



FERMENTATION OF Musa parasidica PSEUDO-STEM FOR BIOFEED

ABSTRACT

The role of microbes in food safety has been widely studied over years and it’s been established that these microbes has a dual role in term of food safety. While some microbe’s produces mycotoxins and biogenic amines which results in food poisoning and spoilages, others produces antioxidants and bacteriocins. Microbial load of the fermented pseudo-stem of Musa paradisiaca revealed the total bacteria count (0.56 to 3.0 x 102 cfu/ml), Coliform count (0.50 to 3.0 x 102 cfu/ml) Pseudomonas counts (0.50 to 3. x 102 cfu/ml), Bacillus count (0.2 to 1.2 x 102 cfu/ml), haemolytic count (1.3 to 2.0 x 102 cfu/ml) and staphylococcal count (0.3 x 102 cfu/ml) respectively. The microorganisms identified were Staphylococcus epidemidis, Streptococcus pyogenes, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Serratia marcescens with varying occurrence. The isolation of Staphylococcus aureus at the 48 hours could indicate contamination during the fermentation procedures, however the fact that the contaminant could survive in the fermentation environment indicates the potential feed poisoning. Escherichia coli are capable of serious foodborne illness common to both animal and in man. Likewise Serratia marcescens and Streptococcus pyogenes with the ability to grow on blood agar, showed haemolytic strains. The result of proximate composition of the fermented plantain pseudo-stem showed that fermentation decreases crude protein, carbohydrate and moisture content but increases crude fibre content, ash and crude fat, content from 4.2- 3.6%,  14.1 - 10.6%, 1.1- 2.4%, 0.8- 2.42%, 0.2- 1.5% and 20.3 - 34.2% respectively. The plantain contains significant amounts of fiber, proteins, ash, fibre and carbohydrate. It has a lot of sugar and is often used to feed animals. By using fermented pseudo-stem of Musa paradisiaca preservation as poultry feed, the following may be achieved; Better efficiency in turning feed into energy; Better growth results; Probiotics aid intestinal health; cost-effective alternative feed source; sustainability and excellent for the environment. Fermentation is therefore adequate for the processing of Musa paradisiaca Pseudo-stem into animal feed that can be utilized in many food system. 
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INTRODUCTION 
Feed expenses represent the most significant recurring cost in poultry production, so substantially influencing the industry's profitability and the affordability of poultry products for customers. The rising demand for cereals in the human food industry and the diversion of maize for biofuel production are the primary reasons contributing to the significant increase in poultry feed prices in recent years. Rising feed component costs significantly adversely affect animal husbandry output and consumption, especially in poor nations (Andika et al., 2025). Competition for resources, including land for industrialization and grains for human consumption, escalates production costs and limits commercial operations for farmers who dependent on traditional cereals and meal sources in animal diets (Vasta, et al., 2008). Despite rising demand for livestock/poultry products in most developing countries, many are experiencing a feed deficit and unable to source enough animal feed to raise healthy livestock and poultry. Because the climate is not ideal right now, it is important to use non-traditional feed sources to create a sustainable livestock/poultry diet plan (Saeed, et al., 

 HYPERLINK "https://www.sciencedirect.com/science/article/pii/S0032579125004134" \l "bib0094" 2025; Koni et al., 2025).

To overcome these obstacles and boost animal performance, suitable technical advancements should be made to increase its feeding value and storage quality of alternate feed sources (Musa paradisiacaWu et al., 2024

 HYPERLINK "https://www.sciencedirect.com/science/article/pii/S0032579125004134" \l "bib0128" ). It’s important to use non-traditional feed sources, like the banana, also known as  and belonging to the family Musaceae, is a widely cultivated kind of fruit. It is perhaps the oldest crop that has ever been cultivated anywhere in the world and is one of the tallest herbaceous plants that has a pseudo stem (Kumar et al., 2012). With a share of 65–70 % of the overall production cost, feed is the most costly ingredient in the chicken production industry (Debabandya et al., 2010Abel et al., 2014

 HYPERLINK "https://www.sciencedirect.com/science/article/pii/S0032579125004134" \l "bib0067" ). Banana peel serves as an alternate feedstuff for animal nutrition, obtainable from local banana market vendors and the banana processing sector. Banana peel provides a substantial source of starch (3 %), crude protein (6–9 %), crude fat (3.8–11 %), total dietary fiber (43.2–49.7 %), and vitamins, making it suitable as animal and poultry feed (). Conversely, ruminants can and should benefit greatly from a diet that includes leftover banana (Musa acuminata) (Dubale, 2017). Bananas, extensively cultivated in Africa, are abundant in potassium and calcium while being low in sodium content, making them highly recommended for individuals with hypertension. Dried banana peels (DBP) may be used up to 18 % as alternate feedstuffs for laying hens without adversely affecting performance and egg quality features (Shumye et al., 2022). To reduce anti-nutritional factors in banana pericarp (peel) for poultry use, various treatment methods were used, such as adding ash and covering for 3-5 days, sun drying for 4-5 days, oven drying for 2 h at 100°C, and using alkali and sodium hydroxide (Atapattu and Senevirathne, 2013). 

A number of researchers have documented the utilization of banana peel meal in broiler hens, while others have described the incorporation of waste banana fruit in the diet of pigs and revealed a positive effects on production (mesocarpAtapattu and Senevirathne, 2013

 HYPERLINK "https://www.sciencedirect.com/science/article/pii/S0032579125004134" \l "bib0029" ). When compared to the  (pulp), the peel of the banana has a higher concentration of crude fiber and ash, but a lower concentration of crude protein. As a result, it is an excellent alternative feedstuff for animal feeding (Oluyemi and Roberts, 1981). There have been a number of studies that have reported the utilization of banana peels in chicken feeds as a means of partially substituting maize as a source of energy (Blandon, et al., 2015). Banana peel comprises 10 % crude protein and 2932 kcal/kg of metabolizable energy (ME). Currently, there is no specific recommendation is available in the literature suggestion for the optimal inclusion level of banana peel in chicken feeds is available in the literature (Blandon et al., 2015). Researchers have observed that Macrobrachium rosenbergii exhibited enhanced growth, immunity, and resistance to L. garvieae when it was provided with diets that contained banana peel extract (BPE) at doses of 0 g kg−1, 1 g kg−1, and 3 g kg−1. They concluded that this dosage of BPE promoted growth, reduced hyper-thermal stress, and improved resistance (Rattanavichai and Cheng, 2015). When rye-grass hay was replaced with banana by-products, scientists examined the effects on feed consumption, ADG, and FCR in Pelibuey lambs, a hair sheep breed. This study suggests that supplementation of banana by-products instead of usual fodder serve as an effective alternate for feeding subtropical Pelibuey lambs (Barbera et al., 2018). Another study using banana peels powder (adding 4 % of concentrated diet) reported notable increases in body weights and dry matter intake in all treatment groups in Iraqi goat's kids (Al-Absawi et al., 2020). Banana peel contains about 0.9 %, crude protein, 1.7 %, 59.0 % crude carbs, and 31.70 % crude fiber. If it is prepared properly, it has the potential to be an excellent and inexpensive source of carbohydrates and minerals for animals (Anhwange, 2008).

1.2
Aim and Objectives
The aim of this research is to evaluate bacteria involves in fermentation and establish the effect of fermentation on the nutritional value pseudo-stem of Musa paradisiaca
The specific objectives of the research are to:


i. isolate and identify bacteria involve in fermentation of pseudo-stem of plantain;

ii. evaluate the total viable count of the bacterial isolates;

iii. evaluate the effect of fermentation on the proximate composition of pseudo-stem of Musa paradisiaca
Methodology
Sample collection 

Musa paradisiaca pseudo-stem was harvested from plantain farm near Rufus Giwa Polytechnic and identified at the Crop, Soil and Pest Management Department (CSP) Department of the Federal University of Technology, Akure. 

Sample preparation  
Harvested Musa paradisiaca pseudo-stem were properly rinsed with tap water, air-dried at room temperature and chopped into small pieces. These was soaked in the container and allowed for natural fermentation by its flora. The microbial quality and quantity was monitored on consecutive days successively. The nutrient composition was evaluated following the procedure of AOAC (2012) 
Culture media preparation

Growth media used for this study were prepared according to manufacturer’s specifications. Dehydrated Nutrient agar, Pseudomonas centrimide Agar, MacConkey agar, Blood agar, Mannitol salt agar, Tryptose soy agar, were separately dissolved and prepared according to manufacturer description in 100ml of distilled water, in a 250 ml capacity conical flask. Complete dissolution was achieved by placing on hot plate at 50oC for 45 mins. Thereafter, the flask was corked with cotton plug and then wrapped with Aluminum foil. The medium was later sterilized in an autoclave at 121oC for 15mins. 

Isolation and identification of bacterial isolates

Serial dilution of the 1ml water samples from the soaked fermenting pseudo-stem was employed in transferring the bacteria to the agar plates so as to reduce the microbial population. Samples were inoculated onto nutrient agar, tryptose soy agar, mannitol salt agar, blood agar, Pseudomonas centrimide agar and MacConkey agar plates. All plates were incubated aerobically at 37°C for 24 to 48 hr. Emergent bacterial colonies were identified by standard bacteriological techniques (Cheesbrough, 2010).
The pure isolates were stored on slants and kept at 4oC for further use (Fawole and Oso, 2007).

RESULT AND DISCUSSION 

Results

Table 1: Microbial count for fermented plantain pseudo-stem (cfu/ml) x 102
	Fermentation time (day)
	TBA on NA
	CC on MCA
	SC ON MSA
	PC on PCA
	BC on  TSA 
	HC on BA

	0 (Control)
	3.0 
	3.0
	Nil
	0.50
	0.2
	2.00

	24
	1.3
	1.2
	Nil
	0.62
	0.56
	1.60

	48
	0.56
	1.0
	0.3
	3.0
	1.20
	1.3


Key: TBA (NA) = Total bacteria count (Nutrient Agar), CC on MA = Coliform count on MacConkney agar, SC on MSA = Staphylococcal count on Mannitol Salt Agar, PC on PCA = Pseudomonas Count on Pseudomonas Centrimide Agar, BC on TSA = Bacillus count on Tryptose Soy Agar, HC on BA = Haemolytic count on Blood Agar. Nill= no growth,

Table 2: Characteristics of bacterial isolate from fermented plantain pseudo-stem

	Isolate
	Colour
	Shape 
	GRM
	SPR
	CAP
	CAT
	OXD
	COG
	GLC
	MAL
	SUC
	LAC
	GAL
	FRC
	Probable identity organism

	1
	Cream on MSA
	Sphere in clusters
	+
	-
	+
	+
	-
	-
	+
	+
	+
	-
	+
	+
	Staphylococcus epidemidis

	2
	green on BAB
	Chain like cocci
	+
	-
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	Streptococcus pyogenes

	3
	Lemon green on PCA
	Rod
	-
	-
	-
	-
	+
	+
	-
	+
	-
	+
	-
	-
	Pseudomonas aeruginosa

	4
	Rhizoid cream on TSA
	Rod 
	+
	+
	-
	-
	+
	-
	+
	-
	+
	-
	-
	+
	Bacillus subtilis

	5
	Yellowish on MSA
	Sphere in clusters
	+
	-
	-
	+
	-
	+
	+
	+
	-
	-
	+
	+
	Staphylococcus aureus

	6
	Pinkish on MCA
	Rod
	-
	-
	-
	+
	-
	-
	+
	+
	+
	+
	+
	+
	Escherichia coli 

	7
	Pinkish on  MCA
	Rod
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	Serratia marcescens


Table 3: Frequency of occurrence of microbial isolate from fermented plantain pseudo-stem

	Isolate
	0
	24
	48

	Staphylococcus epidemidis
	+
	-
	-

	Streptococcus pyogenes
	+
	+
	+

	Pseudomonas aeruginosa
	+
	+
	+

	Bacillus subtilis
	+
	+
	+

	Staphylococcus aureus
	+
	-
	-

	Escherichia coli 
	+
	-
	-

	Serratia marcescens
	-
	-
	+


Table 4: Percentage proximate composition of fermented plantain pseudo-stem stored at room temperature for 48 hours
	Parameter
	0 hours 
	48 hours

	Crude Protein
	4.2
	3.6

	Crude Fat
	0.2
	1.5

	Ash content
	0.8
	2.42

	Moisture content
	14.1
	10.6

	Carbohydrate content
	34.2
	20.3

	Crude Fiber
	1.1
	2.4


Discussion 

The role of microbes in food safety has been widely studied over years and it’s been established that these microbes has a dual role in term of food safety. While some microbe’s produces mycotoxins and biogenic amines which results in food poisoning and spoilages, others produces antioxidants and bacteriocins which helps to improve the shelf life of food products (Kanudu et al., 2018). Hence a detail understanding of the microbial community of food or feed samples helps in promoting its safety. In the current study, the results of the microbial load of the fermented pseudo-stem of Musa paradisiaca revealed the following ranges: total bacteria count (0.56 to 3.0 x 102 cfu/ml), Coliform count (0.50 to 3.0 x 102 cfu/ml) Pseudomonas counts (0.50 to 3. x 102 cfu/ml), Bacillus count (0.2 to 1.2 x 102 cfu/ml), haemolytic count (1.3 to 2.0 x 102 cfu/ml) and staphylococcal count (0.3 x 102 cfu/ml) respectively in (Table 1). For Pseudomonas count and Bacillus count, the microbial load increases as the fermentation period increases. This observation is similar to the report of Adelekan and Nwadiuto (2012). The increase in the Pseudomonas count and Bacillus count suggest that they are the main fermenting microorganisms amidst other microbial diversity in the flora. The total bacteria count may have resulted from first colonizing bacteria to degrade the more complex compound into simple ones as the fermentation progressed (David and Aderibigbe, 2010). However the total bacterial count, coliform count and haemolytic count, the microbial load decreases with increase in fermentation period. This may also be associated to the acidification of the environment due to fermentation processes. The microorganisms identified were: Staphylococcus epidemidis, Streptococcus pyogenes, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Serratia marcescens with varying occurrence (Table 2 and 3). 

The presence of some of the microorganisms in the ferment pseudo- stem poses significant public health however the reduction in the potentially pathogenic microbes with fermentation period suggest a positive progression. The isolation of Staphylococcus aureus at the 48 hours could indicate contamination during the fermentation procedures, however the fact that the contaminant could survive in the fermentation environment indicates the potential feed poisoning. Escherichia coli are capable of serious foodborne illness common to both animal and in man. Likewise Serratia marcescens and Streptococcus pyogenes with the ability to grow on blood agar, showed haemolytic strains. The result of proximate composition of the fermented plantain pseudo-stem presented in Table 4 showed that fermentation decreases crude protein, carbohydrate and moisture content but increases crude fibre content, ash and crude fat, content from 4.2- 3.6%,  14.1 - 10.6%, 1.1- 2.4%, 0.8- 2.42%, 0.2- 1.5% and 20.3 - 34.2% respectively. The increase in the protein content and the decrease in the carbohydrate during fermentation of plantain pseudo-stem is similar to the report of Makonjuola and Adebola (2012). The proteolytic activity of the fermenting bacteria and the decomposition, degradation and de-nitrification may have resulted in the increase of the protein content, while the reduction in the carbohydrate may be associated to the proliferation of the bacteria as they use it as the easiest source of energy for their growth. Babalola and Giwa (2012) reported a progressive decrease in the crude fibre of the fermented soy beans, this decrease may have resulted from the degradation of the dietary fiber present in the pseudo-stem by the fermenting bacteria during fermentation. However the presence of the crude fiber in a feed makes it to improve bowel movement and digestion. Decreases in cyanides has also been reported due to hydrolysis by fermentation microorganisms. Adding 10 % banana peel to poultry feed have been reported to improve feed efficiency, conversion, and egg and meat quality. Therefore, these characteristics of banana peel may be advantageous for poultry and livestock’s health and welfare (Saeed et al., 2025).

Conclusion and Recommendation
The plantain contains significant amounts of fiber, proteins, ash, fibre and carbohydrate. It has a lot of sugar and is often used to feed animals. By using fermented pseudo-stem of Musa paradisiaca preservation as poultry feed, the following may be achieved; Better efficiency in turning feed into energy; Better growth results; Probiotics aid intestinal health; cost-effective alternative feed source; sustainability and excellent for the environment. Fermentation is therefore adequate for the processing of Musa paradisiaca Pseudo-stem into animal feed that can be utilized in many food system. This review will inspire poultry nutritionists because few studies have examined the effects of adding fermented whole banana plant and its residue to poultry diets, especially on feed quality and taste, making it a promising alternative feedstuff.

Published literature suggested that banana plant and residual products become more nutritious through fermentation. So, it could be a potential an alternative feed resource that can be used to meet the poultry needs of the increasing population
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