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Abstract

The study compared the biochemical compositions and antioxidant properties of ten edible mushroom species in Bangladesh, including
five cultivated and five wild species. The proximate composition, minerals, heavy metals and antioxidant capacity were analysed using
standard procedures. The proximate composition of the mushroom was found to be in the range from 13.22 to 23.42 % for moisture
content, 1.42 to 17.22 % for protein, 1.91 to 10.50 % for lipids, 3.12 to 30.11 % for fibre, 1.28 to 14.28 % for ash and 25.62 to 61.49 % for
carbohydrate. The cultivated species contained higher amounts of moisture, ash and fibre, while carbohydrates, protein and lipids were
higher in the wild species. In addition, eight mineral elements were analysed: Na, K, Ca, Mg, Fe, Cu, Zn and Mn with respective
concentrations of 50.96-128.54, 719.7-1586.9, 194.6-683.3, 96.2-204.5, 0.79-180.07, 0.22-4.08, 1.18-5.58 and 0.61-6.98 mg/100 g. Most
minerals were found in higher concentrations in cultivated species, except for Guratta woul, which had the highest concentrations of Fe
and Mn. Aflatoxins (B1, B2, G1 and G2) were not detected in any of the samples tested. On the other hand, heavy metals (Pb, As, Cd, Cr)
were present in negligible amounts, but below the WHO and FAO suggested range. The highest levels of phenolic (507.3 mg/100 g),
flavonoid (132.57 mg/100 g) and total antioxidant content (1197 mg/100 g) were detected in the Guratta woul. Therefore, it can be
suggested that both cultivated and wild edible mushrooms could be an excellent source of nutrition and antioxidants.

Keywords: heavy metals; nutrient composition; proximate analysis; wild and cultivated mushrooms

Introduction mushrooms positions them as a valuable dietary resource
endowed with diverse health advantages (1, 12). In addition to
being an excellent source of various macronutrients, mushrooms
contain essential micronutrients such as vitamins (including
vitamin C and vitamin D) (2, 12, 13). Furthermore, specific
mushroom species contain bioactive components, such as beta-
glucans, with immunomodulatory effects and antioxidants that
fight oxidative stress (14-16). On the other hand, numerous
scientists agree that certain mushrooms tend to accumulate
Mushrooms represent a nutritionally significant dietary  elevated levels of specific metals, particularly heavy metals,
component with low caloric and fat content. Substrate, organic  compared to grains, vegetables and fruits (17-19).
supplementation and other additives used affect the nutritional
quality of mushrooms (7, 8). Furthermore, mushrooms exhibit a
substantial richness in various essential minerals, including, but
not limited to, calcium, potassium, iron, manganese, magnesium,
zinc, phosphorus and selenium (1, 9, 10). Mushrooms are a
notable source of dietary fibre, protein, indispensable amino
acids, unsaturated fatty acids, vitamins and minerals while
offering a low caloric content (10, 11). The nutritional profile of

Mushrooms, a unique and diverse group of macrofungi, are in a
short-lived reproductive stage in their life cycle (1-3). Mushrooms
primarily belong to the class Basidiomycetes, but certain
Ascomycetes are responsible for mushroom formation from a
taxonomic point of view (1, 2). Mushrooms have a rich historical
connection with human culture and offer significant biological
and economic contributions (4-6).

The mushroom industry comprises three primary
segments: cultivated edible, medicinal and wild mushrooms (20,
21). The distinction between edible and medicinal mushrooms is
not clear-cut, as many common edible species also have
therapeutic properties (2, 20, 22). Edible mushrooms are gathered
from natural habitats or grown through cultivation on a global
scale (1, 7). There are at least 12000 known species of mushrooms
worldwide. Of these, 2000 species are edible and 35 edible
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species are commercially cultivated (23, 24). The most cultivated
mushroom species is Agaricus bisporus, followed by Lentinus
edodes and Pleurotus spp (23, 25).

Wild mushrooms are a popular seasonal food in many
countries around the world, especially among several ethnic
groups, due to their unique flavour and texture (3, 24, 26). They
are also used for medicinal purposes, with nearly 200 species
known to be used this way (23, 24, 27). Furthermore, a significant
portion of these wild mushrooms is supposedly used for dietary,
medicinal and cultural purposes and to a certain extent to
generate income (3, 24, 28, 29). Approximately 20 species of wild
mushrooms grow in Bangladesh, of which 5-6 are poisonous (9).
Therefore, before consuming wild mushrooms, a toxicity test is
recommended.

While cultivated mushrooms such as Agaricus bisporus
and Pleurotus ostreatus have been studied extensively for their
nutritional content and antioxidant properties (30), many species
of wild mushrooms remain unexplored in this context.
Comparative studies are of paramount importance, as wild
mushrooms frequently exhibit elevated levels of antioxidant and
phenolic content. In contrast, cultivated varieties offer consistent
quality and safety within controlled environment settings.
Investigating and comparing the' chemical composition,
nutritional profile and antioxidant activities of cultivated and
unreported wild mushrooms will offer valuable insight into their
potential applications in nutrition, functional foods and
nutraceuticals. Considering the aforementioned information and
background, this research endeavour strives to attain the
subsequent goals to characterize the biochemical composition of
cultivated and unreported wild mushroom species as well as to
compare cultivated and wild mushrooms to identify differences
and similarities in composition, nutrition and antioxidant
properties.

Materials and Methods
Experimental location and year

The present study was conducted at the Laboratory of the
Department of Biochemistry and Molecular Biology at Sher-e-
Bangla Agricultural University, Dhaka, Bangladesh, from March,
2022 to July, 2023 along with the Laboratory of Institute of Food
Science and Technology, BCSIR, Dhaka and at the Quality
Control and Quality Assurance laboratory of the Mushroom
Development Institute (MDI), Savar, Dhaka, Bangladesh.

Sample collection and identification

The study consists of five commonly cultivated mushrooms and
five wild edible mushrooms in Bangladesh (Table 1). In pursuit of
this study, cultivated mushroom species, including Pleurotus
djmore, Pleurotus ostreatus, Auricularia auricula-judae, Calocybe
indica and Ganoderma lucidum, were collected from the MDI,
located in Savar, Dhaka, Bangladesh and the collection period
spanned from December 2022 to March 2023, with the selection
of these species based on their availability, existing scientific data
and popularity among local consumers. On the other hand, wild
edible mushroom species such as Samo woul (Flammulina sp.),
Undorhan woul (Auricularia sp.), Gach woul (Pleurotus sp.),
Hakken woul (Lentinus sp.) and Guratta woul (Bulgaria sp.) were
collected from the local market in Khagrachari district of
Bangladesh according to their availability in the market during the
study period. These mushrooms are highly popular and commonly
consumed among local communities in the Khagrachari district. Dr
Akhter Jahan Kakon (Project Director, Improvement of nutrition and
reduction of poverty through mushroom cultivation project;
Department of Agricultural Extension, Ministry of Agriculture), a
mushroom specialist at MDI, Savar, Bangladesh, identified and
authenticated these mushroom species based on their morphological
and taxonomical studies.

Proximate analysis

The proximate composition analysis of the mushrooms studied
aimed to determine moisture, carbohydrate, fat, protein
content, total ash and crude fibre. The moisture and fat levels in
the mushrooms were determined following the protocol
outlined by the Association of Official Analytical Chemists (31).
The total nitrogen content of the harvested edible mushroom was
evaluated using the micro Kjeldahl method and then the crude
protein content was calculated using the formula N x 6.25, where N
represents the nitrogen content (32). Additionally, total ash and
crude fibre were evaluated using standard procedures, while total
carbohydrate was calculated by subtracting the combined
moisture, ash, total protein, fat and fibre contents from the sample
weights. Furthermore, dietary fibre was quantified using the AOAC
method (33).

Mineral element analysis

The mineral analysis of calcium and iron in the dried mushroom
sample was carried out using an Atomic Absorption
Spectrophotometer (AAS) (34). After digestion in an HNOs/HCl acid
mixture, the samples underwent analysis through the AAS system
utilising different lamps and calibration with standards of varying

Table 1. Specifications of cultivated and wild edible mushroom species studied

*Price/Kg

Scientific Name Local name (In Bengali) Edibility Habitat
BDT usb

Pleurotus djmore POP 400 35 Excellent Cultivated
Pleurotus ostreatus PO2 (Oyster) 250-300 2.5 Excellent Cultivated
Auricularia auricula-judae Ear 200-300 2.5 Good Cultivated
Calocybe indica Milky 300-350 3 Good Cultivated
Ganoderma lucidum Reishi 8000 68 Medicinal Cultivated
Flammulina sp. Samo woul 1000 8 Excellent Wild growing
Auricularia sp. Underhan woul 1200 10 Good Wild growing
Pleurotus sp. Gach woul 1000 8 Excellent Wild growing
Lentinus sp. Hakken woul 1300 11.5 Excellent Wild growing
Bulgaria sp. Guratta woul 2000 17 Good Wild growing

* Price was based on the market rate during 2022-2023
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concentrations specific to the minerals under investigation. Ca, Mg,
Cu, Fe, Mn and Zn were determined by atomic absorption
spectrophotometer (AA-7000, SHIMADZU), P and S were
determined by spectrophotometer (UV-1900, SHIMADZU) and Na
and K were determined by a flame photometer (PFP7 flame
photometer, JENWAY). As, Pb, Cd and Cr were determined by an
atomic absorption spectrophotometer (AA-7000, SHIMADZU).

Aflatoxins detection

Detection and quantification of aflatoxins were performed with a
High-Performance Liquid Chromatography (HPLC) (Agilent 1200
G1316A ColCom, Germany). The experimental procedure was
carried out (35). Briefly, dried and finely crushed samples were
mixed with acetone and distilled water and then shaken for 30
min. The mixtures were centrifuged at 6000 rpm for 30 min. The
supernatants, consisting of extracted aflatoxins, were concentrated
with a concentrator (Techne, DB-3, UK) under nitrogen gas. Finally,
the extracts were diluted with 300 uL (0.3 mL) mobile phase
(methanol 22.5 % +acetonitrile 22.5 % + 55 % deionised water) as
injecting solution.

Determination of antioxidant components
phenol, flavonoid and antioxidant capacity)

(total

Total phenolic content of mushroom extracts was determined
using the Folin-Ciocalteu reagent method with pyrocatechol
serving as the standard phenolic compound (36). The
absorbance was measured at 760 nm and the total phenolic
content was expressed as mg of gallic acid equivalent per 100 g
of mushroom. The linear equation obtained from the standard
gallic acid calibration curve was used to calculate the phenolic
content. For the analysis of the total flavonoid content, the Dowd
method was employed (37), where the absorbance was measured
at 415 nm. The total flavonoid concentration was calculated using
a Quercetin standard calibration curve and expressed as
micrograms of rutin equivalent per mg of dry extracts. To
determine the total antioxidant capacity, the mushrooms were
evaluated using the ammonium molybdate reduction method
with modifications (38). The absorbance was measured at 695 nm
and the half-minimal inhibitory concentration (IC50) value was
calculated using ascorbic acid as a positive control.

Statistical analysis

The recorded data for each parameter from the experiments
were analysed statistically with a one-way analysis of variance
(ANOVA) to find out the variation resulting from experimental
treatments using the Statistix 10 program. Three samples were
used for each preparation and all assays were carried out in
triplicate. The results are expressed as mean values and standard
deviation (SD). Differences between the means of individual
groups were assessed using a one-way ANOVA with Duncan’s
multiple range tests. The mean differences were evaluated by the
Least Significant Difference (LSD) test (39). Principal Component
Analysis (PCA) was conducted using R Studio (Version 4.3.1).

Results and Discussion

Proximate composition of the mushroom species
studied and aflatoxin test of wild mushrooms

The proximate composition of mushrooms is a key area of study
because of their significant nutritional, economic and medicinal
benefits. By analysing their basic nutritional components,
researchers and food scientists can better understand and utilize
mushrooms to improve human health, enhance food security
and develop sustainable agricultural practices.

The proximate results of the analysis for the investigated
mushroom species revealed significant variability in the ash
content ranging from 1.28 % to 14.28 % among the mushroom
species studied (Fig. 1). POP had the highest ash content at 14.28
% among cultivated mushrooms, while PO2 mushrooms had the
lowest at 1.28 %. Among wild mushrooms, Guratta woul
exhibited the highest ash content at 11.88 %, while Gach woul
had the lowest at 3.013 %. These results align with previous
research (40, 41), which reported varying ash content in different
mushroom species. Variability in ash content can be influenced
by factors such as species diversity, geographical location and
environmental conditions during cultivation or harvesting.
Understanding these variations is essential for the nutritional
assessment and culinary applications of mushrooms. Further
research could delve into the factors influencing ash content
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Fig. 1. Proximate composition of selected cultivated and wild mushrooms from Bangladesh.

(The components of Ash, Protein, Lipid, Fibre and Moisture were demonstrated through triplicate analyses of three samples. The Carbohydrate
content is calculated by summing the percentages of crude protein, ash, fat and crude fibre and subsequently subtracting this sum from 100.
The distinct lowercase superscript characters (a-j) associated with a single component indicate a statistically significant difference at a

significance level of p <0.05, as determined through analysis of variance).
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variations and their broader implications for mushroom
utilization in various contexts.

Analysis of protein content among mushroom species
revealed a significant range, from 1.42 % to 17.22 % (Fig. 1). Gach
woul exhibited the highest protein content at 17.22 %, while
Guratto woul had the lowest at 1.42 %. In cultivated mushrooms,
Ear mushrooms had the highest protein content at 11.367 %,
while milky mushrooms and Reishi showed the lowest protein
content at 5.7 % and 5.93 %, respectively. In particular, the
protein content of the milky mushrooms was statistically like
that of Reishi. Among wild mushrooms, Gach woul stood out
with the highest protein content at 17.22 %, while Guratto woul
had the lowest at 1.42 %. These findings highlight the substantial
variability in protein content among different mushroom species,
whether cultivated or wild. Previous studies also reported wide
variations in protein content in mushrooms, aligning with the
results of the current study (42, 43). However, substantially higher
protein content of 41.06 % was reported (44), indicating notable
variability in protein composition between different studies. The
early studies further emphasized the diversity in protein levels
across various mushroom species (45).

The analysis of lipid content among the mushroom
species revealed significant variations, ranging from 1.91 % to
10.5 % (Fig. 1). Hakken woul exhibited the highest lipid content at
10.5 % among wild mushrooms, while Gach woul had the lowest
at 1.91 %. In cultivated mushrooms, Reishi showed the highest
lipid content at 5.62 %, while milky mushrooms had the lowest at
2.24 %. These findings underscore the substantial differences in
lipid content between wild and cultivated mushroom varieties,
highlighting the nutritional and culinary implications of such
variations. The observed variations in lipid content in our study
are consistent with previous research in the field. Studies have
reported ranges of lipid content in edible mushrooms that align
with the findings of our study (46-49). This consistency among
studies reinforces the understanding of the observations of lipid
content in edible mushrooms and supports the reliability of our
results within the established range.

Mushrooms serve as valuable sources of dietary fibre,
primarily composed of chitin and polysaccharides. This dietary
fibre is resistant to human enzymes and offers various nutritional
and physiological benefits (50). Among the mushroom species
studied, milky mushrooms exhibited the highest fibre content at
30.11 %, closely followed by POP at 28.21 % (Fig. 1). Conversely,
Gach woul exhibited the lowest fiber content at 3.12 %. When
considering cultivated mushrooms, milky mushrooms had the
highest fibre content at 30.11 %, while PO2 mushrooms showed
the lowest at 13.41 %. In the case of wild mushrooms, Guratta
woul contained the highest fibre content at 12.82 %, whereas
Gach woul had the lowest fibre content. The results of this study
align with and support of prevoius findings (51, 52). Fibre is
known for its role in promoting digestive health and overall well-
being. Our results show that these health benefits can vary
significantly depending on the mushroom variety consumed.

In terms of moisture content, our study observed notable
variations, ranging from 13.22 % for milky mushrooms to 23.42
% for PO2 mushrooms (Fig. 1). Milky mushroom and Hakken
woul exhibited similar moisture content, as did Reishi and Ear
mushroom. Among the cultivated mushrooms, PO2 mushrooms

had the highest moisture content, while Milky mushrooms had the
lowest. For wild edible mushrooms, Samo woul had the highest
moisture content, Hakken woul had the lowest and the rest
showed similar moisture levels. The moisture content of
mushrooms is a crucial parameter that can impact their nutritional
composition and shelf stability. The observed variability in
moisture content between different mushroom species may be
influenced by factors such as water retention abilities and growth
conditions. The findings align with previous studies and highlight
the need for further investigation into the factors affecting
moisture content in mushrooms. These results align with
previous works who reported around 13 % moisture content
(29). This similarity in moisture content suggests that these
mushrooms might share certain characteristics concerning their
water retention abilities or growth conditions, warranting further
investigation into the underlying factors influencing their
moisture content (24, 53).

The analysis of carbohydrate content among the various
mushroom species studied revealed significant variations.
Undorhan woul exhibited the highest percentage of carbohydrates
at 6149 %, a value statistically like Hakken woul (Fig. 1).
Conversely, the lowest carbohydrate content was found in POP,
registering at 25.62 %. When looking at cultivated mushrooms,
Reishi displayed the highest carbohydrate content at 51.623 %,
while POP demonstrated the lowest carbohydrate content in this
category. Among the wild edible mushrooms, Undorhan woul had
the highest carbohydrate content at 61.49 %, whereas Guratto
woul had the lowest at 55.59 %. These results align with previous
studies and which reported similar outcomes for carbohydrate
content in mushrooms (40, 54). The variability in carbohydrate
content across different mushroom species, whether cultivated or
wild, underscores the dietary implications of selecting specific
mushroom varieties.

Several factors may contribute to the observed variations
in carbohydrate content, including environmental conditions,
substrate composition and genetic factors. Further research
could delve into these factors to determine whether similar
variations exist across different geographical regions and
cultivation practices.

The results of the aflatoxin test conducted on wild
mushroom samples revealed that none of the tested samples
showed detectable levels of aflatoxins (Aflatoxin B1, B2, G1 and
G2) (Appendix 1). This indicates that the wild mushrooms
analyzed in this study were free from aflatoxin contamination,
highlighting their safety in terms of aflatoxin exposure. The
absence of aflatoxins in the analyzed wild mushrooms aligns
with previous research findings that also reported low or
undetectable levels of aflatoxins in similar mushroom species.
These results are consistent with early studies (55, 56) further
supporting the safety of wild mushrooms in terms of aflatoxin
contamination. However, it is crucial to recognize that while the
absence of aflatoxins is reassuring, it does not guarantee the
absence of other potential contaminants or mycotoxins in wild
mushrooms. Environmental factors and growing conditions can
lead to the accumulation of various toxins, heavy metals and
pollutants in mushrooms. Therefore, continuous monitoring and
analysis of wild mushrooms for a broader range of contaminants
are essential to ensure food safety and human health.
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Appendix 1. Levels of aflatoxins in wild edible mushrooms

Test parameter
SL No. Sample Name Aflatoxin Amount (pg/kg)
B1 B2 G1 G2
W1 Samo woul ND ND ND ND -
W2 Undorhan woul ND ND ND ND -
W3 Gach woul ND ND ND ND -
w4 Hakken woul ND ND ND ND -
W5 Guratta woul ND ND ND ND -

ND: Not Detected
Mineral elements determination

Mushroom fruiting bodies are rich in well-absorbed minerals. By
providing essential minerals, mushrooms support various body
functions, contribute to disease prevention and offer a
sustainable dietary option for obtaining vital nutrients. The main
mineral constituents of mushrooms are sodium, potassium,
calcium, magnesium, phosphorus and sulphur. The sodium (Na)
content in the mushrooms studied exhibited a wide range, from
50.955 mg/100 g in Gach woul to 128.54 mg/100 g in Milky
mushrooms (Table 2). Most mushrooms showed statistically
significant differences in sodium concentrations, except for Reishi,
Ear and Samo woul. Notably, Reishi and Ear mushrooms had
statistically similar sodium levels, as did Ear mushrooms and Samo
woul. Among cultivated samples, Milky mushrooms had the highest
sodium concentration, while POP had the lowest. In wild
mushrooms, Guratta woul had the highest sodium content and
Gach woul had the lowest. Studies reported varying levels of sodium
content in edible mushrooms, highlighting the variability in sodium
concentrations across different species and studies (57-59).

On the other hand, potassium (K) content in mushrooms
varied significantly, with the lowest concentration in Reishi
mushrooms (719.67 mg/100 g) and the highest in PO2
mushrooms (1604.7 mg/100g) (Table 2). Among wild edible
mushrooms, potassium levels ranged from 826.83 mg/100 g in
the Gach woul to 1335.0 mg/100 g in the Guratta woul. Our
findings align with previous studies (29, 57, 60, 61) reported
significantly higher potassium concentrations. Variations in
potassium content may be influenced by factors such as species-
specific differences, geographic variations and analytical
methodologies used in different studies.

The calcium (Ca) content in mushrooms ranged from
194.64 mg/100 g in PO2 mushrooms to 683.34 mg/100 g in Ear
mushrooms (Table 2). Most mushrooms exhibited statistically
different calcium concentrations, with exceptions such as Samo
woul, Undorhan woul and Gach woul, which had similar calcium

levels. Among cultivated mushrooms, Ear mushrooms had the
highest calcium content, while PO2 mushrooms had the lowest. In
wild mushrooms, Guratta woul had the highest calcium
concentration. Our results align with studies (57, 62, 63), although
variability in calcium content is evident in different studies.

The magnesium (Mg) content in mushrooms ranged from
96.157 mg/100 g in PO2 mushrooms to 204.45 mg/100 g in
Undorhan woul (Table 2). POP and Reishi exhibited statistically
similar Mg content, as did Ear mushrooms, Hakken woul and
Gach woul. Among cultivated mushrooms, magnesium
concentrations varied, with milky mushrooms having the lowest
and ear mushrooms the highest. In wild mushrooms, Undorhan
woul had the highest magnesium content. Our findings align with
early works but differ from studies reporting lower magnesium
levels (63). The mushrooms studied showed richness in potassium,
calcium and magnesium, with a comparatively lower sodium
content, consistent with previous research by various authors. The
observed variations in mineral content among the mushrooms
can be attributed to factors such as species differences, substrate
variability, environmental influences and analytical methods
employed in different studies.

The analysis of iron (Fe) content in the studied
mushrooms revealed significant variability, with Guratta woul
displaying the highest Fe concentration at 180.07 mg/100 g and
Reishi exhibiting the lowest at 0.79 mg/100 g, a level comparable
to Milky and Ear mushrooms (Table 3). Interestingly, wild edible
mushrooms generally exhibited a higher Fe content than
cultivated varieties, with Guratta woul showing significantly
higher Fe levels compared to other species. Among cultivated
mushrooms, Fe concentrations ranged from 0.7867 mg/100 g in
Reishi to 4.2867 mg/100 g in POP. In contrast, wild mushrooms
showed a wider range of Fe concentrations, ranging from 7.2667
mg/100 g in Gach woul to 180.07 mg/100 g in Guratta woul.
These findings are consistent with previous studies (58, 60, 61,
64), highlighting the diversity of iron concentrations between
different mushroom species and cultivation conditions.

Table 2. Major mineral composition of selected cultivated and wild edible mushrooms from Bangladesh

Mushroom species Na (mg/100g) K (mg/100g) Ca (mg/100g) Mg (mg/100g)
POP 77.72°+0.53 1522.4°+9.03 223.78+2.45 116.6°+1.18
PO2 39.33'+1.01 1604.7+5.90 194.6" +3.00 96.2F+1.18
Reishi 54.178+0.43 719.7"+11.32 298.4+5.22 115.9¢+1.18
Milky 128.54*+0.43 1586.9a + 7.68 350.4¢+2.93 89.58+1.18
Ear 55.10% + 0.43 1008.8°+6.51 683.32+2.48 132.4°+1.18
Samo Woul 56.23f+0.65 1111.89+2.90 385.69+2.90 126.19+1.45
Undorhan Woul 62.86°+0.65 938.57+4.76 376.69+3.49 204.5°+1.45
Gach Woul 50.96"+0.65 826.88 + 8.64 382.69+1.18 133.7+1.45
Hakken Woul 103.83°+0.65 955.5+ 8.67 435.2°+ 8.68 132.6°+1.45
Guratta Woul 66.959+0.65 1335.0°+ 8.67 585.4°+2.92 143.3°+1.45
LSD (0.05) 0.89 11.0 5.7 1.9
CV% 1.57 1.2 1.8 1.8

(Data are presented as the mean + SD of triplicate analysis of three samples. The distinct lowercase superscript characters (a-g) within a single
column denotes a statistically significant difference at a significance level of p <0.05, as determined by analysis of variance).
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Table 3. Minor mineral composition of selected cultivated and wild edible mushrooms from Bangladesh

Mushroom species Fe (mg/100g) Cu (mg/100g) Zn (mg/100g) Mn (mg/100g)
POP 4.29¢+0.01 1.90°+0.05 5.582+0.05 0.908+0.01
PO2 3.70°+£0.03 0.77¢+£0.02 3.51+0.05 0.47'+0.01
Reishi 0.79'+0.03 1.22¢+0.02 1.27°+0.05 1.02f+0.01
Milky 1.027+0.04 4.08°+0.01 2.869+0.05 0.61"+0.01
Ear 1.86+0.03 0.22"+0.02 1.18°+0.05 0.878+£0.01
Samo Woul 17.16+£0.01 1.95°+0.05 3.21°+£0.05 3.28°+0.01
Undorhan Woul 46.34°+0.03 0.328£0.02 1.217+0.05 2.33°£0.01
Gach Woul 7.279+0.03 0.87¢+0.02 2.23°+£0.05 1.40°+0.01
Hakken Woul 45.24° +0.04 0.42f+0.01 3.18<+0.05 1.539+0.01
Guratta Woul 180.072+£0.03 0.288+0.02 2.879+£0.05 6.982+0.01
LSD (0.05) 0.55 0.03 0.06 0.02
CV% 2.20 2.77 2.75 1.47

(Data are presented as the mean + SD of triplicate analysis of three samples. The distinct lowercase superscript characters (a-g) within a single
column denote a statistically significant difference at a significance level of p <0.05, as determined by analysis of variance).

Moreover, Copper (Cu) concentrations in mushrooms
exhibited wide variability, ranging from 0.22 mg/100 g in Ear
mushrooms to 4.08 mg/100 g in Milky mushrooms (Table 3).
Although POP mushrooms and Samo mushrooms had statistically
similar copper concentrations, Guratta woul and Undorhan woul
also showed comparable levels. The range of copper
concentrations was narrower in wild mushrooms compared to
cultivated ones. Studies reported varying copper levels in
mushrooms, emphasizing the diversity of copper concentrations
across different species and experimental conditions (57, 58, 61).

Zinc (Zn) content varied significantly among the
mushrooms studied, ranging from 1.18 mg/100 g in Ear and Reishi
mushrooms to 5.5767 mg/100 g in POP (Table 3). Undorhan woul
was statistically comparable to Reishi in terms of Zn content. POP
had the highest concentration among cultivated mushrooms,
while ear mushrooms exhibited the lowest. In wild mushrooms,
the Zn content ranged from 1.21 mg/100 g in Undorhan woul to
3.21 mg/100 g in Samo woul. These findings align with (40, 58,
61), illustrating the range of zinc concentrations observed in
different studies.

The manganese (Mn) content varied notably among the
studied mushrooms, with Guratta woul displaying the highest
Mn concentration at 6.98 mg/100 g, significantly higher than
milky mushrooms, which had the lowest at 0.61 mg/100 g (Table
3). Among cultivated mushrooms, Mn concentrations ranged
from 0.4667 mg/100 g in PO2 to 1.015 mg/100 g in Reishi. In
contrast, wild mushrooms exhibited a wider range of Mn
concentrations, from 1.40 mg/100 g in Undorhan woul to 6.98
mg/100 g in Guratta woul. These findings are in line with studies
highlighting the diversity of manganese levels in different
mushroom species and experimental conditions (57,61, 62, 65).

The observed variations in the iron, copper, zinc and
manganese content between mushrooms underscore the
influence of species-specific differences, cultivation methods and
environmental factors on the mineral composition of
mushrooms. The wide range of mineral concentrations reflects
the complexity of mushroom nutrition and emphasizes the
importance of considering these factors in dietary assessments
and food studies.

Heavy metal analysis

Mushrooms, while known for their nutritional value, can also
accumulate heavy metals that can pose health risks if consumed

in excess. Essential heavy metals like iron, copper and zinc are
crucial for physiological functions, but toxic heavy metals such as
lead, arsenic, cadmium and chromium can be harmful (17, 66,
67). The accumulation of heavy metals in mushrooms is species-
specific and is influenced by factors such as mushroom
physiology, pollution levels in the sampling area (proximity to
human settlement or industrial activities) and the mineral
composition of the soil (18, 19). In our study, we investigated the
levels of these heavy metals in various cultivated and wild
mushroom species.

Lead concentrations in the mushrooms studied ranged
from 0.25 ppm in Samo woul to 0.53 ppm in Reishi mushrooms
(Table 4). The lead content varied among different varieties, with
Reishi mushrooms showing the highest concentration and milky
mushrooms the lowest. These levels were well below the
permissible maximum limit of 3 ppm set by the World Health
Organization for dried vegetables (68). Our findings aligned with
previous studies indicate that the mushrooms analyzed are safe
for consumption. Whilst Arsenic was not detectable in any wild
mushrooms but was found in three cultivated species: milky, ear
and Reishi mushrooms, with concentrations ranging from 0.07
ppm to 0.11 ppm (Table 4). Our results are consistent with
previous research and suggest that arsenic levels in the studied
mushrooms are within safe limits for consumption.

Table 4. Heavy metal content of selected cultivated and wild edible
mushrooms from Bangladesh

. Lead  Arsenic Cadmium Chromium

Mushroom species  (me/kg) (mg/kg) (mglkg) (mgike)
POP 0.3367¢ BDL BDL 0.2867f
PO2 0.41°¢ BDL BDL 0.24338
Reishi 0.532 0.09 BDL 0.46°
Milky 0.25338 0.11 BDL 0.5267°
Ear 0.45P 0.07 BDL 0.3467¢
Samo Woul 0.258 BDL BDL 0.3233¢
Undorhan Woul 0.3233¢ BDL BDL 0.1433
Gach Woul 0.2967f BDL BDL 0.4233¢
Hakken Woul 0.3567¢ BDL BDL 0.22"
Guratta Woul 0.4633 BDL BDL 0.1767'
LSD (0.05) 0.01 0.02
CV% 2.17 1.7

(Data are presented as the mean + SD of triplicate analysis of three
samples. The distinct lowercase superscript characters (a-g) within a
single column denote a statistically significant difference at a
significance level of p < 0.05, as determined by analysis of variance.
Again, BDL stands for ‘Below Detection Level).
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None of the mushroom species tested in our study
exceeded the detection limit for cadmium, set at 0.10 ppm (Table
4). This finding s in line with previous studies and indicates that the
mushrooms analyzed do not pose a risk of cadmium exposure.
Chromium concentrations varied among the different mushroom
species, with milky mushrooms exhibiting the highest (0.5267
ppm) levels and Undorhan woul the lowest (0.1433 ppm) (Table 4).
The chromium content of the mushrooms studied fell within safe
limits for consumption, consistent with previous research findings.
The low concentrations of heavy metals observed in mushrooms
suggest that the collection areas are not significantly polluted,
indicating that the edible mushroom species studied are safe for
consumption. The ability of mushrooms to accumulate nutrients
and minerals from their environment underscores the importance
of considering environmental factors in assessing the safety and
nutritional value of mushrooms.

Antioxidant activity analysis

Antioxidants play a crucial role in protecting the body from
oxidative stress and related diseases. In our study, we assessed the
antioxidant properties of various cultivated and wild mushroom
species by measuring their total phenolic content (TPC), total
flavonoid content (TFC) and total antioxidant capacity (TAC) in
milligrams per 100 g (mg/100 g) of the mushroom samples.

The total phenolic content varied significantly among the
mushrooms analyzed, with values ranging from 57.17 mg/100 g to
507.3 mg/100 g (Fig. 2). Guratta woul exhibited the highest
phenolic content, while Undorhan woul displayed the lowest
among the wild mushrooms. In cultivated mushrooms, the
phenolic content ranged from 66.67 mg/100 g to 149.77 mg/100 g.
Our findings align with the results reported on P. ostreatus and A.
bisporus (69, 70). Previously an elevated phenolic content was
reported in PO2 mushrooms, with phenolic levels falling within the
range of 10.50-83.50 mg GAE/g (70). Furthermore, (70, 71, 72) found a
variable total phenol content in Pleurotus djamor var. roseus and
other species ranging from 6.75+0.29 to 1.48+0.23 mg/g.

Guratta woul showed the highest flavonoid content
(132.57 mg/100 g), while PO2 mushrooms had the lowest (15.21
mg/100 g) among the studied mushrooms (Fig. 2). Cultivated and
wild mushrooms showed varying levels of flavonoid content,
with wild mushrooms generally containing higher amounts
compared to cultivated varieties. Flavonoid content is an
important indicator of antioxidant potential and our results
suggest that wild mushrooms may offer greater antioxidant benefits
in terms of flavonoid content. Findings reported are consistent with
the current study in Pleurotus species (73). However, it is noteworthy
that two Malaysian mushroom samples belonging to the Pleurotus
genus displayed a total flavonoid content of approximately 14 mg
QE/g of dry extract (74). This substantial difference may be attributed
to several factors, including variations in the cultivated medium, the
climate of the cultivation country and differences in the extraction
procedures employed.

The total antioxidant activity ranged from 358.2 mg/100 g
in Undorhan woul to 1197 mg/100 g in Guratta woul, indicating
significant variability in antioxidant activity among the
mushrooms analyzed (Fig. 2). Milky mushrooms exhibited the
highest TAC among cultivated varieties, while ear mushrooms
had the lowest. Wild mushrooms displayed a broader range of
TAC values, highlighting their diverse antioxidant capacity. Our
results are in line with previous research findings and emphasize
the importance of considering the antioxidant potential of
mushrooms in dietary choices. The previous study noted that
white PO2 mushrooms exhibited a substantial total antioxidant
capacity (TAC) of 114.708 mg/g to 368.78 mg/g (75). Another
study found that Pleurotus ostreatus demonstrated the highest
TAC, measured at 35.36+0.10 uM (76).

In summary, the antioxidant properties of edible
mushrooms, as demonstrated by their phenolic, flavonoid and
total antioxidant content, make them valuable additions to a
healthy diet. The significant antioxidant activity observed in the
studied mushroom species suggests they can contribute to
overall health and well-being by combating oxidative stress and
promoting cellular health.
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Fig. 2. The composition of antioxidant components and the overall antioxidant activity of chosen cultivated and wild edible mushrooms

originating from Bangladesh.

Here, TPC stands for Total Phenolic Content, TFC for Total flavonoid content and TAA for Total antioxidant activity. TPC, TFC and TAA were
calculated from a triplicate analysis of three samples. The distinct lowercase superscript characters (a-j) within a single component indicate a
statistically significant difference at a significance level of p <0.05, as determined by ANOVA.
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PCA analysis

The PCA plot is a visual representation of the differentiation of
various samples based on two principal components, PC1, which
accounts for 30.85 % of the variance and PC2, which accounts for
21.64 % (Fig. 3). Together, these components explain ~52 % of
the total variance. The plot uses red dots for the samples and
blue vectors for the variables. Samples like 'Milky', 'POP' and
‘PO2’ are grouped on the left, indicating shared characteristics
influenced by variables such as K, Zn and Cr. ‘Guratta woul’ is on
the right, characterized by high values for the variables like TPC,
Fe, Mn, TFC, Ca and Carbohydrate. ‘Samo woul’ and ‘Gach woul’
in the centre suggest balanced profiles. The quadrants of the plot
represent different characteristics of the sample: high minerals
and low carbohydrates on the upper left and the opposite on the
right. ‘Underhan woul’ in the lower right quadrant has high levels
of Ca and carbohydrates but lower levels of protein and
moisture. ‘Reshi’ and ‘Gach woul’ near the origin have average
profiles. The plot provides insight into compositional differences
and underlying patterns within the dataset, which is crucial for
future research and decision-making processes.

Conclusion

The findings of this investigation highlighted the diverse nutrient
profiles and antioxidant capacities of both cultivated and wild
mushrooms, highlighting their potential health benefits.

Cultivated mushrooms exhibited a higher moisture, ash and fibre
content, while wild species had a higher protein and lipid
content. Essential mineral elements crucial for human nutrition
were also found in significant quantities, with milky mushrooms,
ear mushrooms and Undorhan woul showing notable levels of
sodium, potassium, calcium and magnesium. The absence of toxic
elements such as arsenic and cadmium in wild mushrooms and
the presence of minerals in both wild and cultivated mushrooms
indicated their safety for consumption. The antioxidant assays
carried out in this study underscored the potential health benefits
of consuming these mushrooms, which are rich in antioxidants
that may contribute to overall well-being. These findings
underscore the nutritional value of wild mushrooms as potential
dietary supplements and functional food ingredients, owing to
their rich biochemical and antioxidant profiles. Future research
should concentrate on toxicity and safety assessments of wild
species to ensure their suitability for regular human consumption
and to support their integration into sustainable food systems.
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