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 The objective of this study was to develop a single quality index of chemical characteristics of 
Pleurotus ostreatus extracts on 7th and 14th day of its shelf life, derived from the mushroom fruiting 
bodies. P. ostreatus was cultivated on four substrates containing different ratio of wine industry 
waste-grape pomace (P) and wheat straw (S): 100P, 80P20S, 50P50S, 20P80S. Four quality parame-
ters of P. ostreatus mushroom extracts, i.e. antioxidative parameters: ABTS+ and DPPH• free radical 
scavenging capability, total phenolic compounds (TPC) and total polysaccharides (TPS) were used to 
define the final extract quality index. Analysis indicated 100P and 80P20S as the samples cultivated 
on the substrate with higher percent of grape pomace, as the best quality at the 7th day of its shelf life. 
On the other hand, final quality score indicated 50P50S and 20P80S, cultivated on a substrate with a 
lower percent of grape pomace, as the best quality samples at the 14th day of its shelf life. According 
to the results, samples cultivated on a higher pomace content substrate are of better quality in a shor-
ter storage time period. 
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INTRODUCTION 
 

 One of the most commonly cultivated and consumed mushrooms worldwide is Pleu-
rotus ostreatus (Oyster mushroom). According to the Food and Agriculture Organisation of 
the United Nations data (FAOSTAT), total world production of mushrooms in 2018 was 9 
million metric tons, with P. ostreatus holding the second place in industrial world produc-
tion (1). Besides its specific pleasant taste and adaptibility to various cellulose substrates, 
scientific interest considering this mushroom species is also directed to its various bioactive 
compounds that improve defense mechanisms for cell oxidative damage (2). These compo-
nents are also related to mushroom antioxidant, antimicrobial, antitumor, antiviral and im-
munomodulatory properties (1,3). 
 Apart from these positive properties, P. ostreatus belongs to “white-rot fungi“ category. 
This is related to its ability to produce lignolytic enzymes, beside to its cellulose degrada-
tion capability. This feature gives the opportunity of using the wide range of agroindustrial 
and food production wastes for mushroom cultivation, instead of the ones ordinary used in 
global production (4). Considering P. ostreatus, it is usually cultivated on wheat straw (5), 
but the use of alternative substrates could be of great importance for increasing productivity 
and improving the properties of mushroom. Except the benefits of mushroom production, 
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agroindustrial waste recycling has the other adventages, such as solving of environmental 
global issues (6,7). 
 In this study quality of P. ostreatus, cultivated on grape pomace derived from the wine 
industry as a waste, was estimated by analyzing its chemical and biological properties at 7th 
and 14th day of its shelf life. P. ostreatus was cultivated on four substrates with different 
ratio of grape pomace and wheat straw. Four quality parameters, namely free radical sca-
venging capability determined in ABTS+ and DPPH·assays and totals of phenolic com-
pounds and polysaccharides, were involved in calculation of a single total quality index 
(TQI), in order to compare the quality of four mushroom extracts samples in two shelf life 
stages. 
 
 

EXPERIMENTAL 
 

SUBSTRATE PREPARATION 
 

 P. ostreatus extracts were derived from the fruiting bodies cultivated on four substrates 
containing different ratio of grape pomace and wheat straw, described in Table 1.  
 

Table 1. Substrate composition used for P. ostreatus mycelium inoculation 
 

No. Substrate codes Composition of substrate content 
1 100S 100% wheat straw
2 100P 100% grape pomace
3 80P20S 80% grape pomace: 20% wheat straw
4 50P50S 50% grape pomace: 50% wheat straw
5 20P80S 20% grape pomace: 80% wheat straw

 
 Grape pomace was collected during the summer 2018 from the grape variety Prokupac, 
originating from Aleksandrovačka Župa, Serbia. The tissue culture inoculation method 
described by Mondal et al. (8) was used, by isolation from fresh mushroom fruiting bodies 
of commercial strain A15.  
 Each substrate mixture was prepared in triplicates. The mixture was filled into poly-
propilene bags with filters (Microsac, PP75/BEH6/X37-53, Nevele, Belgium) and sterilized 
in autoclave for 2 h at 121 °C with 1.5 kg cm-2 pressure. Mushroom mother culture was ad-
ded afterwards in sterile conditions to each substrate bag, and placed in an incubation room 
at 25 °C under 85% relative humidity. Mycelial growth was completed in approximately 20 
days. Upon completion, each bag was opened and placed in a room with 80-85% relative 
humidity and the mycelium was in contact with external atmosphere, which enabled the 
growth of fruiting bodies in the next 5-7 days. Fresh mushrooms, harvested from the first 
flush, were selected to be of uniform size and shape. 50 g of mushrooms were individually 
packed in 85 µm thick (PA/PE/PE) bags (200mm x 300 mm) with transmission rates of 60 
mL O2, 12 mL N2 and 180 mL CO2 m−2 day−1 atm−1, using HVC-510T/2A packaging ma-
chine; they were refrigerated under controlled conditions at 4 °C for 7 and 14 days. 
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EXTRACT PREPARATION 
 
 In order to prepare mushroom extracts for further analysis, mushroom fruiting bodies 
were air-dried at 55 °C and powdered. The crude hot water extracts were prepared by 
adding 40 mg mL-1 of distilled water and heated at 75-85 °C for 2h. The samples were cen-
trifuged for 10 min and supernatant was decanted and stored for further analysis. 
 

CHEMICAL CHARACTERIZATION - TOTAL PHENOLIC AND POLYSACCHARIDE CONTENTS 
 
 Total phenolic content (TPC) was investigated by adapted Folin-Ciocalteu reaction 
method, previously described by Djekic et al. (9), with the same concentration range 
(0.625-40 mg mL-1), using 96-well microplate reader (microplate reader ELx808, BioTek 
Instruments, Inc., SAD). Results were expressed as mg gallic acid equivalent (GAE) g-1 of 
the extract. 
 Determination of total polysaccharide content (TPS) was done by the phenol-sulfuric 
acid method with D-glucose [10], in a concentration range from 0.625-40 mg mL-1. 
 

ANTIOXIDATIVE POTENTIAL 
 
 Antioxidative potential was expressed by DPPH·and ABTS+ free radical scavenging 
capability, expressed as EC50 (mg mL-1) values, being defined as “the effective concentrati-
on of mushroom extract required to neutralize 50% of ABTS+/DPPH·radicals”. Higher anti-
oxidant ability corresponds to lower EC50 value (2). DPPH·free radical scavenging activity 
assay was performed by the method of Ekanayake et al. (11), with catechin and Trolox as 
positive controls, in a concentration range of 0.03125 – 2 mg mL-1. ABTS+ free radical 
scavenging activity assay was performed by the method of [12], with catechin and BHA as 
positive controls, in the same concentration range of 0.03125 – 2 mg mL-1. Concentrations 
ranging from 0.625 – 40 mg mL-1 for each extract were analyzed. 
 

TOTAL QUALITY INDEX APPROACH AND STATISTICAL ANALYSIS 
 
 For calculating TQI of mushroom extracts, the following rules were applied for selected 
quality parameters: (a) rule “the smaller the value, the better the quality” has been applied 
for the EC50 values determined in ABTS+ and DPPH·assays; (b) rule “the higher the value, 
the better the quality” was applied for the TPC and TPS values. The final TQI score was 
calculated as previously described in the literature (13, 14). Interpretation of the final score 
is “the lower value of TQI, the better overall quality”. Statistical analysis was obtained by 
two-way analysis of variance (ANOVA) and Tukey’s post hoc test with statistical signifi-
cance at the level p<0.05. SPSS Statistics 17.0 and Microsoft Excel 2010 were used for 
statistical data analysis. 
 

RESULTS AND DISCUSSION 
 
 All obtained results are shown in Table 2 and 3. Our results indicate the growing values of 
TPC with prolonging of shelf life period. Namely, TPC of each extract was higher at the 14th 
day compared to the 7th day. Moreover, the growing trend was more extensive for the extracts 
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with higher grape pomace substrate content. However, the highest value of TPC was shown 
for the 80P20S extract, not for the 100P, with the highest value determined after 14 days of 
growth, as well. Concerning TPS values, our results showed that they were approximately 
uniform for all the values determined at each day of shelf life (with exception of the value for 
the 100P extract determined at 7th day), but was slightly decreased in 14th day. 
 

Table 2. The effects of grape pomace as a substrate on the  
P. ostreatus chemical properties 

 
Chemical properties

Day 100P 80P20S 50P50S 20P80S 100S* 
TPC (mg/g GAE)

7th 19.83 ± 0.32A 27.09 ± 0.56B 21.10 ± 0.84A 20.26 ± 1.01A 
19.40 ± 1.07 14th 25.11 ± 0.28A 37.39 ± 2.42B 24.9 ± 0.39A 20.73 ± 0.59C 

TPS (mg/g GLU)
7th 110.06 ± 8.67 90.84 ± 1.05 114.93 ± 9.90 111.70 ± 2.64 

107.44 ± 10.21 14th 69.27 ± 9.21A 89.62 ± 2.60AB 88.03 ± 2.70AB 94.71 ± 3.40B 

Means of ten replications ± standard deviation. Means in the same row with different capital letters are signi-
ficantly different (p<0.05). Legend: 100P - 100% grape pomace substrate content; 80P20S - 80% grape pomace: 
20% straw substrate content; 50P50S - 50% grape pomace: 50% straw substrate content; 20P80S - 20% grape 
pomace: 80% straw substrate content; 100S* - 100% wheat straw substrate content (control sample, day 0). 
TPC - total phenolic compounds; TPS - total polysaccharides. 
 
 Mushrooms are well known for their antioxidant properties, being directly related to all 
tested extracts were characterized by some antioxidative activity, but generally higher po-
tential was observed in ABTS+ assay (Table 3.).  
 

Table 3. The effects of grape pomace as a substrate on the  
P. ostreatus antioxidant properties 

 

Antioxidant properties
Day 100P 80P20S 50P50S 20P80S 100S* 

ABTS+ EC50 (mg/mL)
7 < 0.625A 4.41 ± 0.05C 4.96 ± 0.16C 7.49 ± 0.01B 

8.42 ± 0.20 14 3.91 ± 0.11 3.68 ± 0.05 4.27 ± 0.21 3.59 ± 0.04
DPPH·EC50 (mg/mL)

7 2.66 ± 0.14A 8.15 ± 0.21B 13.21 ± 0.33C 10.73 ± 0.04BC 
15.04 ± 0.08 14 8.08 ± 0.13A > 40B 8.90 ± 0.23A 8.11 ± 0.36A 

Means of ten replications ± standard deviation. Means in the same row with different capital letters are significant-
ly different (p<0.05). Legend: 100P - 100% grape pomace substrate content; 80P20S - 80% grape pomace: 20% 
straw substrate content; 50P50S - 50% grape pomace: 50% straw substrate content; 20P80S - 20% grape pomace: 
80% straw substrate content; 100S* - 100% wheat straw substrate content (control sample, day 0). 
 
 The highest potential of both radicals neutralization was detected for the 100P extract 
prepared from 7th day of mushroom storage. On the other hand, control sample have shown 
the lowest potential of both radicals neutralization. 
 Figure 1. derived from TQI of four quality parameters of mushroom extracts analysis, 
shows that 100P was the extract with the best quality, followed by 80P20S, but only at the 
7th day of their shelf life.  
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Legend: 100P - 100% grape pomace substrate content; 80P20S - 80% grape pomace: 20% straw substrate content; 

50P50S - 50% grape pomace: 50% straw substrate content; 20P80S - 20% grape pomace: 80% straw 
substrate content 

 
Figure 1. Total quality index (TQI) of parameters derived from measured values of 

mushroom extracts of the 7th and 14th day of its shelf life 
 
 The fact is that the chemical properties of the mushrooms are directly related to the 
substrate used for cultivation (15), and for that reason the variability of TPC and TPS va-
lues obtained for different extracts was expectable. With regard to the control sample, 
100S, all other samples cultivated on the grape pomace substrate have shown higher TPC 
values, which can be related to the polyphenol content derived from the pomace. The 
growing trend of TPC values during shelf life period is in opposite with regard to Jiang T. 
et al. (16) and Jafri M. et al. (17), who reported decrease of phenolic content during mush-
room storage, and explained this phenomenon as the enzymatic oxidation of phenolic com-
pounds via polyphenol oxidase, which could be also associated with mushroom browning. 
Liu Z. and Wang X. (18) reported that the amount of polyphenolics increases with the in-
fluence of high oxygen conditions, but according to Gao M. et al. (19) additional phenolics 
in fruits could be formed as a defence mechanism. Vacuum-packaging applied in this study, 
as shelf life prolonging method, provides an anaerobic environment that suits to facultati-
vely anaerobic bacteria: lactic acid bacteria, Enterobacteriaceae spp., etc. (20), with CO2 
present in the package as a metabolic by-product of microbial metabolism (21). Our results, 
indicating an increase of TPC during mushrooms storage, are in agreement with Karowe 
and Grubb (22), who reported that elevated CO2 in the atmosphere may cause the increased 
levels of simple, complex and total phenolics of Brassica rapa (oilseed rape) under 
elevated CO2. 
 Taking into account that Gąsecka et al. (23) reported 9.64 ± 0.33 mg g-1 polyphenols in 
P. ostreatus extract, being noticeable lower then the results of each analyzed extract, one 
could note that cultivation method that was used in our research favoured polyphenols 
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production. Namely, Jiang et al. (16) used beech sawdust and flax shives, supplemented 
with wheat bran, corn flour, gypsum and wheat straw enriched with Se and Zn.  
 On the other hand, general trend was the drop of the TPS with the prolonging of shelf 
life, while substrate used (except the 100P sample) did not affect significantly this feature. 
Study by Li et al. (24) reported decrease of water-soluble crude polysaccharide content in 
shiitake mushroom (Lentinus edodes) after storage, which is justified by the sugar con-
sumption caused by respiration of the mushrooms during the storage. 
 Scavenging of free radical in biological systems has a preventive role against arising of 
oxidative damage of DNA, cellular proteins and lipids and consequently could protect from 
many chronic diseases and carcinogenesis (25). Mushrooms are well known for their anti-
oxidant properties, being directly related to phenolic compounds (26, 27). However, the 
correlation between phenolic compounds and antioxidant activity of the extracts is not noti-
ced in this research, which concurs to the following finding (28). According to Antonić et 
al. (29), grape pomace is rich in mineral content, such as Fe and Zn, which could be directly 
related to mineral composition of the mushroom cultivated on grape pomace substrate (15). 
Namely, phenolic compounds have ability to make complexes with bioavailable minerals, 
such as Fe, Zn and Li, which could be present in mushroom chemical structure. This com-
plexation process reduces scavenging activity of phenolic compounds and consequently 
leads to limited antioxidant ability.  
 Finally, in order to quantify the overall quality and to point out the best cultivation 
method, all obtained results were summarized in TQIs of all tested samples. The outcomes 
were changed during the shelf life period, especially for the 80P20S. However, this time-
dependent changes in the quality of two extracts with the lower share of grape pomace in 
substrate (50P50S and 20P80S) were less pronounced. According to this feature, these two 
substrate modes can be considered as those that favor quality stability over extended sto-
rage times.  
 

CONCLUSION 
 
 This investigation was meant to point out the benefits of using wine industry waste as a 
substrate for growing mushrooms, in the form of a total quality index (TQI). The advantage 
of this type of production is exploitation of food waste into the value-added new product. 
Additionally, the kind of waste used in the mushroom production distinctly affect nutritio-
nal profile of mushroom fruiting bodies, which concurs to this investigation outcome. Re-
sults indicated grape pomace as a valuable substrate for P. ostreatus cultivation. Lastly, this 
investigation pointed out the use of quality index approach as a useful tool for applied 
quality evaluation.  
 

REFERENCES 
 
1. Bellettini, M.B.; Fiorda, F.A.; Maieves, H.A.; Teixeira, G.L.; Ávila, S.; Hornung, P.S.; Júnior, 

A.M.; Ribani, R.H. Factors Affecting Mushroom Pleurotus Spp. Saudi. J. Biol. Sci. 2019, 26(4). 
633-646. 

2. Kozarski, M.; Klaus, A.; Niksic, M.; Jakovljevic, D.; Helsper, J.P.F.G.; Van Griensven, L.J.L.D. 
Antioxidative and Immunomodulating Activities of Polysaccharide Extracts of the Medicinal 
Mushrooms Agaricus Bisporus, Agaricus Brasiliensis, Ganoderma Lucidum and Phellinus 
Linteus. Food Chem. 2011, 129(4), 1667-1675. 



APTEFF, 52, 1-273 (2021)   UDC: 582.28:663.26+628.042 
DOI: https://doi.org/10.2298/APT2152025D BIBLID: 1450-7188 (2021) 52, 25-32 

  Original scientific paper 
 

 31 

3. Xu, X.; Yan, H.; Chen, J.; Zhang, X. Bioactive Proteins from Mushrooms. Biotechnol. Adv. 2011, 
29(6), 667-674. 

4. Tsujiyama, S.; Ueno, H. Performance of Wood-Rotting Fungi-Based Enzymes on Enzymic 
Saccharification of Rice Straw. J. Sci. Food Agric. 2013, 93(11), 2841-2848. 

5. Kurt, S.; Büyükalaca, S. Yield Performances and Changes in Enzyme Activities of Pleurotus Spp. 
(P. Ostreatus and P. Sajor-Caju) Cultivated on Different Agricultural Wastes. Bioresour. Technol. 
2010, 101, 3164-3169. 

6. Djekic, I.; Miloradovic, Z.; Djekic, S.; Tomasevic, I. Household Food Waste in Serbia – 
Attitudes, Quantities and Global Warming Potential. J. Clean. Prod. 2019, 229, 44-52. 

7. Djekic, I.; Operta, S.; Djulancic, N.; Lorenzo, J.M.; Barba, F.J.; Djordjević, V.; Tomasevic, I. 
Quantities, Environmental Footprints and Beliefs Associated with Household Food Waste in 
Bosnia and Herzegovina. Waste Manag. Res. 2019, 37(12), 1250-1260. 

8. Mondal, S.; Rehana, J.; Noman, M.; Adhikary, S. Comparative Study on Growth and Yield 
Performance of Oyster Mushroom (Pleurotus Florida) on Different Substrates. J. Bangladesh 
Agric. Univ. 1970, 8(2), 213-220. 

9. Djekic, I.; Vunduk, J.; Tomašević, I.; Kozarski, M.; Petrovic, P.; Niksic, M.; Pudja, P.; Klaus, A. 
Total Quality Index of Agaricus Bisporus Mushrooms Packed in Modified Atmosphere. J. Sci. 
Food Agric. 2017, 97(9), 3013-3021. 

10. Dubois, M.; Gilles, K.A.; Hamilton, J.K.; Rebers, P.A.; Smith, F. Colorimetric Method for 
Determination of Sugars and Related Substances. Anal. Chem. 1956, 28(3), 350-356. 

11. Ekanayake, M.P.; Park, G.T.; Kim, S.; Lee, Y.D.; Kim, S.J.; Jeong, S.C.;  Lee, J. Antioxidant 
Potential of Eel (Anguilla japonica  and  Conger myriaster) Flesh and Skin. Journal of food lipids, 
2005, 12(17), 34-47. 

12. Arnao, M; Cano, A.; Acosta M. The Hydrophilic and Lipophilic Contribution to Total Anti-
oxidant Activity. Food Chem. 2001, 73, 239-244. 

13. Finotti, E.; Bersani, A.M.; Bersani, E. Total Quality Indexes for Extra-Virgin Olive Oils. J. Food 
Qual. 2007, 30(6), 911-931. 

14. Djekic, I.; Tomic, N.; Bourdoux, S.; Spilimbergo, S.; Smigic, N.; Udovicki, B.; Hofland, G.; 
Devlieghere, F.; Rajkovic, A. Comparison of Three Types of Drying (Supercritical CO2, Air and 
Freeze) on the Quality of Dried Apple – Quality Index Approach. Lwt. 2018, 94, 64-72. 

15. Oyetayo, O. V.; Ariyo, O.O. Micro and Macronutrient Properties of Pleurotus Ostreatus (Jacq : 
Fries) Cultivated on Different Wood Substrates. Jordan J. Biol. Sci., 2013, 6(3), 223-226. 

16. Jiang, T.; Feng, L.; Zheng, X. Effect of Chitosan Coating Enriched with Thyme Oil on 
Postharvest Quality and Shelf Life of Shiitake Mushroom (Lentinus Edodes). J. Agric. Food 
Chem. 2012, 60(1), 188-196. 

17. Jafri, M.; Jha, A.; Bunkar, D.S.; Ram, R.C. Quality Retention of Oyster Mushrooms (Pleurotus 
Florida) by a Combination of Chemical Treatments and Modified Atmosphere Packaging. 
Postharvest Biol. Technol. 2013, 76, 112-118. 

18. Liu, Z.; Wang, X. Changes in Color, Antioxidant, and Free Radical Scavenging Enzyme Activity 
of Mushrooms under High Oxygen Modified Atmospheres. Postharvest Biol. Technol. 2012, 69, 
1–6. 

19. Gao, M.; Feng, L.; Jiang, T. Browning Inhibition and Quality Preservation of Button Mushroom 
(Agaricus Bisporus) by Essential Oils Fumigation Treatment. Food Chem. 2014, 149, 107-113. 

20. Doulgeraki, A.I.; Ercolini, D.; Villani, F.; Nychas, G.J.E. Spoilage Microbiota Associated to the 
Storage of Raw Meat in Different Conditions. Int. J. Food Microbiol. 2012, 157(2), 130-141. 

21. Adams, K.R.; Niebuhr, S.E.; Dickson, J.S. Dissolved Carbon Dioxide and Oxygen Concentrations 
in Purge of Vacuum-Packaged Pork Chops and the Relationship to Shelf Life and Models for 
Estimating Microbial Populations. Meat Sci. 2015,110, 1-8. 

22. Karowe, D.N.; Grubb, C. Elevated CO2 Increases Constitutive Phenolics and Trichomes, but 
Decreases Inducibility of Phenolics in Brassica Rapa (Brassicaceae). J. Chem. Ecol. 2011, 37(12), 
1332-1340. 



APTEFF, 52, 1-273 (2021)   UDC: 582.28:663.26+628.042 
DOI: https://doi.org/10.2298/APT2152025D BIBLID: 1450-7188 (2021) 52, 25-32 

  Original scientific paper 
 

 32

23. Gąsecka, M.; Mleczek, M.; Siwulski, M.; Niedzielski P. Phenolic Composition and Antioxidant 
Properties of Pleurotus Ostreatus and Pleurotus Eryngii Enriched with Selenium and Zinc. Eur. 
Food Res. Technol. 2016, 242(5), 723-732. 

24. Li Y, Ishikawa Y, Satake T, Kitazawa H, Qiu X, Rungchang S. Effect of Active Modified 
Atmosphere Packaging with Different Initial Gas Compositions on Nutritional Compounds of 
Shiitake Mushrooms (Lentinus Edodes). Postharvest Biol. Technol. 2014, 92, 107-113. 

25. Zhu, Q.; Hackman, R.; Ensunsa, J.; Holt, R.; Keen C. Antioxidative Activities of Oolong Tea. J. 
Agric. Food Chem. 2002, 50, 6929-6934. 

26. Babu, D.R.; Pandey, M.; Rao, G.N. Antioxidant and Electrochemical Properties of Cultivated 
Pleurotus Spp. and Their Sporeless/Low Sporing Mutants. J. Food Sci. Technol. 2014, 51(11), 
3317-3324. 

27. Sudha, G.; Vadivukkarasi, S.; Shree, R.B.I.; Lakshmanan P. Antioxidant Activity of Various 
Extracts from an Edible Mushroom Pleurotus Eous. Food Sci. Biotechnol. 2012, 21(3), 661-668. 

28. Fontes Vieira, P.A.; Gontijo, D.C.; Vieira, B.C.; Fontes, E.A.F.; Assunção, L.S. de.; Leite, J.P.V.; 
Oliveira, M.G. de A.; Kasuya, M.C.M. Antioxidant Activities, Total Phenolics and Metal 
Contents in Pleurotus Ostreatus Mushrooms Enriched with Iron, Zinc or Lithium. LWT - Food 
Sci. Technol. 2013, 54(2), 421-425. 

29. Antonić, B.; Jančíková, S.; Dordević, D.; Tremlová, B. Grape Pomace Valorization: A Systematic 
Review and Meta-Analysis. Foods 2020, 9(11), 1627. 


