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A B S T R A C T   

Trees of the genus Sterculia produce acidic polysaccharides with high viscosity and the ability to form gels in 
water. This work emphasized the species Sterculia striata and the uses of its plant derivatives, such as seeds, fruits, 
stem bark, and exudates. The species showed prospects for industrial application (seeds with high protein 
content, fruits with antioxidant potential, and stem bark with anti-inflammatory, antinociceptive, and gastro-
protective potential). From a physicochemical and rheological point of view, the exudate has a high molar mass 
value; it contains uronic acid, galactose, rhamnose, and xylose. Sterculia striata gum (SSG) is highly viscous in 
solution and can form thermoreversible gels where gelation conditions depend on the purification method, acetyl 
groups, and presence of salt. Due to the presence of carboxylic acid groups, polyanionic behaving SSG allow the 
formation of polyelectrolyte complexes, which have been used in drug delivery systems (DDS) to encapsulate 
drugs such as antimalarial drugs, improve essential oil stability and obtain films for antimicrobial purposes. This 
review contributes to the understanding of the use of this biomaterial, providing a basis for new research on its 
different applications and industrial use, with a focus on the pharmaceutical, medical, food, and environmental 
fields.   

1. Introduction 

The trees of the genus Sterculia are known for producing several 
plant derivatives that, through adequate technological processing, pre-
sent materials with great potential for the food, pharmaceutical, and 
even energy industries, such as biodiesel. Among these plant derivatives, 
those in this genus have the characteristic of producing exudates such as 
Sterculia urens gum (karaya gum). This commercial gum, exhibiting 

emulsifying, stabilizing, and thickening properties, is used as a food 
additive in the paper industry and in pharmaceutical products, gener-
ating significant economic gains for producing industries. However, 
several species belonging to the genus Sterculia that exhibit the present 
plant derivatives have yet to be explored [1–4]. 

Sterculia striata gum (SSG), native to the Brazilian Cerrado, produces 
a unique exudate with industrial potential. Widely distributed in various 
Brazilian states, this plant’s exudate acts as a natural defense 
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mechanism, forming an aqueous solution to seal wounds and prevent 
infection. Abundantly available in the Brazilian flora, SSG shows 
promising characteristics for pharmaceutical, medical and environ-
mental applications [5,6]. 

The costs inherent to research and development (R&D) aimed at 
plant-derived products must be used efficiently. There are several op-
tions for the development of innovations to choose the best target for 
this field. In R&D, bibliographic research is essential to asset the state of 
the art of each genus or plant species [7,8]. 

Although several reviews have explored the main critical points 
associated with the Sterculia genus [9–11] as well as the relevance of 
this genus’ applications in the pharmaceutical and biomedical fields 
[12], no reviews exist in the literature comprising a multidisciplinary 
approach linking two different strands: (1) an overview of SSG and (2) a 
critical analysis of characterization results applied to modified SSG 
seeking to develop pharmaceutical, medical, food, and environmental 
applications. 

The present study thus provides a detailed search of the state of the 
art regarding the SSG’s scientific and technological aspects. This review 
was based on the research of scientific articles and patent applications 
on the characterization and current use of the exudate of Sterculia striata 
and new perspectives for its application in the pharmaceutical, medical, 
and environmental industries. 

2. Methodology 

This study was based on research articles and patents about Sterculia 
striata gum. The search was carried out in scientific article databases 
(Science Direct, PubMed, Scopus, Web of Science, VHL) and patent ap-
plications (Derwent Innovations Index - DII, European Patent Office- 
EPO, World Intellectual Property Organization - WIPO, United States 
Patent and Trademark Office - USPTO and database of the National 
Institute of Industrial Property - INPI). 

Scientific articles were selected according to the following inclusion 
criteria: they were published in English, and their abstracts and full texts 
were available. 

3. Sterculia striata tree 

Sterculia striata tree from the Brazilian territory is incipient in tech-
nological and industrial exploitation. This plant is native to the Brazilian 
Cerrado. It is widely distributed in Piauí, Maranhão, Bahia, Tocantins, 
Mato Grosso, Mato Grosso do Sul, Goiás, Minas Gerais, and the Federal 
District [13]. As with other species of the Sterculia genus, an exudate can 
be obtained from Sterculia striata, which is produced as a natural defense 
mechanism of this plant when the stem or branches of the tree are 
injured. It consists of an aqueous solution produced to seal the wound 
and prevent infection and dehydration of the plant. Over time, this so-
lution dries and exhibits a glass-like appearance when in contact with air 
and light [6]. Sterculia striata exudate can be abundantly obtained from 
the Brazilian flora and has interesting pharmaceutical uses [5]. 

These articles on Sterculia striata trees have explored the potential of 
these species for use as oils, seeds, stem bark, and exudates in different 
economic-industrial applications (Fig. 1). These results demonstrated 
less exploitation of this species than the potentialities observed for its 
genus but with extensive potential. For example, the oil extracted from 
the seeds of Sterculia striata demonstrated good physicochemical prop-
erties for use as biodiesel, suggesting promising economic exploitation 
of this raw material in semiarid regions [14,15]. A study showed the 
thermal behavior of the oil of this species in 2013, which was rich in 
fatty acids containing a cyclopropenyl ring in its chain, mainly malvalic 
acid (heptadec-8,9-methylene-8-1-ol) and sterculic acid (octadec-9,10- 
methylene-9-ene) [16]. Another study demonstrated the use of a 
methylation procedure to determine the cyclopropenoid fatty acids in 
oil extracted from the seeds of Sterculia striata. This feature suggested 
transmethylation with potassium hydroxide in methanol. An appro-
priate method is to prepare methyl esters of cyclopropenoid fatty acids 
and quantify them by analysis via gas chromatography and nuclear 
magnetic resonance spectroscopy [17]. 

Sterculia striata bark has revealed anti-inflammatory and anti-
nociceptive effects at doses ranging from 12.5 to 50 mg/kg ethanolic 
extract, demonstrating its therapeutic potential [18]. The possible 
mechanism involved in the antinociceptive effect of this herb may 

Fig. 1. Scientific literature addressing the use of plant derivatives obtained from Sterculia striata trees. EE and AE represent the ethanol extract and aqueous extract, 
respectively. 
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involve its action on opioid receptors [19]. The ethanol extract was 
shown to have gastroprotective effects in preclinical studies, inhibiting 
gastric lesions induced by ethanol, HCl/ethanol, and ischemia/reper-
fusion, with mechanisms of action involving nitric oxide and antioxidant 
compounds but not the modulation of prostaglandins [20]. 

Sterculia striata seeds have also shown potential in the food industry. 
A study demonstrated its good tolerability for consumption in rats [21]. 
Furthermore, the seeds were also free from anti-nutritional properties, 
such as trypsin inhibitory activity, which is responsible for the low di-
gestibility of dietary proteins, urease activity, and lectin activity [21]. 
Studies have confirmed the absence of lectin and trypsin inhibitors in 
seeds. On the other hand, the seed contains a high content of the anti-
nutrient phytate (10.6 mg/g) in raw almond, which is considered high 
compared to foods such as cashew nuts and Brazil nuts, macadamia nuts, 
pistachios, almond nuts, and walnut nuts. However, after roasting, the 
content of this antinutrient decreased, thus highlighting the possibility 
of using this seed in its roasted form [18]. 

Sterculia striata seeds and their by-products have also exhibited 
antioxidant activity related to many phenolic compounds, mainly ella-
gic, protocatechuic, and ferulic acids [22]. 

The fruits of Sterculia striata were explored as a food variety from the 
Brazilian Cerrado [23] and revealed to be nutritious and functional, 
suggesting that their future use in the food industry is possible. The fruits 
stand out for their total phenolic and lycopene contents. In addition, 
these ethanolic and aqueous fruit extracts also demonstrated antioxidant 
activity in the in vitro DPPH radical reduction test. In another study, 
fruits produced activated carbon from fruit peel, which was favorable 
for the adsorption of water contaminants [24]. 

In the next section, the structural characterization and composition 
of the Sterculia striata exudate are described. 

4. Isolation and purification of Sterculia striata exudate 

The extracted gum is an exudate heteropolysaccharide obtained due 
to a protection mechanism after an injury to the trunk or branches of the 
tree [25]. However, the collected exudate contains dust, plant bark, 
leaves, and other adhered impurities and must be purified to isolate the 

specific polysaccharide. Sterculia striata was isolated following the 
Rinaudo-Milas method, with modifications [26]. 

The exudate collected from the Sterculia striata tree bark was dis-
solved in 1% distilled water (w/v) by stirring at room temperature for 
24h (Fig. 2). After dissolution, 1g of sodium chloride was added to the 
solution to reduce the viscosity and assist in filtration. The solution was 
filtered to remove impurities, and the pH of the filtered solution was 
adjusted to 7.0 with 0.1 mol/L sodium hydroxide solution. Ethanol was 
added to the solution at a ratio of 1:1 (v/v) to precipitate the SSG. The 
precipitated gum was transferred to Falcon tubes and washed first with 
ethanol and then with acetone to remove residual impurities from the 
filtration process. To finish the purification process, the SSG was dried at 
40◦C in an air oven for 24h and macerated to obtain power [13,27,28]. 

5. Composition and structural characterization of Sterculia 
striata gum 

A structural study is essential for understanding the rheological 
behavior, gelling properties, and other physical behaviors of gums 
related to structural characteristics. For example, the chemical struc-
ture, monosaccharide composition, and molecular weight can affect the 
properties of gum in solution and its interactions with other compounds 
[29]. A detailed description of the characteristics of the Sterculia striata 
strains is presented in Tables 1 and 2. 

5.1. Composition 

SSG comprises uronic acid, galactose, rhamnose, and xylose. Several 
studies have analyzed the composition of SSG collected from native trees 
in the same city [1,30]. Gum’s constituent sugar units were identified by 
acid hydrolysis, followed by separation of the released monosaccharides 
using different chromatographic techniques [31]. The monosaccharide 
compositions obtained were the same while their molar percentages 
varied, as shown in Table 1. These differences could be explained by 
seasonal variation and the hydrolysis process adopted by authors [1,30]. 

Gums, as polysaccharides, may contain polydisperse populations of 
molecules with a wide range of molecular weights. The molecular 

Fig. 2. Process of Isolation and Purification of Sterculia striata exudate.  
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weight of gums can be determined using dilute solution viscometry, 
dynamic light scattering (DLS), and size exclusion chromatography 
(SEC) [32]. SEC was used to characterize the molecular mass of SSG. Its 

molecular mass was within the 106 g/mol range, similar to that of other 
gums, such as karaya gum (Sterculia urens) [33,34]. 

In gums, infrared spectroscopy has been used to qualitatively track 
eventual structural changes, which can result in improved properties 
such as biocompatibility and therapeutic activity. The Fourier transform 
infrared (FTIR) spectra of SSG presented by [3,34] exhibited charac-
teristic bands of polysaccharides, such as the bands attributed to O–H 
and C–H and the acetyl and carbonyl groups of uronic acid (Table 1). 

X-ray diffraction (XRD) is a structural analysis technique widely used 
to evaluate the crystallinity of different materials, and several publica-
tions have disclosed XRD results for SSG [13,28,35]. XRD showed that 
this gum has an amorphous character (Table 1) [13,36]. Natural gums 
such as karaya gum, gum arabic, and cashew gum also exhibit an 
amorphous nature [13,28]. 

Nuclear magnetic resonance (NMR) has become an essential tech-
nique in the characterization of polysaccharides that exhibit complex 
structures, including gums. The 13C NMR spectrum of SSG did not pre-
sent good resolution due to the high viscosity of the polysaccharide in 
deuterated water (D2O). However, peaks attributed to the carbonyl 
groups of uronic acid, the methyl group of the rhamnose residue, and the 
acetyl group were observed [1]. 

5.2. Physicochemical properties 

SSG contains a large amount of uronic acid (42.2 %–49.2 %), which 
in turn has ionizable carboxylic acid groups, giving the gum a poly-
anionic character [1]. This negative character enables electrostatic in-
teractions with polycations to form polyelectrolyte complexes [3]. This 
feature has attracted the attention of researchers, and SSG has been 
applied as a component of pharmaceutical formulations, which are 
mainly new delivery systems such as hydrogels, nanoparticles, and 
films. The physical behavior results of the SSG upon viscosity tests and 
rheological analysis are displayed in Table 2. 

5.3. Rheological behavior 

5.3.1. Viscosity 
SSG has a higher viscosity than other exudate polysaccharides. 

Aqueous solutions of gum at a concentration of 1% (m/v) at 25◦C had an 
absolute viscosity of 400 mPa⋅s, a much higher value than that of 
polysaccharides from Acacia senegal (1.8 mPa⋅s), cashew gum (1.0 
mPa⋅s), and the polysaccharide Enterolobium contortisilliquum (25.5 
mPa⋅s). However, Sterculia urens gum showed an absolute viscosity of 
700 mPa⋅s [1]. 

The resulting rheological behavior of SSG depends on its concen-
tration and molecular weight, among other factors, and the influence of 
ionic forces cannot be neglected [1,3,30]. 

5.3.2. Influence of concentration 
Researchers have evaluated the effect of concentration on aqueous 

SSG gum solutions. One study determined the viscoelasticity of SSG in 
aqueous solution by dynamic rheology. Aqueous solutions of purified 
gum at concentrations ranging from 2 to 6% (m/v) exhibited typical gel 
behavior (G′ > G″, and the gel strength increased with increasing con-
centration. However, only solutions with concentrations greater than 
4% (w/v) formed a true gel [30]. The viscoelastic behavior of deacety-
lated SSG solutions differed from that of pure gum [30]. Deacetylation 
contributed to the decrease in gel strength [30]. This result corroborated 
that obtained by [3]. The authors observed that the presence of an acetyl 
group contributes to the stability of polysaccharide junction zones, 
which results in a more potent gel [30]. 

5.3.3. Influence of ions 
The addition of NaCl at different concentrations decreased the 

intrinsic viscosity with increasing salt concentration due to the inter-
action between the Na+ ions and the anionic groups present in the gum 

Table 1 
Composition and structural characterization of SSG.  

Technique Results Reference 

Chemical and 
Chromatography (% 
MOL) 

Uronic acid (42.2 %), galactose (23.4 %), 
rhamnose (28.8 %), xylose (5.3 %) and 
acetyl groups (10.7 %). 

[1] 

Uronic acid (49.2 %), galactose (19.3 %), 
rhamnose (23.1 %), xylose (7.7 %) and 
acetyl groups (9.6 %). 

[30] 

SEC:Molar mass 4.2 × 106 g/mol [33] 
4.18 × 106g/mol [34] 

FTIR O–H stretch (3380 cm− 1), C–H stretch 
(2930 cm− 1), C-O-C bond asymmetric 
stretching (1080 cm− 1 and acid gum 
carbonyl group stretch (1740 cm− 1). 

[34] 

Carbonyl groups of uronic acid and 
acetyl (1727 cm -1). C-O stretch of acetyl 
groups of gum (1263 cm− 1). 

[33] 

Acetyl groups (1736 and 1226 cm− 1), 
carboxylate group of uronic acid residues 
(1616 and 1418 cm− 1). 

[1] 

XRD SSG diffractograms showed 
characteristics of an amorphous 
material. 

[13,28,35] 

NMR 13C Carbonyl groups of uronic acid (174.8 
ppm), methyl group of rhamnose 
residues (17.5 ppm) and acetyl groups 
(21.3 ppm). 

[1]  

Table 2 
Physical behavior of SSG obtained from viscosity tests and rheological analysis.  

Performed Test Evidenced Physical Behavior Reference 

- The viscosity was analyzed on a 
Canon-Ubbelohde viscometer 
with a water flow of 129 s at 
25 ◦C. 
- Flow curves were obtained on 
a Brookfield DV-III instrument 
at 25 ◦C, in a concentration 
range of 0.1 to 1 % in 0.1 M 
NaCl for the polysaccharide 
samples. 

- Highly viscous polysaccharide 
compared to other 
polysaccharides (cashew gum, 
Acacia senegal and Enterolobium 
contortisilliquum);-The 
electrostatic interaction between 
ions (mono and divalent)  
and the ionizable carboxylic 

groups of the gum promotes a 
contraction in the polymer chain, 
resulting in a reduction in 
viscosity; 
- SSG has a semirigid polymer 
chain conformation. 

[1] 

- The melting temperature of the 
gels (Tm) was determined by 
visually observing the onset of 
gel fluidity upon heating; 
-Dynamic oscillatory tests were 
performed on a Haake 
rheometer, model RS75. 

- A model for the gelation of 
Sterculiacea gum was proposed;- 
SSG forms thermoreversible gels 
with gelation conditions 
(concentration and melting 
temperature)  
dependent on the purification 

method, acetyl group content, 
counterions present, and salt 
addition. 

[3] 

Dynamic rheological analysis was 
performed on a Haake 
oscillatory rheometer, model 
RS 75, C 60/2◦ sensor and a 
Peltier temperature control 
system. 

- The behavior of aqueous 
solutions of SSG (concentration of 
2–6 % m/v) is typical of gel; 
- A true gel was obtained in 
solutions with concentrations 
above 4 % (m/v); 
- SSG forms a weaker gel than 
karaya gum; 
- Sterculia striata and karaya gum 
gels did not show any significant 
conformational change with 
temperature variation; 
- The addition of NaCl decreased 
the strength of the SSG gel. 

[30]  

A.R. Freitas et al.                                                                                                                                                                                                                               



European Polymer Journal 206 (2024) 112799

5

(ionized carboxylic groups). This interaction promoted contraction of 
the macromolecule, resulting in a reduction in viscosity. This effect 
confirmed that the polyelectrolytic behavior of SSG implies a certain 
flexibility to the polysaccharide chain as the salt concentration increases 
[1]. 

The effects of Na+, Ca2+, and Al3+ ions on reducing the viscosity of 
SSG were evaluated. The lowest intrinsic viscosity was observed in the 
presence of Al3+, reflecting a strong contraction of the chain. The chain 
was less contracted in the presence of Na+, while Ca2+ promoted an 
intermediate contraction [1]. 

A model for the gelation of Sterculiaceae gums (Fig. 3) that includes 
ionic interactions and hydrogen bonds was proposed. Ionic interactions 
between galacturonic acid residues and calcium ions (●) (junction zone 
A); hydrogen bonds between rhamnose segments (junction zone B); and 
ionic interactions involving galacturonic acid and counterions (calcium 
or other metal ions) (○) and (junction zone C) [3]. 

5.3.4. Influence of pH 
A study evaluated the influence of pH on viscosity in SSG solutions 

(0.03%). With these results, it was possible to observe that pH influences 
viscosity. However, this influence did not occur linearly. Gradually 
increasing the pH of the solution from 1 to 6 caused a significant in-
crease in viscosity. In parallel to this study, the influence of pH on the 
zeta potential was also evaluated. An increase in the negative charge of 
SSG was observed for this same pH range. An increase in the negative 
charge caused intramolecular electrostatic repulsion, which drove the 
expansion of the polysaccharide polymer chain. Therefore, an increased 
negative charge increased the viscosity [5]. 

Gradually increasing the pH from 6 to 10 decreased the viscosity of 
the SSG solution. The zeta potential values in this same pH range were 
close to those corresponding to pH 6. This effect was attributed to the 
electrostatic interaction between the negative charges of the gum and 
the NH+ cations added during pH adjustment, which caused the polymer 
chain to contract, decreasing the viscosity [5]. 

5.3.5. Melting temperature 
The melting temperature (Tm) is a parameter used to characterize 

the gelation of polysaccharides. Tm corresponds to the temperature at 
which the junction zones in the gel network dissociate. A study revealed 
that SSG is capable of forming thermoreversible gels under gelation 
conditions (concentration and Tm) dependent on the purification 
method, acetyl group content, counterions present, and salt addition 
[3]. 

6. Chemical modifications of Sterculia striata gum 

The properties of this polysaccharide can also be modulated by 
modifying their polymeric structure to expand the applications of SSG 
gum. Therefore, structural modifications have been carried out via 

Fig. 3. Model proposed for the gelation of Sterculiaceae gum adapted from [3].  

Fig. 4. Chemical modifications of SSG.  
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acetylation, acylation, esterification and amination [5,27,35,37,38], as 
shown in Fig. 4. 

6.1. Acetylation 

Acetylated polysaccharides can undergo acetylation in either an 
organic or aqueous medium. The traditional method for acetylating 
polysaccharides involves acetic anhydride and pyridine. During acety-
lation, polysaccharides are dissolved in specific organic solvents, such as 
formamide or DMSO, and acetylated by acetylating agents, such as 
acetic anhydride [39]. Moreover, catalysts such as pyridine or 4-dime-
thylaminopyridine (4-DMAP) can expedite the reaction and improve 
the degree of acetylation [40–42]. 

In the case of acetylation by aqueous medium, the unmodified 
polysaccharide is dispersed in water, the pH is adjusted to 8–9 using 
NaOH, and acetic anhydride is slowly added while cooling [43]. Sub-
sequently, the mixture was pH neutralized with HCl to complete the 
reaction, then acetylated product was isolated from the reaction 
mixture, rinsed, and subjected to freeze-drying [40,44,45]. 

In a study aimed at producing acetylated SSG, four gum derivatives 
were obtained by varying the molar ratio of acetic anhydride to gum. 
Acetylated SSG exhibited a degree of substitution (DS) ranging from 
0.48 to 1.68. Characterization by DS is essential for modified gums. The 
DS represents the average number of hydroxyl groups replaced by acetyl 
groups per monosaccharide unit. The results indicate that higher con-
centrations of acetic anhydride led to increased DS [37]. 

The acetylated SSG was also obtained using a different method 
without pyridine. The researchers incorporated SSG with acetic anhy-
dride at 80◦C for 30 min in a reflux system. Afterward, NaOH solution 
was added, and the reaction was maintained for four hours. The reaction 
product was precipitated in ethanol and dried at 40◦C. The derivative 
had a DS of 0.55 [35]. 

Despite variations in the acetylation of SSG reported by both authors, 
the infrared spectra of acetylated SSG demonstrate similarities. Every 
infrared spectrum indicated heightened band intensity attributed to 
C=O and C–O–C of acetyl groups, accompanied by a simultaneous 
reduction in the band at 3500 cm− 1 due to the substitution of hydroxyl 
groups [35,37]. 

6.2. Acylation 

The acylation reaction refers to the addition of any acyl group to a 
substance. Acyl groups can vary and include, for example, groups such 
as benzoyl and propionyl groups. Acylation is often carried out using 
specific acid chlorides or acid anhydrides, depending on the desired acyl 
group [46,47]. The acyl group is generally represented as “RCO-”, where 
R is an aliphatic or aromatic group. Some specific examples of common 
acyl groups include acetyl (CH3CO–), propionyl (CH3CH2CO–), benzoyl 
(C6H5CO–), and butanoyl (CH3CH2CH2COO–) groups [48,49]. 

Researchers developed and characterized a nanocarrier based on SSG 
modified via an acylation reaction with propionic anhydride and pyri-
dine. Three gum derivatives were obtained by changing the molar ratio 
of the reactants. The reaction with propionic anhydride changed the 
hydrophilic balance of the gum. The propionate derivative of the SSG 
exhibited a substitution degree ranging from 0.48 to 1.68, along with 
hydrophobic characteristics. The infrared spectra of the derivatives also 
indicated chemical modification, which is primarily reflected in the 
increase in the intensity of the C=O vibration band. The derivative with 
the highest degree of substitution was selected for drug encapsulation 
[38]. 

6.3. Esterification 

Another method for incorporating hydrophobic groups into bio-
polymers involves employing an esterification reaction. Researchers 
often opt for anhydrides, such as succinic, phthalic, and maleic 

anhydrides, as reagents in these esterification reactions [50–52]. The 
reaction occurs between the polysaccharide hydroxyl groups and the 
anhydride carbonyl groups. This chemical process can introduce 
amphiphilic groups, imparting a surfactant character to the biopolymer. 
Hence, numerous researchers have embraced this method to enhance 
the emulsifying properties of biopolymers [36,53]. 

Producing amphiphilic polysaccharides with emulsifying capabilities 
is essential for drug delivery system applications. The emulsifying 
feature contributes to nanoparticle stabilization [32]. Additionally, 
some research indicates that phthalate polysaccharides can exhibit 
diverse characteristics influenced by pH, which is helpful in 
gastrointestinal-modulated delivery systems, for example [50,53]. 

The amphiphilic nature achieved through the esterification reaction 
can also be specifically employed to enhance the interaction of the 
biopolymer with the double-membrane cell envelope found in Gram- 
negative bacteria [36,54]. 

Modifications of SSG through esterification were performed using 
two different types of reagents: maleic [27] and phthalic anhydride 
[36]. Modified and original gums were analyzed through elemental 
analysis, thermogravimetric analysis, XRD, and FTIR spectroscopy. The 
findings elucidated distinct differences between the natural gum and its 
modified counterpart. Nonetheless, acquiring nuclear magnetic reso-
nance spectra is deemed indispensable for a more nuanced compre-
hension of the structural alterations in the modified gums. 

6.4. Amination 

The amination reaction refers to substituting the –OH group with the 
–NH2 group at some positions in the monosaccharide units of poly-
saccharide backbones. Amination can be carried out by adding the re-
agents ethylenediamine and sodium borohydride. The OH group of the 
polysaccharide was replaced with –NHCH2CH2NH2. Then, sodium 
borohydride was added, and the –NHCH2CH2NH2 group was reduced to 
the –NH2 group [55–57]. 

A study showed that aminated-SSG presented a less negative zeta 
potential (− 33.10 mV) than did the unmodified SSG (− 59.10 mV). This 
change in the surface charge of the polysaccharide was attributed to the 
presence of positively charged amino groups. Aminated-SSG presented 
increased mucoadhesive activity, which was also justified by the pres-
ence of positively charged amino groups in the polymer chain that 
interact with the mucosa through electrostatic interactions since the 
mucosa has a negative character [5]. 

7. Industrial applications of Sterculia striata gum 

The SSG structure is versatile and can promote electrostatic in-
teractions. This feature allows this gum to be a component of large 
application areas, such as environmental, medical, and pharmaceutical 
formulations (hydrogels, nanoparticles, and films) [35,36,58–60], as 
shown in Fig. 5. 

Pharmaceutical and biotechnological applications obtained from 
SSG either unmodified or modified, are discriminated in Table 3. This 
section will discuss all the opportunities and challenges related to SSG 
applications. 

7.1. Pharmaceutical and medical applications 

7.1.1. Micro- and nanoparticulate drug delivery systems 
Drug delivery systems (DDS) are designing and technological stra-

tegies for improving the therapeutic efficacy of drugs or natural in-
gredients such as essential oils. DDS can protect ingredients from 
degradation conditions such as the gastric environment while in the 
gastrointestinal tract, but they can also enhance pharmacokinetics, such 
as intestinal absorption, and provide controlled release properties. 
Biopolymers such as gums have been studied for use in producing DDs 
because they are biocompatible and biodegradable [63]. 
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Additional biopolymers (dextran sulfate, chitosan, and albumin) 
have been added to SSG in an oral delivery system to increase the oral 
bioavailability of insulin. The methods used to prepare the formulation 
were based on ionotropic pregelation followed by electrolytic 
complexation of oppositely charged biopolymers under controlled pH 
conditions. This study was the first to propose a SSG-based insulin de-
livery system with the potential for oral administration of protein drugs; 
this system was considered a valid alternative for efficiently delivering 
these drugs [13]. 

Because chitosan and SSG are positively and negatively charged, 
respectively, under certain experimental conditions, they can interact 
and produce charged nanoparticles through polyelectrolytic complexa-
tion. One study demonstrated the particle formation capacity of these 
materials by carrying chloroquine in a nanoparticle formulation. The 
study showed that the charge proportion between chitosan and SSG 
influences the incorporation efficiency and the chloroquine release rate. 
The nanoparticles prepared with excess SSG had greater incorporation 
efficiency and more prolonged drug release. The authors believe that 
this result is due to the interaction of the cationic drug with the excess 
gum present in the formulation. In this way, the nanocomplexes asso-
ciated with chloroquine exhibited prolonged release for up to 12 days, 
indicating that these formulations can be applied in controlled drug 
release systems [33]. 

The acetylated SSG nanocapsule formulation was applied to the 
carrier amphotericin B, a drug widely used for treating fungal infections 
and leishmaniasis. Nanocapsules loaded with amphotericin B exhibit up 
to 99.2% encapsulation efficiency, controlled release, good hemo-
compatibility, and antifungal activity [37]. 

In another work, the authors developed and characterized a nano-
carrier based on acylated SSG. This nanocarrier was also applied as an 
amphotericin B delivery matrix. The results indicated that the nano-
capsules are potentially safe materials for the controlled release of 
amphotericin B for up to 120 h [38]. 

Essential oils are highly relevant in the pharmaceutical field. 

However, their use is limited because they are very labile substances and 
have low bioavailability. Many studies have shown that nanoparticles 
can protect essential oil properties [64,65]. 

One study investigated the nanocapsule production of the essential 
oils of SSG and Lippia sidoides. It was possible to verify that SSG pro-
tected the oil during the nanocapsule preparation process, which 
favored greater encapsulation efficiency due to less oil loss. The oils of 
the nanocapsules prepared with SSG were maintained without signifi-
cant loss over 365 days, indicating protection against degradation by 
this material. These findings showed that researchers obtained a 
formulation based on chitosan and gum capable of preserving the 
properties of Lippia sidoides essential oil [34]. 

7.1.2. Gels/Hydrogels as mucoadhesive and wound healing formulations 
Hydrocolloids are substances that can form gels or colloids when 

mixed with water. These compounds possess interesting properties, such 
as thickening, gelation, and stabilization of aqueous systems. They play 
a significant role in the food, cosmetic, and pharmaceutical industries 
and have a variety of applications [66]. SSG is a biopolymer with 
desirable characteristics for gel formulation, such as gelling ability and 
swelling capacity [30]. 

One study developed a gel with SSG, chitosan, and oil for wound 
treatment. The gel was tested on the skin of leased rats after topical 
application for 21 days. The material combination provided a gel with 
adequate support for the skin healing process [58]. 

SSG hydrogels were synthesized with nerolidol to improve their 
antimicrobial properties through a transdermal formulation. Nerolidol 
is an essential oil extract from citrus plants with antimicrobial activity 
potential. The hydrogel characterization confirmed the interaction be-
tween nerolidol and OH groups on the SSG polymeric chain. SSG 
nerolidol-based hydrogels also exhibited effective mechanical pro-
prieties, such as adhesiveness and cohesion. The in vivo experiment 
demonstrated the practical effectiveness of the hydrogels in treating 
wounds, as these materials facilitated skin re-epithelialization. A wound 

Fig. 5. Pharmaceutical, medical, biotechnological, and environmental applications of SSG.  
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Table 3 
Pharmaceutical and biotechnological products obtained from modified SSG.  

SSG Chemical 
modification 

Composition Formulation Type Purpose Physicochemical Output Biological output Authors 

NA Chloroquine + SSG +
high molecular mass 
chitosan or low 
molecular mass chitosan 

Nanoparticle Chloroquine 
encapsulation and 
understand the 
interaction between 
Chitosan and SSG. 

Nanoparticles were assembled 
because of polysaccharides’ 
opposite charges. The 
chloroquine nanoparticle 
formulation had an EE around 
50 % and showed a drug 
release over 12 days. 

NA [33] 

NA SSG + Chitosan + Lippia 
sidoides essential oil 

Nanoparticle Encapsulation of Lippia 
sidoides essential oil 
and its protection 
against degradation. 

Nanoparticles were obtained 
by spray drying. The most 
promising result of 
nanoparticle encapsulation 
efficiency was 59 %. 

NA [34] 

NA SSG + Chitosan +
magnetite 

Coated nanoparticles To combine chitosan 
and SSG to produce a 
hydrogel and coat 
magnetic particles. 

The coating was produced 
based on polyelectrolyte 
complexes between chitosan 
and SSG. 

NA [60] 

NA SSG + Chitosan + MFO Gel Wound healing Chitosan and SSG have 
opposite charges and can 
interact to assemble a gel 
formulation. 

The formulation proved a 
complete skin re- 
epithelization after 21 days. 

[58] 

NA SSG + nerolidol essential 
oil 

Gel Wound healing The hydroxyl groups in the SSG 
structure exhibited a chemical 
tendency to create hydrogels. 
This interaction facilitates the 
bonding with nerolidol thus 
enhancing its utilization in 
drug delivery systems. 

A 83.6 % antibacterial growth 
inhibition effect against the 
bacterium Staphylococcus 
aureus was obtained. 

[61] 

NA SSG + Pure Ionic Liquid 
+ Lysozyme 

Film Sensor film to detect 
dopamine 

NA NA [59] 

NA Poly-o-methoxyaniline 
(POMA) + SSG 

Electroactive 
nanostructured film 

NA NA NA [62] 

Acetylation Acetylated SSG +
Amphotericin B 

Nanoencapsulation Hydrophobic 
modification of gum 
for production of stable 
DDS without the use of 
surfactant 

Nanocapsules based on 
modified gum were produced 
spontaneously with no use of a 
surfactant; a monomodal 
distribution profile of 
nanocapsules with no 
aggregation was observed. 

Drug-loaded nanocapsules 
showed good 
hemocompatibility, inhibition 
of fungi, and a release profile 
of the drug for up to almost 9 
days. 

[37] 

Acylation Acylated SSG +
Amphotericin B 

Nanoencapsulation Synthesis and 
characterization of a 
DDS based on SSG- 
modified gum 

Change in the hydrophilic 
balance of SSG led to the 
formation of stable 
nanocapsules by spontaneous 
emulsification with no use of 
surfactant. 

Modified SSG based 
nanocapsules are potential 
safety materials for controlled 
release of amphotericin B. 

[38] 

Esterification Phthalated SSG Antibacterial agent Search for a new 
biologically active gum 

The modification increased the 
hydrophobic behavior of the 
gum while maintaining its 
thermal stability. 

Higher antimicrobial activity 
of modified gum suggested 
that SSG hydrophobization 
improved interaction with 
bacterial cell wall components 

[36] 

Esterification 
with maleic 
anhydride 

Esterified SSG Antibacterial Agent to increase the 
antimicrobial activity 
of SSG 

Modified SSG presented higher 
mass variation at lower 
decomposition temperature 
than CG’s. 

Modified SSG showed an anti- 
staphylococcal effect. 

[27] 

Acetylation Acetylated SSG Antibacterial and 
Antiparasitic Agent 

Search for natural 
antibacterial agents 

Higher hydrophobicity to the 
modified gum; increase in the 
degradation temperature of 
modified gum. 

Acetylation led to an increase 
in antibacterial activity 

[35] 

NA SSG + Chitosan +
Insulin + Calcium 
Chloride + Dextran 
Sulfate + Albumin +
Polyethylene Glycol +
Poloxamer® 188. 

Nanoparticle To protect insulin from 
gastric pH 

The formulation containing 
SSG was able to protect 64 % of 
insulin in simulated gastric 
conditions. 

SSG-based formulation 
improves mucoadhesion in the 
gastrointestinal tract. 

[13] 

Amination Aminated SSG Antioxidant capacity, 
improved 
mucoadhesive and 
antimicrobial 
properties 

To increase gum 
reactivity for the 
development of new 
DDS 

Decreased the SSG’s molar 
mass and surface charge; 
increased the crystallinity. 

Increase in the mucoadhesive 
and antibacterial effect of 
aminated SSG. 

[5] 

NA SSG Tablets and hydrogels 
without drugs 

To produce tablets and 
hydrogels with 
adhesive properties 

SSG tables and hydrogel 
presented mucoadhesion 
proprieties; 

NA [28] 

SSG-Sterculia striata gum; DDS-Drug delivery system; DS-Dextran sulfate; EE-Encapsulation efficiency; MFO- Mauritia flexuosa oil; NA-Not applicable; NiTsPC- Nickel 
tetrasulfonated phthalocyanines; PAH- Polyallylamine hydrochloride; PEG- Polyethylene glycol; POMA- Poly-o-methoxyaniline. 
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histological study revealed complete re-epithelization on the 14th 
treatment day [61]. 

Gel properties are also crucial for determining oral compositions. 
Formulations with mucoadhesive capabilities can increase retention in 
the gastrointestinal tract. This feature can promote sustained drug 
release [67]. 

One study tested the intestinal mucoadhesion of aminated SSG and 
unmodified gum. The test was conducted using a texture analyzer and 
pig intestinal mucosa. The present study demonstrated that both gums 
exhibited mucoadhesive properties. The mucoadhesive properties of 
SSG are connected to carboxyl and hydroxyl groups within its polymer 
chain, which promote mucoadhesion through hydrogen bonding with 
the mucosa. Aminated SSG can establish interactions with mucin 
through electrostatic interactions and hydrogen bonding involving the 
amino groups of aminated SSG and the glycoproteins of mucin, resulting 
in enhanced adhesion compared with that of unmodified gum [5]. 

Another study demonstrated that tablets containing SSG exhibited a 
mucin adhesion force superior to that of commercially available con-
ventional excipients. Additionally, when subjected to the swelling rate 
test, the tablets showed a constant swelling rate with no visible erosion. 
These characteristics suggest that SSG-based tablets can be transformed 
into hydrogels through swelling in the gastrointestinal tract. Therefore, 
this combination of features implies the use of SSG as a sustained drug 
release system [28]. 

7.1.3. Antibacterial and antiparasitic agents 
The acetylated SSG showed excellent antibacterial activity, as it had 

an inhibitory effect on all the strains tested, reaching almost 100 % in-
hibition of P. aeruginosa and S. typhimurium. In addition, the results 
against the promastigote form of Leishmania amazonensis indicated that 
chemical modification improved the antileishmanial activity of the gum, 
reaching an inhibitory effect above 70% at lower concentrations than 
that of the unmodified SSG [35]. 

The aminated SSG exhibited increased inhibitory activity against 
Staphylococcus aureus. Furthermore, it showed antioxidant capacity and 
an inhibitory effect on the α glucosidase enzyme and no cytotoxic ac-
tivity was found [5]. 

Esterified SSG improved the antimicrobial properties of the original 
unmodified gum. The esterified SSG showed excellent antibacterial ac-
tion, inhibiting almost 100% of bacterial growth, and did not cause 
significant cytotoxicity to mammalian cells, suggesting that it is prom-
ising for application in biomedical measures aimed at controlling in-
fectious diseases caused by S. aureus [27]. 

7.2. Tissue engineering 

Currently, tissue engineering has emerged as a promising approach 
for addressing tissue defects resulting from substantial damage or loss. 
This interdisciplinary field integrates biology, materials science, and 
engineering to generate a range of tissues essential for restoring, 
substituting, and maintaining existing tissues [68]. 

Over the past few years, biopolymers have garnered increased in-
terest for their application as biomaterials in tissue engineering. Natural 
gum polysaccharides possess various qualities, such as biodegradability, 
nontoxicity, and biocompatibility. Due to their porosity and expansive 
surface area, polysaccharide polymers serve as scaffolds to mimic the 
extracellular matrix, offering robust support for cell growth. The notable 
geometric structure and surface properties of these polymers also play 
crucial roles in directing cell regeneration [69]. 

Currently, there are no published reports evaluating the use of SSG 
for scaffold production. However, the various properties of SSG 
mentioned earlier indicate that this material is promising for tissue en-
gineering. The findings observed in articles with hydrogels of this gum 
compared to the evidence regarding the formulation that supported cell 
growth in wound healing suggest that SSG is a promising candidate for 
scaffold production [28,58,61]. 

7.3. Biosensor technology 

Biosensor technology refers to the application of biological compo-
nents, such as enzymes or antibodies, integrated with transducers or 
detectors to detect and quantify specific biological or chemical sub-
stances. This technology is used for various purposes, including medical 
diagnostics, food safety, and industrial processes. Biosensors work by 
recognizing a target molecule and producing a measurable signal, 
providing valuable information about the presence or concentration of 
the target analyte. The versatility of biosensor technology makes it a 
powerful tool in fields where accurate and rapid detection of specific 
substances is crucial [70,71]. 

The polyanionic character of SSG also aroused researchers’ interest 
in using this material to develop self-assembled films via the layer-by- 
layer technique. The formation of self-assembled films involves depo-
sition layers through electrostatic interactions between the gum COO– 
group and a cationic polyelectrolyte [2,59,62,72]. 

Multilayer thin films were also developed using SSG and poly-o- 
methoxyaniline, a cationic conductive polymer. The presence of gum 
in the films increased the electrochemical stability compared to films 
made with conventional polyelectrolytes. In addition, the films pro-
duced with SSG stood out for their uniformity at the nanometer scale 
and high material adsorption by bilayers with other films produced from 
other gums [62]. 

Another study obtained nanocomposites in the form of ultrathin 
films that combined a metallic phthalocyanine (nickel tetrasulfonated 
phthalocyanine) and SSG in a tetralayer architecture together with 
conventional polyelectrolytes. They investigated the ability of nano-
composites to act as electrodes for detecting dopamine. The presence of 
gum led to the efficient adsorption of phthalocyanine and increased the 
electrochemical response of the films. Furthermore, the films are sig-
nificant electrodes capable of detecting dopamine at concentrations as 
low as 10–5 M [72]. 

7.4. Food applications 

Materials with antimicrobial activities are essential for the food in-
dustry. Gums can be used in various applications to help inhibit the 
growth or presence of unwanted microorganisms. Adding gums with 
antimicrobial properties to foods can help extend their shelf life by 
inhibiting the growth of bacteria, fungi, and other microorganisms that 
cause deterioration. Additionally, antimicrobial gums can be incorpo-
rated into food packaging materials, preventing the growth of micro-
organisms and helping preserve product freshness [73]. 

Immobilizing lysozyme, an enzyme with antimicrobial properties in 
SSG films, was used to obtain antimicrobial surfaces with potential 
application in packaging or coatings. The results showed that the gum 
films favored the enzymatic activity of the immobilized enzyme. Similar 
studies with other enzymes are being developed to provide additional 
data to establish a correlation between the surface properties of immo-
bilized enzymes and enzymatic activity [59]. 

7.5. Environmental and agronomic applications 

Over time, gums have been discovered in diverse applications in the 
environmental field, contributing to more sustainable and environ-
mentally friendly approaches. These biopolymer materials can be used 
in wastewater treatment to assist in removing pollutants and coagu-
lating solids, thereby facilitating water purification [74,75]. 

Gums also possess properties that allow for the remediation of 
contaminated soils; they are applied to encapsulate contaminants and 
reduce their mobility, contributing to the recovery of degraded areas 
[76,77]. 

Moreover, certain gums, which aid microorganisms in the process of 
degrading pollutants, have characteristics that favor bioremediation. 
Gummy use in bioremediation is beneficial in areas contaminated by 
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hydrocarbons and other chemical compounds [78,79]. 
SSG was applied to prepare a hydrogel with chitosan to coat mag-

netic particles. The work revealed that the hydrogel was suitable for 
magnetite coating, suggesting its potential for future application as a 
water remediation agent. Due to their heavy metal adsorption capa-
bility, the hydrogels obtained are likely candidates for use in water 
treatment for the adsorption of heavy metals [60]. 

8. Technological prospecting of Sterculia striata gum 

Technological prospecting is a systematic means of mapping scien-
tific and technological development to identify, through the information 
contained in patents, areas of strategic research, relevant technologies, 
technological routes, innovations, processes, products, and trends in 
R&D. In other words, it can help predict possible future states of in-
vention, innovation, and technology use. Thus, combining scientific 
review with technical data is essential since there is a growing need for 
technology transfer between academia and industry to build a connec-
tion that favors industrial-technological development [80,81]. 

From this perspective, a search was carried out with the terms 
“Sterculia striata”, “Sterculia and gum”, “Sterculia and delivery system”, 
and “chicha” in the technological databases EPO (European Patent Of-
fice), WIPO (World Intellectual Properties Organization), DII (Derwent 
Innovations Index), (USPTO) United States Patent and Trademark Office 
and Brazilian patent office called the Nacional Institute of Intellectual 
Protection (INPI) (Fig. 6). 

We found only three patent applications for SSG: one with the INPI 
base and two with the DII base. This result corroborates the small 
number of scientific publications published on this topic in recent years. 
However, the number of patents is still far below the number observed 
for scientific articles, demonstrating a need for greater industrial use 
because of the scientific relevance of chicha gum. 

The patents found concern SSG (chicha) and were applied for in 
Brazil. In the patent (MU 8200908-2U) found at the INPI, a technolog-
ical route to obtaining regional gums was requested. Therefore, the 
cashew, angico, timbaúba, and chicha gums are included in the claims. 
This route effectively obtains gums that can be applied as thickeners and 
stabilizers in the pharmaceutical, food, and brewing industries[82]. 

The two patents found in the DII database are related to the use of 
SSG as a pharmaceutical formulation. The first invention (BR 
102018012321-1 A2) consists of a formulation based on natural 

polymers, including SSG, to increase the oral bioavailability of protein 
drugs [83]. The second invention (BR 102019016087-0 A2) is a phar-
maceutical composition for the delivery of plant actives such as phenolic 
compounds. These preferably compounds are isolated or associated with 
conventional nonplant actives, and characterized by their association 
with gums, including SSG [84]. 

Therefore, despite being a product that can be abundantly obtained 
from the Brazilian flora and shows interesting characteristics for use in 
the industrial field, with the pharmaceutical, medical, environmental, 
and agronomic industries, it is still scarcely explored in patent banks. 
This finding encourages the hypothesis that there is a need for better 
promotion of research and technology transfer of this material, which 
may have significant economic and marketing importance in the future 
to be explored by various industrial branches [83,84]. 

9. Conclusion 

This study provides an overview and perspectives on the scientific 
and innovation potential of Sterculia striata gum (SSG). 

SSG is a material capable of being modified by esterification, acyl-
ation, amination, and acetylation. This feature confirmed that SSG is a 
versatile material suitable for several applications. However, a more 
detailed analysis of the impact of the modification on the derived gum, 
specifically on the molecular weight and degree of substitution, is 
needed. It is also urgent to carry out stability studies (for example, 
studies of physicochemical alterations) and guarantee the absence of 
toxicity in modified SSG. 

Studies characterizing the use of its exudate from a physicochemical 
and rheological perspective have been described. The ability of SSG to 
form thermoreversible gels was found, which indicates the potential of 
these materials from pharmaceutical and technical points of view. In 
addition, the polyanionic character of these gums allows the formation 
of polyelectrolyte complexes, which denote excellent prospects for 
encapsulating drugs and producing innovative formulations. Studies 
have suggested its use in the formation of gels, nanostructured systems, 
and films. The impact of the rheological properties of modified SSG on 
relevant drug delivery systems (DDS) attributes, such as size, charge and 
eventually biological performance, including mucoadhesion and anti-
microbial activity, cannot be neglected. The technological prospection 
of patents related to the SSG is presented here, with a few related pat-
ents, thus demonstrating an overview of the need for greater use of this 

Fig. 6. Patent search protocol and results DII: Derwent Innovations Index ®; WIPO: World Intellectual Properties Organization; EPO: Europe Patent Office; USPTO: 
United States Patent and Trademark Office; INPI: Brazilian National Institute of Industrial Property. 
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material in the field of marketing and industry. 
Additional biocompatibility investigations according to standardized 

and international methodologies are needed for pharmaceutical for-
mulations produced from SSG. Similarly, further preclinical studies are 
needed to determine the impact of new delivery systems containing SSG 
on the pharmacokinetic profile of the drug. The most different potenti-
alities of the Sterculia genus were found in the pharmaceutical, medical, 
food, biotechnological, and environmental domains. 
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