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Abstract 

In Côte d’Ivoire, wild edible mushrooms harvested have a wide cultural acceptance and are a traditionally important 
nutritious food. However, there is no scientific data to define the appropriate stage to harvest these mushrooms for 
better nutritional needs. The present work aims to study the variation of chemical composition during mushrooms 
development. Thus, in this study, the proximate composition, mineral element profile and amino acid profile of three 
edible mushrooms ectomycorrhizal (Russula mustelina, Russula Delica and Russula Lepida) from Côte d’Ivoire were 
harvested at 3 different stages of maturity (immature, mature and post-mature) and investigated. The results showed 
a significant increase in Proteins, Ash, Crude fibers, Lipids and Energy values up to the stage post-mature, excepted 
carbohydrate contents which were high for all the species at immature stage; ash and reducing sugar were high at 
mature stage. Then they decrease with maturation. Mineral analysis of all species indicated the mushrooms were 
specifically rich in potassium, phosphorus and calcium at stage mature. They were found to be the most abundant 
mineral present in all specie in spite of their decrease during maturation. The mushrooms contained 17 amino acids 
among with the presence of all essential amino acids at immature stage. Also, these mushrooms could be considered a 
potential health food and may be of use to the food industry as a source of ingredients with high nutritional value at 
mature and post-mature stages. 
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1. Introduction

Mushrooms have been a part of human diet in many regions of the world for centuries due to organoleptic 
characteristic as well as the nutritional values [1]. Over the last decades, his consumption has significantly increased 
due to the scientific evidence of their ability to help the organism in the combat and prevention of several diseases [2, 
3]. In nature, there are over 150 000 species of mushrooms but only 10% is known and designated [4]. Among them, 
around 2 000 species are growned. Wild mushrooms are considered delicacy with high nutritional and functional 
value, and they are also accepted as nutraceutical foods; they are of considerable interest because of their organoleptic 
merit, medicinal properties, and economic significance [5, 6]. Wild growing mushrooms have a worldwide distribution 
and have been a popular delicacy in many countries [7]. They can be grouped as functional food since their dietary 
components provides health benefit in cardiovascular and antioxidant properties, which are beyond basic nutrition 
[8]. Fruiting bodies of mushrooms are consumed as a delicacy for their texture and flavor, but also for their nutritional 
properties that makes them even more attractable [3, 9]. Specifically, wild mushrooms are also described as an 
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excellent choice to include in low caloric diets since they have high amounts of dietary fiber, minerals, vitamins, water, 
protein, carbohydrates, and low content in lipids [3, 10-11]. In Côte d'Ivoire, wild edible mushrooms are known and 
consumed in many households. In rural areas where they are abundant, most people collect them for home 
consumption as well as for extra income [12]. Recently, some studies concerning wild saprophytic edible mushrooms 
[13] and wild Ectomycorrhizal edible mushrooms [14-15] have been conducted on nutritional composition, bioactive 
compounds and antioxidant properties. However, these studies not examined the variation of chemical composition 
during mushrooms development to determine the stage of maturity with the best nutrient profile. 

The aim of this research was to determine the appropriate stage to harvest three species of Russula from center of 
Côte d'Ivoire such as R. mustelina, R. delica and R. lepida fruit bodies for better nutritional requirements. Thus, these 

mushrooms were harvested at 3 different stages of maturity: immature, mature and post-mature. For this purpose, 
some biochemical parameters, minerals and amino acid profile were determined at these different stages of maturity. 

2. Material and methods 

2.1. Sample Collection 

The sporocarps ectomycorrhizal of genus Russula were collected from their natural habitat at various locations across 
center region (Côte d’Ivoire). The type of vegetation at the sites of collection consisted of a typical clear forest. 
Collected samples were R. lepida, R. mustelina and R. delica. The fruiting bodies were harvested in different stages of 
maturity: immature (cap closed) and mature (cap opened) and post-mature (cap opened and mature spores). 
Collection was done between July 2016 and June 2018. After picking, the mushrooms were immediately transferred to 
the laboratory and cleaned from forest debris (without washing) with a plastic knife. 

2.2. Proximate analysis 

Dry matters were determined by drying in an oven at 105 ºC during 24 h to constant weight [16]. Crude protein was 
calculated from nitrogen (Nx6.25) obtained using the Kjeldahl method by AOAC [16]. Crude fat was determined by 
continuous extraction in a Soxhlet apparatus for 8 h using hexane as solvent [16]. Carbohydrate content was 
determined through the method used by Samant and Rege [17]. Total ash was determined by incinerating in a furnace 
at 550 ºC [16]. Method described by Dubois et al. [18] was used to determine total sugars while reducing sugars were 
analyzed according to the method of Bernfeld [19] using 3.5 dinitrosalycilic acids (DNS). The crude fibre contents 
were determined according to standard method [16]. The energy values of mushrooms were evaluated using formula 
described by Crisan and Sands [20].  

Energy value (kcal/100 g) = (2.62 × % protein) + (8.37 × % fat) + (4.2 × % carbohydrate) 

2.3. Minerals analysis 

Minerals were determined employing AOAC [16] method. Flour was digested with a mixture of concentrated nitric 
acid (14.44 mol/L), sulfuric acid (18.01 mol/L) and perchloric acid (11.80 mol/L) and analyzed using an atomic 
absorption spectrophotometer. The total phosphorus was determined as orthophosphate by the ascorbic acid method 
after acid digestion and neutralization using phenolphthalein indicator and combined reagent [21]. 

2.4. Statistical analysis 

All analyses were performed in triplicates. Results were expressed as mean values ± standard deviation (SD). Analysis 
of variance (ANOVA) followed by Duncan’s test was) performed to test for differences between means by employing 
Kyplot (version 2.0 beta 15, ©1997-2001, Koichi Yoshioka statistical software. Significance of differences was defined 
at the 5% level (p < 0.05). 

3. Results and discussion 

3.1. Proximate Composition 

The results of the chemical composition and estimated energetic value obtained for the wild mushrooms species are 
shown in Table 1. 
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Table 1 Proximate composition of three Russula species harvested at different stages of maturity  

Parameters 

 

Maturity 
stages 

Mushrooms species 

R. lepida R. mustelina R. delica 

Moisture (%) 

I 83.13±0.23ᵃA 83.33±0.57ᵃA 84.93±0.31ᵇA 

II 83.43±0.25ᵃA 83.77±0.05ᵇA 85.31±0.01ᶜA 

III 84.27±0.46ᵇB 83.43±0.05ᵃA 85.21±0.10ᶜA 

Dry matter (%) 

I 16.87±0.23ᵃB 16.67±0.57ᵃA 15.07 ±0.31ᵇA 

II 16.57±0.25ᶜB 16.23±0.05ᵇA 14.69±0.01ᵃA 

III 15.73±0.46ᵇA 16.57±0.06ᶜA 14.79±0.10ᵃA 

Crude Fibre (%) 

I 07.57 ±0.00ᵃA 08.89 ±0.00ᵇA 15.78±0.15ᶜA 

II 09.39±0.00ᵇB 09.15 ±0.01ᵃB 16.45±0.01ᶜB 

III 12.44 ±0.01ᵇC 11.21 ±0.00ᵃC 20.19 ±0.01ᶜC 

Proteins (%) 

I 29.39±0.01ᵃA 33.28±0.01ᶜA 32.41±0.00ᵇA 

II 37.04±0.03ᵇB 36.02±0.00ᵃB 37.88±0.01ᶜB 

III 38.64±0.03ᵃC 38.00±1.00ᵃC 39.02±0.01ᵃC 

Fat (%) 

I 02.72±0.01ᵃA 04.82±0.01ᵇA 05.80±0.00ᶜA 

II 04.39±0.02ᵃB 05.10±0.01ᵇB 06.45±0.00ᶜB 

III 05.53±0.05ᵃC 06.12±0.02ᵇC 07.91±0.02ᶜC 

Carbohydrates (%) 

I 47.74±0.00ᶜC 42.51±0.01ᵃC 44,97±0,02ᵇC 

II 41.37±0.01ᵇA 41.32±0.00ᶜB 37,31±0,00ᵃB 

III 41.14±0.01ᵇB 40.35±0.05ᵃA 35,61±0,02ᵃA 

Ash (%) 

I 09.49±0.00ᵃA 10.53±0.01ᵇA 12.46±0.01ᶜA 

II 12.43±0.02ᵃB 12.66±0.00ᵇB 13.36±0.05ᶜB 

III 15.15±0.00ᵇC 14.39±1.01ᵃA 15.82±0.00ᶜC 

Total Sugars (%) 

I 15.63±0.01ᵃB 17.90±0.01ᶜB 16.63±0.00ᵇB 

II 18.77±0.00ᵃC 20.08±0.04ᵇC 18.77±0.02ᵃC 

III 14.62±0.00ᵃA 17.01±0.01ᶜA 15.93±0.02ᶜA 

Reducing Sugar (%) 

I 00.32±0.01ᵇA 00.26±0.02ᵃA 00.36±0.00ᶜA 

II 00.45±0.05ᵃB 00.41±0.00ᵃC 00.90±0.20ᵇB 

III 00.38±0.00ᵇA 00.34±0.01ᵃB 00.44±0.01ᶜA 

Energy Values 
Kcal/100g MS 

I 264.91±0.00ᵃA 273.31±0.01ᵇA 279.16±0.00ᶜB 

II 273.99±0.01ᵃB 278.08±0.06ᵇB 288.54±0.01ᶜA 

III 288.01±0.01ᵇC 287.99±0.00ᵃC 288.61±0.00ᶜC 

Each value is an average of three replicate, Values are mean ± standard deviation, Means not sharing a similar tiny letter in a line and capital letter 
in a column are significantly different P≤0.05 as assessed by the test of Duncan. 

Concerning dry matter of the three mushrooms species (R. lepida, R. mustella and R. delica) ranged between 15.73-
16.87 %; 16.23-16.67 %; 14.69-15.07 % respectively (Table 1). So, high values of moistures were observed but, they 
remain constant during maturation for same species. It is important to consider moisture content, since all the 
nutrients are contained in the dry matter of food. Dry matter levels as high as 20% have been reported for some 
species, however 10 % or less is common [22, 23]. The content of dry matter in the three edible wild mushrooms falls 
within ranges of reported data. The high moisture content of the three mushroom species indicates that they are 
highly perishable. High moisture content has been reported to promote susceptibility to microbial growth and enzyme 
activity which accelerates spoilage [24]. 
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Carbohydrates significantly decreased during maturation (47.74 to 41.14% for R. lepida; 42.51 to 40. 35% for R. 
mustelina and 44.97 to 35.61% for R. delica). The decrease in carbohydrate content may be explained by their 
energetic role, being catabolized for energy production along the mushroom growth. For the three species, total 
sugars found in mature stage were significantly (p < 0.05) high than the contents found in the Immature and post-
mature stages.  Moreover, other authors observed for different species (R. lepida, R. mustella and R. delica) a total free 
monosaccharide of mushrooms increase in mature stage, as compared with immature mushrooms. 

While proteins increase of 29.39 to 38.64% for R. lepida; 33.28 to 38.00 % for R. mustelina and 32.41 to 39.02 % for R. 
delica. These values attained a highest starting from the mature stage. Otherwise, the increase in protein (mainly 
structural compounds) content may be due to the protein synthesis inherent to mushrooms maturity [25]. 

Interestingly, fibers content increased with maturation. Crude fibers content greatly increased until post-matur stage. 
Thus, the consumption of mushrooms at post-mature could cover the daily need for soluble fibers which is estimated 
to be between 25 and 30g [26] and would contribute to reducing the risks of hypertension, constipation, diabetes, 
colon cancer and breast, since soluble fibers decreases the absorption of cholesterol and glucose in the blood [27]. 

However, the content of reducing sugar content peaked at stage II and greatly decreased at post-mature stage. The 
difference between carbohydrate and reducing sugar contents is the content of soluble polysaccharides, which were 
thought to be biologically active substances in mushrooms [28]. 

The ash content increased with maturation in three species. This variation in ash content among results of different 
studies is probably caused by variations in edaphic environmental factors, which have direct bearing to mineral 
contents of mushrooms.    

In terms of energy values, the results indicated that the three mushrooms species wild edible analyzed at different 
stages of fruiting body maturity increased in calorie content and their energy value increased according to stage 
(Table 1). In all varieties the stage III in caloric value was highest for R. lepida (288.01 Kcal/100 g dry matter), 
followed by R. mustelina (287.99 Kcal/100g dry matter) while R. delica recorded the lowest (288.61 Kcal/100 g dry 
matter). Owing to their high content of water and low caloric value mushrooms could be considered as a dietetic food, 
suitable for low-calorie diets. The variations observed on the chemical composition during maturation indicate that 
the gatherings of mushrooms could be done from the mature stage. At this stage, these components are in quantity 
allowing a good functioning of organism [29, 30].  

3.2. Mineral composition 

Minerals represent the ash left behind after complete incineration of the dry mushroom. The mineral composition 
reflects on the growth conditions of the mushroom. The major mineral composition of these mushrooms shown in 
Table 2. Minerals such as potassium, calcium are said to be major because they are in high concentrations of the 
mushroom, as well as phosphorus and magnesium. However, sodium is relatively less in mushroom species; thus, 
mushrooms are said to be good for patients with hypertension [31, 32]. 

The results in table 3 show micromineral composition. Mineral content peaked at stage II and greatly decreased when 
post-mature. The results of micromineral values of the three edibles species of mushrooms during maturation clearly 
indicate the potential for their use as sources of good quality food. The mineral levels, in these mushrooms were 
appreciably near than those reported for several cowpea varieties [33], but lower than those reported for fish, snails 
and broiler meat [34]. Using this proximate analysis, the mineral and analytical food value as approximate indices of 
nutritional quality, it would appear that some of these mushrooms fall between most legumes and meat. In earlier 
studies, [35] indicated that edible mushrooms were highly nutritional and compared favorably with meat, egg and 
milk. Some of the mushrooms are known to possess antitumorigenic and hypocholesterolaemic agents, which implies 
that mushrooms could hold special attraction for and may be recommended for people with cholesterol-related 
ailments [36, 37]. 
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Table 2 Major mineral content of three Russula species harvested at different stages of maturity 

Major mineral contents 
(mg/100 g of dry 
weight product) 

Maturity 

Stage 

Mushrooms species 

R. lepida R. mustelina R. delica 

 

Mg (mg/100 g) 

I 316.65±0.13aC 239.58±0.20bC 34.47±0.14aC 

M 289.61±0,02cB 173.42±0.13bB 30.56±0.03aB 

PM 269.27±0.17cA 147.90±0.07bA 27.16±0.12aA 

 

K (mg/100 g) 

I 393.45±1.11cC 78.77±1.51aC 92.87±0.45bC 

M 251.86±0,25cB 69.33±0.52aB 86.37±0.31bB 

PM 217,95±0.89cA 57,15±1.60aA 76,80±1.07bA 

 

P (mg/100 g) 

I 149,43±0.28aC 254,74±0.13bC 514,06±0.11cC 

M 145,91±0,30aB 235,01±0.24bB 490,31±0.33cB 

PM 135,97±0.14aA 199,08±0.39bA 434,24±0.19cA 

Na (mg/100 g) 

I 62,42±0.13cC 51,58±0.16bC 47,89±0.05aC 

M 58,47±0,02cB 40,25±0.07aB 42,06±0.14bB 

PM 53,77±0.04cA 37,63±0.10bA 34,95±0.04aA 

 

Ca (mg/100 g) 

I 258,47±0.13bC 128,07±0.16aC 381,09±0.05cC 

M 238,08±0,02bB 116,47±0.07aB 368,90±0.14cB 

PM 211,10±0.04bA 112,18±0.10aA 353,51±0.04cA 

Each value is an average of three replicate, Values are mean ± standard deviation, Means not sharing a similar tiny letter in a line and capital letter 
in a column are significantly different P≤0.05 as assessed by the test of Duncan. 

 

Table 3 Trace mineral content of three Russula species harvested at different stages of maturity 

Trace mineral 
contents (mg/100 g of 
dry weight product) 

Maturity 
stages 

Mushrooms species 

R. lepida R. mustelina R. delica 

Mn (mg/100 g) 

I 07.06±0.04cC 06.95±0.08bB 05.04±0.06aB 

M 02.37±0.04aB 06.33±0.05cA 04.98±0.08bA 

PM 01.54±0.05aA 06.32±0.06cA 04.69±0.04bA 

 

Fe (mg/100 g) 

I 48.37±0.10bC 25.67±0.36aC 57.69±0.42cC 

M 24.35±0.07bB 16.79±0.52aB 25.22±0.16cB 

PM 16.23±0.08bA 15.83±0.20aA 20.08±0.30cA 

 

Cu (mg/100 g) 

I 02.27±0.01aA 03.70±0.07cC 02.82±0.04bC 

M 02.45±0.01bB 02.78±0.08cB 02.36±0.02aB 

PM 02.42±0.19cB 01.69±0.03bA 01.38±0.09aA 

 

Zn (mg/100 g) 

 

I 10.32±0,03bC 07.26±0.03aC 12.56±0.01cC 

M 08.02±0.03bB 02.86±0.01aB 10.37±0.05cB 

PM 03.72±0.05bA 01.34±0.03aA 07.32±0.03cA 

Each value is an average of three replicate, Values are mean ± standard deviation, Means not sharing a similar tiny letter in a line and capital letter 
in a column are significantly different P≤0.05 as assessed by the test of Duncan. 
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3.3. Amino acids composition 

The analysis of extracts from three species of Russula harvested during their development by HPLC is presented in 
table 4 and 5.  

Table 4 Non-essential Amino acids profile of three Russula species at different maturity stages 

Amino Acids 
Maturity 
stages 

Mushroom samples 

Russula Lepida Russula mustelina Russula Delica 

Cysteine 

I 1.80±0.02aA 1.05±0.04bA 2.66±0.05cA 

M 3.16±0.04bB 1.84±0.03aB 3.65±0.15aB 

PM 3.78±0.03aC 2.57±0.03aC 3.80±0.03bC 

Tyrosine 

I 1.79±0.03cA 1.43±0.03aB 1.50±0.02bA 

M 1.83±0.03bB 1.62±0.03aC - 

PM 2.53±0.03cC 1.20±0.03aA 1.75±0.03bB 

Arginine 

I 3.25±0.05cA 1.91±0.02aA 2.41±0.02bA 

M 4.19±0.03cC 2.73±0.04bB 2.59±0.02aA 

PM 3.43±0.05bB 3.56±0.05cC 3.12±0.03aB 

Glutamic acid 
 

I 0.23±0.02bA 0.41±0.01cA 0.06±0.01aA 

M 0.28±0.02aB 0.47±0.04cB 0.44±0.03bB 

PM 0.35±0.01aC 0.46±0.05bB - 

Alanine 

I 5.28±0.05cA 2.09±0.04aA 2.71±0.01bA 

M 5.64±0.04cB 3.70±0.03bB 2.89±0.01aB 

PM - 3.94±0.05bC 3.03±0.04aC 

Glycine 

I - 1.51±0.03bA 0.03±0.01aA 

M 1.73±0.03aA 4.71±0.02bB - 

PM 2.04±0.03bB - 1.03±0.03aB 

Serine 

I 0.04±0.01aA 7.79±0.04cA 0.07±0.05bA 

M 0.73±0.04aC 8.00±0.02bB - 

PM 0.26±0.02aB 8.04±0.05cC 0.77±0.62bB 

Proline 

I 9.30±0.05cB 7.50±0.02bB 0.71±0.02aA 

M 7.91±0.03bA 3.75±0.05aA - 

PM - 8.90±0.02aC - 

Each value is an average of three replicate, Values are mean ± standard deviation, Means not sharing a similar tiny letter in a line and capital letter 
in a column are significantly different P≤0.05 as assessed by the test of Duncan. 

 

It allowed the identification of seventeen essential and non-essential amino acids such as valine, phenylalanine, 
threonine, tryptophan histidine, isoleucine, leucine, lysine, methionine, arginine, cysteine, alanine, glycine, proline, 
serine, tyrosine and glutamic acid. For three species, the result showed the presence of all essential and non-essential 
amino acids at mature stage. Then, their content decreases significantly (p < 0.05) to total disappearance at post-
mature stage for certain and others increases significantly (p < 0.05) to the post-mature stage except, phenylalanine 
which are absent in R. lepida and R. delica, as well as isoleucine and proline which were absent in R. delica. This 
characteristic is in agreement with those reported by Beluhan and Ranogajec [38] and Kouassi et al. [15]. The 
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variations of amino acids contents observed during the maturation of mushrooms could be due to the transamination 
and dehydrogenation undergo by them. A small part of them probably emitted as volatile hydroxyl acids such as 
isobutanoic acid, hexanoic acid and octanoic acid under the action of aminotransferase [39]. 

Table 5 Essential Amino acids profile of three Russula species at different maturity stages 

Amino acids 
Maturity 
stages 

Mushroom samples 

Russula lepida Russula mustelina Russula delica 

Lysine* 

I 2.35±0.03cA 2.04±0.04bA 1.84±0.03aA 

M 2.41±0.03bB 2.62±0.03cB 2.04±0.03aB 

PM 2.91±0.06bC 2.77±0.07aC 3.71±0.05cB 

Threonine* 

I 2.51±0.02bB 2.16±0.05bA 2.06±0.05aA 

M 2.49±0.02cB 2.27±0.04bB 2.15±0.05aB 

PM 2.18±0.02aA 2.40±0.04aC 2.85±0.04bC 

Methionine* 

I 0.71±0.06aA 0.73±0.04aA 0.07±0.02aA 

M 0.75±0.03aB 1.26±0.03bB 0.71±0.05aB 

PM 0.83±0.02aC 0.74±0.04aA 1.74±0.05bB 

Isoleucine* 

I 2.24±0.04bA 1.63±0.03aA - 

M 4.05±0.06bB 2.21±0.02aB - 

PM 4.19±0.06cC 3.73±0.03aC 5.72±0.02aA 

Valine* 

I 3.83±0.05bB - 2.24±0.05aA 

M 3.79±0.04aA 3.97±0.05bA 4.73±0.05cB 

PM 4.10±0.06aC 4.60±0.02bB - 

Phenylalanine* 

I - 2.30±0.03aC - 

M - 2.16±0.04aB - 

PM - 1.93±0.04aA - 

Histidine* 

I 0.23±0.05aA 1.15±0.04cA 0.96±0.02bA 

M 1.12±0.03aB 1.50±0.02bB 1.62±0.04cB 

PM 1.95±0.04aC 1.95±0.04aC 1.95±0.04aC 

Tryptophane* 

I 0.46±0.04aA 0.40±0.02aA 0.42±0.04aA 

M 0.42±0.03aA 0.43±0.05aB 0.42±0.03aA 

PM 0.40±0.02aA 0.45±0.04aB 1.43±0.02aA 

Leucine* 

I 4.47±0.06cB 3.09±0.03bA 2.36±0.03aA 

M 4.30±0.02cA 3.53±0.04bB 3.11±0.01aB 

PM - 3.62±0.03aC 7.90±0.02bC 

Essential Amino acids 
(AAE) 

I 

M 
PM 

16.8±1.05cB 13.5±1.03bA 9.95±1.04aA 
19.34±1.06bC 19.94±1.04cB 14.78±1.06cB 

16.58±1.04bA 22.17±1.02bC 25.3±1.04cC 

Total Amino Acids 
(AAT) 

I 
M 
PM 

38.49±1.04aA 37.19±1.02bA 20.1±1.03aA 
44.81±1.03bC 46.76±1.03cB 24.35±1.03aB 
28.97±1.02aA 50.84±1.06cC 38.80±0.04cC 

AAE / AAT 
I 
M 
PM 

0.43 0.36 0.49 
0.43 0.42 0.60 
0.57 0.43 0.65 

Each value is an average of three replicate, Values are mean ± standard deviation, Means not sharing a similar tiny letter in a line and capital letter 
in a column are significantly different P≤0.05 as assessed by the test of Duncan 

 

Nevertheless, these studies suggested that, as demonstrated in our work, the amino acid contents in mushrooms were 
considerably divergent between species. In addition, the different geographical origin, growth conditions, and 
harvesting times of the analyzed species cannot be excluded. Likewise, the contents of eight (8) essential amino acids 
(AAE) have been revealed of the different maturity stages (immature, mature and post-mature) and are respectively 
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(38.49, 44.81 and 28.97 g / 100g) in R. lepida; (37.19, 46.76 and 50.84g / 100g) in R.mustelina; (20.1, 24.35 and 38.8 g 
/100g) in R. delica. Also, the AAE / AAT ratios obtained during development (immature, mature and post-mature) are 
respectively (0.43, 0.43 and 0.57 g / 100g) in R. lepida; (0.36, 0.42 and 0.43 g / 100g) in R. mustelina; (0.49, 0.60 and 
0.65g / 100g) in R. delica. The amino acid values obtained from the three wild edible fungi all significantly change (P> 
0.05) as a function of maturation. With regard to amino acids, it is good to signify that they play an essential role in the 
repair, cell growth of tissues and organs [40, 41]. The levels of AA are relatively higher than those obtained by Fabiane 
et al. [42]. However, there is generally a change in levels during ripening. Indeed, this evolution is probably related to 
the processes of protein synthesis during maturation [43]. In addition, according to Bernas and Jaworska (2010) [44], 
when the AAE / AAT ratio is greater than or equal to 50%, this means a good availability of PPAs to meet the minimum 
daily needs. In view of the results obtained, the mushrooms studied harvested after the mature stage could be an 

interesting source of amino acids for consumers. 

4. Conclusion 

The knowledge about their chemical composition in different maturity stages of fruiting body will be also useful in 
order to find the best stage to achieve better functional and nutritional properties. In this study, we can conclude that 
the second stage of maturity is that recommended for the harvest of these mushrooms. Thus, the mushroom 
consumers will be able to really profit from their food value.  
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