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Abstract

Pleurotus ostreatus is an edible mushroom which is rich in proteins, carbohydrates, vitamins,
minerals and lipids, making it a highly beneficial food source. Commercial cultivation of P.
ostreatus is mostly done on sawdust, however, there is a potential shortage of sawdust due to a
shift of rubber plantations to more profitable oil palm plantations in Malaysia. Therefore,
alternative substrates should be sourced, preferably from agricultural waste. Cultivation of P.
ostreatus on agricultural waste that are abundant in Malaysia, nhamely Imperata cylindrica, was
studied in terms of cultivation parameters and nutritional value. The sterilized substrates were
treated and inoculated with spawn of P. ostreatus before incubation for colonization and fruiting
of the mushrooms. The experiment was conducted in triplicates for each substrate. I. cylindrica
had a faster mycelial growth compared to sawdust which was used as a control. After complete
colonization, two flushes of matured fruiting bodies were harvested from both sawdust and |I.
cylindrica, where P. ostreatus cultivated on 1. cylindrica took a shorter duration (58 days).
Although 1. cylindrica had better mycelial growth, however a lower yield performance and
biological efficiency were observed with this substrate compared to sawdust. However, the two
different substrates had similar effects on the nutritional values of P. ostreatus in terms of the
moisture, total carbohydrates, protein, lipids and metabolised energy. Based on the results
obtained, 1. cylindrica was found to be a potential alternative substrate for P. ostreatus cultivation
as no significant differences were observed on the total yield and nutritional values between
substrates. Nevertheless, further studies on the optimization of commercial P. ostreatus production
using I. cylindrica are required.
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Introduction

Pleurotus spp. is the third most cultivated and commercially produced mushroom worldwide (Ho
et al., 2020). Pleurotus spp. is highly nutritious where it is rich in proteins (25-50%) and relatively
low in fats (2-5%), in addition to the presence of vitamins and minerals (Ng’etich et al., 2013).
Thus, Pleurotus spp. is regarded to be a powerful food source to reduce malnutrition in developing
countries as it is easy and economical to cultivate (Agarwal et al., 2017). In Malaysia, commercial
cultivation of Pleurotus spp., especially P. ostreatus, is mostly done using rubber tree sawdust
(Zakil et al., 2020). However, there is potential shortage and occasionally, unavailability of
sawdust due to limited access to rubber trees and an increase in consciousness of protecting the
forests (Zakil et al., 2020). Thus, this poses a severe problem to mushroom growers and
emphasizes the importance of identifying alternative substrates such as lignocellulosic substrates
for P. ostreatus cultivation.

In Malaysia, there are large volumes of unused Imperata cylindrica, commonly known as
Cogon grass, which is usually left to rot in fields, controlled using chemical herbicides or disposed
of through open burning, leading to environmental pollution. In fact, this lignocellulosic substrate
could be utilized to cultivate P. ostreatus to reduce the amount of wastes generated in order to
maintain a sustainable environment in addition to overcoming the issue of the lack of sawdust.
Furthermore, 1. cylindrica propagates rapidly and unlike other lignocellulose, it is not used as
forage, causing it to be more difficult to contain, thus a new destiny as a mushroom cultivation
substrate can be given to reduce the environmental burden caused by I. cylindrica.

There is limited published data in Malaysia about the cultivation of P. ostreatus on I.
cylindrica, where most studies focused on the use of rubber tree sawdust and oil palm fronds. This
work is aimed at studying the difference in yield and nutritional content (namely carbohydrates,
proteins and lipids) of P. ostreatus cultivated on lignocellulosic substrate, namely I. cylindrica
compared to rubber tree sawdust.

Methodology
Cultivation of P. ostreatus

The spawn of P. ostreatus, sawdust, corn bran and calcium carbonate (CaCQO3), were obtained
from NAS Agro Farm. Meanwhile, 1. cylindrica were collected from grassy areas in Kluang, Johor.
I. cylindrica was dried before being coarsely ground into 1.0-2.0 cm length pieces. Distilled water
1.5%), rice bran (10%) and CaCOs (1%) were added to the dried, ground I. cylindrica and sawdust
separately (Tesema & Keneni, 2019). Each mixed substrate, prepared in 3 replicates, was filled
into polyethylene bags and were capped individually before being autoclaved at 121°C for 30 min.
After cooling to room temperature, about 7 g of spawn were aseptically inoculated into each of the
sterilised bags which were then capped and stored at room temperature under dark conditions to
induce colonization. After complete colonization of the substrates by the mycelia, the bags were
opened and stored at room temperature in the presence of light to enable the formation of fruiting
bodies. Each inoculated bag was sprayed with distilled water twice daily to keep the mycelia moist
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(Tesema & Keneni, 2019). The fruiting bodies were manually harvested at maturity, indicated by
the curving of the cap edges.

Cultivation Parameters Assessment

During the colonization phase, the mycelia length of each experimental bag after spawn
inoculation were recorded. The yield was determined as the average fresh weight of harvested
mushrooms from each substrate. The average biological efficiency of the P. ostreatus cultivation
were calculated based on the following equation (Tesema & Keneni, 2019):

weight of fresh mushroom per bag

Percentage of biological efficiency = x 100

weight of dry substrate per bag
Nutrition Analysis

Moisture content was determined by measuring the weight of 2 grams of freshly harvested P.
ostreatus before and after drying the samples in an oven for 2 hours at 135°C (AOAC,1990). The
average moisture content of the samples from each substrate was obtained using the formula
below:

Percentage of moisture =

initial weight — dried weight
initial weight

x 100

Total carbohydrate content was evaluated using the phenol-sulphuric acid method described
by Serna-Saldiva (2012) and Yogachitra (2019), while total protein was determined by the
Bradford assay with modifications (Yogachitra, 2019). Total lipid content was calculated using
Bligh and Dyer Extraction, modified by Stindermann et al. (2016).

Data analysis

The data was presented as mean weight and percentages. One-way analysis of variance (ANOVA)
was used to analyse all the data groups between the different substrates where a significance value
of 0.05 was considered (Tesema & Keneni, 2019).

Results and Discussion
Colonization of P. ostreatus on Sawdust and I. cylindrica

The highest mean length of the mycelial growth was recorded on I. cylindrica, (Figure 1). The
mycelial growth on sawdust and I. cylindrica were significantly different during the first 30 days
of cultivation whereby 1. cylindrica was found to be better as it had the highest mean length of
mycelial growth which could be attributed to the relatively lower carbon to nitrogen (C/N) ratio.
These results correspond to the previous findings by Zakil et al. (2019) who reported that nitrogen
rich substrates were found to speed up the mycelium growth. In addition to the rapid colonization
rate of the substrate, P. ostreatus cultivated on I cylindrica produced two harvests of mushrooms
in a shorter duration (< 60 days) compared to sawdust (< 70 days).

https://intijournal.intimal.edu.my



INTI JOURNAL | elSSN:2600-7320
Vo0l.2022:40

18 [—
T 16
< 14
£~
$ 10
-1 g W Sawdust
S 6 N
= | |. cylindrica
o 4
>
= 2

0

15 30 45 60

Number of days

Figure 1. Average mycelial length of P. ostreatus cultivated on different substrates in the
experimental bags over 60 days. The total length of the experimental bags were 16 cm.
Significance levels were obtained from one-way ANOVA analysis with p < .05.Between-group
significance differences are indicated by asterisks above the bars.

Yield and Biological Efficiency of P. ostreatus Cultivated on Different Substrates

In general, P. ostreatus cultivated on sawdust had slightly better yield (23.7 g on average) than
those cultivated on I. cylindrica in terms of the average fresh weight of harvested mushrooms
(Figure 2).
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Figure 2. Total yield of P. ostreatus cultivated on I. cylindrica and sawdust over the 2 harvests.
Significant differences (p <.05) were not observed on the total yield between the two substrates.

Based on the total yield, higher biological efficiency was observed on sawdust, where it was
6.78% higher than on I. cylindrica. However, the total yield and biological efficiency of this study
had no significant differences between the P. ostreatus cultivated on I. cylindrica and sawdust.
Conversely, Muswati et al. (2021) and Tesfay et al. (2020), reported significant differences on the
yields and biological efficiencies of P. ostreatus cultivated on different substrates due to the
difference in chemical composition of substrates. In this study, the statistically similar of yields
and biological efficiencies might due to the relatively similar amount of cellulose, hemicellulose
and lignin found in both these substrates.
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Nutrition Analysis of P. ostreatus Cultivated on Different Substrates

Moisture content of all the fruiting bodies was above 80% in both harvests on both sawdust and 1.
cylindrica (Figure 3), which is in agreement with the findings by Ashraf et al. (2013), Tesema and
Keneni (2019) and Zakil et al. (2019). Generally, moisture content was found to be unaffected by
the substrates but has been shown to be associated more with the type of mushroom species (Patil
etal., 2010).

In general, the total carbohydrate content was observed to be higher in P. ostreatus
cultivated on sawdust (23.05%) than on I. cylindrica (Figure 3). These findings were comparable
to several previous studies by Bhattacharjya et al. (2015) (73%-79%), Hoa et al. (2015) (30%-
51%) and Tesema and Keneni (2019) (42-53%), who cultivated P. ostreatus on different substrates
including Pennisetum purpureum, Oryza sativa and Triticum spp.

The total protein content was higher in P. ostreatus cultivated on sawdust than on 1.
cylindrica for both harvests with a difference of 1.07% (Figure 3).

In contrast, the lipid content of P. ostreatus cultivated on I. cylindrica was higher than those
cultivated on sawdust where I. cylindrica was 0.13% higher (Figure 3). The lipid contents of P.
ostreatus were between 1.0% to 2.5%. These values were similar to the reported values in previous
studies by Fernandes et al. (2015), Hoa et al. (2015) and Sales-Campos et al. (2011). Besides, the
results of this study were found to be in accordance with the findings by Belletini et al. (2016),
who reported increasing protein content could result in low lipid content in the mushrooms.

There was no statistical significance in the differences between sawdust and I. cylindrica in

terms of the total carbohydrates, total protein and lipid contents of P. ostreatus in both harvests.
This indicates that both substrates had similar effects in terms of the macronutrient content of P.

ostreatus.
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Figure 3. Nutrient compositions of P. ostreatus cultivated on sawdust and I. cylindrica. Significant
differences were not observed among the substrates in each category (p <.05).
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Conclusions

P. ostreatus was cultivated on I. cylindrica had better effects on the mycelial growth and
colonization as well as duration to yield mushroom fruiting bodies compared to sawdust. This
characteristic of faster mushroom production also makes I. cylindrica a beneficial alternative
substrate as faster production leads to shorter cultivation period to obtain the maximum flushes of
fruiting bodies. At the same time, the nutritional attributes of P. ostreatus cultivated on I.
cylindrica was almost of the same quality as those cultivated on rubberwood sawdust. Thus, when
cultivated on 1. cylindrica, P. ostreatus can still serve its purpose as rich source of carbohydrates,
proteins and lipids. All in all, I. cylindrica can be considered to be a potential alternative substrate
for the commercial cultivation of P. ostreatus due to its availability throughout the year in large
amounts. This would help in green conservation by utilizing agro-ecological waste instead
allowing it to rot or be burnt, thereby polluting the environment. However, further research can be
conducted on other agricultural wastes that are readily available in Malaysia including P.
purpureum, and O. sativa husks to determine which of these waste that potentially contaminate
the environment can be used to cultivate mushrooms instead.

Acknowledgements

The study is supported by an industry grant (AgroMas/INT1/2022-01).

References

Agarwal, S., Kushwaha, A., Verma, V., & Singh, M. P. (2017). Nutritional attributes of Pleurotus
mushroom. In M. P. Singh, V. Verma, & A. K. Singh (Eds.), Incredible World of
Biotechnology (pp. 13-24). Nova Science Publishers.

AOAC. (1990). Official Methods of Analysis (15th ed.). Arlington, VA: Association of Official
Analytical Chemists.

Ashraf, J., Ali, M. A., Ahmad, W., Ayyub, C. M., & Shaf, J. (2013). Effect of different substrate
supplements on oyster mushroom (Pleurotus spp.) production. Food Science and
Technology, 1(3), 44-51. http://dx.doi.org/10.13189/fst.2013.010302

Bellettini, M. B., Fiorda, F. A., Maieves, H. A., Teixeira, G. L., Avila, S., Hornung, P. S., Junior,
A. M., & Ribani, R. H. (2016). Factors affecting mushroom Pleurotus spp. Saudi Journal
of Biological Sciences, 26(4), 633-646. https://doi.org/10.1016/j.sjbs.2016.12.005

Fernandes, A., Barros, L., Martins, A., Herbert, P., & Ferreira, . C. (2015). Nutritional
characterization of Pleurotus ostreatus (Jacq. ex Fr.) P. Kumm. produced using paper
scraps as substrate. Food Chemistry, 169, 396-400.
https://doi.org/10.1016/j.foodchem.2014.08.027

Ho, L. H., Zulkifli, N. A., & Tan, T. C. (2020). Edible mushroom: Nutritional properties, potential
nutraceutical values, and its utilisation in food product development. In A. K. Passari, &
S. Sanchez (Eds.), An Introduction to Mushroom. IntechOpen.
https://doi.org/10.5772/intechopen.91827

Hoa, H. T., Wang, C. L., & Wang, C. H. (2015). The effects of different substrates on the growth,
yield, and nutritional composition of two oyster mushrooms (Pleurotus ostreatus and

https://intijournal.intimal.edu.my



INTI JOURNAL | elSSN:2600-7320
Vo0l.2022:40

Pleurotus cystidiosus). Mycaobiology, 43(4), 423-434.
https://doi.org/10.5941/MY CO.2015.43.4.423

Muswati, C., Simango, K., Tapfumaneyi, L., Mutetwa, M., & Ngezimana, W. (2021). The effects
of different substrate combinations on growth and yield of oyster mushroom (Pleurotus
ostreatus). International Journal of Agronomy. https://doi.org/10.1155/2021/9962285

Ng’etich, O. K., Nyamangyoku, O. 1., Rono, J. J., Niyokuri, A. N., & Izamuhaye, J. C. (2013).
Relative performance of oyster mushroom (Pleurotus florida) on agroindustrial and
agricultural substrate. International journal of Agronomy and Plant Production, 4 (1), 109-
116.

Patil, S. S., Ahmed, S. A,, Telang, S. M., & Baig, M. M. (2010). The nutritional value of Pleurotus
ostreatus (Jacq.:Fr.) Kumm cultivated on different lignocellulosic agro-Wastes. Innovative
Romanian Food Biotechnology, 7, 66-76.

Sales-Campos, C., Araujo, L. M., Minhoni, M. T., & Andrade, M. C. (2011). Physiochemical
analysis and centesimal composition of Pleurotus ostreatus mushroom grown in residues
from the Amazon. Food Science and Technology, 31(2), 456-461.
https://doi.org/10.1590/S0101-20612011000200027

Serna-Saldivar, S. O. (2012). Cereal Grains: Laboratory Reference and Procedures Manual. CRC
Press.

Slindermann, A., Eggers, L. F., & Schwudke, D. (2016). Liquid extraction: Bligh and Dyer.
Encyclopedia of Lipidomics, 1-4. https://doi.org/10.1007/978-94-007-7864-1 88-1
Tesema, G., & Keneni, A. (2019). Nutrient compositions and optimization of elephant grass
(Pennisetum purpureum) stem to cotton seed proportion for the cultivation of oyster
mushroom (Pleurotus ostreatus) at Ambo Western, Ethiopia. Greener Journal of
Agricultural Sciences, 9(3), 332-336. https://doi.org/10.15580/GJAS.2019.3.070119123

Tesfay, T., Godifey, T., Mesfn, R., & Kalayu, G. (2020). Evaluation of waste paper for cultivation
of oyster mushroom (Pleurotus ostreatus) with some added supplementary materials. AMB
Express, 10(15). https://doi.org/10.1186/s13568-020-0945-8

Yogachitra, S. (2019). A study on mycochemical analysis of some edible Basiodiomycetes
mushroom fungi. International Journal of Advanced Research in Biological Sciences,
6(12), 102-117. http://dx.doi.org/10.22192/ijarbs.2019.06.12.013

Zakil, F. A., Hassan, K. H., Sueb, M. S., & Isha, R. (2020). Growth and yield of Pleurotus ostreatus
using sugarcane bagasse as an alternative substrate in Malaysia. IOP Conference Series
Materials  Science and  Engineering, 736.  http://dx.doi.org/10.1088/1757-
899X/736/2/022021

Zakil, F. A., Sueb, M. S., & Isha, R. (2019). Growth and yield performance of Pleurotus ostreatus
on various agro-industrial wastes in Malaysia. AIP Conference Proceedings, 2155(1).
https://doi.org/10.1063/1.5125559

https://intijournal.intimal.edu.my



