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Abstract: The aim of the present study was to create a functional, enriched in
polyphenols and free of alcohol product obtained by acetic fermentation of
beer. Beer and vinegar were tested first for their phenolic content and anti-
oxidant activity, by the Folin Ciocalteu and the free radical scavenging activity
by the 1,1-diphenyl-2-picrylhydrazyl free-radical scavenging assay, respect-
ively. Then, the separation and identification of the 30 phenolic compounds
was realized by high-performance liquid chromatography coupled with positive
electrospray ionisation and diode array detection (HPLC-DAD-ESI(+)-MS)
analysis. Identification of the phenolic compounds data was realized based on
the UV spectra of each compound. Based on a calibration curve (R? = 0.9985),
the amounts of the phenolic compounds, expressed as mg cathechin equivalents
(CE)/L, were calculated. The total phenolic content of the beer and vinegar
samples determined using Folin—Ciocalteu reagent were of 428.9+1.58 and
661.5+7.69 mg GAE L', respectively, which contributed to the high antioxid-
ant activity in the vinegar sample of 82.18 %. Statistically significant differ-
ences were observed after acetic fermentation between each parameter (p < 0.05).
Brown beer vinegar represents a rich source of polyphenols and phenolic deriv-
atives, compared to beer. By its increased phenolic content and antioxidant
activity, brown beer vinegar could be considered another source of valuable
compounds to beer, which could also be of interest in special diets.
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20 MUDURA et al.

INTRODUCTION

Vinegar is one of the fermented beverages used by consumers in their daily
diet as a flavouring agent, as a preservative and as a healthy drink. Beer vinegar
is made in two steps involving yeast for alcoholic fermentation,! followed by
acetic acid bacteria for acetic fermentation.2 As a perspective, food industry
manufactures support the capitalizing of bioactive compounds from beer, such as
polyphenols, vitamins, minerals, nitrogenous compounds, fibre and carbohyd-
rates.3 The profile of phenolic compounds found in beer is very complex due to
their provenience and their transformations during the production process. Poly-
phenols are considered the main natural antioxidants in brewing raw materials
and beer, of which 70 % come from malt, and 30 % come from hop (Humulus
lupulus L.).* Important classes of phenolic compounds found in beer are hyd-
roxybenzoic acids, cinnamic acids and flavonols.> The total phenolic content in
beer ranges from 250 to 500 mg GAE L-!, with dark beer containing the highest
amount (489 mg GAE L-1).6 Significant contributions to the in vitro antioxidant
activity of beer was attributed to (+)-catechin, (-)-epicatechin, and ferulic, syr-
ingic, caffeic and protocatechuic acids’ extracted mostly from malt and in small
amounts from hops.8 Dietary phenolic compounds play a significant role as anti-
oxidants in vivo.? Beer increases plasma antioxidant capacity in humans, thereby
reducing chronic disease risk. !0

The flavonoids in hops are considered derivatives of 2',4,4',6'-tetrahydroxy-
-3'-prenylated chalcone and the most important are xanthohumol, desmethylxan-
thohumol, dehydrocycloxanthohumol, and the flavanones isoxanthohumol, 8-pre-
nylnaringenin and 6-prenylnaringenin.!! These hops prenylflavonoids have a
positive effect on the human health due to their antioxidant, anticancer effect,
antimicrobial and anti-inflammatory properties. Hops have been considered to be
an important source of substances having estrogenic effects. 8-Prenylnaringenin
has been shown to be one of the most potent phytoestrogens identified so far.12

Beer is the major dietary source of prenylflavonoides. Dark beers present
higher levels of prenylflavonoids because dark malts contain Maillard reaction
compounds that inhibit the isomerisation of prenylflavonoids compounds with
less bioactivity. A good yield of prenylflavonoids from hops to the final beer can
be achieved by the usage of dark malt in the brewing process.!2

Beer as a natural drink, moderately consumed, may become a source of
many health-promoting compounds.#12.13

However, the beneficial health effects of moderate beer consumption are
strongly related to damages to health that could occur due to the alcohol, such as
pancreatitis, diabetes and pancreatic carcinoma.!4

The brewing industry generates large amounts of by-products and recent
research has been directed towards the reuse of spent grains, brewers spent hops
and brewers spent yeasts, from nutritional, economic and environmental points of
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view.!5 Less attention has been given to waste or unsold beers that could be
valorised through acetic fermentation. Beer vinegar is made from finished beers
of all types, and the character of the beers carries through to the finished vinegar.
Vinegar is an important source of bioactive compounds and could be obtained by
traditional (surface processes) or submerged methods, with the former contri-
buting to an enhancement of the level of flavour compounds, increasing both the
quality and acceptance of the products, due to the prolonged duration required for
the acetic fermentation.!® Considering the interest in hop-based products related
to health benefits, every year new products are launched on the market.

To the best of our knowledge, no paper has focused on an investigation of
the phenolic profile of beer vinegar. Therefore, the aim of the present study was
to characterize the most important functional properties of this product, namely
the phenolic profile and antioxidant activity.

EXPERIMENTAL
Reagents

The reference catechin (min. 98 % purity) was provided by Sigma—Aldrich (Steinheim,
Germany), gallic acid (min. 98 % purity) from Carl Roth (Karlsruhe, Germany), DPPH (2,2-
-diphenyl-1-picrylhydrazyl) from Sigma—Aldrich (Steinheim, Switzerland), methanol (min.
99.8 % purity) from Chempur, Piekary Slaskie, Poland, Na,CO; of > 99.9 % purity from
Sigma—Aldrich and Folin—Ciocalteu phenol reagent from Merck.

Beer and vinegar processing

According to usual operative conditions developed in the Brewery Pilot plant of the
UASVM Cluj-Napoca, Romania, the following experimental plan was replicated three times.
Dark lager beer from 100 % all grain malted barley, i.e., pilsen, caramel and roasted (Weyer-
mann Specialty Malting Company, Bamberg, Germany) was produced on the pilot scale in the
microbrewery of the Faculty of Food Science and Technology UASVM Cluj-Napoca, Roma-
nia. Hop pellets 90 type (Magnum and Perle cultivars) crop 2016, were supplied from Mora-
groind hops farm (Targu Mures, Romania). Two types of hops were used as pellets, Magnum
cultivar for bitter taste, and Perle cultivar for flavour, which were added at the beginning and
at the end of the boiling process, respectively, each in specific amounts (data not shown). A
starter culture of fermentation yeast (Saccharomyces carlsbergensis) was received from a
local brewery and was added at a dose of 0.5 L yeast per 102 L wort (1.5x107 yeast cell per L
wort). Malt was ground in a motorized roller mill MAV3 (Tehnofavorit, Bontida, Romania)
and grist was transferred to a saccharification kettle. The saccarification process was moni-
tored by a controlled system (Centra, Cluj-Napoca, Romania) and the mash was transferred to
a lauter tun. After separation, the wort was boiled for 90 min. The hopped wort was settled for
clarification, refrigerated to 8 °C, pitched with slurry yeast and sent to the primary ferment-
ation tank (Pierre Guerin, France). The primary fermentation lasted 7 days at 10 °C, then the
process was set to secondary fermentation, for 14 days at 3 °C. The fermentation tank had 3
independent cooling areas, 3 temperature sensors, 1 pH sensor and tandem gas analyzer for
dissolved O,/CO, (Key Instruments, USA). The fermentation was monitored daily (data not
shown) with an automatic FermentoStar analyzer type 3572 (Funke—Gerber, Germany) for
ethanol and real extract. The original gravity and ethanol content of the finished beer were of
12.8 °P, and 6.5 vol. %, respectively. When the degree of fermentation reached 85 %, the beer
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was filtered and transferred to the next stage of fermentation. Acetic fermentation was con-
ducted by Orleans-type surface fermentation, in 1 L vessel capacity, with magnetic stirrer bar
daily homogenisation for 10 min, and lasted 60 days at 25 °C, in the presence of naturally
occurring Acetobacter aceti (at a count of 109 CFU mL™'). Final chemical parameters of vine-
gar were 45 g/L acetic acid and 21.8 g/L dry extract. No thermal treatments were performed
for beer or for vinegar. These experiments were performed in triplicate. Prior to storage, the
beer was freed of CO, in an Erlenmeyer shaking flask. Both beer and vinegar samples were
stored in a freezer at —20 °C immediately after completion of the fermentation process (alco-
holic and acetic, respectively) until analysis.

Determination of total phenolic content (TPC)

Before each analysis, the samples were filtered. Measurement of the total phenolics con-
tent was performed using the Folin—Ciocalteu method,!” with some modifications. Each 0.025
mL sample of brown lager beer or brown beer vinegar was mixed with 1.8 mL of distilled
water and 0.12 mL of Folin—Ciocalteu reagent and immediately vortexed. After 5 min at room
temperature, 0.34 mL of an aqueous Na,CO; solution (7.5 %) were added and the mixture
stood at room temperature for 2 h. The absorbance was measured at 750 nm on a UV—
—Vis spectrophotometer (PharmaSpec UV-1700, Shimadzu, Kyoto, Japan). A calibration
curve was performed using different concentrations (0.0—1.0 mg mL-!) of standard gallic acid
solutions (R? = 0.9997). The concentration of TPC is expressed as mg GAE L! of sample.
Determination of the free radical scavenging activity by the 1, 1-diphenyl-2-picrylhydrazyl
free-radical scavenging assay

The scavenging activities of the beers and vinegars on the stable free radical DPPH were
assayed using the standard method,!” with some modifications. A beer or vinegar sample
(0.01 mL) was transferred into a glass test tube with a screw cap, mixed with 0.09 mL distilled
water and 3.9 mL methanolic DPPH solution (0.025 g L'!). After 30 min incubation in the
dark, the absorbance of the sample was measured at 515 nm against a methanol blank (4)
using a double-beam UV-Vis spectrophotometer (PharmaSpec UV-1700, Shimadzu, Kyoto,
Japan). Three readings per sample were taken. Positive and negative controls (0.5 mg mL!
gallic acid and methanol, respectively) were treated in the same manner as the samples. The
following equation was used to determine the DPPH free radical scavenging activity (RSA)
expressed in %:

RSA=1000=A4
Ay

where A4, is the absorbance of DPPH free radicals in the sample.

High-performance liquid chromatography coupled with positive electrospray ionisation and
diode array detection (HPLC-DAD—-ESI(+)-MS) analysis

The samples were filtered through a 0.45 um nylon filter and injected (10 pL) into the
HPLC system. For the separation of the phenolic compounds, an Agilent 1200 HPLC system
equipped with a diode array detector (DAD) coupled with a mass detector (MD) single quad-
ruple Agilent 6110 (Agilent Technologies, CA, USA) was used. The separation of the phen-
olic compounds was realised on an Eclipse XDB C18 column (150 mmx4.6 mm, 5 pm)
(Agilent Technologies, CA, USA). The mobile phases were water: 0.1 % acetic acid in aceto-
nitrile (99:1, solvent A) and 0.1 % acetic acid in acetonitrile (solvent B), at a flow rate of 0.5
mL min'!.18 All runs were monitored at 280 nm. The following gradient was applied: % B:
0-2 min, 5 %; 2—18 min, 5-40 %; 18-20 min, 40-90 %; 20-24 min, isocratic, 90 %; 24-25
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min 90-5 %. For MS fragmentation, the ESI (+) ionization model was used with the following
conditions: 3000 V capillary voltage, at 300 °C, an 8 L min! nitrogen flow and m/z: 100—1000
full-scan. Two levels of energy were used to obtain 50 or 100 fragments in the range m/z:
100-1000 Da. The phenolic compounds data identification was realised based on the UV
spectrum of each compound. Data acquisition and interpretation of the results were performed
utilizing ChemStation, Agilent Technologies, CA, USA. Based on calibration curve (R*> =
= 0.9985), the amounts of phenolic compounds, expressed as mg catechin equivalents (CE) L1,
were calculated.
Statistical analysis

All the experiments were performed in triplicate. The data are reported as means + stan-
dard deviation (SD). ANOVA analysis of variance was used to compare the mean values,
using SPSS 19.0 statistical analysis (IBM, New York, USA) and the Tukey HSD test with a
confidence interval of 95 or 99 %. A p-value below 0.05 was considered statistically signific-
ant.

RESULTS AND DISCUSSION
Total phenolic content and antioxidant activity

The total phenolic content of the beer and vinegar samples determined using
Folin—Ciocalteu reagent were 428.9+1.58 and 661.5+7.69 mg GAE L1, respect-
ively, which contributed to the antioxidant activity in the vinegar sample of 82.18
%. Similar values for the phenolic content were registered in other beers.”-19:20
Both the content of phenolics and the antioxidant activity of the vinegar were in
the range reported by other studies where balsamic vinegars were analyzed.21-22
The brown beer had a 63.03 % antioxidant activity, which is also in accordance
with previous studies.20 After acetic fermentation of the beer, both TPC and
antioxidant activity registered significant increases (p < 0.001). Previously, the
antioxidant activity of beer was attributed especially to xanthohumol, cinnamic,
caffeic and ferulic acids and gallocatechin.!5> Even though the Folin—Ciocalteu
method is widely applied for quantification of total phenolics in different mat-
rices, vegetable or beverages, some of the beer contents may interfere, such as
Maillard reaction compounds or sulphites, For this reason, a complete evaluation
of the phenolic profile via the identification and quantification of the individual
phenolic compounds is recommended.”

Individual phenolic compounds

After the wort boiling phase, a large amount of polyphenols is lost in the
cold break or later in the cold conditioning, and a little is lost during the alcoholic
fermentation process of beer.23 Due to the oxidative processes during acetic fer-
mentation, the concentration of some of the hop-derived phenolic compounds
decreased, mainly prenylflavonoids (Table I). In the present study, the sum of
individual phenolic contents revealed an increase of 40 % after the acetic fer-
mentation of brown beer, because of the increasing concentration of solid pro-
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ducts due to water evaporation. Statistically significant differences were observed
after acetic fermentation between each parameter (p < 0.05).

TABLE 1. Individual phenolic contents in beer and vinegar expressed as mg CE L!; the
values are expressed as the mean of three replicates. n — number of samples. p > 0.05, not
significant

Compound R;/min [M-H]" Beer(n=3) Vinegar (n=3) p

Protocatechuic acid O-glucoside ~ 2.61 317, 155 7.57+0.05 7.42+0.03 <0.05
3-Caffeoylquinic acid 2.89 355,181,163 26.44+0.13  40.01+1.13 <0.001
(4-Hydroxyphenyl)acetic acid 3.26 153,136  7.5320.27  11.844+0.02 <0.001
4-Vinylguaiacol 3.42 151 2.2540.07  10.22+0.04 <0.001
Catechin 7 O-glucoside 3.65 453, 291 9.75+0.06 8.84+0.02  <0.001
4-Hydroxybenzoic acid 3.90 139 9.47+0.02  38.23+0.05 <0.001
(3-Hydroxyphenyl)acetic acid 4.24 153,136  11.56+0.03  18.95+0.04 <0.001
Catechin 5 O-glucoside 4.61 453,291  23.81£1.73  7.2440.06 <0.001
Coumaric acid O-glucoside 5.19 327, 165 3.43+0.02 4.90+£0.05  <0.01
Ferulic acid O-glucoside 5.58 357,195 3.93+0.10 4.33£0.02  <0.001
Gallic acid 5.93 171,153  2.87+0.16 5.7240.04 <0.01
Vanilic acid O-glucoside 6.46 331,169  12.07+0.38  10.25+0.03 <0.01
Gallocatechin 7.17 307 5.57+0.56 7.66+£0.10  <0.001
Sinapic acid O-glucoside 8.56 387,255  3.1740.15  14.03+£0.12 <0.001
Catechin O-diglucoside 9.05 615,453,291 4.08+0.09 8.414£0.04  <0.001
Kaempferol O-glucoside 9.83 449,297  4.16£0.05 6.28£0.04  <0.001
Feruloylquinic acid 1042 369,195 10.81£0.11  6.60+0.15 <0.001
Chlorogenic acid 10.74 355,181, 163 10.06+0.01 18.30+0.02c <0.001
(+)-Catechin 11.17 291 4.64+0.23 7.89+£0.04  <0.001
(-)-Epicatechin 12.30 291 4.08+0.05 7.78£0.12  <0.001
Caffeic acid 12.70 181,163  8.76+0.16  10.58+0.08 <0.001
Sinapic acid 13.11 225 11.30+£0.51  15.5+£0.06  <0.001
Apigenin O-glucoside 13.71 433,271 7.08+0.08 6.15£0.02  <0.01
Quercetin O-glucoside 14.18 465, 303 7.77+£0.11 7.05+0.06 <0.01
Cohumulone I 14.64 349,237  4.87+0.10 4.444+0.02 <0.001
Cohumulone II 15.73 349, 280 3.62+0.04 6.58+0.10 <0.001
8-Prenylnaringenin 16.74 341,273 4.554+0.23 2.33£0.02  <0.001
6-Prenylnaringenin 17.81 341,273 2.43+0.05 1.86+0.02  <0.001
Humulone 19.85 363 1.55+0.10 5.62+£0.08  <0.001
Isohumulone 20.92 363 1.67+0.19 4.14+0.03  <0.001
Sum of individual phenolic compounds, mg CE L-! 220.85 309.15 -

Phenolic compounds play their role in beer not only as health benefits, but
also they participate in the colloidal and sensory stability of beer.8 The bitter
taste and astringency of beer is strongly related to the level of hydroxybenzoic
and hydroxycinnamic acids.?4

Despite all the reports indicating the overall protective action of polyphe-
nols, gallic acid shows the greatest pro-oxidant potential with negative implicat-
ions for the physical stability of beer.25 The amount of gallic acid found in brown
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beer (2.87 mg CE L-1) was higher compared to that found in other previously
described beers,!9 but similar to ones determined in other studies.26-27 4-Hyd-
roxybenzoic acid was also previously reported in beer.5-24

Hydroxycinnamic acids are present in all plant matrices. Many health effects
are related to a diet rich in these compounds, such as reducing the risk of cardio-
vascular disease, strong antioxidant activity, anticarcinogen.28 A previous study
reported 0.13—0.38 mg L~! sinapic acid in commercial beer samples.!® Still, the
present results were higher for sinapic acid, 11.30 mg CE L1 in brown beer, and
the protective role of melanoidins from the coloured malt used could be an exp-
lanation. Sinapic acid became a compound of interest to researchers for its anti-
oxidant, antimicrobial, anti-inflammatory, anticancer, anti-anxiety activities,
being considered as superior to ferulic or caffeic acids.2% It comes from malted
barley, being formed during malting process, and its value is in the range 0.6-2.0
mg kg~! dry weight.30 The concentration of sinapic acid can increase during beer
maturing, while it is sensitive to thermal treatment.3! During acetic fermentation,
the concentration of sinapic acid significantly increased to 15.5 mg CE L-!. The
same sensitivity was determined for caffeic acid. The fact that the concentrations
of caffeic and sinapic acids increased during acetic fermentation proved that they
are not oxygen sensitive; on the contrary, their concentrations increased by 20,
and 40 %, respectively. Caffeic acid induces apoptosis in human cancer cells
starting at a dose of 18 mg 100 mL~1.32 Moreover, caffeic acid is a metabolite of
chlorogenic acid. In the intestine, chlorogenic acid, which was found in the pre-
sent samples of 10.06 mg CE L1 beer, and almost doubled in vinegar, is hydro-
lyzed into caffeic acid, which has a stronger antioxidant activity than that of its
precursor.33 The content of ferulic acid, found in its free form in beer and as feru-
loylquinic acid,> was determined to be 10.81 mg CE L-! in the beer sample, but,
due to its oxygen sensitiveness, was lower in the vinegar sample, 6.60 mg CE L1,
Other hydroxycinnamic acid derivatives identified and quantified in beer and
vinegar were coumaric acid O-glucoside, ferulic acid O-glucoside and sinapic
acid O-glucoside. Hydroxycinnamic acid derivatives play an important role in the
treatment of diabetes, obesity and metabolic syndrome.34

Beer is a rich source of hydroxyphenylacetic acids, along with cider, olive
oil and wine,> and the present results proved their increasing content after acetic
fermentation.

Phenolic compounds play an important role in beer and to its haze stability,
catechin and epicatechin being involved in both haze formation23 and beer col-
loidal stability.35 The catechins in beer come from malt, 80 %, and the rest from
hop (Humulus lupulus L.). Due to their affinity for proteins, the catechins from
barley (Hordeum vulgare L.) are known to be involved in the formation of beer
haze, their role in beer stability becoming essential.3¢ (+)-Catechin and (-)-epi-
catechin, known as contributors to beer bitterness, were previously identified in
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beer samples.#5-8:27.37 Hop is a valuable ingredient in beer as it contains 14 %
phenolic compounds and important amounts of catechin.# The contents of (+)-
-catechin and (-)-epicatechin ranged between 0.57-1.27 mg L-! and 0.08-0.39
mg L1, respectively, in other beer samples.!® In brown beer vinegar, these
compounds were almost doubled, due to the concentration process. Derivatives
of flavanols, catechin 7-O-diglucoside and gallocatechin, were also identified in
beer.8:36

Flavonol derivatives, quercetin O-glucoside and kaempferol O-glucoside,
were recently reported in beer.5 Quercetin O-glucoside can be metabolized in the
small intestine.3® Through its anti-inflammatory and antioxidant properties, it
also plays a role in preventing cardiovascular diseases. As chemopreventive
agents, by their demonstrated biological activities, i.e., antioxidant,39 anti-inflam-
matory, anti-proliferative, pro-apoptotic and anti-antigenic, they positively inter-
fere in all stages of carcinogenesis.*0

Apigenin and its derivatives were previously reported in artichoke (Cynara
cardunculus var. scolymus L.), the same family as hop (Humulus lupulus L.),
Cannabaceae,*! vegetables and other condimentary plants.> Their chemopro-
tective activity in unstabilised beer was demonstrated,4?> and in hop products,
their cytotoxic activities.43

Frequently, hop is used in pellets form in the brewing process, as was the
case in the present study, but can also be used as whole cones or extracts. The
lupulin gland inside the cones contains hop bitter resins, essential oils, tannins
and polyphenols, responsible for the flavour and bitterness of beers. The ben-
eficial effects of bitter acids (o and B acids) can be summarized as potential anti-
cancer activity, apoptotic effect, anti-inflammatory or protection against meta-
bolic disorders (diabetes, cardiovascular diseases and metabolic syndrome). In
addition, these valuable compounds are known for their antifungal and antibac-
terial activities, which impact beers preservation,** suggesting their further med-
ical and food industry applications.*> The content in a-acids is a very important
attribute of hop because it determines their economical value, with implications
in the brewing process when the constant quality of beers is imperative or simply
when developing a new type of beer.!3 Unfortunately, many breweries tend to
use lower hopping dosage rates (a reduction of approximately 30 % in the last
decade) for economical reasons.!3 Additionally, bitter acids are recognized for
their chemo-protective activities. For instance, humulone is known for its anti-
oxidant, anti-inflammatory and antitumor promoting effects. The contents of o
acids reported previously!3 ranged between 2.20—13.09 % of the total contents of
bitter acids (8.52-20.35 %), of which between 18.48-21.00 % were represented
by cohumulone in the Magnum variety hop pellets. In the brown beer vinegar
sample, both humulone and isohumulone increased significantly to 5.62 and 4.14
mg CE L1, respectively.
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During the brewing process, the content of bioactive compounds decreases
due to process losses. The technological stages in beer making, i.e., boiling, must
filtration, alcoholic fermentation, beer filtration and pasteurization, contribute to
important losses of nutrients and aroma compounds. For example, prenylflavo-
noids are lost during wort boiling, hot wort separation, and during the ferment-
ation, conditioning, and beer filtration. Bitter resins, represented by iso-a acids,
are compounds that give the specific bitter taste to beer during wort boiling with
hops. Iso-o acids are more soluble and bitter than o acids. Unfortunately, the
isomerisation yield of o acids to iso-o. acids is quite low, only 20-35 % of the
initial content could be retrieved in beer, depending on the beer type, because the
remaining did not isomerise or was lost during boiling, fermentation or beer
filtration. Hops are a rich source of prenylflavonoids, 8-prenylnaringenin being
the most active phytoestrogen currently known. Prenylflavonoids found in beer
have different biological activities, i.e., antioxidant, anticarcinogenic, anti-inf-
lammatory, estrogenic and antiviral. Still their amount in beer is strongly related
to the applied brewing process, mainly by their insufficient extraction during
wort boiling. It was demonstrated that the more intense the malt colour is, the
higher are the yields of prenylflavonoids in beer, due to the protective role of
Maillard compounds. 12

The group of alkylmethoxyphenols was represented in the present study by
4-vinylguaiacol, which was reported to be involved in the characteristic aroma of
beer.>46 It is formed during wort boiling, when ferulic acid releases 4-vinyl-
guaiacol through decarboxylation by thermal decomposition, and during ferment-
ation by an enzymatic reaction.’ Previous studies recommended an amount of
2.2-3.5 mg L~ was necessary for the pleasant aroma of beers, while an amount
higher than 4 mg L1 could contribute negatively to the sensorial quality of beers.
In the present study, a value of 2.25 mg L~! was found in the beer, which is in
accordance with amounts found previously before in beer (0.02-2.7 mg L-1).

CONCLUSIONS

Finally, it is to consider that brown beer vinegar represents a richer source of
polyphenols and phenolic derivatives, compared to beer. The complex compo-
sition of brown beer vinegar could recommend its use in the treatment or pre-
vention of several diseases affecting elderly or young people, where special
nutrition and dietetics are required. By its increased content of phenolic and
antioxidant activity, and being free of alcohol, this potentially functional product
could be considered a better source of valuable compounds than beer, which
could also be used in special diets. The strategy proposed could also be useful to
add value to the liquid waste from the brewing industry.
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Cluj-Napoca, Romania u *Food Science and Technology Unit, Department of Soil, Plant, and Food Science
(Di.S.S.P.A.), University of Bari ‘Aldo Moro’, Bari, Italy

Llum pana je duo modujawme mpousBopa ¢epMeHTaldje TaMHOT MHBa KOjU je (PyHKINO-
HanaH, odoraheH nonudeHonMMa U KOjU He capKu ajlkoxoi. Y muBy U cuphety je onpehen
(heHONMHYU campkaj M aHTUOKCUAATHBHA aKTHBHOCT, Kopucrehu Folin—Ciocalteu peareHc, kao u
CIOCODHOCT XBaTawa CI0DONHUX pangukana, kopucrehw 1,1-mudeHun-2-MUKpUIXUIPasHiI
tecT. PaszBajame u unentudukanvja 30 deHonHux jenumema je ussenena kopucrehun HPLC-
-DAD-ESI(+)-MS. deHonHa jenumemna cy ugeHTugurkoBaHa mpeko UV cnexrapa. Kopucrehu
xanudpanuony kpusy (R2 = 0,9985), uspauyHare cy KonuulHe GEeHOMHUX jeMbeha U H3pa-
)KeHe Kao ekBUBaleHTH kaTexuHa (CE)/L. Ykynuu canmpskaj ¢eHona y nusy u cuphery, onpe-
hen Folin—Ciocalteu peareHcom, je duo 428,9+1,58 mg GAE/L, ogHocHO 661,5%7,69 mg
GAE/L, nompuHocehu BenuKoj aHTHOKCHIATHBHOj akTUBHOCTH cuphera of 82,18 %. Crartuc-
THYKY 3HaYajHe pas3nuke cy HaheHe 3a CBaKkH lapameTap HakoH cuphetHe depmeHTanuje (p <
< 0,05). Cuphe TamHor nrBa je 00spM U3BOP MonudeHoa U HEeHOTHUX JepruBaTa of [TUBa, IITO
ra, 3ajefHo ca BehOM aHTHOKCHATUBHOM aKTHBHOLIhy, YMHM OO/BUM H3BOPOM KOPHCHHX
cactojaka u Tpeba ra y3etd y 0063up y cnenuUYHUM JHjeTama.

(ITpumsbeHo 3. aBrycTa, peBUAMPaHO 5. okTodpa, npuxsaheHo 9. okTodpa 2017)
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