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ABSTRACT

Chronic disease conditions such as diabetes, hypertension, cancer, obesity and oxidative stress
continue to be a significant concern among nations of the world, which is threatening the economic
and social prosperity of the people. This calls for urgent action among relevant stakeholders to
explore productive and sustainable ways of addressing the incidence of these life-threatening health
conditions. While medicines have been used in the treatment and management of chronic diseases,
its adverse side effects over time leave much to be desired. This calls for a novel and safer
approach. Tropical fruits contain a rich repository of bioactive compounds. Reports from several
studies in literature indeed showed that bioactive compounds present in tropical fruits are capable of
not only addressing the prevalence of chronic disease conditions, but they also have minimal to no
known side effect. The broad objective of this journal article is to review the bioactive and health-
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promoting benefits of tropical fruits in chronic disease prevention and management. The valuable
knowledge derived from this review will enable food and pharmaceutical companies to explore the
production of novel functional foods/neutraceuticals and potent medicines respectively from tropical
fruit sources that can be useful in chronic disease prevention and management.

Keywords: Tropical fruits; bioactive compounds; chronic diseases; hypertension; diabetes; oxidative

stress.
1. INTRODUCTION

The incidence of chronic diseases such as
hypertension, diabetes, obesity, cancer, and
oxidative stress continue to be a major concern
across the world. A report in 2012 revealed that
38 million or 68% of all deaths worldwide were
due to chronic diseases [1]. Despite being a well-
known health challenge in developed countries,
the incidence of chronic diseases is increasing in
developing countries. As a matter of fact, in all
but the poorest countries, the death and disability
from chronic diseases now exceeds that from
communicable diseases-comprising 49%,
compared with about 40% for communicable
disease and 11% for injuries [2]. Not only do
chronic diseases threaten the economic and
social prosperity of the people, it also leads to a
decline in the productive capacity and the quality
of life. Health care providers, food scientists, food
processors, consumers and other concerned
stakeholders  have  become increasingly
interested and are seeking ways by which this
major challenge can be addressed. Hippocrates
many years ago did say ‘“Let food be thy
medicine and medicine be thy food'. This
statement over time has proven to be useful.
Today, scientific evidence and a growing
awareness of the correlation between diet and
health coupled with sedentary lifestyles, an aging
population, and an ever-increasing health care
costs have driven the interest in healthier foods
[3,4]. It is a common knowledge that tropical
fruits have a rich repository of bioactive and
health-promoting benefits which can be utilized in
chronic disease prevention and management [5-
8]. Bioactive compounds are said to be natural
constituents of foods that provide health benefits
[9] beyond the nutritional properties of the food.
They are potential non-toxic therapeutic vehicles
that could prevent and manage multiple chronic
disease conditions. Bioactive compounds can
either act singly or in combination to bring about
the much desired therapeutic effects in terms of
curbing chronic diseases and other associated
health issues. Fruits contain  bioactive
compounds such as phenolic compounds,

anthocyanins, carotenoids, and ascorbic acid [5],
among others. This review was borne out of the
desire to identify the bioactive compounds and
project some of the inherent health-promoting
benefits tropical fruits have which can be
explored by food and pharmaceutical companies
in producing novel health-enhancing food
products and potent medicines respectively from
tropical fruit sources which can be utilised in the
prevention and management of chronic disease
conditions that continue to affect the young and
the old in our society today.

2. TROPICAL FRUITS, THEIR BIOACTIVE
PROPERTIES AND HEALTH
PROMOTING BENEFITS

2.1 Avocado

Avocado is a fruit native to the Caribbean,
Mexico, South America and Central America
[10]. It is regarded as an energetic fruit with a
high nutritional value, considered a major tropical
fruit, and it is rich in protein and contains fat-
soluble vitamins lacking in other fruits, including
vitamins A and B, and median levels of vitamin D
and E [11]. In other words, the Avocado fruit has
a caloric density of 1.7 kcal per gram and a half
unit (~70 g) composed by 114 kcal, 4.6 g of
fibers, 345mg of potassium, 19.5 mg of
magnesium, 1.39 mg of vitamin E and 57mg of
phytosterols [12,13]. It also contains lipids that
consist 71% from monounsaturated fatty acids
(MUFA), 13% from polyunsaturated fatty acids
(PUFA) and 16% from saturated fatty acids
(SFA) [14]. The consumption of Avocado is
capable of addressing some cardiovascular risk
factors. Recent researches have shown that
avocado may improve hypercholesterolemia and
may be useful in the treatment of hypertension
and type 2 diabetes mellitus (T2DM) [15].
Patients with hypercholesterolemia and T2DM
supplemented with 300g/day of avocado for 7
days had their total cholesterol (TC) and LDL-
cholesterol decreased by 17% and 22%
respectively, and their triglycerides (TG) levels
reduced by 22%; there was also a slightly




increase in HDL-cholesterol when compared to
the control group (isocaloric diet, 50% of total
calories from fats and without avocado) [16]. The
lipid-lowering effect of avocado (also rich in
MUFA) occurs mainly due its phytosterol B-
sitosterol [17]. In a study, the effect of avocado
paste obtained by the fruit oil was evaluated in
rats, who consumed a hypercholesterolemic diet
added of glucose solution and also the paste of
avocado. The study revealed that animals had
lower levels of blood sugar, lower values of the
Homeostasis Model Assessment-Insulin
Resistance Index (HOMA-IR Index) and less
accumulation of fat in their liver. In this study, the
improvement of the HOMA-IR Index and of the
hepatic steatosis was attributed to the
phytochemicals components and dietary fibers of
the avocado [18]. Avocado has the potential of
managing BP values and invariably oxidative
stress and inflammation in view of the high
amount of potassium and lutein it contains. In
addition, diets rich in MUFA may improve systolic
and diastolic BP levels when compared to diets
with low content of MUFA [19].

2.2 Papaya

The origin of papaya, papaw, or pawpaw fruit
(Carica papaya) can be traced back to the tropics
of the Americas. It is one of the major fruit crops
cultivated in tropical and sub-tropical zones
which is regarded as a powerhouse of nutrients
with rich source of three powerful antioxidant
vitamin C, vitamin A and vitamin E as well as
minerals, magnesium and potassium, vitamin B
pantothenic acid and folate and fiber [20]. The
folic acid found in papayas is needed for the
conversion of homocysteine into amino acids
such as cysteine or methionine which if
unconverted, homocysteine can directly damage
blood vessel walls, is considered a significant
risk factor for a heart attack or stroke [21]. In a
study reported by Elgadir et al. [22] the potential
of antioxidant activity of Carica papaya juice in
a dose of 100-400 mg/kg/day was determined
in a comparison to alpha-tocopherol using
Wistar rats. The study revealed that the
investigated alpha-tocopherol and the Carica
papaya juice gave the same effect of the
antioxidative stress potential. Papain enzyme
from papaya is effective against cancer. Papain
breaks down the fibrin cancer cell wall and
protein into amino acid form [23]. In animal
experiments, organo-sulfur compounds called
isothiocyanate found in papaya protects against
cancers of the breast, lung, colon, pancreas, and
prostate, as well as leukemia, and they have the
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potential to prevent cancer in humans [24].
Isothiocyanate have shown that they are capable
of inhibiting both the formation and development
of cancer cells through multiple pathways and
mechanisms [24]. The comparative low calories
content (32 Kcal / 100 g of ripe fruit) make this a
favorite fruit of obese people who are into weight
reducing regime and the fermented papaya fruit
is a promising nutraceutical as an antioxidant
which improves the antioxidant defense in elderly
patients even without any overt antioxidant
deficiency state at the dose of 9 g/day orally [25].
Pectin is extracted mainly from papaya fruits and
it works in a way that it increases viscosity in
intestinal tracts, reducing cholesterol absorption
from bile or food thus reducing overall blood
cholesterol levels [26]. Aqueous extract of Carica
papaya seeds at doses of 100 — 400 mg/kg/day
was investigated for its effects on hypolipidemic,
cardioprotective parameters in normal male
Wistar rats for 30 days [27]. Three groups of rats
were orally administered either with extract of
Carica papaya seed at doses of 100, 200, and
400 mg/kg/day of the extract or 0.1 mg/kg/day of
glibenclamide or 10 mL/kg/day of distilled water
(control) for a period of 30 days. The results of
studies showed that Carica papaya extract
significantly  (p<0.05) lowered the total
cholesterol, serum triglyceride, fasting blood
glucose and significantly (p<0.05) reduced the
density of lipoprotein cholesterol in a dose-
dependent manner compared to the untreated
control rats [22].

2.3 Watermelon

Watermelon (Citrullus lanatus) is a popular staple
fruit in the world which is consumed equently as
a dessert, fruit salad and used in garnishing
drinks [28]. Preliminary research indicates that
the consumption of watermelon may have
antihypertensive effect [29]. Citrallus lanatus
(water melon) has good amounts of bioactive
compounds such as alkaloids, triterpenes,
sterols, cucurbitacin, in addition to minerals and
vitamins. The seed is used in the treatment of
urinary tract infections, bedwetting, dropsy and
renal stones, alcohol poisoning, hypertension,
diabetic, diarrhea and gonorrhea [29]. Citrallus
lanatus (water melon) is a fruit of about 93%
water, hence the name “water” melon while the
“melon” part came from the fact that the fruit is
large and round and has a sweet, pulpy flesh
[30]. Every part of the watermelon fruit including
the rind and seeds, has nutritional significance.
The most preferred way by which watermelon is
consumed is by eating the pink or yellow flesh. It



can also be consumed as a watermelon cake,
watermelon lemonade, watermelon rind pickles
and deep fried watermelon. A study was carried
out to evaluate the anti-diabetic potential of
watermelon (Citrullus vulgaris Schrad) in vivo

[31]. In the study, ICR mice were fed
experimental diet containing none, 10%
watermelon flesh powder (WM-P) or 1%

watermelon rind ethanol extract (WM-E). At the
end of 4 weeks, mice were administrated with
streptozotocin (40 mg/kg, i.p.) for 5 consecutive
days to induce diabetes. Supplementation with
WM-E significantly decreased blood glucose
level and increased serum insulin levels. Feeding
of WM-P also induced moderate changes but
those were not statistically significant.
Immunohistochemical analysis showed
watermelon that effectively protected pancreatic
cells death, which suggest that watermelon has a
beneficial effect on diabetes. Natural antioxidants
such as citruline, ascorbic acid can be found in
Watermelon. These functional ingredients act as
protection against chronic health problems like
cancer insurgence and cardiovascular disorders
[32]. Recent investigations have shown that the
antioxidant properties of plants could be
correlated with oxidative stress defense and
different human diseases including cancer,
atherosclerosis and the aging process [33]. A
recent study has concluded that Citrullus lanatus
seed extracts possess antioxidant activity and
the potency of antioxidant activity depends on
the type of extract. The n-hexane extract of
Citrullus lanatus seeds possess highest anti-
oxidant activity in-vitro [34]. This anti-oxidant
power depends on total phenolic and flavonoid
contents on particular extract [33]. The
watermelon-induced  increase in  plasma
antioxidant levels may lend explanation as to
why an epidemiological study of the Chinese
found greater watermelon intake to be
associated with a lower risk of cancer [35]. A
study carried out by Figueroa et al. [36] showed
that watermelon extract supplementation reduces
ankle blood pressure (BP), brachial BP, and
carotid wave reflection in obese middle-aged
adults with prehypertension or stage 1
hypertension and normal Ankle-brachial index
(ABIl), which may reflect improved arterial
function.

2.4 Banana

Banana is the common name for herbaceous
plants of the genus Musa and for the fruit they
produce [37]. It is a widely cultivated and
consumed fruit in many countries within the
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tropical and subtropical regions of the world.
Banana fruit is a rich source of important
phytonutrients, including vitamins and phenolic
compounds [38]. It has a rich repository of
minerals, such as potassium, calcium, iron,
phosphorus, sodium, magnesium, copper, zinc
and manganese. Banana utilization as an
ingredient in various food formulations has
health-enhancing benefits. The incorporation of
banana in the recipes of many food products
improves the total dietary fiber, resistant starch,

total starch and some essential minerals
(phosphorus, magnesium, potassium and
calcium) [39]. Several researchers have

evidenced that bananas are an important source
of health-promoting phytochemicals [39-41]. The
banana peel is rich in phytochemical compounds
than its pulp [42]. The major phytochemicals
present in fruits and vegetables remain the
phenolics and carotenoids which are health
friendly. Bananas contain a rich amount of
bioactive compounds, but only the phenolics,
carotenoids, flavonoids, biogenic amines and
some phytosterols (low amount in banana pulp)
have received greater literature attention. Due to
these bioactive compounds, bananas have a
higher antioxidant capacity than some berries,
herbs and vegetables and this capacity increases
during fruit maturity [39]. Scientists report that
natural compounds in bananas act in a manner
similar to  antihypertensive  drugs  with
researchers reporting that blood pressure fell by
10% in people who ate two bananas daily for a
week [37]. A team studied six popular banana
varieties and found that all had ACE inhibiting
properties, though the ripened bananas had a
stronger action than unripe ones. A study carried
out by Ble-Castillo et al. [43] was able to
demonstrate that Native Banana Starch (NBS)
24 g/day during 4 weeks lowers body weight and
increases insulin sensitivity in a group of obese
type 2 diabetes. More so, NBS supplementation
could be a cheap alternative to reduce body
weight and improve glucose homeostasis on
subjects with insulin resistance.

2.5 Acai

The acai fruit (Euterpe oleracea) grows on a
large palm tree whose origin can be traced to
South America. In Brazil, Columbia and
Suriname, the natives use it as a major source of
food. The 100 g portion of agai fruit contains
water (3.4 g), protein (8.1 g), fat (32.5 g), ash
(0.62 g), carbohydrates (10.98 g), and sugars
(10.57 @) [10]. Administration of agai pulp in
female Fischer rats fed a hypercholesterolemic



diet, dramatically improved the food efficiency
and reduced total and non-high-density
lipoprotein cholesterol, suggesting a clear
hypocholesterolemic effect [44]. In addition, acai
possesses antioxidant and anti-inflammatory
properties [10]. Supplementation of acai to a
hypercholesterolemic diet also demonstrated
decreased serum levels of end products of
oxidative stress i.e. carbonyl proteins, protein
sulfhydryl groups, PON-arylesterase and PON-
paraoxonase activities, and increased
Superoxide Dismutase (SOD) activity. These
findings demonstrate that agai pulp improves the
biomarkers of physiological oxidative stress [44].
In an acute (24 hour) human trial of 11 subjects,
administration of acai juice (7 mL/ kg)
significantly  increased plasma antioxidant
capacity, and suppressed generation of reactive
oxygen species [45].

A nutritional intervention study was conducted
with thirty-five healthy women who were asked to
consume 200 g/d of agai pulp for 4 weeks [46].
Blood samples were collected, and blood
pressure and anthropometric parameters were
measured before and after the experimental
period.  Antioxidant enzymes, superoxide
dismutase, catalase, glutathione, production of
reactive oxygen species, and total antioxidant
capacity were evaluated in polymorphonuclear
cells. Serum concentration of protein carbonyl
and sulfhydryl groups was also determined. The
results show that the agai intake increased
catalase activity, total antioxidant capacity, and
reduced the production of reactive oxygen
species. Furthermore, it reduced serum
concentration of protein carbonyl and increased
total serum sulfhydryl groups.

2.6 Guava

Psidium guajava L., popularly known as guava, is
a small tree belonging to the myrtle family
(Myrtaceae) and is native to tropical areas from
southern Mexico to northern South America [47].
Guava trees have been grown by many other
countries having tropical and subtropical
climates, thus allowing production around the
world [47]. In recent years, guava leaves tea and
some complimentary guava products are
available in several shops in Japan as well as on
the Internet [48], because guava leaf phenolic
compounds have been claimed to be Food for
Specified Health Use (FOSHU), since they have
beneficial health effects related to the modulation
of blood—sugar level [49]. Deguchi and Miyazaki
[50] reviewed several works regarding the effect
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of the intake of a commercial guava leaf tea
(Bansoureicha®, Yakult Honsha, Tokyo, Japan)
on different pathologies of diabetes mellitus
illness such as the influence on postprandial
blood glucose, on insulin resistance and on
hypertriglyceridemia and hypercholesterolemia.
The authors concluded that the ingestion of
guava leaf tea can ameliorate the symptoms of
diabetes mellitus and that it could be used as an
alimentotherapy. The guava fruits are believed to
overcome various health problems including and
a source of antioxidants [51, 52]. Guava fruit
contains vitamin C, two times higher than other
fruits such as orange; vitamin C is an important
compound that has an antioxidant activity [53].
Other compounds in guava fruit are carotenoids
such as beta-carotene, lycopene, and beta-
cryptoxanthin, and  polyphenols  [54-56].
Lycopene is associated with the prevention of
cardiovascular damage due the LDL oxidation,
as the impact of dyslipidemia [57,58]. In alloxan-
treated diabetic mice, intraperitoneal
administration of 1 g/kg of guava juice
dramatically reduced the blood glucose levels
[10]. In STZ-induced diabetic rats, oral
administration of guava fruit peel extract actually
induced a hyperglycemic effect, suggesting that
guava fruit peel should be peeled before eating
in diabetic patients [59]. In contrast, another
study found that that oral administration of guava
fruit peel extract demonstrated significant
hypoglycemic and hypolipidemic effects in same
model [60]. Hence, it is highly evident that the
literature is  inconclusive regarding the
hypoglycemic and hypolipidemic effects of guava
[10].

2.7 Persimmon

Persimmon is fleshy fibrous tropical, deciduous
fruit belonging to Ebenaceae family which is
commonly cultivated in warm regions of the world
including China, Korea, Japan, Brazil, Turkey,
and ltaly [61]. As a result of its unique flavor in
addition to its health enhancing potentials,
Persimmon appears to be one of the most
popular and valuable fruits in markets in these
parts of the world. This fruit contains 79% water,
0.7% pectin, 0.4% protein, and crude fiber; it is
rich in vitamin A (217 RE) compared to apple (5
RE) with Vitamin C contents vary from 7.5 to 70
mg per 100 g of the fruit flesh depending upon
the variety [62]. Well over 400 species of
persimmon are grown, among these, Diospyros
kaki, Diospyros virginiana, Diospyros oleifera,
and Diospyros lotus [63] are of significant
importance. It is interesting for the readers that



D. kaki (Japanese persimmon) is the most
promising specie [61,64]. Palmitic acid, oleic
acid, and linoleic acid are the major fatty acids
found in persimmon seeds, ranging from 70.4%
to 78.3% of total fatty acids [65]. Among the fatty
acids, oleic acid plays a vital role in cancer
prevention. The effect of oleic acid on the same
lines of breast cancer cells was examined and it
supported the theory that oleic acid is
chemopreventative [66]. Moreover, omega-6 fatty
acid (linoleic acid) diminishes the risk of
cardiovascular diseases [67]. The published
literature demonstrates a potent anti-diabetic and
anti-obesity capacity of the persimmon fruit [68-
70]. Proanthocyanidin is the major component
isolated from persimmon peel and has been
demonstrated to play a role in obesity and
diabetes. Administration of proanthocyanidin
from the peel of persimmon in streptozotocin
(STZ)-induced diabetic rats decreased the

elevation of lipid peroxidation, suppressed
generation of reactive oxygen species,
decreased  serum  glucose, glycosylated
hemoglobin (HbA1C), serum urea nitrogen,

urinary protein, and renal advanced glycation
end products under diabetic conditions. This
clearly suggests an overall protective effect
against oxidative stress-related inflammatory
processes and diabetes [68]. In the diet-induced
obesity mouse model, feeding of persimmon
significantly attenuated the elevation in plasma
lipids (total cholesterol, triglyceride, LDL
cholesterol) [71]. Polymers from
proanthocyanidins of persimmon exhibited a
strong inhibitory effect on a-amylase, while
oligomers exerted a stronger protective activity
against a-glucosidase activity and AGE
formation, suggesting that oligomers may have
more potential as anti-diabetic agents [72].
Proanthocyanidins ~ from  persimmon  also
attenuated the increased oxidative stress in
db/db mice by suppressing lipid peroxidation,
ROS, protein expression of iINOS and COX-2,
and increasing the reduced glutathione/oxidized
ratio [10]. In view of the health-enhancing value
that can be associated with Persimmon fruit as a
result of its rich bioactive properties (ascorbic
acid, tannins, and carotenoids), it can be used in
the manufacturing of novel functional foods.

2.8 Passion Fruits

Passion fruit (Passiflora edulis flavicarpa) is
native to tropical America and Brazil stands out
as the world’s largest producer producing
approximately 920,000 tons of the fruit in 2010
[73]. Passion fruits belonging to the family
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Passifloraceae are grown mostly in tropical and
sub-tropical parts of the world [74]. The two
species with the most commercial value are P.
edulis fo. edulis (red passion fruit) and P. edulis
fo. flavicarpa O. Deg. (yellow), with the yellow
species being the most widely cultivated [75].
Passion fruit have some reasonable amounts of
iron, potassium, zinc and manganese. An
experimental study on albino rats of which 100,
200, 300, 400 mg/kg body weight was
administered indicating % reduction of blood
glucose was 6.31, 7.14, 6.73 and 6.00
respectively for each dose and it was also found
that 200 mg/kg body weight was the most
effective in reducing blood glucose levels with a
maximum fall rate of 47.25% after 3 hours of
glucose administration [74]. The presence of
phenols and flavonoids may be responsible for
the observed hypoglycemic activity of Passiflora
edulis [76]. A diet containing 5% flour of passion
fruit peel reduces blood glucose by 59% in
diabetic rats reaching the normal glycemic
amount (112.6 mg/dl) [74]. The mechanism is
due to the presence of fiber, tannins and
phenolic compounds [77] which reduce the
digestion and absorption of carbohydrates,
increased the sensitivity of muscle and adipose
tissue to insulin [78]. Flour prepared from yellow
passion fruit peels has also been shown to
reduce blood glucose in diabetic people [75]. In a
phase | clinical study, passion fruit peel flour was
well tolerated in 36 people between ages 20 and
60, of both sexes. They received 10 g of flour
three times a day and were told to put it in their
choice of juice, soup, or any other food or
beverage. There was an average reduction of
blood glucose, triacylglycerides, total cholesterol
and LDL of 5.2, 15.0, 18.2 and 19.0%,
respectively. In phase Il studies, flour prepared
from yellow passion fruit peels reduced blood
glucose, cholesterol, LDL, blood pressure and
body weight in diabetic patients. The petroleum
ether and chloroform extracts of Passiflora edulis
leaf on DPPH free radical scavenging assay
showed antioxidant activity with 1G5, of 58.88
pg/mL and 56.85 pg/mL respectively [74].
Passion fruit seed oil has high contents of
polyunsaturated fatty acids that can be and
successfully used, for example, in the production
of margarine, which are consumed without heat
treatment and therefore less susceptible to
oxidation [73]. The oil, extracted by Soxhlet, has
significant antioxidant quantity and can serve as
a source of natural antioxidants preventing the
development of diseases or as a food additive,
increasing the stability and quality of food
products [79]. Among the compounds with



antioxidant and anti-inflammatory effects found in
passion fruit species are chlorogenic acid,
hyperoside, isovitexin, caffeic acid, quercetin,
luteolin, orentin, rutin, vitexin and others
[51]. Researchers at the University of
Florida have found that yellow passion fruit
extracts can kill cancer cells in vitro and the
phytochemicals which are responsible for this
anti-cancer effect are carotenoids and
polyphenols [80].

2.9 Durian

Durian (Durio zibenthinus Linn) belonging to the
family Bombacaceae is otherwise known as “king
of tropical fruit” owing to its highly nutritious
superlative pulp and outer thorny appearance,
resembling the thrones of ancient Asian era
kings [81]. It is a seasonal tropical fruit of
Southeast Asia (Malaysia, Thailand, Philippines
and Indonesia) [82]. The importance of durian
fruit as a nutraceutically valued source can be
correlated to their composition and presence of
bioactive  antioxidant compounds [83,84].
Hundred grams of edible portion of Durian
contains water (64.99 g), protein (1.47 ), lipids
(5.33 g), ash (1.12 g), carbohydrate (27.09 g)
and fiber (3.08 g) [10]. Fresh durian pulp is rich in
dietary fibre (soluble, insoluble and total dietary
fibre) [85]. Oleic and linoleic acids are the major
unsaturated fatty acids, whilst capric, myristic,
palmitic, arachidic, and stearic acids are the
major saturated fatty acids found in durian [84].
In another report, linoleic acid (2.20%), myristic
acid (2.52%), oleic acid (4.68%), 10-
octadecenoic acid (4.86%), palmitoleic acid
(9.50%), palmitic acid (32.91%), and stearic acid
(35.93%) have been stated to be major
compounds [86]. The flesh and hull of durian
have a wide array of bioactive compounds.
These bioactive compounds possess high
potential to be used as a therapeutic agent. They
can be of help to treat patients suffering from
diabetes mellitus (help in regulating secretion of
insulin) as well as be of use to treat certain
cardiovascular diseases (by reducing serum
cholesterol) [84,85,87-90]. Some of the major
bioactive compounds such as anthocyanins,
carotenoids, polyphenols, flavonoids, and others
are reported to be present in ample amounts in
durian fruit. However, different stages of ripening
can influence their concentration levels and
bioavailability [84,85,91]. Only little number of
studies has been made to carry out to explore
the anti-diabetic and anti-obesity potential of
Durian. The progress made from these studies
show that Durian can be further explored to detail
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its anti-diabetic and anti-obese potentials. Durian
exhibits  potential effects on  metabolic
parameters in human and animal models [87, 90,
92]. When rats were fed durian in addition to a
cholesterol enriched diet (1% cholesterol), it
positively influenced the plasma lipid profile,
plasma glucose and antioxidant activity. These
metabolically beneficial effects of durian might be
due to the higher contents of bioactive
compounds with various biological activities,
such as metabolic enhancer and antioxidant [10].
This suggests that durian consists of few critical
bioactive components that can be further
evaluated for hypoglycemic and  anti-
hyperlipidemic effects [87]. Interestingly, in a
small clinical trial, durian has been shown to
improve glucose homeostasis by altering insulin
secretion and its action [90]. After ingestion of
durian, the insulin response curve of 10 diabetic
patients was significantly improved compared to
the ingestion of other fruits (mango, pineapple,
banana, rambutan) and control (no fruit). Various
durian cultivars have also been shown to
possess anti-oxidant capacities due to the
relatively high level of total polyphenols [92]. This
anti-oxidant property of durian and its
components can be useful for prevention of
oxidative stress mediated induction of diabetic
and obesity complications [10].

2.10 Lemon

Lemon is classified as Citrus limon (L.) Burm. f.
and it is the third most important Citrus species
after orange and mandarin [93]. It is a small tree
and originated probably from Asia [94]. Lemon
fruit [C. limon (L.) Burm. f] contains many
important  natural chemical = components,
including phenolic compounds (mainly
flavonoids) and other nutrients and non-nutrients
(vitamins, minerals, dietary fiber, essential oils
and carotenoids) [93]. Their health-promoting
effects and properties have been associated with
their contents, namely vitamin C and flavonoids,
due to their natural antioxidant characteristics
[93]. In general, the rich reserve of flavonoids
which lemon fruits have make them an important
vehicle in preventing degenerative chronic
disease conditions such as diabetes, cancer,
obesity, blood lipid lowering and cardiovascular
diseases. Lemon is an important medicinal plant
used mainly for its alkaloids, which are having
anticancer activities [95]. The Journal of Clinical
Biochemistry and Nutrition published their
findings on the effects of polyphenols within
lemons on body weight [96]. They put mice on
one of three diets: a low-fat diet, a high-fat diet,



and a high-fat diet that included lemon
polyphenols. They found that lemon polyphenols
actually suppressed not only body weight and fat
deposits, but also obesity-related disorders such

as insulin resistance, hyperlipidemia, and
hyperglycemia.
2.11 Kiwi

Kiwi fruit is native to China subcontinent and
today the world has embraced the utilization of
this fruit as a result of its inherent economic
value and health benefits. It is also known as
“Macaque peach”’, “Mihoutau” and “Chinese
gooesberry”’ [97]. More than 90% of the fruit is
edible, including the seed, except the skin and
almost all the ingredients are available in Kiwi
fruits compared to other existing fruit crops [98].
Kiwi fruit is rich in vitamin C, vitamin E,
potassium, dietary fiber and magnesium [99].
Kiwi has low glycemic index which makes it
suitable for the individuals with diabetes and in
addition, fibre rich foods, like kiwifruit, are good
for keeping the blood sugar levels of diabetic
patients under control [97]. The great amount of
dietary fiber in kiwi fruit helps in decreasing the
probability of colon cancer while the flavonoids
present in kiwi fruits protect the cells from
oxidative damage and in turn, help in guarding
the DNA from mutation and damage [100]. Thus,
it can be said that Kiwi's antioxidant properties
has the capacity in protecting the body against
free radicals. Kiwi is also associated with lower
BMI [101].

2.12 Sweet Orange

Citrus sinensis (L. Osbeck) or sweet orange
originated from south East Asia, but is consumed
all over the world as an excellent source of
vitamin C, sufficient amount of folacin, calcium,
potassium, thiamine, niacin and magnesium,
phytochemicals like liminoids, synephrine,
hesperidin flavonoid, polyphenols, pectin, and
sufficient amount of folacin, calcium, potassium,
thiamine, niacin and magnesium are also present
[102]. It is well appreciated that biologically
active, non-nutrient compounds found in citrus
fruits such as phytochemical antioxidants,
soluble and insoluble dietary fibers are known to
be helpful in reducing the risk for cancers, many
chronic diseases like arthritis, obesity and
coronary heart diseases [103]. Their peels are
also known for their antioxidant properties. Sweet
oranges also contain low calories, no saturated
fats or cholesterol, but are rich in dietary fibers
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and pectin which are very effective in people with
obesity [103].

3. CONCLUSION

There is no doubt with the fact that tropical fruits
possess an excellent reserve of bioactive
compounds with health-enhancing potentials for
chronic disease prevention and management.
These identified bioactive can indeed act
synergistically in bringing about their much-
desired effect in ameliorating diabetes,
hypertension, obesity, cancer and oxidative
stress conditions that are becoming prevalent in
our world today. The valuable knowledge derived
from this review will enable food and
pharmaceutical companies to explore the
production of novel functional
foods/neutraceuticals and potent medicines
respectively from tropical fruit sources which can
help in bringing about the much needed relief in
the prevention/management of these chronic
degenerative diseases.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. University of Waterloo’s Chronic Disease
Prevention Initiative. Propel Centre for
Population Health Impact; 2015.

2. Nugent R. Chronic diseases in developing
countries. Annals of the New York
Academy of Sciences. 2008;1136(1):70-9.

3. Malla S, Hobbs J, Sogah EK, Yeung MT.
Assessing the functional foods and natural
health products industry: A comparative
overview and literature review. Can Agric
Innov Regul Netw. 2013a;32:1-6.

4. Malla S, Hobbs JE, Sogah EK. Functional
foods and natural health products
regulations in Canada and around the
world: nutrition labels and health claims.
Saskatoon, = Saskatchewan,  Canada:
Report prepared for the Canadian
Agricultural Innovation and Regulation
Network; 2013b.

5. de Rosso VV. Bioactivities of Brazilian
fruits and the antioxidant potential of
tropical biomes. Food and Public Health.
2013;3(1):37-51.

6. Han N, Bakovic M. Biologically active
triterpenoids and their cardioprotective and



10.

11.

12.

13.

14.

15.

16.

anti-inflammatory  effects. J Bioanal
Biomed S. 2015;12(005):1948-5.

Passos TU, Sampaio HAD, Sabry MOD,
Melo MLPd, Coelho MAM, Lima JWdO.
Glycemic index and glycemic load of
tropical fruits and the potential risk for
chronic diseases. Food Science and
Technology (Campinas). 2015;35(1):66-73.
Center for Disease Control and Prevention.
Strategies to prevent obesity and other
Chronic Diseases: The CDC Guide to
strategies to increase the consumption of
fruits and vegetables. Atlanta: US
Department of Health and Human
Services; 2011.

Biesalski H-K, Dragsted LO, Elmadfa |,
Grossklaus R, Miller M, Schrenk D.
Bioactive compounds: Definition and
assessment of activity. Nutrition. 2009;
25(11-12):1202-5.

Devalaraja S, Jain S, Yadav H. Exotic
fruits as therapeutic complements for
diabetes, obesity and metabolic syndrome.
Food Research International. 2011;
44(7):1856-65.

Duarte PF, Chaves MA, Borges CD,
Mendonga CRB. Abacate: Caracteristicas,
beneficios a saude e aplicagdes. Ciéncia
Rural. 2016;46(4):747-54.

Dreher ML, Davenport AJ. Hass avocado
composition and potential health effects.
Critical reviews in food science and
nutrition. 2013;53(7):738-50.

Chaudhary P, Khamar J, Sen DJ.
Avocado: the holistic source as a natural
doctor! World Journal of Pharmaceutical
Research. 2015;4(8):748-61.

USDA (U.S. Department of Agriculture).
Avocado, Almond, Pistachio and Walnut
Composition. Nutrient Data Laboratory.
USDA National Nutrient Database for
Standard Reference, Release 24: U.S.
Department of Agriculture, Washington
DC; 2011.

Weschenfelder C, dos Santos JL, de
Souza PAL, de Campos VP, Marcadenti A.
Avocado and cardiovascular health. Open
Journal of Endocrine and Metabolic
Diseases. 2015;5(07):77.

Colquhoun D, Moores D, Somerset SM,
Humphries JA. Comparison of the effects
on lipoproteins and apolipoproteins of a
diet high in monounsaturated fatty acids,

enriched with avocado, and a high-
carbohydrate  diet.  The  American
Journal of Clinical Nutrition. 1992;
56(4):671-7.

Acham et al.; AFSJ, 3(1): 1-13, 2018; Article no.AFSJ.41853

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Salgado JM, Bin C, Mansi DN, Souza A.
Effect of the hass avocado (American
Persea Mill) on hipercolesterolemic rats.
Food Science and Technology
(Campinas). 2008;28(4):922-8.
Pahua-Ramos ME, Gardufo-Siciliano L,
Dorantes-Alvarez L, Chamorro-Cevallos G,
Herrera-Martinez J, Osorio-Esquivel O, et
al. Reduced-calorie avocado paste
attenuates metabolic factors associated
with a hypercholesterolemic-high fructose
diet in rats. Plant Foods for Human
Nutrition. 2014;69(1):18-24.

Schwingshackl L, Strasser B, Hoffmann G.
Effects of monounsaturated fatty acids on
cardiovascular risk factors: a systematic

review and meta-analysis. Annals of
Nutrition and Metabolism. 2011;59(2-
4):176-86.

Vij T, Prashar Y. A review on medicinal
properties of Carica papaya Linn. Asian
Pacific Journal of Tropical Disease. 2015;
5(1):1-6.

Aravind G, Bhowmik D, Duraivel S, Harish
G. Traditional and medicinal uses of Carica
papaya. Journal of Medicinal Plants
Studies. 2013;1(1):7-15.

Elgadir MA, Salama M, Adam A. Carica
Papaya as a Source of Natural Medicine
and Its Utilization in Selected
Pharmacetical Applications. Int J Pharm
Pharm Sci. 2014;6(1):880-4.

Gunde MC, Amnerkar ND. Nutritional,
medicinal and pharmacological properties
of papaya (Carica papaya Linn.): a review.
J Innov Pharm Biol Sci. 2016;3(1):162-9.
Kumar NS, PS SD. The surprising health
benefits of papaya seeds: A review.
Journal of Pharmacognosyand
Phytochemistry. 2017;6(1):424.

Yogiraj V, Goyal PK, Chauhan CS, Goyal
A, Vyas B. Carica papaya Linn: an
overview. International Journal of Herbal
Medicine. 2014;2(5):01-8.

Boshra V, Tajul A. Papaya-an innovative
raw material for food and pharmaceutical
processing industry. Health Environ J.
2013;4:68-75.

Adeneye A, Olagunju J. Preliminary
hypoglycemic and hypolipidemic activities
of the aqueous seed extract of Carica
papaya Linn in Wistar rats. Biol Med.
2009;1(1):1-10.

Okwori E, Onu RO, Adamu M, Chindo H,
Dikko H, Odunze Il, Baidu AL, Natala C,
and Eze P. Production and shelf life
determination of fruit/vegetable juices



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

using watermelon, cucumber, pineapple
and carrot. African Journal of Food
Science and Technology. 2017;8(3):034-9.
Erhirhie E, Ekene N. Medicinal values on
Citrullus lanatus (watermelon):
pharmacological review. International
Journal of Research in Pharmaceutical and
Biomedical Sciences. 2013;4(4):1305-12.
Ojokoh A, Orekoya E. Effect of
Fermentation on the Proximate
Composition of the Epicarp of Watermelon
(Citrullus lanatus). Int J Swarm Intel Evol
Comput. 2016;5(143):2.

Ahn J, Choi W, Kim S, Ha T. Anti-diabetic
effect of watermelon (Citrullus vulgaris
Schrad) on Streptozotocin-induced diabetic
mice. Food Science and Biotechnology.
2011;20(1):251-4.

Naz A, Butt MS, Sultan MT, Qayyum
MMN, Niaz RS. WATERMELON
LYCOPENE AND ALLIED HEALTH
CLAIMS. Journal of Experimental and
Clinical Sciences. 2014;13:650-66.
Rahman H, Manjula K, Anoosha T,
Nagaveni K, Eswaraiah MC, Bardalai D.
In-vitro antioxidant activity of Citrullus
lanatus seed extract. Asian Journal of
Pharmaceutical and Clinical Research.
2013;6(3):152-7.

Mehra M, Pasricha V, Gupta RK.
‘Estimation of nutritional, phytochemical
and antioxidant activity of seeds of musk
melon (Cucumis melo) and watermelon
(Citrullus lanatus) and nutritional analysis
of their respective oils. Journal of
Pharmacognosy and  Phytochemistry.
2015;3(6):98-102.

Zhang F, Wang Z, Xu S. Macroporous
resin purification of grass carp fish
(Ctenopharyngodon idella) scale peptides
with in vitro angiotensin-l converting
enzyme (ACE) inhibitory ability. Food
Chemistry. 2009;117(3):387-92.

Figueroa A, Sanchez-Gonzalez MA, Wong
A, Arjmandi BH. Watermelon extract
supplementation  reducesankle  blood
pressure and carotid augmentation index
in obese adults with prehypertension or
hypertension. ~ American  Journal  of
Hypertension. 2012;25(6):640-3.

Kumar KS, Bhowmik D. Traditional and
medicinal uses of banana. Journal of
Pharmacognosy and  Phytochemistry.
2012;1(3).

Murphy MM, Barraj LM, Spungen JH,
Herman DR, Randolph RK. Gilobal
assessment of select phytonutrient intakes

10

Acham et al.; AFSJ, 3(1): 1-13, 2018; Article no.AFSJ.41853

39.

40.

41.

42.

43.

44.

45.

46.

47.

by level of frut and vegetable
consumption. British Journal of Nutrition.
2014;112(6):1004-18.

Singh B, Singh JP, Kaur A, Singh N.
Bioactive compounds in banana and their
associated health benefits—A review. Food
Chemistry. 2016;206:1-11.

Someya S, Yoshiki Y, Okubo K.
Antioxidant compounds from bananas
(Musa Cavendish). Food Chemistry.
2002;79(3):351-4.

Davey MW, Stals E, Ngoh-Newilah G,
Tomekpe K, Lusty C, Markham R, et al.
Sampling strategies and variability in fruit
pulp micronutrient contents of West and
Central African bananas and plantains
(Musa species). Journal of Agricultural and
Food Chemistry. 2007;55(7):2633-44.
Waghmare JS, Kurhade AH. GC-MS
analysis of bioactive components from
banana peel (Musa sapientum peel). Eur J
Exp Biol. 2014;4:10-5.

Ble-Castillo JL, Aparicio-Trapala MA,
Francisco-Luria MU, Cordova-Uscanga R,
Rodriguez-Hernandez A, Mendez JD, et al.
Effects of native banana  starch
supplementation on body weight and
insulin sensitivity in obese type 2 diabetics.
International Journal of Environmental
Research and Public Health. 2010;
7(5):1953-62.

de Souza MO, Silva M, Silva ME, de Paula
Oliveira R, Pedrosa ML. Diet
supplementation  with acai (Euterpe
oleracea Mart.) pulp improves biomarkers
of oxidative stress and the serum lipid
profile in rats. Nutrition. 2010;26(7):804-10.

Mertens-Talcott SU, Rios J, Jilma-
Stohlawetz P, Pacheco-Palencia LA,
Meibohm B, Talcott ST, et al

Pharmacokinetics of anthocyanins and
antioxidant effects after the consumption of
anthocyanin-rich acai juice and pulp
(Euterpe oleracea Mart.) in human healthy
volunteers. Journal of Agricultural and
Food Chemistry. 2008;56(17):7796-802.
Barbosa PO, Pala D, Silva CT, de Souza
MO, do Amaral JF, Vieira RAL, et al. Acai
(Euterpe oleracea Mart) pulp dietary
intake  improves cellular antioxidant
enzymes and biomarkers of serum in
healthy women. Nutrition. 2016;32(6):674-
80.

Diaz-de-Cerio E, Verardo V, Gomez-
Caravaca AM, Fernandez-Gutiérrez A,
Segura-Carretero A. Health effects of
Psidium guajava L. Leaves: An overview of



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

the last decade. International Journal of
Molecular Sciences. 2017;18(4):897.

Matsuda K, Nishimura Y, Kurata N, lwase
M, Yasuhara H. Effects of continuous

ingestion of herbal teas on intestinal
CYP3A in the rat. Journal of
Pharmacological Sciences. 2007;103(2):
214-21.

Arai S, Yasuoka A, Abe K. Functional food
science and food for specified health use
policy in Japan: State of the art. Current
Opinion in Lipidology. 2008;19(1):69-73.
Deguchi Y, Miyazaki K. Anti-hyperglycemic
and anti-hyperlipidemic effects of guava
leaf extract. Nutrition & Metabolism.
2010;7(1):9.

Barbalho SM, Farinazzi-Machado F, de
Alvares Goulart R, Brunnati ACS, Otoboni
A, Ottoboni B. Psidium guajava (Guava): A
plant of multipurpose medicinal
applications. Med Aromat Plants. 2012;
1(104):2167-0412.1000104.

Gutiérrez  RMP, Mitchell S, Solis RV.
Psidium guajava: a review of its traditional
uses, phytochemistry and pharmacology.
Journal of Ethnopharmacology. 2008;
117(1):1-27.

Maryanto S. The effects of red guava
(Psidium guajava L) fruits on lipid
peroxidation in hypercholesterolemic rats.
Basic Res J Med Clin Sci. 2013;2(11):116-
21.

do Nascimento R, de Araujo C, Melo EdA.
Antioxidant from agri-industrial wastes of
the guava fruits (Psidium guajava L.).
Alimentos e Nutricdo. 2010;21(2):209-16.
Oliveira DDS, Lobato AL, Ribeiro SnMR,
Santana AMC, Chaves JBcP, Pinheiro-
Sant’Ana HM. Carotenoids and vitamin C
during handling and distribution of guava
(Psidium guajava L.), mango (Mangifera
indica L.), and papaya (Carica papaya L.)
at commercial restaurants. Journal of
Agricultural and Food Chemistry. 2010;
58(10):6166-72.

Orddnez-Santos LE, Vazquez-Riascos A.
Effect of processing and storage time on
the vitamin C and lycopene contents of
nectar of pink guava (Psidium guajava L.).
Archivos Latinoamericanos de Nutricion.
2010;60(3):280.

Lorenz M, Fechner M, Kalkowski J,
Fréhlich K, Trautmann A, B6hm V, et al.
Effects of lycopene on the initial state of
atherosclerosis in New Zealand White
(NZW) rabbits. PloS One. 2012;
7(1):e30808.

11

Acham et al.; AFSJ, 3(1): 1-13, 2018; Article no.AFSJ.41853

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Sesso HD, Wang L, Ridker PM, Buring JE.
Tomato-Based food products are related to
clinically modest improvements in selected
coronary biomarkers in women, 2. The
Journal of Nutrition. 2012; 142(2):326-33.
Rai P, Singh S, Kesari A, Watal G.
Glycaemic evaluation of Psidium guajava
in rats. Indian Journal of Medical
Research. 2007;126(3):224.

Rai PK, Mehta S, Watal G. Hypolipidaemic
& hepatoprotective effects of Psidium
guajava raw fruit peel in Experimental
Diabetes; 2010.

Butt MS, Sultan MT, Aziz M, Naz A,
Ahmed W, Kumar N, et al. Persimmon
(Diospyros kaki) fruit: Hidden
phytochemicals and health claims. EXCLI
Journal. 2015;14:542.

Yaqub S, Farooq U, Shafi A, Akram K,
Murtaza MA, Kausar T, et al. Chemistry
and functionality of bioactive compounds
present in persimmon. Journal of
Chemistry. 2016;2016.

Bibi N, Khattak AB, Mehmood Z. Quality
improvement and shelf life extension of
persimmon fruit (Diospyros kaki). Journal
of Food Engineering. 2007;79(4):1359-63.

Zheng Q-l, Nakatsuka A, Itamura H.
Involvement  of negative feedback
regulation in  wound-induced ethylene

synthesis in ‘Saijo'persimmon. Journal of
Agricultural and Food Chemistry. 2006;
54(16):5875-9.

Menendez J, Vellon L, Colomer R, Lupu R.
Oleic acid, the main monounsaturated fatty
acid of olive oil, suppresses her-2/neu (erb
b-2) expression and synergistically
enhances the growth inhibitory effects of
trastuzumab (herceptin™) in breast cancer
cells with her-2/neu oncogene
amplification. Annals of Oncology. 2005;
16(3):359-71.

Willett WC. The role of dietary n-6 fatty
acids in the prevention of cardiovascular
disease. Journal of Cardiovascular
Medicine. 2007;8:S42-S5.

Kawakami K, Aketa S, Sakai H, Watanabe
Y, Nishida H, Hirayama M.
Antihypertensive and vasorelaxant effects
of water-soluble proanthocyanidins from
persimmon leaf tea in spontaneously
hypertensive rats. Bioscience,
Biotechnology, and Biochemistry. 2011;
75(8):1435-9.

Lee YA, Cho EJ, Tanaka T, Yokozawa T.
Inhibitory activities of proanthocyanidins
from persimmon against oxidative stress



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

and digestive enzymes related to diabetes.
Journal of Nutritional Science and
Vitaminology. 2007a;53(3):287-92.
Dewanjee S, Maiti A, Sahu R, Dua TK,
Mandal V. Effective control of type 2
diabetes through antioxidant defense by
edible fruits of Diospyros peregrina.
Evidence-Based = Complementary  and
Alternative Medicine. 2011;2011.
Matsumoto K, Watanabe Y, Ohya M-a,
Yokoyama S-i. Young persimmon fruits
prevent the rise in plasma lipids in a diet-
induced murine obesity model. Biological
and Pharmaceutical Bulletin.  2006;
29(12):2532-5.

Jung UJ, Park YB, Kim SR, Choi M-S.
Supplementation of persimmon leaf
ameliorates hyperglycemia, dyslipidemia
and hepatic fat accumulation in type 2
diabetic mice. PloS One. 2012
7(11):249030.

Lee YA, Kim YJ, Cho EJ, Yokozawa T.
Ameliorative effects of proanthocyanidin on
oxidative stress and inflammation in
streptozotocin-induced  diabetic  rats.
Journal of Agricultural and Food
Chemistry. 2007b;55(23):9395-400.

Silva R, Placido G, Silva M, Castro C, Lima
M, Caliari M. Chemical characterization of
passion fruit (Passiflora edulis f. flavicarpa)
seeds. African Journal of Biotechnology.
2015;14(14):1230-3.

Zas P, John S. Diabetes and medicinal
benefits of Passiflora edulis. International
Journal of Food Science, Nutrition,
Dietetics (IJFS). 2016;5(2):265-9.

Marques SdSF, Libonati RMF, Sabaa-Srur
AUO, Luo R, Shejwalkar P, Hara K, et al.
Evaluation of the effects of passion fruit
peel flour (Passiflora edulis fo. flavicarpa)
on metabolic changes in HIV patients with
lipodystrophy syndrome secondary to
antiretroviral therapy. Revista Brasileira de
Farmacognosia. 2016;26(4):420-6.

Sunitha M, Devaki K. Antioxidant activity of
passiflora edulis sims leaves. Indian
Journal of Pharmaceutical Sciences. 2009;
71(3):310-1.

Salgado JM, Bombarde TAD, Mansi DN,
Piedade SMdS, Meletti LMM. Effects of
different concentrations of passion fruit
peel (Passiflora edulis) on the glicemic
control in diabetic rat. Food Science and
Technology. 2010;30(3):784-9.

Sachs A. Diabetes mellitus. Sao Paulo:
Manole; 2002.

12

Acham et al.; AFSJ, 3(1): 1-13, 2018; Article no.AFSJ.41853

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Malacrida CR, Jorge N. Yellow passion

fruit seed oil (Passiflora edulis f.
flavicarpa):  physical and  chemical
characteristics. Brazilian  Archives of

Biology and Technology. 2012;55(1):127-
34.

Mbora A, Jamnadass R, Lillesg JB.
Growing high priority fruits and nuts in
Kenya: Uses and management: World
Agroforestry Centre; 2008.

Ansari RM. Potential use of durian fruit
(Durio zibenthinus Linn) as an adjunct to
treat infertility in polycystic ovarian
syndrome. Journal of Integrative Medicine.
2016;14(1):22-8.

Ho L-H, Bhat R. Exploring the potential
nutraceutical values of durian (Durio
zibethinus L.)—An exotic tropical fruit. Food
Chemistry. 2015;168:80-9.

Arancibia-Avila P, Toledo F, Park Y-S,
Jung S-T, Kang S-G, Heo BG, et al
Antioxidant properties of durian fruit as
influenced by ripening. LWT-food Science
and Technology. 2008;41(10):2118-25.
Haruenkit R, Poovarodom S, Vearasilp S,
Namiesnik J, Sliwka-Kaszynska M, Park Y-
S, et al. Comparison of bioactive
compounds, antioxidant and
antiproliferative activities of Mon Thong
durian during ripening. Food Chemistry.
2010;118(3):540-7.

Gorinstein S, Poovarodom S, Leontowicz
H, Leontowicz M, Namiesnik J, Vearasilp
S, et al. Antioxidant properties and
bioactive constituents of some rare exotic
Thai  fruits and comparison  with
conventional fruits: in vitro and in vivo
studies. Food Research International.
2011;44(7):2222-32.

Phutdhawong W, Kaewkong S,
Buddhasukh D. GC-MS analysis of fatty
acids in Thai durian aril. Chiang Mai
Journal of Science. 2005;32:169-72.
Leontowicz M, Leontowicz H, Jastrzebski
Z, Jesion |, Haruenkit R, Poovarodom S, et
al. The nutritional and metabolic indices in
rats fed cholesterol-containing diets
supplemented with durian at different
stages of ripening. Biofactors. 2007;29(2,
3):123-36.

Leontowicz H, Leontowicz M, Haruenkit R,
Poovarodom S, Jastrzebski Z, Drzewiecki
J, et al. Durian (Durio zibethinus Murr.)
cultivars as nutritional supplementation to
rat’s diets. Food and Chemical Toxicology.
2008;46(2):581-9.



89.

90.

91.

92.

93.

94.

Leontowicz H, Leontowicz M, Jesion I,
Bielecki W, Poovarodom S, Vearasilp S, et
al. Positive effects of durian fruit at
different stages of ripening on the hearts

and livers of rats fed diets high in
cholesterol. European Journal of
Integrative  Medicine.  2011;3(3):169-
e81.

Roongpisuthipong C, Banphotkasem S,
Komindr S, Tanphaichitr V. Postprandial
glucose and insulin responses to various
tropical fruits of equivalent carbohydrate
content in non-insulin-dependent diabetes
mellitus. Diabetes Research and Clinical
Practice. 1991;14(2):123-31.

Jayakumar R, Kanthimathi M. Inhibitory
effects of fruit extracts on nitric oxide-
induced proliferation in MCF-7 cells. Food
Chemistry. 2011;126(3):956-60.

Toledo F, Arancibia-Avila P, Park Y-S,
Jung S-T, Kang S-G, Gu Heo B, et al.
Screening of the antioxidant and nutritional
properties, phenolic contents and proteins
of five durian cultivars. International
Journal of Food Sciences and Nutrition.
2008;59(5):415-27.

Gonzéalez-Molina E, Dominguez-Perles R,
Moreno D, Garcia-Viguera C. Natural
bioactive compounds of Citrus limon for
food and health. Journal of Pharmaceutical
and Biomedical Analysis. 2010;51(2):327-
45.

Al-Juhaimi  FY, Ghafoor K. Bioactive
compounds, antioxidant and physico-
chemical properties of juice from lemon,
mandarin and orange fruits cultivated in
Saudi Arabia. Pak J Bot. 2013;45(4):
1193-6.

Acham et al.; AFSJ, 3(1): 1-13, 2018; Article no.AFSJ.41853

95.

96.

97.

98.

99.

100.

101.

102.

103.

Hindi NKK, Chabuck ZAG. Antimicrobial
activity of different aqueous lemon
extracts. 2013.

The Secret Lemon Fix. How nature’s #1
disease-fighting fruit can radically heal
your body every day. 2nd Edition ed.
Splash Campaign, LLC DBA2016.

Tyagi S, Nanher A, Sahay S, Kumar V,
Bhamini K, Nishad S, et al. Kiwifruit: Health
benefits and medicinal importance.
Rashtriya Krishi. 2015;10(2):98-100.

Lal S, Ahmed N, Singh SR, Singh DB, Mir
JI, Kumar R. Kiwi fruit: Miracle Berry. 2010.
Chaurasia M, Gaba R. Kiwi Fruit: A Fruit or
a Medicine? Research News For U
(RNFU). 2014;17:203-4.

Nagib RM. Combined effects of methionine
and kiwi fruit on paracetamol induced liver
injury. World Journal of Medical Sciences.
2013;9(1):01-7.

Recio-Rodriguez JI, Gomez-Marcos MA,
Patino-Alonso MC, Puigdomenech E,
Notario-Pacheco B, Mendizabal-
Gallastegui N, et al. Effects of kiwi
consumption on plasma lipids, fibrinogen
and insulin resistance in the context of a
normal diet. Nutrition Journal. 2015;14:97.
Etebu E, Nwauzoma A. A review on sweet
orange (Citrus sinensis L Osbeck): health,
diseases and management. American
Journal of Research Communication.
2014;2(2):33-70.

Anitha M, Hemapriya J, Mathivathani P,
Ramya K, Monisha DM. A Study on
effectiveness of Sweet orange against
bacterial wound isolates. International
Journal of Plant, Animal and
Environmental Sciences. 2016;6(3):39-44.

© 2018 Acham et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://prh.sdiarticle3.com/review-history/25293

13



