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Abstract
Employing aerobic fermentation, Gram-negative bacteria belonging to the genus Xanthomonas produce the high molecular 
weight natural heteropolysaccharide known as xanthan. It has various amounts of O-acetyl and pyruvyl residues together with 
D-glucosyl, D-mannosyl, and D-glucuronyl acid residues in a molar ratio of 2:2:1. The unique structure of xanthan allowed 
its various applications in a wide range of industries such as the food industry, pharmacology, cosmetics and enhanced 
oil recovery primarily in petroleum. The cultivation medium used in the manufacture of this biopolymer is critical. Many 
attempts have been undertaken to generate xanthan gum from agro-based and food industry wastes since producing xanthan 
gum from synthetic media is expensive. Optimal composition and processing parameters must also be considered to achieve 
an economically viable manufacturing process. There have been several attempts to adjust the nutrient content and feeding 
method, temperature, pH, agitation and the use of antifoam in xanthan fermentations. Various modifications in technological 
approaches have been applied to enhance its physicochemical properties which showed significant improvement in the area 
studied. This review describes the biosynthesis production of xanthan with an emphasis on the importance of the upstream 
processes involving medium, processing parameters, and other factors that significantly contributed to the final application 
of this precious polysaccharide.
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Introduction

Carbohydrate polymers or polysaccharides can be produced 
via plants [1], parasites, algae [2] and bacterial fermenta-
tion [3]. It has many unique properties, both chemical and 
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physical [4]. Polysaccharides are used by plants as structural 
materials, energy stores, adhesives and information trans-
mission agents [5]. For microbes, exopolysaccharide (EPS) 
helps withstand environmental stresses [6] and energy stor-
age [7]. Microbial polysaccharides consist of repeating units 
of simple sugars with groups of 10 or fewer in which each 
group of 3–7 monosaccharides is connected [8]. Often these 
polysaccharides are called slime, or EPS [9]. The chemical 
compound is secreted through a fermentation cycle involving 
the conversion of carbon into a medium known as EPS by 
the different types of micro-bacteria. Compared to synthetic 
polymers, polysaccharides produced from microbes are bio-
degradable and environmentally friendly [10]. The combina-
tion of carbohydrates found in microbial EPS was reported 
to be incredibly diverse, although most of the sugars are 
commonly found in animals and plants [11]. Microbial EPS 
are primarily ionic, non-ionic and linear molecules that are 
bound at regular intervals to side chains of varying lengths 
and complexity [12]. EPS can be classified into two types 
which are homo-polysaccharides and hetero-polysaccharides 
[13]. Homo-polysaccharides are formed by monosaccharides 
such as dextran. Whereas hetero-polysaccharides are com-
plex structures formed by the synthesis in cells that involve 
many monosaccharides, such as xanthan and gellan.

A number of these microbes have the ability to produce 
a valuable chemical that finds diverse applications in areas 
such as food additives, pharmaceuticals, oil recovery and 
more. Xanthan, pullulan, levan, kefiran and gellan are among 
the most extensively researched and significant microbial 
polysaccharides [14–18]. Xanthan, a microbial polysac-
charide, holds great commercial significance owing to its 
manufacturing volume and versatile range of uses [19]. Xan-
than has drawn a lot of interest because of its exceptional 
qualities, including being safe for pharmaceutical and food 
uses and not poisonous, sensitizing, or irritating to the eye 
including skin [10]. The European Economic Community 
has authorized xanthan as a food emulsifier or stabilizer list, 
E-415, and the United States Food and Drug Administra-
tion (FDA) has cleared it for use as a food additive without 
specifying a quantity [20, 21].

Some of the crucial factors in producing EPS are the 
availability of carbon and nitrogen sources [22]. The opti-
mal carbon-to-nitrogen ratio is important as carbon increases 
xanthan production. It is generally known that increased xan-
than gum synthesis and accumulation take place in nitrogen-
limited environments and higher C/N ratios [23]. The excess 
amount of nitrogen will trigger the degrading enzymes in 
which it is unwanted [24]. To obtain a high purity of xan-
than products or polysaccharides, further operations such 
as re-precipitation, deproteinization utilizing chemical or 
physical approaches, and a variety of membrane techniques 
are necessary [25]. Traditionally, xanthan is produced using 
glucose or sucrose as a carbon source, which requires high 

energy input and contributes to the depletion of fossil fuels. 
Xanthan can also be produced using agricultural waste as a 
carbon source, which has the potential to increase sustain-
ability and contribute to the circular economy. Agricultural 
wastes are rich in cellulose and hemicellulose, which can 
be hydrolyzed into simple sugars for xanthan production. 
The use of agricultural waste as a carbon source for xanthan 
production can reduce the dependency on non-renewable 
resources, mitigate greenhouse gas emissions and promote 
sustainable agricultural practices. Xanthan production using 
agricultural waste can contribute to the circular economy by 
creating value from waste streams. The use of agricultural 
waste for xanthan production can increase sustainability and 
promote the circular economy. The conversion of agricul-
tural waste into xanthan can provide an additional revenue 
stream for farmers and food processors, as well as reduce the 
amount of waste sent to landfills. It is a promising approach 
that can benefit various industries while also contributing to 
environmental protection and economic development. The 
wide range of xanthan applications indicates the promise 
of these substances for industries and the significance of 
additional research to better understand their manufacturing 
based on their chemical and physical characteristics.

Xanthomonas campestris

Different polysaccharides with biological activity have been 
isolated in recent years from a variety of fungi and are cat-
egorized according to where they came from. Xanthomonas 
campestris pv. graminis [26], Xanthomonas campestris 
pv. mangiferaeindicae [27], Xanthomonas campestris pv. 
pelagornii [28] and Xanthomonas campestris pv. campes-
tris [29] were among the Xanthomonas species that were 
successfully discovered. Pv stands for pathovar, which is 
defined as "a group of strains with the same or comparable 
traits, distinguished at the infra subspecific level from other 
strains of the same species or subspecies based on initial 
pathogenicity to one or more plant hosts" [30]. In different 
words, Pv. means pathovar, a type of host plant classification 
that Xanthomonas campestris attacks.

Characteristics of xanthan

Xanthomonas campestris produces xanthan, an EPS, on a 
chemically specified, semi-synthetic, or entirely complex 
substrate. It was established in 1963 at the United States 
Department of Agriculture's (USDA) National Center for 
Agricultural Utilization Research [31]. It is a secondary 
metabolite and the by-product of aerobic development, and 
because of its significant physicochemical characteristics, 
it is employed as a suspending, emulsifying and thickening 
agent. It has strong shear stability, pseudo-plastic properties, 
and can withstand a variety of pH levels and temperatures. 
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Xanthomonas campestris, which is categorised as a het-
eropolysaccharide, produces xanthan by using carbohy-
drates as the main sources of pure fermentation. Other 
Xanthomonas species, including Xanthomonas campestris 
[32], Xanthomonas pelargonii, Xanthomonas phaseoli and 
Xanthomonas malvacearum [33], are employed to create 
xanthan during aerobic fermentation. Figure 1 illustrates the 
chemical composition of xanthan, which mostly consists of 
repeated units of a pentasaccharide composed of two glucose 
units, two mannose units and one glucuronic acid unit with 
a molar ratio of 2.8:2.0:2.0. The molar mass of xanthan is 
influenced significantly by the fermentation process and the 
characteristics of the bacteria used which are significantly 
higher than 2.0 × 106 g/mol [34].

Xanthan has a unique characteristic whereby a low con-
centration of its application in solution would show a high 
degree of viscosity compared to another polysaccharide. 
Owing to this property make xanthan a perfect thickener 
and food stabilizer. Xanthan is used to give fruit pulps and 
beverages a better texture and appearance as its suspension 
is maintained and a small application of xanthan in sauces 
would provide the food with high viscosity [35]. Due to its 
pseudoplastic behavior, xanthan improves the sensory qual-
ity of the final product, good pourability and eases the pro-
cessing [36]. Xanthan powder is dissolved in cold and hot 
water but is insoluble in most organic solvents.

In the biopharmaceutical industry, xanthan has been 
adopted into the drug as it is considered safe due to its bio-
degradability [37, 38], abundant availability, non-toxicity 
and low cost. It has a remarkable performance as a drug 
delivery carrier [39]. Apart from its pseudoplasticity, xan-
than has found application in enhanced oil recovery (EOR) 
as well. In this process, it is essential to consider properties 

such as solubility, viscoelasticity, adsorption [40, 41], thick-
ening ability, salt-resistance and temperature stability of 
xanthan. The suitability of xanthan for the process needs to 
be assessed and screened as variations in the oil reservoir 
can affect the criteria [42].

The production of xanthan can be achieved through 
various methods, ranging from laboratory scale to com-
plex industrial processes. It all begins with the selection of 
a suitable substrate to create a medium. Researchers have 
explored the use of diverse waste materials, including food 
and agricultural waste, as a carbon source to produce xan-
than. Food waste, in particular, offers a high-value substrate 
and is viewed as a potential source of raw materials for 
xanthan production [43]. This readily biodegradable waste 
starchy food can be a good choice for carbon resources [44]. 
The production of xanthan will have an option in terms of 
the type of substrate used in the fermentation medium.

Biosynthesis of xanthan

The process of EPS biosynthesis involves multiple steps, 
such as the synthesis of nucleotide sugar precursors, oligo-
saccharide repeater units and the direct synthesis of polysac-
charides via sequential or progressive glycosyltransferase 
activity. Once synthesized, the polysaccharides are assem-
bled from the repeater units and exported as the final product 
[45]. Figure 2 illustrates that the biosynthesis of xanthan, a 
widely studied EPS, follows a similar trend as Klebsiella 
pneumonia and other bacterial species, as highlighted in 
several studies [46].

Glucose serves as the starting material for the metabolic 
process involved in xanthan biosynthesis. This process leads 

Fig. 1  Chemical structure of 
xanthan [35]
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to the production of sugar nucleotide precursors, such as 
UDP-glucose, UDP-glucuronate and GDP-mannose, which 
are crucial for the construction of the pentasaccharide repeat 
unit [47]. Xanthan production is linked to the primary carbo-
hydrate metabolism, whereby pentasaccharide repeat units 
are constructed on undecaprenyl phosphate lipid carriers 
tethered in the cytoplasmic membrane. Specific glycosyl-
transferases sequentially transfer sugar moieties from the 
nucleotide sugar xanthan precursors onto the lipid carriers. 
Acetyl and pyruvyl residues may also be added as non-car-
bohydrate embellishments. Mature repeat units are polymer-
ized and exported, following a similar WZY-dependent poly-
saccharide synthesis pathway as seen in Enterobacteriaceae. 
The gene cluster responsible for xanthan biosynthesis pro-
duces, synthesizes, polymerizes and exports the repeat units.

Researchers have shown a growing interest in the poten-
tial of the derivative xanthan in recent studies. Native xan-
than has limitations in certain applications due to its poor 
thermal and mechanical properties, susceptibility to bacte-
rial contamination and inadequate water solubility [42]. Pre-
vious scientific studies have explored various chemical mod-
ifications of xanthan, including etherification, esterification 

[48–51, 51, 52], peptide linkage acetylation, oxidation [53, 
54], ionic and covalent crosslinking and mechanical modifi-
cation [55]. Chemical derivatives resulting from these modi-
fications are generally considered acceptable for use in a 
variety of applications [56].

Industrial production of xanthan

Xanthan is an industrially produced EPS by fermentation 
using simple sugars such as sucrose and glucose [57, 58]. 
The production of xanthan involves the preparation of 
medium components and inoculum-containing bacteria that 
will undergo several processes until the production of the 
final product. Carbon is one of the main ingredients in xan-
than production that is obtained through inverted sugar or 
glucose fermentation. In the production of xanthan, nitrogen 
sources such as peptone, ammonium, soybeans and yeast 
extract are also important [59].

In the industrial production of xanthan, it is crucial to 
sterilize the bioreactors used and closely monitor the fer-
mentation process. Process conditions such as temperature 

Fig. 2  Biosynthesis pathways of 
xanthan gum production [46]
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(28–32 ºC) and solution pH (6.5–7.5) must be carefully 
regulated and batch processing is commonly used. The spe-
cific agitation power, typically in the range of 1 kW/m3 or 
higher, is considered favorable [60]. The supply of oxygen is 
a critical factor affecting the productivity and concentration 
of xanthan. An aeration rate greater than 0.3 vvm is recom-
mended [61]. The specific process conditions required may 
vary depending on the selected strain.

Factors affecting xanthan production

Figure 3 illustrates that medium compositions and process-
ing parameters are the two key factors that impact xanthan 
production. The medium composition includes two macro-
nutrients, carbon and nitrogen sources, which are involved 
in xanthan production, while micronutrients such as magne-
sium, phosphate, potassium and iron can stimulate growth 
and EPS formation. Processing parameters such as temper-
ature, pH, agitation rate, incubation period and dissolved 
oxygen are also significant in xanthan synthesis.

Medium composition

The production process of xanthan is greatly affected by the 
composition of the growth medium [62, 63]. The aim is to 
develop a medium that can provide the necessary chemi-
cal and organic nutrients during the fermentation process, 
while also standardizing the assembly process to ensure 
high-quality xanthan production and lower production 
costs [59]. Xanthan production by Xanthomonas campes-
tris requires macronutrients such as carbon and nitrogen, 
as well as micronutrients including potassium, phosphate 
and calcium. Xanthomonas campestris bacteria required a 
carbon source as a substrate for xanthan production. The 

employment of various substrates will affect the provision 
of nutrients for the expansion of the Xanthomonas campes-
tris bacteria. Different substrates affect the structure of the 
side chain chemical clusters of xanthan but do not change 
its main structure [64]. The fermentation time of xanthan 
production would be dependent on the type of substrate used 
[61]. There are many different types of medium formulations 
used to produce xanthan. Table 1 shows different types of 
medium formulations used by previous researchers to pro-
duce xanthan.

Carbon sources

Carbon sources play a key role in the fermentation process 
of xanthan microbes as they act as catalysts for the transfer 
of sugar to the cells. The glucose concentration was found 
to have a significant impact on the development of xanthan 
[44]. In microbial fermentation, the carbon source is a cru-
cial aspect in the formation of cellular structures and also 
provides an energy source to the microbial [71] and is used 
in polysaccharide synthesis. The quantity of sugar in the fer-
mentation broth is also significant during secondary metabo-
lites of bacteria, which result in the synthesis of extracellular 
heteropolysaccharides [4].

Over the years, researchers have focused on finding inex-
pensive sources of carbon to produce xanthan, leading to 
the use of various sources such as plant sources and waste 
products [72]. Xanthomonas species can ferment glucose, 
sucrose, or lactose to produce xanthan, and it can also be 
produced from sources such as sugar molasses, cassava 
starch and crude glycerin, as shown in Table 2. The xan-
than polysaccharide is precipitated with isopropyl alcohol 
or ethanol from the growth medium, then dried and ground 
into a fine, off-white powder before packaging.

One potential substrate for xanthan production is pineap-
ple waste, which has a high content of biodegradable organic 
material and suspended particles, as well as significant BOD 
and low pH levels. The primary nutrients in pineapple juice 
waste are sucrose, glucose and fructose. This waste can 
be characterized and recycled to reduce waste or produce 
higher value-added products such as organic acid, methane, 
ethanol, SCP and enzymes. Sugar analysis has shown that 
the main sugars present in liquid waste are sucrose, glucose 
and fructose [86, 87]. In a study by [88], Lactobacillus del-
bruckii was used to produce lactic acid using liquid and solid 
pineapple waste as a substituted carbon source, resulting in 
a lactic acid production of 54.3 g/L. Pineapple waste can be 
considered as a valuable alternative carbon source for the 
production of biodegradable polymers.

The quantity and type of carbon source significantly 
impact the growth and development of these microbes, 
which ultimately affects the yield and quality of xan-
than. In recent years, researchers have focused on finding Fig. 3  ifferent factors affecting the production of xanthan
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cost-effective and sustainable sources of carbon, such as 
plant sources and waste products. The study of carbon 
sources in microbial fermentation is crucial for optimiz-
ing the production of valuable products and reducing waste 
generation.

Nitrogen sources

One of the vital nutrients in cell growth and biosynthesis of 
polysaccharides is nitrogen source. There have been numer-
ous documented facts about nitrogen as a source of energy. 
One study by [89] revealed the effectiveness of the different 
types of organic and inorganic nitrogen sources comprise of 
urea, peptone, potassium nitrate, yeast extract and ammo-
nium sulfate. About 20 g/L of hydrolyzed cassava bagasse 
was used to produce xanthan using a bacterial culture of 
Xanthomonas campestris and the inclusion of potassium 
nitrate as nitrogen in the medium. The xanthan obtained 
after 72 h of fermentation is about 14 g/L and no significant 
changes until the fermentation process ends (i.e., 96 h). For 

xanthan growth, ammonium sulfate was the least effective 
and affected the use of sugar by the bacterial culture.

Another investigation was carried out on the impact of 
several organic and inorganic nitrogen sources that were 
fermented by Xanthomonas campestris E-NRC-3 [90]. The 
findings demonstrated that the use of complex organic and 
affordable sources of nitrogen including peptone, yeast 
extract and maize steep liquor boosted the efficiency of 
Xanthomonas campestris E-NRC-3 in the manufacture of 
xanthan. After 5 days of incubation, several inorganic nitro-
gen sources, including sodium nitrate, ammonium chloride 
and urea (600 mg/L), showed distinct impacts on the effec-
tiveness of xanthan synthesis by Xanthomonas campestris 
E-NRC-3. Among the aforementioned nitrogen sources, 
ammonium chloride has the best efficiency. The addition 
of 2400 mg ammonium chloride increases the synthesis of 
xanthan up to 66.3 g/L.

The addition of amino acids, such as glutamate and 
nitrate, has been shown to increase the yield of xanthan, as 
reported by [91]. It should be noted that high concentrations 
of these nitrogen sources can actually inhibit the production 

Table 1  Different types of media compositions used to produce xanthan

No Strain Medium compositions Xanthan 
production 
(g/l)

References

1 X. citri subsp. citri, NIGEB- K37, NIGEB-386 Medium component in (g/L): Cheese whey (60), Citric acid 
(2.1),  KH2PO4 (3),  MgSO4 (0.3),  CaCO3 (0.04),  H3BO3 
(0.014) and  ZnSO4 (0.02)

18.4
20.3

[65]

2 X. axonopodis pv. mangiferaeindicae Complex medium: modified YM broth (1 kg/m3): peptone (5), 
yeast extract (3), malt extract (3), glycerol (40),  KH2PO4 (0.1) 
and urea (0.01)

Simple medium (1 kg/m3): glycerol (40),  KH2PO4 (0.1) and 
urea (0.01)

3.1 [66]

3 X. campestris DSM 19000 (NRRL B-1459) Medium component in (g/L): hydrolyzed bread solution, 
 KH2PO4 (2.866), citric acid (2.1),  MgCl2 (0.507),  H3BO3 
(0.006),  Na2SO4 (0.089), ZnO-(0.006),  CaCO3 (0.020), 
 FeCl3·6H2O (0.020)

13.1 [44]

4 X. campestris ATCC 13951 YM broth in (g/L): glucose (30), yeast extract (3), malt extract 
(3) and peptone (5)

23.9 [67]

5 X. campestris
PTCC 1473

Medium component in (g/L): pre-treated Elm wood (45 ml), 
 KH2PO4, (2.8),  (NH4)NO3 (1.1), citric acid (2.1),  MgSO4 
(0.25),  H3BO3 (0.0006),  CaCO3 (0.02),  FeCl3, (0.0006),  ZnCl2 
(0.0006), 13 mM HCl and 1 M NaOH

10.4 [68]

6 X. campestris MO-03 Medium component in (g/L): sugar beet molasses (40), CFP 
(4),  KH2PO4 (3),  MgSO4 (0.25),  (NH4)2SO4 (1.4) and  CaCO3 
(0.25)

20.5 [23]

7 X. campestris pv. campestris 1866 and 1867 Medium component in (w/v): 2% of CH, CS and sucrose (con-
trol), urea (0.01% w/v) and  KH2PO4 (0.1% w/v)

4.5 [29]

8 X. campestris PTCC 1473 Medium component in (g/L): Broomcorn stem (4%),  MgSO4 
(0.2),  C6H8O7 (2),  H3BO3 (0.0006),  ZnCl2 (0.0006),  FeCl3 
(0.0006),  CaCO3 (0.02) and  KH2PO4 (3)

8.9 [69]

9 X. campestris PTCC 1473 Medium component in (g/L): Orange peel hydrolysate (85%), 
 KH2PO4 (2.5), yeast extract (2), citric acid (2),  MgSO4 (0.2), 
 H3BO3 (0.006),  ZnCl2 (0.006),  CaCO3 (0.02) and  FeCl3 
(0.0024)

30.2 [70]
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Table 2  Agricultural waste used for the production of xanthan

No Substrate/waste Medium composition Operating parameters Bacterial strain Xanthan
Production (g/L)

References

1 Chicken Feather Peptone 
(CFP) and Sugar Beet 
Molasses (SBM)

SBM – 40 (g/L)
CFP – 4 (g/L)

pH:7
Agitation: 200 rpm
Temp: 30 °C
Aeration: -
Period: -

X. campestris 20.5 [23]

2 Waste bread 12 (g/L) pH:7
Agitation: 150 rpm
Temp: 30 °C
Aeration: -
Period: -

X. axonopodis pv. Vesi-
catoria

14.3 [44]

3 Fermenting shrimp shell 2–10% (w/v) from aque-
ous extraction

pH: 7
Agitation: 250 rpm
Temp: 28 °C
Aeration: -
Period: 120 h

X. campestris pv. mani-
hotis

4.6 [73]

4 Acid hydrolyzed of 
melon, watermelon, 
cucumber, tomato

1 (g/L) pH: -
Agitation: 120 rpm
Temp: 30 °C
Aeration: -
Period: 60 h

X. campestris 1.6 [74]

5 Whey (corn steep liquor) 1 g/L pH: -
Agitation: 160 rpm
Temp: 28 °C
Aeration: -
Period: 96 h

X
campestris NRRL B-l 

459

14 [75]

6 Olive oil wastewater 50% (v/v) pH: 6.8–7
Agitation: 110 rpm
Temp: -
Aeration: -
Period: -

X. campestris NRRL 
31,459-S4L41

7.7 [76]

7 Rice husk (RH), Sweet 
potato (SP) and Cas-
sava flours (CF)

5 g/100 ml pH: 6
Agitation: 390 rpm
Temp: -
Aeration: -
Period: 31 h

X. campestris RH: 0.12
SP: 0.2
CF: 0.23

[72]

8 Residue of apple juice 350 pH: -
Agitation: 150 rpm
Temp: 28 °C
Aeration: -
Period: 48 h

X. campestris pv mani-
hotis

45 [77]

9 Potato peel 50 g substrate pH: 7.2
Agitation: -
Temp: 28 °C
Aeration: -
Period: 72 h

X. campestris pv citri 2.9 [78]

10 Cedarwood (CW) /
EElmwood(EW)

100 g (treated using 
phosphoric acid)

pH: 7.2
Agitation: 130 rpm
Temp: 30 °C
Aeration: -
Period: 72 h

X. campestris (PTCC 
1473)

CW: 9.9
EW: 10.4

[68]

11 Rice straw 100 g (treated with 2 M 
NaOH)

pH: 7.5
Agitation: 150 rpm
Temp: 28 °C
Aeration: -
Period: 72 h

X. campestris (PTCC 
1473, Persian Type 
Collection Culture, 
Tehran, Iran)

10.4 [79]
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of xanthan. This is because rapidly growing cells require 
high levels of nitrogen, which can also affect the rheologi-
cal properties of the resulting xanthan when the nitrogen 
content in the medium is excessive. Media with a high car-
bon content and a low nitrogen content are more favorable 
for xanthan polymer accumulation. It can be concluded that 
nitrogen sources are vital for cell growth and biosynthesis 
of xanthan. Organic and inorganic nitrogen sources were 
investigated and it was found that potassium nitrate was 
effective in producing xanthan using a bacterial culture of 
Xanthomonas campestris. Ammonium sulfate was the least 
effective and affected the use of sugar by the bacterial cul-
ture. The use of complex organic and affordable sources of 
nitrogen, including peptone, yeast extract and maize steep 
liquor, boosted the efficiency of cells in xanthan production. 

Inorganic nitrogen sources, such as sodium nitrate, ammo-
nium chloride and urea, also had distinct impacts on xanthan 
synthesis. The addition of amino acids such as glutamate and 
nitrate stimulated the yield of xanthan, but higher concen-
trations inhibited production and affected rheological prop-
erties. Media with high carbon content and low nitrogen 
content favor polymer accumulation.

pH condition

Most of the findings regarding the pH variables dur-
ing the process have reported that the optimised value 
of pH is within 6–8 for the cultivation of Xanthomonas 
campestris before the production of xanthan. These pH 
conditions did not affect the process to produce xanthan. 

Table 2  (continued)

No Substrate/waste Medium composition Operating parameters Bacterial strain Xanthan
Production (g/L)

References

12 Sugar cane residue 1.5 g/100 ml pH: 7
Agitation: 200 rpm
Temp: room temp
Aeration: -
Period: 48 h

X. campestris TISTR 840 20 [80]

13 Hydrolysate wheat straw 5 ml/50 ml solution pH:
Agitation: 220 rpm
Temp: 30 °C
Aeration: -
Period: 72 h

X. campestris CGMCC 
1.1781

20.7 [81]

14 White wine effluent 25 pH: 7
Agitation: 150 rpm, 

200 rpm, 300 rpm
Temp: 26 °C
Aeration: 1vvm (48 h), 

2vvm (120 h)
Period: -

X. campestris ATCC 
13,951

4–10.6 [82]

15 Cheese whey lactose 65.2 (g/L)
80 (g/L)

pH: 7
Agitation: 250
Temp: 28 °C
Aeration: -
Period: 48 h

X. campestris 
PTCC1473,

Xanthomonas pelargonii 
PTCC1474

16.4
12.8

[83]

16 Hydrolyzed Potato Starch 30.2 (g/L) pH: -
Agitation: -
Temp: 30 °C
Aeration: -
Period: 72 h

Xanthomonas sp. XC6 14.5 [84]

17 Residue peel of Mango 
and Sapodilla

10 (g/L) pH: 6 (Mango), 7.4 
(Sapodilla)

Agitation: -
Temp: 30 °C
Aeration: -
Period: 24 h

X.campestris Mango: 20.8
Sapodilla: 11.8

[43]

18 Jackfruit seed powder 4 (g/L) pH: 6 (Mango), 7.4 
(Sapodilla)

Agitation: -
Temp: 30 °C
Aeration: -
Period: 24 h

X. campestris NCIM 
2961

51.6 [85]
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Previous research by [92] stated that the pH values of 
xanthan fermentation broth increased from 7.0 to 10.0 
based on the agitation and temperature used. In the study 
conducted by [93], production and certain rheological, 
thermal and emulsifying properties of xanthan have been 
affected by the effects of alkali stress using a sodium 
hydroxide solution with a pH value of 11.

In the other finding by [94], they observed that the pH 
value declined significantly during batch fermentation of 
xanthan. Since the pH culture has only been controlled 
without the use of any controlling unit, the accumula-
tion of organic acids in the growth media. As a result, 
the organic acids can adversely affect the production of 
xanthan. It's highly recommended to use a pH controller 
during the process. Xanthan development of Xanthomonas 
campestris ATCC 1395 under uncontrolled pH conditions 
at different stirring speeds was evaluated in another analy-
sis by [95]. Uncontrolled pH conditions during processing 
were observed to result in low output rates of approxi-
mately 6.5 g/L at 600 rpm. It can be noted that pH plays a 
key role in certain EPS development and all these findings 
indicate that indirect regulation of the pH medium may 
affect the yield of xanthan.

Temperature

The temperature during the fermentation process plays a 
crucial role in xanthan production. Maintaining the opti-
mum temperature range is crucial to achieve high-quality 
xanthan [96]. Studies suggest that the optimal tempera-
ture for fermentation is around 28 °C [78, 97]. Accord-
ing to [79], temperatures below 24 °C trigger secondary 
metabolism, leading to a significant slowdown in xanthan 
production. Temperatures above 27 °C promote xanthan 
biosynthesis from the exponential phase to the stationary 
phase. At 35 °C, the specific growth rate was almost zero, 
indicating that sustained cell growth is not possible at this 
temperature.

Other experiments showed that the optimal tempera-
ture condition during the process was 30 °C [23]. In com-
parison, lowering the temperature from 37 to 30 °C can 
result in higher xanthan production yields. The tempera-
ture became an important element in the fermentation of 
Xanthomonas campestris. It also is related to the activa-
tion of enzymes involved in the xanthan polymerization 
process [98]. The published research by [99] also supports 
the idea that decreasing the temperature will increase the 
production of xanthan when carbon is used as an energy 
source. To conclude, the best optimal temperature for xan-
than production is between 28 °C to 30 °C. Maintaining an 
optimum process temperature is important for producing 
high xanthan.

Dissolved oxygen

The availability of oxygen is crucial for the bacteria to func-
tion effectively during the aerobic fermentation process 
[100]. To fulfill the oxygen requirement in the fermentation 
process, it is important to ensure adequate oxygen transfer. A 
new bioreactor design may be required to address the limita-
tion in oxygen transfer. The design strategy could be based 
on the use of a porous fibrous matrix to facilitate the free 
movement of culture medium and air, thereby enhancing 
the interaction between cells, support of the fibrous matrix 
and nutrients. This overall approach is intended to improve 
oxygen transport and may increase the reaction rate while 
simultaneously reducing the rapid growth of mutants [101].

Several studies have been conducted to study the effect of 
oxygen concentration on the synthesis of xanthan. According 
to [102], the decrease in aeration rates induced an increase in 
glucose and mannose concentrations during xanthan produc-
tion. Increasing airflow contributes to the high viscosity of 
xanthan and biomass, as well as xanthan with strong thermal 
degradation properties. A study report by [103] states that 
the production of polysaccharides creates a high-viscosity 
medium, which ultimately results in an oxygen transfer con-
straint affecting the production of xanthan. The viscosity of 
polysaccharides is also correlated with pyruvate content and 
molecular weight. In a study by [104], the impact of varying 
oxygen rates (0.75 to 1.5) on the pyruvilation degree was 
investigated and no significant differences were observed. 
Increasing agitation and supplying sufficient oxygen to the 
broth resulted in increased molecular weight of xanthan, 
indicating that the availability of oxygen can affect the phys-
icochemical properties of the polysaccharide [105].

Different strategies for improving the transfer of oxy-
gen in bioreactors have been implemented. Some previous 
researchers have applied an approach to disperse a liquid 
phase from organic compounds such as vegetable oils [106, 
107] and hydrocarbons [108], later known as the organic 
phase, which is immiscible to the system. This approach 
allows more oxygen gas to be carried through the modified 
medium in the presence of organic phases [109]. This phase 
increases the rate of oxygen solubility in water because the 
organic phase has a strong affinity and was successfully 
implemented in the past [110]. Kuttuva et al. [111] have used 
this technique in the fermentation of xanthan and have found 
that the rate of oxygen flow to the broth increases. The lim-
ited transfer of oxygen in traditional bioreactor designs has 
led to a need for a new design that allows for closer interac-
tion between cells, support and nutrients to improve oxygen 
transport and increase the reaction rate. Increasing airflow 
can contribute to higher viscosity and thermal degradation 
properties, while high viscosity medium can result in an 
oxygen transfer constraint. Different strategies for improv-
ing oxygen transfer in bioreactors have been implemented, 
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including the use of organic compounds, which have been 
shown to increase the rate of oxygen flow to the broth in 
xanthan fermentation.

Incubation time

The incubation period also provides insight into the overall 
process of xanthan production. Each of the microorganisms 
would react to several factors during the process. The output 
of biopolymer for a period of 96 h seems to be insignificant 
in one research conducted by [67]. They discovered that 
there is no discernible change in the number of sugar com-
ponents in all examined mediums because microorganism 
cells employ carbon as a source of energy, proliferation and 
xanthan production. Theoretically, even though the culture 
time was decreased to 24 h, it was possible to see that there 
was no negative influence on the intended product yield.

Some researchers have documented an increase in acetate 
radical concentration throughout fermentation [112]. This 
effect on the degree of pyruvilation is not sufficiently clear; 
according to several studies, the radical content of pyru-
vate increases over time [113, 114] but other authors have 
reported that when the growth of the cell reaches the stag-
nant phase, this concentration achieves a stable value [104].

Agitation rate

Many studies conducted on xanthan production highlighted 
the importance of the agitation rate during the fermentation 
process. Instead of independent factors such as the source of 
carbon source, nitrogen source and phosphorus, the agita-
tion rate in submerged fermentation was also assessed for its 
effects on biomass and xanthan production. Xanthomonas 
campestris is an aerobic microorganism and the agitation 
rate is very important in the production of xanthan gum 
[115]. Zakeri et al. [116] reported that the maximal yield of 
xanthan was derived using an agitation rate of 500 rpm. In 
another study conducted by [117], the optimum conditions 
for maximal xanthan production were using an agitation 
rate of 394.8 rpm. Reconfirmation testing was performed 
for xanthan synthesis and the experimental value at ideal 
conditions was around 6.72 g/L, which was similar to the 
predicted values of 6.51 g/L. An agitation rate of 387.4 rpm 
was employed to increase the biomass output. Other stud-
ies that reported similar results showed that 500 rpm was 
the best for xanthan production [94]. Moshaf et al. [117] 
reported that an agitation rate of 394.8 g/L was the best 
for xanthan production. From this, we can conclude that a 
high agitation rate is favorable for the maximal production of 
xanthan. The viscosity of the culture medium has an impact 
on the aeration rate, nutrient distribution and uniformity. 
As the viscosity of the medium increases, the aeration rate 
decreases, affecting the nutrient distribution and uniformity 

[61]. Xanthan synthesis can lead to extracellular deposition, 
reducing the oxygen mass transfer rate [20]. The agitation 
rate is crucial during the fermentation process to maximize 
xanthan production. A high agitation rate of up to 500 rpm 
can enhance oxygen mass transfer, maintain nutrient distri-
bution and uniformity, and prevent a decrease in the aeration 
rate caused by the rise in viscosity.

Stress condition

When fermentation is performed, the bacteria in the solu-
tion will be exposed to some type of stress. This stress can 
occur physically, chemically, or biologically. Bacteria will 
respond to various stresses such as pH, temperature, nutri-
ent limitation and osmotic stress for survival. During the 
process of cell growth, the concentration of solute in the cell 
will maintain the flow of water for metabolism. To continue 
to survive, bacteria will produce biopolymers products that 
can protect cells from physical conditions, help improve the 
cell's ability to bind, form symbiotic relationships and create 
biofilms [118].

One study conducted by [16] on the production of kefi-
ran stated that polysaccharide production was affected when 
NaCl was added at different concentrations during the fer-
mentation process. Sheng et al. [119] studied the effects of 
NaCl and  CaCl2 on the photosynthetic bacteria Rhodopseu-
domonas acidophila, which produced water-soluble EPS via 
anaerobic mechanisms. The results showed that high NaCl 
concentrations resulted in higher EPS, whereas  CaCl2 con-
centration had little or no effect on EPS generation.

Xanthan production by Xanthomonas campestris B82 is 
influenced by acetic acid [120]. During the exponential and 
stationary phases of growth, acetic acid doses ranging from 
1.56 to 6.25 mM were added to the medium. Quantitative 
investigations demonstrated a significant increase in xanthan 
production and viscosity following two cycles of acetic acid 
addition at 24 and 26 h of fermentation. EPS production in 
Pseudomonas putida was found to be influenced by acidic 
and alkaline environments, as demonstrated by [121], while 
[122] showed similar findings for Xanthomonas campestris 
during alkali stress conditions. This behavior can be utilized 
to enhance xanthan gum production.

An alkaline condition study by [93] showed that the pro-
duction of xanthan was increased by up to 133.80% using 
sucrose as the main carbon. Even if the mixture of sucrose 
and crude glycerol has been applied in the medium, it will 
somehow reach a higher percentage of xanthan production 
(164.86%). Little information is available about the impact 
on yield and, mainly, on its technological properties. Bacte-
ria are exposed to physical, chemical and biological stress 
during the fermentation process which can affect cell growth 
and xanthan production. To protect themselves, cells pro-
duce biopolymers like polysaccharides that improve their 
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ability to bind, form symbiotic relationships and create bio-
films. NaCl can increase EPS production in some bacteria, 
while acetic acid can increase xanthan gum production. 
Alkaline conditions have also been found to increase xan-
than production, particularly when using sucrose as the main 
carbon source. More research is needed to fully understand 
the impact of osmotic stress on cell growth and xanthan 
production.

Applications of xanthan

Xanthan was a promising EPS among the others in a way 
that it is improving some of the properties or characteris-
tics of added materials. Xanthan gum provides the texture, 
rheological qualities, taste release, appearance and moistur-
izing properties that are currently required by food products 
[123]. In the food industries, a wide range of products such 
as tea, fruit pulp and powdered drinks, chocolate late, cook-
ies, jellies, dairy goods, margarine, yogurt, baking products, 
packaged foods sauces and gravel all contain xanthan as an 
emulsifier and thickener. In the packaging industry, it was 
reported that xanthan has the potential to improve banana 
preservatives in methylcellulose/xanthan novel composite 
film [124]. Banana shelf life has qualitatively improved with 
XH composite film for food preservation.

In addition to its use as a gelling agent, stabilizing agent, 
suspending agent and viscosity-enhancing agent, xanthan 
has also been extensively investigated as a possible poly-
meric material in various floating drug delivery technolo-
gies [125]. Xanthan has been utilized as a gelling agent, 
binder and disintegrant in pharmaceutical formulations for 
various drugs, such as rosiglitazone maleate [126] and acy-
clovir [127]. One of the primary applications of xanthan in 
pharmaceuticals is drug release. Controlled release of drugs 
is crucial for enhancing the effectiveness of drug delivery to 
the targeted location while minimizing adverse effects. Due 
to its gelling properties, xanthan can reduce the rate of drug 
release and can also trap the substance inside the gel matrix 
[128]. Carboxymethylated xanthan has a lower viscosity 
than xanthan and enhances the rate of drug delivery [129].

In recent years, xanthan has become a promising ingredi-
ent in the cosmeceutical industry. According to [130], xan-
than has been used in toothpaste, creams, lotions, shower 
gel, shampoo, sunscreens and skincare. In cosmetics, xan-
than is commonly used as a thickener, binding agent, emul-
sifier, stabilizer, suspending agent and controlled release 
agent. For example, in toothpaste, xanthan gum provides 
the shape and consistency of the toothpaste texture to make 
it easier to pump or squeeze. In lotion or creams, it helps in 
adjusting the viscosity to make the cream and lotion perform 
their shear-thinning properties. While in shampoos, xanthan 
acts as a stabilizer to suspend insoluble particles such as 
pigments and active ingredients [131].

Xanthan has potential applications in construction 
engineering to improve soil properties such as aggregate 
strength, erosion resistance and stability. Research has 
shown that xanthan can effectively reinforce high-graded 
soil, with the reinforcing effect being dependent on soil 
moisture conditions. Xanthan fibers interact with charged 
clay surfaces to form xanthan matrices, which behave like 
hard plastic between uncharged particles. This environmen-
tally friendly product is being considered as an alternative to 
traditional methods for enhancing soil strength [132].

Xanthan is also widely used in the energy industry for 
oil extraction and output lubrication in the drilling of mud. 
Xanthan is an excellent suspension agent for the extraction 
of drilling rock cuttings; it is also compatible with barytes 
used to resolve strong reservoir pressures [133]. Xanthan 
solutions have also been introduced to boost the recovery 
of oil from depleted rivers by injecting solutions containing 
viscosifiers [134]. To enhance oil recovery and stabilize oil 
production, Liang et al. [131] have developed a biopolymer 
of xanthan that can be used under conditions of high temper-
ature (80 °C) and high salt concentrations of 170,000 ppm. 
They use the xanthan flooding process that could efficiently 
change the wettability of oil in the reservoir and can also 
help improve the performance of oil recovery. In recent 
years, de Souza [135] has studied the thermoviscosifying 
behavior of produced water xanthan (PWX) and its potential 
to adapt to harsh conditions inside reservoirs. The PWX has 
been shown to increase oil recovery during the late injection 
process (tertiary recovery) by 9% compared to commercial 
xanthan gum, making it an environmentally friendly ex-situ 
microbial-EOR metabolite. Figure 4 summarizes the various 
industrial applications of xanthan.

The use of heavy metal-based wastewater treatment cata-
lysts can result in secondary pollution, making it essential to 
find more environmentally friendly alternatives [136–138]. 
Xanthan, with its numerous hydroxyl groups, can serve as 
a site for the graft copolymerization of synthetic monomers 
[139]. Understanding the mechanism of graft copolymeri-
zation is crucial in developing new materials with desirable 
properties. Graft copolymerization induces physical, chemi-
cal, thermal and morphological changes that can enhance 
the adsorption of hazardous heavy metals and artificial 
dyes from wastewater and other industrial effluents. This 
approach presents a promising strategy for developing effec-
tive and sustainable wastewater treatment methods.

Due to xanthan’s unique rheological properties, it is 
used extensively in the food, pharmaceutical and petroleum 
industries. The ability of xanthan to form stable suspen-
sions, gels and emulsions makes it a versatile ingredient 
in many applications. Despite its widespread use, the pro-
duction of xanthan remains complex and expensive due to 
the difficulty in cultivating the producing microorganisms 
and the limited knowledge of the biosynthesis pathway. To 
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meet the growing demand for xanthan, it is important to 
understand the biosynthesis process and the characteristics 
of xanthan. The biosynthesis pathway of xanthan has been 
extensively studied, but there is still much to be learned 
about the genetic regulation of xanthan production and the 
metabolic pathway involved. Advances in biotechnology and 
genetic engineering may provide new strategies to improve 
xanthan production and tailor xanthan characteristics to meet 
specific industrial needs. The characterization of xanthan is 
also crucial for its successful application. Factors such as 
molecular weight, degree of acetylation and conformational 
properties can affect the rheological properties of xanthan. 
Understanding these properties can aid in the selection of the 
appropriate xanthan for specific applications and can lead to 
the development of new applications. A better understand-
ing of the biosynthesis pathway and the characterization of 
xanthan will provide opportunities for the development of 
new strategies for xanthan production and the tailoring of 
xanthan characteristics to meet specific industrial needs.

Future outlook

The review on biosynthesis, production and xanthan applica-
tions provides an overview of the current knowledge of xan-
than gum, its production and potential applications. Based 
on the findings of this review, several future directions can 
be suggested to further advance the field. More research is 
needed to explore the potential of novel microbial strains 
for xanthan production. The isolation and characterization 

of new strains can lead to the development of more efficient 
and cost-effective xanthan production processes. Further-
more, genetic engineering of microbial strains to increase 
the production of xanthan or modify its properties can also 
be explored. The development of new fermentation tech-
niques and bioreactors can improve xanthan production. The 
optimization of fermentation parameters such as tempera-
ture, pH and nutrient supplementation can further enhance 
xanthan production. The use of advanced monitoring and 
control systems can also improve the efficiency and consist-
ency of the fermentation process.

The development of new applications for xanthan gum 
can further expand its commercial potential. Xanthan gum 
is primarily used as a thickening and stabilizing agent in the 
food and pharmaceutical industries. Research can be con-
ducted to explore its potential applications in other areas 
such as cosmetics, agriculture and environmental remedia-
tion. In addition to that, sustainability and environmental 
impact should be considered in the future development of 
xanthan production and applications. Efforts can be made to 
reduce the use of fossil fuels and develop more sustainable 
and environmentally friendly production processes [141]. 
The potential environmental impact of xanthan gum use 
should be evaluated and addressed. In general, the review 
on biosynthesis, production and xanthan applications has 
highlighted the potential of xanthan gum as a versatile and 
valuable biopolymer. To further advance the field, future 
research should focus on exploring new microbial strains, 

Xanthan Applications

Food 
Industry

Function: Texture 
enhancer, improve 

rheological qualirtied,  
stabiliser, emulsifier, 

thickener, taste enhancer

Products: tea, fruit pulp, 
powdered drinks, 

chocolate late, cookies, 
jellies, dairy goods, 

margarine, yogurt, baking 
products, packaged foods, 

sauces
[128]

Pharmaceutical 
Industry

Function: Drug delivery 
system, drug released 

mechanism, drug 
formulation

[129; 130; 132]

Cosmeceutical 
Industry

Function: Stabiliser, 
emulsifier, 

thickener,viscosity agent,  
moisturising agent, 

texture enhancer
Products: toothpaste, 
shampoo, lotion, skin 

care, shower gel, shower 
cream, sunscreen)

[134]

Biomedical 
Indusrty

- Tissue engineering, 
hydrogel for wound 

healing, drug delivery 
system

[141; 142]

Energy 
Industry

Oil extraction, oil 
recovery, output 

lubrication in drilling of 
mud
[138]

Fig. 4  pplications of xanthan in various industries
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optimizing fermentation techniques, developing new appli-
cations and addressing sustainability and environmental 
concerns.

Conclusion

Xanthan is an EPS produced through submerged fermenta-
tion by Xanthomonas sp. strains. The production process 
includes upstream processes, such as cell banking and fer-
mentation and downstream processing, including cell sepa-
ration, recovery and product purification. Several impor-
tant factors influence the final yield of xanthan, including 
medium components, bacterial strains, pH, temperature, 
dissolved oxygen, agitation, incubation time, agitation rate 
and stress conditions. Xanthan's unique properties make it 
suitable for a variety of applications, ranging from food to 
the construction industry. In the food industry, it is widely 
used as an emulsifier, thickener, gelling agent, fat substi-
tute and food packaging material. There is potential for new 
applications of xanthan and further research is necessary 
to uncover them. Scaling up xanthan production with high 
yield and purity is essential to maximize its potential for 
broader applications on a larger scale.
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