
18th MEETING OF MEAT RESEARCH CORKERS 

20-25 AUGUST 1972, GUELPH,CANADA

Dn_tIie_B±o^2namics_of _S ta r t  ®

M. S toych ev , G. D jed je va  (B u lg a r ia )

F . P .  N i in iv a a ra  (F in la n d )

The p rod u c tion  o f  h igh  q u a l i t y  d r ie d  meat p rodu cts  depends 

e x c lu s iv e ly  on the grow th o f  the u s e fu l m ic r o f lo r a  du ring the 

t e c h n o lo g ic a l p ro c e s s . Many authors (4 ,5 ,6 ,7 ,8 ,9 ,1 4 ,1 7 ,1 8 ,1 9 ,  

2 0 ,2 2 ,2 5 ,2 6 ,2 7 ,2 8 ,2 9 ,3 0 ,5 3 ,5 5 ,3 6 ,5 7 ,5 8 ,4 0 ,4 2 ) p rove the d e c i­

s iv e  p a r t  p la yed  by  m icrococcus and la c t o b a c i l lu s  b a c t e r ia  in  

the fo rm a tion  o f  the wanted c o lo u r , f la v o u r  and t a s te  in  r ip e ­

n in g  o f  meat p rod u c ts . These r e s u lt s  gave grounds du rin g  the 

la s t  y ea rs  in  many c o u n tr ie s , the s tu d ie s  f o r  the i s o la t io n ,  

in v e s t ig a t io n ,  s e le c t io n  and use o f  m ic ro cocc i and l a c t i c  a c id  

b a c t e r ia  to  be w idened and the m icroorganism s accep ted  as s ta r ­

t e r  c u ltu re s  in  meat p ro c e s s in g  (1 7 , 18, 20, 21, 34, 35, 4 2 ).

The developm ent o f  the s t a r t e r  cu ltu re s  in  the raw d r ie d  

meat products depends to  a g re a t  ex tend  on t h e i r  s e n s i t i v i t y  

to  N aC l, NaNO^, NaN02 , su gars , po lyph osph ates , l a c t i c  and a sco r­

b ic  a c id s , con ta in ed  in  the product (1 ,2 ,3 ,5 ,9 ,1 0 ,1 1 ,1 2 ,1 3 ,1 6 , 

15, 1 9 ,2 3 ,2 4 ,2 5 ,2 6 ,3 1 ,3 2 ,3 3 ,3 9 ,4 3 ,4 7 ,4 8 ).

S in ce  th e re  a re  no data  about the dynamics o f  developm ent 

o f  the s t a r t e r  c u ltu r e s ,  t h e i r  r e s p ir a t o r y  a c t i v i t y ,  the growth 

o f  the biom ass, p r o te in  syn theses in  the sep a ra te  grow th phases 

and the in f lu e n c e  o f  the p r e s e r v in g  s ta in in g  and b in d in g  sub­

stan ces  on the a c t i v i t y  o f  t h e i r  r e s p ir a t io n ,  du rin g  1 9 7 1  , 

made a number o f  in v e s t ig a t io n s  in  th ese  d ir e c t io n s  (4 6 ) .
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In  the p resen t work we made our scope to  e lu c id a te  those 

problem s p e r ta in in g  to  the b iodynam ics o f  the s t a r t e r  cu ltu re s  

in  con n ec tion  w ith  some b io e n e rg e t ic  and b io s y n th e t ic  p rocesses  

in  t h e i r  developm ent.

METHODICS
The s tu d ie s  were made "with c u ltu re  o f  m icrococcus s t r a in  

199/10 and l a c t i c  a c id  s t a r t e r  c u ltu re  s t r a in  4669/10, is lo a t e d  

in  th e F in n ish  In s t i t u t e  f o r  Meat Tech n o logy .

The c u l t i v a t io n  was made in  Ehrlenm eyer f la s k  co n ta in in g  

750 ml n u t r i t i v e  medium f o r  m icrococcus s t r a in  199/10 w ith  pH 7 ,2 , 

c o n ta in in g  10 g o f  pepton (M e rck ), 5 g  y ea s t and 10 g meat ex­

t r a c t s  (O x o id )j 5 o HaCl and 5 S g lu c o se , d i lu te d  in  1 1 w a ter , 

and f o r  th e  l a c t i c  a c id  c u ltu re  s t r a in  4669/10, l iq u id  n u t r i t i v e  

medium w ith  pH 7 ,0 , c o n ta in in g  10 g o f  pepton (M e rck ), 1 ,5  S y ea s t 

and 10 g meat e x tr a c ts  (O x o id );  5 S NaCl and 5 g g lu c o s e , d is o lv e d  

in  1 1 w a te r .

For innoculum we used 24 hours b ro th  c u ltu re , ob ta in ed  a t 

37°0 w ith  continuous shak ing. The m icroorganism s we sepa ra ted  

from  the medium by c e n t r i fu g a t io n  and double washing w ith  p h ys io ­

l o g i c a l  serum. The ob ta in ed  m ic ro b ia l mass we suspended in  ph ys io ­

l o g i c a l  serum and in  th is  s ta tu s  used p e r  innoculum o f  n u t r i t i v e  

medium in  q u a n tity  o f  7,5»'10^ m ic ro b ia l c e l l s  in  1 m l.

The samples were taken  from  the moment o f  the in n o c u la t io n  

in  th e n u t r i t i v e  medium each obher hour to  the 481 », and c e n t r i -  

fu g a te d  them w ith  double washing w ith  100 ml p h y s io lo g ic a l  serum. 

The ob ta in ed  biomass was used f o r  a l l  our in v e s t ig a t io n s .

The growth o f  th e biomass du rin g  the sepa ra te  phases o f  de­

velopm ent was determ ined  a f t e r  the co lo r im e tr icm e th o d , used by us 

w ith  the e n te r o c o c c i }  based on the q u a n t ita t iv e  d e te rm in a tion  o f  

c e l l  carbon  (4 5 )•
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The r e s p ir a t o r y  a c t i v i t y  o f  both  s t ra in s  we determ ined

bn r e s t in g  c e l l s  a f t e r  the momometric methods o f  Warburg (4 9 )*

In  each Warburg v e s s e l  we put 1 ml r e s t in g  c e l l s  suspension ,

1 ,5  ml phosphate p u f fe r  (pH 7 ,4 ) ;  in  the in n e r  v e s s e ls  we in d tr^

duced 0 ,2  ml 20% KOH s o lu t io n  and sm all cu ts o f  f i l t e r  paper

which keep the potassium  hydratre du ring the shak ing. ®hen the

endogen ic c e l l  r e s p ir a t io n  was determ ined by way o f  the s id e

en trance o f  the Warburg v e s s e l  we in trod u ced  0 ,5  ml phosphate
through

p u f fe r ;  when the ex sogen ic  r e s p ir a t io n  was s tu d ied ,/ th e  s id e  

en trance o f  the Warburg v e s s e l  we in trod u ced  0 , 5  ml o f  0 , 6% 

g lu cose  s o lu t io n , co rrespon d in g  d i lu t io n  to  3 , 2  ml ( t o t a l  volurik 

o f  l i q u id  in  the v e s s e l  )  o r the con ten t in  meat p rod u c ts . Incu" 

b a t io n  tem perature i s  28 + 0 ,1 °C in  a i r .  The oxygen used f o r  1 

hour by the s t a r t e r  c u ltu re s  during the sepa ra te  grow th  phases 

we c a lc u la te d  to  1  mg c e l l  carbon .

P r o t e in  con ten t in  the c e l l s  du ring the d i f f e r e n t  phases 

was determ ined  a f t e r  th e m o d ified  method o f  Lawry (4 1 ) .

In  the in v e s t ig a t io n s  on the o x id a t iv e  p o s s i b i l i t i e s  o f 

bo th  s t a r t e r  c u ltu re s  we used su b s tra te s , which d i lu t e d  in  the 

Warburg v e s s e l ,  correspond  to  the fo l lo w in g  c o n ce n tra t io n s : g l u" 

cose -  0 , 1 %, l a c t i c  a c id  -  0 , 5 % and a s co rb ic  a c id  -  0 , 0 2 % (c o r ­

respond ing to  the con ten t in  meat p ro d u c ts ).
c

In  d e te rm in in g  th e r e s p ir a t o r y  a c t i v i t y  in  th e p resen ce 0 

NaC l, NaNO , NaN02 , and N a ^ P ^ . I O ^ O  we in trod u ced  th ese  so lu ­

t io n s  through the s id e  en tran ce in  q u a n t it ie s  o f  0 ,5  ml w ith  

c a lc u la te d  c o n c e n tra t io n s , co rrespon d in g  when d i lu te d  to  3 » 2  

( t o t a l  volume o f  the l iq u id  in  the v e s s e l )  q u a n tity  con ta in ed  

in  meat p roducts as fo l lo w s :  f o r  NaCl 1 ,8 ; 2 ,2 ; 2 ,5 » 3*0» 3 »1'-’ 

3 , 5 ; 3 ,8 ; 4 ,0 ; 4 ,8 ; 5 ,6 ; 6 ,4  and 7% f o r  NaNO 5, -  0,025%» 0,08%

and 0,25%, f o r  NaN0 2  -  0,0125 and 0,125% and f o r  N a ^ P ^ .IO H q O  

-  0 ,2 ; 0 ,3  and 0,4%.



(85)

The model s o lu t io n  rep resen ted  a com bination  o f  the in v e s t i ­

ga ted  s u b s tra te s , having the same co n cen tra tio n s  and in h ib i t in g  

e f f e c t  in  r e la t io n  and q u a n tity  as found in  meat p rod u c ts : g lu cose  

0,1%; l a c t i c  a c id  -  0,5%; a sco rb ic  a c id  -  0,02%; NaCl -  *1,8%;

NeffO^ -  0 , 0 2 5 %; NaN02 -  0,0125% and N a ^ ^ . l O  H2° -  0 ,5 »

The r e s p ir a t io n  o f  the two cu ltu re s  we determ ined p a r a le l l y  

in  two n e igb on r v e s s e ls ,  w h ile  each experim ent was rep ea ted  a t 

le a s t  fo u r  tim es .

RESULTS AND DISCUSSION
(Dn graph 1 are d yn am ica lly  g iv e n  the cu rves o f  grow th , p ro ­

t e in  con ten t and i t e n s i t y  o f  r e s p ir a t io n  o f  m icrococcus s t r a in  

199/10 and l a c t i c  a c id  c u ltu re  s t r a in  4669/6.

Data shown in  th e graph g iv e  a sh ort la g  phase f o r  the m icro­

coccus and e lo n ga ted  — f o r  the l a c t i c  a c id  c u ltu re . On the 5th 

hour o f  c u l t i v a t io n  th e m ic ro co cc i en te r  the ex p on en tia l phase and
* -

pass in t o  s ta t io n a ry  phase on the 22nd hour, w h ile  the t o t a l  b io ­

mass in c re a s e s  to  164 tim es and a t ta in s  1880 mg c e l l  carbon . The 

l a c t i c  a c id  c u ltu re  en te r  th e 12th hour o f  c u l t iv a t io n  p a ss in g  in to  

the s ta t io n a r y  phase on the 26th hour. The biomass reach es  1500 mg 

c e l l  carbon and e x h ib it s  a growth o f  2 2 5  t im es .

C h a ra c te r is t ic  p e c u l ia r i t y  o f  the m icrococcus i s t  the sh ort 

la g  phase and the lon g  expon en ta l phase (18  hours) in  which phase 

i s  observed  a v e r y  e n e r g e t ic  grow th o f  the biomass from  the 6th  to  

the 12th hour, a fte rw a rd s  th e grow th i s  r e g u la te d  and ends on the 

24th hour. Y/ith the l a c t i c  a c id  c u ltu r e , d i f f e r e n t l y  from  the 

m icrococcu s , a p ro lon ged  la g  c u ltu r e ,  d i f f e r e n t l y  from  the m icra - 

coccu s, a p ro lon ged  la g  phase i s  observed  o f  12 hours and a lon g  

ex p o n en tia l phase o f  14 hours running e v e n ly  and e n e r g e t ic a l ly .  

These p e c u l ia r i t i e s  in  the grow th  dynamics o f  th e m icrococcus an*
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GRAPH 1

C o r r e la t io n  between the resp ira to ry - 

a c t i v i t y ,  biomass growth and p ro te in  

con ten t du ring the d i f f e r e n t  phases 

o f  developm ent o f  m icrococcus s t r a in  

1 9 9 / 1 0  and l a c t i c  a c id  s t a r t e r  c u l­

tu re  s t r a in  4669/6

I  -  M icrococcus s t r a in  199/^0 
I I  -  L a c t ic  a c id  c u ltu re  s t r a in  4669/6

-------------  biomass growth

p ro te in  con ten t 

r e s p ir a t o r y  in t e n s iv i t y



the l a c t i c  a c id  c u ltu re  con firm e t h e i r  f i t n e s s  f o r  use as s ta r ­

t e r  cultures a lone o r  in  com bination « The dynamics o f  growth 

e x h ib it s  th a t the m icrococcus has an a c t iv e  r o le  in  the f i r s t  

p e r io d  o f  r ip e n in g  o f  raw d r ie d  meat products and i s t  growth 

con tin u es  to  the end o f  the p ro c e s s , w h ile  the l a c t i c  a c id  c u l­

tu re  takes p a r t  p r im a r i ly  du ring the second p e r io d  o f  r ip e n in g .

To e lu c id a te  th e r e s p ir a t o r y  a c t i v i t y  f o r  both  s t a r t e r  

c u ltu re s  in  con n ec tion  w ith  th e biomass grow h t, we s tu d ied  and 

determ ined the in t e n s iv i t y  o f  oxygen use from  r e s t in g  c e l l s  du­

r in g  the d i f f e r e n t  phases o f  grow th . The r e s u l t s  g iv e n  in  graph 

1 show f o r  both  c u ltu re s  more in te n s iv e  oxygen use in  the i n i t a l  

and a c t iv e  e x p o n e n t ia l phase, than e t  the end o f  the ex p on en tia l 

and th e "beginning o f  the s ta t io n a r y  phases. The q u a n t ity  o f  the
7.

used oxygen f o r  th e m icrococcus i s  in c rea sed  from  21,0 mnr/mg/hr 

a t  th e b eg in n in g  o f  the exponen ta l phase to  47 ,42 mm^/mg/hr du­

r in g  the a c t iv e  ex p o n en tia l phase (on  the 12th hour) and d ecrea - 
3

ses to  24,0 mm'/mg/hr du ring the s ta t io n a r y  phase o f  developm ent.
7

For the l a c t i c  a c id  c u ltu re  the used oxygen in c re a s e s  from  2.42 mnr/ 

mg/hr in  the la g  phase t o  91 ,63 mmVmg/hour in  the a c t iv e  exp on en tia l 

phase (16 th  hour) and d ecreases  t o  13,5 mm^/mg/hr in  the s t a t i o ­

n ary  phase o f  deve lopm en t.These data  in d ic a te  th a t  th e in t e n s i t y  

o f  the exogen ic  r e s p ir a t io n  i s  r e la t e d  to  the age and p h y s io lo g i  

c a l  c o n d it io n  o f  the c e l l s  and i t s  maximum f o r  the m icroccocus 

i s  on the 12th hour, and f o r  the l a c t i c  a c id  c u ltu re  on the 16th 

hour, which c o in c id e s  w ith  t h e i r  a c t iv e  ex p o n en tia l phase independ 

dant from  the le n g th  o f  the la g  phase.

A n e g l ig e a b le  a c t i v i t y  i s  observed  f o r  th e  endogen ic r e s p i  

r a t io n  f o r  both  c u ltu r e s ,  which f o r  th e m icroccocus. i s  w ith in  

th e l im i t s  o f  0 ,8  to  3 ,0  mitrVmg/hr, and f o r  the l a c t i c  a c id  cu l 

tu re  from  0 ,6  to  1 ,4  mm^/mg/hr and th ese  param eters are in  c lo s e  

r e la t i o n  w ith  the age o f  the c e l l s .

A lon g  w ith  the biom ass grow th  and r e s p ir a t o r y  a c t i v i t y  we



in v e s t ig a t e d  the (dynamics o f  th e b io s y n th e s is  o f  p r o te in  in  the 

c e l l s  f o r  bo th  s t a r t e r  cu ltu res .O n  graph 1 i s  seen , th a t in  ohe 

la g  phase t o t a l  p r o te in  con ten t f o r  the m icroccocus i s  s ta o le  

(0 ,4  to  0 ,5  mg) .W ith  the t r a n s i t io n  in to  the i n i t i a l  e x p o n en tia l 

phase o f  growth (6 th  hour) a jump i s  observed  to  53 mg fo l lo w e d  

by  gradu a l in c rea se  o f  the prm tein  con ten t to  the amount o f  180 

mg (1 2 th  h o u r ) .A f t e r  th a t  the q u a n t ity  o f  the t o t a l  p r o te in  shar 

p ly  in c re a s e s  to  360 mg and on the 22nd hour a t ta in s  th e maximal 

f ig u r e  o f  612 mg.S'or the l a c t i c  a c id  c u ltu re , the p r o te in  con ten t 

does n o t change to  the 12th hour (0 ,1 5  m g ).A fte r  t h is , a  gradual 

in c re a s e  i s  observed  and on the 16th hour the p r o te in  b yosyn th es is  

i s  a c c e le r a te d tw ic e • In  the s ta t io n a r y  phase w ith  th is  s t r a in  the p r o f  

t e in  con ten ton  the biom ass a t ta in s  140 mg.The sharp in c re a s e  o f  

the q u a n t ity  o f  the p r o te in  in  the biom ass f o r  the m icroccocus 

a f t e r  the 12th hour and f o r  th e l a c t i c  ac i d  c u ltu re  a f t e r  the 

16th hour c o in c id e s  w ith  th e momentum o f  t h e i r  a c t iv e  ex p o n en tia l 

phase o f  developm ent and the most in te n s iv e  endogen ic r e s p ir a t io n  

in  b o th  c u ltu re s  an c o r e la t e s  in  dynamics w ith  c h a r a c t e r is t ic  

changes in  the b io e n e r g e t ic  and b io s y n th e t ic  a e t i v i t y  o f  the mic 

ro b i& l c e l l s .

To determ in  the a c t i v i t y  o f  r e s p ir a t io n  w ith  su b s tra te s  

g lu c o s e , la c t ic  and a s c o rb ic  a c id s  and a model s o lu t io n  we made 

in v e s t ig a t io n s  w ith  bo th  s t a r t e r  c u ltu r e s ,  the r e s u lt  o f  which

are g iv e n  on graph 2.

The in v e s t ig a t e d  r e s u lt s  shown in  th e grax>h speak f o r  

d i f fe r e n c e s  in  the a c c e le r a t io n  o f  th e ex yd a tion  o f th e separa te  

su b s tra te s  f o r  bo th  s t r a in .

For th e m icroccocus i s  observed  h ig h e s t  a c c e le r a t io n  o f  

oxyd a tion  w ith  the model s o lu t io n , fo l lo w e d  by the l a c t i c  a c id  

and g lu cose .T h e  a s co rb ic  a c id  f o r  t h is  s t r a in  i s  e x ib i t e d  as 

weak su b s tra te  in  th e exogen ic  r e s p ir a t io n .  I t s  a c t io n  cou ld  be

( 8 8 )
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a ccep ted  sooner as s t im u la t in g  the endogen ic r e s p ir a t io n .  

Dynamics o f  th e oxyd a tive  p ro p e r ty  o f  

m icroccocus s t r a in  1 9 9 / 1 0  and l a c t i c  

a c id  c u ltu re  s t r a in  4669/6 in  connec

t io n  w ith  d i f f e r e n t  s u b s tra te s .
Graph 2

Y
Y

/  / /

/ / / / /
/ S /y y

'/ s/

I  -  M icroccocu s s t r a in  199/10 model s o lu t io n

I I  -  L .a c id  c u ltu re  s t r a in  ---------------  g lu cose

4669/6 l a c t i c  a c id

— •— •— • a s c o rb ic  a c id

F or th e l a c t i c  a c id  c u ltu re  h ig h e s t  oxyd a tion  a c c e le r a t io n  

i s  ob served  f o r  th e model s o lu t io n  fo l lo w e d  by  g lu cose  and l a c t i c  

a c id .H e re  to o  i s  observed  n é g l ig e a b le  use o f  the a s co rb ic  a c id  in  

the ex sogen ic  r e s p ir a t io n .

In  bo th  s t r a in s  a l in e a r  c o r r e la t io n  i s  e s ta b lis h e d  between 

the q u a n t ity  used oxygen and tim e f o r  o xyd a tion , in d ep en d a tly  o f  

used s u b s tra te .

The produced du rin g  th e r ip e n in g  l a c t i c  a c id  s e rv es  as sub 

s t r a t e  f o r  r e s p ir a t io n  o f  bo th  c u ltu re s  and cou ld  take p a r t  in  the 

c e a t io n  o f  fa v o u ra b le  c o n d it io n  s f o r  t h e i r  grow th .
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The ox yd a tiv e  p ro p e r ty  o f  bo th  c u ltu re s  w ith  the model 

s o lu t io n s  i s  near t o  th a t  when l a c t i c  a c id  and g lu cose  a re  used, 

w hich cou ld  be e x p la in ed  w ith  the p resen ce o f  in h ib i t o r  substan

c e s .
In  both  s t r a in s , th e  a sco rb ic  a c id  a c ts  as a weak su b s tra te  

f o r  the exsogen ic  r e s p ir a t io n ,  which g iv e  us grounds to  accep t 

th a ton  p r a c t ic e  the s t r a t e r  cu ltu re s  do n o t des in te g r a te  i t ,a n d  

th is  in  tu rn  ensures i t s  in t e g r i t y  and a c t io n  in  meat p roducts

as a s t a b i l i z e r  f o r  th e ii?  c o lo u r .

To e lu c id a te  the in f lu e n c e  o f  d i f f e r e n t  NaCl co n cen tra tio n s

on the in t e n s i t y  o f  oxygen use by th e c e l l s  o f  m icroccocus and 

the l a c t i c  a c id  c u ltu re  we made in v e s t ig a t io n s ,  the r e s u lt s  o f  

which are g iv e n  in  ta b le  1.

Tab le  1.

In h ib i t in g  a c t io n  o f  d i f f e r e n t  NaCl co n cen tra tio n s  

on the r e s p ir a t o r y  a c t i v i t y  o f  12 hour c u ltu re s  from  

m icroccocus and 16 hoyrs cu ltu re s  o f  the l a c t i c  ac id  

c u ltu re s  w ith  th  use o f  g lu c o s e , l a c t i c  and a s co rb ic  

a c id s .

% o f  r e s p ir a t o r y  d ep ress ion
Concentra  
t io n s  NaCl 

in  %
g lu cose l a c t i c  a c i^ a s c o rb ic  a c id

s t r a in

199/10

s t r a in

4669/6

s t r a in

199/10

s t r a in

4669/6

s t r a in

199/10

s t r a in

4669/6

Exner. 1,8
2,2
2.5
2,8
5.0
5 .2
5 .5
5 .8
4 .0
4 .8
5 .6  
6 ,4
7 .2

4,78 8,26 1,04 3,82
5,14 10,12 1,92 5,28
6,02 11,96 2,60 6,08
6i78 12,84 . 5 ,28 6,82
8,24 14,02 4 ,01 7,64

10,82 16,24 4 ,72 8,56
12,65 19,-14 5,68 12,48
18,84 22,95 6,49 15,32
19 ¡72 26,54 7,56 17,28
24,1 50,13- 10,02 20,96
26,9 56,18 13,48 24,08
80,11 46,52 16,23 27,25
55,^8 55,66 19,59 30,09

100, o
10 0 .0 
100, o 
100, o 
100, o
1 0 0 . 0 
100, o 
100, o
100.0 
100, o 
100, o 
100, o
1 0 0 . 0

0 0C o n tro l 0 0 100, o
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Data shows th a t the added to  th e  suspension c e l l s  from  

both  s t r a in s ,c o n c e n tra t io n s  o f  NaCl (from  1 ,8  to  7»2%) e x ib i t  

w e l l  d e f in e d  in h ib i t o r  a c t io n  on the oxygen use, w h ile  th e p ercen t 

o f  the d ep ress ion  on th e r e s p ir a t io n  f o r  a l l  c o n cen tra tio n s  i s  

h ig h e r  f o r  the l a c t i c  a c id  cu ltu re  w ith  th e  su b s tra tes  g lu cose  and 

l a c t i c  a c id ; Tha a c t io n  o f  NaCl on th e o xyd a tiv e  p ro p e r ty  o f  the c e l l  

from  both  c u ltu re s  i s  most e x ib i t e d  w ith  the use o f  a s co rb ic  

a c id  as s u b s tra te , the oxyd a tion  o f  which was a t ta in e d  100% in  

com parison w ith  the c o n tr o l  w ith  the a d d it io n  o f  p s a c t i c a l l y  

lo w es t p o s s ib le  c o n cen tra tio n s  o f  NaCl ( 1 , 8 ) «Weakest in h ib i t o r  

a c t io n  e x ib i t s  NaCl on the oxyd a tion  o f  the l a c t i c  a c id , w ith  

the m icroccocus the p e rcen t o f  the r e s p ir a t o r y  d ep ress ion  o f  NaCl 

in  co n ce n tra t io n  7>2% i s  o n ly  19>36%, and f o r  the l a c t i c  a c id  

c u ltu re  i t  i s  30,09%«

P a r a l l e l  w ith  t h i s ,  we s tu d ied  the in flu e n c e  o f  NaCl on 

the use o f  oxygen du rin g  th e e x p o n en tia l and s ta t io n a r y  phases 

o f  developm ent o f  bo th  c u ltu re s  ( t a b le  2 )•
Tab le  2.

In flu e n c e  o f  NaCl on th e  use o f  oxygen mm^/mg/hr o f  c d l l s  

o f  m icroccocus s t r a in  1 9 9 / 1 0  and l a c t i c  a c id  c u ltu r  s t r a in  

4669/6 in  t h e i r  e x p o n e n t ia l and s ta t io n a r y  phases o f  

developm ent.

In  ex p o n e n t ia l phase . In  s ta t io n a r y  phase

NaCl con 
cen tra  
t io n  in

Q u an tity  used R e s p ira to ry  
oxygen Op in d ep ress ion  
mm-vmg/hr in  %

Q u an tity  used 
oxygen Op in  
mm^/mg/hr

R e s p ira to ry  
d eg re ss io n  

~ in  %

STRAIN
199/10

STRAIN 
4669/6

STRAIN
199/10

STRAIN
4669/6

STRAIN
199/10

STRAIN 1 
4669/6

STRAIN
199/10

STRAIN
4669/6

!xper. 1 ,8 43.15 38.19 4 ,78 8,26 24,00 13.39 0 .00 0.78
2 ,2 44,98 37.42 5.14 10.12 23.90 13.33 0.42 1 .26.
pC~.8 44.57 3 6 . 6 5 6.02 11.96 23.81 1 3 . 2 2 0.80 2.04
p ,8 44.20 36.28 6.78 12.84 23.75 13.06 1.04 3.28
3 .0 43.61 35.79 8.24 14.02 23.67 12.83 1 .38 4*96
3 42.29 34.87 10.82 16.24 23.49 12.73 2 .12 5.72
3 .3 4141 3 3 . 6 6 12.65 19.14 23.07 12.55 3.86 7.02
3 .8 89.43 32.08 16.84 22.95 2 3 . 0 1 12.46 4 .12 7.74
4 *0 38.04 30.58 19.72 26.54 22.79 12.39 5.03 8.24
4 .8 3 5 . 9 9  

34.67
29.09 24.10 30.13 22.58 1 2 . 1 5 5.92 10.02

*6 26.37 26.90 36.18 22.37 11.94 b • V8 11.23



6 .4  3J.14 22.26 30.11 46.52 22.21 11.96 7-46 11-83
7 .2  50.60 18.46 35*48 55*86 22.02 11.83 8,26________

(92)

C o n tro l 47-42 41.63 0 .00  0.00 24.00 13*50 0 .00  0 .00

The above data  show th a t  the degree  o f  r e s p ir a t o r y  d ep ress ion  

o f  the c e l l s  in  b o th  s t r a in s ,  from  th e NaCl in  the e x p o n en tia l 

and s ta t io n a r y  phases o f  developm ent is  different.S tro n g e s t  m  

h ib i t o r  a c t io n  the ITaCl e x ib i t s  du ring the ex p o n en tia l phase.

These data p ro ve , th a t  th e young grow in g c e l l s , i n  t h e i r  p rocess  

o f  a c t iv e  d iv is io n  (a c t i v e  ex p o n en tia l phase) are s i g n i f i c a n t l y  

more s u sc ep tiv e  t o  the in h ib i t o r  e f f e c t  o f  N aC l, w h ile  w ith  age 

t h e i r  s e n s i t i v i t y  d e c rea se s .

To e s ta b lis h  the in f lu e n c e  o f  NaNO^ ,M T 0 2 and N a^P^r, on 

oxygen use in  c e l l s  from  bo th  s t r a in s  s t a r t e r  c u ltu re s , in  t h e i r  

e x p o n en tia l and s ta t io n a r y  phases o f  developm ent, we have made 

experim en ts , data  o f  which are g iv e n  in  ta b le  3*

W ith  th e m icroccocus M O ^  in  co n cen tra tio n s  o f  0 .08  and

0 . 2 5 % and NaN02 in  co n cen tra tio n s  o f  0 . 0 1 2 5  and 0 . 1 2 5 % are 

weak s t im u la to rs  o f  r e s p ir a t io n  f o r  12 and 48 hour c u ltu r e s .

The s t im u la t in g  e f f e c t  o f  M O ^  and M 0 2 i s  e x ib i t e d  in  con n ec tion  

w ith  t h e i r  c o n c e n tra t io n s , and i s  exp ressed  in  a weaker form  i o r  m e 

NahT02 in  the a c t iv e  e x p o n e n t ia l phase ( f p r  12 hour c u ltu r e s ) 

than du rin g  the s ta t io n a r y  phase (48  hour c u l t u r e s ) .

W ith  the l a c t i c  a c id  s t a r t e r  c u ltu r e ,  the s t im u la t in g  e i f e c t  

o f  hahO, and M 0 o i s  exp ressed  a ls o  in  con n ection  o f  t h e i r  con 

c e n tra t io n s  and r e s p e c t iv e  developm ent ph ases .T h is  e f f e c t  i s  

exp ressed  th e s tro n g e s t  f o r  0 . 1 2 5 % s o lu t io n  o f  NaNOg in  the

a c t iv e  ex p o n en tia l phase o f  developm ent.

The po lyphosphates in  c o n cen tra tio n s  as used in  the p r a c t ic e  

in  meat p ro c e s s in g  e x ib i t  o n ly  an in h ib i t o r  a c t io n  f o r  bo th  

s tra in s ,w h ic h  i s  in c re a s ed  w ith  the in c re a s e  o f  the r e s p e c t iv e  

c o n c e n tra t io n , and i s  s t ro n g e r  w ith  the young, in  t h e i r  a c t iv e  

d iv is io n  c e l l s  ( i n  the a c t iv e  ex p o n en tia l nhase o f  developm ent;



Compared, data from  ta b le s  1 ,2 ,and 3 e x ib i t  a predom inant ( 93) 

in h ib i t o r  a c t io n  o f  NaCl and Na^ji^Or?» which f o r  tne ITaCl i s  ver^ 

d i s t in c t l y  shown in  the a c t iv e  ex p on en tia l phase o f  grow th f o r  

both  s t r a in s  w ith  th e use o f  a sco rb ic  a c id  and g lu cose  as sub 

s t r a t e s .

Most a c t iv e  s t im u la t in g  a c t io n  i s  observed  f o r  Nah02  in  

the c o n ce n tra tio n  0 , 1 2 5  f o r  bo th  s t r a in s .

These r e s u l t  have im portan t s ig n i f ic a n c e  in  th e use o f  

s t a r t e r  c u ltu re s  in  meat p ro c e s s in g  in  con n ection  w ith  the pro 

cesses  o f s a l t in g ,  p re s e r v in g  and r ip e n in g  o f  the raw d r ie d  

meat p rod u c ts .

C o n c l u s i o n s

1 .Developm ent dynamics f o r  s t a r t e r  c u ltu re s  i s  ch aracte  

r is e d  as fo l lo w s :  f o r  m icroccocus s t r a in  1 9 9 / 1 0  w ith  a sh ort 

la g  phase (4  h o u rs ),a  lo n g  ex p o n en tia l phase (18 hou rs) and 

a s ta t io n a r y  phase a f t e r  th e  22 nd hour o f  grow th , f o r  th e la c  

t i c  a c id  c u ltu re  s t r a in  4669/6 w ith  an e lo n g a te d la g  phase (12 

hours) lon g  ex p o n en tia l phase (14 hours) and a s ta t io n a r y  phase

a f t e r  the 26th hour o f  c u l t i v a t io n .

2 •Growth dynamics o f  the in v e s t ig a t e d  c u ltu re s  show th a t 

the m icroccocus tak es  an a c t iv e  p a r t  in  th e  f i r s t  r ip e n in g  pe 

r io d  o f  the raw d r ie d  meat products and i t s  developm ent c o n t i 

nues to  end o f  th e p ro c e s s , the l a c t i c  a c id  c u ltu re  tak es  p a rt 

p redom in an tly  du ring the- second r ip e n in g  p e r io d .

3 .The in t e n s i t y  o f  th e exogen ic  r e s p ir a t io n  o f  the s t a r t e r  

c u ltu re s  depend on t h e i r  age and p h y s io lo g ic a l  c o n d it io n  w h ile  

i t s  maximum c o in c id e s  w ith  t h e i r  a c t iv e  ex p o n en tia l phase o f  

growth, w hich f o r  the m icroccocus i s  ddve loped  on the 12th hour, 

and f o r  the l a c t i c  a c id  c u ltu re  on the 16th hour a f t e r  in n ocu la

tion.

a b le
4 .The endogen ic r e s p ir a t io n  f o r  bo th  c u ltu re s  show n e g l ig e  

a c t i v i t y  and i s  in  r e la t i o n
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with, the stge o f  the c u ltu re  »w h ile  f o r  the m icroccocus i t  i s  

w ith in  the l im it s  o f  0 , 8  to  3 , 6  mm5 /mg/hr 0 2 , and f o r  the la c

t i c  a c id  c u ltu re  from  0 ,6  to  1 ,4  mnrVmg/hr 02 .

5 . P r o t e in  con ten t f o r  bo th  cu ltu re s  does not change in  

th e la g  phase and g ra d u a lly  in c re a s e s  in  th e a c t iv e  ex p o n en tia l 

phase ( f o r  the m icroccocus to  the 1 2 th  hour, and f o r  the l a c t i c  

a c id  c u ltu re  to  the 16th h o u r ) ,a f t e r  th at  an in te n s iv e  p ro te in  

b io s y n th e s is  i s  b e in g  observed  in  b o th  s t r a in s ,  rea ch in g  i t s

maximum in  the s ta t io n a r y  phase»

6 .  The b e s t  grow th o f  th e biomass f o r  the s t a r t e r  cu ltu re s

i s  determ ined  in  the a c t iv e  ex p o n en tia l phase, f o r  the m icrocco 

cus to  the 1 2 th  hour, and f o r  the l a c t i c  a c id  c u ltu re  to  the 16th 

hour, which tim e c o in c id e s  w ith  the most in te n s iv e  exogen ic  res  

p ir a t io n  and the t r a n s i t io n  to  a sh a rt in c re a s e  o f  the p r o te in

in  the c e l l s .

7 »T h e e tta b lis h e d  c o r r e la t io n  betw een the grow th dynam ics, 

r e s p ir a t o r y  a c t i v i t y ,  and p r o te in  s y n th es is  f o r  the in v e s t ig a t e d  

two s t a r t e r  c u ltu re s  c h a ra c te r is e s  t h e i r  b io e n e r g e t ic  and b io  

s y n th e t ic  a c t i v i t y ,  p ro v in g  in  th is  manner t h e i r  a d a p t i l i t }  f o r  

use as s t a r t e r  c u ltu re s  in  the meat p r o c e s s in g ,a c t in g  in  the pro 

cesse  o f  the r ip e n in g  o f  th e raw d r ie d  meat p rod u cts .

8 .  Gulose and l a c t i c  a c id s  in  q u a n t ity  as found in  the meat 

products- are used as s iib s tsa te s  from  both  in v e s t ig a t e d  s t r a in s ,  

p ro v in g  t h e i r  h e lp  in  th e developm ent in  the r ip e n in g  o f  the 

raw d r ie d  meat p rod u cts .

9 . The oxyd a tion  o f  the a sco rb ic  a c id  in  q u a n t it ie s  as used i t 1 

the meat p r o c e s s in g , in  the exogen ic  rw s p ira t io n  o f  both  s t r a t e r  

c u ltu re s  i s  n e g l ig e a b le ,  which in  tu rns guaran tees i t s  p a r t  f o r

the c o lo u r  s t a b i l i s a t io n  o f  the meat p rod u cts .

1 0 . On the model s o lu t io n s  w hich con ta i%  a s id e  from  the sub 

s t r a t e s  and substances h av in g  an in h ib i t o r  a c t io n , the o xyd a tiv e
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p ro p e r ty  o f  both  s t r a in s  i s  c lo s e  th  th a t o f  the l a c t i c  a c id  and 

g lu c o s e , which i s  e x p la in ed  w ith  the presence o f  in h ib i t o r  substan 

ces in  them.

11 . A l in e a r  c o r r e la t io n  i s  e s ta b lis h e d  bteween the q u a n tity  

o f  used oxygen and th e tim e f o r  oxyd a tion  o f  a l l  in v e s t ig a t e d  

su b s ta rte s  and model s o lu t io n s  from  hoth  cu ltu res *

12 . NaCl in  co n cen tra tio n s  as used in  meat p ro c e s s in g , dep 

re s s e s  the r e s p ir a to r y  a c t i v i t y  o f  the two in v e s t ig a t e d  s t r a in s .

W ith the r i s e  o f  the co n cen tra tio n  o f  th e NaC l, the q u a n tity  

o f  the used oxygen d ecreases  in s p it e  o f  the use o f  s u b s tra te s .

1 5 . f o r  d i f f e r e n t  s u b s tra te s , NaCl depresses the o x yd a tiv e  

p ro p e r ty  o f  bo th  cu ltu re s  to  a d i f f e r e n t  degree and th is  rep re  

s s iv e  e f f e c t  i s  m os tly  e x ib i t e d  w ith  the ascorb i c  a c id  and in  

a weaker form  w ith  g lu cose  and l a c t i c  a c id .

1 4 .The s e n s i t i v i t y  o f  bo th  in v e s t ig a t e d  s t ra in s  to  the 

in h ib i t o r  a c t io n  o f  H aC l, depends on th r  age o f  the c u ltu re  and 

i s  h ig h e r  f o r  the young in  t h e i r  a c t iv e  phase o f  d i v i s i o n , c e l l s  

in  the i n i t i a l  ex p o n en tia l phase and decreases  in  the s ta t io n a r y  

phase.

l^.NaNO^, andNaNOg in  co n cen tra tio n s  as used in  meat proce 

s s in g , have a sm all s t im u la t in g  e f f e c t  on the exogen id  r e s p ir a t io n  

o f  the in v e s t ig a t e d  c u ltu r e s ,  which i s  s tro n g e r  w ith  a s o lu t io n  

o f  0 , 1 2 5 % f o r  NaN0 2  du rin g  the a c t iv e  ex p on en tia l phase o f  grow th .

lG.Na^PpO^.lOHgO in  the in v e s t ig a t e d  co n cen tra tio n s  as used 

in  meat p r o c e s s in g ,e x ib it s  on ly  an in h ib i t o r  a c t io n  on th e r e s p ir a to r ;  

a c t i v i t y  o f  both  s t r a t e r  c u ltu re s  under im v e s t ig a t io n , w hich  i s  

in c r e ased w ith  the in c re a s e  o f  the c o n ce n tra t io n .
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L i t e r a t u r e

1 .  B a r te ls  H. und C o r e t t i  K . -  F le is c h w ir t s c h a ft  639» 1961

2 .  B a r te I s  H. und H adlek R. -  F le is c h w ir t s c h a ft  234, 1966

3 eCanton i C .,M assacra  G. ,R en o n P . und G i o l i t t i  G. -  In d .

Conserve 40 ,98,205,1965

4 .  Canton i C .,M o ln a r M .,Renon P . , G i o l i t t i  G .,J .A FPL .

B act. 3051,1967

5 .  Cate L . -  tern T ijd s c h a r ,  D iergen eesk  85* 745,1960

6 .  C o r e t t i  K . -  P le is c h w ir t s c h a f t  260, 1956

7 .  C o r e t t i  K . -  P le is c h w ir t s c h a f t  197, 1956

8 .  C o r e t t i  K . -  P le is c h w ir t s c h a f t  16, 1965

9 .  C o r e t t i  K . -  F le is c h e r e i  3, 38-42, 1965

1 0 . C o r e t t i  K. -  A rc h .L eb en sm itte l h yg . 9 , 52, 1958

1 1 . C o r e t t i  K. -  A rc h .L eb en sm itte l h yg . 10, 27, 1959

12 . C o r e t t i  K . -  T a n d le r  1055, 1965, F i e i schwürts c h a ft

1 3 .  G i o l l i t t i  G. -  R ev. de la  co n se rve , N r 6 , 222, 1 9 6 6

1 4 . G i o l l i t t i  G ., Massacra Y . -  A t t i . S o c . I t a l . S c i . V e t .  17, 541, 196.?

1 5 . G isske W. -  P le is c h w ir t s c h a f t  642, 1957

16 . Hadlok R. -  P le is c h w ir t s c h a f t  10, 1178, 1965

1 7 .  Jensen L . , Paddock L . -  IT.S.A. P a te n t  N r . 2225783, 24.12.1940

18 . K e lch  P . -  F le is c h w ir t s c h a ft  15, 1958

1 9 .  K e l l e r  H. -  P le is c h w ir t s c h a f t  6 , 125, 1954

20 . K u ch lin g  E. -  E u r.M eetin g  o f  W orkers R o s k lid e , 1964

21.  L e is tn e r  L . -  A rch . L eb en sm itte l hyg. 14, 62-64, 1963

2 2 . Lerche M. -  Ber 1 . Munch. t ie r 'ä r z t l .W  seh r. 6 9 , 91-95, 1956

2 3 .  Lerche M. -  P le is c h w ir t s c h a f t  8 , 752-754, 1956

2 4 . Lerche M. -  A rch .L eb en s m itte l h yg . 7, 1-4 » 1956

2 5 . L is s k e  W. -  P le is c h w ir t s c h a f t  203, 1958

2 6 . L o r ie n z  F . ,  In c ze  K. -  F le is c h w ir t s c h a ft  13, 406, 1961 

2 7 »N iin iv a a ra  F . — P le is c h w ir t s c h a f t  7, 603, 1955
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28 . N i in iv a a r a  F . ,  Pah ja  S . -  F le is c h w ir t s c h a ft  12, 789-790, 1957

29 . N i in iv a a r a  P . ,  Pah ja  S . -  F le is c h w ir t s c h a ft  106, 187, 1957

5 0 . N i in iv a a r a  P . ,  Pah ja  S . ,  Kom ulaiiieii E. — F d .fe c h n o lo g . 18,

25, 1964

5 1 .  N i in iv a a ra  F . -  A c ta  a g r a l ia  Fennika 84, 1955

52. N iven  E. — P ro c »4 th  R e s .C o n f.C o u n c il, R es .Am er.Meat

In s t .  51-57, 1952

5 5 .N iven  F . -  J .B a c t . 75, 758-759, 1957

5 4 .  N iven  F . ,  D e ih e l H .,  W ilson  D. -  Am .M eat.Inst.Found

C ir .N r .  41 , Jan. 1958

5 5 .  Nurmi F . -  X I I  E u r.M eetin g  o f  Res.W orkers S a n d e fio rd  1966

5 6 .  Pahja  S . -  F le is c h w ir t s c h a ft  9 , 547, 1957

57 . Pah4a S . ,  N i in iv a a r a  F . -  Z .Leh en sm itt.U n tersu ch , und Forsch .

106, 298, 1957

58 . Pah ja  S . ,  N i in iv a a r a  F . -  F le is c h w ir t s c h a ft  44, 455-459, 1964

5 9 .  Pah ja  S . -  A cta  A g r a l ia  Fenn ica 9 6 , 1 -80 , I960

4 0 . P ah ja  S . ,  N i in iv a a r a  F . -  F le is c h w ir t s c h a ft  12, 952-954, I960

4 1 . P o t t y  V .H . -  A n a ly t.B ioch em . 2 9 , 5 , 555-559, 1969

4 2 .S c& lb erg  A. -  X I I  E u r.M eetin g  o f  Meat Res. W orkers S a n d e fio rd , 1 9 6 6

4 5 .S ie d e l L . , Laue W. -  F le is c h w ir t s c h a ft  9 , 116, 1957

4 4 .S to ych ev  M ., D je je v a  G ., I l i e v a  R. -  17th European M eetin g  o f

Meat Research W orkers, B r is t o l ,  1971

4 5 .S to ych ev  M ., D je je v a  G. -  Meat T ech n o l.R es . and P r o je c t  I n s t . ,
S o f ia ,  In fo rm a tio n en  b u l l e t in  N r. 4 ,2 9 -5 5 , 1971

4 6 .S toych ev  M ., D je je v a  G. -  Symposium fü r  S ta r te rk u ltu re n ,

H e ls in k i ,  1972

47 .Schorm u ler J . , S c h i l l in g  M. -  Nahrung 5 , 18, 1961

4 8 . T a n d ler  -  F le is c h w ir t s c h a ft  9 , 804, 1967

4 9 .  Umbreit W.W., B u rr is  R.H . a . S t o u f fe r  J .F . -  Manometric tech n iqu e
and t is s u e  m etabolism . 2. E d it io n  Burgess P u b lis h in g  

C o ., M in n ea p o lis , 1949


