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Abstract Fresh button mushrooms (Agaricus bisporus) were
harvested and treated with a solution of 1.5% CaCl, + 0.5%
citric acid and stored for 16 days at 12 °C. The effects of this
treatment on firmness, weight, color, cell wall compositions
(cellulose and chitin) and cell wall degrading enzymes
(cellulase, beta-1, 3 glucanase, chitinase and phenylalanine
ammonialyase) were investigated during post-harvest storage.
The expressions of major genes (Cell, Glul, Chil and PALI)
involved in cell wall degradation during post-harvest storage
were also monitored. The results revealed that the post-harvest
chemical treatment maintained better firmness, weight, color
and inhibited cellulase, beta-1, 3 glucanase, chitinase and phe-
nylalanine ammonialyase activities. These findings showed
that the down-regulation of cell wall degrading enzymes is a
possible mechanism that delays the softening of button mush-
rooms by the application of combined chemical treatment.
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Abbreviations

PAL Phenylalaine ammonialyse
CK Control sample

T Treated sample

MAP  Modified atmospheric packing
wlv Weight/Volume

qPCR  Quantitative polymerase chain reaction
cDNA Complimentary deoxyribonucleic acid
RNA  Ribonucleic acid

Introduction

Among the mushrooms, button mushroom (Agaricus
bisporus) has significant importance due to its nutritional,
medicinal and organoleptic properties [1]. It has been ob-
served that mushrooms have 3 to 4 days shelf life at room
temperature and up to 8 days under refrigerator conditions
[2]. High respiration rate, dehydration and fast metabolic ac-
tivities are the underlying reasons for a short shelf life of
mushrooms [3]. Softening in button mushrooms may also
have occurred by bacterial enzymes and endogenous
autolysins that degrade the cell wall during storage [4]. The
changes in cell wall composition mainly affect the texture of
the mushroom. Fresh and stored mushrooms can easily be
identified on the basis of deterioration in cell wall [5]. The
mushroom has no pectin layer, therefore the textural changes
are directly linked to modification in cell wall components [6].
Beta-1, 3 and beta-1, 6-glucans are present at the surface of
cells, and act as an amorphous matrix in the cell wall [7], while
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chitin forms a layer that increases their strength. After harvest-
ing, beta-1, 3 glucanase, beta-1, 6 glucanase, chitinase and
chitosanase have been reported as key enzymes involved in
the deterioration of the cell wall of mushrooms; however, it
has been reported that phenylalanine ammonialyase (PAL) is
responsible for the degradation of color and quality in mush-
rooms [8]. High expression of the PAL gene increases PAL
activity during the accumulation of PAL mRNA which in turn
leads to browning and deterioration in the quality of mush-
rooms [9]. Different preservation methods i.e., low tempera-
ture, thermal (physical treatment) and many others have been
used to slow down the process of degradation in mushrooms as
well as in other food products [10—12]. Recently, chemical pre-
treatments for mushroom preservation have been reported [13,
14]. These chemical pre-treatments had significant effect on
expression of important cell wall degrading genes that caused
softening [15]. However, to the best of our knowledge; little or
no information is available for chemicals likewise CaCl, and
citric acid in post-harvest storage. Hence, this work seeks to
evaluate the effects of post-harvest chemical treatment on but-
ton mushroom firmness, through analysis of the relationships
between texture change and expression of genes as well as
enzymatic activities in deterioration of button mushroom.

Materials and Methods

Samples Preparation, Treatment, Storage, Weight, Color
and Texture Mushrooms for the experiment were selected on
the basis of same size, color and with no physical damage. The
selected mushrooms were then divided into two groups. One
of the groups was dipped in water and used as a control (CK)
while another group was dipped in a chemical solution [1.5%
CaCl, (w/v) and 0.5% citric acid (w/v)] of the same volume for
two and half minutes at room temperature (25 °C) and was
labeled as (T). After the treatments, samples were kept in open
air for 1 h. Each treated sample was then divided into five
subsamples with the average weight of 99 = 2 g. The subsam-
ples were packed in polyethylene bags without being tightly
closed and stored at 12 °C while the humidity (RH) was kept
at about of 90 + 5% for 16 days in storage chamber. Loss in
weight was measured as a percentage loss (%). Mushroom
caps were used for the color and texture determination.
WSC-S colorimeter (Shanghai precision instrument Co. Ltd.,
Shanghai, China) was used for color, and penetration test was
performed for firmness, using a TA.XT2i texture analyzer
(Stable Micro Systems, UK) - a 5 mm diameter cylindrical
probe. The procedures were same as reported in our previous
work [16].

Determination of Cellulose and Chitin 1 g for cellulose and
5 g for chitin determination, mushrooms tissue was used
according to the method described in [4, 17].

Cellulase, Beta-1,3 Glucanase, Chitinase, and Phenylalanine
Ammonialyase (PAL) Activities Mushrooms cap tissues were
used for the enzymatic study. A 1.5 g sample was ground with
3 mL of 0.1 M sodium phosphate buffer (pH 7.0) at 4 °C. The
mixture was centrifuged, the supernatant was collected and
used for measurement of enzymatic activities of cellulase,
beta-1,3 glucanase, chitinase, and PAL according the methods
described by [18-21].

RNA Extraction, cDNA Preparation and qPCR The
RNAiso Plus (D9108B, TaKaRa, Japan) kit was used for
RNA isolation by following the instructions of the manufac-
turer and the quantity of RNA was determined by a Nano drop
spectrophotometer (Nano Drop 2000, Thermo-Fisher scientif-
ic Inc., Wilmington, DE, USA). The RNA concentration was
calculated and then reverse-transcribed to a single-strand
cDNA using the RNA PCR kit (codeDRR047A, TaKaRa)
following the protocol and the cDNA was further used for
RT-PCR analysis with an ABI Step One RT-PCR system.

Results and Discussion

A gradual loss of weight was observed with storage time in
both treated samples (T) as well as in control samples (CK), as
is shown in Table 1. Maximum weight loss (7.2%) was ob-
served in the CK samples during the post-harvest storage. The
T samples showed significantly low weight loss (p < 0.05) as
compared to the CK during the storage. The effects of post-
harvest chemical treatment on button mushrooms have been
previously studied in our laboratory [14]. It has already been
reported that loss in weight affects the quality of food products
as well as economics values, while dehydration is considered
as key parameter in weight loss during post-harvest storage
[5]- Our study showed that the application of the treatment
delayed percentage weight loss. The reduction in weight loss
was probably because of the CaCl, as it has a rigidifying effect
on the cell wall. Citric acid also acted as a chelating agent that
prevented dehydration. This conclusion was supported by the
research of Jafri et al. [13], who used chemical treatment in
combination with modified atmosphere packaging (MAP).
Appearance is usually the main criteria for selection. Thus,
processing companies, supermarkets and consumers insist
on buying white mushrooms with good looks and flavors.
There was no significant difference in whiteness between the
T samples and the CK samples during the first four days, but
after this a sharp decrease was observed in the L* values in the
CK samples. The T samples showed significantly (p < 0.05)
higher L* values at 8, 12 and 16 days as compared to the CK
samples (Table 1). The final whiteness of the CK (81.2) may
not be acceptable for consumers since it is too close to the
acceptance threshold of 80 [22]. T samples maintained better
color as compared to the CK samples. There were
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Table 1 Effect of post-harvest

chemical treatments on weight Treatments 0 day 4 day 8 day 12 day 16 day
loss (%), color (L* value),
firmness (Newtons, N), cellulose Weight loss (%)
(mg/g DW) and chitin (g/kg DW) CK 378 +0.11¢ 4.45 £ 0.09¢ 5.56 + 0.06f 7.23+0.12¢g
T 2.95+0.16a 395+0.11b 4.10+0.19d 6.40 + 0.06h
Color (L* value)
CK 91.15+0.75¢g 89.34 £ 0.40f 87.08 £0.32d 85.07 £0.71¢c 81.2+0.35a
T 90.89+0.71g 89.89 + 1.03f 88.39 +£0.51e 86.57 +£0.53d 83.76 + 0.84b
Firmness, Newton (N)
CK 2.62+£0.07f 2.16 £0.10e 1.58 £ 0.05¢ 1.44 £ 0.08b 1.07 £ 0.06a
T 2.61 £0.05f 2.49 £0.08f 1.80 £ 0.10d 1.56 £ 0.06¢ 1.44 +£0.09b
Cellulose (mg/g DW)
CK 406.03 + 54bc 430.75 + 35¢d 436.75 +43de 37440 +27a 510.28 +47¢g
T 394.75 + 45ab 542.77 £ 25f 591.12 + 33f 466.40 + 19¢ 704.28 + 49h
Chitin (g'lkg DW)
CK 132.48 + 8ef 111.36 £ 12¢d 85.68 + 4a 90.72 + 9ab 97.92 + 5bc
T 128.4 + 6def 124.32 + 10de 97.2 + 8bc 101.76 + 6bc 128.56 = 7f

All values are the means of three replications = SD. Variants possessing the same letter are not significantly

(P < 0.05) different

significantly higher L* values in the T samples which may be
due to post-harvest chemical treatment, because CaCl, played
a key role in maintaining good structure by sticking to the cell
wall and in reducing enzymatic browning [23]. Furthermore,
citric acid has metal chelating properties that can reduce oxi-
dation [10]. These results showed that the treatment has a
good potential to maintain the color of mushrooms for more
days as compared to the CK samples. In this study, regular
softening was observed in both the T and CK samples during
the post harvesting storage (Table 1). However, a significant
difference was observed between the T samples and the CK
samples. On the 4th day, the T samples showed significantly
higher firmness (p < 0.05) as compared to the CK. This study
shows that combined chemical treatment (CaCl, and citric
acid) has a good effect on harvested button mushrooms and
treated mushrooms maintained their firmness. Texture being
the chief attribute of button mushrooms is not only important
from qualitative point of view, but is also important for con-
sumers in terms of selection [3, 16]. The present study dem-
onstrated that the treatment was effective in preventing soft-
ening of button mushrooms during post-harvest storage. The
ability of the CaCl, to stick to the vacuole and strengthen the
cell wall, which protects the structure of the mushrooms, was
revealed in [23]. Previously, we used post-harvest chemical
treatment for the preservation of button mushrooms and ob-
served better firmness as compared to the CK [14]. Our results
were consistent with findings [24], who used CaCl, and citric
acid for freshly-cut papaya. A general increase of cellulose
contents was observed in both T and CK samples.
Significant difference was observed in cellulose content
between the T and CK samples during post-harvest storage.
The treatment significantly increased cellulose contents as
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compared to the CK on 4, 8, 12 and 16 days of post-harvest
storage (Table 1). This study showed that the treatment has the
ability to inhibit the activities of cell wall degrading enzymes
which have a negative effect on the firmness of mushrooms.
Mushroom texture is directly affected by modifications in the
cell wall compositions such as cellulose, chitin, polysaccha-
ride and protein [5]. In the present work, it was observed that
there was a significant difference in cellulose content between
the T and CK samples and a general increase was observed in
the T samples. The increased cellulose content in the T sam-
ples may be helpful in maintaining the firmness of button
mushrooms. There was a continuous decrease in chitin con-
tent in both samples with no significant difference (p < 0.05)
from 0 to 12 days, however, on 16 days of storage the T
samples showed significantly higher chitin contents than the
CK samples (Table 1). As a whole, higher chitin contents
resulted as compared to the CK during the storage period.
The T samples maintained higher chitin content. The higher
chitin content in the T samples was helpful in maintaining the
firmness of button mushrooms and these results were in agree-
ment with the previous study [5].

Enzymes which are involved in cell wall degradation are
discussed in [25]. Beta-1, 3 glucanase, cellulase and chitinase
are the key enzymes that are directly linked with the cell wall
degradation [10]. It was noticed that in the initial days of
storage, the activity of cellulase increased in both the CK
and T samples, but in later days a gradual decrease was ob-
served in both of the samples (Fig. 1a). There was no signif-
icant difference (p < 0.05) from 0 to 8 days between the CK
and T samples, but on 12 and 16 days of storage the T samples
showed significantly lower (p < 0.05) cellulase activity than
the CK samples. In this study, cellulase activity gradually
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Fig. 1. Activity of cellulase (a), beta-1, 3 glucanse (b) chitinase (¢) and phenylalanine ammonialyase (d) in button mushrooms stored at 12 °C after post-

harvest chemical treatment. Bars represent standard errors of the mean

increased in the initial stage of softening but in later days it
was decreased in both of the samples. The increase of cellu-
lase activity in the CK samples coincided with the firmness
decline. Furthermore, the low cellulase activity by the treat-
ment was related to the preservation of mushroom firmness;
these results were consistent with another study found in [26].
There was a gradual increase in beta-1, 3 glucanase activities
in the first eight days of storage and then a continuous de-
crease was observed in both treated and untreated samples.
As a whole, the T samples showed a lower level of beta-1, 3
glucanase activity, and there was also a significantly higher
(p < 0.05) beta-1, 3 glucanase activity on 8 and 16 days in the
T samples (Fig. 1b). It has been observed that beta-1, 3
glucanase plays a part in lentinan degradation, and that beta-
1, 3 glucanase plays an important role in the cell wall degra-
dation during post-harvest storage of mushrooms [10]. It was
observed that beta-1, 3 glucanase activity increased during the
initial days of storage and maximum activity was observed in
the middle period of post-harvest storage (8 days) in the CK
and T samples. As a whole, the treatment maintains lowered
activity of beta-1, 3-glucanase activity. The higher beta-1, 3
glucanase activity in the CK samples may be responsible for
texture degradation, while low beta-1, 3 glucanase in the T
samples assisted in maintaining the firmness of button mush-
rooms. Chitinase activity in the control mushroom samples
increased significantly and reached a peak value on the 4th
day, and then a decrease was observed on the 8th day.
Although there was an increase of chintinase activity in both
CK and T samples, the treatment resulted in significantly low-
er chitinase activity (p < 0.05) (Fig. 1¢). This investigation has
similarities with the research on plums carried out by

Manganaris et al. [27] which was treated with 1-
methylcyclopropene. Chitin is the key component of a fungal
cell wall, and chitinase is responsible for chitin degradation. It
has been reported that chitinase is responsible for chitin in
mushrooms [2]. In our investigation, chitinase activity in-
creased in both of the samples with the passage of storage
time, but in the T samples it was observed to be low in con-
centration. [28] reported an increase inactivity of chitinase
during the deterioration of mushrooms. Increased chitinase
activity was responsible for degradation of chitin in fungi cell
wall, thus resulting in a softening of button mushrooms. There
was an increase in PAL activity in both the T and CK samples
from 0 to 8 days of storage but in later days a decrease was
noticed in its activity (Fig. 1d). In this investigation, it was
observed that the T samples maintained significantly lower
values of PAL activity as compared to the CK samples on 4,
8 and 12 days but there was no significant difference on 0 and
16 days. In the browning process, phenylalanine ammonialyase
serves as a first-step reaction in which phenylalanine is degrad-
ed to ammonia and trans-cinnamic acid [28]. In this study, it
was noticed that the treatment has the ability to inhibit PAL
activity during the post-harvest storage. There was a normal
relationship between PAL activity and firmness. It has been
documented that any treatment which can inhibit PAL activity
and prevent free phenol compounds accumulation has also the
ability to maintain firmness [24]. Reduction in PAL activity in
the T samples as compared to the CK samples maybe involved
in maintaining color of mushrooms during post-harvest storage.
Ca ions have the ability to reduce PAL activity [28] and citric
acid also helps to maintain better firmness and reduce the brow-
ning process due to its chelating properties [10].
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Fig. 2. Changes in the gene expression of Cell (a), Glul (b), Chil (¢) and PAL1 (d) in button mushrooms stored at 12 °C after post-harvest chemical

treatment. Bars represent standard errors of the mean. n =3

Generally, mRNA concentrations of Cell, Glul and Chil
genes in the T samples were not significantly changed as com-
pared to the CK in the present study, (Fig. 2a, b, ¢). However,
the treatment significantly (p < 0.05) inhibited the expression
of PAL gene as compared to the CK from 4 to 12 days of
storage (Fig. 2d). The effects of CaCl, and citric acid treat-
ment on mRNA expression of four genes encoding the cell
wall degrading enzymes (Fig. 2) were analyzed. According to
the study carried out by [26], Cell, Cel2 and Cel3 genes en-
code cellulase enzyme, which are directly involved in cellu-
lose degradation. Lentinan is an important cell wall compo-
nent that is degraded by increased glucanase activity during
post-harvest storage. Glul gene encoding glucanase is in-
volved in mushroom cell wall degradation [8]. Chil gene
up-regulation expression induces the autolysis process of
mushrooms. It is assumed that chitinase is responsible for
mushroom cell wall degradation [9]. It was noticed that the
treatment did not significantly alter the Cell, Glul and Chil
gene expression in most of post-harvest storage days.
However, the treated samples maintained good firmness as
compared to the CK samples; this may be due to the Ca ions
that help to protect the cell from enzymatic attacks and to
citric acid which reduces the oxidation process. However,
suppression of PAL mRNA was observed in the treated
samples as compared to the CK. [27] found that lower
PAL mRNA was directly associated with PAL activity
suppression. PAL1 gene is involved in tissue browning
and phenolic compound accumulation. This is the precursor
of semi-cellulose and lignin, which affects the firmness of
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mushrooms. These results suggested that post-transcriptional
regulation could be the major mechanism of the treatment in
suppressing these enzyme activities.

Conclusion

In conclusion, we have observed that post-harvest chemical
treatment delays the softening of button mushrooms during
post-harvest storage. This study showed the relationships
among firmness change, variations in cell wall composition,
activities of main cell wall degrading enzymes and expression
of key encoding genes. Although Cell, Glul and Chi genes
were not significantly different at most of the storage days, it
was observed that the cell wall degrading enzymes like cellu-
lase, beta-1,3 glucanase, and chintinase were down-regulated,
and the firmness in button mushrooms was better maintained.
This might be one of the mechanisms of post-harvest chemical
treatment in delaying softening and maintaining firmness of
button mushrooms.
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