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Abstract 

This study examined the utilization of paper-cone water cups as an alternative substrate for oyster 
mushroom (Pleurotus ostreatus) production. The research was conducted by using bioconversion 
technology and a profitable method for converting lignocellulosic residue from municipal solid waste                 
into protein-rich biomass, thereby reducing waste paper and enhancing environmental quality. The most 
suitable substrate for mycelial growth was waste paper from paper-cone water cups (WPC) combined 
with rubber wood sawdust (RWS) at a 75%:25% dry basis ratio. The substrate mixture was adjusted to a 
moisture content of 70 %, and the C/N ratio was fixed at 20:1 by the addition of urea and supplementation 
with 8 % rice bran. Spawn running used 10 % seed inoculum. The mushrooms were cultivated on 500 g 
of substrate in polyvinyl chloride boxes (405 cm3) and incubated at 25 °C in the dark with the relative 
humidity maintained at 70 - 80 %. The fastest spawn running (mycelia development) occurred at 5th days, 
with pin head formation at 9th days and fruiting body formation at 12th days.The highest yield recorded 
was 26.59g/100g.Under these conditions, the potential lignocellulosic waste conversion (biological 
efficiency) was recorded as 88.64 %, and the protein content of P. ostreatus was 35.75 % after 12 days of 
cultivation.                 

Keywords: Organic waste utilization, Lignocellulosic waste, Bioconversion, Pleurotus ostreatus, 
Environmental management  
 
 
Introduction 

The demand for packaging has increased due to social factors and technological changes such as 
population growth, the increased production of consumer goods and increased demands for human 
comfort. In particular, the packaging of food and drinking water, such as paper-cone water cups for 
drinking water, must be free of harmful contaminants. Such packaging is used at hospitals, food centers, 
shopping centers, fitness centers and libraries. The waste from these products is a major problem for 
every country. Garbage removal has become a major environmental issue in urban communities, and the 
amount of waste will increase with population expansion. In Thailand, it is reported that the volume of 
paper packaging is increasing every year. For example, in 2017, 185,000 tons of paper packaging was 
sold, an increase of 10 % from 2016 [1]. 

Municipal solid waste (MSW) management in Thailand has long been considered one of the most 
severe environmental problems [2]. Daily MSW generation rates are 0.91 kg per capita in the smallest 
towns with populations lower than 5,000 and 1.89 kg per capita in fully urbanized towns with populations 
higher than 50,000, as classified by the Department of Local Administration, Thailand [3]. Over 60 % of 
organic waste disposal in Thailand is by open dumping, as this method can effectively manage the high 
quantity of daily MSW at low cost [4]. However, in the long run, this approach incurs expensive 
operating costs and has significantly adverse environmental impact, contributing to climate change, since 
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greenhouse gases including CO2, CH4 and N2O are emitted from both the anaerobic and aerobic 
decomposition of food, leaves and organic paper waste [5]. MSW is commonly known as trash and 
comprises everyday disposable items. Almost half of global MSW is organic matter, and 17 % is paper 
[6]. 

Generally, paper waste is lignocellulosic material consisting of 40 to 50 % cellulose, 25 to 30 % 
hemicellulose and 15 to 20 % lignin. Cellulose is commonly considered a polymer of glucose because 
cellobiose consists of 2 molecules of glucose. Hemicelluloses have sugar backbones composed of xylans, 
mannans and glucans, among which xylans and mannans are the most common products of the 
conversion or degradation of the polysaccharides in lignocellulose to form useful or high-value products 
[7-10]. Nevertheless, lignocellulosic materials are a good source of substrate for mushroom cultivation. 
White rot fungi or basidiomycetes can degrade all the major components of lignocellulosic material and 
are generally considered the main agents of natural lignin degradation [11,12]. 

Edible, medicinal, and wild mushrooms are the 3 major components of the global mushroom 
industry.The world production of cultivated, edible mushrooms has increased more than 30-fold since 
1978 (from approximately 1 billion kg in 1978 to 34 billion kg in 2013). This increase is an extraordinary 
accomplishment, considering the world’s population has increased only approximately 1.7-fold during the 
same period. In 2015, edible mushroom production in Thailand reached a yield of 13.6 billion kg [13]. 
Asian countries (especially China, Japan, South Korea, Taiwan, Thailand, Vietnam, and India) are the 
main producers and consumers of oyster mushrooms (Pleurotus spp.), accounting for approximately 99 % 
of the total volume [13,14]. 

Oyster mushrooms are commercially important in the word mushroom market, and several species 
are grown commercially on a large and small scale in Thailand. Pleurotus species have been recognized 
as dual-function mushrooms with for humans, serving as both food and medicine. They are nutritive with 
good quantities of proteins, vitamins and minerals. Medicinally, they are been recommended for obese 
persons and diabetes patients because of their low caloric value and very low sugar and starch contents. 
Traditionally, extracts from Pleurotus species have been reported to be used in treating some ailments. 
Pleurotus spp. are preeminent wood decomposers; they grow on a wider array of forest and agricultural 
wastes than species of any other group [15,16]. They thrive on nearly all hardwoods, on wood byproducts 
(sawdust, paper waste, pulp sludge), on all cereal straws, on corn and corn cobs, on sugar cane bagasse, 
on coffee residues and on other materials too numerous to mention and difficult to imagine. In cultivating 
oyster mushrooms, several valuable byproducts are generated. Since lignocellulosic wastes are available 
in every corner of the world, they can be readily used in the cultivation of mushrooms and therefore could 
lead to a so-called white agricultural revolution in less developed countries and in the world at large. 
Mushrooms have a great impact on agriculture and the environment and great potential for socioeconomic 
impact in human welfare on local, national, and global levels [17,18]. The bioconversion of 
lignocellulosic residues through mushroom cultivation offers an opportunity to utilize renewable 
resources in the production of edible, protein-rich food that will sustain food security for the population. 
The cultivation of edible mushrooms is one of the most economically viable processes for the 
bioconversion of lignocellulosic wastes [12,19-22].  

In Thailand, rubber wood sawdust (RWS) is the main substrate used for cultivating oyster 
mushrooms (P. ostreatus). Currently, biomass material such as RWS can be used generate electricity, 
heat or liquid fuel for motor vehicles that have substantially lower environmental impacts than traditional 
fossil fuels [23]. However, the cost of substrates for mushroom growth is an important part of the final 
cost of the mushroom biomass. The increasing cost of sawdust has become excessive for small-scale 
farmers, who are now searching for less expensive alternative substrates [17,20]. 

The main objective of this study was, therefore, to source alternative substrates from waste paper 
and assess the growth performance, yield and protein content of the resulting P. ostreatus. The utilization 
of waste paper for the production of cultured mushrooms can alleviate problems with MSW disposal and 
protect the environment while generating P. ostreatus as a nutritious food source. 
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Materials and methods 

Organism acquisition 
A stock culture of P. ostreatus was obtained from the Environmental Biotechnology Research Unit, 

Department of Environmental Management, Prince of Songkla University. The culture was maintained on 
potato dextrose agar (PDA) slants at 4 °C. Subculturing was performed every 30 days.  

 
Spawn preparation 
Oyster mushroom spawn was prepared with paddy grains (rice grain with husk). The grains were 

boiled until tender and then drained, and 50 g of spawning grains was packed in transparent 
polypropylene (PP) bags (12×17 cm2). The substrate bags were plugged with cotton, wrapped with clean 
paper and sterilized at 121 °C and 15 psi for 20 min. After sterilization and cooling, the substrate bags 
were inoculated with 5 fungal disks (diameter 6 mm) from a 7-day-old pure culture and incubated in the 
dark at 25 °C for mycelial growth. After 12 - 15 days, the mycelium fully covered the grains [20]. 

 
Substrate preparation 
Paper-cone water cups were obtained as lignocellulosic waste from Khunying Long 

Athakravisunthorn Learning Resources Center, Prince of Songkla University. The waste paper was 
chopped into 3 - 5 cm pieces and dried at 90 °C until reaching a constant weight. RWS was obtained from 
a wood processing plant in Yala Province and dried at 90 °C until reaching a constant dry weight. Both 
substrates were stored in plastic bags at room temperature until use. 

 
Fruiting body performance of P. ostreatus under different growth conditions 
Cultivation was performed in transparent PP bags (12×17 cm2).To determine the optimal culture 

conditions and the optimal substrate, the following factors were studied. 1) Substrate ratio: The waste 
paper-cone water cups (WPC) and rubber wood sawdust (RWS) were mixed at various dry matter basis 
ratios of 100:0, 75:25, 50:50, 25:75 and 0:100, and the moisture content of the mixed substrates was 
adjusted to 70 % with water. 2) Carbon/nitrogen (C/N) ratio: The C/N ratio of the substrates was adjusted 
to 20 using urea as the nitrogen source. 3) Rice bran supplement: The medium was supplemented with 5 
levels of rice bran: 0, 2, 4, 6, and 8 %. 4) Spawn inoculum: Three spawn levels (5, 10, and 15 %), defined 
as the spawn weight as a percentage of substrate weight on a dry weight basis, were tested. 5) Different 
containers were also used to evaluate the yield of P. ostreatus on the mixed paper waste substrates, 
namely, 15×23 cm2 (345 cm2) and polyvinyl chloride (PVC) boxes 9 cm long, 9 cm wide and 5 cm high 
(405 cm3). For the containers, 500 g of mixed substrate was used, while in the PP bags (204 cm2), 100 g 
of mixed substrate was used [19,24,25]. 

 
Cultivation conditions for fruiting body production by P. ostreatus  
PP bags were filled with 95 g of substrate per bag. The tops of the bags were fitted with PVC necks, 

which served as the opening; they were plugged with cotton and covered with aluminum foil.Three 
replicates of each treatment were prepared in bags. The filled bags were then autoclaved at 121 °C and            
15 psi for 20 min. After sterilization, the bags were left to cool and then inoculated aseptically with 5 g of 
spawn seed culture/bag. The inoculated bags were incubated at 25 °C in the dark with the relative 
humidity maintained at 70 - 80 % to allow full ramification of the mycelia. After complete colonization, 
the sides of the bags were cut without disturbing the bed and sprayed with water twice a day using a hand 
sprayer. Within 7 - 8 days of opening, pin heads and fruiting bodies appeared on all sides of the bag. 
During fruiting, 10 - 12 h of light was provided. The young mushrooms attained normal size after 2 - 3 
days, at which point the first crop was harvested from each bag [26]. The cultivation methodology and 
process conditions are presented in Figure 1. 
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Figure 1 Flow diagram showing the cultivation method and process conditions for P. ostreatus on a 
mixed substrate of waste paper-cone water cups and RWS. 
 
 

Measurement of mycelial growth and chemical analysis 
Data concerning spawn running (mycelia growth) were recorded after complete colonization of the 

substrate, and pin head and fruit body formation were also noted. Mature fruiting bodies were harvested 
and weighed to calculate the yield and biological efficiency (BE) of P. ostreatus. Yield and BE are 2 
expressions of productivity using Eqs. (1) and (2) [20,27]. Fresh oyster mushrooms were chopped and 
frozen at −20 °C for 48 h and then dried by lyophilization. The Kjeldahl method was used and the 
resulting total multiplied by a factor of 6.25 to ascertain the crude protein content of the mushrooms [28]. 
The total nitrogen and total organic carbon content of the substrates were analyzed by both photometric 
and Walkley-Black methods [29,30]. The C/N ratio was calculated by Eq. (3) [31]. 

Yield (g/g) =          Weight of fresh mushroom fruiting bodies (g)              (1) 

       Weight of the initial mass of substrate (g) 

BE (%)       =         Weight of fresh mushroom fruiting bodies (g) × 100            (2) 

        Weight of the initial dry mass of substrate (g) 

          

 
  
     

Substrate                
Paper-cone water cups waste/ 

Rubber wood sawdust  
(Moisture content 70 %) 

Sterilization 
121 °C at 15 psi for 20 min 

Spawn 
Paddy grain based 

Spawning                                  
5 % wet wt. basis  

Incubation                               
25 °C, RH 70 - 80 %, dark  

Pinning                                                       
Room temperature, RH 80 - 90 % 

Maturation                              
Room tem, RH 80 - 90 %,        
10 - 12 h dark-light cycle 

Harvesting 

Cut bags 

[ ]
[ ] ...  

...            ratio C/N
Adry weight x 00)Nitrogen/1 (%

Adry weight x )Carbon/100 (%
material

material
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Statistical analysis 
Analysis of variance (ANOVA) was performed using the least significant difference (LSD) test at            

p ≤ 0.05 to compare the mean values of average fresh weight and BE. 

Results and discussion 

Effect of substrate ratios 
The total organic carbon and total nitrogen dry matter contents were 17.28 and 0.24 % for WPC and 

36.84 and 1.81 % for RWS, respectively, with C/N ratios ranging from 72:1 to 20.35:1. The results 
indicated that the substrate mixture containing waste paper and RWS at a ratio of 50%:50% and a C/N 
ratio of 26.4 produced the highest yield and BE at 12.61 g/100 g and 42 %, respectively. However, these 
values were not significantly different (p ≤ 0.05) from those obtained with the substrates RWS (control) 
with a C/N ratio of 20.35:1 and WPC+RWS (25%:75%) with a C/N ratio of 22.50:1. Spawn running, pin 
head formation and fruit body formation of the oyster mushrooms were recorded at 15, 21 and 25 days. 
However, the C/N ratios of the substrates were very high, with WPC+RWS (75%:25%) at 35.19:1 and 
WPC (control) at 72:1, which resulted in lower yields and BE values (Table 1). The C/N substrate ratio is 
important for oyster mushroom cultivation because it affects the fermentation process, which requires 
available nitrogen for the growth of mycelia and the fruiting body [31-33]. Therefore, the C/N ratio of the 
substrate material should be the first consideration for efficient mushroom production. This study 
investigated the possibility of WPC replacement by RWS and identified alternative and suitable substrates 
for oyster mushroom cultivation. Hence, for the next experiment, the substrate mixture of 75%:25% 
WPC+RWS was selected. However, the total organic carbon content of waste paper is high because the 
material contains a wide range of cellulose and hemicellulose [24]. Consequently, the C/N substrate ratio 
was prepared at 20:1 by the addition of urea as a nitrogen source. This ratio was also similar to the RWS 
control unit at 20.35:1. Moreover, Pleurotus spp. are reported to be efficient colonizers and degraders of 
lignocelluloses.The fungus accomplishes enzymatic degradation of the lignocellulosic portion of 
substrates by using enzymes such as endo-glucanase, β-glucosidase, xylase, laminarinase, laccase and 
polyphenol oxidase that are involved in the degradation of lignocellulose [34,35]. A positive relationship 
was achieved between the mushroom yield and cellulose contents revealed to be important factors in fruit 
body formation. Cellulose-rich organic materials have been reported to be good substrates for the 
cultivation of mushrooms [36]. 
 
 
Table 1 Effect of substrate ratio on the development phases, yield and BE of P. ostreatus. 
 

Substrates 
(% ratio) 

C/N 
Ratio 

Spawn 
running 
(days) 

Pin head 
formation 

(days) 

Fruit body 
formation 

(days) 

Yield 
(g/100 g) 

Biological 
efficiency 

(%) 
RWS (100) 20.35 15 21 25 11.73 ± 0.58a 39.11 ± 3.86a 
WPC+ RWS 
(25:75) 

22.50 15 21 25 11.70 ± 0.22a 39.00 ± 1.49a  

WPC+ RWS 
(50:50) 

26.40 15 21 25 12.61 ± 0.72a 42.01 ± 4.79a 

WPC+ RWS 
(75:25) 

35.19 17 24 29    5.79 ± 0.55b 19.31 ± 3.67b 

WPC (100) 72.00 18 26 31    1.95 ± 0.40c    6.49 ± 2.67c 
 
Note: Values within the same column followed by the same superscripts are significantly different (p ≤ 0.05); Values 
are means ± SD from triplicate determination; RWS: Rubber wood sawdust; WPC: Waste paper-cone water cups. 
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 Effect of added urea 
From the results in Table 2, the main substrate material alone often cannot provide sufficient 

nitrogen for optimal growth of oyster mushrooms; thus, urea was supplemented as a nitrogen source. The 
substrate mixture of WPC + RWS (75:25%) gave yield and BE values (38.69 %), that were not 
significantly different (p ≤ 0.05) from the control (36.20 %) when 10.4 mg/kg of urea was added as a 
nitrogen source to adjusted the C/N ratio to 20:1. Mane et al. [9] reported that lignocellulosic materials 
are generally low in protein content and insufficient for the cultivation of mushrooms, which requires 
nitrogen phosphate and potassium. The C:N ratio plays an important role in spawn running and the 
growth of fruiting bodies, and nitrogen supplementation is an important factor for the growth and yield of 
mushrooms. Junior et al. [37] suggested that a C/N ratio between 15:1 and 30:1 favored primordial 
formation, a higher ratio favored mycelial growth, while a lower ratio favored fruiting body development. 
The results also revealed a significant positive correlation between N% and the C:N ratio, while C% did 
not correlate with N% or the C:N ratio. Correlation coefficients between the substrate-derived variable 
(C%, N% or the C: N ratio) and the growth parameters (total yield, BE, etc.) [38]. 
 
 
Table 2 Effect of urea on the development phases, yield and biological efficiency of P. Ostreatus 
cultivated on a mixed substrate of waste paper-cone water cups and rubber wood sawdust. 
 

Substrates 
(% ratio) 

Urea 
(mg/kg) 

C/N 
ratio 

Spawn 
running 
(days) 

Pin head 
formation 
(days) 

Fruit body 
formation 
(days) 

Yield 
(g/100 g) 

Biological 
efficiency 
(%) 

RWS (100) - 20.35 15 21 25 10.86 ± 1.16a 36.20 ± 3.04a 
WPC+  RWS    
     (75:25) 

10.40 20.00 17 24 28 11.61 ± 0.80a 38.69 ± 2.68a 

 
Note: WPC: Waste paper-cone water cups; RWS: Rubber wood sawdus,;Values are means ± SD from triplicate 
determination within a column, mean values with different superscripts are significantly different (p ≤ 0.05). 
 
 
 Effect of rice bran supplementation   
 Different levels of rice bran supplementation (Table 3) significantly influenced the yield and BE of 
P. ostreatus. The highest yield at 24.83 g/100 g and BE value of 82.78 % were obtained with a substrate 
mixture of WPC+RWS (75%:25%) supplemented with 8 % rice bran. These parameters showed a 109 % 
increase in yield compared to the control with no rice bran added.This may be due to the rice bran 
supplement additive, which increased yield by providing specific nutrients such as carbohydrates,                 
amino acids and mineral elements to promote the growth of mycelium [39]. However, mixtures that 
contain bran (25 %) increase the risk of contamination because supplements also provide good nutrients 
to other microorganisms [24]. Tesfaw et al. [40] stated that supplements alter the physical conditions of 
the substrate, making it more suitable for mushroom cultivation. Naraian et al. [10,41] reported on the 
occurrence and nature of loss in mushroom yield due to bacterial disease in Pleurotus species bacterial 
diseases of P.ostreatus have affected many mushroom farms, and the pathogen is known to cause, at 
least, the deformation of the fruit bodies.The exact reasons for the occurrence of the disease are not 
known, except, possibly, the use of contaminated equipment or the adoption of a poor pasteurization 
technique [7]. Problems with mycelial growth in the present study are not associated with pasteurization 
because contamination was observed after mycelial growth had been completed. The addition of 8% rice 
bran as a supplement to the waste paper reduced the cultivation time for spawn running, pin head 
formation and fruit body formation by 1 day. 
 
 Effect of spawn inoculum 
 Spawn inoculation level is an important factor that affects the production costs of mushroom 
cultivation. Using the lowest inoculation level possible without sacrificing mushroom yield gives the best 
economics [27]. Among the 3 tested spawn levels (5, 10 and 15 %), the 10 % spawn level resulted in a 
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significantly higher mushroom yield (25.71 g/100 g) and BE (85.69 %) (Table 4).The optimal conditions 
for P. ostreatus cultivation were WPS+RWS (75%:25%) supplemented with urea at 10.40 mg/kg (C/N 
ratio: 20) and 8 % rice bran dry weight with 10 % spawn inoculum. Incubation time was reduced to one 
week instead of 3 to 4 weeks. Mansour-Benamar et al. [42] suggested that a higher rate of spawn 
inoculation (>10 %) enhanced mycelial growth and reduced the incubation period, but the increased 
expense was not economically attractive. In addition, using large amounts of spawn-risked overheating in 
the incubator and excess heat emitted by the fungal activity may kill the mycelium. The inoculation rate 
of 10 % used for the production of oyster mycelium on the mixed substrate of WPC+RWS (75%:25%) 
was also chosen to allow rapid development of fungus and prevent mold contamination [42]. Bhatti et al. 
[43] studied the growth and yield of P. ostreatus on wheat straw affected by different spawn rates (1  % to 
10 %). They concluded that spawning at a rate of 7 % is the best dose for obtaining early and high 
yielding (BE = 45.4 %) with a maximum number of flushes and fruiting bodies per bag. 
 
 
Table 3 Effect of rice bran on the development phases, yield and biological efficiency of P. Ostreatus 
cultivated on a mixed substrate of waste paper-cone water cups and rubber wood sawdust. 
 

Substrates 
(% ratio) 

Rice bran 
(%) 

Spawn 
running 
(days) 

Pin head 
formation 

(days) 

Fruit body 
formation 

(days) 

Yield 
(g/100 g) 

Biological 
efficiency 

(%) 
WPC+RWS       
     (75:25) 

0 17 24 28 11.89 ± 1.02e 39.61 ± 3.39e 

WPC+RWS  
     (75:25) 

2 17 24 28 17.11 ± 0.97d 57.02 ± 3.23d  

WPC+RWS   
     (75:25) 

4 16 23 27 21.51 ± 1.08bc  71.71 ± 3.61bc 

WPC+RWS   
     (75:25) 

6 16 23 27 22.12 ± 0.89b 73.73 ± 2.96b 

WPC+RWS   
    (75:25) 

8 16 23 27 24.83 ± 0.41a 82.78 ± 1.38a 

 
Note: WPC: Waste paper-cone water cups; RWS: Rubber wood sawdust; Values are means ± SD from triplicate 
determination within a column, mean values with different superscripts are significantly different (p ≤ 0.05) 
 
 
Table 4 Effect of spawn inoculum on the development phases, yield and biological efficiency of P. 
ostreatus cultivated on a mixed substrate of waste paper-cone water cups and rubber wood sawdust. 
 

Substrates 
(% ratio) 

Spawn 
(%) 

Spawn 
running 
(days) 

Pin head 
formation 

(days) 

Fruit body 
formation 

(days) 

Yield 
(g/100 g) 

Biological 
efficiency 

(%) 
WPC+  RWS 

(75:25) 
5 15 22 26 21.72 ± 0.43c 72.39 ± 1.45c 

WPC+  RWS 
(75:25) 

10 6 12 16 25.71 ± 0.60a    85.69 ± 2.00a 

WPC+  RWS 
(75:25) 

15 5 10 14 24.53 ± 2.26b 82.79 ± 1.50b 

 
Note: WPC: Waste paper-cone water cups; RWS: Rubber wood sawdust; Values are means ± SD from triplicate 
determination within a column, mean values with different superscripts are significantly different (p ≤ 0.05) 
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 Effect of container system  
 The effect of using different types of container (PP bags and PVC boxes) on the growth phase and 
yield of P. ostreatus is presented in Table 5. Oyster mushrooms were chosen for study on the basis of 
their fast growth rate, short incubation time and BE with a substrate mixture of WPC+RWS (75%:25%). 
The results indicated that the spawn running, pin head and fruit body formation required a shorter 
incubation period when cultivated in PVC boxes. Furthermore, the substrate mixture in the PVC boxes 
attained higher BE (88.64 %) and yield (26.59 g/100 g) than the PP bags because mushrooms emit heat 
during incubation, and the PP bags overheated more easily than the larger PVC boxes, which offered 
greater surface area allowing increased airflow. Commercial growers prefer PVC boxes to PP bags for 
pileus mushroom cultivation; and allowed, both container types produced mushrooms of good size and 
shape (Figure 2). 
 
 
Table 5 Effect of container type on the development phases, yield and biological efficiency of P. 
ostreatus cultivated on mixed substrate of waste paper-cone water cups and rubber wood sawdust. 
 

Substrates 
(% ratio) Container 

Spawn 
running 
(days) 

Pin head 
formation 

(days) 

Fruit body 
formation 

(days) 

Yield 
(g/100 g) 

Biological 
efficiency 

(%) 
WPC+ RWS 

(75:25) 
PP bags 6 12 16 24.86 ± 1.83b 82.69 ± 6.13b 

WPC+ RWS 
(75:25) 

PVC boxes 5 9 12 26.59 ± 1.38a 88.64 ± 4.61a 

 
Note: WPC: Waste paper-cone water cups; RWS: Rubber wood sawdust; PP: polypropylene; PVC: polyvinyl 
chloride. 
 
 

    

 
Figure 2 Morphology of P. ostreatus cultivated on alternative substrates of waste paper-cone water cups 
as lignocellulosic waste and rubber wood sawdust at a ratio of 75:25 (% w/w) in PP bags (a) and PVC 
boxes (b). 
 
 
 

(b) (a) 
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 Protein content 
 The protein content of P. ostreatus was 35.75 % at 12th days of cultivation on the optimal substrate 
mixture WPC+RWS (75:25) in PVC containers. This protein content was higher than previously reported 
figures. Mandeel et al. [20] reported that the protein content of P. ostreatus varied from 21.3 to 27.8 %, 
while the results by Sharma et al. [44] ranged between 22.8 and 25.97 %. The richness of the substrates in 
usable nitrogen after spawn run may be a factor in enhancing the yield and quality of oyster mushrooms, 
in addition to the bioconversion and bioaccumulation efficiency. In this study, the addition of fresh 
supplementation of rice bran and urea as a nitrogen source could, in part, account for protein content [20]. 
Mane et al. [8] also reported that several nitrogen sources used as supplements to rice straw, yeast mud, 
cotton seed powder and rice bran proved ideal in increasing the mushroom yield and protein content. 
 
Conclusions 

 Rubber wood sawdust is the most popular basal ingredient for the cultivation of oyster mushrooms 
in Thailand. However, the cost of sawdust is high, and less expensive alternative substrates are required  
to reduce the cost of cultivation.Waste paper-cone water cups, as a lignocellulosic waste, can be 
considered practical and economically feasible for the cultivation of P. ostreatus because of their ready 
availability. The paper waste can be combined with other agricultural wastes to produce an economical 
substrate. Here, the substrate was mixed with 75 % waste paper-cone water cups and 25 % rubber wood 
sawdust (70 % moisture content) supplemented with 8 % rice bran, and urea was added at 10.4 mg/kg to 
adjust the C/N ratio to 20:1. Five hundred grams of substrate mixture was placed in PVC boxes (405 cm3) 
with 10 % spawn inoculation. The results indicated that these parameters significantly increased the yield, 
BE and protein content for oyster mushroom cultivation and reduced production time.This material 
mixture could be used as an inexpensive alternative substrate for P. ostreatus cultivation. 
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