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The effect of chitosan coating in fresh-cut mushroom preservation, including microbiological, enzyme activities, colour characteristics and chemi-
cal quality attributes, was examined. However, application of chitosan coating to enzyme activity control and quality maintenance of fresh-cut mush-
room was investigated. Fresh-cut mushroom were treated with aqueous solution containing 5, 10 and 20 g of chitosan/1 L, placed in polyethylene bags,
and then stored at 4°C. Changes in total phenolic content, and cellulase (CEL), total amylase, o and p amylase, laccase (LAC), phenylalanine ammonia
lyase (PAL), peroxidase (POD), catalase (CAT) and polyphenoloxidase (PPO) enzymes activities were measured.

Applications of chitosan coating delayed discoloration associated with reduced enzyme activities of LAC, PAL, POD, CAT and PPO as well as
lowered total phenolic content. Also, it slowed down texture changes associated with reduced enzyme activities of CEL, total amylase and a-amylase.
Results showed that increasing the concentration of chitosan coating resulted in higher contents of total soluble solids (TSS), total acidity and TSS/T
acid ratio of fresh-cut mushroom. In mushroom, during storage at 4°C for 15 days, 20 g/kg chitosan coating inhibited the growth of total bacteria,
yeasts and moulds counts. Chitosan also had a good effect on the evolution of the colour characteristics and parameters (C* and BI) of fresh-cut
mushroom during storage at 4°C. The results showed that increasing the concentration of chitosan coating enhanced the beneficial effects of chitosan

on extended shelf-life and maintained quality of fresh-cut mushroom.

INTRODUCTION

Edible mushrooms are considered as protein food prod-
ucts of the future [Biljana et al., 2002]. The shelf-life of mini-
mally processed mushrooms, such as the commercial button
mushroom Agaricus bisporus, is limited to a few days, due
to enzymatic browning during storage. Inactivation of poly-
phenoloxidase (PPO) in mushroom (the principal enzyme
responsible for the browning reactions) by heat or the ap-
plication of antioxidants or enzyme inhibitors is essential to
prevent enzymatic browning [Devece et al., 1999; Zhang &
Flurkey, 1997]. Fresh mushrooms are extremely perishable
and can be preserved only if properly processed. They con-
tain water, mineral salts, vitamins, typical phenol compounds
and various enzymes, including polyphenoloxidase (PPO),
peroxidase (POD), catalase (CAT), laccase (LAC), phenyl-
alanine ammonia lyase (PAL), cellulase (CEL) and amylase.
These enzymes are causing a loss of sensory and nutritional
qualities of mushroom. PAL, LAC, POD, CAT and PPO are
phenolic oxidative enzymes, which cause browning in many
fruits, vegetables and other foods. Each of them has been re-
ported to occur in mushrooms [Mayer & Harel, 1991; Perry
etal., 1993]. Mushroom tissue is a good source of both oxida-
tive enzymes and phenolics. Current conventional techniques
used to avoid browning include autoclaved and blanching
methods. These conventional processes are inherently linked
to important weight and nutritional quality losses in the prod-

uct [Lopez et al., 1999], pointing to the need for new proce-
dures being an alternative to industrial blanching techniques.

The fresh-cut produce can meet the ever-increasing de-
mands of consumers for high quality, fresh, natural, nutri-
tive, and conveniently prepared fruits and vegetables [Luo &
Barbosa-Canovas, 1996; Saltveit, 1997]. However, the fresh-
-cut mushroom is very perishable and has a short shelf-life
compared to intact mushroom, similar to other minimally
processed goods [Saltveit, 1997]. It is, thereby, necessary to
develop a suitable technology to extend their shelf-life for
commercial use. Cut-surface browning is a major concern
with regard to quality deterioration and short shelf-life of
fresh-cut fruits and vegetables [Loaiza-Velarde & Saltveit,
2001; Luo & Barbosa-Canovas, 1996]. Various approaches
are now applied to prevent browning of fresh-cut fruits, veg-
etables and mushroom, one of which is the use of different
modified atmosphere conditions during low temperature stor-
age [Annese et al., 1997]. Application of low O, atmosphere
below 1 kPa is effective to inhibit browning of many fresh-cut
fruits and vegetables mediated by polyphenoloxidase (PPO)
[Gorny, 1997], but off-flavors often occur due to anaerobic
respiration under low O, atmosphere conditions. Other ap-
proaches are to use chemical inhibitors to control browning
[Food & Drug Administration, 1989; Friedman, 1996; Buta et
al., 1999; Son et al., 2001].

Application of semi-permeable edible coating is promising
to improve the shelf-life of perishable fruits, vegetables and
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mushroom as well as other low-processed products [Bald-
win et al., 1995; Li & Barth, 1998]. Polymeric coatings such
as Pro-Long chitin (B (1-4)-N-acetyl-D- glucosamine) and
chitosan (deacetylated chitin) are currently available in large
quantities as by-products of the shellfish industry. Experimen-
tal evidence regarding chitosan has shown that it is non-toxic,
safe and increases IgM production in human-human hybri-
doma cells [Darmadji & Izumimoto, 1994]. Chitosan already
has a number of applications in the food industry. In the pres-
ervation of fruits, it has been used as a coating and antifungal
agent, resulting in increased quality and storability [El Gha-
outhet al., 1991]. Imeri & Knorr [1988] also reported the use
of chitosan for the reduction of total acidity and colour index
of carrot and apple juice. Chitosan coatings are generally
good gas barriers and adhere well to cut surfaces of fruit and
vegetables, but their hydrophobic nature makes them poor
barriers to moisture and inhibits the growth of several fungi
[Baldwin et al., 1995]. Chitosan also inhibited the growth of
spoilage bacteria, resulting in better sensory attributes and it
had a good effect on the development of the red colour of
meat during storage [Darmadji & Izumimoto, 1994]. Also,
the application of chitosan coating has been reported to form
an ideal coating on fruits surface, and, thus, maintained the
quality of harvested fruits and vegetables [Li & Yu, 2000; Su
et al., 2001], and delayed browning of litchi and longan fruits
[Jiang & Li, 2001]. Furthermore, chitosan, a high molecular
weight cationic polysaccharide produced by a deacetylation
of chitin, has been proved to be a dietary fiber analogue with
lots of benefits for human health and, thus, to be safe, com-
pared with sulphites [Van Der Lubben et al., 2001]. However,
little information of chitosan effects on browning control
and shelf-life extension of fresh-cut fruits and vegetables is
available. There is no documentation on the use of chitosan
as a preservative agent in mushroom. The objective of this
research was to assess the potential of chitosan coating for
browning control by inhibits enzyme activities, extend shelf-
life and quality maintenance of fresh-cut mushroom during
storage at low temperature (4°C).

MATERIAL AND METHODS

Materials and sample treatment

Common cultivated mushrooms (Agaricus bisporus) were
obtained from a commercial market in Cairo (Egypt) selected
for uniformity and size, and any bruised or diseased mushroom
was discarded. The average size of the cap of the mushrooms
used in this study was 5-10 mm. Mushrooms were washed and
sliced to a thickness of 4 mm (6-slices/mushroom) with a sani-
tized sharp stainless knife. The prepared slices were surface-
treated by immersion in a 0.1 g NaClO,/100 mL for 1 min,
air-dried at room temperature for 30 min, and then dipped for
I min in the solutions containing 5, 10 or 20 g/kg chitosan,
which were prepared as described by Jiang & Li [2001] with
a pH value of 6.0. “Chitosan” solutions were prepared from
high viscosity “chitosan” flakes (37% deacetylation) and prac-
tical grade “chitosan” from crab shells (Sigma Chemicals Co.
USA) by slurrying the flakes in water (20 g/kg). The slurry was
combined with an equal volume of 20 g/kg malic acid solu-
tion, and the “Chitosan” dispersed with a Franz MORAT KG

- R270 homogenizer (GmbH & Co., Germany). The disper-
sion was heated to 60°C with stirring, and filtered through fil-
ter paper (Whatman No. 541) under suction to remove a small
amount of the insoluble materials. The slices treated without
chitosan were used as control. After air-drying at room tem-
perature for another 30 min, the slices were placed into poly-
ethylene bags and then stored at 4°C for analysis. The control
and chitosan-treated mushroom samples stored for 0, 3, 5, 7
and 15 days at 4°C were subjected to enzymatic, microbiologi-
cal and colour characteristic evaluation. For each treatment,
three replicates were used.

Extractions and assay of oxidative enzymes activity

To measure oxidative enzyme activities (PPO, POD and
CAT), mushroom tissue (10 g) from six slices was homog-
enized in 20 mL of 0.1 molphosphate buffer (pH 7.0) and the
homogenate was filtered through two layers of cotton cloth
and filter paper (Whatman No.1) to remove cell debris. The
clear supernatant after centrifugation at 5000 xg (HERMLE
2323k, Germany) for 20 min at 4°C was collected [Sun &
Song 2003]. The supernatant collected was used to determine
polyphenoloxidase, peroxidase and catalase enzyme activities
as follows.

Polyphenoloxidase (PPO) activity was assayed according
to the method of Sun & Song, [2003], by measuring the oxida-
tion of 0.1 mol/L catechol. The increase in absorbance at 420
nm was automatically recorded for 3 min, using a 4054 UV/
Visible spectrophotometer, LKB-Biochrom (Sweden). One
unit of enzyme activity was defined as the amount of enzyme
that caused a change of 0.001 in absorbance per minute.

Peroxidase (POD) activity was assayed by the proce-
dure of Olmos et al. [1997]. The assay mixture consisted of
50 mmol/L potassium phosphate (pH 6.8), 10 mmol/L hy-
drogen peroxide, 9 mmol/L guaiacol and enzyme extract in a
total volume of 3 mL. The increase in absorbance at 470 nm
was recorded for 3 min using a 4054 UV/ Visible spectropho-
tometer, LKB-Biochrom (Sweden). One unit of enzyme activ-
ity was defined as the amount of enzyme that caused a change
of 0.001 in absorbance per minute.

Catalase (CAT) activity was measured by “titrimetric
method” as described by the procedure of Aebi [1983]. En-
zyme activity can be expressed in arbitrarily defined “perborate
units/gram” (The number of millimoles of perborate decom-
posed under the standard experimental conditions related to
mg wet weight of tissue “perborate Units”) [Aebi, 1983].

Extractions and assays of phenylalanine ammonia lyase
(PAL)

PAL was extracted with the method of Lister et al. [1996].
Tissue (10 g) from six slices was homogenized in 30 mL of
50 mmol/L phosphate buffer (pH 7.0) containing 5 g polyvi-
nylpyrolidone/100 mL (Mr 44 000), 0.05 mol/L sodium ascor-
bate, 18 mmol/L mercaptoethanol, 0.1 g Triton X-100/100
mL. The homogenate was filtered through four layers of cot-
ton cloth and then centrifuged at 5000 xg (HERMLE 2323k,
Germany) for 20 min at 4°C. The supernatant was collected
as enzyme extract. PAL activity was assayed with a slightly
modified method of Nita-Lazar ef al. [2002] using a reaction
mixture of 2 mL sodium borate buffer (60 mmol/L, pH 8.8)
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containing 11 mmol/L of I-phenylalanine and 0.4 mL of crude
enzyme, with a final volume of 2.4 mL. Tubes were incubated
at 30°C for 2 h, and the reaction was stopped by adding 35 g
trichloro acetic acid (0.6 mL)/100 mL. After the tubes were
centrifuged for 5 min at 5000 xg to pellet the denatured pro-
teins, the absorbance was measured at 290 nm with a Shi-
madzu spectrophotometer UV-2401PC, UV-VIS recording
spectrophotometer, Japan. One unit of the enzyme activity
was defined as the amount of enzyme that caused a change of
0.001 in absorbance per hour.

Extractions and assays of laccase enzyme activity (LAC)

Extractions and assays of laccase enzyme activity (LAC)
were carried out according to the method of Betty et al.
[1994]. Tissue (10 g) from six slices was homogenized in
30 mL of 50 mmol/L sodium phosphate buffer (pH 6.0) con-
taining 10 mmol/L ascorbic acid and homogenized in a War-
ring Blender for I min. The homogenate was filtered through
four layers of cotton cloth and then centrifuged at 5000 xg
(HERMLE 2323k, Germany) for 20 min at 4°C. The super-
natant was collected as enzyme extract. Laccase activities
were determined at 25°C in 100 mmol/L sodium acetate buf-
fer (pH 5) using 5 mmol/L solution of p-phenylenediamine
as a substrate. The increase in absorbance was monitored
at 400 nm for p-phenylenediamine. The enzymatic reactions
were carried out at room temperature (22-25°C) and one unit
of laccase enzyme activity was defined as the amount of en-
zyme oxidizing 1 umol of substrate per minute [Yaropolov et
al., 1994; Benny et al., 1998].

Extractions and assays of cellulase enzyme activity
(CEL)

The activity of cellulase was determined according to the
method of Malik & Singh [1980] as follows: a known weight
of each mushroom sample was treated with 50 mL of acetate
buffer 100 mmol/L (pH 5.5). The mixture was centrifuged at
5000 xg for 15 min. The extract or supernatant was filtered
through Whatman No.I filter paper and the filtrates were
used as a source of enzyme extract. To 0.5 mL acetate buffer
(100 mmol/L, pH 5.5) 1 mL of enzyme extract and 1.5 mL,
10 g/kg of carboxymethylecellulose was added and mixed.
The mixture was incubated for two hours at 30°C and then
3 mL of dinatrosalicylic acid (DNSA) reagent (3.5 dinatro-
salicylic acid, Rochelle salts, sodium hydroxide, phenol and
sodium metabisulfite) were added. The tubes were boiled for
10 min. Then the contents were cooled and the absorbance
was read at 560 nm. A blank experiment was carried out.
A standard curve was plotted at different concentrations of
glucose with dinatrosalicylic acid reagent. The total activity
was expressed in unit per mL. One unit of enzyme activity is
defined as nmols of cellulase equivalent released in one hour
under the assay conditions.

Extractions and assay of amylase enzymes (o- and
p-amylase) activity

One gram of mushroom samples was ground in a cooled
mortar (4°C) with 20 mL of 100 mmol/L sodium acetate buf-
fer (pH 5) and the obtained suspension was centrifuged at
5000 xg for 30 min at 4°C. One milliliter of the supernatant

was incubated with 1 mL of 10 g/kg soluble starch dissolved
in 100 mmol/L sodium acetate buffer (pH 5.0) in a water-bath
(27°C) for 1 h. The enzymatic action was terminated with
DNSA reagent and the quantity of reducing sugars formed
determined by taking the optical density at 540 nm against a
blank that contained I mL of boiled enzyme extract that was
similarly treated [Fasidi & Kadiri, 1991].

Extractions and assays of oc-amylase enzyme activity

This was determined by heating 5 mL of the supernatant
obtained after centrifuging the total amylase extract at 70°C for
15 min to inactivate B-amylase [Wilson, 1971]. One milliliter of
the heated extract was incubated with 1 mL of 10 g/kg soluble
starch in 100 mmol/L sodium acetate buffer (pH 5.0) in a water
bath (27°C) for 1 h. The resultant solution was treated with
DNSA reagent (3 mL) and the quantity of reducing sugars was
determined as above [Fasidi & Kadiri, 1991].

All enzyme activities were measured 3 times and all en-
zymes activity was reported in arbitrary units (Unit/g).

Determination of microbial growth

The total bacteria, yeast and moulds counts were deter-
mined with the method of Gonulalan ez al. [2003]. Untreated
and chitosan treated mushroom samples were mixed with
1 g/kg peptone (DIFCO Labs., Detroit, MI) and pour-plated
in duplicate. Total bacteria counts (TBC): one mL aliquot
of each dilution was plated using a plate count agar medi-
um (Merck KGaA, Darmstadt, Germany), and incubated at
35-37°C for 48 h prior to counting. Also, yeast and mould
counts (Y & M) were obtained using malt extract agar (Mer-
ck KGaA, Darmstadt, Germany) and incubated at 25°C for
3 days prior to counting. The number of colonies (TBC or Y
and M) that appeared on the plates was counted and expressed
as log Colony Forming Unit per gram or log (CFU/g).

Quality evaluation

Chemical properties

Tissue (20 g) from 10 slices was homogenized in a grind-
er and then centrifuged for 20 min at 5000 xg (HERMLE
7323k, Germany). The supernatant phase was collected for
determinations of: pH — using a digital pH-meter (HANNA,
HI 902 meter, Germany); the percent Total Soluble Solids
(TSS), expressed as °Brix (0-32) — using a Hand refractome-
ter (ATAGO, Japan) and the total acidity or total acidity ex-
pressed as citric acid mg/kg — with 0.1 mol NaOH according
to the method reported by Tung-Sung et al. [1995].

Colour

Hunter a*, b* and L* values of the investigated samples
were measured using a spectro-colourimeter (Tristimulus
Colour Machine) with the CIE lab colour scale (Hunter, Lab
Scan XE - Reston VA, USA) in the reflection mode [CIE,
1978]. The instrument was standardized each time with
white tile of Hunter Lab Colour Standard (LX No.16379):
X=72.26, Y=81.94 and Z=88.14 (L*=92.46; a*=-0.86;
b*=-0.16) [Sapers & Douglas 1987].

The Hue (H)*, Chroma (C)* and Browning Index (BI) were
calculated according to the method of Palou ef al. [1999].
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Determination of total phenol contents

According to the method of Lavid et al. [2001], mush-
room tissue (5 g) from six slices was extracted in 20 mL
methanol (95%) containing 100 mmol/L HCI at 25°C three
times, changing the solution every 5 h. The three solutions
were combined, filtered and collected for total phenolic de-
termination. Phenolic content of the extract was measured by
the method of Amerine & Ough [1980], the absorbance was
measured at 765 nm on a spectrophotometer (4054 UV/ Vis-
ible spectrophotometer, LKB-Biochrom, Sweden) and results
were expressed as milligram of gallic acid as standard equiva-
lent per gram.

Statistical analysis

Statistical analysis was performed using SPSS statistical
package (Version 9.05) according to [Rattanathanalerk ez al.,
2005], analysis of variance (ANOVA) and Standard Devia-
tion (Standard deviation), whereas, treatment samples were
repeated three times (n=3).

RESULTS

Enzyme activities in fresh-cut mushroom

For fresh mushroom that was stored at refrigerator tem-
perature (4°C) Figures 1-10 showed that quality characteris-
tics were changed and began deterioration after 3 days. This
could be attributed to the recorded activity of these enzymes
that could affect colour (PPO, PAL & LAC), odour and taste
(POD, CAT and protease) and softening (cellulase, amylase
and protease). Also, enzymes that cause a loss of sensory
properties and nutritional value in mushroom include per-
oxidase, lipoxygenase, polyphenoloxidase, cellulase, polyga-
lacturonase and chlorophyllase as described by Baardseth
[1979] and Fasidi & Kadiri, [1991].

However, mushrooms are extremely perishable and have a
short shelf-life. Different methods of preservation, using chi-
tosan coating could be applied to increase their shelf-life. The
enzyme activities, i.e. polyphenoloxidase (PPO), peroxidase
(POD), catalase (CAT), phenylalanine ammonia lyase (PAL),
laccase (LAC), cellulase (CEL) and amylase, were determined
in fresh mushroom and after coating with chitosan as pre-
sented in Table 1. Results in Figures 1-10 showed that fresh
mushroom had different activities of enzymes such as PPO,
POD, CAT, PAL, LAC, CEL and amylase being 0.571, 0.515,
0.00092, 0.437, 0.0704, 82.7377 and 38.756 unit/g, respectively.
These enzymes are responsible for different changes in chemi-
cal constituents that would affect the quality characteristics

and deterioration of mushroom either fresh or processed.
However, for cellulase, total amaylase, peroxidase, polyphe-
noloxidase and phenylalanine ammonia lyase the fresh mush-
room showed greater activity than for the other enzymes
(Figures 1-10).

Effect of chitosan coating on oxidative enzyme activities
and total phenolics content of fresh-cut mushroom

As mentioned above, the major concern with regard to
quality deterioration of fresh-cut mushroom is the surface
discoloration, which is associated with phenol-related meta-
bolic enzymes, such as POD, PPO, CAT, LAC and PAL [Ji-
ang, 1999; Loaiza-Velarde & Saltveit, 2001; Lopez-Serrano &
Barcelo, 1999; Betty et al., 1994].

The effect of chitosan coating on PPO activity was similar
to that of POD (Figures 1 and 2). The degree of inhibition
of PPO activity was dependent on the concentrations of chi-
tosan used. After 15 days of storage, the PPO activity of the
fresh-cut mushroom treated with 5, 10 and 20 g/kg chitosan
was 22.22%, 12.70% and 2.54% of the control, respectively, of
which the enzyme activity reached a peak. For POD activity
there was the same distinct trend of PPO activity (Figures 1
and 2). Compared to those of PPO and POD, the activity of
CAT of fresh-cut mushroom treated with 5, 10 and 20 g/kg
chitosan decreased markedly when stored at low temperature
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FIGURE 1. Effect of chitosan coating on polyphenoloxidase activity in
fresh-cut mushroom during 15 days of storage at 4°C.

TABLE 1. Effect of chitosan coating on chemical properties of fresh-cut mushroom after storage for 15 days.

Treatments SD TSS (°Brix) SD pH SD Total acidity* | TSS / T. acidity
Fresh mushroom 0.08 6 0.06 7.00 0.02 10.70 0.561
Control 0.0% 0.06 5 0.04 7.53 0.03 9.30 0.538
Chitosan 0.5% 0.08 5.5 0.02 5.56 0.02 9.60 0.573
Chitosan 1.0% 0.15 6 0.14 5.69 0.006 9.80 0.612
Chitosan 2.0% 0.13 7 0.01 5.73 0.001 10.56 0.663

“Total acidity expressed as citric acid (mg/kg); **SD = Standard deviation (n=3)
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FIGURE 2. Effect of chitosan coating on peroxidase activity in fresh-cut
mushroom during 15 days of storage at 4°C.

within 15 days, whereas application of chitosan coating re-
duced the enzyme activity (Figure 3).

As shown in Figure 4, PAL activity increased substantially
in control slices in the entire 15-day period of storage at 4°C.
Treatment with chitosan coating inhibited the increase in PAL
activity, and the inhibition enhanced as the treatment concen-
trations increased; however, lower PAL activity of the fresh-
-cut mushroom treated with 20 g/kg chitosan was observed at
the end of the storage.

0.0012

: M

0.0008 T T \i

=
=
82 00008
=
i’ \I\l
=
©
o
0.0004 T
0.0002 1\‘\\\1

0 T T T T 1
0 3 5 7 15

Storage time (days)

—e—Chitosan-0%  —a— Chitosan-0.5%

—a—Chitosan-1%  —e— Chitosan-2%

FIGURE 3. Effect of chitosan coating on catalase activity in fresh-cut
mushroom during 15 days of storage at 4°C.
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FIGURE 4. Effect of chitosan coating on layase activity in fresh-cut
mushroom during 15 days of storage at 4°C.

For laccase activity, the converse was obtained. However,
the activity of LAC of fresh-cut mushroom (untreated sample)
sharply increased when stored at low temperature (4°C) within
15 days, whereas application of chitosan coating delayed the
increase in the enzyme activity compared with untreated mush-
room sample (Figure 5). Results showed that the LAC activity
was lower than PPO and POD activity in fresh-cut mushroom,
whereas, the same observation was made by Betty et al., [1994]
who reported that the laccase activity in fresh-cut mushroom
seemed to be much lower than tyrosinase activity.

As seen in Figures 1-5, the refrigerator storage at 4°C did
not inactivate the PPO, POD, LAC and PAL enzymes. Chi-
tosan treatment and refrigerator storage at 4°C reduced the
enzyme activity of PPO, POD, LAC and PAL to about 10%
of their original activity after 5 days of refrigerator storage
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FIGURE 5. Effect of chitosan coating on laccase activity in fresh-cut
mushroom during 15 days of storage at 4°C.
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at 4°C followed by a rapid increase during the second week
so that it achieved activity levels exceeding the original activ-
ity of the native enzyme. However, refrigerator storage at 4°C
alone without chitosan treatment was not sufficient to inac-
tivate the tested enzymes. Whereas, Scott [1975] mentioned
that inactivation at low temperature was assumed to be due to
the formation of intra molecular hydrogen bonds preventing
sufficient unfolding of the molecule.

Phenolic content increased, reached a peak after about
3 days of storage, and then deceased in untreated mushroom
(Figure 6). Treatment with chitosan coating inhibited the
changes in the content of total phenols, in a concentration-
dependent manner and decreased the content of total phe-
nols during 15 days of storage. As PAL regulates the phenolic
pathway by catalysing conversion of phenylalaine to trans-
cinnamate [Ke & Saltveit, 1989]. However, a lower level of
phenolics of the chitosan-treated slices may be due to the in-
hibition of PAL activity.

It is generally accepted that edible coatings form a pro-
tective barrier on the surface of fresh produce, reduce supply
of oxygen, retard ripening and senescence, and, consequently,
delay browning of fruits and vegetables [Jiang & Li, 2001; Li
& Barth, 1998; Li & Yu, 2000; Su et al., 2001]. In this study,
application of chitosan coating partially inhibited PAL activ-
ity, delayed the increase in the LAC activity, reduced or de-
layed the increase in phenolic content, PPO, POD and CAT
activities of fresh-cut mushroom. Thus, it seems that the ef-
fect of chitosan coating on anti-browning is not only due to
the reduction in oxygen supply, but also to the inhibitory ef-
fects of PAL, PPO, POD and CAT activities.

Effect of chitosan coating on cellulase and amylase
enzyme activities of fresh-cut mushroom

Cellulase, total amylase and a-amylase activities of coated
mushroom decreased with increasing chitosan concentration,
but for B-amylase activity there was no distinct trend (Figures
7-10). Furthermore, the activities of the various enzymes were
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FIGURE 6. Effect of chitosan coating on total phenol content in fresh-

-cut mushroom during 15 days of storage at 4°C.

usually greater in the uncoated mushroom than in the coated
one, but for B-amylase activity opposite results were obtained,
whereas, no clear differences were observed between uncoated
and coated mushroom (Figures 7-10). However, refrigeration, or
lowering the storage temperature, can serve to slow metabolic
reactions including respiration and transpiration, as well as to
slow enzymatic activity which may deteriorate the produce. The
temperature at which a commodity is stored is usually very spe-
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FIGURE 7. Effect of chitosan coating on total amylase activity in fresh-
-cut mushroom during 15 days of storage at 4°C.

120

100

80

Z
=
g
25
SE 60 =
ES
o
2
=3
= A

40 2

20

0 T T T T 1
0 3 5 7 15

Storage time (days)

—e— Chitosan-0% —=a— Chitosan-0.5% —a— Chitosan-1% —e— Chitosan-2%

FIGURE 8. Effect of chitosan coating on alpha—amylase activity in fresh-
-cut mushroom during 15 days of storage at 4°C.



Effect of chitosan coating on fresh-cut mushroom

101

70
60
. 4
: 7
30 /
20
K %w
0 T T T
0 3 5 7 15

Storage time (days)
—a— Chitosan-1%

Beta- amylase activity (Unit/g)

—e—Chitosan-0% —=— Chitosan-0.5% —e—Chitosan-2%
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FIGURE 10. Effect of chitosan coating on cellulase activity in fresh-cut
mushroom during 15 days of storage at 4°C.

cific to that particular product. If storage temperatures are too
low, chilling injury may result. However, if temperatures are too
high, metabolic processes can accelerate. In addition, a wide
range of storage temperatures is also not advisable, because such
conditions lead to rapid weight loss of the produce [Salunkhe
et al., 1991]. Whereas, low temperature storage (4°C) and pre-
treatments may be effective in controlling enzymatic activity in
fresh-cut products. Within 24 h of cutting, iceberg lettuce cut into
2x 2 cm pieces and stored at 4°C showed a 6 to 12 fold increase
in PAL activity [Saltveit, 2000]. Fluctuations in the air tempera-
ture should be kept to a minimum (not more than 4°C); if they
are not, product quality will suffer and there may be a significant
build-up of free ice in the product due to the sublimation of wa-
ter from the product and its deposition on the internal wall of
the packaging. Temperature-related quality deterioration is more
severe the warmer the storage temperature, and the quality losses
that occur even during short periods of temperature abuse are
cumulative and irreversible [Anonymous, 1999].

For cellulase and amylase in coated mushroom showed
consistently higher activity during storage at 4°C for 15 days,
as seen in Figures 7-10. This result is consistent with find-
ings of Fasidi & Kadiri [1991] who observed that the stipes
of mushroom exhibited higher cellulose activities than their
corresponding pilei, this may be due to the greater preponder-
ance of crude fibre in the stipes of mushroom.

The coated mushroom exhibited higher cellulase and
amylase activities than of the other enzymes during storage
at4°C for 15 days. This may be due to the greater preponder-
ance of crude fiber in the coated mushroom [Fasidi & Kadiri,
1991]. Since chitosan forms the upright support for the entire
fruit body as a coating of mushroom, it is not surprising that
it contains a greater amount of crude fiber than in uncoated
mushroom. Similarly, the observed higher cellulase activity
in coated mushroom also confirms the previous result that
treated samples maintained a higher content of fibre.

The effect of chitosan coating on total amylase activity was
similar to that of a-amylase (Figures 7 and 8). The degree of in-
hibition of amylase activity was dependent on the concentration
of chitosan used and storage time. After 15 days of storage, the
total amylase and a-amylase activities of the coated mushroom
with chitosan were 51.96% and 22% of the control, respectively,
of which the enzyme activity reached a peak. Compared to
those of total amylase, a-amylase and pB-amylase, the activity
of cellulase of chitosan coated mushroom decreased markedly
when stored at low temperature within 3 days and then closely
constant within the period of 3-15 days, whereas application of
chitosan coating delayed the increase in the cellulase enzyme
activity compared with the untreated sample (Figure 10). This
means that chitosan coating caused more inhibition of cellulase
enzyme activity than total, Alpha and Beta amylase enzyme ac-
tivities within 15 days storage (Figures 7-10).

The significance of the finding in the present study is that
the uncoated mushroom would be expected to undergo a faster
decline in flavour and food nutrients and to show more brown-
ing and texture changes than the chitosan coated mushroom
during storage at 4°C for 15 days. This is due to there having
greater activity of cellulase, total amylase, o and  amylase,
laccase, phenylalanine ammonia lyase, peroxidase, catalase
and polyphenoloxidase. However, our results indicate that the
coating of mushroom by chitosan before processing caused an
inhibition of all these enzymes in the range of 52-97.5% during
cold storage at 4°C for 15 days (Figures 1-10) in which the
deterioration might have begun after 15 days.

Effect of chitosan coating on microbiological analysis of
fresh-cut mushroom

Mushroom could be exposed to microbial contamination
during cultivation, harvesting, transportation, processing and
storage. Data given in Figures 11 and 12 show that the ini-
tial total yeast and mould (TYMC) and total bacteria counts
(TBC) of mushroom were reduced with increasing chitosan
concentration. Untreated mushroom was contaminated with
bacteria, yeasts and moulds. TYMC and TBC of untreated
mushroom after 15-day storage at 4°C were 1.5 and 1.7 log
CFU/g, whereas the TYMC and TBC were reduced by 1 log
values at mushroom coated with 20 g/kg chitosan, respectively.
This level is generally accepted as a maximal count of decon-
taminated fruit desired by the fruit trade [Lee et al., 2004].
Moreover, no growth of bacteria, yeasts nor moulds was de-
tected after 5 days of storage at 4°C of mushroom coated with
20 g/kg chitosan, but the growth increased lightly after 15 days,
as seen in Figure 3. This result indicated that 20 g/kg chitosan
coating was effective in the reduction of harmful microorgan-
isms (TYMC and TBC) in mushroom.
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FIGURE 12. Effect of chitosan coating on total bacteria counts log
(CFU/g) in fresh-cut mushroom during 15 days of storage at 4°C.

Effect of chitosan coating on chemical properties of
fresh-cut mushroom

The mushroom treated with 20 g/kg chitosan had a
higher TSS, total acidity and ratio of TSS /Total acidity
than either of the other treatments or the control, which can
be attributed to low changes (Table 1). Also, an increase
in chitosan concentration resulted in an increase in TSS,
total acidity and ratio of TSS/total acidity. The pH values
of mushroom were slightly affected by chitosan treatment
(Table 1).

Total acidity values are presented in Table 1, indicating
an effect of chitosan treatment. This is in agreement with the
finding by Imeri & Knorr [1988] on the effects of chitosan
treatment on the reduction of total acidity provide a potential
for acidity control in other food systems.

Application of chitosan coating exhibited a beneficial
effect on the contents of total soluble solids, pH and total
acidity (mushroom quality). The fresh-cut mushroom treated
with chitosan coating had higher contents of total soluble sol-
ids (TSS), pH and total acidity, which is consistent with the
decline in sensory quality (Table 1).

Total acidity and TSS/acid ratio increased by increasing
chitosan concentration in mushroom coated, as seen in Ta-
ble 1. This indicates that chitosan-coated mushroom may be
advisable for fresh use. However, it might be processed into
acceptable quality mushroom.

Effect of chitosan coating on colour characteristics and
parameters of fresh-cut mushroom

The effect of chitosan on the colour of mushroom during
storage at 4°C for 15 days is shown in Table 2. The result indi-
cated no effect of chitosan on L*, a* and b* values at zero time of
storage. During storage, the L* value of the control sample de-
creased compared with the sample coated with chitosan. It may
be caused by the water-binding capacity, so it could repress the
drip loss of mushroom resulting in increased transparency and
lowering lightness [Darmadji & Izumimoto, 1994]. The a* and
b* values of all mushroom samples increased during storage
and the increase in control samples was higher compared with
samples coated with chitosan. The greater a* value correspond-
ed to the increasing enzymatic browning during storage.

An analysis of data revealed that the H*, C* and BI val-
ues were affected by chitosan concentration and storage for
15 days at 4°C, as seen in Table 2. The H* values decreased
at all the conditions during storage, indicating a shift from
the yellowish-green region of the L*, a* and b* colour solid
[Anonymous, 1988] towards the yellow region. This effect was
also evident from the increase in the average b* measurements
from about 13.41 for the mushroom at zero time to 15.14 af-
ter 15 days of storage. During storage at 4°C for 15 days, the
C* and BI values of the control mushroom sample increased
compared with the mushroom sample coated with chitosan
(Table 2). The greater BI value corresponded to the increasing
enzymatic browning in control samples compared with the
samples coated with chitosan during storage. This observa-
tion suggests that coating with chitosan resulted in colour and
quality preservation of fresh-cut mushroom.

DISCUSSION

In our studies, the application of chitosan coating delayed
the change in eating quality and partially inhibited the increase
of oxidative enzymes activity (PPO, POD, PAL, LAC and
CAT) of mushroom which is associated with discolouration.
This implies that the chitosan coating may form a protective
barrier on the surface of the mushroom and reduce the supply
of oxygen. Also, it delayed texture changes by inhibiting the
increase of the enzyme activity of cellulose in chitosan-treated
samples compared with the untreated sample.
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TABLE 2. Effect of chitosan coating on colour characteristics and parameters in fresh-cut mushroom during 15 days of storage at 4°C.

Storage time (days) | Chitosan treatments b* a* L* C* H* | BI
Fresh mushroom Untreated 12.83 2.25 78.46 13.025 80.05 35.695
Control 0.0% 13.00 2.59 78.25 13.255 78.73 36.855
Jero time or control Chitosan 0.5% 13.78 2.29 68.12 13.969 80.56 44.858
Chitosan 1.0% 13.41 2.78 67.64 13.695 78.29 44.979
Chitosan 2.0% 13.84 3.11 67.22 14.185 7133 47.398
Control 0.0% 13.00 2.59 78.25 13.255 78.73 36.855
3 days Chitosan 0.5% 13.89 2.94 68.11 14.197 78.05 46.534
Chitosan 1.0% 14.13 3.10 67.46 14.466 77.63 48.161
Chitosan 2.0% 14.37 3.28 67.23 14.739 77.14 49.522
Control 0.0% 22.01 5.67 63.88 22.728 75.55 87.433
5 days Chitosan 0.5% 14.07 3.25 68.03 14.440 76.99 47.813
Chitosan 1.0% 14.35 3.29 67.24 14.722 717.09 49.466
Chitosan 2.0% 14.34 3.31 67.15 14.717 77.00 49.547
Control 0.0% 25.09 6.90 63.00 26.021 74.62 105.31
7 days Chitosan 0.5% 14.22 3.43 67.73 14.627 76.44 48.913
Chitosan 1.0% 14.51 3.39 66.94 14.900 76.85 50.464
Chitosan 2.0% 14.49 3.28 67.02 14.856 77.24 50.104
Control 0.0% 29.57 8.61 61.34 30.798 73.77 135.32
Chitosan 0.5% 15.14 428 67.19 15.733 74.21 54.217
15~ days Chitosan 1.0% 14.96 3.93 66.48 15.467 75.28 53.522
Chitosan 2.0% 14.52 3.45 66.81 14.924 76.63 50.731

In some research, chitosan coating has inhibited the
growth of some fungi and delayed the increase in decay of
stored longan fruit [Jiang & Li, 2001], indicating that the chi-
tosan coating reduced pathogen growth in some way. Since
attack by pathogens is also a major factor causing discolou-
ration of the mushroom, inhibiting decay could be partially
beneficial in delaying browning of mushroom.

However, food nutrient metabolism in vegetables is known
to be under the control of various enzymes. Baardseth [1979]
stated that amylase, cellulase, lipase, proteinase and respira-
tory enzymes control the levels of carbohydrates, lipids and
proteins, while polyphenoloxidase, peroxidase and catalase
activities alter vegetable flavour.

Fasidi & Kadiri [1991] found that the matured mush-
room is the most nutritious compared to mushrooms in the
three mushroom development stages employed, would be
expected to undergo a faster decline in flavour and food nu-
trients and to show more browning than the other two stages
during storage or after harvest. This is due to their having
greater activity of amylase, peroxidase, catalase and polyphe-
noloxidase.

Furthermore, increasing the concentration of chitosan
coating markedly enhanced the beneficial effects.

CONCLUSIONS

We suggest that the application of chitosan coating (with
optimum concentration 20 g/kg) could be beneficial and con-
sidered for commercial application in extending the shelf-life
and maintaining quality and, to some extent, controlling de-

cay of mushroom. In using chitosan for decay control, we
consider that it may be suitable in the treatment of mushroom
stored for shorter periods (e.g. 3 days) or for short-distance
transport and distribution. However, for longer storage and
marketing, chitosan coating to control discolouration and de-
cay in mushroom could be better.
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