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ABSTRACT
Functional and health endorsing benefits of various foods are often attributed to their
phytochemistry. The bitter gourd holds potential in improving the food products quality
owing to its incredible versatility in compounds. In the current exploration, different bitter
gourd varieties and their parts were evaluated for their therapeutic potential and
utilization in value added baked products. For the purpose four types of bitter gourd
powders i.e. whole fruit, seedless fruit, seeds and extracts were prepared. Compositional
analysis revealed that bitter gourd variety FSD-Long along with parts is rich source of
minerals, ascorbic acid, carotenoids, tocopherols (α, β & γ), phenolic acids, saponin,
charantin, alkaloids, momordicin, fatty acids and dietary fiber.However, extract possessed
higher concentration of water soluble substances than otherparts. All parts ofFSD-Long
inhibited in vitrolipid peroxidation and scavenged DPPH radicals significantly.
Afterwards, all parts of the selected variety (FSD-Long) were added in cookies at various
levels to enrich the formulation. Considering the results of characterization and product
development; whole fruit, flesh and seed part @ 3%, and extract @ 0.5% were selected
for further use in efficacy study. The experimental rats modeling comprised of three
segments including normal, hyperglycemic and hypercholesterolemic Sprague Dawley
rats. Initial trials were conducted in normal rats; indicated that diets prepared with bitter
gourd parts hold hypoglycemic and hypocholesterolemic perspectives. In the second
section, streptozotocin injection was used to induce diabetes mellitus in rats and observed
a decrease of 42.22% glucose in group fed extract based cookies. Furthermore, level of
insulin increased in bitter gourd part cookies upto 58.64% indicated that the experimental
diets hold insulin tropic potential. Final efficacy trials were conducted involving
hypercholesterolemic rats. In control group, momentous increase in serum cholesterol,
triglycerides and LDL levels was observed. All parts attenuate the cholesterol 18.79 to
40.17% triglycerides 25.97 to 37.01% and LDL 14.49 to 26.09%. All parts reduced the
serum glucose significantly by enhancing insulin secretion. From the present study, it is
deduced that bitter gourd extract can be supplemented in food products for the
management of these maladies.

vii

CHAPTER 1
INTRODUCTION
Since time immemorial in various cultures, phytochemicals have been extensively used to
improve the quality and health endorsing potential of baked products. The people consuming
diet rich in functional and bioactive components are at lower risk of chronic diseases thus
reducing the mortality rate (Jenkins et al., 2008). The health promising role of
phytochemicals thus necessitates the nutritionists and health professionals to explore the
multifarious functionalities of these components in plants and their products. The plants
fulfill indispensable requirements of the nutrients to human beings but presence of bioactive
components make them an important component of healthy diet (Roller et al., 2007). The
recent era witnessed more coherent and systematic studies regarding these bioactive
molecules and resulted in the development of a segregated section i.e. functional and
nutraceutical foods. These foods are enriched with diversified phytochemicals among them
are antioxidants, dietary fiber, phytosterols and flavonoids etc. These compounds are widely
distributed in food like herbs, spices, fruits and vegetables and show considerable health
properties (Dahan et al., 2008; Butt and Sultan, 2011).
Phytochemicals are non-nutritive, health promoting compounds that naturally occur in plants.
These bioactive compounds not only contribute to color, flavor, aroma and taste but also
have potential implications for health. They are said to suppress the disease causing agents,
block the carcinogens and interfere with degeneration processes (Biesalskiet al., 2009).
Thus, herbal medicines are becoming popular not only in developed countries but also in
developing countries (Potawale et al., 2008). Among the phytonutrients dense plants, bitter
gourd or balsam pear holds potential to be used as theraputic against different diseases.
Bitter gourd is a vine native to tropical and subtropical regions, cultivated in Asia especially
in Pakistan, China, Taiwan, India, Brazil, Guyana, Nepal and Philippines as a source of
vegetable and medicine. In plain areas it is sown annually as a summer season crop from
January to June but in areas with mild or frost free winter it is grown as perennial crop (Ali et
al., 2011).
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Bitter gourd fruit is rich in phytochemicals. During the past bitter gourd has been used to
cure cough, wound, dysentery, diabetes and act as purgative for children (Yibchok-Anun et
al., 2006). Bitter gourd contains 91.8% water, 0.20% fat, 4.2% carbohydrates and 1.4%
fiber. It is a rich source of potassium, but also contains calcium, sodium, magnesium, iron
and zinc in trace quantities (Bangash et al., 2011).
The fruit, seeds and leaves of bitter gourd contained different health promoting
phytochemicals such as alkaloids, steroidal saponins, polypeptides, aromatic volatile oil,
vitamins and minerals. Principle components of bitter gourd are charantin, momordicine and
p-insulin which are steroidal saponin, alkaloid and polypeptides in nature, respectively.
However, immature fruit can be eaten without cooking as it is a rich source of vitamin A,
vitamin C and minerals. While fruit flesh is also a good source of lycopene (Paul and
Raychaudhuri, 2010). Seed oil is enriched with the polyunsaturated fatty acids (PUFA);
which is α-eleostearic acid a conjugated linolenic acid and has considerable importance
regarding heath consequences (Grossmann et al., 2009; Liu et al., 2010). Likewise, fruit
pulp is a good source of the soluble pectin and galacturonic acid (Paul and Raychaudhuri,
2010; Kumar et al., 2010).
In Pakistan, diseases like diabetes, obesity, high blood pressure and cardiovascular problems
are spreading due to lack of knowledge and high cost of treatment. Obesity is prevalent in the
developed as well as in the developing world with associated physiological threats (Hensrud,
2004). Poor nutritional habits like food rich in cholesterol and saturated fats have treated
consumer health adversely. Hypercholesterolemia is a condition that amplifies serum lipid
level by changingthe concentrations of total cholesterol (TC), low density lipoprotein (LDL),
high density of lipoproteins (HDL) and triglyceride (TG). Improper food management
continues to obesity, inflammation, atherosclerosis and widens the vascular lesions (Nouri
and Rezapour, 2011).
The obese peoples are more susceptible to high level of low density lipoprotein: bad
cholesterol resulting in cardiac illness. Glucose tolerance is impaired because of insulin
resistance that results in increased serum insulin level. So obesity is related to diabetes and
cardiovascular diseases (Wild et al., 2004).
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Diabetes; an oldest known human ailment throughout the globe, now affecting about 200
million people. It is associated with an increased risk of cardiovascular diseases. Similarly,
hypercholesterolemia is a major threat for coronary heart diseases resulting in atherosclerosis
and cardio vascular diseases. About 30% of the diabetic patients use complementary and
alternative medicines. No doubt drug become mandatory for the control of diseases but
accomplished by the side effects and reduction in efficiency with the passage of time.
Therefore, diversified plant based diets are used throughout the world to manage
hypercholesterolemia and hyperglycemia. So selection of proper diet is essential for the
control of diabetes and cardinal issue ad their allied complications such as immune
dysfunction and cardiovascular diseases because a direct relation exist between food and
health (Zakir et al., 2008; Hameda and Khattab, 2010; Singh et al., 2011). Owing to rich
phytochemistry with special reference to polyphenols, natural products might be suitable
preventive measure to normalize blood glucose, insulin sensitivity and also plasma lipid
profile.
Bitter gourd is one of these popular herbal remedies that is low in saturated fatty acid and is
enriched with antidiabetic compounds (Chen and Li, 2005, Sathishsekar and Subramanian,
2005a). Three groups of phytoconstituents are responsible for preventive actions. Mainly,
charantin is one of those abundantly found in fruit and contribute to the hyperglycemic and
hypercholesterolemic activities. Others are polypeptide p known as plant insulin similar to
insulin in composition and alkaloids (Harinantenaina et al., 2006; Pitipanapong et al., 2007;
Cheng, 2008). Inspite of its antidiabetic and blood cholesterol lowering effect; it also
possesses a wide range of potential pharmacological activities for instance it is antifungal
(Schmourlo et al., 2005), antioxidant (Sathishsekar and Subramanian, 2005b), anticancer,
hypotensive, antiobesity and stomachic (Chen and Li, 2005). Other reported medicinal
benefits include alleviation of fever, HIV, skin diseases, detoxification of body, balancing of
certain hormones, inflammation and exorcising worms from body (Singh et al., 2011).
The conditions are worse because of nutritional imbalance, inadequate consumption of diet.
Under these circumstances diet based therapy may be explored to cure such public disorders.
Research revealed that phytochemical rich diets have a potential to alleviate these health
problems. Functional and nutraceuticals foods provide opportunities to the industries not only
3

to develop novel food products but also cheap product to improve source of revenue for rural
population (Das et al., 2011). Therefore it is need to develop a suitable, convenient and cheap
product for consumer from bitter gourd to take control of health related problems specially
diabetes and high cholesterol.
Generally all parts of bitter gourd such as stem, leaves and fruits are consumed as a food part.
Fruit may be consumed as raw, boiled, and cooked as curry or with meat, used in salads,
liquidized to drink as tea and herbal juice (Budrat and Shotipruk, 2008; Myojin et al., 2008).
Fresh juice is slightly bitter to drink. So, bitter taste is neutralized by the addition of papaya
or mango during cooking. Some phytochemicls may become unavailable upon debittering
process such as charantin and momordicine. While these are primarily responsible for the
bitterness of fruit as well as health-promoting effects (Kumar et al., 2010). Although bitter or
astringent taste reduces its acceptance and consumer appreciation during food selection but
this characteristics is overshadowed by its dietary phytonutrients and health promoting
effects (Singh et al., 2011).
Development of a product should not only focus on the preparation of a modified and
acceptable food but it should also be a fruitful source to ameliorate diet to counteract high
cholesterol and insulin resistance. Increase in prices and decrease in raw material availability
triggered food scientists to establish standards of nutrition and health. Therefore, substantial
emphasis is to find renewable and inexpensive food for incorporation of bioactive
components of plant origin. Baked products provide an excellent opportunity to incorporate
phytochemicals from cheap plant based edible materials. Because bakery products such as
cookies, bread and cakes are consumed on large scale world widely (Bakke and Vickers,
2007). Cookies have longer shelf life and widely consumed and accepted than other bakery
items. That’s why they have been suggested as a better use of composite flour (Giami and
Barber, 2004).
In the light of the therapeutic effect of bitter gourd the project was designed to study
indigenous bitter gourd varieties for their phytochemical potential and functional
characterization. Concurrently, dietetic cookies containing bitter gourd powder were the
limelight of present research investigation. These dietetic cookies were assessed for
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hyperglycemic and hypercholesterolemic activity through animal experimental model study.
The present project was designed to attain the following objectives;
1. To characterize different bitter gourd varieties for their

functional

and

phytochemicals characteristics
2. To developed functional cookies through supplementation of different type of bitter
gourd powders
3. To assess health potential benefits of functional cookies supplemented with bitter
gourd powder through animal modeling experiments
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CHAPTER 2
REVIEW OF LITERATURE
In the era of food and nutrition, much focus has been paid to functional and neutraceutical
foods as these captured the global market owing to consumer’s trends and perceptions about
nutritional aspects. Most of these functional foods aretaking the approachof usingnatural
materials against variousailments. The role of dietary interventions has been highlighted in
numerous scientific studies (Babish et al., 2012; Butt and Sultan, 2013). In this context plants
and their products are of significant importance due to supportive, tonic and nutritious in
nature. Among these plants, cucurbits have been traditionally used as medicine and for
instance in salads, pickles & desserts (Bose et al., 2002). The phytochemicals are valued for
alleviation of different chronic diseases like instance diabetes, cardiovascular dilemma and
some forms of cancer (Perkins-Veazie, 2010). Bitter gourd, a cucurbit, has long history of
use both as a food and as medicine. It is widely consumed in human diet as a source of
nutrient and helpful in curing of various ailments such as infections, cough, wounds,
dysentery, stomach disorders, hypertension, cancer, hypercholesterolemia and diabetes
(Yibchok-Anun et al., 2006; Ali et al., 2008). Hence the current research project was aimed
to explore the therapeutic worth of locally grown bitter gourd varieties against lifestyle
related disorders. The literature pertaining to different aspects of the present study has been
reviewed under the following headings
2.1. Plant based functional food
2.2. Bitter gourd: an overview
2.3. Photochemistry of bitter gourd
2.4. Drying techniques
2.5. Perspectives of product development
2.6. Health perspectives
2.6.1. Anti diabetic aspect
2.6.2. Atni-hyperlipidemic effect
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2.6.3. Antioxidant activity
2.6.4. Other health preventive measures
2.1. Plant based functional food
Functional foods are defined as “all those foods that provide health benefits beyond their
nutrition” (Ramesh et al., 2012). The consumers demand for healthy and nutritious food is
increasing day by day because dietary edibles not only fulfills the basic biological needs but
also contributes to their health directly. Moreover, nutritional science has been focusing on
the improvement of human health and quality of life by identifying such ingredients that has
the ability to control ailments related to physical and mental wellbeing (Roberfroid, 2000b;
Menrad, 2003). “Let food be your medicine and medicine be your food” an oldest theory
gaining a lot of interest now a days and provide basis for functional food.
According to another scientist food is also referred as functional food when it is cooked in a
“scientific intelligence” manner with or without the utilization method (Kalra, 2003) and
conventional, similar in appearance, part of usual diet and provides physiological benefits
(Walji and Boon, 2008). About 40% of the Europeans are interested to take such foods in
order to get relief from lifestyle related disorders (Schryver and Smith, 2006). As they are
healthy, convenient and tasty as well as a safe alternative to control one’s health related
problems through dietary choice (Ramesh et al., 2012).
Functional foods are also known as nutraceuticals, dietary supplements, vita, medi, fortified
and health enhancing foods (Niva, 2007). These are divided into three classes; natural,
manipulated and processed. Natural are those which contain health beneficial components
and consumed as such whereas, manipulated standard foods are converted into functional.
The processed involve adding, extracting compounds & microorganisms in food during
processing (Hardy, 2000).
Some plant based dietary components having functional attributes are whole grains, fortified
foods, beverages, some dietary supplements, fruits, vegetables and their products i.e. green
tea, broccoli, grape juice, cabbage, tomatoes, watermelon and pysllium (Jones and Varady,
2008; Schwager et al., 2008). Furthermore, medicinal plants, herbs and some spices such as
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onion, garlic, mustard, red chilies, turmeric, clove, cinnamon, saffron, curry leaf, fenugreek
and ginger have also gained importance in the field of neutrceuticals.
Likewies some bioactive components such as vitamins, minerals, dietary fiber, fatty acids,
antioxidants, oligosaccharides, catechins, anthocyanins, polyphenols, isothiocyanates,
carotenoids, fibers and essential oils that make foods functional (Vaidya and Devasagayam,
2007; Wang and Stoner, 2008). That’s why the people consuming diet rich in bioactive
components are at lower risk of chronic diseases alongwith lower mortality rates (Jenkins et
al., 2008; Lee et al., 2011). Likewise, cereal contains dietary fiber that helpful in lowering
cholesterol levels and chronic inflammation, regulating blood glucose and improves
cardiovascular health (Satija and Hu, 2012).
2.2. Bitter gourd: overview
Bitter gourd belongs to family cucurbitaceae and commonly called as karela, pakar,
baramasiya, papilla, bitter melon, salsamino, hanzal, assorossie, pare, goya or nigauri, balsam
pear and balsamia in different languages Whilst, scientifically known as Momordica
charantia (Gupta et al., 2011). Momordica charantia a Latin word that mean “to bite”. Term
“bite” is used because of its leaves having serrated edges with bit appearance. The bitter
gourd comes from the fact because its fruit, leaves and seeds all possess bitter taste.
Although, all parts are edible but mainly cultivated for its fruit (Grover and Yadav, 2004;
Singh et al., 2006; Ali et al., 2011).
It is herbaceous plant grows around five meter and bears simple serrated leaves of 4-12 cm
long and 1-3 inch wide with three to seven separate lobes. The fruit is rectangular, ovoid,
spindle, oblong cylindric in shape and two to ten inches long with hollow cross section. It
consists of a thin layer of flesh: crunchy outside portion of water surrounding a central filled
cavity with large flat seeds and pith. The seeds and pith colors are indication of the maturity
of fruit. In unripe fruit both seeds and pith are white, while the fully ripe fruit turns orange
and red from green and is too bitter to eat (Marr et al., 2004; Vijayalakshmi et al., 2009;
Saeed et al., 2010; Sharma et al., 2011).
The total production of gourds, squashes and pumpkins are 22.14 million tons from 16.7
lakhs hectare (Behera et al., 2012). However, in Pakistan total cultivation area of bitter gourd
is 6015 hectares and total production is 53966 tones (Ali et al., 2011; Mirani et al., 2012).
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2.3. Phytochemistry of bitter gourd
Bitter gourd provides basic nutrition along with prevention of various maladies owing to its
bioactive components. Furthermore, fresh bitter gourd is nutritious because it contains:93.8%
water, 3.3% dietary fiber, 0.1% fat, 0.9% protein, 0.6% ash, 0.05%, of vitamin C and
provides 20KJ energy per 100g (Islam et al., 2011). Whereas, on moisture free basis it
comprises of crude protein (22.53%), fat (0.46%), ash (9.89%), total dietary fiber (22.4%),
crude fiber (10.92%), starch (4.33%), soluble sugars (2.03%), reducing and non reducing
sugars 1.00 & 1.03%, respectively (Kochhar et al., 2006). The seed composition revealed
that it contains moisture 22.91 to 29.32% whilst, on moisture free basis oil contents were
31.51 to 40.79%, protein 14.92 to 19.17%, fiber 11.07 to 10.03% and starch 4.27 to 3.15%
(Anjum et al., 2013).
Mineral profile of bitter melon seed is little different as it contains potassium, magnesium,
calcium, sodium and phosphorous in the highest amounts (Ayoola et al., 2010). However,
seeds are one of the naturally best sources of chromium and zinc i.e. 5.65 and 45.45mg/100g,
respectively (Liu et al., 2010; Bangash et al., 2011). These minerals have multifarious effect
on proteins and polysaccharides (Hsu et al., 2011).
Bitter gourd seed proteins are of good quality and had most of essential amino acids. Among
the protein fractions albumin, globulin and glutelin are present in the amounts of 49.3, 29.3
and 3.1%, respectively. While the molecular weight of these proteins usually varies from 45
to 55 kDa. These protein concentrations decreased in pericarp with progressive maturity but
increased in seed upto 30% (Horax et al., 2010b; Horax et al., 2011). The seed protein
contained polypeptide-K that contain sufficient amount of essential amino acids especially
arginine (8.9%), glycine (9.5%), aspartic and glutamic acid 9.71 &17.08%, respectively
(Ahmad et al., 2012). So the unique denaturation temperature and amino acid profile make
bitter gourd proteins a novel ingredient to be incorporated in the food. Its seeds and flesh are
deficient in threonine and leucine but other essential amino acids are present in sufficient
amount (El-Said and El-Barak, 2011).
Previous literature revealed that yield of lipid extract from bitter gourd seed ranges from 35
to 40% (Grossmann et al., 2009; Liu et al., 2010). In another study, Ali et al. (2008)
compared Goj, Guti and Majhari verities (Bangladesh) for their lipid and acylglycerol
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fraction. While natural lipids, glycolipids and phospholipids lie in the range of 86.83-91.09,
4.37-7.43 and 3.22-4.62%, respectively. In addition, seed oil from Goj and Guti contained
eleostearic, stearic , oleic, linoleic acid in 48.14 & 44.05, 25.44 & 29.14, 16.10 & 15.87 and
6.87 & 5.41%, respectively (Anjum et al., 2013). Likewise, acylglycerol estimated to be
triacylglycerols (91.11-93%), diacylglycerols (1.83-2.98%) and monoacylglycerols (1.182.01%). Fatty acid profile indicates that the polyunsaturated fatty acids constitute the bulk of
the oil (59.96%), while saturated and monounsaturated fatty acids are present in lesser
proportion (36.71 and 3.33%, respectively).
Amongst polyunsaturated fatty acids, conjugated linolenic acid α-eleostearic acid (50.36 to
54.26%) possessed a significant importance (Ali et al., 2008; Grossmann et al., 2009; Liu et
al., 2010). It accomplish with strong effects on tumor cell proliferation, lowering blood fat,
anti-cancer, anti-inflammatory and preventing cardiovascular diseases. However, whole fruit
contain high concentration of conjugated linolenic acid with quantity ranged from 4.75 to
65.89 depending upon the variation (Liu et al., 2010; Habicht et al., 2011). The seed oil is
also containing stearic, linoleic, palmitic, oleic acids with amounts 36, 5.37, 3.80 and 1.88%,
respectively. On the other hand, pulp is deficient in α-eleostearic acid but it contains major
quantities of linolenic (43.97%) and palmitic (33.15%) acids. Additionally, it also contains
some minor quantities of stearic, linoleic, myristic and oleic acids (Padmashree et al., 2010).
Essential oil obtained from the seeds of Momordica charantia contains twenty five active
components that are effective against the bacterial and fungal activities specially prevent
Staphylococcus aureus (Braca et al., 2008). GC-MS analysis revealed that the main
constituents are trans-nerolidol, apiole, cis-dihydrocarveol & germacrene and essential oil
components representing 90.9% of the total oil (Mesia et al., 2008). Moreover, flower
contains four key volatile compounds and three of them constitute the major part (95%)
linalool, 2-amino benzaldehyde and methyl anthranilate are nitrogen containing (Fernando
and Gru, 2001).
The importance of polyphenols and flavonoids has been significantly increased in past
decade due to their effective role in prevention of oxidative stress and several other chronic
diseases (Paixão et al., 2007; Mustafa et al., 2010). These compounds exhibit protective
effects against oxidation (Ryan et al., 2001) as free radical scavengers and terminate the
radical chains reaction that occurs during the oxidation of triglycerides in food system
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(Mustafa et al., 2010). Phenolics or polyphenols are one of the most numerous and widely
distributed groups of substances in the plant kingdom e.g. hydroxycinnamic acids, pcoumaric, caffeic and ferulic acids aroused from two main primary synthetic pathways: the
shikimate pathway and the acetate pathway. Their acidic and nucleophilic characteristics
depend upon their phenolic function and benzene ring, respectively. Based on their carbon
skeleton, polyphenols are

classified

in

non-flavonoid

compounds i.e.

stilbenes,

hydroxycinnamic acids and benzoic acids) and flavonoid compounds i.e. flavonols, flavones,
flavanols and isoflavones (Paixão et al., 2007). The quantitative analysis of total phenolic
compounds using Folin-Ciocalteu reagent revealed the presence of 42.36 mg GAE/g in M.
charantia L. however, HPLC analysis of phenolic content showed the presence of gallic acid
(26.7 mg per 100 g dry sample) as major phenolic acid in bitter gourd. Main phenolic
constituents in bitter melon are gallic acid, gentistic acid, catichin and carotenoids (Horax et
al., 2010; Ibrahim et al., 2010). Other identified phenolic acids are caffeic, vanillic, syringic,
p-hydroxybenzoic, ferulic, protocatechuic and p-cumaric acids and among these vanillic acid
is dominant (Aswani et al., 2011).
Bitter gourd has been probed as a source of carotenoids and tocopherols and is of vital
dietary components as they have a special role in sustainability of human health (Ramadan et
al., 2003; Sen et al., 2006). Furthermore, β-carotene is most abundant in bitter gourd than
carrot, sweet potato, lettuce, ripe swamp cabbage, ripe tomato and pumpkin. In addition
lutein, α-carotene, Zeaxanthin, antheraxanthin, violaxanthin and b-cryptoxanthin are also
present in fruit, seed and pulp but their concentration vary during the maturity stages
(Botella-Pav and Rodríguez-Concepci, 2006; Tuan et al., 2011). Anjum et al. (2008) reported
that the fresh bitter gourd contain 1078 µg/100g β-carotene and reduction in β-carotene
contents is more pronounced among the lettuce, bringal, mint, fresh been, green chilli, bath
sponge as compared to bitter gourd. Most recently, tocopherol composition of seed oil from
two Pakistani varieties revealed that vitamin-E, γ-tocopherol and δ-tocopherol are present in
239.81-381.06, 52.85-61.09 and 99.74-110.07 mg/g, respectively (Anjum et al., 2013)
The constituents of bitter gourd include a mixture of steroidal saponins known as charantins,
insulin-like peptides, reducing sugars, vicine, fixed oil and alkaloids and are concentrated in
the

fruit

of

bitter

gourd.

Therefore,

it

exhibited

the

most

effective

blood

sugar lowering properties (Ali et al., 1993; Patel et al., 2010). Moreover, saponin is a class of
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chemical compounds and secondary metabolites found in natural sources. They are
amphipathic glycoside as upon vigorous shaking in aqueous solution produced soap-like
foaming. Depending upon the molecular structure, saponins present in bitter gourd are
divided into two classes known as cucurbitane and oleanane-type triterpenoids (Popovich et
al., 2010; Weng et al., 2013). Dried fruit contain triterpene and glycosides named as
karavilagenin A, karavilagenin B, karavilagenin C, karaviloside I, karaviloside II,
karaviloside III, karaviloside IV and karaviloside V (Nakamura et al., 2006). Fresh fruit
contain momordicoside M, N, O, L, A, F1, F2, G, K, and L as well as goyaglycoside-c and
goyaglycoside- d (Li et al. 2007; Liu et al. 2008). Similarly, Nguyen et al. (2010a & b)
isolated three new triterpene glycosides, momordicoside U, V and W from fruit. These are
secondary metabolites and one of the important biochemical components in Momordica
charantia that possessed diverse health endorsing prospective (Lee et al. 2009; Nerurkar and
Ray, 2010).
Likewise, saponin fraction possessed a strong antioxidant, anticancer, antidiabetic and
cardiovascular effects. Charantins; a steroidal saponin have been proposed to contribute the
hyperglycemic and hypoglycemic activity of bitter gourd (Harinantenaina et al., 2006;
Krawinkel and Keding, 2006). It is a whitish crystalline chemical substance that is mixture of
two steroidal saponins i.e.5, 25-stigmasteryl glucoside (C35H58O6) and β-sitosterol glucoside
(C35H60O6). It is neutral with a melting point of 266-268°C and easily extracted from plants
through pressure and acetone or ethanol at 100°C (Raman and Lau, 1996; Pitipanapong et al.,
2007). Another sterol glycoside C30 has been identified from the fresh fruit of Momordica
charantia that has named as 25ξ-isopropenylchole-5, (6)- ene-3-O-β-D-glucopyranoside (Liu
et al., 2012).
The alkaloids are diversified nitrogen containing natural compounds that are low in
molecular weight and derivatives of amino acids. Momordicin said to have stomachic effects
(Kumar et al., 2010) whilst, α, β-momorcharin and lectin identified to have strong anti HIV
activity (Dasgupta et al., 2009). Likewise, other active constituent of bitter gourd increases
the activity of adenosine-5-monophosphate kinase which facilitates the conversion of cellular
glucose into starch and uses fat as energy source to maintain their energy balance and results
in weight loss (Kumar et al., 2010). The fruit pulp doesn’t have free pectic acid but soluble
pectin (Ali et al., 1993).
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2.4. Drying Techniques
Vegetables are perishable commodities that’s why easily subjected to physical as well as
biological damage. Hence large parts of vegetables are lost because of improper preventive
measure during handling and storage. For the purpose, various techniques are used to
preserve such parts of these produced, drying is one of them. However, chances of
contamination like rain, dust and insects infestations are more when vegetables are
traditionally dried; spreading on flour under sun. Additionally, traditional drying results in
maximum loss in nutritional quality and discoloration because the rate of drying is not
controlled (Ratti and Mujumdar, 1997). The drying or dehydration drained out the moisture
that reduces the microbial activity, even at favorable temperature and as a result the shelf life
extended. Some other conventional methods used for drying are vacuum, air flow, solar
cabinet, microwave and freeze drying (Zhang et al., 2006). The peel absorbed maximum
residues owing to its direct contact with pesticides at the time of application. Likewise,
detergent washing, blanching, salting, sun drying, frying and dehydration are also helpful to
reduce the pesticide residues (Mirani et al., 2012).
Priming is a technique used for partial dehydration of seeds to prevent the oxidation
mechanisms in industry and to repair & synthesize nucleic acids and proteins. This study
revealed that post-hydration drying of bitter gourd seeds improves the emerging percentage
of seeds and also total anti-oxidative activities (Lin et al., 2005). Correspondingly, drying of
BG seeds followed by partial vacuum storage extend the shelf life ad antioxidant activity. For
the purpose seeds were mixed with vermicelli, then separated and dried. After that they were
packed in vacuum packages and stored at 25oC for 12 months (Yeh et al., 2005). The Storage
study of packed BG revealed that blanching, salt treatment (0.1% potassium metabisulphite),
dehydration and irradiation (3kGy) significantly reduces the microbial load and maintained
the nutritional quality (Shah et al., 2007).
The solar cabinet dryer solved the problem of discoloration in dried vegetables as they are
not exposed to direct sun light. BG about 4Kg samples was dried for six hours to desired
moisture content of 5% with no nutritional loss (Sreekumar et al., 2008). The quality of solar
cabinet dried BG slices was found to be comparable to the freeze dried (Jadhav et al., 2010).
The freeze drying is also one of the drying techniques used for vegetable and fruit
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processing. It is preferred as it provides maximum prevention of nutrient loss during drying.
However, bitter gourd freeze-drying maintains the stability of many phyto-nutrients such as
ascorbic acid, carotenes, polyphenols as well (Zhang et al., 2009).
2.5. Prespectives of product development
In this advanced and industrialized era demand for the ready to eat, convenient and
therapeutic foods has been raised considerably because of numerous ailments developed by
our living manners. Major aspects keeping in mind for the product development are nature of
products, type of illnesses to be controlled (Paradiso et al., 2008; Pernice et al., 2009),
consumer convenience and satisfaction in term of physiological benefits (Siró et al., 2008).
As consumers are conscious about diets that’s why in recent years scientist are interested in
the utilization of phytochemicals rich plants that require product development to carry
bioactive components to targeted population for combating deadly diseases (Basman et al.,
2003; Shah, 2007).
Wheat is least expensive crop worldwide available for the preparation of nutritious food. The
products made from the wheat are cookies, chapattis, noodles, pasta, snacks and many other
ready to eat food items. So wheat flour is a good vehicle to be replaced with non wheat flour
(Bordes et al., 2008), specially cookies as they possessed longer shelf life and best keeping
quality because of low moisture contents and availability in different shapes and flavors
(Jacob and Leelavathi, 2007; Ajila et al., 2008).
Sensory evaluation is judges and consumer response for a product. It is mainly aimed to
characterize a food commodity on the basis of touch, smell, sight and taste. Moreover,
sensorial judgment is accomplished through trained panel of judges or by consumer
acceptance towards product (Elortondo et al., 2007; Meilgaardet al., 2007). The
phytochemical rich products require scrupulous evaluation to estimate consumer acceptance
as well as the impact on vulnerable population (Quílez et al., 2003, 2006; Wildman and
Kelley, 2007). Consumers must be provided awareness about the physiological benefits of
functional foods so that they may be able to enjoy their windfall (Peng et al., 2006).
Bitter gourd is rich in phytiochemicals and widely consumed as food and helpful in curing of
various ailments such as infections, cough, wounds, dysentery, stomach disorders,
hypertension, cancer, hypercholesterolemia and diabetes (Yibchok-Anun et al., 2006).
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Furthermore, prospects of its incorporation in cookies formulations are not yet highlighted by
the scientists.
2.6. Health perspectives
2.6.1. Anti diabetic aspect
Diabetes and obesity are common metabolic syndromes lead to coronary heart diseases (Patel
et al., 2006). However, diabetes mellitus is usually called as “Sugar” as it is the excessive
secretion of sweet urine with long term micro and micro vascular complications that leads to
death (Mahmuda et al., 2012). It is derived from two Greek words means siphon and sugar.
This is called as the patient with high blood sugar level could not uptake glucose into body‘s
cells where it is utilized to provide energy and passes out with urine. Uptake of glucose stops
because of the reason that endocrine pancreas looses the ability to produce enough insulin for
effective biochemical reactions. Insulin is a major metabolic hormone with numerous
functions in the body as it stimulate glucose uptake into body‘s cells for energy production
(Nerurkar et al., 2011; Singh et al., 2011). This disease is classified into type1 and type2
diabetes. In type1 diabetes pancrease and insulin producing β-cells are damaged and that’s
why not capable to produce insulin. Type 1 diabetes is common in children, whilst, type2
develops when the body still produced insulin but not in adequate amount to fullfill the body
requirement. Featured indications of this disease are polyuria: excessive urination,
polydipsia: more fluid uptake, fatigue and blurred vision. This is due to life style habits
which include unhealthy diet, obesity, lack of exercise and hereditary & environmental
factors. If it is left untreated, it may result in severe long term complications for instance
kidney and heart malfunction, stroke, loss of sight, nervous injury, exocrine glands
insufficiency and many other complications (Nerurkar et al., 2011; Singh et al., 2011;
Mahmuda et al., 2012). Various options are available for the cure of diabetes mellitus but the
side effects associated with extensive use of drugs and medicine demand for alternative from
traditional medicines. Because insulin resistance is linked with the aging process and its
control can enhance the lifespan of individuals facing the problems of diabetes mellitus. The
pharmacetuical industries have developed insulin sensitizers to overcome the problem of
aging. However, such drugs can elevate the cholesterol and triglycerides. The bitter gourd is
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natural product with ability to overcome or delay the process of aging due to presence of
bioactive molecules (Preuss et al., 2011).
Hypoglycemic and hyperglycemic effect of the bitter melon is equivalent to any anitidiabatic
drug. The bitter sensation of the under discussion plant is considered to be effective in
preventing diabetes mellitus and curing associated complications. In general, bitter melon
holds hypoglycemic perspectives owing to different physiological, biochemical and
pharmacological mode of actions. Some possible mode of actions include repairing of
damaged β-cells, increased in insulin levels and its sensitivity by islets of langerhans,
regulate storage of glycogen in liver, inhibiting the absorption of glucose by inhibiting
glucosidase, suppresses the activity of disaccharidases and lowered the serum and hepatic
triglycerides. It stimulates the synthesis and release of thyroid hormones & adiponectin and
augments the activity of AMP-activated protein kinase (AMPK) (Chaturvedi, 2012; Tsai et
al., 2012; Pandeya et al., 2013) and increased the β-cell production (Hafizur et al., 2011).
Bitter melon enhanced homeostasis and glucose uptake by stimulating the regulation of
glucose transporter-4 (GLUT-4), peroxisome proliferator-activated receptors γ (PPAR-γ) and
phosphatidylinositol-3 kinase (PI3K). When bitter melon is used in diet an increased in
tyrosine phophorylation and insulin stimulated insulin receptors substrate-1 occurs (IRS1)
(Nerukar et al., 2008; Sridhar et al., 2008). Three different component of bitter gourd which
have been reported to have anti diabetic potential are charantin a steroidal saponin, p-insuline
an insulin like plant protein and momordicine an alkaloid (Grover and Yadav, 2004).
Lecithin is major contributor to the hypoglycemic effect. Bitter melon contains lectin that has
insulin-like activity due to its non-protein-specific linking together to insulin receptors. This
lectin lowers blood glucose concentrations by acting on peripheral tissues and similar to
insulin's effects in the brain, suppressing appetite (Gadang et al., 2011).
Numerous studies revealed that the powder and the chloroform extracts of Momordica
charantia are comparable to insulin for amino acids and Na+ and K+ glucose in the jejunum
membrane vesicles. Similarly these lyophilized extracts inhibit 3H-deoxyglucose and 14C–
Me AIB (N-methyl-amino-α-isobutyric acid) uptakes by L6 myotubes of skeletal muscles. 510µg/mL of these extracts is equivalent to the 100 nM of insulin (Ahmed et al., 2004;
Cumming et al., 2004). Oral administration of both seeds and it extract significantly
decreases blood glucose, hepatic and renal thiobarbituric acid reactive substances and hydro16

peroxides (Sathishsekar and Subramanian, 2005a). Whereas, hypercholesterolemia is a
condition in which serum lipid level increases especially total cholesterol and low density
lipoproteins (LDL) that further leads to atherosclerosis. Fruits of bitter gourd abase fat
accumulation, blood cholesterol level and lipid peroxidation (Umesh et al., 2005). Powder
extracted from whole fruit using water as extracting solvent is a safe alternative against high
blood glucose. About 20 mg/Kg body weight is a safe limit to utilize aqueous extract powder
in daily diet (Virdi et al., 2003). The water extract of bitter gourd reduced the blood glucose
level as well as glibenclamide and increased the serum insulin level in the treated diabetic
rats. The fruit extract of MC alleviated pancreatic damage and increased the number of βcells in the diabetic treated rats (Abdollahi et al., 2011). Whereas, fruit juice normalize the
abnormalities due to peripheral nerves and stimulate glucose absorption by the skeletal
muscles (Ahmed et al., 2004). Whole fruit of bitter melon along with radiotherapy is a
powerful tool to repair the defective immune system as in cervical cancer that decrease white
blood cells well as the natural immune cells (Surathat et al., 2003). Gastric and duodenal
ulcers that are produced in normal body through acetic acid and cysteamine, respectively can
be controlled by using fruit extract (Alam et al., 2009). Bitter gourd (BG) ameliorated
metabolic syndrome in human subjects @ 4.8 gram lyophilized wild bitter gourd powder in capsules
daily for three months (Tsai et al., 2012). Moreover, M. charantia also exhibited dose
dependent antihyperglycemic activity in diabetic mice (Malik et al., 2011). 11βHydroxysteroid dehydrogenase type 1 (11β-HSD1) activity is an important aetiological factor
in obesity and linked diabetes mellitus. Bitter melon extract capsules contain at least one
ingredient with selective 11β-HSD1 inhibitory activity (Blum et al., 2012).
Wild bitter gourd extract also activates PPARα (proliferator-activated receptor-α) and PPARγ
(proliferator-activated receptor-γ) signaling pathway in vivo. Peroxisome proliferatoractivated receptors (PPARs) are steroidal hormone and nuclear receptor protein that regulates
gene expression, cellular differentiation and various metabolic reactions. Mice when orally
administered with wild bitter gourd extract (250, 500 or 1000mg/kg body weight) in olive oil
daily for 2 weeks showed significantly higher PPARα, acyl-CoA oxidase and liver-fatty acid
binding protein mRNA expression. WBGE treatment also resulted in significantly higher
LPL (lipoprotein lipase) mRNA in the epididymal adipose tissue and lower liver triglyceride
and non-esterified fatty acid concentration (Chao et al., 2011; Gadang et al., 2011). Blood
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glucose and serum insulin levels reduced from 21.40 to 12.54 mmol/L and 40.93 to 30.74
mIU/L, respectively when lyophilized superfine grinded powder of bitter gourd is directly
fed to the rats instead of control. But regarding enzymatic antioxidants superfine grinded
powder only restored the activities of superoxide dismutase (SOD) and has no conspicuous
effect on the glutathione peroxidase (GPs) and 4,4 mrthylenedianiline (MDA) (Dong et al.,
2012).
Another investigation revealed that another risk factor sialic acid has been associated with
type2 diabetes. Sialic acid is a group of acetylated derivatives of neuraminic acid that
increased in blood serum with increase in blood sugar levels but the mechanism is not clear.
Perhaps indiscriminate macrovascular disease, endothelial cell dysfunction or the loss of
glycoprotein from vascular cell that contain sialic acid are responsible for sialic acid release
in serum. While only in type 2 diabetes the serum levels of glycoprotein, C-reactive protein
and haptoglobin are elevated. Diabetic patients following treatment of bitter melon juice
along with control diet have significant decreasing effect on the sialic acid as compare to the
group without bitter gourd juice treatment. Similarly, fasting plasma glucose (FPG) and
glycohemoglobin (HbA1-c) increased in patient on bitter gourd juice diet (Rahman et al.,
2011).
Seed oil and protein polypeptide K possessed powerful antidiabetic and antioxidant
characteristic (Ahmad et al., 2012). Daily intake of bitter gourd in small amount powder
restrained the blood glucose upto 65% in alloxan induced diabetic rats and this effect is
significant in comparison with standard antidiabetic drug named “gilbenclamide”.
Mechanism of action may include the increase in insulin secretion from β-cells or release of
bounded insulin that may not work efficiently in diabetic conditions (Saha et al., 2012).
2.6.2. Atni-hyperlipidemic effect
Hyperlipidemic term means that high amount of lipid is present in blood. Different motives
may be involved for the origination of this disease like family inheritance, poor physical
activity and addiction to amiss food. Moreover, recent evidence suggested that causes of
origin for obesity, diabetes, inflammation, cancer and heart diseases are same (Masuret al.,
2008). Metformin, a fraction of Momordica charantia and other fractions such as flavonoids,
saponins, tannins, triterpenes and alkaloids effect total cholesterol level in diabetic rats.
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These fractions inhibit the activities of those enzymes which participate in the denovo
synthesis of cholesterol in body (Hossain et al., 2011). Freeze dried powder and methanolic
extract of bitter melon fed in the diet of rats remarkably lower liver triacylglycerol (TAG)
and cholesterol (Senanayake et al., 2004a). Serum lipid-lowering activity of Momordica
charamtia depends upon the dosage but that concentration doesn’t influence this activity in
liver (Senanayake et al., 2004b). Another study revealed hepatic production of triglycerides
also contributes to the hyperlipidemic effect of HIV-1-protease inhibitors and that contain
lipoprotein instead of lipoprotein clearance (Nerurkar et al., 2006).
Momordica charantia also ameliorate PI-associated ApoB and lipid abnormalities in HepG2
cells. Phytochemicals not only improve lipid profiles but also they reduce liver secretion of
apolipoprotein B (Apo-B) and reduce apolipoprotein C- III. Apo-B protein is a lipoprotein
used for the synthesis of low-density or bad cholesterol. Whereas, Apo-C-III is found in very
low density cholesterol that further takes part in synthesis of LDL. Compounds present in
Momordica charantia increases apolipoprotein A-1 (Apo-A-1): that is the basic protein
component required for the synthesis of high density or good cholesterol (Nerurkar et al.,
2006). Human hepatoma cells when treated with the BM juice losses their activity to produce
the apolipoprotein-B. At the same time it decreased microsomal triglyceride transfer protein
(MTP) mRNA expression that may involved in apoB secretion. Simultaneously, BMJ
increased the nuclear translocation of the mature form of sterol regulatory element-binding
protein-1c (SREBP-1c), involved in MTP secretion. Results regarding animal study
suggested that BMJ decreased Apo-B secretion & TG synthesis and performed plasma lipidand VLDL-lowering effects (Nerurkar et al., 2005).
Bitter melon was analyzed at hyperinsulinemic high fat diet for less visceral fat mass. In a
dose-response (0.375, 0.75 and 1.5%) study, oral glucose tolerance was improved in rats fed
a high fat (30%) diet supplemented with freeze-dried bitter melon juice at a dose of 0.75 to
1.5%. At the highest dose rats showed lower energy efficiency and less visceral fat mass.
Addition of Momordica juice did not change the fat absorption but it reduced the adiposity in
rats. Results revealed that juice have multiple influences on glucose and lipid metabolism
(Chen et al., 2010).
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The bitter melon juice is accountable in lowering the serum and hepatic lipids levels via
decelerating the production of ApoB lipoprotein and microsomal transfer protein (MTP)
mRNA expression in HepG2 cells. Simultaneously, it normalized the expression of acyl CoA
oxidase gene in rats by mean of peroxisome proliferator-activated receptor (PPAR) (Nerurkar
et al., 2008; Senanayake et al., 2012). PPAR are nuclear receptors that regulate basically
adipogenesis in the adipose tissues. Function of PPAR is to improve the insulin activity and
promote postprandial TAG storage within adipocytes (Gurnell et al., 2003). Rat fed with
Momordica charantia about 300 mg/kg BW showed a momentous impact on lipid profile
(Mohammady et al., 2012). Likewise, the methanolic fraction of Momordica charantia
(supplementation level 1%) considerably reduced the hepatic TAG and total cholesterol in
the rat. Simultaneously, it increased neutral steroids execration and oxidation rate-limiting
enzyme carnitine palmitoylacyltransferase-I without an effect on cholesterogenesis
(Senanayake et al., 2012).
Plant extracts from bitter gourd, soy protein, licorice, red yeast rice and chlorella have potent
activity to reduce the triglycerides, total and low density lipoprotein (LDL) along with
balancing the blood pressure (Lee et al., 2012). More recently, Chaturvedi (2012) described
the different mechanism of bitter melon and suggested that it repairs damaged β-cells that not
only increase the insulin but stimulates the activity of adenosine-5-monophosphate kinase
(AMPK). AMPK is linked with glucose uptake and fat release from fatty tissues thus
resulting in weight loss (Umesh et al., 2005). The BG at 3% can significantly reduce the
cholesterol and TG levels. The decrease was mediated through enhanced excretion of fecal
lipid excretion and their lymphatic transport (Sato et al., 2011).
Further investigation revealed that BM seeds decreased the serum cholesterol and LDL by 38
and 52%, respectively and increased the level of HDL in metabolically obese rats through
modulation in PPAR-g gene expression. PPAR-g receptors expression in the white adipose
tissues was significantly increased at the same time in heart tissue the expression of nuclear
factor-kB (NF- κB), PPAR-g and interferon-g mRNA were reduced. So down-regulating the
NF-κB inflammatory pathway of bitter gourd seed also contributes to cardio protective effect
(Gadang et al., 2011). Saponin a chemical constituent of bitter gourd reduced the
preadipocyte, lipid accumulation and increased the LDH synthesis. It also reduces the
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activity of PPARC and increased the adiponectin expression in 3T3-L1 adipocytes (Li et al.,
2010).
2.6.3. Antioxidant activity
Antioxidants are highly diverse group of chemicals which in relation to oxidizable substrates
are significantly capable of contracting and damaging the free radicals, while often being
oxidized themselves (Kamal et al., 2011). Because free radicals are very destructive in nature
as they reduced the antioxidant capacity of the cells and tissues resulting in oxidative damage
that is the cause of many health maladies (Gackowski et al., 2008; Migliore and Coppedè,
2008). That’s why to improve the antioxidant defense system of the body, consumption of
rich of antioxidant elements are vital for healthy life (Shahidi et al., 2007; Valko et al.,
2007).Bitter gourd appreciably prevents the illness characterized by the oxidative stress that
is well correlated with its phenolics compounds such as catechin, gallic acid, gentisic acid,
chlorogenic acid, picatechin and some peroxidases (Qader et al., 2011). Additionally, all the
plant extracts showed non-toxic effects against a normal human lung fibroblast cell lines
(Saha and Ghosh, 2011). However, bitter gourd inhibited stress-induced lipid peroxidation
(low levels of thiobarbituric acid) by increasing the levels of reduced glutathione and
activities of catalase (Chaturvedi, 2009). Similarly, methanol extract of the bitter melon also
exhibits a potent liver triacylglycerol-lowering activity in rats (Senanayake et al., 2004).
Bitter gourd pulp, seed powders and their ethanol/water extracts exhibited stronger
antioxygenic activity than other solvent extracts because of the presence of higher amounts
of phenolics and flavonoids (Padmashree et al., 2011). Injection of Momordica charantia
fruit extract (MCE) increased the levels thiobarbituric acid reactive substances, glutathione
peroxidase, superoxide dismutase, catalase hydroperoxides and liver markers (alanine
transaminase, aspartate transaminase and alkaline phosphatase). At the same time it
decreases glutathione in the liver and brain tissues in hyperammonemic rats by reversing the
oxidant-antioxidant

imbalance

during

ammonium

chloride-induced

(AC)-induced

hyperammonemia, and offered protection against hyperammonemia (Thenmozhi and
Subramanian, 2011). Bitter gourd extract also lowered down the activities of cytochrome
enzyme CYP1A that is directly involve in the synthesis of the steroids, cholesterol and other
lipids (Semiz and Sem, 2007).
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The total phenolic extract (TPE) of

Momordica charantia

reveald radical-scavenging

activity and cytoprotective effects on hydrogen peroxide (H2O2) and hypoxanthin-xanthin
oxidase (HX-XO) -induced damage to rat cardiac fibroblasts (RCFs), NIH 3T3, and
keratinocyte (A431) (Kumar et al., 2010). Bitter gourd extract at 200 and 400 mg/kg alleviate
the acute and chronic stress generated by agents having capability to generate free radicals.
However, the higher dosage (1000-5000 μg/mL) easily scavenges the lipid peroxidation
(Kavitha et al., 2011).
A study revealed that different concentrations of purified recombinant MAP30 protein from
bitter melon inhibit the HBV DNA replication and HBsAg secretion in human hepatoma
G2.2.15 cells (Fan et al., 2009). MAP30 protein indirectly regulates the expression of gene
that involved in the lipid metabolism through activating peroxisome proliferator-activated αreceptors (Chen et al., 2003).
Lipid peroxidation is a deleterious mechanism attributable to lipid oxidative degeneration
followed by the cell death (Türkdoğan et al., 2013). It is obvious from the study of Saha and
Ghosh (2011) that α-eleostearic acid and punicic acid from BG seed oil significantly reduced
the lipid peroxidation and completely restored the phospholipids content in tissues by
inhibiting HMG CoA reductase. Similarly, MC seed aqueous extract normalized the impaired
effect of lipid peroxidation (Sathishsekar and Subramanian, 2005a). The biochemical
findings of Thenmozhi and Subramanian (2011) indicated that MCE safeguard against
ammonium chloride induced hyperammonemic oxidative stressed and normalized the
cellular integrity and hepatoprotective effect but exact mechanism is still unknown.
Likewise, in rats with stressed induced lipid peroxidation it boosts up the action of
antioxidant enzyme in the liver (Chaturvedi, 2009). Charantin has also got lipid-lowering
effect that is associated with increased lipid oxidative enzyme activities and uncoupling
protein expression (Bouham 2006; Nerurkar et al., 2006).
2.6.4. Other health preventive measures
Traditionally, bitter melon juice is used as curative against scabies, ringworm and psoriasis.
Juice can be made more potent by adding a teaspoonful quantity of the juice of the lime in it.
It is also used in prevention of leprosy in vulnerable regions of the world. Fruit powder of
Momordica act as an ointment in comparison to synthetic one like povidone iodine. Wound
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healing potential of fruit powder was evaluated in rats modeling. Powder ointment showed
significant response in terms of wound-contracting ability, wound closure time and period of
epithelization (Prasad et al., 2006). Hypotensive activity of bitter gourd is due to its RIPs
activities (Wang and Ng, 2001b). Absolute ethanolic extract of Momrdica charantia leaves
and fruits have an ability to cure wounds in the form of solution compared with standard drug
“betadine” (Sharma et al., 2009). The estrogenic activity of some triterpenoids extracted
from bitter gourd is a matter of great interest to control hormonal imbalance. These
compounds hold agonistic activity via ER α and β (Hsu et al., 2011). MC increased the
activity of AMPK that promotes the utilization of glucose and resulted in more consumption
of fat from adipose tissues. As an outcome weight loss occurs because shortage of glucose
causes fat cell to release fat to meet the energy demand of body (Umesh et al., 2005).
Metabolic syndrome known as MetS responsible for many risk factors like obesity,
hypertension, heart problems and diabetes (Trevisan et al., 1998). That disorder affecting the
world population and developed by our lifestyle (Mozumdar et al., 2008). Lyophilized bitter
gourd powder has been observed to reduce the risk of that syndrome when it is consumed at a
rate of 4.8 g/day (Tsai et al., 2012). Among all plant extracts bitter gourd extract also
possessed significant synergistic effect on metabolic syndrome as well as on lipid profile and
hypertension (Lee et al., 2012).
Brain attack or stroke is also a second leading cause of the death and disabilities resulting in
many socioeconomical problems (Xi-Qiao et al., 2008). Several animal studies revealed that
MC has a neuroprotective effect (Ansari et al., 2005). Jain and Singhai (2010) explored that
ethanolic extract of the seed possessed neuroprotective effect as well as control gentamicininduced acute renal injury. Extract dosage at a level of 200 mg/Kg normalized the blood urea
and serum creatinine levels. Concurrently, it also reduced glutathione and malondialdehyde
significantly without any toxic effects. Latterly, Malik et al. (2011) also revealed that 200 to
800 mg/Kg dose of lyophilized MC has potent preventive effect against cerebral ischemiareperfusion that is a neural injury in diabetic mice. Other health promoting effects include
energetic effect, kidney filteration, mind opening, and clearing eyes effects (Zhang et al.,
2004).
Water, ethanol, methanol extract and essential oil possessed a broad-spectrum antimicrobial
activity especially against E-coli, Salmonella, Staphylococcus aureus, Streptococcus,
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Trypanosoma brucei and Pseudomonas aeruginosa (Braca et al., 2008; Mesia et al., 2008).
Other scientists also reported that bitter gourd oil exhibited different degree of antimicrobial
activity for gram positive and gram negative bacteria (Mwambete, 2009; Anjum et al., 2013).
Bitter gourd is a source of plant based natural products with anti epimastigote and antifungal
modifying activity (Prabhakar et al., 2008; Santos et al., 2012; Wang et al., 2012).
Crude ethanolic extracts from Momordica charantia has strong antimalarial activity. Oral
administration of leaves showed strong anti-malarial activity and reduces the levels of
parasistemia in plasmodium infected mice (Amoriam et al., 1991). Tea from its leaves is
used for this purpose also in Panama and Colombia. Laboratory studies have confirmed that
bitter melon have anti-malarial activity, though human studies have not yet been published
(Kimura et al., 2005). For the purpose, Maurya et al. (2009) conducted trials against two
species of mosquito vectors i.e. Anophels stephensi and Culex quinquefasciatus. They
observed that petroleum ether extract was found more effective. It is therefore predicted that
it act as an effective biolarvicide against mosquitoes in the future.Cancer is a malignant
disease that contributes about 12% of the global mortality. Lee-Hang et al. (1990) firstly
discovered the anti-HIV protein from bitter gourd.
Anti-HIV protein found to inhibit the proliferation of AIDS and also have both antiviral, antitumour activities and anti-apoptosis activity (Li et al. 2009a; Fan et al., 2008; Guan et al.,
2011). Bitter gourd and its derived products are helpful to seize the cancer cell cycle and cell
death (Ray et al., 2010; Brennan et al., 2012). Momordica fruit and leaf extract significantly
hindered skin tumorigenesis, melanoma tumor and cytogenicity by slowed down the
formation of micronucleus and abnormality of chromosomal in bone marrow cells of mice
(Agrwal and Beohar, 2010; Fang et al., 2012). Oil exhibited antiproliferative and apoptosis
effects in colon cancer and activator of PPARalpha (Yasui et al., 2005; Chuang et al., 2006;
Kobori et al. 2008b). Prostate cancer is one of the third leading causes of death in world.
Bitter melon leaves extract (BMLE) rendered the propagation and invasion this cancer cell
line (Pitchakarn et al., 2010 & 2012; Ru et al., 2011). Oral administration of lyophilized
bitter melon juice significantly inhibited 60% growth and proliferation of xenograft tumor
(Kaur et al., 2013).
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Bitter melon exhibits prophylactic effects against inflammation (Shane-McWhorter, 2001).
Its extract remarkably increases the cell propagation and mitogen-activated protein kinases
(MAPKs) that also regulate the immune system (Ono et al., 2009; Kobori et al., 2008).
Purified methanol extract of bitter gourd possessed a pronounced healing effect against the
indomethacin, acetic acid, pylorus ligation, ethanol and stress induced gastric ulcers,
analgesic & antipyretic effect and cysteamine induced duodenal ulcer (Alam et al., 2009;
Patel et al., 2010). It’s hot water and 95% ethanol extracts is beneficial in term of reducing
the inflammation. Bitter melon is an alternate therapy for atopic dermatitis without any toxic
effects (Lii et al., 2009; Nhiem et al., 2012; Park et al., 2012).
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CHAPTER 3
MATERIALS AND METHODS
The research project was carried out at National Institute of Food Science and Technology,
University of Agriculture, Faisalabad. In this study three indigenous bitter gourd varieties
were subjected to their phytochemicals and nutritional assay. However, the in vitro
antioxidant indices were carried out at Michigan State University, MI, USA. These gourd
varieties were also tested for their hyperglycemic and hypercholesterolemic potential by rat
modeling. The Research plan is described hereinafter
3.1. Procurement of Raw Material
Three bitter gourd varieties Faisalabad long, Pretti and PK-BT-1 were procured from
Vegetables Research Institute, Ayub Agricultural Research Institute, Faisalabad. Selection of
these varieties was carried out on the basis of their yield and quality, freshness and
tenderness of fruit. The analytical, HPLC grade reagents and standards were procured from
Merk (Merck KGaA, Darmstadt, Germany) and Sigma Aldrich (Sigma-Aldrich Tokyo,
Japan). The raw material for cookies was purchased from local market. Sprague Dawley rats
were used in the efficacy trials which were procured from National Institute of Health (NIH)
Islamabad.
3.2. Sample Preparation
3.2.1. Whole fruit, flesh and seed powder
The treatment plan carried out to prepare the different samples of bitter gourd varieties are
given in Table 3.1. The fresh bitter gourd varieties were washed to remove any dirt or mud to
prevent from infestation and the seeds were removed manually from some samples. The
whole fruits and seedless fruits were cut separately. The whole fruit, seedless fruit and seeds
of bitter gourd varieties were subjected to drying in a dehydrator at in which the temperature
was maintained 60 to 65oC followed by grinding the samples to obtain a fine powder by
following the method of Kochhar et al. (2006).
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3.2.2. Fresh Fruit Extract
The extract from bitter gourd varieties was prepared by soaking pieces of fresh green whole
fruits in water at a ratio of 10:25 for one hour at room temperature. Then it was filtered and
evaporated to dryness by following the procedure described by Virdi et al. (2003).
Table 3.1: Treatment plan of bitter gourd varieties
Samples

Description

S1

Bitter gourd whole fruit powder

S2

Bitter gourd seedless fruit powder

S3

Bitter gourd seed powder

S4

Whole fruit extract powder

3.3. Mineral and heavy metal analysis
The samples of the different parts of bitter gourd varieties were subjected to analysis for
minerals and heavy metals according to their respective methods given in AOAC (2006).
Sample (0.5g) was digested by using HNO3 and perchloric acid at ratio of 7:3 on hot
plate until solution turned colorless and remained 1-2ml. The digested samples were
diluted up to 100ml for further analysis. Sodium and potassium were estimated through the
Flame Photometer-410 (Sherwood Scientific Ltd., Cambridge). While, calcium, zinc, iron,
lead, copper, chromium, arsenic and manganese were measured through Atomic Absorption
Spectrophotometer (Varian AA240, Australia).
3.4. Antioxidant Assay
The antioxidant potential of bitter gourd samples was determined using antioxidant and free
radical scavenging (DPPH assay) activities by using the method described by Taga et al.
(1984).
3.4.1. Total Antioxidant Potential
Total antioxidant activity is based on coupled oxidation of ß-carotene and linoleic acid. It
was evaluated by following the method described by Taga et al. (1984). According to that
procedure, ß-carotene (2 mg) was dissolved in 20 mL of chloroform. After that 3 mL aliquot
of the solution was put into a 50 mL beaker and 40 mg linoleic acid and 400 mg Tween 20
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were added. Then the mixture was evaporated at 40°C for 10 min using rotary evaporator to
remove chloroform. About 100mL of distilled water was added into the emulsion for dilution
and mixed well by using a vortex mixer. Aliquots (3 mL) of the ß-carotene emulsion and
120µL (0.12mL) of phenolic extracts were placed in capped culture tubes and mixed
thoroughly. The tubes were immediately placed in a water bath and incubated at 50° C for 30
min. Absorbance of the oxidative samples was measured spectrophotometrically at 470 nm
after 0, 10, 20, 30 and 40 minutes. The degradation rate of the each extract was calculated
using following expression.
In(a/b) × 1/t = sample degradation rate
Where: ln = the natural log
a = the initial absorbance (470 nm) at time zero
b = the absorbance (470 nm) after 40 min
t = the time (minutes).
The antioxidant activity (AA) was expressed as percent inhibition relative to the control
using the following equation.

AA =

Degradation rate of control – degradation rate of sample
Degradation rate of control

× 100

3.4.2. Free radical scavenging activity (DPPH assay)
The DPPH (2, 2-diphenyl-1-picrylhydrazyl) is a stable and highly coloured oxidizing radical
that result in formation of a yellow coloured hydrazine (DPPH-H) associated with abstraction
of free hydrogen atoms from phenolic antioxidants. The DPPH radical scavenging activity
of the samples was measured according to the method of Taga et al. (1984) with some
modification as described below. The extract solutions were prepared by dissolving
0.025g of dry extract in 10mL of methanol. A fresh solution of DPPH in the respective
solvent (6×10-5M) was prepared and 3mL of this solution was mixed with 77μL extract
solution in 1cm path length disposable microcuvettes. The samples were kept in the dark
for 15minutes at room temperature and afterward the decrease in absorbance was
measured at 515nm on spectrophotometer (Cecil CE7200, UK). The absorbance of blank
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sample containing the same amount of respective solvent and DPPH solution was also
measured in the same manner. The experiment was carried out in triplicate. The radical
scavenging activity was calculated by the following formula.
Reduction of absorbance (%) = [(AB - AA) / AB] × 100
Where:

AB = absorbance of blank sample (t = 0 min)
AA = absorbance of tested extract solution (t = 15 min)

3.4.3. Total Phenolic Contents
The total phenolic contents were determined in terms of gallic acid equivalent (mg gallic
acid/100g) using Folin-Ciocalteu method as described by Singleton et al. (1999) that was
based on the reduction of phosphotungstic acid to phosphotungstic blue and as result
absorbance increased due to rise in no. of aromatic phenolic groups. 50 µL of all sample
extract was separately added to test tube containing 250 µL of Folin-Ciocalteu’s reagent, 750
µL of 20% sodium carbonate solution and volume was made up to 5ml with distilled water.
After two hours, absorbance was measured at 765 nm using Spectrophotometer (CECIL
CE7200) against control that has all reaction reagents except the sample extract. The total
phenolic compounds of each extract in gallic acid equivalents (GAE) was calculated by
using the following formula:
C=c×V/ m
C = Total phenolic contents (mg/g plant extract, in GAE)
c = Concentration of gallic acid (mg/mL)
V = Volume of extract (mL)
M = Weight of bitter gourd powder extracts (g)
3.5. Phytochemical Analysis
3.5.1. Ascorbic Acid Estimation
The samples were tested for ascorbic acid according to the method described in AOAC
(2006). The samples were dissolved in 10mL of distilled water and then filtered. About 0.1g
of 2, 6-dichlorophenolindophenol was dissolved in 100mL of distilled water. For the
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stantedardization of dye and factor calculation, 0.1% ascorbic acid standard solution was
prepared. Then 2mL of 2, 6-dichlorophenolindophenol (DCPIP) was pipetted out into a small
test tube and titrated against ascorbic acid standard solution until the dye decolorized. After
that, 2mL of 2,6- DCPIP was transferred into small test tubes and titrated against the sample
solutions until the dye was decolorized. The volume of sample solutions was recorded that
was used to decolorize the DCPIP. The experiment was carried out in triplicate. The results
were expressed as mg ascorbic acid/100g sample. The ascorbic acid content was estimated
with the following expression:
X mL ascorbic acid decolorizes

= 2mL DCPIP dye

Y mL juice decolorizes

= 2mLDCPIP dye

Y mL juice

= XmL ascorbic acid

3.5.2. Carotene content
The carotene content in bitter gourd samples was determined according to the procedure
given by Kurilich et al. (1999) with slight modifications. About 600mg each of sample was
added in glass test tubes. Ten milliliters of ethanol containing 0.1g of butylated
hydroxytoluene was added. Then samples were placed on water bath at 70 °C for 15 min.
After this samples were removed from water bath and 180µL of 80% potassium hydroxide
was added to each tube. Then samples were vortexed and then again boiled in a water bath at
70 °C for 30 min. Second boiling was necessary for the maximal extraction of carotenes. The
samples were cooled and 2.5mL of deionized water and 2.5mL of hexane toluene (ratio 10:8,
respectively) were added. Again tubes were vortexed and centrifuged at 1000xg for
5minutes. Upper hexane and toluene fractions waere separated and transferred to a separate
test tube. The centrifugation was repeated 2 to 3 time and the extract was dried by
evaporating hexane and toluene. Then residues were dissolved in chloroform prior to use for
HPLC analysis. The analysis was conducted using normal phase HPLC column (250mm x
4.6mm, 5.0μm particle size) with mobile phase consisting of acetonitrile, methanol and
THF(52:40:8 v/v/v) while flow rate was 2.0mL/min, respectively.
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3.5.3. Tocopherol Content
The contents of tocopherols (α, β and γ) were estimated through HPLC (Model: Perkin Elmer
Series 200, USA) by using method of Ching and Mohamed (2001). The oil was extracted
from each powder for analysis. The analysis was conducted using normal phase HPLC
column (250mm x 4.6mm, 5.0μm particle size) with mobile phase consisting of isooctane
and ethyl acetate (96:4v/v) on isocratic mode. The run time and flow rate were 30minuts and
1.0mL/min, respectively. The detector was set at 290nm excitation wavelength and 400nm
emission wavelengths. The column temperature was 35°C. The oil sample was dissolved in
hexane, filtered and about 2.0μL of that diluted sample and standards were injected. An
external calibration curve was prepared for each tocopherol standard (α, β and γ tocopherol)
to calculate the amount of tocopherols present in the oil sample. To improve the efficiency of
the silica column, after eight injections the column was reactivated.
3.5.4. Total saponins contents
The samples were grounded and 20g of each sample was dispersed in 200mL of 20%
ethanol. The suspension was heated over a hot water bath for 4hr with continuous stirring at
about 55°C. The mixture was filtered and the residue re-extracted with another 200 ml of
20% ethanol. The combined extracts were reduced to 40mL over water bath at about 90°C.
The concentrate was transferred into a 250mL separator funnel and 20mL of diethyl ether
was added and shake vigorously. Aqueous layer was recovered while the ether layer was
discarded. The purification process was repeated. Then 60mL of n-butanol was added and
combined n-butanol extracts were washed twice with 10mL of 5% aqueous sodium chloride.
The remaining solution was heated in a water bath. After evaporation, the samples were dried
in the oven to a constant weight. The saponin content was calculated in percentage (Obadoni
and Ochuko, 2001).
3.5.5. Charantin
The charantin was identified and quantified through HPLC by following the method
described by Pitipanapong et al. (2008). About 1.0g of powder was firstly extracted through
ethanol and then with methanol and then extract was evaporated to remove ethanol and
methanol. After that 5mL of methanol and water (50:50 v/v) solution were added and
mixture were vertex and centrifuged for 15min at 3500rpm. Later supernatant was separated
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and the residues were again filtered with 5mL of methanol water solution (70:30 v/v)
followed by hexane. The precipitates from this step were dissolved in methanol chloroform
mixture (1:1 v/v) and volume was made 2mL. The filtration was carried out prior the HPLC
analysis. HPLC analysis was performed with column (250mm x 4.6mm, 5.0μm particle
size). While, the mobile phase used was methanol and water (100:2 v/v). The UV injection
detector was used.
3.5.6. Total alkaloids
The total alkaloids contents were determined by following the method as described in AACC
(2000). About 5g of sample was taken in a beaker and 200mL of 10% acetic acid in ethanol
was added t sample. That mixture was kept for four hours followed by filtration. Then extract
was concentrated through evaporation and conc. ammonium hydroxide was added in
concentrate drop wise to form the precipitates. The precipitates were collected, dried and
measured.
3.5.7. Momordicin estimation
Momordicin was estimated by following the method of Puspuwati (2008) with a slight
variation. The powder sample was extracted with dichloromethane. The filtrate was
evaporated through rotary evaporator to give crude dichloromethane extract. Then 100g of
that extract was dissolved in small quantity of methanol and filtered. Then it was precipitated
with 80% methanol solution to give yellow powder. That powder was collected dried and
measured.
3.5.8. Phenolic Acid
The estimation of pohenolic acid was carried out by running samples through HPLC by
following the method outlined by Rusak et al. (2008). An HPLC system equipped with
HPLC column (250mm x 4.6mm, 5.0μm particle size) and UV detector was used.
Injection volume and flow rate used were 10µL and 1.0mL/min, respectively. The
concentrations of investigated phenolics were determined, based on the chromatographic
data of the standards.
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3.5.9. Dietary fiber
3.5.9.1. Total dietary fiber (TDF)
The samples were analyzed for total dietary fiber according to AACC (2000) method No. 3205. The sample was dispersed in a buffer solution and incubated at 95-100°C for 40min with
heat-stable α-amylase. After cooling the samples up to 60°C, these contents were incubated
at 60°C for 30min with addition of about 100µl protease solutions. Finally the content was
incubated with amyloglucosidase enzyme at 60°C for 30min. Then total dietary fiber was
precipitated with the addition of ethyl alcohol in 1:4ratio. The content was filtered and
washed with ethyl alcohol and acetone. The residues obtained were analyzed for protein and
ash. A blank was run throughout entire method with samples to determine any contribution
from reagents residue in TDF. The TDF was calculated using the following formula:

TDF (%) =

Residue wt – protein – ash – blank
Sample weight

x 100

3.5.9.2. Soluble dietary fiber (SDF)
The flour samples were investigated for soluble dietary fiber by following the method as
given in AACC (2000)method No. 32-07, by utilizing Megazyme assay kit. Initially, the
sample was prepared in the same manner upto the incubation with the amyloglucosidase as
described for total dietary fiber. After incubation the residue was filtered washed and rinsed
with 10ml distilled water. The filtrate was weighed and SDF was precipitated with four
volume of ethyl-alcohol. The content were filtered and dried, and analyzed for protein and
ash content. A blank sample was also run to avoid any contribution from reagents to residues.
The soluble dietary fiber was calculated with the following expression:

SDF (%) =

Residue wt – protein – ash – blank
Sample weight

x 100

3.5.9.3. Insoluble dietary fiber (IDF)
Insoluble dietary fiber (IDF) in different samples was estimated by using the method as
mentioned inAACC (2000) method No. 32-20. The initial steps upto the incubation with
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amyloglucosidase for the preparation of samples were same as described earlier in total
dietary fiber. After filtration, remaining material was washed and rinsed with 10ml water.
The resultant residue was weighed and insoluble dietary fiber was precipitated with four
volume of ethyl-alcohol. The contents were filtered, dried and corrected for protein and ash
content. A blank was also run through same method to measure any contribution from
reagents to residue. The IDF was calculated by the following expression:

ISDF (%) =

Residue wt – protein – ash – blank
Sample weight

x 100

3.5.10. Fatty acid profile
Fatty acid profile for each sample was analyzed using GC-FID according to the method (Ce
1f-96) described in AOCS (1998). The oil sample (50μL) was methylated in KOH solution in
order to convert fatty acids into their respective methyl esters. The resultant fatty acid methyl
esters (FAMEs) were extracted with diethyl ether and analyzed by Gas Chromatograph
(Model: 14-A, Shimadzu, Japan) using methyl lignose coated (film thickness: 0.25 μm) polar
capillary column (SP-2330, 30m x0.32mm), flame ionization detector and nitrogen gas as
carrier with flow rate of 3.5ml/min. GC split ratio was initially set at 100% with injector and
detector 36 temperatures at 260°C and column temperature of 222°C for 7.5 min. FAMEs
were quantified by comparing retention time of sample with standards.
3.6. Selection of best variety
On the basis of antioxidant assay and phytochemical evaluation the best variety of bitter
gourd with best treatment was selected for product development and efficacy studies.
3.7. Product development
The cookies were prepared from different flour blends of bitter gourd (AACC, 2000). The
cookies were prepared using different concentration of powders from selected variety. Raw
material used in cookies preparation consisted of flour, artificial sweetener, flavor, shortening
and baking powder. A control sample without powders was also prepared for comparison
purpose.
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Table 3.2: Treatments used in product development
Treatments

Whole fruit

Flesh

Seeds

Extract

T0

-

-

-

-

T1

1

-

-

-

T2

3

-

-

-

T3

5

-

-

-

T4

7

-

-

-

T5

-

1

-

-

T6

-

3

-

-

T7

-

5

-

-

T8

-

7

-

-

T9
T10

-

-

1

-

-

-

3

-

T11

-

-

5

-

T12

-

-

7

-

T13

-

-

-

0.5

T14

-

-

-

1.0

T15

-

-

-

1.5

T16

-

-

-

2.0

3.8. Sensory evaluation of cookies
The quality and acceptability attributes of cookies were accessed through sensory evaluation.
The cookies sensory evaluation was carried out by a trained panel of judges for color, taste,
aroma and overall acceptability characteristics according to method described by Meilgard et
al. (2007). On the basis of sensory evaluation of cookies, best acceptable levels from each
powder were selected along with control for efficacy purposes.
3.9. Efficacy Study
The Sprague Dawley rats were procured from National Institute of Health (NIH), Islamabad
and housed in Animal Room of National Institute of Food Science and Technology,
University of Agriculture Faisalabad, Pakistan. Three types of studies were conducted
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separately using normal diet, high sucrose diet and high cholesterol diet. Four selected level
one from each treatment and control was fed to five groups of rats (ten rats in each group) for
fifty six days in each study. At the initiation of study some rats were sacrificed to get baseline
data. Although the three studies were performed separately however, the results of
investigated parameters in all studies were discussed collectively for better understandings.
The entire efficacy trail was repeated for the validation of the results to determine the effect
of the bitter gourd cookies against the selected maladies.
3.9.1. Study I: Normal diet
Rats were acclimatized by feeding basal diet for a period of one week. Initially efficacy trial
was conducted in rats given normal diet. For the purpose, fifty Sprague Dawley rats were
randomly divided into five groups. The cookies prepared from the selected treatments were
provided for a period of 8 weeks (Table 3). Feed & drink intake was measured on daily basis
whilst body weight after one week throughout the experiment. The overnight fasted rats were
sacrificed after eight weeks of feeding with simultaneous intake of functional cookies. Blood
samples of rats were collected through cardiac puncture; EDTA coated tubes were employed
for serum collection and further used to perform various assays. Afterwards, bitter gourd
powder containing cookies was provided to the respective rat groups to assess their
therapeutic effect on the respective traits. Following similar approach, two other studies were
conducted to determine the impact of functional cookies against respective diets i.e. high
sucrose and high cholesterol diet in separate rat modeling.
3.9.2. Study II: Hyperglycemic rats
In study II, high sucrose diet containing 40% sucrose was given to the normal rats to induce
diabetes and determine its effect on serum glucose and insulin levels. At the same time,
effect of cookies on the induced trait in respective groups of rats was assessed.
3.9.3. Study III: Hypercholesterolemic rats
In study III, consisted of five groups as mentioned in Table 3, high cholesterol diet
containing 1.5% of cholesterol was fed to rats to raise their lipid profile i.e. cholesterol, low
density lipoprotein (LDL), triglycerides and high density lipoprotein (HDL).
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Outline of study is given below;
Table 3.3. Diet plan used in the study
Study I

Study II

Study III

Groups

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Diets

D1

D2

D3

D4

D5

D1

D2

D3

D4

D5

D1

D2

D3

D4

D5

D1 = Control cookies D2 = Whole fruit powder cookies
D4 = Seed powder cookies
D5 = Fruit extract cookies

D3 = Seedless fruit powder cookies

3.9.4. Physical Parameters
Net feed and water intake and body weight gain was measured during entire study period
according to their respective method (Wolf and Weidbrode, 2003).
3.9.4.1. Feed and Water intake
Average feed intake of each group was measured on daily basis by subtracting spilled diet
from the total diet given during the whole study period (Wolf and Weidbrode, 2003). In same
manner, the water intake for each group was also recorded from day to day.
3.9.4.2. Body weight gain
The gain in body weight of experimental groups was measured after one week interval
throughout the study period to monitor suppressing effect of cookies on body weight gain.
3.9.5. Serum biochemical profile
3.9.5.1. Serum glucose and insulin levels
The rat serum samples were collected to measure glucose level by the method described by
Thomas and Labor (1992), whereas insulin concentration was measured following the
method of Besch (1987).
3.9.5.2. Serum lipid profile
The serum lipid profile including cholesterol, high density lipoproteins, low density
lipoproteins and triglycerides were measured according to their respective methods. Serum
cholesterol level was measured using CHOD–PAP method (Stockbridge et al., 1989). High
density lipoprotein (HDL) in serum samples was calculated by following method outlined by
Assmann, (1979). Total triglycerides were determined by liquid triglycerides (GPO–PAP)
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method (Annoni et al., 1982) and low density lipoproteins (LDL) by following the procedure
of McNamara et al. (1990).
3.10. Statistical Analysis
Results obtained for each parameter was interpreted statistically to determine the level of
significance. For the purpose Analysis of variance technique (ANOVA) using two factor
factorial CRD following the procedure described by Steel et al., (1997). Further significance
was measured by using the DMRt (Duncan Multiple range test).
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CHAPTER 4
RESULTS AND DISCUSSIONS
Phytochemicals are endemic in the human diet from the ancient times to fight against
diseases as most of the medicines are derived from plants. In the recent era, diet based
therapy has been revitalized globally and people are adopting the approach of using natural
sources as an intervention.
The purpose of the present study was to explore the functional properties of indigenous bitter
gourd varieties against hyperglycemia and hyperlipidemia/hypercholesterolemia. In the
present exploration, four types of powders (whole fruit, flesh, seed and extract) were
prepared from each variety. These parts of bitter gourd varieties were subjected to
antioxidant assay, phytochemical analysis and preparation of cookies with subsequent
efficacy trials in rat modeling. The data was statistically analyzed to check the level of
significance and results for different parameters are discussed below:
4.1. Characterization of bitter gourd varieties and powders
The bitter gourd varieties were separated into four different parts and their powders were
prepared. The bitter gourd powders samples were analyzed for their mineral, heavy metal,
antioxidant and phytochemical profiling.
4.1.1. Mineral and heavy metals
4.1.1.1. Minerals Analysis
The statistical results given in Table 4.1 indicated that sodium (Na), calcium (Ca) and
potassium (K) were significantly different in various parts of different bitter gourd varieties
(Tables 4.1). However, the bitter gourd varieties and their interaction with different parts did
not show significant variation in Na and Ca but K contents varied significantly.
The mean values of mineral contents in different parts of gourd varieties are presented in
Table 4.2. It is obvious from the results that sodium content was the highest in flesh
(27.52mg/100g) followed by extract (22.56mg/100g) and the whole fruit (21.93mg/100g).
The seed part of gourd varieties contained significantly the lowest content of Na.
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Table 4.1. Mean squares for minerals of bitter gourd varieties and parts
SOV
df
Na
Ca

K

Varieties (V)

2

5.343NS

12.33NS

1091.9**

Parts (P)

3

892.03**

1855.37**

34392.7**

VxP

6

0.367 NS

0.64 NS

33.4**

Error

24

1.904

3.82

315.5

Total

35

NS = Non significant
** = Highly significant

Table 4.2. Sodium content (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

22.5

28.7

5.38

23.22

19.95

Preeti

21.27

26.57

4.78

21.97

18.65

PkBt-1

22.02

27.3

4.65

22.48

19.11

Mean

21.93b

27.52a

4.94c

22.56b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.3. Calcium contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

31.65

40.32

6.25

31.35

27.39

Preeti

30.47

39.41

5.83

29.71

26.36

PkBt-1

28.93

38.09

5.46

28.98

25.37

Mean

30.35b

39.27a

5.85c

30.01b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.4. Potassium contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

252.02e

263.69d

176.22g

332.83a

256.22a

Preeti

235.41f

241.34f

163.38h

309.17c

237.31c

Pk-Bt-1

242.34f

258.21de

171.76g

319.04b

247.74b

Mean

243.13b

254.41b

170.45c

320.37a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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The calcium content was also significantly higher in flesh (39.27mg/100g) as compared to
other parts of bitter gourd varieties (Table 4.3). The Ca content did not differ
significantlyamong whole fruit and flesh of different varieties. Significantly the lowest Ca
level was recorded in seed (5.85mg/100g) part of three bitter gourd varieties.
The results regarding K content revealed that bitter gourd variety FSD-Long possessed
significantly the highest K content (256.22mg/100g) followed by the PKBT-1 and Preeti
(Table 4.4). However, among different parts, the K content was significantly highest in the
extract followed by the flesh and whole fruit. The seed possessed significantly the lowest K
content.
The results of present study regarding mineral content are slightly different from the previous
studies of Bangash et al. (2011) who found higher amount of Ca (45mg), Na (31mg) and K
(390mg) in 100g of bitter gourd but they reported that potassium was the dominant mineral.
While, low amount of Ca (22mg/100g) and K (260mg/100g) in the edible part (flesh) of
bitter gourd was reported by Islam et al. (2011). On the other hand a highest amount of
calcium 137.69mg/100 has been reported in whole fruit of gourd by Somroo and Ansari
(2005). While comparing the composition of mineral Horax et al. (2011) also reported that
Na, Ca and K contents were much lower in the seed as compared to pericarp. The deviation
in results of present study is might be due to change in the environmental variation, ripening
stages and harvesting season.
4.1.1.2. Heavy metals
The statistical results demonstrated that zinc (Zn), iron (Fe), chromium (Cr), copper (Cu),
lead (Pb) and manganese (Mn) were significantly affected due to variations in different
partsof gourd (Tables 4.5). However, the bitter gourd varieties and their interaction with
different parts did not show significant variation in zinc (Zn), iron (Fe), chromium (Cr),
copper (Cu), lead (Pb) and manganese (Mn).
The results regarding heavy metal contents in different parts of gourd varieties are presented
in Table 4.6. It is obvious from the results that Zn contents were found significantly highest
in extract (0.61mg/100g) followed by seed (0.50mg/100g) and whole fruit (0.47mg/100g).
The flesh part of gourd varieties contained significantly the lowest content of Zn. The results
for the iron content substantiated (Table 4.7) that seed of different bitter gourd varieties
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Table 4.5 Mean squares for heavy metals of bitter gourd varieties and parts
SOV
df
Zn
Fe
Cr

Cu

Pb

Mn

Varieties (V)

2

0.003 NS

0.003 NS

0.11 NS

0.01 NS

0.004 NS

4.05 NS

Parts (P)

3

0.08**

27.44**

25.11**

5.65**

1.83**

20958.8**

VxP

6

0.0003 NS

0.004 NS

0.048 NS

0.02 NS

0.0006 NS

0.41 NS

Error

24

0.001

0.12

0.0729

0.02

0.004

34.92

Total

35

NS = Non significant
** = Highly significant
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Table 4.6. Zinc contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

0.48

0.39

0.52

0.63

0.51

Preeti

0.45

0.37

0.49

0.58

0.47

Pk-Bt-1

0.47

0.37

0.49

0.61

0.48

Mean

0.47c

0.38d

0.50b

0.61a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.7. Iron contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

6.39

4.02

8.19

6.26

6.22

Preeti

6.41

3.95

8.27

6.3

6.23

Pk-Bt-1

6.37

3.98

8.24

6.22

6.20

Mean

6.39b

3.98c

8.23a

6.26b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.8. Copper contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

1.59

2.87

2.96

1.57

2.25

Preeti

1.43

2.77

3.05

1.56

2.25

Pk-Bt-1

1.64

2.71

3.12

1.56

2.26

Mean

1.55c

2.78b

3.04a

1.56c

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.9. Chromium contents (µg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

3.83

7.4

3.98

3.83

4.76

Preeti

3.78

6.86

3.91

3.77

4.58

Pk-Bt-1

3.82

7.28

3.94

3.82

4.72

Mean

3.82b

7.20a

3.96b

3.82b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

45

Table 4.10. Lead contents (µg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

1.03

1.71

0.65

0.92

1.08

Preeti

1.02

1.68

0.63

0.88

1.05

Pk-Bt-1

0.99

1.67

0.61

0.91

1.04

Mean

1.01b

1.69a

0.63d

0.90c

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.11. Manganese contents (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

0.91

1.69

0.63

0.74

0.99

Preeti

0.89

1.67

0.62

0.72

0.97

Pk-Bt-1

0.90

1.68

0.62

0.73

0.98

Mean

0.90b

1.68a

0.62d

0.73c

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

46

possessed significantly the highest Fe contents (8.23mg/100g) followed by whole fruit and
extract. The flesh fruit possessed significantly the lowest content of Fe (3.98mg/100g). Like,
iron, Cu was also found to be significantly the highest in the seed part that was 3.04mg/100g.
Significantly the lowest concentration was measured in whole fruit part (1.55mg/100g) for
copper contents as shown in Table 4.8.
Chromium content was also found high in flesh (7.20mg/100g) as compare to other parts of
bitter gourd varieties (Table 4.9). The Cr content showed non momentous variation among
whole fruit and flesh and extract of different varieties. Similarly, maximum amount of lead
and manganese were also found in flesh part 1.69 µg/100g and 1.68mg/100g, respectively
followed by whole fruit and extract (Table 4.10 & 4.11). The seed part of bitter gourd
varieties contained the lowest content of Pb and Mn 0.63µg/100g and 0.62mg/100g,
respectively. Arsenic was not detected in all varieties and parts.
Consumption of trace elements like iron, zinc, chromium and manganese contribute to
regulate body metabolism, antioxidant enzyme and our body defense system. Because these
metals are involved in the physphorylation, high-energy phosphate-bound enzymatic
pathways, insulin activation, and endocrine system (Mahmud et al., 2012).
The results of present study regarding heavy metals in bitter gourd are in agreement with the
findings of Ismail et al. (2011), who calculated that Zn in fruit of bitter gourd was
0.4mg/100g. However, findings of Horax et al. (2011) showed a slightly higher amount for
the Zn in pericarp (33 to 57µg/100g) and seed (12 to 22 µg/100g). Also the Cu contents were
a bit higher in seed (23µg/g). But their finding for the pericarp of bitter gourd (13 to 16µg/g)
strengthens this instant exploration. In another study Soomro and Ansari (2005) quantified
Cu content for Momordica charantia fruit 3.54mg/100g.
Further study revealed that concentration of Fe contents in pericarp and seed is 37 to 55, 88
to 102µg/100g, respectively similar to the findings of (104.35mg/L in seed) Aswani et al.
(2011). Murtaza et al. (2003) reported in a study that the concentration of Mn in the bitter
gourd vegetable grown in Faisalabad was 5.1 to 11.20mg/Kg. While, Pb concentration was
0.018µg/g in bitter gourd calculated by Abbas et al. (2010).
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4.1.2. Antioxidant assays
4.1.2.1. Total Antioxidant activity
The results regarding mean squares of antioxidant activity based on coupled oxidation of βcarotene and linoleic acid are given in Table 4.12. The statistical results revealed that
different parts of bitter gourd varieties significantly affected the beta carotene linoleate assay.
Similarly, the varieties and their interaction with different parts also impart momentous effect
on this antioxidant activity.
The mean values concerning β-carotene linoleate assay elucidated that inhibition potential
varied regarding variety and different parts (Table 4.13). Significantly, the highest
antioxidant potential was found in FSD-long 80.12% among varieties. While Preeti and
PKBT-1 showed non momentous variation with mean values 71.87 & 68.14%, respectively.
However, among different parts the maximum significant activity was measured in extract
(82.35%) followed by flesh (79.90%) and whole fruit (73.63%). Conversely, the lowest
activity 56.62% was measured in seed parts of bitter gourd varieties. Overall FSD-Long
variety showed good potential as compare to all other varieties.
The current results are strengthened by the previous investigation of different scientists.
Kubola and Siriamornpun (2008) measured the antioxidant activity of bitter gourd extract
79.9% that was greater than the extract of leaf (63.9%) ripened fruit (59.0%) and stem
(36.2%). According to Sharma and Dikshit (2012) antioxidant activity of whole plant powder
of Momordica charantia is 63.33%, lower than the present findings measured. Phenolic
contents have direct relationship with antioxidant activity. The higher antioxidant activity of
extract and flesh may be due to higher amount of phenolics in the extract and flesh part of
bitter gourd varieties.
4.1.2.2. Free radical scavenging activity (2,2-diphenyl-1-picrylhydrazyl radical assay)
Bitter gourd provides protection against free radical. The statistical results indicated that 2,2diphenyl-1-picrylhydrazyl radical (DPPH) assay was significantly varied due to difference in
parts of three varieties of bitter gourd (Tables 4.12). Like, the bitter gourd varieties showed
significant variation but their interaction with different parts showed non-significant variation
in DPPH assay.
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Table 4.12. Mean Squares for antioxidant assays of bitter gourd varieties and parts
SOV
df
Antioxidant activity
DPPH
TPC
Varieties (V)

2

985.77**

104.59**

167164**

Parts (P)

3

1213.80**

690.16*

238478**

VxP

6

57.35*

44.17NS

20649**

Error

24

15.27

22.27

2050

Total

35

* = Significant
** = Highly significant

Table 4.13. Total antioxidant potential (%) of bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

79.46bcd

90.33a

63.37fg

87.31ab

80.12a

Preeti

73.96de

72.14de

56.87gh

83.53abc

71.87b

Pk-Bt-1

67.47ef

79.23bcd

49.62h

76.22cde

68.14b

Mean

73.63b

79.90ab

56.62c

82.35a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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The results regarding DPPH assay are present in Table 4.14 revealed that bitter gourd variety
FSD-Long possessed significantly the highest free radical scavenging activity 88.32%
followed by Preeti 85.43% and PkBT-1 82.41%. However, among different parts of bitter
gourd varieties extract possessed the maximum activity 94.12% followed by the whole fruit
and flesh 90.68 and 82.09%, respectively. Whereas, the minimum radical scavenging activity
was observed in seed 74.66%. In general FSD-long showed maximum protection against the
free radical.
Owing to the ease and convenience, DPPH assay has widespread use in free radical
scavenging assessment (Scherer and Godoy, 2009).The free radical scavenging activity of
plants is directly related to their phenolic compounds present in that plant or plant part (Wu
and Ng, 2008). The hydroxyl groups in phenolic compounds, directly contribute to the
antioxidant activity and have a critical role in scavenging free radicals (Sathishsekar and
Subramanian, 2005; Elmastas et al., 2007).
The findings of the present study are in agreement with the findings of Amira et al. (2013)
who found that bitter gourd possessed DPPH radical scavenging activity 98.29, 83.10, 82.84
and 82.48% for water, acetone, methanol and ethanol extract, respectively. Nature of
extracting solvent significantly affects the antioxidant activity. Similarly, Wu and Ng, (2008)
reported that the aqueous extract of bitter gourd resulted in marked inhibition of DPPH
radicals and IC50 of 75.8% and 129.94mg/mL, respectively. The results of present study are
further strengthen by the findings of Gupta and Verma (2011) who calculated that bitter
gourd possessed maximum antioxidant radical scavenging activity (88%) among different
medicinal plants.
The other hand, Aminah and Anna (2011) found a lower range for DPPH scavenging 37.0 to
64.48% in wild bitter gourd at different ripening stages. They found that DPPH radical
scavenging activity significantly decreased in the ripened bitter gourd.
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Table 4.14. DPPH activity (%) of bitter gourd verities and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

95.00

89.78

75.28

93.21

88.32a

Preeti

92.38

78.64

76.47

94.21

85.43ab

Pk-Bt-1

84.65

77.84

72.24

94.93

82.41b

90.68ab

82.09b

74.66c

94.12a

Mean

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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4.1.2.3. Total phenolics contents (TPC)
The statistical results illustrated that total phenolic contents were significantly different in
varieties and their parts. Similarly, the interaction of varieties with parts also had significant
effect on total phenolic contents as shown in Table 4.12.
The TPC results of different parts of bitter gourd varieties are given in Table 4.14. The
highest total phenolic contents were observed in variety FSD-long 963mg GAE/100g,
followed by Preeti (775mg GAE/100g) and PKBT-1 (746mg GAE/100g). Among different
parts, maximum amount was observed in extract (911mg GAE/100g) followed by flesh
(897mg GAE/100g) and whole fruit (840mg GAE/100g). Conversely, seed part contained the
lowest TPC contents (663mg GAE/100g) as presented in Table 4.15. Overall, FSD-Long
flesh and extract contained maximum phenolic contents with slight differences.
The results regarding the total phenolic contents are in agreement with the findings of Horax
et al. (2005) who calculated total phenolic contents in oven dried and freeze dried bitter
melon. The range for the oven dried samples and freeze dried samples were 640 to
802mg/100 g GAE and 539 to 775mg/100 g GAE, respectively. Later, Padmashree et al.
(2011) reported that the concentration of TPC in pulp and seed powders is 9375 and
7500mg/Kg, respectively. Qader et al. (2011) also calculated that Momordica charantia
possessed 7.67 and 8.00mg/g GAE of TPC in water and ethanolic solvent. Later, Hamissou et
al. (2013) found that average total phenolic contents in bitter gourd were 13.28mg/g GAE.
On the other hand Budrat and Shotipruk (2008) reported lower concentration of total
phenolic contents in bitter melon on dry weight basis 668 and 600mg/100 GAE after soxhlet
extraction and solvent extraction, respectively.
While, Horax et al. (2010) calculated a slightly higher range for pericarp (17.5 to 19.5 mg/g
GAE) and seed extract (6.1 to 20.9mg/g GAE). Total phenolic contents are dependent on the
extraction solvent especially water possessed the higher extraction (Amira et al., 2013).
These findings supported the present result as extract possessed significantly highest amount
of the phenolic compounds. Because water is an adequately good solvent for the extraction of
phenolic compounds due to the higher solubility of phenolic compounds in water.
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Table 4.15. Total phenolic contents (mgGAE /100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

953bc

1123a

695f

1082ab

963a

Preeti

787de

752e

664f

895cd

775b

Pk-Bt-1

780de

816de

629f

757e

746b

Mean

840b

897ab

663c

911a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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4.1.3. Phytochemicals
4.1.3.1. Ascorbic acid
The statistical results given in Table 4.16 indicated that ascorbic acid (Vitamin C) contents
were significantly affected due to variation in parts of different varieties gourd. Similarly, the
bitter gourd varieties and their interaction with different parts showed significant variation in
ascorbic acid contents.
The mean values pertaining to ascorbic acid in different parts of the gourd varieties are
presented in Table 4.17. It is obvious from the results that the maximum amount of ascorbic
acid was found in bitter gourd variety FSD-Long (13.07 mg/100g) followed by Preeti (9.94
mg/100g). Significantly the lowest ascorbic acid level was measured in variety PKBT-1
(8.14mg/100g). However, among parts the Vitamin C was found significantly highest in the
flesh (14.15 mg/100g) followed by extract (12.71 mg/100g) and whole fruit (11.04 mg/100g).
Whilst, seed possessed the lowest amount of vitamin C.
The results regarding the interaction effect revealed that highest amount was calculated in
flesh (17.57mg/100g) and extract (16.66mg/100g) of FSD-Long with no significant variation
followed by the flesh of Preeti (13.86mg/100g). The lowest amount was measured in the seed
part of all varieties 2.95 (PKBT-1), 3.54 (Preeti) and 4.43mg/100g (FSD-Long).
The instant findings for ascorbic acid of different parts of bitter gourd varieties are in
harmony with the results of Ullah et al. (2011) who reported 9.41 to 16.40 mg/100g ascorbic
acid in four bitter gourd varieties lower than the nutritional database of the USDA (33
mg/100g). However, Islam et al. (2011) reported a highest amount of Vitamin C in fresh
bitter gourd 50mg/100g. Loss of ascorbic acid during dehydration is because of its oxidation
and dehydration resulted up to 75% loss of vitamin C (Kulkarni et al., 2005).
4.1.3.2. Carotenoid contents
The statistical results regarding carotenoids contents illustrated that carotene contents were
significantly affected due to variation in different parts of gourd varieties and their
interaction with different varieties (Tables 4.16).
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Table 4.16 Mean squares for ascorbic acid and carotene of bitter gourd varieties and
parts
SOV
df
Ascorbic acid
Carotene
Varieties (V)

2

74.738**

1.8433**

Parts (P)

3

196.590**

20.4135**

VxP

6

5.078**

0.2562**

Error

24

0.392

0.0388

Total

35

** = Highly significant

Table 4.17. Ascorbic acid contents (%) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

13.63bc

17.57a

4.43g

16.66a

13.07a

Preeti

10.43def

13.86b

3.54g

11.95cd

9.94b

Pk-Bt-1

9.06f

11.03de

2.95g

9.52ef

8.14c

Mean

11.04c

14.158a

3.64d

12.71b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.18. Carotenoid content (mg/100g) of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

4.19ab

4.65ab

1.25e

4.92a

3.75a

Preeti

3.74cd

3.43d

1.03e

4.07c

3.08b

Pk-Bt-1

3.66cd

3.98cd

0.87e

3.81cd

3.08b

Mean

3.86b

4.02b

1.05c

4.26a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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The results regarding total carotenoid content in different parts of gourd varieties are
presented in Table 4.18. It is obvious from the results that considerably the highest
carotenoid contents were found in extract (4.26mg/100g) followed by flesh (4.02mg/100g)
and whole fruit (3.86mg/100g). Whereas, seed part of gourd varieties contained the lowest
content 1.05mg/100g. The results for the interaction substantiated that extract, flesh and
whole fruit of FSD-Long variety possessed non momentous difference among them with
mean values 4.92, 4.65 and 4.19mg/100g, respectively. Inconsequentially the lowest amount
was measured in the seed part of all varieties 0.89 (PKBT-1), 1.03 (Preeti) and 1.25mg/100g
(FSD-Long). While, PKBT-1whole fruit, flesh, extract and Preeti whole fruit were at par
with values 3.66, 3.98, 3.81 and 3.74mg/100g, respectively.
The results of current findings are in resemblance with the findings of Dey et al. (2006) who
reported total carotenoid contents 0.205 to 3.2mg/100g in different genotype of bitter gourd.
Variation in the carotenoid content may be due to the presence of lesser amount of
chlorophyll in that part which may contribute to lesser amount of carotene synthesis.
Some other studies conducted in different part of the world showed varying pictures about
thecarotenoid concentration. Anjum et al. (2008) found that the bitter gourd contain βcarotene 870 to 1078µg/100g. Rodriguez et al. (1976) who reported that β-carotene content
in ripened seed and pericarp of bitter gourd were 1.1 to 1.2µg/g and 5.3µg/g, respectively.
4.1.3.3. Tocopherol (Vitamin E) Contents
Different isomers of vitamin E groups are alpha, beta and gamma, they are fat soluble with
good antioxidant potential. The statistical analysis regarding alpha, beta and gamma
tocopherol in different parts of bitter gourd varieties is presented in Table 4.19. The statistical
results revealed that concentration of α, β and γ-tocopherol was significantly influenced by
the variation in parts of bitter gourd. Nevertheless, the varieties and their interaction with
different parts showed non-significant variation.
It is evident from the Table 4.20 that significantly maximum concentration of α-tocopherol
was present in seed part that was 282.94mg/100g followed by whole fruit (44.40mg/100g).
While, lowest amount was recorded for the flesh part 12.50mg/100g.
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Table 4.19. Mean squares for tocopherol (α, β and γ) of bitter gourd varieties and parts
SOV
df
α-tocopherol
β-tocopherol
γ-tocopherol
Varieties (V)

2

7NS

0.77NS

0.10NS

Parts (P)

3

157563**

5549**

19856**

VxP

6

1NS

0.34NS

0.10NS

Error

24

5

1.99

6.70

Total

35

NS = Non significant
** = Highly significant

Table 4.20. Alpha-tocopherol (mg/100g) contents of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

45.12

11.58

282.81

ND

85.30

Preeti

43.77

11.25

279.63

ND

83.75

Pk-Bt-1

44.31

10.67

280.38

ND

84.34

Mean

44.40b

11.160c

280.94a

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.21. Beta-tocopherol (mg/100g) contents of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

11.09

4.06

54.58

ND

17.4325

Preeti

10.82

4.12

53.75

ND

17.1725

Pk-Bt-1

10.6

3.98

53.12

ND

16.925

10.84b

4.05c

53.82a

ND

Mean

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.22. Gamma-tocopherol (mg/100g) contents of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

22.85

4.79

101.05

ND

32.1725

Preeti

22.79

4.73

100.97

ND

32.125

Pk-Bt-1

22.23

4.68

101.03

ND

31.9825

Mean

22.62b

4.73c

101.02a

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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The α-tocopherol ranged from 11.58 to 282.81mg/100g in different parts of three varieties.
Like, α-tocopherol β-tocopherol was also found maximum in seed part that was
53.82mg/100g followed by whole fruit (10.84mg/100g). Significantly the minimum content
was quantified in the flesh 4.05mg/100g of bitter gourd varieties as presented in Table 4.21.
The mean values pertaining to γ-tocopherol presented in Table 4.22 revealed that maximum
concentration of γ-tocopherol was present in seed part that was 101.02mg/100g followed by
whole fruit (22.62mg/100g). The flesh possessed lowest amount of γ-tocopherol
4.73mg/100g. The γ-tocopherol ranged from 4.68 to 101.05mg/100g in different parts of
three varieties.
While, that component was not detected in extract as extract was only water soluble
substance and vitamin E is a fat soluble substance. Whereas, tocopherol contents were not
detected in extract as extract was prepared using water as a solvent that’s why only contained
the water soluble components but Vitamin E is a fat soluble substance.
The results for tocopherols from present investigation are also supported with the earlier
findings of Ching and Mohamed (2001) who reported 11.79mg/100g of α-tocopherol in dried
edible fruit part of Momordica charantia. Anjum et al. (2013) observed tocopherol in seed of
the bitter gourd. They reported 239.81 to 381.06mg/100g α-tocopherol, 52.85 to
61.09mg/100g β-tocopherol and 99.74 to 110.07mg/100g γ-tocopherol.
4.1.3.4. Total Saponin Content
The statistical analysis regarding total saponin contents are presented in Table 4.23. Total
saponin significantly affected due to variation in parts and varieties. However, the interaction
of bitter gourd varieties and their parts showed non-significant variation.
The results elaborated that bitter gourd variety FSD-Long possessed maximum amount of
saponin (2.14%) followed by Preeti and PKBT-1 2.02 and 2.04% respectively (Table 4.24).
However, among different parts saponin content was significantly the highest in extract
3.14% followed by flesh 2.89% and whole fruit 1.31%. Significantly the lowest
concentration was recorded in seed part of gourd varieties that was 0.91%.
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Table 4.23. Mean squares for saponins and charantin of bitter gourd varieties and parts
SOV
df
Saponin
Charantin
Varieties (V)

2

11.24**

3155.26**

Parts (P)

3

0.51*

276.69**

VxP

6

0.012NS

40.78**

Error

24

0.008

1.65

Total

35

NS = Non significant
* = Significant
** = Highly significant

Table 4.24. Total saponin (%) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

1.33

2.97

0.98

3.27

2.14a

Preeti

1.29

2.91

0.82

3.05

2.02b

Pk-Bt-1

1.31

2.79

0.93

3.11

2.04b

Mean

1.31c

2.89b

0.91d

3.14a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Saponin has tendency to from foam in aqueous solution that’s why they possessed
cholesterol binding property and bitter taste. The results for total saponin contents are also in
line with the findings of Oishi et al. (2007); who found a concentration of 1.3% saponin on
dry basis in Momordica charntia. Similarly, Li-Dong et al. (2008) calculated saponin in pulp
and seed of different Momordica charantia L. varieties. The saponin content was in range of
1.17 to 4.07% and 0.16 to 1.54% in pulp and seed, respectively. Li-Dong et al. (2007)
quantified 2.81% saponin through advance optimized spectrophotometry. Chen et al. (2010)
also calculated 3.2% yield in bitter melon.
Correspondingly, Wang et al. (2011) extracted saponin at a rate 2.51% from Momordica
charantia by using ultrasonic-microwave synergistic extraction technique. According to the
findings of Habicht et al. (2011) bitter gourd varieties contained slightly higher amount of
saponin. They found saponin in whole fruit (2.9 to 5.16%) and flesh (3.10 to 5.34%) of bitter
gourd on dry weight basis. Difference regarding the findings may result from variation in
parts and varities.
4.1.3.5. Charantin
Charantin is one of the important saponin in bitter gourd and effective in lowering the
glycated hemoglobin and excessive body weight. The Statistical analysis regarding charantin
contents given in Table 4.23 illustrated that charantin content was significantly affected due
to variation in varieties of bitter gourd and their parts. Likewise, the interaction effect
elucidated significant variation on charantin content.
The results substantiated that charantin concentration varies because of the varieties as FSDLong show maximum significant amount (24.28mg/100g) followed by PKBT-1
(20.91mg/100g) and Preeti (21.52mg/100g). However, among different parts of bitter gourd
extract contained the maximum amount (36.25mg/100g) followed by flesh part
(20.78mg/100g) and whole fruit (21.57mg/100g). While, the smallest amount was measured
in seed part that was 10.30mg/100g. The mean values of charantin content for interaction in
different parts and bitter gourd varieties (Table 4.25) revealed that maximum concentration
was calculated in extract part (39.58mg/100g) of FSD-Long and Preeti extract
(36.96mg/100g) followed by extract of PKBT-1 (32.21mg/100g). However, seed of all bitter
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Table 4.25. Charantin (mg/100g) in bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

23.79c

22.84c

10.92f

39.58a

24.28a

Preeti

21.54cd

17.97e

9.61f

36.96a

20.84b

Pk-Bt-1

19.22de

21.58cd

10.38f

32.21b

21.52b

Mean

21.57b

20.78b

10.30d

36.25a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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gourd varieties showed minimum amount among all parts.
The present explorations regarding charantin correlate with some previous studies for the
extraction of charantin. Lolitkar and Rao (1966) calculated the yield of charantin in dried
fruit powder 0.035%. Later, the findings of Chanchai (2003) also strengthen current results.
He quantified charantin in different parts seed arial, fruit and roots of bitter gourd with
percentage 0.0417, 0.0301 and 0.0139%, respectively. According to Pitipanapong et al.
(2007) the total amount of charantin in dried fruit is approximately 0.12mg/g.
Likewise, Ham and Wang (2009) purified charantin from aqueous extract of bitter gourd and
calculated the yield 0.014%. But some other studies conducted for the extraction of this
component showed dissimilarity. Wang et al. (2009) used ultrasonic-microwave synergistic
technique and extracted charantin at a rate of 2.51%. Earlier, Olainiya (1973) determined that
whole fruit and immature fruit of a sister specie named Momordica foetida contained
charantin 0.06 to 0.085%.
4.1.3.6. Alkaloids
The statistical analysis illustrated that total alkaloid contents were significantly varied among
different parts of gourd varieties (Table 4.26). However, the bitter gourd verities and their
interaction with different parts elaborated non significant effect on alkaloid contents.
Mean values for alkaloid in the different parts of gourd varieties have been depicted in Table
4.27. The results revealed that varieties FSD-Long, PKBT-1 and Preeti possessed
insignificant variation in alkaloid content 0.72, 0.69 and 0.70% respectively. However,
among different parts extract showed the highest concentration about 0.94% followed by
seed 0.88% and whole fruit 0.61%. Although, lowest significant amount was measured in
flesh part that was 0.38%.
Alkaloids and their derived components are used as a basic medicinal agent. So presence of
alkaloids in bitter gourd investigated parts and varieties suggested that they possessed
medicinal values. The findings of present study are also in agreement with the earlier studies
of Krawinkel et al. (2006) who have found a significant amount 0.3% of total alkaloids in
bitter gourd fruit part without seed.
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Table 4.26. Mean squares for alkaloids and momordicin of bitter gourd varieties and
parts
SOV
df
Alkaloids
Momordicin
Varieties (V)

2

0.003 NS

Parts (P)

3

0.59**

VxP

6

0.001NS

Error

24

0.001

Total

35

NS = Non significant
* = Significant
** = Highly significant

Table 4.27. Total alkaloids (%) contents of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

0.63

0.39

0.89

0.98

0.72

Preeti

0.59

0.38

0.88

0.91

0.69

Pk-Bt-1

0.62

0.38

0.86

0.93

0.70

Mean

0.61c

0.38d

0.88b

0.94a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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4.1.3.7. Momordicin
The statistical analysis illustrated that total momordicin contents were significantly varied
among different parts of gourd varieties (Table 4.26). However, the bitter gourd verities and
their interaction with different parts elaborated non significant effect on momordicin
contents.
Mean values for momordicin in the different parts of gourd varieties have been depicted in
Table 4.28. The results revealed that varieties FSD-Long, PKBT-1 and Preeti possessed
insignificant variation in momordicin content 6.90, 6.12 and 5.93mg/100g, respectively.
However, among different parts seed part showed the highest concentration about
10.31mg/100g. While, whole fruit and extract were at the par with values 6.11 and
5.91mg/100g, respectively. Considerable, the lowest amount was measured in flesh part that
was 2.93mg/100g.
The results of the present study are comparable with the outcomes of Beloin et al. (2005)
who quantified the momordicin in plants collected from different ecological zone about 11 to
197µg/g. Similarly in another study, Puspawati (2008) fractionate the crude extract of
momordicin into its fraction and found that all fractions were in range from 5.4 to
18.5mg/100g of crude extract.
4.1.3.8. Phenolics acids
Bitter gourd is a good source of plant phenolics that possessed a significant importance
because they possessed a strong antioxidant potential and other physiological functions. The
analysis of variance regarding the effect of different parts of bitter gourd varieties on
phenolic acids like benzoic acid, cinamic acid, gallic acid and ρ-cumaric acid given in Table
4.29 indicated that the phenolic acids differed significantly among different parts and
varities. Likewise, the interactive effect of varieties and their parts also showed significant
variation on phenolic acids.
The results regarding benzoic acid given in Table 4.30 explicated that the highest amount
was present in the extract of FSD-Long (4.38mg/100g) and the fruit (PKBT-1) possessed the
smallest amount of 2.88mg/100g. It is clear from results that bitter gourd variety FSD- Long
possessed the highest contents of benzoic acid 2.93mg/100g. while, minimum amount of this
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Table 4.28. Momordicin (%) contents of bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

6.76

3.1

11.25

6.49

6.90

Preeti

6.12

2.73

10.51

5.11

6.12

Pk-Bt-1

5.46

2.95

9.16

6.13

5.93

Mean

6.11b

2.93c

10.31a

5.91b

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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acid was recorded in Preeti 2.16mg/100g. However, among parts extract contained
significant amount of benzoic acid (4.13mg/100g). While, seed part hold the minimum
amount (2.11mg/100g).
The mean values regarding the cinamic acid content elaborated (Table 4.31) that maximum
amount was quantify in extract 8.52mg/100g followed by seed (4.73mg/100g) among
different parts of bitter gourd varieties. Conversely, the lowest amount was measured in
flesh. The highest amount of cinamic acid was recorded in FSD-Long and the lowest in
Preeti (3.33mg/100g) among varieties.
Like benzoic and cinemic acid, the gallic acid content (Table 4.32) was also found the
highest in the extract (29.40mg/100g) followed by flesh (25.69mg/100g) and whole fruit
(11.72mg/100g). The seed part contained considerably minimum amount of gallic acid
(9.02mg/100g) among different parts. However, regarding varieties FSD-Long showed the
maximum gallic acid content 22.97mg/100g followed by Preeti (18.98mg/100g). Whereas,
the lowest concentration was quantified in variety PKBT-1 (14.93mg/100g).
Similar trend was observed in case of ρ-cumaric acid as presented in Table 4.33. The
maximum content was calculated in FSD-Long 2.95mg/100g followed by Preeti
2.36mg/100g among varieties. Whereas, variety PKBT-1 showed the lowest significant
amount. However, among different parts extract showed the highest amount of ρ-cumaric
acid (3.41mg/100g). While flesh and seed parts of gourd varieties differ non significantly
with each other. Whole fruit part of bitter gourd varieties possessed the lowest significant
amount (1.29).
The present findings were also in agreement with the findings of Horax et al.(2005) who
revealed that in oven dried fleshes contain the higher amount of phenolic contents than seed
of the bitter melon. They reported benzoic acid 2.99 to 3.96mg/100g, cinamic acid
1.31mg/100g, gallic acid 10.23 to 39.76mg/100g and ρ-cumaric acid 1.83 to 4.97mg/100g in
fleshes of different bitter melon varieties. While the range of these acids in seed was 3.74 to
4.54mg/100g (benzoic acid), 1.25 to 4.63mg100g (cinamic acid), 6.82 to 18.98mg/100g
(gallic acid) and 1.44 to 1.96mg/100g (ρ-cumaric acid). In another study Horax et al. (2010)
calculated a higher amount of these acids in the pericarp and seeds.
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Table 4.29. Mean squares for phenolic acids of bitter gourd varieties and parts
SOV
df
Benzoic acid Cinamic acid Gallic acid
p-Cumaric acid
Varieties (V)

2

1.79**

8.36**

193.81**

3.11**

Parts (P)

3

18.76**

34.57**

916.53**

6.78**

VxP

6

0.105*

1.84**

24.91**

0.82**

Error

24

0.03

0.06

1.36

0.02

Total

35

* = Significant
** = Highly significant

Table 4.30. Benzoic acid(mg/100g) in bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

1.27i

3.62cd

2.43fg

4.38a

2.93a

Preeti

1.03i

3.23de

2.12gh

4.11ab

2.63b

Pk-Bt-1

0.07j

2.88ef

1.79h

3.89bc

2.16c

Mean

0.79d

3.24b

2.11c

4.13a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.31. Cinamic acid(mg/100g) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

3.43de

2.36fg

5.57b

8.52a

4.97a

Preeti

3.01ef

1.67g

4.65c

6.15a

3.87b

Pk-Bt-1

2.87ef

1.82g

3.96cd

4.68c

3.33c

Mean

3.10c

1.95d

4.73b

6.45a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.32. Gallic acid (mg/100g) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

15.84e

30.53b

8.75gh

36.76a

22.97a

Preeti

11.08fg

24.83cd

12.45ef

27.54bc

18.98b

Pk-Bt-1

8.24gh

21.71d

5.87h

23.91d

14.93c

Mean

11.72c

25.69b

9.02d

29.40a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.33.p-Curmaric acid (mg/100g) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

1.52gh

3.18cd

2.83c

4.25a

2.95a

Preeti

1.31hi

2.45de

1.89fg

3.79b

2.36b

Pk-Bt-1

1.05i

1.92fg

2.57de

2.18ef

1.93c

Mean

1.29c

2.55b

2.40b

3.41a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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The higher amount of phenolic acid in extract part than the other three parts of bitter gourd
varieties could be due to the higher solubility of phenolic compounds in water (Budrat and
Shotipurk, 2008). Variation in different parts may be due to variation in biochemical reaction
during growing stage. While, variation among the varieties perhaps due to response of a
variety to the environmental stress (Yilmaz and Toledo, 2006; Horax et al., 2005).
4.1.3.9. Total Dietary fiber, soluble and insoluble dietary fiber
Dietary fiber has an affirmative influence for the cure of different ailments such as obesity,
cancer and diabetes. The statistical result regarding total dietary fiber (TDF), soluble dietary
fiber (SDF) and insoluble dietary fiber (ISD) among different parts and varieties are of bitter
gourd presented in Table 4.34. It is obvious from the results that the TDF, SDF and IDF were
significantly affected by different parts of gourd varieties. But, the influence of bitter gourd
varieties and their interaction with different parts was non-significant.
The results regarding mean values of total dietary fiber given in Table 4.35 revealed higher
percentages (39.18%) in flesh followed by whole fruit (34.12%) and extract (13.35%) among
different parts of gourd varieties. Whilst, the lowest percentage of total dietary fiber was
observed in seed part (11.49%). The results regarding soluble dietary fiber illustrated (Table
4.36) that among different parts extract and flesh possessed significantly the highest amount
of TDF 13.35 and 12.02%, respectively. Significantly the lowest 2.79% was calculated in
extract of bitter gourd varieties.
Like total dietary fiber and soluble dietary fiber, highest percentage of insoluble dietary fiber
was calculated in the flesh part of bitter gourd varieties (27.15%) followed by the whole fruit
(23.20%). Seed possessed significantly the minimum percentage of IDF 8.70% (Table 4.37).
Insoluble dietary fiber was not detected in the extract part of bitter gourd varieties. However
among varieties no significant variations were observed regarding TDF, SDF and IDF.
Bitter melon seed possessed the lower content of dietary fiber a compare to the pericarp.
Ripening stages significantly affect the IDF in the seed part but have no significant effect on
the TDF, SDF and IDF contents of paericarp (Horax et al., 2010). Takeyama et al. (2002)
reported TDF, SDF and IDF contents in the edible part of bitter melon 43.8, 14.1 and 29.8%,
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Table 4.34. Mean squares for total, soluble and insoluble dietary fiber of bitter gourd
varieties and parts
SOV
df
TDF
SDF
IDF
Varieties (V)

2

0.56*

0.004 NS

0.54NS

Parts (P)

3

568.17**

14.38**

409.12**

VxP

6

0.17NS

0.008NS

0.13NS

Error

24

0.07

0.003

0.48

Total

35

NS = Non significant
* = Significant
** = Highly significant

Table 4.35.Total dietary (%) fiber in bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

34.47

39.38

11.92

13.39

24.79

Preeti

34.03

39.24

11.05

13.65

24.49

Pk-Bt-1

33.85

38.91

11.49

13.03

24.32

34.12b

39.18a

11.49c

13.35c

Mean

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.36. Soluble dietary fiber (%) in bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

10.91

12.03

2.80

13.39

9.78

Preeti

10.95

12.05

2.73

13.65

9.85

Pk-Bt-1

10.88

11.99

2.84

13.03

9.69

Mean

10.91b

12.02a

2.79c

13.35a

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.37. Insoluble dietary fiber (%) in bitter gourd varieties and their parts
Parts
Varieties
WF
F
S
E
Mean
FSD-long

23.56

27.35

9.12

ND

20.01

Preeti

23.08

27.19

8.32

ND

19.53

Pk-Bt-1

22.97

26.92

8.65

ND

19.51

23.20b

27.15a

8.70c

ND

Mean

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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respectively on dry weight basis. On the other hand Khanum et al. (2000) reported a higher
amount of TDF and IDF approximately 54.3 and 44.3%, respectively on dry weight basis.
But the SDF were in comparison to the present findings (10.0%). Wu et al. (2007) also
reported that total dietary fiber in balsam pear was 40%. Horax et al. (2010) also calculated
slightly higher amount of TDF, SDF and IDF in seed and pericarp.
4.1.3.10. Fatty acid profile
Data pertaining to the statistical analysis of fatty acid like plmitic acid, stearic acid, oliec
acid, linolenic acid and linoleic acid given in Table 4.38. The results elucidated that the fatty
acid profile differed significantly among different parts and bitter gourd varieties. Likewise,
the interactive effect of varieties and their parts also showed momentous variation on fatty
acid profile.
The results regarding palmitic acid given in Table 4.39 explicated that maximum amount was
present in the flesh part of bitter gourd varieties (28.12%) followed by the whole fruit
19.02%. Wheras, the lowest concentration of palmitic acid 1.75% was calculated in seed part.
It is clear from the results that among bitter gourd variety FSD-Long possessed the highest
highest amount of palmitic acid (13.78%) followed by Preeti (12.28%).
Minimum amount of palmitic acid was recorded in Preeti 10.62%.The results regarding the
stearic acid content elaborated (Table 4.40) that maximum amount was quantify in seed
24.49% followed by whole fruit (12.36%) among different parts of gourd varieties. While,
significantly the lowest was measured in flesh (2.67%). The stearic acid was recorded the
highest in FSD-Long (11.37%) followed by PKBT-1 (9.49%) and Preeti (8.79%) among
varieties.
Like steraic acid, the oleic acid content was also found highest in the seed part (2.95%)
followed by whole fruit (2.02%) as presented in Table 4.41. While, the flesh possessed the
lowest amount of oleic acid (1.32%) among parts. However, regarding varieties FSD-Long
showed highest momentous amount 2.19% followed by PKBT-1 (1.35%). Whereas, the
lowest significant concentration was quantified in variety Preeti (1.17%).
The results regarding linolenic acid shown in Table 4.42 substantiated that higher amount
was present in flesh part (45.77%) followed by the whole fruit (18.26%). Whilst, the smallest
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Table 4.38. Mean squares for fatty acid profile of bitter gourd varieties and parts
SOV
df
Palmitic acid
Stearic acid
Oliec acid

Linolenic acid

Linoleic acid

Varieties (V)

3

29.88**

21.29**

3.63**

93.81**

1.64**

Parts (P)

2

1674.24**

1107.75**

14.17**

4161.45**

55.63**

VxP

6

9.79**

3.58*

1.13*

41.76**

0.30*

Error

24

0.89

0.58

0.02

1.87

0.05

Total

35

* = Significant
** = Highly significant
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Table 4.39.Palmitic acid (%) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S

E

Mean

FSD-long

21.48cd

31.57a

2.06f

ND

13.78a

Preeti

18.88de

28.65b

1.57f

ND

12.28b

Pk-Bt-1

16.71e

24.15c

1.63f

ND

10.62c

Mean

19.02b

28.12a

1.75c

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.40.Stearic acid (%) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S

E

Mean

FSD-long

14.26c

3.95e

27.25a

ND

11.37a

Preeti

10.61d

2.06ef

22.48b

ND

8.79b

Pk-Bt-1

12.21cd

2.01ef

23.75b

ND

9.49b

Mean

12.36b

2.67c

24.49a

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Table 4.41.Oleic acid (%) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S

E

Mean

FSD-long

2.67b

1.57cd

4.53a

ND

2.19a

Preeti

1.57cd

1.17e

1.95c

ND

1.17c

Pk-Bt-1

1.83c

1.21de

2.36b

ND

1.35b

Mean

2.02b

1.32c

2.95a

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

Table 4.42.Linolenic acid (%) in bitter gourd varieties and parts
Parts
Varieties
WF
F
S
E

Mean

FSD-long

21.88d

54.57a

0.57f

ND

19.26a

Preeti

17.16e

43.51b

0.49f

ND

15.29b

Pk-Bt-1

15.75e

39.22c

0.46f

ND

13.86c

Mean

18.26b

45.77a

0.51c

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract

78

Table 4.43.Linoleic acid in bitter gourd varieties and parts
Parts
Varieties
WF
F
S

E

Mean

FSD-long

5.21b

6.28a

3.85cd

ND

3.84a

Preeti

3.92c

5.84b

3.21de

ND

3.24b

Pk-Bt-1

4.23c

5.35ab

3.05e

ND

3.16b

Mean

4.45b

5.82a

3.37c

ND

Means carrying same letter in a column are non significant from each other
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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amount was calculated in the seed part (0.51%) among different bitter gourd parts. However,
among varieties FSD-Long possessed the highest amount (19.26%) followed by Preeti
(15.29%). Variety PKBT-1 showed significantly minimum concentration of the linolenic acid
(13.68%). Similar trend was observed in case of linoleic acid as given in Table 4.43. The
maximum amount was possessed by FSD-Long 3.84% followed by Preeti (3.24%) and
PKBT-1 (3.16%) among varieties. However, among different parts flesh showed
considerably the highest amount of linoleic acid (5.82%). While, the lowest was observed in
the seed part (3.37%).
The findings of the present study are also in supported by the previous results of Padmashree
et al.(2011), who found that the seed posssed higher amount of stearic and oleic acid then the
pulp of bitter gourd. They found that the seed part possessed palmitic, stearic, oliec and
linolenic acid 3.8, 36.0, 1.88 and 5.73%, respectively. While pulp part contain 33.15, 3.68,
1.25 and 6.88% palmitic, stearic, oliec and linolenic acid, respectively. Suzuki et al. (2001)
determined that palmitic & steric acid in seed and pulp. They found that the pulp possessed
palmitic acid 25.9 to 35.5% and steraic acid 2.5 to 4.7%. Whereas, seed part contain 1.4 to
8.6% and 17.7 to 22.3 palmitc and stearic acid, respectively. While, Prashantha and
Permachandra (2009) also found significantly higher amount of palmitic, staeric acid,
linoleic acid 2.75, 35.08 and 3.70%, respectively and lower amount of oleic acid (1.98%).
Bitter gourd parts powder is naturally granted with bioactive components that could be
beneficial in diet based therapies for the cure of different ailments. In present investigation,
three varieties and their parts were tested for phytochemical profile to determine their
nutraceutical potential. The majority of components in bitter gourd are important in
providing the protection against different aliments. In contrary, higher proportion of bitter
gourd variety FSD-Long brighten the aspect of its utilization in product development with
additional health benefits. Results of current research are imperative in predicting the
functional significance of bitter gourd parts.
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4.2. Product development
Whole fruit, flesh, seed and extract powder from selected variety was blended with straight
grade flour in varying amounts for the preparation of value added product. For the purpose,
cookies were prepared and subjected to sensory quality evaluation.
4.2.1. Sensory evaluation
Sensory evaluation of food supplemented with phytochemical enriched source is a primary
tool to assess the consumer acceptance. So it is an important aspect in term of quality
assessment towards product development. Regarding sensory evaluation, cookies prepared
form different parts of FSD-Long variety were ranked on the basis of 9-point hedonic scale
for various parameters as color, flavor, taste, texture and overall acceptability (Appendix-I).
4.2.1.1. Color
Color is one of the desirable attributes for any product to be accepted by the consumers. It
also provide basis for the assessment and suitability of raw material for baking and quality
product development (Pasha et al., 2011).
The results regarding the color scores of cookies prepared from varying levels of whole fruit,
flesh, seed and extract powders supplemented in straight grade flour are presented in Table
4.44. The mean squares illustrated that scores assigned to the color of cookies was
significantly affected by the supplementation level in whole fruit, flesh and seed cookies but
not in extract cookies.
The results regarding mean color score (Table 4.45) explicated that supplementation of bitter
gourd increased color score; in comparison to control (6.9) maximum color score (6.58) was
assigned to T2 (3% whole fruit) followed by 6.23 of T1 (1% whole fruit) and 5.46 of T3 (5%
whole fruit). Considerably, the lowest (5.36) was assigned to T4 (7% whole fruit). Similarly,
in cookies supplemented with flesh maximum color scores 6.51 and 6.21 were given to T2
(3% flesh) and T1 (1% flesh), respectively with no significance difference. While lowest
assigned scores were attributed to 5.48 in T3 (5% flesh) and 5.09 in T4 (7% flesh). Same
trend was observed in the seed cookies. The color score assigned to the seed cookies in
descending order was 6.34, 6.27, 5.52, 5.31 to T2 (3% seed), T1 (1% seed), T3 (5% seed) and
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T4 (7% seed), respectively. While, cookies prepared from different levels of extract showed a
non-significant variation in color scores ranged from 6.26 to 6.90 (Table 4.45).
The lower acceptance of the cookies with progressive increase in the percent
supplementation is due to the darker color (Sudha et al., 2007). The darkening of color in
cookies is attributed to the mallard reaction between sugar and amino acids and
caramelization of sugar (Giami et al., 2005). The results are in close agreement with the
findings of the Turkosy and Ozyaka (2011) who observed a gradual change in creamy yellow
color of cookies in the supplemented flour.
4.2.1.2. Flavor
The results of statistical analysis for scores assigned to flavor of cookies prepared from
varying levels of whole fruit, flesh, seed and extract powders supplemented in straight grade
flour are presented in Table 4.44.The statistical results illustrated that scores assigned to the
flavor of cookies were significantly affected by the supplementation level in all cookies.
It is obvious from the data (Table4.45) that control cookies (100% SGF) got significantly
maximum score (6.81) for flavor. In comparison to control, whole fruit cookies with 1% and
3% supplementation attained scores as 6.67 and 6.45, respectively with slight variation.
Whereas, T3 (5% whole fruit) and T4 (7% whole fruit) got significant lowest scores 5.12 and
4.81, respectively. Similarly, in flesh and seed cookies highest scores were awarded to T0
(100% SGF), T1 (1%) and T2 (3%); 6.81, 6.56 & 6.59 (flesh cookies) and 6.81, 6.74 & 6.77
(seed cookies), respectively. Similarly, in cookies supplemented with extract no significant
variation was observed among T0 (100% SGF), T1 (0.5%) and T2 (1.0%). While lowest
assigned score was 5.06 in T4 (2% extract).
The flavor perception is combination of taste and smell along with texture, influenced by the
appearance. The bakery products rapidly stale that transforms rich aroma and flavor of the
fresh product to bland or off flavor (Jia et al., 2011). Flavor was found as an important factor
for the acceptability of the bitter gourd powders supplemented cookies.
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Table 4.44. Mean squares for color and flavor of cookies
Color
SOV
Df
WF
F
S
E
WF
Treatments

4

Error

10

Total

14

1.15** 1.08** 0.96**
0.12

0.12

0.12

0.32NS
0.13

Flavor
F

S

2.62** 1.23** 0.92**
0.02

0.12

E
0.85*

0.13

0.12

S
6.81a
6.74a
6.77a
5.67b
5.01c

E
6.81a
6.69a
6.75a
5.69b
5.06c

NS = Non significant
* = Highly significant
** =Highly significant

Table 4.45. Effect of treatment on color and flavor of cookies
Color
Treatments
WF
F
S
E
WF
6.90a
6.90a
6.90a
6.90
6.81a
T0
6.23b
6.21b
6.27b
6.43
6.67ab
T1
6.58a
6.51b
6.34b
6.65
6.45b
T2
5.46c
5.48c
5.52c
6.37
5.12c
T3
5.36d
5.09d
5.31c
6.26
4.81c
T4
Means carrying same letter in a column are non significant from each other
T0 = Control
T1 = (1% WF, F & S), (0.5% E)
T2 = (3% WF, F & S), (1.0% E)
T3 = (5% WF, F & S), (1.5%E)
T4 = (7% WF, F & S), (2% E)
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Flavor
F
6.81a
6.56a
6.59a
5.39b
4.75c

4.2.1.3. Taste
The mean squares regarding the taste of cookies are presented in Table 4.46. Taste scores
were significantly affected by the supplementation of different bitter gourd parts in cookies.
The results substantiated that significantly maximum score was assign to T0 (100% SGF) that
was 7.01. In whole fruit cookies T2 (3%) and T1 (1%) scores (6.92 and 6.66, respectively)
were significantly comparable to the T0. While, T4 (7%) was significantly allotted the lowest
score (4.98). Similar trend was observed in the flesh cookies. The score for taste in flesh
cookies was 6.67, 6.59, 5.28 and 4.88 for T2 (3%), T1 (1%), T3 (5%) and T4 (7%),
respectively from highest to lowest points (Table 4.45).
Seed and extract based cookies showed similar trend regarding taste score. T0, T1 and T2
showed non momentous variation regarding this trait. The minimum taste score was assign to
treatment T4 in both seed and extract cookies (Table 4.47). Taste score for seed cookies was
6.78, 6.82, 5.79 and 5.16 for T1, T2, T3 and T4, respectively. Similarly, score assigned to
extract cookies was 6.77, 6.84, 5.77 and 5.28 for T1, T2, T3 and T4, respectively.
The present findings regarding this attribute are in agreement with the investigation of
Turksoy and Ozkaya (2011), found decrease in taste score with the percent increase in
supplementation of pumpkin pomace powder. Medicinal plants impart bitter taste but their
bitterness decreased with its incorporation in different recipe (Goel et al., 2011).
4.2.1.4. Texture
Mean square for the texture scores assigned to cookies prepared from varying levels of whole
fruit, flesh, seed and extract powders supplemented in straight grade flour are presented in
Table 4.46. The statistical results illustrated that scores assigned to the texture of cookies
were significantly affected by the supplementation level in whole fruit, flesh and seed
cookies but not in extract cookies.
The results pertaining to texture score of cookies indicated that the highest scores were
assigned to T0 (100% SGF) as 7.25 (Table 4.47). In whole fruit cookies T2 (3%) and T1 (1%)
score (6.99 and 6.68, respectively) were comparable followed by T3 (5%) and the lowest
scores (5.64) were allotted to T4 (7%).
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Table 4.46. Mean squares for taste and texture of cookies
Taste
SOV
Df
WF
F
S
E
WF
2.53** 1.74** 0.91*
0.94*
1.21*
Treatments
4
0.02
0.13
0.13
0.13
0.13
Error
10
Total
14

Texture
F
S
0.90* 0.46*
0.13
0.15

E
0.27NS
0.15

* = Significant
** = Highly significant

Table 4.47. Effect of treatment on taste and texture of cookies
Taste
Treatments
WF
F
S
E
WF
7.01a
7.01a
7.01a
7.01a
7.25a
T0
6.66b
6.59b
6.78a
6.77a
6.68b
T1
6.92ab
6.67b
6.82a
6.84a
6.99b
T2
5.32c
5.28c
5.79b
5.77b
6.05c
T3
4.98d
4.88d
5.16c
5.28c
5.64d
T4
Means carrying same letter in a column are non significant from each other
T0 = Control
T1 = (1% WF, F & S), (0.5% E)
T2 = (3% WF, F & S), (1.0% E)
T3 = (5% WF, F & S), (1.5%E)
T4 = (7% WF, F & S), (2% E)
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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Texture
F
S
7.25a
7.25a
6.78b
6.89b
7.07b
7.01ab
5.85c
6.33c
5.23d
5.54d

E
7.25
7.02
7.11
6.56
6.33

Similar trend was observed in the flesh based cookies. The highest scores among flesh based
cookies were 7.07 for T2 (3%) and 6.78 for T1 (1%) followed by 5.85 for T3 (5%). While T4
(7%), attained the lowest texture scores as 5.23.
Likewise, in seed cookies T2 differed non-significantly from control and T1. However,
control showed significant variation from all other treatments. T1 and T3 were at the par with
6.89 & 6.33 scores, respectively. Whilst, T4 showed the minimum scores (5.54) for texture.
The texture scores were non-significant for extract based cookies ranged from 6.33 to 7.25
(Table 4.47).
4.2.1.5. Crispiness
Crispiness is the indication of crunchy perception of cookies. Mean squares regarding the
crispiness of cookies prepared form varying levels of whole fruit, flesh, seed and extract
powders supplemented in straight grade flour are presented in Table 4.48. Results revealed a
significant effect of addition of bitter gourd parts on this trait.
The results regarding the crispiness scores (Table 4.49) explicated that in comparison to
control (7.2) maximum scores 7.10 & 6.85 were assigned to T2 (3% whole fruit) and T1 (1%
whole fruit), respectively followed by 5.91of T3 (5% whole fruit). The lowest score (5.49)
were assigned to T4 (7% whole fruit). Similarly, in cookies supplemented with flesh
maximum crispiness scores 7.2 were attributed to control followed by T2 with 3% flesh
(6.83) and T1 with 1% flesh (6.79), respectively. While lowest assigned scores were 5.28 &
5.47 for T4 (7% flesh) and T3 (5% flesh), respectively.
Concerning seed based cookies maximum scores 7.08 and 7.03 were assigned to T1 (1%
seed) and T2 (3% seed), respectively. While, 5.47 was allotted to T3 (5% seed) and lowest
(5.46) was given to T4 (7% seed) as shown in Table 4.47. In extract based cookies control
and T2 differ non-significantly from each other. The crispiness scores assigned to T2 (1.0%),
T1 (0.5%), T3 (1.5%) and T4 (2%) treatments in descending order were 7.12, 6.93, 6.32 and
5.75, respectively.
4.2.1.6. Overall acceptability
Mean squares for overall acceptability scores of cookies prepared form varying level of bitter
gourd parts powders supplemented in straight grade flour are presented in Table 4.48. Results
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revealed a significant effect of addition of bitter gourd parts on overall acceptability of
cookies.
Mean scores (Table 4.49) explicated that in comparison to control (7.03) maximum
acceptability scores 6.72 were assign to T2 (3% whole fruit) followed by 6.63 for T1 (1%
whole fruit) and 5.63 for T3 (5% whole fruit). The lowest (5.24) were assigned to T4 (7%
whole fruit). Similarly, in cookies supplemented with flesh maximum acceptability score was
assigned to control followed by T2 with 3% flesh (6.65), T1 with 1% flesh (6.55) and T3 with
5% flesh (5.49), respectively. While lowest allotted scores for overall acceptability were 5.05
for T4 (7% flesh).
Concerning seed based cookies maximum scores 6.80 and 6.74 were assigned to T1 (1%
seed) and T2 (3% seed), respectively after control (T0). While, 5.88 was allotted to T3 (5%
seed) and lowest (5.29) was given to T4 (7% seed) (Table 4.49). In extract based cookies
control, T1 and T2 differed non-significantly from each other. The overall acceptability for T2
(1.0%), T1 (0.5%), T3 (1.5%) and T4 (2%) treatments were 6.89, 6.77, 6.10 and 5.72,
respectively.
Cookies with the high sensorial attributes are manufactured from the blend of fenugreek
seeds, jambu seeds and bitter gourd fruit (Kochhar et al., 2007). The antidiabetic polyherbal
mixture of medicinal plants allowed 1 to 7 % incorporation in different food products (Goel
et al., 2011).
Cookies containing 3% whole fruit, flesh and seed (T2) and 1.0% extract of bitter gourd were
rated better considering the hedonic response. However, it is evident from the results that
cookies with all formulations were quite acceptable. Further increase in the substitution level
affects the flavor, taste and overall acceptability of the cookies. Thus, from the present
exploration, it is deduced that 3% whole fruit, flesh and seed and 1% extract showed better
performance in product development and selected for further use in efficacy studies.
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Table 4.48 Mean squares for crispiness and overall acceptability of cookies
Crispiness
Overall acceptability
SOV
Df
WF
F
S
E
WF
F
S
E
1.76* 1.72** 0.77* 0.50*
1.89** 2.13** 1.62* 0.96*
Treatments
4
0.02
0.13
0.15
0.15
0.04
0.02
0.03
0.02
Error
10
Total
14
* = Significant
** = Highly significant

Table 4.49. Effect of treatment on crispiness and overall acceptability of cookies
Crispiness
Overall acceptability
Treatments
WF
F
S
E
WF
F
S
7.2a
7.2a
7.2a
7.2a
7.03a
7.03a
7.03a
T0
6.85a
6.79b
7.03a
6.93b
6.63b
6.55b
6.74b
T1
7.1a
6.83b
7.08a
7.12a
6.72ab
6.65b
6.80b
T2
5.91c
5.47c
6.1b
6.32c
5.63c
5.49c
5.88
T3
5.49c
5.28c
5.46c
5.75d
5.24d
5.05d
5.29
T4
Means carrying same letter in a column are non significant from each other
T0 = Control
T1 = (1% WF, F & S), (0.5% E)
T2 = (3% WF, F & S), (1.0% E)
T3 = (5% WF, F & S), (1.5%E)
T4 = (7% WF, F & S), (2% E)
WF = Whole Fruit
F = Flesh
S = Seed
E = Extract
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E
7.03a
6.77a
6.89a
6.10b
5.72c

4.3. Efficacy study
Efficacy study of functional cookies supplemented with bitter gourd part was carried out to
elucidate their therapeutic potential against hyperglycemia, and hypercholesterolemia in
experimental rats modeling. Controlled diet, appropriate handling and the feasibility of
controlled environmental conditions were main reasons to conduct trials on rats as these
variables are difficult to manage in case of human subjects. Efficacy study was divided into
three segments by conducting trials on normal (study I), hyperglycemic (study III)
hypercholesterolemic (study III) rats. Cookies prepared from selected treatments and control
were fed to the respective groups of rats four eight weeks. Initially some rats were killed to
calculate the base line, while the rest were scarified at the end of study. Physical parameters
like feed intake and water intake were measured daily. Whereas, the body weight was
recorded on weekly basis. Moreover, serum lipid profile and glucose & insulin profile were
also determined. The findings of respective studies were inferred statistically to depict
significant outcome.
4.3.1. Physical parameters
4.3.1.1 Feed intake
The statistical results for feed intake depicted significant differences due to treatments and
study intervals (Table 4.50). The graphical illustration in Figure 1 (study I; trial 1) elucidated
highest feed intake for D1 (control) followed by D5 (extract cookies), D2 (whole fruit
cookies) and D4 (seed cookies) as 24.37, 23.93, 23.24 and 22.82g/rat/day, respectively. Flesh
based cookies intake were significantly the lowest among all diets. However, trial 2 reflected
the values for this trait as 25.10 (D1), 24.65 (D5), 24.22 (D2), 23.94 (D4) and 23.50 (D3)
g/rat/day. Means related to feed consumption showed a gradual rise as a function of time.
In this context, maximum feed intake in study II was noted in D1 followed by D2, D5, D3 and
D4 at 1st week i.e. 21.87, 21.66, 20.55, 20.24 and 19.74g/rat/day. While, at the end of study
(8th week) maximum feed intake was observed in D2 (25.75) in study II. The lowest intake
was observed in group consuming control diet. However in trial 2, feed intake in groups D1,
D2, D3, D4 and D5 ranged from 21.10 to 18.89, 20.90 to 24.85, 19.53 to 22.50, 19.05 to 24.04
and 20.93 to 22.03g/rat/day, respectively from initiation to termination (Figure 1&2).
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Table 4.50.Effect of diets and study weeks on feed intake
Study I
SOV
df
2010-11
2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

6.04**

6.39**

5.95**

4.05**

7.90**

3.05**

Weeks

7

20.21**

21.43**

4.93**

4.66**

2.78*

2.62*

Error

28

0.26

0.28

1.16

1.08

1.04

0.98

Total

39

NS = Non significant
* = Significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats
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Study I (2010-11)
27

g/rat/day

24
D1

21

D2

18

D3
D4

15

D5

12
1st

2nd

3rd

4th

5th

6th

7th

8th

Weeks

Study I (2011-12)
27
24
D1

g/rat/day

21

D2
18

D3

15

D4
D5

12
1st

2nd

3rd

4th
5th
Weeks

6th

7th

8th

Study II (2010-11)
27

g/rat/day

24
D1

21

D2
18

D3
D4

15

D5

12
1st

2nd

3rd

4th
5th
Weeks

6th

7th

Figure 1. Feed intake in different studies
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8th

Study II (2011-12)
27

g/rat/day

24
D1

21

D2
18

D3

15

D4
D5

12
1st

2nd

3rd

4th

5th

6th

7th

8th

Weeks

Study III (2010-11)
35

g/rat/day

32
D1

29

D2
26

D3

23

D4
D5

20
1st week

2nd

3rd

4th

5th

6th

7th

8th

Weeks

Study III (2011-12)
35
32
g/rat/day
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In study III (hypercholesterolemic rats), feed intake 26.9 & 31.6 (D1), 26.5 & 27.3 (D2), 25.8
& 28.2 (D3), 26.23 & 26.5 (D4) and 26.1 & 27.0 (D5) g/rat/day for both trials (Figure 2).
During the study, D1 group exhibited progressive increase in feed intake, while varying
trends were observed in D2, D3, D4 and D5 groups; gradual increase in feed intake was
observed up to 5th week that decreased afterwards. Whilst, trial 2 also illustrated a gradual
increase and then decline in feed intake in groups D2, D3, D4 and D5. However, in control
group gradual increase in feed intake was observed from first to eighth week of study.
The results of the present experiment are in agreement with the findings of Huang et al.
(2008) regarding decrease in feed intake in group feeding on high fat bitter melon powder
diet then high fat thiazolidinedione treated group. Shetty et al. (2005) also found that the
control and diabetic groups fed bitter gourd supplemented diet showed high food
consumption as compare to control.
However, Reyes et al. (2006) observed a decrease in feed intake in alloxan-induced diabetic
rats treated with Momordica charantia juice.The instant results are further strengthened by
the investigations that comparing with the non diabetic rats, Momordica charantia treated
rats had similar feed intake. Klomann et al. (2010) observed that the consumption of feed
containing whole fruit of bitter gourd was significantly similar to the control.
4.3.1.2. Water intake
The statistical results regarding water intake (Table 4.51) showed a significant impact of time
interval on water intake of all groups. While, in case of diets significant variation was found
in normal and hypercholesterolemic groups but in case of diabetic group non-significant
impact of diet was observed.
The results regarding water intake in (study I; trial 1) explicated water intake of 19.4, 18.3
21.3, 19.7 and 19.0 mL/rat/day at initiation of study that jumped to 27.8, 27.1, 29.0, 28.7 and
26.7 mL/rat/day for D1, D2, D3, D4 and D5, respectively at the completion of study (Figure 3).
Additionally in trial 2, water intake in D1, D2, D3, D4 and D5 groups was 20.2 & 28.9, 19.1 &
28.1, 22.1 & 30.2, 20.5 & 29.9 and 19.8 & 27.0mL/rat/day, respectively.
The intake of water in study II trial 1 was 19.7, 19.6, 20.3, 19.0 and 19.6 mL/rat/day in D1,
D2, D3, D4 and D5 at 1st week whilst at final week 28.3, 28.7, 29.5, 29.1 and 28.8 mL/rat/day
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Table 4.51.Effect of diets and study weeks on water intake
Study I
SOV
df
2010-11
2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

1.55*

2.45*

0.76NS

0.60NS

0.33*

0.56*

Weeks

7

52.06**

36.96**

53.29**

52.08**

29.25**

30.67**

Error

28

0.64

0.71

0.78

0.70

0.075

0.065

Total

39

*
**
NS

Significant
Highly significant
Non significant

Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats
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Figure 4. Water intake in different studies

96

8th

day for respective groups (Figure 3 & 4). Likewise, the water intake in trial 2 was
significantly affected by the weeks as it increases with the passage of time but it was
independent of diet.
The Figure 4 depicted that maximum water intake (study III) was measured in D3
(22.0mL/rat/day) followed by D1 (21.7mL/rat/day) and D4 (21.3mL/rat/day). While, the
minimum intake was observed in D2 (21.0mL/rat/day) and D5 (21.0mL/rat/day). Whereas the
trend observed at the termination of study was i.e D1 (30.0mL/rat/day) trialed by D3
(30.0mL/rat/day), D4 (29.4mL/rat/day), D2 (28.6mL/rat/day) and D5 (27.7mL/rat/day).
Likewise, observed values at the initiation of trial 2 were 22.1 (D1), 21.5 (D2), 22.5 (D3), 21.7
(D4) and 21.5 (D5) mL/rat/day that increased to 30.9 (D1), 29.1(D2), 30.6(D3), 30.0 (D4) and
28.3 (D5) mL/rat/day at 8th week.
The water intake is a characteristic sign of diabetes as it increases in diabetic groups. The
results regarding water intake of present research are supported by the findings of Shetty et
al. (2005). He reported that water intake increase in diabetic group but the supplementation
of bitter gourd in diet significantly decreases the consumption of water.
4.3.1.3. Body weight
It is evident from the statistical results (Table 4.52) that body weight of Sprague dawley rats
in various studies were significantly affected as a function of diets and study duration. The
recorded body weights for groups D1, D2, D3, D4 and D5 (study I; trial 1) were 131.68,
129.19, 125.69, 126.77 and 132.72g/rat/day, respectively (Figure 5). That significantly rose
to 229.38, 219.08, 225.43, 217.25 and 212.19 g/rat/day till the end of trial. In case of second
trial similar trend was observed the weight was increased as a function of diet and week days.
The study II (hyperglycemic rats) depicted initial body weight of D1, D2, D3, D4 and D5
groups as 137.87, 135.44, 132.66, 134.30 and 140.08 g/rat/day, correspondingly (trial 1).
However, at the end of trial significant increase was observed in body weights of rats fed on
diets containing bitter gourd parts. The resultant body weights at the end of trial were 205.67,
213.35, 236.87, 227.23 and 239.99 g/rat/day for D1, D2, D3, D4 and D5, respectively. It is
obvious from the trial 2 that body weight increased as a function of study period. However,
the values for this trait were significantly higher in groups administrated on bitter gourd parts
especially extract based cookies as compared to control (D1).
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Table 4.52.Effect of diets and study weeks on body weight gain
Study I
Study II
SOV
df
2010-11
2011-12
2010-11
2011-12

Study III
2010-11

2011-12

Diets

4

84.60

94.75

363.31*

84.60**

68.84*

67.29**

Weeks

7

5535.31

5744.25

5246.72**

5535.38**

7644.51**

7494.07**

Error

28

10.92

9.94

37.10

10.96

9.53

9.44

Total

39

NS = Non significant
* = Significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

98

Study I (2010-11)
240

g/rat/day

220
200

D1

180

D2
D3

160

D4

140

D5

120
1st

2nd

3rd

4th

5th

6th

7th

8th

Weeks

Study I (2011-12)
240

g/rat/day

220
D1

200

D2

180

D3
160

D4

140

D5

120
1st

2nd

3rd

4th

Weeks

5th

6th

7th

8th

Study II (2010-11)
260
240

g/rat/day

220
D1

200

D2

180

D3

160

D4
D5

140
120
1st

2nd

3rd

4th

5th

6th

7th

Weeks

Figure 5. Body weight gain in different studies
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Figure 6. Body weight gain in different studies
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It is obvious from the figure 6 that maximum gain in weight 253.01 was observed in group
fed control diet in hypercholesterolemic rats (Trial 1). Groups of rats fed on diets containing
whole fruit (D2), flesh (D3), seed (D4) and extract (D5) showed lower body weights i.e. 242.8,
249.7, 243.8 and 238.3g/rat, respectively during first year of trial. Similarly during second
trial initial and final weights for the rats were 140.9 & 250.5 (D1), 138.9 & 240.4 (D2), 136.5
& 247.2 (D3), 137.2 & 241.3 (D4) and 140.1 & 235.9 (D5) g/rat.
The instant findings for body weight are supported by previous findings of Jafri et al. (2009)
who reported that body weight of normal control rats increased but in diabetic control rats
that increase was less as compare to other diabetic group fed with bitter gourd. That may be
due to the disturbed metabolism of body glucose. In another antihyperglycemic study, water
extract of seed contribute to control in body weight loss of STZ induced diabetic rats
compareable to glibenclamide (GLM) (Sathishsekar and Subramanian, 2005). Shetty et al.
(2005) found a marginal increase in body weight of the diabetic rats fed bitter melon. In
another study: body weights of bitter melon treated diabetic groups were higher as compare
to untreated diabatic group (Hossain et al., 2012).
The earlier studies have supported the outcome that rise in body weight in
hypercholeserolemic was minimum. Accumulation of visceral fat causes obesity that
significantly increases the risk of diabetes and heart diseases (Story et al., 2010).
Supplementation of freeze dried bitter melon juice (0.375, 0.75 and 1.5%) significantly
reduced the weights of the insulinemic rats fed on high fat diet. Bitter melon supplementation
reduced the energy efficiency of the rats and reduced the body fat (Chen et al., 2003).
Aqueous extract of Momordica charantia caused about 16% reduction in the body weight of
hypercholestrolemic rats. It increases the activity of enzyme adenosine 5-monophosphate
kinase (AMPK) that assists in uptake of cellular glucose and converts the glucose into starch
and stored in liver. As a result, fatty acids are utilized for energy production and finally lead
to the loss in body weight (Bano et al., 2011). Bitter melon significantly decreases the weight
of epididymal white adipose tissues and visceral fat.
A portion of bitter melon effects is due to PPARg-mediated pathways, resulting in lowering
glucose levels and improving insulin resistance, partly through PPARa-mediated pathways to
improve the plasma lipid profiles (Shih et al., 2009).
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4.3.2. Serum lipid profile
4.3.2.1. Cholesterol
The statistical results for cholesterol presented in Table 4.53 revealed that cholesterol varied
significantly due to diets in different studies for both trials. In study I (normal rats) during
first year trial, the maximum cholesterol was recorded in D1 (93.30mg/dL) followed by D4
(87.15mg/dL) and D2 (86.52mg/dL). While minimum level of cholesterol was observed in D3
and D5 with values 83.89 and 83.21mg/dL, respectively. Similar trend were observed for the
second year trial, mean values for cholesterol in D1, D2, D3, D4 and D5 were 94.94, 87.66,
84.53, 87.48 and 83.98 mg/dL, respectively (Table 4.54).
The cholesterol level in study II (hyperglycemic rats) showed highest value for D1 that was
123.22 and 125.98mg/dL for both trials (Table 4.54). Those levels were significantly reduced
in D2 (112.09 & 114.75mg/dL), D3 (108.09 & 108.96) and D4 (103.53 & 105.48) during both
trials. However, the lowest levels 102.78 and 103.61mg/dL for this trait were measured in D5
for first and second trials, respectively.
In hypercholesterolemic rats (study III, trial 1) the highest significant level of cholesterol
(207.8mg/dL) was observed in D1 followed by D2 (167.78mg/dL) and D4 (159.86mg/dL).
However, maximum reduction for this trait was observed in D5 (124.32mg/dL) as presented
in Table 4.54. Likewise, during second year trial maximum cholesterol were measured in D1
(211.51mg/dL) followed by D2 (170.76mg/dL) and D4 (159.86mg/dL). While utmost
reduction in cholesterol was observed in D5 that was 126.54mg/dL.
The Figure 7 illustrated that diet D5 (extract supplemented cookies) was relatively more
effective to manage cholesterol with a significant decrease 11.76 & 11.54% for this trait
(study I; trial 1 & 2). However, percent reduction for the other groups D2, D3 and D4 was
recorded as 8.25 & 7.67, 11.04 & 10.96 and 7.58 and 7.86, respectively. Like normal rats, in
hyperglycemic rats significantly maximum reduction was observed in D5 (16.59 & 17.76%)
followed by D4 (15.98 & 16.27%). While, the minimum reduction was observed in D2 (8.43&
8.91%). The maximum cholesterol reduction was observed in group treated with D5 (40.17 &
39.89) followed by D3, D4 and D2 as 31.03 & 30.64%, 24.42 & 23.95% and 19.26 & 18.79%,
respectively (trial 1 & 2).
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Table 4.53. Mean squares for Cholesterol
Study I
SOV
df
2010-11 2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

58.80**

53.91**

210.10**

243.59**

3239.46**

3356**

Error

10

0.76

0.78

27.42

28.26

77.88

80.69

Total

14

** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.54. Effect of functional cookies on cholesterol (mg/dL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

94.30a

94.94a

123.22a

125.98a

207.80a

210.51a

D2

86.52b

87.66b

112.83b

114.75b

167.78b

170.76b

D3

83.89c

84.53c

108.09c

108.96c

143.33d

145.71d

D4

87.15b

87.48b

103.53cd

105.48cd

157.06c

159.86c

D5

83.21c

83.98c

102.78d

103.61d

124.32e

126.54e

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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D4

D5

39.89

D3

40.17

D2
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12.28
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16.59

Study I (Trial 2)

Study II (Trial 1)
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18.88

7.67
10.96
7.86
11.54

10

8.91

8.25
11.04
7.58
11.76
Study I (Trial 1)

20
15

13.51
16.27
17.76

25

19.26

30

24.42

35

30.78

31.03

40

5
0
Study II (Trial 2)

Study III (Trial 1) Study III (Trial 2)

Figure 7: Percent reduction in cholesterol as compared to control
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Increased consumption of vegetables and fruits is associated with decrease in plasma lipids
(Koebnick et al., 2005). Cholesterol lowering component of Momordica charantia decreased
the liver secretion of Apolipoprotein B (Apo-B) and Apo-C III expression. These proteins are
the lipoprotein of low-density “bad” cholesterol which turns into LDL. At the same time MC
increases the expression of Apo-A-1 that is the major protein component of high-density
cholesterol (Bano et al., 2011).
The hypolipidemic effect of dietary methanol fraction of bitter melon at 0.5 and 1.0% levels
was determined in hamsters. Results revealed that the supplementation of bitter gourd to the
cholesterol enriched diet significantly reduced the serum cholesterol (19.6 to 30.1%)
independent of the supplementation levels (Senanyake et al., 2003). The bitter gourd
consistent supplementation lowered the total cholesterol level by 32.0 and 22.4% in absence
and in the presence of dietary cholesterol, respectively (Jayasooriya et al., 2000). Moreover,
Bano et al.2011 revealed that oral administration of aqueous extract of bitter gourd for five
weeks significantly decreased the serum cholesterol, triglyceride and LDL while increase the
HDL level. They measured 21% decrease in the cholesterol level. Later, an antidiabetic
study was conducted on male Sprague Dewley rats. For the purpose the STZ induced rats
were fed the ethanolic fraction of bitter gourd and fenugreek at a dose rat of 500mg/Kg body
weight. The extract of bitter gourd cause significant decrease in the serum cholesterol level
from 204.67 to 93.67 mg/dL in diabetic group fed with control and BG supplemented diets,
respectively (Wehash et al., 2012).
Exact mechanism for cholesterol lowering effect is still unidentified. To clarify the
mechanism Matsui et al. (2013) conducted an animal trial. They fed high cholesterol diet
with 5% bitter gourd to the seven week old male Wistar rats and determined the serum
cholesterol, concentration of bile acid and the expression of the cholesterol and bile acid
genes. High cholesterol diet with bitter gourd supplementation significantly showed
hypercholestrolemic activity compared to other high fat diet without bitter gourd.
Simultaneously, bitter gourd inhibits the reabsorption of bile acid into intestine and increased
the hepatic cholesterol 7α-hydroxylase (CYP7A1) that converts the cholesterol into bile acid.
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4.3.2.2. High density lipoprotein (HDL)
The statistical analysis regarding HDL parameter for the efficacy trials is presented in Table
4.55. The results revealed that diets affected HDL level significantly in hyperglycemic and
hypercholesterolemic groups. However, diets produced nonsignificant effect in normal rats.
The results regarding HDL level in study I (normal rats) were in range of 36.09 to
42.53mg/dL and 37.13 to 44.82mg/dL during first and second trials, respectively (Table
4.56). While, in study II (hyperglycemic rats) maximum significant HDL concentration
43.83mg/dL was recorded in D5 followed by D3 (40.89mg/dL). Whereas, D4 (39.16mg/dL)
and D2 (38.92mg/dL) showed no remarkable difference with each other. While, the lowest
HDL was measured in D1 with value 34.91mg/dL. Similar trend was observed for the second
year trial, mean values for HDL in descending order were 45.09, 42.07, 40.29, 40.04 and
35.91mg/dL in D5, D3, D4, D2 and D1, respectively.
This trait in hypercholesterolemic rats (study III) showed significantly the highest value for
D5 that was 54.25 and 55.82mg/dL in first and second trials, respectively (Table 4.56). Those
levels were significantly reduced D3 (50.11 & 51.55 mg/dL), D2 (48.17 & 49.56mg/dL) and
D4 (47.95 & 49.33mg/dL) and during both years. However, lowest levels 45.59 and
46.91mg/dL for this trait were measured in D1 for first and second trials, respectively.
It is depicted from the Figure 8 that in study I non-momentous rise in HDL was observed i.e.
11.25, 17.76 14.33 & 17.84% and 11.26, 17.77, 14.33 & 18.01% for groups fed on diets D2,
D3, D4 and D5, respectively (trial 1 & 2). In group fed diet D5 was observed maximum rise
for HDL (25.55%) trialed by D3 (17.13%), D4 (12.19%) and D2 (11.50%) as compared to
control (D1) in study II. Further in 2nd trial, D5 showed an increase of 25.57% whilst, D3, D4&
D2 elucidated 17.15, 12.20 & 11.51% elevation. Accordingly, the study III presented a
significant increase for HDL in the groups D4, D2, D3& D5 as 5.17, 5.66, 9.90 & 18.99%
during preliminary trial whereas, 5.18, 5.66, 9.91 & 19.00% in the subsequent trial.
An antidiabetic study was conducted on male Sprague Dewley rats. For the purpose the STZ
induced rats were fed with the ethanolic fraction of bitter gourd and fenugreek at a dose rat of
500 mg/Kg body weight. The extract of bitter gourd cause significant increase in the serum
HDL level from 14.03 to 41.48 mg/dL in diabetic group fed with control and BG
supplemented diets, respectively (Wehash et al., 2012).
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Table 4.55. Mean squares for HDL
Study I
SOV
df
2010-11 2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

21.20NS

31.44NS

31.64**

33.51**

31.47*

33.32*

Error

10

10.53

11.39

4.74

5.02

7.32

7.75

Total

14

NS = Non significant
* = Significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.56. Effect of functional cookies on HDL (mg/dL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

36.09

37.13

34.91c

35.91c

45.59d

46.91d

D2

40.15

41.31

38.92b

40.04b

48.17c

49.56c

D3

42.50

43.73

40.89ab

42.07ab

50.11b

51.55b

D4

41.26

42.45

39.16b

40.29b

47.95c

49.33c

D5

42.53

43.82

43.83a

45.09a

54.25a

55.82a

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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Figure 8: Percent increase in HDL as compare to control
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Study III (Trial 2)

Chaturvedi et al., 2004 also confirmed that bitter melon extracts reduces triglyceride and
low-density lipid (LDL) levels and increases high-density lipid (HDL) levels. Further Bano
et al. (2011) revealed that oral administration of aqueous extract of bitter gourd for five
weeks significantly increased the serum HDL level up to 45%.
Different previous findings have shown that the high quantity of the HDL in blood correlate
with better health. While, reduction in the HDL or good cholesterol are associated with many
risks like atheromatous disease progression in arteries and cardiovascular risk.Clinical
evidence also indicates that a low level of HDL is a major risk factor of atherosclerosis.
Raising HDL significantly reduces this risk, particularly in patients with pre-existing
atherosclerosis (Temitope et al., 2013).
4.3.2.3. Low density lipoprotein (LDL)
The statistical results regarding LDL (Table 4.57) indicated that the diets supplemented with
bitter gourd parts powder significantly affected low density lipoprotein among various
groups in different studies.
The results pertaining to study I elaborated that the highest LDL level was 34.95mg/dL (D1)
that reduced to 32.08 (D2), 28.34 (D3), 30.11 (D4) and 26.60 mg/dL (D5) in trial 1. Whereas,
during 2nd trial the significant values for this trait were 36.92 (D1), 33.75 (D2), 29.79 (D3),
31.99 (D4) and 27.87 (D5) mg/dL. Likewise in hyperglycemic rats, a significant progressive
decline was noticed for trials i.e. 62.94, 53.69, 51.08, 48.37 and 45.30 mg/dL (2010-2011)
and 65.55, 55.92, 53.20, 50.38 and 47.18 mg/dL (2011-2012) for D1, D2, D4, D3 and D5,
respectively (Table 4.58).
In study III (hypercholesterolemic rats) Table 4.58 indicated a momentous decrease in LDL
level; maximum level was recorded for D1 (68.88mg/dL) followed by D2 (58.90mg/dL), D4
(55.99mg/dL), D3 (53.47mg/dL) and D5 (50.91mg/dL) whilst, 71.74 (D1), 61.34 (D2), 58.31
(D4), 55.69 (D3) and 53.02mg/dL (D5) in the follow up trial.
The Figure 9 depicted highest percent decline in LDL for study I i.e. 23.91, 18.93, 13.66 and
8.22% for D5, D3, D4 and D1, respectively (trial 1). Likewise, trial 2 showed alike decreasing
tendency from D2 to D5 as 8.95 to 24.52%. The observed decrease for this trait in study II
was 14.20% (D2), 23.15% (D3), 18.84% (D4) and 28.02% (D5). Similarly, trial 2 elucidated
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Table 4.57. Mean squares for LDL
Study I
SOV
df
2010-11 2011-12

Study II

Study III

2010-11

2011-12

2010-11

145.03** 157.26**

Diets

4

31.76**

36.90**

135.75**

147.31**

Error

10

2.02

3.12

8.35

9.04

Total

14

10.12

2011-12

10.98

** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.58. Effect of functional cookies on LDL (mg/dL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

34.95a

36.92a

62.94a

65.55a

68.88a

71.74a

D2

32.08b

33.75b

53.69b

55.92b

58.90b

61.34b

D3

28.34bcd

29.79bcd

48.37cd

50.38cd

53.47d

55.69d

D4

30.11bc

31.99bc

51.08bc

53.20bc

55.99c

58.31c

D5

26.60d

27.87d

45.30d

47.18d

50.91e

53.02e

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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14.49

22.38
18.72
26.09
14.50

22.37
18.72
26.09

28.02
23.14
18.84
14.69

14.70

13.37

D5

8.59

8.22

15

18.84

19.31

18.93
13.66

20

D4

23.15

23.91

25

10

24.52

30

D3

28.02

D2

5
0
Study I (Trial 1)

Study I (Trial 2)

Study II (Trial 1)

Study II (Trial 2)

Study III (Trial 1)

Figure 9: Percent decrease in LDL as compare to control
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reduction 14.69, 23.14, 18.84 and 28.02% for respective groups. However, study III showed
a significant decline in triglycerides level in groups; D2 (14.49 & 14.50%), D3 (22.37 &
22.38%), D4 (18.72 & 18.72) and D5 (26.09 & 26.09%) in respective trials.
Several proteins very low density lipoprotein (VLDL), intermediate density lipoprotein
(IDL), low density lipoprotein (LDL) and high density lipoprotein (HDL) are the lipoprotein
particles that determined the start and endpoint for the cholesterol. The LDL is the major
carrier for the cholesterol in blood (Tymoczko et al., 2002). In a study, aqueous extract of
bitter gourd were administrated orally with syringes and cannula to four groups of rats at
different doses (80, 100, 120, 140mg/Kg body weight per day, respectively). After two weeks
they were sacrificed and blood samples were analyzed for total cholesterol, triglycerides,
HDL and LDL. Results revealed that bitter gourd significantly decreases the LDL in the
experimental groups (Temitope et al., 2013). This decline in LDL concentration is probably
due to lowering effect of Apo-B secretion by the liver (Umesh et al., 2005).
An antidiabetic study was conducted on male Sprague Dewley rats. For the purpose the STZ
induced rats were fed with the ethanolic fraction of bitter gourd and fenugreek at a dose rat of
500 mg/Kg body weight. The extract of bitter gourd cause significant decreased in the serum
LDL level from 141.51 to 31.18mg/dL in diabetic group fed with control and BG
supplemented diets, respectively (Wehash et al., 2012).
4.3.2.4. Triglyceride (TG)
Statistical analysis pertaining to serum triglycerides in Table 4.59 revealed non-significant
effect of diets in study I. While, significant variations were observed during study II and III
because of the diets. Mean values for study I (year 1) presented a non significant decline in
the triglycerides from 79.12 (D1) to 72.11mg/dL (D5). Similar, trend was observed during
second year trial with level 80.35, 78.31, 76.28, 74.24 and 73.23mg/dL for D1, D3, D2, D4
and D5, respectively.
However, the recorded values in study II showed a diminishing trend from D1 to D5. The
recorded values for triglycerides in a decline trend are 113.38 (D1), 105.35 (D3), 100.34 (D4),
98.68 (D2) and 93.57mg/dL (D5) during trial 1. Similarly, in 2nd trial values were 114.93,
106.79, 101.71, 100.30 and 94.85mg/dL for groups fed diet D1, D3, D4, D2 and D5,
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respectively. Likewise, in study III maximum 197.68 & 200.38mg/dL levels were measured
in group fed control cookies (D1) for the 1st and 2nd year of trials (Table 4.60).
Triglycerides were decreased to 145.82 & 147.82 mg/dL in flesh cookies group (D3)
followed by D2 (139.58 & 141.49mg/dL) and D4 (134.14 & 135.97mg/dL) for the year 20102011 and 2011-2012, respectively. While maximum reduction in this trait was observed in
extract containing cookies (D5) that was 124.09 and 125.79mg/dL (Trial 1and 2).
It is depicted from the Figure 14 that study I showed non-significant difference for all groups
with % reduction in D2, D3, D4 and D5 4.83, 2.67, 7.24 & 8.86 and 5.06, 2.53, 7.60 & 8.86,
respectively for 1st and 2nd trial. Regarding study II D5 group showed the maximum decline
for triglycerides (17.47%) trialed by D2 (12.96%), D4 (11.50%) and D3 (7.08%) as compared
to control (D1). Further in 2nd trial, D5 showed a decrease of 17.47% whilst, D2, D4& D3
elucidated 12.96, 11.49 & 7.08% elevation (study II). Accordingly, the study III presented a
significant decrease for triglycerides in the groups D2, D3, D4 & D5 as 29.39, 26.23, 32.14 &
37.22% during preliminary trial. Whereas, 29.14, 25.97, 31.91 & 37.01% in the subsequent
trial.
The results regarding present study are supported by the previous findings. The bitter gourd
at 3% significantly reduced the cholesterol and TG levels. The decrease was mediated
through enhanced excretion of fecal lipid excretion and their lymphatic transport (Sato et al.,
2011). Further investigation revealed that BM seeds decreased the serum cholesterol and
LDL by 38 and 52%, respectively and increased the level of HDL in metabolically obese rats
through modulation in PPAR-g gene expression. PPAR-g receptors expression in the white
adipose tissues was significantly increased at the same time in heart tissue the expression of
nuclear factor-kB (NF- κB), PPAR-g and interferon-g mRNA were reduced. So downregulating the NF-κB inflammatory pathway of bitter gourd seed also contributes to
cardioprotective effect (Gadang et al., 2011).
While in a different investigation by Jayasooriya et al. (2000) hepatic triglycerides were
significantly reduced 39.2 and 40.5 % in cholesterol enriched and cholesterol freed diets.
They concluded that the addition of bitter melon to the high fat diets produced the similar
effect in comparison to the low fat diet. Similarly, Senanayake et al. (2003) also investigated
the serum triglycerides in hamsters fed with cholesterol enriched and free diets supplemented
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Table 4.59. Mean squares for Triglyceride
Study I
Study II
SOV
df
2010-11
2011-12 2010-11 2011-12

Study III
2010-11

2011-12

Diets

4

23.43NS

25.46NS 168.83*

173.48*

2480.04** 2548.27**

Error

10

12.27

17.65

32.53

68.22

Total

14

31.65

70.09

NS = Non significant
* = Significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.60. Effect of functional cookies on Triglyceride (mg/dL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

79.12

80.35

113.38a

114.93a

197.68a

200.38a

D2

75.30

76.28

98.68bc

100.30bc

139.58c

141.49c

D3

77.01

78.31

105.35ab

106.79ab

145.82b

147.82b

D4

73.39

74.24

100.34bc

101.71bc

134.14d

135.97d

D5

72.11

73.23

93.57c

94.85c

124.09e

125.79e

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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29.14
25.97
31.91
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32.14
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37.01

37.22
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17.47
11.49
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7.08
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7.08

5.06
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7.60
8.86
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4.83
2.67
7.24
8.86
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11.50

12.96
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12.96

17.47
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Figure 10: Percent decrease in triglycerides as compare to control
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with the bitter gourd methanol extract. They calculated the extent of reduction in TG 26.1
and 36.2% at bitter gourd supplementation level 0.5 and 1.0%, respectively. Whereas, Bano
et al. (2011) calculated the 20% decreased in triglycerides level in blood of diabetic rats.
In the nutshell, bitter melon significantly attenuated hypercholesterolemia in terms of serum
lipid parameters including cholesterol, LDL and triglycerides in the treated groups. It was
further noticed that cookies supplemented with different parts of bitter gourd variety proved
more effective in hypercholesterolemic state than that of normocholesterolemic. The current
results provide a strong rationale for the consumption of bitter gourd extract as one of the
possible preventive therapies for the management of hypercholesterolemia.
4.3.3. Serum glucose and insulin profile
4.3.3.1. Serum glucose level
Serum glucose was significantly affected by diets in study II and study III. However, non
momentous effect was observed in study I (Table 4.61). The results regarding glucose in
study I indicted non significant declining trend for the D1, D2, D3, D4 and D5 with values
87.34, 85.62, 83.25, 82.51 and 81.30mg/dL, respectively (year 2010-2011) and during 2nd
year (2011-2012) 89.66, 87.89, 85.47, 84.34 and 83.46mg/dL, respectively as presented in
Table 4.62.
Whereas, glucose level in hyperglycemic rats (study II) reveled decreasing trend for the both
trials. The highest mean value was recorded in D1 (178.40 & 182.72mg/dL) followed by D3
(138.26 & 141.61mg/dL), D2 (122.62 & 125.59mg/dL), D4 (106.75 & 107.28mg/dL).
Maximum decline was measured in D5 as 103.08 and 104.58mg/dL during 2010-2011 and
2011-2012, respectively (Table 4.62). Likewise, hypercholesterolemic rats showed decrease
in glucose level in groups D1, D2, D3, D4 and D5 as 103.73, 96.46, 93.33, 90.56 &
87.52mg/dL and 106.25, 98.80, 94.59, 91.73 & 89.64mg/dL, respectively (trial 1 and 2).
The Figure 16 indicated percent decrease in glucose levels of different rat groups in different
groups. The study I elucidated non significant variation 1.97, 5.94, 4.68 & 6.91% and 1.97,
5.93, 4.67 & 6.91% decline in trial 1& 2 for D2, D3, D4& D5, respectively. Highest glucose
reduction was observed in study II (hyperglycemic rats). The fall in glucose for D2, D3, D4
and D5 was 31.27, 22.50, 41.29 and 42.22% (trial 1) whereas 31.27, 22.50, 41.28 and 42.22%
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Table 4.61. Mean squares for Glucose
Study I
SOV
df
2010-11 2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

18.72NS

19.72 NS

2869.78**

3009.99**

122.15*

128.21*

Error

10

15.21

22.39

52.77

55.34

26.787

28.122

Total

14

NS = Non significant
* = Significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.62 Effect of functional cookies on glucose (mg/dL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

87.34

89.66

178.40a

182.72a

103.73a

106.25a

D2

85.62

87.89

122.62c

125.59c

96.46b

98.80b

D3

83.25

85.47

138.26b

141.61b

93.33c

94.59c

D4

82.15

84.34

106.75d

107.28d

90.56cd

91.73cb

D5

81.30

83.46

103.08d

104.58d

87.52d

89.64d

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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7.01
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7.01
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Figure 11: Percent decrease in glucose as compare to control
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during the successive trial. Significant diminishing trend was noticed for the rats fed on high
cholesterol diet (study III). The decreasing trend was7.01, 13.67, 10.03 & 15.63% and 7.01,
13.66, 10.03 & 15.63% in respective groups (trial 1 & 2).
Improper regulation of the insulin as a result of homeostasis of carbohydrates and lipid
metabolism raised the postprandial serum glucose levels. This abnormal increase in the
glucose level may result in the hyperglycemia and further into diabetes mellitus. The current
findings are strengthened by the previous investigation of different scientists. The oral
administration of bitter melon aqueous extract significantly resulted in fall of glucose level
(Rao et al., 2001; Sathishsekar and Subramanian, 2005).
In an antihyperglycemic study; various extracts of fresh and dried whole fruit of Momordica
charantia were prepared. These were administrated orally to the rats for measuring the
glucose lowering effect. They found that the water extract at a dose of 20 mg/Kg body o
weight significantly decrease in blood glucose level up to 48% throughout the whole study.
So it’s a safe alternative to reduce blood glucose. Different fractions of bitter melon are
responsible for the decrease in blood glcose level. BM extracts stimulated the release of
insulin from isolated pancreatic islet cells (Biyani et al., 2003; Chen et al., 2003). Srivastava
et al. (1993) also reported that feeding of powdered bitter gourd fruit to the diabetic patient
for 3 to 7 weeks led to a fall of 11to 48% in post prandial blood glucose.
The findings of the instant study for glucose (2010-11 & 2011-12) are also supported by the
results of Jafri et al. (2009) who documented that Momordica charantia powder is helpful to
lower the serum glucose level in hyperglycemic rats in type II diabetes mellitus. One of the
researcher group, Grover et al. (2000) observed 73.51% reduction in glucose level in animal
receiving 200 mg/Kg per day of lyophilized powder. This reduction was 55.62 and 17.72% in
moderate and severs diabetic animals, respectively. Likewise, Yuan et al. (2011) investigated
that Momordica charantia protein hydrolysates resulted in 46.15 to 52.59% decrease in the
blood glucose level. Baldwa et al. (1977) extracted insulin like substance from the bitter
gourd and injected to the patients. There was significant decrease about 21.5% in blood
glucose level with in 3hrs of injection.
In vivo and in vitro studies of bitter gourds extracts revealed that it regulates the balance
storage of the glucose in the liver as glycogen and increase the secretion of insulin by islets
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of Langerhans. It improves the function of insulin receptors in liver (Nerukar et al., 2008)
and number of beta cells in the pancreases improving body ability to produce insulin (Shetty
et al., 2005). Overall effect of BM supplementation improved the glucose tolerance. Bitter
melon activates the glucocorticoid hormone by stimulating the hypothalamo pituitary glands.
This hormone provokes the effect of insulin and promotes lipolysis (Chen et al., 2003).
Hypoglycemic agents of bitter gourd are charantin and p-insulin. Charantin increase the
glycogen synthesis in liver by promoting the uptake of glucose in liver cells, adipose tissues
and muscles. They repair beta cells and increase the secretion of insulin. Insulin from fruits
and seed rapidly decrease the blood sugar level in rats (Sarkar et al., 1996).
4.3.3.2. Insulin level
Mean squares for insulin presented in Table 4.63 revealed that insulin varied significantly
due to diets in hyperglycemic rats. While, the influence of diets in normal and
hypercholesterolemic rats was non-significant.
In study I (normal rats) during first year trial, insulin level was recorded in range of 15.45 to
16.27mg/dL. Similarly, in 2nd year trial D1, D2, D3, D4 and D5 showed 17.71, 17.05, 16.82,
17.41 and 17.45µIU/mL of serum insulin in rats, respectively. Similar trend were observed
for study III (hypercholestrolemic rats) during the first and second year trial. Mean values for
insulin in D1, D2, D3, D4 and D5 were 13.66, 14.67, 14.90, 15.11 & 15.18 µIU/mL and 14.83,
15.93, 16.19, 16.41, 16.49µIU/mL for respective trials (1 and 2) (Table 4.64).
Insulin level in study II (hyperglycemic rats) showed lowest value for D1 that was 8.10
mg/dL that was significantly increased in D2 (10.67µIU/mL), D3 (11.16 µIU/mL), D4 (12.71
µIU/mL) and D5 (12.85µIU/mL) in first trial. Likewise, in second trial, lowest level
8.80mg/dL for this trait was measured in control group fed on diet D1 and maximum increase
was also observed in D5 and D4 that was 13.96 and 13.81 µIU/mL, respectively.
The Figure 12 depicted that in study I (normal rats) & III (hypercholesterolemic rats) groups
fed on bitter gourd parts supplemented cookies showed non-momentous effect on insulin
level for all diets. For hyperglycemic rats (study II); maximum incline was observed for D5
(58.64%) followed by D4 (56.91 & 56.93%), D3 (37.78 & 37.73%) and D2 (31.73 & 31.70%)
during consecutive trials. Likewise, study III (hypercholesterolemic rats) elucidated 11.13,
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Table 4.63. Mean squares for Insulin
Study I
SOV
df
2010-11 2011-12

Study II

Study III

2010-11

2011-12

2010-11

2011-12

Diets

4

0.32NS

0.37NS

11.17**

13.17**

1.15NS

1.35NS

Error

10

0.54

0.90

0.38

0.45

0.65235

0.77

Total

14

NS = Non significant
** =Highly significant
Study I = Normal rats
Study II = Hypoglycemic rats
Study III = Hypercholesterolemic rats

Table 4.64. Effect of functional cookies on insulin (µIU/mL) in different studies
Study I
Study II
Study III
Diets
2010-11
2011-12
2010-11
2011-12 2010-11 2011-12
D1

16.27

17.71

8.10c

8.80c

13.66

14.83

D2

15.66

17.05

10.67b

11.59b

14.67

15.93

D3

15.45

16.82

11.16b

12.12b

14.90

16.19

D4

15.99

17.41

12.71a

13.81a

15.11

16.41

D5

16.03

17.45

12.85a

13.96a

15.18

16.49

Means carrying same letter in a column are non significant from each other
D1 = Control cookies
D2 = 3% whole fruit powder cookies
D3 = 3% flesh powder cookies
D4 = 3% Seed powder cookies
D5 = 1% extract powder cookies
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Figure 12: Percent increase in insulin as compare to control

122

10.61, 9.08 & 7.39% increase in trial 1 whilst 11.19, 10.65, 9.17 & 7.42% increment in
insulin during trial 2 for D5, D4, D3 and D2, respectively.
The insulin resistance is a condition when cell fails to respond towards the insulin and
conversion of glucose to glycogen. Diabetes is that abnormal response of cells, leakage of
glucose, amino acids and fatty acids out the cells. Likewise, in the adipose tissues, impaired
insulin activity ultimately leads to type II diabetes (Liu et al., 2008). Similarly, Brenna et al.
(2003) found that streptozotocin destroy the beta cells, insulin producing pancreatic
endocrine cells and cause diabetes.
The present results are supported by the findings of Mohammady et al. (2012) who reported
that the bitter melon has a comparable effect with Avandia (synthetic drug for diabetes) on
insulin level. The treatment of diabetic rats with bitter melon produced significant increase in
the serum insulin as compared to the diabetic untreated group. They reported that the insulin
level in different groups were 19.6µIU/mL (control), 19.8µIU/mL (bitter melon control),
6.3µIU/mL (diabetic control), 7.9µIU/mL (diabetic with Avandia) and 12.5µIU/mL (diabetic
with bitter melon).
The increase in the serum insulin level after bitter melon treatment might be due to
hypoglycemic component that spontaneously recovered the beta cells of the islets of
lengerhans. Bitter melon also increases the beta cells (Frenandes et al., 2007). Krawinkel and
Keding (2006) revealed that the possible hypoglycemic mechanism of the BM is the
prevention of beta cells and increase in the pancreatic insulin. While Sundaram and Kumar
(2002) reported that bitter melon may not recover the beta cells but it prevents the death of
these cells by decreasing the oxidative stress caused by the alloxan in diabetic rats.
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CHAPTER 5
SUMMARY
In developing economies like Pakistan, use of phytonutrients based designer foods is a
pragmatic approach to support nutrition and ultimately health. Bitter gourd (Momordica
charantia L.), locally known as “Karela”, has a unique nutritional profile and holds potential
to be used in diet-based therapies. The present project was an attempt to investigate the
functional properties of bitter gourd phytochemicals in product development. For the purpose
fresh different parts of bitter gourd whole fruit, flesh and seeds and extract were
characterized for minerals, heavy metals, antioxidant assay and phytochemical profile
followed by product development phase and finally efficacy studies were conducted in
different experimental rats modeling.
Mineral and heavy metals composition indicated that potassium was predominant, whilst
considerable quantities of sodium, calcium, iron, manganese, zinc, chromium and copper
were also present in the all parts of bitter gourd varieties. Potassium was abundant in variety
FSD-Long as compare to all other varieties (256.22mg/100g). Sodium, calcium, chromium,
lead and manganese content were found significantly the highest in flesh of bitter gourd
varieties. Potassium was highest in the bitter gourd extract (320.37mg/100g). While, Zn and
Fe contents were lowest in the flesh parts 0.38 and 3.98mg/100g, respectively. The
chromium and iron was dominant in seed part. Arsenic was not identifed in all varieties and
parts.
Further in vitro antioxidant capacities indicated that FSD-Long possessed (86.04%) highest
DPPH radical scavenging activity. With respect to parts of bitter gourd maximum was
observed in extract 84.50% followed by flesh and whole fruit 81.51 & 77.28%, respectively.
Total phenolic contents in extract, flesh whole fruit and seed was 911, 897, 840 and 563mg
GAEQ/100g, respectively. Overall, FSD-Long flesh and extract contain maximum phenolic
contents with slight variation among each other 1123 and 1082mg GAEQ/100g, respectively.
Like, DPPH and TPC maximum antioxidant potential was found in FSD-long 80.12% among
varieties. While different parts of bitter gourd varieties possessed antioxidant capacity in
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term of β-carotene linolenic acid bleaching assay 82.35, 79.90, 73.63 and 65.78% in extract,
flesh, whole fruit and seed, respectively.
After that different parts of bitter gourd varieties were evaluated for the phytochemical
composition. Ascorbic acid concentration was maximum in gourd variety FSD-Long (13.07
mg/100g) followed by Preeti (9.94 mg/100g) and PKBT-1 (8.14mg/100g). However, among
parts the Vitamin C were 14.15, 12.71, 11.04 and 3.64mg/100g in flesh, extract, whole fruit
and seed, respectively. The carotenoid contents were highest in extract (4.26mg/100g)
followed by flesh (4.02mg/100g) and whole fruit (3.86mg/100g) and seed (1.05mg/100g).
Carotenoid contents were lower in the seed part as the seed contained lower amount of
colored pigments. Alpha, beta gamma tocopherols were highest in the seed part (282.94,
53.82 and 101.02mg/100g, respectively) and lowest in the flesh part (12.50, 4.50 and
4.73mg/100g, respectively). However, extract possessed none of them as extract was
obtained through water extraction. That’s why it contained only water soluble substances.
Total saponin significantly affected due to variation in parts and varieties. FSD-Long
possessed maximum amount of saponin (2.14%) followed by Preeti and PKBT-1 2.02 and
2.04% respectively. However, among different parts saponin content in different parts of
gourd varieties in a descending order are 3.14% (extract), 2.89% (flesh) 1.31% (whole fruit)
and seed (0.91%). Charantin is one of the important saponin in bitter gourd and effective in
lowering the glycated hemoglobin and excessive body weight. Extract of all varieties
contained the maximum amount of charantin 24.28, 20.84 and 21.52mg/100g in FSD-Long,
Preeti and PKBT-1, respectively. However, seed part of all bitter gourd varieties showed
significantly minimum amount.
The results illustrated that total alkaloid contents were significantly varied among different
parts of gourd varietiesle. According to the presents findings that varieties FSD-Long,
PKBT-1 and Preeti possessed alkaloid content 0.72, 0.69 and 0.70% respectively. However,
among different parts extract seed, whole fruit and flesh were 0.94, 0.88, 0.61 and 0.38%,
respectively.
In the same phase, different parts of bitter gourd varieties were evaluated for phenolic acids.
Gallic acid was predominant among the phenolic acids. Benzoic acid, gallic acid, cinamic
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acid and ρ-cumaric acid were 2.93, 22.97, 3.33 and 2.95 mg/100g, respectively. All phenolic
acids were present in maximum amount in the extract as their solubility is more in water.
The highest percentage of total dietary fiber contents (39.18%) was present in flesh followed
by whole fruit (34.12%) and extract (13.35%) among different parts of gourd varieties.
Significantly the lowest 11.49% was calculated in extract of bitter gourd varieties. Whereas,
soluble dietary fiber contents were significantly the highest in the extract part (13.35%) and
lowest was possessed by seed 2.79%. Insoluble dietary fiber was maximum in the flesh
(27.15%) and seed contained minimum amount (8.70%). However, insoluble dietary fiber
was not detected in the extract part of bitter gourd varieties. However among varieties no
significant variations were observed regarding TDF, SDF and IDF. Bitter melon seed
possessed the lower content of dietary fiber a compare to the pericarp.
In the product development phase, cookies were prepared with five varying levels of
different parts whole fruit, flesh, seed and extract of bitter gourd variety FSD-Long. Five
formulation of cookies were prepared from each part i.e. T1 (1% whole fruit/flesh/seed or
0.5% extract), T2 (3% whole fruit/flesh/seed or 1.0% extract), T3 (5% whole fruit/flesh/seed
or 1.5% extract) and T4 (7% whole fruit/flesh/seed or 2.0% extract) whereas T0 acted as
control. Sensory evaluation is a primary attribute for judgment of product quality to meet the
consumer requirements. The supplementation of different parts influenced the sensory
characteristics i.e. color, flavor, taste, texture, crispiness and overall acceptability.
Progressive increase in the supplementation resulted in a decrease in color.
The color scores 6.9 were assigned to T0 (control) followed by 6.58, 6.51 and 6.34 in whole
fruit, flesh and seed based cookies. Whilst, no considerable variation in color was observed
in extract based cookies. In case of flavor, the highest scores 6.81 were allotted to T0 whereas
the lowest was assigned to T4 in all type of cookies. Likewise, the highest taste, texture and
crispiness scores were given to T0 7.01, 7.25 & 7.2, respectively. In whole fruit cookies T2
and T1 were comparable to control. Similar trend was observed in the flesh cookies. Seed and
extract based cookies showed similar trend regarding taste score T1 and T2 showed non
momentous variation regarding taste. While, extract based cookies texture was similar for all
treatments. It was expounded from the means scores for overall acceptability that cookies
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containing 1% extract and 3% whole fruit, flesh and seed was considered best. Moreover,
these fractions rich in bioactive molecules were selected for further use in efficacy studies.
Series of efficacy trials were conducted in normal, hyperglycemic and hypercholesterolemic
rats modeling. Purposely, efficacy trial was divided into three modules; study I (normal rats),
study II (hyperglycemic rats) and study III (hypercholesterolemic rats). For the induction of
hypercholesterolemia high cholesterol diets were given to the respective groups. While, for
hyperglycemia streptozotocin injections were used. Cookies prepared from the selected
treatments along with control were fed to the respective groups of rats for a period of eight
weeks.
In study I recorded body weights for groups D1, D2, D3, D4 and D5 (trial 1) were 131.68,
129.19, 125.69, 126.77 and 132.72g/rat, respectively. That increased to 229.38, 219.08,
225.43, 217.25 and 212.19 g/rat till the end of trial. The study II (hyperglycemic rats)
depicted initial body weight of D1, D2, D3, D4 and D5 groups as 137.87, 135.44, 132.66,
134.30 and 140.08 g/rat, correspondingly (trial 1). However, the resultant body weights at the
end of trial were 205.67, 213.35, 236.87, 227.23 and 239.99 g/rat for D1, D2, D3, D4 and D5,
respectively. As far as study III is concerned, maximum gain in weight 253.01 was observed
in group fed control diet. Groups of rats fed on diets containing whole fruit (D2), flesh (D3),
seed (D4) and extract (D5) showed lower body weights i.e. 242.8, 249.7, 243.8 and
238.3g/rat, respectively during first year of trial.
In study I (normal rats) during the maximum decrease in cholesterol was recorded in D3
(83.89 & 87.48mg/dL) and D5 (83.21 & 83.98 mg/dL). The cholesterol level in study II
(hyperglycemic rats) showed highest value for D1 (123.22 and 125.98mg/dL). However, the
lowest levels 102.78 (trial 1) and 103.61mg/dL (trial 2) for this trait were measured in D5.
Likewise, diminishing trend was observed in hypercholesterolemic rats (study III). Maximum
reduction for this trait was observed in D5 (124.32 & 126.54mg/dL). Regarding reduction,
treatment extract based cookies was proved relatively more effective to manage cholesterol
with a decrease 11.76 & 11.54% and 16.59 & 17.76% in study I & II. Likewise, diminishing
trend for cholesterol was detected in study II with maximum reduction in D5 group followed
by D3 and D4 31.03 & 30.64%, 24.42 & 23.95% and 19.26 & 18.79%, respectively.

127

HDL level in various groups was significantly affected by diets in study II and III. However;
the impact was non-significant in the study I. In hyperglycemic rats (study II) maximum
significant HDL concentration 43.83mg/dL was recorded in D5 followed by D3
(40.89mg/dL). While the lowest HDL was measured in D1 with value 34.91mg/dL. However,
in hypercholesterolemic rats (study III) the highest value was calculated D5 (54.25 &
55.82mg/dL) followed by D3 (50.11& 51.55 mg/dL). However, lowest levels 45.59 and
46.91mg/dL were measured in D1 for first and second trials, respectively. Maximum percent
increase in HDL was measured in group fed diet D5 (25.55%) trialed by D3 (17.13%), D4
(12.19%) and D2 (11.50%) as compared to control (D1). Accordingly, in study III presented a
significant increase for HDL in the groups D4, D2, D3 & D5 as 5.17, 5.66, 9.90 & 18.99%,
respectively.
The data pertaining to LDL indicated that that diets exhibited significant variations in
different rats groups. In study I the highest LDL level was 34.95 & 36.92mg/dL (D1) in trial
1 & 2, respectively. While, maximum decline was recorded 23.91 & 24.52% (D5) in trial 1&
2, respectively. Likewise in hyperglycemic rats, a significant progressive decline was noticed
for trials. The observed decrease for this trait in study II was 14.20 & 14.69% (D2), 23.15 &
23.14% (D3), 18.84 & 18.84% (D4) and 28.02 & 28.02% (D5). However, study III showed a
significant decline in triglycerides level in groups; D2 (14.49 & 14.50%), D3 (22.37 &
22.38%), D4 (18.72 & 18.72) and D5 (26.09 & 26.09%) in respective trials.
The recorded values for triglycerides were non momentous in study I. Regarding study II D5
group showed the maximum decline for triglycerides (93.57mg/dL &17.47%) trialed by D2,
D4 and D3 in comparison with control (D1). Likewise, in study III maximum 197.68 &
200.38mg/dL levels were measured in group fed control cookies (D1). While maximum
reduction in this trait was observed in extract based cookies (D5) that was 124.09 &
125.79mg/dL with 37.22 & 37.01% (Trial 1and 2).
The results regarding glucose in study I indicted non significant declining. Whereas, glucose
level in hyperglycemic rats (study II) reveled decreasing trend for the both trials. The highest
mean value was recorded in D1 (178.40 & 182.72mg/dL) the lowest was recorded in D5
(103.08 and 104.58mg/dL) followed by D4 (106.75 & 107.28mg/dL) during trial 1 & 2,
respectively. The maximum fall in glucose 42.22% (trial 1) and 42.22% (trial 2) in D5.
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Likewise, hypercholesterolemic rats showed decrease in glucose level in groups D1, D2, D3,
D4 and D5 as 7.01, 13.67, 10.03 & 15.63% and 7.01, 13.66, 10.03 & 15.63%, respectively
(trial 1 and 2).
Study I groups fed on bitter gourd parts supplemented cookies showed non-momentous effect
on insulin level for all diets. For hyperglycemic rats (study II); maximum incline was
observed for D5 (58.64%) followed by D4 (56.91 & 56.93%) during consecutive trials.
Likewise, study III (hypercholesterolemic rats) elucidated maximum 11.13% increase in trial
1 whilst 11.19% increment in insulin during trial 2 for D5. It is worth mentioning that extract
based cookies reduced cholesterol, LDL, triglycerides and glucose and improved HDL and
insulin levels.
In the nutshell bitter gourd hold potential potential against various physiological threats
owing to its rich phytochemistry especially due to the presence of saponin and charantin etc.
The functional components are mainly concentrated in extract that played a significant role in
the biological system. All parts not only improve the hyperglycemia and but also normalize
the blood cholesterol level. However extract showed the better performance in the
management of serum lipid profile. Finally, bitter gourd parts supplementation in food
products especially bakery items is feasible and can be employed to achieve the allied health
claims. Therefore it may be concluded that Momordica charantia powder treatment has a
potential to control the gain in body weights of normal rats without disturbing their blood
glucose level.
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RECOMENDATIONS


Bitter gourd variety Faisalabad long should be recommended for the cultivation in
order to get maximum yield because of its good nutritional value



Bitter gourd should be encouraged in the diet of vulnerable segments owing to its
phytochemical rich profile



Particular component and their combination responsible for anti diabetic and
cholesterol lowering effect should be found out by individual and combinational
screening of the components



Advanced extraction techniques should be adopted for functional and neutraceutical
bioactive components



Bitter gourd extract should be added in the food formulations to overcome the life
style related disorders



Nutrition education and community based programs should be conducted to create
awareness among the masses
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APPENDIX II
Sensory Evaluation of Bitter Gourd Powders Suplemeted Cookies
Directions
Take these samples one by one in your mouth and evaluate them for the following
parameters on Hedonic scale. Hedonic scale is given at the end of this form. It is very
important to rinse your mouth thoroughly with distilled water before taking each sample in
your mouth.
Name of Judge
Age / Sex
Signature
Parameters

Date
T0

T1

Color
Flavor
Taste
Crispiness
Texture
Overall Acceptability

Hedonic Scale:
9- Like extremely
8- Like very much
7- Like moderately
6- Like slightly
5- Neither like nor dislike
4- Dislike slightly
3- Dislike moderately
2- Dislike very much
1- Dislike extremely
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T2

T3

T4

