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Abstract

This chapter focuses on the emulsifying properties of hemicelluloses. Hemicelluloses are
gummy polysaccharides of complexity between gum and cellulose. Based on the major
monosaccharide constituents of their backbone, hemicelluloses can be classified into
xylans, mannans, xylogalactans and xyloglucans. Their sources include seeds, husks,
straws, leaves and wood. Hemicelluloses bring about emulsification by viscosity modi-
fication and by formation of multilayered films around each globule of the dispersed
phase. They have strong emulsifying power but are somehow limited by batch-to-batch
variation and susceptibility to microbial and chemical degradations. These limitations are
overcome by the use of purified and semisynthetic derivatives. Hemicelluloses and deriv-
atives herein considered for their emulsifying properties include those from barley straw,
wheat straw, corn fiber, locust bean, guar, soy bean, konjac, prosopis seed and afzelia seed.
Hemicelluloses, as plant polysaccharides, are only second to cellulose in terms of abun-
dance. They have superior emulsifying properties compared to the typical gums. They
are amenable to many chemical modifications for the enhancement of stability and for the
improvement of emulsifying properties. Hemicelluloses were not given adequate atten-
tion in the past; but this chapter shows that they are potentially useful emulsifying agents.

Keywords: hemicellulose, natural, polysaccharide, emulsifying agent, emulsion

1. Introduction

Hemicelluloses are cell wall heteropolysaccharides. In terms of complexity, they are interme-
diate between gums and celluloses, and they have properties similar to these polymers. They
are gummy in nature and can be investigated for their emulsifying properties just like gums
and celluloses [1].
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Emulsification is an important phenomenon because it enables the dispersion of two immis-
cible or partially miscible liquids such that one is distributed uniformly as fine droplets (the
dispersed phase) throughout the other (the dispersion medium) [2]. Emulsions may be for-
mulated for most routes of drug administration, including the oral, rectal, intravenous and
topical routes. Besides, some drugs are best administered as emulsions. For instance, vitamins
of poor water solubility must be formulated as oil-in-water emulsions in order to achieve opti-
mal delivery [3]. Emulsions have unique advantages of increased bioavailability and reduced
side effects. Therefore, they are regarded as important pharmaceutical dosage form.

Emulsions are thermodynamically unstable formulations and tend to separate into the oil and
aqueous phases [1]. Hence, there is a need for the incorporation of the third substance called
emulsifier or emulsifying agent. The emulsifying agent is to impart kinetic stability to the
emulsion system during its shelf-life. Hemicelluloses are mainly used as emulsifying agents
in oral drug products.

The suitability of a substance for use as an emulsifying agent (like other pharmaceutical excip-
ients) depends on its ready availability, biodegradability and safety. Hemicelluloses like other
polysaccharides are readily available, biodegradable and are nontoxic [4]. Therefore, they can
be studied for emulsifying properties.

Hemicelluloses have high potentials as pharmaceutical polymers. However, the physical
chemistry and exploration of this group of plant polymers have not been adequately attended
to until recently [4]. This chapter focuses on the emulsifying properties of these promising but
neglected pharmaceutical polymers.

2. Hemicelluloses

2.1. Definition

Hemicelluloses are cell wall heteropolysaccharides that are widely distributed in plants.
They have a (3-(1-4) linked backbone with a symmetrical configuration [5]. They are derived
from heterogenous sugars, including xylose, mannose, glucose and galactose in the back-
bone chain, and arabinose, galactose and 4-O-methyl-d-glucuronic acid in the side chain.
Xylose and arabinose are pentose sugars, while mannose, rhamnose, glucose, galactose and
corresponding uronic acids are hexose sugars. The different sugar units are present in differ-
ent proportions and with different substituents. Hence, hemicelluloses can be described as
branched polymers of pentose and hexose sugars.

Hemicelluloses are not soluble in water but can be solubilized by aqueous alkali [6]. This
character is often used as a distinguishing feature between typical gums and hemicelluloses.
Solubility of hemicellulose can be enhanced by chemical modification.

2.2. Classes

Hemicelluloses can be classified into four classes based on the sugar composition of the back-
bone [7, 8]. The classes are as follows: xylans, mannans, xylogalactans and xyloglucans.
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2.2.1. Xylans

Xylans are heteropolymers having a [3-(1,4) linked backbone made of D-xylose. They are the
major hemicelluloses in hardwood. They are also predominant in cereals, constituting up to
30% of the cell wall material. They constitute about 30% of lignocellulosic materials. Xylans
are obtainable from many plant materials such as sorghum stalk, sugar cane and corn stalks
and cobs. They can also be obtained from hulls and husks from starch production as well as
from hardwoods and softwoods [9].

There are three subtypes of xylan based on the side chain. The subtypes are homoxylan, gluc-
uronoxylan and arabinoxylan.

In homoxylans, both the backbone and the side chain are predominantly made of xylose. This
is a unique hemicellulose because it contains the same pentose sugar as the predominant
sugar unit in the backbone and in the side chain. Homoxylan is the predominant hemicel-
lulose in seaweeds [10].

In glucuronoxylans, the backbone is made up of xylose sugar, while the side chain is predomi-
nantly made of glucuronic acid [11]. Glucuronoxylan is the most abundant hemicellulose in
herbaceous plants.

Arabinoxylan is another unique hemicellulose. The backbone and the side chain are predomi-
nantly made of pentose sugars. The major difference between arabinoxylan and homoxylan
is that the pentose sugars in the former are of different type. In arabinoxylans, the backbone
is composed of [3-(1-4) linked D-xylose residue while the short side chain is predominantly of
a-L-arabinose. Arabinoxylans are present in cereals, including wheat, barley, rice, corn and
sorghum. They are found in the flour and the bran [12].

2.2.2. Mannans

Mannans are heteropolymers of 3-(1,4)-D-mannopyranose backbone. They are of three sub-
types based on the side chain. These are homomannan, glucomannan and galactomannan.

In homomannans, the backbone is composed of mannose and the side chain is also pre-
dominantly made of mannose. Other sugar types could be present in minute quantities.
Homomannan is an uncommon hemicellulose.

Glucomannans have mannose-rich backbone with side chain which is rich in glucose. This
type of hemicellulose is prevalent in softwood. They are located within the secondary cell
wall [12].

Galactomannans have mannose-rich backbone with short side chain which is rich in galac-
tose. They are abundant in cell wall of storage tissues mainly those of leguminous seeds. The
plant sources include guar, tara and locust bean [12]. The solubility and viscosity of this type
of hemicellulose are influenced by the amount of the galactose residue.

2.2.3. Xylogalactans

Xylogalactans have backbone composed of galactose units. The backbone is decorated with a-D-
xylopyranose residues. Xylogalactans are found in leguminous seeds like Prosopis africana [13].
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2.2.4. Xyloglucans

Xyloglucans have a backbone made up of 3-(1-4) linked glucose units. This backbone is simi-
lar to cellulose. It is decorated with a-D-xylopyranose residue at position 6 [14]. This type
of hemicellulose is strongly bonded to the cellulose microfibrils. Therefore, it is difficult to
extract the xyloglucans. Xyloglucan hemicellulose is obtainable from leguminous seeds such
as tamarind and afzelia [6].

2.3. Sources

Hemicelluloses exist alongside cellulose and lignin in plant cell wall. While hemicellulose
exists as a branched polymer of pentose and hexose sugars, cellulose is a polymer of (3-(1-
4)-D-glucose; and pectin is a polymer of galacturonic acid. Hemicellulose comprises 20-30%
of plant cell wall, and it is responsible for the composite structure of the cell wall. Cellulose
is embedded in the hemicellulose, and it provides the rigidity while lignin bonds the entire
system together. Thus, these three polymers are bound together in the plant cell wall [15].

Hemicellulose is the predominant carbohydrate in the middle lamella of plant [16]. Generally,
they are found in abundant quantities in seeds, husks, straws, leaves and wood (hard and soft).

Several methods can be employed for the extraction of hemicellulose depending on the solu-
bility. The most commonly utilized method is alkaline extraction which involves the use of
hot sodium hydroxide/hydrogen peroxide solution. This is suitable for the typical hemicel-
luloses which have poor water solubility. Hot water extraction can also be used for xyloglucan
gums. Other methods are microwave treatment, extraction with dimethyl sulphoxide, metha-
nol/water extraction and pressurized ethanol extraction [17].

2.4. Mechanism of emulsification

Hemicelluloses act by modifying the viscosity of dispersions [1]. They increase the consis-
tency of dispersion media thereby inhibiting creaming and coalescence. Based on Stokes’s
law, the rate of separation of the two phases of an emulsion is retarded to an extent which is
proportional to the viscosity of the dispersion medium.

Purified and modified hemicelluloses also act by forming multimolecular films around each
globule of the dispersed phase. The hydrophilic barrier between the oily phase and the aqueous
phase stabilizes the emulsion. Generally, hemicelluloses form oil-in-water emulsions [12, 13].

2.5. Limitations

Hemicelluloses show significant batch-to-batch variation in their composition. The variation
may be related to the plant species, time of collection or method of extraction. This often
results in variation of the emulsifying properties [1].

Susceptibility to microbial contamination is another major limitation of hemicelluloses as
emulsifying agents. Microbial contamination leads to reduction in product shelf-life. To
reduce susceptibility to microbial attack and the accompanying product instability, purified
and semisynthetic derivatives are generally used [1]. Hemicelluloses are also susceptible to
degradation by oxidation and hydrolysis.
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2.6. Modifications

Chemical modification is used to improve the quality of hemicelluloses. It is carried out to
enhance their solubility, increase their viscosity or make them thermoplastic. Modified hemi-
celluloses are more resistant to microbial and chemical degradations, and they possess better
emulsifying properties [12]. Hence, chemical modification is an important phenomenon in
physical chemistry and pharmaceutical application of hemicelluloses. The different methods
of chemical modifications are esterification, etherification, cross-linking and grafting.

2.6.1. Esterification

Esterification of hemicellulose can be carried out in both aqueous and nonaqueous conditions
[18]. The aqueous condition is characterized by low yield and production of heterogenous
esters. There is a need of specific organic solvent or alkaline condition for production of a
homogenous ester. Esterification of xylan hemicellulose is somehow difficult because of the
limited number of hydroxyl groups [9]. Interfacial cross-linking polymerization is rather an
easier method of modification for this type of hemicellulose.

There are at least five types of esterification reactions. These include acetylation, succinoylation,
sulphation, nitrition, and xanthation.

2.6.1.1. Acetylation

This method is essential for the production of carboxylic acid esters. Acetic acid and acetyl
anhydride are used for the production of hemicellulose acetate [19]. Propionate and butyrate
of hemicellulose are produced using corresponding anhydride/acid as an acetylating agent.
Arabinoxylan from corn fiber can be esterified with aliphatic anhydride of 2-4 carbon atoms
using methane-sulphonic acid as a catalyst [20]. Aspen wood flake hemicellulose has been
acetylated using acetic anhydride vapor as an acetylating agent [21].

2.6.1.2. Succinoylation

Succinoylation involves introduction of carboxylic functional group to the hemicellulose. It can
be achieved by dissolving the hemicellulose in dimethyl formamide/lithium chloride (DMF/LiCl)
system and using pyridine or 4-dimethylaminopyridine as the catalyst. The reaction is normally
carried out at 40-140°C for 2-12 h. This method has been used to produce succinoylate hemicel-
lulose from wheat straw [22]. Succinoylation increases the hydrophilicity of hemicellulose.

2.6.1.3. Sulphation

Sulphation of xylan hemicellulose has been demonstrated using dinitrogen tetroxide-N,N-
dimethylformamide (N,O,-DMF) system as a derivating solvent. The solvent enables the for-
mation of unstable hemicellulose derivative followed by introduction of an acyl group and
elimination of the unstable substituent. Nitrosylsulphuric acid (NOSO,H) is usually used as
the active sulphating agent. Sulphation of xylan has also been demonstrated using sulfur triox-
ide/pyridine and sulfur trioxide/dimethylformamide in dimethylformamide/lithium chloride
solvent [23]. Sulfur trioxide was diluted with the nitrogen-containing compound for use as the
sulphating agent.
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2.6.1.4. Nitrition

This procedure is normally carried out as a reaction with dinitrogen tetroxide or nitrosyl
chloride in a suitable medium. The medium must contain a proton acceptor. Nitric esters have
been produced from hemicelluloses of guar and locust bean [24].

2.6.1.5. Xanthation

Xanthation is carried out as a reaction between hemicellulose and xanthic acid in the pres-
ence of caustic soda. The hydrogen atom of the acid is replaced by sodium, forming sodium
xanthate. Then, carbon disulphide is added to the hemicellulose under alkaline condition to
form sodium hemicellulose xanthate. Members of the mannan group of hemicelluloses easily
undergo xanthation to form corresponding hemicellulose xanthate [25].

2.6.2. Etherification

Etherification is a very important method of increasing solubility, film forming ability and vis-
cosity of hemicelluloses. By extension, it improves the emulsifying properties of the polymer.
Etherification equally serves as a means of reducing the susceptibility of hemicelluloses to micro-
bial degradation. The different etherification methods are as follows: carboxymethylation, meth-
ylation, hydroxyalkylation, sulphoalkylation, cyanoethylation and benzylation.

2.6.2.1. Carboxymethylation

Carboxymethylation is normally carried out using chloroacetic acid or its sodium salt in the
presence of an alkaline solution [26]. In the work of Kamel et al. on carboxymethylation of
guar gum [26], sodium hydroxide was first added followed by the addition of monochloro-
acetic acid. The reaction was allowed to proceed at 80°C for 1.5 h. A non-aqueous carboxy-
methylation is also feasible using a mixture of ethanol and toluene.

2.6.2.2. Methylation

Dimethyl sulphate can be used as a methylating agent for hemicelluloses. Methylation of
hemicellulose has been demonstrated by Kishida and Okimasu using konjac glucomannan
[27]. Methylated konjac glucomannan is soluble in water.

2.6.2.3. Hydroxyalkylation

Hydroxyalkylation of hemicellulose can be achieved using alcohol in the presence of sodium
hydroxide and alkene oxide. For instance, hydroxyethylated guar gum has been prepared
by dispersing the gum in butanol in the presence of sodium hydroxide and ethylene oxide at
0°C. The mixture was heated to 70°C and maintained for a period of 3 h. Hydroxypropylated
xylan was prepared using similar method. It was observed that the degree of substitution was
directly related to the pH of the reaction. Hydroxyalkylated xylan has also been synthesized
to increase the solubility of xylan [28].
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2.6.2.4. Sulphoalkylation

This type of etherification is normally achieved by the use of dimethyl sulphoxide for a reaction
time of 1-24 h. Sulphoalkylation of xylan has been demonstrated using dimethyl sulphoxide [28].

2.6.2.5. Cyanoethylation

Aqueous sodium hydroxide and acrylonitrile are used as cyanoethylating agents [29].
Cyanoethylated guar gum has been prepared using these agents for the reaction time of 4 h.
The degree of cyanoethylation was observed to increase with increasing acrylonitrile concen-
tration and to decrease with increasing sodium hydroxide concentration.

2.6.2.6. Benzylation

Benzyl bromide is the commonly used benzylating agent. For the benzylation of xylan, the
hemicellulose was first hydrated in dimethyl sulphoxide. This was followed by the addition
of benzylating agent and potassium hydroxide as catalyst. The reaction was allowed to pro-
ceed at 70°C for 20 h then at 85-90°C for 3 h.

2.6.3. Cross-linking

Cross-linking is usually carried out to alter the swelling property of hemicellulose. For instance,
guar gum grafted with acrylamide was cross-linked with gluteraldehyde forming hydrogel
microsphere [30].

2.6.4. Grafting

Grafting is usually carried out by incorporating vinyl monomer into a natural polymer in
aqueous slurry. Ceric ammonium nitrate can induce graft copolymerization of acrylonitrile
onto hemicellulose. Grafting of hemicellulose has not received much attention.

3. Emulsifying properties of specific hemicelluloses and derivatives

Emulsifying properties of polymers are based on their physical and surface properties [31, 32].
The emulsifying properties of specific hemicelluloses and derivatives that have been studied
include xylan hemicellulose, barley straw hemicellulose, wheat straw hemicellulose, corn fiber
hemicellulose, locust bean (carob) gum, guar gum, soy bean hemicellulose, konjac hemicellu-
lose, prosopis seed hemicellulose and afzelia seed hemicellulose.

3.1. Xylan hemicellulose

Xylans are present in bran of cereals, including wheat, barley, rice, corn and sorghum. They
are also present in many plant materials such as sorghum stalk, sugar cane and corn stalks
and cobs as well as husks from starch production [9].
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Xylans form oil-in-water emulsions with stability which is comparable to tween 20 [12].
Introduction of long alkyl chain and ionic substituents to xylan during etherification con-
fers amphiphilic character. Such etherified xylans are characterized by high surface tension
lowering effect. They also possess better emulsifying properties.

3.2. Barley straw and hull hemicellulose

Barley hulls and straw contain very useful arabinoxylans, other carbohydrates and non-car-
bohydrate constituents [33]. To obtain the arabinoxylan, the barley hulls and straws were
de-starched and then subjected to alkaline hydrogen peroxide extraction followed by ethanol
precipitation as described by Daus et al. [33]. The precipitate was subsequently fractionalized.
The functional water-soluble non-caloric arabinoxylan was isolated as the B fraction. It was
observed that Barley hulls contained more of the Hemicellulose B fraction (20.51%) than the
barley straws (7.41 to 12.94%).

Analysis of the hemicellulose B fractions from both the hulls and the straw for sugar composi-
tion showed that they are typical arabinoxylans containing galactose, glucose and acidic sugar
residues in the side chains. The arabinoxylans from the straws were found to be superior oil-
in-water emulsifiers compared to those from the hulls. It was also found that the hemicellu-
lose B fractions contain protein, which could contribute to their emulsion stabilizing property.

3.3. Wheat straw hemicellulose

Wheat straw contains about 32.5% hemicellulose on the average with xylose being the pre-
dominant sugar. Wheat straw hemicellulose has been found to be very useful as thickener, sta-
bilizer, film former and emulsifier [34]. Succinoylation of the hemicellulose was demonstrated
by Sun et al. [35]. The esterification process was carried out using succinic anhydride in aque-
ous alkali. The wheat straw hemicellulose succinate produced was found to be of low degree
of substitution ranging from 0.017 to 0.21. The emulsifying property of the hemicellulose was
enhanced by the succinoylation reaction.

3.4. Corn fiber hemicellulose

Corn fiber is an abundant by-product of the wet milling of corn kernels. It can also be obtained
from the commercial corn dry milling process. Corn fiber contains fractions from the kernel’s
pericarp and endosperm. The gum, an arabinoxylan, can be obtained from the fiber using
alkaline hydrogen peroxide [36].

Corn fiber gum has a highly branched structure made up of a 3-(1-4)-xylopyranose backbone
decorated with side chains of L-arabinofuranose residues on both primary and secondary
hydroxyl groups [37]. The sugar composition of corn fiber gum is as follows: arabinose (33-35%),
xylose (48-54%), galactose (7-11%) and glucuronic acid (3—6%).

The emulsifying properties of the gum have been determined by assessing the emulsion sta-
bility of the diluted emulsions formulated with the gum using the method as described by
Pearce and Kinsella [38]. The gum is known to be characterized by a low solution viscosity.
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It is a better stabilizer for oil-in-water emulsion compared to acacia gum. The presence of
significant amounts of lipid and protein contributes to the excellent oil-in-water emulsion
stabilizing character of the gum.

In the work of Yadav et al. [39], two different approaches were employed for the extraction of
arabinoxylan from the corn fiber. The two approaches were one-step alkaline treatment and
sequential alkaline treatment followed by alkaline hydrogen peroxide bleaching. Corn fiber
gum obtained by single-step alkaline treatment was found to possess a higher emulsion stabi-
lizing capacity compared to the fraction isolated by sequential alkaline treatment and alkaline
hydrogen peroxide bleaching. The superior emulsifying properties of the extract from one-
step alkaline treatment correlate with its higher protein and lipid contents, its higher average
molecular weight and a more compact structure.

Corn fiber gum extract from wet-milled pericarp fiber has higher protein content compared to
the extract from dry-milled pericarp fiber. It is comparatively a superior emulsifier. The bet-
ter emulsifying properties can be linked to the presence of phenolic acids, lipids and protein.
Corn fiber gum is characterized by high molecular weight and branching which contribute to
its excellent emulsifying properties. Its emulsifying character is superior to that of acacia [39].

3.5. Locust bean hemicellulose (locust bean gum)

Locust bean hemicellulose is a galactomannan. It is abundantly present in the endosperm of
the seed. The solubility and viscosity of the gum depend on the amount of the galactose resi-
due [12]. Therefore, the functionality of the gum depends on the amount of galactose residue.

3.6. Guar gum

Guar gum is made up of linear (3-(1-4) linked d-mannose backbone and side chain predomi-
nantly of D-galactose. Therefore, it is a galactomannan. The molecular weight of guar gum is
about 220,000 [40]. Just like locust bean hemicellulose, the solubility and viscosity and hence
the emulsifying property of this hemicellulose depend on the amount of galactose residue [12].

3.7. Soy bean hemicellulose

While soy bean seed is rich in protein, the hull of the seed is rich in hemicellulose. Hence, a pro-
tein-polysaccharide conjugate can potentially combine the outstanding emulsifying properties
of the protein with the stabilizing effect of the polysaccharide [41]. Soy hull hemicellulose-soy
protein isolate conjugates were prepared by Maillard reaction and assessed for stabilizing of
oil-in-water emulsion [41]. The results showed that there was a reaction between amino group
and carbonyl group which resulted in the disappearance of some functional groups and the
appearance of new groups in the conjugates. Better stabilization of emulsion was obtained by
the use of the conjugate as emulsifying agent compared to the individual components (soy
hull hemicellulose and soy protein isolate). Hence, a novel emulsifying agent can be produced
from soy hull hemicellulose and soy protein isolate suitable for formulation of emulsions with
improved physical and chemical stability.
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3.8. Konjac hemicellulose

Konjac hemicellulose is a glucomannan [12]. The solubility and viscosity modification power
of konjac can be enhanced by methylation. Methylated konjac glucomannan is highly water
soluble and the viscosity varies with the degree of substitution. The work of Kishida and
Okimasu [27] showed that methylated konjac glucomannan with degree of substitution of
0.45 had the greatest degree of solvation and highest viscosity. Invariably, the methylated
glucomannan with this degree of substitution showed the best emulsifying property.

3.9. Prosopis seed hemicellulose (Prosopis gum)

Prosopis africana seed gum is a xylogalactan hemicellulose; the major sugar units being
xylose and galactose while fructose and glucose are present in smaller quantities [42]. The
physical and surface properties of two hemicelluloses (prosopis and afzelia seed hemicellu-
loses) have been studied in comparison with sodium carboxymethylcellulose by Olorunsola
et al. [43]. The work showed that even though the viscosity of 2%w/v prosopis gum is sig-
nificantly lower than that of sodium carboxymethylcellulose, it is significantly higher than
that of acacia gum which was earlier investigated [44]. It can be concluded from the two
studies [43, 44] that the surface tension lowering effect of prosopis gum is comparable with
those of the two well-studied polymers (acacia gum and sodium carboxymethylcellulose).

Prosopis gum has been evaluated for emulsifying properties [13]. Paraffin oil-in-water emul-
sions having a fixed oil-to-water ratio were prepared using concentrations of prosopis gum
ranging from 2 to 3.5% w/v. Emulsions containing equivalent concentrations of acacia gum
were also prepared. All the emulsions prepared were stored at room temperature (25°C) and
studied for stability over a period of 8 weeks.

In assessing the emulsifying properties of the prosopis gum, the creaming rate, globule size
analysis and rheological properties of the emulsions were evaluated. It was concluded that
prosopis gum possesses good emulsifying property and could be used to formulate pharma-
ceutical preparations requiring this property.

3.10. Afzelia seed hemicellulose (Afzelia gum)

Afzelia africana seed gum is a xyloglucan hemicellulose. The major sugar units are glucose
and xylose while those present in smaller quantities are galactose, mannose, arabinose and
uronic acid [14]. Viscosity of 2% w/v afzelia gum is significantly lower than that of sodium
carboxymethycellulose but higher than that of standard acacia gum [43, 44]. The surface ten-
sion lowering effect is, however, lower than that of acacia gum.

Emulsifying properties of afzelia seed hemicellulose (afzelia gum) in comparison to acacia
gum have been investigated [1]. Liquid paraffin emulsions were prepared using different
concentrations (1, 2, 3, 5 and 10% w/v) of the two gums. The viscosities of the preparations
were measured. Each of the preparations was also observed for creaming and cracking after
5 days of storage.

The viscosities of the preparations are shown in Table 1. Viscosity of liquid paraffin emulsion
containing afzelia gum is higher than that containing acacia gum at all gum concentrations
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Gum concentration Viscosity of emulsion (mPa.s)

(%ow/v) Afzelia gum Acacia gum
1 47.49 14.64

2 89.87 14.94

3 141.90 15.84

5 222.30 16.08

10 668.90 23.56

Adapted from Olorunsola and Majekodunmi [1].

Table 1. Viscosities of liquid paraffin emulsions.

used. In fact, the viscosity of liquid paraffin emulsion containing 1% w/v afzelia gum is higher
than that containing 10% w/v acacia gum.

On examining the preparations for creaming and cracking after 5 days, all the preparations
containing acacia gum had cracked apart from that containing 10% w/v which showed 28%
creaming. For preparations containing afzelia gum, 1% w/v showed cracking; 2, 3 and 5%
w/v showed 36, 16 and 4% creaming, respectively while 10% w/v was stable. The stability of
liquid paraffin emulsion containing 3% w/v afzelia gum is comparable with that of emulsion
containing 10% w/v acacia gum. Therefore, afzelia gum can be used at one-third of concen-
tration of acacia gum to prepare emulsions of similar stability [1]. The gum is superior to the
well-studied natural emulsifying agent, acacia gum.

4. Conclusion

Hemicelluloses are abundantly available, and only second to celluloses, in all plant polysac-
charides. They are of wide variation in terms of composition. They bring about emulsification
by viscosity modification and by formation of multimolecular films around each globule of
the dispersed phase. Hemicelluloses possess emulsifying properties that are superior to typi-
cal gums. They are also amenable to different chemical modifications capable of increasing
their stability to microbial and chemical degradations and invariably improving their emul-
sifying properties. Even though hemicelluloses have been neglected for a long time, they are
promising emulsifying agents.
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