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Abstract

Introduction: Gum Arabic is most important commercial poly-saccharine and it
is probably the oldest food hydro-colloid in current use. Gum Arabic is naturally
obtained from Acacia Senegal and seyal trees which are known to grow in sub
Sahara region of the Sudan. Materials and Methods: Two types of Gum Arabic
namely; Acacia Senegal and Seyal were used. X-ray fluorescence (XRF) and Fourier
Transformation infrared spectroscopy (FTIR) were used as analytical techniques.
The conductivity and dielectric of both types of Gum Arabic were measured as
function of frequency. Solutions with different concentration of Gum Arabic for
both types were prepared and the Ultraviolet-visible spectroscopy (UV) was used to
study the optical properties of these solutions. Results: The XRF results indicated
that, Gum Arabic (Acacia Senegal and Seyal) contained Calcium (Ca), Iron (Fe),
Copper (Cu), Lead (Pb), and Strontium (Sr). The FTIR spectra of both types
of Gum Arabic showed broad and strong absorption band in the range of 600 to
3000 cm™. These absorptions were assigned to the different stretching vibrations.
Conclusion: The conductivity was found to increase with frequency while the
opposite behavior observed for the dielectric. The absorption was found to increase
with the increase of concentration.
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INTRODUCTION

Gum Arabic (GA) is most important commercial poly-
saccharine and it is probably the oldest food hydro-colloid
in current use. GA is naturally obtained from Acacia Senegal
and seyal trees, which are known to grow in the sub-
Sahara region of the Sudan.'? GA is the dried, gummy
exudation obtained from various species of Acacia trees
of the Leguminosae tamily. About 500 species of Acacia are
distributed over tropical areas of Africa, India, Australia,
Central America and south west North America. The
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composition of GA is dependent to some extend on the
[3.4]

location and age of the tree.
Even though there are over 1,100 Acacia species world-
wide, A. senegal and A. syal remain the most commercially
exploited species.’! GA is high molecular weight polymeric
compounds, composed mainly of carbon core mixed in
heterogeneous manner, including some matetials in tonic
forms as salts of macromolecules.[**!

There are many studies carried out using GA, but most of them
were focused on food, hydrocolloid and adhesive material. In
this study, we will examine the structure and physical properties
such as electrical and optical properties for two types of GA.

MATERIALS AND METHODS

Gum samples were collected during 2008 season as natural
exudates nodules of _A. senegal trees from Awlad Bakheit
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west Kordofan. The soil in this location is sand. The
gum was dried at room temperature and kept in plastic
containers for analysis. The A. seya/ trees from Bram west
Darfor were collected during 2010 season. The soil in this
location is a clay soil.

To prepare a sample for Fourier transformation infrared
spectroscopy (FTIR), we add a small amount of potassium
bromide powder is compressed to a thin layer, which can be
analyzed. The prepared sample is then placed in the device.

To prepare a sample of impedance spectroscopy (IS) press
1 g of GA in the form of a capsule. Table 1 shows the
five different concentrations of solutions prepared for
ultraviolet (UV) measurements.

EQUIPMENTS AND MEASUREMENTS

The X-ray fluorescence (XRF) were performed using
Cd-109 XRF spectrometer system, while the FTIR results
were obtained using the instrument of type Satellite FTIR
serial no 20010102.

The IS results were performed using Quad Tech (1920)
LCR meter impedance analyzer.

The absorption of the solution with different concentration
was calculated using UV min 1240 spectrometer Shimadzy.

Table 1: The concentration of Gum Arabic
and water

Number of Weight of Gum Weight of
samples Arabic (g) water (ml)
1 1 100
2 0.2 10
3 0.4 10
4 0.6 10
5 0.8 10
4.9-10"
3.3-10'—
)
k=
=
o
o
1.6-10"
-100
0.0-10 140 265 391 516
channel number

RESULTS AND DISCUSSIONS

XRF data allows researchers to observe the elements
present in the sample. Each element that gives an XRF
signal appears at a unique energy level and is characteristic
of that element.’!!

The XRF is performed for GA sample after being dried and
prepared as powder. 1 g of the powder was used in XRF
system. Figure 1 shows the XRF spectra for GA (A. senegal)
while Figure 2 shows the XRF spectra for GA (A. seyal).
The structural characterizations and the result obtained by
XRF are shown in Tables 2 and 3. XRF results indicated
that the GA contained Calcium (Ca), Iron (Fe), Copper
(Cu) lead (Pb) and Strontium (St). It can be observed from
these tables that calcium has the highest concentration
while the least is lead.

An infrared spectrum represents a fingerprint of a
sample with absorption peaks, which correspond to
the frequencies of vibrations between the bonds of the
atoms making up the material. Because each different
material is a unique combination of atoms, no two
compounds produce the exact same infrared spectrum.
Therefore, infrared spectroscopy can result in a positive
identification (qualitative analysis) of every different
kind of material. In addition, the size of the peaks in
the spectrum is a direct indication of the amount of
material present.'?

The FTIR was performed on powdered samples of two
types of GA. The FTIR spectra are shown in Figures
3 and 4. The A. senegal and A. seyal illustrate broad and
strong absorption band in the range 600-3000 cm™ and
these absorptions were assigned to the different stretching
vibrations. Podder ¢/ 4/ used FTIR to characterize their
samples and most of their observed stretching vibration
are similar to our results.'>'¥ Their observation are in
agreement with the XRF results.

5.9-10

4.7-10'

T

3.5-10'—

counts

2.3-10"-

1.2-10'

i

142 270 398 525
channel number

0.0-10°

Figure 1: X-ray fluorescence spectra of Gum Arabic (Acacia senegal)

Figure 2: X-ray fluorescence spectra of the Gum Arabic (Acacia seyal)
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IS was used to measure impedance. In order to determine
the conductivity, impedance was firstly measured for the
powder sample of GA for both types of GA using IS
and then the formula 0 = #/ZA was used{“z’151 Figure 5
shows the conductivity versus frequency for A. seyal
sample. The conductivity was found to increase gradually
with frequency. The dielectric, which is reciprocal of
conductivity, was found to decrease, as expected, with
the increase of frequency [Figure 6]. Similar results of

conductivity and dielectric were found for a sample of
GA (A. senegal ).

The UV-visible optical absorption spectra of five samples
of Acacica seyal and Senegal respectively at different
concentrations were determined. Figure 7 shows the
absorption of A. seya/ samples with concentration of
0.01, 0.2, 0.4, 0.6 and 0.8 respectively. Figure 8 shows
the effect of concentration on the optical absorptions

Table 2: The structural parameter of Gum Arabic (Acacia Senegal) in XRF

Element E (kev) Int (C/S) S T Concentration Error
Ca 3.690 0.019 4.23x10? 0.0587 3.61x107° 5.71x1073
Fe 6.400 0.014 3.75%x10° 0.2517 7.09x10°° 1.13x10™
Cu 8.041 0.041 1.37x10° 0.4156 3.49x107® 5.49x107°
Pb 10.540 0.016 2.17x10° 0.6149 6.03x1077 9.54x107
Sr 14.142 0.099 1.52x10* 0.7683 4.10x1075 6.43%x10°°
XRF = X-ray fluorescence
Table 3: The structural parameter of Gum Arabic (Acacia seyal) in XRF
Element E (kev) Int (C/S) S T Concentration Error
Ca 3.690 0.038 4.23x10? 0.0585 7.55x107 1.19x1072
Fe 6.400 0.025 3.75x10° 0.2373 1.37x10™* 2.16x10™*
Cu 8.041 0.043 1.37x10° 0.3960 3.84x10°® 6.04x107°
Pb 10.540 0.025 2.15x10° 0.5959 9.61x1077 1.52x107®
Sr 14.142 0.1986 1.52x10* 0.7541 8.35%10° 1.31x107°
XRF =X-ray fluorescence
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Figure 3: Fourier transformation infrared spectroscopy spectra of the
Gum Arabic (Acacia senegal)
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Figure 4: Fourier transformation infrared spectroscopy spectra of the
Gum Arabic (Acacia seyal)
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Figure 5: Log frequency versus complex conductivity. The conductivity
of GA (Acacia) increased with frequency

Figure 6: Log frequency versus complex dielectric. The complex
dielectric of GA (Acacia) decreased with frequency
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of the samples. The concentration versus the position
of wavelength for the maximum peak of absorption of
different samples is shown in Figure 9. The position of
maximum peak was found to shift to higher value with the
increase of concentration. The absorptions of samples
are positioned out of visible range. It is obvious that the
absorption increases with the concentration of 4. seyal
and this can be explained by the increased of assembly
of molecules when the concentration is increased.

The optical transmission spectral analysis was cartied out. Figure
10 shows transmittance versus the different concentration of
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Figure 7: Absorption versus wavelength for different samples with
concentration

3.3 —
32
3.1 —
3.0 —

2.9

absorpation(a.u)

2.8

2.7

26 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

concentration

Figure 9: The concentration versus absorption. The absorption shift
to higher value with the increase of concentration of GA (senegal)

and was found to decrease with concentration. These results
are in good agreement with the results of absorption. After
absorption of GA was measured, many parameters could
be calculated using equations. These parameters include
transmittance, refractive index, absorption coefficient and
extinction coefficient. The results are shown in Tables 4 and 5
for the two types of A. senegal and A. seyal, respectively.

CONCLUSION

The XRF results for the two different types of the GA
indicated the following elemental composition for GA
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Figure 8: Concentration versus wavelength. The wavelength shift to
higher value with the increase of different concentration of GA (Senegal)
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Figure 10: The concentration versus transmittion. The transmittion
shift to higher value with the increase of concentration of Gum Arabic
(senegal)

Table 4: The result of Acacia seyal measured experimentally and that calculated theoretically for the
absorption (A), transmittance (7), reflectance (R), refractive index (n), absorption coefficient (o) and

extinction coefficient (K)

C A (M) A (a.u) T (a.u) N a(m™) K

0.01 220.28 2.89 -1.89 1.00005 2888 5.098E-5
0.2 221.72 3.15 -2.15 1.00003 1573 2.755E-5
0.4 231.94 3.53 -2.53 1.00002 882 1.629E-5
0.6 248.27 3.57 -2.57 1.00001 595 1.18E-5
0.8 275.92 3.85 -2.85 1.00001 480 1.06E-5
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Table 5: The result of Acacia Senegal measured experimentally and that calculated theoretically for the
absorption (A), transmittance (7), reflectance (R), refractive index (n), absorption coefficient (o) and

extinction coefficient (K)

C A o (NM) A (a.u) T (a.u) N a(m™) K

0.01 217.02 2.67 -1.67 1.00005 2670 4.613E-5
0.2 226.76 3.08 -2.08 1.00003 1540 2.78E-5
0.4 227.41 3.20 -2.20 1.00002 800 1.448E-5
0.6 235.04 3.26 -2.26 1.00001 543.3 1.017E-5

(A. Senegal and A. seyal): Calcium (Ca), Iron (Fe), Copper
(Cu), Lead (Pb), and Strontium (St). The concentration of
calcium was the highest while the least was of lead. The
FTIR spectra for GA (A. Senegal and A. seyal) showed a
broad and strong absorption band in the range 600-3000
cm™' and these absorptions were assigned to the different
stretching vibrations. The conductivity of GA (A. senegal
and seyal) was measured and found to increase with
frequency while the opposite behavior was observed for
dielectric. The absorption of solutions with different the
concentration was found to increase with concentration
for samples for both types of Guma Arabic.

REFERENCES

1.  Ballal ME, El Siddig EA, Elfadl MA, Luukkanen O. Gum arabic
yield in differently managed Acacia senegal stands in western Sudan.
Agroforestry Forum 2005;63:237-45.

2. Glu EIL Rheological behaviour of whey protein stabilized emulsions
in the presence of gum Arabic. ] Food Eng 2002;52:273-7.

3. Aminah Abdullah, Khalid Hamid Musa, proc.on International Gum
Arabic Forum, Khartoum, Friendship Hall (2011) 10.

4. Tahir AA, Elkheir MK, Yagoub AE. Effect of tree and nodule age on
some physicochemical properties of gum from Acacia senegal (L.)
Wild., Sudan. Res ] Agric Biol Sci 2007;3:866-70.

5.  Dr. Abubakar Abdullahi, Director-General, RMRDC, Gum Arabic,
October, 2004, Report On Survey Of Selected Agricultural Raw
Materials In Nigeria, Kano, Nigeria.

Announcement

6.  Al-Assaf S, Phillipsa GO, Williams PA. Controlling the molecular
structure of food hydrocolloids. Food Hydrocoll 2006;20:369-77.

7. Osman ME, Menzies AR, Williams PA, Phillips G, Baldwin TC. The
molecular characterisation of the polysaccharide gum from Acacia
senegal. Carbohydr Res 1993;246:303-18.

8.  Renard D, Lavenant-Gourgeon L, Ralet MC, Sanchez C. Acacia senegal
gum: Continuum of molecular species differing by their protein
to sugar ratio, molecular weight, and charges. Biomacromolecules
2006;7:2637-49.

9.  B. Beckhoff, B. Kanngiefler, N. Langhoff, R. Wedell, H. Wolff, 1965,
Handbook of Practical X-Ray Fluorescence Analysis, Springer Berlin
Heidelberg, New York.

10. Pavia D, lampman GM, Kriz GS. Introduction to Spectroscopy.
Thomson: Thomson Learning, Inc. ; 2001.

11. J. M. Ziman, 1972, Principles of the theory of solids, Cambridge
University Press, Cambridge New York.

12.  John Coates, 2000, Interpretation of Infrared Spectra, A Practical
Approach, pp. 10815-10837 John Wiley and Sons Ltd, Chichester, UK.

13. Akhtar F, Podder ]. Structural, optical, electrical and thermal
characterizations of pure and L-alanine doped ammonium
dihydrogen phosphate crystals. Journal of Crystallization Process
and Technology (JCPT) 2011;1:18-25.

14. Khanum F, Podder J. Structural and optical properties of triglycine
sulfate single crystals doped with potassium bromide. Journal of
Crystallization Process and Technology (JCPT) 2011;1:26-31.

15. Magd AS. Spectroscopy using Infrared. Cairo: Academy of the
Modern University, Book; 2011.

How to cite this article: Adam H, Siddig MA, Siddig AA, Eltahir NA.
Electrical and optical properties of two types of Gum Arabic. Sudan Med
Monit 2013;8:174-8.

Source of Support: Nil. Conflict of Interest: None declared.

“QUICK RESPONSE CODE” LINK FOR FULL TEXT ARTICLES

The journal issue has a unique new feature for reaching to the journal’s website without typing a single letter. Each article
on its first page has a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other
internet source, one can reach to the full text of that particular article on the journal’s website. Start a QR-code reading
software (see list of free applications from http://tinyurl.com/yzlh2tc) and point the camera to the QR-code printed in the
journal. It will automatically take you to the HTML full text of that article. One can also use a desktop or laptop with web
camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free applications.

Sudan Medical Monitor | October 2013 | Vol 8 | Issue 4



