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ABSTRACT

Xanthan gum is a major biopolymer which finds a lot of applications industrially and domestically. Biotechnological
production of xanthan gum from waste biomass has been reported to be sustainable in terms of economics and
viability. In this study, xanthan gum was produced from pineapple peels using Xanthomonas campestris by
submerged fermentation. A three-variable, three-level Box-Behnken design (BBD) was used to develop a
statistical model to study the effects of fermentation time, concentration of nitrogen (NH;NO3) and phosphorus
(KHzP04) on the amount of xanthan gum produced. Response surface methodology (RSM) was used to optimise these
process variables. Results obtained showed that the model was statistically significant (p<0.0001) and did not show
lack of fit (R2=0.989). The results also showed that xanthan gum production was positively influenced by high levels
of phosphorus and low levels of nitrogen. Increasing the fermentation time also favoured the production of xanthan
gum. Results obtained from RSM revealed that the optimum fermentation time, nitrogen and phosphorus
concentration were 3 days, 2 g/L and 15 g/L respectively. Under these conditions, the xanthan concentration was
obtained as 8.48 g/L. Validation of the model indicated no significant difference between predicted and experimental

values.
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1. INTRODUCTION

Nigeria is the eight largest producer of pineapple in the
world, accounting for almost 7% of world output (15.8
million tonnes) of pineapple [1].The processing of
pineapple into different fruit drinks and other products
typically results in the generation of solid pineapple
wastes particularly the peels which account for about
10% of the weight of the original fruit [2]. These wastes
are typically disposed of improperly particularly in less
developed thereby causing
environmental pollution problems. Currently, these
waste materials have little or no use and they are most
often used for limited purposes such as animal feed [3].
Since the waste material is rich in carbohydrate and
other nutrients, it can serve as ideal substrate for the
production of value added products such as xanthan
gum, citric acid and bioethanol [4, 5].

Xanthan gum is an extra cellular polysaccharide which
is produced by strains of Xanthomonas spp. such as

countries serious
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Xanthomonas phaseoli, Xanthomonas campestris and
Xanthomonas malvacearum. Amongst these strains,
xanthan gum produced by Xanthomonas campestris
has the most desirable properties and for this reason
has gained commercial significance [6]. The structure
of xanthan gum is made up of repeating units of
pentasaccharide containing two molecular units of
glucose, mannose and one molecular unit of glucuronic
acid [3]. As a result of its outstanding rheological
properties, xanthan gum finds a lot of applications as
thickening, stabilizing and suspending agent in many
food, cosmetics, paint,
pharmaceutical, oil recovery, agriculture etc [7]. In the

industries such as
food industry, xanthan gum is used to improve sense
appealing properties such as texture, appearance and
flavour release [8]. Xanthan gum finds uses in the
agricultural industry for the production of fertilizers
and pesticides while in the petroleum industry, it is



OPTIMISATION OF XANTHAN GUM PRODUCTION FROM PINEAPPLE PEELS USING XANTHOMONAS CAMPESTRIS,

used as well drilling mud and as mobility control agent
during enhanced oil recovery [8].

Large scale production of xanthan gum has been by
submerged fermentation with batch processes
Also, the
production of xanthan gum has been reported to be

preferred to continuous processes [9].

influenced by fermentation conditions such as type of
bacterial strain, composition of fermentation medium,
substrate type and concentration, agitation rate,
aeration, temperature, pH etc [10-14]. Amongst these
conditions, the growth of the xanthan gum producing
microorganism is strongly influenced by the medium
composition such as nitrogen and phosphorus. Thus
xanthan gum production by Xanthomonas campestris
improved by optimising the medium
composition [15].

Response surface methodology based on statistically

could be

designed experiments has been found to be very useful
in optimising multivariable processes [16]. It is
employed for multiple regression analysis of
quantitative data obtained from statistically designed
experiments [17]. Accordingly, the objective of this
study was to optimise the nutrient medium for the
production of xanthan gum from pineapple peels using
Xanthomonas campestris in batch mode. A three
variable Box-Behnken design for response surface
methodology was used to study the simultaneous effect
of three independent variables (fermentation time,
nitrogen and phosphorus concentration) for optimum
xanthan gum production.

2. MATERIALS AND METHODS

2.1 Feedstock

Pineapple peels, obtained from a local market in Benin
City, Edo State, Nigeria were used as carbon substrate
in this study. The physico-chemical composition of
pineapple peels has been previously reported in a
study by Huanget al. [18]. The peels were washed with
clean water to remove any adhering dirt after which
they were blended to obtain a slurry which was
autoclaved at 121°C for 20 minutes. The pH of the
slurry was adjusted to 7 prior to use as carbon
substrate for xanthan gum production.

2.2 Microorganism and inoculum preparation

Xanthomonas campestris ATCC was obtained from the
biotechnology Department of the Federal Institute of
Industrial Research Oshodi (FIIRO), Lagos State,
Nigeria. The stock culture was stored on agar slants and
was maintained at 4 °C and the subcultures were
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revived every two weeks to avoid strain degradation
[19].

2.3 Fermentation

Submerged fermentation was carried out in 250 mL
Erlenmeyer flasks with a working volume of 100 mL.
The production medium had the following composition
(g/L): carbon substrate (40), citric acid (2.1), MgCl,
(0.507), Na2SO4 (0.089), H3BOs (0.06), ZnO (0.06),
FeCl3 6H,0 (0.02), CaCO3 (0.02) and HCI (0.013%v/v).
The pH was adjusted to 7 prior to beginning the
fermentation run [20]. The flasks were placed in an
orbiter shaker rotating at a rate of 120 rpm and the
temperature was maintained at 30 °C [7]. The salts,
NH4NO3 and KH,PO, served as the sources of nitrogen
and phosphorus respectively. Their concentrations
were varied according to the experimental design [21].
The content of the flask was inoculated with 5%v/v of
the inoculum to begin fermentation.

2.4 Design of Experiment

A three variable Box-Behnken design for response
surface methodology was used to develop a statistical
model to describe the production of xanthan gum from
pineapple peels. The range of the variables that were
optimised is shown in Table 1.

Table 1: Experimental range and level of the

independent variables
Variables Symbol __ Coded
- 0 +1
Time (days) X1 1 2 3
NH4NO3 concentration X2 2 4 6
KH2PO4 concentration X3 0 75 15

The Box-Behnken design is suitable for the exploration
of quadratic response surfaces and this design can be
used to develop a second degree polynomial model
which can be utilised for optimisation purposes [22].
The number of experimental run for this design is
obtained from Equation (1).

N=k +k+c €Y
Where kis the number of factors and ¢ is the number
of replications at the center point. The experimental
design was developed using Design Expert® 7.0.0 (Stat-
ease, Inc. Minneapolis, USA). The coded and actual
values of the independent variables were calculated
using Equation (2).

Xi — Xo
AX;

Xi = (2)
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Where x;and X;are the coded and actual values of the
independent variable respectively. X, is the actual
value of the independent variable at the center point
and AX; is the step change of X. The following
generalised second order polynomial equation was
used to estimate the response of the dependent
variable [16].

|
Y, = b, + 2 biX; + Z by X.X; + 2 by X2
+ e 3)
where Y; is the dependent variable or predicted
response, X and X;are the independent variables, b, is
offset term, b; and b; are the single and interaction
effect coefficients and e;is the error term. The Design
Expert software was used for regression and graphical
analysis of the experimental data. The goodness of fit of
the model for xanthan gum production was evaluated
by the coefficient of determination (R2) and analysis of
variance (ANOVA). The optimum values of the
variables obtained by numerical
optimisation based on the criterion of desirability [23].

tested were

2.5 Xanthan Gum Recovery and Purification

The microbial cells were removed from the viscous
fermentation broth via centrifugation after diluting the
broth. Xanthan gum was recovered from the broth via
precipitation using two volumes of isopropyl alcohol
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(to one volume of xanthan sample) and 2 %w/w
potassium chloride. The samples were subjected to
repeated precipitations (three times) for further
purification after which the final precipitate was dried
in an oven at 40°C for 24 hours [7].

3. RESULTS AND DISCUSSION
3.1 Statistical analysis
The Box-Behnken design resulted in 17 experimental
runs as shown in Table 2. By applying multiple
regression analysis to the experimental data, Equation
(4) was obtained. This second degree polynomial
equation was used to estimate the response, xanthan
gum concentration.
Y =9.24 4+ 0.66X; — 1.82X, + 0.060X3
+ 0.20X;X; + 0.0033X; X3
+0.013X,X; — 0.073% + 0.11X7
+0.0015X2 4)
The values of xanthan gum concentration as predicted
by Equation (4) are given in Table 2 along with the
experimental data. The significance of the fit of the
xanthan gum model was assessed by carrying out
analysis of variance (ANOVA).
ANOVA results showed that the model was statistically
significant with a very low p value (p<0.0001) as
shown in Table 3. The model did not show lack of fit as
seen from the “lack of fit” p value of 0.9401.

Table 2: Box-Behnken design matrix for xanthan gum production

Factors Response
Run no Coded values Actual values Xanthan concentration (g/L)
X4 X2 X3 Xi X2 X3 Observed Predicted
1 -1 -1 0 2 75 7.22 7.15
2 +1 -1 0 3 2 75 7.52 7.54
3 -1 +1 0 1 6 75 458 4.56
4 +1 +1 0 3 6 75 6.45 6.52
5 -1 0 -1 1 4 0.0 447 4.51
6 +1 0 -1 3 4 0.0 5.67 5.63
7 -1 0 +1 1 4 15.0 6.46 6.50
8 0 0 +1 3 4 15.0 7.76 7.72
9 0 0 -1 2 2 0.0 6.65 6.67
10 0 +1 -1 2 6 0.0 452 4.49
1 0 -1 +1 2 2 15.0 8.31 8.34
12 0 +1 +1 2 6 15.0 6.93 6.91
13 0 0 0 2 4 75 5.81 6.08
14 0 0 0 2 4 75 6.21 6.08
15 0 0 0 2 4 75 6.28 6.08
16 0 0 0 2 4 75 6.22 6.08
17 0 0 0 2 4 75 5.86 6.08
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The first order main effects of fermentation time,
nitrogen concentration and phosphorus concentration
were significant as evident from their respective p
values. This suggests that NH4NOz and KH>PO4 could act
as limiting nutrients such that minute changes in their
concentration could affect the growth rate of cells as
well as product formation rate [4]. The parity plot
comparing experimental values of the response and
those predicted by the statistical model showed that
there was an acceptable level of correlation between
the experimental and model predicted results as shown
in Figure 1. This is evident from the fact that the data
points all clustered around the 45°¢ diagonal line
showing that there was minimal deviation between
experimental and predicted values thus indicating
optimal fit of the model.

8.5
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Statistical information for ANOVA shows that the
model had a high coefficient of determination (R?) as
shown in Table 4. This shows that the model was able
to adequately represent the relationship between the
chosen (fermentation  time,
concentration and phosphorus concentration) and the
response (xanthan gum concentration). An R2 value of
0.989 means that the model was able to explain 98.9%
of the variability observed in the values of xanthan gum
concentration. The standard deviation was observed to
be relatively small compared to the mean. The
coefficient of variation (CV) was obtained as 2.80. This
value gives an indication of the degree of precision with
which the treatments were carried out [24]. The

factors nitrogen

relatively low value of CV obtained showed that the
treatments were carried out with high precision and
reliability [25]. The Adequate precision for the model
was obtained as 28.50 showing that the model can be
used to navigate the design space.

i 7.5 -

g Table 4: Statistical information for ANOVA of
TE 6.5 Parameter Response
-E - . R-Squared 0.989
3 55 - Adjusted R-Squared 0.975
& Mean 6.29

15 . . . . Standard Deviation 0.18
4.5 5.5 6.5 7.5 8.5 V% . 280
Observed values (g/L) Adeq. Precision 28.50
Figure 1: Parity plot showing comparison between
experimental and predicted values
Table 3: ANOVA results for xanthan gum production model

Source Sum of Squares df Mean Square F value p value
Model 19.18 9 2.13 68.94 <0.0001
X 2.73 1 2.73 88.21 <0.0001
X 6.52 1 6.52 210.83 <0.0001
X3 8.30 1 8.30 268.64 <0.0001
XX 0.62 1 0.62 19.94 0.0029
XX 2.5E-3 1 2.5E-3 0.081 0.7843
XX 0.14 1 0.14 4.55 0.0703
X2 0.022 1 0.022 0.73 0.4224
X2 0.81 1 0.81 26.32 0.0014
X532 0.032 1 0.032 1.03 0.3437
Residual 0.22 7 0.031
Lack of Fit 0.019 3 6.21E-3 0.13 0.9401
Pure Error 0.20 4 0.049
Cor Total 19.39 16
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Figure 2: Response surface plot and the corresponding contour plot showing the effects of time and nitrogen
on xanthan gum concentration
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Figure 3: Response surface plot and the corresponding contour plot showing the effects of phosphorus and
time on xanthan gum concentration

3.2 Optimisation of xanthan gum production

In order to optimise the variables that influence
xanthan gum production, response surface plots were
generated from the statistical model. The three
dimensional (3D) plots were generated by keeping
one variable constant at the center point and varying
the others within the experimental range. The resulting
response surfaces showed the effect of fermentation
time, nitrogen and phosphorus concentration on
xanthan gum production. Figure 2 shows the
concentration of xanthan gum at different
concentrations of nitrogen and fermentation days with
the concentration of phosphorus kept constant. Higher
xanthan gum concentrations were obtained when the

Nigerian Journal of Technology

fermentation time was increased. This suggests the
progressive conversion of the carbon substrate to
xanthan gum in the course of the fermentation process.
Maximum xanthan production was recorded at a
fermentation time of 3 days. The fermentation time is
an important factor that should be optimised during
xanthan gum production due to the possibility of
reducing the cost of production as a result of time
savings. Cacik et al. [26] developed an optimal control
procedure to reduce the fermentation time necessary
to produce a desired amount of xanthan gum.
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Figure 4: Response surface plot and the corresponding contour plot showing the effects of nitrogen and
phosphorus on xanthan gum concentration

Their results showed that by adopting the minimum
time optimal procedure, the fermentation time needed
to produce 15 g/L of gum could be reduced by as much
as 16.3% when the usual constant temperature of 28°C
is used and 12% when the two temperatures strategy
of other authors is used with all the other culture
conditions kept constant. Low levels of nitrogen
concentration favoured xanthan gum production. This
trend can be explained by the fact that during microbial
fermentation, the nitrogen source is just needed for the
preparation of growth conditions, cell maintenance
and production of enzymes for the biocatalytic
synthesis of xanthan gum. As is common with the
synthesis exopolysaccharides,
xanthan gum production is greater in media containing
higher ratios of carbon to nitrogen (C/N) [21]. Owing
to the fact that in this study the concentration of carbon
substrate in the fermentation medium was constant,
increasing the concentration of nitrogen resulted in a
decrease in the C/N ratio and this consequently
resulted in a decline in xanthan production. Previous
reports have also shown that low concentrations of
nitrogen favoured xanthan gum production [6, 15, 27]
Phosphorus concentration had a positive influence on
xanthan gum production as the concentration of
xanthan gum was observed to increase with increase in
phosphorus concentration as shown in Figures 3 and 4.
The estimated coefficients of the model terms obtained
from ANOVA showed that the effect of phosphorus
concentration was more positively significant than that

of other bacterial
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of fermentation time. Previous researchers have
reported that phosphorus has a positive effect on
xanthan gum production. Garcia-Ochoa and Casas [28]
investigated the nutritional composition of the growth
and fermentation media for xanthan gum production.
Their results showed that nitrogen, phosphorous and
magnesium influenced growth whereas nitrogen,
phosphorous and sulfur influenced the production of
xanthan.

Results presented in Figure 4 corroborated that
presented in Figure 2 in that a low concentration of
nitrogen was favourable for xanthan production. These
results are in agreement with those reported by Souw
and Demain [29] who showed that when nutrients like
phosphorus and nitrogen are limiting, xanthan gum
production could be enhanced.

The optimisation of the statistical model resulted in the
selection of the optimum fermentation conditions and
their respective levels. The maximum xanthan
concentration predicted by the model was 8.48 g/L.
The final optimised conditions for the production of
xanthan gum as obtained from RSM were a
fermentation time of 3 days, a nitrogen concentration
of 3 g/L and a phosphorus concentration of 15 g/L. This
result is superior to earlier findings by other
researchers. Gomashe et al. [30] studied the production
of xanthan gum from sugar beet molasses and reported
a maximum xanthan concentration of 3.59 g/L after 5
days of fermentation. In another study, Palaniraj et al.

[31] investigated the effect of nitrogen sources on
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xanthan gum production. The results of their study
revealed that when yeast extract was used as the
primary nitrogen source, the maximum production of
xanthan was 3.6 g/L in batch fermentation and 5.2 g/L
in fed batch fermentation. However, Murugesan et al.
[32] and Farhadi et al. [33] reported maximum xanthan
concentration of 12.23 g/L and 14.61 g/L respectively
from the fermentation of sugar cane molasses and date
extract respectively. The difference in the optimum
concentration of xanthan obtained in these studies
could be as a result of the difference in the type and
level of sugar substrate used as well as the
fermentation conditions.The statistical model was
validated by comparing model predicted results with
those of repeated experiments carried out at the
optimised conditions. The mean of the results obtained
from three replications was close to that predicted by
the model thus showing validity.

4. CONCLUSION

The production of xanthan gum from pineapple peels
via submerged batch fermentation was investigated in
this study. A three-variable, three-level Box-Behnken
design was used to study the simultaneous effect of
fermentation time and the concentrations of nitrogen
and phosphorus. The fermentation conditions were
optimised using RSM. The statistical model developed
to represent the fermentation process was statistically
significant (p<0.0001) and showed a good fit with the
experimental data (R2=0.989). Low levels of nitrogen
were favourable for xanthan gum production. Xanthan
gum production was positively influenced by the
fermentation time and phosphorus concentration as
the concentration of xanthan gum was observed to
increase when these variables were increased. The
optimum  nitrogen concentration, phosphorus
concentration and fermentation time were 2 g/L, 15
g/L and 3 days respectively. Under these conditions,
the xanthan concentration was obtained as 8.48 g/L.
The results obtained in this study could be utilised for
the design of fermenters for increased xanthan gum
production.
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