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12 Abstract The aim of this work was to select native
13 Saccharomyces cerevisiae strains to conduct the alcoholic
14 fermentation of red must at low temperature (15°C), thus
15 producing volatile compounds that enhance the aromatic
16 profile of young red wines. Native yeast strains were
17 isolated from red musts and characterized using different
18 oenological and technological criteria. The selection proce-
19 dure included evaluating the yeasts’ characteristics in order
20 to efficiently transform grape sugars into alcohol and carbon
21 dioxide at a controlled rate and without development of off-
22 flavors. The selection procedure also considered another set of
23 oenological properties, namely: SO2 resistance, killer activity,
24 low foam production, volatile acidity, high ethanol produc-
25 tion and tolerance, sugar exhaustion, growth at low

26temperature, growth at high sugar concentration, formation
27of H2S, β-glycosidase activity and volatile compound
28synthesis in synthetic media. The pre-selected native S.
29cerevisiae strains were evaluated in microvinifications of
30Malbec must at 15°C, which were then evaluated to volatile
31compound composition and subjected to a sensorial descrip-
32tive analysis. The complete selection procedure was carried
33out over 2 years. This study provides a complete description
34of techniques for obtaining validated scientific results that
35can be used by oenologists and researchers in the selection of
36specific yeasts.

37Keywords Saccharomyces cerevisiae . Low temperature .

38Fermentation . Red wine . Aromatic profile

39Introduction

40As far as consumers are concerned, aroma is one of the main
41characteristics that determine the quality and value of a wine
42(Swiegers et al. 2005). This is due to the combined effects of
43several volatile compounds such as alcohols, aldehydes,
44esters, acids, monoterpenes and other minor components that
45are already present in the grapes or are formed during the
46fermentation and maturation process (Lambrechts and
47Pretorius 2000; Verzera et al. 2008). This great variety of
48volatile compounds has different polarities and volatilities
49and a wide range of concentrations which are responsible for
50the complexity of wine flavor and ensure its specificity and
51character (Mauriello et al. 2009; Bovo et al. 2011). The
52nature and amount of volatile compounds that make up the
53wine flavor depend on multiple factors such as the nitrogen
54content of the must, the fermentation temperature and the
55yeast strain (Lambrechts and Pretorius 2000; Swiegers et al.
562006; Cavazza et al. 2011).
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57 Winemakers recognize that low temperature fermentation
58 (10–15°C) results in a product with improved flavor (Bardi et
59 al. 1997). In this way, white and rosé wines of greater
60 aromatic complexity can be produced (Lambrechts and
61 Pretorius 2000; Llauradó et al. 2002; Torija et al. 2003). This
62 technique has also been proposed to enhance the aromatic
63 profile in young red wine vinification.
64 Temperature affects both yeast growth and fermentation
65 rate, with lower temperatures giving longer fermentations
66 and increased risk of stuck and sluggish fermentations
67 (Fleet and Heard 1993; Bisson 1999). Moreover, changes in
68 the fermentation rate may also modify yeast and bacterial
69 ecology, ethanol sensitivity and yeast metabolism (Fleet
70 and Heard 1993). Some indigenous non-Saccharomyces
71 species grow faster than Saccharomyces cerevisiae at low
72 temperatures, meaning there is greater competition for
73 nutrients between these species and the inoculated yeast
74 (Fleet 1997). However, inoculation with selected yeasts
75 could allow faster imposition and control of alcoholic
76 fermentation (AF) (Fleet and Heard 1993). Wine yeasts are
77 usually selected from the species S. cerevisiae (the most
78 important species in winemaking) according to a set of
79 physiological features (criteria) that indicate their potential
80 usefulness for industrial wine production (Rainieri and
81 Pretorius 2000). The importance of the additional yeast
82 characteristics differs according to the type and style of
83 wine to be made and the winery’s technical requirements.
84 Generally, oenological characters are evaluated for all yeast
85 isolates by carrying out small-scale fermentations in
86 synthetic or semi-synthetic media (Vaughan-Martini and
87 Martini 1998; Vazquez et al. 2000; Lopes et al. 2007a). The
88 selection procedure includes evaluating the yeast character-
89 istics that efficiently transform grape sugars into alcohol
90 and carbon dioxide at a controlled rate and without the
91 development of off-flavors. The yeasts are also selected on the
92 basis of SO2 resistance, killer activity, low foam production,
93 volatile acidity, high ethanol and tolerance production, sugar
94 exhaustion, growth at low temperature, growth at high sugar
95 concentration and formation of H2S (Regodon et al. 1997;
96 Martínez-Rodríguez et al. 2001; Grieco et al. 2011).
97 Whereas alcoholic fermentation at low temperature is a
98 common practice for white and rosé wines, it is a new concept
99 for red wines and there are few examples of yeasts being
100 selected for this purpose (Argiriou et al. 1996; Llauradó et al.
101 2002). In Argentina, several native S. cerevisiae strains have
102 been selected for red must fermentation, but these fermenta-
103 tions have been carried out at the temperatures traditionally
104 used for this process (22–28°C) (Lopes et al. 2007b).
105 The aim of this study was to select native S. cerevisiae
106 strains to conduct the AF of red must at low temperature
107 (15°C), thus producing volatile compounds that enhance
108 the aromatic profile of young red wines. Native yeast
109 strains were isolated from red musts and characterized

110using different oenological and technological criteria. The
111pre-selected native S. cerevisiae strains were evaluated in
112microvinifications of Malbec must at 15°C. The complete
113selection procedure was carried out over 2 years.

114Materials and methods

115Isolation of yeast strains from spontaneous fermentations

116Spontaneous fermentations were conducted using red grape
117varieties (Malbec, Cabernet Sauvignon, Tempranillo, Bonarda
118and Syrah) from vineyards located in different areas in the
119province of Mendoza (Argentina). The grapes were crushed
120aseptically and the must obtained was placed in 5-L tanks and
121administered with 50 mg L−1 of total SO2 and 30 g hL−1 of
122yeast nutrient Fermaid K (Lallemand, Montreal, Canada).
123The fermentations were carried out spontaneously following
124the Mendoza wineries’ standard vinification practices for red
125must. The only change in the standard vinification protocol
126was that the AF was conducted at 15°C.
127The yeasts were isolated by taking wine samples from each
128tank during fermentation (at 3/4 AF and when the AF was
129completed). Aliquots (0.1 mL each) of several decimal
130dilutions in 0.1% peptone-water were spread onto WL
131Nutrient Agar (Oxoid, Basingstoke, UK) that had been treated
132with chloramphenicol (50 mg L−1) and erythromycin (70 mg
133L−1). Plates were incubated at 28°C for 2 days. Plates
134containing between 30 and 300 colonies were examined. WL
135Nutrient Agar allows the presumptive identification of the
136yeast species according to colony morphology and color
137(Pallmann et al. 2001). Putatives colonies of Saccharomyces
138spp. were isolated for identification.

139Yeast species identification

140Initially, isolated yeasts were identified according to certain
141phenotypic criteria (Kurtzman and Fell 1998). To distin-
142guish between Saccharomyces and non-Saccharomyces
143yeasts, every isolate was evaluated according to its ability
144to grow in L-lysine medium (Oxoid). All isolates that were
145not able to grow using L-lysine as the sole nitrogen source
146were regarded as Saccharomyces spp. Also evaluated was
147the ability of the isolated yeasts to produce ascospores with
1484 spores on acetate agar. The identification of each yeast
149was confirmed by the restriction patterns generated from
150the region spanning the internal transcribed spacers (ITS1
151and ITS2 primers) and the 5.8S rRNA gene.
152Total DNAwas extracted following the method described
153by Hoffman and Winston (1987). The region between the
15418S rRNA and 28S rRNA genes was amplified using
155specific internal transcribed spacers (i.e. the ITS1 and ITS4
156primers) (White et al. 1990). The polymerase chain reaction
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157 (PCR) conditions and the methodology used to digest the
158 PCR products were similar to those described by Fernández-
159 Espinar et al. (2000) when they differentiated the species into
160 the Saccharomyces sensu stricto complex. The PCR products
161 were digested with the restriction enzymes Hae III, Hpa II y
162 ScrF I (New England BioLabs, Hanover, USA) according to
163 the supplier’s instructions. The PCR products and their
164 restriction fragments were separated on 1.4 and 3% agarose
165 gels (Invitrogen, Carlsbad, USA), respectively, with 0.5×
166 TBE buffer. After electrophoresis, the gels were stained with
167 0.5 μg mL−1 ethidium bromide, visualized under UV light
168 and photographed with a camera coupled to Gel Doc XR
169 software (Bio Rad Laboratorios, Hemel Hempstead, UK.).
170 The molecular marker 100-bp DNA ladder (Invitrogen) was
171 used as the molecular size standard.

172 Saccharomyces strain level identification

173 S. cerevisiae isolates were subsequently differentiated at
174 strain level by PCR interdelta element analysis and mitochon-
175 drial DNA restriction fragment length polymorphism
176 (mtDNA-RFLP). For the PCR interdelta analysis, the total
177 DNAwas extracted as described above. The oligonucleotide
178 primers delta12 (5′-TCAACAATGGAATCCCAAC-3′) and
179 delta21 (5′-CATCTTAACACCGTATATGA-3′) were used to
180 amplify the total genomic DNA between the repeated
181 interspersed delta sequences (Legras and Karst 2003).
182 Amplification reactions were performed with a Mastercycler
183 Gradient Eppendorf thermocycler (Eppendorf, Hamburg,
184 Germany) using the following program: initial denaturation
185 at 95°C (5 min); 35 cycles of denaturing at 94°C (1 min),
186 annealing at 50°C (1 min), extension at 72°C (1 min) and a
187 final extension at 72°C (10 min). PCR products were
188 separated onto 1.5% agarose gels in 0.5× TBE buffer. After
189 electrophoresis, gels were stained and visualized as described
190 above. The molecular marker 100 bp DNA ladder (Promega,
191 Madison, USA) served as the size standard. For the
192 mitochondrial DNA restriction fragment length polymor-
193 phism the total extracted DNAwas digest with the restriction
194 enzyme Hinf I (New England BioLabs) as described by
195 Querol et al. (1992). Restriction fragments were separated by
196 electrophoresis onto 1% agarose gel, and then stained and
197 visualized following the procedure described above for the
198 PCR products. The molecular patterns of S. cerevisiae native
199 strains were compared with each other and with the
200 molecular patterns obtained from 33 commercial S. cerevi-
201 siae strains frequently used in the Mendoza region.

202 Oenological fermentations

203 Small-scale fermentations were carried out in concentrated red
204 must diluted to 240 g L−1 with reducing sugar (RS) (Vazquez
205 et al. 2000). The yeast assimilable nitrogen concentration

206(YAN) was adjusted to 200 mg L−1 with ammonium
207sulphate, and NaOH was added in order to increase the
208medium pH to 3.5 (Lopes et al. 2007b). The assay was done
209in 500-mL Erlenmeyer flasks containing 300 mL of the
210culture media. After sterilization, the Erlenmeyer flasks were
211inoculated with 106 CFU mL−1 of each indigenous S.
212cerevisiae strain. The flasks were plugged with glass
213fermentation traps containing sulphuric acid so that only
214CO2 could evolve from the system, and they were kept at
21515°C without agitation (Vaughan-Martini and Martini 1998).
216The weight loss of the fermentation was monitored daily until
217the same weight was obtained for two consecutive measures.
218To determine the vigor of each strain’s fermentation (FV), a
219similar assay was carried out with 300 g L−1 of initial RS
220concentration (Vazquez et al. 2000). The fermentations were
221done in triplicate in separate trials. Two commercial yeast
222strains, the native yeast strain INTA-MZA (Lallemand Inc.)
223and the foreigner strain VL3 (Lallemand.), were used as
224controls in all the oenological characterizations and in the
225following selection steps. When the AF had finished, the
226fermented media were racked and centrifuged 5 min at
2272,133g. The clear fermented media were assayed for ethanol,
228RS and volatile acidity (VA) as described in “Analytical
229methods”. These data were used to calculate the following
230oenological parameters proposed by Vazquez et al. (2000) for
231strain characterization: (1) fermentative efficiency (FE) is
232measured as the amount of RS (g L−1) needed to produce 1%
233of ethanol. FE (initial RS concentration – final RS concen-
234tration)/ethanol concentration; and (2) fermentation rate (FR)
235is calculated as the amount of CO2 produced after 3 days of
236fermentation (CO2 day

−1). This parameter is measured during
237the exponential phase of fermentation; and fermentation vigor
238(FV) indicates the maxim ethanol yield that a yeast strain can
239produce by fermentation in the presence of a high initial RS
240concentration (300 g L−1).

241Ethanol and SO2 tolerance assays

242Ethanol and SO2 tolerance was determined using the tests
243proposed by Vazquez et al. (2000) with modifications.
244Different concentrations of ethanol (2, 10, 12, 13, 14, 15
245and 16%) and SO2 (25, 50, 100, 150, 200, 250 and 300 mg
246L−1) were added to the fermentation media before the yeast
247inoculation. Fermentation tubes without ethanol or SO2

248were used as the control. All the tubes were simultaneously
249inoculated with 106 CFU mL−1 of active yeast strain from
250the overnight culture. Turbidity and gas production were
251considered a positive result.

252Killer assay

253The K2-type killer toxin character (negative, neutral or
254positive) was determined using the seeded-agar-plate

Ann Microbiol

JrnlID 13213_ArtID 271_Proof# 1 - 07/05/2011

Administrador
Nota adhesiva
"Saccharomyces" must be changed by "S. cerevisiae" in italic letter

Administrador
Comentario en el texto
"." must be changed by ":"

Administrador
Resaltado



AUTHOR'S PROOF!

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

255 technique on YEPD medium (g L−1): yeast extract, 10;
256 glucose, 20; peptone, 20; agar, 20. The YEPD medium was
257 treated with 3 mg L−1 methylene blue and buffered at pH
258 4.5 with 0.1 M phosphate-citrate following the protocol
259 described by Vazquez et al. (2000).

260 Hydrogen sulfite production

261 H2S production by S. cerevisiae strains on BigGy agar
262 (Difco), a commercially available bismuth-containing agar,
263 was determined following the methodology proposed by
264 Jiranek et al. (1995) and Mendes-Ferreira et al. (2002). The
265 color of the colonies growing on the indicator media provides
266 a visual measure of the genetically determined maximal
267 activity of sulfite reductase and its potential to produce H2S
268 under permissive conditions (Jiranek et al. 1995). Reactions
269 on indicator media were determined by streaking yeasts for
270 single colonies onto BigGy agar and incubating at 25°C (48–
271 72 h). The color of the isolated yeast colony (white, pale
272 hazel, hazel, dark hazel, black) was observed. The darkness
273 of the color on BigGy agar is in direct proportion to H2S
274 production (Mendes-Ferreira et al. 2002).

275 Foam production

276 Foam height produced by S. cerevisiae strains was measured
277 as previously described by Lopes et al. (2007b). Yeasts were
278 classified into three categories on the basis of the maximum
279 foam height reached: lower (foaming lower than 2 mm),
280 middle (foaming between 2 and 4 mm) and higher (foaming
281 greater than 4 mm), in accordance with Martínez-Rodríguez
282 et al. (2001).

283 β-glucosidase activity

284 β-glucosidase activity was screened on agar plates containing
285 arbutine as the carbon source (Strauss et al. 2001). The
286 composition of the medium was (g L−1): yeast nitrogen base
287 with aminoacids (Sigma), 6.7; arbutine (Sigma), 5; agar
288 (Britania), 20. The pH was adjusted to 4.0 prior to
289 sterilization. Immediately after sterilization, 2 mL of ferric
290 ammonium citrate solution (10 g L−1) was added to 100 mL
291 of medium. The plates were incubated for 7 and 15 days at
292 25 and 15°C, respectively. The appearance of a dark brown
293 color in the colonies indicated β-glucosidase activity.

294 Volatile compound production at laboratory scale

295 Small-scale fermentations were carried out to characterize
296 the volatile compounds produced by the yeast strains. A
297 chemically defined fermentation medium (resembling grape
298 juice) was made as follows: 240 g L−1 of RS (120 g L−1

299 glucose and 120 g L−1 fructose) and 250 mg L−1 of YAN

300without lipids or anaerobic factors. The final pH of each
301medium was adjusted to 3.5. Fermentations were carried out
302in 250-mL Erlenmeyer flasks containing 125 mL of medium
303and closed with cotton wool plugs to achieve micro-aerobic
304conditions. Static batch fermentations were conducted in
305triplicate at 15°C to simulate winemaking conditions. The
306volatile compounds obtained were evaluated by gas chroma-
307tography as described below in “Gas chromatography
308analysis". The AF was monitored as previously described
309in the fermentation experiments.

310Microvinifications

311The fermentations were carried out in 6-L flasks containing
3125 L of Malbec must (244 g L−1 of reducing sugars, pH 3.9)
313supplemented with potassium metabisulphite at a final
314concentration of 50 mg L−1. The YAN concentration was
315adjusted to 230 mg L−1 with ammonium sulfate. The flasks
316were inoculated with 106 CFU mL−1 of each indigenous
317and control S. cerevisiae strains. Fermentation was conducted
318at 15°C and were considered complete once the RS had
319depleted (<1.8 g L−1). The imposition of the inoculated strain
320was checked by PCR interdelta analysis at 3/4 of the AF. At
321the end of the AF, the wines were settled and racked. After
322that, the wines were physically and chemically stabilized,
323bottled and stored at 18°C. The chemical characteristics and
324volatile compounds of the wines were then determined.

325Analytical methods

326Yeast assimilable nitrogen (YAN) evaluated as initial free
327α-amino nitrogen in must was calculated by formol titration
328(Aerny 1996). The volatile acidity, pH, ethanol and sugar
329concentrations, color index (CI) and tint were determined
330by standard methods ( Q1Organisation Internationale de la Vigne
331et du Vin 2005). The microvinification progress of the AF
332was monitored daily using density gravimetric method (Iland
333et al. 2000). The chromatic characteristics of the wines were
334also determined by CIELab measures. The Q2Commission
335Internationale de l'Eclairage (1986) tristimulus values (X, Y,
336Z), and CIELab rectangular (L*, a*, b*) and cylindrical (L*,
337C*, h) coordinates (illuminant/standard observer conditions:
338D65/CIE 1964 10°) were calculated using the simplified
339method described by Ayala et al. (2001). The software
340MSCV for Windows 95/98 (http://www.unizar.es/neguer
341uela/html/grupo_color.htm) was used to obtain these
342values. Color differences (ΔE*) in CIELab units between
343two wines (r and s) were calculated with the following

344equation: $E»r( s ¼ $L»r( sð Þ2 þ $a»r( sð Þ2 þ $b»r( sð Þ2
h i1 2=

.

345Two wines had color differences which could be perceived
346by the human eye when the ΔE* value was more than 2.7
347CIE-Lab units (Negueruela et al. 2001).
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348 Reagents and standards

349 R-(−)-2-octanol (Fluka) was used as the internal standard
350 (IS). Water was obtained from an Elix3/Sinergy-185
351 purification system (Millipore, Brazil). Sodium chloride
352 (ACS-ISO quality) and methanol (Lichrosolv grade) were
353 purchased from Merck (Darmstadt, Germany).

354 Solid phase microextraction (SPME) sampling conditions

355 Samples were obtained by extracting 15 mL of synthetic
356 medium or wine from each treatment and were conserved at
357 −18°C until analysis. Samples were defrosted at room
358 temperature and centrifuged at 2,133g for 5 min (Rolco,
359 Argentine). Five milliliters of the samples and 4,975 μL of
360 pure water (Millipore, Brazil) were placed in a 20-mL glass
361 sample vial. R-2-octanol was used as the internal standard
362 (25 μL of a methanolic solution of 25 ng μL−1) and 3 g
363 NaCl was added. The vial was sealed with a Teflon-faced
364 septum cap and put on a magnetic stirrer (IKA, USA) at
365 1,100g. The sample was pre-conditioned for 15 min at the
366 extraction temperature (40°C). The SPME fiber used was a
367 65-μm polydimethylsiloxane-divinylbenzene (PDMS/DVB)
368 fiber coating (Supelco, USA). Before using, the fiber was
369 conditioned according to the manufacturer’s instructions.
370 After the sample had been pre-conditioned, the SPME
371 fiber was exposed (2 cm) to the headspace for 15 min at
372 a controlled temperature (40°C) during the extraction
373 process and then immediately inserted for 20 min into
374 the GC injector port (230°C) for thermal desorption of
375 the volatile compounds.

376 Gas chromatographic conditions

377 Volatile compounds were determined by gas chromatog-
378 raphy. This analysis was performed using a Varian CP-
379 3800 gas chromatograph with an ion trap mass detector
380 (MS) Saturn 2200 (Varian, CA, USA). The column used
381 was 30 m×0.25 mm Factor Four VF5 with a 0.25-μm
382 film thickness (Varian). The column temperature was
383 initially set at 40°C (5 min), programmed to ramp to
384 100°C at a rate of 1.5°C min−1, then raised at 3 C min−1

385 up to 215°C for 5 min. Helium was used as a carrier gas at
386 a constant flow rate of 1.0 mL min−1. The injection port
387 temperature was 230°C. Splitless injections were made.
388 An electron impact (EI) at energy of 70 eV was used for
389 ionization, and the temperature of the transferline and the
390 ion trap was 200°C. The identification and the quantifica-
391 tion of volatile compounds were identified by comparing
392 them with the retention times of standard solutions and
393 with the mass spectra from the Nist 2.0 library. They were
394 quantified using relative areas related to the internal
395 standard.

396Sensorial descriptive analysis

397Sensorial descriptive analysis (SDA)was carried out to explore
398the differences between the Malbec wines which had each
399been fermented at low temperature with a different yeast strain.
400Sensory descriptive analysis was carried out 4 months after
401bottling by 13 trained panelists from the Stable Sensorial
402Analysis Group of the Oenological Research Centre at the
403Instituto Nacional de Tecnología Agropecuaria (National
404Institute of Agricultural Technology). Panelists from this group
405are continuously trained in monthly sessions and in the Annual
406Sensory Descriptive Training Course. Wines were equilibrated
407at room temperature (22°C) and 50-mL samples were poured
408into wine glasses ISO 3591 Q3International Standards Organiza-
409tion 3591 (1977). Sensory descriptive analysis was performed
410on anonymous samples. The order of the samples was
411assigned randomly for each panelist. The first session
412evaluated the wine descriptors for SDA that are associated
413with typical Malbec wine flavors, these being: color intensity,
414violet tint, aroma intensity, red fruits, balsamic flavor,
415bitterness, astringency and concentration. In addition, two
416descriptors related to defects in the wine were included: nail
417polish and rotten egg aromas. In the following session, the
418intensity of each descriptor was measured using a no-
419structured scale (Reynolds et al. 2001). All the panelists’
420average ratings for each wine and each descriptor were
421obtained. Replicates were done separately on different days.

422Statistical analysis

423Statistical data analyses were done using Statgraphics Plus
424(version 5.1). The data normality and variance homogeneity in
425the residuals were verified. Analysis of variance (ANOVA)
426followed by an LSD Fisher Test was used to evaluate the
427significance of variation between means. All significance tests
428were conducted at levels of p≤0.05. The Kruskal–Wallis test
429was used for nonparametric data. The oenological parameters
430and sensorial analyses also were investigated by principal
431component analysis (PCA) using the software InfoStat/
432Professional version 1.5 (Estadística y Diseño, FCA,
433Universidad Nacional de Córdoba, Córdoba, Argentina).

434Results

435For many years, different procedures have been applied to
436selecting yeast strains to find the most appropriate strains
437for fermenting different wine styles. Tests to evaluate and
438select the best strain for a specific kind of fermentation
439differ depending on the wine style that is desired.
440Fermentation at a low temperature is common practice in
441white and rosé wine production but its application in red
442wine production is a new development. In the present study,
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443 native S. cerevisiae strains have been characterized and
444 selected to ferment red must at 15°C and thus obtain
445 aromatic young red wines.

446 Isolation and identification of yeast strains

447 More than 100 yeasts were isolated from the red must
448 fermented at 15°C. Of these, 34 isolates yeasts were
449 evaluated. These yeast isolates were selected considering
450 the different musts and sampling points during AF (3/4 and
451 the end), and to avoid duplicate isolates, colonies with
452 different morphologies and colors in WL Nutrient Agar
453 were selected (Oxoid). Phenotypic criteria were used to
454 presumptively identify the yeasts as Saccharomyces spp.,
455 which were then confirmed as S. cerevisiae by molecular
456 methods (data not shown). Of the 34 strains tested, 9 and
457 8 isolates showed the same interdelta PCR molecular
458 pattern as the two commercial yeast strains ICV D254 and
459 EC1118 (Lallemand), respectively. These commercial yeast
460 strains are the most frequently used to wine fermentation in
461 the Mendoza region. Of the 17 remaining isolates, only 14
462 molecular patterns differed from the commercial strains
463 evaluated (Fig. 1). These molecular data were confirmed by
464 mtDNA-RFLP (data not shown). Fourteen different S.
465 cerevisiae strains were submitted to the following oeno-
466 logical characterization (Table 1).

467 Oenological characterization of S. cerevisiae native strains

468 Small-scale fermentation was conducted with 14 S. cer-
469 evisiae native strains at 15°C. The wines obtained were
470 chemically analyzed and fermentative parameters were
471 calculated. Nine native yeast strains performed well when
472 fermenting red musts at low temperature (Fig. 2). These
473 strains consumed all the residual sugars and produced less
474 volatile acidity than the control strains under the same
475 conditions. In addition, the native yeasts strains showed a
476 higher tolerance to stressful situations than the commercial

477strains. They were able to start the AF with a high RS
478concentration (300 g L−1) and exhibited high fermentation
479vigor (FV) at a low temperature (Fig. 2). Table 2
480summarizes the results of the tests carried out to evaluate
481the oenological properties of 9 different native yeast strains.
482Most of the native strains showed high tolerance to ethanol
483and SO2 concentrations and low genetic potential to
484produce H2S. BLA-39, MaB-2 C, MaE-1 C, and Bo-1 C
485strains showed a positive killer phenotype, whereas a
486neutral killer phenotype was observed in All-9, BBT-27,
487and UBA-21 strains. Only MaB-2 C strain presented low
488foam production whereas other native strains presented a
489foam production similar to that of commercial strains. The
490strains used in this trial did not show β-glucosidase activity
491at 15°C, although All-9, UBA-21, Bo-1 C, and MaE-1 C
492strains show this enzyme activity at 25°C (Table 2).
493Considering all data obtained, 3 of the 9 initial native
494strains were eliminated. The A11-8 and M11-13 strains
495were eliminated because showed a negative killer pheno-
496type. Also, A11-8 was the least resistant to ethanol, and
497M11-13 showed the greatest genetic potential to produce
498H2S. The BBT-27 strain formed a high quantity of foam
499during fermentation and was therefore also excluded from
500the following selection step.

501Production of volatile compounds in synthetic medium

502The evaluated All-9, BLA-39, UBA-21, MaB-2 C, MaE-1 C,
503Bo1C strains produced fermentative volatile compounds
504related to fruity, floral and spicy aromas. Fermentations were
505carried out in a synthetic medium without free monoterpenes
506and glycoconjugate precursors. In this medium, the synthesis
507of most of the fermentative compounds differed significantly
508according to the yeast strain (Table 3). Some volatile
509compounds could not be produced in sufficient concentra-
510tions to allow detection by the analytical method employed.
511Most of the esters detected in the synthetic medium were
512related to desirable aromas in wines and were present at

M      I II    III   IVA IVB V   VI VII  VIII   M    IX   XA XB XC XI   XII XIII XIV  M

2072
1500

900

300

600

100

Fig. 1 Molecular patterns
obtained by interdelta PCR of 17
Saccharomyces cerevisiae native
isolates. The Roman numbers
indicate the identity of different
isolates. Lane M corresponds to
the 100-bp DNA ladder. Sizes of
the markers in base pairs are
indicated on the right
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513 concentrations above their odor threshold, with the exception
514 of ethyl acetate which was synthesized at concentrations
515 below its odor threshold. The hexanoate and octanoate ethyl
516 esters were present at greater concentrations. Statistical
517 differences in the total concentration of esters were detected
518 among the strains evaluated. The A11-9, UBA-21 and VL3
519 strains showed the highest concentrations of total esters; in
520 contrast, the BLA-39, MaE-1 C, Bo-1 C and INTA-MZA
521 strains produced significantly fewer total esters (Table 3). We
522 evaluated the two most important higher alcohols for all the
523 yeasts which synthesized different concentrations of 2-
524 phenylethanol above its odor threshold. Among these, the
525 MaB-2 C strain showed the lowest 2-phenylethanol value
526 (0.57 mg L−1) and the VL3 strain produced the highest
527 concentration (1.54 mg L−1). The 3-(methylthio)-1-propanol
528 concentrations for all the strains were below its odor

529threshold. The MaB-2 C strain synthesized the smallest
530concentration of total higher alcohols (0.58 mg L−1) whereas
531the VL3 strain the largest, 1.54 mg L−1 (Table 3). The yeast
532strains synthesized terpenes (linalool and/or citronellol) in
533the synthetic medium at 15°C in concentrations near or
534above their odor threshold (Table 3). Bo-1 C strain showed
535the lowest values of linalool (5 μg L−1) whereas BLA-39 and
536MaB-2 C showed the higests, 17 μg L−1 and 14 μg L−1,
537respectively. On the other hand, the BLA-39 and Bo-1 C
538strains exhibited the maximum concentrations of citronellol
53955 μg L−1 and 34 μg L−1, respectively. The control strain
540INTA-MZA showed the lowest citronellol concentration, this
541being below the odor threshold of this terpene. Furthermore,
542the native strain MaE-1 C did not synthesize citronellol in
543detectable concentrations. MaE-1 C synthesized the lowest
544concentration of total terpenes whereas BLA-39 synthesized

t1.2Strain Isolation origin Molecular patterna

t1.3A11-8 Malbec (2000) – Luján de Cuyo, Mendoza I

t1.4A11-9 Malbec (2000) – Luján de Cuyo, Mendoza II

t1.5BBT-27 Bonarda (2000) – Maipú, Mendoza III

t1.6BLA-39 Bonarda (2000) - Maipú, Mendoza IV

t1.7M11-13 Malbec (2000) – Luján de Cuyo, Mendoza V

t1.8SBB-11 Syrah (2000) – Maipú, Mendoza VI

t1.9SLB-5 Syrah (2000) – Maipú, Mendoza VII

t1.10UBA-21 Ugni Blanc (2000) – Maipú, Mendoza VIII

t1.11ULA-16 Ugni Blanc (2000) – Maipú, Mendoza IX

t1.12MaB-2C Malbec B(2006) – La Consulta, Mendoza X

t1.13MaE-1C Malbec E (2006) – Tunuyán, Mendoza XI

t1.14MaS-1B Malbec S (2006) – La Consulta, Mendoza XII

t1.15MaS-1C Malbec S (2006) – La Consulta, Mendoza XIII

t1.16Bo-1C Bonarda (2006) – Tupungato, Mendoza XIV

t1.1Q6 Table 1 Name and isolation
origin of 14 yeast native strains
included in the oenological
characterization

aMolecular patterns obtained by
PCR interdelta and confirmed
by RFLP mtDNA.
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Fig. 2 Principal component anal-
ysis (PCA) of wine chemical
compositions (RS reducing sugar,
VA volatile acidity and ethanol)
and fermentative parameters
(FE fermentation efficiency, FR
fermentation rate, FV fermenta-
tion vigor) of the Saccharomyces
cerevisiae native and commercial
(VL3 and INTA-MZA) strains in
fermentations carried out at labo-
ratory scale. The circle indicates
the native S. cerevisiae strains that
were pre-selected at this stage
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545 the highest (Table 3). The synthesized octanoic and decanoic
546 acids by the S. cerevisiae strains are below the odor
547 threshold. Under the conditions of the assay, we could not
548 detect for the Bo-1 C strain octanoic acid production, and the
549 commercial strain VL3 showed the highest concentration of
550 both acids (Table 3). The control yeasts (VL3 and INTA-
551 MZA) differed from each other in terms of the total
552 production of odorant compounds. In the assay conditions,
553 VL3 strain produced significantly higher concentrations of
554 all the groups of volatile compounds (Table 3).

555 Microvinifications

556 Six native yeast strains were tested in microvinifications of
557 Malbec must (5 L) conducted at 15°C. The wines were
558 considered to be “dry” and AF concluded when the RS
559 concentration was below 1.8 g L−1. AF was completed
560 between 14 and 18 days depending on the strain.
561 Implantation control of inoculated strains was performed
562 in each vinification. In all cases, more than 93% of the
563 strain isolates at the end of fermentation showed a PCR
564 interdelta molecular pattern corresponding to the inoculated
565 strain (data not shown). The MaB-2 C and MaE-1 C strains
566 were statistically fastest at completing the AF whereas the
567 A11-9 strain and the control strain VL3 were the slowest.
568 The BLA-39 and UBA-21 native strains could not finish
569 the AF (Table 4). The final ethanol concentration was very
570 similar for all the wines. Under the test conditions, all the
571 native strains produced significantly less volatile acidity
572 (around 0.1 g L−1) than the control strains VL3 and INTA-
573 MZA, 0.32 g L−1 and 0.44 g L−1, respectively (Table 4).
574 The wines produced with both commercial strains showed
575 the highest tint values which indicated a higher proportion
576 of yellow pigments (Table 4). The wine made with MaB-
577 2 C had the highest IC whereas both the wines made with
578 commercial strains showed the lowest IC. The wines
579 produced with both commercial strains showed the highest

580tint values which indicated a higher proportion of yellow
581pigments (Table 4). The ΔE* parameter was calculated
582using the CIE-Lab coordinates. All wines made with native
583strains showed ΔE* values greater than 2.7 units when
584compared with commercial strains wines. The values
585obtained from this parameter indicated that consumers
586could perceive the color differences between the wines.
587The wine produced with MaB-2 C showed the highest ΔE*
588values when it was compared with the commercial strains
589wines (data not shown). SDA was carried out to evaluate
590wines obtained with the 6 native and 2 commercial strains
591(Fig. 3). Wines fermented with the MaB-2 C, MaE-1 C, Bo-
5921 C and UBA- 21 native strains were related to descriptors
593of color intensity, violet tint, concentration and astringency
594by the panelists. Wines made with the MaE-1 C and Bo-1 C
595native strains were noted for their aromatic intensity and
596red fruit notes. On the other hand, wine made with MaB-
5972 C was related to the balsamic descriptor mainly
598associated with greater aromatic complexity. The A11-9
599and BLA-39 wines showed intermediate values for the
600descriptors used. Juries found lower color intensity, violet
601tint, aromatic intensity, concentration and astringency in the
602commercial strain wines (Fig. 3). Sensory descriptive
603analysis showed that wines made with native strains were
604more related to intense color descriptors and violet tint than
605the commercial strains wines were. All the yeasts tested
606were able to produce esters related to desirable aromas in
607wines. The isolated strains used in this study produced
608wines with statistically different concentrations of most
609volatile compounds (Table 5). The esters, ethyl hexanoate
610and ethyl octanoate, were present in the greatest concen-
611tration (Table 5). Under mirovinification conditions, the
612yeasts synthesized ethyl acetate in concentrations below its
613odor threshold (Table 5). This result was consistent with the
614tasters’ descriptions, which did not associate the wines with
615the ethyl acetate descriptor (nail polish) (Fig. 3). In general,
616the range of concentrations for different esters quantified in

t2.2Strain Ethanol
tolerance (%)

SO2 tolerance
(mg L−1)

Foam H2S
a Killer

characterb
β-
Glucosidasec

t2.3A11-8 12 300 Middle + K−R− −
t2.4A11-9 14 300 Middle + K−R+ +

t2.5BBT-27 14 300 High ++ K−R+ −
t2.6BLA-39 14 300 Middle +/− K+R+ −
t2.7M11-13 13 300 Middle ++ K−R− −
t2.8UBA-21 13 300 Middle +/− K−R+ +

t2.9MaB-2C 15 300 Low + K+R+ −
t2.10MaE-1C 13 300 Middle + K+R+ +

t2.11Bo-1C 14 250 Middle + K+R+ +

t2.12VL3 14 300 Middle +++ K−R+ +

t2.13INTA MZA 14 300 Middle ++ K−R+ +

t2.1 Table 2 Oenological character-
ization of native and commercial
(VL3 and INTA MZA) yeast
strains.

a Genetic potential to product
H2S: null (−), weak (+/−), low
(+), media (++), high (+++)
b Character to K2-type killer
toxin: negative (K−R− ), neutral
(K−R+ ), positive (K+ R+ )
cβ-glucosidase activity determi-
nate at 25°C: negative (−),
positive (+)
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617 wine was similar to that found in the synthetic medium. Ethyl
618 butanoate and isoamyl acetate concentrations in wine were 20
619 and 4 times higher than in the synthetic medium, respectively
620 (Tables 3 and 5). When the total ester concentrations were
621 estimated, statistical differences were observed between the
622 yeast strains. The native strains A11-9, BLA-39 and MaB-
623 2 C and the control strain MZA-INTA synthesized the
624 highest concentration of total esters in the wine (Table 5).
625 The yeast strains produced 2-phenylethanol concentrations
626 above the odor threshold, whereas this did not happen with
627 3-(methylthio)-1-propanol (Table 5). MaE-1 C was the
628 lowest producer of 2-phenylethanol whereas BLA-39,
629 UBA-21 and Bo-1 C were the highest. Most of the strains
630 tested did not synthesize 3-(methylthio)-1-propanol in con-
631 centrations that the analytical method could detect. Similar or
632 statistically greater concentrations of total higher alcohols
633 were found in both the wine and the synthetic media

634(Tables 3 and 5). All the yeast strains were able to produce
635both terpenes at concentrations above their odor thresholds.
636Significant differences in citronellol production were found
637between the wines produced with the S. cerevisiae strains.
638The isolates A11-9 and VL3 showed citronellol concentra-
639tions significantly higher than those of the control strain
640INTA-MZA. The remaining native strains synthesized inter-
641mediate concentrations of this odorant compound (Table 5).
642The range of the total terpenes in the wines was between 66
643and 125 μg L−1 and showed statistical differences between
644wine samples. The A11-9, BLA-39 and VL3 strains were the
645largest terpene producers whereas INTA-MZA was the
646smallest (Table 5). Generally, the Malbec wines analyzed in
647this study showed total terpene concentrations that were
648statistically higher than those quantified in the synthetic
649medium mainly because grape free terpenes were present in
650the wines. However, if the lowest concentration of total

t4.1 Table 4 Characteristics of the Malbec wines produced by native and commercial (VL3 and INTA MZA) Saccharomyces cerevisiae strains

t4.2 Strain AF duration
(days)

Color characteristics Ethanol (%) Chemical characteristics

t4.3 Color index Tint Reducing sugar
(g L−1)

Volatile acidity
(g L−1 acetic acID)

t4.4 A11-9 17.7±0.6 b 0.98±0.12 ab 0.68±0.03 ab 14.8±0.3 a <1.80 0.08±0.01 a

t4.5 BLA-39 16.3±1.0 ab 0.97±0.03 ab 0.67±0.02 ab 15.6±0.3 b 2.38±0.82 a 0.18±0.03 c

t4.6 UBA-21 16.0±1.2 ab 0.99±0.06 ab 0.66±0.05 a 15.3±0.7 ab 5.12±1.86 b 0.14±0.03 abc

t4.7 MaB-2C 14.0±0.6 a 1.07±0.04 b 0.67±0.01 ab 15.3±0.3 ab <1.80 0.10±0.01 ab

t4.8 MaE-1C 14.3±0.6 a 0.92±0.16 ab 0.72±0.01 abc 15.3±0.4 ab <1.80 0.13±0.05 abc

t4.9 Bo-1C 15.3±0.6 ab 0.74±0.22 ab 0.74±0.08 bcd 15.6±0.1 b <1.80 0.16±0.01 bc

t4.10 VL3 17.3±0.6 b 0.76±0.03 a 0.82±0.01 d 15.7±0.1 b <1.80 0.32±0.06 d

t4.11 INTA-MZA 15.7±0.6 ab 0.79±0.04 a 0.78±0.01 cd 15.5±0.1 ab <1.80 0.44±0.05 e

Numbers located in the same column having different letters differ at p<0.05 level (Fisher LSD´s test). Values are means of three replicates ±
standard deviation
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651 terpenes found in wine (66 μg L-1) comes from free terpenes
652 present in the must, the differences found between the wines
653 can be attributed to yeast strains. The results obtained in both
654 assays (synthetic medium and Malbec wines) showed that the
655 S. cerevisiae strains included in this study were able to
656 synthesize terpenes during fermentation at 15°C. Fatty acids
657 identified in this study were synthesized by yeasts at
658 concentrations below their odor threshold (Table 5). Howev-
659 er, strains differed statistically in the production of both
660 octanoic and decanoic acids. The native strains MaE-1 C and
661 Bo-1 C synthesized the highest concentrations of them, 1.28,
662 and 1.24 mg L−1, respectively, whereas BLA-39 synthesized
663 the lowest concentration, 0.55 mg L−1 (Table 5). Most of the
664 strains in this study produced more total fatty acid concen-
665 trations in synthetic media than in wine (Tables 3 and 5).

666 Discussion

667 Wine flavor is a combination of taste and aroma and is
668 important for consumers when defining their preferences.
669 Fermentation at low temperatures (10–15°C) is used to
670 increase or retain the volatile compounds of white and rosé
671 wines but is a new concept in red wine fermentation. Little
672 research has been published regarding the selection of
673 yeasts for this purpose. The present study shows a process
674 for selecting the most suitable native S. cerevisiae strains to
675 carry out the AF of red musts at a low temperature (15°C).
676 The protocol proposed to find a native S. cerevisiae strain
677 suitable for conducting low temperature fermentations was
678 successful. As described by other authors (Lopes et al.
679 2002; Mercado et al. 2007), and as shown by molecular
680 analysis, different S. cerevisiae strains were involved in the
681 spontaneous AF at 15°C, which meant there is a good
682 source of genetic diversity. Some of the yeast isolates
683 displayed the same molecular pattern as the commercial
684 yeast strains that are widely used in the Mendoza region,
685 which indicates that this yeast should be present in the
686 vineyards. Various authors have suggested that commercial
687 strains are transmitted from the cellar to the vineyards
688 (Valero et al. 2005;Q4 Martínez et al. 2007; Schuller et al.
689 2004; Cubillos et al. 2009). Regardless of the purpose for
690 which a yeast strain is selected, it must be well adapted to
691 the vine-growing practices, winemaking techniques and
692 must compositions of its particular area. Several authors
693 suggest that native yeasts are more competitive than foreign
694 commercial yeasts because the former are better adapted to
695 the ecological and technological conditions of their wine
696 areas (Lopes et al. 2007a; Grieco et al. 2011). Selecting
697 native yeast strains favors the implantation of native
698 inoculated strains in fermentations, thus diminishing the
699 risk of deviations in the process, as our results demonstrat-
700 ed (Grieco et al. 2011). The commercial strains tested in

701this study were able to ferment red must at 15°C. However,
702the selected native strains were faster and produced wines
703with better color intensity and flavor than the commercial
704strains. The two commercial strains (INTA-MZA and VL3)
705used in this study were able to perform AF under the
706conditions (temperature and must type) for which they were
707selected, but they had problems carrying out the AF at
708different conditions, as our results showed. This demon-
709strates the importance of selecting native yeasts that are
710capable fermenting red musts at 15°C.
711During this selection process, all the native strain isolates
712were subjected to selection pressure from the beginning of
713the process (red must and low temperatures), which allows
714the number of strains to be reduced as the selection steps
715progressed. The fermentation parameters and chemical data
716obtained from semi-synthetic medium (diluted grape con-
717centrate) on a laboratory scale were correlated with those
718obtained from Malbec wines fermented at 15°C. In both
719samples the native strains produced a similar or greater
720concentration of ethanol and less volatile acidity than the
721commercial strains. These results support the use of a semi-
722synthetic medium (diluted must concentrate) during the
723screening protocols for yeast selection as proposed other
724authors (Vazquez et al. 2000; Lopes et al. 2007b). The color
725of the Malbec wines made at low temperatures with the
726native strains was similar to that previously reported for red
727wines produced by traditional maceration (Casassa and Sari
7282007). However, the wines fermented at 15°C with different
729strains of S. cerevisiae showed differences in color. These
730yeasts could affect the color of red wines in different ways.
731Some strains could favor the extraction of anthocyanins
732from the grapes during maceration and fermentation,
733depending on the activity of their extracellular enzymes
734and their ability to produce ethanol. Furthermore, levels of
735acetaldehyde produced by different yeast strains promote
736the formation of anthocyanin-ethylflavanol adducts which
737are more stable to pH and to SO2 decoloration than
738monomeric anthocyanins (Escribano-Bailón et al. 2001).
739Caridi et al. (2004) found a correlation between the yeast
740strain used for winemaking and the phenolic composition of
741the wine. They highlighted the ability of the strain used to
742modify the wine’s color, antioxidant power and phenolic
743compound profile.
744An important factor to consider when selecting a yeast
745strain is its ability to produce aromatic compounds, this
746consideration being driven by consumer demand for
747aromatic wines. Numerous works have shown that yeasts
748involved in vinification possess β-glucosidase activity, and
749that this activity is greater in non-Saccharomyces yeast
750strains than in S. cerevisiae (Rosi et al. 1994; Strauss et al.
7512001; Rodríguez et al. 2004; Fia et al. 2005). Unexpectedly,
75244% of the yeast strains tested in this work showed this
753enzymatic activity at 25°C. A high percentage of S.
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754 cerevisiae strains with β-glucosidase activity has been only
755 reported by Spagna et al. (2002) and Fia et al. (2005) with
756 12 and 25%, respectively. Rodríguez et al. (2004) found
757 one S. cerevisiae with this activity over 73 isolates (1%)
758 from north Patagonia (Argentina) tested. These data suggest
759 that this character may not be homogeneously distributed in
760 the environment. More studies are needed to confirm these
761 observations. On the other hand, the native strains were
762 able to produce fermentative volatile compounds related to
763 fruity, floral and spicy aromas. Similar concentrations of
764 different volatile compounds were produced by yeast
765 strains in synthetic media and wine, which validates the
766 synthetic media as a selection protocol for making a
767 preliminary evaluation of yeast’s aroma production. The
768 S. cerevisiae strains selected were able to synthesize
769 monoterpenes (linalool and citronellol) in a synthetic
770 medium and in Malbec grape juice fermented at 15°C.
771 The terpene concentration obtained in both arrays depended
772 on the strain used. The terpene concentration was above the
773 odor thresholds in most of the conditions evaluated in our
774 study. Although GC-MS was used to evaluate several
775 volatile compounds related to yeast metabolism, the
776 resulting analytical profile not did allow the wine aroma
777 to be predicted with precision. Both the sensory descriptive
778 analysis and the fermentative volatile compound composi-
779 tion obtained by GC-MS found differences between the
780 strains evaluated. However, volatile compounds associated
781 with pleasant notes are not always present in wines in high
782 enough concentrations to be detected by tasters. Here, it is
783 important to consider the balance between the different
784 compounds that shape wine aroma because an aromatic
785 compound found in the same concentration in two different
786 wines might not be perceived in the same way or may result
787 in different flavors as a result of its interactions with other
788 compounds present in wine (Cabredo-Pinillos et al. 2006).
789 This could explain the difficulties in establishing a
790 relationship between a wine’s odorant compound profile
791 as determined by GC-MS on the one hand and an SDA
792 conducted by a panel of tasters on the other hand.
793 Consequently, SDA remains a very useful tool when taking
794 a final decision in the yeast selection procedure.

795 Conclusion

796 The MaB-2 C, MaE-1 C and Bo-1 C native strains were
797 selected to ferment red wines at low temperatures. These
798 strains carried out a good fermentation profile and
799 displayed attributes desirable in oenological yeast strains
800 such as killer character, low foam formation, low genetic
801 potential for SH2 production, elevated ethanol and SO2

802 tolerance, and β-glucosidase activity (MaE-1 C and Bo-1 C).
803 In addition, these strains were able to synthesize linalool and

804citronellol in concentrations above their odor thresholds
805during AF at 15°C. Furthermore, the tasters described the
806wines obtained with these three native strains as having the
807most intense colors and aromas.
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