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ABSTRACT

Proximate composition, mineral elements, anti-rautts (toxicants) and lipid characteristics wereatatined for
almond (Terminalia catappa) seeds. The resultsinbthshowed the proximate composition of 25.23%stunG;
5.00% ash; 32.73% lipid; 33.66% crude fibre; 3.11%ude protein; 25.47% carbohydrate and caloric \alu
534.200 kcal. Mineral elements determined were &, Fe, Mg and Ca, while the anti-nutrients ewaéd were
hydrogen cyanide, oxalate and tannin. AlImond seedas also characterized. The chemical propertéshe oil
showed that the oil contain high saponificationualwith low iodine value, hence the oil is not moeended for
soap making but is recommended for cosmetics indsist
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INTRODUCTION

The almond treeTerminalia catappagrows to a height of 3-8m and bears a fruit thatllipsoid in shape with a
bluntly pointed apex, and the fruit is about 7.51komg and 5.05cm thick. On ripening, it turns frgreen to
purplish yellow and contains a hard shell or nutjolr covers the delicate edible seed. The ripe o@poof the
fruit is mostly consumed by children neglecting sieed, which contains oil. The major countriesaging this plant
include Italy, Spain, Morocco, France, Greece, bkad. It flowers appear between April and May aretween
September and October. The fruiting season is foatober to April (Salvet al,1983).

Many varieties of Almond tree are grown but thep taoadly be divided into two types, bitter and stveSweet
almonds tree seeds do not contain amygdalin andidedy used as edible nuts and food ingredienitseBalmonds
contain amygdalin, an enzyme, which causes itsdiysis to glucose, benzaldehyde and hydrocyanit ¢galvoet
al, 1983). Fixed oil is obtained from sweet Almond whilolatile oil is obtained from sweet Almond treseds.
However, this does not imply however that sweetoaldhoil is made from sweet almonds. Bitter almoardsthus
used for both fixed and volatile oil extraction<kgy, 1954). The oil content of dried sweet almé&adhel is 50-
60%. That is bitter almonds has oil with lower gidl0-45% and sometimes as low as 20% (Eckey, 1954).

Sweet almond oil is used in many cosmetic produdise to its high value, sweet almond oil is subjaxt

adulteration, particularly by the far cheaper peaithwhich has very similar fatty acid charactedst In one survey

in Brazil it was found that 77% of almond oil saemlhad been adulterated (Badolatal 1983), much research
has been carried out on analytical method to dsetestt adulteration (Sahet al, 1983).

The cake of sweet almond remaining after oil exioaccontains 39 - 47% protein and 10 - 18% oilslused in
animal feed and also ground to a fine powder, whinls use in toilet preparations. Bitter almondg® cake, due to
its toxic component cannot be used for feed (Etpkak 1983).

The Indian almondTerminalia catappafinds wide use amongst tribals. The kernel isreated the tree provides
medicines and dyes, the wood is used for constug®en and Halder, 1987). The chemical composiiosome
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seeds and nuts, such as the African oil bgmmt@cethra macropohyllamelon ¢itrullus vulgarig, groundnut
(Arachies hypogeal)}cashew nufAnacardium occidentalepil palm nut Elears guineensjsand seeds ofenna
siamea, has been analysed by scientist (Ingweye, 2010)si®dchemical properties of seed oil have also been
reported, these include; Castor seed oil (Bagiadil, 2010), Shea butter oil (Asuqeb al, 2010),Dennettia tripetala
fruit oil (Pepper fruit) (Nwinuka, and Barine, 200%hysico-chemical studies of oil froinvingia gabonesis,
Telfairia occidentalis, Treculia Africana, Peralimisida, Lageneria siceraria, Sesamum orientalerypaes edulis
and Parkia biglobosa have been reported (Dawodif)28haracterization of Avocado peRefsea americaaand
native pearDacryodes edul)sfruits oil have been reported in our previous kvpkkpabio,et al2011).

Almond seed is an edible seed, and is eaten by potmg and old people in Nigeria, but the reportitef
physicochemical properties is scanty, hence theddithis work is to determine the chemical composit mineral
elements, anti-nutrient and lipid characteristitshe almond seed in order to ascertain the in@stpplication of
its seeds, seed oil and the kernel cake.

MATERIALSAND METHODS

Samples Collection and Preparation

Mature fruits of the samples were collected from tniversity of Uyo convocation grounds and LawkParthe
Annex Campus. The fruits were sun dried for sevaysdand cracked open to remove the seeds. Theceatdf
almond seed was removed and the moisture conteheafeed determined. The seeds were then oveatsatr66C
for 24 hours and ground into fine powder using oand pestle.

The powdered samples were stored in plastic catédm laboratory analysis when needed.

M ethods
Most of the methods adopted in this work are thesemmended by (AOAC 1975) except otherwise stated.

Proximate Composition

Moisture Content

The wet sample obtained immediately after collectias oven dried at 80 for 24 hours with the weight of the
wet sample and the weight after drying noted. Thénd was repeated until a constant weight wasioéth The
moisture content was expressed in terms of losgight of the wet sample.

Ash Content

1g of the oven-dried sample in powder from was guainn crucible of known weight. This was ignitedarmuffle
furnace for 5 hours at 580. The crucible was cooled and weighed and thecastent was expressed in terms of
the oven-dried weight of the sample.

Crude Protein

The protein nitrogen in 1g of the dried sample w@sverted to ammonium sulphate by digestion withcemtrated
H,SO, and in the presence of CuSénd NaSQ,. This was heated and the ammonia evolved wamstistilled
into boric acid solution. The nitrogen from ammonias deduced from the titration of the trapped amimavith
0.1M HCI with Tashirus indicator (double indicatamtil a purplish pink colour was obtained. Crudetgin was
calculated by multiplying the valve of the deducétidogen by the factor 6.25mg.

Crude Fibre

2g of the ground sample was digested in 50ml d6%.25,S0,. The solution was boiled for 30 min. after whith
was filtered and washed with hot water. The fikratas also digested in 50ml of 1.25% NaOH. Thetgoluvas
heated for 30 min., filtered and washed with hotewand over dried. Finally the oven-dried resid@es ignited in a
furnace at 55{C. The fibre content was measured by the weighh@feft after ignition and was expressed in term
of the weight of the sample before ignition.

Qil (Lipid) Content

The lipid content was determined by extracting fdiefrom 5g of the sample using petroleum ethea isoxhlet
apparatus. The weight of the lipid obtained afteap®rating off the petroleum ether from the extrgave the
weight of the crude fat in the sample.

Carbohydrate Content
The carbohydrate content of the sample was estihnatethe difference obtained after subtractinguhlees of
organic protein, lipid, ash and fibre from the tatey matter.
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Caloric Value
The caloric value of the sample was obtained bytipiying the values of the crude protein, lipid acetbohydrate
by the factors 4, 9 and 4 respectively and takiregstum of the products.

Qil (Lipid) Characteristics
Lipid characteristics (saponification value, fresty acid, iodine value and acid valuegre determined using
AOAC standard method (AOAC, 2000).

Mineral Elements

Sodium and Potassium was determined by Flame Plettpmmethod. Calcium and Magnesium were determined
Versenate Titration Method (Cheng, and Bray, 19Bhpsphorous concentration in the sample was meahsure
colorimetrically using thenolybdovanadate methoecommended by AOAC, (1984). Iron concentratiosample
digest was determined using Orthophenathrolinersetac Method.

Anti-Nutrients (Toxicants)
The dried sample was analysed for the presenaifints using different method as described below.

Hydrogen Cyanide

5g of the sample were soaked in distilled water4fdrours for the liberation cyanide. The liberatydnide was
steam distilled into 5 ml of 2.5% w/v 4ml of 6N NOH and 5% w/v Kl were added to the distillate pmrtbefore
titration with 0.02N AgNQ to a faint but permanent turbidity (ml of 0.02NMX@; = 1.08 mg HCN).

Oxalate

This was determined using Dye method (Dye, 19569 »f the sample was extracted with dilute HCI,| B
concentrated ammonia and precipitated with Ga&Slcalcium oxalate. The precipitate was washet @@ml of
25% H,SO, and dissolved in hot water before titrating witBSN KMnO, to determine the concentration of oxalate.

Tannin

This was determined using Burn method (Burn, 193d)of the dried sample was treated with 50ml mathand
kept for 24 hours before filtration. 5ml of freshdyepared vanalin hydrochloric acid was added badsolution was
allowed to stand for 20 minutes for colour develepin The absorbance was measured at 550nm usingspe
20 and the machine value was used in calculatiagathnin content.

RESULTSAND DISCUSSION

Proximate Composition

The moisture content of almond seed was 25.229%. rEkult therefore shows that almond seed hasrhimjkture
content, hence cannot be preserved for a long fithis. value is high when compared to 5.5 and 5.@fcashew
nut (Fetugaet al,1974) and African oil been (Osagi€al 1986).

Table 1: Proximate Composition

Composition Composition
Moisture (%) 25.229
Ash (%) 5.00
Lipid (%) 32.73
Crude Protein (%) 33.69
Crude Fibre (%) 3.11
Carbohydrate (%) 25.47

Caloric value (Kcal) 534.20

Table 2: Mineral Element Composition (mg/100g)

Element Composition

Phosphorus 10.0
Sodium 5.0
Potassium 350
Iron 375
Magnesium 26.4
Calcium 36.1
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The ash content of almond seed was 5%. Ash cosignifies the level of mineral present in the samflhe ash
content of almond seed is high when compared téc3&corded for cashew nut (Fetugihal, 1974); it is also
higher than the value of 2.7% obtained for Africdinoean (Osagiet al,1986).

Table 3: Anti-nutrients (mg/100g)

Toxicant Composition
Hydrogen Cyanide 21.6
Oxalate 26.4
Tannin 39.40

The protein content was 33.69% in almond seed.vBhee is high when compared to that of melon sebitiwis
30.8% (Ige.et al, 1984), African oil bean with 28.1% (Osagital,1986), and cashew nuts with 21.2% (Fetaga
al, 1974). The dietary allowance for protein is 56g d0rOkg man (National Research Council, 1989).tRerfact
that the protein content for almond seed is highould be used as a dietary supplement for peebteneed a lot
of protein, and most importantly for those who riegplant protein e.g people suffering from hypesien. It can
also be incorporated into animal feed to increbseptotein content.

The fibre content of almond seed was 3.11%. Thisigsificantly high when compared to 0.8% obtairiezim
cashew nugFetugaet al,1974) and 2.5% for African oil bean and melon s@sidhei, and Achienwhu, 1988). The
high fibre content can act better on the digessiyetem without giving much problem of constipatidime fibre
content of almond seed is low when compared todhee of 8.2% obtained for African mango (Oke, 1978

The carbohydrate content of almond seed was 25.4F$ value is high when compared to the valuestbér
seeds and nut such as melon seed with 7.3% (Achine®983), African mango 19.2% and African oil bedth
15.3% (Isichei, and Achienwhu, 1988).

The caloric value of almond seed was 534.20 kddlis value is high and as such could be recommendeal
dietary supplement for people who require a la¢rdrgy, example the athletes.

Almond seed has a lipid content of 32.73%. Thallipontent of the seed is low when compared to meéed
which contain 51.1% lipid (Igest al 1984) and African mango, with 55% (Isichei, anchfenwhu, 1988), Cashew
nut with 48.1% (Fetugat al,1974)and African oil bean with 34.9% (Osagital 1986).

Mineral Elements

The value of phosphorus obtained from Almond sead $0.0 mg/100g. The value is very low when conpéoe
4000 mg/100g obtained for Benni seeds ( Dashak,Fatig 1993). The dietary allowance for phosphasu800
mg/100g (National Research Council, 1989). Theeefdmond seed is not useful as phosphorus supptemen

The value of sodium in almond seed was 5.0 mg/108ig. value is high when compared to 1.96 mg/10@gioed
for cocoa bean (Olaefe, 1987). The dietary allowsafioc sodium is 110mg - 3300mg for adults, (NatldRasearch
Council, 1989). The value obtained for almond sieduite low and so cannot serve as dietary supgirfor
sodium.

The value of potassium in almond seed was 350.0000g. This value is high when compared to 330 ©@gl
obtained for cocoa bean (Olaefe, 1987). The dietdligwance for potassium is (1875 mg-5625 mg) fdults
(National Research Council, 1989). The seed couwldh® recommended as source of dietary supplenwent f
potassium.

The magnesium content was 26.4 mg/100g. This vallew when compared to 520 mg/100g obtained faoeao
bean (Olaefe, 1987). The value is also low whenpared to 300 mg/100g reported for Benni seed (Dasdrad
Fali, 1993).

Calcium content in almond seed was 36.1 mg/100gs Vdiue is high when compared to 2.17 mg/100ginethfor
cocoa bean (Olaefe, 1987), but low when compare@D® mg/100g obtained for Benni seed ( Dashak, Raid
1993). The dietary allowance for calcium is 800mig7#0kg man (National Research Council, 1989).

The value of 37.5mg/100g was obtained for Iron. Trba content is high when compared to 1.94 mg/1diitgined
for cocoa bean (Olaefe, 1987). However, iron cdantgnalmond seed is low when compared to 50 mg/100g
obtained for Benni seeds (Dashak, and Fali, 1998g dietary allowance for iron is 10g for 70kg (idaal
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Research Council, 1989). Therefore, almond seettl dmei recommended as a dietary supplement for peshb
need iron.

Anti-Nutrients (Toxicants)

Hydrogen cyanide of 21.6 mg/100g was obtained fralmond seed. The value is low when compared to
28.4mg/100g fovigana unquiculatgEtokakpan, 1983)he lethal dose for this toxicant is 50-60 mg/keiRon,
1971). The seed may be consumed without any hydrogenide related problem arising since the vaduew.

The total oxalate content of almond seed was 2/AL00g. This value is low when compared to 51.41@@glL
obtained foVigana unquicaulatdEtokakpan, 1983).

Almond seed was found to contain 39.40 mg/100gaohin. The value is low when compared 73.1mg/100g
obtained forVigana unquicaulatg Etokakpan, 1983).ow value of tannins has less effect in the bodyhah
guantity is not good in the body.

Qil (lipid) Characteristics
The saponification value of almond seed oil wa8®5This value is low when compared to 163.6 oletdiny Kalu
(1988) for calabash seed oil. Low saponificatiolugas ideal for soap making (Akpabiet, al,2011).

Table 4: Oil Characteristics

Lipid characteristics Composition
Saponification (mg KOH/g) 95.37
Free fatty acid (mgKOH/g) 16.92
Acid value (mg/KOH100g) 1.68
lodine value (g#100g) 1.27

The acid value of almond seed oil was 1.68. Thigevés low when compared to 2.15 obtained for medead oil
(Ige, et al, 1984), 2.37 for coconut oil (Peter, 1956) andd4& camphor seed oil (Osagé al, 1986). For soap
making higher values is required, therefore, thésaiot useful for soap making with regard to agidues (Devine,
and Williams, 1961)

The free fatty acid value of the oil obtained w&s92. This value is high when compared to 3.45inbthfor melon
seed (lgeget al, 1984), for soap making, oil with 2% to 5% freéyeacid value could be used. Thus the oil from
almond would not perform very well in soap makinighwegard to the free fatty acid values.

The iodine value of almond seed oil was found tdll& . Oils with iodine value less than 1.30 ara doying oil
and are not suitable for paint making (Hilditchda&8eavell, 1950), therefore almond seed oil issndhble for paint
making.

CONCLUSION

From the results of the study, it can be concluithedl almond tree seed has a higher level of mo#tethemical
components. It is therefore a very promising rawtemal for various industries. Also it would seres useful
dietary supplements. Therefore, this seed musbaatverlooked anymore. The high protein value efsbeds and
low level of anti-nutrient indicates its potentialsefulness in animal and poultry feed supplemértis. chemical
properties of the almond seeds oil showed thabiheontain high saponification value with low iodi value, low
saponification value is ideal for soap making, leetie oil is not recommended for soap industry.

Almond seed oil can also be considered as nonglgilnhence it is not good for paint making, taitécommended
for cosmetics industries.
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