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ABSTRACT

The objective of this work was to study the effé&lcoholic fermentation on the content of phesmhpounds of
five cider apple varieties. The initial contenttire apple juice samples, as determined by HPLGeddrom 188.4

to 2776.17 m mgL In three of them (DC, PJ, GU), the total phenompounds remained unaffected by
fermentation. However, in two (DM, KE), the finalues were lower (55 and 313 mg)LIn these apple cider, the
values of caffeic acid increased from 6.6 migid 41.8 mg.L%. The catechin content increased during the pracess
approximately 13 mg:tindependent of the variety. The other phenolssctiig not present any modifications due
to the alcoholic fermentation, maintaining the pbiémcompounds of original clarified apple juicetime cider.

Keywords: cider, fermentation alcoholic, polyphenols

INTRODUCTION 2004). Furthermore, the phenolic compounds
participate in the formation of sediments during
Polyphenols play important roles in the ciderthe cider storage, due to their colloidal interaction
quality as they are related to the color, bitterneswith the proteins through the van der Waals forces
and astringency, whose balance defines the overafbiebert et al., 1996; Kawamoto and Nakatsubo,
mouthfeel of the beveradge (Guyot et al., 19981997). They can also inhibit the pre-fermentative
Alonso-Salces et al., 2001; Lea and Drilleauclarification enzymes (Cowan, 1999). The
2003; Alonso-Salces, et al., 2004). They may bgolyphenols are receiving increasing attention due
involved in the fermentative processes, providindgo their natural antioxidation and health protective
the cider aroma, and as inhibitors of theproperties (Vanzani et al., 2005; Tsao et al., 2005).
microorganims  development, controlling theThe polyphenolic composition of a cider depends
fermentation rates and avoiding some faults thaan the mixture of the apple varieties and the
can develop in cider from the action of lactic aciccidermaking  procedures. The five main
bacteria such as acidification, mannitol taintolyphenol classes in the apples are as foll¢y]s:
“framboisé”, bitterness (Alonso-Salces et al.flavan-3-ols, which includes the monomeric
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(catechin) and polymeric forms (procyanidins), thephenolic acids, flavan-3-ol derivatives
latter constituted by (-)-epicatechin unitf2] procyanidins B2 and B4 (Bonilla et al.,, 2001),
hydroxycinnamic acids 5-caffeoylquinic acid phenolic volatiles (Chassagne et al., 2005), colored
and 4-p-coumaroylquinic acid show the highesproducts formed from phenolics oxidation or
contents; [3] dihydrochalcones, mainly the condensation reactions can be adsorbed by yeast
phloretin glucoside and xyloglucoside, generallyduring the fermentation (red and white wines)
known as specific for the appldd] flavonolsand (Razmkhab et al., 2002; Mazauric and Salmon,
[5] anthocyanins present in the apple peel. The2005). Another pathway for phenols, with change
antioxidant activity of these five polyphenols inin the color of the wine involves the direct
the apple decreases from cyaniding-3-galactosidmndensation of the phenols with the acetaldehyde
> procyanidins > quercetin glycosides >produced by yeasts in fermented drinks (Lopez-
chlorogenic acid > phloridzin (Tsao et al., 2005). Toledano et al., 2004).

The cidermaking steps mainly responsible for th@he influence of the apple must fermentation in
extraction and content of the phenols in the finaphenol content is still poorly understood. In this
product are maceration, pressing, enzymatiwork the effect of alcoholic fermentation of five
clarification of the must prior to fermentation, cider apples -cultivars in the final phenolics
centrifugation, filtration, and fining. During the compounds content was studlie

maceration and pressing time, intensive oxidation

of the polyphenols takes place, due to the activity

of the polyphenoloxidase (PPO) and theMATERIAL AND METHODS

subsequent coupled oxidation reactions with other

polyphenols. In addition, a large proportion of theStrain

procyanidins from the fruits remain in the pomacesaccharomyces uvarum - S6U/Lalvin
after the pressing step because of their adsorpti@@mmercialized as dry yeast was used in this
onto the cell-wall matrix (Renard et al., 2001;work.

Guyot et al.,, 2003). These lead to musts with

lower phenolics content (Siebert et al., 1996). IRaw material

has been proved that must oxidation was highe¥ive apple cider varieties were used as
when it was in contact with the apple pulp. Thefermentation medium. The fruits were harvested
enzymatic clarification, centrifugation, filtration and transported to the processing unit stocked at
and fining of the French ciders lead to the partialoom temperature (20°C) just to the maximum
elimination of procyanidins due to their ability to maturation degree, procedures used by local
precipitate proteins and to interact with cell wallproducers to obtain the maximum levels of
polysaccharidegAlonso-Salce et al., 2004). fermentable sugars. The industrial apple samples
Yeast membranes possess the ability to retafB00 kg) were obtained from different producers of
some compounds present in the wine (RibereaBretagne in France (crop 2000), with respective
Gayon et al, 1998). The cell wall of classification: Douce Coét Ligné [sweet]; Petit
Saccharomyces cerevisiags made of the Jaune [acid]; Dous Moen [bitter-sweet]; Guillevic
mannoproteins bound to the oligopolysaccharidegacid] e Kermerrien [bitter] (Boré and Fleckinger,
which remain exposed on the outside of the cellh997).

These mannoproteins are also bound to the

glucanose and chitin (Young, 1987; Walker,Must preparation

1998). The different polarities and the hydrophilicThe fruits were selected\, milled (Processing
or hydrophobic nature of these wall polymersMvetvisa, Type MPA) and pressed in two steps: 5
define the capacity of the yeast to retain or tenin at 40 Bar and 10 min at 200 Bar (Pressoirs
adsorb different wine molecules such as the&olin, Montreul). Pectic substances were removed
volatile compounds, fatty acids or pigmentshy decanting after the treatment with pectinase
(Morata et al., 2003). The porosity of the wall alsqPectinase ref. C80) for 10h at’@X8 mL.hL").
influences the adsorption (Boivin et al., 1998). AnThe must was than microfiltered by tangential
increased surface provided by interstitial spacefiitration (module Millipore/Durapore) at 0.45um.
favors the adsorption. Eight liters of each sample were placed in the
The surface of yeast cell in the wine fermentatioipackage bag in box and stocked at -25°C. This was
is higher than 10 AL of the must and some defrosted at room temperature homogenized for 30

Braz. arch. biol. technol. v.51 n.5: pp.1025-108@pt/Oct2008



Effect of Alcoholic Fermentation in the Content 1027

minutes in a container of 200 L (Alfa Laval-Typeacid was purified from a commercial cider

RFT, with agitation). The must was micro-filtered(Sanoner et al., 1999). (-)-Epicatechin

again. Next, they were transferred to sterilized 1Benzilthioether and procyanidin B2 were kindly

liters glass fermentors (120°C/15min). Thefurnished by J.M. Souquet (UMR, SPO, INRA,

dissolved oxygen was partially eliminated byMontpellier, France). Phloretin xyloglucoside

injecting inert gas (nitrogen) with agitation duringidentification was performed in a previous work

60 minutes what warranties the level of 0.5 nig.L (Sanoner et al., 1999), and its quantification was
(Orbisphere Laboratoires, modelo 3650). Oxygemxpressed in phloridizin equivalents. For each
was injected in the must (around 50 mY,Lfor a compound, the quantification was performed by
final concentration of 2.5 mgl After this, the reporting the measured integration area in the
fermenters were placed in a room with controlledtalibration equation of the corresponding standard.
temperature (10-11°C) and connected with théntegrations were performed at 280 nm for the
inert atmosphere system (nitrogen gas) witltatechin monomers, procyanidin B2, thioether
sterilized filter (PTFE, 0.221m) to avoid further adduct, and dihydrochalcone, at 320 nm for
contaminations and to release the ,CfOrmed hydroxycinnamic compounds and at 350 nm for
during the fermentation. flavonols.

Yeast growth

Yeast growth was expressed as the cell&mLRESULTS AND DISCUSSION

using CoultefMultisizer Il System and as colony

forming units (FCU) after 24 h of the incubation inCharacteristics of the apple must and alcoholic

YMA. fermentation
The characterization of the phenols and the
Density evolution during the fermentation was analyzed in

Degasified (3 min in ultra-son under vacuum) andive apples cider, in order to verify a possible
2-mL of sample were inserted in digital densimeteabsorption of the polyphenols in the cell wall yeast
(Density Meter, DMA 58) at 20°C (precision was(S6U). The analyses were carried in musts before

0.00001 Kg.r). inoculation (0 day of fermentation); to the end of
the growth phase (9-10 days of fermentation) and
Alcohol degree when the cider had reached 1 015 kg shdensity

Degasified samples (10mL) were distilled and théstop fermentation).

distillated were analyzed in a densimeter (Densityn Table 1 the physico-chemical features of the
Meter, DMA 58) at 20°C, with a function industrial apple musts after despectinization and
converting in ethanol percentile, respecting thenicrofiltration operations are showed.

dilution of 1:2. The Douce Coét Ligne (DC) and Petit Jaune (PJ)
varieties show very close total sugars
Freeze dried samples concentrations of 102.67 and 101.65 §.L

Microfiltered (Teflon filter 0.45 um) samples of respectively). At a superior level, a quite similar
the apple juice and cider aliquots (2 x 500 pL)ituation was observed for Guillevic (GU) and
were freeze dried in 5 mL vials and stored inrKermerrien (KE) varieties, with 130.71 and 127.52

desiccators until further analysis. g.L*, respectively. Dous Moen (DM) variety
showed an intermediate value 115.32'g.The
Phenolic compounds fluctuation in the total sugar concentration will

Freeze dried samples were directly submitted teeflects both in the fermentation time and in the
thiolysis reaction in methanol according to Guyotalcoholic potential, which can vary from of 5.9 to
et al. (2001) and the products were analyzed by.6°GL considering a process to dryness.
reverse phase HPLC. HPLC peaks were identifiedhe nitrogen analysis (Table 1) showed a great
on the chromatograms according to their retentiodispersion among the samples, with concentrations
times and their UV-visible spectra by comparisorvarying from 32.05 and 36.69 mg:lfor DM and
with standards. Caffeeoylquinic acid, (+)-catechinDC respectively, (low nitrogen content), from
(-)-epicatechin and phloridizin were commercially65.54 and 76.56 mgl for KE and PJ,
available (Sigma-Aldrich). p-Coumaroylquinic ~respectively, (normal varieties) and 375.52 nig.L
for variety GU (excess of the nutrient, due to be a
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new orchard, first harvest, with high fertilizations).such as the maturity of the fruit (Burda et al.,
The phenols in the apple juice varied from 188.4990; Awad et al., 2001), time of the harvest
to 2,776.17 mg.L (Table 1), which suggested a (Vander Luis et al., 2001), exposition to day light
large genetic variation among the genotypes, a fa¢Awad et al., 2000a), storage conditions of the
already mentioned by some authors (Amiot et alfruits (Awad et al., 2000b) also contribute to
1992; Sanoner et al., 1999). Moreover, factorgstablish the proper final phenol content.

Table 1 -Physical chemical and microbiological feature§ive apple cider cultivars: apple must, final grawt
phase (9 days) and apple wine with stopped ferrtientim p,o:c 1 015 kg.rv.

Fermentation features

Varieties Time, d Densi_t%/, Sugfir, Ethanol, Nitroggln, Total Yeast popu_liition,
kg.m g.L? oGL mg.L phenol, cfu.mL
mg.L™
0 1043.28 101.65 0.00 36.69 748.3 4.23x10
Dl_?grfg [C)(O:et 9 1037.96 89.40  0.68 15.76 757.2 4.27x10
48 1015.24 34.88  3.72 15.73 734.8 5.07x10
Petit Jaune 0 1048.48 10267  0.00 74.56 188.4 6.68x10
o] 9 1040.89 89.02  0.92 39.93 191.3 6.84x10
48 101521 32.01  3.90 32.28 186.9 7.08x10
Bous Moen 0 1049.86 115.32  0.00 32.05 1387.6 7.68x10
oM 9 1045.92 10751  0.58 18.34 1343.7 4.38x10
75 1017.39 4016 455 17.17 1332.5 4.2x10
Guillevic 0 1061.52 13071  0.00 375.52 212.3 6.76x10
oy 9 1053.50 114.47  0.83 297.66 232.5 6.08x10
60 101562 3595  6.16 310.29 230.7 7.36x10
, 0 1056.11 127.52  0.00 65.54 2776.7 6.84x10
Kermerrien 9 1049.62 110.16 0.76 30.88 2503.5 5.78x10
KE 51 101517 3516 548 28.88 2463.4 7.28x10

Table 2 - Effect in phenolics acid content (mg/L) during kppider fermentation: apple must, final growth gh#9
days) and apple wine with stopped fermentatioppift 1 015 kg.n.
Hidroxycinnamic acids

Varieties Time, d Clorogenic acid Other hidroxycinamic acids
5-CQA p-CoQA Total Caffeic acid OHC Total

. 0 363 47 410 nd. 62.3 62.3

Douce gget Ligne 9 376 49 425 nd. 59.2 59.2
48 375 47 422 15 63.3 64.8

Petit Jaune 0 131 18 149 1.8 12.8 14.6
PJ 9 126 18 144 15 17.1 18.6

48 125 18 143 1.8 15.9 17.7

Dous Moen 0 492 101 593 3.2 64.3 67.5
DM 9 475 99 574 1.8 76.9 80.8

75 505 105 610 2.6 63.4 68.0

Guillevic 0 87 62 149 3.7 37.8 415
GU 9 93 65 158 3.6 43.1 46.7

60 91 65 156 4.4 46.7 51.1

Kermerrien 0 824 79 903 6.6 91.8 98.4
KE 9 780 75 855 15.5 85.8 101.3
51 749 77 826 41.8 86.3 128.1

Note: (nd) not detected; 5-CQA (5-caffeoylquinic acid); p-CoQ#a-p{coumaroylquinic acid); OHC (others
hidroxycinamic acids).
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The phenol compounds are involved with thepolyphenols (KE and GU, respectively) in these
color, flavor and the bitterness of the musts (Leéive cider apple juice varieties. According to
and Drilleau, 2003) and it can directly influenceGuyot et al. (2003) this class shows high yield
the consumption of the dissolved oxygen througli©5%) in the apple juice processing. The b5-
enzymatic oxidation process (Nicolas et al., 1994)caffeoylquinic acid (5-CQA), the main phenol
The level of 200 mg.E is actually used to classify substrate of the polyphenoloxidase in the presence
apple varieties as bitter (Lea and Drilleau, 2003)pf oxygen,was found in the largest concentration
the DM and KE had 1387.6 and 2776.7 my.L in all apple varieties (from 45% up at 82% of the
respectively. total hydroxycinnamic acids) and did not show any
The initial yeast population varied from 4.23%10 changes during the fermentation of the DC, PJ,
to 7.61x168 for the DC and DM, respectively. The DM and GU. However, in the case of the KE it fell
maximum yeast population was attained irfrom 824 mg.[* to 749 mg.[*and, as there was an
function of the nitrogen content and did not exceethcrease of the caffeic acid from 6.6 to 41.8 mg.L
7.36x16 cfu.mL® in GU cider due to the low !, it was possible that a deesterification reaction
content of the dissolved oxygen and also becauseok place by means of the hydrolases of
the apple juices was micro filtered, a process th&accharomycess6U, but such observation was
eliminated the phytosterols which, as oxygen, arenly for this variety fermentation. The 4-p-
essentials for ergostherol synthesis for plasmaticoumaroylquinic acidptCoQA) did not show any
membrane structure (Nogueira, 2003b). changes in the concentration during the process.
The total phenol content in the apple ciderAccording to Ramos et al. (1999), in the grape
varieties DC, PJ, GU remained the same until thevine fermentation at 14°C, this compound showed
fermentation was stopped. However in the DMa higher concentration at the end.
and KE, a reduction of the total phenol contenfThe flavan-3-ols class (Table 3) corresponded to
(from 55 to 313 mg.l, respectively) was 25, 49 and 62% of the total polyphenols (DC, DM
observed during the fermentation. and KE, respectively) but in the PJ and GU, its
presence was not detected. In the other ciders, a
Effect of the alcoholic fermentation in sensible reduction and increase of epicatechin and
polyphenols content. catechins compounds was observed.
The hydroxycinnamic acid class (Table 2)
comprehended from 36% up to 90% of the total

Table 3 -Effect in flavan-3-ols content (mg?). during apple cider fermentation: apple must, Ifgrawth phase (9
days) and apple wine with stopped fermentatiopyére 1 015 kg.r.

Flavan-3-ols
Varieties Time, d Flavan-3-ol monomeric Flavan-3-ol polimeric
(-)Epicat. (+)-Catec. Total B2 Others Total GP

. 0 26.2 nd. 26.2 Nd. 160.7 160.7 3.1
Doucegget Ligne 4 19.9 8.6 285  Nd. 1493 1493 2.9
48 19.2 20.4 39.6 Nd. 152.4 152.4 2.7

Petit Jaune 0 nd. nd. 0.0 Nd. nd. nd. nd.

PJ 9 nd. 4.4 4.4 Nd. nd. nd. nd.

48 nd. 15.6 15.6 Nd. nd. nd. nd.
Dous Moen 0 75.6 24.7 100.3 45.0 541.0 586.0 3.6
DM 9 57.3 24.2 81.5 34.0 531.0 565.1 3.1
75 53.4 37.4 90.8 25.0 517.7 542.7 2.8

Guillevic 0 nd. nd. 0.0 Nd. nd. nd. nd.

GU 9 nd. 5.9 5.9 Nd. nd. nd. nd.

60 nd. 13.6 13.6 Nd. Nd. nd. nd.
Kermerrien 0 146.9 nd. 146.9 143.0 1421.1 1564.1 3.8
KE 9 95.3 nd. 95.3 95.0 1293.8 1388.8 35
51 86.8 225 109.3 89.0 1279.6 1368.6 3.2

Note: (nd.) not detected; (B2) procyanidin B2; (GP) polymeonadiegree.
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Table 4 -Effect in dihydrochalcones and flavonols conteng (L") during apple cider fermentation: apple must,
final growth phase (9 days) and apple wine withpgéal fermentation ipag-c 1 015 kg.r.

- : Dihydrochalcones Flavonol

Varieties Time, d N . . . .
Phloretin  Phloridzin  Phloretin Xyloglucoside  Total Quercetin

0 nd. 37.1 52.5 89.8 3.3

Douce Coét Ligné 9 nd. 33.3 50.1 91.8 3.4
DC 48 6.2 41.7 46.3 94.2 35

0 nd. 14.5 9.2 23.1 1.7

Petit Jaune 9 nd. 13.9 8.9 22.9 14
PJ 48 nd. 14.0 9.1 23.1 15

0 nd. 18.6 22.1 38.3 25

Dous Moen 9 nd. 16.2 21.2 40.0 2.3
DM 75 nd. 18.8 18.8 18.8 2.2

0 nd. 9.0 12.1 21.8 nd.

Guillevic 9 nd. 9.7 11.3 21.9 nd.
GU 60 nd. 10.6 10.0 20.6 nd.
Kermerrien 0 nd. 38.7 27.1 63.1 1.2
KE 9 nd. 36.0 24.6 61.8 1.3

51 6.7 37.2 23.2 67.4 1.5

Note: (nd.) not detected.

In apple juice processing the extraction ofparameter to state the authenticity of apple
procyanidins was significantly lower, close to 32%products (Spanos and Worolstad, 1992). The
due the association of the procyanidins with the&oncentration of these compounds depends on the
solids part of the fruits, particularly cell-wall variety and the highest content has been found in
materials (Renard et al., 2001; Guyot et al., 2003;the DC with 89.8 mg.ﬁ (Sanoner et al., 1999),
This compound of high antioxidant activity (Tsaoand the lower values were for the PJ and GU with
et al., 2005) was present in the DM and KE an@3.1 and 21.8 mgl, respectively.

showed to lows down the concentration from 143he DC maintained the quercetin content during
to 89 mg.L* in the KE. The lower values were alsothe fermentation, which was advantageous on the
observed in the polymerization degree angroduct (Guyot et al., 2003; Tsao et al., 2005), as
according to Bonilla et al. (2001) this was due tesuch phenol compound present in the fruit peel do
the fact that procyanidins could associate with th@ave high antioxidant activities. In the GU variety
yeast cell wall. The dihydrochalcone class (Tabl@o quercetin was detected.

4) comprehended from 10 to 12% of the total

polyphenols for GU, PJ and DC and from 2.3 to

2.7% for KE and DM, respectivelccording to CONCLUSION

Guyot et al. (2003), the dihydrochalcone showed

high vyield extraction (80%) in the apple The apple must present a great dispersion in
processing. phenols content, with KE and DM showing the
In a previous work, Guyot et al., (1998) showedargest values and PJ and GU, the lowest. In apple
that the polyphenols of the cortex accounted fojuice with high phenols content (KE) there were
65% of the total polyphenols of the fruits and thabbserved lower levels after alcoholic fermentation.
the cortex tissues were shown to comprehend up he phenols class that showed lost was of the
~84% of the fruit fresh matter. The low flavonolspolymeric flavan-3-ol, then high concentration,
content was an indication of the poor extractabilitypossibly because of interactions with the yeast cell
of the polyphenols from the peel in the actualvall. The other phenols class and different apple
conditions of juice preparation (Table 4). ciders (DC, PJ, DM e GU) did not show any
Dihydrochalcone and flavonol classes did not varynodifications with the alcoholic fermentation,
during the fermentation. Phloridzin is a phenoliccemaining the phenols compounds of original
compound found only in apples and it is aclarified apple juice in the cider juice.
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