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Abstract
Purpose – The purpose of this paper is to identify the strain of oyster mushroom (OM) Pleurotus sapidus
cultivated in a local (commercial) farm, and to generate a total quality index (TQI) on the strain using different
modified atmosphere packaging (MAP) gas mixtures.
Design/methodology/approach – A phylogenetic tree was constructed using the MEGA software to
identify the specific strain of P. sapidus grown in a local farm. The effects of MAP on fresh fruiting bodies of
the identified strain were determined under three conditions: high carbon dioxide packaging (HCP: 20 per cent
CO2, 15 per cent O2), low carbon dioxide packaging (LCP: 2 per cent CO2, 30 per cent O2) and high nitrogen
packaging (HNP: 85 per cent N2, 15 per cent O2). All samples were stored at 4 oC for up to ten days, and
subjected to total phenolic content (TPC), colour retention (CR) and sensory analysis. Quality parameters such
as chewiness and odour were used to obtain the TQI.
Findings – From the phylogenetic analysis, a new strain (P. sapidus strain QDR) with 99 per cent similarity to
P. sapidus was identified. Among the three MAP treatments, HCP recorded the highest TPC (2.85 mg GAE/g)
and CR (60.36) after ten days, although only its CR was significantly different (po0.05) from the control.
Feedback from 30 sensory panellists indicated that both HCP and LCP were generally more effective in
retaining the colour–odour of OM. The optimum TQI for HCP was obtained based on the observed parameters,
which is useful for the large-scale packaging of OM.
Originality/value – Scientific evidence has revealed that packaging trend for commercially grown OM
affects consumer’s acceptance.
Keywords Modified atmosphere packaging, Oyster mushroom, Phylogenetic analysis, Pleurotus sapidus,
Total quality index
Paper type Research paper

1. Introduction
In the past ten years, the consumption and production of commercial oyster mushrooms
(OMs) have been increasing globally ( Jafri et al., 2013). The Pleurotus species are known for
having a unique flavour, a good texture profile and for being nutritious (Wan-Mohtar et al.,
2018), which increases consumer demand for the product (Sapata et al., 2009). Mushrooms
comprise 32.7 per cent crude protein, 2.4 per cent crude fat and 47.7 per cent carbohydrate,
thus representing a healthy dietary option (Akbarirad et al., 2013).
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Researchers have reported changes occurring after the harvesting process, such as
browning, loss of moisture, altered flavour profile, shorter shelf-life and decreased quality of
mushroom produced, thus affecting marketability (Brennan et al., 2000; Vukosavljević et al.,
2009). As a result, increased understanding of the packaging process, properties, storage
and distribution of mushrooms is required, as these factors impact the shelf-life and quality
of mushrooms (Akbarirad et al., 2013).

Mushrooms are generally placed in a plastic punnet and wrapped with PVC film.
However, due to the poor vapour permeability of this barrier and the high transpiration
rate of mushrooms, this format can lead to undesirable condensation inside the package
(Gao et al., 2014). A study on modified atmosphere packaging (MAP) found that controlling
the microbial growth and chemical degradation contributes to greater probability of
maintaining the quality of mushrooms, thereby extending their shelf-life (Djekic et al., 2017).
There are four core parameters to consider when designing MAP: product characteristics,
packaging material permeability, gas concentration (carbon dioxide: CO2 and oxygen: O2)
and temperature dependence. Passive MAP is achieved when fresh produce reacts naturally
with the packaging’s modified surrounding atmosphere, by producing CO2 and consuming
O2 (Fonseca et al., 2002), while active MAP comprises controlling and mixing specific gases
inside the chosen packaging material (Robertson, 2006). However, inappropriate MAP
designs such as improper gas levels lead to high respiration rates and decrease mushroom
shelf-life according to Fonseca et al. (2002). The quality of MAP for mushrooms relates to
texture, microbial count, whiteness, colour changes and sensory characteristics, which are
crucial in analysing the deterioration rate (Mohapatra et al., 2011; Argyropoulos et al., 2011),
thus affecting consumer acceptance.

Mushroom quality and consumer demands have been the main priority in improving the
inner packaging atmosphere. To avoid unwanted odours and browning behaviour from in
retail mushrooms, appropriate MAP designs are necessary (Djekic et al., 2017). Thus, this
research aimed to study three different active MAP mushroom packaging formats, using
nine core parameters (total phenolic content (TPC), L*, a*, b*, hardness, cohesiveness,
chewiness, odour and sensory analysis), for ensuring that the quality of fruiting bodies is
maintained. These parameters were established as the preferred post-MAP mushroom
according to 30 panellists. The total quality index (TQI) was generated by measuring the
obtained standard quality index. The use of TQI in summarizing the important parameters
for Malaysian commercial mushroom quality has not previously been reported. This
strategy offers significant potential for industrial applications (Ares et al., 2007), particularly
with respect to Southeast Asian mushrooms production.

2. Materials and methods
2.1 Source of OM and fruiting body preparation
Commercial OMs were obtained from an established farmhouse at the University
Agriculture Park (Mushroom Unit), Universiti Putra Malaysia. High-quality fresh
mushrooms were selected based on uniformity of size (cap diameter ~ 5 cm) and colour.
Any extraneous materials were removed, and the fruiting bodies were thoroughly cleaned.
The mushrooms were then transferred to the laboratory using refrigerated containers
(8–10 °C) and stored at 4 °C, the desired temperature for the respiration rate reduction.
Selected mushrooms were individually weighed and packed in 30 µm-thick polypropylene
(PP) bags (120 mm × 80 mm) (permeability as suggested by Exama et al., 1993).

2.2 P. sapidus strain QDR isolation and phylogenetic tree analysis
The stipe of the fruiting body of P. sapidus strain QDR samples was isolated and transferred
to potato dextrose agar (PDA, Sigma-Aldrich, Dorset, UK) plates. After ten days of
incubation, the uncontaminated mycelium on the plate was cut (5 mm3) and transferred into
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sterile 1.5 mL Eppendorf tubes for fungal DNA extraction based on the technique of Liu
et al. (2000). A small piece of mycelia was placed using a sterile toothpick into 1.5 mL
Eppendorf tubes containing 500 µL of lysis buffer (400 mM Tris-HCl (pH 8.0), 60 mM EDTA
(pH 8.0), 1 per cent sodium dodecyl sulphate, 150 mM NaCl) for mycelial disruption. The
tubes were placed at room temperature for 10 min. Next, 150 µL of potassium acetate (pH
4.8; 60 mL of 5 M potassium acetate, 11.5 mL of glacial acetic acid, and 28.5 mL of distilled
water) was added into each tube, and the contents were vortexed. After 11,000×g
centrifugation at 1 min, the supernatant was transferred to a fresh 1.5 mL Eppendorf tube,
and an equal volume of isopropyl alcohol was added and mixed. Tubes were spun at
10,000×g for 2 min, and the supernatant was discarded. The resultant DNA pellet was
washed with 70 per cent ethanol (300 µL).

Next, the pellet was centrifuged at 10,000×g for 1 min and the resultant supernatant was
discarded. The DNA pellet was air dried and dissolved in 50 µL of 1X Tris-EDTA to
generate purified fungal gDNA. Fungal identification was performed using two internal
transcribed spacer (ITS) primers, ITS1 (5′- TCCGTAGGTGAACCTGCGG-3′) and ITS4 (5′-
TCCTCCGCTTATTTGATATGC-3′). Polymerase chain reaction (PCR) amplification was
carried out in 25 µL reaction mixtures, following the protocols of Tamura et al. (2013) and
Liu et al. (2000). Each PCR reaction contained 0.5 mM of each primer, 1.5 mM MgCl2, 0.2 mM
of dNTP mix, 0.5 U DNA polymerase, PCR buffer (Promega, Madison, WI, USA) and
ultrapure water. The targeted fragments were amplified using an Eppendorf Mastercycler
gradient (Eppendorf, Hamburg, Germany) according to the following protocol: 95 °C for 2
min; followed by 25 cycles of 95 °C for 15 s, 60 °C for 30 s and 72 °C for 30 s; and 10 min at 72
°C for the final extension. PCR products were separated on standard 1 per cent Agarose gels
at 80 V for 1 h, purified using a PCR Purification Kit (Tiangen Biotech Co., Beijing, China)
and sequenced bidirectionally using a BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems Co., MA, USA). The different sequences of the same or different species
were entered into BLAST and the ten closest matches obtained from the database.

A phylogenetic tree was generated by calculating the evolutionary distance (Knuc)
between sequences of identical fungal species using the neighbour-joining (NJ) method as
described by Ab Kadir et al. (2016) with Molecular Evolutionary Genetic Analysis software
version 6.0 (Tamura et al., 2013). The isolated commercial fungus was identified as the same
species by the closest Knuc.

2.3 Modified atmosphere packaging (MAP)
Selected OMs were carefully packed under three active MAP treatments: high carbon dioxide
packaging (HCP: 20 per cent CO2 + 15 O2), low carbon dioxide packaging (LCP: 30 per cent O2
+ 2 per cent CO2) and high nitrogen packaging (HNP: 85 per cent N2, 15 per cent O2) using an
MAP unit (Plate 1). As a better control, a passive modified atmosphere with initial air inside
was denoted as the normal atmosphere treatment. MAP was utilised with three packages for
chemical properties and three packages for textural and sensory properties. The packages
were stored under constant conditions of temperature and relative humidity of 4 °C and
~95 per cent, respectively, for up to 10 days, with testing on day 5 and day 10.

2.4 Chemical analysis
Polysaccharide extraction was performed according to Klaus and Nikšić (2007) and
Wan-Mohtar, Malek, Harvey and McNeil (2016), Wan-Mohtar, Latif, Harvey and McNeil
(2016) and Wan-Mohtar, Ab Kadir and Saari (2016). MAP-treated mushrooms (MTM)
(15 g) were blended using a blender (Waring Lab, Madison, WI, USA). MTM was washed
with 96 per cent of ethanol (v/v) for 24 h at room temperature and consequently dried in a
food dehydrator for 1 h at 40 °C. The dried MTM was extracted in 2 L of distilled water
and subjected hot water extraction (45 min, 121 °C in an autoclave). After cooling, the
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sample was centrifuged for 15 min at 8,000 rpm. Using a freeze dryer, the concentrated
supernatant was mixed with 1:3 cold ethanol 99.8 per cent and stored overnight at 4 °C.
The precipitated polysaccharide from MTM was centrifuged for 15 min at 6,000 rpm. TPC
of freeze-dried MTM extract was determined.

2.5 Total phenolic content
The TPC of MAP-treated mushrooms was determined using the Folin–Ciocalteu method
(Bi et al., 2016). Briefly, 40 µL of sample was mixed with 1.8 mL Folin–Ciocalteu reagent
(Kemika, Zagreb, Croatia) (1:9 dilution with water) followed by 1.2 mL of 7.5 per cent sodium
carbonate after 5 min. The mixture was thoroughly mixed and incubated for 1 h in a dark
room. Spectrophotometric absorbance was measured at 630 nm. The Gallic acid standard
(Fluka Chemica, Switzerland) used for calibration was at a concentration of 20–100 ppm.
The phenolic content of each sample was expressed as mg of Gallic acid equivalent per gram
(mg GAE/g) of mushrooms.

2.6 Colour characteristics
MAP-treated mushrooms were analysed using a CR-410 ChromaMeter –ΔE*ab 0.07 standard
deviation (Konica Minolta Sensing Americas, Williams Drive Ramsey, NJ, USA) Integrated
with SpectraMagic NX software at room temperature. Colour changes of mushroom samples
were standardized by Hunter colour parameters L*, a* and b*. The colorimeter was calibrated
using black-and-white tiles for each sample set analysis. Three noticeable parameters from the
same mushroom pileus surface were determined and the L*, a* and b* values were recorded.
An L of 100 was equivalent to pure white, while an L of 0 was matt black.

(a)

(c) (d)

(b)

Notes: (a) The first harvest at 8 a.m.; (b) the selection of quality fruiting bodies; (c) oyster
mushroom packaging; (d) modified atmosphere gas needle procedure

Plate 1.
Oyster mushroom
MAP preparation from
a commercial farm
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2.7 Texture profiles
The textural profile of each sample was analysed using a texture analyser whereby
mushroom caps were compressed to 20 per cent of their original height using a compression
plate probe at a speed of 21/mms (Djekic et al., 2017). The hardness and chewiness of each
sample were calculated from the curve of force vs time recorded data. Texture profile
analysis (TPA) or a “two-bite test” was carried out on three mushroom caps at room
temperature (25 °C) for each treatment.

2.8 Sensory evaluation
To determine the acceptance of potential consumers, 30 panellists were asked to evaluate
each treated mushroom sample by answering a questionnaire. This questionnaire used a
hedonic scale and focussed on the colour and odour attributes of the mushrooms. The five-
point hedonic scale for colour was as follows: 5 was too dark, 4 was slightly dark, 3 was the
same as control, 2 was slightly light and 1 was too light. For the odour attribute, 5 was too
strong, 4 was slightly strong, 3 was the same as control, 2 was slightly weak and 1 was too
weak. Each of the samples was labelled with a random three-digit code from The Table of
Random Digits and provided in plain containers that were closed and odourless.

2.9 Total quality index
As a cost-effective measurement, TQI was determined based on the observed parameters.
Two groups of quality parameters were established according to Finotti et al. (2007) and
Djekic et al. (2017): “measured value of fresh mushroom quality parameter” (first group with
a target value). The rule indicated that quality is better when the value is nearer to the target
value of the parameter. Hence, QI was calculated as:

QI ¼ 2 xi�Tð Þ= xmax�xminð Þ
�� ��;

where QI is the quality index for a parameter for the following: xi ¼ measured value in the
subset of values; T ¼ target value; Xmax ¼ maximal value; Xmin ¼ minimal value in the
subset of values.

The quality parameters included in first group were (with a target value): Chewiness ¼
751.20, hardness ¼ 10.71, cohesiveness ¼ 0.86, odour ¼ 1 and TPC ¼ 2.93.

For the second group, “quality is better if the value is smaller”was applied, and the QI for
this group was calculated as:

QI ¼ xi=xmax;

where, QI ¼ quality index for a specific quality parameter; Xi ¼ measured value in the
subset of values; Xmax ¼ maximal value in the subset of values.

The quality parameters included in second group were L*, a*, b* and colour attributes
for sensory.

The overall quality index (TQI) was calculated as:

TQI ¼
XN
j¼1

QI j
� �2" #1=2

:

The rule applied was that the TQI was worse if the vector was farther from the origin and
the TQI was better if the vector was nearer to the origin.
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2.10 Statistical analysis
For statistical analysis, Minitab 18 software was used to run the analysis of variance
(ANOVA) (Minitab Inc., USA), and triplicate values were expressed as mean±standard
deviation unless stated otherwise. This was used to determine the significant differences
among testing means at a p-value of 1 at α¼ 0.05.

3. Results and discussion
3.1 Molecular characteristics of commercial OM for growers
Fresh OM was selected for MAP treatments. An amplified product of approximately 670 bp in
size was obtained as shown in Figure 1. The product was sequenced and aligned with the
top-10 related species based on NCBI BLAST. OM was found to be 99 per cent similar to
P. pulmonarius, P. sajor-caju, Lentinus sajor-caju and P. sapidus. Based on the phylogenetic tree
(Figure 2), the evolutionary distance (Knuc) values at clade A showed that the isolate was closely
related to P. sapidus strain xiaxiu 990 18 S compared with L. sajor-caju strain S2005 18 S.

The concluded local P. sapidus strain may solve the society-practice-related issue in
misidentifying the correct available OM species (P. sajor-caju, P. ostreatus and P. pulmonarius)
in the market. The conventional commercial mushroom farm is facing logistic problems such
as storage, incorrect mushroom species declaration and packaging for vendor distribution.
Such problems can be solved by intellectual property protection and influencing
public attitudes to avoid vendor exploitation primarily due to customers lack ability in
differentiating commercial OM species. As one of the highest-valued crops, the land area for
OM cultivation will increase from 78 ha in 2010 to 340 ha in 2020 (Hamid et al., 2013), which
warranted the importance of individual OM molecular recognition for protecting local
mushroom growers.

M

1 2 3 4

–ve +ve QDR

Bp

1,500

1,000

750

500

250

Notes: The gel consists of 1 per cent agarose and
was run with 1 per cent TE buffer at 80 V. Lanes
1 and 5: DNA marker; Lane 2: PCR no template
control; Lane 3: positive control fungal gDNA;
Lane 4: PCR QDR product

Figure 1.
Ethidium bromide
fluorescence image
showing
electrophoresis of
Pleurotus sapidus strain
QDR PCR product
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3.2 Total phenolic content
Under abiotic stress condition such as MAP, the TPC absorbs and neutralises free radical
compounds ( Jafri et al., 2013). Because storage conditions can influence variations in TPC,
different MAP treatments for OMs were analysed over storage time. As shown in Table I,
TPC in grey OMs increased from day 5 to day 10 except for HNP-treated samples, as
reported by Jafri et al. (2013), indicating that the TPC of OMs increases with storage time
regardless of additives used. This finding supports that of Djekic et al. (2017), who showed
an incremental increase in TPC in button mushrooms after a sudden decrease among
MAP-treated samples in the first 10 days.

TPC increased significantly (po0.05) in LCP and control OMs when the packaging was
high in oxygen (Table I). Such value increment is due to stress conditions that can cause
phenolic compounds to be generated and to oxidise readily in the presence of oxygen.
Furthermore, HNP showed a significant reduction (po0.05) in TPC value, which may be
attributable to the breakdown of phenolic compounds by enzymatic activity (Selcuk and
Erkan, 2015). Mushrooms in HNP have been shown to be involved in enzymatic oxidation
and browning processes as they undergo colour changes and a reduction in TPC
concentration, which is affected by the availability of nitrogen (Cayupan et al., 2011).
Nonetheless, in the present study, HCP retained the highest TPC after 5 days and showed
only a mild reduction in the second half of the study, compared with other MAP treatments.

Total phenolic content (mg GAE/g)
Atmosphere packaging Day 5 Day 10

Control 2.69 ± 0.13aB 3.25 ± 0.08aA

HNP 2.22 ± 0.07bA 1.97± 0.01bB

LCP 2.72 ± 0.00aB 2.99 ± 0.06aA

HCP 2.86 ± 0.05aA 3.03 ± 0.19aA

Notes: Values are mean±standard error (duplicate). Mean values with different lower case within each
column are significantly different (po0.05). Mean values with different capital case within the same row are
significantly different (po0.05). Control is normal air packaging. HNP is high nitrogen packaging. LCP is low
carbon dioxide packaging. HCP is high carbon dioxide packaging

Table I.
Total phenolic

content of oyster
mushroom over

storage time in MAP

KJ670292.1_Pleurotus_sp._BAB-4072_18S_ribosomal_RNA_gene

AY696300.1_Pleurotus_pulmonarius_voucher_HMAS86396_18S_ribosomal_RNA_gene

MG819734.1_Pleurotus_pulmonarius_isolate_DMRP-15_small_subunit_ribosomal_RNA_gene

MG679901.1_Pleurotus_pulmonarius_strain_DMRP:1_small_subunit_ribosomal_RNA_gene

AY540328.1_Pleurotus_sajor-caju_strain_S048_18S_ribosomal_RNA_gene

JQ868742.1_Lentinus_sajor-caju_strain_S2005_18S_ribosomal_RNA_gene

KP877605.1_Pleurotus_sapidus_strain_tedafengwei_18S_ribosomal_RNA_gene

KP877607.1_Pleurotus_sapidus_strain_xiaxiu_990_18S_ribosomal_RNA_gene

KY962457.1_Pleurotus_pulmonarius_isolate_P41_small_subunit_ribosomal_RNA_gene

FJ810164.1_Lentinus_sajor-caju_strain_dd08058_18S_ribosomal_RNA_gene

TK_670bp (Pleurotus sapidus strain QDR)

Clade A

0.00020

68

6

1

0

0

0

2

8

Notes: Branch 1: Pleurotus sapidus strain tedafengwei 18S=KP877605; Pleurotus sapidus strain
xiaxiu_990 18S=KP877607.1. Bar 0.00020 Knuc

Figure 2.
Neighbour-joining
phylogenetic tree

showing the
relationships of

Pleurotus sp. isolate
TK_670bp (strain
QDR) and top-10

BLAST species based
on 18 S rRNA gene

sequences
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3.3 Colour characteristics
Colour is crucial in determining the quality of mushrooms as it is related to consumer
acceptance and commercial value (Singh et al., 2010). Therefore, the colour quality of grey
OMs on active MAP was evaluated using a colorimeter. From day 5 to day 10, the mushroom
colour gradually changed from white to brown, caused by the TPC in mushroom (enzymatic
browning) which decreased the L* value (loss of brightness and become darker) and increases
the a* and b* values (redness and yellowness increment) (Liu et al., 2013). As shown in Table II,
the L* values of mushrooms on day 5 were 62.11 (HNP), 65.77 (LCP), 67.71 (control) and 69.94
(HCP). According to Baars et al. (2000), the L* value of mushroom is low, at approximately 70,
after 5 days of storage. On day 10, the L* value of mushrooms decreased for each MAP
treatment, indicating a reduction in brightness. There was a significant change in L* value
(po0.05) for all MAP treatments over storage time but no change (pW0.05) on the
same storage day, except for control and HNP at day 10. Mushrooms packed in HNP (52.28) had
the lowest L* values, indicating the highest colour changes over storage time by dark zone
formation and a low-quality appearance. Furthermore, the L* value of HCP (60.36) was the
highest, indicating the lightest colour with the highest-quality appearance (freshest).

The value of a* at day 5 was within the range of 1.05–1.50 for active MAP. Baars et al.
(2000) also reported that mushrooms have a low a* value, in the range of 0–1, indicating the
absence of redness compared with natural white. However, at day 10, the a* value increased
for active MAP, with the most significant change (po0.05) shown for HCP over storage time,
but no change (po0.05) for control, HNP and LCP. Under active MAP storage conditions,
there was a significant different (po0.05) with respect to highest and lowest a* value for HCP
at day 10. The b* value showed a significant difference (po0.05) across different MAP
treatments. At day 5, the b* value of mushrooms was in the range of 11.80–12.90. Baars et al.
(2000) previously reported that b* value within the range of 6–10 were indicative of slight
yellowness in appearance. Our data showed that HCP was the most effective packaging
strategy for efficiently retarding browning effects compared with HNP, LCP and control.

3.4 Texture profiles
To determine the texture of MAP-treated mushrooms, TPA or a “two-bite test”was performed
(Ares et al., 2006). As shown in Table III, mushroom hardness decreased from day 5 to day 10
for all MAP treatments, with the highest value observed for HNP (po0.05) compared with
HCP, LCP and control, which is in agreement with the findings of Djekic et al. (2017).

L* a* b*
Atmosphere
packaging

Day 5 Day 10 Day 5 Day 10 Day 5 Day 10

Control 67.71 ± 0.00aA 54.92 ± 0.57bB 1.49 ± 0.11aA 1.64 ± 0.02bA 12.89 ± 0.10aB 20.10 ± 0.11bcA

HNP 62.11 ± 0.75aA 52.28 ± 0.49cB 1.48 ± 0.65aA 1.79 ± 0.04aA 13.64 ± 1.25aB 23.90 ± 0.92aA

LCP 65.77 ± 4.31aA 58.7 ± 0.86aA 1.18 ± 0.18aA 1.61 ± 0.04bA 13.57± 0.23aB 21.25 ± 0.59bA

HCP 69.94 ± 0.18aA 60.36 ± 0.33aB 1.07 ± 0.01aB 1.53 ± 0.03bA 11.81 ± 0.04aB 18.94 ± 0.18cA

Hardness Cohesiveness Chewiness
Atmosphere
packaging

Day 5 Day 10 Day 5 Day 10 Day 5 Day 10

Control 9.78 ± 0.13aA 6.08 ± 0.00bB 0.87 ± 0.01aA 1.05 ± 0.18aA 727.47 ± 4.81aA 620.72 ± 13.63bB

HNP 10.06 ± 0.62aA 6.58 ± 0.58bB 0.86 ± 0.01aA 0.90 ± 0.05aA 678.92 ± 5.06bA 465.31 ± 20.97cB

LCP 10.20 ± 0.94aA 8.88 ± 0.37aA 0.85 ± 0.03aA 0.89 ± 0.02aA 729.70 ± 9.67aA 686.90 ± 5.44aB

HCP 10.59 ± 0.28aA 9.12 ± 0.65aA 0.85 ± 0.02aA 0.86 ± 0.06aA 742.09 ± 2.40aA 702.84 ± 3.06aA

Notes: Values are mean±standard error (duplicate). Mean values with different lower case within each column are
significantly different (po0.05). Mean values with different capital case within the same row are significantly different
(po0.05). Control is normal air packaging. HNP is high nitrogen packaging. LCP is low carbon dioxide packaging. HCP is
high carbon dioxide packaging

Table II.
Colour parameter and
textural profile for
each MAP over
storage time
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According to Pardo et al. (2010), membrane changes determine loss of firmness or softening of
mushrooms during post-harvest storage. Textural changes are associated with hyphae
shrinkage, polysaccharide and protein degradation, central vacuole disruption and
intercellular space expansion at the pilei surface (Zivanovic et al., 2000). These findings
suggest that HNP is the least effective method for retaining mushroom firmness.

For mushroom cohesiveness, there was no significant difference (po0.05) between
MAP-treated mushrooms under both different and the same storage durations. However,
there was a slight increase in cohesiveness among all MAP-treated mushrooms from day 5
to day 10, with HNP showing the highest value by the end of storage. The cohesiveness of
mushrooms increases with storage time, caused by the absorption of moisture into the
capillary voids (Kotwaliwale et al., 2007) and an increase in hyphal wall rigidity (Ares et al.,
2006; Zivanovic et al., 2000). These processes occur due to increased chitin content and the
formation of covalent bonds with R-glucan (Zivanovic et al., 2000).

Mushroom chewiness was also affected by MAP treatments, with values decreasing from
day 5 to day 10. There was a significant difference (po0.05) for HNP at the same storage
conditions as other treatments at both day 5 and day 10. However, HCP was not significantly
different (pW0.05) over storage time compared with HNP, LCP and control. According to
Marangoni et al. (1996), decreased chewiness over storage time is related to the loss of turgor
and barrier functions, thus causing changes in the cell membrane and post-harvest
senescence. This effect is supported by other findings, such as a reduction in hardness related
to cell growth, protein and polysaccharide degradation and water migration (Antmann et al.,
2008; Jiang et al., 2011; Oz et al., 2015). Both chewiness and hardness increased at the final
stage of drying due to the removal of moisture from the mushrooms (Kotwaliwale et al., 2007).

3.5 Sensory characteristics of MAP-treated mushrooms
The sensory characteristics of grey OMs as determined by 30 panellists are shown in Table III.
It was observed that differentMAP conditions affected the sensory attributes of mushrooms in
different ways. OMs packed in HNP had the worst score at the end of storage, with colour
scores from 2.53 (day 5: light) to 4.37 (day 10: dark) compared with control. These findings may
be due to dark zone formation and unequal colour distribution over the shelf-life as reported by
Antmann et al. (2008). In addition, HNP-treated mushroom had the lowest L* value, indicating
a loss of brightness, and HNP was thus the least effective method for retaining mushroom
colour compared with control, LCP and HCP.

Although Villaescusa and Gil (2003) have reported that mushrooms changed colour over
storage time, both LCP (score 2.47) and HCP (score 2.97) in the present study retained
mushroom colour brightness at day 10 compared with day 5. Both methods scored 2.8 and 2.4,
respectively, indicating a lighter colour than the control on day 10. Meanwhile, HNP-treated
mushrooms showed no significant colour changes (pW0.05) over storage time. From the results

Colour Odour
Atmosphere packaging Day 5 Day 10 Day 5 Day 10

Control 2.67 ± 0.43bA 2.9 ± 0.23aA 3.33 ± 0.62aB 3.53 ± 0.61abA

HNP 2.53 ± 0.89abB 4.37± 0.49aA 3.33 ± 1.03aB 4.03 ± 0.61aA

LCP 2.47 ± 0.63bA 2.4 ± 0.62bA 2.37 ± 0.61bA 2.57 ± 1.22bA

HCP 2.97 ± 0.81aA 2.8 ± 0.99bA 2.9 ± 0.88aA 2.87 ± 0.86bA

Notes: Values are mean±standard error (duplicate). Mean values with different lower case within each
column are significantly different (po0.05). Mean values with different capital case within the same row are
significantly different (po0.05). Control is normal air packaging. HNP is high nitrogen packaging. LCP is low
carbon dioxide packaging. HCP is high carbon dioxide packaging

Table III.
Sensory evaluation on

colour and odour
attributes of MAP-

treated oyster
mushrooms
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obtained, the panellists considered OMs packed using LCP and HCP to be the most attractive,
compared with HNP and control. HCP showed the lightest colour, with the lowest L* value.
The outcome of HCP treatment was in agreement with a previous study of mushrooms in HCP
which showed high sensory quality and acceptability for 10 days (Ares et al., 2007).

For odour evaluation, HNP gave the worst score (4.03) at day 10 and produced a strong
odour compared with control (3.33). Meanwhile, HCP and LCP scored 2.9 and 2.37, respectively,
at day 5 with increased values at day 10 (2.87 and 2.57), which were slightly lower than control.
Significant odour changes (po0.05) were observed for HNP compared with other MAP
treatments over storage time. LCP had a lower odour characteristic than HCP and HNP
compared with control. Moderate to high levels of CO2 (10–20 per cent) inhibits aerobic bacteria
such as Pseudomonas but can stimulate lactic acid bacteria (LAB). Even though HCP-treated
mushroom had a lower odour score than control, it was higher than LCP, which may originate
from LAB. HNP had a stronger odour characteristic than control due to the flushed carbon
dioxide in the packaging. Sandhya (2010) reported that MAP-treated mushrooms require about
5–15 per cent of CO2 inside the packaging to maintain quality. The sensory analysis results
showed that HNPwas the least effective method for retaining the acceptance attributes of OMs.

3.6 Total quality index
The TQI of MAP-treated mushrooms for nine parameters is presented in Figure 3. HCP
scored the best TQI (day 5: 3.44, day 10: 4.74), followed by LCP (day 5: 4.66, day 10: 6.96),
control (day 5: 4.69, day 10: 8.69) and HNP (day 5: 7.64, day 10: 13.41). Such TQI was in
agreement with Djekic et al. (2017) that showed HNP as the worst TQI to end of the observed
shelf-life for button mushrooms. For individual quality parameters, HNP showed significant
difference (po0.05) compared to the no significant difference (pW0.05) for control, HCP
and LCP. At day 10, some quality parameter showed significant changes for all packaging
except HCP which only showed significant changes in odour. HNP gave the strongest odour
compared to control followed by HCP and the weakest LCP. Colour analysis showed
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significant changes (pW0.05) for all treatments for both day 5 and day 10; however, the
panellist viewed that HNP was not significant. Meanwhile, for both textural profile and TPC,
HNP gave significant variations (pW0.05) over storage period compared to control. The
TQI calculation method was shown to be capable of comparing and evaluating mushrooms
packed in different types of atmospheric packaging (Djekic et al., 2017). As a tool for shelf-
life monitoring, the presented TQI model showed simplicity, reliability and precision,
enabling the detection of critical quality characteristics. These physical, biological, chemical
and microbiological properties or characteristics should remain within an appropriate
range, limit or distribution to ensure the desired quality of products (Rathore and Kapoor,
2016). In conclusion, TQI is capable of identifying the quality index value which requires
improvement (Finotti et al., 2007), and therefore represents a potential tool in post-harvest
quality assurance systems. Such quality model is cost-effective and improves competitivity
(Tavana et al., 2003), which may be applied in Malaysian mushroom industries.

4. Conclusion
The present study has investigated the TQI on harvested OM using different MAP gas
mixtures and determined that the HCP retained the best quality of OM. Compared with
control and LCP, HCP recorded the highest TPC and showed the highest effectiveness in
maintaining the colour and odour quality of OM. Our phylogenetic analysis revealed that
the commercially grown OM from Malaysia was P. sapidus strain QDR. The acceptance of
sensory panellists on the fresh OM varied for different MAP treatments, and the sensory
reports suggested that HCP and LCP were more effective in maintaining the qualities of OM
in terms of colour and odour. We believe that our findings provide significant evidence that
low-cost HCP is the most ideal and efficient packaging technique for commercial OM.
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