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ABSTRACT





	To produce polysaccharide from Rhizobium meliloti standard medium and can molasses medium were used. Maximal production was achieved in the standard madium, which contains the following compostion per liter: glucose 30 g, (NH4)2HPO4 1.5 g, KH2PO4 0.5 g, MgSO4.7H2O 0.5 g, yeast extract 1.0 g and molasses medium which contains 32 g/l total sugars achieved the maximum production of polysaccharide. The optimum pH, production time, agitation for both of  the two media were 6.8, 120 h and 120strokes/min respectively. The incubation temperature was 30°C. The optimum carbon to nitrogen ratio of standard medium and molasses medium were 27.27 and 20.6. At these cultural conditions, Rhizobium meliloti produced 14.12 g/l  of polysaccharide in standard medium and 22.04 g/l  in molasses medium. The viscosity of these media were 2.37 m Pa.s and 5.78 m Pa.s at shear rate 729 sec-1.





INTRODUCTION





	Polysaccharide commonly referred to as “gums”, are long-chain high molecular weight polymers that dissolve or disperse in water to give a thickening or gelling effect, and exhibit related secondary function properties, such as emulsification, stabilization, and encapsulation (Glicksman, 1979). Ma and Barbosa-Canovas (1993) reported that food gums from plants include the seed galactomannans of guar and locust bean; the plant exudates, gum arabic and gum tragacanth, and the seaweed derived gum such as agar, carrageenan and alginate; microbial biosynthesis, such as xanthan gum, and gellan gum and others produced by chemical modification of natural polysaccharide, like carboxylmethylcellulose (CMC), hydroxypro pylmetheylcellulose (HPMC) microcrystallinecellulose (MCC), and pectin. Many microorganisms are known that produce exopolysaccharides of varying structural complexity, which include both homopolysaccharides composed of a single monomer, and heteropolysaccharides, where several chemically different monomers are found. The ability of some of them to alter the rheological properties of aqueous solutions, either through formation of gels or by altering their flow characteristics has led to their suggested use in a wide range of industries (Seviour et al ., 1992). Many bacteria of genus Rhizobium are capable of synthesizing extracellular polysaccharide sometimes in considerable quantities (Beyer and Melton, 1987). Optimal conditions for growth and for polysaccharide production are affected by pH, temperature, properties of air, presence or absence of agitation, and the size of the incoulum. To achieve maximal production of microbial polysaccharide, the optimal conditions must be determined experimentaly for each organism on a small scale in the laboratory, and then scaled up for pilot and industrial operations (Sandford, 1979). Many microbial polysaccharide are commercially used for producing gels and modifying the rheological properties of aqueous systems (Dela-Vega et al ., 1991).


The present investigation was carried out to determine the cultural condition for polysaccharide production by Rhizobium meliloti from different media.





MATERIALS AND METHODS





Microorganisms and cultivation:





Rhizobium meliloti (EMCC-10011) was obtained from Microbiological Resource Center, CAIRO-MIRCEN, Faculty of Agriculture, Ain Shams University, Cairo, Egypt. Stock culture was grown and maintained on slopes of Yeast Mannitol Agar media (YMA) containing the following composition per liter: 10.0 g Mannitol, 1.0  g Yeast extract, 0.5 g K2HPO4, 0.25 g MgSO47H2O, 0.1 g NaCl, 3.0g CaCO3 and 15.0 g Agar. The pH was adjusted to 6.8 and sterilized at 121oC for 20min (Footrakul et al., 1981). A standard medium was used for production of polysaccharides. This medium contains the following composition per liter: 40.0 g Glucose, 1.5 g (NH4)2HPO4, 1.0 g KH2PO4 , 0.5 g MgSO4.7H2O, 1.0 g Yeast extract, 5.0 g CaCO3, 1.0 ppm NaCl, 1.0 ppm MnCl2.4H2O,1.0 ppm FeCl3.6H2O,0.1 ppm ZnCl2.7H2O, 0.1 ppm CuSO4.5H2O, 0.1 ppm NaMoO4.2H2O and 0.1 ppm H3BO3. The medium was adjusted to pH 6.8 and sterilized at 121oC for 20 min except glucose and CaCO3 which were sterilized separately. (Footrakul et al., 1981). Molasses  medium for polysaccharide production was prepared from sugar cane molasse which was obtained from Misr Yeast Company, Dar El-Salam, Egypt and was used also for production of polysaccharides. Cane molasse was diluted with water to obtain a concentration of 32 g total sugar / liter, filterated, adjusted to a pH of 6.8 and then autoclaved at 121oC for 20 min. The chemical compositions of the stock molasses per 100 ml were as follows: 13.02 g reducing sugar, 3.46 g Non reducing sugar, 16.48 g Total sugar, 35.70 g total soluble solid and 0.41 g total nitrogen. Stock molasses had also specific gravity of 1.1538 g/cm3 and pH of 4.91.





Analytical Methods:





Different analytical methods such as bacterial dry weight, polysaccharide recovery and total carbohydrates were used for evaluation of polysaccharide produced from R. meliloti and were done as previously described by Dela-Vega et al . (1991), Footrakul et al. (1981) and Trevelyan and Harrison (1956) respectively. The pH value of the production media was measured using pH meter (HANN-Instruments, USA). Total nitrogen percentage was determined in samples using kjeldahl method as described by the A.O.A.C. (1980). Ash content was determined using muffle furnace at 550oC according to the A.O.A.C. (1980). The viscosity of culture broth was determined by the use of Rotational Viskometer (Rheotest 2, Germany).





RESULTS AND DISCUSSION





Time course for polysaccharide production:





Table 1 shows time course for polysaccharide production by R. meliloti grown in a standard medium. Production was detected as soon as 24 h  of incubation and polysaccharide synthesis ceased at 120 h of elapsed fermentation time and recorded maximum polysaccharide production of 17.04 and viscosity of 2.18 mPa.s. This result in contradiction to that finding by Yoo and Chung (1989) as well as Dela-Vega et al. (1991), who used 72 h of incubation for the production of the polysaccharides by Pseudomonas mendocina and by Azotobacter chrooccum  respectively. On the other hand, our results are in agreement with that reported by Tavernier et al. (1997) who produced exopolysaccharide from two Rhizobium meliloti strains after 140 h of incubation at 30oC.





Table (1):- Time course for polysaccharide production from Rhizobium meliloti.





Time 


h �
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
24�
2.04�
13.06�
32.65�
53.35�
1.50�
5.7�
�
48�
2.20�
14.26�
35.65�
54.02�
1.66�
5.1�
�
72�
2.62�
14.80�
37.00�
47.07�
1.89�
4.5�
�
96�
2.85�
15.66�
39.15�
45.79�
2.06�
4.3�
�
120�
3.79�
17.04�
42.60�
37.47�
2.18�
4.0�
�
168�
2.35�
16.53�
41.33�
58.62�
2.14�
4.0�
�



DCW : Dry cell weight g/l 


P        : Polysaccharide g/l 


Yield  : g polysaccharide/g sugar


Qp     : Specific productivity mg polysaccharide/g DCW/h 


(app  :  apparent viscosity





Effect of carbon sources at different concentration:





Production of polysaccharide by R. meliloti in media contain different carbon sources (glucose, galactose, arabinose, fructose or sugar cane mlasses) at different concentration were studied. The above-mentioned carbon sources were used at the concentration of 25, 30, 35, 40 or 45 g/l  except for molasses, which was used at concentration of 19, 25, 32, 44 or 50 g/l  total suger. Results in Table 2 show the effect of different carbon source at the optimum concentration on the polysaccharide production. R. meliloti could utilize all different carbon sources used in this experiment, producing a considerable amount of polysaccharide. Dry cell weight (DCW) increased gradually with increasing of the initial carbon source concentration in flask culture except at high levels of total sugars (44 and 50 g/l  ) in cane molasses (data not showed). The DCW produced from different sugars concentration of cane molasses was almost identical to that of fructose except at high levels of total sugars (44 and 50 g/l  ) in cane molasses (data not showed) and was higher than that from other carbon sources. This results are in agreement with Bender and Wallenfels (1959), who reported that the product concentration could be enhanced by increasing the level of substrate but the efficing was deteriorated for Pulluraria pullulans. The highest polysaccharide production of culture broths were achieved at 30 g/l  of either glucose, galactose, arabinose or 40 g/l  fructose, and at 32 g/l  total sugar of cane molasses.The amount of polysaccharide formed (g/l  ) at these optimum concentrations were 14.12, 13.08, 13.80, 16.42 and 22.04 g/l  respectively. The culture broth containing different levels of glucose and fructose were generally thicker than those of galactose and arabinose. On the other hand, a considerable increase in viscosity was observed in sugar cane molasses medium at the initial total sugar concentration of 32 g/l  and it was more viscous than that achieved for media containing either glucose or fructose. The viscosities of culture broths when using 30 g/l  of glucose, galactose, arabinose and fructose were 2.22, 1.98, 1.58 and 2.35 mPa.s respectively and it was 5.48 mPa.s for cane molasses containing 32 g/l  of total sugar. Results also showed that the highest of product yield (%)  could be also achieved at the optimum concentration of carbon sources. The maximum product yield recorded at these levels were 47.06, 43.60, 46.00, 41.06 and 68.82 respectively. The pH of culture broths dropped similarly in the medium containing glucose, galactose and fructose and it was more pronounced in the medium containing arabinose. No significant change of cane molasses pH medium was observed after 120 h of fermentation with R. meliloti at 30oC.





Table(2):- Effect of carbon sources at the optimum concentration on the polysaccharide production by Rhizobium meliloti after 120 hours of incubation at 30oC.





Carbon source�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
Glucose (30 g/l )�
3.70�
14.12�
47.06�
31.80�
2.22�
4.5�
�
Galactose (30 g/l )�
3.05�
13.08�
43.60�
35.74�
1.98�
4.3�
�
Arabinose (30 g/l )�
2.78�
13.80�
46.00�
41.36�
1.58�
3.7�
�
Fructose (40 g/l )�
5.08�
16.42�
41.06�
26.94�
2.35�
4.3�
�
Molasses (32 g/l )�
5.32�
22.04�
68.88�
34.52�
5.48�
6.9�
�



Effect of Nitrogen sources:





	Table 3 shows the results of a series of experiments determining the effect of using different nitrogen source at initial concentration of nitrogen (0.44 g/l  ) on the polysaccaride production by R. meliloti using standard medium, in which the nitrogen source was replaced by different nitrogen sources. Measurements were done after 120 h of incubation with shaking at 30oC. The optimum nitrogen source for polysaccharide production was ammonium phosphate (NH4)2HPO4 with yeast extract followed by ammonium chloride and ammonium nitrate. The amount of polysaccharide formed and product yield were 14.12 g/l  and 47.07% from ammonium phosphate with yeast extract. The minimum polysaccharide production of 8.91 g/l  and product yield of 29.7% was found when yeast extract was used as nitrogen source. Highest viscosity of 7.76 mPa.s was obtained by use of yeast extract as nitorgen source in the standard medium. This finding is probably due to the pH change of standard medium with yeast extract to a high value (pH 8.1) on the apparent viscosity. Using different nitrogen sources in the standard medium caused significant change in pH of culture broth as can be seen in Table (3). Yamaguchi and Saito (1977) recommended NaNO3 for production of polysaccharide from Alcaligenes faecalis, and Yoo and Chung (1989) recommended (NH4)2SO4 for Pseudomonas mendocina. Also, these findings are in agreement with Tavernier et al. (1997), who reported that although the assimilation of ammonium nitrate by R. meliloti were low and affect the growth and polymer production. The effect of nitrogen sources was not studied using molasses medium because of the difficulty to replace the nitrogen source of molasses medium.





Table (3):- Effect of nitrogen source on the polysaccharide production by Rhizobium meliloti  using standard medium after 120 h incubation at 30oC.





Nitrogen source�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
(NH4)2HPO4�
3.43�
12.62�
42.07�
30.66�
1.98�
6.3�
�
Yeast extract �
2.25�
8.91�
29.70�
33.00�
7.76�
8.1�
�
NH4NO3�
3.38�
13.18�
43.93�
32.49�
1.54�
6.9�
�
Urea�
3.03�
9.42�
31.40�
25.91�
1.98�
6.5�
�
(NH4)2HPO4 + yeast extract�
3.70�
14.12�
47.07�
31.80�
2.22�
4.5�
�
NH4Cl�
3.38�
13.23�
44.10�
32.62�
1.43�
5.9�
�



Effect of C/N ratio:





The effect of C/N ratio on the polysaccharide production from glucose standard medium and  molasses  medium by  R. meliloti after 120 h of incubation under shaking 


 (120 strokes/min) at 30oC is represented in Tables 4 and 5.


Table 4 shows that the optimum C/N ratio of the standard medium for polysaccharide production was 27.27 and it was not increased by using a C/N ratio higher than that. This finding confirmes data presented by Yoo and Chung (1989), who found that polysaccharide production by Ps. mendocino did not increase by using the C/N ratio higher than 30, below which drastic decrease was observed. 


	Table 5 shows that the optimum C/N ratio of the molasses medium for the polysaccharide production was 20.6. We could not get C/N ratio higher than 20.6 because of the difficulty to reduce the nitrogen source of cane molasses. 	Analysis of the results in Tables 4 and 5 showed that production of polysaccharide by R. meliloti either from the standard medium or molasses medium can be favored by using high carbon level and low nitrogen level. These results are in agreement with those found by Williams and Wimpenny (1977) and Dela-Vega et al. (1991) who reported that reduction of nitrogen level favored the polysaccharide production. 





Table (4):- Effect of C/N ratio on the polysaccharide production by Rhizobium meliloti using standard medium after 120 h of incubation at 30oC.





C/N ratio�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
5�
4.20�
12.19�
40.63�
24.19�
3.88�
6.6�
�
10�
4.00�
12.14�
40.46�
25.29�
3.76�
4.8�
�
20�
3.85�
12.21�
40.70�
26.42�
3.48�
4.1�
�
27.27�
3.65�
14.18�
47.26�
32.37�
2.22�
4.5�
�
40�
3.55�
11.71�
39.03�
27.49�
2.06�
4.2�
�



Table (5):- Effect of C/N ratio on the polysaccharide production by Rhizobium meliloti using molasses medium after 120 h of incubation at 30oC.





C/N ratio�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
5�
6.30�
19.66�
61.44�
26.00�
4.71�
6.2�
�
10�
5.50�
21.21�
66.28�
31.56�
5.06�
6.6�
�
20.6�
5.32�
22.10�
69.10�
34.60�
5.46�
6.9�
�












Effect of Inorganic salts concentration:





Inorganic salts such as KH2PO4 and MgSO4 are known to affect polysaccharide production (Harade et al., 1965). Data of Table 6 represente the effect of MgSO4 concentration on the polysaccharide production by R. meliloti from glucose standard medium in flask culture. The optimum concentration was 0.5 g/l , and under this condition 14.12 g/l  polysaccharide was produced and 31.8% product yield was achieved. When more than 0.5 g/l   was used, a decrease of dry cell weight (DCW) and polysaccharide production was observed. This finding is in agreement with data communicated by Yoo and Chung (1989).


The effect of KH2PO4 concentration on the polysaccharide production from glucose by R. meliloti is shown in Table 7. The optimum concentration was 0.5g. At this level of KH2PO4, 14.84 g/l  of polysaccharide were produced and product yield of 49.47 was achieved. The polysaccharide production decreased with increase of KH2PO4 concentration. This confirms findings found by Yoo and Chung (1989). The effect of inorganic salts on the plysaccharide production using the molasses medium was not studied because  of the high salt concentration and ist huge variation.





Table (6):- Effect of MgSO4 concentration on the polysaccha-ride production by Rhizobium meliloti using standard medium at 30oC after 120 hours of incubation.





MgSO4 conc. (g/l )�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
0.25�
1.58�
12.11�
40.37�
63.87�
2.49�
4.6�
�
0.50�
3.70�
14.12�
31.80�
47.06�
2.22�
4.5�
�
1.00�
1.98�
11.61�
38.70�
48.87�
2.22�
4.4�
�
2.00�
1.68�
11.68�
38.93�
57.94�
2.06�
4.3�
�



Table (7):- Effect of KH2PO4 concentration on the polysaccha-ride production by Rhizobium meliloti using standard medium at 30oC after 120 hours of incubation.





KH2PO4 conc. (g/l )�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
0.5�
3.20�
14.84�
49.47�
38.65�
2.78�
4.1�
�
1.0�
3.70�
14.12�
47.06�
31.80�
2.22�
4.5�
�
2.0�
3.78�
11.52�
38.40�
25.39�
2.05�
4.3�
�
4.0�
3.00�
10.06�
33.53�
27.94�
1.88�
4.8�
�
Effect of pH value:





To evaluate the effect of medium pH on polysaccharide production, standard medium and molasses medium were adjusted initially to different pH values from 5.8 to 7.2 prior to inoculation with R. meliloti.


Table 8 shows the effect of pH values of the standard medium on the polysaccharide production by R. meliloti. The optimum pH value was 6.8 at which the highest polysaccharide production of 14.84 g/l , product yield of 49.47% and viscosity of 2.78 mPa.s were achieved in the standard medium. A decrease in polysaccharide production, product yield and viscosity of culture broth were noticeable when pH values higher or lower than 6.8 were used. 


The effect of pH values of the molasses medium on the polysaccharide production by R. meliloti is illustrated in Table 9. The optimum pH values was also 6.8 in molasses medium. At this value, polysaccharide production of 22.1 g/l , product yield of 69.06% and viscosity of 5.46 mPa.s were achieved. These values were higher than the values obtained when standard medium was used.





Table (8):- Effect of the pH values of the medium on the polysaccharide production by   Rhizobium meliloti  using standard medium after 120 h incubation at 30oC.





pH�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
5.8�
1.28�
11.44�
38.14�
74.48�
1.58�
4.3�
�
6.0�
1.55�
10.81�
36.03�
58.12�
1.58�
4.3�
�
6.2�
1.83�
11.15�
37.17�
50.77�
2.18�
4.4�
�
6.4�
2.03�
11.19�
37.30�
45.94�
2.22�
4.3�
�
6.6�
2.23�
12.49�
41.63�
46.67�
2.22�
4.5�
�
6.8�
3.86�
14.84�
49.47�
32.04�
2.78�
4.5�
�
7.0�
2.48�
11.45�
38.17�
38.47�
2.29�
4.5�
�
7.2�
2.43�
11.94�
39.80�
40.95�
2.18�
4.5�
�



Table (9):- Effect of the pH values of  the medium on the polysaccharide production by Rhizobium meliloti  using the molasses medium after 120 h of incubation at 30oC.





pH�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
6.2�
5.15�
19.96�
62.38�
32.30�
4.19�
6.0�
�
6.4�
5.08�
20.36�
63.63�
33.40�
4.24�
6.1�
�
6.6�
5.51�
21.85�
68.28�
33.05�
4.51�
6.2�
�
6.8�
5.35�
22.10�
69.06�
34.42�
5.46�
5.8�
�
7.0�
5.23�
21.30�
66.56�
33.83�
4.54�
6.9�
�



Effect of Agitation:





A total of six different agitation rates were used, ranging from zero strokes/min (without shaking) to 180 strokes/min to study the effect of these variation on the polysaccharide production by R. meliloti (Tables 10 and 11). The optimum agitation rate was found to be 120 strokes/min for both of the two media. Culture grown at 120 strokes/min in the standard medium  returned the highest polysaccharide production of 14.89 g/l , product yield of 49.63% and viscosity of 2.78 mPa.s. The data presented in Table 10 show that agitation rates other than the optimum rate clearly resulted in substantially diminshed polysaccharide productions, product yield and viscosities compared with those seen at the optimum rate. This findings are in agreement with that mentioned by Gibbs and Seviour (1996). A similar trend was observed in cultures grown in molasses medium. The polysaccharide production, product yield and viscosity at the optimum agitation rate of 120 strokes/min were 22.12 g/l , 69.13% and 5.48 mPa.s, respectively.





Table (10): Effect of agitation rate on the polysaccharide production by Rhizobium meliloti  using standard medium after 120 h of incubation at 30oC.





Agitation strokes/min�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
0�
1.28�
11.97�
39.90�
77.93�
1.58�
4.4�
�
60�
2.00�
12.39�
41.30�
51.63�
1.89�
4.4�
�
90�
2.18�
12.35�
41.16�
47.21�
2.18�
4.5�
�
120�
2.65�
14.89�
49.63�
46.82�
2.78�
4.5�
�
150�
2.41�
12.30�
41.00�
42.53�
2.37�
4.6�
�
180�
2.30�
11.70�
39.00�
42.39�
2.29�
4.6�
�



Table (11):- Effect of agitation rate on the polysaccharide production of Rhizobium meliloti  using molasses medium after 120 h of incubation at 30oC.





Agitation strokes/min�
DCW g/l �
P


 g/l �
Yield 


%�
Qp mg/g/h �
(app


m Pa.s�
pH�
�
0�
1.00�
-�
-�
-�
1.19�
6.8�
�
60�
2.85�
10.13�
31.66�
29.62�
1.35�
6.0�
�
90�
3.85�
11.49�
35.59�
24.87�
2.41�
6.1�
�
120�
5.55�
22.12�
69.13�
33.21�
5.48�
6.5�
�
150�
4.95�
18.76�
51.63�
31.58�
3.52�
6.3�
�
180�
4.75�
13.22�
41.31�
23.19�
3.21�
6.2�
�



From the formemtioned results it can be recommended to produce polysaccharide by R. meliloti from can molasses optimally at 30oC for 120 h ,  pH 6.8, agitation rate 120 strockes/min and C/N ratio of 20.6. At these cultural conditions, R. meliloti produced 14.12 g/l  of polysaccharide in standard medium and 22.04 g/l  in molasses medium. The viscosity of these media were 2.37 m Pa.s and 5.78 m Pa.s at shear rate 729 sec-1.
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A large number of polysaccharides, that have gained commercial importance as industrial gums, have been obtained from, plant seeds (i.e. guar gum), plant exudates (i.e. gum arabic) and seaweed extracts (i.e. carrageenan).





, 5.0 g CaCO3, 1.0 ppm NaCl, 1.0 ppm MnCl2.4H2O,1.0 ppm FeCl3.6H2O,0.
