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Abstract —Dextrans are homopolysaccharides of -glucose
produced by microorganisms.These polysaccharides are
synthesized by a number of bacterial species. Thegrghesis
occurs extracellularly and are catalyzed by a species speci
enzyme, dextransucrase. Dextran is produced at tt
industrial level by the fermentation of sucrose rib media.
Dextran is commercially available and it is used aslrugs,
especially as blood plasma volume expandert has found
industrial application in food, pharmaceutical and chemical
industries as adjuvant, emulsifier, carrier and stailizer. In
food industry dextran is currently used as thickene for jam
and icecream. It prevents crystallization of sugar, improwes
moisture retention and maintains flavor and appearace of
various food items.

Keywords — Dextran, Preparation,
Applications, Lactic Acid Bacteria.

Dextransucarase,

|. INTRODUCTION

Dextran was first isolated in 1861, by the fathd:
microbiology, Louis Pasteur in wine as a microk
product-which is perhaps the most blissful contributior
Pasteur to mankind with a long time impact [1]. Tigb
different varieties of dextran are just simple camakions
of glucose molecules with variable glyccic bonds.
Dextran is also the first commercial bacteriexo-
polysaccharide[2]. The name dextran was first giv
Corresponding author. by Scheibler in 1869 as theuyrt
showed some similarities with dextrin. He also sad
that upon acid hydrolysis, @nly produced -glucose [3].
In 1941 Hehre reported that the first -free synthesis of
dextran using sucrose as the substrate from en
dextransucrase. Dextransucrase (sucrosea- D-glucan
6-a-glucosyltransferase) is the key enzyme that catal
the synthesis of dextran from sucrose [4]. Dexti@ra
complex, branched polysaccharide made of many g&
molecules composed of chains of varying lengthn(frtO
to 150 kilodaltons).The native dextran straight ict

4]

consists of alphao— 1,6 glycosidic linkages between
glucose moleculesyhile branches begin from alg-1,4
linkage (alpha-1,2 and alpHa3 linkages as well)(fig.1
The polyglucans are synthesized from sucrose byyr
species of the genera Leuconostoc, Lactobacillud
Streptococcus [5].as the first who reported tl
production of dextran from sucrose by strains
Leuconostoc species [6ported the formation of dextri
from different strains of bacteria that were priitya
Leuconostoc strains. Species of bacteria from ajbeere
have been also found to produce dextran. Soluble
insoluble dextran is produced and molecular weiggtge
from 1.5 x 104 to 2 x 107 and higher. The microoigas
used for the production of dextran (Leuconos
mesenteroides, Saccharomyces cerevisiae,obacillus
plantarum, Lactobacillus sanfrancisco) are curyentied
in food processing without any restriction S. Food and
Drug AdministrationCode for Food Regulations). Usi
pure components for the fermentation medium in réep
production imposes 9h costs on the industry, So 1
economic production of dextran using local and pt
sources of carbohydrates and nitrogen are investic
Different concentration of molasses and wheat lsaract
are used[7]. Dextrans have been known for 1
viscosifying emulsifying, texturizing, stabilizing attribut:
in food applications. Dextran has the potential be
recruited as a novel ingredient replacing the cororak
hydrocolloids in bakery and other food industr
Prebiotic oligosaccharide productiory hydrolysis of
dextran is a rather new field, garnering researod
industrial attention [7]. Also dextran derivativedgextran
conjugates, dextran hydrogel and micelles are sitely
used as nanomedicine and nanocarrier because
simple and nonimmunogenic biopolymeric nature. As
April 2015, Dextran 70 is in WHO model list of estal
medicine as blood plasma substitute

Fig. 1. Structure of Dextran
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Il. SOURCES AND TYPES OF DEXTRAN

VB R ==

Dextran occurs naturally in small amounts in foc
suchas refined crystalline sugar, maple syrup, sauatl
juice, and honey, and also as a component of d
plague. Dextran is synthesized by the action otead
enzyme, dextransucrase, on sucrose. Dextransusrtse
sole industrial enzyme used in tbemmercial productio
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of dextran and is produced by LAB of genera,

Leuconostoc, Streptococcus, Lactobacillus, Pedincs
and Weissella. The structure of each type of de»
depends on the microbial strain and hence on theifsp
dextransucraselo date, commercial dextran is produ
from Leuconostoc mesenteroides NRRI- 512F and
serves as a model in studying the structure ofrdexdnc
the mechanism of its biosynthesis by dextransud& ¢

Table 1 Dextrans with their linkage patterom different LAB isolated from various food sour.

Microorganism Sourct linkage Ref.

Leuconostoc Graps a-(1 — 6) linkages onl [10]

Mesenteroides

CMG713

Leuconostoc Fermented cabba a -(1 — 6) linkages [11]

mesenteroidesAAl

Lactobacillus Water kefir grain 44 %0, -(1 — 3) and 37 ¢ [12]

Satsumensis NRRL a-(1—6)

B-59839

Lactobacillus plantarum Marcha, fermente 86.5 %a -(1 — 6) and 13.5¢ [13]

DM5 Beverag a-(1—3)

Pediococcus pentosaceus | Fermented cucumb 75 %a -(1 —6) and25 % [14]

CRAG3 a-(1—3)

Weissella cibaria Cabbag 96.6 %0 -(1 — 6) and 3.4 ¢ [15]

CMGDEX3 a-(1—3)

Weissella confusa Cab3 Fermented cabba 97 %o -(1— 6) and 3 ¢ [16]
a-(1—3)

Weissella cibaria JAG8 Apple pee 93 %a -(1— 6) and 7 9 [17]
a-(1—3)

Il. P HYSICO-CHEMICAL PROPERTIES OF
DEXTRANS

Dextran polymers have a remarkable diversity inirc
length and in physicochemical properties due to
variation in degree of branching in their glucoseHlibone
In general, dextran is readily solubln water, dimethyl
sulfoxide, formamide, ethylene glycol, and glycemlt
insoluble in monohydric alcohols, e.g., methanthaaol,
and isopropanol, and also most ketones, e.g., @eetnc
2- propanone. However, the water solubility of dexér
depends pon the branched linkage pattern. Lin
dextrans have high water solubility, and the ags
solutions behave as Newtonian fluids. However, s
branched dextrans showed shear rate thinning e
exhibiting nonNewtonian pseudoplastic behavior [1
Viscosity of dextran solution depends on its concéoima
temperature, and molecular weight. As dextranrigatral
polysaccharide, the viscosity is not significar
influenced by changes in pH or S
concentration.Dextrans with>43 % branching throw-
(1-3) linkages are water insoluble. Dextrans h
molecular weight in the range of 330,000 kDa. Dextrar
with a molecular weight of 2,00@08,000 kDa exhibit th
properties of an expandable coil, and at lower mdsr
weights (<2,000 kDa), dextran is re rodlike. Low
molecular weight dextrans (40, 60, and 70 kDa)
generally preferred in clinical applications [20High
molecular weight dextrans with few branched linkagee

required for the application in sourdough [33]. hweface
morphological stu@s of dextran revealed a porc
structure [1413]. The dextran has excellent therr
stability with degradation temperatui~300°C [13,17].
Dextran was more resistant to hydrolysis by sinad
gastric juice anda-amylase than commercial prebic
inulin. The dextran supported the growth of probi
bacteria and did not promote the growth of unwarie
coli [17].

V. PREPARATION OF DEXTRAN

Dextran is produced commercially by cultivating
mesenteroides strains in situ in growth med
supplemented witlsucrose and in vitro by using purifi
dextransucrase with sucrose as a substrate [18
dextran of desired molecular weight can be achidwe
the direct enzymatic synthesis using puril
dextransucrase, which allows more control over
reaction caoditions as compared with the fermenta
synthesis [43]. The production of dextran
dextransucrase from LAB is affected by factors
temperature, aeration, and concentration and typ
medium components[4415;46]. Dextran production is al:
influenced by solubility, viscosity, nitrogen, phosphor
and ash content of the medium [47]. The moleculgight
of dextran is inversely proportional to the concativn of
enzyme and directly proportional to the concerdratof
sucrose. Moreover, the moldar weight of dextran
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increases as the temperature increases frc°C to 30°C
[43].Several physical and chemical techniques sixcbV
irradiation [55,59)].ethyl methanesulfonate [57],and-
methyl-N  O-nitro-Nnitrosoguanidine [48], and s-
directed mutageesis [49] have been used for
enhancement of dextransucrase and dextran prodt
from various LAB. A single dextransucrase can ¢a@
the synthesis of several types of dextran linkateseby
permitting the formation of a branched polymer,51].
Certain bacterial strains have been shown to pm
dextrans of different structures due to the elatamaof
different dextransucrases [12,52]. Thus, the structure
each dextran is a characteristic of the spe
dextransucrase produced by a Gfie microbial strain
[47,53].

V. CHARACTERIZATION O F DEXTRAN

The structural characterization of dextran is
important factor for its utilization. A general ategy for
dextran characterization is shown in F
LAB cell-free supernatant

or Enzymatic reaction
mixture

Dextran precipitaion by
ethanol or actone

Dialysis and SEC

Acid or enzymatic
hydrolysis

MW determination by
HPSEC, HDC, AF4-MALLS
and viscometry

Linkage determination by

FTIR, NMR spectroscopy

TLC, HPLC-RI, HPAEC-PAD,
LC-MS and GC-MS

Monosaccharide
analysis by HPAEC-PAD

Oligosaccharides
obtained

Oli harides

purification by SEC
Fig. 2. A general stratedgr the characterization
dextran

VI. | SOLATION OF PURE DEXTRAN

The structural analysis of dextran starts withisitdation
in pure form in such a way that the chemical angspfal
properties are not affected [18]. The recovery
purification from alture medium or enzymatic reacti
mixture generally involves the following stej
1) cell removal by centrifugation or filtration in ca®f

culture medium.

2) dextran precipitation from the cétee supernatant «
enzymatic reaction mixture by thedition of water-
miscible organic solvents (e.g., ethanol, acetet®).

3) reprecipitation and dialysis of dextre

4) size exclusion chromatography (SEC) of dextrar,
16, 17].

The high molecular weight dextran can be purifigc
SEC, however, lowmolecular weight dextran can
purified by ultrafiltration.
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VII. A PPLICATIONS OF DEXTRAN

7.1.Food Applications of Dextran

Dextran has been studied as a food ingredient sine
1950s. The US Food and Drug Administration (US FlI
currently lists dextran as GRAS (generally recogdias
safe) additive for food and feed applications. Eneral,
dextran is used as gelling, cosifying, texturing, and
emulsifying agent in various food products [1
Commercial applications of dextran from LAB
generally found in food and pharmaceutical indt,
however, dextran also has several potential apjits
inphotofilm manufacturig, fine chemical, cosmeti
paper, petroleum, and textile industries [20:18}eD@o the
heterogeneity of dextran produced by various LARint
application may depend on w-defined chemical and
physicochemical properties. The properties of dextha
are applied in food industry are shown in Table [@)e
microorganisms such as Leuconostoc mesenterc
Saccharomyces cerevisiae, Lactobacillus plantarama,
Lactobacillus sanfranciscoare used for the prodaoctf
dextran for its application in fooprocessing without any
restriction.
Table 2 Food applications of dext

Applications The influenc Ref.
Bakery Improves freshnes [21]
mouthfeel, softness, crun
texture, loaf volume, an
shelf life
Confectionary Improves moisture retentic [22]
andviscosity and inhibit:
sugar crystallization and :
gelling agents in gum ar
jelly candie:
Fermented dairy Increases viscosity ar [23]
products creaminess and reduc
syneresis
Ice cream Cryoprotectar [24]
Cheese  making} Improves water binding ar [25]
reduced-fat cheese increases moisture conte
in the nonfa
Substance
Prebiotics Functional foo [26,27]
Protein-dextran Improves emulsifying [28,29,3
conjugates foaming, gelling, ani 0]
solubility attributes o
protein by Maillard reactic
7.1.1.Bakery
The incorporation of dextran in bread for

improvement of rheological properties and quality

gaining interest [3B2]. The increasing knowledge
sourdough fermentation generates new opportunite:

its use in the bakengld. In situ dextran production fro

Weissell asp.and Leuconostoc mesenteroides impribn
freshness, mouthfeel, texture, loaf volume, soinesd
shelf life of sourdough wheat bread ,31]. It came forth
that dextran should have a high molecular 'ht and few

branched linkages for the application in sourdo{@@i.
Hence, dextran holds potential application in bgl
industry for the generation of glut-free food products for
patients suffering from celiac disease, 17].
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7.1.2. Confectionery

Dextran is used for maintaining flavor, viscos
moisture, inhibition of sugar crystallization, aasl gelling
agent in gum and jelly candies in confectioner® [It is
also used in soft drinks, flavor extract, milk beages, an
icing.
7.1.3. Ice Cream

Dextran is also used as a cryoprotectant in icam
[23]. Dextran is bland, odorless, tasteless, andtaxic
and is considered to have many advantages over ioth
cream stabilizers. Ice cream mixes containir-4 %
dextran conferred beneficiptoperties on viscosity [24
7.1.4. Fermented Dairy Products

The texture of yogurt and yoguike products mad
from milk by fermentation with LAB can be modifiday
in situ production of EPS [3,35]. EPS produced by LAE
particularly dextran, positaly affected the rheologic
properties of acidified milk gels with enhancedcuasity,
creaminess, and reduced syneresis because of fies-
binding ability [23].and hence can replace
commercially used texturizers, viz., xanthan, aeenan
pectin, guar gum, anglglucan.
7.1.5. Foods

The favorable properties of dextran for stabiliz
vacuum, air-dried, and freezied or frozenfoods enah
the use of dextran infish products, meat, vegesatdad
cheese. Afilm of dextran could protect food fi
oxidation and other chemical changes and also t®
preserve texture and flavor. The increasing demfan
fast food in frozen or dried state creates an dppdy for
the use of dextran as a preservative, as well testare,
flavor, and smell enhancer [24].
7.1.6. Reduced-Fat Cheese

The fat reduction in cheese results in many tektamd
functional defects. The high casein content in ced-fat
cheese imparts afirm and rubbery body and tex
Dextran is a good candidate for making red-fat cheese
for several reasons. Dextran has the ability ta himter
and increase the moisture in the riahmass [1]
7.1.7. Prebiotics

In recent years, there is a considerable interettd use
of prebiotics as functional foods in order to madelthe
composition of the colonic microbiota to provideatie
benefits to the host [35]. Foods containing prebibave
also been associategith the protection against risk
several diseases, viz., bowel cancer, inflammabaryel
disease, diarrhea, coronary heart disease, ob
osteoporosis, cholesterolemia, and type 2 diab&tes-(1-
6) linkages are known to be resistant to hydrohby
human intestinal enzymes, which results in the ¢
digestion of dextran in human. Moreove-(1-2) linkages
are also highly resistant to the attack of digestnzyme:
[58]. Dextran and dextraderived oligosaccharides ha
also been reported to imase the fraction <
Bifidobacterium species in an in vitro model of
fermentation process in the human colon exhibi
prebiotic activity [26]. A low molecular weight d&an
containingo-(1-2)-branched linkages was also reporte:
act as prebiotic ith selective effect on the gut microbic
[27]. This dextran induced the growth of benefi

A0 - -
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bacteria such as Bifidobacterium sp. and Lactolhacsgp.
Recently, dextrans from Weissella cibariaJAG8 [antl
Lactobacillus plantarumDM5 [13]. showed proing
prebiotic potential with very low gut digestibilitand
selective stimulation of probiotic
7.1.8. Protein: Dextran Conjugates

Proteins are widely used in the food products saE
beverages, yogurt, mayonnaise, and ice creamsdheit
functional properties, viz., emulsifying, foaming, gellir
and solubility [36,28]. The functional properties !
proteins can be improved by the conjugation of gins
and polysaccharides through Maillard reaction [3je
Maillard reaction or nonenzymatic browning refevsany
chemical reaction involving the interaction betw:
amines and carbonyl compounds. Maillard reactiods
to the aroma, taste, and color of coffee and cdmamns
bread, cakes, cereals, and meat [59]. De-conjugated
proteins have displayed significant improvement
physical and chemical properties proteins, such as
thermal stability, emulsification, and antioxid:
properties [37]. The improvement of functional pedfes
of different proteins, such as oalbumin, lysozyme [29],
peanut protein [37] soy protein [38], and whey pio
[30], after cojugation with dextrans has been stuc
7.2.Medical Uses
7.2.1. Antithrombotic Effect

These agents are used to decrease vascular thrst
The antithrombotic effect of dextran is mediated itsy

binding of erythrocytes, platelets and vasc
endothelium, increasing their electronegativity and tl
reducing erythrocytes aggregation and plal

adhesiveness. Dextran also reduce the -Ag Von
Willebrand factor, thereby decreasing platelet fiormc
Clots formed after administration of dextran arerer
easily lysed due to an altered thrombus structurg.
inhibiting alpha —2 antiplasmin, dextran serves as
plasminogen activator and therefore  posse
thrombolytic features. Apart from these featuregyda
dextrans, which do not pass out of the vesare potent
osmotic agents, and thus have been used to
hypovolemia. The hemodilution caused by volt
expansion with dextran use improves blood flow,st
further improving patency of microanastomoses
reducing thrombosis [7].
7.2.2. Usage in Intravenous Fluids

It is used in some eye drops as a lubricant ammbitain
intravenous fluids to solubilize other factors. Bar in
intravenous solution provides an osmotically ndutrad
that once in the body is digested by cells intccgae anc
free water. It is occasionally used to replace losbblin
emergency situations, where replacement blood is
available, but must be used with caution as it doet
provide necessary electrolytes and can cause hieona
or other electrolyte disturbaes [7].
7.2.3. Anticoagulant Activity

Chemically prepared sulphuric esters of polysaddba
are known to have anticoagulant action. One ofglieshe
dextran sulphate. The anticoagulant expressed ita/nng
appears to be independent of the moler weight but
depends on a certain minimum number of sulphatepg
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per glucose units. Clinical grade Dextran are awdd as
Dextran 1,Dextran 40,Dextran 60 and Dexi
70.Solutions of Dextran 40, Dextran 60 and Dex#@rior
injections are commonly useth clinical practice fo
replacement of blood loss, plasmasubstitution, nitirasis
prophylaxis, volume expansion rheological improvatn
Administrationof Dextran 1 prior to injection of Dextre
40, Dextran 60 and Dextran 70 is known to reduee
adverg reactions significantly. Clinical grade dextrar
the safest plasma substitute in clinical use. €dihgrade
dextran are used for different purposes exar
cryopresevation and solutions for storing organs
transplantation and as carriers in vaesiffi7].

7.2.4. Iron Dextran

Dextran is an important starting material for |
dextran synthesis. The iron dextran solution fggdtion is
applied for treatment of human and veterinary ant

deficiency [7].

7.3. Inthefield of Cosmetics

Dextran and Dextran derivatives have some bené
applications to the cosmetics as a moisturizer ai
thickener, especially Cationic Dextran (CDC) ma
complex salts with anionic or amphoteric surfactg
which moderately adsorb to hair and skin orm films
having moisturizing effects. CDC is a useful coiuaiing
agents for hair care and skin care products. Dexdudfate

has the following properties which makes it m

favorable for its usage in cosmetidsfi-ageing , Anti-

wrinkle effects, Smooth fresh, naticky feeling,Good

moisture retention ,Increased lipase activity givir
weight- ralucing effects and supple skinAnti —

inflammatory and anti- allergiclreating rough, chappe
skin) Anti- inflammatory effects of Dextran sulfates he
been demonstrated in various studies, 41, 42]. Dextran
sulfate has been found to reduce lymphot
extravasation in skin sites inflamed [60]. The o8m
retention of water by Dextran sulfate pret in tissue will

contribute to the welbeing and mechanical properties
the tissue concerned.

7.4. \Waste Water Management

Native Dextran finds a wide range of application

waste water management. Dextran offers many u

features like stable alkadind acids at room temperature

binds metal ions at alkaline pH and is Biodegrag§p).

7.5. Laboratory Uses

 Dextran is used in some size exclusion chromatuy

matrices e.g.sephadex It is used to make micro carr

for cell culture.

e Dexran preferentially binds to early endosor
fluorescently labeled dextran can be used to iz
these endosome under a fluorescent micros

» Dextran has been used in immobilization
biosensors. It can also be used as a stabiliziagrmy
to proect metal nanoparticles from. Oxidation ¢
improve biocompatibility.

» Dextran coupled with a fluorescent molecule (sug
FITC) can be used to create concentration gradar
diffusible molecules for imaging and allc
subsequent characterization oédient slope

VB R ==
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e It can also be used as a stabilizing coating temt
metal nanoparticles from oxidation and impro
biocompatibility.

e Dextran is also been used in immobilization
biosensors.
e andin bead form it is used to aid in biosens
applications.
VIII. C ONCLUSION
From the facts outlined of phys-chemical

characterization and prebiotic potential of dextrir
appears that Dextran hasgral potential applications
food and many health benefits. And also has caneibtao
many more applications in technical and pharmacal
industries too. It has been recognized the negessi
encourage the industrial production of dextran @i
cheaper substrates considering the economic sia
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