International Food Research Journal 25(5): 1763-1772 (October 2018)

Journal homepage: http://www.ifij.upm.edu.my

nternational

b——

Mini Review

Nutritional compositions, health promoting phytochemicals and value
added products of bitter gourd: a review

*Sorifa, A. M.

Department of Food Engineering and Technology, State University of Bangladesh, Dhanmondi,
Dhaka

Article history Abstract

Received: 22 June 2017
Received in revised form:
27 September 2017
Accepted: 14 October 2017

In many Asian countries Bitter gourd (Momordica charantia L.) has been used as food and
medicine from ancient times. Bitter gourd has huge positive health benefits due to present
ample of phytochemicals and proteins. Bitter gourd leaf, stem and seed also contain various

health promoting antioxidants such as gallic acid, caffeic acid and catechin. In the present
review, physicochemical properties, nutritional values and health promoting phytochemicals
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as well as value added products of Bitter gourd are discussed. Subsequently, this review also

would be helpful for food producers and consumers to get current knowledge about Bitter
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gourd for their application and industrialization.
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Introduction

Consumption of vegetables has been increased
owing to their high content of bioactive compounds
like ascorbic acid, phenolic acids, carotenoids,
flavonoids, proteins, minerals and dietary fibers
while insufficient source of sugar (Cefalu et al., 2008;
Cousense et al., 2008). Among various vegetables
bitter gourd is one of most nutritionally rich and
plentiful medicinal properties of vegetable around the
world (Islam et al., 2011). Bitter gourd (Memordica
charantia) is a member of the Cucurbitaceae family
and widely grown in Asia, South America, India,
Caribbean, East Africa, Middle East and America
(Cefalu et al., 2008; Cousense et al., 2008). Bitter
gourd is an annual fruity vegetable and referred to
as bitter melon, Karela or balsam pear (Satkar et al.,
2013). The fruits, seeds, leaves, vines and roots of
bitter gourd have been used as food and remedy from
various types of diseases (Islam ef al., 2011). It is an
important source of essential amino acids, vitamin C,
vitamin A, carotenoids, folic acid, thiamin, riboflavin,
niacin, and minerals (Ali et al., 2008; Horax et al.
2010; Sandra et al., 2011) and has an important role
in human diet for maintaining sound health. The
seeds of bitter gourd are also rich source of protein
and oil (Ali et al., 2008).

Bitter gourd consumption has tremendously
increased day by day not only for their nutritional
value but also their therapeutic value. Bitter gourd
exhibited good sources of catechin, gallic acid,
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gentisic acid, chlorogenic acid (Budrat and Shotipruk,
2009) and saponin compounds (Tan et al., 2014).
Horax et al. (2005) also revealed that bitter gourd also
potential sources of antioxidant that would be used
in food system. Pericarp and seeds of bitter gourd
(Momordica charantia) could be used as sources
of different antioxidant agents (Horax et al., 2010).
Body weight gain and blood glucose levels could be
reduced as well as the levels of energy metabolism
might be increased in high-fat diet fed mice after
consumption of bitter gourd (Momordica charantia)
powder (Bian et al., 2016). These authors also
demonstrated that glucose metabolism-associated
pathways could be affected by consumption of bitter
gourd powder in high-fat diet fed mice. Lyophilized
of bitter gourds superfine powder could influence
the gut microbiota in diabetic rats but bacterial taxa
were same to the normal rat. Momordica charantia
(bitter gourd) oil could regenerate the tissue
without side effect in wound healing of rabbit skin
(Piskin et al., 2014). DMC (3B,7B-dihydroxy-25-
methoxycucurbita-5,23-diene-19-al) isolated from
wild bitter gourd which is positively interfere with
peroxisome proliferator-activated receptor (PPARY)
in lipid metabolism, insulin sensitivity apoptosis,
and cell differentiation thus contribute to account for
the hypoglycemic and antitumor activities (Weng et
al., 2013). Bitter gourds (Momordica charantia L.)
enhance the GLP-1 secretion thus control the glucose
homeostasis through an incretin effect (Huang et al.,
2013). Momordica charantia seed extracts also could
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be used for leukemia therapy (Soundararajan et al.,
2012).

There are some reviews on bitter gourd such as
health promoting phytochemicals of bitter gourd
(Tan et al., 2016); potential uses of bitter gourd as
pharmacological (Grover and Yadav 2004); impact
of bitter gourd on anti-diabetic and hypoglycaemic
(Leung et al., 2009); antidiabetic and medicinal
potency of bitter gourds (Joseph and Jini, 2013)
and role of bitter gourd on obesity and related
complications (Alam et al., 2015). However, there
are some inadequate information’s about bitter
gourd regarding the physiological characteristics,
nutritional value, and impact of nutritional values
on health. Therefore, these reviews will focus on
nutritional, medicinal and functional properties of
bitter gourd.

Characterization and nutritional compositions of
bitter gourd vegetable Physiological characteristics

Generally, bitter gourd fruits are 1.0-9.8 inch
long and 1.0-5.9 inch wide with oval, round, oblong
and club in shape and dark green to white in color.
The size and shape of the fruit vary with the different
varieties (Islam et al., 2011; Kumar et al., 2016). The
length of China cultivar bitter gourd vegetable 20-
30 cm (7.9-11.8 in) and oblong with bluntly tapering
ends and light green in color whereas Indian cultivar
only 6-10 cm (2.4-3.9 in) (Islam et al., 2011; Kumar
et al., 2016). The fruit of bitter gourd takes 45 to 80
days to get mature and the harvesting starts from 60
days of planting and it is continued up to 150 days
(Islam et al., 2011; Kumar et al., 2016).

Types of bitter gourd

Various types of bitter gourds are available in
around the world. India long green, India long white
and Hybrid India baby are available in India (Figure
la) whereas Japan Green Spindle, Green Lover,
Hong Kong Green are famous in Japan, China and
Hong Kong, respectively (Figure 1b). In Bangladesh,
mainly two varieties are found small size is locally
called Ucche and large size is called Korolla (Figure
Ic) (Alam et al., 2015).

Shelf-life of bitter gourd

The fruit of bitter gourd is perishable and shelf
life of only 4 days at ambient conditions and can be
preserved for more than 3-4 weeks in cold storage at
0-7°C. Fresh cut bitter gourds have only 4 days shelf
life when stored at 2°C (Wang et al., 2007).

Uses of bitter gourd
Bitter gourd fruits and leaves are generally
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India Long Green India Long Whifé Hybrid India Baby
Figure 1(a). Different variety of bitter gourd in India

RlbLE VICTUALS

Japan Green Spindle ~ Green Lover

Figure 1(b). Different variety of bitter gourd in Japan and

Hong Kong

Korolla
Figure 1(c). Different variety of bitter gourd in Bangladesh

consumed as stir frying or cooking as curries,
boiling, steaming, juice, extracts, and tea (Abdullah
and Kamarudin, 2013). However, various parts of
bitter gourd are using in many purposes reported by
Kandangath et al. (2015). Bitter gourd leaf paste or
hot water extract could be used to reduce or control of
many diseases such as treatment of leprosy, piles and
jaundice; treatment of ringworm, bowel movement,
cough, congestion and chest pain (Kandangath et
al., 2015). Bitter gourd fruit juice has many positive
health properties such as anti diabetes, treatment of
malarial fevers and anti-helminthic (Abdullah and
Kamarudin, 2013). Moreover, bitter gourd seed
could produce spontaneously vomiting and also
used to reduce fat (Abdullah and Kamarudin, 2013;
Kandangath et al., 2015).

Nutritional Profiles

Nutritional compositions of bitter gourd
vegetable are shown in Table 1. Ali et al. (2008)
reported that bitter gourd is an important source of
carbohydrate, proteins, vitamins, minerals and other
nutrients for maintaining proper health. It is a highly
nutritious vegetable due to the presence of higher
amount of protein, ascorbic acid, calcium, iron, and
phosphorus (Assubaie and El-Garawany, 2004).
Total fat content of whole fruit ranged from 2.9%-
6.4% of dry matter (Chuang et al. 2006; Habicht et
al., 2011). Bitter gourd also contains high amount
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Table 1. Physico-chemical and nutritional composition of

bitter gourd vegetable
Parameters Amount
Moisture (%) 93.8
Ash (%) 0.8
Protein (g) 0.90
Fat (g) 010
Carbohydrate (g) 0.20
Dietary fiber (g} 3.30
SDF (% dry basis) 14.4
IDF (% dry basis) 30.2
Organic acids (g} 011
TSS (°Brix) 3.2
Acidity (%) 0.03
Reducing sugars (%) 25
Total sugars (%) 2.8
Chlorophyll {mgiL) 10.9
Vitamin C (ma) 50.0
Vitamin A (mg) 0.04
Thiamin (mag) 0.05
Riboflavin {mg) 0.03
Miacin (mg) 0.40
Phosphorus (mag/M00g) 69.0
Calcium 22.0
Fotassium 26.0
Magnesium 16.0
Iron 0.9
Sodium 3.0
Zinc 0.1

(adapted from Raman and Manimegalai, 1998; Horax et al.,
2010; Islam et al., 2011; Satkar et al., 2013)

of Vitamin A, vitamins B, B,, B, and B, (Joseph
and Jini, 2013). It is also good source of inorganic
minerals such as Phosphorus, potassium, calcium,
magnesium, sodium, Iron and zinc (Islam et al.,
2011). Bitter gourd vegetables also contain different
types of amino acids such as glutmine, asparagines,
glycine, lysine, alanine, leucine, valine, arginine,
proline, serine, isoleucine, phenylalanine, tryptophan,
histidine, threonine, methionine (Islam et al., 2011).
Table 2 and Table 3 shows the amino acid profiles
and the mineral contents of pericarp and seeds from
bitter gourd at various maturity stages.

Bioactive compounds of bitter gourd

Bitter gourd vegetables are considered significant
sources of different bioactive compounds. Many
researchers have already identified different bioactive
compounds in bitter gourd vegetables (Table 4a-c).
The quality and quantity of bioactive compound
present in bitter gourd could be depends on many
factors such as harvest time, temperature, state of
maturity, and post harvest storage as well as size,
shape, colour of bitter gourd (Horax et al., 2005; Tan
et al., 2014; Sing et al., 2016). In addition, bioactive
compounds extraction from bitter gourd depends on
temperature, length of extraction, particle size and
number of extractions of a sample, water to powder
ratio, powder particle size, the ratio of water and
plant material and the type of solvents used (Sorifa et
al.,2010; Cerda et al., 2013; Tan et al., 2016). In this
section we have described different types of bioactive
compounds of bitter gourd vegetables.

Impact of processing effects on total polyphenols in
bitter gourd
Bitter gourd vegetables are a good source of total
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phenolics which have high antioxidant ativity (Tan
et al., 2016). The total phenolic content in immature,
mature and ripe bitter gourd ranged from 6.9 to 15.7,
6.4to0 14.8, and 4.3 to 14.9 mg GAE/g ethanol extract,
respectively where as mature and ripe seed ranged
from 6.4 to 18.0 and 6.1 to 20.9 mg GAE/g ethanol
extract, respectively (Horax et al., 2010). Budrat and
Shotipruk (2009) reported that total phenolic contents
in subcritical, soxhlet and solvent extraction were
52.63, 6.68, 6.00 mg GAE /g DW respectively. Zhu
et al. (2012) showed that total polyphenols and total
flavonoids of lyophilized superfine grinding bitter
gourd powder had 10.03 and 5.27 mg/g, respectively
where as hot air drying bitter gourd powder had 6.43
and 2.09 mg/g. Islam et al. (2011) observed that total
phenolic content of oven dried and freeze dried tissues
from four varieties ranged from 5.39-8.94 mg CAE/g
dry matter and 4.64-8.90 mg CAE/g dry matter. Tan
et al. (2014) mentioned that total phenolic contents of
green house grown bitter gourd ranged from 5.1-7.9
mg GAE/g dry basis. Horax et al. (2005) revealed
that total phenolic contents of the flesh, inner tissue
and seed from four varieties of bitter gourd ranged
from 5.36-8.90 mg CAE /g dry material, 4.64-8.94
mg CAE /g dry material and 4.67-8.02 mg CAE /g
dry material, respectively. Tan et al. (2014) found that
total phenolic contents of aqueous and 80% ethanol
extract were 10.06mg GAE/g dry basis and 10.07
GAE/g dry basis. Kubola et al. (2008) reported that
the total phenolic content in leaf, green fruit, stem
and ripe fruit from bitter gourd were 4.74,3.24 and
2.59 and 2.24 mg GAE/g dry sample, respectively.
Total phenolic contents in seed, seed coat tissue and
flesh of bitter gourd ranged from 4.67-8.02, 4.64-
8.94, and 5.36-8.90 mg/CAE dry matter, respectively
and the flesh provided significantly higher phenolic
contents than other part using four varieties (Islam et
al., 2011).

Impact of processing effects on individual polyphenols
compounds in bitter gourd

Polyphenol groups are flavonoids, phenolic
acids, tannins (hydrolysable and condensed) stilbenes
and lignans (D’Archivio et al., 2007). Phenolic
compounds are observed abundant in plants (Li et
al.,2006). Lin and Tang (2007) and also reported that
deep coloured fruits and vegetables have polyphenol
compounds  specially  flavonoids.  Individual
polyphenols in bitter mellon are quantified using
HPLC. A wide variety of individual polyphenols or
phenolic profile of bitter gourd fleshes, seeds and
inner tissues are shown in Table 4a, Table 4b and
Table 4c, respectively. The two types of flavonoids
such as catechin and epicatechin are abundant in
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Table 2. Amino acid composition (mg/g protein) in immature, mature and ripe stage of
pericarp and seeds from bitter melons

Amino acids Pericarp Seed Pericarp Seed
Immature Mature Mature Ripe Ripe
Cys 213£53 223+29 16507 18303 19.0+04
Asx 913+25ab 938+26a 78.0 £ 3.6cd 84.5+1.6bc 73.4+26d
Thr 249+07a 252+11a 174+ 08¢ 211+05b 16.1+0.0c
Ser 511+43ab 550+31a 435+189bc 534+23a 393+21c
Glx 95.9+4.9b 96.0+£2.3b 124 £56a 932+29b 131+£39a
Pra B45+25ab 54.4+35ab 497 +4.4b 607+2.2a 455+6.3b
Gly 420+ 06bc 449+11b 399+ 14c M2+12¢c 50.1+16a
Ala 498+1.0a 512+06a 467 +1.0b 457+ 0.6b 38.1+09¢c
Val 428+32 422+45 IBT14 425+14 392+07
lle 32217 308+39 30707 32813 31604
Leu 65.5+2.1a G4.9+18a 60.5+£2.3ab 60.7+1.3ab 58 1+26b
Tyr B6.5+3.8a h94+12a 447 +3.6b 629+5.0a 451+07b
Fhe 3889+02ab 402+05a 345+28bc 394+15a 340+17c
Met 26.3+14ab 276+20ab 236+09b 297+33a 228+08b
His 7024072 728+19a 409+0.9¢c 64.0+£3.3b 336+1.2d
Lys 107 £2.9ab 101+ 3.4b 98.7+1.6b 116+£8.1a 103+5.7ab
Arg 48.8+08cd 456+2.0d 808+0.8b 56.8+5.2¢c 925+37a
NH3 43+04c 42+05¢cd 74+03a 33+08d 6.1+03b
Total 923+5.1 931+35 874+6.1 926+9.3 878+ 181

Values are means + SD), Mean values with different letters in the same row are significantly different
(P value <0.05). (adapted from Horax et al., 2010)

Table 3. Mineral contents (mg/g) in immature, mature and ripe stage of pericarp and
seeds from bitter melons

Amino acids Pericarp Seed Pericarp Seed
Immature Mature Mature Ripe Ripe
F 52+02c 58+03c T4+03b 87+04a 8.0+ 04ab
K 324+15c 427 +21b 8.6+ 06d 575zx25a 64+04d
Mg 31+01bc 3.0+01c 42+02a 36+01b 44+03a
S 12+0.1b 1.1+0.1b 20+01a 14+0.1b 20+02a
Ca 23+01b 27+03b 0.82 + 0.06c 38+03a 0.48 + 0.06c
MNa 0158 +13b 0.264 + 19a 0136 +7b 0259 +18a 0.089 + 8c
Fe 0.055 + 6b 0.045 + 3b 0102+12a 0037 +2b 0.088 + 8a
Mn 0.031+2a 0.032+2a 0.020 + 0b 0.036 +4a 0.012+2c
Zn 0.057 + 4a 0.041 +5b 0.064 + 6a 0033+2b 0.055 + 5a
Cu 0.016 + 2ab 0013 +1b 0023 +4a 0.014 +1b 0.023 + 5a
Al ND 0.011+1b MD 0018 +2a ND

Values are means + SD; Mean values with different letters in the same row are significantly different

(P value <0.05). (adapted from Horax et al., 2010)

bitter gourd. Catechin and epicatechin contents in
hot air dried bitter gourd flesh ranged from 68.16
to 82.45 and 16.61 to 24.10 mg/100g, respectively
from different varieties (Horax et al., 2005). Horax
et al. (2005) also reported that bitter gourd contains
high amount of gallic acid (10.23 to 39.76 mg/100g
dry material), gentisic acid (21.43 to 24.65 mg/100g
dry material) and chlorogenic acid (6.42 to 14.15
mg/100g dry material). p-coumeric acid, tannic
acid, benzoic acid ferulic acid, caffeic acid and so
on were also identified. Moreover, freeze dried had
lower phenolic acid in fleshes and seeds than those
of air dried because of releases of bound phenolics
(Horax et al., 2005). Budrat and Shotipruk (2009)
also reported that catechin contents in subcritical
water extraction, methanol extraction and soxhlet
water extraction were 46.16, 1.61 and 1.77 mg/g dry
material respectively. Kubola et al. (2008) mentioned
that gallic acid was the major phenlic constituents
found in all parts (leaf, stem and fruits) of bitter
gourd.

Total antioxidant capacity in bitter gourd
Different methods such as ferric reducing
antioxidant powder (FRAP), organic radical-

scavenging capacity [ABTS-2, 2-azino-bis93-
ethyl-benz-thiazoline-6-sulfonicacid)], DPPH (2,
2-Diphenyl-1-picrylhydrazil) and peroxyl radical
scavenging capacity (ORAC-oxygen radical
absorbance capacity), [-carotene and linoleic
acid bleaching methods are used to determine the
antioxidant capacity. Previously many researchers
reported that bitter gourd had excellent antioxidant and
free radical scavenging activity (Horax et al., 2005;
Wu and Ng, 2007; Kubola et al., 2008). Different
phenolic compounds have different antioxidant
activity. All ready many researchers showed that
there are high correlation between total phenolics and
antioxidant activity (Sorifa et al., 2010). However,
some studies found that there is no correlation between
antioxidant activity and total phenolic content
(Kubola et al., 2008; Sorifa et al., 2010). This may be
due to the presence of different different antioxidant
substance in different ratio rather than total phenolic
content itself. In addition, total antioxidant activity
depends on the presence of individual phenolic acid
constituents rather than total phenolic content in
bitter gourds. Kubola et al. (2008) observed that the
antioxidant activity of bitter gourd in DPPH radical-
scavenging activity, hydroxyl radical-scavenging
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Table 4(a). Phenolic acid constituents (mg per 100 g of flour dried basis) in bitter
melon fleshes by oven dried and freeze dried

Phenolic acid Oven dried Freeze-dried
G ] CG Cw IG ] CG cw
Gallic acid 1023021 1585+0R8 3976+075 2066+029 804+014 BREI+040 1374+023 1242+009

Protocatechuic acid 3594017 614+023 207018
Gentisic acid 2143195 24342171 24002064

Catechin 7003+306 B8245+066 7867+021
Vanillic acid 215+012  242+009 184+010
Chlorogenic acid 1073+068 642+010 1415025
Syringic acid 210+035 315009 291014
Epicatechin 2114074 2098078 1661+073
p-Coumaric acid 497016 307010 1831004
Benzoic acid 3122018 299010 396009
o-Coumaric acid ND ND 186+012
trans-Cinnamic acid Tr Tr 1311004
Total phenolic acids 1485 167.8 188.1

566009 3852023 241003 317005 55101
2465+052 2007+068 1699:081 2034x012 2747121
6816+230 2306+047 2526+034 2379+037 3450+078
201+000 125+003 Tr 129+003 135:005
866007 16372045 455+029 15832019 1164013
285006 1772008 177£009 214015 367029

2410+056 1880+196 1744033 3203096 3238:134
380012  823+017 385013 737006 B819:x033
365005 Tr ND 290006 305011
243+002 218+015 ND 247003 233+011
Tr Tr ND Tr
166.7 103.7 81.0 125.1 1425

Values are means + SD, IG, bitter melon var. India Green; IW, bitter melon var. India White; CG, bitter melon var.

China Green; CW, bitter melon var. China white;

ND, not-detectable; Tr, trace (less than 1 mg per 100 g dried basis).(adapted from Horax et al., 2005)

Table 4(b). Phenolic acid constituents (mg per 100 g of flour, dried basis) in bitter melon seeds by

oven dried and freeze dried
Phenolic acid Oven dried Freeze-dried
1G ] CG CW 1G W CG CW
Gallic acid 893+£025 1890020 1160074 682x051 461x021 4282031 5082022 714007
Protocatechuic acid 426+002 575+003 430+002 416+001 102+009 156+006 241+006 189+004
Gentisic acid ND 2167+003 1442+020 16.01+029 ND ND ND ND
Catechin 4950+053 57614086 4465+0097 5523+002 2485+050 33.85+0099 3637+056 37.00+£082
Vanillic acid 105006 160+001 116+003 1272002 Tr Tr r Tr
Chlerogenic acid 408+£009 553x015 318+022 303024 294020 3182015 3565:004 385007
Syringic acid 231£004 6192008 311:001 288015 145023 3212002 229:007 239:004
Epicatechin 2089+062 4008110 3115+048 3250+061 1080+056 1724+016 2275+011 1845+046
p-Coumaric acid 301+027 355+024 288+013 267+012 147+010 225x015 285024 272007
Benzoic acid 374+£008 454+024 363+010 392+016 138009 2312001 270080 1.88+008
o-Coumaric acid 182007 196+006 156+002 144+006 1.04+008 1482003 1412006 134+006
frans-Cinnamicacid  447+009 463+002 395010 1252001 130+009 123x005 1260714
Total phenolic acids 1131 172.0 125.6 131.2 51.0 70.6 80.7 76.7

aValues are means + SD, IG, bitter melon var. India Green; IW, bitter melon var. India White; CG, bitter melon
var. China Green; CW, bitter melon var. China white; ND, not-detectable; Tr, trace (less than 1 mg per 100 g

dried basis).(adapted from Horax et al., 2005)

Table 4(c). Phenolic acid constituents (mg per 100 g of flour, dried basis) bitter melon inner
tissues by oven dried and freeze dried

Phenolic acid Oven dried Freeze-dried
1G W CG CcW [[€] W CG CW
Gallic acid 846+080 1559:1.09 497+020 1029+016 257:002 803747 351010 18.05:1.06
Protocatechuicacid  505+048 782+015 434:022 481:008 149+009 269:005 237:009 259003
Gentisic acid 2178+026 3261+222 1861+151 1819+017 698+036 1334:069 1181£039 1335:063
Catechin 1743+107 2587+209 1948+092 3974+121 1354:005 1887:080 2163:032 2024192
Vanillic acid 190+012 219+019 174+022 184+003 138:001 148+003 150:003 215:003
Chlorogenic acid 630+031 991+069 833+077 391006 411006 469+045 749:012 417:012
Syringic acid 134+018 366+037 128+007 124:003 Tr 104006 103005 208:005
Epicatechin 1915039 4091:197 2642:016 855:023 651+016 14792044 15.08:029 ND
p-Coumaric acid 188+003 291+038 158+005 253+004 115004 157+002 399:015 416:014
Benzoic acid 180+037 269+018 190+016 180002 Tr ND ND ND
o-Coumaric acid 128+005 208+021 139+003 135:001 102:001 ND 163+0.04 ND
trans-Cinnamic acid Tr 1.09+0.03 Tr Tr Tr Tr ND ND
Total phenalic acids 86.4 1473 90.1 94.3 387 66.5 70.0 66.8

“Values are means + SD, IG, bitter melon var. India Green; IW, bitter melon var. India White; CG, bitter melon

var. China Green; CW, bitter melon var. China white
dried basis).(adapted from Horax et al., 2005)

activity, B-carotene—linoleate bleaching assay, ferric
reducing/antioxidant power (FRAP) assay and the
total antioxidant capacity were evaluated and FRAP
assay showed the highest (R=0.948) correlation
with the total phenolic content. Tan et al. (2014)
also found a strong correlation between the total
phenolic content and antioxidant capacity in three
different assay such as ABTS (R = 0.94), DPPH (R

; ND, not-detectable; Tr, trace (less than 1 mg per 100 g

=0.95) and FRAP (R = 0.99) using different solvent
extracts of bitter gourd. Budart ez al. (2009) reported
that subcritical water extraction of bitter gourd had
the highest antioxidant activity (IC,, value was 5.49)
and there was a high correlation between the total
antioxidant capacity and the total phenolic content.
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Health benefits properties of bitter gourd

Several researchers showed that the various
medicinal properties of bitter gourd such as
antidiabetic,  antihyperglycemic  anticancerous,
anti-HIV, antitumour, antimutagenic, antibacterial,
antiulcerogenic, anti-tumour, antihelminthic,
antileukemic, antilipogensis, abortifacient and
antifertility (Rathi et al., 2002; Uebanso et al., 2007,
Kandangath et al., 2015 ). Some healths benefits are
described below especially those have huge health
benefit for human being:

Effects of bitter gourd on blood sugar levels and
antidiabetic activity

Previously many studies have proven that
consumption of bitter gourds such as whole fruit,
juice, extract and dried powder are very effective
in lowering blood glucose level (Basch et al., 2003;
Lawrence et al., 2009) and bitter gourd has positive
effects on antidiabetic activity. Glycosides, saponins,
alkaloids, triterpenes, polysaccharides, proteins,
steroids, charantin, a polypeptide-p, momordin Ic,
oleanolic acid 3-O-monodesmoside, and oleanolic
acid 3-O-glucuronide are found in bitter gourd
those compounds have hypoglycaemic activity. Ali
et al. (1993) found that insulin-dependent diabetes
mellitus (IDDM) rats and normal rats were showed
that significant hypoglycemic effect in fasting and
post-prandial states after consumed the saponin free
methanolic extract of bitter gourd juice than non-
insulin-dependent diabetes mellitus (NIDDM) rats.
Bitter gourd also enhance glucose tolerance and
dominate the postprandial hyperglycaemia in rats
(Uebanso et al., 2007; Leung et al., 2009) as well
as increase the insulin sensitivity and lipolysis in rat
(Leung et al., 2009). Some reviewer also found that
similar effects on the hypoglycaemic effects between
bitter gourd and oral medications such as tolbutamide,
chlorpropamide and glibenclamide (Virdi ez al., 2003;
Ojewole et al., 2006; Leung et al., 2009). Baldwa
et al. (1977) mentioned that 21.5%, 49.2%, 28%
reduction in blood glucose at 30 mins, 4 hr and 12 hr
respectively after consume of bitter gourd whereas
control (placebo ijection) showed 5% reduction
in glucose level. After consume of fried karela as
daily basis also produced significant development in
glucose level in diabetic patients subsequently serum
insulin levels also did not increase (Leatherdale et
al., 1981). Ahmad et al. (1999) also found reduction
of 86% cases post-prandial serum glucose and 5%
reduction of fasting glucose after consume of bitter
gourd pulp for 100 cases of moderate NIDDM
patient. There are many mechanisms of blood sugar
levels and antidiabetic activity with bitter gourd.
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Bitter gourds enhance the beta cells (Ahmed et al.,
1998) and acts as vegetable insulin (Leung et al.,
2009) as well as bitter gourd could increase the uses
of glucose in liver and muscle. (Sarkar ef al., 1996).
On the other hand, bitter gourd could also destroy of
carbohydrate enzyme activity such as hexokinase,
glucokinase, phosphofructokinase and substrate
glucose-6-phosphate also revived after treatment
with bitter gourd in liver of diabetic mice (Rathi et
al., 2002).

Anti-bacterial activity

Water, ethanol and methanol of bitter gourd
leaves extract exhibited the inhibition capacity
against various microorganisms such as Escherichia
coli, Salmonella paratyphi, Shigella dysenterae
Streptomyces griseus in vitro (Ogata et al., 1991).
Khan et al. (1998) found entire of bitter gourd extract
also showed positive activity against Entamoeba
histolytica. Helicobacter pylori-organism also could
be suppressed using of bitter gourd fruit extract.
Frame et al. (1998) mentioned that Mycobacterium
tuberculosis growth might be inhibited using bitter
gourd leaves extract through BACTEC 460 method.

Wound-healing activity

It was reported that bitter gourd extract have
therapeutic agent for tissue regeneration. It posses
wound healing properties and stimulated the
proliferation of dermal fibroblasts of human (Tan et
al., 2016)

Anti-HIV activity

Alpha- and beta-momorcharin  protein are
present in seeds, fruit, and leaves of bitter gourd
those protein showed Anti HIV activity in vitro
(Zheng et al., 1999; Au et al., 2000) and alpha- and
beta-momorcharin protein also could suppressed of
HIV-1 integrase (Au et al., 2000). MRK29 protein
also found in bitter gourd and MRK29 protein has
able to inhibition of viral reverse transcriptase (Wang
and Ng, 2001). Tumor necrosis factor (TNF) activity
could increase and subsequently HIV-infected cells
expressed by viral core protein p24 also 82% reduced
using salt-precipitated fraction of MRK29 protein
reported by (Jiratchariyakul et al., 2001).

Anticancer and antitumor properties

It was found that Thai bitter gourd contained anti-
carcinogens and chemopreventive agent whereas
Chinese variety did not have that property. Various
in vivo as well as in vitro studies demonstrated that
bitter gourd extract inhibits cancer cell growth and the
development of mammary tumors in mice and liver
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cancer and leukemia in human (Grover et al., 2004;
Fang et al.,2012a). MAP30 protein is present in bitter
gourd. Various in vivo and in vitro studies suggested
that the efficacy and safety of MAP30 against liver
cancer (Fang et al., 2012a). 14-kDa Ribonuclease,
known as RNase MC2 which is isolated from seeds
of bitter gourd and have an activities against MCF-7
breast cancer cells reported by Fang et al. (2012b).
Fang et al. (2012b) also reported that RNase MC2
had the anticarcinogenic effects toward human
liver cancer cells. RNase MC2 have an effect on
both cytostatic and cytotoxic activity against MCF-
7 breast cancer cells which indicated the apoptotic
response of the RNase MC2 in both mice and HepG2
cells which cause nuclear damage resulting in early
or late aoptotic response.

Anticancer mechanisms of bitter gourd have been
mentioned elsewhere. Bitter gourd phytochemicals
could be inhibited DNA, RNA and cellular protein
synthesis as well as bitter gourd also might be
suppressed the cell cycle G2 and M phases through
inhibit the uptake of thymidine, uridine and leucine
into DNA (Claflin er al, 1978). Bitter gourd
suppressed the guanylate cyclase activity (Claflin
et al., 1978; Takemoto et al., 1982) and promoted
the activation of NK cells (Porro et al. 1993).
Sun et al. (2001) showed induction of apoptosis
by treatment with bitter gourd. Bitter gourd also
showed modulatory effect on biotransformation and
detoxification enzymes.

Value added products from bitter gourd

Genarally, bitter gourds are very much consumed
as fresh or in different recipes such as soups, salads,
stir fried, deep fried, boiled, steamed, microwaved,
juiced, pickled, snacks, curries, bakery products,
stuffed products of meat, and oven dried to drink
as tea (Aminah and Permatasari, 2013; Singh
and Sagar, 2013). Different value-added products
using bitter gourd are shown in Figure 1d. Various
processing technologies were investigated to produce
widely acceptable products, extending shelf life and
availability of all the year round and adding value of
the raw products.

Juice and beverage from bitter gourd

Generally bitter gourd juices are unacceptable
to various communities due to its tremendous bitter
taste. For this reason, it is needed to develop a
suitable formulation, processing and storage using
bitter gourd fortified juice and thus make it palatable
and acceptable to consumers. Kaur and Aggarwal
(2014) reported that bitter gourd juice treated
potassium metabisulfite (KMS) had higher nutrient
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Figure 1(d). Various Value-added products from bitter
gourd

stability than Na-benzoate. On the other hand,
bitter gourd extract (15%) with artificial sweetener
was employed to develop functional and dietetic
beverage and preserved at refrigerated temperature
for six months with good flavour and palatability as
well as other nutritional properties (Din et al., 2011).
On the other hand, different concentration of bitter
gourd juice, sugar and citric acid was used to prepare
ready to serve bitter gourd beverages (Satkar et al.,
2013). These research groups reported that ready —to-
serve bitter gourd beverage could be made using the
levels of juice 12.5% sugar -15 g, citric acid 0.29 g
and water 76 mL for 100 mL of beverage and kept
refrigerated (5+£1°C) temperature up to 3 months
without changing the chemical and sensory qualities.

Dehydrated products from bitter gourd

Solar drying, low temperature drying and cabinet
drying was applied to manufacture the bitter gourd
rings and found that the cabinet drying method was
the best method for making or drying of bitter gourd
because the retention of all the bioactive compounds
such as ascorbic acid, total carotenoids, B-carotene
and total chlorophyll content than those of other
drying methods (Singh and Sagar, 2013). Kumar et
al. (2016) produced osmo-air drying of bitter gourd
chips using soaking with 0.2% KMS for 10 mins
followed by 2%, 6%, 10% of NaCl and 1%, 3% and
5% acetic acid for 90 mins, blotting and dried at 60°C
for 8 hr. These research groups revealed that bitter
gourd chips prepared with 10% NaCl had better in
color and over all acceptability and might be kept
at ambient conditions for 3 months without loss of
organoleptic quality and microbiologically safe.
Lyophilized and hot-air dried superfine powder was
produced using bitter gourd reported by Zhu et al.
(2012). These research groups also demonstrated
that lyophilized superfine powder had a higher
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antidiabetic activity than hot-air dried powder
because of reducing fasting blood glucose level was
higher in lyophilized powder as compared to hot-air
dried powder. Therefore bitter gourd powder could
be used as suitable functional food ingredients. Bitter
gourd extract might be applied as natural antioxidant
instead of synthetic antioxidant in food sector for
extending shelf life of food commodity owing to
higher natural plant phenolics and antiradical power
(Horax et al., 2005; Horax ef al., 2010).

Bitter gourd slices

Fresh-cut bitter gourd slices (1 cm thick) might
be kept in modified atmosphere packaging with low
density polyethylene bag for 15 days at 8°C without
deterioration nutritional quality (Preetha et al., 2015).
Fermented bitter gourd slices was made with 3% dry
salts and 3% saturated brine solution, and 3% dry
salts with 1% saturated brine solution in refrigerated
condition for 4 weeks. Results showed that treated
with 3% dry salt was in highly acceptable levels as
a fermented ready to eat vegetables and maximum
overall acceptability also found during storage period
(Silva et al., 2016).

Conclusion

Nowadays various diseases such as cardiovascular
disease, cancer, diabetes, HIV and so on have been
spread worldwide. It is confirm that antioxidant could
contribute to prevent many diseases. Bitter gourd
could be used as different sources of phytochemicals
those are worthy of human being. However processing
methods and consumption way the influences of
contain of phytochemicals in human body. Therefore,
it can be considered that from this review Bitter gourd
could be used as health promising phytochemicals
those are beneficial for human health. There are
limitation researches on human studies using bitter
gourd. Thus, the much more researches are needed
on specific diseases using bitter gourds.
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