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After hav i ng invest i gat e d t he ultra 
st r uctural effects of ionizing ir r ad i at i on 
used for shelf -li fe extens i on , on the 
gil l s of Agaricus b i sporus and P l eu r otus 
ostreatus previously , it was of in t e r est 
to examine how other pa r ts of t he 
fruit body were affected by t he same 
treatment . Samples were take n from the 
l ower and upper parts of the st ipe and 
from the upper part of t h e cap of the 
con trol , stored , and irradiate d (2.5 kGy ) 
t he n stored A . bisporu s fru i t bod i es . 
Tra n smission electron mic roscopy sh o wed 
that irradiated samples ge ne ral ly re 
tai ned plasm- content , which d r amatically 
decreased in those without irradiat i on 
by the end of stor ing ( 6 days ). However , 
irradiation also induced autophagy and 
necrosis in some cells of the lower part 
of the stipe . 
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I nt r oduction 

In the cou rse of ou r earlier i nves 
tigat i on we found t hat ganuna - irrad i ation 
of 2 . 5 kGy (appl i ed for shel f - l i fe exten 
sion ) caused a sub s tan t ial degradation or 
a total cell necro sis in the hymenium of 
Agaricus bisporus or Pleurotus ostreatus , 
respective l y (Keresztes et al . 1985) . This 
means that i rrad i at i o n inhibits spore 
product i on b y d estroyin g basidia rather 
than con serving t h e i r j uvenile stage . 
Destructive b ut mu ch less pronou nced 
c ha nges we r e found in the h ymenophora l 
cells . 

Irradia tion a ppa r ent l y also affects 
other parts o f t he fru i t bodies in 
A . bisporus , since they remain c l osed and do 
not grow a t a n a ppreciable rate when 
irradiated at an early stage of develop
ment . It is known tha t opening is caused 
by the elongat i on of stipe ce l ls (Bonner 
et al. 1956 , Hagimoto 1964 ), accompanied 
by cell divisions to some extent (Craig 
et al . 1977). The question arises as to 
the cause of the growt h retardation of 
carpophores . Doe s irradiation treatment 
destroy stipe cells (as seen in the 
hymenium), or doe s it act in another way? 

In this paper we demonstrate that 
irradiation p r e se r ved t h e living content 
of t he reta r d e d c e ll s in the upper parts 
of the cap and the stir::e , wh ile some ce l ls 
be l ow the a nnulus sho wed a u tophagy and 
necros1s . 

Na t e ria l s and Methods 

Three g r o u p s of carpophores of 
A . bisporus OOtained from D..ma t-qTSz (Budapest) 
were used : ( 1 ) f r esh c ontrol ; ( 2 ) stored 
control ( 6 d a y s) 1 a nd ( 3 ) irrad i ated 
( 2 . 5 kGy ) t h e n s tor ed ( 6 days ) group . 

Three kinds o f sampl es were collect 
ed from a ca r pophore : (a ) parts from 
the lower part o f t he stipe (about half 
way between the base and the annulus ) i 
(b ) from t he upper pa r t of the stipe 
(between the pil e u s and the annu l us ), and 
(c ) from the p ileus (a bout ha l f way be -
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tween the brim and the center , above the 
gills ) . 

In all cases samples were cut out 
close to the surface. For storing and ir 
radiation treatment , see Keresztes et al. 
( 1985 ) . 

Fixation was carried out in 6 % (v/v) 
glutaraldehyde ( in 0 . 035 M K-Na phosphate 
buffer , pH 7 . 2) for 2 hours at 4°C. After 
thorough v..ashing in the above buffer samp 
les were postfixed in ~ % (w/v ) oso4 for 
1 . 5 hours , dehydrated 1n an acetone se
ries and embedded i n Spurr' s resin. 

Sections were made with a Porter 
Blum ultramicrotome equipped with an LKB 
glass knife , and after contrast-staining 
with uranyl acetate and l ead citrate , 
were examined in a Tesla BS 500 electron 
microscope operated at 60 kV. 

Results and Discussion 

The lower part of the stipe 
In the fresh control the cells con 

tain sma ller or larger vacuoles (Fig. 1 A). 
In the latter case the cytoplasm forms a 
l ayer of variable thickness and medium 
density . In the more frequent former case 
the cytoplasm is less dense and apparent 
ly less compact . This kind of plasm is 
termed mictoplasm (Angeli - Papa and Eyme 
1978 ) originating f rom the mixing of cyto 
plasm and the primary vacuole . Vacuoles 
seen at this stage are secondary ones 
derived probably from plasmalemmasomes. 

The cells are multinucleate (Evans 
1959 , Craig et al. 1979 ), nuclei mostly 
being close to each other (not shown here). 
At higher resolution numerous glycogen 
rosettes can be observed in the cyto - or 
mictoplasm . 

Cells of the stored control marked l y 
differ from those of the fresh control , 
mainly in having a thin, low- density plasm 
l ayer along the walls (F ig. 1 B). The 
primary or secondary status of this can
not be read i ly discerned . Nuclei seem to 
be similar to those of the fresh control . 

In the irradiated then stored samples 
the relative plasm content of most cel l s 
is larger than that of the stored control. 
The vacuoles of these cells contain nume
rous sma ll vesicles (Fig. 1 C), which may 
be a sign of autophagy , a process that 
has been observed also in irradiated 
Pleurotus subhymenium (Keresztes et al . 
1985). Among the vesicles there are elec 
tron dense fuzzy , roundish bodies of un 
known natu r e in the vacuoles. A part of 
the cells contains microp l asm . 

Cell wal ls are generally thicker 
than in any of the controls and also 
local thickenings occur (Fig. 1 C) . This 
may be the reason for the increased con 
sistency of tissue p i eces experienced at 
excision . We have observed an imbalance 
between cell wall synthesis and extension 
also in neutron irrad i ated barley leaves 
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( Kovacs et al. 1979 ) . Nuclei seem to be 
similar in size , shape and number to 
both controls. 

Among the living cells , i n contras t 
to the controls, there are necrotized and 
empty cells or groups of cells (Fig. 1 C) . 
The walls of these remained thin . These 
may represent the end stage of an auto 
phagic process induced by the irradia 
tion . We have observed a similar phenom 
enon in the hymenium of Pleurotus ostreatus 
(Keresztes et al. 198 5 ) . 

The upper part of the stipe 
In the fresh control the shape of 

the cells seems to be more variable , the 
mictoplasm fonra.tion is less frequent than 
in the lower stipe (Fig. 2 A) . The cells 
are mult i nucleate here , too . 

In the stored control the relative 
plasm - content of celf'SiSvery low 
(Fig . 2 B). Cells of the irradiated then 
stored sampl es retain relatively more 
plasm , which is generally rich in glycogen 
(Fig. 2 C) . In most cases these cells 
contain several smaller vacuoles instead 
of a single large one and show no obvious 
signs of autophagy . 

The upper part of the cap 
A general feature of these samples 

is that the cell shapes are variable ana 
irregular with large intercellular spaces 
( lacunae ) between them . In the fresh 
control the plasm-content of the cells 
is variable but generally less than in 
the fres h stipe (Fig . 3 A) . Mictoplasm 
formation occurs. We have not seen more 
than two nuclei per cell . 

In the stored control the plasm
content dec r eases as in the st i pe (Fig . 
3 B) , while the irradiated and stored 
samp l es retain the plasm - content (Fig . 
3 C ). 

Cone 1 us ions 

In all investigated part s of the 
A .bisporus carpophores (with the exception 
of the hymenium , see Keresztes et al. 
1985 ) we found that irradiation of 
2 . 5 kGy preserved the plasm - content to 
a considerable extent , which decreased 
to a minimal amount during s·toring with 
out irradiation . This demonstrates the 
merit of this method of shelf- l ife ex 
tension for the bulk of the fruit body 
at the ultrastructural level . 

However , irradiation induced auto
J;tlagy in the 10\-.er part of the stipe. This 
process may progress dur ing prolonged 
storing causing cell necrosis , but in 
such a part of the fruit body which is 
not generally used in food technology . 
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Ir r adiation e ff e ct on mushroom ultrastructure 

Fig . 1 . Lower stipe cel ls . A: fresh control , 
B: stored control , C : irradiated then stored 
sanpl e. Abbreviati ons: c=cytoplasm, m=rni.ctopl asm, 
p=plasm, n=nucleus , tw=thickened v.e.ll , l v=large 
vacuole, sv=srrall vacuole , vv=vacuolar vesicle , 
d=dense body , e=empty cell . Bars equal l o pm. 
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Fig.2 . Upper stipe cells . A : fresh control, 
B : stor ed contro l, C: irradiated t h e n 
stored sample. 
Abbreviations : g=glycogen , for other 
symbols see Fig. 1 . Bars equal 5 ,urn. 
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Fig . 3 . Cells from the upper part of the 
cap . A: fresh control , 8 : stored control , 
C : irradiated then stored sample . For 
abbreviat ions see Fig . 1. Bars equal 10 
pm. 
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Discussion with Reviewers 

D.L. Rinker: Shelf - life of mushrooms ~s 

not only a function of post -harvest ma
nipulation but also reflects cultural 
practices , supplementation , a nd stra in 
selection . How do these parameters affect 
shelf life of irradiated mushrooms? 
Authors : Mushrooms were a commercial prcx:l
uct of Duna MgTSz , Budapest. The strain 
and the cultural practices have been con
stant for a long time, so we cou l d not 
investigate the effect of their variation 
on shelf - life of mushrooms. 

E . M. Jasinski : What were the storage con 
di tions that the authors used, i.e. 
temperature, packaging material , length 
of time between harvest and storage? 
Authors: The samples were stored at 
14 - 160C , 90-95 % RH , without any packaging 
mater ials. The length of time between 
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harvest and storage was about 2 - 3 hours 
( spent by transportation a nd irradiation ). 

E . M. Jasinski : What was the maturity of 
the mushrooms at the time of harvest? 
Authors : Mushroom caps were closed , the 
diameter of caps ranged from 4.2 to 
4. 9 em . 'l'he mushrooms were picked from 
the second flush , which represents the 
best quality of mushroom . 

E . M. Jasinski : Did t h e authors notice a ny 
bacterial degeneration of the mushroom 
tissue after / before stor age ? 
Authors : No , we did not notice such signs . 

E . M. Jasinski : I! ow many of the mushrooms 
were tested in each of the groups? Are 
the pictures representative of the 
entire sample? 
D . L . Rinker : How many samp l es were 
actual l y excised in order t o draw t he 
conclusions? 
Authors : 50 - 50 carpophores wer e individ 
ually collected for irrad i ation and con
trol . From these groups 3 - 3 carpophores 
were selected on the basis of average 
diameter for electron mic roscopy. From 
each sampling area on each fruit body 
3-4 pieces were excised . Before the TEM 
investigations several thousa nd mushrooms 
had been individual ly measured st u dyin g 
the effect of irradiation on the cap 
opening and stipe elongation ( Kovac s E , 
Vas K . (1974) . Acta Al imentaria 3 , 19-25 ; 
Wa hid, M. Kovacs E. (1980 ). Acta Alinefitaria 9 , 
357 - 366 ; Kovacs E , Vbrbs zs , Farkas , J"': 
(1981 ) . Acta Alime n taria 1 0 , 379 - 388 ). 
We think the figures repre'Sen t the sam
ples . 

79 




	Effect of Ionizing Irradiation and Storage on Mushroom Ultrastructure II. The Stipe and the Upper Part of the Cap of Agaricus bisporus (LGE. Imbach)
	Recommended Citation

	ScanGate document

