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To elucidate the relationship between death of freeze-dried cells of Lactobacillus bulgaricus during storage and de-
crease in powder solubility, the effect of milk precipitation during rehydration of freeze-dried Lb. delbrueckii ssp. bulgari-
cus upon death of these cells throughout storage, via addition of various carbohydrates to the drying medium was stud-
ied. The degree of survival of freeze-dried Lb. bulgaricus was found to be directly proportional to the square root of the
absorbance of the supernatant. A darker powder resulted when most of the microorganism had died. A tentative expla-
nation for the insolubility observed when the viability of the cells decreased is based on an increase in the extent of non-
enzymatic browning (Maillard reactions), as a result of cell death. Results obtained throughout this study might represent
a helpful tool towards development of a novel, straightforward, shortcut method for monitoring the viability of freeze-dried
samples during storage.

Verhidltnis zwischen der Léslichkeit getriergetrockneter Magermilch und dem Absterben von gefrier-
getrocknetem Lactobacillus delbruechkii ssp. bulgaricus wihrend der Lagerung

Um das Verhaltnis zwischen dem Absterben gefriertrockneter Lactobacillus bulgaricus-Zellen wahrend der Lagerung
und der Abnahme der Lislichkeit des Pulvers zu kldren, wurde die Wirkung der Prazipitation der Milch wahrend der Re-
hydrierung des gefriertrockneten Lb. delbrueckii ssp. bulgaricus auf das Absterben dieser Zellen wahrend der
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Lagerung untersucht, wenn verschiedene Kohlenhydrate dem Trocknungsmedium zugesetzt wurden, Der Uberlebens-
grad von gefrierrocknelem Lb. bulgaricus war direkt proportional der Quadratwurzel der Absorbanz des Uberstandes.
Ein dunkleres Pulver entstand, wenn die meisten Mikroorganismen abgestorben waren. Eine vorlaufige Erkldrung flr die
beabachtele Unltslichkeit bei Abnahme der Lebensfahigkeit der Zellen kénnte aul einer Zunahme des Umfangs einer
nicht-anzymatischen Braunung {Maillardreaktionen) als Ergebnis des Absterbens der Mikrooragnismen beruhen. Die
Ergebnisse dieser Studie kénnten fur die Entwicklung eines direkten, abgekirzten Verfahrens zur Kontrolle der Le-
bensfahigkeit gefriertrocknater Proben wahrend der Lagerung bedeutsam sein.

26 Lactobacillus bulgaricus (freeze-drying and
___death)

26 Lactobacillus bulgaricus (Gefriertrocknung und
_Alisterbon)

1. Introduction

Skim milk is regularly used as drying medium for lac-
tic acid bacteria starter cultures because it is believed
that it creates a porous structure in the freeze-dried
product — thus making rehydration easier, and this pro-
vides a protective coating for cells (1, 3). The shelf life of
milk powder depends on preheating treatment of milk,
water activity (a,) and storage temperature (9). The in-
solubilization undergone by skim milk powder during
storage is generally attributed to Maillard reactions,
which involve reducing sugars and proteins or free
amino acids (5); they consist of a complex network of
chemical reactions, the extent of which is influenced by
such factors as temperature, a,,, moisture content and
chemical composition of the matrix (7).

From an industrial viewpoint, a good starter culture
should be able to retain high levels of viability during the
freeze-drying process and for long periods of storage
afterwards (2); nevertheless, bacterial cells are expect-
ed to partially {or totally) lose their viability and activity
during storage (4).

To our knowledge, the extent to which milk precipita-
tion during rehydration of freeze-dried samples relates
to cell survival during storage has not been tackled so
far. Therefore, the objective of this study was to eluci-
date the relationship between death of freeze-dried cells
of Lb. bulgaricus during storage and decrease in pow-
der solubility.

2. Materials and methods

2.1 Organism and culture preparation

Lactobacillus defbrueckii ssp. bulgaricus was ob-
tained from the culture collection held at Escola Supe-
rior de Biotecnologia (Portugal). MRS broth was inocu-
lated from the MRS agar slopes, and incubated at 37°C
for 24 h. This culture was then inoculated, at the 1 %
(viv) level, into a second MRS broth, and again incu-
bated at 37°C for 24 h. Cells from 100 ml-cultures were
harvested by centrifugation at 7000 x g for 10 min,
washed twice by centrifugation with sterile Ringer’s so-
lution and then resuspended in the same volume of ei-
ther sterile skim milk (control) containing 11 % (wiv) sol-
ids or sterile skim milk containing each of the following
compounds: glucose (10 g I'"), fructose (10 g I''), lac-
tose (10 g I''), mannose (10 g I'') or sorbitol (10 g I'').
Cellular suspensions were maintained for 1 h at room
temperature (20°C) prior to freezing at -80°C, so as to
allow for equilibration between cells and added com-
pounds. All experiments were repeated twice.

2.2 Freeze-drying and storage

Samples of 20 ml were desiccated under vacuum (50
mitorr for 48 h) in a freeze-drier (Martin Christ, Osterad

am Harz, Germany), at room temperature (20°C); the
condenser was cooled at -55°C. Dried cells were stored
in closed containers at 20 °C in air, and maintained in
the dark.

2.3 Enumeration of survivors

At regular time intervals during storage, freeze-dried
samples taken at random were rehydrated to the origi-
nal volume with deionised water, and suitable dilutions
were plated on MRS agar by the drop count technigue,
Three drops (20 pl each) of suitable dilutions were
placed on each of three separate plates (thus providing
triplicate results), which were examined following incu-
bation for 48 h at 37 °C.
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Fig. 1: Experimental data (symbols) and linear regression
(dashed line) of log of viable counts and square root
of absorbance of freeze-dried Lb. buloancus. during
storage { o, 2 months; ¥, 3 months: x, 5 months; O, 6
months) in the presence of selected compounds
added to skim milk {(control). BFD and AFD represent
the points before and after freeze-drying, respectively
{+. BFD; ¢, AFD).

2.4 Measurement of optical density
During storage, freeze-dried samples were rehy-
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drated with deionised water to their original volumes.
The dried-rehydrated samples were then stored over-
night at 4 °C, thus allowing precipitation of milk. The op-
tical density of the supernatant was subsequently de-
termined at 400 nm (Shimadzu UV-265, Japan).

2.5 Statistical analysis

Linear regrassion analyses were performed between
viable counts (expressed as Log (CFU ml™)) and ab-
sorbance (expressed as its square root) using the R
language for programming (6).

3. Results

The degree of survival of freeze-dried Lb. bulgaricus,
depicted in Figs. 1 and 2, was found to be directly pro-
portional to the square root of the absorbance of the su-
pernatant. Individual plots, each one prepared for a dis-
tinct carbohydrate, indicated that a linear relationship
might possibly hold under certain conditions.

As observed in Fig. 2 a darker powder resulted when
most of the microorganisms had died.

Fig.2: Visual aspect of test lubes, corresponding to viable
counts, in Log (CFU mI™'): (a) 3.18, (b) 3.91, {c) 5.30,
(d)6.02 and (e)6.59.

4. Discussion

An explanation for the insolubility observed when the
viability of the cells decreased could be based on an in-
crease in the extent of non-enzymatic browning (Mail-
lard reactions}, as a result of cell death. This hypothesis
is corroborated by the similar behaviour observed when
skim milk powder was heatad to 100°C for 4 h; both in-
solubility and darkening were observed (data not
shown).

Maillard reactions may be affected by the glass tran-
sition phenomenon (8); however, in our experiments re-
hydration during storage of skim milk powders that had
been freeze-dried without Lb. bulgaricus but in the
presence of the various compounds was significantly
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different from the behaviour observed when the pow-
ders had been dried and stored in the presence of the
microorganism. In the absence of microorganisms, the
precipitation of the skim milk powders after rehydration
was much less extensive than in their presence (data
not shown); hence the glass transition was likely not the
main cause for the aforementioned precipitation.

It can also be concluded fram this work that the col-
our of the powder was related to the various degrees of
survival. The compounds produced during spray-drying
of mixtures where Maillard reactions can occur, e.g.
aqueous solutions of reducing sugars and free amino
acids, produced coloured powders (10), In addition,
MoORALES and vaN BOEKEL (7) reported that colouring
and brown compound formation in milk and milk prod-
ucts are accounted for mainly from the extent of Mail-
lard reactions.

Our experimental observations indicate that analysis
of bacterial cultures in the dairy and biotechnological in-
dustries al large may take advantage from a very simple
and rapidly implemented protocol; hence, it might rep-
resent a helpful tool towards development of a novel,
straightforward, shortcut method for monitoring the vi-
ability of freeze-dried samples during storage.
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