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Abstract 

Background and objectives: In many African countries, especially Nigeria, the fight against malnutrition and 

undernourishment continues to be a primary goal of development. In this regard, various strategies including the 

consumption of plants and vegetables are being applied. The kernel of Bush mango, which is widely consumed 

in Nigeria, has been broadly investigated in the literatures, while there is little information about the nutritional 

composition of the pulp. This study examined the nutritional composition of both kernel and pulp of the Irvingia 

gabonesis. 

Materials and methods: The Bush mango (Irvingia gabonensis) fruits were purchased from Ogbadibo, local 

government of Benue state, Nigeria, followed by sorting and washing to remove any dirt. The pulp was separated 

from the kernel, sun-dried for seven days, and oven-dried at 350 °C for 1 h to eliminate the moisture. The dried 

samples were milled separately with an electric food blender, and packed in a separate clean polythene bag 

before analysis. The phytochemicals, antioxidants, proximate composition, and amino acids were determined in 

the samples according to the standard analytical techniques.  

Results and conclusion: Amounts of saponins, alkaloids, flavonoids, tannins, cyanide, and phytate were higher 

in the kernel, while oxalate and total phenols were higher in the pulp. The results of antioxidants composition 

revealed that carotenoids were the highest antioxidant in the kernel (4.12 g/100 g) and pulp (1.73 g/100 g) of 

Irvingia gabonesis fruit. Study of proximate composition revealed that carbohydrate was the most abundant 

macronutrient in the kernel (56.96 %) and pulp (61.02 %) of Bush mango. Fatty acids and energy were accounted 

as 19.19% and 1977.16 kJ/100 g of the kernel, and 16.29% and 1855.80 kJ/100 g of the pulp. Amino acid profile 

of the samples revealed that leucine (5.49 and 3.52 g/100 g of crude protein of kernel and pulp, respectively) 

and tryptophan (0.58 and 0.39 g/100 g of crude protein of kernel and pulp, respectively) were the most abundant 

and the lowest concentrated essential amino acids. In conclusion, the pulp and kernel of Bush mango contained 

low concentrations of anti-nutrients, and were found to be a good source of fat, carbohydrates, and antioxidants. 
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1. Introduction 

Plants have had a great share in daily life of humans 

[1]. Their use to salvage some of the individuals’ 

problems could date to creation [2]. They are used 

in foods, spices, and condiments, and are consi-

dered as antioxidants, anti-fungal, anti-viral, and 
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anti-depressant. Several plants are a good source of 

carbohydrates, proteins, and fats which may not be 

found in a regular diet. Consumption of vegetables and 

fruit seeds can help in prevention of heart disease such 

as stroke, high blood pressure, and high level of blood 

cholesterol [3]. Moreover, some of health disorders 
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such as appendicitis, hemorrhoids, gallstones, dia-

betes, and constipation can be treated by consump-

tion of some plants [4]. 

Irvingia gabonensis is one of the commonly used 

nutritional plants. It is a large tree with a dense 

compact crown and evergreen large leaves with 

edible seeds and sweet edible fruit pulp found in 

rainforests [5]. It is highly demanded for its high 

nutritional and medicinal benefits. It is commonly 

known as African mango, wild mango, dikanut, and 

Bush mango [6]. I. gabonensis is very useful for 

people as the bark is used to cure diarrhea and 

dysentery. The fruit is rich in vitamin C, and is 

consumed as a dessert throughout western and 

central Africa. The pulp is used for preparation of 

jelly, jam and juice. The seeds are used as a 

thickener for soup and stew, or are added for 

flavoring [7]. The Senegalese use the decoction of 

the stem bark in treating gonorrhea, and hepatic and 

gastrointestinal disorders [8]. The cholesterol and 

triglycerides lowering effect of the seed extract in 

obese people proves its efficacy in weight loss. The 

antibacterial and antifungal activity of the stem 

bark have also been documented [9]. 

Despite the multiplicity of the information about 

nutritional and health benefits of I. gabonensis, 

there is insufficient information on chemical 

composition of the kernel and pulp of the plant. 

Therefore, this study carried out to determine the 

proximate composition, and amounts of phyto-

chemicals, antioxidants, and amino acids of both 

kernel and pulp of I. gabonesis. Our findings 

contribute to the existing literatures on the quantity 

and quality of the nutrients present in the kernel and 

pulp of the fruit to improve the prospect of their 

utilization. 

2. Materials and methods 

2.1. Sample collection and preparation 

Bush mango (I. gabonensis) fruits were purchased 

from the farmers in Orokam, local government of 

Benue state, Nigeria. They were identified and 

authenticated by a taxonomist in the Department of 

Plant Science and Biotechnology, Faculty of 

Science, Federal University of Lafia, Nasarawa state, 

Nigeria. The fruits were sorted and washed thoroughly 

in the laboratory with distilled water to remove the dirt 

or sand particles. Then, they were peeled with a 

sterilized kitchen knife to extract the pulp, leaving 

behind the seed, which was cracked open with a 

hammer to extract the kernel. The extracted kernel and 

pulp were sun-dried for seven days and then oven-

dried at 35 °C for 1 h to remove the moisture content. 

The dried kernel and pulp were milled separately with 

an electric food blender, packed in a clean polythene 

bag, and kept at 4 °C until analysis. 

2.2. Phytochemical analysis 

The contents of oxalate, saponins, alkaloids, flavo-

noids, tannins, cyanide, phytate, and total phenols 

were determined in the samples by the methods 

described by Eze and Obinwa [10].  

2.3. Antioxidant analysis 

Carotenoid extraction was carried out by the modified 

method of Takagi et al. [11]. Glutathione was 

extracted according to the method of Jones et al. [12]. 

Oestrogen substance extraction was carried out 

according to the modified method of Liggins as 

described by Bertoli et al. [13]. Vitamins C and E were 

measured according to the method of Pravalika et al. 

[14].  

2.4. Proximate composition 

Measurement of total carbohydrate, moisture, crude 

fat, crude fibre, and total ash was carried out according 

to the methods of Association of Official Analytical 

Chemists (AOAC) [15]. Nitrogen was determined by 

micro-Kjeldahl method, and the percentage of 

nitrogen was converted to crude protein by 

multiplying by 6.25. 

2.5. Amino acid analysis 

Amino acid analysis was carried out by Ion Exchange 

Chromatography (IEC) [16] using the Technico 

Sequential Multisample (TSM) amino acid analyzer 

(Technicon Instruments Corporation, New York). 

Period of analysis was 76 min for each sample. The 

gas flow rate was 0.5 ml/min at 60 °C with reproduci-

bility within ±3%. The net height of each peak 
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produced by the chart recorder of TSM (each 

representing an amino acid) was measured and 

calculated. Amounts of amino acid were average of 

two determinations. Nor–leucine was the internal 

standard. Tryptophan was determined after alkali 

(NaOH) hydrolysis by the colorimetric method. 

2.6. Determination of isoelectric point (pI), 

quality of dietary protein, and predicted protein 

efficiency ratio (P–PER)  

The predicted pI was calculated using the method 

described by Olaofe and Akintayo [17] according to 

Equation 1:  

 

pIm=∑ pIi Xin
i    Equation 1 

 

Where: 

pIm = Isoelectric point of the mixture of amino 

acids 

pIi = Isoelectric point of the ith amino acid in the 

mixture 

Xi = Mass or mole fraction of the amino acids in the 

mixture  

 

The quality of dietary protein was measured by the 

ratio of available amino acids in the sample protein 

compared to the needs. Amino acid score (AAS) 

was then estimated according to the Equation 2 

[16]:  

 

AAS = 
mg of amino acid in 1 g of the tested protein

mg of amino acid in 1 g of reference protein
× 100

     Equation 2 

P–PER of the samples was calculated by their amino 

acid composition according to Equation 3 [18] as 

follows: 

 

P–PER= – 0.468 + 0.454 (Leucine) – 0.105 (Tyrosine)

     Equation 3 

2.7. Statistical analysis 

All the tests were carried out in duplicates, and data 

are presented as mean ±standard deviation. The mean, 

standard deviation, and coefficient of variation were 

determined by Microsoft Excel.  

3. Results and discussion 

3.1. Phytochemical composition of Bush mango 

Table 1 shows the phytochemical composition of I. 

gabonensis kernel and pulp. According to the table, 

levels of CV% ranged from 5.73% for saponins to 

53.58% for tannins. It showed that tannins and 

saponins were the most and the least varied 

parameters. Furthermore, except for oxalate and total 

phenol, other six parameters (75%) were higher in the 

kernel than the pulp. In addition, alkaloids were the 

highest antinutrient in the kernel (10.1%) and pulp 

(8.03%), while saponins were the lowest antinutrient 

in the kernel (0.82%) and pulp (0.74%) of I. 

gabonesis. 

Table 1- Phytochemical composition of Bush mango 
Parameter Kernel Pulp Mean SD CV (%) 

Oxalate (%)  5.04 ± 0.12 5.68 ± 0.04 5.36  0.33  6.16  

Saponins (%) 0.82 ± 0.02 0.74 ± 0.02 0.78  0.04  5.73  

Alkaloids (%) 10.1 ± 0.10 8.03 ± 0.03 9.06  1.04  11.48  

Flavonoids (%) 4.43 ± 0.02 3.15 ± 0.05 3.79  0.64  16.86  

Tannins (mg/100 g)  149.6 ± 0.72 45.23 ± 0.13 97.43  52.20  53.58  

Cyanide (mg/100 g) 4.45 ± 0.06 2.93 ± 0.08 3.69  0.76  20.70  

Phytate (%) 2.09 ± 0.04 1.72 ± 0.04 1.90  0.19  10.05  

Total phenolics (GAE/100 g) 68.94 ± 0.17 148.99 ± 0.53 108.97  40.03  36.74  

*Values are mean ±standard deviation of two replications; SD = standard deviation; CV = coefficient of variation; GAE = 

Gallic Acid Equivalent.  
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As shown in Table 1, total phenol content of the 

samples was higher than 8.73 ±0.14 and 6.14 ±0.15 

mg GAE/100 g for peel and pulp of I. gabonesis 

reported by Adeseko et al. [19]. The high phenol 

content in the current study shows the potential of 

I. gabonesis fruit collected in Orokam as a dietary 

antioxidant for health promotion. Phenolic com-

pounds as a part of phytochemical composition 

have high free radical scavenging ability other than 

their antimicrobial, antiviral, and anti-inflammatory 

activities [20].  

Phytate level in this study was greater than 0.423 

and 0.377% in the leaves and fruits of Nauclea 

latifolia reported by Eze and Obinwa [10], but 

lower than 4.12 and 6.59% in the peel and pulp of 

I. gabonensis reported by Adeseko et al. [19]. 

Phytates reduce the bioavailability of minerals such 

as zinc, iron, copper, and manganese. They can 

suppress colon cancer, control dental cavities, and 

lower blood glucose at low concentration [10]. 

Level of tannins in the current work was lower than 

214 and 374 mg/100 g in fruits and leaves of 

Nauclea latifolia [10]. It was also lower than 619 

mg/100 g and 616 mg/100 g reported for peel and 

pulp of I. gabonesis by Adeseko et al. [19]. Tannins 

in fruits impose an astringent taste which affects 

palatability, and may reduce food consumption. 

Furthermore, it binds to both exogenous and 

endogenous proteins including enzymes of the 

digestive tract, thereby affecting the digestion of 

nutrients [21].  

Oxalate content in the samples was higher than 2.03 

and 0.59% in the peel and pulp of I. gabonesis as 

reported by Adeseko et al. [19]. Saponin values in 

our study compared well with 0.833% and 1.25% in 

the fruit and leaves of N. latifolia [10]. Saponin can 

disrupt red blood cells and induce diarrhoea and 

vomiting [22]. In addition, it reduces the uptake of 

certain nutrients including glucose and cholesterol 

in the gut through intraluminal physicochemical 

interaction [23]. Alkaloid content in our study was 

lower than 21.17 and 26.67% in the peel and pulp of I. 

gabonensis in the study of Adeseko et al. [19], and 

1.407 and 2.387% in fruits and leaves of N. latifolia 

reported by Eze and Obinwa [10]. Some alkaloids 

such as saponin are dangerous to health, but some 

others seem to be of the most significant and efficient 

phytochemical in terms of therapeutic use [10]. 

Therefore, evaluation of alkaloids and their type in I. 

gabonensis is of concern to find out their effectiveness 

in alleviation of impairments.  

In our study, content of flavonoids was higher than 

0.373 and 0.433% for the leaves and fruits of N. 

latifolia reported by Eze and Obinwa [10]. Flavonoids 

are super antioxidants and potent free radical 

scavengers which prevent cell damage by inhibiting 

the oxidative stress in vital systems. In this way, they 

prevent chronic diseases such as cancer [24]. The high 

flavonoid level in our study showed that both kernel 

and pulp of I. gabonesis are good source of dietary 

antioxidants. Cyanide value in our samples was far 

lower than the values 168.97 and 92.70 mg/100 g in 

leaves and fruits of N. latifolia [10]. The cyanide 

content in the current work was lower than the 

maximum permitted level of 60 mg per day in adults 

[25]. 

3.2. Antioxidant composition of Bush mango  

Antioxidant composition of I. gabonensis kernel and 

pulp is presented in Table 2. Our investigation 

revealed that carotenoid and vitamin C were the most 

and the least varied parameters, respectively. Out of 

five parameters, carotenoid and glutathione were 

greater in the kernel than the pulp, while higher level 

of phytoestrogen, vitamin C, and vitamin E were 

measured in the pulp than the kernel. According to the 

table, carotenoid was the most abundant antioxidant in 

both kernel and pulp of I. gabonesis, while phyto-

estrogen was the lowest antioxidant in the fruit. 
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Table 2- Antioxidant composition of kernel and pulp of Bush mango 
Parameter  Kernel Pulp Mean SD CV (%) 

Carotenoid (g/100 g) 4.12 1.73 2.92 1.20 40.92 

Glutathione (mg/100 g) 72.33 53.01 62.67 9.66 15.42 

Phytoestrogen (mg/100 g) 1.10 1.37 1.24 0.14 10.93 

Vitamin C (mg/100 g) 12.45 15.15 13.80 1.35 9.78 

Vitamin E (mg/100 g) 3.84 5.25 4.54 0.70 15.47 

Carotenoids play an important role in human health 

by acting as biological antioxidants. The anti-

oxidant potential includes enhancement of immune 

function and inhibition of the cancers’ development 

[26]. Our study revealed that the kernel and pulp of 

Bush mango are rich of carotenoids that could be 

used by the nutritionists and public health workers 

in African region to overcome vitamin A 

deficiencies and age-related macular degeneration.  

Desmawati & Sulastri have reported the protective 

effect of phytoestrogens against cardiovascular 

diseases. Phytoestrogens can reduce total choles-

terol, help in weight loss, and improve heart 

function [27]. In addition, they can suppress the 

clinical symptoms of menopause caused by a 

decrease in the production of endogenous oestro-

gen. Nonetheless, phytoestrogens are considered as 

one of the robust antioxidants in the body. In the 

current work, low concentration of phytoestrogens 

was determined in the samples. However, their 

inclusion together with other antioxidants make the 

fruit as a functional edible source for health 

promotion purposes. With regard to glutathione, 

our study showed that both kernel and pulp of I. 

gabonesis were rich of this antioxidant. It is an 

important endogenous antioxidant which poses 

many biological functions such as regulation of 

intracellular redox potential, signal transduction, 

and skin whitening [28].  

Vitamins are micronutrients needed in small 

quantities to perform specific functions in the body. 

They take part in the body metabolism, regulate 

body functions, keep the body healthy, and help the 

body to resist against diseases [29]. It was observed 

that I. gabonensis fruit is a unique source of vitamin 

C. Ugbogu and Ogodo [29] reported a higher value of 

vitamin C in pawpaw (45.4 mg/100 g) compared to our 

samples. However, vitamin C level in our samples was 

similar to that reported in I. gabonesis juice (12.3 

mg/100 g) [30], but higher than 3.20 and 0.92 mg/100 

g in the peel and the pulp of I. gabonesis reported by 

Adeseko et al. [19].  

Vitamin C is a water-soluble essential micronutrient 

which acts as an antioxidant, and involves in iron 

metabolism, biosynthesis of carnitine, intermolecular 

cross-linking of collagen, and various enzymatic and 

hormonal processes as a cofactor [29]. The daily 

recommended value for vitamin C intake in children 

with 4 to 8 years old is 25 mg [31]. It implies that 

consumption of 100 g I. gabonesis a day by children 

may meet up to 50% of their daily vitamin C need. The 

result of our study also reflected an appreciable 

amount of vitamin E in the kernel and the pulp of I. 

gabonensis, which is of interest together with other 

antioxidants.  

3.3. Proximate composition of Bush mango 

Proximate composition of the samples is shown in 

Table 3. As shown, the variability of data (CV%) 

ranged from 3.17% for energy to 36.51% for moisture. 

Accordingly, the values of protein, fat, moisture, fatty 

acids, and energy were higher in the kernel, while 

carbohydrate, crude fibre, and ash were higher in the 

pulp.  
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Table 3- Proximate composition of Bush mango 
Parameter Kernel Pulp Mean SD CV (%)  

Protein (%) 7.13 ± 0.13 3.81 ± 0.05 5.47 1.66 30.37 

Fat (%) 23.99 ± 0.17 20.37 ± 0.46 22.18 1.84 8.31 

Ash (%) 2.95 ± 0.05 6.30 ± 0.01 4.62 1.68 36.27 

Crude fibre (%) 3.54 ± 0.13 5.97 ± 0.02 4.75 1.22 25.69 

Moisture (%) 5.45 ± 0.06 2.54 ± 0.13 3.99 1.46 36.51 

Carbohydrate (%) 56.96 ± 0.20 61.02 ± 0.51 58.99 2.07 3.50 

Fatty acid (%) 19.19  16.29  17.74 1.45 8.17 

Energy (kJ/100 g) 1977.16  1855.80  1916 60.68 3.17 

*Values are mean ±standard deviation of two replications; SD = standard deviation; CV = coefficient of variation; Fatty 

acids (%) were calculated as 0.8 × crude fat; Energy (kJ) was calculated as (protein × 17) + (fat × 37) + (carbohydrate × 17)

The low moisture content in the pulp was similar to 

2.1% in the seed of I. gabonensis as reported by 

Aremu et al. [32], but lower than 8.4% in the pulp 

of I. gabonensis reported by Akubor [33]. The low 

moisture content of I. gabonensis makes it less 

susceptible to microbial contamination. On the 

other hand, a high moisture content in fruits is 

related to their water activity, a measure of stability 

and susceptibility to microbial contamination [34]. 

Ash content of the pulp in this work was higher than 

2.80 and 4.20% in the pulp and the seed of A. 

digitata [35]. Ash content reflects the total amount 

of inorganic materials such as minerals in a food. 

The result of this work showed a higher ash content 

in the pulp of I. gabonensis than in the kernel. 

Therefore, it is assumed that pulp of I. gabonensis 

is a good source of minerals to meet the minerals 

daily recommendations.  

Dietary fat is the major source of energy. The 

values obtained in this study were higher than 1.69 

and 1.40% reported for the pulp of I. gabonensis by 

Adeseko et al. [19] and Akubor [33], respectively. 

The relatively high amount of fat in the samples 

make them a good source of energy. Crude fibre 

contains indigestible cellulose which is used in 

treatment of constipation, provides roughage, and 

improves the function of alimentary system [33]. 

The crude fibre measured in this study was lower 

than 9.25% in the pulp of I. gabonensis as reported 

by Adeseko et al. [19], but higher than 2.5% in the 

pulp of I. gabonesis as reported by Akubor [33]. 

However, the fruit can be considered as a good 

source of dietary fibre. In our study, protein content 

in the kernel of Bush mango was higher than the pulp. 

It was similar to 7.4% protein in the seeds of I. 

gabonensis [32].  

Carbohydrate value in the pulp and the kernel of our 

samples (more than 55%) was lower than 80% in the 

pulp of I. gabonesis reported by Akubor [33]. 

However, Bush mango is a good source of carbo-

hydrates especially for animal feed, other than human 

consumption and/or industry. Carbohydrates provide 

the body with accessible fuel for physical activities 

and other functions. The value of fatty acids in this 

study was lower than 41.6% in the seed of I. gabonesis 

reported by Aremu et al. [32], but higher than 0.32% 

and 10.48% for pulp and seed of Adansonia digitata L 

reported by Ibrahim et al. [35]. In addition, a higher 

value of energy was calculated in our study compared 

to 1352.70 and 1594.80 kJ/100 g reported by Ibrahim 

et al. for pulp and seed of A. digitata [35]. 

3.4. Amino acid composition of the kernel and the 

pulp of Bush mango 

Results of amino acid composition of the samples are 

presented in Table 4. As seen, CV% of the data ranged 

from 6.08% in serine to 63.49% in cysteine. Eighteen 

amino acids were detected in the kernel and the pulp 

of I. gabonesis. More amino acids were detected in the 

kernel than pulp of the fruit. Glutamic acid (Glu) was 

the most abundant non-essential amino acid (11.47% 

of crude protein in the kernel, and 6.66% of crude 

protein in the pulp) followed by aspartic acid (Asp) 

(8.88% and 5.40% of crude protein in the kernel and 

the pulp, respectively).  Glu acts as a fuel for the brain, 

and helps to recover the body′s physiological 

imbalances. It is neurotransmitter, and could lower the 
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blood pressure [36]. Amount of Glu in our study 

was similar to 12.23 and 12.89% of crude protein in 

the pulp and the seed of A. digitata [35]. 

Abundance of Glu and Asp in the current study was 

in accordance with the results of other studies 

investigated I. gabonensis and A. digitata [32,35]. 

Leucine was the highest essential amino acid (EAA) 

in both pulp and kernel followed by valine. Leucine, 

isoleucine, and valine play a significant role in 

development of muscle function, bones, and skin [37]. 

The lowest amino acid in the kernel was tryptophan, 

while cysteine was the least amino acid in the pulp. 

Table 4- Amino acid composition (g/100 g (%) of crude protein) of Bush mango 
Parameter Kernel Pulp Mean SD CV (%) 

Leucine (Leu)* 5.49 ± 0.06 3.52 ± 0.13 4.51 0.99 21.98 

Lysine (Lys)* 3.77 ± 0.02 1.70 ± 0.03 2.73 1.04 37.92 

Isoleucine (Ile)* 3.31 ± 0.03 1.69 ± 0.02 2.50 0.81 32.48 

Phenylalanine (Phe)* 2.97 ± 0.04 2.40 ± 0.09 2.68 0.30 10.99 

Tryptophan (Try)* 0.58 ± 0.06 0.39 ± 0.03 0.48 0.10 21.26 

Valine (Val)* 4.80 ± 0.03 3.18 ± 0.08 3.99 0.81 20.37 

Methionine (Met)* 1.69 ± 0.03 0.71 ± 0.07 1.20 0.49 41.21 

Proline (Pro) 3.55 ± 0.10 4.21 ± 0.05 3.88 0.34 8.75 

Arginine (Arg) 4.39 ± 0.09 2.45 ± 0.04 3.42 0.97 28.38 

Tyrosine (Tyr) 2.32 ± 0.09 1.03 ± 0.00 1.68 0.65 38.69 

Histidine (His)* 2.14 ± 0.03 1.17 ± 0.02 1.65 0.49 29.54 

Cysteine (Cys) 0.79 ± 0.06 0.18 ± 0.00 0.49 0.31 63.49 

Alanine (Ala) 6.11 ± 0.31 2.88 ± 0.08 4.49 1.63 36.23 

Glutamic acid (Glu) 11.47 ± 0.12 6.66 ± 0.15 9.07 2.41 26.57 

Glycine (Gly) 3.06 ± 0.03 2.12 ± 0.05 2.59 0.47 18.25 

Threonine (Thr)* 2.10 ± 0.05 2.68 ± 0.07 2.39 0.30 12.50 

Serine (Ser) 3.24 ± 0.05 3.65 ± 0.06 3.44 0.21 6.08 

Aspartic acid (Asp) 8.88 ± 0.27 5.40 ± 0.06 7.14 1.75 24.57 

Isoelectric point (pI) 4.02 2.61 3.32 0.71 21.27 

P-PER 1.78 1.02 1.40 0.38 27.14 

Leu/Ile 1.66 2.08 1.87 0.21 11.23 

*Values are mean ±standard deviation of two replications; SD = standard deviation; CV = coefficient of variation; P-PER= 

predicted protein efficiency ratio; The marked amino acids with star (*) are essential for the body. 

Tryptophan maintains nitrogen stability, and 

regulates appetite, sleep, and mood. Cystine is used 

for the synthesis of protein, and is a precursor of 

pyruvate and taurine [36]. The calculated pI for the 

kernel and the pulp was 4.02 and 2.61, respectively. 

Calculation of pI is useful for practical approach 

and modulation of protein precipitation in the 

laboratory and biological systems [38]. pI of protein 

in the current study was lower than pI = 4.8 for 

protein of the seed of I. gabonesis analysed by 

Aremu et al. [32], and pI = 5.18 and 5.63 for the 

pulp and the seed of A. digitata [35]. P–PER is one 

of the quality parameters used for protein 

evaluation [16]. In our study, P–PER values in the 

kernel and the pulp were lower than 2.5 reported for 

Bush mango seeds [32], but were similar to 1.10 and 

1.47 reported for the pulp and the seed of A. digitata 

[35]. Moreover, Leu/Ile ratio in our samples was close 

to those reported for the pulp (1.49) and the seed (1.86) 

of A. digitata [35]. 

3.4.1. Classification of amino acid composition in 

Bush mango 

Table 5 presents the levels of total, essential, non-

essential, acidic, basic, neutral, and sulphur-contain-

ing amino acids.  
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Table 5- Amino acid composition of Bush mango 
Parameter Kernel Pulp Mean  SD CV (%) 

Total amino acids (TAA) 71.66 46.02 58.84 12.82 21.79 

Total essential amino acids (TEAA) with histidine 31.24 19.89 25.57 5.68 22.20 

Total essential amino acids (TEAA) without histidine 29.10 18.72 23.91 5.19 21.71 

TEAA with histidine (%) 43.59 27.76 35.68 7.92 22.19 

TEAA without histidine (%) 40.61 26.12 33.37 7.24 21.71 

Total non-essential amino acids (TNEAA) 40.42 26.13 33.28 7.15 21.47 

TNEAA (%) 56.41 36.46 46.44 9.97 21.48 

Essential aliphatic amino acids (EAAA) 15.70 11.07 13.39 2.32 17.30 

Essential aromatic amino acids (EArAA) 5.69 3.96 4.83 0.86 17.93 

Total neutral amino acids (TNAA) 41.01 28.64 34.83 6.18 17.76 

TNAA (%) 57.23 62.23 59.73 2.50 4.19 

Total acidic amino acids (TAAA) 20.35 12.06 16.21 4.14 25.58 

TAAA (%) 28.39 26.21 27.30 1.09 3.99 

Total basic amino acids (TBAA) 10.30 5.32 7.81 2.49 31.88 

Total sulphur-containing amino acids (TSAA) 2.48 0.89 1.69 0.80 47.18 

Cysteine (%) in TSAA 31.85 20.22 26.04 5.82 22.34 

*Values are mean ±standard deviation of two replications; SD = standard deviation; CV = coefficient of variation  

Histidine is important for the synthesis of red and 

white blood cells. It is a precursor for histamine 

which is good for sexual arousal and improved 

blood flow [39]. In our work, TEAA with His (%) 

in the pulp was lower than the adequate level of 

39% for infants, but higher than 26% for children, 

and 11% for adults [40]. TAAA was greater than 

TBAA in both pulp and kernel, indicating that 

protein of I. gabonesis is probably acidic [32]. The 

ratio of TEAA with His to TAA was respectively 

43.59% and 27.76% in the kernel and the pulp, 

which were lower than 50% reported for egg [16]. 

However, this ratio in the kernel was close to 

41.03% and 42.52% in pulp and seed of A. digitata 

[35], and higher than 38.1% reported for I. 

gabonesis seed by Aremu et al. [32]. Our study 

revealed that both pulp and kernel of I. gabonesis 

contain appreciable amount of essential and non-

essential amino acids needed by the diet. Interestingly, 

the concentrations were higher in the kernel than the 

pulp of I. gabonesis. 

3.5. Amino acid scores of Bush mango 

Results of EAA based on the provisional amino acid 

scoring pattern standard [16] are shown in Table 6. As 

seen in the table, all the amino acid scores are less than 

1. Thus, the dietary formula based on the kernel and 

the pulp of I. gabonesis should be fortified with 

essential amino acids. It has been reported that some 

amino acids including Met (and Cys), Lys, and Try are 

considered as limiting amino acids, so that they are in 

the shortest supply among the others in the ingested 

protein [40]. In this study, Met + Cys was the limiting 

source in the pulp, while Thr was the limiting amino 

acid in the kernel. 

Table 6- Amino acid scores of Bush mango 
Essential amino acids aPAAESP (g/100 g protein) Kernel Pulp 

EAAC AAS EAAC AAS 

Ile 4.00 3.31 0.82 1.69 0.42 

Leu 7.00 5.49 0.78 3.52 0.50 

Lys 5.50 3.77 0.68 1.70 0.30 

Met + Cys 3.50 3.48 0.99 0.89 0.25 

Phe + Tyr 6.00 5.29 0.88 3.43 0.57 

Thr 4.00 2.10 0.52 2.68 0.67 

Try 1.00 0.58 0.58 0.39 0.39 

Val 5.00 4.80 0.96 3.18 0.63 
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Total 36.00 28.80 6.21 17.48 3.73 

*PAAESP = provisional amino acid (egg) scoring pattern; EAAC = essential amino acid composition; AAS = amino acid 

scores 

4. Conclusion 

This study evaluated the kernel and the pulp of I. 

gabonesis. The results showed that both kernel and 

pulp of the fruit are good source of carbohydrates, 

fibre, carotenoids, flavonoids, total phenols, and 

vitamins C and E, and contain low concentration of 

antinutrients specifically phytate and cyanide. 

Therefore, when consumed in sufficient amounts, I. 

gabonesis could supply the nutritional needs, and 

protect the body against diseases associated with 

oxidative stress. Bush mango can be served as a 

fruit, or together with foods and feeds to supply the 

limited nutrients. Interestingly, the fruit can be a 

good source of oil, given its high fat content. 

However, the kernel and the pulp of Bush mango 

are poor source of essential amino acids based on 

the provisional amino acid scoring pattern provided 

by FAO/WHO. Therefore, the dietary formula 

based on Bush mango will require essential amino 

acids fortification. 
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