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Abstract The seeds of Terminalia catappa from Malaysia
were analyzed for their physicochemical properties. The fol-
lowing values were obtained: moisture 6.23±0.09%, ash 3.78
±0.04 %, lipid 54.68±0.14 %, protein 17.66±0.13 %, total
dietary fibre 9.97±0.08 %, carbohydrate 7.68±0.06 %, reduc-
ing sugar 1.36±0.16 %, starch 1.22±0.15 %, caloric value
593.48±0.24 %. Studies were also conducted on amino acid
profile and free fatty acid composition of the seed oil. Results
revealed that glutamic acid was the major essential amino acid
while methionine and lysine were the limiting amino acids.
The major saturated fatty acid was palmitic acid, while the
main unsaturated fatty acid was oleic acid followed by linoleic
acid. In addition, the seed was rich in sucrose and had trace
amount of glucose and fructose. Briefly, the seed was high in
proteins and lipids which are beneficial to human.

Keywords Physicochemical properties . Amino acid . Fatty
acid characteristics . Terminalia catappa

Introduction

Nuts have been the food of man from the earliest times and
they are appreciated as a source of nutritious food because of
their availability, economical sources of protein, high lipid
content and their sensory characteristics (Shakuntala and
Shadadsharaswamy 1987; Grane-Teruel et al. 2001). There
are a lot of studies on the nutritional content of common nuts
such as groundnut, pea nut, cashew nut, walnut and etc.

Terminalia catappa Linn tree is known as tropical al-
mond, wild almond, India almond, sea almond, almond
tree, castanheiracastanhola, castanholeira, chapeu-de-sol
esete-copas etc. and belongs to the Combretaceae family
(Nwosu et al. 2008). It is normally grown in full sun on
well-drained soil. The branches are arranged in obvious
tiers forming layers of canopy, giving the tree a pagoda-
like shape. It is originally from South Asia (especially
India, Malaysia, Philippines and Indonesia) and even oc-
curs in the West African region in areas with high rain-
fall (1000–3500 mm) and elevations below 300–400 m
from Senegal to West Cameroon (Oboh et al. 2009;
Thomson and Evans 2006). The major countries growing
this plant include Italy, Spain, Morocco, France, Greece
and Iran (Akpakpan and Akpabio 2012).

It was introduced to Brazil, the Caribbean, and East
Africa for shade and ornamental purposes in urban and
rural afforestation and reforestation (Gilman and Watson
1994; Oliveira et al. 2000; Thomson and Evans 2006;
Ezeokonkwo 2000). The flowering season occurs between
April-May and September-October while its fruiting sea-
son is from October to April (Salvo et al. 1983). It has a
large nutty fruits that is edible and taste very much like
commercially grown almonds which can be eaten raw
with roasting or boiling (Ezeokonkwo and Dodson 2004;
Christian and Ukhun 2006). The fruit is ellipsoidal in
shape and about 7.51 cm×5.05 cm with a bluntly pointed
apex (Gilman and Watson 1994; Akpakpan and Akpabio
2012).

The tropical almond finds wide use amongst different tribal
groups in Africa and Asia. In Nigeria, India and Asia, children
eat the seed raw (Ezeokonkwo 2000) and there has been no
report of associated toxicity (Grant et al. 1995). In Taiwan, the
nut of tropical nut is commonly used as folk medicine and is
claimed to have aphrodisiac and antibacterial properties
(Christian and Ukhun 2006). Scientifically, the fruit has
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demonstrated anti-diabetic activity (Lin et al. 1999; Chen and
Dong 2000; Nagappa et al. 2003) and helpful in the treatment
of leprosy and headaches. The leaves contain many hydrolys-
able tannins (Tanaka et al. 1986) which contribute to medici-
nal uses of the leaves that include: the treatment of liver related
diseases, sickle cell disorders, cancers, anemia (Moody 2003;
Oboh et al. 2008), tuberculosis (Adeleye et al. 2008), fungal
infections (Masoko and Eloff 2005), treatment of eye and
intestinal parasites, wounds, and liver ailments (Kirtikar and
Basu 1991; Corner 1997), treatment of dermatitis and hepatitis
(Kinoshita et al. 2006), inhibition of HIV replication in infect-
ed H9 lymphocytes with little cytotoxicity (Nonaka et al.
1990; Atsu Barku et al. 2012), and reduction of ear inflamma-
tion (Fan et al. 2004).

Proximate analysis of the tropical almond shows that it is
rich in protein (18.39–40.9 %) and oil (43.36–63.65 %). This
can be supported by the publications of Oliveira et al. (2000),
Ezeokonkwo (2007), Biego et al. (2012), Monnet et al. (2012)
and Atsu Barku et al. (2012). Ezeokonkwo and Dodson
(2004) reported that the seed has essential amino acids that
can support growth and a high dietary protein quality.
Ezeokonkwo (2007) found out that the limiting amino acids
in the tropical almond seed were tyrosine, lysine and
methionine.

According to Safari and Alizadeh (2007), the fatty acids
composition of the tropical almond seed oil shows oleic acid
as the major ones. Similar findings were found in reports by
Monnet et al. (2012) and Venkatachalam and Sathe (2006).
However, this finding was in contrast with the results obtained
byAjayi et al. (2008) and dos Santos et al. (2008) that reported
linoleic acids as the major fatty acids. For sugar composition,
research revealed that small amount of sugar was found in the
seed (Ezeokonkwo 2007; Nwosu et al. 2008; Nanos et al.
2002).

The objective of this study is to evaluate the physicochem-
ical composition, amino acid and fatty acid characteristics of
seeds from Terminalia catappa harvested in Selangor (Malay-
sia). Such information will expand the scope of knowledge on
the utilization of tropical almond in various foods and to bring
together data to support the uses, health and economic benefits
of the almond nut that is completely unexploited commercial-
ly in Malaysia.

Experimental

Almond samples

The Indian almond nuts were collected between October and
November, 2013 from T. catappa trees from the University
Putra Malaysia, Selangor. The fruits were sun-dried for 7 days
and then cracked to obtain the seeds.

Sample preparation

When needed, samples (100 g) were ground into powder form
using mortar and pestle and homogenized by using a blender.
The process of quartering and mixing was used to obtain a
representative sample of the seed. The sample was mixed
adequately, forming an even and square-shaped heap, and
was then divided diagonally into four equal parts. The two
opposite parts were then taken, carefully mixed and the pro-
cess was repeated until the required mix was obtained (WHO
1992; Ezeokonkwo and Dodson 2004).

Chemicals

All the chemicals, reagents and solvents used in the experi-
ments were of analytical grade and were products of Merck
Sdn. Bhd. Solvents such as methanol and acetonitrile were of
HPLC (high performance liquid chromatography) grade from
Merck Sdn. Bhd. Mixed FAME (fatty acid methyl esters, C8-
C24) standard was purchased from Sigma-Aldrich Chemical
Co. Amino acid standards AAS-18 was from IT Technology
Research (M) Sdn Bhd. For dietary fiber, the enzymes such as
α-amylase, protease and amyloglucosidase were from
Megazyme K-TDFR TDF-kit.

Analytical testing

Proximate analysis

The proximate analysis was done according to the methods of
the Association of Official Analytical Chemists (AOAC
1995). Moisture content was determined by using AOAC Of-
ficial Method 925.40. 3.0 g sample was placed in the crucibles
and dried in the oven at 105 °C. The moisture content (%) was
calculated based on the wet basis. Ash content was determined
by gravimetric method (AOAC Official Method 923.03)
whereby approximately 3.0 g sample was weighed into ce-
ramic crucible and ashed in the muffle furnace at 550 °C until
a constant weight was obtained. Protein was determined by
micro-Kjeldahl method (AOACOfficialMethod 950.48). The
sample (0.15 g) was digested with sulphuric acid (2.5 mL) in
the presence of catalysts. Sample was then boiled on a heating
unit in a fume cupboard until the liquid in the tube turns clear
and has a bluish-green color. The digest was diluted with
10 mL of distilled water, followed by addition of 10 mL
45 % sodium hydroxide. The micro-Kjeldahl flask was at-
tached to the distillation unit and the released ammonia was
collected into a boric acid solution containing the indicators
methylene blue and methyl red. Protein (%) was calculated as
(total N (%)×appropriate factor). For sample, the conversion
factor used for almond was 5.18 (Venkatachalam and Sathe
2006). Lipids were determined by the Soxhlet method
(AOACOfficial Method 948.22). Approximately 10 g sample
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was weighed into a thimble and defatted in a Soxhlet appara-
tus using petroleum ether (boiling point 40–60 °C). The car-
bohydrate content was estimated as difference obtained after
subtracting the values of protein, lipid, ash, moisture and total
dietary fiber from the sample.

Total dietary fiber determination

Total dietary fiber was determined on samples of dried and
defatted material according to AOAC Method 991.43 (2005).
Samples were cooked at ~100 °C with heat stable α-amylase
to hydrolyze and depolymerized the starch. The sample was
incubated at 60 °C with protease (to solubilize and depoly-
merize proteins) and amyloglucosidase (to hydrolyze starch
fragments to glucose). The mixture was subsequently treated
with four volumes of ethanol to precipitate soluble fibre and
removed depolymerized protein and glucose from the starch.
The residue was filtered; washed with 78 % ethanol, 95 %
ethanol, and acetone respectively. The residue was dried and
weighed. One duplicate was analyzed for protein and the other
was incubated at 550 °C to determine ash. The total dietary
fibre was the weight of the filtered and dried residue less the
weight of the protein and ash. Dietary fibre content in % was
calculated using the Eq. 1 (AOAC Method 991.43 2005)

TD F g=100gð Þ ¼ R1 þ R2ð Þ=2−mgprotein−mgash−B
� �

=

M1 þM2ð Þ=2ð Þ � 100
Blank weight; B mgð Þ ¼ BR1 þ BR2ð Þ=2ð Þ – Bprotein− Bash

ð1Þ

Where: TDF = Total dietary fiber; BR1, BR2 = Residual
weights (mg) of duplicate blank; Bprotein, Bash and B =
Weights (mg) of protein, ash and blank respectively; R1, R2
= Residual weights (mg) of samples in duplicate; mg protein,
mg ash = weights (mg) of protein and ash in residue; M1, M2 =
Initial weights (mg) of samples.

The conversion factor used in protein calculation was 5.18
for almond (Venkatachalam and Sathe 2006).

Caloric value

The caloric value of the sample was derived by multiplying
the amounts of crude protein, carbohydrate and oil by the
factors of 4, 4, and 9 (kcal) respectively, and taking the sum
of the products (EEC 1990).

Reducing sugar determination

The reducing sugar content was determined by using the
Somogyi-Nelson method (Somogyi 1952). A blank and
standard solutions containing between 0 and 450 μg glucose
were prepared. 2.5 g of nuts sample was mixed with 50 mL of

cold water and allowed to stand for 1 h. Then, 20 mL
concentrated HCl and 150 mL distilled water were added
and refluxed for 1.5 h. The solution was cooled and
neutralized using 5 N NaOH and made up to 250 mL with
distilled water. A sample solution containing not more than
2 mL of solution was made. A series of dilution was prepared
and the volume of the dilution was made up to 2 mL with
distilled water. After that, 2 mL of copper reagent was added
to all samples, blanks and standard sugar solutions and mixed
well. All the solutions were then heated for 10 min in a
vigorously boiling water bath and then cooled under running
water for 5 min. 1 mL of arsenomolybdate reagent was added
to all the tubes and mixed well. When all the cuprous oxide
was dissolved after mixing, the solutions were diluted to
10 mL using a volumetric flask and then allowed to stand
for at least 15 min, but not more than 40 min. The
absorbance was read at 520 nm using a spectrophotometer.
The average absorbance of a blank was subtracted from the
average absorbance of the samples; then the sugar content was
computed from a curve established with standard sugar
solutions.

Starch content determination

The method for this determination is as enunciated by Radley
(1976) and explained in the reducing sugar determination as
shown above. The amount of glucose obtained by acid hydro-
lysis of starch was multiplies by a factor of 0.90 (Radley 1976)
to determine the starch content.

Color determination

The color of the nut samples were measured using a Minolta
CM-3500D colorimeter after calibration against white and
black glass standards. The colors were expressed in HUNT-
ERLAB color values (L-, a-, b-) where the L- value represents
the lightness to darkness gradation, a- value represents the
greenness to redness spectrum and the b- value represents
the blueness to yellowness spectrum. The color values (L-,
a-, and b-) were the three dimensions which gives specific
color values of the products.

Sugar composition analysis

Sugar was determined by HPLC method (Hunt et al. 1977)
with slight modification in the solvent used. The eluent used
was acetonitrile and distilled water (80/20, v/v). The sugar
standards used were glucose, sucrose and fructose in the con-
centration range of 0.5 to 2 % (w/v). A calibration curve was
obtained for each of the three sugars. Sugars in the sample
were quantified by comparing peak areas of sample with those
of the sugar standards. The extraction and preparation were
done prior to injection into HPLC according to Wills et al.
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(1980). 10 g of sample was heated with 100 mL methanol on
steam bath at 180 °C for 30 min. The mixture was filtered into
a round bottom flask and the residue was re-extracted twice in
75 mL portions of methanol, and filtered. The filtrate was
evaporated to about 10 mL under vacuum at 50 °C in a rotary
evaporator. The solution was then filtered through 0.45 μm
syringe filter, using a syringe. The sugar analysis was per-
formed by HPLC (JASCO RI-1530 Detector with Shimadzu
Liquid Chromatograph LC-6A pump) using 4.6 m×250 mm
amine-modified silica column. A known volume of the extract
within the range of 10–50 μl, was injected into the column
with the flow rate of the mobile phase within 1.0 ml/min. The
same volume of the standard solutions was used. Areas or
peak heights of each sugar peak in sample and standard were
measured, and the amount of the sugar was calculated.

Amino acid composition

Total amino acid composition of the sample was analyzed by
a n HPLC g r a d i e n t s y s t em w i t h p r e - c o l umn
phenylisothiocyanate (PITC) derivatization (Khan et al.
1994). A 20 μl sample was injected into an HPLC system
(JASCO DU-2080 Plus Intelligent HPLC Pump, JASCO
CO-2065 Plus Intelligent Column Oven, JASCO MD-2010
Plus Multiwavelength Detector) using a gradient system of
buffer A (100−0 % after 60 min) and buffer B (0–100 % after
60 min). The operating temperature was 43 °C. A RP-18 re-
versed phase column fromMerck (4.6 m×250 mm) was used.
The absorbance at 220 nm was used. AABAwas used as an
internal standard to calculate percentage recovery for each
amino acid. Amino acid composition was reported as %.

Fatty acids profile

Gas chromatograph was employed to perform analyses of
fatty acids according to Nielson (2010). Preparation of fatty
methyl esters (FAME) was carried out as described by AOCS
Official Method Ce 2-66 (1997) prior to gas chromatographic
(GC) analysis. Approximately, 0.1 g of sample oil was
weighed into a universal bottle. Then 5 mL LC (liquid chro-
matography) grade hexane was added and the solution was
vortexed vigorously. Then, 250 μl sodium methoxide was
added and vortexed for another 1 min with slight pause every
10 s. After that 5 mL saturated NaCl solution was added to the
bottle and vortexed again for 15 s. The solutionwas allowed to
stand for 3 min until two layers were formed. The upper layer
was transferred to a small vial and left to stand for 15 min. The
upper clear solution was then transferred into a small, clean
vial for injection. The GC methodology details were as fol-
lows: A GC Agilent 6890 N with flame ionization detector
(FID), 7863 series with auto-injection (10 μl syringe) was
used. The GC conditions were: helium carrier gas (ultrapure,
combination trap). Inlet temperature: 250 °C, 1 μl injection

volume with 200:1 split. The column used was: BPX 70,
30 m×0.32 μm internal diameter, 0.25 mm film thickness,
250 °C maximum temperature, 2.0 mL/min flow rate, average
velocity was 36 cm/s, and a pressure of 11.54 psi. Oven tem-
perature: 100 °C for 2.0 min ramp at 5.0 °C/min to 230 °C,
held for 5 min for a total run time of 33 min. Detector: FID
detector at 290 °C, hydrogen (ultrapure, hydrocarbon/
moisture trap) and air (ultrapure, combination trap), helium
(same as above) makeup gas. All data were corrected for re-
coveries and expressed as % of fatty acid.

Statistical analysis

The mean values and standard deviations of each analysis
were reported. Determinations were done in triplicates.

Results and discussion

The results of the proximate and physicochemical composi-
tions of Terminalia catappa L. grown in Malaysia is shown in
Table 1. The moisture content of T. catappa seed was found to
be 6.23% (wet basis). The result is highwhen compared to 5.5
and 5.1 % (wet basis) for cashew nut (Fetuga et al. 1974) and
African oil bean (Osagie et al. 1986) respectively; however it
is relatively low when compared to 25.5 % for T. catappa nut
(Akpakpan and Akpabio 2012) and other common nuts such
as cashew nut, almond nut (Prunus Amygdalus), groundnut
etc. (NIN 1984). The lowmoisture content is important for the
keeping quality and shelf life of seeds as low moisture (low

Table 1 Proximate and
physicochemical
compositions of
Terminalia catappa
harvested in Malaysia

A Value for caloric value
is in unit kcal
B Values for color do not
have any units. L, a, b

Represent lightness,
redness and yellowness
respectively

Compositions Values (%)

Moisture 6.23±0.09

Ash 3.78±0.04

Lipid 54.68±0.14

Protein 17.66±0.13

Carbohydrate 7.68±0.06

Caloric value A 593.48±0.24

Total dietary fibre 9.97±0.08

Reducing sugar 1.36±0.16

Starch 1.22±0.15

Sugar

Fructose 2.23±1.89

Glucose 1.95±0.99

Sucrose 95.82±0.90

Color B

L

a 51.88±0.49

b 3.33±0.07

8.40±0.06
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Aw) reduces microbial activities (Hassan et al. 2005, 2007;
Atsu Barku et al. 2012; Abbas et al. 2009), besides lowmoisture
decreases unwarranted fermentation, premature seed germina-
tion, and many undesirable biochemical changes normally asso-
ciated with these processes (Venkatachalam and Sathe 2006).

The ash content of tropical almond seed was 3.78 %. Ash
content signifies the level of mineral present in the sample.
The ash content of the seeds was lower than those reported for
the seeds from Ivory coast (4.60 %, Monnet et al. 2012),
Nigeria (4.55 %, Omeje et al. 2008), Brazzaville (4.27 %,
Kimbonguila et al. 2010), etc., The low ash content of seeds
could be attributed to the fact that during maturation, inorgan-
ic ions migrate from different parts of the plant to the region of
active growth (Sanchez et al. 1991). However, it is higher
compared to 2.4 % for the seeds from Ceara (Oliveira et al.
2000) and the 3.3 % for cashew nut (Fetuga et al. 1974) and
the value of 2.7 % obtained for African oil bean (Osagie et al.
1986).

Protein requirements are fundamental of all food nutrients,
and life would be impossible without it. High protein content
is important as it serves as a dietary protein especially for those
people suffering from hypertension (Akpakpan and Akpabio
2012). WAO/WHO (1973) suggests a daily intake of 0.88 g of
protein per kg body weight for children in the age range of 1–
10 years. The protein content was 17.66 % in tropical almond
seed. The value is low when compared to that of almond nut
which is within the range 23.78–29.4 % (Ezeokonkwo and
Dodson 2004; Omeje et al. 2008; Kimbonguila et al. 2010;
Oliveira et al. 2000; Akpakpan and Akpabio 2012), melon
seed which is 30.8 % (Ige et al. 1984), African oil bean with
28.1 % (Osagie et al. 1986) and cashew nuts with 21.2 %
(Fetuga et al. 1974). However, this value (17.66 %) was
higher than those reported for the seeds of cereal such as corn,
triticale and wheat (8.4 to 14.8 %, Heger and Eggum 1991).
The variation of the protein content might be due to several
reasons such as species, geographical location, season and
temperature (Kaehler and Kennish 1996; Dawes et al. 1993).
For example, Mbah et al. (2013) had proved that the protein of
almond seed from three states of Eastern Nigeria was signifi-
cantly affected by location, with the highest (24.2 %) found in
Anambra and the lowest (14.5 %) in Imo all different regions
in Nigeria.

Almond nut oil is reported as a possible source of nutrition-
al oil (Agunbiade and Olanlokun 2006). In this study, the seed
oil content was found to be higher (54.68 %) than those re-
ported for grape seed, corn (15.8 %) (Wang et al. 1996), Chi-
nese chive seed (15.8 %) (Hu et al. 2006), tiger nut oil
(26.3 %) (Lasekan and Abdulkarim 2012) and various soy-
bean cultivars (18.3–21.5 %) (Vasconcelos et al. 1997). The
crude fat value is similar to the values report by Oliveira et al.
(2000), Atsu Barku et al. (2012) andMatos et al. (2009) which
are 58.0, 52.11 and 51.8 % respectively. The high seed oil
content indicated that the almond seed is a cheap source of

edible oils that can be used as an alternative to some conven-
tional oilseeds such as palm oil, groundnut oil and soybean oil
(Bailey’s 1979).

The carbohydrate content obtained by difference was found
to be as high as 7.68%. This value is higher than carbohydrate
content reported by Omeje et al. (2008) which was 6.50 %.
The high carbohydrate content of the seed represents good
dietary energy source for human body and livestock to survive

Table 2 Amino acids of raw Terminalia catappa seed

Amino acids Values of amino acid (g/100 g)

Asx (Aspartic acid) 2.15±0.48

Glx (Glutamic acid) 5.69±1.61

Ser (Serine) 1.12±0.18

Gly (Glycine acid) 1.69±0.39

His (Histidine) 0.52±0.14

Arg (Arginine) 3.95±0.02

Thr (Threonine) 1.04±0.80

Ala (Alanine) 1.02±0.41

Pro (Proline) 1.02±0.04

Tyr (Tyrosine) 0.76±0.07

Val (Valine) 1.03±0.28

Met (Methionine) 0.26±0.08

Cys (Cysteine) 1.40±0.22

Ile (Isoleucine) 1.79±0.07

Leu (Leucine) 1.15±0.25

Phe (Phenylalanine) 1.14±0.01

Lys (Lysine) 0.42±0.09

All amino acid (AA) values are expressed as grams per 100 g of protein,
and data are reported as mean±standard deviation (n=3)

Table 3 Fatty acid composition of seed oils from Terminalia catappa
fruits in Malaysia

Fatty acids Value (%) of seed oil

Octanoic acid (C8:0) Tracea

Decanoic acid (C10:0) Trace

Lauric acid (C12:0) Trace

Myristic acid (C14:0) 0.09±0.00

Palmitic acid (C16:0) 28.98±0.01

Palmitoleic acid (C16:1) 0.34±0.00

Stearic acid (C18:0) 7.23±0.00

Oleic acid (C18:1n9) 39.28±0.01

Linoleic acid (C18:2n6) 23.01±0.00

Linolenic acid (C18:3n3) 0.07±0.00

Arachidic acid (C20:0) 0.70±0.00

Behenic acid (C22:0) 0.19±0.00

Cis-13-docosenic acid (C22:1) Trace

Tetracosanic acid (C24:0) 0.10±0.00

a Trace means that the value obtained less than 0.0001 %
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high biochemical activities taking place within their system
especially in the tropics (Brand and Maggiore 1992; Ojewola
and Scholastica 2006).

The caloric value of the tropical almond seed was
593.48 kcal and this was higher than that reported by
Akpakpan and Akpabio (2012) which was 534.20 kcal. This
value is high and as such could be recommended as a dietary
supplement for people who require a lot of energy, example
the athletes. In present study, the total dietary fibre obtained
was found to be 9.97 % and this is good for diabetic patients
(Anderson 1986 and Osilesi et al. 1997); reduces blood cho-
lesterol (Liu et al. 2000); regulation of body weight (Koh-
Banerjee and Rimm 2003); reducing the rate of childhood
obesity (Edwards and Parrett 2003) and colorectal cancer risk
(La-Vecchia et al. 2003). Thus, the sample could be recom-
mended for incorporation into the diet of diabetic and
antherosclerotic patients.

The sugar content of nut seeds is known to vary consider-
ably, depending on growing conditions, seed maturity, culti-
var, and growth location (Venkatachalam and Sathe 2006).
Except sucrose (95.82 %), other sugars were present in low
amount in the seed. For example, Holland et al. (1992) has
reported that the English almond (Prunus amygadalis) con-
tains sucrose as the major sugar with traces of glucose and
fructose, with no lactose and maltose. The low sugar level of
T. catappa seeds makes it a good snack for diabetics.

The color of the seed oil was golden yellow. The L* value
shows lightness, a- value shows redness while b* value shows
yellowness of seed oil from T. catappa seed. b* Value was
8.40 and this value suggested the presence of more yellow
pigments (carotenoids) in the tropical almond seed. These
carotenoids are beneficial since it stimulated the appearance
of butter without the use of primary colorants such as caro-
tenes, annattos, and apo-carotenals commonly used in the oil
and fat industry (Oomah et al. 2000).

Approximately 33 g of protein are lost each day by the
average adult male and can be replaced in the diet. The body
has no means of storing amino acids, but reserves are depleted
in only a few hours (Ukoha 2003). The amino acid profile of
the seeds revealed that glutamic acid was the first essential
amino acid in tropical almond nut followed by arginine,
whereas histidine, methionine, tyrosine and lysine were the
limiting amino acids (Table 2). In view of the fact that high
lysine levels negatively influence in-vivo arginine uptake by
cells (Wu and Meininger 2002), low lysine levels in edible
seeds may therefore not necessarily be a negative attribute.
High arginine content of tropical almond nuts offers opportu-
nities for judicious selection of edible nuts as a part of well-
balanced food intake with potential for several health benefits.
From literature, arginine is a precursor of nitric oxide (NO)
which has many bioactivities including vasodilatation, anti-
oxidative, and anti-platelet effects with implications for car-
diovascular disease (CVD) risks (Wells et al. 2005; Wu and

Meininger 2002). On the other hand, Venkatachalam and
Sathe (2006) revealed methionine and cysteine were the first
limiting essential amino acid in almonds when compared with
the FAO/WHO recommended essential amino acid amounts
for a 2–5 year old child.

In terms of nuts, oil is a major component and therefore its
quality and fatty acid profile is very important. The fatty acid
compositions of the tropical almond nuts in this study revealed
that oleic (39.28 %) and linoleic (23.01 %) were the predom-
inant unsaturated fatty acids and palmitic acid (29.98 %) was
the major saturated fatty acid (Table 3). The high linoleic acid
content of the seed oils is significant since linoleic acid is
undoubtedly one of the most important polyunsaturated fatty
acids in human food due to its prevention of distinct cardio-
vascular disease (Vles and Gottenbos 1989; Dagne and John-
son 1997). This finding was supported by Safari and Alizadeh
(2007) and it is encouraging because it is a desirable feature in
human food (Vijayakumari et al. 1997). However, Monnet
et al. (2012) revealed that palmitic acid (37.26 %) was the
most abundant fatty acid in seed oil from T. catappa fruits
followed by oleic (32.40%) and linoleic (24.65%) acids, with
smaller amount of stearic (5.55 %), linolenic (0.55 %),
palmitoleic (0.41 %), myristic (0.17 %) and lauric (trace)
acids. The differences between the findings might be due to
variety/cultivar (genetic factors), environmental factors such
as the year of production and growing location, climate and
mainly maturity stage are cited as factors affecting the relative
fatty acid composition (Amaral et al. 2006; Venkatachalam
and Sathe 2006; Canellas 1986; Mehran and Filsoof 1974).

Conclusion

It was concluded that although the Terminalia catappa nut is
not commercially exploited, it has a high calorific content and
can be used as a source of carbohydrate. Chemical composi-
tion analyses indicated that the seed has a good nutritional
value with typically low moisture, high proteins and lipids.
Moreover, seeds rich in proteins like Terminalia catappa
could reduce the level of malnutrition in most impoverished
countries. Thus, it should not be overlooked anymore.
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