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ABSTRACT 
Biological activity of Xanthomonas campestris ATCC 13951 was studied using shake flasks a batch 
culture. Garcia-Ochoa et al. (1992) medium was selected, from three media, as best medium for 
maximum bacterial growth and xanthan production after 120 hrs of fermentation period. This medium 
containing 2% sucrose recorded culture viscosity, xanthan dry weight concentration and xanthan 
productivity increased 1.97, 1.07 and 1.06 fold than that containing 2% glucose, respectively. On all 
tested nitrogen source media, Xanthomonas campestris ATCC 13951 grow exponentially during the 
first 12 hrs and recorded the highest culture viscosity at the end of fermentation period (120 hrs) on 
yeast extract medium followed by peptone and malt extract media being 2600, 2201 and 2080 cp, 
respectively. The same value of xanthan specific production rate (0.28 h-1) was attained in yeast 
extract, peptone and NH4NO3 media after 48 hrs of fermentation period. Significant factors affecting 
xanthan production were investigated using Placket-Burman Design. Based on the obtained results 
sucrose, yeast extract and temperature were assumed as significant factors. Xanthan concentration 
was optimized using Response Surface Methodology with three independent variables. The highest 
xanthan production concentration after 120 hrs under optimized condition was 16.35 gl01. The 
produced xanthan can be used in manufacture of food such as fig jam and mango juice drink with 
improving its quality up to level of and respectively.  
 
Keywords: xanthan production, xanthan application, Xanthomonas campestris ATCC 13951, fig jam, 

mango juice drink, optimized xanthan production. 

 
Introduction 
 

Xanthan gum, an exopolysaccharide with unique rheological proportion is produced by bacteria 
of genus xanthamonas. Xanthan fermentation has been improved by biological and engineering 
approaches. The optimal conditions for cell growth and xanthan formentation may be quite different. 
The rate, amount and quality of xanthan produced in batch culture vary with medium composition and 
environmental parameters (Demain et al., 2000; Kumara Swamy et al., 2012 and Ghashghaei et al., 
2016).  

Zakeri et al. (2017), reported that the optimal conditions for maximum yield of xanthan 
production were derived from agitation 500 rpm, carbon source concentration 65 gl-1 and operation 
temperature 30oC. Under these conditions, xanthan concentration and biomass production were found 
to be 16.03 gl-1 and 1.37 gl-1, respectively. Anbuselvi et al. (2012) noticed that the best carbon source 
was found to be sucrose for xanthan production at optimum temperature whereas, peptone was the 
best nitrogen source.  

The results of Makut et al. (2018) showed that sucrose produced the highest gum (1.18 gl-1) and 
biomass (1.71 gl-1) followed by glucose given xanthan gum and biomass being 1.01 gl-1 and 1.52 gl-1, 
respectively. Whereas Savides et al. (2012) noticed that the best xanthan gum production was 
obtained when equimolar solution of glucose and galactose at concentration of 43 gl-1 was used.  

Gomashe et al. (2013), stated that xanthan production increased with the increased yeast extract 
concentration, probably due to facilitated nitrogen uptake.  
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The other sources as sodium nitration followed by ammonium chloride and ammonium 
sulphate were also able to give a preciely a good yield of xanthan about 16.1 gl-1, 15.3 gl-1 and 14.8 gl-

1, respectively. The optimum pH was found to be 7.0 and temperature of 30oC (Murugesan et al., 
2012). The optimum pH for xanthan production ranged from 7 to 8 (Esgalhado et al., 1995) and 
temperature ranged from 30 to 32 oC (Abdelhady and Moustafa, 2000).  

Xanthan gum is one of the major microbial polysaccharides actually employed in many 
industrial processes due to the rheological behaviour and pseudoplastic in nature. Xanthan is a white 
to cream color free following powder soluble in both hot and cold water to give viscous solution at 
low concentration. This makes xanthan very useful in suspending, stabilizing, thickening and 
emulsifying agent for food, cosmetics, pharmaceutical and oil recovery (Alvarez et al., 1994).  

In the present study the most favourable carbon and nitrogen sources for the growth and 
xanthan production by Xanthomonas campestris ATCC 13951 were detected using shake flasks as a 
batch culture. Moreover, three important factors out of nine discriminated by Plackett-Burman Design 
(PBD), including carbon source, nitrogen source and incubation temperature were selected to 
optimize xanthan gum production using Response Surface Methodology (RSM). The effect of the 
produced xanthan on the rheological and quality properties of manufactured mango juice drink and fig 
jam was also considered. 
  
Materials and Methods 
 
1. Organisms used:  

Xanthomonas campestris ATCC 13951 was obtained from American Type Culture Collection 
in Rockville, MD, USA. The strain was maintained at 4oC on Y/M agar slant and was transferred 
every 14 days. 

  
2. Media used:  

YM medium (med.1) (Roseiro et al., 1992) was used for propagation and as a stock culture of 
Xanthomonas campestris ATCC 13951 culture. 

 Garcia-Ochoa, medium (med.2) (Garrcia-Ochoa et al., 1992), Souw and Deman's medium 
(med. 3) (Souw and Demain, 1979) and Peters medium (med. 4) (Peters et al. 1989) were used for 
xanthan production by tested Xanthomonas campestris ATCC 13951.  
 
3. Standard inoculum:  

Standard inculum was prepared by inoculation of conical flasks (250 ml in volume) containing 
50 ml of YM medium (med. 1) with a loop of tested culture. The inoculated flasks was incubated on 
rotary shaker (210 rpm) for 24 hrs at 28oC. The content of this flask was used as a standard inoculum 
(1 ml contained 3.0 to 4.0 x 105 viable cells) for shake flasks experiments.  

 
4. Selection of suitable medium for xanthan production:  

Three media for xanthan production being med. (2) (Garcia – Ochoa et al, 1992), med.(3) 
(Souw and Demain, 1979) med.(4) (Peters et al., 1989) were used in this experiment for xanthan 
production in order to select the most suitable medium for securing high xanthan production. 

The propagation was carried out in Erlenmeyer flasks (250 ml in volume) containing 100 ml 
medium. These flasks were inoculated with 1 ml standard inoculum and shaken on rotary shaker (250 
rpm). Samples (5 ml) were taken from the growing cultures periodically every 6-12 hrs under aseptic 
conditions.  

 
5. Factors affecting xanthan gum production:  
5.1. Using on variable at a time technique:  
5.1.1. Carbon source:  

This experiment was performed to study the effect of different carbon sources bacterial growth 
and xanthan production by tested strain. The used carbon were sucrose, glucose, fructose, glucose and 
lactose. The fermentation and chemical analysis were carried out us mentional before. The statistical 
analysis was done. 
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5.1.2. Nitrogen sources:  
The effect of different organ and inorganic nitrogen sources on the growth and xanthan 

production by tre4sted strain was studied. Therefore, trails were done by replacing the original 
nitrogen sources in productive medium (med. 1) with equivalent nitrogen amount of the tested 
nitrogen source to eliminate errors which may occur as a result of differences in nigrogen 
concentrations in each source. The nitrogen sources applied were potassium nitrate, sodium nitrate 
ammonium nitrate, as inorganic sources peptone, yeast extract, casein and malt as organic sources. 
The previous procedure of propagations, ferementation and chemical analysis were carried out. The 
calculation of growth and xanthan production were recorded.  
 
5.2. Statistical experimental designs for evaluation of the factors affecting xanthan production 
by tested culture.  
5.2.1. Screening of most significant factors using Plackett-Burman design:  

Screening of most significant fermentation parameters affecting xanthan synthesis was studied 
by Placket-Burman design. Such design, using statistical software package design. Expect Software 
Version 7.0 (Stat-Ease, Inc. Minnneapolis, MN55413, 2005), was used to evaluate the relative 
importance of nutritional and physical factors for xanthan production by tested strain.  

Nine variables including sucrose (carbon source), yeast extract (nitrogen source), KH2PO4, 
citric acid, temperature, inoculum size, agitation speed, pH and incubation period with 1 or 2 during 
variables (which gives an adequate estimate of the error) were investigated in 60 (n+1) experiments as 
shown in table (A) for tested strain (Plakett & Burman, 1946).  

All the trials were performed in duplicate and the average of observation was used as the 
response of the design. Each variable was represented at 2 level, high and low, denoted by (+) and (-) 
signs, respectively. Each row represented a trial run and each column represented an independent 
variable.  

Placket-Burman experimental designs is based on first order model, which was determined by 
the following equation (1): 

  
Y = Bo + Bixi…………………………………………………………………………………..Eq. (1) 

 
Where Y is the response (concentration or optical density of xanthan dry weight gl-1), Bo is 

model intercept and Bi was variable estimate. Effect of each variable was determined by following 
equation (2):  

 
E(Xi)=2(+Mi-M i

-)/N…………………………………………………………………………..Eq. (2) 
 
Where (Xi) is tested variable effect Mi

- and Mi
+ represent concentrations of xanthan biosynthesis from 

trials where variables (Xi) measured were preset at high and low concentration, and N is the number 
of trials.  
 Standard error (SE) of the concentration effect was square root of the variance of an effect, 
and the significance level (p value) of each concentration effect was determined using student's t-test t 
(Xi) in equation (3). 
 
T(Xi)=E(Xi) /SE………………………………………………………………………………….Eq. (3) 
 
Where E(Xi) is variable Xi effect. 
 
5.2.1. Central composite design (CCD) and response surface methodology (RSM) 

After identifying the significant variables for Xanthan production by tested strain through a 
Placket-Burman design, a central composite design (CCD) was adopted to optimize the major 
variables. The 3 selected independent variables were studied at 3 different levels (as -1, 0 and +1), 
sets of 20 experiments (batch experiments) were carried out by Xanthomonas campestris (three 
variable). All variables were taken at a central coded value of zero. The minimum and maximum 
range of variable investigated are listed in Table (B).  
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Table A: Plackett-Burman experimental design matrix to select the significant variables of xanthan 
by Xanthomonas campestris. 

Run 
no. 

Variables 
A B C D E F G H I 

1 1 -1 1 1 -1 1 1 1 -1 
2 1 -1 1 -1 1 -1 1 -1 1 
3 0 0 0 0 0 0 0 0 0 
4 -1 1 1 1 -1 1 -1 1 -1 
5 0 0 0 0 0 0 -1 0 0 
6 -1 1 -1 -1 1 0 0 -1 1 
7 1 -1 1 1 1 -1 -1 1 1 
8 -1 1 -1 1 -1 0 0 1 -1 
9 1 0 0 0 0 0 0 0 0 

10 -1 -1 1 1 -1 0 0 -1 -1 
11 -1 -1 1 1 1 -1 1 -1 -1 
12 -1 -1 -1 -1 1 0 0 -1 -1 
13 -1 1 1 1 1 -1 1 -1 1 
14 0 0 0 0 0 1 1 0 0 
15 -1 1 1 -1 1 -1 -1 -1 1 
16 1 -1 -1 1 -1 0 0 1 -1 
17 -1 1 1 -1 1 -1 -1 -1 1 
18 1 1 -1 -1 -1 1 -1 1 1 
19 1 1 1 -1 -1 1 -1 1 1 
20 1 1 -1 1 1 0 0 1 1 
21 0 0 0 1 0 0 0 0 0 
22 0 -1 0 0 0 1 -1 0 -1 
23 0 0 1 0 0 0 0 0 0 
24 0 0 0 0 0 1 -1 0 0 
25 -1 0 0 0 0 0 0 -1 0 
26 -1 -1 1 -1 -1 1 0 -1 -1 
27 1 -1 1 -1 -1 -1 0 1 -1 
28 0 0 0 0 -1 1 1 0 0 
29 0 0 1 0 -1 -1 1 0 0 
30 1 -1 -1 -1 1 0 1 1 -1 
31 0 0 0 0 0 0 0 0 0 
32 1 -1 -1 -1 -1 0 0 1 -1 
33 1 1 1 -1 1 -1 -1 1 1 
34 1 1 1 1 -1 1 1 1 1 
35 -1 -1 -1 -1 -1 0 0 -1 -1 
36 -1 1 1 -1 -1 -1 1 -1 1 
37 0 0 0 0 0 -1 1 0 0 
38 0 0 0 0 0 1 1 0 0 
39 -1 1 -1 1 1 -1 -1 -1 1 
40 -1 1 -1 -1 -1 1 1 -1 1 
41 0 0 0 0 0 1 0 -1 -1 
42 1 1 1 1 1 1 1 1 1 
43 1 1 1 1 1 1 1 1 1 
44 1 1 1 1 1 1 1 1 1 
45 1 1 1 1 1 1 1 1 1 
46 1 1 1 1 1 1 1 1 1 
47 1 1 1 1 1 1 1 1 1 
48 1 1 1 1 1 1 1 1 1 
49 1 1 1 1 1 1 1 1 1 
50 1 1 1 1 1 1 1 1 1 
51 1 1 1 1 1 1 1 1 1 
52 1 1 1 1 1 1 1 1 1 
53 1 1 1 1 1 1 1 1 1 
54 1 1 1 1 1 1 1 1 1 
55 1 1 1 1 1 1 1 1 1 
56 1 1 1 1 1 1 1 1 1 
57 1 1 1 1 1 1 1 1 1 
58 1 1 1 1 1 1 1 1 1 
59 1 1 1 1 1 1 1 1 1 
60 1 1 1 1 1 1 1 1 1 
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Variables Symbol Real levels 
-1 1 

Sucrose (g/l) A 20 40 
Sucrose (g/l) A 20 40 
Yeast extract (g/l) B 2 3 
KH2po4 (g/l) C 2 2.86 
Citric acid(g/l) D 2.1 4.4 
pH E 6.9 7.2 
Incubation period (day) F 4 6 
Agitation speed (rpm) G 150 400 
Inoculum size (ml) H 2 5 
Temperature (° C) I 30 32 
A-I=Nutritional and physical variables. -1=low level of the variable. & +1= high level of the variable. 

 
Table B: Central composite design matrix (CCD) of independent variables used in RSM studies for 

xanthan production by Xanthomonas campestris. 
Run no. Variables 

A B C 
1 -1 -1 1 
2 0 0 0 
3 0 0 0 
4 1 1 -1 
5 0 1 0 
6 -1 0 0 
7 -1 1 1 
8 0 0 0 
9 1 -1 1 
10 -1 -1 0 
11 0 0 0 
12 0 0 -1 
13 0 0 0 
14 1 -1 -1 
15 -1 -1 -1 
16 0 0 0 
17 -1 1 -1 
18 -1 1 -1 
19 1 0 0 
20 0 0 -1 

Variables    Symbol 
Real levels 

-1 
-1 

0 +11 

Sucrose (g/l) A 
40 
15 

50 60 

Yeast extract (g/l) B 
3 

10 
4 5 

Temperature (°C) C 
32 

150 
35 38 

A-C=Nutritional and physical variables. -1=low level of the variable. +1= high level of the variable. 0= medium level 
of the variable.  

 
6. Technological process:  
6.1. Jam processing:  

The fig (the parchment fig) jam was processed according to Rauch (1965). The xanthan under 
investigation and commercial gelatin were used as thickening agents at the level ranged from 0.05 to 
0.7% and from 0.2 to 0.7%, respectively out of the total weight of jam. All these ingredients were 
mixed with the responded level of xanthan and gelatin, cooked over an electrical hot plate until 
reaching the deride total solids i.e. 70%.  
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6.2. Drink processing:  
Fabricated mango juice drink has been prepared according to the method described by Sandson 

and Clark (1983) with some modification using produced xanthan at the level 0.05, 0.1, 0.15, 0.2 and 
0.25%.  

To prepare fabricated mango juice drink with 25% total solid, the ingredients in the fruit 
mixture (35% juice, 10% sucrose, 3.4% tap water, 0.8% citric acid and 0.8% sodium acetate) were 
combined and heated to 71oC. Dry produced xanthan blend with sucrose dispersed in tap water, stir 
and the solution was heated to 71oC. Fruit mixture and xanthan produced mixture were combined 
under continue heating and stirring until thoroughly mixed. The produced or mango juice drink was 
dilated to 15.5% TS and coold at room temperature.  

 
7. Sensory evaluation:  

Fig jam and mango juice drink samples were scored for their quality characteristics, i.e, color, 
odor, taste, thickening, mouthfeel and overall acceptability in report sheet of panelists according to 
Venkatesh et al. (1983 and 1984).  

 
8. Rheological properties:  

Rheological properties of fig jam and mango juice drink samples were determined by using a 
cole parameter rotation viscometer using spindle no. s at 25oC. Apparent viscosity was measured at 
0.6, 12 and 30 rpm for fig jam, mango juice drink of 25% T.S.S and that of 15.5% T.S.S, respectively.  

 
9. Chemical determination:  

Xanthan in culture fluid was precipitated, purified and determined as dry weight according to 
the method of Cadmus et al. (1978).  

Total nitrogen and organic carbon of xanthan produced were determined according to method 
suggested by Jackson (1973). Ash content was determined using the methods of Herbert et al. (1971).  

 
10. Calculations:  
-The specific growth rate (µ) and doubting time (td) were calculated according to Painter and Marr 
(1963).  
-Number of generation and multiplreation rate were calculated according to Stanier et al. (1970).  
-Xanthan parameters (specific production rate (µp), yield (%) and productivity (gl-1h-1) were also 
calculated according to Gamal et al. (1991).  
-Statistical analysis performed by the least squares procedure of the general linear model (GLM) of 
SAS program (SAS, 2004). 
 
 Results and Discussion  
 
1. Selection of suitable medium for xanthan gum production:  

In order to select the suitable medium for highest growth and xanthan gum production, three 
media namely Garcia-Ochoa et al. (1992) (med. 2), Souw and Demain (1979) (med. 3) and Peters et 
al. (1989) (med. 4) were tested. Data illustrated by Fig. 1 show that Xanthomonas campestris ATCC 
13951 grow exponentially during the first 24 hrs on med.2 and during 12 – 24 hrs. period on med. 3 & 
4 recorded the values of specific growth rate of 0.106, 0.062 and 0.066 h-1, receptively. The lowest 
doubling time was recorded on med. 2 followed by med. 4 and med.3 being 6.54 hrs., 10.5 hrs. and 
11.12 hrs., respectively (data not show). Slight increase in culture viscosity and xanthan dry weight 
(gl-1) was observed during the first 24 hrs of incubation, while the rate of xanthan increase was higher 
at the end of decelerating growth phase and during stationary phase to reach the maximum value after 
120 hrs incubation period. These results suggested that the increase in xanthan gum concentration was 
not dependent on the increase in the growth related. Similar results were reported in the studies of 
Carignotto et al. (2011); Kurbanoglu et al., (2015).  
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Fig. 1: Growth curvs and xanthan production of xanthomonas campestris ATTC 13951 on different 

media during 144 hrs incubation period at 28°C using shake flasks as a batch culture. 
 

With respect to parameter of xanthan produced, results in Table (1) revealed that the highest 
xanthan concentration gl-1 and yield % were obtained after 120 hrs of fermentation period on med. 2 
followed by med. 3 and med. 4 being 6.07 gl-1 & 30.35%, 4.88 gl-1 & 24.25% and 4.85 gl-1 & 24.25%, 
respectively. The corresponding figures of productivity of 0.046, 0.041 and 0.040 gl-1h-1 respectively. 
Similar result of xanthan productivity ranged from 0.027 to 0.073 gl-1h-1 was obtained by different 
Xanthomonas campestris strains after 120 hrs fermentation period (Andrea et al., 2020). 
 
Table 1: Xanthan production by xanthomonas campestris ATTC 13951 on different media during 144 

hrs incubation period at 28°C using shake flasks as a batch culture. 

Time 
 (hrs) 

Med. 2 
Garcia-Ochoa et al (1992) 

Med. 3 
Souw and Demain (1979) 

Med. 4 
Peters et al (1989) 
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pH 

24 90 2.43 12.2 0.101 6.75 40 2.08 10.4 0.087 7.0 60 2.08 10.4 0.087 6.81 
48 530 3.16 15.8 0.066 5.85 207 3.05 15.25 0.064 6.48 332 3.01 15.05 0.063 6.52 
72 880 5.11 25.6 0.071 5.70 426 4.10 20.5 0.085 6.11 427 4.16 20.8 0.058 6.11 
96 1856 5.61 28.05 0.058 5.61 635 4.61 23.05 0.063 6.0 652 4.61 23.05 0.048 6.01 

120 2652 6.07 30.35 0.046 5.51 896 4.88 24.4 0.041 5.87 896 4.85 24.25 0.04 5.86 
144 1996 5.90 25.5 0.034 5.5 800 4.70 23.5 0.033 5.6 763 4.75 23.8 0.033 5.65 
SE 1.27 0.04 2.96 0.009 0.078 1.27 0.04 2.27 0.007 0.203 1.27 0.04 9.75 0.007 0.003 

P-value < 0.0001 

* Initial pH = 7.2, P-value significantly divergent = (P < 0.0001) ,  
* cp= cetipoisis, viscosity of media = 1.3cp, SE= Standard error 
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During the fermentation, the initial pH value of different medium decreased gradually form 7.2 
to detect the lowest values at the end of fermentation period being 5.5, 5.6 & 5.65 on med. 2,3 & 4 
respectively, this may be due to xanthan gum is acidic in nature (Gomashe et al., 2013). 
Generally it could be noticed that the highest figures of xanthan concentration, productivity and yield 
were obtained on Garacria Ochea et al. (1992) (med.2) being 6.07 gl-1, 0.046 gl-1h-1 and 30% 
respectively. So, this medium was selected as best medium for maximum bacterial growth and 
xanthan production after 120 hrs of fermentation period using shake flaks as a batch culture. 
 
2. Optimization of xanthan gum production 
2.1. Factors affecting the xanthan gum by one variable at a time technique  
2.1.1. Carbon sources  

Data illustrated by Fig. (2) show that the best carbon source was found to be sucrose and 
glucose, according to culture viscosity attained. This result is in agreement with Kumara et al. (2012) 
who stated that maximum xanthan production was obtained when sucrose was used as a carbon source 
using Xanthomonas campestris NRRL-B 1459 and Xanthomonas campestris pv.translucens. Also, 
Sherly & Priyadl Harshin (2015) reported that xanthan bacteria could utilize both glucose and sucrose 
as carbon source and glucose was the best carbon source for xanthan produced. 

By using sucrose based medium the tested strain grow exponentially during the first 6-12 hrs of 
fermentation period on all different carbon sources. The highest growth (O.D) was obtained at the end 
of this phase, then, gradually decreased in bacterial optical density was noticed to reach the lowest 
value after 48 hrs on all carbon source media except sucrose medium which gave the lowest value 
(0.46) after 96 hrs. The highest figures of specific growth rate (µ), number of generation (N), 
multiplication rate (MR) and lowest doubling time (td) were recorded on sucrose medium being 0.21h-

1, 1.82, 0.30h-1 and 3.3h, respectively (not show). On the contrary, the lowest figures of growth and 
these parameters were observed on lactose medium following by galactose and Fructose media. Also, 
the maximum xanthan concentration and yield value was observed after 120 hrs gave the same trend 
on all different carbon media, whereas the highest figures of specific production rate were observed 
during the period from 48 to 72 hrs. as illustrated by Fig. (3). The highest values of final pH of 
fermented cultures at the end of fermentation period was corresponding to lowest value of bacterial 
growth and culture viscosity in lactose, glucose and fructose media. 

These results are in line with those obtained by Kumara et al. (2012) who noticed that the least 
xanthan gum was found in media containing lactose (2.2 gl-1). This may be due to the low activity of 
galactosidase produced by Xanthomonas campestris MUI to break lactose into glucose and galactose 
(Fu and Tseng, 1990). Also, it could noticed that the viscosity of culture containing 2% sucrose, 
xanthan dry weight concentration and xanthan productivity increased 1.97, 1.07 and 1.06 fold than 
glucose medium 2% respectively. So, sucrose was the most favorable carbon source for the growth 
and xanthan production by Xanthomonas campestris ATTC 13951. These results confirm the result 
obtained by Garacria Ochea et al. (1992); Kumara et al. (2012) and Murad et al. (2019) who stated 
that the best results on Xanthomonas campestris growth and xanthan production were observed on 
media containing 20 gl-1 sucrose. 

 
2.1.2. Nitrogen source:  

The highest culture viscosity and growth of Xanthomonas campestris ATCC 13951 was 
obtained in yeast extract medium (2600 & 0.35) followed by peptone medium (2201 & 0.29) as 
illustrated by Fig. (4). Data also show that, Xanthomonas campestris ATCC 13951 grow 
exponentially during the first 12 hrs and recorded the maximum growth values of tested strain ranged 
from 0.44 to 0.55 and ranged from 0.34 to 0.55 on organic nitrogen and inorganic nitrogen sources 
media (not show). 
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Fig. 2 :Growth intensity and culture viscosity of xanthomonas campestris ATTC 13951 as influenced 

by different carbon sources during 120 hrs incubation period at 28°C using shake flasks as a 
batch culture. 
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Fig. 3:  Xanthan parameters of xanthomonas campestris ATTC 13951 as influenced by different 
carbon sources during 120 hrs incubation period at 28°C using shake flasks as a batch culture. 
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Fig. 4: Growth intensity and culture viscosity of xanthomonas campestris ATTC 13951 as  influenced 

by different nitrogen sources during 120 hrs incubation period at 28°C using shake flasks as a 
batch culture. 
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NH4NO3 medium recovered higher volume of culture viscosity, xanthan concentration (gl-1 dry 
weight), yield and productivity being 2041 cp, 6.61 gl-1, 33.9% and 0.055gl-1h-1 respectively than 
other inorganic nitrogen source (Table 2). 
 
Table 2: Xanthan parameters of xanthomonas campestris ATTC 13951 as influenced by different 

nitrogen sources during 120 hrs incubation period at 28°C using shake flasks as a batch 
culture. 

Carbon 
source 

Xanthan parameters 
Time in hrs. 

SE 
p-
value 24 48 72 96 120 

Yeast 
extract 

Xanthan concentration (XDW) gL-1 2.61 5.11 5.22 6.61 7.01 0.77 

0.0001 

Specific production rate (µ) h-1 - 0.028 0.001 0.01 0.003 0.01 
Yields (%)  13 26 26 33 35 3.87 
Productivity (P) gL-1 h-1 0.109 0.106 0.073 0.069 0.058 0.01 

Peptone 

Xanthan concentration (XDW) gL-1 2.61 5.14 5.81 6.16 6.61 0.71 
Specific production rate (µ) h-1 - 0.028 0.005 0.002 0.0001 0.01 
Yields (%)  13 25.71 29 31 35.5 3.82 
Productivity (P) gL-1 h-1 0.109 0.107 0.081 0.042 0.055 0.01 

Malt 

Xanthan concentration (XDW) gL-1 2.42 4.87 5.56 5. 65 6.12 0.73 
Specific production rate (µ) h-1 - 0.031 0.025 - 0.003 0.08 
Yields (%) 12 24 28 28 31 3.35 
Productivity (P) gL-1 h-1 0.1 0.101 0.077 0.059 0.051 0.01 

NH4NO3 

Xanthan concentration (XDW) gL-1 2.38 4.64 5.1 5.24 6.61 0.69 
Specific production rate (µ) h-1 - 0.028 0.004 0.001 0.01 0.01 
Yields (%) 12 23 25.5 26 33.5 3.48 
Productivity (P) gL-1 h-1 0.099 0.097 0.071 0.055 0.055 0.01 

KNO3 

Xanthan concentration (XDW) gL-1 2.14 4.63 5.01 5.11 5.22 0.58 
Specific production rate (µ) h-1 - 0.032 0.003 0.001 0.001 0.01 
Yields (%) 11 23.0 25.5 25.6 26 5.05 
Productivity (P) gL-1 h-1 0.089 0.096 0.070 0.053 0.044 0.01 

NaNo3 

Xanthan concentration (XDW) gL-1 2.08 3.12 4.54 5.11 5.32 0.62 
Specific production rate (µ) h-1 - 0.017 0.018 0.002 0.002 0.00 
Yields (%) 10 15.6 24 25.6 26.6 3.25 
Productivity (P) gL-1 h-1 0.087 0.065 0.067 0.053 0.044 0.16 

 
From the aformentied results, it could be stated that the highest production of polymer was 

obtained by Xanthomonas campestris ATCC 13951 on med.2 containing sucrose (as carbon source) 
and yeast extract or NH4NO3 (as nitrogen source). So, it could be recommended to use ammonium 
nitrogen as a sheep nitrogen source for highest xanthan production by Xanthomonas campestris 
ATTC 13951 using the ammonium nitrate. As nitrogen source was in agreement with Gracia -Ochoa 
et al. (1992) and Ramadan et al. (2000). 
 
2.2. Statistical experimental deign for evaluation of the factors affecting xanthan gum 
production by Xanthomonas campestris ATTC 13951 
2.2.1.  Statistical screening of nutritional and physical factors using Plackett-Burman (PB) 
design:  

Nine variables including culture conditions (pH, incubation period KH2po4, citric acid, 
Temperature, Inoculum size and agitation speed) and the concentrations of optimal one source of 
carbon (sucrose)and one nitrogen source (yeast extract), obtained from previous experiment (one-
variable at a-time approach),were chosen to perform the optimization process using Plackett-Burman 
statistical experimental design. 

Data in Table (3) showed a wide variation of xanthan production (g/l) ranged from 5.8 to 15.7 
gl-1 due to the strong influence of interactions between variables on production of xanthan gum. The 
run 60 was the best run has optimum conditions for xanthan production such as Sucrose 40 gl-1, yeast 
extract 3 gl-1, KH2 PO4 2.86 gl-1, citric acid 4.4 gl-1, inoculums size 5%,incubation period 5 days, 
temperature 32°C, and pH 7.2 and agitation speed 400 rpm levels.  

Only three variables (sucrose, yeast extract and incubation temperature) significantly affected 
xanthan gum production (as shown in Table 4). The P-value of three significant variables ranged from 
< 0.001 to 0.035.The other variables (not significant) were fixed in the stage of optimization central 
composite design (CCD). 
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The coefficient of determination (R2) was 0.988 for xanthan production by Xanthomonas 
campestris ATCC 13951 this means that 99 % of total variation was explained by the model and 
indicates a satisfactory representation of process models and a high correlation between the 
experimental and predicted values for tested strain. In similar studies carried out by Ghashghaei et al. 
(2016), Plackett-Burman Design (PBD) was used to determine significant factors affecting xanthan 
production and its viscosity. According to preliminary experiments, twenty four runs were carried out. 
PBD analysis was evaluated by 6 factors in two levels including carbon source (30 & 50 gl-1), 
nitrogen source (1 & 3 gl-1), phosphate (2.5 & 5 gl-1) agitation rate (150 & 250 rpm), inoculum size (5, 
10%) and PH (6.5 & 7.2). 
 
2.2.2. Central composite design (CCD) and response surface methodology (RSM): 

Optimization was performed by central composite design and desirability function approach 
using 4 factors in three levels including carbon source (30, 40, 50 gl-1), nitrogen source (0.5, 1.25 & 2 
gl-1), agitation rate (150, 200 & 250 rpm) and inoculum size (5, 10 &15%) as recorded in Table (5). 
Trials in 56 runs including two replicates for central composite design were carried out. Also, Zaker et 
al. (2017) applied three level face Centered Central Composite Design (CCD), which is the standard 
response surface methodology for the optimization and evaluated the interaction of the parameters 
effects. Agitation rate, carbon source concentration and temperature were chosen as three independent 
variables in the xanthan biopolymer and biomass production. All variables were taken at a centrally 
coded value considered as zero (Montagomery, 2013). Zaker et al. (2017) founded that the response 
surface methodology is efficient way to optimize the production of xanthan by Xanthomonas 
campestris. The ANOVA analysis revealed that the model term are significant, values of probe > F 
less than 0.05 and R2 was 0.95 (Table 6). 

Generally, it could be stated that the highest actual value of xanthan production (16.35 gl-1) was 
assemble for predicted value by Xanthomonas campestris ATCC 13951 when fermentation media 
inoculated with 5% inoculum size and incubated at 32oC for 5 days using a rotary shaker at 400 rpm 
at agitation speed. 

Fig. (5A-D) shows the yield for different values of the variables that can be predicted from the 
respective response surface plots and the relative effects of twenty different sets of factors for 
Xanthomonas campestris ATCC 13951 while all the other factors were kept at their optimum level. 
The significant interactions between variables that effected on xanthan production by Xanthomonas 
campestris ATCC 13951 was also observed. The figure clearly showed fairly strong degree of 
curvature of 3D surface form where the optimum was determined. Fig. (5) also shows the significant 
interaction that affected xanthan produced by Xanthomonas campestris ATCC 13951. This figure 
represents the interaction between sucrose, yeast extract and temperature. 
 
3.3 Physicochemical properties of xanthan:  

The phiscochemical properties of standard xanthan and xanthan produced by batch culture are 
given in Table (7). Xanthan produced by Xanthomonas campestris ATCC 13951 gave the same 
physical properties of standard xanthan. However, lower carbon content was recorded in produced 
xanthan being 38.26%. Produced xanthan also contained higher amount of total nitrogen and ash 
being 0.29% and 11.2%, respectively. In similar studies, Ngowatana and Rudisirisak (2016) observed 
that the viscosity, pH, melting point and IR spectrum of both produced and commercial xanthan gum 
were similar.  

 
4. Application of produced xanthan (Px) in some foods: 
4.1. Fig jam: 
4.1.1. Rheological properties: 

Data presented in Table (8) show that the apparent viscosity of jam samples manufacture with 
xanthan (Px) was higher than samples with gelatin. whereas reduced viscosities were reduced from 
10485 to 3193 and from 11335 to 3946 when the concentration of gelatin and produced xanthan 
increased from 0.2 to 0.7 %, respectively. 

The slope of correlation (calculated from the multiplicative mode, Y=ax^b) was favoured 
towards samples manufactured with xanthan, a trend which support the successful application of 
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xanthan in jam processing . Such conclusion was found to match the R2 which was 0.99 in cas of 
using xanthan and 0.94 in the control sample (gelatin). 

 

 
 

A B 

  
C D 

 
 

E 
Fig. 5: Three-dimensional response surface plots showing the significant interactions effect on 

Xanthan produced by Xanthomonas campestris ATCC 13951. 
a. Between Sucrose and Yeast extract 
b. Interaction between Sucrose and Yeast extract. 
c. Interaction between Temperature and Yeast extract. 
d. Interaction between Temperature and Yeast extract. 
e. Interaction between Sucrose and Temperature 
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Table 7: A comparison between physicochemical properties of standard xanthan and the xanthan 
produced using shack flasks as a batch cultures.  

Physiochemical properties  Specifications of standard 
xanthan 

Specification of produced 
xanthan 

Color white White White 
Solubility in water Soluble in water Soluble in water 
Viscosity  3000 cp 3000 cp 
Carbon content 43% 38.26 
Total nitrogen 0.24% 0.29% 
Ash 5.2% 11.2% 

 
Table 8: Apparent viscosity of fig jam manufactured with produced xanthan in relation to gelatin . 

Samples 
Concentration 

% 

Responsed calculations 

Apparent viscosity (Cp) 
Reduced viscosity 

vis/con. 
Slope of 

correlation 
R2 

Gelatin 

0.2 2097 10485 

33.3 0.94 
0.4 2105 5262 
0.6 2174 3623 
0.7 2235 3193 

Produced 
xanthan 

0.05 1919 38380 

57.5 0.99 

0.1 1921 19210 
0.15 1949 12993 
0.2 2267 11335 
0.4 2310 5775 
0.6 3340 4900 
0.7 2368 3946 

 
4.1.2. Sensory evaluation: 

Sensory evaluation is an important indicator of potential consumer preference. Inspite of its 
hortcomings, it still remain the most serious quality assessment technique for foods. 

Results in Table (9) show the effect of addition different concentrations (%) of produced 
xanthan (Px) in relation with gelatin on sensory characteristics of fig jam. 
 
Table 9: Mean values of sensory evaluations of fig jam as affected by addition of different produced 

xanthan (Px) concentrations comparing with gelatin (G). 

Samples 

 
Concentration of 
thickening agent 

% 

 
Color 

 
Odor 

 
Taste 

 
Thickening 

 
Overall 

acceptability 

Gelatin(G) 

0.2 7.33c 9.0ab 8.6bc 7.0c 8.0a 
0.4 7.5c 9.0ab 8.33bc 7.5bc 8.0a 
0.6 6.83cd 9.33a 8.5abc 8.17abc 8.25a 

0.7(control) 6.33d 9.25a 8.52abc 8.5abc 8.17a 

Produced xanthan 
(Px) 

0.05 7.0c 9.33a 8.33abc 7.5bc 8.17a 

0.1 7.67c 9.33a 9.33ab 8.0abc 8.67a 
0.15 9.33ab 9.33a 9.53ab 8.0abc 9.17a 
0.2 9.67ab 9.67a 9.67a 8.5abc 9.33a 
0.4 9.83a 9.5a 9.0ab 8.5abc 9.33a 
0.6 9.67ab 9.17a 9.5ab 9.5ab 9.33a 
0.7 8.83b 8.5b 7.83c 9.5a 9.17a 

P value 0.0001 0.069 0.021 0.037 0.085 

 P-value  significantly divergent = (P < 0.04). 

 
The obtained data indicated that samples manufactured with xanthan had higher means scores 

comparing with gelatine. No significant differences were observed in overall acceptability of jam 
samples result of using Px. the mean values of sensory properties of jam increased by increasing the 
concentration of Px till reach their maximum scores of 9.67 for color , odor & taste and of 9.33 for 
over all acceptability at Px concentration of 0.2%. Moreover this concentration of Px (0.2%) was 
more significant for taste than other tested gelatin and xanthan concentrations and more significant for 



Curr. Sci. Int., 9(4): 565-582, 2020 
EISSN: 2706-7920   ISSN: 2077-4435                                                   DOI: 10.36632/csi/2020.9.4.50 

580 

thickening than 0.2% gelatin. These results revealed that the addition of xanthan improved the sensory 
properties of jam comparing with control sample (0.7% gelatin) and other samples, manufactured with 
gelatin. 
 
5.2. Mango juice drink: 
5.2.1. Rheological properties: 

Data given in Table (10) indicated to increasing the values of apparent viscosity of mango juice 
drink from 740 to 890 cp with increasing Px concentration from 0.05 to 0.25% whereas reduced 
viscosity (viscosity /concentration) reduced from 14800 to 3560 , respectively. Regression analysis of 
viscosity as a function of produced xanthan concentrations in mano juice drink processing revealed 
that the slope of reaction is considered a good index for high viscosity. Such conclusion is true since 
the R2 was 0.96 based on exponential modle of regression, i.e Y=ax^b 
 
Table 10: Apparent viscosity of mango juice drink prepared with different concentrations of produced 

xanthan (Px) . 
Xanthan produced 
Concentration % 

Responsed calculations 
Apparent viscosity (Cp) Reduced viscosity 

vis/con. 
Slope of 

correlation 
R2 

0.05 740 14800 
 

37 
 
 

 
0.96 

 
 

0.1 801 8010 
0.15 839 5593 
0.20 871 4355 
0.25 890 3560 

 
5.2.2. Sensory evaluation: 

No significant differences were observed in color and mouth feel of all samples as shown in 
Table (11) whereas addition of xanthan improved significantly flavor , thickening and over all 
acceptability by increasing the concentration of produced xanthan to 0.15%. 
 
Table 11: Mean values of sensory evaluations of mango juice drink as affected by addition of 

different produced xanthan (Px) concentrations. 
Concentration of 

produced xanthan % 
Color flavour Mouth feel Thickening 

Overall 
acceptability 

0.0 (control) 8.0a 8.0b 8.0a 4.67b 7.0c 
0.05 8.0a 9.33a 8.5a 6.0b 7.5bc 
0.1 8.0a 9.5a 9.0a 8.0a 8.5ab 

0.15 8.5a 9.5a 9.5a 8.33a 9.17a 
0.20 8.5a 8.67ab 9.0a 9.0a 8.67ab 
0.25 9.0a 7.5b 8.0a 9.5a 8.5ab 

P value 0.77 0.012 0.34 0.001 0.017 
P-value significantly divergent = (P < 0.04). 

 
Data also indicated that using produced xanthan over the concentration 0.15% increased the 

thickening of samples but they are not acceptable by the taste panelists. 
From the above obtained results, it could be concluded that the addition of produced xanthan 

improved the sensory characteristics of fruit drinks such as mango juice drink up to 0.15 % 
concentration without any adverse effect on its quality. 

Generally, it could be concluded that the addition of produced xanthan improved the sensory 
characteristics of fruit drinks such as mango juice drink up to 0.15 % concentration without any 
adverse effect on its quality .These results are in agreement with those obtained by Abdelhady and 
Mustafa (2000). Who stated that xanthan can be used in manufacture of food such as jam and orange 
drink with improving its quality up the level of 0.2 and 0.15 %, respectively. 
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