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The production of high quality dried meat products deper

-

exclusively on the growth of the useful microflora during the
technological processs Many authors (4,5,6,7,8,9,14,17,18,19,

22,23,26,27,28,29,30,3%,355,36,37,38,40,42) prove the deci-
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sive part played by micrococcus and lactobacillus bactermha in
the formation of the wanted colour, flavour and taste in ripe-
ning of meat productse. These results gave grounds during the

o

last years in many countries, the studies for the isolation,

O

tion, selection and use of micrococci and lactic acid

[a))

investiz

bacteria to be widened and the microorganisms accepted as star-
ter cultures in meat processing (17, 18, 20, 21, 34, 35, 42).
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The development of the starter cultures in the raw dried

eat products depends to a great extend on their sensitivity

=

to NaCl, NaNOa, NaNOg, sugars, polyphosphates, lactic and ascor-
bic acids, contained in the product (1,2,%,5,2,10,11,12,1%,16,
15, 19,23,24,25,26,31,32,3%,39,43,47,48)
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Since there are no data about the dynamics of developmen

of the starter cultures, their respiratory activity, the growth
of the biomass, protein syntheses in the separate growth phases "
and the influence of the preserving staining and binding sub-

stances on the activity of their respiration, during 1971 , we

made a number of dtnvestigations in these directions (46).
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o elucidate those
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In the present work we made our

sroblems pertaining to the biodynamics of the starter cultures

in connection with some bioenergetic

in their developmente.

yf micrococcus strain
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199/10 and lactic acid starter

m ,.,1[ oyl oo

in the Finnish Institute for Meat Technologye

The cultivation was made in Ehrlenmeyer flask containing

750 ml nutritive medium for micrococcus strain 199/10 with pH 7,2
containing 10 g of pepton (Merck), 3 g yeast and 10 g meat ex-
tracts (Oxoid)s; 5 g NaCl and 5 g glucose, diluted in 1 1 water,
and for the lactic acid culture strain 4669/10, liquid nutritive

lium with pH 7,0, containing 10 g of pepton (Merck), 1,5 g yeast
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and 10 g meat extracts (Oxo0id); 5 g NaCl and 5 g glucose, dis

For innoculum we used 24 hour
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2900 cyeay - o~
37°C with continmous sh
from the medium by centrifugation and double washing with physio-

ve suspended in physio

lozical serums The obtained microbial
logical serum and in this status used per innoculum of nutritive
/1
9 . oo e G R A S : S T
medium in aquantity of 7,510 microbial cells in 7 mle

of the innoculation

in the nutritive medium each olther hour to the ¢

furated them with double washing with 100 ml prk ‘J(DlC) rical serume.

The zrowth of the biomass during the separate phases of de-

i
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velovment vas determined after the colorimetricmethod, used by us
th the enterococcis based on the quantitative determination ol
’ |

cell carbon (45).
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'The respiratory activity of both strains we determined
on resting cells after the momometric methods of ‘Warburg (49) . ‘
Tn each Warburg vessel we put 1 ml resting cells suspension,
1,5 ml phosphate puffer (pH 7,4); in the inner vessels wve indtr

duced 0,2 ml 20% KOH solution and small cuts of filter paper

which keep the potassium hydrate during the shaking. Bhen the
endozenic cell respiration was determined by way of the side

entrance of the Warhurg vessel we

(= Lo i 7

puffer; when the exsogenic respiration was
entrance of the Warburg vessel we introduced 0,5 ml o
~lucose solution, corresponding dilution to 3,2 ml (total volunm
of liquid in the vessel ) or the content in meat products. lncu

bation temperature is 28 +0,1°C in air. The oxygen used [or 1

hour bv the starter cultures during the separate growth phases
we calculated to 1 mg cell carbon.

Protein content in the cells during the different phases

/1‘

s determined after the modified method of Lawry (41

.\3

he investigations on the oxidative possibilities ol
both starter cultures we used substrates, which diluted in the

Warburg vessel, correspond to the following concentrations: g-”

T

cose - 0,1%, lactic acid - 0,5% ‘and ascorbic acid - 0,02% (cor
responding to the content in meat prod ucts) »

In determining the respiratory activity in the presence of
NaCl, NalNO , NGROQ, and Na4P207.10H20 we introduced these solU
tions through the side entrance in quantities of 0,5 ml with

=

A s a T
calculated concentrations, corresponding when diluted to 3,z "~

(total volume of the ligquid in the vessel) quantity contained

in meat products as follows: for NaCl 1,8; 2,2; 2,5; 3,0i 3y<?
3,55 3,33 4,0; 4,85 5,63 6,4 and 7% for NaNO; - 0,025%3 0,08

and 0,25%, for NaNO, - 0,0125 and 0,125% and for mlr»)o?.qoﬂ;vO

- 0,2; 0,3 and 0,4%.
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The model solution represented a combination of the investi-
‘ted substrates, having the same concentrations and inhibitin
effect in relation and quantity as found in meat products: glucose

g 5

0,1%; lactic acid - 0,5%; ascorbic acid - 0,02%; NaCl - 1,8%;

NallO, - 0,025%; QaNog - 0,0125% and N84PQOU-10 H?° - 04%
J oo -

The respiration of the two culpures we determined paralelly
3

in two neigbomr vessels, while each experiment was repeated at

least four timese

ROSULTS AND DISCUSSION
1 are dynamically given the curves of growth, pro-

tein content and itensity of respiration of micrococcus strain
199/10 and lactic acid culture strein 4669/6.

Data shown in the graph give a short lag phase for the micro=-
coccus and elongated - for the lactic acid culturee. On the 5th
hour of culbivation the micrococci enter the exponential phase and
pass into stationary phase on the 22nd hour, while the total bio-
mass increases to 164 times and attains 1380 mg cell carbon. The
lactic acid culture enter the 12th hour of cultivation passing into
the stationary phase on the 26th hour. The biomass reaches 1300 mg
cell carbon and exhibits a growth of 225 times.

Characteristic peculiarity of the micrococcus ist the short
lag phase and the long exponental phase (18 hours) in which phase
is observed a very energetic growth of the biomass from the 6th to
the 12th hour, afterwards the growth is regulated and ends on the
o4th hour. With the lactic a cid culture, differently from the
micrococcus, a prolonged lag culture, differently from the micro-
coccus, a prolonged lag phase is observed of 12 hours and a long
exponential phase of 14 hours running evenly and enerzeticallye

These peculiarities in the growth dynamics of the micrococcus and
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GRAPH 1

Correlation between the respiratory
activity, biomass growth and protein
content during the different phases
of development of micrococcus strain
199/10 and lactic acid starter cul-

ture strain 4669/6
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the lactic acid culture confirme their fitness for use as star-
ter culturs alone or in combinatione The dynamics of growth
exhibits that the micrococcus has an active role in the first

~iod of répening of raw dried meat products and ist growth

continues to the end of the process, while the lactic acid cul-
ture takes part primarily during the sécond period of ripening.e.

To elucidate the respiratory activity for both starter

1

cultures in connection with the biomass growht, we studied and
determined the intensivity of oxygen use from resting cells du-
ring the different phases of growthe The results given in graph
1 show for both cultures more intensive oxygen use in the inital
and active exponential phase, than et the end of the exponential

and the beginning of the stationary phases. The quantity of the

used oxyzen for the micrococcus is increased from 21,0 mm? mg/hr
at the beginning of the exponental phase to 47,42 mm5/m¢/hr du=—

ring the active exponential phase (on the 12th hour) and decrea-

ses to 24,0 mmp/mg/nr during the stationary phase of developmente
For the lactic acid culture the used oxygen increases from 2.42 1~ /
mg/hr in the lag phase to 81,63 mma/mﬁ/hour in the active exponential
phase (16th hour) and decreases to 13,5 mm /m e/hr in the statio-
nafy phase of #evelopment.These data indicate that the intensity

of the exogenic respiration is related to the age and physiologil

cal condition of the cells and its maximum for the microccocus

is on the 12th hour, and for the lactic acid culture on the 1loth
houry which coincides with their active exponential phase independ
dant from the length of the lag phase.

A negligeable activity is observed for the endogenic respi
ration for both cultures, which for the microccocus. is within
the limits of 0,8 to 3,6 mmB/mg/hr; and for the lactic acid cul
ture from 0,6 to 1,4 mma/mg/hr and these paramefers are in close
relation with the age of the cells.

Along with the biomass growth and respiratory activity
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investizated the dynamics of the biosynthesis of protein in the

cells for both starter cultures.On graph 1 is seen, that in the ‘
phase total protein content for the microccocus is stable

(0,4 to 0,5 mg).With the transition into the initial exponential

phase of growth (6th hour) a jump is observed to 55 mg followed

to the amount of 180

cf

by gradual increase of the pratein conten
mg (12th hour).After that the quantity of the total protein shar
ply increases to 300 mg and on the 22nd hour attains the maximal
figure of 6712 mgeFor the lactic acid culture, the protein content
does not change to the 12th hour (0,15 mg) +After this a gradual
increase ié observed and on the 16th hour the protein byosynthesis
is acceleratedtwicesIn the stationary phase with this strain the prot!
tein contenton the biomass attains 140 mg.The sharp increase of
the quantity of the protein in the biomass for the microccocus
after the 12th hour and for the lactic ac id culture after the
16th hour coincides with the momentum of their active exponential
phase of development and the most intensive endogenic respiration
in both cultures an corelates in dynamics with characteristic
changes in the bioenergetic and biosynthetic a@etivity of the mic
robial cellse
To determin the activity of respiration with substrates
glucose,lactic and ascorbic acids and a model solution we made
investigations with both starter cultures, the result of which
are given on graph Ze
The investigated results shown in the graph speak for
differences in the acceleration of the exydation of the séparate
substrates for both straine ‘
For the microccocus is observed Bighest acceleration of
oxvdation with the model solution, followed by the lactic acid
and glucoses«The ascorbic acid for this strain is exibited as

weak substrate in the exogenic respiration. Its action could be
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accepted sooner as stimulating the endogenic resparation.

Dynamics of the oxydative property of
microccocus strain 199/10 and lactic
acid culbture strain 4669/6 in connec

tion with different substratese.

N

Graph

Microccocus strain 199/10 —sse=see— model solution

IT - TLeacid culture strain - =————ca—— - glucose
D

H
I

4669/6 ~es—e—e=s= lactic acid
| ——e——es——¢ aScCOrbic acid
For the lactic acid culture highest exydation acceleration
s observed for the model solution followed by glucose and lactic

-

acid.Here too is observed negligeable use of the ascorbic acid in

In both strains a linear correlation is esbtablished between

the quantity used oxygen and time for oxydation, independatly of
used substrate.

The produced during the ripening lactic acid serves as sub
strate for respiration of both cultures and could take part in the

= [ WO et 5 i P

eation of favourable condition s for their growthe.
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The oxydative property of both cultures with the model
solutions is near to that when lactic acid and glucose are used,

o

which could be explained with the presence OL inhibitor substan
CESe
In both strains,the ascorbic acid acts as a veak substrate

for the exsogenic respiration, which give us grounds to accept

thaton practice the strater sultures do not desintegrate it,and
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this in turn ensures its integrity and action 1n
as a stabilizer for theip colour.

To elucidate the influence of different NaCl concentrations
on the intensity of oxygen use by the cells of microccocus and

the lactic acid culture we made investigations, the results of

which are given in table 1.

ntrations

=

Inhibiting action of different NaCl conce
on the respiratory activity of 12 hour cultures from
microccocus and 16 hoyrs cultmres of the lactic ac id
cultures with th use of glucose,lactic and ascorbic
acids.

% of respiratory depression

Concentra e 21
tions NaCl : i3 ' : 4
in % & glucose lactic acid ascorbic acid
/
strain strain strain strain strain strain

199/10 4669/6 199/10 4669/6 199/10 4669/6

Expers 1,8 4,78 8,26 1,04 3,82 100, 0 100, 0
28 5,94 10,12 1,92 5,28 100, 0 100, 0
2,5 6,02 11,96 2,60 6,08 100,0 100,0
2,8 6,78 12,84 3,28 6,82 100, 0 100,0
3,0 8,2 14,02 4,01 7,64 100, 0 100,0
2l 4 30 P 16,24 1,72 8,56 100, 0 100,0
3,5 12,65 19,24 5,68 12,48 100,0 100,0
3,8 18,84 22,95 6,49 15,32 °~  100,0 100, 0
1,0 19,72 26,54 7,36 17,28 100,0 100,0

4,8 24,1 30,13 10,02 20,96 10C,0 100,0

5,6 26,9 36,18 13,48 24,08 100, 0 100,0
6,4 30,11 46452 16,23 27,25 100, 0 100,06
7,2 35,48 55,66 19,39 30,09 100, 0 100, 0

Control : 0 o) 0 0 100,0 100,0
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Data shows that the added to the suspension cells fr

both strains,concentrations of NaCl (from 1,8 to 7,2%) exibit
well defined inhibitor action on the oxygen use, while the percent
of the depression on the respidration for all concentrations is
higher for the lactic acid culture with the substrates glucose and
lactic acid; Tha action of NaCl on the oxydative property of the cell
from both cultures is most exibited with the use of ascorbic
acid as substrate, the oxydation of which was attained 100% 1
comparison with the control with the addition of pmactically
lowest possible concentrations of NaCl (1,8).lleakest inhibitor
action exibits NaCl on the oxydation of the lactic acid, with
the microccocus the percent of the respiratory depression of NaCk
in concentration 7,2% is only 19,36%, and for the lactic acid
culture it is %0,0%%.

Parallel with this, we studied the influence of NaCl on
the uce of oxygen during the exponential and stationary phases

of development of both cultures (table 2).
Table 2.

Influence of NaCl on the use of oxygen mHB/mb/hr of cdlls
of microccocus strain 199/10 and lactic acid cultur strain
4669/6 in their expohential and stationary phases of
developmente.

In exponential phase . In stagtionary phase

NaCl con T‘uantify U.Spd Respiratory Quantity used Respiratory

%igﬁrin oxg depression oxggen O, in deoresvlon
% mm /mb/h% in % mm mw/h% in %
STRAIN STRAIN STRATN STRAIN STRAIN STRAIN STRAIN STRAIN
199/10 4669/6 199/10 4669/6 199/10 4669/6 lQQLlO 4669/6
Exper.1,8 45.15 38.19 4,78 8,26 24,00 12439 0.00 0.78
2,2 44,98 37.42 5¢14 10412 2%490 13635 042 126
2¢5 U457 %6465 602 11.96 2381 1322 0480 2604
2,8 44420 )o.LB 6.78 284 2375 1%.06 1.04 %.28
2.0 43,61 )% 79 24 14,02 23467 12¢83%3 1438 4496
302 4229 3487 70.8& 1624 2349 12673 2412 5672
3¢5 4141 33%4660 12.65 19.:l4 23407 12455 1580 7.“?
348 39.43 32,08 16.84 22495 2%.01 12.46 4.12 774
140 38.04 30.58 19.72 26454 22479 12439 5403 u.2.
448 35499 29.09 24410 30e13 2258 1215 5.92 10,0
5.6 74-6 26. 260 O 6018 220 llo "'}‘ * 8 llo A
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Golt 33e14 22426 30611 5652~ 22+2] 11.90 746 11.8%
7.2 30460 18.46 3548 55.66 22.02 11483 8.20 12 ¢ 54
Control 47-42 41065 0.00 0.00 24,00 1 }st 0.00 0.00

The above data show that the degree of respiratory depression
of the cells in both strains, from the NaCl in the exponential
and stationary phases of development is differente.Strongest in
hibitor action the NaCl exibits during the exponential phasee

1

These data prove, that the young ¢ growing cells,in their process

a

(

of active division (active exponential phase) are significantly
more susceptive to the inhibitor effect of NaCl, while with age
their sensitivity decepasess

To establish the influence of HajOz,NaLk, and Na4P207
oxygen use in cells from both strains starter cultures, in their
exponential and stationary phases of development, we have made
experiments, data of which are given in table e

Vith the microccocus NaNO5 in concentrations of 0.08 and
Q.EB% and NaN02 in concentrations of 0.0125 and 0.125% are
weak stimulators of respiration for 12 and 48 hour cultures.
The stimulating effect of NaNOa and NaN02 is exibited in connection
with their concentrations, and is expressed in a weaker form for the
NallO, in the active exponential phase (fpr 12 hour cultures)
than during the stationary phase (48 hour cultures).

viith the lactic acid starter culture, the stimulating effect
of II’WO5 and_NaNO2 is expressed also in connection of their con
centrations and respective development phasessThis effect is
expresced the strongest for 0.125% solution of HaNOZ in the
active exponential phase of developmentes

The polyphosphates in concentrations as used in the practice ‘.
in meat processing exibit only an inhibitor action for both
strains,which is increased with the increase of the respective
concentration, and is stronger with the young, in their active
the active exponential phase oi development)-

division cells (in




Compared, data from tables 1,2,and 3 exibit a predominant

T

inhibitor action of NaCl and uaﬂzqch, which for the NaCl is very

distinctly shown in the active expon ntial phase of growth for
both strains with the use of ascorbic acid and glucose as sub
stratese.

Most active stimulating action is observed for NaNO, in
the concentration 0,125 for both strainse
significance in the use of

These result have important

starter cultures in meat processing in connection with the pro

1ing of the raw

Cone lbrusi1ons
l.Development dynamics for

rised as follows: for microccocus

lacg phase (4 hours) ,a long exponentia

O

a statiomary phase after the 22 nd hour of growth, for
J 2 » ]

Anca

tic acid culture strain 4669/6 with an
hours) 1

after the 26th hour of cultivation.

=t

2.,Growth dynamics of the investigated cultures sho

the microccocus takes an active part in the first rapening pe

3 3 = o~

riod of the raw dried meat products and its deve lopment conti

nues to end of the process, the lactic acid culture takes part

predominantly during the: second ripening periode

1171+ B e . " s . e mrnd whvwes nl oo ~nds 4+ - 1
cultures depend on their age and physiological condit.on hile
its maximum coincides with their active exponential phase of

growth, which for the microccocus is

1actic acid culture on the 16th hour g L SR,
lactic acla culture oOon Luie U YOIl -poun: artel’ LIntOcul

1.3 e =1 A T O4 1A y
ddvelooned on the 12th hour
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TRk 00 UM T g g oy ™ p. Ty .
exponential phase (14 hours) and a stationary phase

The intensity of the exogenic respiration of the starter

my 2 - " & 4
«The endogenic respiration for both cu show negligze
o Lo Do i - . .
JLE & Vi and is in relation
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with the gze of the culture,while for the microccocus it 1is

N

-

within the limits of 0,8 to 5,6 mm /mg/hr 0,, and for the lac
tic acid culture from 0,6 to 1,4 mm /m 3/hr O

5., Protein content for both cultures does not change in

heed

the lag phase and gradually jncreases in the active exponentie
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phase (for the microccocus to the 1l2th hour, and for
acid culture to the lohh hour),after that an intensive protein

ins, reaching 1its

biosynthesis is being observed in both stre
maximum in the stationary phases

,.The best growth of the biomass 10T the starter cultures
is determined in the active exponential phase, Ior the microcco
cus to the 12th hour, and for the lgetic acid culture to the 16t
hour, which time coincides with the most intensive exogenic Ies
piration and the transition to a sharp increase of the proteil
7.Theestablished correlation between the growth dynamics

for the investigated
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respiratory activity, and proteir
two starter cultures characterises their bioenerzetic and bio
synthetic activity, proving in this manner their adaptility for

arter cultures in the meat procescing,acting in the pro

?

-
0
D
9
0
\—f

cesse of the ripening of the raw dried meat productse

8.Gulose and lactic acids in quantity as found in the meat
#rqdiéﬁéhare used as substmates from both investigated strains,
proving their help in the development in the ripening of the

raw dried meat productse

9. The oxydation of the ascorbic acid in quantities as used

the meat processing,in the exocenic respiration of both strater

cultures is negligeable, vhich 1in turns s part for

2bilisation of the meat productse.
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10.0n the model solutions which contaiy aside from the sub

strates and substances having an inhibitor action, the oxydative
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property of both strains is close th that of the lactic acid and
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glucose, which is explained witk

ces 1in theme.

11l.A linear correlation is established bteween the quantity

of used oxyeen and the time for oxydati
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substartes and model solutions from hoth

12.NaCl in concentrations as used

resses the respiratory activity of the

ck

h the rise of the concentr
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of the used oxygen decreas inspite of
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13.For different subs

property of both cultures to a different degree and this 12

ssive effect is mostly exibited with th

a weaker form with glucose and lactic ac

14.The sensitivity of both invest

nhibitor action of HaCl, depends on thr

is higher for the young in their active
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in the initial exponential phase and decreases

15.NaNO_

%

seing, have a small stimulating effect
=t | O

of the investigated cultures, which is

of 0,125% for NaNO, during the active exponential phase of growtl
2 (

lé.NauP@OT.lOHQO in the igvestigated concentrations as used

in meat ppocersing,exibits only an inhil
activity of both strater cultures under
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incre.sed with the increase of the conc

regsence of inhibitor substan

ation of the NaCl, the quantity
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[ <
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Table 3
Exponential phase Stationary phase
Substances he =
Quantity Sctimulating Quentity Stimulating
used O, respiration used Cq respiration

»

A =
mm” /mg/hr % Un)/mu/hh %

STRAIN STRAIN STRAIN STRAIN STRAIN STRAIN - STRAIN  STRAIN
199/10 4669/6 199/10 4669/6 199/10 4669/6  199/10  4669/6
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NalNO
Expere.

-
O
0

\n

4742  41.96 0.00 0478 214 400
8,01 42,86 .20 2,96 21,00
48.41  42.98 2,08 3424 24,25

=

0 0.00 0.00
0.00 1le3%2
1.04 1.98

*

GO0
) G
@

-
W W W
L ] L ]

~3 O \n

~3J

NaNO»

E}Iper- 0.0’125 48071 /4502 2.72 ;7)098 24058 15069 242 ] -38
0.125 49435 U4y o L2y 4406 674 2475 1%.8¢ 312 292

Quantity Depression Quantity Deprecssion

used O, of respira used O, of respira

NahP¢O7 mm-~ /g /% tion in % ﬂmg/ /1“ tion in %
Exper. 0,2 46.08 39«80 2482 4439 2382 13 34 0.76 123
0.3 4342 36439 8488 10.18 25 12,95  3.68 4,08
Oe U 42«37 26435 10.78 12.69 22498 1278 e 26 e 5%
Control 4742 41463 )«0C 000 24.00 1350 0.00 0.CO
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