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ABSTRACT 
 

The utilization of wastes by bioconversion into value added products may be an innovative solution to the 
environmental waste problem. The objectives of this work were to study the production of enzymes (amylase, invertase, 
filter paper cellulase, carboxy methyl cellulase, xylanase and chitosanase) and bioactive phenolic and antioxidant 
compounds by Pleurotus ostreatus NRRL-0366 in solid state fermentation (SSF) using different agricultural residues (rice 
straw and pineapple waste) at different concentrations.  Highest amylase activity (93.75U/gds) was obtained with 
concentration (triple amount of pineapple waste mixed with rice straw). The maximum activity of invertase enzyme (69.6 
U/ gds.) was achieved with double amount of rice straw mixed with pineapple waste. Maximum filter paper cellulase. 
Activity (18.9U/ gds.) was observed when P. ostreatus was grown on rice straw only. The maximum activities of carboxy 
methyl cellulase, xylanase and chitosanase enzymes (56.55, 55.35 and 46.5 U/ gds), respectively were achieved with 
concentration (triple amount of rice straw mixed with pineapple waste) respectively. The total polyphenol and antioxidant 
activities of seven extracts were determined. 
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INTRODUCTION 
 

Agro- industrial wastes which are available in large quantities are   the most abundant renewable 
resource on earth. However, the disposal of these wastes presents an increasing environmental problem. Rice 
straw is an abundant lignocellulosic waste material in many parts of the world. Rice straw production amounts 
to approximately 731 million tons per year globally, with distribution in Africa (20.9 million tons), Asia (667.6  
million tons), and Europe (3.9 million tons)[1]. It contains between 25-45% of cellulose, 20-30% hemicellulose 
and 10-15% lignin [2].Pineapple residue (crown, peel and central core) accounts for about 50% of the total 
pineapple fruit weight corresponding to about ten tons of fresh pineapple. This waste contains high amounts 
of crude fiber and suitable sugars that are necessary for microorganisms growth [3-4].  

 
       Enzymes are among the most important industrial products obtained for human needs by microbial 
sources, in fact, a large number of industrial processes in the areas of industrial, environmental and food 
biotechnology utilize enzymes at some stage or the other. In solid state fermentations using of agro industrial 
residues as substrates shows increasing interest for the production of enzymes [5]. P. ostreatus is an edible 
and easy to cultivate[6-8].During the growth of mushroom mycelia and the formation of fruit bodies , different 
enzymes are secreted extracellular to participate to degrade the insoluble material into simple one [9]. The 
production of antioxidant phenolic compounds through microbial fermentation processes have been 
established due to their cost-effectiveness and environmental advantages. During fermentation process, 
antioxidant phenolics are either produced by microorganisms through secondary metabolic pathway or 
released from the matrix of the substrate by extracellular enzymatic action. Mushrooms are used as important 
source of home remedy to protect human body from various disease elicited by oxidative stress [5,7,10]. 
Mushroom phenolic compound has been found to be an excellent antioxidant and synergist that is not 
mutagenic [11].  
 
           To our knowledge pineapple residue have never been tested to grow mycelial mushroom of P. 
ostreatus. So, the aim of this study was undertaken to study the production of mycelial mushroom by S.S.F. of 
seven different combination of the two substrates (pineapple residue and rice straw). Moreover, the study 
aimed to evaluate the effect of substrates type on the enzyme production and antioxidant activities in 
Pleurotus ostreatus culture filtrates. 
         

MATERIALS AND METHODS 
 

Organism:  
 

Pleurotus ostreatus NRRL-0366, kindly provided by agricultural research service, Peoria, Illinois, USA. 
The stock culture was maintained on potato dextrose agar (PDA) for 1-2 weeks at 28-30°C, then stored at 4°C 
[12].  

 
Agro-industrial residue (Substrates):  
 
 Fresh pineapple residue (crown, peel and central core) was obtained from Egyptian juice processing 
shops in the local market.  Rice straw collected from field and pretreated mechanically by chopping to reduce 
the particle sizes to 2cm in length. Both were used as substrates for enzymes production and antioxidant 
activity evaluation. Seven different combinations between pineapple residue and rice straw were used as the 
basic substrates for solid state cultivation as shown in table (1).  
 

Table 1: Different Substrate concentrations for solid state cultivation of P. ostreatus 
 

Substrates Pineapple residue : rice straw ratios 

1 3:0 

2 Ditto  3:1 

3 Ditto 2:1 

4 Ditto 1:1 

5 Ditto 1:2 

6 Ditto 1:3 

7 Ditto 0:3 
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Spawn preparation:  
 
 The spawn were prepared using wheat grains. The grains were washed thoroughly and 1kg was boiled 
in 2 liters of water until they became semi-soft. They were then decanted over a sieve to remove excess water 
and cooled to room temperature. Hundred grams wet weight grains packed in 250ml glass bottles and then 
they were sterilized at 121°C for 15 minutes. Thereafter each sterilized one was inoculated with P. ostreatus 
NRRL-0366 mycelia and incubated at 25°C in full darkness for two weeks to enable the mycelia to permeate 
[13]. 
 
Solid state fermentation:  
 
 Each substrate was sterilized at 121°C for 20 minutes and left to cool. Then inoculated with P. 
osteratus  spawn. The fermentation takes place statically in an  incubator at 25°C for 10 days.  
 
Extraction method:  
 
       The fermented matter   was mixed with   10-fold (v/w) distilled water by shaking (180 rpm) at 30ºC 
for 60 min [14]. The resultant slurry was   centrifuged at 13,000xg for 5 min. Finally, the extracts were collected 
and considered as a source of crude enzyme and used for determination of total phenolic content and total 
antioxidant activity. 
 
Enzymatic assays: 
 
Amylase assay:  
 
      Amylase was assayed by incubating 1 ml of cell free filtrate with 0.1% soluble starch in 0.05M 
acetate buffer (pH 4.8)[5].After 10 min incubation at 37°C the reducing sugar was determined by Somogyi-
Nelson method [15,16] method using glucose as a standard. 
 
Invertase assay:  
 
      Invertase activity in the culture filtrate was measured by estimating the liberated reducing sugar 
released by the hydrolysis of sucrose, as described by Somogyi-Nelson method [15, 16] using fructose as a 
standard. The reaction mixture contained 1 ml of 0.3 M sucrose, 0.2 ml of the enzyme solution and 0.8 ml of 0.05 
M acetate buffer, pH 5.0, and was incubated at 40 °C for 20 min [17]. 
 
Filter paper cellulase (FPase) assay: 
 

Whatman No. 1 filter paper (1.0cm x 6.0cm) in 1ml of 0.1M sodium citrate buffer pH 5was used as a 
substrate and incubated with 1ml of crude extract for 1h at 50°C. [18]. The reducing sugar released was 
determined by Somogyi-Nelson method [15,16] using glucose as a standard. 

 
Carboxymethyl cellulase (CMCase) assay: 
 

Carboxymethyl cellulose (2% W/V) was used as a substrate prepared in 0.05M sodium citrate buffer 
(pH 4.8). The reaction mixture contained 0.5ml of culture filtrate and 0.5ml substrate was incubated at 50°C 
for 30min for enzymatic reaction [18]. After incubation, the reducing sugar was determined by Somogyi-Nelson 
method [15,16] using glucose as a standard. 

 
Xylanase assay: 
 

Xylanase activity in culture filtrate was measured by estimating the liberated xylose from birch wood 
xylan as described by Somogyi-Nelson method [15,16] using xylose as a standard. The standard reaction 
mixture contained 1 % (W /V) of the standard (birch wood xylan) dissolved in 0.05 M acetate buffer pH 5.5 and 

an appropriate amount of an enzyme in a total volume of 0.3 ml. The reaction mixture was incubated at 50 C 
in a water bath for 1h [13]. 
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Chitosanase assay: 
 

An aliquot of 1% chitosan (0.15ml) in 1% acetic acid (pH 4.0) and 0.05 ml of enzyme solution in a total 
volume of 0.2 ml were incubated at 37°C for 5 min [19]. Finally, the reducing sugar released as a result of the 
above enzymatic actions were estimated as described by Somogyi-Nelson method [15, 16] using glucosamine 
as a standard.  

 
Enzymes activities: 
 

One unit of enzyme activity was defined as the amount of enzyme that releases   1 µmol equivalents 
of reducing sugars (expressed as glucose or fructose or xylose or glucosamine according to each enzyme) in 1 
min under the assay conditions. Enzyme activity was expressed as unit per gram of dry substrate. 

 
Determination of total phenolic content:  
 
 Phenolic compounds in the samples extracts were estimated by using  Folin – Ciocalteu assay [20,21]. 
One milliliter of sample from aqueous extracts of culture filtrates was mixed with 1ml of Folin-Ciocalteu phenol 
reagent. After 5min. 1ml of 13% sodium carbonate solution was added to the mixture and adjusted to 10ml 
with distilled water. The reaction was kept in the dark for 90 min. and its absorbance was read at 725nm. The 
results were expressed as mg of gallic acid equivalents per 100g dry substrates.          
                                                                                                                                                                                                                                            
DPPH radical- scavenging assay: 
 

The DPPH method was used to determine the radical scavenging activity of culture filtrates [22]. 
0.05ml of each of culture filtrate was added to 1.95 ml of methanolic DPPH (0.01mM) and mixed thoroughly. 
The mixture was left to stand for 45 min in the dark at room temperature and the absorbance was measured 
at 515nm. A lower absorbance represented a higher DPPH scavenging.  
Scavenging activity (%) = [1 - (absorbance sample/absorbance control)] x 100%. 
 
All data were represented as mean of triplicate values  
 

RESULTS AND DISCUSSION 
 

 Pineapple residue as it is rich in carbohydrates and other nutrients can serve  as an economic 
substrate for production of useful metabolites through SSF  technique [4]. An attempt to supplement this 
substrate with rice straw (another environmental pollutant) can be a suitable substrate for mushroom P. 
ostreatus NRRL-0366 cultivation. The two substrates (Pineapple residue and rice straw at different ratios) were 
used for the production of different enzymes (amylase, invertase, cellulases, xylanase and chitosanase) as 
shown in Figure 1a-f. 
 
      Highest amylase activity ( 93.75 and 79.28 U/gds) were achieved with the culture filtrate of P. 
ostreatus using triple amount of pineapple residue mixed with rice straw (substrate no. 2) and substrate no.6 
(triple amount of rice straw to that pineapple residue ), respectively (Figure 1a). While, its lower activity was 
obtained (11.1 U/gds) when P. ostreatus was grown on fresh unsupplement pineapple residue          (substrate 
no.  1). Rajoriya [23], stated that the enzymatic screening in the mycelium of two Pleurotus species (P.florida 
and P.sajor-caju) showed good activities of amylase and lipase. 
 
    Supplementation of pineapple residue with double amount of rice straw  (substrate no.5) enhanced 
the activity of P. ostreatus invertase enzyme 3.68 times compared to the unspplemented one. (Figure1b) 
 
    Rice straw (substrate no.7) is a good substrate for production of P. ostreatus FPase (18.90 U/gds) 
while using pineapple residue supplemented with equal amount of rice straw (substrate no. 4) gave 5.25 
U/gds. On the other hand, Pineapple residue is considered as a good substrate for cultivation of P. ostreatus to 
produce CMCase enzyme as shown in data of Figure1d. The activities increased 3.89 times when 
supplemented with rice straw (substrate no.6).  
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Figure 1: Effect of media composition on enzyme production by P. ostreatus NRRL-0366 using SSF (a) Amylase, (b) Invertase, (c) 
FPase, (d) CMCase,            (e) xylanase and (f) Chitosanase. 
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     The data in Figure1e,f showed that the maximum activities of P. ostreatus xylanase and chitosanase 
enzymes (55.35 and 46.50 U/gds  ,respectively) were achieved with substrate no. 6 ,while their lowest 
activities recorded 6.5 U/gds when substrate no.4 and substrate no.1 were used ,respectively. This data 
disagreed with that reported by Rajoriya et al. [23] who obtained negative results of xylanase in the mycelium 
of P. florida and  P. sajor-caju.  
 
      Phenolics are secondary metabolites commonly found in plants and fungi which exert multiple 
biological effects including antioxidant activity [24,25].The evaluation of the amount of total phenolic 
compounds as well as the identification of the main phenolic in mushrooms have both great importance in 
their nutritional and functional characterization. Kalyoncu et al.[26] found that extraction of 21 wild  
mushroom species mycelia with water was significantly higher  in their antioxidant activities than those of 
ethanol and chloroform extracts. The total polyphenol content in the seven extracts ranged from 17.96 – 65.42 
mg gallic acid equivalent  / 100 gds. (Table 2). The data in table 2 showed that in general the supplementation of 
the pineapple residue with rice straw improved its phenolic content. The highest phenolic content (65. mg 
gallic acid equivalent  / 100 gds) was obtained by using double amount of pineapple residue to that of rice straw 
(substrate no. 3) followed by the substrate no. 4 and 5 which recorded 41.70 and 41.25 mg gallic acid 
equivalent  / 100 gds.,respectively. The fresh unsupplemented pineapple residue (substrate no.1) showed the 
lowest value (17.96 mg gallic acid equivalent  / 100 gds).The values obtained from the seven extracts were rich 
in phenolic compounds and its contents are similar or higher than those found in other edible and medicinal 
mushrooms [26-31]. 
 

Table 2:  Total phenolic content in P. osteratus culture filtrates of different cultivation media composition 
 

*Substrates Total phenolic (mg gallic acid equivalent  / 100 gds) 

1 17.96 

2 38.25 

3 65.42 

4 41.70 

5 41.25 

6 36.48 

7 32.30 

*Substrates 1-7 as mentioned previously in table 1. 

 
   Table (3) showed the antioxidant activity of the seven extracts by by DPPH free radical scavenging 
method. Their activities were ranged from 4.79% - 26.24% which are higher than the value of P. florida (9.95%) 
and less than that of P. sajor-caju (45.53%)[23].The highest antioxidant activity (26.24%) were obtained by 
using the third substrate (pineapple residue and rice straw at ratio 2:1),while the lowest one (4.79%) were 
achieved by using substrate no.7 (rice straw alone).  
 

Table 3: DPPH radical scavenging activity of P. osteratus culture filtrates of different cultivation media composition 

 

*Substrates DPPH free radical scavenging activity (%) 

1 18.77 

2 25.19 

3 26.24 

4 10.58 

5 11.05 

6 14.62 

7 4.79 

*Substrates 1-7 as mentioned previously in table 1. 

 
CONCLUSION 

 
  Pineapple residue is considered as a good substrate for growing the oyster mushroom especially 

when supplemented with rice straw using SSF technique for producing some bioactive materials (enzymes, 
phenolics and antioxidants) which can be used in multi applications.  
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