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The dextran molecular mass distribution profile in 77 sugar samples from Brazil and twelve insoluble
deposits (alcoholic flocks) samples from sugared cachaças (Brazilian sugar cane spirit) is described in
terms of number-average molecular mass Mn, weight-average molecular mass Mw, Z-average molecular
mass Mz, and polydispersity. The analyses were performed by size-exclusion chromatography, using a
refractive index detector. In most of the sugar samples, it was possible to identify two major groups of
dextrans with Mw averages of 5 � 106 and 5 � 104 Da. Based on the evaluated parameters, the dextran
distribution profile is about the same in samples analyzed over five seasons, and, therefore, it is likely that
the Brazilian product pattern will not change very much over the years. In insoluble deposits from sug-
ared cachaças, dextrans with Mw values in the order of the 105 Da were the most frequent ones, being
present in 58% of the samples.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Brazilian sugar production in the 2006/2007 crop season was
approximately 30.7 million tons, and the Brazilian southeast region
accounted for 26.4 million tons. São Paulo state, which is located in
the southeast, accounts for about 70% of the production of its re-
gion. The Brazilian northeast region accounts for the remaining
4.3 million tons (Rocha, 2007; Brasil – Ministério da Agricultura,
Pecuária e Abastecimento, 2008). The ethanol production in the
same period was about 22.2 � 109 m3; and 91.1% of production
was in the southeast.

Brazilian sugar cane spirit, which is commonly known as cach-
aça, is the third most abundant industrial product from sugar cane
with an estimated production of 2 � 109 l per year. It is only over-
come by vodka and soju productions (Aquino, Boso, Cardoso, &
Franco, 2008). At this time, less than 20 million litres of cachaça
are exported per year (Aquino et al., 2008; Fernandes et al., 2007).

Today, Brazil is the world’s largest sugar cane producer and ex-
porter, respectively accounting for 13% and 45% of the world’s pro-
duction and exportation (ISO – International Sugar Organization,
2007; Rocha, 2007). Brazil is also the largest sugar consumer, with
an average per capita consumption of 59.4 ± 0.2 kilogrammes with-
in the period 2004 to 2006 (ISO – International Sugar Organization,
2007). Food manufacturers, including those that produce carbon-
ated drinks, chocolate, ice cream, and the like, account for approx-
ll rights reserved.
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imately 35–45% of the sugar consumption, while domestic use
accounts for the remaining 55–65% (Bolling & Suarez, 2001).

Considering Brazil’s large territorial area, the suitable climate
for sugar cane production, the accumulated knowledge of sugar
cane cultivation, the development of new sugar cane varieties,
and the fact that crops are continuously harvested over the year
(from April to November in the southeast, and from September
to March in the northeast), Brazil is enhancing its production and
exportation potential in sugar and sugar cane derivates (Bolling
& Suarez, 2001; Baldani, Reis, Baldani, & Döbereiner, 2002; Rocha
2007). Therefore, strict quality policies to control sugar cane and
its products should be rigorously followed and improved, when-
ever possible.

The quality of the sugar cane crops supplying the factories is a
critical point in production costs and product quality (Eggleston,
Legendre, & Tew, 2004; Rauh, Cuddihy, Falgout, & Marquette,
2003). In sugar cane juices, compounds, such as mannitol and iso-
maltooligosaccharides (Eggleston & Harper, 2006; Eggleston et al.,
2004), were suggested as chemical indicators of cane degradation,
and, consequently, they have been used to predict and control pro-
cessing problems in sugar production plants. However, in Brazil,
dextran is the most common contaminant indicator used for qual-
ity control purposes in the sugar cane industry (Oliveira, Rinaldi,
Tamanini, Voll, & Hauly, 2002).

Dextran (C6H10O5)n is synthesized from sucrose by dextransu-
crase enzymes which are excreted by microorganisms such as
Streptococcus, Lactobacillus and Leuconostoc mesenteroides, the last
of these being the predominant species in sugar cane fields. The
glucose monomers are predominantly linked by a(1,6) bonds in
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their major chains with a variable percentage of a(1,3) and occa-
sional a(1,2) or a(1,4) branched linkages (Naessens, Cerdobbel,
Soetaert, & Vandamme, 2005). The presence of dextran is associ-
ated with operational problems in sugar mills (Jiménez, 2005; Kha-
likova, Susi, & Korpela, 2005; Rauh et al., 2003; Ravno & Purchase,
2006), and with spoilage in other food industries, such as candy
and chocolate manufacture (Edye, 2004; Haynes, Zhou, & Hopkins,
2004; Ravno & Purchase, 2006). Furthermore, since sugar cane is
used as a sweetener in alcoholic and soft drinks, the presence of
dextran could lead to the formation of haze and precipitations
(Edye, 2004; Rodrigues-Filho et al., 2007).

Despite the relevance of the problems caused by the presence of
dextrans in sugar in the food and beverage industries, the dextran
molecular mass distribution profile in Brazilian processed sugar
has not yet been reported. Aiming to contribute to the development
of sugar cane technology, we present here the dextran molecular
mass distribution profile in Brazilian sugar and isolated insoluble
deposits (alcoholic flocks) from sugared cachaças in terms of num-
ber-average molecular mass Mn, weight-average molecular mass
Mw, Z-average molecular mass Mz, and polydispersity (Mw/Mn)
(Chmelík, Chmelíková, & Novotny, 1997; Karmarkar, Garber, Klusa,
& Koberda, 2006; Kostanski, Keller, & Hamielec, 2004).
2. Materials and methods

2.1. Samples

A general picture of the dextran molecular mass distribution
profile was obtained for the 2006/2007 season by analyzing 25 su-
gar samples from São Paulo (SP) state, which is the largest pro-
ducer in the southeast (responsible for 70% of the production in
its region), and twelve sugar samples from the northeast. The pro-
duction sites in São Paulo state and their respective number of
samples were: Catanduva (6), Jaboticabal (4), Sertãozinho (2),
Quatá (2), Rincão (2), Lençóis Paulista (2), Ribeirão Preto (2), São
Carlos (1), Araras (1), Cerquilho (1), Itapira (1), Mococa (1). The
samples were provided by Centro de Tecnologia Canavieira – CTC
(Piracicaba, SP). The providers of sugar samples from the northeast,
which are sugar mills, and their production sites are: Alteza I (Ipoj-
uca, PE), Alteza II (Rio Formoso, PE), Caeté (São Miguel dos Campos,
AL), Coruripe cristal (Coruripe, AL), Coruripe demerara (Coruripe,
AL), Estrela (Arês, RN), Titara (São Luiz do Quitunde, AL), Sublime
(Primavera, PE), Coceal (Vitória da Conquista, BA), Singular (Alvora-
da, BA), and Padin (Itabuna, BA). Regarding the samples from the
northeast, all the sugar mills provided one sugar sample, except
for Caeté, which provided two sugar samples.

The possible variations in the dextran molecular weight distri-
bution profile in sugar samples during four consecutives cane crops
(seasons 1997/1998, 1998/1999, 1999/2000, 2000/2001), were
evaluated in an additional forty samples, which were collected
from ten representative sugar mills in the southeast region. These
sugar samples from the producers listed were supplied and certi-
fied by the Instituto de Tecnologia de Alimentos – ITAL (Campinas,
SP). The producers were: Alvorada (Araporã, MG), Cresciumal
(Leme, SP), Da Pedra (Descalvado, SP), Ipiranga (Descalvado, SP),
Santa Rosa (Boituva, SP), São Luiz (Ourinhos, SP), Quatá (Quatá,
SP), Santa Adélia (Jaboticabal, SP), Rafard (Rafard, SP), and Jacarez-
inho (Jacarezinho, PR). Thus, for every season, one sample from
each plant was collected.

The insoluble deposits were collected from commercial sugared
cachaças available in our Laboratory collection, produced in the
following cities: Tanabi (SP), Campina Grande (PB), Patus (PB), Can-
dido Mota (SP), Fortaleza (CE), Colônia de Leopodina (AL), São José
dos Pinhais (PR), Jandaia do Sul (PR), São Paulo (SP), Tabatinga (SP),
Vitória do Santo Antão (PE), and Sorocaba (SP).
2.2. Chemicals

Dextran calibration reference standards Mw 2,100,000,
4,200,000, 5,900,000 and 7,400,000, were purchased from American
Polymer Standards (Mentor, OH, USA), and those of Mw 11,600,
23,800, 48,300, 148,000, 410,000 and 1,100,000 were purchased
from Waters (Milford, MA, USA). Ethanol (anhydrous) and sodium
sulfate, both ACS grade, were acquired from J. T. Baker (Phillipsburg,
NJ, USA). The water was previously bidistilled and then deionized
using a Millipore Milli-Q system (Bedford, MA, USA).

2.3. Apparatus, analytic conditions and sample preparation

Size-exclusion chromatography (SEC) analyses were performed
on a Shimadzu liquid chromatography system (Tokyo, Japan), con-
sisting of an SLC-10AVP system controller supporting an LC-10AD
pump, a refraction index detector RID-10A and a Rheodyne injec-
tion valve with a 100 ll loop. Data acquisition and processing
was performed using Class-VP 6.12 and GPC 1.02 for Class-Vp
softwares.

The best chromatographic conditions were achieved under
aqueous solutions with 3.55 g of Na2SO4 per litre (0.5 ml/min, at
room temperature) using three columns assembled in line: two
Waters Ultrahydrogel linear (7.8 mm i.d. � 300 mm) packed with
a blend of different pore size particles (ranging from 250 to
2000 Å), and one Tosoh Bioscience TSK-gel 3000PWxl column
(7.8 mm i.d. � 300 mm, pore size of 200 Å).

Stock calibration solutions of dextrans and the dextrose were
prepared by separately weighing 20.0 ± 1 mg of the desired stan-
dard in 10 volumetric flasks of 5 ml (4000 ppm). The standards in
each flask were dissolved and diluted with the mobile phase
(0.025 M Na2SO4). The calibration curve used to characterize the
dextran molecular mass distribution (LogM = 0.00021109X3 �
0.03370649X2 + 1.62437664X + 16.85697652; dispersion: 0.08151)
was built up by injecting 250 ppm of each standard obtained
through the dilution of the stock solutions.

For dextran analysis in sugar samples, preparation was carried
out as follows: A sample of 40.0 g of the sugar sample was dis-
solved in water, and then the volume was adjusted to 100 ml in
a volumetric flask. 50 ml of this solution were filtered, using filter
paper (80 g/m2) to remove insoluble particles. 160 ml of anhydrous
ethanol were added to a 40 ml aliquot of the filtered solution. After
standing 24 h, this solution was centrifuged at 10,000RPM and 4 �C
for 1 h (Hitachi Himac – CR20b2). The supernatant solution was
discarded and the precipitate was dissolved in 1.5 ml of 0.025 M
Na2SO4. This solution was cooled to 5 �C and filtered through
mixed cellulose ester membrane (Millipore – 0.45 lm pore si-
ze � 25 mm Ø). Previously to the injection in the chromatography
system, an aliquot of 0.3 ml was tested with iodine solution for the
presence of starch (Aquino & Franco, 2008). The tests were all
negative.

The insoluble deposits from sugared cachaças were collected di-
rectly from the bottles. For the SEC analysis, the deposits were sep-
arated from the cachaça through centrifugation at 10,000RPM at
4 �C for 1 h. The precipitate was then dissolved in 0.50 or 1.00 ml
of 0.025 M Na2SO4 according to the it is amount, and filtered
through the same type of membrane, as described above.
3. Results and discussion

A typical SEC dextran chromatogram obtained for a sugar sam-
ple, is illustrated in Fig. 1. In this chromatogram, two distinct peaks
can be observed at the retention times of 47 and 61 min for dex-
trans. As will be discussed in this paper, this pattern has often been
found in sugar samples used by Brazilian cachaça producers.
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Fig. 1. Size-exclusion chromatogram of a sugar sample, where peak 1 corresponds
to a dextran with Mw 4.23 � 106 Da and peak 2 corresponds to a dextran with Mw

8.10 � 104 Da.

Table 2
Average of dextran molecular mass distribution from the same producers in the
period 1997/1998–2000/2001.

Dextran Southeast region mean of data along the time

Group 1 Group 2 Group 3

Mn 2.94 � 106 1.83 � 105 5.88 � 104

Mw 4.60 � 106 2.09 � 105 6.59 � 104

Mz 6.26 � 106 2.39 � 105 7.54 � 104

Polydispersity 1.56 1.14 1.12

Total of 40 samples. One sample from 10 different mills, collected annually over
four crop seasons: 1997/1998, 1998/1999, 1999/2000, 2000/2001.
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The average values for the dextran characterization parameters
are summarized in Tables 1 and 2. Considering that the Mw is one
of the most used parameters as a reference to dextran polymers,
the dextrans were arbitrarily classified into three groups according
to their Mw: dextrans with Mw > 1 million – Group 1 (high molec-
ular weight), 1 million > Mw > 85,000 – Group 2, and Mw < 85,000 –
Group 3 (lower molecular weight or clinical dextrans).

The predominant presence of bi-modal molecular weight distri-
bution (Fig. 1) is observed in 83.3% of the northeast and 84% of the
southeast sugar samples. The presence of a single dextran was ob-
served in two sugar samples from the northeast (samples 8 and 9)
and in only one from the southeast (sample 20). Only in three sam-
ples from the southeast (samples 2, 11, and 18) was it possible to
observe a tri-modal molecular mass distribution.

According to the literature, the dextrans of the Groups 1 and 3
are typically formed by the Leuconostoc mesenteroides bacterium,
which is endogenous and largely found in sugar cane fields (Jimé-
nez, 2005; Shamala & Prasad, 1995; Vedyashkina, Revin, & Gogo-
tov, 2005).

The explanation of the low occurrence of the dextrans from
Group 2 in all samples may be the fact that dextrans with Mw up
to 106 Da are quickly formed during the dextransucrase consump-
tion of sucrose, making the dextrans from Group 1 stable aggrega-
tions of dextrans with true Mw values of 104 � 5 � 105 Da (Robyt,
Kin, & Yu, 1995; Setford, 1999). Thus, the detected dextrans from
Group 2 would only correspond with the remaining non-clustered
ones. Another likely hypothesis would be the action of other
strains of Leuconostoc and other bacteria, such as Lactobacillus,
which are also found in Brazilian sugar cane fields (Oliveira et al.,
2002; Schwan, Mendonça, Silva-Jr, Rodrigues, & Wheals, 2001),
Table 1
Average of the characterization parameters of dextran molecular mass distribution in Bra

Dextran Northeast region

Group 1 Group 2 Group

Mn 3.77 � 106 9.03 � 104 4.30 �
Mw 5.04 � 106 1.03 � 105 4.79 �
Mz 6.11 � 106 1.28 � 105 5.41 �
Polydispersity 1.34 1.14 1.11

Number-average molecular mass: Mn =
P

niMi/
P

ni, where ni represents a number of po
Weight-average molecular weight: Mw =

P
niM

2
i /
P

niMi.
Z-average molecular mass: Mz =

P
niM

3
i / =

P
niM

2
i .

Polydispersity = Mw/Mn, where this term is used to describe the width of molecular mas
resulting in the origin of distinct dextrans. These two factors com-
bined could explain the large variation of the mass distribution val-
ues determined in the dextrans of Group 2.

The presence of dextrans with Mw around 5.0 � 106 Da, is fre-
quently found in cane juice and sugar originating from canes in
some state of deterioration (Brown & Inkerman, 1992). This condi-
tion would be favoured by temperatures higher than 25 �C, which
will enhance the dextransucrase enzyme activity (Choplin, Moan,
Doublier, Paul, & Monsan, 1988; Goyal, Nigam, & Katiyar, 1995).
These temperatures are often observed in northeastern sugar
fields. Based on the relative abundance of the dextrans from Group
1, it would be tempting, at first, to associate the percentage of
these dextrans with the quality of the original sugar cane juice or
the geographic origin of the sugar. Although this is partially true,
this assumption should be made with care because these dextran
levels are certainly also influenced by other aspects, such as the
harvest type (manual or mechanical), or the technological process
of making the sugar in the mills (Jiménez, 2005; Oliveira et al.,
2002; Ravno & Purchase, 2006).

The one-way ANOVA test was applied to the complete data set
of dextran molecular mass distribution and their relative abun-
dance, aiming to evaluate the possibility of using the data to obtain
regional distributions. This result only shows significant differ-
ences between northeastern and southeastern dextrans for poly-
dispersity and relative proportion of the dextrans from Group 1.
In agreement with ANOVA, the principal component analysis
(PCA) and the hierarchical cluster analysis (HCA) did not supply a
satisfactory pattern to highlight significant differences between
the sugars from these two regions.

The variation of dextran molecular mass distribution profile
throughout four consecutive crops was also analyzed in sugar mills
from the southeast. As mentioned previously, most of the Brazilian
sugar mills are concentrated in this region. The average data are
presented in Table 2.

The predominant presence of bi-modal molecular weight distri-
bution applies during the four consecutive crop seasons, being de-
tected in 82.5% of the sugar samples (33 samples). In only one
sample (sample 30), was it possible to observe the presence of
three different dextrans; and in 7.5% of the sugar samples (samples
zilian sugars during the 2006/2007 crop season.

Southeast region

3 Group 1 Group 2 Group 3

104 3.39 � 106 2.72 � 105 4.17 � 104

104 5.03 � 106 3.26 � 105 4.91 � 104

104 7.17 � 106 4.15 � 105 5.90 � 104

1.48 1.19 1.17

lymer chains with mass Mi.

s distribution of the dextrans.



Table 3
Dextran molecular mass distribution in insoluble deposits from sweetened cachaças.

Sample code Molecular weight distribution of dextrans in flocks from sugared Cachaça

Dextran (range 106 Da) Dextran (range 105 Da) Dextran (range 104 Da)

Mn Mw Mz Mw/Mn Mn Mw Mz Mw/Mn Mn Mw Mz Mw/Mn

1 3.40 � 104 3.53 � 104 3.92 � 104 1.04
2 1.48 � 106 1.60 � 106 1.72 � 106 1.08
3 4.98 � 106 5.79 � 106 6.63 � 106 1.16 2.78 � 105 3.80 � 105 4.75 � 105 1.36
4 6.36 � 105 8.13 � 105 1.03 � 106 1.28
5 7.5 � 104 1.79 � 105 3.48 � 105 2.38
6 5.19 � 105 6.54 � 105 7.94 � 105 1.26
7 1.96 � 104 2.14 � 104 2.37 � 104 1.09
8 1.25 � 106 1.99 � 106 2.90 � 106 1.58
9 1.88 � 105 1.95 � 105 2.03 � 105 1.04

10 1.40 � 105 1.49 � 105 1.60 � 105 1.06
11 4.41 � 105 4.85 � 105 5.35 � 105 1.10
12 2.35 � 104 3.67 � 104 6.29 � 104 1.56
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5, 20, and 23), only one dextran was detected. No dextran was
found in 3 other sugar samples (samples 11, 15, and 31).

Regarding the dextran polydispersity index (Mw/Mn), which is a
measure of the width of a molecular mass distribution, the results
are always greater than unity (Alsop & Vlachogiannis, 1982;
Chmelík et al., 1997). As can be observed in Tables 1 and 2, the cal-
culated polydispersity in progressive reduction from Group 1 to
Group 3 is in agreement with the data generally reported in the
literature.

The dextran distribution profiles in terms of Mn, Mw, Mz, and
polydispersity, are about the same for the 77 samples analyzed
over the five seasons, and, therefore, it is likely that the Brazilian
product pattern will not change much over the years.

It is universally accepted that dextran solubility in ethanolic
solutions is highly dependent on their molecular weight, and it de-
creases as a function of the increase of ethanol concentration. This
is the basis of the two most used methodologies for dextran anal-
yses: the haze method, in which only low Mw dextrans are ana-
lyzed after the precipitation with 50% ethanol (v/v), and the
method described by Robert, where the totals of dextrans are pre-
cipitates in 80% (v/v) of alcohol (Ravno & Purchase, 2006).

As reported previously by Rodrigues-Filho et al. (2007), based
on the total soluble dextran analysis, mass of precipitation formed,
and turbidimetric measurements, the precipitation does not occur
immediately after the sugar addition, however, it takes place with
a half life of around seventy days at (30 ± 1) �C. Thus, the ethanol
content in the Brazilian cachaça, usually around 40% (v/v), would
explain why the dextrans are not fully precipitated just after the
addition of sugar to the cachaça.

The non-uniformity of the filtering process by the producers
also accounts for part of the problem. Usually, with the small pro-
ducers, the filtering is not as efficient as in the industrial distiller-
ies. In the first case, this operation is only suitable for separating
large materials, such as insoluble particles of the sugar itself, small
pieces of wood from the standardization tanks, and fragments from
the casks.

In Brazil, when the cachaça is of the sugared type, around 10 g/l
of sugar is usually added to the spirit. According to experimental
data from our laboratory, the median values of total dextrans in
the sugar typically used by Brazilian producers of cachaça are
820 mg/kg, thus, leading to a final dextran concentration of
8.2 mg/l. However, according to our data, 0.5 mg/l of dextrans in
cachaça is already enough to yield a perceptive formation of insol-
uble deposits (Rodrigues-Filho et al., 2007).

Experiments carried out in our laboratory, under optimized
conditions, showed that the filtering is not totally efficient for
addressing the deposit formation problem. For dextrans with Mw

around 5 � 106 Da, efficiency of retention at 4 �C is near 80%
whereas, for the dextrans from Groups 2 and 3, the results were
clearly unsatisfactory, showing retention values smaller than 50%
(Aquino & Franco, 2008). The contribution of the dextrans from
Group 1 in analyzed deposits is only around 25%, which is expected
since they are easily separated by filtering.

Considering that the analyzed deposits were not precipitated
immediately by the ethanol addition, the predominance of dex-
trans from Group 2 in the samples (Table 3) is consistent with
the considerations discussed above.

In addition to the bottled storage time factor, the insoluble
deposits can also be generated through combinations among dex-
trans and other components of cachaça, for example metal ions,
amino acids and phenolic compounds originating from blending.
Possible alterations in the dextran structures by acidity of spirit
and light incidence can contribute to the formation of insoluble
aggregates. This is a subject currently under investigation in our
laboratory. The model systems and results will be reported later.
4. Conclusions

The dextran molecular mass distribution profile in Brazilian su-
gar used by cachaça producers and the insoluble deposits from this
spirit are reported for the first time.

The analyzed sugar samples exhibited predominantly the same
two dextran groups, with Mw averages of 5.04 � 106; 4.79 � 104

and 5.03 � 106; 4.91 � 104 Da for the northeastern and southeast-
ern samples, respectively. Eventually, a third dextran group with
Mw average of 1.03 � 105–3.26 � 105 was found for northeastern
and southeastern sugars. This profile holds for the analyzed sam-
ples in the other four seasons crops also analyzed.

Despite the fact that dextrans with Mw average in the order of
105 Da are less abundant in sugar samples, these dextrans are pres-
ent in about 58% of the deposit samples.
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