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In o c u lu m  fro m  th e  s tra in s  o f th e rm o re s is ta n t s tra in s  o f th e  fungi B o try o tr ic h u m  (B o.) 
p ilu life ru m , B ysso ch lam y s (B .) fu lva, B. n ivea , N e o sa rto ry a  (N .) fischeri, T a la ro m y ces  (T .) 
a v e llan eu s , T . b ac illisp o ru s , T . flavus a n d  T . tra c h y sp e rm u s  co n s istin g  fro m  th e  m ix tu re  of 
m y ce liu m , sp o re s , asc i, ascosp o res, k le is to th e c ia  o r  a leu rio sp o res was ex p o sed  in  v itro  to  th e  
a c tio n  o f  7 v ario u s ty p e s  o f  d is in fec tio n  so lu tio n s , th e  ex p o su re  tim e  b e in g  15 a n d  6 0  m in u te s .
U n d e r  th e  e x p e r im e n ta l co n d itio n s , th e  m o s t effective so lu tio n s  p ro v ed  to  b e  th e  0 .2 %  P e rs te r il  
a n d  1% S ep to n ex  so lu tio n s , th e  le a s t effective w as 1% C h lo ram in e  B so lu tio n . A m o n g  th e  te s te d  
s tr a in s , s t r a in  B o. p ilu life ru m  w as th e  m o st sensitive ; B. n iv ea , B. fu lv a  a n d  N. fischeri w ere th e  
m o s t r e s is ta n t  s tra in s .

K e y  w o r d s :  H e a t- re s is ta n t fung i, d is in fec tio n  su b s ta n c e s

J e s e n s k á  Z ., V o ln á  F .  a  P ie c k o v á  E . (1 9 9 .) :  Ú č in o k  d e z in fe k č n ý c h  l á to k  n a  t e r m o r e z i s te n tn é  
m ik ro m y c é ty  in  v i t r o . -  C z e c h  M y c o l. 47: 3 0 3 -3 0 9

In o k u lu m  z km eň o v  te rm o re z is te n tn ý c h  m ik ro m y cé t B o try o tr ic h u m  (B o .) p ilu life ru m , B y sso ch ­
lam y s (B .) fu lva , B. n iv ea , N e o sa rto ry a  (N .) fischeri, T a la ro m y ces (T .)  av ellaneus , T . b ac illisp o ru s ,
T . f lavus a  T . tra c h y sp e rm u s  p o zo s tá v a jú c e  zo zm esi m y célia, sp ó r, askov, a sk o sp ó r, k le is to téc ií, 
re sp . a le u r io sp ó r  b o lo  ex p o n o v an é  in  v itro  ú č in k u  7 dezin fekčných  lá to k  p o č a s  15 a  60 m in .
V e x p e r im e n tá ln y c h  p o d m ien k ach  sa  n a jú č in n e jš ím  ja v il 0,2 % -ný ro z to k  P e rs te r i lu  a  1 % -ný 
ro z to k  S ep to n ex u , n a jm e n e j ú č in n ý  b o l 1 % -ný ro z to k  C h ló ra m ín u  B . N a jc itliv e jš í b o l k m eň  Bo. 
p ilu life ru m , n a jo d o ln e jš ie  k m en e  B . n ivea , B. fu lva  a  N. fischeri.

H eat-resistant fungi cause serious problems in the canning industry a t the 
production of fru it preserves. The germs of these fungi which survived the effect of 
higher tem peratures begin to grow -  after some tim e of latency -  and the products 
become mouldy (Beuchat et Rice 1979, Beuchat et Toledo 1977, Hocking et P itt 
1984, King 1986, Scott et Bernard 1987, Splittostoesser 1978, Splittstoesser et al. pi

T he not a t all negligible source of fruit contam ination and thus of production 
room s and equipm ent in the canning industry are the propagules of the heat- 
resistant fungi in the soil. In Slovakia the heat-resistant germs of the Neosartorya 
fischeri strains occurred in the investigated samples of the soil in the am ounts up to 
149 colonies forming units (CFU) and the germs of the strains Talaromyces flavus | |
up to  39 C FU /10 gram s of the soil (Jesenská et Piecková 1991, Jesenská et al. 1991). W
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Colonies of other surviving species of fungi were also isolated from the soil after the 
effect of higher tem peratures, e.g. Botryotrichum piluliferum, Byssochlamys (B .)  
fulva, B. nivea, Talaromyces (T .)  avellaneus, T. bacillisporus, T. trachyspermus, 
and others (Jesenská et al. 1992).

T he question of the effectiveness of the disinfection substances on the heat- 
resistant fungi arose into foreground. This question was not studied until now, 
nevertheless, the elucidation of this would enable to  perform directed san ita tion  of 
the production facilities in the canning industry.

The aim  of our work was to obtain certain basic inform ation about the in vitro 
effect of selected disinfection substances on the germs of such an im portan t fungi 
strains as are the fungi able to resist to the tem peratures used in the fruit canning 
industry.

M a t e r i a l  a n d  m e t h o d s

Fungi strains

There are introduced the tested strains in the Table 1; the cultures of these strains 
were isolated from the soil samples which had been exposed to  the tem peratu re  
of 70 °C in the environm ent of Sabouraud agar with Bengal Rose (Jesenská et 
al. 1992). The strains were isolated, then inoculated on the oblique Sabouraud 
agar ( I m u n a , Sarišské Michal’any, Slovakia) in the test tubes and incubated at 
25 ° C for the tim e necessary for the form ation and m aturation  of the reproductive 
structures, namely ascospores. The duration  of incubation was from 4 to  6  weeks.
Form ation and m atu ration  of kleistothecia, resp. asci and ascospores was examined 
microscopically in the native preparations.

Inoculum

The grown-up strain  was transported  by inoculation needle from one test tube 
into Erlenm ayer flask containing 10 ml of sterile saline and was homogenized by 
sterile balls during 1 hour in the laboratory quiver-machine. The num ber of the 
colony-forming units (C F U )/ ml during 72 hours of the incubation on the surface of 
Sabouraud agar was determ ined by the dilution m ethod. The inoculum  consisted -  
as verified microscopically in the native preparation  -  from the m ixture of mycelium, 
spores, asci, ascospores and rest of kleistothecia (as far as the strains of Neosartorya 
fischeri  or Talaromyces strains were present) and aleuriospores of Botryotrichum  
piluliferum.

Disinfection substances

Disinfection substances usual in the common practice in Slovakia were used in 
the experiment:
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Table 1: The effect of disinfection substances on the propagules of heat-resisten t m icrom ycetes in  v itro . n
^    8

M icromycetes BP BF BN NF TA TB T F T T  |
----------------  .-----------------  ~ ------- -----------------— t------ t— -----------------   ? '

Tim e of effect of disinfection substances in m inutes ^

15 I 60 I 15 I 60 I 15 I 60 | 15 I 60 I 15 I 60 I 15 I 60 I 15 I 60 I 15 I 60 §               -------
Disinfection substances N um ber of isolated colonies after effect of disinfection substances >____________________________                z
A jatin  (1%) S S 180 100 110 40 30 20 20 S S S S S S S ^

Septonex (1%) S S 3 0 S 1 6  1 S S S S S S C S S S  g

Chloram in ( 1 %) 32 S C C C 100 43 6  C 1 S S C 77 C 100 t

Jodonal (2 %) S S S S 5 S S S C 6 C C  100 4 C C £

Desigalin (2 %) S S  10 6  16 10 3 S 5 S S S S S S S  b

Chlorhexidin (2 %) S S 25 40 10 2 20 20 80 15 2 S S S S S |

P ersten l (0 ,2 %)__________ S  S 30 S S S 60 S 15 S S S 4 S S S °

Inoculum  num ber 55
3 0,3 0,3 30 3 40 50 10 z

of CFU.10 /3  m l S1_______________________________________________________________________ ____________________ o
Notes a: BP. . . Botryitrichum  piluliferum , BN. . . Byssochlamys nivea, BF. . . Byssochlamys fulva, NF. . . N eosartorya |

fischeri, TA. . .Talarom yces avellaneus, TB. . .Talarom yces bacillisporus, T F. . .Talarom yces flavus, c
CD

T T . .. Talaromyces trachysperm us ^
S. . .Inoculated  m edia stayed sterile g
C. . . U ncoutable num ber of colonies «

CO
oCJi
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A j a t i n :  1 0 %  of active substance: dim ethylbenzyldodecylam onium  bromide. 
M anufacturer: S l o v a k o f a r m a ,  Hlohovec (Slovakia).

S e p t o n e x :  l-(etoxycarbonyl)-pentadecyl-trim etylam onium  bromide. M anufac­
turer: S l o v a k o f a r m a ,  Hlohovec.

(Note: The quarterly  am m onium  com pounds used in Slovakia are com parable to 
foreign ones. A jatin  is a substance similar to  Benzalkonium chloride, Septonex has 
antim icrobial spectrum  corresponding with Cetrim ide).

C h l o r a m i n  B: T rihydrate of sodium salt of benzensulfochloramine. The prepa­
ration  contains from 25 to  28% of active chloramine. M anufacturer: L a c h e m a ,  

Brno (Czech Republic).

J o d o n a l  B: Active component: 1,7% of active iodine. M anufacturer: L a c h e m a ,  

Brno.

(Note: Substance w ith a wide antim icrobial spectrum  which is com parable w ith 
iodinephores used abroad. The activity of this substance is significantly reduced in 
the protein-containing environment).

C h l o r h e x i d i n :  Chlorhexidin-gluconate 20% water solution. Active substance: 
l,6-di-(4-chlorfenyl-diguanido)-hexan. M anufacturer: P o l f a ,  Lodz (Poland).

D e s i g a l i n :  Chlorhexidin-gluconate 7,5%. M anufacturer: P o l f a ,  Lodz (Poland). 
S e p t o n e x  15 %; additives. M anufacturer: G a l e n a ,  Komarov (Czech Republic).

P e r s t e r i l : Content of the peroxyacetic acid 28-32%, hydrogen peroxide 8-12%, 
sulfuric acid 1%. M anufacturer: C h e m i c a l  IN D U S T R IE S , Sokolov (Czech Republic).

C oncentrations of above m entioned disinfection preparations were applied in the 
experim ent and are quoted in the Table 1. These concentrations were chosen with 
respect to the concentrations used in the practice.

Experimental devitalization of germs of the tested strains

0.1 ml of the inoculum  suspension was pipetted by a sterile p ipette  into 0.9 ml 
of disinfection solution. After the exposition tim e (15 to  60 m inutes), 0.1 ml of 
the sam ple was inoculated and spread on the surface of Sabouraud agar ( I m u n a , 

Sarisské Michal’any, Slovakia) in a Petri dish. Dishes were incubated for 5 to  7 days 
a t 25 "C and the num ber of the colonies on the agar surface was determ ined.

R e s u l t s

On the basis of our results (Table 1) which were obtained by the above m entioned 
m ethod, we can conclude th a t the germs of the Botryotrichum piluliferum strains 

§¡1 were the m ost sensitive to  the tested solutions. All the propagules in the inoculum
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were devitalized after the exposure to  disinfection solutions w ith the exception when 
after 15 m inutes exposure to 1% Chloram in B solution only 32 CFU survived from 
the original num ber of the germs. The germs of the strains T. bacillisporus and 
T. trachyspermus were sufficiently sensitive to  15 m inutes exposure to  disinfection 
solutions w ith one exception, when these germs proved to be resistant to  1 % solution 
of Jodonal. Among the tested strains, the germs of the B. fulva, B. nivea and N. 
fischeri showed to  be the m ost resistant to the tested disinfection solutions. The 1% 
solution of Chloram in B showed to  be the least effective in our experiment: after 
15 m inutes exposure we had observed growth of germs of the strains B. fulva, B. 
nivea, T. avellaneus, T. flavus and T. trachyspermus in the dishes with Sabouraud 
agar; after 60 m inutes exposure there was growth of B. fulva w ith countless number 
of the colonies of this strain . The 2 % solution of Chlorhexidin and 1 % solution of 
A jatin  also proved to  be less effective. 1% solution of Septonex showed to be the 
m ost effective; the 15 m inutes exposure had devitalized the germs in four and the 60 
m inutes exposure in seven out of the eight tested strains. Good effect was observed 
also in 0.2% solution of Persteril, which after 15 minutes exposure devitalized the 
germs in four and after 60 m inutes in all of the tested strains.

D i s c u s s i o n

Fungi, whose germs are able to  survive certain grade of the therm al processing of 
fruits and fru it juices, cause considerable problems in the canning industry by the 
m oulding of the ready products. B. fulva, B. nivea, N. fischeri, and T. flavus are 
the m ost im portan t therm orésistant fungi. These fungi occur in the soil in various 
am ounts and w ith variable share of individual species (Bettucci et Rodriguez 1989, 
B euchat et Rice 1979, Fravel et Adams 1986, Gochenaur 1975, Jesenská et Piecková 
1991, Jesenská et al. 1991, 1992, M oubasher et Abdel-Hafez 1979, Mouchacca et 
Joly 1976,. Okagbue 1989).

O ther investigations of the ecology of heat-resistant fungi showed th a t -  besides 
above m entioned species -  there are germs of other fungi which are able to  resist 
to  the lim ited therm al processing (Jesenská et a l.,1992, Lacey 1989, Lam bert 1990, 
P itt  et Hocking 1985, Raper et Thom  1949, Samson 1989, Samson et Liuten 1975, 
Sam son et Tansey 1975, Splittstoesser et al. 1989, van der Spuy et al. 1975). Thus, 
it is nearly certain, th a t these other species of fungi can take part -  besides the 
known species -  in the moulding of canned fruit.

T he germs of these heat-resistant fungi get into the environm ent of food 
processing factories together w ith the soil rests which are stuck on fruit. For this, 
it is necessary to  consider -  among others -  also the san ita tion  of the environment 
and equipm ent in the factories by the use of disinfection solutions.

In the literature  we did not find inform ation on the efficacy of disinfection 
solutions on the germs of heat-resistant fungi. For this reason, in our experim ent 8
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selected strains of fungi were investigated; these strains were isolated from the soil 
samples. We have examined the possibilities of devitalization of their propagules 7 
various commonly used disinfection substances.

C ertain differences in the sensitivity of individual strains and in the efficacy of 
individual disinfection solutions were shown. The stra in  Botryotrichum piluliferum 
-  whose typical tra it  is to produce aleuriospores -  showed to  be the relatively 
m ost sensitive. The strains B. nivea and B. fulva -  whose teleom orphic stadium  
is expressed by the form ation of asci and ascospores -  and N. fischeri  stra in  with 
form ation of kleistothecia, asci and ascospores showed to be the m ost resistant.
Among the disinfection preparations, 1% Chloramin B and 2% Jodonal solutions 
were less effective, whereas the 0.2% Persteril and 1% Septonex solutions showed to 
be the m ost effective. The results were obtained in vitro; nevertheless, the effective 
san ita tion  of the environm ent under the operation conditions in food industry can 
be influenced by many other factors, i.e. not only from the aspect of the interaction 
between disinfection substances and therm orésistant fungi. In spite of this, the 
im portance of perform ing disinfection is indisputable.
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