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There is a huge gap between food production and the exploding population demands in various parts of the world, especially developing countries. This increases the chances of malnutrition, leading to increased disease incidence and the need for functional foods to reduce mortality. Pleurotus ostreatus are edible mushrooms that are cheaply sourced and rich in nutrient with the potential to be harnessed toward addressing the present and future food crisis while serving as functional foods for disease prevention and treatment. This study evaluated the nutritional, proximate, vitamins and amino acids contents of Pleurotus ostreatus. The proximate composition of Pleurotus ostreatus in this study revealed that it contains 43.42% carbohydrate, 23.63% crude fiber, 17.06% crude protein, 8.22% ash, 1.21% lipid and a moisture content of 91.01 and 6.46% for fresh and dry samples of Pleurotus ostreatus, respectively. The monosaccharide and disaccharide profile of Pleurotus ostreatus revealed the presence of glucose (55.08 g/100 g), xylose (7.19 g/100 g), fructose (19.70 g/100 g), galactose (17.47 g/100 g), trehalose (7.37 g/100 g), chitobiose (11.79 g/100 g), maltose (29.21 g/100 g), sucrose (51.60 g/100 g) and lower amounts of cellobiose (0.01 g/100 g), erythrose (0.48 g/100 g) and other unidentified sugars. Potassium, Iron and Magnesium were the highest minerals present with 12.25 mg, 9.66 mg and 7.00 mg amounts, respectively. The vitamin profile revealed the presence of vitamin A (2.93 IU/100 g), C (16.46 mg/100 g), E (21.50 mg/100 g) and B vitamins with vitamin B2 having the highest concentration of 92.97 mg/kg. The amino acid scores showed that Pleurotus ostreatus had more non-essential amino acids (564.17 mg/100 g) than essential amino acids (67.83 mg/100 g) with a ratio of 0.11. Lysine (23.18 mg/100 g) was the highest essential amino acid while aspartic acid (492.12 mg/kg) was the highest non-essential amino acid present in Pleurotus ostreatus. It had a higher concentration of acidic amino acids, 492.12 mg/100 g (77.87%), followed by neutral amino acids, 106.66 mg/100 g (16.88%) and least were the basic amino acids, 23.18 mg/100 g (3.67%). Based on the nutritional assessment of the Pleurotus ostreatus analyzed in this study, it can be concluded that it can serve as an important functional food source that can be exploited to meet the increasing food demands and reduce micronutrient deficiencies in many parts of the world, especially developing countries.
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Introduction

Nutrition plays an indispensable role in the sustenance of life (1). Plants and animals have been relied upon as vital sources of food and raw materials that play important roles in maintaining food security and preventing malnutrition (2). These nutritive compounds include lipids/fats, proteins, fiber, carbohydrates, minerals and vitamins which are highly essential for the proper functioning of the body (3).

However, the current world population explosion has been estimated to increase to 10 billion by the year 2050 (4). This population increase, especially in Africa, has led to the possibility of food shortages, micronutrient deficiencies, poor nutrition and high consumption of unhealthy junk foods with numerous preservatives (5). These contribute to an increase in susceptibility, incidence and mortality from communicable and non-communicable diseases (6). It has also given rise to the search for alternative food sources which are readily available, cheaply sourced and nutritionally loaded.

Functional foods are substances that are rich in nutrient and confer additional health benefits when consumed (7). They often contain essential nutrients and bioactive compounds that help the body balance its nutrient deficiencies, boasts its immunity and reduce free radical generation thereby preventing oxidative stress and diverse nutrition-related diseases (8). Numerous naturally occurring foods have been found to have functional properties when consumed or utilized as food addictive, however, numerous constraints such as seasonal variations, cost of production or cultivation and availability hinder their utilization and constant supply.

Mushrooms are highly unexploited resources of the world belonging to the kingdom of fungi (9). They are primarily decomposers and active agents of bioremediation in the ecosystem. They do not contain chlorophyll and obtain their nutrients from the metabolism of non-living matter (10). They serve as a viable source of food loaded with nutraceuticals and have excellent organoleptic properties. The poisonous nature of most mushrooms has undermined its use as a source of food. However, various Pleurotus species of mushrooms are edible and highly nutritious (11).

Pleurotus species such as Pleurotus ostreatus thrive well on rotten materials and are cultivated in a simple and cheap way (12). They possess the ability to serve as functional foods and contribute richly to the nutritious value of food when used as food addictive due to their high content of proteins, carbohydrate, minerals, vitamins, antioxidants, phytochemicals and low fat content (13). Their rich carbohydrate content consists of a wide array of oligosaccharides, ergothioneine, mono- and disaccharides which perform prebiotic functions and are highly beneficial in maintaining a healthy gut microbiome (14, 15). They are sources of quality protein that supply essential amino acids to the body making them a suitable alternative to red meat and other animal proteins, especially for vegetarians (16). As a result, there is a need to ascertain the nutritional value of Pleurotus ostreatus with the aim of validating its nutrient composition to qualify as a functional food. The aim of this study is to evaluate the proximate, vitamins, minerals and amino acids composition of Pleurotus ostreatus to determine its suitability as a functional food.



Materials and methods


Materials


Sample collection

Twenty-five kilograms (25 kg) of fresh Pleurotus ostreatus, oyster mushrooms were purchased from local mushroom farms in Agbara, Ogun state, South West, Nigeria, within the co-ordinates of 6.5114oN, 3.1115°E. It was grown on a combination of rice straw and saw dust as substrates. The specie purchased was authenticated by the botany department, University of Ibadan, Ibadan, Oyo state (Figure 1).
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FIGURE 1
 (A,B) Pleurotus ostreatus mushroom. (A) Pleurotus ostreatus growing on its substrate. (B) Pleurotus ostreatus freshly harvested.





Methods


Sample preparation

Pleurotus ostreatus was washed to remove impurities and wiped neatly with sterile cloth to remove water traces on its surface. The washed Pleurotus ostreatus was dried using hot-air in an oven at 55–65°C till completely dried. The dried Pleurotus ostreatus was then ground to powder using a blender and weighed. The resulting powder obtained was 2.5 kg which was cooled to room temperature and stored in air tight containers for further use (17).



Nutritional composition

The nutritional composition assessed in this study were proximate, carbohydrate profile, mineral element, vitamins and amino acids analysis.



Proximate analysis

The proximate composition analysis was carried out to assess the percentage crude fat, crude fibre, crude protein, ash, dry matter, moisture, calorific value and carbohydrate present in Pleurotus ostreatus according to the method described by AOAC (18), and Chinedu and Nwinyi (19).



Vitamin analysis

Pleurotus ostreatus was analyzed for vitamins A, B’s, C and E using the method described by Majesty et al. (2) and Sarwar et al. (20).



Determination of mineral elements

The prepared samples of Pleurotus ostreatus were analyzed for Iron (Fe), Zinc (Zn), Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K), Lead (Pb), Cadmium (Cd), Chromium (Cr), Nickel (Ni) using spectrophotometric methods according to Afolabi et al. (21) and AOAC (18).



Determination of amino acids

The amino acid content of the oyster mushrooms was determined using the method described by Varinsky et al. (22).




Statistical analysis

Experiments were carried out in duplicates. Statistical analysis were carried out using means and standard deviation and graphical presentation was done using Microsoft excel.




Results


Proximate analysis of Pleurotus ostreatus

The proximate analysis of Pleurotus ostreatus revealed the percentage content of carbohydrate, moisture, ash, lipid, crude fiber and crude protein. The results showed that the carbohydrate content was highest (43.42 ± 0.01%), followed by crude fiber (23.63 ± 0.01%), crude protein (17.06 ± 0.17), ash (8.22 ± 0.04%) and moisture (6.46 ± 0.04%) as the least (Table 1).



TABLE 1 Proximate content of Pleurotus ostreatus.
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Monosaccharide and disaccharide composition of Pleurotus ostreatus

The monosaccharide and disaccharide composition of Pleurotus ostreatus is shown in Table 2. The monosaccharides present in Pleurotus ostreatus were erythrose, glucose, xylose, fructose and galactose. Glucose was the highest monosaccharide present with a concentration of 55.09 g/100, this is followed by fructose (19.70 g/100 g), galactose (17.47 g/100 g), xylose (7.19 g/100 g) and erythrose (0.48 g/100 g) as the least. Nine disaccharides were present in Pleurotus ostreatus. Sucrose was the highest disaccharide present with a concentration of 51.60 g/100 g, followed by maltose (29.21 g.100 g), chitobiose (11.9 g/100 g), trehalose (7.37 g/100 g) and cellobiose (0.0068 g/100 g). Four unidentified disaccharides were present, however, their concentrations were within the range of 0.0006–0.0068 g/100 g.



TABLE 2 Monosaccharide and disaccharide composition of Pleurotus ostreatus (Chromatograms are shown in Figures 2A,B).
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FIGURE 2
 (A) Chromatogram for the monosaccharide profile of Pleurotus ostreatus and (B) chromatogram for the disaccharide profile of Pleurotus ostreatus.




Amino acid profile of Pleurotus ostreatus

The amino acid profile of Pleurotus ostreatus is shown in Table 3. The results showed that it contained 13 amino acids, consisting of 5 essential amino acids and 8 non-essential amino acids. The amino acids present were leucine, threonine, methionine, phenylalanine, lysine, alanine, aspartic acid, proline, serine, asparagine, hydroxyproline, cysteine and glutamine. The highest amino acid present in Pleurotus ostreatus was aspartic acid (492.12 mg/100 g) while the least amino acid was cysteine (9.32 mg/100 g). The total essential amino acid concentration was 67.83 mg/100 g, with lysine (23.18 mg/100 g) having the highest concentration while the total non-essential amino acid was 564.17 mg/100 g, with aspartic acid (492.12 mg/100 g) having the highest concentration (Figure 3).



TABLE 3 Amino acid profile of Pleurotus ostreatus.
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FIGURE 3
 Chromatogram for the amino acid profile of Pleurotus ostreatus.


The amino acid characteristics of Pleurotus ostreatus is shown is Table 4. The total amino acid concentration was 632.00 mg/100 g. The percentage essential amino acid content was 10.73% while the non-essential amino acid was 89.27%. The total acidic amino acid content (which consists of aspartic acid and glutamic acid) was 492.121 mg/100 g (77.87%), with aspartic acid as the only acidic amino acid present. The ratio of the essential amino acids (67.83 mg/100 g) to the total amino acids (632.00 mg/100 g) present in Pleurotus ostreatus was 0.11. Lysine was the only basic amino acid present out of the three basic amino acids (Arginine, lysine and Histidine) giving a total basic amino acid content of 23.18 mg/100 g (3.67%). The ratio of basic amino acids (23.18 mg/100 g) to acidic amino acids (492.121 mg/100 g) was 0.05. Only 11 neutral amino acids were present out of the 15 neutral amino acids in proteins (glycine, alanine, leucine, isoleucine, valine, phenyalaine, proline, methionine, serine, threonine, tyrosine, cysteine, glutamine, asparagine and tryptophan). The total concentration of the 11 neutral amino acids present in Pleurotus ostreatus was 106.66 mg/100 g (16.88%) consisting of leucine, threonine, methionine, phenylalanine, alanine, proline, serine, asparagine, hydroxyproline, cysteine and glutamine. The sulphur containing amino acids present in Pleurotus ostreatus was cysteine and methionine, making up a total concentration of 19.69 mg/100 g (3.12%). The percentage cysteine present in the sulphur containing amino acids was 47.36%. Out of the three branched amino acids (leucine, isoleucine and valine) present in proteins, only leucine was present with a concentration of 13.57 mg/100 g (2.15%). Phenylalanine was the only aromatic amino acid present in Pleurotus ostreatus compared to the four aromatic amino acids (histidine, tryptophan, tyrosine and phenylalanine) with a total concentration of 10.30 mg/100 g (1.63%). The percentage tyrosine in the total amino acids was 0.00% because tyrosine was totally absent from the amino acids profile of Pleurotus ostreatus.



TABLE 4 Amino acid characteristics of Pleurotus ostreatus.
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Mineral content of Pleurotus ostreatus

The mineral and heavy metal content of Pleurotus ostreatus is shown in Table 5. Potassium (12.25 ± 0.00 mg/kg) was the highest mineral present, followed by Iron (9.66 ± 0.00 mg/kg) and Magnesium (7.00 ± 0.00 mg/kg). Chromium was the least heavy metal present with a concentration of 0.02 ± 0.00 mg/kg.



TABLE 5 Mineral content of Pleurotus ostreatus.
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Vitamin profile of Pleurotus ostreatus

The vitamin profile of Pleurotus ostreatus is shown in Table 6. The vitamin C content was 16.46 ± 0.12 (mg/100 g), the vitamin E content was 21.50 ± 0.14 (mg/100 g), vitamin A content was 2.93 ± 0.01 (IU/100 g). Pleurotus ostreatus was rich in vitamin B, with a total concentration of 99.96 mg/kg. It contained vitamin B1, B2, B3, B4, B5, B6, B7, B8, B9, B10, B11 and B12. The highest vitamin B present was vitamin B2 (riboflavin) with a concentration of 92.97 mg/kg (Figure 4).



TABLE 6 Vitamin profile of Pleurotus ostreatus.
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FIGURE 4
 Chromatogram of the vitamin B profile in Pleurotus ostreatus.






Discussion

This research highlighted the nutritional benefits of Pleurotus ostreatus largely as a result of the pressing demand to address the high incidence of nutrition related diseases, food insecurity and the need for readily available sources of functional foods.


Proximate composition of Pleurotus ostreatus

Carbohydrates are important energy sources needed in diets (9). They are vital constituents of top quality mushrooms (27). The carbohydrate content of Pleurotus ostreatus was the highest (43.42%) compared to other nutrients such as protein, ash, moisture, fat and fiber. This result is in correlation with the 44.65% reported by Yusran et al. (28) for Pleurotus ostreatus grown in Indonesia on a wasteland consisting of majorly sawdust; 37–48% reported by Deepalakshmi and Mirunalini (29), 40.96% reported by Aguilar-Rivera and De Jesús-Merales (30) for Pleurotus ostreatus grown majorly on sugarcane substrate; 44.97–47.62% reported by Hoa et al. (31) for Pleurotus ostreatus grown on 80% saw dust in Taiwan. However, the carbohydrate content reported in this study was higher than the 5.12% reported by Elkanah et al. (32); 3.44–6.19% reported by Bernas et al. (33) and 3.33–3.37% reported by Khastini et al. (34) for Pleurotus ostreatus species grown on 100% sawdust. These variability show that Pleurotus ostreatus grown on 100% sawdust have lower carbohydrate content compared to those combined with other substances regardless of their countries of origin. Overall, the high carbohydrate content of Pleurotus ostreatus implies its potential as a viable source of energy in the diet which further justifies its use in making weaning food formula, breakfast meals (35), thickeners in soup, bulking agents or binders (36).

Fat serves as energy sources. It is a vital nutritional food component that helps to enhance the retaining and absorption of flavors leading to an increased food palatability. The crude fat content of the Pleurotus ostreatus was 1.21%. These results are in consonance with the reports of Yusran et al. (28), Elkanah et al. (32), and Irshad et al. (37). Which showed the low crude fat content of 1.51, 1.34 and 1.75%, respectively. The low crude fat content of Pleurotus ostreatus implies its usefulness in the management of obesity and cardiovascular diseases.

Fiber plays an important role in food substances and living organisms when consumed. They help enhance food absorption, satisfaction, prevent constipation and serve as substrates for microorganisms (27). The crude fiber content of Pleurotus ostreatus in this study was 23.63%. This was significantly higher than 6.72% reported by Yusran et al. (28) and 7.43% reported by Irshad et al. (37). However, it is lower than 29.75% reported by Hoa et al. (31). This variability in the fiber content despite the similarity in the nature of substrates used in various studies suggest a negligible effect of substrate type on the fiber content of Pleurotus ostreatus. The result on the fiber content of Pleurotus ostreatus in this study implies that it can be added to adult nutrition to aid in bowel movement, digestion, excretion and gut microbiome health due to its high crude fiber content. Its richness in carbohydrate and fiber, suggests its use as a prebiotic that can enhance the production of short chain fatty acids that help regulate inflammation, oxidative stress, signal transduction and boosts antioxidant profiles (38, 39). This further supports its suitability in reducing the risks of various cancer types, obesity, diabetes, cardiovascular diseases, hypertension, inflammatory bowel diseases among others (40–43).

Proteins provide amino acids which play indispensable roles in the replacement and repair of worn out cells, formation of blood proteins and boosters from the immune system (44). The protein content of Pleurotus ostreatus in this study was 17.06%. This is in correlation with the protein contents of 10.09–19.14%, 14.64–22.74% and 10.99–20.81% in studies by Elkanah et al. (32), Koutrotsios et al. (45), and Hoa et al. (31) respectively. This result shows that mushrooms can serve as a good protein source. It also has the potential of replacing red and processed meat protein sources (46) which contains heme iron, sulphur containing substances, mutagens that increases breast, colorectal cancer risks and other oxidative stress related diseases.

Ash is the incombustible remains of a substance. The ash content directly reflects the presence of important minerals (27). The ash contents of Pleurotus ostreatus in this study was 8.22%. This value is in consonance with 7.50–8.56%, 4.12–10.10 and 8.30% reported by Koutrotsios et al. (45), Elkanah et al. (32) and Aguilar-Rivera and De Jesús-Merales (30) respectively. The ash content reflects the presence of various minerals which plays diverse roles in immune regulation, maintenance of homeostasis, disease prevention and maintenance of metabolic processes (47).

Dry matter is the mass of a substance when it is contains little or no moisture, it indicates the quantity of nutrients present in a sample (48). The dry matter content of Pleurotus ostreatus was 8.99%. The values are comparable to the reports by Bernas et al. (33) and Zahid et al. (49) as 5.3–14.8 and 11.60%, respectively. This low dry matter content reflects that Pleurotus ostreatus contains high moisture compared to other nutrients (50, 51).

Moisture content refers to the amount of water present in a sample (52) Water has been known to perform numerous functions such as temperature regulation, transport function, medium for substrate dissolution and lots more (53). The moisture content of fresh and dry Pleurotus ostreatus was 91.01 and 6.46%, respectively. The high moisture content of fresh Pleurotus ostreatus shows its short shelf life and high susceptibility to microorganisms and spoilage. However, the low moisture content of the dry Pleurotus ostreatus signifies its less susceptibility to microbial infections and an increased shelf life span (54). The high moisture content of Pleurotus ostreatus also increases its significance as a functional food due to its ability to regulate metabolic processes, enhance waste removal, gut microbiome health (38) and maintenance of homeostasis (55).


Monosaccharide and disaccharide composition of Pleurotus ostreatus

The monosaccharide and disaccharide content of Pleurotus ostreatus is shown in Table 2. The results revealed that glucose and sucrose were the highest monosaccharide and disaccharides, respectively, present in Pleurotus ostreatus. This shows that Pleurotus ostreatus can be used as natural sweeteners, binders and food addictive (36). They are also good sources of glucose required by the body for proper functioning and energy generation. It also contains other monosaccharides and disaccharides that can serve as substrates to the gut microbiome for the production of short chain fatty acids (SCFA) which plays immunomodulatory, antioxidant and anti-cancer roles in the body (56).



Mineral composition of Pleurotus ostreatus

Minerals represent the ash content that remains after complete combustion of dry mushrooms (57). They perform vital functions in the body and are highly required for the growth and proper functioning of the body (58). Pleurotus ostreatus was found to contain significant amounts of K, Mg, Fe, Zn, Na and lower amounts of Ca. The heavy metal contents (Pb, Ni, Cd and Cr) was very low.

Calcium is a divalent cation and the most abundant element in the body which functions in neutralizing acidity, clearing toxins and building the structural framework of the body (59). They also function as cofactors to ample enzymes such as lipases, they act as an intracellular signal molecules and reduce epithelial cell proliferation in colon cancer (60). The calcium content in Pleurotus ostreatus (0.08 mg/kg) was low compared to the values reported by Elkanah et al. (32), Gnanwa et al. (61), Irshad et al. (37), Zahid et al. (49) as 0.19 mg/kg, 9.86 mg/kg, 3.68–5.87 mg/kg and 1.33 mg/kg, respectively. The calcium content was also lower than the recommended daily intake (RDI) of 1,000 mg (21). This signifies that Pleurotus ostreatus is not a very good source of calcium, however, its consumption is beneficial as it will not affect the absorption of zinc and iron from the diet.

Magnesium is the fourth most abundant mineral in the body which controls the absorption of calcium and phosphorus (62). It maintains muscle functioning and the processing of ATP, among numerous other functions (63). The magnesium content in Pleurotus ostreatus was 7.00 mg/kg. This value is higher than 1.40 mg and 2.65–4.60 mg reported by Irshad et al. (37) and Elkanah et al. (32) respectively. However, it was lower than 37.39 mg and 47.84 mg reported by Zahid et al. (49) and Gnanwa et al. (61). It is also significantly lower than the RDI of 400 mg, implying that a consumption of a large quantity of Pleurotus ostreatus is required to meet up with this requirement (64). The presence of magnesium in Pleurotus ostreatus increases its functionality in glucose level regulation and enzyme functioning (65).

Sodium is an important common electrolyte. It functions alongside potassium in the maintenance of fluid balance (66). The sodium content of Pleurotus ostreatus was 1.93 mg/kg. This is higher than 0.09–0.16 mg reported by Elkanah et al. (32) but lower than 5.31 mg and 14.50 mg reported by Zahid et al. (49) and Gnanwa et al. (61) respectively. This value is very low compared to the recommended daily intake of below 2,400 mg (21). This is equally beneficial as the low sodium content in Pleurotus ostreatus qualifies it to be good food substances for hypertensive patients (67).

Potassium is a common electrolyte that performs numerous critical body tasks in conjunction with sodium. It is a requirement for the maintenance of vital organs such as the heart, muscle, brain, kidney and other organs in good condition (68) with a recommended daily intake (RDI) of 3,500 mg for adults above 18 years (21). The potassium content in Pleurotus ostreatus was 12.25 mg/kg. This value is lower than 35.17 mg/kg reported by Zahid et al. (49) but higher than 6.70 mg, 6.67–8.78 mg and 11.98 mg reported by Gnanwa et al. (61), Elkanah et al. (32) and Irshad et al. (37) respectively. This value is low compared to the RDI. This results shows that the consumption of Pleurotus ostreatus can help to lower arterial blood pressure and control hypertensive and diuretic complications (65).

Iron is transition element that is ubiquitous in the biological systems. It is present in haem proteins, cytochromes, myoglobin and other enzymes (25). Iron possesses a high redox potential, interchanging from its various oxidative forms (Fe2+ and Fe3+) which is both beneficial and detrimental to the body system (69). The Iron content in Pleurotus ostreatus was 9.66 mg/kg. This is lower than the value reported by Irshad et al. (37) as 15.20 mg/kg but higher than 1.76 mg and 1.73–5.01 mg reported by Zahid et al. (49) and Elkanah et al. (32) respectively. This indicates that a large quantity of Pleurotus ostreatus is required to provide the RDI of 18 mg required by pregnant women, lactating mothers and anemic patients whose iron requirement is higher than the RDI. However, its consumption is highly suitable in cases where excess iron is to be avoided to prevent the adverse effect associated with high iron consumption that can affect the absorption of zinc, cause iron overload and serve as an initiator of free radical-mediated reactions.

Zinc is essential for health with a RDI of 15 mg/day (21). The Zinc content of Pleurotus ostreatus was 2.73 mg/kg. This is similar to the value reported by Elkanah et al. (32) as 2.69–2.93 mg but lower than 5.46 mg and 3–12 mg reported by Gnanwa et al. (61) and Bernas et al. (33) respectively. The moderate zinc content of Pleurotus ostreatus shows that when consumed it can help reduce the severity of acute diarrhea in young children and infants without interfering with the metabolism of iron and copper.

The concentration of lead, nickel, cadmium and chromium content in Pleurotus ostreatus was negligible and lower than the recommended daily allowance. This indicates the Pleurotus ostreatus despite being a saprophytic organism is safe for consumption and does not contribute to heavy metal toxicity.



Vitamin profile of Pleurotus ostreatus

Vitamins are essential chemicals substances required for the essential functioning of the body. They are needed regularly through the diet due to their importance in the growth and functioning of the body systems (25).

Vitamin A is a vital nutrient needed for vision, immune functioning and gene expression. They are good enhancers of certain minerals like zinc and Iron (70). The vitamin A content of Pleurotus ostreatus was 2.93 I.U./100 g. This result was higher than the reports of Majesty et al. (2) and Elkanah et al. (32) as 0.14 mg/100 g and 0.23–2.21 mg/100 g, respectively. The vitamin A content is lower than the RDA of 5,000 I.U. This indicates that a large quantity of Pleurotus ostreatus is required to meet up with the vitamin A RDA, however, it can be fortified to make it a better source of vitamin A. Regardless, its consumption is suitable to prevent vitamin A toxicity.

Vitamin C also called ascorbic acid is an antioxidant and a strong reducing agent (71). It increases the absorption of non-haem iron in the gastrointestinal tract. They are good enhancers of certain minerals like zinc and Iron (72). The Ascorbic acid (Vitamin C) content of Pleurotus ostreatus was 16.46 mg/100 g. This value is lower than 20 mg reported by Bernas et al. (33) but higher than 0.23 mg reported by Majesty et al. (2). In comparison with the 60 mg/day RNI, a large quantity of these mushrooms are needed to meet up this demand. The presence of vitamin C content in Pleurotus ostreatus makes it a good source of vitamin C, an exogenous antioxidant and its use in reducing oxidative stress in the body.

Vitamin E (tocopherol) majorly functions as a lipid antioxidant and maintains the integrity of the membrane. Its deficiency results in signs of membrane dysfunction (70). At high doses, it has been reported to increase the effects of vitamin A deficiency and interfere with Vitamin A absorption (2). The Vitamin E content of Pleurotus ostreatus was 21.50 mg/100 g. This value is higher compared to 0.09 mg/100 g reported by Majesty et al. (2). Likewise the consumption of Pleurotus ostreatus can supply the 30 I.U. RDA for vitamin E. Pleurotus ostreatus can serve as a good source of antioxidant vitamin E which can help boost immune health and reduce oxidative stress related diseases.

Mushrooms are generally good sources of B vitamins such as Thiamin (B1), Riboflavin (B2), Niacin (B3), Adenine (B4), Pantothenic acid (B5), Pyridoxin (B6), Folate, Biotin (B7), Inositol (B8), Folacin (B9), Para-aminobenzoic acid (B10), Folic acid (B11) and (Vitamin B12). These vitamins have been known to perform numerous essential functions in the provision of energy by the breakdown of certain macromolecules like fat, protein and carbohydrate (70), in the proper functioning of the nervous system, in enhancing antioxidant activities and enzymes function (25). Vitamin B2 was the highest B vitamin in Pleurotus ostreatus. In comparison to the RDA, Vitamin B1, B3, B5 and B6 contents were lower than their RDA of 1.2 mg/day, 16 mg/day, 5 mg/day and 1.3 mg/day, respectively. However, Vitamin B2, B7, B9 and B12 were found to higher than the RDA of 1.3 mg/day, 0.03 mg/kg, 0.40 mg/kg and 0.0024 mg/day, respectively. The vitamin B1, B2, B3 and B12 contents of Pleurotus ostreatus reported in this study was higher than the values reported by Majesty et al. (2) as 0.10 mg, 0.57 mg, 0.40 mg and 0.16 mg, respectively, and lower than 0.91 mg of vitamin B6. The rich vitamin B content of Pleurotus ostreatus enables it function in boosting the immune system, enhancing DNA synthesis (73) and improve red blood cells production, making it very suitable to be consumed by pregnant women, menstruating females and anaemic patients (74).



Amino acid profile of Pleurotus ostreatus

Amino acids are the smallest units of proteins required for the repair of worn out tissues and body building (61). Amino acids are highly required by the body for a range of functions. Based on their requirements and source, they are broadly categorized into essentials amino acids and non-essential amino acids (75). These essential amino acids are of extreme importance and must be present in required amounts in food as the body system cannot synthesize them. They include Threonine, leucine, isoleucine, lysine, methionine, phenylalanine, valine, histidine and tryptophan (76). They play roles in metabolism, immune function, formation of structural proteins, regulation of appetite, detoxification, neurotransmission, energy production, regulation of blood sugar levels, stimulation of wound healing, production of growth hormones, enzyme production and hemoglobin production (77). Table 3 shows that the highest essential amino acid present in Pleurotus ostreatus is lysine followed by leucine and moderate amounts of phenylalanine, methionine and threonine. This report is in contrast with the reports of Majesty et al. (2) and Gnanwa et al. (61) with leucine as the highest essential amino acid present. This signifies that Pleurotus ostreatus can serve as a good source of lysine and leucine.

Non-essential amino acids are readily synthesized by the body. They include alanine, aspartic acid, asparagine, glutamic acid, glutamine, glycine, proline, cysteine, serine, arginine and tyrosine (78). Aspartic acid was the highest non-essential amino acids present in Pleurotus ostreatus. This was followed by glutamic acid and proline which are conditionally indispensable amino acids. These amino acids play important roles in nutrition, metabolism, immune responses, anti-oxidative reactions and signaling hence reflecting the importance of the consumption of Pleurotus ostreatus (79).

The characterization of the amino acid profile of Pleurotus ostreatus is depicted in Table 4. The essential amino acid to total amino acid ratio of 0.11 reveal that Pleurotus ostreatus is a better source of non-essential amino acids compared to essential amino acids. This value is lower than the 0.43, 0.45 and 0.53 ratios reported by Majesty et al. (2), Bernas et al. (33), and Jin et al. (80) respectively. This value indicates that the amino acids of Pleurotus ostreatus may not support the synthesis of protein due to its low content of highly essential amino acids needed for protein synthesis in comparison to the overall amino acid content.

The total basic amino acid to total acidic amino acid ratio of Pleurotus ostreatus was 0.05, this value is less than 1, indicating that the protein is most likely acidic, hence functioning as an acid at physiological pH. It is also less than the 0.49, 0.61 and 1.03 reported by Majesty et al. (2), Jin et al. (80) and Jin et al. (80), respectively. Also, the results show that Pleurotus ostreatus is a better source of acidic amino acids (492.121 mg/100 g), followed by neutral amino acids (106.66 mg/kg) and least source of basic amino acids (23.182 mg/100 g). This is in contrast with the results by Majesty et al. (2), Bernas et al. (33), Jin et al. (80) which shows that Pleurotus ostreatus has more neutral than acidic amino acids.

Cysteine is a non-essential, sulphur containing amino acid which plays significant roles in the formation of glutathione (81). The percentage cysteine in the sulphur containing amino acids in Pleurotus ostreatus was 47.36% which could be attributed to the higher methionine content. The percentage cysteine content was lower than the 50% threshold expected from plants such as Anarcardium occidentale (50.50%) (82) and P. africana (60.09%), but higher than Garcinia kola (37.85%) (83). This implies that Pleurotus ostreatus might not contribute significantly to the cysteine pool when consumed. The results are similar to the percentage cysteine reported by Bernas et al. (33) as 47.62%. However, it was higher than 7.56% reported by Jin et al. (80) but lower than 73.91% reported by Majesty et al. (2).

Branched amino acids are a group of essential amino acids that possess an aliphatic side chain with a branch and serve as supplements which aid to enhance muscle growth and performance. They include leucine, isoleucine and valine (84). The percentage branched amino acids needed to meet the desired energy requirements of proteins is 10% as reported by Wardlaw and Kessel (85). However, the percentage branched amino acids content of Pleurotus ostreatus was 2.15% which is lower than the 10% threshold. This is also lower than the 16.08, 17.17 and 30.84% reported by Jin et al. (80), Majesty et al. (2), and Bernas et al. (33) respectively. These disparities could be as a result of the differences in the substrate used in the cultivation of the mushroom. The percentage total aromatic amino acid content in Pleurotus ostreatus was 1.63%. This value in was lower than 17.28% reported by Majesty et al. (2).



Pleurotus ostreatus as a functional food

The high carbohydrate content of Pleurotus ostreatus qualifies it to be an energy source. Its sugar profile shows that it is a good source of glucose and sucrose required by the brain and cells in the body for ATP (Adenosine Triphosphate) production (86). The diverse monosaccharides and disaccharides present, in addition to its fiber content can serve as viable substrates or prebiotics for the gut microbes to produce short chain fatty acids (SCFAs) which influence signaling pathways, contribute to antioxidants reserve and reduce inflammation (87). It also reduces cancer risk, especially breast and colon cancer where the gut bacteria play intermediary roles between the disease and its risk factors (88–90). The fiber content helps to lower blood sugar levels, making it highly beneficial for management of diabetes and numerous sugar related diseases (91). The fiber present in Pleurotus ostreatus also aids in increasing digestion and excretion by contributing to stool weight and reducing transit time. This has a vital significance in preventing excessive retention of wastes and reducing the contact time of toxins in feces with the walls of the intestine (90). The presence of antioxidant vitamins such as A, E and C in Pleurotus ostreatus qualifies it to be an exogenous source of antioxidants which can aid in free radical scavenging and oxidative stress prevention in the body (92). This ultimately helps to reduce the incidence of oxidative stress related diseases, therefore serving as a vital functional food when consumed in isolation or as a food addictive.





Conclusion

This study evaluated the proximate, mineral, vitamins and amino acid contents of Pleurotus ostreatus. The proximate analysis results showed that Pleurotus ostreatus contained high carbohydrate and moisture contents (fresh sample of Pleurotus ostreatus), moderate protein and fiber content with low fat, ash and moisture contents (dry sample of Pleurotus ostreatus). The mineral content analysis revealed a high amount of potassium, iron and magnesium compared to other minerals. Vitamins C, E and B2 were found to be present in high amounts in the Pleurotus ostreatus whereas other vitamins such as A, B1, B3, B4, B5, B6, B7, B8, B9, B10, B11 and B12 were found to be present much lower concentrations. The amino acid content revealed the presence of thirteen amino acids in varying quantities. Lysine was the highest essential amino acids while aspartic acid was the highest non-essential amino acid present in Pleurotus ostreatus. Overall, Pleurotus ostreatus was found to be rich sources of nutrients, vitamins, minerals and amino acids qualifying it to be a functional food and a valuable asset in the diet to help curb the rising incidence of nutrition related diseases.
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Vitamin Amount Recommended dietary allowance

c 16.46£0.12 (mg/100g) 60mg

E 21.50£0.14 (mg/100g) 30 (LU)

Beta carotene 0.0620.00 (mg/100g) -

A 2934001 (1U/100g) 5000 (LU)
0.6965mg/kg 12mg

B2 (Riboflavin) 92,9696 mg/kg 13mg

B3 (Niacin) 0.7877mglkg 16mg

B4 (Adenine) 0.0047mg/kg B

BS (Pantothenic acid) 0.6769 mglkg smg

B6 (Pyridoxine) 0.6798mglkg 13mg

B7 (Biotin) 21117 mglkg 0.030mg

BS (Inositol) 0.2914mg/kg -

B9 (Folacin or Vit M) 0.6897mg/kg 0.400mg

B10 (Para-aminobenzoic acid) 0.6875mg/kg -

B11 (Folic acid) 0.0534mg/kg -

B12 (Cobalamin) 0.3107mg/kg 0.0024mg

Recommended Dietary Allowance [Source: Awuchi et al
LOD - 5-25 ng/ml; LOQ - 10-27 ng/m..
LOD, Limit of Detection; LOQ, Limit of Quantification.
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Proximate profile Amount

Moisture (fresh mushroom) (%) 91.01£0.08
Moisture (Dry mushroom) (%) 6.46+0.04
Ash (%) 8.22£0.04
Carbohydrate (%) 43424001
Calorific value (Kj/100g) 1199.081.77
Lipid (%) 1212002
Crude fiber (%) 2363£0.01

Crude protein (%) 17.06£0.17
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Monosaccharides Concentration (g/100 g)

Erythrose 04785
Glucose 55.0888
Xylose 7.1869
Fructose 19.6984
Galactose 17.4660
Disaccharides (Figure 28) Concentration (¢/100g)
Unidentified 0.0006
Unidentified 0.0045
Unidentified 0.0037
Cellobiose 0.0068
Trehalose 7.3733
Chitobiose 117858
Maltose 292144
Sucrose 516018
Unidentified 0.0066

Monosaccharides: LOD - 0.015-0.115pg/mL; LOQ - 0.120-0.551 pg/mL..
Disaccharides: LOD - 0.018-0.125 pg/m; LOQ - 0.126-0.559 pg/mL..
LOD, Limit of Detection; LOQ, Limit of Quantification.
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Mineral Concentration Recommended

(mg/kg) daily intake

Ca 0.08+0.00 1,000mg
Mg 7.00£0.00 400mg
K 12.25+0.00 3,500mg
Na 1.93£0.00 2400mg
Zn 2.73£0.00 15mg
Fe 9.6640.00 18mg
Pb 0.33£0.00 10mg
Ni 0.23£0.00 1.0mg
Cd 0.08+0.00 0.036mg
Cr 0.02£0.00 0.035mg
Na/K 0.16 10
Ca/Mg 0.01 22

Recommended daily intake [Sources: NRC (23), Afolabi et al. (24), Afolabi etal. (21),
Awuchi etal. (25), and FAO (26)].
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Amino acids Conc (mg/100 g) FAO/WHO/

UNU (1981)
(mg/g)

EAA
Leucine 13.5670 70
“Threonine 10.4144 40
Methionine 10.3644 23
Phenylalanis 10.3028 50
Lysine 231824 55
“Total EAA 67.831 238
Non-EAA
Alanine 10.0342 =
Aspartic acid 492.1208 -
Proline 104191 N
Serine 10.4585 =
Asparagine 104385 -
Hydroxyproline 9.3368 -
Cysteine 93234 -
Glutamine 120376 -
“Total non-EAAs 564.1689
“Total Amino acids 632.00

EAA* - Essential amino acid; non-EAA* - non-essential amino acid.
LOD - 0.105-1.812 ng/mL; LOQ - 0.210-2.501 ng/mL..

LOD, Limit of Detection; LOQ, Limit of Quantification.
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Parameters Total amino acid groups

mg/100g
Total amino acids 63200 100
Total essential amino acids 67.831 10733

With histidine - -

Without histidine 67.831 10733
Total non-essential amino acids 564.169 89.267
Total acidic amino acids (Asp. Glu) 492121 77.867
Total essential amino acid/Total amino acid ratio o

Total basic amino acids (Arg, lys, His) 23.182 3668
Total basic amino acid/ Total acidic amino acid ratio 005 - -
Total neutral amino acids (Gly, Ala, Lev, Tle, Val, 106.66 16877

Phe, Pro, Met, Ser, Thr, Tyr, Cys, Gln, Asn, Trp)

Total sulphur containing amino acids (Cys, Met) 19688 31152
9% Cys in sulphur-containing amino acids 93234 4736
“Total branched chain amino acids (Leu, Ile, Val) 13.567 2.1467
Total aromatic amino acids (His, Trp, Tyr, Phe) 103028 163

% Tyr in total aromatic acids - -
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