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ABSTRACT 

 

Sweet whey was used as medium for microbial 

alginate production by Azotobacter chrococcum 

NCBI MH249629. To optimize alginate production 

and achieve high yield of alginate, sweet whey 

medium was prepared using different lactose con-

centrations (20, 25, 30, 35, 40, 45, 50 g/L), added 

organic and inorganic nitrogen sources (yeast ex-

tract, Malt extract, ammonium sulphate and am-

monium nitrate), kept at different temperatures (25, 

30, 32, 35 & 37ºC), different pH values (4, 5, 6, 7, 

8, 9),  different agitation speed (100, 120, 150, 170 

& 200 rpm), different inoculum size 

(1,2,3,4,5,6,7,8,9,10%) and cultivated for different 

fermentation time (0, 12, 24, 36, 48, 60, 72, 84, 96, 

108 & 120h). After fermentation time, produced 

microbial alginate was measured. The results 

showed that sweet whey could be used as a fer-

mentation medium by Azotobacter chrococcum to 

produce microbial alginate. The highest yield of 

alginate (12.56%) as well as productivity of algi-

nate (0.08 g/L/h) was obtained by fermentation of 

Azotobacter chrococcum in sweet whey medium 

optimized to 45 g/L lactose concentration as a car-

bon source and by providing the following condi-

tions which yeast extract 1.5 g/L and ammonium 

nitrate 0.1 g/L as a nitrogen source and growth 

promoter, Na2HPO4 1 g/L
 
as mineral salts, Initial 

pH at 7, size of standard inoculums was 9 % of 

fermentation medium and the incubation period 

was 72 hrs. 

 

Key words: Alginate production, Sweet whey, 

Azotobacter ssp., Fermentation conditions.      

INTRODUCTION 

 

Alginates are a polysaccharides composed of 

variable ratios of β-D-mannuronate (M) and its C-5 

epimer α-Lguluronate (G) linked by 1–4 glycosidic 

bonds. Alginates were first isolated from brown 

seaweeds in the 1880s, and its commercial pro-

duction begun in the early 20th century. Alginate 

can be produced by various genera of brown sea-

weed and two genera of bacteria, Pseudomonas 

and Azotobacter spps. The ratio of M and G resi-

dues and thus the material properties vary depend-

ing on the source of the alginate. Its unique physi-

cal properties enable it to be used as a stabilizer, 

viscosifier and gelling agent in the food, beverage, 

paper, printing and pharmaceutical industries 

(Draget et al 2005 and Donati & Paoletti, 2009). 

The desirable material properties as well as its 

apparent biocompatibility has led to it being used 

increasingly in the medical, pharmaceutical and 

biotechnology industries for applications such as 

wound dressings (Thomas, 2000); the encapsula-

tion or controlled release of drugs, enzymes or 

cells; or as matrices for tissue engineering (An-

dersen et al 2012 and Lee & Mooney, 2012).  

Azotobacter are non-symbiotic diazotrophic 

bacteria generally found in neutral or slightly alka-

line soils, including aerially transported dust and 

mostly abundant in plant rhizosphere and phyllo-

sphere region. Members of the genus Azotobacter, 

are free living, gram negative, aerobic and hetero-

trophic in nature (Garg et al 2001). Azotobacter 

spp. is well known to produce large quantities of 

extracellular polysaccharides (EPS), commonly 

apparent as large mucoid colonies during isolation 

https://www.ncbi.nlm.nih.gov/nuccore/MH249629
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from soil habitat (Vargas-Garcia et al 2002). EPS 

provide protection to cells against desiccation and 

predation by protozoans or phage attack (Looi-

jesteijn et al 2001). This polysaccharide also pro-

tects the penetration of toxic metal ions inside the 

cell (Aleem et al 2003) and nitrogenase against 

high oxygen concentration environment (Sabra et 

al 2000 and Soto-Urzúa & Baca, 2001).  

In the case of the dairy industry, one such 

„waste‟ which is produced in enormous quantities 

is the whey resulting from cheese and casein 

manufacture. Whey is the serum part of milk re-

maining after separation of the curds during casein 

or cheese making (Zadow, 1986). It is rich in nutri-

ents and contains at least half the solids found in 

whole milk (Horton, 1993). The other perspective, 

whey has a very strong polluting capacity, with a 

Biological Oxygen Demand (BOD) of 40,000 to 

45,000 mg/L (Hacking, 2006 and Kemp & Quick-

enden, 1989). On a world wide scale, only 50 % 

(v/v) of total whey produced is utilized, and the 

remainder is disposed of disposed whey is either 

discharged into the sewage or ocean outfall or is 

sprayed on pastures (Zadow, 1987 & 1992). In 

recent years, value added products from whey 

have attracted much interest. One such area is the 

production of microbial biopolymer (Schwartz and 

Bodie, 1985, Fu and Tseng, 1990, Flatt, et al 

1992 and Konicek et al 1993).   

Therefore, the aim of this study was to optimize 

alginate production conditions by identified Azoto-

bacter chrococcum NCBI MH249629 in shake 

flasks using sweet whey medium.  

  

MATERIALS AND METHODS 

 

Materials  

 

Sweet whey (0.27% protein, 4.9% lactose, 

0.5% ash and 5.8% total solids) from Gouda 

cheese manufacturing was obtained from Dina for 

Agricultural Investments Co., Alexandria Desert 

Road, It was characterized for its composition us-

ing the Milko Scan method (Microbalance 4503 

MP6).  

 Azotobacter chrococcum was isolated from 

rhizospheric soil samples and identified according 

to Bergye‟s Manual of systematic bacteriology. 

(George et al 2001) Screening and selection of 

the strain have been made on the basis of their 

exopolysaccharides production (EPS) ability in 

nitrogen-free glucose Burk‟s medium (glucose, 

20g; K2HPO4, 0.2 g; FeSO4, 0.1 g; MgSO4, 0.2 g; 

NaCl, 0.2 g; CaCO3, 5 g; Na2MoO4 0.01 g; water, 

1000 ml). The pH was adjusted to 7 with a concen-

trated NaOH solution. To avoid precipitation during 

autoclaving, the solutions of FeSO4 á 7H2O and 

Na2MoO4.2H2O were separated from the other 

medium components during sterilization (121 °C, 

35 min). (Vela and Rosenthal, 1972).  The select-

ed strain was identified by 16S rDNA sequencing 

and designated as SSB81.  

For 16S rDNA sequencing, total genomic DNA 

was extracted from the isolate following the meth-

od (Agrawal et al 2015). Amplification of 16S 

rDNA gene by PCR using universal primer, For-

ward (5ʹ-AGAGTTTGATCCTGGCTCAG-3ʹ), Re-

verse (5ʹ- AAGGAGGTGATCCAGCCGCA-3ʹ). All 

data reported in this study are from triplicate 

measurement.  

 

Culture media and conditions  

 

Sweet whey was autoclaved at 121°C for 5 min 

to precipitate the whey protein; the precipitate was 

removed by filtration through Whatman paper No.1 

(Ricciardi and Clementi, 2002). The whey pro-

duction medium for the highest alginate producing 

strain (Azotobacter chrococcum NCBI MH249629) 

contained: 0.1% (w/v) yeast extract, 0.05% (w/v) 

malt extract, 0.05% (w/v) Na2 HPO4, 0.01% (w/v) 

NH4NO3, 0.01 % (w/v) MgSO4. Culture was per-

formed in 250 ml Erlenmeyer flasks with a working 

volume  of 50 ml then Each flask was inoculated 

with different inoculum size (1, 2, 3, 4, 5, 6, 7, 8, 9, 

10%)  which prepared with different lactose con-

centration (20, 25, 30, 35, 40, 45, 50 g/L), added 

organic and inorganic nitrogen sources (yeast ex-

tract, Malt extract, ammonium sulphate and am-

monium nitrate1g/L), kept at different temperatures 

(25, 30, 32, 35 & 37ºC) and different agitation 

speed (100, 120, 150, 170 & 200 rpm/h), cultivated 

for different fermentation time (0, 12, 24, 36, 48, 

60, 72, 84, 96, 108 & 120h), different pH (4,5, 6, 7, 

8, 9) to optimize alginate production and achieve 

high yield of alginate (Butt et al 2011).  

 

Growth curve  

 

Samples were taken every 24 h to measure op-

tical density (OD 400nm) by spectrophotometer 

assay using (model V-200-RS, visible light, LW 

scientific), according to the method described by 

Painter and Morr (1963).  

https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
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Growth and biological activity parameter 

 

The specific growth rate (μ) and doubling time 

(td) were calculated from the exponential phase 

according to Painter and Morr (1963) using the 

following equation: - 

μ = ( ln x –ln xo ) ( t – to ) 
-1

  

μ = ln 2 td 
-1

 

where 

 μ = Specific growth rate (h
-1

) 

 xo= Amount of growth at to time  

 x = Amount of growth after t time  

 td = Doubling time (h)  

 to = Time in hours at the beginning of log 

phase 

 t = Time in hours at the end of log phase 

 

Number of generations was calculated using 

the following equation according to Stanier et al 

(1970): 

N = t/td 

Where  

 N = Number of generation 

 t = The period of exponential phase 

 td = Doubling time (h)  

 

Measurement of produced microbial alginate   

 

10- ml of sample was centrifuged at 6000 rpm 

at 4ºC for 30 1min. The precipitate (biomass) was 

suspended in 10 Mm EDTA with NaCl for 2 min to 

solubilize the cell associated alginate then centri-

fuged at 8000 rpm at 4ºC/30 min and washed twice 

with distilled water, centrifuged and dried at 90ºC 

till constant weight for 18 h. Alginate polysaccha-

rides in cell-free supernatant was recovered by 

precipitation with three volumes of propanol (95% 

v/v), after centrifugation at 8000 rpm at 4ºC/30 min 

and dried at 70ºC till constant weight (Pena et al 

2011).  

 

Statistical analysis 

 

The final, optimized experiments were run in 

triplicate and the data plotted are the mean value 

±SD, the calculations were performed using IBM 

SPSS Statistics V.22 software through One-Way 

ANOVA technique and multiple comparisons were 

made through Least Significant Difference test 

(Steel et al 1997).  

 

RESULTS AND DISCUSSION 

 
Effect of lactose concentration in sweet whey 

media on the production of microbial alginate 

   

Carbon source had a dual effect as the building 

block and the energy requirement for the organ-

ism. Suitable and readily absorbable sugars can 

be the best choice for bacterial growth to gain 

good production (Alibutt et al 2011). In this study 

the effect of different lactose concentrations in 

sweet whey medium on the production of microbial 

alginate by Azotobacter chrococcum NCBI 

MH249629  is shown in Table (1).  

 

Table 1. Effect of different concentrations of lactose (milk sugar) in sweet whey medium on alginate pro-

duction by Azotobacter chrococcum.  

 

Why dilution 

(why/water) 

(V/V) 

Why Lactose conc. 

(g/L) 

CDW 

(g/L) 

Alginate conc. 

(g/L) 

Productivity 

(g/L/h) Yield (%) Final pH 

4 : 6 20 0.658±0.002 0.645±0.023 0.0054±0.001 3.23±0.020 6.91 

1 : 1 25 0.706±0.006 0.682±0.020 0.0057±0.001 2.73±0.026 6.85 

6 : 4 30 0.732±0.002 0.716±0.012 0.0059±0.001 2.39±0.021 6.63 

7 : 3 35 0.829±0.006 0.754±0.015 0.0063±0.004 2.15±0.021 6.50 

8 : 2 40 0.976±0.002 0.923±0.026 0.0077±0.001 2.31±0.025 6.39 

9 : 1 45 0.939±0.007 0.983±0.006 0.0082±0.002 2.18±0.010 6.20 

1 : 0 50 (Control) 0.794±0.014 0.763±0.010 0.0064±0.003 1.53±0.032 6.43 

*Initial pH=7  

 *The present values are the average of three replicates ±SD.  

 *Whey medium; After 5 days of incubation period at 30 °C; 170 rpm.    

 *CDW: Cell dry weight 
  

https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629


482       Walaa Hendawy, El Kanani, El Batawy and El mongy  
 

AUJAS, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019 

The results indicate that, variation of lactose 

concentration in sweet whey medium had a signifi-

cant effect on the production of alginate produced 

by Azotobacter chrococcum NCBI MH249629. The 

data illustrate that the highest alginate concentra-

tion, productivity (0.983 g/L,0.0082 g/L/h) respec-

tively at 4.5 % lactose (v/v), (5%) inoculum size, 

30ºC/120h. While at 4 % lactose gave maximum 

biomass (0.976g/L) among all treatments. Increas-

ing lactose concentration to 5% (control treatment) 

led to a significant decrease in alginate concentra-

tion compared with treatment containing 4.5% lac-

tose. This is may be due to the effect of increasing 

the concentration of lactose in the medium inhibits 

the growth of Azotobacter ssp. and decrease the 

production of alginate (Alibutt et al 2011). This 

inhibitory effect might be attributed to high osmotic 

pressure (Prasertan et al 2008). Lactose is the 

most abundant constituent of whey and it forms at 

least 78 % (w/w) of the whey‟s total solids, this 

indicates that for an organism to efficiently use 

whey as substrate, it must be able to metabolize 

the lactose as its carbon source. Such organisms 

should produce sufficient lactose hydrolyzing en-

zymes (β-galactosidase) to hydrolyze the lactose 

to its monomers (Belder, 2010 and Kang et al 

2010). These findings are in harmony with the pre-

vious results obtained by (Emitazi et al 2004) who 

revealed that Azotobacter chrococcum 1723 was 

able to produce alginate greater than 5 mg/L when 

used lactose as carbon source.  

Generally, it could be concluded that 4.5% lac-

tose (v /v) was the most favorable concentration as 

a carbon source for alginate production by Azoto-

bacter chrococcum NCBI MH249629 in sweet 

whey medium.   

 

Effect of different nitrogen sources in sweet 

whey media on the production of microbial al-

ginate   

As shown in Table (2) it could be stated that 

using different nitrogen sources either organic or 

inorganic in sweet whey medium have a significant 

effect on the values of (CDW) and alginate con-

centration produced by Azotobacter chrococcum 

NCBI MH249629. the control treatment (without 

any additives) was the lowest alginate concentra-

tion (0.719 g/L) among all treatments, whereas 

yeast extract gives the highest alginate concentra-

tion (0.984 g/L). This is means that, fortification the 

sweet whey medium with 1% different nitrogen 

sources (yeast extract, malt extract, peptone, am-

monium sulphate, ammonium nitrate) caused sig-

nificant increase in alginate concentration pro-

duced by Azotobacter chrococcum NCBI 

MH249629. 

 

 

Table 2. Effect of different nitrogen sources in sweet whey medium on the production of microbial alginate.  

 

Nitrogen sources  

(1 g/L) 

CDW 

(g/L) 

Alginate conc.  

(g/L) 

Productivity 

(g/L/h) 

Yield  

(%) 
Final pH 

0.0 0.815±0.035 0.719±0.004 0.006±0.002 1.59±0.051 7.75 

Yeast extract 1.155±0.02 0.984±0.004 0.008±0.003 2.18±0.041 7.32 

Malt extract 0.964±0.038 0.945±0.002 0.008±0.003 2.10±0.032 7.50 

Peptone 0.897±0.022 0.899±0.026 0.008±0.006 1.99±0.04 7.38 

Ammonium sulphate 0.685±0.025 0.667±0.007 0.006±0.006 1.48±0.032 7.64 

Ammonium nitrate 0.831±0.048 0.755±0.005 0.006±0.004 1.67±0.051 7.70 

* Legend as Table (1).   

 

From the presented data, it could be stated 

that, using the inorganic nitrogen sources in sweet 

whey medium such as (ammonium nitrate) give 

significant more alginate concentration produced 

(0.755 g/L) by Azotobacter chrococcum NCBI 

MH249629  than that using ammonium sulphate 

(0.667g/L). Our results are agreeing with (An-

yance 2008) who notice that addition of inorganic 

nitrogen led to enhance growth of Azotobacter 

ssp.,  

Fig. (1) represent the highest values of cell dry 

weight, alginate concentration, productivity and 

yield were attained in sweet whey medium sup-

plemented with (1.5g/L) yeast extract being 

(1.155g/L, 0.984g/L, 0.008g/L/h and 2.18%) re-

spectively. Fig. (2) represent the highest values of 

cell dry weight, alginate concentration, productivity 

and yield were attained in sweet whey medium 

supplemented with (0.5g/L) ammonium nitrate as 

sole nitrogen source being (1.323g/L, 1.260g/L, 

0.01g/L/h, 2.8%). Addition of (1.5g/L) yeast extract 

https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
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and (0.5 g/L)
 
ammonium nitrate in sweet whey 

medium gave higher values of (CDW) and alginate 

concentration (g/L) compared with other organic or 

in-organic nitrogen sources.   

Increasing yeast extract concentration in the 

mixture nitrogen source (organic and inorganic 

nitrogen sources) of productive medium led to in-

crease the cell dry weight, alginate concentration, 

productivity and yield to reach the maximum values 

being (1.155g/L, 1.17 g/L, 0.0097 g/L/h & 2.6%) 

respectively at 1.5g/L
 
yeast extract after 5 days at 

30°C Fig. (1). It might be due to the fact that or-

ganic nitrogen provides better available nitrogen 

for bacterial growth and alginate production. This 

data sported by the results recorded by (Alibutt et 

al 2011). Also, Gayathri et al 2012 notice that 

increasing yeast extract and ammonium nitrate as 

organic and inorganic nitrogen sources showed 

highest production of alginate. 

 

 

 

Fig. 1. Effect of different yeast extract concentrations in sweet whey medium on the production of micro-

bial alginate.   

* Legend as Table (1). 

 

Effect of different disodium hydrogen phos-

phate concentrations in sweet whey medium 

on alginate production by Azotobacter chro-

coccum 

 

Phosphate might simply act to buffer the medi-

um which will tend to become more acidic as algi-

nate is secreted and use a phosphate rich medium 

(Brivonese and Sutherland 1989). The data illus-

trated by Fig. (2) revealed the stimulatory effect of 

Na2HPO4 in the sweet whey medium used for pro-

duce microbial alginate by Azotobacter chrococ-

cum. The highest cell dry weight, alginate concen-

tration, productivity and yield obtained from sweet 

whey medium containing Na2HPO4 at 1 g/L 

(2.493g/L, 2.48g/L, 0.021g/L/h & 5.51%) respec-

tively. While increasing the concentration of 

Na2HPO4 up 1% led to significant decrease in cell 

dry weight, alginate concentration, productivity and 

yield obtained by Azotobacter chrococcum. These 

results are in line of those obtained by Deavin 

(1976) and Deavin et al (1977), they stated that 

the alginate production by a mutant A. vinelandii in 

continuous culture was depended on inorganic 

phosphate concentration. Also, Sabra et al (2000) 

observed the drop in alginate yield in medium con-

taining excess of phosphate concentration and for 

their continuous culture studied a phosphate limita-

tion gave maximum alginate production. 

 

Effect of initial pH of sweet whey medium on 

alginate production by Azotobacter chrococ-

cum 

  

  Hydrogen ion concentration has a significant 

influence on industrial fermentation due to much its 

importance in controlling bacterial growth, fermen-

tation rates and product formation. The variation in 

growth rate related to the pH presents an optimum 

value and extreme limits.  
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Fig. 2 Effect of different Ammonium nitrate concentrations in sweet whey medium on the production of 

microbial alginate. 

* Legend as Table (1). 

 

The specific pH affected on the molecular 

weight of the polysaccharide produced (Jeanes, 

1977), and affected directly on synthesis of those 

enzymes responsible for polysaccharide produc-

tion and biochemical activities of the cell this was 

within the optimum pH range (6.0 - 7.5) for synthe-

sis of polysaccharides (Lawson and Sutherland, 

1978). In this experiment, all nutritional and envi-

ronmental conditions were adjusted to the best 

findings in previous experiment, except that the 

only variable factor was the pH.   

Results of alginate production as influenced by 

initial pH values were illustrated in Fig. (3). In-

creasing or decreasing the initial pH value of sweet 

whey medium than 7.0 led to significant decrease 

in values of cell dry weight and alginate concentra-

tion produced by Azotobacter chrococcum. These 

results indicate that control sweet medium at pH 

7.0 was the most favorable medium could be used 

for produce cell dry weight and alginate concentra-

tion, productivity and yield (2.489g/L, 2.48g/L, 

0.021g/L/h and 5.51%) respectively by Azotobacter 

chrococcum. These results are in agreement with 

those obtained by Alibutt et al (2011) they noticed 

that the maximum alginate production by Azoto-

bacter vinelandii was attained at pH=7 in shake 

flasks fermentation. The initial PH of 7.0 was found 

to be optimum for both growth and polysaccharide 

production by commercial polysaccharide-

producing bacteria and decreased when pH 

dropped to 5.8, also pH affects the permeability of 

the bacterial cell membrane, thus affecting the 

biochemical activities of the cell required for bi-

opolymer production (Prasertsan et al 2008). 

 

Effect of agitation of sweet whey medium on 

alginate production by Azotobacter chrococ-

cum after 5 days at 30ºC  

 

As shown in Fig. (4), it could be found that the 

maximum CDW, alginate conc., alginate productivi-

ty and yield (2.580g/L, 2.774g/L, 0.03g/L/h and 

6.2%) respectively were at 200 rpm after 5 days of 

incubation period on whey production medium 

fermented by Azotobacter chrococcum. Alginate 

concentration in fermented sweet whey medium by 

Azotobacter chrococcum was increased by in-

creasing the ratio of agitation. This increase may 

be due to the intensity of agitation influences on 

the transport of nutrients into cells, increased agi-

tation may increase microbial productivity, due to 

better mixing and the elimination of the so-called 

“dead zone”. These results agreement with Moral 

and Sanin (2011) found that the growth rate of A. 

vinelandii ATCC9046 increased from 0.165 to 

0.239 h
−1

 by the increase of mixing speed from 200 

to 400 rpm. Whereas, 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. The viscosity of culture broth showed 

similar trends to alginate production. 
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Fig. 3. Effect of different disodium hydrogen phosphate concentrations on alginate production by Azoto-

bacter chrococcum  

*  Legend as Table (1).    

 

 
Fig. 4. Effect of agitation of sweet whey medium on alginate production by Azotobacter chrococcum after 5 

days at 30ºC.  

 

Effect of inoculums size in sweet whey medium 

on alginate production by Azotobacter chro-

coccum after 5 days 30ºC 

 

Data in Table (3) shows that inoculation with 9 

% of standard inoculums Azotobacter chrococcum 

in modified sweet whey medium at 30°C for 5 days 

on rotary shaker (200 rpm) gave the highest 

amount of alginate, cell dry weight and productivity 

of alginate being (3.522 g/L,3.470 g/L &0.029 

g/L/h) respectively. The inoculums size used by 

Alibutt et al (2011) was 2% of A. vinelandii NRRL-

14641 for maximum alginate production (6.17 gL
-1

) 

in optimized medium after 110 h at 30°C.  

The size and the physiological conditions of the 

inoculum have a profound effect on alginate syn-

thesis by Pseudomonas and Azotobacter. For algi-

nate production in a shaking flask 1-2 vol- % inocu-

lum is transfer to a shake flask (500 ml, baffled) 

with 100 ml PIA-medium or PIA-medium with re-

duced salt.  
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Table 3. Effect of inoculum size on alginate production by Azotobacter chrococcum after 5 days 30ºC.  

Inoculums size 
(%) 

CDW 
(g/L) 

Alginate con. (g/L) Productivity 
(g/L/h) 

Yield  
(%) 

Final  
pH 

1 0.927±0.004 0.839±0.006 0.0069±0.0006 1.68±0.09 7.5 

2 0.935±0.004 0.946±0.005 0.0079±0.0008 2.10±0.32 7.2 

3 0.988±0.005 0.985±0.008 0.0082±0.0006 2.18±0.40 6.9 

4 1.039±0.070 1.173±0.030 0.0098±0.0029 2.60±0.30 6.5 

5 (Control) 2.486±0.021 2.481±0.053 0.021±0.0053 4.96±0.50 6 

6 2.645±0.022 2.530±0.035 0.021±0.0071 5.06±0.10 6.2 

7 2.781±0.350 2.690±0.061 0.023±0.009 5.38±0.20 6.7 

8 2.843±0.009 2.721±0.044 0.022±0.008 5.44±0.60 6.72 

9 3.522±0.090 3.470±0.068 0.029±0.006 6.94±0.60 6.76 

10 2.985±0.053 2.991±0.035 0.025±0.0.012 5.98±0.50 6.74 

 

But for alginate production in fermentor 2-3 vol- 

% inoculum from shake flask is transferred to a 3 

liter fermentor (Applicon), with 1.4 liter PM5-

medium. The fermentations are performed at 25 °C 

and pH from start is adjusted to 7.0-7.2 pH. High 

concentrations of alginate, approximately 20 g/L 

was obtained (Gimmestad et al 2009).   

 

Effect of fermentation time of sweet whey me-

dia on Alginate production by Azotobacter 

chrococcum on whey production medium.  

 

The production of microbial exopolysaccha-

rides has been identified as a potential growth area 

for the fermentation industry (Sutherland, 2001). 

Data illustrated by Fig. (5) shows that Azotobacter 

chrococcum MH249629 grow exponentially during 

the first 6 hrs of incubation, thereafter the growth 

rate decreased gradually (phase of decelerating 

growth during 6-18 hrs) to more constant (station-

ary phase) during the period of 18 to 72 hrs, then 

slightly increase during 72 to 120 hrs of incuba-

tion.Data illustrated by Fig. (6) shows that cell dry 

weight was obtained after 72 hrs being 5.654 gL
-1

 

with growth parameters of 9.3 h
-1

, 13.4 h & 2.7 for 

specific growth rate (µ), doubling time (td) and 

number of generations (N), calculated during ex-

ponential phase respectively. Gradual increase in 

alginate production was observed during the first 

18 hrs fermentation, and then slight increase was 

attained during stationary phase of growth to rec-

ord the highest alginate concentration being 5.654 

g/L after 72 hrs. Thereafter, alginate production 

decrease with increasing the fermentation time for 

120 hrs. After 72 hrs fermentation period, the algi-

nate yield and productivity were 12.56% and 0.08 

g/L/h, respectively.  

 
Fig. 5. Effect of growth densities on Alginate production by Azotobacter chrococcum on modified whey 

sweet production medium. 

https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
https://www.ncbi.nlm.nih.gov/nuccore/MH249629
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Fig. 6. Effect of fermentation time on Alginate production by Azotobacter chrococcum on modified sweet 

whey production medium.  

 

In similar studies, Clementi et al (1995) noticed 

that the stationary values of Azotobacter cell and 

alginate concentrations were reached after 24 and 

36 hrs, respectively. Also, Peña et al (2011) stated 

that pH 7 was the optimum value for alginate pro-

duction. Also, it could be noticed that the final pH 

value was increased from 7.0 to 9.74 during the 

fermentation period. 
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