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1. Introduction 
Rural dwellers in developing countries like Nigeria hardly 

afford animal products which are rich sources of protein, 

because they are either too expensive or simply unavailable. 

This has led to various research efforts being directed towards 

utilization of unconventional plant protein sources either 

through product development applications for production of 

value-added food products (Enujiugha, 2000; Olagunju et al., 

                                                   
This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.  

2018a), or through process modifications and enrichment 

formulations for healthier and more productive human 

populations (Enujiugha et al., 2008; Oyedokun et al., 2016; 

2020). The current reality is that majority of staple diets in 

developing countries consist mainly of cereal grains or 

monotonous starchy roots and tuber crops thus leading to 

various health problems associated with protein and 

vitamin/mineral deficiencies (Enujiugha, 2005; 2020). In the 
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search for plant protein and vitamin-enriched substitutes, 

underutilized oilseeds, nuts and legumes, which are largely 
obtained in the wild and mostly uncultivated, have received 

considerable research attention (Talabi et al., 2023; Enujiugha 

et al., 2023a; Olagunju et al., 2018b) culminating in increased 

awareness of their rich nutrient potentials and bioactive 

properties. Among the various oilseeds that are attracting 

research attention, the African mango (Irvingia gabonensis) 

seeds have found very popular use especially in their 

application as soup base and thickener, when mashed. This 

sticky, sour, cheesy solid is rich in protein, vitamins, and food 

energy, and even in the tropical heat it keeps well without 

refrigeration. It is also known to be rich in basic macro- and 

micro-nutrients (Sanusi et al., 2017; Stadlmayr et al., 2010). 

Food irradiation is the process of exposing food to a controlled 

source of ionizing radiation for the purposes of reduction of 

microbial load, destruction of pathogens, extension of product 

shelf life, and/or disinfestation of produce (Enujiugha et al., 

2012). The irradiation process involves exposing the food, 

either prepackaged or in bulk, to a predetermined level of 
ionization radiation. Ionization radiation interacts with an 

irradiated material and ionizes molecules by creating positive 

and negative ions through energy transference in the electron 

(Asunni et al., 2024). The reactive ions produced by irradiating 

foods injure or destroy microorganisms by altering the cell 

membrane structure and affecting metabolic enzyme activity. 

Like thermal processing, irradiation is a first-order reaction, in 

which theoretically, a logarithmic reduction in microbial 

numbers with increasing dose is expected (Campbell-Platt and 

Grandison, 1990). Among the common types of irradiation, 

application of gamma rays as a processing and preservation 

technique has gained considerable attention (Olotu et al., 

2014a,b), and has been found quite useful at low to medium 

doses for disinfestation and decontamination of tropical and 

sub-tropical underutilized and non-conventional legumes and 

oilseeds (Asunni et al., 2024; Oyinloye et al., 2023). 

 
The nature of food materials requires that essential nutrients 

be preserved during processing and handling (Adejobi et al., 

2024). To achieve the twin objectives of 

disinfestation/disinfection and nutrients retention, introduction 

of hurdle effect becomes imperative so as to minimize damage 

to innate nutrients while at the same time ensuring effective 

processing and preservation treatments (Enujiugha et al., 

2023b). Applying gamma rays in a closed chamber at low to 

medium doses, combined with cooking has been confirmed to 

favour amino acid retention (Olotu et al., 2014b) and reduction 

in rancidity parameters (Enujiugha et al., 2012) in oilseed-

based food products. The objective of the present study was to 

apply gamma rays at 5 kGy and 10 kGy in combination with 

hydrothermal treatment (cooking in water at 100 oC) to 

monitor the effect on the nutritional and functional 

characteristics of African bush mango seeds. It was also 

necessary to monitor the progressive increase in irradiation 
doses and its effects on the quality of the seeds. 

 

2. Materials and Methods 
Materials collection and sample preparation 

Fresh African bush mango (or dikanut) (Irvingia gabonensis) 

seeds were obtained from a local market (Oja Oba) in Akure, 

Ondo State, Nigeria. Upon receipt and subsequent 

authentication at the CSP botanical laboratory, the Irvingia 

gabonensis seeds were visually inspected and defective seeds 
were discarded. The seeds were then transported to the FST 

processing laboratory and kept in airtight polyethylene 

containers in a dry and cool environment until ready for use. 

Gamma irradiation was carried out at the irradiation laboratory 

at Sheda Science and Technology Complex (SHESTCO), in 

Abuja, Nigeria using cobalt-60 irradiation facility, as outlined 

previously (Enujiugha et al., 2023b). The samples were 

subjected to different processes and were divided into the 

following: Raw seed; Cooked, non–irradiated seed; Irradiated 

and cooked seed at 5 kGy and 10 kGy; and single treatment 

Gamma irradiation at 5 kGy and 10 kGy, respectively. They 

were subsequently grinded into flour in preparation for further 

analysis. All the chemicals and reagents used in the study were 

of analytical grade. 

 

Determination of proximate chemical composition 

The dtermination of quantitative composition was carried out 

on each of the samples using the following analytical methods: 
Moisture content was according to the air oven method 

(AOAC, 2012), whereby drying was done to constant weight; 

crude protein was determined using the micro-Kjeldhal 

method and the total nitrogen in the sample was multiplied by 

a factor 6.25 (AOAC, 2012); crude fat was extracted overnight 

in a Soxhlet extractor with n-hexane and quantified 

gravimetrically; ash content was determined in the sample by 

dry ashing in a muffle furnace at 550 oC for 8 hours (AOAC, 

2012); crude fibre was determined after digesting five grams 

(5 g) of fat-free sample in mixture of refluxing 1.25% 

sulphuric acid and 1.25% sodium hydroxide; and total 

available carbohydrates were determined by the difference 

method (subtracting the percent crude protein, crude fibre, 

crude fat, and ash from 100% dry matter). All analyses were 

carried out in triplicates. The energy values of the samples 

were obtained by multiplying crude protein, crude fat and 

carbohydrate contents by factors of 4, 9 and 4, respectively 
(Enujiugha and Ayodele-Oni, 2003). 

 

Mineral analysis 

Analysis of sodium (Na) and potassium (K) contents of the 

samples was carried out using digital flame photometer 

(Jenway PFP7; Jenway Ltd, Fested Dunmow, Essex, 

England), while phosphorus (P) was determined by the 

phosphovanado-molybdate (yellow) method (AOAC, 2012) 

and the absorbance was measured at 470 nm. The other 

elemental concentrations (Ca, Mg, Fe and Zn) were 

determined, after carrying out wet digestion of extracted 

sample ash with a mixture of nitric and perchloric acids (1:1 v 

/ v), using Atomic Absorption Spectrophotometer (AAS, Buck 

Model 20A, Buck Scientific, East Norwalk, CT06855, USA). 

All the determinations were carried out in triplicates. 

 

Determination of antinutritional factors 
The modified method of Reddy et al. (1982) was used for 

phytic acid and phytate-phosphorus determinations. Phytic 

acid was extracted from each 3 g flour sample with 3% 

trichloroacetic acid (TCA) by shaking at room temperature 

followed by high-speed centrifugation (30,000 x g for 5 min). 

The phytic acid in the supernatant was subsequently 

precipitated as ferric phytate, and iron in the sample was then 
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estimated. Phytate-phosphorus (phytate-P) was calculated 

from the iron results, assuming a 4:6 iron:phosphorus 
molecular ratio according to AOAC (2012) analytical 

procedures. The phytic acid in the sample was estimated by 

multiplying the amount of phytate-phosphorous by the factor 

3.55 based on the empirical formula C6P6O24H18 (Enujiugha 

and Olagundoye, 2001). 

 

Tannin contents were determined by the modified vanillin-

HCl method (Burns, 1971; Price et al., 1978). Two grams (2 

g) of sample was extracted with 50 ml of 99.9% methanol for 

20 min at room temperature (28 ± 2 oC), with constant 

agitation. After centrifugation for 10 min at 653 x g, 5 ml of 

vanillin – HCl (2% vanillin, 1% HCl) reagent was added to 1 

ml aliquots, and the colour developed after 20 min at room 

temperature was read at 500 nm. Correction for interference 

from natural pigments in the sample was achieved by 

subjecting the extract to the conditions of the reaction, but 

without vanillin reagent. A standard curve was prepared using 

catechin (Sigma Chemical, St. Louis, MO) after correcting for 
blank, and tannin concentration was expressed in g/100 g. 

Determination of oxalate was by the AOAC (2012) method. 

One gram (1 g) of finely ground sample was dissolved in 75 

ml of 1.5 N H2SO4. The solution was carefully stirred 

intermittently with a magnetic stirrer for about 1 h and filtered 

using Whatman no. 1 filter paper. Twenty five millilitres (25 

ml) sample of the filtrate (extract) was collected and titrated 

hot (80 – 90 oC) against 0.1 N KMnO4 solution to the point 

when a faint pink colour appeared that persisted for at least 30 

seconds. The concentration of oxalate in each sample was got 

from the calculation: 1 ml 0.1 N permanganate = 0.006303 g 

oxalate. All procedures were carried out in triplicates. 

 

Analysis of functional properties 

The determination of water and oil absorption capacities 

followed a slight modification of the method of 

Prinyawiwatkul et al. (1997), as carried out by Enujiugha and 
Akanbi (2005). Each flour sample (5 g) was thoroughly mixed, 

without pH adjustment, with 25 ml of deionized water or oil in 

50-ml centrifuge tubes. Suspensions were stirred 

intermittently over a 30 min period at room temperature (28 ± 

2 oC) and then centrifuged at 12,000 x g for 30 min at 25 oC. 

The volume of decanted supernatant was measured, and the 

water and oil absorption capacities were then calculated. 

Triplicate samples were analyzed for each flour sample 

category. 

 

For the least gelation concentration, triplicate suspensions of 1 

- 20% seed flour sample (dry w/v, at 1% increment) were 

prepared in 10 ml of deionized water and mixed thoroughly 

without pH adjustment. The slurries were heated in 125 x 20 

mm screw- capped test tubes in a water bath with in-built 

magnetic stirrer (Julabo Model SW22, Julabo Labortechnik 

GMBH, Seelbach, Germany) at 95 ± 2 o C. After 1 h of heating, 
tubes were immediately cooled in tap water for 30 s and then 

in ice water for 5 min to accelerate gel formation. All tubes 

were then held at 4 oC for 3 h. Least gelation concentration 

(percent) was determined as the concentration above which the 

sample remained in the bottom of the inverted tube (Enujiugha 

et al., 2003). 

 

The foaming properties of the samples were determined using 

the modified procedure of Enujiugha and Akanbi (2005). 
Exactly 2 g of sample was weighed into 60 ml distilled water 

in a 100-ml cylinder. Solid material was dispersed with spatula 

and the suspension was whipped for 5 min using ultra-Turax 

T25 mixer at a high speed. Volumes before and after whipping 

were noted and volume increase due to whipping was then 

calculated. The volume of foam in the standing cylinder was 

also recorded for foam stability studies at 1, 5, 10, 20, 30, 60, 

90, 120 and 180 min after whipping. The results were 

expressed in percentages. 

Emulsifying properties were determined using a modification 

of the method described by Ige et al. (1984), as reported by 

Enujiugha et al. (2003). A measured quantity (1.8 g) of sample 

was dispersed in 25 ml distilled water, and 25 ml vegetable oil 

(pure soybean oil) was added. The 50 ml mixture was 

emulsified at high speed using ultra-Turax T25 mixer for 1 

min. Emulsion was filled into centrifuge tubes and centrifuged 

for 5 min at 1,300 x 6 rpm. Percentage emulsion was then 

expressed as 

y

x
Emulsion

100
% 

   
where: x = height of emulsified layer 

y = height of whole solution in centrifuge tube. 

The results were expressed in percentages, as for the foaming 

properties. 
 

Determination of Amino Acids Profile 

The amino acids profile in the sample was determined using 

the methods described by Olotu et al. (2014b) and Asunni et 

al. (2024), with slight modifications. The samples were dried 

to constant weight, exhaustively defatted, acid-hydrolyzed (or 

alkaline hydrolyzed, in the case of tryptophan), evaporated in 

a rotatory evaporator and loaded into the Technicon sequential 

multi sample amino acid analyzer (TSM). Briefly, five grams 

(5 g) of sample powder was weighed into extraction thimble 

and any remaining fat was extracted with chloroform/methanol 

(2:1) using Soxhlet extraction apparatus as described by 

AOAC (2012); the extraction lasted for 15 hours. Two hundred 

milligrams (200 mg) of the defatted sample was then weighed 

into glass ampoule. Exactly 7 ml of 6 N HCL (or 6 N KOH, 

for tryptophan) was added and oxygen was expelled by passing 

nitrogen into the ampoule in order to avoid possible oxidation 
of some amino acids (such as methionine and cysteine) during 

hydrolysis. The glass ampoule was then sealed with Bunsen 

burner flame and put in an oven preset at 105 ± 5 oC for 22 

hours. The ampoule was allowed to cool before broken open 

at the tip and the content was filtered to remove the residues. 

The filtrate was evaporated to dryness at 40 oC under vacuum 

in a rotary evaporator. Subsequently, the residue was dissolved 

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

specimen bottles, which were kept in the freezer. The amount 

of hydrolysate loaded into the TSM analyser was between 5 to 

10 microliters. This was dispensed into the cartridge of the 

analyzer. The TSM analyser is designed to separate and 

analyze free acidic, neutral and basic amino acids of the 

hydrolysate. The period of an analysis lasted for 76 minutes. 

All determinations were carried out in triplicates. 
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Determination of seed oil characteristics 

The seed oils of the samples were extracted using Soxhlet 
apparatus (Talabi and Enujiugha, 2014; Oyinloye and 

Enujiugha, 2017) and the rancidity indices (peroxide value, 

iodine value, free fatty acids content and acid value) were 

determined according to the standard methods of AOAC 

(2012). The oils were extracted from the samples with 95% n-

hexane as the extracting solvent. After extraction, the solvent 

was removed in vacuo and the extracted oils were then kept till 

utilized in subsequently analyses. The peroxide values were 

expressed as miliequivalents of peroxide oxygen per kg of 

sample (mEq/kg) while the free fatty acids were expressed as 

g oleic acid per 100 g of sample (g/100 g). Free fatty acids 

were determined by titrating ethanol-sample-solution against 

0.1 M potassium hydroxide solution. The iodine value was 

determined by the AOAC (2012) method using Wij’s iodine 

solution. 

 

Statistical analysis 

Data collected from the study were subjected to analysis of 
variance (ANOVA) as described by Steel and Torrie (1980). 

Differences among means were separated using Duncan’s 

multiple range test; significances were accepted at 5% level (P 

≥ 0.05). The statistical software used was SPSS 10.0 for 

windows. 

 

3. Results 
Proximate chemical composition of the samples 

The results obtained from the analysis of proximate chemical 

composition of the seed samples are presented in Table 1. 

Cooking relatively increased moisture content of the oil seed, 

while gamma irradiation had little or no effect on the hydro-

structure of the oil seed. However, combined 10 kGy 

irradiation and cooking increased the moisture content from 

2.66 g/100g to 3.61 g/100g. Ash content was observed to 

increase with higher doses of irradiation while no significant 

difference (p<0.05) was experienced with cooked raw sample 

and cooked irradiated (10 kGy). The highest protein content 

(17.77 g/100g) was recorded for the cooked sample, while the 

lowest value (12.23 g/100g) was reported in the 5 kGy 
irradiated sample.  

 

Antinutritive factors in the samples 

The results of the analysis of antinutritional factors in the 

treated and untreated samples are presented in Table 2. 

Generally, all the antinutritional factors determined were 

affected by the processing treatments, with reduced 

concentrations corresponding to higher irradiation doses and 

combination treatments (10 kGy gamma irradiation with 

subsequent hydrothermal in hurdle arrangement). Oxalate 

content decreased with hydrothermal treatment due to 

solubility of oxalate in water. Tannin content was also 

observed to decrease with increase in radiation dose and 

cooking as single treatments, with a further decrease 

occasioned by hurdle arrangement of combined 10 kGy 

gamma irradiation and cooking. Both hydrothermal and 

irradiation treatments affected phytate content, which 
decreased with increase in irradiation from 5 kGy to 10 kGy 

(from 1.11 to 1.07 mg/g, respectively) with a further 

significant decrease to 0.82 mg/g under combination 

treatment. 

The quality of Irvingia gabonensis seed oil 

Table 3 shows the seed oil characteristics of raw and processed 
Irvingia gabonensis seeds. Iodine value of the raw seed oil was 

55.01 mg/100g which decreased significantly with seeds 

irradiated at 5 kGy. There was no significant difference 

(p>0.05) in the iodine value between the raw seed sample and 

the sample from 10 kGy irradiation. The combination 

treatment significantly (p<0.05) reduced the iodine value of 

the seed oil. Peroxide value registered increases with increased 

irradiation of the samples. The seeds that were subjected to 

hydrothermal treatment as a single processing operation had 

the highest peroxide value of 72.00 mEq./kg. Free fatty acid 

value increased with higher radiation dose.  

 

Functional properties of the seed flour 

The results presented in Table 4 indicate that irradiation had 

no apparent significant effect on water absorption capacity; the 

same trend was also observed with oil absorption capacity. 

Gamma irradiation brought about decreases in the emulsion 

properties of Irvingia gabonensis seeds. The cooked seed flour 
had the highest emulsion capacity of 40%. Cooking and 10 

kGy gamma irradiation both as single and combined 

treatments did not significantly affect the least gelation 

concentration of the seed flour samples. The foaming stability 

results indicated that all the samples became stable from 120 

minutes up to 24 hours as shown in Table 5. 

 

Minerals composition of the samples 

The low dose gamma irradiation applied to Irvingia 

gabonensis seeds indicated no substantial change in minerals 

composition as presented in Table 6. The Na/K ratio was 

generally less than 1, which is desirable in terms of blood 

pressure control; except for the sample irradiated at 10 kGy 

and the sample from the combined treatment of cooking and 

10 kGy irradiation that were exceptionally high in sodium, 

reflecting in very high Na/K ratios. Calcium to magnesium 

ratios were also within recommended levels of >1, except for 
the high magnesium content of the 10 kGy irradiated sample. 

 

Amino acids profile of the African mango seed flour samples 

Amino acids profile of Irvingia gabonensis seeds in Table 7 

shows increase and decrease with differently applied gamma 

irradiation dose, with no clear trend of change. For these 

samples, isoleusine, valine, threonine, glutamic acid, alanine, 

and tyrosine showed increases as irradiation dose increased; 

while lysine, glysine, leucine, phenylalanine, and methionine 

showed decreases as irradiation dose increased. Generally 

eight amino acids are especially regarded as essential for 

humans, namely phenylalanine, valine, threonine, tryptophan, 

isoleucine, methionine, leucine and lysine, and additionally, 

cysteine (a sulphur-containing amino acid), tyrosine (an 

aromatic amino acid), histidine and arginine are required by 

infants and growing children. All these amino acids were 

found to be present both in the raw and treated Irvingia 
gabonensis seeds. 

 

Aspartic acid was significantly reduced with increase in 

irradiation dose from 5 kGy to 10 kGy, and this could be due 

to loss of free radical. On the other hand, glutamic acid gave 

the highest value probably indicating its level of unsaturation 

by free radical. Compensating for lysine loss after cooking, 
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there was increased lysine content after irradiation both in 5 

and 10 kGy respectively. Generally, the most abundant amino 
acid in African mango seed from this study is glutamic acid, 

which recorded increase with combined irradiation and 

cooking, but was reduced with cooking and irradiation as 

single treatments. 

The ratio of total essential amino acids (TEAAs) to total non-

essential amino acids (TNEAAs) was >1, which is considered 
positive for all the treatments (Table 8). The predicted protein 

efficiency ratio (PER) was highest in the 5 kGy irradiated 

sample. There were no differences in the total aromatic 

essential amino acids among all the seed samples (both raw 

and treated).

 

Table 1: Proximate Nutrient Composition of Irvingia gabonensis Seeds (g/100g dry weight) 

TREATMENTS 

PARAMETER Raw  Cooked 10 kGy  C+I  5 kGy 

MC   2.66±0.05b 2.96±0.02b 3.43±0.01b 3.61±0.03a 2.11±0.02c 

ASH   1.83±0.02d 2.53±0.02b 3.34±0.03a 2.83±0.05b 2.24±0.03c 

FAT   35.99±1.3b 34.12±0.07b 36.94±0.06a 35.34±1.1b 30.25±0.04c 

CRUDE FIBER 4.88±0.01b 3.99±0.06c 5.00±0.14a 4.88±0.5b 5.08±0.03a 

PROTEIN  12.88±0.05c 17.55±0.05a 13.69±0.07b 16.29±0.05a 12.23±0.01c 

CHO   41.77±0.09a 29.05 ±1.02c 37.41 ±0.07b 37.23±0.09b 44.09±0.05a 

Keys: C+I: Cooked plus Irradiated @ 10 kGy,  10 kGy: irradiated @ 10 kGy,  5 kGy: Irradiated @5 kGy 

Table 2: Antinutritive Factors in Irvingia gabonensis Seed 

 SAMPLE Oxalate (mg/g)  Tannin (%)  Phytate (mg/g) 

 Raw  0.11±0.03a   0.10±0.02a  1.83±0.02a 

 Cooked 0.04±0.01c   0.08±0.01b  1.44±0.01a 

 10 kGy 0.08±0.01b   0.06±0.01c  1.07±0.03b 

 C+I  0.07±0.01b   0.05±0.01c  0.82±0.02c 

 5 kGy  0.08±0.02b   0.06±0.01c  1.11 ±0.03b 

Keys: C+I: Cooked plus Irradiated @ 10 kGy,  10 kGy: irradiated @ 10 kGy,  5 kGy: Irradiated @5 kGy 

 

Table 3: Quality Indices of Oil Extract of Dikanut (Irvingia gabonensis) Seed 

SAMPLE Iodine Value (mg/100g) Peroxide Value (mEq./kg) Free Fatty Acid (%) 

Raw  55.01±1.02a   25.20±1.08e   5.85±0.04b  

Cooked 31.00±1.01b   72.00±1.02a   6.35±1.01a 

10 kGy 51.40±1.04a   62.00±1.05b   6.75±1.03a 

C+I  27.20±1.03c   36.00±2.60d   6.45±0.70a 

5 kGy  25.60±1.30d   52.00±1.04c   5.80±0.05b 

Keys: C+I: Cooked plus Irradiated at 10 kGy,  10 kGy: irradiated at 10 kGy,  5 kGy: Irradiated at 5 kGy 
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Table 4: Functional Properties of Irvingia gabonensis Seed 

 SAMPLE WAC (ml/100g)  OAC (ml/100g) Emulsion (%)  Least gelation 

 Raw  3.00±0.01  0.83±0.02  38.00±0.11  8.00±0.13 

 Cooked 2.80±0.11  0.73±0.01  40.00±1.62  8.00±1.01 

 10 kGy 3.15±0.07  0.65±0.01  36.00±1.02  8.00±1.02 

 C+I  3.13±0.02  0.71±0.02  36.00±1.03  8.00±1.01 

 5 kGy  3.20±0.02  0.84±0.03  36.90±0.12  2.00±0.03 

Keys: C+I: Cooking and Irradiated at 10 kGy,  10 kGy: irradiated at 10 kGy,  5 kGy: Irradiated at 5 kGy 

WAC -water absorption capacity OAC –oil absorption capacity 

 

Table 5: Foaming Stability of Irvingia gabonensis Seed Flour Samples 

Sample 1min 5min 10min 20min 30min 60min 90min 120min   8h    24h 

Raw  62 62 62 62 62 62 61 60    60    60 

Cooked 68 68 68 68 68 67 67 67    67    67  

10 kGy 73 73 73 73 72 70 71 68    68    68  

C+I  64 64 64 64 64 64 63 62    62    62  

5 kGy  70 70 70 70 70 70 68 68    68    68 

   

Keys: C+I: Cooking and Irradiated at10 kGy, 10 kGy: irradiated at 10 kGy,  5 kGy: Irradiated at 5 kGy 

 

Table 6: Minerals profile of Irvingia gabonensis Seed (mg/100g) 

Sample  K   Na       Ca          Mg     Zn     Fe         P 

R 17.57±0.09 2.46±0.01   28.32±0.10 5.97±0.03 4.64±0.02 2.71±0.01  4.29±0.02 

C 24.60±0.20 2.04±0.01   28.22±0.40 5.87±0.02 4.92±0.01 2.53±0.01  4.32±0.02 

10 kGy 18.27±0.30 98±0.02   24.51±1.00 75.12±0.70 4.02±0.01 1.98±0.01  3.66±0.01 

C+I  24.79±0.50 83±0.07   28.36±0.30 5.84±0.02 4.53±0.02 2.83±0.01  4.25±0.03 

5 kGy 24.60±0.90 2.04±0.01   28.22±0.70 5.87±0.03 4.92±0.01 2.53±0.02  4.33±0.02 

Keys: R = raw seed; C = cooked seed 

C+I: Cooking Irradiated @ 10 kGy; 10 kGy: irradiated @ 10 kGy;  5 kGy: Irradiated @ 5 kGy 
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Table 7: Amino acid profile of Irvingia gabonensis seed 

Amino Acid  Raw   Cooked  C+I  5 kGy 

Lysine   3.87±0.10b  3.01±0.01c  4.54±0.01a 3.28±0.02 

Histidine  2.29±0.02c  7.23±0.10b  8.34±0.10a 2.63±0.03c 

Arginine  8.85±0.02a  7.23±0.05d  8.34±0.02c 8.68±0.10b 

Aspartic Acid  9.66±0.01b  8.63±0.02c  8.91±0.00c 11.25±0.00a 

Threonine  3.55±0.10b  2.30±0.02c  3.36±0.01a 3.11±0.02 

Serine   2.78±0.05  2.05±0.02c  3.40±0.01a 8.68±0.10b 

Glutamic Acid  13.91±0.20b  12.07±0.10c  15.75±0.20a 11.62±0.10c 

Proline   3.72±0.01a  3.08±0.04c  3.50±0.02b 3.50±0.01b 

Glycine  4.52±0.02b  4.01±0.01c  4.89±0.01a 4.08±0.03c 

Alanine  4.21±0.02a  3.71±0.01c  4.02±0.03b 3.94±0.03c 

Cystine  1.46±0.01a  1.19±0.01c  1.32±0.01b 1.32±0.01b 

Valine   4.53±0.02b  4.04±0.03c  4.65±0.01a 4.21±0.04b 

Methionine  1.54±0.01a  1.30±0.02b  1.22±0.01a 1.28±0.01b 

Isoleucine  3.80±0.01b  3.01±0.01c  4.14±0.07a 3.51±0.03 

Leucine  5.79±0.02c  6.20±0.04b  6.20±0.01b 6.64±0.04a 

Tyrosine  3.06±0.01a  2.25±0.01c  3.06±0.02a 2.74±0.01b 

Phenylalanine  3.63±0.02c  4.14±0.02a  3.39±0.01b 3.89±0.02b 

  

Keys: C+I: Cooking Irradiated @ 10Kgry,  10kgry: irradiated @ 10 kgry,  5Kgry: Irradiated @5kgry 

Table 8:  Summary of amino acid profile of Irvingia gabonensis seed 

Amino Acid (mg/100mg)   Raw  Cooked C+I  5 kGy  

Total Amino Acid (TAA)   81.17  75.45  89.03  84.34  

Total Essential Amino Acid (TEAA)  42.37  32.96  48.56  41.29 

TEAA/TAA (%)    52.19  43.68  54.54  48.95 

Total Non-Essential Amino Acid  34.28  29.54  35.58  38.99 

(TNEAA)  

Total Sulfur Amino Acid (TSAA)  3.00  2.40  2.54  2.60 

% Cystine in TSAA    48.66  49.58  51.96  50.76 

Total aromatic Essential Amino  6.69  6.39  6.63  6.63 

Acid (ArEAA)   

Total Acidic Amino Acid %   33.57  20.70  24.66  22.87 

Total basic Amino Acid (TBAA) %  15.01  17.47  21.22  8.54 

Total Neutral Amino Acid (TNAA) % 8.09  3.43  12.98  2.30 

Ratio of TEAA: TNEA   1.24  1.12  1.36  1.06 

Predicted Protein Efficiency Ratio (PER) 2.77  3.04  2.96  3.19 
 

Keys: C+I: Cooking Irradiated @ 10Kgry,  10kgry: irradiated @ 10 kgry,  5Kgry: Irradiated @5kgry

4. Discussion 
This study showed that processing with gamma irradiation at 
low doses and cooking, both as single treatments and 

combined hurdle treatments did not significantly (p>0.05) 

affect the Irvingia gabonensis seed moisture content. Rady et 

al. (2002) observed similar trends and reported that gamma 

irradiation had no significant effect on moisture content of oil 

seeds. However, combining irradiation with cooking increased 

the moisture content of the seeds, compared to single 

irradiation or cooking treatments, indicating a synergistic 

action of the hurdle effect. Fat was reduced with increase in 

irradiation doses up to 10 kGy, probably due to liquefaction of 

fat in cooking. Protein is reportedly lower with high irradiation 

due to denaturation of protein as also previously reported by 

Enujiugha and Akanbi (2005). 

 

The reduced concentrations of antinutritional factors in the 

seeds with the different processing steps was also in agreement 

with what was observed in a previous study with ground nut 

(Enujiugha et al., 2023b). This trend was also reported by 

Enujiugha et al. (2012) in the processing of African oil bean 

seeds (Pentaclethra macrophylla Benth) and by Oyinloye et 

al. (2023) in the processing of melon seeds (Citrullus 

vulgaris). Many oilseeds are known to contain several anti-
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nutritional factors such as protease inhibitors (especially 

trypsin inhibitors), lectins or haemagglutinins, phytates, 
oxalates and polyphenols, among others (Enujiugha et al., 

2023a; Enujiugha, 2005). Numerous studies have indicated 

that these anti-nutrients can be eliminated or reduced 

significantly by processing techniques such as thermal heating 

(e.g. infrared heating, extrusion cooking, irradiation, steam 

treatment and pelleting), milling, soaking, germination, 

fermentation, cooking and protein extraction (Enujiugha et al., 

2003). The findings in this study are in agreement with the 

report of Asunni et al. (2024) who employed the hurdle 

treatment in the processing of African locust bean seeds 

(Parkia biglobosa). 

 

The decrease in iodine value with increased irradiation dose 

observed in this study is consistent with the results reported by 

Enujiugha et al. (2012), who also observed a decrease in the 

iodine value upon application of the same range of low dose 

irradiation (1 -10 kGy). Irradiation probably broke some 

double bonds and induced oxidation processes in the fatty 
acids resulting in saturation (Anjum et al., 2006). These results 

also agree with reports by Arici et al. (2007) and Al-Bachir 

(2004) that unirradiated samples have highest iodine values, 

suggesting saturation of oils as a result of irradiation. The 

observed increase in the peroxide value with increased 

irradiation dose might be due to oxidation and preferential 

cleavage of bonds in the oils. In an earlier research, increase in 

the peroxide value was attributed to interaction of gamma 

radiation with fat molecules, which triggered oxidation, 

dehydration and polymerization reactions (Evren and Gulden, 

2008). The increase of free fatty acids (FFAs) with increased 

irradiation dose indicates that large original molecules of oils, 

which contain long-chain fatty acids, degrade to smaller 

molecules as a result of synergistic hydrolysis/oxidation and 

cleavage of bonds (Agatemor, 2006). 

 

Considering the functional properties of the seeds, the findings 
in this study are in agreement with the report of Zayas (1997) 

who found that the water holding capacity was not affected by 

gamma irradiation. According to Asunni et al. (2004), water 

absorption capacity (WAC) is an important functional 

property of proteins and is a measure of the quality (juiciness, 

texture, binding of structure, appearance and mouth feel) of 

flour. In this study, there was a slight decrease in the water 

absorption capacity of the cooked (as a single treatment) 

sample compared to the raw seed. From the results of oil 

absorption capacity (OAC), it is clear that, no significant 

difference was observed in oil absorption capacity of Irvingia 

gabonensis seeds at both low dose irradiation of 5 kGy and the 

control raw sample. These results are in agreement with 

previous finding of Abu et al. (2005); however, cooking as a 

single treatment led to reduction in oil absorption compared to 

the raw seed and this is consistent with the results obtained by 

Enujiugha (2003) in the cooking of Tetracarpidium 
conophorum nuts. The changes in emulsion properties may be 

attributed to protein aggregation as well as surface 

hydrophobicity and changes in the seed characteristics, which 

affect emulsifying properties in different ways (Enujiugha and 

Akanbi, 2005). 

 

Low dose irradiation did not bring about any significant 

change in mineral composition. According to Asunni et al. 
(2024), minerals act as stabilizers of the structures of 

membranes and cellular components. Zinc, for example, is an 

important component of several enzymes and their 

biochemical functions, especially in the synthesis and 

degradation of macromolecules such as carbohydrates, 

proteins, lipids and nucleic acids. It plays an important part in 

the development of sound cognitive capacity in children. 

 

The results of the present study have shown that while some 

amino acids increased with higher irradiation doses, others 

decreased and this could be related to the structure of amino 

acids. Simple amino acids due to irradiation undergo reductive 

deamination and decarboxylation. In aliphatic amino acids 

with increasing chain length, providing additional C-H bond 

for interaction with OH radical reduces the amounts of 

oxidative deamination (Olotu et al., 2014b). The results are 

comparable to those reported for melon seeds (Oyinloye et al., 

2023), African locust bean (Asunni et al., 2024) and groundnut 
(Enujiugha et al., 2023b). The findings in this study compare 

favourably with results obtained with other oilseeds and 

legumes (Olotu et al., 2014; Oyinloye et al., 2023). However, 

comparing the amino acid changes due to irradiation of 

Irvingia gabonensis seed with some cereal such as wheat 

(Srinivas et al., 1972) shows no significant difference between 

the results. 

 

Total amino acids (TAA), total essential amino acids (TEAA), 

total non-essential amino acids (TNEAA) and total neutral 

amino acids (TNAA), respectively decreased in all cooked 

samples due to denaturation of the protein structure by cooking 

according to (Kingsley, 1995) as indicated in Table 8. The 

different processing treatments raised the protein efficiency 

ratio in the seeds, and according to Enujiugha et al. (2023), 

these results could be related to the structure of amino acids, 

as simple (or common) amino acids due to irradiation undergo 
reductive deamination and decarboxylation. The high content 

of essential amino acids in the African bush mango seeds make 

them a potential source of dietary protein. The seed also has 

potential for increased utilization as an important vegetable 

protein source in diets of rural populations in less-developed 

tropical areas where the growth of the plant is encouraged. 

 

5. Conclusion 
It could be concluded from the findings of this study that 

combined effect of gamma irradiation and cooking increased 

nutrient bio-availability, but only had slight positive effect on 

the nutritional value. It has also shown from this study that 

irradiation dose up to 10 kGy is an effective tool in 

preservation of Irvingia gabonensis seed and maintenance of 

its oil quality. 
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