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ABSTRACT

Fruiting bodies of eight (8) wild edible macro-fun@garicus campestris, A. silvaticus, Coprinus etus, C.
atramentarius, Pleurotus ulmarius, Bondazewia bkefie Auricularia auricula and Ganoderma lucidum)erg
analyzed for their nutrients and anti-nutrients temt. The result showed that these mushrooms cmdtai
appreciable amount of crude protein (5.48-26.78%grbohydrate (37.14-83.99%), crude fibre (2.13-24)0
moisture (3.0-10.55%); ash (3.2-25.1%) and energiyer (208.05-377.68 kcal/100g). The concentratibicrade
lipid (0.23-3.30%) and fatty acids (0.18-2.64%) waw, hence valuable nutritional ingredient. Theiamtrients,
tannins (0.10-0.571 mg/g), phytates (0.115-0.453gmgsoluble oxalates (0.264-1.06 mg/g), insolublalates
(0.186-0.528 mg/g) and cyanide content (0.09-0.87gjnwere also relatively low, hence below the pssible
toxic levels. Therefore, these medicinal mushroaresa rich source of proteins, fibers and carbolatds, and are
potential sources of nutraceuticals. They coulduseful for those who suffer from anaemia and hypiddmia
since they are very low in lipid.
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INTRODUCTION

Wild edible mushrooms are traditionally used by gnAfrican countries as food and medicine; theyappreciated
not only for texture and flavor but also for theinemical and nutritional characteristics [1-2]. Mtsoms are
valuable healthy foods, low in calories, fats, @sdentials fatty acids, and high in vegetable prstevitamins and
minerals [3-4]. These mushrooms have a worldwidgiution and are not only sources of nutrientsdlso have
been reported as therapeutic foods, useful in ptewg diseases such as hypertension, hyperchadbetea and
cancer [5-7]; they are utilized as dried whole, gewor capsules and as tablets for promoting haalttumans [8].
These functional characteristics are mainly du¢hto presence of dietary fiber and in particulattichiind beta
glucans [9]. Each mushroom type produces a spesgfiof metabolites capable of dealing with theofehicrobes
that coexist in that specific environment [10].lhiga and JaparGanoderma lucidurare cultivated and utilized as
source of feed supplement [11-12].

Anti-nutrients are natural or synthetic compourtua tinterfere with the absorption of nutrients. fhwcid has a
strong binding affinity to minerals such as calcumagnesium, iron, copper and zinc. This resultgractipitation,
making the minerals unavailable for absorptionhe intestines [13-14]. Oxalates bind to calcium arevent its
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absorption in the human body. Approximately 75%lbkidney stones are composed primarily of calcioxalate
[15], with hyperoxaluria considered to be a primask factor for this type of stones [16]. Althdug was reported
that dietary oxalate contributes no more than 196-20the oxalate excreted in urine under normab&@ns [15],

more recent work [17-18] suggested that even inatbeence of gastrointestinal disorders, intestbalorption of
dietary oxalate can make a more considerable tarion to urinary oxalate output. Another particuddespread
form of anti-nutrients is the flavanoids which aeyroup of polyphenolic compounds that include tasnThese
compounds chelate metals such as iron and zinceahete the absorption of these nutrients, but giey inhibit

digestive enzymes and may also precipitate protgifs These anti-nutritional factors must be inzatied or

removed, if values of food substances are to Hg fohintained. There are reports on cultivated afild edible

mushrooms and their nutritional value from someaeg of the world [4, 20], however, there has bpancity of

information on these tropical wild edible speciesf Nigeria. The justification informs this studyase aim is to
determine the nutrients and anti-nutrients profdé#. campestris, A. silvaticus, C. comatus, C. atnatangus, P.

ulmarius, B. berkeleyi, A. auriculandG. lucidumin order to make deductions for general consumptio their
food value as well as their species differencdsad items.

MATERIALS AND METHODS

Samples collection and treatment

The fresh sporocarps of eight mature mushroom epd&i campestris, A. silvaticus, C. comatus, C. atnatargus,
P. ulmarius, B. berkeleyi A. auricuendG. lucidun) were collected from the field in the rainy sea§8eptember
to October) within the University of Uyo campus atglenvirons. Specimen identifications and auticatibn were
done by Dr. J. Essien and the voucher specimens deposited in the School of Pharmacy herbariunivedsity
of Uyo, Nigeria. The macroscopic descriptions, uidéhg size, shape, color, texture, and odor, wetech The color
of the carpophore, shape of the cap and stiper oblihe flesh and latex, and its smell and habitate also noted.
The mushroom samples were packed in opaque plastys, which were stored in a refrigerator during
transportation to analytical laboratory. The samphere carefully cleaned manually to remove anyaegous
materials, cut, sun-dried and oven-dried (GallerkabV 333) at 45°C for 40 h to constant weight.ddrsamples
were pulverized using an agate homogenizer, anddto pre-cleaned polyethylene bottles, prior nalgses. All
reagents were of analytical grade, except othersieted.

Proximate compositional analysis

Moisture content was obtained from fresh materitdal lipid, protein, ash, crude fibre and carbdtaye were
determined from oven-dried powder using standactquures. The moisture content was obtained byglryi a
moisture determination apparatus (Precisa HA6QLAt°C until circulation was complete; ash, froma iicinerated
residue obtained at 550°C after 3 h; crude protgjrthe Kjeldahl method with a conversion facto6dt5 [21-22];
crude fat, gravimetrically determined after Soxhéettraction with petroleum ether [23]. The crude teas
converted into fatty acids by multiplying with cargion factor of 0.8 [24-25]The total carbohydrate was
calculated as 100% - (% moisture+ % ash+ % crudeepr+ % fat+ % fibre) [22, 26]. Total energy vadueere
calculated by multiplying the amounts of proteim aarbohydrate by the factor of 4 kcal/g and lipydthe factor of
9 kcal/lg [21, 27]. Data points represent meanhoéd determinations and proximate values were tegdn
percentage.

Determination of anti-nutritional factors

Phytate determination

Extraction and precipitation of phytate were domeugh phytic acid determination using the procedigscribed
by Lucas and Markaka [28]. This entails the weighaf sample (2g) into a 250 mL conical flask. 2%@oHCI

(100 mL) was used to soak the samples in the cbfiacsk for 3 h and then filtered through a douldger filter

paper. Sample filtrate (50 mL) was placed in a 280beaker and distilled water (107 mL) added taegimprove
proper acidity. 0.3% ammoniumthiocyanate solutib@ (L) was added to each sample solution as iraticatd

titrated with standard iron chloride solution whicbntained 0.00195 g iron/mL and the end point sigsified by
brownish-yellow colouration that persisted for Smihe percentage phytic acid was calculated.

Tannins determination

Tannin values were obtained by adopting the metiddffe [29]. Each sample (1g) was dissolved stiltkd water
(10 mL) and agitated, left to stand for 30 minr@m temperature. The samples were centrifugedltaméxtracts
recovered; the supernatant (2.5 mL each) were disdeinto 50 mL volumetric flask. Similarly, stamdaannic
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acid solution (2.5 mL) was dispersed into sepabsfitenL flasks. Folin-dennis reagent (1.0 mL) was soeed into
each flask followed by the addition of saturated®@; solution (2.5 mL). The mixture was diluted to 5Q i the
flask and incubated for 90 min at room temperatlitee absorbance of each sample was measured ain25dth
the reagent blank at zero. The % tannin was cdkmxlila

Cyanogenic glycoside determination

The method used was alkaline picrate method of Ga80]. The samples (5 g each) in conical flaskse added
distilled water (50 mL) and allowed to stand ovghti Alkaline picrate (4 mL) was added to samplediie (1 mL)

in a corked test tube and incubated in a water fwatb min. A colour change from yellow to reddistown after

incubation for 5 min in a water bath indicated pnesence of cyanides. The absorbance of the sampketaken at
490 nm and that of a blank containing distilled evafl mL) and alkaline picrate solution (4 mL) befdhe

preparation of cyanide standard curve.

Oxalates determination

The oxalates content of the samples was determigiegd titration method. The samples (2 g each) \ptxeed in a
250 mL volumetric flask suspended in distilled w90 mL) for soluble oxalate determination; 6 NCIHsolution
(190 mL) was added to each of the samples (2 g)dachtotal oxalate determination. The suspensiomese
digested at 100°C for 1h. The samples were thefedand made up to 250 mL mark of the flask. Thadas
were filtered, triplicate portions of the filtra60 mL) were measured into beaker and four dropmethyl red
indicator was added, followed by the addition oheoentrated NEOH solution (drop wise) until the solution
changed from pink to yellow colour. Each portionswtaen heated to 90°C, cooled and filtered to retire
precipitate containing ferrous ion. The filtratesres again heated to 90°C and 5% G400 mL) solution was added
to each of the samples with consistent stirringeAtooling, the samples were left overnight. Tokitions were
then centrifuged at 2500 rpm for 5 min. The suptamiawere decanted and the precipitates compldisolved in
20% H,SO, (10 mL). The total filtrates resulting from digestiof the samples (2 g each) were made up to 200 mL
Aliquots of the filtrate (125 mL) was heated umidar boiling and then titrated against 0.05 M séaadided KMnQ
solution to a pink colour which persisted for 3@.sEhe oxalate contents of each sample were caécllénsoluble
oxalate, presumed to be primarily calcium oxalat@s computed as the difference between total aluthlecoxalate
[31]. All determinations were performed in tripltea and presented in mg/g.

RESULTS AND DISCUSSION

Proximate composition

The chemical composition and calculated energyesfor the studied mushroom species are shownhieTa It

is known that the moisture content of mushroomseddp on their harvesting time, maturation period an
environmental conditions such as humidity and tewpee in growing period, and storage conditions [Bhe
moisture content of all studied mushroom specieged from 3.00% to 10.55%. The moisture contentthege
mushrooms were similar to other reports for somélednushrooms [12, 32].The ash contents were observed
between 3.20% and 25.10% which indicates that thehnoom contains some nutritionally important méther
Mattila et al [33] reported that the main constituents in theshtoom ash were End P (approximately 60%).

The major compounds of mushrooms are proteins anlobydrates. It is reported that the protein autstef

mushrooms are affected by a number of factors, sadhe type of mushrooms, the stage of developrttenpart
sampled, level of nitrogen available and the lasa{i34]. Total protein content, varying between50P4, can be
accepted as high when compared with meat, milk,agghfish [22] and some other mushroom speciedhis

study, the highest protein content was foundXosilvaticus(26.78%) and the lowest w&s lucidum(5.48%). Our
findings are in consonance with published dataFi@uroteusspecies (5.30%, 6.56%#\, auriculajudea (5.52%)
[35] andG. lucidum(16.79%) [12].

Mushroom carbohydrates include glucans, mono- datdharides, sugar alcohol, glycogen and chiturfknan,
1997). The results showed that the fruiting bodies a good source of carbohydrates (37.14-83.99912.
carbohydrate content of the mushrooms appearedasiita previous reports foPleuroteusspecies (61.24 &
69.93%),A. auricula(77.74%) [35] ands. lucidum(63.27%) [12].The carbohydrate contents of some wild edible
mushrooms from nitrogen free extracts were foundadetween 41.00% and 65.00% [23]. The crude {BrE3-
21.0%) was proximate with values fBteuroteusspeciesA. auriculg andG. lucidum[12, 35].Calculated energy
values of edible wild mushrooms varied from 208®377.68 kcal/100 g in dry matter basis (Table 1).
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Lipid compounds such as free fatty acids, tri-,atid monoglycerides, phospholipids, sterols anivalives can be
extracted from mushrooms as crude fat [3]. The edijgld (0.23-3.30%) and fatty acids (0.18-2.64%grevlow
(Table 1), hence these mushrooms are a valuabiitiondlly healthy ingredient. Low fat food reducelsolesterol
level [37]. In the previous reports, it is possitdesee various fat contents from 0.80% to 27.50%ry mushrooms
[4, 38].

Table 1: Proximate composition of some wild ediblenushrooms

Sample Moisture Ash (%) Crude Crude fibre Crude Fatty acids  Carbohy- Energy value
content (%) protein (%) (%) lipid (%) (%) drate (%) (Kcal/100g)

A. campestris 5.90+0.11 20.20+0.1 12.99+0.12 13.47+0.04 1.0+40.100.80+0.11  46.44+0.05 246.72+0.10

A. silvaticus 10.5540.0: 9.03+0.2: 26.78+0.1 6.2040.2C 2.15+0.0: 1.72¢40.01  45.2940.2! 307.63+0.5

C. comatus 8.55+0.01 8.60+1.1 5.51+0.11 5.73+0.50 3.30+0.00 6420.13  68.31+0.65 324.98+0.11

C. atramentarius 8.20+1.0. 21.50+0.00 8.79+0.02 21.00+0.10 2.1740.011.74+0.02  38.34%0.10 208.05+0.15

P. ulmarius 5.50+0.1: 25.1040.: 26.51+0.0: 3.40+0.1: 2.35+0.0: 1.86+0.3C  37.1440.1. 275.75+0.0

B. berkeleyi 10.20+0.05 3.90+0.15 6.17+0.15 2.60+0.11 0.23+0.000.18+0.09  76.90+0.10 334.3540.01

A. auricular 7.80+0.12 3.60+0.02 7.30+0.13 4.73+0.10 2.50+0.01 .00£0.10 74.07+0.12 347.98+0.02

G. lucidum 3.00+0.15 3.20+0.40 5.48+0.11 2.13+0.20 2.20+0.00 .7640.05  83.99+0.50 377.68+0.01

Data are mean tstandard deviation (SD) of triplieaesults

Anti-nutrients analysis

The anti-nutrients analysis revealed the presefidannins (0.1-0.571 mg/g), phytates (0.115-0.4%®g), and
total oxalates (0.680-1.584 mg/g). The cyanide eunof the mushrooms was low (0.09-0.37 mg/g) @&)! Many
authors report soluble and insoluble oxalate asrs¢gly measurable components of the oxalate cbofefoods

[39-40]. In food, oxalic acid is typically found &ther sodium or potassium oxalate, which are wsoduble, or
calcium oxalate, which is insoluble. Magnesium atglis also poorly soluble in water, although tbetgbution of
this salt to the insoluble fraction of oxalate ooél is unclear. The propensity of a specific fooddise urinary
oxalate is dependent both on oxalate content afidesfcy of absorption, because it is well estdidis that little
oxalate catabolism occurs after absorption and >6D&bsorbed oxalate can be recovered in the withen 24—-36
h [41]. Furthermore, cyanide taken in the dietesodified in the body, resulting in the productiohthiocyanate.
Thiocyanate has the same molecular size as iodideirderferes with iodine uptake by the thyroid nglg42].

Therefore, some of these anti-nutrients (phytateJate and tannins) can be reduced by proper psoaesf food
[24]. The levels of anti-nutrients in the studiedshrooms were below the permissible toxic leve$.[4

Table 2: Anti-nutrients composition of some wild eéble mushrooms

Sample Phytate Tannins Cyanide Soluble oxalate Insoluble oxalate Total oxalates
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

A. campestris 0.283+0.07 0.100+£1.00 0.178+0.30 0.96810.10 0.44030 1.410+0.10
A. silvaticus 0.115+0.01 0.126+0.10 0.090+0.11 0.70440.12 0.44030 1.144+0.11
C. comatus 0.453+0.1! 0.290+0.1! 0.23¢+0.2( 0.968+0.1! 0.528+0.1. 1.49640.1(C
C. atramentarius 0.419+0.01 0.571+0.15 0.370+0.30 1.060+0.05 0.5a030 1.584+0.13
P. ulmarius 0.321+0.07 0.357+0.50 0.271+0.33 0.880+0.10 0.441B-0 1.320+0.10
B. berkeleyi 0.269+0.1( 0.422+0.11 0.203+0.1! 0.704+0.0: 0.352+0.0! 1.056+0.1
A. auricular 0.183+0.32 0.242+0.45 0.271+0.60 0.79240.01 0.18630 0.978+0.10
G. lucidum 0.253+0.60 0.126+0.71 0.257+0.40 0.264+0.88 0.4103-0 0.680+0.10

Data are mean +standard deviation (SD) of triplieaesults.
CONCLUSION

These results suggest that the studied mushrocengoad nutrition sources for mankind who searchniaw and
alternative food and nutrition options. The musimseare low in lipid and contain relatively high amoof protein,
ash, fibre and carbohydrates. They could be veefuligor vegetarians and those who suffer from amaeand
hyperlipidemia; and may be helpful in the reductmhcholesterol, very low-density lipoprotein (VLD LIow-
density lipoprotein (LDL), and high-density lipopean (HDL).
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