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Abstract. - Exopolysaccarides (EPS) are biopolymers, which can be produced by lactic acid bacteria. In this work
an EPS from Lactiplantibacillus plantarum BAL-29-ITTG was characterized by *H, **C, COSY, TOCSY and HSQC
nuclear magnetic resonance spectroscopy (NMR), infrared spectroscopy (FTIR), differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA) and viscometry. Thermal analysis and viscometry results suggested that
ESP had a high molecular weight with a branched structure; to determine its main monosaccharides, the
experimental chemical shifts of hydrogens and carbons obtained by NMR were loaded and compared with the
database in the online software CASPER: http://www.casper.organ.su.se./casper/ Results showed that at least eight
monosaccharides are present as components of this EPS, the most likely monosaccharides identified were: S-D-
glucopyranose 1-4 and 1-6 linked: —4)-4D-Glc-(1—; —6)-5D-Glc-(1— and a-D -manose 1-3, 1-4 and 1-6
linked: —3)-a-D-Man-(1—; —4)-a-D-Man-(1—; —6)-a-D-Man- (71—, although, data from FTIR and NMR also
suggest N-acetylated residues.

Keywords: Exopolysaccharides; Monosaccharides determination; Nuclear magnetic resonance; Polysaccharides
composition; Polysaccharides characterization.

Resumen. — Los exopolisacaridos (EPS) son biopolimeros que pueden ser producidos por bacterias &cido l&cticas,
En este trabajo, un EPS proveniente de Lactiplantibacillus plantarum BAL-29-ITTG fue caracterizado mediante
resonancia magnética nuclear (RMN) de 'H, **C, COSY, TOCSY y HSQC, espectroscopia de infrarrojos (FTIR)
calorimetria diferencial de barrido (DSC), analisis termogravimétrico (TGA) y viscosimetria. Los resultados de
analisis térmicos y viscosimetria indican que este EPS tiene una estructura ramificada y una masa molar alta; para
determinar los monosacéridos principales, los desplazamientos quimicos de carbono e hidrégeno obtenidos
mediante RMN fueron cargados y comparados con la base de datos del software en linea CASPER:
http://www.casper.organ.su.se/casper/ Los resultados mostraron que, al menos, ocho monosacaridos diferentes
componen este EPS, los més probables identificados fueron: f-D-glucosa con uniones 1-4 y 1-6: —4)-3-D-Glc-
(1—; —6)-4-D-Glc-(1— y a-D-manosa con uniones 1-3, 1-4 y 1-6: —3)-a-D-Man-(1—; —4)-a-D-Man-(1—
y —6)-a-D-Man-(1—, aunque los datos de FTIR y RMN sugieren también la presencia de residuos N-acetilados.
Palabras clave: Exopolisacaridos; Determinacion de monosacaridos; Resonancia magnética nuclear; Composicion
de polisacaridos; Caracterizacion de polisacaridos.
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1. Introduction

Carbohydrates are some of the main components
in living organisms. Monosaccharides can be in
lineal or in cyclic form, for the last one, anomers
o or 3 are possible. Polysaccharides are formed
through glycosidic linkage between many
monosaccharides, for this reason they also are
named glycans, because they have many
hydroxyl groups in their composition, the linkage
can be at different positions, more detailed
information on this can be found in the work of
Flitsch [1]. On the other hand, they generally are
attached to other biomolecules forming
glycoconjugates, for example, with proteins or
lipids form glycoproteins or glycolipids
respectively. For the mentioned above, their
complete chemical structure characterizations
can be highly complex.

Exopolysaccharides (EPS) are extracellular
biopolymers that can be produced by plants,
fungi or bacteria [2, 3]. Bacterial polysaccharides
also included lipopolysaccharides (LPS),
peptidoglycans, teichoic acids (TA), capsular
polysaccharides (CPS) [4]. Although EPS can
also be extracted from plants, bacterial EPS have
more diverse structures, therefore more diverse
properties and bioactivities, hence, they have
recently received significant attention in different
fields of science and technology for different
applications, for example in medicine or food
package [2, 5]. These biopolymers are mainly
composed of repetitive sugar units and,
depending on their location, could be found in
capsular form, they are closely associated with
the cell surface and in free form, weakly bound
or even totally secreted into the extracellular
environment. According to their chemical
composition, EPS are classified into
homopolysaccharides, which are made up of
units of a single type of monosaccharide such as
glucose or fructose and heteropolysaccharides,
which are made of two or more different
monosaccharide units (glucose, xylose, fructose,

mannose, galactose, rhamnose, N-
acetylglucosamine, gluronic acids, etc.) having
different chemical structures and linkages,

[2, 5, 6].

The number of investigations dedicated to the
applications of bacterial EPS has increased in
recent decades. Due to bacterial EPS possess
various unique beneficial properties such as, high
adhesive capacity, biocompatibility,
biodegradability, gelation ability, non-toxicity,
pseudoplasticity, viscoelasticity and thixotropic
nature [2, 7]. EPS have also been reported to
withstand various environmental stresses, such
as high temperature, high pH, freezing, thawing,
or high salt concentrations [8], therefore, they
have wide commercial applications, for example,
in the food packages, pharmaceutical and
cosmetic  industries, among others [2].
Furthermore, some bacterial EPS also possess
antitumor,  antioxidant, antibiofilm, anti-
inflammatory, antibacterial, antiviral,
cholesterol-lowering, prebiotic, wound healing
or immunomodulatory activities [9, 10, 11].

As mentioned before, EPS can be extracted from
different sources but, particularly lactic acid
bacteria (LAB) are microorganisms present in
food production and in turn these are beneficial
to human health. [12, 13]. In general, LAB are
widely recognized as safe, due to this they are
mainly used in fermented foods [14]. LAB
exhibits a variety of probiotic effects, which are
closely related to their metabolites, including
organic acids, bacteriocin, exopolysaccharides
(EPS) and others [15, 16, 17]. However, the
development and application of EPS from BAL
are  relatively  limited  compared to
polysaccharides derived from animals and plants
[18].

The bioactivities presented by the EPS produced

by the BAL are related to their structure. Mainly,
the monomeric composition, molecular weight
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and charge of EPS depend on the bacteria,
likewise, the biological functions such as
antioxidant, antitumor and antibiofilm activity
depend on the composition and structure of EPS
[19, 20]. Certain structural features may be
associated with specific bioactivities. For
example, the presence of a-(1 — 3) and a-(1 —
6) linkages in the main chain and a-(1 — 3)
linkages in the branched chains of the EPS
produced by L. plantarum (LAB) has been
associated with immunomodulatory activity [19].

Jiang and Yang, reported that, although EPS
produced by lactic acid bacteria (LAB) contain
similar monosaccharide components (galactose,
glucose, rhamnose, etc.), these had different
properties owing their structural difference [21].
They also reported that, these properties were
affected by their molecular weight distribution,
the type of glycosidic bond, their charge, side
chains, the rigidity of the molecules that form the
EPS, among others; regarding this, it was
mentioned that the structural characteristics, uses
and bioactivities of EPS depend on the type of
microorganism and the medium in which they
were grown up [2, 5]. Because bacterial EPS
have many functional groups, for example,
hydroxyl, carboxyl, carbonyl or acetyl, which
allow their modification to obtain new properties

[8].

Ramirez-Pérez et al. reported that LAB isolated
from a fermented beverage, known as “taberna”
(Lactiplantibacillus plantarum BAL-03-ITTG,
Lactiplantibacillus plantarum BAL-05-ITTG,
Limosilactobacillus fermentum BAL-21-ITTG,
Lactiplantibacillus pentosus BAL-22-ITTG,
Lactiplantibacillus fabifermentans BAL-27-
ITTG, Lactiplantibacillus paraplantarum BAL-
28-ITTG, Lactiplantibacillus plantarum BAL-
29-ITTG), can use different carbon sources and,
when they are cultured in MRS broth (de Man,
Rogosa y Sharpe), these can be produced as free
and capsular EPS. The highest production of

ERPS from Lactiplantibacillus plantarum BAL-
29-1TTG, was 478.0 + 16.97 mg L) [22]. On the
other hand, the EPS production from
Lactiplantibacillus plantarum BAL-29-ITTG
was also evaluated using modified MRS broth at
different conditions such as carbon source
(sucrose and lactose), concentration (10 and 30
g/L), nitrogen source and concentration (yeast
extract and ammonium sulphate, 5 and 15 g LY),
temperatures (20 and 40 °C) and agitation (0 and
150 rpm) [23], an experimental design of
Plackett Burman  was used, some
exopolysaccharides obtained exhibited higher
antioxidant and antibiofilm activity against E.
coli, S. aureus and P. aeruginosa with values
between 23 and 77%. Under optimal conditions
the production of Lactiplantibacillus plantarum
BAL-29-ITTG, was 619.66 + 83.21 mg L. In
this work, the culture medium corresponding to
the optimal conditions was selected and used
[23], Lactiplantibacillus plantarum BAL-29-
ITTG was grown in a stirred tank fermenter and
the extracellular EPS was characterized by
viscometry to obtain its molecular weight, by
thermal analysis to determine its thermal
transition such as glass transition temperatures
(Tg) or melting point (Tm) and by FTIR-ATR and
NMR to obtain its main monosaccharides
composition.

2. Methodology
2.1 Biologic material and strain recollection

L. plantarum BAL-29-ITTG was obtained from
the Research Laboratory, Instituto Tecnoldgico
de Tuxtla Gutiérrez, Chiapas, México. The strain
was maintained in glycerol (30% v/v) at -18°C, it
was reactivated by two successive soup MRS (De
Man, Rogosa y Sharpe), using a (10 % v/v) of
inoculum. The vessels or tubes were incubated
for 12 h at 37 °C and stirred at 110 rpm using a
LumistelIMR IRO 65 stirrer with controlled
temperature. The Applikon® Biotechnology
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model ez2-control bioreactor containing MRS
broth was then inoculated and the effect of
aeration (0 vwvm and 1 vvm) and agitation (150
rpm and 250 rpm) was evaluated. After 24 h of
incubation. The cultures were centrifuged at
4500 rpm for 30 minutes at 4 °C, two volumes of
cold absolute ethanol were added to the obtained
free cells soup, these were shaken vigorously and
then incubated for 12 h at 4 °C. The precipitated
EPS were dissolved using ultrapure water and
dialyzed for two days using Spectra/Por 1,
MWCO 6-8 kD membranes, water was changed
each 8 h, EPS were freeze-dried at 0.860 bar a -
40 °C using a LABCONCO FreeZone4.5 freeze
dryer.

2.2 EPS characterization

Nret = t/to

Nsp = Nrel — 1
Nred = nsp/c

Nink = LN(Mre)/C
n=KeM“

where t is the time of flow of each sample, to is
the time of flow of the solvent, C is the
concentration (g mL), n is the intrinsic viscosity
at zero concentration, o and K are empirically
determined constants.

Attenuated Total Reflectance-Fourier Transform
Infrared  Spectroscopy (FTIR-ATR) was
recorded from 650 to 4000 cm™ with 16 scans
using a Fourier Transform Perkin Elmer
(Spectrum 400, Walthem, MA, USA) in
Attenuated Total Reflection mode (ATR) using a
diamond/ZnSe crystal with single reflection.

Differential Scanning Calorimetry (DSC) was
carried out using a Modilated DSC, TA
Instruments model Q2000. Samples were cooled
to -30 °C, an isothermal was maintained for 5
min; afterward the temperature was modulated to

Molecular  weights were calculated by
viscometry using a manual glass Ubbelohde
viscometer, the temperature was maintained at 20
°C using an oil bath. EPS solutions were
prepared at five different concentrations, from 1
to 5 mg mL™, using distilled water as solvent,
once the temperature was constant, the flow
times were recorded and the relative viscosity
(mre) was calculated using the equation 1,
specific viscosity (nsp) was calculated using the
equation 2, reduced viscosity (nrd) was
calculated using the equation 3, inherent
viscosity (ninh) Was calculated using the equation
4 and, the Mark-Houwink Sakurada (equation 5)
was used to calculate the viscosity average
molecular weight (My)

(1)
(2)
(3)
(4)
(5)

+/—1 °C enery 60 s; and then, a heat ramp of 10
°C min™ up to 180 °C under nitrogen atmosphere
was applied. Two cycles were recorded, the
results showthe second one. Glass transition
temperatures (Tg) were calculated by using the
Universal Analysis 2000 software from TA
Instruments. Decomposition temperatures (Td)
were measured by thermogravimetric analysis
(TGA) using a TA Instrument, Discovery model,
Mew Castle. DE, USA. A heat ramp of 20 °C
mil-1 was used from 20 up to 600 °C with a
nitrogen flow of 50 mL min™.

Nuclear magnetic resonance (NMR) data were
obtained at 25 or 70 °C using a Bruker AVANCE
11 HD NMR spectrometer operating at 400.13 or
100.62 MHz for *H and *C respectively. 20 mg
of each sample were dissolved using 0.5 mL of
deuterium oxide (D.O) 99% from Merk, Toluca
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México, after that, samples were lyophilized and
dissolved again using 0.5 mL of D,0O as solvent.

The main monosaccharides of this EPS was
selected by comparison between experimental
data from NMR and the database from the
software online CASPER [24], for this, the main
chemical shifts obtained by *H, 3C, COSY,
TOCSY and HSQC NMR spectroscopy were
loaded and, once the software CASPER
generated the most probable monosaccharides
moieties, the ones with the lower error and
agreement with the data from FTIR were
selected.

3. Results and discussion

3.1 Molecular weight

Five different concentrations of EPS were
prepared from 1 to 5 mg mL™ using distillated
water as solvent, the times of flow were
measured at 20 °C using a Cannon-Ubbelohde
viscometer. Once the intrinsic viscosity was
determined by Huggins and Kramer equations
(Figure 1), the viscosity average molecular
weight was calculated using the Mark-Houwink
equation, constant from dextran, K = 0.0443 mL
g-1 and o = 0.043, were used. In Table 1 the
times of flow and different viscosities are shown.
The intrinsic viscosity calculated was 12.19,
therefore the M, calculated was 471.8 kDa, this
value was in the same order of magnitude as an
EPS isolated from Limosilactobacillus reuteri
C66 (370 kDa) [25]. The low intrinsic viscosity
and high molecular weight suggest a compact
structure in solution.

Nres/C or In(n,.,¥C

I

g
L

0002

Concentration (g mL™")

Figure 1. Plot of: (*) reduced viscosity (Huggins) and (¢) inherent viscosity (Kramer).

Table 1. Data to obtain the intrinsic viscosity of the EPS

Concentration Time of flow* Nrel Nsp MNred TNinh

(g/mL) (s) (mL/g)

0.00000 121.0 - - - -
0.00142 123.0 1.0165 0.0165 11.6401 11.5449
0.00213 124.0 1.0248 0.0248 11.6237 11.4820
0.00320 125.3 1.0358 0.0358 11.1915 10.9957
0.00400 126.3 1.0441 0.0441 11.0193 10.7833
0.00500 127.3 1.0523 0.0528 10.4683 10.2036

*Average of three measurements
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3.2 Composition
3.2.1 FTIR-ATR analysis

FTIR-ATR spectrum of EPS (Figure 2) showed
de characteristic absorption bands, the
corresponding to the OH was centered around
3266 cm™, the stretching vibration of the
methylene groups (-CHz) was observed at 2925
cm?, the vibration of carboxylic groups (C=0) at
1644 cmt characteristic of acetyl group N-linked
or stretching vibration of mannose [26] which
corresponds with the observed by NMR and
suggested by CARPER, a band with low
intensity at 1531 cm™, suggest N-acetylated
residues [27], the N-H vibration above 3200 cm’
1 was not observed, however, a strong band at

100
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1219 cm™* was attributed to acetyl groups [28]
and, pyranose ring [29]. The ether groups (C-O-
C) were assigned at 1030 and 1049 cm™. In the
anomeric region, the band at 879 cm™ could be
due to B-glycosidic linkage between monomers
[30], the band at 860 cm™ could be attributed to
B-D-glucopyranose, the corresponding to a-D-
glucopyranose was not observed [31], the three
bands at 913, 879 and 778 cm™ corresponding to
B-D-glucose [28], the two bands at 913 and 778
cm could be due to a-polyglucosanes with (1:6-
linkages) [31]. The band at 811 cm™ could be
due to manose [28]. These bands indicate that the
EPS contained mainly 3 glycosides linkages in
its structure, this data also is agreement with data
obtained from NMR (Table 2).

100

70 1844

40

1250 650
Wavenumber (cm)

Figure 2. FTIR-ATR spectrum of the EPS and amplification of the anomeric region.

3.2.2 Thermal characterization
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Thermo-gravimetric analysis showed four main
steps of weight loss (Figure 3), the first one at
temperature below 150 °C indicated moisture
[32], but at lower temperature, around 43 °C, loss
weight could be attributed to residual ethanol
from the extraction method [33]. A rapid
degradation started at 220 °C, this showed a
maximum around 265 °C, followed by another
with a maximum at 340 °C, after that, the
degradation continued gradually, the final
residue at 600 °C was 35.8%, it is known that
EPS can have ionizable functional groups [2]
such as phosphate or sulphate [4] then, this high

100
8 ) 14.0%

17.9%

Weight (%)

35.8%

100 200 300 400 500 600
Temperature (“C)

percentage can be due to inorganic material.
Similar values have been observed, for example,
in EPS from L. Plantarum CNPCO003 [34]. On the
other hand, by modulated differential scanning
calorimetry, two glass transition temperatures
were observed (Figure 4) the first one, at low
temperature (~7-8 °C), could be due to
branching, whereas the second one, at high
temperature (~157 °C) was attributed to the mail
chain [33], these branched structure could
explain its high molecular weight calculated by
viscometry.

ble heat flow (W/g)

Reversi

Termperature (" C)

Figure 3. Thermo-Gravimetric Analysis and Differential Thermal Analysis (a) and, Differential Scanning Calorimetry of the
obtained EPS (b), lower value corresponding to the Tg of branched structure and higher one corresponding to Tg of the main

chain.

3.2.3 Nuclear Magnetic Resonance

To decrease the signals from hydroxyl groups,
sample was first dissolved using D20 to
exchange hydrogens atoms bonded to
heteroatoms and then. It was lyophilized, the
sample was dissolved again using the same
solvent and NMR spectra were recorded. For 'H
NMR the spectra were recorded at 25 or 70 °C,
the last one because many NMR spectra available
have been recorded at this temperature and, the
chemical shift from DHO moves to higher field
[35] allowing a better observation of the

anomeric region, reported chemical shifts are
relative to the signal of HDO which appeared at
4.71 ppm at 25 °C but, it appeared at 4.30 ppm at
70 °C, although, the values of chemical shifts
from EPS were similar at both temperatures.
Water suppression was applied to observe the
anomeric region between 4.4 and 5.6 ppm, the
hydrogens H2-H6 were observed between 3.2
and 4.4 ppm (Figure 4), similar patterns have
been observed for other EPS [17], finally weak
signals were observed between 0.8 and 2.4 ppm
which can be assigned to aliphatic moieties.
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13C NMR spectrum was recorded (Figure 5), in
the anomeric region of the 3C spectrum, between
98 and 106 ppm, eight signals were observed, this
result indicated that, this EPS is a
heteropolysaccharide with a complex structure.
For an EPS from Limosilactobacillus fermentum
D12, seven anomeric carbons were observed,

EPS. 13C, D20, 70°C

r102.54

98 0 94 92 90 B3 9 84 82 B0 78 76 74 72 N 6B 66 64
ppm

Figure 5. **C NMR spectrum of EPS.

Correlation spectroscopy H-H (COSY) was
recorded at 70 °C (Figure 7a). No correlation
was observed between the region of sugar rings
and the signals below 2.5 ppm, taking into
consideration the observed in the FTIR spectrum,
these last signals could be due to methyl from N-
acetyl groups. On the other hand, in the anomeric

Revista de Ciencias Tecnologicas (RECIT). Volumen 8 (3): e405.

these were assigned to galactofuranose and
glucopyranose residues [36]. To the correct
assignation, 2D *C-'H HSQC NMR spectrum
was recorded at 70 °C (Figure 6), in this
spectrum, eight correlations in the anomeric
region were also observed (Figure 6a).

61.20

~73.74

\70.67
L§7.41

170,61

L)
L6640

PONTY S Y Y eeY
62 60 58 S6

region, only seven correlations from H1-H2
could be observed (Figure 7b), the hydrogen of
the anomeric carbon at 4.49 ppm showed the
highest intensity, therefore, the complete spin
system, H2-H3, H3-H4, H4-H5, H5-H6 and H5-
H6’ could be assigned by COSY. Chemical shifts
are shown in Table 2.
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Figure 7. Correlation spectroscopy *H-'H (COSY) of the EPS and b) H1-H2 correlation observed.

To observe the total spin systems in the
saccharide rings, total correlation spectroscopy
(TOCSY) was carried out but, due to the higher
number of signals, only two spin systems, from
two sugar residues could be totally assigned and,
for one more, only five correlations could be
observed (Table 2), after this assignation, the *C
chemical shifts were obtained by the HSQC

10

NMR spectrum and the data were compared with
the database from the online software CASPER
(http://www.casper.organ.su.se/casper/determin
e.php) For each experimental data set, different
saccharides were suggested but, only those with
similar *H and C chemical shifts values and
lower error were selected.
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Table 2. Selection of monosaccharides based on comparison between the experimental and database NMR chemical shifts

H(C).

1 2 3 4 5 6 Residue* Error
4.49 (103.4) 3.30(73.6) 3.45(70.3) 3.63(75.5) 3.82(67.2) 3.94,4.18(78.7) Exp**
4.53 (103.7) 3.34(74.0) 3.51(76.7) 3.47 (70.6) 3.62(75.8) 3.88,4.20(69.5) —6)-B-D-Glc-(1— 0.33
4.54 (103.2) 3.39(73.9) 3.66(75.1) 3.64(79.7) 3.65(75.8) 3.82,3.99(61.1) —4)-B-D-Glc-(1— 0.33
5.24 (101.0) 4.09 (78.7) 3.90 (71.0) 3.78 (73.4) 3.50 (76.3) 3.62 (75.4) Exp**
5.24 (101.9) 4.02(71.7) 3.95(71.7) 3.85(75.0) 3.75(73.2) 3.80,3.88(62.0) —4)-a-D-Man-(1— 0.33
5.10 (98.9) 4.04 (70.7) 3.86 (78.5) 3.64 (67.5) 3.76(73.4) - Exp**
4.90 (100.6) 3.99 (70.8) 3.83(71.7) 3.74(67.6) 3.82(72.0) 3.77,3,85(61.8) —6)-a-D-Man-(1— 0.00
5.07 (102.9) 4.18(70.6) 3.95(79.0) 3.77 (67.1) 3.78(74.3) 3.77,3,85(61.8) —3)-a-D-Man-(1— 1.00

**Saccharide residue suggested by comparison between experimental data and database from the CASPER sofware, the
selected ones were chosen based on the lower error.
*The experimental assignation was based on *H-13C (HSQC), H-tH (COSY) and *H-H (TOCSY) NMR

a)

{44800

g ' 331 408)
L RRT]

Jhean s

b)

Qi,

Figure 8. TOCSY from ESP: a) total correlation of anomeric hydrogen at 4.50 ppm and b) correlation H2 up to H4 of residue
with anomeric hydrogen at 5.25 ppm.
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For the hydrogen of the anomeric carbon at 4.49
ppm, the total correlation could be assigned
(Figure 8a), this corresponds to the observed by
COSY. According to the predicted chemical
shifts from CAPER, the experimental signals
could correspond to —6)-B-D-Glc-(1— or —4)-
B-D-Glc-(1— . It is important to note that these
results are consistent with those obtained by
FTIR where stretching vibration from mannose
was observed as well as vibrations from pyranose
ring, p-glycosidic  linkages and B-D-
glucopyranose.

For anomeric hydrogens at 5.24, H1-H2
correlation was determined by COSY, the
correlation of H2 with H3 up to H6 could be
assigned (Table 2), the anomeric carbon at 101.0
ppm and its hydrogen at 5.24, could be assigned
to —4)-o-D-Man-(1— residue. This corresponds
again with what was observed in the FTIR-ATR
spectrum.

Revista de Ciencias Tecnologicas (RECIT). Volumen 8 (3): e405.

For the anomeric hydrogen at 5.10 ppm, only the
correlation of H2 up to H5 could be assigned
(Table 2). In this case, the structures suggested
using CASPER correspond to 1-3 and 1-6 linked
o-D-Mannose. These main components are like
EPS produced by Streptococcus thermophilus
and Lactobacillus bulgaricus although with
different linkage [26].

For hydrogens of the other anomeric carbons,
because of the high number of signals, only some
correlations could be done, results are shown in
Table 3. The components were selected only by
comparison between C-H chemical shifts of the
anomeric carbon, the H1-H2 correlation from
sugar rings and the values obtained by CASPER.
In this case, NAc residues were suggested, these
results are according to the observed by COSY
and FTIR. For some experimental data, different
sugars were equally likely.

Table 3. Suggested monosaccharides residues by CASPER based on the chemical shifts of the anomeric carbon, C1-H1 and

H1-H2 correlation.

HSQC COSsYy Residue*
13C 'H H1-H2
103.5 4.50 4.50-3.31 —6)-B-Glu-(1—
453 4.53-3.50 —4)-p-Gal-(1—
—6)-p-Gal-(1—
4.71 4.71-3.35 —6)-B-Glu
102.5 5.04 5.04-4.04 —6) a-D-Man' (1—
5.13 5.13-NObs
101.0 5.25 5.25-4.09 —4)-a-D-Man-(1—
—4)-0-D-GIcNACc-(1—
100.0 4.89 4.88-3.98 —6)-a-D-Man-(1—
—6)-a-D-GlcNAc-(1—
—6)-a-D-Gal-(1—
—4)-0-D-Gal'-(1—
98.98 5.04 5.04-4.04 —6)-a-D-GIcNAc-(1—
5.08 5.08-4.01 —3)-a-D-Gal (1—
98.95 5.04 5.04-4.04 6)-a-D-GIcNAc-(1—
5.08 5.08-4.01 —3)-a-D-Gal (1—
98.92 5.04 5.04-4.04 6)-a-D-GIcNAc-(1—
5.08 5.08-4.01 —3)-a-D-Gal (1—
98.88 5.04 5.04-4.20 6)-a-D-GalNAc-(1—

4)-0-D-GalNAc-(1—

*Residue was selected by minor error between the experimental chemical schiffs and the calculated ones using CASPER,

anomeric carbon and H1 and H2 were the main criteria.
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4. Conclusions

Because the EPS produced by Lactiplantibacillus
plantarum BAL-29-ITTG under the optimal
reported culture conditions have shown
antioxidant and antibiofilm activity against E.
coli, S. Aureus and P. aeruginosa, the need for its
chemical and thermal characterization arises;
although a compete characterization is very
difficult due to its complex structure, according
to the data obtained in this work, the studied EPS
is a branched heteropolysaccharides with a
higher molecular weight and, compacted in
aqueous solutions; It had a degradation
temperature like others produced EPS but, it had
a higher content of inorganic material such as
mineral salts. According to the comparative
between database from the software CASPER
and the experimental NMR and FTIR data, this
EPS from BAL-29-ITTG, is essentially
composed of glucopyranose 1-4 and 1-6 linked,
mannopyranose, 1-3, 1-4 y 1-6 linked and some
N-acetylated moieties. The sugars that make up
these EPS are linked mainly by B and o-
glycosidic bonds. These same sugars linked by
these bonds coincide with those found in the EPS
produced by other strains of Lactiplantibacillus
plantarum isolated from other sources. All the
above indicates that BAL-29-ITTG produces
extracellular EPS with promising
physicochemical and biotechnological
characteristics.
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