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METHODOLOGY
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Study in conditions in vitro of eight Lactobacillus strains procured from culture repositories for their
probiotic potential and extracellular tannase activity was the aim of the research. Based upon acid, bile
salt tolerance and antibiotic resistance L. plantarum MTCC 2621 with high tannase activity was selected
for production studies. Optimization of nutrient medium in 3 L bioreactor was optimized by Surface
Response Methodology based on the Full Factorial Central Composite Design. A factorial design 2% aug-
mented by 6 axial points (0. = 1.68) and six replicates at the center point was implemented in 20 experi-
ments. The optimized conditions were found to be pH 5.69, contain of lactose 128.58 g/1, peptone 8 g/1.
A tenfold increase in the biomass production was observed using the optimized nutrient medium in bio-

reactor as compared to initial MRS medium.

Key words: Lactobacillus, optimization of medium, probiotic, response surface methodology.

Probiotics, according to conclusion of
FAO/WHO joint commission, are «live micro-
organisms which when administered in ade-
quate amount confer a health benefit on the
host» [1]. Commonly as probiotics are used the
heterogeneous group of lactic acid bacteria,
such as lactobacilli, enterococci and bifido-
bacteria. Also, selected strains must survive
in the extreme low pH of stomach and in the
presence of bile salt which is to be encountered
in the intestine. Lactobacillus is generally con-
sidered to be safe as they are the normal in-
habitants in human and animal intestine and
has long been used for its health benefits [2].
Some of the beneficial effects of Lactobacil-
lus reported are increase immune response [3,
4], reduce antibiotic associated diarrhea [5, 6]
and also decrease in irritable bowel syndrome
[7-10].

Catechins (gallotannins and elligitannins)
and other simple tannins (tannic acid) present
in green, black tea and wine are known to have
strong antioxidant properties [11]. Accumu-
lating evidence indicates that they have the
ability to suppress carcinogens through detoxi-
fication of various oxygen-free radicals gene-
rated in the body [12]. Enzyme acylhydrolase
(EC. 3.1.1.20) popularly known as tannase,
hydrolyses tannic acid completely to gallic acid
and glucose [13]. Several reports are available
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on the production of tannase which hydroly-
ses gallotannins and elligitannins [14]. The
product of enzymatic tannin hydrolysis, gallic
acid has antifungal and antiviral properties.
Gallic acid acts as an antioxidant and helps to
protect human cells against oxidative damage.
Several strains of Lactobacillus among bac-
teria are known to produce tannase. The pre-
sence of Lactobacilli with tannase activity in
the human alimentary tract may thus have a
significant effect on the medicinal properties
of tannins [15]. The aims of recent study were
the screening a probiotic Lactobacillus strain
with high tannase activity and design a nutri-
ent medium for it to achieve higher biomass
production.

Materials and Methods

Bacterial strains and culture conditions.
Lactobacillus strains, such as L. acidophilus
2902, L. acidophilus 2903, L. brevis 2436,
L. casei 2586, L. helveticus 2733, L. lactis 2368
and L. plantarum 2912 obtained from National
Collection of Industrially Important Microor-
ganisms (Pune, India) and L. plantarum 2621
from Microbial Type Culture Collection (Chan-
digarh, India) were used. Frozen stock cultures
were transferred to MRS broth (Man-Rogosa-
Sharpe, Himedia) and incubated at 35 °C for
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24 h and three successive transfers were car-
ried out. The cultures were maintained in MRS
agar plates and slants at 4 °C and were sub-
cultured every 30 days. For routine analysis,
Lactobacillus strains were subcultured in MRS
agar every 48 h.

Extracellular tannase activity. Overnight
grown Lactobacillus culture broth were trans-
ferred to MRS broth containing 0.2% gallic
acid and incubated at 35 °C in a rotary shaker
at 150 rpm for 24 h. 1 ml of the culture broth
was centrifuged at 8000 rpm for 15 min. To
0.1 ml of supernatant 1ml of 0.3 mM tannic
acidin 0.1 M citrate buffer (pH 3.5) was added.
After 30 min incubation at 30 °C the reaction
was stopped by adding 0.2 ml HCI (2 N). In the
control, 0.2 ml of 2 N HCI was added to 0.1 ml
of supernatant. After 30 min incubation 1ml of
0.3 mM tannic acid in 0.1 M citrate buffer was
added. In the blank 0.1ml of 0.1 M citrate buf-
fer was added to 1ml of 0.3 mM tannic acid in
0.1 M citrate buffer. After 30 min incubation
0.2 ml of 2 N HCI was added. The quantity of
gallic acid released during hydrolysis of tannic
acid represents the extracellular tannase ac-
tivity. Gallic acid was measured with the rho-
danine reaction. To 200 ul of standard sample,
300ul of rhodanine solution (0.667% in metha-
nol) was added and the mixture is vortexed.
After exactly 5 min, 4.5 ml of aqueous KOH
(0.5 M) solution was added and after 20 min in-
cubation, the absorbance was read at 520 nm.
AA = Absorbance (Test — Blank) — Absor-
bance (Control — Blank). One unit (U) of tan-
nase activity is defined as 1 pM of gallic acid
released per minute in the assay conditions.

Acid and bile salt tolerance assay. For the
acid tolerance, 1ml of overnight grown cul-
tures in sterile MRS broth incubated at 35 °C
was inoculated in 9 ml of sterile phosphate-
buffered saline (PBS) adjusted to pH 2.5 with
2 N HCI and then incubated at 35 °C for 3 h.
Bacterial culture inoculated in PBS adjusted
to pH 7 was used as a control. After 0" h and
34 h cells were serially diluted 7 fold in sterile
PBS solution and the number of viable bacte-
ria was determined on an MRS agar plate. The
survival rate was calculated as log values of
colony forming units per ml (CFU / ml).

For the bile salt tolerance, 1ml of overnight
grown cultures incubated at 35 °C were trans-
ferred into 9 ml sterile MRS broth containing
1% and 2% bile salt (Himedia, India) and then
incubated at 35 °C for 24 h. Bacterial cultures
grown in sterile MRS broth without bile salt
were used as control. After 24 h incubation
cells were serially diluted 7 fold in sterile PBS
solution and the number of viable bacteria was

determined on an MRS agar plate. The survi-
val rate was calculated as log values of CFU/ml.

Antibiotic resistance. Antibiotic resistance
was examined by disk diffusion method [16].
Lactobacillus strains were grown in sterile
MRS broth at 35 °C for 24 h. The suspensions
were swabbed on MRS agar plates. Antibiotic
discs (Himedia, India) — ampicillin 25 pg,
chloramphenicol 25png, erythromycin 15 g,
kanamycin 30 nug and tetracycline 30 nug were
placed on the MRS agar plates and incubated at
35 °C for 48 h. The inhibition zone around the
antibiotic disk was measured.

Optimization of medium for biomass pro-
duction in bioreactor. The batch fermentations
were carried out in situ in a 3 L sterilizable
stirred bioreactor (Scigenics, India) equipped
by dissolved oxygen- (DO) and pH-probes
(Mettler Toledo). The DO- and pH-probes were
calibrated using standard procedure before
launching every batch. The trials were con-
ducted under the following conditions: me-
dium volume 1.6 L, inoculum volume 10%,
temperature 35 °C. Aeration and agitation
was controlled to keep dissolved oxygen levels
above 20% of saturation all the time. pH was
maintained by adding appropriate amount of
2 N HCI and 2 N NaOH and temperature was
maintained at 35 °C by circulating hot/cold
water through the jacket during the fermenta-
tion. Sampling was done aseptically for every
1 h interval for analysis. Polypropyleneglycol
in concentration of 0.2% was used as the an-
tifoam. 24 h old inoculum developed in MRS
broth in shake-flasks was used for the study.

Response surface methodology using cen-
tral composite design was applied to model
the biomass production. The design was based
upon the model provided by software Design-
Expert (Stat-Ease Inc, Minneapolis, USA).
With either a spherical design or a rotatable
one, we need number of replicate centre points
(points at the origin) to obtain good prediction
variance stability. It has been found out that
the variance stability will be high when large
number of experiments is conducted at centre
point. So, actual factorial design 22 was aug-
mented by 6 axial points with a = 1.68 (o is
the distance between the «star points» and the
centre of the design space. For a full factorial
design (2%), the formula is o = (2%)!/ and six
replicates at the center point and was imple-
mented in 20 experiments 23 (8 trials) plus 6
trials at axial points plus 6 replicate trials at
centre points are equal 20 trials. Five levels
of variation were selected for each variable
shown in Table 1.
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Table 1. Experimental design

Coded values Actual values
(2) Lactose (g/1) | Peptone (g/1) | pH
-1.68 52.73 5.27 4.39
-1 80 8 4.8
0 120 12 5.4
1 160 16 6
1.68 187.27 18.73 6.41

Preliminary experiments were carried out
in 250 ml shaker flasks to determine the indi-
vidual effectsand properranges of independent
variables using one-factor-at-a-time approach.
Lactose concentration, peptone concentra-
tion and pH were found to affect the biomass
productivity in shaker flasks (in present pa-
per data not shown). Accordingly, these three
variables were chosen for bioreactor experi-
ments. Cultivations were carried out with me-
dium containing 0.2 g/1 MgS0O, - 7H,0,0.04g/1
MnSO, - H,0; 5 g/1 yeast extract with lactose
and peptone g/l being the independent vari-
ables.

The independent variables will be coded as Z:

Z=(X—Xp)/AX 1),

were X — corresponding natural value; X, —
natural value in the centre of domain; AX —
increment of X corresponding to one unit of Z.
Second order model of response surface was
used to calculate the predicted response (Y):

Y=Bo+ZBX;+ZPB; X +2 BXiX;  (2),

where Y — response variable; 3, — intercep-
tion coefficient; p; — coefficient of the linear
effect; B;; — the coefficient of quadratic effect
and B;; — the coefficient of interaction effect.
The responses for each run were subjected to
multiple non-linear regressions to obtain the
coefficients of the polynomial equation. F-test
was employed to evaluate the statistical sig-
nificance of the quadratic polynomial model
and the quality of the fit of the model was ex-
pressed by the coefficient of determination of
correlation R2. The significance of regression
coefficient was tested by t-test. The level of
significance was given as values less than 0.05.
Three-dimensional surface plots were drawn
to illustrate the main and interactive effects
of the significant variables on dry cell weight.
The global optimum levels of the selected vari-
ables were obtained by solving the regression
equation and by desirability charts. Experi-
mental validation of the predicted model was
also performed.
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Biomass measurement. Biomass was deter-
mined by drying the pellet obtained by centri-
fuging 1ml of fermentation broth at 8000 rpm
at 4 °C for 12 min. The pellets were dried at
80 °C to constant weight prior weighing. Dry
cell weights (DCW) were correlated with opti-
cal density measurements at 600 nm in UV-VIS
spectrophotometer (LABOMED Inc.) to obtain
a calibration of ODgy, vs DCW. OD readings
were subsequently used to determine DCW.

Results and Discussion

Extracellular tannase activity. After 48 h
of incubation in enzyme producing medium, ex-
tracellular tannase activity of the Lactobacillus
strains was determined by measuring the amount
of gallic acid produced. Gallic acid was measured
due to the rhodanine reaction and the quantity of
gallic acid released during hydrolysis of tannic
acid represents the extracellular tannase activity.

All the eight Lactobacillus strains showed
extracellular tannase activity (Table 2) but
L. plantarum 2621 showing highest level.
L. plantarum 2912, L. acidohilus 2903, L. helvi-
ticus 2733, L. lactis 2368, L. brevis 2436 and
L. casei 2586 showed intermediate activity and
L. acidophilus 2902 showed least activity. All
the eight strains were used for further experiment.

Table 2. Tannase activity
of Lactobacillus strains

Strain Activity (U/ml)

L. plantarum 2912 0.004
L. plantarum 2621 0.009
L. acidophilus 2902 0.0007
L. acidophilus 2903 0.004
L. lactis 2368 0.002

L. brevis 2436 0.001

L. helviticus 2733 0.004

L. casei 2586 0.001

Acid and bile tolerance. Survival of probio-
tics in the gastrointestinal tract is considered
to be one of the most important their proper-
ties [1]. Different segment of the gastrointes-
tinal tract have varying levels of acid and bile
concentration. Stomach and the segments af-
ter stomach have the highest acidity and the
pH may fall to pH 2.5 and it takes around 3 h
for food to be digested. Thirabunyanon et al.
[16], Pennacchia et al. [17], Zoumpopoulou et
al. [18] also reported about necessity of pro-
biotic survival at pH 2.5.
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According to the guidelines by FAO/WHO
the test selection of probiotics Lactobacillus
strains were carried out in vitro. For the acid
tolerance assay strains were exposed to a pH of
2.5 for 3 h and their viability was determined
by colony counting. All investigated strains
retained viability in experiment (Table 3).

Table 3. The number of viable cells (g cfu/ml)
of Lactobacillus strains incubated at pH 2.5in 3 h

Control pH 2.5
Strain lg cfu/ | lg cfu/ml

ml 0 3
hour | hour

L. plantarum NCIM 2912 9.5 10.1 | 9.7
L. plantarum MTCC 2621 9.5 10.2 | 10.1

L. acidophilus NCIM 2903 8 8 8

L. acidophilus NCIM 2902 9.3 9.6 | 9.4
L. lactis NCIM 2368 9.2 10 | 9.9
L. brevis NCIM 2436 9.4 8.8 | 8.6
L. casei NCIM 2586 8.6 9.3 | 9.3

L. helviticus NCIM 2733 9.3 9.5 | 9.5

Bile concentrations in the intestine may
range between 0.5 to 2.0% during first hour
of digestion, the levels may decrease during
the second hour. Iyer et al. [19] reported about
Streptococcus survival at 0.5—2% bile salt con-
centration. Survival of Lactobacillus strains at
0.3% Dbile salt was also reported by Maragkou-
dakis et al. [20] and Thirabunyanon et al. [17].

For assay of bile tolerance Lactobacillus
strains were subjected to 1 and 2% bile salt
containing media. The survival of the bacte-
rial strains was determined by plate count-
ing method (Table 4). L. helviticus 2733,
L. acidophilus 2903, L. brevis 2436, L. planta-
rum 2621 and 2912, L. brevis 2436, L. helviti-
cus 2733 survived in bile salt containing media
1% and 2% as well exposed in 24 h. But L. ca-
sei 2586, L. lactis 2368 and L. acidophilus 2902
did not show growth both at 1% and 2% bile
concentration after 24 hours of incubation.

Antibiotic resistance. Antibiotic resistance
of a probiotic strain can be used for develop-
ment effective therapeutic measures in con-
trolling intestinal infections [21]. Arici et al.
[22] reported that probiotics Lactobacillus
were resistant to kanamycin and sensitive to
erythromycin, chloramphenicol and tetracy-
cline. Verdenelli et al. [23] also reported that
L. rhamnosus and L. paracasei to be sensitive
to kanamycin and resistant to ampicillin, tet-
racycline and erythromyecin.

Table 4. The number of viable cells (I1g cfu/ml)
after 24 h incubation in MRS broth containing

bile salt
Bile salt
Control, | concentra-
Strain Ig cfu/ | tion (w/v),
ml 1g cfu/ml
1% | 2%
L. plantarum NCIM 2912 9.5 8.3 | 8.1
L. plantarum MTCC 2621 9.5 8.6 8
L. acidophilus NCIM 2903 8 9.6 | 8.7
L. acidophilus NCIM 2902 9.3 0 0
L. lactis NCIM 2368 9.2 0 0
L. brevis NCIM 2436 9.4 10.2 | 10.0
L. casei NCIM 2586 8.6 9.1 | 9.1
L. helviticus NCIM 2733 9.3 0 0

Original results of antibiotic resistance
test of the strains are shown in Table 5. All
eight strains were found to be resistant to ka-
namycin and sensitive to ampicillin, chloram-
phenicol, erythromycin and tetracycline.

Therefore, our results indicate that Lacto-
bacillus plantarum MTCC 2621 and few other
strains showed intrinsic antibiotic resistances
which is desirable. At the same time, L. plan-
tarum 2621 and 2912, L. acidophilus 2903,
L. brevis 2436 and L. helviticus 2733 were
found to have tannase activity. However,
among all the strains tested Lactobacillus plan-
tarum 2621 had shown highest tannase activ-
ity (0.009 U/ml, Table 2). Further, L. planta-
rum 2621 had exhibited highest acid tolerance
(Table 3) and reasonably good bile salt to-
lerance (Table 4) compared to other strains.
Based on these results, L. plantarum 2621 was
selected for further study.

Optimization of nutrient medium by Re-
sponse Surface Methodology. The medium was
optimized using central composite design for
three variables, such as pH, content of lactose
and peptone. The experimental and predicted
data for the response variable Y (biomass, g/1)
are given in Table 6.

The design matrix and the fitness of the
each parameter were analyzed by means of
Analysis of variance (ANOVA) and a signifi-
cant second order regression (P < 0.0001) was
observed (Table 7). Second-order polynomial
equation in coded units for the biomass pro-
duction was found to be,

Y=-50.86919+18.84911A +0.091773B +
0.29704C + 9.89583x103AB — 0.077083AC+
9.87500x107° BA — 1.71342A% — 5.78870
x107*B? — 2.86522x103C2.
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Table 5. Antibiotic susceptibility test of the Lactobacillus strains
(S — Sensitive, R — Resistant)

Diameter of inhibition zone (mm)
NN T I T I S T
Straine 5 2 T =2 £ =2
=5 gs g2 28 E®
& & = s
®]
L. plantarum MTCC 2621 28(S) 34(S) 28(8) 30(S) 8(R)
L. plantarum NCIM 2912 30(S) 39(S) 25(8) 29(S) 6(R)
L. brevis NCIM 2436 23(S) 26(S) 21(S) 28(S) 6(R)
L. acidophilus NCIM 2902 30(S) 40(S) 25(8) 32(S) 8(R)
L. acidophilus NCIM 2903 20(S) 25(8) 28(S) 21(S) 6(R)
L. casei NCIM 2586 31(S) 41(S) 26(S) 31(S) 1(R)
L. helviticus NCIM 2733 27(8) 34(S) 22(S) 26(S) IR)
L. lactis NCIM 2368 30(S) 32(S) 26(S) 32(S) 6(R)
Table 6. Central Composite Design Matrix for observed and predicted response
Biomass
Run pH Lactose (g/1) | Peptone (g/1) in 24 h exposition (g/1) Residual
Order A B C
Actual Predicted
1 4.8 80 8 6.71 6.86 0.15
2 6 80 8 7.6 7.48 -0.12
3 4.8 160 8 7.2 6.95 -0.25
4 6 160 8 8.19 8.52 0.33
5 4.8 80 16 6.1 5.79 -0.31
6 6 80 16 5.4 5.67 0.27
7 4.8 160 16 5.8 5.93 0.13
8 6 160 16 6.9 6.77 -0.13
9 4.39 120 12 5.8 5.97 0.17
10 6.41 120 12 7.4 7.20 -0.20
11 5.4 52.73 12 5.2 5.22 0.02
12 5.4 187.27 12 6.25 6.21 -0.04
13 5.4 120 5.27 9.45 9.39 -0.06
14 5.4 120 18.73 6.98 7.01 0.03
15 5.4 120 12 8 8.33 0.33
16 5.4 120 12 8.5 8.33 -0.17
17 5.4 120 12 8.2 8.33 0.13
18 5.4 120 12 8.5 8.33 -0.17
19 5.4 120 12 8.2 8.33 0.13
20 5.4 120 12 8.6 8.33 -0.27

=)
=)
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The Fisher criteria (F-value of 39.25) is in-
dicated the significance of model. Commonly,
the determination of coefficient (R?) is esti-
mated the adequacy of the model. Value R? was
0.9725 and if value exceed 0.75, so it indicates
aptness of the model. Adjusted determination
coefficient Adj R? (adjusted for the number of
predictors in the model and commonly lower
than the R?) was equal 0. 947. Predicted de-
termination coefficient Pred R? indicates how
well a regression model predicts responses for
new observations and was equal 0.83. If the
Adj R? and Pred R? are less than R? and are
nearer to 1, we can conclude that the response
equation (second order polynomial equation)
is robust and can effectively predicts response
for new observations as well. Probability plot
of the residuals roughly follows a straight line
indicating normal distribution of residuals.
Consequently, all of mentioned considerations
indicate a good adequacy of the regression
model.

The significance of each parameter was
determined by Student’s t-test and p-value
(Table 7). In our study, model parameters A, B,
C, AB, A? and B? were found to be significant.
Content of lactose and pH of medium have
positive effect on biomass production at low
concentration as indicated by the positive co-
efficient but at higher concentrations inhibit
the biomass production. The interactive

coefficient was found not to be different from
zero at a significance level of 0.05. Response
surface curves and contour plots for biomass
production, keeping one factor fixed while
varying the two other, are demonstrated at
figs 1-3. The convex curves commonly indi-
cating that well defined optimum conditions
lays in the design space.

From the contour plot it was observed that
a high concentration of lactose and pH with
a lower concentration of peptone is required
for higher biomass production. The optimum
levels of the tested variables were pH 5.69,
lactose 128.58 g/1 and peptone 8 g/1, and the
biomass production of 9.15 g/1. was predicted
from response surface model. To confirm these
data, experimental rechecking was done by
using a medium representing these optimal
points in the bioreactor. The biomass produc-
tion of 8.97 g/1 was obtained as against the pre-
dicted 9.15 g/1 which is quite satisfactory. A
difference of mere 0.18 g/1, which amounts to
2% error, verifies the validity of the response
model and the existence of an optimal point.
Biomass production was increased 10 times
with the optimized medium as compared to the
biomass content in the initial MRS broth. The
probiotic biomass also showed tannase activity
of 0.0085 U/ml, confirming that the desired
tannase activity trait is still present in the bio-
mass produced.

Table 7. Analysis of Variance for Response Surface Quadratic Model

Source Sum of square Af Mean Square F-value 11)1:::; l:;
Model 27.06 9 3.01 39.25 i?éf’l?f‘?l
A (pH) 1.81 1 1.81 23.62 0.0007
B (lactose) 1.2 1 1.2 15.65 0.0027
C (peptone) 6.82 1 6.82 89.1 <0.0001
AB 0.45 1 0.45 5.89 0.0356
AC 0.27 1 0.27 3.57 0.088
BA 1.80x1073 1 1.80x1073 0.024 0.8812
A2 5.48 1 5.48 71.59 <0.0001
B2 12.36 1 12.36 161.4 <0.0001
C2 0.03 1 0.03 0.4 0.5436
Residual 0.77 10 0.077
Lack of Fit 0.49 5 0.099 1.8 26 gfilsi .
Pure Error 0.27 5 0.055
Cor Total 27.83 19
R%=97.25% AdjR?*=94.7%
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Fig. 1. Surface Response as a function of lactose
and pH (keeping Peptone constant) on biomass
production for L.plantarum MTCC 2621

Fig. 2. Surface Response as a function of peptone
and lactose (keeping pH constant) on biomass pro-
duction for L.plantarum MTCC 2621

Fig. 3. Surface Response as a function of peptone
and pH (keeping lactose constant) on biomass pro-
duction for L.plantarum MTCC 2621
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In the current study, eight tannase positive
Lactobacillus strains were taken and in vitro
probiotic properties were determined. Among
eight strains, L. plantarum 2621 and 2912,
L. acidophilus 2903, L. brevis 2436 and L. hel-
viticus 2733 were found to possess significant
acid tolerance, bile salt tolerance and desirable
antibiotic resistance. As Lactobacillus planta-
rum 2621 had shown highest tannase activity
and significant acid and bile tolerance, it was
chosen for further study.

A nutrient medium was designed com-
prising lactose, peptone and salts making use
of “one-factor-at-a-time” approach in shake
flasks. Based upon the results, bioreactor
trails were conducted to optimize the medium
by Response surface modeling technique. Alto-
gether 20 batch trails were conducted in a 3 L
bioreactor as per the central composite design.
A polynomial response model was generated
using software, Design-Expert (Stat-Ease Inc.,
Minneapolis, USA). The adequacy of the model
equation was tested by ANOVA, and response
surface and contour plots were generated. Us-
ing point prediction tool, optimum points of
the variable were predicted and verified by
conducting two more bioreactor trials.

Thus a specific nutrient medium for bio-
mass production for L. plantarum 2621 has
been designed successfully using response sur-
face methodology. A tenfold increment in bio-
mass production was achieved in the new opti-
mized medium as compared to initial culture
medium. The biomass produced had shown sig-
nificant tannase activity. As the optimization
trails were conducted in 3 L bioreactor, the
process is ready for scale-up.
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MeToro poboTu 6yJI0 HOCTIIKEeHHS 3a YMOB in
vitro MpobiOTUYHUX BJIACTUBOCTEH Ta ONTHMi3a-
il TpoAyKYyBaHHSA MO3aKJITUHHOTO €H3UMY TaH-
Hasu y BocbMu mramiB Lactobacillus, ogep:xanux
13 My3eHUX KYJbTYDP. [1JId BUBUEHHSA IPOMUCJIO-
BOl IpoAyKTHUBHOCTI obpasu 1rtam L. plantarum
MTCC 2621, TonepaHTHUI [0 KUCJOT Ta »KOBUI,
cTifikuii 1o mil aHTMOIOTHKIB, 3 HiJBUIIEHOIO Ta-
Ha3HOI0 aKTuBHicTIO. OnTHMisalliio KUBUJILHO-
TO cepenoBuUIlia B 3-JIiTpoBoMy OiopeakTopi 6yio0
IPOBeNeHO 3 BUKOPUCTAHHAM METOAUKHU BiATyKy
TOBEePXHi HA OCHOBiI MOBHOTO (DAKTOPHOT'O aHAJIi-
3y TOJIOBHUX KOMIOHeHT. PaxTopHuil anaxis 23,
po3MIMpeHu# IIicThbMa MOZATKOBUMMU TOUYKaAMU
(o = 1,68) i mrictbMa TOBTOPHUMU HAaBKOJIO
IMeHTpaJbHol TOUKHU, BigTBOpeHo B 20 eKcmepu-
MeHTax. BcTaHOBJIEHO ONTHMAJbHI IapaMeTpu
*KUBUJIBbHOTO cepenonuia: pH 5,69, smicT 1axTo-
su — 128,58 r/x, mentony — 8 r/y. 3a BUKOpU-
CTAHHS OITHMi30BAHOTO JKUBUJIBHOTO CEPEIOBU-
mia ogep:xano 10-KpaTHe MiABUINEHHA TPOIYKITiT
b6iomacu MOPiBHAHO i3 3aCTOCYBaHHAM CTAHIAPT-
HOrO cepemoBuIiia MRS.

Knwuwoei cnoea: Lactobacillus, mpobioTux,
ONTUMi3allid CKJAAy CcepegoBHUINa, MeTOAUKA
BIATYKY IIOBEPXHi.
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ITesabio paboThI OBLIO UCCJIELOBAHNE B YCIOBU-
AX in vitro MPOOMOTUUYECKUX CBOMCTB U OITUMU-
3alU¥ TIPOAYIIUPOBAHUA BHEKJIETOUHOTO SH3WMA
TaHHAa3bl y BOCbMU INTaMMOB Lactobacillus, mo-
JYYEeHHBIX U3 MY3eHHBIX KyJabTyp. ad usyue-
HUSA TPOMBIIIJIEHHON IPOAYKTHUBHOCTH M30paamn
mramm L. plantarum MTCC 2621, TosepaHTHBINI
K KHCJIOTaM U KeJUYU, YCTOMUUBBIA K IEHCTBUIO
aHTUOMOTUKOB, C IIOBBLIIIEHHONW TAHHA3HOU aK-
TUBHOCTHIO. ONTHMHU3ANUA TUTATEIbHON Cpenbl
B 3-IUTPOBOM O0MOpeaKTOpe IpoBeAeHa C MCIIOJb-
30BaHMEM METOAUKM! OTKJMUKA I[MOBEPXHOCTU Ha
OCHOBE ITOJIHOT'O (haKTOPHOrO aHAIM3a TJIABHBIX
KoMIoHeHT. DaKTOpHLIHA aHanus 22, pacmupesn-
HBIH IIeCThIO MOMOJHUTEJbHBIMU TOUKamMu (o =
1,68) u mIecThIO MMOBTOPHBIMY BOKPYT II€HTPAJD-
HOM TOUKM, ObLI peasnsoBad B 20 sKcIepuMeH-
TaxX. YCTAHOBJIEHBI ONTHUMAJbHBIE IIapaMeTPhI
nurareabHoii cpexbl: pH 5,69, comep:xkanue
aakTo3sl — 128,58 r/a, mentoua — 8 r/ua. Ilpu
WCIOJIb30BAHUY ONTUMHU3UPOBAHHON NTHUTATENb-
HOHM cpexbl moaydueHo 10-KpaTHOe yBeJIMUeHUE
MPOAYKITNYU OMOMAacChI II0 CPaBHEHUIO C IpUMeHe-
HHeM cTaHgapTHoH cpeasl MRS.

Knawouesvie cnosa: Lactobacillus, mpoOuUOTUK,
ONTUMUBANUA MUTATEILHON Cpeabl, MEeTOAUKA
OTKJINKA IIOBEPXHOCTH.



