Yeast cells in double layer calcium alginate—chitosan microcapsules for

sparkling wine production

Ilaria Benucci®, Martina Cerreti™, Diamante Maresca®, Gianluigi Mauriello®, Marco Esti®
“ Deparomens o Agrinslose smed Fore gy Schmw ¢ {DAFNE), Toer be Dbversiry, iz £ Comille de Dallis s 01100 Vievba, Dby

" Depammens of Agrasasral Sdemces, Undversiy of Noples Federico I, Pordd, Doly

ARTICLE INFO ABSTRACT

Kepwords
Sparkding wine
Calciom al ginae—chivsan mionoe: apem les

eygEn
Pregsune

Arcmna

This paper foouses on the == of a new type of yeast encapsulation procsdure, applying the chitosancaldum
algimaie double layer micocapsules, for the produdion of Rissling sparkling wine. Fowr different sparkling
wines were produced by free or encapsulaied yexsts. The four types of yeast wsed were adapted (Free ErOH-A,
Encapsulated EtOH-A) and non-adapted to ethanal | Free, Encaps ulated)

The different yesstinoculating formats had a signifient impact on oxygen consumption and presure in-

crease rate in the bottle during the price de mmmes. Similarly to the fee form, encapsulated yesst sucossfully
completed the sscondary frmentation. After an ageing period of § months, valatiles and sensory profiles of
sparkling wines wers comparsd. Although, some differences in valatile profiles were found among samples,
sparkling wines produced by Encapsulsted EtOH-A showed sensory properties, in terms of amoma, taste and
body, similar to thoase produosd by free yeast (hoth adapted and non-adapted o ethanal 1

1. Introductd on

Sparkling wine is produced by a secondary alooholic fermen tatlon of
base wine. In the traditonal method (méthode champenodie) the re-
lermentation iakes place in the bottle after the additdon of the ligus de
drage {composed of sugars and yeasts) (Poeo-Baydn, Martines-
Rodriguez, Pueyo, & Moreno-Ardbas, 20090 It is well known that a
preliminary yeast adaptaton, malnly to ethanel, is essental for the
anccess of the prise de mowsse, because it enables yeast to acclimatize in
bate wine (Dinh, Magahisa, Hirasawa, Furusawa, & Shimizu, 2008
Benwccl, Libundl, Cerretl, & Estl, 2016). The secondary fermentation is
carrled oui to produce the desired amount of carbon dioxide (002)
presaure, and i Is followed by an ageing perod, during which yeast
autolysis occurs. At the end of the ageing period the yeast lees i3 re-
moved by dddling, a very labour-intensve and tdme consuming process
which takes about 30 days. The hbour involved in the process & the
remon for the high Anal cost of sparkling wine (Kemp, Alexandre,
Robillard, & Marchal, 2015)

Riddling and the subsequent disgorging procedums may be ac-
celerated and damplified by the we of iImmobiized yeasts (Puig-Pujol
et al., 2013). In recent decades, research has been carded out on the
selection and development of suitable techndques wsng support mate
dak appmopriate for yeast immobilization (De Lerma et al., 2018 Wen-
Tao, Wel-Ting, Yu-Bing, & Maojun, 2005 Liound, Drichoutls, &

* Correspond ing, awthor.
Emai address: cerreti@umi s it (ML CemretlL

hitps/ /doiorg/10.101 & foodchem 2019.1 25174

Merantzi, 200E). Capsule entrapment preserves the desred yeast me-
taboliszm by the physeal localization of viable celk into the polymer
matrix (Wen-Tao et al., 2005). The support matedalk most commonly
wsed on an industdal level in capsule production for their propertles
(e.g. Pood-grade, low cost, abundant and sultable for ethanol-water
solution) are carrageenans, chitosan, polyviny]l aeohd and alginates
(Kourkoutas, Bekatorou, Bamat, Marchant, & Kowtinas, 2004). Sodium
alginate gek when it comes in contact with bivalent cations {eg. Ga® ),
thus creating a three-dimensional network, weally in the form of a
capsule or a bead. As shown by other authors, the we of calcium al-
ginate capsules simplifies the procedure of “remuage’ (Divies, Cachon,
Cavin, & Prevost, 1994). This cawses the product to seitle quickly into
the neck of the bottle so that yeast can be easily removed. Desplte the
advantages of encapsulated yeasts, thelr application is sill limited. 1s-
ses with them include: cell leakage, diffusional limitationg, nepiure of
capsules caused by growth cell and gas producton (during the prise de
mmese), and dissoluton of threedimensional gel in an acldic media
{durmg the sparkling wine ageing period). Research has been con-
dhse ted to And a way of improving the chemical and mechanical prop-
ertles of single alginate layer capsules by using ¢hitosan (1,4 1inked -2-
amlne-2-deoxy-b-oeglucan). This I3 a coating agent obtained from a
matural food-grade polysacchardde called chitn (Lownd et al., 2008
Wen-Tao el al., 2005). Calclum alginate-chitosan micmscapeules have
been recelving considerable attenton in recent years due to their
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blocompatibility, nontoxicity, and biodegradability as drug delivery
systems, enzyme and cell immobllization suppons and cell tansplan-
tation (Wu et al., 2018, Haque e al., 201 £) Desplie the efforts which
have been made to improve the application of immobilized yeastsin the
secondary fermentation {De Lerma etal., 2018; Pulg-Pujol e al, 201%
Boedogan & Canbaz, 2011, tothe best of our knowledge no stady has
investigated the use of encapsulated yeast in a multlayer blopolymer
matrix Ths, the alm of this study was to e a new yeast encapsulation
procedure, applying the chitosan-calelum alginate double layer micro-
capsules, for sparkling wine prodectom by the tradidomnal method.
Additonally, a stepwise adaptation to ethanol of yeast before en-
capaulation was developed for the Arst tme. During the prise de moesse,
the kimetles of oxygen consumption and pressume increase in the botile
were monitored. Volatlles and sensory profiles of sparkling wines pro-
dced by microencapsulated and free yeasts were measured and com-
pared after a & month agelng period.

2 Materials and methods
21, (hemicals

The glecose, ethanol, KHPO,, MzS0, peptone, yeast extract, al-
ginde acld sodivm salt and chitosan were purchased from Sigma Aldrch
(ltaly), whereas the quarter-strength Ringer's solution was from Oxold
(Hampshire, UK). Double distilled water was wsed throughout the
process for the preparation of all buffers, reagents and yeast med hums.
The other cenologeal products were kindly provided by Lallemand
(Veroma, Ialy)

22 Sran and culnere condidions

The commercial yeast siraln 5. cerevigne hayames Lalvin EG-1118®
(EC111 8), Mndly provided by Lallemand (Verna, Italy), was mutinely
propagated in a yeast nitrogen hage broth (YPD Broth, Signa Aldrich,
Milamo, Italy) at 28°C for 24 h in aeroble conditons. The strain was
Imculated in the base wine in free or in encapsulated form, previously
ad apted or non-adapted o ethanol presemce.

23 Yeast adapraton to ethamol

The yeast adapiation to ethanol was carded out in YPD broth in the
presence of Increasing ethanol concentrations: 4%, 7% and 10%. A
sandardized (final OD00 = 1.0) overnight culture of the yeast was
Inculated in ¥PD at the lowest ethanol level After incubation at 28 °C
for 24h in semble conditom, celk weme moovered by centrifugation
(6500g = 15 min) and resuspended in YPD broth at 7% ethanol After
Incubation, the cell pallet was treated in the same way, maispendad in
YPD broth at 10% ethanel and incubated in the same conditions. After
each ethand adaptation phase, viable counting of the yeast cells was
performed on the YPD agar at 28 "C for 24 h. Resulis wem expressad as
an average of three independent replicates.

24, Yeast microsncagpadanion

Microencapsulation of yesst celk was carded owl wsing the
Encapsulator B-395 Pro (BUCHIL, Switzerland). A scheme of the Buchi
Encapsulator k& reported in De Prisco, Maresea, Ongeng, & Maurello,
2015, Yeast culivres, previously adapted or non-adapied to ethanol,
were centd fuged at 6500g for 15 min The call pelleis were washed in a
serile quarter-strength Ringer's solution, harvested by centrifiegation
and Anally suspended in an equal volume of a 17 g/L alginde acid so-
diwm salt. The alginate-cell suspension wasloaded in a syringe and then
fomed into the pubation chamber and extrioded through the noezle
(B0 pm) (Maresca et al, 201 6). The microencapsulation oomnditons wed
were flow mie 4.5mL/min, vibraton frequency 2700 Hz, electrode
voltage of B30 V. Microcapaules containing yeast cells were obtained by
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hardening the droplets in 100 mL of a sterile 0.5 mol/L CaCl: solution,
continuowly stired at 350 pm After sedimentation and genile dis-
canding of CaClz soleton, micmca psules were stored at 4 *C for further
expermenis

2 5 Efficiency of microencapadaion process

The efficlency of microencapsulation was calculated by dividing the
viable count of d srupted micrcapsules by the cell load of the alginate-
cell suspension. Micmcapsules weme disrupted by sertal dileton in
0.1 mol /L phosphate buffer solution pH 7.0 and a viable cell count was
performed on YPD agar at 28 "C for 24 h

2 6. Conting of mibcrocapsulkes with chitosan

The chitosan-alginate microcapailes were produced acconding to
the De Prisco et al (2015) pmiocol Briefly, 7g/L of chitosan was
dissolved ina 0.14 mol/L acetic acid soltion {pH 3.2) under stirring at
BO00 rpm for 20min at 50°C. Microcapsules (in mto 1:10 v/v) wem
added to the chitman solution (previowsly sterilized) and stimred at
4000 rpm for 15min ai mom temperatre. After sedimentation and
discarding of the upper phase, alginate-chitosan microcapsules wem
sugpended in Ringer's solution and stored at 4 °C.

2 7. Morphology of microcapacles

The size and suface morphology of microcapsules were analyzed
using a Felsm lght microscope (200 x magnification and calibrated
micrmeter]) before and after the chitosan coating.

2 B Base wine and secondary fermentaton

Sparkling wines were produced by the so-called traditonal method
using 8 monovarietal base wine from Vids winfer L. ov. Rlesling renano
white grape (accession V(R 3 obtained from VCR - Vival Cooperativi
Rawcedo collectons, Rauscedo, PN, Italy)l Grape berries were lar-
vested ina vineyard located in the Umbria reglon (central [aly - vin-
tage 3016), and directly pressed ina hork ontal pres RPF 50 - BUCHER
Vadin (Romans dlsonzo, [aly) withowt crushing-stemming. The
Riesling julce was treated with potassivm bisulfite {5 g/hL) and pectic
enzyme (Zg/hl) Fermentation took place in a stainless steel tank
{Ghidi Metalli, PT, Italy) at 18°C and the yeast wed was 5. ceravisiae
hayames Lalvin EC-1118* (EC1118). At the end of the alecholic fer-
mentation, the base wine was treated by adding bentonite (50 g/hL)
and gelatin (1 g/hl) 5o as to reach a urbidity level below 2 NTU after
the heat test. The cold aabileation pedod lasted for 4 weeks at a
temperature of 2°C The wine was then fAliered through sterle poly-
et lversu lone membrane Alter cartridges (045 pm). The compositdon of
e base wine produced s reported in Table 51 . Secondary fermentation
was carried out in standard 750 mL sparkling wine bottles, filled with
hase wine containing 24 /L of sucmse. Free calls inoculum was pre-
pared to obtain a final concentration in the bottle of 2 = 10® sells/mL
of viable yeast cells as reported by (Boedogan B Canbas, 20110 The
amount of microcapaules to be intmdvced inte each bottle was caleu-
lated in order ts achieve an aquivalent inscuhem {2 x 10° cells/mL of
vighle yeasi cells). Four types of yeast wem wed to produce four dif-
ferent sparkling wines These were: | free yeast non adapted toethanol
(Frea): il. free yeast adapted to ethanol (Free E0OH-A); (U, encapaulated
yeast non adapted o ethanol {Encapsulated); v. encapsulated yeast
adapted to ethanol (Encapeulated EfOH-AL A total of 24 bottles (& ne-
plicates of each type) were produced. Among these, 3 replicates for
each sample (total 12 botles) were closed with bidules (an empty
polyethylene cup that faclitates the disgorging process) and coown cap.
The other 12 bottles were capped with aphmmeters {Denoltalia Sd,
Ttaly) which are pressure gasges that hermetically seal the bottles. The
battles were positioned horizontally on the foor of a dedicated room
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and kept in the dark at a constant temperatume of 15 °C

20 Analytical procedures

The IV amalytical methods (OLLV., 2011) were applied for the
determination of pH, total acidity (g/1), walatile acidity (g/L), alkeoholic
degree (Y v/w), resdual sugar (g/L), total and free sulphur dioside
(mg/L), malic and lctle acid (g/1) and ghycerol {g/L). All analyses were
performed in triplcate. The addition of inoc ulem {free or encapsulated
yeast) stared the prise de mowsse phase. The oxygen consumption amnd
the presure increase within the bottle were then mondtored. The con-
sumption of the dissolved oxygen was messured wsdng the Nomsa
SenseTM O Trace (PreSens GmbH, Regensburg, Germany), which is a
trace mygen meter with Aber-opilc oxygen sensors based on a 2mm
polymer optical fiber. PreSens Psth oxygen sensors (Presens GmbH,
Regensburg, Germany) were glued into the bottles before botiling amnd
the measurements were performed in triplicate on the same 3 samples
wsed for the pressure increase defermination. The pressure Increase,
corresponding to the ©0y released during the prise de mowsse, was de-
termined by an aphromeer.

As reported in Benuvcel et al. (2018), solid-phase extraction (SPE)
wascarded owt usdng ENV + cartridge (15T, Yarad Mynach, Wales) and
the volatle compounds were analysed by GC/MS with a 6980 N Net-
work GO System coupled with a 5975 XL ELACT MSD (Agilent Tech-
nologles, Santa Clara, CA, USA), equipped with DEWax Bonded PEG
fused dlica capillary column (60m = 320pm Ld = 02Z5pm Alm
thicknes; Agllent Technologles). Velatle compounds were identifled
by comparing the GC retenton tdme and mas specta with pure re-
ference standards and by the NIST data bank. The quantitative analysis
was performed wing 1-heptanol a5 intemal standard with Response
factor {RF) = 1.

210. Estimation of the prise de moese nefe porameters

The oxygen consumption and the pressure increase inside the botile
requling from the additon of inecuhim were measured by means of a
sgmold or altered Gompertz decay function as previowsly described by
other suwthors {D'Amate, Corbo, MNobile, and Sinigaglia,  2006;
Tronchonl, Gamem, Armyo-Lopez, Barlo, and Querol 20091 The
following equation was applied:

Y= A+ Cw gofiedl-Mi (1)

wheme Y s the amount of cxygen consumed {ppm) or the pressure (bar)
in the bottle at time t {days)t A s the lower asymplote, representing the
lowest amount of oxygen consumed or the lowest presaure value when t
tends to Infindty {t/==) K s the oxygen commumption mie or the pres
aure increase rate; C s the distance between the upper and lower
asymptote and M is the half-time (in day ") of oxygen comsumption or
pressure increase Eq. (1) was Aed to the experimental data by a non-
linear regression procedure (GraphPad Prism 5.0, GraphPad software,
Ine. ) and the quality of the regressdon was evaluated by the coefficlient
of determimation (R%).

2711, Sensory analysis

The sensory evaluation of sparkling wines was carred out at Tuscia
University by a panel of 10 assesors (4 female and 6 male), mnging in
age between 30 and 65, all of them were experenced in wine tasting
and trained in performing sensory analysis of vadow wine iypologes
{imcluding sparkling wines) Pror to the formal evaluation, the panel
underwent 12h of training {Le, & x 2h sesmions held over thmee
weeks), durdng which they generated, discused, and modified de-
wrptive terms, using the tasing card recommended by the 0LV,
(2011) and gained familiarity in recognizing and scoring the intensity
of each atribute along with practice samples

The sensory atiributes evaluasted wem: colour, impldity, aroma
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queality and intensity, taste quality and intensdty, acidity, body and
overall judgment.

Testing was conducted in a sengory labomtory equipped with se-
pamte booths under daylight, and the environment was free of inter-
ference In terms of noldse, vimal stmulation and amblent odour. The
temperatere was keptat 24 + 20 Humidity values ranged from 70 to
B, The sparkling wine samples were evaluated in duplicate and wene
presented in random order at 12°C in coded standard wine-tasting
glasses acconding to 150 standard 3591 (150, 1977), covered with a
watch-glass and marked with a three-digit code.

To reduce carryover effects, a 7 min break was taken between each
sample evaluation durng which judges wed distlled water to ringe
theirmoutha The seorecard wsed had a 1 0-point strse tured scale to mie
the intensity of each attibute (0 = antdbute not pereeptible, 10 = at-
tribute strongly pemeptible). The mean scores of attributes were sub-
mitted to quantitative descriptive analyis in order to generate the
sengory profile of the four sparkling wines.

Muorepver, attention was pald to visual evaluation of bam quality
and effervescence, which is of special importance in sparkling wines.
The attributes asmessed were the initlal quantity of foam formed, whe-
ther the foam covered the whole surface of the wine, the presence of a
foam collar, the stze of the bubbles, and the effervescence as reported
by Hidalgo et al. (2004]).

212 Setisdeal analysis

Diata were analysed by one-way completely randomised Analyss of
Vardance { ANDVA) with the EXCEL® Add-In macro DEAASTAT (Dnold,
2006, Ttaly), followed by Tukey Honestly Significant Diference ( Tukey
HED) post-hoc test (o = L05) for multple compadsons of samples.

Principal component analysis (PCA) was applied on an awtoscaled
data matrix made up of the 4 sparkling wines produced (Free; Free
ErOH-A; Encapsulated; Encapsulated EtOH-A)L and the mean values of
sparkling wine volatles, as vadables. Unscrambler for Windows (ver-
shon 9.2 software package, CAMO A/S, Trondhelm, Norway) was wed
for data processing and full cros-valldaton was wed as validation
eriterion.

3. Results and discussion

T the best of our knowledge this s the Ast dme that Seechanomyces
cerevisdioe BC11186 culture has been applied in chitosan-calclum alginate
double layer microcapales to produce sparkling wine by the traditonal
method. Four different types of yeast were wed to produce four dif-
ferent fypes of wine. These were free yeast adapted to ethanol free
yeast non adapied 1o ethanol, encapsulated yeast adapied o ethanol
amnd encapsulated yeast non adapted to ethand (Free EOH-A, Free,
Encapsulated EvOH-A, Encapsulated).

3.1. Erhanol adgpration and microencapadaion

As expected, the yeast population of the strain BC1118 showed me-
shtance to ethanol. Indeed, the results of the microblal count showed
that the starming populaton of 5.6 x 10° (FU/mL was dightly red weed
w49 x 10* (FU/mL after ethanol adaptation. Adapted and non-
adapted cells were microencapsulated in an alginate matrix and the
resulis showed an microencapsulation efficlenc y of abowt 87 % for both
types of culivres. To the best of our knowledge this is the Ast study in
which yeast celk are microencapsulated by wsing the vibmting tech-
mology. However, values of efficlency of micmencapsulation in the
range B0-00% are those wsually obtained with different techn iques
combined 1o different types of microomganiams (Kaviiakea,
Kandasamya, Devib, B Shetiya, 2018). Morphology of microca psules
befwre and after chitosan coating Is shown in Fig 1. Microcapsules
showed a regular sphercal shape and yeast cells seemed homo-
geneoisly distibuted in the alginate matdx. Microcapailes showed an



I Bempured, oxal

Fig. L Surface marphalogy of microcapsules befors (A) and after chitosan
caating (B

average diameter, calculated by analyzing 50 microcapsules, of abowt
150 pm. After chitosan coatng (Fig. 1A) the diameter decreased at
about 110 pm {Fig. 1B). This is probably due to calelum alginate met-
waork shrinkage caused by the low pH of the coating solutlon (George &
Abralkam, 2008).

32 Prise de motesse kinetle parameters

32 1. Quxypen consumpiion hehaviowr

The d Esolved oxygen consumption resulting from the yeast add itlon
inte the bottle was measwred to better understand the nfluence of
encapsulation on yeast fermentation Knetlcs. The indtial amount was
approximately .6 mgl. As ascertained by other authors, yeast meta
bolism under anaemblc conditons nomally requires oxygen in order to
favour the synthess of semls and unsaturated Bty aclds (Fomalmn-
Bonmefond, Demarete, Rosenfeld, & Salmon, 2002). To the best of owr
knowledge, no studies have been carried out to determine the mygen
consumption by Sechoromycs cerevisice in the bottle durdng the sec-
ondary fermentation for sparkling wine production. It is worth taking
imto account (Fig. 2A) that approsdmat ely 90% of the dBsolved mygen
was mpldly consumed in the frst few days after the insculation of both
ethanol adapted yeast forms (3 and 4 days for Free E0OH-A and En-
capaulated ErOH-A, respectively), whereas the nomn-adapted frms
needed a considerably longer tme (16 and 37 days for Free and En-
capaulated, respectively). The obtaimed data followed the dgmoid be-
haviowr described by the Gompertz decay function, and they were
adequately fted as shown by the B values ((L96-0.9%) reported in
Table 1. Although the entre oxygen amount indtally present in the
bottle was consumed during the prise de mose, the kinetles of s
consumption were consdembly influenced by yeast-inoculating for-
mats. The mte of oxygen consumption valwes (Ko ) were dgnificamtly
higher when secondary fermentation was carried out by free and en-
capeulated yeast previously adapted to ethanol (Free EtOH-A and En-
capeulated EMOH-A) (Table 1), with no significant diferences between
the two adapted forma The free celk of the non-adapted yeasts showed
a higher oxygen consumption rate and a lower tme 1o consume 0% of
thee indtlal oxygen amount a8 compared to the encapsulated form. At the
end of the prise de mowsse the residual dissolved oxygen ranged from
14 pg/L (Free EtOH-A and Encapsulated EpOH-A) 1o 41 pg/L (Free and
Encapsulated). Therefore, data revealed that the ethanol adaptation
phase was crucial to enhancing yeast metabolism. Although the cells
were encloded in a double layer microcapsule, the results were still
evident.

322 Presure increase behaviowr

Fig. 2B shows the kinetics of the prise & moeste phase, which is
represented by the pressure increase in the bottle corresponding to the
() released during the secondary fermentation. ECL118 free and en-
capaulated, both adapted and non-adapted to ethanol, succesfully
completed the secondary fermentation by reaching the expected pres
aure (6 bars). This result is due to the amount of sugar in the Bguer de
drage added. The Mnete behaviowr was described by a sgmold curve,
a5 reported by Man FRaga, Sancho, Guillamon, Mas, and Beliran (2015)
and Benueel et al. (2016) that could be Atted using a Gompertz model.
The predicted curves Atted well with the experimental data and their
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Fig. 2 Time cowrse of oxygen comumption (A) and evolution of presaune (B) in
the bottle during price de meeicer carnied out by EC1118 yeast in Fres (i, O or
Encapsulstsd (l. (D form, adapted (@, @l or non-adapted (O, [T to =thanal
{EtOH). Reporisd values are mean + standand deviation of 3 replicates.

Tahle 1

Farameters obtained by fitting the altered Gompenz equation to the experi-
menta] data of oxygen decrease and presure incresse in the botfle during price
de memizes camried out by EC1118 yeast in Pres or Enaprulaied form, adaphed
{EtDH-A) or non-adapted to sthanal. Different letters within 3 row denote
significant differences among the means (meway ANOWA, a = 0,05, Tukey
multiple comparisoms test).

Free Fee Encapsulawed  FExcapoulaned
EOHA FOHA
Fengy g 1! namsh 034la 0037 (00T} 0388 a (0 038)
dar™ ") 000 (0L043)
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R T e 0.8 oas
K (barday~'y  OUOEZH 0os3a 0004 (LO0S)  QLOSE ab (0LO04)
0004} [ Lol
M (day ™) nb{a5} 13@ES5) 49215 18 be (2.0}
R o9 o3 094 a8

Koy, axygen consumption rate; Moy, halftime of axygen consumption; Kz,
presune incresce rate; Mg, hal faime of presure incresss

regresion coefficlents ranged from 0093 to 098 (Table 1). The different
yeast-inoculating formats kad a sgnificant impact on the kinetic
pammeters [eg. pressure inemase rate (Kp) and hall-time of pressaune
increase (Mg]], with the highest K (0.053 barday ) and the lowest
My valise (13 day ") revealad for Free EXOH-A.
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As previowsly observed for the oxygen consmumption, the ferments-
thon kinetics appeaned more vigorus when using free and encapsulated
yeasts, previously adapted to ethanol (Free E1OH-A and Encapsulated
ErH-A) with significant differences compared to non-adapted forma

Moreover, the secondary fermentation carrled out by encapsulated
BEC1118 (mon-adapted to ethanol) was the slowest, with a Kp of
(014 bar day ™" anda My valee of 49 day ™" 1o reach the 50% valve of
fimal presswre in the bottle (Table 1), As reported by Dinh et al { 2008),
exposing yeast cells to a stepwise increase in the level of ethanol stress
is effective for obtaining the sthanol-tolerance. This is most likely due
1o the different fany acld content of cell membrane and cell mor-
phology (You, Rosenfleld, & Knipple, 200% Stanley, Bandam, Fraser,
Chambers, & Stanley, 2010). It & also important to note that the dme
required for starting the secondary fermentation {nmumber of days wmnill
the start of pressure increase) conflrmed the enhanced met abolic efi-
clency of ethanol-adapted cells, both in encapsulated and free orms
(lag phase of about &days), & compared to the comesponding non-
adapted counterpans (lag phase of about 16 days).

33 Sparkling wine characeriation after a & month ageing period

It is well known that the kinetles of secondary fermentation in the
battle affects the qualitative characteristics of the fAnal owicome of
sparkling wine produced, inclueding O04 integration in the produect,
physical-chemical chamcterdstes, and wolatle amma compounds
{Martinez-Garcia, Garcia-Marinez, Pulg-Pujol, Mauricio, & Momeno,
2017; Poeo-Baydn et al, 20049). Thus, the main cenological pammeters,
volatiles and sensory properties of the 4 different sparkling wines
produced were determined after an agelng perod of & moniths.

33.1. ODemlogica porometers

The oenologleal parameters are summarized in Table 51, Mo sig
nificant differences wene observed among the 4 sparkling wines in al-
colal content, titmtable and volatile acidity, pH, free and total sulphite
content, and residual sugar. In addition, data showed a significant in-
crease (about 1.5 g/L) in glycerol content in all samples as companed to
the base wine (32g/0) This increate could be dise to the glycerol
pyruvie fermentation pathway, during the early phase of prse g
maesse, ‘when glyceral synthests makes it possble to reccdd e surplus
NADH produced by anabollzm Mo dgnificant differences related to
yeasi-inoculating formats were determined, thus proving that the
ethane]l adaptation proces, before secondary fermentation, did not
affect this yeast metabolism.

332 Volnile groma compounds

The 101 volatlle compounds {eg. terpenes and norisoprencids, al-
dehydes and ketones, esters, alcohols, acids phenok and lactomnes)
Identified and quantified by GC-MS in the Rlesling base wine and inall
sparkling wines produced wing EC11 18 yeast, in free or encapsulated
foem adapted or non-adapted to ethanol, are shown in Table 2 When
one-way ANOVA was performed dgnificant differences on the volatle
compoaton was observed among the samples.

3321, Terpenes and  rovisoprencid. Terpenoids and €13
nodsoprencids, which are important secondary plant metabolites,
contribute to the varietal chamcter of many wines These compounds,
malnly characterized by foral amma, are transferred from the grape o
the must during solid-liquid extraction phases, elther in a free volatile
form or bound to sugars.

Observing data in Table 2, the secondary fermentation and the
following & month ageing period lead to a decrease of total terpenes
compared to the inital content in the base wine, although slgnificant
differences did not appear among the fowr sparkling wines. Recently,
Soares et al. (2015) found that the quantity of some monolerpenes was
reduced in the eardy stages of Moscatel sparkling wine production. This
iz thought to be caused by yeast membrane ncorporaton and
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acetylaton, There were significant differences between Rieding base
wine and sparkling wines conceming the occumence of linaleol, ols and
trans-furan Enalool oxide, endiol and cis-8-hydrosy-linalool However,
h-trienol only decreased when encapsulated yeasts were used, whereas
an increase was observed in sparkling wines produced by yeast in free
forms (Free and Free EvOH-A), regardles of the e hanol adaptation.

Although the tolal amowunt of norlsoprenokds remalined almost un-
changed alter the secondary fermentation and the & month ageing
perod, 1,1,6-Trimethyl-1,2-dihywdromaphithalene (TDN, wellknown as
petmlenmrlike amma of aged Riesling wines) slightly increased in the
aged sparkling wines and did not come near the odor perception
threshold (20 pg/L, Sacks et al, 2012).

3322 Aldehydes and ketores. An increase in the amount of total
aldehydes and ketonss was revealed in the four sparkling wines {Free,
Free EpOH-A, Encapaulated, Encapsulated ErOH-A) compared to the
hase wine, after the secondary fermentation and the & month ageing
perod. A significantly higher level was found in Free and Free ErOH-A
sparkling wines compared 1o the encapsulated omes. Data in Table 2,
show that the rise in total ddehydes and ketones 15 mainly due to the
imcrease of furan compounds (deriving from sugr degradation),
respongible for the yeasty and toasty notes, and in particular for
furfural and norfuramecl volat les, which remains far from the odor
pemeption threshold [14100 and 2000pg/l, respectively (Sarmzin,
Dubourdiew, B Dardet, 2007; Ferrelra, Lopez, & Cacho, 2000]].

3323 Esers Esters are the major family of volatle compounds
released durng yesst autolyss (Alexandre and Guilllox-Bematier,
2006, and charactertzed by low perception thresholds, this arongly
contributing to the fruity and Noral-lke amma of spadkling wine

After the secondary fermentation and the & month ageing perod,
ithe four sparkling wine profiles showed a higher content of total esters
compared o the base wine, with an increase mnging from 12% to 24%
infree and encapalated samples, respectively (Table 20 Comparing the
o sparkling wines, the encapsulated sample was the dchest in total
esters, due to the greatest increase in the amount of diethyl malate,
et iyl lactate and diethyl succinate. Ethyl lactate and diethyl swocinate
wene deseribed a5 volatles that increase in long aged sparkling wines
(Tomrens, Riu-Aumatell, Vichl, Lopes-Tamames, & Buxaderas, 2010;
Riu-Aumatell, Bosch-Fusté, Lipez-Tamames, & Bucaderas, 2006 ). Thelr
formation could be enhanced by usng lees during the ageing period
(Bauwtista, Ferndndes, B Falqud, 2007

Moreover, all sparkling wines showed a decrease in the concentra-
tom of some esters (eg. hexyl acetate and ethylphenyl acetaie) after the
sepondary fermentation and the & month ageing perod as compared to
ithe base wine, with no dgnificant differences among the fur samples.
Acconding to the lterature, these compounds decrease during cava
production {Spanish sparkling wine), thus causing the los of the fresh
and frulty aroma (Torrens et al, 2010; Riu-Aumatel]l et al, 2006)

3324 Alcohols, A sight decrease in total aleohols was observed in
the fowr sparkling wines after the secondary fermentation and the
emonth ageing perdod. The amount of total aleohols appeared
significantly lower in sparkling wines produeced by ethanoladapred
yeasts, both in free and encapsulated forms { — 16% and — &% for Free
Er(dH-A and Encapsulated EvQOH-A, respectively) (Table Z). Therefore,
data reveal that the ethanol adaptation phase has a significant effect on
ithe concentration of these volatiles, both for yeast in free and ent rapped
forms. Although in all sparkling wines, 2-phenylethanol (the most
abundant aleohol, kaving a rose and honey-like amma) exceeds the
corespmding thresholds (14000pg/l, Ferelra et al, 2000), s
concentration 5 lower in Free EfDOH-A and Encapsmulated ErOH-A
compared 0 non-adapted counterparis. In contrast, the concentration
of s comesponding acetate ester (2-phenylethyl acetate) increased,
remaining far from the odor perception threshold {250 pg/L, Francls &
Newton, 2005). However, 3-{methylthio}propanol or methionol {of-
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Concentrations of the quantifisd volstile compounds (pg/L of 1-heptamal) of Riesling base wine and sparkling wines cbixined by EC1118 yeast in Free o
Encapsulated form, adapted {EtOH-A) or non-adapted to ethanaol . D fferent letters withina row denote significant differenes among the means (oneway ANOY A

a = ({5, Tukey multiple comparisons test].

‘oo ncks Base wine Sparkling wine
Frae: Free ExDH-A el aed Encapenl med FI0H-A

Tepenes
Tdmaload 58 £ 03a 42 £ 01k a1 £ 01k 32 £ 02 42 £ 03
Hoarinol 87 +£ 03b e +03a 104 £01a 57 +01d 70 £ 03
O Rl 110 = 04 ab 111 = 02 ab 12 +£03a 105 + 02b 106 = 01 ab
Crcreed ol 10 +02a 14 £ 04a 10 £+ 00a 10 £0la 10+dla
ol <la <la =la <la <la
Geraniol 1.7+ dla 10 = 41b 1.0 £+ 02 1.0 = O0b 1.0 = 03b
wrares-furan linalen] axide 537 £ 18a 59 &£ 05 b 39 £ 0% T4 £ 03b 54 &£ 00 b
e foram |inabond oorkde 54 +01a Ig +04d 43 + 01ad 6 = 03 be 50 + 03 ab
Frars-pyran linalood oride 42 £ 02a 48 £ 05a 45 £ 03a 47 £ 0da 41 £ 04a
b pyran Dmalssd cride 30 +£020a 25+ d5a 27+ 03a 29 £ 04a 29 £ 03a
Diiendiad 1 Shih + Z3a SEr+12a 547 £+ 09a 532 + Z0a 539 + 14a
Do died 2 19 +£01a 1.7 £ 01a 19 x0la 18 £ 02a 14 £ 0Ob
Exadiod 3T £ 11a 36 = 17h 23 £ 08k 21 + 10b 29 + 15b
- me omkde: <la <la =la <la <la
Trans-soce oxde <la <la <la <la <la
-8 hpdrony- lnadood <la <la =la <la <la
o B-hpdnoary-lin alond 182 =+ 08 a 1+ 0le 43 &+ 03b 38 + 0lb 1+ 0le
Tiesp dnemn 40l <la <la <la <la <la
PO e <la <la =la <la <la
Tesp inodene <la <la <la <la <la
Tl X932+ 80a 1239 = 2.4b 1338 = 3.4b 1289 = 06b 1IF6 £ 0Tb
T Nortope mdds

24 £ 0la 22 £ 0Ob ZZ £ 00b 18 £ Qe 25 £ 00a
& Wrnne <la <la =la <la <la
{i-homon & <la <la <la <la <la
DN 09 £+ 00b 12+ d0a 12+ 00a 12 £ 00a 11 £+ 4lb
Farcxi TDN <la <la =la <la <la
Vigspimn 1 27+ dla 28+ 0la 26+ 0la 19 £ o3 23 = A1b
Vigspimn 2 165 £ 00a 15+£01a 12 = Qb 10 £ 00 10 £ Ole
Faecmiaerinddeds 1 «la «la =la «la «la
Exasiaainidods 2 <la <la =la =<la <la
Aumimdded 1 (s 51 + 4ib 50 £ 4lb 55+02a 50 £ Olb 48 + 0lb
Aczimidad 2 {mams) 91 +04a B9 +0la 86+ 01a 90 +03a 29 + 03a
Somo-a-knsl 135 = 04b 150 = 04 a 145 £ 04 a 145 = dla 150 = 04 a
Tl &4 = Lda 4.9 = Lla 4.2 = Déa 4 = Lda &5 = 1.5a
Abetydes amd keomes
Furforal 31 +01d 221 = 08k M5 £ 10a 163 + 03¢ 164 = 05c
Sringaldetyde 20 + Qe 23 + 00b 15+004d 20 = Ole ZB+01a
S-etiy oo ral 09 £ Qla 10 +£0Qla LlxQla 10 +£0Qla 09 £ Qdla
Foramseod 16 £ 00 24 £ 0la Z2 £ 01 ab 15 £ Qe 20 £ 0Ib
Hornod nraneal 59 + 02 69 + 02 ab TZ:02a 26+ 01 d &5 + 01b
Norfaraned 100+ 04 e 583 = 14b TO5 £ 15a 364 £ 14d 431 = 09¢c
Vaxd Ilin 48 £ 0la 31 +£02d 35 £ 0le 50 £02a 41 + 4lb
Frenylaaaldepde 16 +0la 1.0 + 00b 11 + alb 16 +01a 14 +0la
Berzaldehyde 27z a1d Z0+01d 35 & Qe a4 = 0lb 78 i+ 03a
Tl T + 1L3e 1602 = 3.8b 115 £+ 27 a TLE + 224 S1Z = 04
Exes
Hexyl acesane 14232 = 402 159 = 04b 169 £ 06hb 168 + 02b 162 = O5b
bcammyl acenne I o+ 4T M5 + 8Eb 3555 + 935 Z11E8 + 55 355 + 500
Zpleoykedy] aceae B9 + 3¢ GRS = 12ab &4 £ 25a B27 = 16b 630 = Zhab
Fshf phen fl acemae 79+ 05 26 + 00b 24 = 0l 26 & O0b 23 + alb
Emy buomanoae 1636 = 490 1S + 6.2 1943 + 35 154 + 30b 1931 = T
Em heyancate B¥E £ 128b 5952 £ 1132 Fa0s £ 130a BE19 £ THEa EB303 &£ T45h
Eid cxancare S0F3 £ 302 GELE £ 1TE a5 £ 3150 =513 &+ 160b B43 £ 3B 5h
Eqy decancaw S84 = 1112 1266 + 500 1263 + 4 5W TI43 &+ 4.0 1218 + 4 3he
Enqy Sdecenoar 39 + 03 a4 = 0la 46 = 01b 45 = 0lb 34 £+ 014
Ei 3-hypdrarybonan e 1538 +£ 6.2 1593 + 3.0a 1506 £ 38 1708 + 5.1a 1559 £ 59
Emy d-hydnoryboran oae 746 = Z30a S0 = 9.9 45390 + 113 S417 + 14860 4713 = 1432ed
Em| Zhydrwpvaleae 57 £ 0la 43 £ 03b 29+ Qlbe 34 £ 00d 35 £ 01ad
Eni 2hydrory -4 metyliperntancate 425 & 15a 22 & 06 289 + 1.2k 290 + 12k 6T + 16k
Driexltvy] soocinase 16 + 640 5196 = 59 Tab 26475 = 47 Tab 2576 = 42T 2457 £ 953D
Edid laaw IEIE6 £ ST 30733 + 5184 FEIE 4+ TOSe 31 £ 530a 35553 + 10500
hcamyl hemae 127 + QTe 162 + 06a 151 + Odab 152 + O7ad 133 &+ 09h
Ehi Smehylbury] soccuane <la <la <la =la <la
Drbenry] malse 51302 + 13500 54313 = S0de STET1 = 474 G306 = 1035 SEEIE = 1550b
Dyl Z-hypdroryglonras I3+ T T ZEZE + 9.0a 4123 + 158 4113 + 123 3920 + 85
Myl vand lase 130 = 0Ga 129 = 04a 131 £ QGa 120 = 05a 115 = 0Ga
Eiid vanillaswe 12 + ar <« b 12 + O0a 13 £+ Oa <« b

{comtimuead on mact page
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Table 2 {congnued)

e ncks Hase wine Spariling wine
Free Free EslH-A Fae ageaul mad e aperal med FrOH-A

End dnmaman 127 + a7 <« 1b = 1b < 1b <« 1b
Eshd dih pd e inramane: <la <la “la <la <la
B salisplare <la <la “1a <la <la
End pyroghmmans W4E39 + 455 ZETE4 + S26h IF550 £ TOATa 24563 + 1101b 2480 + 200D
Tt 15282 + 4423 4 17147 + 65 18167 + &db 13055 + 368 a 17981 = 14b
Ak ahads
1-Hexanal 2036 £ 932 2094 = 55 20T £ 62 Z20 £ 105a 2079 £ 128
-3 Hewen-1 ol A9 = de W09 + 0 2ab 108 + Olabe 114 + 03a W04 + 05k
o 3 Hewen -1-al 159 + 05a T48 &+ Odah 159 + Quba 121 + 08b 151 + O8ah
2-Hexen-1-0l 1.9 = Qb 24 = Qla 23 = Qla 14 = Qle 24 = Qla
Bareyl aleobal 25 + 05k 266 + 062 251 + Qubab 357 + 062 24+ 15a
Z-phenylethancd 19200 + 7000 170 + 6354ab T4 = 49500 15300 + 353 &b WEA00 + G000
S meeatrphihia)- parodan o or M hkonad W55 + 446 TEEE = 4 1ah 1729 =+ 50a W62 4 = 1 Sah I52T + &30
Purforyl aleaksd 351 + 10a W61 + 04d 15 £ 044 218 + O5h 19 £ 10
Homowandlyl alonhal 131 + O4a 119 = Dbah 104 + Qe 112 + Qb T2 + 03hbe
Vamd e alocdand 28 + Ola 23 + Olb 21 & 00 29 + Ola 24 + 00
1-Dewn-3-al 118 + 062 < 1b = 1b < 1b < 1b
Total 19612 = 692 & 18358 + 862 ab 15455 = 698 15771 = 480 ab 17346 = 604b
Ak
Borydeacid 8866 + 3502 Tl4h + 2500 TEZT + 3020 T7Z3 + 19.6b TRLE + 400ab
SMerhylmancd: add (hovaled e acid) 1323 + 402 1305 + 3 2a 1357 + 3.0a 1311 + 4 59 122 + 55
Hemmnade asid FELS + 18002 XL & 923 E5165 &+ E24he SEI49 &+ S0 Zab SEEGG + 1085ah
DEancd: acid 64233 + TH= 54567 + 1013b 58242 + 9530 2952 + H92a 62499 = 12942
Decanale acid WETT + 1300 SaEd £ B2 TI08S5 £ 152 12311 + 135 12499 + 105
Horsovanilliz a2id 51 + 0% 51 + 0% 49 + 0la 54 + 0la 55 + 0%
Total 13S0z = 348 a 10605 = 325¢ 11273 £ 17b 12251 = Z6a 12112 = 66a
Py
d-edyiphenal 24 + 0le 58 + 0lb 33 + 014 &9 + Qe TP+t o=
Sedplyuaiaced <la < la “la <la <la
A-winylph sl 12 + 04d 313 &+ 08a 24 £ 0T 118 + 06ed 128 &+ 03z
d-vinylynaiacnd 212 + 18¢ 653 + 25a G265 + 1.5a 437 + 16e 501 + 21b
Fogenal 132 + dla 11 + b 11 = 00b 132 + 4la = b
Guadaeod <la <la «la <la <la
ororesal “la “la “la <la “la
[prcresal <la <la =1a <la <la
Vamd in 48 + 0la 21 + 014 35 & 002 5+ 0la 41 + 0lb
Acewwandlione 1= = 03b 121 + 03a 12 + Ola 122 + 00a 112 = 01b
Phaera] 16+ Ole 27 + Ok 3 £ 0lab 27 + OOb 33 + 0%
Total 78 £ 2e 126 = 1a 114 = 1b 85 = 1d W6 = 3¢
Loevomses
o Wisky lusons 23+ 00 24+ U0 26 &+ Olab 232 + Q0e 27 + 0la
- Wiy lacmne 27 + Olb 29 + 0lb 5+ 02a 52 + Ola 49 + 0la
= Dol 3 W 27 + 03 132 + oo 15 &+ 00 18 + 016 132 + oo
wdecalac e 6739 + 2302 < 1b = 1b < 1b 1+ Qlb
= B ol o 19T = 47.0b 1Z269 + Z_Sab 12042 + 450ab 1Z585 + 420a 1764 £ S35ab
A-carbearyes hoory barprolacmone 440 £ 95 5595 + T41a 5775 + 12%a 5655 + 80a 5235 + 535h
Total 2170 £ 14 & 1797 £ 24 be 1792 £ 32 be 1834 = 34b 1708 + Bde
Ochers
3 M e vy Ty ] o exam b W66 = Ode U175 &+ 04 be 188 + 04 a 179 + 03 ab 189 + 03 a

Mavour assoclated with the perception of caulilower and cooked
cabbage) was the only aleohol revealed at a higher amount in all
sparkling wines compared to the base wine, remaining far from the
odor perception  threshold (1000pgA; Guih, 19971 The lowest
methionol concentration was found in the encapsulated EtOH-A
smmple

3325 Acids. These volatiles, pred ominanty fermentation products,
are generdly recognized as unpleasant odors (being described as
ranging from sweaty and cheesy to goaty and rancld), nevertheles,
some volatile fatty aclds could improve the complexdty of wine aroma
(Swiegers & Pretorius, 2005)

After the secondary fermentation and the & month ageing period,
the total amount of ackds was significantly lower in free and in free
ErH-A samples as compared to sparkling wines produced by en-
capsulated forms (Encapsulated and Encapsulated EtOH-A), thus g
gesting that total acld concentation was considerably influenced by

yeast-inoculating formats. In paticular, data in Table 2 show that the
amount of hexanode, octanolc and decanole acld (having rancid fat and
cheesedike aroma) is significantly lower in free and in free EOH-A
samples.

35326 Phenols and loctomes. The total level of volatle phenols,
recognized a8 off-flavours, was greater in the fur spadkling wines
compared to the base wine, with the lowest content {n encapsulated and
encapsulated Et0H-A samples. In paricular, 4-vinylphenol and 4
vinylgualonl were significantly less abundant in these two laner
sparkling wines.

Muorepver, total lactoes, which are desimble compounds in wines
(Moral and fruity-lke odor), dgnificantly decreased in all sparkling
winesdue to the relevant reduction of y-decalactone after the second ary
fermentation and the following & month ageing period,
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Fig. 3. Biplot of the principal ommponents analysis (FC 1 vs. PC 2} of wolstile compounds in Rissling sparkling wines obtained by EC1118 yeast in Fres ar

Encapsulsted form, adapesd (EfDH-A) or non-adapted to sthanal

333 Principal component analyss

Alming to classfly the sparkling wines produced with free or en-
capsulated yeast forms, adapted or non-adapied to ethanol, a principal
component analysis (PCA) was performed considering as clasifying
varfables all volatlle aroma compounds with a concentration above
1pg/L. The reslis of the PCA are shown as blplt score loading
(Flg. 3). The fst two principal components accounted for 76% of the
total vartance of samples, PC1 explaing 42% of the variance, whereas
the PL2 explains 34%. PCA showed the potentlal to diserimimate be-
tween Rlesling sparkling wines produced. The st component, mainly
influenced by aclds, fatty acid ethyl esters and phenol, differentiates
among the sparkling wine prodeced with free or encapaulated yeast
forms. The second principal component differentates among En-
capsulated and Encapsulated E1OH-A. Instead, no diferences can be
observed among the sparkling wine produced with free yeasts adapied
or non-adapted to ethanol, where the ammate profile s relatively
close.

While Free and Free ErOH-A are both characterized by terpenols
(Ho-trenol and a-terpinecls), aldehydes and ketones (feranesl and
homofuanel), phenols {(4-vinylphenol and 4-vinylgualcol), the aro
matle profile changed when the same EC1115 yeast b used in both
encapsulated forma

Instead, these later samples grouped with kigh levels of some acids
(hexanolc, octanok, decanole acld) and esters (eg. ethyl lactate, die-
thyl malate).

33.4. Sensory projfile

Sensory analysis of four sparkling wines, produced by free or en-
capsulated yeast, both adapted and non-adapted 1o ethanol was per-
formed by evaluatng the global rganeleptc quality through quant-
tative descriptive amalysks, as reported in the mdar plol (Fig. 40 The
analyds of variance of the sensory data highlighted no differences
among the sparkling wines concerning the visual appearance with the
only exception of the encapsulated sample, which was chamcterized by
a higher yellow colour intensity score, a lower Umpldity, and an overall
bad judgment. The delayed and slow secondary fermentation, camrled
out by the encapsulated EC1118 non adapted to ethanol. In contrast,
the application of Encapsulated EtOH-A allowed us to produce a
sparkling wine having the same scores in terms of amma, taste and

baudy, as compared to those produced by free yeasts (both adapted and
non-adapted o ethanol). Moreover, during the visual analysis of the
foam characteristic of each sparkling wine (Table 52), the judges de-
seribed the foam as abundant and covering the full suface in every
sample with the only exception of the spatkling wine produced with
yeast non adapted to ethanol where foam was linde and only partly
covering thesurface of the wine. A total foam collar was observed in all
samples except for the one produced with the encapsulated form.
HNeverthelesz, the bubbles were small and effervescence was nomal in
all sparkling wines.

4, Concusion

The yeast stmin & corevisioe bayanus Lalvin EG-1118 entrapped o
chitosan-calclum alginate double layer microcapsules was sucoesafully
wsed for the production of Riesling sparkling wine by the traditional
method. A stepwise adaptation to ethanol of yeast before encapsulation
was developed for the first time and this phase resulted crucial 1o en-
hance yeast metabolism. BC1118 free and encapsulated, both adapted
and non-adapted to ethanol, swccesdully completed the secomd ary
fermentation which reached about & bars in the botile, but fiolowed
different kinetics of oxygen consumption and pressure Increase during
the prise de mose.

Comparing volatle compounds of the prodwced sparkling wines
after a & month agelng period, a significantly higher level of total al-
dehydes, phenols, ketones (due to the increase of imn compounds), as
well as a denificantly lower amount of acids was found in samples
imoculated with free yeast (adapted or non-adapted to ethanol) com-
pamd o the encapsulated ones Moreover, It was evident that the
et hanol adaptation phase kas a dgnificant effect on the concentratlon of
total aleohols, which was sigificantly lower in sparkling wines pro-
duced by ethanoladapied yeasis, both in free and entrapped forma

Fimally, sensory analysls revealed that the application of en-
capsulated yeast adapied to ethanol allowed us 1o produce a sparkling
wine kaving sencory propert kes similar to those produ ced by free yeasis
(both adapied and non-adapied o ethanol) in terms of arma, aste and
Ty
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(Encapsulated); Blue: encapsulated form adapted to ethanol (Encapsul
this article.)
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