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ABSTRACT

Levan an exopolymer is used for drug delivery in medicinal applications. It is a water soluble biopolymer produced
by microbial cells both under anaerobic and aerobic conditions which have stronger adhesive properties. This
review focuses on the biosynthesis of levan, factors influencing levan production and its applications.
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INTRODUCTION

Polysaccharides are either produced from plangseabr from microorganisms such as bacteria, yaasfungi. In
recent years, microbial polysaccharides have wideiety of applications in food, cosmetics, medigine
pharmaceuticals and chemical industries. Levanijcaotmal polysaccharide commonly referred as poigfose, is
composed of 3-(2, 6)-fructosyl-fructose units lidk®y glycosidic bonds [1]. It was produced frongaujuice as an
undesirable byproduct which was first proposed kppimann, 1881. A strain dBacillus sp was used to produce
levan from sucrose [2]. The production of levan wé in plenty upon usage of sucrose-rich substred¢alyzed by
the enzyme levansucrase [3]. Levan is non-toxic-tnansparent suspension and reflect visible I[ght Many
types of microorganisms likBacillus subtilis, Bacillus polymyxa, Acetobacter|evanicum, Pseudomonas fluorescens,
andAspergillus versicolarare capable of producing levan [5]. Levan is usedraulsifier, stabilizer and thickener.
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Fig 1: Structureof levan
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Biosynthetic pathway of levan
Sucrose 1-Kestose

\ (Kestotriose)

Exchange Gle
(e

Fructosyl Enzyme Intermediate Sucrose Fructo-Oligosaccharide
(6-Kestose)
H;O
Polymerization
Sucrose Hydrolysis Levan Polymerization

Fig.2: Biosynthesis of Levan

Levan synthesis requires levansucrase, an extuéareknzyme, which increases the productivity afale when
sucrose is provided as a substrate [2]. The lexaasa enzyme catabolizes the sucrose and convectede into
levan. This reaction is termed as “transfructo$gfét[6]. Levan production can be inhibited by stgyike glucose,
lactose, D-xylose, L-arabinose, maltose [2].

Properties

High molecular weight levan was soluble in both evaand oil. Compared to cold water levan was cotaefyle
soluble in hot water [7]. Levan was insoluble inghof the organic solvents except Dimethyl Sulfex|[8]. It has
low intrinsic viscosity. Studies reported that,odsity of levan in water from 0.07-0.18 dL/g andain DMSO the
viscosity range was between 0.20-0.29 dL/g [9]a Istudy proposed that, levan frdvticrobacterium levaniformis
has the intrinsic viscosity of 0.38 dL/g at 25°Cigthwas greater than levan from other species [l1Gjas good
thermo stability with a melting point of 225°C [11]

Production of levan from microbial sources
Fig. 3 explains fermentation and downstream praegss levan recovery from microbial system

Table 1: Summary of levan production

S.No M icr oor ganism Substrate M ode of fermentation | Production (g/Lt) | Ref.
1. Bacillus subtilis sucros Batct 70.€ [3]
2. Bacillus lentus Sucrose Batch 36.6 [4
3. Bacillus licheniformis sucrose Batch 26 [5]
4. Zymomonas mobilis sucrose Batch 40.2 [6
5. Halomonas sp. Sugar beet molasses _ 12.4 [12]
6. Microbacterium levaniformis | Date syruj 48.¢ [13]
7. Paenibacillus polymyxa Date syrup _ 24 [14

Now-a-days usage of low cost substrates cuts dberptoduction cost of polymers. Levan frétalomonas was
produced using molasses as a substrate insteattmmise and the yield of levan was 12.4 g/L [12]teDsyrup was
used as an alternative source for levan formatidn4@ g/L) usingMicrobacterium levaniformis [13]. However,
production of levan (24 g/L) frorRaenibacillus polymyxa was investigated using date syrup [14]. Sugar sgngp
and molasses were used for levan and the yieldouasl to be 2.533 g/L from molasses which was lotlien that
from sugar cane syrup 15.456 g/L [15].
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Levan-producing microorganisrt

l

Growth: 37°C, 48 h, 120 rpm

!

Inoculum

!

Production fermentor
Fermentation
Medis l

Fermentation Broth Prod uctior‘

!

Cell Removal L » Cells
Ethanol ————— Precipitation

!

Separation

|

Washing and Drying

|

Levan Polymer

Ethanol «——

Fig.3: Schematic Representation of Levan Production [13]

Factorsinfluencing levan production

Carbon sour ces

Carbon sources used for levan production includecrose, glucose, fructose, galactose, maltose, osann
raffinose and mannitol [16]. Carbon sources enhaheegrowth of cell and increases the levan praditgt
Sucrose gave the higher yield of levan among madtan sources. When the sucrose concentrationeasased
above 300g/L, levan production decreased [17]. &gciconcentrations from 50 to 200g/L increasedyiblel of
levan from 15.5 to 22.8g/L. But addition of glucas®l fructose decreased the production from 27.1@/A2.4g/L
and 13.1g/L in the case of glucose and fructogeeiely [18].

Nitrogen sour ces and phosphor ous salt

Various nitrogen sources used for production ohlewere peptone, ammonium chloride, ammonium sukiad
urea [16]. In addition to nitrogen sources, phosphs salts and metal ions also enhanced the yfghdoaluction.
There was no significant influence of GaNa" and K" on levan production but magnesium ion effectivelyreased
the yield of levan up to 15%. It was observed fet and Zrf*ions retarded the production [17].
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Initial pH

Initial pH played a major role in increased celbgth and production. Maximum concentration of lewaas
produced at pH 6. Negligible levan production wasnid at pH 4 and decrease in the yield of levanatagrved at
pH 7. Results showed the formation of levan betwgldrb and 6 [18]. In a study, it was reported thatduction
decreased when the pH values were greater or |#smepH 6. The optimum pH range for formation Wwasveen
5.0 and 6.5 [17].

Temperature

Temperature is one of the significant factors fotymer production. After 24hrs of incubation thelhést levan
production was obtained at &7 Increase in temperature above G #educed levan production. The suitable
temperature for levan synthesis wasGJ17]. The maximum concentration of levan (27.R)dfom Zymomonas
mobilis occurred at 2&. Negligible concentration of levan was obtainetieen the temperatures @5and 4(C.
Yield of levan was high at low temperatures. It waported that maximum amount of levan concentnati@s
achieved at T [18].

The schematic flow sheet of levan production issshn fig.

Applications

Studies reported that levan was used in the fiefdeod, medicine, pharmaceutical and chemical stdes. In the
area of medicine, levan can be used as an immurllator, a blood plasma substitute, prolongatoti- ammor
agent [6] and anti hyperlipedemic agent [17]. Lewveas applied as both capping agent and reducingt &ge
synthesis of silver and gold nanoparticles [19gvadn derivatives can be used in the treatment BiSAdnd also as
an inhibitor for muscle proliferation. A variety dfiseases, caused by fishes due to certain staesxrd, can be
prevented by Immuno-stimulating ability of levarO[2It can be used as cell-proliferating and skiaisturizing
agents. It does not cause skin irritation [18]fdod industries, levan was used as a sweeteneeflysifying,
encapsulating agent and a texture forming comp@éhdther than these applications levan is useithénform of
additive, smoothner, equilibrator, enveloper arahvaatic enhancer [3].

CONCLUSION

Distinctive properties of levan increase its regmient in many fields like food, medicine and cososetincreasing
demand and production cost of levan triggers tBearchers to cut down the cost of levan produdiipnsing the
low cost agro-wastes as substrates.
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