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- Yeast Niches
High Sugar Content

Manna ash Honey and Apiculture Products

MANNOSIUM 30%
MANNOTRIOSE 30%
FRUCTOSE 30%

GLUCOSE 50%
FRUCTOSE 50%




Manna

Manna is the product of the
solidification of the processed
sap that emerges during the
summer season from the
incisions made in the stem and
main branches of certain
species of Fraxinus spp.
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‘ ? frontiers ORIGINAL RESEARCH
. . . published: 21 May 2019
in Microbiology do: 10.3389/fmicb.2019.00984

2
updates

Insights Into the Cultivable Microbial
Ecology of “Manna” Ash Products
Extracted From Fraxinus angustifolia
(Oleaceae) Trees in Sicily, Italy

Rosa Guarcello, Raimondo Gaglio, Aldo Todaro, Antonio Alfonzo, Rosario Schicchi,
Fortunato Cirlincione, Giancarlo Moschetti and Nicola Francesca*




Sample code Source Media
Bacteria Yeasts FF
PCA GM17 DWA-b VRBGA RCM? TGY DWA-y PDA

1-10 Manna Cannolo n.d. 1.60+02 n.d. n.d. n.d. n.d. n.d. 1.20+0.1
2-6 Manna Cannolo 2.48+0.2 n.d. n.d. n.d. 1.39 n.d. n.d. 1.20+0.1
3-8 Manna Cannolo 4.40+02 1.70+0.1 295+0.3 n.d. n.d. n.d. 290+0.5 nd.

4-11 Manna Cannolo 2.00+0.2 n.d. n.d. n.d. n.d. n.d. n.d. 1.30£0.1
5-15 Manna Cannolo 2.60+04 2.00+0.3 nd. n.d. 1.15 n.d. 248+0.2 nd.

6-16 Manna Cannolo 546+05 2.15+02 2.00+0.3 148+0.2 n.d. n.d. n.d. n.d.
7-10b Manna Cannolo 2.15+0.2 1.60+0.2 n.d. n.d. n.d. 121+0.1 nd. 1.15+0.1
8-6b Manna Cannolo 347+03 nd. n.d. n.d. n.d. n.d. n.d. 1.24+02
9-11b Manna Cannolo 2.11+04 170+0.1 n.d. n.d. 1.21 n.d. 2.15+ 04 nd.
10-15b Manna Cannolo 3.26+0.5 n.d. 1.95+04 125+03 n.d. n.d. n.d. 1.22+0.1
11-16b Manna  Cannolo 3.09+04 200+03 n.d. n.d. n.d. n.d. n.d. n.d.
12-10c Manna  Cannolo 2.35+0.5 2.05+03 n.d. n.d. 1.08 n.d. n.d. 1.20+0.1
13-6-1c Manna Cannolo 2.49+04 200+0.1 2.14+0.5 nd. n.d. n.d. 222+03 1.29+0.2
14-11c Manna Cannolo n.d. n.d. n.d. n.d. n.d. 1.18+ 0.1 n.d. n.d.
15-15¢ Manna Cannolo nd. 1.78+0.3 1.55+0.3 n.d. n.d. n.d. 2.18+0.1 1.34+0.3
16-16¢c Manna Cannolo 222+0.2 1.15+04 n.d. n.d. n.d. n.d. n.d. n.d.

17-5 Manna Rottame n.d. n.d. 2.00+0.3 nd. n.d. . .. 2.50+0.2
18-7 Manna Rottame 2.00+0.3 n.d. n.d. n.d. n.d. 2.60+03 2.00+0.1 n.d.
19-12 Manna Rottame 3.00+03 2.04+04 2.00+03 n.d. 2.04 4.14+£02 423+0.2 1.30=+0.1
20-13 Manna Rottame 3.18+0.6 n.d. 2.78+0.3 1.20+£0.1 1.59 2.78+03 326+04 1.60+0.2
21-17 Manna Rottame 4.04+=0.2 286=0.5 2.78+0.3 n.d. 1.44 511404 530+0.1 2.00+0.1
22-18 Manna Rottame 3.89+04 o211 +0.1 3.56+03 n.d. n.d. 330+0.7 448+03 132+0.1
23-5b Manna Rottas ' n.d. 1.20 320+0.1 3.21+0.1 nd.
24-7b Manna = a2 d. n.d. 421+05 428+02 222403
25-12b Manna Yea sts OS mo- 1.05  nd. 500+ 0.6 344405
26-17b Manry 2.22 2.66+03 131+0.1 1.44+0.1
27-18b Man Tolera nt 159 | 344+02 233+0.1 nd.
28-5-1¢c Man 1.44 n.d. 337+03 1.11£0.3
29-12d Manna n.d. 17804 474+03 1.74+£02
30-13¢c Manna 1.7'5.8 CFU/g n.d. 547+04 511+04 2.13+0.1
31-17d Manna 7 1.33 2.01+02 533+0.6 n.d.
32-18c Manna Rottame . 4.11+0.1 1.40 331+0.5 nd. n.d.

33-9 Manna Liquid 4.20£0.5 nd. 330+03 nd. nd. | 233404 585+04 3.80+0.3
34-9g Manna Liquid 45202 nd. 29304 nd. nd. | 497+03 576+0.1 297+0.1
35-9-1b Manna Liquid 4.87+03 nd. 321+0.1 nd. nd. | 525+02 5.04+0.3 322+04
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s Yeasts Isolated from Manna and Honey

m Saccharomyces cerevisiae

m Lachancea thermotolerans

= Citeromyces matritensis
Candida aaseri

m Starmerella lactis-condensi

m Zygosaccharomyces bailii

m Zygosaccharomyces bisporus

m Meyerozyma guillermondii

m Starmerella magnoliae

m Candida oleophila

m Hanseniaspora uvarum

Preliminary screening: resistance to ethanol, hydrogen sulphide, hops, consumption of major
sugars of beer wort and production of metabolites such as acids



From Honey and his by-
products...
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Food Microbiology 38 (2014) 284294

Contents lists available at ScienceDirect

Food Microbiology

Food Microbiology

Ll
EIL.SEVIER journal homepage: www.elsevier.com/locate/fm
Cultivable microorganisms associated with honeys of different @Cross]\dark

geographical and botanical origin

Milko Sinacori, Nicola Francesca, Antonio Alfonzo, Margherita Cruciata, Ciro Sannino,
Luca Settanni, Giancarlo Moschetti*

International Journal of Food Microbiology 261 (2017) 62-72

Contents lists available at ScienceDirect

International Journal of Food Microbiology

ELSEVIER journal homepage: www.elsevier.com/locate/ijffoodmicro

Production of the Sicilian distillate “Seiritu re tascitrari” from honez by- @ Crosebark
products: An interesting source of yeast diversity

Raimondo Gaglio*, Antonio Alfonzo, Nicola Francesca, Onofrio Corona, Rosalia Di Gerlando,
Pietro Columba, Giancarlo Moschetti




Food Microbiology 107 (2022) 104064

Contents lists available at ScienceDirect

Food Microbiology

ELSEVIER journal homepage: www.elsevier.com/locate/fm

Use of sequentially inoculation of Saccharomyces cerevisiae and
Hanseniaspora uvarum strains isolateq from Eoney Ey—proaucts to improve

ana staBilize ‘[He quality 0? mead produced in Sicily

Rosario Prestianni “, Michele Matraxia °, Vincenzo Naselli °, Antonino Pirrone °,
Natale Badalamenti”, Marzia Ingrassia °, Raimondo Gaglio®, Luca Settanni®, Pietro Columba®,

Antonella Maggio b, Maurizio Bruno b, Nicola Francesca ™, Giancarlo Moschetti?,
Antonio Alfonzo®

Food Microbiology 104 (2022) 103968

Contents lists available atsScienceDirect

Food Microbiology

4

ELSEVIER journal homepage: www.elsevier.com/locate/fm

The application of unconventional yeasts

Food Microbiology

Technological screening and application of Saccharomyces cerevisiae strains
isolated from fermented honey ﬁy—proaucts Tor the sensory improvement of
Spiritu re fascitrari, a typical Sicilian distilled beverage
]

Nicola Francesca®, Raimondo Gaglio ®, Michele Matraxia ®, Vincenzo Naselli %,
Rosario Prestianni ®, Luca Settanni *, Natale Badalamenti b, Pietro Columba *, Maurizio Bruno b,
Antonella Maggio ", Antonio Alfonzo® ", Giancarlo Moschetti *

=

Check for
 Updates
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Food Research International 199 (2025) 115328

Contents lists available at ScienceDirect

SN Food Research International

ELSEVIE journal homepage: www.elsevier.com/locatelfoodres

Exploring the diversity of native Lachancea thermotolerans strains isolated
by sugary extracts from manna ash to modulate the flavour of sour beers
Antonino Pirrone , Vincenzo Naselli”, Rosario Prestianni “, Ignazio Maria Gugino -

Enrico Viola®”, Filippo Amato *, Antonella Porrello ”, Aldo Todaro®, Antonella Maggio b

Maurizio Bruno ", Luca Settanni®, Carmelo Radici®, Raffacle Guzzon“, Rosario Schicchi®,
Giancarlo Moschetti ®, Nicola Francesca - , Antonio Alfonzo*

Food Research International 208 (2025) 116164

Contents lists available at ScienceDirect

Food Research International

ELSEVIE journal horepage: www.elsevier.com/locatefoodres

1

Use of non-conventional yeasts for enhancing the sensory quality of
craft beer

Antonino Pirrone °, Vincenzo Naselli®, Ignazio Maria Gugino °, Antonella Porrello b
Enrico Viola“, Valentina Craparo”, Azzurra Vella®, Davide Alongi”, Venera Seminerio *,
Micaela Carusi®, Carmelo Radici®, Filippo Amato”, Raffaele Guzzon®, Aldo Todaro®,
Raimondo Gaglio”, Luca Settanni °, Antonella Maggio ", Giancarlo Moschetti *,

Nicola Francesca ™ , Antonio Alfonzo *
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International Journal of Food Microbiology 360 (2021) 109325

Contents lists available at ScienceDirect

International Journal of Food Microbiology

journal homepage: www_elsevier.com/locatefijfoodmicro

Effects of different yeast strains, nutrients and ﬁlutathione-rich inactivated

yeast addition on the aroma characteristics of Catarratto wines
|

Antonio Alfonzo®, Rosario Prestianni *, Raimondo Gaglio ®, Michele Matraxia ®,
Antonella Maggio ® Vincenzo Naselli®, Valentina Craparo”, Natale Badalamenti b
Maurizio Bruno b, Paola Vagnoli , Luca Settanni *, Giancarlo Moschetti °, Nicola Francesca ™

. antioxidants ﬁvﬁ)\py

Article
Improving the Aromatic Profiles of Catarratto Wines: Impact of

el puldioiyg, and Glufathione-Rich
nactivate €asis

Vincenzo Naselli !, Rosario Prestianni !, Natale Badalamenti 2(”, Michele Matraxia !, Antonella Maggio >*(,
Antonio Alfonzo 1*(, Raimondo Gaglio ', Paola Vagnoli 3, Luca Settanni ', Maurizio Bruno 2,
Giancarlo Moschetti 1) and Nicola Francesca !




Experimental plan - Assays in synthetic beer wort
I

Influence of non-conventional yeasts on the aromatic composition of Eriobotrya japonica Lindl beer

International Journal of Food Microbiology 379 (2022) 109868

Contents lists available at ScienceDirect

International Journal of Food Microbiology

journal www.elsevier. ijfeodmicro

usos | @

Commercial yeast strain

Influence of indigenous Hanseniaspora uvarum and Saccharomyces cerevisiae
from sugar-rich substrates on the aromatic composition of loquat beer

Antonino Pirrone”, Rosario Prestianni *, Vincenzo Naselli *, Aldo Todaro ”, Vittorio Farina”,
Tlenia Tinebra®, Guzzon Raffaele ", Natale Badalamenti *, Antonella Maggio®,

Raimondo Gaglio ”, Luca Settanni *, Maurizio Bruno °, Giancarlo Moschetti , Antonio Alfonzo™ ,
Nicola Francesca *

-1l
-1
-1l

R R T i | [ USOS | [MINTIS| [YGAS4 | YGAM4
‘building 17, lraly
| i ,
MN113 US-05 MNT13 "
| | Yeast strain from Manna ash
20% loquat juice (v/v) L
YGA34

L : Y f
Bottle refermentation (US-05) SR eI RO

US05: Saccharomyces cerevisiae
MN113: Saccharomyces cerevisiae
YGA34: Hanseniaspora uvarum




Microbiological results
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WL, Wallerstein Laboratory Nutrient Agar - Saccharomyces m LA, Lysine Agar - Non-Saccharomyces



Voc's and sensory analysis results

Aroma

Ethyl nonanoate
3-Methylbutyl 2-hydroxypropanoate
2-Methylbutyl octanoate
2-Methylpropyl octanoate

thyl octanoate —_— ..
3-Methyl-1-butanol Ester Ox1dlzed/Aged* -
3-Methylbutyl hexanoat
2-Methyl-1-propanol | Winey* o
Ethyl hexadecanoate

Ethyl dodecanoate

Ethyl 2-hydroxypropionate

Ethyl butanoate Acetic*
Ethyl isobutanoate Alcohols

Ethyl hexanoate

Ethyl 3-methylbutanoate
Ethyl decanoate

Ethyl (E)-4-decenoate
Ethyl 2-methylbutanoate
3-Methylbutyl decanoate
Styrene

| Ethyl propanoate
| Isobutyl acetate
Phenethyl alcohol
Ltcxano] Tl —T2 —T3 —T4
Phenylethyl acetate

Ethyl acetate

3-Methyl-1-butyl acetate

T4 T2 T1 @

Sa -5 | 04950 [NOMEOST EoSTE IS

Sulphury***




Experimental plan - Loquat Beer production

A novel microbiological approach to impact the aromatic composition of sour loquat beer

Food Bioscience 55 (2023) 103011

Contents lists available at ScienceDirect

Food Bioscience

SE,[{ journal www.elsevier.
IJ I I1 13 j J 1 k -

) / MM113 MMF105 Philly Sour A novel microbiological approach to impact the aromatic composition of
Yeast strain from Manna ash . - . L sour loquat beer

Nicola Francesca *, Antonino Pirrone *, Ignazio Gugino , Rosario Prestianni *, Vincenzo Naselli*,
Us-05 ‘ Luca Settanni *, Aldu Todaro ", Raffaele Guzzon”, Antomﬂ.la Maggio *, A.ntone]_la Porrello,
Maurizio Bruno °, Vittorio Farina®, Roberta Passafiume °, Antonio Alfonzo™ ,
Commercial yeast strain Giancarlo Moschetti *, Raimondo Gaglm
* Department of Agriculural, Food and Forest Sciences (SAAE), University of Palermo, Viale delle Scienze Bldg. 5, Ent. C, 90128, Palermo, Iraly

I N B‘::m; e Chomict mmwmum;&m::y{mm University of Palermo, Viale delle Scienze, Parco d'Orleans I, Palermo,
: m s ¥ O. "
MNF105 ”’ ‘0 et L5

Yeast strain from Manna ash

Philly Sour | @

Gummerclal yeast strain i ﬂ ﬁ |l

Bottle refermentation

MN113: Saccharomyces cerevisiae
US05: Saccharomyces cerevisiae
MNF105: Lachanchea thermotolerans
Philly sour: Lachanchea thermotolerans




Results of conventional chemical parameters

. wmJmm | ss

D-fructose (g/L)
D-glucose (g/L)

Maltose (g/L)

D-sucrose (g/L)
Lactic acid (g/L)
Acetic acid (g/L)
L-Malic Acid (g/L)
Glicerol (g/L)
Tartaric acid (g/L)

0.01 + 0.00° 0.01 + 0.00° 0.02 + 0.01%° 0.04 £0.01°
0.03 +0.00° 0.04 +0.01° 0.05 +0.052 0.04 +0.02°
5.42 +0.222 0.45 + 0.05° 5.82 +0.612 5.53 +£0.832
0.16 +0.052 0.07 £ 0.022 0.18 £ 0.092 0.13 +0.082
0.04 £ 0.02° 0.05 £ 0.02° 0.49 + 0.08° 1.74 £ 0.36°
0.14 £ 0.022 0.03 £ 0.01° 0.09 + 0.02%° 0.13 +0.052
1.56 £0.12° 1.81+0.11° 1.83 £0.15° 1.80+0.21°
3.32+0.222 3.17 £ 0.09? 3.54+0.162 3.51+0.21°
0.32 £ 0.04° 0.38 £ 0.09? 0.38 £ 0.08? 0.34 £ 0.08?

£

* %k

%k %k %k

N.S.

% %k %k

N.S.
N.S.
N.S.
N.S.

H

Alcohol (% vol) 435 +0.12° 5.04 £0.11° 4.28£0.15 42140210 ***
1012.6 + 1.1° 1007.4+1.2°  1013.4 £0.82 10132 £0.50 | ***
5.19 +0.12 4.1340.13 5.33 +0.08° 52840072  ***
44 +0.12° 43+0.13° 44 +0.08° 43 +0.08° N.S.
3.69 +0.12° 2.35+0.12° 3.87 +0.12° 3.83+0.120  **x
11.78 £ 0.082 11.8 £ 0.06" 11.8 +0.10° 11.65+0.082  ***
10145+1.10° 10092 +0.90b  10152+1.20°  1015+123%  ***

57.5+1.15P 66.4 +1.822 56.4 +1.35P 56.2 £1.38° rxk

3.81 +£0.08?

Real attenuation (%)

3.80+0.10° 3.65 +0.12%° 3.49 + 0.06° *

Beer fermented by: S. cerevisiae MN113 (TF1); S. cerevisiae USO5 (TF2); L. thermotolerans MNF105 (TF3); L. thermotolerans PHILLY SOUR (TF4). Data in the same
line followed by the same letter are not significantly different according to Tukey’s test. Symbols: ***, P < 0.001; **, P < 0.01; * P < 0.05; N.S., not significant.



Voc's and sensory analysis results

S. cerevisiae L. thermotolerans
MN113 MNF105

o-Acetylserine
Limonene
Alpha pinene
E-2-Hexenyl benzoate
2-Phenylethyl-2-methylpropanoate
Ethyl octanoate
Isoamyl acetate

Esters — | [EthyLlactaid

Ethyl butanoate
Isobutyl acetate
Octanoic acid
Hexanoic acid
4-Hydroxy butanoic acid
Muramic acid
2-Methyl butanoic acid
2-Hydroxy-2-methyl-1-phenyl-1-propanone
4-Hydroxy-2-butanone
Methylbutyrlactone
Octadecanal
Hexadecanal
5-Hydroxy-5-methoxy-indolinecarbaldehyde
3.4-Dimethyl benzaldehyde
2-Hydroxyethyl indole
3-Hydroxybenzisoxazole
2 4-di-tert-butyl phenol
4-(2-Hydroxyphenyl )ethanol
4-Ethenyl-2-methoxy phenol
Hydroxyethylbenzene
3-Methyl-thio-1-propanol
1-Hexanol
2-Furan methanol
3-Ethoxy-1-propanol
3-Methyl-1-heptanol
2.3-Butanediol
2.3-Butanediol
1-Pentanol

Alcohols —

TF1 TF2 TF3 TF4

<-1 -1--0.5 [7:049-0 " [NONIEOTSIN MG NN

Aroma

Intensity**

DMS** = Fruity***

Alconar*** Loquat***
Sulphury* Floreal **
Oxidiged/Aged** / Hoppy*
Honey/Caramel**
——TF1 ——TF2 ——TF3 TF4
Taste
Intensity***
Overall quality*** Complexity***

Oxidized/Aged** ‘ ' “\‘ —

i

,/“e— = AC] kokok

AN} Wi 2 Z

Bb~= o=

Alcohol** “ "" ‘\6 % Astringent**
\) O

Bumnt/cooked* "“"‘ h Fruity**

Q.B\ (‘\'

‘Wheat/cereals** ~. Loquat***

Sapidity*** Spicy***
Hoppy*
——TF1 ——TF2 ——TF3 TF4




Experlmental plan - Melon Beer productlon




Voc's and sensory analysis results

o)
=

Iz

i1

IC

Cuparene

Humulene

B-Pinene

Ettryl dodecanoate
[zoamyl octanoate
Ettryl decancate
Ettryl-trans-4-decenoate

Ilethyl gerandate
Ethyl nonanoate <-1
2-Fhenylethyl acetate -1--078
Isoarnyl hexanoate 078 - -
Ethyl octanoate 056 - -
Heptyl acetate -0.33 - -
Ethyl heptanoate -0.11 -
Hesxyl acetate 0.11-0.33
[zoamyl butanoate 0.33-0.56
Ethyl hezanoate 0.56 - 0738
[snarnyl acetate 0.78-1
Ethyl tutanoate =1

[sabutyl acetate
Etlyl acetate
Phenethyl alcohol
2-Ilethyl-1-butanol
1 -Pentanol
[sobutanol

Ethanol

Aroma

Intensity***
8

Hoppy*** Floreal***

—4+—ME1 —e—ME2 -—=—ME3 ME4 —#—MEC

Taste

—4—ME1 ——ME2 -—#—-ME3 ME4 —¥#—MEC



Ongoing studies.....

Multi-funtional and low-
alcohol beverages




Industrial scale application

Technology transfer trials are in progress at the commercial brewery Epica srl (Sinagra, Messina)

Yeast strains under investigation: Hanseniaspora uvarum YGA34, Lachancea thermotolerans MNF105,
Candida oleophila YS209 and Saccharomyces cerevisiae MN113.




This research was partly financed by the research project of the Sicilian Region for the
support of inland areas (LIVING LAB NEBRODI)

ml I EURIS ‘: Italiacamp ig %
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Funded projects on the topic

scholarship funded by , ) ' t
Piano Stralcio «Ricerca e Nebrodi LivingLab_I SNC (Sl'nagra, 5'.C'|Vr Italy).
= Beer & Bioflavouring: nuove

innovaziong 2015-2017» - strategie per 'aumento della
Asse “Capitale Umano”, del

, : - ; - complessita aromatica della
Fondo per lo Sviluppo e la DV_I EURIS (S namame (i) S birra artigianale di Sicilia”
Coesione (FSC) prot. N. 4413-20/06/2022

with Birra Epica
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_— k‘
N
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e la Coesione e s ER &4 A
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5 IN THE MEDITERRANEAN AREA

Sicani Living Lab
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® High microbial diversity in manna and honey;

® Strains with excellent fermentation characteristics;

® These strains have been shown to be able:

== to conduct beer fermentation,

== to produce a good amount of desirable volatile organic compounds,

= to produce flavors to enhance the aromatic complexity of fruit beers.

These innovative beverages are particularly appreciated by consumers




Thanks for
your attention

Nicola Francesca

Department of Agricultural, Food and Forest Sciences
University of Palermo - Italy










L
Postharvest Management of s

Mediterranean Crops _ =
9° Workshop GDL SOI Postraccolta i : e

www.postharvestmed.com

=

2%, Universita
g 2 deglliStudi
uecs diPalermo



ppppppp

wsssssm  Therole of non-Saccharomyces in beer . .

www.postharvestmed.com

Beer is an alcoholic fermentend beverage produced through the alcoholic fermentation of
beer wort (water, malt and hops).

The most commonly used yeasts are different strains of:
* Saccharomyces cerevisiae: top-fermenting beers
* Saccharomyces pastorianus: bottom-fermenting beers

Non-Saccharomyces yeasts also referred to as "non-conventional yeasts" are all those yeasts
not belonging to the Saccharomyces genus

* These yeast species have often been viewed negatively due to potential problems with beer
safety, turbidity, filterability, off-flavours, acidity and altered flavour profiles;

* However, if properly selected and used, non-Saccharomyces yeasts can confer favourable
properties;

* Extensive research has revealed their significant role in shaping beer aroma and improving
sbensqry characteristics, which prompts the study of the use of non-Saccharomyces strains in
rewing.




Results of conventional chemical parameters

Wort

D-fructose (g/L) 2.00x0.20
D-glucose (g/L) 39.63+£0.28
Maltose (g/L) 20.77£ 0.05
D-sucrose (g/L) 24+ 0.21
Acetic acid (g/L) 0.04=0.08
L-Malic Acid (g/L) 0.20x=0.01
Glicerol (g/L) 0.06 £0.01
Tartaric acid (g/L) 0.09=0.01
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Beer fermented by: US-05 (T1), MN113 (T2), sequential inoculum with YGA34 and
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MN113 (T3), sequential inoculum with YGA34 and US-05 (T4).

N.S.
N.S.
N.S.
N.S.

* %

N.S.

%k %k %k
% %k %k
% %k

% %k %k

* %k %k

N.S.

% %k %k

N.S.



Microbiological results
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Conclusion

® This project and its results can be a growth opportunity for the disadvantaged areas of
Sicily, where cereals, fruit and water of excellent quality are produced

® Further investigations are underway to make these beverages on an industrial level

® Technology transfer trials are in progress at the commercial brewery Epica srl (Sinagra,
Messina)

® This research was partially financed by the research project of the Region of Sicily for the
support of inland areas (LIVING LAB)
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