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SOME FUNCTIONAL PROPERTIES OF POLYSACCARIDES
FROM DIFFERENT SOURCES FOR APPLICATION
IN FOOD PRODUCTS

[45]

Al-Sayed', M.A. Hanan; Nagwa, M.H. Rasmy '; M.HLF. Madkour *
and RAM. El-Mahdy *

ABSTRACT

Functional properties of Rhizobium polysaccharide (RPS), xanthan. gellan, car-
rageenan and guar gums were measured wnder different conditions . Solutions of
polvsaccharides had a dynamic viscosity that was dependent on shear rate and gum
concentration . Xanthan, RPS, and poar gum gave highly viscous solutions at 0.4%
(wiw) concentration. Low levels of Ca™ cation were more effective gel-formers than
Na® cation in a 0.5% carrageenan and gellan solutions, only 1/30 101/50 of the
monovalent cation concentration was needed to form divalent cation gels with simi-
lar strength . With decreasing pH down to 3.5, gellan and carrageenan formed more
strong gel with and without Na" and Ca™ cations. Addition of 0.5% (w/w) of RPS,
xanthan and guar gum to the aqueous phase considerably reduced the oil weight re-
quired 1o form emulsion to 15.87, 20.0 and 20.0 g respectively compared to 70 g for
control emulsion . Less than 0.1% of different polysaccharides was needed to im-
prove the foam capacity and stability of stiff foarn (milk protein, water and sugar).

Key Word: Rhizobium polysaccharide, Xanthan, Gellan gum, Carrageenan, Guar
gum, Viscosity, Gel formation, Emulsion capacity, Foaming capacity
and stability

INTRODUCTION

Polysaccharides are  polymers com-
posed of one type of sugar structural unit
(homoglycans) or of several types of
sugar unmit (heteroglycans). They are ob-
tained from a variety of sources (i.e
scawceds, seed gums: exudates gums and
microbial biosynthesis Polysaccharides
commonly referred to as “gums” are uscd
in foods as thickeners, stabilizers; gelling

agents and in some as cases emulsifiers
(Ma and Barbosa-Canovas, 1993;
Sanderson, 1996 and Beliz and
Grosch, 1999).

Xanthan, gellan and Rhizobium gums
are microbial heteropolysaccharides pro-
duced by the fermentation of Xanthomo-
nas campastris, Sphinomonas elodea
and Rhizobium meliloti respectively (Ni-
shinari & al 1996 and Tavernier ef al
1997).
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Xanthan gum solution has some use-
ful properties, stability against pH, tem-
perature and existence of salts in the so-
lution, and high viscosity even at low
concentration . It is completely soluble in
water giving novel weak gel rheologis,
and its, solution is pseudoplastic
{Roller and Dea, 1992 and Xuewu et al
1996).

Rhizobium polysaccharides (RPS) are
commercially useful for modifying
rheological properties of aqueous systems
(Tavernier ef al 1997 and Nagwa et al
1997).

Gellan gum gives aqueous solution
with low viscosity at elevated tempera-
ture but forms gel upon cooling . Cations
such as calcium, magnesium, potassium
and sodium are required for gelation
{Roller and Dea 1992 and Tang et al
1997).

Carragecnans arc sulfated polymers
which extract from certain red marine .
Three main fractions have been identi-
fied, Iota, Kappa and Lambada and com-
mercial carrageenans are mixtures of
these three fractions . Carragecnan has
been used for its gelling, thickening, sta-
bilizing, emulsifying and suspending
propertics (Dziezak, 1991; Paulo et af
1994; Ridout e¢f al/ 1996 and Williams
and Langdon 1996).

Guar gum is obtained from the ground
endosperm of the guar plant, (Yamposis
tetraganolobuys). It is non gelling, and is
used chiefly as a viscosity builder, sta-
bilizer and water binder . Since guar gum
is non lonic, it is very stable from pH 4 to
10 (Dziezak, 1991 and Chinachoti,
1995).

Selection of the best polysaccharide
for a given application in processed foods
and a wide variety of food products de-
pended almost exclusively on their func-

tional properties in solution . Therefore,
the present investigation was carried out
to study the functional properties of some
polysaccharides under different condi-
tions 1o provide a useful data on solution
properties that may employed as gnide-
lines in formulating food stuff contaiming

different polysaccharides.
MATERIAL AND METHODS
Polysaccharides
Polysaccharides from  different

sources including xanthan, gellan, car-
rageenan and guar gums obtained from
Sigma Chemicals Co. (st. Louis, Mo),
USA are used in this study . Rhizobium
polysaccharide (RPS) produced by fer-
mentation of Rhizobium  meliloti
(EMCC-10011) as described by
Madkour et of (1997) is also used.

Functional properties
Thickening

Thickening ability of different solu-
tions of polysaccharides, due to their
ability to record high values of dynamic
viscosity was measured . Dynamic vis-
cosity measurements of 0.1, 0.2, 0.3 and
0.4% (w/w), solutions of the tested poly-
saccharides werc determined by using the
Rotational  Viskometer (Rheotest 2-
Medingen-Germany) according to Swid-
erski ef al (1993) at shearrates 3, 5.4, 9,
16.2, 27, 48.6, 243, 729 and 13125 at
room temperature. The dynamic viscosity
was calculated as follows :-

Mam = TH
T = Z. O
Nam - Dynamic viscosity ( Pa.s)
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T : Shear stress ( dynes/cm’ )
z : Cylinder (constant )
: 5.81 constant of cylinder ( 5;)
a : Read out value
v - Shear rate ()
Solubility

Solubility of different polysaccharides
in cold water (4° C) and hot water (90°C)
was tested according to Sharma (1981).

Gel formation

The ability of different polysaccharide
solutions to form gel at different concen-
trations was studied according to Com-
fort et al (1996). The effect of monova-
lent (Nacl), divalent (Cacly) cations at
different levels, sucrose concentzation
and pH values on gel formation was also
studied . Polysaccharide was dissolved in
hot water at 90°C for 20 min to preparc a
solution and then cation salt was added .
The ability of different polysaccharides
solutions to form gel was observed during
cooling of the hot solution (Tang ef al
1997).

Emulsion capacity

Conirol emulsion {without polysac-
charide) was prepared using 70 g com oil,
27 g water and 3.0g egg yolk powder as
emulsifier according to Hennock et al
{1984), Effect of kind and level (0.1, 0.2
and 0.5%) of polysaccharide on emulsion
capacity (the oil weight required to form
oil/water emulsion with constant aqueous
phase, 30 g) was measured. Emulsion
was prepared using a Waring commercial
food blender and was sheared typically
for 2-3 min ,

Annals Agric.

Foaming capacity and stability

Seiff foam, which is used as a part of
short nougat formula, was prepared by
whipping of 0.3 g high quality modified
milk protein, 6.4 gicing sugarand38g
water for 5 min DMV-International
(1997). Effect of kind and level of poly-
saccharide on foam capacity and stability
was measured . Foam capacity (FC) was
calculated according to Matringe ef al
(1999 ) as follows :

Foamvolume— [nitialsyspensiorvolume

FC%= X 100

Initialsuspensiomwolume

Foam volume stability (FVS) was
followed during 24 h at room temperature
and was calculated according to Mahran
et al (1994) as follows :

Foam volume

V3% = X 100

Initial volume of foam including liquid

RESULTS AND DISCUSSION
Thickening properties

The ability of thickening aqueous so-
lutions (refers to viscosity) is one of the
important application of polysaccharides
in foods. Therefore, the dynamic viscos-
ity of different aqueous solutions of poly-
saccharides was measured at different
shear rates at 25°C and the results are
illustrated in Figures (1 and 2). Increasing
of shear rate from 3 to 48.6 s resulted in
a significant decrease of dynamic viscos-
ity for various solutions of polysaccha-
rides . This may be accounted for changes
in the structure of the solutions due to the
action of considerable shearing stresses.

Sci., 47(2), 2002
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Fig. 1. The effect of shear rates on the dynamic viscosity of different concentrations of
(RPS), guar gum and xanthan at 25°C.
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resulting in destruction of the structures
formed (Swiderski ef al 1993). No con-
siderable change of viscosity was ob-
served as the shear rate was increased
above 48.6 5.

Results also showed that the viscosity
increased with increasing of polysaccha-
ride in the solution, indicating that the
solutions become more pseudoplastic
when rising the level of gums . At shear
rate 48.6 s’ the dynamic viscosity was
0.3 Pas for 0.1% Rhizobium polysaccha-
ride (RPS) and it was increased to 1.32
Pa s for 0.4% (RPS) . The same trend was
observed for the other tested polysaccha-
rides. These results are in agreement with
thos¢ obtained by Beyer and Melton,
1987; Swiderski, et af 1993; Pastor e al
1994 and Xuewu ef al 1996,

The effect of kind and concentration
of polysaccharide on dynamic viscosity
of their aqueous solutions measured at
constant shear rate 48.6 5" and 25°C are
given in Fig (3). Results showed that dy-
namic viscosity is directly proportional to
polysaccharides concentration. The high-
est viscosity was observed for (.4% of
RPS and xanthan solution . However, the
lowest viscosity was cbtained for 0.4%
gellan solution. Similar results are ob-
tained by Nagwa et al (1997).

Gel formation

The ability of different polysaccha-
rides to soluble in hot or cold water and
to form gel at different concentrations
are given in Table (1).

Table 1. Gelling ability and solubility of some polysaccharides

Conceniration ( %) Solubility
Polysaccharides 0.1 0.5 1.0 Cold water Hot water
RPS - - - + ¥ + *
Xanthan - - - + ¥ + *
Carrageenan + + + + % +#
Guar gum - - - +* 4
Gellan - + + -* + *

RPS : Rhizobium polysaccharide .
(-) : cannot form gel

(+)  form gel

( -*) : cannot dissolve

(+*) : soluble

Annals Agric. Sci., 47(2), 2002
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Fig. 3. The effect of kind and concentration of different polysaccharides on dynamic
viscosity of their aqueous solutions ai 25°C and 48.6 S-1.

Xanthan, RPS and guar gum can not
form gel at different tested levels but
formed only highly viscous solutions.
Oppositely, carragenan had the ability to
form gel at different tested levels and it
was more firm at high level . Depending
upon the level of gum in solution, gellan
exhibited differences in gel forming, i.e.
it formed gel at high level only (0. 5and
1.0 %). Generally, carrageenan formed
firm gel than gellan gum at a given
concentration . Most of the tested poly-
saccharides completely soluble in both
cold and hot water, except of gellan
which can not dissolve in cold
water.

Similar results are obtained by
Sharma (1981).

Results in Table (2) represented the
influence of different levels of monova-
lent Na” and divalent Ca ™" cations on
gel forming of 0.5% (w/w) gellan and
carrageenan solutions.

Gellan solution can form gel with dif-
ferent strength in the presence of only
high levels of Na* cation . With all tested
levels of Na'cation, carrageenan formed
clear gel butit was less firm than that of
gellan gel speciaily over 0.3 MofNa’
cation . Both of gellan and carrageenan
formed gels with similar strength in the
presence of low levels of Ca’ ™ cation.

Annals Agric. Sci., 47(2), 2002
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Table 2. Effect of different levels of monovalent and divalent cations on gel formation
of 0.5 % solution of carrageenan and gellan gums.

Added cations { M } Carrageenan Gellan
Na* 0.00 +* +
0.01 -
0.03 + -
0.05 + -
0.10 + -
0.20 + +
0.30 + ++
0.40 + +++
0.50 ++ ++++
0.60 ++ ++++
0.70 ++ ++++
Ca™ 0.00 + +
0.01 ++ ++
0.03 +4++ +++
0.05 +++ +++
0.10 +++ +++
{(-) : cannot form gel -
* : form gel with different strength ; -
(+ : weak (++) : medium
(+++) : strong (++++ ) : very strong

Also, much higher levels of Na®ca-
tion are required to form gel from gellan
and carrageenan solutions than Ca’ " ca-
tion, only 1/30 tol/50 of the monovalent
cation concentration was needed to form
divalent cation gels with similar strengh.
Similar results are obtained by Moritaka
et al 1995; Tang et al 1995 & 1997,

They indicated that divalent cations are
more effective gel formers than monova-
lent cations in gellan solutions.

Effect of pH values on gel formation
of 0.5% of gellan and carrageenan solu-
tions in the presence of either 0.5 M
Na® or 0.03 M Ca” " are given in Table
(3).

Annals Agric, Sci., 47(2), 2002
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Table 3. Effect of pH and 0.5M monovalent or 0.03M divalent cations on gel formation
of 0.5% solution of carrageenan and gellan gums.

Added 0.5% carrageenan 0.5% gellan

c(a;n; ;1 pH (values ) pH (values)

_ 79 60 3.5 6.5 6.0 35

0 +* + + + + - +

0.5Na" ++ + ++ ++++ +H++ +++t
0.03Ca"™ +++ ++ +++ +++ ++ +++
(-) : cannot form gel

* : form gel with different strengih :

(H T weak (++) : medium

(+++) : strong {++++ j: verystrong

At pH 3.5, carrageenan gel (without
cations) became more firm than at high
pH . However, either at pH 7.9 or3.5
carrageenan solution formed geis with
similar strength in the presence of Na* or
Ca™ cations. On the other hand, gellan
solution {without cations) formed similar
weak gelsat pH 6.5 and 3.5 and failed to
form gel atpH 6.0. With 0.5M Na", gel-
lan solution formed gels with similar
strength at different tested pH . With
0.03M Ca"™, gellan solution formed
similar firm gels at pH 6.5 and 3.5 than at
pH 6.0. Similar results are obtained by
Moritaka et al (1995). They found that
hydrogen 1ions compensate negative
charges of carboxyl groups and shield the
electrostatic repulsion of gellan gum
molecules. Therefore, the increase in hy-
drogen ions may enhance the number of
Jjunction zones in gellan gels .

Effect of sucrose level (20, 40 and
60%) and pH-values on gel formation of
0.5 % (w / w) of carrageenan and gellan

solutions are given in Table (4). At dif-
ferent sucrose levels, carrageenan solu-
tion formed gels with similar strength at
various pH , except for sample with 60 %
sucrose and pH 3.5 which formed more
firm gel. Gellan solution lost its ability to
form gel in the presence of different lev-
els of sucrose except with 40% sucrose
and pH 3.5 which formed strong gel than
control (without sucrose). Comfort ef al
{1996) reported that depending upon the
level of soluble solid in a system, gellan
gum exhibits differences in gelation be-
havior with resulting texeural changes.

Emulsion capacity

Consumption of low calorie sauce is
increasing every day in comparison to
traditional emulsified sauces that contain
around 70% oil. Ina light sauce formula-
tion it is mecessary to subsitute a great
part of oil, mainly with water (Ferragut
et al 1993).

Annals Agric. Sci., 47(2), 2002
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Table 4. Effect of sucrose level and pH values on gelling ability of 0.5% solution of

carrageenan and gellan gums.
Sucrose 0.5% carrageenan 0.5% gellan
Levels .pH (values) pH (wvalues)
(%) 7.9 6.0 3.5 6.5 6.0 3.5
0 + + ++ + - +
20 + + + - - -
40 + + + - - ++
60 + + ++ - - -
(-) : cannot fotn gel
* : form gel with different strength : -
( +) * weak ( + +) : strong

Therefore, the influence of different
levels of polysacchartides on emulsion
capacity (the oil weight required to form
emulsion with constant aqueous phase
(30 g) are given in Fig (4).

Addition of different sources poly-
saccharide to the aqueous phase consid-
erably reduced the oil weight especially
at high level. Addition of 0.5% (w/w) of

xanthan, RPS and guar gum considerably
reduced the oil weight to 15.87, 20.0 and.
20.0 g compared to 70 g for control emml-
sion (without polysaccharide). This could
be referred to high viscosity of the emul-
sion formulated with xanthan compared
to the emulsions made with other poly-
saccharides. Similar results are obtained
by Ma and Barbosa-Canevas (1995).

Camagesnan
Gellan
Guar
0.1 02 os
Concentration {%)
ERPS H Gums W Gellan DCarrageenan |

[ mxanthen

Fig. 4. Effect of kind and concentration of polysaccharide on emulsion capacity (the oil
weight required to form oil / water emulsion) with constant aqueous phase (30).
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Foam capacity and stability

High quality modified milk prot¢in is
an industrial whipping or aerating agent
used in alf recipes of some confectionery
as stiff foam ( high quality modified milk
protein, water and sugar) such as sponges
nougat and meringues. Therefore, the
influence of some polysaccharides on
stiff foam capacity was measured as a
function of the gum concentration and the
results are given in Table (5).

Depending upon the level and the
kind of polysaccharide, stiff foam exhib-
ited differences in foam capacity. Addi-
tion of high levels of both xanthan and
RPS (0.2%) and low levels of car-
rageenan, gellan and guar gums (0.005%)
completely inhibited the foaming proper-
ties of milk protein . The air incotpora-
tion capacity of the samples decreased
when the xanthan, camrageenan and guar
gum level increased above 0.01%. This

7

result is in agreement with those previ-
ously reported for different hydrocolloids,
Ghita ef af 1992 and Camacho et al
(1998).

Influence of kind and level of poly-
saccharide on stiff foam volume stability
has been followed throughout 24 h at
room temperature and the results are rep-
resents in Fig (5). Low stability was
observed for different samples containing
low levels of polysaccharides during stor-
age, whereas for the rest of the formula-
tions it remained more stable. The maxi-
mum foam stability (100%) occurred for
samples with 0.05% and 0.1% xanthan,
0.1% RPS and 0.2%guar gum. Camacho
et al (1998) found that changesin me-
chanical parameters and overrun during
chilled storage of the foam, were
inhibited by the gums at weight per-
centages higher than 0.05% and so the
higher the emulsion viscosity the
greater the foam structure preserva-
tion,

Table 5. Effect of kind and concentration of polysaccharides on foam capacity (%) of

stiff foam.
Conc _ of
Polysaccharides RPS Xanthan  Carrageenan Guar Gellan
(%) gum

0 (control) 350.0 350.0 350.0 350.0 350.0

0.005 4375 4315 - - -
0.01 4625 550.0 5125 450.0 4125
0.05 525.0 375.0 462.5 4125 4125
0.1 300.0 250.0 387.5 375.0 500.0
0.2 - - 362.5 350.0 400.0

RPS : Rhizobium polysaccharide

Annals Agric. Sci,, 47(2), 2002



718

Al-Sayed, Hanan; Rasmy; Madkour and El-Mahdy

Xanthan

[ =]

[roe-RieRiales gialis]
sgmmonamncm
il _d il

Foam volume stabilﬂﬂ%l

Tt ~-r " ™

0 4 8 12 16 20 24

Rhizoblum polysaccharide

102
100 {
98

Foam volurne stability{%)
(/2]
s

82 -

T T ¥ T t

Tima (h)

Time (h}

0 4 8 12 16 20 24
Time (h) Time (h)
-&=Contro! —#W-0.1 —i—0.05
== 0,01 —8—(.005
Carrageenan
Gellan Guar gum
102 = 102 v 102
100 g 100 A & 1004
F 98 £ 95 z 984
% 96 a o5/ ‘E 96
84 £ 04 g4
g 921 92 4 g5 92
2 90 E 80 4 3% 90
g 8 3 884 g 3
E 66 86 - E 86
3 o 5 84 | § 84
82 R e e 82 ey R e . E e S e —
0 4 8 12 16 20 24 0 4 8 12 18 20 24 D 4 68 12 18 20 24

Time (h)

e S T =1

Fig (5) . Effect of kind and concentration of polysaccharides on foam volume stabllity(%) of stiff foam during

24 h of storage at room temperature ,

Annals Agric. Sci., 47(2), 2002



Polysaccharides for application in food products 719

REFERENCES

Belitz H.D. and W. Grosch (1999).
Carbohydrate in Food Chemistry pp.
277-315. (Ed) Springer-Verlag , New
York .

Bever R. and L.D. Melton (1987). Vis-
cosity studies on the polysaccharide gum
from Rhizobium strain CB744. J. Sei
Food. Agric. 39: 151-161.

Camacho M.M.; N.Martinze-Navarrete
and A. Chiralt (1998). Influence of lo-
cust bean gum /}- carrageenan mixhures
on whipping and mechanical properties
and stability of dairy cream. Feod Re-
search International, 31 (9): 653-658.
Chinachoti P. (1995). Carbohydrates :
Functionality in foods. Am. J. Clin
Nutr. 61 (suppl): 9225 —929s.

Comfort S.F.; W. Gibson and G.
Sworn (1996). The influence of sugar
level and type on gellan gum gelation and
texture in fruit preparations. The Nutra
Sweet Kelcv Company, United King-
dom). Abceeding FIE Conference,
United Kingdom: 152-155.
DMV-International  Food  Service
(Company Publication (1997). BV50
Recipe ideas with BV50 the Netherlands.
Dziezak J.D. (1991). A focus on gums.
Food Technology March : 116-128.
Ferragut V.; A, Chiralt and J.A. Sa-
lozar (1993). Stability of oif- water
cmulsion containing focust bean gum and
dricd wholc egg or skim milk powder as
cmulsificr. Rev. Esp. Cienc. Tecnol.
Aliment 33(6) : 607-620.

Ghita E.L; M.H. Abd-El-Salam; A.M.
Mehriz and A.S. Gad (1992). Effect of
different factors on  the rheological
properiics of whipped cream. Egyptian
Journal of Dairy Sciences 20(1): 21-29.

Hennock M.; RR. Rahalkar andP.
Richmond (1984). Effect of xanthan gum
upon. The theology and stability of oil-
water emuusions. J. Food. Sci 49: 1271-
1274,

Ma L. ané G.V. Barbesa-Canovas
(1993). Rheological properties of food
gums and food gum mixtures. Rev, Esp.
Cienc. Tecnol . 33 (2) - 133-163.

Ma L. and G.V. Barbosa-Canovas
(1995). Characterization of mayonnaise .
Part 1. Slippage at different oil and xan-
than gum concentrations. J. Feod Engi-
neering, 25: 397-408.

Madkour M.H.F.; Nagwa, M.H.
Rasmy; R.M. El-Mahdy and Hanan
M.A. Al-Sayed (1997). Production of
food grade exopolysaccharide from
Rhizobium: 1. Cultural condition of exo-
polysaccharide production. Annals. Ag-
ric. Sci., Moshtohor, 35(4): 2209-2219.
Mahran G.A; B.A. Laila; H.F. Haggag
and A.L Metwaialy (1994). Functioal
properties of some buffalloe’s milk vro-
tein production 3. Foaming Expansion
and stability. Egypt, J. Food Sci. 22(2):
323-336.

Matringe E.; R. Phan Tan Lun and D.
Lorient (1999). Functional properties of
Milk-egg mixtures. J. Food, Sci, 64 (5):
787-791.

Moritaka H.; K. Nishinari; M. Taki
and H. Fuknba (1995). Effect of pH,
potassium chloride, sodium chloride on
the thermal and rheological properties of
gellan gum gels. Journal of Agricul-
tural and Food Chemistry 43 (6): 1685-
1689.

Nagwa, M.H. Rasmy; M.HF.
Madkour; R.M, Ei-Mahdy and Hanan,
M.A. Al-Sayed (1997). Production of
food gradec exopolysacchande from
Rhizobium meliloti: 11. Characterization

Annals Agric. Sci., 47(2), 2002



720 Al-Sayed; Hanan; Rasmy; Madkour and EI-Mahdy

of polysaccharide. Annals of Agric. Sci.,
Moshtohor. 35(4): 2241-2262.

Nishinari, K.; M. Watase; M. Rinaudo
and M. Milas (1996 ). Characterization
and properties of Gellan- K-carrageenan
mixed gels. Food Hydrocolloids. 10(3):
277-283.

Pastor M.V.; E. Costell; L. Lzquierdo
and L. Duran (1994). Effect of con-
centration, pH and salt content on flow
characteristics of xanthan gum solu-
tions. Food Hydrocolloids. 8 (3-4): 265-
275.

Paulo B.; P. Gancalves and J.L. Doublier
(1994) . Rheological behavior of Kappa-
carrageenan / galactomannan mixtures at
& very low level of Kappa-carrageenan. J.
of Texture Studies 25 : 267-283.
Ridout N.J.; S. Garza; G.J. Brownsey
and V.J. Morris (1996). Mixed Iota-
Kappa-carrageenan gels. International
Journal of Biological Macromolecules
18: 5-8.

Roller S. and C.M. Dea (1992). Bio-
technology in production and modifica-
tion of biopolymers for foods. Critical
Reviews in Biotechnology 12(13):261-
277.

Sanderson G.R. (1996). Gums and their
usc in food systems. Food Technol.
March :81-84.

Sharma, S.C. (1981). Gums and Hy-
drocolloids in oil- water emulsions. Food
Technology, January: 59-67.

Swiderski F.; W.R. Bozena and P, Wi-
told (1993). Viscosity characteristics of
aquecous solutions of selected hydrocol-
loid. Foed Technology and Nutrition
(20): 43-50.

Tang J.; MLA. Tung and Y. Zeng
{1995). Mechanical properties of gellan
gels in relation to divalent cations. Jowur-
nal of Food Science 60(4): 748-752.
Tang J.; M.A. Tung and Y. Zeng
(1996). Compression strength and defor-
mation of gellan gels formed with mono
and divalent cations. Carbohydrate
Polymers 92 (1): 11-16 .

Tang J.; MLA, Tung and Y. Zeng
(1997). Gelling properties of gellan so-
lutions containing monovalent and
divalent cations.J. Food Sci. 62 (4): 688-
692,

Tavernier P.; J.C. Portais; J.E. N.
Saucedo; J. Courtois; B. Courtois and
J.N. Barbotin (1997). Exopolysaccharide
and poly-B-Hydroxy butyrate coproduc-
tion. In two Rhizobium meliloti strains,
Appl Enviromental M icrobiol. 63: 2]-
26.

Williams P.A. and M.J. Langdon
(1996). The influence of locust bean gum
and dextran on the gelation of K-appa-
carragenan. Biopolymers. (38):655-664
Xuewu Z.; L. Xin, G. Dexiang; Z. Wei;
X. Tang and M. Yonghong (1996).
Rheological models for xanthan gum. J.
of Food Engineering 27: 203-209.

Annals Agric. Sci., 47(2), 2002



Polysaccharides for applicalion in food products 721

Yo X VYA-VLY (T WYY ¢ 63 U ¢ o s e c il JL ST dsty Jp el DU - W
Laladiud ddlisa joliaa (pe Badal) Oy yCull Ludsli o Gaileadd) (yaany
Al cladidl A

- 158 pagd Gaun 2eaa = a) e g ga 5 905 =

[£°]

! 546 dasa Clia

' s ogall dana ol
e — 5 A0 — R | ol ~ gandh 6y — 481138 K — LY L ghgisiy ps pash -

A e pilSh e s gl 4 (Bl
o e Aumgaall () i 5339
Pl Ga s 8 S Uir cngSi Y0
Jpny pi—s 5 35ay  Clind LSy
il g LS TS e s
RPS ¢ gLt M e Jo S )na %0
PP DS WP I I PO
1S o 3 39 8 B pale it
ax Yoo, Yo o, Y0,AY B Clatid)
i S Ay 6y I e
O a=gy pax Voo Gl gy o8
s S e
63 stiff foam — suaall Sy Kl
% 2 il 59 dmau (paad

Al

Sl )l dadda g palliasll &y
Rhizo- polysaccharide — 1 (e 51340
¢ Pheall ¢ L33 3l < (RPS) bium
Gad A Dy ) gad) daiay Qs SN
Sl da g3 o am g LAdBaa Ciy
o ol g0 Saaall Cilay Sl 234 Jdladd
RPS &r"L"T'J dearall 38 5 il Jres
e Giflaa jly—adl faay U W
(03] 059 Torut 3-S5 die 2a 4 500
s Aainidial) Syl ) sl
GsS i EeliS SG calS TS clialg
Ot 8 e %01,0 Jillae A o
G Tpe gl g dlly (sl
Gt Ogee 04 fV (B oV Ll i
Fmin s 553l BpalaYl i olSH 58 3

[§ SRV Saad 2. tpuSas
Jadta, 2l g ach

Annals Agric. Sci., 47(2), 2002





