
 
Volume: 3: Issue-1: Jan - Mar-2012                                              ISSN 0976-4550
Accepted: Oct-2011                                                                                        Research Article

SMALL SCALE PRODUCTION AND CHARACTERIZATION OF ALGINATE 
FROM AZOTOBACTER CHROOCOCCUM USING DIFFERENT SUBSTRATES 

UNDER VARIOUS STRESS CONDITIONS

Gayathri Pandurangan 1, Jyothi Subbiah 1, Karunakaran Thiyagarajan 2, Joseph K. David2 

1Department of Biotechnology, University of Madras, Chennai- 600 025, India
psgayathri@yahoo.com, jyothiranjani@gmail.com

2National Institute of Epidemiology (ICMR), TNHB, Ayyapakkam, Chennai- 600 077, India
thiyakaruna@gmail.com, drjosephkdavid@gmail.com

ABSTRACT: Alginates form an important family of biopolymers. These are linear polysaccharides 
composed of variable amounts  of  (1–4)-β-D-mannuronic acid and its  epimer,  α-L-guluronic acid. 
Currently,  commercial alginates are extracted from marine brown algae. Considering the merits of 
bacterial  alginates,  optimal  fermentation conditions  aiming at  the maximization of  alginate  using 
bacterium  Azotobacter chroococcum from  different  substrates  were  examined.  Whey,  molasses, 
ammonium  nitrate,  starch,  yeast  extract,  butanol,  mannitol,  and  glucose  have  been  used.  The 
alginate obtained  from whey (45.15%),  ammonium nitrate  (46.02%) and butanol  (47.3%)  varied. 
Among the physical stress conditions, the production of alginate was maximum at heat shock 50 0C 
for 30min (42.96%) followed by 41.29% on UV radiation for 10 min. At pH 7 and 8 the alginate 
produced was 44.63% and 46.64% respectively. Carbazole reagent was used to recognize alginate; it 
was lyophilized and quantitated by gas chromatography. 
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INTRODUCTION 
Alginates are linear copolymers of β-D-mannuronicacid (M) and it’s C-5-epimer, α-L-guluronicacid 
(G) and it is a commercially important polysaccharide. Alginate immobilized cell systems are used as 
biocatalysts  in  several  industrial  processes  such  as  ethanol  production  by yeast  cell  and  in  beer 
manufacture to enhance the foam. It is also used in water treatment procedures for increasing the 
aggregate sizes in the flocculation processes. In food industry it is used mainly in ice creams, frozen 
custards, cake mixtures and fruit drinks to assist the suspension of fruit pulp (Neidleman 1991). Its 
immunological  use  is  mainly  for  the  production of  monoclonal  antibodies  from hybridoma  cells 
(Crescenzi 1995), stimulating immune cells to secrete cytokines, such as tumor necrosis factor-α, 
interleukin-1 and interleukin-6 (Otterlei et al. 1991). 
About 30,000 metric tons of sodium alginates per year are currently used in the food, pharmaceutical, 
textile  and paper industries as thickening,  stabilizing and jellifying  agents.  All  alginates used for 
commercial purposes are currently being produced from brown seaweeds. However, considering the 
quality of bacterial alginate and the environmental impact associated with seaweed harvesting and 
processing, bacterial alginate is a better choice for commercial purpose (Dekwer and Hempel 1999). 
Another reason for the interest in bacterial alginate is the potential development of products with a 
wide range of molecular weights and properties compared to algal alginates. 

International Journal of Applied Biology and Pharmaceutical Technology Page: 40 
Available online at www.ijabpt.com

mailto:psgayathri@yahoo.com
http://www.ijabpt.com/
mailto:drjosephkdavid@gmail.com
mailto:thiyakaruna@gmail.com
mailto:jyothiranjani@gmail.com


Josephet al                                                                                        ISSN 0976-4550

However  the  technology has  never  been  commercialized  and  is  unlikely to  ever  be  competitive 
against seaweed based alginate production. The genus Azotobacter seems to be the best candidate for 
the  industrial  production  of  alginate.  It  is  a  gram-negative  soil  bacterium,  which  under  adverse 
environmental conditions forms resistant cysts. The mature cysts are surrounded by two capsule-like 
layers containing a high proportion of the exopolysaccharide alginate.  These molecules characterized 
by  a  chemical  composition,  molecular  mass  and  distribution  suited  to  well-defined  applications 
required in the biotechnological, biomedical and pharmaceutical fields (Clementi 1997).
MATERIALS AND METHODS
Initial culturing of organism
The bacterial  isolates grown on selective medium (Mannitol  agar)  were identified and confirmed 
using standard biochemical tests. Azotobacter chroococcum were grown in Mannitol broth at 350C for 
24h in rotary shaker maintained at 160 rpm
Growth conditions
1ml  of  culture  was  inoculated  in100  ml-Erlenmeyer  flask  containing  production  medium 
(Winogradsky’s medium). This culture was incubated on a rotary shaker at 300rpm and 350C for 48h. 
From the production medium kept in the incubator, optical density (OD) was taken at 650 nm, to 
ensure  the growth of  organism.  Simultaneously,  optical  density at  400nm assay (CARY 50 scan 
UV/Vis spectrum spectrophotometer) was observed for alginate production at the regular intervals of 
24h (fig. 1) (Schwartz and Bodie 1985).

Comparative  evaluation  of  Azotobacter  chroococcum with  various  substrates  for 
optimal production of alginate 
To  the  production  medium  (Winogradsky’s  medium)  different  substrates  like  Whey,  Butanol, 
Molasses, Starch, Mannitol, Glucose, Ammonium nitrate and Yeast extract were added separately 
with 1% concentration in eight 250 ml conical flasks respectively.
Optimization
Production  medium  with  varying  pH  values  5,  6,7,8,9  were  prepared  and  inoculated  with  test 
organism. The effect of pH on the production of alginate was determined.  The inoculated production 
medium was maintained at varying temperatures ranging from 280C to 400C and their productivity 
was analyzed to determine the effect of temperature.  Similarly samples were analyzed on 24h basis 
for a week and the time of maximum production was determined. The organism was then subjected to 
u-v shock and temperature shock (500C) for 10 min and 30min respectively. The productivity was 
determined after 48 h. 
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Violamine staining
An air-dried and smear was treated with violamine stain for 45 seconds, washed and counter stained 

with dilute crystal violet (0.05%) for 1min. After rinsing with water the preparation was 
subjected to microscopic examination 

Recovery of polysaccharide
Culture broth samples were centrifuged at 5000 rpm at 100C for 30 min by using a refrigerated super 

speed centrifuge, to settle bacteria and capsular material. The pellet containing bacteria and 
capsular material was suspended in 10mM Ethylenediamine tetra acetic acid with sodium 
salt for 2 min to solublise the cell-associated alginate, and finally centrifuged at 7500 rpm 
for 30min at 100C. The alginate free cell precipitate was washed twice with distilled water, 
centrifuged, dried at 1050C till  constant weight to yield the biomass concentration. The 
supernatant was frozen at 200C until needed for chemical analyses or immediately used to 
recover exopolysaccharide by adding 3 volumes of 95% (v/v) ethanol. After centrifugation 
at 7500 rpm at 40C for 20 min, the alginate- based sediment was washed twice with 95% 
(v/v) ethanol, recentrifuged and freeze dried. The samples were freeze dried at -400C and 
100Kpa vacuum in a lyophilizer. The obtained biomass, final pellet and alginate powder 
after lyophilization were weighed separately.

Carbazole reagent assay
Reaction of alginate sample  with Carbazole reagent  (Dekwer and Hempel,  1999) was studied by 
adding Carbazole reagent.  It was mixed and heated at 55 0C for 30 min; colour was stable for 2 h at 
room temperature. Standard curves of mannuronic acid as well as guluronic acid were compared with 
the  readings  of  alginate  samples  taken  at  400nm  (CARY  50  scan  UV/Vis  spectrum 
spectrophotometer).

Gas chromatography

Alginate assay by GC was done as per the method of Stephen et al., 2002. The alginate obtained was 
dissolved in methanol. The methylated compound containing D-mannuronicacid and L-guluronicacid 
were  subjected to  GC analysis.  GC was equipped with a  carbowax 20M 25m  Χ 0.25mm,  df  = 
0.25µm. The peak area ratios of the monomers and the internal standard allowed the determination of 
the polymer accumulated by the cells.

RESULTS AND DISCUSSION

Azotobacter chroococcum is well  adapted to the laboratory conditions of growth and was able to 
produce significant amount of alginate at a variety of physical conditions when grown on the basic 
mannitol growth medium.  There was insignificant growth observed up to 48h in Mannitol agar at 
350C.  The  colonies  were  mucoid  due  to  the  secretion  of  exopolysaccharide  (alginate).  From the 
results obtained Azotobacter chroococcum is regarded as an efficient producer of alginate biopolymer 
when  subjected  to  different  fermentation  substrates  of  carbon  and  nitrogen  sources  like  whey, 
butanol,  molasses,  glucose,  ammonium  nitrate  and  yeast  extract  respectively.  The  biopolymer 
production was minimum in mannitol broth (38.74%), while maximum was obtained when butanol 
(47.13%), ammonium nitrate (46.02%) and whey (45.15%) were used as substrates. Increasing yeast 
extract and ammonium nitrate as organic and inorganic nitrogen sources showed production as high 
and least respectively (fig. 2). 

Although Azotobacter chroococcum could produce biopolymer at 250C incubation, maximum yields 
were  obtained from fermentation done at  360C. The formation of exopolysaccharide found to  be 
maximum at temperature 360  C (47.14%) (fig. 4 ) . At pH 7-8 the percentage of alginate production 
ranges from 43.63%-46.64% (fig. 3).
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This  strain  was  able  to  produce  biopolymer  under  uncontrolled  pH  condition  also.  Maximum 
production was seen in fermentations where the pH was maintained at 7.5. When fermentations were 
done under aerated condition, there was improvement in polymer production. Experimental results 
show that, alginate production was decreased at pH 5 (21.57%). The pH, time & temperature affects 
both bacterial growth and biopolymer production. When the bacterial cells are exposed to pH beyond 
their optimum range, maintenance energy is used for pH control. This reduces the energy available 
for biopolymer production, thus the bacterial ability to produce the biopolymer is reduced. The media 
pH  also  affects  the  permeability  of  the  bacterial  cell  membrane  thus  affecting  the  biochemical 
activities of the cell required for biopolymer production. The optimized time period showing high 
production of alginate is 72hr of incubation (fig 5) with gradual decrease in the production. Under 
UV stress condition and temperature shock (500C) alginate production was found to be 41.29% and 
42.96% respectively (fig 6).  After optimizing environmental  factors such as pH, incubation time, 
temperature, UV stress treatment and temperature shock (500C). Azotobacter chroococcum was able 
to produce alginate greater than 3mg/ml. 
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The colour was produced by reaction of alginate samples with carbazole reagent and was stable for 
2h. The white powder that was obtained under optimized conditions of temperature, time, pH and 
different  substrates  by  Azotobacter  chroococcum was  quantitated  using  gas  chromatography. 
Therefore  the  production  of  biopolymer  with  commercial  importance  by  different  substrates 
utilization under different stress conditions ensures that not only value added products are obtained, 
but the products such as whey, molasses, starch can also be fruitfully utilized.
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