
IJBPAS, August, 2018, 7(8): 1489-1499 
ISSN: 2277–4998 

 
 

 
1489 

IJBPAS, August, 2018, 7(8) 

MINERAL COMPOSITION AND YIELD OF Pleurotus ostreatus ON RICE STRAW-

BASED SUBSTRATE ENRICHED WITH NATURAL CALCIUM SOURCES 

ARIANNE V. JULIAN1*, MICHAEL R. UMAGAT2 AND RENATO G. REYES1, 2, 3, 4 

1Department of Biological Sciences, College of Arts and Sciences, Central Luzon State 

University, Science City of Muñoz, Nueva Ecija, Philippines 
2Laboratory of Industrial Biotechnology and Bio-Industry, Central Luzon State University, 

Science City of Muñoz, Nueva Ecija, Philippines 

3Flora and Fauna Analytical and Diagnostic Laboratory, Central Luzon State University, 

Science City of Muñoz, Nueva Ecija, Philippines 

4Center for Tropical Mushroom Research and Development, Central Luzon State University, 

Science City of Muñoz, Nueva Ecija, Philippines 

*Corresponding Author: ariannejulian@gmail.com 

 

https://doi.org/10.31032/IJBPAS/2018/7.8.4501  

ABSTRACT 

Pleurotus ostreatus, one of the most widely cultivated mushrooms worldwide, is an 

excellent source of protein and other minerals but inherently contains low calcium (Ca) level. 

This study aimed to evaluate the influence of varying concentrations of Ca supplementation 

derived from natural sources including agricultural lime, eggshell and oyster shell in rice 

straw-based formulation on the nutritional composition and yield of P. ostreatus. Rice straw-

based substrates were supplemented with different concentrations of the Ca sources. Each 

sterilized bag was aseptically inoculated with grain spawn of P. ostreatus. The fruiting bodies 

of P. ostreatus were harvested, weighed and air-dried until the 3rd flush.  Yield and biological 

efficiency (BE) were recorded. Dried fruiting bodies were ground using a blender and 

analyzed for elemental composition. The use of these Ca sources as substrate supplements 

generally increased yield, biological efficiency and Ca content of P. ostreatus. Mushrooms 

grown in substrate with 8-10% agricultural lime and 6% eggshell powder produced the 

highest yields while using oyster shell powder did not vary with the control. Meanwhile, 
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substrate supplementation using agricultural lime and eggshell powder in all concentrations 

have increased Ca in fruiting bodies. However, Ca was not absorbed in oyster shell powder-

supplemented substrate. Noticeably, supplementation of all sources reduced K and P 

contents. However, the levels of Mg, Na, Si, Cl and S were generally increased. These 

findings imply the potential of agricultural lime and eggshell powder in the production of Ca-

enriched mushrooms resulting to higher yield.  

Keywords: Pleurotus ostreatus; Calcium absorption; Mushroom enrichment; Biological 

efficiency; Natural sources; Waste management 

INTRODUCTION 

Food fortification is a strategy with 

the goal of increasing the consumption of 

essential nutrients and minerals to improve 

health [1]. Of these minerals, Ca is one of 

the most abundant and plays a vital role in 

maintaining optimum health particularly 

the sustenance of bones and teeth; hence, 

adequate daily intake is necessary [2]. Most 

individuals can acquire Ca by eating a 

variety of food such as milk and other dairy 

products; green, leafy vegetables; seafood, 

nuts, and dried beans [1].  

Cultivation of Pleurotus species is 

widespread in different parts of the world 

which can be attributed to its low cost 

production and its nutritional and medicinal 

properties [3]. Reportedly, these 

mushrooms contain various nutrients 

including protein and minerals such as 

phosphorus, iron, potassium and sodium, 

and vitamin C, B complex such as 

thiamine, riboflavin, folic acid and niacin 

[4]. However, Ca level remains lesser 

compared to vegetables [5].  

In this study, inedible materials 

including agricultural lime, eggshells and 

oyster shells were used as Ca supplements. 

These natural sources are known to contain 

calcium carbonate (CaCO3) as their main 

component [6]. Accordingly, bioconversion 

of these waste materials provides an 

excellent method to utilize renewable 

resources. In relation with this, several 

studies demonstrated the ability of 

mushrooms for nutrient uptake from 

substrate [7]. Hence, substrate 

supplementation is a common practice not 

only to improve the nutritional value but 

also to enhance the yield [8]. The present 

study evaluated the ability of P. ostreatus 

to absorb Ca from agricultural lime, 

eggshell and oyster shell powder; the effect 

on other mineral contents present in its 

fruiting bodies; and the total yield and 

biological efficiency.  

MATERIALS AND METHODS 

Source and Revival of Pure Culture 

Pure culture of P. ostreatus was 

obtained from the Center for Tropical 
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Mushroom Research and Development 

(CTMRD), Central Luzon State University, 

Science City of Munoz, Nueva Ecija. 

Approximately, 8 mm mycelial discs from 

the pure culture of P. ostreatus were 

aseptically transferred using an inoculating 

needle into the sterilized potato dextrose 

agar (PDA) culture plates. These culture 

plates were incubated for seven days at 

room temperature to allow mycelial 

growth.  

Collection of Ca Sources and 

Preparation of Powder 

Agricultural lime and eggshells 

were obtained from the public market of 

Science City of Muñoz, Nueva Ecija. On 

the other hand, oyster shells were collected 

from a market in Anda, Pangasinan. 

Eggshells were washed with purified water 

and cut into small pieces (10 mm × 10 

mm), then sun-dried for 24 hours and were 

placed in an oven for 30 minutes to 

completely dry the samples. Oyster shells 

were cut into pieces (10 mm × 10 mm) and 

soaked in distilled water for 24 hours and 

left to dry naturally. The materials were 

rinsed several times with purified water in 

order to eliminate impurities. The samples 

were sun-dried for 48 hours and placed in 

an oven for 30 minutes. Dried eggshells 

and oyster shells were pulverized using a 

blender and sifted using a metal sieve.  

 

 

Preparation of Grain Spawn 

Unmilled rice seeds were boiled 

until tender in 1:0.5 ratio (rice seed: water) 

and allowed to cool down for 15 minutes. 

These seeds were drained, maintained at 

65% moisture content, and dispensed into 

small polypropylene bags. Each bag 

contained 40 g of boiled unmilled rice 

seeds and the opening was plugged with 

cotton and covered with paper. These bags 

were sterilized in an autoclave at 15 psi, 

121°C for 30 minutes and were allowed to 

cool for 24 hours. Then, the bags were 

inoculated aseptically in the laminar 

airflow cabinet using actively growing 

mycelium of the pure culture of P. 

ostreatus. A portion of pure culture was 

placed aseptically into the opening of each 

bag using sterile inoculating needle. After 

inoculation, the bags were incubated at 

room temperature to allow the full mycelial 

ramification of the grains. After about one 

week, the grains were dislodged to spread 

the mycelium evenly through the bags. 

Substrate Formulation, Preparation and 

Enrichment 

Rice straw was soaked in a water 

tank overnight and then washed with 

running water to remove any undesirable 

odor. The washed rice straw was allowed to 

decompose for five days then cut to 

approximately one inch long. Seven parts 

of composted rice straw were combined 

with three parts of sawdust and one part of 



Arianne V. Julian et al                                                                                                           Research Article 
 

 
1492 

IJBPAS, August, 2018, 7(8) 

rice bran. Afterwards, the mixture was 

divided and supplemented with different 

concentrations (2%, 4%, 6%, 8% and 10%) 

of the Ca sources and the mixture without 

any Ca source served as control. 

Supplementation was followed by addition 

of tap water to give moisture content of 

65%. Each of the enriched substrate (500 g) 

was compressed in a 7x14 inch 

polypropylene bag with 10 replicates for 

each treatment. These bags were 

individually provided with opening using 

cut PVC pipe to facilitate inoculation, 

plugged with cotton and sterilized at 15 psi, 

121 °C for 1 hour. Next, the bags were 

allowed to cool down and each bag was 

aseptically inoculated with grain spawn. 

Initial weights of the bags were obtained 

and were incubated at 30°C temperature 

with 80-90% relative humidity until 

mushroom formation.  

Determination of Mineral Contents in 

Fruiting Bodies 

Dried fruiting bodies of P. ostreatus 

were ground using a blender. Two hundred 

mg of ground mushroom of each treatment 

was analyzed for elemental composition 

using Thermo EDX system (no ran system 

6, Ultra Dry 10 mm2 SDD crystal, 129 eV 

resolution, NORVAR window, LN2-Free 

Type detector) installed in Hitachi SU1510 

scanning electron microscope. Other 

minerals present in the fruiting bodies were 

also determined.  

RESULTS AND DISCUSSION 

Total yield and biological efficiency of P. 

ostreatus  

Different substrate supplementation 

may influence mushroom yield and 

biological efficiency (BE) [8, 9]. Several 

nutrient additives are recommended to 

improve growth of oyster mushroom [10]. 

In this study, natural sources were used as 

substrate supplement and its effect on the 

total yield and BE of P. ostreatus are 

presented in Table 1.  

Addition of different concentrations 

of the sources has generally increased the 

yield. Mushroom grown in substrate with 

8% and 10% agricultural lime (AGL) 

produced the highest total yields of 191.80 

g and 191.20 g, respectively; which are 

significantly higher than the control 

(150.60 g). Accordingly, these 

concentrations have higher BE of 35.57% 

(8% AGL) and 35.63% (10% AGL) as 

compared with the control (28.69%). 

Meanwhile, in eggshell powder (ESP)-

supplemented mushroom, the yield was 

recorded highest in 6% (197.60 g) with 

37.43% BE, while the lowest was 10% with 

143.20 g. Oyster shell powder (OSP)-

enriched mushroom generally increased its 

yield and BE but not statistically different 

from the control.  
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These results are congruent with the 

findings of [11] that the addition of 0.6% 

precipitated CaCO3 resulted to higher 

yields and BE of shiitake (Lentinula 

edodes) mushrooms than substrate 

containing no additional Ca. From the data 

presented, it can be concluded that 

substrate enrichment using 8-10% AGL 

and 6% ESP can significantly improve the 

yield and BE of P. ostreatus in rice straw-

based formulation. 

Elemental composition of Ca sources 

Agricultural lime, with primary 

active component of CaCO3, is a 

soil additive made from 

pulverized limestone used for neutralizing 

soil acidity [12]. Similarly, eggshell is also 

a good soil amendment material that can be 

an excellent natural source of Ca which is 

about 90% absorbable [13]. Another good 

Ca source is oyster shell which can be 

easily obtained as waste material [14]. 

Table 2 presents the elemental composition 

of the Ca sources used for supplementation 

in this study.  

Among the sources, AGL contained 

the highest Ca content of 68.74% followed 

by OSP with 63.95% and ESP with 

57.02%. Aside from Ca as their main 

component, these materials also contained 

trace amount of other elements. Silicon and 

magnesium were detected in all sources. 

Meanwhile, ESP contained sulfur and 

potassium which were not identified in 

other sources.  OSP, on the other hand, 

contained sodium and chlorine which were 

not present in AGL and ESP. These results 

revealed that these sources can be used as 

Ca additive on mushroom substrate.  

Average Ca content of P. ostreatus in 

three flushes 

 Mushrooms possess an effective 

mechanism allowing them to absorb some 

trace elements from the substrate [15]. 

Therefore, supplementation of substrate is 

an effective technique used in Pleurotus 

species production which aims to improve 

yield and nutritional value of the 

mushroom [16]. In this study, the calcium 

absorption efficacy of P. ostreatus using 

three different Ca sources was evaluated. 

Fig. 1 illustrates the average amount of Ca 

in P. ostreatus cultivated in substrates with 

different levels of Ca sources in three 

flushes.  
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Table 1: Influence of varying concentrations of Ca sources on the total yield and biological efficiency of P. 

ostreatus in three flushes

Calcium sources Concentration (%) Total Yield (g) Biological efficiency (%) 

 0 150.60±4.22b 28.69±0.93b 

Agricultural 2 179.20±14.55ab 33.52±2.98ab 

lime 4 177.40±26.58ab 33.70±5.18ab 

 6 165.80±19.66ab 31.27±3.50ab 

 8 191.80±19.10a 35.57±2.99a 

 10 191.20±18.14a 35.63±3.75a 

 0 150.60±4.22b 28.69±0.93b 

Eggshell 2 170.80±28.66ab 31.88±5.28ab 

powder 4 169.20±19.07ab 31.51±3.43ab 

 6 197.60±19.05a 37.43±5.54a 

 8 154.60±17.39b 29.89±3.52b 

 10 143.20±10.20b 27.26±2.51b 

 0 150.60±4.22a 28.69±0.93a 

Oyster shell 2 172.40±18.23a 32.82±3.58a 

powder 4 173.20±25.17a 33.04±4.42a 

 6 168.00±8.22a 32.07±1.50a 

 8 153.60±20.38a 29.18±3.86a 

 10 168.40±37.96a 31.98±7.43a 

Values presented are means and SD 

Treatment means in each column with the same letter of superscript are not significantly different from 

each other at 5% level of significance using LSD 

 

 

Table 2: Elemental composition of Ca sources 

Minerals AGL 

(%) 

ESP 

(%) 

OSP 

(%) 

Ca 68.74 57.02 63.95 

Si 0.51 0.22 0.20 

Mg 0.44 0.53 0.39 

S ND 0.68 ND 

K ND 0.34 ND 

Na ND ND 0.74 

Cl ND ND 0.35 

ND: Not detected 
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Fig. 1: Average mineral composition of 
lime; (b) eggshell powder; (c) oyster shell powder in three flushes

Noticeably, no Ca content was detected in 

mushrooms grown on non-

substrate (control). Results revealed that 
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(c) 
Average mineral composition of P. ostreatus grown in rice straw-based substrate enriched with (a) agricultural 

lime; (b) eggshell powder; (c) oyster shell powder in three flushes 

Noticeably, no Ca content was detected in 

-supplemented 

substrate (control). Results revealed that 

AGL and ESP evidently improved Ca level 

in P. ostreatus while OSP supplementation 

at all levels showed no Ca absorption 
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efficacy. The highest Ca contents were 

recorded in mushroom cultivated in rice 

straw-based substrate with 6% AGL, 8% 

and 10% ESP with 9.01%, 9.66% and 

9.51% average Ca amount, respectively. 

The lowest absorption was noted in 2% 

AGL (5.71%) and 2% ESP (5.72%). 

Meanwhile, AGL with concentrations 

higher than 6% have decreased Ca content 

in P. ostreatus. Conversely, in mushrooms 

enriched with ESP, it can be observed that 

as the level of ESP increased, Ca content of 

fruiting body also increased and reached a 

saturation point in 8% and 10%. This 

outcome conforms to the conclusion of [17] 

that sawdust media supplemented with 1% 

Ca salts increased the Ca content of H. 

marmoreus. In addition, the ability of Ca 

uptake of P. ostreatus and P. nameko in 

sawdust media has also been documented 

[18]. Furthermore, P. eryngii cultivated in 

sawdust medium with Ca salts and 

calcinated starfish powder resulted in 

higher Ca content in their fruiting bodies 

[19, 20]. 

Influence on other minerals in P. 

ostreatus 

 Enrichment using AGL, ESP and 

OSP in mushroom substrate potentially 

impacts the elemental composition and 

amount of other minerals. Using different 

substrate combination and supplements can 

change the nutritional contents of P. 

ostreatus [21, 22]. This can be explained by 

the two kinds of interactions between 

nutrients. First is synergism in which a 

positive relationship between nutrients 

occurs and the second is antagonism 

wherein a negative effect happens between 

nutrients [23].  

 In the present study, the influence 

of Ca supplementation on other minerals 

present in P. ostreatus was also evaluated 

(Figure 1). Upon analysis, the minerals in 

non-supplemented mushrooms include 

potassium, phosphorus, magnesium, 

silicon, sulfur and sodium. Noticeably, all 

the Ca sources used have reduced the 

amount of K and P while AGL and ESP 

have generally increased other minerals 

such as Mg, Na, Si, Cl and S.  

 [24] reported that Ca, Cu, Fe, K, 

Mg, Mn, P and Zn were present in P. 

ostreatus cultivated in sawdust, sugarcane 

bagasse and corncob. Among these 

minerals, K and P were highest in amounts 

similar to the result in the present study. 

Similarly, Ogundele et al. (2014) reported 

that P. ostreatus grown in sawdust-based 

substrate had high concentration of K, and 

smaller quantity of Ca, Mg, Fe and Zn. 

CONCLUSION 

Varying concentrations of Ca from 

different sources affected the yield and 

mineral absorption efficacy of P. ostreatus 

mushroom. Based on the findings of the 

present study, it can be concluded that 

agricultural lime and eggshell powder (up 
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to 10%), but not oyster shell powder, 

generally increased the yield and BE. This 

growth improvement may signify an 

association with increased Ca content (less 

10%) recorded in the fruiting bodies. 

Concentrations of other minerals such as 

Mg, Na, Si, Cl and S were generally 

increased but K and P levels in the 

supplemented mushrooms were lower than 

control. This study suggests that using Ca-

rich biological wastes may improve the 

concentration of Ca and yield of P. 

ostreatus, but may also induce diverse 

effect on the absorption of other essential 

minerals.  
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