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Abstract

Metal ions of gum arabic were removed by ion exchange to yield the free acid
form. Arabate salts were prepared using monovalent and divalent metal ions. Addition
of monovalent metal ions was found to double the viscosity of the gum as compared to
the viscosity of the raw gum and more than triple the viscosity of the free acid form at
low solution concentration. At high solution concentration, monovalent ions increased
the viscosity of the solution by about 50% over that of the raw gum. Divaent ions
failed to increase the viscosity at low solution concentration, while an increase of 14%
over that of the raw gum was observed at high solution concentration.

I ntroduction

Gum arabic as found in nature exists a neutral or dlightly acidic calcium,
magnesium or potassium salts of complex polysaccharide (Glicksman and Sand 1973,
Mantel, 1954).

Basu, Dasguppta and Sirckar, as cited by Glicksman and Sand (1973), using
light scattering data, suggest that gum Arabic molecules are in the shape of short, stiff
gpiras with numerous side chains. At maximum molecular charge, the length of the
coiled molecule is 1050 A°. Uncharged Arabic acid molecules have an equivalent
radius of 555A° and an effective volume of 7.2X10 ° cm®/mole. Anderson an Rahman
(1966) picture the molecule in solution as a coil with a root-mean square, end-to-end
dimension varying from 0.06h at zero charge to 0.24h at maximum charge. Hydrolysis
of gum Arabic yields L-arabinose, L-rhamnose, D-galactose and D-glucaronic acid.
The glycosidic bonds vary in stability, autohydrolysis of Arabic acid in water (pH 2)
yields 34.4% L-arbinose, 14.2% L-rhamnose, and 3-0-d-Dgalactopyranosyl-L-
arabinose, and partially degraded gum Arabic. Further hydrolysis with minera acid
produced 42.1% D-galactose, 15.5% D-glucuronic acid, and 6-0-(b-D-glucos
pyranosyluronic acid)-D-galactose. Gum Arabic from different species contains the
same sugar in varying proportion (Glicksman and Sand, 1973; Mantell, 1954, NTIS
1972).

The main structural feature of gum Arabic is a backbone chain of (1-3)-linked
D-galacto-pyranose units, some of which are substituted at the C6 position with various
side chains. Three aspects of the molecular structure are the various acid-labits groups
associated with rhamnose located on the periphery of the molecule, the branched
framework of D-galactopyranose residues, and the positions of the molecule that give
rise to acidic oligosaccharide fragments. The galactan framework contains numerous
chains with (1® 3)- linked units bearing (1® 6)-linked side chain location of the
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(1® 6)-linkages is uncertain, but some of the L-rhamnppyranose residues in gum
Arabic are joined (1-4) to glucopyranosyl-uronic acid residues (figl) (Glicksman and
Sand 1973,Mantell 1954).

Vendevelde and Fenyo (1985) noted that gum Arabic contains alight-molecular
mass protein rich fraction arabino galacton protein complex and a low—molecular mass
protein-deficient fraction on arabino galactan. Fincher et al. (1983) suggested that the
gum from Acacia Senegal is an arabinogalactan-protein. The amino acids
hydroxyproline and serine are the major constituents of the protei naceous component of
the gum.

The objective of this study are:

1. To explore the viscosity performance of gum Arabic solutions in relation to ion
exchange.

2. To study the effect of the addition of metal ions on gum Arabic viscosity.

3. To study the effect of the addition of salts to gum Arabic viscosity.

4. To understand the viscosity behavior of the gum in order to prepare practical future
technol ogies implemental in the Sudan.

5. To experiment with such experimental technologies as ion exchange for modifying
gum Arabic’ s viscosity properties.

Material and Methods

1. Gum Arabic:
Spray-dried gum arabic was used. The gum was wrapped in severa layers
plastic bags and kept in hard board box to avoid moisture penetration to the powder.

2. Gum arabic solutions prepar ation:

A 5% solution of gum arabic was prepared by adding 5 g spray-dried powder to
100 ml distilled water and stirring mechanically until the gum dissolved completely.
The solution was maintained at room temperature for 3 hours and then diluted to the
concentrations of 4.5, 4.0, 3.5, 3.0, 2.5, 2.0, 1.5, 1.0 and 0.5%

3. Arabic acid preparation:

Gum arabic solution prepared according to the above-mentioned method was
passed through a chromatography column filled to three-fourths of its volume with
Dowex 50wx8, a strongly acidic cation exchange resin. The effluent was collected in a
beaker and then transferred to a volumetric flask. The pH of the solution was
determined using Fischer pH meter (model 230). A 25 ml sample of the solution was
freeze-dried and weighed to determine solid content.

4. Preparation of Calcium, Magnesium, Sodium and Potassium salts of arabic
acid:

Solution (IN) of calcium chloride, magnesium hydroxide and potassium
hydroxide were prepared in water. A chromatography column was prepared by the
same method as described above.

Salts (orbase) solution was passed through the chromatography column until it
was saturated with metal ion. The arabic acid solution was then passed through the ion
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exchange column, the eluting arabic acid salt was collected in volumetric flask, and its
concentration was determined by freeze-drying as described above.

5. Preparation of different concentrations of arabic acid salts:

1.2% solutions of arabic acid with initial pH 2.8 were titrated to pH 5.5 with
sodium, potassium, lithium and calcium hydroxide and the solutions were freeze-dried.
Solutions of 0.5-3.0% were prepared by adding dry arabic acid salts to water. Their
viscosities were measured using an Oswald viscometer.

Aqueous solutions (200 ml) of 7.5, 10.0, 12.5, 15.0, 18.0 and 20.0% were
prepared from the dry arabic acid salts, the solutions were kept at room temperature for
three hours before viscosity measurement were taken. Viscosity was measured using a
Brookfield viscometer Model LVT with spindle H, and at 60 rpm. Correction factor
givenin Table 1 were applied.

6. Viscosity:

For the ion exchange experiment (low solution concentration), viscosity was
measured using an Oswald viscometer. First the flow time for water was measured
(control), and then the flow time of the different sat forms of arabic acid was

determined. Relative viscosity,h,. , and specific viscosity h , were computed by:

h rg=tg (time for gum form solution)
To (time for water)

and
h sp- = h rel_l

A. Effect of Base Valency on Gum Arabic Viscosity:

In order to test the effect of monovalent and divalent metal ions on the viscosity
of gum arabic solutions, several experiments were conducted using unaltered gum
arabic (raw gum) as well as its free acid form. Initially the ionic makeup of the gum
was changed by adding base directly to raw gum solutions of 15% and 30%
concentrations. A more complete change in ionic composition was achieved by ion
exchange chromatography. This involve both direct cation exchange on a cation
exchange column in salt form (Na’, K™ or Li"), and sequential free acid preparation
with a cation exchange column in H* form followed by ion exchange to an appropriate
metal ion.

Another experiment was performed with a 30% gum arabic solution.
Magnesium sulfate was added in increasing amounts ranging from 0.5 to 5ml. The
viscosity of the solution decreased with increasing salt solution (Figure 2). Both Ca'™
and Mg™" behaved similarly and exhibited an occasional modest rise in viscosity with
cation concentration, and this must be attributed to a polyeletrolyte effect of the
divalent cations. PH level remained approximately constant during these experiments.
Thus appears in accord with results being presented later.
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That pH has no significant effect on viscosity of gum arabic solutions in their
divalent cation form. The result were similar when calcium chloride or magnesium
sulfate was added; however, a the lowest viscosity of the solution - highest
concentration of Ca™" ions - awhite precipitate formed in the Ca experiment.

When a 3% gum arabic solution was passed through a cation exchange column
in K* form the pH 4.6 to 3.6, and the relative viscosity increased by 9% over that of the
corresponding raw gum solution at 1% concentration. When the eludate was passed
again through a recharged ion exchange column in K* form, the pH increased from 3.6
to 9.2, and the relative viscosity increased by another 9% over that of the raw gum
control at 1% concentration (Figure 3). A corresponding experiment with a cation
exchange column in Mg"™* form resulted in a pH increase from 4.6 to 4.9, while the
relative viscosity at 1% concentration decreased by 18% from that of the raw gum
control. Thisresult must be attributed to the effect of the valency of the ions selected.

The second ion exchange experiment was conducted using free arabic acid form
prepared by the method described in the methods and materials section. This
experiment tested the effect of Na', K*, Mg"™, and Ca™ ions on gum viscosity.
Samples of free arabic acid were passed twice through ion exchange columns saturated
with the respective ionic species. The eludate was tested for viscosity, pH, and
concentration. Viscosity measurements were adjusted for concentration differences
using the viscosity-concentration equation of the respective salt, and viscosities were
expressed as 1% solution. Viscosities were similarly adjusted to pH 7 using the
viscosity vs. pH (Figure 6). The results in Figure 4 demonstrate that sodium and
potassium arabate solutions prepared from free arabic acid have higher viscosities than
the corresponding raw gum solution, by as much as 94%. However, divaent salts
exhibit the opposite effect, a viscosity reduction as compared to raw gum. This
observation must be explained with repulsive interaction of divalent salts leading to
molecular contraction and reduced gum viscosity as compared to monovalent ions. This
result is in good agreement with observations by Mantell (1954) on the viscosity
behavior of natura hydrocolloids. However, it contradicts the results of Jefferies et al.
(1978), who concluded that divalent metal ions are responsible for viscosity increases
of gum ghatti, while monovalent ions have the opposite effects. The disagreement can
probably be explained with differences in the chemical structure between these two
gums. Gum arabic is a highly branched polysaccharide, whereas gum ghatti is more
similar to cellulose with only slight branching.

B. Effect of Base Valency on Arabic Acid Viscosity:

For the purpose of studying the relationship between pH and viscosity, arabic
acid was titrated with four different bases: sodium, potassium, lithium and calcium
hydroid. Arabic acid was prepared by passing a gum arabic solution through a cation
exchange resin column in H* form. The resulting acid solution had a pH of 2.7-2.9, and
arelative viscosity, at a concentration of 1.23%, of 1.49. Its intrinsic viscosity was 37
ml g*. The titration with the four bases resulted in a continuous relative viscosity
increase with pH rising until pH6, except for Ca(oH), in which the gum solution
remained invariable with pH. Between pH 4.5-9.0 and the viscosity of the Na', K*, and
Li * forms of the gum stayed almost constant. At pH <4.5 or >9.0, viscosity dropped
steeply until it reached a minimum value above pH 11-12 (Figure 5). The solution of
the Ca™ form of the gum, by contrast, remained constant throughout the pH range and
never exceeds the viscosity of free acid. The viscosity of the arabic acid solution was
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lower than the viscosities of its corresponding monovalent ion forms at pH< 11.5.
These results support the conclusions of the previous experiment regarding the effect of
base ion type on gum viscosity. In addition to ion valency, pH affects gum viscosity in
the case of monovaent bases, but not in the case of divalent bases. Viscosity was
higher between pH 5 and 7. Na" and K™ exhibited a grater viscosity effect than did Li™.

C. Effect of Salt form and Gum Concentration on Viscosity:

Because metal ions are known to cause thickening or gel formation of water
soluble natural gums (Jefferies et al.1978), separate gum salt solutions of different
concentrations were prepared with monovalent and divalent metal ions. Their
viscosities are compared with those of the raw gum and that of free arabic acid. For this
purpose, a 3% solution of arabic acid was prepared and titrated to pH 5.5, the highest
point of the viscosity vs. pH curve for the potassium and sodium salt form. The results
are presented in Figure 7 as specific viscosity vs. concenration. The relationship
illustrates a gain that the sodium and potassium salt forms have the highest viscosity,
while the free acid has the lowest. The calcium arabate solution has a specific viscosity
lower than of the free arabic acid (Figure 6). Gum arabic viscosity declines in relation
to its specific salt form from its Na” form (highest) to K*, Li*, and Ca’™ (lowest). The
specific viscosity of the K¥, and Na" salts increased 223% and 243%, respectively over
that of free arabic acid. The lithium-based gum solution had a dlightly lower average
specific viscosity increase over the raw gum or Arabic acid than that found for the
potassium and sodium salts.

At elevated concentrations, between 7.5 and 20% the viscosity of gum arabic
solutions becomes curvilinear (Figure 8). Although the rate of viscosity gains vs.
concentration is almost independent of salt form, the two monovalent—based solutions
achieved again the highest overall viscosity levels. The observation that the viscosity of
free arabic acid is lower than any gum arabic salt contradicts findings by Glicksman
and Sand (1973), who claimed that the free acid has a higher viscosity that al its salt
forms.

These results suggest that the monovalent ions K* and Na* in gum arabic are
responsible for raising viscosity. Divalent ions by contrast (Ca™ and Mg'™) have a
lesser effect on gum viscosity. Addition of sodium and potassium ions to Arabic acid
bring about viscosity increases of 82-95% over that of raw gum, and of 223%-242%
over that of free arabic acid at lower concentrations. At higher concentrations the
viscosity increase is a more modest 42%-45% for the potassum and sodium salts
(Figure 9). Calcium nevertheless causes arise in viscosity over that of raw gum of up to
14% at elevated concentration levels (> 7.5%), while it reduces viscosity below that of
raw gum at concentrations of < 3%.

D. Effect of Electrolyes on viscosity:

In order to check the effect of electrolytes on the viscosity of gum arabic
solutions, reduced viscosity and inherent viscosity were plotted in relation to
concentration. The results are shown in figure 10 and 11. They reflect a significant non-
linear behavior in relation to concentration, and this is typical for plyelecttrolytes. This
behavior prevents the derivation of intrinsic viscosity values by extrapolation to zero
concentration. The comparison between the different salt forms shows that o /c is
always lower for the Ca'™ than for the monnvalention forms, and this is in good
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agreement with Tendeloo as cited by Mantell (1954), who found that polyelectrolyte
viscosity decreases with increasing cation valency and concentration.

Conclusions

The experimental results suggested that gum arabic can be upgraded and
economically improved by utilizing knowledge of its chemical structure and properities
as a sat complex of arabic acid and magnesium, calcium, sodium, and potassium ions,
the following specific conclusions can be drawn:

1. pH plays an important role in modifying (reducing or increasing ) the
viscosity of gum arabic and arabic acid salts. pH<5 and > 9.5 cause a
reduction in viscosity of the monovaent ion arabates. Near neutral pH
raises viscosity.

2. The viscosity of free arabic acid is lower than the viscosities of all salt
forms.

3. Monovalent metal ions used for titrating arabic acid create salts which
are soluable in water, and which have greatly higher viscosity than the
free arabic and raw gum arabic.

4. Divalent metal ion salts of arabic avid significantly reduce the viscosity
as compared to monovalent metal ion arabic salts.

Recommendations

The addition of monovalent ions (potassum and sodium form) to aready
prepared free arabic acid or gum arabic solution is recommended to increase the
viscosity of gum arabic when it used at low and high concentration and consequently to
improve its market and utilization value.
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Figure 1. Diagram of Gum Arabic molecule (Source: Mantell, 1954)

Figure 2. Effect of the addition of magnesium sulphate and calcium chloride to
30% Gum Arabic solution on viscosity at constant concentration.

Figure 3. Effect of exchange natureionsinto K™ and Mg- ** forms on the viscosity
of Gum Arabic solutions. K1 — Potassium form at pH 3.6, K2 — Potassium form at
pH 9.2, Mg—Magnesium form at pH 4.65
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Figure 4. Viscosity of different Arabic Acid salt forms prepared by ion exchange.
(* Correlated for pH in accordance with pH — viscosity relationship of fig. 7. All
data adjusted to pH 7, except Mg salts which were measured at pH 6.76 and 4.18).

Figure5. Viscosity pH relationship of Gum Arabic solutionsin different salt form.
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Figure 6. Viscosity of different Arabic Acid salt for ms ver sus concentration.

Figure 7. comparison of the specific viscosity of Gum Arabic in different formsto
that of raw Gum and free Arabic Acid.
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Figure 8. Viscosity of concentrated Gum Arabic solutionsin different salt forms.

Figure 9. Comparison of the viscosity of Gum Arabic in different base forms to
that of raw Gum at high concentrations.
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Figure 10. Effect of electrolyte on viscosity of Gum Arabic.

Figure 11. Effect of electrolyte on viscosity of Gum Arabic.
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