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STUDIES ON THE ACTIVITY OF MICROCOCCI
IN VIEW OF THE SELECTION OF STARTER 

CULTURES.
II. NITRATE REDUCTASE ACTIVITY OF
MICROCOCCUS VARIANS STRAINS M6R,

Ml 1 5, M83
Brankova R. , E. Markov, Ts. Tsvetkov, B. Dineva

ABSTRACT
Tne effect of different versions of

nutritious media, pH vaiues(5. 0, 5.5, 6.0,
6. 8), temperature (20, 25, 30°C) and broth
culture age (24, 48 or 72 n) on
cnaracterlzing tne nitrate reductase 
activity of micrococcus strains in view of 
tneir application as starter cultures was 
stud led.

Tne dependance of nitrate reductase 
activity on different conditions of incu- 
Datlon was studied as well. Tne development 
of microbial cultures and enzymatic activity 
depend on tne content of nutrients in tne 
cultivation medium.

Tne optimum pH value of tne cultivation 
medium was found to be 6. 8 and the optimum 
temperature 25°C for all tnree strains 
studied.

Retaining or enhancement of nitrate re
ductase activity with culture aging upto 72 
nours was observed.

The pH optimum of the incubation solu
tion for all three strains investigated was 
determined to be a value of 6. 0.

Tne reduction of nitrates with the tnree 
substrate concentrations studied was nearly 
tne same.

INTRODUCTION
In order to select active starter 

cultures distinct criteria nave been 
establisned (Nllnivaara 1955, Nurmi 1966, 
Kuusela 1978). The ability of the starter 
cultures, applied in production of raw-dried 
meats, to reduce tne nitrate content is of 
great importance(Ponja i960, Junker & Liepe 
1981, Pf lei 1 & Liepe 1974, Liepe 1978), as
well as tne favorable effect exerted In case 
of nitrite treatment, since a certain part 
of nitrite is transformed into nitrate 
(Mohler 1974). Tne nitrate reductase 
activity (NRA) is important at treatment 
with reduced nitrite quantities, otherwise 
tne absence of reduction will raise tne 
nitrate content during tne production 
process and the nitrite will be insufficient 
for tne colour formation.

The NRA depends on pH, temperature, sub
strate concentration, etc. (Puolanne, 
1977).

The goal of the present study is to in
vestigate NRA of micrococci employed as 
starter cultures.

MATERIALS AHE METHODS
Micrococcus Ml 15, M83 and M6R isolated 

from specific raw-dried meat products, were used.

The investigated strains were cultivated 
in six versions of nutritional media, wnicn 
differ in component composition, as it was 
described in our preceding study (Dineva et 
al, 1987). The culture age influence (24, 
48 and 72 nours) on enzyme activity of the 
different versions was studied.

For tne nutrition medium version I tne 
influence of pH values (5. 0, 5. 5, 6. 0, 6. 8)
and temperature (20, 25 and 30°C) on NRA was
investigated.

NRA was determined according to tne m e 
thod described by Puolanne (1977), wnicn is

a modification of the method described pi
Egami and T a n i g u c m  (1970). NRA ( 
expressed in terms of pmol NOg/ml related 
tne number of microorganisms, determined 
means of MSA. ,

Tne ability of microorganisms to redd^ 
the nitrate content at different substr^ 
concentrations (40 mg/., so mg/, and 160 
pH values (5. 5, 6. o and 6. 5), and temPer
tures (25, 37 and 44°C) was determined.

RESULTS ANE DISCUSSION f
Results obtained for tne influence

tne nutrition medium composition and 
culture age on microorganism number and N 
are shown in figs 1 and 2.

It could be well seen (fig 1) tnat S 
largest number of microorganisms (9. 5*!®^ 
at 24th nour) for strain M6R was o b t a i n e d  , 
nutrition medium containing sucrose (vers1̂  
V) or dried milk (version II). A decrease

tP1

n u tr . 
<jr°F

r00r’

in microorganism number at 48th hour 
pared with that at 24th hour for all 
tlon media was observed. The smallest 
in magnitude was obtained for tne mior1 
ganlsms cultivated in sucrose contain1" 
medium (4. 5»109 ). ..

The microorganism number is kept c ° t i 
stant at 72nd hour for tnree versions s 
nutrition media (IV, v and V I ) or there 
a slight decrease for tne rest (I, II 
III). ,«

The highest NRA (fig 2) was achieved , 
24th hour (0.363 umol N O g / m i ) in MPB <'% 
sion I of nutrition medium) and in m«d

)l>

containing Na-citrate (0,358 umol NOg/®11'^ 
There was an increase in activity f 

48th hour compared with that at 24tn n .¡1 
for all versions of nutrition media, ins'1 
of m p b  for wnicn considerable decrease , 
enzyme activity was observed. The ® ¡p 
active were the microorganisms c u l t i v a t e d  , 
medium containing Na-citrate (0.605  ̂
NOg/ml ). ti

It was observed an increase in at>1 0ti‘ 
of microorganisms to reduce tne nitrate e ^  
tent at 72nd nour compared witn tnat at * ¡p 
nour as well as at 24tn nour. Cultivated 
m p b  microorganisms retain tneir enzyme 
vity unchanged at 48th 
NRA was observed for 
cultivated in medium containing Na 
and ascorbic acid.

Tne results obtained for M63 
equal

microorgan1*
-cit-n*

o«esno- r
number of microorganisms at 2 4tn 1 ^  

for all versions of nutrition media (f1* V  
The largest number of cells was observe ^ 
48tn hour in medium containing su c r o s e  ^

72nd nour in m*Na-citrate, and at 
containing sucrose.

Tne NRA was highest at 24th and ' gjt 
nour for microorganisms cultivated in ®e°tpi 
containing Na-citrate (fig 2). wnen ^  
cultivation medium was MPB, NRA at 4 8tn  ̂4t 
72nd nours was lower compared witn t n a r e sl 
24th hour. This was in contrast to tne ’ ^ } } 
of nutrition media, where the activity 
increased witn the age of the cultures. . et 
strain micrococcus M115 revealed n 
enzyme activity compared to the otner 
strains. .

The largest number of cells (fli 1 ̂jO*1 
24th nour was obtained using cultivd ^  
medium containing iz NaCl (4. 5* 10 1 v  
48tn nour tne number of cells is lower tji« 
at 24tn nour and almost tne same fdr fii* 
different versions of nutrition media.
number of microorganisms went on decre 
upto 72nd nour.

334



F ls. l influence of tne culture age and nut- Fig, 2 Influence of tne culture age and
’'Ition media composition on tne cell number: nutrition media composition on tne NRA:
‘ - I; + - 11; o - III: ■ - IV; S> - V;# - VI. « - I;+ - 11; o - III:« - IV; 9 - V;# - VI.

Tne n r a  of M l l 5 for 24 nour brotn cul
tures nad it nignest value in MPB and went 
Gown gradually at 48th and 72nd nour, Tnis 
E d u c t i o n  in enzyme activity was observed in 
aU  versions of nutrition media, Tne only 
exception was tne increase in activity from 
®4th to 72nd nour for microorganisms 
cuitivated witn Na-cltrate, It was 
**neraiiy observed nigner n r a  for all tnree 
strains cultivated in medium containing 
^a-c ltrate.

Tne optimum pH value regarding tne num- 
b«r of tne cells and tne extent n r a  was 6. 8 
f°r all tnree strains. After comparing cul
tivation temperatures, optimum temperature 
was determined to be 25°C.

The ability of micrococcus M6R, M115, 
4Ud M e 3 to reduce the nitrate content was 
lnvestigated at three substrate concentra
tions (Table 1). Microorganisms were culti- 
Vated in tnree versions of nutritional media.

According to Puoianne (1977) the velo- 
clty of tne enzyme reaction is not substan
tially changed at substrate concentrations 
tPom 100 to 600 ppm. This was tne reason to 
Use substrate concentrations of 400 to 160 0  
pPm. we found tnat at a nitrate 
c°ncentratlon of 40 mg7^ NRA of M6R was 
7®-757 of that at the'nitrate concentration of 
1&0 rngz at cultivation in MPB or MPB + 
^-citrate. The same trend was observed for

and Ml 1 5 as we 11.
It is necessary to determine optimum 

c°noitions for eacn strain separately in 
°bder to specify their activity (Kuusela et 

1978, Puoianne 1977).
The influence of pH values on NRA of 

stuoied strains is snown in fig 3. Tne op
timum was observed at pH of 6. 0 for M6R and

Tabie i, NRA (p mo1 N O i / m l ) related to 
tne substrate concentration of tne lncuba-
tlon so lut ion (PH 6. 0, temperature 44oC, and
108 ce 1 ls/ml ). The values are averaged from
tne results of six experiments.

M C
mg 7

NUTRITION MEDIUM

I IV VI

1 60 0. 363 0. 348 0. 358
M6R 80 0. 363 0. 35 8 0. 248

40 0. 275 0. 358 0. 248

1 60 0. 353 0, 338 0. 385
M83 80 0. 318 0. 330 0. 275

40 0. 330 0. 302 0. 248

1 60 3. 220 1. 400 1. 815
Ml 1 5 80 3. 190 ■ 1. 650 1. 402

40 2, 920 1. 200 i. 265

M  - 24 nour micrococci brotn solution 
c - substrate concentration

M l l 5 and at pH of 6. 5 for M83. Tnere was a 
slight reduction in NRA at pH of 5. 5. Tne 
rate of the enzyme reaction at pH of 5. 5 was 
85-907, of tnat at pH of 6, 0.

Tne optimum pH value for studied micro
cocci was less tnan tnat obtained for other 
strains ( 9, 13). Results obtained for tne 
studied strains in tne pH range mentioned, 
are favorable for raw-dried meats wnere pH 
values in the beginning are 6. 0 to 5. 5,

The temperature dependance of NRA is 
represented in fig 4, being different for 
tne separate strains as well as for tne 
investigated temperatures. The temperature
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~55 to 6,5 PV

Fig. 3 influence of tne -pH values of tne 
incubation solution on tne NRA (I09c e 11/ml, 
temperature 44°C).

rise from 25 upto 37 and 44°C leads to an 
increase in enzyme activity for all tnree 
strains studied. Schormuller and Schilling 
(1961) determined the optimum temperature 
for NRA to be 30°C for M. caseo 1 it 1 cus. In 
their further investigations (14) tney found 
out that tne optimum temperature for NRA of
H. epidermis var. alleus was 44°C.
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. tu*Fig. 4 Influence of the temperature of 1( 
incubation solution on the NRA(l09cen 
pH - 6. a).
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