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ORGANIC WASTES SUPPLEMENTATIONS AS ALTERNATIVE 

SUBSTRATE FOR CULTIVATION OF THE GREY OYSTER MUSHROOM 

Pleurotus pulmonarius (FR.) QUELET 
 
 

ABSTRACT 
 
 

Mushroom industry plays an important role in health and nutrition as well as economic 

resources in both urban and rural areas. Due to the limitation of raw materials supply and 

the increasing cost of substrate especially sawdust for mushroom cultivation, coffee waste 

(CW), food waste compost (FWC) and empty fruit bunch compost (EFBC) were selected 

as alternative supplemented substrates to cultivate grey oyster mushroom, Pleurotus 

pulmonarius. The objectives of this study were to optimise the substrate formulations and 

to evaluate the growth performance, production yield of P. pulmonarius grown on the 

standard substrate supplemented with varying concentrations of CW, FWC and EFBC 

along with analysing the nutrient profile of selected P. pulmonarius fruiting bodies. In 

this study, P. pulmonarius strains (S01 and S02) were grown and the linear growth study 

for P. pulmonarius strains (S01 and S02) grown on standard substrate supplemented with 

different concentrations (10 %, 20 %, 30 % and 40 % (w/w)) of CW, FWC and EFBC 

were carried out. The strains tested showed variable growth rates and mycelium 

compactness on each supplemented wastes at different concentrations. Based on the linear 

growth study, a total of eight substrate formulations for both strains initially chosen for 

the bag preparations, included: control substrate and 10 % (w/w) of CW supplementation 

for both strains respectively, 10 % (w/w) of FWC supplementation for strain S01, 20 % 

(w/w) of FWC supplementation for strain S02 and 30 % (w/w) of EFBC supplementation 

for both strains. It was observed that the supplementation of various wastes at their lower 

concentrations had enhanced mycelium growth and only fast growth rate with dense 

mycelium may reflect the utilisation of nutrient resources is optimum. In order to select 
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a comparatively more suitable strain to be used in nutrient analysis for P. pulmonarius, 

an evaluation and comparison of growth performance, yield and biological efficiency 

(BE) among the strain was conducted. Strain S02 has proved to have fast colonisation, 

short pinheads development, strong pathogenicity, higher percentages of successfully 

fruiting bags, better yield and BE than strain S01. Thus, strain S02 were selected and 

analysed for nutritional attributes. There were high protein content in P. pulmonarius 

compared to sugar, phenolic and β-glucan. The protein content was significantly higher 

(p < 0.05) in all substrate supplemented with wastes compared to the control substrate. 

Hence, the efficiency of mycelium in transforming the chemical compositions of 

substrate and different wastes into fruiting bodies itself can cause the variations among 

the nutritional attributes of P. pulmonarius. Strain S02 grown on standard substrate 

supplemented with 20 % (w/w) of FWC recorded the highest biological efficiency 

(101.40±29.92 %) and the fruiting bodies contained the highest β-glucan content (29.58 

± 0.01 %). The days required for mycelium running was 24.87±3.10 and the pinheads 

formation was 14.13±3.10. In conclusion, CW, FWC and EFBC can be utilized as 

supplement in the cultivation of grey oyster mushrooms and an alternative way for solid 

waste management. 

 
Keywords : grey oyster mushroom, substrates, yield, biological efficiency, nutrient 
analysis 
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PENAMBAHAN SISA ORGANIK SEBAGAI SUBSTRAT  

ALTERNATIF UNTUK PENANAMAN CENDAWAN TIRAM KELABU  

Pleurotus pulmonarius (FR.) QUELET 
 
 

ABSTRAK  
 
 

Industri penanaman cendawan memainkan peranan penting dalam bidang kesihatan, 

pemakanan, dan juga sumber ekonomi di kawasan bandar dan luar bandar. Disebabkan 

oleh bekalan bahan mentah yang terhad dan peningkatan kos substrat terutamanya habuk 

gergaji bagi industri penanaman cendawan, sisa kopi (CW), kompos sisa makanan (FWC), 

dan kompos buah tandan kosong (EFBC) telah dipilih sebagai alternatif substrat 

tambahan untuk menanam cendawan tiram kelabu, Pleurotus pulmonarius. Objektif 

kajian ini adalah untuk mengoptimumkan formulasi substrat dan menilai kadar 

pertumbuhan, penghasilan cendawan bagi pertumbuhan P. pulmonarius dalam standard 

substrat dengan konsentrasi yang berbeza di kalangan CW, FWC and EFBC, serta 

menganalisa kandungan nutrien P. pulmonarius dalam janabuah. Dalam kajian ini, strain 

P. pulmonarius (strain S01 dan S02) telah ditumbuh dan kajian pertumbuhan linear bagi 

P. pulmonarius (strain S01 dan S02) dalam standard substrat dengan konsentrasi yang 

berbeza (10 %, 20 %, 30 % dan 40 % (w/w)) telah dijalankan. Jenis strain yang dikaji 

menunjukkan pelbagai kadar lanjutan miselium dan kepadatan berdasarkan konsentrasi 

yang berbeza di kalangan sisa masing-masing. Berdasarkan kriteria pemilihan, sejumlah 

lapan substrat formulasi dari kedua-dua strain telah dipilih untuk persiapan beg, iaitu 

kawalan substrat dan formulasi tambahan dengan 10 % (w/w) CW bagi kedua-dua jenis 

strain, formulasi tambahan dengan 10 % (w/w) FWC bagi strain S01 dan formulasi 

tambahan dengan 20 % (w/w) FWC bagi strain S01, serta formulasi tambahan dengan 

30 % (w/w) CW bagi kedua-dua jenis strain. Dalam kajian ini, konsentrasi yang rendah 

dengan tambahan sisa yang berbeza dapat mempertingkatkan pertumbuhan miselium dan 
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hanya kadar pertumbuhan miselium yang cepat dengan padat dapat dilihat dari 

penggunaan sumber nutrien yang dioptimumkan oleh kulat. Penilaian dan perbandingan 

prestasi pertumbuhan, hasil dan BE antara kedua -dua strain telah dijalankan untuk 

memilih strain yang lebih sesuai digunakan dalam analisis nutrient bagi P. pulmonarius. 

Strain S02 terbukti mempunyai kolonisasi substrat yang cepat, pembetukan pinheads 

yang pantas, patogenik yang kuat, peratusan yang lebih tinggi bagi beg yang berjaya 

berbuah, hasil dan juga BE yang lebih baik berbanding dengan strain S01 dalam 

keseluruhan. Strain S02 telah dipilih dan dianalisa bagi segi komposisi nutrisi. Komposisi 

nutrisi cendawan ini didapati mempunyai kandungan protein yang tinggi berbanding 

dengan gula, fenolik β-glucan, Sementara itu, kandungan protein adalah lebih tinggi (p 

<0.05) di antara semua substrat tambahan dengan sisa berbanding dengan kawalan 

substrat. Oleh itu, kecekapan miselium dalam mengubah komposisi kimia substrat dan 

sisa yang berbeza ke dalam badan-badan berbuah itu sendiri boleh menyebabkan variasi 

antara P.pulmonarius. Dalam kajian ini, formulasi tambahan dengan 20 % (w/w) FWC 

bagi strain S02 menunjukkan kecekapan biologi yang tertinggi (101.40±29.92%) dan juga 

kandungan β-glucan (29.58± 0.01 %). Tempoh hari yang diperlukan untuk miselium 

kolonisasi sehingga memenuhi bag adalah 24.87 ± 3.10 dan pembentukan pinhead adalah 

14.13 ± 3.10. Kesimpulannya, CW, FWC dan EFBC boleh digunakan sebagai substrat 

tambahan untuk penanaman cendawan tiram kelabu dan sebagai cara alternatif bagi 

pengurusan sisa pepejal. 

 
Kata kunci : cendawan tiram kelabu, substrat, hasil, keefisienan biologi, analisis nutrien 
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CHAPTER 1: INTRODUCTION 

 

1.1 Background and Problem Statement 

Mushroom research and cultivation have been receiving increased attention over 

recent times because mushrooms are nutritious food with medicinal effects in the 

prevention and treatment of various diseases (Yang et al., 2003). Medicinal and culinary 

mushrooms are reported to have antibacterial, anti-inflammatory, antioxidant, antiviral, 

antitumor, immunomodulating, antioxidant, cardiovascular, anti-hypercholesterolemia, 

anti-parasitic, antifungal, detoxification, hepatoprotective, and anti-diabetic properties 

(Chang & Wasser, 2012). Moreover, mushroom cultivation can play a major role in the 

livelihood of households as a source of economic empowerment for women in both urban 

and rural areas and even small holder farmers (Narayanasamy et al., 2008). 

 

In Malaysia, mushrooms are reported to be one of the seven high-value crops that are 

intensively cultivated (Ministry of Agriculture Malaysia, 2011). From the sources from 

Department of Agriculture Malaysia (2015) the total value of mushroom production 

increased from RM 49.1 million in 2007 to RM 110 million in 2014 which further 

increased the number of growers, land area and productivity in Malaysia (Rosmiza et al., 

2016). Even though the mushroom production provides valuable additional business 

options to growers, several issues and challenges were identified to obstruct successful 

mushrooms industry development in Malaysia. The main problem is the limitation of raw 

materials supply and the increasing cost of substrate especially sawdust (Rosmiza et al., 

2016). Since raw materials and preparation of selective formulations are the main cost 

inputs in mushroom production, growers are looking for alternative ways to reduce the 

amount of raw materials while lowering their production cost by maximizing mushroom 
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yield (Royse, 2010). Therefore, the addition of organic agricultural and food waste to the 

mushroom substrate medium could be a way to reduce the cost (Jo et al., 2013). 

 

The large amounts of solid wastes, residues and by-products discharged from 

agriculture sector and food processing industries have been continuously increased and 

cause environmental concerns around the world. New Straits Times reported that 

Malaysia disposes 3,000 tonnes of avoidable food waste which is the largest contributor 

of solid waste and source of harmful greenhouse gases in the country (Daim, 2016).The 

current solutions for food waste disposal was in landfills or incineration, or by dumping 

into the sea which are not practical and eco-friendly as it creates environmental pollutions 

(Subbu Lakshmi & Sornaraj, 2014). Therefore, food waste recycling programmes are 

presently implemented by the government in order to reduce the discharge of organic 

wastes and turn it into nutrient-rich fertiliser or compost. Since food waste compost (FWC) 

is a nutritious complex product which can be utilised by heterotrophic organisms such as 

mushrooms (Stoknes et al., 2008). 

 

Coffee is one of the most important crops due to the high popularity of the beverage 

worldwide (Murthy & Naidu, 2012). Currently, the coffee grounds that have been used 

only once by restaurants and cafes are then immediately discarded. Eventually, those 

wastes of coffee grounds are sent to landfill for disposal with food wastes which also 

contributed towards greenhouse gases of global warming. However, coffee wastes can 

be reused to make good soil amendments. According the information developed by 

Soil and Plant Laboratory Incorporation, the use of Starbucks coffee grounds in 

amending mineral soils indicated that 25-35 % (v/v) coffee grounds mixed with 

minerals soils to enhance soil structure (Sunset, 2017). Coffee waste is a valuable 

organic matters and its nutrients can be recaptured for use as soil fertilisers. The waste 
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was collected by specialized agencies for different purposes such as composting, 

bioenergy production and mushroom growth (Pujol et al., 2013). 

 

Apart the wastes from food industries, Malaysia produces an abundant supply of empty 

fruit bunches from oil palm industry which are considered as wastes and have not been 

utilized satisfactorily (Aljuboori, 2013). This waste is available throughout the year when 

the palms are pruned during the harvesting of fresh fruit for the palm oil production. These 

wastes can become critical environmental issues to our country if proper management is 

not undertaken. Alternatively, these wastes can be converted to higher value and useful 

products by chemical and biological process (Wang, 1999). The composting of empty 

fruit bunches resulting in the production of a stable compost that is suitable for crop 

production (Thambirajah et al., 1995). Besides, empty fruit bunches and shredded palm 

press fibres have been used to produce oyster mushroom in order to recycle low quality 

biomasses into a valuable high protein food (Tabi et al., 2008). 

 

It is believed that oyster mushroom cultivation play an important role in waste disposal 

management (Das & Mukherjee, 2007). Generally, oyster mushroom grow under a wide 

range of crop residues and has short growth time (Sánchez, 2010). Their fruiting bodies 

are less vulnerable to attack by diseases and pest as compared to other edible mushrooms 

(Hoa et al., 2015). Hence, the combination of crop production and waste mitigation 

signifies the economic potential for both mushroom farmers and waste handlers (Stoknes 

et al., 2008). 

 

Pleurotus pulmonarius (Fr.) Quel from the Pleurotaceae family, is a common edible 

grey oyster mushroom initially cultivated in India after the late of 1940s and are widely 

grown in warm tropical regions such as Asia (Maftoun et al., 2015). It is a white-rot 
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fungus which plays an important role in recycling carbohydrates through lignin 

degradation (Narayanasamy et al., 2008). White rot fungi are able to grow on 

lignocellulose waste by secreting a battery of extracellular enzymes such as cellulases, 

xylanases and lignin-modifying enzymes (Adebayo & Martinez-Carrera, 2015). This 

unique ability has allowed the study of a wide range of substrate materials of 

lignocellulose waste in grey oyster mushroom cultivation (Pathmashini et al., 2009). 

Therefore, the cultivation of edible grey oyster mushrooms using coffee waste (CW), food 

waste compost (FWC) and empty fruit bunches is environmentally friendly and feasible 

to recycle organic agricultural and food by products into high nutritional and medicinal 

quality food and also help in solid waste management. 

 

An experiment to assess the standard substrate supplemented with CW, FWC and 

empty fruit bunch compost (EFBC) at different concentrations (10-40 % w/w) were 

evaluated in this study in order to expand the growth medium for P. pulmonarius 

cultivation. The linear growth method was adopted to choose the best substrate 

formulations of the wastes. Based on the results from the linear growth tests, the growth 

performances, production yield and nutrient profiles of the selected strain was evaluated. 

 

1.2 Significance of the Research 

Utilisation of CW, FWC and EFBC in the standard substrate enable to contribute to 

the mushroom research and development to gain knowledge into improvement for media 

formulations of mushroom production. On the other hand, the successful cultivation of P. 

pulmonarius on agricultural and food wastes no doubt will help in solving solid waste 

disposal issues in Malaysia, where solid wastes being consistently produced in large 

quantities. 
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1.3 Objectives of the Research  

The objectives of this study were to: 

i. investigate the substrate formulations of standard substrate supplemented with 

varying concentrations of CW, FWC and EFBC for the growth of P. pulmonarius. 

ii. evaluate the growth performance and production yield of P. pulmonarius grown 

on the standard substrate supplemented with CW, FWC and EFBC. 

iii. analyze the nutrient profile of P. pulmonarius fruiting bodies grown on standard 

substrate supplemented with CW, FWC and EFBC 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Grey Oyster Mushroom 

 

2.1.1 Taxonomy 

Pleurotus spp. belongs to the fungi kingdom and is grouped within Basidiomycota 

division, in Agaricomycetes class, Agaricales order and in the family of Pleurotaceae. 

The genus name, Pleurotus is believed to be derived from Greek word pleurē, meaning 

side ear (Miles & Chang, 2004). It is reported that there are 40 species of Pleurotus 

mushrooms (Jeena et al., 2014) but only 25 species are commercially cultivated in 

different parts of the world. Pleurotus ostreatus (oyster mushroom), P. eryngii (king 

oyster), P. pulmonarius (phoenix oyster mushroom), P. djamor (pink oyster mushroom), 

P. sajor-caju (indian oyster), P. cystidiosus (abalone oyster), P. citrinopileatus (golden 

oyster mushroom) and P. cornucopiae (branched oyster mushroom) are the most popular 

commercially cultivated edible oyster mushrooms around the world with great economic 

value (Pérez-Martínez et al., 2015; Knop et al., 2015; Zhang et al., 2017). 

 

Pleurotus pulmonarius (Fr.) Quel. has been known as lung oyster, Indian oyster, Italian 

oyster and phoenix oyster mushroom (Maftoun et al., 2015). In Malaysia, it is locally 

known as grey oyster or ‘Cendawan Tiram Kelabu’. It is typically characterized by a 

decurrent gills and short stipe as well as white spore print (Miles & Chang, 1997). The 

grey oyster mushroom develops in shelf-like clusters and its cap grows broadly convex 

to flat, ranging from 4 to 15cm in width. The colour of the cap appears pale brown to dark 

brown, depending on the season (Kuo, 2005). The grey oyster mushrooms are soft and 

have a slightly chewy texture, and can develop a slight seafood aroma and taste. 
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Figure 2.1: Grey oyster mushrooms, P. pulmonarius grown on standard substrate in 
mushroom house, Fungal Biotechnology Laboratory. September 19, 2017. 

 

2.1.2  Distribution 

Pleurotus pulmonarius is pantropical distribution where there is a perfect balance of 

rain and moderate temperature depending on the varieties. Its natural habitat include 

trunks and stumps of deciduous trees, and are even artificially cultivated on a large variety 

of agricultural residues (Ng et al., 2015). It is a saprotrophic fungus and a primary 

decomposer on wood, it can be used for mycoremediation (Hearst et al., 2009). Generally, 

this mushroom is whole year round and favors blooming during peak season of late fall. 

It is extremely famous and highly recognized in Asia, especially in Japan and China where 

it is served it as a delicacy in stir-fry or soup forms. They are sold fresh in great volumes 

in the market and often appear in vegetarian cuisine. 

 

2.1.3 Nutritional and Medicinal Properties 

Grey oyster mushroom is considered as a functional food which can be used for both 

culinary and medicinal aspects due to its pleasant taste and desirable pharmacological 

properties (Mohamed Imran et al., 2011). Fresh grey oyster mushroom can be sold in the 

marketplace or mushroom industries in large packed at a low price. Besides, it is rich in 

protein, nonstarchy carbohydrates, dietary fiber, minerals as well as low in fat content 
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and calorific value (Nutritional values of grey oyster mushroom is given in Table 2.1.). 

Therefore it could be an excellent inclusion in the diet of individuals with hyperlipidemia 

and diabetes (Manzi et al., 1999; Valverde et al., 2015). Furthermore, it is claimed to 

have various medicinal properties (Ng et al., 2015) and a series of compounds have 

already been precisely defined including several polysaccharides, phenolics, terpenes and 

sterols (Morais et al., 2000; Sanchez, 2004). Smiderle et al (2011) suggested that β-

glucans extracted from the polysaccharides of P. pulmonarius has analgesic (anti-

nociceptive) and anti-inflammatory effects. It also contains anti-proliferative effects 

based on the test conducted by Lavi et al (2010). 

 

Table 2.1: Nutritional components of several edible mushrooms (g/100 g dry matter) 
(Adapted from: Singh et al., 2011). 

 
Mushroom Type Carbohydrate Fiber Protein Fat Ash Energy  

(k cal) 
Volvariella volvaceae 
 (Paddy Straw) 54.80 5.50 37.50 2.60 1.10 305 

Pleurotus sajor-caju 
(Grey Oyster) 63.40 48.60 19.23 2.70 6.32 412 

Pleurotus ostreatus 
(Tree or Pearl Oyster) 57.60 8.70 30.40 2.20 9.80 265 

Agaricus bisporus 
(Button) 46.17 20.90 33.48 3.10 5.70 499 

Calocybe indica 
(Milky) 64.26 3.40 17.69 4.10 7.43 391 

Lentinula edodes 
(Shiitake) 47.60 28.80 32.93 3.73 5.20 387 

Flammulina velutipes 
(Winter) 73.10 3.70 17.60 1.90 7.40 378 

Auricularia auricular-judae 
(Wood Ear) 82.80 19.80 4.20 8.30 4.70 351 

 

2.1.4 Cultivation of Pleurotus pulmonarius 

Pleurotus spp. are described to be the second most cultivated edible mushroom 

worldwide after Agaricus species due to its economic and ecological values, as well as 

medicinal properties (Sánchez, 2004). It is reported that China has been the major 

producer and contributes to about 88% of the total world production of Pleurotus spp. 

(Jeena et al., 2014). Besides, the cultivation of oyster mushroom is widespread in many 
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other Asian countries such as Thailand, Vietnam, India, Japan, Korea and Taiwan. The 

cultivation of this mushroom is not limited by geography because it can be cultivated in 

temperate and subtropical forests throughout the world, and can be basically found on a 

variety of sawdust substrate from many types of woods (woodchips from tropical wood, 

rubber wood and palm wood). 

 

In Malaysia, grey oyster mushroom is one of the top culinary mushrooms cultivated 

and is highly demanded by consumers. Interest in P. pulmonarius cultivation in Malaysia 

is increasing gradually as it can offer higher income to local growers, and its ability to 

grow in tropical regions of Malaysia (Islam et al., 2016). There are a lot of issues that 

exists about oyster mushroom cultivation and production in Malaysia. Generally, sawdust 

is the primary substrate used by local industry growers, but there are some problems in 

the use of sawdust for P. pulmonarius cultivation. In past years, rubber wood sawdust 

was easily available and at cheaper rates, but day by day it is becoming scanty and costly. 

Thus, the use of costly substrates for growing mushrooms subsequently increases their 

cost of production. Furthermore, the completion among in use of sawdust between 

mushroom cultivation with other industries is increasing. Hence, alternative substrates to 

substitute the rubber wood sawdust and optimised the condition for high yield mushroom 

growth are both desperately needed by our local growers. 

 

Sawdust is the powdery particles of wood produced by sawing. It is the main substrate 

medium in grey oyster mushroom cultivation. The market price of SD can range from 

RM 4 to RM 11 per kg in Malaysia through personal communication with farmer. It 

composed of cellulose, hemicellulose, and lignin which provide carbon and nitrogen 

sources for growing mushroom. Thus, the suitable solution to alternative substrates for 

sawdust is by using food and agricultural wastes. In this study, three wastes, namely 
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coffee waste (CW), food waste compost (FWC) and empty fruit bunch compost (EFBC) 

were selected as supplemented substrates. The cellulose, hemicellulose and organic 

matter found in these food and agro-industrial wastes can be the main source of nutrients 

for growing mushroom (The proximate compositions are given in Table 2.2.). Since the 

CW, FWC and EFBC are available in abundance with little or no other use and almost 

free of charge, thus these can be utilised for better recycling through mushroom 

production. However utilisation CW, FWC and EFBC as alternative substrate medium 

for cultivation P. pulmonarius remain in doubt.  

 

Table 2.2 Proximate chemical composition of different agro wastes. 
 

Compositions Wastes 
CW1 SD2 FWC2 EFBC6 

Cellulose (g) 12.4±0.8 40-55%5 NA 33.9±4.7% 
Hemicellulose (g) 39.1±1.9 24-40%5 NA 15.9±2.5% 
Lignin (g) 23.9±1.7 13-25%5 NA 38.1±3.1% 
pH 6.14 6.9±0.1 7.4±0.1 8.1±0.8 
Water content (%) NA 15.9±0.2 19.5±0.1 51.8±3.7 
OM (%) 98.0±1.54 80.3±0.1 68.3±0.6 NA 
T-C (%) 44.0±2.04 46.6 39.6 28.81±3.3 

T-N (%) 2.8±0.10 0.1±0.0 3.1±0.2 2.3±0.1 
C/N ratio 16.9 615.9 12.8 12.4 
P(g/kg) 1.8±0.1 0.3±0.0 2.7±0.0 1.4±0.5% 
K (g/kg) 11.7±0.0 0.3±0.0 0.9±0.0 2.8±0.6% 
Ca(g/kg) 1.2±0.0 3.3±0.2 25.2±0.3 1.0±0.3% 
Mg(g/kg) 1.9±0.0 0.3±0.0 1.6±0.0 0.9±0.1% 
Na(g/kg) 33.7±8.8 ND 6.1±0.0 NA 
Pb(mg/kg) <1.6 ND ND NA 
Zn(mg/kg) 8.4±0.2 12.4±6.9 3.3±3.5 157.4±56.0 
Cu(mg/kg) 18.7±0.9 4.6±2.2 11.9±1.5 74.3±10.2 
Cd(mg/kg) <0.2 0.4±0.0 0.4±0.0 NA 
Ni(mg/kg) 1.2±0.6 ND ND 19.3±2.4 
Mn(mg/kg) 28.8±0.7 NA NA 151.2±30.8 
Co(mg/kg) 15.2±0.1 NA NA NA 
Fe(mg/kg) NA NA NA 1.0±0.2 

Source: 1: Ballesteros et al., (2014), 2: Jo et al., (2013); 3: Rizki and Tamai, (2011); 4: Hachicha et al., (2012); 5: Deraman, (1993); 
6: Baharuddin et al., (2010). 
CW, coffee waste; SD, Sawdust; FWC, food waste compost; EFBC ,empty fruit bunch compost; OM, organic matter; T-C, total 
carbon; T-N, total nitrogen; ND, not detected, NA, not available. 
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2.2 Food Waste Compost 

According to Solid Waste Corporation of Malaysia, Malaysia generates about 38,000 

tonnes of waste per day. Around 15,000 tonnes are food waste, and approximately 8000 

tonnes (60 %) of waste that is being generated is avoidable food waste (The Star Online, 

2016). Large amounts of food waste are produced from schools, restaurants, hotels, farms, 

and also supermarkets. The cost of managing waste increases and special space in 

landfills will be needed. As a result, those food wastes mostly end up rotting in landfills. 

In order to solve this issue, food waste is recycled in forms such as compost and fertilisers. 

 

Currently, the Zero Waste Campaign (ZWC) organized by Universiti Malaya (UM) is 

a food waste recycling program for collection food waste from food outlets in campuses 

to decompose them into useful compost (The Star Online, 2015). Since FWC is a 

nutritious product and contains low toxic concentration (Table 2.2) , it can be utilised by 

heterotrophic organisms such as fungi (Stoknes et al., 2008). Jo et al. (2013) demonstrated 

the potential usage of FWC as a component of a growth medium for production of 

Ganoderma lucidum because this practice has the dual benefits of increasing yield and 

disposal of organic wastes (Yang et al., 2003). Nevertheless, information on mushroom 

cultivation using FWC as the substrate medium is currently limited and its effectiveness 

in contributing to mushroom growth is still to be confirmed in mushroom research and 

development (Chae & Ahn, 2013). 

 

2.3 Coffee Wastes 

Coffee is one of the most popular and appreciated drinks around the world being 

consumed for its refreshing and stimulating properties, which are defined by its green 

bean composition and changes occurring during the roasting process (Mussatto et al., 

2011). As a consequence of this high demand, the coffee industry is generating large 
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quantities of residues which include spent coffee grounds (SCG) and coffee silver skin 

(CS). SCG is the residual material obtained throughout the treatment of coffee powder 

with hot water or steam for instant coffee preparation. Nearly 50 % of the world coffee 

production is processed for soluble coffee preparation, which produces around 6 million 

tons of SCG per year (Mussatto et al., 2011). 

 

In recent years, SCG and CS have attracted great attention since they are generated in 

large amounts every year and represent a great pollution hazard if discarded into the 

environment. However, since these residues are derived from coffee bean, they are 

expected to have composition and properties similar to these beans (Table 2.2) and thus 

could be exploited for different industrial applications (Ballesteros et al., 2014). Hence, 

some alternatives have been proposed to reuse these coffee residues. One of the ways is 

that SCG can be used as a substrate for fungal cultivation (Machado et al., 2013).  In spite 

of these possible applications, CW are still underutilised as a valuable material; it is 

necessary to focus on the exploitation of CW in order to add value to these unused 

materials and decreasing their impact to the environment. 

 

2.4  Oil Palm Wastes 

Palm oil has made remarkable and incessant growth in the global market over the past 

four decades, and it is expected that in the period of 2016 – 2020, the average annual 

production of palm oil in Malaysia will reach 15.4 million tonnes (Abdullah & Sulaiman, 

2013). The largest amounts of oil palm wastes being created are empty fruit bunches 

(EFB), oil palm fronds (OPF) and palm pressed fibres (PPF). About 60 % of all the 

produced fibre and shell waste are burnt to generate electricity and the remaining 40 % 

of the waste is removed by contractors to be put into landfills owing to a ban on open 

burning of agricultural waste in Malaysia (Abd Razak et al., 2013). These palm oil wastes 
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are heterogeneous water insoluble materials consisting of cellulose, hemicelluloses and 

lignin; and to a lesser extent pectin, starch and other polysaccharides (Thomsen, 2005). 

The problems associated with the disposal of these solid wastes and high cellulosic 

components of EFBC make these a potential source of substrate for mushroom production 

(Table 2.2). According to Wang and Yang (2007), expensive treatments or disposal 

methods are necessary if these wastes are not going to be recycled. Ultimately, adverse 

effects on the environment would also be a problem if these wastes are not managed well 

and left in the waste stream. 

 

2.5 General Nutritional Requirement for Mushroom Growth 

Mushrooms, unlike plants, cannot undergo photosynthesis because of the absence of 

chlorophyll and thus it can only get the nutrients from organic materials. Mushrooms need 

carbon, nitrogen and inorganic compounds as their nutritional sources (Sharma et al., 

2013). The main organic sources needed by the mushrooms are carbon sources such as 

cellulose, hemicelluloses and lignin, along with other compounds which can be easily 

digested by the extracellular enzymes in order to provide nutrients for mushroom growth. 

These enzymes present a non-specific biocatalyst mechanism and have been used for 

bioremediation process due to their ability to degrade azo, heterocyclic, reactive and 

polymeric dyes (Baldrian & Snajdr, 2006; Forgacs et al., 2004). 

 

The organic compounds can be converted to the various carbohydrates, proteins, lipids, 

purines, pyrimidines and vitamins once they have moved into the fungal cells, where they 

are needed for central activities and structural needs of the fungi (Miles & Chang, 2004). 

For this purpose, types and formulation of substrates chosen are critical in mushroom 

production where they should contain a balance of nutritional compounds. 
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2.5.1    Basic Substrate 

Substrates used in mushroom cultivation have effects on chemical, functional and 

sensorial characteristics of mushrooms (Oyetayo & Ariyo, 2013). Since Pleurotus spp. is 

a saprophyte, nutrients from a variety of agricultural residues through mycelium can be 

obtained for growth and development. Agricultural waste is created in huge amounts, and 

it becomes an interesting substrate because of its commercial exploitation as well as 

connected environmental issues (Silva et al., 2007). Many studies have been conducted 

to investigate the ability of Pleurotus spp. to grow on different agro-industrial waste, such 

as rice straw, wheat straw, cotton waste, pine needles, olive mill waste and so forth. 

(Hussain et al., 2002; Pant et al., 2006; Kalmis et al., 2008; Al-Momany & Ananbeh, 

2011). 

 

A mixture of agro-wastes can be remarkable. According to Owaid et al. (2015), 

productivity and biological efficiency were improved in some combinations when 

compared with wheat straw. This is due to the differences in the capability of such 

substrates to aid the nutritional and environmental requirements, and also variance in 

cellulose, hemicellulose and lignin contents (Kuhad et al., 1997). Beside, Mukhopadhyay 

et al. (2002) and Curvetto et al. (2002) reported that both qualitative and quantitative 

aspects (biological productivity and efficiency) are influenced by the type of nutrient and 

growth conditions in fungus growth and development. For instance, wheat straw was 

found to be superior over other types of agricultural residues in colonization and 

production rates (Philippoussis et al., 2001; Pant et al., 2006; Fanadzo et al., 2010).  

 

Carbon, nitrogen, minerals and vitamins are the four essential chemical compounds 

required by mushroom for growth. Therefore, to ensure success in mushroom cultivation, 

all four compounds should be sufficiently present in the basic substrate with emphasis on 
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a balanced content of carbon and nitrogen. Carbon and nitrogen play an important role in 

the overall process of mushroom cultivation. The various forms of carbon sources such 

as monosaccharides, oligosaccharides and polysaccharides are significant for the 

mycelium growth, especially polysaccharides (cellulose and hemicellulose). 

Polysaccharides are mostly hydrolysed to produce sugar while nitrogen sources are 

needed by fungi to synthesise proteins as constituents of their cell wall (Miles & Chang, 

1997). 

 

2.5.2 Supplement 

Use of supplements in mushroom cultivation can enhance the nutritional content, 

accelerate the mycelium growth as well as increase the production yield (Philippoussis, 

2009; Royse 1997). There are a wide range of protein rich-materials that can be used in 

mushroom cultivation, for example rice bran, wheat bran, spent grain, spent yeast, 

molasses, cottons and coffee wastes. According to Sánchez (2004), supplementing may 

cause overheating of the substrate if growers are not familiar to anticipate and control the 

temperature and humidity in order to maintain a steady substrate temperature. In addition, 

there might be risks from contaminants and insects because supplementation changes the 

number and the types of supported (Stamets, 1993). In other words, contamination can 

easily occur if the supplementation of the substrate is not added appropriately. Hence, 

extra caution should be required to prevent any contamination and ensure a successful 

supplementation. One of the methods to avoid those problems is by prolonging the 

pasteurization cycle of the substrates. 

 

Although many studies have reported an increase in production yield of mushroom by 

adding supplements to bulk substrate, it depends on the individual types of mushrooms 

cultivated, as well as the types and concentration of supplements used. However, 
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excessive of use of supplements can results in adverse effect of the substrate on 

mushroom production. According to Royse (1997), the addition of different starch-based 

supplements such as wheat, rice bran, millet and maize powder to sawdust serve as major 

nutrients to provide an optimum growth medium for mushroom cultivation. Research 

conducted by Chang (1996) and Okhuoya et al. (2005) exhibited improvement of the 

production, quality, flavour, and shelf life of cultivated mushroom by adding supplements 

to the substrate. It was found that the positive effect of the supplementation can be 

correlated with the nutrients present in those additives. 

 

2.6 Stages in Mushroom Cultivation 

Mushroom culture includes several different stages, each of which must be carefully 

performed. According to Dung et al. (2012), the procedure of cultivating oyster 

mushrooms has three main steps: isolating mushroom from fruiting bodies, preparing 

spawn, and cultivating mushrooms from these spawns to harvest fruiting bodies. 

Basically, these stages involved inoculation and incubation of the specific fungus in a 

suitable substrate, followed by colonisation of the fungal mycelium on the substrate and 

eventually growth of fruiting bodies for harvesting. The life cycle of oyster mushroom 

shows the typical growth pattern of basidiomycetes which are divided into vegetative 

phase (mycelium growth) and reproductive phase (fruiting body) (Adebayo & Martinez-

Carrera, 2015). In order to provide good growth of mushroom, substrates chosen for both 

phases are crucial to provide a suitable environment for mushroom cultivation. 

Supplementation of substrate should also be taken in account in both phases for enhancing 

mushroom growth and fruiting. 
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2.6.1 Inoculation and Tissue Culture 

The first stage of mushroom cultivation is to obtain pure mycelium of the specific 

mushroom strain. The mycelium can be obtained from spores, pieces of the specific 

mushroom or from mother culture providers such as Mushroom Research Centre (MRC), 

Universiti Malaya which has been authenticated by experts. Matured, healthy and fresh 

mushrooms are collected and split in half by hand longitudinally. Some inner tissue is 

usually taken from the upper part of the mushroom stripe and placed on PDA plates which 

can be kept at room temperature (28 ± 2ºC) for 8 days. Within 2 or 3 days, some cotton 

white and delicate mycelia are produced from that small piece of tissue (Subbu Lakshmi 

& Sornaraj, 2014). The mycelium are grown rapidly until the surface of the agar medium 

is completely shielded. The growth of mycelium around the area where tissue is 

introduced on agar without any contamination is considered a positive growth. Then, it is 

considered ready to be transferred to spawn substrate to make spawn. 

 

2.6.2 Spawn Production 

Zadrazil et al. (2004) reported that spawn in mycelium running phase involves the 

growth of mycelium through the substrate; as well as inoculation and mycelium 

biodegradation of the specific bulk substrate. Together with the mycelia itself, this 

supports the formation of fruiting bodies. To obtain an inoculum, the mycelium is grown 

on cereal grain, for example wheat, millet, corn or rye, which is frequently called the 

“spawn” The mycelium-coated grain act as intermediate medium or “seed” to allow the 

chosen mycelium to multiply before letting it speedily colonise the specific bulk substrate 

(Miles & Chang, 2004). The success of mushroom production depends on the quality of 

spawn, which must be prepared under sterile conditions to diminish contamination of the 

substrates. During this phase, it is important to maintain moderate humidity and 

temperature in order to achieve optimum growth of spawn, so the mycelia can fill over 
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the compost a period of weeks. The phase in which the spawn was produced is called as 

vegetative phase in the life cycle of mushroom.  

 

The substrate used in inoculum or spawn production may be different from materials 

used in the cultivation of mushroom. Several studies have been conducted to improve the 

quality and techniques for mushroom production. For instance, the spawn for cultivation 

of P. pulmonarius has been prepared in different ways: on grains, such as wheat, sorghum 

and oat (Asghar et al., 2007). Production of spawn is considered as a difficult and 

fastidious task and is often regarded as non-practical for the common mushroom grower. 

Hence, it is usually produced by spawn manufacturers using microbiological sterile 

techniques (Philippoussis, 2009). A more rapid spawn run would reduce the amount of 

time where non-colonised substrate is exposed to competitors such as molds and bacteria.  

 

2.6.3 Mushroom Growth  

When spawn running phases are completed, pinheads begin to form under suitable 

environmental conditions. This is followed by the production of fruiting bodies. Normally, 

the bags are maintained under optimal temperature and moisture content as well as growth 

conditions that favour fruiting. The maximum yield of P. sajor-caju was found during 

rainy seasons, when the temperature was nearly 20-26 ºC and the relative humidity was 

around 70-90%. The humidity during formation of pinheads were at 80-90 %, while the 

relative humidity for development of fruiting bodies were at 75-80% (Iwade & Mizuno, 

1997). Studies on mushroom cultivation found that the use of different strains, different 

lignocellulosic substrates, types of spawn, and physiochemical conditions have an 

influence on yield and growth of each particular mushroom (Mandeel et al., 2005; 

Savedra et al., 2006; Kirbag & Akyuz, 2008; Onuoha, 2009). 
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Figure 2.2: Baby grey oyster mushrooms emerging from substrate bag in mushroom 
house, Fungal Biotechnology Laboratory. November 11, 2017.  
 

2.7  Environmental Conditions 

A number of parameters influence the survival and activity of mycelium in any given 

environment. Occurrence and abundance of fungus in an environment are determined not 

only by the available carbon sources, but also various physical and chemical factors. 

These include oxygen availability (aeration), nutrient availability, temperature, and water 

activity (humidity). Inhibition of mycelium growth can be caused by a limitation imposed 

by any one of these factors, but the cause of contaminant are sometimes difficult to control.  

 

2.7.1 Temperature 

Australian Mushroom Growers Association (AMGA) reported (cited in Bellettini et 

al., 2019) the major extrinsic factors that affect stipe height, stipe and cap diameters in 

mushroom are temperature, humidity, clean air and compact material. Oyster mushroom 

can grow at adequate temperatures ranging from 18 to 30 ºC (Meijia & Alberto, 2013). 

Generally, the substrate-containing inoculum was successively kept in a dark room at 23º 

C for spawn running (Li et al., 2015). According to Oei and Nieuwenhuijzen (2005), the 

optimal incubation temperature ranges from 5 to 30º C for the cultivation of P. 

pulmonarius; this means that at that temperature range, mycelium can stay viable but the 

growth rate can decline at both high and low ends of this range. Besides, Oei and 
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Nieuwenhuijzen (2005) reported that the optimal temperature required for fruiting ranges 

from 20 to 25 ºC. Moreover, the optimal environment for mycelium growth and their 

subsequent fruiting is usually very diverse for cultivation of Pleurotus spp. (Bellettini et 

al., 2019). Fruiting body development is often stimulated after significantly altering 

environmental circumstances (Thomas et al., 2013). According to Oei (2003) and Owaid 

et al. (2015), the temperature can be changed to 10-16 ºC to induce fructification when 

substrates were fully colonised. It was found that stipe height and cap size of mushrooms 

can be affected by lower temperatures and dry condition (Sher et al., 2010).  

 

2.7.2 Humidity 

The humidity range is fairly wide for most fungi - from 20 to 70 % (Pandey et al., 

2001). In order to enable satisfactory growth of Pleurotus spp., a suitable humidity for 

the duration of darkened spawn-running and mycelia induction should cover a range 

between 60–75 % and 85–97 % respectively in the environment (Miles & Chang, 2004 ; 

Li et al., 2015). High humidity is favourable for pinheads and fruiting bodies formation 

naturally. During the growth of P. flabellatus on sawdust supplemented with fishery 

wastes, the relative humidity of the culture room was maintained at 85–90 % by pouring 

25 L of water on the floor and wall per day (Subbu Lakshmi & Sornaraj, 2014). Similarly, 

Kim et al. (2013) also cultivated P. eryngii where the humidity of the incubation room 

was maintained at 85–95 %. 

 

2.7.3 Aeration 

Oxygen is crucial for mushroom during fructification. Bellettini et al. (2019) reported 

that the development of microorganisms were dependant on oxygen flow speed through 

the substrate and the speed of oxygen consumption by microorganisms through gaseous 

exchange with the environment. The study also revealed that aeration has various 
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functions, which include oxygen provision for aerobic growth and metabolism, moisture 

adjustment, temperature regulation, as well as metabolite elimination of water vapour, 

carbon dioxide and volatile compounds. 

 

Aerobic mushrooms require oxygen for their survival and development through lignin 

degradation. During the spawn running stage, it is important to keep carbon dioxide 

concentration at 2000–2500 mgL−1. After the mycelium run is complete and pinhead 

growth is stimulated, fruiting bodies were allowed to develop in an environment where 

carbon dioxide level is around 1500–2000mgL−1 (Li et al., 2015). According to Kalmis 

and Sargin (2004), the carbon dioxide level was maintained around 1000 ppm by aeration 

after pinhead formation. As air holds high carbon dioxide levels, it will yield mushrooms 

with thick and short stipe pileus. Hence, a decrease in carbon dioxide level is required 

during the fruiting stage, as well as an increase in oxygen level. 

 

On the other hand, carbon dioxide and oxygen concentration inside plastic mushroom 

growing bags can affect the speed of colonization and growth of mushrooms. If the 

substrate bag possesses good porosity and sustains oxygen supply within the matrix of 

solid particles, gaseous exchange efficiency can contribute to the normal growth and 

development of mushroom (Gregori et al., 2007). 

 

2.7.4 Luminosity 

Light is not necessary to be induced at the beginning of the mycelium growth phase, 

but it is required for fruiting body production. Roshita et al. (2018) studied the effect of 

different colours of light that produce the highest yield with good physical quality of 

oyster mushrooms. The colours used include fluorescent light (185-254 nm). T, blue LED 

(450 to 475 nm), green LED (520-530 nm) and red LED (564-580 nm) for fruiting 
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induction after mycelia growth. The result from the study showed that blue LED appeared 

to be the most effective in enhancing the production of oyster mushrooms. In a study 

conducted by Kues and Liu (2000), the active wavelengths that control fruiting body 

induction and maturation were found to be in the range of blue light (520nm). 

 

According to Oei and Nieuwenhuijzen (2005), oyster mushrooms do not produce cap, 

but a mushroom stipe-like structure of coral in the complete absence of light. High density 

of light in the environment can yield mushrooms with paleness, deformations, 

decoloration, elongated stipes and reduction of cap diameter (Marino et al., 2003). 
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CHAPTER 3: MATERIALS AND METHODS 

 

3.1  Mushroom Strain 

The locally grown P. pulmonarius (strains S01 and S02) were subcultured from the 

mother cultures obtained from MRC (Mushroom Research Centre), UM. The 

identification were confirmed by mycologist, Associate Prof. Dr. Tan Yee Shin at MRC 

The code and origin of P. pulmonarius used in current study was showed in Table 3.1. 

The tissue culture were maintained on potato dextrose agar (PDA, Difco, Maryland, USA) 

and pH 6.0 ± 0.2 in room temperature, 28 ± 2 ºC for 10 to 14 days.  

  

Table 3.1: The code and origin of P. pulmonarius used in current study. 
 

Strains Code1 Origin 
S01 UMP001 (Thai) Jenjarom, Selangor 
S02 UMP002 (PL27) Semenyih Selangor 

1 Avin et al., 2016 

 

3.1.1  Master Stock Preparation 

Master stock of two strains of P. pulmonarius were prepared as back up prior to 

protection of cultures loss through contamination on the subcultured petri plates. Master 

stock cultures were prepared by storing the mycelium plugs of strains and preserved in 

sterile distilled water for long term preservation (Diamantopoulou & Philippoussis, 2015). 

The Bijou bottles were half filled with distilled water and moderately tighten with its caps 

before sterilised in an autoclave at 121 ºC (15 psi) for 15 minutes. After the sterilisation, 

the Bijou bottles were allowed to cool down and ready to be used. In laminar flow, the 

mouth of Bijou bottles were flamed and filled with 5mm disc mycelium plugs under 

sterilised condition. One bottles was filled with 5 to 6 mycelium plugs from 10 to 14 days 

old mycelium culture. The cap were closed tightly and the mouth of the Bijou bottles 

were flamed lightly again before parafilm were sealed to avoid any contamination. For 
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one strain, five Bijou bottles of master were prepared and stored at 4 ºC under refrigerator 

for a long term period (Paul et al., 2015). 

 

3.2  Inoculum Spawn Production 

The sorghum grains were cleaned manually and soaked overnight until moisture level 

up to 60-70 % (Asghar et al., 2007). The sorghum grains (80g per flask) were 

supplemented with 1 % (w/w) calcium carbonate CaCO3 and put into 250 ml conical 

flasks, closed with cotton plug and covered aluminium foil before sterilised in an 

autoclave at 121 ºC (15psi) for 15 minutes. After the sterilisation, flasks were allowed to 

cool down for 24 hours before inoculating with mycelium culture of P. pulmonarius. One 

flask was filled with 5 to 7 mycelium plugs which age ranged 10 to 14 days. The flasks 

were incubated at 25± 2 ºC in dark condition for 14 to 21 days (Bonatti et al., 2004; 

Pathmashini et al., 2009) until the mycelium colonised the entire grains. 

 

3.3  Substrate Preparations for Race Tubes 

Food waste compost (FWC) was obtained from Zero Waste site in UM, Kuala Lumpur, 

Malaysia. The coffee waste (CW) was collected from Starbucks Coffee shops and empty 

fruit bunch compost (EFBC) was obtained from Dr Fauziah binti Shahul Hamid, Solid 

Waste Management Lab in UM.  

 

In order to choose the best supplementation level in the standard formulation for each 

waste for each strain, linear growth study was carried out in glass race tubes (150 mm x 

25 mm). The formulation of substrate consisted of standard growth medium 

supplemented with different concentrations of FWC or CW or EFBC. The standard 

growth medium (S) consisted of 89 % (w/w) sawdust (SD), 10 % (w/w) rice bran (RB) 

and 1 % (w/w) calcium carbonate (CaCO3). For substrate supplemented with CW or FWC 

Univ
ers

iti 
Mala

ya



25 

or EFBC formulations, their contents were 10, 20, 30 and 40 % (w/w) respectively (Jo et 

al., 2013); the reminder of the medium consisted of standard growth medium (Table 3.2). 

The moisture content of the substrate was maintained around 75 to 85 % (Das and 

Mukherjee, 2007) and the pH was stabilised by CaCO3 at 5.5-6.5 (Smith et al., 2002). 

The race tubes were stopped with non-absorbent cotton plugs and sterilised in an 

autoclave at 121 ºC (15psi) for 15 minutes. After the sterilisation, each tubes were cooled 

down to room temperature for 24 hours and then inoculated with mycelium plug. The 

race tubes were incubated 25± 2 ºC in dark condition and visible mycelium extension was 

measured every 3 days. A total of five replicates of race tubes was performed for each 

composition. 

 

Table 3.2: The substrate formulations used in current study. 
 

    No. Substrate formulations (percentage) and moisture content C:N ratio1 

1.  S= SD+RB (90:10), 80% 396:1 
2.  S+CW(90:10), 80% 358:1 
3.  S+CW(80:20), 80% 321:1 
4.  S+CW(70:30), 80% 284:1 
5.  S+CW(60:40), 80% 286:1 
6.  S+FWC(90:10), 80% 357:1 
7.  S+FWC(80:20), 80% 318:1 
8.  S+FWC(70:30), 80% 279:1 
9.  S+FWC(60:40), 80% 240:1 
10.  S+EFBC(90:10), 80% 357:1 
11.  S+ EFBC (80:20), 80% 319:1 
12.  S+ EFBC (70:30), 80% 281:1 
13.  S+ EFBC (60:40), 80% 242:1 
1Mathematical calculation of carbon to nitrogen ratio of the substrate formulations have shown in Appendix B. 

 

3.4  Bag Cultures 

After confirmation with the best substrate formulation from each wastes and strains in 

linear growth study, the best formulations of the substrate from the wastes and strains 

were prepared for bag cultures (with a replicate of fifteen for each category, n = 15). The 

moisture content of the mixture of substrate was maintained at 75-85 % (Das & 
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Mukherjee, 2007). The pH was stabilised by CaCO3 at 5.5-6.5 (Smith et al., 2002). 

Mixture of substrates (300 g) were placed into transparent polyethylene bags and covered 

with closed caps and neck before sterilised in the autoclave for 15 minutes at 121 ºC 

(15psi). After sterilization, the bags were cooled down to room temperature for 24 hours. 

The sterilized bags were inoculated with wholly colonized spawn. All the bags were kept 

in a darkened spawn running room at 25 ± 2 ºC until spawn run completed (Jo et al., 2013; 

Pathmashini et al., 2009). 

 

3.5 Cropping and Harvesting 

Mushroom bags were transferred and kept open in the mushroom house for fruiting 

after completed the spawn run process. Mushrooms house condition were  maintained at 

28 ± 2 ºC with 80 % relative humidity (Jo et al., 2013). 

 

   
 

Figure 3.1: Mushroom house at Fungal Biotechnology Laboratory. November 5, 2018. 
(a) Outside view of mushroom house (b) Internal view of mushroom house. 
 

 
The mushrooms were harvested manually and weighed for further quantitative and 

chemical analysis. The following measurements were recorded: days required for the 

completion of spawn run, pinheads formation and duration from opening to first 

harvesting in the substrate bag, total weight of harvest fruiting bodies, diameter and stipe 

length of mushroom, the percentage of bags contaminated and successfully fruiting. 

a b 
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Furthermore, biological efficiency (BE) based on four fruiting (first to fourth harvest) 

was calculated using the formula below: 

 

Biological efficiency =
Total fresh weight of harvested mushrooms

Dry weight of substrate
 × 100 

 
(Adapted from Subbu Lakshmi and Sornaraj, 2014) 

 

3.6  Statistical Analysis 

Data obtained were analysed using ANOVA through SPSS software and Ducan’s 

Multiple Range Test (DMRT) at 95 % least significant difference (LSD). Table were 

constructed for evaluation and comparison of their linear growth rate, growth 

performance, yield and BE of P. pulmonarius in order to select the best strain with their 

substrate formulations for nutrient analysis. 

 

3.7 Nutrient Analysis 

At least 2 kg of fresh P. pulmonarius was used for freeze-drying and a total of 200 g 

freeze dried was outsourced to analyse the nutrient profile (total sugar content, total 

protein content, total phenolic content, and β-glucan content). The methodology for 

determination of nutrient profile were shown in Appendix F.  
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CHAPTER 4: RESULTS 

 

4.1  Linear Growth Study 

The selection of best supplemented substrates were based on the mycelium growth rate 

and compactness (Figure 4.1). 

 

Figure 4.1: Mycelium compactness of P. pulmonarius on control substrate in race tubes. 
(a) Sparsely mycelia growth marked as“+” (b) Less compact mycelia growth marked 
as“++”(c) Compact mycelia growth marked as“+++”. (Abd Razak et al., 2013). 

 

4.1.1  Effect of Coffee Waste on Linear Growth 

Based on Table 4.1, both strains grown on control substrate gave the fastest growth 

rate (0.53±0.02 cm d-1 and 0.46±0.02 cm d-1), whereas both strains grown on standard 

substrate supplemented with 40 % (w/w) of CW showed the lowest growth rate, 

(0.33±0.01 cm d-1 and 0.26±0.00 cm d-1). However, both strains grown in standard 

substrate supplemented with 10 % (w/w) of CW did not show a significant difference (p 
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< 0.05) in mycelium growth rate when compared to the control substrate (Table 4.1) (see 

Appendix C). Besides, both strains grown on 10 % (w/w) of CW supplementation showed 

less compact mycelia growth as compared to the control substrate. Therefore, for both 

strains a 10 % (w/w) of CW supplementation was selected for bag preparation.  

 

Table 4.1: Linear growth rate of mycelium grown on standard substrate supplemented 
with varying concentrations of CW. 

Values are means of 5 replicates ±; standard deviation. Values in a column followed by the same alphabet indicate no significant 
different (p < 0.05) in linear growth rate. 

 

4.1.2 Effect of Food Waste Compost on Linear Growth 

The mycelium growth rate for strain S01 obtained in standard substrate supplemented 

with different concentrations of FWC were significantly different (p < 0.05) when 

compared to the control substrate (Table 4.2) (see Appendix C). Strain S01 grown on 

control substrate showed the lowest growth rate (0.60±0.02 cm d-1) whereas when grown 

on 30 % (w/w) of FWC supplementation showed the fastest growth rate (0.69±0.04 cm 

d-1). However, compact mycelium growth was observed at 10 % (w/w) of FWC 

supplementation while loose mycelium growth was observed at 40 % (w/w) of FWC 

supplementation for strain S01. Besides, strain S01 grown on 10 % (w/w) of FWC 

supplementation showed the mycelium grew gradually beyond the medium on race tubes 

and thus chosen for bag cultivation (Figure 4.2).  

 

Meanwhile, the mycelium growth rate for strain S02 obtained in standard substrate 

supplemented with different concentrations of FWC showed a significant difference (p < 

Strains S01 S02 
Substrate 

formulations/ 
Criterias 

Linear Growth 
Rate 

(cm/day) 

Mycelium 
thickness 

Linear 
Growth Rate 

(cm/day) 

Mycelium 
thickness 

Control 0.53±0.02d ++ 0.46±0.02d ++ 
10 % CW 0.52±0.03d ++ 0.45±0.01d ++ 
20 % CW 0.43±0.02c + 0.37±0.02c + 
30 % CW 0.38±0.05b + 0.32±0.01b + 
40 % CW 0.33±0.01a + 0.26±0.00a + 
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0.05) when compared to the control substrate (Table 4.2) (see Appendix C). Strain S02 

grown on control substrate showed the lowest growth rate (0.57±0.02 cm d-1) whereas 

when grown on 30 % and 40 % (w/w) of FWC supplementation showed the fastest growth 

rate (0.71±0.0 cm d-1). However, strain S02 grown on 10 % and 20 % (w/w) of FWC 

supplementations supported compact mycelium growth. Hence, strain S02 grown on 20 % 

(w/w) of FWC supplementation was selected due to ability of mycelium to degrade at 

higher concentration of waste which could contribute to lesser waste disposal. 

 

Table 4.2: Linear growth rate of mycelium grown on standard substrate supplemented 
with varying concentrations of FWC. 

Values are means of 5 replicates ±; standard deviation. Values in a column followed by the same alphabet indicate no significant 
different (p < 0.05) in linear growth rate. 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

Strains S01 S02 
Substrate 

formulations/ 
Criterias 

Linear Growth 
Rate 

(cm/day) 

Mycelium 
thickness 

Linear 
Growth Rate 

(cm/day) 

Mycelium 
thickness 

Control 0.60±0.02a ++ 0.57±0.02a ++ 
10 % FWC 0.68±0.02b +++ 0.70±0.03b +++ 
20 % FWC 0.67±0.00b + 0.70±0.03b +++ 
30 % FWC 0.69±0.04b + 0.71±0.00b ++ 
40 % FWC 0.67±0.00b + 0.71±0.00b + 
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Figure 4.2: Mycelium grew gradually beyond the medium on race tubes on the 18th day 
after the inoculation. Number stated on the race tubes presented are replicate numbers. 
The mycelium grew above the medium in the race tubes in 10 % (w/w) of FWC 
supplementation. 

 

4.1.3 Effect of Empty Fruit Bunch Compost on Linear Growth 

Both strains grown on standard substrate supplemented with 30 % (w/w) of EFBC 

showed the most rapid mycelium growth rate, which was 0.75±0.03 cm d -1 (Table 4.3). 

Both strains grown on 20 % and 30 % (w/w) of EFBC supplementations supported 

compact mycelium growth, while grown on 40 % (w/w) of EFBC supplementation had 

sparse mycelium growth. Since the mycelium growth rate for strain S01 grown on 30 % 

(w/w) of EFBC supplementation displayed a significant different (p < 0.05) compared to 

grown on the control substrate (Table 4.3) (see Appendix C) and the pinheads formation 

was observed after the spawn run completed (Figure 4.3), thus, it was selected for bag 

preparations. The mycelium growth rate for strain S02 grown on 30 % (w/w) of EFBC 

supplementation was significantly higher (p < 0.05) compared to control substrate and 

20 % (w/w) of EFBC supplementation (Table 4.3) (see Appendix C). Hence, it was 

selected for bag preparation.  

1 2 3 4 5 

Mycelium grew beyond the medium on the wall 
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Table 4.3: Linear growth rate of mycelium grown on standard substrate supplemented 
with varying concentrations of EFBC. 
 

Values are means of 5 replicates ±; standard deviation. Values in a column followed by the same alphabet indicate no significant 
different (p < 0.05) in linear growth rate. 

 

 

Figure 4.3: Pinheads were visible in 30 % (w/w) of EFBC supplementation on the 18th 
day after the inoculation. Number stated on the race tubes presented are replicate numbers. 
Replicate number 2, 4 and 5 even showed pinheads formation after fully grown. 

 

4.2  Fruiting Bodies Production of Pleurotus pulmonarius 

Based on the selection criterias, a total of eight substrate formulations from both strains 

initially chosen for the bag preparations, included: control substrate and 10 % (w/w) of 

CW substrate supplementation for both strains respectively, 10 % (w/w) of FWC 

supplementation for strain S01, 20 % (w/w) of FWC supplementation for strain S02 and 

30 % (w/w) of EFBC supplementation for both strains. The eight substrate formulations 

Strains S01 S02 
Substrate 

formulations/ 
Criterias 

Linear Growth 
Rate 

(cm/day) 

Mycelium 
thickness 

Linear 
Growth Rate 

(cm/day) 

Mycelium 
thickness 

Control 0.63±0.03a,b ++ 0.58±0.03a ++ 
10 % EFBC 0.55±0.16a ++ 0.58±0.04a ++ 
20 % EFBC 0.67±0.00b,c +++ 0.67±0.00b +++ 
30 % EFBC 0.75±0.03c +++ 0.75±0.03d +++ 
40 % EFBC 0.62±0.06a,b + 0.71±0.00c + 

1 2 3 4 5 

Pinheads formation on race tubes 
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from both strains were cultured in mushrooms house with 15 individual bags. The final 

decision to choose the best strain for nutritional analysis was made by an evaluation and 

comparison of their growth performance, yield and BE of P. pulmonarius. 

 

4.2.1 Growth Performance of of Pleurotus pulmonarius 

The evaluation and comparison of growth performance (days required for mycelium 

running, pinheads formation and from opened to first harvest as well as measurement of 

cap diameter and stipe length of two strains of P. pulmonarius grown on selected substrate 

formulations was shown in Table 4.4.  

 

The result showed that strain S02 grown on control substrate was recorded the fastest 

(14.64±4.67 days) in complete colonizing the substrates, whereas strain S01 grown on 

control substrate was recorded the slowest (31.20±2.78 days) in complete colonizing the 

substrates. Strain S02 grown on control substrate and 10 % (w/w) of CW supplementation 

were significantly higher (p < 0.05) in the days required for mycelium running compared 

to all the formulations grown with strain S01 (Table 4.4) (see Appendix D). Days required 

for pinheads formation ranging from 13 to 25 days on various wastes used. Strain S02 

grown on 10 % (w/w) of CW supplementation was recorded the shortest number of days 

for pinheads formation (13.60±1.60 days), while when grown on 30 % (w/w) of EFBC 

supplementation was recorded the longest (25.13±3.94 days). 

 

Strain S02 grown on control substrate showed the shortest number of days (16.20±2.31 

days) required from opened to first harvest and strain S01 grown on 10 % (w/w) of CW 

supplementation showed the longest number of days (27.20±8.99 days). Apparently, most 

of the substrate formulations (control substrate, 10 % (w/w) of CW supplementation and 

20 % (w/w) of FWC supplementation) grown with strain S02 was significantly higher in 
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the days required from opened to first harvested compared to all the formulations grown 

with strain S01 (Table 4.4) (see Appendix D). 

 

Both strains grown on different formulations were significantly difference (p<0.05) in 

cap diameter and stipe length of (Table 4.4) (see Appendix D). Strain S02 grown on 30 % 

(w/w) of EFBC supplementation showed the larger (8.44±2.25 cm) cap diameter, while 

strain S01 grown on 10 % (w/w) of FWC supplementation showed the smallest 

(5.43±2.82 cm) cap diameter. Besides, the result showed that strain S02 grown on 

standard substrate was recorded the longest (4.76±1.11 cm) in stipe length and strain S01 

grown on 30 % (w/w) of EFBC supplementation was recorded the shortest (3.15±1.49 

cm). Interestingly, most of the formulations grown with strain S02 had wider cap diameter 

and longer stipe length mushrooms compared to strain S01 (Table 4.4). Additionally, all 

the substrate formulations grown with strain S02 had firm caps with regular edges, and 

showed more number of caps (Figure 4.4). 

 

Based on the Table 4.4 (see Appendix D), there have been some improvements of 

utilisation CW, FWC and EFBC on growing P. pulmonarius. The total of the days 

required for mycelium running and from opened to first harvest have been shortened for 

strain S01 grown on 10 % (w/w) of CW and FWC supplementation (48 days, 47 days 

respectively) compared to control substrate (53 days). Besides, the days required for 

pinheads formation for strain S01 grown on 30 % (w/w) of EFBC supplementation 

(19.13±7.03 days) and strain S02 grown on 10 % (w/w) of CW (13.60±1.60 days) and 

20 % (w/w) FWC (14.13±3.10 days) supplementation have reduced compared to its 

control substrate (19.93±7.33 days, 14.33±2.23 days respectively).  
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Table 4.4: Evaluation of growth performance of two strains of P. pulmonarius grown on 
selected substrate formulations. 

Values are means of 15 replicates ±; standard deviation. Values in a column followed by the same alphabet indicate no significant 
different (p < 0.05).  
 

 

Figure 4.4: Fruiting bodies of P. pulmonarius grown on selected substrate formulations. 
Strain S01 grown on substrate formulations for (a) control (b) CW (c) FWC (d) EFBC 
whereas strain S02 grown on substrate formulations for (e) control (f) CW (g) FWC (h) 
EFBC.  

 

4.2.2 Biological Yield and Biological Efficiency of Pleurotus pulmonarius 

Based on the Table 4.5, the number of harvesting cycle, total biological yield and 

biological efficiency of two strains of P. pulmonarius grown on selected substrate 

formulations were showed varying results. Strain S01 only have two harvesting cycle as 

Strains Formulations 

Days 
required for 
mycelium 
running 

Days required 
for pinheads  
 formation 

Days required 
from opened 

to first 
harvest 

Cap 
diameter 

(centimetre) 

Stipe length 
(centimetre) 

S01 
 

Control 31.20±2.78e 19.93±7.33cd 21.80±7.79abc 7.62±2.89bc 4.58±1.66bc 

10 % CW 21.27±1.53c 25.07±8.41d 27.20±8.99c 6.19±2.25ab 3.80±1.36abc 

10 % FWC 22.13±3.11c 22.93±13.00cd 24.73±13.66bc 5.43±2.82a 3.53±1.69ab 

30 % EFBC 30.47±3.00e 19.13±7.03bc 21.00±7.43ab 6.23±2.39ab 3.15±1.49a 

S02 
 

Control 14.64±4.67a 14.33±2.23ab 16.20±2.31a 7.21±1.80abc 4.76±1.11c 

10 % CW 18.20±1.52b 13.60±1.60a 16.40±1.40a 7.24±2.30abc 4.39±0.91bc 

20 % FWC 24.87±3.10d 14.13±3.10ab 17.13±3.10a 5.77±1.04ab 4.54±1.26bc 

30 % EFBC 20.87±2.61c 25.13±3.94d 27.13±3.94c 8.44±2.23c 4.17±0.93abc 

    

    

a b 

e f g h 

c d 
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it stopped fruiting at the next harvest and attacked by bugs. This eventually caused the 

occurrence of contamination among substrate formulations of strain S01. 

 

Meanwhile, strain S02 were able to be cultivated and harvested until fourth harvest. 

Moreover, the highest biological yield were obtained from first harvest, followed by the 

second harvest. Then the trend gradually declined at the next two harvest. In the end of 

harvesting cycle, the weight of bags were found to be lighter than previously. 

 

The biological yield and BE of strain S01 and S02 were significantly difference 

(p<0.05) on different substrate formulations (Table 4.5) (see Appendix E). It was found 

that strain S02 grown on control substrate produced the highest biological yield 

(78.77±19.93 g) followed by its 20 % (w/w) of FWC supplementation (60.84±17.95 g); 

while strain S01 grown on 30 % (w/w) of FWC supplementation produced the lowest 

biological yield (22.07±14.80 g). In general, substrate gave the higher yield and higher 

value of BE. Strain S02 grown on control substrate shown the maximum BE 

(131.28±33.22 %) followed by its 20 % (w/w) of FWC supplementation 

(101.40±29.92 %). Strain S01 grown on 10 % (w/w) of FWC supplementation of 

(36.78±24.67 %) shown the lowest BE.  

 

Based on the Table 4.5, strain S02 grown on control substrate and 20 % (w/w) of FWC 

supplementation shown low percentage of contaminated bags. In addition, strain S02 

grown on control substrate had the highest percentage of successfully fruiting bags 

(86.67 %) whereas strain S01 grown on 30 % (w/w) of FWC supplementation had the 

lowest percentage (26.67 %). 

 

Univ
ers

iti 
Mala

ya



37 

Strain S02 has proved to have higher production yields with strong pathogenicity than 

strain S01. Strain S01 showed lower performance in the majority of the measurements 

and low productivity, therefore this strain was not selected for further study. This study 

showed that strain S02 displaying markedly higher growth performances and productivity. 

Hence, it showed to be preferable for the production and was selected for nutrient analysis. 
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Table 4.5: Evaluation of number of harvesting cycle, total biological yield and biological efficiency of two strains of P. pulmonarius grown on selected 
substrate formulations. 

1Values are means of 15 replicates ±; standard deviation. Values in a column followed by the same alphabet indicate no significant different  
 (p < 0.05) ) (see Appendix E). 
2The percentage of contaminated bags (low: less than 30 %, moderate: 30-50 %, high: more than 50 %).  
3The percentage of bags that had successful fruiting (Total number of harvesting cycle per bag / (4 cycles x 15 bags) x100)

Strains Formulations 
First 

harvest1 
(grams) 

Second 
harvest1 
(grams) 

Third 
harvest1 
(grams) 

Fourth 
harvest1 
(grams) 

Total biological 
yield1 

(grams) 

Total BE1 

(%) 
Contaminated 

bags2 

Successful 
fruiting bags3 

(%) 

S01 
 

Control 20.93±11.24ab 16.14±16.14bc - - 37.67±22.18b 62.78±36.97b High 38.33 

10 % CW 20.07±13.13a 21.47±18.34bc - - 41.53±23.23b 67.11±37.47b High 40.00 

10 % FWC 17.47±10.25a 4.60±10.13a - - 22.07±14.80a 36.78±24.67a High 26.67 

30 % EFBC 17.40±10.87a 4.93±8.86a - - 23.33±13.40a 37.22±22.32a High 30.00 

S02 
 

Control 29.97±14.34c 23.60±11.51c 16.60±10.44c 8.60±11.44b 78.77±19.93d 131.28±33.22d Low 86.67 

10 % CW 22.13±7.74abc 19.87±10.97bc 5.40±8.49a 2.07±8.00a 49.47±18.80bc 82.45±31.34bc Moderate 56.67 

20 % FWC 29.14±7.51bc 16.57±7.69bc 13.07±10.67c 2.07±4.99a 60.84±17.95c 101.40±29.92c Low 73.33 

30 % EFBC 24.23±6.40abc 12.73±10.44ab 4.53±5.86bc 1.07±2.84a 42.57±16.40b 70.94±27.34b Moderate 55.00 

38 
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4.3 Nutrient Assays of Cultivated Pleurotus pulmonarius Strain S02 

Sample of fresh cultivated P. pulmonarius strain S02 were subjected to freeze dry and 

proximate nutrient analysis. In Table 4.6, the nutritional value (total sugar content, total 

protein content, total phenolic content, and β-glucan content) from the fruiting bodies of 

strain S02 was presented. Although strain S02 grown on control substrate also gave good 

growth performances and yield, but the nutritional attributes of mushrooms grown on 

supplemented substrates CW, FWC and EFBC surpassed those grown on control 

substrate. 

 

The values of sugar content ranged from 32.32-72.32 mg/g. The fruit bodies from 

strain S02 grown on 30 % (w/w) of EFBC supplementation had the highest sugar content 

(72.32 ± 0.01 mg/g) and showed a significant different (p < 0.05) compared other to 

control substrate and supplemented substrates (Table 4.6) (see Appendix G).   

 

High protein content in the fruiting bodies of P. pulmonarius strain S02, ranging from 

93.33-165.43 mg/g. The fruit bodies from strain S02 grown on 30 % (w/w) of EFBC 

supplementation had highest protein content (165.43± 0.01 mg/g) followed by the 20 % 

(w/w) of FWC supplementation (163.21± 0.01mg/g). It was found that protein content 

was significantly higher (p < 0.05) in all substrate supplemented with wastes compared 

to control substrate (Table 4.6) (see Appendix G). There has been an improvement in 

protein contents for the fruiting bodies of P. pulmonarius grown on supplemented 

substrates. 

 

Meanwhile, there were low content of phenolic substances in the fruiting bodies of P. 

pulmonarius, ranging from 17.05-20.83 mg/g. The fruit bodies from strain S02 grown on 
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20 % (w/w) of FWC supplementation (17.05±0.02 mg/g) had lowest content of phenolic 

compared to the control substrate (17.50±0.04 mg/g).  

 

As shown in Table 4.6, β-glucan content in the fruiting bodies of P. pulmonarius strain 

S02, was detected in this study. The percentage of β-glucan content ranged from 28.84 to 

34.09 %. The fruit bodies from strain S02 grown on control substrate had the highest β-

glucan content (34.09±0.01 %) followed by 20 % (w/w) of FWC supplementation (29.58± 

0.01 %).  

 

Table 4.6: Nutritional content of P. pulmonarius strain S02. 

Formulations 

Nutritional value 
Total sugar 

content1 
(mg/g of 

mushroom) 

Total protein 
content1 
(mg/g of 

mushroom) 

Total phenolic 
content1 
(mg/g of 

mushroom) 

β-glucan 
content12 

(%) 
 

Control 53.17 ± 0.02b 93.33 ± 0.01a 17.50 ± 0.04a 34.09 ± 0.01a 
10 % CW 32.32 ± 0.02a 146.67 ± 0.04b 19.58 ± 0.03b 28.95 ± 0.01a 

20 % FWC 51.46 ± 0.03b 163.21 ± 0.01b 17.05 ± 0.02a 29.58 ± 0.01a 
30 % EFBC 72.32 ± 0.01c 165.43 ± 0.01b 20.83 ± 0.02c 28.84 ± 0.01b 

RDA3 50g4 60g5 1g6 3g7 
1All values are expressed as means ± standard deviation of triplicate measurements. Values in a column followed by the same alphabet 
indicate no significant different  
 (p < 0.05). 
2Estimation by using kit protocol. 
3Recommended Daily Allowance. 
4 World Health Organization, 2015 (no more than 10% of total calories and a further reduction to below 5% or roughly 25 grams  
per day would provide additional health benefits).  
5 National Research Council, 1989 (based on 0.8 g/kg of body weight, 56 grams per day for the average of sedentary male and 46 
grams per day for the average of sedentary female).  
6 PerézGimenéz et al., 2008; Saura-Calixto, 2008. 
7Malaysian Dietary Guideline, 2010 (minimum amount required 0.75g) 
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CHAPTER 5: DISCUSSIONS 

 

5.1 Effects of Agricultural and Food Wastes on Linear Growth Study 

For this study, the CW, FWC and EFBC were used to explore as components of the 

growth medium for mushroom cultivation. In order to optimise the standard substrate 

supplemented with agricultural and food wastes, two strains of P. pulmonarius were 

tested with varying concentrations of wastes based on the linear growth study. 

 

5.1.1 Coffee Wastes on Linear Growth 

In the current study, CW can be used to support mycelium growth of P. pulmonarius 

in the race tubes. However, there are certain drawbacks associated with the used of CW. 

Coffee spent-ground contains caffeine, tannins and polyphenols which have low toxicity 

towards fruiting bodies development in P. pulmonarius and prolong the vegetative growth 

phase (Leifa et al., 2001; Velázquez-Cedeño et al., 2002). Furthermore, the increased 

amount of caffeine and tannic acid would lower the mycelia growth rate when used as 

substrate for mushroom cultivation (Martínez Carrera et al., 1988; Fan et al., 2003). 

Ballesteros et al. (2014) reported that spent coffee waste consisted a variety of minerals 

including zinc (Zn), manganese (Mn), cadmium (Cd), cobalt (Co) and lead (Pb) (Table 

2.1). A small quantity of essential heavy metals such as Co, Mn, and Zn are required for 

mycelia growth, but these metals might impede mycelium growth in term of 

morphological and physiological changes (Baldrian, 2003). 

 

In an analysis of the used Starbucks coffee grounds, Soil and Plant Laboratory 

Incorporation has found that there was 2.28% nitrogen and the estimated C/N ratio in 

the CW was about 24:1. It has been shown that there is more than adequate nitrogen 

present in the coffee grounds for the soil microorganisms in the degradation for 
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organic fraction (Sunset, 2017). Other studies have considered the relationship of 

C/N ratio between mycelium growth and laccase production in basidiomycetes. The 

higher C/N ratio increased mycelium growth and decreased laccase production in 

solid substrate cultivation of P. ostreatus. (D'Agostini et al., 2011). On the contrary, 

mycelium growth rate decreases under lower C/N ratio. Results from this study is in 

agreement with that the standard substrate supplemented with increasing concentration 

of CW, mycelium growth of P. pulmonarius decreases (Table 4.1) with decreasing of 

C/N ratio (Table 3.2). Besides that, CW consisted high nitrogen content could inhibit 

the mycelia growth which was result in hyphal plasmolysis (Ballesteros et al., 2014; 

Hachiicha et al., 2012; Baysal et al., 2003). Hence, high concentration (40 % (w/w) of 

CW supplementation delays the mycelium growth rate and develop a sparse 

mycelium. 

 

5.1.2 Food Waste Compost on Linear Growth 

The UM ZWC compost used in this study have been produced by standard method and 

commercialised for plantation due to rich of biodegradable organic matters and free of 

pathogen. In addition, it contained important macronutrients (N: 2.39 %; P: 2.82 %; K: 

0.21 %; Mg: 0.36 %) for plants which have been transcribed in the test report of UM 

ZWC compost (UM Zero Waste Campaign, 2018). It has been found that FWC improved 

the gaseous exchange between soil and as a good fertiliser to feed any plants. Zervakis et 

al. (2001) discussed that fast mycelium growth rate is often indicated of hyphal 

progression on an unfavourable and nutritionally poor medium but a slower and denser 

growth can be interpreted of fully exploitation of the nutrient resources of the medium by 

the fungus. Hence, the substrates supplemented with higher concentration (40 % (w/w)) 

of FWC are not favourable to mycelium growth as the mycelium are not fully utilised the 

nutrient resources.  
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Food waste compost contained a good supply nutrients for mushroom production and 

minerals such as calcium, copper, iron, magnesium, and molybdenum for fungi growth 

(Jennings, 1995; Royse et al., 2013). Carbon is the most abundant mineral element in 

FWC, followed by calcium and copper (Table 2.1). Calcium contained in the substrate 

and inside the fungal cells affect the fungi growth, differentiation and sporulation (Royse 

et al., 2013). Besides, the standard substrate incorporated with FWC provides a good 

gaseous environment which promote mycelium growth. Aeration among the substrate and 

FWC affect the oxygen and carbon dioxide required for aerobic growth and metabolism; 

moisture alteration, temperature adjustment, water vapour and some volatile metabolite 

elimination (Bellettini et al., 2019). Low degree of mycelium compactness might due to 

the aeration system which limits the oxygen and carbon dioxide exchange that required 

for growth.  

 

5.1.3 Empty Fruit Bunch Compost on Linear Growth 

Carbon and nitrogen are essential for mycelium growth which obtained from cellulose, 

hemicellulose and lignin materials (Tabi et al., 2008). Empty fruit bunch compost is one 

of the lignocellulose material residues also as a by-product of the industrial palm oil 

process after removal of the fruits (Parshetti et al., 2013). According to Baharuddin et al. 

(2010), the final matured compost of empty fruit bunch comprised considerable amounts 

of nutrients, low heavy metals and was proved that to be safe as soil fertiliser and 

amendment. In this study, the increased of amount EFBC in the substrate was likely to be 

the consequences of gradually increasing the growth rate and mycelium compactness due 

to sufficient nutrient resources (Table 4.3). However, it was a decline of the mycelium 

growth rate at higher supplementation of EFBC when compared to the control substrate. 

This growth pattern was most probably due to over excessive nutrient in the substrate for 

the mycelium growth. 
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Muthangya et al. (2013) reported that the structure and the porosity levels of substrate 

are significant factors to be considered for growth and penetration of the mycelium into 

substrates. In this regard, the mycelium grown on higher supplementation of EFBC was 

most probably due to the particle size of EFBC which provide enough oxygen availability 

to promote lignin degradation. Tabi et al. (2008) reported that P. ostreatus was unable to 

grow on empty fruit bunch due to the complex structure lignin which was relatively 

resistant to degradation. However, Rizki and Tamai (2011) had successfully cultivated 

that P. ostreatus using empty fruit bunch. These contradictory results might be due to the 

different composting stage of the empty fruit bunch which result in different particle size 

of texture. The C/N ratios of empty fruit bunch used by Rizki and Tamai (2011) was 20:1, 

while the C/N ratio of EFBC used in this study was 12:1. From these C/N ratios, the used 

of EFBC by Rizki and Tamai (2011) were partially decomposed in coarse textured while 

in this study utilises fully decomposed empty fruit bunch in fine textured like SD.  

 

5.2 Determination of Best Strain for Nutrient Analysis 

The results obtained from this study showed that two strains of P. pulmonarius were 

successfully cultivated on different concentrations of wastes respectively. This part was 

aimed to select a comparatively more suitable strain to be used in nutrient analysis for P. 

pulmonarius by investigating the growth performance, yield and BE with its related 

studies.  

 

5.2.1 Evaluation Study on Growth Performance of Pleurotus pulmonarius 

According to Shah et al. (2004), days required for mycelium running in mushroom 

bags ranged from 16 to 25 days for cultivation Pleurotus spp. on wheat straw, leaves and 

SD. In this study, the days required for completing mycelium running was varied from 

14 to 30 days. Akinmusire et al. (2011) who studied the cultivation performance of P. 
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pulmonarius using rice straw substrate showed similar results with this study. The total 

days required for completing mycelium running took about 21-31 day. However, it was 

found that strain S01 showed sparse or moderate growth of mycelium compared to strain 

S02 to complete mycelium running in selected substrates. This might be attributed to 

strain S01 has low adaptability and sustainability compared to strain S02, which slow 

down the rate of mycelium growth.  

 

In Pleurotus spp., the pinheads formation was generally on the 24th-30th days (Naraian 

et al., 2009). Results from this study showed the pinheads formation observed took 

longer period. This might be related to the transferring of mushroom bags from a dark 

warm place to a new environmental condition. They were adopted with the dark room in 

laboratory and were not able to make their appropriate development in mushroom house 

in the beginning. Thus, time required for pinning was longer so the pinheads have been 

appeared lately. However, the spawn run in strain S02 grown on control substrate, 10 % 

(w/w) of CW and 20 % (w/w) of FWC supplementations that reached to fruiting level 

was in agreement with the findings reported by Stamets (2000), where spawn run and 

fructification for P. pulmonarius grown on ligninocellulose wastes took about 8-14 days. 

Hence, the cultivation performance in the fruiting bodies vary with the strains. 

 

From the results obtained in this study, the number of days required from opening to 

first harvest ranged 16 to 27 days. The total days include the days required for pinheads 

formation and mature at harvest, not meaning that it took longer times for pinheads grow 

into fully mature mushroom. The actual days required from pinheads to mature 

mushrooms were actually took an average of 2-3 days for P. pulmonarius observed under 

this study. Similarly, Mkhize et al. (2017) reported the time it took for P. pulmonarius to 
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initiate pinheads until matured was also 2 to 3 days only. In fact, the mushrooms were 

easily to pick out once they were going to be ready for harvest. 

 

The results of this study showed that cap size and stipe length of P. pulmonarius varied 

markedly in different substrates formulations. These findings are in agreement with 

previous study by Yang et al. (2013) which reported P. ostreatus exhibited variation in 

stipe length and mushroom cap diameter in the nine substrate formulations used. The 

substrate included rice straw, wheat straw, cotton seed hull, and wheat straw or rice straw 

supplemented with different proportions (15 %, 30 %, and 45 % in rice straw substrate, 

20 %, 30 %, and 40 % in wheat straw substrate) of cotton seed hull. Mane et al. (2007) 

reported that different substrates affect the yields and mushroom fruiting bodies 

characters such as pileus size and stipe length in P. sajor-caju. In this study, the cap 

diameter of strain S02 grown on substrate supplemented with EFBC was particularly 

wider among others. This may be attributed to the addition of supplement that changed 

the physical properties and C/N ratio of substrate formulas. If long stipe and 

underdeveloped caps were observed in fruiting body, which may result from the 

inadequate light and excessive of carbon dioxide in the mushroom house (Sánchez, 2010). 

In addition to that, environmental conditions as well as supplementation of substrates with 

various additives including nitrogen sources have been found to affect the quantity and 

quality of mushroom (Royes, 2002; Onyango et al., 2011) 

 

The variation of different growth performance and parameter of cultivated mushrooms 

are influenced by several factors such as type of substrates and supplements used, the 

species or strain employed, spawning method as well as mushroom growing conditions 

(Mshandete, 2008 ; Tripathy et al., 2010). In addition, extrinsic factors such as 

temperature of culture house, humidity, light intensity, air composition and size of 
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polyethylene bags were also affecting the survival and multiplication of mushroom 

(Bellettini et al., 2016). 

 

5.2.2 Evaluation Study on Biological Yield and Biological Efficiency of Pleurotus 

pulmonarius 

Obviously, there were high production and BE grown among substrate formulation for 

strain S02. In this regard, a recent study by Myronycheva et al. (2017) assess the fruiting 

of 19 oyster mushroom (13 strains of P. ostreatus and 6 strains of P. pulmonarius) strains 

grown on mixture substrate of wheat straw and sunflower husks. The authors reported 

that BE of five strains of P. pulmonarius strains were low (9.8-35.0 %), with the exception 

of one strain produced higher BE result (62 %). Furthermore, results from this study is in 

agreement with the study conducted in South Africa examining P. pulmonarius grown on 

maize stalk supplemented with varying levels of wheat bran and maize flour (Mkhize et 

al., 2017). The BE ranging from 32 % to 132 % whereby 14 % of maize flour 

supplementation exhibited higher BE among others. It can be concluded that amount and 

type of nutrients as well as their interaction with mushroom strains had a significant 

impact on mushroom productivity. 

 

On other hands, the failure of strain S01 to produce fruit body for subsequent 

harvesting cycle might be due to poor recovery of mycelium during resting period 

between harvest times. As a result, mycelium is easily contaminated by competing air-

borne microorganisms such as the green mould Trichoderma spp. in mushroom house. 

The contaminated substrate may also attract pests (mites and fly) which bring other 

contaminants. According to Sánchez (2010), mushroom produced only in first flush and 

fail to produce subsequent flushes was caused by inadequate substrate nutrition and 

competitor moulds. Thus, the ability of P. pulmonarius strain to grow successfully on 
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CW, FWC and EFBC may be associated with the nutrients contained in it. Wabali and 

Wocha (2013) revealed that occurrence of contamination can caused by an increased 

nutrient concentration of the substrate due to fungal contaminants compete with the 

cultivated mushroom. Ambi et al. (2011) also mentioned that variations observed in the 

production may be linked with differential nutritional status of the substrates and to some 

extent the physical nature of substrates as well as nature of mushroom.  

 

Cultivation of grey oyster mushroom is very dependent on natural occurrence as well 

as environmental conditions, especially favourable in humid climate. Climate of Malaysia 

is usually hot and sunny with temperature reaches 28-35 °C and humidity around 60 % 

to 70 % all over the year (Malaysian Meteorological Department, 2017). Small 

fluctuations in temperature affect the mushroom yield and could encourage contamination 

in the mushroom house. This result revealed strain S01 had low resistance to strain S02 

under the studied cultivation conditions. This may be attributed to the influence of 

temperature changes, which is not preferred fruiting temperature and adequate moisture 

for fruiting body growth condition (Sánchez, 2010). Additionally, prolonged rainy 

weather could cause the bags exposure to excessive high humidity and eventually lead to 

soggy substrate, mould contamination and standing water. In this study, strain S02 

stopped fruiting when no more available substrate or substrate nutrients may be too 

limited which resulted in mushroom abortion and contaminated by available 

contaminated substrate. Hence, there were a numbers of factors which may act 

individually or have interaction effects with mycelium growth and development of 

mushrooms.  

 

Generally, the purpose of supplementing a substrate is to improve growth of 

mushroom mycelium. The recorded results of P. pulmonarius mushroom indicate that 
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high concentration of EFBC supplementation result in lower mushroom yield compared 

to low concentration of FWC supplementation. In this regard, Assan and Mpofu (2014) 

reported that lower yield of P. pulmonarius grown on higher concentration of 

supplementation was most probably due to heat generated and excess nitrogen within 

substrate. Besides, Stamets (1993) asserts that when a substrate supplementing with 

nitrogen source, extra care is required to avoid influence on yield and growth of 

mushroom. The use of agricultural and food wastes as growth medium faced challenges 

in the survival and spread of certain pathogens might infect the host after spawning. This 

is because supplementing a substrate alter the number and the type of organisms existed 

in the substrate. Hence, prolong sterilisation of the supplemented substrate is highly 

recommended. 

 

The result of this study showed that strain S02 grown on standard substrate 

supplemented with 20 % (w/w) of FWC recorded the highest yield and BE among all the 

agricultural and food wastes. This study particularly showed that strain S02 grow well on 

this supplemented substrate not only because of the susceptibility of strain S02 towards 

environmental and also due to FWC contained various nutrients to support the mushroom 

growth. Furthermore, FWC is mainly made up of carbon due to the optimum composting 

process required a C/N ratio between 25 and 30 parts of carbon (Kumar et al., 2010), 

Naraian et al. (2009) and Bellettini et al. (2019) reported that 28 to 30 % of carbon and 

1% of nitrogen of C/N ratio is an important condition for mushroom production. Likewise, 

Jo et al. (2013) reported that 15 % of FWC gave the highest yield of Ganoderma lucidum.  

  

In the overall evaluations, strain S02 proved to have fast colonisation, short pinheads 

development, higher percentages of successfully fruiting bags, better yield and BE. These 
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superior properties could satisfy market requirements. Hence, this strain with all the 

substrate formulations was selected and proceed to nutrient assays. 

 

5.3 Nutrient Profile of Dried Pleurotus pulmonarius Strain S02 

In general, the fruiting bodies of mushrooms contain 56.8% carbohydrate (Hung & 

Nhi, 2012). Carbohydrate content comprises fibre, for example the structural 

polysaccharides, -glucans, chitin, hemicelluloses and pectic substances (Rathore et al., 

2017). The high carbohydrate content is due to the higher level of non-fiber carbohydrates 

such as sugars (Reis et al., 2012). The sugars present in mushrooms are mostly glucose, 

sucrose, fructose, mannitol and trehalose (Birch, 1973; Valverde et al., 2015). In this 

study, total sugar content was vary in the range of 32.32-72.32 mg/g that grown on 

different substrate formulations. However, the values were slightly low compared to the 

total sugar content conducted by Obodai et al. (2012) on dried mushroom of P. sajor-caju 

(8.92 g/100 g) where the total sugar content included fructose, mannitol and trehalose.  

 

The efficiency of fungi in transforming substrate to protein is far supreme to that of 

numerous plants and even animals (Kües & Liu, 2000). Alam et al. (2007) reported that 

the dried mushroom of P. sajor-caju containing high amount of protein (24.63 g/100 g). 

The high amount of protein in the mushroom revealed that it can be a protein source in 

the diet for humans. In this study, the total protein content was significantly higher (p < 

0.05) in all substrate supplemented with wastes compared to the control substrate. This 

indicated that agricultural and food wastes that contained high protein content can 

contribute as a protein source by the mycelium (Silva et al., 2002). 

 

Besides sugar and protein, phenolic considered to be major contributors to the 

antioxidant capacity of the mushroom extract. They have been reported as natural 
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antioxidant which commonly found in mushroom with redox properties because they act 

as free radical scavengers, reducing agents, singlet oxygen quenchers, or metal ion 

chelators (Ferreira et al., 2009; Khatun et al., 2015; Valverde et al., 2015). In this study, 

different results were recorded for the total phenolic content (17.05-20.83 mg/g) of P. 

pulmonarius grown on different substrate formulations. These results were relatively low 

compared to the reported values by Gogavekar et al. (2014), whereby total phenols was 

recorded at 52.20 mg/g in P. sajor-caju. However, lower phenol contents was reported 

by Yanga et al. (2002) for P. cystidiosus and P. ostreatus which contained 10.24mg/g and 

15.7 mg/g of total phenols, respectively. 

 

The β-glucans are essential polysaccharides and found in the cell wall of mushrooms 

(Valverde et al., 2015). Beta-glucans are responsible for strengthening the immune 

system by inducing both the adaptive and innate immune response (Brown & Gordon, 

2005; Sari et al., 2017). Hence, mushrooms are an ideal source for making nutraceutical 

dietary supplement. Based on the results from this study, β-glucan content obtained by 

difference between total and α-glucans varied from 28.84 to 34.09 % in P. pulmonarius 

grown on different substrate formulations. Avni et al. (2017) studied the effects of relative 

concentration of olive mill solid waste (OMSW) and yield of glucan in the caps and stalks 

of P. eryngii. In the study, there were four types of treatment applied on P. eryngii, which 

included control substrate (100 % SD), 20 %, 60 % and 80 % of OMSW. It was found 

that the caps of P. eryngii grown on 20 % of OMSW had high β-glucan content (39.10 % 

w/w) whereas the stalks of P. eryngii grown on 80 % of OMSW had the highest β-glucan 

content (49.70 % w/w). It can be concluded that the contents of polysaccharides in the 

fruiting bodies also vary with the concentrations of wastes supplemented. 
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The nutritional values may be attributed to the species and strain of mushroom, 

environmental factors, cultivation times, substrates and supplement chemical 

compositions (Manzi et al., 2001; Nunes et al., 2012). Therefore, the efficiency of 

mycelium in transforming the chemical compositions of substrate and different wastes 

into fruiting bodies itself can cause the variations among the nutritional attributes of P. 

pulmonarius. It is evident from various studies that oyster mushrooms have a great 

nutritional value due to rich in carbohydrates, protein, fiber and low in fat levels (Agarwal 

et al., 2017). Thus, oyster mushroom could be a protein source in our foods and able to 

promote health benefits in stimulating synergistic effects with all the bioactive 

compounds present (Elmastas et al., 2007; Ferreira et al., 2009). Stamet (1993) mentioned 

that populations which consumed mushroom meet the recommended daily allowance 

(RDA) and daily recommended intake (DRI) for calcium (Ca), cobalt (Co), iron (Fe), 

magnesium (Mg), phosphorus (P), zinc (Zn), folate, niacin, riboflavin, thiamin, vitamin 

A, B6, B12, C, E, energy, carbohydrate, fiber and protein compared to those who do not 

consume mushroom. Therefore, mushroom lover have a balanced diet than those who do 

not eat mushrooms. 

 

In this study, the cultivation of grey oyster mushroom can be very time-consuming and 

costly. It was not only about growing mushroom in farm, but required laboratory 

experiences (microbiological sterile techniques) for the production of spawn as it is often 

regarded as non-practical for the common mushroom grower. Furthermore, the cost 

efficiency of mushroom cultivation was including the required time for mushroom 

growing, the costs of operating the mushroom house and the nutritional attributes for 

fruiting bodies of P. pulmonarius. However, the main concerns were the supplemented 

substrate used and the required times for mushroom growing along with analysing the 

nutrient analysis in this project. Hence, it was found that the time taken for mycelium 
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running was a bit longer when grown on supplemented substrates, but the times for 

pinhead formations was shortened as compared to its control substrate. It might due to 

supplemented substrates allowed mycelium to grow by providing sufficient nutrition 

and the mycelium was uniquely transform the nutrients. Ultimately, it caused the 

variations among the growth performance, biological yield and nutritional attributes of P. 

pulmonarius as compared to its control substrate. It also can been seen that the total 

protein and total phenolic contents grown on supplemented substrates CW, FWC and 

EFBC were surpassed grown on control substrate. Therefore, present results indicated 

that the effectiveness of supplemental CW, FWC and EFBC can help to improve and alter 

the nutritional attributes for fruiting bodies of P. pulmonarius strain S02. 
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CHAPTER 6: CONCLUSIONS 

 

6.1 Conclusions 

This study provided an important opportunity to advance the knowledge of the 

potential used of CW, FWC and EFBC as a substrate component of a growth medium in 

linear growth study. It was observed that the supplementation of various wastes at their 

lower concentrations (10 %, 20 % and 30 % (w/w)) of CW, FWC and EFBC) had 

enhanced the mycelium growth rate of P. pulmonarius (strain S01 and S02). It was 

revealed that only fast mycelium growth rate with dense mycelium may reflect the 

utilisation of nutrient resources is optimum in linear growth study. In the evaluation and 

comparison study, P. pulmonarius grew and fruiting bodies were produced in the 

formulated substrates in bag cultures. Strain S01 grown on control substrate was recorded 

the slowest (31.20±2.78 days) in substrate colonisation while when grown on 10 % (w/w) 

of CW supplementation showed the highest number of days required from opened to first 

harvest (27.20±8.99 days). Strain S01 grown on 30 % (w/w) of FWC supplementation 

gave the lowest BE (36.78±24.67 %) and had the lowest percentage of successfully 

fruiting bags (26.67 %). On the contrary, strain S02 grown on control substrate was 

recorded the fastest (14.64±4.67 days) in substrate colonisation and showed the shortest 

number of days (16.20±2.31 days) required from opened to first harvest. Strain S02 grown 

on all substrate formulations were able to be harvested until fourth harvest whereas strain 

S01 only have two harvesting cycle. From the results, strain S02 considered to have the 

highest potential and growth performance grown on the substrate formulations tested and 

the fruit bodies were selected and analysed for nutritional attributes. It was found that the 

protein content in the fruiting bodies of P. pulmonarius grown on all substrate 

formulations was higher compared to its sugar, phenolic and β-glucan content. The 

protein content was significantly higher (p < 0.05) in all substrate supplemented with 
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wastes compared to the control substrate. Hence, the efficiency of mycelium in 

transforming the chemical compositions of substrate and different wastes into fruiting 

bodies itself can cause the variations among the nutritional attributes of P. pulmonarius. 

In the overall, strain S02 grown on standard substrate supplemented with 20 % (w/w) of 

FWC gave the highest BE (101.40±29.92 %) among all substrate supplemented with 

wastes. The fruiting bodies had the highest β-glucan content (29.58 ± 0.01 %) among the 

fruit bodies obtained from tested formulations containing wastes as supplement. The days 

required for mycelium running was 24.87±3.10 and the pinheads formation was 

14.13±3.10. In conclusion, CW, FWC and EFBC can be utilised as supplement in the 

cultivation of grey oyster mushrooms and this use can be an alternative way for the solid 

waste management. 

 

6.2 Future Study 

Based on the outcome of the current work, the use of FWC as a substrate component 

of growth medium produced higher yield among others wastes. Further assessment and 

investigation is recommended for pilot-scale study on this waste to obtain a sustainable 

production of mushroom. Besides, further studies on the involvement of more possible 

agricultural and food wastes in mushroom cultivation will open up a pool of innovation 

for the mushroom industry. 
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