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ABSTRACT:

Mushrooms have been cultivated worldwide for conuiagipurposes. However, little research has beee do
ascertain the nutritional and antibacterial prapsrof indigenous edible mushroom in India.The prate
nutritional composition ofindigenous edible mushroAgaricus heterocystis was determined by using various
laboratory analyses. The proximate nutrient costexit crude protein, crude fibre, crude fat, carhbte,
soluble sugars, ash, mineral elements (K, Na, PZ@aFe, Cu, Mn, Mg) were analysed.The analydiécated
that the indigenous edible mushroom contained sicbrces of crude protein (32.23 + 0.89%), crudeefib
(19.7 £ 0.09%) and carbohydrate (48.55 +0.21%)e Thushroom studied had good amounts of minerals.
Content of fat was low (2.90 + 0.03%).The resegmaives that\garicus heterocystis is a nutritional mushroom
and has great value to health. Antibacterial agtiof various solvent extracts @garicus heterocystis was
tested against six species of bact&seherichia coli, Pseudomonas aeruginosa, Salmonella typhi,
Saphylococcus aureus, Bacillus subtilisand Micrococcus luteus.The methanol extract exhibited maximum
activity. It showed narrow spectrum active agagrstim-negative bacteria and strongly inhibited grzositive
bacteriaMicrococcus luteus,Staphylococcus aureus andBacillus subtilis.
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[I] INTRODUCTION third of the iron in the mushrooms is in available
Man has been hunting for the wild mushroomsform [4].The protein content of mushrooms has
since antiquity[1]. During the early days of been reported to be twice that of vegetables and
civilization, mushrooms were consumed mainlyfour times that of oranges and significantly
for their palatability and unique flavours[2,3]. higher than that of wheat [5—7]. Mushrooms are
Present use of mushrooms is totally differentnow marketed along major highways and urban
from traditional because, lot of research hasentres. They are also relatively much cheaper
been done on the chemical composition ofthan beef, pork and chicken that contain similar
mushrooms, which revealed that mushrooms canutrients.Due to their high content of vitamin,
be used as a diet to combat diseases. Marprotein and minerals, they are considered as
genera of mushrooms are edible and are rich ifjpoor man’s protein”.Due to the low fat and oil
essential nutrients such as carbohydrates witkhontent, they are recommended as good source
low fat and oil content, proteins, vitamins, of food supplement for patients with cardiac
mineral, fibres and various amino acids.One-problems or at risk with lipid-induced
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disorders.They are also recommended tdried samples were crushed by using a mortar
diabetic and anaemic persons, owing to theiwith pestle and stored in pre-cleaned
lowcarbohydrate and high folic acid polyethylene bottles until the analysis
content.Rolfe and Rolfe [8] mentioned that thestarted.Dried mushroom sample (50g) was
mushroomslikeAgaricus campestris, Morchella  extracted by stirring with 500 ml of boiling
esculenta, Helvellacrispa, Hydnum coralloides,  water for 3 h and filtered through Whatmann
Hypoxylon vernicosum andPolyporus mylittae  No. 4 filter paper. The filtered extract was then
were used much earlier in India.In general, thesubjected in rotor evaporator to dryness and
fruiting bodies of mushrooms contain aboutstored at 4C for further use.

56.8% carbohydrate, 25.0% protein, 5.7% fat2.2. Proximate nutritional composition

and 12.5% ash on a dry weight basis[9].ProteirThe proximate analysis (carbohydrates, fats,
contents vary between 4 and 9%Auricularia  proteins and ash) of mushroom powder were
sp. and between 24 and 44% Agaricus sp.  determined by using AOAC[13] methods. Crude
Their energy value also varies according toprotein (N x 6.25) was determined by micro
species, which is about equal to that of an appleKjeldahl method described by Pearson [14], in
Mushrooms also possess bioactive naturalvhich the sample was digested with a known
products that are antitumor,antiviral andquantity of acid. The digested material was
antibacterial. They contain many different distilled after the addition of alkali. The reledse
bioactive compounds with diverse biological ammonia was collected in 4% boric acid. The
activity depending on the way they prepared andesultant boric acid, which now contained the
consumed[10]. In recent years,multiple drugammonia, was then titrated against 0.1 N HCI,
resistance in human pathogenic microorganismgnanually. The nitrogen content thus determined
has developed due to indiscriminate use ofwas multiplied by a factor of 6.25 to arrive at the
commercial antimicrobial drugs commonly usedamount of crude protein.

in the treatment of infectious diseases. ThisCrude fat content of the samples was determined
situation forced scientists for searching newby extracting a known weight of powdered plant
antimicrobial substances from various sourcesample with petroleum ether, using by Soxhlet.
that are the good sources of novel antimicrobialThe ash content was determined by combusting
chemotherapeutic agents[11].Benderet al.’s[12khe mushroom material in silica crucibles in a
culture extracts ofA. bisporus and other muffle furnace at 535+ 18Q for 3 h. Fibre
Agaricus spshowed antibacterial activity against content was estimated by the method of Van
Saphyl ococcus saprophyticus. [15].

To the best of our knowledge, no research haghe carbohydrate content was calculated by
been available on nutritional and antimicrobialsubtraeting the contents of crude ash, fat, fibre
activity of an indigenous edible mushroom and protein from dry matter. Soluble sugars
Agaricus heterocystis.Therefore, the aim of the were determined as follows: The powdered
present work is to evaluate nutritional andsamples were extracted with boiling water for

antimicrobial potential of the test fungi 30 min, absolute alcohol were added to
[11] MATERIALSAND METHODS precipitate the soluble sugars. The precipitated
2 1. Mushroom polysaccharides were collected by centrifugation

The wild edible mushroom Agaricus at 5000 rpm for 10 min in a bench centrifuge
heterocystis,  indigenously  collected and @nd subsequently dried at °€D to remove

identified, was cultivated under laboratory 'ésidual  ethanol. — Soluble  sugars ~ were
conditon (CAS in Botany, University of determined by the phenol-sulphuric reaction

Madras, Chennai, India) to produce fruitbody described by Whistier and Wolfrom [16]. '
using compost. The mushroom cultivated andMinerals were determined by atomic absorption
harvested was shade dried at room temperaturéP€ctrophotometer  (AAS-6800,  Shimadzu,
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Japan) after dry-ashing the samples [13]plates were then incubated for 24 h at@7The
Phosphorus was determined by using theest was carried out intriplicates. Antimicrobial
molybdovanadate method [13]. activity was determined by measuring the
2.3. Statistical analysis diameters of zones of inhibition in mm using
Each experiment was carried out thrice for eacltallipers.The means of the diameters of zones of
parameter and we got three replicationss@)  growth inhibitions for the treatments were
from which we derived the mean values andcalculated and recorded.

standard error (SE) [17].

2.4. Antimicrobial activity

The following strains of bacteria were
usedEscherichia  coli (ATCC  25992),
Pseudomonas aeruginosa(ATCC27853),
Salmonella typhi(clinical
isolate)Saphylococcus aureus (ATCC 12598),
Micrococcus luteus (clinical isolate),and

[I1I]RESULTS

3.1. Proximate nutritional composition

The results of the proximate and mineral
composition are shown in Table-1. It shows that
the dominant compounds are protein, fibre and
carbohydrates and the contents are32.23 + 0.89,
19.7 £ 0.09and 48.55%, respectively. Crude fat
and ash contents are 2.90

Bagllus SUth“S(.ATC.:C 6633). . and11.42%,respectively. Of the mineral
Using the polarity difference of varioussolvents, . :
analysed, the potassium, sodium, phosphorus,

dry mushroom powder (60-100 mesh) was

oxtracted at 6. in order. bv hexane calcium content are 422 +0.49,
X , N Order, Dy Nexane, 59, 23,327 + 0.29, 81 mg/100 g and the iron,
chloroform, methanol, ethyl acetate and boiled

. _ _ copper, manganese, zinc, magnesium content are
water. The correspondingextraction fraction for

. 39+0.32, 3.72+0.02, 0.8+0.01, 1.9+0.09,
each solvent was obtained. Each extract wa§9 +0.31 mg/100g, respectively

dissolved in dimethyl sulphoxide (DMSO) at a
concentrationof 50 mg/ml  and stored at

Rl ) o Parameters Results obtained
4°C.Antimicrobial activity of the crude extracts Ash (%) 11.42+0.12
was tested according to Ndyetabura[18] by agar | Fat(*0) 2.90£0.03

I thod . v d ibed b Protein % N x 6.25) 32.23+£0.89
we. assay methods as prgwousy escribe | y Carbohydrate (%) 18551021
Rojas et al.[19] and Moshi et al.[20].Bacterial Crude fibre (%) 19.7 £ 0.09
cultures were grown at 3C for 24 h in Nutrient EOdi“”_‘ (mﬁ(l’lololgé ; 3492‘; 0-3493

. . otassium (mg g +0.

Broth. The cultgre suspensions were adjusted by == (mg/100 g) 815087
comparing against 3.0 McFarland. The prepared Iron (mg/100 g) 39.0 £+0.32
agar plates were inoculated with J@iCbacteria Copper (mg/100 g) 3.72+017

| b di | h £ f Zinc (mg/100 g) 1.9+0.09
culture by spreg ing evenly over the surface o Magnesium (mg/100 g) 395031
agar plate, using an ethanol flamed glass Manganese (mg/100 g) 0.8+0.05

Drigalsky spatula (spreader). Un-inoculated[Table-1]:Proximate nutritional composition of
untreated agar plate was incubated #tC3for ~ A-heterocystis

24 h before use, to ensure sterility. Wells of3.2. Antimicrobial activity

5 mm in diameter and 4 mm in depth were madeThe antimicrobial effect of different solvent
on the agar, using a sterile cork borer. For eaclkxtracts of A. heterocystiswas tested against
test microorganism, 28l of each extract and of three species of gram-positive bacteria,three
control were pipetted into different wells [19]. species of gram-negative bacteria. Among the
The wells were then labelled to correspond withdifferent solvent extract, methanolic extract
the code numbers of the test crude extracts anshowed more effective inhibitory activity against
controls. The treated plates were stored in dacteria. As summarized in Table-2A.
refrigerator at 4C for at least 6 h to allow hetercystismethanolic extracthad a narrow
diffusion of theextracts into the agar while antibacterial spectrum against gram-
arresting the growth of the test microbes. Thenegativebacteria and strongly inhibited the
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growth of thegram-positive bacteria tested,mushrooms are still inferior in protein to such
including B. subtilis. Themaximal zones of standard protein sources as meat, fish and eggs.
inhibition ranged from 6 to 18 mm.The most It is also unlikely that in spite of the relatively
susceptible bacterium wad/d.luteusfor both  high protein values that mushroom can serve as
boiled and raw extract with a diameter of a sole source of protein. Crude fibre content in
14+12 and 18+1.03 mm, respectively.this mushroom (19.1%) was quite high in
Against P.aeruginosa, both the extractsoA. = comparison with many other edible mushrooms
heterocystisshowed antibacterial activity but (3-32%) [21, 24].The fairly high level of fibre in
theactivity range was less in boiled extractthe mushroom was a desirable characteristic
(2+0.25mm) whencompared with raw since fibre plays an important role in human
mushroom extract (7 £ 0.13 mm). Thismight bediet.  Obviously, the fruit bodies of
due to the influence of temperature thatA.heterocystiswere a good source of fibre.
disturbedthe compound, which is responsible forICarbohydratecontent @.heterocystis (48.55%)

the activity. was similar to those reported by Crisan and
S Test Hexane Chloroform| Methano Ethyl Boiling Sands [21] and Kad‘a [23] in the _range 44.0-
no. | organisms acetate | water 74.3% and 16.4-75%,respectively. Soluble
1 E. coli 2+0.01| 4+0.12 8+0.01 6 +0.03 7+0.1 . . .
2 | P - - 7:013 | 4z004| 2x025 sugars in edible mushrooms were highly

aeruginosa

< boh 77014 | 3rois sroi| 3:o01d 'regarded as biologically or medically active

Saueus | 3:0.231 5£016 | 162013 12:032 112017 compounds and were used as functional food

oo ~|w

B. subtilis - = 12+0.18| 7+013 8+0.29

M.Iuteus | 4£0.12| 70.09 18x103 6x007 14x1p ingredients ornutraceuticals [25]. The content

[Table-2]: Antibacterial activity of different organic  was 7.07% for this mushroom. Crude fat and ash
;olvent extract oA. heterocystis (zone of inhibition contents here were 2.90 and 11.42%,
in mm) respectively. These results were similar to those
Activity expressed in millimeter—mm concentration, obtained by Crisan and Sands [21], Yang et
(=) no activity. al[22Jand Kala [23]in several edible
mushrooms. From the results shown in Table-1,
Ell\l/]PDrloS?nlea?iS)rl:lw ositions the macronutrient profile, in general, revealed
-+ FToX position that A.heterocystis had rich sources of protein
In the samples, the dominant compounds VVer%nd fibre and had low amount of fat. This high
furr?t?lr\:\’/e?:rﬁi ?:I]d fj;i%h};ira;eséosdor;:urigbcl)?protein and low fat characteristic of the edible
g. g'y . g wild mushrooms has been previously reported
protein and their protein contents usually rangeb many workers[26, 27]
from 19 to 35% of dry weight [21], from 15.4 to y y T

42. Mineral € t
26.7% [22], from 16.5 to 59.4% [23]. Here, The rr:ggl cor?tr:r?:ii the mushrooms are mainl
protein content in A. heterocystis(32.23%) y

. affected by acidic and organic matter content of
seemed to have a normal protein conten

compared with other edible mushrooms. Theséhelr ecosystem and soil[28]. The uptake of

. . . . metal ions in mushrooms is in many respects
relatively high protein values obtained can

. . ) . different from other plants. For this reason, the
enrich human diet especially in villages where

. . concentration variations of metals depend on
meat is rare and expensive. It would appear then

. mushroom species and their ecosystems[29]. In
that gram for gram of mushroom contain more

i . racr|eneral, most of the mushrooms studied had
protein than either potato or cabbages (ca

. ) ood amount of minerals including trace
supplement diet). The protein content ofg g

mushroom is known to be highly variable due tominerals.K, P, Na and Mg consitute about 56—
gnly 70% of the total ash content of the mushrooms

Zter\?(lar:oorn(jr?tmesjgsetfzz’ ;Irslzufmta)t/ﬁg q a;?]alst:? 0],whereas potassium alone forms 45% of the
prment, YS'%tal ash. Abou-Heilah et al. [31]Jfound that

However, inspite ofall these high Values’content of potassium and sodiumAnbisporus
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was 300 and 28.2ppm, respectively.The[V] CONCLUSION

concentration of sodium is relatively low and is On the whole, the mushrooms studied were
of very great nutritional benefit to the consumer,found to be a good source of protein, fibre and
a finding that has been corroborated by Vetteminerals.The results from the present analysis
[32]. It is known that adequate iron in a diet isallow a direct comparison of the chemical
very important for decreasing the incidence ofcomposition of A. heterocystis with those of
anaemia. The iron values Af heterocystisare in  other mushrooms species.In conclusion, the
agreement with those reported in theedible mushroonmA. heterocystis consumed has
literature[33, 34]. Copper concentrations in theessential  medicinal  properties.  Boailing
accumulating mushroom species are usuallyrcooking did not dilute or reduce the medicinal
100-300 mg/kg of dry matter, which is not properties.Hence, it is necessary to identify the
considered as a health risk [34,35]. Coppembiological andpharmacological potential of
contents in mushrooms, higher than those irmushrooms especiallyedible mushrooms that are
vegetables, should be considered as a nutritionalollected indigenously and cultivated locally or
source of the element. Nevertheless, for peoplesold in local and international market.The
bioavailability from mushrooms was reported to production and marketing of mushrooms and
be low, due to limited absorption from the smalltheir products is vital for an economic
intestine. Copper contents found in this study aremportance. Therefore, it is also necessary to
in agreement with results reported in theintensify research in identifying and isolating
literature [33]. Mushrooms were known as zincdifferent varieties of mushrooms having
accumulator and sporophore, substrate ratio fonutraceutical and medicinal properties and to
Zn ranges from 1 to 10 mgK§B6]. The zinc commercialize their production and marketing,
values of Aheterocystisare in agreement with which will boost the food industry and
the reported values of the literature. Mineralscreateemployment especially in villages.
generally in the diet are required for metabolic
reactions, transmission of nerve impulses, rigi
bone formation and regulation of water and sal

balance among others. facility and the University Grant

4.3 Antlbactgrlal activity . Commission,(UGC) Government of India, for
The increasing trend of resistance to the

antibiotics in current use has drawn the attentionD roviding a research grant.
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