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The influence of cultivar of apple-tree and yeasts
used for fermentation on the concentration of volatile compounds
in ciders and their sensory properties
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Summary

The main aim of the study was to evaluate the impact of cultivar of apple-tree and yeasts used for fermentation on the
concentration of volatile organic compounds (VOC) in ciders. Among the volatile compounds, amyl alcohols and isobu-
tanol dominated in all beverages. In the group of identified esters, the compound present at the largest concentration
was diethylsuccinate. The largest quantities of volatile compounds contained beverages obtained from Rubin apples,
while the lowest from the Elise cultivar. Pinocarveol dominated in beverages made from apples of the Rubin and Topaz
cultivars, whereas terpinen-4-ol in ciders from the Elise cultivar. In all ciders, relatively large concentration of eugenol
and isoeugenol were also observed. The concentration of VOC and terpenoids in beverages largely depended on their
concentration in the raw material used for their production. The impact of the yeast strain on their concentration was
observed but it was less significant than the impact of apple cultivar. The lowest scores in organoleptic evaluation were
obtained for ciders produced by distillery yeasts from apples of Rubin and Topaz cultivars, while the highest scores were

obtained for ciders fermented by wine yeasts (Rubin and Topaz cultivars) and cider yeasts (Elise cultivar).
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The original taste and aroma of fermented
beverages come mainly from the raw materials
used in their production. The main compounds
that create aroma of apples are esters, alcohols,
terpenoids, aldehydes, ketones, ethers and vola-
tile acids. A particularly important impact on the
final sensory sensation has mainly ethylacetate
with an ethereal, fruity, sweet, grape and rum-like
aroma when present at a low concentration, but
unpleasant and nail-polish at higher concentra-
tions. Other important esters are ethylbutyrate as-
sociated with apple aroma and methylanthranilate
that has a smell of grapes. Some substances are
present in low concentrations but they still have
a significant impact on the sensory characteristics
of apples e.g. phenylopropanoids (eugenol - scent
of cloves), terpenoids such as geraniol (scent of
roses), limonene (citrus aroma), linalool (rose-
wood aroma) and myrcene (responsible for apri-
cot, walnut and orange aromas) [1, 2].

The secondary aroma is mainly associated

with the synthesis of volatile organic compounds
(VOC) by yeasts during ethanolic fermentation.
During spontaneous fermentation, most species
of native yeasts die out along with the increas-
ing ethanol concentration, creating in such way
a niche in which Saccharomyces cerevisiae, due
to its good resistance to higher concentrations
of ethanol, become to dominate [3]. Selection of
the right type of yeasts for production of alco-
holic beverages has a key impact on the profile
of volatile alcoholic beverage compounds. Most
yeast species have the ability to convert mono-
terpenoids. Some of the aroma compounds in the
fruits are present in the form of glycosylated pre-
cursors that do not affect the taste and scent and
only their hydrolysis by the enzyme B-glucosidase
releases the volatile substances responsible for the
taste and aroma of the drink. Non-Saccharomy-
ces yeasts belonging to the genera Debaromyces,
Hansenula, Candida, Pichia and Kloeckera contain
this enzyme but it is not encoded by the S. cerevi-
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siae genome. Non-Saccharomyces yeasts exhibit
varying degrees of p-glucosidase activity and may
play an important role in the release of volatile
compounds from non-volatile precursors [4]. In
addition, depending on the yeast strain used for
fermentation, different proportions of higher al-
cohols can be obtained, e.g. S. cerevisiae produces
most of isoamylalcohol and S. ludwigii produces
most of isobutanol. Apple wines fermented with
S. cerevisiae are characterized by high concentra-
tions of n-propanol, isoamylalcohol and amylalco-
hol [5]. On the other hand, 2-phenylethanol is in-
tensively produced during turbulent fermentation
by the yeast S. bayanus.

Data on the profile of volatile compounds,
mainly VOC, in alcoholic beverages were pub-
lished [6-8]. However, the effect of commercially
available yeasts belonging to different species or
genera and the impact of cultivars of apple-tree
on VOC concentration as well as on the profile
of terpenoids in ciders has not yet been analysed.
Therefore, the aim of the study was to evaluate the
impact of cultivars of apple-tree and commercially
available yeasts used for fermentation on the con-
centration of volatile organic compounds and ter-
penoids in the ciders. In addition, sensory evalua-
tion of the obtained drinks was carried out.

MATERIALS AND METHODS

Preparation of apple cider by fermentation

Apples of three apple-tree cultivars, namely,
“Topaz’, ‘Elise’ and ‘Rubin,” were used in the ex-
periment. The Rubin apple is a fairly modern va-
riety of Malus domestica from the Czech Republic,
being a cross between the Lord Lambourne and
the Golden Delicious. Rubin apples are small to
medium in size and round in shape. The bright
yellow skin is vibrant, smooth, and is almost com-
pletely covered by orange and red striping. It has
an intense sweet honeyed flavour with some sharp
acidity [9].

The Topaz cultivar is a relative of Golden De-
licious and Czech apples Lord Lambourne and
James Grieve, which is resistant to common apple-
tree diseases such as scab and mildew. Topaz
apples are medium in size, pale yellow and over-
laid nearly completely with a ruby and orange
blush, its yellow base colouring peeking out just
slightly at its stem. Its flavour is sweet tart with
nuances of spice, a flavour that will mellow during
storage [10].

The Elise cultivar comes from Holland. It is
characterized by very shapely, spherical and coni-
cal fruits of an intensive, dark red colour. It has

a green and white juicy flesh of sweet and sour
taste [11].

All apples used in experiments were obtained
from a pomological orchard of the University of
Agriculture, Krakow, located in Garlica Muro-
wana (near Krakéw, Poland). The apples were
washed in tap water, ground and pressed on
a Zottel hydraulic press (35 1). Unclarified and
unsulfated musts (0.5 1) obtained from particular
cultivars were poured into bottles (0.7 1) and then
inoculated with the commercial yeast species in-
tended for industrial application (materials and
equipment for fermentation - Erbsloh, Geisen-
heim, Germany) at 0.2 g-I-l. Dry yeasts were hy-
drated according to the manufacturer’s recom-
mendations. The must was not sterilized prior
to inoculation. In the experiments, various yeast
types and strains were used. Strains of wine yeasts
were ‘Tipico F3’, “Veltliner F3’, ‘InterDry F3’ and
‘Elegance’; the cider yeasts were ‘Cider Yeast’ and
‘French Cider Gozdowa’, while distillery yeasts
were ‘Red Ethanol’ and ‘Spiriferm Arom’. All
mentioned strains belong to the Saccharomyces ge-
nus. The selected strain of wild yeasts (Torulaspora
delbrueckii/Saccharomyces  rosei) commercially
available as ‘Wild & Pure’ (materials and equip-
ment for fermentation - Erbsloh) were also used.
The bottles with inoculated must were closed
with fermentation tubes filled with glycerine and
allowed to ferment for two weeks at 20 °C. During
this time, the mass of the settings was periodically
checked. The fermented musts were drained from
the yeast sludge and aged at 4 °C for three weeks.

Analysis of volatile compounds

A sample of 2 ml was placed into a 15 ml head-
space vial and 50 ul of internal standard solution
(5 mg1! ethylnonanoate) was added. Then, the
solid phase microextraction (SPME) fibre (85 um
carboxen polydime thylsiloxane; Supelco, St. Louis,
Missouri, USA) was placed in the headspace
above the sample and the vial was incubated for
30 min at 40 °C. The fibre was subjected to ther-
mal desorption in a gas chromatograph injector at
250 °C.

The chromatographic separation was car-
ried out on a Clarus 580 apparatus (PerkinElmer,
Walthman, Massachusetts, USA) with a crossbond
dimethyl polysiloxane column (60 m x 0.25 mm,
film thickness 1.4 wm; Restek, Bellefonte, Penn-
sylvania, USA). The carrier gas (He) flow was
2 ml'min-l, the temperature programme was 35 °C,
6 min; 8 °C'min-! up to 180 °C, 12 °C'min-! up to
220 °C, 25 min. The detector and dispenser tem-
perature was 250 °C. An HT2800T autosampler
(HTA, Brescia, Italy) was used and PerkinElmer
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Total Chrom 6.3.2 software (PerkinElmer) was
used to process the results.

Analysis of terpenoids and phenylopropanoids

The analysis was carried out according to the
procedure described by MATUASEVIC et al. [12]
with modifications. A 40 ml sample was placed
into a test tube (50 ml), 100 ul of internal standard
solution (5 mg-1-! annetol) and 4 ml of hexane were
added and extracted on a rotary shaker (350 cycles
per minute, amplitude 3, 1 h). Then, the hexane
layer was removed, transferred to the equation
vessels and centrifuged (2154 xg, 10 min). The
hexane layer was collected and chromatographic
analysis was performed.

The separation was carried out on a gas chro-
matograph HP 5820 (Hewlett-Packard, Palo Alto,
California, USA) with a Stabilwax column 30 m x
0.25 mm (Restek). The carrier (He) gas flow was
2 ml'min-l, the temperature programme was 35 °C,
1 min; 4 °C'min-! up to 250 °C; 250 °C, 5 min. The
detector and dispenser temperature was 250 °C.
An HT3000A autosampler (HTA) was used and
the results were processed using Clarity 7.2 soft-
ware (DataApex, Prague, Czech Republic).

Organoleptic evaluation

The evaluation was made using the point
method [13]. A qualified sensory panel consist-
ing of 10 people assessed each of the quality fac-
tors (colour, clarity, aroma, test) using a 5-point
scale in a range from 1 (lowest score) to 5 (highest
score). The characteristics assigned to individual
grades and weighting coefficients are shown in
Tab. 1. Samples for evaluation were administered
in 20 ml transparent glasses at room tempera-
ture, in triplicate. The result was expressed as the
average including weighting factors.

Statistical analysis
There were at least three physical repeti-
tions of each setting. All samples were analysed

once but in the case of significant deviation from
average in the results, the analysis was repeated.
Results were shown as the arithmetic mean with
standard deviation (SD). The statistical analysis
was performed using InStat v. 3.01 (GraphPad
Software, San Diego, California, USA). A single-
factor analysis of variance (ANOVA) with post
hoc Tukey's test was applied to determine the sig-
nificance of differences. The Kolmogorov-Smir-
nov test was carried out to assess the normality of
distribution.

The principal component analysis (PCA) was
performed using Statistica v. 12 software (StatSoft
Tulsa, Oklahoma, USA) for two groups of com-
pounds, namely, for volatile organic compounds
(VOC), mainly alcohols and esters, and for terpe-
noids.

RESULTS AND DISCUSSION

Quality parameters of fermented beverages
were found to depend mainly on the apple culti-
var used. Beverages from the Rubin cultivar met
all the requirements for ciders, but the beverages
from the Topaz cultivar exceeded the permissible
values for total acidity (> 7 gl1). Ciders from
the Elise cultivar were characterized by quite low
content of ethanol (about 5 % vol.) due to the low
concentration of sugars in the must (64 g--1) [14].

Regarding volatile compounds, diethylsuc-
cinate was a dominant ester in the majority of
the tested samples (Tab. 2-4). Use of S. cerevi-
siae for fermentation (Tipico F3, Elegance, Inter
Dry F3, Red Ethanol, French Cider Gozdowa)
led to a higher concentration of this compound
than in samples fermented by 7. delbrueckii
(Wild & Pure). ARSLAN et al. [15] also showed
almost twice as high the concentration of diethyl-
succinate in fermented wines using S. cerevisiae
compared to those feremented with 7. delbrueckii.
Similar results were obtained by RENAULT et al.

Tab. 1. Parameters of organoleptic evaluation of ciders.

Quality | Weighting Point scale
factors | factor 5 | 4 | 3 2 1
Colour 0.4 light straw to amber changed compared to the declared one
_ _ permissible light turbidity,
Clarity 0.4 full with gloss full opalescence opalescent - h
visible sediment
(smoke)
strong, harmonized, ronounced typical alien
Aroma 0.8 characteristic for the P NN ypical, slightly changed L
. . harmonized harmonized, faint undesirable
fruits used, attractive
hlghly harmonized, harmonized, _ typical, little har_monlzed, changed, alien,
Taste 2.4 intense, pure, . without extraneous | perceptible extra- ;
: intense, pure undesirable
attractive aftertaste neous aftertaste
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[16], which showed low synthesis of ethyl esters
by T delbrueckii. Some apple wines fermented
with the yeast S. bayanus (e.g. Vetliner F3, Spiri-
ferm Aroma, Cider Yeast — Elise cultivar, Cider
Yeast — Rubin cultivar) contained even lower con-
centrations of this compound than in the case of
Wild & Pure (T delbrueckii) yeast fermentation.
Diethylsuccinate is formed mainly during wine
aging, therefore, in young wines the concentration
of this compound may be low.

2-Phenylethylacetate is one of the most im-
portant compounds that give alcoholic beverages
floral aromas [17]. The concentration of 2-phe-
nylethylacetate was significantly higher in the sam-
ples analysed by LOIRA et al. [18] than in the case
of ciders analysed in this work, in particular those
obtained from apples of Rubin cultivar (from
0.3 mgI'! to 0.4 mg-1-1). A higher concentration of
2-phenylethylacetate was observed in beverages
from Elise and Topaz cultivars, the concentrations
being greater than 10 mg-1-! with the participation
of French Cider Gozdowa yeasts, and greater than
22 mg-I! using Tipico F3 yeasts.

According to the literature, S. bayanus produc-
es a relatively high concentration of 2-phenyletha-
nol and 2-phenylethylacetate [19]. Those findings
were not confirmed by us as the use of yeasts con-
taining S. bayanus for fermentation did not lead to
a significantly higher concentration of this com-
pound in the analysed samples (Tab. 2-4).

Isoamylacetate, associated with pleasant ba-
nana and apple notes, with a threshold of percep-
tibility of 30 ugl-l, occurred only in the samples
obtained from apple of Topaz cultivar, regardless
of which type of fermentation was carried out. In
ciders from other apple-tree cultivars, it was absent
in many cases. In addition, the presence of this
compound was found only in the samples ferment-
ed with Cider Yeast (S. bayanus), regardless of the
apple-tree cultivar used for production. There is
no information in the literature on the increased
synthesis of this compound by S. bayanus yeasts.
The S. bayanus yeasts are generally considered
to be good producers of esters, being believed to
form twice as much of these compounds as S. ce-
revisiae strains [20, 21]. The lowest concentrations
of isoamylacetate were found in the beverages
fermented with Wild & Pure (7. delbrueckii) and
this compound was completely absent in samples
of Elise and Rubin cultivars fermented with these
yeasts. Lu et al. [22] reported low concentrations
of isoamylacetate in wines, 0.12 mg-1-! for samples
fermented with S. cerevisiaze and 0.01 mg1-l for
samples fermented with 7. delbrueckii. Similar re-
sults were presented by ARSLAN et al. [15], finding
a lower concentration of isoamylacetate in wines
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fermented with 7. delbrueckii (0.65 mg-1'1) than in
those fermented with S. cerevisiae (1.34 mg-1-1).

In wines fermented using S. cerevisiae analysed
by Lu et al. [22] and ARSLAN et al. [15], a higher
concentration of ethylhexanoate was found than
in those fermented with 7. delbrueckii. No similar
relationship was found in our study as the concen-
tration of ethylhexanoate was highest in ciders ob-
tained with the participation of Wild & Pure yeast
(T delbrueckii). In beverages made from Topaz
cultivar, slightly higher concentrations of ethyl-
hexanoate were obtained in ciders fermented by
T delbrueckii and S. bayanus than by S. cerevisiae.

In our samples, the presence of ethyloctanoate
was demonstrated only in the ciders from apple of
Topaz cultivar (Tab. 4) and it was irrespective of
the yeast species used for fermentation. However,
in the beverages made from Elise cultivar, ethyl-
octanoate was produced solely by fermentation
with Cider Yeast (Tab. 3), while in the ciders ob-
tained from apple of Rubin cultivar the compound
was not detected at all (Tab. 2). These results
quite differ from previous studies of other authors
[15, 22-24] who observed higher concentrations
of ethyloctanoate, ethyldecanoate and ethyldo-
decanoate in wines produced using S. cerevisiae
than in those produced using 7. delbrueckii.

In the majority of ciders analysed by us, we
found that the highest concentrations among
esters had isopropylacetate and isobutylacetate
(ciders fermented with Spiriferm Aroma). In ci-
ders made form apples of Topaz and Rubin culti-
vars, fermented with Wild & Pure yeast, diethyl-
acetal was present at the lowest concentrations,
while in the case of apple of Elise cultivar ferment-
ed by the same yeasts, it was present at the highest
rate (Tab. 2-4). Additionally, the concentration of
diethylacetal depended on the apple-tree cultivar,
e.g. ciders from apples of Rubin cultivar contained
diethylacetal in the range of 0.0-2.2 mg1-l, while
those from apples of Elise cultivar contained it in
the range of 2.8-18.7 mg:l-l. On the basis of our
results it can be concluded that the type of yeasts
used does not affect the concentration of this com-
pound in fermented beverages.

The concentration of higher alcohols in wines
is known to depend essentially on the yeast strain
used for fermentation and the conditions of the
fermentation process [25]. In the studies carried
out by LOIRA et al. [18], the concentration of iso-
amylalcohol in wines fermented sequentially with
T delbrueckii and S. cerevisiae was almost twice
as high as in the samples analysed in our study
(approximately 60 mg1-! compared to 32 mgl-!
for Elegance yeast, respectively). The exceptions
were the beverages obtained from apples of Elise
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cultivar fermented with Cider Yeast (S. bayanus)
in which the concentration of isoamylalcohol was
approximately 170 mg-1-1. This compound is the
main higher alcohol in wines, accounting for up
to 50% of all fusels and it may occur in concen-
trations up to 290 mg-1-l [26]. ARSLAN et al. [15]
found even higher values of isoamylalcohol (over
120 mg-1-1) using S. cerevisiae and T. delbrueckii for
fermentation.

In our study, the lowest concentration of
2-phenylethanol was observed in ciders obtained
from apples of Elise cultivar (Tab. 2-4). However,
this compound was absent in two samples ob-
tained from the apple of Topaz cultivar fermented
with distillery yeast (Spiriferm Aroma and Red
Ethanol). LoIra et al. [18] and Lu et al. [22] found
significantly higher concentrations of 2-phenyl-
ethanol in the analysed wines. These differences
may be related to the use of various types of raw
material for the production of wines (grapes and
durian in the case of wines produced by the above-
mentioned authors and apples in the research pre-
sented by us). ARSLAN et al. [15] showed a higher
production of 2-phenylethanol by 1. delbrueckii
yeasts than by S. cerevisiae yeasts. In our studies,
similar results were obtained only for ciders pro-
duced from apples of Topaz cultivar.

In our study, higher concentrations of isobuta-
nol and hexanol were found compared to data pub-
lished by LoIrRA et al. [18] and Lu et al. [22]. The
exceptions were samples in which no hexanol was
found. This compound comes mainly from the raw
material and its level during fermentation usually
decreases [27]. At concentrations above 100 mg-1-
L hexanol adversely affects the taste and aroma
of alcoholic beverages, giving them an unpleasant
grassy, liquorice aroma associated with toothpaste
[28]. In wines analysed by Lu et al. [22] obtained
by fermentation using S. cerevisiae, higher con-
centrations of isobutanol were found in compari-
son to those feremented with 7. delbrueckii yeast
fermentation. RENAULT et al. [16], on the basis of
the conducted research, showed a low synthesis of
higher alcohols by a T" delbrueckii strain. A reverse
tendency was observed by Arslan et al. [15], show-
ing a higher concentration of isobutanol in wines
fermented using 7. delbrueckii compared to S. cere-
visiae. Similar results were obtained in the present
study, as a higher concentration of isobutanol was
produced by Wild & Pure (1. delbrueckii) than by
S. cerevisiae (Tab. 2-4). According to TORREI et al.
[29], the level of individual fusel alcohols in wines
can be significantly reduced by using yeast strains
with a greater demand for nitrogen compounds.

The content of volatile alcohols and esters in
ciders depended mainly on the type of raw mate-

rial (Fig. 1). The yeast strain used also significantly
influenced the volatile component profile, espe-
cially in ciders made from the Topaz cultivar, while
for the Rubin and Eliza cultivars, the impact of the
yeast strain on the composition of volatile fermen-
tation products was much smaller.

PC1(44.3 %)

Fig. 1. Principal component analysis
based on concentrations of volatile organic
compounds in ciders.

Two principal components explained 63 % of the variance.
Cultivars (designated by capital letters): E — Elise, R — Rubin,
T — Topaz. Yeast strains (designated by lowercase letters):
c — Cider Yeast, e — Elegance, f — French Cider Gozdowa,
i — InterDry F3, r — Red Ethanol, s — Spiriferm Arom, t — Tipico
F3, v — Vetliner F3, w — Wild & Pure.

" Hexanol :

2-phenyleﬂ1and'l"~.t

0.5 1
Isoamyl alcohol *

/Diethyl succinate

Isopropyl aceta

: Isobutanol

“. Diethyl acetal
Isoamyl acetate -

1.0 _ ......................... e

PC1 (44.3 %)

Fig. 2. Principal component analysis correlation
circle for volatile organic compounds.
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In the case of the load factor chart (VOC),
a correlation was found for the analysed acetates,
while an inverse correlation was observed between
isobutylacetate and isobutanol concentrations
(Fig. 2).

It has been shown instudy of RIEKSTINA-DOLGE
et al. [30], that apples contain low amounts of alco-

PC1(49.9 %)

Fig. 3. Principal component analysis
based on concentrations of terpenoids in ciders.

Two principal components explained 63 % of the variance.
Cultivars (designated by capital letters): E — Elise, R — Rubin,
T — Topaz. Yeast strains (designated by lowercase letters):
c — Cider Yeast, e — Elegance, f — French Cider Gozdowa,
i — InterDry F3, r — Red Ethanol, s — Spiriferm Arom, t — Tipico
F3, v — Vetliner F3, w — Wild & Pure.

-1.0 _ ......................... ' .........................

PC1(49.9 %)

Fig. 4. Principal component analysis correlation
circle for terpenenoids.
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hols, mainly hexanol, which are also present in ci-
ders. In addition, apple fruit contains esters, some
of which (hexylacetate and 2-methylbutylacetate)
can also be found in ciders, while others (butyl
acetate and dimethylpropyl butyrate) are absent in
ciders. The profile of volatile compounds in alco-
holic beverages depends largely on the cultivar of
apple-tree, on the yeast strains used, on the ripen-
ing stage of apples and on the extent of malolactic
fermentation (transformation of malic acid into
lactic acid by lactic acid bacteria) [31-33].

Ciders obtained from apples of Rubin and To-
paz cultivars were characterized by a significantly
higher concentration of pinocarvone (Tab. 2, 4),
compared to Elise cultivar (Tab. 3). In the case
of the former cultivar, the compound constituted
from 30% to even 50% of all terpenoids. The
highest concentration of pinocarvone was found in
ciders fermented with distillery yeasts (Spiriferm
Aroma and Red Ethanol). In all analysed samples,
camphor occurred in a similar, low concentration
(not greater than 0.15 mg-1'1).

The highest concentration of terpinen-4-ol was
in samples obtained from apples of Rubin cul-
tivar. In most cases, the highest concentration of
this compound occurred in beverages fermented
with Tipico yeast (S. cerevisiae) and the lowest in
the samples fermented with Cider Yeast (S. baya-
nus) as well as the wild yeast Wild & Pure (T. del-
brueckii). This compound can be produced by
yeasts from linalool and nerol [34].

Geraniol was present in all analsed samples in
concentrations up to 0.23 mg-1-! (Elise cultivar fer-
mented with Wild & Pure (7 delbrueckii) yeasts).
KING and DICKINSON [34] demonstrated the abil-
ity of these yeasts to produce geraniol from nerol.
The lower concentration of geraniol in some of
the samples could be related, inter alia, to the abil-
ity to reduce geraniol to citronellol by S. cerevisiae
or to the formation of linalool from both geraniol
and nerol [34].

Eugenol, associated with the scent of carna-
tions, is considered to be the characteristic com-
pound for apples and drinks made from them.
The highest concentration of this compound was
found in the ciders from apples of Eliza cultivar,
while the lowest in apples from Topaz cultivar. Iso-
eugenol was present in the lowest concentration
in the beverages obtained from apples of Rubin
and Elise cultivars fermented with Cider Yeast
(Tab. 2, 3).

Among all analysed terpenoids, those which
occurred in the lowest concentration were 3-ionon
(violet, sweet aroma) and -damascenon (smell of
honey, stewed apple with fruity and floral notes).
The highest concentrations of these terpenoids



Impact of cultivar of apple-tree and yeasts on cider quality

Tab. 5. Results of organoleptic evaluation of ciders.

Yeast strains Cultivars
Rubin Elise Topaz
Wild & Pure 3.36 £0.68bc 3.20£0.53bc 3.83+£0.92ab
Tipico F3 3.17+0.86¢ 3.27 +0.81bc 3.82+0.80ab
Vetliner F3 3.68 +0.85bc 3.05+0.55¢ 4.08 +0.572
Elegance 3.30£0.85b¢ 2.91+0.59¢ 3.85+0.60a0
InterDry F3 3.57 +0.99bc 3.27 +0.72bc 3.88£0.90a0
Spiriferm Arom 3.33+0.90bc 2.94+0.77¢ 3.60+0.74b
Red Ethanol 2.80+0.86¢ 3.05+0.66¢ 3.33£1.04bc
Cider Yeast 3.48 £0.860c 3.48 £0.89bc 4.05+0.562
French Cider Gozdowa 3.46 £0.86"0¢ 3.43£0.84bc 3.93£0.08a0

5-point scale specified in Tab. 1. Means marked with the same letter are not significantly different at p < 0.05,n = 3.

were found in beverages from apples of Topaz cul-
tivar fermented with Red Ethanol yeasts (Tab. 4).
As a result of the analyses carried out as part of
this work, slightly higher total concentrations of
terpenoids were found in samples fermented using
S. cerevisiae yeasts than in those fermented using
S. bayanus or T. delbrueckii. No similar relation-
ship was found for volatile esters and higher alco-
hols.

The concentration of terpenoids in the ciders
depended mainly on the apple-tree cultivar used
for their production (Fig. 3). The type of yeast
strain used was also important. Particular atten-
tion should be paid to samples fermented with
Cider Yeast, which were similar in terpenoid con-
tent, regardless of the apple cultivar used to make
the must. The load factor chart analysis (Fig. 4)
showed that terpenoids can be divided into two
independent main groups. The first consists of
eugenol, isoeugenol and B-damascenone, while
the second one consists of geraniol, camphor,
terpinen-4-ol and f-ionon. The analysed ciders
showed a correlation between the concentrations
of individual terpenoids belonging to the above-
mentioned groups.

Cider samples were evaluated for organoleptic
properties and were found to be characterized by
a light straw colour, typical for the used raw ma-
terial and, in most cases, marked by high clarity
(Tab. 5). Single samples showed slight turbidity
due to the presence of proteins of a high molecu-
lar weight, which are often produced during fer-
mentation [35].

The evaluation of aroma and taste deter-
mined the final result of each trial, distinguish-
ing between more or less acceptable ones. The
lowest marks in the organoleptic evaluation were
obtained for samples from apples of Rubin and

Topaz cultivars fermented with distillery yeasts
Red Ethanol (S. cerevisiae) and from the Elise cul-
tivar fermented with the wild yeast Wild & Pure
(T delbrueckii). The highest overall scores were
obtained for ciders fermented using Vetliner
yeasts (S. bayanus) (for Rubin and Topaz) and Ci-
der Yeast (S. bayanus) (for Eliza). It can therefore
be concluded that the use of the S. bayanus strain
for fermentation allowed beverages of high quality
to be obtained.

Different observations were made by EGLIN-
TON et al. [36] at analyses of Chardonnay grape
musts, presenting the S. cerevisiae strain as respon-
sible for typical fruit flavours (ester, pineapple,
peach and lemon) and S. bayanus as slightly worse,
which introduced yeast, nut and aldehyde notes.
Taking into consideration results on all three
apple-tree cultivars used for cider production
(Tab. 5), we can, in total, give the highest value to
beverages fermented with Cider Yeast (S. baya-
nus) and French Cider Gozdowa (S. cerevisiae).
The very good general evaluation of samples ob-
tained from apples of Elise cultivar fermented
with Cider Yeast may be related to the levels of
ethyloctanoate and isoamylacetate, which were
not found in ciders produced using other yeasts.

CONCLUSIONS

The concentration of volatile organic com-
pounds depends primarily on the type of yeast
used for fermentation. Among the analysed vola-
tile compounds, alcohols dominated, mainly isobu-
tanol and amylalcohols. In the group of identified
esters, the component with the largest concentra-
tion was diethylsuccinate. The largest quantities of
volatile compounds contained beverages obtained
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from apples of Rubin cultivar, while the lowest
were those from the Elise cultivar. The apple-
tree cultivar was of great importance in shaping
the profile of terpenoid compounds. Pinocarveol
dominated in beverages made from apples of
Rubin and Topaz cultivars, whereas terpinen-4-ol
dominated in ciders from apples of Elise cultivar.
In all beverages, relatively great concentrations
of eugenol and isoeugenol were also determined.
Beverages made from apples of Rubin and Topaz
cultivars were rated higher than those of Elise cul-
tivar. Fermentation of beverages using wine yeasts
and cider yeasts resulted in higher marks in orga-
noleptic evaluation than when using wild-type or
distillery yeasts.
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