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ABSTRACT 
 

Aim: This study investigated the effect of fermentation on nutrient and antinutrient contents of 
African bush mango (Irvingia gabonensis). 
Methodology: Bush mango seeds were fermented for a period of five days. Microbiological 
contents, temperature, pH and total titratable acidity were monitored on daily basis while the 
proximate composition, mineral contents and the antinutrient contents of the unfermented and the 
fermented samples were determined.  
Results: The bacteria isolated from seeds include Bacillus subtilis, Bacillus polymyxa, 
Lactobacillus fermentum, Enterococcus faecalis and Staphylococcus aureus while the fungal 
isolates were Aspergillus niger, Aspergillus flavus, Fusarium poae, Rhizopus stolonifer and 
Penicillium chrysogenum. Both bacterial and fungal counts increased throughout the fermentation 
period while temperature increased from 27.5°C to 30°C on the third day but decreased to 29.7°C 
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at the end of the fermentation. The moisture, crude protein and the ash contents increased while 
crude fat, crude fibre and the carbohydrate contents reduced in the fermented seeds. Protein 
content increased from 8.48% to 10.39%. Potassium and iron contents of the samples were found 
to reduce while phosphorus, manganese and sodium increased after the fermentation process. All 
the antinutrient contents that were determined reduced significantly after the fermentation process.  
Conclusion: Fermented bush mango seeds can be used to produce nutritious condiments if 
properly processed. 
 

 

Keywords: African bush mango; legume; nutrient; antinutrient; fermentation. 
 

1. INTRODUCTION   
 
Fermented foods are palatable and wholesome 
foods prepared from raw, soaked, or heat-treated 
raw materials through the action of 
microorganisms. Fermented foods constitute an 
important part of our diet and are estimated to 
provide about 20-40% of human food supply [1]. 
Health benefits can also be got from fermented 
foods through the probiotic effects of the 
fermenting microorganisms. Fermentation also 
improves wholesomeness through improved 
digestibility and enrichment of food with essential 
nutrients (vitamins, proteins, and essential amino 
acids, fatty acid) [2]. It can also enhance 
bioavailability of food components through 
catabolism of the food anti-nutrients [3]. The 
metabolic activities of the fermenting organisms 
may result to the formation of inhibitory 
substances such as lactic acids, acetic acids, 
formic acids, propionic acids, ethanol, and 
bacteriocins often in combination, improving 
hygiene through inhibition and even elimination 
of food pathogens in such foods [4,5]. Quite a 
number of Bacillus and Lactobacillus species 
have been isolated from various fermented food 
condiments. Although yeasts and other bacteria 
are also seen, only part of them can be 
considered to play a substantial role in 
fermentation processes [6]. 
 
Seeds of legumes account for up to 80% of 
dietary protein and may be the only source of 
protein for some groups. Their cooked forms are 
eaten as meals while the fermented forms as 
condiments to enhance the flavors of foods [7]. 
Legume condiments can serve as a tasty 
complement to sauces and soups serving as 
substitutes for fish or meat. Fermented legumes 
have characteristic organoleptic properties, 
which probably are the most important factors 
attracting consumers [8]. Macronutrients in 
fermented legumes also enhance their food 
quality [9]. 
 
African bush mango (Irvingia gabonensis) tree 
belongs to family Irvingiaceae [10] and is found 

throughout the tropical forest of Africa. It is widely 
cultivated in central and Western Africa [11]. It is 
called bush mango or African mango because 
the trees bear mango-like fruits. The fruits are 
broadly ellipsoid and variable in size between 5-
7.5 cm with a fleshy mesocarp surrounding a 
large seed and 3-6 cm long The green mature 
fruits turn yellowish when ripe [12]. In West 
Africa, bush mango trees top the list of non 
timber forest products being clamored for 
domestication, and it is fast becoming the tree of 
choice in agro-forestry practices [13]. Their flesh 
can either be pleasant and sweet (Irvingia 
gabonensis) or bitter (Irvingia wombolu) and 
inedible [14]. 
 

Because of its excellent nutritional value, the fruit 
is often used for preparing food dishes. The fruit 
pulp is juicy although the taste varies between 
sweet and bitter depending on the type and has 
been shown to have great industrial potentials 
ranging from the  preparation of juices, jams and 
jellies to wine and soap making [13,15]. Bush 
mango is especially valued for their fat and 
protein rich kernels which can also serve as a 
sauce thickening agent [14]. The seeds are a 
good source of vitamins and minerals such                
as calcium, magnesium, potassium, sodium, 
phosphorus, and iron [16,17]. 
 

African bush mango can be used in the 
production of jam, flour and its pounded form is 
used as additives to meats and various 
vegetable dishes. Oil extracted from the kernel of 
bush mango is used for soap making, cosmetics 
and pharmaceuticals. It has also been reported 
that they are important in the treatment of 
diarrhoea and dysentery. It can also be used as 
a purgative, for gastrointestinal and liver 
conditions, for sterility, hernia and urethral 
discharge, and is considered to be a powerful 
aphrodisiac [18]. 
 

The objective of this work is to determine the 
effect of fermentation on the nutritional quality of 
African bush mango seeds based on the fact  
that no much work has been done on the 
fermentation of the seeds. 
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2. MATERIALS AND METHODS 
 

2.1 Collection of Samples 
 

The African bush mango seeds were purchased 
from Okusa market Akungba-Akoko and brought 
to the Microbiology Laboratory of Adekunle 
Ajasin University, Akungba-Akoko, Nigeria for 
analyses. 
 

2.2 Fermentation of Bush Mango Seed 
Cotyledons 

 
Two hundred and fifty grams of the fresh and 
healthy African bush mango seed cotyledons 
were surface sterilized by dipping in 90% ethyl 
alcohol for 1 min and rinsed in several changes 
of sterile distilled water. The cotyledons were 
boiled for 20 minutes, allowed to cool and poured 
into a plastic container containing 500 ml of 
sterile distilled water. The cotyledons were then 
allowed to ferment naturally for 5 days. The 
sample was prepared in triplicates. 
 

2.3 Isolation Procedure 
 
Microorganisms were isolated from the 
fermenting samples on daily basis for the five 
day fermentation period using standard methods. 
Plate count agar and nutrient agar were 
respectively used for enumerating and cultivating 
bacteria at 37°C for 24 hours while yeasts and 
fungi were cultivated with Sabauraud dextrose 
agar and potato dextrose agar respectively at 
25°C for 72 to 96 hours. Pure isolates were got 
by repeated streaking on their respective media 
while the isolates were identified based on           
their cultural, morphological and biochemical 
characteristics using standard methods [19,20]. 
 

2.4 Determination of Temperature, pH and 
Total Titratable Acidity 

 
The temperature, pH and Total titratable acidity 
of the fermenting sample were monitored during 
fermentation period on daily basis. The 
temperature of the samples was determined by 
aseptically inserting a thermometer sterilised with 
75% ethanol into the fermenting sample. The 
container was covered immediately and left for 
about five minutes before the thermometer was 
aseptically removed from the container. The pH 
of the sample was determined by homogenizing 
2 g of the sample with 20 ml of distilled water. 
The digital pH meter (Crison Basic Model 20) 
used was standardized with a buffer solution of 
buffer 6.9, 4.2 and 9.0 before use. 

Total titratable acidity (TTA) was determined by 
grinding 2 g of the sample and mixing it 25 ml of 
distilled water in a beaker. This was titrated 
against 0.4 ml of sodium hydroxide (NaOH) with 
the addition of 4 drops of phenolphthalein as an 
indicator [21].  
 

2.5 Food Proximate Composition and 
Mineral Determination  

 

Food Proximate composition of the samples was 
carried out according to A.O.A.C. [21]. Iron, 
calcium, potassium, sodium and magnesium 
contents of the samples were determined using 
atomic absorption spectrophotometer (Perkin 
Elmer 500 and Varian AA 475). 
 

2.6 Anti-Nutrient Determination 
 

The raw and fermented samples were analyzed 
for the presence of saponins, cyanide, phytate, 
oxalate and tannin [22-25]. 
 

3. RESULTS 
 

3.1 Bacterial Counts 
 
Fourteen bacteria and ten fungi were isolated 
during of the fermentation of African bush mango 
seeds. The bacteria include Bacillus subtilis, 
Bacillus polymyxa, Lactobacillus fermentum, 
Enterococcus faecalis and Staphylococcus 
aureus while the fungi were Aspergillus niger,            
A. flavus, Fusarium poae, Rhizopus stolonifer 
and Penicillium chrysogenum. The Bacillus 
species were isolated throughout the period 
while Lactobacillus and Aspergillus niger were 
present throughout the fermentation period while 
Rhizopus and Lactobacillus species were 
isolated after 24 hours from the samples till the 
72 hours and the end of the fermentation period 
respectively. Penicillium chrysogenum and 
Rhizopus species were isolated after 48 hours of 
the fermentation process. Enterococcus faecalis 
and Aspergilus flavus were isolated on the first 
and second days while Staphylococcus aureus, 
Fusarium and Aspergillus niger were isolated at 
the first two days of fermentation process 
respectively (Table 1). 
 

Bacterial counts which increased from 3.6x10
4 

cfu/ml to 4.5x107 cfu/ml at 72 hours of the 
fermentation to 5.10x10

6 
cfu/ml at 72 hours of the 

fermentation which was followed with a sharp 
decrease to 2.8x10

6 
cfu/ml at 96 hours and later 

slightly increased to 2.9x10
6
 cfu/ml at 120 hours 

at the end fermentation. Fungal counts also 
increased from 1.8x10

3 
sfu/ml to 8.4 x 10

4 
sfu/ml 

at the end of the fermentation period (Table 2).  
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Table 1. Occurrence of microorganisms during the fermentation of African bush mango seeds 
 

Isolates Period (days) 

1 2 3 4 5 

Bacillus polymyxa                                                           + + + + + 

Bacillus subtilis + + + + + 

Lactobacillus fermentum - + + + + 

Enterococcus faecalis + - - - - 

Staphylococcus aureus + + - - - 

Penicillium chrysogenum   - + + + + 

Rhizopus stolonifer - + + + - 

Fusarium poae    + + - - - 

Aspergillus flavus - + - - - 

Aspergillus niger + + - - - 
 

Table 2. Change in microbial counts of fermenting African bush mango seeds 
 

Microbial counts Fermentation period (hours) 

0 24 48 72 96  120 

Bacterial counts (cfu/ml) 3.6 x 10
4
 1.2 x 10

5
 4.5 x 10

6
 4.5 x 10

7
 2.8 x 10

6
 2.9 x 10

7
 

Fungal counts (sfu/ml) 1.8 x 10
3
 2.0 x 10

3
 4.0 x 10

3
 3.4 x 10

4
 5.2 x 10

4
 8.4 x 10

4
 

Values are means of triplicate determination 

 

 
 

Fig. 1. The pH and the total titratable acidity of the fermenting African bush mango seeds 
 

3.2 pH and Total Titratable Acidities (TTA) 
of the Fermenting African Bush 
Mango Seeds 

 
The pH of the samples decreased throughout the 
fermentation period from 6.87 to 5.43 while the 
TTA increased from 4.02% to 5.97% (Fig. 1) 

3.3 Temperature of the Fermenting 
African Bush Mango Seeds 

 
The temperature of the fermenting sample 
increased from 27.5°C to 30.5°C on the 3rd day 
and later reduced to 29.7°C at the end of the 
fermentation period (Fig. 2) 
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Fig. 2. The temperature of fermenting African bush mango seeds 
 

3.4 Proximate Composition of the 
Fermenting African Bush Mango 
Seeds 

 
The results of proximate composition of the 
unfermented and the fermented samples were 
shown in Fig. 3. The contents of the proximate 
composition that increased after fermentation 
were the moisture content (7.23 – 9.43)%, crude 
protein (8.48 – 10.39)% and the ash (3.37 – 
4.13)% while reductions were observed in crude 
fat (46.28 – 43.05)%, crude fibre (2.61 -1.87)% 
and the carbohydrate ( 32.03-31.13)% contents 
of  fermented bush mango seeds (Fig. 3). 
 

3.5 Anti-Nutrient Contents of the 
Fermenting African Bush Mango 
Seeds 

 
All the antinutrient contents that were determined 
in the seeds reduced significantly after 
fermentation (Table 3). Tannin reduced from 
173.53 mg/100 g to 47.42 mg/100 g, oxalate 
from 373.64 mg/100 g to 123.35 mg/100 g, 
cyanide from 8.52 mg/100 g to 3.27 mg/100 g, 
saponin from 13.73 mg/100 g to 4.66 mg/100 g 
and Phytate from 92.43 mg/100 g to 31.62 
mg/100 g. 
 

3.6 Mineral Composition of Fermenting 
African Bush Mango Seeds 

 
Fluctuations were observed in the mineral 
contents of the seeds after fermentation                
(Table 4).  Increases were observed in sodium 
(21.03 –`23.50)ppm, calcium (96.06 – 98.35)ppm 
and magnesium (65.30 – 65.64)ppm but not 
significantly different while significant reductions 
were found potassium (187.07 – 167.85)ppm  
and iron (1.69 – 0.69)ppm of the fermented 
sample. 

4. DISCUSSION 
 

The kind and number of microorganisms on any 
substrate depend on the nutritional composition 
supporting their growth. Bacillus species have 
been isolated in many fermented foods. 
Adegbehingbe et al. [26] isolated Bacillus 
polymyxa, B. subtilis while fermenting lima beans 
seeds. Staphylococcus and Bacillus species 
were also isolated from Parkia biglobosa during 
its fermentation for Iru production [27]. Isolation 
of similar fungi by Aboloma and Ogunsola [28] on 
dry bush mango seeds is an indication that the 
fungi could be natural microflora of the                  
seeds. Ojokoh [29] isolated Aspergillus and 
Rhizopus sp. while fermenting mango peels.  
The disappearance of Enterococcus faecalis, 
Staphylococcus aureus, Fusarium poae and 
Aspergillus species at the early stages of the 
fermentation could be due to their inability to 
withstand the antimicrobial substances produced 
by the predominant microorganisms in the 
substrates [26]. The increases in the microbial 
loads observed in this work as the fermentation 
progressed had been reported by many 
researchers in some fermented cereal and 
legume products. This had been majorly 
attributed to the ability fermenting 
microorganisms to metabolise the substrates 
thereby enhancing their proliferation [26,30-32]. 
 
The reduction in pH and subsequent increase                  
in titratable acidity as the fermentation 
progressed could be due to the organic acid 
synthesis by the fermenting microorganisms 
such as Lactobacillus species [33]. Similar 
findings were also reported by Mbata et al. [34] 
while fermenting maize fortified with bambara 
nut. The initial increase in temperature in                    
this research could be due to the metabolism of 
the substrate by the fermenting microorganisms 
[27].  

26

27

28

29

30

31

0 1 2 3 4 5

T
em

p
e

ra
ru

re
 (

 o
C

)

Fermentaton period (days)



 
 
 
 

Adegbehingbe et al.; JAMB, 3(1): 1-9, 2017; Article no.JAMB.33191 
 
 

 
6 
 

 
Fig. 3. The proximate composition of the unfermented and fermented 

African bush mango seeds 
Key: NF = Unfermented African bush mango, WF = Fermented African bush mango, MCT = Moisture content, 

PRO = Protein content, FIB = Fibre content, CHO = Carbohydrate content 
 

Table 3. The antinutrient contents of the unfermented and fermented African bush mango 
seeds 

 

Samples Tannin  
(mg/100 g) 

Oxalate 
(mg/100 g) 

Cyanide 
(mg/100 g) 

Saponin 
(mg/100 g) 

Phytate 
(mg/100 g) 

Unfermented 173.52a 373.64a 8.52a 13.73a 92.43a 
Fermented 47.42

b
 123.85

b
 3.27

b
 4.66

b
 31.62

b
 

Values are means of triplicate determinations. Values with the same superscript down the column are not 
significantly different (p<0.05) 

 
Table 4. Mineral content of fermented and 
unfermented African bush mango seeds 

(ppm) 
 
Parameters Unfermented Fermented 
Sodium (Na) 21.03

a
 23.50

a
 

Potassium (K) 187.07a 167.85b 
Calcium (Ca) 92.06

ab
 98.35

a
 

Magnesium(Mg) 65.30
a
 65.64

a
 

Iron (Fe) 1.69a 0.69b 
 

The moisture content which increased in the 
fermented African mango seeds could be 
attributed to the secretion of free water 
molecules due to the activities of the fermenting 
microorganisms in the medium [32]. The result of 
moisture content was found to be lower when 
compared to other fermented legumes such as 
Canavalia ensiformis (29.8%) [35] and African 
locust bean (and 30.87%) [31]. The differences 
could be due to addition of water during 
processing or the moisture contents were 
determined using wet method. The increase in 
protein contents of some fermented seeds had 
been reported by different researchers [26,36]. 
The high protein contents observed in the 
fermented sample could be as a result of the 
proliferation of the microbial biomass during 

fermentation or their ability (microorganisms) to 
synthesize amino acids and proteins [17,37].  
The reduction in fat contents after fermentation 
conforms to Enuijugha [2000] while fermenting 
African oil bean seeds. The decrease in fat 
content might be due to production of lipolytic 
enzymes by the fermenting organisms which 
hydrolyzed fats in the sample to glycerol and 
fatty acids [38].  
 
An increase in ash content may be due to the 
microbial degradation of antinutrient contents in 
the seeds during fermentation. This infers that 
more mineral elements in the fermented sample. 
However, Adegbehingbe et al. [26] reported 
reduction in ash contents while fermenting lima 
bean seeds beans which they attributed to the 
leaching of soluble inorganic salts into the 
processing water during fermentation or they 
were been metabolized by the fermenting 
microorganisms. The reduction in the total 
carbohydrate content might be attributed to           
the saccharolytic enzymes secreted by the 
fermenting microorganisms and utilization of 
some of the sugars needed for their growth and 
metabolism. Odetokun [39] reported a decrease 
in the carbohydrate content of fermented cereal 
and legume blend. This result was also in 
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agreement with Omodara and Olowolafe [31] 
while fermenting African locust bean and soy 
bean.  
 

The reduction observed in all the antinutrient 
contents of African bush mango seeds after 
fermentation had been reported in many 
fermented legumes [1,40,41]. The reduction in 
the antinutrient contents might be attributed to 
the hydrolytic activities of the fermenting 
microorganisms and leaching into the 
fermentation vessels [26,42]. Some lactic acid 
bacteria and fungi such as Rhizopus oligosporus 
have known to secrete phytases which could 
degrade phytate to considerable levels [43,44]. 
The significant reductions in the antinutrient 
contents of the sample are welcome 
development because the minerals and other 
nutrients bound to them are more readily 
available [26,43,44].  
 

The low levels of iron were recorded for the 
fermented samples which were lower than that of 
the unfermented raw sample. The levels 
obtained still compared favourably with the 
values obtained by Aletor and Ojelabi [45] in their 
analysis of some traditional Nigerian snacks.  
The increase in the levels of potassium in the 
samples fell within the dietary limit recommended 
by World Health Organization. There were 
reductions in the levels of sodium in the samples. 
The reduction in these minerals could be as a 
result of their utilization by the fermenting 
microorganisms [46].  
 

5. CONCLUSION AND RECOMMENDA-
TION 

 
The results of this experiment show that bush 
mango seed cotyledons have nutritional benefits 
which can be enhanced when fermented. 
Fermentation helps to increase the protein and 
ash content of the seeds thus improving its 
nutritional quality. Further research on the seeds 
should focus on the optimization of the 
fermentation conditions as well as effect of 
starter cultures on the nutritional quality of the 
seeds. 
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