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Abstract

Some chemical constituents were monitored to evaluate the biochemical and nutritional aspects of 7-irra-
diated mushrooms associated with shelf-life extension. Volatile components identified by GC and GC-MS
were composed primarily of 1-octen-3-0l(68%), benzaldehyde(13%). 3-octanone(8%), benzyl alcohol(5%), 3-
octanol(2%), 1-octen-3-one(1%), etc. Treatment with 2 kGy-irradiation and subsequent storage for 17 days at
9+1°C and 80+ 7% RH resulted in appreciable changes in their contents, even though negligible changes
were observed in GC patterns between the nonirradiated and 2 kGy-irradiated samples. Most of the amino
acids were resistant to ionizing energy of 2 kGy, while sulfur-containing free amino acids were affected signi-

ficantly by 7-irradiation.
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Introduction

Mushrooms are usually consumed for their uni-
que flavor properties. They have become an indis-
pensable raw material of modern diet.

The chemical constitution of various mushroom
species has been extensively studied. The early few
studies appeared to be in direct conflict relative to
which fraction is primarily responsible for the flavor
properties of the mushrooms. Craske and Reuter'”
placed major emphasis on the nonvolatile nitroge-
nous constituents. Specifically they reported that
with dried Boletus edudis. the high basic amino acids
contributed most to its characteristic flavor. Like-
wise, Altamura ¢t «l.® in working with Agaricus
campestris reported on the isolation and identifi-
cation of a series of novel free amino acids which
they assumed could relate to the characteristic
flavor of this mushroom, especially upon heating.

On the contrary, most recent reports have put
primary emphasis on the volatile fractions as being
the main contributor to characteristic mushroom
flavor. The actual number of different volatile com-
pounds identified in various mushroom species ap-
proaches 150 and represents a wide variety of com-
pound classes.” Currently. it is generally agreed
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that a series of compounds containing eight carbons
are the primary volatiles contributing to mushroom
flavor.

Curtured mushrooms are highly perishable vege-
tables, and can be kept in prime conditions for
only 3 to O days at commercial preservation condi-
tions.“® There has been considerable progress in
the marketing of fresh mushrooms during recent
years with an increasing use of cool storage and pre-
packing to faciliate handling and to obtain optimal
shelf-life. Some limitation in these techniques, how-
ever. still remain. Since the first finding of Staden”
that 1onizing radiations have a beneficial effect on
the sheli-life extension of fresh mushrooms, similar
results have been reported by many workers.”!"”
Most research, however, has emphasized the phy-
sical and physiological aspects of stored mush-
rooms.

Since fresh mushrooms are high in moisture, any
torm of processing usually result in apparent
changes in their overall composition including their
flavor composition. Drying or dehydration which
has been the time-honored way of preserving fresh
mushrooms. was generally known to bring about
the changes in flavor properties of mushrooms.
Cooking can also result in major volatile changes.
Picardi and Issenberg!" compared the volatiles
present in the raw product of Agwricus bisporus with
the volatiles produced after cooking for up to 3 hrs.
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The major difference with heating was the appear-
ance of 1-octen-3-one.

The shelf-life extension of mushrooms is one of
the most promising fields in food irradiation and
recently irradiation technology has been legally
approved as a new technique for mushroom preser-
vation in different countries including Korea.!?
However, the chemical or biochemical aspects of ir-
radiation effects on mushroom flavor have not yet
been investigated.

The present work was undertaken to determine
the influence of 7-irradiation on volatile flavor com-
ponents and amino acids of fresh mushrooms as-
sociated with quality changes during post-irradi-
ation storage.

Materials and Methods

Materials

Locally cultured mushrooms (Agaricus bisporits,
white strain) were harvested at the stage of 45 days
after cultivation, having a pileus diameter of 3.5 to
4.0 cm. The fresh mushrooms were aerobically
packed into a corrugated paper box (18 x 11 x 17
cm) and the boxes were wrapped up in polyethylene
film (0.06 mm 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 analyses immediately after irradiation or during
the course of storage at 9+ 1°C and 80 + 7% relative
humidities for three weeks.

Analysis of volatile components

Five hundred grams of fresh mushrooms were
washed and blended with 1000 m! of distilled water
in a Waring Blender at low speed for 3 min. The
slurry was transferred to a 3000 m/ round-bottomed
flask connected in a Likens-Nickerson continuous
distillation-extraction apparatus modified by Sch-
ultz et al.™® for four hours’ extraction with a solvent
mixture (n-pentane/diethyl ether, 1:1, v/v). The
resulting solvent extract was concentrated to 2 m/
by nitrogen blowing and injected into a Hewlet-
Packard 5890 A flame ionization gas chromato-
graph equipped with 30m x 0.32mm i.d. fused silica
capillary column packed with carbowax 20M at
flow rate of one m/ of nitrogen per min. The column
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temperature was programmed linearly from 60°C
(5 min) to 200°C (30 min) at an increasing rate of
3°C per min. The peak area reported by the detec-
tor was integrated through a built-in integrator
(Hewlett-Packard 5890 A GC terminal). GC-MS
was carried out by a Hewlett-Packard 5985 B sys-
tem, and operation parameters were as follows: car-
rier gas, helium; ionization voltage, 70 eV ; accele-
ration voltage, 3 kV; ion source temperature,
200°C.

Analysis of amino acids

Analyses of total amino acids were carried out
after HCl hydrolysis. One m! of 6 N HCl was added
to 1 mg of sample protein in a pyrex tube that was
then sealed in vacuo. It was heated at 110°C for 24
hrs to allow for a complete hydrolysis. After cool-
ing, the solution was filtered and evaporated to
dryness under reduced pressure. Subsequently, 0.5
m/ of 0.01N NaOH solution was added to the sam-
ple and allowed to stand at room temperature for 4
hours. Oxidation of cysteine into cystine took place
during that period. The volume was adjusted to 2
m/ by the addition of 0.02 N HCl. The final solution
was then injected into an amino acid analyzer (Hita-
chi model 835-50).

Free amino acids were extracted three times
with 75% ethanol for 20 minutes. The combined ex-
tracts were evaporated by heat to obtain an aqueous
solution to which an equal volume of diethyl ether
was added and shaken to remove the residual lipids
from the sample. After evaporating the aqueous la-
yer, a 0.01 N NaOH solution was added to allow for
the oxidation of cysteine into cystine. A solution of
0.02 N HCl] was added to obtain an appropriate vol-
ume for injection. Tryptophan was not measured in
this study.

The significance of each factor was determined
according to the T-test and ANOVA test. All fig-
ures reported here represent the mean of triplicate
determinations.

Results and Discussion

Volatile flavor components

Since fresh mushrooms contain numerous reac-
tive classes of compounds, any form of processing
usually resulted in significant changes in their
overall composition including their volatile com-
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Fig. 1. Gas chromatograms of volatile components
of gamma-irradiated mushrooms (Agaricus
bisporus)
Solvent: n-pentane/Et,0(1:1)

ponents. It has been known that undesirable quality
changes can occur when foods are exposed to high
levels of radiation. The most noticeable and pre-
valent of these changes are the development of
objectionable flavors and odors. The levels needed
to first observe these off-flavor and odors were
found to vary widely with the commodities."* How-
ever, little has been reported on adverse changes to
the flavor of irradiated fruits and vegetables.

The present study was focused on the determi-
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nation of major volatile constituents in fresh mush-
rooms used and of changes which occur in their pat-
tern and composition as a result of irradiation pro-
cess and subsequent storage. Fig. 1 shows the gas
chromatograms of the extracted volatiles from the 2
kGy-irradiated and nonirradiated control mush-
rooms. A total of 26 volatiles were extracted by the
simultaneous distillation-extraction method and no
significant changes in the chromatographic profiles
were observed between the control and irradiated
samples.

Table 1 summarizes the composition of iden-
tified volatile components and their changes induc-
ed by irradiation and subsequent storage of mush-
rooms. Identification was accomplished by compar-
ing the mass spectra of the components with the
published mass spectral data and their GC retention
time with authentic samples.">”

About 13 volatile components were identified.
Fig. 2 shows mass spectra of major volatile com-
ponents identified in the sample, which were under-
gone an aprarent change due to irradiation and sub-
sequent storage. The major volatile components
were composed of l-octen-3-0l(68%), 3-octanone
{8%) and 3-octanol(2%) and of aromatic components
like benzaldehyde(13%) and benzyl alcohol(5%).
These results confirmed previous reports®!!1 that
a series of compounds containing eight carbon
atoms are the primary volatiles contributing to

Table 1. Volatile flavor components of gamma-irradiated mushrooms (Agaricus bisporus) during storage?

Relative peak area (%)

Peak number? Compounds identified () days® 17 days®
0 kGy 2 kGy 0 kGy 2 kGy
3 Ethyl alcohol (g.c) 0.03 0.06 trace 0.08
5 n-Hexanol (g.c) 0.15 0.18 0.09 0.15
7 Iso amyl alcohol (g.c) 0.07 0.27 trace trace
9 3-Octanone (g.c,m.s) 7.72 8.08 757 6.00
11 1-Octen-3-one (g.c,m.s) 1.07 1.61 0.83 3.67
12 n-Hexanol (g.c,m.s) 0.39 0.34 0.38 0.26
13 3“Octanol (g.c.m.s) 2.36 7.41 4.60 5.56
14 2-Octenal (g.c) 0.68 0.36 0.30 0.55
15 1-Octen-3-ol (g.c,m.s) 67.54 62.89 63.66 58.76
16 Furfural (g.c,m.s) 1.77 2.06 0.28 1.08
18 Benzaldehyde (g.c,m.s) 12.62 11.74 15.55 20.16
19 n-Octanol {g.c,m.s) 0.63 0.29 0.31 0.24
26 Benzyl alcohol (g.c,m.s) 4.89 4.71 6.42 3.47

2)Sample was stored at 9 + 1°C and 80 + 7% RH.
bPeak numbers are refered to Fig. 1
9)Storage period
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Fig. 2 Mass spectra of major volatile components
identified from fresh mushrooms (Agaricus bisporis)

mushroom flavors and that the high concentration
of benzaldehyde and benzyl alcohol in the composi-
tion of aroma compounds of Agaricus bisporus is a
specific difference from that in wild mushrooms.

Relative amounts of identified volatile com-
ponents indicated that both the irradiation process-
ing for extending the shelf-life of mushrooms and
storage time brought about detectable changes in
3-octanol, 1-octen-3-one, 1-octen-3-ol, benzaldehyde
and benzyl alcohol.
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Table 2. Amino acids of mushrooms (Aguricus bis-
porus) immediately after gamma irradiation?

Total amino acid Free amino acid

Amino acids

0kGy 2kGy O0kGy 2 kGy
Aspartic acid 1.65 1.83 0.98 0.97
Threonine 0.65 0.71 5.79 5.81
Serine 1.08 1.10 6.36 6.35
Glutamic acid 11.79 11.38 15.64 15.42
Proline 4.31 4.34 23.49 24.00
Glycine 791 7.89 1.78 1.80
Alanine 10.52 10.68 16.42 16.62
Cystine 0.75 0.60 0.17 0.12b
Valine 7.24 7.20 0.33 0.34
Methionine 0.94 0.84 0.26 0.18%
Isoleucine 8.39 8.50 2.32 2.30
Leucine 5.21 5.23 4.58 4.30
Tyrosine 1.63 1.64 0.14 0.15
Phenylalanine 2.54 2.58 3.17 3.16
Histidine 11.97 11.62 6.15 6.10
Lysine 4.38 4.40 3.66 3.90
NH; 15.94 16.46 7.73 7.38
Arginine 3.10 3.00 1.12 1.10

2 Amino acid contents are expressed as relative percen-
tage.

b) Significantly different from control (p<0.05)
9Significantly different from control (p<<0.01)

The fluctuations in the amount of major volatile
components may be explained by the reports.!¥2"
suggesting that the harvested mushrooms are sub-
jected to significant enzymatic changes relating to
carbohydrate catabolism and that the enzymic reac-
tions are involved in the formation or reduction of
mushroom alcohol and aromatic compounds of
mushrooms. It has been reported that maturity and
storage of fresh mushrooms had an influence on
their flavor properties®?" and particularly, con-
siderable changes were found in aroma composition
of mushrooms upon heating.?*?® The literature
contains very few reports only dealing with sensory
evaluations on the changes in flavor and aroma of
mushrooms under irradiation processes. %42

Therefore, it is desired that more quantitative
analyses should be followed for definite evaluations
about the irradiation.effects on mushroom flavor.

Amino acids

Seventeen different amino acids were analysed
for mushrooms which were divided into two groups,
nonirradiated control and 2 kGy-irradiated samples.
Table 2 shows the immediate effect of 7-irradiation
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at 2 kGy on the contents of total and free amino
acids of fresh mushrooms. Total amino acids were
composed mainly of histidine(12%), glutamic acid
(12%), alanine (11%), isoleucine (8%), glycine (8%)
and valine (7%). Negligible changes were observed
in their contents.

Chemical changes induced by irradiation of food
proteins have been extensively studied and the
changes were known to be principally related to
high doses of irradiation. In this respect, the mflu-
ences of irradiation are well documented by Elias
and Cohen,”® who indicated that the primary ef-
fects involve deamination, decarboxylation and de-
naturation of the irradiated proteins and that secon-
dary effects include the decomposition or recom-
bination of free radicals that originate from the
primary reactions.

Although sulfur-containing amino acids like cys-
tine (p<0.05) and methionine (p<().01) decreased
significantly due to 7-irradiation, insignificant chan-
ges were observed in the content of most of free
amino acids which were mainly composed of pro-
line(23%), alanine(16%) and glutamic acid (16%).
These findings were similarly observed in a study
on the amino acids of 7-irradiated ginseng pow-
ders.®?

Thiol or disulfide moieties found in amino acids
are known to be particularly sensitive to ionizing
radiations. This is despite the fact that no consistent
pattern has been presented to account for the resis-
tance of each amino acid that is subjected to irradi-
ation in relation to the nature of the food and to the
physical state of amino acid and the proteins.

Based upon the preliminary observations of ir-
radiation influence on the chemical contituents of
fresh mushrooms, it was indicated that 2 kGy ir-
radiation for extending the shelf-life of mushrooms
and subsequent storage seemed to cause detectable
changes in volatile flavor components and sulfur-
containing amino acids.
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