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ABSTRACT

In sugar production, dextrans are undesirable compounds synthesized by contaminant microorganisms from sucrose,
increasing the viscosity of the flow and reducing industrial recovery, bringing about significant losses. The use of the
dextranase enzyme is the most efficient method for hydrolyzing the dextrans at sugar mills. Some bacterial strains,
filamentous fungi and a small number of yeasts have been shown to produce dextranase. The fungal dextranases
showed the highest reaction rate at low Brix, with pH and temperature close to 5.0 and 50 °C, respectively, that is,
conditions existing in juice extraction. Some of these dextranases formulated in enzymatic preparations have been
efficiently used for hydrolyzing dextrans in sugar mill juices. In more advanced points of the process, where the
dextrans have already caused losses, the conditions of temperature and Brix are high. However, although the
volumes are smaller, the treatment with these enzymes in syrup showed the need to increase the dose, equaling
dextranase consumption. Some thermo tolerant bacterial dextranases identified up to now showed a much reduced
specific activity that makes their industrial use unfeasible. The fungal dextranases from Chaetomium sp. have shown
the best results on dextrans treatment both in juices and syrups. Any attempt to obtain a new natural or recombinant
dextranase enzyme, must be comparable with to the Chaetomium enzyme.
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RESUMEN

La dextranasa a lo largo de la industria azucarera. En la produccién de azucar, las dextranas son compuestos
indeseables sintetizados por microorganismos contaminantes a partir de la sacarosa, que conllevan a pérdidas
significativas al incrementar la viscosidad en los flujos y reducir el recobrado industrial. El empleo de la enzima
dextranasa es el método més eficiente para la hidrélisis de las dextranas en el central azucarero. Se han identificado
cepas de bacterias, hongos filamentosos y menor nUmero de levaduras que producen dextranasa. Las dextranasas
fungicas manifestaron la mayor velocidad de reaccién y encontraron las condiciones mas favorables de reaccién a
bajo Brix, con valores de pH y temperatura préximos a 5.0 y 50 °C, respectivamente, es decir, condiciones existentes
en el procesamiento de jugos. Algunas de estas dextranasas formuladas en preparados enzimdticos se han empleado
para hidrolizar eficientemente las dextranas en los jugos de los centrales. En puntos mds avanzados del proceso
donde ya las dextranas han provocado pérdidas, las condiciones de temperatura y Brix son elevadas. Sin embargo,
aunque los volUmenes a tratar son inferiores, el tratamiento con estas enzimas en meladura mostré la necesidad
de incrementar la dosis llegando a igualar el consumo de dextranasa. Algunas dextranasas termo tolerantes de
bacterias identificadas hasta el momento manifestaron la actividad especifica muy reducida que hace impracticable
su uso industrial. Las dextranasas fungicas de Chaetomium sp. han mostrado los mejores resultados en el tratamiento
de las dextranas tanto en jugos como en meladura. La biusqueda de nuevas dextranasas, ya sean naturales o
recombinantes debe dirigirse a la obtencién de una dextranasa comparable con la enzima de Chaetomium sp.

Palabras claves: Dextranasa, enzimas industriales, aplicacién industrial, dextrana

Introduction

Dextrans are high molecular weight polysaccharides
formed, of at least 50%, by a-1.6 linked glucose units,
with a-1.3 branch linkages and may contain other
branch linkages such asa-1.2 or a-1.4 [1]. Branches
aresignificant inlow molecular weight dextranswhich
in can raise up to 8% [2]. Solubility of dextrans de-
creases asthe proportion of other a linkagesincreases
with respect to the a-1.6 linkages [3].

Dextrans are not normal compounds of sugar cane.
The contents of these polysaccharidesin sugar cane
is very low or aimost zero. They are formed by the
action of the dextransucrose enzyme from contami-
nant microorganisms that home to the plant sap [1]
or that attack it when its cortex is damaged. The
infestation of sugar cane by the insect “borer”
Diatraea saccharalis, and the attack of rodents fa-
vor microbial contamination of the cane in the field

[4]. Leuconostoc mesenteroidesisthelactic acid bac-
terium that mainly attacks sugarcane. The level of
exposure of theinternal tissues of sugar caneincreases
with mechanical cutting, chopping or burning, pro-
voking theinactivation of the phenol oxidase enzymes
which have a protective or anti bacterial actioninthe
plant [1]. Under favorable temperature and humidity
conditions, the dextransucrose hydrolyses the su-
crose, forming dextrans. These dextrans are extracted
in the millsalong with the juices and contaminate the
sugar mill flow, reaching levelsin thejuice exceeding
10 000 ppm (1%) in very extreme cases [5].
Statistics of 5 years in Louisiana, showed that in
60% of the harvest time the contents of dextrans did
not exceed 250 ppm in the juice of whole stalk sugar
cane while the chopped sugar cane exhibited a faster
dextran formation due to a greater exposed stalk area
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and hence, a higher degree of bacterial infection [6].
Additionally, a massive infection with Leuconostoc
and other bacteria of up to six inches from the ex-
tremes of the sugar cane wasreported in chopped sugar
cane two hours after harvesting [7, 8]. In burnt sugar
canearapidincreasein thelevel of dextrans of aimost
ten times was observed from 12 to 48 hours, reaching
3200 ppm [7]. It was also reported that dextran con-
tent in sugar cane that was burnt and left standing in
the field increased rapidly from 280 ppm on the third
day after burning to 2 900 ppm, after one week [1].

Deleterious effects of dextrans in sugar
production

Once dextrans are present in the sugar production
process the viscosity of the solution increases de-
pending on the concentration and the molecular
weight or the polymers formed which may range from
10° to 107 or more [3]. The dextrans of a very high
molecular weight are insoluble, while those of low
mol ecular weight and soluble, are the onesthat cause
more difficulties in the production process [6, 9].

The control of dextrans in the sugar industry is
carried out by the rigorous adjustment between the
burning, when performed, the cutting, mechanical or
manual, and the delivery of the fresh sugar caneto the
mill. Sanitation techniques of the technological equip-
ment with steam every 8 hours during the sugar mill
operation and the use of biocideson the sugar-canein
tandem are also executed [1]. Any delay of over 14
hours in the arrival of the cut sugar cane to the mill
under warm and humid conditions, favorsthe forma-
tion of dextrans [3], which will reach the mills and
enter with the juice into the industrial flow. Dextran
content increases progressively along the processfrom
the dilute juice to the final molasses[1].

The harmful effect of dextrans begins at their for-
mation due to the irreversible sucrose consumption
they produce. A study to evaluate these sucrose losses
showed that the presence of 0.05% dextrans in raw
sugar consumed 0.2 kg/t of sugar or 0.02 kg/t of pro-
cessed sugar cane[1].

Recent studies showed that a L. mesenteroides
strainisolated in asugar mill in Argentina during the
first 6 hoursof culture at 30 °C consumed sucrose at a
rate of 8.46 g/L/h [1]. The sucrose consumption re-
duced with an increase in temperature.

The economic losses caused by dextrans are con-
tinuous throughout the process, since its early con-
tent in thejuicesfalsely increases the amount of sugar
calculated for them and alters the production indica-
tors of the factory. This is due to the dextrorotatory
characteristic of dextransthat polarize approximately
three times more than sucrose producing a high false
Pol value[1]. A study performed by adding standard
dextrans to pure sucrose solutions showed that for
each 180 ppm of the polysaccharide there was amean
increase of polarization of 0.05°S[10].

The high viscosity of the juices and the presence
of high molecular weight dextransin them along with
other insoluble matter cause a blockage of thefilters
provoking juice losses dueto spillsthat are generally
underestimated.

The viscosity of the solution during clarification
reduces the precipitation speed of impurities, forming

scale deposits and decreasing the heating efficiency of
theflow, thereby generally impoverishing the process.
The corresponding juice derived from the deteriorated
sugar canewith more acid pH values, consumed larger
amountsof limefor its neutralization, hence providing
higher turbidity, generating a larger volume of sticky
mud that causes prees filter blockage [3].

The presence of dextrans during evaporation pro-
vokes an increase of scale depositsin the heating sur-
face and hence agreater energy loss. The massecuites
cooking timeisalso increased and their exhaustion is
reduced.

In the crystallizers, the increase of sugar crystalli-
zation time causes the massecuites to become cooler
than normal which increases the already abnormally
high viscosity of the fluid. An increase in washing
time of the centrifugals is needed to get the required
quality of sugar, increasing total centrifuging and pur-
ging time [9]. The raw sugar derived from these
massecuites is sticky and difficult to handle, dry and
pack [1]. Studies confirmed that the quality of the
massecuites significantly affected theyield of the sugar
crystals reducing it to 86% in the case of 755 ppm of
dextrans in massecuites with 84.3% purity [9].

The reduction of the sugar crystallization speed is
specifically expressed in the decrease of crystal growth
speed in the a and b axes. That is, the sugar crystals
aredeformed inthec axis, acquiring an elongated form
with the dextrans occluded in them [3]. Thisso-called
needle-shaped crystal reduces the purging efficiency
of the massecuites in the centrifugals resulting in a
poor separation of crystal and molasses, hence reduc-
ing therefined quality of the sugar [1].

Studies showed that at |ow dextran concentrations,
closeto 10% of them wereincluded in the sugar crys-
tals while the inclusion reached 30% when the syrup
concentration surpassed 5 000 ppm [6, 9].

Raw sugar with dextran concentrations above 250
ppm [5] is subject to payment penalties of the magni-
tude of 0.007% of the price multiplied by the amount
of tons sold. The fine value increases gradualy in
0.002% with the increase in dextran concentration
every 160 ppm, until reaching 0.013% for the con-
tents equal or higher than 1 010 ppm [6].

Studies in Louisiana sugar mills showed that the
sugar contents in the final molasses increased in 0.6
points per 1 000 ppm of dextran in molasses, whichis
equivalent to 250 ppm in mixed juices, generating the
loss of 0.6 pounds (0.272 kg) of sugar per ton of sugar
cane[9].

To this amount of sugar loss we must include the
amount consumed for the formation of the 250 ppm
of dextran: inthe mixed juice, which according to prior
data corresponded to 0.022 pounds (0.01 kg) per ton
of sugar cane. That is, in the presence of 250 ppm of
dextran in the mixed juice atotal of 0.282 kg of sugar
per ton of processed sugar cane was lost, which li-
nearly extrapolated to the presence of 1 000 ppm of
dextran in mixed juice generating aloss of 1.128 kg
of sugar /t cane.

Another study using conservative numbers from
different studies around the world showed that each
0.1% increase of dextran in the juice (1 000 ppm),
resulted in the loss of 8.8 pounds (4 kg) of sugar per
ton of sugar produced without considering the indus-
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trial recovery [5]. This implies the loss of an addi-
tional 0.77 pounds (0.35 kg) of sugar per ton of ground
sugar cane assuming arecovery of 88%.

Another analysisfor determining thelosses of sugar
caused by dextran showed aloss between 7.4 and 8 kg
per ton of ground sugar cane[5].

Other studies at more advanced stages of the pro-
cess showed that for each 300 ppm of dextran in the
syrup the purity of the molasses increased in 1%
[11]. Additionally it was shown that a 1 point risein
final molasses purity was equivalent to the loss of
0.454 kg of sugar per ton of sugar cane processed [8].

The exact data on sugar losses caused by dextran
are very difficult to determine since there are many
influencing factors, starting from the distorted values
of theinitial sucrose contents, the variability between
the methods used to determine dextran content and
even the variation of the criteria assumed when ana-
lyzing this[9].

In general, theresults of all these studies show that
the losses generated by dextran went from 0.35 kg of
sugar per ton of ground sugar cane caused by the pre-
sence of each 1 000 ppm of dextran inthe mixed juice
and reached 8 kg. Whatever the accuracy of this re-
sult, it shows the need to eliminate dextran from the
sugar manufacturing process.

Physical methods such as ultrafiltration, dialysis
and reverse osmosis are very useful for this but are
not yet technologically developed for their economi-
cal applicationinthe sugarcane process[2]. Somehave
been introduced in the sugar industry in the United
States, but with a significant capital cost and the re-
turn on investment has not been demonstrated [5].

The only method applicable today in the sugar
industry is the enzymatic hydrolysis of dextrans.
Dextranase EC 3.2.1.11 (a-D-1,6-glucan-6-glucano-
hydrolase), is the enzyme that hydrolyses the a-1.6
linkages mainly present in the dextran polysaccha-
rides, breaking these bonds to form smaller olygo-
saccharide molecules.

A study at Midland Research Laboratories, Inc., of
Kansas, United States showed that the use of dextra-
nase has an economic value, with the use of the en-
zZyme one can expect at least a minimum improve-
ment of the sugar production cost of about 3.00 USD
per ton of sugar cane [6].

Chronology of the isolation
of dextranase producing
microorganisms

From the beginning, fungi and the bacteriawereiden-
tified as the main enzymatic sources capable of hy-
drolyzing dextrans. In the early 50’ s Japanese resear-
chersidentified Penicilliumlilacinumand Penicillium
funiculosumfungi that produced dextranasein the pre-
sence of dextrans and later in the 60’ s others strains
from Chaetomium gracile and Gibellela funiculosum
fungi [12] were identified. The dextranase from
P. lilacinum showed maximum activity in the pH range
of 5.0to 5.5 and its between 53 and 60 °C [13].
After an extensive search that continued in Japan
during the 70’ s the Aspergillius carneus fungus strain
that accumulates the enzyme when cultured in dex-
trans and another from the Penicillium luteum were
identified [12]. Both were characterized in detail. The

pure enzyme of the P. luteum showed its maximum
activity in pH of 4.0 to 6.0 and 50 °C. The dextranase
from P. funiculosum also purified and characterized
showed amaximum activity at pH 6.0 and it wasinac-
tivated rapidly when submitted to temperatures above
40°C[14].

Until then there were few dextranase producing bac-
teriaidentified among which were strains of Lactoba-
cillus bifidus, two species of Bacillus and intestinal
bacteria identified during the 50’s. The dextranase of
the Brevibacterium fuscum var. dextranlyticum, pu-
blished in 1974 by Japanese researchers presented to-
tally different characteristics from those already stu-
died with maximum activity in the range of pH from
7.0to 7.5 and stable from pH 5.0t0 11.0[15]. Around
this period, in isolations performed in dental plates,
the dextranase producing bacterial strains Fusobacte-
rium fusiforme, Actinomyces israeli, Bacteroides
ochraceus and Streptococcus mutants[16] were found.
The dextranase from Streptococcus mutants presented
the optimum pH at 5.5 and 37 °C.

The next reports of new dextranase producers in-
duced by dextran were made in 1975 by American
researchersinthefungal strainsFusariumminiliforme,
Fusarium oxysporum, Fusarium roseum and Penici-
Ilium roqueforii [17]. The dextranase from Fusarium
miniliforme showed optimum pH of 5.5, and 55 °C and
became totally inactive after 15 minutes of exposure
to 80 °C and pH 6.0 [18].

In 1978 the identification of a dextranase produ-
cing strain of Flavobacteriumsp. M-73 was published
and was later characterized [19]. The enzyme was
stable in the pH range of 6.5 to 12.0 with the opti-
mum activity at pH 7.0 and 35 °C.

In 1981 Japanese researchers at the Sankyo com-
pany published the characterization of the dextranases
produced by the fungus strain Chaetomium gracile
isolated in the 60’ s[20]. The two enzymes identified
were stablein awide pH range from 5.5 to 11.0, with
the optimum activity at pH 5.5, and 65 °C and very
stable at temperatures below this.

Among the dextranasesidentified and characterized
from bacteria and fungi in these early days, the one
from C. gracile tolerated the highest temperature and
had the capacity to functionin avery wide pH profile.

Thefirst report of a dextranase produced by yeast,
specifically by a strain of Lipomyces starkeyi in the
presence of dextran, was performed in 1983 and after-
wards researchers from the University of Louisiana,
obtained amutant of this strain that produced dextra-
nase in the presence of glucose as a cheaper substrate
[21]. The enzyme produced was stable in a pH ran-
ging from 2.5 to 7.0 and reached maximum activity at
pH 5.0 and 55 °C.

In 1984, Indian researchers published the dextra-
nase secreted by the fungus strain of Penicillium
aculeatum[22]. For thefirst time, the significance of
the application of the dextranase in the sugarcane
industry was pointed out. The enzyme was very
stable when raw with maximum activity in the pH
range from 4.5 to 5.6 and 50 °C.

In 1984 Soviet researchers, published studies per-
formed with new dextranases from strains of Peni-
cilliumpiscarium, Aspergillusinsuetus and Aspergi-
[liusustus[23].
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From then on publications of theisolation and char-
acterization of dextranases from diverse sources of
fungi and bacteriaand their evaluation in the hydroly-
sis of the polysaccharides both in the oral cavity and
in the sugarcane process continued.

In 1986, American researchers reported the isola-
tion from the oral cavity of the dextranase producing
strain of Streptococcus sobrinus, with the objective, of
obtaining the purified enzyme asan immunogen against
the oral Streptococci that causes dental caries.

In 1987 Nigerian researchers published the pro-
duction of dextranase by atoxigenic fungus strain of
Aspergillus clavatus, found in poultry feed [24].

Studies in Cuba isolated dextranase producing
strainsidentified as Penicillium funiculosumand Peni-
cillium purpurogenum [25 and 26]. The later charac-
terization of the strain of P. funiculosumprovided its
reidentification as Penicillium minioluteum[27]. The
enzyme produced by this fungus in the presence of
dextranase had maximum activity at pH 4.5 to 5.0
and 35°C [28].

In 1988 Japanese researchers reported the produc-
tion of dextranaseby astrain of Arthrobacter globiformis
that presented mild thermo tol erance maintaining 20%
of the enzymatic activity at 70 °C [29]. This was the
first report made of a bacterial dextranase that tole-
rated temperatures above 40 °C.

The techniques of genetic recombination already
availablein the decade of the 80" swere applied inthis
field. The first report of a recombinant dextranase
was performed in 1991 by researchers of the Medical
School of the University of Floridain referenceto the
expression of the gene of Sreptococcus salivarisin
Escherichiacoli [30].

Following thisisin 1993, Japaneseresearcherspubli-
shed the expression of a dextranase of the strain CB-8
of Arthrobacter sp. in the bacteria of the oral environ-
ment, Streptococcus gordinii, with the objective of u-
sing it for the preventive therapy of caries [31].

Rapid development of molecular biology in Cuba
lead researchersfrom the Center for Genetic Enginee-
ring and Biotechnology in 1993 to obtain a strain of
the methylotrophic yeast Pichia pastoris that ex-
pressed the gene of the fungus Penicillium miniuloteum
and secreted high level s of the active recombinant dex-
tranase to the culture media[32]. This constituted the
first yeast producing recombinant dextranase. The en-
zymeincreased the value of the optimum temperature
to 57 °C with respect to the natural dextranase from
the same fungus but similarly in both dextranases, at
temperatures above the optimum the enzymatic ac-
tivity falls drastically. The pH range of maximum ac-
tivity remained between 4.0 and 5.0.

In 1994 Japanese researchers published theintrace-
llular expression in E. coli of the dextranase of
Arthrobacter globiformis [33] and American resear-
chers the expression in the same host of the dextra-
nase from Streptococcus sobrinus[34]. The recombi-
nant enzyme of S. sobrinus presented aspecific activity
of 4 000 U/mg of protein and the maximum activity
was reached at pH 5.3 and 39 °C.

In spite of the appearance of recombinant dextra-
nases, theidentification of dextran producing strains
continued. In 1994, Polish researchers published the
isolation of astrain of the fungus Penicilliumnotatum

23

as anew source of the enzyme [35]. The dextranase
produced by it showed to be relatively stablein the
raw stage and reached a maximum activity at pH 5.0
and 50 °C.

The work on bacterial gene expression coding for
dextranase continued in Japan during 1995 and thein-
tracellular expression in E. coli of the Streptoccoccus
mutans enzyme was published [36].

Between the years 1995 and 1997 ingenious work
performed in Australiaon the selection of dextranase
enzyme sources tolerating higher temperatures [37]
were reported. Four strains were isolated that pro-
duced dextranase with optimum temperatures above
60 °C and optimum pH in the range of 5.0 to 5.5, but
unlike the dextranases known until then they pre-
sented very low specific activity, below 0.7 U/mg of
proteins, that is, three orders lower with respect to
that of Chaetomium gracile. The characterization of
one of the isolated strains included it in the
Thermoanaerobacter genus as the closest phyloge-
netic relation, with 98.8% homology at the RNAr
level with the Thermoanaerobacter wiegelii [38]. The
dextranase of this strain reached maximum activity at
pH 5.5 and 70 °C. Another sample isolated was in-
cluded in the same genus of the Thermoanaer obacter
and produced dextranase that exhibited maximum ac-
tivity at the pH range of 4.5t0 5.5 and 80 °C, whilein
the crude stage the temperature was 85 °C [39]. The
dextranases produced by these Thermoanaer obacter
are until today those with the greatest thermal tole-
rance compared to both the natural ones derived from
fungi, yeast and bacteria and the recombinant ones.

Asaconsequence of the continued recombination
studies, in 1995 researchers from the University of
Osaka published the expression of dextranase in the
bacteria of the oral environment Streptoccoccus
salivarius [40]. In 1997 Canadian researchers pu-
blished, the construction of the recombinant library
of the gene codifying for the dextranase of the Strep-
tococcus suis performed in phage [41].

In 1998 Japanese researchers showed the produc-
tion of dextranase by the Gram negative bacteria of
the oral environment Capnocytophaga ochracea,
Capnocytophaga sputigena, Prevotella loescheii,
Prevotella melaninogenica and Prevotellaoralis[42],
and Canadian researchers published the observation
of the synthesis of dextranase in the dimorphus and
pathogeni ¢ fungus Spor othrix schenkii, during theyeast
type phase of the cells[43]. Thislast enzyme showed
pH 5.0 as the optimum value for maximum activity.

In 1999 Japanese researchers published the expre-
ssionin E. coli of the dextranases of another strain of
Arthrobacter globiformis [44] and of Brevibacterium
fuscumvar. dextranlyticum[45].

Thework of Danish researchers concerning the clo-
ning of the DNA fragment of the fungus Paecilomyces
lilacinum coding for the dextranase enzyme in diffe-
rent species of filamentous fungi belonging to the ge-
nus Aspergillus, Fusarium and Gribberella was pu-
blished inthe year 2000 [46]. The optimum temperature
of the recombinant enzyme was 60 °C, not different
from the natural enzyme produced by theP. lilacinum.

From here on the search continued for new dextra-
nase sources that would provide enzymes with cha-
racteristics for new uses. Thusin the year 2001 Ger-
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man researchers published the isolation of astrain of
the thermophylic, Gram positive and strictly anaero-
bic dextranase producing bacteria Thermoanae-
robacterium thermosaccharolyticum [47]. The en-
zyme showed maximum activity at pH 5.5 and
between 65 and 70 °C.

In 2003 American researchers published theisola-
tion of the strain of Streptomyces anulatus that pro-
duced two alkalinetolerant dextranases during growth
in dextrans [48]. The enzymes produced had a pH
tolerance range between 5.0 and 9.5, with an optimum
temperature of 40 °C for one and of 50 °C for the
other, while the optimum pH was 7.0 for both. These
characteristics focused the enzymes to be use in the
formulation of detergents.

Table 1 summarizes the main characteristics of
some dextranases. The difference in the optimum pH
range and temperature among them with respect to
the source of originisevident. |n the case of the ones
derived from fungi, the optimum pH valuesin general
areslightly acid and in case of the ones derived from
bacteria, the optimum pH values are closer to the
neutral range. As exceptions the enzymes of the fun-
gus Chaetomium gracile maintain their optimum ac-
tivity at a wide range of pH from 5.5 to 11.0 and
those of the bacteria of the genus Thermoanaero-
bacter, have an optimum value at a pH close to 5.5,
similar to fungi derived enzymes.

The optimum temperaturein general in dextranases
from fungi range from 50-60 °C, dlightly higher than
those from bacteria that average 40 °C, again the ex-
ceptions are those derived from thermal tolerant bac-
terial strain of the genus Thermoanaerobacter, that
surpass 65 °C and one of the enzymes of the fungus
Chaetomiumgracile, at 65 °C.

With respect to recombinant enzymes, the behavior
of the optimum temperature and pH values were re-
ported to be similar to the natural enzymesin the case
of the dextranases derived from Paecilomyceslilacinum
expressed in different fungi hosts but the enzyme from
the Penicillium minioloteum expressed in Pichia
pastorisyeast, as mentioned before, increasedin opti-
mum temperature from 35 to 57 °C and extended its
pH range from to 4.0 to 5.0.

Dextranase epzqufic preparations
for the sugar industry

The use of dextranases in the sugar industry was
suggested by Tilbury more than 30 years ago, when
the enzyme was only studied for the preparations
of medicinal dextrans used as substitutes for blood
plasma and more recently in tooth paste formula-
tions to hydrolyze the dextrans present in the den-
tal surfaces.

Since 1972 when Inkerman and James presented
their results of the use of dextranase to improve the
deteriorated sugar cane process in sugar mills of
Queensland [49], several enzymatic preparation of
dextranase had been available in the market, different
companies had produced them and few had been the
microbial source used. In these initial studies of its
industrial application the enzymatic preparation of
Glucanase D-1, produced by the Phizer Chemicals
company was used for hydrolyses in mixed juices
with a high concentration of dextrans.

Table 1. Optimum pH and temperature values of dextranases synthesized by different

microorganisms

Dextranases Source Optimum Value
pH Temperature
Natural Fungi Penicillium lilacinum [13] 5.0-5.5 53-60 °C
Penicillium luteum [12] 4.0-6.0 50 °C
Penicillium funiculosum [14] 6.0 NR
Penicillium aculeatum [22] 4.5-5.6 50 °C
Penicillium minioluteum [28] 4.5-5.0 35°C
Penicillium notatum [35] 5.0 50 °C
Chaetomium gracile (two 5.5.11.0 55y 65 °C
enzymes) [20]
Fusarium miniliforme [18] 5.5 55°C
Sporothrix schenkii [43] 5.0 NR
Bacteria Brevibacterium fuscum var.
Dextranlyticum [15] 7.0-7.5 NR
Streptococcus mutans [16] 5.5 37 °C
Streptomyces anulatus (two o
enzymes) [48] 7.0 40y50°C
Flavobacterium sp. M-73 [19] 7.0 35°C
Thermoanaerobacter wiegelii 5.5 70 °C
[38]
Strain of o
Thermoanaerobacter [39] 4.5-55 80°C
Thermoanaerobacterium °
thermosaccharolyticum [47] 55 65-70°C
Yeast Lipomyces starkeyi [21] 5.0 55°C
Recombinant Fungi Paecilomyces lilacinum in
Aspergillus, Fusarium and NR 60 °C
Gribberella [46]
Penicillium miniuloteum in °
Pichia pastoris [32] 4.0-5.0 57°C
Bacteria Streptococcus sobrinus in 5.3 39 oC

Escherichia coli [34]

NR: Not reported

During the 80’ sthe companies producing industrial
enzymes started to produce preparations of dextra-
nases to be used in the sugar manufacturing process.

In 1986 the enzymatic preparation Dextranex, pro-
duced by the American company Miles Laboratories
appeared in the market. It was derived from astrain of
Chaetomiumsp. [32]. This preparation was proposed
for its use in the sugar industry however there is no
published information available about its use.

Among thefirst commercially launched dextranase
enzymatic preparations was aso the DN 25 L and
later the DN 50 L, both from the Danish company
Novo Nordisk A/S, produced from a strain of Penici-
Iliumlilacinum([13], renamed as Paecilomyceslilacinum
in the enzymatic preparation Dextranase 50 L.

None of the enzymatic preparations from Novo
Nordisk A/S obtained the approval for safeuse (GRAS)
by the regulatory agency of the United States, the food
and drug administration (FDA) and could not be com-
mercialized in that country, loosing its markets.

In the specifications of the enzymatic prepara-
tionsDN 25 L and DN 50 L from Novo Nordisk A/S
the advantages of the dosagein juices or syrupswere
not differentiated suggesting they could be used in
any case while always keeping the temperature be-
tween 50-60 °C and the pH between 5 and 6 [13].
The enzymatic preparation Dextranase 50 L, accor-
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ding to the data availabl e suggested it should be used
specifically to hydrolyze the dextrans in the juices.

The isolation of the strain of Penicillium minio-
luteum as a source of active dextranase under indus-
trial conditions of temperature and pH performed in
Cuba, allowed the researchersto obtain an enzymatic
preparation in 1988 that was used for several yearsin
different sugar mills of the country [27].

The development of the production processin Pichia
pastoris of therecombinant dextranase of P. minioluteum
performed by Cuban researchers concluded in the for-
mulation of the enzymatic preparation Hebertec-Dex-
tranase, which was used for industrial application stu-
dies in different sugar mills in the country between
1995-1999.

In laboratory studies at 50 °C and pH 5.0, with an
initial concentration of dextrans equal to 1 500 ppmin
the presence of 15% sucrose showed that the dose of
16 ppm of Hebertec-Dextranase hydrolyzed 90% of
the polysaccharide in 10 minutes. The treatment of
higher concentrations of dextrans under the same con-
ditions had a lower level of hydrolysis. It was also
observed that the reduction of the reaction temperature
to0 35°C caused adecrease of thehydrolysisleve reaching
90% for aninitial concentration of dextrans of 500 ppm.
Theindustria studiesperformedinjuiceat adose of 16
ppm of thisenzymatic preparation with areaction time
of 10 minutes provided a hydrolysis of 85% of the 1
600 ppm of dextrans present in juices.

With the advanced techniques of molecular bio-
logy several research groups worked to improve the
enzymatic preparations of dextranase availablefrom
the companies manufacturing industrial enzymes
continued but there are no reports demonstrating that
another recombinant dextranase preparation has been
developed.

Thework at the Novo Nordisk A/S laboratories of
the expression of the gene coding for the dextranase
of the fungusPaecilomyceslilacinumin different fila-
mentous fungi did not end in the development of a
new enzymatic preparation applicable to the sugar
industry, although it did produce a patent for its use
in tooth paste preparations [46].

The enzyme produced by the fungus Chaetomium
gracile characterized by the Sankyo company, was
used in industrial studies of the hydrolysis of dex-
trans performed in sugar millsin Australia and was
formulated in an enzymatic preparation produced
by the American company Genencor with the brand
name Dextranex™. It was evaluated in studies in
L ouisiana during the harvests of 1996 and 1997 [11].

In 1999, the Sankyo company obtained GRAS ap-
proval issued by the FDA for the dextranase enzyme
produced by the Chaetomiumgracile[50]. In spite of
the scarce information available of the enzymatic
preparation Dextranase® produced with this fungus,
Sankyo began its exportation to refiners of Europe
and the United States in the fiscal years 2000 and
2001 [51, 52].

During the year 2002 a new enzymatic preparation
appeared in the market, Dextranase PlusL from Novo
Nordisk A/S, with improved characteristics having a
thermal stability at up to 85 °C and awider pH range
between 3 and 7, produced from the fungus
Chaetomiumerraticum[53].

25

The characteristics of the enzyme and the source
microorganism that were reported for the enzymatic
preparation Dextranase Plus L, were similar to the
Dextranase L offered in the market since 1998 by the
Japanese company Amano [54]. This preparation
Dextranase L was declared for use both in the juice
and syrup at a dose ten times higher 50 and 100 mL
per ton of syrup treated with the reaction time in the
range of 30 to 60 minutes, three times|onger than the
time proposed for the treatment of the juice.

The enzymatic preparation Dextranase PlusL from
Novo Nordisk A/S did define its specific use for the
juice or syrup, extending the possibility of its usein
the presence of higher temperatures dueto the thermo
tolerance.

Talozyme D is an enzymatic preparation that ap-
peared in Internet in 2002. It was recommended for
useinjuiceswith pH in therange of 5to 7, and 50 to
60 °C, but the enzymatic source was not reported [55] .

Since the use of dextranases in the sugar industry
was identified, the manufacturing companies the en-
zymatic preparations made available with prices that
for approximately 20 years, were of about 30 000 USD
per ton. This high price was based on the benefit ge-
nerated by its use need to avoid on excess level of
dextransin the sugar crystals above the refiners admi-
ssiblevalue.

Although the enzymatic preparations were avai-
labletheir high pricedid not allow their generalization
in the sugar industry. Unfortunately, there are not
many industrial application results published and
many important judgments that could have been pro-
vided by sugar experts were silenced, and the only
criteriawere those of the will of the manufacturers of
the enzymatic preparations.

Enzymatic treatment of juices

From the economic point of view it was considered
sufficient to hydrolyze two thirds of the dextrans present
in the process and it was argued that this was able to
provide a formidable economic improvement of sugar
production [49]. It was assumed that the consumption
of alarger amount of enzyme would only generate un-
recoverable expenses.

The pioneer studies performed with the enzymatic
preparation Glucanase D-1 in Australia, which did
not specify the dose used, reported the hydrolysis of
70% of the dextrans present in the juice with the lo-
west dose [49]. It was concluded that the complete
elimination of dextranswas not essential for high eco-
nomic advantages in the application of the enzyme.

The preliminary work with the dextranase from P.
aculeatum in juices extracted from different parts of
the sugar cane harvested under diverse conditions
showed that the enzyme was especially useful in the
case of critical state of the production process and
when the sour cane was supplied [56]. They also indi-
cated that prolonged reaction timesand low Brix were
favorable conditionsfor enzymatic hydrolysisand sug-
gested the enzyme should be added as soon aspossible
in the process in the mills or during evaporation.

Thecriteriaof calculating the dextranase dosefor a
needed hydrolysis level was first published in the
manuals of the enzymatic preparations DN 25 L and
DN 50 L from Novo Nordisk A/S[13].
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A very important factor considered to favor the
hydrolysiswasthe establishment of the residencetime
of the enzyme that in the case of juice ranged between
10-15 minutes[11].

During the harvests of 1996 and 1997 in Louisiana
studies of theindustrial application of the Dextranex™
preparation, dosed in mixed juice at arate of 6 g/t of
juice, with areaction time of 12-15 minuteswere done
[11]. A reduction of the dextran |evels between 50 and
85% resulted, also areduction in viscosity inthe pans,
adecreasein purity of the molassesto normal values
and the decrease of the dextran contentsin sugar crys-
tals from 3 200 to 630-780 ppm.

Recently, the prices of the enzymatic preparations
available decreased amost eight times[7]. Thecriteria
of only hydrolyzing two thirds of the dextrans changed
and the objective of achieving alarger amount of hy-
drolysis was retaken. Nevertheless, the conclusion
about the use of the enzyme only of high dextran
levelsin the processdid remain valid [56].

The Audubon Sugar Institute reported that during
the year 2002 dextranase was used in all the sugar
mills of Louisianawhen it was required [57].

Enzymatic treatment of syrups

The experimental results showed that with the in-
crease of the sugar concentration in the solution to
65 °Brix, the dextranase enzymes produced by the
fungi Chaetomiumgracileand C. erraticum, increased
their thermal stability up to 85 °C, but as a negative
aspect, the increase in Brix reduced the hydrolysis
rate of the dextrans [53, 54]. In the presence of a
sugar concentration of 60 °Brix the enzymatic acti-
vity was reduced between 30-40% [1].

Theresult obtained from anincreasein thermd tole-
rance of dextranase stimulated the interest of resear-
chers to reevaluate its use in syrup and molasses with
themain objective of reducing the enzyme consumption
when applying it in the lower volume processing sites.

Treatments in Australia showed that the viscosity
in the B molasses with high dextran contents was
reduced 20% as a result of enzymatic hydrolysisin
the advanced stages of the process [1].

A trial in Louisiana, the supply of Dextranex™
preparation in the 4" (last) evaporator at 85 °C and 65
%Brix [11], although the dose used was not reported,
the dextran levels in the syrup was reduced between
70-75% and in A molasses by 20-60% while the con-
tents of dextransin sugar fell from 2 450 to 780 ppm.
It was a so reported that studies on theindustrial appli-
cation in the sugar mill of Alma Plantation provided
similar results[7].

To reach a satisfactory level of dextran hydrolysis,
with this enzyme that showed increased thermal tole-
rance, in sites of the process after that the evaporators,
it was necessary to correct the dose due to the loss of
activity caused by the high Brix. As aresult, the dose
per unit volumeincreased up to six times, equaled the
daily consumption of the enzyme and thus did not
decrease the cost of the enzymatic treatment [7].

This eliminated the possibility of economizing the
enzymatic preparation used the process where the
reduction of the volume of the material treated com-
bines higher concentrations of sugar with an increase
in temperature.

Studies in Cuba with the enzymatic preparation of
natural dextranase from the fungus Penicillium
minioluteumindicated the need of increasing the dose
6 and 50 times to treat the syrup and B molasses
respectively as well as doubling the reaction time of
thejuice[58].

It was al so determined that the recombinant dextra-
nase enzymatic preparation Hebertec-Dextranase in-
creased itsthermal tolerance with the increase in Brix
in the solution treated. The residual activity of the
enzyme was of 85%, after being submitted in the pre-
sence of 65 °Brix, to 65°C, for 30 minutes. Theevalua-
tion of the recombinant enzyme in sucrose solutions
with higher Brix required a higher consumption of the
enzyme, the same as was obtained for the natural en-
zyme. Laboratory studies showed that 160 ppm of the
Hebetec-Dextranase hydrolyzed 80% of the 1500 ppm
of dextransin the presence of 60% sucrose, in 15 mi-
nutes of reaction at 65 °C at pH 6.0. For higher initial
dextran concentration, the hydrolysis was lower.

Other attempt at moving the use of the dextranase
to the later stages of the process are in the works
promoting the use of biocide products [59]. The im-
portant function carried out by the enzymein the pro-
duction process does not contradict the use of bio-
cides, but complementsit, to achieve the recovery of
al the sugar present. The earlier the viscosity is re-
duced in the process, the larger the amount of sugar
that will be recovered and thus less economic losses
will be generated. Even with the use of biocides in
tandem and thus the absence of bacterial contamina-
tion in the mills, the dextrans can be formed in the
sugar cane during its transportation to the sugar mill
due to unavoidable climatic factors, for example, and
thus cause the disastrous effect on the process that is
only eliminated by the action of dextranase at the be-
ginning of the process. The situation in dextrans has
worsened in recent yearsin South Africacompared to
historical data[2].

Differing from the immediate application of the
enzymatic preparation in the juices, when the dose is
applied later in the process, the previous stages have
aready had perturbations generated by the elevated
viscosity. Thus, the economic losses, as well as the
initial losses suffered by the sucrose hydrolyzed to
dextrans have to be added to the total cost of the
enzymatic treatment. Thus, enzymatic treatment in
advanced stages of the process makes it more expen-
siveandisonly justified in the case when the dextrans
unavoidably reaches the pans. In this case, the effect
of its direct addition at that point is obtained earlier
than if the dose is applied to the juice.

This aspect of the ideal application point of the
enzyme is hardly discussed in literature. These only
mention the site used without a comparative analysis.
The most explicative information on this aspect was
given by the Audubdn Sugar Institutein arecent report
in which they affirmed that the most effective site for
adding theenzymewasinthemills[57]. It referred that
at that point the conditions of temperature, pH and
hydration were such that allowed arapid action of the
enzyme. The treatment of syrup and molasses was
referred as asecondary point for the application, which
is very useful in case of recycling sugar C with high
dextran contents.
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Recent reports of laboratory studies to establish
the favorable reaction conditions for three different
dextranases: the preparations from Novo Nordisk A/S
Dextranase 50 L (P. lilacinum) and Dextranase Plus L
(C. erraticum) and from Genencor Dextranex L-4 000
(C. gracile) [2], indicated the possibility of the usein
the syrup at 60 °C of both enzymes deriving from
Chaetomium sp., with the readjustment of the dose
due to the increase in Brix and the temperature sug-
gested by the manufacturers. However, at 70 °C, the
dose hasto bedoubled and it isnot considered feasible
under those conditions.

In general there is insufficient data published on
the economic effect of the use of dextranases in the
treatment of juices at the early stagesin the mills, as
well asin the syrups or molassesin the later stages of
the process. What is evident is that the irreversible
losses of the sugar converted to dextrans and the losses
in the sites prior to enzymatic treatment, wherever it
was performed, are unrecoverable and must be con-
sidered in the strict estimations.

As aresult of their analysis performed years ago,
Cuban researchers proposed the possibility of using
dextranase for the recovery of 0.8 kg of sugar per ton
of ground sugar cane by decreasing the purity in the
final molassesin 8% during the 30 most rainy days of
the harvest [60]. According to all the above analysis,
for the exact calculation of cost effectivenessintheuse
of dextranase it is necessary to subtract from the re-
covered sugar, the cost of the enzymatic preparation
consumed, the amount of sugar lossesincurred dueto
the conversion to dextrans and the spills, aswell as, a
correction of the initial contents of sugar in the juice
by usingthe readjusting factor of the false Pol.

The approximate cost of the use of the enzymatic
preparation in the present conditions, that is, with the
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price of the ton of the enzymatic preparation being
approximately 3 500 USD, the dose used in juice of
16 ppm that hydrolyzes 90% of up to 1 600 ppm of
dextrans present and that achieves arecovery of 0.8 kg
sugar per ton of grinded cane affected by dextrans,
shows more attractive results. Additionally conside-
ring that the amount of juice generated per ton of sugar
caneisapproximately of 1.075 ms, thismeansthat for
each ton of sugar canetreated, 14.88 ppm of the enzy-
matic preparation will be applied and assuming that it
will have adensity of 1 g/mL, its costs correspondsto
0.052 USD. Moreover, the value of the amount of su-
gar recovered, assuming the price per pound in the
market at 0.05 USD, is of 0.088 USD. Thus the eco-
nomic effect of the use of the enzymein thejuicefrom
theinitial stage of the process, given asthe correlation
of the money recovered in sugar with the expense in
the enzymatic preparation, isapproximately 1.7 times.
Added to thisis the savings by not paying the penal-
ties. In addition, it is also very important to consider
the blockages and shutdowns avoi ded which converge
in the stability of sugar mill productivity.

According to the data presented in this study, it is
not the same if the doses of the enzymatic prepara-
tion are applied in advanced points of the process,
where other losses already mentioned unavoidably
occur due to the action of the dextrans, besides nee-
ding a dose ten times higher for the treatment.
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