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Lactarius sanguifluus is a wild edible mushroom belonging to Russulaceae
family and commonly known as ‘bloody milk cap’. It is one of the most valued mushrooms
in the gastronomy sector. The bioactive components present in L. sanguifluus are
responsible for the nutraceutical potential of this wild edible mushroom. The present
study was carried out to assess the phytochemical screening, total phenolic content,
antioxidant potential and antimicrobial activities of methanolic extracts of L. sanguifluus.
Qualitative phytochemical analysis showed the presence of alkaloids, anthraquonone,
glycosides, tannins, saponins, flavonoids, terpenoids, phenolics, carbohydrates as well
as proteins and amino acids, but anthocyanins and sterols were found absent. The total
phenolic content of methanol extracts of Lactarius sanguifluus was 128.05 (mg Gallic
acid equivalents per gram weight). The in-vitro antioxidant potential was analyzed by
DPPH and Hydrogen peroxide method. The DPPH scavenging activity was 85.2+0.371 %
and Peroxide was 84.1+0.281 % at 500ug/ml concentration, comparable to that of ascorbic
acid. The methanolic extracts of L. sanguifluus were found to have significant
antimicrobial activity against all the three test microorganisms i.e. Escherchia coli,
Pseudomonas aeruginosa and Candida albicans. The present study evaluates the
quantitative phytochemicals, total phenolic content antioxidant potential and
antimicrobial activity of Lactarius sanguifluus extracts, so that its underexploited
nutraceutical potential can further be explored.

Key words: Lactarius sanguifluus, Phytochemical screening, DPPH,
Hydrogen peroxide, Antioxidant potential, antimicrobial activity.

Since time immemorial, wild edible
mushrooms have been collected and consumed
throughout the World. They have been rightly
called as, “the plant of immortality” due to their
prolonged use in the history of mankind.
Mushrooms have been used asfood and flavoring
agent for bland foods because of their unique and
distinct flavour. Wild mushrooms are also
underutilized and untapped resources, as wide
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variety of mushrooms are still underexploited
(Lakhanpal, 1994). In last decades, there has been
rising worl dwide attention on the use of Wild edible
fungi infood and medicine (FAO, 2004). They have
also continued to generate great interest due to
their ability to cure diseases. They also make a
sustainable contribution to the diets of people
living in devel oping countries and are considered
as a source of income for many rural people.
Therefore, wild edible mushrooms contribute
towards diet, income and human health.
Mushroomsalso play animportant ecological role,
asmany speciesarefound living symbiotically with
certain tree and their mycorrhizal association helps
in sustainable growth of forests. Apart from their
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importance as a source of food for the regional
poor and as mycorrhizal partners of host trees,
they are excellent sources of bioactive compounds
showing medicinal properties (Das, 2010). Wild
mushrooms are also important Non-Timber Forest
Product (NTFP's) from the forests and are being
used asfood sincetimeimmemoria (Devkota, 2008).
From India, many species of ediblefungi hasbeen
reported to betraditionally and regularly consumed
by the local inhabitants without causality and
fatality. Wild edible mushrooms having very good
commercial value are species of Morchella,
Helvella, Hericium, Sparassis, Hydnum,
Trapeinda, Clavaria, Ramaria, Boletus,
Albatrellus, Cordyceps, Lactarius and Rusulla
(Lakhanpal, 2000). All thesewild edible mushrooms
are consumed as well as sold fresh, collected and
dried for sale (Lakhanpal and Rana, 2005;
Lakhanpal et al., 2010).

L. sanguifluusisan wild edible mushroom
belonging to Russulaceae family. It is commonly
known asbloody milk cap (PlateA). Itisoneof the
most valued mushroomsin the gastronomy sector.
L. sanguifluusisan ectomycorrhizaspecieswhich
is a form of symbiotic relationship that occurs
between afungal symbiont and the roots of
various plant species. It growsin association with
pines. In India, L. sanguifluus has been found
growing in mixed coniferous forests of Himachal
Pradesh, under Onychium contiguum (L akhanpal
etal., 1987).

L. sanguifluus is liked by people for its
aroma and flavor. The specieis mainly used as a
delicacy in Catalonian cuisine (Carles, 2003). At
younger stagethey are mostly dried by the people
for use during harsh and snowy winters. It keeps
well without spoiling for along period of time. Older
fruiting bodies usually turn soft and get infested
withworms (Paulet, 1811).

Lactarius sanguifluus has been a potent
source of nutraceuticals. Very lesswork has been
done on the nutraceutical potential of the
mushroom, but Anke et al. (1989) studied the
synergistic effects of its bioactive compound.
Terpenoids (sesquiterpenoids) with anti-microbial
and cytotoxic effects have been detected in this
mushroom. The compounds tested were a stearic
acid ester of asesguiterpene (1) and asesquiterpene
aldehyde (lactaroviolin, 1) and alcohol (deterrol,
[11). The assays used were for mutagenic activity
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in the Salmonella assay, for antimicrobial activity
against bacterial fungi and algae, for cytotoxicity
against Ehrlichascitictumour cellsand L 1210 cdlls,
and for phytotoxic activity against Lepidium
sativum and Seteria italica. All three compounds
showed weak mutagenic activity intheAmesassay.
Two compounds (I1 and I11) were found to have
moderate cytotoxic activity and one (111) exhibited
weak antibacterial activity. No compound reveaed
phytotoxic, algicidal or antifungal activity.

Lactarius sanguifluus also contains a
mixture of sterols. The predominant sterol
is ergosterol (56.6% of total sterols), with lesser
amounts of ergosterol derivatives, including
ergost-7-en-32-ol, ergosta-7,22-dien-32-ol, and
ergosta-5,7-dien-3?-ol (Cerri et al., 1981). Some of
these chemicals are thought to
undergo enzymatic conversions when the fruit
body becomes injured (Sterner et al., 1988).
Ferreiraet al. (2009) studied the antioxidant inwild
edible mushrooms.

Kalogeropoulos et al. (2013) studied the
bioactive micro-constituents and antioxidant
properties of wild edible mushrooms from Island
of Lesvos, Greece. The extracts obtained from
Lactarius sanguifluus have been investigated for
their antimicrobial activity. Growthinhibition using
agar disk diffusion assayswas determined against
Candida albicans. Fruit body extracts have been
shown to have some antimicrobial activity
against Gram-positive and Gram-negative bacteria
(Dulger et al., 2002). Sagar and Thakur (2013) also
studied the antibacterial activity of L. sanguifluus
methanolic extracts.

Therefore, the present study evaluates
the quantitative phytochemicals, total phenolic
content, in-vitro antioxidant potential and
antimicrobial activity of L. sanguifluus methanolic
extracts, so that its underexploited nutraceutical
potential can further be explored.

MATERIAL ANDMETHODS

Chemicals

Ethanol, Methanol, Sodium carbonate,
Gdllicacid, Folin-Ciocateu reagent, and DPPH (1,1-
diphenyl-2-picrylhydrazyl) were used. All the
chemicals and reagents used were of analytical
grade.
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Microbial cultures

Microorganism slant cultures were
obtained from MTCC, IMTECH Chandigarh -
160036, India. The following cultures were used
for the study:
’ Escherchia coli (MTCC1698),

Pseudomonas aeroginosa (M TCC6458),
&’ Candida albicans(MTCC7315).
Collection of plant material and sample
preparation

The wild edible mushroom specie was
collected from the Northwest Himalayan region of

Table 1. Qualitative phytochemical screening of
Lactarius sanguifluus extracts

S.no. Phytochemical L. sanguifluus

extract
1 Alkaloids +++
2 Anthraguinone ++
3 Anthocyanins -
4 Proteins and amino acids +++
5 Carbohydrates +++
6 Phenols ++
7 Terpenoids +4++
8 Sterols -
9 Saponins +++
10 Glycosides +++
11 Flavonoids ++
12 Tannins ++
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Shimla, India(31°6' 12"N77°10' 20"E). Thefruiting
bodies were thoroughly cleaned of extraneous
matter and dried completely and coarsely
grounded.
Preparation of extracts

Grounded mushroom was extracted with
methanol at room temperature prior to removal of
solvent. 10 grams of the ground samplewas mixed
with six times of 99.6% methanol and kept for 24
hour. This processwas repeated thrice and filtrates
were collected. The filtrates obtained were
concentrated under vacuum on arotary evaporator
(Buchi Rotary Evaporator, Model R-124) and stored
at 4°C for further use (Song et al., 2010).
Quantitative Phytochemical screening

Methanalic extracts of L. sanguifluuswere
used for qualitative screening of twelve
phytochemicals as per standard biochemical
procedures. The preliminary tests for methanol
extractswere performed to confirm the presence of
Alkaloids, Anthraquinones, Anthocyanins,
Carbohydrates, Flavonoids, Glycosides, Phenals,
Proteins and amino acids, Saponins, Steroids,
Tanninsand Terpenoids (Tiwari et al., 2011).
Estimation of Total Phenolic content

Thetotal phenolic content in methanolic
extracts of grounded sample was estimated by
Folin-Ciocalteu reagent, asdescribed by Singleton
and Rossi (1965). 100 mg of gallic acid was

Table 2. Percent scavenging activity in L. sanguifluus extracts at different
concentrations

S.No. Sample

Absorbance at
765nm (Mean
+ Standard error)

Total phenolic content
(mg Gadllic acid equivalents
per gram weight)

1 L. sanguifluus

0.861 + 0.0012

128.05

Table 3. Absorbance and percentage scavenging
activity of the mushroom extract at different
concentrations at 765 nm using DPPH method.

Table 4. Absorbance and percent scavenging activity
of the mushroom extract at different concentrations
using Hydrogen peroxide at 230 nm.

Con,, Absorbance of Percent Con,, Absorbance of Percent
(ug/ml) L.sanguifluus scavenging activity (ug/mi) L.sanguifluus scavenging activity
100 0.494 39.8 100 0.478 40.3

200 0.348 57.6 200 0.381 52.4

300 0.196 76.1 300 0.193 75.9

400 0.171 79.1 400 0.184 77.0

500 0.084 89.7 500 0.086 89.2
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dissolved in 100 ml ethanol to prepare Gallic acid
stock solution (1000 pg/ml). Various dilutions of
standard gallic acid were prepared from this stock
solution. 1 ml aliquotsof 1.0, 2.5, 5.0, 10, 25, 50 and
100 pg/ml of gallic acid solution were mixed with
5.0ml of Folin-Ciocalteu reagent (diluted ten-fold)
and 4.0 ml of sodium carbonate solution (75 g/l)
and calibration curve was plotted. The absorbance
wasmeasured after 30 minat 20°C at 765 nm. 1 ml
extract was mixed separately with the samereagents
and absorbance was measured at 765 nm after 1
hour. The total phenolic compound in the extract
was determined using theformula:

C=axV/m
C=Total content of phenolic compounds
inmg/gin GAE (Gallic acid equivalent); C = The
concentration of gallic acid established from the

Plate C: Antimicrobial activity of Lactarius sanguifluus
against Pseudomonas aeruginosa
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standard curvein mg/ml; V=Thevolume of extract
inml, M=Weight of extract in grams.
I nvitroevaluation of antioxidant activity
Invitro antioxidant activity of the extract
of L. sanguifluus was determined using two
methods: Free radical scavenging activity using
DPPH method and Freeradical scavenging activity
using hydrogen peroxide.
Free radical scavenging activity using DPPH
method
The free radical scavenging activities of
sample extract was measured by 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) (Kaur et al., 2008). Briefly,
0.1 mM solution of DPPH in ethanol and 1.5 ml of
thissolution wasadded to 0.5 ml of extract solution
in ethanol at different concentrations (50-300 ¥4/
ml). The mixture was shaken and allowed to stand

Plate B: Antimicrobial activity of Lactarius sanguifluus
against Escherchia coli

Plate D: Antimicrobial activity of Lactariussanguifluus
against Candida albicans

Table 5. Antimicrobial activity against E. coli, P. aeruginosa and C. albicans

S.No. SampleExtracts

Zone of inhibition (mm)

E. coli P. aeruginosa C. albicans
1 L. sanguifluus 22+0.286 (C) 10.5+ 1.002 (C) 20+ 0.186 (C)
17+ 1.22 (D)
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at room temperature for 30 minutes. The
absorbance was then measured at 517 nm using a
spectrophotometer. A blank without DPPH was
used to remove the influence of the color of the
extracts and an ethanolic solution of DPPH was
used as anegative control. Ascorbic acid was used
asareference. All of themeasureswere carried out
intriplicates. The DPPH radical scavenging activity
was cal culated using the following equation:

% scavenging effect = Ag-As X 100
Ao
Where,
A = Absorbance of negative control
A = Absorbance of sample

Freeradical scavenging activity using hydr ogen
peroxide

The free radical scavenging activity of
sample extract was determined by using hydrogen
peroxide (Mohamad et al., 2010). An aliquot of 0.6
ml of hydrogen peroxide (43m) and 1.0 ml of various
concentrations of the extract prepared using
phosphate buffer (200-400 micro gm/ml) were mixed
followed by 2.4 ml of 0.1 M phosphate buffer (pH
7.4). Theresulting solution waskept for 10 minutes
and the absorbance was recorded at 230 nm. All
measures were repeated triplicate. For each
concentration, mixture without sample was taken
as a control and a mixture without hydrogen
peroxide was taken as a blank. Ascorbic acid was
used as a standard compound. The percentage
scavenging activity of hydrogen peroxide was
calculated as:

Scavenging activity (%) = Ag-As X 100
As

Where,
A, = Absorbance of negative control
A = Absorbance of sample

In-vitroAnti-microbial Activity

The in- vitro antimicrobial activity was
carried out by Disc diffusion method. The microbial
suspension of different dilutions (10°, 102, 102and
10®) wasprepared in 0.85% salineand 100 pl of 10°
and 103dilutions were spread evenly on separate
Nutrient Agar (NA) Plates. Theextractsboth diluted
(D) and concentrated (C) were used. The dilution
of the extracts was done with DM SO (Di-methyl
sulfoxide). Thentheblank sterilediscscontaining
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20 pl of the sample extract were placed on these
NA plates. The experiment was carried out in
triplicates. The plates were then incubated in an
incubator at 37°C for about 24 hours and the plates
were observed for zone of inhibition, and the
diameter of the zone of inhibition was calculated
for all the plates. Antimicrobial activity was
evaluated by measuring the diameter of the zone
of inhibition around the extract (Duyilemi & Lawal,
2009). The assay was repeated threereplicatesand
the resultswere recorded as mean + SD.

RESULTS AND DISCUSS ON

Qualitative phytochemical analysisof L.
sanguifluus extracts showed the presence of
alkaloids, anthraquonone, glycosides, tannins,
saponins, flavonoids, terpenoids, phenolics,
carbohydrates aswell as proteinsand amino acids
(Table 1). Anthocyaninsand sterolswere not found.
The results revealed that L. sanguifluus may be
used as potential sources of phytochemicals and
thus can be used for designing drugs that can
prove to be of keen interest in the treatment and
prevention of diseases like cancer, tumor, heart
diseases, etc

The amount of total phenols was
determined with Folin- Ciocateu reagent. Gallicacid
was used as standard compound. The standard
curveof Gallic acid concentrations and absorbance
is shown in Fig 1. The absorbance for various
dilutionsof Gallic acid with Folin- Ciocalteu reagent
and sodium carbonate were found.

Found standard curve equation was,

Y =0.0106x +0.041

R?=0.996
12 Standard gallic acid curve
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Fig. 1. Standard Gallic acid curve
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Fig. 2. Percentage Scavenging of DPPH Radical of L.
sanguifluus

The total phenolic content of methanol
extracts of L. sanguifluus was 128.05 (mg Gallic
acid equivalents per gram weight) (Table 2). Data
expressed asmean + standard error of three samples
analyzed separately.

Antioxidant activity of sample extract at
different concentrations was determined using two
different techniques viz. DPPH method and H,0,
method. The DPPH isastable organic freeradical
with an absorption maximum band around 515-528
nm (Stankovic, 2011) and is widely used for
eval uation of antioxidant potential of compounds.
The methanolic extracts of L. sanguifluus showed
good antioxidant activity as evaluated by both the
methods. Results are presented in Table 3 and
Table 4. The results obtained from both the
methodsreveal ed that L. sanguifluus exhibitshigh
antioxidant activity. At the concentration of 500
pg/ml, the extracts showed 89.7% and 89.2%
scavenging activity by DPPH and hydrogen
peroxide method respectively. The results are
represented by Figure 2 and 3.

Themethanolic extracts of L. sanguifluus
werefound to have significant antimicrobia activity
against all the test micro-organisms
microorganismsi.e. Escherchia coli, Pseudomonas
aeroginosa and Candida albicans. The zones of
inhibition shown by concentrated (C) and diluted
(D) methanolic extracts of the mushroom are
presented in Table 5. Plates B, C and D, show the
antimicrobial activities against E. coli, P.
aeruginosa and C. albicans respectively.
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