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Abstract: Indigenous mushrooms have attracted little attention form science in the East Africa region for a long
time. And yet studies in other areas of the word have shown that mushrooms contain many different bioactive
compounds with diverse biological activity. For long, mushrooms have been cultivated world wide for
commercial purposes. In East Africa, however, little research has been done in to ascertain the nutritional and
anti bacterial properties of indigenous mushrooms, much less their ecology. Proximate composition analysis
(Weende) revealed the following: CP (25.9-41.9); CL ( 4.4-7.7), CHO (30.8-38.2); K (1.4-3.5); Ca ( 0.0095-0.0115).
This points to the fact that the mushrooms are relatively high in protein and low in fat; making them potentially
good health foods. Antibacterial activity was demonstrated in all puffball extracts, but particularly strong on
E. coli. Both the polar (methanol) and the non-polar (pet-ether) extracts were shown to have antibacterial
activity. The relatively high protein estimates obtained m this study indicate that the indigenous mushrooms
are a good source of protem therefore could supplement human diet. The low lipid percentage of these
mushrooms would mean that they are potential health foods. Crude extracts from indigenous puff ball
mushrooms showed some antibacterial activity on both gram negative (Escherischia coli and Gram positive
Staphylococcus aureus). Both methanol (polar) and petroleum ether extracts had activity on some organisms
to varying degrees. Extracts from puff balls have greater antibacterial activity on gram negative bacteria than
on gram positive. The non polar extracts (Petroleum ether) of puff balls had more activity on E. coli. From the
results obtained it can be shown that indigenous puff balls could be a promising source of antibacterial agents.
Since most mushrooms are saprophytic, easily growing on agriculture waste materials, it 1s recommended that
agricultural system in this region be encouraged to domesticate these healthy foods. A type collection and
taxonomical identification should be embarked on in the whole of the East Africa region so that botanical
identification of all the mdigenous mushrooms will be made much easier i the future.
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INTRODUCTION

Mushrooms are macro fungi with a distinctive fruiting
body. They vary in size, structure and shape depending
on the species and have been part of the normal human
diet since time immermorial (Chang and Miles, 1992). They
were mentioned 1n tales and scriptures thousands of years
before Christ. Mushrooms are regarded as healthy foods
and therefore have become an interesting subject in
research (Stamets, 2002). They are poor 1n fat, huigh n
carbohydrate and protein (Khanna and Garcha, 1984).
Mushrooms also possess some vital bioactive natural
products which are anti tumor (Tkekawa et al., 1969) anti

viral and anti bacterial (Rosa et al., 2003). Mushrooms
contamn many different biocactive compounds with diverse
biological activity depending on the way they are
prepared and consumed (Kaneda and Tokuda, 1966).
Mushrooms have been cultivated world wide for
commercial purposes for a long time (Chang and Miles,
1992). Little research has however been done in East
Africa to establish the nutritional and anti bacterial
properties of indigenous mushrooms (Opige et al., 2006a).
Very little research has also been done to understand the
ecology of mdigenous mushrooms (Opige ef al., 2006b).
Here we report the results of studies designed to establish
the nutritional composition and medicinal properties of
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some four priority mushrooms (Termitomyces sp.) and
some puffballs that were collected from the Lake Victoria
basm.

MATERIALS AND METHODS

Mushroom collection and extraction procedures: The
mushrooms for nutritional composition analysis were
collected during the rainy seasons, air dried and
transported to the lab for analysis. The puff balls were
collected at the spore stage then assayed. The puff balls
were dried in the oven at 30°C, soaked in petroleum ether,
Filtered. The solution was concentrated. This contained
the non polar component of the puff balls. The above
procedure was repeated for methanol extracts which
represented the polar component.

Antibacterial activity of mushroom extracts: Mueller
Hinton agar was used as the cultivation media.
Staphylococcus  aureus, FE.coli
aeruginosa reference  test

and FPseudomonas
Organisms.
Determination of anti bacterial activity was done following
standard procedures (Olila et al, 2001). Briefly, broth
cultures of the micro organisms were uniformly distributed
over the surface of the agar to obtain uniform inoculums.

were the

Wells of 4mm diameter and 2.5 mm deep were made on
the surface of the media. The extracts obtained were
reconstituted in DMSO then poured into the wells. The
plates were incubated at 37°C for 24 h. Zones of
mtibition were measured and results tabulated.

Nutritional assays: The Wende system of analysis was
used to estimate the values of the crude protein, fat,
carbohydrates and minerals. Standard protocols AOC

were adopted and used (AOAC, 1984). The results were
subjected to a completely randomized design with two
duplicates per test. Data on chemical composition and
mushroom type were subjected to one way ANOVA.
Treatment means were further compared using the Least
Significant Difference (I.SD) at 95% level of confidence
(Table 1).

RESULTS AND DISCUSSION

Nutritional composition of indigenous edible mushrooms:
Antibacterial activity of puff ball extracts: Antibacterial
activity was demonstrated in all puftball extracts, but
particularly strong on F.coli. Both the polar (methanol)
and the non-polar (pet-ether) extracts were shown to have
antibacterial activity (Table 2).

In this study the protein value of Termitomyces
microcarpus (Obwinsokere) was 25.8%. This s
comparable to other values reported elsewhere (Khanna
et al., 1984; Opige et al., 2006a). These relatively high
protein values obtained can enrich human diet especially
in villages where meat is rare and expensive (Fig. 1). Tt
would appear then that gram for gram mushrooms contain
more protein than either potato or cabbages (can
supplement diet). The protein content of mushrooms is
known to be highly variable due to strain of some species,
tissue type and stage of development, substrate and
method of analysis. However, m spite all these high
values, mushrooms are still inferior in protein to such
standard protein sources as meat, fish and eggs. Tt is also
unlikely that in spite of the relatively ugh protein values,
that mushroom can serve as a sole source of protein.

In addition to water and proteins, carbohydrates
constitute the main component of mushrooms. Previous
reports (Li and Chang, 1982) showed that the fluctuation

Table 1: Proximate composition in percentages of selected indigenous mushroom types

Mushroom type DM CP CF CL TASH MC CHO K Ca

01 87.35 25.87% 6.992 4.207 11.1810 12.650 381790 1.383 0.0095
02 85.93 32,991 7.013 5.486 12.9880 14.068 30,7895 3479 0.0115
03 90,428 41.894 7.282 7.689 12.0015° 9.586 35.0520 2.169 0.0110
04 86.87T 33.838 9.218 4.754 11.1815 13.12% 37.3166¢ 2169 0.011¢¢
LsD 0.00 5.2778 1.1175 0.9197 0.3423 1.2463 0.0069 0.540 0.0054

(NB: 1). 01/GK/03/05. Sample 1: Termitomycetes microcarpus, 02/GK/03/05. Sample 2: Kimda 03/GK/04/05. Sample 3. Mponziira; 04/GK/04/05-
Sarmple 4: obwidhanamadhi; 2). Means in the same column having different sup erscripts are significantty different; 1.8D = Least Significant Difference; T =

values are the means of 2 determination pert sample

Table 2: Antibacterial activity of puff-ball extracts on standard reference organisms ( Lv- Lvcoperdon)

Methanol Pet ether Methanol Pet Ether Methanol Pet Ether

Sample extract extract extract extract extract extract

identity (vs B. coli) (vs E. coli (vs Saurens) (vs S areus) (vs Ps. aeroginosd) (vs Ps aeroginosd)
Ly-1 12 9 0 ND 0 ND

Ly-2 11 8 0 ND 0 ND

Ly-3 14 10 13 ND 12 ND

Ly-4 8 15 0 0 0 ND
Control 20 20 18 18 15 15

ND: Not Done
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Fig. 1: Termitomypcafes microcaryus

in cathobydrate content increases from the buttore egs-
elongation stage of the mushroom bt drops abroptly o
matarity. The walues obtaned inthi s study were therefore
glightly lower than those of other authors probably
becaase of the stage at which the mushrooms were
picked. Others (Crison and Sands, 1978) have obtained
values of catbohydrate which are wery low (3-23%)
cotnpared to 30.7-38 17% (fresh samples were weed while
in this shady diy otes were used). Mushrooms have little
sugar ahd no starch at al which are both regarded as the
worst twr o fattening agents therefore mushrooms are ideal
for dishetes and weight watchers (Hughes, 1960,

The wdues chtaned in this study were generally
compatable with other repoted findings by  other
reseatchers(Fitzpatrick of o 1946, FAD, 1970, 1978 The
values differ slightly from other researchers since the
atwlyses thay represent fresh samples o dried ones In
this sty dried samples were uzed which were further
dried o 30°C thus offecting the moistwe cortent. The
moisture cottert of & given specimen iz affected
significantly by emvirorsmnertal  factors  sach  as
temperatire, relative Inumidity and storage  as well as the
texture (Chang and Hayes, 1978

In this study the fat comtent ranged from
427 A% | Other reports are also in a similar range for
other mustrooms (Crisan and Jands 1978). These
fats consist of mostly wi-satorated fatty acids, wihich
are less hazardous to health than the saurated ones
of  ardmal fo ths making musheooms health foods
(Chatg and Miles, 1997

Like most vegetables mushrooms are good sowces
of minerals, phosphomis and potassinm being the main
cotstituerts. hMustwoom s contan every mineral present
in their growth substrate gt limitation to quantitating a
giverl specitmen lies in the sensitivity of the method weed
for analysis (Thovasef ol 1972

With the increasing manmber of bacteria dewvel oping
resistanice  to  commercial anbtiotics, extracts and
detivatives from mushrooms hold a great promise for
medicine inmodern time (Stamets, 2002; Fosa ef of |, 20037

Fig Z:Kimida when voung

Fig 3:Indigenous puffhalls

Inn this study the puffhalls were assayed using
methanol and petroleam ether solvents because there is
needto employ a broadrange of extractive solvertsinthe
extraction of possible compounds from medicital plants.
E coli was the most susceptible of the micro orgard ams
uged while Sfaphylococrws and Fsewdomonas showed
least susceptibality. The difference in activity of the
extracts was because bioactive components of an extract
will differ in their sohability depending on the extractive
solwent used. The antl bacterial properties exhibited by
somme of the puffhalls would confirm that there is a
grietitific hasis to their use to treat sores, abtrasion atd
wound infection all of which are associated with &
arreus infections (Fig 2 and 3.

The high protein wvalues cbtained in this stody
showed that the indigenous mushrooms ate a great
source therefore can supplement haman diet The low
lipid percentage of these mushrooms shows that they are
health foods Dustrooms ae a good sowrce of dietary
fitwe thms efficient in intestinal regulation. Extracts from
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puff balls have antibacterial activity. Both methanol and
ether extracts have activity on some organisms to
varying degrees. Extracts from puff balls have greater
antibacterial activity on gram negative bacteria. Non polar
components of puff balls have more activity on E. coli.
From the results obtained it can be suggested that puff
balls are promising antibacterial agents. Mushrooms
being saprophytic plants which easily grow on agriculture
wastes minerals, its recommended that agriculturists in
this district be encouraged to domesticate these healthy
foods. A type collection should be established by the
taxonomists i1 Uganda so that botamical identification
of the indigenous mushrooms be made possible in the
future. There is need for collaborative study with other
researchers so that 1identification of Ugandan
basidiomycetes, 1solation and characterization of active
metabolites can be made easier.

ACKNOWLEDGEMENT

This research was supported by ViCRESS, a Lake
Victoria Research TInitiative funded through a SIDA-
SAREC grant/Inter-Umversity Council For East Africa.

REFERENCES

Association of Official Analytical Chemists, AOAC,
1984. Official Methods of Analysis, (14th Edn.).
Washington, D.C.

Chang, S.T. and P.G. Miles, 1992. Mushroom biology a
new discipline. The Mycologist, 6: 64 -65.

Chang, S.T. and P.G. Miles, 1997. Mushroom biology.
Concise basis and current development world
scientific publishing Co. Singapore, pp: 193.

Chang, 5.T. and W.A. Hayes, 1978 The biology and
cultivation of edible mushrooms, Academic Press.
Harcourt Brace Johavonich Publishers New York.
ISBN 0-12-168050-9, pp: 244-247.

Crisan, E'V. and A. Sands, 1978. Nutritional Value of
Mushrooms. In: Chang, S.T. and W.A. Hayes (Eds.).
The Biology and Cultivation of Edible Mushrooms,
pp: 143-165.

Fitzpatrick, WH., W.B. Esselen and E. Weir, 1946.
Composition and nutritive value of mushroom
protein. . Am. Diet. Assoc., 22: 318-323.

Food and Agricultural Organisation, 1970. Amino-acid
content of food and biological data on proteins, Nutr.
Stud. No 24. Food Policy and Food Sci. Serv., Nutr.
Div., Food Agric. Organ. UN., Rome.

Food and Agricultural Orgamization, 1972. Food
composition for use in Fast Africa. Food policy and
Nutr. Div. Food Agric. Organ., TJN., Rome.

Hughes, D.H., 1962. Prelimmary characterization of the
lipid constituents of the cultivated mushroom
Agaricus campestris. Mushroom Sei., 5: 540-546.

Ikekawa, T., N. Uehara, Y. Maeda, M. Nakamishi and
F. Fulkuoka, 1969. Antitumor activity of aqueous
extracts of some edible mushrooms. Cancer Res.,
29: 734-735.

Kaneda, T. and S. Tokuda, 1966. Effect of various
mushroom preparations on cholesterol levels in rats.
J. Nutr., 80: 371-376.

Khanna, C.B. and H.S. Garcha, 1984. Composition and
nutritive value of mushroom protein. J. Am. Diet.
Assoc., 22: 318-323.

Li, G.8.F. and S.T. Chang, 1982. Nutritive Value of
Volvariella volvacea, In: Chang, S.T. and Quimio
(Eds.). Tropical Mushrooms: Their Biological Nature
and Cultivation Methods. The Chinese University
Press, HongKong, 493: 199-219.

Olila, D. and J. Opuda-Asibo and antifungal activities of
extracts of Zanthoxylum chalybeum and Warburgia
ugandensis, Ugandan medicinal plants. Afr. Health
Sci., 1: 66-72.

Opige, M., E. Kateyo, I.D. Kabasa and D. Olila, 2006a.
Antibacterial activity of extracts of selected edible
and medicinal mushrooms of eastern Uganda. Int. T.
Trop. Med., 1: 111-116.

Opige, M., E. Kateyo, I.D. Kabasa and D. Olila, 2006b.
Biodiversity and Ecology of Indigenous Edible and
Medicinal mushrooms of eastern Uganda. Agric. T,
1: 284-290.

Rosa, 5., L. Kokoska, V. Polesny and A. Rada, 2003.
Screening of some of the Brazilian mushrooms for
antimicrobial activity. . Ethnopharmacol., 80: 50-53.

Stamets, P., 2002. Novel antimicrohials from
mushrooms. Herbal gram, 8 American Botanical
Counecil, 54: 28-33.

Thomas, B., T.A. Roughan and E.D. Watters, 1972. T.ead
and cadmium content of some vegetable foodstuffs.
T. Sci. Food Agric., 23: 1493-1498.



