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Abstract: The current study is an attempt to estimate minerals, antioxidant and antimicrobial activities of two medicinal
mushrooms (Russula foetens and Russula cf. foetentoides) along with their mycochemicals. Among the metal analysis,
iron was most abundantly (7.428mg/g) present in R. cf. foetentoides. The mycochemical screening revealed the presence
of active secondary metabolites and phenolic composition by HPLC showed five stable compounds with maximum
concentration of gallic acid (22.31%). The highest antibacterial activity (27.8+0.152mm) was displayed in ethanol
macerate of R. foetens in contradiction of Staphylococcus aureus. Similarly, highest antifungal potential was exhibited
by R. foetens (ethanolic macerate) against Fusarium equiseti with zone of inhibition 23+0.572mm. The antioxidant
potential was assessed by five assays and the R. foetens exhibited maximum % inhibition (43.045+0.037%) by DPPH
radical protocol. Maximum % inhibition by ABTS protocol was exhibited by R. c¢f. foetentoides i.e., 88.057+0.021. The
highest reducing potential was revealed in R. foetens (0.684+0.001mmol/L of FeSO,). The highest flavonoids and total
phenolic contents (TPC) were shown by R. c¢f foetentoides i.e., 0.115+£0.002mg/100g of Catechin and
0.064+0.001mg/100g of GAE (gallic acid equivalents), respectively. All the obtained results were analyzed statistically
by applying the ANOVA to determine the significant and non-significant ranges.

Keywords: Mycochemical screening, antimicrobial, antioxidant, medicinal mushrooms, Russula cf. foetentoides,

Russula foetens.

INTRODUCTION

Russula  foetens and Russula cf. foetentoides are
commonly found in deciduous and coniferous forest. The
members of genus Russula make symbiotic mycorrhiza
associations with higher plants. These mutualistic
relationships help different verities of plants to develop
more. . The genus is the largest in Agaricales and globally
distributed with more than 100 Russula species reported
from China, where mixed forests are characteristic
features of habitat (Varo et al., 1980).

Phenolics are considered non-essential  dietary
components which inhibit many diseases like
atherosclerosis and cancer. The role may be associated
with their capability to chelate compound metals, prevent
lipoxygenase and scavenging activity against the free
radicals (Mallavadhani et al., 2006; Huie and Di, 2004;
Niazi & Ijaz, 2021). There are several diseases such as
bleeding, high blood pressure, gastrointestinal disorder
and bacterial infections that have been cured by the use of
mushrooms (Barros et al., 2007; Oso, 1977; Oso, 1981;
Chapela, 1993). The fruiting bodies of mushrooms have
potential to bio accumulate the minerals from growth
medium (Rajarathnam et al., 1998; Kalac¢, 2010). Due to
ecological and some genetic aspects, the fruiting bodies of

*Corresponding author: e-mail: drarniazi.botany@pu.edu.pk

advanced macrofungi exhibited maximum number of
mineral components (Schmitt et al., 1977; Varo et al.,
1980; Vetter, 1990; Gebreyohannes ef al., 2019).

Various antimicrobial drugs have been found to be for
beneficial against many infectious diseases with reports of
several problems of drug-resistant bacterial strains (Klein
et al., 2007; Steinkraus et al., 2007; Sikandar et al., 2020;
Asemoloye et al., 2022). These problems may lead the
scientists to explore new antimicrobial substances that
may be effective against virulent microorganisms. The
production of free radicals occurs due to the chain
reactions of oxidation which may cause the destruction of
the cells of organisms (Cheung and Cheung, 2005).
Almost all organisms are well protected against free
radical damage. The disturbance in the antioxidant
defense mechanism may lead towards the declining of
physiological functions. So, there is the interest leading
towards the usage of natural dietary supplements
comprising of antioxidants. Now, the most frequently
used synthetic antioxidants are butylhydroxytoluene
(BHT), propyl gallate and butylated hydroxyanisole
(BHA) (Mau et al., 2002).

Mushrooms could be used as potential natural therapeutic
agents for human against numerous diseases. In this
direction, we have observed that up till now, a very little
research has been done on qualitative and quantitative
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analysis of mushrooms from Khanspur, northern area in
Pakistan. Hence, in the present manuscript evaluation of
trace metals, antimicrobial and antioxidant activities of
two wild medicinal mushrooms is presented that could be

a potential source of curative antioxidant and
antimicrobial compounds for making effective
therapeutics.

MATERIALS AND METHODS

Samples

Russula foetens and Russula cf. foetentoides, the selected
species of wild mushrooms, were collected from
Khanspur-Ayubia during monsoon season of August,
2020. These mushrooms were photographed, vouchered,
dried and packed in polyethene bags. Then, theses
samples were transported to the FBSR Laboratory,
University of the Punjab, Lahore and well-preserved at <4
°C within 24 h. The specimens were authenticated by Dr.
Abdul Rehman Khan Niazi and the vouchered specimens
were submitted in the LAH Herbarium.

Preparation of crude extracts in non-polar and polar
solvents

By using maceration method, crude extracts were formed
in solvents at room temperature using reported protocol
(Cujié et al., 2016; Niazi & Ijaz, 2021; Niazi et al., 2021).
Both of the mushrooms (5 g) were extracted in petroleum
ether (50mL) for one week. Then, the extract of each
mushroom sample was obtained by the filtration process
using Whatman filter paper No. 1 and the procedure was
done thrice. Then, the residual sample was extracted with
chloroform (50mL), ethanol (50mL) and distilled water
(50mL), respectively. These extracts were filtered and
concentrated using a rotatory evaporator.

Estimation of trace metals

Standard procedures were adopted for the detection of
metals from mushrooms (AOAC, 1990). Briefly, each
sample was dried up to 1.0 g and thrice digested by wet
digestion method using HNO;. The flame photometer
(JANWAY PEF 7) was used for the detection of sodium
(Na) and potassium (K), while the other metals i.e., Ni,
Co, Cu, Cr, Mn, Zn, Fe and Ca were detected by the
Atomic Absorption (AA) spectrophotometer
(PerkinElmer AAnalyst100).

Mpycochemical analysis

Mushrooms were subjected for the evaluation of some
mycochemicals i.e., alkaloids, anthraquinones, flavonoids,
reducing sugars, saponins, tannins, cardiac glycosides and
terpenoids (Ayoola et al., 2008).

Test organisms

Two gram -ve bacteria (Escherichia coli & Pseudomonas
Stutzeri), two gram +ve bacteria (Bacillus subtilis &
Staphylococcus — aureus) and two fungal strains

(Pennicillium vancouvernse & Fusarium equiseti) were
used as test organisms. Bacterial cultures were acquired
from Institute of Microbiology and Molecular Genetics
(MMG) and fungal strains from FBSR Laboratory,
Institute of Botany, University of the Punjab, Lahore,
Pakistan.

Agar well diffusion method

Antifungal and antibacterial potential was determined by
following Jorgensen and Turnidge (2015). Briefly, the
overnight cultures of bacterial and fungal strains were
mixed with freshly prepared LB medium and MEA
medium by swabbing technique in petri plates. Then, the
media plates were left for solidification. After that, a well
was made by a sterilized cork borer no. 4 and agar plug
was removed. Almost 1000-2000ul of each mushroom
extract was employed in each prepared well and placed in
incubator at 25°C and 37°C for 48h and 25h, for
antifungal and antibacterial, respectively.  After
incubation, the antimicrobial activity was calculated by
measuring zone of inhibition in millimeter (mm).
Antibiotics (Amikacin, Cephalaxin, Erythromycin) and
antimycotic (Terbinafine) were used as standards (Niazi
etal, 2021).

DPPH free radical scavenging assay

Different concentrations (300mg/L, 600mg/L, 900mg/L)
of standards (BHT, BHA) and both extracts were
prepared in this assay. The prepared concentration
(0.ImL) and then in each test tube, 3.9mL of DPPH
(0.06mM) solution were added and noted the absorbance
at 517nm against the blank i.e. ethanol (Brand-Williams
et al., 1995; Niazi et al., 2021).

ABTS" Assay

This assay was carried out by following Re et al. (1999).
Same ratio of Potassium persulphate- K,S,05 (2.45mM)
and ABTS (7mM) were added. Then, for 4 to 16 hours
obtained mixture was left-hand till the changing of colour
from blue green to yellow or light green and dilute it with
ethanol. Thereafter, 0.1mL of each sample was taken in
tube and added with 0.9mL of the prepared ABTS
solution in each tube and noted the absorbance at 734nm
(Niazi et al., 2021).

Ferric reducing antioxidant power assay

About 2.5mL TPTZ (mmol/L in 40mmol/L HCL) was
mixed with 25mL of acetate buffer (300mmol/L). Then,
about 2.5mL FeCl;.6H,0 (20mmol/L) was poured for
preparing FRAP reagent. Then, in each 0.0lmL of
macerates 0.03mL water is added with 0.3 mL of FRAP
reagent. Ultimately, FeSO,.7H,O (0.2mM-1mM) was
used as standard and taken the absorbance at 593nm
beside blank (Benzie and Strain, 1996).

Quantification of total phenolics and flavonoids
The phenolic contents were assessed by standard
procedures as Folin-Ciocalteu (FC) reagent. First of all,
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fresh FC reagent was prepared according to reported
procedure. 0.2mL of different crude extracts were mixed
this fresh FC reagent (0.8mL). Then added 2.0mL of
7.5% Na,CO; and 7.0mL of dist. H,O after 5Smin. This
mixture was retained in the dark for 2 hours and then,
absorbance was taken at 765nm (Igbal et al., 2008).
Almost, 1.0mL of the each extracts was mixed with dd
H,0. Then 0.3mL of NaNO, (5%) was mixed and after
about 5 min, 10% aluminum chloride (AlCl;) was added
to it. After 6min, 2.0mL of 1M NaOH was added
followed by addition of 2.4mL of dd H,O. In this
method catechin was selected as standard and
absorbance was recorded at 510nm (Ardekani et al.,
2011).

HPLC Analysis

For phenolic compound extractions, 5.0grams of each
mushroom sample were pitted and macerate was
prepared. To avoid the degradation of phenolic
compounds, this maceration was carried out in the dark.
Then, each macerate was moved to a volumetric flask and
50mL of ethanol was added. The Chromatographic
separation was performed using C18 HPLC column
(150mm x 4.6mm, Sum) and heated at 30°C. For elution,
the mobile phase was made of TFA 0.1% (A) and
acetonitrile (B) in gradient mode following a standard
procedure using an Alliance 2695 HPLC system (Waters
Corp., Milford, MA) (Gonzalez-Gomez et al., 2010). All
compounds were identified by comparing the retention
time and UV absorption spectrum with the standards
(Lone et al., 2015)

Abdul Rehman Niazi et al

STATISTICAL ANALYSIS

The results were expressed as means +standard error (SE)
and evaluated statistically using Analysis of Variance
(ANOVA) and Duncan’s multiple range tests using co-
stat software (Version 3.03) to find out the significant
differences (P<0.05).

RESULTS

Estimation of essential and non-essential trace metals

The two mushroom species, Russula foetens and Russula
cf. foetentoides were subjected for the estimation of some
essential and non-essential metals (minerals) i.e.,
Potassium (K), Calcium (Ca), Sodium (Na), Cobalt (Co),
Copper (Cu), Chromium (Cr), Iron (Fe), Manganese
(Mn), Zinc (Zn) and Nickel (Ni) using flame emission and
atomic absorption spectroscopy. The mineral distribution
in these species showed that magnesium, calcium,
sodium, iron, manganese, zinc and potassium were
present in substantial amount, while Cu, Cr and Co were
in very low amount. Nickel was absent in both mushroom
species (table 1). Among all these elements, Fe is found
to be maximum in both species i.e., 5.715 and 7.428mg/g.

Mpycochemical screening

The qualitative mycochemical screening of Russula
foetens and Russula cf. foetentoides, revealed the presence
of a variety of secondary metabolites like reducing sugars,
alkaloids, anthraquinones, terpenoids, tanins, saponins
and cardiac glycosides. Ethanol extracts showed more

Table 1: Estimation of essential and non-essential metals in Russula foetens and Russula cf. foetentoides.

Mushrooms Essential and non-essential metals (mg/g)
K Na Cu Zn Co Mn Cr Fe Ca Ni
Russula foetens 0.285 0.675 0.915 0.690 0.494 1.8 0.214 5.715 0.48 ND
Russula cf. foetentoides 0.212 0.03 0.666 1.51 0.345 3.6 0.301 7.428 0.288 ND

ND: Not detected

Table 2: Zone of inhibition (mm) exhibited by crude extracts of Russula foetens, Russula cf. foetentoides and

antibiotics against bacterial strains.

Mushroom | Extraction solvent Zone of inhibition (mm)
Escherichia coli | Pseudomonas stutzeri Staphylococcus aureus | Bacillus Subtilis
Petroleum Ether 15.5+0.288f 0+0d 0+0k 14.16+0.6g
Russula Chloroform 11.8+0.152hi 0+0d 19.63+0.137h 9.13+0.633h
Joetens Ethanol 14.76+0.145fg 12.16+0.166bd 27.8+0.152b 19.33+0.881de
Distilled water 16.6+0.208¢ 9.73+0.145cd 14.86+0.088h 15.83+0.166f
Petroleum Ether 9.33+0.333r 0+0d 25+0.577¢ 0+0m
Russula cf. Chloroform 0+0p 0+0d 18.66+0.88de 9.340.7h
foetentoides Ethanol 14.6+£0.208g 10.5+0.288bd 21.4+0.208d 24.83+0.166h
Dist.H,0 17.74£0.175d 14.7+0.153bc 14.76+0.121h 18.66+0.440e
LSD 0.923 1.041 2.143 1.20
Escherichia coli Amikacin 194+0.776 mm
Pseudomonas stutzeri Cephalaxin 25+0.075 mm
Staphylococcus aureus Erythromycin 30+0.99 mm
Bacillus subtilis Amikacin 2340.57 mm
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Table 3: Zone of inhibition (mm) exhibited by crude extracts of Russula foetens, Russula cf. foetentoides and

antimycotics against fungal strains

Mushroom Samples and antimycotics

Extraction solvents

Zone of inhibition (mm)

Pennicillium vancouvernse Fusarium equiseti
Petroleum Ether 9.0+0.576hi 1740.5771g
Russula foetens Chloroform 18+0.578¢ 14+0.531jk
Ethanol 23+0.571a 2340.499bcd
Dist.H,0 11+0.498fgh 21+0.57%¢
Petroleum Ether 0+0k 17.34£0.321fgh
. Chloroform 9.0+0.320i 14.3+0.333jk
Russula cf. foetentoides Ethanol 21£0.323b 21£0.299¢
Dist.H,0 11+0.333fgh 19+0.355f
LSD 1.234 1.631
Pennicillium vancouvernse Terbinafine 144+0.987 mm
Fusarium equiseti Terbinafine 30£0.322 mm

Table 4: Total phenolic contents, Total flavonoid contents of Russula foetens and Russula cf. foetentoides.

Mushrooms Total Phenolics contents” Total Flavonoids contents ° FRAP Assay °
Russula foetens 0.061+0.004¢c 0.111£0.002ab 0.684+0.001b
Russula cf. foetentoides 0.064+0.002bc 0.115+0.001a 0.468+0.001¢

*(mg GAE/g extract); ® (mg CE/g extract); ¢ (mmol/L of FeSO,)

Table 5: DPPH Free Radical Scavenging assay and ABTS assay of crude extracts.

Concentration of

Concentration of

Percentage inhibition

Percentage inhibition

Samples extract (mg/ml) extract (ppm) of DPPH of ABTS
300 0.3 11.353+0.012t 23.947+0.021w
Russula foetens 600 0.6 30.367+£0.015n 61.542+0.022m
900 0.9 43.045+0.037b 83.849+0.012f
Russula cf 300 0.3 15.941:£0.020p 22.476+0.016x
foetentoide.s 600 0.6 36.953+0.008i 63.762+0.0161
‘ 900 0.9 40.077+0.011e 88.057+0.021b

Note: In tables 2, 3, 4 and 5,

*The results were based on experiments carried out in triplicates and given as Mean+ Standard error

*LSD refers to the least significant difference

*Alphabets show significant difference (p<0.05) between the mean, according to Duncan’s new multiple range test; while + sign

designates standard error

number of mycoconstituents followed by aqueous,
petroleum ether and chloroform extracts.

HPLC Analysis

For clarification of the phenolic composition of extracts,
mushrooms extracted by ethanol were evaluated by
HPLC. Overall, five the phenolic compounds were stable
in these macerates and the same were selected as the
representative compounds during this study, their detail is
as follow. Russula foetens exhibited phenolic contents
ie., gallic acid (R; 2.774min), catechin (R; 3.369min),
vanillic acid (R; 7.29min), sinapic acid (R, 12.13min),
querctin (R, 25.125min). The most abundant phenolic
compound is gallic acid i.e. 22.31% of total identified
compounds. In the macerate of Russula cf. foetentoides
major compunds were gallic acid (R; 2.730min), catechin
(R; 3.189min), p-coumeric acid (R; 5.421min), vanillic

acid (R, 8.017min), sinapic acid (R, 13.213min), ferulic
acid (R; 13.167min) has been identified. The most
abundant phenolic compound is gallic acid that is 3.59%.

Antimicrobial activity of mushroom extracts

All mushrooms extracts showed a various degree of
antagonizing effects against the tested microbial strains.
This antibacterial activity of crude extracts ranged from
9.13+0.633 to 27.8+0.152mm (table 2). In case of all
antibiotics, the maximum zone was shown by Bacillus
subtilis (23+0.59mm), whereas minimum zone was
exhibited by E. coli (19+0.776mm). The antifungal
activity ranged from 9.0£0.577 to 23.5+£0.572 mm with
the highest potential reported by ethanolic extract and the
lowest efficacy was put forward by petroleum ether
extract against Pennicillium vancouvernse of Russula
foetens (table 3). In case of antimycotics, zones formed by
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terbinafine against Pennicillium vancouvernse and
Fusarium equiseti were 14+£0.987mm and 30+0.322mm,
respectively.

DPPH Free Radical Scavenging Assay

The DPPH is a stable nitrogen containing free radical. Its
color changes from the violet to yellow on the reduction
due to hydrogen or electron donation. The % inhibition
for DPPH radical scavenging activity is given in table 5.
In general, highest level of flavonoid and phenolic
contents may lead to better DPPH scavenging activity.
But in case of Russula cf. foetentoides extract with the
lowest amount of phenols and flavonoids leads towards
the highest DPPH scavenging in the present study

ABTS Assay

The phenothiazine drug i.e., ABTS that reacts with
potassium persulfate and makes the green blue radical, as
2, 2 - azinobis- (3 - ethylbenzothiazoline - 6 - sulfonate)
(ABTS") by oxidation. This cation actually appraises the
antioxidant potential of the sample. Both mushrooms
showed great inhibition against ABTS (table 5).

Reducing power

FRAP assay is carried generally carried out to determine
the reduction of Fe’* to Fe*" from the sample. Both the
mushrooms showed great reducing power of Fe’,
therefore exhibiting the antioxidant potential. There is a
significant difference (P<0.05) among the extracts.
Russula foetens having lower amount of phenolics and
flavonoids disclosed the highest reducing power (table 4).

Total phenolic and flavonoid contents

The phenolic and flavonoid contents of Russula foetens
and Russula cf. foetentoides are presented in the table 4.
Total phenolic contents were reported as gallic acid;
whereas, total flavonoid contents were reported as
quercetin (equivalent to grams). Russula cf. foetentoides
showed highest amount of phenolics and flavonoids.

DISCUSSION

Both mushrooms possess significant amount of metals. It
is established in literature that the uptake of any mineral is
under the influence of other that may trigger it or
antagonize it (Latiff et al., 1996). The minerals
characterize the ash that was left behind after the
complete ignition of dry mushroom. Hence, these two
species could be considered nutritional source of this
element. Adequate amount of iron in a diet is very
important as it reduces the incidence of anemia. Copper
contents (0.666 & 0.915mg/g) can be a significant dietary
component for vegetarians. The low concentration of
sodium particularly in Russula cf. foetentoides makes it an
anti-hypertensive diet. Similarly, presence of potassium
can reduce blood pressure. Overall, the results indicate
that the concentrations of elements are in agreement with
the results of (Niazi et al., 2021) and both could be used
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as good source of dietary supplements. The results of
mycochemical screening were quite similar to the
findings of Jonathan & Fasidi (2003) & Fujita et al.
(2005). Chloroform was found to be poor solvent as
compared to the other one. This is the point with research
consequences that some mushroom constituents are more
soluble in polar solvents than non-polar (Kawagishi et al.,
1988). The results of HPLC analysis are quite similar to
the findings of Prabu ef al. (2019). Generally, presence of
phenolics in both species is good evidence regarding their
antioxidant potential, an important phenomenon for
human health. The findings of antimicrobial activity seem
in line with the results of studies of Brain et al. (1951);
Hirasawa et al. (1999) & Waithaka et al. (2017).
However, all the crude extracts of mushrooms in this
study showed inhibition against some virulent strains.
These findings proposed that these mushrooms are
potential sources of new antimicrobial agents. There is
work in progress for the screening of mycochemicals,
which are responsible for the antimicrobial activities.
Although, the antimicrobial drugs have been practiced for
many healing purposes; but there are many drug resistant
bacterial strains that may create serious problems. These
circumstances required the search of new antimicrobial
materials that may be effective against the virulent
bacterial  strains.  Natural resources such as
mycoconstituents in the considered wild medicinal
mushrooms could be a substitute of drugs that are
resistant to the bacterial and fungal strains (Kuete, 2010;
Sikandar et al, 2020). The constituents that have
capability to do such reactions are named as antioxidants
(Nabavi et al., 2009). These results of our study were in
covenant with the results reported by Ebrahimzadeh et al.
(2009). The mushroom sample having antioxidant activity
scavenged the radical cation of ABTS" and changes the
green-blue color to yellow or light green (Mau et al.,
2002). Moreover it has been observed that by increasing
concentration of each extract, inhibition also increased
with maximum value @ 900mg/mL of each extract. Our
findings were also in agreement with the studies of
Dehpour et al. (2009) and Niazi & ljaz, (2021). The
amount of the Fe*" complex can be examined by
determining the development of blue colored complex at
700nm (Nabavi et al., 2008). These phenolic and
flavonoid compounds are extensively present in the food
products derived from natural sources and have displayed
the significant antioxidant activities (Ebrahimzadeh et al.,
2008; Cateni et al, 2021). These findings displayed that
these mushrooms have rich antioxidants and may be used
in pharmaceutical industries for making novel
therapeutics in future.

CONCLUSION

On the basis of obtained findings, it was concluded that
the both mushrooms could be used as potential
antimicrobial and antioxidant agents. Russula foetens
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exhibited higher results as compared to R. cf. foetentoides.
R. foetens should be names as medicinal healing
mushroom due to having better antimicrobial and
antioxidant agents along with bioactive compounds.
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