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§ freezing and freeze-drying on lactic acid production by starter cul tures
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ost important properties of the starter cultures employed in meaﬁ industry is the
e n of carbohydrates down to lactic acid. Freezing and freeze-drying, as methods of
$F5rat;ge viability and the activity of starter cul tures, affect the individual microor—
e jes and strains in different ways (Khorolsky et al., 1981; Blankov and Klebanov,
- su}vivability depends on the sgpecies and the condition of the bacterial culture
Their freezing and freeze-drying, on the rates and the regimens of applying these treat-
'fggbiglt' 1969a; 1969b), on protectors in the medium (Tsvetkov, 1979; Dolinov, 1969),

o5 of Kuusela et al. (1978), Comi and Cantoni (1980) indicate, that the enzymatic ac-
ug} a given bacterial culture 1is not always proportional to the numbers of bacterial

se of the present work is to study the changes occurring following freezing and ftre-
. Pg* in the acid production of lactobacilli and micrococci 1solated from raw-dried meat
3 t;>§haracterlstic of Bulgaria, where the microorganisms are used as starter cul tures.

1 and Methods

iments made use of Lactobacillus plantarum strain L,, Micrococcus varians strains M 6
and Staph. saprophyticus strain N,.. Studies were made of broth cultures, frogen
| gtfreeze-drled preparations. The pregaratlons were prepared using dry skimmed cow milk
protector (Tsvetkov et al., 1981). Freezing was performed at two dlfferent temperatures:
B.P and =65 C, 1n a low temperature chamber with forced air convection in the chamber.
acid production was determined by a method described by Kuusela (19 8}{ the culture is
ted in a buffer solution of a pH of 5,5 containing 1%»g1ucose, at 44°C for 2 h. Acid
t is determined by titration using 0,01 N NaOH and estimated 1n/;m01/m1.
‘getivities of frozen and freeze-dried cultures were‘determlned immediately after thawing
ehydration and after repairing in MPB for 24 h or for 48 h and 72 h.
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g and Discugsion

esults obtained indicated that acid production in the initial broth cultures varied, on
 average, between 8 and 11 mmol/ml for micrococci, and 13 and 16 pmol/ml for the lactoba-

. The cultures used are in the beginning of the stationary phase, when their egzymatlg
ivity has not yet reached its maximum. The numbers of viable cells constitute 10° to 10

ml. With this cell concentration in the broth cultures, the acid productions of the
micrococcus strains do not differ significantly.

| presents the changes in the activity of Lactobacillus plant. L, after the different

nts. After freezing, acid production rises slightly and reachesd an average of 14-18
y and after freeze-drying the average is 30 mmol/ml, respectively,

3 observed that, unlike micrococci, this strain's acid production is enhanced significant-
8r repairing in a broth of the frozen and freeze=dried cultures. This could be explain-
2 shorter lag-phase in the growth of lactobacilli, in which the necessary amount of bi-
18 accumulated faster and it ensures an enhancement of the enzymatic activities in the
Hirations shown above.

: rage of a frozen L4 preparation for up fo 15 days guarantees a preservation of activi-

A acid production of*up to 40 mol/ml has been found.

ﬂ*ing_freezing, no significant changes are observed in the activity of strain 1, (mean

A apid from 11,5 m4mol/ml in the broth to 12,8 umol/ml after freezing), and strains
e ﬁg5 demonstrate an enhancement of acid production: from 8-10 to 13-14 umol/ml (Fig.2).

Could be explained by the enhanced enzymatic activity after the accumulation of a suffi-
t amount, of bacterial cells, a prineiple, demonstrated already by Pasteur. The attempis
Pairing the frozen cultures by inoculation in MPB and incubation for 24 hours at 30 c,

£ B decrease in activity. It seems that, after repairing the frozen culture, a lengthen-
n the lag-phase results, upon which a slower accumulation occurs of the necessary amount
,Ipass ensuring an enhancement of the acid production activity.
n-:eze"dfyyng processes lead to a further enhancement of the activities of the three
foru?der investigation: up to 13—18,um01/m11 The valuea obtained are higher than the

: rozen cul tures and this could be explained by the less harmful, to the cell, repair-
N 0? freeze-dried suspensions,lthan of the {rozen ones.

ts 3 the experiments, the repairing of the freeze-dried preparation in a broth cul ture
5o g a radugtion in activity. An increased activity, up to 20—30;4m01/m1, is obtained,
Ihsta Tolh culture is repaired for 48-72 hours.

: ont}al d}{ferences have been found in the acid production of the strains studied, on
es (¢ the different freezing temperatures, -309C and —QOOC. ‘

h | . the micrococei cultures were stored frozen at -659C for 28 to 45 days, following
1vat{0”“r% thawed at +209C. Analyses indicate that the said storage period guarantees a
initn-Of the activity of micrococci in the range of 13—15)ﬁmol/ml, l.e., higher than

atolﬁl 24~h broth cultures. _ _ ] )
Uteq 16Pa§e for 25 to 40 days in the freeze-dried state, the activity of micrococei con-
Creag, ‘é }*qu/ml, and the attempis at their repairing in broth cul tures showed again
detivity.
Sults Obtained ﬁemonstrate, that frozen and freeze-dried preparations have a good acid
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Fig. 1. Changes in the acig ’
of Lactobac. plantarugrgiget
following freezing ang free
drying Zes
1. Broth culture
- Frozen culture
- Culture repaired after fpame
ing =4
. Freeze-dried culture
>. Culture repaired aftep freas,
drying TR

-
L

Fig. 2. Changes in the acid productions
of strains M, (- ); M19 (&= );

M95 (m— ), after freezing and

freeze-drying
1. Broth cultures L
2. Frozen cultures 5
3. Cultures repaired after freezin,
4. Freeze-dried cultures
Cultures repaired after freeze=
drying |
—— after 24 h
-—— after 48-72 h
Stored frozen cultures
Stored freeze-dried cultures




_ acthitY upon the respective treatments and on storage. They can be used in prac-
gion % an imperative preliminary repairing in broth cultures. This was found by us also
thov periments with the introduction of starter cultures in the manufacture of

g, in the form of broth cultures or frozen or freeze-dried preparations (un-
and it was confirmed also by the data of Gayer (1979).
B dies, peither in brothsmr after freezing and freeze-drying is observed any positive
ﬁagn petween the counts of microorganisms and the enzymatic activity produced (Table 1).
tion between the amount of lactic acid produced and the counts of microorgu-

la
gorro n the broth culture

nisms i

Microorganism counts,cells/ml Lactate, mmol/ml r#

2 4

oth Cultures 18
3,9 x 107 = 1,5 x 10 +0,536

5. Br

9,1 x 108 - 8,1 109 o150
2,6 x 108 - 8,0 109 0,047
3,5 x 10° - 7,4 x 10° o0
II. Frozen Cultures ’
- 3’1.X o i -1,000
4,0 x 10° -~ oo
8,0 x 107 - 6,1 x 10" o a6

1,2 x 108 - 7,2 x 109 . +0,677

I. Freeze-dried Cultures

4,6 x 109 - 7,0 x 101° -0,910

2

1,5 x 108 = 3,2 x 10" > ~0,791

9,0 x 107 - 7,3 x 102 +0,374
1,8 x 108 - 1,0 x 1012 17,1 +0,830

L ~ Correlation coefficient.

58 data conform to the results of Comi and Cantoni, according to who the optimum conditions
nzymatic activity usually differ from the ones for the growth of microorganisms. Enzyma-
activity is not a function of the total growth of cells (Alford, 1960).

ferences

Freezing in most cases exerts an activating effect on the acid production of the micrococel
3 actobacilli under investigation.
;egreeze—drying, the enzymatic activity of the microorganisms used in the experiments in-
: T?: Fepairlng of frozer and freeze-dried preparations to obtain 24-h broth cultures does
EesSZU1t in an increase in the activity of micrococci. For this purpose, 48 to 72 hours are
; htionry‘ On the repairing of frozen and freecze-dried lactobacilli, an increase in acid pro-
1, }Slobserved.
5 POsitive correlation has been found, in broth cultures of micrococci, of bacterial cell

- ‘ A
zgﬁ?zzatlons ot 10% - 109 cells/ml, between lactic acid production and the numbers of micro-
L 8.
clusion

The .

€ freezing ang freeze-drying of lLactob.plantarum - I, and Micrococcus strains Mg, ¥,q and
5 d . ;% i ) .
ah gsnot affect negatively their activity in producing lactic acid. In most cases an activa-

Observed immediately after the treatments and after storage in the frogen or freeze-

el state fop 2-3 months.
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