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Abstract

Xanthan gum is one of the most important industrial biopolymers which are produced by the
Xanthomonas campestris strain from a glucose-rich substrate and has tremendous applications ranging
from food and pharmaceutical to oil and gas production. The potentials of using three cost-effective and
sustainable alternatives—mango, orange, and potato peel extracts—to replace the conventional substrate
currently used in xanthan gum production is studied in this work. The most critical step in the
production process is isolating a pure bacterial strain of Xanthomonas campestris pv. Nutritional
analysis revealed that mango peels had the highest carbohydrate content at 70.57%, followed by potato
peels at 68.34%, and orange peels at 65.84% . Correspondingly, the highest xanthan gum yield of 12.0
/L was obtained using mango peel extract, compared to 8.1 g/L and 5.5 g/L from potato and orange
peel extracts, respectively. These results indicate a direct correlation between carbohydrate content and
xanthan gum yield. All three samples exhibited shear-thinning behavior (pseudoplasticity), as their
viscosities decreased with increasing spindle speed (shear rate). Additionally, viscosity declined with
rising temperature in the range of 20°C to 60°C. The addition of varying amounts of magnesium sulfate
(MgSO.) helped maintain the stability of all three xanthan gum samples.

Keywords: Biopolymers; glucose-rich; Xanthan gum; Xanthomonas campestris;
Pseudoplasticity

INTRODUCTION

Xanthan gum is a natural polysaccharide, that was discovered in the late fifties in the research
laboratories of the US Department of Agriculture, while investigating the industrial
applications of microbial biopolymers. Xanthan gum is an anionic exopolysaccharide
produced by the plant pathogen, Xanthomonas campestris species of bacteria.(Garcia-Ochoa et
al., 2000) The discovery of Xanthan gum was by an American research team headed by Allene
Rosalind Jeans in the late 1950s while examining various biopolymers. It was observed that
Xanthomonas campestris could effectively produce a polysaccharide by aerobic batch
fermentation, and polysaccharide was found to be of immense usefulness in a number of
industries. Xanthan is a major constituent of the slime produced by Xanthomonas and because
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of its special rheological properties, it has a wide range of applications such as foam enhancer,
suspending agents, emulsion stabilizer in food industries, and as a thickening agent in sauces
and dressings, pastry, meat products, beverages, ice creams, dairy products, toothpastes,
cosmetics, cleaning products, oil drilling, coatings and paints.(Sanderson, 1981)

Xanthan gum is generally recognized as safe (GRAS) product, and its applications in food and
pharmaceutical industries have been approved by UD Food and Drug
Administration.(Garcia-Ochoa et al., 2000) As a suspending, emulsifying and thickening
agent, the gum has important physicochemical properties including high shear stability,
pseudo-plastic features and stability at a wide variety of temperatures and pH values. The
global market of Xanthan gum is anticipated to increase significantly in the coming years
owning to its commercial importance to the global biotechnology business and various
consumer and industrial applications.(Rosalam & England, 2006) As at 2024, the market size
was valued as 700.89 million USD and this anticipated to grow from 736.84 million USD to
reach 1099.49 million USD by 2033 growing at a CAGR of 5.13 %.

The primary structure of Xanthan consists of repeating pentasaccharide units consisting of
two D-glucopyranosyl units, two D-mannopyranosyl units and one D-glucopyranosyluronic.
The polymer backbone is made up of (1 —4)-linked -D-glucopyranosyl units, identical to
that of cellulose. To alternate D-glucosyl units at the O-3 position, a trisaccharideside chain
containing a D-glucuronosyl unit between two D-mannosyl units is attached. The terminal p-
D mannopyranosyl unit is glycosidically linked to the O-4 position of the B-D
glucopyranosyluronic acid unit, which in turn is glycosidically linked to the O-2 position of a
a-D mannopyranosyl unit. Approximately one-half of the terminal D-mannosyl units contain
a pyruvic acid moiety as a 4, 6-cyclic acetal.

Finally, the nonterminal D-mannosyl unit is stoichiometrically substituted at O-6 with an
acetyl group.(Ben Salah et al., 2010; Rottava et al., 2009) A typical structure is shown in Figure
1.
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Figure 1. Structure of Xanthan gum adapted from Ben Salah et. al.(Ben Salah et al., 2010)

Due to the fundamental and industrial significance of Xanthan gum, there have been several
works on using sustainably sourced substrates to synthesize it and as such reduce reliant on
edible agricultural produce which competes with human consumption.(Ben Salah et al., 2010;
Dey et al., 2024; Moreno et al., 1998; Prajapati et al., 2019; Ramos et al., 2023; Rashidi et al.,
2024; Valorization of Agro-Industrial Waste for Sustainable Xanthan Gum Production: A
Biotechnological Approach, 2025) Ben Salah et al. (2010) investigated and optimized the
possibility of producing Xanthan gum from date palm. It was found that date palm juice by
products seem to exhibit promising new properties that could open new pathways for the
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synthesis of efficient and cost-effective xanthan gum. In our prior work, we showed the
viability of agricultural waste through simple fermentation experiments and found that
mango peels are viable alternatives for crude Xanthan gum production.

In this current work, detailed comparative analysis of the effective production of Xanthan
gum from readily available agro-waste in this case potato, mango and orange substrate was
carried out using the Xanthomonas Campestris strain from a defected lettuce plant. The work
also demonstrates that crude xanthan gum which can be used as an industrial grade for
applications such as in enhanced oil recovery, emulsions, and industrial chemicals can be
sustainably produced from agro-based byproducts having some sugar concentration.
Importantly, this ensures that there is considerably reduction in production cost due to cheap
substrates and environmental impact associated with these agro-waste disposal.

MATERIALS AND METHODS

Microorganism isolation

The strain used throughout this work was Xanthomonas campestris, which was obtained in
lyophilized form from the enzymology department of the Federal Institute of Industrial
Research Oshodi (Lagos, Nigeria). This was also used in previous work.(Tejuosho et al., 2018)
The maintenance of the microbial culture was carried out by regular sub-culturing on
solidified Malt extract Yeast Glucose Peptone (MGYP) and liquefied broth under an aseptic
condition, a procedure used in the work of Manasa P. and co-workers (Manasa et al., 2017).
The plates used for sub-culturing were tagged and incubated at 37 °C for 24 hours. At the end
of incubation period, the colonies were screened using the gram staining protocol. The
technique was also used to confirm non-contamination of the microbial growth during the
culture.

Figure 2. The sub-cultured plates

Media formulation

The media formation was as established in the work of Dey et al.(Dey et al., 2024) The Malt
extract Yeast Glucose Peptone (MGYP) of the composition (Malt extract- 0.3%, Glucose-1%,
Yeast extract-0.3%, Peptone-0.5%, Agar-2% and pH of 6.4-6.8) was used. 500ml of the media
was prepared during the experiment. The final medium was buffered with NaOH to adjust to
apHof6.7.

Substrate’s preparation

The substrates, mango, potato and orange peels were obtained from a local market in Lagos
and prepared in accordance to the work of Carignatto et al.(Carignatto et al., 2011) 200 g of
each peel was cut into small pieces and immersed in 100 ml of distilled water in a 250 ml
Erlenmeyer flask and then boiled in an autoclave at 121°C for 15 minutes. After cooling to
room temperature, the softened wastes along with the water from the flasks were thoroughly
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mashed using a mortar and pestle, following the protocol of Carginatto(Carignatto et al.,
2011). The pulp so formed in these two flasks were filtered using a muslin cloth to obtain the
fruit extracts. The supernatant so obtained was strained until a clear solution was observed.
The filtered solution was stored under refrigerated conditions for further use. The pH of the
three extracts were measured and recorded.

Figure 3. The straining of the supernatant

Batch fermentation, Inoculum preparation and Xanthan gum recovery

The production of Xanthan gum was carried out in 250 ml Erlenmeyer flasks with 100ml of
the extracts by seeding a culture inoculum with 10% v/v into a sterile standard media broth.
Fermentation was carried out for 72 hours at 32 °C under constant agitation in a rotary water-
bath shaker at 150 rev/min for 24 hours.

The production of xanthan gum was carried out in 250 ml Erlenmeyer flasks containing 95 ml
of the sterile standard media broth complimented with NH4H>POy, 1.90 g; MgSO4 7H>0, 0.06
g and KoHPO,, 1 g, 40 ml of the extracts and 15 ml of the culture inoculum. Fermentation was
carried out for 72 hours at 32°C under constant agitation in a rotary water-bath shaker at 150
rev/min. This fermentation was performed in duplicates for the two substrates to reduce the
variation that may have occurred due to human error.(Patel & Patel, 2007)After the
fermentation period, the media were centrifuged at 5,000 rpm for 25 minutes to form two
distinct layers in the centrifuge tube. The residue was cooled to room temperature and the dry
weight was determined.

Figure 4. Precipitation of xanthan gum after addition of orange peel fermentation broth supernatant to twice the
volume of isopropyl alcohol.

RESULTS AND DISCUSSION

The result of the proximate analysis carried out on the agricultural waste to determine the
carbohydrate content which is the composition of interest in the production of Xanthan gum
is given in the bar chart in Table 1.
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Table 1: Proximate analysis of the selected substrates

Peels %Moisture % Ash %Protein %Fat %Fibre %Carbohydrate
Orange 10.31 5.74 7.25 0.20 10.64 65.86
Potato 8.72 6.00 4.01 1.87 11.06 68.34
Mango 13.20 3.25 0.17 1.25 11.56 70.57

The analysis showed that all the three peels are rich in carbohydrate, an indication that they
are suitable substrates to produce the Xanthan gum. The mango peels had the highest
carbohydrate content of 70.57 %, the potato peels had a carbohydrate content of 68.34 % and
the orange peels had the lowest carbohydrate content of 65.84 %. The yield of Xanthan gum
obtained, as depicted in Table 2 gave indication that the Xanthan gum produced is directly
proportional to the carbohydrate content. Therefore, mango peel gave highest yield. In
comparison with prior work of Magsood et. al.,(Magsood et al., 2025) where they produced
xanthan gum from mango and rice, we observe that they have a lower yield relative to the
highest we observed in our work.

Table 2: Crude Xanthan yield obtained from the selected substrates.

S/N Agricultural wastes Yield per Litre of fermentation broth
1 Orange peels 55¢g
2 Potato peels 81lg
3 Mango peels 12¢g

Table 3: Viscosity at different spindle speed and constant room temperature (30 °C)

Spindle Speed (rpm) 1 2 3 4 5

Mango Viscosity (cP) 2,682.0 1,850.0 1,730.0 807.0 697.2
Potato Viscosity (cP) 1,920.0 1,659.0 1,032.0 714.0 550.5
Orange Viscosity (cP) 1,716.0 1,219.0 910.0 657.0 562.0

Table 4: Viscosity measurement at constant spindle speed of 5 rpm at different

temperatures.
Temperature (°C) 20 30 40 50 60
Mango extract viscosity (cP) 804.0 697.2 664.5 612.9 574.1
Potato extract viscosity (cP) 755.0 550.5 624.1 528.0 512.8
Orange extract viscosity (cP) 720.0 562.0 520.8 454.00 358.8

Table 5: Addition of MgSO; salts at constant temperature and spindle speed of 50°C and
5rpm respectively.

Weight of MgSO; (g) 0 0.3 0.6 0.9 1.2
Mango extract viscosity (cP) 612.9 952.0 1055.3 1400.0 1550.4
Potato extract viscosity (cP) 528.0 714.0 811.4 1170.9 1620.0
Orange extract viscosity (cP) 454.0 664.9 720.2 984.7 1329.0
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Figure 5. Proximate analysis of the selected agro-wastes.
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Figure 6. Crude xanthan gum yield from the selected agro-wastes.

100mL of the fermentation broth was used during the first batch of centrifugation.
Consequently, 200 mL of isopropyl alcohol was required based on establish protocol. For a
10 mL broth sample, 20 mL of isopropyl alcohol was added. For 100 mL of the fermentation
broth, the orange extract yielded a precipitate of 0.55 g of suspected xanthan after drying and
weighing on filter paper. Therefore, the yield was approximately 5.5 g per litre of fermentation
broth. In the case of the potato extract, 100 mL of fermentation broth produced 0.81 g of
suspected xanthan under the same conditions, giving a yield of about 8.1 g per litre.

Similarly, the mango extract fermentation broth yielded approximately 1.2 g of xanthan per
100 mL of medium, corresponding to a yield of about 12 g per litre of fermentation broth. To
prepare 1% weight/volume (w/v) solutions for viscosity analysis, 1.2 g of xanthan from the
mango extract was dissolved in 120 mL of distilled water, 0.81 g of xanthan from the potato
extract was dissolved in 81 mL of distilled water, and 0.55 g of xanthan from the orange extract
was dissolved in 55 mL of distilled water. The viscosities of the three xanthan gum solutions
were investigated at low shear rates using a Brookfield viscometer. Measurements were taken
at spindle speeds ranging from 1 to 5 rpm at constant room temperature using spindle LV61.
Additionally, viscosity was measured at a constant spindle speed of 5rpm across a
temperature range of 20-60 °C to assess thermal stability of the sample. The stability of the
three xanthan gum samples was further examined by observing their behaviour upon the
addition of varying amounts of magnesium sulphate (MgSO.) salt.
3000

2500
2000
1500

1000

500

Viscosity (cP)

0

0 1 2 3 5 6

4
—e—Mango peels sub%PrIaQ(e:”e Sp—eAe—qDQ:cg{g)peels substrate

Figure 7. The plot of viscosity against spindle speed at constant room temperature
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Figure 9. Plot of viscosity versus weights of salts at 5 rpm and 50 °C

From the results obtained, we see that the samples produced as expected have substantially
high viscosity. The gum from the mango extracts showed a higher viscosity relative to that of
potato and orange extracts for the different spindle speed as shown in figure 7. The higher the
spindle speed (shear rate) the lower the viscosities of the three samples. This indicates that
Xanthan gum in solution exhibits a non-Newtonian (pseudoplastic) behaviour (Zatz &
Knapp, 1984). Figure 8 showed the variation of viscosity as a function of increasing
temperature. The Xanthan gum viscosities of the three samples decreased as temperature
increases. Figure 9 shows the effects of addition of MgSO, to the samples at a constant
temperature of 50 °C. The effects were not profound for the three samples. The samples still
maintained the desirable viscosity properties upon the salt addition, suggesting stability even
under contamination which is advantageous in applications such as in enhanced oil recovery.

Table 6. Viscosities of commercial xanthan gum extracted from CP Kelco. Inc and obtained

gum
Properties CP Kelco Commercial | Produced Crude Xanthan gum
Xanthan gum Mango peel Orange peel Potato peel
Viscosity 1400 cP of 1 % solution. 804 cP of 1 % [720 cP of 1 % | 755cP of 1% solution
solution. solution
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As shown in Table 6, the viscosities obtained for crude xanthan gum produced from mango,
orange, and potato peels are comparable to values reported for xanthan gum derived from
other agricultural wastes such as cassava peels, corn cobs, sugarcane bagasse, and fruit
pomace(Garcia-Ochoa et al., 2000; Rosalam & England, 2006). Several studies have reported
that xanthan gum produced from low-cost agro-wastes generally exhibits lower viscosity than
commercial-grade xanthan gum due to the presence of impurities, reduced molecular weight,
and limited downstream purification(Katzbauer, 1998). Reported viscosities for crude
xanthan gum from agricultural substrates typically fall within the range of 500-900 cP for 1%
solutions, placing the results obtained in this study within the expected literature
range(Sutherland, 2001). Variations in viscosity among different agricultural wastes have
been attributed to differences in substrate composition, carbon availability, and nutrient
content, which  directly influence xanthan biosynthesis by  Xanthomonas
campestris(Garcia-Ochoa et al., 2000). Fruit-based wastes have been shown to support higher
xanthan viscosity compared to more lignocellulosic residues, consistent with the relatively
higher viscosity observed for mango peel-derived xanthan gum in this study(Rosalam &
England, 2006). Overall, the agreement between these findings and existing literature
reinforces the potential of agricultural wastes as sustainable substrates for xanthan gum
production.

CONCLUSION

Xanthan gum has been successfully produced from mango, potato and orange peels extracts
using isolated Xanthomonas campestris pv. strains from lettuce leaves. The study included a
nutritional analysis to back up the respective yields obtained. From the nutritional analysis, it
can be deducted that the carbohydrate content of mango peels was the highest, followed by
that of the potato peels. The produced xanthan gums from mango, potato and orange peels
exhibited a shear-thinning property (pseudoplastic behavior) and the viscosities of the
xanthan gums are comparable to the currently used standard for Xanthan gum. The samples
still maintained the good viscosity properties upon the salt (MgSO,) addition. The higher the
salt content, (MgSQOs) the greater the viscosity of the Xanthan gum solution.
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