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ABSTRACT

This study aimed to assess the antioxidant capacities of three species of edible ectomycorrhizal
mushrooms of the genus Russula from Côte d’Ivoire as a function of their maturity stage through
changes in the contents of the antioxidant components and properties of their extracts. The contents
of total phenolic compounds, flavonoids, tannins and carotenoids were assessed by colorimetric assays
whereas ascorbic acid content was estimated by titration. Individual phenolic compounds were analyzed
by HPLC for their identification. Three biochemical assays (DPPH scavenging, ABTS scavenging
and Ferric reducing antioxidant power) were used to estimate the antioxidant properties. The highest
amounts of all the antioxidant components and the majority of individual phenolic compounds analyzed
were obtained at the mature stages in the extracts of the three mushrooms. The maximum contents
of total phenolic compounds were also obtained in the mature fruiting bodies and were respectively
729.16±0.32, 623.11±0.04 and 832.78±0.01 mg/100g dry matter for Russula lepida, R. mustelina
and R. delica. These results were confirmed by the values of the effective concentrations EC

50
, the

lowest of which were obtained at the mature stages and were respectively 0.11±0.03, 0.19±0.09 and
0.09±0.01 mg/ml in terms of DPPH scavenging for R. lepida, R. mustelina and R. delica. This
suggests that in terms of the need for natural antioxidants, the mature stage is the appropriate stage
for harvesting these mushrooms.

Keywords: Ectomycorrhizal mushrooms, Russula, maturity stages, antioxidant components, antioxidants
properties

For many years, edible mushrooms have been
regarded as real sources of natural antioxidants
(phenolic compounds, flavonoids, carotenoids, ascorbic
acid and so on) like fruits and vegetables. Several
reports have established the correlation between the
levels of phenolic compounds with antioxidant activities
in the edible mushrooms (Yen and Hung 2000; Cheung
et al., 2003; Mau et al., 2004; Barros et al., 2007;
Turkoglu et al., 2007). For fruits and vegetables, many
findings have been published on the effects of the
maturity stage on the antioxidant composition and

antioxidant properties such as tomatoes (Hdider et al.,
2013; Dûma et al., 2018; Tilahun et al., 2018), papaya
(Addai et al., 2013), mango (Joshi et al., 2017) and
many other fruits and vegetables (Fawole and Opara
2013; Xie et al., 2016; Wulandari et al., 2017;
Oszmiañski et al., 2018). All of these studies have
shown that the maturity stage significantly affects the
antioxidant potential of fruits and vegetables through
the antioxidant components levels and antioxidant
activities.

Recieved on 28-10-2022; Accepted on 20-12-2022
https://epubs.icar.org.in/index.php/MR/article/view/129573



THREE EDIBLE MUSHROOM SPECIES OF GENUS RUSSULA

124

In edible mushrooms, very few investigations have
undertaken this aspect into account. However, some
authors have analyzed the influence of maturity stage
on the antioxidant component composition and
antioxidant properties of some wild edible, commercial,
medicinal mushrooms (Barros et al., 2007; Tsai et al.,
2008; Soares et al., 2009; Ren et al., 2020). These
few reports have also indicated the influence of
maturity stage on the antioxidant components and the
antioxidant properties of edible mushrooms.

In Africa, south of the Sahara and particularly in
Côte d’Ivoire, edible mushrooms are picked during the
rainy seasons and consumed locally. These are also
marketed in the surrounding villages and towns (Anno
et al., 2016). Especially, in the central part of this
country, edible ectomycorrhizal mushrooms living in
symbiosis with trees of Caesalpiniaceae family are the
object of picking and great consumption in the rainy
season (Kouassi 2016). Generally, the picking of these
mushrooms is carried out without taking into account
the stage of maturity (immature; mature and post-
mature); all being picked and put together for later
consumption. Previous works revealed that the
chemical and nutritional properties were strongly
impacted by maturity stage of picking of edible
ectomycorrhizal mushrooms of the genus Russula
from central part of Côte d’Ivoire (Gbotognon et al.,
2019a; 2019b). According to Barros et al. 2007),
consumption of mushrooms could contribute to
minimize risks of chronic diseases such as cancer
through their high contents of natural antioxidants.
Nevertheless, it is important to know the ideal maturity
stage to pick wild mushrooms regarding antioxidant
components contents.

Thus, the aim of this work was to evaluate the
effects of the stage of harvest maturity on the
contents of total phenolic compounds, flavonoids,
tannins, individual phenolic compounds, total
carotenoids, â-carotene, lycopene and the antioxidant
properties of three mushrooms Russula spp from

central Côte d’Ivoire. This could help to identify the
appropriate harvest stage for these wild mushrooms
in terms of levels of antioxidant components and
antioxidant properties.

MATERIALS AND METHODS

Reagents and Chemicals

Organic acid standards (citric acid, oxalic acid,
ascorbic acid, succinic acid, malic acid, fumaric acid,
shikminic acid, tartaric acid, benzoic acid, propionic
acid and butyric acid), 2,2'-azino acid -bis (3-
ethylbenzothiazoline-6-sulphonic (ABTS), trolox and
Folin-Ciocalteu  were procured from Sigma-Aldrich
(Steinheim, Germany). The standards of phenolic
compounds (gallic acid, caffeic acid, vanillic acid,
veratric acid, ferulic acid, coumaric acid, quercetin,
catechin and rutin) and acetonitrile were products of
Merck (Darmstadt, Germany). Aluminum chloride
and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was
procured from Sigma Chemical Co (St, Louis, MO,
USA). Iron (III) chloride was purchased from Merk
(KGaA, Darmstadt, Germany) while methanol was
obtained from Prolabo (Paris, France) All other
chemicals were of analytical grade.

Sample collection

Mushrooms of the genus Russula (R. mustelina,
R. delica and R. lepida) were picked at different
maturity stages from the open forests of the central
part of Côte d’Ivoire, in the administrative region of
Gbèkè, where they lived in ectomycorrhizal symbiosis
with trees of the Caesalpiniaceae family.  Maturity
stage of each mushroom was identified, as (i)
immature stage with closed cap and immature spores,
(ii) mature stage with opened cap and immature
spores and (iii) post-mature stage with wilting cap and
mature spores (Fig. 1). After picking, the mushrooms
were immediately transferred to the laboratory and
cleaned.
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Fig. 1. Mushrooms Russula spp (A: R. lepida; B: R. mustelina; C: R. delica) at different stages of maturity: (1) Immature stage
(closed cap); (2) Mature stage (opened cap); (3) Post-mature stage (wilting cap)

Extraction of phenolic compounds

Mushrooms of the three samples corresponding
to the three Russula species were dried at 25°C for
ten days until constant weight, according to method
of Ribeiro et al. (2007) slightly modified by Kouassi
et al. (2016). Then, each sample was ground into a
fine-dried powder (mill IKA, Germany/Deutschland).
A sample (10 g) of each fine-dried mushroom powder
was extracted by stirring with 50 ml of methanol 80%
(v/v) at 25°C for 24 hours and filtered through
Whatman paper no 4. The residue was then extracted
with two additional 50 ml portions of methanol. The
combined methanolic extracts were evaporated at
35°C (rotary evaporator HEILDOLPH Laborata 4003
Control, Schwabach, Germany) until 25 ml, and stored
at -20 °C prior to further use.

Determination of total phenolic compounds
contents

Total phenolic compounds content was estimated
according the Folin-Ciocalteu method (Singleton et al.,
1999). A volume of 1 ml of methanolic extract of each
sample was added to 1 ml of Folin-Ciocalteu’s solution
in a test tube. After 3 minutes, 1 ml of 20% sodium

carbonate solution was added to the mixture and
adjusted to 10 ml with distilled water. The mixture was
allowed to stand at room temperature in a dark
environment for 30 min. Absorbance was measured
against the reagent blank at 725 nm. Gallic acid was
used for the calibration curve with a concentration
range of 50-1000 μg/ml. Results were expressed as
mg gallic acid equivalent (GAE)/100 g DW (Dry
Weight). All experiments were performed in triplicate.

Determination of flavonoids contents

Total flavonoids content was determined
according method used by Meda et al. (2005), but
slightly modified. A volume of 0.5 ml of methanolic
extract of each mushroom sample was diluted with
0.5 ml of distilled water. Then, 0.5 ml of aluminium
chloride 10 % (W/V) and the same volume of sodium
acetate 1M were added. Finally, 2 ml of distilled water
was added and absorption reading at 415 nm was
carried out after 30 min against a blank sample
consisting of a 4 ml methanolic extract without
aluminium chloride. Quercetin was used for the
calibration curve with a concentration range of 0-100
μg/ml. Results were expressed as mg of quercetin
equivalent (QE)/100g DW. All experiments were
performed in triplicate.
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Determination of tannins contents

Tannins content was determined using the method
described by Bainbridge et al. (1996). A volume of 1
ml of each methanolic extract was mixed with 5 ml
of reaction solution [vanillin 0.1mg/ml in sulphuric acid
70 % (V/V)]. The mixture was allowed to stand at
room temperature in a dark environment for 20 min.
The absorbance was measured at 500 nm against a
blank (without extract). Tannic acid was used for the
calibration curve with a concentration range of 0-100
μg/ml. The results were expressed as mg of tannic
acid equivalents (TAE)/100 g DW. All experiments
were performed in triplicate.

Extraction of carotenoids

Total carotenoids of mushroom samples were
extracted according to the method described by
Rodriguez-Amaya and Kimura (2004). A mass of 2
g of fine powder of each sample of mushroom
previously described for the preparation of the
methanolic extract was diluted in 50 ml of acetone
and the mixture was filtered. The residue was
completely decolorized by repeating the operation by
adding 2 times 50 ml of acetone. The three filtrates
obtained were combined and taken into a 500 ml
separating funnel. Then, 100 ml of petroleum ether
was added, and allowed to stand for phase separation.
The ethereal phase (containing the carotenoids) was
collected and placed in a 200 ml beaker for the
subsequent determination of total carotenoids, β-
carotene and lycopene.

Determination of total carotenoids contents

The total carotenoids contents of the mushroom
samples were estimated by the method used by de
Carvalho et al. (2012).  Absorbance (A) of each
ethereal extract of total carotenoids was read with a
colorimeter at 450 nm against petroleum ether. The
total carotenoids content expressed in mg / 100g of
dry matter is calculated according to the following
formula:

Where, A = Absorbance; V (ml) = Total ethereal
extract volume; M

e
 (g) = sample mass; 2592=

Carotenoids Extinction Coefficient in petroleum ether

Determination of βββββ-carotene and lycopene
contents

β-carotene and lycopene contents were
determined according to the method of Nagata and
Yamashita (1992). Fine powder from each mushroom
sample (100 mg) was vigorously stirred with 10 ml
of acetone-hexane (4: 6) for 1 min and filtered through
Whatman no. 4 filter paper. The absorbance of the
filtrate was measured at 453, 505, 645 and 663 nm.
β-carotene and lycopene contents were calculated
according to the following equations:

Lycopene content (mg /100 ml) =  -0.0458A
663

 +
0.372A

505 
 - 0.0806A

453

β-carotene content (mg / 100 ml) = 0.216A
663   

6
0.304A

505 
+ 0.452A

453

Determination of ascorbic acid content

Ascorbic acid from each mushroom samples was
extracted according to method described by
Boonkasem et al. (2015). Each mushroom powder (10
g) was extracted with 20 ml of 3% (W/V)
metaphosphoric acid solution, and then placed under
magnetic stirring for 30 min. The extract was
centrifuged at 4000 rpm for 20 min. The supernatant
collected was used for the determination of ascorbic
acid according to method described by Pongracz et
al. (1971), using 2,6-dichlorophenol (DCPIP). One (1)
ml of the supernatant was titrated with 2,6-
dichlorophenol indophenol (0.5g/l). Appearance of a
persistent champagne pink color, lasting 15 seconds,
indicated the end of the titration. One (1) ml of a
standard solution of pure ascorbic acid (1 mg/ml) was
also titrated with 2,6-dichlorophenol indophenol under

Carotenoid contents
(mg/100g DW) =

AxV

2592xM
e

x 1000
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the same conditions. Ascorbic acid content of each
mushroom sample was calculated using the following
equation:

DPPH radical scavenging activity

The free radical scavenging activities of each
mushroom sample extracts were measured by using
1,1-diphenyl-2-picryl-hydrazyl (DPPH) (Hatano et al.,
1988). Briefly, 2.5 ml of each extract was added to 1
ml of DPPH solution (3 mM), vigorously shaken and
maintained for 24 h at room temperature in the dark.
Methanol was used instead of mushroom extract as
a control. Then the absorbance was measured at 515
nm. The mushroom samples extracts capability to
scavenge the DPPH radical was calculated using the
following equation:

DPPH inhibition (%) = [(A
0
 –A

1
/A

0
) x 100],

where A
0
 was the absorbance of the control reaction

and  A
1
 the absorbance in the presence of the sample.

The mushroom sample extract concentration
providing 50% inhibition (EC

50
) was calculated from

the graph of inhibition percentage of DPPH against
extract concentration. Trolox was used as standard.

ABTS cation radical scavenging activity

This method had expressed the ABTS cation
radical scavenging capacity of our mushroom samples
extracts estimated using discoloration test of these
ABTS cations (Re et al., 1999), which is based on
the reduction of ABTS+   radicals by mushrooms
antioxidant extracts tested.  ABTS was dissolved in
distilled water to a 7 mM concentration. ABTS radical
cation (ABTS+) was produced by reacting ABTS
solution with 2.45 mM potassium persulfate (final
concentration) and allowing the mixture to stand in the
dark at room temperature for 16 h before use. For
the study, the ABTS solution was diluted in ethanol
to an absorbance of 0.700 ± 0.02 at 734 nm. After
the addition of 30 μl of methanolic extracts of
mushroom samples at various concentrations to 3 ml
of ABTS solution, the absorbance reading was taken
at 30°C 10 min after initial mixing. A control was
carried out under the same conditions with methanol

Ascorbic content
(mg/100g) =

(C
DCPIP 

x V
eq

) x 5 x 100

m
e

Where, V
eq

 = 2,6-dichlorophenol indophenol
volume used for titration of 1 ml of supernatant from
each samples; m

e
=fine powder mass (g) of each

mushroom samples;  C
DCPIP

((g/L) = DCPIP
concentration

Identification of individual phenolic compounds
by HPLC

The methanolic extracts of each mushrooms
samples previously prepared (50 ml) were diluted in
100 ml with distilled water and 20 μl of it was
analyzed using an analytical HPLC unit (HPLC
(Shimadzu Corporation, Japan) equipped with a binary
pump (LC-6A) coupled to a UV-VIS detector (SPD-
6A). Phenolic compounds were separated on a column
ICSep ICE ORH-801 (length 25 cm) at a temperature
set at 30°C. The mobile phase consisted of 50 mM
NaH

4
H

2
PO

4
 to pH 2.6 (eluent A), a solution of

acetonitrile/NaH
4
H

2
PO

4
 (80:20, v/v) (eluent B) and

200 mM acid o-phosphoric pH 1.5 (eluent C). The
operating time was 70 min with a flow rate of 1 ml/
min. Phenolic compounds in methanolic extract of
mushroom samples were identified through
comparison of their retention times and UV-visible
spectra with those obtained by injection of the
standard solution under the same conditions.

Antioxidant properties

In the present study, the antioxidant activities of
mushroom sample extracts were evaluated in terms
of DPPH radical scavenging, ABTS cation radical
(ABTS+) scavenging and ferric ion reducing
antioxidant power (FRAP).
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instead of the methanolic extracts of mushroom
samples.  The mushroom samples extracts capability
to scavenge ABTS radical cation (ABTS+) was
calculated using the following equation:

ABTS inhibition (%) = [(A
0
 –A

1
/A

0
) x 100],

where A
0
 was the absorbance of the control reaction

and A
1
 the absorbance in the presence of the sample

The mushroom sample extract concentration
providing 50% inhibition (EC

50
) was calculated from

the graph of inhibition percentage of ABTS+ against
extract concentration. Trolox was used as standard

Ferric reducing antioxidant power (FRAP)

The reducing powers of the mushroom sample
extracts were determined according to the method
described by Ferreira et al. (2007). In a test tube
containing 0.1 ml of sample extract prepared at
different concentrations (0.5 to 3 mg / ml), are added
with 2.0 ml of phosphate buffer (0.2 M, pH 6.6),
followed by 2 ml of 1% potassium hexacyanoferrate
[K

3
Fe (CN)

6
] (w/v). The whole was incubated at 50

°C in a water bath for 20 min, and then cooled. A
volume of 2 ml of 10 % (w/v) trichloroacetic acid
(TCA) was then added and the mixture was
centrifuged at 3000 rpm for 10 min. Finally, 2 ml of
the supernatant was mixed with 2 ml of distilled water
and 0.4 ml of ferric chloride [FeCl

3
] (1g/l). A blank

without sample extract was prepared under the same
conditions. Absorbance was measured at 700 nm
against blank. The increase in absorbance indicated
higher reducing power. The extract concentration of
samples giving an absorbance of 0.5, i.e. the value of
the EC

50
 was estimated from the graph of the

absorbance at 700 nm versus the concentration of
extract. Trolox prepared as above at different
concentrations was used as a standard.

Statistical analysis

All chemical analyses and assays were carried
out in triplicate. Results were expressed as mean

values ± standard deviation (SD). Analysis of variance
(ANOVA) followed by Duncan’s test was performed
to test for differences between means by employing
Statistica 7.1 software. Significance of differences
was defined at the 5% level (p < 0.05).

RESULTS AND DISCUSSION

The variations in contents of different antioxidant
components depending on maturity stage of three
Russula spp are shown in Table 1. For each of the
extracts of the three species of Russula, the total
phenolic compounds were the major antioxidant
components while carotenoids and ascorbic acid were
low in quantities. These results were in accordance
with those reported by other authors (Barros et al.,
2007; Robaszkiewicz et al., 2010). On the whole, the
contents of total phenolic compounds, flavonoids,
tannins, total carotenoids, β-carotene, lycopene and
ascorbic acid all showed variations with a peak at the
mature stage for the three mushroom species. Values
of peaks for total phenolic compounds were
respectively 729.16±0.32; 623.11±0.04 and
832.78±0.01 mg/100g DW for R. lepida, R. mustelina
and R. delica. With respect to total carotenoids, peaks
were estimated respectively to 86.92±1.73;
54.44±0.53 and 51.78±2.60 mg/100g DW for R.
lepida, R. mustelina and R. delica. The increase in
the levels of all the antioxidant components analyzed
from immature stage to mature stage with immature
spores in the three mushroom species could be
explained by the accumulation of these components
during maturation. Indeed, it is well known that during
the maturation of mushrooms, there is a biosynthesis
of variety of secondary metabolites (Turkoglu et al.,
2007; Soares et al., 2009). These results were
contrary to those obtained by Saha et al. (2012) for
the content of phenolic compounds in wild mushrooms
Pleurotus djamor at different stages of maturity. He
reported the highest amount of phenolic compounds
in the juvenile stage of fruiting bodies. On the other
hand, from the mature stage to the post-mature stage
with mature spores, the different antioxidant
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components have undergone a significant decrease.
This could be attributed to the fact that these
antioxidant components were involved in the
neutralization of reactive oxygen species and free
radicals generated by aging fungal cells of the
mushrooms. Similar results have were reported by
Barros et al. (2007) from mature stage with immature
spores to post-mature stage with mature spores during
development of the wild mushrooms Lactarius
piperatus.

Fig. 2 shows the chromatographic profiles of
some individual phenolic compounds from extracts of
R. lepida, R. mustelina and R. delica at different
stages of maturity. It was overall noted that the
extracts of the mushrooms contained phenolic acids
(gallic acid, vanillic acid, caffeic acid, veratric acid,
ferulic acid and coumaric acid) and flavonoids
(quercetin, catechin and rutin). These results were in

agreement with other reports concerning the
identification of individual phenolic compounds in
edible mushrooms extracts (Palacios et al., 2011;
Yahia et al., 2017; Cayan et al., 2020). There were
changes in detection of individual phenolic compounds
depending on the maturity stage of different species
analysed. Regarding R. lepida, these changes
concerned caffeic acid, veratric acid and quercetin
(Fig. 2a). The caffeic acid not detected at the
immature stage was well present at the mature and
post-mature stages. The veratric acid detected in the
first two stages, disappeared in the post-mature stage
while the quercetin was only detected at the mature
stage. As for R. mustelina, the changes also
concerned caffeic acid and veratric acid, but also
vanillic acid (Fig. 2b).  Vanillic acid was only detected
at the mature stage while caffeic acid and veratric
acid were absent at the immature stage but detected
at the Mature and post mature stages. Finally,

Table 1. Antioxidant components contents (mean ± SD) of Russula spp at different stages of maturity

Antioxidant components Maturity Stage Mushrooms species

R. lepida R. mustelina R. delica

Total Phenolic  compounds (mg/100 g) Immature 560.92±0.02b 545.45±0.01b 551.78±0.02b

Mature 729.16±0.32c 623.11±0.04c 832.78±0.01c

Post-Mature 389.74±0.04a 343.55±0.10a 383.26±0.01a

Flavonoids (mg/100 g) Immature 073.14±0.00b 119.43±0.02b 126.65±0.01b

Mature 087.75±0.01c 129.14±0.10c 138.64±0.10c

Post-Mature 069.25±0.09a 113.44±0.05a 116.93±0.02a

Tannins(mg/100 g) Immature 119.62±0.10b 119.75±0.05b 148.58±0.42b

Mature 134.58±0.01c 150.73±0.02c 168.86±0.02c

Post-Mature 116.29±0.00a 100.07±0.02a 151.40±0.36a

Total carotenoids  (mg/100 g) Immature 79.29±2.04b 52.11±2.21b 32.78±0.81a

Mature 86.92±1.73c 54.44±0.53c 51,78±2.60c

Post-Mature 78.74±1.21a 34.55±1.25a 33.26±1.68b

β-Carotene (mg/100 g) Immature 13,14±0.98a 11.43±1.43a 16.65±0,54b

Mature 27.74±0.75c 19.14±0.96c 18.64±0.48c

Post-Mature 26.25±1.68b 13.45±1.13b 15.93±0.82a

Lycopene(mg/100 g) Immature 0.96±0.09b 1.17±0.20b 4.89±0,28a

Mature 1.45±0.12c 1.55±0.17c 6.88±0.17c

Post-Mature 0.62±0.13a 1.00±0.10a 5.14±0.62b

Ascorbic acid (mg/100 g) Immature 56.44±1.60a 29.43±1,73a 62.65±0.86a

Mature 63.14±0. 97c 67,14±0,84c 87.64±2.48c

Post-Mature 61.93 ±1.78b 63,45±1,02b 83.42±2.10b

In each column different letters mean significant differences (p < 0.05)
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Fig. 2. HPLC-profiles of phenolic compounds of methanolic extracts of three species of Russula from Côte d’Ivoire (a: R. lepida;
b: R. mustelina; c: R. delica) harvested at three different stages of maturity (T: standards; A: Immature stage; B: Mature stage; C:
Post-mature stage). Detection at 210 nm: (1) Gallic acid; (2) Vanillic acid (3) Caffeic acid (4) Veratric acid; (5) Ferulic acid; (6)
Quercetin; (7) Catechin; (8) Rutin; (9) Coumaric acid
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concerning R. delica, the changes concerned caffeic
acid and veratric acid and also quercetin (Fig. 2c).
Caffeic acid was absent at the immature stage but
detected at the other two stages as in the case of the
other two mushroom species whereas veratric acid
detected at the immature and mature stages, and
absent at the post-mature stage. Quercetin was not
detected in extracts from all three maturity stages in
R. delica. Furthermore, in terms of quantity, almost
all of the individual phenolic compounds peaked at the
mature stages in the extracts of the three mushroom
species (data not shown) like total phenolic
compounds. This could be attributed to the fact that
the phenolic acids and flavonoids individually constitute
powerful antioxidants which must have been used in
the neutralization of reactive oxygen species and free
radicals generated during the aging of fungal cells.

Indeed, phenolic acids such as gallic acid, ferulic
acid and coumaric acid are recognized as key
antioxidants in the neutralization of reactive oxygen
species in biological systems (Aruoma et al., 1993;
Kim, 2007; Srinivasan et al., 2007; Shen et al., 2019).
Likewise, catechin and rutin constitute flavonoids well
documented for their antioxidant and anti-free radical

properties (Pekkarinen et al., 1999; Azevedo et al.,
2013). On the other hand, all these significant changes
in caffeic acid, veratric acid, vanilic acid or even
quercetin observed during the growth of the three
mushrooms could be due to structural instabilities of
some of these phenolic acids (Friedman and Jürgens
2000) or due to possible interconversion between some
of them or due to de novo synthesis via shikimic acid
(Katsuragi et al., 2010) during metabolic phenomena
when mushrooms ripen.

Fig. 3 shows the antioxidant activities via DPPH
radical scavenging of the extracts from three species
of Russula harvested at three maturity stages. From
the analysis of Figures 3a, 3b and 3c, we could
conclude that the percentage inhibition of DPPH
increased with the concentration of the extract. The
percentages of inhibition obtained with the extracts of
the mature stages of the three mushroom species
were 75 % at 0.7 mg/ml, 65 % at 0.5 mg/ml and 75
% at 0.4 mg/mg for R. lepida, R. mustelina and R.
delica, respectively. These values, however, were still
lower than those of the standard which was the trolox
(around 85 % at 0.3 mg/ml). Barros et al. (2007)
reported a good percentage inhibition of DPPH at

Fig. 3. Antioxidants activities measured by DPPH radical scavenging of méthanolic extracts from three mushroom species of
Russula (A: R. lepida; B; R. mustelina; R. delica) harvested at different stages of maturity
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stage II which corresponds to the mature stage with
immature spores for extract from mushroom
Lactarius piperatus.

In contrast, Soares et al. (2009) observed similar
percentages of inhibition at all extract concentrations
for the mushroom Agaricus brasiliensis harvested
at two stages of maturity: young and mature. In terms
of mechanism, in the DPPH radical scavenging assay,
the antioxidant compounds act by donating hydrogen
atoms to the DPPH radical molecules. These
antioxidant compounds are called anti-radical
antioxidants. When these antioxidant components are
phenolic compounds, the phenolic radicals obtained are
stable due to the conjugated double bonds (Bondet et
al., 1997). Some authors have shown that the anti-
free radical activities estimated by the DPPH
scavenging assay are correlated with phytochemical
constituents including phenolic compounds and certain
pigments (Shalaby et al., 2013). This could mean that
at the mature stage of development of the three
mushroom species R. lepida, R. mustelina and R.
delica, the anti-radical antioxidants would have a
higher concentration than the other two stages.

As for antioxidants activities via ABTS cation
radical scavenging, the results are indicated in Fig. 4.

The percentage inhibition of ABTS cation radical
increased also with the concentration of the extract.
The values obtained were better at the mature stage
for the extracts of the three mushrooms. The inhibition
of the ABTS cation radical by extracts of R. lepida
(Fig. 4a) indicate that the extract of the mature stage
caused a percentage inhibition of 80% at 1 mg/ml
concentration while R. mustelina, (Fig. 4b) shows
that the ABTS cation radical inhibition of 65% by the
extract of the mature stage at 1 mg/ml against 90%
inhibition in the standard (trolox) The extract of the
mature stage of R. delica produced around 80 % of
cation ABTS radical inhibition at 1 mg/ml against 90%
for the trolox at the same concentration (Fig. 4c). All
these levels of inhibition of the ABTS cation radical
were better than that reported by other authors for
the aqueous extract of the mushroom Lentinus
elodes, which was 51.5±3.96 % at 5 mg/ml (Shah and
Modi 2015).

In the ABTS cation radical scavenging, anti-
radical antioxidants which reduce the free radical are
also hydrogen donors and according to Re et al.
(1999), this assay is applicable to lipophilic and
hydrophilic antioxidants, including flavonoids, phenolic
acids and carotenoids. Previous works has shown that
the inhibition of the ABTS cation radical is correlated

Fig. 4. Antioxidants activities measured by cation ABTS radical scavenging of méthanolic extracts from three mushrooms
Russula spp. (A: R. lepida; B; R. mustelina; R. delica) harvested at different stages of maturity
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with the content of phenolic compounds in mushrooms
(Mircea et al., 2015; Islam, et al., 2016). The results
of this work are consistent with this finding since the
highest levels of phenolic compounds were effectively
observed at the mature stages of the three mushroom
species.

Antioxidant activities via ferric reducing power
(FRAP) assay exhibited the same trends in terms of
reduction of ferric iron (resulting in increased
absorbance) that inhibitions of the DPPH radical and
cation ABTS radical, i.e. the percentage of reduction
increased with the concentration of the extract and
the better percentages of reduction were obtained at
the mature stages for the three mushroom species
(Fig. 5). The extracts of R. lepida (Fig. 5a), R.
mustelina (Fig. 5b) and R. delica (Fig. 5c) all
exhibited the same reducing power of 0.85 at 1 mg /
ml against 0.90 at the same concentration for trolox.
Reducing power value obtained for the extracts of the
three species of Russula was appreciable and
comparable to those of many edible mushrooms (Mau
et al., 2002; Elmastas et al., 2006; Barros et al.,
2007; Tsai et al., 2008; Soares et al., 2009).
According to some authors (Prior et al., 2005;
Karadag et al., 2009), the mechanism of reducing

power assay is based on the transfer of electrons
rather than the transfer of hydrogen atoms.

Table 2 shows the different values of EC
50

. The
value of the effective concentration EC

50
 is inversely

correlated with that of the antioxidant activity, that is,
the lower the EC

50
, the higher the antioxidant activity.

Values lower than 10 mg/ml are indicative of the
effective antioxidant activity ((Lee et al., 2007;
Soares et al., 2009; Sudha et al., 2012). In this work,
all the extracts exhibited EC

50
 lower than 10 mg/ml,

which indicates their effectiveness. However, the
lowest EC

50
 values were observed at mature stages

for all three assays and for all three Russula
mushroom species which is in agreement with the
antioxidant activities obtained for the three assays.
About the DPPH scavenging assay, the lowest EC

50

values of extracts of R. lepida, R. mustelina and R.
delica obtained at the mature stages were higher than
that reported by Barros et al. (2007) at the same stage
for the mushroom Lactarius piperatus (5.19±0.03
mg/L). However, these values were lower than the
lowest value obtained for the mushroom Agaricus
bisporus at stage 3 corresponding to the opened cap
stage (0.41 mg/ml) (Tsai et al., 2008).

Fig. 5. Antioxidant activities measured by ferric reducing power (FRAP) assay of méthanolic extracts from three mushrooms
Russula spp. (A: R. lepida; B; R. mustelina; R. delica) harvested at different stages of maturity
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With regard to ABTS cation radical scavenging
assay, the lowest EC

50
 values obtained at mature

stages of the three Russula were lower than that
reported for mushrooms Russula virescens (0.44 mg/
mL) (Hasnat et al., 2014) and Pleurotus eous
(17.0±0.39 mg/ml) ((Sudha et al., 2012). As for
reducing power, the lowest EC

50
 values also obtained

at mature stages of the mushrooms, although much
higher than that of the mature stage of Lactarius
piperatus reported by Barros et al. (2007) (2.29±0.02
mg/L), were however lower than those of extracts
from many mushrooms reported in the literature
(Barros et al., 2008; Tsai et al., 2008, Sudha et al.,
2012; Hasnat et al., 2014). In sum, the three tests
showed all the extracts were effective in terms of
antioxidant properties. However, the mature stage with
immature spores was the best stage in terms of the
antioxidant properties of the methanolic extracts of the
three mushroom species, as evidenced by the values
of EC

50
.

CONCLUSION

On completion of this study, it was essentially
noted that the main antioxidant components of extracts
of the mushrooms R. lepida, R. mustelina and R.
delica such as total phenolic compounds, flavonoids,
tannins, carotenoids (â-carotene and lycopene) and
ascorbic acid had undergone variations in terms of
overall contents with peaks at the mature stage with
immature spores during growth of these mushrooms.

The same observation was pointed for individual
phenolic compounds known to be powerful
antioxidants such as gallic acid, ferulic acid, catechin,
rutin and coumaric acid. These results were in
agreement with the changes in the antioxidant
properties of the extracts of these mushrooms during
growth and this was demonstrated by the effective
concentration values EC

50
 found for the assays of

DPPH radical scavenging, ABTS cation radical
scavenging and ferric reducing antioxidant power.
Consequently, the mushrooms R. lepida, R. mustelina
and R. lepida intended for human consumption should
be collected at the mature stage with immature spores
so that consumers can make the most of the natural
antioxidants to protect them against oxidative damage
which cause chronic diseases as the cancer.
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