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Abstract: The aim of this work was to test native microbial strains and fruits for brewing, with a
multidisciplinary approach for a sustainable production linked to the territory. Pediococcus acidilactici
B5 and Hanseniaspora uvarum L2 strains were isolated from apricot Bisucciu fruits, a Sardinian local
variety (Prunus armeniaca L.), and P. acidilactici B5 was used to ferment a sterile apricot Bisucciu puree,
which was then added to a malt wort. The H. uvarum L2 strain and the industrial yeast Saccharomyces
cerevisiae US-05 were used sequentially to ferment a portion of this wort (M2); a control was carried out
with an industrial yeast, S. cerevisiae T-58 (T58). Beer standard quality parameters were studied and a
sensorial analysis performed in the beers obtained from the two fermentations. Intermediate and end
molecular products were characterized by proton Nuclear Magnetic Resonance (1H NMR) for glucidic,
organic acids and amino acids and by Gas Chromatography–Mass Spectrometry (SPME/GC/MS)
for volatile profiles. M2 and T58 samples showed differences in color, foam stability and in the
carbohydrates, acids and amino acids profiles. The highest concentrations of ethyl acetate were
found in M2, whereas a high concentration of 3-methylbutan-1-ol characterized T58. Sensory analysis
highlighted differences in flavor, astringency and balance between the two beers studied.

Keywords: biodiversity; apricot; beer technology; beer fermentation

1. Introduction

After water and tea, beer is the most consumed beverage worldwide and the first one
among alcoholic beverages [1,2]. The global beer scenario is constantly evolving with the
advent of new products, increased by the craft brewery phenomena based on the replication
of classic styles through the use of ingredients grown and developed in that geographical
area [3]. The beer style concept is linked to specific historical and geographical indications
(areas or even cities), and with the local agricultural environment. The production of beer
styles outside of their original area causes a massive movement of raw materials between
states and/or continents, with high transport and ecological costs. These economic and
environmental sustainability drawbacks have a strong impact on craft breweries, prompting
them to extend and reinterpret the classic styles [4–7]. This is a global trend that is driving
a significant change in wort composition and technology. From this perspective, the use
of indigenous microorganisms, local special malts and the addition of autochthonous raw
materials, such as herbs, spices or fruits, can help to obtain new beer products [8–12]. An
example is the recognition of the first Italian beer style: Italian Grape Ale, a sub-fruit beer
style, which has grape berries added to the recipe in amounts up to 40% during mashing,
fermentation or maturation [12,13]. Fruit biodiversity may increase the sensorial landscape
flavors and the bioactive compound concentrations [9,11].
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In this field, novel microorganisms are acquiring relevance for the craft brewers, espe-
cially if isolated from fruits’ grape must or sourdough [11,14–17]. Currently, some regional
beers, fermented by bakery yeasts, have gained recognition as “Traditional Specialities
Guaranteed” by the European Union [18].

Recently, interest in non-Saccharomyces yeasts is also increasing [19,20]. Brettanomyces
strains are part of this microbiological trend: despite their role as beer and wine spoilers,
when applied correctly, they contribute to the aroma and flavor complexity in a beer style
named “Bret beers” [21]. Strains of Torulaspora delbruecki in pure or mixed fermentation with
commercials yeasts improve the production of isoamyl acetate [22]. Hanseniaspora strains,
used in low alcohol beer production, show low differences in volatile profiles if compared
with commercial yeasts. Instead, the use of the H. vinae strain in co-fermentation improves
the highly fruity flavor of beer [23]. Recently, the effects in mixed and sub-sequential
fermentation with the commercial yeast of five H. uvarum strains, isolated from traditional
honey fermented beverages, were reported [14].

Breweries need a deeper understanding of the production process to respond to the
changing market demands and consumer preferences. In order to reduce or enhance
certain flavors, various research has focused on the measurement of the volatile organic
compound generation during beer fermentation. Due to its effectiveness and operability,
headspace solid phase microextraction (HS-SPME) coupled with mass spectrometry gas
chromatography (GC-MS) is the most popular extraction method for quantifying volatile
chemicals in beer [24,25].

The aim of this study is the investigation of the analytical and sensorial profiles of
beers obtained from wort fermented by the yeast strain Hanseniaspora uvarum L2 and the
lactic acid bacteria strain Pediococcus acidilactici B5, isolated from a Sardinian apricot cv.
Bisucciu (Prunus armeniaca L.), compared to a control beer obtained by using a commercial
yeast (S. cerevisiae T-58) characterized by the production of a peculiar aromatic bouquet. The
selected yeast and bacterial strains used in this work, were previously isolated, identified
and tested for their brewing ability, such as fermentation power and effect on the volatile
profile of beer [26].

2. Materials and Methods
2.1. Sampling and Preparation of Apricot Puree

The apricot puree (AP) obtained from the ripened fruits of the Sardinian cultivar
Bisucciu was the same one used by Fancello et al. [26].

2.2. Strains

Hanseniaspora uvarum L2 and Pediococcus acidilactici B5 were isolated and identified,
as described by Fancello et al. [26]. Saccharomyces cerevisiae commercial strains T-58, US-05
and F2 were purchased from Fermentis, (Marcq-en-Baroeul Cedex, France).

Starter Preparation

P. acidilactici B5 was precultured in MRS broth at 30 ◦C in static for 24 h. Subsequently,
precultured bacterial cells were transferred into 5 L of Bisucciu apricot puree at a final
concentration of 6 Log cells/mL. Puree fermentation was carried out at 30 ◦C in a static
state for 7 days. H. uvarum L2 was precultured in YPD broth at 25 ◦C for 24 h. After this
period, the yeast cells were inoculated in 5 L YEPD and incubated in a static state at 25 ◦C
for 48 h.

2.3. Beer Production

Batches of 100 L of beer were produced on the pilot plant facility of Porto Conte
Ricerche Srl (Alghero, Italy). As grist, 50% Pils malt (Weyermann, Bamberg, Germany), 40%
Vienna malt (Thomas Fawcett and sons, Castleford, UK), and 10% Weizen malt (Weyermann,
Bamberg, Germany) were used. Malts were ground in a two-roll mill with 1 mm spacing.
Mash-in was done by 70 L of water added to 10 g of MgCl2 and 10 g of CaCl2 (Mr. Malt,
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Udine, Italy). Mash was conducted at 64 ◦C for 60 min, and then heated at 72 ◦C and held
for 10 min, and finally heated at 78 ◦C and kept for 10 min for mash-out. The first wort was
transferred to a kettle and the spent grain was washed using water at 78 ◦C to reach a total
volume of 100 L. The wort was boiled for 60 min and then 105 g of East Kent Goldings hop
(Mr. Malt, Udine, Italy) was added. A total of 5 kg of apricot puree previously fermented
by Pediococcus acidilactici (FP) was added to the wort after 50 min of the boiling step. The
boiled wort was separated from the hot trub in a whirlpool, and then cooled at 18 ◦C.

Wort fermentation was conducted at 15 ◦C for 16 days in 2 different vessels with
25 L of boiled wort each. One vessel (M2) was inoculated with Hanseniospora uvarum (1%
v/v) and after 9 days 0.5 g/L of US-05 yeast (Fermentis, Marcq-en-Baroeul Cedex, France)
was added for the subsequent fermentation. The second vessel (T58) was fermented by
0.5 g/L of T58 yeast (Fermentis, Marcq-en-Baroeul Cedex, France) for 7 days, and used
as the sample control. At the end of the fermentation, the matured beers were chilled at
4 ◦C for 13 days. A total of 10 g/L of glucose syrup (Uniglad Ingredienti, Grinzane Cavour,
Italy) and 0.05 g/L of yeast F2 (Fermentis, Marcq-en-Baroeul Cedex, France) was added to
all matured beers for bottle conditioning at 22 ◦C for 14 days (conditioned beer).

2.4. Microbiological Analysis
2.4.1. Microbiological Analysis of Fermented Apricot Puree

In total, 10 g of apricot puree fermented with Pediococcus acidilactici (FP) was suspended
in 90 mL of sterile peptone solution (0.1 g/L, Oxoid (Milan, Italy) Peptone Bacteriological)
in distilled water and homogenized in a stomacher (Stomacher Lab blender, 80 VWR
International PBI, Italy) for 2 min. Serial decimal dilutions were plated, duplicated and
incubated at 28 ◦C for 48 h on MRS agar anaerobically (GasPak jars with bags 2.5 L
AnaeroGen, Oxoid), on Plate Count Agar, on YEPD (2% glucose, 1% yeast extract, 1%
peptone bacteriological, 2% agar) and on Rose Bengal agar, added to the chloramphenicol
and incubated aerobically. All media were purchased from Oxoid.

2.4.2. Growth Kinetics during Fermentation of Beer Wort

The microbiological analysis on the inoculated beer wort were carried out throughout
the fermentation period, with sampling after 24, 48 and 72 h and then at 7, 9, 10, 13 and
15 days, followed by plating in the same condition and culture medium as described above
for the apricot puree analysis.

2.4.3. Microbial Strains Identification by microFlex™ Mass Spectrometry (MALDI Biotyper,
Bruker Daltonik GmbH)

Fresh yeast grown in the YEPD agar medium from M2 after 24 h and 48 h of fermen-
tation was used for identification by microFlex™ mass spectrometry (MALDI Biotyper,
Bruker Daltonik GmbH, Bremen, Germany) in positive mode. A small amount of colony
material was removed with a toothpick and put on the disposable target. In order to validate
the quality of identifications, 1 µL of a matrix consisting of α-cyano-4-hydroxycinnamic
acid in 50% acetonitrile and 2.5% trifluoroacetic acid were deposited on the cellular material
(Bruker Daltonik GmbH). The spectra were analyzed using MBT Compass® 4.1 software
and the attached libraries (Bruker Daltonik GmbH). The assignment of genus and species
required scores ≥1.70 and ≥2.00, respectively.

2.5. Standard Quality Attributes of Beers

Original extract (% w/w), real extract (% w/w), apparent extract (% w/w), real degree
of fermentation (RDF%), alcohol (% v/v) and density (g/cm3) were measured with a PBA-B
generation M (Anton Paar, Graz, Austria). Colour, pH and foam stability (with a NIBEM-
OPH foam stability tester—Pentair Haffmans, Zeist, The Netherlands) were measured
according to the Analytica-European Brewery Convention method [27].
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2.6. Volatiles Profile of Fermented Wort and Beer

Fermented wort and conditioned beer were analyzed in order to obtain the volatile
profiles [26,28,29]. A total of 5 mL of the degassed sample was transferred to a 10 mL
headspace vial with 1 g of NaCl and 0.05 mL of 1-Butanol as the internal standard (5 g/L
in ultra pure water with 5% v/v of absolute ethanol), and then sealed with PTFE/ silicone
septa. The volatile compounds were analysed by means of the headspace/solid phase
microextraction/gas chromatography–mass spectrometry (HS/SPME/GC/MS) technique
using Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB-CAR-PDMS) fiber (Supelco,
Bellefonte, PA, USA). For the SPME analysis, the samples were incubated for 10 min at
60 ◦C, and then extraction was carried out, exposing the fiber to the headspace for 30 min.
Both incubation and extraction were performed while stirring the sample. Fiber desorption
was done in the injector for 10 min at 250 ◦C with a split flow of 5 mL/min. The fiber
was activated each day following the manufacturer’s instructions. The chromatographic
analyses were carried out using a TRACE GC coupled with an ISQ single quadrupole
(Thermo Scientific, Hudson, NY, USA). The analytes were separated on a SLB-5 ms capillary
column (60 m × 0.25 mm × 0.25 µm film thickness) (Supelco, Bellefonte, PA, USA) using
helium as the carrier gas at a 1 mL/min constant flow rate. The oven temperature program
started at 35 ◦C, and this temperature was held for 7 min, and then increased to 200 ◦C at
3 ◦C/min and held for a further 7 min, before being increased to 250 ◦C at 5 ◦C/min and
finally kept at the highest temperature for 10 min. Transfer line and ion source were set at
250 ◦C and 270 ◦C, respectively. Quadrupole scan range was 30–250 amu, and ionization
energy was set to 70 eV. Chromatographic data were acquired by means of the Trace finder
(Thermo Scientific), and identifications were carried out by comparison of the mass spectra
with those of the data system library (NIST, 2005 software, Mass Spectral Search Program
V.2.0d, Washington, DC, USA version 2.2 June 2014). All Identity Spectrum Match factors
above 850 resulting from the NIST Identity Spectrum Search algorithm (NISTMS Search 2.0)
were considered acceptable for positive identification. The gas chromatographic signals
were manually integrated, and the resulting peak areas were compared with the peak area
of the internal standard (As/AIS). For some of the volatile compounds strictly correlated
with specific odor characteristics, an absolute quantification was performed by calibration
curves (Table 1). Other volatile compounds were semi-quantified and expressed as a
function of the concentration of the internal standard [30].

Table 1. Calibration curve of volatile compounds absolutely quantified with their linear fit, R2 value,
odor threshold and odor characteristics, an used for the quantification of fermenting worth and
conditioned beer.

Family Compound Linear Fit R2 Value Odor Threshold (mg/L) Odor Characteristics

Alcohols 2-phenylethan-1-ol y = 0.0873x + 0.4306 0.9657 0.10 Rose, floral
Alcohols 3-methylbutan-1-ol y = 0.0324x + 0.234 0.9834 40.00 Whiskey, solvent

Esters 3-methylbutyl ethanoate y = 0.5164x + 0.5359 0.963 1.20 Fruity, banana
Esters Phenylethyl acetate y = 4.9085x + 0.7028 0.9786 3.80 Floral, honey
Esters Ethyl acetate y = 0.0453x + 0.2779 0.9833 21.00 Ethery, fruity, sweet

2.7. NMR Analysis

Six groups of samples were analyzed, in particular AP (starting Apricot Puree), FP
(apricot Fermented Puree by P. acidilactici), MP (Malt wort added with fermented Puree),
M2 (Malt wort with fermented puree inoculated with H. uvarum and subsequently with
S. cerevisaie US-05) and T58 (malt wort fermented by S. cerevisiae T-58). All NMR measure-
ments were performed on samples extracted in triplicate.

2.7.1. Sample Preparation for NMR Analysis

Approximately 200 mg of each frozen sample, previously pulverized in liquid nitrogen,
was initially lyophilized (Lio5P DM1002, 5 Pascal) and then resuspended in 1.0 mL of 50 mM
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deuterated phosphate buffer (pH 7.0) containing 1 mM Sodium-3-trimethylsilylpropionate
(TMSP-2,2,3,3-D4 98 atom %D, Cambridge Isotope Laboratories). After a centrifugation
step (3500 rpm, 5 min at 4 ◦C), 0.8 mL of the supernatant was transferred to a 5-mm-o.d.
NMR tube.

Reference solutions for NMR spiking experiments such as sugars (L-maltose, 99.5%
purity,) and organic acids (citric acid, pyruvic acid and formic acid, 99.5% purity, Sigma
Aldrich) were also prepared. For each reference compound, a stock solution at a concen-
tration of about 5 mg/L was initially prepared in the same NMR buffer and diluted to
1/10 w/w. NMR spiking was performed by adding small aliquots (10 µL) of each reference
solution to the analyzed samples. All sugars used as references were purchased at Sigma
Aldrich (Sigma Aldrich, St. Louis, MO, USA).

2.7.2. NMR Measurements

1D 1H NMR spectra were acquired at T = 292 K using a single pulse-acquisition
sequence with presaturation of the water signal around 4.8 ppm during the relaxation delay.
Calculated hard pulse (90◦) length was optimized for each analyzed sample and found to
be approximately 11 µs. Spectral data were collected into 64 k data points, within a spectral
width of 7183.9 Hz. Then, 4 s of acquisition time (AQ) and 32 scans plus 4 dummy scans
were noted. The longest longitudinal relaxation time constant (T1) was measured for each
sample by means of standard 1D inversion recovery experiment, and was found to be in
the range of 2.89–5.05 s. Consequently, relaxation delays were set so the sum of acquisition
time and relaxation delay could be 5 times as long as the longest T1, namely from 15 s to
21 s, in order to allow for the complete relaxation of spins for quantitative NMR purposes.
Total acquisition time for each experiment was about 10–15 min.

Compounds identification in the acquired 1D NMR spectra was done by referring
to the relevant literature [31] and by comparing the spectra of spiked samples to the
spectra of the standard pure compounds available at the Human Metabolome Database
(https://hmdb.ca/ accessed on 18 February 2022) [32].

To further confirm assignments, two-dimensional (2D) NMR experiments including 2D
1H–1H total correlation spectroscopy (TOCSY) and heteronuclear single quantum coherence
spectroscopy (1H–13C HSQC) were additionally acquired on both spiked and not-spiked
samples. A representative 1D NMR spectrum with the main assigned wort metabolites
is reported as Supplementary Material (Figure S1). All NMR experiments were carried
out using a Bruker Avance 600 MHz spectrometer (Bruker Biospin, Karlsruhe, Germany),
equipped with a 5 mm BBI probe.

2.7.3. NMR Quantification of Metabolites

For quantification purposes (qNMR), the acquired raw 1D NMR spectra were loaded
into NMRProcFlow [33]. The following spectral pre-processing steps were preliminarily
carried out prior to Fourier transformation (FT); all free induction decays were multiplied
by an exponential window function to improve signal to noise ratio (S/N), leading to
0.3 Hz line broadening. All FT spectra were then automatically referenced to 0 ppm
(TMSP signal), and then phased and baseline corrected. Spectral alignment, based on a
Least-Squares algorithm with a shift tolerance of 0.01 ppm, was additionally carried out to
overcome signal misalignment. Signal integrations were manually performed by means of
user-defined regions of interest (buckets) (Table S1).

To check the accuracy of NMR integrations, signal to noise ratio (S/N) matrices were
also generated by NMRProcFlow and an average S/N ratio was extrapolated for each
bucket. Buckets that showed an average S/N higher than the lower limit of quantification
(LLOQ) of S/N > 10 or superimposed to other signals was taken into account in the relative
quantification (namely those corresponding to the functional groups of lysine, pyruvic
acid, leucine, valine and the signal from both malic and citric acid, glucose, maltose and
dextrins), while only those unambiguously assigned, not overlapped and with S/N > 200
(i.e., ascribed to isoleucine, ethanol, lactate, proline, choline and glycine) were subjected to

https://hmdb.ca/
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absolute quantification (mg/mL), in agreement with previous recommendations [34,35]. It
should be recalled that integration of NMR signals from glucose, maltose and dextrins can
be affected by several technical issues such as interference of water suppression scheme and
low S/N; therefore quantification related to such sugars should be considered as indicative
in this report (Table S1).

2.8. Sensorial Analysis

The sensory profiles of beers were determined using Descriptive Analysis (DA) [36]
with a trained panel (n = 6, males). The panellists employed in the beer DA had on average
ten years of experience in beer sensory analysis.

The order of samples presentation was randomised across the panelists and sessions.
For the evaluation, samples were served in glasses, and were odour-free and covered with
a glass top, at which point each judge had water to rinse his mouth from one sample
to the next. Samples were served at a controlled temperature of 16 ± 2 ◦C in a testing
room. To quantify the intensity of the beers’ attributes, the panel used a seven-point
horizontally oriented scale anchored as “not perceived at all” and “extremely intense” at
the left and right ends, respectively. The panel was trained with orientation sessions, after
which it agreed to evaluate the following attributes: for the orthonasal and retronasal
odor, fruity and floral and yeast was used; the taste attributes were sweet, sour and bitter;
and the tactile sensations were alcoholic and astringent. In order to determine the panel’s
performance and any significant difference in their rating, three-way ANOVA (sample,
panelist and replicate) with interaction was applied to the attribute scores and collected in
three assessments.

The intensity of each attribute was scored to investigate the panel performances, and
both MSE and F-values were extracted using PanelCheck software V1.4.0-beta2.

3. Results
3.1. Beer Production
3.1.1. Identification of Yeast Strain in Wort

Microbial strains identification by microFlex™ mass spectrometry (MALDI Biotyper,
Bruker Daltonik GmbH) was performed in M2 boiled malt wort with apricot puree after the
inoculation with H. uvarum L2 at 24 and 48 h, in order to evaluate the absence of microbial
contamination. The identification of the yeast strain from M2 highlighted the presence of
H. uvarum (scores of 2.05 ± 0.05 and 2.16 ± 0.03 after 24 h and 48 h, respectively) without
any spoilage contamination.

3.1.2. Viable Population Kinetics during Fermentation

The evolution of yeast populations until the reaching of constant ethanol production
of M2 and T58 is reported in Figure 1A. Samples from M2 showed the first fermentation
step corresponding to the inoculation of H. uvarum (6.1 and 6.3 Log CFU/mL, respectively),
which then increased from Day 9, corresponding to the US-05 inoculum, and reaching
the highest value (7.2 Log CFU/mL) after 24 h. Then, the ratio decreased until the end of
fermentation at the 14th day of observation (7.0 Log CFU/mL). Samples from T58 showed
typical fermentation kinetics.

The H. uvarum population evolved was reported by Matraxia et al. during the fermen-
tation of malt wort [14]; however, the cell concentrations remain lower than that of US-05
and T-58 strains.

3.1.3. Ethanol Production Kinetics during Fermentation

H. uvarum produced 0.50% v/v of ethanol after 9 days of fermentations, in agreement
with Matraxia et al. (0.52% v/v) [14] and with the previous results reported during the
screening of yeast species isolated from the apricot microbiota (0.52% v/v) [26]. After the
inoculation of US-05, the ethanol concentrations increased rapidly to 4.4% v/v (11 days),
then slowly increased to 4.5% v/v after 14 days of fermentation. The sample control T58
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completed the fermentation after 3 days, reaching an ethanol concentration of 4.3% v/v,
and remained almost constant after 9 days of fermentations (4.4% v/v) (Figure 1B).
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3.1.4. Kinetics of the Carbohydrates, Amino Acids and Acids Concentrations
during Fermentation

1H NMR analysis yields a wealth of information about the molecular composition of
the two examined wort batches (Figure S1 and Table S1). Moreover, it provides a suitable
tool for tracking the metabolites influenced by the fermentative process.

Glucose and dextrin concentrations in both batches (M2 and T58) showed the same
trend during fermentation in both batches (M2 and T58). Notably in M2, the maltose level
decreased slowly during the first 9 days (corresponding to the H. uvarum fermentation)
and more rapidly after the inoculation of US-05 (Figure 2A).
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Figure 2. Wort fermented by H. uvarum L2 and S. cerevisiae US-05 (M2) and wort fermented by
S. cerevisiae T-58 (T58): (A) Time evolution of the main carbohydrates (glucose, maltose, dextrin)
levels (arbitrary units); (B) time evolution of amino acid and choline content (mg/mL); (C) time
evolution of organic acids content (mg/mL or arbitrary units). Data are reported as means ± SD of
two measurements. Where not visible, error bars lie below the symbols.
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Amino acids and choline concentrations showed different trends in the two fermen-
tation conditions. In particular, choline showed diverging trends: a continuous increase
in M2 and a depletion after 9 days in T58. Glycine and proline concentrations decreased
in T58, but isoleucine remained almost unvaried. Moreover, a marked decrease of both
proline and isoleucine content after 9 days of fermentation was observed in M2 (Figure 2B).

Organic acids were also monitored until the end of fermentation. Lactic acid concen-
tration slightly decreased in both batches until the 9th day, and then rapidly decreased
only in M2 (Figure 2C). In T58, the acetic acid amount decreased until the 9th day and then
remained steady, whereas the opposite behavior was observed in M2 (Figure 2C).

After 14 days of fermentation, M2 showed higher amount of pyruvic acid than T58
(Figure 2C). Other organic acids were present in smaller amounts or superimposed to other
metabolites; thus, absolute quantification was not achieved.

3.1.5. Kinetics of the Volatiles Organic Compounds during Fermentation

In total, 20 volatile compounds were detected and identified by SPME GC/MS in M2
and T58: 6 alcohols, 7 esters, 4 terpenes and 3 carboxylic acids.

After 9 days of fermentation, the concentration of 2-phenylethan-1-ol in M2
(0.59 mg/L) passed its odor thresholds (0.10 mg/L). Instead, 3-metylbutan-1-ol (6.00 mg/L)
passed the odor threshold (40.00 mg/L) only after the inoculation of US-05 (52.69 mg/L)
(Figure 3).
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Figure 3. Concentration of volatiles organic compounds during fermentation in M2 and T58: M2 at
9 days corresponds to the H. uvarum L2 fermentation (M2T2) and 14 days corresponds to the adjunct
of S. cerevisiae US-05 (M2FF) and T-58 (T58FF). Data are reported as means ± SD. Where not visible,
error bars lie below the symbols. Histogram bar with two segments option was generated by using
GraphPad Prism software (GraphPad Prism 5.03 GraphPad Software Inc., La Jolla, CA, USA).

M2 showed higher levels of ethyl acetate (35.52 mg/L) than T58 (23.06 mg/L), both
over the odor threshold of 21.00 mg/L. The 3-methylbutyl ethanoate remained below the
odor threshold (1.20 mg/L) in M2 until the end of fermentation (0.98 mg/L), while in T58, it
slightly exceeded it (1.6 mg/L). The concentrations of phenylethyl acetate remained below
the odor threshold in all samples.

Higher levels of octanoic and decanoic acids were observed in T58 (Figure 3).
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3.2. Characterization of Beers
3.2.1. Technological Parameters

For conditioned M2 and T58 beers, the technological parameters were measured
(Table 2). Differences were observed, except for RDF and pH. M2 showed higher atten-
uation as expected according to the S. cerevisiae US-05 characteristics described by the
manufacturer.

Table 2. Standard quality parameters of M2 and T58 beers. Values are averages of two measurements ± the
standard deviation.

Parameter T58 M2

Alcohol (% v/v) 4.9 ± 0.0 5.0 ± 0.0
Density (g/cm3) 1.0137 ± 0.0000 1.0126 ± 0.0000
Re (Real extract) (% w/w) 5.7 ± 0.0 5.5 ± 0.0
Ae (App. extract) (% w/w) 4.0 ± 0.0 3.7 ± 0.0
Oe (Original extract) (% w/w) 13.1 ± 0.0 13.0 ± 0.0
RDF (Real Deg. of Ferm.) 58 ± 0 59 ± 0
Foam stability (s/3 cm) 203 ± 4 313 ± 8
Color (EBC unit) 10 ± 0 11 ± 0
pH 4.1 ± 0.0 4.1 ± 0.0

3.2.2. Volatiles Profile

In total, 15 volatile compounds were identified in the conditioned M2 and T58 beers.
M2 showed a higher concentration of ethyl acetate, 150 vs. 80 mg/L (threshold 21 mg/L);
lower concentrations of 3-methylbutan-1-ol (120 vs. 160 mg/L, threshold 40 mg/L), ethyl
octanoate, ethyl decanoate, octanoic acid and decanoic acid were detected in M2 (Figure 4).
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3.2.3. Sensorial Characterization

For six of the considered attributes, the panel could not significantly discriminate
between the samples. T58 was evaluated by the panel as less astringent (Figure 5).
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4. Discussion

From a political and social standpoint, there is a great emphasis on the environmental
sustainability of food production. Craft brewers are looking for solutions that will allow
them to produce beers strongly associated with their region, such as using local hops
and malts, but also microorganisms and ingredients (herbs, species and fruits) found in
traditional foods [8,9,11,13].

Wild yeast strains are diverse and unique, often specific to a particular location, and
can allow for obtaining beers with peculiar characteristics [14–23]. From an analytical point
of view, the yeast strains used had a distinctive impact on the beers’ composition.

In order to evaluate the impact of wild yeast and bacteria strains on the final beers,
we chose to compare a subsequential fermentation using the H. uvarum L2 strain (a wild
“non-conventional” yeast isolated from apricot Bisucciu apricot variety) and S. cerevisiae
US-05 (a neutral industrial yeast) with a fermentation obtained from T58 (an industrial
yeast known for its intense fruity and spicy flavors).

As showed in our results, H. uvarum L2 fermentation in M2 before the S. cerevisiae
US-05 inoculum shows a volatile profile composition similar to T58 at the end of fermenta-
tion, but with higher levels of ethyl acetate and lower levels of 3-methylbutyl ethanoate
(Figures 3 and 4). These data confirm that the brewing yeast used can characterize the
aroma profile in the final beers. This agrees with other works in which non-Saccharomyces
yeast were used in mixed fermentations with pure S. cerevisiae starter strains [37–39].

Non-Saccharomyces yeasts have opened up the opportunity for using different tech-
niques to make specialty and unique beers.

Hanseniaspora spp. and other yeast genera can provide a diverse enzymatic apparatus
and bioconversion abilities that enable brewers to work with new concepts such as biofla-
voring, as well as beers with lower calorie and alcohol contents, or even functional beers.

Nonetheless, the introduction of a new yeast must be previously studied, because each
microorganism is unique, and can develop a range of adaptations in different substrates or
conditions [40].

The kinetics of biotransformations in wort due to the different yeast used showed
interesting results. Acetic acid, known to contribute to the overall acidity of beer, and
balance out the sweetness of the malt and the bitterness of the hops, in our study showed
different behavior during the two fermentations. Acetic acid concentration most likely
derived from fermented apricot puree is not metabolized in the fermentation phase cor-
responding to H. uvarum L2 activity, whereas the inoculum in M2 of S. cerevisiae US-05
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drives the concentration of acetic acid to the same level found at the end of the T58 beer
(Figure 2C). The concentration of lactic acid does not appear to be affected by either
H. uvarum L2 or S. cerevisiae T-58 metabolism. During the two fermentations, choline shows
a rising trend in M2 (Figure 2B). Choline is an essential component of phosphatidylcholine,
a component of cell membranes, a precursor to the neurotransmitter acetylcholine, which
is important for liver function, brain development and cardiovascular health [41–43].

Except for the foam, higher in M2 and tightness, there are no significant technological
differences between the beers produced in the two fermentations (Table 2). The presence of
lipids can have an effect on this parameter. T58, which has the highest levels of octanoic
and decanoic acid, shows a lower foam stability.

In conclusion, the use of local fruit in beer production can provide a wide variety of
flavors and aromas, allowing for greater diversification of beer styles and contributing to
the preservation of biodiversity by encouraging the cultivation of local species [2,9,11,28].

Furthermore, they may be more resistant to environmental conditions, and breweries
may be able to source yeast locally, reducing the need for transportation and the associated
carbon footprint.

5. Conclusions

The use of fruit from local germoplasms and microorganisms isolated from it, and
comparing their technological properties to an industrial yeast, allowed us to highlight
some peculiarities.

Under these conditions, H. uvarum L2 and the lactic acid bacteria P. acidilactici B5
provide a sensory profile similar to the industrial yeast chosen, but in a shorter time,
with a low ethanol content and a higher concentration of choline, opening new, healthier
productive perspectives. Moreover, the experiment showed the possibility of obtaining
sustainable productions linked to the territory, valorizing local biodiversity. Recent craft
brewery revolutions have stimulated new research fields to evaluate the qualities and
opportunities of new technologies and microbiological resources.

However, because every microbe is different and has the capacity to adapt to a variety
of substrates and environmental conditions, the introduction of a new yeast must be
planned in advance.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/fermentation9030305/s1, Figure S1: 1H NMR assignment of metabo-
lites in beer wort. Table S1: List of the metabolites identified by 1H NMR analysis in beer wort.
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