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ABSTRACT

Anogeissus leiocarpus gum samples were collected as natural exudate nodules,

from three different locations, namely Abojebiha (season 1994 - 1995), Elfiila and

Rosaries (season 1996 - 1997). Physicochemical properties of gum samples were

studied (moisture, ash, nitrogen, protein, specific rotation, relative viscosity,

refractive index, equivalent weight, pH, uronic acid, reducing sugar, and tannin

content). Results showed significant differences within each location in most

parameters studied except in refractive index value which was found to be constant

in all samples (1.334). The effect of location on the properties of gum samples was

also studied and the analysis of variance showed insignificant differences (?<, 0.05)

in all properties studied except in ash content and this may be due to the

differences in the type of clay soil which found in the three locations. Internodule

variations of Anogeissus leiocarpus gum from two different location were studied

individually (twelve nodules from Abojebiha and six nodules from Elfula). Results

showed significant differences (P< 0.05) for each parameter studied except for the

refractive index value which had a constant value (1.334). The general

characteristics of Anogeissus leiocarpus gum might be described as the mean value

of all properties studied of all gum samples of the three different location as

follows: 9.2% moisture, 3.4% ash, 0.72% nitrogen 4.74% protein, - 35.5° specific

rotation, 1.68 relative viscosity, 4.2 pH, 1.334 refractive index, 14.3 uronic acid

o.44% reducing sugar, 1336.0 equivalent weight and o.68% tannin content.

UV absorption spectra of gum samples and gum nodules were determined and the

maximum absorption points were found to be the same ranging between wave

length 243 and 285.

Cationic composition of gum samples was also determined and the results showed

that magnesium (Mg) has highest value in all samples studied followed by iron

(Fe);, sodium (Na), potassium (K), calcium (Ca), zinc (Zn) and trace amount of

manganese (Mn), copper (Cu), nikel (Ni), cadmium (Cd), and lead (Pb).

Functionality (water holding capacity and emulsifying stability) of Anogeissus

leiocarpus gum were studied. The water holding capacity was found to be 65.5%

and emulsifying stability was found to be 1.008. Insignificant differences were

XV



observed between Anogeissus leiocarpus gum and Acacia Senegal gum for the two

parameter studied.

Some structural features of Anogeissus leiocarpus gum were also studied. The

component sugars of the gum were examined by using different methods (acid

hydrolysis, fractionation and autohydrolysis ) which was followed by qualitative

and quantitative analysis. Anogeissus leiocarpus gum was hydrolysed by sulphuric

acid of different concentration (0.05 N, 0. IN and IN) and also at different periods

of time (6, 8 and 12 hours). Results showed that hydrolysis by sulphuric acid of

different concentration gave approximately the same monosacchrides molecules

(L-arabinose, D-galactose L- rhamnose and D-glucuronic acid). The separation of

monosaccharides was more clear when the concentration increased and also when

the hydrolysis took longer time (8 or 12hours). Analysis of hydrolysate crude gum

sample by HPLC show L-rhamnose (6.82), L-arabinose (48.08), D-galactose

(11.26) and two unknown oligosaccharides having values (0.22 and 32.61).

Fractionation of Anogeissus leiocarpus gum by acetone gave five different

fractions. Some physico-chemical properties were studied. Results showed

significant differences in nitrogen and protein contents, specific rotation, relative

viscosity, equivalent weight and pH of fractions, where as insignificant differences

were observed in uronic acid content and refractive index values. Analysis of

fractions by HPLC showed some differences in the component sugars of fraction.

Autohydrolysis of crude gum sample showed that the monosaccharides were

separated after 10 hours. Degraded Anogeissus leiocarpus gum was hydrolysed

and examined using HPLC and compared with that of Acacia Senegal gum. Results

showed that they had the same six different sugars (L-rhamnose, L- arabinose, D-

galactose, oligo.10, oligo.14 and oligo.15.

XVI



CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

1.1 Plant Gums

1.1.1 Definition

Plant gums are organic substances obtained as an exudation from fruit, trunk or

branches of trees, spontaneously or after mechanical injury, of the plant by

incision of the bark, or by the removal of a branch, or after invasion by bacteria

or fungi. The exudate becomes hard nodules or ribbons on dehydration to form a

protective sheath against micro-organisms. They form clear glassy masses which

are usually coloured from dark brown to pale yellow.

These gums are classes of high molecular weight polymeric compounds,

composed mainly of C, H, 0 and N are capable of possessing colloidal properties

in an appropriate solvent, or swelling agent at low dry weight. They occur

naturally as salts (especially of calcium and magnesium) and in some cases

proportions of the hydroxyl group are esterified, most frequently as acetates.

In practical terms gums are either hydrophobic or hydrophilic. Hydrophobic gums

are insoluble in water and include resins, rubber, etc. where as hydrophilic gums

are soluble in water and can be subdivided into natural, semi-synthetic and

synthetic gums.

1.1.2 Formation of Plant Gums

Numerous theories for the process by which the tree exudes gums have been

proposed. It has been suggested that gums exudates may be a product of normal

plant metabolism (Hirst and Jones, 1958; Smith and Montgomery, 1959), that they

may arise from a pathological condition of the tree (Smith and Montgomery,

1959), or they may arise from microbiological infection of fungal ( Vassal, 1972),

or bacterial (Blunt, 1926 Mantell,1954) origin. Another theory proposed is that

starch may undergo transformation into gum (Jones and Smith, 1949; Hirst, 1951).

1



This seems unlikely according to Anderson and Dea (1968). as the enzyme

systems necessary to transform starch into a highly branched arabinogalactan with

galactose. arabinose, rhamnose, glucuronic acid and its 4-0 methyl ether are

complex. Further Anderson and Dea(1968)found that starch was not represent in

the tissues of excised branches and therefore proposed that the gums have a he mi-

cellulose -type highly branched arabinogalactan precursor to which is added

rhnmnose glucuronic acid and 4-0 methyl glucuronic acid terminated side chains

in the final stages of gum production. Miskiel (1990) suggests that gum exudates

are more likely to be formed by enzymatic glycosylation reactions rather than

direct conversion of other plant polysaccharides.

1.1.3 Origin and Type of Plant Gums (Exudate Gums)

These are polyanionic polysaccharides obtained from trees of genera Sterculia.

Albiziii, Acacia, Astragalus and Anogeissus.

1.1.3.1 Gum KARAYA

Gum Karaya is defined as the dried exudate obtained from Sterculia Uren Ro.xcl.

and other related species of Stcrculia, and variously known as Slcrculia gum.

Indian gum, kadayo gum, katilo gum, kullo gum, kutero and mucara gum

(JECFA-FAO-1988).

Gum Karaya consists mainly of high molecular weight acetylated polysaccharides

which on hydrolysis yields galactose, rhamnose and arabinose to gather with a

small amount of glucuronic acid (Anderson et.al, 1982).Gum Karaya contains

approximately 0.17% W/W nitrogen content presumably in amino acid form

(Anderson et.al, 1985). Gum Karaya possesses high viscosity at extremely low

gum concentration and commercial gum has specific rotation of+58°(Anderson

et. al, 1982). and it has a low solubility in water so it tends to swell rather than

dissolve in water and a coarse particle of gum Karaya can absorb water and swell

to 60-100 times its original volume (Meer,1980). a property useful in bulking

aszents.



1.1.3.2 Gum ALBIZIA

Albizia gum derived from trees of the genus Albizia is formed as round elongated

wars of variable size and colour ranging from yellow to dark brown (Mital and

Adotey 1971-1973). Chemical analysis reveals the presence of L-arabinose D-

-alactose D-glucuronic acid, D- mannose and 4-0-methyl glucuronic acid and L-

rhamnose. with slight acetylation and methylation. Metal ion analysis suggests

that gum exudates derived from the genus Albizia are complex salts of calcium,

potassium, magnesium and sodium, in decreasing proportions. Other metals like

zinc, copper, iron, lead and aluminium are present in trace amount (Anderson and

Morrison. 1990). Albizia gum is soluble in water forming a colourless mucilage

with a bland taste (Mitai and Adotey,1973). The viscosity of an Albizia solution in-

appreciable greater than of gum Arabic solution but is less than the viscosity of

gum karaya at the same concentration (Mbuna,1997).

1.1.3.3 Gum Arabic

Gum arabic is the dried gummy exudation of Acacia Senegal or closely related

species of Acacia family leguminosae (JECFA-FAO,1990).Gum arabic occurs as

a mixture of calcium magnesium and potassium salts of arabic acid and is

composed of six carbohydrate moieties namely galactose, arobinopyranose.

arabinofuranose, rhamnose, glucuronic acid and 4-0 methyl glucuronic (Anderson

et.al. 1966). The gum is highly soluble in water and solutions of up to 60% w/v

gum concentration can be prepared (Glicksman,I983).Gum arabic solution are

slightly acidic with maximum viscosity obtained at the neutural pH. It is

principally used in the food and pharmaceutical industries as stabiliser, thickener,

suspending and binding agent in the manufacture of confections, dairy products,

beverages, cotton -seed oil emulsion and tablets (Glicksman,1983).



1.1.3.4 Gum TRAGACANTH

Gum tragacanth is the dried exudation obtained from stems and branches of

Astragalus gummifer labillardiere and other Asiatic species of Astragalus (Family

leguminosae (JECFA-FAO, 1986). Gum is a complex mixture of acid

polysaccharides containing galacturonic acid, galactose, fucose, arabinose, xylose

and small amounts of rhamnose and glucose. It swells in water to give thick gel

like dispersions which show typical pseudo plastic behaviour (Gralein and

Karrholm, 1950). Gum tragacanth has been used extensively in food products

(Mbuna, 1997).

1.1.3.5 Gum GHATTI

Gum ghatti is a dried gummy, translucent exudate obtained from Anogeissus

latifiolia (Family combretaceae), a large tree found in India and Sri Lanka. The

exudations are natural but the yield can be increased by making artificial incisions.

Gum ghatti occurs naturally as a calcium and magnesium salt of a complex

polysaccharides acid -complex. Acid hydrolysis has shown the gum to consist of L-

arabinose, D-galactose, D-mannose, D-xylose and D-glucuronic acid in the ratio

10:6:2:1:2(Aspinall et.al, 1955). On dispersion in water, gum ghatti forms viscous

solutions, intermediate between those of gum arabic and gum karaya. The

dispersions have emulsifying and adhesive properties equivalent or superior to

those described for gum arabic (Jefferies et.al, 1977). Gum ghatti is used as food

additive besides being used in medicines, textiles and adhesives (Mantel 1947;

Topalian and Elsesser, 1966).

1.1.4 Tests Used to Characterise Plant Gums

In order to identify a particular gum from a series of different gum exudates an

extensive number of analytical tests have to be performed (Anderson, 1976). This

approach enables "a chemical finger print" of each gum to be determined. The

analytical test currently used include determination of the total ash, nitrogen

(hence protein), methoxyl contents, measurements of optical rotation, instrinsic



viscosity, equivalent weight, analysis of the ratios of neutral sugars (galactose.

arabinose and rhamnose) and glucuronic acid content after hydrolysis and

measurements of molecular mass.

1.1.5 Properties and Applications of Plant Gums

1.1.5.1 Properties

The most fundamental property of a gum which makes it unique amongst

polysaccharide generally is its solubility and viscosity .The majority of gums

dissolve in water at different concentration (e. g gum Arabic can form solutions of

up to 60% forming viscous solutions). These properties of gums are exploited in

many applications.

1.1.5.2 Applications

The major application of gum is in food industry where emulsifying and

stabilising properties are utilised .The gum is also used in the pharmaceutical and

medical fields, in addition to other industries (cosmetic, adhesive paints and inks).

1.1.5.2.1 Applications in The Food Industry

According to Glicksman and Schachat (1959) the major use (55%) of gum (gum

Arabic) in the USA is in the food industry, primarily in confectionery. In Western

Europe food uses of gum arable accounted for 76% of the market, in 1988 with

ca. 4.800 tons were used in confectionery in France, Germany and the UK

(Gordon, 1992).Its main functions in confectionery are the prevention of sugar

crystallisation and as an emulsifier in fat-based sweets, e.g. toffees. The gum acts

as an emulsifier by keeping the fat evenly distributed throughout the toffee there

by preventing the fat from "leaching out' and forming an oxidisable film on the

surface.

The gum is also used to incorporate flavours in confectionery such as pastilles and

gum drops and in the preparation of lozenges. Gum arabic has also been used to

stabilise frozen dairy products such as ice cream and sherbets due to its high



. /ater- absorbing properties. In this context the gum imparts a smooth texture to

\a frozen product by inhibiting the formation of ice crystals.

i baking industry gum arabic is used in glazes and topping, and in the

capsulation of spray-dried flavours into foods. In another application when used

.;; flavour fixative, the gum forms a thin and impenetrable film around the flavour

>articJe protecting it from oxidation, evaporation and absorption of moisture. In

s be soft drinks industry gum is used as a flavour emulsifier in oil-in water emulsions

,.iid as a foam-stabilising agent (Glicksman, 1969).

[.1.5.2.2 Uses of Gum in Pharmaceuticals and Cosmetics

Gum (gum arabic) is used as a suspending and emulsifying agent in the

pharmaceutical industry. In the area of cosmetics gum arabic imparts spreading,

viscosity and protective characteristics to lotions and protective cream by

stabilising the emulsion.

1.1.5.2.3 Other Applications

For their adhesive properties gums have been used in the manufacture of adhesives,

ibr postage, stamps and also used in the formulation of paints and inks and have

been applied in lithography and textile industry as a sizing and finishing agent

(Meer, 1980).

1.1.6 Gum From Anogeissus leiocarpus (Anogeissus schimperi)

1,1.6.1 Definition of The Family

Combertaceae is a family of twenty genera and six hundred species tropical and

subtropical trees and shrubs. Generally Combertaceae was known as a rich source

of tannin. Genera include Terminals, Combertum, Quisqualis, Myrobolans and

Anogeissus (Hans, 1990). Some gums from Combertaceae are being increasingly

utilised commercially for example ghatti gum and Leiocarpus gum.



1.1.6.2 Nomenclature, Distribution, Botanical Description and Uses of the

Tree

[.1.6.2.1 Nomenclature

Anogeissus \eiocarpus (DC) GuiU, Perr. A. schimperi Hochst ex. Hutch and Dalz.

,4raA/c-sahab.(Elamin, 1990).

1.1.6.2.2 General Distribution

Anogeissus leiocarpus tree is widely distributed in Africa between isoheight of

about 200 mm and the rain forest, from Senegal to Sudan and Ethiopia, in the

south to Zaire (Hans, 1990).

1.1.6.2.3 Locality

Anogeissus leiocarpus tree in the Sudan is widespread in Kassala province, Darfur

province, Bahr El Gazal province, and Upper Nile province. In Equatoria province

it is absent from the east bank of the Nile except for a small area within 20 km of

Juba. In Yambio distinct it occurs in the gallery forests. Specimens from drier areas

tend to have smaller leaves and more hairy flowers (Elamin, 1990).

1.1.6.2.4 Description

A medium size to a large tree particularly in Darfiir province attaining a height up

to 20m with a fluted bole. Bark: greyish whites, becoming very dark grey in old

trees, fairly smooth flaking off, branches often drooping and slender, branches

softly pubescent. Leaves: alternate, elliptic to oval telanceolate, obtuse and

mucronate, or acute at apex 2-8 cm long, 1.2-3.5 cm broad, at first densely silky,

then laxly pubescent beneath leaves light green or ash coloured. Flowers: in globes

heads, small, greenish yellow, with reddish disk and white hairs. Fruits: in

subglobose cone- like heads, each fruit broadly winged coriaceous, 3 mm broad,

braked by the persistent tubular portion of the receptacle. Seed: exalbuminous.

Flowering of the tree during rains continues until October, fruiting in January and

February (Elamin, 1990).
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1.1.6.2.5 Uses

The wood is used mainly in the round for transmission and building poles, fence

posts, forked poles and as beams in local building construction. Its also used for

fire wood and charcoal. The leaves and bark contain a tannin material recognised

by Sudan tanning industry (Elamin. 990). In northern Nigeria and Burkina Fa.so

the ashes are used for preparation of goat skin. Hans (1990) reported that in Mali

all parts of Anogeissus leiocarpus tree are used as medicine mixed with other

plants in traditional' systems. Also Anogeissus gum was used as food additives

mixed with gum arable or as a substitute for it.

1.2 Analytical Studies

1.2.1 Purification

The acidic polysaccharides in crude gums usually exist in the form of neutral or

slightly acidic salts, with calcium, magnesium, iron, sodium and potassium,

usually present as cations. Purification is frequently earned out by dissolving the

gum in water and filtering then followed by one of the following methods:

(i) Electrodialysis

(ii) Precipitation

(iii) Ion-exchange chromatography

(iv) Electrophoresis

The different purification methods don't appear to alter significantly the physical

properties of the gum. However Balabanova and Khristora (1982) reported that

purification of gum material by different methods exhibited certain difference in

fraction pattern at the same treatment.

1.2.2 Fractionation

Fractionation is one of the most important methods of analysis, which could be

done by one of the following methods:
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(i) Fractional precipitation with near saturated sodium sulphate solutions

(Anderson et.al 1966).

(ii) Complex formation using complexing agents e. g cupric acetate (Erskine

and Jones. 1956).

(iii) Differential solubility by collecting the different fractions of the gum

according to their solubility in distilled water (fraction A) salt, (fraction B) and

ihen collecting the residual insoluble gel (fraction C) (Anderson and Dea. 1969).

(iv) Ion- exchange chromatography can be done either in DEAE-cellulose.

Sephadex or Biogel (Anderson et al, 1966).

(v) Electrophoresis: the main advantage of electrophoresis are in assessing

polymer (e. g gum) homogeneity, its speed, and also the fact that very little

material is used (Lewis and Smith, 1957).

(vi) Fractinal precipitation using an organic solvent e.g acetone (Nouer,1996).

L2.3 Physical Properties of Gums

The solubility, colour, taste, odour and viscosity are important parameters in

determining the uses and commercial values of gums.

1.2.3.1 Solubility

Regarding to the solubility the true gums are divisible into three classes (Mantel.

1965):

(i) Soluble gums that dissolve in water forming transparent solution, e.g. Acacia

Senegal gum.

(ii) Insoluble gums which also absorb water but on addition of sufficient water

break down into very thick transparent solutions, e.g. tragacnth gum.

(iii) Half- soluble gums that partially dissolve but on addition of more water

pass into solution; e.g. ghalti gum.



! .2.3.2 Colour

The colour of the gums varies from almost colourless through various shades of

\ellow. orange to dark brown, some of the best gum arabic "Acacia senega!" are

almost colourless. On the other hand, dark or even black gums sometimes occur,

e.g. Mesquite gum (Howes. 1949). The colour of Anogeissus leiocarpus gum may

be yellow or light brown(Smith and Montgomery. 1959).

1.2.3.3 Shape

Gums as collected in natural states are represented by a variety of shape and form.

Usually the fragments are irregularly globular or tear shaped. The grading of gum

is based on shape, size and colour of gum nodules.

1.2.4 Moisture

Moisture content of the gum determines the hardness of the gum and hence the

variability of densities and the amount of air entrapped during nodule formation.

1.2.5 Ash

The ash content indicates the presence of inorganic elements existing in salt form.

Anderson and Dea, (1968) and Siddg (1996) showed that the type of soil (clay or

sand) affected the ash content significantly.

1.2.6 Nitrogen

The role of nitrogen and nitrogenous component in the structure, physico -

chemical properties and functionality of gum arabic was recently subjected to

intensive investigation (Anderson et.al 1985 Cammon et.al 1986).On the other

hand Erick Dickinson (1991) studied the emulsifying behaviour of gum arabic and

concluded that there was a strong correlation between the proportion of protein in

the gum and its emulsifing stability.



i .2.7 Viscosity

;he viscosity of a liquid is its resistance to shearing, to stirring or to How through

:i capillary tube. Viscosity was considered as one of the most important analytical

:ind commercial parameters, since it is a factor involving the size and the shape of

•he macro-molecule (Anderson and Dea 1969).

Viscosity can be presented in many terms such as relative viscosity, specific

viscosity, reduced viscosity, inherent viscosity and intrinsic viscosity. It is also

presented as kinematic or dynamic viscosity. Intrinsic viscosity was used to

•Jetermine the molecular weight of Acacia senega! gum (Anderson and Dea

.2.8 Specific Rotation

The optical activity of organic molecules (saccharrides and carbohydrates) is

related to their structure and is a characteristic property of the substance

i'Sathyanarayana and Stevens 1987), and thus the specific rotation is considered

;;s the most important criterion of purity and identity of any type of gum.

1.2.9 Equivalent Weight and Uronic Anhydride

fitrable acidity, which is the numbers of mis of 0.02N sodium hydroxide that

neutralises 10 ml of 3% gum solution, represented the acid equivalent weight of

!'.um. from which the uronic acid content, could be determined (Karamalla, 1965;

Anderson et.al, 1983; Vandevelde, 1985; Jurasek. et.al, 1993). Gums were found to

differ widely in their equivalent weight and uronic acid content (Karamalla. 1965).

1.2.10 Molecular Weight

The molecular weight of gums vary greatly in values due to gum heterogeneity as

well as a variation in the techniques used to separate, purify and determine the

molecular weight. These methods include:

(i) Ultra centrifugation (Saverban, 1944).

(ii) Molecular sieve chromatography (Anderson et al, 1966).
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liii) Osmometry (Svvenson el al ,1968).

(iv) Intrinsic viscosity measurements (Anderson et al ,1983).

(v) Gel filtration (Balabanova and Khristova. 1982 ).

(VI) Light scattering (Vandevelde and Fenyo. 1985).

1.2.11 Acidity and pH Measurements

The hydrogen ion concentration plays great importance in the chemistry and

industry of the gums. The change in the concentration of hydrogen ion may

deiermine the solubility of gum and the precipitation of protein, therefore

functional properties of a gum may be affected by change in pH for example

viscosity and emulsifying power.

1.3 Structural Studies

1.3.1 Hydrolytic Methods of Analysis

Acid hydrolysis is the key step in the analysis of polysaccharides. The

pi-.lysaccharide molecule is broken down into simpler components which can be

easily analysed by chromatographic techniques (Samuelson and Thede. 1967).

The conditions for hydrolysis must be controlled such that, complete hydrolysis is

achieved with little or no degradation of the monosaccharide units. Use of more

than one set of hydrolysis conditions may be necessary. The ease of hydrolysis of

different glycosidic linkages and stabilities of the various monosaccharides mean

that the optimum conditions for each polysaccharide have to be determined.

Piilysaccharide containing furanose units and 2-deoxy -hexoses or pentoses are

more readily hydrolysed than those containing hexuronic acid or 2-dexoy amino -

2 -dexoy hexoses, with hexoses containing polysaccharides being intermediate.

Conditions which have been found appropriate for hydrolysis of hexoses

containing polysaccharides are 1M and 2M aqueous sulphuric acid solution at

100°C. for different time intervals (Anderson and Munro, 1970), 0.5 N sulphuric

acid may result in partial hydrolysis.
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Recently trilluoroacelic acid with different concentration was also been used for

hydrolysis of polysaccharides (Harris et.al 1984). Usually the hydrolysis process

is followed by neutralisation of the hydrolysate deionization and examination by

chromatographic techniques (Anderson and Hebdrie 1973).

Probably the most successful methods available for the detailed structural studies

of polysaccharides are partial acid hydrolysis, methylation and periodate

oxidation.

1.3.2 Partial Acid Hydrolysis

Partial hydrolysis is the most useful technique employed to determine some of the

sequences of monosaccharide constituents, by the isolation of oligosaccharides

formed during the breakdown of the polysaccharide molecule.

The mixture of oligosaccharides can be separated from monosaccharides and from

one another by chromatography on charcoal or celite (Whistler and Miller. 1958):

cellulose (Hough et.al, 1949) , resins column (Jones et.al, 1960), or by thick paper

chromatography.

Aldobiouronic acid can be successfully separated on weakly basic anion-exchange

resin columns (Derungs and Deuel, 1954).The component sugars of the

oligosaccharides are identified by hydrolysis or by reduction followed by-

hydrolysis if its an acidic oligosaccharides. An indication of the identity of an

oligosaccharide can be obtained from its chromatographic mobility in various

solvents, ionphoretic behaviour and specific rotation.

1.3.3 General Methods of Analysis of Polysaccharides

1.3.3.] Chromatographic Methods

Chromatography is defined as an analytical technique where by a mixture of

chemicals may be separated by virtue of their deferential affinities for two

immiscible phases; one of these, the stationary phase, consists of a fixed bed of

small particles with a large surface area, while the other, the mobile phase or
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'"eluant". is a fluid that moves constantly through, or over the surface of the fixed

phase (JECFA. 199).

Different types of chromatographic methods: Paper chromatography (PC) : thin

layer chromatography (TLC); column chromatography (CC), gas liquid

chromatography (GLC), and high performance liquid chromatography (MPLC) arc

frequently used for separation of different monosaccharides and for fractionation

of oligosaccharides.

1.3.3.1.5 Paper Chromatography

Paper chromatography is an old method used for qualitative and quantitative

analysis (Partridg and Westall, 1948). The method involves placing a microspot of

the hydrolysis syrup about 4 inches from the top of the narrow strip of along sheet

o[^ What-man No.l MM or 3 MM filter paper. Spot-loading should be separated at

least 2.5 cm apart centre to centre. The spot should not be too concentrated to

allow the penetration of the solvent to the spot.The separation of sugars depends

upon the relative ease with which sugar can pass through the stationary phase by

the mobile phase. The ratio of the distance moved by the sugar to the distance

moved by the solvent front (measured from the point of application) is the RF

value.

The rate of movement will be fairly constant under a given set of conditions

temperature, solvent, pH and type of paper. When one solvent or a mixture of

solvents may not be capable of resolving all sugars, two or three chromatographic

analyses need to be carried out using a different solvent each time to facilitate the

separation of all constituent sugars (Smith and Montogomery, 1959).

By the use of this technique, sugars encountered in the hydrolysates of gums can

be readily separated and identified by comparing the RF values of sugar

commonly occurring in any carbohydrate polymer (Gasparie and Churacek. 1978).
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1.3.3-1-1 Thin Layer Chromatography

Thin layer chromatography is a simple and rapid technique which is very useful in

the preliminary examination of carbohydrate mixture. TLC is a smaller scale

method than PC in which the stationary phase is a thin layer of silica gel or

cellulose powder bound on an inert plate (glass, aluminium or plastic). Thin layer

chromaiography can be useful as a rapid technique for monitoring the hydrolysis

process. The technique is essentially qualitative but could be quantitative.

1.3.3. (^Column Chromatography

Column chromatography is used for the determination of the composition and

identification of mixture of sugars.(Stock and Rice. 1974). The method chosen for

deduction and isolation of the substances separated on column depends on the

nature of substance and column packing and no one method is universally

applicable. The conventional procedure is to collect the eluate as a series of

fractions usually with an automatic fraction collector and to examine each fraction

by a methods such as a spectrophotometer.

1.3.S.t.^Ion-Exchange Chromatography

The use of ion-exchange resin is preferred to many analytical methods due to its

increased selectivity, increased reproducibility and the ability to using eluants

which don't decrease the solubility of the gum. The common usedly ion-exchange

processes involved are : anion-exchange and cation-exchange resin (Stock and

Rice, 1974).

1.3.3./.̂ Gas Liquid Chromatography (GLC).

This method has been developed to be a powerful tool for qualitative and

quantitative analysis of carbohydrate mixture.

In GLC the mobile phase is a gas (helium, nitrogen or argon) and the stationary

phase is packed into a long coiled column which is heated in an oven.
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A prerequisite of the method is that the sugars are converted into volatile

derivatives, since GLC separation is dependent upon the differential extractive

distillation of the components in the mixture. Several types of volatile derivative

have been used: alditol acetate (Albersheim et.al. 1962). Other suitable volatile

derivatives include acetyl for composition and combination of methylated and

acylated sugar derivatives for linkage analysis (Stock and Rice, 1974).

1.3.3/^High Performance Liquid Chromatography (HPLC)

HPLC is a rapid form of chromatography and more advanced than PC and TLC. It

separates compounds (monosaccharides mixture and oligosaccharides) easier and

gives more accurate quantification (Geyer, 1982).There are a number of HPLC

processes for separating carbohydrate which depends on chemical and physical

properties for resolution.

1.3.1-2 Spectrophotometry and Spectroscopy

!.3.3-2.1 Absorption Spectrophotometry

[s the measurement of the selective absorption by atoms, molecules, or ions of

electromagnetic radiations having a definite and narrow wavelength range,

approximating monochromatic light.

Absorption spectrophotometry encompasses the following wave-length regions:

I 'ltra-violet(185 nm to 380 nm),visible (380 nm to 780 nm), near infra-red (780

nm to 3,000 nm) and infrared(2,500 nm to 40,000).

1.3.3.2.2 Ultra-Violet (UV)

Ultra-violet is not used primarily to show the presence of individual functional

groups, but rather to show the relationship between functional groups chiefly

conjugation either between carbon-carbon or carbon-oxygen double bond,

between double bonds, and in aromatic ring and even in the presence of aromatic

ring it self. It can in addition reveal the number and location of substituents

attached to the carbons of the conjugated systems (Morrison and Boyd, 1978).
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1.3.3.2.3 Atomic Absorption Spectroscopy

Is the measurement of the radiation absorbed by the unexcited atoms of the

chemical substance that has been aspirated into a flame or in the absence of aflame

directly into the path of radiation. Nuclear magnetic resonance (nmr) has lately

been used with great success in the differentiation among the fine structures of very

similar polysaccharide molecules e.g. Acacia Senegal gum and Acacia seyal gum,

resembling different "finger prints" (Defaye and Wong, 1986).

1.4 Objectives:

The purposes of this study are:

1 - To find out the effect of location on the gum properties.

2 - To investigate internodule variation.

3 - To establish physico - chemical properties and composition of the gum.

4 - To study some structural feature of Anogeissus Leiocarpaus gum.
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CHAPTER II
MATERIALS AND METHODS

2.1 Materials:

Gum samples were collected as natural exudate nodules from Anogeissus

leiocarpus tree, in collaboration with the Gum Arabic Company Ltd. and National

Forest Corporation Offices in three different locations namely Abojebiha; Elfula

ami Rosares. The gum samples were collected during the period October to May in

season 1994-1995 From Abojebiha and 1996-1997 From Elfula and Rosaries. The

gum samples (AS, ES, RS) were chosen randomly from samples obtained from

Abojebiha; Elfula and Rosares respectively.

2.1.1 Preparation of Samples:

Gum nodules were dried at room temperature (about 30°C), then cleaned by hand,

ground, sieved through sieve No. 16 and kept in labelled plastic containers for

analysis.

2.2 Analytical Methods:

The following analytical methods were adopted in this study: -

2.2.1 Moisture Content:

Moisture content in all samples was calculated according to FAO Paper No. 49

(1990).

Two grams of the ground gum were accurately weighted, heated in an oven

(Heraeus) set at 105 C to a constant weight. Then the moisture percentage was

calculated.

2.2.2 Total Ash:

Ash percentage of samples was obtained according to FAO Paper NO. 44 (1990).
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Two grams on dry weight basis were weighed accurately and ignited in Heraeus

electronic muffle furnace set at 55O°C for 5 hours, then the ash was weighed and

calculated as percent

2.2.3 Nitrogen and Protein Contents

Nitrogen was determined by a semi-micro Khjeldahl method (AOAC, 1984). the

Protein content was determined by multiplying nitrogen percent by the factor 6.6

(Anderson, 1986).

2.2.4 p H Value

pH was determined in 1% aqueous solution, using a Beckman Zeromatic FV pH

meter at room temperature.

2.2.5 Apparent Equivalent Weight

According to the method reported in the Encyclopaedia of Chemical Technology

(1966) with some modifications.

The aqueous gum solution (3%) was titrated with Amberlite Resin 120 (IT) (2

gms per 10 mis solution) for an hour and then treated against 0.02N sodium

hydroxide solution using phenolphthalein as indicator and the equivalent weight

was determined as follows.

Equivalent Weight = 50,000X 0.3
M

Where:

M: No. Of mis of 0.02 N sodium hydroxide neutralising 10 mis of 3% gum

solution.

0.3: No. Of grams of gum per 10 mis of the 3% solution.

2.2.6 Uronic Acid

Uronic acid percentage was determined by multiplying the molecular weight of

uronic acid (194) by 100 and dividing by the apparent equivalent weight of the

sample as follows:
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Uronic acid % = 194X100
Equivalent weight

2.2.7 Viscosity Measurement

The flow time for 1% aqueous solution of Anogeissus leiocarpus gum was

determined using capillary viscometer (SHOTT GERATE, Type 501 20/11) at

room temperature (about 30°C). The relative viscosity (RV) was calculated using

the equation:

Where

T: Flow time of gum solution in seconds.

To: Flow time of solvent (sodium chloride 4%) in seconds

2.2.8 Specific Optical Rotation

The specific rotation of 1% aqueous solution was determined on a sucromat DR

WOLFGANG KERCHEN OPTIK-ELEKTRONIC-AUTOMATION as reported

byICUMSA,(1970).

The Surcomate was programmed by turning sample weight (13 gm/100 cm3 and

6.5 gms 100 cm3 for the 1.0% and 0.5% concentration respectively) and

PRECISION (0.018°) selector switches into desired position, the selector switch

moded into continuous position. The polarimeter tube, 200 mm in length was

placed in the sucromate and polarised at 30 C by the use of water bath, the

readings were expressed in degrees.

The specific rotation was determined according to the following relations:

The sucromate reading (Z) at 589.4 nm

Z=100a/34.616
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Where:

[a] D : Specific rotation

a : Angle of rotation

C: The density of the solution (gm/cm3)

L: Length of the polarimeter tube in dm.

2.2.9 Determination of Tannin

Qualitative estimation of tannin was carried out using the modified method of Price

et. al,. (1978).

The reagent was prepared by mixing equal volumes of 1 % vanillin in methanol and

8% HCl in methanol d (+) catechin was used to prepare a standard curve. This was

done by adding 100 mg of d (+) catechin to 50 ml of 1% HCl in methanol. From

thif: stock solution various dilutions were prepared. 5 ml of vanillin-HCl reagent

were added to 1 ml of each dilution The mixture was then be placed in an

incubator set at 30°C for 20 minutes. The absorbance at 500 nm was read using SP

6-200 Unicam Spectrophotometer. The absorbance recorded was plotted against

catechin concentration. Determination of tannin in samples was done as follows:

0.2 gm of gum was placed in a test tube, and 10 ml of 1% HCl were added, shaken

for 20 minutes, then 1 ml was taken and proceeding as described for the standard

curve above. For zero setting, 1 ml distilled water (blank) was mixed with 4% HCl

and 5 ml vanillin reagent in a test tube, which was then placed for 20 minutes in an

incubator set at 30°C. Absorbance at 500 nm was read on the spectrophotometer.

Tannin concentration was expressed as catechin equivalent (C.E) as follows:

= C X V X 1 0 0

W
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Where:

C: Concentration corresponding to the optical density

V: Volume of extract (ml)

W: Weight of sample (mg)

2.2.10 Determination of Reducing Sugars

Reducing sugars were determined according to Robyt and White (1987) using the

Alkaline Ferricyanide Method. The procedure uses a single reagent composed of

0.34 gm of potassium Ferricyanide, 5 gm of potassium cyanide and 20 gm of

sodium carbonate dissolved in 1 litre of water.

1.0 ml of 1% gum solution was added to 4.0 ml of reagent, then heated in a boiled

water bath for 10 minutes and cooled. The absorbance was measured at 420 nm.

Standard curve of different arabinose concentrations were plotted against

absorbance in order to calculate the reducing sugar concentration as arabinose.

2.2.11 Refractive Index

Refractive index of leiocarpus gum solution was determined using RFM 80 Digital

refractometer.

2.2.12 Determination of Elements

Different eleven cations manganese (Mn), copper (Cu); magnesium (Mg) calcium

(Ca), iron (Fe); lead (Pb); potassium (K); sodium (Na); cadmium (Cd); Nickel (Ni)

and zinc (2n) were determined by a PERKTN-ELMER 2380 ATOMIC

ABSORPTION SPECTROPHOTOMETER following the method described by

the manufacturer.

2.2.13 UV Absorption Spectra

Maximum absorption spectra of 1% gum solution were determined by using an

PERKIN-ELMER LAMBDA 2 UV/VIS SPECTROMETER.
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2.3 Structural Analysis

2.J.I Fracfionation

F • ictionation was carried out by a combination of the methods described by Tager

(I >72) and Cowie (1973). 5% gum solution was placed into a three-necked round

fl< k. Acetone was added gradually while mixing thoroughly, until a sable turbidty

appeared. It was left over night until precipitation was completed. This precipitate

was separated from the mixture and left to dry .The same operation was carried for

the remaining solution, until all fractions were obtained.

2.3.2 Acid hydrolysis

Thi.s was carried out as described by Anderson and Munro (1970) by heating 1 gm

of gum sample in 100 mis sulphuric acid with different concentration (0.05 N, 0.1 N

and 1 N) for interval times (6,8 and 12 hours) on boiling water bath. The solutions

were cooled and neutralised by adding barium hydroxide and then barium

carbonate, filtered and stirred with Amberlite 1R-12O(HT) resin to remove the

cations. The deionized hydrolysates were filtered from the resin and concentrated

in vacuum at 4 C then examined by paper and thin-layer chromatography.

2.3.4 Autohydrolysis

This was carried out according to a method reported by Bose and Gupta (1964)

with some modification. Aqueous gum solution (1%) was deionized using

Amberlite 1R-120 (ET) resin. It was then filtered, and the filtrate heated in boiling

water bath for 70 hours under reflux. The course of hydrolysis was followed

polarimeterically and chromatographically. Aliquots (10 mis) were withdrawn at

intervals (1 hour) for the determination of specific optical rotation and

identification of the sugars liberated.

After 70 hours the solution was cooled, and dialysed in distilled water for 72 hours

whereby most of the liberated sugars were recovered as a golden syrup (A). The

degraded gum was precipitated from the solution with ethanol acidified with a few
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drops of hydrochloric acid, centrifuged and washed several times with ethanol.

About 20 mg. of degraded gum (B) was hydrolysed with 4 ml. 0. 5 N H2SC>4 for 6

hours then neutralised and examined chromatography.

The golden syrup (A) and hydrolysed degraded gum (B) were examined

qualitatively by chromatographic analysis (P.C, TLC and HPLC) and quantitatively

by separation fractions of mono and disaccharide by using 3 MM thick paper

chromatography and also by using HPLC.

2.4 Chromatographic Techniques

2.4.1 Paper Chromatography (P.C)

Qualitative paper chromatography was carried by ascending and descending

techniques using What man No.l paper. The solvent systems used were as follows:

1- Ethylacetate-pyridine-water (10:4:3).

2- Ethylaeetate-methanol-acetic acid-water (12:3:3:2).

3- n-Butanol-ethanol-water (4:1:5).

4- n-Butanol- pyridine-water (6:1:3).

5- n-Butanol- ethanol-water (2:1:1).

Two different locating reagent were used:'

1. Aniline oxalate

2. Aniline phosphate

2.4.2 TMn layer Chromatography TLC

Silica ge! was used to prepare the plates of TLC. Eastman chromatogram sheet

13179, silica gel without fluorescent indicator (No. 6061) was also used for TLC

analysis.
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2.4.3 High Performance Liquid Chromatography (HPLC)

(Analysis of neutral Sugars)

The galactose, arabinose and rhamnose content of the whole gum and various

fractions of Angeissus leiocarpus gum were determined by high performance liquid

chromatography (HPLC). Prior to analysis, the samples were hydrolysed into their

constituent sugars.

The gum Samples were hydrolysed as described by Randall et.al (1989) according

to the following procedure: gum samples were weighed (0.03) accurately into

stopered pyrex test tubes (15cm3) and sulphuric acid (4.0% w/w, 10cm3 ) added to

each. The tubes were placed in water bath at 100°C for 4 hours. The hydrolysed

solutions were neutralised by adding barium carbonate (2.0 gram) and left to mix

overnight at room temperature.

The hydrolysates were filtered (0.45,what man) and analysed using an HPLC

system (Model No.410 Refractometer,Model No.717 Autosample, Model No.600

Controller. Waters Operating Corporation, Mass .01757,USA.) Linked to a S5

amino column (250 mm X 4.6 mm;Waters. USA). The sample was injected

(lOudm3) in to the column and eluted using a mobile phase of 75:25 V/V

acetonitrile: water (filtered and degassed before use). Analysis were performed at

ambient room temperature (30C°) and the flow rate maintained at 1.0 cm3 min'1.

The retention times of the monosaccharides were monitored using a differential

refractometer (R 410, waters). The retention times obtained were compared to

those determined using D- galactose, L- arabinose and L- rhmnose (Sigma

Chemical CO., Ltd.) as standards. The area percent of each peak was calculated by

millinum program, which connected with RI. 410 detector. The sugar percent was

calculated as:

Component sugar (i) % = Area percent of component fi) x 100
Total area percent
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2.5 Functionality of Gum:

2.5.1 Emulsifying Stability

Gum leiocarpus solution (20% concentration) was mixed with oil in a ratio of 80:20

WAV respectively. They were mixed using an emulsifier for 1 minute at 1800 RPM.

Then the mixture was diluted in a ratio of 1:1000 and it was read at X max. 520

nm. The second reading was taken after 1 hour. The readings represented

emulsifying index. Emulsifying stability was calculated as follows:

Emulsifying stability (ES) = first reading/reading after 1 hour.

2.5.2 Water Holding Capacity:

One gram of gum leiocarpus was accurately weighed in a petri dish, then it was

placed in adesicator (half-filled) with water, and incubated for certain length of

time: 24, 48, 96, 120, 144 hours. The petri dish with sample was then reweighed.

The increase in weight gave the water holding capacity of the sample per weight

(g/g) and finally expressed as percentage.

2.6 Statistical Analysis

Data was assessed by analysis of variance (ANOVA). Comparative analysis

between nodules and samples were carried out by Duncan Multiple Range test with

probability 0.05 and t-test (Torrie and Steel 1960).
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CHAPTER III

PARTI

Comparative Examination Of Anogeissus Leiocarpus

Gum Samples From Three Different Locations

3.1.1 Origin and Description of Samples

Three representative samples of Anogeissus leiocarpiis crude gum from each of

three different locations namely Elfula and Abojebeiha (Western Sudan) and

Rosares (Eastern Sudan), have been examined to see if there was any variation in

the composition and properties of the gum due to the growth on different locations

and also to show general characteristics of Anogeissus leiocarpus gum in Sudan.

Samples were taken from the trees as the natural exudates, cleaned by hand, freed

from foreign material, ground and mixed.

3.1.2 Physical properties of Anogeissus leiocarpus gum

3.1.2.1 Colour

The colour of the gum nodules was found to vary from colourless to yellow and

red. It has been noticed that the colourless nodules were collected from new

branches, and the colour become darker (red) at the lower stem near the roots of

the tree.

3.1.2.2 Shape

The shape of gum nodules as exuded naturally were irregularly globular or tear

shaped.

3.1.2.3 Solubility

Anogeissus leiocarpiis gum was soluble in water forming transparent solution.

Accordingly Anogeissus leiocarpus gum might be classified as a soluble gum.
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3.1.3 Comparative Analytical Studies of Gum Samples from

Three Different Locations

Tables ( 1 .2 and 3) present the results of analytical studies carried out on the gum

natural exudates from Abojebiha, Elfula and Rosares respectively.

fable (4) shows the effect of location on the physico-chemical properties of

Anogeissus leiocurpus gum

3.1.3.1 Moisture Content

The moisture content of Abojebiha samples was found to be in the range of 8.2% -

10.1% (Table 1) , while Elfula samples ranged from 7.7% to 9.8% (Table 2).

Rosares samples (Table 3) ranged between 9.2% and 9.9%.

Analysis of variance showed that within one location there is significant

difference (P< 0.05) in each of Abojebiha and Rosares samples, whereas

insignificant differences (P< 0.05) were observed in Elfula samples. Table (4)

showed insignificant effect of location on moisture content. However the mean

value of moisture content of all samples in the three locations is 9.2%.

It is observed that the means value of moisture content was less than the range

(12%- 15%) of ghatti gum (Meer,1980) and within the range of Senegal gum

(8.1%- 14.05%) as reported by Siddig (1996).

3.1.3.2 Ash Content

Ash content of Abojebiha samples ranged between 4.5% and 5.5% (Table 1),

Elfula samples ranged from 1.8.% to 2.3% (Table 2) and Rosares samples ranged

from 3.3% to 3.6%. Analysis of variance within location showed significant

differences (P< 0.05) in each of Elfula samples and Rosares samples, whereas

insignificant differences (P< 0.05) were observed in Abojebiha samples.

Location significantly affected the ash content (Table 4). The mean value of ash

content of sampls from the three different locations was 3.45%. The range of ash
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Table. 1 Analytical data of three different Anogeissus leiocarpus gum samples from Abojebiha.

Sample Moisture Ash Nitrogen Protein Specific Relative pH Refractive Uronic Reducing Equivalent Tannin
% % % % rotation viscosity index (Ri) acid % sugar % weight %

{q}D T-To/To
9.3 ab 4.5 a 0.92 a 4.50 a -21.8° b 1.48 a 4.1a 1.334 a 13.1b 0.49 a 1477.7 a 0.55 a

AS2 10.1a 4.7 a 0.80 a 4.73 a -16.2° a 2.25 a 4.0 a 1.334 a 13.7 ab 0.36 a 1298.6 b 0.150 b

AS3 8.2 b 5.5 a 0.45 a 3.00 a -38.3° a 1.68 a 4.1a 1.334 a 14.9 a 0.42 a 1289.0 b 0.152 b

Mean 9.2 4.9 0.72 4.41 -25.4° 1.80 4.06 1.334 13.9 0.423 1417.8 0.467

S.E ± 0.474 0.361 0.124 0.716 1.454 1.414 0.201 0.00 0.422 0.044 23.656 0.149

* AS = Abojebiha sample

* Each value in the table is a mean of three replicates.
* No significant difference for value sharing the same letter (p < 0.05)



Table.2 Analytical data of three different Anogeissus leiocarpus gum samples from Elfula

Sample Moisture Ash Nitrogen Protein Specific Relative pH Refractive Uronic Reducing Equivalent Tannin
% % % % rotation viscosity index (Ri) acid % sugar % weight %

{q}D T-To/To

ESj 7.7 a 2.2 a 0.88 a 5.80 a -37.4°b 1.58 a 4.2 a 1.334 a 14.1a 0.46 a 1289.3 a 1.33 a

ES2 8.6 a 2.3 a 0.83 a 5.47 a -38.6°b 1.82 a 4.2 a 1.334 a 13.4 a 0.44 a 1292.7 a 1.31a

ES3 9.8 a 1.8 b 0.79 a 5.21a -45.1° a 1.71a 4.0 a 1.334 a 14.2 a 0.56 a 1296.7 a 0.07 a

Mean 8.7 2.1 0.83 5.47 -40.36° 1.70 4.13 1.334 13.9 0.486 1292.9 0.898

E.S± 1.414 0.093 0.102 0.789 0.704 0.191 0,083 0.000 1.250 0.054 13.189 0.736

* ES= Elfula sample

* Each value in the table is a mean of three replicates.
* No significant difference for value sharing the same latter (p < 0.05).



content of Anogeissu.s leiocuvpus gum was in agreement with that of Mcer (! 9X0)

for ghatti gum (1.4-6%), and it was closer to the result obtained by Siddig (1996)

for senega! gum (2.1 5-5.3%).

3.1.3.3 Nitrogen and Protein Content

Nitrogen content of Abojebiha sample, ranged from 0.45% to 0.92% and hence

the protein content ranged from 3.0% to 5.5% (Table 1). Table (2) shows that

nitrogen content of Elfula samples ranged between 0.79% and 0.88% and protein

content ranged between 5.21% and 5.8% . Rosares samples have the same values

of nitrogen content and also protein content values which were 0.61% and 4.03%

respectively (Table 3)

Insignificant differences (P< 0.05) were observed in the analysed data of each of

nitrogen and protein contents of Abojebiha, Elfula and Rosares samples. Also the

effect of location on nitrogen and protein contents showed insignificant

differences (Table 4). Nitrogen and protein contents of Anogeissits leiocurpus gum

samples are in agreement with that reported for Senegal gum (nitrogen%. 0.19-

0.62, protein %, 1.25-4.09) (Siddig;, 1996) and higher than seyal gum with values

of 0.098% and 0.61% for nitrogen and protein receptively (Awad El karium.

1994).

3.1.3.4 Specific Rotation

The aqueous solutions of all samples were found to be optically active

(leavorotatory). Table (1) showed that the specific rotation of Abojebiha sample

ranged from -16.2 to -38.3 , while specific rotation of Elfula samples ranged

from -37.4° to -45.1° (Table 2 ) and Rosares samples ranged from -40.0° to -41.3°

(Table 3) .

Within one location analysis of variance showed significant differences (P< 0.05)

between samples of each of Abojebiha and Elfula , whereas Rosares samples

showed insignificant difference. Table (4) showed that there was no affect of
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location in specific rotation (insignificant differences) and the mean value of

specific rotation of all samples was - 35.5 . Specific rotation of Anogcissus

h-iocarpus gum samples of the three different locations are in the range of senega!

tn;m(-24.5° to -36.7°) as reported by Siddig (1996).

3.1.3.5 Viscosity

Aqueous solution of all samples of Anogeissus leicarpus gum are viscous. Table

(!) showed that the relative viscosity of Abojebiha samples ranged from 1 .48 to

125. and Elfula samples ranged from 1.58 to 1.82 (Table 2). Rosares samples

v.vre in the range of 1.54- 1.58 (Table 3).

Analysis of variance within location showed insignificant differences in each one.

also legation was found to be insignificantly affect the relative viscosity (Table

-1;. The- mean value of the relative viscosity of all samples was 1.69 and relative

viscosi'.y of Anogeissus leicarpus gum was in agreement with that reported by

A wad El karium (1994) for Senegal gum (1.1- 2.7) while it was lower than that of

;.•hatti .mm as Mbuna (1997)reported that ghatti gum has higher viscosity than

;.• LIrn A/ethic .

i'iiuire (2) shows the effect of concentration on the relative viscosity of

An.oge: isus leiocarpus gum from two different locations (Abojebiha and Elfula).

S'.esult.-. showed an increase of viscosity with increasing in concentration.These

results are similar to that reported by Mbuna (1997) for gum kaniya, gum Albizia

and gu.'.n Arabic.

3A.3.6 pH

The p.-i of aqueous solution of all samples indicated the acidity of Anogeissus

Iciocarpus gum which might be due to the presence of acidic sugars (glucuronic

acids). Table (1) showed that pH of Abojebiha samples were in the range of 4.0-

4.1, E Tula samples were in the range of 4.0-4.2 (Table 2), and Rosares samples

were i.-. the range of 4.4-4.5 (Table 3).



Table, 3 Analytical data of three different Anogeissus leiocarpus gum samples from Rosares

Sample Moisture Ash Nitrogen Protein Specific Relative pH Refractive Uronic Reducing Equivalent Tannin
% % % % rotation viscosity index (R,) acid % sugar % weight %

{q}D T-To/To

RSt 9.2 b 3.3 b 0.61a 4.03 a -41.3° a 1.54 a 4.5 a 1.334 a 15.3 a 0.41a 1288 b 0.49 a

RS2 9.8 a 3.6 a 0.61a 4.03 a -40.0° a 1.55 a 4.4 a 1.334 a 14.9 a 0.43 a 1316.3 ab 0.81a

RS3 9.9 a 3.3 b 0.61 a 4.03 a -41.4° a 1.58 a 4.5 a 1.334 a 14.7 a 0.41a 1343 a 0.65 a

Mean 9.63 3.4 0.61 4.03 -40.9° 1.55 4.46 1.334 14.96 0.416 1315.7 0.65

S.E± 0.116 0.064 0.000 0.000 0.781 0.031 0.052 0.000 0.253 0.012 13.09 0.523

* RS = Rosares sample.

* Each value in the table is a mean of three replicates.
* No significant difference for value sharing the same latter (p < 0.05)



Table. 4 Effect of location on physico-chemical properties of Anogeissus leiocarpus gum

Sample Moisture Ash Nitrogen Protein Specific Relative pH Refractive Uronic Reducing Equivalent Tannin
% % % % rotation viscosity index (RO acid% sugar % weight %

(q}D T-To/To

Abojebiha 9.2 a 4.8 a 0.72 a 4.75 a -25.4° a 1.80 a 4.1a 1.334 a 13.9 a 0.42 a 1399.5 a 0.50 a

Elfula 8.7 a 2.1b 0.83 a 5.47 a -40.5° a 1.70 a 4.1a 1.334 a 14.1a 0.49 a 1292.8 a 0.89 a

Rosares 9.6 a 3.4 ab 0.61a 4.02 a -40.6° a 1.55 a 4.4 a 1.334 a 14.9 a 0.42 a 135.7 a 0.65 a

Mean 9.2 3.43 0.72 4.74 -35.5° 1.68 4.2 1.334 14.3 0.44 1336.0 0.68

S.E± 0.595 0.571 0.101 0.560 5.002 0.170 0.062 0,000 0.486 0.037 39.267 0.33

* Each value in the table is a mean of three replicates.

* No significant difference for value sharing the same latter (p < 0.05).



o
"o

oo
o
w
>

DC

7- r

64-

54-

44-

34-

24-

14-

—a—AboJebiha

- A - Elfula

0 2 3 4

Concentration %

Fig.2. Effect of concentration on relative viscoity of Anogeissus

leiocarpus gum From two different locations.



Analysis of variance indicated that within one location there is insignificant

difference in the pH value and so location did not affect the pH of the gum

(insignificant differences R < 0.05), Table (4).The mean value of pH of the gum

samples in the three location was found to be 4.2. which was in agreement with

that value of Senegal gum (3.19- 5.61) (Siddig 1996) and closer to the range of

gum Karaya and gum Albizia 4.5 and 4.8 respectively (Mbuna 1997).

3.1.3.7 Refractive Index

Refractive index of all samples from the three different locations was found to be

constant having the value 1.334. (Tables 1,2 and 3), and so there is no affect of

location in the value of the refractive index (Table 4).

This may prove to be a qualifying index for this gum. Awad El karium (1994)

reported that refractive index for Senegal gum was 1.338 and seyal gum was

1.337.

3.1.3.8 Uronic Acid Content

Presence of uronic acids in all samples of Anogeissus leiocarpus gum indicated

that all samples have acidic sugar (glucuronic acids) and this was confirmed

qualitatively and quantitatively by using chromatographic methods (paper, thin

layer) (Fig, 17).

Uronic acid contents of Abojebiha samples ranged from 13.1 % to 14.9 %

(Table 1), Elfula samples ranged from 13.4% to 14.2% (Table 2), and Rosares

samples ranged from 14.9 % to 15.3% (Table 3).

Analysis of variance indicated insignificant differences in each of Elfula and

Rosares samples, whereas Abojebiha samples showed significant differences (P<

0.05). Table (4) showed that location insignificantly affected the uronic acid
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contents, and the mean value of the three location samples was 14.3%. which was

in the range of Senegal gum (10.34 %- 23.32 % ) (Siddig 1996).

3.1.3.9 Reducing Sugars

Reducing sugars of Anogeissus leiocarpus gum was calculated as arabinose

(Fin.3) and the presence of reducing sugar gives evidence to the reducing power

(free reducing groups) of this type of gum.

Reducing sugar content of Abojebiha samples was in the range of 0.36%- 0.49%

(Table 1), Efula samples was in the range of 0.44 %-0.56 %(Table 2), and that of

Rosares samples ranged from 0.41% to 0.43%.

Analysis o( variance showed insignificant differences within location, and also

location was found to be insignificantly affect the reducing sugar content

(Table4). The mean value of reducing sugar of all samples was 0.44 % which was

in agreement with that reported by Karamalla. 1966 for senega! gum (0.16 %-

0.44%).

3.1.3.10 Equivalent Weight

Table 1. showed that equivalent weight of Abojebiha sample ranged between 1298

and 1477.7 , and Elfula sample ranged from 1289.3 to 1296.7, (Table 2) and that

of Rosares samples ranged from 1288 and 1343 (Table 3).

Analysis of variance showed significant differences (P< 0.05) in each of

Abojebiha and Rosares samples, while Elfula samples showed insignificant

differences (P< 0.05) . However the effect of location on equivalent weight

showed insignificant differences (Table 4), and the value of equivalent weight of

samples in the three location was 1336.0. This value was in agreement with that

obtained by Siddig (1996) for Senegal gum (1 136- 1875).

39



0.12 -r

0.25 0.5 0.75 1

Concentration %

1.25 1.5

Fig.3. Standard Curve for Reducing SugarConcentration
(as arabinose % at 240 nm)



Ji. 1.3.11 Tannin Content

Anogeissus leiocarpus tree is known as one of the most important sources of

tannin in the world (2 %) (Hans, 1990) and this may explain the presence of tannin

hi the gum exudate from this tree. Tannin content was calculated as D (+) catechin

(Fig. 4).

Tannin content of Abojebiha samples ranged between 0.15 % and 0.55%(Table 1)

i-lfula samples ranged between 0.07 % and 1.33 % (Table 2), and that of Rosares

samples ranged between 0.49 % and 0.81 % (Table 3).

Analysis of variance showed significant differences (P< 0.05) in Abojebiha

samples while insignificant differences were observed in Elfula and Rosares

samples. Location insignificantly affected the tannin content (Table 4). The mean

value of tannin content for the three locations was 0.68 % .

>. 1-4- U.V. Absorption Spectra

Figs.5,6, and 7 represented UV absorption specctra of Anogeissits leiocarpus gum

samples obtained from Abojebiha, Elfula and Rosares respectively. It has been

observed that the maximum absorption points are the same locations (Fig. 8), and

ihis may prove to be a diagnostic feature and there for an apparent analytical

parameter for Anogeissiis leicarpus gum.

3.1.5 Minerals

Catonic composition of Anogeissits leiocarpus gum from the three different

locations was determined by an atomic absorption spectrophotometer, and results

are represented in Table (5). Abojebiha gum showed decreasing trend in metal

ions for Mg> Fe > K > Na > Ca > Zn >Ni > Cu> Pb > Cd > Mn, and in Elfula for

Mg > Fe > Na > K > Ca > Zn > Pb > Ni > Cu > Cd > Mn. While Rosares gum ions

represent a decreasing trend as Mg > Fe >Na > K > Ca > Zn > Pb > Ni > Cu >

Cd > Mn.
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Tab!e.5 Minerals content of Anogeissus leiocarpus crude gum (ug/gm)

Sample Mg Ca Na K Fe Cu Mn Pb Cd Ni

AS 1398.7 a 1764.2 a 6499.6 a 7691.1a 12500 a 1428.3 a 28.4 a 3.6 b 25.7a 11.1a 33.3 a

ES 12287.4 b 1764.6 a 5999.7 b 4614.1b 12500 a 857.2 b 14.2 b 3.9 b 34.3a 11.1a 33.3 a

RS 12288.7 b 1764.2 a 6503.6 a 4615 b 12500 a 857.3 b 14.1b 4.4 a 34.5a 11.1a 33.3 a

Mean 12852.9 1764.3 6334.3 5640.6 12500 1047.6 18.9 4.06 31.5 11.1 33.3

S.E± 7.483 0.527 8.49 1.027 0.000 3.09 0.088 0.033 0.392 0.000 0.000

* AS = Abojebiha Sample

* ES = Elfula Sample

* Rs Rosares Sample

* Each value in the table is a mean of three replicates.

* No significant difference for value sharing the same latter (p < 0.05),



It could be observed that magnesium (Mg) has the higher value in the three

different locations and also Anogeissus leiocarpus gum may be a source of iron

and so indicates the nutritive values of this gum.

Analysis of variance showed significant differences (P^ 0.05)in each of Mg, Na, K,

Zn and Mn where as Ca, Fe ,Cd, and Ni showed insignificant differences.

It could be observed that the three different location in this study have the same

type of soils (clay) which are high in major plant nutrients (Ca,Na, K,P, Fe...)

(Worraly, 1975).

3.1.6 Functionality of Anogeissus leiocarpus gum

3.1.6.1 Water Holding Capacity

As shown in Table (8) the water holding capacity of Anogeissus leiocarpus gum is

found to be 65.5%. Insignificant differences were observed between leiocarpus

gum and Acacia Senegal gum (65.6%) where a significant differences was

observed with seyal gum (73.10%).

3.1.6.2 Emulsifying Stability

Emulsifying Stability of leiocarpus gum is found to be 1.008. The values of 1.026

and 1.081 were estimated for A cacia Senegal and Acacia seyal respectively (Table

8). Analysis of variance showed insignificant differences between leiocarpus gum

and the two gums from Acacia species.
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Table (6) Functionality of Anogeisuss leiocarpus gum in comparison with

Acacia spp.

Sample Water holding capacity Emulsifying Stability

Anogeisuss leiocarpus

Acacia Senegal

Acacia seyal

S.E ±

65.50 b

65.60 b

73.10a

1.023

1,026 a

1.081 a

0 011
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PART II

Internodule Variation of Eighteen Nodules

From Two Different Locations

Nodules of Anogeissus leiocarpus gum were collected as natural exudate from

different trees from two different locations, Abojebiha (twelve nodules in season

1994-1995) and Elfula (six nodule, in season 1996-1997) in order to study inter

nodule variation in each location.

Analytical data of Abojebiha nodules are given in Tables (7-a and 7-b). Table (7-a)

shows that the moisture content of twelve nodules ranged from 8.5% to 10.5%,

ash content was found to be in the range of 3.3% - 5.5%, nitrogen content ranged

from 0.54% to 1.65%. While protein content ranged between 3.56% and 10.89%;

pH values ranged from 3.7 to 4.6, refractive index was found to be constant in all

nodules having value 1.334.

Table (7-b) showed that twelve nodules of Anogeissus leiocarpns have negative

values of specific rotation ranging from - 8.9°to - 59.2°. And relative viscosity

ranged between 0.73 and 2.82; equivalent weight ranged from 1355.5 to 1500.0,

uronic acid content ranged from 12.9% to 14.3%; reducing sugar content ranged

between 0.31% and 0.56%, tannin content ranged from 0.32% to 1.08. Analysis of

variance of each parameter showed significant difference in both Tables (7-a and 7-

b) in all parameters examined except for the refractive index values, which were

found to be constant.

Analytical data of Elfula nodules are given in Tables (8-a and 8-b). Table (8- a)

showed that the values of moisture content ranged between 7.0% and 8.9%; ash

content ranged from 2.1% to 2.6%. And nitrogen content ranged from 0.63% to

1.15%; protein content ranged from 4.15% to 7.59%, pH values ranged between

4.0 and 4.3 and refractive index in all nodules have the same value (1.334).
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Table. 7-a Analytical data of twelve nodules collect as natural exudate from
Abojebiha (season 96-97)

Sample

AN,

AN2

AN3

AN4

AN5

AN6

AN7

AN8

AN9

AN1 0

ANu

AN,2

Mean

S.E±

Moisture
%

10.2 a

10.0 ab

10.3 a

9.5 ab

9.0 b

10.0 ab

10.5 a

10.5 a

8.9 b

8.8 b

8.5 b

9.0 b

9.6

0.25

Ash
%

5.5 a

4.7 be

3.3 g

3.9 ef

4.7 be

4.7 be

4.8 b

4.8 b

4.4 cd

4.1b

4.1 d

3.6 fg

4.38

0.128

Nitroge
n %

0.58 h

1.09 b

1.09 b

0.70 g

1.03 c

0.82 e

0.96 d

1.11b

0.54 i

0.54 i

0.78 f

1.65 a

0.907

0.012

Protein
%

3.83 ef

7.19 be

7.19 be

4.62 de

6.798 be

5.412 d

6.34 be

7.33 b

3.56 f

3.56 f

5.15 d

10.89 a

5.989

0.296

pH

3.9 e

4.4 b

4.4 b

4.2 c

4.4 b

4.1 d

4.1 d

4.6 a

4.1 d

3.7 f

3.7f

4.1 d

4.5

0.005

Refractive
index (Rj)

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.344 a

1.334 a

1.334 a

1.334 a

1.334

0.000

* AN = Abojebiha nodule
* Each value in the table is a mean of three replicates.
* No significant difference for value sharing the same letter (p < 0.05)
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Table7-b Analytical data of twelve nodules collect as natural exudate from

Abojebiha (season 94-95)

Sample

AN1

AN2

AN3

AN4

AN5

AN6

AN7

AN8

AN9

AN10

AN11

AN12

Mean

S.E±

Specific
rotation

M D

-16.0° a

-39.0° c

-59.2° a

-23.6° e

-19.0° f

-8.9° h

-15.3° g

-9.0° h

-24.7° e

-40.5° b

-31.0° d

-31.7° d

-26.49° e

0.36

Relative
viscosity
To-To/To

1.60 c

1.11 d

2.45 b

2.31b

2.24 b

1.45 c

0.73 e

2.82 a

1.46 c

1.38 c

1.45 c

1.35 cd

1.69

0.081

Equivalent
weight

1367.7 e

1495.2 ab

1495.0 ab

1452.9 c

1432.9 cd

1442.5 c

1500 a

1433.6 cd

1475.7 b

1355.5 e

1490.0 ab

1428.5 d

1447.4

6.908

Uronic
acid %

14.1a

12.9 c

13.4 b

13.5 b

13.5 b

12.9 c

13.5 b

13.1c

14.3 a

13.0 c

13.0 c

13.6 b

12.23

0.138

Reducing
sugar %

0.45 c

0.56 a

0.50 b

0.56 a

0.31 f

0.33 e

0.33 e

0.44 d

0.44 d

0.31d

0.44 d

0.44 d

0.425

0.003

Tannin
%

0.98 a

1.08 a

0.87 a

0.87 a

0.84 a

0.65 b

0.32 c

0.54 b

0.58 b

0.86 a

0.43 be

0.54 be

0.713

0.081

* Each value in the table is a mean of three replicates

* No significant difference for value sharing the same letter (p < 0.05)
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Table. 8-a Analytical data of six nodules collect as natural exudate from Elfijla
(season 96-97)

Sample

ENt

ENj

EN3

EN4

EN5

EN6

Mean

S.E±

Moisture
%

7.2 c

8.3 c

7.0 c

8.6 b

8.9 a

8.9 a

8.15

0.326

Ash
%

2.2 b

2.3 a

2.1b

2.6 a

2.3 a

2.3 a

2.3

0.113

Nitrogen
%

1.15a

0.63 b

0.96 a

0.94 a

0.67 b

0.90 a

0.875

0.099

Protein
%

7.59 a

4.15 b

6.33 ab

6.20 ab

4.42 b

5.94 b

5.77

0.655

pH

4.0 d

4.3 a

4.3 a

4.3 a

4.2 b

4.1c

4.2

0.019

Refractive
index (Ri)

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334

0.000

* EN = Elfula nodule

* Each value in the table is a mean of three replicates

* No significant difference for value sharing the same letter (p < 0.05)
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Table. 8-b Analytical data of six nodules collect as natural exudate from Elfula
(season 96-97).

Sample

EN,

EN2 •

EN3

EN4

EN5

EN6

Mean

S.E ±

Specific
rotation

-36.5°

-38.1°

-37.8°

- 32.2°

- 42.9°

-50.1°

- 37.9C

0.06

e

c

d

f

a

b

Relative
viscosity
T-To/To
1.74 c

1.70 c

1.64 d

1.86 b

1.93 a

1.99a

1.81

0.02

Equivalent
weight

11374 b

1209.9 b

1723.5 a

1492.4 a

1542.2a

1471.3 a

1433.0

133.525

Uronic
acid
%

17.1a

15.0 b

12.9

cd

11.5 d

12.1

cd

13.2 c

13.6

0.479

Reducing
sugar %

0.37c

0.44b

0.54a

0.34c

0.50ab

0.55a

0.45

0.005

Tannin
%

1.02 b

1.13 b

0.77 b

1.74 a

1.61a

1.62 a

1.31

0.117

* EN= Elfula nodule

* Each value in the table is a mean of three replicates

* No significant difference for value sharing the same latter (p < 0.05)
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Table (8-b) indicated that the specific rotation of six nodules ranged from -32.2

to -42.9 ^he relative viscosity ranged between 1.64 and 1.99; equivalent weight

ranged from 1137.6 to 1723.5. And uronic acid content ranged from 11.5% to

17.1%; reducing sugar power ranged from 0.34% to 0.546%, and tannin content

ranged from 0.77% to 1.74%.

Analysis of variance showed significant differences for all parameters studied in

Elfula nodules except for the refractive index value which was found to be constant

in each of both location, and this may confirm the results obtained in section

3.1.3.7 and so the refractive index ofAnogeissus leiocarpus gum as composite

samples or as nodules have the same value of (1.334).

Figs. (9-a and 9-b) show U.V absorption spectra of twelve nodules of Abojebiha

and Fig. (10) show U.V absorption spectra of six nodules of Elfula.

It could be observed from Figs. (9-a, 9-b and 10) that the maximum points of

absorption for the most nodules are the same ((A. max.247, 253, 258, 265,

270,274, 277, 280,283). And this may explain the same chemical structural

features or basic structure of all nodules inspite of the differences in physical

behaviour and chemical composition. No similar data on Anogeissus leiocarpus

nodules is known in literature for the sake of comparison. However intemodule

variation has been reported on Acacia seyal (Anderson and Herbich, 1963), Acacia

Senegal (Anderson and Karamalla, 1966); Acacia nilotica (Anderson and

Karamalla, 1966) and Acacia laeta (Anderson and Smith, 1967). The results from

the present study on Anogeissus leiocarpus nodules showed internodules variation

in physical behaviour and chemical composition and gives support to the

heterogeneity of plant gums at the nodular level.

In fact nodule variation was indicated when a single nodule was examined at the

crust and core level (Awad El karium, 1994).
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PART III
STRUCTURAL STUDIES

3.3 Structural studies

Some structural features of Anogeissus leiocarpus gum were studied. Three

different methods were used to show the component supars of Anogeissus

leiocarpus gum (Fractionation, acid hydrolysis and autohydrolysis). Which was

followed by qualitative and quantitative determination using chromatographic

techniques (paper, thin layer and high performance liquid chromatography HPLC)-

3.3.1 Fractionation

Fractionation of Anogeissus leiocarpus gum was carried out by precipitation using

acetone as organic solvent. Five different fractions were precipitated. Table (9)

showed some physico-chemical properties of these fractions.

Results showed that fraction I and fraction II shared the values of specific rotation

(-6.92°), equivalent weight (1500), uronic acid (12.93%), pH (4.5) and refractive

index (1.334), where as they differed in nitrogen (0.098% and 0.112%), protein

content (0.612% and 0.710%), and relative viscosity (0.089 and 0.04) respectively.

Fraction III gave 0.112% nitrogen, 0.7% protein, - 6.92°pecific rotation, 0.073

relative viscosity, 2062 equivalent weight, 4.408% uronic acid, 4.5 pH and 1.334

refractive index.

Fraction IV and fraction V shared the values of nitrogen content (0.14%), protein

content (0.877%), specific rotation (- 3.46°) and refractive index (1.334). However

they differed in relative viscosity (0.053 and 0.095), equivalent weight (1687 and

1406), uronic acid (11.49 and 13.79%) and pH values (4.0 and 4.5) (results were

represented respectively for fraction IV and fraction V). Analysis of variance

showed that fractions IV and V are significantly differed from fractions I, II and

III. While insignificant differences were observed between fractions I, II and III

and also between fraction IV and V for nitrogen content, protein content, specific
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rotation, and pH value. Table (9) showed also significant differences between all

fraction in relative viscosity and equivalent weight, and insignificant differences

were observed for refractive index and uronic acid content.

Fractions I, II, III and IV were hydrolysed using IN H2SO4 and the hydrolysates

were examined using paper and thin layer chromatography. Fig (11) shows the

component sugars of fractions. It is clear that arabinose is present in fractions I and

III, where as its not appear in fractions II and IV. Fraction III showed rhamnose,

galactose and glucuronic acid.

Fractions I, II and III were examined further using high performance liquid

chromatography (HPLC) and the results are represented in figs IZ, 13 and l'V.

Fig. (I I) shows the retention time of standard neutral monosaccharides sugars (L-

rhamnose, L-arabinose and D-galactose). Table (10) represents the sugar ratios of

acetone fractions and crude gum sample of Anogeissus leiocapus.

The results showed that fraction I (Fig.li) contained unkown sugar (7.0%),

rhamnose (8.98%), arabinose (15.25%), galactose (1.81%) and five different

oligosaccharides having values 11.04%(oligo. 1), 20. l%(oligo.4),. 6.05%(oligo.6),

3.07%(oligo.lO), 23.7% (oligo.ll). Hydrolysis of fraction II (Fig.l?)gave 11.43%

rhamnose, 33.16 arabinose, 0.42% galactose and three different unknown

oligosaccharides having values 37.75% (oligo.4), 3.13% (oligo.7) and 14.12%

(oligo.10), While fraction III (Fig.1£) gave 9.69% rhamnose , 33.60% arabinose,

11.58% galactose and four different unknown oligosaccharides having values of

12.99% (oligo.l), 5.76% (oligo.2), 23.09% (oligo.5) and 3.29% (oligo.7).

Analysis of crude gum sample of Anogeissus leiocarpus using HPLC showed six

different peaks (Fig. \%) at different retention times, the first peak (unknown sugar)

having value 1.21%, the second peak is rhamnose (6.82%) and then arabinose

(48.08%), galactose (11.26%), oligo.l (0.22%) and oligo.2 (32.61%).

It is clear from the results of the hydrolysed fractions and crude gum sample that

arabinose is the main sugar in Anogeissus leiocarptis gum.

60



Table 9 Physico- chemical properties of five different fractions of Anogeissus leicarpus gum.

Sample

Fraction 1

Fraction 2

Fraction 3

Fraction 4

Fraction 5

Mean

S.E±

Nitrogen
%

0.098 b

0.112b

0.112b

0.14 a

0.14 a

0.1168

0.0884

Protein
%

0.612 b

0.700 b

0.700 b

0.875 a

0.875 a

0.7524

0.0037

Specific-
rotation

{«}D

-6.923°b

-6.923°b

-6.923°b

-3.461°a

-3.461°a

-5.538

0.0054

relative
viscosity
T-To/To
0.089 b

0.047 d

0.073 b

0.053 c

0.095 a

0.0714

0.00054

Equivalent
Weight

1500 c

1500 c

2062 a

1687 b

1406 d

1631

0.5773

Uroic acid %

12.933 a

12.933 a

9.408 a

11.499 a

13.798 a

12.142

4.3632

PH

4.5 b

4.5 b

4.5 b

4.6 a

4.5 b

4.52

0.02828

Refractive index
Rl

1.334 a

1.334 a

1.334 a

1.334 a

1.334 a

1.334

0.0000

* Each value in the table is a mean of three replicates.

* No significant difference for value sharing the same letter (p < 0.05).



(F,.( = Fraction | jvGlu= Glucuronic Acid, Ar= Arabinose,
Rh= Rhamnose, Ga1 =Galactase

l̂ cCXy Paper chromatogram showing component
sugars of acetone fractions of Anopetesus leiocarous
gum.
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Fig.12 HPLC chromatogram of hydrolysed Anogeissus leiocarpus gum fraction I on a

S5 araino column. Mobile phase acetonitrile: water 75:25 V/V. Flow rate 1

cm3 min" . Injection volume 10 y\. dm3.
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cmJ min" . Injection volume 10 \i dm .
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Table .10 Sugar ratios of three different fractions and crude gum sample of

Anogeissus leiocarpus gum.

sample

Sugar ™ > x \

Unknown

Uhamnose

Arabinose

*alactose

OHgo.l

Oligo.2

Oligo.3

Oligo.4

Oligo.5

Oligo.6

OIigo.7

OHgo.8

Otigo.9

Oligo.10

Oligo.ll

Fraction I

7.00

8.98

15.25

1.81

11.04

-

-

20.1

-

6.05

-

-

-

3.07

23.70

Fraction H

-

11.43

33.16

0.42

-

-

-

37.75

-

-

3.13

-

-

14.12

-

Fractionin

-

9.69

33.60

11.58

12.99

5.76

-

-

23.09

-

3.29

-

-

-

-

Crude gum

1.21

6.82

48.08

11.26

0.22

32.61

Oiigo. = Oligosaccharide.
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3.3.2 Acid Hydrolysis

Anogeissus leiocarpus gum was hydrolysed by sulphuric acid of different

concentration (0.05N, 0.1N and IN) and also at different period of times (6, 8 and

12 hours).

Chromatographic techniques (paper and thin layer) indicated that hydrolysis of

Anogeissus leiocarpus gum by sulphuric acid of different concentration gave

approximately the same monosaccharides (L-arabinose, D-galactose, L-rhamnose

and D-glucuronic acid). The seperation of monosaccharides become more clear

when the concentration increased and also when the hydrolsis tooks long time (8

or 12 hours) A>|c,tti3^These results were confirmed by using five different solvent

systems. In pbafe\3) the solvent used was ethylacetate-pyridine-water (10:4:3)

and the locating regent was aniline phosphate.

Sulphuric acid hydrolysis was used in this study for qualitative and quantitative

analysis as shown in section 3.3.1 and 3.3.3.

3.3.3 Autohydrolysis

A solution of Anogeissus leiocarpus gum was heated under reflux on boiling water

bath for 70 hours. Specific rotation and sugar contents of the gum solution were

examined at interval time (10 hours) polarimetically.

Table (11) shows gradual increase in specific rotation during the coarse of

autohydrolysis (from 0 to 40 hours) then it become stable from 60 to 80 hours

having a constant value of + 4,8 .

plj\it\i,) shows paper chromatogram of component sugars with increasing

developmental in time. It is clear that the separation of arabinose, galactose and

glucuronic acid began earlier after 10 hours, where as rhamnose appear after 60

hours indicating that sugar is present in the internal structure of the gum.
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After 70 hours the degraded gum was precipitated (brown) by adding ethanol to

the gum solution and left to dry at room temperature, then hydrolysed by 0.5N

H2SO4 for 2 hours (Plate,3). Results show the presence of trace of arabinose and

this may be due to the low concentration and short time it taken in hydrolysis.

HPLC was used to show the component sugars of the degraded gum. The

oligosaccharides of the degraded gum of Anogeissus leiocarpus were compared

with those of Acacia Senegal gum using the same conditions.

Results of HPLC analysis (Figs. 16, and 17; and Table 12) showed that the

degraded gum of Anogeissus leiocarpus have 10.63% rhamnose, 23.16%

arabinose and 12.17% galactose. (Other sugars, which were known as

oligosaccharides according to Macrae (1988) were represented according to their

retention time per minute from 12 to 28 minutes, named oligo. 1 to oligo. 17).

Seven different unknown oligosacchrides are present in the analysis of degraded

Anogeissus leiocarpus gum which were named as oligo. 1 (3.723), oligo. 2

(3.529%), oligo.5 (6.74%), oligo.7 (3.78%), oligo. 10 (19.58%), oligo. 14 (8.94%)

and oligo. 15 (7.74%).

Degraded gum of Acacia Senegal was also analysed and results showed 16.04%

rhamnose, 6.18% arabinose, 8.07% galactose and six different unknown

oligosaccharides named as oligo. 1 (0.29%), oligo. 10 (33.10%) oligo. 13

(16.35%), oligo. 14 (1.40%), oligo.15 (0.21%) and oligo. 17 (18.40%) (Tablel2).

It could be observed that degraded gums of Anogeissus leiocarpus and Acacia

Senegal shared the presence of six (different kinds of) sugars which are L-

rhamnose, L-arabinose, D-galactose, oligo. 10, oligo. 14 and oligo. 15, and this may

explain the similarities in some properties of Anogeissus leiocarpus gum, and

Acacia Senegal gum inspits of the presence of some different oligosaccharides.
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C Giii Ar Rh Gal

(Ar= Arabinose, Gal=Ga1actose, Glu= Glucuronic acid,
Rh=Rhamnose)

W ^ 3 ) Paper chromatogram showing component sugars of
Anogeissus leiocarpus gum by:

(A) Acid hydrolysis (H2 SQ, IN, 12h.)
B) Autohydrolysis for 70 h.

(C) Hydrolysis of degraded gum by H2 SQ, 0.5 N
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Table (11) Autohydrolysis of (3%) solution of Anogeissus leiocarpus gum.

Time Specific Component Sugars
( hours) rotation [a]D

Rhamnose Arabinose Galactose Glucuronic
acid

0

10

20

30

40

50

60

70

80

-42°

-33°

-20°

+ 3.4°

+ 8.3°

+ 5.19°

+ 4.8°

+ 4.8°

+ 4.8°

+
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x-20 30 *40

Hours

Paper chromatogram showing component sugars of
Anogeissns leiocarpus gum by autohydrolysis with increasing
development in time(hours).
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Fig.l b HPLC chromatogram of hydrolysed degraded Anogeissiis leiocarpus gum on a

S5 amino column. Mobile phase acetonitrile: water 75:25 V/V. Flow rate 1

cm min"1. Injection volume 10 \i dm3.
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Table (12) Component sugars of degraded gum of Anoeissus leiocarpus
compared with Acacia Senegal.

Sugar %

Phamnose
Arabinose
Galactose
Oligo. 1
Oligo. 2
Oligo. 3
Oligo. 4
Oligo. 5
Oligo. 6
Oligo. 7
Oiigo. 8
Oligo. 9
Oligo. 10
Oligo. 11
Oligo. 12
Oligo. 13
OKgo. 14
Oligo. 15
OHgo. 16
Oligo. 17

Degraded gum of

Anogeissus

leiocarpus

10.63
23.16
12.17
3.723
3.529

-
-

6.74
-

3.78
-
-

19.58
-
-
-

8.94
7.74

-
-

Degraded gum of

Acacia Senegal

16.04
6.18
8.07

-
-

0.29
-
-
-

. -
-
-

33.1
-
-

16.35
1.40
0.21

-
18.40

Oligo. = Oligosaccharide
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CHAPTER IV

SUMMARY, CONCLUSIONS AND

RECOMMONDATIONS

4.1 Summary and Conclusions

Angeissus leiocarpus gum was identified from other gum exudate by studying

physicochemical properties, internodule variation, functionality and some structural

features. Physico chemical properties of Anogeissus leiocarpus gum samples from

three different locations (Abojebiha, Elfula and Rosares), and the effect of location

on these properties were studied. Results showed that the moisture content of

Abojbiha samples ranged from 8.2% to 10.1%, Elfula samples ranged from 7.7%

to 9.8%; Rosares samples ranged between 9.2% and 9.9%. Analysis of variance

within location (for moisture content) showed significant differences (P<0.05). Ash

content was found to be in the range of4.5%-5.5%, 1.8%-2.3% and 3.3%-

3.6% for Abojebiha, Elfula and Rosares respectively. Analysis of these results

within location showed significant differences (P<0.05) for Elfula and Rosares

samples where as insignificant difference (P<0.05) were observed for Abojebiha

samples. Nitrogen content of Abojebiha samples ranged from 0.45% to 0.92% and

hence protein content ranged from 3.0% to 5.5%. Nitrogen content ofEIfula

samples ranged between 0.79% and 0.88% and protein content ranged from 5.21%

to 5.8%. Rosares samples have a constant value of 0.61% and 4.1% for nitrogen

and protein contents respectively. Insignificant differences (P<0.05) were observed

in the analysed data of each nitrogen and protein contents of the three different

location samples.

Aqueous solutions of all samples were found to be optically active with

leavorotatary. Specific rotation of Abojebiha samples ranged from -16.2° to -38.3°,

Elfula samples ranged from -37.3° to -45°. And Rosares samples ranged from -

40.0° to -41.3°. Within location, analysis of variance showed significant differences

(P<0.05) in Abojebiha and Elfula samples, while Rosares samples showed
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insignificant differences (P<0.05). Aqueous solutions of all gum samples were

viscous and the viscosity was determined as relative viscosity. Results were found

to be in the range of 1.48-2.25, 1.58-1.82 and 0.54-1.58 for Abojebiha, Efula and

Rosares respectively. Analysis of variance within location showed insignifcant

differences (P<0.05). Also results showed that relative viscosity increased with

increasing gum concentration.

PH values of Abojebiha samples ranged from 4.0 to 4. 1, Elfula samples ranged

from 4.0 to 4.2 and Rosares samples ranged between 4.4 and 4.5. Analysis of

variance indicated that within location there is insignificant differences (P<0.05).

Refractive index of all gum samples was found to be constant having the value

1.334. Uronic acid content of gum sample was found to be in the range of 13.1 %-

14.9%, 13.4%- 14.2% and 14.9% - 15.3% for Abojebiha, Elfula and Rosares

respectively. Significant differences (P<0.05). Where observed only within

Abojebiha samples, so Rosares and Elfula showed insignificant differences

(P<0.05). Reducing sugar of Anogeissus leiocarpus gum was calculated as

arabinose. Results showed that the reducing sugar content of gum samples was in

the range of 0.36%- 0.44%; 0.44% - 0.56% andO.41%- 0.43% for Abojebiha,

Elfula and Rosares samples respectively. Insignificant differences (P<0.05) were

observed within each location. Equivalent weight of Abojebiha samples ranged

between 1298.2 and 1477.7, Efula samples ranged from 1289.3 to 1296.7 and

Rosares sample ranged from 1288.0 to 1343.0. Analysis of variance showed

significant differences (P<0.05) within each of Abojebiha and Rosares samples,

While Elfula samples showed insignificant differences (P<0.05).

Tannin content of Abojebiha samples ranged between 0.15% and 0.55%, Efula

samples ranged from 0.15% to 0.70% and Rosares samples ranged between 0.07%

and 1.33%. Analysis of data showed significant differences (P<0.05) within

Abojebiha samples, while Elfula and Rosares samples showed insignificant

differences (P<0.05).

78



Location showed no efifect in all properties studied except in ash content (in spite

of the presence of the same type of soil (clay) in the three different locations).

Which may be due to differences of ionic composition of the three different

locations.

The mean values of all parameters studied of the three different locations, gum

samples showed the general characteristics of Anogeissus leiocarpus gum from the

Sudan which are 9.2% moisture, 3.35% ash, 0.72% nitrogen, 4.74% protein, -

35.5° specific rotation 1.68 relative viscosity, 4.2. pH, 1.334 refractive index,

14.3% uronic acid, 0.44% reducing sugar, 1334 equivalent weight and 0.68%

tannin content.

UV absorption spectra of gum samples from the three different locations were

studied and the maximum absorption points of all samples was found to be the

same having values (X. 247,253, 258,265, 270, 274, 277, and 283).

Catonic composition of Angeissus leiocarpus gum samples was also determined.

The results showed that magnesium (Mg) has the higher value in all samples

studied followed by iron (Fe), sodium (Na), potassium (K) calcium (Ca), zinc (Zn),

and trace amount of manganese (Mn), copper (Cu), nickel (Ni), cadmium (Cd) and

lead (Pb). Internodule variation of Anogeissus leiocapus gum from two different

locations (twelve nodules from Abojebiha and six nodules from Elfula) were

studied individually. Analytical data of Abojebiha nodules showed that moisture

content of the twelve nodules ranged from 8.5% to 10.5%; ash content was found

to be in the rangeof3.3%-5.5%, nitrogen content ranged from 0.54% to 1.50%,

protein content ranged between 3.56% and 10.89%. And pH values ranged from

3.7 to 4.6, refractive index was found to be constant in all nodules having the value

of 1.334. Specific rotation ranged from-8.9° to-59.2°; relative viscosity ranged

between 0.73 and 2.82; equivalent weight ranged from 1355.5 to 1500.0, uronic

acid content ranged from 12.9% to 14.3%, reducing sugar content ranged between

0.31% and 0.56% and tannin content ranged from 0.32% to 1.08%.
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Analytical data of Elfula nodules showed that the values of moisture content

ranged between 7.0% and 8.9%, ash content ranged from 2.1% to 2.6%, nitrogen

content ranged from 0.63% to 1.5%, protein content ranged from 4.15% to

7.59%, pH values ranged between 4.0 and 4.3, and refractive index in all nodules

also have a constant value (1.334). And Specific rotation of six nodules ranged

from -32.2° to - 42.9°. Relative viscosity ranged between 1.64 and 1.99, equivalent

weight ranged from 1137.6 to 1723.5, uronic acid content ranged from 11.5% to

17.1%, reducing sugar content ranged from 0.34% to 0.54% and tannin content

was found to be in the ranged of 0.77% -1.74%.

Analysis of variance for each parameter studied in Abojebiha and Elfula nodules

(individually) showed significant differences except for refractive index value which

having a constant value (1.334). The maximum points of UV absorption spectra of

most nodules (of both Abojebiha and Elfula) were found to be having the same

values of wavelength (Xmax. 243, 247, 257, 263, 269, 272, 277,280).

Functionality (water holding capacity and emulsifying stability) of Anogeissus

leiocarpus gum were also studied. The water holding capacity was found to be

65.5% and emulsifying stability was found to be 1.008. Insignificant differences

were observed between Anogeissus leiocapus gum and Acacia Senegal gum for the

two parameters studied.

Some structural features of Anogeissus leiocapus gum were also studied. The

component sugars of the gum were examined by using different methods

(Fractionation, acid hydrolysis and autohydrolysis) which followed by qualitative

and quantitative analysis using chromatographic techniques (paper, thin layer and

high performance liquid chromatography).

Fractionation of Anogeissus leiocarpus gum gave five different fractions. Some

physico-chemical properties of these fractions were studied and the results showed

that fraction I and fraction II shared the values of specific rotation (-6.923°),

equivalent weight (1500), uronic acid (12.933) pH (4.5). And refractive index

value (1.334), whereas they differed in nitrogen content (0.098% and 0.112%),
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protein content (0.612% and 0.7%) and relative viscosity (0.089 and 0.047)

respectively. Fraction HI gave 0.112% nitrogen, 0.70% protein, - 6.923° specific

rotation, 0.073 relative viscosity, 2062 equivalent weight, 4.408% uronic acid, 4.5

pH and 1.334 refractive index value.

Fraction IV and fraction V shared the values of nitrogen content (0.14%), protein

content (0.87%), specific rotation (- 3.46°) and refractive index (1.334). However

they differed in relative viscosity (0.053 and 0.095), equivalent weight (1687 and

1406), uronic acid (11.99% and 13.79%) and pH values (4.0 and 4.5) respectively.

It was clear that all fractions had a constant value of refractive index (1.334),

Where as fraction I, II, and III shared in specific rotation and pH values, fraction II

and in in addition shared, nitrogen and protein contents.

Fraction I, II and III were hydrolysed and then examined using (paper, thin layer

and HPLC) and the results showed that fraction I had 7.o%(first peak, unknown

sugar), (8.98%) L-rhamnose, (15.25%) L-arabinose, (1.81%) D-galactose and five

different unknown oligosaccharides having values (11.04%, 39.15%, 6.05%,

3.07%, and 23.77%). Faction II gave L-rhamnose (11.43%), L-arabinose

(33.16%), D-galactose (0.42%) and three different unknown oligosaccharides

having values 37.75%, 3.13% and 14.12%. Hydrolysis of fraction HI gave L-

rhamnose (9.69%), L-arabinose (33.60%), D-galactose (11.58%) and also gave

four different unknown oligosaccharides having values (12.99%, 5.76%, 23.09%

and 3.29%). Crude gum sample of Anogeissus leiocarpus was also hydrolysed and

the results showed first peak (unknown sugar )(!• 209%), L-rhamnose (6.82%),

L-arabinose( 48.08% ), D-galactose and two different unknown

oligosaccharides having values(0.22% and 32.609%).

Chromatographic techniques (paper, thin layer) indicated that hydrolysis of

Anogeissus leiocarpus gum by sulphuric acid of different concentration (0.05 N,

0.1N and IN) gave the same monosaccharides molecules (L-rhamnose, L-

arabinose, D-galactose and D-glucuronic acid) and the separation of

monosacchrides become more clear when the acid concentration increased and also

when the hydrolysis took longer time (8 or 12 hours).
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Autohydrolysis of Anogeissus leiocarpus gum were also studied and results

showed that the specific rotation of gum hydroiysate become constant after 60

hours and the separation of monosacchrides began after 10 hours hydrolysis.

The degraded gum of Anogeissus leiocarpus was hydrolysed and examined using

HPLC and the component sugars of degraded hydrolysed gum of Anogeissus

leiocarpus were compared with that of Acacia Senegal gum. Results showed that

degraded gum of Anogeissus leiocarpus hadL- rhamnose (10.63%), L- arabinose

(23.16%) D-galactos (12.17%) and seven different oligosaccharides named

according to their retention time as oligo.l (3.723%), oligo.2 (3.529%), oligo.5

(6.74%) oligo.7 (3.78%) oligo.10 (19.58%), oligo.14 (8.94%) and oligo.15

(7.74%). Degraded gum of Acacia Senegal gave L-rhamnose (16.04%), L -

arabinose (6.18%), D-galactos (8.07%) and six different unknown oligosacchrides

named as oligo.l (0.29%), oligo.10 (33.1%), oligo.13 (16.35%) oligo.14 (1.40%),

oligo.15 (0.21%) and oligo.l7 (18.40%). It is clear that the degraded gums of

Anogeissus leiocarpus and Acacia Senegal shared the same six different

constituents sugars which are: L-rhamnose, L-arabinose, D-galactose, oligo.10,

oligo.14 and oligo.15.

Analytical studies, and structural features of Anogiessus lieocarpus gum showed

that the lieocarpus gum is closer to Acacia Senegal gum. Again this study showed

the heterogeneity of the plant gum.

4.2 Recommendations

1-Data obtained from the study can be used for setting specification of this gum.

2- Since the gum contain some tannin a toxicological study should be done on the

gum to determine its safety for used in food industries.

3- Further details of structural study should be carried out on the gum to obtained

the final structure of the gum.
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