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Abstract. The influence of lactose addition on iligbof yeast Saccharomyces cerevisiae
dried using freeze-drying and microwave-vacuum rdgyinethods was investigated. Lactose was
co-immobilized with yeast suspension in Ca-alginatgrix in the form of beads and than dried.
It was found that addition of sugar can improvebiligy of cells during freeze-drying but not during
microwave-vacuum drying.
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INTRODUCTION

Various techniques are used for the dehydrating of thermmlaiblogical
materials, starting with separation as a result offiltn and centrifugal separa-
tion of suspensions, ending with complicated drying methodquadi land solid
states in which the movement of moisture is evoked by temperatyressure
gradients.

Lyophilization is the method most often used in biotechnology (Bednarsk
1990). The application of reduced pressure allows to evaporat®imeafcell at
room temperature; the biomaterial being dried retainstitscture and porosity,
and after rehydration, a high degree of the enzymes is reté@erditti et al.
2000). That method is used to fix proteins and enzymes and vidldlencthe
collection of microorganisms (Bekataret al. 2001). An obstacle in using ly-
ophilization for the fixation of industrial micro-organismsstfll high cost of the
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system to be used for the freeze-drying and the need to matdhyihg process
parameters to the strain being dried, this being associatetheigerformance of
a thorough analysis of physicochemical, morphological and biotechoalog
properties during the drying and storage.

A drying method referred to as guaranteeing a high consenaparity of
thermolabile compounds is drying at microwave heating (Piotrogtski. 2005).
A characteristic feature distinguishing this drying methmainf other methods is
that the temperature inside the material can be higher thre @urface, whilst
the moisture from the material interior flows in the directoéthe surface due to
thermal diffusion. A method to remove the water collecting dveisample is the
use of vacuum in the drying chamber as a result of which the $lea moves
towards the condenser and the pump on the basis of pressurentidleBasing
on the positive results of experiments in drying medicines andtaldge and
pharmaceutical herbs containing very unstable aromatic compoDnoiszéset
al. 1996, Loughlinet al. 2002, Szaryczt al. 2002, Baillonet al. 1996), a pre-
sumption may be raised about potential for the application of thigdnyethod
for the preservation of micro-organisms.

During the dehydration process the original fixed status of the celliisgedt,
and while striving for reducing the moisture contents to alleshere both the
organism and the environment are in a thermodynamic balance, teensgs
introduced into a new fixed status (Chmiel 1998). The organism theefee,
biologically active water, and the bound water remains therein, having the form of
polar group areolas constituting a skeleton of the protoplasningthe bound
water, substances found in water spaces of the gel stratineot diluted and
this is one of the reasons for the stoppage of biochemicafdranations. The
transformation of protoplasm proteins from hydrosol into hydrogelgrpssing
during the rehydration of the cell, leads to a stoppage of vitatituns of the
systems, to a degree that is dependent on the amount of watea éKatir1 998).
In the new fixed status — anabiosis, all the vital processéamaerno a minimum
degree, and in the event of occurrence of proper conditions theisitgteéses to
a normal level (Nicklinet al. 2004). In reality, the anabiosis produces, within
a part of population, a lethal effect the reason of which Imeayamong others, the
infringement of the cell membrane (destruction, deformatioth@idenaturation
of cell protein (Bayroclet al 1997). An advantageous effect of the improvement
in the survival rate of the biomass being fixed can be olgtaisang an additive
of membrane-active adjustment factors such as: trehalateséda sucrose, glu-
cose, hydrocolloids, honey, whey or skim milk (Abadtasal 2001) or the im-
mobilization of cells on a porous carrier (Turktal 1998).
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The aim of this paper was to determine the impact of anialdit lactose on
the physiological condition of yeast cells being immobilizedaltiom alginate
during the freeze and microwave-vacuum drying processes.

MATERIAL AND METHODS

YeastSaccharomyces cerevisi&ca./14, purchased from the Collection of
Industrial Micro-organisms of the Institute of AgriculturadaFood Biotechnol-
ogy in Warsaw was use&accharomyces cerevisiagas grown in 300 ml shake
flasks containing 100 ml pre-culture medium containing 0.3% ye#stcg 0.3%
malt extract, 0.5% peptone and 1.0% glucose. The medium was ddjoigél
5.0 and sterilized at 12@ for 20 min. The pre-culture was cultivated at@Gor
24 h. Exponential phase cells (more than 1%c&ll mi*) were harvested by cen-
trifugation (3000rpm, 5min) and washed twice with sterile déstilvater (Isono
et al 1995).

A mixture of 3% alginate gel (with a 2% additive of lactosevithout addi-
tive) and a standardized inoculum was instilled to 0.2 M of sodhloride solu-
tion. The microencapsulating was made using a multi-needirgeyat room
temperature while stirring the chloride with a magnetiicest Yeast concentra-
tion in the mixture was O.OJDg)oml'l.

The freeze-drying was conducted in a drier type OES 950 (Krankkatval
2000), distributing the filtered-off alginate-yeast beads on stgrdteel trays and
using the freezing down to —4D and afterwards, the ice sublimation at the tem-
perature of the heat plate at a level diG3@nd a pressure of 100 Pa.

The microwave-vacuum drying was performed in a drier type28M(Sza-
rycz et al 2002), using variable pressure within a range between theupeesf
pa= 6 kPa, at which the vacuum pump was turned on grdkPa, at which the
pump was turned off. The microwave power was set at the level of 360W.

Rehydration of dried material was carried out in sterilélieid water at 36C
for 30 min. Micro-beads were than dissolved in 0.2M Na-citratdakes flasks,
after which the entrapped cells were sampled.

The survival rate of yeast was assessed basing on thesiana the physio-
logical condition of cells as seen in the microscope preparatiendfeing with
methylene blue (dead cells are dyed blue) (Nedetval 2001) in relation to the
number of live cells before the drying process.

The water activity (meter type KMAW 7 made by COBRABE)d moisture
contents (per PN-73/A-79005) were determined. The determinationslomeeat
10-minute intervals for the microwave-vacuum drying and at GQ#aiintervals
for sublimation drying.
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RESULTS
Freeze-drying

The viability of yeast populations being lyophilised, in the fiomcbf water
activity and moisture contents, is presented in Figures 1 and 2.
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Fig. 1. Viability of yeastSaccharomyces cerevisifreeze-dried without addition of lactose (a) and
with lactose (b) as a function of water activity
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Fig. 2. Viability of yeastSaccharomyces cerevisifieeze-dried without addition of lactose (a) and
with lactose (b) as a function of water content

In all the samples under study the existence of a critidabvaf the water
activity was found (0.762 in the samples without lactose and 0.716@ samples
with lactose), upon reaching which the survival rate of yeali$ was dynami-
cally reduced, however, the lethal effect noticed was mowerl in the samples
with lactose than in those without lactose. Besides, it wasssible to post-dry
the samples that contained lactose to a water activityrldwas 0.346, which
ensured the maintenance of the cell activity at a levdb@d%, whereas the final
water activity in the samples without lactose amountd®l@@4, and the survival
rate to 19%.
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The nature of variations in the viability of cells in tlhadtion of the material
water contents was congenial in samples with atigbwi lactose, and it was found
that the dehydration of alginate-yeast beads fatbiwo-stage-wise. A change in
the process course from rectilinear in the first drying penadthe exponential in
the second drying period followed at the moisture contents amouatif@fb for
samples without lactose and 64% for samples with lactose. Lyzaib#i obtained
were characterized by similar final moisture contents betviability of cells
dried with an additive of lactose was higher than for those drigdut an addi-
tive of sugar.

The determination of the cell dying dynamics during the lyophilization process
of alginate-yeast globules allows presuming that in ordezaotr some limit val-
ues for the water activity and moisture contents therevieltl the dehydration
process mainly of calcium alginate while a high survivéd @& cells was main-
tained. A drop in the viability of yeast being dried, as noticaldeasecond stage,
can bear testimony to the intensification of the removal of @® fnore strongly
condensed cell solutions.

The aforementioned test results bear evidence to the ingpabe lactose
presence on the physiological status of yeast cells ¢alj¢o the dehydration
process by the freeze-drying method. The survival rate of oahsobilized
within calcium alginate with an additive of lactose was 30%dtighan in sam-
ples without lactose.

Microwave-vacuum drying

The survival rate of yeast immobilized in calcium alginatehe beginning
stage of the microwave-vacuum drying was gradually detegibidéspite the fact
that the water activity was maintained at a constardl lef/a,, = 0.90 (Fig. 3.).
This phenomenon resulted probably from the seamless tempedigtriieution
within the whole volume of the material being dried, and conselguesimulta-
neous dehydration of alginate and yeast cells. The watesrpriesbeads perma-
nently showed a high activity but a part of already dehydrated welte dam-
aged. The lethal effect was intensified in the presence of lactose.

The variation dynamics of water activity for the dryinggess of biomaterial
without lactose were higher than for samples with lactelsiEh hindered the
maintenance of a high survival rate of cells. The final watdivity of samples
dried with lactose was considerably higher, on the other hanghtfsological
condition upon completion of the drying process was worse than foples
without additional sugar.



VIABILITY OF YEAST SACCHAROMYCES CEREVISIBRIED 177

a) 1
0.8
0.6

0.4 -

Water activity (-)

0.2 -

0 20 40 60 80 100
Viability (%)

b) 1

0.8

0.6

0.4

Water activity (-)

0.2 1

0 20 40 60 80 100
Viability (%)

Fig. 3. Viability of yeast Saccharomyces cerevisiakiring microwave-vacuum drying without
addition of lactose (a) and with lactose (b) asrecfion of water activity

A dynamic drop in the moisture contents of theamal being dried, both con-
taining lactose and without lactose, followed umtdisture content at a level of ca.
20% was reached (Fig. 4.). A minor change in the moistuneets of beads below
that level produced a considerable lowering ofsihival rate of cells.
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Fig. 4. Viability of yeastSaccharomyces cerevisiakiring microwave-vacuum drying without
addition of lactose (a) and with lactose (b) asrecfion of water content

DISCUSSION

The application of lactose as an osmoprotective compound in sublimation

drying of yeastSaccharomyces cerevisiagsulted in an improvement of its sur-
vival rate. The precise mechanism of the participation o&rsug the mainte-
nance of the integrity of biomaterials being dehydrated has ot fadly ex-
plained, however, two hypotheses were set. According to the firssogars are
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combined during the rehydration process with proteins and, by replaeitey w
particles, they maintain the protein structure, not allowing tier denaturation
process to follow (Saleki-Gerhardt al 1995). Basing on that theory, a conclu-
sion can be drawn that the majority of mono-, di- and trisacclsaciale be used
for the protection of sensitive materials against the hegaffects of the drying
process. However, it has been demonstrated in practicththaffect of the bio-
materials stability improvement (enzymes, liposomes, medieinésnicroorgan-
isms) dried with various carbohydrates is differentiated. Aerrative point of
view, related to the positive impact of sugars on labile bicéd@nd biochemical
systems (hypothesis humber two), is based on the sugars tendegetyttans-
formed into an amorphous vitreous state. The stable formae$ gh itself stabi-
lizes to a sufficient degree the biomaterial being dried. phé&omenon is based
on the potential for the appearance of sugars in the foriicky glass or, alter-
natively, in the form of a more fluid rubber — an oversaturatdatien having
a viscoelastic consistency (rubber state). A change fromaouis to fluid state
follows at a temperature specific for each material @pon reducing that value,
the migration of water steam particles from small padic¢te large particles is
stopped, and the remaining intercrystalline solution achievesimuona concen-
tration of soluble substances and shows the features of aplaousrmaterial.
A further temperature reduction leads to over-cooling of the condégeatand
a rapid growth in its viscosity. A structure similar fass is formed between ice
crystals (vitrification) (Sladet al 1995). The testing performed seems to confirm
the protective functions of lactose during the sublimation drghgeastSac-
charomyces cerevisiae

On the other hand, an additive of lactose caused a reduction surtheal
rate of cells of yeasbaccharomyces cerevisidéed using a microwave-vacuum
method. A probable cause was the fact that in systems iwshigars and pro-
teins appear (majority of biological systems), a chemigattion between those
substances follows spontaneously (Maillard’s reaction), this beiegsan for the
loss of a part of proteins (mainly L-lysines, glycins and alblyiftom the total
pool of dehydrated material (Bueed al. 1995). The lactose presence produced
a rise in the intensity of the Maillard’s reaction occurre@dso of the hydrolysis
and the burning of sugars.

CONCLUSIONS

1. An addition of lactose causes improvement of viability of Zeedried
yeastSaccharomyces cerevisiimmobilized in Ca-alginate, however, the final
water activity is relatively high, which can have a negainfluence on its stor-
age stability.
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2. Viability of immobilized yeast dried using microwave-vacuuntimoe in
the presence of lactose was lower than that of yeast diiedutvthe addition of
potential protectant.
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ZYWOTNOSC DROZDZY SACCHAROMYCES CEREVISIAE
ODWADNIANYCH W OBECNGCSCI LAKTOZY
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Streszczenie. Badano wptyw laktozy hyavotnas¢ drazdzy Saccharomyces cerevisiaa-
szonych sublimacyjnie i mikrofalowo-pndiowo. Laktoz dodawano do zawiesiny dmzy, mie-
szanire unieruchamiano w matrycy alginianu wapnia w pdaskatek, a nasfpnie poddawano su-
szeniu. Stwierdzonage dodatek cukru poprawigwotnasci komdrek suszonych w stanie zadeeo
nia, natomiast w przypadku suszenia mikrofalowazpidwego powoduje pogorszenie pryeal-
naosci populacji.

Stowa kluczowe: suszenie sublimacyjne, suszenieofallbwo-pré&niowe, laktoza, dralze



