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ABSTRACT 

Raw and roasted tropical almond (Tarminalia catappa) seeds’ kernel were investigated for nutritional and 
anti-nutritional compositions. The results of proximate composition showed that the crude fat (%) levels 
were: raw (45.1) and roasted (46.1), crude protein (%): raw (3.92) and roasted (16.8), CHO (%): raw (34.1) 
and roasted (23.2) while the energy contents (kJ/100g) were: raw (2315) and roasted (2386). The 
concentrations (mg/100g) of essential minerals in the raw kernels were in the range 5.19 – 3462, the most 
concentrated being P (3462) whereas for the roasted kernel sample the range was 12.6 – 692 and the most 
concentrated mineral being K (692). However the computed mineral ratios were all within the recommended 
levels in human nutrition. The levels of anti-nutritional factors (mg/100g) in both raw and roasted samples 
were: tannin (1.25 & 1.01), phytate (8.12 & 5.05), phytin phosphorus (1.21 & 0.931), oxalate (3.25 & 3.01), 
saponin (1.35 & 2.12) and flavonoid (0.75 – 0.235). Amino acids content (g/100g) of the raw ranged between 
1.41 -23.4 and the most concentrated essential amino acid was Ile (8.78) while the TEAA was 30.6 whereas for 
the roasted sample the AA results ranged between 1.35 and 16.4 with the most concentrated  essential amino 
acid as Leu (5.34) while the TEAA values being 40.8. The P-PER, PBV, and EAAI values in both the raw and 
roasted kernels were: 2.10 & 1.11, 77.5 & 60.8 and 1.51 & 1.36 respectively. The amino acids scores showed 
that Lys was the limiting amino acid in both samples. Most minerals were enhanced by roasting whereas 
nearly all the essential amino acids were reduced during roasting. The results of the statistical (linear 
correlation) showed that all the rxy values were significant except three at r 0.05 and n-2 df (Antinutrients, AA 
score 2 and AA score 3). 

Keywords: Terminalia catappa, proximate, minerals, antinutrients, amino acids composition 

1. INTRODUCTION 

Tropical almond (Tarminalia catappa) is a large 

spreading tree (fruit tree) now distributed throughout 

the tropics in costal environment. The tree is tolerant  

 

to strong winds, salt spray, and moderately high 

salinity in the root zone. The species has traditionally 

been very important for coastal communities, 

providing a wide range of non-wood products and 
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services. It has a spreading, fibrous root system and 

play a vital role in coastline stabilization. It is widely 

planted throughout the tropics, especially along sandy 

sea shores, for shades, ornamental purposes and 

edible nuts. [1]. Tropical almond (Terminalia 

catappa) is easily propagated from seed and is fast 

growing and flourishes with minerals maintenance in 

suitable environment. The fruit tree has a 

demonstrated potential to naturalize in coastal plant 

communities but not to adversely dominate such 

communities. Tropical almond has been introduced, 

and frequently naturalized, in many tropical part of 

the world including Brazil, the Caribbean, and east-

African. It is naturalized in Florida and Puerto Rico. 

In Hawaii, the species was introduced very early, 

probably before 1800, and is now naturalized at low 

attitudes, mainly near bench shores.[2]. The preferred 

scientific name is Terminalia catappa l. belongs to 

family combretacea (combretum family). The 

common name are; alite (Solomon Island pidgin), 

talise (papua) [3]. The seed may be consumed freshly 

often extracted from the skill or preserved by drying 

or smoking. Kernels are easily damage during 

extraction and start to mould within 1 – 2 days at 

ambient temperature. The sun dried kernel yield 50% 

- 54% of a bland, yellow oil that is edible but 

becomes turbid on standing [4].  

There are about 15 – 60 fresh fruit/kg (7 – 27 

fruit/lb). The fleshy outer covering should be 

removed from the seed/nut as soon as possible after 

collection (within 1 – 2 days). After removal of the 

flashy outer covering, there are about 70 – 150 nut 

(nut-in-shell) per kg (32 – 68 nuts/lb) [5]. As an 

ornamental, tropical almond (Terminalia catappa) is 

expected to live for about 60 years in suitable 

environment. [5]. The outer flesh of agreeable types 

is commonly consumed by children around the 

tropics [6, 7, 8, 9]. Where the tree has been 

introduced as an ornamental and shade tree, as in 

southern Florida, and there is little familiarity with 

the fruit, vast quantities lie on the ground and the 

flesh is consumed by land crabs, scavenger beetles, 

birds or other animals. Eventually the fruits are raked 

up and discarded and this constitutes a serious waste 

of nutritious food. In many other areas the kernel is 

neglected because of general ignorance of easy 

methods of extracting it. De-fleshed, thoroughly sun-

dried fruits may be readily cracked by a sharp blow 

on the keel. It was found that de-fleshed fruits, 

gathered from the ground and kept for 3 or 4 h in a 

mildly warm oven, will split open neatly when hit 

with a hammer on the pointed apex. The kernel, with 

testa intact, is eaten out-of-hand or may be used like 

any other nut. It needs no roasting. According to 

Firminger [10], the kernels are usually served in a 

plate of water on dinner tables in India. The sun-dried 

kernels yield 38-54% of bland, yellow, semidrying oil 

which is edible but becomes turbid on standing [11]. 

According to Adesina [12], the kernels contained 

essential fatty acids as well as phospholipids and 

nutritionally valuable phytosterols. The aim of this 

research is therefore to examine the effects of 

roasting on the nutritional and anti-nutritional 

composition of raw seeds’ kernels of T. catappa. 

2. MATERIALS AND METHODS 

2.1. Collection and Preparation of Sample  

The samples were collected from Iworoko-Ekiti in 

Irepodun-Ifelodun local government area of Ekiti 

state, properly sorted, washed and air- dried. The 

dried seeds were shelled and the kernels obtained. 

2.2. Treatment of Sample  

The samples were treated as follow: The seeds are 

separated into two parts, the portion labeled as raw 

(about 150g) was not specifically treated but only 

dried to constant weight. About 150g of the dried 

Terminalia catappa seed kernels were put into an iron 

port and mixed with clean fine sand and stirred to 

prevent burning of the sample and to ensure uniform 

distribution of heat. The Terminalia catappa seed 

kernels were roasted for about 30min at 120-1300c 

using Gallenkamp thermostat hot plate until 

characteristic brownish nutty smell seed was obtained 

which indicted complete wasting. The sand was then 

separated from the seed using a sieve and the seeds 

were allowed to cool. Thereafter, the seeds were 

shelled from the seed coat and seed collected. The 

seed is then homogenized and packed in plastic air 

tight sample bottles and kept at ambient temperature.  

 

     The crude fat was extracted with a 

chloroform/methanol (2:1) mixture using Soxhlet 

extraction apparatus [13]. Moisture, ash and crude 

fibre were also determined by the AOAC methods 

while carbohydrate was determined by difference. 

The calorific value in kilo Joule (kJ) was calculated 

by multiplying the crude fat, protein and 

carbohydrate by Atwater factor of 37, 17 and 17 

respectively. Determinations were in duplicate. 

 

     The minerals were analyzed from the solution 

obtained by first dry ashing the samples at 550oC. 

The filtered solutions were used to determine Na, K, 

Ca, Mg, Zn, Fe, Mn, Cu, Cr, Pb and Se by means of 

atomic absorption spectrophotometer (Buck 

Scientific Model- 200 A/210, Norwalk, Connecticut 

06855) and phosphorus was determined 
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colorimetrically by Spectronic 20 (Gallenkamp, UK) 

using the phosphovanado molybdate method [13]. All 

chemicals used were of British Drug House (BDH, 

London, UK) analytical grade. The detection limits 

for the metals in aqueous solution had been 

determined previously using the methods of Varian 

Techtron [14].  The optimal analytical range was 0.1-

0.5 absorbance units with coefficients of variation 

from 0.9 % to 2.21 %. Ca/P, Na/K, K/Na, Ca/Mg and 

the milliequivalent ratio [K/(Ca +Mg)] [15]; the 

mineral safety index (MSI) [15] of Na, Mg, P, Ca, Fe, 

Se and Zn were also calculated.  

     The method of amino acid analysis was by ion-

exchange chromatography (IEC) [16] using the 

Technicon Sequential Multisample Amino Acid 

Analyzer (TSM) (Technicon Instruments 

Corporation, New York). The sample was dried to 

constant weight. The mass was subsequently defatted, 

hydrolyzed, filtered to remove the humins and 

evaporated to dryness at 40 oC under vacuum in a 

rotary evaporator. The residue was dissolved with 

5ml of acetate buffer (pH 2.0) and stored in a plastic 

specimen bottle kept inside the deep freezer pending 

subsequent analysis. The TSM is designed to separate 

free acidic, neutral and basic acids of the hydrolysate. 

The amount loaded for each sample was 5-10 μl and 

about 76 minutes elapsed for each analysis. The 

column flow rate was 0.50 ml/min at 60oC with 

reproducibility consistent within ± 3 %. The net 

height of each peak produced by the chart of the TSM 

was measured and calculated for the amino acid it 

was representing. All chemicals used were of 

analytical grade. For the estimation of quality of 

dietary protein, various methods were used for the 

estimation. 

 The essential amino acid score was 

calculated using the provisional essential 

amino acid scoring pattern [17]. 

 Amino acid score based on pre-school child 

essential amino acid requirement for ages 2-

5 y [18]. 

 Amino acid score (for both essential and 

non-essential amino acids) was calculated 

based on whole hen’s e.g. [19]. 

 Calculation of essential amino acid index 

(EAAI) [20]. 

 Computation of protein efficiency ratio (C-

PER or P-PER) was done using the 

equations suggested by Alsmeyer et al. 

[21]: 

               P-PER1 = -0.468 +0.454 (Leu) – 0.105       

(Tyr) 

 Computation of biological value (BV) was 

calculated following the equation of Oser 

[22] as follows: 

               BV = 49.09 +10.53 (PER) Where, PER =   

               Protein Efficiency Ratio. 

 The ratio of total essential amino acid 

(TEAA) to the total amino acid (TAA), i.e. 

(TEAA/TAA), total sulphur amino acid 

(TSAA), percentage cystine in TSAA 

(Cys/TSAA), total aromatic amino acid 

(TArAA), total basic amino acid (TBAA), 

total acidic amino acid (TAAA), total acidic 

amino acid (TAAA), total neutral amino acid 

(TNAA) and the Leu/Ile ratios were 

calculated. Theoretical estimations of 

isoelectric point (pI) can be carried out by 

the equation of the form [23]: pIm  

IPiXi 

Where IPm is the isoelectric point of the ith 

amino acid in the mixture and Xi is the mass 

or mole fraction of the ith amino acid in the 

mixture [24]. 

 

2.3. Determination of Anti-Nutritional Factors 

 

2.3.1. Determination of Tannin 

 

200mg of the sample was weighed into 50ml sample 

bottle; 10ml of 70% aqueous acetone was added and 

properly covered. The bottles were put in an orbital 

shaker and shaken for 2hrs at 300c. Each solution was 

then centrifuged and supernatant stored in ice. 0.2ml 

of each solution was pipettes into a test tube and 

0.8ml of distil water was added. The standard tannic 

acid was prepared from a 0.5mg/ml stack and the 

solution made up of 1ml with distils water. 0.5ml 

folin reagent was added to both sample and standard 

solution follow by 2.5ml of 20% Na2CO3. The 

solutions were then vortexed and allowed to incubate 

for 40minutes at room temperature after which 

absorbance of the sample was read against reagent 

blank concentration of the sample from the sample 

and a standard tannic acid curve [25]. 

 

2.3.2. Determination of Oxalate 

 

1g of the sample was weighed into 100ml conical 

flask. 75ml of 1.5N H2SO4 was added and the 

solution was carefully stirred intermittently with a 

magnetic stirrer for about 1 hour and then filtered 

using Whatman filter paper. 25ml of sample filtrate 

was collected and titrated hot (80-900c) against 0.1N 

KMnO4 solution to the point when a faint pink colour 

speared that persisted for at least 30seconds [26]. 
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2.3.3. Determination of Saponin 

 

The method used was that of [27]. 5g of the sample 

was put into a conical flask and 100ml of 20% 

aqueous ethanol were added. The sample was heated 

over a hot water bath for 4 hours with continues 

stirring at about 550c. The mixture was filtered and 

the residue re-extracted with another 200ml 20% 

ethanol. The combined extracts were reduced to 40ml 

over water bath at about 9000c. The concentrate was 

transfer into a 250ml separating funnel and 20ml of 

diethyl ether was added and shaken vigorously. The 

aqueous layer was recovered while the other layer 

was discarded. The purification process was repeated. 

60ml of n-butanol was added. The combined n-

butanol extracts were washed twice with 10ml of 5% 

aqueous NaCl. The remaining solution was heated in 

a water bath after evaporation; the sample was dried 

in the oven to a constant weigh. The saponin content 

was calculated as percentage. 

 

2.3.4. Determination of Flavonoids 

 

The method of Boham and Kocipai-Abyazan [28] 

was followed in the determination of flavonoids. 5g 

of the sample was extracted repeatedly with 100ml of 

80% aqueous methanol at room temperature. The 

whole solution was filtered through Whatman filter 

paper (125ml). The filterate was later transferred into 

crucible aid evaporated into dryness and weighed to a 

constant weight.  

 

2.3.5. Determination of Phytate  

 

This was determined by the method of Wheeler and 

Furrel [29]. 100ml of the sample was extracted with 

3% trichloroacetic acid. The extract was treated with 

FeCl3 solution and the iron content of the precipitate 

was determined using atomic absorption 

spectrophotometer (Pye unicorn 2900). A 4:6 Fe/P 

atomic ratio was used to calculate the phytic acid 

content [30]. Phytin phosphorus (Pp) was determined 

and phytic acid content was calculated by multiplying 

the value of phytin phosphorus by 3.55 [31]. Each 

milligram of iron is equivalent to 1.19 mg of phytin 

phosphorus.  

 

Phytin as percentage of phosphorus (Pp % p) = Pp/p 

X 100%.  

 

3. RESULTS AND DISCUSSION 

The result of proximate composition of the 

Terminalia catappa seeds’ kernels (both raw and 

roasted) samples were shown in the Table 1. The 

crude protein content of raw seed and roasted seed 

kernels were 3.92 and 16.8 respectively. They were 

comparably higher than the values obtained for some 

vegetables consumed in Nigeria: 3.91% (Cnidoscolus 

chayamansa), 3.31% (Solanium nodiflorum), 3.03% 

(Senecio biafrare) [32]; 4.60% (A. hydridus), 4.30% 

(T. occidentallis) [33]. Comparably, the crude fat 

content increases when the seed is roasted, thus the 

roasting of the seed of Terminalia catappa seed 

increases the crude protein within it for each 

extraction and utilization. The ash content (26.70%) 

in the seed of Terminalia catappa is an indication of 

the level of minerals or inorganic component of the 

sample. These minerals act as inorganic co-factors in 

metabolic processes which means in the absence of 

these inorganic co-factors, there could be impaired 

metabolism [34]. The table also shows energy values 

as contributed by protein, fat and carbohydrates. The 

daily energy requirement for an adult is between 

2500 – 3000 kcal (10455 – 12548kJ) depending on 

his physiological state while that of infant is 740KCal 

(3094.68KJ) [35]. This shows that, an adult will 

required between 590 – 709g (energy 1501kJ/100g) 

of his energy requirement.  

Hence, this implies that sample with higher energy 

values would require lower quantity of sample to 

satisfy the energy needs of man and infant.  

Table 2 above gives the list of nutritionally important 

minerals as well as the computed minerals ratios in 

Terminalia catappa seed samples. Minerals are 

important in human diet. It is a well-known fact that 

enzymatic activities as well as electrolytic balance of 

the blood fluid are related to the adequacy of Na, K, 

Mg and Zn. Potassium is very important in 

maintaining the blood fluid volume and osmotic 

equilibrium. Metal deficiency syndrome like rickets 

and calcifications are caused by deficiency of these 

elements.  

     Appreciable levels of all the essential minerals 

were present in the samples. The samples were 

apparently high in phosphorus both raw seed and 

roasted seed (346.mg/100g and 637mg/100g) 

respectively, value which was comparably higher 

than what was reported for F. asperifolia and 

F.sycomorus [36]. The level of phosphorus is higher 

in roasted seed comparably to the raw seed, thus 

some fatty acids and phospholipids were activated in 

the seed due to the roasting of the seed and therefore, 

maximizing the level of phosphorus in the sample. 

The level of K, Ca, Na, and Mg were comparably 

higher than Mn and Cu levels. The Ca/P for raw seed 

and roasted seed were 0.086 and 0.691 respectively. 

The raw seed sample was lower (0.086) than 0.5 

which is the minimum ratio required for favourable 

calcium absorption in the intestine for bone formation 
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[37]. Although the level of Cu/P has been reported to 

have some effect on calcium in the blood system of 

many animal [38]. The value of ratio Na/K for both 

raw seed and roasted seed were 0.040 and 0.123 

respectively, were lower than 0.6, the value that 

favour non-enhancement of high blood pressure 

disease in man. The Ca/Mg values obtained for both 

raw roasted seed (0.053 and 1.20) respectively. The 

roasted seed was fairly higher and raw seed was 

lower than 1.0 recommended. It means that both Ca 

and Mg would need adjustment for normal health. 

The milliequivalent ratio of [K/(Ca+Mg)] for raw 

seed kernel and roasted seed kernel were 0.438 and 

1.71 respectively, they were lower comparably to 2.2 

recommended, which means the sample would not 

promote hypomagesaemia in man [39, 40]. Iron (Fe) 

and Zinc (Zn) were among the required elements for 

human and their daily requirement. Level obtained in 

the present report 5.19mg (raw) and 12.5mg/100g 

(roasted) for Fe and 13.2mg/100g (raw) and 

6.848mg/100g (roasted) for Zn compared favourably 

with the values reported for F.asperifolia and 

F.sycomorus [36]. However iron (Fe) can easily be 

met by consuming this sample (12.2g/100g of roasted 

seed).  

     The anti-nutrient content of the samples were 

listed in table 3. These are compounds that limit the 

wide use of many plants due to their ubiquitos 

occurrence of them as natural compound capable of 

eliciting deleterious effect in man and animal [41].  

     The anti-nutrient factors; oxalate, tannin, saponin, 

phytate, flavonoid and phytin phosphorus were 

present in varying amount in the samples. This anti-

nutrients factors tend to bind to mineral elements, 

thereby forming indigestible complex [42]; oxalate 

for instance tend to render calcium ion to form 

complexes (Calcium oxalate crystals). These oxalate 

crystals formed prevent the absorption and utilization 

of calcium. The calcium crystal may also precipitate 

around the renal tributes thereby causing renal stones. 

[42,43]. In general the level of anti-nutrient in 

Terminalia catappa seed samples were low 

significantly. They are below the established toxic 

level [42].  

The Table 4 shows the amino acids (AA) profile for 

raw and roasted seeds kernel of Terminalia catappa. 

Glutamic acid had the highest concentration among 

the group with the values in roasted seed kernel 

sample being 23.4g/100g, whereas the raw seed 

kernel sample had 16.4g/100g. Leucine constituted 

the highest single essential amino acid (EAA) in both 

samples. For Glutamate, the pattern of concentration 

was roasted >raw kernels and leucine, the pattern of 

concentration was roasted <raw kernels. Leucine 

constituted the single amino acid in the raw and 

roasted Terminalia catappa seeds. Despite the effect 

of processing, the coefficient of variation (CV%) 

level were relatively 83.7% for Isoleucine whereas 

other ranged from 3.04% - 73.7%.  

The concentration of total amino acid (TAA), total 

essential amino acid (TEAA), total acidic amino acid 

(TAAA), total neutral amino acid (TNAA), total 

Sulphur amino acid (TSAA), total aromatic acid 

(TArAA) and their percentage values. Were 

represented in Table 5. The content of TEAA+Hist of 

40.75 raw and 30.63 roasted. They were close to the 

value of egg reference 56.6g/100g [19], for soybean 

the value was 44.4g/100g as reported by Altschul 

[44]. The TAA in the samples (93.22g/100g and 

68.30g/100g) both roasted and raw seed were 

favorably comparable to the TAA in the dehulled 

African yam bean with values 70.3g/100g-

91.8g/100g [45]. The content of TSAA (1.808g/100g 

- 2.62g/100g) were lower than the 5.8g/100g 

recommended for infant (FAO, 1985). Looking at the 

present report, the content of TSAA was not 

considerably enhanced in roasted seed. It gets 

reduced by processing factors. TArAA suggested for 

ideal infant protein (6.47g/100g-7.069g/100) [46]. 

The TArAA has been reported to serve as precursor 

of epinephrine and thyroxin, hence could be easily be 

biosynthesis from raw seed kernel [47]. The 

percentage ratio of TEAA to TAA in raw an roasted 

seed kernel were 43.71% and 44.85% respectively, 

which were well above the 39% considered to be 

adequate for ideal protein food for infant, 26% for 

children and 11% for adult [46]. The percentage of 

TEAA/TAA reported were in close comparison with 

that of egg (50%) [17], and 44.6%-47.2% reported 

for raw, cooked, and roasted groundnut seed [48], 

43.8%-44.4% obtained for beach pea protein isolate 

by [49], but comparably higher than 28.4% in Luffa 

cylinderica seed [50]. 

     As shown, the quality parameters of amino acids 

of the samples were widely valued as can be seen in 

the CV% value (1.42%-73.68%) with hotspot value 

of 88.34 for % Cys-TSAA. According to Adeyeye 

[51], most animal proteins are low in Cys and hence 

Cys in TSAA, on the other hand many vegetable 

proteins contain substantial more Cys than Met. The 

present report was in full support of this fact, for 

instance raw seed had 185.4% and roasted seed had 

42.7% Cys in TSAA. Information on the agronomic 

advantage of increasing the concentration of Sulphur 

containing amino acids in staple food shows that Cys 

has positive effect on mineral absorption, particularly  
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Table 1. Proximate composition of raw and roasted kernels of T. catappa 

Parameters 

 

Raw kernel Roasted kernel Mean SD CV% 

Crude fat (%) 45.1 46.1 45.6 0.70 1.53 

Crude protein(%) 3.92 16.8 10.4 9.11 87.9 

CHO(%) 34.1 23.2 28.6 7.66 26.7 

Ash(%) 2.40 3.35 2.88 0.67 23.3 

Crude fibre (%) 5.04 4.28 4.66 0.54 8.16 

Moisture (%) 9.47 6.24 7.86 2.28 29.0 

Energy  kJ/100g 2315 2386 2351 50.5 2.15 

 

Table 2. Mineral Composition (mg/100g) and computed mineral ratios of raw and roasted kernels of T. catappa 

Mineral  Raw kernel  Roasted kernel  Mean  SD CV% 

Fe  5.19 12.6 8.87 5.21 58.8 

Cu  3.22 3.96 3.59 0.529 14.7 

Co  0.009 0.018 0.041  0.006  45.7 

Mn 1.84 2.276 2.06 0.310  15.1  

Zn  13.2 6.85 10.0  4.51 45.0 

Pb  <0.001  <0.001 <0.001 <0.001   -  

Ca  29.7 441  235  291 124 

Mg  563  367 465  139  29.9  

K  130  692  411 398 96.7 

Na  5.13 85.6 45.1  56.4  125  

P  3462  639 492 207 41.8  

Se  0.001 0.031 0.016  0.021  131 

Na/K  0.040 0.123 0.082 0.058 70.7 

Ca/Mg 0.053 1.20 0.629 0.814 129 

Ca/P  0.086 0.691 0.389 0.428 110  

[K/(Ca+Mg)]*  0.438 1.71 1.08 0.902 83.8 

*milliequivalent ratio 
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Table 3.  Anti-nutritional factors (mg/100g) of raw and roasted kernels T. catappa 

Anti-Nutrients  Raw kernel Roasted kernel Mean  SD  CV% 

Tannin  1.25 1.01 1.13 0.170 15.0 

Phytate  8.12  5.05  6.59 2.17 33.0 

Phytin phosphorus  1.21 0.931 1.07 0.197 18.4 

Oxalate  3.25 3.01 3.13 0.170 5.43 

Saponin  1.35 2.12 1.74 0.544 31.4 

Flavonoid  0.75  0.235 0.493 0.365 74.0 

 

Table 4. Amino acid profile of raw and roasted T. catappa Seeds (g/100g crude protein) 

Amino Acid  Roasted kernel  Raw kernel Mean  SD CV%  

Glycine  4.64  3.48 4.06 0.816 20.1 

Alanine 3.81 2.31 3.06 1.06 34.7 

Serine 3.39 2.87 3.13 0.369 11.8 

Proline 3.09 2.32 2.70 0.537 19.9 

Valine 8.29 3.44 4.87 3.43 58.5  

Threonine  1.89 2.31 2.10 0.293 14.0 

Isoleucine  8.78 2.25 5.52 4.62 83.6 

Leucine  4.05 5.34 4.67 0.908 19.4 

Aspartic acid 11.3 7.20 9.25 2.90 31.4 

Lysine  2.38 1.57 1.95 0.616 31.6 

Methionine  1.41 1.35 1.38 0.042 3.04 

Glutamic acid  23.4 16.4 19.9 4.94 24.8 

Phenylalanine  3.94 3.62 3.78 0.228 6.03 

Histidine  2.30 1.67 1.99 0.445 22.4 

Tyrosine  2.48 1.82 2.15 0.465 21.6 

Trytophan  0.652 0.869 0.761 0.155 20.4 

Cystine  0.398 1.27 0.832 0.613 73.7 

Total  93.2 68.3 80.8 17.6 21.8 

 

 

 

 



Adesina Adeolu Jonathan, 2015 / Malaya Journal of Biosciences 2014, 2(2):119-131 

 

126 

Effects of roasting on the nutritional and anti-nutritional composition of raw Terminalia catappa L (Tropical almond) Kernels 

 

Table 5.  Concentration of essential, non-essential, acidic, neutral, sulphur, aromatic, basic e.t.c (g/100g crude 

protein) 

Amino acid  Raw kernel Roasted kernel Mean  SD  CV% 

TAA 68.3 93.2 80.7 17.6 21.8 

TEAA + Hist  30.6  40.8 35.6 7.16 20.1 

TEAA – Hist  29.0 38.5 33.1 6.71 19.9 

TNEAA 37.7 52.5 45.0 10.5 23.2 

TBAA 11.5 11.7 11.6 0.192 1.67 

TAAA 23.6 34.7 29.1 7.84 26.9 

TNAA 19.1 32.7 25.9 9.55 36.9 

TArAA 6.47 7.07 6.77 0.423 6.25 

TSAA 2.62 1.81 2.21 0.571 25.8 

TNAA 5.18 5.29 5.23 0.077 1.47 

Cys in TSAA 1.27 0.398 0.832 0.613 73.7 

Leu-Ile 3.08 4.71 3.90 1.15 29.6 

% TEAA + Hist  44.6 43.7 44.3 0.806 1.82 

% TEAA – Hist 42.4 41.3 41.8 0.813 1.94 

% TNEAA 55.2 56.3 55.7 0.792 1.42 

%TBAA 16.8 12.6 14.7 2.96 20.2 

% TAAA 34.6 37.2 35.9 1.87 5.22 

%TNAA 28.0 35.03 31.5 4.96 15.7 

%TArAA 9.47 7.58 8.53 1.34 15.7 

%TSAA 3.83 1.94 2.89 1.34 46.3 

%TNAA 7.58 5.67 6.63 1.36 20.4 

% Cys in TSAA 1.85 0.427 1.14 1.01 88.3 

P-PER 2.10 1.11 1.91 1.12 58.8 

PBV 77.5 60.8 69.2 11.8 17.1 

EAAI 1.51 1.36 1.44 0.106 7.39 

% Leu-Ile 57.7 117 87.2 41.7 47.9 

 

TAA= total amino acid. TEAA= total essential amino acid, PBV= predicted biological value, TNEAA= total non-

essential amino acid; P-PER= predicted protein efficiency ratio, PBV= predicted biological value. 
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Table 6.  Amino Acid Score based on Whole hen’s egg scoring pattern g/100g) [19] 

Amino acid  Raw kernels Roasted kernels  Mean  SD  CV% 

Glycine 1.161 1.546 1.354 0.272 20.1 

Alanine 0.428 0.706 0.567 0.195 34.4 

Serine 0.364 0.430 0.397 0.045 11.3 

Proline 0.609 0.809 0.709 0.141 19.9 

Valine 0.459 1.11 0.783 0.457 58.4 

Threonine  0.452 0.371 0.412 0.063 15.3 

Isoleucine 0.403 1.569 0.986 0.825 83.7 

Leucine 0.643 0.488 0.566 0.110 19.4 

Aspartic acid 0.673 1.056 0.865 0.272 31.5 

Lysine  0.244 0.385 0.315 0.100 31.8 

Methionine 0.422 0.411 0.432 0.014 3.24 

Glutamic acid 1.37 1.95 1.66 0.411 24.7 

Phenylalanine 0.710 0.773 0.742 0.045 6.08 

Histidine 0.698 0.958 0.828 0.184 22.2 

Arginine 1.36 1.15 1.26 0.141 11.2 

Tyrosine 0.455 0.619 0.537 0.118 22.0 

Tryptophan 0.483 0.362 0.423 0.089 21.0 

Cystine 0.703 0.221 0.462 0.341 73.8 

Total 0.684 0.933 0.809 0.176 21.8 

Table 7. Essential Amino Acid Score based on Provisional amino acid and scoring pattern (g/100g) [17] 

Amino acid  Raw kernel  Roasted kernel Mean  SD  CV% 

Valine 0.688 1.659 1.17 0.686 58.4 

Threonine 0.578 0.478 0.526 0.074 14.1 

Isoleucine 0.563 2.196 1.380 1.155 83.7 

Leucine 0.762 0.579 0.671 0.130 19.4 

Lysine 0.286 0.433 0.360 0.104 28.9 

Methionine + Cystine 0.747 0.517 0.632 0.161 25.5 

Phenylalanine +Tyrosine 0.907 1.070 0.989 0.115 11.6 

Tryptophan 0.869 0.652 0.761 0.154 20.2 

Total 0.661 0.952 0.807 0.205 52.4 
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Table 8: Amino acid score based on Pre School Children (2-5yrs) requirement. [18]. 

Amino acid  Raw kernel  Roasted kernel Mean  SD  CV% 

Valine 0.983 2.37 1.68 0.481 58.5 

Threonine 0.679 0.556 0.618 0.087 14.1 

Isoleucine 0.805 3.14 1.97 1.65 83.7 

Leucine 0.809 0.614 0.712 0.138 17.4 

Lysine 0.271 0.411 0.341 0.099 29.0 

Methionine + cystine 1.05 0.723 0.885 0.228 25.8 

Phenylalanine+tyrosine 0.864 1.02 0.942 0.110 11.7 

Histidine 0.881 1.21 1.05 0.232 22.2 

Tryptophan 0.790 0.593 0.692 0.139 20.1 

Total 0.751 1.08 0.915 0.232 25.4 

 

Table 9. Statistical ( linear correlation) analysis of the results of raw/roasted kernels 

Parameters rxy rxy
2 CA (%)  IFE (%) TV Remark 

 

Proximate composition 0.999967 0.999934 0.81 99.2 

 

0.878 

 

S 

Mineral composition 0.601728 0.362077 79.9 20.1 0.532 S 

Anti-nutrient composition 0.943117 0.88947 33.2 66.8 0.950 NS 

Amino acid composition 0.995914 0.991845 9.03 90.9 0.482 S 

Quality parameters of AA 0.902618 0.814719 43.0 57.0 0.413 S 

AA Score 1 0.645969 0.417276 76.3 23.7 0.482 S 

AA Score 2 0.0254 0.000645 99.9 0.032 0.754 NS 

AA Score 3 0.349381 0.122067 93.7 6.30 0.707 NS 

 

AA score 1= amino acid Score based on Whole hen’s egg scoring pattern g/100g), AA score 2= essential amino acid 

score based on Provisional amino acid and scoring pattern (g/100g), AA Score 3= amino acid score based on Pre-

school Children (2-5yrs) requirement, CA= coefficient of alienation, IFE = index of forecasting efficiency, TV= table 

value of correlation at α=0.05, n-2 df. 

Zinc (Zn) [48, 52]. P-PER values (2.70 raw and 1.113 

roasted), the P-PER of raw seed was higher than 1.21 

(cowpea), 1.82) (pigeon pea) [53], 1.6 (Millet ogi) 

and 0.27 (Sorghum ogi) [54]. It is a known fact that, 

the presence D-amino-acids isomers can reduce the 

digestibility of the proteins because peptide bond 

involving D-residue are less easily hydrolysed in vivo 

than those containing only L-residue. Moreover, 

certain D-amino-acids exert toxic action, in 

proportion to the amount absorbed through the 

essential wall [54]. It is possible some of the amino 

acids had been transformed from L- to D- amino 

acids thereby reduction the quality of the protein. 

Table 6 Shows that Cystine (0.221g/100g) had the 

lowest score in the roasted seed and lysine 
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(0.244g/100g) had the lowest score in raw seed. The 

implication is that to correct for the amino acid (AA) 

requirement from the samples, it is 100/22.1 or 4.53 

time of Cystine as much of roasted seed and 100/24.4 or 

4.1 times lysine as much of raw seed to be consumed 

when they are the sole protein in diet [55]. 

In table 7, Lys also had lowest essential amino acid 

score (EAAS) in both the raw seed 0.286 (28.6%) 

and roasted seed 0.433 (43.3%). Because the 

aforementioned were limiting, it would then require 

the following correction. In raw seed 100/28.6 or 3.5 

and in roasted seed 100/43.3 or 2.30. 

In Table 8, Lysine (0.411, 41.1%) was lowest in 

roasted seed and (0.271, 27.1%) was also lowest in 

raw seed. It shows that the samples would be able to 

supply more than required EAA for pre-school 

children as shown by their EAAS. For raw 

Terminalia Catappa seeds’ kernel, Met+Cys would 

supply more than 100% requirement and would 

supply 105%. In roasted seed only values (2.37, 

237%), Isoleucine (3.14, 314%), 

phenylalanine+tyrosine (1.02, 102%) and Histidine 

(1.21, 121%) were able to supply more than 100% 

requirement. 

In Table 8, Lysine (0.411, 41.1%) was lowest in 

roasted seed and (0.271, 27.1%) was also lowest in 

raw seed. It shows that the samples would be able to 

supply more than required EAA for pre-school 

children as shown by their EAAS. For raw 

Terminalia Catappa seeds’ kernel, Met+Cys would 

supply more than 100% requirement and would 

supply 105%. In roasted seed only values (2.37, 

237%), Isoleucine (3.14, 314%), 

phenylalanine+tyrosine (1.02, 102%) and Histidine 

(1.21, 121%) were able to supply more than 100% 

requirement. 

4. CONCLUSION 

Roasting enhanced most of the essential minerals, the 

following increments were observed (in mg/100g): 

Fe (7.41), Ca (411), K (562) and Na (80.5). Other 

nutritionally useful minerals that were enhanced by 

roasting include: Mn (0.44) and Cu (0.74). On the 

other hand, the levels of anti-nutritional factors were 

also affected by roasting. They were reduced (in %) 

as follow: Tannin (19.2), phytate (37.8), phytin 

phosphorus (23.1), oxalate (7.38), flavonoids (68.7), 

whereas saponin was enhanced by roasting (57.0). 

This indicates that eating roasted kernels of T. 

catappa would help in reducing the deleterious 

effects of these secondary plant metabolites. 

Nutritionally, little damage is said to be done during 

Maillard reactions unless the heat treatment causes 

the reaction to go beyond the deoxy-ketosyl stage. 

Then large amounts of Lys and Arg are destroyed 

and, to a lesser extent, tryptophan, cystine and 

histidine [56]. From the present report, roasting 

reduced the AA as follow (in %): Gly (25), Ala 

(39.4), Ser (15.3), Pro (24.9), Val (58.5), Ile (74.4), 

Lys (34.0), Met (4.26), Phe (8.12), His (27.4) and Tyr 

(26.6). Severe heat treatments at high temperatures 

cause isomerization of amino acid residues. This 

involves the deamination reaction and formation of a 

carbanion, which after protonation leads randomly to 

L or D forms. When the reaction is complete, a 

reacemic mixture of the AA residue is obtained. Since 

most D-amino acids have no nutritional value, 

racemization of the residue of an essential AA thus 

reduces its nutritional value to about 50 % [57].  The 

biological value (BV) was shown to be reduced by 

roasting; however both were considered favourable to 

meet the body needs [58]. The outer flesh of 

agreeable types of T. catappa is commonly eaten by 

children around the tropics [6, 7, 8, 9]. The kernels 

may be chopped and added to cookies or bread mix, 

or scattered on cake frosting and in oriental dish, 

‘chicken and almond’. The flour of the kernel could 

be adopted as a cheap source of plant protein to 

fortify or supplement such as carbohydrate foods as 

cassava, maize and yam flours to raise their protein 

level for the use of infants, children and other 

vulnerable groups. Generally from the nutritional 

values determined, eating of the roasted kernels 

would be more nutritious than raw kernels. 
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