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Abstract: In this work, the stability of antioxidant compounds in malting barley seeds before and
after the production of the final products is reported. In this reflection, the findings revealed that
the process of fermentation had a significant impact on antioxidant activity. In vitro, antioxidant
capacities were evaluated using DPPH free radical scavenging assay. The results obtained from the
spectrophotometric analysis showed that the lowest inhibition value was observed in the samples
that were obtained by the classical fermentation process (ABC) and the samples of non-alcoholic
beer obtained by the thermal process (NABT), with free radical inhibition capacity values of 8.50%
and 5.50%, respectively. The samples of hopped wort (HW) and malted barley seeds extract (BSE)
showed very high antioxidant activity with free radical inhibition capacity of 14% and 12.60%,
respectively. The obtained extracts were analyzed by gas chromatography and high-performance
liquid chromatography, both combined with mass spectrometry detection (GC–MS, HPLC–MS).
GC–MS analysis of the SPME extraction showed the presence of 29 compounds with isopentyl alcohol
in major concentration (18.19%) in the alcoholic beer; on the other hand, the HPLC–DAD–ESI/MS
analysis of the ethyl acetate extract showed the presence of 13 phenolic compounds. Interestingly, the
degradation of 3-Hydroxyphloretin 2′-O-glucoside in the final products of the non-alcoholic beers
was found. Finally, the FTIR analysis was also employed in order to detect the type of efficient groups
present in the extracts.
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1. Introduction

The food and drink processing sectors are undergoing an intense change in production
conditions and systems. These changes are due, on the one hand, to modifications in the
habits of our modern societies and, on the other hand, to the health requirements of each
individual. Currently, one of the main trends in nutrition is the objective of physical health.
This wellbeing is achieved by choosing foods that have a positive impact on health.

Barley is a herbaceous plant that is among the oldest cultivated cereals [1]. It is eaten
raw or roasted and, in ancient times, was also used to make nutritious but very heavy bread.
Today, only 33% of barley production in the world is intended for human consumption [2].
It is mainly germinated to make malt for beer and whisky. However, in the last few years,
barley grass or grass juice made from young barley shoots has appeared for detox or
nutritional purposes. The barley grain is rich in carbohydrates, which is a source of energy.
Barley also contains fibers (especially hulled barley) that are good for digestion and bring
satiety. Among these fibers, we find beta-glucans (soluble fibers), which play a crucial role
in lowering blood cholesterol and bad cholesterol [3,4].

Several investigations have been focused on the study of the phenolic compounds
because of their use in medication for a variety of diseases and their application in the
conservation of comestible foodstuffs in the food industry [5]. Hence, their biological
activities and health benefits also differ e.g., anti-inflammatory [6–8], anti-allergic [9], as
well anti-carcinogenic properties [10,11]. Additionally, the phenolic compounds have
gained the attention of nutritional and therapeutic scientists for their effective exercises
and their aptitude to scavenge free radicals and break radical chain reactions. Likewise,
the use of high phenols has been correlated with a plethora of various pharmacological
activities [12–15].

Barley has been used as a source of extraction of beer, one of the first popular fermented
beverages in the history of mankind; the brewing process of beer has not changed much
since its discovery. Generally, the process is based on the natural enzymatic activity that
occurs throughout the malting of the seeds, the brewing of the seeds, and the fermentation
of the wort [16]. Beer is a complicated combination of ingredients that are fermented
from raw material, yeast, malt, and hops, and includes a wide variety of several chemical
elements that can act together at all phases of the brewing process [17]. Different groups of
composites have been indicated to play a significant role in the flavor properties [18], for
example, ketones, higher alcohols, aldehydes, esters, and organic acids, which contribute
to the final sensory nature of beer, [19–24]. The production of non-alcoholic beer using
the thermal process is mostly applied in industry; in this case the beer is degassed and
subsequently preheated in a plate heat exchanger. Afterwards, the beer is fed into the
stripping section of a rectification column and the product flows through the column at
a temperature between 43 ◦C and 48 ◦C. In the countercurrent, the product meets rising
vapors that cause the selective separation of the alcohol from the product. Afterwards,
the alcohol-free beer is introduced into an evaporator where the rectification process takes
place [25].

In this study, the stability of antioxidant compounds in malting barley seeds before
and after the production of the final products was studied. These stability investigations
were carried out in order to determine the most adequate control conditions while avoiding
their degradation; also, the study aims to provide information on the impact of the fermen-
tation processes on the products that are metabolized during this stage, which requires a
strict control.

2. Materials and Methods
2.1. Samples

In the present work, barley seeds were ground and then degreased for 24 h with
n-hexane with successive agitation at ambient temperature and were kept at 4 ◦C until use.
Subsequently, the malted barley seeds were subjected to two fermentation methods, namely



Separations 2022, 9, 119 3 of 13

classical fermentation, and fermentation with a thermal process. The extracts obtained
were analyzed by different techniques (Figure 1).
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2.2. Extraction Method

An ultrasound-assisted extraction (EAU) process was used in order to extract the
phenolic compounds (Ultrasonic homogenizer, UIP 1000 hdT, Hielscher Ultrasonics GmbH,
Germany). For this aim, 15 g of defatted barley seeds were placed into the sonicator, adding
200 mL of acetone, ethanol, and methanol into each container. The temperature of the
ultrasonic water bath was set at 50 ◦C. The process of extraction took 30 min and was
repeated 3 times. The power of the sonicator used was 400 W [26]. Finally, the beer samples
from the different fermentation methods were analyzed during the production of alcoholic
and dealcoholized beer. The yeast was propagated from a freezing broth maintained at
150 ◦C [27].

2.3. Analysis by GC–MS and HPLC–PDA/ESI–MS
2.3.1. Standard Compounds (Reagents)

A C7–C40 saturated alkanes (1000 µg/mL) standard mixture in hexane (49452-U)
supplied by Merck Life Science (Merck KGaA, Darmstadt, Germany) was utilized for the
ALKANEs linear retention indices (LRIs) calculation.

2.3.2. SPME Extraction Conditions

For the solid-phase microextraction (SPME), a triphasic SPME fiber divinylbenzene/
carboxen/polydimethylsiloxane (DVB/CAR/PDMS) 50/30 µm 1 cm long, provided by
Merck Life Science (Merck KGaA, Darmstadt, Germany) was used, following a method
previously optimized for the analysis of citrus flavored beer [28].

2.3.3. GC–MS Analyses

GC–MS analyses were conducted on a GC-QP2020 system (Shimadzu, Kyoto, Japan).
For the separation an SLB-5ms fused-silica capillary column (30 m× 0.25 mm i.d. × 0.25 µm
df) (Merck Life Science, Merck KGaA, Darmstadt, Germany) was applied. Experimental
conditions were the same as reported in ref. [28].

2.3.4. HPLC–PDA/ESI–MS Analysis

HPLC–PDA/ESI–MS analyses were conducted on a Shimadzu liquid chromatography
system comprising a CBM-20A controller, two LC-20AD dual-plunger parallel-flow pumps,
a DGU-20A5R degasser, a SIL-20AC autosampler, and an LCMS-2020 MS system, through
an ESI source (Shimadzu, Kyoto, Japan). Chromatographic separations were performed
on 150 × 4.6 mm; 2.7 µm Ascentis Express C18 column (Merck Life Science, Merck KGaA,
Darmstadt, Germany). The mobile phase was composed of the following two solvents:
water (solvent A) and acetonitrile (solvent B), both acidified with 0.1 v/v of formic acid.
Flow rate was fixed at 1 mL min−1 under the following gradient elution: 0–5 min, 0–2% B,
5–10 min, 2% B, 10–25 min, 2–12% B, 25–40 min, 12–60% B, 40–50 min, 60–70% B. MS
analyses were carried out in negative and positive modes, and the conditions were as
follows: scan range and scan speed were set at m/z 100–1200 and 5000 u/s, respectively,
event time was 0.3 s, nebulizing gas (N2) flow rate was 1.5 L min−1, drying gas (N2) flow
rate was 15 L/min, interface temperature was 350 ◦C, heat block temperature was 300 ◦C,
DL (desolvation line) temperature was 250 ◦C, DL voltage was 1 V, and the interface voltage
was 4.5 kV. The volume of injection was 10 µL.

2.4. Spectroscopic Analysis

FTIR–ATR analysis was carried out as follows: the liquid samples were analyzed by
a Fourier transform infrared (FTIR) spectrometer with attenuated total reflectance (ATR),
transmission, specular and diffuse reflectance, and Universal ATR, which enables fast
analysis of liquids from 450 to 4000 cm−1 (PerkinElmer, Ground Floor, Room G31 Chemical
Sciences Building (F10), UNSW Sydney Kensington, NSW 2052, Australia).
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2.4.1. Spectroscopic Analysis of Polyphenols

The spectrophotometric analysis of polyphenols was achieved using a UV-1601 spec-
trophotometer from Shimadzu (Duisburg, Germany) and was replicated three times for
each extract or calibration point (n = 3).

2.4.2. Determination of Total Phenolic Content (TPC)

The total phenolic content was determined based on a spectrophotometric method
using the Folin–Ciocalteu reagent according to the method of Signleton et al. (1999) [29].
This reagent oxidizes the phenolic compounds, which turns the solution blue. The TPC was
quantified from a calibration curve prepared with gallic acid standard (y = 1.552x + 0.208,
R2 = 0.962) and expressed as mg of gallic acid equivalents (GAE) per 100 mL of sample (mg
GAE 100 mL−1).

2.4.3. Determination of Flavonoid Content (TFC)

Total flavonoid content was performed using the aluminum chloride method (AlCl3)
based on the protocol described by Kim et al. (2003) [30]. The TFC in samples was quantified
from a calibration curve prepared with catechin standard (y = 2.857x + 0.080, R2 = 0.999)
and expressed as mg of catechin equivalents (CE) per 100 mL of sample (mg CE 100 mL−1).

2.4.4. Determination of Free Radical Scavenging Potential by DPPH
(2,2-Diphenyl-1-Picrylhydrazyl)

For the evaluation of free radical inhibition potential in beer samples by DPPH, a
method reported in ref. [31] was employed, after minor modifications.

Preparation of the diluted sample was carried out as follows: 13.3 mL of degassed
beer was diluted with water to 100 mL at a temperature of 20 ◦C in a volumetric flask and
the solution was vortexed thoroughly; then 2.5 mL of diluted beer was added to 20 mL
of ethanol and the combination was left to stand for 20 min at 20 ◦C; afterwards, it was
filled up to a volume of 25 mL with attemperated ethanol, the solution was homogenized
rigorously, finally the mixture was transferred to a fluted filter, to be filtered, and was
retained at 20 ◦C until use.

Preparation of the diluted blank was carried out as follows: 2.5 mL of water was
diluted with ethanol in a 25 mL volumetric flask and attemperated for 20 min at 20 ◦C. The
mixture was further filtered through a fluted filter.

Preparation of the DPPH stock solution was carried out as follows: 0.06 mM of DPPH
methanolic solution (0.0024 g DPPH/100 mL methanol) was attemperated for 20 min at
20 ◦C. The stock solution should be freshly used. Then, 1.5 mL of diluted sample was added
to 1.5 mL of DPPH solution, the mixture was homogenized and kept for 30 min in the dark
at room temperature and the absorbance was assessed at 517 nm against diluted blank.
A total of 1.5 mL of diluted blank was added to 1.5 mL of DPPH solution and vortexed
thoroughly. In addition, it was incubated in the dark for 30 min and the absorbance was
measured at 517 nm versus diluted blank.

DPPH scavenging potential was expressed as a percentage of free radical scavenging
activity (FRSA) with DPPH or as percentage inhibition of the free radical with DPPH,
according to the following formula:

%I =
A control−A sample

A control
× 100

%I: Percentage of inhibition of free radical DPPH
A control: Absorbance of control
A sample: Absorbance of sample
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3. Results and Discussion
3.1. GC–MS Analyses

The achieved findings of the GC–MS study of the SPME extraction revealed the
existence of esters, alcohols, etc., (Table 1, Figure 2). A total of 29 compounds were
identified. Isopentyl alcohol was the compound that was detected in major concentration
(18.19%) in the alcoholic beer and such a compound is the one that mostly affects the aroma
in alcohol. It influences the drinkability because the aroma of the beer becomes more
pronounced if the concentration of isoamyl alcohol increases. Notably, isobutyl alcohol
(0.95%) in the alcoholic beer has an adverse impact on the quality of beer if its concentration
exceeds 20% of the total amount of n-propanol, isobutyl alcohol, and isoamyl alcohol. In
humans, isoamyl alcohol causes sedative, hypnotic, and anticonvulsant effects similar to
the effects of ethanol by ingestion or inhalation and was earlier utilized in medicine for
these reasons [32].

Table 1. List of compounds identified in alcoholic and non-alcoholic beer samples achieved by GC–MS.

Non-Alcoholic
Beer

Alcoholic
Beer

Peak Compound LRIexp LRIlib Similarity Area% Area%

1 Acetaldehyde 611 nd 89 0.58 0.08
2 Ethanol 616 nd 98 2.65 6.14
3 Propyl alcohol 633 638 91 nd 0.19
4 Acetic acid ethyl ester 649 606 97 1.57 4.29
5 Isobutyl alcohol 656 621 89 0.21 0.95
6 Ethyl propanoate 705 708 89 nd 0.08
7 Isopentyl alcohol 727 729 92 11.48 18.19
8 sec-Butylcarbinol 730 733 93 2.97 8.52
9 Ethyl butyrate 803 807 90 nd 0.18
10 Isoamyl acetate 871 871 96 1.19 13.81
11 Ethyl hexanoate 995 1003 93 0.43 4.77
12 Octanal 1001 1006 91 0.71 0.4
13 2-Ethyl hexanol 1026 1030 88 2.03 0.24
14 n-Octanol 1069 1076 89 0.54 0.27
15 p-Tolualdehyde 1082 1086 91 0.21 nd
16 Linalool 1097 1100 94 0.69 nd
17 Nonanal 1102 1107 96 3.83 2.06
18 Phenethyl alcohol 1111 1113 96 1.39 10.6
19 n-Octanoic acid 1168 1192 90 nd 0.44
20 (Z)-3-Nonen-1-ol 1171 1173 89 0.31 0.21
21 Naphthene 1184 1188 92 32.88 2.27
22 Ethyl octanoate 1194 1202 96 0.17 4.83
23 n-Decanal 1203 1208 96 1.62 2.24
24 2-Phenethyl acetate 1252 1257 88 0.46 5.74
25 Bornyl acetate 1283 1285 93 0.41 0.31
26 Ethyl decanoate 1391 1399 91 nd 0.34
27 n-Dodecanal 1407 1410 92 0.48 0.37
28 Verdyl acetate 1421 1424 88 0.51 nd
29 Dodecanol 1472 1480 98 24.35 2.9

TOTAL IDENTIFIED 91.69 90.44
nd: not detectable.
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Figure 2. GC–MS chromatograms of alcoholic and non-alcoholic beer samples.

3.2. Phenolic Profile by HPLC–DAD–ESI/MS

In the interest to provide a phenolic characterization of alcoholic and non-alcoholic
beer, an HPLC–DAD–ESI/MS method was used. Figure 3 and Table 2 describe the phenolic
content of the ethyl acetate extract, which turned out to be the most complex one. A total
of 13 compounds were identified and tentatively known based on their retention times,
MS data, and comparison together with the information that was earlier described in the
literature [33–35]. HPLC–MS analysis shows the degradation of antioxidants, such as
3-Hydroxyphloretin 2′-O-glucoside, in the finished product of non-alcoholic beers, depend-
ing on the fermentation process on which they are produced.

Table 2. Characterization of phenolic compounds in alcoholic and non-alcoholic beer samples by HPLC–MS.

Peak N tR (min) MS MS Fragments Compound Alcoholic
Beer

Non-Alcoholic
Beer References

1 16.15 451- - 3-Hydroxyphloretin
2′-O-glucoside x - [33]

2 25.42 357+ 193- Ferulic acid-O-hexoside x x [34,35]
3 26.24 387+ 223- Sinapic acid-O-hexoside x x [34,35]
4 28.22 291+ 245- Catechin x x [34,35]
5 28.38 291+ 245- Epicatechin x x [34,35]
6 35.81 329- 314- 3,7-Dimethylquercetin x x [34,35]
7 36.43 365- 349- Unknown x x [34,35]
8 44.17 347- 235- Cohumulone I x x [34,35]
9 44.81 347- 278- Cohumulone II x x [34,35]
10 46.24 361- 292- n-Humulone x x [34,35]
11 46.73 361- 265- Iso-a-ad/n-humulone x x [34,35]
12 47.13 361- 265- Iso-a-ad/n-humulone x x [34,35]
13 47.93 361- 265- Iso-a-ad/n-humulone x x [34,35]
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Figure 3. Chromatogram of mass spectrometry in positive and negative modes of bioactive com-
pounds in non-alcoholic (A) and alcoholic beers (B).

The final beer product under different conditions was analyzed by GC in order to
identify its aromatic compounds (Table 3).

Fermentation, coupled with the thermal process, represents the easiest method to
create alcohol-free beer, the application of heat between 35 ◦C and 60 ◦C, until boiling,
results in the elimination of alcohol and other volatile substances, such as esters and higher
alcohols, consequently increasing the turbidity from 0.35 to 2.5 IBC (Table 3) [36]. The
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degradation and diminution of the solid content of the wort from 11.60 to 3.16 (wt%) shows
that the quality of the non-alcoholic product is impacted by the production process.

Table 3. Aromatic compounds and turbidity of the final product of alcoholic and dealcoholized beer
in various fermentation conditions, determined by GC.

Detected Compounds Original Sample Using
Classical Fermentation

Dealcoholized Sample Using
Thermal Process

Original gravity (wt.%) 11.60 3.16
Ethanol (% ABV) 4.98 0.48

Color (EBC) 8.0 9.5
pH 4.72 4.71

Turbidity (IBC) 0.5 2.5
1-Propanol (mg/L) 6.1 0.8

2-Methylpropanol (mg/L) 10.99 nd
2-Methyl-1-butanol (mg/L) 15.2 nd
3-Methyl-1-butanol (mg/L) 49.8 nd

2-Phenylethanol (mg/L) 15.6 22.4
Furfuryl alcohol (mg/L) 0.07 nd

Ethyl acetate (mg/L) 16.8 nd
Isoamyl acetate (mg/L) 1.8 nd

2-Phenyl ethyl acetate (mg/L) 0.4 0.03
Total of Higher Aliphatic Alcohols (mg/L) 100.4 23.2

Total of Esters Acetic Acids (mg/L) 18.91 0.04
Diacetyl (mg/L) 0.16 0.07

DMS (µg/L) 25 nd

nd: not detectable.

3.3. Interpretation of Spectroscopic Analysis

The results are reported as the means of triplicates analysis. The data obtained were
subjected to one-way analysis of variance (ANOVA) used to compare the difference between
the means obtained by each type of sample (Table 4). This analysis showed that there was a
significant difference between the means of all of the assays studied (p < 0.05).

Table 4. Statistical analysis of the means performed by one-way analysis of variance (ANOVA).

Type of Analysis Samples Main Std. Error

95% Confidence Interval Test ANOVA

Lower
Bound

Upper
Bound

Std.
Deviation Significance.

Total Phenol Content
(mg GAE 100 mL−1)

HW 65.120 0.001 65.117 65.123 0.003
0.001

S
BSE 47.220 0.001 47.218 47.222 0.002
ABC 40.150 0.001 40.148 40.152 0.002

NABT 35.100 0.001 35.097 35.103 0.003

Flavonoid Content (mg
CE 100 mL−1)

HW 28.650 0.002 28.643 28.656 0.006
0.001

S
BSE 24.850 0.000 24.85 24.85 0.000
ABC 18.050 0.006 18.043 18.056 0.006

NABT 10.012 0.001 10.010 10.014 0.001

DPPH assay
(% Inhibition of the

free radical)

HW 14.00 0.057 13.841 14.158 0.057
0.001

S
BSE 12.40 0.240 11.731 13.068 0.240
ABC 8.50 0.018 8.448 8.551 0.041

NABT 5.50 0.011 5.468 5.531 0.025

S: Significant (p < 0.05). Values are averages ± standard deviation of triplicate analysis. Data obtained were
subjected to one-way Analysis of Variance (ANOVA).

The statistical analysis was performed by the statistical analysis software package,
which stands for Statistical Package for Social Sciences (IBM SPSS Statistics 23.0, Chicago,
IL, USA).
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The results of the analyzed samples shown in Figure 4 show that the hopped wort
(HW) sample contained flavonoids and total phenolics in higher concentrations (28.65 mg
CE 100 mL−1, 65.12 mg GAE 100 mL−1, respectively) than the barley seed extract (BSE),
which is reflected in their very high antioxidant activity with a free radical inhibition
capacity of 14%, Figure 4a.
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Figure 4. Total flavonoid, phenolic contents (a), and percentage inhibition of free radical scavenging
activity (b) of the analyzed samples. HW: Hopped Wort; BSE: Barley Seed Extract; ABC: Alcoholic
Beer using Classical fermentation; BHT: Butylated hydroxytoluene; NABT: Non-Alcoholic Beer using
Thermal process.

After the different fermentation processes, the highest concentration of flavonoids and
total phenolic contents (18.05 mg CE 100 mL−1, 40.15 mg GAE 100 mL−1, respectively)
was observed in the alcoholic beer by using classical fermentation (ABC), with a higher
free radical scavenging capacity than the non-alcoholic beer by using the thermal process
(NABT). The lowest concentration of flavonoids and total phenolic contents (10.01 mg CE
100 mL−1, 35.1 mg GAE 100 mL−1, respectively) was detected in the non-alcoholic beer by
using thermal process (NABT) Figure 4b.

The FTIR spectra analysis of the barley seeds and beer are demonstrated in Figure 5,
which displays the –OH functions associating phenol and alcohol from 3200 to 3400 cm−1,
C-H cycloalkane bonds from 2850 to 2925 cm−1, C=O bonds of amides and aromatic ketones,
N-H bonds of primary amines from 1550 to 1650 cm−1, C=O carboxylic acid from 1400 to
1450 cm−1, C-O bonds of esters between 1300 and 1450 cm−1, C-O bonds of primary and
secondary alcohols between 1040 and 1090 cm−1, C-O ethers from 1000 to 1090 cm−1, Ar–C
bonds of aromatics between 850 and 890 cm−1, and finally, monosubstituted aromatics
from 700 to 800 cm−1.
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Figure 5. FTIR (Fourier transform infrared spectroscopy) spectra of alcoholic, non-alcoholic beer, and
barley seeds.

4. Conclusions

Spectrophotometric and chromatographic analysis at different stages of the production
of alcoholic and non-alcoholic beer is essential in order to understand how to preserve the
equilibrium between the different types of flavors, as well as the stability and evaluation of
the antioxidant quality of the obtained product, which is related not only to the nature of
the raw materials but also to the technological process, which has a direct impact on the
antioxidant potential of the final products. In view of the increasing consumer interest in
health issues and the problems associated with excessive alcohol consumption, breweries
are being encouraged to expand their range of low-alcohol products. The objective of
producing low-alcohol beers can be achieved through the thermal process, the gentle
removal of alcohol from ordinary beer, and the limitation of ethanol formation during
beer fermentation. Within this basic strategy, there are several methods that change in
performance, efficiency, and ease of use. This study provides a comparison of these
techniques and provides an evaluation of the sensory properties of the low alcohol and
alcohol-free beers that are produced.
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