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Alginate is an industrially needed linear copolymer
composed of β-1,4-linked D-mannuronic acid. This industrial
biopolymer has been widely obtained from seaweeds, but
production of alginate from sea weeds farm is not possible
for all climates. Hence, finding an alternate easily available
bio resource to produce such polymers under minimal
process with long time is essential. Some bacteria are
capable of producing alginates, especially native and mutant
strain of Azotobacter vinellandi. But mutant strains have the
ability to produce higher amount of polysaccharides
compared to native strains with value added by product
through fermentation processes. Although seaweeds are the
largest source for alginate production, they are not ideal
resources for industrial production of alginates to meet
commercial demand thus high lighting the significance of
microbial alginate production. This review is an attempt to
describe possible differences in the production of alginates
from bacteria and seaweed and industrial application of both
bacterial and seaweed alginate.

Introduction
Seaweeds are the largest source for the production of value-added polysaccharides and industrial byproducts all over
the world. Alginates are one of the major products extracted from seaweeds especially brown algae. The second
most common source for major exoployssacharde producers is bacteria. In seaweeds, polysaccharides are primary
components of both the cell walls and the intercellular matrix. Biochemically Alginate comprises sequences of two
blocks namely M block and G block. Β-D-mannuronate (M) and its C-5 epimer α-Lguluronate (G) linked by 1–4
glycosidic bonds. The ratio of M and G are depends on the source of alginates but their physical properties are
almost same being they extracted from different resources. They are used as a stabilizer, viscosity agent and gelling
agent in food materials with annual industrial needs of alginates reaching ~ 30,000 metric tons. 40% of the alginates
are obtained from seaweeds [Draget et al., 2005]. In recent years, this polysaccharide has been used for wide range
of pharmaceutical applications like wound dressings [Thomas, 2000] and many more biological applications. Before
1975, commercial alginate production depended on seaweeds, where they were treated with alkali solution [Clark
1936] followed by filtration. The alginates are precipitated with Sodium / Calcium chloride finally the alginate salts can
be transformed to alginic acid with dilute HCl. Finally, alginic acid is purified to produce water soluble sodium
alginates [Rinaudo M.2008]. Later1980’stwo genera of bacteria are identified as major producers of alginate and
alginic acids namely non pathogenic pseudomonas and Azotobacter. In nature they produce alginates for different
reasons with various material properties. P.auerogenisa produces alginates for thick highly structured bio film [Nivens
et al., 2001and Hay et al., 2009]. But Azotobacter produces rigid alginate which is essential for the formation of
desiccation resistant cysts [Sabra and Ping Zeng, et al 2009] against stress.
Biosynthesis of Alginates
Alginate biosynthesis begins with oxidation of a carbon source to acetyl-CoA, which enters the TCA cycle to be
converted to fructose-6-phosphate through gluconeogenesis. Fructose-6-phosphate undergoes a series of
biosynthetic transformations to be further converted to GDP-mannuronic acid, which acts as a precursor to alginate
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synthesis [Gacesa, P et al. 1998] (Fig.1). In general, the biosynthetic operation can be divided into four stages (1)
GDP-mannuronic acid precursor bio synthesis, (2) Cytoplasm membrane transfer and polymerization, (3) Periplasmic
transfer and modification and (4) Export through the outer membrane. Post-polymerization modification of alginates
occurs at stage (3), where polymannuronic acid is acetylated at the O-2 and/or O-3 positions by several
transacetylases. Epimerization is then performed by a family of epimerase enzymes to convert some non-acetylated
M residues to G residues (Franklin) finally; alginate is released from the cell through trans membrane porins. The
regulatory mechanisms for the production of alginate are identical in both bacteria and algae with minimal slight
difference. Even though alginate production are synthesized from almost similar biosynthetic pathway the
characteristic properties of bacteria and seaweeds are different (Table.1)

Fig.1. Alginate biosynthetic pathway in Seaweed and bacterial

[A].Biosynthesis route of alginate in seaweed. KDPG ketodeoxyphosphogluconatepathway (Entner–Doudoroff
pathway), PDHpyruvatedehydrogenase, AlgAphosphomannoseisomerase–GDP-mannose pyrophosphorylase, AlgC
phosphor-mannomutase, AlgD GDP-mannose dehydrogenase. Boxed intermediates are precursors of alginate
Dashed arrows indicate unknown biosynthesis steps
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Fig.2 Biosynthesis route of alginate in bacteria.
KDPG ketodeoxyphosphogluconate pathway (Entner–Doudoroff pathway), PDH pyruvatedehydrogenase,
AlgAphosphomannoseisomerase–GDP-mannose pyrophosphorylase, AlgC phosphor-mannomutase, AlgD GDP-mannose
dehydrogenase. Boxed intermediates are precursors of alginate, Also byproduct of PHB production.
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Table: 1 Difference between bacterial (Azotobacter) and seaweed alginate
S.No

Properties

Bacterial alginates

Seaweed
alginates
Mutant
also
possible
48000186000gm/Mol

1. Nature of organism

Native

2. Molecular weight

154600-730000
gm/Mol

3. Polyglucuronate
blocks
4. Nature of gel
formation
5. O-acetylation

Absent in Pseudomonas
ps.,
Flexible

Present

Essential for outer cyst
wall formation
Higher against Ca ion

O-acetylation not
occurs
Higher against Na
ion
Not possible

6. Selective ion
binding
7. Production induced
by change of
Membrane potential
8. No of genes
reported
9. Manufacturing
process

10.Factor affecting
production of
alginate
11.Other function role
beyond alginate
production
12.Fermentation
process for
production alginate
/ alginic acid
13.Biosynthetic
pathway
14.By product
formation

Possible

Rigid

30 genes
Conversion of alginate
to sodium alginate is
necessary

No conversion of
alginate to Sodium
alginate

Oxygen supply under
diazortrophic condition
(Dissolved O2 is the
limiting factor )
Protective barrier in
heavy metal toxicity and
Nitrogen fixation role in
the soil
Possible for industrially
modified alginate with
mutant strains

Not reported

Synthase Dependent

Synthase
dependent

Reference
W. Sabraet al., 2001
Clementiet al., 1998
Donnan& Rose et al.,
1950
Sherbrock-Coxet al.,
1984
Sherbrock-Coxet al.,
1984
Sherbrock-Coxet al.,
1984

Yuzoharadaet
1964

al.,

Iain D. Hay, Zahid
2010
Chermapandi
Parthiban,
Kaliyamurthy
Parameswari
et al., 2012

W. Sabra et al., 2001

Depends on the
nature
of
sea
weeds.
Rehmand
al.,1997

valla

et

PHB

Seaweed Alginate production and Limitations
Alginates a form of hydrocolloids substances derived from seaweed that interacts with water to form colloid systems
either in the form of a gel or solubilized particles. These Hydrocolloid polysaccharides have much importance, both
technologically and economically. Alginates are extracted in different ways depending on the application, but the most
generally employed procedure described [Calumpong et al. 1999], involves extracting the alginate in the form of
sodium alginate. This method is based on converting the insoluble calcium- and magnesium-alginates present within
the brown seaweed cell walls to soluble sodium alginates that are subsequently recovered as alginic acid or calcium
alginate. This conversion is carried out by sequential addition of acid, alcohol, and sodium carbonate. The extraction
techniques available for alginate extraction face some difficulties in, e.g., relation to separation of the seaweed
residuals that do not dissolve. As the alginate dissolves as sodium alginate, the thickness of the solution makes the
process difficult one, hence filtration and the solution has to be done with large quantities of water. As the seaweed
residuals are very fine and can clog the filter, filter aids must be provided making the process cost effective. In
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addition, the chemicals used for extraction are believed to influence the physico-chemical properties of alginates
(Vauchel, P et al., 2008). To avoid the difficulties encountered in the traditional extraction techniques and the
destructive effects they have on the functional properties there is a need for alternative extraction and processing
techniques. To our knowledge, no attempts on enzymatic extraction of alginate from seaweed have been reported.
The main issues alginate producers must face are: (1) Changing locations for alginate production - rising nonalginate uses for the same types of seaweed (2) Increasing government controls on the harvesting of natural
seaweeds (3) All easily accessible large natural seaweed resources already being harvested. (i) Seaweeds produce
alginate mainly in the form of Sodium alginate, the sodium salt of alginic acid, extracted from the (Biomass)
seaweeds. Natural seaweed excretes alginate alone but is not stable in the marine environment later turned to
sodium salt of alginates. (ii) Potassium alginate also obtained extract of from cells of marine seaweed (iii) calcium
alginate is obtained from sodium alginate, where sodium is replaced with calcium.
Current alginate production by bacteria:
Screening strategies for Alginate producing strains
CPC method
1.

Enrichment culture technique is the readily available method to screen the microorganisms capable of
producing alginate lyase enzyme carried out by investigating their abilities to grow on alginate-containing
solid media plates and occurrence of a clearance zone after flooding the plates with agents such as 10%
(w/v) Cetylpyridinium chloride (CPC), which can form complexes with alginate.

Plate assay method
2.

In this method, alginate-containing agar plates are flooded with Gram's iodine instead of CPC. Gram's iodine
forms a bluish black complex with alginate but not with hydrolyzed alginate, giving sharp, distinct zones
around the alginate lyase producing microbial colonies within 2-3 min. Gram's iodine method was found to
be more effective than the CPC method in terms of visualization and measurement of zone size. The
alginate-lyase-activity area indicated using the Gram's iodine method was found to be larger than that
indicated by the CPC method.

Alginate production by Pseudomonas
Under invivo conditions non pathogenic, Pseudomonas produces alginate which will act as a protective layer against
heavy metal toxicity; thus the secretion of alginate may be enhanced by Nacl and Ethanol in fluorescent
pseudomonas, suggesting that Osmoloarity and dehydration may be plays a significant role in the production of
Polysaccharide [Kidambiet al. 1995].
Alginate production by Azotobactersps.,
Azotobacter vinelandii is a major stable producer of acetylated alginate under various in vitro and in vivo conditions.
Alginate not only behaves as an overflow metabolite, but also serves as a protective barrier against heavy metal
toxicity and provides protection against attack and adverse environmental conditions [Fyfe et al., 1983]. A. vinelandii
growing diazotrophically with various oxygen concentrations shows alginate capsules are formed, even under high
shear stress in the fermenter [Sabra et al. 2000]. Moreover, the alginate capsule forming capacity of A. vinelandii is
much compact and density also higher in the presence of higher dissolved oxygen concentration (pO2), the
postulated result that, the formation of alginate layer around the cell also act as a diffusion barrier of oxygen, which
controls the transfer of oxygen sensitive enzyme namely Nitrogenase.
Influence of Medium Components
Effect of Nutrients on Bacterial alginate production:
Many attempts have been made to report the medium for formulation of Azotobacter alginate production in
fermentation process. Both beneficial and harmful effect has investigated thoroughly along with fixed nitrogen level in
the culture medium. The accumulated Nitrogen may act as a limiting factor for the production of Alginate for
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Azotobactersps., [Brivonese and Sutherland 1989; Sabra 1998] (Fig:2). More over peptone used in the medium will
alter the alginate production up to 30 %, suggesting more specific role for Nitrogenous nutrients.

Effect of Phosphate on Bacterial alginate production
The effect of phosphate on alginate production by A.vinelandii was also reported controversially (Table 1). [Brivonese
and Sutherland et al.,1989] reported phosphate simply acting as buffer agent in the medium in the case of
phosphate-rich medium (7.5 g K2HPO4).On the other hand medium with excess phosphate leads to maximum
production of alginate. Moreover, correlation between phosphate limitation and respiratory requirement of cells in
terms of RQ value (Respiratory quotient) and alginate production in diazotrophically grown A.vinelandii. The
calculated RQ value is around 0.8 in the level of 2-5 % of Phosphate level.

Azotobacters
ps.,

Dissolved PO2

Medium

Condition

Alginate

yield

Productivity
–1h–1
(g l
)

M

NCIB 9068

Uncontrolled

NFM

PO4 rich

6.2

0.31

0.06

M

NCIB 9068-A

Uncontrolled

NFM

PO4 rich

5.5

0.27

0.07

M

Uncontrolled

NFM

0.25

0.05

NFM

4.9

0.12

0.2

N

NCIB 9068

Controlled
2%
Uncontrolled

3.0

0.075

0.04

N

Uncontrolled

NRM

3.15

0.066

0.045

N

A.Vinelandii
Native
NCIB 9068

Uncontrolled

NRM

PO4
Limited
PO4
Limited
PO4
Limited
PO4
Limited
PO4 rich

5.0

M

SM 52B of NCIB
9068
DSMZ 93-541b

6.0

0.15

0.04

M

DSM 576

Uncontrolled

NRM

PO4 rich

5.8

0.145

0.053

M

DSM 576

Uncontrolled

NRM

5.0

0.25

0.07

M

ATTC – 9046

Uncontrolled

NRM

PO4
Limited
PO4 rich

4.9

0.2

M

DSM 576

Controlled at 2%

NRM

PO4 rich

4.5

0.0625

NFM

Reference

Strain

Table: 2 Effect of Phosphate on Bacterial alginate production

Chen et al.,
1985
Chen et al.,
1983
Horan et al.,
1981
Sabara
etal., 1999
Jarman
et
al., 1978
Deavin
et al., 1977
Brivonese
and
Sutherland
1989
Savalgi and
Savalgi 1992
Clementi
etal. 1999
Clementi
et al. 1995
Pena et al.
1997

M= mutant, N=native
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Effect of dissolved oxygen on bacterial alginate production
Dissolved Oxygen plays a significant role in the alginate production in Nitrogen and phosphate rich medium by
o
Azotobacter were studied in the fermenter at pH 7 and 35 C, where batch fermentation was carried out without
control of dissolved oxygen at 1, 2, 5 and 10 % DO where the bacterial growth was higher but maximum production of
alginate was lower. No alginates at 10% DO but higher growth rate of bacteria was achieved between 5 and 2% DO
but alginate was less were higher production of alginate was obtained without Dissolved Oxygen control.
Table: 3 Effect of dissolved O2 in the medium

Azotobacter sps.,

Dissolved O2 in %

Medium

Alginate production

Reference

Azotobacter
DSM 579

1-10

Glucose

E Parente, et al.,

Azotobacter
armeniacus

1- 5

Glucose

Biomass
higher
but
alginate
production is less < 5%, the identified
condition for maximum DO for
alginate production is (3 -5 %)
Alginate production is high at 3% DO

3-5

Glucose

Alginate production is high at 3% DO

4

Glucose

Supports the maximum biomass but
less alginate production

Azotobacter
Vinelandi mutant
Azotobacter sp.

5-6

Glucose

10

Glucose

Biomass
production
but
comparatively low alginate production
No effect in the alginate production

Azotobacter
mutant AT268

1-5

Glucose

M. A. Trujillo-Rold
et al.,
Haraguchi
K,
Kodama
T
et
al.,1996
Zahid Ali Butt et al.,
2011
E. Soto Escuela
et al.,2010
C Pena1, et al.,
2002

Azotobacter
AR
Azotobacter
beijerinckii

sp.

Alginate production
is 25% less
production compare to wild type
between the dissolved Oxygen range

Carlos
Mauricio
et al.,

Pena,

The kinetics of growth and alginate production from glucose in a nitrogen and phosphate-rich medium by Azotobacter
vinelandi were studied in a laboratory fermenter at pH 7 and 35°C. Batch fermentations were carried out both without
control of dissolved oxygen concentration (DO) and at 1, 2, 5 and 10% DO. Although growth was faster at higher DO,
maximum biomass concentration was lower. No alginate was produced at 10% DO. Alginate production was faster at
5 and 2% DO but higher alginate concentrations and yields were obtained without DO control. Alginate production
was growth-associated at 5% DO, but significant amounts of alginate were produced after growth had stopped at
lower DO values. In fermentations without DO control the molecular weight of the polymer reached a maximum (11–
-1
17.6) when specific growth rate was between 0.02 and 0.04 h and residual concentration of ammonia nitrogen was
-1
between 0.01 and 0.02 g L and then sharply decreased. The DO level between an ideal range for the identification
of alginate production by Azotobacter is 3-5 %; where decreasing the activity of Nitrogenase helps the organism to
produce more amount of alginate.
Effect of agitation in the medium for the production of Alginate
The effect of alginate production by Azotobactersps., was significantly affected by the various rpm range in the
fermenter studies under controlled pH condition.[E Parente et al., 2000] The reported maximum level of alginate
production was 2 gm/l at 500-600 rpm. [Wen-Pin Chen et al, 1985]Mutant strain of Azotobacter vinelandii NCIB 9068
produces 6.22 g/L alginate at 170 rpm without pH control [Cigdem Moral et al., 2012]. The growth rate of bacteria
-1
increased from 0.165 to 0.239 h by the increase of agitation from 200 to 400 rpm. On the other hand, alginate

51

J. Algal Biomass Utln. 2016, 7 (1): 45- 55
ISSN: 2229 – 6905

Mini review on Alginate

production was found to be the most efficient at 400 rpm with the highest value of 4.51 g/l achieved at the end of
fermentation. Increased agitation or shaking speed was frequently used by many authors for optimizing the
production of alginate along with other factor like aeration and Phosphate concentration. However, no data are
available on the independent effect of agitation speed and constant supply of oxygen. Moreover, no systematic study
has been reported regarding the influence of increased agitation on cell morphology and capsule formation in A.
vinelandii grown diazotrophically under particular phosphate limited conditions.

Applications of alginate (Bacterial and Seaweed alginate) in different industry

S.No

Industry

Application

Reference

1

Textile

Thickeners for the paste containing the dye

Hilton et al 1969

2

Paper

Improve crumpling and resistance of paper.

Arthur Johnson et al 1952

3

Pharmacy

adhesion agent of tablets

Miyazaki S, Nakayama A,
et al., 1994

Facial plastic
surgery

inject able fillers

Andre P, Moulongu et al I. 2014

Drug delivery and encapsulation of drug

Wang A1, Tao C et al., 2008

Medicine

Treatment for hear burn and acid reflux

B. P. Daggy, D. A. Brodie et al.,
2000

Alginate beads for the treatment of breast
cancer

B Arıcaa, S Çalışa, et al., 2002

Gelling agent

Dipjyoti Saha &
Suvendu Bhattacharya 2010

4

5

Food industry

Prevent moisture loss of
storage

meat during

G. Jackson, et al., 1980

Beverage additive for stabilization

6

7

Dairy

Cosmetics

Prevention
of
agglutination

milk

protein

Mastromatteo M. et al., 2011

from

A. Syrbe, W. J. Bauer 1998

Prevent milk protein and other solid
particles from coagulation and fat from
floating.

A. Syrbe, W. J. Bauer 1998

Anti melting capacity

A. Syrbe, W. J. Bauer 1998

Thickener and moisture retainer

M. A. Lesser.

Retaining the color of lipstick on lip surface
by forming gel-network.

M. A. Lesser.

8

Welding
industry

Production of welding rod, as a binder of
flux.

Protan 1984

9

Dental

Dental alginate impression

R.G. Craig 1988
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Future perspectives
Biopolymer demand continues to grow every year because of wild application in different fields, but only 3–5%
production was achieved between 1980s and 2000.Emerging markets in China, Eastern Europe, Brazil, etc has
largely driven this growth. Sales of agar, alginates and carrageenan in the US and Europe are holding up reasonably
well in spite of the recession. However, price increases to offset costs in 2008 and 2010 have begun to have a
dampening effect on sales, especially in markets where substitution or extension with less expensive ingredients is
possible. These higher prices have been driven by higher energy, chemicals and seaweed costs. The higher
seaweed and process costs reflect the production of alginic acid in large scale. The Philippines and Indonesia are
the dominant producers of the farmed L. digitata, L. hyperborea and L. saccharina because of their oceanic behavior
supports the growth of alginate producing seaweed in whole year. Comparatively in India, the alginate producing
seaweed availability is less and the viscosity of the alginate is not suitable for textile industry, hence there is a huge
challenge to find bacterial resources for alginate production under minimal capital cost with higher viscosity nature.
Production of alginate depends on the needs of various industries and the viscosity of the alginate production can be
improved using recombinant strains of Azotobacter by genetic manipulation technique.
Conclusion
Although commercial production of alginate depends on cheap algal sources, the ability to engineer bacterial
alginates will make bacterial fermentative production increasingly attractive. Better understanding of the biosynthesis
of alginate and PHAs in A. vinelandii and development of cell culture systems for biopolymers production will lead to
the emergence of new fermentation strategies to obtain alginate and PHAs with specific chemical characteristics and
more defined material properties that could be used in specific applications in pharmaceutical and biomedical fields.
Increased understanding of alginate production will also help to overcome the production bottleneck currently seen in
alginate production for the purpose of important biopolymer for medical and biotechnological applications. Moreover,
an increased understanding of alginate composition and material properties will help meet medical and
pharmaceutical specifications thus providing enormous opportunity for the use of engineered bacteria for the
production of alginates.
References
1.
2.

Draget, K., Smidsrod, O., and Skjak-Braek, G (2005) 'Alginates from algae', Biopolymers, 6(6), pp. 637–650
Thomas S (2000) 'Alginate dressings in surgery and wound management--Part 1', Journal of wound care,
9(2), pp. 56-60.
3. Clark, DE. Green, HC (2015) 'Alginic acid and process of making same.’ in Se-Kwon Kim Katarzyna
Chojnacka (ed.) Marine Algae Extracts. : Wiley-Vch , pp. 123-130.
4. Sabra, W. and A. P. Zeng,. (2009) 'Microbial production of alginates: physiology and process aspects. In
Alginates: Biology and Applications', Springer-Verlag, 1(3), pp. 153–173.
5. Gacesa P (1998) 'Bacterial alginate biosynthesis--recent progress and future prospects.’ Microbiology,
144(5), pp. 1133-43.
6. Franklin MJ, Ohman DE. (2002) 'Mutant analysis and cellular localization of the AlgI, AlgJ, and AlgF proteins
required for O acetylation of alginate in Pseudomonas aeruginosa.’ J. Bacteriol. , 184(11), pp. 3000-3007.
7. Franklin MJ, Douthit SA, and McClure MA. (2004.) 'Evidence that the algI/algJ gene cassette, required for O
acetylation of Pseudomonas aeruginosa alginate, evolved by lateral gene transfer.’ J Bacteriol., 186( 14),
pp. 4759-4773.
8. Franklin, M.J and Ohman, D.E (1993) 'Identification of algF in the alginate biosynthetic gene cluster of
Pseudomonas aeruginosa which is required for alginate acetylation.’ J Bacteriol, 175 (16), pp. 5057–5065.
9. Pedersen,S.S. Espersen,F. Hoiby,N. and Shand, G.H (1989) 'Purification, characterization, and
immunological cross-reactivity of alginates produced by mucoid Pseudomonas aeruginosa from patients
with cystic fibrosis.', J Clin Microbiol, 27(4), pp. 691–699.
10. Francesca Clementia, Marco Mancinib, and Mauro Moresib, (1998) 'Rheology of alginate from Azotobacter
vinelandii in aqueous dispersions', Journal of Food Engineering, 36(1), pp. 51–62.
11. Donnan, F. G. & Rose, R. C. (1950) 'Osmotic pressure, molecular weight, and viscosity of sodium alginate.’
Can. J. Res, 28(B), pp. 05-13.

53

J. Algal Biomass Utln. 2016, 7 (1): 45- 55
ISSN: 2229 – 6905

Mini review on Alginate

12. Draget, K.I. ostgaard, and K. Smidsrod, O (1991) 'Homogeneous Alginate Gels: a Technical Approach.
Carbohydrate Polymers ', Carbohydrate Polymers, 14, pp. 159–178.
13. Iain D. Hay, Zahid Ur Rehman, Aamir Ghafoor and Bernd H. A. Rehm (2010) 'Bacterial biosynthesis of
alginates', J Chem Technol Biotechnol , (85), pp. 752–759.
14. Chermapandi Parthiban , Kaliyamurthy Parameswari , Chinnadurai Saranya , Annadurai Hemalatha and
Perumal Anantharaman (2012) 'Production of Sodium Alginate from Selected Seaweeds and Their
Physiochemical and Biochemical Properties ', Asian Pacific Journal of Tropical Biomedicine , (1), pp. 1-4.
15. Sabra.W, Zeng. A.P, Deckwer W.D, (2001) ' Bacterial alginate: physiology, product quality and process
aspects,’ Appl Microbiol Biotechnol, 56(1), pp. 315–325.
16. Hay,I.D., Rehman, Z.U., and Rehm,B.H.A (2010) 'Membrane Topology of outer membrane protein
AlgE,which is required for alginate production in Pseudomonas Aeruginosa. ', Appl. Environ. Microbiol,
76(2), pp. 1806–1812.
17. Sabra WA, Zeng A-P, Sabry S, Omar S,and Deckwer W-D (1999) 'Effect of phosphate and oxygen
concentrations on alginate production and stoichiometry of metabolism of Azotobacter vinelandii under micro
aerobic conditions. ', Appl Microbiol Biotechnol, 52:773–780.(2), pp. 773–780.
18. H. P. Calumpong, A. P. Maypa, and M. Magbanua (1999) 'Population and alginate yield and quality
assessment of four Sargassum species in Negros Island, central Philippines ', Hydrobiologia , 398(399), pp.
211-215.
19. Vauchel, P. Kaas, R. Arhaliass, A. Baron, R. and Legrand, J (2008) 'A new process for the extraction of
alginates from Laminaria digitata: Reactive extrusion. Food Bioprocess Technol. 2008, 1,297–300.', Food
Bioprocess Technol., 1(3), pp. 297–300.
20. Kidambi PS, Sundin GW, Palmer AD, Chakrabarty MA, and Bender LC (1995) 'Copper as a signal for
alginate synthesis in Pseudomonas syringae', Appl Environ Microbiol, 61(1), pp. 72–79.
21. Fyfe JAM and Govan JRW (1983) 'Synthesis, regulation and biological function of bacterial alginate.', Prog
Ind Microbiol , 18(2), pp. 45–83.
22. Sabra WA, Zeng A-P, Lunsdorf H, and Deckwer W-D (2000) 'Function and variation of alginate production in
Azotobacter vinelandii under nitrogen fixation conditions', Appl Environ Microbiol , 2(66), pp. 4037–4044.
23. Chen WP, Chen JY, and Su CL (1983 ) 'Production of bacterial alginate by a mutant of Azotobacter
vinelandii. ', Natl Sci Counc , 11:1197–1207(2), pp. 197–205.
24. Chen WP, Chen JY, Chang SC, and Su CL (1985) 'Bacterial alginate produced by a mutant of Azotobacter
vinelandii. ', Appl Environ Microbiol , 49(3), pp. 543–546.
25. Horan NJ, Jarman TR, Dawes EA (1981) 'Effects of carbon source and inorganic phosphate concentration
on the production of alginic acid by a mutant of Azotobacter vinelandii and on the enzyme involved in its
biosynthesis', J Gen Microbiol , 2(127), pp. 185–191.
26. Sabra WA Carolo-Wilhelmina, Braunsch weig Jarman TR, Deavin I, Slocombe S, and Righelato.M (1998)
'Micro aerophilic production of alginate by Azotobacter vinelandii. PhD thesis Investigation of the effect of
environmental conditions on the rate of exopolysaccharides synthesis in Azotobacter vinelandii.', J Gen
Microbiol , 6(107), pp. :59–64.
27. Deavin L, Jarman TR, Lawson CJ, Richelato RC, and Slocombe S (1977) 'The production of alginic acid by
Azotobacter vinelandii in batch and continuous culture. ', American Chemical Society, 6(1), pp. 14–26.
28. Brivonese A, Sutherland WI (1989) 'Polymer production by a mucoid strain of Azotobacter vinelandii in batch
culture', Appl Microbiol Biotechnol , 2(30), pp. 97–102.
29. Savalgi V (1992) 'Alginate production by Azotobacter vinelandii in batch culture', J Gen Appl Microbiol,
38(5), pp. 641–645.
30. Clementi F, Crudele MA, Parente E, Mancini M, Moresi M (1999) 'Production and characterization of
alginate from Azotobacter vinelandii', J Sci Food Agric , 79(8), pp. 602–610.
31. Clementi F, Fantozzii P, Mancini F, and Moresi M (1995) ') Optimal conditions for alginate production by
Azotobacter vinelandii.', Enzyme Micro boil Technol , 17(4), pp. 983–988.
32. Pena C, Campos N, and Galindo E (1997) 'Evolution of alginate molecular weight distributions, broth
viscosity and morphology of Azotobacter vinelandii cultured in shake flasks.', Appl Microbiol Biotechnol ,
48(9), pp. 510–515.
33. E Parente, MA Crudele, M Aquino and F Clementi (1998) ' Alginate production by Azotobacter vinelandii
DSM576 in batch Fermentation ', Journal of Industrial Microbiology & Biotechnology, (20), pp. 171–176.

54

J. Algal Biomass Utln. 2016, 7 (1): 45- 55
ISSN: 2229 – 6905

Mini review on Alginate

34. Carlos Pena, Mauricio A. Trujillo-Roldan, and Enrique Galindo (2000)’Influence of dissolved oxygen tension
and agitation speed on alginate production and its molecular weight in cultures of Azotobacter vinelandii ',
Enzyme and Microbial Technology , 27 (1), pp. 390–398.
35. Trujillo-Roldán , M. A.Moreno,S Espín,G and Galindo,D (2003) 'The roles of oxygen and alginate-lyase in
determining the molecular weight of alginate produced by Azotobacter vinelandii', Applied Microbiology and
Biotechnology, 63,( 6), pp. 742-747.
36. Haraguchi K,and Kodama T (1996) 'Purification and properties of poly (b-Dmannuronate) lyase from
Azotobacter chroococcum.', Appl MicrobiolBiotechnol , 44(8), pp. 576–81.
37. Zahid Ali Butt, Ikram-Ul-Haq and Muhammad Abdul Qadeer (2011) 'Alginate production by a mutant strain of
Azotobacter vinelandii using shake Flask fermentation ', Pak. J. Bot., , 43(2), pp. 1053-1067.
38. Díaz-Barrera, A and E. Soto (2010) 'Biotechnological uses of Azotobacter vinelandii: Current state, limits
and prospects', African Journal of Biotechnology, 9(33), pp. 5240-5250.
39. C Pena, C. Miranda, L. Segura,D. Nunez, C. Espın,G and Galindo,E (2002) 'Alginate production by
Azotobacter vinelandii mutants altered inpoly-B-hydroxybutyrate and alginate biosynthesis', 39. Alginate
production by Azotobacter vinelandii mutants altered in poly-B-hydroxybutyrate and alginate biosynthesis,
29,(7), pp. 209 –213.
40. Parente,E. ,Crudele ,M.A ,Ricciardi ,A. Mancinià ,A, Clementi,F (2000) 'Effect of ammonium sulphate
concentration and agitation speed on the kinetics of alginate production by Azotobacter vinelandii DSM576
in batch fermentation', Journal of Industrial Microbiology and Biotechnology , 25(5), pp. 242-248.
41. Wen-Pin Chen, Jan-Yuan Chen, Shao-Chiang Chang, and Chia-Ling Su (1985) 'Bacterial Alginate Produced
by a Mutant of Azotobacter vinelandii ', Appl Environ Microbiol, 49(3), pp. 543–546.
42. Kıvılcımdan Moral C,and Sanin FD (2012) 'An investigation of agitation speed as a factor affecting the
quantity and monomer distribution of alginate from Azotobacter vinelandii ATCC(®) 9046.', J Ind Microbiol
Biotechnol., 39(3), pp. 513-519.
43. Paper comprising cellulose fiber and seaweed particles in integral form US 5472569 A
44. Wang A, Tao C, Cui Y, Duan L, Yang Y, and Li J. (2009) 'Assembly of environmental sensitive
microcapsules of PNIPAAm and alginate acid and their application in drug release', J Colloid Interface Sci,
332 (2), pp. 271–279.
45. Mandel KG, Daggy BP, Brodie DA, and Jacoby HI. (2000) 'alginate-raft formulations in the treatment of
heartburn and acid reflux.’ Aliment Pharmacol Ther., 14(6), pp. 69-90.
46. Dennis J. McHugh (1950) 'Production, Properties and Uses of Alginates', in Dennis J. McHugh (ed.)
Production and utilization of products from commercial seaweeds. Australia : wiley, pp. 259-396.
47. Miyazaki S, Nakayama A, Oda M, Takada M, Attwood D. (1994) 'Chitosan and sodium alginate based
bioadhesive tablets for intraoral drug delivery.', Biol Pharm Bull. , 17(5), pp. 745-447.
48. Arica B, Calis S, Kas H, Sargon M, Hincal A. (2002) '5-Fluorouracil encapsulated alginate beads for the
treatment of breast cancer.', Int J Pharm., 21(242), pp. 267-269.
49. Saha D, Bhattacharya S. (2010) 'Hydrocolloids as thickening and gelling agents in food: a critical review.’ J
Food Sci Technol., 47(6), pp. 587-589.
50. Mastromatteo M., Mastromatteo M., Conte A., Del Nobile M. A (2013) 'Combined effect of active coating and
MAP to prolong the shelf life of minimally processed kiwifruit ', J Dairy Sci, 97(1), pp. 36-45.
51. G. Jackson, R. T. Roberts and T. Wainwright (2013) 'Mechanism of Beer Foam Stabilization by Propylene
Glycol Alginate', J. inst. Brew, 86(1), pp. 34-37.
52. Syrbea, A,. Bauera, W.J and Klostermeyerb,H (1998) 'Polymer Science Concepts in Dairy Systems—an
Overview of Milk Protein and Food Hydrocolloid Interaction', International Dairy Journal, 8(3), pp. 179-193.
53. Lesser, M.A (1950) 'Alginates in drugs and cosmetics', Economic Botany, 4(4), pp. 317-321.
54. Protan, 1984. Alginates in welding rod coverings. Drammen, Norway, Protan A/S, 10 p.
55. Craig, R.G (2014) 'Review of Dental Impression Materials', International & American Associations for Dental
Research, 1(1), pp. 51-64.

55

