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Abstract The objectives of this study were to evaluate
the potential of gabiroba Campomanesia pubescens (DC)
O. Berg in the production of a beverage fermented using
selected and wild yeasts from indigenous fermentation,
analyze the volatile compounds profile present during the
process of fermentation, and evaluate the sensory quality of
the final beverage produced. Throughout the process of
fermentation, when Saccharomyces cerevisiae UFLA CA
1162 was inoculated, there were stable viable populations
around 9 log cells ml~!. During indigenous fermentation,
yeast population increased from 3.7log CFUmI™! to
8.1 log CFU ml~! after 14 days. The diversity and dynam-
ics of the yeast population during indigenous fermentation
observed by PFGE analysis showed five different karyotyp-
ing profiles in the first days of fermentation. After the
seventh day, there was a higher frequency of a similar
S. cerevisiae profile. The yeast non-Saccharomyces were
identified by sequencing of the ITS region as Candida
quercitrusa and Issatchenkia terricola. Inoculated fermen-
tations yielded a higher amount of alcohol than indigenous
ones, indicating the efficiency of selected strains. There was
also a greater concentration of higher alcohols, which are
usually responsible for the flavor found in alcoholic bever-
ages. Based on the characteristics of the pulp and accep-
tance in the sensory analysis, gabiroba fruits showed good
potential for use in the production of fermented beverage.
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Introduction

The specie Campomanesia pubescens (DC) O. Berg, popu-
larly known as gabiroba or guabiroba, belongs to the family
Myrtaceae. The genus Campomanesia, represented by
shrubs and trees, can be found from northern Argentina to
Trinidad as well as from the Brazilian Coast to the Andes
and Peru, Ecuador, and Colombia [26, 41]. The gabiroba
fruits are commonly consumed in the producing regions
and are highlighted as a potential food resource for both
avifauna and man [41]; people use gabiroba in the production
of homemade ice cream, jam, juices, and sweets. However,
not all of the harvest finds its destination in the market,
because most of the fruits are damage during post-harvest-
ing. New forms of use or processing of the production must
be developed, in order to prevent losses, generate profits,
and favor sustainable exploitation of the resources of the
cerrado biome by encouraging conservation. One of the
alternatives is its use in fermented beverage production.

Grapes have been used as the main raw material in the
production of wine. However, a number of researches
found other suitable fruits for wine production. Over the
years, fruit wine has been prepared from several different
fruits, such as caja [13], banana [1], pupunha [3], mango
[33], acerola [37] and cocoa [12].

The fermentation process for elaboration of the beverage
depends on the performance of yeast to convert the sugars
into alcohol and esters. Different species of yeast that
develop during fermentation determine the characteristics
of the flavor and aroma of the final product. Due to the
differences in fruit composition, yeasts strains used for fer-
mentation have to adapt to different environments (e.g.,
sugar composition and concentrations, presence of organic
acids, etc.). In addition, the applied yeast has to compete for
sugar utilization with other micro organisms present in the
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mashes, e.g., other yeast species or bacteria, depending on
the fruit of choice and varying climatic conditions. Natural
grape fermentation involves a succession of yeasts, with
Saccharomyces cerevisiae as the dominant species [20].
The presence and permanence of different yeast species
throughout fruit fermentation, and consequently, their influ-
ence on the final product, is determined by the fermentation
conditions, such as inoculum of S. cerevisiae starter culture,
the temperature of the fermentation, and the fruit juice
composition [12]. This is the first report of the use of gabi-
roba in fermented beverage. In the present study, we have
investigated the yeast population and the fermentation
kinetics during indigenous and inoculated fermentation of
gabiroba juice and their influences on the analytical and
sensory properties of the final beverage.

Materials and methods
Fruits

The gabiroba fruits, C. pubescens (DC) O. Berg, were col-
lected in November and December of 2006 and 2007 in the
cerrado areas present in the cities of Ijaci, Ingai and Lavras,
Minas Gerais, Brazil. The fruits were washed in clean water
to remove the residues of calyx. The fruit pulp was
extracted manually by mechanical pressure and stored in
polystyrene bags at —20°C. The fruits were then analyzed
in relation to total weight, size, diameter, and seed:pulp
weight ratios. Samples were taken from the gabiroba pulp
and were characterized in relation to soluble solids [4], total
[43] and reducing sugars [29], total titratable acidity and
pH [4], pectins [28] and phenolics, pectinametilesterase [7],
peroxidase [27], polyphenoloxidase [42] and polygalactu-
ronase [7].

Gabiroba must

The gabiroba must was prepared according to Dias [12, 13],
with minor modifications. To prepare the fermenting
must, gabiroba pulp was defrosted at room temperature.
The initial Brix value was, on average, 14 and the pH was
4.1. The gabiroba pulp was diluted with a sucrose solution
to adjust the sugar concentration to 10%. CaCO; was
added to increase the pH value to 4.5. Due to the viscous
aspects of the gabiroba pulp, pectinolytic enzymes were
also added to aid the clarification of the juice. Ultrazym®
AFP-L (Novozymes, Novo Nordisk Ferment Ltd, Fugle-
bakken, Denmark) was added to 0.7 ml - Suphur diox-
ide was added up to 200 mg of K,S,054 per liter, to inhibit
bacteria growth. One percent bentonite was added to the
must to facilitate sedimentation of the non-fermentable
solids. The bentonite was suspended in water at a 10%
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concentration to facilitate the dispersion of the clay in the
must.

Fermentation assays

Four batch fermentations were performed: two of them
were inoculated with 10% cells ml™! (9 log CFU ml™") of
S. cerevisiae UFLA CA1162 (IN CA1162 A e IN CA1162
B) and the other two (SPON 1A e SPON 1B) were allowed
to ferment with indigenous micro organisms the gabiroba
pulp. The inoculated strains were grown in gabiroba pulp
and inoculated at maximum 8% of total volume of fermen-
tation must. After the pulp Brix decreased to 3° Brix in
either inoculated or indigenous fermentation, there was an
addition of gabiroba pulp plus sucrose until the Brix in fer-
mentation flasks reached 10° Brix. All vinifications were
carried out in 5 1 flasks in a cold room at 22°C and the fer-
mentation was monitored by the daily measurement of Brix
value, CO,, and temperature. The maximal fermentation
rate was determined by the maximum ethanol production
and decrease in sugar content. The fermentation was con-
sidered complete when the Brix level was stable. Samples
were taken at the indicated points for microbiological and
chemical analysis. At the end of fermentation, the vats were
transferred to a 10°C incubator to aid the sedimentation of
solid material from the gabiroba pulp. After 10 days at this
temperature, the wine transfer was carried out with some
aeration and the beverage was incubated at 10°C for
another 30 days. After that period, another transfer without
aeration was carried out and the fruit wine was left for
another 10 days at 10°C, prior to filtration. The gabiroba
wine was then filtered using cellulose filters and stored at
10°C in glass bottles fully filled to avoid oxygen entrance.

Isolation and identification yeast from indigenous
fermentation

Samples were taken from each fermentation flask during
fermentation and the dilution series was plated out onto
Petri dishes using two different media: YPD-agar medium
(1% yeast extract; 2% peptone, 2% glucose and 2% agar)
supplemented with 100 mg L™! of chloramphenicol and
50 mg L~! of chlortetracycline to inhibit bacterial growth
for yeast counts and nutrient agar (0.3% meat extract, 0.5%
peptone and 1.5% agar) supplemented with 4 mg1~! of
cycloheximide for bacterial counts. Plates were incubated
at 28°C for 2 days to allow colony development. Following
incubation, the number of colony-forming units (CFU) was
recorded, the morphological characteristics of each colony
type were recorded, and counts were made for each type.
For each colony type, a number of colonies corresponding
to the square-root of the number of colonies of each type
were re-streaked and purified on YPD. The purified isolates
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were stored at —80°C in YPD broth containing 20% (v/v)
glycerol.

Electrophoretic karyotype analysis yeast from indigenous
fermentation

Analysis of yeast chromosome polymorphism was per-
formed as described by Bernardi et al. [5]. After electropho-
resis, gels were stained with 1% ethidium bromide for 1 h
and rinsed twice with MilliQ (Millipore, Jaffrey, USA) water
for 15 min. The gels were visualized in UV transillumination
and documented with a Polaroid (Concord, USA) camera.
The yeast S. cerevisiae UFLA CA1162 was used as reference
strain. Cluster analysis of the band profile obtained by elec-
trophoretic karyotyping analysis was performed using the
software NTSYS 2.11f® (Exeter software, Setauket, USA).

Molecular identification of yeast from indigenous
fermentation

The yeast DNA from the pure cultures was extracted
according to the method described by Bernardi et al. [5].
Sequencing of portions of the ITS region was used for iden-
tification of representative yeast isolates to species level.
For amplification of the ITS region, the primers ITSI
(§'-TCCGTAGGTGAACCTGCGG-3') and ITS2 (5'-GCT
GCGTTCTTCATCGATGC-3") were used. PCR was per-
formed according to the method described by Naumova
et al. [31] and was conducted in a model Thermo PCYL220
thermal cycler (Thermo Fisher Scientific Inc., Waltham,
USA). The amplification products were separated by elec-
trophoresis on a 0.5% agarose gel at 60—65 V in 0.5x TAE
for 1 h. The sequencing of portions of the ITS region was
accomplished by Macrogen, Seoul, Korea. Sequence simi-
larity searches were performed using the BLAST database
from GenBank (http://www.ncbi.nlm.nih.gov/BLASTY/).

Substrates and metabolites

Alcohols (ethanol and glycerol), organic acids (acetic acid,
lactic acid, malic acid, succinic acid, tartaric acid, and citric
acid), and carbohydrates (glucose, sucrose, and fructose)
were obtained from pulp extracts and analyzed [36]. Analy-
ses were carried out with a high-performance liquid chro-
matography system (HPLC) (Shimadzu, model LC-10Ai
(Shimadzu Corp., Tokyo, Japan), equipped with a dual
detection system consisting of a UV detector and a refractive
index detector (RID—10A SPD-10Ai). A Shimadzu ion
exclusion column (Shim-pack SCR-101H, 7.9 mm x 30 cm)
operated at a temperature of 50°C was used to achieve
chromatographic separation. Water-soluble acids, sugars
(fructose, glucose, and sucrose), and ethanol were eluted
with 100 mM of perchloric acid at a flow rate of 0.8 ml min~".

The acids were detected via UV absorbance (210 nm) and
RI, while sugars and ethanol were only detected via an
RID. Individual sugars, acids, and ethanol were identified
and their concentrations were determined by comparison
with retention times and amounts of authentic standards.
All samples were examined in triplicate. The coefficient of
variation was less than 5% in each case. Higher alcohols
(1-propanol, isobutanol, 1-butanol, isoamyl alcohol, amyl
alcohol, and hexanol), acetaldehyde, methanol, and esters
(ethyl acetate and methyl acetate) were analyzed by gas
chromatography (GC) using a Shimadzu model 17A,
equipped with a flame ionization detector (FID) and using a
capillary column of silica HP FFAP (30 m x 0.25 mm
i.d. x 0.25 um) (J&W Scientific, Folsom, USA). For GC
analysis, 100 pl of each sample (non-distilled) was diluted
20-fold in milli-Q water and filtered using a nitrate—cellu-
lose membrane (0.20 um pores) before injection in the GC.
Operating conditions were as follows: oven temperature
was kept at 60°C for 3 min, programmed to 75°C at 2°C
min~!, kept at 100°C for 3 min, programmed to 184°C
increasing 3°C min~!, then kept at 184°C for 30 min and
then programmed to 220°C in 15 min. Injector and detector
temperature were kept at 240°C and the carrier gas (N,)
was kept at a flow rate of 1.2 ml min~'. The identification
of volatile compounds was done by comparison of their
retention times with those of standards. One sample, which
contained the internal standard and the standard compounds
at concentrations similar to those found in the wine, was
also treated in the same way as the wine samples and the
final calculations are described on the basis of the concen-
tration of this reference solution. Evaluation of the different
compounds was performed in triplicate.

Sensory evaluation

The final beverage was evaluated by 50 panellists, males
and females, 18-55 years of age (staff and students of the
Universities UNILAVRAS and UFLA). The panellists
were selected for participation on the basis of their prefer-
ence for dry (less than 5 g 17! of sugar) wines, interest, and
availability. Randomized, refrigerated (10°C) samples of
20-25 ml were served in clear, tulip-shaped glasses with a
volume of 100 ml; these were marked with three digit ran-
dom numbers and covered with plastic Petri dishes. Dis-
tilled water was provided for rinsing of the palate during
the testing. Evaluations took place in the mornings between
9:00 and 10:00 a.m. and were conducted at room tempera-
ture (20-22°C) under white light.

The gabiroba wines were evaluated for taste, clarity, col-
our, and general acceptability according to the hedonic
scale [12]. This scale consists of the comparison, punctua-
tion, and classification of foods and beverages of the same
class or origin according to their qualities and defects.
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A card containing six parameters (visual examination,
smelling intensity, smelling quality, taste intensity, taste qual-
ity, and harmony) was provided, accompanied by a scale of
nine categories: dislike extremely =1, dislike much =2;
dislike moderately = 3; dislike slightly = 4, neither dislike
nor like =5, like slightly = 6; like moderately =7; like
much =8, like extremely =9. The sensory analysis was
performed in two sensory sessions, each lasting 1 h. The
wines were evaluated in duplicate in each session and the
mean score of wines for each quality attribute was com-
puted.

Statistical analysis

The statistical analysis was performed using SISVAR®
(Lavras, Brazil) software version 4.5. Data from gabiroba
must fermentation underwent statistical analysis (principal
component analysis, PCA) using The Unscrambler® 9.7
(CAMO, Oslo, Norway) software.

Results and discussion

The gabiroba fruits and pulp were chemically characterized
before initiating the fermentation process. The averages of
the results in triplicate are found in Table 1. The gabiroba
pulp had on average pH of 4.1, which characterized it as an
acidic fruit. The total and reducing sugars concentration
was 12.5 and 7.6%, respectively. With these amounts of
sugars, the gabiroba pulp could be compared with other
tropical fruits, such as cocoa, with potential for use in the
beverage industry [2]. The total soluble solid concentration
in the pulp of gabiroba, determined as its Brix value, was
14.1 (Table 1). As the determination of °Brix by refract-
rometry indicates total soluble solids, which are not neces-
sarily constituted of only sugars, the final alcohol yield
might appear to be low if based on the Brix value. When
pH, water content, and total sugars are considered, the
results of gabiroba characterization in this study were simi-
lar to those described for the genus Campomanesia [41].
The concentration of ascorbic acid (vitamin C) found in the
species C. pubescens (1,000 mg/100 g), when compared
with other species of the family Myrtaceae, was equivalent
to that found in acerola (984 mg/100 g) and was superior to
those described for red guava (60 mg/100 g), Pitanga
(24 mg/100 g), and jabuticaba (16 mg/100 g) [39] as well
as those observed in two other species of Campomanesia,
both C. adamantium (234 mg/100 g) [41].

The bentonite introduced into the gabiroba must during
the pre-fermentative phase provided better clarification of
the beverage by facilitating sedimentation of the must solid,
thereby improving decanting and filtering in later stages
[8]. Similar results have described the improvement of the
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Table 1 Physico-chemical characterization of mature gabiroba pulp

Characteristics Mean +SD
Total weight (g) 47.00 2.51
Rind (%) 43.69 0.88
Seed (%) 6.43 0.50
Pulp (%) 51.95 1.59
Moisture (%) 79.73 0.64
Dry matter (%) 20.27 0.64
pH 4.14 0.10
Total titratable acid (%) 0.16 0.01
Reducing Sugars (%) 7.61 0.34
Total sugars (%) 12.52 0.63
Sucrose (%) 4.66 0.29
Total soluble solids (°Brix) 14.07 0.12
Soluble pectin (%) 2.27 0.17
Total pectin (%) 3.38 0.27
Solubilization (%) 67.20 0.31
Starch (%) 1.18 0.05
Vitamin C (mg/100 g) 1090.0 10
Phenolics soluble in water (%) 0.70 0.03
Phenolics soluble in methanol 50% (%) 0.68 0.02
Phenolics soluble in methanol (%) 0.96 0.05
Crude fiber (%) 1.94 0.10
Neutral detergent fiber (%) 3.32 0.16
Acid detergent fiber (%) 3.00 0.03
Cellulose (%) 0.32 0.14
Hemicellulose (%) 1.40 0.06
Lignin (%) 1.68 0.04
Polyphenoloxidase (mmol/g min) 27291 6.00
Peroxidase (mmol/g min) 116.51 2.64
Pectin methyl esterase (mmol/g min) 208.00 6.93
Polygalacturonase (mmol/g min) 23.85 1.00

appearance of fruit wine produced from caja and cocoa
pulp [12, 13]. The presence of endogenous pectinases is rel-
atively common in fruits; however, the natural activity of
pectinases was low (28.8 mmol/g min, Table 1) in the gabi-
roba pulp. Therefore, addition of the enzymatic complex
Ultrazym AFP-L (Novo Nordish, Bagsvaerd, Denmark)
was necessary to reduce the viscosity of the pulp and aid
the clarification of the beverage [12]. The addition of exog-
enous enzymes, such as protease, pectinases, and glucan-
ases, is a common practice in the production of wine to
reduce problems during filtration and improve the aroma
(glucosidases).The pH of the must was adjusted slightly to
4.5 to encourage the activity of the enzyme complex. The
acidic pH is unfavorable for the growth of bacteria and
promotes the growth of yeast. The addition of K,S,05 in
the must (200 mgl~') of gabiroba before indigenous
microbiota fermentation contributed to the reduction of the
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Fig. 1 Viable counts of (solid line with filled diamond) yeasts and
(dotted line with open circle) bacteria during indigenous gabiroba pulp
fermentation

bacterial population (Fig. 1). When counting the viable cell
population during the period of inoculated fermentation, the
presence of bacteria was not observed, indicating that
metabisulphite was efficient in the control of the bacterial
growth during the inoculated fermentative process (data not
shown). Dias et al. [12] found that the use of SO, in the
elaboration of fruit wine was effective for inhibition of
undesirable bacteria during fermentation. It was also
observed that once the fermentation had started, its course
was not affected by sulphite, as also described by Gerbaux
and Meurgues [22].

Yeast fermentation dynamics

The viable counts of yeasts and bacteria during indigenous
fermentation of gabiroba pulp are shown in Fig. 1. At the
beginning of the indigenous fermentation, the fresh gabi-
roba pulp exhibited a total yeast count on YPD medium of
3.5 log CFU ml~', while aerobic mesophilic bacteria popu-
lations were almost three times higher (Fig.1). Yeast
counts increased during the indigenous process and after
5 days of fermentation, they were greater in number than
bacteria. At this time, the maximum number of yeasts,
8log CFUml~! was reached. The bacterial population
showed a small increase during at the first days of fermen-
tation and then decreased to 3.2 log CFU ml~! in the late
phases. The increase in yeast population and decrease in
bacterial population could be explained by ethanol concen-
trations found in the fermenting must (Fig. 2). The increase
in the Brix value observed after 2 days in inoculated fer-
mentation and after 9 days in indigenous fermentation was
due to an addition of gabiroba must at 10 Brix to increase
the ethanol production and enhance the fruit flavor (Fig. 2).

Throughout the process of fermentation, when S. cerevi-
siae UFLA CA 1162 (IN CA 1162 A and CA1162 B) was
inoculated, there were stable viable populations around

Fig. 2 Consumption of soluble solids and ethanol production in gabi-
roba pulp fermentation. (dotted line with filled circle) Brix (SPON);
(solid line with filled square) Brix (IN UFLA CA1162); (dotted line
with open circle) Ethanol (SPON); (solid line with open square) Etha-
nol (IN UFLA CA1162). Inoculated fermentation finished after 5 days;
indigenous fermentation finished after 14 days

9 log CFU mlI~"'. The cell viability was high throughout the
fermentation process, showing slight decreases at the end of
2-4%. It is known that the inoculation of selected yeasts
reduces the growth of native yeasts [19]. A reduction in
yeast diversity in the middle and end of fermentation was
observed when yeast was used as starter culture [16].

According to the morphological characterization of colo-
nies during indigenous fermentation (SPON 1A and 1B),
six morphotypes were found during the 14 days of fermen-
tation. These isolates were evaluated microscopically (data
not shown), it was found that the same colony morphotype
could be a different cell type. According to Kuthan et al.
[25], colonies of S. cerevisiae may change their morphol-
ogy under different environmental conditions. Each yeast
morphotype presented variable distribution during the fer-
mentation; however, morphotype 2 was present during the
entire period of fermentation. The distribution of morpho-
types found during indigenous fermentation is presented in
Table 2. Morphotype 1 was only detected in the first day of
fermentation and morphotype 5 was found on the ninth and
tenth days, while the morphotypes 2 and 4 were found all
through the fermentation.

All yeasts isolates were analyzed by PFGE. The diver-
sity and dynamics of the yeast population during indige-
nous fermentation observed by PFGE analysis showed five
different karyotyping profiles in the first days of fermenta-
tion (Fig. 3). During the first days of fermentation, it was
observed a diversity of karyotyping, however, from the sev-
enth day, the profile V dominated until the end of fermenta-
tion (Table 2; Fig. 3). The profile V was similar to yeast
reference used, indicating they were strains of S. cerevisiae
(Fig. 3). The other profiles were found to be different, since
it had fewer bands and may be considered species (or
genus) distant to S. cerevisiae [5]. In the early stages of
wine fermentation, Kloeckera, Hanseniaspora, Candida,
Metschnikowia, Pichia, and Kluyveromyces are frequently
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Table 2 Viable counts of yeast

Morphot D f M f Profil i imilarit
population, profile obtained by orprotype ays ot ean o _1 rone .Sequ.encm.g Simi anty (%),
.. . . fermentation CFU ml PFGE identification accession number
PFGE and species identification
during the indigenous 1 1 550 x 10°  V S. cerevisiae 99 AY235811.1
fermentation of gabiroba pulp <
2 1-14 4.75 x 10 1 Candida quercitrusa 99 AM158924.1
11 Unidentified 99 AM900394.1
\ S. cerevisiae
3 2,4-7 and 8 1.85 x 108 11 Issatchenkia terricola 99 AY235808.1
\'% S. cerevisiae 99 AY235811.1
4 3-14 146 x 108 1II Issatchenkia terricola 99 AY235808.1
\'% S. cerevisiae 99 AY235811.1
5 9 and 10 1.10 x 108 1II Issatchenkia terricola 99 AY235808.1
\'% S. cerevisiae 99 AY235811.1
6 3,9,10,13and 14 250 x 10 IV Candida quercitrusa 100 AM160627.1
\'% S. cerevisiae 99 AY235811.1

Fig. 3 Electrophoretic karyotypes (profiles) of isolates during indige-
nous fermentation gabiroba pulp. Lines I S. cerevisiae UFLA CA 11;
2-30 yeasts isolated at 24 h intervals during 14 days of fermentation;
2—4 isolates from 2nd day; 5—7 isolates from 3rd day; 8§-9 isolates from
4th day; 10-12 isolates from 5th day; /3—14 isolates from 6th day;

found, but they will gradually die, which is dependent on
their tolerance to low ethanol concentrations [19]. These
yeasts are replaced by S. cerevisiae, which tolerates high
ethanol concentrations. Schwan et al. [36] reported that the
yeast strains of S. cerevisiae were the only ones in the final
phase of fermentation of sugar cane and that the conditions
of low pH, concentration of sugars, and increasing concen-
trations of ethanol favor their dominance in the fermenta-
tion must. The yeast isolated during the inoculated
fermentations showed the same karyotyping profile as
UFLA CA 1162 showing the dominance of the selected
strain (data not shown).

The dendogram (Fig. 4) that was developed based on
coefficient dice, shows a group of 32 strains, which were
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15-17 isolates from 7th day; /18—19 isolates from 8th day; 20-21
isolates from 9th day; 22-23 isolates from 10th day; 24-25 isolates
from 11th day; 26-27 isolates from 12th day, 28 isolates from 13th
day; 29-30 isolates from 14th day of fermentation. Numbers I, 11, 111,
1V and V refer to different karyotyping profiles

representatives of those found in indigenous fermentation.
Two large groups were observed (Gl and G2) based on
PFGE profiles. The G1 group had a similarity of >36% and
the profiles were similar to the one of S. cerevisiae UFLA
CAIll [5]. The G1 group was subdivided into two sub-
groups showing a similarity above 71% (G1A e G1B). The
subgroup G1A was comprised of all isolates with 95% sim-
ilarity. These isolates dominated the fermentation process
after the ninth day of fermentation. The G2 was a group of
14 isolates that demonstrated less similarity with UFLA
CA11l. These isolates were present in the indigenous fer-
mentation until the seventh day, except UFLA FW5/9,
which was also detected on the ninth day of fermentation.
The isolates UFLA FW4/7 and UFLA FW3/7 showed
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Fig. 4 Cluster analysis of the
profiles obtained by PFGE of the
yeast isolated from the indige-
nous fermentation gabiroba pulp

G1A1 UFLA_FW5/10

G1A UFLA_FVW2/13

G1

G1B] UFLA_FW3/4

G2

T UFLA_FW255

L UFLA_FW2/6

100% similarity with UFLA FW5/9 and UFLA FW6/3,
respectively.

The construction of dendograms based on the presence
and intensity of bands has been used to evaluate the similar-
ity among yeasts [38]. The high incidence of chromosomal
differences between yeast isolates makes the eletrophoretic
karyotyping technique an efficient technique to distinguish
different strains [24]. Isolates of S. cerevisiae evaluated by
PFGE have been found to have 13 chromosomes with a size
ranging between 200 and 2000 kb [6]. The main source of
variation in yeast chromosomal structure growing under
stressful conditions may be due the transposons [15]. Chro-
mosomal rearrangements due to reciprocal translocation
during meiosis may be the reason for an association of
more than two chromosomes counterparts [18].

A representative strain was chosen from the five electro-
phoretic profiles for sequencing. The results obtained from
sequencing of the ITS region (ITS1 and ITS2 5.8S rRNA)
allowed for the identification of different yeasts species.
The isolated UFLA FW1/1 was identified as S. cerevisiae
with 99% identity with the closest relative accession num-
ber AY235811.1. The isolates UFLA FW2/8, UFLA FW3/
8, UFLA FW6/9, UFLA FW5/10, UFLA FW6/10, UFLA
FW2/11, UFLA FW2/12, UFLA FW2/13, UFLA FW2/14,
and UFLA FW4/14 were also identified as S. cerevisiae.
The isolate UFLA FW2/1 (profile I) showed 99% similarity
with Candida quercitrusa and was present during the first
days of indigenous fermentation. The isolate UFLA FW4/3
(profile IIT) was identified as Issatchenkia terricola and this
species was found from the second until the ninth day of

T T
0.65 0.83 L00
Coefficient

fermentation. The isolates UFLA FW2/2, UFLA FW2/5,
and UFLA FW2/6 found in the 2nd, 50th and 60th days, of
fermentation, respectively, could not be identified by either
traditional methods or sequencing. Non-Saccharomyces
yeasts were often found in the first 10 days of indigenous
fermentation; however, Saccharomyces isolates dominated
after this period of fermentation. Our results were similar to
those reported by Fleet [20], who observed that species of
Candida, Issatchenkia and Pichia persisted well into the
middle stage of grape fermentation.

The non-Saccharomyces yeasts isolated showed low eth-
anol tolerance (data not shown). These results are in agree-
ment with those reported by Jemec et al. [23]. I terricola
demonstrated a slow ability to ferment glucose and sucrose;
this strain has not been used in mixed fermentations due to
the high production of ethyl acetate [11]. C. quercitrusa is
usually associated with insects [30] and fruits, such as
mango, banana, pineapple, longan, and rambutan [9].

Chemical analyses during fermentation

The chemical compounds produced by microbial activity
were analyzed throughout the process of fermentation. The
decrease in soluble solids and the increase the content of
ethanol are shown in Fig. 2. The final values for ethanol
concentration and soluble solids (Brix) either indigenous
(SPON) or inoculated (IN CA1162) fermentation process
was similar (Fig. 2). The fermentation performed with the
yeast S. cerevisiae UFLA CA1162 was 30% faster than
the indigenous fermentation. The final pH value was
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Table 4 Organic compounds determined by HPLC and GC during fermentation and in the final product of gabiroba must inoculated with

Saccharomyces cerevisiae UFLA CA1162

Compound Days of fermentation TRA? Wine®

1 2 3 4 5
Acethaldeyde (mg L") 43.61 £1.03 2323+ 1.59 39.94+264 81.21+270 89.98 +0.82 11944 £142 7131 £233
2-Furaldehyde (mg L") 248.83 £3.21 256.75+0.83 22143 +095 269.84+£2.06 238.62+4.12 167.29+3.76 151.48 +2.33
Ethyl acetate (mg L") 18195 +£4.03 180.824+0.03 151.33 +£8.59 207.45+1.77 190.81+4.12 110.61+1.97 115.55+2.60
Phenyl acetate (mg L") ND ND ND ND ND ND ND
Diethyl succinate (mg L") 191.69 £4.66 ND ND 12.34 £ 0.52 18.65+0.56 ND ND
2.3-butanediol (mg L") 300.85 £5.15 293.78 £5.76 365.13 £4.94 38443 +£6.61 31554+6.12 311.74+3.42 308.42+0.13
1.2-propanediol (mg L") 6.75 £0.71 25.10£ 045  71.19£0.37 5032+143  47.77 £2.18
2-phenylethanol (mg L") 3400 £0.84 3042+£228 76.59+344 92,18 £0.21 3695 +£3.85  36.19+4.11 39.87 & 6.05
Isoamyl alcohol (mg L") 36.53 £ 1.86 141.15+1.48 244.144+098 291.14 +3.20 29648 +3.15 248.04 £1.80 214.28 +13.02
Hexanoic acid (mg L™") 90.23 £1.94 72,74 +£2.38 149.53 £2.06 102.924+0.04 96.64 =2.50 ND ND
Octanoic acid (mg L") 166.38 £2.09 110.19 +1.74 24738 +2.19 188.304+0.14 111.064+2.07 ND ND
2-ethylcaproic acid (mg L™") 3343 +3.14  20.79+0.30 22.06 + 1.35 1124+052 ND ND ND
Isobutyric acid (mg L™") ND ND 2.55+£0.32 231+0.29 1.92 £0.07 ND ND
1-hexanol (mg L") 1.37 £0.01 ND ND 1.22 £0.02 1.64 £0.02 ND ND
Butyric acid (mg L") 2361 +£144 ND 2736 £0.02  28.06 £3.68  29.62 + 0.91 ND ND
Propionic acid (mg L™") 596 £0.048 550+ 0.01 10.44 £ 0.03 16.61 £0.01  7.51 £0.01 7.46 £ 0.05 7.45 £ 0.01
Acetic acid (g L™") 1.29 £0.22 1.78 £ 0.07 2.34 £0.39 235+0.48 2.10 £ 0.40 1.36 £0.23 1.21 £ 0.09
Lactic acid (g L™") ND ND 0.61 £0.10 0.59 £ 0.08 0.51 £0.03 ND ND
Citric acid (g L™") 1.72 £0.40 1.62 £0.16 2.46 £0.18 239+ 051 2.19 £0.26 2.71 £0.07 3.13+£0.25
Malic acid (g L") 2.79 £0.42 1.95+0.24 2.08 £+ 0.01 222+0.22 1.80 £0.29 3.46 £ 0.39 2,70 £0.13
Tartaric acid (g L™") 0.78 £ 0.05 0.74 £ 0.01 0.85 £0.02 0.84 £ 0.01 0.72 £0.03 1.37 £0.30 1.02 £0.11
Succinic acid (g L™") 7.32 £2.62 5.28 £0.50 7.78 £1.68 8.44 +£2.43 6.98 £2.76 1032 £2.15  8.73£041
Oxalic acid (g L™") ND ND ND ND ND ND 0.26 £ 0.06
Acetoin (mg L) ND ND ND ND ND ND ND
Glucose (g L) 1524 +£142  0.60 £ 0.06 0.08 £0.03 0.06 & 0.00 0.10 £ 0.03 0.22 4+ 0.08 0.49 £ 0.02
Sucrose (g L) 0.00 £ 0.00 ND ND ND ND ND ND
Fructose (g L) 29.01 £ 0.61 ND 0.67 £ 0.01 ND 0.56 £ 0.03 1.01 +£0.12 0.85 £+ 0.01
Glycerol (g L") 0.69 £0.11 1.18 £ 0.01 1.45 £0.10 1.58 £0.02 1.40 £0.28 1.72 £0.12 1.65 £ 0.08
Ethanol (g L) 9.50 £ 1.77 20.55+£2.78 3583 +£259 39.24+047 38.724+1.32 4381+265 37.16+0.64

ND not detected, + standard deviation
% TRA: gabiroba wine 10 days after end of fermentation
b Gabiroba wine 40 days after end of fermentation

approximately 3.7 for both fermentative processes. The
rapid decrease in sugar content and increase the concentra-
tion of ethanol during the inoculated fermentation (Fig. 2)
was also observed by Domizio [14] during fermentation of
grape must under controlled temperature conditions. This
confirms that the use of selected yeast promotes a rapid
increase in the concentration of ethanol, besides these
strains dominate the fermentation process. Nurgel et al.
[32] found that using selected yeast (6.7 log CFU ml™') in
the fermentation of non pasteurized grape was completed in
6 days, while indigenous fermentation lasted 10 days.
These authors also found that the values of pH were similar
(approximately 3.8) for both beverages produced by indige-
nous or inoculated fermentation. Similar results were
shown in this study where the pH value was 3.73 in the
indigenous and 3.77 in the inoculated fermentations.

The results of chemical analysis showed variations of the
different compounds during the fermentation processes
(SPON and IN CA1162) and in the final beverages. Small
differences in the composition of fruit wine were also found
between the first period of fruit wine elaboration (10 days
after the end of fermentation) and the final beverages
(Tables 3, 4). Inoculated fermentations yielded a higher
amount of alcohol than indigenous ones, indicating the
efficiency of selected strains.

The highest ethanol concentration was achieved after
4 days of fermentation in the inoculated process and after
more than 14 days during indigenous fermentation
(Fig. 2). For the final beverages, the results shown in
Tables 3 and 4 were grouped according to the chemical
compounds group and data were subjected to analysis of
variance 5% Tukey’s test. When the chemical compounds
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groups were compared, the produced gabiroba wines (IN
CA1162 and SPON) showed similar values, regardless of
the type of fermentation, with the exception of the total
concentration of aldehydes (324.19 mg L~! for SPON and
222.79 mg L~! for IN CA1162), ketones (10.76 mg L~!
for SPON), and sugars (2.79gL~' for SPON and
1.36 g L~! for IN CA1162) (Table 5). However, when the
components isolated (via HPLC and GC) from the final
beverage and during the fermentation process are consid-
ered, there were differences between the beverages
depending on the method used to conduct the fermenta-
tion: the use of selected yeast or indigenous process
(Table 6). This difference in the composition of the bever-
age depending on the type of inoculum was also reported
by Garde-Cerddn and Ancin-Azpilicueta [21], which eval-
uated the contribution of wild and selected yeasts to the
formation of volatile compounds in the fermentation of
grapes. These authors found that the use of a selected
strain led to the production of different concentrations of
total acids and esters than the ones found in indigenous
fermentation. PCA was carried out with organic com-
pounds produced during indigenous and inoculated fer-
mentations. Figure 5 shows the similarities between the
two fermentations processes according to the variables
analyzed. The formation of two groups could be observed
in relation to the type of yeast inoculum. The beverage
produced by indigenous fermentation was characterized
mainly by the presence of lactic, citric, and acetic acid as
well as glucose, while the fruit wine produced using S.
cerevisiae UFLA CA1162 was characterized by concen-
trations of malic and succinic acids.

The presence of acetoin was detected in the gabiroba
wine produced by indigenous fermentation. This compound
is formed during fermentation by microbial activity, such
as lactic acid bacteria and yeast, and this compound is
important for formation of the wine flavor. Acetoin is also
related to the biosynthesis of 2,3-butanediol and diacetil

Table S Averages of compounds by chemical group present in
gabiroba wine

Compound SPON UFLA CA1162
Esteres (mg L) 150.44% 115.55%
Alcohols (mg L1 562.84* 562.57*
Aldehyde (mg L") 324.19° 222.79°
Ketones (mg L") 10.76° 0.00*
Acids (g L7 15.03% 17.79%
Sugars (g L") 2.79° 1.36
Glycerol (g L™") 2.10° 1.65%
Ethanol (g L™ 38.71% 38.72%
pH 3738 3770

Values identified by the same letters are not significantly different at
the 0.1 level (Tukey test)

@ Springer

Table 6 Averages of chemical compounds present in gabiroba wine

Compound SPON UFLA CA1162
Acethaldeyde (mg L") 33.74% 71.31°
2-furaldehyde (mg L™1) 290.46" 151.48%
Ethyl acetate (mg L™") 141.77° 115.65%
Phenyl acetate (mg L™") 8.67° 0.00°
2.3-butanediol (mg L") 341.67° 308.42°
1.2-propanediol (mg L) 20.66° 0.00*
2-phenylethanol (mg L) 63.79° 39.87°
Isoamyl alcohol (mg L™ 136.74 214.28°
Propionic acid (mg L") 74.61° 74.51°

Acetic acid (g L") 1.64% 1.22%

Lactic acid (g L™ 1.14° 0.00?
Citric acid (g L1 4.05° 3.13°
Malic acid (g L™1) 0.00? 2.70°
Tartaric acid (g L") 1.26* 1.02*
Succinic acid (g L™1) 6.21% 8.73°
Oxalic acid (g L™") 0.00* 0.26"
Glucose (g L™ 1.94° 0.49*
Fructose (g L) 0.85% 0.85%
Acetoin (mg L™ 10.76° 0.00?
Glycerol (g L") 2.05° 1.65°
Ethanol (g L™ 38.71° 38.72°

Values identified by the same letters are not significantly different at
the 0.1 level (Tukey test)
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Fig. 5 Principal components analysis (PCA) of organics chemical
compounds in gabiroba wine

[35]. Saccharomyces strains generally do not produce sig-
nificant amounts of acetoin, which is a characteristic of
Kloeckera and Hanseniaspora yeasts [10, 36]. Similar
results to these were published by Valles et al. [40], who
found higher concentrations of acetoin in cider that was fer-
mented indigenously.

In the beverage produced with UFLA CA1162, there
was a decrease in the acetaldehyde concentration. The
oxidation reactions that occur during aging can contribute
to conversion of acetaldehyde into 5-hydroxy-2-methyl-1,
3-dioxane. During the aging of wine, the concentration of
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Table 7 Percentage of acceptance of the gabiroba wine produced by
indigenous and inoculated fermentation

Attribute SPON UFLA CA1162
Appearance 69.57 63.04
Aroma 71.74 65.22
Taste 54.35 43.48
Overall 65.22 47.83

cis and trans isomers of 5-hydroxy-2-methyl-1,3-dioxane
increased, unlike the acetaldehyde concentration. Around
30-40% of acetaldehyde is converted into cis and trans iso-
mers 5-hydroxy-2-methyl-1,3-dioxane by acetylation in a
proportion of 75 and 25%, respectively [17].

Sensory analysis of the beverage

After the chemical analyses, the beverage was subjected to
sensory analysis to assess its acceptance among the con-
sumers. Table 7 presents percentage of acceptance attrib-
uted to the beverage by 50 untrained tasters, designated
based upon the nine-point hedonic scale. For all attributes
assessed, the beverage produced by indigenous fermenta-
tion showed greater acceptance when compared with the
beverage produced with a selected strain of S. cerevisiae
UFLA CA1162.

The distribution of individual notes for each point on the
hedonic scale for different attributes that were evaluated is
illustrated in Fig. 6. It was possible to observe that a greater

SPON

1

16 +

6 5

Fig. 6 Distribution of number of panellists in sensory analysis. Num-
bers I to 9 range from the disliked extremely (1) to liked extremely (9).
Solid line with open diamond appearance; solid line with open square

average number of panelists chose values above five in the
hedonic scale for the beverage fermented indigenously.
According to Nurgel et al. [32], specific compounds present
in wine are responsible for the typical characteristics of
smell and taste. The main source of these compounds is the
metabolism of yeast during fermentation; however, some
compounds in wine are from the grapes. In general, the
gabiroba wine produced by indigenous fermentation
showed higher concentrations of certain compounds, when
compared to that produced by inoculation of yeast UFLA
CA1162 (Table 3). The differences in sensory analysis
found for these two beverages analyzed here may be the
result of the different compositions of these final products.
The beverages produced in this study had high concentra-
tions of 2,3-butanediol, and according to Romano et al.
[34], this high concentration can influence the bouquet of
wine, because of its slightly bitter taste and can also change
the body of the beverage because of its viscosity.

From the data reported in this experiment, comparing
indigenous and inoculated fermentation, it can be con-
cluded that the processes normally used in fermented bev-
erage manufacturing could be adapted for the elaboration of
the fermented gabiroba pulp. The dilution of gabiroba pulp
with sucrose solution, to improve the fluidity of must,
diminished the concentration of marker compounds of the
beverage’s aroma, but did not interfere with the production
of ethanol, since the formation of ethanol follows a different
pathway. The use of the enzymatic complex and the
solution of bentonite during all the fermentative process
brought satisfactory results for the clarification of the

UFLA CA1162

1

6 5

aroma; solid line with open triangle taste; solid line with open circle
overall
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beverage as well as the SO,, which in the applied concen-
tration, inhibited the growth of bacteria and did not inter-
fere with the quality of the final beverage. The sensory
analysis revealed good acceptance, mainly when taking into
account the fact that the tasters were not familiar with the
gabiroba-derived beverage. The methodology described
here is simple and can be applied in a relatively small space
without high cost. Based on the characteristics of the pulp
and acceptance in the sensory analysis, gabiroba fruits
showed good potential for use in the production of fer-
mented beverage. It was observed that, from the acceptabil-
ity of the beverage, this technology can be an alternative for
the use of the tropical fruit pulp, and may provide a new
industrial outlet for this fruit.

Acknowledgments The authors thank Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico do Brasil (CNPq) and
CAPES (Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior) for financial support and scholarships.

References

1. Akubor PI, Obio SO, Nwadomere KA, Obiomah E (2003) Produc-
tion and quality evaluation of banana wine. Plant Foods Hum Nutr
58:1-6

2. Alves RE, Filgueiras HCA, Moura CFH (2000) In: Alves RE, Fil-
gueiras HAC, Moura CFH (eds) Caracterizagdo de frutas nativas
da América Latina, vol 9 (Série Frutas Nativas). Jaboticabal, SP,
Brazil, pp 15-18

3. Andrade JS, Pantoja L, Maeda RN (2003) Melhoria do rendimento
e do processo de obtencdo da bebida alcodlica de pupunha (Bactris
gasipaes Kunth). Cienc Tecnol Alimentos 23:34-38

4. Association of Official Analytical Chemistry (1992) Official meth-
ods of analysis of the association of official analytical chemistry,
15th edn. AOAC, Washington

5. Bernardi TL, Pereira GVM, Cardoso PG, Dias ES, Schwan RF
(2008) Saccharomyces cerevisiae strains associated with the pro-
duction of cachaca: identification and characterization by tradi-
tional and molecular methods (PCR, PFGE and mtDNA-RFLP).
World J Microbiol Biotechnol 43:2705-2712. doi:10.1007/
s11274-008-9799-y

6. Briones Al, Ubeda J, Grando MS (1996) Differentiation of Sac-
charomyces cerevisiae strains isolated from fermenting musts
according to their karyotype patterns. Int J Food Microbiol
28:369-377. doi:10.1016/0168-1605(95)00008-9

7. Buescher RW, Furmanski RJ (1978) Role of pectinesterase and
polygalacturonase in the formation of woolliness in peaches. J
Food Sci 43:264-266. doi:10.1111/j.1365-2621.1978.tb09788.x

8. Catarino S, Madeira M, Monteiro F, Rocha F, Curvelo-Garcia AS,
De Sousa RC (2008) Effect of bentonite characteristics on the ele-
mental composition of wine. J Agric Food Chem 58:158-165.
doi:10.1021/j£0720180

9. Chanchaichaovivat A, Ruenwongsa P, Panijpan B (2007) Screen-
ing and identification of yeast strains from fruits and vegetables:
potential for biological control of postharvest chilli anthracnose
(Colletotrichum capsici). Biol Control 42:326-335. doi:10.1016/
j-biocontrol.2007.05.016

10. Ciani M, Beco L, Comitini F (2006) Fermentation behaviour and met-
abolic interactions of multistarter wine yeast fermentations. Int J Food
Microbiol 108:239-245. doi:10.1016/j.ijfoodmicro.2005.11.012

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Clemente-Jimenez JM, Mingorance-Cazorla L, Martinez-
Rodriguez S, Heras-Vazquez FJL, Rodriguez-Vico F (2005)
Molecular characterization and oenological properties of wine
yeasts isolated during spontaneous fermentation of six varieties
of grape must. Food Microbiol 21:149-155. doi:10.1016/S0740-
0020(03)00063-7

Dias DR, Schwan RF, Freire ES, Serddio RS (2007) Elaboration
of a fruit wine from cocoa (Theobroma cacao L.). Int J Food Sci
Technol 42:319-329. doi:10.1111/j.1365-2621.2006.01226.x
Dias DR, Schwan RF, Lima LCO (2003) Metodologia para elabo-
racdo de fermentado de cajd (Spondias mombin L.). Cienc Tecnol
Alimentos 23:342-350

Domizio P, Lencioni L, Ciani M, Blasi SDI, Pontremolesi C,
Sabatelli MP (2007) Spontaneous and inoculated populations
dynamics and their effects on organoleptic characters of Vinsanto
wine under different process conditions. Int J Food Microbiol
115:281-289. doi:10.1016/j.ijfoodmicro.2006.10.052

Dunham MJ, Badrane H, Ferea T, Adams J, Brown PO,
Rosenzweig F, Botstein D (2002) Characteristic genome rear-
rangements in experimental evolutions of Saccharomyces cerevi-
siae. Proc Natl Acad Sci USA 99:16144-16149. doi:10.1073/pnas.
242624799

Egli CM, Edinger WD, Mitrakul CM, Henick-Kling T (1998)
Dynamics of indigenous and inoculated yeast populations and
their effects on the sensory character of Riesling and Chardonnay
wine. J Appl Microbiol 85:779-789. doi:10.1046/j.1365-2672.
1998.00521.x

Ferreira ACS, Barbe JC, Bertrand A (2002) Heterocyclic acetals
from glycerol and acetaldehyde in port wines: evolution with
aging. J Agric Food Chem 50:2560-2564. doi:10.1021/jf011391j
Fischer G, James SA, Roberts IN, Oliver SG, Louis ET (2000)
Chromosomal evolution in Saccharomyces. Nature 405:451-453.
doi:10.1038/35013058

Fleet GH (1999) micro organisms in food ecosystems. Int J Food
Microbiol 50:101-117. doi:10.1016/S0168-1605(99)00080-X
Fleet GH (2003) Yeast interactions and wine flavor. Int J Food
Microbiol 86:11-22. doi:10.1016/S0168-1605(03)00245-9
Garde-Cerdan T, Ancin-Azpilicueta C (2006) Contribution of wild
yeasts to the formation of volatile compounds in inoculated wine
fermentations. Eur Food Res Technol 222:15-25. doi:10.1007/
s00217-005-0029-7

Gerbaux V, Meurgues O (1995) Influence du sulfitage et du
débourbage des mois sur 1’élaboration et la qualité des vins de
chardonnay. Rev Enol 78:15-18

Jemec KP, Cadez N, Zagorc T, Bubic V, Zupec A, Raspor P
(2001) Yeast population dynamics in five spontaneous fermenta-
tions of Malvasia must. Food Microbiol 18:247-259. doi:10.1006/
fmic.2001.0396

Jeyaram K, Singh WM, Capece A, Romano P (2008) Molecular
identification of yeast species associated with ‘Hamei’—a tradi-
tional starter used for rice wine production in Manipur, India. Int J
Food Microbiol 124:115-125. doi:10.1016/j.ijfoodmicro.2008.
02.029

Kuthan M, Devaux F, Janderova B, Slaninova I, Jacq C, Palkova
Z (2003) Domestication of wild Saccharomyces cerevisiae is
accompanied by changes in gene expression and colony morphol-
ogy. Mol Microbiol 47:745-754. doi:10.1046/j.1365-2958.2003.
03332.x

Landrum LR (1986) Campomanesia, pimenta, Blepharocalyx,
Legrandia, Acca, Myrrhinium, and Luma (Myrtaceae). Flora
Neotropica Monogr 45:1-179

Matsuno H, Uritani I (1972) Physiological behaviour of peroxi-
dase isoenzymes in sweet potato root issue injured by cutting black
root. Plant Cell Physiol 13:1091-1101

Mccready RM, Mccomb EA (1952) Extraction and determination
total pectin material in fruits. Anal Chem 12:1586-1588


http://dx.doi.org/10.1007/s11274-008-9799-y
http://dx.doi.org/10.1007/s11274-008-9799-y
http://dx.doi.org/10.1016/0168-1605(95)00008-9
http://dx.doi.org/10.1111/j.1365-2621.1978.tb09788.x
http://dx.doi.org/10.1021/jf0720180
http://dx.doi.org/10.1016/j.biocontrol.2007.05.016
http://dx.doi.org/10.1016/j.biocontrol.2007.05.016
http://dx.doi.org/10.1016/j.ijfoodmicro.2005.11.012
http://dx.doi.org/10.1016/S0740-0020(03)00063-7
http://dx.doi.org/10.1016/S0740-0020(03)00063-7
http://dx.doi.org/10.1111/j.1365-2621.2006.01226.x
http://dx.doi.org/10.1016/j.ijfoodmicro.2006.10.052
http://dx.doi.org/10.1073/pnas.242624799
http://dx.doi.org/10.1073/pnas.242624799
http://dx.doi.org/10.1046/j.1365-2672.1998.00521.x
http://dx.doi.org/10.1046/j.1365-2672.1998.00521.x
http://dx.doi.org/10.1021/jf011391j
http://dx.doi.org/10.1038/35013058
http://dx.doi.org/10.1016/S0168-1605(99)00080-X
http://dx.doi.org/10.1016/S0168-1605(03)00245-9
http://dx.doi.org/10.1007/s00217-005-0029-7
http://dx.doi.org/10.1007/s00217-005-0029-7
http://dx.doi.org/10.1006/fmic.2001.0396
http://dx.doi.org/10.1006/fmic.2001.0396
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.02.029
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.02.029
http://dx.doi.org/10.1046/j.1365-2958.2003.03332.x
http://dx.doi.org/10.1046/j.1365-2958.2003.03332.x

J Ind Microbiol Biotechnol (2009) 36:557-569

569

29.

30.

31.

32.

33.

34.

35.

36.

Miller GL (1959) Use of dinitrosalicylic acid reagent for determi-
nation of reducing sugar. Anal Biochem 31:426-428

Molndr O, Wuczkowski M, Prillinger H (2008) Yeast biodiversity
in the guts of several pests on maize; comparison on three meth-
ods: classical isolation, cloning and DGGE. Mycol Prog 7:11-123.
doi:10.1007/s11557-008-0558-0

Naumova ES, Ivannikova Yu V, Naumov GI (2004) Genetic
differentiation of the sherry yeasts Saccharomyces cerevisiae.
Appl Biochem Microbiol 41:578-582. doi:10.1007/s10438-005-
0105-6

Nurgel C, Erten H, Canbas A, Cabaroglu T, Selli S (2002) Influ-
ence of Saccharomyces cerevisiae strain on fermentation and fla-
vor compounds of white wines made cv. Emir grown in Central
Anatolia, Turkey. J Ind Microbiol Biotechnol 29:28-33.
doi:10.1038/sj.jim.7000258

Reddy LVA, Reddy OVS (2005) Production and characterization
of wine from mango fruit (Mangifera indica L.). World J Micro-
biol Biotechnol 21:1345-1350. doi:10.1007/s11274-005-4416-9
Romano P, Brandolini V, Ansaloni C, Menziani E (1998) The pro-
duction of 2, 3-butanediol as a differentiating character in wine
yeasts. World J Microbiol Biotechnol 14:649-653. doi:10.1023/
A:1008804801778

Romano P, Suzzi G (1996) Origin and production of acetoin dur-
ing wine yeast fermentation. Appl Environ Microbiol 62:309-315
Schwan RF, Mendonga AT, Silva JJ Jr, Rodrigues V, Wheals AE
(2001) Microbiology and physiology of cachaga (aguardente)

37.

38.

39.

40.

41.

42.

43.

fermentations. Antonie Van Leeuwenhoek 79:89-96. doi:10.1023/
A:1010225117654

Santos CS, Almeida SS, Toledo AL, Santana JCC, de Souza RR
(2005) Elaboracdo e andlise sensorial do fermentado de acerola
(Malpighia punicifolia L.). Braz J Food Technol 10:47-50
Schmid J, Voss E, Soll DR (1990) Computer-assisted methods for
assessing strain relatedness in Candida albicans by fingerprinting
with the moderately repetitive sequence Ca3. J Clin Microbiol
28:1236-1243

TACO Tabela Brasileira de Composicdo de Alimentos (2006)
http://www.unicamp.br/nepa/taco. Accessed 5 March 2008
Valles BS, Bedriniana RP, Tascon NF, Garcia AG, Madrera RR
(2005) Analytical differentiation of cider inoculated with yeast
(Saccharomyces cerevisiae) isolated from Asturian (Spain) apple
juice. LWT 38:455-461. doi:10.1016/j.1wt.2004.07.008

Vallilo MI, Lamardo LCA, Garbelotti ML, Oliveira E, Moreno
PRH (2006) Composi¢do quimica dos frutos de Campomanesia
adamantium (Cambessédes) O. Berg. Cienc Tecnol Alimentos
26:805-810

Wisseman KW, Lee CY (1980) Polyphenoloxidase activity during
grape maturation and wine production. Am J Enol Vitic 31:206—
211

Yemm WE, Willis AJ (1954) The estimation of carbohydrates in
plant extracts by anthrone. Biochem J 57:508-514

@ Springer


http://dx.doi.org/10.1007/s11557-008-0558-0
http://dx.doi.org/10.1007/s10438-005-0105-6
http://dx.doi.org/10.1007/s10438-005-0105-6
http://dx.doi.org/10.1038/sj.jim.7000258
http://dx.doi.org/10.1007/s11274-005-4416-9
http://dx.doi.org/10.1023/A:1008804801778
http://dx.doi.org/10.1023/A:1008804801778
http://dx.doi.org/10.1023/A:1010225117654
http://dx.doi.org/10.1023/A:1010225117654
http://www.unicamp.br/nepa/taco
http://dx.doi.org/10.1016/j.lwt.2004.07.008

	Indigenous and inoculated yeast fermentation of gabiroba (Campomanesia pubescens) pulp for fruit wine production
	Abstract
	Introduction
	Materials and methods
	Fruits
	Gabiroba must
	Fermentation assays
	Isolation and identiWcation yeast from indigenous fermentation
	Electrophoretic karyotype analysis yeast from indigenous fermentation
	Molecular identiWcation of yeast from indigenous fermentation
	Substrates and metabolites
	Sensory evaluation
	Statistical analysis

	Results and discussion
	Yeast fermentation dynamics
	Chemical analyses during fermentation
	Sensory analysis of the beverage

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


