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ABSTRACT





	Study of main characteristics of R. meliloti polysaccharides shows that polysaccharides produced in standard medium (RPS) differed in their chemical characteristics than produced from molasses medium (RPM) under the optimum cultural conditions since, RPS contained less amount of moisture (12.3%), protein (0.6%), ash (7.9%) and high amounts of total carbohydrate (79.2%) than RPM Which contained 14.6% moisture, 3.6% protein, 25.9% ash and 55.9 total carbohydrate. Also RPM recorded higher surface tension and pH values than RPS. The HPLC-analysis of polysaccharides using Rhizobium meliloti reveals, that RPS or RPM contain glucose, galactose and disaccharides, but with different ratios. Both types contain < 2% Rhamnose and its alcohol form (rhamnitol). RPM contains both glucouronic and galacturonic acids in equal ratios, while RPS contains only galacturonic acid. RPM contains arabinose and methyl-(-xylopyranoid, while RPS was free from these compounds. Addition of up to 15% sucrose or up to 3% NaCl reduced the apparent viscosity of 1% RPM solution. All tested polysaccharides and gum mixtures of RPM with guar gum, xanthan or carrageenan have a non-newtonian behaviour (pseudoplastic). The best mixing ratio was 50:50 and the best mixture was RPM with xanthan.





INTRODUCTION





Polysaccharides are used in food industry to control the rheological properties of many modern convenience food products. They are normally used in law concentration, ranging from 0.05% to about 5% and do not usually contribute to the nutritional value, taste, or aroma of the finished product. They have been used by themselves or in combination for thickening and texture modification in gravies, dry milkshake mixes, synthetic breakfast drinks, pet foods and ice cream to improve the aesthetic appearance and in many cases, to duplicate the appearance of natural products. They can also be used for gelation, water retention, gas entrainment, emulsification, film formation, and flavor fixation (Krumel and Sarkar, 1975). Speers and Tung (1986) reported that shear rate, concentration and temperature are the major factors which influence the apparent viscosity of food dispersions. Tako and Nakamura (1984) stated that many water soluble gums change very much in viscosity when the pH of their solution is changed. Addition of up to 2% NaCl had little effect on the viscosity of the polysaccharide gum produced from Rhizobium strain CB744 but 3% NaCl resulted a considerable reduction of viscosity (Beyer and Melton 1987). Due to functionality and cost consideration, blends of food gums are often used in food preparations. The interaction between gums is usually referred to as synergism if the result is an increase in the mixture’s viscosity. Mixed gum system are of great technological importance because they have a potential for producing new products or new applications (Ma and Barbosa-Canovas, 1993).


The present investigation was carried out to introduce the chemical and physical characteristics of  Rhizobium polysaccharides in comparison with other sources of polysaccharide ( guar gum, xanthan and carrageenan), evaluate the effect of adding some common food components to Rhizobium polysaccharide (sucrose or salt as food additives) on their rheological properties and improve the acceptability of some fruit drink using mixture of polysaccharide.





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) as described by Footrakul et al. (1981). A standard medium and Molasses medium modified by Madkour et al. (1997) were used to produce Rhizobium polysaccharide. The modified standard 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. Modified 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 pH 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 polysaccharide recovery, moisture content and total carbohydrates were used for evaluation of polysaccharide produced from R. meliloti and were done as described by Footrakul et al. (1981), Dalaly and Tawfeequ (1987) 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). Crude protein was calculated by multiplying of total nitrogen percentage by 5.87 according to Paulo et al. (1994).


Sugar analysis of polysaccharides was carried out as described by Sweeley et al (1963). The polysaccharides were reduced to their constituents monosaccharides by hydrolysis with 5% sulfuric acid for 3 hr at room temperature followed by heating for 8 hr  at 100 °C. After hydrolysis, sodium hydroxide was added to neutralize the hydrolysing medium. The neutralized mixture was then filtered and the filterate was kept under cooling.


Sugar analysis was performed by HPLC-Apparatus equiped with a cation exchange column (H-Form) type GAT-CAR-H (Gmma analysis Engenieering, Germany). The column was 300 x 7.8 mm attached to a pre-column 50 x 7.8 mm and 10 µm pore size. Analyses were carried out at 45 °C using 0.008 N sulfuric acid (pH = 2.24) as mobile phase at a follow rate of 0.3 ml/min. The samples were injected to the  column by 20 µl syringe with a complete loop filling. Detection was carried out by RI-detector (Knauer, Germany) and a UV/VIS-detector at 215 nm (Jasco, USA) connected in series. Standard solutions of different disaccharides, monosaccharides, uronic acids and sugar alchols (sigma) were used as standards. Retention time of glucose (t R  = 1)rel was 28.20 minutes.  


Surface tension of Rhizobium polysaccharides and different sources of comparative polysaccharides was determined by using capillary tube method according to Nelkon and Parker (1985).


Rheological properties of Rhizobium polysaccharide and different sources of polysaccharide were measured by using the Rotational Viskometer (Rheotest 2-Germany). The rheological properties were based on measuring the shear stress developed at shear rates 3, 5.4, 9, 16.2, 27, 48.6, 81, 145.8, 243, 437, 729 and 1312sec-1  respectively using “N” or “S” cylinder at adjusting temperatures of 5, 15, 25, 35, 45, 55 and 65 oC. Apparent viscosity was measured for different concentration of Rhizobium polysaccharide compared with the other sources of polysaccharide. Viscosity of mixture of different sources of polysaccharide (Guar gum, xanthan and carrageenan) were also studied. Apparent viscosities were also determined for solution containing Rhizobium polysacchride in combination with 5%, 10% and 15% (w/v)  sucrose or 1%, 2% and 3% (w/v) sodium chloride. To asses the effect of pH on viscosity of Rhizobium polysaccharide produced in cane molasses pH 3.5, 4.5, 5.5, 6.5 and 7 were used. The apparent viscosity was calculated as follows: 


(app  =      ( .100       where:    ( =  Z  .  (


                   (





(app = apparent viscosity    [mPa.s]


(      = shear stress              [dynes/cm2]


Z     = cylinder constant (5.81 constant of cylinder S, 3.28 constant of cylinder N)


(     = read out value				    (      = shear rate                 [sec-1]





Fortran program was used to evaluate (o , k and n. This program has been presented by Rao (1974). The analysis of varience was carried out according to SAS (1988).


RESULTS AND DISCUSSION





Chemical and physical characteristics of different sources of polysaccharides:


Some chemical and physical characteristics of RPS and RPM compared with other  polysaccharides (guar gum, xanthan and carrageenan) are presented in Table 1.





Table(1):- Chemical and physical characteristics of some sources of polysaccharide.








�
Moisture


%�
Total carbo-hydrate%�
Protein 


%�
Ash 


   %	�
Surface tension dynes/cm*�
pH�
�
RPS**�
12.3�
79.2�
0.6�
7.90�
18.3�
6.6�
�
RPM***�
14.6�
55.9�
3.6�
25.9�
39.2�
7.3�
�
Xanthan�
12.8�
74.5�
0.3�
12.4�
13.1�
6.2�
�
Carrageenan�
10.3�
64.5�
0.8�
24.4�
41.7�
7.4�
�
Guar gum�
10.2�
67.9�
2.8�
19.1�
36.5�
8.4�
�



*     Measured at 0.4% aqueous solution of the polysaccharide.


**   Rhizobium polysaccharide produced from standard medium.


*** Rhizobium polysaccharide produced from molasses medium.





Analysis of results in this table showed that R.meliloti polysaccharide produced in the standard medium differed in their composition than that produced in molasses medium under the same cultural condition. Since, RPS contained, less amount of moisture (12.3%), protein (0.6%) and ash contents (7.9%), it contained high amounts of total carbohydrates (79.2%) than RPM. Also RPM recorded high surface tension (39.2 dynes/cm) and pH values than RPS.


It can be concluded that chemical and physical properties of polysaccharide produced by R.meliloti are mainly affected by the chemical constituents of the cultivated medium. Xanthan gum contained high amounts of moisture and total carbohydrate than those of carrageenan and guar gum and about of RPS. On the other hand, carrageenan recorded high values of ash and surface tension than other tested polysaccharide and similar to RPM. RPM contained the highest values of protein (3.6%), moisture (14.6%) and ash (25.9%). These results are confirmed by those found by (Torres, et al., 1993).





Sugar constituents of the polysaccharides:


Fig. 1a and b show the HPLC-chromatograms of Rhizobium polysaccharide produced  in  standard  medium (RPS), while Fig. 2a and b represents the corresponding chromatogram of Rhizobium polysaccharide produced in molass medium (RPM). Each chromatogram was divided in two parts, one for the components detected by UV/VIS -detector (a) and the other one for the components of the same sample detected by RI -detector (b). The obtained chromatograms were evaluated qualitatively by calculating the peak area for each component and the total area of the entire chromatogram. The result of calculation were given in table 2 for the UV -chromatograms and in table 3 for the RI -chromatograms.


















































Fig. (1): HPLC-chromatograms of Rhizobium polysaccharide produced  in  standard  medium . a: by UV/VIS -detector and b: by RI -detector.


















































Fig. (2): HPLC-chromatograms of Rhizobium polysaccharide produced  in molasses medium . a: by UV/VIS -detector , b: by RI -detector.


The obtained results confirm the differences in the structures and molecular weights of the obtained polysaccharides. Although the same sample volume (20 µl) of each polysaccharide was injected in the HPLC-apparatus, the obtained total chromatogram areas were different. As seen in table 3 the total area of the RPS-sample was about 140% that of RPM-sample, which indicate that the RPS contains more sugars than RPM by equal sample weight.


The neutral sugar analysis reveals that both polysaccharides contain glucose, galactose and disaccharides, but with different areas and ratios. RPS consist of 65,87% glucose, 17,65% galactose and 6,71% disaccharide, while RPM consist of 47,39% glucose, 12,91% galactose and 23.41% disaccharide. RPS contains only galactouronic acid (5,35%), while RPM contains both glucouronic and galactouronic acids in equal ratios (ca. 4,3%). Both polysaccharides contain < 2% Rhamnose and its alcohol form (rhamnitol). The RPM contains about 3,52% arabinose and 1,37% methyl-(-xylo pyranoid, while RPS was free from these components.


The UV-chromatograms of both polysaccharides (Fig. 1a and Fig. 2a) show strong UV-Absorption by 215 nm at (t R) = 18 min for RPS and at t R = 18 min as well as t R = 20.5 min for RPM. This behaviour indicates that the sugar component of the polysaccharide is accompanied with other components, which are more absorptive than the sugars. The corresponding (t R) rel and area of these components are given in table 2. RPS contains two active components.


The results show that both polysaccharides are different  in structure, in both glucose is accompanied with other compound identical in (t R) rel to that of the saturated carbonic acid “pyruvic acid“, which contributes in the structure of both polysaccharides, and the rhamnose sugar in RPM is accompanied with a high amount of unknown carbonic acid.


The obtained results agree to same extent with those reported by Kapasis (1994) for a Rhizobium polysaccharide. However, Footrakul et al. (1981) found that all tested Rhizobium strains produced polysaccharides cotaining D-glucose and D-galactose, besides D-mannose or uronic acid depending on the used strain. On other side, Dela Vega et al. (1991) reported that polysaccharide yield depends on the growth media with molasses producing over 300% yield compared with glucose as main carbon source.





Table (2): Constituents of HPLC-chromatograms of Rhizobium polysaccharide as detected by UV-detector 





Peak


Nr.�
ret.


time


(min)�
Relative retention


time ( t R )�
Constituent�
Polysaccharide produced


in standard medium�
Polysaccharide produced


in molasses medium�
�
�
�
�
�
Peak area�
% of Total area�
Peak area�
% of Total area�
�
1�
17.98�
0.988�
Pyruvic acid�
1404.91�
100.00�
495.94�
19.73�
�
2�
20.63�
1.134�
Unknown�
00.00�
00.00�
2017.16�
80.27�
�
�
�
�
Total�
1404.91�
100.00�
2513.10�
100.00�
�






Table (3): Constituents of HPLC-chromatograms of Rhizobium polysaccharide as detected by RI-detector 





Peak


Nr.�
Relative retention


time ( t R )�
Constituent�
Polysaccharide produced


in standard medium�
Polysaccharide produced


in molasses medium�
�
�
�
�
Peak area�
% of Total area�
Peak area�
% of Total area�
�
1�
0.834-0.840�
Disaccharide�
43.49�
6.71�
110.92�
23.41�
�
2�
0.874�
Glucouronic acid�
00.00�
00.00�
20.32�
4.29�
�
3�
0.962-0.964�
Galactouronic acid�
34.68�
5.35�
20.96�
4.42�
�
�
1.000�
Glucose�
426.88�
65.87�
224.57�
47.39�
�
4�
1.081-1.082�
Galactose�
114.39�
17.65�
61.18�
12.91�
�
5�
1.146-1.148�
Rhamnose�
12.72�
1.96�
6.75�
1.42�
�
6�
1.195-1.200�
Arabinose�
00.00�
00.00�
16.70�
3.52�
�
7�
1.265-1.268�
Rhamnitol�
15.88�
2.45�
5.97�
1.26�
�
8�
1.357�
Methyl-a-xylopyranoid�
00.00�
00.00�
6.50�
1.37�
�
�
�
Total�
648.04�
100.00�
473.87�
100.00�
�






Rheological properties of Rhizobium polysaccharide and other polysaccharides of different sources.


Effect of shear rate, temperature and polysaccharide concentration:


Since shear rate, concentration and temperature are the major factors, which influence the apparent viscosity of food dispersions, therefore the effect of these factors on flow behaviour of aqueous solutions of different sources of polysaccharides are examined. Increasing of shear rate from 3 to 48.6 sec-1 resulted a significant decrease of apparent viscosity of the tested polysaccharides. However, no considerably change of viscosity was observed  as the  shear rate was increased from 48.6 to 1312 sec-1 for various concentration of RPS at different tremperature. Because of this, apparent viscosity measurments were neglected at shear rate more than 48.6 sec-1 . These results are simillar with that obtained by Swiderski  et al. (1993). The observed decrease of viscosity during the increasing of shearing rates may be accounted for changes in the structure of the solution due to the action of considerable shearing stresses resulting within the destruction of the structures formed. Dea et al. (1977) who suggested high viscosity at zero or very low shear rates, due to weak intermolecular association between rigid rod-like molecules in the solution. As the shear rate is increased, the forces of intermolecular association are overcome by mechanical shearing forces. Therefore, only data at concentration of 0.4% of the tested polysaccharides at different temperature and different shear rates are presented in figurs 3-7.
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Fig. ( 3 ): Apparent viscosity of 0.4% ( w/v ) Rhizobium polysaccharide produced in  standard medium measured at different temperatures and shear rates. 
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Fig. ( 4 ): Apparent viscosity of 0.4% ( w/v ) Rhizobium polysaccharide produced in  molasses medium measured at different temperatures and shear rates. 
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Fig. ( 5 ): Apparent viscosity of 0.4% ( w/v ) xannthan measured at different temperatures and shear rates. 
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Fig. ( 6 ): Apparent viscosity of 0.4% ( w/v ) guar gum measured at different   temperatures and shear rates. 
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Fig. ( 7 ): Apparent viscosity of 0.4% ( w/v ) carrageenanmeasured at different temperatures and shear rates. 





Figures 8-12 show the effect of concentration on the apparant viscosity of polysaccharides from different sources at different temperatures and at shear rate of 5.4 sec-1 . At each concentration of the tested polysaccharides there was a decrease of the apparent viscosity with increasing of temperature from 5 oC to 65 oC and less dependent on shear rate. These results are similar to that obtained by Beyer and Melton (1987). They have suggested that the increased thermal motion of Rhizobium polysaccharide at high temperature is sufficient to overcome the association forces. The interesting feature is that the effect of temperature decreased with increasing gum concentration. These results are confirmed with that obtained by Speers and Tung (1986).
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Fig. ( 8 ): Effect of concentration on apparent viscosity of Rhizobium polysaccharide produced in  standard medium at shear rate 5.4 sec-1 and different temperatures. 
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Fig. ( 9 ): Effect of concentration on apparent viscosity of Rhizobium polysaccharide produced in molasses medium at shear rate 5.4 sec-1 and different temperatures. 
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Fig. (10): Effect of concentration on apparent viscosity of xanthan at shear rate 5.4 sec-1    and different temperatures. 
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Fig. ( 11 ):  Effect of concentration on apparent viscosity of guar gum at shear rate 


	5.4 sec-1  and different temperatures. 
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Fig. ( 12 ):  Effect of concentration on apparent viscosity of carrageenan at shear rate 


	5.4 sec-1  and different temperatures. 





Guar gum gives high viscous solution at low concentration and is therefore used in applications in which thickening, stabilization and water binding are required (Sanderson, 1981).Rheological properties of carrageenan gum could not be followed up over 0.5% concentration because it formed gel at concentration higher than 0.5% at room temperature


Higher polysaccharide concentration of every tested polysaccharide also led to increase the apparent viscosity values at each of the seven temperatures tested (Figures 8-12). This indicates that the solutions become more pseudoplastic with rising the level of the level of polysaccharide. 


From the obvious results it can be concluded that both Rhizobium polysaccharide (RPS and RPM) showed similar rheological behaviour, i.e. both decreased in viscosity since the shear rate and temperature were increased. However, RPS showed higher apparent viscosity than RPM at low polysaccharide concentration because of higher molecular weight of RPS than RPM.





Effect of pH, sucrose and NaCl concentration on the polysaccharide behavior:


It is required to perform the hydrocolloids in food products in the presence of other components. Polysaccharide gums have been shown to be influenced by sucrose and sodium chloride (Beyer and Melton, 1987). The effect of sugar concentration on the apparent viscosity of 1% RPM at 15oC and at different shear rates are given in   Fig. 13. Addition of sucrose reduced the apparent viscosity of 1% RPM solution, the reduction being 18.6%, 32.5% and 46.6% with addition of 5%, 10% and 15% (w/v) sucrose, respectively at shear rate of 3 sec-1. With increasing the shear rate a considerable decrease of apparent viscosity was stated in 1% RPM solution containing different sugar concentration. The main action of the sugar is to compete with the polysaccharide gum for water. These results are similar to those found by carlson and ziegenfuss (1965) and Beyer and Melton (1987).
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Fig. ( 13 ): Effect of sucrose concentration on the apparent viscosity of 1% solution  Rhizobium polysaccharide produced in  molasses medium at 15o C and different shear rates. 





The addition of NaCl up to 3% (w/v) resulted in a considerable reduction in viscosity of 1% RPM solution (Fig. 14). Addition of either 1% or 3% of NaCl reduced the apparent viscosity of 1% RPM solution from 8.33 Pa.s to 2.91 Pa.s at 15oC and shear rate of 3 sec-1. Beyer and Melton, (1987) found that addition of up to 2% NaCl had little effect on the viscosity of the Rhizobium gum produced from CB7F4 strain, but the addition of 3% NaCl resulted a considerable reduction of viscosity. This is in contrast to the results obtained with guar gum, where 10% NaCl has been shown to have either no effect, or to increase the viscosity (Carlson, et al., 1962).


Fig. (15) shows that decreasing of pH from 7.0 to 3.5 led to decrease 28.7% and 32.3% of the apparent viscosity of the 1% Rhizobium gum solution at either 15oC or 65oC, respectively.Decreasing the pH from 5.5 to 4.5 had little effect on the apparent viscosity of the polysaccharide at 15oC and 65oC. Same trend was recorded by Beyer and Melton (1987). Tako and Nakamura (1984) and Pastor et al. (1994) reported that many water soluble gums change very much in viscosity when the pH of their solution is changed. This was confermed also by Madkour et al. (1997) who reported that the medium with highest pH-value after fermentation (pH 8.1) shows the highest viscosity.
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Fig. ( 14 ): Effect of sodium chloride concentration on the apparent viscosity of 1% solution  Rhizobium polysaccharide produced in  molasses medium at 15o C and different shear rates. 
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Fig. ( 15 ): Effect of pH on the apparent viscosity of 1% solution Rhizobium polysaccharide produced in  molasses medium at shear rate 243 sec-1 and temperatures 15  and 65o C. 


Rheological parameters of different polysaccharide:


The rheological parameters ((o , k and n) were varied depending on the type of the polysaccharide and their concentration, molecular weight and the nature of gum (Gencer, 1989). Herschel-Bulkley equation as described by Pastor, et al. (1994) was adapted to describe the behaviour of the tested polysaccharide as follows:


		(  =  (o  +  k (n


where                   


         	(  =  shear stress					(o = yield stress


		k  =  consistency coefficient			(  =  shear rate


		n  =  flow behaviour index


The calculated rheological parameters for the different polysaccharide are shown in Table 4. The yield stress ((o) is the minimum stress required for the flow intiation.





Table (4): Rheological parameters of the different polysaccharides at 25o C and different concentration.








Samples�



Conc. %�
Rheological poarameters�



r2�
�
�
�
(o (N/m2)�
k(Pa.sn)�
n�
�
�
Xanthan�
0.2


0.4�
10.00 


24.00�
7.24


12.05�
0.49


0.47�
0.9971


0.9990�
�
RPS*�
0.2


0.4�
14.30 


44.00�
8.52


11.79�
0.46


0.51�
0.9948


0.9939�
�
RPM **�
0.8 


1.0�
12.30 


18.00�
11.59 


20.15�
0.40


0.33�
0.9730


0.9587�
�
Carrageenan�
0.4


0.5�
03.40


10.00�
19.98


22.33�
0.54


0.47�
0.9994


0.9987�
�
Guar gum�
0.4 


0.6�
08.00 


11.00�
10.23 34.33�
0.59 


0.46�
0.9918


0.9985�
�



* RPS : Rhizobium polysaccharide produced in standard medium.


** RPM : Rhizobium polysaccharide produced in molasses medium.


(o : yield stress (N/m2)   				r2 : correlation coefficient.


k : consistency coefficient (Pa.sn)   		n : Flow behaviour index





The obtained values indicated that there is an increase in the (o values with increase of concentration and these values differ from polysaccharide to the other . The same trend  was  observed  for the consistency coefficient  (k)  which recorded higher  values  at the higher concentrations for the tested polysaccharide. At 0.4% the (k) values of xanthan, RPS and guar gum were 12.05, 11.79 and 10.23 (Pa.sn), respectively. On the other side, the flow behaviour index (n) of the polysaccharide in Table 4 indicated that all samples behaved as a non Newtonian behaviour of pseudoplastic model, since n values  ranged from 0.33 to 0.59.





Effect of using different gum mixtures on the rheological properties:


Due to functionality and cost consideration, blends of food gums are often used in food preparations. The interaction between gums is usually refered to as synergism if the result is an increase in the mixture’s viscosity, and antagonism if the opposite occurs (Gencer and Peleg 1986).





Table 5 shows the effect of shear rate varied from 3 to 1312 sec-1, on the apparent viscosity of (1% w/v) mixture of RPM with guar gum, xanthan or carregeenan at different ratios. The listed data shows decreasing of apparent viscosity with the increasing of shear rate for all blends of gums and all mixing ratios. The best mixing ratio was 50:50 for all blends at shear rates especially between 3 and 9 sec-1. However, the best mixture of polysaccharides was of RPM with xanthan followed by RPM with guar gum and then RPM with carrageenan (Table 5). It is very interested that the apparent viscosity of the polysaccharide mixture of RPM with xanthan  or  guar  gum  at  ratio  of  50 : 50  is  higher  than those calculated for apparent viscosity of individual component at a comparable concentration. This means that the blend gum of RPM with xanthan or guar gum at mixing ratio of 50:50 has a synergistic effect on the apparent viscosity. The same trend was reported by Ma and Barbose-Canovas (1993).


The rheological parameters (o, k and n were calculated for the blends as shown in Table 6. Generally this indicated that the yield stress ((o) increased with increasing of the blend ratios of the used polysaccharides (guar gum, xanthan, carrageenan), especially at ratio of 50:50. The consistency coefficient (k) has the same trend which was 14.19 Pa.sn at the ratio of 90:10 (RPM : xanthan mixtures), while it was 24.25 Pa.sn at the ratio of 50:50 for the same mixture. All solutions of polysaccharide blends exhibited pseudoplastic non-Newtonian behaviour, since flow index (n) was less than 1.0. The correlation coefficient (r2) between shear rate/shear stress data of all mixture were above 0.99 as given in Table 6. These results are in agreement with those reported by Gencer (1989). The use of RPM as a component of a blend gum in the food technology could be recommended because of its low as an agroindustrial by-product compared with the pure industrial polysaccharide as well as to improve the polysaccharide blend.
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