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a the nitrate reductase and catalase activities of microcoeci in connection with
2 and freeze-drying

Freezlng
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lication of freeze-dried preparations of starter cultures in meat industry offers a

of advantages: @ possibility of centrally controlled manufacture and easy handling
1979). The question arises of whether, in the processes of freeze-drying, the cultures
e their viability and metabolic activity, and whether they can be used adequately, just
broth cultures. g . . ; ) : )
ior property of the mlcrocqccl_and staphylocoect, usgd as starter cgltures in the manu-

meJ of meat products, 1s thelr nitrate reductase activity, necessary in colour formation
er and Liepe, 1981; Kuusela et al., }978; Pfeil and Liepe, 1974; Liepe, 1976, 1978). Fur-
catalase synthesis 1s of great significance, since that enzyme is necessary‘for neutral-
the peroxides resulting from the metabolism of a number of microorganisms, including
acilli (Rozier, 1971; Tjaberg, 1969). ) )

pjective of the present work is to study the changes in the nltrate_reductase and cata-
activities of micrococcl employed as starter cultures, after freezing and freeze-drying.

in]l and kethods

ccus varians strains M16 and M19 and Staphylococcus saprophyticus strain I isolated

95°
' specific Bulgarian raw-dried meat products, were used ingthe experiments. Work was done
24 h broth cultures with microorganism numbers of 10-107 cells/ml. Following the additi-
f dry skimmed cow milk as a protector, they were frozen at -30°C or -65°C in air, under
conditions of forced air convection, and freeze-dried (Tsvetkov, 1979; 1981). The studies
f the frozen and the freeze-dried preparations were made immediately after thawing (at 20°C),
i the restoration of the initial volume of the dry culture and after reinoculation for repair-
¢ in liquid media to obtain 24 hour broth cultures.
itrate reductase activity of the samples was determined by Puolanne's (1977) modification
Egami and Taniguchi's (1970) method and is expressed in terms of micromols of nitrite/ml.
capacity of the microorganisms under investigation to reduce nitrate was determined at a
e concentration of 160 mg%, at pH 6,0 and a temperature of 44°C.
e activity expressed as a catalase index, was determined by the method of Liick (1962),
5,4, a temperature of 25°C and 0,6% H50,.
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Fig. 1. Changes in the nitrate reductase
activities of strains N, (e );

1\119 (a); and MQS (m)

1. Broth solutions
2. Frozen cultures:
— at -300C
--- at -65°C
3. Freeze-dried cultures




Results and Discussion

The results obtained in the study of the nitrate reductase activities of the three m
strains in broth, following freezing and freeze-drying, are shown in Fig. 1. They pr
means of 12 comparative studies. 8 9 i
The initial broth cultures of the three micrococcus strains, numbering 10°-10 cells/m1 L
found to have different nitrate reductase activities. The means for the three sSlhralng a;e“‘i
0,64 umol N02/ml for My 1,65 umol N02/m1 for M19; and 2,6b/pmol N02/ml for M95.

After freezing broth cultures at —30?0, the nitrate reductase act1v1t1¢s of all the threg
strains studied do not change substantially, while with -65°C, a certain increase is

in the activities of strains M19 and M95.

After freeze-drying, an increase in nitrate reductase activity is observed in all the threa
strains under investigation, an increase, which is more significant in freeze-dried cul tupag
after freezing at -65%C, and constitutes an average of 1,00; 2,37; 3,770 pamol NUQ/ml, respese

tively, for Mié' M19 and M95.

The attempts to repair the treated cultures in MPB for 24 h brought about different result§~
depending on freezing temperature. Freezing the cultures at —30°C results in a lowering of 4u
nitrate reductase activities of repaired cultures, and freezing at -65%C, in its enhancemeny.
The repairing of the cultures after freeze-drying leads to a sharp decrease in activity wjgy
both temperatures for the three strains. P
A linear relationship was found be?ween nltra?s reduction and the counts of the miCPOorga
studied in the range from 9,0 x 10! to 1 x 10 cells/ml, 1in the frozen and freeze—dried'é'
tures, which is in conformity with the data of Kuusela et al. (1978). At higher concentra
of of microorganisms the substrate is completely exhausted, which 1s due’ISS su§gested by &
usela et al. (1978), Pfeil and Liepe (1974), to the high cell numbers, -101 cells/ml
that reduce not only nitrate, but also nitrite.
The rise observed in nitrate reductase activity, with a preserved number of microorgnnigmgk
after freezing at -65°C, is due probably to an increase 1n membrane permeabllity. The major
reason for that is the dehydration of membranes and the hyperconcentration of clectrolytes
exerting a dissociating effect on lipoproteid complexes (Belous et al., 1976). 3
The data obtained in the study of freezing and freeze-drying effects on catalase activity
pressed as the catalase index of the strains under investigation, are shown in Figs. 2 angd

The catalase activity of broth 8ulturen rumbering 108—109 cells/ml, varies, on the average,
for M,¢s from 0,01 to 0,07 x 10°; for M19' from 0,025 to 0,045 x 107; and for M95, from 0,008
to 0,055 x 10°. '

After freezing at -30°C (Fig. 2), differences are found in the activities of the individual
strains. A strong decrease is observed in the catalase activity of gatrain M]g, and a sharp
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Fig. 2. Changes in the catalase
activities of strains M16
(®); M,y (4); and M95(.__
1. In broth
2. After freezing at -30°%cH
3. After freeze-drying




! Fig. 3. Changes in the catalase acti-
il vities of strains M,  (e);

T Vg (4); and Mg (@)

. In broth

After freezing at -65°¢
After freeze-drying
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. After repairing for 48 h.
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rease in strains My and M95, with a cell number ten times lower.

er freeze-drying, catalase activity rises significantly in all three strains. The repair-
of freeze-dried preparations results in a still better activity.

ler freezing at -65°C and a subsequent freeze-drying, a reduction is found in the catalase
Vity of the strains (Fig. 3). The repairing of the cultures in MPB is observed to result

‘& sharp rise of catalase index value in all the three strains.

| two temperatures of freezing in the presence of a protector, dry skimmed cow milk, have
‘ferent effects on the cultures under investigation. At -30°C, with a subsequent freeze-dry-

J;zh:hnumber of surviving microorganisms is reduced some 10 times, and at -65°C, it is pre-
e e same.

* reduction in the catalase activity of preparations frozen and freeze-dried at -65°C, is
dbably due to structural changes in the enzyme itself (Pushkar and Belous, 1981), consisting

8 partial dissociation of catalase into subunits, while microbial cells are completely vi—
€. After repairing in MPB they reproduce rapidly and demonstrate a high catalase activity.

lusions

?raninS at —30°C and -65°C with a subsequent freeze-drying preserves and even enhances
® nitrate reductase activities of Micrococcus varians strains M16 and M19 and Staph. sapro-

ticus strain M95. No repairing of the preparations 1n broth cultures is necessary.

-ggeﬂzing temperature affects the catalase activity of the strains under investigation. With
‘ﬁa;aan enhanced catalase activity is observed, and after freezing at -659C, repairing is

- Ty,

she micrococci studied can be used as frozen or freeze-dried preparations in meat industry,

18W of the preservation of their metabolic activity.
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