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Abstract

Fruit beers are a special type of beers made with fruit addition in the production process. They are

becoming popular especially in the field of craft breweries. Their production can be influenced by
the seasonality of fruit harvest and by the risk of contamination due to the presence of micro-

organisms on the fruit skin. The purpose of the present study was to verify the use of sterile Ohmic

treated fruit puree, with good sensorial characteristics and a longer shelf life, for fruit craft beer

production. Fresh and sterile cherry and plum puree was added in fermentation phase, and the
effects on standard quality attributes, chemical composition and sensory profile were compared.

The differences observed in chemical, physical and sensorial analyzes, did not affect the

acceptability of the beers.

Practical Applications

This study shows that Ohmic-treated fruit puree is a good option to deseasonalize fruit beer

production, keeping a high qualitative sensory profile avoiding spoilage risk.

Keywords: Ohmic treatment, Plum, Cherry, Fruit puree, Fruit beer, Brewing, Craft beer.

Abbreviations:

FP Fresh Puree; OP Ohmic Treated Puree; FCB Fresh Cherry Beer; OCB Ohmic treated Cherry
Beer; FPB Fresh Plum Beer; OPB Ohmic treated Plum Beer.
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Introduction

Belgian brewers started using fruit in beer production less than one hundred years ago in the first

Lambics with cherry (Krieks) or raspberry (Framboise) (Guinard, 1998). These beers have been
probably the inspiration for much of the current fruit brewing culture. Nowadays, “fruit beer” is a
recognized beer style (BICP, 2015).

Fruit addition to beer results in higher acidity as well as peculiar colour and fruity taste and flavor,

depending on quantity added and fruit type (Martinez, Vegara, Marti, Valero & Saura, 2017; Miao,
Kang, & Wang, 2010; Daniels, 1996); the supplementing-time also influences the final quality

characteristic. On one side, during the so called hot phase (mash or boiling step) the high
temperature prevents microbial contamination but affects fruit flavor, on the other side, adding fresh
fruit in cold phase (first fermentation or cold maturation) keeps the aromatic characteristics
unaltered, but increases microbial spoilage risks (Miao, Kang, & Wang, 2010, Daniels, 1996).
Moreover, as provided by Italian law (Legge 28 luglio, 2016, n.154, 2016), craft beer must not be
stabilized by pasteurization or microfiltration, increasing the risks to place on the market a spoiled
product. An alternative is represented by the addition of heat-treated fruits in the cold production
phase, which permits to reduce fruit microbial load, increasing the shelf life of beers.

Unfortunately, heat-treatments has a negative influence on sensorial characteristics of food,

increasing oxidative phenomena, reducing the concentration of aromatic compounds and

accelerating the aging process (Sinha, Sidhu, Barta, Wu & Cano, 2012). Ohmic heating, or resistive
heating, is a stabilizing method in which heat is produced inside the food product through the

passage of an electric current. Heat spreads out quickly and homogeneously, minimizing
organoleptic properties decay and allowing also effective processing of liquids containing solid

pieces. Ohmic plants allow pasteurization and sterilization treatments, eliminating vegetative and
sporigen microbial forms (Sastry, Abdelrahim, Ramaswamy & Marcotte, 2014; Kumar, 2018). The

main advantage of ohmic heating compared to traditional processes, is to preserve the product
sensorial characteristics, prolonging its sensorial shelf life without compromising the aromatic

component of the fresh product (Jaeger et al., 2016; Kumar, 2018).
Given the need to maintain unaltered the microbiological stability and sensory profile of beer, the

purpose of the present study was to compare the sensory and chemical features of fruit beer,

obtained from fresh and Ohmic treated cherry and plum puree. Standard quality parameters, head
space qualitative analysis and sensory profile of beers along the brewing process were compared in

order to assay differences between the thesis.
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Materials and methods

Brewing process

Batches of 120 L of Blanche beer (BJCP, 2015) were produced on the pilot plant facility of Porto
Conte Ricerche Srl (Alghero, Italy) with the standard quality attributes reported in Table 1. As grist,

17.5 kg of Pilsner malt (Weyermaan, Bamberg, Germany), 5 kg of Torrefied wheat (Thomas
Fawcett & sons, Castleford, England) and 2.5 kg of Carapils malt (Weyermaan, Bamberg,

Germany) were used. Malts were ground in a two-roll mill spaced 1 mm. Mash-in was done by 75 L

of water added with 20 g of CaSO4 (Mr. Malt, Udine, Italy) and 10 g of CaCl> (Mr. Malt, Udine,
Italy). Mash was conducted at 66 °C for 60 min and then heated at the temperature of 78 °C and

kept for 10 min for mash out. First wort was transferred to kettle and spent grain was washed using
water at 78 °C to reach 130 L of total wort. Wort was boiled for 60 min and then 100 g of Saaz hop
(Mr. Malt, Udine, Italy) were added at the start of boiling for bittering. The boiled wort was

separated from the hot trub in the whirlpool, then cooled at 18 °C.

Dry yeast Saf-Brew S-33 (Fermentis, Marcq-en-Baroeul Cedex, France) was added directly into

fermenter (0.5 g L'!). Fermentation was carried out at 20 °C for seven days to obtain green beer,
then the temperature was reduced to 4 °C for two weeks obtaining cold-matured beers. At the third

day of fermentation, Ohmic treated and fresh fruit puree was added (120 g L!). Four experimental
thesis were then produced: Fresh Cherry Beer (FCB), Ohmic Treated Cherry Beer (OCB), Fresh

Plum Beer (FPB) and Ohmic Treated Plum Beer (OPB).

Conditioned beer was obtained by keeping the matured beer at 22 °C for 14 days after the addition
of 6 g L-1 of glucose and 0.05 g L-1 of yeast F2 (Fermentis, Marcq-en-BaroeulCedex, France).

Three technological replicates were performed for each experimental condition.

Puree production

Sardinian local varieties of cherry (Dinga di Desulo, Prunus avium L.) and plum (Susino
Limoninca, Prunus domestica L.) provided by CNR-ISPA (Istituto di Scienze delle Produzioni

Alimentari, Sassari, Italy) were pitted and mashed in order to obtain a fresh puree (FP). Fresh
purees were thermally processed in a pilot scale Ohmic heater (mod. CSA 10 — 2014,
Emmepiemme S.r.l. Piacenza, Italy) to obtain treated puree (OP). Sterilization treatment was
conducted keeping the puree at 139 °C for 5 sec with a flow rate set at 10 L/h. The initial and exit

temperatures were respectively 40 °C and 20 °C, after which samples were cooled to 4 °C.
Conditions selected corresponded to FO = 5.8 min. Characteristics of purees obtained are showed in

Table 2.



Page 5 of 20 Journal of Food Processing and Preservation

O 00O NOUTAN WN =

Analysis

Standard quality attributes. Original extract (% w/w), real extract (% w/w), apparent extract (%
w/w), real attenuation (%) and alcohol (% v/v) were measured with a PBA-B generation M (Anton
Paar, Graz, Austria). The following analyses were performed according to the official Analytica-
EBC methods (European Brewery Convention, 2007): Colour (EBC-U) by EBC method 9.6; pH by
EBC method 9.35; turbidity (EBC-U) by EBC method 9.29. Foam stability was measured with a
NIBEM-OPH foam stability tester (Haffmans, Zeist, The Netherlands) according to the Analytica-

EBC method 9.42.1.

Microbiological analysis

10 g of each sample of treated fruit were homogenized in 90 ml of ringer solution in a Stomacher®
bag equipped with a filter and serial dilutions were prepared. Total bacterial (CBT), yeasts, lactic

bacteria and molds were sought.
The CBT was performed by seeding by inclusion in PCA (Oxoid), and incubated at 37 °C for 48

hours. Lactic acid bacteria were searched by seeding by inclusion in MRS agar (Oxoid). The plates
were incubated at 30 °C for 48 hours in anaerobiosis, using the standard Oxoid system. The number

of molds and yeasts was determined by incubating the samples on Rose bengal agar plates with
chloramphenicol (500 mg/l) and WL (Oxoid) for 3 days to 5 days at 25°C.

Head space qualitative analysis. Conditioned beers were kept in a cool room at 4 °C overnight in
order to preserve the volatile compounds then 10 mL were transferred in 20 mL headspace vials

containing 2 g of NaCl and sealed with PTFE—silicone septa. Analysis of volatile compounds were
carried out using the HS/SPME/GC/MS technique by means of
Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB-CAR-PDMS) fiber (Supelco, Bellefonte,
PA, USA) (Riu-Aumatell, Miro, Serra-Cayuela, Buxaderas, & Loépez-Tamames, 2014). For SPME

analysis the samples were incubated for 10 min at 40 °C, then extraction was carried out exposing

the fiber to the headspace for 30 min. Both incubation and extraction were performed in agitation.
Fiber desorption was done in the injector for 7 min at 250 °C with a split flow of 10 mL min~!. The

fiber was activated each day following the manufacturer instruction. The chromatographic analysis
were performed using TRACE GC coupled with an ISQ single quadrupole (Thermo Scientific,

Hudson, USA). The analytes were separated on a VF-5 ms capillary column (60 m x 0.25 mm X
0.25 um film thickness) (Supelco, Bellefonte, PA, USA) using helium as carrier gas at 1 mL min™!

constant flow rate. Oven temperature program started at 35 °C held for 7 min, and then increased at

8 °C min! to 200 °C and held for 7 min (Charry-Parra, Delesus-Echevarria, & Perez, 2011).

Transfer line and ion source were both set at 260 °C, quadrupole scan range was 30-250 amu and
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ionization energy was 70 eV (Aberl & Coelhan, 2012). Chromatographic data were acquired by

means of Trace finder (Thermo Scientific), and identification was carried out by comparison
between 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 Jun2014) (Ligor et al., 2014). All
Identity Spectrum Match factor 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 total sum of area and expressed in percentage.

Sensory analysis. The test was performed with 36 judges (16 females and 20 males) aged between
30 and 50 years, belonging to the staff of the Porto Conte Ricerche Srl. Members of the sensory
panel were asked to describe the seven attributes for flavours and aroma of the beers (fruit, acid,
bitter, sweet, astringency, off odor, unusual taste) assigning a score ranging from 0 to 9. For each

trial 50 mL of beer was served at 10 °C, mineral water was used for rinsing between samples; each

glass was covered with a glass lens, and coded with three-digit random numbers. In both tests, all
samples were presented to panellists in a randomized design in order to eliminate any serving order

and carry-over effects (MacFie, Bratchell, Greenhoff, & Vallis, 1989). Furthermore compulsory
fifteen minutes break was taken between each session, to minimize fatigue. Overall acceptability of

each sample was rated on a verbal nine-point hedonic scale, and these ratings were converted to
numerical scores where 1 means “dislike extremely” and 9 means “like extremely”. Products were

considered acceptable if their mean scores for overall acceptability were above 5 (neither like nor
dislike). The candidates were recruited based on their ability to discriminate between products on
basic taste thresholds, to describe their perceptions, and their ability to participate in group
discussions. The panel was trained for descriptive analysis according to the guidelines in the ISO

8586 (2012). The sensory panel underwent 8§ h of training, during which they developed and

defined a descriptive vocabulary of the 7 attributes. At the start of each session consumers were

given a printed response sheet with written instructions for the tests.

Statistical analysis. Statistical analysis was performed by GraphPad Prism 5.02. Data were

presented as the mean of measured values (n=3) and analyzed using the one-way Analysis of

Variance (ANOVA) and Bonferroni multiple-comparison post-test.
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Results and discussion

Standard quality parameters

Standard quality parameters of fruit beers are showed in Table 3 and 4. Analyses were performed in

three stages of production: at the end of primary fermentation (green beer), at the end of cold
maturation phase (cold-matured beer) and after bottle re-fermentation (conditioned beer).

Compared to FP the use of OP resulted in a significant increase in the apparent and real extract for
all trials at all stages of production. Specifically, in conditioned beer the apparent extract observed
was 0.54 £ 0.05 % and 0.20 + 0.03 % w/w higher for OCB and OPB respectively. Even alcohol
content showed lower value in beer brewed using OP (Tabb. 3, 4).

To better understand this phenomenon, the real attenuation percentage in different phases of
production was determined. This value is the result of the real extract and original extract ratio and

represents the actual percentage of sugar consumed by the yeast (Boulton & Quain, 2001). As
shown in Figure 1, in all phases of production and for both experimental conditions, except for
matured plum beer, a significant higher value was observed for beers made by FP. The differences
were already evident in green beer for both trials (3.9 = 0.1 % and 0.9 = 0.1 % higher for FCB and

FPB respectively), when yeast activity was more vigorous, while in conditioned beers FCP and

TCP resulted respectively 1.8 £ 0.2 % and 0.9 + 0.2 % higher than OCB and OPB.

The increase of real attenuation may be due to the amylase activity content in FP which was not
present in OP due to the heat treatment (Sinha, Sidhu, Barta, Wu & Cano, 2012; Van Oort, 2009;
Bassinello, Cordenunsi, & Lajolo, 2002). Fruit amylases could act during the fermentation process

reducing unfermentable dextrins to simple sugars such as glucose and maltose, which can be further

fermented by yeast. No literature was found about fruit amylases effect on beer production, but a
comparable result was observed by Kaylyn and Thomas (2018) on dry hopping experiments. They

showed that amylase activity of added hops in fermented beer modified the residual extract and
attenuation percentage of beers. Differences in residual sugars and alcohol content are important

features of beer taste (Boulton & Quain, 2001; Daniels, 1996) and should be take into consideration
by brewers when designing a fruit beer.

Foam stability of conditioned beers also showed a strong reduction in beers made from FP and a
decrease of 47 £ 5 % for FCB and 21 + 6 % for FPB was observed (Tabb. 3, 4). Accordingly to
Bamforth, (2009¢), and Fanari et al. (2018).we speculated that this difference could be caused by
the higher FP proteases activity. The higher values in foam stability observed in OP beers can be

considered as an additional advantage of Ohmic treatment.
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According to Steiner, Becker & Gastl (2010), enzymatic activity of proteases are also responsible

for turbidity reduction in beer and are often used as additives to obtain clarity. So the reduction of

turbidity observed in beer made by FP is not surprising. Again the major reduction was obtained in
FCB beers (91 + 1 % less) rather than FPB (34 + 6 % less).

pH did not show variations between treated and untreated products and in conditioned beers were
4.1 for FCB and OCB, 3.8 for FPB and OPB. Since cherries and plums have a high acidic content

(Sinha, Sidhu, Barta, Wu, Cano, 2012), the low pH values monitored in the present work are not

surprising. In beers produced with plum, no significant differences were observed in the various
stages of production, while in cherry beers, by proceeding from the green to the mature beer stage a

significant increase of 0.2 and 0.1 for FCB and OCB was observed, respectively. Increasing of pH
during maturation and conditioning phase are usually due to yeast autolysis (Boulton & Quain,
2001).

Colour did not show variations, with exception for conditioned beers produced with OP. OCB and

OPB presented a significant colour increase of 2.2 + 0.2 and 1.5 = 0.2 EBC units respectively. Beer

colour increases at bottling time are often due to oxidative phenomena (Bamforth, 2009a) and the
lack of increment in beers produced by FP could be due to the higher antioxidant activity of fresh

fruit (Serrano, Guillén, Martinez-Romero, Castillo, & Valero, 2005; Kim & Padilla-Zakour, 2004;
Gil, Tomas-Barberan, Hess-Pierce & Kader, 2002).

Microbiological analysis

After ohmic treatment all the samples analysed in all the medium (PCA, MRS agar, WL and Rose

Bengal agar) were negative.

Head space qualitative analysis.

To better understand difference between trials, the chemical composition of headspace was assayed
by HS/SPME/GC/MS analysis. Results are expressed as relative amount of the total head space of

bottle conditioned beers and are showed in Figure 2 and Table 5. In both trials we observed an
unvaried head space relative amount for terpenes and alcohols, an increase of aldehydes and
ketones and a decrease of esters and acids.

Major changing in headspace relative composition are represented by esters decreasing in OP beers

with an observed reduction of 13.0 £ 0.7 % and 14.8 = 0.4 % for OCB and OPB respectively.

Heating treatment could have caused esters hydrolysis and a consequent oxidation of derived
products, promoting aldehydes and ketones formation (Sinha, Sidhu, Barta, Wu & Cano, 2012).

Aldehydes and ketones are both known to be linked to spoilage and oxidative process in beers

(Bamforth, 2009b). Accordingly to this, aldehydes relative amount raised from 16.9 + 0.8 % in FCB
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to 31.6 = 0.2 % in OCB. The same phenomena was observed in plum puree beers: an increase from

26.8 £ 0.5 % in FPB to 39.5 £ 0.8 % in OPB was detected. Also ketones increased in relative

concentration rising from 10.2 £ 0.8 % and 9.9 + 1.2 % (FCB and FPB respectively) to 14.7 = 0.4 %
to 15.2 + 0.2 % (OCB and OPB respectively). This results may be attributed to a higher oxidation

occurring in beer made by OP.

Sensory analysis

Given the differences observed on standard quality parameters and volatile compounds

composition, a sensory analysis was performed to evaluate perceptible sensorial variation between

trials. The results shown in Figure 3 indicate significantly higher levels for fruit flavour for both
beers made from FP, according with the higher head space ester percentage composition observed

in FCB and FPB by SPME GC-MS analysis. Furthermore, only for cherry beer, a little increase of

off-odour and unusual taste was detected for OCB.
In spite of the sensory differences detected, the overall acceptability of all beers recorded a score

above 5 (Figure A2 and B2), and all fruit beers produced were considered acceptable.

Conclusions

In this study the overall features of two different fruit beers, made using Ohmic treated sterile puree
and fresh fruit puree, were compared. Ohmic treatment of fruit is reflected in a significant

difference between the beers. Ohmic treatment of fruit caused a lower extract attenuation, higher
colour, higher turbidity and higher foam retention for both cherry and plum beers.

Headspace qualitative analysis retrieve indication about higher ester hydrolysis and oxidation
processes that occur when ohmic treated fruit puree is used, resulting in a less fruity sensory profile
particularly in OCB, which also showed a higher level of off-flavour..

In spite of the differences found, the quality of beers made by treated puree resulted above the

acceptability threshold, suggesting that Ohmic treated fruit puree could be used by brewery to

reduce beer spoilage risk. Furthermore sterile purees are characterised by longer shelf life (Sinha,

Sidhu, Barta, Wu, Cano, 2012), removing fruit beer seasonality.
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1

2

i Table 1. Standard quality parameters of the wort

5

6 Parameters FCB OCB FPB OPB

7

8 Extract (% w/w) 12.02 +£0.07 12.11 £ 0.08 11.91 +£0.08 12.16 £ 0.15

9

10 pH at 20 °C 5.3 53 53 5.3

1; Turbidity (EBC-U) > 250 > 250 > 250 > 250

13 Colour (EBC-U) 7.1+£0.2 7.3+0.1 6.9+0.2 72+03

14

12 FCB, Fresh Cherry Beer; OCB, Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic treated

17 Plum Beer

18

19

20

21

22

23

gg Table 2. Characteristics of purees

26 Cherry Plum

27

28 Compound Fresh Treated Fresh Treated

29

30 °Brix 1545+ 1.62 15.12+0.12 13.90 £1.20 13.17 £ 0.63

31

32 pH 39 39 39 39

33

34

35

36

37 . . . . .

38 Table 3. Standard quality parameters of Cherry Fruit Beer in different production phases

23 Green beer Cold-matured beer Conditioned beer

41 Parameters FCB OCB FCB OCB FCB OCB
42

43 Apparent extract (% w/w) 2.71 £ 0.05¢ 3.22+£0.02f 2.58 £0.02° 3.12+0.01° 2.40+0.022 2.94 £+ 0.054
44

45 Real extract (% w/w) 4.58 +£0.052 5.13 £0.02¢ 4.52+£0.012 5.08 +£0.01¢ 4.40+£0.332 4.95+0.05°
jg Alcohol (% viv) 56240045  540+0.17°  577+£0.06 54740020  592+006¢  5.63%0.02°
48 pH at 20°C 3.92 3.92 4b 4b 4.01¢ 4.1¢

gz Turbidity (EBC-U) 17.3+0.8° 148.1 £2.5¢ 12.7+£1.32 153.0£7.5¢ 12.3+0.12 141.5+£4.2¢
51 Colour (EBC units) 8.0+ 0.1 7.8+ 0.4 8.2+ 020 7.7 +0.12 7.8 0.1 10.0 + 0.1°
52

53 Foam stability (s/3 cm) n.d. n.d. n.d. n.d. 128 + 6° 241 £ 120
54

55 Values in the same line with different letters are statistically different (P<0.05). n.d. = non determined. FCB, Fresh Cherry
gg Beer; OCB, Ohmic treated Cherry Beer.

58

59

[oN]
o
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Table 4. Standard quality parameters of Plum Fruit Beer in different production phases

Green beer Cold-matured beer Conditioned beer
Parameters FPB OPB FPB OPB OPB
Apparent extract (% w/w) 3.21 + 0.04¢ 3.36 £0.03¢ 3.12+0.08" 3.24+0.03¢ 2.90+0.022 3.10+0.02°
Real extract (% w/w) 5.02 +£0.02¢ 522+0.03¢  4.96+0.02° 5.15+0.11b¢ 4.86+0.032 5.08+0.02°
Alcohol (% v/v) 5.16+0.07* 5.16+£0.12 5.21+0.072 5.17+0.012 5.54+0.17° 5.51 £0.01°
pH at 20°C 3.8 3.8 3.8 3.8 3.8 3.82
Turbidity (EBC-U) >250 >250 169.0+0.1° 221.7+12.0¢ 113.0+ 5.6 1713+ 8.4b
Colour (EBC units) 12.0£0.12 12.1+0.12 12.1+0.15° 122+ 0.32 12.6+0.12 14.1+0.1°
Foam stability (s/3 cm) n.d. n.d. n.d. n.d. 222+ 128 278+ 8°

Values in the same line with different letters are statistically different (P<0.05). n.d. = non determined. FPB, Fresh Plum

Beer; OPB, Ohmic treated Plum Beer.

Table 5. Volatile compounds quantification of the the bottle conditioned beers by SPME GC—MS analysis.

Average headspace composition is expressed as a percentage of total headspace and standard

deviation (n=3).

Cherry beers Plum beers
Compound name RT minutes FCB OCB FPB OPB
B-Myrcene 18,62 2,09 +£ 0,02 2,15 +0,15* 2,21+0,18 2,12+0,18
Linalool 21,06 1,92 + 0,05 1,85+ 0,06 1,95+ 0,07 1,82 +0,12
Caryophyllene 27,38 2,05+0,01 1,48 + 0,02* 2,75+ 0,09 1,52+0,11*
Humulene 27,94 1,52 +£0,02 1,46 + 0,03 1,24 +0,11 1,87 £0,55
TOTAL TERPENES 7,80 £ 0,02 6,95 + 0,06 7,90+0,11 7,43+0,24
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2 nonanone
B-damascenone
Ethanone

TOTAL KETONES

Furfural
Hexanal
2-Hexenal, (E)-
Benzaldehyde
Octanal
Nonanal
Undecanal

TOTAL ALDEHYDES

Ethyl Acetate
1-Butanol, 3-methyl-, acetate
Ethyl caproate
2 methyl isobutyrate
4-metil exanoate
Octanoic acid, ethyl ester
Acetic acid, 2-phenylethyl ester
Ethyl trans-4-decenoate
Ethyl 9-decenoate
Decanoic acid, ethyl ester
Dodecanoic acid, ethyl ester

TOTAL ESTERS

Octanoic acid

n-Decanoic acid

19,48
26,58

31,22

17,66

19,53

22,19

27,71

29,13

33,85

37,55

6,77

15,57

18,75

19,17

19,44

22,95

24,2

26,22

26,32

26,48

29,77

22,42

25,88

2,83 +0,02

5,25+0,48

1,82 £0,05

10,19+0,18

2,84 +0,21

5,15+0,36

2,35+0,63

1,92 +0,15

2,19+0,14

1,12+0,11

0,71 +0,02

16,76+ 0,33

1,22 +£0,05

1,65+ 0,04

1,22+0,12

2,25+0,14

0,45 £ 0,05

10,05+ 0,48

1,16 +0,14

0,65+0,12

2,74 £0,32

14,51 +1,22

1,25+0,31

38,2+0,27

8,84 +1,06

2,95+0,25

3,59 £ 0,09*
6,48 £ 0,38*
4,59 +0,15*

14,68 £ 0,21*

12,03 £0,21*
8,56 £ 0,28*
2,14 £ 0,85*
3,45+0,31*
1,25+0,18
2,85 +0,08*
1,25+0,01*

31,56 + 0,43*

0,82 £ 0,08*
1,22 +0,06*
1,25+0,09
2,33+£0,21
1,02 + 0,04*
8,25 +0,38*
0,48 £0,18*
0,22 £ 0,09*
3,15+0,29
5,25 +1,12*
1,22+0,15

25,2 £0,25*

6,11+1,21%*

1,11+ 0,11*

2,51+0,84

5,82+0,21

1,94+0,18

9,96 £ 0,41

2,15+0,15

7,84+0,71

4,52 +0,44

6,12 +0,91

2,45 + 0,06

3,54+1,13

1,02 +0,15

26,80+0,51

1,48 +0,03

1,95+0,04

3,15+0,08

2,13+0,12

0,98+0,11

9,02+0,71

1,56 £ 0,21

0,78 £ 0,06

2,95+0,14

7,59 £0,42

0,95+0,12

31,6+0,19

7,75+ 1,25

2,15+ 0,66

6,44 £0,28*
4,31+0,32*
4,25+0,11*

15,21 £ 0,24*

14,15 + 1,55*
7,81 +1,06
5,16 +0,33
5,14 + 0,48*
1,44 £ 0,21*
3,05+0,31*
2,05 +0,15*

39,35 £0,58*

0,25+0,02*
1,89+0,11
1,03 £ 0,06*
0,25 £ 0,02*
0,26 +£0,03*
6,35+0,51*
0,32 +0,05*
0,41+0,01*
2,15+0,21*
3,12 £0,32*
0,59+0,31

16,9 £ 0,15*

4,96 + 0,88*

1,16 £0,21*
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TOTAL ACIDS 12,14 + 0,65 7,23 £0,62* 9,60 £ 0,96 6,21 £ 0,55*
1-Butanol, 3-methyl- 10,86 3,84+£1,25 3,85+1,05 1,44 £ 0,78 1,85+0,78
1-Butanol, 2-methyl- 11,01 2,51+£0,32 1,15+ 0,42* 4,02+041 4,15 10,26
Phenylethyl Alcohol 21,45 2,65+0,31 2,98+0,11 4,22 +0,02 2,29 +0,11*
isoamyl alcohol 21,66 5,45 + 0,04 6,35 + 0,08* 4,95+0,12 6,56 £ 0,13*
TOTAL ALCHOLS 14,87 £ 0,48 14,35+ 0,41 14,19 £ 0,33 14,93 £ 0,32*

FCB, Fresh Cherry Beer; OCB, Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic treated Plum Beer.

RT, retention time value. Value with * are statistically different (p< 0.05) vs. the corresponding untreated fruit beer.
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Fig. 1. Real attenuation (% w/w) of beers in different phases of production. FCB, Fresh Cherry
Beer; OCB, Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic treated Plum Beer.

Figure 2. Chemical classes composition of bottle conditioned cherry beer (A) and plum beer (B).

OO NOUT AN WN =

Values were obtained by headspace SPME GC-MS analysis and are expressed as % of the total

head space. Values of the same chemical class with different letters are statistically different (P

<0.05). FCB, Fresh Cherry Beer; OCB, Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB,
Ohmic treated Plum Beer.

Figure 3. Spider plot of sensory profile determined by panellists in cherry (A') and plum (B!) beers.

Overall acceptability of cherry (A?) and plum (B?) beers. Descriptors with asterisk (*) are
statistically different (P <0.05). FCB, Fresh Cherry Beer; OCB, Ohmic treated Cherry Beer; FPB,
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Fig. 1. Real attenuation (% w/w) of beers in different phases of production. FCB, Fresh Cherry Beer; OCB,
Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic treated Plum Beer.
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Figure 2. Chemical classes composition of bottle conditioned cherry beer (A) and plum beer (B). Values were

obtained by headspace SPME GC-MS analysis and are expressed as % of the total head space. Values of the
same chemical class with different letters are statistically different (P <0.05). FCB, Fresh Cherry Beer; OCB,

Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic treated Plum Beer.
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Figure 3. Spider plot of sensory profile determined by panellists in cherry (A1) and plum (B1) beers. Overall

acceptability of cherry (A2) and plum (B2) beers. Descriptors with asterisk (*) are statistically different (P
<0.05). FCB, Fresh Cherry Beer; OCB, Ohmic treated Cherry Beer; FPB, Fresh Plum Beer; OPB, Ohmic

treated Plum Beer.
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