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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

EVALUATION OF MATURITY STAGE, POSTHARVEST STORAGE 
TEMPERATURE AND PACKAGING SYSTEM TOWARDS MAXIMISING 
QUALITY RETENTION OF STRAW MUSHROOM [Volvariella volvacea 

(Bul.) Singer] 

By 

NUR SAKINAH BINTI MOHD JOHA 

 June 2019 

Chairperson: Azizah Misran, PhD 
Faculty: Agriculture 

Volvariella volvacea, also known as straw mushroom is edible. It has attracted 
growing attention in Malaysia due to short cropping duration and provides 
distinct flavour and pleasant taste. However, this mushroom is highly 
perishable and has very short shelf life within 1-2 days under ambient 
temperature. The harvesting time and maturity of V. volavacea are important 
factors to maintain the quality of the mushroom. As the succeeding stages that 
follow the immature stage was particularly fast, farmers usually collected both 
immature and mature stage at harvest. Thus the objective of the first 
experiment was to evaluate the quality, antioxidant activity, and health risk 
assessment of V. volvacea at both stages. The mushrooms was cultivated on 
composted EFB and harvested after a week at immature (button stage) and 
mature (veil open stage). Button stage mushroom showed significantly higher 
firmness, and higher antioxidant activity with lower IC50 of DPPH. In addition, 
button stage provides higher content of glutamic acid. However, both stages 
were within safety limit dietary intake from heavy metals. Thus, based on the 
results of the first experiment, button stage was further selected for the second 
experiment. 

The objective of the second experiment was to determine the postharvest 
qualities and antioxidant activity at different storage temperatures (10, 15 ºC, 
and room temperature (RT)) and storage durations (0, 2, 4, 6 and 8 days). The 
V. volvacea was cultivated according to Experiment 1 and the button stage 
were harvested for storage in perforated polyethylene (PE) plastic films. 
Volvariella volvacea stored at 15 °C showed significantly lowest in the 
percentage of weight loss, no veil opening, retains higher firmness, inhibits 
browning and PPO enzyme activity for about 6 days. The V. volvacea stored at 
10 ºC showed chilling injury symptoms and loss its postharvest quality. 
However, there was a sharp drop of DPPH activity when stored at RT. The 
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tissue ultrastructure of V. volvacea at 15 ºC showed no major changes as 
compared to 10 ºC and RT where there were tissue shrinkage and bacterial 
contamination. Thus the mushrooms were best stored at 15 ºC for the next 
experiment.  
 
 
The experiment was then expanded to the third objective which was to 
examine the optimum packaging systems (perforation, PVC film wrap, vacuum 
and control) applied to V. volvacea at different storage durations (0, 2, 4, 6 and 
8 days) and stored at 15 ºC. The cultivation and harvesting method was 
conducted as previous. The mushrooms were packed in 4 different packaging 
systems. PVC film was shown to maintain significantly higher firmness, lower 
weight loss, high DPPH radical scavenging activity, lower browning degree and 
PPO enzyme activity compared to other packaging. Furthermore, there was 
less damages and shrinkage of ultrastructure tissue when stored in PVC film 
packaging showed.  Overall, button stage of V. volvacea were best stored at 15 
°C storage temperature in PVC film packaging system which could retain their 
quality throughout 6 days storage periods and extend their shelf life. 
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DAN SISTEM PEMBUNGKUSAN LEPAS TUAI UNTUK PENGEKALAN 

KUALITI CENDAWAN JERAMI [Volvariella volvacea (Bul.) Singer] 

Oleh 

NUR SAKINAH BINTI MOHD JOHA 

Jun 2019 

Pengerusi: Azizah Misran, PhD 
Fakulti: Pertanian 

Volvariella volvacea adalah sejenis cendawan yang dikenali sebagai cendawan 
jerami dan boleh dimakan. Perhatian terhadap cendawan ini semakin 
berkembang di Malaysia disebabkan tempoh penanaman yang singkat dan 
cendawan ini memberikan rasa yang berbeza dan lazat. Walau bagaimanapun, 
cendawan ini sangat mudah rosak dan mempunyai jangka hayat yang sangat 
pendek di antara 1-2 hari pada suhu bilik. Tahap kematangan dan penuaian V. 
volavacea adalah satu parameter penting untuk menghasilkan cendawan yang 
berkualiti tinggi. Apabila proses kematangan berlaku dengan cepat, pengusaha 
biasanya mengutip cendawan jerami yang belum matang dan matang ketika 
proses penuaian. Oleh itu objektif eksperimen pertama adalah untuk menilai 
kualiti, aktiviti antioksidan, dan penilaian risiko kesihatan V. volvacea pada 
kedua-dua peringkat kematangan. Cendawan ini ditanam di atas kompos 
tandan buah kosong dan dituai selepas seminggu ketika belum matang 
(peringkat butang) dan matang (peringkat volva terbuka). Cendawan peringkat 
butang menunjukkan kekerasan, aktiviti antioksidan yang lebih tinggi, dengan 
IC50 DPPH yang rendah. Di samping itu, peringkat butang mempunyai 
kandungan asid glutamat yang lebih tinggi. Walaubagaimanapun, kedua-dua 
peringkat berada dalam had pengambilan makanan yang selamat dari logam 
berat. Oleh itu, berdasarkan hasil kajian eksperimen pertama, peringkat butang 
dipilih untuk menjalankan eksperimen kedua.  

Objektif eksperimen kedua adalah bagi menentukan kualiti lepas tuai dan 
aktiviti antioksidan pada suhu penyimpanan yang berbeza (10, 15 ºC, dan suhu 
bilik (RT)) dan tempoh penyimpanan (0, 2, 4, 6 dan 8 hari). Volvariella 
Volvacea ditanam seperti Eksperimen 1 dan peringkat butang dituai dan 
disimpan dalam plastik polietilena (PE) yang berlubang. Volvariella volvacea 
yang disimpan pada suhu 15 °C menunjukkan kehilangan berat paling rendah, 
tiada pembukaan volva, mengekalkan kekerasan yang lebih tinggi, 
menghalang kadar pemerangan dan enzim PPO. Volvariella volvacea yang 
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disimpan pada 10 ºC menunjukkan gejala kecederaan dingin dan kehilangan 
kualiti lepas tuai. Walaubagaimanapun, terdapat penurunan mendadak aktiviti 
DPPH apabila disimpan pada suhu bilik. Tisu ultrastruktur V. volvacea pada 15 
ºC tidak menunjukkan perubahan besar berbanding 10 ºC dan suhu bilik di 
mana terdapat pengecutan tisu dan pencemaran bakteria. Oleh itu, cendawan 
akan disimpan pada suhu 15 ºC untuk eksperimen seterusnya. 
 
 
Eksperimen seterusnya diperluaskan kepada objektif ketiga iaitu untuk 
menentukan sistem pembungkusan optimum (perforation, bungkus filem PVC, 
vakum dan kawalan) yang digunakan untuk V. volvacea pada tempoh 
penyimpanan yang berlainan (0, 2, 4, 6 dan 8 hari) dan disimpan pada suhu 15 
ºC. Kaedah penanaman dan penuaian telah dijalankan seperti sebelumnya. 
Cendawan telah dibungkus menggunakan 4 sistem pembungkusan yang 
berbeza. Filem PVC telah menunjukkan pengekalan kekerasan yang lebih 
tinggi, kehilangan berat yang lebih rendah, aktiviti pemerangkapan radikal 
DPPH yang tinggi, tahap pemerangan dan aktiviti enzim PPO yang rendah 
berbanding pembungkusan lain. Selain itu, terdapat kurang kerosakan dan 
pengecutan tisu ultrastruktur apabila disimpan dalam pembungkusan filem 
PVC. Secara keseluruhan, peringkat butang V. volvacea merupakan tahap 
paling sesuai dituai dan disimpan pada suhu 15 °C menggunakan sistem 
pembungkusan filem PVC bagi mengekalkan kualiti sepanjang tempoh 
penyimpanan dan seterusnya melanjutkan jangka hayat cendawan tersebut 
sehingga hari keenam. 
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xix 

LIST OF ABBREVIATIONS 

et al. and others 
% Percentage 
ºC Degree celcius 
EDI Estimated daily intake 
THQ Target hazard quotient 
MAP Modified atmosphere packaging 
kg kilogram 
g gram 
cm centimetre 
LDPE Low-density polyethylene 
PP Polypropylene 
SEM Scanning electron microscope 
PPO Polyphenol oxidase 
µg microgram 
GAE Gallic acid equivalent 
mg milligram 
QE Quercetin  
DPPH 2,2-Diphenyl-1-Picrylhydrazyl 
Fe Iron 
Cu Copper 
Zn Zinc 
Pb Lead 
Cd Cadmium 
Hg Mercury 
Ni Nickel 
FAO Food and Agriculture Organization 
WHO World Health Organisation 
ANOVA Analysis of variance 
PE polyethylene 
SEM Scanning electron microscope 
NaCO3 Sodium carbonate 
NaNO3 Sodium nitrate 
AlCl3 Aluminium chloride 
NaOH Sodium hydroxide 
LSD Least significant difference 
N Newton 
RT Room temperature 
U/mg FW Unit per milligram fresh weight 
RH Relative humidity 
PLW Physiological loss in weight 
F Firmness  
VO Veil opening 
TPC Total phenolic contents 
TFC Total flavonoid contents 
BD Browning degree 
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CHAPTER 1 
 
 

GENERAL INTRODUCTION 
 
 

Edible mushroom contributes to large income and became economically 
important industrial commodities (Kukura et al., 1998). These include 
production for whole food, fermented beverages, food additives, antibiotics, 
probiotics, pharmaceutical industries, biofuels, enzymes, and some bioactive 
compounds such as vitamins, fatty acids and sterols (Gan et al., 2013; Manzi et 
al., 1999). Mushroom is widely cultivated all over the world (Kumar et al., 
2013). According to FAOSTAT, world mushroom production was highest in 
China about 7.8 million tonnes in 2016. Mushroom industry in Malaysia is still 
low and it commercializes at a small scale. In 2014 and current, oyster 
mushroom (Pleurotus spp.) is mainly cultivated, accounts for 90.89% compared 
to other edible mushrooms produced in the world (Amin et al., 2014; Haimid et 
al., 2013; Rosmiza et al., 2016).  
 
 
Volvariella volvacea is an edible mushroom derived from Plutacea family which 
also known as paddy straw mushroom, chinese mushroom and warm 
mushroom (Chang, 1977). Volvariella volvacea are top five most 
commercialized mushrooms in the world (Chang, 1977; Ahlawat et al., 2010; 
Roy et al., 2014). However in Malaysia, V. volvacea is not widely cultivated and 
it accounts for only 0.47% of mushroom production (Rosmiza et al., 2016). 
Volvariella volvacea were grown at high temperature in tropics and subtropics 
climate which is in the range of 30-35 ⁰C (Chang, 1977; Thakur and Singh, 
2014). Volvariella volvacea became popular because it provides distinct flavor 
and taste where it also has shorter cropping duration (Rajapakse, 2011 and 
Jamjumroon et al., 2012). Besides that, V. volvacea is a good source of 
vitamin, bioactive compound, proteins, and amino acids until it is known as 
therapeutic food (Alam et al., 2011; Rajapakse, 2011; Guo et al., 2012; Sithole 
et al., 2017). Therefore, this mushroom has a very high potential for 
commercialization purposes as great food source to the consumers. 
 
 
The commercial potential of V. volvacea is restricted to their very short shelf 
life, which is 1-2 days under ambient temperature. Thus, most of the time, this 
mushroom was sold directly after harvest or being processed for canning (Rai 
and Arumuganathan 2008). According to Ye et al. (2012), faster senescence of 
mushroom lessens the commercial value of harvested mushroom. Volvariella 
volvacea mushroom usually consumed within 6-8 hours to prevent the veil 
opening, maintain its freshness, quality, and texture (Thiribhuvanamala et al., 
2012). The high respiration rate and lacking of physical protection in avoiding 
water loss becomes the primary factors that are often associated with quality 
deterioration. Therefore, postharvest study is very important in preserving and 
maintaining the harvested mushroom (Dhalsamant et al., 2015; Jamjumroon et 
al., 2012; Jaworska et al., 2011). Retaining quality of mushroom at first place 
would benefit either mushroom industry or consumers.  
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The time of maturity and the harvesting of V. volvacea remains one of the 
important factors enhancing the postharvest life of the mushroom. Harvest 
decision is done traditionally by farmer through observation and experience 
overlooking the nutritional quality of V. volvacea. Different maturity stages of 
mushroom may contribute to different advantage and contents. Mature stage 
(veil open) mushroom stays longer and absorbed more minerals from 
cultivation media compared to immature stage. Since mushroom absorbs 
nutrient from surrounding, it has become an indicator to determine heavy metal 
pollution (Kotwaliwale et al., 2007; Peng and Wang, 2013; Rajapakse, 2011; 
Tuzen, 2003). Assessment of safety limit intake through estimated daily intake 
(EDI) and target hazard quotient (THQ) could disclose the toxicity level of 
mushroom towards consumers (Ihugba et al., 2018; Huang et al., 2015). 
Cultivation medium of mushroom should be within safe limit intake through 
health risk assessment. 
 
 
 
Other postharvest problems of this mushroom include browning, chilling injuries 
and weight loss (Rai and Arumuganathan 2008; Jamjumroon et al., 2012). This 
was due to high metabolic and respiration rate occur in mushroom. Despite that 
chilling injuries problem, mushrooms also deteriorated, increased its respiration 
rate when subjected to higher temperature which mainly due to elevation of 
microbial contamination and physiological activity (Valerie and David, 2008). 
The surrounding temperature greatly affects the metabolic activity of mushroom 
after harvest. According to Singh et al. (2010), external factor like temperature 
is one of the main key contributors affecting the respiration. These problems 
commonly can be controlled by applying suitable storage temperature along its 
storage duration and thus reducing the deterioration rate and postharvest loss.  
 
 
Postharvest treatment and technology like packaging plays a critical role in the 
controlling senescence rate in mushroom by acting as important physical 
barrier at first line protection that powerfully controls its surrounding moisture, 
respiration, and metabolic activity that lead to mushroom’s quality. According to 
Ye et al. (2012), packaging system under passive modified atmosphere 
packaging (MAP) developed gaseous components naturally resulted from the 
respiration and packaging permeability. MAP with proper technique was 
established to be a successful tool in extending mushroom shelf life (Kim et al., 
2006; Valerie and David, 2008). Common packaging systems implemented for 
mushrooms including vacuum packaging (Burg and Burg 1966; Tsang 1999), 
perforated packaging (Dhalsamant et al., 2015), and film wrap (Li et al., 2017). 
Previous study implemented the microperforated type, vacuum packaging 
using glass jar, by sampling the mushroom without independent cultivation 
which could retain its shelf life 2-6 days. Current study improved by monitor its 
cultivation technique and using macroperforated, vacuum using plastic 
material. The packaging system contributed to the longer shelf life of 
mushroom during storage.  
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High perishability after harvest and time consuming during transport chain to 
market became a major bottleneck in the mushroom production. Storage 
temperature and packaging system have been demonstrated to give a greater 
impact in slowing down the deterioration rate, retaining physical qualities and 
extending shelf life of mushrooms. Therefore, the study has been conducted to 
improve and maintain the quality of mushroom throughout storage durations. 
 
 
Proper postharvest treatment might extend the shelf life, slow down 
deterioration, retain physical quality and eventually reduce the postharvest 
losses. Therefore, the objectives of this study are 
 
 
(i) to evaluate the quality, antioxidant activity, and safety limit intake of V. 
volvacea at button and veil opening stages,  
(ii) to determine the postharvest qualities and antioxidant activity at different 
storage temperatures and durations, and  
(iii) to examine the optimum packaging systems applied to V. volvacea at 
different storage durations. 
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