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Abstract: Gum samples, from Acacia senegal trees of ages 5 to 20 years, were collected as natural

exudates at 3 days intervals of a total  picking period extends to 15 days. The samples were obtained

from different locations within the gum belt in Sudan. Physicochemical properties of gum samples were

studied (moisture, ash, nitrogen, specific rotation, equivalent weight, pH, and uronic acid). Results show

significant  differences in nitrogen content (0.33- 0.46%), pH (5.5 – 5.6), specific rotation (-27.90 to -

32.10 ), equivalent weight (1406.5 - 1479.5) and uronic acid (13.4 – 13.6%) of gum samples from Acacia o  

trees of 5 to 20 years old. The effect of nodule age on the properties of gum samples was also studied

and the analysis showed significant differences in pH, specific rotation, equivalent weight and uronic acid

but the contents of ash and nitrogen were almost indifferent. Also variability in moisture content of all

samples was observed.
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INTRODUCTION

Acacia senegal "hashab" is a shrub or a small tree
of multiple uses and it is the main gum producing

acacia species. The tree is 2 – 12 meters in height.
Flowering occurs in November to February, while

fruiting in January to April. In the Sudan, the gum belt
lies within the arid/semi-arid zone of mainly 520,000

km  in area that extends across Central Sudan between2

latitudes 10  and 14° N, accounting for one fifth of theî

country's total area . This belt covers parts of[11]

Kordofan, Darfur, Eastern Sudan and Blue Nile and

Upper Nile .[9]

Gum  arabic  exudes  from  Acacia senegal trees

in the form of large (5 cm diameter) nodules or
“tears”. Mature trees, 5 - 25 years old, are tapped by

making incisions in the branches and stripping away
the  bark  to accelerate exudation. Gum harvesting

from  the  tree  begins  at the fifth year of growth,
and  maximum  production of gum is expected

between  the ninth to fifteenth years . The gum[13 ,16]

from Acacia senegal has considerable variation in

physicochemical, functional and toxicological properties
according to different locations, type of soil and age of

the tree . A gum, in general, is defined as any water[3]

soluble  polysaccharide  that  is extractable from

marine  and  land  plants  or  from microorganisms
that  possess  ability  to  contribute viscosity  or

gelling ability to their dispersions . Gums are[19]

uncrystalizable and usually composed of carbon,
hydrogen, oxygen and nitrogen . In addition, acidic[15 ,1]

gums (e.g. gum arabic) contain Ca, Mg, K, Na and Fe.
Technically, gum arabic is classed in a group of

substances called,  arabinogalactan proteins. More
descriptively, it is essentially a very complex

polysaccharide, comprised mostly of galactose,
arabinose, rhamnose, and glucuronic acid. In addition

to a very small amount of protein . Gums from[20]

Acacia species have the same general D-galactan core

with variation in the degree of branching, nature and
attachment of peripheral L-arabinose and L-rhamnose

units. Major uses of gums are in food and
pharmaceutical industries whereas their stabilizing,

thickening, emulsifying and gel forming properties are
the main attributes required .[10 ,18]

The objective of this study was to assess the
interaction effects of both nodule and tree ages on

physicochemical properties of gum arabic.

MATERIALS AND METHODS

Gum arabic nodules were picked; after ripening;
from Acacia senegal trees of ages of 5, 10, 15 and 20

years old. Picking was done at intervals of 3, 6, 9, 12
and 15 days;  giving nodules of different ages. The

gum  samples  obtained  were  collected  from
different  production  sites  located  within the gum

belt in Sudan. 
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Sample Preparation: Fresh samples were first freed

from foreign materials, dried under room shade, and
then ground into fine powder to pass 0.4 mm mesh

screen. The prepared samples were kept in tight
containers and stored at room temperature untill

analysis.

Moisture, Ash and Nitrogen: Ash and nitrogen
(micro-Kjeldahl) were determined according to

AOAC . Moisture content of fresh and dried nodules[6]

was determined by drying samples at 105 Co

overnight .[6]

pH: pH of gum samples was measured directly in a
homogenate prepared with 1% (w/v) gum powder in

distilled water, using a glass electrode pH-meter
(HANNA-pH 210).

Specific Rotation: Specific rotation of gum samples

was measured in a filtered 1% aqueous solution using
a polarimeter (Bellingham and Stanley) equipped with

a sodium lamp and a cell of 20 cm path length.

Apparent Equivalent Weight and Uronic Acid:
Apparent equivalent weight of samples was determined

according to the method described by Tahir . An[17]

aqueous gum  solution (3%) was treated with permutit

resin (RS-60, H ) for an hour, filtered and then titrated+

against 0.02 N sodium hydroxide solution using

phenolphthalein as indicator. Equivalent weight was
calculated from the equation below:

50000 x 0.3

Equivalent weight = ----------------
     M

Where: M: Number of milliliters of 0.02 N NaOH
solution neutralizing 10 milliliters of 3% gum solution;

0.3, Grams of gum per 10 milliliters of 3% solution.
Percentage uronic acid was calculated by multiplying

its molecular weight by apparent equivalent weight of
the sample as below:

Uronic acid%= (194/ Equivalent weight) x 100

Statistical Analysis: The results are given as means of

triplicate samples. Where appropriate statistical analysis
of variance (ANOVA) was done, followed by Least

Significance Difference test (p < 0.05) when the F-test
demonstrated significance. 

RESULTS AND DISCUSSIONS

Moisture, Nitrogen and Ash: Table 1, shows

physicochemical properties of gum arabic as affected
by tree age. Irrespective to nodule age, moisture

content of fresh picked gums from Acacia senesgal

trees of age 5 – 20 years were significantly (p< 0.05)

varied ranging between 26.4 to 31.2%. This range is
higher than that reported by FAO . Moisture content[8]

of the nodules after shade drying almost had equal
values except for that obtained from trees of 5 years

old, which is significantly higher. Similar results were
observed on screening moisture content of gum nodules

of different ages from the different ages of trees.
Interaction of 10 years old tree with 15 days old

nodule gave the lowest fresh moisture content and that
of 10 years old trees with 6 days old nodule gave  the

highest content (Figure 1a).
Nitrogen content of gum nodules obtained from

Acacia trees of ages 5 to 20 years were in the range of
0.33 - 0.46%, which is higher than that previously

reported by Jurask . The lowest nitrogen value of[12]

0.3% was observed in nodules of 3 days old that

picked from 10 years old trees, and interaction of the
nodules of 3 and 15 days that picked from Acacia trees

of age 5 and 10 years, respectively,  gave the highest
nitrogen percentage (Figure 2).

The overall average of ash content of gum nodules
collected from trees of variable ages (5 to 20 years)

were in the range of 1.9 – 3.0%, which is lower than
the range previously reported by many workers .[2 ,14]

Results revealed a gradual decrease, with  insignificant
magnitude, in nitrogen contents of nodules with the

progress in tree age (Table 1).  
Irrespective to ages of Acacia senegal trees from

which gum sampls were collected, the nodules of 3, 6,
9, 12 and 15 days old are significantly (p< 0.05) differ

in their fresh and dry moisture, ash and nitrogen
contents (Table 2).

pH: Irrespective to nodule age, the pH values of gum

samples from Acacia trees of  5 – 20 years old, were
found around 5.6 (Table 1). Interaction effects of tree

and nodule ages studied gave pH range of 5.5 – 5.7
(Figure 4). Whereas, nodules of 12 and 15 days old

from the 5 year old tree had the higher pH.

Specific Rotation: In Table 1, specific rotations of
gum  samples  collected  from  Acacia  trees of 5 to

20 years old are varied significantly with values
ranging between -27.30 to -32.10  . This rangeo

coincides with those  reported  by  Anderson ,  and[4]

Karamalla . The lowest specific rotation (-23.90 ) was[14] o

that  of  nodule  age  of 9 days obtained from 20
years old tree and the highest value of -32.70  waso

found in 3 days old nodule that picked from 5 years
old tree (Figure 5).

Irrespective to ages of Acacia trees from which
nodules were picked, the specific rotations of nodules

of  3,  6,  9,  12  and 15 days old are significantly
(p< 0.05) different with values found in the range of -

27.30 to -30.10  (Table 2).o
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Table 1: Effect of tree age on som e physicochemical properties of gum arabic from Acacia Senegal  

Tree age (Years)

Property ---------------------------------------------------------------------------------------------- S.E LSD*#

5 10 15 20

M oisture% : Fresh 31.20 26.40 28.10 28.90 0.16 0.33

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

               Dry 10.80 11.40 10.40 10.40 0.05 0.10

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ash% 1.84 1.84 2.00 1.90 0.04 0.07

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrogen% 0.46 0.41 0.37 0.33 0.04 0.06

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

pH 5.60 5.54 5.52 5.50 0.01 0.03

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Specific rotation  -32.10 -27.30 -27.90 -28.00 0.02 0.05(o)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Equivalent weight 1479.50 1445.40 1406.50 1432.70 4.45 9.30

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Uronic acid% 13.60 13.40 13.80 13.60 0.04 0.08

Means of triplicate samples; Fresh moisture: M oisture content of gum samples shortly after picking; Dry moisture: M oisture content of gum#

samples after shade dry; *Significant at 0.05.  

Table 2: Effect of nodule age on som e physicochemical properties of gum arabic from Acacia Senegal  

Nodule age (Days)

Property ------------------------------------------------------------------------------------------------------- S.E LSD*#

3 6 9 12 15

M oisture%: Fresh 31.50 33.30 28.40 27.40 23.30 0.17 0.35

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

              Dry 11.20 10.30 11.10 10.40 10.90 0.05 0.10

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ash% 1.93 1.80 1.93 1.90 2.03 0.04 0.08

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nitrogen% 0.40 0.43 0.38 0.40 0.45 0.02 0.07

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

pH 5.50 5.50 5.55 5.50 5.60 0.01 0.03

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Specific rotation -28.50 -29.70 -27.30 -28.60 -30.10 0.03 0.06(o)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Equivalent weight 1487.10 1470.30 1406.30 1412.50 1442.10 4.97 10.36

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Uronic acid% 13.10 13.20 13.80 14.30 13.50 0.05 0.09

Means of triplicate samples; Fresh moisture: Moisture content of gum samples shortly after picking; Dry moisture: M oisture content of gum#

samples after shade dry; *Significant at 0.05.  

Fig. 1a: Moisture content of gum nodules of 3 to 15

days old picked from Acacia senegal trees of

different ages 

Fig. 1b: Moisture content after shade drying of gum

nodules 3 to 15 days old picked from Acacia

senegal trees of different ages 
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Fig. 2: Nitrogen content of gum nodules of 3 to 15

days old picked from Acacia senegal trees of

different ages

Fig. 3: Ash content of gum nodules of 3 to 15 days

old picked from Acacia senegal trees of

different ages 

Equivalent Weight and Uronic Acid: Considering

gums collected from Acacia trees with varied ages,

significantly different equivalent weights of gum

nodules was observed with values ranged between

1406.5 to 1479.5 (Table 1). This range coincides with

that previously obtained by Karamalla . Also, results[14]

indicated that equivalent weights of gum arabic

significantly (p< 0.05) decreased with the increase in

tree age. The lowest value of equivalent weight

(1315.8) was that obtained from gum nodule of age of

12 days that picked from 15 years old tree, while the

Fig. 4: pH of gum nodules of 3 to 15 days old

picked from Acacia senegal trees of different

ages 

Fig. 5: Specific rotation of gum nodules of 3 to 15

days old picked from Acacia senegal trees of

different ages

Fig. 6: Equivalent weight of gum nodules of 3 to 15

days old picked from Acacia senegal trees of

different ages
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Fig. 7: Percentage of uronic acid in gum nodules of

3 to 15 days old picked from Acacia senegal

trees of different ages

highest value (1562.7) was revealed in 3 days old

nodule picked from 5 years old trees (Figure 6).

Table 1, also pointed out that gums from trees of

5 – 20 years old  had significantly (p< 0.05) different

uronic acid percentages that ranged between 13.46  to

13.80%. This range is lower than those previously

reported by Anderson  and Jurasek . Gum nodules of[5] [12]

3 and 12 days old from trees of 5 and 15 years had

the lowest and highest values of uronic acid,

respectively (Figure 7).

Results, however, showed that equivalent weights

and uronic acid contents of nodules (age of 3 – 15

days) from Acacia trees are significantly different

(Table 2).
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