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at Different Freezing Temperatures
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Summary

Today the lactic acid bacteria (LAB) are routinely used as starter
cultures in fermented food production; specics Lactobacillus
plantarum is used mostly for vegetables and olives conserva-
tion, ensiling and malolactic fermentation of wines. In this
work the influence of Lb. plantarum L4 biomass preparation
for long-term preservation by freczing at different temperatures
on physiological activity (i.c., viability and metabolic activity)
was investigated. After growth in optimal conditions the bac-
terial biomass was prepared for freezing in the following ways:
a) biomass sediment obtained after centrifugation was resus-
pended in the whole volume of neutralized spent growth me-
dim (BNNM); b) biomass sediment was resuspended in 1/5 th
of spent growth niedium volume (CB), and c) after centrifuga-
tion the bacterial biomass was rinsed and then resuspended in
the physiological saline until reaching cell concentration as in a)
(WB). During 100 days of storage at =20, =30 and —70 °C the
viability of cells by plate count method and metabolic activity
via lactic acid production were followed. At all investigated
freezing temperatures through the storage period the survival
of Lb. plantarum L4 in BNNM was complete. Meanwhile, in
washed biomass (WB) the survival of cells was considerably
poorer, ie., after 100 days of storage at —20, =70 and -30 °C
there was only 42, 48 and 5 % of living cclls, respectively. The
stirvival of Lb. plantarum L4 in CB at investigated tempera-
tures was among 71 and 81 %. In all experimental conditions
at the end of storage period the metabolic activity of frozen/
Mhawed cells expressed as lactic acid production ratio of these
cells and nonfrozen control was between 86 and 90 %.

Introduction

Lactic acid bacteria (LAB) are used throughout the
world for the manufacture of a wide variety of fer-
mented food products. Starter cultures of LAB are of
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SaZetak

Bakterije mlijecne kiseline danas se rutinski koriste kao starter
kulture u proizvodnji fermentirane hrane; vrsta Lactobacillus
plantarum wuglavnom sc primjenjuje za konzerviranje povr-
éa i maslina, siliranje, te jabucno-mlije¢nu fermentaciju vina.
U ovom je radu istraZen utjecaj nacina pripremc biomase
Lb. plantarum 14 na fizioloSku aktivnost (tf. preZivljavange i
mictabolicku aktivnost) za dugotrajno Envanje zamrzavanjem
pri razlicitim temperaturana. Nakon rasta u optimalnim noje-
tima bakterijska je biomasa bila pripremljena za zamrzavanje
na ove nacine: a) talog biomase dobiven nakon centrifugiranja
pomijesan je sa cijelim volumenom ncutralizirane istroSene
podloge za rast (BNNM); b) talog biomase pomijesan je s 1/5
istrosene podloge za rast (CB) i c) biomasa je nakon centrifugi-
ranja oprana, a zatim pomijeSana s fizioloskom otopinom do
koncentracije stanica kao 1 a) (WB). Tijckom 100 dana cuvanja
pri =20, =30 { =70 °C praéeno je preZivljavanje stanica meto-
dom nacjepljivanja na orste podloge i metabolicka aktivnost
praéenjem proizvodnje mlijecne kiselive. Pri svim temperatitra-
ma zanmrzavanja tijckom cijelog razdoblja cuvanja bilo je potpi-
no preZivljavanje bakterije Lb. plantarum 14 1 BNNM. Me-
dutim, 1 opranoj je biomasi (WB) prezZivljavanje stanica bilo
znacajno slabije, tj. nakon 100 dana ¢uvanja na 20, —70 i =30 °C
bilo je sanio 42, 48 odnosno 5 % Zivih stanica. PreZivljavanje
Lb. plantarum L4 u CB pri ispitivanim temperatirama bilo
je izmedu 71 i 81 %. U svim je eksperimentalnim wvjetima na
kraji razdoblja cuvanja metabolicka altivnost, izraZena kao od-
nos zamrznutithfodmrznutih stanica | nezamrzavanih stanica,
iznosila izmedu 86 i 90 %.

fundamental importance in the production of fermented
dairy products, meat, fish, vegetables, olives, bread and
wine and also of silage for animal feed. The strains of
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Lactobacillus plantarum species are included, either as
pure or mixed culture, in most of the fermentation proc-
esses mentioned above (1). Commercial starter cultures
are mainly distributed as dried or frozen, because the
cultures that have been preserved in such ways are held
in a state of suspended animation (2). The bacterial cells
are likely to lose their viability during freezing or drying
(usually freeze-drying) and subsequent storage period. The
major factors that cause injuries are reviewed by Calcott
(2) and Heckly (3).

The aim of this work was to investigate the effect of
biomass preparation method on viability and metabolic
activity of Lactobacillus plantarum strain 14 during long-
-term storage period at different (-20, -30 and -70 °C)
freezing temperatures.

Experimental

Lactobacillus plantarum strain L4 from the Culture
Collection of the Faculty of Food Technology and Bio-
technology, University of Zagreb was kept at 5 °C on MRS
(»Mercke, Darmstadt) agar slants. Stock culture was trans-
ferred in MRS broth (pH =6.5) and incubated at 37 °C
for 12 hours before being propagated in the fermentors.
One liter multistation batch fermentors (»Churchill«, L.H.
Engineering Company Ltd., England) were used for the
bacterial growth. Cultivation was performed in MRS broth
with inoculation size of 10 mL/L, at 37 °C and pH =6.5
for 16 hours (i.e., until carly stationary phase). After cul-
tivation the cells were concentrated by centrifugation at
8000 rpm for 15 min at 0°C by »Beckmang, J-21B centri-
fuge. For the freezing experiments the bacterial biomass
obtained by centrifugation was prepared in three ways:
a) biomass was resuspended in previously neutralized (by
50 % NaOH) spent growth medium collected during cen-
trifugation (BNNM); b) biomass was resuspended in 1/5 th
of neutralized spent growth medium collected during cen-
trifugation (CB), and ¢) biomass was three times rinsed
and than resuspended in the volume of sterile physiologi-
cal saline equal to supernatant of spent medium (WB).
The obtained cell suspensions were asseptically distrib-
uted (by 5 mL) into 30 mL capacity glass vials with rub-
ber stopper and mixed with equal volume of phosphate
buffer (pH = 6.8). One set of samples (prepared in dupli-
cate) was analyzed immediately and the others were fro-
zen in mechanical freezers at 20, -30 and —70 °C, with
freezing rate between 1.5 and 2.4 °C/min. Dynamics of
viable cells count and metabolic activity determination
during 100 days of storage at investigated freezing tem-
peratures was: 5, 10, 15, 30, 40, 50, 60 and 100 days. All
samples were thawed in the same way i.e, 1 hour in the
thermostat at 37 °C. The viable cells of Lb. plantarum L4
were determined by plate count method placing the 10 uL.
of sample decimal dilutions (min. two) in quadruplicate
on MRS agar plate and incubating at 37 °C for 48 hours.
The results were expressed as the concentration of cells
i.e., the number of cells corresponding to the number of
colony forming units (CFU) per milliliter of culture (N),
and represent the data calculated by statistical means
(average number, standard deviation and coefficient of
variation). The results with smallest dispersion (bellow
15 %) were used for survival calculations as it was de-
scribed earlier (4). The metabolic activity was determined
by measuring the MRS broth acidification rate (i.e., the

production of lactic acid) after 12 and 24 hours of sta-
tionary growth of Lb. plantarum 14 at 37 °C by titrating
of sample aliquot with 0.1 M NaOH solution with phe-
nolphthalein as an indicator. The results represent the ra-
tio of lactic acid production (g/L) between thawed (P}
and nonfrozen (P,) cells:

metabolic activity = P—'
a

Results

The starting cells concentration (No) of Lb. plantarum L4
i.e., before freezing were 1.4 x 10°, 1.6 x 10° and 65 x 10’ mL !
for BNNM, WB and CB, respectively. The viabilities of
bacterial cells in BNNM, WB and CB during 100 days of
storage at —20, —30 and -70 °C are shown in Figs. 1A, 2A
and 3A, respectively. A very good viability (between 80
and 100 %) of frozen cells was obtained when the bac-
terial biomass was suspended in neutralized spent nu-
trient medium (i.e., in BNNM and CB) at all investigated
temperatures (Figs. 1A, 2A and 3A). In washed cells fro-
zen in physiological saline the viability decreased with
the time of storage at —20 and -30 °C, reaching viability
of 42 and 5 %, respectively after 100 days of storage.
However, survival of cells stored at —-70 °C was better;
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Fig. 1. Effect of biomass preparation on survival (A) and metabolic
activity (B) of frozen/thawed Lb. plantarum L4 cells at -20°C
Slika 1. Utjecaj pripreme biomase na preZivljavanje (A) i metaboli-
¢ku aktivnost (B) zamrznutih/odmrznutih stanica Lb. plantarum L4
pri —20°C
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Fig. 2. Lffect of biomass preparation on survival (A) and metabolic
activity (B) of frozen/thawed Lb. plantarum 14 cells at =30 °C
Slika 2. Utjecaj pripreme biomase na preZivljavanje (A) i metaboli-
cku aktivnost (B) zamrznutih/odmrznutih stanica Lb. plantarum L4
pri =30 °C

there was still 84 % of living cells after 50 days of stor-
age, and 48 % at the end of storage period. Lactic acid
production of nonfrozen cells after 12 and 24 hours of
growth was between 18.2-22.1 g/L and 21.6-22.1 g/L,
respectively. Metabolic activity of thawed cells of
Lb. plantarum 1.4, i.e., production of lactic acid during 12
and 24 hours of growth in optimal conditions is shown
in Figs. 1B, 2B and 3B. Prolonged storage at freezing
temperatures has an influence on metabolic activity of
this bacterium. Even in BNNM where the cell viability
was over 100 % the production of lactic acid after 24 hours
was lower (for ca 16 %) than that of unfrozen cells. The
reduction of lactic acid production was significant in ex-
ponential phase (i.e., the first 12 hours) of bacterial
growth in optimal conditions (Figs. 1B, 2B and 3B). The
best preserved metabolic activity was in cells frozen in
CB at all freezing temperatures.

Discussion

In concentrated bacterial starter cultures production,
either frozen or freeze-dryed, it is essential to ensure the
conditions that can provide not only a good cells viabil-
ity, but also maximal protection of wanted metabolic ac-
tivities during long-term storage. It is well known that
both, freezing and drying are detrimental to bacterial

cells causing different types of injuries (2,5-7) which are
not always easy to detect. Studies of the freezing effect
on microbial cells, for example, are limited by the fact
that cells have to be thawed before any measurements
can be made. Thawing process by itself can cause addi-
tional damages of the cells (8,9), or on the contrary, cells
may recover (2) and even multiply during this process.
What will really happen depends on many factors in-
cluding the type and extent of injuries in the freezing
process as well as the rate and temperature of thawing.
The viability of Lb. planfarum L4 over 100 % obtained in
BNNM (Figs. 1A, 2A and 3A) may be explained either
by possibility of growth during thawing or by disrup-
tion of cell clumps (9) in the freezing/thawing process.
The higher survival rates obtained in BNNM and CB in
comparison with WB at all investigated temperatures
(Figs. 1A, 2A and 3A) support Heckly's (10) findings about
protective contribution (still undefined) of the spent
growth medium on the viability of microorganisms dur-
ing freeze-drying. This protective effect is less observable
in CB, presumably, because high culture density prevents
the majority of cells from being in appropriate contact
with spent medium. The freezing temperature did not
significantly influence the survival of Lb. plantarum 14
frozen in spent MRS medium (i.e, in BNNM and CB),
while the survival of cells frozen in physiological saline
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Fig. 3. Effect of biomass preparation on survival (A) and metabolic
activity (B) of frozen/thawed Lb. plantorum L4 cells at —70 °C
Slika 3. Utjecaj pripreme biomase na preZivljavanje (A) i metaboli-
¢ku aktivnost (B) zamrznutih/odmrznutih stanica Lb. plantarim L4
pri =70 °C
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(WB) at 30 °C was the most unsatisfactory (Fig. 2A). This
could be explained by the number, shape and crystal-
lization rate of ice crystals (11,12) in unprotected cells
due to the different temperatures and rates of freezing.
The ability of bacterial cells to reproduce is a criterion
which provides much, but not enough information about
the quality of the preservation technique (3). When bac-
terial starter cultures are used directly for bulk medium
inoculation the metabolic activity, immediately after re-
covery from storage, is an appropriate additional criterion
for evaluating preservation. Effectiveness of the preserva-
tion method for the lactic acid bacteria used in the cheese
industry has been evaluated by stimulating process (in
laboratory conditions) used otherwise in the cheese (14,15)
or cultured buttermilk (10) making. Direct measurement of
produced lactic acid has also been used (8,10,15) as a cri-
terion for preservation fechniques. Determination of lactic
acid production by thawed cells of Lb. plantarum 14 indi-
cated that survival of cells and metabolic activity are not
correlated. For example, the same metabolic activity after
24 hours of growth was achieved with both the cells frozen
in WB at =30 °C (low survival rate), and cells of the highest
survival rates i.e, BNNM (Fig. 2A and B). Prolonged
storage at investigated freezing temperatures had greater
influence on metabolic activity than freezing itself. In the
first ten days of storage production of lactic acid after
12 and 24 hours of cells growth was almost equal in all
samples and freezing temperatures (Figs. 1B, 2B and 3B),
but after that lactic acid production during first 12 hours
decreased singificantly, especially in BNNM and WB.
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