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Abstract

The effect of CO, concentration on the post-harvest physiology and quality of Shiitake mush-
room (Lentinus edodes) were investigated during CA storage. The respiratory rates of the mush-
rooms stored in CA conditions were abruptly increased in proportion to CO, concentration after
40 days, and then declined, while that of the mushroom in air was continuously decreased
throughout storage period. Large amounts of ethanol and acetaldehyde were produced from the
20 days CA stored mushrooms. The least changes in 5-GMP content and electrophoresis pattern
of protein in the mushroom were observed at CO, concentration of 2% during storage. Based on
the changes in quality factors of the mushroom during storage, it could be concluded that CO,
concentration of 2% with fixed O, concentration of 2% was more effective in extension of the
freshness than any other CO, level in this experiment.
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Introduction

Shiitake mushroom (Lentinus edodes) is one of
the important edible fungi in Korea. Most of the
mushroom is marketed after dehydration due to
its short shelf-life as a fresh produce. But the
dehydration results in irreversible and undesirable
changes in texture® and flavor. Moreover, the nu-
trients in the mushroom are lost during soaking in
water® for softening the tissue before cooking.
Recently, several attempts have been made to ex-
tend the shelf-life of mushrooms as a fresh pro-
duce using the methods of cold storage®, modi-
fied atmosphere(MA) storage®® and controlled
atmosphere(CA) storage®.

Little effort has been made, however, to pro-
long the freshness of Shiitake mushroom by CA
storage method at low temperature and to eluci-
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date the effect of gas compositions on the quality
of the mushroom during the storage. The fresh-
ness of the CA stored produces depends upon a
number of factors, particularly the level of CO,
concentration in the storage atmosphere”. The
objective of this work was to investigate the effect
of CO, concentration in CA storage at low
temperature on the post-harvest physiology and
quality of Shiitake mushroom.

Materials and Methods

Materials

Locally grown Shiitake mushroom (Lentinus
edodes) was used for the storage experiment. The
mushroom was commercially harvested at Paju,
Oct. 2 and the size graded mushrooms were pack-
ed in the field.

The packed cartons were immediately trans-
ferred to refrigerated room at 2°C where CA
chambers were located. The mushroom were kept
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in the room for 3 days before sorting, and then put
into the air-tight 100 [ barrels which were used for
CA storage containers. Four kilograms of the
mushroom were placed in each barre! and they
were separated with plastic baskets in the barrel.
The mushrooms were subjected to the 4 storage
conditions such as air, 2% CO, plus 2% O,, 4%
€O, plus 2% O, and 6% CO, plus 2% O,

The desired storage atmosphere were attained
within 12 hr after sealing with the cover of the bar-
rel. The concentrations of the gases in the barrel
were maintained with appropriate mixture of O,,
CO, and N, dispensed from pressurized cylinder
and were routinely checked with Fyrite gas ana-
lyzer during CA storage.

Measurement of respiratory rate

About one hundred grams of the whole mush-
room were taken out from the barrels of various
atmosphere condition at intervals of 20 days dur-
irig storage and the respiratory rate was measured
by the desiccator method®. Weight loss of the.
mushroom during storage was defined as a differ-
ence in wholesome weight between initial and
sampling time.

Analysis of ethanol and acetadehyde

Twently grams of the sliced sample were put
into a 50 ml! reaction vial, sealed and then in-
cubated in 55 °C water bath before analysis. After
20 min. for equilibration in each vial, 5 m/ of
headspace gas was injected into stainless steel col-
umn (3m x 3.2mm OD) packed with 10% FFAP
on Chromosorb AW(80/100 mesh) in GC equip-
ped with a flame ionization detector and a integra-
tor. The other GC conditions for the analysis were
substantially the same as the procedures of Ha-
chenberg®,

Analysis of nucleotides
The nucleotides in the mushroom were extrac-

ted from the freeze dried and powdered mush-'

room with 10% perchloric acid solution by tissue-
mizer. After pH adjustment of the mixture to 6.5
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with KOH solution, it was centrifuged at 4000 x ¢.
The supernatant was passed through 0.45 um
membrane filter and Cyq cartridge, and then injec-
ted into C,4 reverse phase column in HPLC with
the conditions proposed by Lee et al.9,

Determination of total and non-protein nitrogen
contents

Non-protein nitrogen was collected by using
trichlorcacetic acid(TCA) precipitation. 250 mg of
the freeze dried mushroom powder was combincd
with 25 m/ of 10% TCA solution, stirred for 1 hr,
then centrifuged. Nitrogen contents of the super-
natant and the freeze dried mushroom powder
were determined by the Kjeldahl method¥

SDS-PAGE(Sodium Dodecy! Sulfate-Polyacryl-
amide Gel Electrophoresis)

Electrophoresis was carried out as described
by Laemmli’s discontinuous system“? with ver-
tical slab (200 x 200 x 1.5 mm) apparatus. The
separating gel was consisted of 10% acrylamide
and 2.7% bisacrylamide in 1.5M tris-Cl, pH 8.8

- contained 0.4% SDS. The stacking gel was made

with 4% acrylamide, 2.7% bisacrylamide in 0.5M
tris-Cl, pH 6.8. The run were performed in glycine
buffer (pH 8.3) under 25 mA per gel for 4 hr at_
room temperature. The gel was stained for 24 hr
with Coomassie Blue R-250 and destained with
several changes of 25% ethanol solution contained
8% acetic acid.

Results and Discussion

Respiratory rate

During CA storage at the various CO, concen-
trations, changes in respiratory rate of the mush-
room are presented in Fig. 1. Remarkable decrea-
se in the respiratory activities was observed in the
mushroom stored in all conditions used after stor-
age for 20 days. After 40 days the respiratory rate
of the mushroom stored in air was gradually
decreased. But it was suddenly increased in the
CA stored mushrooms in this period, and then
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Fig. 1. Chonges in repiratory rates of Shiitake mush-
room during CA sforoge_
Q— O : control
@ @ 400C0O; + 2%0,

®— @ : 29CO; + 2%0,
®——8:6%CO, + 2%0,

continuously declined thereafter.

At the respiratory peaks shown by the CA sto-
red mushrooms, the rate was ranged from 66 to
108 mg CO,/kg.br. The highest value was marked
by the mushroom stored in the CA condition of 6%
CO, plus 2% O, and this value was mostly same as
that by the initial sample at the start of storage.
The respiratory rate was comparably proportional
to the CO, concentration after storage for 60 days,
but the reversed trend was shown thereafter. The
similar post-harvest rising of respiration was re-
ported by Hammond et al.*® and this rising might
be related to stage of development at harvest.
From the results of classification in development,
the mushroom used in this experiment was con-
sidered to be in button or closed cup stage.

Ethanol and acetaldehyde

Fig. 2 shows the changes in the amounts of
ethanol and acetaldehyde produced from the
mushrooms stored at the different CA storage
conditions. At all CA conditions used, the max-
imum amounts of ethanol and acetaldehyde were
produced from the mushrooms after 20 days stor-
age. The levels at the peaks were ranged from 85

150
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Fig. 2. Changes in amounts of ethanol and acetalde~
hyde produced by Shiitake mushroom during CA stor~

age.
unit : relative amount against the initial value

e —®:2%CO, + 2%0,
©-—®:6%C0O,; + 2%0,

O —= O : condrol

® @ 4%CO, + 2%0,

to 115 folds for ethanol, and from 8 to 14 folds for
a acetaldehyde in comparison with the amounts
reberated by the initial fresh sample, while the
levels were negligibly changed in the mushroom
stored in air for the same period.

At the peak, the amounts of ethanol and acetal-
dehyde developed by the mushroom were varied
with CO, concentration in the CA conditions and
the hgher values were presented by the mush-
room maintained in the higher concentration of
the gas. The levels of ethanol and acetaldehyde
caused by the CA stored mushrooms were drop-
ped after storage for 40 days. In case of the mush-
room held in the air, the amounts were little chan-
ged until 40 days after storage, and then increa-
sed over the levels exhibited by CA stored mush-
rooms. [t is reported that ethanol and acetal-
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Fig. 3. Weight loss of Shiitake mushroom during CA
storage.
C—0 : control
®—---@ : 4%C0O, + 2%0,

—@ : 2%CO, + 2%0,
®--@ : 6%CO, +2%0,

dehyde are the major off-flavor compounds deve-
loped from any fresh produces stored at MA and
CA conditions"®. The accumulated ethanolic
odor of the CA stored mushrooms could be eli-
minated by aeration for a few hours with fresh air
as observed by Minamida ef al.'9.

Weight loss

Weight loss of the mushroom depending on the
CA conditions are shown in Fig. 3. The loss was
gradually increased in the CA stored mushrooms
throughout storage period, whereas it was seriou-
sly raised in the mushroom held in air. The dif-
ference in weight loss of the mushrooms depended
upon CQO, concentration in CA condifions was
unclear until 60 days after storage, but the notice-
able reduction of the loss was observed at the CO,
concentration of 2% during the rest storage
period.

Furthermore, -at this CO, concentration, the
mushrooms kept a good appearance for 120 days
as shown in Fig. 4. The storable period of the
mushroom in this experiment was much longer
than than the previously reported results® obtain-

Fig. 4. Photograph of Shiiitake mushrooms stored for 60
days in air and for 120 days ot the CA conditions.

ed from MA and CA storage test at high tempera-
ture.

Nucleotides and its derivatives

Fig. 5 shows the changes in the contents of
nucleotides and its derivatives contained in
the mushroom .during CA storage. The relative
amount of 5-GMP in the mushrooms was conti-
nuously decreased in all the storage conditions du-
ring storage, except a little increase after 20 days.
The decrease seriously occurred in the mush-
rooms stored in air and the next was in the mush-
rooms kept in the CA condition of 6% CO, plus 2%
O,.

The content of 5-AMP was reduced without
any tendency according to the storage conditions
until 60 days after storage, but thereafter the less
loss was marked in the mushrooms kept at lower
CO, concentration. In case of hypoxanthine, the
content was gradually increased as storage time
increased and the upward tendency in hypoxan-
thine of the mushroom by storage conditions was
more significant than that in xanthine.

Nitrogen
At the start of the storage, total and TCA solu-
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Fig. 5. Changes in the amounts of xanthine(A),
hypoxanthine(B), 5-GMP(C) and 5’AMP(D) of Shiitake
mushroom during CA storage.

unit: relative amount against the initial value

O —O : control ® —@:2%CO, +2%0,
@ —-@ : 4%CO; + 2%0, ®-—0 : 6%CO, + 2%0,

ble nitrogen contents of the mushroom were 3.6
and 1.1%, respectively, based on dry weight.
They were increased with increase of storage time
(Fig. 6). In case of total nitrogen content, more
than 41% of the initial nitrogen content was in-
creased in the mushrooms kept at the 3 CA condi-
tions for 120 days. The increase of total nitrogen
content was higher than that of TCA soluble nitro-
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Fig. 6. Changes in the contents of total(A) and TCA
soluble(B) nitrogen of Shiitake mushrooms during CA
storage.

O —0C : control

@ —--® : 4%CO, + 2%0,

® — @ : 2%CO, + 2%0,
@ --~-®:6%CO, + 2%0,

gen content during storage. To explain the rea-
sons for these unexpected increases, further rese-
arch on the post-harvest physiology of the mush-
room is needed.

The similar result was reported by Minamida
et al.® and it might be related to changes in weight
of gills and sporulation during storage. Yamashita
et al® supposed that changes in the amount of
total free amino acid might affect to quality of the
stored mushroom. But the contents of total and
TCA soluble nitrogen of the mushroom were in-
creased without lucid trends related to quality
change of the mushroom during CA storage.

Electrophoresis pattern of protein

The changes in electrophoresis pattern of pro-
tein in the mushrooms during storage are presen-
ted in Fig. 7. In the mushroom immediately after
harvest, several protein bands were observed and
the major bands had molecular weight of about 45
kd. The electrophoresis pattern of protein was
variously changed by storage conditions. The
number of the band was increased in the mush-
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Fig. 7. Protein patterns of Shiitake mushrooms by elec-
trophoresis.

A: Before storage
B: Stored for 60 days at air
C: Stored for 120 days at the CA condition of 2%CO, +

2%0,

D: Stored for 120 days at the CA condition of 4%CO, +
2%0,

E: Stored for 120 days at the CA condition of 6%CO, +
2%0,

rooms stored in the CA condition of 6% CO, plus
2% O, while it was little changed in the mush-
rooms stored in the 2% CO, plus 2% O, in com-
parison with that shown by the immediately har-
vested mushroom. This result suggest that post-
harvest metabolism of protein in the mushroom at
low CO, concentration slowly progressed during
storage under the this CA conditions.
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