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ABSTRACT

The inevitable consequence of population growth is the development of agriculture and food production, which in turn has
an impact on the volumes of secondary raw materials production. The processing of these materials can present significant
challenges. One of the most effective solutions to this problem is the use of microbiological synthesis to create products
with high added value. A notable example is xanthan gum, a biopolymer that has been utilized in a multitude of industries,
including food, oil, pharmaceutical, and medicine. The value of xanthan gum is contingent upon its distinctive physicochemical
properties, particularly its capacity to enhance the viscosity of solutions. The process of obtaining xanthan gum is conducted
through the fermentation of liquid high-carbon media. The primary producer is the bacterium Xanthomonas campestris, a
phytopathogen of cruciferous plants, which converts carbohydrates into a biopolymer of commercial value. This literature
review examines several topics related to xanthan gum and its synthesis by X. campestris, with particular attention paid to the
success of obtaining the target product using food production waste and secondary agricultural raw materials.
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KJIIOYEBBIE CJIOBA: AHHOTALIN A

Xanthomonas Hensb6ekHbIM CI€ACTBUEM POCTa HACEJEHMUS SIBSETCS Pa3BUTHE CEJIbCKOTO XO3S/CTBA M MPOM3BOACTBA MPOAYKTOB MU-
campestris, TaHMsI, UTO B CBOIO OUepe/ib BAMSIET Ha 00beMbl TPOMU3BOACTBA BTOPUUHOTO ChIPbs. [lepepaboTKa 3TUX MaTepuaaoB Mo-
KCaHmMaHosast SKET TPeNICTaBIATh 3HAUUTENbHbIE TPYAHOCTU. ONHUM 13 Haubosnee 3GpGhEKTUBHBIX peLIeHMIT 3T MPO6IeMbl SIBISIETCS
Kamedv, GUOCUHMES, MCIIOb30BaHMe MUKPOOMOIOTMYECKOTO CMHTEe3a [IJIsl CO3[JaHMsl POOYKTOB C BHICOKOI N06aBIEHHOM CTOMMOCTBIO. SIpKUM
epmenmayus, MPUMEPOM SIBJISIETCSI KCAHTAHOBASI KaMeIb — G1OToMMMep, KOTOPBIi UCIIONb3YeTCs] BO MHOTMX OTPAC/ISIX MTPOMBbIIIITIEHHO-

8MOPUUHOE ChIpbeE,
0mxo0sl, GuonoaUMep

CTH, BKITIOYAs MUIIEBYI0, HePTIHYI0, hapMalieBTUUECKYIO, ¥ B MeaulHe. LIeHHOCTh KCaHTaHOBO Kamey 06yc/IOBIeHa ee
OTIIVUMUTENbHBIMU (DU3UKO-XMMUYECKMMIU CBOMCTBAMM, B YACTHOCTH, €€ CIIOCOGHOCTBIO TMOBBIIIATH BI3KOCTh PACTBOPOB.
Tpotiecc momyueHnst KCAaHTAaHOBOM KaMeay OCYIeCTBASIeTCs myTeM hepMeHTaIMM KUIKUX Cpel C BBICOKMM COfiepsKaHM-
eM yriaepona. IlepBUYHBIM IPOAYLIEHTOM sIBJisieTcsl 6akTepust Xanthomonas campestris — GUTONAaTOreH KPECTOLBETHbIX
pacTeHuit, KOTOPHIii TpeobpasyeT yrieBoabl B 6MOMOAMMED, MMEIOIINIT KOMMEPUECKYIO IIEHHOCTh. B 0630pe nTepaTypbl
paccMaTpuBaeTCs psifi TeM, CBSI3aHHBIX C KCAHTAaHOBOM KaMe/iblo U ee CMHTe30M X. campestris, TIpy 3TOM 0co60e BHUMaHue
yIenseTcs ycrexaM MoyYeHysl 1[eJIeBOT0 MPOAYKTa C UCIIONb30BAHMEM OTXOLOB MMIIEBOrO MPOMU3BOACTBA M BTOPUYHOTO
CeJIbCKOXO03SI/ICTBEHHOT'O ChIPBSI.

OUMHAHCHUPOBAHUE: CtaThsi NOATOTOB/IEHA B paMKaXx BbITIOTHEHMS CCIeIOBaHMIE 0 TocylapcTBeHHOMY 3amaHuio FGUS-2022-0003 ®T'BHY «®HIL
MMAIIEBBIX cucTeM uM. B. M. Top6aroBa» PAH.

1. Introduction notes, microorganisms are an integral component of production systems

Modern agriculture is confronted with a number of significant chal-
lenges, one of which is the issue of secondary raw materials. These mate-
rials are generated as a consequence of the processing of crops and live-
stock. The food industry also produces materials with complex chemical
compositions. The utilization of recycled materials in agriculture and the
food industry is therefore not only an essential aspect of the “green circu-
lar economy”, but also ensures competitiveness in the market [1]. The bio-
economy encompasses a number of interrelated aspects. One such aspect is
the development of new technologies for the production of useful chemical
compounds [2]. Biotechnology is the development of industrial processes
based on the microbiological synthesis of molecules that can be adapted
by humans to their needs. Through the vital activity of microorganisms,
cheap raw materials rich in carbohydrates, proteins and lipids are trans-
formed into new commercially important products [3]. As Manfred Kircher
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that utilize renewable resources [4]. Indeed, the introduction of biotech-
nological processes into the production system is leading us towards the
green economy of the 21st century. This practice has already been success-
fully applied to the recycling of animal and plant products [5,6]. Important
biopolymers can be obtained from agro-industrial waste [7].

2. Objects and methods

A literature analysis was conducted using scientific literature search
engines, namely PubMed and ScienceDirect. The literature search was
carried out using the following keywords: xanthan gum, xanthan gum ap-
plication, xanthan gum structure, Xanthomonas campestris, and xanthan
gum biosynthesis.

The work analyzed 63 scientific sources in English.

Criteria for inclusion and exclusion were as follows.
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Inclusion criteria:

Published scientific articles.

Publication period 1980-2024.

Publications from the Scopus\WOS databases.

Exclusion criteria:

Publications before 1980.

Publications not included in the Scopus\WOS databases.

The topic of the article is related to methods for obtaining xanthan
gum using secondary raw materials as the main source of carbon for
further use in the food industry.
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3. Xanthomonas campestris

The genus Xanthomonas was first described as a pathogen of toma-
toes in South Africa in 1921 under the name Bacterium vesicatorium. Daw-
son grouped the bacteria described by various scientists under the name
Xanthomonas, derived from the Greek words ‘xanthos’ meaning ‘yellow’
and ‘monas’ meaning ‘essence’, probably because of the yellowish color
of the bacterial colonies as they grow. It is hypothesized that xanthan
is produced as a response mechanism to stressful environmental condi-
tions. The bacteria of the genus Xanthomonas, which synthesize xanthan,
belong to the family Pseudomonas. They are gram-negative aerobic rods
and include species such as X. campestris, X. fragariae, X. albilineans, X.
axonopodis, X. citri, X. populi, X. maltophilia, X. phaseoli. The most com-
monly used plant for xanthan production is X. campestris NRRL B-1459
Xanthomonas campestris is an aerobic, gram-negative, mesophilic bacte-
rium with an optimum growth temperature of 25-30 °C and is inactive at
temperatures below 10 °C [8]. The bacterium has a filamentous structure
called hypersensitive response and pathogenicity (HRP) pili attached to
a type III protein secretion system, which provides the ability to transfer
bacterial proteins into the plant, as well as motility in water [9].

The complete genome sequencing of Xanthomonas campestris reveals
the presence of various metabolic pathways, including glycolysis/gluco-
neogenesis, the tricarboxylic acid (TCA) cycle, the pentose phosphate
pathway, and others. The organism obtains its energy source through oxi-
dative phosphorylation, carbon fixation, and the metabolism of methane,
nitrogen, and sulfur.

X. campestris obtains carbon from the host and converts it to glucose
through gluconeogenesis. Further studies have demonstrated that Xan-
thomonas campestris contains only the malic enzyme-PpsA pathway in
gluconeogenesis, which is essential for virulence. Additionally, this plant
pathogen contains a type III secretion system (T3SS), which is crucial for
host infection. The T3SS is pivotal in pathogenesis as it facilitates the
transport of effector proteins to suppress host defenses. The formation
of a biofilm on plant surfaces by X. campestris exemplifies intercellular
communication via the diffusible signal factor (DSF).

X. campestris can survive in soil for over a year and can be dispersed
through any water movement, including rain, irrigation and surface wa-
ter. The application of copper fungicides to healthy plants can reduce
the spread of the bacteria in the field. However, once a plant is infected,
X. campestris will eventually spread to the seed stem and suppress the
growth of healthy progeny [10].

The identification of X. campestris strains based on host or disease
symptoms is challenging due to the phenotypic variability observed in
these bacteria. One of the characteristics of Xanthomonas bacteria is their
ability to infect plants, with the capacity to infect more than 250 plant
species, including major crops such as cabbage, tomatoes, beans, cotton
and rice. Infection of cabbage with vascular bacteriosis can result in the
death of up to 100% of the plants, while infection of wheat with bac-
teriosis can reduce yield by 44-90%. In cotton, yield losses range from
15% to 45%, which can also have a significant impact on the agricultural
industry [11].

The genus Xanthomonas comprises bacteria that cause a variety of
plant diseases, including spotting, tumors, rot and wilt. They also cause
yellowing of bean leaves, spotting of cotton and leaf drop in carrots. Sev-
eral studies have demonstrated that fermentation, acid treatment and
heat therapy are effective in reducing bacterial contamination of seeds.
The use of highly active producer strains obtained through applied ge-
netics and breeding has played an important role in improving xanthan
production.

4. Xanthan gum. Structure and properties

Xanthan is a biological polymer with a branched structure. The mo-
lecular weight ranges from 1-10° to 20- 10 m/g [12]. The main chain con-
sists of D-glucose residues linked by a 3(1—4) bond. Such a disaccharide
is also called cellobiose. The side chain consists of a trisaccharide linked
by an a(1—3) bond. The trisaccharide is made up of mannose and gluc-
uronic acid. Attached to the backbone is D-mannose, which may contain
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Figure 1. Structure of xanthan gum [12]
Pucynok 1. CTpyKTypa KCaHTaHOBOJM Kamenay [12]

an acetyl group at position 6. Mannose is followed by glucuronic acid, to
which it is linked by a B(1—»2) bond. The trisaccharide is completed by a
mannose residue in a f(1—-4) bond with glucuronic acid. Of particular
importance for conformation is the pyruvate residue which terminates
the side chain. The presence of acetyl residues promotes the association
of side chain polymer molecules through hydrogen bonding. The pres-
ence of a pyruvate residue promotes the opposite effect through electro-
static repulsion [13]. Furthermore, the presence of acetyl and pyruvic acid
residues is not required in every monomer. The content of pyruvic acid
residues can be heterogeneous along the entire length of the polymer,
with an increased content in local areas[14].

There are several conformations in which xanthan gum occurs: linear
and helical. At room temperature the gum is a rigid and ordered chain. As
the temperature increases, the chain begins to dissociate from the double
helix into single molecules. When the temperature is raised to 60 °C, the
single helix assumes the state of a single coil [15]. Xanthan can change
its degree of ordering depending on the salt content of the solution [16].

The structure of xanthan gum is shown in Figure 1 [12].

5. Raw materials, components of the environment for xanthan
biosynthesis and factors influencing the process

The biosynthesis of xanthan depends on many factors, including the
strain of microorganism, as each strain consumes a different amount of
substrate, affecting the structure of the gum, the bonds and the incor-
poration of polysaccharide functional groups. For instance, the studies
[17,18] utilized date extracts exhibiting slight discrepancies in the fer-
mentation process, in addition to differences in the preparation of the
raw materials and the strains employed. The composition of the media
assumes significance, yet it is also imperative to contemplate the degree
of processing of the raw materials and the bioavailability. Media based on
natural and recycled raw materials deplete their components at a more
accelerated rate than their synthetic counterparts.

Furthermore, it is important to consider the method of isolating xan-
than gum and the centrifugation speeds employed, as well as the duration
of the centrifugation process. It is likely that the use of high speeds over
extended periods may result in the precipitation of short polymer chains
of xanthan gum, which could lead to higher product yields. However, this
may also result in a potential reduction in the quality of the gum sludge.

Synthetic media containing purified components provide optimal
conditions for the growth of Xanthomonas campestris biomass and the
biosynthesis of gum. These media are frequently subject to rigorous stan-
dardization, which ensures uniformity and predictability of the proper-
ties of the gum. Due to the purity of the constituents of such media, it
is possible to more easily control nutrients and cultivation conditions,
which promotes the production of gum with the desired characteristics.
The most essential nutrients for xanthan gum biosynthesis are an avail-
able carbon source, a nitrogen source, and minerals including phospho-
rus, calcium, magnesium, potassium, and iron, as well as some amino
acids. However, synthetic media are quite expensive, so the use of media
based on recycled materials is an interesting prospect. On such media,
Xanthomonas campestris receives a variety of organic substances, mineral
salts, and vitamins. These components can have an additional effect on
the yield and impart properties to the gum that cannot be obtained on
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a medium with a different composition. However, the use of such media
requires optimization to claim stability of gum properties as well as yield.
Table 1 presents examples of xanthan gum production using different
substrates as the main carbon source.

6. Macro- and microelements, temperature and pH factors of the
environment
6.1. Carbon sources

Carbon is a crucial macronutrient in the biosynthesis of gum, serving
as the primary source of energy for microorganisms and facilitating their
growth. The optimal carbon concentration in the medium during gum
biosynthesis is 2-4%, with deviations from this range leading to growth
inhibition. Currently, sucrose and glucose are the primary synthetic car-
bon sources employed for xanthan biosynthesis. It is also possible to use
other pure substrates, such as xylose, galactose, maltose, arabinose, fruc-
tose, etc., but the yield will be significantly lower, including due to the
inability to fully absorb some of the substrates. For example, X. campestris
does not express B-galactosidase, which ferments lactose and therefore
synthesizes low levels of xanthan in media containing lactose as a carbon
source [19,28,32,36]. Concurrently, there is evidence that it is possible
to utilize cheese whey, in which lactose is broken down into glucose and
galactose. However, the lack of protein in this substrate renders it insuf-
ficiently rich or accessible [27,36].

Xanthomonas employs the Entner-Doudoroff pathway in conjunction
with the tricarboxylic acid cycle pathway to metabolize glucose [8]. A wide
variety of waste can act as a source of carbon. Among the most prominent
examples are the use of winery wastewater and the hydrolysis of chicken
feathers. Firstly, these approaches are noteworthy for their recycling po-
tential, as they are waste generated in production. Secondly, it is impor-
tant to highlight the concept of hydrolyzing kitchen waste and using it
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as a raw material. Despite the greater instability of the composition, the
proposed option is worthy of consideration, as it can be optimized for
the production of ready-made food, which will lead to better uniformity
and repeatability of the composition. However, these approaches require
special care during processing due to possible contamination by other
microbial cultures. Nevertheless, they represent a potential component
of completely zero-waste production. There are articles in which the yield
obtained is two and even three times higher than with synthetic media.
Firstly, this may be attributed to the producing strain itself. However,
it is possible that the researchers employed disparate drying times and
temperatures, which resulted in disparate outcomes due to incomplete
dehydration. Alternatively, the researchers may have utilized disparate
substrate concentrations. For instance, the article by Khosravi-Darani et
al. [19] demonstrated a yield of 11.2 g/l, whereas the articles by Salah et
al. [22] and Ben Salah et al. [18] exhibited a yield of 24.5 g/l and 43.35 g/1,
respectively, when utilizing a date-based substrate. In this context, the
comparison of certain data is problematic. However, the possibility of
xanthan gum vyield being comparable to or higher than that observed in
synthetic, pure media is a highly promising avenue for further investiga-
tion and development.

6.2. Nitrogen sources

Nitrogen sources are also required by cells as a macronutrient for
growth, as they are a building block for proteins in Xanthamonas cells.
The most commonly used organic sources are peptone, yeast extract, corn
extract, and soybean meal. Rapeseed cake, which is widely available in
Russia, can also be considered an interesting alternative. The most com-
monly used nitrogen sources are yeast extract and peptone. Among in-
organic nitrogen sources, ammonium salts and various nitrates are the
most common, but ammonium salts are considered a more favorable op-

Table 1. An overview of X. campestris strains for gum production using different substrates
Ta6muiia 1. 0630p mraMmmMoB X. campestris JJist IPOM3BOACTBA KaMey, UCIIOIb3ys Pa3/IMYHbIe Cy6CTPAThI

. . Inoculum, Temperature, Mixing  Incubation .
Strain Main substrate o °C p speed, rpm time, h Yield g/1 Source
Glucose 5-10 28-30 7-7,5 200 96 14,744 [19]
Sucrose 5-10 28-30 7-17,5 200 96 13,234 [19]
Maltose 5-10 28-30 7-17,5 200 96 12,321 [19]
Xanthomonas campestris GK6 Soluble starch 5-10 28-30 7-17,5 200 96 12,1 [19]
Arabinose 5-10 28-30 7-17,5 200 96 10,958 [19]
Galactose 5-10 28-30 7-17,5 200 96 7,129 [19]
Fructose 5-10 28-30 7-7,5 200 96 5,232 [19]
Xanthomonas campestris PD656 Dry apple pomace 5 30 6,6—7,6 200 120 52,1 [20]
Xanthomonas campestris NRRL Date extract 5 30 7 180 72 4335 [17]
X. campestris NRRL B-1459 Date palm sap 5 28 7 180 48 24,5 [21]
Xanthomonas campestris PD656 Dry citrus juices 5 30 6,6-7,6 200 120 32.9 [20]
. Medium with processed ram
Xanthomonas campestris EBK-4 horns (3%) 10 28 7 200 60 25,6 [22]
Xanthomonas campestris Winery wastewater 10 30 7 475 96 24,18 [23]
ATCC13951 Peach pulp 10 28 6,0 150 72 22,5 [24]
Xci/NIGEB-386 Pegah Dairy Whey Powder 10 28 7,2 200 120 22,7 [25]
Xanthomonas campestris pv. . .
Campestris strain, ATCC33913 Moist olive pomace 10 28 7 250 76 21,64 [26]
X. campestris PTCC1473 n X.
pelargonii PTCC1474 Cheese whey 5 28 7 250 48 16,4 [27]
. Cheese whey 10 32 7 550 72 16,3 [28]
Xanthomonas campestris PTCC1473
Date extract 5 28 6 200 72 11,2 [18]
Isolate Xanthomonas sp. MO-03 Chicken feather hydrolyzate 5 30 7 200 54 14,56 [29]
X. campestris LRELP-1 Kitchen waste hydrolyzate 10 30 7 300 120 11,73 [30]
Isolate Xanthomonas campestris Pineapple waste 5 30 7 120 72 10,34 [31]
X. campestris MTCC2286 Sugar cane molasses 5 30 7 180 48 10,3 [32]
X. campestris CCTCC M2015714 Glycerin, crude glycerin 10 30 7 300 90 7,9 [33]
Xanthamonas campestris 0.5% Tapioca pulp treated
(NCIM 2954) with sulfuric acid 5 28 6.8 200 72 nl (34]
X. campestris NCIM 2961 Beer grains (brewery waste) 5 32 6 200 72 571 [35]
X. campestris mangiferaeindicae Crude glycerin biodiesel 20 28 7 700 120 5,59 [32]
X. campestris pv. manihotis Milk permeates or
IBSBF1182 deproteinized cheese whey 10 28 7 180 9% 1 [36]
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tion for gum biosynthesis. At the same time, there is evidence that the use
of ammonium phosphate as a nitrogen source can increase the pyruvate
content in the gum structure [37].

It is essential to regulate the nitrogen level at the initial stages of xan-
than gum biosynthesis, as this promotes rapid cell growth. Conversely,
in later stages, carbon levels are of greater importance. Other promis-
ing organic nitrogen sources include meat peptones, casein peptones,
and soy peptones. However, they are inferior to monosodium glutamate
as the main source of nitrogen, which gives a very high biomass yield.
Ammonium citrate is also a promising option, although its use can be a
highly contentious one, as it has the potential to increase the number of
citrate ions. The use of ammonium acetate has been reported to result in
very low biomass yields [20].

6.3. Effect of precursors (enhancers)

Potassium salts, calcium salts and phosphates, zinc and magnesium
sulfates are frequently added during the synthesis of gum. The presence
of phosphorus and magnesium directly influences the growth of Xan-
thamonas campestris, while the presence of sulfur and phosphorus di-
rectly influences gum production. Furthermore, phosphates are required
to reduce pH fluctuations in the culture [38]. In addition to the aforemen-
tioned sources of microelements, boric acid, zinc chloride and iron (III)
chloride are also employed in the composition of the medium for gum
biosynthesis. It has been reported that the use of organic acids during
the biosynthesis process can stimulate the production of xanthan gum.
Citrate is known to stimulate the production of xanthan gum by Xan-
thamonas campestris, however this leads to a change in the pH of the en-
vironment. It has been demonstrated that a citrate concentration in the
culture fluid of between 0.09% and 0.18% is optimal. Furthermore, citrate
can be employed as a chelating agent to prevent the precipitation of salts
during the sterilization of the medium. Pyruvate is also of significance, as
it affects the structure of xanthan gum.

There is evidence that a high nitrogen content can increase the pyru-
vate content in the gum structure [37].

Acetic acid can enhance the dissolution of xanthan because it is a
weak carboxylic acid, in which xanthan gum can dissolve.

6.4. Effect of temperature and pH

It can be observed that temperature plays an important role in the
biosynthesis of xanthan gum. The influence of temperature is associ-
ated not only with the creation of optimal conditions for the produc-
tion of biomass, but also with the very structural state of xanthan gum.
The optimal temperature for the growth of Xanthamonas campestris is
considered to range from 25 °C to 30 °C. Concurrently, the biosynthesis
of xanthan gum can occur between 25 °C and 35 °C. However, increas-
ing the temperature to the upper limits of the range causes acetates
and pyruvates to be incorporated into the xanthan gum chain less ef-
fectively, resulting in a decrease in the average molecular weight and
viscosity. It is postulated that the optimal temperature is approximately
28 °C [38]. However, there are instances where higher temperatures have
been employed during the fermentation process[17,20,23,30,32,33,35].
This is attributable to the distinctive features of the strain or techno-
logical process, as fermentation in certain media necessitates disparate
temperature parameters.

The acidity of the environment is also of significant importance for
both the growth of the microorganism and the production of gum. How-
ever, the optimal values for these processes do not align perfectly. The
optimal pH for the growth of X. campestris bacteria is between 6 and
7.5. Conversely, the pH for gum production can range from 6.0 to 8.0,
with a neutral value of 7.0 being the most commonly preferred [39]. It
is also crucial to regulate the pH during the fermentation process. Any
deviations from the optimal pH are to be avoided, as a decrease in pH
towards the acidic side leads to the loss of pyruvic acid groups [40], and
an increase towards an alkaline environment leads to the loss of acetyl
groups [41].

7. Biosynthesis of gum: a detailed account of the main stages and
modes of the biotechnological process
7.1. Preparation of raw materials
The biosynthesis of xanthan gum involves a number of steps. The first
of these is the preparation of the nutrient medium. Synthetic media are
often used in this process, as they are easier to prepare than secondary
agricultural products. However, they are significantly more expensive. In
order to use secondary raw materials as a nutrient medium for biosyn-
thesis, it is necessary to carry out mechanical processing and hydroly-
sis. Hydrolysis can be chemical, using 1% sulfuric acid or enzymes. For
enzymatic hydrolysis, a variety of enzymes may be employed, including
cellulase, amylase, glucoamylase, and pectinase [42].
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7.2. Inoculum value

Firstly, an inoculum is prepared that involves a high concentration of
cells and a low concentration of xanthan gum. This is done in order to re-
duce the lag phase during the main fermentation. At the time of transfer
of fresh bacteria into the biosynthesis medium, they have not yet formed
a xanthan shell, and as a result, the transport of substances inside is fa-
cilitated [43]. An inoculum that is transferred too early may not contain
sufficient cells. Conversely, the inoculum culture introduced during the
dying phase may lack the requisite number of cells for active division.
The most common inoculum age is 36-48 hours. After approximately
48 hours, the culture begins to enter the stationary phase, during which
active division and biomass growth will not be observed.

In this context, the mass fraction of the inoculum also plays a role
in the biosynthesis of xanthan gum. In most cases, the applied inocu-
lum comprises 5-10% of the total inoculum mass. This parameter also
depends on the duration of inoculum cultivation. In addition, there are
complex environments for gum biosynthesis that require specific condi-
tions. For instance, during the biosynthesis of gum on a medium where
the primary source of energy is glycerol, the optimal mass fraction of in-
oculum is 20% [32].

7.3. Fermentation process

The primary fermentation process is conducted within bioreactors,
which are equipped with stirring and bubbling mechanisms. Nevertheless,
the utilization of bioreactors with airlift mixing has been announced. The
yield of xanthan gum is contingent upon a multitude of factors, including
pH, oxygen content, temperature, medium composition, osmotic shock,
aeration system, mixing system, and bioreactor design [44].

During the cultivation process, the concentration of pyruvate and ace-
tyl increases within the xanthan gum structure, as does the molecular
weight. Once the substrate has been completely utilized and the cells be-
gin to die, fermentation ceases, thus indicating that continuous fermen-
tation is preferable in order to achieve the maximum fermentation time
and production.

Both batch and continuous cultivation can be employed to produce
xanthan. Batch cultivation is associated with a high percentage of sub-
strate conversion to gum, although it requires more than two days.
Batch cultivation is effective in terms of substrate conversion, with an
estimated range of 75-80%, while continuous cultivation is estimated to
be 65-70% [45]. In laboratory settings, batch cultivation is the preferred
method, whereas on an industrial scale, continuous cultivation is more
commonly employed. The utilization of secondary raw materials within
this mode is also feasible, although in most cases, pre-processing of the
raw materials is required.

The typical duration of the process is approximately 72-96 hours, al-
though laboratory conditions may result in a shorter timeframe. However,
there are also cultivation processes that can extend up to 120 hours. The
aforementioned factors influence the outcome of the cultivation process,
which is dependent on the chosen mode of cultivation and the composi-
tion of the medium, as well as the availability of the main substrate. It
is therefore not possible to predict optimal conditions, and experiments
should be conducted to identify the most suitable conditions.

7.4. Mass transfer during the fermentation process

Xanthomonas campestris is an aerobic microorganisms, therefore an-
other crucial factor is the availability of oxygen to the environment. The
speed of the mixer ensures access to oxygen, which is of great importance
in the process, as the growth of X. campestris and the increase in gum
content in the medium result in a significant increase in viscosity. This
affects mass transfer, including the dissolution of oxygen and the uniform
distribution of nutrient concentrations [46].

Inoculum growth and laboratory experiments require the use of shak-
er incubators to ensure the mixing of the liquid and the supply of air to
the volume. The optimal stirring speed for flasks is 180 to 200 rpm, while
the most common stirring speeds for fermenters are 500 to 700 rpm.
Additionally, the aeration rate must be considered when working with
fermenters. This parameter is most often found in values ranging from
0.5 to 1.4 /1 xmin [10]. In this instance, the biosynthesis of gum is di-
rectly proportional to the presence of oxygen in the medium. However,
an excessive aeration rate can result in hydrodynamic stress, which in
turn leads to a reduction in the maximum mass of the resulting product
[47]. One potential solution to the problem is to consider modifying the
aeration mode and mixing speed during the fermentation process. This
could help to circumvent the challenges of hydrodynamic stress at the
outset of the cultivation process and oxygen deficiency during biomass
accumulation. This, in turn, necessitates the need to optimize conditions
and to implement a process of constant regulation of the air supply and
mixing speed [32,48].
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7.5. Isolation of xanthan from culture liquor

The culture liquid derived from Xanthomonas fermentation may con-
tain up to 3% (w/w) xanthan gum and up to 0.1-0.3% (w/w) dried cells.
Additionally, approximately 0.1-1.0% (by weight) of unused media com-
ponents may be present. These figures necessitate the removal of approx-
imately 95% of the culture fluid mass. The following steps are required to
obtain a pure polymer:

1) Deactivation and removal of cells or their lysis.

2) Precipitation of the polymer.

3) Dehydration.

4) Drying.

5) Grinding.

The culture liquid obtained after fermentation can be pre-treated by
heating until intense evaporation in a water bath or by heating to approx-
imately 80°C, or with chemical agents (hypochlorite, alkalis, enzymes,
ketones, alcohols). The use of chemical agents can cause pH changes that
reduce the pyruvate in xanthan gum, and enzymes can be quite expen-
sive. The most common method of heating is temperature-based, as at
elevated temperatures, xanthan gum dissolves, reducing the viscosity of
the culture fluid. In such instances, it is recommended to add potassium
or sodium chloride to reduce the viscosity of the solution, facilitating ef-
fective precipitation or filtration in the future. However, excessive tem-
peratures can lead to degradation of the gum. Nevertheless, the following
conditions are met: the optimal temperature range for this process is 80—
130°C, with a duration of 10-20 minutes; the pH should be maintained
within the range of 6.3-6.9. While ultrasonic methods can be employed,
they have the potential to alter the structure of the gum, resulting in the
fragmentation of its chains. Consequently, these methods are not univer-
sally applicable.

Following pretreatment, centrifugation is typically employed to sedi-
ment the cells and some of their metabolites, insoluble solid compounds.
An alternative approach is filtration through a filter with pore sizes of
0.45 pm, given that the X. campestris cell is 0.4-0.7 pm wide and 0.7-
1.8 pm long. Centrifugation at 4 °C is the preferred method, with speeds
ranging from 10,000g to 20,000 g, depending on the desired purity. Some
researchers employ ultracentrifugation at speeds above 25,000 g, which
allows for higher yields due to the precipitation of small gum chains.
However, in production, this method is not able to provide a sufficiently
high yield relative to the costs. The use of filtration is also acceptable,
although it is employed to a lesser extent due to the high viscosity of
the solution. Following centrifugation, the supernatant is collected, from
which extraction is carried out by the addition of alcohols (methanol,
ethanol, isopropanol) or acetone. Some studies employ the use of chilled
alcohols or acetone. However, alcohols and acetone are not solvents for
xanthan gum, which leads to phase separation and leaching of impurities.
The most commonly used ratios are 1:3 of supernatant to alcohol or ac-
etone, but a 1:4 ratio is recommended for complete precipitation. Follow-
ing this, repeated centrifugation is employed at speeds ranging from 7000
to 14000 g for 5-20 minutes at room temperature. It is also permissible to
use salts in the formation of complexes. These include polyvalent cations
such as calcium, aluminum and ammonium salts. However, subsequent
purification from salts is required if the product is to be used in the food
industry. If filtration was used, it is necessary to refiltrate through a filter
with pore sizes of 100 microns. Ultrafiltration is also available, but in pro-
duction conditions it is cheaper to use other methods [8,49].

Subsequently, the xanthan gum must be dried. The conditions em-
ployed for this process vary considerably, with the most common being
drying at 50-70°C for 24-48 hours. Once dried, the gum can be ground
using a stainless-steel sieve, ultrasonic treatment or other suitable
methods.

8. Applications of xanthan gum

Xanthan gum has a multitude of industrial applications and is poised
for significant growth in numerous fields. This is largely due to its
unique physicochemical properties, including high viscosity even at low
concentrations in solution, solubility in both cold and hot water, and
stability over a wide pH range. Xanthan gum is utilized as a stabilizer,
thickener, and emulsifier for emulsions and suspensions. Among the
areas of application, the food industry, hygiene and cosmetology, the
agricultural industry, and pharmacology are especially distinguished.
However, as previously mentioned, xanthan gum has found other areas
of application: the paper and textile industries, and the oil industry.
Moreover, the structure of xanthan gum can be subject to numerous
modifications, which expands the range of potential applications of this
biopolymer [50].

The applications of xanthan gum are shown in Figure 2 and described
in more detail in Table 2.

Agricultural
industry

Oil industry

Xanthan
gum

Hygiene and
cosmetology

Paper making and
textiles

Construction
industry

Pharmacology
and medicine

Food industry

Figure 2. Areas of application of xanthan gum
PucyHoK 2. O6/1acTi IpUMMeHeHNsI KCAHTaHOBOJ KaMeau

8.1. Food industry

Xanthan gum plays a pivotal role in baked goods, acting as a gelling
agent that enhances the structural integrity of the dough, imparting elas-
ticity and optimal texture and shape to the final product. Furthermore,
it facilitates the increase in the viscosity of the dough, which in turn fa-
cilitates the unfolding of the dough during the baking process and also
enhances its resistance to breaking [54].

In beverages, gum is employed primarily as a stabilizer, preventing the
separation of fruit purée and other solids from the liquid portion of the
drink. This maintains a uniform appearance of the drink and prevents
separation over an extended period. Additionally, xanthan gum contrib-
utes to the creation of a thicker, creamier texture for the drink, enhancing
mouthfeel and increasing satisfaction [8].

In sauces, salad dressings and soups, xanthan gum acts as a stabilizer
and thickener. It helps to maintain the smoothness and structure of the
sauce, preventing it from separating and coloring, and giving it a creamier
texture. Thanks to xanthan gum, sauces and dressings are easier to mix
and distribute on the surface of dishes, and they also better retain their
shape and consistency during storage and serving [32].

In dairy products such as yoghurt, ice cream and milkshakes, xanthan
gum is employed as a stabilizer and thickener. It assists in maintaining
a uniform and stable product texture, prevents separation of whey and
other liquid components, and improves viscosity and creamy texture [12].

In desserts such as puddings, mousses and jellies, gum acts as a sta-
bilizer and thickener. It helps to maintain the shape and texture of the
dessert, preventing separation and lightening of its components, and also
gives it a creamier and smoother consistency [8].

In prepared foods such as canned foods, soups and semi-finished prod-
ucts, xanthan is employed to enhance the texture, structure and stability
of the product. It facilitates the maintenance of its shape and consistency
throughout the production, storage and heating process, and improves its
appearance and mouthfeel [8,55]. Xanthan gum is also employed in the
modification of traditional recipes with the objective of stabilizing them,
improving their quality and appearance [56].

In the field of food packaging, xanthan gum is regarded as an ingre-
dient that facilitates the formation of a robust and resilient film, thereby
preventing the penetration of air, moisture, and other external factors that
could potentially compromise the quality and freshness of the product [57].

8.2. Hygiene and cosmetology

Xanthan is employed in toothpastes to confer the requisite viscos-
ity and stability, enhance fluidity, and facilitate the formation of a stable,
creamy lather. It is an optimal binder for all types of toothpastes, including
gel and pump varieties. The shear-reducing property of xanthan gum en-
hances the flow of these products, rendering them simple to remove from
tubes or pumps. Furthermore, xanthan gum gives toothpastes a shiny,
glassy appearance and ensures their stability on the brush. In creams and
lotions, xanthan gum is used to give them the correct viscosity and stabil-
ity, improve their flow and provide suspension to insoluble solids. It also
promotes the formation of a stable, creamy foam, making them more com-
fortable to use and feel pleasant on the skin. In shampoos, xanthan gum is
employed to impart the requisite viscosity and stability, as well as to en-
hance the flow. It facilitates the suspension of insoluble solids and the for-
mation of a stable foam, which renders shampoos more convenient to use
and ensures an even distribution of the product throughout the hair [32].

8.3. Pharmacology and medicine

Xanthan gum is employed in the manufacture of medicinal tablets as
a filler, providing the tablets with the requisite structure and volume. It
is also utilized in the form of supportive hydrogels, which regulate the
release of drugs within the body.
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Table 2. Use of xanthan gum in different areas and its functions
Tabmuua 2. icrioib30BaHMe KCAHTAHOBOJ KaMeay B Pa3IMYHBIX 00/1acTIX U eé pyHKumm

Application area Application Function Source
Bakery products  As a gelling agent, it can be used to improve the elasticity of a gluten-free product and to bind water.
Beverages To impart uniformity and suspension of pulp in drinks; as a thickener for specialty drinks
Sauces, salad _— . . . . Lo .
dressings, soups Improved stability; ensuring the viscosity of the fluid flow; giving consistency
Food industry Dairy To give stability to yoghurts; moisture retention, temperature stability [32]
Dessert To increase elasticity and viscosity in fillings and creams; giving consistency
Ready meals To improve stability; moisture retention; stabilization of emulsions
Meat products To improve stability; moisture retention
Cling film Application possible due to pseudoplastic properties, as well as temperature and pH stability
Toothpastes Provides serving consistency as well as stability
Hygiene and Creams and lotions Stabilization of emulsions and giving creams their consistency (8]
cosmetology Shampoos Suspending insoluble substances, imparting consistency
Cleaners Improved stability, increased contact time on uneven surfaces
D For tablets it delays the release of the drug, for suspensions and emulsions
rugs L . Al 2 .
it improves their stability; prevention of phase separation
Pharmacology — - ~ —— - - [51,52]
Drug delive A promising agent for drug delivery in case of binding with nanoparticles
8 ry or with specific modification of structure
. Liquid animal feed As a stabilizer
Agricultural Pesticid doth 32,53]
industry esticides and other Suspension of active components; control of splashing and adhesion to the surface ’
treatment solutions
Polishing pastes Suspension of abrasive components
Textile Control color migration, improve processing
Paper For suspension and rheological properties
Other areas - . . . 8]
Ceramics For suspending solid particles

0Oil production
Water based paints

Xanthan gum is employed to stabilize suspensions of insoluble materi-
als, such as barium sulfate for X-rays and complexed dextromethorphan
in cough preparations. It is also utilized in colonic drug delivery systems,
where it provides stable and efficient delivery of active ingredients [52,58].

Additionally, there is a growing tendency towards the utilization of
modified forms of xanthan gum. The majority of modified forms of xan-
than gum are employed in the form of hydrogels as a carrier of medicinal
molecules [58,59].

Xanthan gum can be employed as a scaffold for a variety of nanopar-
ticles. This design can be utilized for diverse purposes, contingent on the
nanoparticles attached [60]. Chromium nanoparticles with a xanthan
gum framework can be utilized to detect heavy metal ions [61].

8.4. Agricultural industry

In liquid animal feeds, such as milk replacers for calves and piglets,
xanthan gum is employed to stabilize the suspension of insoluble sub-
stances, thereby ensuring uniform distribution of nutritional compo-
nents and improving feed digestibility. In sauce-based pet foods, xanthan
gum is frequently utilized in conjunction with other stabilizers and bind-
ers, including LBG and guar gum, in order to guarantee a uniform texture
and product stability [8].

In the field of agriculture, xanthan gum is employed in pesticide, her-
bicide, and insecticide formulas to enhance the fluidity and stability of
solutions. It facilitates the maintenance of uniformly suspended particles
of active ingredients in solution, which results in more effective and uni-
form coverage of the treated surface and an increase in the contact time
between the pesticide and the target plants or pests [32,53,57].

8.5. Other applications

Xanthan gum is the preferred thickener in polishing compounds used
on metal and other surfaces due to its pH stability and flow properties. It
provides uniform coverage and ease of removal, which are essential char-
acteristics for such compounds [8].

In the textile industry, xanthan gum can be employed as a stabilizer
or additive to ensure uniformity and texture stability in textile fibers or
yarns, and to enhance the properties of dyes or impregnations [8].

In the paper and board industry, xanthan gum can be employed as a
stabilizer to maintain the suspension of additives or coatings while en-
suring uniform distribution and print quality. In the ceramics industry,
xanthan gum can be utilized as a stabilizer or thickener in ceramic glazes
or paints, providing ease of application and uniform coverage, as well as
improved texture and shade [8].

For salt and pH resistance

To improve rheological properties

In the dyeing industry, xanthan gum can be employed in water-based
paints as a thickener or stabilizer, thereby ensuring uniform distribution
of pigments or fillers, maintaining the quality of the paint and facilitating
its application [8].

In the field of construction, xanthan gum can be employed as an ad-
ditive in cement mixtures with the objective of enhancing resistance to
high temperatures [62].

Emulsions based on xanthan gum in combination with other gums can
be employed in the 3D printing of emulsions, which in turn can be uti-
lized in a variety of industrial applications [63].

Xanthan is a widely used additive in oil recovery processes due to its
ability to control water and stabilize slurries under extreme conditions
of temperature and high salt concentration. Even in small quantities,
xanthan provides high viscosity to solutions, which gives them pseudo-
plasticity and improves the process of extracting oil from small pores in
pipes. In the petroleum industry, xanthan is used in drilling fluids, pipe
cleaning and hydraulic fracturing due to its stability in high salt concen-
trations and protection from high temperatures. In the tertiary oil recov-
ery process, xanthan is employed to create a thickened solution that ef-
fectively removes residual oil from porous rock. However, it is important
to note that when using xanthan to enhance oil recovery, it is necessary
to remove particles such as cells that can clog porous oil-bearing forma-
tion [32].

9. Conclusion

A conclusion was reached based on the results of information re-
search, analysis of scientific publications and comparison of experimen-
tal data obtained by scientists from different scientific groups. They show
that the use of secondary raw materials is a promising solution to the
problem of processing agricultural waste, with the production of biopoly-
mers, such as xanthan, being one such solution. The distinctive proper-
ties of xanthan gum have been known for a considerable period of time.
However, the developed methods for its production are based on the fer-
mentation of individual simple carbohydrates, such as glucose, sucrose,
maltose, arabinose, galactose, and fructose. Alternatively, it can be pro-
duced as part of soluble starch. The above substrates are expensive sourc-
es of carbon, while agricultural processing products provide a relatively
cheap and effective alternative. Biotechnological processes, including the
fermentation stage of various secondary raw materials, exhibit relatively
high rates. The range of secondary raw materials is diverse and encom-
passes almost all sectors of the food industry. Thus, extracts, juices, se-
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rums, hydrolysates, molasses, fruit pulp, brewer’s grains, and raw grains
represent a non-exhaustive list of promising secondary raw materials for
the production of xanthan by biotechnological means. The composition
of the culture medium for the productive biosynthesis of xanthan, as well
as the parameters (temperature, pH of the medium, air exchange to pre-
vent hydrodynamic stress) that affect the biosynthesis and subsequent
purification of the cultural liquid, are controlled in order to optimize the
release of xanthan gum. The secondary raw materials mentioned in the
review include important macroelements, such as carbon and nitrogen,
which are essential for the balanced nutrition of the microbial producer.

It is important to highlight the impact of specific microelements on
xanthan biosynthesis, particularly precursors. The presence of these in
trace quantities can lead to the formation of the target metabolite.
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The purification and isolation of xanthan is a multi-stage process that
employs solvents. The quantitative yield is contingent upon a number of
factors, including the rheological properties of the culture liquid.

The physicochemical properties of xanthan gum, including its high
viscosity even at low concentrations in solution, solubility in water at dif-
ferent temperatures, and stability over a wide pH range, determine the
scope of its application. Xanthan gum is widely used in the food industry,
in hygiene and cosmetology products, pharmacology and medicine, the
agricultural industry, and other areas.

Consequently, there are prerequisites for the development of xanthan
gum technologies that utilize not only expensive individual carbohydrates
as a carbon source, but also secondary raw materials. Furthermore, the
quantitative content of the culture liquid indicates that this is a priority.
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