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Lactobacillus delbrueckii subsp. bulgaricus CIDCA 333 was dehydrated on desiccators
containing silica gel in the presence of 20% wiw of two types of galacto-
oligosaccharides (GOS Biotempo and GOS Cup Oligo H-70%) and lactulose, until no
changes in water desorption were detected. After rehydration, bacterial growth was moni-
tored at 37°C by determining: (a) the absorbance at 600 nm and (b) the near infrared
spectra (NIR). Principal component analysis (PCA) was then performed on the NIR spec-
tra of samples dehydrated in all conditions. A multiparametric flow cytometry assay was
carried out using carboxyfluorescein diacetate and propidium iodide probes to determine
the relative composition of damaged, viable, and dead bacteria throughout the growth
kinetics. The absorbance at 600 nm and the position of the second derivative band at
~1370 nm were plotted against the time of incubation. The efficiency of the protectants
was GOS Biotempo>GOS Cup Oligo H-70® > lactulose. The better protectant capacity
of GOS Biotempo was explained on the basis of the lower contribution of damaged cells
immediately after rehydration (t=0). PCA showed three groups along PCI, correspond-
ing to the lag, exponential and stationary phases of growth, which explained 99% of the
total variance. Along PC2, two groups were observed, corresponding to damaged or via-
ble cells. The results obtained support the use of NIR to monitor the recovery of desic-
cated microorganisms in real time and without the need of chemical reagents. The use
of GOS and lactulose as protectants in dehydration/rehydration processes was also sup-
ported. © 2014 American Institute of Chemical Engineers Biotechnol. Prog., 30:1231—
1238, 2014
Keywords: Lactobacillus delbrueckii subsp. bulgaricus, desiccation, galacto-oligosaccha-
rides, lactulose, near infrared spectroscopy, multiparametric flow cytometry, damage, viable

cells

Introduction

The importance of lactic acid bacteria in the elaboration
of dairy products underlines the necessity of an adequate
preservation. The decrease of water activity is responsible
for cell damage during preservation, and lipid membranes
are the first targets of dehydration injury. This loss of water
is responsible for both bacteria damage and loss of viability,
both of them finally delaying the fermentation processes.'”

Correspondence concerning this article should be addressed to Andrea
Gomez-Zavaglia at angoza@qui.uc.pt.

© 2014 American Institute of Chemical Engineers

Therefore, the use of protective compounds is crucial to
avoid damage during dehydration.3_8 In the last years certain
sugars, like galacto-oligosaccharides (GOS) and lactulose
have demonstrated good protective properties.’®

Two hypotheses were proposed to explain the protectant
capacity of sugars: vitrification and capacity to replace water
molecules.”' The vitrification hypothesis explains protection
mediated by sugars on the basis of their capacity to form
glassy states [sugars with high vitreous transition tempera-
tures (T,) are better protectants because they contribute to
maintain cells in a vitreous state at storage temperatures].”"'’
The water replacement hypothesis considers that sugars
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directly interact with the polar heads of lipids in the dried
state decreasing the membrane phase transition temperature
(Tyw)- Hence, membranes dehydrated in the presence of sug-
ars remain in the liquid crystalline phase as if they were
hydrated.”'® These hypotheses are not excluding. In contrast,
it has been reported that in several cases that vitrification is
a necessary but not sufficient condition for a good protec-
tion. This explains why polysaccharides with high T, (i.e.,
maltodextrines, starch) are not good protectants. Moreover,
some articles suggest that the conjoint use of high T, poly-
saccharides with small sugars having not so high T, but that
interact with membranes (i.e., glucose or sucrose) may be a
good protection strategy.‘t’9

The recovery of desiccated bacteria is an important issue
when evaluating the protective capacity of sugars. Therefore,
monitoring growth kinetics after rehydrating the dehydrated
microorganisms should ideally provide complete information
about the evolution of bacteria recovery. Lag, exponential
(log) and stationary phases of growth are characterized by
different biochemical reactions leading to the synthesis of
the cellular components required for bacteria growth and
division."" For example, the log phase is defined as a bal-
anced growth stage because the average composition of the
cells (i.e., protein and DNA) remains constant with bacterial
culture properties increasing at the same rate. When the sta-
tionary phase is reached, there is no longer a net increase in
number of viable bacterial cells and cellular metabolic activ-
ity is decreased, meaning that the growth rate is equal to
that of the death rate. During the transition between /og and
stationary phase, cellular components are synthesized at
unequal rates. For this reason, the biochemical composition
of cells in the stationary phase is different from that in the
log phase."" All these biochemical changes can be followed
in real time using spectroscopic methods.' 2

Methods based on vibrational spectroscopy, including near
infrared spectroscopy (NIR) are particularly useful because of
their feasibility for monitoring biological processes without
the necessity of exogenous chemical reagents, which saves
costs and time. In addition, the ease to interface spectroscopic
equipments to almost any computer converts NIR in a useful
technique for automatic control, quality assessment or process
optimization in real time.'*'* Spectral features in NIR pro-
vide a rich source of information arising from combinations
and overtones of the fundamental vibrations associated with
C-H, O-H, and N-H bonds. However, the interpretation of
the huge amount of information contained in the spectra
requires the use of chemometric methods. This enables a
dynamic monitoring of industrial processes in situ, in envi-
ronments consisting of complex chemical mixtures.'*'5"'7 In
this regard, NIR has been used to detect and monitor micro-
organisms in food-related applications.lg*3 !

Multiparametric flow cytometry (MFC) is a powerful tech-
nique that allows discrimination of microorganisms in differ-
ent physiological states. The combined use of
carboxyfluorescein diacetate (cFDA) and propidium iodide
(PI) probes enables discrimination of viable, dead, and dam-
aged cells.’? cFDA passively diffuses into cells and intracel-
lular esterases cleave its acetate groups to yield highly green
fluorescent carboxyfluorescein succinimidyl ester. The
charged red fluorescent dye PI labels DNA, but only pene-
trates bacterial cells with damaged membranes.>?

In this work, the role of lactulose and two types of GOS as

protectants against dehydration was evaluated. Lactobacillus
delbrueckii subsp. bulgaricus CIDCA 333 was dehydrated in
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desiccators containing silica gel until no changes in water
desorption were detected. Bacterial growth after rehydration
was followed using NIR and absorbance at 600 nm. Results
were interpreted using an integrated analysis including: (a)
MEFC and (b) principal component analysis of the NIR spectra.

Materials and Methods

Bacterial strains and growth conditions

Lactobacillus delbrueckii subsp. bulgaricus CIDCA 333
was isolated from a fermented product.33 The strain was
stored frozen in 120 g/L nonfat milk solids at —80°C. Cul-
tures were grown at 37°C in MRS broth.>*

GOS. Two types of GOS, containing mixtures of galac-
tose and glucose as monomers were studied: GOS Cup Oligo
H-70® (Kowa Company, Tokyo, Japan) kindly donated by
Kochi S.A. (Santiago, Chile) and GOS Biotempo, kindly
donated by Biocircle Road S.L. (Porto, Portugal). GOS Cup
Oligo H-70® contained GOS of different degree of polymer-
ization (DP) whose relative composition was: high-molecular
weight oligosaccharides (DP >5), 4%; tetrasaccharides (DP
4), 21%; trisaccharides (DP 3), 47%; disaccharides (DP2)
and lactose, 23%, and monosaccharides, including glucose
and galactose, 5%.” The relative composition of GOS Bio-
tempo was: pentasaccharides (DP5), 8%; tetrasaccharides
(DP4), 42% and trisaccharides (DP3), 47%.%

Lactulose (4-0O-B-p-galactopyranosyl-(1—4)-
B-p-fructofuranose)

Commercial lactulose, disaccharide resulting from isomeri-
zation of lactose, was utilized (Discovery fine chemicals,
Dorset, UK).

Drying over silica gel procedure

1 mL cultures in the stationary phase (grown overnight at
37°C in MRS broth, to attain ca. 10° CFU/mL) were har-
vested by centrifugation (10 min at 4000g). The pellets were
washed twice with 20% (w/w) solutions of GOS Cup Oligo
H-70®, GOS Biotempo and lactulose, previously sterilized
using 0.2 pm sterile filters, or with 0.85% (w/v) sodium
chloride (control).

The pellets were kept on the centrifuge tubes and dried
over desiccators containing silica gel, until no changes in
water desorption were detected as measured gravimetrically
(approximately 7 days).

Growth kinetics

Desiccated microorganisms were rehydrated for 15 min at
25°C in 1 mL of 0.85% (w/v) sodium chloride. The rehy-
drated microorganisms were inoculated in 10 mL of MRS
broth and incubated at 37°C. Growth kinetics were followed
by determining:

a. The absorbance at 600 nm every 60 min for each condi-
tion assayed.

b. The NIR spectra every 60 min. The spectra were collected
in situ in the 900-1700 nm spectral region. An Ocean
Optics spectrophotometer (model NIRQuest 512; Dunedin,
FL) equipped with a thermoelectrically cooled charge-
coupled device (CCD) in a linear array of 512 pixels (opti-
cal resolution: 2 nm; full width at half maximum (FWHM)
and signal:noise ratio equal to 15,000:1) (Dunedin, FL) was
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used. NIR absorption spectra were registered under a trans-
mission configuration, using two optic fibers of low OH
content (400 um of core diameter). One of them was used
to transmit the light towards the sample and the other one
(addressed to the detector), to collect the transmitted light.
The liquid sample was placed in a quartz cuvette located in
a holder connected to the optical fibers. The integration
time for collecting NIR spectra was set at 5 ms and for
each time of incubation, five spectra were registered. As
radiation source, a tungsten-Halogen lamp (model LS-1,
Ocean Optics Company) was used. The power output of the
lamp (vis/NIR range) was 6.5 W. SpectraSuiteT software
(Ocean Optics, Dunedin, FL) was used to register the exper-
imental spectra.

Data analysis

PCA was performed over the raw NIR spectra using the
Unscrambler® software (version 9.8, CAMO, Norway). The
spectra corresponding to the growth kinetics of bacteria
desiccated in all conditions (with GOS Biotempo, GOS Cup
Oligo H-70®, lactulose and without protectants) and those of
the controls were used for the analysis.

Flow cytometry analyses

MFC was used to determine viable, damaged and dead
microorganisms throughout each kinetic of growth. cFDA
and PI probes (Molecular Probes, Invitrogen SA, CA) were
used according to Raoult et al. (2007).>* For each assay,
1 mL of culture was harvested, washed twice and resus-
pended in 1 mL milli-Q water. The suspensions were incu-
bated with 1 ul. ¢cFDA (50 pg/uL) at 28°C in the dark for
10 min. Afterwards PI was added to a final concentration of
0.5 mg/mL and incubated at room temperature for 5 min.

Determinations were carried out with a FACS Calibur
instrument using the CellQuest software (Becton Dickinson,
Mountain View, CA) according to Raoult et al.’? For each
sample 10,000 events were collected, being the event rate
less than 300 events/s. All parameters were collected as log-
arithmic signals. FL1 channel (530 nm) was used to set the
green fluorescence of cFDA and FL3 channel (670), to set
the red fluorescence of PI. Mixtures of thermally dead cells
(80°C for 30 min) and freshly harvested cells were stained
with cFDA and PI both in double-staining assays. They were
used as controls to set the flow cytometer detectors and com-
pensation, to differentiate four regions: Q1 (dead bacteria):
PI+ and cFDA—; Q2 (membrane damaged bacteria): PI+
and cFDA+; Q3 (debris): PI— and cFDA—; and Q4 (viable
bacteria): PI— and cFDA+. The percentage of each popula-
tion was determined as [i/(Q1 + Q2 + Q4)]/100, where i is
Q1, Q2, or Q4. No fluorescent debris (Q3) was excluded.®

Reproducibility of results

Three sets of experiments performed using three different
cultures of microorganisms were carried out. In each set,
samples were prepared in duplicate. The relative differences
were reproducible independently of the set of cultures used.
Results obtained for duplicates were also reproducible.

Results

The plate counts of dehydrated Lactobacillus delbrueckii
subsp. bulgaricus CIDCA 333 immediately after rehydration
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Figure 1. Growth Kkinetics of Lactobacillus delbrueckii subsp.
bulgaricus CIDCA 333 dehydrated in the presence of
GOS Biotempo (opened up triangles), GOS Cup
Oligo-H70® (opened circles), and lactulose (opened
down triangles).

Controls: nondehydrated microorganisms (full black squares);
microorganisms dehydrated without sugar (full gray squares).
Kinetics was followed by determining absorbance at 600 nm.

(time of incubation equal to zero) were 2.00 X 10° CFU/
mL, 6.30 X 10* CFU/mL, and 2.00 X 10* CFU/mL for cells
desiccated with GOS Biotempo, GOS Cup Oligo H-70® and
lactulose, respectively. Microorganisms desiccated without
protective compounds dropped to less than 10* CFU/mL
after rehydration.

Figure 1 shows the kinetics of growth of microorganisms
desiccated in the presence of GOS Biotempo, GOS Cup
Oligo H-70° and lactulose, followed by absorbance at
600 nm. Microorganisms dehydrated in the absence of pro-
tectants were not able to grow after 30 h of incubation. The
efficiency of the protectants was GOS Biotempo > GOS Cup
Oligo H-70®>1actulose, as determined by the increase of
the lag time (15, 20, and 21 h, respectively).

The NIR spectra registered throughout all the kinetics of
growth are depicted in Figure 2 (raw spectra in Scripts I and
inverted second derivative spectra in Scripts II). The 1300—
1400 nm region was the most sensitive to the evolution of
growth kinetics. In particular, the inverted second derivative
band at ~1370 nm depicted a continuous shift to higher
wavenumbers for the control (Figure 2AIII). On the contrary,
no changes were observed for microorganisms dehydrated
without protectants, indicating a correlation between spectral
overlap and no growth of microorganisms (Figure 2BIII).
For microorganisms dehydrated with sugars, spectra regis-
tered at the beginning of the kinetics fully overlapped. At
intermediate times of incubation, the shift of the ~1370 nm
band was gradual, as that observed in the control. At the end
of the kinetics spectral changes were slighter (Figures 2A, C,
D, E, Scripts III).

Figure 3 shows more clearly the shift of the ~1370 nm
band along with the growth kinetics, fitting nicely the
kinetics of growth depicted in Figure 1 in the lag, log, and
early stationary phases. In the late stationary phase, a slight
shift of the analyzed band was observed. This shift was only
observed for the controls, which were the only cells that
attained the late stationary phase after 30 h of incubation
(see circled squares in Figure 3).

The evolution of viable, dead, and damaged cells through-
out the kinetics of growth followed a similar pattern in all
the conditions assayed (Figure 4). The relative contribution
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Figure 2. Growth kinetics of Lactobacillus delbrueckii subsp. bulgaricus CIDCA 333 followed by NIR.

Arrows indicate the beginning (time equal to zero) and the end (time equal to 30 h) of the growth kinetics. (A) Control (nondehydrated microorgan-
isms), (B) microorganisms dehydrated without protectant, (C) microorganisms dehydrated in the presence of GOS Biotempo, (D) microorganisms
dehydrated in the presence of GOS Cup Oligo H-70%, (E) microorganisms dehydrated in the presence of lactulose. Scripts I: normalized raw spectra;
Scripts II: normalized second derivative spectra (inverted spectra are shown); Script III: normalized second derivative spectra in the 1350-1400 nm

region (inverted spectra are shown).

of viable, damaged and dead cells in the /ag, log, and early
stationary phase of growth was mainly determined by the
contribution of viable and damaged cells, as that of dead
cells was around 10% (Figures 4A—D). The contribution of
dead cells was higher for microorganisms desiccated without
protectants (Figure 4E).

Immediately after rehydration (time equal to zero) cells
were mostly damaged. The repair of that damage, occurring
during the /ag phase, leaded to a continuous increase of viable
cells, which attained maximum values at the beginning of the
log phase (70-80% of viable cells in the log phase in all con-
ditions) (Figure 4). These values remained unchanged until

the early stationary phase. In the late stationary phase, dam-
aged and dead cells (that up to that moment remained around
10%) started increasing at expenses of viable cells. This
observation was particularly clear in the controls (Figure 4A),
the only cultures that attained the late stationary phase after
30 h of incubation. To obtain a full picture of the evolution
of viable, damaged and dead cells, MFC determinations were
followed until 46 h of incubation. This allowed us obtaining
information about viable, damaged, and dead cells in the late
stationary phase also for desiccated microorganisms.

The differential protectant capacity of GOS and lactulose
could also be observed from the MFC assays. Indeed, the
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Figure 3. Position of the inverted second derivative band at
~1370 nm as a function of the time of incubation.

Microorganisms dehydrated with GOS Biotempo (opened up
triangles), GOS Cup Oligo—H70® (opened circles), and lactu-
lose (opened down triangles). Controls: nondehydrated micro-
organisms (full black squares); microorganisms dehydrated
without sugar (full gray squares). Circled symbols correspond
to microorganisms in the late stationary phase.

percentage of damaged cells immediately after rehydration
(time equal to zero) was 44, 65, and 76% for cells desiccated
with GOS Biotempo, GOS Cup Oligo H-70®, and lactulose,
respectively (Figures 4B, C, D).

PCA was carried out over all the NIR spectra registered
throughout the five kinetics of growth (control, cells dehy-
drated with GOS Biotempo, GOS Cup Oligo H-70® and lac-
tulose, and without protectants). Figure 5 depicts the PC2
versus PC1 scores plot, where PC1 explains 99% of the total
variance. Three groups were observed along PC1 axis (Fig-
ure 5). One of them, containing a high amount of samples in
a quite restricted space along PC1 axis, corresponded to
microorganisms in the lag phase [opened circles (a) in Fig-
ure 5]. The second group was the most heterogeneous along
PCl-axis and corresponded to bacteria in the log phase
[opened triangles (b) in Figure 5]. The third group was
homogeneous along PC1 axis and contained samples in the
stationary phase [opened squares (c¢) in Figure 5]. The dash
line in the plot separates two groups along PC2 axis, corre-
sponding to situations where bacteria were mostly damaged
(d) or mostly viable (e). We will come back to this issue in
the “Discussion”.

Discussion

The use of prebiotics like GOS and lactulose as protective
compounds is very recent.”*3”** Therefore, for the interpre-
tation of their protectant capacity, several physical chemical
aspects need to be analyzed.

When investigating the efficiency of a given compound as
protectant against desiccation, the recovery of cells after
rehydration is an important issue that cannot be underesti-
mated. For this reason, growth kinetics carried out on desic-
cated microorganisms are useful to analyze the evolution of
this recovery. In this regard, NIR spectroscopy provided rich
information about bacterial recovery after dehydration—rehy-
dration (Figures 2, 3, 5). PCA allowed not only the discrimi-
nation of microorganisms in different phases of growth, but
also the discrimination related with bacterial damage. The
high percentage of variance explained in PC1 axis (99%)
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indicated the accuracy of NIR to discriminate microorgan-
isms in different phases of growth (Figure 5). In particular,
the high density of the cluster corresponding to microorgan-
isms in the lag phase indicated the extremely low variability
of bacteria spectra in this phase of growth (Figures 2 and 5).
The high overlapping of spectra corresponding to microor-
ganisms dehydrated without protectants (that did not leave
the lag phase after 30 h of incubation) is very graphic in this
respect (Figure 2BI). Microorganisms in the stationary phase
of growth also grouped in a dense cluster along PC1 axis,
correlating the moderately low variability of spectra in this
phase (Figure 5, group ¢). On the contrary, the higher vari-
ability of spectra corresponding to microorganisms in the
exponential phase gave a heterogeneous group along PCl
axis (Figure 5, group b).

On the other hand, two groups were observed along PC2
axis, that could be ascribed to damaged (or dead) and viable
cells (Figure 5, groups d and e). The analysis of MFC sup-
ported this interpretation (Figure 4). In the /og phase micro-
organisms were mostly viable (70-80%). This explains that
the heterogeneous group along PC1 axis was very homoge-
neous along PC2 axis (Figure 5). On the other hand, dam-
aged cells predominated in the lag phase (Figure 4). This
explains that cells in this phase of growth belonged to the
damaged group along PC2 axis (Figure 5, groups b and e).
Regarding microorganisms in the stationary phase, part of
them grouped with the damaged cells and part of them with
the viable ones. The co-existence of viable and damaged
cells (mostly viable in the early stationary phase, with an
increase in damaged cells in the late stationary phase)
explains this observation (Figures 4 and 5c, d, e). It is
important to point out that the slight shift of the second
derivative band at ~1370 nm in the late stationary phase of
growth (circled squares in Figure 3), where damaged and
dead cells start increasing (Figure 4A) was a further indica-
tion of the physiological information provided by NIR spec-
troscopy. All these observations reinforce the usefulness of
NIR to easily obtain physiological information in real time
without the need of exogenous reagents.

The information provided by MFC assays also explained
the different protectant capacity of both GOS and lactulose.
If considered that once attained the /og phase, bacteria are
mostly viable (about 70-80% in all cases, including controls)
and that it is during the /ag phase when microorganisms
repair their damage (damaged cells decreased during this
phase of growth in all conditions) (Figure 4), one can logi-
cally conclude that the length of the lag phase was deter-
mined by the decrease of damaged cells during the lag
phase. This decrease is conditioned by the percentage of
damaged cells immediately after rehydration (time equal to
zero). Hence, the lower the percentage of damaged cells
after rehydration, the lower the time required to repair them.
In this regard, after rehydrating microorganisms desiccated
with GOS Biotempo, GOS Cup Oligo H-70” and lactulose,
the percentage of damage was 44, 65, and 76%, respectively
(Figures 4B, C, D). This supports the greater protectant
capacity of GOS Biotempo (shorter lag time) (Figures 1, 3,
and 4). The short lag time observed for the controls (con-
taining 20% of damaged cells at time equal to 0) gives fur-
ther support to this observation.

The higher T, of GOS Biotempo with regard to GOS Cup
Oligo H-70® and lactulose can explain their greater protect-
ant capacity on the light of the vitrification hypothesis of
preservation.”® The different composition of GOS Biotempo
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Figure 4. Evolution of viable, damaged, and dead microorganisms throughout the kinetics of growth.

(A) Control (nondehydrated microorganisms), (B) microorganisms dehydrated with GOS Biotempo, (C) microorganisms dehydrated with GOS Cup
Oligo H-70%; (D) microorganisms dehydrated with lactulose, (E) microorganisms dehydrated without protectant; full squares, opened triangles and
opened circles denote viable, damaged and dead microorganisms, respectively.

and GOS Cup Oligo H-70® provides further information for
the interpretation of their protectant mechanisms. GOS Bio-
tempo were obtained after removing mono and disaccharides
from the whole mixtures of oligosaccharides, whereas GOS
Cup Oligo H-70® not.*> This results in: (a) a higher content
of DP3 and DP4 in GOS Biotempo and (b) the presence of
mono and dissaccharides in GOS Cup Oligo H-70®. Consid-
ering the water replacement hypothesis of preservation, one
can conjecture that the higher content of larger oligosaccha-
rides (DP3 and DP4) allows a stronger interaction with polar
head groups.” Considering that vitrification is necessary but
not sufficient to explain protection, this explanation seems to
be plausible.

In this regard, Crowe et al.’? reported that the effect of
sugars on depressing T}, can be determined by their size. In
fact, raffinose is more effective than trehalose and this sugar,
more effective than glucose in decreasing T, of dipalmitoyl
phosphatidylcholine (DPPC) membranes.” Hincha et al.*

carried out a systematic study on the stabilization of egg
phosphatidylcholine (EPC) membranes by the raffinose fam-
ily of sugars, including sucrose (DP2), raffinose (DP3), sta-
chyose (DP4), and verbascose (DP5). They found that these
sugars prevent fusion and leakage of EPC liposomes progres-
sively better with increasing the DP. This stabilization was
explained on the basis of the greater capacity of higher DP
sugars to interact with lipid membranes (depressing T,), and
also to their higher Tg.39

In GOS Cup Oligo H-70®, the presence of mono and
disaccharides, together with oligosaccharides of greater DP,
has also a vitrification effect, although lower than in GOS
Biotempo.g’ss’38 Moreover, mono and disaccharides interact
with membranes in a lesser extent than DP3.° Cells dehy-
drated with lactulose were the most damaged after rehydra-
tion (76%; Figure 4). Lactulose is mainly known as
prebiotic, and their physical chemical properties have never
been addressed. According to the present results, the lower
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Figure 5. Scores plot from the PCA carried out on the NIR
spectra of Lactobacillus delbrueckii subsp. bulgaricus
CIDCA 333 in different phases of growth.

The spectra registered throughout all the kinetics of growth
(controls and microorganisms dehydrated with the three sugars
and without protectants) were considered for the analysis.
Circles denote microorganisms in the lag phase, triangles,
microorganisms in the /og phase and squares, microorganisms in
the stationary phase. Letters @, b and ¢ denote microorganisms
in the lag, log and stationary phase of grow, respectively; letters
¢ and d, denote viable and damaged cells, respectively. The
dash line separates groups ¢ and d (viable and damaged cells,
respectively).

protective capacity could be explained on the basis of a
lower vitrification capacity,*® but further studies are neces-
sary to assess the interaction of lactulose with lipid
membranes.

Conclusions

The impact of the obtained results can be considered from
two main perspectives: (a) the usefulness of NIR to provide
complete information about bacterial physiology during
growth kinetics, (b) the efficiency of GOS, and lactulose as
bacterial protectants during dehydration.

The repair of bacterial damage resulting from dehydration
is critical for starter fermentation. Registration of NIR spec-
tra is as simple as turbidimetric determinations, but has the
enormous advantage of providing information about the
physiological state of cells. In this sense, the possibility of
following the evolution of viable cells in a quick and nonin-
vasive way strongly supports the use of NIR for monitoring
starter fermentation at an industrial level.

The protectant capacity of prebiotics like GOS and lactu-
lose during freeze drying has been addressed for the first
time in the last years.7’8’37’38 In this work, we provided an
insight on their protection capacity against dehydration. The
greater contribution of DP3 and DP4 in the composition of
GOS Biotempo can explain their better protectant capacity
on the basis of the vitrification hypothesis of preservation.
When considering previous works carried out on related oli-
gosaccharides, an interaction with polar head lipid mem-
branes cannot be discharged, thus reinforcing the protectant
capacity of GOS Biotempo.”*’
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