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Abstract
This study was aimed to produce pear cider (Perry), using small caliber pears cv Abate Fètel, fermented by Starmerella 
bacillaris and Saccharomyces cerevisiae in co-inoculated (COF) and sequential (SEF) mixed cultures in comparison with S. 
cerevisiae monoculture fermentation (AXF), evaluating the influence of yeast starter cultures on Perry characteristics. The 
perries were re-fermented in bottle by S. cerevisiae strain EC1118. During primary fermentation, growth and fermentation 
kinetics were different in the co-inoculated and sequential fermentations in comparison with pure S. cerevisiae fermenta-
tion; however, sugars were depleted, and 6% (v/v) ethanol was produced in all the trials. Glycerol content was significantly 
higher in mixed fermentations due to Starm. bacillaris metabolism (+ 20% in COF, and + 42% in SEF conditions). After 
re-fermentation in bottle, higher levels of 3-Methyl-1-butanol, 1-propanol, acetaldehyde and esters were detected in Perry 
from the mixed fermentations. All the Perries were accepted by the consumers (general liking values from 6.01 to 6.26). 
Perries’ appearance from mixed fermentations was described as less intense and more clear. The use of small caliber pears 
cv Abate Fètel and Starm. bacillaris in combination with S. cerevisiae in Perry production might be a suitable tool to obtain 
novel beverages with distinctive organoleptic features.
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Introduction

Cider is a fermented juice of apple or pear (Perry) with etha-
nol concentration that does not exceed 8% (v/v) [1]. The 
production of this alcoholic fermented beverage is closely 
linked to the apples and pears producing countries, such as 
the United Kingdom, Ireland, France, Germany, Spain and 
the United States, which show also the highest consumption 
levels of these products [2, 3]. In Italy, the production of 
Perry is mainly restricted to the northern regions.

In the last few years, several pear producers recognized 
the possibility of Perry production as a tool for adding value 
to the raw material. This is the case of the Italian production 
of pears (Pyrus communis L.) cv Abate Fètel. The standard 
size for sale of this type of pear is 350/400 g per piece; 
hence, pears characterized by smaller size are wasted or 
unrewarding product on fresh commodities market. Con-
sidering that sustainable strategies in reducing surplus or 
waste fruit products are nowadays strongly recommended, 
this pear variety could be valorised and exploit as raw mate-
rial in fermented beverages.

As concerns the microbiology of fermentation, most of 
the information in the scientific literature refers to the cider 
made with apples. As reported by Coton et al. [4], the cider 
can be obtained by spontaneous (French) or inoculated (Brit-
ish) fermentation. French cider production consists of three 
principal phases [4]: oxidative phase, alcoholic fermentation, 
and maturation phase. Each phase is characterized by differ-
ent microbial species, at the beginning, slow fermentative 
yeasts, such as Metschnikowia, Hanseniaspora, and Candida 
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genera, are the majority, successively microbial diversity 
largely decreases and the Saccharomyces uvarum becomes 
the dominant yeast. Finally, during the maturation phase, the 
population of S. uvarum decreases while sometimes other 
yeast species, such as Lachancea cidri, S. cerevisiae, Bret-
tanomyces anomalus, or Brettanomyces bruxellensis, begin 
to grow. On the contrary, the British fermentation is much 
faster and more standardized as it is conducted using com-
mercial starter yeasts (S. uvarum, Saccharomyces bayanus, 
or a mix of both). Unlike in Germany and Spain, the UK and 
France perform the carbonation of the cider that is normally 
saturated with ca. 5–6 g/L of  CO2 (sparkling cider). Natural 
 CO2 production (prise de mousse in French) is usually per-
formed during the maturation phase. Indigenous yeasts or 
inoculated starter yeasts ferment residual or added sugars to 
form  CO2 in bottles or in tanks. In view of the high micro-
bial biodiversity of the natural processes, the use of only 
Saccharomyces starter strains to obtain a fermented bever-
age can limit the aromatic complexity of the final product. 
Indeed, co-culturing non-Saccharomyces yeasts with Sac-
charomyces cerevisiae could enrich the aromatic complexity 
of alcoholic beverages during cider brewing. However, there 
are few studies reporting the use of mixed cultures of Sac-
charomyces and non-Saccharomyces yeast species to carry 
out the cider or Perry fermentation [5, 6]. In particular, non-
Saccharomyces yeast species, such as Hanseniaspora valby-
ensis, Williopsis saturnus and Wickerhamomyces anomalus 
(formerly Pichia anomala), Torulaspora delbrueckii, Hanse-
niaspora osmophila, Hanseniaspora vineae, Hanseniaspora 
uvarum, Starmerella bacillaris, and Zygosaccharomyces 
bailii, were studied, as single cultures or in co-inoculation 
with S. cerevisiae, for their capability to increase the flavor 
complexity of apple cider [7–11]. Nevertheless, few data are 
available regarding non-Saccharomyces yeast species effect 
on the sensorial characteristics of the Perry.

The main properties of Starm. bacillaris have been tested 
especially in wine and include the fructophilic character 
[12], the ability to produce high glycerol content [13], as 
well as terpenes, lactones [14] and organic acids [15], the 
ability to release mannoproteins [16], to modify anthocya-
nin and flavonoid profiles [17, 18] and finally to degrade 
malic acid [19]. Lorenzini et al. [9] tested the use of the 
single inoculum of Starm. bacillaris and other non-Saccha-
romyces species to ferment apple juice.The tested strain did 
not completely degrade the fermentable sugars, obtaining 
an ethanol concentration of 4.7% (v/v), lower compared to 
that of Torulaspora delbrueckii, Hanseniaspora osmophila, 
and Hanseniaspora uvarum, but it showed a higher content 
of the monoterpenes linalool and gerianol, suggesting an 
enhancement of the floral and fruit aroma of cider. To the 
best of our knowledge, no information is available in litera-
ture regarding the fermentation capacities of Starm. bacil-
laris in pear juice in monoculture or mixed fermentation, 

and its impact on the sensorial and chemical characteristics 
of the Perry.

Therefore, the aim of this study was to assess the effect 
of S. cerevisiae and Starm. bacillaris, when used in mixed 
fermentation, on the physicochemical and sensory properties 
of sparkling Perry obtained by small caliber pears.

Materials and methods

Pear juice and must preparation

Fresh, ripe, small size pears (Pyrus communis L.) cv Abate 
Fètel were supplied from the “Soc. Ag. Illuminati G.M.M. 
Snc” (Arezzo Italy) and stored at 20 °C. Pears were washed, 
chopped and shredded, 80 mg/L of potassium metabisulfite 
 (K2S2O5, Enartis, Italy) was added to inhibit bacterial growth 
and prevent oxidation before the pressing. A stainless man-
ual squeeze press (model Tommy, Palumbo Francesco s.r.l, 
Pomigliano d’Arco, Neaples, Italy) was used to press the 
pulp for 15 min. For clarification, the obtained juice was 
acidified to pH 4 with citric acid, 6 g/hL of EnartisZym RS 
(P) (Enartis, Italy) and 200 g/hL of Pluxbenton N (Enar-
tis, Italy) were added according to manufactures instruc-
tions. Pear must was obtained after precipitation of solid 
particles after 72 h at 15 °C. Yields were calculated as the 
percentage of juice extracted from pears (wt/wt) and was 
35%. Must composition was adjusted by adding nitrogen 
nutrients 0.625 g/L (Nutrientvit, Lallemand). The final pear 
must chemical and microbiological composition is reported 
in Table 1.

Yeast strains and culture conditions

The two strains used in this study were Starmerella bacil-
laris CB219, belonging to the collection of Department of 
Agricultural, Food and Forestry Systems (DAGRI) of the 

Table 1  Chemical and microbiological characteristics (mean ± stand-
ard deviation) of pear must

Chemical parameters
 Glucose (g/L) 35 ± 0.13
 Fructose (g/L) 66 ± 0.15
 Sorbitol (g/L) 34 ± 0.07
 Malic acid (g/L) 2.77 ± 0.21
 pH 4.1 ± 0.1
 Ammoniacal nitrogen (mg/L) 2.7 ± 0.09
 α-aminoacidic nitrogen (mg/L) 40 ± 0.07

Microbial composition
 Lactic acid bacteria (CFU/mL) 800 ± 60
 Acetic acid bacteria (CFU/mL) (9.5 ± 0.53) ×  104

 Non-Saccharomyces yeasts (CFU/mL) (7.50 ± 0.6) ×  103
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University of Florence (Italy) and isolated from spontane-
ous wine fermentations carried out at industrial scale in one 
Tuscan winery; and a commercial strain of Saccharomyces 
cerevisiae “Lalvin EC1118” (Lallemand Inc., Montreal, QC, 
Canada). Yeast strains were grown 24 h at 28 °C in 50 mL 
Erlenmeyer flasks with YEPD (Yeast Extract Peptone Dex-
trose) medium under stirring conditions (100 rpm). Yeast 
cell counts were performed by Neubauer improved counting 
chamber (Marienfeld, Lauda-Königshofe, Germany) and the 
viability by methylene blue staining. Before the inoculum, 
cells were recovered by centrifugation at 8000×g for 10 min, 
washed with physiological solution and resuspended in pear 
must to start the fermentation.

Preliminary laboratory‑scale fermentations in pear 
must

The fermentations were carried out in 250 mL flasks con-
taining 145 mL of pear must. Each fermentation was inocu-
lated by the monoculture of Starm. bacillaris (coded SB) or 
by the monoculture of S. cerevisiae (coded SC) at a concen-
tration of ca  106 cell/mL. The fermentations were carried 
out in duplicate at 20 °C and flasks were weighted once a 
day after gentle mixing (1 min) to monitor the fermentation 
progress  (CO2 evolution) measuring the weight loss of the 

flasks until the end of the fermentation (constant weight for 
three consecutive days). For microbiological and chemical 
analyses, samples were daily collected.

Pilot scale fermentations and Perry production

The Perry production process is reported in Fig. 1. Stain-
less steel tanks (10 L of volume) containing 7 L of pear 
must were inoculated using as inoculum: S. cerevisiae 
EC1118 alone (axenic culture, AXF) at a concentration of ca 
1 ×  106 cells/mL; simultaneous co-inoculum of S. cerevisiae 
EC1118 (ca 1 ×  104 cells/mL), and Starm. bacillaris CB219 
strains (ca 1 ×  106 cells/mL) (COF); sequential inoculum 
(SEF) of Starm. bacillaris CB219 (ca 5 ×  106 cells/mL), fol-
lowed, after 72 h of fermentation, by S. cerevisiae EC1118 
(ca 5 ×  106 cells/mL). The inoculated pear musts were peri-
odically mixed. At the end of the alcoholic fermentation, 
pear ciders were cooled to 4 °C for 4 days for stabilization. 
Subsequently, they were bottled for the secondary fermen-
tation. In this step, S. cerevisiae EC1118 was inoculated at 
concentration of 2 ×  106 cells/mL and the following ingre-
dients were added: 15 g/L sucrose, 0.4 g/L of Lalvin Nutri-
ent Vit (Lallemand Inc.), and 40 mg/L of potassium metabi-
sulfite. Finally, bottles were placed in an incubator at 20 °C 
for 60 days. Overpressure measurement of sparkling ciders 

Fig. 1  Flow sheet of the spar-
kling pear cider (Perry) produc-
tion process
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was measured using an aphrometer (pressure gage) and was 
expressed in bars. Samples were collected daily for micro-
biological and chemical analyses. The final products were 
stored at 4 °C and subjected to chemical, microbiological 
and sensory analysis as described below. All fermentations 
were carried out in duplicate.

Microbiological analysis

Microbiological analyses of pear juice and pear sparkling 
ciders were performed. 1 mL of samples was homogenized 
with 9 mL of sterile saline solution. Serial dilutions were 
made and the diluted suspensions were plated on different 
culture media according to the microorganisms. Yeasts were 
quantified on WL Nutrient Agar medium (Thermo Fisher 
Scientific Inc., Waltham, Massachusetts, USA) incubated 
48 h at 30 °C in aerobic conditions, lactic acid bacteria 
on MRS Agar medium (Thermo Fisher Scientific Inc., 
Waltham, Massachusetts, USA), incubated 48 h at 30 °C 
in anaerobic conditions, and acetic bacteria on LF Agar 
medium (Glucose 10 g/L; Yeast extract 5 g/L; Pepton 5 g/L; 
Tomato Juice Broth 2 g/L) containing pimaricin (0.05 g/L) 
and penicillin (0.025 g/L), and incubated five days at 30 °C 
in aerobic conditions.

Molecular analysis

To investigate the dominance of the inoculated yeast strains 
during the primary fermentation of pear must in pilot-scale 
fermentations, a total of 25 isolates from each fermenta-
tion tank were characterized at strain level by molecular 
techniques and compared with the genomic profiles of the 
inoculated strains previously determined. In particular, 
the presumptive S. cerevisiae isolates were characterized 
by inter-δ PCR typing with δ12/δ21 primer pair (Thermo 
Fisher Scientific Inc., Waltham, Massachusetts, USA) as 
reported by Legras and Karst [20]. The Starm. bacillaris 
isolates were subjected to Randomly amplified polymorphic 
DNA (RAPD) analysis using the primer M13 (50–GAG GGT 
GGC GGT TCT–30) [21] and the PCR protocol according 
to Reguant and Bordons [22]. All PCR reactions included 
both negative (DNA-free) and positive controls and were 
processed in an Applied Biosystems® 2720 Thermal Cycler 
(Life Technologies, Monza, Italy).

Chemical and analytical determination

The pH values were determined by a pH-meter (Metrohm 
Italiana Srl, Varese, Italy). Glucose, fructose, acetic acid, 
malic acid, lactic acid, glycerol, sorbitol and ethanol con-
tents in pear juice and pear ciders, were determined by High-
Pressure Liquid Chromatography (HPLC) according to Galli 
et al. [23]. Before injection, the samples were centrifuged 

13,000 xg for 5 min. Separation was obtained with a Rezex 
ROA organic acid H + column (300 × 7.8 mm; Phenomenex, 
Castel Maggiore, Bologna, Italy), preceded by a security 
guard cartridge (carbo H 4 × 3.0 mm ID) connected to a 
refractive index detector (Varian, ProStar 350, Varian Inc, 
Palo Alto, CA, USA) and UV–VIS detector (λ = 210 nm) 
(ProStar 335, Varian Inc, Palo Alto, CA, USA). Elution was 
performed at 65 °C with 0.013 N  H2SO4 eluent at flow rate 
of 0.6 mL/min. Data were collected and analyzed using the 
Galaxie software (Varian Inc, Palo Alto, CA, USA). Quan-
titative analysis was carried out by standard curves designed 
for each compound. All solvents were of HPLC quality, 
chemicals of analytical grade (99%). Total acidity, pH, sul-
fur dioxide were determined according to the Compendium 
of International Analysis of methods-OIV. Ammoniacal 
nitrogen, α-aminoacidic nitrogen, and l-malic acid were 
determined using enzymatic kits (Steroglass S.r.l. Perugia, 
Italy) following the manufacturer's instructions. Before the 
assays, pear juice and pear ciders were diluted ten-fold with 
distilled water.

Flavonols and flavan-3-ols on pear ciders were determined 
according to Hernández et al. [24]. Samples were concen-
trated to 50% of the initial volume under vacuum at 30 °C, 
and then extracted with ethyl acetate and diethyl ether. The 
combined organic fractions were evaporated to dryness and 
the residue, dissolved in methanol/water (80:20), was filtered 
(0.45 µm) and injected into the HPLC (Varian ProStar 210, 
Palo Alto, CA, USA), equipped with a diode array detector 
(DAD) and a reversed-phase column Chromsep Omnispher 
(5 μm particle, 250 × 4.6 mm; Varian, Palo Alto, CA, USA) 
preceded by a ChromSep guard column (10 × 3 mm i.d., 
Varian Palo Alto, CA, USA), thermostated at 25 °C. The 
mobile phase was (A) acetonitrile and (B) 2% (v/v) acetic 
acid in water; the gradient profile was 0–55 min, 100–80% 
B; 55–70 min, 80–50% B; 70–80 min, 50–5% B, followed by 
washing with acetonitrile and re-equilibration of the column 
from 110 to 125 min; the flow rate was 1 mL/min from the 
beginning to 60 min and 1.2 mL/min from this point to the 
end. Peak identification was confirmed with an HPLC–MS 
(Alliance 2695, Waters, USA), equipped with Photo Array 
Detector (2996, Waters, USA) and coupled to a triple quad-
rupole mass spectrometer (Quattro micro, Waters, USA) 
equipped with an electrospray ionization source (Z-spray, 
Waters, USA) using the same column, precolumn, eluents 
and gradient. Flavonols were detected by scanning from 210 
to 600 nm and were quantified at 360 nm using quercetin, 
myricetin, kaempferol, quercetin-3-O-glucoside, querce-
tin-3-O-glucuronide, quercetin-3-O-galactoside, kaemp-
ferol-3-O-glucoside (Sigma-Aldrich, USA) myricetin-3-O-
glucoside, myricetin-3-O-galactoside (from Extrasynthese, 
Cedex, France) as standards.. Flavan-3-ols were quantified 
at 280 nm using ( ±)-catechin and (−)-epicatechin (Sigma-
Aldrich, USA) as standards.
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Reduced (GSH) and Oxidized Glutathione (GSSG) of 
perries were determined according to Guerrini et al. [25], 
chromatographic separation was performed in a reverse 
phase column (Kinetex, 5 µm particle, 150 × 4.6 mm, 100 Å, 
Phenomenex Inc., Torrance, CA, USA) set at 25 °C and pre-
ceded by a Security Guard ULTRA guard cartridge (UHPLC 
C18, Phenomenex Inc., Torrance, CA, USA) The binary gra-
dient was that described by Tuberoso et al. [26]. The quan-
titative analysis was performed using the external standard 
method; the stock standard solutions were prepared in 0.1 M 
HCl/Methanol (1:1, v/v) and stored at − 20 °C until use.

Higher alcohols (1-propanol, isobutanol, n-butanol, 
2-Methyl-1-butanol, 3-Methyl-1-butanol), acetoin, diacetyl, 
acetaldehyde and ethyl acetate of pear ciders after the first 
and secondary fermentation were analyzed by gas chroma-
tography equipped with glass column (6.6% CW 20 M BA 
80/120 225, 2 m × 6 × 2 mm, Supelco Inc, Sigma-Aldrich, 
USA) as described by Romano et al.[27].

Consumer test

The three types of Perry (A = COF simultaneous co-inocu-
lum of S. cerevisiae EC1118 and Starm. bacillaris CB219 
strains; B = SEF sequential inoculum of Starm. bacillaris 
CB219 followed by S. cerevisiae EC1118; C = AXF axenic 
culture of S. cerevisiae EC1118) were evaluated by a panel 
of 85 consumers regular consumers of cider (self-reported) 
(55% women, age 18–40). Consumers participated in one 
evaluation session consisting of two sub-sessions: the first 
one for liking evaluation and the second one for describ-
ing perry sensory properties using a Check-All-That-Apply 
(CATA) methodology [28, 29]. Perry samples (30 mL) were 
presented in 100 mL white glasses at 13 °C identified by 
three-digit codes. Two independent sample sets, each con-
sisting of the same three perry samples, were used for lik-
ing and CATA evaluations. The presentation order of the 
sample was randomized among assessors and sub-sessions 
using a balanced Latin square design. Assessors were asked 
to taste the samples and to express their liking on a 9-point 
category scale (1 = dislike extremely; 9 = extremely like) 
[30]. A product-specific CATA questionnaire to investigate 
the sensory characteristics of perry was developed based on 
one-on-one interviews with the EmoSemio approach [31] 
with a panel of fourteen consumers sharing comparable 
demographic characteristics with the main consumer panel. 
Interviews were conducted based on a modified version of 
the Repertory Grid technique and analyzed by applying a 
semiotic approach as described in Pierguidi et al. [32]. The 
developed list for CATA evaluation was composed of thirty-
one descriptors of appearance (intense color, yellow, bright, 
clear, pale), aroma (odor by nose) (fruity, pear, fermented, 
yeast, floral, pungent, aromatic, persistent, intense), taste 
(sour, sweet, bitter, intense taste), flavor (pear, fermented 

fruit, delicate, complex, balanced, persistent) and mouthfeel 
(dry, full-bodied, smooth, fresh, sparkling, watery, drink-
able). The order of attributes was randomized by sensory 
modality (appearance, aroma, taste/flavor and mouthfeel) 
across participants. Consumers were asked to describe sam-
ple appearance first, smell the sample and evaluate aroma, 
and then taste, flavor and mouthfeel after tasting the sample. 
After each sample, subjects rinsed their mouths with water 
for 60 s. Data were collected using a paper evaluation sheet.

Statistical and data analysis

The level of statistical significance was determined using 
one-way ANOVA (for multiple groups) followed by Tuk-
ey’s Test or Student’s t test (for comparisons between two 
groups) (GraphPad Prism 6 software package, San Diego, 
CA, USA). A p value of < 0.05 was considered to be sig-
nificant. All analyses were conducted in triplicate and pre-
sented as average ± standard deviation. For the consumer 
test, a two-way ANOVA mixed model (factors: samples and 
consumers) with consumers as a random factor, was car-
ried out to detect significant liking differences between the 
samples. Cochran Q-tests were performed on the CATA data 
to assess the differences between the frequency of attribute 
selection among samples. Post hoc pairwise comparisons 
were calculated using the Sheskin method with the level of 
significance set at 5%. XLSTAT, (version 2021.4.1, Addin-
soft, NY, USA) was used for data analysis.

Results and discussion

Fermentation performances of Starm. bacillaris 
CB219 in pear juice

Starm. bacillaris CB219 was isolated as the dominant yeast 
strain from a spontaneous wine fermentation when the 
ethanol concentration was 6% (v/v). In some preliminary 
laboratory tests, this strain demonstrated good fermentation 
capabilities, high resistance to ethanol, and low acetic acid 
production in grape must (data not shown). To verify the 
maintenance of these fermentation performances during 
the Perry production, the CB219 strain was inoculated at a 
concentration of ca 1 ×  106 CFU/mL in pear must. The per-
formances of Starm. bacillaris CB219 strain were compared 
with those of the commercial strain S. cerevisiae EC1118 
that is widely used as starter in the industrial productions 
of wine and cider (Fig. 2). Both strains reached a maximum 
population of  108 CFU/mL, however at different times, 
5 days and 3 days for Starm. bacillaris and S. cerevisiae 
EC1118, respectively. As expected, due to its fructophilic 
character, Starm. bacillaris CB219 started to consume 
fructose immediately after inoculating, while glucose after 
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4–5 days. S. cerevisiae EC1118 degraded simultaneously 
glucose and fructose, reaching the same ethanol content 
of Starm. bacillaris CB219 even if in a shorter time. Both 
the strains completely exhausted the fermentable sugars, 
producing an ethanol concentration of 6% (v/v), however 
Starm. bacillaris CB219 in 13 days, whereas S. cerevisiae 
EC1118 in 5 days. Hence, Starm. bacillaris strain confirmed 
the results obtained in cider by Junior et al. [33] and proved 
to be much more efficient than the Starm. bacillaris strains 
tested by Lorenzini et al. [9] and Nadai et al. [34], which 
failed to complete alcoholic fermentation. As regards metab-
olites production, CB219 strain gradually produced glycerol 
until the 10th day, while EC1118 strain glycerol production 
stopped soon after the 3rd day. At the end of fermentation, 
the Perry obtained by CB219 strain was characterized by 
almost a double concentration of glycerol and acetic acid, 
and a minor content of malic acid compared to that of the 
Perry obtained by EC1118 strain (Table 2). The higher acetic 
acid content and malic acid degradation can be due to the 
contamination of acetic and lactic acid bacteria, observed 
only for the Perry SB (Table 2). The higher bacteria devel-
opment is probably ascribable to the slower fermentation 
kinetic of Starm. bacillaris CB219 strain compared to that 
of S. cerevisiae EC1118 strain. As concerns sorbitol, no 
decrease was observed in either Perry. In general, pear and 
apple juice contain sorbitol that is considered unfermentable 
by yeasts [35]. This sugar alcohol has been proposed as an 
indicator for the authenticity of fruit juices and sweetness 
[35]. However, González Flores et al. [36, 37] identified two 
cryotolerant strains, belonging to Saccharomyces uvarum 
species, able to degrade sorbitol in pear juice. The worse fer-
mentation performance and the highestbacterial contamina-
tion observed in the Perry inoculated with Starm. bacillaris 
CB219, indicated that its use as single culture is not suitable 
for Perry production; thus, it was not used for pilot-scale 
fermentation. Therefore, Starm. bacillaris CB219 was used 
in mixed culture with S. cerevisiae EC1118 strain for pilot-
scale perry production.

Mixed fermentations by Starm. bacillaris CB219 
and S. cerevisiae EC1118 in pear must (primary 
fermentation)

To evaluate the use of Starm. bacillaris in combination with 
S. cerevisiae for Perry production, at pilot-scale, two types 
of mixed cultures were tested: a simultaneous inoculum of 
S. cerevisiae EC1118 and Starm. bacillaris CB219 strains 
(COF), and sequential inoculum of these two strains (SEF). 
The sequential culture was obtained by first inoculating the 
strain Starm. bacillaris CB219 and after 72 h the strain S. 
cerevisiae EC1118. The latter was also inoculated in axenic 

Fig. 2  Chemical and microbiological parameters (mean ± standard 
deviation) during the pear must fermentations carried out by inocu-
lating the commercial starter S. cerevisiae EC1118 (a) and Starm. 
bacillaris CB219 (b). Cell counts of S. cerevisiae EC1118 ( ) and 

Starm. bacillaris CB219 ( ) are plotted on the left axis; glucose 
( ), fructose ( ), glycerol ( ), and ethanol ( ) are plotted 
on the right axis

Table 2  Chemical and microbiological composition of the two Perry 
obtained by Starm. bacillaris CB219 (Perry SB) or S. cerevisiae 
EC1118 (Perry SC) after 13 days of fermentation

Values are expressed as mean ± standard deviation of two independ-
ent experiments. Values of the same row with different letters are sig-
nificantly different (t test, p < 0.05)

Perry SB Perry SC

Chemical composition
 Glucose (g/L) 0.21 ± 0.06 < 0.1
 Fructose (g/L) 0.70 ± 0.09 0.81 ± 0,05
 Sorbitol (g/L) 35.02 ± 0.24 36.00 ± 0.74
 Lactic acid (g/L) 0.37 ± 0.08b 0.08 ± 0.02a

 Glycerol (g/L) 8.61 ± 0.30b 3.90 ± 0.15a

 Acetic acid (g/L) 0.84 ± 0.04b 0.36 ± 0.05a

 Ethanol (% v/v) 5.70 ± 0.10 6.00 ± 0.37
 Malic acid (g/L) 1.51 ± 0.31a 2.68 ± 0.38b

Microbial composition
 Lactic acid bacteria (CFU/

mL)
(1.00 ± 0.21) ×  106b (30 ± 0.5)a

 Acetic acid bacteria (CFU/
mL)

(1.10 ± 0.08) ×  105b (430 ± 2)a

 S. cerevisiae (CFU/mL) < 10 (3.30 ± 0.30) ×  107

 Starm. bacillaris (CFU/
mL)

(9.01 ± 0.22) ×  107 < 10
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culture as control (AXF). Figure 3 shows the trends of yeast 
populations and the evolution of the main substrates and 
yeast metabolites during the three tested conditions. The 
genotypic profiles obtained by inter-δ analysis for S. cer-
evisiae and RAPD-PCR by M13 primer for Starm. bacil-
laris were compared to those of the cultures used as inocu-
lum; thus, they confirmed the dominance of the inoculated 
strains on indigenous yeasts until the end of the alcoholic 

fermentations. No significant differences were observed 
between COF and SEF as concern the kinetics of sugars 
degradation or of ethanol and glycerol release; indeed, both 
fermentations were completed in 5 days. On the contrary, 
in AXF condition, the alcoholic fermentation finished in 
only 3 days. The microbial and chemical composition of 
the Perries obtained from COF, SEF, and AXF is reported 
in Table 3. Ethanol content reached 6% (v/v) in all the fer-
mented pear cider, whereas significantly higher glycerol and 
acetic acid concentration were detected in the SEF sample. 
Finally, AXF showed a higher amino acids amount than the 
other two experimental perries suggesting a possible differ-
ent production of higher alcohols at the end of fermenta-
tion. Regarding the bacterial contaminations, acetic bacteria 
founded in COF and SEF might be due to the slower kinetic 
of fermentation conducted by the two mixed cultures com-
pared to the axenic culture. In contrast, lactic acid bacteria 
concentrations were very low in all the tested fermentations. 
As regard to yeast concentrations, the trends were different 
based on the conditions. In the AXF inoculum, S. cerevisiae 
reached the stationary phase after 3 days, together with the 
sugar depletion. The maximum concentration was reached 
after the sixth day (1.8 ×  108  CFU/mL), then it started 
decreasing. Also in the COF condition, both the yeast strains 
reached the stationary phase after 3 days (even if sugars 
were not depleted) and the maximum concentrations after 
6 days. Starm. bacillaris remained in a higher concentra-
tion throughout the fermentation, reaching 1 ×  108 CFU/mL, 
whereas S. cerevisiae EC1118 did not exceed 6 ×  107 CFU/
mL. Finally, in the sequential inoculum, both the yeast 
strains reached their stationary phase after 3 days, and unlike 
the COF conditions, both the strains reached ca  108 UFC/mL 
(1.06 ×  108 CFU/mL and 1.22 ×  108 CFU/mL, for S. cerevi-
siae and Starm. bacillaris, respectively).

Secondary fermentations and chemical 
characterization of perries

To carry out the secondary fermentation, the perries were 
integrated with nitrogen source, sucrose and inoculated with 
2 ×  106 CFU/mL of S. cerevisiae EC1118. After these inte-
grations, the ciders were bottled and incubated at 20 °C for 
60 days. The release of  CO2 during the time was monitored 
with aphrometers. Chemical and microbiological results 
are reported in Table S1. COF condition demonstrated a 
lower production of carbon dioxide gas than the other two 
ciders (4.1 atm versus 4.3 and 4.6 atm in SEF and AXF, 
respectively). Indeed, the concentration of S. cerevisiae 
EC1118 viable cells occurring in COF and SEF at the end 
of the secondary fermentation was almost 70% of the yeast 
population occurred in AXF (Table S1). The three Perry 
showed comparable fructose residue and a complete glucose 
consumption. Sorbitol amount was not different among the 

Fig. 3  Chemical and microbiological parameters (mean ± standard 
deviation) during the three Perry fermentations carried out by dif-
ferent yeast strains: A = simultaneous inoculum of S. cerevisiae 
EC1118 and Starm. bacillaris CB219 (COF); B = sequential inocu-
lum of Starm. bacillaris CB219 and, after 72 h, S. cerevisiae EC1118 
(SEF); C = axenic inoculum of S. cerevisiae EC1118 strain as control 
(AXF). Cell counts of Starm. bacillaris CB219 ( ) and S. cerevi-
siae EC1118 ( ) are plotted on the left axis; glucose ( ), fructose 
( ), glycerol ( ), and ethanol ( ) are plotted on the right axis
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samples, being dependent on the variety and on the climatic 
conditions during the fruits growth rather than to the inocu-
lum [35].

As potentially bioactive compound, due to its antioxidant 
properties, reduced glutathione (GSH) was determined in the 
experimental Perry. Indeed, in wine, reduced glutathione has 
been showed to limit the oxidation phenomena and protect 
aromatic substances. Table S1 shows the reduced and oxi-
dized glutathione (GSSG) contents found in the three Perry 
after 60 days of bottle re-fermentation. No statistically sig-
nificant difference was detected in the GSSG amount in the 
three Perry, whereas the highest content of GSH was found 
in the AXF condition followed by COF. Nevertheless, the 
total glutathione concentration was lower compared to the 
dose recommended by OIV resolutions [36–38] of 20 mg/L 
in wine to exert a protective effect against oxidation.

Phenolic composition of the three Perry was also evalu-
ated (Table 4). Indeed, polyphenols, being of great interest 
for their natural antioxidant and health protective proper-
ties [39, 40], play important roles in the cider technologi-
cal quality, although most of the available information are 
related only to apple cider. In cider, the polyphenols are 
associated to the color, bitterness and may be involved 
in the fermentative processes providing the cider aroma 
of astringency [41, 42]. Being inhibitors of the micro-
bial growth, they can prevent the development of defects 
caused by lactic acid bacteria, such as acidification, man-
nitol taint, and excessive bitterness [41]. Finally, these 
compounds participate in the formation of sediments dur-
ing the cider storage [43]. The phenolic composition and 

profile of cider are particularly affected by the fermenting 
microorganisms, the fruit variety, and the fruit ripening 
stage [44]. As regard to pear, this fruit mainly accumu-
lates hydroxycinnamic acids, flavan-3-ols, procyanidins, 
flavonols (quercetin and isorhamnetin), even if the com-
position is highly cultivar-dependent [45]. Commisso et al. 
[46] analyzed 5 cultivar of pears and found out that Abate 
Fètel was characterized by a high antioxidant activity due 
to the presence of high levels procyanidins (catechin and 
epicatechin) and to hydroxycinnamic acids. To understand 
the impact of the three different types of fermentation on 
the phenolic composition of the three experimental Perry, 
analyses were performed after 60 days bottle re-fermenta-
tion. The three Perry polyphenolic composition was simi-
lar; however, some differences in gallic acid, p-coumaric 
acid, tyrosol, quercetin, and isorhamnetin concentra-
tion, were detected. AXF showed higher concentrations 
of p-coumaric acid and tyrosol, while lower concentra-
tions of gallic acid, quercetin, and isorhamnetin than the 
other two perries. Tyrosol is a human health-promoting 
compound because of its antioxidant, anticarcinogenic, 
cardioprotective, and antimicrobial properties [47]. In 
wine, its production is significantly influenced either by 
the metabolic capabilities of the S. cerevisiae strains con-
ducting the alcoholic fermentation [25], and by the fer-
mentation rate. Indeed, slow fermentation kinetics lead to 
higher levels of hydroxytyrosol and tyrosol in must wine 
[48]. No information is available regarding the release of 
these two compounds during cider or Perry fermentation. 
p-Coumaric acid, together with ferulic and caffeic acids, 

Table 3  Chemical and 
microbiological composition 
of the three Perry obtained 
by different yeast strains after 
10 days of fermentations: 
simultaneous inoculum of S. 
cerevisiae EC1118 and Starm. 
bacillaris CB219 strains (COF), 
sequential inoculum of Starm. 
bacillaris CB219 strains and 
S. cerevisiae EC1118 (SEF), 
axenic inoculum of S. cerevisiae 
EC1118 strain as control (AXF)

Values are expressed as mean ± standard deviation of two independent experiments, values of the same row 
with different letters are significantly different (ANOVA test, p < 0.05)

COF SEF AXF

Chemical composition
 Glucose (g/L) < 0.10 < 0.10 < 0.10
 Fructose (g/L) < 0.10 < 0.10 < 0.10
 Sorbitol (g/L) 34.00 ± 1.40 33.50 ± 0.70 34.00 ± 1.40
 Lactic Acid (g/L) 0.16 ± 0.01 0.12 ± 0.01 0.17 ± 0.01
 Glycerol (g/L) 5.40 ± 0.05b 6.40 ± 0.14c 4.50 ± 0.14a

 Acetic Acid (g/L) 0.16 ± 0.01a 0.25 ± 0.01b 0.17 ± 0.01a

 Ethanol (% v/v) 6.10 ± 0.14 6.00 ± 0.14 6.05 ± 0.07
 Malic acid (g/L) 2.38 ± 0.04 2.36 ± 0.14 2.50 ± 0.07
 Ammoniacal nitrogen (mg/L) 2.39 ± 0.33 2.76 ± 0.34 3.30 ± 0.42
 α-aminoacidic nitrogen (mg/L) 16.70 ± 0.28b 17.60 ± 0.42b 28.00 ± 1.41a

 Total  SO2 (mg/L) 50.0 ± 0.3a 60.0 ± 1.3b 51.0 ± 0.6a

Microbiol composition
 Lactic acid bacteria (CFU/mL) 225 ±  5a 70 ±  14b  < 2
 Acetic acid bacteria (CFU/mL) (3.8 ± 0.2) ×  104b (1.8 ± 0.3) ×  104c 890 ±  28a

 S. cerevisiae (CFU/mL) (5.0 ± 0.1) ×  107b (8.0 ± 0.7) ×  107c (4.8 ± 0.4) ×  106a

 Starm. bacillaris (CFU/mL) (3.0 ± 0.7) ×  107 (3.5 ± 0.7) ×  107 < 10
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are precursors of various volatile phenolic compounds of 
interest for cider [49], while gallic acid has antioxidant and 
anti-inflammatory potentials [50]. Quercetin and related 
flavonols, in addition to their antioxidant and inflamma-
tory properties, exert vasodilator effects, protective effects 
under conditions of oxidative stress, effects of platelet 
antiaggregant, inhibition of LDL oxidation, reduction of 
adhesion molecules and other inflammatory markers and 
prevention of neuronal oxidative damage [51]. In view of 
these effects, the choice of the fermenting yeasts might 
affect and modulate the content of nutraceutical substances 
in Perry. As regards secondary yeast metabolites, higher 
alcohols were also assessed in the finished products. The 
GC analysis showed different concentration of ethyl ace-
tate, 1-propanol, acetoin in Perry obtained with both yeasts 
species (SEF and COF) compared to that obtained with S. 
cerevisiae alone (AXF) (Table 5). COF Perry was char-
acterized by a lower concentrations of 2- and 3-Methyl-
1-butanol than the other two Perry, and of acetaldehyde 
if compared with AXF condition. Keeping in mind that 
higher alcohols are known to influence the organoleptic 
profile of cider [10] and that Starm. bacillaris proved to 

Table 4  Polyphenolic 
composition of the three 
Perry after 60 days of bottle 
re-fermentation: simultaneous 
inoculum of strains S. 
cerevisiae EC1118 and Starm. 
bacillaris CB219 (COF), 
sequential inoculum of Starm. 
bacillaris CB219 strains and 
S. cerevisiae EC1118 (SEF), 
axenic inoculum of S. cerevisiae 
EC1118 strain (AXF). Values 
are mean ± standard deviation of 
two independent experiments, 
values of the same row with 
different letters are significantly 
different (ANOVA test, 
p < 0.05)

Phenolic compounds (mg/L) COF SEF AXF

Hydroxybenzoic acids and derivatives
 Gallic acid 0.28 ± 0.01b 0.26 ± 0.03ab 0.24 ± 0.01a

 Protocatecuic acid 0.40 ± 0.13 0.42 ± 0.19 0.43 ± 0.10
 Vanillic acid 1.06 ± 0.15 1.15 ± 0.17 1.11 ± 0.01
 Syringic acid 0.77 ± 0.13 0.77 ± 0.14 0.86 ± 0.04
 Methyl gallate 0.19 ± 0.01 0.12 ± 0.03 0.11 ± 0.01

Hydroxycinnamic acids and derivatives
 Caffeic acid 3.52 ± 0.51 3.88 ± 0.37 4.48 ± 0.85
 p-Coumaric acid 0.09 ± 0.02a 0.14 ± 0.03a 0.27 ± 0.01b

 Ferulic acid 0.20 ± 0.03 0.19 ± 0.05 0.22 ± 0.01
 Isomers of chlorogenic acid 3.91 ± 0.36 4.20 ± 0.38 4.30 ± 0.52
 Caffeoyl quinic acid < 0.01 < 0.01 2.74 ± 0.11
 Other derivatives of cinnamic acid 3.14 ± 0.56 3.47 ± 0.44 2.84 ± 0.07

Flavan-3-ols
 Epicatechin 1.06 ± 0.09 1.29 ± 1.30 < 0.01

Glycosylated flavonols
 Quercetin-3-glucoside 0.76 ± 0.12 0.88 ± 0.06 0.65 ± 0.15
 Kaempferol-3-glucoside 1.36 ± 0.10 1.49 ± 0.09 1.26 ± 0.14
 Isorhamnetin-3-glucoside 3.21 ± 0.22 3.54 ± 0.17 3.04 ± 0.29
 Isorhamnetin-glycosidate 1.37 ± 0.74 2.36 ± 0.98 2.05 ± 0.83

Flavonols aglycones
 Quercetin 0.96 ± 0.06b 1.05 ± 0.07b 0.56 ± 0.05a

 Isorhamnetin 1.96 ± 0.92b 2.08 ± 0.12b 1.27 ± 0.95a

Alcohols
 Tyrosol 5.70 ± 0.92b 3.71 ± 0.81c 10.89 ± 0.57a

Other compounds
 Arbutin 1.16 ± 0.41 1.18 ± 0.52 1.19 ± 0.40

Table 5  Secondary products of yeast metabolism in the three Perry 
after 60  days of bottle re-fermentation: simultaneous inoculum of 
S. cerevisiae EC1118 and Starm. bacillaris CB219 strains (COF), 
sequential inoculum of Starm. bacillaris CB219 and S. cerevisiae 
EC1118 strains (SEF), axenic inoculum of S. cerevisiae EC1118 
strain (AXF)

Values are mean ± standard deviation of two independent experi-
ments, values of the same row with different letters are significantly 
different (ANOVA test, p < 0.05)

Secondary products 
(mg/L)

COF SEF AXF

Acetaldehyde 45.0 ± 2.2a 58.9 ± 3.0ab 66.2 ± 3.3b

Diacetyl 3.5 ± 0.1 4.0 ± 0.2 4.2 ± 0.2
Ethyl acetate 197.4 ± 9.87a 165.1 ± 8.3a 240.6 ± 12.0b

1-propanol 51.6 ± 1.0b 50.0 ± 2.5b 25.3 ± 1.3a

1-butanol 13.1 ± 0.6 14.4 ± 0.7 13.9 ± 0.7
n-butanol 6.7 ± 0.4 6.1 ± 0.3 6.6 ± 0.3
Acetoin 1.8 ± 0.1b 1.9 ± 0.1b 1.4 ± 0.1a

2-Methyl-1-butanol 6.7 ± 0.34a 8.4 ± 0.4b 8.5 ± 0.4b

3-Methyl-1-butanol 50.1 ± 2.51a 64.6 ± 3.2b 71.5 ± 3.6b
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positively modulate cider volatile profile in the microfer-
mentation trials as reported by Junior et al. [33], it was 
reasonable to assume that the three Perry had distinctive 
sensory characteristics. Hence, a sensory evaluation of the 
three Perry was performed.

Consumer test of the experimental Perry

No significant differences were found between samples 
for liking score (p = 0.24), pointing out that the alterna-
tive inoculum procedures did not affect consumer accept-
ance. All three samples showed mean liking scores between 
point 6 (“like slightly”) and point 7 (“like moderately”) 
of the 9-point hedonic scale (COF = 6.01; SEF = 6.31; 
AXF = 6.26), indicating that they were all well accepted by 
consumers. Conversely, the inoculum procedure affected 
the description of Perry's sensory profile. At the aggregate 
level, twenty-three over thirty-one terms showed an average 
frequency of use higher than 40% when consumers were 
asked to describe the sensory characteristics of the Perry 
using the CATA questionnaire. Attributes with a frequency 
of use below 40% were yeast, intense, pungent, and persis-
tent aroma, bitter taste, and watery and full-bodied related 
to the mouthfeel. Sample description resulted in nine attrib-
utes in total significantly discriminating among samples 
(p < 0.05) for appearance (intense color and clear), aroma 
(pear, fermented, yeast, floral and aromatic) taste (bitter), 
and mouthfeel (sparkling) as reported in Fig. 4. When both 
S. cerevisiae and Starm. bacillaris strains were employed 
in Perry production, consumers described product appear-
ance as less intense and more clear, in particular for the 
co-inoculum, as compared to the use of the axenic culture 
of S. cerevisiae only. This was probably due to the faster 
 CO2 saturation of the AXF bottles, that protected Perry from 
oxidation caused by the periodic mixing. The terms aro-
matic and pear were less used to describe the aroma of SEF 

Perry as compared to the other samples while the opposite 
was found for fermented. Perry obtained by non-sequential 
inoculum (both co-inoculum and S. cerevisiae alone) was 
described as more aromatic and more connoted by pear odor. 
Furthermore, the use of sequential inoculum of Starm. bacil-
laris and S. cerevisiae resulted in perry being described as 
more connoted by yeast and less by floral aroma as com-
pared to the simultaneous co-inoculum of the same strains. 
Differences in inoculum sequence affected also the percep-
tion of Perry’s taste with the one obtained by simultaneous 
co-inoculum being described as more bitter as compared to 
sequential inoculum, that showed a high content of glycerol, 
probably responsible for a sweeter taste. Finally, simultane-
ous co-inoculum resulted in a lower sparkling mouthfeel as 
compared to the other procedures.

Conclusion

In this study, the effect of a mixed fermentation using S. 
cerevisiae EC 1118 and Starm. bacillaris CB219 on the 
chemical and sensory properties of sparkling pear fer-
mented beverage (Perry) was evaluated. The analyses of the 
experimental Perry indicated that different inoculum led to 
peculiar characteristics of the final product, which were well 
accepted by the consumers and possessed adequate techno-
logical features. In conclusion, this preliminary evaluation 
indicated that the use of Starm. bacillaris together with S. 
cerevisiae is a suitable tool to obtain novel low alcoholic 
beverages with distinctive organoleptic features meeting the 
increasing consumer demand for this type of product. More-
over by valorizing an unrewarding product such as low size 
pears, the Perry production might contribute to the reduction 
of fruit waste and to the circular economy.

Fig. 4  Percentage of participant 
selection for the attributes that 
significantly discriminated 
among samples in the CATA 
questionnaire (p < 0.05). Differ-
ent letters indicate significant 
differences (p < 0.05) according 
to Sheskin post hoc test. COF 
(light gray bars): Perry obtained 
by simultaneous inoculum of S. 
cerevisiae EC1118 and Starm. 
bacillaris CB219 strains; SEF 
(white bars): Perry obtained by 
sequential inoculum of Starm. 
bacillaris CB219 and, after 
72 h, S. cerevisiae EC1118; 
AXF (dark gray bars): Perry 
obtained by axenic inoculum of 
S. cerevisiae EC1118 strain
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