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ABSTRACT 

This study was designed to investigate effects of fermentation and extrusion on the antinutrient 

composition of unripe plantain and pigeon pea blends. The blended samples were prepared in 

three combinations (A=100g unripe plantain; B= 70g unripe plantain: 30g pigeon pea; C= 50g 

unripe plantain: 50g pigeon pea) and separated into four batches (i.e. first batch = preconditioned 

and fermented; second batch = extruded; third batch = fermented and extruded; and fourth batch 

= unfermented/unextruded). The blended samples were fermented for 96 hours using semi-solid 

state fermentation. The pH, temperature and total titratable acidity (TTA) of the fermented 

samples were determined. A total number of fifteen microorganisms comprising 9 bacteria, 2 

yeasts and 4 molds were isolated and identified as; Bacillus subtilis, Bacillus cereus, 

Micrococcus luteus, Staphylococcus aureus, Lactobacillus plantarum, Lactobacillus fermentum, 

Leuconostoc mesenteroides, Lactobacillus mali, Streptococcus lactis, Saccharomyces cerevisiae, 

Candida utilis, Aspergillus niger, Aspergillus fumigatus, Aspergillus candidus, and Mucor 

hiemalis. The pH and total titratable acidity (TTA) significantly varied during fermentation. The 

anti-nutrient content of fermented and extruded blends decreased significantly (P<0.05) when 

compared to the raw blends. Hence, it can be concluded based from the available information 

from this study that fermentation and extrusion decreased the antinutrient composition of unripe 

plantain and pigeon pea blends.  
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1. Introduction 

Fermentation and extrusion improve the nutritional value of foods by reducing the water-binding 

capacity of cereal flour. This allows the fortified to have a free-flowing consistency even with 

high proportion of flour. Extrusion has been reported as an effective processing treatment to 

improve the nutritional quality of cereals (Amadou et al., 2011). In the developing world, 

fermentation is one of the oldest technologies used for food processing and preservation. 

Fermentation reduces antinutrient properties of foods. It can be described as a desirable process 

of biochemical modification of primary food products brought about by microorganisms and 

their enzymes (Muchoki et al., 2010.) Extrusion cooking technology has been described as a 

process in which raw materials are heated and worked upon mechanically while passing through 

compression screws (Iwe, 2003).  

Plantain (Musa paradisiaca) is a giant perennial crop, cultivated in many tropics and subtropical 

countries of the world (Akomolafe and Aborisade 2007).  Plantains are staple food that provides 

60 million people with 25% calories (FAO, 2005). Plantain is used as a source of starchy staple 

food for millions of people in Nigeria. Mature plantain pulp is rich in iron, potassium and 

vitamin A but low in protein and fat (Adeniji et al., 2006). Unripe plantain meal is usually 

consumed by diabetics to reduce postprandial glucose level. This is because the propensity of 

individual to develop diabetes and obesity is due to the increased consumption of carbohydrate-

rich foods with a high glycemic index (Oboh and Erema, 2010). 

Pigeon peas are leguminous shrubby herb, with trifoliate leaves, yellow flowers and flattened 

pods that is much cultivated especially in the tropics (Damaris, 2007). Pigeon pea is well adapted 

to the tropical regimes. One of the best solutions to protein energy malnutrition in developing 

countries is supplementing cereals with protein rich legumes. Pigeon pea flour has been tested 

and found to be suitable as a protein source for supplementing cereal food products due to its 

high level of protein, iron and phosphorus (Harinder et al., 1999).  



 

 

The main objective of this study is to evaluate the fermentation and extrusion effects on the 

antinutrient compositions of unripe plantain and pigeon pea flour blends for human consumption. 

2. MATERIALS AND METHODS 

 2.1 Collection of Samples 

Green matured unripe plantain and pigeon pea seeds used for this study were obtained from Oja 

Oba, Akure metropolis in Ondo state, Nigeria.  

2.2 Processing of Unripe Plantain Flour 

The unripe plantain was sorted for maturity and cleaned by washing with water. The clean unripe 

plantains were peeled and sliced thinly into 2 mm diameter and sun dried for 72 hours. The dried 

unripe plantain was then fed into a Bentall attrition mill (Model 200L090). The milled flour was 

sieved with 0.25 mm mesh sieve into fine flour and kept in an air tight container. 

2.3 Processing of Pigeon pea Flour 

Pigeon pea seeds were cleaned by sorting out dirt and stones. The cleaned pigeon pea seeds were 

coarsely milled to separate the coat from the cotyledon. The husk was separated from the seed by 

blowing air into it. The dehulled pigeon pea seeds were milled into fine flour using an attrition 

mill after which it was sieved through 0.25 mm mesh. The pigeon pea flour was kept in an 

airtight container. 

2.4 Formation of pigeon pea-plantain Blends 

The unripe plantain and pigeon pea flours were formulated in the ratio of (unripe plantain: 

pigeon pea) 100:0; 70:30; and 50:50. 

Sample A (100:0) = 100% unripe plantain flour 

Sample B (70:30) = 70% unripe plantain flour and 30% pigeon pea flour 

Sample C (50:50) = 50% unripe plantain flour and 50% pigeon pea flour 

2.5 Fermentation and Extrusion of Flour Blends 

A batch of the flour blend was fermented using semi- solid state fermentation for 96 hours. 70 ml 

of sterilized water was added to 100 g of each sample in cleaned containers and properly sealed. 

The fermentation process was terminated by oven drying at 60°C for 24 hours. Two batches of 

samples were subjected to extrusion cooking. The first batch consists of the unfermented blends. 

The blends were hydrated and preconditioned by adding 50 ml of water to 1000 g of the sample 

and manually mixed in a sterile bowl to ensure even distribution of water. The samples were 

extruded using a Brabender 20DN single screw laboratory extruder (Brabender OHG, Duisburg, 



 

 

Germany). The second batch of the samples consists of the fermented samples. The fermented 

samples were also extruded using a Brabender 20DN single screw laboratory extruder 

(BrabenderOHG, Duisburg, Germany). The samples were extruded at 100°C, 20 revolution per 

minute and feeding rate of 30 kg/h. All the extrudates were air dried for 12 hours after which 

they were stored at 32°C in sterile polyethylene bags and kept in properly labeled air tight 

containers. The control which consists of the raw blends which were neither fermented nor 

extruded was kept in air tight containers. 

2.6 Microbiological Analysis of the Samples 

   Bacteria and fungi were evaluated using nutrient agar (NA) and potato dextrose agar (PDA) 

respectively while De Man Rogosa sharpe agar was used to isolate lactic acid bacteria. 

Techniques were enumerated by using appropriate serial dilution and pour plate techniques. The 

bacterial culture was incubated at 37°C for 18 to 24 hours, fungal plates were inverted and 

incubated at 24°C for 48 to 72 hours. De Man Rogosa sharpe agar plates were incubated at 32°C 

for 18 to 24 hours anaerobically. The organisms were characterized based on biochemical and 

morphological observations according to the methods of Fawole and Oso (2007) and 

(Cheesbrough, 2006). 

2.7 Determination of pH and TTA 

The pH of all fermenting samples was determined at 24 hours interval using a pocket size pH 

meter. A 1 g of the sample was dissolved in 10 ml of distilled water and filtered. The pH meter 

was calibrated with buffer solutions of pH 4, 7 and 9, this was followed by dipping the electrode 

of the pH meter into the sample solution and the observed pH was read and recorded in 

triplicates. The total titratable acidity of the fermenting samples was determined at 24 hours 

interval. A 2 g of macerated sample was weighed into a beaker. 20 ml of distilled water was 

added to it, it was mixed and filtered. 10 ml of the filtrate was measured into a beaker and 2 

drops of phenolphthalein indicator was added into it. This was titrated with 0.1 M sodium 

hydroxide (NaOH) solution and the titre value was read. Total titratable acidity was expressed as 

percent (%) lactic acid. The acidity was calculated as:   TTA= Titre value × 9 mg/100. The pH 

and TTA of the samples were carried out according to the method described by AOAC (2012). 

2.8 Determination of Antinutrients   

        2.8.1 Determination of phytate 



 

 

 The phytate content in each sample was determined using the modified method of Chen 

(2004). Phytate was extracted by adding 0.1g of the sample into 100 ml 0.2M HCI and 

shaken for 1 hour before centrifuging at 5000 rpm for 15 minutes. A 0.5 ml of the 

supernatant was pipetted into a test tube fitted with ground glass stopper before adding 1ml 

acidic ammonium iron (3) sulphate dodecahydrate (0.2g NH4Fe(SO4)2) 

       2.8.2 Determination of alkaloid content 

 The sample (100g) was grounded and then extracted with methanol for 24 hours in a 

continuous extraction (soxhlet) apparatus. The extract was filtered and methanol was 

evaporated on a rotary evaporator under vacuum at a temperature of 45
o
C to dryness. A part 

of this residue was dissolved in 2 N HCl and then filtered. One ml of this solution was 

transferred to a separatory funnel and washed with 10 ml chloroform (3 times). The pH of this 

solution was adjusted to neutral with 0.1 N NaOH. Then 5 ml of BCG solution and 5 ml of 

phosphate buffer were added to this solution. The mixture was shaken and the complex 

formed was extracted with 1, 2, 3, and 4 ml chloroform by vigorous shaking. The extracts 

were collected in a 10ml volumetric flask and diluted to volume with chloroform. Presence of 

alkaloid was confirmed by Dragen droff's method. A part of extract was dissolved in dilute 

HCL and 2 drops of Dragon drop's was added, a crystalline precipitate indicates presence of 

alkaloid (Ali et al., 2012).     

      2.8.3 Determination of saponin 

  The sample was grounded and 20g of each were put into a conical flask and 100 cm
3
 of 20 % 

aqueous ethanol was added. The samples were place over a hot water bath for 4 hours with 

continuous stirring at 55
o
C. The mixture was filtered and the residue re extracted with another 



 

 

200 ml of 20 % ethanol. The combined extracts were reduced to 40ml over water bath at 

90
o
C. The concentrate was transferred into 250 ml separating funnel and 20 ml of diethyl 

ether was added and shaken vigorously. The aqueous layer was recovered while the ether was 

later discarded. The purification process was repeated and 60 ml of n- butanol was added. The 

combined n-butanol extract was washed twice with 10 ml of 5 % aqueous sodium chloride. 

The remaining solution was heated in a water bath. After evaporation, the sample was dried in 

the oven to a constant weight; the saponin content was calculated as percentage (Amir et al., 

2011). 

 % Saponin = Initial weight – final weight of the sample x 100   

                                                     Initial weight   

 

  2.8.4 Determination of phenol 

The concentration of phenolics in the sample was determined using spectrophotometric 

method (Singleton et al., 1999). Methanolic solution of the sample in the concentration of 1 

mg/ml was used in the analysis. The reaction mixture was prepared by mixing 0.5 ml of 

methanolic solution of the sample, 2.5 ml of 10% Folin-Ciocalteu’s reagent dissolved in 

water and 2.5 ml of 7.5 % NaHCO3. Blank was concomitantly prepared, containing 0.5 ml 

methanol, 2.5 ml 10 % Folin-Ciocalteu’s reagent dissolved in water and 2.5 ml of 7.5 % of 

NaHCO3. The samples were thereafter incubated in a thermostat at 45
o
C for 45 min. The 

absorbance was determined using spectrophotometer at λmax = 765 nm. The samples were 

prepared in triplicate for each analysis and the mean value of absorbance was obtained. The 

same procedure was repeated for the standard solution of gallic acid and the calibration line 

was constructed. Based on the measured absorbance, the concentration of phenolics was read 

in (mg/ml) from the calibration line; then the content of phenolics in extracts was expressed 



 

 

in terms of gallic acid equivalent (mg of GA/g of extract) (Singleton et al., 1999; Milan, 

2011).  

       2.8.5 Determination of tannin content  

A 200mg of finely ground sample was weighed into a 50 ml sample bottle. Ten (10) ml of 70 

% aqueous acetone was added and properly covered. The bottles were put in an ice bath 

shaker for 2 hours at 30
o
C. Each solution was then centrifuged and the supernatant stored in 

ice. A 0.2 ml of each solution was pipetted into test tubes and 0.8 ml of distilled water was 

added. Standard tannic acid solutions were prepared from a 0.5 mg/ml stock and the solution 

made up to 1 ml with distilled water. A 0.5 ml of folin reagent was added to both sample and 

standard followed by 2.5 ml of 20% Na2CO3. The solutions were then vortexed and allowed to 

incubate for 40 minutes at room temperature after which absorbance was read at 725 nm 

against a reagent blank concentration of the samples from a standard tannic acid curve (Banso 

and Adeyemo, 2010). 

3. Statistical Analysis 

 Statistical analyses of the Data were obtained using SPSS statistical software (SPSS for 

window version 20). Data obtained as mean standard deviations were analyzed by Analysis of 

Variance (ANOVA), followed by Duncan’s New Multiple Range Test(P<0.05) to determine 

the significant differences between the mean values. 

4. RESULTS 

4.1 Microorganisms Isolated During 

Fermentation of Samples 

A total number of fifteen (15) microorganisms comprising nine (9) bacteria, two (2) yeasts and 

four (4) molds were isolated and identified as; Bacillus subtilis, Bacillus cereus, Micrococcus 

luteus, Staphylococcus aureus, Lactobacillus plantarum, Lactobacillus fermentum, Leuconostoc 



 

 

mesenteroides, Lactobacillus mali, Streptococcus lactis, Saccharomyces cerevisiae, Candida 

utilis, Aspergillus niger, Aspergillus fumigatus, Aspergillus candidus, and Mucor hiemalis. 

4.2 pH of Unripe Plantain and Pigeon Pea Flour Blends during Fermentation 

The pH variations during the fermentation ofunripe plantain and pigeon pea blends are shown in 

Fig. 1. Sample A gradually decreased from 5.80±0.00 to 5.10±0.03, Sample B decreased from 

6.0±0.00 to 5.30±0.00, and sample C, decreased from 5.90±0.00 to 5.20±0.00. 

 

 

4.3 Total Titratable Acidity of Unripe Plantain and Pigeon Pea Flour Blends during 

Fermentation 

Variations in titratable acidity (TTA) during fermentation of unripe plantain and pigeon pea 

blends are represented in Fig. 2. Sample A had TTA of 1.20±0.00 at 0 hour; this increased to 

2.20±0.00 and 4.40±0.00 at 24 hours and 48 hours and increased slightly to 4.5±0.00 at 72 hours 

and finally decreased to 3.70±0.00 at 96 hours. Sample B increased from 1.00±0.00 at 0 hour and 

increased to 2.20±0.00 at 24 hours, decreased slightly to 2.00±0.00 at 48 hours and increased to 

6.60±0.00 at 72 hours and finally decreased to 3.6±0.00 at 96 hours. Sample C at 0 hour 

increased from 1.10±0.00 to 2.30±0.00 at 24 hours and increased to 3.60±0.00 at 48 hours, 

decreased to 2.60±0.00 at 72 hours and finally decreased to 3.6±0.00 at 96 hours. 

4.4 Anti-Nutritional Composition of Unripe Plantain and Pigeon Pea Flour Blends. 

4.4.1 Changes in alkaloid content 

The alkaloid content of unripe plantain and pigeon pea blends are shown in Table 1. The result 

obtained from the anti-nutrient composition of the samples indicated that the raw samples 

contained the highest alkaloid content ranged from 1.47±0.03 to 3.83±0.02. There was no 

significant difference (P≤0.05) in the fermented-unextruded blends (0.75±0.02 to 1.13±0.04) and 

unfermented-extruded blends (0.88±0.03 to 1.46±0.01). The fermented-extruded blends recorded 

significantly low alkaloid content ranging from 0.55±0.01 to 1.03±0.05. 

4.4.2 Changes in phenol content 



 

 

The phenol content of unripe plantain and pigeon pea blends are shown in Table 1. There was 

significant difference between the phenol content of all the blends. Raw blends had the highest 

phenol content with values ranged from 11.17±0.01 to 17.03±0.00. Fermented blends had phenol 

content ranging from 2.35±0.03 to 15.29±0.01. Extruded unfermented blends had phenol content 

with values ranging from 1.13±0.0 to 9.15±0.03. Extruded fermented blends had the lowest 

phenol content ranging from 1.03±0.01 to 7.52±0.01. 

 

4.4.3 Changes in tannin content  

Tannin content of the blends is shown in Table 1. There was significant difference (P≤0.05) 

between sample A, B and C of the raw blends (0.85±0.01, 1.63±0.00 and 1.28±0.00 

respectively). There was no significant difference (P≤0.05) for samples A and B for the 

fermented blends (0.47±0.00 and 0.39±0.00 respectively), but sample C recorded significant 

difference (P≤0.05). Extruded unfermented blends had no significant difference for sample B 

and C (1.07±0.01 and 1.03±0.01 respectively) but sample A recorded significant difference 

(P≤0.05). The extruded fermented blends had values ranging from 0.25±0.01 to 1.13±0.01. 

4.4.4 Changes in saponin content 

Saponin content of the blends is shown in Table 1 The raw blends had the highest saponin 

content (1.32±0.08 to 1.99±0.07). Saponin content reduced significantly in the fermented 

unextruded blends having values that ranged from (0.31±0.04 to 0.78±0.06). There was slight 

decrease in the saponin content of unfermented extruded (1.25±0.24 to 1.52±0.13) and fermented 

extruded blends (0.57±0.13 to 1.07±0.23). 

4.4.5 Changes in phytate content 



 

 

Phytate content of the blends are shown in Table 1. There was significant difference (P≤0.05) in 

the phytate content of the raw blends, fermented blends and fermented-extruded blends. The 

extruded-unfermented blends of sample B and C (18.15±0.02 and 18.03±0.01 respectively) 

showed no significant difference but extruded-fermented sample A showed significant difference 

(P≤0.05). The raw blends had the highest phytate content with values that ranged from 

21.35±0.04 to 23.17±0.01 for samples A to C. Fermented samples had the least phytate content 

with values that ranged from 11.53±0.23 to 15.25±0.00 for sample A to C.    

 

 

 

 

Figure 1: pH variation during fermentation of unripe plantain and pigeon pea blends 

Keys  

A= 100g Unripe Plantain flour;  

B= 70g unripe plantain flour and 30g pigeon pea flour;  

C= 50g unripe plantain flour and 50g pigeon pea flour 



 

 

 

Figure 2:  Variations in Total titratable acidity during the fermentation of unripe 

plantain and pigeon pea blends 

 

  Keys 

 A= 100g Unripe Plantain flour;  

 B= 70g unripe plantain flour and 30g pigeon pea flour;  

 C= 50g unripe plantain flour and 50g pigeon pea flour 

Table 1: Anti-nutrient composition of unripe plantain and pigeon pea blends (mg/g)  

Sample 

codes  

Alkaloid  

(mg/g) 

Phenol 

(mg/g) 

Tannin 

(mg/g)  

Saponin 

(mg/g) 

Phytate 

(mg/g) 

ARF  1.47±0.01
d  11.17±0.00

g 
0.85±0.01

ab 
1.32±0.00

c 
23.17±0.01

g 

BRF  2.25±0.01
e  17.03±0.01

j  1.63±0.02
d  1.79±0.01

e  21.35±0.02
f 

CRF  3.83±0.00
f  16.25±0.00

j  1.28±0.00
c  1.99±0.00

f  22.69±0.01
f
  

AFU  1.13±0.01
c  2.35±0.00

c  0.47±0.00
a  0.78±0.00

ab  13.37±0.00
b  

BFU  1.07±0.00
c
  15.29±0.00

i  0.39±0.02
a 

0.69±0.01
a  11.53±0.00

a  

CFU  0.75±0.01
b  13.48±0.01

h 
1.15±0.00

b  0.31±0.01
a  15.25±0.00

d  

AUE  1.46±0.00
d
  1.13±0.01

a  0.75±0.00
ab  1.25±0.00

c  17.43±0.01
d  

BUE  1.37±0.00
d  4.27±0.00

b  1.07±0.00
b  1.30±0.00

c  18.15±0.00
e  

CUE  0.88±0.00
b 

9.15±0.01
f  1.03±0.00

b  1.52±0.00
d  18.03±0.01

e  

AFE  1.03±0.01
c  1.03±0.01

a
  0.25±0.00

a  0.57±0.00
a  15.31±0.00

c  

BFE  0.71±0.02
b  7.52±0.00

e  1.13±0.01
b  0.63±0.00

a
 
 

12.03±0.01
a  

CFE   0.55±0.00
a
  5.97±0.01

d 
1.01±0.00

b  1.07±0.02
b  13.77±0.00

b  



 

 

Values are means of triplicate determinations ± SD. Means in the same column with 

different superscripts are significantly different (P≤0.05) 

Keys: ARF= Raw unripe plantain flour 100g; BRF=  Raw unripe plantain flour 70g and  raw 

pigeon pea flour 30g; CRF= Raw unripe plantain flour 50g and raw pigeon pea flour 50g; AFU= 

Fermented unextruded unripe plantain flour 100g; BFU= Fermented unextruded unripe plantain 

flour 70g and pigeon pea 30g; CFU= Fermented unextruded unripe plantain flour 50g and pigeon 

pea 50g; AUE= Unfermented extruded unripe plantain flour 100g; BUE= Unfermented extruded 

unripe plantain flour 70g and pigeon pea 30g; CUE= Unfermented extruded unripe plantain flour 

50g and pigeon pea 50g; AFE= Fermented extruded unripe plantain flour 100g; BFE= Fermented 

extruded unripe plantain flour 70g and pigeon pea 30g; CFE= Fermented extruded unripe 

plantain flour 50g and pigeon pea 50g  

5. DISCUSSION 

       There were varied microbial populations during the fermentation of unripe plantain and 

pigeon pea flour blends. The increase in microbial population between 0 and 48 hours could be 

attributed to various microorganisms adapting to the fermentation environment. Jeff- Agboola, 

(2007) also recorded increase in microbial counts during natural fermentation of African yam 

beans (Sphenostylis sternocarpa Harms). Also the decrease in microbial population between 48 

and 96 hours may be due to reduction in pH which could have inhibited the growth of some 

microorganisms like Staphylococcus aureus, Bacillus subtilis, Bacillus cereus and Micrococcus 

luteus in the fermenting media. Similar results were reported by Odion-Owase et al. (2018) who 

stated that the results of the microbial counts in fermented pigeon pea showed decrease in the 

microbial counts as fermentation progressed. As fermentation of unripe plantain and pigeon pea 

flour blends progressed, the pH of the samples decreased. Odion-Owase et al. (2018) also 

recorded decrease in pH during the fermentation of pigeon pea. The lowering of pH could be due 

to the high carbohydrate composition in unripe plantain and pigeon pea blends which might have 

been degraded to organic acids. This finding is similar to that of Hassan et al. (2015) who stated 

that the decrease in pH may be as a result of the activities of microorganisms on the fermentable 

substrate which led to the hydrolysis of complex organic compounds of the substrate thereby 

producing acid and ethanol. The acids produced led to a decrease in pH and increase in total 



 

 

titratable acidity which consequently resulted in decrease in microbial loads (Hassan et al., 

2015). However, the fermentation results of this research suggest that it is acidic where pH of 

fermenting media decreases with increase in total titratable acidity (TTA). 

 The microorganisms that were present in the fermenting media varied, comprising of a 

total of fifteen microorganisms which include, nine (9) bacteria, two (2) yeasts and four (4) 

molds. These were isolated and identified as; Bacillus subtilis, Bacillus cereus, Micrococcus 

luteus, Staphylococcus aureus, Lactobacillus plantarum, Lactobacillus fermentum, Leuconostoc 

mesenteroides, Lactobacillus mali, Streptococcus lactis, Saccharomyces cerevisiae, Candida 

utilis, Aspergillus niger, Aspergillus fumigatus, Aspergillus candidus, and Mucor hiemalis. This 

is similar to the findings of Ojokoh and Udeh (2014) that legume supplemented products had a 

greater microbial diversity and higher microbial populations. Staphylococcus aureus, Bacillus 

subtilis, Bacillus cereus, and Micrococcus luteus were isolated between 0 and 24 hours of 

fermentation. However, as fermentation progressed, these less desirable bacteria disappeared. 

This could be as a result of their inability to tolerate the low pH of the fermenting media. The 

inability to detect these less desirable microorganisms in the fermentation media after 24 hours 

agrees with the observation of Wakil and Ajayi (2013). The involvement of microorganisms like 

Staphylococcus aureus may be attributed to handling because they are normal flora of the skin.  

Okigbo and Omodamiro (2011) isolated Staphylococcus aureus from human skin which is a 

normal flora of the skin. Between 24 and 48 hours Bacillus species constituted the major bacteria 

in samples B and C while Aspergillus species were the dominant fungi. These could be the 

microbial flora associated with pigeon pea as these samples have been supplemented with pigeon 

pea. Similar findings were observed by Olunlade et al. (2013) who isolated Bacillus species and 

Aspergillus species from maize-pigeon pea biscuit. Since the major components of the samples 



 

 

are carbohydrate, protein and fat; the microbes that are responsible for the fermentation must 

have the ability to utilize these three components. Bacillus species were dominant in samples B 

and C during the fermentation process. Enujiugha (2009) confirmed that Bacillus species are 

known to have proteolytic and lipolytic ability. At 72 and 96 hours, lactic acid bacteria were 

dominant in all the fermenting media. This corresponds with the findings of Ezeama and Ihezie 

(2006) that fermentation of most carbohydrate foods are lactic acid fermentations. 

   The results of anti-nutrient components revealed that extrusion cooking reduced phytate 

levels. It could be expected that lowering this compound would enhance the bioavailability of 

minerals such as Zinc and Iron in the extrudates since phytic acid has been implicated in 

making these minerals unavailable as reported by Anuonye et al. (2009). Decrease in phytate 

content may be partly due to the formation of insoluble complexes between phytate and 

microbial degradation. It could also be due to the heat labile nature of phytic acid. The effect 

of fermentation on phytic acid may be due to the activity of enzyme like phytase produced by 

fermenting micro flora (Amit et al., 2017). The reduction in phytate level of fermented blends 

could be interpreted as the main reason behind the observed increase in the concentrations of 

minerals in the fermented samples. Reduction in the phytate content was also reported by 

Hassan et al. (2015) when he evaluated the effect of blanching and fermentation on cocoyam. 

The level of tannin was significantly reduced in the unfermented extruded blends, 

fermented unextruded blends as well as fermented extruded blends. Decrease in tannin after 

fermentation may be as a result of microbial activity during fermentation like tannase and 

metabolites for microbial fermentation (Sorour et al., 2017). Tannins form insoluble 

complexes with proteins thereby decreasing protein digestibility (Uzoechina, 2007). Tannins 

also decrease palatability, cause damage to intestinal tract and enhance carcinogenesis 



 

 

(Anuonye et al., 2012). Reduction of tannin in the fermented blends may be as a result of the 

fact that tannins are polyphenols and all polyphenolic compounds are water soluble in nature 

(Udenzi et al., 2007). Therefore, reduction in tannin content of the fermented blends may be 

attributed to leaching out of phenols into the fermenting media (Udenzi et al., 2007). Similar 

result was also reported by Hassan et al. (2015). Korus et al. (2007) attributed the decrease in 

the phenolic content of beans to high temperature when he evaluated the effect of extrusion on 

the phenolic composition and antioxidant activity of dry beans. Suazo et al. (2014) reported 

that the concentration of phenol reduced with fermentation.  

Saponin content was reduced in all the flour blends but significantly reduced in 

fermented extruded blends. Saponins have anti-hyper cholesterol, anti- inflammatory, cardiac 

depressant property and also appear to kill or inhibit cancer cells without killing the normal 

cells in the process (Ojinnaka et al., 2016). The saponin content of the pigeon pea flour 

samples were reduced by each of the processing methods (fermentation and extrusion). The 

raw samples had the highest saponin values increasing from 1.32±0.00mg/g to 1.99±0.00mg/g 

while the fermented extruded blends had the lowest saponin values ranging from 

0.57±0.00mg/g to 1.07±0.02 mg/g. It has been reported that processing techniques such as 

boiling, sprouting and fermentation reduce anti-nutritional content of legume flours 

(Nwanekezi et al., 2017). 

Alkaloids are important poisons produced by plants as active defense against aggressors 

(Kasprowicz-Potocka et al., 2017). There was significant difference (P<0.05) in the alkaloid 

content of the unripe plantain and pigeon pea flour samples. The raw samples had the highest 

alkaloid content (1.47±0.01mg/g to 3.83±0.00mg/g) in comparison with the fermented extruded 

samples with a significant reduction ranging from 1.03±0.01mg/g to 0.55±0.00mg/g in the total 



 

 

alkaloid content. Alkaloids are nitrogen containing naturally occurring compounds found to have 

antimicrobial properties due to their ability to intercalate with DNA of the microorganisms 

(Kasolo et al., 2010). The reduction of alkaloids due to boiling, sprouting and fermentation had 

been reported respectively by Nwanekezi et al. (2017). The presence of alkaloids in this study 

may lead to healing of wounds, varicose ulcers, hemorrhoids, frostbite and burn in herbal 

medicines as reported by Ndulaka and Obasi (2018).  

The rate at which these anti-nutrients affect the availability of nutrients by chelating the       

nutrients and making them available for utilization in the system will be relatively reduced. 

Since the higher the level of anti-nutrient, the lower the bioavailability of the nutrient and 

minerals contained therein (Fagbemi and Ojokoh, 2016).    

5.1 CONCLUSION 

This investigation shows that fermentation and extrusion of the blending of unripe plantain and 

pigeon pea has the potential of reducing the antinutrient compositions of the samples thereby 

producing enriched complementary food for improving the health of malnourished children of 

developing countries.  

 

 

REFERENCES 

1. Amadou, I., Gbadamosi, O. S. & Le, G. W. (2011). Millet based traditional processed foods 

and beverages: A review. Cereal Foods World.  56: 115-121. 

2. Muchoki, C. N., Imungi, J. K. & Lamuka, P. O. (2010).  Changes in beta-carotene, ascorbic 

acid and sensory properties in fermented, solardried and stored cow-pea leaf vegetables. 

African. Journal of Food Agricultural Nutrition and Development. 7:16–26. 



 

 

3. Iwe, M. O. (2003). The science and technology of soybean: Chemistry nutrition processing 

and utilization. 1st Edition. Rejoint Communication Services Limited. Enugu State. 

Nigeria. Page 680.  

4. Akomolafe, O. M. & Aborisade, A. T. (2007). Effect of stimulated storage conditions on the 

quality of plantain (Musa paradisiaca) fruit. International Journal of Agriculture 

Research. 2(12): 1037-1042. 

5. FAO, (2005). Production Yearbook for 2005. FAOSTAT Data, Food and Agriculture 

Organisation of the United Nations, Rome.  

6. Adeniji T.A., Sanni L.O., Barimalaa, L.S. & Hart, A.D. (2006). Determination of 

micronutrients and colour variability among new plantain and banana hybrid flour. 

World Journal of Chemistry. 1(1): 23-27. 

7. Oboh, H. E. & Erema, V. G. (2010). Glycemic indices of processed unripe plantain (Musa 

paradisiaca) meals. African Journal of Food Science. 4(8): 514-521. 

8.    Damaris, A. O. (2007). The potential of pigeon pea (Cajanus cajan (L.) Millsp.) in Africa. 

Natural Resources Forum. 31(32): 297–305. 

9. Harinder, K. & Sharma, B. (1999). Studies on the baking properties of wheat: Pigeon pea 

flour blends. Journal of Plant Foods for Human Nutrition. 54: 217–226. 

10.  Fawole, M. O. & Oso, B. A. (2007). Laboratory manual of microbiology. 5
th

edition. 

Spectrum Books limited, Ibadan, Nigeria.  22-23. 

11. Cheesbrough, M. (2006). District laboratory practical in Tropical countries part 2, 2
nd

 

edition. Cambridge University Press U.K. 48: 62-70. 



 

 

12. AOAC, (2012). Official methods of analysis of the Association of Official Analytical 

Chemists international. 19th edition. Gathersburg, Maryland, U.S.A. 

13. Ali, M., Mostafa, P., Fariba, S., Shirin, P., Reza, F. & Sedigheh, S. (2012). Alkaloids and 

flavonoid of fenugreek seeds (Trigonella foenum-graecum L.) with antinociceptive 

and anti-inflammatory effects. Journal of Food and Chemical Toxicology Elsevier. 50: 

2503-2507. 

14. Amir, M. K., Rizwana, A. Q., Faizan, U., Syed, A. G., Asia, N., Sumaira, S., Muhammad, 

K. L., Muhammad, Y. L., Shafiq, U. R., Ishtiaq, H. & Waheed, M. (2011). 

Phytochemical analysis of selected medicinal plants of Margalla hills and surroundings. 

Journal of Medicinal Plants Research. 5(25): 6017-6023.   

15. Singleton, V. I., Orthofer, R. & Lamuela-Raventos, R. M. (1999). Analysis of total phenols 

and other oxidation substrates and antioxidants by means of Folin-Ciocalteau 

reagent. Journal of Methods on Enzymology. 299: 152-178. 

16. Milan, S. S. (2011). Total phenolic content, flavonoid concentration and antioxidant activity 

of Marrubium peregrinum L. Extracts. Kragujevac Journal of Science. 33: 63-72.  

17. Banso, A. & Adeyemo, S. O. (2010). Evaluation of antibacterial properties of tannins 

isolated from Dichrostachys cinerea. African Journal of Biotechnology. 6(15): 1684-

5315).   

18. Jeff-Agboola, V. A. (2007). Microorganisms associated with natural fermentation of African 

yam beans (Sphenostylis sternocarpa Harms) seeds for the production of Otiru. 

Research Journal of Microbiology. 2(11): 816-823. 



 

 

19. Odion-Owase, E., Ojokoh, A. O. & Oyetayo, V. O. (2018). Effect of different fermentation 

methods on the microbial and proximate composition of pigeon pea (Cajanus cajan). 

Microbial Research Journal International. 23(1): 1-6. 

20.         Hassan, G. F., Yusuf, L., Adebolu, T. T. & Onifade, A. K. (2015). Effect of 

fermentation on mineral and anti-nutritional composition of cocoyam. Sky Journals 

of Food Science. 4(4): 42-49.  

21. Ojokoh, A. O. & Udeh, E. N. (2014). Effects of fermentation and extrusion on the 

proximate composition and organoleptic properties of sorghum- soya blends. African 

Journal Biotechnology. 13(40): 4008-4018. 

22. Wakil, S. M. & Ajayi, O. O. (2013). Production of lactic acid from starchy-based food 

substrates. Journal of Applied Biosciences. 71: 5673-5681. 

23. Okigbo, R. N. & Omodamiro, O. D. (2011). Antimicrobial effect of leaf extracts of pigeon 

pea (Cajanus cajan (L.) Mill sp.) on some human pathogens. Journal of Herbs, Spices 

and Medicinal plants. 12(1): 117-127. 

24. Olunlade, B. A., Adeola, A. A. & Anuoluwapo, A. O. (2013). Microbial profile of maize-

pigeon pea biscuit in storage. Fountain Journal of Natural and Applied Sciences. 2(2): 01-09 

 

25. Enujiugha, V. N. (2009). Major fermentative organisms in some Nigerian soup condiments. 

Pakistan Journal of Nutrition. 8(3): 279-283. 

26.  Ezeama, F. C. & Ihezie, I. C. (2006). Microbiological and sensory evaluations of 

fermented rice snacks (masa) supplemented with soybean. Journal of Food 

Technology. 4(4): 345-349. 



 

 

27. Anuonye, J. C., Onu, J. O., Egwin, E. & Adeyemo, S. O. (2009). Nutrient and anti-nutrient 

composition of extruded acha/soybean Blend. Journal of Processing. 34: 680-691. 

28. Amit, V., Sewa, R. & Vikas, B. (2017). Cereal phytases and their importance in improvement 

of micronutrients bioavailability. Journal of Biotechnology. 7(42): 1-7.  

29.      Sorour, M. A., Mehanni, A. E., Taha, E. M. & Rashwan, A. K. (2017). Changes of total 

phenolics, tannins, phytate and antioxidant activity of two sorghum cultivars as 

affected by processing. Journal of Food and Dairy Science. 8(7): 267-274 

30.     Uzoechina, E. O. (2007). Effects of separation on the phytochemical properties of legumes. 

Journal of Natural Sciences Research. 66: 361-362. 

31. Anuonye, J. C. (2012). Some functional properties of extruded acha/soybean blends using 

response analysis. African Journal of Food Science. 6(10): 269-279 

32.    Udenzi, E. A., Ekwu F. C. & Isinguzo, J. N. (2007). Antinutrient factors of vegetable 

cowpea (Sesquipedalis) seeds during thermal processing. Pakistan Journal of Nutrition. 6(10): 

194-197. 

33. Korus, J., Gumul, D. & Czechowska, K. (2007). Phenolic composition and antioxidant 

activity of dry beans. Journal of Food Technology and Biotechnology. 45: 139-146. 

34. Suazo, Y., Davidov‐Pardo, G. & Arozarena, I. (2014). Effect of fermentation and roasting 

on the phenolic concentration and antioxidant activity of cocoa from Nicaragua. Journal of Food 

Quality. 37(1), 50–56. 

 

35. Ojinnaka, M. C., Odimegwu, E. N. & Chidiebere, F. E. (2016). Comparative study on the 

nutrient and antinutrient composition of the seeds and leaves of Uziza (Piper 



 

 

Guineense). Journal of Environmental Science, Toxicology and Food Technology. 

10(8): 42-48. 

36. Nwanekezi, E. C., Ehirim, F. N. & Arukwe, D. C. (2017). Combined effects of different 

processing methods on vitamins and anti-nutrients contents of pigeon pea (Cajanus 

Cajan) flour. Journal of Environmental Science, Toxicology and Food Technology. 

11(4): 73-81. 

37. Kasprowicz-Potocka, M., Zaworska, A., Gulewicz, P., Nowak, P. & Frankiewicz, A., 

(2017). The effect of fermentation of high alkaloid seeds of Lupinus angustifolius var. 

Karo by Saccharomyces cerevisieae, Kluyveromyces lactis, and Candida utilis on the 

chemical and microbial composition of products. Journal of Food Processing and 

Preservation. 10(11): 1-10. 

38. Kasolo, N. J., Bimenya, S. G., Ojok, L., Ochieng, J. & Ogwal-Okeng, W. J. (2010). 

Phytochemicals and uses of Moringa oleifera leaves in Ugandan rural communities. 

Journal of Medicinal Plants Research. 4(9): 753-757. 

39. Ndulaka, J. C. & Obasi, N. E. (2018).  Production and quality evaluation of cookie-like 

products formulated from blends of wheat flour and garri from biofortified cassava varieties. 

Research Journal of Food Science and Quality Control. 4(1): 20-41.  

 

40. Fagbemi, A. O. & Ojokoh, A. O. (2016). Effects of fermentation and extrusion on the 

proximate and organoleptic properties of cowpea-plantain flour blends. British 

Microbiology Research Journal, 13(4): 1-13. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


