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Abstract

Mushrooms are increasingly gaining attention for their nutritional and therapeutic benefits due to their rich composition of essential nutrients

and bioactive compounds. However, all-encompassing integrative data on Calocybe indica, Ganoderma lucidum, and Pleurotus djamor grown

in southern Nigeria is lacking. This study aims to provide a detailed, parallel evaluation of the nutritional and phytochemical composition of

these mushroom species through a multidimensional analysis. The proximate, mineral, and phytochemical contents of the mushrooms were

determined following standard analytical methods, while the metabolites were identified using gas chromatography-mass spectrometry (GC-MS).

The phytochemical, terpenoid, was of the highest level (2.25 ± 0.05 % to 15.91 ± 0.41 %), with Ganoderma lucidum having the highest value. In

the GC-MS chromatograms of the methanol extracts of the mushrooms, the most prominent bioactive metabolites were cis-vaccenic acid (31.32

%) and n-hexadecanoic acid (27.75 %), ergosterol (28.02 %), and linoelaidic acid (37.83 %) for Calocybe indica, Ganoderma lucidum, and

Pleurotus djamor, respectively. High amounts of carbohydrates, protein, fiber, and ash were recorded for all the species, with Ganoderma lucidum

having the highest fiber content of 34.85 ± 0.74 %. Mg, Ca, and Fe were significantly higher in Ganoderma lucidum, while K is at the highest

level in Calocybe indica (30119.05 mg/kg). These findings suggest that these mushrooms are potent sources of vital nutrients, with Ganoderma

lucidum having superior antioxidant relevance. This research provides an indispensable basis for mushroom choice, formulation of functional

foods and nutraceuticals, and optimization of health-promoting characteristics of the studied mushrooms.
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1. Introduction

Edible mushrooms have proven to be an indispensable pow-

erhouse of nutrition. They are endowed with nutrients such

as carbohydrates, proteins, fiber, and micro and macro miner-

als, which are essential for energy production, bodybuilding,

important cell metabolic reactions, and tissue formation and
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repair [1–3]. A proximate analysis of edible mushrooms re-

vealed that carbohydrate content is of the highest values, fol-

lowed by protein, fiber, moisture, ash, and fat, though there

are exceptions depending on species, cultivation conditions,

and processing methods [4]. Concerning mineral composi-

tion, edible mushrooms are excellent sources of potassium,

magnesium, calcium, sodium, iron, copper, zinc, phosphorus,

and manganese [5, 6]. Additionally, they also contain vary-

ing amounts of essential vitamins such as thiamin, riboflavin,

niacin, cobalamin, and calciferol [7–9]. These nutrients have a
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critical role in immune system function, hormone production,

bone health, and nervous system function [10]. Research has

also proven that edible mushrooms are good sources of bioac-

tive compounds [11, 12]. These are compounds produced by

plants for their defense against different diseases [13], and are

found in fruits, vegetables, whole grains, nuts, and herbs. Phy-

tochemicals such as phenolics, flavonoids, phytates, terpenoids,

alkaloids, steroids, and saponins were reported to be present in

wild and domestically grown edible mushrooms [14–16]. A gas

chromatography-mass spectrometry (GC-MS) screening of edi-

ble mushroom extracts supports the fact that edible mushrooms

are reservoirs of bioactive compounds such as ergosterol, oleic

acid, octadecadienoic acid, (Z, Z)-, palmitic acid, and so on.

These compounds also contribute to the nutraceutical potential

of edible mushrooms [17–23].

Ganoderma lucidum, Calocybe indica, and Pleurotus

djamor are edible mushrooms belonging to the Basidiomycota

division of the Kingdom Fungi. Ganoderma lucidum is a wood-

deteriorating visible fungus [24], and a medicinal mushroom

used by the Chinese as a remedy for certain ailments, and by

some locals in the Southern part of Nigeria in the formulation of

herbal concoctions [25]. Calocybe indica, otherwise known as

the milky mushroom, has been found to have diverse nutraceu-

tical properties due to its rich content of vitamins, protein, and

bioactive compounds [26]. Pleurotus djamor is one of the oys-

ter mushrooms, classified as one of the tastiest foods because

of its excellent flavour, high nutritional content, and potential

medical benefits [27, 28]. While Calocybe indica and Pleurotus

djamor are consumed as a substitute for meat by a few Nigeri-

ans, G. lucidum is often neglected due to its non-sweet taste

and woody texture. There is a dearth of data that has compre-

hensively assessed and compared the nutritional, mineral, and

phytochemical contents of the three edible mushrooms covered

in this study, grown in southern Nigeria. Thus, this research is

meant to comparatively assess the amount of nutrients in terms

of proximate and mineral composition of the featured mush-

rooms, and quantitatively evaluate the phytochemicals available

in them, unlike other qualitative studies on mushrooms. The re-

sult will be used to enlighten the public on the importance of

including edible mushrooms in their diet, thereby reducing the

likelihood of contracting certain chronic diseases like diabetes,

hepatitis, cancer, and immunological disorders, and ameliorat-

ing nutritional deficiencies. The data garnered from this study

will also guide us in ascertaining possible recommendations for

using any, some, or all of the species in food and drug formula-

tions.

2. Materials and methods

2.1. Chemicals and reagents

The Anthrone reagent, standard gallic acid, and tannic acid

were products of Sigma Aldrich, Saint Louis, USA. All other

reagents used were analytical grade.

2.2. Mushroom collection and preparation

Fresh fruiting bodies of Calocybe indica, Ganoderma lu-

cidum, and Pleurotus djamor were purchased from mushroom

farmers at Osogbo and Ibadan in southern Nigeria. The mush-

rooms were subsequently recognized and verified by a Botanist

of the Botany Department of the State University, Oshogbo in

Osun State. They were identified by Dr. John Ayinde and given

Herbarium Nos. 0273, 0274, 0275, and samples were kept for

reference in the University Herbarium. The mushrooms were

chopped into smaller pieces and air-dried in the shade. The

air-dried mushroom samples were milled into powder using a

Power Deluxe® Electric Blender (Model: PDB-8231-F) and

stored in airtight polyethylene zip-lock bags before analysis and

labeled according to species name with codes CCI for Calocybe

indica, PRD for Pleurotus djamor, and GDL for Ganoderma

lucidum.

2.3. Preparation of aqueous and ethanolic extracts

The extraction procedure described by Khan et al. [29] was

followed with minor changes. 10 g of pulverized mushrooms

were mixed thoroughly with 100 mL (x 3) of distilled water,

left to macerate for 24 hours (x 3) with intermittent stirring,

subsequently filtered, centrifuged, and the solvent evaporated

using a rotary evaporator. The same procedure was followed in

the preparation of ethanol extracts of the examined mushrooms.

The crude extracts were kept in desiccators before analysis.

2.4. Screening and quantification of phytochemicals

Aqueous and ethanol extracts of each of the examined

mushrooms were tested for the presence of phytochemicals fol-

lowing standard procedures [30–35]. Identified phytochemicals

were then quantified according to standard methods of analysis.

The amounts of alkaloids, saponins, terpenoids, flavonoids, and

cardiac glycosides were gravimetrically determined [30, 36–

38], oxalates and phytates by titrimetry [39, 40], while phe-

nol content and tannin were determined by spectrophotometry

[36, 41].

2.5. Preparation of methanol extracts of mushroom samples for

GC-MS analysis

The mushroom powder was refluxed thrice with methanol

(1 g:10 mL) at intervals of thirty (30) minutes and a temperature

of 60 ◦C to obtain the extracts, which were subsequently pooled

together, and reduced to 4 % of its original volume using RE52-

2 Rotary Evaporator at 40◦C, and then purified in a well-packed

column [22]. For each refluxing cycle, fresh methanol was used

in order to reduce the chances of degradation.

2.6. GC-MS examination of methanol extracts

The extracts obtained were analysed employing an Agilent

7890A Gas Chromatograph equipped with a 5977B Mass Se-

lective Detector (MSD). The phytocompounds were separated

using a 30 m (5 %-phenyl)-methylpolysiloxane (Hp-5ms) non-

polar phase capillary column, which had a film thickness of

0.25 micrometer, and an interior diameter of 0.25 millimeter.

The carrier gas, Helium gas, flowed at a rate of 1.0 mL/min.

The GC oven temperature was set at 40 ◦C to 250 ◦C at an incre-

ment rate of 5 ◦C per minute. The sample injection volume was

one microlitre. The samples were scanned fully at a range of
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40 to 650 m/z, and the relative concentration of compounds in

the extracts was expressed as the % peak area of the generated

chromatogram. The compounds were then identified on the ba-

sis of their spectral match with the NIST Mass Spectral Library

Search Program and their retention indices in correspondence

with standards in the NIST RI database [42]. The retention in-

dices of the compounds were calculated using the temperature

programmed chromatography Kovat’s index equation [43]:

RIi = 100

[

n +
ti − tn

tn+1 − tn

]

. (1)

2.7. Proximate analysis

The total carbohydrate content of the mushrooms was deter-

mined using the Anthrone method, which involved the prepara-

tion of 1 mg/mL glucose stock solution, 0.1 mg/mL glucose

working standard, and subsequent formation of green to dark

green solution as a result of the addition of ice-cold anthrone

reagent [44]. The absorbance readings of the colored solu-

tions were taken with an Ocean Med+ England 752G UV Spec-

trophotometer at a wavelength of 630 nm. Crude fat, crude

fiber, crude protein, moisture, and ash contents on a dry weight

basis were determined following AOAC Reference methods:

AOAC 2003.05, AOAC 978.10, AOAC 2001.11 Kjeldahl’s

method, AOAC 930.15, and AOAC 942.05 (with slight mod-

ification of washing, rinsing, drying, and igniting the porcelain

crucibles at 550 ◦C before use for the determination of ash con-

tent) respectively [45–50].

2.8. Mineral analysis

Before the quantification of selected minerals in the edible

mushroom samples using AAS, wet digestion of the samples

using aqua regia was carried out. Aqua regia comprises hy-

drochloric acid and nitric acid in a ratio of 3:1. 1 g of sample

was mixed with 10 mL of aqua regia in a 250 mL conical flask

and heated on a hot plate in a fume hood until a clear solution

was obtained and no more noticeable fumes. The solution was

allowed to cool, filtered through a Whatman No. 1 filter pa-

per into a 100 mL volumetric flask, and made up to mark with

deionized water. The procedure described by Rashid et al. [51]

was followed in the digestion of the samples with minor modi-

fications.

To ensure the quality of results, recovery studies were car-

ried out per element analysed by spiking a known concentration

of the element into the already analysed samples. The percent-

age recovery was then calculated. Recoveries of 99.95 %, 89.9

%, 99.63 %, 99.98 %, 98.33 %, 99.98 %, 99.06 %, 99.60 %,

and 98.02 % were recorded for Ca, Cu, Fe, Mg, Mn, Zn, Co,

Na, and K, respectively.

2.9. Statistical evaluation

All determinations were performed in triplicate per sample.

IBM SPSS Statistics 23 software was used for statistical analy-

sis, while OriginPro 2025 Graphing and Analysis software was

used for data plotting. Analysis of variance (ANOVA) was per-

formed on the data sets obtained. Values are presented as mean

± standard deviation where applicable.

3. Results and discussion

3.1. Screening and quantification of phytochemicals

Table 1 shows the phytochemical profile of the examined

mushrooms. The three mushroom samples gave a positive

test for the phytochemicals: alkaloids, terpenoids, cardiac gly-

cosides, flavonoids, oxalates, phytates, tannins, phenols, and

saponins. This therefore indicates the presence of these phy-

tochemicals in the mushrooms. Table 2 shows the mean per-

centage composition of identified phytochemicals in Calocybe

indica, Ganoderma lucidum, and Pleurotus djamor. The re-

sults revealed that terpenoids had the highest mean values in

all the mushrooms, in the order of 15.91 %, 6.20 %, and 2.25

% for Ganoderma lucidum, Calocybe indica, and Pleurotus

djamor, respectively. Phenol, alkaloids, and saponin values

were also higher in the three mushrooms, with values rang-

ing from 0.72 % to 1.64 %, 0.57 % to 1.30 %, and 0.61 %

to 0.75 % respectively. At p ≤ 0.05, a significant difference was

observed in the phytochemical composition of the mushrooms.

Overall, the phytochemical content of the mushrooms is in the

following order: terpenoid > phenol > alkaloids > saponins

> cardiac glycoside > tannins > flavonoids > phytates > ox-

alates. Some research on bioactive compounds in Ganoderma

lucidum agrees with the findings of this research that terpenoids

were the most abundant phytochemical, followed by phenols

and flavonoids. Gharib et al. [52] reported lower terpenoid

(2,541±16.72 mg linalool /100g) and phenol (572.67 ± 16.34

mg gallic acid/100g) content for Ganoderma lucidum. Taofiq

et al. [53] also recorded 27.20 mg linalool/g terpenoids and

279.34 ± 6.87 mg catechin/100g. The least mean values were

recorded for oxalates in Calocybe indica (0.04 %), Ganoderma

lucidum (0.06 %), and Pleurotus djamor (0.03 %). Terpenoids

are derivatives of terpenes that contain oxygen molecules and

have proven to have therapeutic potential against protozoa and

parasitic diseases such as malaria, trypanosomiasis, and leish-

maniasis [54]. Terpenoids exhibit antibacterial, antiviral, an-

tioxidant, and analgesic activity, and aid digestion and other

biological activities [55].

Considering the health benefits of terpenoids and their pres-

ence in higher amounts in the examined mushrooms, particu-

larly Ganoderma lucidum, this accounts for its use in traditional

medicine. Phenolic compounds have been linked to the anti-

inflammatory activities of various mushrooms [26, 56]. The

mushrooms studied had appreciable amounts of phenols, with

Ganoderma lucidum having the highest concentration (1.64 %),

followed by Calocybe indica (1.02 %) and Pleurotus djamor

(0.72 %). The phenol content of Pleurotus djamor recorded

in this study is lower than the values (10.29 ± 0.77 mg gallic

acid/g; 32.55 ± 0.21 mg/g) recorded by some authors [28, 57],

and higher than some others (1.14 mg GAE/g; 2.79 mg GAE/g)

[58, 59]. The phenol content of Ganoderma lucidum from this

study is also lower than the values (5.90 %, 5.90 %, 2.73 %) for

methanolic, aqueous, and ethanolic extracts of Ganoderma lu-

cidum and higher than 1.007 % for dichloromethane extract of

the same mushroom [60]. The variations in values reported by

various researchers may be due to the different sources of mush-

rooms, choice of drying methods, extraction conditions, and the
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developmental stages of the mushroom [61]. The alkaloid and

saponin content of the examined mushrooms was higher than

the values (34.3 mg/g; 1.1mg/g, respectively) reported for Gan-

oderma lucidum and other mushrooms analysed by some au-

thors [62]. Calocybe indica had slightly higher saponins than

the others [63]. The tannin contents of the examined mush-

rooms were in the range of 0.11 % - 0.29 % with Ganoderma

lucidum having the highest mean value. Tannin is a bioactive

substance that quickens the healing of wounds, aids in the pre-

vention of cancer, and is viable for the treatment of inflamed

mucous membranes and ulcerated tissues [64]. Phytates have

been shown in studies to possess vital health impacts, namely

antioxidant, anticancer potential, decreasing pathological cal-

cifications in blood vessels and organs, anti-diabetic potential,

and prevention of osteoporosis [65]. Though phytates could

also pose health risks like reduction in the availability of im-

portant elements like zinc, magnesium, and iron in the human

body, the low quantity of phytates in the examined mushrooms

(0.13 %, 0.14 % and 0.18 %) places them among the foods

(millet, rye, oats and so on) low in phytates with values ranging

from 0.18 – 1.67 %.

Thus, consumption of these mushrooms poses no threat to

humans. Oxalate content in all the examined mushrooms was

the lowest, with values of 0.04 %, 0.06 %, and 0.03 % for

Calocybe indica, Ganoderma lucidum, and Pleurotus djamor,

respectively. Though oxalates are associated with kidney stone

problems, these low levels will have no negative impact on hu-

man health as the mushroom, as shown by some researchers

and this work on the nutritional content and the amount of min-

erals present in these mushrooms, shows they contain signif-

icant amounts of magnesium and potassium which could re-

duce the risk of kidney stones [66]. According to the Kendall

Reagon Nutrition Centre, including many oxalate-containing

plant foods in the diet is recommended, proving that these foods

play a crucial role in disease prevention, except for individu-

als with altered gut function [67]. The cardiac glycoside con-

tent of the studied mushrooms ranged from 0.06 % to 0.38 %

with Ganoderma lucidum having the highest. As compared to

the cardiac glycoside content of a Pleurotus spp. examined by

Bello et al. [68], the levels recorded in this study were slightly

higher. Cardiac glycosides are widely used in the treatment of

diseases. They are steroids that could have a unique, strong

impact on the cardiac muscle. A minute quantity can have a

significant effect on a malfunctioning heart; hence, its use as a

remedy for heart failure [69]. Therefore, these mushrooms are

a vital source of cardiac glycosides for promoting better health.

These facts on the therapeutic capacity of mushrooms based on

their bioactive components are backed up by in vivo and in vitro

studies conducted by some researchers [70–73].

3.2. GC-MS analysis

GC-MS chromatograms of methanolic extracts of Calocybe

indica, Ganoderma lucidum, and Pleurotus djamor are given

in Figures 1 – 3, while Tables 3 - 5 show the phytochemi-

cal content of the examined mushrooms as analysed by gas

chromatography-mass spectrometry. The analysis revealed that

Calocybe indica contained thirty (30) compounds, Ganoderma

Table 1: Phytochemical composition of Calocybe indica, Gan-

oderma lucidum, and Pleurotus djamor.

Parameter Calocybe

indica

Ganoderma

lucidum

Pleurotus

djamor

Alkaloid + + +

Terpenoid + + +

Total glycoside + + +

Flavonoid + + +

Oxalates + + +

Phytates + + +

Tannins + + +

Phenol + + +

Saponin + + +

Table 2: Phytochemical composition of Calocybe indica, Gan-

oderma lucidum, and Pleurotus djamor.

Parameter Calocybe

indica

Ganoderma

lucidum

Pleurotus

djamor

Alkaloid 0.85±0.04 1.27±0.03 0.57±0.03

Terpenoid 6.20±0.05 15.91±0.41 2.25±0.05

Cardiac

glycoside

0.23±0.05 0.38±0.04 0.08±0.01

Flavonoid 0.27±0.03 0.16±0.01 0.06±0.003

Oxalates 0.04±0.001 0.06±0.001 0.03±0.001

Phytates 0.15±0.003 0.13±0.001 0.1841±0.003

Tannins 0.20±0.001 0.29±0.002 0.11±0.002

Phenol 1.02±0.01 1.64±0.004 0.72±0.01

Saponin 0.75±0.03 0.61±0.03 0.67±0.01

lucidum, twenty (20), and Pleurotus djamor, seven (7) com-

pounds. The % spectral match factors and retention indices

of the identified compounds, particularly those with promi-

nent peaks, correspond in most cases closely (> 80 %) with

NIST Reference standards. Oleic acid and n-hexadecanoic acid

were common to all the mushrooms. Linoelaidic acid was

present in Calocybe indica and Pleurotus djamor. In Pleurotus

djamor, linoelaidic acid had the highest percentage peak area of

37.83 %, followed by 9, 12-octadecadienoic acid (Z, Z)- (13.33

%) and n-hexadecanoic acid (12.03 %), while in Calocybe in-

dica, cis-vaccenic acid (31.32 %) was the highest, followed by

n-hexadecanoic acid (27.75 %), and 9,17-octadecadienal (Z-)

with a peak area of 16.50 %. Ergosterol had the highest peak

area (28.02 %), followed by farnesol isomer (13.07 %) in Gano-

derma lucidum. They contain bioactive chemicals, as the chro-

matograms showed, and the results of this study are consistent

with previous research on edible mushrooms [22, 74]. Oleic

acid, a monounsaturated fatty acid, has been shown to mitigate

inflammation, inhibit cancer progression, avert hair loss associ-

ated with immune disorders, and enhance the synthesis of red

blood cells [75].

Several studies have reported that n-hexadecanoic acid has

hypocholesterolemic and nematicidal properties and also in-

hibits the growth of microbes [76]. It is also a potent mosquito

larvicide [77]. 9,12-octadecadienoic acid-(Z, Z), known as
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Figure 1: GC-MS chromatogram of methanolic extract of Calo-

cybe indica.

linoleic acid, is also known to act as an inflammation-reducing,

hepatoprotective, antihistaminic, and antieczemic agent. Sim-

ilarly, linoelaidic acid is known to significantly reduce cancer

cell lines and oxidative stress in the cells [78]. Thus, the pres-

ence of linoelaidic acid in the studied mushrooms implies that

the mushrooms could be harnessed in the formulation of cancer

drugs. Calocybe indica was found to have a high percentage

of cis-vaccenic acid. This omega-7-monounsaturated fatty acid

can limit gluconeogenesis and fat accretion in the liver [79].

It’s also known to have antibacterial and hypolipidemic effects

[80]. 9,17- octadecadienal, (Z), also present in Calocybe in-

dica, has antimicrobial activity too [81]. Ganoderma lucidum

had a high percentage of Ergosterol (provitamin D), which is

a bioactive compound. The valuable health impact of ergos-

terol and its prevalence in many foods, nutritional supplements,

and edible mushrooms have made it indispensable in pharma-

cological studies. Ergosterol has healing potential for immune

function, diabetes, cancer, and several ailments [82]. Farnesol

isomer, also present in Ganoderma lucidum, a sesquiterpene al-

cohol, could have the anti-inflammatory ability to ameliorate

allergic asthmatic inflammation [83]. Cyclopropanes are com-

monly used components in drug design. This is because in-

corporating them in pharmaceuticals leads to an elevated target

affinity, enhanced metabolic stability, and accelerated rigidity

to acquire bioactive conformation [84]. Thus, cyclopropane oc-

tanal, 2-octyl, though not a bioactive compound, could be used

as a component in the synthesis of pharmaceuticals and also as

an intermediate in organic synthesis processes [85].

3.3. Quantification of Proximate Parameters

Figure 4 shows the proximate composition of the studied

mushrooms. Of the proximate parameters analysed, total car-

bohydrates had the highest percentage mean values, ranging

from 39.13±0.79 % to 50.94±1.11 % while the lowest values

Figure 2: GC-MS chromatogram of methanolic extract of Gan-

oderma lucidum.

Figure 3: GC-MS chromatogram of methanolic extract of Pleu-

rotus djamor.

of 2.61±0.35 % to 6.43±0.49 % were recorded for crude fat.

These values were significantly different between the studied

mushrooms. It was observed that C. indica had the highest

amount of carbohydrate and fat as compared to the other two

mushroom species. Carbohydrates, which are part of the major

nutrients in man’s diet, play an indispensable role in provid-

ing energy to the body and enhancing certain vital metabolic

reactions in human cells. It is recommended that an adult’s

daily diet contain 200 to 300g of carbohydrates [86]. Thus,

the inclusion of these mushrooms in food, particularly C. in-

dica, can be a good source of healthy carbohydrates. Fats are

essential nutrients, but are required in small amounts of not

more than 30 g per day for men and 20 g per day for women

5
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Table 3: Phytochemicals identified in the methanolic extracts of Calocybe indica by GC-MS.

PK RT

(Mins)

Compound IUPAC Name Molecular formula Molecular

weight

(g/mol)

Peak

Area

(%)

%

SMF1
RI2

1 6.2053 Carbonic acid, octadecyl prop-1-en-2-

yl ester

octadecyl prop-1-en-2-yl carbonate C22H42O3 354.6 1.16 27 717.11

2 6.3676 Carbonic acid, prop-1-en-2-yl tetrade-

cyl ester

Carbonic acid, prop-1-en-2-yl tetrade-

cyl carbonate

C18H34O3 298.5 0.4274 38 731.64

3 6.6877 Tripropyl orthoformate 1-(dipropoxymethoxy)propane C10H22O3 190.29 6.1078 50 760.29

4 8.8869 Heptadecyl acetate Heptadecyl acetate C19H38O2 298.5 0.238 46 894.38

5 10.0508 (S)-3,3,6-Trimethylhepta-1,5-dien-4-

yl acetate

3,3,6-trimethylhepta-1,5-dien-4-yl ac-

etate

C12H20O2 196.29 0.3103 47 979.65

6 10.3306 Carbonic acid, eicosyl prop-1-en-2-yl

ester

Icosyl prop-1-en-2-yl carbonate C24H46O3 382.62 0.0779 46 1001.05

7 11.1568 Heptanal dipropyl acetal 1,1-dipropoxyheptane C13H28O2 216.4 0.1768 53 1094.91

8 11.5275 2-Hexen-1-ol, 2-ethyl- 2-ethylhex-2-en-1-ol C8H16O 128.21 0.1424 35 1135.50

9 11.6936 8-Hexadecenal, 14-methyl-, (Z)- (Z)-14-methylhexadec-8-enal C17H32O 252.44 0.1541 46 1153.60

10 11.936 Propanoic acid, 3-mercapto-, methyl

ester

methyl 3-sulfanylpropanoate C4H8O2S 120.17 0.3238 27 1180.01

11 12.4149 1-Decanol, 2-hexyl- 2-hexyldecan-1-ol C16H34O 242.44 0.8227 41 1233.50

12 13.0189 n-Propyl DECYL ETHER 1-propoxydecane C13H28O 200.36 1.3875 30 1301.77

13 13.4222 Linolool oxide, TMS derivative 2-(5-ethenyl-5-methyloxolan-2-

yl)propan-2-yloxy-trimethylsilane

C13H26O2Si 242.43 2.8939 27 1342.28

14 13.7322 Hexanoic acid, ethyl ester ethyl hexanoate C8H16O2 144.21 0.5755 35 1373.41

15 14.1416 Tris(aziridinomethyl)hydrazine 1,1,2-tris(aziridin-1-

ylmethyl)hydrazine

C9H19N5 197.28 2.1184 18 1447.57

16 14.309 E-8-Methyl-7-dodecen-1-ol acetate [(E)-8-methyldodec-7-enyl] acetate C15H28O2 240.38 0.9551 53 1500.71

17 14.4725 E-11(13,13-Dimethyl)tetradecen-1-ol

acetate

[(E)-13,13-dimethyltetradec-11-enyl]

acetate

C18H34O2 200.3 0.8223 74 1515.36

18 14.6855 Cyclotetradecane Cyclotetradecane C14H28 196.37 1.3697 62 1534.44

19 21.3938 Hexadecanoic acid, methyl ester methyl hexadecanoate C17H34O2 270.5 0.0623 93 1900.47

20 23.1285 n-Hexadecanoic acid hexadecanoic acid C16H32O2 256.4 27.7467 99 1966.68

21 24.5069 Hexadecanoic acid, propyl ester 2,3-diacetyloxypropyl hexadecanoate C19H38O2 298.51 0.4597 91 2030.08

22 24.5969 9-Octadecenoic acid (Z)-, methyl ester methyl octadec-9-enoate C19H36O2 296.49 0.3075 93 2035.43

23 26.3303 cis-Vaccenic acid (Z)-octadec-11-enoic acid C18H34O2 282.46 31.3226 97 2113.46

24 26.7186 Octadecanoic acid octadecanoic acid C18H36O2 284.48 2.0151 99 2121.51

25 27.3636 Linoelaidic acid (9E,12E)-octadeca-9,12-dienoic acid C18H32O2 280.45 0.2331 96 2373.20

26 27.5127 cis-9-Octadecenoic acid, propyl ester propyl (E)-octadec-9-enoate C21H40O2 324.54 0.5779 89 2364.97

27 28.0676 Cyclopropaneoctanal, 2-octyl- 8-(2-octylcyclopropyl)octanal C19H36O 280.5 0.1152 60 2334.35

28 30.7174 Linoelaidic acid (9E,12E)-octadeca-9,12-dienoic acid C18H32O2 280.45 0.4908 95 2436.74

29 30.83 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.114 92 2444.30

30 34.5781 9,17-Octadecadienal, (Z)- (9Z)-octadeca-9,17-dienal C18H32O 264.5 16.4985 91 2687.12

31 37.7501 Z,Z-10,12-Hexadecadienal (10Z,12Z)-hexadeca-10,12-dienal C16H28O 236.39 -0.0071 38 2891.78
1: percentage similarity match factor, 2: retention index.

[87]. The levels of fat present in the mushrooms indicate that

they could augment other sources of fat and also offer a bet-

ter choice for patients with cholesterol issues, resulting in heart

disease and stroke. A research work reported similar fat con-

tent for C. indica and P. djamor but lower carbohydrate values

of 11.70±0.25 % and 39.19±0.30 % respectively [1]. The crude

fiber content recorded in this research ranged from 11.80±0.75

% to 34.85±0.74 % with G. lucidum having the highest amount

(34.85±0.74 %). Some authors reported similar values, though

with slight variations [1, 2]. Comparing the three mushrooms

examined, G. lucidum is more promising in preventing diges-

tive issues like constipation due to its higher crude fiber con-

tent, while C. indica would be a better option for individuals

interested in weight gain and energy needs, as it has higher

carbohydrate and crude fat content, followed by P. djamor. P.

djamor, however, recorded a higher amount of crude protein

(19.38±1.36 %) against 16.69±0.33 % and 14.93±0.23 % re-

ported for G. lucidum and C. indica, respectively. Based on the

Recommended Daily Allowance of protein for an adult female

(46 g per day or 0.8 g per Kg body weight) [88], P. djamor pro-

vides 42.13 %, G. lucidum 36.28 % while C. indica offers 32.46

% of the daily requirement for an adult female.

The ash content of a food material gives insight into the

amount of minerals it contains [4]. Looking at Figure 4,

the mean percentage content of ash recorded ranged from

7.34±0.58 % to 10.34±0.47 % on a dry weight basis, with

C. indica having the highest. These values indicate that these

mushrooms could be good sources of essential minerals. The

amount of moisture contained in an edible mushroom has a

great bearing on its stability and storage. Our findings showed

that P. djamor had the highest moisture content (10.04±0.89

%), followed by C. indica (6.47±0.50 %) and G. lucidum

(1.91±0.10 %). This implies that G. lucidum will have a better

shelf life than the other two mushrooms examined. The mush-

rooms, though having varying amounts of the nutrients anal-

ysed, adding them to the daily diet depending on body needs,

could contribute to the man’s overall well-being.

3.4. Mineral content

As revealed by the ash content of the examined mushrooms,

they contain many essential macro and trace minerals. Fig-

ures 5 and 6 show the mineral composition of the edible mush-

rooms investigated. It was observed that potassium and magne-

sium (Figure 5) were significantly higher as compared to other

minerals across all the mushrooms, with values ranging from

17536.95 mg/kg to 30119.05 mg/kg, and 6027.67 mg/kg to

45562 mg/kg, respectively. There was a significant difference

in the mineral levels recorded for the studied mushrooms at p ≤
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Table 4: Phytochemicals identified in the methanolic extracts of Ganoderma lucidum by GC-MS.

PK RT

(Mins)

Compound IUPAC Name Molecular formula Molecular

weight

(g/mol)

Peak

Area

(%)

%

SMF1
RI2

1 21.4762 Hexadecanoic acid, methyl ester methyl hexadecanoate C17H34O2 270.5 0.4183 96 1903.62

2 22.7783 Undec-10-ynoic acid, dodecyl ester dodecyl undec-10-ynoate C23H42O2 350.6 0.049 64 1953.31

3 23.1696 n-Hexadecanoic acid hexadecanoic acid C16H32O2 256.4 0.5986 98 1968.24

4 23.2463 n-Hexadecanoic acid hexadecanoic acid C16H32O2 256.4 0.1762 98 1971.17

5 23.3421 n-Hexadecanoic acid hexadecanoic acid C16H32O2 256.4 0.1726 95 1974.83

6 24.5265 Hexadecanoic acid, propyl ester 2,3-diacetyloxypropyl hexadecanoate C19H38O2 298.51 1.612 96 2031.24

7 24.6435 11-Octadecenoic acid, methyl ester methyl octadec-11-enoate C19H36O2 296.49 2.7933 99 2038.21

8 25.2403 Methyl stearate methyl octadecanoate C19H38O2 298.51 0.1915 55 2073.73

9 25.8687 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.0704 58 2102.24

10 26.1851 9,17-Octadecadienal, (Z)- (9Z)-octadeca-9,17-dienal C18H32O 264.4 1.523 95 2110.45

11 26.2257 2-Methyl-Z,Z-3,13-octadecadienol (3Z,13Z)-2-methyloctadeca-3,13-dien-

1-ol

C19H36O 280.5 2.4932 92 2111.29

12 26.6982 Oxiraneundecanoic acid, 3-pentyl-,

methyl ester, cis-

methyl 11-[(2R,3S)-3-pentyloxiran-2-

yl]undecanoate

C19H36O3 312.5 0.2052 49 2121.09

13 27.3776 trans,trans-9,12-Octadecadienoic acid,

propyl ester

propyl (9E)-octadeca-9,12-dienoate C21H38O2 322.53 0.1435 95 2135.19

14 27.4071 9,17-Octadecadienal, (Z)- (9Z)-octadeca-9,17-dienal C18H32O 264.4 0.0806 96 2135.80

15 27.5262 n-Propyl 11-octadecenoate propyl (Z)-octadec-11-enoate C21H40O2 324.54 1.6211 99 2138.27

16 28.0759 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.1787 18 2149.67

17 31.3627 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.1654 78 2220.21

18 31.9748 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 1.1599 45 2234.58

19 33.4848 Ergosterol (3S,9S,10R,13R,14R,17R)-17-

[(E,2R,5R)-5,6-dimethylhept-

3-en-2-yl]-10,13-dimethyl-

2,3,4,9,11,12,14,15,16,17-decahydro-

1H-cyclopenta[a]phenanthren-3-ol

C28H44O 396.65 28.0206 95 2270.03

20 33.9089 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.9996 94 2279.98

21 33.9988 Oleyl alcohol, trifluoroacetate [(Z)-octadec-9-enyl]2,2,2-

trifluoroacetate

C20H35F3O2 364.48 4.7967 90 2282.09

22 34.4387 Cyclopropaneoctanal, 2-octyl- 8-(2-octylcyclopropyl)octanal C19H36O 280.5 8.3611 76 2292.42

23 34.6835 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 2.4188 95 2298.17

24 34.7783 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 2.8266 96 2300.40

25 34.9329 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 2.5296 81 2304.11

26 35.1302 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 3.872 93 2308.84

27 35.2019 Cyclohexane, 1-(1,5-dimethylhexyl)-

4-(4-methylpentyl)-

1-(1,5-dimethylhexyl)-4-(4-

methylpentyl)cyclohexane

C20H40 280.53 1.9664 86 2310.56

28 35.2729 9-Octadecenal, (Z)- (E)-octadec-9-enal C18H34O 266.46 1.0884 89 2312.26

29 35.4571 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 4.2692 91 2316.68

30 35.7839 Palmitoleic acid (Z)-hexadec-9-enoic acid C16H30O2 254.41 9.649 90 2324.52

31 35.9504 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 2.2831 92 2328.51

32 36.1221 Farnesol isomer a (2E,6E)-3,7,11-trimethyldodeca-

2,6,10-trien-1-ol

C15H26O 222.37 13.0656 70 2332.63

33 38.342 Heptadecanolide heptadecane-7,9-dione C17H32O2 268.43 0.2006 94 2385.87

Table 5: Phytochemicals identified in the methanolic extracts of Pleurotus djamor by GC-MS.

PK RT

(Mins)

Compound IUPAC Name Molecular formula Molecular

weight

(g/mol)

Peak

Area

(%)

%

SMF1
RI2

1 6.8073 2,3-Bis(ethylthio)hexane 2,3-bis(ethylsulfanyl)hexane C10H22S2 206.41 0.34 38 770.99

2 23.0451 n-Hexadecanoic acid hexadecanoic acid C16H32O2 256.4 12.03 99 1963.49

3 24.6191 Hexadecanoic acid, propyl ester 2,3-diacetyloxypropyl hexadecanoate C19H38O2 298.51 1.04 96 2036.75

4 26.2621 Linoelaidic acid (9E,12E)-octadeca-9,12-dienoic acid C18H32O2 280.45 37.83 99 2112.04

5 26.6819 9,12-Octadecadienoic acid (Z,Z)- octadeca-9,12-dienoic acid C18H32O2 280.45 8.49 97 2120.75

6 27.4733 9,12-Octadecadienoic acid (Z,Z)- octadeca-9,12-dienoic acid C18H32O2 280.45 2.23 98 2137.17

7 27.6141 9,12-Octadecadien-1-ol, (Z,Z)- (9Z,12Z)-octadeca-9,12-dien-1-ol C18H34O 266.46 1.77 92 2140.09

8 28.1759 Oleic Acid (Z)-octadec-9-enoic acid C18H34O2 282.46 0.43 92 2151.75

9 30.1401 9,12-Octadecadienoic acid (Z,Z)- octadeca-9,12-dienoic acid C18H32O2 280.45 13.33 98 2192.49

10 30.4215 9,12-Octadecadienoic acid (Z,Z)- octadeca-9,12-dienoic acid C18H32O2 280.45 3.25 97 2198.33

11 30.9242 9,12-Octadecadienoic acid (Z,Z)- octadeca-9,12-dienoic acid C18H32O2 280.45 9.26 96 2209.91

0.05. G. lucidum recorded the highest amount of magnesium,

and its magnesium content in comparison with all other min-

erals analysed was also the highest, thus making it a better op-

tion for patients with magnesium deficiencies. These values are

higher than those reported in one research work [89]. C. indica,

however, had the highest amount of potassium. Given that mag-

nesium is an element with multiple cellular functions, its defi-

ciency could lead to the pathogenesis of migraine headaches.

This thus implies that Mg could be used in the treatment and

prevention of migraine headaches [90]. As identified by Musso

[91], too much Mg and K from food does not pose a health

risk in healthy individuals because the kidney eliminates excess

amounts in urine. Thus, these amounts in the mushrooms are in

no way a threat to human health.

Calcium, like Mg and K, plays a significant role in bone

health and facilitates the formation of strong teeth. The cal-

cium content of the samples ranged between 124.76 mg/kg and

493.06 mg/kg (Figure 5). G. lucidum also recorded a higher

amount of Ca. Sodium is another essential macronutrient that

aids the normal function of cells, nerve impulse transmission,
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Figure 4: Proximate composition of Calocybe indica, Gano-

derma lucidum, and Pleurotus djamor.

Figure 5: Macro-mineral composition of Calocybe indica, Gan-

oderma lucidum, and Pleurotus djamor.

Figure 6: Micro-mineral composition of Calocybe indica, Gan-

oderma lucidum, and Pleurotus djamor.

and maintenance of plasma volume. Similar but slightly dif-

ferent sodium content (539.95 mg/kg for G. lucidum, 541.49

mg/kg for C. Indica, and 545.73 mg/kg for P. djamor) was

recorded in this study. WHO recommends a daily sodium in-

take of less than 2000mg/day as higher doses result in debilitat-

ing health issues such as high blood pressure, kidney disease,

and even death. Based on this premise, consuming these mush-

rooms daily leads to better health [92]. Anemia is a medical

condition associated with iron deficiency. Our investigation re-

vealed high levels of iron with mean values of 397.16 mg/kg

for G. lucidum, 131.46 mg/kg for P. djamor, and 77.10 mg/kg

for C. indica. The high amount of Fe contained in G. lucidum

gives it an edge over the others in the management of diets for

patients suffering anemia of chronic diseases like rheumatoid

arthritis, inflammatory bowel disease, and some forms of can-

cer [93]. P. djamor had more than double the mean levels of

Zinc in G. lucidum (36.11 mg/kg) and C. indica (28.88 mg/kg).

It recorded a Zn mean level of 81.62 mg/kg. The zinc content

recorded for G. lucidum in this study is higher than that reported

by some authors for the same species [91]. Zn is very advan-

tageous to all, but more importantly, for those with digestive

disorders, sickle cell disease, and pregnant and breastfeeding

mothers. Copper is necessary for brain development and proper

functioning of the immune system, amongst other physiologi-

cal processes [94]. Cu content of the studied mushrooms, as

shown in Figure 6, ranged from 21.20 mg/kg to 34.37 mg/kg,

with C. indica having the highest value. These values corre-

sponded to those documented by Obodai et al. [89]. Manganese

is another trace mineral that contributes to a better immune

system and energy production in the human body. P. djamor

and G. lucidum recorded values (13.50 mg/kg; 11.50 mg/kg)

much higher than those for C. indica. Lead was not detected

in the samples. Cobalt concentration in the studied mushrooms

ranged from 1.54 mg/kg to 25.80mg/kg. P. djamor had a very

high amount of cobalt, about 13 times higher when compared

with the other two species. Cobalt, though not classified as an

essential nutrient, is involved in the Krebs-cycle for the break-

down of sugars into energy in the body, the metabolism of fats

and carbohydrates, as well as the synthesis of proteins and the

conversion of folate in its active form [95].

4. Conclusion

From our diversified comparative examination of Calocybe

indica (P&C), Ganoderma lucidum (Fr.) P. Karst and Pleurotus

djamor (Rumph. Ex Fr.), we found that all the mushrooms were

rich in bioactive compounds, essential minerals (macro and

trace), and essential body-building nutrients like protein, car-

bohydrates, and fiber in significantly different amounts. Com-

paring the amount of vital nutrients in the studied mushrooms,

G. lucidum has a better prospect of improving and maintain-

ing the good well-being of humans based on our results. This

species is often neglected because of its woody texture and non-

sweet taste, thus undermining its rich nutritional content and

wealth of bioactive compounds with disease-preventive and cu-

rative properties. We therefore recommended that this mush-

room be ground into powder and added to foods like soups,

pastries, and so on by the locals, and also be incorporated into

food formulations by food processors. The presence of these

bioactive compounds, essential minerals, and nutrients in the
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edible mushrooms studied highlights the importance of incor-

porating them into the daily human diet. It will help to promote

better health and reduce health risks such as those related to

cancer and diabetes. As applicable to other foods, it is pertinent

to look out for symptoms of allergies or intolerances while con-

suming mushrooms, as there may be chances of high levels of

toxins in the mushroom fruiting body, depending on the com-

position of its growth substrate. We would also suggest that,

concerning the phytochemicals present in the mushrooms stud-

ied, further research be carried out to isolate each of these vital

bioactive compounds and perform in vitro and in vivo studies

using each of the prominent identified compounds to ascertain

their efficacy, dosage, and dietary limit for use in drug and food

formulations.
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Data used in this study will be made available on request
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