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Abstract: Cosmetic formulators have numerous thickeners at their disposal to stabilize and increase 
the viscosity of their formulations. traditionally, some ingredients are the most widely used for 
these purposes, such as polyvinylpyrrolidone, polyvinyl alcohol, sodium carboxymethylcellulose, 
hydroxyethylcellulose, hydroxypropylmethylcellulose, and other cellulose derivatives, as well as 
carbomer and acrylic acid derivatives (acrylates). As an alternative to chemical compounds, many 
of them of fossil origin, there are gums of natural origin, such as guar gum, Arabic gum, pectin, 
and alginate. there are also thickeners of mineral origin, such as aluminum and magnesium 
silicates, bentonite, and hectorite. However, xanthan gum stands out among all the others due to 
its biotechnological origin, which allows the insertion of an ingredient that in addition to causing 
an increase in viscosity can also bring a greater degree of sustainability to the final product. 
Xanthan gum is an anionic polysaccharide, with high molecular weight, industrially produced 
by the bacterium Xanthomonas sp. this gum forms pseudoplastic solutions, showing good flow 
behavior. In addition to good formulation stability, it brings good sensory characteristics, such 
as a pleasant and light structure to the final product. It is versatile, as it can be used in hot and 
cold formulations and is stable over a wide range of pH and temperature. It can be used in the 
formulation of toothpaste, creams, lotions, shampoos, etc. this work highlights the properties 
and applications of xanthan gum in the cosmetic industry, as well as a section dedicated to 
exposing and discussing the advantages that this asset, of biotechnological origin, brings about 
its competing ingredients for the final product and, consequently, for the company that uses it.
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Introduction

Cosmetics can be defined as substances used to provide 
aesthetic and hygiene benefits to the user and can be applied 
to any part of the human body (Corticosteroids, 2014). 
Among the parts of the body where they are generally used, 
the facial epidermis, mouth, teeth, hair, nails, and armpits 
can be highlighted. thus, each product has a different 
characteristic for the purpose it is applied to, however, 
some ingredients are essential, such as the presence of 
stabilizers and emulsifiers.

Products used for the development of cosmetics can be 
of synthetic, mineral, or natural origin. However, with the 
changes in consumer habits, always looking for minimally 
processed products, the use of materials of natural origin has 
been favored. thus, thinking about cosmetic applications, 
products of biological origin stand out, including guar gum, 
Arabic gum, xanthan gum, pectin, and alginate. Among 
the natural alternatives, xanthan gum has evidence due to 
its emulsifying and stabilizing properties, not depending 
on climatic and seasonal conditions to be produced, nor 
its production process can damage the ecosystem, being 
considered a sustainable alternative. this biopolymer is 
produced by the genus of bacteria Xanthomonas sp., being 
excreted into the environment as a form of the metabolism of 
this bacterium. Among the producing species, Xanthomonas 
campestris is chosen due to its high productivity (Lei et al., 
2017).

Xanthan gum was discovered in 1960 and was approved 
by the FdA (Food and drug Administration) for applications 
in food products and pharmaceutical products in 1968 
(Jindal & singh Khattar, 2018; Luo & Wang, 2014). since 
then, interest in this biopolymer has only grown, since its 
characteristics are very attractive to the industry compared 
to other materials on the market. this activity can be used 
as an emulsifying and stabilizing agent in products such as 
lotions, shampoos, deodorants, facial creams, body, and facial 
moisturizers, among many others. these applications are 
especially favored by their sustainable and non-toxic nature 

to the environment and the user, with no contraindication 
(Filomena Freitas et al., 2015). these characteristics are 
also seen in the market, which estimates a 15% increase in 
the production of xanthan gum until 2027, which results in 
about Us$ 455.9 million. In this sense, this review highlights 
the main characteristics, properties, applications, and 
challenges of using xanthan gum in cosmetics compared to 
other constituents present in the market.

Methodology

the scopus database from elsevier and the Web of science 
core collection database from Clarivate Analytics were used 
for the development of this review. these are databases 
with the largest number of citations, peer-reviewed, being 
considered as leaders in this regard (Zhu & Liu, 2020). terms 
“xanthan gum” oR xanthan ANd cosmetic* were searched 
in titles, abstracts, and keywords of articles and reviews on 
June 24, 2021. documents published in the last five years 
were used as selection criteria, namely, articles and reviews 
published between 2017 and 2021.

only articles or reviews that used xanthan gum as 
a cosmetic or with applications for this purpose were 
included in the selected documents. the total number of 
selected articles was eighteen, as shown in Figure 1 and 
from these, a critical review was developed regarding the 
properties, applications, and advantages of using this active 
biotechnological origin.

Results and Discussion

Features, properties, and applications

Xanthan gum is produced by gram-negative bacteria of 
the genus Xanthomonas sp. of which many species have 
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production capacity, including X. arboricola, X. axonopodis, 
X. campestris, X. citri, X. Fragaria, X. gummisudans, X. 
juglandis, X. phaseoli, and X. vasculorium (Miranda et al., 
2020). However, among those mentioned, the bacterium with 
the highest industrial efficiency, with about 80% conversion, 
is X. campestris, and therefore it is generally preferred 
(Lei et al., 2017).

this bacterium is considered a strictly aerobic bacterium. 
the production of xanthan gum occurs through submerged 
aerobic fermentation, with a complex and specific culture 
medium that must contain inorganic salts, carbon portions, 
trace elements, and a carbon source, such as glucose for 
example. Cultivation media generally indicated for the 
production of xanthan gum are reported with Cadmus (1978) 
and garcía-ochoa et al. (2000) (Miranda et al., 2020). 
After fermentation, the inactivation of the bacterium X. 
campestris must occur, as it is phytopathogenic. this process 
can be carried by a thermal process out using treatment in 
an autoclave. the next step is the precipitation of xanthan 
gum, which happens by the use of solvent, like ethanol. the 
indicated concentration is three parts of solvent and one 
part of culture medium with the overnight process for total 
autonomy. Precipitated xanthan gum must be oven-dried at 
80°C and ground to become a powder.

the average molecular weight of xanthan gum is about 
2 × 106 da, however, this value varies according to the 
producing strain, as well as the growing conditions to which 
it was subjected, that is, carbon source, nitrogen, variation 
of pH, temperature, and agitation (Carvalho et al., 2021). 
Xanthan gum is an extracellular polysaccharide with an 
acidic character due to the presence of acidic groups in its 

structure, leading to an electrostatic repulsion effect during 
the interaction between the side chains (Carvalho et al., 2021; 
Bokov dmitry et al., 2020). the structure of this biopolymer 
consists of a backbone composed of cellobiose repeating 
units while the side chains are formed by d-mannose (β-1.4), 
d-glucuronic acid (β-1.2), and d-mannose, which are linked 
to glucose molecules by α-1,3-type bonds (Carvalho et al., 
2021), as illustrated in Figure 2.

Pyruvate and acetyl are substituents that present a 
variable percentage in the side chains, so that the higher 
the pyruvate content present in the structure, the greater 
the viscosity and thermal stability presented by this 
biopolymer (Becker, 1998). the way the side chains are 
arranged is related to the rigidity of the structure, a factor 
that favors the various applicability in the cosmetic area, 
as well as a characteristic that highlights this gum among 
the others (Lei et al., 2017). due to the chemical structure 
of xanthan gum shown in Figure 2, it has several interesting 
properties from a cosmetic point of view, such as ease of 
keeping the skin hydrated for longer, anti-aging activity, 
controlled delivery of actives to the skin, gelling effect, 
and sensory improvement to the skin. cosmetics. From a 
technical point of view, the properties of high viscosity 
even at low concentrations, resistant pH, being soluble in 
hot or cold water, being non-toxic, pseudo-plasticity stand 
out (Nordin et al., 2020).

Fagioli et al. (2018) evaluated in their work the effect of 
using different gums (glucomannan, xanthan gum, tara gum, 
guar gum, konjac gum, and gellan gum) against variations 
in temperature and pH such that xanthan gum presented 
positive characteristics such as maintenance of viscosity 

Figure 1. the document selection process in databases.
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under temperature changes and pH changes. Furthermore, 
Woźniak et al. (2021) mention that they obtained positive 
results using xanthan gum as an emulsifying agent and 
stabilizer in oily solutions. these results are in line with 
what was highlighted by Nordin et al. (2020).

However, all the characteristics described are essential 
for the development of cosmetics, since formulations seek to 
obtain results of stability, emulsion, and sensory appearance 
that are positive and pleasing to the user. Allied to these 
factors, more and more products have been developed using 
xanthan gum with the premise of acting in the aforementioned 
aspects, including Active Powder® volu Lips Ls 9773, used to 
formulate lip moisturizers. In addition, many products have 
their action amplified with the use of xanthan gum, as it 
makes the product’s active compound to be easily absorbed 

by the skin and ensures that it does not lose water to the 
environment.

In this perspective, Nordin et al. (2020) report in their 
work that the efficiency of xanthan gum depends on the 
concentration used for the desired purpose, varying from 
product to product. thus, table 1 presents the different 
concentrations of xanthan gum for different products in 
which it can be used, as well as its main functionality in 
these products.

Krstono (2015) used different concentrations of xanthan 
gum, ranging from 0.01% (w/w) to 0.2% (w/w) to evaluate 
the influence of concentration on emulsifying properties 
in a water-oil system. As a result, the authors found that 
the greater the concentration of xanthan gum, the greater 
the increase in the contact surface of the droplets and, 

Figure 2. Representation of the chemical structure of xanthan gum repeat units. Adapted from Petri (2015).

Table 1. Cosmetic applications of xanthan gum.

Application Concentration (%) Functionality

Creams and suspensions 0.1-1 emulsion stabilizer

toothpaste, shampoos, and lotions 0.2-1 thickener and stabilizer

Baby products 0.2-0.6 stabilizer formulations

enamels and hair colorings 0.2-6 thickener and stabilizer

deodorants 0.005-0.6 stabilizer

Adapted from Fiume et al. (2016).
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Table 2. Main characteristics of polymers of biological, mineral, and synthetic origin.

Polymers of natural origin Characteristics References

guar gum
- Produced by legumes, they are insoluble in organic solvents, but 
soluble in water;

thombare et al. (2016)

- Provides increased viscosity of aqueous solutions, achieving greater 
stability in cold water.

gum Arabic

- Produced by legumes, soluble in water and has emulsifying 
characteristics in oils;

dauqan & Abdullah 
(2013)

Pectin
- It has Newtonian behavior and heating can degrade the gum 
structure.

Ciriminna et al. (2015)

Alginate
- extracted from lemon, soluble in water, has thickening and stabilizing 
properties;

- Its production process can cause risks to the environment.

Polymers of mineral origin Ahmad et al. (2015).

Aluminum
- Produced by brown algae and some genera of bacteria, such as 
Pseudomonas sp.;

and magnesium silicate
- It has stabilizing and emulsifying activity, presenting good 
biocompatibility;

Bentorite and Hectorite - Its production can cause risks to the environment. Moraes et al. (2017)

Polymers of synthetic 
origin

- It presents ion exchange capacity, dispersibility, and plasticity effect 
in solutions;

- Acts as emulsifying and stabilizing agent;

Polyvinylpyrrolidone (PvP) -Under agitation can reduce the viscosity of the medium. Kurakula & Rao (2020)

Polyvinyl alcohol (PvA)
- It has a synthetic origin, is soluble in water, inert, and non-toxic to 
the user;

Asthana et al. (2020)

- It is temperature resistant, stable in pH ranges, and biocompatible;

- Acts as emulsifying agent and stabilizer in solutions.

Carboxymethylcellulose 
sodic

Feddersen & thorp 
(1993)

- of synthetic origin, it acts promoting the change of viscosity of solutions.

- of synthetic origin, presents non-Newtonian behavior in solutions; Fiume et al. (2017)

- Used to provide increased viscosity and stability;

Alkyl Acrylate
- stable in wide pH range and temperature resistant, however high 
temperatures, for long periods, can promote its degradation;

saha & Bhattacharya 
(2010)

- of the synthetic origin and can be used as absorbents, film former, 
emulsion stabilizers, viscosity-increasing agents, suspension agents, 
binders, or skin conditioning agents.

Methylcelulose and 
hidroxipropylcelulose

-of synthetic origin, it has increased viscosity but is independent of pH 
and the addition of electrolytes.

consequently, the lower the rheology of the solution. 
these characteristics are important as they determine the 
appearance that will be obtained for the cosmetic of interest. 
In this sense, as illustrated in table 2, the region in which 

the cosmetic will be applied depends on the concentration 
used, considering that concentrations higher than those 
recommended can promote adverse effects to the user 
(Nordin et al., 2020).
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Advantages and challenges of xanthan gum over 
other materials

the properties of xanthan gum are highlighted in the 
previous section indicate that this biopolymer could have 
several advantages compared to other thickeners of biological, 
chemical, and mineral origin. In this sense, table 2 illustrates 
the main characteristics of these other polymers to compare 
their characteristics with xanthan gum.

Xanthan gum, unlike pectin, guar gum, and Arabic gum, 
which are obtained from fruit and leguminous sources 
respectively, is produced from microorganisms, which makes 
its use viable regardless of climatic conditions and time of 
year, already standing out in this question. Furthermore, 
other aspects that can be highlighted about xanthan gum 
compared to products of natural origin is that it can be 
applied in organic solvents, acids, bases, and even under 
saline conditions, without having its viscosity changed 
(Nordin et al., 2020).

still, on materials of natural origin, alginate can be 
obtained from brown algae or bacteria of the genus 
Pseudomonas sp. Its main characteristic is its gelling capacity, 
which makes it attractive in encapsulation applications, while 
the outstanding characteristics of xanthan gum are its ability 
to promote viscosity and stability to the environment, which 
is why in many cosmetic applications it is preferable (saha & 
Bhattacharya, 2010). Although alginate has been extensively 
studied for encapsulation applications, xanthan gum has 
been used due to its good biocompatibility with biological 
systems (ding et al., 2019).

Regarding the use of mineral materials such as calcium 
and magnesium silicates, bentorite, and hectorite, despite 
being released for use in cosmetics, they can accumulate in 
the body, especially in the liver, and cause harm to the user 
(Younes et al., 2018). In 2016, the FdA advised the American 
population not to use bentorite due to the accumulation of 
lead in the materials (Food and drug Administration, 2016). 
Although hectorite is considered safe for health, this factor 
depends on the concentration used in the cosmetics and on 
the country that is using this material, that is, some countries 
may not follow the recommended standards, increasing the 
concentration in cosmetics.

Furthermore, xanthan gum has a similar capacity 
to polymers of mineral and synthetic origin in forming 
pseudoplastic films, however, it has the advantage of its 
biological origin, in addition to the fact that it does not 
cause any harm to the user’s health. the pseudo-plasticity 
effect is very important in cosmetics and was verified by 
(Miranda et al., 2020) during the development of the study 
on the characterization of different oils of natural origin, 
where the authors used xanthan gum as a stabilizing agent. 
this characteristic was also described by Abu et al. (2021) 
during research on the properties of xanthan gum.

In contrast to all production processes shown by the 
polymers mentioned in table 2, xanthan gum is the only 
biopolymer that has low toxicity to the environment and 
is therefore considered a sustainable product. In addition, 
another positive aspect of xanthan gum compared to other 
polymers is its ability to cross-link different materials, 
which can promote an increase or reduction in its activity, a 

characteristic used and cited by different researchers (Petri, 
2015; Miranda et al., 2020; Woźniak et al., 2021).

In addition to being non-toxic to the environment, xanthan 
gum does not accumulate in the body, nor is it toxic to 
the user, unlike materials of synthetic origin such as alkyl 
acrylates, which have bioaccumulative potential already 
reported in the literature (New Jersey department of Health, 
2017). Furthermore, materials such as polyvinyl alcohol and 
polyvinylpyrrolidone, although considered safe to health, 
as they are of synthetic origin, end up being extremely 
processed, which makes their use questionable.

sodium carboxymethylcellulose, methylcellulose, and 
hydroxyethylcellulose are polymers that originate from 
cellulose, but to be obtained they need a degree of the 
chemical process due to the reactions involved. these 
materials are capable of promoting increased viscosity 
and stability for solutions, similar to that of xanthan gum, 
however, under high shear stresses, they lose stability, as 
observed by gilbert et al. (2013) in their evaluation of 
rheology with carboxymethylcellulose, methylcellulose, and 
hydroxyethylcellulose compared to xanthan gum. According 
to the authors, xanthan gum was the only material capable 
of not being affected by tensions, a characteristic that is 
fundamental for cosmetics.

A comparison between the final product xanthan gum 
versus hydroxyethylcellulose shows that xanthan gum, in 
addition to presenting superior functional characteristics, 
also has a financial value 55% cheaper than the other 
polymer. the same relationship, when analyzed for guar gum, 
illustrates xanthan gum being 26% more economical. due to 
the versatile and attractive characteristics of xanthan gum 
compared to other polymers for cosmetic applications, its 
production in 2020 yielded around Us$ 397 million and it is 
estimated that in 2027 it should reach the Us$ 455.9 million 
mark (an increase of 15%), produced mostly by American 
companies, highlighting Archer daniels Midland Company, 
Cargill, dowduPont, Ingredion and Jungbunzlauer suisse Ag 
(ReportLinker, 2020). As it is a bioproduct produced mainly 
by a few companies, there is a lot of industrial secret about 
this very complex and profitable process.

this disparity can also be perceived by the number of 
patents generated by the United states of America, which 
is the leading country in the production of inventions 
from 1970 to February 2022. the Us has a total of 15,314 
inventions, followed by Japan (8,231), germany (6,376), and 
France (5,383). In this sense, the companies that presented 
the most inventions were L’oreal (1,903), shiseido Co Ltd 
(1,488), Kao Corp (1,221), and Pola Chem Ind Inc (801). 
According to espacenet, one of the reference platforms 
for patent searches, when searching for the term “xanthan 
gum ANd cosmetics” the three most relevant patents of 
the year 2021 are reported by China and refer to the use 
of xanthan gum with different molecular weights for the 
delivery of dermatological actives (CN113559015A), describes 
the methodology for preparing xanthan gum molecule with 
malic acid for cosmetic applications (CN113185620A) and 
the methodology for preparing lysozyme nanoparticles with 
xanthan gum for cosmetic applications (CN112972393A), since 
this technique increases the biocompatibility and stability 
of the solution.
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therefore, a great challenge and also an opportunity for 
this process is to make it more competitive to favor small 
companies and, as a consequence, obtain a product with 
attractive market value so that the cosmetic industries can 
replace the use of other polymers with xanthan gum.

Conclusions

there are no different types of thickeners and stabilizers 
that can be used in cosmetic formulations. Currently, 
materials of biological origin have been favored due to their 
ecological footprint and minimal processing. Among all the 
materials added during the review, xanthan gum is the most 
attractive biopolymer because, in addition to its rheological 
activity, it has moisturizing, anti-aging, and positive sensory 
properties, characteristics that make it stand out from the 
rest. Furthermore, its use in cosmetics can favor the active 
principle of other compounds due to its ability to keep the 
skin water.

Xanthan gum is non-toxic to the environment and the 
user, having a production route considered to be sustainable. 
therefore, an increase in cosmetic products formulated 
with this biopolymer was noted, which justifies a prospect 
of a 15% increase in production by 2027. A major challenge 
and also an opportunity for this process is to make it more 
competitive, since today, companies learn to evolve xanthan 
gum and have adequate knowledge on how to develop this 
complex process on an industrial scale.
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