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Fruit Beers: the Sour Taste

Low Ethanol + Fruit =  Healthy?

L. thermotolerans



Fruit Beers: when and how much?



Yeast Niches
High Sugar Content

Honey and Apiculture ProductsManna ash

SUGARS 80%
GLUCOSE 50%

FRUCTOSE 50%

SUGARS 90%
MANNOSIUM 30%

MANNOTRIOSE 30%
FRUCTOSE 30%



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.

Manna



Fraxinus angustifolia





  

Sample code Source  Media 

  Bacteria Yeasts FF 
PCA GM17 DWA-b VRBGA RCMa TGY DWA-y PDA 

1-10 Manna Cannolo  n.d. 1.60 ± 0.2 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 ± 0.2 1.70 ± 0.1 2.95 ± 0.3 n.d. n.d. n.d. 2.90 ± 0.5 n.d. 
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 ± 0.4 2.00 ± 0.3 n.d. n.d. 1.15  n.d. 2.48 ± 0.2 n.d. 
6-16 Manna Cannolo 5.46 ± 0.5 2.15 ± 0.2 2.00 ± 0.3 1.48 ± 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. 1.21 ± 0.1 n.d. 1.15 ± 0.1 
8-6b Manna Cannolo 3.47 ± 0.3 n.d. n.d. n.d. n.d. n.d. n.d. 1.24 ± 0.2 
9-11b Manna Cannolo 2.11 ± 0.4 1.70 ± 0.1 n.d. n.d. 1.21  n.d. 2.15 ± 0.4 n.d. 
10-15b Manna Cannolo 3.26 ± 0.5 n.d. 1.95 ± 0.4 1.25 ± 0.3 n.d. n.d. n.d. 1.22 ± 0.1 
11-16b Manna Cannolo 3.09 ± 0.4 2.00 ± 0.3 n.d. n.d. n.d. n.d. n.d. n.d. 
12-10c Manna Cannolo 2.35 ± 0.5 2.05 ± 0.3 n.d. n.d. 1.08  n.d. n.d. 1.20 ± 0.1 
13-6-1c Manna Cannolo 2.49 ± 0.4 2.00 ± 0.1 2.14 ± 0.5 n.d. n.d. n.d. 2.22 ± 0.3 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. 
15-15c Manna Cannolo n.d. 1.78 ± 0.3 1.55 ± 0.3 n.d. n.d. n.d. 2.18 ± 0.1 1.34 ± 0.3 
16-16c Manna Cannolo 2.22 ± 0.2 1.15 ± 0.4 n.d. n.d. n.d. n.d. n.d. n.d. 
17-5 Manna Rottame n.d. n.d. 2.00 ± 0.3 n.d. n.d. n.d. n.d. 2.50 ± 0.2 
18-7 Manna Rottame 2.00 ± 0.3 n.d. n.d. n.d. n.d. 2.60 ± 0.3 2.00 ± 0.1 n.d. 
19-12 Manna Rottame 3.00 ± 0.3 2.04 ± 0.4 2.00 ± 0.3 n.d. 2.04  4.14 ± 0.2 4.23 ± 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 ± 0.3 3.26 ± 0.4 1.60 ± 0.2 
21-17 Manna Rottame 4.04 ± 0.2 2.86 ± 0.5 2.78 ± 0.3 n.d. 1.44 5.11 ± 0.4 5.30 ± 0.1 2.00 ± 0.1 
22-18 Manna Rottame 3.89 ± 0.4 2.11 ± 0.1 3.56 ± 0.3 n.d. n.d. 3.30 ± 0.7 4.48 ± 0.3 1.32 ± 0.1 
23-5b Manna Rottame 1.11 ± 0.3 2.31 ± 0.3 3.01 ± 0.2 n.d. 1.20 3.20 ± 0.1 3.21 ± 0.1 n.d. 
24-7b Manna Rottame 1.02 ± 0.5 1.21 ± 0.1 2.03 ± 0.4 n.d. n.d. 4.21 ± 0.5 4.28 ± 0.2 2.22 ± 0.3 
25-12b Manna Rottame 4.00 ± 0.2 3.84 ± 0.2 n.d. n.d. 1.05 n.d. 5.00 ± 0.6 3.44 ± 0.5 
26-17b Manna Rottame 1.75 ± 0.4 n.d. 1.97 ± 0.5 1.54 ± 0.1 2.22  2.66 ± 0.3 1.31 ± 0.1 1.44 ± 0.1 
27-18b Manna Rottame 3.02 ± 0.2 2.22 ± 0.3 3.08 ± 0.4 n.d. 1.59 3.44 ± 0.2 2.33 ± 0.1 n.d. 
28-5-1c Manna Rottame 2.81 ± 0.3 1.74 ± 0.4 3.44 ± 0.2 n.d. 1.44 n.d. 3.37 ± 0.3 1.11± 0.3 
29-12d Manna Rottame 1.23 ± 0.2 1.10 ± 0.1 1.22 ± 0.1 n.d. n.d. 1.78 ± 0.4 4.74 ± 0.3 1.74 ± 0.2 
30-13c Manna Rottame 1.42 ± 0.1  1.74 ± 0.4 3.08 ± 0.5 n.d. n.d. 5.47 ± 0.4 5.11 ± 0.4 2.13 ± 0.1 
31-17d Manna Rottame 1.20 ± 0.4 n.d. 3.50 ± 0.2 n.d. 1.33 2.01 ± 0.2 5.33 ± 0.6 n.d. 
32-18c Manna Rottame 1.11 ± 0.3  1.10 ± 0.1 4.11 ± 0.1 n.d. 1.40 3.31 ± 0.5 n.d. n.d. 
33-9 Manna Liquid 4.20 ± 0.5 n.d. 3.30 ± 0.3 n.d.  n.d. 2.33 ± 0.4 5.85 ± 0.4 3.80 ± 0.3 
34-9g Manna Liquid 4.52 ± 0.2 n.d. 2.93 ± 0.4 n.d. n.d. 4.97 ± 0.3 5.76 ± 0.1 2.97 ± 0.1 
35-9-1b Manna Liquid 4.87 ± 0.3 n.d. 3.21 ± 0.1 n.d. n.d. 5.25 ± 0.2 5.04 ± 0.3 3.22 ± 0.4 

Yeasts Osmo-
Tolerant

1.7-5.8 CFU/g 



Saccharomyces cerevisiae

Lachancea thermotolerans

Citeromyces matritensis

Candida aaseri

Starmerella lactis-condensi

Zygosaccharomyces bailii

Zygosaccharomyces bisporus

Meyerozyma guillermondii

Starmerella magnoliae

Candida oleophila

Hanseniaspora uvarum

Yeasts Isolated from Manna and Honey

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…

Cooked, pressed, 
fermented and 

distilled

…to Spiritu
re Fascitrari



The quest for new niches



The application of unconventional yeasts



Continuos research and application



Improving aroma characteristics



Experimental plan - Assays in synthetic beer wort

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

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



Microbiological results
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3-Methyl-1-butyl acetate
Ethyl acetate
Phenylethyl acetate
1-Hexanol
Phenethyl alcohol
Isobutyl acetate
Ethyl propanoate
Styrene
3-Methylbutyl decanoate
Ethyl 2-methylbutanoate
Ethyl (E)-4-decenoate
Ethyl decanoate
Ethyl 3-methylbutanoate
Ethyl hexanoate
Ethyl isobutanoate
Ethyl butanoate
Ethyl 2-hydroxypropionate
Ethyl dodecanoate
Ethyl hexadecanoate
2-Methyl-1-propanol
3-Methylbutyl hexanoate
3-Methyl-1-butanol
Ethyl octanoate
2-Methylpropyl octanoate
2-Methylbutyl octanoate
3-Methylbutyl 2-hydroxypropanoate
Ethyl nonanoate

T4 T1T2 T3

1 2

Voc's and sensory analysis results
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Experimental plan - Loquat Beer production

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

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



TF1 TF2 TF3 TF4 S.S.

D-fructose (g/L) 0.01 ± 0.00b 0.01 ± 0.00b 0.02 ± 0.01ab 0.04 ± 0.01a **

D-glucose (g/L) 0.03 ±0.00b 0.04 ± 0.01b 0.05 ± 0.05a 0.04 ± 0.02b **

Maltose (g/L) 5.42 ± 0.22a 0.45 ± 0.05b 5.82 ± 0.61a 5.53 ± 0.83a ***

D-sucrose (g/L) 0.16 ± 0.05a 0.07 ± 0.02a 0.18 ± 0.09a 0.13 ± 0.08a N.S.

Lactic acid (g/L) 0.04 ± 0.02b 0.05 ± 0.02b 0.49 ± 0.08b 1.74 ± 0.36a ***

Acetic acid (g/L) 0.14 ± 0.02a 0.03 ± 0.01b 0.09 ± 0.02ab 0.13 ± 0.05a N.S.

L-Malic Acid (g/L) 1.56 ± 0.12a 1.81 ± 0.11a 1.83 ± 0.15a 1.80 ± 0.21a N.S.

Glicerol (g/L) 3.32 ± 0.22a 3.17 ± 0.09a 3.54 ± 0.16a 3.51 ± 0.21a N.S.

Tartaric acid (g/L) 0.32 ± 0.04a 0.38 ± 0.09a 0.38 ± 0.08a 0.34 ± 0.08a N.S.

Results of conventional chemical parameters

TF1 TF2 TF3 TF4 S.S.

Alcohol (% vol) 4.35 ± 0.12b 5.04 ± 0.11a 4.28 ± 0.15b 4.21 ± 0.21b ***

Density (FG) 1012.6 ± 1.1a 1007.4 ± 1.2b 1013.4 ± 0.8a 1013.2 ± 0.5a ***

Real extract (°P) 5.19 ± 0.12a 4.13 ± 0.13b 5.33 ± 0.08a 5.28 ± 0.07a ***

Energy (kcal/100g) 44 ± 0.12a 43 ± 0.13a 44 ± 0.08a 43 ± 0.08a N.S.

Apparent extract (°P) 3.69 ± 0.12a 2.35 ± 0.12b 3.87 ± 0.12a 3.83 ± 0.12a ***

Original extract (°P) 11.78 ± 0.08a 11.8 ± 0.06b 11.8 ± 0.10a 11.65 ± 0.08a ***

Specific gravity (°P) 1014.5 ± 1.10a 1009.2 ± 0.90b 1015.2 ± 1.20a 1015 ± 1.23a ***

Real attenuation (%) 57.5 ± 1.15b 66.4 ± 1.82a 56.4 ± 1.35b 56.2 ± 1.38b ***

pH 3.80 ± 0.10a 3.81 ± 0.08a 3.65 ± 0.12ab 3.49 ± 0.06b *

Beer fermented by: S. cerevisiae MN113 (TF1); S. cerevisiae US05 (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.
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Experimental plan - Melon Beer production



Voc's and sensory analysis results
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Ongoing studies…..

Multi-funtional and low-
alcohol beverages



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.

Industrial scale application



Industrial scale application

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

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



PhD scholarship funded by
Piano Stralcio «Ricerca e
innovazione 2015-2017» –
Asse “Capitale Umano”, del
Fondo per lo Sviluppo e la
Coesione (FSC)

Funded projects on the topic

Sicani Living Lab

Research project named
“SNC (Sinagra, Sicily, Italy).
Beer & Bioflavouring: nuove
strategie per l’aumento della
complessità aromatica della
birra artigianale di Sicilia”,
prot. N. 4413-20/06/2022
with Birra Epica



Conclusion

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
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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 

sensory characteristics, which prompts the study of the use of non-Saccharomyces strains in 
brewing.

The role of non-Saccharomyces in beer



Results of conventional chemical parameters

T1 T2 T3 T4 S.S.
D-fructose (g/L)
2d 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a N.S.

9d 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a N.S.

10d (+Fr) 6.18 ± 1.22a 6.18 ± 1.22a 6.18 ± 1.22a 6.18 ± 1.22a N.S.

End AF 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a 0.00 ±0.00a N.S.
D-glucose (g/L)

2d 8.49 ± 0.77a 0.35 ± 0.25b 14.03 ± 2.91a 13.94 ± 2.75a **

9d 3.66 ± 0.04a 0.28 ± 0.27b 3.65 ± 0.06a 3.65 ± 0.09a ***

10d (+Fr) 5.65 ± 0.43a 2.03 ± 1.77b 3.08 ± 0.80a 5.29 ± 0.29a *

End AF 0.06 ± 0.01a 0.04 ± 0.03a 0.04 ± 0.04a 0.03 ± 0.01a N.S. 
Maltose (g/L)
2d 15.55 ± 0.54a 11.47 ± 1.25b 18.98 ± 1.36a 18.85 ± 1.81a ***

9d 7.14 ± 0.92b 3.33 ± 0.15c 2.55 ± 0.18c 14.21 ± 1.41a ***

10d (+Fr) 4.87 ± 0.29b 1.64 ± 0.14c 2.6 ± 0.19c 9.75 ± 0.54a ***

End AF 0.37 ± 0.09b 1.98 ± 0.23a 1.90 ± 0.21a 0.94 ± 0.24b ***
D-sucrose (g/L)
2d 6.18 ± 0.45c 0.61 ± 0.08d 13.88 ± 1.25b 16.60 ± 1.05a ***

9d 0.36 ± 0.06a 0.38 ± 0.10a 0.36 ± 0.05a 0.39 ± 0.15a N.S.

10d (+Fr) 3.88 ± 0.13a 1.06 ± 0.15c 2.96 ± 0.05b 4.32 ± 0.24a ***

End AF 0.37 ± 0.04b 0.34 ± 0.09b 0.36 ± 0.13b 0.36 ± 0.04b N.S.

Beer fermented by:  US-05 (T1), MN113 (T2), sequential inoculum with YGA34 and 
MN113 (T3), sequential inoculum with YGA34 and US-05 (T4).



Microbiological results



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)



Fruit Beers: the Sour Taste

Low Ethanol + Fruit =  Healthy?

 

L. thermotolerans
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