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Abstract 

In this work, the formation of capsules in xanthan gum and complexing solutions of Fe III is structurally evaluated. 
These capsules have a spheroid shape that, when dried, collapse into disc shapes. These spheroids are made up of 

microspheres that partially explain this collapse. The backscattered SEM image shows areas rich in Fe and others poorer 

in this metal, the EDX analysis confirms this. FTIR chromatograms show a clear shift at approximately 1620 cm-1 due to 

the formation of the xanthan gum-Fe III complex. This work also proposes a structure, theoretically demonstrated, 

between xanthan gum and Fe III, which can explain what the biopolymeric structure bending procedure is like due to the 

presence of Fe III, a model called TransbiHook. 

Keywords: Xanthan gum; Xanthan gum-fe III; Complex; Capsules; TransbiHook. 
 

 

1. Introduction 
Gums are compounds with molecules of a high-molecular weight, high solubility in water and which can 

produce gels or highly viscous solutions at low concentrations, this term is employed in the industry to refer to plant 
and microbial polysaccharides and their derivatives [1]. They have a variety of structural and functional properties, 

which are determined by their chemical composition, various molecular bonds and groupings, molar mass and its 

distribution. Virtually all of them are non-toxic and obtained at low cost in large quantities, which determines their 

importance for industrial processes [2-4].  

Xanthan gum is a hetero-polysaccharide produced via microbial fermentation of the microorganism 

Xanthomonas campestris [5]. The primary unit of Xanthan gum (Figure 1) consists of a cellulosic backbone 

composed of two D-glucose units (1-4) β-linked to a side-chain of D-mannose and D-glucuronic acid units at a ratio of 

2:1, respectively [6]. D-Mannose, which is connected to the main backbone, is attached to an acetyl group at O6, 

while approximately half of the terminal D-mannose forms a pyruvic acid group between carbons C4 and C6. This 

side-chain is found at the O3 atom of each alternate glucose unit on the backbone. Due to the presence of carboxylic 

groups in its structure, xanthan gum exhibits a net negative charge and can form complexes with cationic polymers 
[7]. In the last decade, the demand for xanthan gum, in industry, has been increasing at about 5–10% per annum [8]. 

It is used in a broad variety of industries, including cosmetics, agriculture, food, textiles and oil [9, 10]. This is due 

to its safety (non-toxic), desirable rheological properties, high stability over a wide range of pH and temperature, 

together with its high resistance against enzymatic degradation [11, 12]. 
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Figure-1. Schematic chemical structure of the building units of xanthan gum [6]. 

 
 

Most solutions of polysaccharides show, when heated, a decrease in viscosity, while solutions of xanthan gum in 

deionized water increase their viscosity after the initial decrease in viscosity. This behavior of xanthan gum suggests 

that a change in conformation is taking place [13]. The technique of optical rotation can be used to investigate 

changes in conformation, and the measurement of the optical rotation of the salt-free xanthan gum solution has 

shown that an increase in viscosity corresponds exactly to a decrease in optical rotation. This is consistent with the 

unwinding of an ordered conformation such as a helix to transform into a random spiral with a consequent increase 

in effective hydrodynamic volume and, therefore, in viscosity. The structural rigidity of the macromolecule produces 

several functional properties, such as its high viscosity in a wide range of concentrations, its solutions are stable over 

a wide range of pH, salt concentration and temperatures, it is soluble in cold and hot it has good resistance to the 

processes of freezing and thawing [13-18]. The xanthan gum imparts a high viscosity (at rest) with small 

concentrations of the order of 1%, and also presents a very marked pseudoplastic behavior. This characteristic makes 
it ideal to stabilize and give viscosity to products that must have a behavior similar to a gel at rest (when they are on 

the food) [19-21]. Its pH independence, even up to pH 2, makes it possible to use it for very acidic foods, such as 

salad sauces. As a thickener and stabilizer, it has a high viscosity at low concentrations and is stable in the presence 

of salt, acids and elevated temperatures, as well as being stable against pH, giving good stability to the suspensions 

or emulsions it forms [22]. It is not capable, this gum, by itself of forming gels, but of conferring to the foods to 

which a high viscosity is added using relatively low concentrations of substance, it is extremely resistant to 

enzymatic degradation, being stable in a wide range of temperature, pH and in high concentrations of alcohol, 

making it suitable for an exceptional range of uses and applications [23, 24]. One of the most extended approach to 

obtain capsules is the ionotropic gelation method, in which cations form insoluble associates with carbohydrate 

chains resulting in the so-called “egg-box” complexes [25, 26]. Alginate, majorly associated to calcium cations, has 

been largely used to encapsulate products [27-29], a similar case is pectin [30, 31], chitosan [32, 33], and mix of 

these [34, 35]. 
Little is known about polysaccharide – metal complexes and impact of coordination to metal ions upon 

properties of those hydrocolloids [36, 37]. Recent papers were published on metal complexes of starches [38-41], 

amylose and amylopectins [42], cellulose [43], and three carrageenans [44-46]. In our former studies [42] anionic 

potato amylopectin and, in general ligation of metal atoms with potato starch was described. The anionic phosphate 

and the hydroxyl groups which participated in ligation provided formation of clathrates with water molecules 

trapped therein. Similarly, κ-, ι- and λ- carrageenans formed clathrates with selected central metal atoms in 

corresponding their complexes.  Carboxylic groups in the side chain provide anionic properties of the gum. The 

macromolecule forms a five-fold helical structure. Low salt concentration and elevated temperature favored a 

disorder of this structure whereas a higher salt concentration stabilized the ordered conformation. 

It seemed likely, that the formation of the Werner-type metal complexes of the xanthan gum macro-ligand with 

central metal atom would additionally increase the water-holding ability of that polysaccharide and additionally 
stabilized the macroligand and water trapped in it.  

To test this concept, xanthan gum complexes were synthesized with Fe (III), theoretical, structural, thermal and 

spectroscopic studies were performed. 

 

2. Experimental 
2.1. Capsules Synthesis and Optic Analysis 

The xanthan gum (Xan) used in this study (Parafarm, Lot 000509) was spectroscopically characterized in order 

to determine its degree of purity [47]. As a complexing agent, FeCl3 6 H2O (Biopack) was used. 

The processes of formation of the microspheres were carried out working in batch systems, placing in contact 
xanthan gum solution using syringe and drop by drop is added on complexing agent solution with continuous stirring 

at 300 rpm. Then, the spheres are removed by filtration and washed successively with distilled water until the 

solution is clear. The optimal concentrations of both reagents were determined, which allowed homogeneous 

particles to be obtained in terms of size and shape: Xan at 1% wt. and FeCl3 0.5% wt. 

The obtained capsules were photographed with Olympus LG-PS2 with camera Infinity 1 Lumintera and their 

approximate size was evaluated with a Vernier caliber. Likewise, the effect on the consolidation time of the capsule 

in contact with the Fe(III) solution was determined. 
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2.2. SEM-EDAX 
Morphology of capsules was observed using a scanning electron microscope (SEM) LEO 1450VP, and energy 

dispersion X-ray analysis was carried out using an EDS Genesis 2000 (EDAX). For the SEM morphological surface 

analysis, samples were prepared by immersion in liquid nitrogen and afterward coated with gold. They were 

observed under high vacuum and EDAX spectrums were obtained applying an acceleration voltage of 120 kV. 

 

2.3. Ftir Spectroscopy 
FTIR spectra were determined using an FTIR Varian 640 Spectrometer using ATR mode. The samples were 

dried at 60 oC for 48 h before performing the measurement. The obtained spectrum had a resolution of 4 cm−1 and 

consisted of approximately 3500 points with an integration times of 60 s (1 s per scan). Spectra were scanned 

between 4000 and 500 cm−1 at ambient temperature.  The number of scans for each sample was 64. 

 

2.4. Thermal Analysis. TGA and DSC 
Thermogravimetric analysis (TGA) was performed to estimate the thermal stability of the samples. TGA 

measurements were recorded on TG 2950 analyzers (TA Instruments, Inc., New Castle, USA), respectively. The 

operating conditions were as follows: (a) heating rate: 10º min-1 and, (b) atmosphere: static air or dynamic N2 

(99.99%, flow rate 50 mL/min, microfiltrate). The thermogravimetric temperature axes were calibrated with indium 

(99.99%, melting point of 156.60 oC) and the Curie point of Ni (353 oC), respectively. Empty aluminum pans (40 

mL) were used as references. Polysaccharide samples of about 8 mg were employed. 

 

2.5. X-Ray Diffraction 
X-Ray diffractions patterns were carried out using an equipment Rigaku model D-Max III C, lamp of Cu K and 

filter of Nickel. The 2θ operational range was from 0o to 30 o. The d-spacing were determined with the Bragg’s 

equation.  

 

2.6. Structure Simulation 
The experimental results allowed to perform electronic calculations DFT-D at level BP98 / LANL2TZ: 6-311 + 

G (d, p) including the dispersion of Grimme. 

 

3. Results and Discussion 
3.1. Capsules Synthesis and Optic Analysis 

Figure 1a - and b- show optical microscopy images of the spheres after 2 hours of crosslinking with Fe (III). It 

can be seen a light brown-orange central structure with transparent extensions (ramifications) of the biopolymer. 
This indicates that this capsule is very poorly consolidated in the external part with greater presence of Fe (III) inside 

it. This phenomenon of branching explains the structural weakness of this capsule. 

 
Figure-1a. Optical microscopy images of the capsules after 2 hours of consolidation. a- 3x, and b- 20x 

 
 

Figure-2a. Optical microscopy images of the capsules after 24 hours of consolidation. a- 3x, and b- 20x 
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Figure 2a- and b- show the capsules 24 hours after the synthesis. They present a greater consolidation and 

stability, the external transparent structure is not observed, but a capsule of more homogeneous shape and better 

consolidated. They size of approximately 0.5x0.4 mm is uniform. 

 

3.2. SEM-EDX 
In order to know the surface morphology of the obtained films, SEM images of Xan and Xan-Fe capsules were 

obtained. In Xan film a smooth and dense surface is observed with some particles protruding on the surface (Figure 

3). The crosslinked capsules lose this superficial softness and a much rougher surface is observed due to the 

appearance of new bonds between the molecules by the crosslinking agent. 

 
Figure-3. SEM image of Xanthan gum-Fe III 

 
 

The SEM images were taken to 30 X of dehydrated capsules these were spheroid form, with a size of 2.425 x 

2.124 mm. It can be also observed that the capsule once dehydrated collapses generating a very rough structure with 
sheets, due to the loss of water, see Figure 3. 

 
Figure-4. SEM surface image of xanthan gum-Fe III 
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Figure-5. SEM image and EDX chromatograms of samples 

 
 

Comparing Figure 4 and 5, it is observed that the image of the film Xan-Fe film presents less roughness than the 

Xan because the large number of bonds formed in the longer crosslinking, generate a very dense network of 

polysaccharides that consolidates the surface. 

The SEM images were taken to 10000 X of dehydrated capsules to observe the nanoparticles in the matrix, these 

were rod-like form, with a size of 0.25 x 0.08 μm approximately (see Figure 4). These particles are packed neatly 

and by zones, with some of them disordered. This type of structure can be the one that explains its collapse when 
dehydrated. These macroparticles are packed neatly and by zones, with some of them disordered. This type of 

microstructure may be the one that explains its collapse when dehydrated. 

Figure 5 shows two types of backscattered coloration, which shows that there may be areas rich in Fe and 

another poorer, this can demonstrate the lack of consolidation in the microspheres when the spheroid is dehydrated. 

 

3.3. Ftir Spectroscopy  
The broad intense band located at 3436 cm-1 xanthan gum and 3417 cm-1 xanthan gum-Fe III was ascribed to 

terminal hydroxyl stretching vibration mode of the polysaccharide. Also the vibration centered at 2927 cm-1 was 

assigned to C-H stretching vibrational mode (Figure 6). As for the polysaccharides crosslinked with Fe(III) ions by –

OH groups, it can be observed a decrease in the –OH signal decreases along the increment of Fe(III), being a 

characteristic scenario of crosslinking process modulated by coordination of d-metals by –OH groups. 

 
Figure-6. FTIR spectra of the studied samples 

 
 

Moreover, the signals centered at 1628 cm-1 and 1418 cm-1 were assigned to the asymmetric and symmetric 

stretching modes of the carboxylate groups (COO-). Also, three strong absorption bands in the range of 1200-1000 

cm-1 are associated to the stretching vibrational modes of C-O-H groups, and C-O-C of the glycosidic moieties from 
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pyranose rings. Finally, the signal located at 800 cm-1 is attributed to glycosidic residues (Figure 6). The shift present 

between 1620 cm-1 is due to the presence of Fe III attached to the caroxylate groups. 

 

3.4. Thermal Analysis: TGA and DSC 
Thermogravimetric (TGA) measurements were carried out in order to better assess the thermal behavior of 

biopolymeric capsules. The TGA demonstrates a sharp drop to around 330C for Figure 7.  

 
Figure-7. TGA of Xanthan Gum and Xanthan Gum-Fe (III) 

 
 

Figure-8. DSC of xanthan gum and xanthan gum-Fe III 

 
 

Neat xanthan gum and xanthan gum-Fe III capsules were evaluated and the corresponding results are illustrated 

in Figure 7. The first mass decay in both biopolymer films curves is observed close to 100 °C and it is attributed to 

the loss of adsorbed and structural water. This event is consistent with two endothermic DSC signals at 73.4 °C for 

xanthan gum and 76.75 °C for the biopolimeric metal complex (see Figure 8). Polysaccharide decomposition 

proceeds via two mass decays at 309 and 400 °C (81.25%). On the other hand, xanthan gum-Fe III capsules exhibit a 

different decomposition behavior; after dehydration, the second step is similar to that observed in xanthan gum but 

the final one appears as a continuous weight loss that extends in a major range of temperatures. During these events, 

75% of mass is approximately lost, the final residue being Fe2O3. The DSC curves of both samples exhibit two 

exothermic peaks associated with the oxidation of the hydrocarbon chains. 

In Figure 7 it can be seen the decomposition of both materials is carried out in three mass losses; the first two 

events are similar in both, while in the last one it is observed that the degradation occurs in a broader temperature 
range by a different process. 

The DSC curves, Figure 8, show a different thermal behavior from the second stage, where the oxidation of the 

hydrocarbon residues occurs at a slightly lower temperature in the sample treated with Fe (III). 
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3.5. X-Ray Diffraction  
The X-Ray patterns of xanthan gum and xanthan gum-Fe III are shown in Figures 9 and 10, respectively. Even 

though, they evidence very low crystallinity, two very wide peaks associated to planes originated in the polymeric 

structure can be observed in both cases. 

 
Figure-9. DRX of xanthan gum 

 
 

Figure-10. DRX of xanthan gum-Fe III 

 
 

The changes in the d-spacing are attributed to metal coordination which increases the distance between the 
chains of the polymeric structure (from 4.67 to 5.01 Å and from 2.31 to 2.63 Å) upon Fe(III) incorporation. 

 

3.6. Structure Simulation 
The DFT-D calculations allowed us to propose a coordination structure in which two glucuronic groups and two 

pyruvic groups coordinate coplanarly, assisted by two water molecules perpendicular to the mentioned plane. Fe(III) 

is in the electronic state 

23

2 gg et
 in an octahedral field, which corresponds to a state gA2

6

 or pure sextuplete with 

.75.82 S
 

A model that can fully describe the formation of the Xan-Fe capsule is the TransbiHook which would facilitate 

the curving of the biopolymeric structure of xanthan gum due to the presence of Fe III, a different structure is the one 

shown by Kang, et al. [48]. The TransbiHook model consists of a xanthan gum monomer which is linked by the 

pyruvate and carboxylate group with a molecule of Fe III, in turn this Fe III is linked with another xanthan gum 

rearranged monomer specifically with a carboxylate group and pyruvate, this scheme is reproduced at the other end 
of the chain, as can be seen in Figure 11. A reasonable evidence is the shifts present 1600 cm-1 in the FTIR analysis, 

whose intensity of xanthan gum to xanthan gum-Fe III is almost 88%. 
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Figure-11. Estructura propuesta en este trabajo, denominada TransbiHook 

 
 

The structure shown by Kang, et al. [48], differs from that proposed by this work in that it uses two Fe III 
molecules linked to a pyruvate of one xanthan gum chain linked to the other transposed chain linked to a carboxylate 

group which is repeat with the other Faith III. This type of structure would greatly stiffen and therefore would not 

allow the formation of spheroids like the one carried out in this work, but it does not mean that this structure 

proposed by Kang, et al. [48], cannot be found. Even to clarify this situation, experimental data is lacking which 

corroborates this type of structure. This type of study can be extended with great caution to Al III Rodd, et al. [49] 

and Cr III Lund, et al. [50] and Gioia and [51]. 

 

4. Conclusions 
The biopolymeric solutions of xanthan gum in a complexing solution of Fe III form capsules that, when 

dehydrated, collapse in the form of disks. These capsules have a unique characteristic in aqueous solution with many 

applications in the pharmaceutical and food industries. The formation of these capsules can be justified by the 

TransbiHook model which would justify the bending of this biopolymer complex with Fe III justified by the 

backscattered SEM and EDX images. 
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