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ABSTRACT 

 
 This study evaluated the mycelial growth of Pleurotus djamour on banana sucrose gulaman and 
fruiting body production on banana-based substrate formulations. Fruits of three local banana 
varieties, namely lakatan, latundan, and saba were used in the preparation of culture media. The 
mycelial growth and mycelial density were determined. Moreover, different banana-based substrate 
formulations such as 100% banana leaves, 75% banana leaves + 25% sawdust, 50% banana leaves + 
50% sawdust, 25% banana leaves + 75% sawdust,  and 100% sawdust were evaluated. The rice straw-
based substrate formulation consisting of 70% rice straw and 30% sawdust was used as the control. 
Saba sucrose gulaman exhibited faster mycelial growth (11.79mm / day) and thick mycelial density. On 
the other hand, potato dextrose agar (control) recorded the smallest mycelial growth (9.33 mm / day) 
and very thick mycelial density. Among the different substrate formulations, 70% rice straw + 30% 
sawdust (control) exhibited shorter incubation period (26.73 days) and shorter duration of primordial 
formation (28.93days). However, 50% banana leaves + 50% sawdust exhibited highest yield (136.51 g) 
and highest biological efficiency (19.50%).  
 
Keywords: banana wastes, banana sucrose gulaman, biological efficiency, mycelial growth, pink oyster 
mushroom. 
 

INTRODUCTION 

 
Pleurotus djamour, commonly known as the pink oyster mushroom because of the pink color of 

the fruiting bodies, is a wood-rotting basidiomycetes which naturally grows as saprophyte on decaying 
logs of trees during rainy season. This exotic mushroom species was recently introduced in the country 
as an addition to the existing species of oyster mushrooms, namely Pleurotus florida, Pleurotus sajor-caju, 
Pleurotus cystidiosus, Pleurotus ostreatus, and Pleurotus pulmonarius. P. djamour is one of the widely distributed 
and commercially grown mushrooms in many countries. Apart from its high nutritional value and 
culinary importance, it is also a potential source of bioactive compounds with functional and 
pharmacological activities. For instance, the polysaccharide precipitate exhibited anti-tumor activity, 
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while the fruiting bodies contain phytochemicals such as anthroquinones, flavonoids, saponins, 
tannins, and terpenoids (Borges et al. 2013; Sasidhara and Thirunalasundari 2014). Moreover, it also 
exhibited high DPPH radical scavenging activity, antibacterial property and hypolipidimic effect 
(Jegadeesh et al. 2014; Acharya et al. 2017;  Dulay et al. 2017).  
 

Banana is the number one fruit commodity in the Philippines both in terms of production and 
hectarage (Espino and Espino 2015). In 2015, the country produced nearly 9.1 million metric tons of 
bananas on 443,270 hectares of land (PSA 2015). This biennial herbaceous crop is primarily cultivated 
for its fruits.  However, during its production, million metric tons of banana waste products are 
generated such as pseudo stems, leaves, stalks, rhizomes, and fruit peels (Padam et al. 2014). These 
untapped and neglected agricultural waste products when not properly managed can cause 
environmental hazards. Due to the lignocellulosic nature of these waste materials, they are potential 
substrates in cultivating different species of mushrooms. At present, the Central Luzon State University 
Mushroom Center for Research and Development (CTMRD) promotes the use of rice straw-based 
substrate formulation for growing various species of mushrooms. At present, dried banana leaves are 
being used as substrates in the production of paddy straw mushroom (Volvariella volvacea). Its potential 
use as substrate in growing oyster mushroom, particularly P. djamour has not been explored, thus this 
study.  
 

MATERIALS AND METHODS 

 
Pure culture of P. djamour obtained from the germplasm collection of the CTRMD, Central 

Luzon State University was revived using Potato Dextrose Agar. Approximately 10 mm2 mycelial 
block from the pure culture was aseptically inoculated to the center of an agar plate using a flame-
sterile inoculating needle. The inoculated plates were incubated at room temperature to allow mycelial 
growth and ramification. 
 
Evaluation of Different Varieties of Banana Used as Culture Medium 
  

In this experiment, the mycelial growth of P. djamour on three local varieties of banana, namely 
latundan, lakatan, and saba used as culture media was evaluated. Potato dextrose agar, a commercial 
medium was used as the control.  
 

Preparation of banana sucrose gulaman. Banana sucrose gulaman (latundan, lakatan, and saba) 
was separately prepared by boiling 200 grams of sliced fruits, boiled in one liter of distilled water until 
cooked. The decoction was filtered to remove the banana and reconstituted to one liter by adding 
distilled water.  Ten grams of white sugar and 20 grams of white gulaman bar were dissolved and 
mixed over low flame until the mixture is homogenous.  This was dispensed into a flask plugged with 
cotton and covered with paper. The prepared media were sterilized in an autoclave at 121 oC, 15 pound 
per square inch (psi) for 30 minutes.  
 

Inoculation. Approximately 20 ml of the medium was aseptically poured to a sterile petri plate 
and allowed to solidify overnight. A 10 mm mycelial disc from a seven-day old culture was aseptically  
inoculated onto each petri plate. The plates were incubated at room temperature to allow mycelial 
ramification. The mycelial diameter was measured after one week of incubation   using digital Vernier 
caliper. The mycelial growth and mycelial density were determined.  
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Evaluation of Fruiting Body Performance of P. djamour in Banana-based Substrate 
Formulations 
 

Preparation of grain spawn. Two kilograms of unmilled rice was boiled in four liters of water 
until tender. After boiling, the grains were air dried until 65% moisture content is attained. Forty grams 
of each spawn material was placed in a polypropylene bag with 5 cm PVC pipe at the top and plugged 
with cotton, wrapped with paper and sterilized by autoclaving at 15 psi or 121˚C for 45 minutes. After 
sterilization and cooling, the grain spawn was inoculated with 10 mm mycelial disc from the pure 
culture of P. djamour and then incubated at room temperature to allow mycelial ramification.  
 

Substrate preparation. Dried banana leaves were collected from the banana plantation in 
Central Luzon State University campus. The collected banana leaves were cut into smaller pieces using 
the multi-purpose shredder machine. The shredded leaves were then soaked in a water tank for three 
days.  To remove the undesirable odor, the banana leaves were washed continuously with tap water 
and pulled out of the tank. These were transferred to the composting area and covered with plastic to 
create an anaerobic condition and to allow the growth of natural decomposers. After one week of 
composting, the substrate was formulated as follows: T1 – 100% banana leaves, T2 – 75% banana 
leaves + 25% sawdust, T3 – 50% banana leaves + 50% sawdust, T4 – 25% banana leaves + 75% 
sawdust, T5 – 100% sawdust, and T6 – 70% of rice straw + 30% sawdust (control). Seven hundred 
grams of the formulated substrates was placed and compacted in 6” x 12” polypropylene bag. To serve 
as opening for the inoculum, each bag was inserted with a PVC pipe cuttings with 10 cm diameter, 
plugged with cotton and sealed with a rubber band. The fruiting bags were sterilized in an autoclave at 
121˚C, 15 psi for one hour. The sterilized fruiting bags were allowed to cool down overnight. After 
cooling, 40 grams of grain spawn was inoculated on each fruiting bag and incubated at room 
temperature to allow mycelial running.  Once fully ramified, the bags were transferred to the growing 
house and opened at one end to allow emergence of the fruiting bodies. The fruiting bags were 
watered three times a day using a pressurized sprinkler.  
 

Statistical design and analysis. The experiment was laid out following the completely 
randomized design. Treatment means were compared Duncan Multiple Range Test. The data were 
analyzed using SAS statistical program. 
 

RESULTS AND DISCUSSION 

 
Mycelial Growth P. djamour on Banana-based Substrate 
  

Culture media are important source of nutrients needed by mushroom organisms. At present 
semi-synthetic and indigenous culture media are being used for the mycelial cultivation of mushrooms.  
In mushroom production, availability, suitability, and cost are important consideration in selecting the 
medium to be used.  In this study, banana-based culture media using different varieties were evaluated 
to determine the most suitable culture medium for optimum mycelial growth of P. djamour. Table 1 
shows the mycelial growth and mycelial density of P. djamour on banana-based medium. It can be noted 
that saba sucrose gulaman recorded the highest mycelial growth with a mean of 11.79 mm /day. On 
the other hand, PDA (control) recorded the lowest mycelial growth of 9.33 mm/day. Statistical analysis 
revealed significant influence of the media on mycelial growth.  The mycelial growth in potato dextrose 
agar is significantly smaller than the banana-based media. However, no significant difference was 
observed among the three banana-based media. In terms of mycelial density, P. djamour produced very 
thick and cottony mycelia in PDA (control), while cottony and thick mycelial growth was recorded in 
the three varieties (Figure 1). 
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The result of the present study indicates that banana-based medium can support the mycelial growth of 
P. djamour. This could be due to the nutrient composition of banana fruits. USDA (2011) reported that 
bananas are a significant source of several vitamins and minerals, especially potassium, vitamin B6, and 
vitamin C. They  also contain  vitamin A, B-vitamins (thiamine, 40 µg; riboflavin, 70 µg; niacin, 610 µg; 
pantothenic acid, 280 µg; pyrixodine, 470 µg; folic acid, 23 µg) and ascorbic acid (Aurore et al. 2009). 
Moreover, Egbebi and Bademosi (2012) disclosed that banana contains protein (3.15%), ash (6%), fat 
(1.2%), crude fibre (1.11%), sugar (12.8%), carbohydrate (27.24%), and total solid (38.7g / 100g). 
 
Table 1. Mycelial growth and mycelial density of P. djamour on banana-based media 

Media Mycelial growth (mm/day) Mycelial Density 

Lakatan Sucrose Gulaman 11.25a +++ 

Latundan Sucrose Gulaman 11.25a +++ 

Saba Sucrose Gulaman 11.79a +++ 

Potato dextrose Agar (control) 9.33b ++++ 
Data presented are means of three replications. Means with the same letter are not significantly different at 5% 
level of significance using Duncan Multiple Range Test (DMRT). (+) very thin, (++) thin, (+++) thick, (++++) 
very thick.  

 

 
Figure 1. Mycelial growth of P. djamour on (A) lakatan sucrose gulaman, (B) latundan sucrose gulaman, 
(C) saba sucrose gulaman, and (D) potato dextrose agar on the 7th day of incubation. 
 
Fruiting Body performance of P. djamour in Banana-based Substrate Formulation 
 

Incubation period. The growth of mushrooms includes different phases such as mycelial 
colonization, primordial initiation, and fruiting body production. Incubation period refers to mycelial 
running from   inoculation to the mycelial colonization of the substrate. Previous studies have reported 
that the incubation period varies according to the mushroom species, type of substrates, and 
formulation of the substrates (Chang and Miles 2004; Kalaw and Albinto 2015). Table 2 shows the 
incubation period of P. djamour on different banana based substrate formulations. It is interesting to 
note that the control (70% rice straw: 30% sawdust) recorded the shortest incubation period with a 

A B 

C D 
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mean of 26.73 days. On the other hand, the longest incubation period was recorded in 100% sawdust 
with a mean of 37.33 days. Analysis of variance revealed significant influence of substrate formulation 
on the incubation period. Findings of this study indicated that the incubation period is affected by the 
formulation of the substrates. The incubation period is shorter in substrate with lesser amount of saw 
dust while it is longer in substrate with 100% saw dust.  This observation could be due to the 
compactness of the substrates. The smaller particle size of saw dust resulted to smaller pore spaces 
between the substrates which somehow made it difficult for the mycelial to penetrate the substrates 
that resulted to longer incubation period. A similar observation was reported by Bumanlag et al. (2018) 
in substrate formulation consisting of corn stalks and leaves mixed with different amount of saw dust. 
Chang and Miles (2004) reported that the difference in the duration of the incubation period in a given 
substrate could be due to the fungal strain, growth conditions, and substrate type. Moreover, Bhatti et 
al. (1987) explained that the variation could also be attributed to the difference in chemical 
composition and carbon nitrogen ration of the substrates.  The incubation period obtained in the 
present study is shorter than the reported 40–48 days spawn run period Pleurotus species on compost 
bags by Obodai et al. (2003) but longer than 21  to 24.75 days complete mycelial running of P. florida 
on different substrates by Mondal et al. (2010). 
 
Table 2. Incubation period and primordial formation of P. djamor on banana-based substrate 
formulation 

Treatments Incubation Period (Days) Primordia Formation (Days) 

100% BL 27.18ed 29.63d 

75% BL + 25% SD 28.67c 31.92c 

50% BL + 50% SD 27.38d 29.52d 

25% BL + 75% SD 32.15b 34.14b 

100% SD 37.22a 40.11a 

70% RS + 30% SD (control) 26.73e 28.93d 

Data presented are means of three replications. Means with the same letter are not significantly different at 5% 
level of significance using Duncan Multiple Range Test (DMRT). 
BL= Banana leaves, SD= Saw dust and RS= Rice straw 
 

Primordial formation. Primordial formation is the second stage of mycelial growth during 
cultivation of mushrooms. The duration of primordial initiation was determined from inoculation of 
the substrates to the appearance of primordia. The primordia are small pinhead-like structures growing 
in the fruiting bags.  Table 2 shows the number of days required to primordial initiation in different 
substrate formulations. Substrate consisting of 70% rice straw + 30% sawdust recorded the shortest 
period  with a mean of 28.93 days which is comparable to  100% banana leaves and  50% banana 
leaves and 50% saw dust. On the other hand, 100% sawdust recorded the longest duration with a mean 
value of 40.11 days. Analysis of variance revealed significant effect of substrate formulation on 
primordial formation. The values obtained in the present study are longer than the 22 days in Pleurotus 
ostreatus cultivated in banana pseudostem and leaves as reported by De Carvalho et al. (2012). Tirky et 
al. (2017) observed the primordial initiation of Pleurotus florida on 17th to 26th days.  On the other 
hand, Mondal et al. (2010) disclosed that the primordia of Pleurotus species appeared 5.50 days after the 
spawn running, while Samuel and Eugene (2012) noted 5.80 to 8.01 days duration of primordial 
initiation of Pleurotus ostreatus on different substrate formulations.  Moreover, Shah et al. (2004) found 
that the primordia appeared 6 days after full ramification of the mycelia.  The observed variations in 
the duration of primordial formation can be attributed to the substrate formulations and substrates 
used in cultivating the mushrooms. 
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Yield. The yield in this study represents the weight of the fruiting bodies produced in two 
flushes. The total weight of fruiting bodies produced by P. djamour in different substrate formulations is 
presented in Table 3. Substrate formulation consisting of 50% banana leaves + 50% sawdust recorded 
the highest yield with a mean of 136.51 g. On the other hand, 25% banana leaves + 75% sawdust 
recorded the lowest yield with a mean of 85.25 g which is not statistically different from 100% sawdust.  
Analysis of variance revealed significant influence of substrate formulation on the yield. This finding 
indicates that 50% banana leaves and 50% saw dust is the best substrate combination to attain 
maximum yield. The observed variation in the yield in different substrate combination could be 
attributed to the difference in the nutrient composition of the formulated substrates. The values 
obtained in the present study  are lower than the reported yield of  two strains Pleurotus sajor-caju grown 
on rice straw-based substrate formulation by Villaceran et al. (2006) and five species of Pleurotus 
cultured on rice straw-based substrate formulations by Kalaw and Albinto (2015). However, the values 
are higher than the reported yield of Pleurotus pulmonarius cultivated in banana leaves by Adebayo et al. 
(2014). The results of the present study are consistent with the report of Moonmoon et al. (2010) that 
most of the growth, yield, and quality parameters varied significantly when mushrooms were cultivated 
with different levels of formulation. Magday et al. (2014) disclosed that the yield and biological 
efficiency of Ganoderma lucidum were significantly affected not only by pure sawdust but also by its 
combination with rice straw. Hoa et al. (2015) reported that Pleurotus ostreatus and Pleurotus cystidiosus 
grown on different substrate formulation consisting of corn cobs and sawdust showed significant 
difference in term of mushroom yield and biological efficiency.  They explained that differences in 
terms of yield and biological efficiency of both oyster mushrooms grown on different substrate types 
were due to the differences in physical and chemical composition of substrate formulations such as 
cellulose/lignin ratio and mineral contents. 
 
  Table 4. Yield and biological efficiency of P. djamour 

Treatments Total yield (g) Biological efficiency (%) 

100% BL 99.27bc 14.18bc 

75% BL + 25% SD 112.33b 16.02b 

50% BL + 50% SD 136.51a 19.50a 

25% BL + 75% SD 85.25d 12.18c 

100% SD 88.72cd 12.68c 

70% RS + 30% SD (control) 108.07b 15.44b 

Data presented are means of three replications. Means with the same letter are not significantly different at 5% 
level of significance using Duncan Multiple Range Test (DMRT).  
BL= Banana leaves, SD= Saw dust and RS= Rice straw 
 

Biological efficiency. Apart from the yield, biological efficiency is another important parameter 
to be considered in mushroom production. It is a measure of substrate conversion into mushroom 
fruiting bodies (Oseni et al. 2012). This parameter is used to evaluate the efficiency of substrate 
conversion in mushroom cultivation (Girmay et al. 2016). In this study, the biological efficiency was 
computed as the ratio of fresh weight of mushroom and weight of the substrate. The percentage of 
biological efficiency of P. djamour on different substrate formulations is also presented in Table 4. 
Substrate formulation consisting of 50% banana leaves + 50% sawdust recorded the highest biological 
efficiency with a mean of 19.50%. On the other hand, 25% banana leaves + 75% sawdust recorded the 
lowest biological efficiency with a mean of 12.18%. Analysis of variance revealed significant influence 
of substrate formulation on the biological efficiency. The biological efficiency varied significantly 
among the different substrates formulations evaluated. This could be due to the difference in the 
amount of nutrients present in the different substrate formulations and carbon and nitrogen ratio. The 
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results obtained in the present study are lower than the reported 18.9% biological efficiency of Pleurotus 
pulmonarius grown in banana leaves by Adebayo et al. (2014) and P. djamour  (31.1% ) cultivated in  
substrate consisting of rice straw, coconut peat, and rice bran by Zurbano et al. (2017). Furthermore, 
Tirkey et al (2017) reported 91% biological efficiency of P. florida grown in banana leaves.  Significant 
variations in biological efficiency of mushrooms cultivated on different substrates formulations have 
been previously reported (Liang et al. 2009; De Leon et al. 2014; Adebayo et al. 2014; Girmay et al. 
2016). The significant difference in biological efficiency could be due to the differences in the nutrient 
composition, physical and chemical composition and C: N ratio of the substrates (Obodai et al. 2011; 
Hoa et al. 2015). 
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