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Abstract

Levan is a highly water-soluble biopolymer that has extensive applications in the pharmaceutical, personal care, food, and
industrial fields. Lactobacillus fermentum SHN1 was isolated from milk and dairy products as an exopolysaccharide (levan)
producer and identified according to morphological, biochemical tests and using the /6S rRNA gene sequencing. The
sequence alignment in the gene bank indicated that the isolate has a high percentage of similarity (100%) to the recovered
sequence of Lactobacillus fermentum isolate. The produced biopolymer was characterized as levan by FTIR, 'H-NMR, and
BC-NMR spectroscopy. The effect of various nutritional and physical factors including pH, carbon source, sucrose
concentration, nitrogen source, inoculum size, and incubation period, on the synthesis of levan by L. fermentum SHN1 was
studied. The findings indicated that the optimal carbon source for the production of levan was 100 g/L sucrose, yielded of
25.95 g/L. Additionally, a combination of peptone + yeast extract at a ratio of 2:0.5 was identified as the most effective
nitrogen source for levan production, giving in a yield of 24.21 g/L. L. fermentum SHN1 produces the greatest quantity of
levan, 23.89 g/L, under a pH of 6.5 and an inoculum size of 1%, resulting in a yield of 25 g/L. The most favorable period for

incubation was 48 hours, resulting in a production yield of 24.87 g/L.
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1. Introduction

Levan is known as [ -2, 6-linked fructose
homopolymer; it has existed in many plants and microbial
products. Levan generated by bacteria is considerably
larger than that of plants, with numerous branches and
molecular weights ranging from 2 to 100 million Daltons
(Keith et al., 1991; Arvidson et al., 2006). Levan is a
unique microbial exo-polysaccharide that has numerous
industrial applications (Panteli’c ef al., 2020; Lon"carevi’c
et al., 2019). It is a water-soluble biopolymer consisting of
fructose monomeric units that repeat, with a terminal
group consisting of D-glucosyl residue. Levan possesses a
number of advantageous qualities, including flexibility,
biodegradability, biocompatibility, antibacterial activity,
antioxidant activity, stimulation the immune system and
the anti-inflammatory effects (Srikanth ef al., 2015a; Costa
etal., 2021).

Levan is produced by the extracellular enzyme
levansucrase (EC 2.4.1.10) in response to the presence of
sucrose as a carbon source (substrate). This enzyme
degrades sucrose, constructing levan polymer from the
fructose residues (Poli et al., 2009). The unique levan
polymer is distinguished by its viscosity, capacity to
dissolve in water, resistance to acid, alkali and heat, as
well as its biological properties and capacity for film
formation (Bekers et al., 2005). Numerous bacterial
species possess the capacity to produce levan, such as
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Zymomonas, Azotobacter, Mycobacterium, Erwinia,
Corynebacterium, Pseudomonas, Bacillus,
Brachybacterium  phenoliresistens,  Bacillus  subtilis

Lactobacillus, Bacillus amyloliquefaciens and others (Poli
et al., 2009; Teixeira et al., 2010; Al-Halbosiy et al., 2018;
Ngampuak et al., 2023; Al- Mousawi and Abd- Aljabar,
2018; Sanchez-Leon et al., 2023). In recent decades, wide
ranges of microbial extracellular polymers (EPSs) have
been identified and thoroughly studied, including their
composition, structure, manufacturing, and functional
capacities. The heightened fascination with microbial-
produced polysaccharides stems from the increasing need
for natural polymers in various fields such as food,
medicine, and industry in recent times (Costerton et al.,
1987; Mohammed ef al., 2021).

Compared to levan produced from plants, microbial
levan offers a wider range of applications. It is utilized in
food, medicine, aquaculture, and personal care
applications (Owner et al., 2016).

The objective of this study was the isolation and
characterization of a newly bacterial isolate from natural
milk and dairy products. The selected L. fermentum SHN1
was tested for the production of levan at the production
medium, the effect of optimal conditions, carbon sources,
nitrogen sources, initial pH, sucrose concentration,
inoculum size and incubation time. FTIR, 'H-NMR and
BC-NMR analyses were conducted for levan identification
and characterization.
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2. Material and methods

2.1. Isolation of the bacterial isolates

A total of 115 samples from different natural milk and
dairy products were collected from local markets in
Baghdad province, Iraq. A small amount of each sample
was suspended in 10 ml of sterile distilled water. One
milliliter from the homogenized suspension was added to 9
ml of sterilized De Man Rogosa-Sharp-broth (MRS broth)
(HIMEDIA, INDIA) and incubated anaerobically (via
candle jar) for 24hr at 37°C. After incubation, the
suspension was serially diluted in a sterile normal saline
(NaCl) 0.85% from 10! to 10~ and streaked on MRS agar
plates in duplicates. The plates were incubated
anaerobically for 48hr at 37°C. The process was carried out
several times to obtain single colonies. Then, the purified
colonies were sub-cultured on MRS slants and stored at
4°C as stock cultures. The pure isolates were initially
tested for their Gram staining, cell morphology, oxidase
and catalase reaction (Ahmed, 2013; Al-Maliki, 2020;
Mohsin et al., 2020).

2.2. Detection of levan production

2.3. Primary screening of levan production on solid
media

The isolated bacterial colonies were transferred to a
modified levan screening solid medium composed of g/L:
5.5 KoHPO4, 0.2 MgS04.7H20, 100 Sucrose, 2 Peptone,
0.5 yeast extract, and 15 agar-agar (Abou-Taleb et al.,
2015).

The cultured plates were kept anaerobically at 37°C for
48 hr and the isolates with a slimy mucoid appearance
were identified as levan producer (Nasir et al., 2015).

2.4. Secondary screening of levan production in liquid
media

The selected bacterial colonies recorded as levan
producer were grown on levan screening broth as
previously mentioned (without using agar agar) and
incubated anaerobically at 37°C in a shaker incubator for
48 hr. For levan recovery, the broth was centrifuged at
10000 rpm for 10 minutes, and twice the volume of chilled
absolute ethanol was added to the supernatant. The
mixture was cooled at 4°C for 48 hr., and the precipitated
levan polymer was collected using a cooling centrifuge at
8000 rpm for 10 min. The pellet was collected and dried at
50°C for 2-3 days to estimate levan dry weight
(Semjonovs et al., 2016).

2.5. Molecular identification (genotypic identification)

The most productive isolate was identified by 16s
rRNA gene sequencing. Genomic DNA was extracted
from the bacterial growth according to the protocol of
ABIO. The 16s rRNA from the genome was amplified by
the use of the universal bacterial primer (27F: 5-
GAGAGTTTGATCCTGGCTAG-3 and 1492R: 5-
CTACGGCTACCTTGTTACGA-3. PCR products were
sent to Macrogen Corporation in Korea for Sanger
sequencing utilizing an automated DNA sequencer
(ABI3730XL). The resulting sequences were compared
using Basic Local Alignment Search Tool (BLAST)
network services at the gene bank databases of the
National Center for Biotechnology Information (NCBI)
and the accession number was obtained. The Phylogenetic

tree was constructed through the alignment of nucleotide
sequences using the neighbor-joining algorithm in MEGA
11 software.

2.6. Determination the optimum conditions for levan
production

For levan production, various parameters were studied
to standardize the fermentation conditions. In each
experiment, levan dry weight was determined.

2.6.1. Effect of pH

In order to evaluate the impact of pH values on levan
production, the pH of the media was adjusted to various
levels (4, 5, 6, 6.5, 7, and 8).

2.6.2. Effect of Carbon source

This experiment was carried out by using different
carbon sources which include: Sucrose, fructose, maltose,
lactose, glucose and mannose used as alternatives.

2.6.3. Effect of sucrose concentration

To determine the effect of sucrose concentration on
levan production, the experiment achieved using six
different concentrations of sucrose were used (25, 50, 75,
100, 125, 150) g/L.

2.6.4. Effect of Nitrogen source

The experiment was conducted through the use of six
organic and inorganic sources of nitrogen (peptone, yeast
extract, KNO;, NH4Cl and (peptone + yeast extract
together) to investigate their impact on levan production.

2.6.5. Effect of inoculum size

Production of levan by the selected isolate was
determined by inoculating the culture medium with 7
different inoculum size (0.5, 1, 2, 4, 8, 10, 15, 20) % of
inoculum (1.5x10% CFU/ml, OD600 = 0.5).

2.6.6. Effect of incubation time

The incubation period required for levan production
was evaluated. The selected isolate was incubated
anaerobically at 37°C for 12, 24, 36, 48, 60, 72 and 96 hr.
separately. Post fermentation, the culture was centrifuged
(10000 rpm for 20 min), and the pellets were washed twice
with distilled water then dried at 40 °C to determine the
biomass (cell dry weight).

2.7. Production and purification of levan

Levan production was carried out by culturing the
selected isolate in 250 ml Erlenmeyer flasks containing
fifty milliliter of the media used for levan production (5.5
K2HPOs4, 0.2 MgS04.7H20, 100 Sucrose, 2 Peptone, 0.5
yeast extract) gram per liter which autoclaved and then
inoculated with 1% (1.5x10%8 CFU/ml, ODesoo = 0.5 on
McFarland) of the bacterial inoculum. The flasks were
incubated at 37°C for 48hr in a shaker incubator at 120
rpm with N2 gas flashing to obtain anaerobic conditions.

The culture was centrifuged at 10000 rpm for 10 min to
remove the bacterial cells. The supernatant containing
levan was collected and mixed with twice the volume of
absolute iced ethanol, then cooled at 4°C for 48 hrs. The
precipitated levan polymer was collected using a cooling
centrifuge at 8000 rpm and dried at 50°C for 2-3 days.
After that, dialysis technique was used for the partial
purification process. The collected levan pellet was
dissolved in a minimum amount of demineralized water,
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then dialyzed using a membrane with a cutoff of 10 Kilo
Dalton (KD) against deionized water (dH20) for a duration
of 3 days, with daily water replacement. After that, levan
was collected by precipitation using double volume of
chilled absolute ethanol. The precipitated polymer was
dried in an oven at 50°C for2-3 days to determine the
levan dry weight for further analysis (Zhang et al., 2014)

2.8. Characterization of levan

2.8.1. Fourier Transform-Infrared spectroscopy (FTIR):

The functional groups present in the partially purified
levan polymer were analyzed using Shimadzue FTIR
spectrophotometer (Shimadzu- Japan) using KBr pellets.
The spectrum was recorded at a wave range of (4000 to
400) cm’!, Furthermore, the FTIR spectra of the standard
levan from Erwinia herbicola sigma- Aldrich were applied
to compare the spectra of the current study with standard
levan.

2.8.2. Nuclear Magnetic Resonance (NMR)

The spectra of 'H and '3C NMR were measured and
recorded using UXNMR, a Bruker instrument. Levan was
solubilized in dimethyl sulfoxide (DMSO) for both
analyses. The 'H NMR spectrum was conducted at a
frequency of 400 MHz, whereas the 3C NMR spectrum
was conducted at a frequency of 100 MHz. The chemical
changes were determined and reported in parts per million
(ppm). Also, 'H and '3C NMR spectra of the standard
levan from E. herbicola sigma- Aldrich were detected for
comparison.

2.9. Statistical analysis

The effect of different parameters on levan production
were tested statistically using 7T-fest, one-way ANOVA
and Tukey’s test to assess the data’s significance at p <
0.05. The average mean values were reported along with
standard deviation. The softwares used for the analysis are
(R Studio and the figures by Origin software).

3. Results and discussion

3.1. Isolation of Lactobacillus Isolates:

A total number of 27 isolates (23%) have been
collected from various sources of dairy products (yogurt,
cheese, butter, labneh, milk, cream, and whey) from local
markets were belong to the genus Lactobacillus. All of
these isolates were gram-positive, cocci, organized singly,
pairs or short chains, non-motile, oxidase and catalase
negative (Jameel and Haider, 2021; Jeyagowri et al.,
2023). These isolates were identified using
morphological, microscopical, and biochemical tests. Their
morphological characteristics showed that they belong to
the genus Lactobacillus by their small (2-5Smm), creamy,
smooth round, little sticks colonies and opaque without
pigment on MRS agar as shown in Figure (1) (Taye et al.,
2021; Hussein and Luti, 2023).

Figure 1: Cells and colony morphology of Lactobacillus spp. A-
Bacterial cells under a microscope using oil emersion lens (100x)
B- Colonies growing on MRS agar.

3.2. Primary screening on solid media

Levan production had been determined in all 27
isolates of Lactobacillus spp. The identification and
evaluation of levan production were documented based on
the observation of mucoid and viscous colonies on the
surface of the levan screening medium. The data presented
in Table (1) indicated that 15 isolates only had a viscous
mucoid appearance which were subsequently employed in
a secondary screening process.

The screening for levan was conducted using sucrose-
rich media as a substrate which induces the enzymatic
activity of levansucrase enzyme (also known as
fructosyltransferase) (Nasir et al., 2015). Its main function
is to facilitate the development of B-(2,6)-levan by
breaking down sucrose into its constituent fructose and
glucose units. Furthermore, it participates in the synthesis
of fructooligosaccharides (FOS) (Vieira et al., 2021).
Moreover, the morphological findings indicated a viscous
and mucoid appearance, consistent with (Nasir et al.,
2015; Alshammery and Alaubydi, 2020; Hamada et al.,
2022). The identification of EPS in lactic acid bacteria is
accomplished through the observation of the slimy and
mucoid characteristics of the colonies on a solid medium
(Tsveteslava and Ivanov, 2016; Chun-lei ef al., 2014). In
their study, Ahmed et al. (2022) successfully isolated a
strain capable of making levan, which was identified as
Lactobacillus reutri. They noticed that when sucrose was
present, the colonies exhibited a slimy mucoid look,
indicating the formation of extracellular polymeric
substances (EPS) from sucrose. Also, Mamay et al. (2015)
observed that the presence of levan was identified based
on the slimy appearance of the colonies on solid media.
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Table 1: Primary screening for levan synthesis by Lactobacillus
spp. isolates on solid medium

Table 2: Secondary screening for levan production by
Lactobacillus spp. isolates in liquid medium

Bacterial isolates Levan dry weight Average g/L

No. Bacterial isolates ;ﬂf:tf No. of isolates
1 Lactobacillus spp. +++ LA3
2 Lactobacillus spp. + LA6
3 Lactobacillus spp. - LA8
4 Lactobacillus spp. - LA12
5 Lactobacillus spp. - LA13
6 Lactobacillus spp. - LA14
7 Lactobacillus spp. - LA15
8 Lactobacillus spp. - LA17
9 Lactobacillus spp. ++ LA19
10 Lactobacillus spp. + LA20
11 Lactobacillus spp. + LA21
12 Lactobacillus spp. - LA22
13 Lactobacillus spp. - LA26
14 Lactobacillus spp. - LA27
15 Lactobacillus spp. - LA29
16 Lactobacillus spp. +++ LA30
17 Lactobacillus spp. +++ LA31
18 Lactobacillus spp. - LA32
19 Lactobacillus spp. + LA33
20 Lactobacillus spp. + LA34
21 Lactobacillus spp. ++ LA35
22 Lactobacillus spp. - LA36
23 Lactobacillus spp. + LA37
24 Lactobacillus spp. ++ LA38
25 Lactobacillus spp. +++ LA39
26 Lactobacillus spp. + [LA40
27 Lactobacillus spp. ++ LA41

Lactobacillus spp. (LA3) 8.85
Lactobacillus spp. (LA30) 11.5
Lactobacillus spp. (LA31) 23
Lactobacillus spp. (LA35) 17.6
Lactobacillus spp. (LA38) 10.4
Lactobacillus spp. (LA39) 13.25

+++: high levan production, ++: moderate levan production, +:
weak levan production, - : no levan production

3.3. Secondary screening on liquid media

Based on the results of primary screening, levan
concentration was estimated. The results presented in
Table 2 showed that the isolate Lactobacillus spp. (LA31)
had the highest productivity of levan, with an average
concentration of approximately 23 g/L (dry weight). The
remaining isolates had concentrations ranging from 8.85
g/L to 17.6 g/L. Therefore, the isolate (LA31) was selected
for the remaining experiments in the current study.

3.4. Molecular identification of Lactobacillus spp.
(LA31) by 16s rRNA:

According to the findings of /6S rRNA gene sequence
analysis, the isolate LA31was identified as L. fermentum
SHN1 (new scientific name, Limosilactobacillus
fermentum). The nucleotide sequence was submitted and
deposited at GenBank under the accession number
0Q588768. The neighbor-joining method was employed
to conduct a phylogenetic study of L. fermentum SHNI1
(accession number OQ588768). The results revealed a
substantial level of similarity and close clustering with
other L. fermentum strains retrieved from the NCBI
GenBank database (Figure 2).

Limosilactobacilius fermentum stran ADS2- OMBU /266

Limosilactebacillus fermentum strain FS 20 OLAS1758
Limosilactobacillus fermentumn strain 17282- MVW504868
Limosilactobacillus fermentumn strain DFRMS- OP919652
Limosilactobacillus fermentum strain MG5489= ONG31853
Limosilactobacillus fermentumn strain MGA697- OP077100
Lirnosilaclobacillus ferrnenturn stiain 3107- MZ220808

I imnsilactabacillus fermenturm strain SHN (Iraqi isolates)- GQSRR7A]
Limosilactobacillus fermentum strain NVWAFU 1034 -OR240811

—
A nnen

Figure 2: Phylogenetic tree represents the relationship between
the sequence of the 16S rRNA gene of L. fermentum SHNI1 and
the related isolates. The phylogenetic tree was created with
MEGAI11 using neighbor-joining method.

3.5. Determination of the optimal conditions for levan
production

3.5.1. The effect of pH on levan production

The experiment involved testing several pH values (4,
5,6, 6.5, 7, and 8) to determine the optimal pH for levan
synthesis. The production of Levan by L. fermentum SHN1
demonstrated a gradual and consistent rise with an increase
in pH values from 6 to 6.5 (Figure 3). L. fermentum SHN1
exhibited its maximum levan production of 23.89 g/L at a
pH of 6.5. Belghith et al. (2012) deduced that the enzyme
levansucrase exhibited its optimal activity at a pH of 6.5;
this finding could potentially account for the observed
increase in levan production. Abou-taleb et al. (2015) also
found that the maximum quantity of levan produced by
Bacillus lentus V8 strain on a sucrose supplemented
medium occurred at a pH of 6.5. The findings obtained
from our work are in consistence with those of Khassaf et
al. (2019) who reported that the optimum pH for levan
production by Bacillus subtilis was 6.5.
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Figure 3: The effect of initial pH values on levan production by
L. fermentum SHNI isolate. The experiment was repeated as
triplicate and the values are represented as mean + SD at (*P <
0.05), (**P <0.01) and (***P < 0.001).

The effect of carbon sources on levan production

To find out the optimal carbon source for levan yield
enhancement, five different carbon sources (fructose,
maltose, lactose, mannose, glucose, and sucrose) were
employed. Based on the results, sucrose was shown to be
the most effective carbon source for levan production by L.
fermentum SHNI resulting in a yield of 24.4 g/L. In
comparison, mannose, fructose, maltose, glucose, and
lactose yielded (2.1, 3.9, 5.1, 9, 11) g/L, respectively
(Figure 4). Using fructose as the exclusive carbon source
leads to a reduction in levan synthesis. According to
reports, the production of levan declined when fructose
was utilized instead of sucrose in the productive medium.
These findings suggest that sucrose is the most effective
stimulant and material for the enzyme levansucrase (Van
Hijum et al., 2006; Al-qaysi et al., 2016; Moussa et al.,
2017). Other bacterial species that demonstrate similar
results regarding sucrose as the most favorable carbon
source include, B. licheniformis (Dahech et al., 2012), B.
lentus (Abou-Taleb et al, 2014) and Z mobilis
(Senthilkumar and Gunasekaran, 2005).

30

N
L]
L

—_

a 8

Levan concentration (g/L)
s

Fructose maltose sucrose lactose mannese glucose
Carbon source

Figure 4: The effect of different types of carbon sources on levan
production by L. fermentum SHNI isolate. The experiment was
repeated as triplicate and the values are represented as mean + SD
at (*P <0.05), (**P <0.01) and (***P <0.001).

The effect of sucrose concentration

The amount of levan produced by L. fermentum SHNI1
was affected by using different concentrations of sucrose.
The findings indicated that the maximum concentration of
levan (25.95 g/L) was identified at 100 g/L. Further
increase in sucrose concentration led to an extreme
decrease in the yield of the produced levan (Figure 5). It
has been determined that the concentration of sucrose is
the most significant factor influencing levan molecular
weight (Wu et al., 2013). Leuconostoc mesensteroides

produced a similar result, with the maximum levan yield at
10% sucrose content (Khudair et al., 2018). Also,
Chidambaram et al. (2019) reported that levan production
by B. subtilis was optimized at a sucrose concentration of
100 g/ L. On the other hand, Aramsangtienchai et al.
(2020) reported that levan production by Tanticharoenia
sakaeratensis increased steadily from 2.1 g/ L to 24.7 g g/
L as the sucrose concentration increased from 50 g/ L to
200 g g/ L.
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Figure 5: The effect of different concentrations of sucrose on
levan production by L. fermentum SHNI isolate. The experiment

was repeated as triplicate and the values are represented as mean +
SD at (*P <0.05), (**P <0.01) and (***P < 0.001).

The effect of nitrogen sources on levan production

A total of six nitrogen sources, namely peptone, yeast
extract, casein, KNO3, NH4CIl, and a combination of
peptone and yeast extract, were used in order to determine
the optimal nitrogen source for levan synthesis. As
illustrated in Figure (6), a combination of peptone + yeast
extract at a ratio (2:0.5) was the optimal nitrogen source
for levan synthesis, resulting in a yield of 24.21g/L. The
data presented in Figure 6 clearly demonstrate that the
nitrogen sources have a significant impact on the synthesis
of levan by L. fermentum SHN1 strain. The highest levan
dry weight was achieved when (peptone+ yeast extract)
was used as a nitrogen source, while the lowest levan dry
weight (6.1 g/L) was obtained when yeast extract was used
alone. Lactic acid bacteria (LAB) are highly specialized
microbes that grow on complicated organic substances.
These bacteria need carbohydrates, nucleotides, amino
acids, peptides, vitamins and minerals for their growth
because of the absence of specific metabolic pathways.

For example, in the absence of exogenous amino acids,
LAB cannot grow at the expense of mineral nitrogen
(Morishita et al., 1981). To meet their nutritional
requirements in complex growth media, expensive and
undefined compounds such as peptone, meat extract, and
yeast extract are typically added (De Man et al., 1960). In
line with our discoveries, de Oliveira et al. (2007)
confirmed that yeast extract played a crucial role in the
formation of levan. The combination of yeast extract with
KH2PO4 and yeast extract with MgSO4 was found to have
a substantial impact on levan production. Additionally,
Silbir ef al. (2014) discovered that yeast extract produced
the greatest amount of levan in comparison to other
nitrogen sources. The greatest EPS production by two
strains of Lactobacillus plantarum isolated from cow milk
was obtained when yeast extract used as a N2 source. This
effect is explained by the composition of yeast extract
which includes amino acids, peptides, carbohydrates, and
salts (Imran et al., 2016).
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Figure 6: The effect of different types of nitrogen sources on
levan production by L. fermentum SHN1 isolate. The experiment
was repeated as triplicate and the values are represented as mean +
SD at (*P < 0.05), (**P <0.01) and (***P < 0.001).

The effect of inoculum size

The impact of various inoculum volumes on the
production of levan was examined and illustrated in Figure
(7). L. fermentum SHNI1 was incubated with various
inoculum sizes (0.5, 1, 2, 4, 8, 10, 15, 20) % of inoculum
(1.5x10 & CFU/ml, OD600 = 0.5). The findings indicated
that an inoculum volume of 1% was the optimal for levan
production, resulting in a yield of 25 g/L. On the other
hand, using of 2% inoculum size resulted in a reduced
levan dry weight to 17.52 g/L.

The reduction in the production of levan could be
associated with the elevation in cell growth in the
production media, which resulted in the consumption of
nutrients in a short period of time that leading to a quick
consumption of carbohydrates and decreased levan
production. The findings were consistent with those of
Khassaf e al. (2019) who reported that the greatest
quantity of levan was generated when an inoculum volume
of 1% was employed. In addition, Kiigiikasik e al. (2011)
employed a 1% inoculum size to achieve the maximum
levan synthesis from molasses by Halomonas spp.
However, the current study differs from what some other
researchers found when using of 5% inoculum size for
levan production (Dahech et al. 2014). This could be
attributed to variations in the growth rate among various
isolates. Additionally, the isolate employed in this study is
regionally isolated, which means that its development and
production may differ from that of strains and isolates that
are universal.
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Figure 7: The effect of inoculum size on levan production by L.
fermentum SHNI isolate. The experiment was repeated as
triplicate and the values are represented as mean + SD at (*P <
0.05), (**P <0.01) and (***P <0.001).

3.5.2. The effect of the incubation period

Production of levan was estimated at various
incubation periods (12, 24, 36, 48, 60, 72 and 96 hr.). The
maximum levan level produced by L. fermentum SHNI1
was 24.87 g/L and biomass of 8.25 g/L was achieved after
48hr of incubation (Figure 8).

The findings align with previous studies that have
reported the highest yield of levan synthesis by L. reuteri
FW2 was after incubation for 48 hours (Ahmed et al.,
2022). Based on another investigation, Z. mobilis achieved
the maximum levan production after 42 hours of
incubation (Silbir et al, 2014). Sims et al. (2011)
conducted a separate investigation and found that the
highest amount of levan produced by the gut bacteria L.
reuteri 100-23 was achieved after a period of 96 hr. of
incubation. Under optimal conditions, the probiotic
Bacillus  tequilensis-GM  produces 2.8 g/L of levan
following 72 hr. of incubation (Abid ef al., 2019).

The isolate L. fermentum SHNI, isolated in this work,
exhibits a significant capacity to produce abundant
quantities of levan in a shorter incubation period compared
to prior research. Consequently, it holds great potential for
commercial applications.
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Figure 8: The effect of different incubation periods on levan
production by L. fermentum SHNI isolate. The experiment was
repeated as triplicate and the values are represented as mean + SD
at (*P < 0.05), (**P <0.001) and (***P <0.0001).

3.6. Characterization of levan

3.6.1. Fourier Transform-Infrared spectroscopy (FTIR):

The Fourier Transform Infrared (FTIR) spectrum of L.
fermentum SHN1 levan exhibited multiple distinct peaks
that are indicative of its unique properties (Figure 9). The
distinctive peak corresponding to the stretching of the O-H
bond of polysaccharide was observed at about 3406.05 cm-
I. A medium C-H stretching vibration has been detected at
2935.46 cm'and C=0 stretching was detected at 1650.95
cm!(Salman et al., 2019). The peaks between 1126 and
900 cm™! correspond to the characteristic features of
polysaccharides (Kadhum and Haydar, 2020; Sanchez-
Leodn et al., 2023).

The observed three peaks at 1128.28 cm™!, 1060.78 cm
!, and 1014.49 cm! correspond to the ring vibration of C-
OH groups and the glycosidic linkage C-O-C stretching
vibration (Srikanth ef al., 2015b). The stretching vibration
of the presence of C-H and the band at 1650.95 cm™! were
attributed to the bounding of water (Xu et al., 2016). In
addition, the presence of the furanoid ring and the bending
vibration of D-type C-H in furanose were indicated by
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peaks in the range of 927-810 cm-1, which are
characteristic of carbohydrates (Ahuja et al, 2013). As
summarized in Table 3, the data revealed that the polymer
synthesized by L. fermentum SHN1 was levan.

The FTIR spectrum obtained in this work from L.
fermentum SHNI is in agreement with the FTIR spectra of
levan produced by Pantoea agglomerans ZMRT7 (Al-Qaysi
et al., 2021), Brachybacterium phenoliresistens (Moussa et
al., 2017), and is similar to the standard levan from E.
herbicola (Figurel0).

Table 3. The comparison of FTIR values of levan produced by L.
fermentum SHNI with other bacteria

E L.
herbicola P fermentum
Chemical ; Lo ) SHNI
OUDS Standard phenoliresistens agglomerans 7
group levan Levan (cm')  Levan (cm™) {;e;z}n (cm
this
(cm™) study
0-
3429.20 3394.1 3417.68 3406.05
C-H
2927.74 2932.23 2935.66 2935.46
C=
1637.45 1647.88 1639.49 1650.95
References (Moussa et al., (Al-Qaysi et

2017) al., 2021)

Figure 9: FT-IR spectrum of the levan obtained from L.
fermentum SHN1 isolate.

————_

Figure 10: FT-IR spectrum of the Standard levan obtained from

E. herbicola.

3.6.2. Nuclear Magnetic Resonance (NMR)

The 'H-NMR spectra of levan exopolysaccharide
produced by L. fermentum SHNI1 displayed distinct signals
that are indicative of levan. The proton signals were
detected within the chemical shift range of 3.27 to 5.16
ppm (Figurell). The spectrum revealed that the isolated
molecule exhibits proton signals that cannot be
interchanged and correlated to the resonance of the
standard levan from E. herbicola (Figurel2). In addition,
the composition of the produced levan by L. fermentum
SHN1 was verified by using *C-NMR spectroscopy
analysis as shown in Table 4. The 3C NMR spectra
exhibited six prominent resonances at 61.04, 104.68,
76.39, 75.75, 80.65, and 63.37, which were designated, in
that order, for the C1 through C6 atoms comprising the
structure of levan (Figure 13). Significantly, the *C NMR
spectrum of EPS S81 displayed a signal at 63.2 ppm (C-6)
that was displaced towards the lower end of the spectrum.
This signal verified the existence of a f-(2 — 6) linkage,
thereby establishing the structure as levan rather than
inulin (Xu et al., 2016; Taylan et al., 2019). The signal
alterations observed were consistent with those of other
levans generated by different bacteria, including Bacillus
subtilis MTCC441 (Veerapandian et al., 2023), P.
agglomerans ZMRT7 levan (Al-Qaysi et al., 2021), B.
phenoliresistens (Moussa et al., 2017) and E.herbicola
(Figure 14).

Table 4: Comparison of *C NMR values of L. fermentum SHN1,
and other bacteria

L.
Standard ) P fermentum
Carbon levan L SHN1
phenoliresistens agglomerans
atom from E. l
. levan levan evan
herbicola
this study
C-1 60.98 59.073 60.58 61.04
C-2 104.68 103.834 104.38 104.68
C-3 75.69 7.0217 75.83 76.39
C-4 76.30 74.183 76.74 75.75
C-5 80.62 82.253 80.35 80.65
C-6 63.37 62.007 63.15 63.37
(Moussa et al., (Al-Qaysi et
Reference 2017) al., 2021)

13 7 s 18 M 13 12 N @ % &8 7 & 5 4 3 1 1
11 ippem)

Figure 11: 'HNMR spectrum for levan obtained from L.
fermentum SHN1 isolate.
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Figure 12: '"HNMR spectrum for standard levan obtained from
Erwinia herbicola.
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Figure 13:°C NMR spectrum for levan obtained from L.
fermentum SHN1 isolate.
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Figure 14: '*C NMR spectrum for standard levan obtained from
Erwinia herbicola

4. Conclusion

Based on previous findings, a novel levan (EPS)
producing isolate of L. fermentum SHN1was isolated from
milk and dairy products. This isolate was identified using
phenotypic characteristic and /6S rRNA gene sequencing.
The production of levan was enhanced using optimized
conditions (pH, carbon source, sucrose concentration,
nitrogen source, inoculum size and incubation time). The
partially purified biopolymer was characterized by FTIR
and NMR. These analyses confirmed the presence of the
functional groups within the levan structure and the
similarity with the standard levan.

Acknowledgements

This work was supported by the Department of
Biotechnology, College of Science, University of Baghdad
(Baghdad, Iraq).

References

Abid Y, Azabou S, Casillo A, Gharsallah H, Jemil N, Lanzetta R,
Attia H and Corsaro M M. 2019. Isolation and structural
characterization of levan produced by probiotic Bacillus
tequilensis-GM from Tunisian fermented goat milk. /nt J Biol
Macromol.,133:786-794.
Doi:https://doi.org/10.1016/j.ijbiomac.2019.04.130.

Abou-Taleb K, Abdel-Monem M, Yassin M and Draz A. 2015.
Production, purification and characterization of Levan polymer
from Bacillus lentus V8 strain. Brit Microbiol Res J., 5(1): 22-
32.doi: https://doi.org/10.9734/BMRIJ/2015/12448

Abou-Taleb KA, Abdel-Monem MO, Yassin MH and Draz AA.
2014. Nutritional factors affecting levan production by Bacillus
sp. V8 strain isolated from rhizosphere bean (Vicea faba) plant. J
Agric Technol., 10: 899-914.

Ahmad AA. 2013. In vitro screening of Lactobacillus species
from homemade yoghurt for antagonistic effects against common
bacterial pathogens. JJBS., 6(3): 211 —216.

Doi: http://dx.doi.org/10.12816/0001535

Ahmad W, Nasir A, Sattar F e al. 2022. Production of bimodal
molecular weight levan by a Lactobacillus reuteri isolate from
fish gut. Folia Microbiol., 67: 21-31.

Doi: http://dx.doi.org/10.1007/s12223-021-00913-w

Ahuja M, Singh S and Kumar A. 2013. International journal of
biological macromolecules evaluation of carboxymethyl gellan
gum as a mucoadhesive polymer. Int J Biol Macromol., 53: 114-
121.doi: https://doi.org/10.1016/j.ijbiomac.2012.10.033

Al- Mousawi BNE and Abd- Aljabar EK. 2018. Study of the
effect of wheat germ extract on the production of
exopolysaccharides from the bioenhancers. Iragi J Agric Sci., 44
(1) :55-63. Doi: http://dx.doi.org/10.36103/ijas.v49i1.207

Al-Halbosiy MM, Thabit ZA, Al-Qaysi SA-DAS and Moussa TA.
2018. Biological activity of levan produced from rhizospheric soil
bacterium Brachybacterium phenoliresistens
KX139300. Baghdad Sci J., 15(3): 0238.

doi: https://doi.org/10.21123/bsj.2018.15.3.0238

Al-Maliki AA. 2020. Production, characterization and assessment
of Dbiological activity of lipopeptide produced by clinical
Lactobacillus  plantarum. PhD thesis, College of science,
University of Baghdad, Iraq.

Al-Qaysi SAS, Thabit ZA and Kadhem SB. 2016. Levan
production using Pseudomonas brassicacearum isolated from
rhizosphere soil of Cowpea farm in Iraq. Iraqi J Biotech., 15: 83-
96. Doi: http://dx.doi.org/10.13140/RG.2.2.31042.84167

Al-Qaysi SAS, Al-Haideri H, Al-Shimmary SM, Abdulhameed
M, Alajrawy OI, Al-Halbosiy MM, Moussa TAA and Farahat
MG.2021. Bioactive levan-type exopolysaccharide produced
by Pantoea agglomerans ZMRT: Characterization and
optimization for enhanced production. J Microbiol Biotechnol.,
31(5):696-704. Doi: http://dx.doi.org/10.4014/jmb.2101.01025

Alshammery RM and Alaubydi MA. 2020. Extraction and partial
purification of exo-polysaccharide from Lactobacillus rhamnosus
isolated from vaginal specimens. [lraqgi J Sci., 61 (4): 754-764.
Doi: http://dx.doi.org/10.24996/ijs.2020.61.4.7

Aramsangtienchai P, Kongmon T, Pechroj S, Srisook K. 2020.
Enhanced production and immunomodulatory activity of levan



© 2024 Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 3 539

from the acetic acid bacterium, Tanticharoenia sakaeratensis, Int
J Biol Macromol., 163: 574-581.
Doi: https://doi.org/10.1016/j.ijbiomac.2020.07.001

Arvidson SA, Rinehart BT and Gadala-Maria F. 2006.
Concentration regimes of solutions of levan polysaccharide from
Bacillus sp. Carbohydr Polym, 65:144-149.

Doi: http://dx.doi.org/10.1016/j.carbpol.2005.12.039

Bekers M, Upite D, Kaminska E, Laukevics J, Grube M, Vigants
A and Linde R. 2005. Stability of levan produced by Zymomonas
mobilis. Process  Biochem., 40: 1535-1539. Doi:
http://dx.doi.org/10.1016/j.procbio.2004.01.052

Belghith KS, Dahech I, Belghith H and Mejdoub H. 2012.
Microbial production of levansucrase for synthesis of
fructooligosaccharides and levan. Int Biol Macromol., 50(2): 451-
458. Doi: http://dx.doi.org/10.1016/j.ijbiomac.2011.12.033

Chidambaram SCA, Veerapandian B, Sarwareddy KK, Mani KP,
Shanmugam SR and Venkatachalam P. 2019. Studies on solvent
precipitation of levan synthesized using Bacillus subtilis MTCC
441. Heliyon., 5 (9).

Doi: http://dx.doi.org/10.1016/j.heliyon.2019.¢02414

Costa GT, Vasconcelos QD and Aragdo GF. 2021.
Fructooligosaccharides on inflammation, immunomodulation,
oxidative stress, and gut immune response: A systematic review.
Nutr Rev., 80(4): 709-722.

Doi: http://dx.doi.org/10.1093/nutrit/nuab115

Chun-lei Z, Jia-qi L, Hai- tao G, Jie W and Ri-hua X. 2014.
Selection of exopolysaccharide - producing lactic acid bacteria
isolates from Inner Mongolian traditional yoghurt. Mijekarstvo.,
64 (4): 254-260.

Doi: http://dx.doi.org/10.15567/mljekarstvo.2014.0404

Costerton JW, Cheng KJ, Geesey GG, Ladd TI, Nickel JC,
Dasgupta M and Marrie TJ. 1987. Bacterial biofilms in nature and
disease. Annu Rev Microbiol., 41: 435-464.

Doi: http://dx.doi.org/10.1146/annurev.mi.41.100187.002251

Dahech I, Belghith KS, Belghith H and Mejdoub H. 2012. Partial
purification of a Bacillus licheniformis levansucrase producing
levan with antitumor activity, Int J Biol Macromol., 51: 329-335.
Doi: http://dx.doi.org/10.1016/j.ijbiomac.2012.04.030

Dahech I, Bredai R and Srih K. 2014. Optimization of levan
production from Bacillus licheniformis using response surface
methodology. Biochem., 8(4): 115-119.

De Man JC, Rogosa M and Sharpe ME. 1960. A medium for the
cultivation of Lactobacilli. J Appl Bacteriol., 23: 130 — 135. Doi:
http://dx.doi.org/10.1111/j.1365-2672.1960.tb00188 x

De Oliveira MR, da Silva RSSF, Buzato JB and Celligoi MAP C.
2007. Study of levan production by Zymomonas mobilis using
regional low-cost carbohydrate sources. Biochem Eng J., 37(2),
177-183. Doi: http://dx.doi.org/10.1016/j.bej.2007.04.009

Hamada MA, Hassan RA, Abdou AM, Elsaba YM, Aloufi AS,
Sonbol H and Korany SM. 2022. Bio_fabricated levan polymer
from Bacillus subtilis MZ292983.1 with antibacterial, antibiofilm,
and burn healing properties. Appl Sci.,12: 6413.

doi: http://dx.doi.org/10.3390/app12136413

Hussein NA and Luti KJK. 2023. In vitro antimicrobial activity of
Lactobacillus Parabuchneri Nul4 as a probiotic. Iraqi J Agric
Sci., 54(6):1647-1658. https://doi.org/10.36103/ijas.v54i6.1864

Imran MYM, Reechana N, Jayaraj KA, Ahamed AAP,
Dhanasekaran D, Thajuddin N, Alharbi NS and Muralitharan G.
2016. Statistical optimization of exopolysaccharide production by
Lactobacillus  plantarum NTMIO5 and NTMI20. Int J Biol
Macromol., 93: 731-745.

Doi: https://doi.org/10.3390/chemengineering5030039

Jeyagowri N, Ranadheera CS, Manap MY, Gamage A, Merah O
and Madhujith T. 2023. Phenotypic characterisation and
molecular identification of potentially probiotic Lactobacillus sp.
isolated from fermented rice. Fermentation., 9 (9): 807.

Doi: http://dx.doi.org/10.3390/fermentation9090807

Jameel AA and Haider NH. 2021. Determination of the optimum
conditions for biosurfactant production by local isolate of
Lactobacillus plantarum and evaluate its antimicrobial activity.
Iraqi J Agric Sci., 52(1):170-188.

Kadhum MKH and Haydar NH. 2020. Production and
characterization of biosurfactant (Glycolipid) From Lactobacillus
helviticus M5 and evaluate its antimicrobial and antiadhesive
activity. fraqi J Agric Sci., 51(6):1543-1558.

Doi: http://dx.doi.org/10.36103/ijas.v51i6.1182

Keith J, Wiley B, Ball D, Arcidiacono S, Zorfass D, Mayer J and
Kaplan D. 1991. Continuous culture system for production of
biopolymer levan using Erwinia herbicola. Biotechno Bioeng,
38:557-560. Doi: https://doi.org/10.1002/bit.260380515

Khassaf WH, Niamah AK and Al-Manhel AJA. 2019. Study of
the optimal conditions of levan production from a local isolate
of Bacillus subtilis subsp. subtilis w36. Basrah J Agric
Sci., 32(2): 213-222.
https://doi.org/10.37077/25200860.2019.211.

Khudair AY, Salman JA and Ajah HA. 2018. Production of levan
from locally Leuconostoc mesensteroides isolates. J Pharm Sci. &
Res., 10(12): 3372-3378.

Kiigtikasik F, Kazak H, Giiney D, Finore I, Poli A, Yenigiin O,
Nicolaus B and Oner E T. 2011. Molasses as fermentation
substrate for levan production by Halomonas sp. Appl Microbiol
Biot., 89(6): 1729-1740.

Doi: http://dx.doi.org/10.1007/s00253-010-3055-8

Lon“carevi'c B, Lje“sevi'c M, Markovi’c M, Andelkovi'c I,
Gojgi'c-Cvijovi'c G, Jakovljevi'c D and Be“skoski V. 2019.
Microbial levan and pullulan as potential protective agents for
reducing adverse effects of copper on Daphnia magna and Vibrio
fischeri. Ecotoxicol Environ Saf., 181:187-193.
https://doi.org/10.1016/j. ecoenv.2019.06.002.

Mamay A, Wahyuningrum D and Hertadi R. 2015. Isolation and
characterization of levan from moderate halophilic bacteria
Bacillus licheniformis BK AG21. Procedia Chem, 16: 292-298.
Doi: http://dx.doi.org/10.1016/j.proche.2015.12.055

Mohammed MJ, Mahdi MS, Jameel AH and Thalj KM. 2021. The
Role of Lactobacillus casei and Lactobacillus acidophillus to
Decrease the Biological Effects of Potassium Bromate in Rats.
Iraqi J of Agric Sci., 52(1):70-78. Doi:
http://dx.doi.org/10.36103/ijas.v52i1.1237

Mohsin YMB, Hasan AM, Dari WA, Bataah EH and Mohammed
MIJ. 2020. Natural products of Lactococcus overcome nosocomial
infection in some of Baghdad hospitals in Iraq. Baghdad Sci
J., 17(1(Suppl.)): 0227.

Doi: http://dx.doi.org/10.21123/bsj.2020.17.1(Suppl.).0227

Morishita T, Deguchi Y and Yajima M. 1981. Multiple nutritional
requirements of lactobacilli: genetic lesions affecting amino acid
biosynthetic pathways. J Bacteriol., 148(1): 64-71. Doi:
http://dx.doi.org/10.1128/JB.148.1.64-71.1981

Moussa TAA, Al-Qaysi SAS, Thabit ZA and Kadhem SB. 2017.
Microbial levan from  Brachybacterium  phenoliresistens:
Characterization and enhancement of production, Process
Biochem., 57: 9-15. https://doi.org/10.1016/j.procbio.2017.03.008.

Nasir DQ, Wahyuningrum D and Hertad R. 2015. Screening and
characterization of levan secreted by halophilic bacterium of
Halomonas and Chromohalobacter genuses originated from
bledug kuwu mud crater. Procedia Chem., 16: 272-278.

Doi: http://dx.doi.org/10.1016/j.proche.2015.12.050



540 © 2024 Jordan Journal of Biological Sciences. All rights reserved - Volume 17, Number 3

Owner ET, Hernandez L and Combie J. 2016.Review of levan
polysaccharide: from a century of past experiences to future
prospects. Biotechnol Adv., 34: 827- 844.

Doi: http://dx.doi.org/10.1016/j.biotechadv.2016.05.002

Ngampuak V, Thongmee A, Pongpoungphet N, Wongwailikhit K
and Kanchanaphum P. 2023. Probiotic Properties of
Exopolysaccharide-Producing Bacteria from Natto. Int J Food
Sci., 2023(1): 3298723.

doi: https://doi.org/10.1155/2023/3298723

Panteli'c I, Luki'c, M, Gojgi'c-Cvijovi'c G, Jakovljevi'c D,
Nikoli’c I, Lunter D J, Daniels R and Savi'c S. 2020. Bacillus
licheniformis levan as a functional biopolymer in topical drug
dosage forms: from basic colloidal considerations to actual
pharmaceutical application. Eur J Pharm Sci., 142. Doi:
http://dx.doi.org/10.1016/j.¢jps.2019.105109

Poli A, Kazak H, Giirleyendag B, Tommonaro G, Pieretti G, Oner
ET and Nicolaus B. 2009. High level synthesis of Levan by a
novel Halomonas species growing on defined media. Carbohydr
Polym.,78: 651-657.

Doi: http://dx.doi.org/10.1016/j.carbpol.2009.05.031

Salman JAS, Ajah HA and Khudair AY. 2019. Analysis and
characterization of purified levan from Leuconostoc
mesenteroides ssp. cremoris and its effects on Candida albicans
virulence factors. JIBS., 12(2): 243 — 249.

Sanchez-Leon E, Huang-Lin E, Amils R and Abrusci C. 2023.
Production and characterization of an exopolysaccharide
by Bacillus amyloliquefaciens: biotechnological
applications. Polym., 15(6): 1550.
https://doi.org/10.3390/polym15061550

Semjonovs P, Shakirova L, Treimane R, Shvirksts K, Auzina L,
Cleenwerck I and Zikmanis P. 2016. Production of extracellular
fructans by Gluconobacter nephelii P1464. Lett. Appl Microbiol.,
62 (2): 145-152. Doi: http://dx.doi.org/10.1111/lam.12521

Senthilkumar V and Gunasekaran P. 2005. Influence of
fermentation conditions on levan production by Zymomonas
mobilis CT2. Indian J Biotechnol., 4: 491-496.

Silbir S, Dagbagli S, Yegin S, Baysal T and Goksungur Y. 2014.
Levan production by Zymomonas mobilis in batch and continuous
fermentation systems. Carbohydr Polym., 99: 454-461.doi:
http://dx.doi.org/10.1016/j.carbpol.2013.08.031

Sims IM, Frese SA and Walter J. 2011. Structure and functions of
exopolysaccharide produced by gut commensal Lactobacillus
reuteri  100-23.  ISME J, 5 (7):1115-1124. Doi:
http://dx.doi.org/10.1038/ismej.2010.201

Srikanth R, Siddartha G, Sundhar Reddy CHSS, Harish BS,
Janaki Ramaiah M and Uppuluri KB. 2015a. Antioxidant and anti-
inflammatory levan produced from Acetobacter xylinum
NCIM2526 and its statistical optimization. Carbohydr Polym.,
123: 8-16. doi: https://doi.org/10.1016/j.carbpol.2014.12.079

Srikanth R, Reddy,CHSSS, Siddartha G, Ramaiah MJ and
Uppuluri KB. 2015b. Review on production, characterization and
applications of microbial levan. Carbohydr Polym.,120: 102—114.
https://doi.org/10.1016/j.carbpol.2014.12.003.

Taye Y, Degu T, Fesseha H, Mathewos M. 2021. Isolation and
identification of lactic acid bacteria from cow milk and milk
products. The  Scientific  World ~Journal, 2021(1):4697445.
https://doi.org/10.1155/2021/4697445

Taylan O, Yilmaz MT, Dertli E. 2019. Partial characterization of a
levan type exopolysaccharide (EPS) produced by Leuconostoc
mesenteroides showing immunostimulatory and antioxidant
activities. Int J Biol Macromol, 136 (1): 436-444. Doi:
http://dx.doi.org/10.1016/j.ijbiomac.2019.06.078

Teixeira LC, Peixoto RS, Cury JC, Sul WJ, Pellizari VH, Tiedje J
and Rosado AS. 2010. Bacterial diversity in rhizosphere soil from
Antarctic vascular plants of Admiralty Bay, maritime Antarctica.
ISME J.,4 (8) :989-1001.

Doi: http://dx.doi.org/10.1038/isme;j.2010.35

Tsveteslava II and Ivanov R. 2016. Exopolysaccharides from
Lactic Acid Bacteria as Corrosion Inhibitors. J Life Sci., 3 (1):
940-945 .doi: http://dx.doi.org/10.1515/asn-2016-0008

Van Hijum SAFT, Kralj S, Ozimek LK, Dijkhuizen L and van
Geel-Schutten IGH. 2006. Structure-function relationships of
glucansucrase and fructansucrase enzymes from lactic acid
bacteria. Microbiol Mol Bio Rev., 70 (1): 157-176.doi:
https://doi.org/10.1128%2FMMBR.70.1.157-176.2006

Veerapandian B, Shanmugam SR, Sivaraman S, Sriariyanun M,
Karuppiah S and Venkatachalam P.2023. Production and
characterization of microbial levan using sugarcane (Saccharum
spp.) juice and chicken feather peptone as a low-cost alternate
medium. Heliyon., 9(6). doi:
https://doi.org/10.1016/j.heliyon.2023.¢17424

Vieira AM, Zahed F, Crispim AC, de Souza Bento E, Franca
RFO, Pinheiro 10, Pardo LA and Carvalho BM. 2021. Production
of Levan from Bacillus subtilis Var. Natto and Apoptotic Effect
on SH-SYS5Y Neuroblastoma Cells. Carbohydr Polym., 273
(2):118613. Doi: http://dx.doi.org/10.1016/j.carbpol.2021.118613

Wu FC, Chou SZ and Shih IL. 2013. Factors affecting the
production and molecular weight of levan of Bacillus subtilis
natto in batch and fed - batch culture in fermenter. J Taiwan Inst
Chem Eng., 44 (6): 846-853.

Doi: http://dx.doi.org/10.1016/j.jtice.2013.03.009

Xu X, Gao C, Liu Z, Wu J, Han J, Yan M and Wu Z. 2016.
Characterization of the levan produced by Paenibacillus bovis sp.
nov BD3526 and its immunological activity. Carbohydr Polym.,
144: 178-186.

Doi: http://dx.doi.org/10.1016/j.carbpol.2016.02.049

Zhang T, Li R, Qian H, Mu W, Miao M and Jiang B. 2014.
Biosynthesis of levan by levansucrase from Bacillus
methylotrophicus SK 21.002. Carbohydr Polym., 101: 975-981.
Doi: http://dx.doi.org/10.1016/j.carbpol.2013.10.045



