
1 

 

Nutritional Evaluation of Lentinus sajor-caju (Fr.) Mushroom at Different 

Growth Stages and Effect of Boiling on Antinutrient Components 
Oyeleke, G.O., Olagunju, E.O., Busari, T., Ishola, A.D. and Lawal, R.T.   

Science Laboratory Department, Osun State Polytechnic, P.M.B. 301, Iree, Nigeria 
*
Corresponding author 

 

ABSTRACT 

The proximate composition, some mineral elements and antinutrients components of Lentinus 

sajor-caju (Fr.) mushroom at different growth stages (button, egg and mature) were determined 

using standard methods of analysis. The mature stage has the highest values of percentage crude 

protein (41.70± 0.01) and carbohydrate (43.62± 0.20) contents. The mineral elements analyses in 

mg/kg revealed that mature stage has highest values in Ca (42.64± 0.01), K (48.16± 0.20), Na 

(22.63± 0.10), Fe (8.70± 0.20) and Mg (34.84± 0.01) with least values in Zn (3.46± 0.10) and P 

(6.46± 0.01). The level of antinutrients (oxalates, phytates and tannins) in raw was reduced by 

boiling. Phytates in mg/100g was found to be 40.27± 0.05 in raw mature sample which was 

reduced by boiling to 12.16± 0.01 (69.80% reduction). The same trend was obtained for oxalates 

and tannins components with 56.59% and 70.41% reduction respectively after boiling. The 

results of this work revealed that mature stage is more nutritious than those from button and egg 

stages especially in crude protein and mineral elements. Boiling was found to be a means of 

reducing antinutrient components of the samples. 

Keywords:  Proximate, mineral, nutritious, reduction, egg, button, mature 
INTRODUCTION  

Mushrooms are the fleshy, spore-bearing fruiting body of a fungus, typically produced above 

ground on soil or on its food source. Edible mushrooms are sources of food and delicacies all 

over the world. They are considered as either condiments or a source of nutrients depending on 

the country or geographical region [1]. The edible portion of mushroom is a part of the 

reproductive structure of a plant we know as fungus. The sole purpose of this organ is to 

manufacture and spread spores to reproduce its species. Edible mushrooms such as shiitake have 

important salutary effects on health and treatment of diseases. Mushrooms characteristically 

contain many different bioactive compounds with diverse biological activities. They are good 

source of non-starchy carbohydrate dietary fibre, essential amino acids and B vitamins including 

riboflavin, niacin and pantothenic which helps to provide energy by breaking down proteins, fats 

and carbohydrates. Vitamin B also plays a good role in the nervous system. Mushrooms are 

excellent source of important minerals such as selenium and copper. They are also reported to 

contain essential antioxidants which help to strengthen the immune system [2]. Long chain 

carbohydrate (β glucan) found in numerous mushroom species have been reported to show 

marked immunity-stimulating effect which may contribute to resistance against physiological 

processes related to the metabolism of fats and sugars in the body [3]. The fruiting body 

formation starts with tiny clusters of white hyphal aggregates called primodia and it is followed 

by several morphological stages in the fruiting body development process. The successive stages 

are called button, egg, elongation elongation and mature stages respectively. Differentiation can 

be seen first at the button stage. At maturity, the buttons enlarge and umbrella –like fruit bodies 

emerged. Lentinus spp commonly called oyster mushroom are primarily wood rot fungi and are 

highly appreciated for the meaty taste. They are common in Nigeria especially south western part 

of the country. Mushrooms could be harvested at different growth stages: button, egg, elongation 

and mature [4], it therefore necessary to determine the stage at which it can be harvested for 
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optimum utilization of the nutrients. Several substrates such as millet seeds, enriched saw dust, 

corn cobs of maize e.t.c. have been used as substrates to ensure a high production of mushrooms 

[5,6,7] The main focus of this research work is to determine the nutrient and antinutrient 

components of the different stages of growth as well as the effect of boiling on the antinutrient 

levels in order to determine the stage at which the mushroom would be more useful to the body 

nutritionally as much work has not been directed towards this aspect in the years past while 

available ones are contradicting.  

MATERIALS AND METHODS 

Sample collection 

The production of cultivated L. sajor-caju (Fr.) mushroom was done according to the methods of 

Oyetayo and Akindahunsi [6] where corn cobs of maize were shredded into pieces of between 13 

cm long and soaked in water to achieve moisture content of 60-65%. Polypropylene bags were 

filled with moist corn cobs substrate sterilized at 121
o 

C for 15 min. After cooling, the substrate 

was incubated with the mushroom spawn for 30 days with regular watering. Since the period 

between elongation and mature stages is very short,  samples (cap and stalk) were therefore 

collected at the button, egg and mature stages, cleaned to remove dirt, cut into small bit, oven 

dried (at 60
o
C) and grinded in a laboratory blender (Philip Harris model). The powered products 

were passed through a 2 mm sieve, kept in a polythene bag inside a refrigerator at 4
o
C ready for 

further analysis.    

Proximate analysis 

The methods of Association of Official Analytical Chemists [8] were used to determine the 

moisture, ash, crude oil and protein contents of the mushroom samples. The moisture content 

was determined by drying the sample in an oven at 105± 1
o
C to a constant weight. Crude oils 

were determined by continuous extraction in a Soxhlet apparatus for 4 h using hexane as solvent. 

After evaporation of the solvent, the oil content was obtained by gravimetric method. Ash was 

calculated from the weight remaining after incinerating the sample at 550
o
C for 2 h in a muffle 

furnace. Crude protein was calculated by nitrogen x 4.38 (for mushroom). Crude fibre was 

determined gravimetrically while total carbohydrate was obtained by difference method [9]. 

Energy content was estimated by multiplying the crude protein, fat and carbohydrate by their AT 

WATER factor of 4, 9, 4 respectively as reported by Aremu et al., [10]. 

Mineral composition 

Mineral elements were determined by dissolving the ash in a drop of trioxonitrate (iv) acid made 

up to 50 ml with deionised water. The solution was then analyzed for calcium (Ca), magnesium 

(Mg), phosphorus (P), zinc (Zn) and iron (Fe) using Atomic Absorption Spectrophotometer 

(AAS) while sodium (Na) and potassium (K) contents were determined on Flame  Emission 

Spectrophotometer (FES). 

Antinutrient compositions  

The tannin content was determined using the method described by Doss et al., [11] while phytate 

and oxalate contents were determined by the methods described by A.O.A.C. [12] respectively. 

 

Results and Discussion 

Results 

The results of the proximate, minerals and antinutrient components of the mushroom at different 

growth stages as well as the effect of boiling on the antinutrient levels are presented on Tables 1, 

2 ,3 and 4 respectively. 
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Table 1: Proximate Composition of L. sajor-caju at Different Growth Stages (%) 
 

Parameter                                 Button                         Egg                         Mature 

 

Moisture 91.64 ± 0.04                 91.00 ± 0.01             90.25 ± 0.01 

Crude protein               31.91 ± 0.01                 32.52 ± 0.20             41.70 ± 0.01 

Ether extract                      2.96 ± 0.02                   2.88 ± 0.01               2.78 ± 0.02 

Crude fibre                           18.84 ± 0.01                 15.44 ± 0.02               6.60 ± 0.10 

Ash                                         9.45 ± 0.05                   9.75 ± 0.05               5.30 ± 0.01 

NFE                                      36.84 ± 0.04                  38.41 ± 0.01            47.62 ± 0.20 

Energy (Kcal/100g)           446.49                            457.84                     560.90 

 

n=3 

 

Except the moisture content which is on fresh weight basis, all are on dry basis 

NFE = Nitrogen Free Extract  

 

Table 1 showed the proximate composition of L. sajor-caju at the button, egg and mature stages. 

The moisture content varied from 90.25±0.01% in mature to 91.64±0.04% in button stage. 

Oyetayo and Akindahunsi [6] reported a range of 10.09 - 12.60% and 10.20-12.60% moisture for 

dried samples of cultivated and wild Pleurotus sajor-caju mushroom respectively. The high 

moisture content accounts for the spoilage of fresh mushrooms within 1-3 days of harvest.  

The protein content varied from 31.91±0.01% in button to 41.70±0.01% in mature, this values 

compared well with 30-40%, 28.68 - 40.49% and 27.20% protein reported by Vodouhe and 

Capo-chichi [13 ], Achu et al., [14] for egusi seeds and Maina and Aliyu [15] for Guna seed. The 

higher amount of protein found in mature mushroom compared to the other two stages might be 

as a result of the fact that the cap is fully grown and protein is expected to be more concentrated 

in the cap as a sign of maturity than the stalk which dominated the button and the egg stages. The 

high protein content of the mature sample was in line with the work of Oyetayo and Akindahunsi 

[6]. Ola and Oboh [16] also reported higher protein in the cap of Termitomyces robustus and 

Lentinus subnudus. The protein content of the three samples suggests that they can contribute to 

the daily protein need of 23.6 g/100g for adults as reported by Ajayi et al., [17].  

The crude oil contents of the three stages varied from 2.78±0.02% in mature to 2.96±0.02% in 

button stage, this observation compared favourably with the previous findings of Ogbonda [18] 

and Oyetayo and Akindahunsi [6] that reported low crude oil for mushrooms. The results were in 

agreement with the range of 1-20% and 2-8% fat contents in mushrooms as reported by Rambelli 

[19] and Farr [20] respectively.  

The crude fibre content varied from 6.60±0.01% in mature to 18.84±0.10% in button. The crude 

fibre values were higher than 4.63% obtained by Khattab et al., [21] for some legume seeds but 

lower than 19-25%, 21-38%, 28% and 29% required by children, adult, pregnant and lactating 

mothers respectively [22]. The egg and button stages contained high fibre which could be linked 

to the report of Ola and Oboh [16] that stalk of mushroom contain higher crude fibre than the 

cap. Since both the egg and button stages are more of stalk than cap, hence the high values 

reported in this research work.  

The ash contents varied from 5.30% in mature to 9.75 % in egg stage. The ash contents of the 

three samples were higher than 2.12% reported for Citrullus ecirrhosus by Umar et al., [23]. The 
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low ash content in the mature sample was in close agreement to that obtained by Ardabili et al., 

[9] and Al-fawaz [24]. Ash content determination has been reported to be an index of the quality 

of feeding materials used by animal feed producers for poultry and cattle feeding [25].  

The NFE contents varied from 36.84±0.04% in button to 43.62±0.20% in mature which showed 

that it contained more carbohydrate than the other two stages. The NFE contents of the three 

samples were slightly lower than the value reported for cowpea [21] but higher than the range of 

28.67-34.54% obtained for three species of bean seeds [26]. NFE provides the necessary calories 

in the diets and promotes the utilization of dietary fats.  

The calculated energy value in Kcal/100g varied from 446.49 in button stage to 500.90 in mature 

stage and this showed that the mature stage would supply more energy when consumed than the 

button and egg stages. The values obtained here were relatively higher than 295.37 Kcal/100g 

obtained for Senna siamea [27] but lower than 601.7 Kcal/100g for C. ecirrhosus seed [23]. 

 

Table 2: Minerals in L. sajor-caju Mushroom at Different Growth Stages (mg/100) 

 

 

Element                             Button                         Egg                 Mature 

 

Ca                                   25.14 ± 0.01            24.42 ± 0.02        42.64 ± 0.01 

K                                    41.56 ± 0.10            41.98 ± 0.02         48.16 ± 0.20 

Na                                  15.61 ± 0.01            18.46 ± 0.01         22.63 ± 0.10 

Fe                                     4.61 ± 0.01              5.20 ± 0.01          8.70 ± 0.20 

Mg                                 28.41 ± 0.01            29.13 ± 0.20         34.84 ± 0.01 

Zn                                    6.24 ± 0.01              5.81 ± 0.01           3.46 ± 0.02 

P                                      8.72 ± 0.01              7.84 ± 0.02           6.46 ± 0.01 

 

n= 3 

 

Table 2 showed the values of some nutritive mineral elements. K in mg/kg was found to have 

highest concentration in the three stages with the mature stage having the highest value of 

48.16±0.20 and button stage having the least value of 41.51±0.10. This is in line with the 

findings of Aremu et al., [10] and Manzi et al., [28] on Nigeria agricultural products. The values 

were considered low compared to the range of 447.3 – 544.0 mg/100g obtained by Ghanya et al., 

[29] for Nigella sativa seeds.  

The next abundant element is Ca which varied from 24.42±0.02 in egg stage to 42.64±0.01 in 

mature stage and these are considered low to the values reported for Nigella sativa seeds by the 

same authors. The concentration of Ca in the mature sample is higher than 35.5 mg/100g for 

Caesalpinia pulcherima seed [30]. Ca is essential for muscle contraction while deficiency can 

lead to rickets and osteomalacia situations.  

The Na content varied from 15.61±0.10 in button stage to 22.63±0.10 in mature stage. These 

values were found to be much higher than 0.75 mg/100g and 13.0 mg/100g reported by Al-Jassir 

[31] and Ojieh et al., [32] for black cumin and egusi seeds respectively. Na is useful in body 

fluid balance and glucose absorption. The low amounts of Na in the samples might be an 

advantage because excessive intake of Na in human can result in arterial hypertension while it 

deficiency can cause body dehydration, poor growth and reduced utilization of digested protein 

[33]. The Na/K with a ratio of 0.37, 0.43 and 0.46 in egg, button and mature stages respectively 
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is an indication that all the samples from the three growth stages with Na/K ratio of < 1 can be 

used in treating cases of hypertension as reported by Oyetayo and Akindahunsi [6].  

The Mg content also varied from 28.41±0/01 in button to 34.84±0.01 in mature samples. The Mg 

and Fe contents of our own results were lower compared to 68.50 and 15.0 (mg/100g) obtained 

by Yusuf et al., [34] for Pride of Barbados seed nuts. Mg is important is an important component 

of blood and also useful in cellular respiration [27] which can easily be obtained from green 

leafy vegetables because it is a component of chlorophyll [35]. The Fe contents varied from 

4.61mg/100g in button stage to 8.70mg/100g in mature stage. The Fe contents of the three 

samples were very low to 49.40mg/100g reported for C. ecirrhosus seed [23] . Fe is an essential 

trace element for haemoglobin formation and in oxidation of carbohydrates, proteins and fats 

[36].  

P and zinc Zn contents varied from 6.46±0.01 and 3.46±0.10 in mature to 8.72±0.01 and 

6.24±0.01 in button stage respectively. The Ca/P ratios of 2.9, 3.1 and 6.6 were obtained for 

button, egg and mature stages respectively. The three samples could be termed as good foods 

based on the observations of Nieman [37] that good foods should have Ca/P > 1 and poor foods 

Ca/P < 0.05. The same author also reported that Ca/P > 2 helps to increase the absorption of 

calcium in the small intestine. Our results showed that button and egg stages are more of 

phosphorus and zinc than the mature stage. Dietary phosphorus and zinc are required for body 

growth, normal functioning of immune system and obligatory excretions [38]. The Zn contents 

of the three samples were quantitatively lower than the value reported for Citrullus lanatus seeds 

[32] and 15 mg recommended as dietary allowance for adults [39]. Zn has been reported to be 

involved in enzyme activities as well as in wound healing [40] and in the management of 

diabetes [33].  

 

 

Table 3: Antinutrients in L. sajor-caju Mushroom at Different Growth Stages (mg/100g) 

 

Antinutrients                     Button                 Egg                      Mature 

Oxalate                            4.46±0.01           4.82±0.02               5.16±0.01 

Phytate                          38.14±0.02          38.65±0.05             40.27±0.05 

Tannin                             8.46±0.01            9.20±0.20             10.68±0.01 

 

n=3 

 

 

Table 4: Reduction in the Antinutrients Levels after Boiling (mg/100g) 

 

Antinutrient            Button       CPR         Egg          CPR          Mature         CPR         

 

Oxalate                2.05±0.02    54.04     2.10±0.05    56.43        2.24±0.04        56.59 

Phytate               11.15±0.05   70.76    11.62±0.02   69.94      12.16±0.01        69.80 

Tannin                 3.25±0.01    61.58      3.40±0.05   63.04        3.16±0.01        70.41 

 

n= 2  

 

CPR = Calculated Percentage Reduction 
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Tables 3 and 4 showed the levels of some antinutrients of raw and boiled L. sajor-caju at the 

three growth stages. The oxalate content in mg/100g of the raw mushroom varied from 

4.46±0.01 in button stage to 5.16±0.01 in mature stage. The oxalate values obtained for the 

samples were considered low compared with 45.51 mg/100g in Senna siamea seeds [27]. 

McDonald et al., [41] observed that oxalate will inhibit Ca absorption at low pH.  

Boiling was found to reduce the oxalate contents as revealed on Table IV with CPR of 54.04%, 

56.43% and 56.59% in button, egg and mature stages respectively.  

The phytates level was the highest among the toxicants determined with a range in mg/100g 

found to be 38.14±0.02 in button stage to 40.27±0.05 in mature stage. The values for phytates 

obtained for the three samples were found to be lower to those obtained by Abeke et al., [42] for 

Lablab purpurens beans. The effect of boiling showed a reduction in the phytate contents which 

varied from 11.15±0.05 in button to 12.16±0.01 in mature stage with CPR values of 70.76, 69.94 

and 69.80 in button, egg and mature stages respectively.  

Tannin content in mg/100g was found to be 8.46±0.01, 9.20±0.02 and 10.38±0.01 in egg, button 

and mature stages which are higher to the value reported by Bawa et al., [43] for Parkia 

filicoidea seeds. These values were reduced to 3.25±0.01, 3.40±0.05 and 3.16±0.01 with CPR 

values of 61.58, 63.04 and 70.71 in button, egg and mature stages respectively after boiling. 

Generally, the difference in the concentration of nutrients and antinutrients components in 

materials has been ascribed to so many reasons including edaphic factors [44] such as moisture 

contents, substrate used and mineral constituents among others.   

 

Conclusion 
This research work has indicated that the three stages of growth of L. sajor-caju mushroom are 

good sources of nutrients. From the results of this work, it can be deduced that mature stage of L. 

sajor-caju mushroom is richer in nutrients than the button and egg stages especially in protein 

and mineral elements. It is therefore advisable to harvest mushrooms when they are fully 

matured as it can be a valuable source of protein especially to vegetarians. Antinutrient 

components were also reduced by boiling and therefore proper cooking should be done before 

consumption in order to reduce these anti nutrients. 
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