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Abstract – Canarium odontophyllum Miq. fruit, popularly recognized as dabai fruit in Sarawak, is a
seasonal fruit found in the tropical rainforest of East Malaysia. A dabai fruit can be divided into
several anatomical parts, and different parts of the fruit have different valuable phytochemicals. Due
to the lack of promotion, dabai fruit is viewed as nutritionally inferior fruit by the public. On the
contrary, the fruit is rich in nutrients such as protein, fat, carbohydrates, sodium, calcium and iron.
Many phytochemicals have been detected from different parts of dabai fruit, and these molecules have
been linked to beneficial properties such as hypolipidemic, anti-atherosclerotic, anti-cholinesterase,
antimicrobial and potentially anti-diabetic. The aim of this article is to review research studies on this
fruit in order to provide adequate baseline information for commercial exploitation as well as for
future studies.
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Introduction
Canarium odontophyllum Miq. fruit, commonly known as dabai fruit in Sarawak, is a Canarium
species from the Burseraceae family. There are approximately 18 genera and 700 species under the
Burseraceae family. The family is distributed tropically across a wide range of frost-free and lowelevation habitats such as rainforest, deserts and dry deciduous forest (Weeks, Daly & Simpson, 2005).
This family contains 3 tribes, namely Canariceae, Protieae and Burserae. The Burseraceae family is
well known in producing resins of medicinal, economic and cultural values including myrrh,
frankincense and copal (Paparozzi, 2005).
Approximately 100 species of Canarium genus are distributed in Asia and Pacific Islands. Around 55
species indigenous to the Southeast Asia tropics are valuable for their edible oil-rich kernels, fragrant
resins and lumber (McGregor, 1991). Among these species, Chinese olive (Canarium album), Galip
(Canarium indicum), Pili (Canarium ovatum) and African black olive (Canarium Sweinfurthi) are the
most common studied species. Dabai (Canarium odontophyllum Miq.) fruit becomes the most sought
after species due to its nutritional, phytochemical and pharmacological properties.
In local communities of Sarawak, dabai fruit is immersed in lukewarm water for 5 to 10 minutes prior
to consuming it together with sugar and soy sauce. As the economic potential has not been fully
explored due to the lack of promotion, dabai fruit is classified as an underutilized fruit. Since 1985,
numerous studies on the conservation, collection, improvement and documentation of dabai fruit have
been conducted by the Agriculture Department of Sarawak (Chai et al., 2008). Lately, dabai fruit has
been promoted by the Agriculture Department of Sarawak as a specialty fruit due to its high
nutritional quality (Kunding, 2007; Lau, 2009).
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Dabai trees can grow up to 36 metres high and the leaves are thin, large and odd-pinnate (Lim, 2012).
The biennial fruit-bearing season of dabai trees can be found in the tropical rainforests of East
Malaysia (Sarawak and Sabah). The trees are distributed along the riverbanks of Sarawak, particularly
in the Kapit, Sarikei, Limbang and Sibu divisions. The fruiting season for dabai fruit is from October
to January and the storage period of dabai fruit is about two days after harvest. Dabai fruits may
shrivel, shrink and loose its quality when stored at 27 °C for two days (Ding & Yahia, 2011). The
short shelf life of dabai fruit is probably caused by its high respiration rate. With the advancement of
postharvest technologies, a new freezing technique has been developed by the Agriculture Department
of Sarawak. This freezing technique can prolong the shelf life of dabai fruit up to one year if stored in
cold storage (Lau & Fatimah, 2007).

Figure 1: Dabai fruit.
In Sarawak, dabai fruit is also known as Sarawak olive or Sibu olive because the physical appearance,
flavour and texture of dabai fruit (Figure 1) is almost similar to olive. Dabai fruit is ovoid drupe, 2.2 –
3.0 cm in diameter, 3.0 – 4.0 cm in length and weighing 10.0 -18.0 g (Chew et al., 2011a). The
immature dabai fruit is white in colour and it turns to purplish-black when fully ripe. Dabai fruit
contains large single three-angled seed with a thick, hard endocarp (1.6 - 2.0 cm in diameter and 2.5 3.5 cm in length) (Chew et al., 2011a). Unlike the usual purplish-black, a rare type of red dabai fruit is
available in Sarikei, Sarawak. The red dabai fruit is also known as red dabai by the local people. A
dabai fruit can be divided into several anatomical origins, namely peel, seed and pulp. Different parts
of the dabai fruit have different valuable compounds. Generally, a dabai fruit contains 61.4 % of pulp,
37.0 % of seed and 5.6 % of peel (Azrina et al., 2010a). The edible portions of dabai fruit are the
purplish-black peel and the pale yellow pulp whereas the blackish seed is non-edible and usually is
discarded even though it contains kernel. According to Lau (2009), a good quality of dabai fruit
should be large in size (the weight is approximately 18 g), fine texture, nutty flavour and thick aril.
The Agriculture Department of Sarawak has been utilising the dabai fruit to produce recipes for its
use in ice-cream, mayonnaise, fried rice, pizza, chips, salad sauce, maki, mixed vegetables and pickles
(Lim, 2012).
Nutritional values of dabai fruit
Dabai fruit is nutritious and delicious, and different parts of the fruit have different valuable
compounds. Due to the lack of promotion, dabai fruit is viewed as nutritionally inferior by the public.
Proximate compositions
A 100 g of dabai fruit contains 339 kcal energy, 26.2 g fat, 22.1 g carbohydrate and 3.8 g protein
(Voon & Kueh, 1999). The amount of fat in this fruit is greater than other high fat fruits, such as olive
(23 g/100g) and avocado (25 g/100g) (Shakirin et al., 2010). Factors that may affect the nutrient
values of dabai fruit are cultural practice, climate, cultivar, growing region and maturity. Kapit,
Kanowit, Song and Sarikei are the four main districts of dabai fruit production in Sarawak. The red
dabai fruit found in Sarikei is different compared to the usual purplish-black dabai fruit, r. The ash,
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moisture and fat contents of dabai fruit are unaffected by the growing region, but the carbohydrate and
protein contents of dabai fruit vary by growing regions (Chew et al., 2011a). Besides, the
carbohydrate content of dabai fruit collected from Sarikei (9.16 %) and Song (8.97 %) were almost
two folds greater than Kanowit (4.45 %) and Kapit (5.07 %), whereas only a slight difference in its
protein content of dabai fruit obtained from different locations of Sarawak (Chew et al., 2011a). The
main macronutrient in dabai fruit is fat, and the contents are unaffected by the difference in growing
regions. In contrast with the purple variety, the red dabai fruit variety obtained from Song, Kapit and
Kanowit is a good source of carbohydrate, but with lesser protein contents.
Different fruit genotypes affect the antioxidant capacities and phenolic contents (Scalzo et al., 2005),
and the six common genotypes of dabai fruit are Besar, Biasa, Jernah, Bujur, Seluang and Bulat.
Previous studies show dabai fruit collected from various locations in Sarawak have an impact on the
nutritional values (Chew et al., 2011a). Hence, genotypes of dabai fruit may affect the nutritional
compositions. The edible portions (peel, pulp and kernel) of six common dabai fruits were
investigated, and dabai peel was reported to be high in ash and moisture content whereas the part of
dabai fruit with the highest percentage of fat and protein was the dabai kernel (Chua et al., 2015).
Dietary fibre is the edible portion of plants that is resistant to enzymatic digestion and absorption by
the intestinal tract. Dietary fibre can be categorized according to its digestibility in the small intestine
into soluble and insoluble dietary fibre. All genotypes of dabai fruit studied by Chua et al. (2015)
demonstrated a very low level of soluble dietary fibre (0.00-0.16 g/100g) and a high level of insoluble
dietary fibre (9.29-22.98 g/100g).
Fatty acid and amino acid compositions
Fatty acid compositions affect the nutritional value, physical properties and stability of fat (Sikorski &
Kolakowska, 2010). The fatty acid compositions of dabai pulp and kernel oils are shown in Table 1.
Generally, the main active fatty acids for dabai pulp and kernel oils are palmitic (16:0), oleic (18:1)
and linoleic (18:2) acids. Azrina et al. (2010b) investigated the fatty acid compositions of olive oil,
palm oil and dabai (pulp and kernel) oils, and they observed the fatty acid compositions of palm oil
and dabai pulp oil were similar. Both types of oils (palm and dabai pulp oils) have approximately 40%
SFAs and MUFAs as well as about 12-13 % of PUFAs. The similar trend was also observed by
Shakirin et al. (2012b). The high amount of SFAs and MUFAs in palm oil makes it suitable to be used
as cooking oil as it provides oxidative stability and prominent frying quality (Ong & Goh, 2000). This
suggests that dabai pulp oil could be developed as cooking oil. The fat content of dabai fruit is greater
than olive and avocado, but the MUFAs of dabai pulp oil (42%) reported by both studies (Azrina et al.,
2010b; Shakirin et al., 2012b) were much lower compared to olive (56–86%) (Milosevic et al., 2002)
and avocado (65-68%) oils (Takenaga et al., 2008). On the other hand, the PUFAs of dabai pulp oil,
12 – 14% (Azrina et al., 2010b; Shakirin et al., 2012b) were the same with avocados oil, 12–14%
(Takenaga et al., 2008), but different with olive oil, 3.5-21.5% (Milosevic et al., 2002).
Based on the fatty acid compositions displayed in Table 1, dabai kernel oil can be classified as
saturated fat-rich oil as its SFAs (56-60%) was higher than MUFAs and PUFAs, but the amount of
SFAs was lesser than coconut oil, 70% (Azrina et al., 2010b; Shakirin et al., 2012b). Unlike coconut
oil, dabai kernel oil contains less dangerous SFA such as myristic acid (14:0). At room temperature,
dabai kernel oil has a high possibility to stay solid. As reported by Azrina et al. (2010b), the amount
of MUFAs in dabai kernel oil was higher than corn oil (26.5%) and soybean oil (22%) whereas the
fatty acid compositions of dabai kernel oil was comparable with cocoa butter (SFAs: 60%, MUFAs:
36-37% and PUFAs: 3%). Cocoa butter is a vegetable fat extracted from the cocoa bean and it is
usually used in baking biscuits. Thus, dabai kernel oil could be developed as a replacement oil for
cocoa butter used in baking biscuits.
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Table 1: The fatty acid compositions detected from dabai pulp and kernel oils
Fatty acids

Azrina et al. (2010)
Shakirin et al. (2012b)
Pulp
Kernel
Pulp
Kernel
SFAs
44.3 ± 0.07
60.84 ± 0.04
43.42 ± 0.05
56.2 ± 0.04
C14:0
5.78 ± 0.02
9.30 ± 0.02
0.31 ± 0.04
0.10 ± 0.01
C15:0
0.18 ± 0.00
0.14 ± 0.09
ND
ND
C16:0
36.05 ± 0.05
43.36 ± 0.03
40.31 ± 0.01
50.22 ± 0.74
C18:0
2.15 ± 0.01
4.86 ± 0.02
2.19 ± 1.04
5.88 ± 0.76
C20: 0
0.27 ± 0.14
0.18 ± 0.01
0.61 ± 0.07
ND
MUFAs
42.82 ± 0.06
35.58 ± 0.04
42.53 ± 0.06
39.84 ± 0.04
C16:1
1.37 ± 0.01
0.47 ± 0.00
0.63 ± 0.08
0.28 ± 0.05
C18:1
41.54 ± 0.06
35.11 ± 0.04
41.9 ± 0.02
39.56 ± 0.48
14.05 ± 0.09
3.96 ± 0.04
PUFAs
12.76 ± 0.03
3.78 ± 0.25
C18:2
0.50 ± 0.01
0.73 ± 0.25
ND
ND
C18:2 n6
11.75 ± 0.02
2.82 ± 0.01
14.05 ± 1.96
3.73 ± 0.41
C18:3 n3
0.51 ± 0.01
0.23 ± 0.01
ND
0.23 ± 0.04
ND: Non-detectable, SFAs: Saturated fatty acids, MUFAs: Monounsaturated fatty acids, PUFAs:
Polyunsaturated fatty acids
The difference in fatty acid compositions among six different genotypes of dabai fruit were
investigated by Chua et al. (2015). From the study, they found dabai pulp oil was rich in PUFAs such
as linoleic (18:2) and linolenic (18:3) acids. Meanwhile, dabai kernel oil contained high amount of
SFAs and low amount PUFAs for all genotypes studied except Bulat genotype, which showed
superior high PUFAs (29.54%) and MUFAs (48.58%) values compared to SFAs (21.89%) value
(Chua et al., 2015). The SFAs of dabai kernel oil reported by Azrina et al. (2010b) and Shakirin et al.
(2012b) were almost three folds greater than the SFAs of Bulat genotype. Hence, future research
should focus on the kernel of Bulat genotype as it may be able to develop as natural fruit oil for
pharmaceutical and food industries.
Amino acids can be classified into essential and nonessential. Human body is unable to synthesis
essential amino acids and it must be obtained via diet. Contrarily, nonessential amino acids can be
synthesised by the human body. Seventeen amino acids exist in dabai fruit, in which seven are
essential (methionine, lysine, isoleucine, threonine phenylalanine, leucine, and valine) and ten are
nonessential (glutamic acid, aspartic acid, tyrosine, arginine, alanine, histidine, cystine, glycine,
proline, and serine) (Chew et al., 2011a). Generally, the concentrations of essential amino acids are
lower compared to nonessential amino acids, and dabai fruit is high in glutamic and aspartic acids.
The amount of amino acids present in dabai fruit is affected by location difference and varieties.
Minerals and vitamins composition
Minerals and vitamins are micronutrients needed to maintain body physiology well-being. Dabai fruit
is rich in minerals with a 100 g of edible dabai fruit contained 810 mg potassium, 200 mg calcium,
106 mg magnesium, 65 mg phosphorus, 1.3 mg iron, 8 µg manganese, 7 µg copper and 4.7 µg zinc
(Voon & Kueh, 1999). Previous studies reported conflicting results on the influence of geographic
regions on the fruit mineral compositions. Some studies stated geographic regions strongly affected
the mineral compositions of fruit (for example, Forster et al., 2002), whereas other studies reported no
effect of geographic regions on the mineral compositions of fruit (for example, Wall, 2006). The
mineral composition of dabai fruit is strongly affected by the varieties and locations of cultivation, in
which calcium (28.47-43.72 mg/100g), sodium (5.02-6.93 mg/100g) and potassium (5.02-6.93
mg/100g) were the major minerals in dabai fruit whereas iron (2.10-3.14 mg/100g), zinc (0.77-0.92
mg/100g) and copper (0.21-0.47 mg/100g) were the minor minerals(Chew et al., 2011a). Among the
four types of samples examined, the purple dabai fruit variety obtained from the Kapit district has the
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greatest amount of potassium, sodium and iron whereas the red variety collected from the Sarikei
district has the least amount of potassium and copper.
Vitamin C serves as an antioxidant to defend against free radicals and protect tissues from oxidative
stress. The vitamin C content in dabai fruit was the same as olive and the amount of vitamin C in
dabai peel and pulp were 5.85 mg/100g and 2.59 mg/100g, respectively (Alina & Azrina, 2008).
Vitamin E contains four tocopherols and four tocotrienols. All the tocopherol and tocotrienol
compounds in vitamin E are potent membrane-soluble antioxidants especially the α-tocopherol, which
plays an important role as an antioxidant to stop the chain reaction of free radicals in lipoproteins and
membranes. High intake of dietary α-tocopherol was associated with a reduction of CVD and cancers
(Schwartz et al., 2008). Vitamin E was not detected in dabai pulp oil, but α-tocopherol (1.03 mg/100g)
and ϒ-tocopherol (11.01 mg/100g) were detected in dabai kernel oil (Azrina et al., 2010b). The ϒtocopherol value obtained in dabai kernel oil was greater than cashew nut (5.1 mg/100 g) and almond
(3.1 mg/100 g) oils (Kornsteiner et al., 2006). Meanwhile, the vitamin E in dabai kernel oil was
significantly greater than olive oil (1.04 mg/100g) (Azrina et al., 2010b).
Phytochemical properties of dabai fruit
The phytochemicals of various parts of dabai fruit have been investigated using different extraction
media such as methanol, water, butanol and ethyl acetate. Results show dabai fruit is high in phenolic
contents, in which the greatest total phenolics was found in the peel of dabai fruit (387.5±33.23 mg
GAE/100 g), followed by pulp (267.0±4.24 mg GAE/100 g) and kernel (51.0±0.01 mg GAE/100 g)
(Azrina et al., 2010a). Several phytochemicals have been detected from dabai fruit extracts, and
majority of the identified phytochemicals are phenolic compounds such as phenolic acids, flavonoids
anthocyanins and anthocyanidins. Based on assays such as β-carotene bleaching, ferric reducing
antioxidant power (FRAP) and free radical scavenging, these phenolic compounds were proven for
their high antioxidant properties (Prasad et al., 2010; Azrina et al., 2010a; Shakirin et al., 2010; AliHassan, 2013). Different parts of the fruit namely the peel, pulp without the peel, pulp with the peel
and kernel, had been used for the antioxidant assays, whereby the order of antioxidant activity were
peel > pulp with the peel > pulp without the peel > kernel (Shakirin et al., 2010). Table 2 lists the
identified phytochemicals.
The antioxidant capacities of different parts of dabai fruit (peel, pulp without the peel and seed) using
various extraction media (butanol, ethyl-acetate and water) were investigated by Parasad et al. (2010).
Ethyl-acetate dabai peel extract showed the greatest total flavonoid, total phenolic and antioxidant
capacities as compared to other parts of dabai fruit and extraction media examined. This study showed
dabai peel has high potential to be utilized as a natural antioxidant agent. Eight carotenoid compounds
were detected from the pulp, peel and seed extracts of dabai fruit. All-trans-β-carotene exhibited large
quantity in the peel (69.52 mg/kg), pulp (31.1 mg/kg) as well as the seed (15.1 mg/kg) extracts of
dabai fruit (Parasad et al., 2011). Meanwhile, other main carotenoid compounds found in dabai fruit
extracts (pulp, peel and seed) includes 9-cis-β-carotene, 15-cis-β-carotene and 13-cis-β-carotenes.
On the other hand, geographic regions and varieties are factors affecting the phenolic compounds of
dabai fruit (Chew et al., 2011b). Dabai fruit varieties significantly affected the contents of
anthocyanins and anthocyanidins, but had little or no effect on the contents of flavonoids and phenolic
acids. Catechin was the main phenolic compound detected in dabai pulp. The amount of catechin in
the purple variety of dabai fruit (3.01-4.00 mg/g DW) was significantly higher than the red variety of
dabai fruit (0.33 mg/g DW). Anthocyanins, which contribute purple, red or blue pigments to fruits and
vegetables, were detected in dabai fruit. The main anthocyanin extracted from dabai pulp was
cyanidin-3-O-rutinoside and the amount of anthocyanin in the purple variety of dabai fruit was about
16-26 folds more than the red variety of dabai fruit. Generally, dabai fruit collected from the Kapit
district, a place with fewer pollutants exposure, had the greatest amount of identified phenolic
compounds (anthocyanin, anthocyanidins, flavonoids and phenolic acids).

84

PJSRR(2016) 2(1): 80-94
eISSN: 2462-2028 © Universiti Putra Malaysia Press

Author/year
Prasad et al.
(2011)

Chew et al.
(2011b)

Table 2: Phytochemicals identified from dabai fruit extracts
Chemical
Phytochemical identified
classification
Carotenoids
all-trans-β-carotene, all-trans-lutein, 13-cis-βcarotene, 15-cis-β-carotene, 13-cis-lutein, 9-cis-βcarotene, 9-cis-lutein and di-cis-β-carotene
Phenolics acids

Vanillic acid and ellagic acid

Flavonoids

Catechin, apigenin, epicatechin gallate,
epigallocatechin gallate and epicatechin

Fruit parts
Peel, pulp,
seed

Pulp

Anthocyanidins Delphinidin, cyanidin and pelargonidin

Khoo et al.
(2012a)

Anthocyanins

Peonidin-3-O-glucoside, cyanidin-3-O-rutinoside,
cyanidin-3-O-glucoside and malvidin-3,5-di-Oglucoside,

Phenolics acids

Vanillic acid, ellagic acid and protocatechuic acid

Flavonoids

Catechin, apigenin, epicatechin gallate,
epigallocatechin, epicatechin and methyl gallate

Defatted
(pulp, peel,
pulp
without the
peel)

Anthocyanidins Delphinidin, cyanidin and pelargonidin
Khoo et al.
(2012b)

Flavonoids

Apigenin, apigenin 8-C-glucoside, apigenin 6-Cglucoside, hesperetin 7-O-glucoside, methyl 4,5dicaffeoylquinate and quercetin 3-O-αdarabinopyranoside

Anthocyanins

Cyanidin 3-O-arabinoside, cyanidin 3-O
galactoside, cyanidin 3-O-glucoside, malvidin 3-Oglucoside, delphinidin 3-O-glucoside, delphinidin
3-O-galactoside, delphinidin 3-O-arabinoside,
cyanidin 3-O-rutinoside, cyanidin 3-O-sophoroside
and hirsutidin 3-O-glucoside

Defatted
(pulp, peel)

Saponins
Khoo et al.
(2013)

Anthocyanins

Cyanidin-3-arabinoside, cyanidin-3-galactoside,
cyanidin-3-glucoside, pelargonidin-3-glucoside,
malvidin-3-glucoside and peonidin-3-glucoside

Defatted
(peel,
pericarp)

Mokiran et al
(2014)

Phenolics acids

Vanillic acid, ferulic acid and 4-hydroxybenzoic
acid

Defatted
pulp

Flavonoids

Catechin, , apigenin, epicatechin and ethyl gallate

By-products produced from fruit processing have the potential to be developed as new value addedproducts. Dabai fruit is rich in nutritional values and antioxidants. Hence, the by-products of dabai oil
processing such as defatted dabai pulp and peel, should be fully explored. Defatted dabai peel and
pulp were rich in phenolic compounds with potent antioxidant capacities (Khoo et al., 2012a). The
trend of anthocyanidin and phenolic peaks in various parts of defatted dabai fruit were similar to the
dabai pulp as reported by Chew et al. (2011b). Extraction media influence the antioxidant capacities
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and phenolic contents of defatted dabai fruit (Khoo et al., 2012a). The main phenolic compounds
detected in methanol extract of defatted dabai peel were epigallocatechin and catechin, whereas
ellagic acid was the major phenolic compound found in different parts (pulp and pulp without the peel)
of defatted dabai fruit extracts (water, ethanol, acetone and ethyl acetate) studied. As compared to
other defatted dabai fruit extracts (water, ethanol, acetone and ethyl acetate), methanol extracted
defatted dabai peel exhibited the greatest total phenolics (total anthocyanin content, total phenolic
content and total flavonoid content). Apart from that, another study from Khoo et al. (2013) showed
the main anthocyanin in extracts of defatted dabai pericarp and peel was cyanidin-3-glucoside.
Pharmacological properties of dabai fruit
Lately, the exploitation of indigenous fruits becomes the interest of scientists. Indigenous fruits are
the food source and supplementary income of rural communities. The commercial demand for
indigenous fruits is gradually increasing because of the awareness of public to use natural products as
functional foods, nutraceuticals or dietary supplements to treat diseases and maintain health. The
preference of consumers over natural synthetic products is increasing because of the downsides of
chemically synthetic medications. Hence, numerous scientific studies on pharmacological of dabai
fruit have been conducted lately.
Hypolipidemic effect
Hyperlipidemia is a metabolic disease characterized by the elevation of total cholesterol (TC) and
triglyceride (TG) levels in blood. Meanwhile, hypercholesterolemia is associated with a reduction of
high density lipoprotein cholesterol (HDL-C) and/or an elevation of low density lipoprotein
cholesterol (LDL-C). Hypertriglyceridemia and hypercholesterolemia are the prominent risk factors
for CVD development, and the relative contribution of hypercholesterolemia to CVD development is
more significant than insulin resistance (Ray et al., 2009). Statins are common hypolipidemic drugs
used to inhibit the rate-limiting step in cholesterol biosynthesis, which is HMG-CoA reductase. The
possible side effects of using statins are myopathy and elevation of liver transaminases (Bellosta et al.,
2004).
Dabai fruit is rich in phenolic compounds and this contributes to the hypolipidemic effect. Five
flavonoids, four anthocyanins, three anthocyanidins and two phenolic acids were identified from
dabai pulp extract (Chew et al., 2012b). These phenolic compounds have been proven
spectrophotometrically for high antioxidant activities (Shakirin et al., 2010; Prasad et al., 2010;
Azrina et al., 2010a; Ali-Hassan, 2013) and antioxidants are essential in combating reactive oxygen
species (ROS). ROS are unstable yet highly reactive molecules which are able to induce deleterious
and irreversible reactions with biological macromolecules. Hence, excessive ROS production may
contribute to pathologic cellular alterations and inducing lipid peroxidation. Meanwhile, ROS are
linked to the initiation of various types of diseases such as hypercholesterolemia, diabetes mellitus,
heart disease and Alzheimer’s disease (Giordano, 2005).
Apart from that, the best natural source of saturated fatty acids are palmitic (16:0) and stearic (18:0)
acids (Hayes, 2002). The high palmitic and stearic acids in dabai pulp oil (16:0 = 36%, 18:0 = 2%)
and dabai kernel oil (16:0 = 46%, 18:0 = 4%) make the oils suitable to be used as vegetable oils
(Azrina et al., 2010b). Hypercholesterolemia effect was not present when linoleic acid (18:2) was
consumed with palmitic acid above 4.5 % (Ng et al., 1991). Hence, dabai pulp oil (16:0 = 36%, 18:2 =
12%) and dabai kernel oil (16:0 = 46%, 18:0 = 3%) have the potential to be produced as new
supplementary oil to combat against hypercholesterolemia.
The effect of dabai (kernel and pulp) oil supplementation on lipid profiles of healthy rabbits was
tested by Shakirin et al. (2012a). After 4 weeks of the experimental period, the supplementation of
dabai pulp oil at a dosage of 2 % in the diet had exhibited significant increment of TC and HDL-C
values as well as significant reduction of LDL-C and TG values. The elevation of TC value did not
conclude that dabai pulp oil promotes CVD development because the HDL-C value was increasing at
the same time. The explanation was based on the fact that there was a negative relationship between
CVDs development and HDL-C value (Gonzalez-Santiago et al., 2006; Basu et al., 2007). Besides,
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the supplementation of kernel oil at a dosage of 2 % in the diet appeared to have a significant
reduction of TC value, but no significant effect on LDL-C, HDL-C and TG values. This study showed
that dabai pulp oil is more effective in improving the lipid profile of healthy rabbits compared to dabai
kernel oil.
On the other hand, the effect of dabai fruit supplementation on rabbits fed with high cholesterol diet
was also investigated by Shakirin et al. (2012b). Significant reduction of TC and LDL-C values were
observed in hypercholesterolemic rabbits supplemented with 50 g kg−1 defatted pulp into their high
cholestrol diet. This suggests hypocholesterolemic properties of defatted dabai pulp on
hypercholesterolemic rabbits.
The hypocholesterolemic effect of dabai fruit has also been evaluated by
obese-diabetic rats. As compared with untreated obese-diabetic rats, 600
significantly increased the plasma HDL-C (47 %) and reduced the plasma
LDL-C (42 %) after 4 weeks of treatment. The results from this study
extract/kg/day possesses hypocholesterolemic effect.

Mokiran et al (2014) on
mg dabai extract/kg/day
cholesterol (19.1 %) and
indicated 600 mg dabai

Anti-atherosclerotic effect
Oxidative damage is a leading factor to the cardiovascular pathologies progression, such as
atherosclerosis (Chisolm & Steinberg, 2000). Based on oxidative-modification hypothesis, excessive
LDL-C in the blood contributes to the development of atherosclerotic plaques in the inner walls of the
arteries, thereby causing narrowing and lead to atherosclerosis (Virmani et al., 2000). When LDL-C
oxidized, it will become a lipoprotein species that is particularly atherogenic as the oxidized LDL
(oxLDL) is able to accumulate within the arterial wall (Stocker & Keaney, 2004). A Higher level of
circulating oxLDL was observed in coronary heart disease patients (Toshima et al., 2000). Contrarily,
HDL-C exhibited an anti-atherosclerotic effect in many in-vivo studies (Barter et al., 2004; Assmann
& Gotto, 2004). The hypocholesterolemic effect of dabai fruit has been discussed earlier on and it is
hard to identify the CVD risk factor according to levels of TC, TG, HDL-C and LDL-C. Alternatively,
an atherogenic index (TC to HDL-C ratio) is a good marker to detect the CVD risk (Leudu et al.,
2006). A higher reading of atherogenic index reflects the greater risk of having CVD. The
supplementation of 50 g kg−1 defatted pulp and full fat pulp of dabai fruit reduced the atherogenic
index by 93% and 36%, respectively (Shakirin et al., 2012b).
Oxidative stress is produced when there is an imbalance between antioxidants and endogenous
oxidants. Oxidative stress will generate ROS, and this can induce oxidative damage to lipids, nucleic
acids and proteins. As a result, DNA oxidative damage occurs. DNA oxidative damage has been
linked to the occurrence of atherosclerosis. Hence, there is a dynamic relationship between
antioxidants and ROS. Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)
are antioxidant enzymes found in liver and plasma which contribute to the antioxidant defence system
to defend against oxidative injury (Lee et al., 2002). Besides, the major final product of lipid
peroxidation, malondialdehyde (MDA), is a biomarker used to determine oxidative damage.
Defatted dabai fruit was found to be rich in phenolic compounds such as anthocyanidin, catechin,
ellagic acid and epigallocatechin (Khoo et al., 2012a; Khoo et al., 2012b). By using
hypercholesterolemic induced New Zealand white rabbits, Azrina et al. (2013) proved that defatted
dabai pulp produced a better effect than simvastatin drug in reducing free radicals. They observed an
increment of MDA and reduction of SOD levels, both significantly, on hypercholesterolemic rabbits
fed with simvastatin after 8 weeks of treatment. Meanwhile, they also observed a reduction in total
antioxidant status (TAS) of hypercholesterolemic rabbits fed with simvastatin. Contrarily,
supplementation of 50g kg-1 defatted dabai pulp produced an increment of TAS and SOD significantly,
but a reduction of MDA, after 8 weeks of treatment. Their study indicated defatted dabai pulp has the
potential to be developed as a new hypolipidemic drug to reduce hypercholesterolemia and the risk of
CVD.
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Hypoglycemic and anti-diabetic effects
Diabetes mellitus (DM) is a complex metabolic disorder characterized by insulin resistance (insulin
action impairment) or insulin deficiency (lack of insulin secreted by the pancreatic islet β-cell), or
both. There are numerous types of DM, and the most common form is type 2 diabetes mellitus
(T2DM). T2DM causes hyperglycemia and disturbances the metabolism of carbohydrate, protein and
fat in the body (Basu et al., 2005). There are a variety of synthetic medications used to manage
hyperglycaemia, but the side effects associated with those medications remain concerns. For example,
long term consumption of thizolidinedione (an oral anti-diabetic drug) associates with side effects
such as anaemia, weight gain, oedema and risk of cardiovascular diseases (Lipscombe, 2009).
In human, obesity is closely related to T2DM. The anti-hyperglycaemic effect of dabai fruit on obesediabetic rats was tested and results showed 600 mg dabai extract/kg/day reduced plasma glucose by
30 % after 4 weeks of treatment (Mokiran et al., 2014). Both dosages (300 mg/kg/day and 600
mg/kg/day) groups showed an increase in insulin sensitivity, but a reduction in insulin level and
insulin resistance (HOMA-IR index) after 4 weeks of supplementation. Although the results were not
significantly different, but the inverse relationship between insulin sensitivity and HOMA-IR index
suggests that dabai fruit consumptions may be able to sensitize the insulin binding action for cellular
glucose uptake. In addition, the reduction of insulin level in obese-diabetic rats after consuming dabai
extract indicates that the extract may be less effective in improving the condition of pancreatic islet βcell (Mokiran et al, 2014).
Anti-cholinesterase effect
Alzheimer’s disease is age-related dementia characterized by impairment of cognitive functions and
memory. Approximately 50-60 % of the age-related dementia cases accounted by Alzheimer’s disease
and it mainly affects individuals above the age of 65 years (Kar et al., 2004). Enzyme
acetylcholinesterase (AChE) is needed to terminate the transmission of the nerve impulse at
cholinergic synapses. In Alzheimer’s disease, the enzyme AChE is decreased because of the reduction
activity of cholinergic projections to the cortex and hippocampus (Perry et al., 1999). Hence, the
ability of dabai fruit extracts in preventing or treating Alzheimer’s disease can be done by measuring
the AChE activity, and it is based on the yellow intensity formed when thiocholine (a product from
acetylthiocholine) reacts with dithiobisnitrobenzoate ion (Vinutha et al., 2007).
An anticholinesterase drug is the most common medication used in treating Alzheimer’s disease.
In Sabah, Canarium odontophyllum Miq. fruit is widely known as kembayau fruit instead of dabai
fruit (Lim, 2012; Ali-Hassan, 2013). The anti-cholinesterase ability of seed and pulp of dabai fruit
(Kembayau fruit) obtained from Sabah was studied by Ali-Hassan et al. (2013) using two extracting
media, namely 80% methanol and water. From their study, 80% methanol extracted dabai seed and
pulp showed anti-cholinesterase activity, whereas water extracted dabai seed and pulp displayed low
or no anti-cholinesterase activity. The AChE activity was inhibited by 80% methanol extracted from
dabai seed and pulp in a concentration-dependent (0-100 µg/ml) manner. They reported the anticholinesterase activity of 80% methanol extracted from dabai seed and pulp was 18.6 and 22.4%,
respectively at a concentration of 100 µg/ml.
Antioxidants are essential in combating reactive oxygen species (ROS) and ROS are linked to the
initiation of diseases such as Alzheimer and hypercholesterolemia (Giordano, 2005). The anticholinesterase activity in dabai fruit showed moderately positive correlation with ABTS and FRAPS
assays, but a strong positive correlation with DPPH assay (Ali-Hassan et al., 2013).
The study by Ali-Hassan et al. (2013) demonstrated positive correlations between the anticholinesterase activity of dabai fruit with chemical assays (ABTS, FRAPS and DPPH assays).
However, there is no information available on the anti-cholinesterase activity of dabai fruit with
bioassays that mimic human vascular system such as haemoglobin oxidation assay and linoleic acid
oxidation system assay. Future studies on these aspects are highly warranted.
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Antimicrobial activities
Many diseases arise from pathogenic microorganisms. One of the contributing factors to morbidity
and mortality in hospitalized patients is nosocomial infection, in the forms of urinary tract infection,
surgical wound infection, lower respiratory tract infection or fungal infectious diseases (Samuel et al.,
2010; Bereket et al., 2012). Long term usage of commercial antimicrobial medicines such as antibiotic
promotes the development of resistance towards the medicines. Hence, the search of an alternative
phytotherapeutic agent to combat microbially induced diseases becomes the interest of researchers.
Among the Canarium species, African black olive (Canarium schweinfurthii) has been proven high
in antimicrobial properties (Obame et al., 2007).
Basri et al. (2014a) evaluated antimicrobial activities of various dabai pulp extracts (acetone, hexane,
water and methanol) at 25, 50, 75 and 100 mg/ml using agar well diffusion method. All extracts from
dabai pulp did not show anti-bacteria and anti-fungus activities, but acetone and hexane extracts from
dabai pulp showed moderate anti-yeast effect against Candida glabrata. Their study showed dabai
pulp has the potential as an alternative phytotherapeutic agent against yeast infections.
In the same year, Basri et al. (2014b) conducted another study on dabai fruit, but this time, they
focused on the antibacterial activities of various shell extracts (acetone, methanol and acetyl acetate)
from dabai seed. As compared with other extracts studied, acetone shell extract from dabai seed
showed significantly stronger antibacterial activities on most bacteria species examined, in which the
strongest antibacterial activities were observed on Proteus mirabilis and Acinetobacterbaumannii.
Their study also revealed the presence of tannin and flavonoid in acetone shell extract of dabai seed
whereas the ethyl acetate shell extract of dabai seed contained tannin and flavonoid.
Both in-vitro studies pointed out the potential usage of dabai fruit as anti-yeast and antibacterial
agents. However, there is no information available on the possible anti-yeast and antibacterial of dabai
fruit in vivo. Future studies are warranted on these aspects.
Future of dabai fruit as potential source of functional ingredients
Functional ingredients are natural ingredients with health-promoting benefits. Several researchers
have studied the beneficial effects of dabai fruit on disease prevention or reduction. Based on the
available literature, it can be concluded that dabai fruit has many therapeutic potentials and can be
explored further for commercial purposes. The oils produced from this fruit, either from the pulp or
the kernel, have lower viscosities compared to saturated fats. Hence, dabai pulp and kernel oils have
potential to be used in designing new butter and margarine formulations to improve the physical
properties such as spreadability of the product. Besides, palm oil is widely used as cooking oil
because of its high amount of SFAs and PUFAs. The fatty acid compositions of dabai pulp oil and
palm oil were proved to be the same. Therefore, dabai pulp oil is suitable to be developed as cooking
oil. On the other hand, cocoa butter is a type of vegetable fat obtained from the cocoa bean. The fatty
acid compositions of oil extracted from dabai kernel are comparable with cocoa butter. Thus, dabai
kernel oil has the potential to be developed as an alternative for cocoa butter. Meanwhile, the high
phytochemicals contents found in this fruit makes it suitable to be developed as a fruit sauce. Based
on a consumer acceptance survey conducted by Rahman & Thajudin (2015), they found the marketing
potential of dabai fruit sauce. Through their survey, 68% of respondents would consider purchasing
dabai fruit sauce if it was available in the market. Apart from that, defatted dabai pulp has the
potential to be developed as a new hypolipidemic drug as Azrina et al. (2013) proved defatted dabai
pulp produced a better effect than simvastatin drug in reducing free radicals.
Conclusion
This article reviews the nutritional, phytochemicals and pharmacological prospects of dabai fruit. In
Malaysia, dabai fruit is exclusively planted in Sarawak and Sabah. Due to the lack of promotion,
dabai fruit is rarely known by the public. Dabai fruit is rich in nutrients such as protein, fat,
carbohydrates, sodium, calcium and iron. Many phytochemicals have been detected from different
parts of dabai fruit and these phytochemicals have been linked to beneficial properties such as
hypolipidemic, anti-atherosclerotic, anti-cholinesterase, antimicrobial and potentially anti-diabetic.
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Based on the available literature, it is evident that dabai fruit possesses many therapeutic effects and
can be explored further for commercial purposes. Due to quality and safety concerns, it is crucial to
employ solvent free techniques in extracting this fruit. Also, current scientific reports on dabai fruit
are based on animal models. As the genetics and molecular biology of animals and humans are
different, it is important to conduct human trials. Further research on the pharmacological
properties of dabai fruit should focus on human trials as these data are able to provide better
insights into the long-term safety concerns of consuming the fruit extract.
References
Ali-Hassan, S. H., Fry, J. R., & Abu-Bakar, M. F. (2013). Antioxidative Phytochemicals and Anti
Cholinesterase Activity of Native Kembayau (Canarium Odontophyllum) Fruit of Sabah,
Malaysian Borneo. Journal of Nutrition & Food Sciences, 4(249), 2. Retrieved from
http://www.researchgate.net/profile/Mohd_Fadzelly_Abu_Bakar/publication/260061803_Antioxi
dative_Phytochemicals_and_AntiCholinesterase_Activity_of_Native_Kembayau_(Canarium_Od
ontophyllum)_Fruit_of_Sabah_Malaysian_Borneo/links/00b7d52f45e1d19354000000.pdf
Alina, M., & Azrina, A. (2008, March). Determination of chemical characteristic of oils extracted
from flesh and kernel of Canarium odontophyllum and vitamin C content in flesh and skin of
Canarium odontophyllum. In 23rd scientific conference of the nutrition society of Malaysia,
Kuala Lumpur (pp. 27-28).
Assmann, G., & Gotto, A. M. (2004). HDL cholesterol and protective factors in
atherosclerosis. Circulation, 109(23
suppl
1),
III-8.
Retrieved
from
http://www.ncbi.nlm.nih.gov/pubmed/15198960
Azrina, A., Nadiah, M. N., & Amin, I. (2010a). Antioxidant properties of methanolic extract of
Canarium odontophyllum fruit. International Food Research Journal, 17(2), 319-326. Retrieved
from http://ifrj.upm.edu.my/17%20(02)%202010/IFRJ-2010-319-326_Azrina_Malaysia[1].pdf
Azrina, A., Prasad, K. N., Khoo, H. E., Abdul-Aziz, N., Mohamad, A., Ismail, A., & Amom, Z.
(2010b). Comparison of fatty acids, vitamin E and physicochemical properties of Canarium
odontophyllum Miq.(dabai), olive and palm oils. Journal of Food Composition and
Analysis, 23(8),
772-776.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0889157510001894
Azrina, A., Amin, I., Amom, Z., & Shakirin, F. H. (2013). Effect of Defatted Dabai (Canarium
Odontophyllum Miq.) Pulp Ingestion on Lipid Peroxidation and Antioxidant Status of
Hypercholesterolemic-Induced Rabbits. In 4th International Conference on Biomedical
Engineering
in
Vietnam.
Springer
Berlin
Heidelberg.
Retrieved
from
http://link.springer.com/chapter/10.1007/978-3-642-32183-2_36
Barter, P.J., Nicholls, S., Rye, K.A., Anantharamaiah, G.M., Navab, M., & Fogelman, A.M. (2004).
Antiinflammatory properties of HDL. Circulation Research, 95(8), 764–772. Retrieved from
http://circres.ahajournals.org/content/95/8/764.short
Basri, D. F., Saidi, N., Mahari, H., Saari, S., & Santhanam, J. (2014a). Preliminary screening for
antimicrobial activity of the pulp of Canarium odontophyllum Miq.(Dabai) fruit. Global Journal
of Pharmacology, 8(2), 213-220. Retrieved from http://www.idosi.org/gjp/8(2)14/14.pdf
Basri, D. F., FairuzIshak, S., & Zin, N. M.(2014b) Shell Extract of Seed from Canarium
odontophyllum Miq.(dabai) Fruit as Potential Source of Antibacterial Agent. International
Journal of Pharmaceutical Sciences Review and Research, 28(2), 257-262. Retrieved from
http://www.researchgate.net/profile/Dayang_Basri/publication/266941681_Shell_Extract_of_See
d_from_Canarium_odontophyllum_Miq._(dabai)_Fruit_as_Potential_Source_of_Antibacterial_
Agent/links/543f93ce0cf2f3e82851c873.pdf
Basu, R., Chandramouli, V., Dicke, B., Landau, B., & Rizza, R. (2005). Obesity and type 2 diabetes
impair
insulin-induced
suppression
of
glycogenolysis
as
well
as
gluconeogenesis. Diabetes, 54(7),
1942-1948.
Retrieved
from
http://diabetes.diabetesjournals.org/content/54/7/1942.short
Basu, M., Prasad, R., Jayamurthy, P., Pal, K., Arumughan, C., & Sawhney, R. C. (2007). Antiatherogenic effects of seabuckthorn (Hippophaea rhamnoides) seed oil. Phytomedicine, 14(11),
770-777. Retrieved from http://www.sciencedirect.com/science/article/pii/S0944711307000499
90

PJSRR(2016) 2(1): 80-94
eISSN: 2462-2028 © Universiti Putra Malaysia Press

Bellosta, S., Paoletti, R., & Corsini, A. (2004). Safety of statins focus on clinical pharmacokinetics
and
drug
interactions. Circulation, 109(23
suppl
1),
III-50.
Retrieved
from
http://circ.ahajournals.org/content/109/23_suppl_1/III-50.short
Bereket, W. K., Hemalatha, B., Getenet, T., Wondwossen, A., Solomon, A., Zeynudin, & Kannan, S.
(2012). Update on bacterial nosocomial infections. European Review for Medical and
Pharmacological
Sciences,
16(8):
1039-1044.
Retrieved
from
http://www.europeanreview.org/wp/wp-content/uploads/1249.pdf
Chai, C. C., Teo, G. K., Lau, C. Y., & Pawozen, A. M. A. (2008). Conservation and sustainable
utilization of indigenous vegetables of Sarawak. Malaysia: Malaysian Agricultural Research and
Development Institute.
Chew, L. Y., Prasad, K. N., Amin, I., Azrina, A., & Lau, C. Y. (2011a). Nutritional composition and
antioxidant properties of Canarium odontophyllum Miq. (dabai) fruits. Journal of Food
Composition
and
Analysis, 24(4),
670-677.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0889157511000366
Chew, L. Y., Khoo, H. E., Amin, I., Azrina, A., & Lau, C. Y. (2011b). Analysis of phenolic
compounds of dabai (Canarium odontophyllum Miq.) fruits by high-performance liquid
chromatography. Food
Analytical
Methods, 5(1),
126-137.
Retrieved
from
http://link.springer.com/article/10.1007/s12161-011-9217-1
Chisolm, G. M., & Steinberg, D. (2000). The oxidative modification hypothesis of atherogenesis: an
overview. Free radical biology and medicine, 28(12), 1815-1826. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0891584900003440
Chua, H. P., Nicholas, D., & Yahya, M. A. (2015). Physical properties and nutritional values of dabai
fruit (Canarium odontophyllum) of different genotypes, Journal of Tropical Agriculture and
Food
Science, 43(1),
1-10.
Retrieved
from
http://ejtafs.mardi.gov.my/jtafs/431/Dabai%20fruit.pdf
Ding, P., & Yahia, E. M. (2011). Dabai (Canarium odontophyllum Miq.).Postharvest biology and
technology of tropical and subtropical fruits. Volume 3: cocona to mango, 34-40. Retrieved from
http://www.cabdirect.org/abstracts/20123022187.html;jsessionid=F020AEAEF9AC9F6B717C73
815CC5E87C
Forster, M. P., Rodríguez, E. R., Martín, J. D., & Romero, C. D. (2002). Statistical differentiation of
bananas according to their mineral composition. Journal of agricultural and food
chemistry, 50(21), 6130-6135. Retrieved from http://pubs.acs.org/doi/abs/10.1021/jf0255578
Giordano, F. J. (2005). Oxygen, oxidative stress, hypoxia, and heart failure. The Journal of clinical
investigation, 115(115
(3)),
500-508.
Retrieved
from
http://www.jci.org/articles/view/JCI200524408
Gonzalez-Santiago, M., Martin-Bautista, E., Carrero, J. J., Fonolla, J., Baro, L., Bartolome, M. V.,
Loyzaga, P. & Lopez-Huertas, E. (2006). One-month administration of hydroxytyrosol, a
phenolic antioxidant present in olive oil, to hyperlipemic rabbits improves blood lipid profile,
antioxidant status and reduces atherosclerosis development. Atherosclerosis, 188(1), 35-42.
Retrieved from http://www.sciencedirect.com/science/article/pii/S0021915005006623
Hayes, K. C. (2002). Dietary fat and heart health: in search of the ideal fat. Asia Pacific journal of
clinical
nutrition, 11(s7),
394-400.
Retrieved
from
http://onlinelibrary.wiley.com/doi/10.1046/j.1440-6047.11.s.7.13.x/pdf
Kar, S., Slowikowski, S. P., Westaway, D., & Mount, H. T. (2004). Interactions between β-amyloid
and central cholinergic neurons: implications for Alzheimer's disease. Journal of Psychiatry and
Neuroscience, 29(6),
427.
Retrieved
from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC524960/
Khoo, H. E., Azlan, A., Ismail, A., & Abas, F. (2012a). Influence of different extraction media on
phenolic contents and antioxidant capacity of defatted dabai (Canarium odontophyllum)
fruit. Food Analytical Methods, 5(3), 339-350. http://link.springer.com/article/10.1007/s12161011-9250-0
Khoo, H. E., Azlan, A., Ismail, A., & Abas, F. (2012b). Antioxidative properties of defatted dabai
pulp and peel prepared by solid phase extraction. Molecules, 17(8), 9754-9773. Retrieved from
http://www.mdpi.com/1420-3049/17/8/9754/htm

91

PJSRR(2016) 2(1): 80-94
eISSN: 2462-2028 © Universiti Putra Malaysia Press

Khoo, H. E., Azlan, A., Nurulhuda, M. H., Ismail, A., Abas, F., Hamid, M., & Roowi, S. (2013).
Antioxidative and cardioprotective properties of anthocyanins from defatted dabai
extracts. Evidence-Based Complementary and Alternative Medicine, 2013. Retrieved from
http://www.hindawi.com/journals/ecam/raa/434057/
Kornsteiner, M., Wagner, K. H., & Elmadfa, I. (2006). Tocopherols and total phenolics in 10 different
nut
types.
Food
chemistry, 98(2),
381-387.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0308814605006151
Kunding, G. (2007). Local Fruit ‘Dabai’to Make Global Debut. Malaysia: The Borneo Post Sdn Bhd.
Lau, C. Y. (2009, December). Development of indigenous fruit crops in Sarawak. A case study on
dabai fruit. In Proceedings of the National Conference on New Crops and Bioresources (pp. 1520).
Lau, C. Y., & Fatimah, O. (2007, August). Cold storage of dabai fruit (Canarium odontophyllum
Miq.): effect of packaging methods and storage duration on quality. In Proceedings of the
Sarawak fruit seminar.
Lee, M. K., Bok, S. H., Jeong, T. S., Moon, S. S., Lee, S. E., Park, Y. B., & Choi, M. S. (2002).
Supplementation of naringenin and its synthetic derivative alters antioxidant enzyme activities of
erythrocyte and liver in high cholesterol-fed rats. Bioorganic & medicinal chemistry, 10(7),
2239-2244.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0968089602000597
Leudeu, B. C. T., Tchiegang, C., Gadet, M. D., Barbe, F., Nicolas, B., Sokeng, S., Fewou, P.M.,
Kapseu, C., Parmentier, M., & Gueant, J. L. (2006). Effect of Canarium SCheweinfurthii and
Dacrydodes edulis oils on blood lipids, lipid peroxidation and oxidative stress in rats. Journal of
Food
Technology, 41,
385-390.
Retrieved
from
http://www.medwelljournals.com/abstract/?doi=jftech.2006.275.282&keyword=%20stress
Lim, T. K. (2012). Edible medicinal and non-medicinal plants. In Lim, T.K., Canarium
odontophyllum (pp. 624-629). New York: Springer.
Lipscombe, L. L. (2009). Thiazolidinediones: do harms outweigh benefits?.Canadian Medical
Association Journal, 180(1), 16-17. Retrieved from http://www.cmaj.ca/content/180/1/16.short
McGregor, A. (1991). A review of the world production and market environment for macadamia nuts.
Retrieved from http://agris.fao.org/agris-search/search.do?recordID=US9635253
Milosevic, J., Ashton, D. S., & Cocksedge, M. J. (2002). Lipids present in olive
skin. InternationalJournal of Food Science & Technology, 37(5), 523-526. Retrieved from
http://cat.inist.fr/?aModele=afficheN&cpsidt=15098797
Mokiran, N. N., Ismail, A., Azlan, A., Hamid, M., & Hassan, F. A. (2014). Effect of dabai (Canarium
odontophyllum) fruit extract on biochemical parameters of induced obese–diabetic rats. Journal
of
Functional
Foods,
8,
139-149.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S1756464614000796
Ng, T. K., Hassan, K., Lim, J. B., Lye, M. S., & Ishak, R. (1991). Nonhypercholesterolemic effects of
a palm-oil diet in Malaysian volunteers. The American Journal of Clinical Nutrition, 53(4),
1015S-1020S. Retrieved from http://ajcn.nutrition.org/content/53/4/1015S.short
Obame, L.C., J. Koudou, B.S. Kumulungui, I.H. Bassolé, P. Edou, A.S. Ouattara and A.S. Traoré,
(2007). Antioxidant and antimicrobial activities of Canarium schweinfurthii Engl. essential oil
from Centrafrican Republic. African Journal of Biotechnology, 6(20), 2319-2323. Retrieved from
http://www.ajol.info/index.php/ajb/article/view/58034
Ong, A. S., & Goh, S. H. (2002). Palm oil: a healthful and cost-effective dietary component. Food &
Nutrition
Bulletin, 23(1),
11-22.
Retrieved
from
http://www.ingentaconnect.com/content/nsinf/fnb/2002/00000023/00000001/art00002
Paparozzi,
E.
T.
(2005).
Plant
Resins-Chemistry,
Evolution
Ecology
and
Ethnobotany. HortScience, 40(3), 508-508. http://digitalcommons.unl.edu/agronomyfacpub/663/
Perry, E., Walker, M., Grace, J., & Perry, R. (1999). Acetylcholine in mind: a neurotransmitter
correlate of consciousness?. Trends in Neurosciences, 22(6), 273-280. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0166223698013617
Prasad, K. N., Chew, L. Y., Khoo, H. E., Kong, K. W., Azlan, A., & Ismail, A. (2010). Antioxidant
capacities of peel, pulp, and seed fractions of Canarium odontophyllum Miq. fruit. BioMed

92

PJSRR(2016) 2(1): 80-94
eISSN: 2462-2028 © Universiti Putra Malaysia Press

Research
International, 2010.
Retrieved
from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946633/
Prasad, K. N., Chew, L. Y., Khoo, H. E., Yang, B., Azlan, A., & Ismail, A. (2011). Carotenoids and
antioxidant capacities from Canarium odontophyllum Miq. fruit. Food Chemistry, 124(4), 15491555. Retrieved from http://www.sciencedirect.com/science/article/pii/S0308814610009969
Rahman, M. N. A., & Thajudin, N. A. M. (2015). Product Development of Kembayau (Canarium
Odontophyllum) Exotic Fruit Sauce. Journal of Tropical Resources and Sustainable Science, 3,
19-28. Retrieved from http://www.jtrss.org/JTRSS/volume3/UN-19/3-1-19-28.pdf
Ray, K. K., Seshasai, S. R. K., Wijesuriya, S., Sivakumaran, R., Nethercott, S., Preiss, D., Erqou, S.,
& Sattar, N. (2009). Effect of intensive control of glucose on cardiovascular outcomes and death
in patients with diabetes mellitus: a meta-analysis of randomised controlled trials. The
Lancet, 373(9677),
1765-1772.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0140673609606978
Samuel, S. O., Kayode, O. O., Musa, O. I., Nwigwe, G. C., Aboderin, A. O., Salami, T. A. T., &
Taiwo, S. S. (2010). Nosocomial infections and the challenges of control in developing
countries. AfricanJournal of Clinical and Experimental Microbiology, 11(2). Retrieved from
http://www.ajol.info/index.php/ajcem/article/view/53916
Scalzo, J., Politi, A., Pellegrini, N., Mezzetti, B., & Battino, M. (2005). Plant genotype affects total
antioxidant capacity and phenolic contents in fruit. Nutrition, 21(2), 207-213. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0899900704002631
Schwartz, H., Ollilainen, V., Piironen, V., & Lampi, A. M. (2008). Tocopherol, tocotrienol and plant
sterol contents of vegetable oils and industrial fats. Journal of Food Composition and
Analysis, 21(2),
152-161.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0889157507001226
Shakirin, F. H., Prasad, K. N., Ismail, A., Yuon, L. C., & Azlan, A. (2010). Antioxidant capacity of
underutilized Malaysian Canarium odontophyllum (dabai) Miq. fruit. Journal of Food
Composition
and
Analysis, 23(8),
777-781.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0889157510002206
Shakirin, F. H., Azlan, A., Ismail, A., Amom, Z., & Cheng Yuon, L. (2012a). Protective effect of pulp
oil extracted from Canarium odontophyllum miq. fruit on blood lipids, lipid peroxidation, and
antioxidant status in healthy rabbits. Oxidative medicine and cellular longevity, 2012. Retrieved
from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3366250/
Shakirin, F. H., Azlan, A., Ismail, A., Amom, Z., & Yuon, L. C. (2012b). Antiatherosclerotic effect of
Canarium odontophyllum Miq. fruit parts in rabbits fed high cholesterol diet. Evidence-Based
Complementary
and
Alternative
Medicine, 2012.
Retrieved
from
http://www.hindawi.com/journals/ecam/2012/838604/abs/
Sikorski, Z. Z., & Kolakowska, A. (2010). Chemical, biological, and functional aspects of food lipids.
US: CRC Press.
Stocker, R., & Keaney, J. F. (2004). Role of oxidative modifications in atherosclerosis. Physiological
reviews, 84(4), 1381-1478. Retrieved from http://physrev.physiology.org/content/84/4/1381.short
Takenaga, F., Matsuyama, K., Abe, S., Torii, Y., & Itoh, S. (2008). Lipid and fatty acid composition
of mesocarp and seed of avocado fruits harvested at northern range in Japan. Journal of Oleo
Science, 57(11),
591-597.
Retrieved
from
https://www.jstage.jst.go.jp/article/jos/57/11/57_11_591/_article
Toshima, S. I., Hasegawa, A., Kurabayashi, M., Itabe, H., Takano, T., Sugano, J., Shimamura, K.,
Kimura, J., Michishita, I., Suzuki, T., & Nagai, R. (2000). Circulating oxidized low density
lipoprotein levels a biochemical risk marker for coronary heart disease. Arteriosclerosis,
Thrombosis,
and
Vascular
Biology, 20(10),
2243-2247.
Retrieved
from
http://atvb.ahajournals.org/content/20/10/2243.short
Vinutha, B., Prashanth, D., Salma, K., Sreeja, S. L., Pratiti, D., Padmaja, R., Radhika, S., Amit, A.,
Venkateshwarlu, K. & Deepak, M. (2007). Screening of selected Indian medicinal plants for
acetylcholinesterase inhibitory activity. Journal of Ethnopharmacology, 109(2), 359-363.
Retrieved from http://www.sciencedirect.com/science/article/pii/S0378874106003710
Virmani, R., Kolodgie, F. D., Burke, A. P., Farb, A., & Schwartz, S. M. (2000). Lessons from sudden
coronary death a comprehensive morphological classification scheme for atherosclerotic
93

PJSRR(2016) 2(1): 80-94
eISSN: 2462-2028 © Universiti Putra Malaysia Press

lesions. Arteriosclerosis, Thrombosis, and Vascular Biology, 20(5), 1262-1275. Retrieved from
http://atvb.ahajournals.org/content/20/5/1262.short
Voon, B.H. & Kueh, H.S. (1999). The nutritional value of indigenous fruits and vegetables in
Sarawak. Asia Pacific Journal of Clinical Nutrition, 8(1), 24-31. Retrieved from
http://onlinelibrary.wiley.com/doi/10.1046/j.1440-6047.1999.00046.x/full
Wall, M. M. (2006). Ascorbic acid and mineral composition of longan (Dimocarpus longan), lychee
(Litchi chinensis) and rambutan (Nephelium lappaceum) cultivars grown in Hawaii. Journal of
Food
Composition
and
Analysis, 19(6),
655-663.
Retrieved
from
http://www.sciencedirect.com/science/article/pii/S0889157505001304
Weeks, A., Daly, D. C., & Simpson, B. B. (2005). The phylogenetic history and biogeography of the
frankincense and myrrh family (Burseraceae) based on nuclear and chloroplast sequence
data. Molecular Phylogenetics and Evolution, 35(1), 85-101. Retrieved from
http://www.sciencedirect.com/science/article/pii/S1055790304004099

94

