many studies have shown that in green bitter
melon [1], Chinese cabbage [17], and Allium
sativum [18], the carotenoid content is highest in
the leaves, but is markedly in the roots. These
results suggest that sunlight plays an important
role in regulating the carotenoid pathway, which
leads to the highest accumulation of carotenoids
in white bitter melon.

The phenylpropanoid content was highest in the
leaves, flowers, and stems of white bitter melon.
This finding is similar to that observed for Lycium
chinense [19] and Fagopyrum esculentum [20].
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The contents of 4-hydroxybenzoic acid and
ferulic acid were higher in the stems than those
in the other organs, whereas the levels of caffeic
acid and epicatechin were highest in the flowers.
Most prior studies indicated that in green bitter
melon [1], white mulberry [21], and L. chinense
[19], the rutin content was highest in the leaves.
Similarly, in this study, the rutin content was high
in the young leaves (3455.07 pg/g dw) of white
bitter melon, and was 2.71-, 11.59-, 12.02-,
15.46-, 76.41-, 111.48-, 95.58-, 124.67-, and
114.81-fold higher than that in old leaves, female
flowers, male flowers, stems, roots, and fruits
(stages 1-4), respectively. The content of
catechin hydrate and kaempferol were highest in
the fruits.

CONCLUSION

Most triterpenoids, carotenoids, and
phenylpropanoids are accumulated in high levels
in the leaves and/or flowers of white bitter. These
results indicate that sunlight may be one of the
factors that regulate the triterpenoid, carotenoid,
and phenylpropanoid content in white bitter
melon. These findings will help exploit the
compounds in white bitter melon that are
beneficial for human health. Additionally, this
study has provided valuable information for
utilization of strategies to increase the level of
various medicinal compounds in white bitter
melon.
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