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In the search for exopolysaccharide (EPS)-producing LAB strains as potential
additive for industrial applications, EPS produced by
NBRC 3425 was subjected to partial characterization to provide further information
on its structure and composition. The crude EPS was subjected to scanning
electron microscopy (SEM), atomic force microscopy (AFM), transmission electron
microscopy (TEM) and Fourier transform infrared spectroscopy (FTIR). Results of
TEM analysis confirmed that the test organism is an EPS producer due to the
presence of an unstained, clear cell wall or halo that surrounds the bacterial cell
typical of a capsular EPS. SEM analysis showed that the crude EPS has pores and
spaces between particles. Atomic force microscopy (AFM) at a concentration of
10µg per mL revealed spike-shaped lumps with an average size of 17.81±2.89nm.
The FTIR spectrum suggested the presence of hydroxyl (OH) groups of
carbohydrate and carbonyl group (C=O). Results showed that based on its
structural characteristics, such EPS has the potential for use as stabilizer in food
products.
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The ability to produce polysaccharides is widespread among bacteria. Some
bacteria can secrete polysaccharide layers on their surface, which together with a
few glycoproteins, are grouped within the general term “glycocalyx”. These
exocellular polymers comprise the capsular polysaccharides, which form a
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exopolysaccharides (EPS), which form a slime layer loosely attached to the cell
surface or secreted into the environment (Madigan et al 1997, Madiedo & Gavila´n
2005).
A number of lactic acid bacteria (LAB) can produce a variety of long chain sugar
polymers, called exopolysaccharides (EPS). They are synthesized either
extracellularly from sucrose by glycansucrases or intracellularly by
glycosyltransferases from sugar nucleotide precursors (Ganzle & Schwab 2009,
Florou-Paneri et al 2013). Most LAB-producing EPS belong to the genera
,
,
,
, and
(Abbad-Andaloussi et al 1995, Roberts et al 1995, Hosono et al 1997, Florou-Paneri
et al 2013).
The functional characteristics possessed by lactic acid bacteria (LAB) are
responsible for their historical and modern use in food production and have been
the subject of many attempts to improve their performance. Lactic acid bacteria
with GRAS (Generally Regarded as Safe) status capable of expressing
polysaccharides have been used for centuries and continue to generate
considerable interest from the scientific and commercial communities. As a result
of consumer demands for natural foods, EPS have recently been the subject of
studies for their potential as natural rather than chemical stabilizers in other food
products such as bakery fillings, canned foods, dry mixes, frozen foods, pourable
dressings, sauces, gravies, processed cheeses, and juice drinks (Knoshaug et al
2000). Commercial additives of plant and animal origin are chemically modified to
improve the rheological properties of the product and, hence, are not allowed in
most European Union countries (Gibson & Roberfroid 1995). The use of EPSproducing LAB could result in a safe, natural, and healthy end product with
enhanced texture and improved stability which may have an important impact on
the development of novel products (German et al 1999).
Depending on the unique physico-chemical property, the microbial EPS can be
used as suspension stabilizers, flocculants, encapsulating materials, emulsifiers,
ion-exchange resins, molecular sieves, hosts for hydrophobic molecules, water
absorbents, biosorbents of heavy metals in wastewater and natural waters, among
others (Gutnick & Bach 2000, Kachlany et al 2001).
In the search of EPS-producing LAB strains for potential industrial applications,
EPS produced by
NBRC 3425 was subjected to characterization to
provide further information on its structure and composition. The crude
exopolysaccharide was subjected to scanning electron microscopy, atomic force
microscopy, transmission electron microscopy and Fourier transform infrared
spectroscopy.

Culture, culture medium preparation and extraction of the EPS were conducted
at the Food Microbiology Laboratory of the Institute of Food Science and
Technology, University of the Philippines Los Baños (UPLB). Incubation for
exopolysaccharide production using environmental shaker was done at the
National Institute of Molecular Biology and Biotechnology (BIOTECH), UPLB
College, Laguna, Philippines.
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Scanning electron microscopy (SEM) analysis of the freeze-dried EPS and
transmission electron microscopy (TEM) analysis of the
NBRC 3425
culture were conducted at the Research Institute for Tropical Medicine (RITM),
Muntinlupa City and De La Salle University Manila, Philippines, respectively through
the BIOTECH Analytical Service Laboratory, UPLB College, Laguna, Philippines.
Atomic force microscopy (AFM) and Fourier transform infrared (FT-IR)
spectroscopy were conducted at the UPLB Nanotechnology Laboratory and at the
Chemistry and Biotechnology section of the Forest Products Research and
Development Institute (FPRDI), Department of Science and Technology (DOST),
College Laguna, respectively.

NBRC 3425 strain was provided by the National
Institute of Molecular Biology and Biotechnology (BIOTECH), UPLB College,
Laguna, Philippines.
The stock culture was maintained in MRS broth and stored at 4oC. The growth
medium (modified SDM) (Sanchez et al 2006) (in grams per liter) consisted of
Dextrose, 20 (carbon source); Tween 80, 1; ammonium citrate, 2; sodium acetate, 5;
MgSO4.7H2O, 0.1; MnSO4, 0.05; K2HPO4, 2; Casamino Acid, 5 (instead of Yeast
Nitrogen Base); Tryptone, 10. The initial pH of the culture medium was 6.2 prior to
sterilization by heating at 121oC for 15min.

Active culture of 16h
NBRC 3425 was inoculated in a
sterile 50mL modified Semi-Defined Medium (SDM). Each flask was inoculated
8
o
with 2% 10 CFU per mL of the organism and incubated at 37 C for 48h under
shaking condition (100rpm). Extraction of the EPS was carried out by centrifugation
o
(6000rpm for 15min at 4 C) and cold extraction with double volume 95% cold
ethanol. Precipitation of EPS pellet was allowed to take place by incubating the
o
solution under refrigeration condition (4 C). Collected crude EPS was freeze-dried
(GT2 Leybold-Heraeus, Germany) and stored in a dessicator ready for further
characterization.

Bacterial cell suspension of
NBRC 3425 was dropped on parafilm
and mounted on copper grids, 400 mesh coated with collodion. It was then blotdried with filter paper and post-stained with 1% phosphotungstic acid (PTA) for 30s,
1.0 and 1.5min. Electron microscopy was made on a TEM with an accelerating
voltage of 100kV, JEOL using a 40µm aperture.

Freeze-dried crude EPS was stored in a vacuum oven overnight. Then, the dried
EPS was coated with gold using Ion sputter JFC 1100 (JEOL). The structure of the
crude exopolysaccharide was examined using a scanning electron microscope
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(SEM) JEOL-JSM 5310 with 15kV accelerating voltage. The microstructure was
visualized at different magnifications (500x to 7500x). Whole and surface views of
the EPS were taken and the morphological structure analyzed.

Aqueous freeze-dried crude EPS solution (10µg per mL) was deposited to a
freshly cleaved mica surface and air-dried. Atomic force microscopic images were
obtained using commercial AFM (XE-70 Park System). The images were recorded
under ambient conditions in a non-contact mode using micro-fabricated cantilever
tips (Nano SensorTM Pointprobe® Plus AFM Probes) with 3-5µm thickness, 22.537.5µm mean width, 115-135µm length and a spring constant of about 10-130nm-1.
The cantilevers have an amplitude range of 5-15nm. Height and deflection images
were simultaneously acquired at a scan rate of 204-497kHz. Data analysis was
carried out using Park SmartscanTM AFM operating software.

The crude EPS was also characterized using a Fourier transform infrared (FTIR) spectrophotometer to detect the functional groups present in the
polysaccharide. Pellets for infrared analysis were obtained by grinding
approximately 0.1g of EPS mixed with potassium bromide (KBr) powder. The
spectra of the crude EPS as well as that of the standard were recorded using
Shimadzu IR Prestige-21 Fourier Transform Infrared Spectrometer equipped with
Diffuse Reflectance Accessory. The sample was subjected to IR- spectra
measurement in the frequency range of 500 and 4000cm-1.

Visualization by TEM of the L
NBRC 3425 cells stained with 1%
phosphotungstic acid revealed a clear cell wall around the bacterial surface, as
evidenced by the formation of an unstained, transparent portion around the cells
confirming the formation of exopolysaccharide (Figure 1). The cross sectional area
2
of the EPS surrounding the bacterial cell is approximately 206,136.2nm with a
thickness of 45.88nm.
Result shows that the test organism previously studied for EPS production was
indeed an EPS producer. This is in congruence with the findings of various authors.
Yang et al (2010) found that
JAAS8, an isolate from Chinese
sauerkraut is capable of producing two forms of EPS, a CPS (capsular
polysaccharide) surrounding the bacterial surface and an SPS (slime
polysaccharide) released into the culture medium, MRS broth or semi-defined
medium. This strain could be potentially applied in the dairy industry to improve the
physical properties of fermented milk products, ie, by increasing the water-holding
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capacity and viscosity of the products. Prior to his work, a number of LAB strains
have been reported to produce both SPS and CPS.
GG forms a
capsule around the bacterial surface, simultaneously producing an SPS when
grown in MRS broth.
EP56 grown in a chemically defined
medium was shown to produce two EPSs, a cell-bound EPS containing glucose,
galactose and N-acetylgalactosamine at 8.5×105 Da, and a released EPS containing
glucose, galactose and rhamnose at 4×104 Da (Tallon et al 2003).

Techniques such as scanning electron microscopy (SEM) frequently provide
strong evidence for the presence of exopolysaccharide, but are not capable of
providing confirmatory chemical evidence (Sutherland 1990).
The SEM micrograph shown in Figures 2D to 2F revealed that the crude EPS
sample exhibits the presence of pores and spaces between particles which exist in
several numbers compared to the negative control (un-inoculated medium, Figures
2A to 2C). The negative control exhibited a hardened and compact surface. This
finding could imply that there is possible higher water absorption capacity of the
isolated EPS affecting its viscosity. However, this initial finding needs further
rheological study considering that the sample used was crude.
Results of this study are in agreement with the results of Kumar et al (2004)
where the polymer they isolated has a porous structure with very small pores,
indicating that the thin web structure of the polymer has much higher capillary
forces to hold water in the gels. The small pore structure may also be responsible
for the compactness of the polymer and the stability of the gel structure when
subjected to external forces and the maintenance of the texture properties during
storage (Mao et al 2001). Direct microscopic observations might help to
understand how the relatively small amount of EPS could have such a great impact
on the physical properties and water holding capacity of the polymer (Hassan et al
2003).
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Atomic force microscopy (AFM) is used to determine the supramolecular
structure and conformation of an EPS. It has been successfully applied to visualize
a range of polysaccharides including curdlan (Ikeda & Shishido, 2005), and oat βglucan (Wu et al 2006). AFM was employed for the three dimensional analysis of
surface structure and surface roughness of
NBRC 3425 EPS at a
concentration of 10µg per mL. Analysis revealed spike-shaped lumps with an
average size of 17.81±2.89nm (Figure 3). According to Tao and co-workers (2008)
this could be possibly formed by inter- and intra-molecular aggregation of
polysaccharide.
Sajna et al (2008) reported that the surface structure seemed to be dependent
on the EPS concentration. They observed that smaller lumps 3nm in height and
comparatively larger ones 5–6nm in height at lower concentration (10µg per mL),
whereas irregular-shaped spikes were observed at higher EPS concentration
(100µg per mL). The surface structure of EPS from
species contained
round lumps and chains at low concentrations and irregular lumps and chains at
higher concentrations (Wang et al 2010).
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The vibrational spectrum of a molecule is considered to be a unique physical
property and is characteristic of the molecule. As such, the infrared spectrum can
be used as a fingerprint for identification by the comparison of the spectrum from
an ''unknown'' with previously recorded reference spectra (Coates 2000). FT-IR has
been a potent and very useful tool for observing structural and functional group
changes in exopolysaccharide (Wang et al 2008).
The FT-IR spectrum of crude EPS produced by
NBRC 3425 (Figure
4) revealed major functional groups such as hydroxyl (2800cm-1 to 3600cm-1) and
carbonyl (1600cm-1 to 1725cm-1) groups. The spectrum exhibited a broad stretching
in the region 3184.48cm-1 suggesting the stretching vibration of hydroxyl groups of
links (OH) indicating the presence of a polyhydroxy compound (Liu et al 2007 as
cited by Paulo et al 2012). This is the characteristic absorption band of a
carbohydrate ring and is responsible for the water solubility of the EPS. The
presence of hydroxyl groups within the polysaccharide favors hydrogen bonding
with one or more water molecules. Thus, the polymer swells and even dissolves
partially or completely in water (Miller et al 1996 in Kumar et al 2004).
The absorption band appearing at 1668.3 was assigned to the stretching
vibration of the carbonyl group (C=O). The IR spectrum of the polymer showed the
presence of carboxyl groups, which may serve as binding sites for divalent cations.
The carboxyl groups may also work as functional moieties to generate new and/or
modified polysaccharide variants using different approaches including polymer
engineering or novel formulation designing by linking this polysaccharide with
starch and/or other synthesized polymers (Ha et al 1991 in Kumar et al 2004).
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Closely similar results were also obtained by Kumar et al (2011) where the EPS
produced by strain B3 showed the presence of an –OH band at the 3415.31cm-1
position and band of COOH groups at 1631.48cm-1. Results further indicate the
presence of other absorption bands at 1419.61-1012.63cm-1, and 1600.92cm-1
which is a characteristic of glucan.
This finding is best supported by the published report of Vijayabaskar et al
(2011) which indicated that the IR spectrum of the crude polysaccharide sample
they examined showed the band at 1000-1500cm-1 which characterizes glucan. In
addition, the spectra exhibited sharp bands around 1000, 1200, 1400, 1500 and
1600cm-1 revealed the (1,3)-β-glucan linkages.

NBRC 3425 was confirmed to be an
exopolysaccharide producer due to the presence of an unstained transparent band
or clear halo surrounding the bacterial cell when viewed under a transmission
electron microscope. Results of this study are in agreement with the published
observations of several studies on other
strains. The
presence of a broad stretching in the region 3184.48cm-1 suggesting the stretching
vibration of hydroxyl groups of links (OH) indicates the presence of a polyhydroxy
compound typical of carbohydrate. The exopolysaccharide produced by L.
NBRC 3425 showed structural characteristics that render it as a
potential food stabilizer.
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