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Abstract

Underutilised fruits are not only important sources of food and nutrition, but also secure household income 
especially for rural and farm communities. However, some of the underutilised fruits have not received much 
attention as compared to commercial fruits. This could be due to their lack of knowledge of their potential 
values. Hence, information about their health promoting properties is critical to increase the value of underu-
tilised fruit species to enhance their preservation and sustainable use in strengthening food, nutrition, health 
and livelihood security. This article aims to provide a comprehensive review on the phytochemical properties 
and biological activities of underutilised fruit species grown in Malaysia focussing on health promoting aspects. 
With regard to phytochemistry, only 21 species of underutilised fruits have been identified and quantified. Phy-
tochemical investigations of various parts of the fruits have revealed the presence of over 100 phytochemicals 
which are phenolics, terpenoids, carotenoids and other miscellaneous compounds. About 51 underutilised 
fruit species have been explored for interesting biological activities (antioxidant, antimicrobial, anticholinest-
erase, cytotoxicity, antiatherosclerotic, antihyperlipidemia, antidiabetic, cytoprotective, cardioprotective and 
antiplatelet activities) supporting their diverse traditional uses. Different parts of the fruits have been analysed 
mainly in vitro and barely in vivo, with pulp being the most dominant. Of all the underutilised fruits studied, 
Mangifera species and Canarium odontophyllum have been the major focus for researchers. The gaps obtained 
from this review create further research opportunities to add to the current knowledge of health promoting 
properties of underutilised fruits in Malaysia. More studies are needed to confirm the health significance and 
explain their mechanisms of action in order to fully understand the real potential of this underutilised fruit 
species.

Keywords: Underutilised fruits; Traditional uses; Phytochemical compounds; Biological activities.
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1. Introduction

Malaysia possesses a rich diversity of underutilised fruits grown 
in orchards, home gardens and some can be found in the wild of 
Peninsular Malaysia, Sabah and Sarawak, which are located on 
the Borneo Island. These underutilised fruits are important sources 
of food and nutrition for rural and farm communities, which im-
prove the quality of diets and sustenance of the communities. The 
diversity of the fruit species in the fruit orchards or home gardens 
is not only an important source of food and nutrition, but also prob-
ably more importantly secure household income and thus leads to 
the improvement of their livelihood (Salma et al., 2006). Other 
than being popularly consumed as a source of food, some of the 
underutilised fruits have also been used in folk medicine. The com-
prehensive list of the ethnobotanical uses of over 50 Malaysian 
underutilised fruits from 23 families is displayed in Table 1. This 
information can be the basis for further research to investigate the 
health and phytochemical aspects of underutilised fruit species.
Anacardaceae family which consists of one species of Bouea mac-
rophylla and seven species of the genus Mangifera, is the most 
studied underutilised fruit in Malaysia. Anacardaceae fruits are 
mainly used as food source and only some have been reported to 
possess medicinal properties to treat various ailments such as M. 
caesia, M. foetida, M. pajang and M. pentandra ( Gerten et al., 
2015; Khoo et al., 2016; Mirfat et al., 2016; Mirfat et al., 2015; 
Salma et al., 2006). Euphorbiaceae, Guttiferae and Sapindaceae are 
the next commonly studied underutilised fruits in Malaysia. How-
ever, there are no reports in the literature on the ethnomedicinal 
properties of Euphorbiaceae (Baccaurea angulata, B. lanceolata, 
B. macrocarpa, B. motleyana and B. polyneura) other than being 
a source of food. Nephelium ramboutan-ake from the Sapindaceae 
family has been described to treat scabbies and itchiness (Gerten et 
al., 2015). Guttiferae which are usually used in cooking, have been 
reported to have medicinal potential as shown by Garcinia atrovir-
idis (Gerten et al., 2015; Salma et al., 2006), G. dulcis (Abu Bakar 
et al., 2015) and G. parvifolia (Gerten et al., 2015; Salma et al., 
2006). In addition, other underutilised fruits species such as Parkia 
speciosa and Averrhoa bilimbi have also been widely reported by 
researchers to have various traditional remedial use. Parkia spe-
ciosa has been used for its diuretic and relaxing properties, treat-
ment of high blood pressure, diabetes and has antibacterial effects 
on kidney, ureter and urinary bladder (Ko et al., 2014; Salma et 
al., 2006; Voon and Kueh, 1999) . Meanwhile, A. bilimbi is useful 
in treating fever, cold, coughs, itches, boils, beriberi, biliousness, 
inflammation of the rectum, internal haemorrhoids, hypertension, 
diabetes, syphilis and rheumatism (Khoo et al., 2016; Muhamad et 
al., 2014; Noor & Noriham, 2014; Salma et al., 2006).

However, as these underutilised fruits are usually maintained 
by cultural preferences and traditional practices, some of them 
have been largely neglected in research and conservation. They 
have also not received much attention as compared to commercial 
fruits. This could be due to their lack of knowledge of their po-
tential value and also promotional campaigns. Information about 
their health promoting properties is critical to increase the value of 
such neglected species to enhance the preservation and sustainable 
use of these underutilised fruits in strengthening food, nutrition, 
health and livelihood security. Therefore, this review was con-
ducted to describe the current progress in research regarding the 
phytochemical properties and biological activities of underutilised 
fruit species in Malaysia which cover various health promoting 
aspects. The gaps present will further highlight existing research 
opportunities to enhance the current knowledge of health promot-
ing properties of underutilised fruits in Malaysia.

2. Phytochemistry

Phytochemicals are non-nutritive bioactive compounds naturally 
produced by plants that can be categorized into phenolics, alka-
loids, terpenes and steroids, among others (Chew et al., 2011). 
Table 2 summarizes the major phytochemical components of 21 
species of Malaysian underutilised fruits. Over 100 phytochemi-
cals were identified and isolated from different parts of the fruits 
with pulp being the mostly studied. Phenolics have been identified 
as the most vital phytochemical compounds that contribute to the 
diverse health properties reported. Of the phenolic compounds, the 
most important reported were gallic acid, catechin and protocat-
echuic acid (Abu Bakar et al., 2010; Ahmad et al., 2015; Ahmed 
et al., 2013; Hassan et al., 2011; Khoo et al., 2012a; Prasad et al., 
2011a; 2011b; Sulaiman and Ooi, 2012; Tee et al., 2015). Among 
the most useful and powerful analytical instruments used to inves-
tigate these compounds are high performance liquid chromatog-
raphy (HPLC), gas chromatography-mass spectrometry (GC-MS) 
and liquid chromatography-mass spectrometry (LC-MS).

The Anarcardiaceae family which consists of M. caesia, M. 
foetida, M. odorata, M. pajang, M. pentandra and M. quadrifida 
dominates the number of the phytochemical studies. Gallic acid, 
vanillic acid and mangiferin were among the compounds found es-
pecially in the pulp of the fruit species (Sulaiman and Ooi, 2012). 
However, M. pajang fruit parts were thoroughly investigated by 
researchers. The peel was reported to contain various classes of 
phenolics including pyrogallic acid, gallic acid, catechin, epicat-
echin, mangiferin, rutin, protocatechuic acid, chlorogenic acid, 
methyl gallate, 4-hydroxybenzoic acid, vanillic acid, ethyl gallate, 
p-coumaric acid, ferulic acid, ellagic acid, morin, daidzein, kaemp-
ferol, luteolin, diosmin, quercetin, naringin, hesperidin, caffeic 
acid, chlorogenic acid and sinapic acid (Abu Bakar et al., 2010; 
Ahmad et al., 2015; Hassan et al., 2011; Prasad et al., 2011b).

A broad phytochemical study was also conducted in Canarium 
odontophyllum or fondly known as dabai. All the fruit parts com-
prising pulp, peel, pulp with peel, pericarp and seed were investi-
gated. The chemical composition differs largely according to the 
fruit parts. Catechin, epicatechin, epigallocatechin, epicatechin 
gallate, methyl gallate, ellagic acid and vanillic acid were the ma-
jor phenolics reported in the pulp and peel (Khoo et al., 2012a). 
Another study by Khoo et al. (2013) indicated that the peel and 
pericarp contained cyanidin-3-glucoside, cyanidin-3-galactoside 
and cyanidin-3-arabinoside. These anthocyanins are one of the 
many classes of phenolics that are normally found in fruits. Mean-
while, all -trans-β-carotene, 13-cis-β-carotene, all-trans-lutein, 
9-cis-lutein, 13-cis-lutein, di-cis-β-carotene, 15-cis-β-carotene and 
9-cis-β-carotene were the carotenoids present in almost all parts of 
the fruits (Prasad et al., 2011a).

A phytochemical screening of various fruit parts of Litsea gar-
ciae, locally known as engkala, has resulted in the identification 
of viniferin, cyanidin, ferulic acid (pulp), dihydroquercetin, p-
coumaroyl, tartaric acid, caffeoyl tartaric acid, cinnamoyl glucose 
(seed), ferulic acid, cinnamoyl glucose, epigallocatechin (cupule) 
and viniferin, elphinidin 3,5-O-diglucoside, cinnamoyl glucose 
(peel) (Husen, 2015). Baccaurea angulata peel, pulp and whole 
fruit were phytochemically investigated by Ahmed et al. (2013; 
2015) in two different studies. Both studies confirmed the presence 
of catechin, ascorbic acid, vanillic acid, carnosic acid, cinnamic 
acid, caffeic acid and myricetin in the different parts of the fruit 
(Ahmed et al., 2013; Ahmed et al., 2015). The most recent study of 
the Malaysian underutilised fruits was reported by Abu Bakar et al. 
(2016). They analysed the chemical constituents of Rubus moluc-
canus, R. fraxinifolius and R. alpestris using a GC-MS. The results 
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revealed the presence of at least 12, 21, and 7 different compounds 
in R. alpestris, R. moluccanus and R. fraxinifolius, respectively.

3. Biological activities

Based on the literature search, the health promoting aspects of Ma-
laysian underutilised fruits have not been thoroughly investigated, 
as shown in Tables 2, 3 and 4. Antioxidant effect has dominated 
the activities (63%) as it is the basis study to lead to possibilities 
of finding other therapeutic potentials. A few studies have been 
reported on antimicrobial activities (14%) of selected underutilised 
fruit species. Other biological activities that were documented 
from Malaysian underutilised fruits include anti-cholinesterase 
(9%), cytotoxicity (7%), cytoprotective (4%), anti-atherosclerotic 
(3%), anti-hyperlipidemia (1%), antidiabetic (1%), cardioprotec-
tive (1%) and anti-platelete (1%). Both in vitro and in vivo assays 
have been performed to evaluate antioxidant potential, while in 
vitro assays were used for antimicrobial, anticholinesterase and 
anticancer activities. Other in vivo experiments were carried out 
to assess antiatherosclerotic, antihyperlipidemia, antidiabetic, cy-
toprotective and cardioprotective effects. Pulp was the commonly 
used fruit part (47%) in the analyses, followed by peel (16%), 
whole fruit (11%), seed (9%) and others. A summary of the find-
ings is presented below.

3.1. Antioxidant effect

All underutilised fruit species listed in were tested for their anti-
oxidant capacity. The findings that have been documented showed 
that different fruit species exhibited varying degrees of antioxidant 
activities depending on the fruit parts, assays and extraction sol-
vents used (Table 3). With regard to in vitro assays, 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging was the most widely 
applied. Ferric reducing antioxidant power (FRAP) ranked second, 
followed by 2-2′-azino-bis (3-ethylbenz-thiazoline-6-sulfonic acid 
(ABTS) and β-carotene bleaching activity. The in vitro activi-
ties were also measured using metal chelating, Trolox equivalent 
antioxidant capacity (TEAC), phosphatidylcholine peroxida-
tion, phosphomolybdenum, oxygen radical absorbance capacity 
(ORAC), copper (II) reduction antioxidant capacity (CUPRAC), 
thiocyanate, superoxide radical, linoleic acid peroxidation and 
haemoglobin oxidation assays. With respect to extraction solvents, 
methanol was the most popular one followed by water and ethanol. 
Other solvents used were hexane, ethyl acetate, acetone, petroleum 
ether, chloroform, dichloromethane and phosphate buffered saline 
(PBS). In vivo assays were conducted using enzymatic and non-
enzymatic antioxidant assays in both animals and humans.

Out of 51 underutilised fruit species tested for antioxidant, C. 
odontophyllum demonstrated the highest numbers of antioxidant 
studies. Various parts of the fruits were analysed almost by the 
same group of researchers which comprised pulp (Ali Hassan et 
al.; 2013b; Prasad et al., 2010; Shakirin et al., 2010), pulp with peel 
(Ali Hassan et al., 2013b; Khoo et al., 2012a; 2012b; Shakirin et al., 
2010), peel (Khoo et al., 2012; 2013; 2014; Prasad et al., 2010; Sha-
kirin et al., 2010), seed (Ali Hassan, 2013b; Khoo et al., 2012; Pras-
ad et al., 2010), pericarp (Khoo et al., 2013; 2014), kernel (Shakirin 
et al., 2010) and whole fruit (Chew et al., 2011). Khoo et al. (2013) 
and Shakirin et al. (2010) reported that peel extracts showed the 
highest inhibition percentage as measured by DPPH radical scav-
enging activity with 60% and 78.2 ± 0.5%, respectively. Meanwhile, 
Prasad et al. (2010) reported that peel exhibited stronger ABTS 
radical scavenging activity (84.5 ± 0.9%) and higher β-carotene Fa
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activity (74.6 ± 0.4%) than DPPH scavenging activity. Ali Hassan 
et al. (2013b) found that pulp extracts showed higher DPPH radical 
scavenging activity (88.14 ± 1.42%) and FRAP activity (30.52 ± 
0.54 mM Fe2+/l). However, the FRAP activity of peel extracts as 
reported by Shakirin et al. (2010) was remarkably higher (1744 ± 
0.32 mM Fe2+/g). In in vivo study, it was observed that both peel 
and pericarp extracts of C. odontophyllum had significantly reduced 
lipid peroxidation effect as compared to the anthocyanin standard, 
cyanidin-3-glucoside. Thiobarbiturate reactive substance (TBARS) 
values among defatted peel, pericarp and cyanidin-3- glucoside 
showed no significant differences for hemoglobin and low density 
lipoprotein (LDL) oxidation assays (Khoo et al, 2014).

Meanwhile, among the abundant species of Anarcadiaceae fam-
ily which have been tested for antioxidant activities, M. pajang 
or bambangan was the centre of attention. The findings of pulp 
(Abu Bakar et al., 2009; Abu Bakar et al., 2011; Ikram et al., 2009; 
Mirfat et al., 2015), peel (Abu Bakar et al., 2009; 2011; Ahmad et 
al., 2015; Hassan et al., 2011) and kernel (Abu Bakar et al., 2009; 
2011; Ibrahim et al., 2013) were reported by six different research 
groups. Abu Bakar et al. (2009; 2011) described that methanol-
ic kernel extract displayed the highest DPPH scavenging effect 
(23.23 mg ascorbic acid equivalent capacity (AEAC)/g) and FRAP 
reducing activity (3,130.00 ± 35.47 μM Fe2+/g). Meanwhile, other 
researchers reported that ethyl acetate and methanolic kernel ex-
tracts were strong DPPH radical scavengers with IC50 values of 
7.28 ± 0.30 and 8.84 ± 1.04 μg/ml (Ibrahim et al., 2013). Pulp 
was tested for β-carotene bleaching activity which ranged from 
68.47 ± 1.56 48.65 ± 2.70% (Ikram et al., 2009) and DPPH radi-
cal scavenging activity with IC50 of 37.94 ± 1.29 mg/ml (Mirfat 
et al., 2015). Peel was the only fruit part that was reported for in 
vivo study in human subjects. After administration of the peel juice 
extract, plasma total antioxidant status, plasma β-carotene and 
ascorbic acid were increased by 18, 45 and 28% as compared to 
the baseline level and placebo, but liver and kidney functions were 
unaffected (Ahmad et al., 2015).

Both in vitro and in vivo assays were also performed in Baccau-
rea angulate, known as belimbing dayak. Based on the literature, 
four studies investigated the same whole fruit, pulp and peel parts 
(Ahmed et al., 2013; Ahmed et al., 2015; Jauhari et al., 2013; Mi-
kail et al., 2014; 2015;). All researchers reported the same results 
that methanolic peel extracts displayed the highest DPPH radi-
cal scavenging activity with 96.80 ± 0.53% (Ahmed et al., 2013; 
2015) and 78.54 ± 2.08 mg AA/100g (Jauhari et al., 2013). Jauhari 
et al. (2013) also reported that methanolic peel extract showed the 
highest FRAP activity (50.86 ± 4.24 mm TE/g) and TEAC activ-
ity (492.79 ± 53.77 mm TE/100g). Mikail et al. (2015) studied the 
in vivo antioxidant effect of B. angulata fruits in rabbits. Plasma 
malondialdehyde (MDA) levels in high cholesterol-induce rabbits 
were the greatest in peel juice treated group (671.04 %), while 
whole fruit juice group demonstrated the highest level of catalase 
activity (12.66 %) and total antioxidant capacity (309.08 ± 35.59 
mM) (Mikail et al., 2015).

3.2. Antimicrobial effect

Ten species of underutilised fruits in Malaysia have been recorded 
for their antimicrobial activities which comprise A. altilis, A. bil-
imbi, B. angulata, C. odontophyllum, G. parvifolia, M. pajang, P. 
tectorius, R. moluccanus, R. fraxinifolius and R. alpestris (Table 
3). Similar to antioxidant activities, these fruit species also exhibit-
ed varying degrees of antimicrobial activity depending on the fruit 
part, methods employed and extraction solvents used. The meth-
ods that were reported to assess antimicrobial activities were in the 

order of disc diffusion > well diffusion > microdilution. Few of the 
fruit species were further evaluated for minimal inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC)/
minimum fungicidal concentration (MFC). Several polar and non-
polar extraction solvents were used which was again dominated by 
methanol, and the extracts were tested against common pathogenic 
microbes; bacteria, fungi and yeasts.

Canarium odontophyllum fruits, again, were the main focus of 
the researchers. This is evident by the studies reported by Basri 
et al. (2014a; 2014b). They found that methanol, acetone, hexane 
and distilled water extracts of pulp were not active against all the 
Gram-negative and Gram-positive bacteria tested at concentra-
tions of 25–100 mg/ml. However, acetone extract displayed mod-
erate activity against Candida glabrata (8.0 ± 0.00 mm) and hexane 
extract was active against C. glabrata only at 100 mg/ml (Basri 
et al., 2014a). With regard to C. odontophyllum seed, Basri et al. 
(2014b) demonstrated that ethyl acetate extract was active against 
B. cereus (9.6 ± 0.1 mm to 14.6 ± 0.1 mm), whereas the acetone 
extract was capable of inhibiting Proteus mirabilis and Acineto-
bacter baumannii at 9.6 ± 0.0 to 14.0 ± 0.0 mm and 7.0 ± 0.1 to 
13.0 ± 0.1 mm, respectively. MIC and MBC values of ethyl acetate 
and acetone extract were the same against Bacillus cereus and A. 
baumannii at 6.25 and 1.563 mg/ml, respectively.

However, many other researchers claim stronger inhibitory ac-
tivities against the tested microbes. For instance, Momand (2014) 
revealed that ethanolic extract of B. angulata peel was an effective 
inhibitor (37 ± 1.0 mm) against S. pneumoniae at a concentration 
of 1,000 µg/ml. Methanolic extract of A. altilis (sukun) pulp exhib-
ited pronounced activity with inhibition zones ranging from 14.83 
± 0.28 to 20.50 ± 0.76 mm against all Gram-positive and Gram-
negative bacteria tested (Jalal et al., 2015). Meanwhile, only iso-
lated compound methyl gallate of M. pajang demonstrated strong 
antibacterial effect towards methicillin resistant Staphylococcus au-
reus (MRSA) (21.5 mm) (Ahmad et al., 2015). There was one study 
that isolated bacteria from G. parvifolia (kundong) fruits which was 
identified as Fusarium equiseti. The isolate (56 GP) possessed the 
most antibacterial activity against S. aureus (9 mm), Agromyces 
lapidis (6 mm), Listeria monocytogenes (7 mm), Bacillus megate-
rium (5 mm) and B. subtilis (5 mm) (Sim et al., 2010).

3.3. Anti-cholinesterase effect

Alzheimer’s disease is a form of dementia characterized by loss of 
central cholinergic neurons associated with a marked reduction in 
content of acetylcholinesterase (AChE), the enzyme responsible 
for the termination of nerve impulse transmission at cholinergic 
synapses (Ali Hassan et al., 2013b). Therefore, anticholinesterase 
activities that have been documented for Malaysian underutilised 
fruits serve as an important information for further possibilities to 
develop anticholinesterase drugs as one of the important approach-
es in the management of Alzheimer’s disease. Six underutilised 
fruit species which consists of C. odontophyllum, C. betacea and 
G. parvifolia, R. moluccanus, R. fraxinifolius and R. alpestris have 
been investigated for their anticholinesterase activities (Table 3).

Ali Hassan et al. (2013b) discovered that both edible (pulp with 
peel) and inedible (seed) extracts of C. odontophyllum showed 
anticholinesterase activity when tested at 0–100 µg/ml. However, 
the highest activity was seen in the seed (22.4%). In addition, Ali 
Hassan and Abu Bakar (2013) also suggested that Cyphomandra 
betacea (buah cinta) extracts displayed anticholinesterase activity 
at higher concentrations (50–250 µg/ml), with the highest activity 
in the peel. Eighty percent methanolic extracts of G. parvifolia also 
exhibited anticholinesterase activity at the same concentrations of 
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C. betacea. In particular, the highest activity of G. parvifolia was 
observed in the pulp at 14.3%. However, the activity was much 
lower than that of the positive control, galanthamine (Ali Hassan et 
al., 2013c). A recent study by Abu Bakar et al. (2016) revealed that 
all methanolic extracts of R. moluccanus, R. alpestris and R. frax-
inifolius had weak anticholinesterase activities with 26.42 ± 1.41, 
25.30 ± 1.56 and 23.06 ± 1.12%, respectively, even when tested at 
the highest concentration (5 mg/ml). This is in comparison with 
Donepenzil (positive control) which showed complete inhibition 
activity (100%) when tested at 1 mg/ml.

3.4. Cytotoxicity effect

Five species of underutilised fruits in Malaysia have been stud-
ied for cytotoxicity; these include A. odoratissimus, C. cauliflora, 
G. dulcis, P. tectorius and the popular, M. pajang (Table 3). MTT 
([3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]) 
assay is commonly used by researchers to investigate the cytotox-
icity of the fruit species. Out of the underutilised species, only A. 
odoratissimus was not cytotoxic towards all the cancer cell lines 
tested; human liver (HepG2), human colon (HT-29) and human 
ovarian (Caov3) (Abu Bakar et al. 2010).

Cynometra cauliflora, locally known as nam-nam, has tradi-
tionally been used in folk medicine (Tajudin et al., 2012); it exhib-
ited a very strong cytotoxic activity towards human promyelocytic 
leukemia HL-60 cells (CD50 0.9 µg/ml) and inhibited the cells into 
apoptotic cell death mode. However, it was less cytotoxic towards 
normal mouse fibroblast cell line 3T3/NIH cells. The authors stated 
that extracts which demonstrated CD50 value of 10–25 µg/ml were 
considered to be weak in cytotoxicity, while extracts with CD50 
value of less than 5.0 µg/ml were considered very active (Tajudin 
et al., 2012). Another strong cytotoxic effect was demonstrated by 
G. dulcis (mundu) from the Guttiferae family (Abu Bakar et al., 
2015). The seed extract induced the lowest cytotoxicity against 
HepG2 cancer cell line with IC50 value of 7.5 ± 2.52 µg/ml. Mean-
while, pulp extract induced cell cycle arrest at sub-G1 (apoptosis) 
phase in a time-dependent manner. The cell population underwent 
apoptosis after 72 hours of exposure of the HepG2 cell line to pulp 
extract. Caspase-3 was activated which led to the death of HepG2 
cell (Abu Bakar et al., 2015). Another study revealed that ethyl ac-
etate and methanol extracts from M. pajang kernel showed strong 
cytotoxic activity towards human breast (MCF-7) and cervical 
(HeLa) cancer cell lines (Ahmad et al., 2015). The remarkable ef-
fect was demonstrated in a dose-dependent manner with IC50 value 
of less than 10 μg/ml. The extracts also displayed strong to moder-
ate activities towards HT-29. This recent study was in agreement 
with the earlier study conducted by Abu Bakar et al. (2011). They 
reported that M. pajang methanolic kernel extract induced strong 
cytotoxic activities against HT-29, HepG2, Caov3, and especially 
breast (MCF-7 and MDA-MB-231) cancer cell lines tested. How-
ever, the IC50 of MCF-7 and MDA-MB-231 were much higher 
than 10 μg/ml with 23.0 and 30.5 mg/ml, respectively. In a previ-
ous study by Abu Bakar et al. (2010), M. pajang ethanolic kernel 
extract was found to arrest the growth of proliferating cells from 
MCF-7 and MDA-MB-231 cancer cell lines, which was associated 
with induction of apoptosis as measured by cell cycle profiling, 
extrusion of phosphatidylserine to the outer surface of the plasma 
membrane, and induction of caspase activity.

3.5. Cytoprotective effect

Cytoprotective is strongly correlated with antioxidant as antioxi-

dants protect biological structures from oxidative damage caused 
by free radicals. Of the all underutilised fruit species identified, B. 
angulata, C. odontophyllum and M. pajang were reported for their 
cytoprotective activity using in vitro and in vivo systems (Table 3).

Mikail et al. (2015) investigated the effects of B. angulata juice 
on plasma MDA levels, as well as the activities of antioxidant 
enzymes and total antioxidant capacity in rabbits. They showed 
that B. angulata fruit significantly (p < 0.05) decreased the plasma 
level of MDA and increased the activities of superoxide dismutase 
(SOD), glutathione peroxidase (GPx) and catalase (CAT) in rabbits 
fed a high-cholesterol diet. The ability of B. angulata to protect 
low-density lipoprotein (LDL) from oxidative modification may 
be attributed to phenolic compounds known to act as powerful 
chain-breaking antioxidants and free radical scavengers. In anoth-
er in vivo study, Shakirin et al. (2012a) suggested that the supple-
mentation of pulp and kernel oils of C. odontophyllum in healthy 
rabbits might offer some protective effects against generation of 
free radicals, thus reducing the oxidative stress by enhancing the 
conversion of superoxide radicals to hydrogen peroxide (H2O2), 
followed by deactivation of H2O2 by GPx. Meanwhile, in vitro cy-
toprotective study of pericarp and peel extracts of C. odontophyl-
lum was evaluated using Chang liver cells (human normal) and 
HUVEC (human umbilical vein endothelial) cell lines (Khoo et al., 
2014). Both extracts were found to exhibit cytoprotective effects in 
tert-butyl hydroperoxide (t-BHP) and 40% methanol-induced cell 
death. They also showed no toxic effect to Chang liver cell line. 
However, using CD36 ELISA, NAD+ and LDL inhibition assays, 
inhibition of oxidative stress was found to be higher in the peel 
extract. IC50 concentration of the peel extract was greatly lower 
than the pericarp (0.153 mg/ml) indicating that peel extract had a 
stronger protective effect against oxidative damage compared to 
the pericarp extract. Mangifera pajang was also investigated for 
its potential in the protection against oxidative damage. Abu Bakar 
et al. (2013) reported that among pulp, kernel and peel extracts 
of M. pajang, kernel extract protected HepG2 cells against t-BHP 
induced-cell death. The extract gave a higher cytoprotection index 
than quercetin, with an EC50 value of 1.21 ± 0.13 µg/ml.

3.6. Anti-atherosclerotic effect

Although many species of underutilised fruits have been discov-
ered in Malaysia, only B. angulata and C. odontophyllum fruit spe-
cies were studied for their antiatherosclerotic properties (Table 3). 
Atherosclerosis is characterized by the accumulation of cholesterol 
deposits in the macrophages of arteries which if uncontrolled, may 
result in coronary artery heart disease (Shakirin et al., 2012b).

Baccaurea angulata was found to reduce atherosclerosis pro-
gression (Mikail et al., 2014). They described that the supple-
mentation of B. angulata juice showed plaque-reducing activity 
in cholesterol-induced rabbits in a dose-dependent manner. In the 
high-cholesterol diet, high cholesterol diet with juice treatments 
(0.5, 1 and 1.5 ml/kg) and standard chow diet, plaque formation at 
the entire aorta were 96, 55, 49, 22 and 0%, respectively. In anoth-
er study, Nurulhuda et al. (2013) reported that high cholesterol ani-
mal group supplemented with defatted pulp powder exhibited the 
greatest reduction in atherosclerotic plaque formation by 79.4%, 
induced by a significant reduction in total cholesterol (96.3%) and 
LDL-c (26.5%) and lipid peroxidation levels.

3.7. Anti-hyperlipidemia effect

Hyperlipidemia is a metabolic condition that can be due to an 
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increase in blood lipid levels, which include cholesterol and tri-
glycerides (Al-Mansoub et al., 2014). Only one antihyperlipidemia 
study was recorded from Malaysian underutilised fruit, G. atrovir-
idis or locally known as asam gelugor (Table 3). This fruit species 
has demonstrated notable ethnomedicinal properties as reported by 
Gerten et al. (2015), Al-Mansoub et al. (2014) and Salma et al. 
(2006) (Table 1). With respect to scientific research, Al-Mansoub 
et al. (2014) demonstrated that aqueous extract of the ripe fruit 
showed the most potent antihyperlipidemic activity, comparable to 
that of commercial drug, atorvastatin. It also significantly reduced 
the total cholesterol, triglycerides, low-density lipoprotein, very-
low-density lipoprotein and atherogenic index at P < 0.01.

3.8. Antidiabetic effect

Canarium odontophyllum has been screened by researchers to 
see their hyperglycemic effect against obese-diabetic-induced 
rats (Table 3). Mokiran et al. (2014) investigated the potential of 
the ethanolic pulp extracts in two different concentrations. They 
found that after a 4-week treatment period, the administration of 
the higher extract concentration (600 mg DE/kg bw) reduced the 
plasma glucose level by 30%, but this reduction was not statisti-
cally significant. However, the result was strongly correlated with 
the reduction of plasma glucose at 60 to 90 min in the oral glucose 
tolerance test (OGTT) and a lower area under the curve (AUC) 
value. The high concentration extracts also failed to increase the 
insulin level but increased its sensitivity and reduced insulin re-
sistance (HOMA-IR) only at the end of the experiment. This was 
the only study of antidiabetic effect ever reported of Malaysian 
underutilised fruits.

3.9. Cardioprotective effect

The cardioprotective effect of C. odontophyllum was conducted 
against hypercholesterolemic-induced rabbits using lipid peroxi-
dation marker (plasma MDA) and antioxidant enzymes (SOD and 
GPx) as biomarkers (Khoo et al., 2013) (Table 3). These markers 
are useful in provision of information and confirmation of inhibi-
tion of oxidative stress and cardioprotective effect. It was reported 
that the methanolic defatted peel extract had the highest amount of 
anthocyanin, cyanidin-3-glucoside (C3G) with 55.12 ± 0.82 mg/g. 
This C3G-rich extract inhibited MDA production in the hyper-
cholesterolemic rabbits and elevated cellular antioxidant enzymes 
(SOD and GPx). In particular, a significantly low increment (0.19 
mol/l) of plasma MDA was observed for the treatment group after 
supplementation of C3G-rich extracts for 8 weeks as compared 
to control group. However, no significant change of GPx activity 
was found.

3.10. Anti-platelet activity effect

The study of the antiplatelet activity of Malaysian underutilised 
fruits was reported from Garcinia spp which comprised G. atro-
viridis, G. hombroniana and G. prainiana (Table 3). Platelets have 
been implicated in the pathogenesis of artherothrombotic condi-
tions and play a key role in acute arterial thrombosis. Platelet ag-
gregation was measured using electrical impedance method to as-
sess the action of endogenous agonists such as arachidonic acid 
(AA), adenosine diphosphate (ADP), platelet activating factor 
(PAF), thrombin and collagen. Jantan et al. (2011) indicated that 
methanolic whole fruit extracts of G. atroviridis had pronounced 

inhibition of platelet in human subjects at 100 μg/ml with 72.0 ± 
0.03% (ADP). Garcinia hombroniana and G. prainiana demon-
strated anti-platelet activities of 50.0 ± 0.1% (AA), 50.0 ± 0.9% 
(ADP), 41 ± 0.1% (collagen) and 36.0 ± 0.1% (AA), 33 ± 0.1% 
(ADP), 37 ± 0.1% (collagen), respectively. The study was per-
formed in human subjects.

4. Conclusion

Underutilised fruits grown in tropical countries like Malaysia are 
not only an important source of food and nutrition for the rural 
population, but some of them have also been used in traditional 
medicine. This information is the basis to lead to a wide range of 
scientific studies. With regard to phytochemistry, only 21 underu-
tilised fruit species have had their compounds identified and quan-
tified. Phytochemical investigations of various parts of the fruits 
have revealed the presence of over 100 phytochemicals which 
comprise phenolics, terpenoids, carotenoids and other miscellane-
ous compounds. Meanwhile, about 51 underutilised fruit species 
have been identified and explored for various health promoting 
properties. Different parts of the fruits have been analysed mainly 
in vitro and barely in vivo. Research have shown that these underu-
tilised fruits exhibit varying degrees of antioxidant, antimicrobial, 
anticholinesterase, cytotoxicity, antiatherosclerotic, antihyperlipi-
demia, antidiabetic, cytoprotective, cardioprotective and antiplate-
let activity, although most of the studies are still not thorough. In 
addition, some species that have been used traditionally to treat 
many types of ailments have not been comprehensively investigat-
ed for their biological activities. Several fruit species for example, 
Mangifera species and Canarium odontophyllum have stolen the 
limelight that the remainder have been neglected by researchers. In 
a nutshell, this review has revealed that they are still gaps and in-
adequate information in some areas that open interesting doors for 
further research opportunities. More studies are needed to confirm 
the health significance and explain their mechanisms of action in 
order to fully understand the real potential of these underutilised 
fruit species.
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