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ARTICLE INFO ABSTRACT

Keywords: The objective of the study is to evaluate the potential usage of fresh coconut inflorescence sap (FCIS) as a
Levan fermentation medium for levan production using Bacillus subtilis. The fermentation conditions such as temper-
Fresh Coconut Inflorescence Sap ature, pH and agitation speed were optimized using Response Surface Methodology (RSM). The levan yield was
Fed:BatCh F?r,mematwn enhanced by optimizing the downstream process by altering the pH (5-12) with different solvents (Ethanol,
Bacillus subtilis, Downstream Process . R R .
Methanol and Isopropanol) at different ratios. The yield was enhanced further by fed batch fermentation process
by feeding with sucrose alone or sucrose and yeast extract. The maximum levan yield was observed as 51.84 g/L
at the optimized conditions (Temperature - 35 °C, pH 6.5, and Agitation speed - 150 rpm) using Response Surface
Methodology. Whereas, in fed-batch fermentation process the levan yield was increased to 62.1 g/L. The
maximum levan was obtained at pH 10 with ethanol at 1:5 ratio. The obtained levan was characterised and
confirmed by TLC, FTIR, NMR and GPC analysis. To best of our knowledge, this is the first study conducted to
produce levan from FCIS and results showed that FCIS can be a natural low-cost substrate for levan production.

1. Introduction

Microbial polysaccharides are natural water-soluble substances
produced by microorganisms in larger quantities with lesser time. These
polysaccharides such as xanthan, gellan, curdlan, pullulan, etc., have
potential application in pharmaceutical, food and cosmetic industries
due to their diverse properties as thickeners, gelling agents, stabilizers,
film forming, anti-tumor and anti-microbial activities (Bondarenko
et al., 2015; Domzat-Kedzia et al., 2019; Giavasis, 2013; Gomes et al.,
2018). Levan is one such polysaccharide produced by a wide range of
microorganisms such as Lactobacillus johnsonii, Lactobacillus gasserii,
Bacillus subtilis, Aerobacter levanicum, Zymomonas mobilis, Bacillus poly-
myxa and Corynebacterium laevaniformans (Han, 1990) and certain plant
species such as Dactylis glomerata, Poa secunda and Agropyron cristatum,
Triticum aestivum and Hordeum vulgare (Gupta et al., 2011).

Levan is a fructose polysaccharide produced through trans-
fructosylation reaction from sucrose-based substrate catalysed by
levansucrase (beta-2, 6 fructan: glucose-fructosyl transferase, EC
2.4.1.10) enzyme. Levansucrase catalyse sucrose hydrolysis, followed by
fructose polymerization reactions. Levan structurally composed of -2, 6
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and B-2, 1 linked p-fructofuranosyl residues in main chains and side
chains were linked with p-glucosyl terminal residue (Ragab et al., 2019).
Levan has useful properties like low viscosity, solubility in water and oil,
rheological properties, compatibility with salts and surfactants, stable to
heat, acid and alkali, film-forming ability and water holding capacity
(Sezer et al., 2011). With all these properties, levan can be used as an
emulsifier, stabilizer, thickener, encapsulating agent and biodegradable
films (Kiiciikasik et al., 2011). Several factors such as temperature, pH,
incubation time, sucrose concentration, medium composition and min-
eral concentration in the medium affected the levan production
(Riitering et al., 2016).

As levan is a polymer of fructose, it can be used as a natural sweet-
ener. The microbial levan is gaining importance in food applications
because of its wide range of properties and health benefits. In vitro
studies showed that levan anti-tumor activity against eight different
tumor cell lines (Calazans et al., 2000; Queiroz et al., 2017). It is capable
of mitigating the adverse effects of heavy metal contamination in the
environment (Loncarevic et al., 2019). The sulphates, phosphates and
acetates of levan polymers act as anti-AIDS agents (Liu et al., 2012),
prebiotic substances (Gupta et al., 2011) and hypocholesterolemic
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effects (Belghith, Dahech, Belghith, & Mejdoub, 2012). Levan protects
liver, pancreas, heart and kidney tissues from the damage caused by
superoxide (03), hydroxyl (OH™) and hydrogen peroxide (H3O,) free
radicals (Dahech et al., 2011). The high and low molecular weight levan
were produced simultaneously in fermentation process (Tanaka et al.,
1980). High molecular weight levan is capable of lowering blood
cholesterol levels and anti-tumor activity (Calazans et al., 2000).

Low molecular weight levan has been proved to have better encap-
sulation efficiency and sustained release of the drugs (Bondarenko et al.,
2015). Especially in pharmaceutical industry, the addition of levan en-
hances the colour coating on tablets and capsules (Han & Watson, 1992).
The functional molecule upon encapsulation with the levan matrix
exhibited faster dissolution resulting in a quicker therapeutic effect,
further oral drugs available in the market are coated with levan to mask
the bitterness while ingestion (Domzal-Kedzia et al., 2019). The in vitro
studies showed that levan was found to be a potential immunomodu-
lator by stimulating the proliferation of spleen cells and inducing the
expression of TNF-a thereby suppressing inflammation (Xu et al., 2016).
Moreover, the edible films made of cassava starch used as antimicrobial
agent and packing material which incorporated with levan poly-
saccharide showed higher tensile strength, solubility and elongation and
low water vapour permeability (Mantovan et al., 2018).

The levan produced in previous studies (Bae et al., 2008; Shih & Yu,
2005; Szwengiel & Wiesner, 2019) by using of synthetic medium which
is very costly as the chemical ingredients account for higher production
costs. A low-cost alternative high yielding substrate is required for levan
production. Cocos nucifera existed from millions of years and grow
mostly in tropical areas. The sweet sap produced from unblossomed
mature spadix which is used as a natural drink. The fresh coconut
inflorescence sap (FCIS) is highly nutritious with all the vital nutrients
(Sudha et al., 2019). The sap is not commercialized successfully due to
its tendency of auto-fermentation by naturally occurring environmental
microorganisms. The traditional tapping process of FCIS is mostly un-
hygienic and also responsible for natural fermentation in short span. The
fermented sap contains 5-8% of alcohol and is called sweet toddy
whereas unfermented sap without alcohol is called neera (Misra, 2016).

The fresh sap contains sucrose, glucose, fructose (as carbon sources
for fermentation), amino acids and micronutrients (Naik et al., 2020.,
Ameetha et al., 2018). The FCIS though it is rich in nutritive value it
cannot be consumed due to its fermentation nature. The rich sucrose,
amino acids and micronutrients containing FCIS could be an alternate
low-cost substrate for levan production. Till now to the best of our
knowledge, no report was found to use FCIS as a fermentation medium
for levan production. This study was conducted to optimize the
fermentation conditions for production of levan in large scale using a
cheap substrate.

In this study, the main objectives are a) to standardize the test culture
for fermentation process; b) to optimize the fed-batch fermentation
process with low cost medium (FCIS alone, FCIS + sucrose, FCIS + su-
crose + yeast extract); ¢) to enhance the recovery of levan (downstream
process) by using of three different kinds of solvents separately and each
solvent is used at four different ratios; d) To compare the levan yield at
different time intervals of fermentation process.

2. Materials and methods
2.1. Materials

The media such as nutrient agar, yeast extract and agar were pur-
chased from HiMedia Pvt. Ltd, Mumbeai, India. The chemicals (AR grade)
such as isopropanol, methanol, ethanol, HCI, sodium hydroxide and
others were purchased from Sigma-Aldrich, Mumbai, India. The sterile
Millipore water was used in this entire study. The pH adjustment in all
the experiments were done with 1 N HCl and 1 N NaOH.
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Table 1
Coded independent variables and levels of the experimental design.

Factors Symbols Actual levels of coded factor
-1 0 1
Temperature A 30 35 40
pH B 5 6.5 8
Agitation speed C 120 150 180

2.2. Microorganism

The freeze-dried culture of Bacillus subtilis (NCIM 5021) was pro-
cured from NCIM, Pune India. The microorganism was revived and
stored at 4 °C on nutrient agar slants as per the NCIM instructions and
subcultured freshly every time before the experiments.

2.3. Optimization of Bacillus subtilis culture at different temperatures

The 100 pL of standardised (based on 0.5 McFarland standards, the
microbial culture was adjusted to approximately 108 CFU/mL) Bacillus
subtilis culture was inoculated in 10 mL of nutrient broth containing test
tubes and incubated at different temperatures of 25, 30, 35 and 40 °C to
find the suitable growth temperature. After 24 h incubations, the growth
of the organism was estimated by measuring the OD at 600 nm in UV
visible spectrophotometer.

2.4. Preparation of fermentation medium

The sugar profile, protein and mineral content of the FCIS were
measured according to the AOAC (21st edition 2019) methods. The
sugar profile was measured using AOAC 982.14, protein using Lowry
method and mineral composition using AOAC 2011.14 methods. The
FCIS was collected every day morning, pH (5-8) was adjusted according
to the experimental design, autoclaved and used as fermentation
medium.

2.5. Fermentation

About 1 mL of standardised subculture was transferred to the fresh
autoclaved (FCIS) fermentation medium and incubated for 4 h till the
culture enters into the lag/log phase with the absorbance 0.50 and used
as inoculum for fermentation. About 1 mL of seed culture was added to
the substrate medium in 250 mL Erlenmeyer flask containing 100 mL
FCIS and incubated for 24 h in shaking incubator.

2.6. Optimization of fermentation conditions using response surface
methodology (RSM)

The central composite design was used for the optimization of levan
production by using Design Expert software V11.1.0.1. The response
surface methodology (Jiang, 2010) is suitable for fitting the data in a
quadratic model and optimizing the response. The interaction between
the parameters and effect of independent variables on responses can be
statistically explored using this method. Temperature, initial pH and
agitation speed were chosen as independent variables at three levels for
each factor and yield of levan as the dependent variable to find the
optimal conditions for the production of levan in the batch process.
Table 1 shows the range of variables of temperature, initial pH and
agitation speed for RSM.

2.7. Isolation and purification of levan

The fermented medium was centrifuged at 14083g for 10 min
(Abou-taleb et al., 2015). Further, the supernatant was separated and
added 2 vol of 100% ice-cold ethanol at 4 °C then stored for 24 h at 4 °C
to precipitate out the exopolysaccharide. The precipitate was separated
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Fig. 1. Pictorial representation of fermentation and downstream process.

by centrifugation at 5070g at 4 °C for 20 min and the pellet was
collected. The pellet was dissolved in deionized water and the solution
was dialyzed against the demineralized water to remove the unfer-
mented sugars and small molecules. The polysaccharide was again
precipitated using two volumes of 100% ethanol and the precipitate was
air-dried at room temperature for 24 h and weighed (Abou-taleb et al.,
2015; Chidambaram et al., 2019).

2.8. Optimization of downstream process

After fermentation, the downstream process was optimized to in-
crease the recovery of levan. The effect of pH, type of solvents and
volume of solvent were studied in the optimization of downstream
process. The fer mented medium (FCIS) was collected and centrifuged at
14083g at 4 °C for 20 min. The supernatant was collected and the initial
pH was optimized. The pH of supernatant was adjusted to 5-12 and
precipitated using 1:2 vol of ethanol (Chidambaram et al., 2019). At the
optimized pH (pH 10), the effect of three solvents ethanol, methanol and
isopropanol on precipitation were studied. Each solvent was studied at
four different ratios 1:2, 1:3, 1:4 and 1:5 (Fig. 1).

2.9. Estimation of time of maximum levan production

The B. subtilis culture was inoculated in the FCIS medium and kept
for fermentation at 35 °C, pH 6.5 and 150 rpm agitation speed. The
fermentation process was stopped at different time intervals (10, 15, 20,
24 h) and the downstream process was carried out to find the maximum
levan production.

2.10. Optimization of the fermentation process by fed-batch method

The fed-batch fermentation method was carried to improve the yield
of levan. Two different supplements such as sucrose and yeast extract
(nitrogen source) were used in the combination with FCIS medium.

About 50 mL FCIS medium was inoculated with 1000 pL of standardised
B. subtilis culture in different sterile conical flasks for the fermentation
process. 2.0 g sucrose was supplemented with FCIS medium at an in-
terval of 8, 11, 14 and 17 h, similarly 1.5 g of sucrose +0.5 g of yeast
extract was supplemented with FCIS medium at an interval of 11, 14, 17
and 20 h, respectively.

2.11. Effect of natural fermentation of FCIS on levan production

The effect of natural fermentation of FCIS due to natural microflora
present in the neera was studied by allowing the FCIS to ferment for 2, 4,
6, 8, 10 and 12 h. Then, the fermented FCIS was autoclaved and inoc-
ulated with the Bacillus subtilis culture. After fermentation (20 h), the
levan yield was measured. One experiment was conducted by inocu-
lating the Bacillus subtilis without autoclaving the neera.

2.12. Confirmation and characterization of levan polysaccharide

2.12.1. Thin-layer chromatography

Thin-layer chromatography method was carried out to identify the
composition of the levan using silica gel coated TLC plate. 0.01 g was
dissolved in 1 N HCl and incubated at 70 °C for 3 h. About 10 pL of the
sample was spotted on the TLC plate along with the sucrose, glucose and
fructose solutions. The mobile phase is a mixture of n-butanol: 2-propa-
nol: distilled water: acetic acid (ratio of 7:5:4:2) and allowed to diffuse
through the TLC plate in a closed jar. After 1 h (till the mobile phase
reaches 1 cm below the upper end), the plate was dried and sprayed with
ethanol + H2SO4 mixture (ratio of 9:1) (Kojima et al., 1993) and placed
in the oven at 90 °C for 5 min to complete the reaction and relative flow
was measured.

2.12.2. FT-IR analysis
The functional groups of dialyzed polysaccharide was identified by
FT-IR analysis (Kostalova & Hromadkova, 2019). FT-IR spectrum was
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R: Levan Yield (g/L)

A: Temperature

Fig. 2. Effect of temperature and pH on levan production.

obtained by the instrument Nicolet iS50 FT-IR spectrophotometer with a
DTGS KBr detector controlled by Omnic 9.9.549 software. The spectrum

was collected at a resolution of 4 cm ™! from 4000 to 400 cm ™.

2.12.3. NMR analysis

'H NMR analysis and 1*C NMR analysis were carried out in Bruker
400 MHz instrument. The sample was prepared in D20 (Li et al., 2017).
The chemical shifts were obtained in ppm.

2.12.4. Molecular weight by gel permeation chromatography

The molecular weight of the levan was measured by Agilent 1260
Multidetector system with PL aquagel — OH 40 column. The 100 pL of
sample (concentration 50 mg/mL) was injected using eluent as buffer
prepared by mixing 0.2 M NaNOs and 0.01 M Sodium phosphate at flow
rate 1 mL/min (Singh et al., 2018). The oven temperature was main-
tained at 40 °C. The number average molecular weight (M,), Weight
average molecular weight (M,,), Higher average molecular weights (Mz)
(Mz+1) and Polydispersity index were measured against the dextran
standards using refractive index detector.

2.13. Statistical analysis

The experimental design, plotting response surface plots, regression
and ANOVA for RSM were carried out using Design Expert version
11.1.0.1 (Stat-Ease, Inc., Minneapolis, USA). The fed batch fermentation
and downstream process experiments were conducted in triplicates and
statistical analysis (ANOVA and Duncan’s multiple range test) ( Nages-
wara Rao, 2007) were carried by using SPSS 25.0 software.

3. Results and discussion
3.1. Fermentation medium

The Bacillus subtilis showed the maximum growth at 35 °C followed
by 30 °C, 40 °C whereas minimum growth was observed at 25 °C. The
FCIS was composed of (g/L) carbohydrate 191.26, sucrose 172.31,
glucose 16.21, fructose 6.23, protein 2.47, potassium 0.91, sodium 0.15,
phosphorous 0.064, magnesium 0.027, copper 0.0043 and manganese
0.00099. The FCIS was used directly as fermentation medium without
the addition of any nutrients.
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R: Levan Yield (g/L)

C: Agitation speed A: Temperature
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Fig. 3. Effect of temperature and agitation speed on levan production.

R: Levan Yield (g/L)
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Fig. 4. Effect of pH and agitation speed on levan production.

3.2. Optimization of fermentation conditions using RSM

The levan yield was optimized by conducting 20 experiments with
different combinations of temperature (30-40 °C), initial pH (5-8) and
agitation speed (120-180 rpm) (Figs. 2-4).

3.2.1. Effect of temperature on levan yield

The increased levan production was observed (Fig. 2) with the in-
crease in temperature and reached the maximum at 35 °C (P < 0.0001).
The study clearly indicated that the maximum growth of the Bacillus
subtilis reached at 35 °C, on extrapolation the levan yield decreased
considerably. This may be due to a decrease in the bacterial growth (Ni
etal., 2018; Wu et al., 2013) and it confirms that the temperature plays a
significant role on the levan production.

3.2.2. Effect of initial pH on levan yield

Similarly, the pH plays an important role on the bacterial growth and
levan production. The maximum levan production was observed at the
initial pH 6.5 (Fig. 4), which is almost near to the natural pH of FCIS 6.8
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Table 2
Central composite design and experimental results.
Run Factor 1 Factor 2 Factor 3 Response
A: Temperature B: Initial pH C: Agitation speed R: Levan yield
oC pH RPM g/L
1 40 8 180 25.22
2 30 5 180 36.98
3 30 8 120 34.25
4 35 6.5 200 51.68
5 40 5 180 31.26
6 35 6.5 200 41.86
7 35 4 150 12.92
8 40 8 120 27.21
9 40 5 120 22.09
10 30 8 180 27.42
11 30 5 120 28.86
12 35 6.5 100 38.21
13 43 6.5 150 34.25
14 35 6.5 150 51.89
15 35 6.5 150 51.89
16 35 6.5 150 51.26
17 35 6.5 150 52.17
18 35 6.5 150 51.28
19 27 6.5 150 42.59
20 35 9 150 11.85

+ 0.32 which was measured immediately after the collection. The initial
pH is an important deciding factor for the production of levansucrase
enzyme which polymerises the sugar molecules. Belghith and his
co-workers (2012) demonstrated that pH 6.5 is optimum for maximum
levansucrase enzyme synthesis that promotes polymerization of sugars.
The maximum levan yield of levan was observed as 56.0 g/L at 17%
sucrose concentration which is naturally present in the FCIS. Addition-
ally, Laddha and Chitanand (2017) also observed that artificial supple-
mentation of 10% sucrose in fermentation media yielded 30.6 g/L of
levan by using Bacillus subtilis. In a similar study reported by Ni et al.
(2018) with Lactobacillus reuteri using artificially prepared fermentation
medium containing 500 g/L of sucrose and 13 U/g of levansucrase
enzyme dosage, showed maximum levan yield of 183 g/L at pH 6.0 and
35 °C temperature.

3.2.3. Effect of agitation speed on levan yield

The agitation of fermentation plays a significant role in the culture
growth by providing necessary aeration. The results of the present study
showed that agitation speed had significant effect (P < 0.0001) on levan
production and maximum production was observed at 150 rpm. The
levan production by Bacillus polymyxa showed three times increase in
levan production upon agitation as compared to non-agitated media,
further vigorous agitation led to decrease in levan production (Han,
1989). Boa and LeDuy (1987) explained that increase in agitation speed
causes better mixing and aeration in fermentation media. However, a
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higher agitation speed may cause high shear rate and autolysis of cells
leading to the lower production of levan polysaccharide (Cheng et al.,
2011; Melo et al., 2007).

3.2.4. Effect of combination of the treatment factors on levan yield

The combined effect of temperature and pH, agitation speed and
temperature and agitation speed and pH were significant at P < 0.01, P
< 0.05 and P < 0.0001 respectively. The combined parameters were
subsequently used for optimization of conditions in RSM. Alteration in
these parameters is presumed to significantly affect the microbial
growth and the levan yield (Figs. 2-4).

3.2.5. Optimization

The levan yield was observed to be mostly influenced by parameters
such as temperature, pH and agitation speed and levels of parameters
were determined according to preliminary observations and previous
studies (Abou-taleb et al., 2015; Wu et al., 2013). The response surface
methodology method was suitable for optimizing the parameters with
minimum number of experiments and interaction between the param-
eters can be analysed. The design of the study and results are shown in
Table 2. The results of levan yield were fitted in second-order poly-
nomial equation. The regression coefficients were calculated and levan
production modelled by the quadratic equation indicating yield (Y),
temperature (A), initial pH (B) and agitation speed (C) given below.

Y = 51.6892-2.61818 x A - 0.504473 x B + 1.06969 x C + 0.40625 x AB +
0.73625 x AC -3.26375 x BC - 4.65538 x A% - 13.8601 x B? - 4.08439 x C?

The mathematical model predicted the experimental values
adequately and significant effect of independent factors (temperature,
initial pH and agitation speed) on response (levan yield) was observed.
The F-Test and analysis of variance were done for response surface
quadratic model to measure the statistical significance of the model. The
ANOVA for the response surface quadratic model and responses for
levan production were shown in Table 3. The computed F value was
1157.13 and P value was <0.0001 which indicated that the model was
highly significant. The multiple correlation coefficient (R%) was 0.9931
and was considered to have a good correlation between predicted and
experimental values. It also depicted that 99.31% of the variability of
response can be explained. The lack of fit found to be insignificant (P
value = 0.0907) and it indicated that the model was fit. The smaller P
value indicated more significance to corresponding coefficient (Table 3).

The optimum condition of the fermentation process obtained by
differentiation of the quadratic model for achieving maximum levan
production (A = 35 °C, B = 6.5 and C = 150). According to the RSM
model, the optimal levan production at these conditions was predicted
as 51.89 g with 1 L of FCIS as fermentation medium. The experiments
were conducted thrice to confirm the goodness and the yield of levan
was observed as 51.84 g/L at the optimized conditions.

Table 3
ANOVA for Quadratic model.
Source Sum of Squares df Mean Square F-value P-value
Model 3213.92 9 357.10 1157.13 <0.0001 Significant
A-Temperature 93.62 1 93.62 303.35 <0.0001
B-pH 3.48 1 3.48 11.26 0.0073
C-Agitation speed 15.63 1 15.63 50.64 <0.0001
AB 1.32 1 1.32 4.28 0.0655
AC 4.34 1 4.34 14.05 0.0038
BC 85.22 1 85.22 276.13 <0.0001
A? 312.33 1 312.33 1012.05 <0.0001
B2 2768.46 1 2768.46 8970.72 <0.0001
c? 240.41 1 240.41 779.02 <0.0001
Residual 3.09 10 0.3086
Lack of Fit 2.42 5 0.4846 3.65 0.0907 Not significant
Pure Error 0.6634 5 0.1327
Cor Total 3217.01 19
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3.3. Optimization of downstream process

The effect of pH on levan precipitation was studied at optimized
fermentation conditions. The fermented medium was centrifuged at
14083g for 10 min and the supernatant was collected. The pH of su-
pernatant was adjusted from 5 to 12 and precipitated with ethanol (ratio
1:2 vol of supernatant and ethanol) (Fig. 5). The results showed there
was a significant increase in the levan yield with an increase in the pH.
There was no significant difference in the yield beyond the pH 10. The
levan was highly stable and withstand a wide range of pH. The influence
of physicochemical factors on levan were studied and results showed
that levan structure was stable at a pH 4-11 and high temperatures up to
70 °C (Vina et al., 1998). The supernatant was maintained at pH 10 and
by use of three different kinds of solvents separately and each solvent
was used at four different ratios were added to the supernatant and yield
was measured. Fig. 6 represents the results of yield by using of three
different kinds of solvents separately and each solvent was used at four
different ratios. The significant increase of the precipitation was
observed for an increase in the volume of solvent up to the 1:5 ratio. The

maximum precipitation of levan (56.49 g/L) was found with ethanol at
the ratio of 1:5. Methanol showed the least precipitation when compared
to the other two solvents. The maximum yield of levan (0.327 g/g) was
obtained at pH 10 and a 1:5 ratio of ethanol (when used only FCIS as
fermentation medium without addition of other nutrients). Chi-
dambaram and his group (2019) explained that maximum precipitation
was observed at pH 11 and 1:5 isopropanol when formulated fermen-
tation medium used.

3.4. Estimation of time of maximum levan production

The fermentation was carried out at different time interval such as
10, 15, 20 and 24 h. The maximum levan production of 57.2 g/L was
observed at 20 h and a slight decrease in the levan was observed at 24 h;
this may be due to the utilization of levan as a carbon source for the
microbial growth. Han (1989) stated that 10 days were required for
maximum levan production, using Bacillus polymyxa whereas maximum
levan yield was observed with 21 h when Bacillus subtilis was used as
prime strain (Wu et al., 2013).
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3.5. Optimization of fed-batch fermentation

The different combinations of media were used in the fed-batch
fermentation process and the medium formulation play an important
role in levan production. The FCIS in combination with sucrose (carbon
source) and yeast extract (nitrogen source) were used to improve the
levan production. The highest levan yield (62.1 g/L) was achieved with
the FCIS medium + 1.5 g sucrose + 0.5 g yeast extract at 17 h. The
results indicate that the levan yield depends on both the sucrose and
nitrogen source. Our results is in line with the previous reported studies
which showed that the levansucrase enzyme production was effected by
both sucrose and nitrogen source concentration (Belghith, Dahech,
Belghith, & Mejdoub, 2012; Silbir et al., 2014). The maximum levan-
sucrase enzyme production was observed when yeast extract was used as
a nitrogen source than other nitrogen sources such as corn steep liquor,
peptone, tryptone, urea, sodium nitrate and ammonium nitrate (Bel-
ghith, Dahech, Belghith, & Mejdoub, 2012; Silbir et al., 2014).

3.6. Effect of natural fermentation of FCIS on levan production

The natural microflora present in the FCIS was responsible for
ethanol production which may affect the levan production, if the FCIS
was not autoclaved immediately after tapping. The effect of ethanol
produced by natural fermentation due to delay in autoclave on levan
production was also studied. The results show that there was no sig-
nificant change in the levan yield till 4 h delay in autoclaving the FCIS.
The significant decrease in the levan yield was observed beyond 4 h and
complete absence was observed when autoclave was delayed for 12 h.
The decrease in levan yield may be due to the decrease in the carbon
sources and ethanol production (Xia, 2011) by other microorganisms,
which also declined the growth of Bacillus subtilis. The levan was not
obtained when fermentation experiment was conducted without auto-
claving the FCIS and this may be due to the growth of other natural
microflora and ethanol production.

3.7. Confirmation and characterization of levan polysaccharide

The Levan obtained from the media is subjected to dialysis, the final
yield before and after dialysis is provided in Supplementary Table 1. The
dialyzed levan was analysed by TLC to determine the monosaccharide
composition. The R¢ values of the levan, fructose, sucrose and glucose
were obtained as 0.48, 0.48, 0.41 and 0.44, respectively. The R¢ value of
levan and fructose was similar and confirmed that the levan was
composed solely of fructose. The earlier reports (Kojima et al., 1993;
Laddha & Chitanand, 2017) stated that the TLC method easily identified
the levan composition (only fructose). The molecular structure of com-
pounds can be determined by FT-IR and NMR spectroscopy methods.

Levan Polvsaccharide
C NMR

104.45
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Fig. 8. C NMR spectrum of levan.

FT-IR spectrum (Fig. 7) was used to identify the functional groups of
levan. The hydroxyl (OH) vibrations of polysaccharide exhibited by a
strong band at 326225 cm™! and band 2929.99 cm! was
carbon-hydrogen stretching; the fingerprint region confirms the

Levan Polysaccharide
H NMR
Bruker 400 MHz

5.5 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 ppm

Fig. 9. H NMR spectrum of levan.
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Fig. 10. Gel permeation chromatogram of Levan.

Table 4

Molecular weight characteristics of Levan.
Peak Mn (g/mol) Mw (g/mol) Mz (g/mol) Mv (g/mol) PD
Peak I 2727254 3614672 4212891 4136104 1.325
Peak 2 43919 95791 185308 172540 2.181
Peak 3 1409 1623 2053 1962 1.152

presence of fructose (Barone & Medynets, 2007). The band 1646.30
cm ! specify the bound water, 1417.15 cm ™! assigned the C-H stretch
and spectrum around 1105.67 cm ! and 1041.81 cm ™! corresponds to
glycosidic linkage. The peaks between 1200 cm ™! to 900 cm ™! consid-
ered as fingerprint regions for polysaccharides (Fellah et al., 2009). The
peaks between 923.05 cm ™! and 830.67 cm ™! correspond to the pyran
ring of levan (Dahech et al.,, 2013). The hydroxyl C-H stretching,
glycosidic linkages and fructose were major bands indicating the com-
pound was levan.

Nuclear Magnetic Resonance spectroscopy can be used to determine
the detailed structure of levan. The 13C NMR spectrum (Fig. 8) showed
six resonances 60.43 (C1), 104.45 (C2), 76.81 (C3), 75.32 (C4), 80.71
(C5) and 62.95 (C6). The chemical shift 104.45 carbon corresponds to
the B configuration at C2 of fructose. The C6 signal at 62.95 ppm cor-
responds to the unique f (2-6) fructofuranoside (Han, 1989). The 'H
NMR (Fig. 9) spectrum showed seven chemical shifts 3.74 (H-1a), 3.68
(H-1b), 4.12 (H3), 4.07 (H4), 3.89 (H5), 3.86 (H-6a) and 3.55 (H-6b)
ppm. The strong C3, C4 and C5 shifts were closely grouped, which is the
unique character of levan (Han & Clarke, 1990). The FT-IR and NMR
spectrum were compared with the Sigma Aldrich standard and spectrum
of previous study (Shih et al., 2005). The spectrum obtained was similar
to the standard and spectrum of levan of previous studies (Mamay et al.,
2015; Riitering et al., 2016; Shih et al., 2005).

The levan collected after dialysis through the membrane with mo-
lecular weight cut-off (14 kDa) was analysed for molecular weight using
Gel permeation chromatography. The results showed three peaks
(Fig. 10), both low and high molecular weight levan were observed. The
amount of low molecular weight levan was higher than high molecular
weight levan (Table 4).

4. Conclusion

The work was done to produce levan from an alternative low-cost

substrate coconut inflorescence sap. Central composite design can be
successfully used to optimize the production process and study the
combined effect of temperature, initial pH and agitation speed on levan
production. The study showed that both sucrose and nitrogen source
yeast extract have effect on levan yield. The levan was composed solely
of fructose and structural confirmation was done by FT-IR and NMR
spectroscopy. The molecular weight was analysed and observed that
both low and high molecular weight levan was formed. Overall, the
levan yield was very high at fresh sap sucrose concentration when
compared to other studies. Coconut inflorescence sap can be the best
alternative and cheap source for levan production. The levan production
will be a costly process as the synthetic medium requires pure chemicals
which are costlier. The results of the study showed that the production of
levan at low cost is feasible with coconut inflorescence sap in less time
with Bacillus subtilis.
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