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Abstract

Oyster mushroom has ecological importance in maintaining balance in the environment by recycling
chemical elements between the soil, organisms and the atmosphere by industrial applications to produce
highly protein foods when treat and clean up pollutants in same time. Minerals value (C, N, Co, Pb, Fe,
Ni, Cu, Zn, Cd and Mn) of fruiting bodies of four oyster mushrooms species; Pleurotus ostreatus (grey),
P. ostreatus (white), P. cornucopiae var. citrinopileatus (bright yellow) and P. salmoneostramineus
(pink), were investigated on three mixtures; F1 (wheat straw alone 100%), F2 (wheat straw 70%, white
sawdust 20% and Iraqi date palm fiber "fibrillum" 10% mixture) and F3 (wheat straw 50%, white sawdust
30% and fibrillum 20% mixture). The kinds of substrates showed significant (<0.05) differences of
mineral composition of mushroom that due to metal content of each substrate, whereas the mixture
which composed from one substrate was poorer in mineral value compared with others which composed
from more one. Generally, Fe, Ni and Cd have been increased in substrates, also increased in fruiting
bodies of oyster mushroom. These mineral levels were below the safety limits defined by FAO/WHO
for weekly Required Dietary Intake (RDD.

Keywords: Pleurotus spp., nutritional value, wheat straw, white sawdust, date palm fiber.

BEYAZ, GRI, SARI VE PEMBE ISTIRIDYE MANTARLARININ
(YUKSEK MANTARLAR) MINERAL MADDE iCERiGi

Ozet

Istiridye mantarlari ekonomik 6neme sahip olup toprak, organizmalar ve hava arasinda kimyasal
elementlerin dongiistinii saglayarak cevresel dengenin korunmasini saglarlar. Endustriyel uygulamalarla
ylksek proteinli gidalar elde edilirken ayni zamanda topraktan kirletici kimyasallari temizlerler. Bu
arastirmada U¢ farkli (F1 %100 bugday samani, F2 %70 bugday samani + %30 talas + %20 fibrillum adi
verilen Irak hurma agaci fiberi karisimi) substratta gelistirilmis dort istiridye mantarinin Pleurotus ostreatus
(gri), P. ostreatus (beyaz), P. cornucopiae var. citrinopileatus (parlak sar) ve P. salmoneostramineus
(pembe) mineral madde icerigi (C, N, Co, Pb, Fe, Ni, Cu, Zn, Cd ve Mn) belirlenmistir. Substratlarin
mineral icerigine bagli olarak mantarlarin da mineral icerigi 6nemli derecede (P<0.05) farkli olmustur.
Genel olarak substratlarin Fe, Ni ve Cd icerigi ytiksek bulunurken, bu durum mantarlara da yansimustir.
Mineral igerikleri FAO/WHO tarafindan aciklanan haftalik gerek duyulan alim icin (weekly Required
Dietary Intake; RDID) gtivenlik limitlerinin altindadir.

Anahtar kelimeler: Pleurotus spp., besin degeri, bugday samani, beyaz talas, palmiye agaci fiberi.
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INTRODUCTION

After white button mushroom; the oyster
mushroom is the second most important
mushrooms in production in the world, Pleurotus
species are excellently edible and nutritious,
rank among one of the most widely cultivated
mushrooms in the world, accounting for 25% of
total world production of cultivated mushrooms
(1. This fungus is important to bio-convert
cellulosic matters to a rich protein food (2, 3).

Pleurotus spp. possesses important nutritional
and medicinal values. The animal proteins cannot
using as protein source alone because of their
expensive prices; therefore, fruiting bodies of
oyster mushrooms were used instead of meat,
that due to moderate protein content and it is source
for essential amino acids, mineral and vitamins
(4). Pleurotus ostreatus is important source for
trace elements and its nutritional source low
caloric value (5). Pleurotus cornucopiae was one
of important medicinal and edible mushroom
which has antihypertensive effect on spontaneously
hypertensive rats (6) and antimicrobial effect
using its gold (2) and silver nanoparticles (7).
The Traditional Chinese Medicine first suggested
Pleurotus, is almost ideal for diets designed, to
prevent cardiovascular diseases because of its
high fiber content, proteins, microelements and
low caloric value (8). Pleurotus species have
high medicinal value due to possess significant
anti-inflammatory, antiviruses (9), antioxidant,
anticancer (10), anti-parasitic (11), antifungal (12),
anti-yeast (7) and anti-bacterial activities (13).

Pleurotus spp. can be cultivated on a wide
variety of substrates containing lignin, cellulose
and hemicellulose (14) such soybean straw, rice
straw, paddy straw, coffee pulp, cotton wastes,
cotton seed hulls, corn cobs waste (15),
bean straw, crushed bagasse, molasses wastes
(16), wheat straw, date palm wastes (2, 17-20),
handmade paper wastes, industrial cardboard
wastes (3,21), rice bran with sawdust (22) and
some their combination. The substrates that
prepared from date palm wastes have low nitrogen,
therefore; Hassan (23) added some nutrients
such urea and K,SO, to date palm wastes (fiber,
stalk and base stalk). While, Owaid et al. (19) added
phosphate rock to raise the nutritional value of
date palm fiber, wheat straw and white sawdust
because of mineral value of this fertilizer (24).

Pleurotus ostreatus enabled to remediate pollutants
with present heavy metals (25). Pleurotus spp.
had no any mineral value testes when grown on
some date palm wastes such empty palm fruit
bunch with other cellulosic wastes (26, 27) for
production Pleurotus sajor-caju and Pleurotus
ostreatus, date palm leaves and alfalfa to produce
oyster mushrooms (28), date palm leaf to cultivate
P. ostreatus and P. florida in Tran (17) and date
palm fiber, wheat straw and white sawdust to
produce Pleurotus ostreatus (grey), P. ostreatus
(white), P. cornucopiae var. citrinopileatus
(bright yellow) and P. salmoneostramineus
(pink) (19). But Hassan (23) and Alananbeh et al.
(29) calculated that only for specie Pleurotus
ostreatus which was cultivated on date palm
wastes in Iraq and Saudi Arabia respectively.

However, no reference is found in literature
regarding the comparison of determining mineral
value of many species of Pleurotus fruiting bodies
grown on substrates containing from date palm
fiber and other substrates obtained thereof. Thus,
the objective of this study is calculate mineral
elements value of four Pleurotus spp. and then
knows the daily intake levels of elements in
produced oyster mushrooms on various cellulosic
sources in Iraq.

MATERIALS AND METHODS

Sampling

Twelve fruiting bodies types from four oyster
mushrooms species were investigated. Pleurotus
ostreatus (grey oyster), Pleurotus ostreatus (white
oyster), Pleurotus cornucopiae var. citrinopileatus
(bright  yellow  oyster) and  Pleurotus
salmoneostramineus (pink oyster) were harvested
from three substrates from College of Science,
University of Anbar, Iraq. Three locally agro-residual
wastes wheat straw (1-5) cm, white sawdust from
factories of wood and fibers of date palm
Phoenix dactylifera 1., called (Fibrillum), which
first chopped into small pieces (5x5) cm and
prepared mixtures (as shown in Table 1) with 5%
of phosphate rock powder. Phosphate rock
samples were taken at random at the location of
State Company For Phosphate, Anbar;
agro-substrate samples from Hit city agricultural
lands.



Table 1. Formula of agro-substrates contents

Formula

Agro-substrates

Wheat straw

White sawdust Date palm fibers

Formula 1 (Control) (F1) 100% - -
Formula 2 (F2) 70% 20% 10%
Formula 3 (F3) 50% 30% 20%

Mushroom and substrate samples were dried at
110 °C for 24 h until the weight constant. The
dried samples were ground, then homogenized
using an agate pestle and stored in polyethylene
bottles until analysis (30).

Reagents

All reagents were of analytical reagent grade
unless otherwise stated. Double deionized water
was used for all dilutions. HNO; and HCl were of
quality (E. Merck). All the plastic and glassware
were cleaned by soaking in dilute HNO; and
were rinsed with distilled water prior to use. The
element standard solutions used for calibration
were prepared by diluting a stock solution of
1000 mg/L (Pb, Cd, Co, Cr, Mn, Ni, Cu, Zn and Fe)
supplied by Sigma.

Apparatus

Phoenix-986 (USA) atomic absorption spectrometer
with deuterium background corrector was used
in this study. Pb, Cd, Co, Cr, Mn, Ni, Cu, Zn and
Fe in mushroom samples were carried out in an
air/acetylene flame.

Microwave digestion

Dry mushroom sample (2 g) was placed in a
beaker (100 ml capacity) and digested with 10 ml of
HNO; (65%) and 2 ml of H,0, (30%) in microwave
digestion system for 10 min with 600 W and diluted
to 25 ml with deionized water. A blank digest was
carried out in the same way. For the agricultural
substrates, also 2 g of sample was digested with
20 ml of HNO; (65%) and 5 ml of H,O, (30%) in
microwave digestion system for 23 min with 600 W
and diluted to 25 ml with deionized water. A blank

digest was carried out in the same way (30).
Statistical analysis

Experimental values are given as means. Statistical
significance was determined by two variance
(two ways) analysis (ANOVA) by using GenStat
Discovery Edition computer program version 7
DE3 (VSN International Ltd., UK). Differences at
P<0.05 were considered to be significant.

RESULTS AND DISCUSSION

The results, in Table 2, showed the ability of these
fungi to absorb and bio magnify the mineral
elements from next agro-substrates; F1 (wheat
straw alone 100%), F2 (wheat straw 70%, white
sawdust 20% and TIraqi fibrillum 10% medium)
and F3 (wheat straw 50%, white sawdust 30%
and Iraqi fibrillum 20% medium). Mineral
elements value of agricultural substrates was
appeared significant (P<0.05) values with all
metals except cadmium and lead. F3 medium
had significant (<0.05) high content of elements
Co, Fe, Ni, Cu, Zn and Mn metals in averages
0.60, 38.27, 0.93, 2.90, 2.44 and 4.65 mg/kg followed
by F2 medium with all these metals, then
decreased in F1 medium (control) to 0.47, 27.92,
0.50, 2.10, 1.03 and 1.98 mg/kg respectively.
About elemental carbon, the high content was
244.33 g/kg for F3 significantly (P< 0.05), then
decreased to 243.33 g/kg and 239.00 g/kg for F2
and F1 respectively; whereas the nitrogen content
was 7.71 g/kg with F2 substrates compared with
F1 (6.65 g/kg). C:N ratio of these mixtures reached
to level between 34.06-40.20.

Table 2. Mineral elements content of agro-substrates based on dry weight (dw)

Formula Mineral elements content

of substrates mg/kg g/kg CN
Co Pb Fe Ni Cu Zn Cd Mn C N Ratio

F1 0.47 0.21 27.92 0.50 2.10 1.03 0.14 1.98 239.00 6.65 38.50

F2 0.53 0.22 32.34 0.72 2.59 1.89 0.14 3.52 243.33 7.71 34.06

F3 0.60 0.23 38.27 0.93 2.90 2.44 0.15 4.65 244.33 6.65 40.20

LSD 0.068 0.059 0.697 0.071 0.206 0.276 0.028 0.176 1.489 0.541 0.176

Legend: F1 (wheat straw alone 100%), F2 (wheat straw 70%, white sawdust 20% and date palm fiber "fibrillum" 10% mixture) and F3
(wheat straw 50%, white sawdust 30% and fibrillum 20% mixture). LSD P<0.05.
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Figure 1. White, grey, yellow and pink oyster mushroom fruiting bodies
Legend: A: Pleurotus ostreatus (white), B: Pleurotus ostreatus (grey), C: Pleurotus cornucopiae var. citrinopileatus (yellow)
and D: Pleurotus salmoneostramineus (pink).

Mineral value of fruiting bodies of Pleurotus spp.
(Figure 1) was showed in Table 3 and Figure 2.
The best significant (P<0.05) content of nitrogen
was 5.99 g/kg of fruiting of Pleurotus cornucopiae
which grew on F2 medium, while the low
content was 3.72 g/kg in Pleurotus ostreatus
(grey) which grew on F1 and F3 media. Cobalt
content of fruiting bodies was 20.09 mg/kg as a
higher content in Pleurotus salmoneostramineus
which grew on F2 medium significantly (P<0.05).
F2 medium effect on increasing content of Co in

all mushrooms compared with F1 and F3 media
except within P. ostreatus (white) at rate 7.25
mg/kg on F2 medium compered as 7.55 mg/kg
and 9.60 mg/kg on F3 & F1 media respectively.
While the lower content was 6.27 mg/kg by
fruiting of P. cornucopiae within F1 medium.

Significantly (£<0.05), the content of lead was
reached to 8.72 mg/kg followed by 7.94 mg/kg
with P. ostreatus (white) on F2 and F3 respectively.
The lesser lead value was 4.02 mg/kg by P. ostreatus
(grey) on F3 medium. The best value of iron



Mineral Elements of White, Grey, Yellow and...

Table 3. Mineral Value of Pleurotus spp. fruits based on dry weight (dw)

E. P. ostreatus P. ostreatus P. cornucopiae P. salmoneos.
(grey) (white) (yellow) (pink)

F1 F2 F3 F1 F2 F3 F1 F2 F3 F1 F2 F3
Ne 3.72 3.99 3.72 3.99 3.86 3.99 4.82 5.99 4.66 4.99 4.82 4.99
Co 12.15 13.82 10.98 9.60 7.25 7.55 6.27 12.05 9.60 12.64  20.09 10.29
Pb 5.49 6.47 4.02 6.57 8.72 7.94 4.90 5.59 5.78 7.64 5.39 4.31
Fe 24.60 23.72 26.36 2234  37.34 29.89 3587 28.42 33.71 2293 26,66 26.56
Ni 0.10 9.41 5.29 0.98 2.06 18.03 1215 34.40 39.69 12.25 2.74 3.04
Cu 6.08 6.08 5.88 11.27 11.37 11.27 7.55 11.86 9.60 6.76 7.35 7.35
Zn 27.54 26.26 25.19 30.38 30.18 3048  31.16 31.26 34.40 4410 4537 43.32
Cd 2.16 1.96 1.96 2.94 3.72 3.43 3.43 2.06 3.33 412 4.21 4.41
Mn 2.84 2.84 3.04 3.14 3.43 2.45 3.82 3.82 3.23 4.90 11.47  10.68

Legend: E: mineral elements. (a) g/kg dry weight, (Others) mg/kg dw. F1: Dry fruiting bodies which grown on wheat straw 100% substrate,
F2: Dry fruiting bodies which grown on wheat straw 70%, white sawdust 20% and date palm fiber 10% mixture, F3: Dry fruiting bodies
which grown on wheat straw 50%, white sawdust 30% and date palm fiber 20% mixture. LSD P<0.05, N=0.878, C0=0.547, Pb=0.607,

Fe=0.758, Ni=0.467, Cu=0.539, Zn=0.457, Cd=0.372, Mn=0.325.

37.34 mg/kg followed the value 35.87 mg/kg by
P. ostreatus (white) on F2 medium and P.
cornucopiae on F1 medium respectively, while
the lesser value 22.34 mg/kg by fruiting bodies
of P. ostreatus (white) on F1. Nickel value was
changeable; its value in P. ostreatus (grey) on F1

medium was decreased to 0.10 mg/kg compared with
higher content 39.69 mg/kg with P. cornucopiae
on F3 medium. While the copper content was
low with P. ostreatus (grey) around 6.08-5.88
mg/kg while the higher content 11.86 mg/kg
with fruiting bodies of P. cornucopiae on F2
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Figure 2. Mineral Value of fruiting bodies of oyster mushrooms (based on dry weight (dw))

Legend: G: Dry fruiting bodies of P. ostreatus (grey), W: Dry fruiting bodies of P. ostreatus (white), Y: Dry fruiting bodies
of P. cornucopiae, P: Dry fruiting bodies of P. salmoneostramineus, F1: Formula of substrate of wheat straw 100% (Control),
F2: Formula of substrate of wheat straw 70%, white sawdust 20% and date palm fiber 10%, F3: Formula of substrate of
wheat straw 50%, white sawdust 30% and date palm fiber 20%.
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medium, followed by P. ostreatus (white) around
11.27-11.37 mg/kg. Zinc levels within fruiting
bodies of P. ostreatus (grey) firstly, P. ostreatus
(white), P. cornucopiae and P. salmoneostramineus
were increased respectively. The less value was
25.19 mg/kg of P. ostreatus (grey) on F3 and high
value was 45.37 mg/kg of P. salmoneostramineus
on F2 medium. The value of cadmium was 1.96
mg kg as less value with P. ostreatus (grey) on
F2 & F3 media compared with 2.16 mg/kg on F1
medium, whereas the high content was 4.41
mg/kg on F3 by P. salmoneostramineus. Finally,
level of manganese reduced to 2.45 mg/kg in P.
ostreatus (white) and increased to 11.47 mg/kg
with P. salmoneostramineus on F2 medium.

The kinds of substrates showed clear differences
of chemical composition of Pleurotus spp. fruiting
bodies which due to mineral elements content of
each formula/medium (Table 2). The F1 medium
(only wheat straw) was poorer in chemical value
than others which composed from more than
one substrate (F2 & F3) that agreed with Hassan
(23). Fruiting bodies of oyster mushroom that
grown on F1 medium was poorer in mineral
compared when grew on F2 and F3 medium.
These results were congruent with results of
Ahmed (31), chemically; the agro-substrate that
composed from more than one carbon source
was richer than the substrate that composed
from one. Thus, these results appeared different
chemical values according to species of oyster
mushroom and type/formula of agricultural
substrates.

From fruiting side, when iron, nickel and cadmium
elements of substrate were increased, lead is
increasing in fruiting bodies of all oyster mushroom
species too. Whereas other elements content of
fruiting bodies was changeable because of
Pleurotus spp. ability to bio accumulate these
minerals from substrate and ecosystem (32, 33).
This matter is meaningful viz. elements levels of
mushroom are important because of many of
edible mushrooms accumulate high levels of
elements such: Cd, Hg, Cu and Pb in their fruits (34).
Nonetheless, this paper results were acceptable
for consumer.

The accumulation of elements due especially to
species of mushroom, partially on ecosystem and
influence of eco-factors was determined difficultly

(35), especially pH and organic matters of
ecosystem that effect on concentrations of heavy
metals in mushrooms’ fruits (36). In some methods,
the date palm wastes succeed in adsorption
about 90% of calcium ion, 57.5% of Cd ion and
37.5% of Zn ion (37), subsequently that may be
return to minerals content of date palm fibers (in
F2 and F3 media) that influence on accumulation
of minerals value in mushroom. But Tuzen (32)
find a mushroom is accumulating heavy minerals
such Cd, Cu and Zn in higher percentage compared
with other minerals: Pb, Co, Cr, Mn, Ni and Fe.
The Cd and Mn levels agreed with results of Kalac
(38) that range between 0.5-5.0 mg/kg and 60-10
mg/kg based on dried mushroom, respectively.
Finally, mineral elements levels of four species of
oyster mushrooms were below the safety limits
defined by FAO/WHO for weekly Required
Dietary Intake (RDD (39). Also, eating this food
can be done without side effects because this food
is consuming seasonally, that encourage using
this fresh food because its ability to grow with
simple methods easily (40).

CONCLUSION

Pleurotus spp. has ecological importance in
maintaining balance of chemical elements in the
ecosystem. Minerals value (C, N, Co, Pb, Fe, Ni,
Cu, Zn, Cd and Mn) of fruiting bodies of four
oyster mushrooms species; P. ostreatus (grey), P.
ostreatus (white), P. cornucopiae var. citrinopileatus
and P. salmoneostramineus, were investigated
on three mixtures composed from variable ratio
of wheat straw, white sawdust and Iraqi date
palm fiber “fibrillum” with phosphate rock 5% as
supplement. Chemically, the mixture which
composed from more one substrate was richer in
mineral elements compared with mixtures which
composed from one. Also, Fe, Ni and Cd were
increased in substrates, also increased in fruiting
bodies of oyster mushroom. These mineral levels
were below the safety limits defined by
FAO/WHO for weekly Required Dietary Intake
(RDD).

Acknowledgements

This work was supported by Mr. Ahmed Soubhy,
Department of Chemistry, College of Science,
University of Anbar, Iraq.



Mineral Elements of White, Grey, Yellow and...

REFERENCES

1. Chang, ST, Miles, PG. 2004. Mushrooms
Cultivation, Nutritional Value, Medicinal Effect
and Enviromental Impact. 2nd ed. CRC Press
LLC. USA. p. 381.

2. Owaid, MN. 2013. Testing efficiency of different
agriculture media in growth and production of
four species of oyster mushroom Pleurotus and
evaluation the bioactivity of tested species. Ph.D.
dissertation, College of Science, University of
Anbar, Traq.

3. Owaid, MN, Abed, AM, Nassar, BM. 2015.
Recycling cardboard wastes to produce blue oyster
mushroom Pleurotus ostreatus. Emirates | Food
Agr., 27(7): 537-541. doi:10.9755/ejfa.2015.04.118

4. Santos-Neves, JC, Pereira, MI, Carbonero, ER,
Gracher, AHP, Gorin, PA]J, Sassaki, GL, lacomini,
M. 2008. A gel-forming B-glucan isolated from
the fruit bodies of the edible mushroom Pleurotus
Slorida. Carbobyd Res, 343, 1456-1462.

5. Badu, M, Twumasi, SK, Boadi, NO. 2011. Effects
of Lignocellulosic in Wood Used as Substrate on
the Quality and Yield of Mushrooms. Food and
Nutr Sci, 2, 780-784.

6. Jang, J-H, Jeong, S-C, Kim, J-H, Lee, Y-H, Ju,
Y-C, Lee, J-S. 2011. Characterisation of a new
antihypertensive angiotensin I-converting enzyme
inhibitory peptide from Pleurotus cornucopiae.
Food Chem, 127, 412-418.

7. Owaid, MN, Raman, J, Lakshmanan, H,
Al-Saeedi, SSS, Sabaratnam, V, Al-Assaffii, TAA.
2015. Mycosynthesis of silver nanoparticles from
Pleurotus cornucopiae var. citrinopileatus and its
inhibitory effects against Candida sp. Mater Lett,
153, 186-190.

8. Khatun, S, Islam, A, Cakilcioglu, U, Chatterjee,
NC. 2012. Research on mushroom as a potential
source of nutraceuticals: a review on Indian
perspective. Am | Exp Agr, 2(1), 47-73.

9. Carvalho, MP, Der Sand, STV, Rosa, EAR,
Germani, JC, Ishikawa, NK. 2007. Investigation
of the antibacterial activity of Basidiomycetes.
Biociencias, Porto Alegre, 15(2), 173-179.

10. Kim, J-H, Kim, S-J, Park, H-R, Choi, J-I, Ju, Y-C,
Nam, K-C, Kim, S-J, Lee, S-C. 2009. The different
antioxidant and anticancer activities depending
on the color of oyster mushrooms. | Med Plants
Res, 3(12), 1016-1020.

11. David, OM, Fagbohun, ED, Oluyege, AO,
Adegbuyi, A. 2012. Antimicrobial activity and
physicochemical properties of oils from tropical
macrofungi. / Yeast Fungal Res., 3(1), 1- 6.

12. Alheeti, MNO, Al-Saeedi, SSS, Al-Assaffii, IA,
Sabaratnam, V. 2013. Antifungal activities of
mycelia and culture filtrate of four oyster mushroom
species (Pleurotus spp.) against pathogenic Fungi.
The 7th International Medicinal Mushroom
Conference, Beijing, China.

13. Owaid MN, Al-Saeedi, SSS, Al-Assaffii, IA.
2015. Antimicrobial activity of mycelia of oyster
mushroom species (Pleurotus spp.) and their liquid
filtrates (in vitro). ] Med Bioeng, 4(5), 376-380.

14. Gregori, G, Svagelj, M, Pohleven, J. 2007.
Cultivation techniques and medicinal properties
of Pleurotus spp. Food Technol Biotechnol,
45(3), 236-247.

15. Poppe, J. 2004. Part II. Oyster Mushrooms,
Substrate. In: Mushroom Growers Handbook,
Oyster Mushroom Cultivation, Vol 1. Mush
World, Aloha Medicinals Inc. Korea. pp. 75-85.

16. Ahmed, SA, Kadam, JA, Mane, VP, Patil, SS,
Baig, MMV. 2009. Biological efficiency and
nutritional contents of Pleurotus florida (Mont.)
Singer cultivated on different agro-wastes. Nature
and Sci, 7(1), 44-48.

17. Kabirifard, AM, Fazaeli, H, Kafilzadeh, F.
2012. Comparing the growth rate of four Pleurotus
fungi on wheat stubble and date palm leaf. J Res
Agr Sci, 8(1), 35-43.

18. Alheeti, MNO, Al-Saeedi, SSS, Al-Assaffii, IA.
2013. Evaluation of qualification of substrates
containing date palm fibers (leef) and sawdust
on quality and productivity of four Pleurotus
spp. 2nd Conference of Desert Studies, Ramadi,
Iraq.

19. Owaid, MN, Abed, IA, Al-Saeedi, SS. 2015.
Using of date palm fiber mixed with other
lignocelluloses toward Pleurotus ostreatus (Higher
Basidiomycetes) cultivation. Emirates | Food and
Agr., 27(7): 556-561. doi:10.9755/ejfa. 184440

20. Owaid, MN, Al-Saeedi, SSS, Al-Assaffii, IA.
2014. Impact palm date fibers (fibrillum) and
sawdust extract on mycelial growth rate of four
species of Pleurotus. 3rd Scientific Conference
for Plant Production. J Tikrit Univ. For Agri. Sci.,
14 (special issue), 1-7.

325



326

M. N. Owaid, S. S. S. Al-Saeedi, I. A. Abed

21. Kulshreshtha, S, Mathur, N, Bhatnagar, P,
Kulshreshtha, S. 2013. Cultivation of Pleurotus
citrinopileatus on handmade paper and cardboard
industrial wastes. Ind Crops Prod, 41, 340-346.

22. Owaid, MN, Al-Saeedi, SSS, Sabaratnam,
V, Al-Assaffii, IAA, Raman, J. 2015. Growth
performance and cultivation of four oyster
mushroom species on sawdust and rice bran
substrates. J Adv. Biotech., 4, 424-429.

23. Hassan, TA. 2011. Effect of sterilization on the
yield and storage life of oyster mushroom cultivated
on date palm by products. M.Sc. Thesis, College
of Agriculture, University of Baghdad, Iraq.

24. Owaid, MN, Abed, TA. 2015. Mineral analysis of
phosphate rock as Iraqi raw fertilizer. International
Journal of Environment, 4(2), 413-415.

25. Bhattacharya, S, Das, A, Prashanthi, K,
Palaniswamy, M, Angayarkanni, J. 2014.
Mycoremediation of Benzolalpyrene by Pleurotus
ostreatus in the presence of heavy metals and
mediators. 3 Biotech, 4, 205-211.

26. Mohamad, II, Hassan, MF, Mohamad, SN,
Tin, LC, Sarmidi, MR. 2008. Production of Pleurotus
sajor-caju on sawdust of rubber tree and empty
palm fruit bunch. J Chem Nat Resour Eng, 2, 14-23.

27. Tabi, ANM, Zakil, FA, Fauzai, WNFM, Ali, N,
Hassan, O. 2008. The usage of empty fruit bunch
(EFB) and palm pressed fiber (PPF) as substrates
for the cultivation of Pleurotus ostreatus. Jurnal
Teknologi, 49(F), 189-196.

28. Daneshvar, MH, Heidari, M. 2008. Effects of
Wheat Straw, Leaves of Date Palm and Alfalfa on
Oyster Mushroom Yield. 3rd National Congress
of Recycling and Reuse of Renewable Organic
Resources in Agriculture.

29. Alananbeh, KM, Bougellah, NA, Al Kaff, NS.
2014. Cultivation of oyster mushroom Pleurotus
ostreatus on date-palm leaves mixed with other
agro-wastes in Saudi Arabia. Saudi J Biol Sci.,

21(6), 616-625.

30. Owaid, MN. 2015. Mineral elements content
in two sources of Agaricus bisporus in Iraqi
market. J Adv & Appl Sci, 3(2), 46-50.

31. Ahmed, LAA. 2010. Removal of heavy metals
from waste water. Eng. & Tech. J, 28(1), 119-125.

32. Tuzen, M. 2003. Determination of heavy
metals in soil, mushroom and plant samples by
atomic absorption spectrometry. Microchem J,
74, 289-297.

33. Mendil, M, Uluozlu, OD, Hasdemir, E, Caglar,
A. 2004. Determination of trace elements on some
wild edible mushroom samples from Kastamonu,
Turkey. Food Chem, 88, 281-285.

34. Turkekul, 1, Elmastas, M, Tuzen, M. 2004.
Determination of iron, copper, manganese, zinc,
lead, and cadmium in mushroom samples from
Tokat, Turkey. Food Chem, 84, 389-392.

35. Lepsova, A, Mejstrik, V. 1998. Accumulation of
trace elements in the fruiting bodies of macrofungi
in Krusne Hory Mountains, Czechoslovakia. Sci
Total Environ, 76, 117-128.

36. Gast, CH, Jensen, E, Bierling, J, Haanstran, L.
1988. Heavy metals in mushrooms and their
relationship with soil characterictics. Chemosphere,
17, 789-799.

37. Ahmed, LM. 2010. Studying of effect the
substrate in growth and production of oyster
mushroom (Pleurotus ostreatus). M.Sc. thesis.
College of Agriculture, Tishreen University, Syria.

38. Kalac, P. 2010. Trace element contents in
European species of wild growing edible
mushrooms: a review for the period 2000-2009.
Food Chem, 122, 2-15.

39. Anonymous. 2003. Dietary Supplement-Standard
173, Metal Contaminant Acceptance Levels. NSF
International. 19 August 2003. pp. 1-22.

40. Owaid, MN, Nassar, BM, Abed, AM and Turki,
AM. 2015. Effect of cellulosic matter and container
size on cultivation and yield of oyster mushroom
Pleurotus ostreatus. Journal of Medicinal Herbs
and Ethnomedicine, Online First: 14 Jul, 2015.
doi:10.5455/jmhe.2015-05-01.



