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Nutrient and heavy metal contents compared among
five mushrooms from Pakistan
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The edible mushroom species Agaricus campestris, Morchella esculenta, Morchella
conica, Pleurotus ostreatus and Volvariella volvacea were analysed for proximate com-
position, energy, amino acids and heavy metals. The results indicated wide variation in
protein (19.44-36.60%), fats (1.20-2.60%), fibre (13.14-17.60%), ash (8.00-15.93%)
and carbohydrate (31.73-50.70%). The coefficient of variation was highest for Pb and
Mn, intermediate for Cd, Cu and Fe, and least for Zn. Marked variation was also ob-
served for essential and non-essential amino acids.
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Mushrooms contain a high percentage of all the basic
food constituents. They are also a good source of all
essential amino acids and have a range of physiologi-
cally active substances (Genders 1969). Edible mush-
rooms are cultivated world-wide under various cli-
matic conditions, depending upon the prevalent culi-
nary customs and trade interests. Their total annual
production in the world is well over 1.2 million tons.
However, although mushrooms are grown on a com-
mercial scale in several countries, little effort has
been made to cultivate them in Pakistan, which has a
variety of climatic zones and an abundance of man-
power and agro-waste resources (Zafar 1986). Apart
from utilizing agro-waste, mushroom cultivation of-
fers new job opportunities, enhances the national food
supply and generates foreign exchanges. The nutri-
tional and fuel value of some edible mushrooms have
been described earlier by many workers (Genders
1969, Kreula et al. 1976, Zakhary et al. 1983, 1984),
and Fritsche (1978) has reported on the conditions for
optimum growth and the biology of edible mush-
rooms. The aim of the present studies was to compare
the nutritive value of fungi growing under tropical
conditions.

Material and methods

The species studied were: Agaricus campestris, Mor-
chella esculenta, Morchella conica, Pleurotus ostre-
atus and Volvariella volvacea. Samples of M. escu-
lenta and M. conica were obtained from the Swat
Valley of the North Western Province of Pakistan. A.
campestris was collected from localities in the Pesha-
war valley, while P. ostreatus and V. volvacea were
grown at our institute. The spawn of these mushrooms
was obtained from the National Agricultural Research
Council, Islamabad. Three samples of each species
were analysed for various constituents. The proxi-
mate composition of oven-dried samples was deter-
mined according to the AOAC (1984) methods. Mois-
ture was determined in a drying oven at 105°C. The
samples were analysed for fat by Soxhlet extraction,
using petroleum ether (b.p. 40-60°C) in a Soxtec sys-
tem H (Tecator), and for protein (% N X 6.25) by the
microKjeldahl method. Ash was determined by heat-
ing at 550°C and fibre by treating with acid and alkali,
using the Fibertec system-M (Tecator). The food
energy was calculated from the proximate analysis
data by multiplying the g fat by 9 and g protein and
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carbohydrates by 4. The fat-extracted samples were
air-dried for 4 hours and then hydrolysed with 6N
HCI for 24 hours in glass tubes, sealed under vacu-
um. The procedure of Blackburn (1968) was followed
for the determination of amino acids, using an Ami-
no Acid Analyser LKB Model 4101.

For heavy metal assays, wet digestion of the sam-
ples was performed by the method of ODell et al.
(1972) modified for macro levels (Sattar & Chaudry
1978). Simultaneous determination of cadmium, cop-
per, lead and zinc was carried out in the acid digest
by the potentiometric stripping techniques (Daniels-
son et al. 1981), using the Tecator Striptec system,
comprising a glass carbon electrode, saturated calo-
mel electrode (SCE) and platinum wire as counter
electrode. The stripping curves were measured at a
potential of —1.1 volt vs SCE and 180-second plating
time. The concentration of the metals in the samples
was evaluated by means of the standard addition
techniques, the 1-min. pre-electrolysis/stripping cycle
being repeated after each addition. In comparison to
calibration curves, the standard addition method is
considered to be especially appropriate when the sam-
ples are of varying type and origin. In most experi-
ments, two standard additions were used and the
concentration of the standard addition solution was
so chosen that the first addition almost doubled the
concentration of the element. The stripping time for
the element was prolonged in proportion to the added

Table 1. Basic composition of mushrooms.!
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amount. The content in the acid digest and finally the
sample was then determined by simple calculations.
The assays for manganese and iron were made by
atomic absorption spectrophotometry, using a Hita-
chi model 170-10 atomic absorption spectrophotome-
ter.

The results of the various analyses were exam-
ined statistically by determining the means, stan-
dard deviations and coefficient of variability. The sta-
tistical significance was also measured by the analy-
sis of variance and means were separated by the Dan-
con Multiple Range Test (Little & Hills 1972).

Results and discussion

The moisture content of the different mushrooms had
a range of 90.4-91.8%. The proximate analysis data
(Table 1) indicated that, on a dry matter basis, the A.
campestris samples had higher protein contents than
the other mushroom species. The lowest protein con-
tent was observed in P. ostreatus. The higher protein
levels in A. campestris, M. esculenta and M. conica
than in the other mushrooms are of special interest in
view of the protein shortages of the growing world
population. The fat and ash contents were also highest
in A. campestris and lowest in P. ostreatus. The sta-
tistical analysis of the data on the proximate compo-
sition indicated that the mushroom species generally

Mushrooms Protein Fat Ash Fibre = Carbohydrates  Energy
% % % % % KCal/100 g

1. Agaricus campestris ~ 36.60* 2.60% 15.93# 13.14p 31.73" 2068
(20.57) (£0.23) (*1.13) (20.20) (*1.12) (x12)

2. Morchella esculenta 3273 2.008 9.72° 17.60~ 37.958 30048
(£0.33) (0.04) (£1.18) (£0.47) (£0.98) (x14)

3. Morchella conica 32.068 1.928 10.12¢ 17.204 39.708 30448
(x1.16) (£0.03) (£1.24) (*1.14) (E1.57) (x11)

4. Pleurotus ostreatus 19.44c 1.20¢ 8.008 14.33¢ 57.034 312+
(£1.41) (£0.30) (£1.04) (£0.33) (+1.38) (£8)

5. Voluariella volvacea  31.62° 1.32¢ 11.84# 15.60® 39.438 2978
(£2.54) (£0.02) (£1.40) (20.16) (*2.06) (x15)

(&Y 21.27 31.34 27.10 12.11 22.92 2.66

LSD 5% 1.32 0.38 0.37 0.79 17.49 13.00

1. On a moisture-free basis. The values are the average of three determinations (n = 3) and those in

parenthesis represent the standard deviation.

CV = Coefficient of variability (sample standard deviation expressed as a percentage of the mean).
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differed significantly in their contents of these nu-
trients (P<0.05). Kreula et al. (1978) reported values
which ranged from 12 to 35% for protein and 2 to 9%
for fat contents in 15 different species of mushrooms.
The crude fibre content of V. volvacea found in our
study is in agreement with those given by Bano et al.
(1962) and Zakhary et al. (1984). Souci et al. (1969)
reported ranges of 5.2-11.2% and 13.39%, respec-
tively, for crude and dietary fibre contents in certain
mushroom species. FAO (1972) gave higher values
for the fat contents and lower values for crude fibre
than those recorded by us for V. volvacea. Zakhary et
al. (1983) obtained a range of 34.0-40.6% for carbo-
hydrates in various species of mushrooms. The ener-
gy value calculated for different mushrooms ranged
from 291 to 312 kCal/100 g of dry matter. However,
Genders (1969) reported the fuel value of mushrooms
as 210 kCal/100 g. The low caloric value of mush-
rooms is due to their low fat and carbohydrate con-
tents. It has, therefore, been considered virtually im-
possible for anyone to gain weight by eating mush-
rooms alone (Stanton 1984).

The data on heavy and trace elements are present-
ed in Table 2. M. conica had the highest concentra-
tion (P<0.05) of cadmium and zinc, whereas the
values for copper, lead and manganese were highest
(P<0.05) in M. esculenta. The highest iron (Fe) con-
tents were recorded for V. volvacea and the lowest for
M. esculenta. The Mn content of the five analysed
mushrooms ranged from 4.5 to 32.6 pg/g. The statis-
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tical analysis of the data on heavy and trace metals of
mushrooms indicated that these metals generally dif-
fered significantly (P<0.05) among the species. The
Cu content ranged from 10.0 to 45.8 pg/g in our ana-
lysed samples. The values given for Cu in the litera-
ture have been 22-85 mg/kg (Kreula et al. 1978) and
0.3-29 mg/100 g (Hinneri 1975). The Zn content in
our mushroom species was 43.5-64.8 ug/g. The
highest content reported for Zn by Hinneri (1975)
was 120 mg/100 g with lower values of 50 mg/100 g.
Egyptian mushrooms (Agaricus and Collybia spp.)
contained 17.8-42.9 mg/100 g of Fe and 0.12-0.47
mg/100 g of Mn (Zakhary et al. 1983). Kreula et al.
(1976) reported values of 24-277 mg/100 g for Mn in
different mushroom species. Hinneri (1975) also ob-
served considerable variation in the Fe contents of
various mushroom viz. 3.4-140 mg/100 g. There may
be few references on the Cd and Pb contents of mush-
rooms, but the permissible levels of heavy metals
have been given. According to the Food and Nutrition
Board (1974), the average daily requirement of Zn is
15 mg and that of copper is 1 mg. The Joint FAOQ/
WHO Expert Committee (1972) set up the tolerable
weekly intake limits for Cd and Pb as 3.15 and 3 mg,
respectively. The maximum limits for Cd and Pb in
different types of foods were given as 6.0 and 20.0 mg
kg, respectively, in Pakistan (Govt. of Pak. 1979).
The amino acid composition of the mushroom
species was determined and the results are presented
in Table 3. The analysed samples contained 17 amino

Table 2. Heavy and trace metal contents of mushrooms (Hg/g).!

Mushrooms Cadmium Copper Lead Zinc Iron Manganese
1. Agaricus campestris 320 13.0° 3.28 50.7¢ 158.0¢ 22.4¢
(£0.42) (£0.19) (#0.28) (£6.28) *11.27) (#0.57)
2. Morchella esculenta 1.90 45.8* 4.5% 56.88 98.9= 32.64
(0.14) (+2.28) (#0.14) (£9.28) (£10.85) (#0.85)
3. Morchella conica 4.4+ 37.2» 2.88 62.84 167.3# 21.7*
(£0.26) (#2.57) (+0.42) (£3.96) (+21.84) (#0.85)
4. Pleurotus ostreatus 2.2%® 25.5¢ 03¢ 43.58 110.8° 9.3»
(£0.21) (£1.51) (30.14) (*2.71) (£12.40) (#0.57)
5. Voluariella volvacea 2.78¢ 10.08 0.4¢ 46.8° 240.0~ 4.5%
(+0.23) (#0.14) (#0.14) (£3.85) (£22.26) (£0.59)
Ccv 34.1 46.9 82.0 16.1 36.0 62.0
LSD 5% 0.59 1.21 0.76 2.26 11.82 0.43
i On a moisture-free basis. The values are the average of three determinations (n = 3) and those in

parenthesis represent the standard deviation.

CV = Coefficient of variability (sample standard deviation expressed as a percentage of the mean).
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Table 3. Amino acid composition of mushrooms (g/100 g).!

Amino acids A. campestris M. esculenta M. conica  P. ostreatus V. volvacea Cv
Aspartic acid 2.46 1.95 1.72 1.17 1.00 35.68
Threonine 1.25 1.17 1.07 0.69 0.85 23.03
Serine 1.46 1.08 1.04 1.39 0.68 27.62
Glutamic acid 3.08 2.76 2.98 2.62 1.56 23.41
Proline 1.11 0.85 0.80 0.41 0.23 52.18
Glycine 0.83 0.81 0.80 0.54 0.67 16.92
Alanine 1.04 1.03 1.30 0.90 0.95 14.79
Cystine 0.02 0.04 0.03 0.02 0.02 34.40
Valine 1.01 0.90 0.97 0.59 0.17 48.47
Methionine 0.22 1.99 1.43 0.34 0.65 81.96
Isoleucine 1.64 2.74 2.52 1.40 0.75 45.30
Leucine 0.55 2.60 2.31 1.62 0.56 62.62
Tyrosine 0.37 0.46 0.60 0.57 0.27 30.31
Phenylalanine 0.76 1.02 0.82 0.89 0.54 22.01
Histidine 1.33 0.66 0.66 0.55 0.42 48.74
Lysine 2.03 1.46 1.48 1.22 0.85 30.58
Arginine 0.71 2.53 2.96 1.71 1.63 45.73
Total 19.86 24.05 23.56 16.63 7.43 37.06
Essential 7.46 11.17 10.13 6.63 4.37 34.39
L. On a moisture-free basis. The values are the average of two determinations.

CV = Coefficient of variability (sample standard deviation expressed as a percentage of the mean).

acids, including seven essential amino acids. The to-
tal amount of essential amino acids in these mush-
room samples varied from 4.37 to 11.17 g/100 gon a
moisture-free basis. Similarly, there was a marked
variation in total amino acids. Tryptophan was not
determined, as it was destroyed in the acid hydroly-
sis. The results revealed that mushrooms are indeed a
good source of essential amino acids, as these ac-
counted for 40-50% of the amino acid contents. Soci
et al. (1969) reported a mean value of 4.8% for es-
sential amino acids, while Kruela et al. (1978) ana-
lysed 15 edible wild mushrooms and found an over-
all mean value of 5.3%. Our data on the amino acid
composition are in reasonable agreement with the
findings of the above workers.

As a result of these studies, it was found that five
edible mushrooms in Pakistan varied widely in their
nutrient and heavy metal (essential and toxic) con-
tents. They are a rich source of potential nutrients,
especially protein, fibre, essential amino acids and
essential metals such as Cu, Zn, Fe and Mn.
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