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Use of agricultural wastes for xanthan production by
Xanthomonas campestris
J Moreno, MJ Lopez, C Vargas-Garcia and R Vazquez
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Four different acid-hydrolyzed wastes, from melon, watermelon, cucumber and tomato were compared for xanthan
production. Growth of  Xanthomonas campestris , xanthan biosynthesis, kinetics and chemical composition were
investigated. Both growth and xanthan production were dependent on the acid hydrolysate concentrations and
available nitrogen. Melon acid hydrolyzed waste was the best substrate for xanthan production. Exopolysaccharide
obtained throughout this study was compared to commercial xanthan, showing a very similar chemical composition.
Acid hydrolyzed wastes are proposed as a new carbon source for xanthan production.
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Introduction year (more than 450 000 t are produced yearly). Thus, the
bjective of this study was to compare different agricultural
astes as substrates f8r campestrigrowth and xanthan
S%roduction, and their effect on xanthan composition.

Xanthan is an extracellular heteropolysaccharide produce
by Xanthomonas campestrihe structure of xanthan is
a pentasaccharide repeat unit, in which alternate gluco
residues carry trisaccharide side chains composed-of
mannose and-glucuronic acid. Internal mannosyl residues Materials and methods

are substituted with an acetyl group while external mannoMicroorganism

syl residues have pyruvyl substituents linked as cycli MR )
ketals. Content of those organic acids in xanthan isoIatescix"’lmhomgJnas campestiRRL B-1459 andx'anthomonas
ampestrisNRRL B-1459 S4-LII were obtained from the

affected by the carbon source and the oxygen and nitrog S Department of Agriculture (Peoria, IL, USA), and used

avaﬂable in cuiture media. These changes in qompos't'or}hroughout this study. The strains were maintained on yeast
mainly the extent of acetylation, affect properties of xan- it (YM) agar (Difco, Detroit, MI, USA) slants stored at

than solutions [17]. o
Because of its unique rheological behaviour, xanthan is4 C and subcultured weekly.

one of the major microbial polysaccharides actuaIIyMedia
employed in many industrial processes. Solutions of xan-

than are highly pseudoplastic and show very good susAC'd hydrolysates of sun-dried wastes (AHW) of either

pending properties [12]. The polysaccharide is used as Su%\?mato Eycopersicum esculentypmelon Cucumis melp

pending,sabizing hckering and emlsiying agen:. for gt orn €' (2021 206 SueLmEr Tocume
food and non-food industrial applications [19]. '

S . were prepared by addition of each hydrolysate to a basal
Xanthan prqdyctlon IS usually performed n glucose- O.rminergl sglution (>i/n grams per liter of \)//vatery KPIO,, 5.0;
sucrose-containing, nitrogen- or sulphate-limited medlaN CO,, 0.5: NaSO,, 0.114; MgCh-6H,0 0.163' 4an
[20]. One of the greatest factors limiting the use of xantharb ?)2067" céc’:g 2;’320 4‘0 (')12_ ’Fecg;,I 6H,0 0 O(.)14"I1!,BO '
. ] : I} . ] 3 1 . 1 3

in large-scale fermentation processes is the cost of pros L2 .
duction when compared to similar polymers from algae o?o'gog)htol r;rr(])(\jngesféngl ﬁrzgﬁhggéztsi;&nf?{rﬁlﬁ? 8|f 0.1,
, 0.4, . . 4

lants. There are two areas where savings could be made
P 9 was also added.

in this respect: the cost of feedstocks used for polymer pro- Acid hydrolysates were obtained by mixing 10% (w/v)

duction and the down-stream processing. Some attemp . N S-S
have been made to use cheaper substrates such as citlr%Oppmj wastes with 1.5% (v/v) sulphuric acid in 2-L pyrex

. J13ss flasks (final volume 1L). Mixtures were autoclaved
waste [1], whey [6,7], corn steep liquor [13], molasses and : -
glucose syrup [4] and olive oil waste waters [10]. at 12rC for 2 h. Waste hydrolysates were filtered through

This work is concerned with the possibility of using agri- Ei?nging ntg(?ili)e'_r' e%f ;h(z:gtrgizx]vgj eatdrfgSt?g Cfoigg—? ;’IV (;trh
cultural wastes as lower-cost alternative substrates for xa gan, precip P

than production. These wastes are abundantly produced qﬁy preparation of the culture media. To adjust final carbo-

southeastern Spain (Almararea), where greenhouse cul- ¢ r?trevt:scggﬁaerrrlrt]riﬁg?jnirllntagehmggc;?’st;tt:; carbohydrate con-
tures provide a constant supply of these residues during the ydroly '

Culture conditions
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ation and washed twice in sterile distilled water. One-milli- developed was measured at 540 nm. Solutions of 0.04 M
litre volumes of the suspensions (OD 0.5 at 540 nm) werecetyl choline HCI in 0.001 M sodium acetate (pH 4.5)
inoculated into 250-ml Erlenmeyer flasks containing 25 miranging from 10-8Qwg mI™* were used as standard [9].
of mineral medium supplemented with the correspondingJronic acids were determined in 0.2 ml of 0.1% xanthan
AHW. All media, once inoculated were incubated af@0 solutions, by addition of 1.2 ml of 0.0125 M sodium tetra-
on a rotatory shaker (120 rpm) for 5 days. Experimentsdorate in concentrated 8O,. The mixture was chilled in

were performed in triplicate. an ice bath for 5 min, homogenized, heated at°@h a
boiling bath and chilled again. Then, 20 of 8.8 mM 3-
Analytical methods phenylphenol in 125 mM NaOH, were added and optical

density was measured at 520 nm. Pure glucuronic acid sol-
Biomass determination: For biomass estimation, cul- utions (100-40Qug mI™?) were used as standard [2].
tures were harvested by centrifugation (14 0f), washed Elemental analysis was performed in a Leco CNHS-923
twice with sterile distilled water and evaporated to drynessanalyser. Chemical analysis was also performed with
in preweighed vials at 108 overnight. samples of commercial xanthan (Sigma Chemical Co),

for comparison.
Carbohydrate content: Once the cultures were centri-
fuged (14 000x g), 10-ml volumes of supernantant fluids Results
were analysed for their total carbohydrate content, using
the anthrone reagent, which was prepared by dissolvin@reliminary studies were performed with two bacterial
200 mg of anthrone (Sigma Chemical Co, St Louis, MOstrains K. campestrisNRRL B-1459 andX. campestris
USA) in 5 ml absolute ethanol, and this solution was madeNRRL B-1459 S4-LII) grown in YM solid medium con-
up to 100 ml with 75% sulphuric acid (v/v) [8]. This taining 10-90% (w/v) AHW of either melon, tomato, wat-
method was also used to measure carbohydrate content @mmelon or cucumber. After 48 h incubation both strains
acid-hydrolyzed wastes and samples of xanthan solution.grew well in all media, howeveX. campestridfNRRL B-

One-millilitre samples were placed into thin-walled glass1459 S4-LII colonies were larger and showed a more

tubes and cooled in ice-water. Five millilitres of a cooled mucoid aspect and this strain was selected for further
solution of anthrone reagent were added, swirling the tubexperiments. Also, in initial experiments the incubation
in the ice-water during this addition. The tubes weretime for optimum recovery of exopolysaccharides Xn
allowed to stand a few min, and mixtures were transferreccampestriscultures was investigated. Thus, culture media
to a boiling water-bath. After exactly 10 min, samples weresamples were removed at intervals and quantitative extrac-
returned to the ice-bath, and when cool the green coloution of xanthan was made. Maximum polysaccharide recov-
was measured at a wavelength of 625 nm. Carbohydrate=ry was obtained in 5-day-old cultures (data not shown),
give a characteristic green colour on heating with anthroneo this incubation period was selected for biomass determi-
in sulphuric acid solution. The colour is due to the conden-ation and xanthan extraction and quantification.
sation with anthrone of furfural derivatives formed from WhenX. campestrisvas grown in media with AHW of
the sugars in hot acid [8]. Distilled water was used as blankmelon, tomato, watermelon and cucumber as sole carbon
Pure glucose solutions (20-10@ mI™?) were used as stan- and energy source at concentrations of 0.1, 0.2, 0.4, 1.0
dard. and 3.5 g L* (as total carbohydrate content), higher con-

centrations of AHW in culture media yielded higher values
Xanthan separation and analysis: Exopolysacchar- of biomass production (Figure 1). Thus, microbial growth
ides were extracted from the culture supernatant, with twavas highly correlated to AHW concentration for all plant
volumes of cold isopropanol by vigorous shaking. Afterresidues. Growth was also strongly influenced by the
10 min, precipitated exopolysaccharides were filtered ont@addition of a nitrogen source to culture media. The nitrogen
predried and preweighed GF/A Whatman filter discseffect was more relevant at low concentrations of AHW.
(Whatman International, Springfield Mill, Kent, UK), and Generally, growth levels were higher in media sup-
washed with 50 ml of isopropanol/water (3:1 v/v). The filter plemented with 0.3% NECL when compared to those
disc plus precipitate was dried at®Dfor 24 h. Filters were obtained in unamended media, with the exception of
reweighed and the concentration of exopolysaccharide icucumber AHW media, in which biomass production was
the culture broth was calculated. larger in the absence of added nitrogen source (Figure 1).

Dried samples of raw xanthan obtained as describedlelon and tomato residues only allowed growth of the

before, were analysed. Total carbohydrate content wamicroorganism at AHW concentrations above 1d,Ln
determined using the anthrone reagent [8]. Pyruvate contewultures without a supplemental nitrogen source.
was determined enzymatically, using lactate dehydrogenase Xanthan production was investigated under the same
(type II, Sigma Chemical Co), after hydrolysis of 0.2-0.4 gconditions as biomass. According to results presented in
dried xanthan in 50 ml of 1 M HCI for 3 h, and neutralis- Figure 2, polysaccharide production was highly influenced
ation with BaCQ [16]. Acetyl content was determined as by the addition of an exogenous nitrogen source. This was
follows: 200ul of xanthan solution (1% w/v) were added observed mainly in media supplemented with tomato, wat-
to 400ul of a 1:1 mixture of 2 M hydroxylamine HCIl and ermelon, and cucumber residues, in which almost no xan-
3.5 M NaOH. After standing for 2 min at room temperature,than production was achieved in the absence of an added
200 ul of 5.65 M HCI and 20Qul of 0.37 M FeCL6H,O  nitrogen source. Melon AHW supported xanthan pro-
in 0.1 M HCI, were added. The brown reddish colour whichduction in both nitrogen amended and unamended media,
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Figure 1 Biomass (g L") of Xanthomonas campestrailtured in acid-  Figure 2 Xanthan production (g1) by Xanthomonas campestriil-
hydrolyzed residues of melon, tomato, watermelon and cucumber, at conured in acid hydrolyzed residues of melon, tomato, watermelon and
centrations of 0.1M), 0.2 Y), 0.4 @), 1.0 (0) and 3.5 ¥J) gL™  cucumber, at concentrations of 0.m) 0.2 Y), 0.4 (), 1.0 (J) and
(adjusted as total carbohydrate content), either in the presence (a) @.5 (Z) g L™ (adjusted as total carbohydrate content), either in the pres-
absence (b) of ammonium chloride (0.1% wiv). ence (a) or absence (b) of ammonium chloride (0.1% w/v).

although polysaccharide concentrations were higher with g _ 12
NH,CI (Figure 2). As indicated for biomass, xanthan pro-
duction was also correlated to AHW concentration. Thus =
xanthan yields increased as AHW concentration rose. Thi@ 1,5
pattern was not exhibited in melon AHW media, in which
xanthan production increased to concentrations of 1Ig L
AHW. At this concentration, maximum amounts of poly-
saccharide (approximately 1.3 g were obtained. More-
over, xanthan production was highest at any melon AHW!
concentration when compared to other plant residue
(Figure 2). On the basis of these results, melon AHW a
concentrations of 1 g1 supplemented with 0.1% NgI
was the medium selected for further experiments.

Data presented in Figure 3 show that both biomass an
polysaccharide production increased as total carbohydraf®
content in the media decreased. Maximum levels of
biomass were reached at 48 h, when some 40% of the car- 0.0 7 - ' ' ' 0,0
bon source had been depleted. Similar or slightly smaller 0 24 48 72 9 120
amounts of biomass were maintained in 5-day-old cultures. Time (h)

However, xanthan -prOdUCtion increased ConSt-amly linti igure 3 Biomass W), xanthan production&) and carbohydrate con-
96_1.20 h, when hlgh.eSt polymer  concentrations wer umption @) by Xanthomonas campestr@iltured in media containing
obtained. At that point, 10% of the carbon sourcej gt acid-hydrolyzed residues of melon, supplemented with 0.1%
remained undegraded. ammonium chloride.
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The composition of raw xanthan obtained from AHW of increases in waste concentrations and xanthan yield did not 24

melon media supplemented with 0.1% NH, was com- reach maximum production levels at the highest AHW con-
pared to that of commercial xanthan. Results presented ioentration tested. Similar results have been reported by
Figure 4, showed that both polymers shared a very similaBilanovic et al[1] who observed higher substrate utilization
chemical composition, although values for total carbo-in most diluted media composed of citrus wastes.
hydrate, uronic acids, acetyl and pyruvyl contents, were The clearest differences among wastes used throughout
slightly higher in commercial xanthan. Raw xanthan con-this study could be observed by comparing the effect of
tained 38.16% C, 0.62% N, 0.35% S and 5.35% H. nitrogen supplementation (Figures 1 and 2). Low values
obtained in growth and xanthan production in tomato, wat-
ermelon and cucumber AHW without such supplementa-
tion, demonstrated a lack of or very low levels of available
Two strains ofX. campestrisvere tested regarding their nitrogen in those substrates. Only melon AHW seemed to
ability to grow with AHW as sole carbon and energy have a nitrogen content great enough to support both
source. From data obtained in these preliminary experigrowth and xanthan production, mainly at higher concen-
ments, it was observed that both strains grew well on therations. These differences were less evident when an exter-
different AHW tested, however, one of theX. (campestris nal nitrogen source was added to the media. Thus, the
NRRL B-1459 S4-LIl) showed a very mucoid colonial addition of a nitrogen source is necessary for polymer pro-
aspect, and since a relation between colonial phenotype artliction when cellulosic wastes are used as substrates. A
exopolysaccharide production has been reported [3,15], thisimilar conclusion has been obtained for exopolysaccharide
strain was used in further experiments. synthesis byEnterobacterfrom these kinds of wastes [11].
Both cell growth and xanthan production are clearly Generally, exopolysaccharide production is favoured by
influenced by the type and initial concentration of AHW asnitrogen limitation [20]. On the contrary, the results
well as by the presence of an exogenous nitrogen sourgaresented here showed that nitrogen supplementation
(Figures 1 and 2). Thus, differences observed in biomassnhanced xanthan yields (Figures 1 and 2). It is well known
and xanthan production by. campestrisn the presence of that cell growth and xanthan formation need different nutri-
various AHW, could be primarily ascribed to the different ent requirements, xanthan biosynthesis being favoured by
composition of AHW. a high concentration of carbon, while there must be enough
The efficiency of substrate utilization would depend notnitrogen to support growth [14]. In our experiments, nitro-
only on the composition but also on the concentration ofgen-unamended media yielded both lower biomass levels
the substrate. Thus, as shown in Figures 1 and 2, importamind xanthan production.
differences in biomass and xanthan production could be Kinetic behaviour of xanthan production in melon AHW,
observed in media supplemented with different concenwas mainly restricted by the uncontrolled variation in the
trations of the same AHW. Generally, an increase in AHWproportion of the growth-limiting nutrient in such a com-
concentration causes higher yields in biomass and xanthgrlex medium. With adequate oxygen and carbon supplies,
synthesis. However, the extent of such increase differganthan synthesis occurs throughout the time course, during
among wastes. This may be due to a different availabilitypoth exponential and stationary phases [18]. As shown in
of sugars released during hydrolysis. Increased waste cofrigure 3, more than 50% of xanthan was obtained after
centrations showed a positive effect on bacterial growtlgrowth ended. Most batch assays are stopped after 5 days
when cultured on tomato, watermelon and cucumber AHWbf culture, since at this time growth usually ceases [20].
(quantitatively in this order). This positive effect was not Our comparative nutritional assays to select waste, concen-
so evident whenX. campestriswas cultured on melon tration and nitrogen supplementation were carried out at
AHW. In these media, growth was affected little by this time. In fact, kinetic studies performed in the optimal
medium selected, demonstrated high xanthan yields at this

Discussion

70 - time. However, even when growth decreased continuous
xanthan production was observed. Higher xanthan values
60 - could probably be achieved in longer culture periods since
xanthan yield did not reach stabilisation or decrease after
2 507 5 days of culture (Figure 3). At this time carbohydrate
s 40 - remaining in the media would be too low to support xan-
I than production, so other carbon compounds present in the
[=4 .
8 30 - acid hydrolysate could probably be used.
E Xanthan composition is affected by the carbon source,
20 - the oxygen availability and the time of recovery from cul-
ture [20]. Changes in culture conditions mainly influence
10 1 acetyl and pyruvyl contents, although molecular mass can
0 also be affected [3,20]. Since culture media composition
Tolal ’ Uronic Acids ' and culture conditions influence not only quantity but also
Carbohydrate Content quality of xanthan, it is important to define the exopolysac-
Content charide composition obtained in different media. Thus, a

Figure 4 Chemical composition of commercial xanthal)(and raw ~ COmparison with Comme_rCia! xanthan was made in this
xanthan obtained throughout this studsg)( study. Data presented in Figure 4 show slightly lower
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chemical component values in raw xanthan than those5 Dekker RFH and GP Candy. 1979. TBemannanases elaborated by
obtained in the commercial product, probably due to the t2h967 gggol)atoge”xamhomo”as campestrisArch Microbiol 122:
fact Fhat raw xanthan was not purified. EXOpOlysaCCha”_deSG Ekateriniadou LV, SV Papoutsopoulou and DA Kyriakidis. 1994. High
obtained from AHW have a brown colour that can derive  production xanthan gum by a strainX&nthomonas campestisnju-
from contaminants of culture media which coprecipitated. gated withLactococcus lactisBiotech Lett 16: 517-522.
The most likely contaminants found in xanthan prep- 7 Fu JF and YH Tseng. 1990. Construction of lactose-utiliztagtho-
arations are charged polymers such as proteins and nucleic ’é‘ﬁ\;}f‘;ﬂﬁgfggﬂ:"gg grl‘;dugcz“é’” of xanthan gum from whey. Appl
acids and water bound to the hygrOSC0p|C_Xanthan mOIe_CUIQB Herbert D, PJ Phipp and RE Strange. 1971. In: Methods in Micro-
[20]. Elemental analyses also reflect this contamination. biology, vol 5B (Norris JR and DW Ribbons, eds), pp 266-269, Aca-
Slight amounts of nitrogen were obtained (about 0.62%) demic Press, London.
which were probably derived from cell surface and extra- 9 Hestrin S. 1949. The reaction of acetylcholine and other carboxylic
cellular proteins such as cellulases [5] secretecKbgam- aqd derivatives with hydroxylamine, and its analytical application. J
. 0 Biol Chem 180: 249-261.
pestris Both the presence of SL”phur (0'35 /0) and the IOWerlO Lopez MJ and A Ramos-Cormenzana. 1996. Xanthan production from
levels of total carbon in raw xanthan, when compared to olive-mill wastewaters. Int Biodet Biodegr 38: 263-270.
the theoretical values of xanthan containing one pyruvylil Meade MJ, JP Nakas and SW Tanenbaum. 1993. Highly viscous poly-
and two acetyl residues per two repeating units (43% SBécfh?]fid? I?fgOIiJFf:egggy3§2terobactersp on a wood hydrolysate.
H H lotechnol Le . —. .

carbon) [20], could be also ascribed to contaminants. 12 Milas M, WF Reed and S Printz. 1996. Conformations and flexibility

The results presented h_ere SU9_995t that AHW COU'O_' S€IVE 4f native and re-natured xanthan in aqueous solutions. Int J Biol Mac-
as a carbon source readily available for xanthan biosyn- romol 18: 211-221.
thesis production. Nevertheless, an optimization of culturel3 Molina O, R Fitzsimons and N Perotti. 1993. Effect of corn steep
media should be made to enhance exopolysaccharide pro- liqguor on xanthan production b)Xanthomonas campestri@iotech
duction. Xanthan yield reache 1.6 g L% in the best con- Lett 15: 495-498.

o . 14 Prell A, J Ladt, J Konicek, M Sobotka and J Sy1995. Growth and
l il il i}
dition (AHW of melon at 1 gL of CarbOhydrate with xanthan production oKanthomonas campestrgepending on the N-

nitrogen supplementation). This amount is very low in COM-  source concentration. Bioproc Eng 13: 289-292.
parison with levels cited from other inexpensive substrates5 Ranirez ME, L Fucikovsky, F GaferJimemez, R Quintero and E Gal-
namely, 12 g L* from citrus waste [1], 14 g t* from whey indo. 1988. Xam_f:n IIJFISIQUCEQ”I gy altehfedl ggthggfgicitwaﬁtm-
-1 ; ; monas campestrisAppl Microbiol Biotechnol 29: 5-10.
[13] or 7.71 g L* from olive oil waste waters [10]. 16 Sloneker JH and DG Orentas. 1962. Pyruvic acid, a unique component
of an exocellular bacterial polysaccharide. Nature 194: 478-479.
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