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ABSTRACT
Oyster mushroom (Pleurotus ostreatus) is a good source of bioactive compounds that have numerous health 

benefits and medicinal properties. In this study, the effect of P. ostreatus cultivation in agro-waste substrates on its 
potential as a food additive with antioxidant and antimicrobial activities was investigated. Extracts of P. ostreatus cul-
tivated on mixed rice and wheat straws (RS+WS) substrates showed higher total polyphenols (TPC), total flavonoids 
(TFC),α-tocopherol content, ferric reducing antioxidant power and antibacterial activities than those cultivated on rice 
straw (RS) alone. The HPLC analysis of their ethanolic extracts revealed 11 phenolic compounds including p-hydroxy 
benzoic acid, naringenin, kaempferol and apigenin as major compounds. The aqueous and ethanolic extracts of both 
cultivates showed significant antibacterial activity against Salmonella typhimurium, Escherichia coli, and Staphy-
lococcus aureus, while no inhibitory effect on Bacillus cereus was observed. The results indicated that P. ostreatus 
cultivation is an effective bioconversion process that is capable to transfer agro-wastes into potentially valuable source 
of natural antioxidant and antimicrobial additives for further use in functional food products.
Keywords: Agro-waste, oyster mushrooms, antioxidants, antimicrobials, polyphenols, flavonoids.

INTRODUCTION
Mushrooms are macrofungi with a distinc-

tive fruiting body that is large and visible to the 
naked eye. For centuries, edible mushrooms have 
been cultivated and used as food due to their at-
tractive sensory properties, high levels of nutrients 
and relatively easy cultivation  . Mushrooms con-
tain 10-40% protein, 3-21% carbohydrates, 3-35% 
dietary fibers, 5% unsaturated fat and a variety of 
vitamins and minerals ( Roncero-Ramos & Del-
gado-Andrade, 2017). Meanwhile, Chang (1996) 
mentioned that mushrooms have gained popularity 
as a functional food resource due to their content of 
several therapeutic compounds that have beneficial 
health effects.

The oyster mushroom ,Pleurotus ostreatus, is 
the second cultivated edible mushroom worldwide 
due to its high nutritional value (high protein, fiber, 
and carbohydrate contents), unique flavour and 
aromatic properties ( Iwalokun et al., 2007). The 
P. ostreatus also produces many health-promoting 
bioactives with antioxidative, antimicrobial, antitu-

mor and anti-inflammatory properties (Iwalokun et 
al., 2007, Parola et al., 2017).The antioxidant ef-
fect of P. ostreatus and other related species has 
been correlated with their content of phenolic and 
flavonoids compounds (Iwalokun et al., 2007, Kar-
aman et al., 2010, Gąsecka et al., 2016). Other an-
tioxidant compounds such as ascorbic acid, glyco-
sides, tocopherols, polysaccharides, ergothioneine 
and carotenoids are also found in oyster mushroom 
(Pleurotus spp.), (Iwalokun et al., 2007, Gąsecka 
et al., 2016).The chemical structure of polyphenols 
is characterized by the presence of an aromatic ring 
with hydroxyl groups that exhibit a strong radical 
scavenger and free radical inhibitor activities (Frei 
& Higdon, 2003, Iwalokun et al., 2007). The in vit-
ro and in vivo studies have demonstrated that these 
bioactive compounds can delay, prevent or reverse 
oxidative damage to biomolecules as DNA, pro-
teins and lipids, which prevents many chronic dis-
eases including cancer, diabetes and neurodegen-
erative disorders (Frei & Higdon, 2003, Iwalokun 
et al., 2007). The P. ostreatus extracts have broad-
spectrum of antibacterial activity, which inhibits 
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the growth of both Gram positive and Gram nega-
tive bacteria.(Iwalokun et al., 2007,  Karaman et al., 
2010) . Increasing consumer awareness about the 
negative health impact of synthetic food additives 
as antioxidants and antimicrobial, has increased the 
demand for natural additives in functional food as 
foods that are fortified with biologically active in-
gredients, supplements and medicine. To meet this 
growing demand, natural bioactive compounds can 
be extracted from plants, food wastes and fruit fun-
gi such as mushroom (Pandey et al., 2018).

In developing countries, which face challenges 
due to poverty and shortage of resources and tech-
nology, mushroom can be a promising source to 
combat food insecurity and malnutrition (Pandey 
et al., 2018). The Pleurotus spp. have many ad-
vantages including rapid growth in short time, low 
cost, minimal chance of disease manifestation, as 
well as easy adaptation and maintenance (Pandey 
et al., 2018). They are usually found in tropical and 
subtropical rainforests where they can colonise and 
degrade lignocellulosic substrates. The Pleurotus 
spp. have thus been cultured on agro-wastes such 
as olive cake, pine needles, wheat straw and ba-
nana leaves (Koutrotsios et al., 2018, Pandey et al., 
2018).

In Egypt, the estimated annual amount of ag-
ricultural wastes ranges from 30 to 35 million dry 
tonnes, of which about 12 million tons are utilized 
to produce feed and organic fertilizer ( Elfeki et al., 

2017). The remaining plant wastes are incinerated 
or disposed in landfills resulting in environmental 
pollution and escalating rates of carbon dioxide 
and other gases that contribute to global warming 
(Sharma et al., 2013).This huge amount of agro-
wastes can be beneficially utilized in mushroom 
cultivation, a biotransformation of wastes into food 
and a remedy for pollution.

In previous work, Elattar et al.(2019) showed 
that the yield and overall acceptability of P. ostrea-
tus were higher when grown on rice straw (RS) or 
rice and wheat straws (RS+WS) 1:1 (w/w) com-
pared to those grown on other substrates such as 
saw dust and water hyacinth alone or mixed with 
wheat straw 1:1 (w/w). The main objective of the 
present study was to investigate the effect of P. os-
treatus cultivation in two agro-waste substrates on 
its potential as a food additive with antioxidant and 
antimicrobial activities (Fig.1). Total polyphenols 
(TPC) and total flavonoids (TFC) contents were 
determined by colorimetric assays. Individual phe-
nolic and flavonoid compounds were identified by 
HPLC. To determine the antimicrobial activities 
of mushroom extracts against both Gram-positive 
(Bacillus cereus and Staphylococcus aureus) and 
Gram-negative (Escherichia coli and Salmonella 
typhimurium) bacterial strains, two methods were 
used (agar well diffusion and macro-broth dilution 
methods).

Fig. 1: Effect of P. ostreatus cultivation in two agro-waste substrates on its potential as a food addi-
tive with antioxidant and antimicrobial activities
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MATERIALS AND METHODS
Materials:

Chemicals and reagents 
Dimethyl sulfoxide (DMSO), 2,2-Diphenyl-

1-picrylhydrazyl (DPPH), NaNO2, AlCl3, Na2CO3, 
NaOH, HNO3, H2O2, Folin–Ciocalteu phenol rea-
gent, gallic, caffeic,  catechol, p-hydroxy benzoic 
acid, caffeine, vanillic acid, syringic acid, vanillin,  
p-coumaric acid, benzoic acid, ferulic acid, ellagic, 
salicylic acid and cinnamic were purchased from 
Sigma-Aldrich (St. Louis, MO). Baird parker agar 
base, egg yolk tellurite emulsion, nutrient agar, 
violet red bile lactose agar and nutrient broth were 
obtained from Oxoid, England. 

Methods:
Mushroom cultivation
The P. ostreatus was cultivated on rice straw 

(RS) or a 1:1 (w/w) mixture of rice and wheat 
straws (RS+WS), (Elattar et al., 2019). Straws were 
cut into small pieces (2-3 inches long) and soaked 
in water at room temperature for 1-2 hr, then rinsed 
with clean water 2-3 times. Their moisture content 
was also adjusted to 65%. Then, CaCO3 was added 
at a final concentration of 0.2% (w/w) of the total 
substrate. All substrates were filled into polyethyl-
ene bags and autoclaved at 121 °C for 80 min, then 
cooled down to room temperature and inoculated 
with 5 g spawn of P. ostreatus per 100 g of the 
substrate wet weight. The inoculated bags were in-
cubated in darkness at 20–25 °C and 80-95% rela-
tive humidity for 3 weeks until the substrates were 
completely colonized with mycelium. Bags were 
punctured from the 4 sides to facilitate primordial 
initiation. 

Preparation of mushroom extracts
Freshly harvested P. ostreatus samples were 

washed, sliced (2 mm thickness) and freeze-dried 
for 24 hr. Dried mushroom samples were ground 
into powder using a mechanical grinder (Moulinex, 
Germany). About 20 g of each of the ground sam-
ples were extracted with either 200 mL of cold 
water, 50% or 95% (v/v) ethanol by stirring for 2 
hr at room temperature. After an overnight stand 
(about 18 hr) at room temperature, the samples 
were filtered using Whatman filter paper No. 1 
(Sigma-Aldrich, Michigan, USA), and the residue 
was extracted with additional 200 mL of solvent as 
described previously. The combined extracts were 

evaporated under vacuum at 40°C using a rotary 
evaporator (BȔCHI 011 Rotavapor, Switzerland) 
to dryness (Reddy & Mathew, 2001). For deter-
mination of antioxidant activities and analysis of 
antioxidant components, the dried extracts were 
weighed, re-dissolved in 100 ethanol (95%) and 
stored at 4ºC until used. As for the antibacterial 
testing, the dried extracts were re-dissolved at con-
centration of 0.5g in 1 mL of dimethyl sulfoxide 
(DMSO) (0.1%, v/v in sterile water). Extracts were 
stored at -18°C until used.

Determination of bioactive components
The total polyphenol contents in the ethanolic 

(95%) extracts were determined according to the 
Folin-ciocalteu method (Singleton & Rossi, 1965).
The concentration of total phenolic compounds 
was calculated based on standard curve of gallic 
acid (0.01- 0.05 mg/mL) and the results were ex-
pressed as mg gallic acid equivalent (GAE)/g. 

The total flavonoid contents in the ethanolic 
(95%) extracts were determined using the alumin-
ium chloride colorimetric assay (Zou et al., 2004).  
In brief, 100 µL mushroom extract was mixed with 
500 µL distilled water and 30 µL NaNO2 solu-
tion (5%). After 5 min, 60 µL AlCl3.H2O solution 
(10%) was added. After 6 min, 200 µL NaOH (1 
M) and 110 µL distilled water were added to the 
mixture. The solution was mixed well, and the in-
tensity of pink colour was measured at 510 nm us-
ing UV-vis Spectrophotometer. The total flavonoid 
concentration of each extract was calculated ,based 
on a standard curve of rutin (0.1-1.0 mg/mL), and 
was expressed as mg of rutin equivalents (RE) per 
g dry weight (dw) (Naegele, 2012). Ascorbic acid 
content in each mushroom sample was determined 
by titration with 2,6-dichlorophenol indophenol 
dye according to the AOAC (2010).

Crude fat was extracted using Soxhlet extrac-
tion method. Samples were saponified and vitamin 
E was extracted and determined according to the 
methods described by De Leenheer et al. (1988) 
and Podda et al. (1996). The extracted lipids (0.2 
g) were saponified by adding 25 mL of 20% alco-
holic potassium hydroxide and refluxing at 85 °C 
for 4 hr. The non saponified lipids were extracted 
twice with 50mL of diethyl ether. The combined 
ether layer was collected and washed with water, 
and then dried over anhydrous sodium sulphate. 
The solvent was then evaporated to dryness and the 
residuals were resuspended in HPLC grade meth-
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Spec II). The radical scavenging activity was cal-
culated as a percentage of DPPH discoloration us-
ing the equation: 
Scavenging activity (%) = [(AControl–ASample)/AControl] 
× 100

Where ASample is the absorbance of tested sam-
ple and AControl is the absorbance of the control 
(DPPH solution). The IC50 value is defined as the 
total antioxidant necessary to decrease the initial 
DPPH radical concentration by 50%. L-ascorbic 
acid was used as standard control. The results 
of the assay were expressed as mg ascorbic acid 
equivalents (AAE)/g DW.

Ferric reducing power (FRP) assay
The reducing power of the mushroom ex-

tracts was determined using ferric reducing power 
method of Oyaizu (1986). In brief, 1.0 mL of the 
ethanolic extracts (26 and 35 mg for mushrooms 
cultivated on RS and RS+WS, respectively)  were 
mixed with 2.5 mL of 1% potassium ferricyanide in 
0.2 M phosphate buffer (pH 6.6), and the mixture 
was incubated at 50 °C for 20 min., 2.5 mL of 10% 
trichloroacetic acid were added to the mixture, 
which was then centrifuged at 1036 × g for 10 min. 
The upper layer of the solution (2.5mL) was mixed 
with distilled water (2.5 mL) and freshly prepared 
FeCl3 solution (0.5 mL, 0.1%). The absorbance 
of the solution was measured at 700 nm using the 
UV-vis Spectrophotometer. The standard (Potas-
sium ferrocyanide) was also processed by the same 
procedure and the results were reported as mmol 
K4Fe(CN)6 equivalent/100 g dry weight. 

Hydroxyl radical-scavenging activity
Hydroxyl radical scavenging activity of the 

95% ethanolic extracts was measured according to 
the method of Halliwell et al. (1987) with a slight 
modification (Barros et al., 2008). In brief, the as-
say was performed by adding, in sequence, 0.1 mL 
of EDTA (1 mM), 0.01 mL of FeCl3 (10 mM), 0.1 
mL of H2O2 (10 mM), 0.36 mL of deoxyribose (10 
mM), 0.25 mL of the ethanolic extract ( 6.5 and 8.75 
mg for mushrooms cultivated on RS and RS+WS, 
respectively) dissolved in 0.75 ml distilled water, 
0.33 mL of phosphate buffer (50 mM, pH 7.4) and 
0.1mL of ascorbic acid (1 mM). This mixture was 
then incubated at 37 °C for 1 hr. A 1.0 mL portion 
of the incubated mixture was mixed with 1.0 mL of 
10% TCA and 1.0 mL of 0.5% butylated hydroxy-
anisole (in 0.025 M NaOH containing 0.025%) to 
develop a pink chromogen that was measured at 

anol and filtered with 0.2 μm PTFE filter before 
analysis. 20 μL were injected on top of the HPLC 
column Phenomenex, USA C18 (100 mm x 4.6 mm 
i.d.) operated at 35 ºC. Mobile phase consisting of 
acetonitrile: methanol (70:30) at a flow rate 0.7 
mL/min was used in isocratic elution mode. The 
separated compounds were detected using VWD at 
205 nm.(Puttaraju et al., 2006)

Identification and quantification of indi-
vidual phenolic compounds
To identify the phenolic compounds of mush-

room extracts, HPLC 1260 Agilent Infinity (Agi-
lent Technologies, Palo Alto, CA, USA) with a 
Variable Wavelength Detector (VWD) system was 
used according to Podda et al. (1996). Mushroom 
ethanolic (95%) extracts (10 μL) were injected into 
the HPLC system equipped with a reversed-phase 
column plusC18 (100 mm x 4.6 mm i.d.) operated 
at 30 ºC. The mobile phase used was ternary elu-
tion gradient mode with the following conditions: 
(A) HPLC grade water 0.2% H2PO4, (B) metha-
nol, and (C) acetonitrile. The flow rate was set at 
0.4mL/min, and the injection volume was 20 μL. 
Polyphenols were detected at 284nm using a Vari-
able Wavelength Detector (VWD). For separation 
of flavonoids, column plus C18 (150 mm x 4.6 
mm i.d.) operated at 35 ºC, mobile phase of HPLC 
grade water and 0.5% H2PO4 (50:50, v/v) with flow 
rate of 0.7 mL/min  was used. The injection vol-
ume was 20μL and the separated compounds were 
detected using VWD at 273 nm. Fourteen commer-
cial phenolic compounds were used as standards 
(gallic, caffeic, catechol, p-hydroxy benzoic acid, 
caffeine, vanillic acid, syringic acid, vanillin, p-
coumaric acid, benzoic acid, ferulic acid, ellagic, 
salicylic acid and cinnamic acid). 

Antioxidant activity
1,1-Diphenyl-2-picrylhydrazyl (DPPH) 
radical scavenging activity
The DPPH scavenging activity was deter-

mined according to the modified method described 
by Brand-Williams et al (1995). Briefly, 0.25 mL 
of the ethanolic extracts    (6.5 and 8.75 mg for 
mushrooms cultivated on RS and RS+WS, respec-
tively) were added to 2.75 mL of 0.1 mmol DPPH 
in methanol solution. The mixture was shaken vig-
orously and left to stand in the dark for 30 min at 
room temperature, and the absorbance was then 
measured at 517 nm against a blank using the UV-
vis Spectrophotometer (Pharmacia LKB, NOVA 
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532 nm using the UV-Vis Spectrophotometer. The 
hydroxyl radical-scavenging activity of the extract 
was reported as % inhibition of deoxyribose degra-
dation and was calculated by the formula: 
OHʹ-scavenged % = [(Acontrol− Atest)/Acontrol] x 100.

Where Acontrol is the absorbance of the control 
reaction and Atest is the absorbance of the tested 
sample. 

Antibacterial activity
Antibacterial activities of mushroom extracts 

were tested against two Gram negative (Escheri-
chia coli ATCC 25922; Salmonella typhimurium 
ATCC 14028) and two Gram-positive (Staphylo-
coccus aureus ATCC 6538 and Bacillus cereus 
isolate) bacteria.  The B. cereus isolate was isolat-
ed from Ultra-Heat milk and identified using 16S 
rRNA analysis. Staph. aureus and B. cereus were 
cultured on Baird parker agar and nutrient agar, 
respectively. Whereas, E. coli and S. typhimurium 
were both cultured on violet red bile lactose agar. 
The antimicrobial activity of mushroom extracts 
was assayed by 2 methods: agar-well diffusion as-
say (Magaldi et al., 2004) and standard broth di-
lution method (Clinical and Laboratory Standards 
Institute,2009). All experiments were performed in 
triplicate.

Agar-well diffusion assay
In brief, an inoculum containing 108 CFU/ml 

of each of the bacterial cultures was added to an 
appropriate molten agar medium (20 mL) for each 
strain prior to its solidification, mixed and poured 
into a Petri dish. Then, 9 mm diameter wells were 
cut into the surface of the agar using the back of a 
sterile blue tip and 100 μL of each extract at con-
centration of 500 mg/mL was added to each well. 
Plates were incubated for 24 hr at 30 °C for B. ce-
reus and at 37 °C for Staph. aureus, E. coli and S. 
typhimurium. Under the same conditions, tetracy-
cline (250mg), clindamycin (150 mg), levofloxa-
cin (250 mg), and Ampiflux (125 mg) were tested 
as the positive controls (standard antibiotics) for 
B. cereus, Staph. aureus, E. coli and S. typhimu-
rium, respectively. The effect of dimethyl sulfox-
ide (DMSO) (0.1%) as a negative control on the 
growth of each strain was also tested. Inhibition 
zones around discs indicated the presence of an-
timicrobial activity, which was measured using a 
measuring ruler. The average diameter of the in-
hibition zone was measured in millimeter, and the 
activities were classified according to the follow-

ing scale: inhibition zones less than 9 mm, inactive; 
9–12 mm, moderately active; 13–18 mm, active; 
above 18 mm, very active. Each assay was carried 
out in triplicate (Magaldi et al., 2004).

Minimal inhibitory concentrations assay
A serial of a 2-fold macro-broth dilution meth-

od was performed to determine the minimum in-
hibitory concentration (MIC) of mushroom extracts 
according to the standard method (Clinical and 
Laboratory Standards Institute, 2009). The stock 
solution of the tested extracts (500 mg/mL) were 
prepared, and 2-fold serial dilutions of extracts 
were performed. Concentrations of mushroom ex-
tracts ranged from 0.48 to 500 mg/mL were tested. 
To each test tube, 950 µL of nutrient broth, 50µL of 
bacterial suspension (108 CFU/mL), and 1000 µL 
of extract dilution were added. The positive con-
trols contained 1950 µL of nutrient broth and 50 
µL of each inoculum without extracts. The tubes 
were incubated for 24 hr at 30ºC for B. cereus and 
37 ºC for the other 3 strains. Bacterial growth was 
determined by measuring turbidity at 600 nm using 
UV-Vis Spectrophotometer. MIC value (expressed 
as mg/mL) was determined for each extract at the 
lowest concentration where no turbidity was ob-
served. All samples were tested in triplicates.

RESULTS AND DISCUSSION

Yield of mushroom extracts

Cold water or ethanol of 50% and 95% con-
centration were used to extract the bioactive com-
pounds from P. ostreatus cultivated on RS or 
RS+WS substrates. Table (1) shows the effect of 
substrate and extraction solvent on the yield. The 
extract yield of mushroom grown on RS+WS sub-
strate was higher than those grown on RS substrate 
alone in all the tested solvents. The yield ranged 
from 13.0 to17.5%, from 28 to 49% and from 31 
to 60% for samples extracted with 95% ethanol, 
50% ethanol and cold water, respectively (Table 
1). In addition, the extraction yield of bioactive 
compounds decreased with increasing the ethanol 
concentration (Table 1). The yield of aqueous  ex-
tracts was relatively higher than those of alcoholic 
extracts due to the high content of water soluble 
(polar) constituents in mushroom, such as proteins, 
polysaccharides and mineral salts (Puttaraju et al., 
2006). Moreover, Sudha et al. (2012)found that the 
extract yield of various mushrooms was relatively 
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higher in water than alcohols (ethanol or methanol) 
due to the extraction of high amount of polysac-
charides such as glucan and soluble proteins. Also, 
the alcoholic extracts were very rich in phenolics 
and flavonoids.

Bioactive components in mushrooms
Mushrooms have high levels of phenolic com-

pounds, which are composed of one or more aro-
matic rings bearing one or more hydroxyl groups 
and comprise a large and diverse group of mol-
ecules, including flavonoids. Due to the presence 
of hydroxyl groups in phenolic compounds, they 
are more soluble in polar solvents such as metha-
nol and ethanol as well as their aqueous mixtures. 
Because ethanol (95%) is not toxic, it was used 
for the extraction and assessment of total phenols 
(TP) and flavonoid (TF) contents, which were ex-
pressed as mg gallic acid (GAE/g DW) and rutin 
(RE/g DW) equivalents per gram of sample dry 
weight, respectively (Table 2). Mushroom grown 
on RS+WS contained higher amounts of total phe-
nolic contents (TPC) and total flavonoid contents 
(TFC) than those grown on RS alone (Table 2). The 
TPC were 1.30±0.05 and 1.78±0.09 mg GAE/g 
DW for grown mushrooms on RS and RS+WS, 
respectively. These results are slightly similar to 
those reported previously, and ranged from 0.93 
to 1.42 mg GAE/g DW based on the extraction 
solvent and species (Karaman et al., 2010, Oke 
& Aslim, 2011). Higher TFC (2.53 and 2.83 mg 
RE/g DW) were measured in mushroom grown on 
RS and RS+WS, respectively (Table 2), which are 
close to those reported (1.2 to 2.9 µg/g) from dif-
ferent species of Pleurotus extract (Vieira et al., 
2013).The amounts of  TPC and TFC in mushroom 
can vary with species, cultivation methods, sub-
strates, drying methods, aging, extraction solvents 
and temperature(Choi et al., 2006, Gąsecka et al., 
2016). 

Ascorbic acid (vitamin C) is reported to inter-
act directly with radicals such as hydrogen perox-
ide, peroxyl radicals, singlet oxygen, superoxide 
and hydroxyl radical, which prevents free radical 
damage. It also assists α-tocopherol in the inhibi-
tion of lipid peroxidation by recycling the tocoph-
erol radical (Beyer, 1992).Relatively high concen-
trations of vitamin C (6.3 and 5.2 mg/100 g DW) 
were found in the cultivated mushroom on RS and 
RS+WS, respectively. In general, there are contra-
dictory results about P. ostreatus content of vita-
min C that ranges from 0 (not detected) to 20 (high) 

mg/100g DW (Mattila et al., 2001). Previous re-
ports indicated that vitamin C content in mushroom 
varies depending on species, age, climate, storage, 
drying and handling (Tsai et al., 2006).Importantly, 
significantly high amount of α-tocopherol (1.1 and 
27.9 mg/100g DW) was detected in the mushroom 
grown on RS-WS compared to that grown on RS 
alone. 

Elattar et al. (2019) showed that mushroom 
cultivated on RS-WS was higher in its fat content 
compared with that grown on RS. The α-tocopherol 
is a fat soluble vitamin, thereby its concentration 
depends on the fat content in mushroom sample. 
Fresh P. ostreatus mushroom contained 40.46–
55.16 mg/100 gm total tocopherols (Jaworska et 
al., 2015). While, Jayakumar et al. (2009) reported 
the presence of α-tocopherol in an amount of 30.1 
mg /100 g dry weight. The α-tocopherol is the most 
biologically active form of vitamin E, and capable 
of protecting human from degenerative diseases like 
cardiovascular diseases or cancer. It prevents lipid 
peroxidation due to its high antioxidant activity and 
ability to deactivate the reactive oxygen species. 
Together, these results suggest that the mushroom 
grown on agro-waste such as RS and its supple-
ment with WS (1:1) are good sources of several 
bioactives compounds such as polyphenols, flavo-
noids and vitamins (Table 2).

Table 1:  Effect of different substrates and sol-
vents on yield of P. ostreatus extracts

Solvent
Extraction Yield (%, w/w)

RS RS+WS
95% ethanol 13±0.03 17.5±0.07
50% ethanol 28±0.05 49±0.02

Cold water 31±0.06 60±0.06

Values represent the mean ± standard error of 3 repli-
cates. RS and RS+WS, P. ostreatus was cultivated on 
rice straw and a mixed rice and wheat straws (1:1, w/w) 
substrates, respectively. 

Phenolic profiles
Polyphenols are the major antioxidant compo-

nents that were reported in extracts of several mush-
room species including P. ostreatus (Gąsecka et al., 
2016).Fourteen standard phenolic compounds were 
used for identification of phenolics, among which 
the phenolic acids and flavonoids were identified 
in ethanolic extracts of both cultivated mushrooms 
on RS and RS+WS substrate using HPLC analy-
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sis (Table 3). Nine phenolic compounds includ-
ing, naringenin (68.7 and 56.6 µg/g DW), apigenin 
(39.8 and 16.9 µg/g DW), p-hydroxy benzoic acid 
(15.3 and 9.4 µg/g DW), kaempferol (11.3 and 6.5 
µg/g DW) and quercetin (6.4 and 5.4 µg/g DW) as 
the major compounds, in addition to, caffeic acid, 
cinnamic acid, gallic acid and o-coumaric acid were 
detected in both of the ethanolic extracts (Table 3). 
On the other hand, ellagic acid was only detected 
in mushroom grown on RS, while p-coumaric acid 
was detected in mushroom grown on RS+WS (Ta-
ble 3). Low amounts of gallic acid were detected in 

both of the extracts of cultivated mushrooms (2.1 
and 0.5 µg/g DW) (Table 3). Similarly, low amount 
of gallic acid was reported (7 and 13 µg/g DW) by 
Palacios et al. (2011).The p-Hydroxy benzoic acid 
was the most abundant phenolic acid in both of 
the cultivated mushroom. Previously, p-coumaric 
acid was only identified in P. ostreatus at 11.15 
and 76.91µg/g DW (Gąsecka et al., 2016). High 
amounts of naringenin, a flavonoid, was found in 
a range of 56.6 and 68.7µg/g DW in both of the 
cultivated mushrooms (Table 3). Previous studies 
showed a very low level of naringenin that ranged 

Table 2: Bioactive compounds contents of P. ostreatus cultivated on agro-wastes. 

Mushroom sample Total Phenols
(mg GAE*/g)

Total flavonoid 
(mg RE*/g)

Ascorbic acid 
(mg/100g)

α-tocopherol 
(mg/100 g)

RS 1.30±0.05 2.53±0.07 6.3±0.0 1.1

RS+WS 1.78±0.09 2.83±0.02 5.2±0.0 27.9

Values represent the mean ± standard error of 3 replicates. RS and RS+WS, P. ostreatus was cultivated on rice straw 
or mixed rice and wheat straws (1:1, w/w) substrates, respectively. *GAE, gallic acid equivalent. RE,  rutin equivalent.

Table 3: Phenolic acid and flavonoid composition of the ethanolic extracts of oyster mushrooms cul-
tivated on agro-wastes.

Compound
Concentration 

(µg/G) Activity References
RS RS+WS

Phenolic acid
Caffeic acid 0.8 0.6 antibacterial&antioxidant Liu et al., 2014
Cinnamic acid 0.7 0.4 antimicrobial Liao et al., 2012
Ellagic acid 0.6 0.0 antimicrobial &

anti-biofilm formation
De et al., 2018 and
Fontaine et al., 2017

Gallic acid 2.1 0.5 bacteriostatic & antioxidant Kim, 2007
o-Coumaric acid 0.9 0.3 radical scavenging Velkov et al., 2007
p-Coumaric acid 0.0 0.2 antioxidant &

antimicrobial
Ekinci-Akdemir et al., 2017 and Lou 
et al., 2012

p-Hydroxy benzoic 
acid

15.3 9.4 LDL oxidation inhibitor,
Antifungal &antimicrobial

Chong et al., 2009; Heleno et al., 
2013 and Hur et al., 2003

Flavonoids
 Apigenin 39.8 16.9 anti-fungal Cushnie and Lamb, 2005 and Leopol-

dini et al., 2004
Kaempferol 11.3 6.5 antioxidant Calderon-Montano et al., 2011; Park 

et al., 2006 and Zeng et al., 2019
Naringenin 68.7 56.6 antibacterial &

antioxidative
Sajitha Lulu et al., 2016 and Cavia‐
Saiz et al., 2010

Quercetin 6.4 5.4 antioxidant &
anti-biofilms

Bu et al., 2011; Ouyang et al., 2016; 
Sajitha Lulu et al., 2016; Velkov et 
al., 2007 and Zeng et al., 2019

RS and RS+WS, P. ostreatus was cultivated on rice straw or mixed rice and wheat straws (1:1, w/w) substrates, re-
spectively.
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from 0.15±0.03 to 10 µg/g DW (Yen et al., 1993, 
Naczk & Shahidi, 2004). Other flavonoids were 
also detected in large amounts such as apigenin 
(39.8 and 16.9 µg/g DW), quercetin (6.4 and 5.4 
µg/g DW) in the mushroom (Table 3).

Antioxidant activity
The antioxidant activity of various mushroom 

extracts may be due to the reduction of hydroper-
oxide, inactivation of free radicals, binding with 
metal ions, presence of phytochemicals (i.e. phe-
nolic compounds), or a combination of these pos-
sibilities (Choi et al., 2005).Many studies have 
shown a high correlation between antioxidative ac-
tivities and phenolic content (Fernandez-Panchon 
et al., 2008). Phenolic compounds display exten-
sive free radical-scavenging activities as hydrogen 
donors, electron-donating agents (reducing agents), 
and metal ion chelating properties. Therefore, the 
antioxidant activity of the 95% ethanolic extracts 
of both cultivated mushrooms was evaluated by 
three different methods; namely, DPPH free radi-
cal scavenging, ferric reducing power (FRP) and 
hydroxyl scavenging activity assays, the results are 
shown in Table (4). 

Scavenging of DPPH free radicals is a wide-
ly used method to evaluate antioxidant activity of 
specific compounds or extracts in a relatively short 
time compared with other methods. The DPPH is a 
stable, free radical that accepts an electron or hydro-
gen radical producing a purple colour in alcohols 
but becomes pale when it reacts with antioxidant 
molecules (Chorvathova et al., 1993). The scaveng-
ing effects of the ethanolic extracts of cultivated 
mushrooms on DPPH radical are shown in Table 
(4).  

For both mushrooms grown on RS and 
RS+WS, the scavenging effect on DPPH radicals 
increased with increasing the concentration of 
mushroom extract (not shown here). The ethanolic 
extracts of P. ostreatus grown on RS+WS had a 
slightly higher scavenging ability (51.40%; inhibi-
tion %) than that grown on RS (50.87%) (Table 4). 
These activities imply the presence of antioxidant 
components that can react rapidly with DPPH radi-
cals. The IC50 values were found to be 48.39 (RS) 
and 47.62 (RS+WS) mg/ml for 50% inhibition of 
DPPH free radicals (Table 4). These results are in 
agreement with several studies, which detected a 
potent antioxidant activity against DPPH radical 
in ethanolic extracts of Pleurotus spp.(Fernandez-
Panchon et al., 2008).

The efficacy of certain antioxidants is known 
to be associated with their reducing power. There-
fore, transformation of Fe3+ to Fe2+was measured 
according to the method of Oyaizu (1986).Etha-
nolic extracts from mushrooms samples grown on 
RS+WS showed a higher reducing power (316.90 
mmol K4Fe(CN)6 equivalent/100 g DW) than that 
grown on RS (193.66 mmol K4Fe(CN)6 equiva-
lent/100 g DW) as shown in Table (4). Thus, this 
result indicated the presence of reductone, which 
could react with free radicals to stabilize and block 
radical chain reactions. 

The hydroxyl radical is the most reactive oxy-
gen species that can induce oxidative damage to 
DNA, lipids and proteins (Choi et al., 2006). For 
RS and RS+WS cultivated mushrooms extracts, 
the hydroxyl radical-scavenging effects were 40.74 
and 45.50%, respectively (Table 4). These results 
together indicate that the cultivated mushrooms 
on RS and RS+WS substrates contain significant 

Table 4: Antioxidant activity of P. ostreatus cultivated on agro-wastes. 

Assay RS RS+WS
DPPH scavenging assay

Scavenging activity (%) 
Ascorbic acid equivalent (mg/g)
IC50 (mg/ml)

50.87±1.0
1.55±0.03
48.39±0.9

51.40±2.0
1.58±0.03
47.62±1.8

FRAP* assay
mmol K4Fe(CN)6 equivalent/100 g 193.66±3.6 316.90±3.6

OHʹ-scavenging activity 
OHʹ-scavenged (%) 40.74±0.5 45.50±0.7

Values represent the mean ± standard error of 3 replicates. RS and RS+WS, P. ostreatus was cultivated on rice straw 
or mixed rice and wheat straws (1:1, w/w) substrates, respectively. *FRAP= ferric reducing antioxidant power.
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amounts of antioxidant compounds such as poly-
phenols and flavonoids, which are rich in the al-
coholic extract of mushrooms (Venkatakrishnan 
et al., 2010).In addition, their alcoholic extracts 
can be used as food additives with a free radical 
inhibitor or scavenger activity for inactivating free 
radicals. The greater numbers of hydroxyl groups 
in the phenolics may result in higher antioxidant 
activity(Fernandez-Panchon et al., 2008). Natural 
phenolics are able to provide antioxidative function 
through intercepting singlet oxygen, decomposing 
primary products of oxidation, preventing contin-
ued hydrogen abstraction from substances, etc.
(Gunde-Cimerman, 1999).

Antibacterial activity of mushrooms 
extracts
Many studies have reported that mushrooms 

are potential sources for antimicrobial against dif-
ferent classes of pathogens including pathogenic 
bacteria, fungi and virus (Masri et al., 2017). Most 
of the identified 70 species of Pleurotus spp. have 
medicinal effects such as antimicrobial properties. 

The prepared extracts were evaluated for po-
tential antimicrobial activity against four foodborne 
bacterial pathogens using two methods (agar-well 
diffusion and macro-broth dilution methods). The 
antimicrobial activity of the water and ethanolic (50 
and 95%) extracts of mushroom cultivated on RS 
and RS+WS substrates were tested using the agar-
well diffusion plate and expressed as zone of inhibi-

tion (mm ± SD). Preliminary results showed that a 
very weak antibacterial activity was obtained when 
95% ethanolic extracts were tested (not shown). 
Ethanolic extract (50%) exhibited high antibacte-
rial activity against Gram-negative bacteria and 
caused inhibition halo ranging from 16 to 23 mm 
for the Salmonella typhimurium (19.5±0.7 mm) and 
the highest for E. coli (23.25±1.8 mm) strains (Ta-
ble 5). While, the mean inhibition zone of growth 
was (16.75±0.35) against the tested Gram-positive 
bacteria  (Staph aureus) (Table 5).The lowest anti-
bacterial activities were obtained with ethanol RS 
extracts, which produced 11.5±0.7 mm zone of inhi-
bition against Staph aureus (Table 4). On the other 
hands, the aqueous extract of mushroom cultivated 
on RS showed the lowest activity against S. typh-
imurium (12±0.0 mm, inhibition zone diameter). 
However, all mushroom extracts showed no inhi-
bition against the Gram-positive bacteria B. cereus 
(Table 5). Importantly, extracts of mushroom culti-
vated on RS+WS had more inhibition zone diame-
ter against E. coli than when using levofloxacin as a 
standard drug. The aqueous extracts of mushrooms 
showed higher activity than hot water extracts (data 
not shown here), which agrees with previous works 
(Akyuz & Kirbag, 2009). Furthermore, Venturini 
et al.(2008) reported that the methanol extract of 
P. ostreatus possessed antimicrobial activity only 
against Clostridium perfringens (Gram-positive 
bacteria) and not against other tested pathogenic 
bacterial strains including B. Cereus.

Table 5: Antimicrobial activity of mushrooms extracts against selected Gram-negative and Gram-
positive pathogenic bacteria

Tested bacteria
RS extracts RS+WS extracts Standard

Drugs*Ethanol Water Ethanol Water
Gram-negative bacteria

S. typhimurium 18.5±0.7 12±0.0 19.5±0.7 15.5±0.7 30±0.0
E. coli 18.5±0.7 15.5±0.7 23.25±1.8 18.5±0.7 16±0.0

Gram-positive bacteria
Staph. aureus 11.5±0.7 15.5±0.7 16.75±0.35 17.75±0.4 54±0.0

B. cereus N.D. N.D. N.D. N.D. 29±0.0

Antimicrobial activity was determined in the 
extracts using agar-well diffusion and expressed as 
zone of inhibition in mm ± SD. RS and RS+WS, 
P. ostreatus was cultivated on rice straw or mixed 
rice and wheat straws (1:1, w/w) substrates, respec-
tively. N.D., Not detected. * standard drugs (250 
mg/mL) are listed in Materials and Methods. The 

mean zone of inhibition was determined from three 
independent results (n) = 3.

Minimal inhibitory concentrations
The antibacterial activity of extracts of mush-

room cultivated on RS+WS against E. coli, Staph. 
aureus and S. typhimurium were slightly higher 
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than those cultivated on RS. Aqueous extract of 
mushroom cultivated on RS showed high antibac-
terial activity against S. aureus with minimal inhib-
itory concentrations (MIC) value of 125 mg/mL, 
while ethanol extract of cultivated mushroom on 
RS did not show any antibacterial activity against 
Staph. aureus and B. cereus (Table 6). These re-
sults indicated that both aqueous and ethanolic 
extracts exhibit different antimicrobial activities 
against Gram-positive and Gram-negative bacteria. 
These differences in their antimicrobial activities 
might be due to a variation in the tested pathogenic 
strain, extraction solvent and the extracted anti-
microbial components in each extract (Akyuz & 
Kirbag, 2009, Manjunathan & Kaviyarasan, 2010). 
These variations may also be due to the highly di-
versified groups of bioactive compounds present 
in mushrooms and also their high content of pro-
teins that exhibit antibacterial activity(Younis et 
al., 2015). For example, methanol and ethanol ex-
tracts of two strains of P. ostreatus (EVFB1 and 
EVFB4) showed weak antibacterial activity against 
both Gram-positive (Bacillus cereus CMGB 215) 
and Gram-negative (Escherichia coli CBAB 2, and 
Listeria innocua CMGB 218) bacterial strains (Va-

manu et al., 2011). However, other research showed 
P. ostreatus extract to have high antimicrobial ac-
tivities against Gram-positive (Staphylococcus au-
reus) and Gram-negative (E. coli) bacteria due to 
the presence of 3-(2-aminophenylthio)-3-hydroxy-
propanoic acid, which was identified as the anti-
bacterial active compound (Younis et al., 2015).

Certain phenolic compounds were reported to 
be associated with antioxidant activity such as radi-
cal scavenging activity (Velkov et al., 2007; ,Vaz 
et al., 2011). As shown in Table (3), both extracts 
contain polyphenols and flavonoids components 
that exhibit not only antioxidant activity but also 
antimicrobial activity (e.g., gallic acid, caffeic acid, 
p-coumaric acid and quercetin). Therefore, the anti-
oxidants and antibacterial activities of both extracts 
are linked to the activity of individual phenolic and 
flavonoids compounds. Extracts of mushroom cul-
tured on RS+WS presented higher antimicrobial 
activity due to their high contents of TPC, TFC and 
α-tocopherol. These results thus suggest that the 
aqueous and ethanolic extracts of both cultivated 
mushrooms on agro-waste can be utilized as natu-
ral antimicrobials.

Table 6. Minimum inhibitory concentrations (mg/ mL) of mushrooms extracts against selected Gram 
negative and Gram-positive pathogenic bacteria.

Tested bacteria
RS extracts RS+WS extracts

Ethanol 50% Water Ethanol 50% Water

Gram-negative bacteria

   S. Typhimurium 31.25 N.D. 15.625 31.25
   E. coli 15.625 62.5 7.81 15.625

Gram-positive bacteria

   Staph. aureus N.D. 125 31.25 15.625

   B. cereus N.D. N.D. N.D. N.D.

Antimicrobial activity was determined in the 
extracts using a serial two-fold macro-broth dilu-
tion method and expressed as MIC and was deter-
mined from three independent results (n) = 3. RS 
and RS+WS, P. ostreatus was cultivated on rice 
straw or mixed rice and wheat straws (1:1, w/w) 
substrates, respectively. Extracts were added at from 
stock solutions (500 mg/mL), and then two-fold se-
rial dilutions of extracts were performed. N.D., Not 
detected. All extracts were found to be ineffective 
in inhibition of B. cereus growth up to 500 mg/mL.

CONCLUSION
The P. ostreatus cultivation is an effective 

bioconversion process that is capable of transfer-
ing agro-wastes, such as rice and wheat straws, into 
potentially valuable bioactive extracts with great 
potential as natural antioxidant and antimicrobial 
additives for improving the shelf-life of food prod-
ucts during storage by preventing proteins and li-
pids oxidation as well as microbial growth. 
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 )Pleurotus ostreatus( ا�ستخدام المخلفات الزراعية لإنتاج فطر المحار
عالي الأن�سطة الم�سادة للأك�سدة والميكروبات

اأمل محمد عبد الرازق1, اأمل اإبراهيم2, عي�سة العطار2, دالل ع�سكر3,1
1- ق�سم علوم وتقنية االأغذية –كلية الزراعة )ال�ساطبى(- جامعة االإ�سكندرية

2- ق�سم علوم وتقنية االألبان –كلية الزراعة )ال�ساطبى(- جامعة االإ�سكندرية

3- ق�سم علوم المواد والهند�سة – جامعة تورنتو- كندا

فوائد  لها  والتي  الن�شطة حيويا  للمركبات  )Pleurotus ostreatus( م�شدًرا جيًدا  المحارى  الم�شروم  يعتبر 
المخلفات  من  بيئات  علي  المحارى  الم�شروم  زراعة  تاأثير  بحث  تم   ، الدرا�شة  هذه  في  عديدة.  وطبية  �شحية 
الزراعية المختلفه بما في ذلك ق�ش الأرز )RS( وخليط ق�ش الأرز مع تبن القمح )RS + WS( بهدف معرفة تاأثيرها 
علي اإنتاج م�شافات غذائية ذات خ�شائ�ش حيوية كم�شادات للأك�شدة والميكروبات. وقد اأظهرت م�شتخل�شات 
الم�شروم المحارى المزروعة على خليط ق�ش الأرز وتبن القمح احتواءها علي كميه عالية من البوليفينولت الكلية 
α-tocopherol، وتميزت اأي�شا بن�شاط اعلى كم�شادات اأك�شدة وم�شادات  )TPC(،الفلفونويدات )TFC( والـ 
بكتيرية عن تلك المزروعة على ق�ش الأرز بمفرده. وقد ك�شف تحليل HPLC لم�شتخل�شات الإيثانول عن وجود 
اأحد ع�شر مركًبا فينولًيا منها حم�ش بارا-هيدروك�شي البنزويك، نارينجين، كيمبفيرول واأبيجينين كمركبات 
رئي�شية. كما اأظهرت النتائج ان الم�شتخل�شات المائية والإيثانولية للم�شروم المزروع في كلتا البيئتين تميزت 
 ، Salmonella typhimurium ، Escherichia coli ، Staphylococcus aureus بن�شاطها العالي �شد بكتيريا مثل
في حين لم يلحظ اأي تاأثير مثبط على Bacillus cereus. اأ�شارت النتائج اإلى اأن زراعة P. ostreatus تعتبر عملية 
فعالة للتحويل الحيوي ومن ثم فهي مفيدة في ال�شتفادة من المخلفات الزراعية كم�شدر لإنتاج  م�شادات اأك�شدة 

طبيعية وم�شادات للميكروبات والتى يمكن ال�شتفادة منها م�شتقبًل فى المنتجات الغذائية الوظيفية.
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