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Lactic acid bacteria (LABs) are Gram+, anaerobic or facultative anaerobic bacteria whose major
metabolite end product is lactic acid derived by homolactic fermentation. The aim of our study was
{0 describe the behavior of the different bacteria strains during the evolvement of the yoghurt by
various microbiological, physical and chemical methods. In this study, 15 different bacteria strains
(genus Lactobacillus) were analyzed, which had different probiotic properties. Fatty milk powder
s diluted until reaching the protein content with sterilized distilled water and inoculated with the
e-dried bacteria (starter incubation). The reconstituted milk product was inoculated with the
adtive bacteria culture and the formation of the yoghurt character was monitored for 20 hours at
JI°Cby rotational viscosimetry, pH measurement. The cell count was determined microscopically
dfter the starter incubation and at the end of the yoghurt cultivation. Results showed that the
properties of various strains are different.
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Introduction

Lactic acid bacteria (LABs) are non-
pathogenic, Gram+ bacteria with anaerob of
facultative anaerob metabolism. They require
specific nutritional environment and the end
product of their metabolism is lactic acid
(Slavchev et al., 2015). LABs are commonly
associated with the human gastrointestinal
tract (GIT), due to their beneficial effect on
digestion and physical condition (Remagnia
¢t al, 2013). The industrial importance of
LABs is given by their fermentation activity

and nutritionally advantage originating from
their probiotic activity. Probiotics have
numerous beneficial attributes in health such
as supporting the immune system, decreasing
risk of colon cancer, decrease the symptoms
of lactose intolerance and relieve irritable
bowel syndrome. The most important
property of probiotics is that they can survive
in the upper gastrointestinal tract despite the
low pH (Slavchev et al., 2017). The demand
for probiotic containing food has increased
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recently (Michael et al., 2015). Yoghurt is
known as the most popular carrier for
probiotic bacteria (Fazilah et al., 2018).

Yoghurt is produced from fresh whole or
skimmed milk which, is inoculated with
bacterial starter culture after pasteurization.
This  starter culture often contains
Streptococcus salivarus subspp.
thermophilus and Lactobacillus delbrueckii
subspp. bulgaricus (Falade et al., 2015). In
genus Lactobacillus the resistance for effect
of upper GIT is diverse. There are probiotic,
moderate and non-probiotic strains, therefore
the probiotic activity of youghurt mainly

Materials and methods

Yoghurt making process

In our study 15 different types of
Lactobacillus strains of bacteria was used for
the production of yoghurt. These strains can
be divided into three groups due to their
probiotic  activity:  non-probiotic  (N),
moderately probiotic (M) and probiotic (P).
Fatty milk powder was diluted until reaching
the protein content with sterilized distilled
water and inoculated with the freeze-dried
bacteria (starter incubation). This strain
suspension was cultivated for 20 hours at
37°C. The reconstituted milk product was
inoculated with the activated bacteria and the
following measurements were performed
during the formation of the yoghurt process
through 20 hours at 37 °C. The whole process
was repeated two times for each bacteria and
resulted in two yoghurt products from each
bacterial strain.

Microbiological cell count

Numbers of cells were counted after the
activation of bacteria and also at the end of
the formation of yoghurt by Breed Staining
Method with light microscope at 100 times
magnitude with immersion oil.

Measurement of pH
The pH measurement of forming yoghurt was
detected with Mettler Toledo Seven Multi pH
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depends on the strain given to the yoghus
(Slavchev et al., 2017). Besides other factos
like fermentation process, type of milk a
storage conditions, the formation of yoghut
structure is also, influenced by the type of
bacterial strain,. These factors also has &
effect on the reproduction of bacteria (Fazild
etal., 2018).
The aim of our study was to describe fl
behavior of the different bacteria strain
during the evolvement of the yoghurt b
various microbiological, physical an
chemical methods.

meter (Mettler Toledo, USA), in every fou
minutes through 20 hours and resulted in 3
pH values for each yoghurt product. The p
meter was calibrated between pH 4 and pH]
The pH values were plotted and the followin
parameters were determined from each curve
minimum and maximum value, inflexio
point. The measuring time of each determing
parameter was marked as well.

Rheological measurement

Haake RotoViscol (Thermo Scientif
Karsruhe, Germany) rotational viscometg
was applied to determine the shear stress g
the reconstituted milk product samples wi
activated bacteria. During the formation ¢
the yoghurt process each sample wa
measured through 20 hours at 37°C. Ea
measurement includes four stages. The stage
were as the follows: accelerated shes
velocity up to 100 1/s during 100s; mixinga
the maximum velocity during 100s; slowis
velocity from the maximum to zero durin
100s, mixing at mminimum velocity (1 1§
during 3300s. The dynamical viscosity wa
calculated from the ratio of shear stress a
shear velocity. Several parameters
determined from slow and fast stage of
viscosity curves. These paramteres were 4
the follows: first and second peak, maximu

.
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ad last values of the viscosity. The
measuring time of each determined parameter
was marked as well.

Optical density measurement

cal density measurement was performed
Ocean Optics ULTRA 2000+ LSI
trometer. The spectra were recorded
een 600-900 nm in every minute through
ours at 37°C. Curves were drawn with
ect to time and characteristic periods
¢ determined.

atistical evaluation of data

OVA was used to identify if there is any
ificant differences between the different
ups based on probiotic activity (non-
biotic, moderately probiotic and probiotic)
the case of pH, time and viscosity
cteristic parameters. Where ANOVA
cated significant difference, TukeyHSD
-hoe test (p<0.05) was used for detecting

Results

ults of the pH and rheological
asurements

growth rate was calculated from the ratio
e final and start cell number. Figure 1
the growth rate of different bacteria
ins in experiment 1 and 2. Difference was
md based on the probiotic degree.
rthermore, several differences were found
een the various bacteria strain within
type as well.
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¢ 1. Growth rate of the different bacteria strains

the significant differences between the
groups.

Multivariate statistical methods were applied
to evaluate the result of the pH and viscosity
measurements. Principal component analysis
(PCA) (Cowe & McNicol, 1985) was used to
describe the multidimensional patterns of the
measured and determined pH, time and
viscosity parameters.

Quantitative models were built using partial
least squares regression (PLSR) (Naes et al.,
2002) for the prediction of the start and final
cell numbers using the data of pH,
RotoViscol.

The quantitative models were validated using
Leave-one sample-out cross-validation and
the models were evaluated by comparing the
determination coefficients (R2) and root
mean square errors (RMSE) of calibration
and cross-validation.

The statistical analysis was performed with
R-Studio (v. R-Studio 1.1.414, 2018.).

Figure 2 shows the curves of the pH as a
factor of time in experiment 1.
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Figure 2. The pH change during of the different
bacteria strains in experiment |

The initial pH of each bacteria strain was very
similar and the final pH showed higher
standard deviation. The pH curves were
diverse according to the different strains.
Despite this variability each curve could be
divided into three sections, a slower decrease,
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followed by a fast decrease, and again a was determined for experiment 1 (Figure 3).
slower decrease section resulting in a Mean was calculated from the pH value of the

saturation curve. Difference was found samples by the different probiotic groups
between the time of non-probiotic and Decrease of pH inflexion point was found in
probiotic strains at same pH value. contrast to the increase in probiotics ability.

Inflexion point was calculated from each pH
curve, and the time point of inflexion point
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Figure 3. The pH and time in the inflexion points of pH in experiment 1 (left) and average of the experiment 1 (right)

Several specific points were determined on however weak similarity was found betwe
the recorded viscosity curves. These were the the same probiotics samples.
follows: 1st peak, maximum value and the The Figure 5 shows the most specifie
final viscosity at 19h in results of slow and parameters of the viscosity curves o
fast periods also, furthermore the 2nd peak in experiment 1. Difference was found between
the slow periods. The Figure 4 shows the the non-probiotic, moderate and probiofie
sample S4 from experiment 1. ability groups in the determined characterist
Each bacteria strain showed different parameters despite the variability detect
viscosity values at the selected points, within groups.
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Figure 4. Viscosity curve with the specific selected parameters (experiment 1, sample S4)
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Figure 5. The main selected viscosity parameters (1%, 2" peak and maximum value)
of the different bacteria strains at experiment 1

Results of ANOVA and TukeyHSD test of
the determined characteristic parameters

ANOVA and TukeyHSD

test

showed

significant  difference between the non-
probiotic and probiotic bacteria strains in case
of time slow peak 1, time slow peak 2, pH
slow max, time fast first peak, pH inf.

Table 1. TukeyHSD test results of the successful
selected parameters at experiment 1 (p < 0.05)

time - time H
slow e pH slow fast X P i
slow 2nd inflexion
1st = max 1st it
peak P peak p
N-M | <0.05 | <0.05 <0.1 <0.01 -
| M.P = 2 = = g
NP | <0.05 <0.05 - - <0.05

Results of the optical density measurement
Similarly, to results of pH the curve of optical
density measurement was diverse according
to the strain of bacteria. Despite this
variability characteristic time periods were
found in each curve: the first period was
around two hours, the second around 4-5
hours, and the third at around 8-10 hours.
Besides, after ten hours a decrease or an
increase was observed in optical densityin the
different strains. The chosen time periods can
be connected to pH curves also, the exact
relationship needs further analysis between
these parameters.
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Discussion

Different bacteria strains showed variable
behavior properties in each measured
parameter. According to the probiotic activity
some parameters showed  significant
difference mainly in time parameters. The pH
and optical density curves showed similar
properties for the individual strains therefore
these two parameters could have some
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