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Abstract 

Solid state fermentation (SSF) is a vital processing method used for the reduction of postharvest 
losses, generation of value-added products, and improvement of quality attributes of foods. In this 
study, the effect of inoculum size on solid state fermentation of plantain by Rhizopus oligosporus was 
investigated. The results revealed that the solid state fermentation of plantain by R. oligosporus at 
various inoculum sizes (0 - 30%) significantly (p < 0.05) reduced pH and increased the α-amylase 
activity, glucose and soluble proteins levels of plantain. Fermentation markedly improved the 
availability of glucose levels and soluble proteins of plantain. It not only improved its nutritional 
value but also suggested that plantain is a cheap and readily available substrate that can be used in α-
amylase production for various industrial applications. 
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INTRODUCTION 

Fermentation is an important microbial processing method used for reducing postharvest 
losses and improvement of food quality attributes (Latifian et al., 2007; Aganbi et al., 2020). 

Among the fermentation techniques, solid state fermentation (SSF) involves the 
fermentation of solids in the near absence or absence of free water but with sufficient 
moisture to support the growth and metabolism of microbes (Sabu et al., 2006; Egbune et al., 
2022). In SSF processes, the solid substrate serves as medium and supplies all the nutrients 
needed for the microbial culture growing in it (Sadh et al., 2018). Filamentous fungus, such 
as Rhizopus oligosporus, is less typically utilized in solid state fermentation for food 
production. R. oligosporus is employed in SSF to manufacture food and feed since it does not 
create any hazardous compounds and is easy to cultivate owing to its lack of pathogenic 
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potential (Tonukari et al., 2016; Aganbi et al., 2020; Egbune et al., 2021a). This process is 
known to greatly enhance the nutrient content of foods through the biosynthesis of several 
vitamins, essential amino acids, and proteins; improve protein quality, fibre digestibility, 
and micronutrient bioavailability; as well as degrade anti-nutritional factors (Steinkraus et 
al., 1983; Latifian et al., 2007). Production of extracellular hydrolytic enzymes and other 
metabolites in high amounts using this technique has gained much attention in the past two 
decades (Krishna and Nokes, 2001; Egbune et al., 2023). 
Plantain (Musa paradisiacea) is a major group of banana plant varieties. Its production is not 
only an active and dynamic industry that is central to the wellbeing of many people, but also 
a crucial part of the economy in the tropical and subtropical regions of the world (FAO, 
2014; Mebratie et al., 2015). Plantain is highly perishable because of its high moisture 
contents and metabolic activity which persist after harvest (Falade and Olugbuyi, 2010; 
Mebratie et al., 2015). The postharvest losses are significant especially in developing nations 
where there is poor or lack of storage facilities or inapt technologies for food processing 
(Falade and Olugbuyi, 2010; Mebratie et al., 2015). Thus it is mostly processed into plantain 
flour (Oluwalana et al., 2011). Traditionally, plantain flour is mainly used for stiff dough, 
baked products (Olaoye et al., 2006; Oluwalana et al., 2011) and as a component of baby 
foods (Aurore et al., 2009; Mohapatra et al., 2009). 
It is well established that processing conditions such as drying and milling applied to 
plantain would affect its functional and physicochemical properties (Maskan, 2000; Falade 
and Olugbuyi, 2010). Thus, this study was aimed at determining the effects of inoculum size 
on SSF of plantain (M. paradisiacea) by the fungus R. oligosporus. The fungus, at different 
inoculum sizes, was employed in the SSF of plantain to establish the level (inoculum size) 
that generated maximum amounts of the analyzed value-added products. This will promote 
the use of plants such as plantain for production of useful and different value-added 
products including biofuels, chemicals and cheap energy sources for fermentation, 
improved animal feeds, and human nutrients. 
 
MATERIALS AND METHODS 

 
Plant, starter organism and reagents 
Unripe plantains (M. paradisiacea) were collected at Oviorie-Ovu, Delta State, Nigeria. R. 
oligosporus strains (produced by PT Aneka Fermentasi Industri, Bandung-Indonesia) were 

procured from Harmony Pathological Laboratory Ltd., Songhai, Delta State, Nigeria. 
Distilled water was used while all the chemicals and reagents used were of analytical grade. 
 
 
Solid state fermentation process 

The unripe plantain was peeled, cut into small sizes and then air dried under shade for 
about one week. The dried chips were further reduced to powder form using an electric 
grinding machine (SM-1 Retsch GmbH 5667 HAAN, West Germany). Different inoculum 
sizes (5, 10, 15, 20, 25 and 30%) of R. oligosporus were homogenized in 15 mL of acetate buffer 
(50 mM; pH 6.0) in seven different labeled Petri-dishes and thereafter mixed thoroughly 
with 7.0 g of the ground plantain flour. A control (0%) was prepared following the 
aforementioned procedure but was devoid of any presence of mold cells. All Petri-dishes 
were then covered and the plantain flour was allowed to ferment at room temperature for 72 
hours. After the fermentation period, 6.0 g of the mixture was taken from each of the Petri 
dishes, mixed with distilled water (40.0 mL) and then homogenized using a mortar and 
pestle. The homogenate (10.0 mL) was measured into a test tube, centrifuged for 10 min, and 
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the supernatant obtained was stored in a sterile universal container at room temperature 
(25°C) as sample for the various biochemical assays. The pH was measured using a 
Metrohm 620-pH meter equipped with a glass electrode. 
 
Determination of α-amylase activity 

Alpha-amylase activity was determined following the modified method described by 
Nouadri et al. (2010), with slight modifications. A mixture of soluble starch (0.5 mL; 1.0% 
w/v) in phosphate buffer (0.1 M; pH 6.5) and the sample (0.5 mL) were measured into series 
of labeled test tubes. Also, standard and blank test tubes were prepared using maltose 
solution (in the range of 0.0 to 2.0 mg/mL) and distilled water, respectively in place of the 
samples. After all the test tubes were incubated at 30°C for 30 min, the reaction was 
terminated by adding 2.0 mL of 3,5-dinitrosalicylic acid reagent. It was placed in boiling 
water for colour development for 5 min and cooled to room temperature. 10.0 mL of 
distilled water was added to each reaction tube and read at 540 nm wavelength using a UV-
Vis (ThermoFisher Scientific G10S) spectrophotometer. 
With the aid of the maltose standard calibration graph, the amount of maltose liberated in 
the sample tubes was obtained and used to deduce the amylase activity as shown in 
Equation 1. This was expressed in unit (U) which is the amount of enzyme that released 1.0 
µg of maltose (as reducing sugar equivalent)/mL/min under the assay conditions. 

 
                                                           µg of maltose released 
Enzyme activity (U) = 
                                    Volume (ml) of enzyme used × incubation time (30 min)         (1) 
 
Quantitative determination of glucose 

Glucose was determined following the method described in the Randox glucose test kit. 
Equal volumes (20 µl) of the standard, blank (distilled water) and the various samples were 
pipetted into a series of labeled test tubes, and then mixed with 2.0 mL of the reconstituted 
glucose working reagent. The mixtures were allowed to incubate at 25°C for 25 min and 
read at 500 nm with UV-Vis (ThermoFisher Scientific G10S) spectrophotometer. Glucose 
concentration was then calculated using the formula (Equation 2):  
 

 × Standard Conc. 
    (2) 

 
Determination of total soluble proteins  
This was conducted using the standard method described by Gornall et al. (1949). Equal 
volumes of protein standards (ranging in concentration from 0.5 to 10 mg/mL), distilled 
water and the various samples were measured in labeled test tubes such that the final 
volume was 0.5 mL. Thereafter, 2.5 mL of Biuret reagent was added to all tubes, vortexed, 
and allowed to stand for 30 min, and read at 540 nm wavelength using UV-Vis 
(ThermoFisher Scientific G10S) spectrophotometer. The amount of soluble proteins in the 
sample was estimated directly from the standard graph of absorbance of the standard 
(bovine serum albumin) against concentration (mg/mL). 
 
Statistical analysis 

Microsoft Excel (version 2007) and SPSS PC programme package were used for data 
processing and analyses. The results from the experimental procedures were analyzed using 
one-way analysis of variance (ANOVA). The values were reported as Mean ± Standard 
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deviation of triplicate determinations while comparison was made at 95% confidence level 
(p<0.05). 
 
RESULTS AND DISCUSSION 

Solid state fermentation protocol is a potential technological method used for processing 
various foods to enhance their nutritional qualities and to generate value-added products 
(Pandey, 2003; Latifian et al., 2007; Aganbi et al., 2020; Anigboro et al., 2022a). Specifically, 
this study was aimed at determining the effects of inoculum size on pH, amylase activities, 
glucose levels and soluble proteins of solid state fermented plantain (M. paradisiacea) by the 
fungus R. oligosporus. 
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Figure 1. pH changes in the fermentation of plantain samples using R. oligosporus. The identification of each bar 
with various letters revealed a substantial difference at p<0.05. 

 
The outcome of the effect of inoculum size on the pH changes in the plantain samples 
fermented with R. oligosporus (Figure 1). This shows that the pH of all the fungus fermented 
plantain was mainly acidic and significantly different (p<0.05) from the pH of the 
unfermented control (which remained unchanged). However, the samples fermented at 10 
and 15% inoculum sizes were substantially less acidic than the other fungus fermented 
samples. It has been shown in a previous study that during fermentation, the pH in the 
fermenting sample declined with time as a result of acid and alcohol accumulation 
(Adejuwon et al., 2019; Anigboro et al., 2022b). Oduah et al. (2015) also reported a similar 
decrease in pH of cassava mash after four days of fermentation. It was attributed to the 
accumulation of organic acids like lactic and acetic acids in the fermented cassava produced 
by the activities of R. oligosporus. 
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Figure 2. Amylase activity at different inoculum size during solid state fermentation of plantain with R. 
oligosporus. Each bar is an expression of mean ± standard deviation; the identification of each bar with various 

letters revealed a substantial difference at p<0.05. 

 
The result of the effect of inoculum size on amylase activity during SSF of plantain by R. 
oligosporus is expressed as µg of maltose released by the enzyme per gram of the sample per 
minute (Figure 2). This shows that fermentation resulted in a noteworthy increase in 
amylase activity at all inoculums sizes with highest activity (438.92±3.02 µg/g/min) 
obtained at 25%. This increase in activity may be due to its secretion by the fungus for 
degradation of starch to glucose required as substrate for microbial growth. A similar 
pattern of results was obtained by Saxenal and Singh (2011) in their study on amylase 
production by SSF of agro-industrial wastes using Bacillus species. Also, Saharan et al. (2017) 
and Ojo et al. (2022) reported the role of α-amylase and other enzymes in the release of 
polyphenols and antioxidants during SSF of cereals. As at 2012, α-amylase production 
contributed about 25 to 30% to the US$2.7 billion world enzyme market (Elmarzugi et al., 
2014) and with Nigeria being one of the largest producers of plantain in Africa (FAO, 2006). 
This finding infers an added value to plantain; a reduced environmental problem; and a 
source of revenue and diversification for its economy. 

 

Figure 3. Effect of inoculum size on glucose levels in solid state fermented  
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Figure 3. Effect of inoculum size on glucose levels in solid state fermented plantain using R. oligosporus. Each bar 

is an expression of mean ± standard deviation; the identification of each bar with various letters revealed a 
substantial difference at p<0.05. 
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Glucose, which may be obtained from starch degradation, is a major source of carbon 
required for the sustenance of microbial growth. The results of the glucose assay in this 
study (Figure 3) showed that glucose concentration remarkably increased at all inoculums 
sizes with highest level (7.97±0.21 mg g-1) obtained at 10%. Similar finding was reported on 
R. oligosporus fermentation of maize (Zea mays) offal (Anigboro et al., 2020). This may be 
attributed to the ability of the microorganism to secrete some extracellular enzymes, which 
degrade crude fibre and complex polysaccharides to glucose during fermentation as carbon 
source to synthesize rich fungal biomass (Oboh and Akindahunsi, 2003; Egbune et al., 2022; 
Ndego et al., 2023). 
Solid state fermentation of plantain with R. oligosporus resulted in a noticeable increase 
(p<0.05) in soluble protein levels at all inoculum sizes with the highest value (169.70 ± 1.01 
mg/g) observed at 20% (Figure 4). The observed increase in protein levels is in consonance 
with the works of Aganbi et al. (2020) and Egbune et al. (2021b) who reported that 
fermentation may be a process through which protein contents and product quality are 
improved. The increase in protein content after the fermentation could be due to microbial 
metabolic activities that emanated from the release of bacterial proteins and extracellular 
enzymes into the samples (Oseni and Ekperigin, 2007; Eromosele et al., 2017), and/or 
increase in microbial cell mass. 
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Figure 4. Effect of inoculum size on soluble protein levels during solid state fermentation of plantain with R. 
oligosporus. Each bar is an expression of mean ± standard deviation; the identification of each bar with various 

letters revealed a substantial difference at p<0.05. 

 
Overall, the choice of a substrate for SSF process depends on a number of factors ranging 

from cost, availability to capacity to supply the nutrients for the sustenance of microbial 
culture growth (Okhonlaye et al., 2016). In this study, R. oligosporus and plantain were 
reaffirmed to be suitable microorganism (Aganbi et al., 2020) and substrate, respectively for 
the biotechnological process. This process not only improved the digestibility (via increased 
α-amylase activity), nutritive functionalities (higher amounts of glucose, proteins), shelf-life, 
and organoleptic properties (reduction of pH) of the plant, but also enhanced its ability to 
produce value-added biomolecules. 
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CONCLUSION 

This study established not only that SSF process improved the nutrition qualities of plantain, 
but also its suitability as a cheap and readily available substrate. It can be employed by solid 
state fermentation in α-amylase production generally used for different industrial 
applications, thus promoting the value of plantain and reducing the amount of this agro 
industrial waste in the environment. 
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