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A Study o f  P s y c h r o p h i l i c  M icroorgan isms  O ccur ing  on Pork
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C e n t r a l  Pood R esearch  I n s t i t u t e  Budapes t

Cold r e s i s t a n t  m ic ro o rg an ism s  a r e  g a i n i n g  im p o r tan ce

w i th  th e  i n c r e a s e d  a p p l i c a t i o n  o f  co ld  s t o r a g e ,  qu ick  f r e e z i n g  

and r e f r i g e r a t e d  d i s t r i b u t i o n .  In  o r d e r  t o  be a b l e  t o  work 

ou t  methods t o  p r e v e n t  s p o i l a g e  i n  foods  caused  by t h e s e  o rgan ism s  

i t  i s  i n e v i t a b l e  t o  i n v e s t i g a t e  t h e i r  c h a r a c t e r i s t i c s  /A y r e s ,

I9 6 0 ;  P e t e r s o n  and Gunderson,  1960/ .

m ic ro o rg an ism s  c ap a b le  o f  p r o l i f e r a t i o n  a t  l o  w t e m p e r a t u r e s ,  

which were te rmed c r y o p h i l e s ,  p s y c h r o p h i l e s  e t c . ,  i n  r e l a t e d  

l i t e r a t u r e  / F o r s t e r ,  1887; Schmidt N i e l s o n ,  1 9 0 2 / .  I t  i s  n o t  

easy  t o  c l a s s i f y  them and t o  d i s t i n g u i s h  them from m e s o p h i l i c  

b a c t e r i a  / In g r a h a m  and Stokes* 1959; W i t t e r ,  1 9 6 1 / .  U s u a l ly  

t h e  t e m p e r a t u r e  l i m i t s  o f  g rowth  s e r v e  a s  b a s i s  o f  d i f f e r e n t i a t i o n .  

F r e q u e n t l y  t h i s  g roup i s  d e f i n e d  a s  b e i n g  r e s t r i c t e d  t o  m ic ro 

organ ism s  t h a t  have  optimum growth  t e m p e r a t u r e  below 20° C. However 

i n v e s t i g a t i o n s  o f  a q u a n t i t a t i v e  c h a r a c t e r  proved / Z o b e l  and Conn, 

1950; Lawton and N e lso n ,  1954. Van d e r  Zant and Moore, 1955; 

Ingraham, 1958; e t c / t h a t  none o f  t h e s e  o rgan ism s  p o s s e s s e s  an 

optimum growth  t e m p e r a t u r e  below 20-25°  C.

H i t h e r t o  c o m p a r a t i v e l y  l i t t l e  was known o f  t h e s e
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Because  of  t h e  u n c e r t a i n i t y  p r e v a i l i n g  i n  th e  d e f i n i t i o n  

o f  t h e s e  o rgan ism s  i t  seemed d e s i r a b l e  t o  i n v e s t i g a t e  t h e  growth  

c h a r a c t e r i s t i c s  o f  p s y c h r o p h i l e s  o c c u r in g  on meat i n  Hungary.

The f i r s t  o b j e c t  of t h e  i n v e s t i g a t i o n s  was t o  d e te r m in e

t h e  q u a n t i t a t i v e  d i s t r i b u t i o n  o f  m ic ro o rg an ism s  o c c u r in g  on f r o z e n

p o r k ,  b e e f  and c h i c h e n ,  r e s p e c t i v e l y ,  s t o r e d  a t  -2 0 °  C and th e

f r e q u e n c y  of o c c u r r e n c e  of p s y c h r o p h i l e s .  V iab le  a e r o b i c  c e l l  c o u n t s

o f  samples  t a k e n  a f t e r  d i f f e r e n t  s t o r a g e  p e r i o d s  from a l l  t h r e e
4  7

k i n d s  of  meat ,  k e p t  i n  f r o z e n  s t o r a g e ,  r an g ed  be tw een  10 and 10 

p e r  gram. V ia b le  c e l l  coun t  was d e te r m in e d  by t h e  p o u r - p l a t e  

method a t  v a r i o u s  d i l u t i o n  l e v e l s  on " u n i v e r s a l  c u l t u r e  medium" 

i n c u b a t e d  a t  30 C, 5 p a r a l l e l s  were a p p l i e d  a t  each  d i l u t i o n  l e v e l .

To d e te r m in e  t h e  f r e q u e n c y  of o c c u r r e n c e  of p s y c h r o p h i l i c  b a c t e r i a ,  

a l l  c o l o n i e s  from a c u l t u r e  a t  a s u i t a b l e  d i l u t i o n  l e v e l  were 

t r a n s f e r r e d  to  l i q u i d  u n i v e r s a l  medium and u n i v e r s a l  a g a r  s l a n t .

302 s t r a i n s  were i s o l a t e d  from p o r k ,  275 from b e e f  and 202 from 

c h i c k e n .  The m acrom orpho log ica l  p r o p e r t i e s  of t h e  c o l o n i e s  d e v e lo p ed  

f rom  th e  i s o l a t e d  s t r a i n s ,  a s  w e l l  as  m i c r o s c o p i c a l ,  s t a i n i n g  and 

growth  t e s t s  were u s ed  t o  c h a r a c t e r i s e  t h e  s t r a i n s  and t o  d e te rm in e  

t h e  c o m p o s i t io n  of th e  m i c r o b i a l  p o p u l a t i o n ,

x / C om posi t ion  o f  th e  u n i v e r s a l  c u l t u r e  medium was t h e  f o l l o w i n g :  

meat e x t r a c t ,  4  g; whey, 200 ml; y e a s t  w a t e r ,  1 :10  d i l u t i o n ,  100 ml; 

g l u c o s e ,  10 g; p e p t o n e ,  5 g; d i s t i l l e d  w a t e r ,  700 nil; pH a d j u s t e d  

a t  7 j2 ;  c o n t a i n i n g  2 % a g a r .



This  p a p e r  c o n t a i n s  t h e  r e s u l t s  o f  a s tu d y  i n t o  th e  

m i c r o b i a l  f l o r a  c f  p o r k .

Most a u t h o r s  / H a i n e s ,  1934; Brown and Weidemann, 1958; 

H a l l e c k  e t  a l . ,  1958; Walker and Ayres ,  1956/ a s c r i b e  t h e  s p o i l a g e  

i n  meat t o  th e  p r e s e n c e  of Gram n e g a t i v e  r o d s .  Accord ing  to  Arpa i  

and Banhegyi / 1 9 6 0 /  t h e  m i c r o b i a l  f l o r a  c o n s i s t s  m a in ly  of c o c c i .

The d i f f e r e n c e  be tween th e  d i f f e r e n t  l i t e r a r y  d a t a  i s  p r o b a b l y  due 

t o  t h e  c i r c u m s t a n c e  t h a t  t h e  c o m p o s i t io n  o f  t h e  m i c r o b i a l  p o p u l a t i o n

i s  dependen t  on s l a u g h t e r  house  t e c h n o l o g y  and changes  d u r in g  

s t o r a g e .

The d i s t r i b u t i o n  o f  t h e  m i c r o b i a l  f l o r a  of f r o z e n  s t o r e d  

p o r k  be tween  t h e  main m i c r o b i a l  s t r a i n s  i s  shown i n  F ig u r e  1,  The 

m a j o r i t y  of t h e  t o t a l  a e r o b i c  c e l l  coun t  i s  p r o v i d e d  by Gram 

p o s i t i v e  c o c c i  most o f  which were i d e n t i f i e d  a s  b e l o n g i n g  to  the  

genus M ic ro co c c u s .  The r e s t  of t h e  f l o r a  c o n s i s t e d  of  Gram n e g a t i v e  

and Gram p o s i t i v e  non sp o re  fo r m in g  r o d s ,  some Gram p o s i t i v e  spore  

fo rm in g  m ic ro o rg a n i s m s ,  y e a s t s ,  and c f  a v e r y  sm al l  number of 

v a r i o u s  s t r a i n s  n o t  b e l o n g i n g  t o  e i t h e r  of t h e  a f o r e s a i d  g r o u p s .  As 

may be seen  i n  t h e  f r e q u e n c y  h i s t o g r a m ,  p s y c h r o p h i l e s  may be found 

o n ly  among t h e  non sp o re  fo rm in g  b a c t e r i a .  The taxonomic  i n v e s t i g a t i o n

of th e  g r e a t  number o f  i s o l a t e d  s t r a i n s  w i l l  be d e s c r i b e d  i n  a n o t h e r  

p a p e r .

I n  t h e  f i r s t  i n v e s t i g a t i o n s  a s t r a i n  was c o n s i d e r e d  as  

p s y c h r o p h i l i c  when, c u l t u r e d  on u n i v e r s a l  n u t r i e n t  medium a t

/¿V
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t e m p e r a t u r e s  between +3 and +5° C, t h e  t o t a l  c e l l  count  i n c r e a s e d  

f rom t h e  i n i t i a l  10^ t o  a t  l e a s t  10^/ml  i n  7 d a y s .  Subsequent  

i n v e s t i g a t i o n s  aimed a t  c l e a r i n g ,  w e the r  any d e f i n i t e  b o r d e r  l i n e  

may be drawn be tween t h e  b a c t e r i a  p r o l i f e r a t i n g  r a p i d l y  between 

+3 C and +5° C and t h o s e  c o n s i d e r e d  m e s o p h i l i c ,  n o t  growing 

be low 10 C and h a v in g  an optimum growth  t e m p e r a t u r e  of 37°  C,

20 s t r a i n s ,  c o n s i d e r e d  p s y c h r o p h i l i c  a c c o r d i n g  t o  the  

above m ent ioned  i n v e s t i g a t i o n s ,  and a c o l i f o r m  s t r a i n  o f  m e s o p h i l i c  

c h a r a c t e r  were s e l e c t e d .  These were t e s t e d  a t  t h e  t e m p e r a t u r e  l e v e l s  

- 1 5 ,  0 ,  +10, +25, +30 and +45° C, i n  10 p a r a l e l l s  e ac h .

The growth  af b a c t e r i a  was f o l l o w e d  a t  t e m p e r a t u r e s  above 

0 C by t u r b i d i m e t r i c  measurements  w i th  Va3%method / 1 9 5 5 / ,  u s i n g  

a t e s t  t u b e  a d a p t e r  and a P u l f r i c h  p h o to m e te r .  The s t a t i s t i c a l  

a v e r a g e s  of t h e  o p t i c a l  d e n s i t y  v a l u e s  o b t a i n e d  by t h e  measurement 

o f  10 p a r a l l e l s  were c o n v e r t e d  i n t o  c e l l  c o u n t s  w i th  t h e  a i d  of 

c a l i b r a t i o n  c u r v e s  p l o t t e d  on t h e  b a s i s  of d i r e c t  c e l l  c o u n t s ,  

o b t a i n e d  by means o f  H e l b e r ’ s c o u n t i n g  chamber.  I n  sam ples  i n c u b a t e d  

a t  - 1 5 °  C and w i th  s t r a i n s  n o t  m u l t i p l y n g  a t  0 °  C, th e  p o u r - p l a t e  

v i a b l e  c e l l  c o u n t i n g  method was a p p l i e d .

The r a t e  o f  g rowth  was c h a r a c t e r i z e d  by t h e  r e c i p r o c a l  o f  

t h e  g e n e r a t i o n  t im e s  / t h e  number of  g e n e r a t i o n s  p e r  h o u r /  r e l a t e d  

t o  t h e  l o g a r i t h m i c  g rowth  p h a s e .  F ig u r e  2 ,  shows th e  r e l a t i v e  growth



ivates o f  some o f  th e  s t r a i n s  i n v e s t i g a t e d ,  as  a f u n c t i o n  

o f  t h e  i n c u b a t i o n  t e m p e r a t u r e .  The r e l a t i v e  growth  r a t e  was 

c h a r a c t e r i z e d  by th e  q u e t i e n t  o f  t h e  g e n e r a t i o n  t i m e s ,  measured  

,_iven t e m p e r a t u r e  / G ^ /  and a t  t h e  optimum growth  t e m p e r a t u r e  

/Gmin/ * r e s P-

As may be s ee n  i n  F ig u r e  2 .  t h e  r e s t  o f  t h e  s t r a i n s  

p l o t t e d ,  occupy v a r i o u s  t r a n s i t i o n a l  p l a c e s  be tween th e  most 

p s y c h r o p h i l i c  s p e c i e s ,  M icrococcus  N 15/6  on one hand ,  and the  

m e s o p h i l i c  E s c h e r i c h i a  0 3 4 /1  s p e c i e s  on th e  o t h e r .  C o n seq u en t ly  

no s t r i c t  l i n e  may he drawn be tween p s y c h r o p h i l e s  and m e s c p h i l e s  

i n  r e l a t i o n  t o  t h e  c a r d i n a l  growth  t e m p e r a t u r e s  o r  th e  optimum 

growth  t e m p e r a t u r e .  However, t h e  d a t a ,  r e p r e s e n t e d  i n  th e  o r d e r  

o f  co ld  r e s i s t a n c e ,  show, t h a t  a l t h o u g h  t r a n s i t i o n  i s  g r a d u a l ,

t h e  p o s s i b i l i t y  o f  d i f f e r e n t i a t i o n  i s  g i . e n  and th e  s t r a i n s  shown 

i n  F ig u r e  2.  f a l l  i n t o  f o u r  g ro u p s .

B a c t e r i a  growing r a p i d l y  a t  C° C, b u t  

u n a b le  t o  p r o l i f e r a t e  a t  37° c ,  were te rmed  o b l i g a t e  

p s y c h r o p h i l e s  / f o r  i n s t a n c e  M icrococcus  N 15/6  s p e c i e s / .  The 

te rm  p s y c h r o t o l e r a n t  was a p p l i e d  t o  m ic ro o rg a n i sm s  r e p r o d u c i n g  

e q u a l l y  w e l l  a t  0°  C and 37° C o r  a t  even h i g h e r  

t e m p e r a t u r e s .  The o rgan ism s  t h a t  a r e  n o t  c ap a b le  o f  p r o p a g a t i o n  

a t  0°  C, b u t  grow r a p i d l y  above 40° C, and d i f f e r  from t h e  o b l i g a t e
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m e s o p h i l i c  s p e c i e s ,  034/1  E s c h e r i c h i a  on ly  by b e in g  a b l e  to  

p r o l i f e r a t e  i n  a w ide r  ran g e  of t e m p e r a t u r e s ,  were te rmed 

p s y c h r o t r o p h i c  m e s o p h i l e s .  I t  may be m ent ioned  h e r e ,  t h a t  ev e ry  

s t r a i n  c a p a b le  o f  growing a t  o r  below +5° C, r e g a r d l e s s  of t h e i r  

optimum growth  t e m p e r a t u r e ,  were te rmed p s y c h r o t r o p h i c  by Eddy 

/ 1 9 6 0 / .  I t  i s  s u g g e s t e d  t o  use  t h e  te rm  p s y c h r o p h i l i c  on ly  when 

t h e  optimum growth  t e m p e r a t u r e  i s  a t  a low l e v e l .

The r a t e  o f  growth  of some c h a r a c t e r i s t i c  s t r a i n s  a s  a 

f u n c t i o n  of i n c u b a t i o n  t e m p e r a t u r e  i s  shown i n  F ig u r e  3 ,

ihe  i n v e s t i g a t i o n  o f  g rowth  and d e a th  c h a r a c t e r i s t i c s  of 

t h e  i s o l a t e d  s t r a i n s  was e x ten d ed  t o  t e m p e r a t u r e s  below 0°  C, The 

v i a b l e  c e l l  coun t  i n  c u l t u r e s  q u i c k  f r o z e n  and i n c u b a t e d  a t  —15° C, 

a s  a f u n c t i o n  of  s t o r a g e  t ime i s  shown i n  F ig u r e  4 ,  I t  may be seen  

t h a t  th e  v i a b l e  c e l l  coun t  of  n i n Cod i i v e r  d i d  n o t  chcLage th r o u g h o u t  

a l o n g e r  s t o r a g e  p e r i o d .  However t h e  v i a b l e  c e l l  coun t  of c o ld  

t o l e r a n t  s t r a i n s  i n o c u l a t e d  on u n i v e r s a l  c u l t u r e  medium, and f r o z e n ,  

was r ed u ced  by abou t  two o r d e r s  of magni tude  d u r i n g  th e  150 days  

i n c u b a t i o n  p e r i o d .  The E s c h e r i c h i a  034 /1  s t r a i n ,  u n d e r  s i m i l a r  

c i r c u m s t a n c e s ,  was t o t a l l y  k i l l e d  w i t h i n  1 t o  2 d a y s .  On no o c c a s io n  

was i n c r e a s e  of c e l l  coun t  o b s e r v e d .

By compar ing  t h e  r e s u l t s  o f  i n v e s t i g a t i o n s  on th e  k i n e t i c s  

o f  growth and d e a t h ,  no c o r r e l a t i o n  was fo und  be tw een  th e  c o ld



t o l e r a n c e  observed  i n  r e l a t i o n  t o  c e l l  growth  on one hand,  and th e  

c o l d  t o l e r a n c e  r e l a t e d  t o  d e a t h  on th e  o t h e r .  No c o r r e l a t i o n  cou ld  

be found be tween c o ld  t o l e r a n c e  and c e l l  s i z e  or sh ap e ,  e i t h e r ,

lhe  k i n e t i c  t e s t s  r e l a t e d  t o  the  l o g a r i t h m i c  p h a se s  of 

growth  were ex ten d e d  to  t h e  d e t e r m i n a t i o n  of  t h e  o b t a i n a b l e  maximum 

c e l l  y i e l d .  The maximum c e l l  c o u n t s ,  o b t a i n e d ,  as  a v e r a g e s  of 10 

p a r a l l e l  samples  grown on u n i v e r s a l  c u l t u r e  medium a t  an i n i t i a l  

v i a b l e  c e l l  coun t  of lO'V ml a t  g iv e n  t e m p e r a t u r e s ,  a r e  shown i n  

F ig u r e  5 . I t  may be seen  v e ry  c l e a r l y ,  t h a t  No, 306/13  p s y c h r o t c l e r a n t  

s t r a i n  gave maximum y i e l d  i n  t h e  l a r g e  i n t e r v a l  be tween +5° C t o  

30 C, whereas  t h e  o b l i g a t e  m e s o p h i l i c  s t r a i n  No, 034/1 gave maximum 

c e l l  y i e l d s  on ly  i n  th e  na r row  i n t e r v a l  be tween 25° C and 37° C,

The l a r g e r  e x t e n t  of t h e  maximum y i e l d  range  was c h a r a c t e r i s t i c  of 

p s y c h r o t o l e r a n t  s t r a i n s ,  however be tween o b l i g a t e  p s y c h r o p h i l e s  and 

o b l i g a t e  m e so p h i l e s  e v e ry  v a r i a t i o n  may o c c u r ,  A s t r a i n  showing 

t h e s e  t r a n s i t o r y  c h a r a c t e r i s t i c s  i s  P 34 /12  which gave maximum y i e l d  

be tw een  10 C and 37 C and s l a c k  growth  a t  0°  C,

Summing up t h e  a f o r e s a i d  i t  may be conc lu d ed  t h a t  because  

of t h e  c o n t i n u o u s  and g r a d u a l  t r a n s i t i o n  no s t r i c t  l i n e  may be  drawn 

be tw een  p s y c h r o p h i l i c  and m e s o p h i l i c  m ic ro o rg a n i s m s .  The l a r g e  

changes  i n  c e l l  y i e l d s  caused  by sm al l  changes  i n  t e m p e r a t u r e ,  p rove  

t h a t  t h e  b i o c h e m i c a l  p r o p e r t i e s  r e l a t e d  t o  t h e  p h y s i o l o g y  of  growth
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have t o  be more t h r o u g h l y  i n v e s t i g a t e d .
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U nte rsuchungen  ü b e r  d i e  im S c h w e i n e f l e i s c h  vorkommenden 

p s i c h r o p h y l e n  Mikroorganismen

Gy. Nagy
Z e n t r a l f o r s c h u n g s i n s t i t u t  f ü r  L e b e n s m i t t e l i n d u s t r i e

Budapest

Es wurde die qualitative Zusammensetzung der Mikroflora 
/ 6S in gefrorenem Zustand gelegerten Schweinefleisches und die 
Häufigkeit der kälteresistenten Mikroorganismen untersucht. Von 
3 9 2 isolierten Stämmen erwiesen sich 7 5 %  als gramnositivo /gröss
tenteils zum Genus Micrococcus gehörende/ Kokken. Etwa 4 Oft H p , 
isolierten Stämme^waren kälteresistent /bei einer Inkubationstempe_ 
ratur von +3 - +5° C zeigten diese Stämme in flüssigem Nährboden in 
7 Tagen eine Kemzahlerhöhung von wenigstens 2 GrossenOrdnungen/.

Es wurden 20 Stämme von den kälteresistenten Mikroben, 
ferner ein mesophyle Eigenschaften aufweisender coliform Mikro
organismus bezüglich Vermehrungs- und Abtötungseigenschaften bei 
- 1 5 , 0, +10, + 2 5 , +30 und + 4-5cC untersucht. Die Untersuchungser
gebnisse deuten darauf hin, dass auch Übergangseigenschaften auf
weisende Spezies neben den bei 0° C gut gedeihenden, doch bei 37° C 
zur Vermehrung unfähigen Bakterien und neben den bei 0° C sich nicht 
mehr vermeherenden doch über 4-0° C wachsenden Stämmen in grosser 
Menge vorhanden sind. Deshalb kann zwischen den psichrophylen und 
jSgsoahylen Mikroorganismen n a ch den k^ dinalen Vermehrunesternnera",,^ 
b z w ^ d e m  Temperaturoptimum keine scharfe Grenze gezoe-e, w p „,w  "



A u f s c h r i f t  d e r  Abb i ldungen :

Abbi ldung 1 . :  Q u a l i t a t i v e  Zusammensetzung d e r  M i k r o f l o r a  vom 

S c h w e i n e f l e i s c h

B eze ichnungen:

/ l /  P r o z e n t u a l e  V e r t e i l u n g  de r  Gesamtkeimzahl 

/ 2 /  K ä l t e r e s i s t e n t e  Mikroben i n  P r o z e n te n  d e r  

Gesamtkeimzahl a u s g e d r ü c k t  

/ 3 /  G ra m p o s i t iv e  Kokken

fk /  G ramnegat ive  S täbchen  ohne S p o r e n b i ld u n g  

/ 5 /  G ra m p o s i t iv e  s p o r e n b i l d e n d e  S täbchen  

/ 6 /  G ra m p o s i t iv e  S tä b c h en  ohne S p o r en b i ld u n g  

/ 7 /  Hefen

/ 8 /  Andere M ikroorganismen

: gt
Abbi ldung  2 . :  R e l a t i v e  V e rm e h ru n g s f ä h ig k e i t  / —---------•/

min

e i n i g e r  B ak te r iens täm m e von

de r  I n k u b a t i o n s t e m p e r a t u r  abhäng ig

« n /
/ 2 /

n /

/ v

/ 5 /

Z e ic h en  des  B ak te r i ens tam m es  

I n k u b a t i o n s t e m p e r a t u r  / T /  

R e i c h l i c h e  Vermehrung, 1 , QV X — . . 2 , 5
G .min.

M i t t e l m ä s s i g e  Vermehrung, ------- Sr 10 ,0
mm

GTSchwache Vermehrung, 1 0 , 0 ——g—
min

/ 6 /  Keine  Vermehrung

G,p G e n e r a t i o n s z e i t  b e i  Tem pera tu r  T

Gmin G e n e r a t i o n s z e i t  gemessen beim
TemperaturOptimum
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Ab b i l d u n g  3 . :  Zahl d e r  G e n e ra t io n e n  / ! /  i n  e i n e r  S tunde  b e i  

manchen s p e z i f i s c h e n  Stämmen abhäng ig  von der  
I n k u b a t i o n s t e m p e r a t u r  / 2/

Abb i l d u n g  5 . ;  Lo g a r i th m u s  d e r  i n  f l ü s s i g e m  Nährboden e r r e i c h t e n

maximalen Keim dich te  / ! /  abhäng ig  von de r  I n k u b a t i o n s -  
t e u p e r a t u r  / 2 /

Abb i l d u n g  fr. : G e s t a l t u n g  d e r  Zahl  d e r  l ebenden  Keime / 5 /  i n

s c h n e l l g e f r o r e n e m  gehacktem Leber  / ! /  bzw. i n  t i e f 

g e f ro re n e m  f l ü s s i g e n  K u l t u r e n  e i n i g e r  Stämme / 2 , 3 , 4 - /  

abhän g ig  von d e r  L a g e r u n g s z e i t  / T a g e /  / 6 /  b e i  
~15° C,



MCCJIEAOBAHME HA CBMHMHE BCTPEHAEMblX ÍICMXPOMJIBHHX
MHKPOOPPA HM BliiO B

HAAB A rona

B,eHTpaji&HLiM nccne lOBaTenBCKuM mhcthtj/t nnmeEoM 
npoMMiijieHHocTM, BynaneniT.

ílpOBOHHJIH MCCJieHOBaHHH KaHeCTEeHHOPO COCTaBa MKKP0$3I0- 

Pbl CBHHMHbl XpaHeilHO.ro B 3a i i0p0 ieH H 0M  EMUe H HaCTOCTB xojiohoctoM- 

KHX MHKp00praHM3M0B. M3 BblZjeJieHHbIX o02 UITaMMOB npWÖJIH3HTeJIBHO 

^5 % cocTaBJiHjm rpaMnojiOÄHTejiBHbie / e ôojibihhhctbô npuHanJiescamne  

K M i c r o c o c c u s  g e n u s  - a M /  KOKKyCb!. M3 BblUeneHHbDC IDTaMMOB npMÖ- 

^H3HTeJiBHo 40 ¡0  0 K a 3 a jm c B  x o n o n o c  toMkhmw / n p w  T eM nepaType  nHKy -  

PaiiHH +0 -  + 5 ° C  B MUKOM IIWT3 TÖJIBHOM CpeZI© B TeneHKH 7 CyTOK 

n0Ka3ajiM no E p a í m e n  Mepe heohhok  n o p n n o K  yBenwneHHH nncj ia  s a p o 
t e e n / .  j

Ha 20 ncHxpo$HJiBHbix imaMMax n Ha ohhom niTaMMe noKa3bi-  

âtOUHM Me3Q$MJIBHbie OCOÖeHHOCTH, MCCJieHCBaJIM CBOHCTBa pa3MH0äe  -  

h^h n OTMHpaHMH KOjm$opMHbix MMKpoopraHH3KOB npn T e i m e p a T y p a x  

'■15, o, +10, +25, +30 n +45°C.

Pe3yn&TaTbi n ccn en oB aH n M  n o K a 3 a j in ,  hto  KpoMe öaKTepnH

Pa3MHoiaioiiiHXCH xopoii io  npw 0°C, a He cnocoöH bix  pa3MH0scaTBCH npw

t e n e p a T y p e  37°C, a Taxsce KpoMe uiTaMMOB He pa3MHO)KaioiHHXCfl ysce

nPn 0°C, a p a 3MH0ücafo'HMxcH eme Euuie 40°C, MMeiOTCH b öoji&uiom
t e n n e c T B e  Ta Knee w p a c c u  pacnopHsaromnecf l  BpeMeHHUMH ocoöeHHOCTH-  
Mh .

Il03T0My Heji&3H ycTaHOBHTB CTporyio rpaHHLty we aa;y Ka p u n -  ' 

^ajiBHbiMH TeMnepaTypaMM pa3MHoncehmh , hjim no onTWMajiBHofi TeMnepa -
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Type nCHXpO$HJIBHbIX H Me30$HJIBHHX MHKp00praHH3M0B.

Hamnwcn pncyHKOB:

Phc . I . :  Ka êcTBeHHbiM cocTaB MWKpô jiopbi cbwhhhh. 

0öo3Ha êHMH:
/ I /  ÍIpoiíeHTHoe pa35eneHwe oömero qncjia 3apoz[biineM.

/ 2 /  IlcHxpo^HnBHbie mmkpoÖbi b npomeHTax oömero qwcma 
3aponHuieM.

/'ó/ I'paMnonoMTejiBHbie KOKKycbi.

/ 4 /  TpaMOTpHiîaTejiBHbie, HecnopoBbie namo^Kw.

/ 5 /  FpaMnojioHHTejiBHbie, cnopoBbie nanotiKK.

/&/ rpaiinojiojKHTen BHbie, HecnopoBbie nano^KM.

/ ? /  flpOJKXH.

/ 8 /  ripo^we MHKp00praHH3MbI.

PHC. 2 . :  OtHOC MTejIBHaH CITOCOÖHOCTB pa3MHO)fCeHKfl HeKO- 
TOpbIX UIT3MM0B ÖaKTepwfi B 3a BMCMMOCTH OT TeM"n
nepaTypbi MHKyöaiímm

Gmin

/ I /  0öo3Ha^eHwe uiTaiviMa öaKTepww.

/ 2 /  TeMnepaTypa WHKyöaiiHH /T /.

/ 3 /  Ô eHB xoponio pa3MHO®aeTCH i» 0  H  2 , 5

/ 4 /  Xoponio pa3MH03KaeTCH 2,5 S  GT ^
Gmin ^

/h /  Cnaöo pa3MH0®aeTcn 10,0 —
Gmin

/ 6 /  He pa3MH0K36 TCH

I
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GT = BpeMH reHepauMM H3MepneMoe n p n  TeM nepaType  T.
Gm i n =  BpeMH /MMHHMajiBHoíi/ r e H e p a  pHH H3MepHeMoe n p n  

oiiTHMajibhoM T e M n e p a T y p e .

P h c . b .t  y  oumhohhBix TMiiHHHbix uiTaMMax HHCJio r e H e p a p n n  

no  n a c a w  / ! /  b 3 a bmchmoctm ot  TeMnepaTypbi 

HHKyöaiinn /E /

Phc • S. : JIorapwçbM MaKCKManBHoM KJieTOHHoM nnoTHOCTH 
HOCTwrHyToñ b kuukoß nHTaTejibhoh cpezie / ! /  
b 3a BMCHMOCTH ot TeMnepaTypbi MHKyÖaiitiH / 2 /

P n c . : 0öpa3OBaHHe n n c n a  ähbhx  3aponbinieM / 6 /  öbicTpo-

3aMoposceHHOH pyöjieHHoß neneHH / I / ,  nm  öbiCTpo- 

3aM0p0ieHHbK KĤ KMX KyjiBTyp / 2 / ,  / 3 / ,  / 4 /  B 

3a bmcmmoctm ot  o p o n a  / h h h /  x p aH eH n n  / 6 / ,  n p n  

T e M n e p a T y p e  -I5°C.




