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Abstract

Valchev, N. (2020) Nutritional and amino acid content of stem and cap of Agaricus bisporus, Bulgaria. Bulg. J. Agric.
Sci., 26 (Suppl. 1), 192-201

The purpose of this research was to evaluate nutritional value and the differences in the free amino acid content
between the cap and stem of main cultivated species Agaricus bisporus - marketed in Bulgaria. The amino acid compo-
sition was determined by AccQ-Fluor amino acid derivates were separated on ELITE LaChrom HPLC system (VWR™
Hitachi, Tokyo, Japan). The amino acid peaks were acquired using EZChrom Elite™ software and were calculated
based on amino acid calibration standard (amino acid standard H, Thermo Fisher Scientific). Agaricus bisporus is rich in
carbohydrates (6.76 g/100 g fw), followed by proteins (1.28 g/100 g fw), ash (0.88 g/100 g fw) and fat (0.20 g/100 g
fw). Also moisture (90.88% fw), and total energy (123.6 kJ/100 g fw) were calculated. The total phenolic and total fla-
vonoid contents of Agaricus bisporus species were 28.74 mg/g and 9.56 mg/g respectively. The content of saturated fat-
ty acids (SFA) was (45.64%). The content of unsaturated fatty acids (UFA) in the oil from mushroom was (54.36%) and
that of monounsaturated fatty acids (MUFA) consisted of (21.75%). On the other hand, the amount of monounsaturated
fatty acids (PUFA) was higher (32.61%). On the grounds of the obtained data, it can be seen that in the phospholipid
fraction from mushrooms, there predominated phosphatidic acids (29.60%) as a major component, followed by lyso-
phosphatidylcholine (13.70%). The quantities of diphosphatidylglycerol and phosphatidylinositol in the phospholipid
fraction were from (6.30% to 8.10%). Seventeen free amino acids, aspartic acid, serine, glutamic acid, glycine, histidine,
arginine, threonine, alanine, proline, glycine, tyrosine, valine, methionine, lysine, isoleucine, leucine and phenylalanine
acid were determined in mushroom’s cap and stem. The total amino acid (TAA) content of cap was (139.22 mg/kg dw)
and that of the stem (47.80 mg/kg dw). The essential amino acids (EAA) content of cap was (54.59 mg/kg dw) and that
of the stem (39.49 mg/kg dw). The essential to total amino acids ratios of the cap and the stem were (0.39 and 0.83) re-
spectively. The principal component analysis (PCA) carried out on the 17 free amino acids produced a two dimensional
pattern for which the first principal compound explained (90.71%) of the variance, while the second principal compo-
nent contributed (9.29%) of the total variance. The results showed the free amino acid content of the analyzed wild edi-
ble mushroom was considerable, and that they may be important compounds contributing to the typical mushroom taste,
nutritional value, and potent antioxidant properties.

Keywords: chemical composition; amino acid composition; edible mushroom - Agaricus bisporus; ELITE LaCh-
rom HPLC analysis

Introduction

Agaricus bisporus (A. bisporus) white button mush-
room (WBM) is the most popular mushroom in the world.
A. bisporus is the most extensively cultivated edible mush-
room with yields accounting for 70% of total edible fungi
(Rotzoll et al., 2006; Jagadish et al., 2009; Kala¢, 2009;
Liu et al., 2012; Grosshauser & Schieberle, 2013; Wang et
al., 2014; Friedman, 2015).

Edible mushrooms are a good source of protein, sever-
al essential amino acids, vitamins (B,, niacin, and folate),
polyphenols and mineral elements (potassium, phospho-

rus, selenium, zinc, cobalt and copper) (Manzi et al., 2001;
Kim et al., 2009; Lin et al., 2014; Ozyurek et al., 2014;
Dospatliev & Ivanova, 2017). In addition, 4. bisporus con-
tains several nonvolatile taste compounds, including solu-
ble sugars and polyols, free amino acids and 50-
nucleotides. Tsai et al. (2007) reported that 1 g of A.
bisporus contained 48.8—64.2 mg of free amino acids and
6.59-8.14 mg of 50-nucleotides. However, A.bisporus has
a short shelf life of only 1-3 days, and the commercial
value decreases completely within a few days, largely due
to its high water content (approximately 90%), high level
of enzyme activity and the presence of microflora (Lau et
al., 2014; Seow et al., 2016; Ivanova et al., 2019b).
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Edible mushrooms are low in fat, and is known for
having zero cholesterol but it contains some essential fatty
acids such as linoleic acid (Tsai et al., 2008; Li et al., 2011;
Atila et al., 2017; Borthakur et al., 2019; Rathore et al.,
2020), caprylic, palmitic, stearic, oleic, eicosanoic and
erucic acids and is a good source of vitamins (Dospatliev et
al., 2019a). In general, the mushroom is a good source of K,
Fe, Zn, Cu, Na, Se, Co and Mn (Adriano, 2001; Akinyele &
Shokunbi, 2015; Ivanova et al., 2019a; Owaid et al., 2020).
In particular, the main constituents in mushroom fruiting
bodies are potassium and phosphorus and are usually
followed by Ca, Mg, Na and Fe, Zn (Dospatliev et al.,
2019b; El Sebaaly et al., 2019).

A. bisporus have a very good history of use in many
traditional therapies and recent investigations have shown
that nutraceutical therapy is a promising source of new
therapeutics against many life-threatening diseases (Atila et
al., 2017; Mahfuz et al., 2019). In addition, the high levels of
dietary fibers, vitamin C, D, and B,,; folates and
polyphenols contained in A.bisporus may provide beneficial
effects on cardiovascular and diabetic diseases (Gasecka et
al., 2018; Dospatliev et al., 2019c; Ramos et al., 2019;
Samsudin & Abdullah, 2019; Singhal et al., 2019).

The purpose of this research was to evaluate nutritional
value and the differences in the free amino acid content
between the cap and stem of main cultivated species
Agaricus bisporus - marketed in Bulgaria.

Materials and Methods

Mushroom samples

The edible mushrooms Agaricus bisporus used as raw
material in this study were purchased from a large retail
chain in Plovdiv, Bulgaria. Mushroom samples were washed
with distilled water and dried in a fan oven to constant
weight. The dried samples were ground, then homogenized
and stored in polyethylene bottles until analysis.

Analytical Methods

Proximate composition analysis

For determination of proximate value, the following
parameters were studied by using the mushroom material.
Moisture content

The fresh weight of each mushroom sample was taken
using a chemical balance. These samples were then oven-
dried separately at 105°C for 24 h. The loss in weight
obtained after drying was regarded as the moisture content
(AOAC, 2016).
Determination of crude protein

Protein content was determined using folin phenol
reagent. 0.5 g of the powdered mushroom sample was
extracted with 50 mL of 2% NaCl in a water bath at 60°C
for 1 h. The extract was filtered out and 50 mL of 3% copper
acetate monohydrate was added to the filtrate to precipitate
the protein. The precipitated protein was then centrifuged
out and dissolves in 50 mL (Kadiri & Fasidi, 1990).

Determination of crude fat

Crude fat was determined by extracting 2 g moisture-
free samples with petroleum ether in a soxhlet extractor,
heating the flask on a sand bath for about 6 h till a drop
taken from the drippings left no greasy stain on the filter
paper. After boiling with petroleum ether, the residual
petroleum ether was filtered using Whatman No 40 filter
paper and the filtrate was evaporated in a preweighed
beaker. Increase in weight of beaker gave the crude fat
(Sheikh et al., 2015).
Determination of ash content

The powdered mushroom sample (3 g) was ashed in a
previously ignited and cooled crucible of known weight in a
Gallenkamp furnace at 55°C for 6 h. The fairly cooled
crucibles were put in desiccators and weighed (Manzi et al.,
2001).
Determination of carbohydrates

Total carbohydrate was determined by adding 2 g of
each sample in 50 mL distilled water, 0.2 mL of which was
ten fold diluted. To 1 mL of the resulting solution and serial
dilutions of glucose stock (10 mg/100 mL) solution, 4 mL of
anthrone reagent was added and the absorbance of the
solutions was measured by a spectrophotometer at 620 nm
against a reagent blank (Plummer, 1971).
Energy

Total energy was calculated according to the following
equations: Total energy (kJ/100g) = 17 (g protein + g
carbohydrate) + 37 (g lipid). The weight of individual
nutrients is g/100 g dw sample (Dir. 90496EEC, 20006).
Reagents

All chemicals were at least of analytical-reagent grade.
Water was de-ionized in a Milli-Q system (Millipore,
Bedford, MA, USA) to a resistivity of 18.2 MQ cm. All
plastic and glassware were cleaned by soaking in diluted
HNO; (1/9, v/v) and were rinsed with distilled water prior to
use.
Total flavonoid content

To  determine  total flavonoid content by
spectrophotometrically, 10 mg of the powdered mushroom
sample was diluted to 1 mL by methanol and extracted.
Then, 100 pL mushroom extract was mixed with 100 pLof
20% aluminium trichloride (AICI;) and a drop of acetic acid
was added to this mixture. Total volume was completed to 5
mL with ethanol. After 40 min incubation at room
temperature, absorbance of pink colour in the samples was
measured spectrophotometrically at 415 nm and calculated
using quercetin as standard. For calibration curve, quercetin
was used with 5 different concentrations range of 0.03—0.5
mg/mL. The results were calculated using regression
equation of the curve obtained and expressed as mg of
quercetin equivalents per g of dry mushroom sample
(Kumaran & Karunakaran, 2006).
Total phenolic content

The total phenolic content of mushrooms was determined
pectrophotometrically using the Folin-Ciocalteu method
(Singleton et al., 1999). 1 g of the powdered mushroom
sample was diluted to 1 mL with methanol and extracted.
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A 2.5 ml Folin-Ciocalteu reagent (10%) was added to ex-
tract (0.5 mL) and mixed. Afterwards, 2.5 mL of 7.5% sat-
urated sodium carbonate solution was added to this mixture
and mixed thoroughly. The mixture was incubated at 45°C
for 45 min in the dark.At the end of incubation, formation
of blue colour was observed. Finally, absorbance of blue
colour in the samples was measured at 765 nm using a
spectrophotometer. For total phenolic analysis, a calibration
curve was obtained by using 5 different concen trations of
gallic acid ranged from 0.007 to 0.125 mg/mL as standard.
The total phenolic content were calculated using regression
equation of the curve obtained and the results were ex-
pressed as mg of gallic acid equivalents per g of dry mush-
room sample.
Analysis of fatty acids

The fatty acid composition was determined by gas
chromatography (GC) after transmethylation of the sample
with 2% H,SO, in CH;0H at 50°C (ISO 12966-2, 2011)
Fatty acid methyl esters (FAME) were purified by thin-
layer chromatography (TLC) on 20 x 20 cm plates covered
with 0.2 mm silica gel 60 G (Merck) layer with mobile
phase hexane:diethyl ether (97:3, v/v). GC was performed
on a HP 5890 series II (Hewlett Packard GesmbH, Vienna,
Austria) gas chromatograph equipped with a 75 m x 0.18
mm (I.D.) x 25 pum (film thickness) capillary column
Supelco and a flame ionization detector. The column
temperature was programmed from 140°C (5 min), at 4°C/
min to 240°C (3 min); injector and detector temperatures
were kept at 250°C. Hydrogen was the carrier gas at a flow
rate 0.8 mL/min; split ratio was 1:50. Identification of fatty
acids was performed by comparison of retention times with
those of a standard mixture of fatty acids subjected to GC
under identical experimental conditions (ISO 12966-1,
2014).
Analysis of phospholipids

Air-dried mushrooms (10 g) were subjected to Folch
extraction (Folch et al., 1957). The phospholipid classes
were isolated by a variety of two-dimensional TLC on 20
cm %X 20 cm glass plates with 0.2 mm Silica gel 60 G layer
impregnated with aqueous (NH4),SO4 (1 g in 100 mL
water). In the first direction the plate was developed with
chloroform:methanol:ammonia, 65:25:5 (v/v/v) and in the
second — with chloroform: acetone:methanol:acetic
acid:water, 50:20:10:10:5 (v/v/v/v/v)) (Schneiter & Daum,

2014). The identification of the individual phospholipids
was performed by comparing the respective R¢ values with
those of authentic commercial standards subjected to Silica
gel TLC under identical experimental conditions. The
quantification was carried out spectrophotometrically at
700 nm after scrapping the respective phospholipid spot
and mineralization of the substance with a mixture of
perchloric acid and sulphuric acid, 1:1 (v/v) (ISO 10540-1,
2014).
Determination of free amino acid composition

Amino acid analysis was performed with a high perfor-
mance amino acid analyser. Sample equivalent to 10 mg of
protein was weighed into the conical flask and mixed with
5 mL formic acid. The flask was placed in an ice bath for
16 h and sodium disulfite was added into the flask. 25 mL
of HCI 6N were then added to the oxidized mixture. The
flask was oven dried at 110°C for 24 h. The flask was then
opened, and a Rotary evaporator was used to reduce the
volume to 5—-10 mL under vacuum at 60°C. Sodium citrate
buffer (pH 2.20) was added to the hydrolysed sample. Once
all the soluble material was completely dissolved, the sam-
ple was ready for analysis. The filtered sample was collect-
ed and processed to derivatisation.
Derivatisation of amino acids

The sample (20 pL) was derivatized with AccQ-Fluor
reagent kit WAT052880 (Waters, Dublin, Ireland). AccQ-
Fluor bo-rate buffer (60 uL) was added by micropipette to
the sample and vortexed. Then, 20 uL. of AccQ-Fluor rea-
gent were adde and the sample was additionally vortexed
for 30 s. The sample was heated in a waterbath MLW W3
(Labexchange, Burladingen, Germany) at 55°C for 10 min
before separation of amino acids using HPLC system.
High-performance liquid chromatography separation of
amino acids

The AccQ-Fluor amino acid derivates were separated
on ELITE LaChrom HPLC system (VWR™ Hitachi, To-
kyo, Japan). Sample of 20 pL was injected into an HPLC
reversed phase AccQ-Tag™ silica-bonded amino acid col-
umn C18, 3.9 mm x 150 mm (Waters). The elution of the
amino acids was performed by gradient system with mobile
phase, eluent A, buffer WAT052890 (Waters) and mobile
phase, eluent B, 60% acetonitrile (Sigma-Aldrich, Merck),
in a separation gradient with a flow rate of 1.0 mL/min
(Table 1).

Table 1. Gradient conditions of high-performance liquid chromatography separation of amino acids

t/min Flow rate (mL/min) Phase A (%) Phase B (%)
0 1.0 100 0
0.5 1.0 98 2
15.0 1.0 93 7
19.0 1.0 90 10
32.0 1.0 67 33
33.0 1.0 67 33
34.0 1.0 0 100
37.0 1.0 0 100
38.0 1.0 100 0
64.0 1.0 100 0
65.0 1.0 0 100




Nikolai Valchev

195

The amino acids were detected using a diode array de-
tector (DAD) at 254 nm with the column condition set at
37°C for 40 min. The amino acid peaks were acquired
using EZChrom Elite™ software and were calculated
based on amino acid calibration standard (amino acid
standard H, Thermo Fisher Scientific). The proportional
molar concentration for each amino acid was calculated
based on the concentration of standard amino acids.

Statistical analysis

Statistical analysis and all chartings were performed
within the R program version 3.5.3. The data were
presented as mean value and standard deviation (SD). The
particular effect between the parts of mushroom (cap and
stem) and their nutritional composition were examined
using a principal component analysis.

Percentage ratio between amino acid content in cap
and stem

The percentage ratio between the amino acid content of

the cap and the stem was calculated using the following
formula:

CC(’
Difference (%) = 2 %100,

“ stem

where, C represents the amino acid content of the cap
and the stem.

Results and Discussion

The main components of the chemical composition of
Agaricus bisporus are presented in Table 2.

Agaricus bisporus is rich in carbohydrates (6.76 g/100
g fw), followed by proteins (1.28 g/100 g fw), ash (0.88
g/100 g fw) and fat (0.20 g/100 g fw). Also moisture
(90.88% fw), and total energy (123.6 kJ/100 g fw) were
calculated. A sample of Agaricus bisporus growing in
Portugal was also reported to have carbohydrates as the
most abundant macronutrient (Heleno et al., 2011). The
carbohydrates in mushrooms comprise various compounds:
sugars  (monosaccharides, their  derivatives and
oligosaccharides) and both reserve and structural
polysaccharides (Stojkovic et al., 2014).

Table 2. Moisture (g/100 g of fresh weight), macronutrients (g/100 g of fresh weight) and total energy (kJ/100 g of

fresh weight) in the edible mushrooms

Components X SD -95% Confid. level +95% Confid. level
Moisture 90.88 + 0.32 90.09 91.66

Ash 0.88 + 0.11 0.61 1.15

Crude protein 1.28 + 0.04 1.20 1.37

Crude fat 0.20 + 0.02 0.17 0.24

Total carbohydrates 6.76 + 0.52 5.47 8.05

Total energy 386.80 + 28.34 316.40 457.19

Each value is expressed as mean = SD (n = 3). Means with different letters within a row are significantly different (p < 0.05)

Total phenolic and flavanoids contents of Agaricus
bisporus

The total phenolic and flavanoids contents in the
mushroom samples were 28.74 mg/g and 9.56 mg/g re-
spectively. Phenolic compounds have been reported to be
of great interest due to their possible use as dietary supple-
ments or food preservatives (Orhan & Ustun, 2011). Phe-
nolic compounds have been reported in mushrooms previ-
ously and linked to various biological functions including
antioxidant activity. Flavonoids in mushrooms on the other
hand have been reported to possess a number of beneficial
effects on human health, including antioxidant, anti-

inflammatory, antiallergic, antiviral, and anticarcinogenic
activities. Phenol and flavonoids have been reported to
scavenge free radicals such as peroxide, hydroperoxide of
lipid hydroxyl and thus inhibit the oxidative mechanisms
that lead to degenerative diseases (Jayakumar et al., 2009).
Phenolic compounds have also been associated with anti-
oxidant activity and stabilization of lipid peroxidation. Pre-
vious studies have shown that food consumption with high
phenolic content can reduce the risk of heart disease
(Singla et al., 2010). From this study, the high levels of
phenols and flavanoids make theses mushrooms favourable
for nutritional and therapeutic application.
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Palmitoleic acid is an important fatty acid for pharma-
ceutical applications. It is postulated to have anti-
thrombotic effects, which can help prevent stroke. At pre-
sent, it is mainly obtained from Macadamia oil (Macadamia
integrifolia), which contains 17% palmitoleic acid. Pal-
mitoleic acid is produced by desaturation of palmitic acid. It

is envisaged that A9-stearoyl-ACP desaturase, which acts
mainly on stearic acid, can also use palmitic acid as sub-
strate to produce palmitoleic acid. (Mattila et al., 2002;
Keen et al., 2004; Teichmann et al., 2007; Phillips et al.,
2011; De Silva et al., 2013; Stojkovic et al., 2014).
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Fig. 1. Content of saturated (SFA), unsaturated fatty acids (UFA), monounsaturated (MUFA), monounsaturated
(PUFA) fatty acids in Agaricus bisporus (n = 3)

Phospholipid composition of Agaricus bisporus

The composition of the phospholipid fraction of the
mushrooms oils is presented in Fig. 2. In the phospholipid
fraction of the mushrooms oils from different varieties,
there were identified all major classes of phospholipids. On
the grounds of the obtained data, it can be seen that in the
phospholipid fraction from mushrooms, there predominated

phosphatidic acids (29.60%) as a major component, fol-
lowed by lysophosphatidylcholine (13.70%). The quantities
of diphosphatidylglycerol and phosphatidylinositol in the
phospholipid fraction were from (6.30%) to (8.10%). The
results obtained in this study are consistent with the previ-
ously reported results in the literature (Keen et al., 2004;
Kolundzi¢ et al., 2017; Dospatliev & Ivanova, 2020)
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Fig. 2. Individual composition of phospholipid fraction of mushroom Agaricus bisporus (n = 3)

Legend: LPC — Lysophosphatidylcholine; LPE — Lysophosphatidylethanolamine; PS — Phosphatidylserine; PI — Phosphatidylinositol; PC — Phos-

phatidylcholine; PE — Phosphatidylethanolamine; DPG — Diphosphatidylglycerol; PA — Phosphatidic acids
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As shown in Table 3, it was possible to determine in
mushroom’s cap and stem 17 free amino acids: Aspartic
acid, Serine, Glutamic acid, Glycine, Histidine, Arginine,
Threonine, Alanine, Proline, Glycine, Tyrosine, Valine,
Methionine, Lysine, Isoleucine, Leucine and Phenylalanine

The total amino acid (TAA) content of cap was 139.22
mg/kg and that of the stem - 47.80 mg/kg. The essential
amino acids (EAA) content of cap was 54.59 mg/kg and
that of the stem - 39.49 mg/kg. The essential to total
amino acids ratios of the cap and the stem were 0.39 and
0.83 respectively. This result meets well the reference
values of 0.6 recommended by WHO (1982). The results
obtained by me are also consistent with those obtained by

Dospatliev et al., (2019b) for species Morchella esculenta
(the cap and the stem were 0.15 and 0.25), Boletus
pinophilus  (0.11), Cantharellus cibarius (0.04) and
Craterellus cornucopioides (0.14).

The most substantial difference between A. bisporus
cap and stem was established for aspartic acid — 444.62%,
followed by glycine - 332.65% and arginine - 177.81%.
The smallest differences in the amino acid composition
between cap and stem were demonstrated for
phenylalanine - 101.36%, followed by alanine - 114.53%
and valine acid - 118.49%. Of all 17 amino acids, only 1
was found in larger amounts in the stem than in the cap.

Table 3. Amino acid content in cap and stem of the dry weight (DW) mushrooms, (mg/kg DW)

Agaricus bisporus

No Amino acid Abbreviation Cap Stem Difference (%)
1 Aspartic acid Asp 16.94 3.81 444.62
2 Serine Ser 11.40 8.29 137.52

3 Glutamic acid Glu 0.99 4.85 20.41
4 Glycine Gly 1.63 0.49 332.65
5 Histidine His* 14.53 11.23 129.39
6 Arginine Arg 6.97 3.92 177.81
7 Threonine Thr* 7.93 5.14 154.28
8 Alanine Ala 16.87 14.73 114.53
9 Proline Pro 8.21 7.46 110.05
10 Glycine Cys 0.21 0.12 175.00
11 Tyrosine Tyr 6.39 4.13 154.72
12 Valine Val* 5.83 4.92 118.49
13 Methionine Met* 0.95 0.68 139.71
14 Lysine Lys* 9.16 5.93 154.47
15 Isoleucine Ile* 6.93 4.85 142.89
16 Leucine Leu* 1.15 0.79 145.57
17 Phenylalanine Phe* 8.11 5.95 101.36
Total Amino acids 124.20 87.29 2753.47
Essential amino acids 54.59 39.49 1086.16
Ratios (EAA /TAA) 0.44 0.45 0.39

Each value is expressed as mean (n = 3). TAA, total amino acid; EAA*, essential amino acids, were calculated as the total content of Val,

Leu, Ile, His, Lys, Thr, Met and Phe




198

Nutritional and amino acid content of stem and cap of Agaricus bisporus, Bulgaria

Ribeiro et al. (2008) reported that the total free amino
acid content in 11 wild edible mushrooms from
northeastern Portugal ranged from (153.09 mg/100 g) in F.
hepatia to (2267.32 mg/100 g) in B. edulis, whereas, data
from the literature showed ca. (897 mg/100 g) of total free
amino acids in B. edulis (Leon-Guzman et al., 1997).
Kivrak et al. (2014) determined free amino acid content in
Calvatia gigantean as ca. (199.6 mg/100 g). It could be
noted that up to (16.843 mg/100 g) of total free amino acids
were determined in five cultivated edible mushrooms, and

PC2 (9 29%)

0.0-

2 -1

0
PC1 (90.71%)

the average content was (12.079 mg/100 g) (WHO, 1982;
Zhang et al., 2015). Ledén-Guzman et al. (1997) reported
that the total free amino acid range of four wild edible
mushrooms from Querétaro, México was ca. (2317 — 4741
mg/100 g).

The principal component analysis (PCA) carried out on
the 17 free amino acids produced a two dimensional pattern
for which the first principal compound explained 90.71%
of the variance, while the second principal component
contributed 9.29% of the total variance (Fig. 3).

Fig. 3. PCA on 17 free amino acids between the cap and stem of Agaricus bisporus

Concerning the species described above, the differences
between the results in this study and those in published re-
ports are assumed to be caused by the diversity of extrac-
tion, derivatization, or quantification methods used in the
different studies. Nevertheless, these studies suggested that,
as demonstrated in our work, the free amino acid content in
mushrooms were considerably divergent between species.
In addition, the different geographical origin, growth condi-
tions, and harvesting times of the analyzed species cannot
be excluded.

Conclusions

In general, cultivated edible mushroom of Bulgaria
could be a good source of essential nutrients to supplement
the diet of the local people. Therefore, collected edible
mushroom species Agaricus bisporus recommended in diets
because of their low content of fat and energy and also can
be consumed without any health risk.
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