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ABSTRACT

The objective of this work was to study the malatabioconversion in low acidity cider, accordingagilian
conditions. The apple must was inoculated fitcharomyces cerevisiae S. cerevisiaavith Oenococcus oeni.
The control contained the indigenous microorganiskeymentation assays were carried out with cladfiapple
must from the Gala variety. At the beginning ofrfentation, there was a fast growth of the &atcharomyces
yeast population. Competitive inhibition occurredail the assays, either with inoculated or indiges populations
of the yeast. The lactic acid bacteria count waslcd1-16 CFU/mLat the beginning and 2GCFU/mL after yeast
cells autolysis. The lactic bacterfa. oenireached the highest population (10FU/mL) when added to the apple
must after the decline of the yeast. The malic a@d totally consumed during the alcoholic ferméataperiod
(80.0 to 95.5 %) and lactic acid was still syntlzesi during the 35 days of malolactic fermentatibinese results
could be important in order to achieve a high gtyabrut, or sec cider obtained from the dessertlappust.
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INTRODUCTION marxianus and Kloeckera sp. (Martinez et al.
1989; Beech 1993; Coton et al. 2006; Valles et al.
The chemical composition of cider is establishe@008). Fermentation begins due to non-
during three fermentative stages: the oxidativ&accharomycegeast, which is usually present in
(apiculate or norSacharomyces yeast), the the apple epicarp and processing equipment. The
alcoholic (mainly Saccharomycessp.) and the population may reach around®i@lony forming
malolactic (lactic acid bacteria, LAB). Oxidative units (CFU) per mL, and they are inhibited by
fermentation is the first phase observed in natur&accharomycesp. (Fleet 1990; Morrisey et al.
fermentations, being responsible for aromati?004; Coton et al. 2006). This stage may last
compound formation with fruity and floral aromasbetween 5 and 15 days in natural fermentations in
(Drilleau 1996; Valles et al. 2008). The mainFrench cider conditions (Le Quéré and Drilleau
microorganisms isolated in this phase are apiculate998).
yeasts such ddetschnikowia pulcherrimaPichia There are some problems related to natural
guilliermondii, Hanseniaspora valbyenssnd H.  fermentation, such as the lack of control, which
uvarum Candida parapsilosisL.achancea cidri, can result in a decrease in the quality and tHe ris
Candida sake, Candida tropicalis, Kluyveromyce®f contamination. The utilization of commercial
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yeast, usually in the active dry form, allows for a2001). Deeper knowledge of the complex
better control of fermentation and reduces the riskicrobial ecology during spontaneous MLF in
of negative organoleptic effects resulting from thdraditional cider processing is therefore vitald€ri
growth and metabolism of other indigenous yeastgrocessing in Brazil began in the early 1970s,
(Cabranes et al. 1997; Valles et al. 2008). Naturabgether with the first harvest of national apples.
yeasts of th&accharomycegenus are observed in The production of the Gala and Fuji varieties
apple must in a population of approximatelyrepresents 90% of total production and
6.0-1d CFU/mL and they may reach a maximumconsequently apple must in Brazil is a mixture of
population of 1.0 at 4.0-10CFU/mL when the these two varieties (ABPM 2011). Processing
fermentation reaches its maximum velocity. Theoccurs in the summer, with temperatures between
growth stabilizes after the consumption of 10 to 125 and 35°C. This temperature, combined with the
g/L of sugar (Le Quéré and Drilleau 1998),addition of sulphur dioxide (100-200 mg/L) and
whereas, when viable cells &. cerevisiaeare active dry yeast inocula (20-40 g/hL), results in a
inoculated in apple must in a population of aroundast alcoholic fermentation (5-7 days) that
10° CFU/mL, they reach the stationary phase witlpromotes an aroma with ‘yeasty’ sensory notes,
a population of 10CFU/mL(Herrero et al. 1999). which must be normally corrected by the bottling
However, with inoculum it is possible to industry. Before bottling, sugar may be added up
standardize the compounds formed during th&o the maximum limit that is found in apples
fermentation with a direct effect on the quality of(ABPM 2011; Nogueira and Wosiacki 2010).

the cider (Ribéreau-Gayon et al. 1998). There are many works in the literature about the
Alcoholic fermentation converts the sugars tgorocessing of apple wine and the factors that affec
alcohol and carbon dioxide. It may occur througtits quality. However, there are few studies about
the indigenous microflora  action by the behavior of the microorganisms responsible for
Saccharomycesp., especiallyS. uvarumand S. apple must fermentation in Brazilian conditions,
cerevisiag which are more adapted to thewhich differs greatly from that found in American
anaerobic conditions and alcohol content that arand European processing. In this present article,
present in the fruit and in the processinghe evaluation of the population dynamics of
environment (Michel and Bizeau 1988; Morriseymicroorganisms used in Brazilian cider processing
et al. 2004; Valles et al. 2007). Alcoholicis presented with the intention of discussing the
fermentation may leave apple wine deficient irrelationships between the physicochemical
vitamins and amino acids for the development o€omposition of the beverage, the various phases of
bacteria in the first week of fermentation (Drillea fermentation, and the specific metabolites.

1996). However, during the phase when the yeast

dies, nutrients are released that act as growth

factors in the development of lactic acid bacteriiMATERIALS AND METHODS

(King and Beelman 1986). _

Malolactic ~ fermentaton (MLF) is a Raw material _

microbiological process that promotes theSamples (40 Kg) of commercial Gala apples,
decarboxylation of L-malic acid (bicarboxylic) in harvested in 2006/2007, both classified and
L-latic acid (monocarboxylic). It is desirable for unclassified, were supplied by the Boutin Group,
three reasons: a decrease in the acidity, an isered 0o Amazonas/PR. The chemical reagents used
in sensory features and a contribution tgVere p.a. grade.

microbiological stability (Versari et al. 1999; Liu ,

2002; Xu et al. 2005; Cafias et al. 2008). ThéPple must processing _

average acidity of Brazilian apples is 3.6 g/LTh? fruits were se]ected, cle.aned in potable water,
(Paganini et al. 2004; Wosiacki et al. 2008)Weighed, milled in a multi-processor (Metvisa
Oenococcus oerig known as LAB, with a major Processor, type MPA) and put in the plastic
capacity to develop malolactic fermentation in theScreens. A set of five screens was arranged in a
modern fruit wine industry (Louvand-Funel 1995;vertical pillage to extract the juice by two
Herrero et al. 1999: Liu 2002; Xu et al. 2005;Pressings (Eureka hydraulic press, Hoppe _Ind. Ltd.
Sanchez et al. 2010). Starter cultures of LAB arrazil), one at 1.0 kgf/cm for two minutes,
not employed to ensure its correct development ifpllowed by 4.0 kgf/cm for five minutes. The apple
cider, as occurs in the wine industry (Herrerolet aMust was depectinized with enzyme (Pectinex-
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Batch 1201371L) at a concentration of 3.0 mL/hLmanually and the result expressed in CFU/mL
for 4 h at 25+2°C (Wosiacki et al. 1989). Aftersthi (Silva et al. 2010).
sedimentation time, the apple must was racked a

divided in fermentors. Apiculate yeasts counting
Selected medium was prepared in two stages. In
Indigenous microorganisms in apple must the first, 11.75 mL of yeast extract (Biobras, cod.

The musts were used as source of microorganismi®5-1) was diluted in 500 mL of distilled water
for the initial quantification of total yeast, non-and sterilized in an autoclave. In the second stage

Saccharomycegeast and lactic bacteria acid. the extract was prepared with 2.3 g of lysine, 20 g
of agar-agar (Rea-tech), diluted in 500 mL of
Apple wine processing distilled water, warmed until complete dissolution

The depectinized juice (450 mL) from eachin a microwave and sterilized in an autoclave. Both
experiment was distributed in six Erlenmeyemedia were mixed together and 10 mL was poured
flasks (500 mL), identified asoRcontrol), B, P,  into 90 mm Petri dishes and later, the solid media
P, P and Rs (days of fermentation), received 100pL of source of microorganisms.

respectively. After the incubation at 28°C for 48 h, the colonies
_ were counted manually and the result expressed in
Fermentation CFU/MI (Silva et al. 2010).

The fermentations were carried out as follows: (A)

natural fermentation;, (B) fermentation with Lactic bacteria counting

inoculum of S. cerevisiag(0.05%, Arome Plus, Selective medium was prepared with 50 g of MRS
Pascal  Biotech) that corresponded tagar (Lactobacilli MRS, Broth) diluted in 950 mL
approximately 6.00-PQcells/mL; (C) fermentation of distilled water and the pH was adjusted to 4.8
with inoculum ofS. cerevisiagArome Plus, AEB with concentrated phosphoric acid (Biotec). To
Goup) and 10 mg ofOenococcus oenithat this medium 20.0 g of agar-agar (Rea-Tech) was
corresponded to 1.00°10 cells/mL  (Enolat added and the volume was completed with double-
DIR*01, Véneto Mercantil). The yeast distilled water to make 1000 mL. A solution of
fermentations were conducted at room temperatuemtibiotics was prepared using 20.0 mg of
with a variation between 24.9 to 30.7°C, similar tactidione (Cycloheximide Sigma C1988-5G) and

industrial conditions. 5.0 mg of oxine (8-quinolinol Sigma H6878-25G)
_ diluted in 10.0 mL of distilled water and sterilize
Fermentation rate by filtering using sterile membrane of 0.46. A

Fermentation was monitored by weight l0ssi.0 mL of the sample was introduced into a Petri
caused by the release of £@Bely et al. 1990; plaque with 0.5 mL of antibiotic solution and 10.0
Roger et al. 2002) and the weight was determineghL of the culture medium. The plaques were
every two hours at a sensitivity of 0.001 g for 45jaced in anaerobic (Anaerobac, Probac do Brasil
days (fermentation time) at room temperature.td) jugs (Permution). After incubation for 8 days
(24.9 to 30.7°C). The GO production rate at 28°C, the colonies were manually counted and
(dCOJ/dt) was calculated by polynomial expressed as CFU/mL (Silva et al. 2010).
smoothing (Alberti et al. 2011).

Physicochemical analysis
Total yeasts counting The reducing sugars were quantified by the classic
Total yeasts count were performed considering thsomogyi (1945) and Nelson (1944) method.
colonies in a selective medium prepared with 39 Gucrose was hydrlyzed with HCl 1 M (50°C/5
of PDA (Potato Dextrose Agar, Difco 213400)min). Glucose was quantified by the enzymatic
diluted in 1000 mL of distilled water. The materialmethod of glucose oxidase, and sucrose and
was sterilized in a retort (AV 13811, Phoenix).fructose were calculated by difference. The results
Tartaric acid (ACS-189, Ecibra) 1:10 in theof glucose and fructose were confirmed by the
concentration of 1.8% was added and the mediugnzymes kit (cod. 0139106, Roche). All the sugars
was poured into 90 mm diameter Petri dishes (Jvere expressed in g/100 mL (Tanner and Brunner
Prolab). After solidification, the cold media were1985). The total acidity was determined by
inoculated with 10QuL-sample and incubated at neutralization with 0.1 M NaOH, with
28°C for 48 h. The visible colonies were counteghenolphthalein as an indicator, and expressed as
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malic acid in g/100 mL (IAL 2008). The volatile unclassified apples this reached up to 3.20-10
acidity was calculated as acetic acid and express&@FU/mL due to contaminated fruits (Table 1).
as g/100 mL (IAL 2008). The L-malic acid, D- Similar values (5.50-0CFU/mL) were found in
lactic acid and L-lactic acid were quantified by th apple must by Nogueira et al. (2007). These counts
enzymes kit (L-Malic acid, cod. 10139068035 anctould be explained because the processing of cider
D-Lactic, L-Lactic, cod. 11112821035, Roche).occurred in the summer with temperatures of
The ethyl alcohol content was determined byaround 25°C and also due to low acidity and the
ebuliometry. The pH was determined by a pHow tannin content of the raw material. It is usual
meter (Tecnal pH digital micro processor, modeto add sulphite as soon as the juice is extracted i
TEC3-MP) and the total nitrogen content wasrder to eliminate undesirable microorganisms, but
determined by the Kjedhal method (IAL 2008).  this procedure also affects n&accharomycesnd
some bacteria that contribute to the formation of

Statist@cal analys'is. _ pleasant flavors (Lea and Drilleau 2003).
Statistical descriptive analyses were carried oufhe initial population of fermentative yeast in the
using Microsoft Excel 2007 software. apple must made with commercial apples was

4.31-16 CFU/mL. When the must was obtained
from unclassified fruits (those that were removed

RESULTS AND DISCUSSION during the classification process due to defects,
) _ _ , including contamination), the yeast population was
Indigenous microorganisms in apple must higher, reaching 9.14-1CFU/mL. Nogueira et al.

Commercial and unclassified apples werq2007) found higher values, between 3.0 did
processed separately. The populations of total anglso.1§ CFU/mL, in commercial and unclassified
apiculate yeast and LAB of the two apple juicegpples, respectively. LAB ranged from zero to
were evaluated (Table 1). This process waj 17.18 CFU/mL in the commercial apples. The
repeated ten times with different batches of fruingpylations of unclassified apples were similar,
for the fermentative and oxidative yeasts, anfom zero to 1.41-FOCFU/mL (Table 1). These
eight times for the LAB. In the fresh must, on the, 5 es could be higher depending on the stage of

laboratory scale the initial apiculate yeaslyatyrity, injury, or degree of contamination.
population was 1.13-10CFU/mL but in the

Table 1 - Natural microorganisms in fresh apple musts wétthnological interest in cider processing.

Microorganisms, Colony counting (CFU/mL)

CFU/mL N Min. Average Max. SD CV, %
Commercial apples
Total apiculate yeast 10 2.60°10 1.13-10 2.40-10 6.71-10 59.50
Total fermentative yeast* 10  1.0010 4.31-16 2.02-10 6.64-10 153.84
Total lactic acid bacteria (LAB) 8 Absent 1.48'10 1.17-16  4.13.16 280.11
Unclassified apples**
Total apiculate yeast 10  1.0310 3.20-10 1.24-16 4.90-106 152.91
Total fermentative yeast* 10  7.8010 9.14.16 42716  1.38:10 150.84
Total lactic acid bacteria (LAB) 8 Absent 25310 1.41.16  4.96.16 196.44

Note: (N) sampling number; (SD) standard deviati(@V) coefficient of variation. (*) mainiySaccharomycesp. (**) apples with
injuries and morphological and phytopathologicdkdes. CV values in rapport at indigenous yeasitian in apple.

Apple must composition composition showed an adequate degrele

Table 2 showed the results of the apple musipening for apple wine processing (Paganini et al.
composition and alcoholic fermentation with three2004). According to Beech (1993), this apple must
inoculums conditions: (A) indigenous yeastis classified as regular (1047-1056 m/v). The total
(natural), (B) inoculated with yeast, and (C)nitrogen content was considered a normal value
inoculated with yeast and lactic bacteria. Theltotg75-150 mg/L), in accordance with Ribereau-
reducing sugars, 111.83 ¢/100 mL (glucoseGayon (1998) and Alberti et al. (2011). The pH,
fructose and sucrose) and the reducing sugar 80.%&al acidity and volatile acidity were similar tive

0/100 mL (glucose and fructose) in the apple musipple must of the Gala variety evaluated by
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Wosiacki et al. (2008). The malic acid content (2.@leveloped and genetically improved for immediate
g/L), the main organic acid found in the applesconsumption. As far as these varieties were
was considered low in comparison with theconcerned, they consisted of 95% of Brazilian
European industrial apple must; around 4.5 g/lproduction, being 55% Gala and 40% Fuji (ABPM
(Drilleau 1996). This was because Brazilian appl011).

production consisted of the fruits that were

Table 2 - Composition of apple must (zero time;) Rnd during natural fermentation (1), wiBaccharomyces
cerevisiae(Arome Plus) inoculation (2) and witBaccharomyces cerevisigdrome Plus) anddenococcus oeni
(Enolat DIR*01) inoculation (3).

Fermentative microflora and fermentation time (day9

A . Apple Indigenous microflora S. cerevisiae S. cerevisiae and
nalysis . ; o .

must (natural fermentation) Inoculation O. oeni inoculation

Pqy 3 10 30 45 3 10 20 30 45 3 10 20 30 45

TRS/(g/L) 111.8380.77 21.42 04.61 02.8947.501.53 0.76 0.39 0.3346.341.47 0.68 0.58 0.59
RS/(g/L) 80.75 49.7820.62 2.82 2.7243.331.520.600.18 0.1140.701.43 0.640.350.19
Fructose/(g/L) 64.6135.9518.19 2.81 2.7036.891.510.590.17 0.1033.471.42 0.630.340.18
Sucrose/(g/L) 31.0831.0011.94 1.79 0.18 4.19 0.000.16 0.21 0.22 5.65 0.03 0.04 0.230.40
Glucose/(g/L) 16.1513.82 0.87 0.02 0.01 6.44 0.010.010.010.01 7.230.01 0.010.010.02
Ethanol/% (v/v) 0.00 0.20 4.905.60 5.60 3.75 6.506.206.50 6.35 3.90 6.55 6.306.206.50
Nitrogen/(mg/L) 150 120 50 30 90 60 50 1m0 100 80 60 120130 120
SD/(mg/L) 0.00 256 5.123.84 3.843.844486.403.843.85 -- -- - = -
pH 4.03 4.29 353348 3.42 3.964.224.144.06 3.82 3.89 4.04 4.024.103.80
Total acidity/(g/L) 265 2.05 4.055.08 6.252.66 1.992.202.30 3.20 2.54 2.12 2.58 2.36 2.98
Malic acid/(g/L) 2.60 2.17 0.430.01 0.0051.80 0.360.05 *** *+* 240 0.02 0.01 ** ***

Volatile acidity/(g/L) 0.72 0.74 0.56 0.82 1.27 0.64 0.64 0.830.97 0.910.52 0.66 1.17 1.06 0.91

L-lactic acid/(g/L) ¥* 0.20 3.06 4.25 497 0.22 0.991.371.332.29 0.18 1.44 2.052.06 2.07

D—Iactic aC|d/(g/L) *kk . *kk . *kk . *kk . . *kk *kk . *kk *kk  kkk
Note: (TRS) total reducing sugar; (RS) reducing su@) sulphur dioxide; (--) not analyzed; (***)dte.

Natural fermentation rapid growth (Fig. 1A) up to a maximum
The process of natural fermentation is not used ipopulation of 7.10-0CFU/mL and then declined
Brazilian apple wine processing, but it is still into 2.27-18 1.95-16 and 3.15-10CFU/mL after
use in France, Spain and Ireland (Beech 19920, 30 and 45 days of processing, respectively.
Michel and Bizeau 1988; Lea and Drilleau 2003After 20 days of fermentation, 90% of fermentable
Nogueira and Wosiacki 2010). In France, thesugars were removed. This final residue of sugar
alcoholic fermentation rate is slow and maywas slowly fermented, which could be explained
exceed 60 days. This slow and naturaby the toxins released by other microorganisms
fermentation is responsible for the formation of(Ribereau-Gayon et al. 1998), or by low resistance
fruity and floral aromas and allows a betterto ethanol (> 5.0%) (Lafon-Lafourcade et al.
organization of unit operations, such asl984).

maintaining residual sugar (Lea and Drilleaulin the growth phase during the first three days, 30
2003). mg/L of nitrogen compounds were consumed by
The natural fermentation of the apple must of théhe nonSaccharomycegeast. During the next
Gala variety can be seen in Figure 1A. Microbiakeven days, 70 mg/L of total nitrogen were used
succession is a reflection of microbial interacsion due to the growth phase &accharomycesp.
intrinsic growth factors and resistance to inhibyito (Fig. 1A). In the fermentation with inoculum of
environmental conditions, such as competition focommercial yeast, and the fermentation with
nutrients and extreme acidic environmenitcommercial yeast and LAB, between 90 to 100
(Sanchez et al. 2010). The fermentative yeashg/L of total nitrogen were consumed during the
(Saccharomycesp.) had an initial population of growth phase (3-5 days). After 30 days of
4.25-16 CFU/mL and a similar value was found fermentation, a meaningful release of nitrogen
by Lequéré and Drilleau (1998) in French naturatompounds was observed (Table 2), indicating
apple wine fermentation. The yeasts presented autolysis process (Patynowski et al. 2002).
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Figure 1 - Development of fermentative yeas#),(nonSaccharomycegeasts §) and lactic acid
bacteria &) during fermentation (a) natural, (b) with the é¢ntum of S. cerevisiae
(Arébme plus) and (c) with the inoculum & cerevisiagArdme plus) anddenoccocus
oeni (enolate DIR) in the processing of cider. Notectepoint represents the average of
two fermentations.

Apiculate yeasts, known as n&accharomyces, fermentation are the availability of nutrients,
presented an initial population (2.00*TFU/mL), temperature, inoculates S8iccharomycesulphur
which was larger than the fermentative yeastlioxide and processing technology (Fleet 1990;
(6.00-16 CFU/mL) (Table 3). Apiculate yeasts areRomano et al. 1997; Charoenchai et al. 1998; Pina
recognized by esters and alcohol synthesis, whiakt al. 2004). However, Nissen and Arneborg
promote fruity and floral aromas in cider. This is(2003) mentioned that the apiculate yeast
regarded as a criterion for selecting suitable tyeamhibition occurred due to the high density of the
strains (Bilbao et al. 1997; Lea and Drilleau 2003yiable Saccharomycesp cells. The mechanism of
Xu et al. 2006). The growth phase reached theell-cell contact could be explained by the new
maximum population (3.78-10CFU/mL) after growth phase of apiculate yeast when t8e
three days of fermentation. After this, a declineerevisiaebegan the cell death phase. The new
phase of apiculate yeast was observed due to tgeowth was also due to the release of nutrients
growth of Saccharomycesp. (Fig. 1A), a fact from cell autolysis. This situation was observed
already observed by Martinez et al. (1989)after the tenth day of fermentation (Fig. 1A).
According to Fleet (1990), this inhibition may However, a second decline phase of apiculate
simply reflect a low capacity to survive in theyeast (Fig. 1A) was observed, possibly due to the
presence of alcohol. However, in Figure 1A, a neweompetition for nutrients with LAB in a medium
growth phase could be observed after the declingith approximately 6.0 °GL, considered to be a
of the Saccharomycesp phase. limit value for survival (Gil et al. 1996).

Other factors that may reduce the permanence timéne indigenous LAB population (1.00-10?
of the apiculate yeast during alcoholicCFU/mL) in apple must was similar to that
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reported by Drilleau (1996) in apple epicarp. Infunction of the participation of hexokinase Pl and
Figure 1A, the lactic acid bacteria populationPIl that promote the phosphorylation of glucose
showed a declined phase on the first day odnd fructose, respectively. However, in a ratio of
fermentation. This could be due to competition fol8:1, glucokinase reacts exclusively with the
nutrients and toxic compounds secreted by thglucose (D’Amore et al. 1989). The sucrose
yeasts during their growth (Osborne and Edwardsontent decreased rapidly (86.5%) after three days
2007). After 10 days of fermentation, the LABof fermentation due to hydrolysis releasing
population was 8.5 CFU/mL. Therefore, due to thglucose and fructose. In the presence of sucrose,
death of the fermentative yeast and its cellulaBaccharomycestarts the synthesis and release of
autolysis, the release of nutrients stimulated thmvertase (Walker 1998; Herrero et al. 1999).
growth of bacteria (Patynowski et al. 2002). AfterHowever, in natural fermentation, the major
20 days of fermentation, the population increasedonsumption was of fructose, while glucose and
to 4.1-10 CFU/mL, remaining stable until the end sucrose remained stable during the first three,days
of the experiment (Fig. 1 and Table 3). which showed a lag phase for indigenous yeast
The initial pH of apple must was 4.03 and after 4&adaptation.  After this period, the sugar
days of natural fermentation, it reduced to 3.42consumption was higher (Table 2). After 10 days,
The total acidity increased from 2.656.25 g/L, total yeasSaccharomycesp. presented a phase of
mainly due to L-lactic acid production by LAB decline, and after 45 days the population was ca.
(Table 2). The malic acid of apple must (2.60 g/LYL03 CFU/mL.

was metabolized during alcoholic fermentationNitrogen consumption during the yeast growth
decreasing to 0.43 and to 0.005 g/L after 10 and «was around 90 mg/L; similar value was observed
days of fermentation, respectively. D-lactic acicby Remize et al. (2006) in wine. Cellular autolysis
was found in small quantity, indicating that malicgreatly affected the nitrogen compound
acid was mainly converted into L-lactic acidconcentration, increasing from 60 (@ay) to 110
(Table 2). The sulphur dioxide produced by thimg/L (20" day). Lurton et al. (1989) have also
yeasts varied from 2.56 to 5.12 g/L (Table 2)reported the increase in nitrogen content during
These concentrations did not affect, or inhibit thiyeast autolysis in wines. The production of sulphur
LAB as also observed by Osborne and Edwarcdioxide by inoculated commercial yeast was

(2006). higher than in natural fermentation, but the conten
was too low to affect the growth of yeasts, or LAB
Fermentation with yeast inoculation (Wurdig 1985; Reguant et al. 2005).

The inoculation of active dry yeast is a normaDuring the rapid development of fermentative
operation in Brazilian cider processing. In theyeasts, inhibition similarly peaked more quickly
experiments withS. cerevisiae (Arébme Plus) (Fig. 1B), damaging the multiplication of the same
inoculum (6.02-10CFU/mL), after just 1.81 days at the beginning of fermentation. The maximum
of fermentation, the population reached thepopulation reached 8.20°1GFU/mL, which was
maximum of 2.43-10CFU/mL (Fig. 1B). Similar less than during natural fermentation (Table 3).
results were obtained by Zardo et al. (2008) andihus, the use of inoculum of. cerevisiae
Nogueira et al. (2008). This population was higheimmediately after obtaining the apple must, might
than the maximum observed in naturalprevent the initial development of non-
fermentation (7.10-£f0 CFU/mL), due to the Saccharomyces,and therefore, impaired the
following factors: the process of strain selectionformation of typical cider aromas. Inoculum 8f
genetic improvement, and the technology of drgerevisiaeafter two, or three days of apple must
active cells (Soubeyrand et al. 2005; Pellet et aéxtraction might be sufficient for the proliferatio
2006; Nogueira et al. 2008). of apiculate yeasts, and thus would allow the
The yeast population of 1@CFU/ML remained product to develop fruity and flowery aromas. The
stable until the tenth day of fermentation, whersecond growth of apiculate yeasts after the decline
98.63% of total reduced sugar was fermented fasf fermentative yeasts was much lower than that
the production of 6.5% of alcohol (v/v) (Table 2).observed in natural fermentation, possibly due to
Glucose is the first sugar consumed byhe fact that the ethanol content at this point was
Saccharomycesp. in the alcoholic fermentation of already 6.5 °GL, the tolerance limit for these
apple juice, in a ratio of 4:1 (GLU:FRU) in microorganisms.
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The population of LAB remained low until the degradation, since the cell wall was rich in these
loss of viability of yeast fermentation (Fig. 1B). amino acids.

After the 10" day of fermentation the population, The LAB metabolized malic acid from the apples,
started a new growth to reach 1.14-0FU/mL in  which decreased from 2.60 on th&day to 0.36
20 days, remaining stable until the end of thg/L and in traces on the 0and 4% days,
experiment (45 days). The population of LAB inrespectively. According to Herrero et al. (1999),
this medium was higher than the naturakhis was due to the decarboxylation of malic acid
fermentation, which could be explained by theduring fermentation. Concurrently, the values of
higher amount of nutrients released by cell-lactic acid increased during the same period
autolysis. Alexandre et al. (2001) observed thaftrom zero to 0.99 and 2.29 g/L, respectively (Table
during the autolysis of yeast, amino acids such &@). The pH decreased from 4.03 to 3.82 and the
asparagine, arginine, a-aminobutyric  acid, total acidity increased from 2.65 to 3.20 g/L. The
histidine, leucine, threonine and serine appeared fermentation with inoculation was 2.3 times
the fermentation medium. The appearance adfuicker than the natural fermentation (Table 3).
serine and threonine was related to cell wall

Table 3 - Parameters of fermentation of apple must (cvajGavith initial microflora: (1) natural, (2) witls.
cerevisiae(Ardme plus) inoculum and (3) witB. cerevisiag Ardme plus) andOenoccocus oenfenolate DIR)
inoculum.

Initial microflora of fermentation

Parameters Indigenous microflora S. cerevisiae S. cerevisiaand
(natural fermentation) inoculation 0. oeniinoculation
IPsaccharomye/ (CFU/ML) 6.00-16 6.02-16 6.02-16
7.10-16 2.43-10 2.40-10
MPSaccharomyc&CFU/mL) (7 days) (3 days) (3 days)
IP apicuiatd (CFU/ML) 2.00-10 2.00-18 2.0-16
3.78-16 8.20-16 8.50-16
MPapicuiad (CFU/ML) (3 days) (4 days) (4 days)
IPjactic bacteri/ (CFU/ML) 1.00-18 1.00-16 1.00-16
4.13-14 1.14-16 6.70-10
MPaciic bactériA(CFU/mL) (20 days) (20 days) (20 days)*
Vmax./(g/L)/(d) 2.65 6.11 6.20
Time to Vmax/(d) 3.0 1.7 1.6
Final sugars**/(d) >45 12 12

Note: IP: initial population; MP: maximum populatio(*) continued to rise, reaching 5.00"1&fter 45 days, Vmax: maximum
fermentation rate; (**) total consumption of sugars

Fermentation with yeast and lactic acid 1C). With the autolysis of yeasts demonstrated by
bacteria inocula the increase of nitrogen from 60 mg/L at 10 days
In the third experiment, strains 8f cerevisia@nd of fermentation to 120 mg/L after 20 days, the
0. oeniwere simultaneously inoculated in applebacterial population started growing. The growth
must. In cider, as in winelactobacillus and phase of yeast possibly provided a selection of
Oenococcus have been described as themore resistant strains of bacteria in the medium.
predominant genera during MLF (Cabranes et aHowever, the population observed at 20 days was
1991; Duefias et al. 1994; Sanchez et al. 201(6.70 16 CFU/mL, which was lower than the
The kinetic behavior 0B. cerevisia@nd apiculate experiment with the inoculum o§. cerevisiae
yeasts was similar to that observed in th¢1.14-16 CFU/mL). This could be due to the LAB
experiment where onlyS. cerevisiae was characteristic 0D. oeni(enolate DIR*01) in apple
inoculated. The consumption of sugar and ethanwine fermentation. However, the bacteria
production was similar to that described in thecontinued to grow, and at the end of 45 days,
experiment with only yeast inoculum (Table 2). reached a population of more than’ IDFU/mL
The population of LAB inoculated into the apple(Fig. 1C). Thus, the inoculum of LAB
must (1.00-1DCFU/mL) decreased and remainedsimultaneously with the yeast inoculum was of
low until the end of alcoholic fermentation (Fig. interest in relation to the control of malolactic
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fermentation. The other physicochemical (Table 2\lexandre H, Heintz D, Chassagne D, Guilloux-
and kinetic (Table 3) parameters were similar to Benatier, Charpentier C, Feuillzy M. Protease A

those observed in the experiment with tBe activity and nitrogen fractions released during
cerevisiaeyeast inoculum alcoholic fermentation and autolysis in enological

conditions. J Indust Microbiol Biotech 2001;
26(4):235-240.
Associacao Brasileira de Produtores de Maca (ABPM)
CONCLUSIONS [homepage on the internet]. Fraiburgo: Associacdo

. . . Brasileira de Produtores de Macd; [cited 2011 Feb.
During this study, the characteristics of three 08]. Dados estatisticos sobre a cultura da macieira

groups of microorganisms in mixed cultures that ayailable from: http://www.abpm.org.br.

could participate in the quality of apple wine andBeech FW. Yeasts in cider-making. In: Rose AH,
ciders were observed. Similar characteristics were Harrison JS, editors. The Yeasts, Yeast Technology.
observed in the growth phase during all the Second edition. Academic Press Limited; 1993. pp.
experiments. The differences were (A) in the 169-213.

fermentation rate by the indigenous and inoculateBely M. Sablayrolles JM, Barre P. Automatic detext
yeasts, and (B) in the intensity of competition of aSS|m|I.abIe_ nitrogen d_ef|C|enC|e§_dur|ng alcadol
between the microorganisms, depending on thefermentanon in oenological conditions. Ferment

[ I Th Sacch t Bioengineer1990; 70(4):246-252.
inocuium. e norsaccharomyces yeaslts, Bilbao A, Irastorza A, Duenas M. Fernandez K. The

naturally present in apples, grew rapidly in the effect of temperature on the growth of strains of
early stage of fermentation. But in all the kjoeckera apiculatandSaccharomyces cerevisiae
experiments, they were inhibited at much lower apple juice fermentatiori.ett Appl Microbiol 1997;
populations by competing wittbaccharomyces  24(1):37-39.

yeast. In all the three situations, during the glow Cabranes C, Mangas JJ, Blanco D. Selection and
of yeasts in fermentation, the LAB had their biochemical characterisation ofSaccharomyces
growth inhibited. After the loss of viability of cerevisiaeand Kloeckera apiculatastrains isolated
yeast, LAB were stimulated to new growth. With from spanish ciderJ Inst Brew 1997; 103(3):165-
the inoculum of LAB in apple must, after the 170.

. Cabranes C, Moreno J, Mangas JJ. Aspectos
decline of the yeasts, the new growth of LAB was microbiolégicos y bioquimicos de la elaboracion de

significantly higher. This could be a way 10 gjgra natural en lagares asturiantmentaria 1991
control the quality of malolactic fermentation in 221 3-69.

brut, or sec ciders. These results are important f@¢haroenchai C, Fleet GH, Henschke PA. Effects of
increased knowledge about cider processing andtemperature, pH, and sugar concentration on the
more research is required in this area in order togrowth rates and cell biomass of wine yeasis J

improve the quality of Brazilian cider. Enol Vitic. 1998; 49(3):283-288.
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