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ABSTRACT                                   

Four different bacterial polymers (three polysaccharides and onepolyester) were produced by 
most efficient strains in productive media supplemented with different industrial wastes and raw 
materials as sole carbon source as well as a whole medium using shake flasks as a batch culture. The 
treatments of the tested raw materials as sole carbon sources recorded higher polymer production than 
that used as the whole medium. The high-test molasses (4% sugar) and glucose syrup (3% sugar) were 
the best raw materials for poly-β-hydroxybutyrate production by Alcaligenes latus ATCC29712 and 
Ralstonia eutropha ATCC 17697after 96 h at 30°Con Kim et al. (1994) medium, respectively after 96 
h at 30°C. Whereas the highest xanthan gum production was attained by Xanthomonas campestris 
CS1 and X. campestris CS2 on Garcia-Ochoas medium containing glucose syrup (2% sugar) as sole 
carbon source after 120 h fermentation period at 28°C. Pseudomonas putida also recorded the 
maximum alginate production on PIA medium containing 8% glucose syrup after 72 h at 37°C. Only 
40% sweet whey (1.84% sugar) as the whole medium was the best agro-industrial residues for gellan 
production by Sphingomonas paucimobilis No2 after 72 h at 28°C. Applying these treatments 
increased the production of PHB by R.eutropha ATCC 17697, xanthan gum by X. campestrisCS2, 
alginate by P. putida and gellan by S.paucimobilis No2 about 88, 64, 44 and 6.7% respectively as 
compared with synthetic productive media. 
 
Keywords: poly-β-hydroxybutyrate (PHB),Xanthan, Alginate, Gellan, Ralstonia eutropha, 

Xanthomonas campestris, Pseudomones putida, Sphingomonas paucimobilis, Agro-
industrial wastes 

 
Introduction 

Biopolymers are natural polymers originating from plants and microbes or synthesized 
chemically from biological building blocks. Production of biopolymers from renewable resources is a 
promising remedy for their sustainable development (Singh et al.., 2015). Bacterial biopolymer 
production and its several alternate applications have pushed the bio-industrial section for its possible. 
Biopolymers synthesized by bacteria are applied in food, pharma, and agriculture sector. Natural 
rubber, cellulosic, and nylon-11 are the most used biopolymers, while more recent biopolymers 
consist of polylactic acid, polyhydroxyalkanoate, and bio-based thermoplastic polyurethane (Jogdand, 
2014).  

Microbial polysaccharides may also be capsular polysaccharides related to the cell surface, or 
they may additionally be exopolysaccharides generally related to the cell surface (Cuthbertson et al.., 
2009).The increasing availability of raw renewable substances and increasing demand for 
biodegradable polymers in biomedical, packaging, and food applications alongside with beneficial 
green procurement policies are expected to gain the market boom of PHAs (Kourmentza et al.., 2017). 
Many companies have started using manufacturing and production polymers, but the higher cost of 
production became the main limit factor. The cost of production relies upon in the end on the 
substrate used as carbon source and extract methodology. Consequently, a whole lot of effort has been 
committed to minimizing the fee of producing polymers using cheaper raw residues and tremendous 
bacterial strains. In current years, there has been a growing style toward more efficient utilization of 
agro-industrial residues for the manufacturing of quite a few fermentation-related products (Pandian 
et al.., 2010). Hence, using more cost-effective substrates such as wastes or by-products of food 
processing or agro-industry alternatively of synthetic media leads to a considerable decrease in the 
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production prices.Munir et al. (2015) reported that the production of PHAs using paper mill effluent 
(50% v/v) significantly increased the polymer production. Bio-on company, Italy, used sugarcane 
waste and sugar beet to produce PHAs (Dietrich et al.., 2017). Syrups and molasses have been used as 
substrates for fermentative manufacturing of industrial polysaccharides such as xanthan,dextran, levan 
and gellan due to their many blessings like high sucrose and other nutrient contents, low cost, and 
convenientavailability (Kalogiannis et al.. 2003; Vedyashkina et al.., 2005;Banik et al.., 2007 and 
K€uc¸€ukas¸ik et al.., 2011). Also, Bhuwal et al. (2014) reported 66.6% polyhydroxybutyrat 
production using cardboard industry wastewater as a carbon source. Xanthan gum is one of the 
polysaccharides most often used in vast vary industries (food, cosmetics, pharmaceutical, etc.) as a 
suspending emulsifying and thickening agent. Agro-industrial by-products are being explored as 
alternative low-cost nutrients to produce xanthan gum by using Xanthomonas campestris such as 
whey and sugar beet molasses ((Niknezhand et al.., 2015 and Ozdal and Esabi, 2019). Low great grip 
juice concentrate was also use by Ghashghaer et al. (2016) as a carbon source for xanthan production. 
As alginates are known as biocompatible, biodegradable and safe biopolymers, thus they are widely 
used in many pharmaceutical and medical applications as anti-inflammatory agent, radioactive 
suppressive agent and mound healing (Mirshaliey et al.., 2007 and 2009). Pandurangan et al. (2012) 
recorded that Azotobacterchroococcum is regarded as an efficient alginate biopolymer producer when 
subjected to different fermentation substrates of carbon sources like whey, butanol, molasses and 
glucose. Gehan and Soher (2014) reported that 1% potato starch gave the higher biomass of A. 
chroococcum isolates and alginate production about 2.0fold than other raw materials. Gellan has 
unique traits and has manyapplications, especially in the food, pharmaceutical and biomedical fields. 
Moreover,it has been widely employed as gelling agent inplant biotechnology, in place of agar in 
bacterial culture media and in making electrophoresis gels (Fialho et al.., 2008). Gellan production 
was influenced by culture condition and growth medium composition. Gamal et al.., (2018)mentioned 
that gellan gum production by using Sphingomonas paucimobilis from whey was used to be optimized 
through different fermentation strategies the use of bioreactor as batch, fed-batch and continuous as 
cultures and affected via preliminary air saturation levels and extraordinary agitation speeds.  
      The objective of this study was to investigate local low charge industrial wastes and raw residues 
as work ablesubstrate for the some biopolymer production using shake flask as a batch culture in 
order to minimize the production coast.  
 
Materials and Methods  
 

Bacteria used 
Eight bacterial strains were obtained from Dep. of Agric. Microbiology, Fac. of Agric., Ain 

Shams Univ., for different polymer production. These strains were PHB producing strains Alcaligenes 
latus ATCC29712 and Ralstonia eutropha ATCC 17697, xanthan producing strains Xanthomonas 
campestris CS1 and X. campestris CS2, gellan producing strains  Sphingomonas paucimobilis No1 
and Sphingomonas paucimobilis No2 and alginate producing strains Azotobacter vinlandii and 
Pseudomonas putida. All strains were subculture used on preservation media at 4°C after inculcation 
at 30 °C for 24-48 h and transferred every 14 days. 

 

Media used: 

  Kim et al. (1994a) medium was used for stander inoculum preparation of Alcaligenes strains 
whereas Kim et al. (1994b) medium was used for production of bio-plastic polymer. YM medium 
(Roseiro et al., 1992) was used for propagation and culture maintenance of xanthomonas strains, 
whereas Garcia-Ochoa’s (1992) medium was used for xanthan production.Sucrose – nitrate medium 
(Ashtaputre and Avinash, 1995) was used for propagation and gellan production by Sphingomonas 
strains .Azotobacter vinlandii was preserved on modified Ashbyk’s medium (Abd El- Malek and 
Ishac, 1968) and produced alginate polymer on Clementi et al (1995) medium whereas Pseudomonas 
putida producted alginate polymer on PIM medium (Gimmestad et al., 2009) and preserved on 
King’s medium (King et al., 1954). 

 



Middle East J. Agric. Res., 8(2): 732-745, 2019 
ISSN: 2077-4605 

734 

Some industrial wastes and raw materials 
  Seven agroindustrial residues namely Black strep cane molasses, high test cane molasses, sweet 

whey, glucose syrup, rice straw, potato starch waste and waste frying oil were obtained from different 
sources as shown: 

 
Agroindustrial residues                                              Sources  

1- Black strep cane molasses                        Sugar refinery factory at El-Hawamdia 
2- High test cane molasses                            Local market, Cairo 
3- Sweet whey                                               Egypt dairy products Co. El-Amereia, Cairo  
4- Glucose syrup                                           Glucose and starch Co. Torrah, Cairo 
5- Rice straw                                                 Different rice fields 
6- Potato starch waste                                    Farm fvites factory at 10th Ramadan City 
7- Waste frying oil                                         Small plant for oil extraction in Kalubbia 
Black strep cane molasses was clarified by the method described by Nassar et al. (1991) 
- For acidic hydrolyzation of whey, concentrated H2SO4 (98%) was added to one liter of the sweet dairy whey to make a 0.1 
N solution and then autoclaved at 121°C for 20 min. and centrifuged for 10 min. at 2000 rpm to clarify. 
-  Potato starchy waste collected from potato factories was dried by exposing to direct sunlight for 2 days to get rid of its 
water content. Enzymatic hydrolyzation was carried out according to the method of Rusendi and Sheppard, (1995). 
- Acid hydrolysis of rice straw was carried out in accordance to the technique of Del Campo et al. (2006). 
All agro-industrial residues had been stored in refrigerator at 5-7°C until used except rice straw. Total sugar and total 
nitrogen contents of these agro industrial residues had been determined. 

 
Standard inoculums 

Standard inoculum was prepared by inoculation of conical flask (250 ml in volume) containing 
100 ml of productive medium with loop of the tested culture then inoculated flasks were incubated on 
rotary shaker (200 rpm) for 24 h at 28-37°C.  

 
Fermentation experiments 
 These experiments were carried out to detect the best agro-industrial waste for the production 
of each polymer fermentation were carried out in 250 ml Erlenmeyer flasks, each containing 100 ml 
productive medium in three treatments,agro-industrial waste as whole medium (T1), as a sole carbon 
source in synthetic medium (T2) and synthetic medium as a control (T3).These flasks were inoculated 
with standard inoculum of producing strain, thenincubated at optimum temperature and fermentation 
time using rotary shaker at 200 rpm.The optimum temperature and fermentation time for polymer 
production were 28°C & 120 h for xanthan (Abdelhady et al.., 2000), 30°C & 96 h for PHB (El-sayed 
et al.., 2009), 28°C for 72 h for gellan (Gamal et al., 2018), and 37°C&72 h for alginate. At the end of 
fermentation period, thebacterial growth was determined as optical density or cell dry weight, culture 
viscosity as an index of xanthan or gellan production was measured with a (Cole- parmer) rotational 
viscometer at a constant speed of 0.6 rpm using spindle number 5. The polymers produced 
wereprecipitated, dried and determined as dry weight. 
 
Chemical determination 

Total sugar and total nitrogen were determined in different raw materials according to the 
method of Flood &Preisty (1973) and Jackson (1973), respectively. PHB was extracted from paste 
cells, precipitated and determined as dry weight (g/L) according to the method recommended by 
Grothe et al. (1999).Gellan was precipitated from supernatant with acetone, then centrifuged and 
dried as described by the method of Ashtaputre and Avinash (1995).Alginate was estimated according 
to method of Sabra et al (2000). 

 
Calculation 

The polymer parameter as polymer yield was calculated according to Ramadan et al (1985) 
whereas polymercontent and productivity were calculated according to Wang and Lee, (1997). 
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Statistical analysis 
The data analysis was performed using software of IBM® SPSS® Statistics Server Version 

23.0. (2015). 
 

Results and Discussion 
 

Some available low price industrial wastes and byproducts such as sweet whey, potato starchy 
waste, glucose syrup, rice straw waste, frying oil and molasses (black strap cane molasses andhigh 
test cane molasses) were used for polymer production by most efficient bacterial strains using shake 
flasks as a batch culture. All tested materials were used as whole medium (T1) and as sole carbon 
source (T2) of productive medium. These materials were varied in sugar and nitrogen content as 
illustrated in Fig. (1).The highest total sugar was observed in HTCM followed by BSCM and GS or 
PSW whereas SW recorded the lowest total sugar. 
 

 

Fig. 1: Sugars and nitrogen content (%) of some agro industrial residues 
 
BSCM= Black strep cane molasses, HTCM = High Test Cane Molasses, GS = Glucose Syrup, RS= Rice straw,                      

PSW= Potato Starchy Waste, SW = crud sweet whey (2% sugar) and FO= frying oil 
 
Poly-hydroxybutyrate (PHB) production  
       Both Ralstonia eutropha ATCC 17697 and Alcaligenes latus ATCC 29712 were used for PHB 
production in Kim et al (1994b) medium comparing with that supplement with tested raw materials as 
sole carbon source and as whole medium (2 % sugar). Data illustrated by Fig. (2) indicated that the 
growth and PHB production of both strains were influenced by different treatments of tested raw 
materials. A. latus ATCC 29712 recorded the lower figure of growth (cell dry weight g/L) and PHB 
concentration at all tested material treatments than synthetic productive medium (Kim et al., 1994b). 
Only, potato starchy waste and glucose syrup treatments recorded the higher PHB production by 
R.eutropha ATCC 17697 than synthetic medium after 96 hr fermentation period at 30°C using shake 
flask as a batch culture. Also, it could be noticed that all treatments 0f tested materials as sole carbon 
source in Kim et al (1994b) medium gave PHB production higher than obtained by treatments of 
tested materials as whole medium. Moreover,A. latus ATCC 29712 gave higher PHB production at all 
treatments of sweet whey, clarified cane molasses and high test cane molasses than R. eutropha 
ATCC 17697 whereas the vice versa was true for glucose syrup and potato starch waste treatments. 
The highest of PHB concentration (g/L) and PHB content (%) were 3.18 g/Land 51.2 %  for R. 
eutropha ATCC 17697 and were 1.98 g/Land 37.22 % forA. latus ATCC 29712 in Kim et al (1994b) 
medium supplement with glucose syrup (2 % sugar) and high test cane molasses (2 % sugar), 
respectively. The corresponding figures for PHB productivity and yield were 0.033 g/L/h & 15.9 % 
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and 0.021 g/L/h& 9.9 % for R. eutropha ATCC 17697 and A. latus ATCC 29712, respectively. (not 
show). 

 

Fig. 2: PHB production by Ralstonia eutropha and Alcaligenes latus as affected by different 
treatments of some raw materials after 96 hrs at 30 °C using shake flasks as a batch culture. 

SW = crud sweet whey (2% sugar), AHW = Acid hydrolyzed whey (2% sugar), CCM =Clarified Cane Molasses, , HTM = 
High Test Cane Molasses , GS = Glucose Syrup, PSW= Potato Starchy Waste, BM= Basal medium (cont.) = control), T1= 
as whale medium and T2 = as carbon source.Different letters on top of the same bars indicate significant differences and the 
same letter do notsignificantly differ from each other, according to Duncan’s (1955) at 5 % level. 
 
 

Data in Figs. (3 and 4) also show that increasing the concentrations of high-test cane molasses 
to 4 % sugar and glucose syrup to 3 % sugar in Kim et al. (1994b) medium led to increasing the 
growth and PHB concentration by A. latus ATCC 29712 andR. eutropha ATCC 17697 about 6.5 & 32 
% and 3.3 & 54 %, respectively, after 120 hr at 30°C using shake flasks as a batch culture. 
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 Fig. 3: Growth of A. latus ATCC 29712 and PHB production as affected by different concentrations 

of sugar in med.4 containing high test cane molasses as a carbon source during 120 h 
incubation at 30°C using shake flasks as a batch culture. 

Different letters in the same line indicate significant differences and the same letter do notsignificantly differ from each 
other, according to Duncan’s (1955) at 5 % level. 
 

These results are in agreement with that obtained by Rathika et al (2018), they stated that the 
yield of polyhydroxyalkanoate (PHAs) by B. subtilis RS1 was recorded 70.5 % in pre-treated sugar 
cane molasses under optimal conditions. 

 
Fig. 4: Growth of R. eutropha ATCC 17697 and PHB production as affected by different 

concentrations of sugar in med.4containing glucose syrup as a carbon source during 120 h 
incubation at 30°C using shake flasks as a batch culture.  

 Different letters in the same line indicate significant differences and the same letter do not significantly differ from each 
other, according to Duncan’s (1955) at 5 % level. 
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Xanthan gum production 
Data illustrated by Fig. (5) show that the lowest culture viscosityby Xanthomonas campestris 

CS1 and Xanthomonas campestris CS2 strains were observed on different clarified molasses followed 
by acid whey hydrolyzed and high-test cane molasses treatments. The failure of molasses to support 
xanthan production may be due to the presence of some inhibitory substances (Ozdal and Esabi, 
2019). Moreover, whey has a rich pool of nutrients and growth factors that have the potential to 
stimulate the growth of microorganisms. On the other hand, the suitability of whey for EPS 
production highly depends on the ability of the microorganism to utilize lactose (Toksoy Oner, 2013). 
Beet molasses was also used as a carbon source in other studies to produce xanthan by X. campesteris 
NRRL-B-1459 (Nasab et al.., 2010). Ozdal and Esabi (2019) noticed that Xanthomonas campestris 
produced the highest level of xanthan gum at 60 h cultivation using sugar beet molasses supplement 
with chicken feather as peptone at pH 7, 200 rpm and 30°C.  

 

 
Fig. 5. Xanthan production by Xanthomonas campestris ATCC13951 and Xanthomonas campestris 

ICL2 as affected by different treatments of some raw materials after 120 h at 28°C using shake 
flasks as a batch culture. 

 Different letters on top of the samecolumns or points indicate significant differences and the same letter do not significantly 
differ from each other, according to Duncan’s (1955) at 5 % level. 
 

The highest xanthan production was attained by both tested strains in Garcia-Ochoa’s medium 
containing glucose syrup (2% sugar). Followed by containing potato starchy waste. The value of 
culture viscosity for these treatments were 4355 and 4856 cp in glucose syrup medium and were 1240 
and 1764 cp in potato starchy waste medium for Xanthomonas campestrisCS1 and Xanthomonas 
campestrisCS2, respectively. In this respect, Abdelhady et al. (2000) found that 3 % potato starchy 
waste plus glucose syrup (0.6 % sugars) are the best raw material used as a carbon source in 
productive medium by Xanthomonas campestris ICL2 strain.   
 
Gellan gum production  

Data illustrated by Fig. (6) show the growth and gellan production of S. paucimobilis No.1 and 
S.paucimobilisNo.2 in different treatments of clarified cane molasses, high test molasses, glucose 
syrup and crude sweet whey. Generally, it could be stated that, S. paucimobilis No.2 gave the higher 
viscosity than S. paucimobilis No.1 on all treatments of sweet whey.  
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Fig. 6: Effect of different treatments of clarified cane molasses (CCM), high test molasses (HTM), 
glucose syrup (GS) and sweet whey (SW) on the growth and culture viscosity of S. 
paucimobilis strains after 72 hrs at 28 °C using shake flasks as a batch culture. 

O.D= Optical Density, Different letters on top of the same columns or points indicate significant differences and the same 
letter do not significantly differ from each other, according to Duncan’s (1955) at 5 % level. 

 
These results are agreement with those obtained by Dlamini and Peiris (1997), they reported 

that an improved strain of P.elodea can be used to produce significant levels of biopolymer (gellan 
gum) when grown on 25% (v/v) enriched whey and whey permeatebroths. All treatments of clarified 
cane molasses and high-test molasses gave drastic effect for the growth of both tested strains 
comparing control. These results may be due to the present of furfural as well as high toxic metals in 
clarified cane molasses, in spite of the trials which done to eliminate most of their concentrations. 
Undoubtably, the bad effect of heavy metals was more obviously on viscosity than the growth. Only 
both treatments of glucose syrup as sale carbon source on productive medium (sucrose - nitrate 
medium)and crude sweet whey as whole medium record the same optical density of S. paucimobilis 
No.1 in the control treatment. The highest culture viscosity of S.paucimobilisNo.2 strain was recorded 
on crude sweet whey (4% sugar) as whole medium followed by that obtained on productive medium 
containing glucose syrup (4% sugar) as sole carbon source being 5849 and 1515 cp for culture 
viscosity, respectively. The corresponding figures of the change percentage were +6.7% and -35.6 
respectively, comparing to control. The precede of the first treatment may be related to the presence 
of vitamins, minerals, organic acids and lactose required for the gellan gum production in proper 



Middle East J. Agric. Res., 8(2): 732-745, 2019 
ISSN: 2077-4605 

740 

concentrations whereas the addition of other nutrition led to minimize the production of gellan 
gum.inthis respect, Gamal et al. (2018) used the continuous feeding of sugar waste whey at 1.53g/L/h 
during 12 h and 40% sweet whey at 0.055 h-1 dilution rate for maximum gellan production by fed 
batch culture and continuous culture, respectively. 

Regarding S.paucimobilsNo.1, the maximum level of gellan gum production was attained in 
medium contains glucose syrup as whole medium with change -34.6 % as comparing to control 
treatment. Therefore, the cheap fermentation substrates (glucose syrup and crude sweet whey) will be 
used for production with different concentration by S.paucimobilisNo.2 and S. paucimobilis No.1 
 
Effect of different concentrations ofcrude sweet whey andglucose syrup on the production of 
gellan gum by tested S. paucimobilis strains 

Data in Fig. (7) show that, increasing the crude sweet whey concentration led to increase the 
gellan produced by S. paucimobilis No.2 to reach the maximum being 2.33 g/Lon 40 % crude sweet 
whey medium after 72 h fermentation period. As resulting gellan productivity and yield were 0.032 
g/L h-1and 12.6 % gellan yield respectively. Increasing sugar concentration of crude sweet whey than 
4% led to decrease in gellan production. The previous data revealed that decreasing the crude sweet 
whey concentration from 87% to 40% led to increase gellan gum production. 

 

 
Fig. 7: Effect of different concentrations of crude sweet whey on the growth of S. paucimobilis No.2 

and gellan production during 72 hrs. at 28°C using shake flasks as a batch culture. 
Different letters in the same line indicate significant differences and the same letter do not significantly differ from each 
other, according to Duncan’s (1955) at 5 % level. 

   



Middle East J. Agric. Res., 8(2): 732-745, 2019 
ISSN: 2077-4605 

741 

With respect to the effect of different glucose syrup concentrations on gellan production by   S. 
paucimobilis No.1 data in Fig. (8) indicated to the increasing glucose syrup concentration led to 
increase the gellan produced by S.paucimobilisNo.1to reach the maximum of 1.64 g/L on medium 
containing 3%  glucose syrup after 72 h fermentation period. At this concentration, gellan amount, 
productivity, and yield were 1.64 g/L, 0.023 g/L/hand 13.02 %, respectively. The corresponding 
figures for the maximum amount of gellan, productivity and yield of S. paucimobilis No.2 being 1.84 
g/L, 0.026 g/L/h and 10.95 %, respectively, were obtained in medium containing 4% glucose syrup at 
28°C using shake flask (150 rpm) as a batch culture. 
 

 
Fig. 8: Effect of different concentrations of glucose syrup on the growth of S. paucimobilis No.1 &S. 

paucimobilis No.2 and gellan production during 72 hrs. at 28°C using shake flasks as a batch 
culture(* 9% glucose syrup concentration = Control). 

Different letters in the same line indicate significant differences and the same letter do not significantly differ from each 
other, according to Duncan’s (1955) at 5 % level. 

 
The previous data revealed that decreasing glucose syrup from 9 to 3% led to increase gellan gum 
production of S. paucimobilis No.1 by 1.7-fold.Whereas decreasing glucose syrup concentration from 
9 to 4% led to increase gellan productivity of S.paucimobilis No.2 by 1.5-fold. On the other hand, 
reducing the sugar concentration to be 1.26 % and 1.68% were the optimum level for gellan gum 
production by S. paucimobilis No.1 and S. paucimobilis No.2 respectively. 
 
Alginate production  

All treatments of tested industrial wastes and raw materials gave alginate concentration values 
by Azotobacter vinlandii lower than that obtained by Clementi et al. (1995) medium,  whereas the cell 
dry weight of Azotobacter vinlandiiin Clementi et al. (1995) medium containing high test molasses or 
glucose syrup as a sole carbon  source was higher than synthetic medium.  
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Fig. 9. Alginate production by Azotobacter vinlandii and Pseudomonas putida strains as affected by 

different treatments of some industrial wastes and raw materials after 3 days incubation period 
at 30°C using shake flasks as a batch culture. 

conc.= concentration and CDW= cell dry weight. Different letters on top of the same columns indicate significant 
differences and the same letter do not significantly differ from each other, according to Duncan’s (1955) at 5 % level. 

 
Moreover, Azotobacter vinlandii recorded the lowest growth when these wastes used as a whole 

medium (Fig.9).With respect for alginate production by Pseudomonas putida, data also show that all 
treatments of tested materials as a sole carbon source of PIA medium gave alginate production higher 
than used as whole medium. Slight increase of alginate production (10%) was observed in productive 
medium supplemented with high test sugar cane molasses. Also, Moral and Yildiz (2016) reported 
that using molasses as a carbon source stimulated the alginate synthesis. The highest alginate 
concentration and productivity was obtained in glucose syrup medium followed by sweet whey 
medium being 16.64g/L & 0.23g/L/h and 15.12 g/L& 0.21g/L/h, respectively. Using glucose syrup as 
sole carbon source of PIA medium increased the alginate produced about 44% than PIA medium 
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(Fig.9) whereas using the waste frying oil gave the same production of alginate concentration and 
productively which attainedin productive medium.Glucose syrup at 8% concentration was the best 
concentration for alginate production by Pseudomonas putida after 3 days at 37°C, whereas 
increasing the glucose syrup concentration than 8% led to decrease the alginate concentration and 
productivity(Fig.10).So, it could be recommended to maximize the alginate production by this strain 
on PIA medium containing 8% glucose syrup by using shake flask as a batch culture. 
 

 
Fig.10: Alginate production by Pseudomonas putida strain as affected by different concentration of 

glucose syrup as a carbon source on PIA medium after 3 days incubation period at 37°C using 
shake flasks as a batch culture. 

conc.= concentration and CDW= cell dry weight. Different letters in the same line indicate significant differences 

and the same letter do notsignificantly differ from each other, according to Duncan’s (1955) at 5 % level. 

 

Conclusions 
 
     Generally, it could be concluded that glucose syrup was the best raw material used as sole carbon 
source in productive media for xanthan, PHB and alginate production at 2%, 3% and 8% sugar 
concentrations by Xanthomonas campestris CS2, R. eutropha ATCC 17697 and Ps. putida, 
respectively. Whereas the highest production of PHB fromA. latus ATCC 29712 was obtained in 
productive medium supplemented with molasses (4% sugar) after 96 h fermentation period at 30°C. 
Sweet whey (4%sugar) as a whole media was the test medium for gellan production S. paucimobilis 
No.2  after 72 h at 28°C using a shake flask as a batch culture. So, the current study showed the 
potential of glucose syrup as an economic carbon source for R. eutropha PHB, alginate and xanthan 
gum production as well as molasses and sweet whey for A. latus PHB and gellan production, 
respectively. 
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