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Summary

Respiration and soluble carbohydrates of stored mushrooms (Agaricus bisporus) were deter-
mined to be associated with physiological and biochemical changes induced by ionizing radiation
treatment which was applied for extending the shelf —life. Immediately after gamma irradiation
at 1 to 3 kGy, the respiratory rate of mushrooms increased linearly with increasing doses of ir-
radiation, and then it normarized after 2 days of storage at 9+1C and 80+7% RH. In the
nonirradiated mushrooms, the respiratory peak was observed at around 5 to 6 days alter stor-
age, while irradiation treatment nol only reduced respiratory activities of stored mushrooms, but
prelonged the peak development. Moisiure content and dry matter of mushrooms packaged in a
paper box and polyethylene film were relatively constant during the storage for 20 days and the
reducing sugar contents decreased significantly after 5 days of storage(p<0.01). Free sugars of
mushroom pilei, which consisted of mannitol, trehalose and glucose, also markedly decreased at
the earlier part of the storage period and thereafter, 2 kGy irradiation resulted in the reduction
of their changes.

tion for only 3 to 5 days at commercial stor-
age conditions of 13°'C.> " ¥ Several faciors
contribute to post—harvest quality of fresh
mushrooms. As with all raw agriculiural

Introduction

Mushrooms belong to the group of organ-

isms known as filamentous fungi. They must
get their nuirients from waste products or
other living things because all fungi lack the
chlorophylls required for obtaining their ener-
gy directly from the sun. Only about 25 spe-
cies of more than 2000 edible fungi are wide-
ly accepted as human food. And only a few
of these are commercially cultivated or
grown in halfculture processes or grown
under controlled conditions.*

Cultured mushrooms are highly perishable
vegelables, and can be kept in prime condi-

commodities, harvesting does not terminate
metabolic activities; cell division continues
after harvest and the pileus and stipe expand
during storage, along with discoloration and
textural changes of the mushroom flesh.
Even though consumer acceptance has not
been favorable, domestically we have twelve
irradiated food items including fresh mush-
rooms approved for human consumption and
also have a commercial irradiation facility
for treating them.” The practical utilization
of food irradiation technology is increasingly
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recognized in the food industry as a viable
technology not only to solve or complement
the limitations of conveniional methods like
chemicals or refrigeration but also to meet
stiff standards of quality and quarantine
which are confronted in the ever-increasing
international trade of feod products.® '

The shelf —life extension of mushrooms is

one of the most promising fields in food irra-

diation and recently irradiation technology
has been proposed as a new technique for
mushroom preservation thoughout the world.!
5, 18)

- This work was intended to determine the
influence of gamma irradiation on physiolo-
gical activities of fresh mushrooms associated
with quality changes during post—irradiation
storage.

Materials and Methods

Locally grown mushrooms (Agaricus
bisporus, white strain) were harvested at the
stage of 45 days after cultivation, having a
pileus diameter of 3.5 'to 4.0cm. The fresh
mushrooms were aerobically packed into a
corrugated paper box(18 %X 11X 17cm}and the
boxes were wrapped up in polyethylene film
{0.06mm thickness).

The packaged mushrooms were irradiated
by a 7.4 nBq Co—60 gamma irradiator {dose
rate:20 Gy/hr) with doses of 0, 1, 2 and 3
kGy respectively, at room temperature.
Treated mushrooms were used for experi-
ments immediately after irradiation or during
the course of storage at 9+1°C and 80+7%
relative humidities for three weeks.

The respiratory rate of mushrooms was de-
iermined by placing the sample in a desicca-
tor, and then the evolved CO; was absorbed
in a normalized KOH solution prepared at a
bottom. The remaining potassium hydroxide
concentration was titrated with hydrochloric
acid solution for expression as CO, mg/kg
sample/hr at & given temperature.

Determination of some physicochemical at-
iributes was performed at a given interval
during storage. Moisture content of mush-
rcoms was determined by a 105'C oven meth-
od and dry weights were measured after dry-
ing of the sample at 80°C.” The amount of
reducing sugar was determined according to
the modified Somogyi methed® and caleulat-
ed as 'glucose content.

Analyses of free sugar contents in the sam-
ples were carried out according to the high
performance liquid chromatography (HPLC)
method described by Choi et al.® The pilei of -
mushroom bodies were first extracted three
times with 80% ethyl alcohol at 80°C. The
solvent was removed in a rolary evaporator
and the residue was dissolved in water. The
aqueous solution was extracted with diethyl
ether to remove the residual lipid com-
ponents. The aqueous layer was concentrated
and then deproteinized by centrifugation at 8,
000 rpm in 80% ethanolic solution.

HPLC was performed on a Bio—Rad 402
system equipped with a refractive index de-
tector and a Lichrosorb NH: column (5 mi-
cron stainless steel, 20em). A mobile phase
made up of acetonitrile:water (43:8, V:V)}
was used as eluant. The flow rate and atten-
uation were set at 1.8mf/min and 16 X,
respectively.

The significance of each factor in various
observations on the stored mushrooms follow-
ing irradiation was determined according to
the T—test and ANOVA test. All figures re-

'ported here represent the mean of triplicate

determination.
Results and Discussion

The respiratory rate was measured to eval-
uate post—harvest metabolic response in-
duced by ionizing radiation. Changes in
respiratory activities of stored mushrooms
following irradiation are presented in Fig.1.
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Fig.l. Respiratory patterns of gamma—irra-
diated mushrooms( Agaricus bisp
orus) during stoerage at 9+ °C and 80
+7% RH.

Immediately after irradiation the respiratory
rate of mushrcoms was found to increase
with increasing doses of irradiation, and then
it decreased with the lapse of storage time. In
the nonirradiated mushrooms, remarkable in-
crease was observed in the respiratory
activities up to around 5 to 6 days after stor-
age. This peak in respiratory activities coin-
cided with the maximium growth of the pile-
us and stipe and with the rapid development
of the gills, as was previously reported.'?

The magnitude of the increase in
respiratory rate induced by irradiation is cor-
related with the degree of tolerance of the
fruit and vegetables to irradiattion.” The
pattern of post-harveat respiration was
known to be dependent on the maturity of
the sporophore at harvest.”

The harvested sporophore of the cultured
mushrooms undergoes a course of developm-
ent and senescence. The morphological chan~
ges, which involve exposure of the gills, cap
expansion and stalk elongation, are support-
ed by substrates which are present in the
sporophore at harvest, rather than substrates
of mycelial origins as is the case in growing
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sporophore.” Previous reports indicated that
the respiration rate increased along with the
rapid development of mushroom gills and
that the overall decline in respiratory activity
cbserved after harvest was due to the ex-
haustion of substrates and senescence of the
mushroom tissues.® * ' Our obtained results
agree well with this statement.

This work shows that irradiation treatment
not only reduced respiratory activities of
stored mushrooms but also prolonged their
respiratory peak develoment especially in the
3 kGy—irradiated group, thereby extending
the storage life of fresh mushrooms.

Fresh mushrooms are high —moisture vege-
tables and thus the freshness of stored mush-
rooms is easily influenced by both the pack-
aging materials and storage conditions. Table
1 and 2 show the changes in the conte
nts of moisture and dry matter of stored
mushrooms after irradiation. During the
whole storage period, the contents of mais-
ture and dry matter of irradiated mushrooms
range from 92.3 to 93.8% and from 7.50 to
7.70% respectively, and showed no signifi-
cant no significant changes among the treat-
ed groups. This phenomenon is explained as
being due to the packaging method and stor-
age condition used in this experiment,

Tablel. Changes in moisture content of
gamma—irradiated mushrooms (

Agaricus bisporus) during storage®

g 10d ..
Lorage perio Irradiation dose(kGy)

{days)
0 1 2 3
0 92.80 92.90 92,90 93.20
5 92.80 93.20 93.30 93.20
10 93.80 52.90 93.10 93.20
15 92.30 93.50 92.90 93.00
20 §3.80 92.80 92.90 93.20

* Sample was stored at 9+1TC and 80+7% RH
Each value is the mean of triplicate determina-
tions and expressed as percentage



Table2. Changes in dry matter content of
gamma— irradiat,d‘ mushrooms (Aga
ricus bisporus) during storage*

Table3. Change in reducing sugar conternt of
gamma—irradiated- mushrooms (
Agaricus bisporus) during storage®

Sm?g:y‘:;”w Irradiation dose(kGy) S‘°"‘(‘g:y‘:;"°d Trradiation dose(kGy)
0 1 2 3 o 1 2 3
0 770 765 7167 765 0 557 554 552 557
b 768 762 7.6 T7.62 5 4.71% 469° 4.70" 4.68°
10 760 758 7.64 759 10 348 376 3.66 .60
15 758 7.60 7.66 7.65 15 312 352 350 348
20 750 761 765 770 20 . 310 332 334 334

* Sample was stored at 9+1°C and 80+7% RH
Each value is the mean of triplicate determina-
tions and expressed as percentage

These results are consistent with the reports of
Campbell et al¥ regarding the radiation influ-
ence on the nutritional quality of mushrooms.

* Sample was stored at 9+1C and 80+7% RH
Each value is the mean of triplicate determina-
tions and expressed glucose{ %) on the basis of
dry weight

b Significantly different from initial values(p <0.
01)

Immediately after irradiation, there were no
changes in the content of reducing sugar of
mushrooms, as given in Table3. But the amounts
for all stored mushrooms significantly decreased
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Fig.2. Changes in soluble carbohydrates of mushroom-bi'lé-ﬁs. _(-Agan'cu.'s bisporus) during postirradiation

storage at 9 £1°C and 80+7% RH
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from the 5th day of storage peried (p<<0.01),
with no significant difference evident among irra-
dinted groups. The disappearance of significant
quantities of reducing sugar from the stored
major respiratory subsirates in stored mush-
rooms, although it is evident that other sub-
strates are utilized.

It is well known that the change of storage
reserves is primarily dependent not only on the
storage conditions but on the physiological states
of the commodities. The changes in soluble carbo-
hydrate levels of mushroom pilei are illustrated
in Fig.2 as functions of 2 kGy irradiation and
subsequent storage at 9+1°C and 80+7% RH.
The contenis of free sugars, which consisted
mainly of mannitol{29%), trehalose (1.7%) and
glucose(ca 0.5%), sharply decreased until 5 days
of storage and thereafter showed a gradual de-
creasing tendency. This phenomenon was similar-
ly observed in tiwo samples, the control and 2
kGy-irradiated ones.

Immediately follwing treatment, ionizing radia-
tion at 2 kGy had no influence on the contents of
free sugars. As the storage time was prolonged,
however, there was indication of some difference
in the changes of sugar contents between the
conirol and irradiated samples, showing that the
irradiated samples contained higher amounts of
free sugars than the nonirradiated control.

This result can be correlated with the changes
in respiratory activities of stored mushrooms.
And it is reasonable to assume that the reduced
changes in free sugar contenis of the irradiated
samples are principally due to the irradiation ef-
fects on retarding the physiological activities of
stored mushrooms, as compared 1o the
nonirradiated control. The changes in respiration
and soluble carbohydrates during post-harvest
storage of mushrooms were well discussed by
Hammond and Nichols.®

This study confirms that mushroom pileus has

a high soluble carbohydrate content and this ap-
pears to be utilized as the obvious source of
respiratory substrate. In addition, it seems evi-
dent that ionizing irradiation reduces the changes
in soluble carbohydrate content and decreases
the respiratory activities of stored mushrooms.
However, considering the short shelf-life of fresh
mushrooms and immediate changes in their
physiological and biochemical aspects after pick-
ing, detailed studies are needed during the earlier
stage of posi-harvest to obtain more definite in-
formation.
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