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Abstract: There is a global need for alternative sources of high-quality, protein-rich foods to combat 

rising food insecurity and malnutrition. This study compared the nutrient/anti-nutrient composi-

tion of Oyster mushrooms grown on different substrates (rice bran + saw dust (Ms/r) (1:2) or ground 

banana leaves (Mb)). Ms/r had significantly higher yield as well as carbohydrate Na, Cl and Phytate 

contents compared to Mb. On the other hand, protein, K, vitamins B1 and D and Oxalate contents 

of Mb were significantly higher than those of Ms/r. The result indicated that banana leaves may be 

a good substrate for nutritionally beneficial mushrooms. 
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1. Introduction 

There is a global threat to food production and security as a result of the adverse 

effects of a constantly changing climate with Africa one of the worst hit due to increasing 

population, and reduced agricultural yields resulting from overstretched lands [1,2]. Also 

the negative impact of the COVID-19 pandemic on meat supply chain further highlights 

the urgent need for alternative sources of high-quality, protein-rich foods to combat rising 

food insecurity and malnutrition. To combat the rising issues in food security and nutri-

tion on the African continent, an efficient, economic, and technology-based approach is 

required [2]. Recent advances in biotechnological processes take advantage of the adap-

tive characteristics of microorganisms to breakdown lignocellulosic agro-industrial 

wastes that would otherwise have constituted environmental nuisances. Oyster mush-

rooms (Pleurotus ostreatus) cultivation is a viable agricultural practice that presents with 

the advantage of less growth requirement including growing on agricultural wastes, re-

quiring less space and water compared to other crops as well as their short growth time. 

Oyster mushrooms are highly nutritious, with low calorie and high protein content com-

parable to egg, milk, and meat [3]. They are also a rich store of various minerals and vita-

mins making them a treasure to dieticians [4]. It has been reported that the nutritional 

composition of mushrooms depends largely on the type and nutrient composition of the 

substrate [2,5]. This is as a result of the variation in nutritional value of oyster mushrooms 

when cultivated on different substrates such as cotton seed hulls, perilla stalks, rice and 
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wheat bran, etc. [6–8]. This study therefore, investigated the nutrient and anti-nutrient 

composition of mushrooms grown on different substrates. 

2. Materials and Methods 

Chemicals and reagents: All chemicals and reagents used in this study were prod-

ucts of BDH (India), May and Bakers (England), Sigma Aldrich (USA), Merck (Germany) 

and were of analytical grade. 

Plant materials: The plant materials used in this study include P. ostreatus and ba-

nana leaves, mahogany saw dust and rice bran. 

Collection and processing of substrate materials: Wood sawdust, rice bran, and ba-

nana leaves were collected in Nsukka, dried and milled to fine particles. 

Spawn preparation: The mushroom spawns were inoculated on parboiled sorghum 

seeds and were maintained as stock culture for mushroom cultivation [9]. 

2.1. Substrate Preparation and Mushroom Cultivation 

In order to prepare 42 kg of substrate (saw dust and rice bran (2:1) or banana leaves), 

32 litres of water containing 0.42 kg of CaCO3 were utilized. The substrate mixture was 

bagged in transparent heat-resistant polythene bags and tied before sterilization at 121 °C 

and 15 psi for 15 min. The sterile bagged substrates were allowed to cool to room temper-

ature before the stock culture (spawn) was aseptically inoculated into the bagged sub-

strates. The inoculated bags were tied up and allowed some days (15–21 days) to ramify 

in the dark. Total colonization of the inoculated substrate bags with fungi hyphae and the 

appearance of pin-heads on the bags were visible evidence of complete ramification. Inci-

sions were gently made aseptically on the ramified mushroom bags before they were 

transferred to the growth room for production of fruiting body [10]. The relative humidity 

maintained in the cultivation room during the experiment was 75–85% under room tem-

perature. The humid air in the dark room was achieved by sprinkling water to the air, 

wetting the floor and keeping water in trays. The matured fruiting bodies were harvested 

and used for analysis. 

2.2. Percentage Yield/Biological Efficiency 

Harvested mature mushrooms were weighed with analytical balance to determine 

the biological efficiency (BE) of mushrooms produced from substrates. The average BE of 

harvests was calculated using formula below, and comparison was made among different 

substrates [11] 

𝐵𝐸 =
(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑒𝑠ℎ 𝑚𝑢𝑠ℎ𝑟𝑜𝑜𝑚 𝑓𝑟𝑢𝑖𝑡𝑖𝑛𝑔 𝑏𝑜𝑑𝑦)

(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒)
× 100  

2.3. Determination of Proximate Composition 

Proximate composition of Ms/r and Mb were analysed using the method of AOAC 

[12] while protein determination was carried out using the micro-Kjedhal’s method as 

described by Pearson [13] 

2.4. Determination of Minerals and Vitamins Composition of the Mushrooms 

The mineral and vitamins content of the mushrooms were determined according to 

methods of AOAC [14] and AOAC [12] respectively. 

2.5. Determination of Anti-Nutrients 

Oxalate, phytate, and tannin contents were determined by the method reported by 

Munro [15], Lolas & Markakis [16], and Maxson & Rooney [17] respectively while hae-

magluttinin content was determined using the method described by AOAC [14]. 
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2.6. Statistical Analysis 

All primary data were analyzed using student T-test in IBM Statistical Product and 

Service Solutions (SPSS), version 23. The results were presented as mean ± standard devi-

ation and differences between means were assessed by Duncan’s multiple range test 

(DMRT) and were considered statistically significant when p < 0.05. 

3. Results 

Table 1. Yield and biological efficiency. 

Mushroom Sample Yield (g) Biological Efficiency (%) 

Ms/r 1250.00  50 

Mb 250.00 10 

Table 2. Proximate composition of Ms/r and Mb. 

Parameters (%) Carbohydrate Protein Fat Moisture Fiber Ash 

Ms/r 14.16 ± 0.23 b 2.75 ± 0.29 a 2.96 ± 0.06 a 72.22 ± 0.09 a 4.93 ± 0.08 a 3.00 ± 0.04 b 

Mb 8.01 ± 0.02 a 8.43 ± 0.23 b 2.87 ± 0.02 a 73.98 ± 0.19 a 4.61 ± 0.08 a 2.12 ± 0.16 a 

Each value represents the means ± standard deviations (n = 3); values within same column having same superscripts letters 

are not significantly different (p < 0.05). 

Table 3. Mineral contents of Ms/r and Mb. 

Mineral 

(mg/100g) 
Ca Fe  Na  K  Zn  Cl  

Ms/r 47.00 ± 9.52 a 1.67 ± 0.26 a 79.35 ± 1.63 b 459.42 ± 1.37 a 0.29 ± 0.043 a 121.86 ± 1.64 b 

Mb 53.04 ± 2.35 a 1.61 ± 0.04 a 70.15 ± 1.63 a 574.48 ± 0.74 b 0.32 ± 0.00 a 108.28 ± 2.51 a 

Each value represents the means ± standard deviations (n = 3); values within same column having same superscripts letters 

are not significantly different (p < 0.05). 

Table 4. Vitamin content of Ms/r and Mb. 

Vitamin (mg/100g) Ms/r  Mb 

Vit.B1 0.0750 ± 0.0200 a 0.1480 ± 0.0042 b 

Vit. B2 0.1855 ± 0.0007 a 0.2355 ± 0.0404 a 

Vit. B3  

Vit D (IU) 

0.1450 ± 0.0212 a 

104.07 ± 22.96 a 

0.3900 ± 0.1131 a 

134.83 ± 25.22 b 

Each value represents the means ± standard deviations (n = 3); values within same row having same superscripts letters 

are not significantly different (p < 0.05). 

Table 5. The anti-nutrient content of Ms/r and Mb. 

Anti-nutrient(mg/100g) Ms/r  Mb  

Phytate 42.41 ± 3.53 a 59.88 ± 0.01 b 

Oxalate 78.93 ± 1.52 b 42.5 ± 3.54 a 

Tannins 198.04 ± 3.16 a 203.32 ± 4.43 a 

Hemagglutinin NIL NIL 

Each value represents the means ± standard deviations (n = 3); values within same column having same superscripts letters 

are not significantly different (p < 0.05). 

4. Discussion 

Mature Pleurotus ostreatus fruiting bodies were harvested at 5.72 weeks and 7 weeks 

respectively, from Ms/r and Mb. Ms/r also gave higher mushroom yield compared to Mb 

as seen in Figure 1. The proximate analysis of the mushrooms showed comparable fats, 
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moisture, and fibre contents of both mushrooms while Ms/r had significantly higher car-

bohydrate content than Mb. However, the result indicates that Mb could be a better pro-

tein source due to its significantly higher protein content in comparison to Ms/r. Minerals 

and vitamins are food-derived micro-nutrients which are essential for many cellular and 

physiological processes such as enzyme catalysis, nerve conduction, blood pressure reg-

ulation, etc. The micro-nutrient analysis of the mushrooms showed that Ms/r had signifi-

cantly higher Na and Cl contents compared to Mb. However, K, vit B1, and vit D contents 

of Mb were significantly higher when compared to Ms/r. 

 

 

(a) (b) 

Figure 1. (a) Picture of Pleurotus ostreatus grown on saw dust and rice bran (1:2) (Ms/r) (b) Picture of Pleurotus ostreatus 

grown on banana leaves (Mb). 

Anti-nutrients are chemical compounds synthesized in natural foods during metab-

olism, and their presence (depending on concentration) could inhibit the maximum utili-

zation of nutrients especially proteins, vitamins and minerals present in food [18–20]. 

Phytate and oxalate are anti-nutrients that reduce the bioavailability of minerals such as 

calcium, forming insoluble salts of these minerals. The anti-nutrient analysis of the mush-

rooms revealed higher oxalate and significantly lower phytate contents in Ms/r when 

compared to those of Mb. The result indicated that banana leaves may be a good substrate 

for nutritionally beneficial mushrooms as indicated in the higher protein and vitamin con-

tents of Mb. 
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