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Abstract

Beer is one of the most popular beverages in the world, so developing new flavors and increasing nutritional
value in beer production is critical. In the study green tea, rosemary and grape pomace were used as
alternatives to hops. The total phenolic and flavonoid content of beers obtained by adding green tea and
rosemary was found to be higher than that of those made with hops (p<0.05). The discussed values of beer
made with black grape pomace were similar to those produced with hops. The green tea and rosemary beers
had higher antioxidant activity than hop-based beers, but black grape pomace beers had lower antioxidant
activity than hop-based beers (p<0.05). According to our data, the use of plants rich in bioactive components
could be used as an alternative to hops resulted in a significant enrichment both qualitatively and
guantitatively and improved the properties of the final beer. Our results also demonstrated that there is a
strong relation between the amount of bioactive components of beer with different plant-based origins and
their antioxidant activity values and consequently, with their properties.
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Introduction

Beer is one of the most well-known, popular
consumed alcoholic beverages in the world. The
main raw materials of beer are considered to be
water, malt/non-malt grains, yeast and hops. The
most important process of beer production is the
alcohol fermentation by which glucose is converted
to ethanol and carbon dioxide and new flavour
compounds are obtained (Yang and Gao 2021).

Beer was flavoured with various spices and herbs
until the 8th century. To increase the alcohol content
instead of sugar mainly was used honey. Among the
most used raw materials were juniper and ginger.
After the discovery of using hops in brewing in the
eighth century, brewing took on a whole new
meaning. The keen aroma and bitterness of the beer
are attributable to the added hops. The resin in the
cones allows additional flavour (bitterness, aroma)
to the beer. There are two types of acid groups in
hop resin, hard (alpha) and soft (beta) ones.
Considering alpha acids, humulone is quite
important, while for the beta acids, lupulon is very
prominent. Alpha and beta acids are essential
constituents of hops that significantly influence the
flavour, aroma and stability of beer. In beer, alpha
acids are responsible for bitterness, whereas beta
acids contribute to its general aroma and taste
(Oladokun et al. 2017; Machado et al. 2019; Silva et
al. 2019).

In some studies, different ingredients were added in
addition to hops at the beginning of fermentation in
order to develop new beer varieties. For example,
by adding different fruits (cherry, raspberry, peach,
apricot, grape, plum, orange and apple) during the
fermentation process were examined the total
polyphenolic and total flavonoid contents of
produced beers. Antioxidant activity, total
polyphenols and total flavonoids content were
determined to be considerably higher in most of the
fruit beers in respect to conventional, no-fruit beers.
The cherries beers were exhibited to have the
highest values, followed by grape, plum and orange
beers (Nardini and Garaguso 2020). In the other
study was evaluated the effect of adding different
foods (in presence of hops) on the nutritional quality
of beer. Seven different beers that were
commercially available and made by adding natural
foods during the fermentation were evaluated for
their total phenolic, total flavonoids contents and

antioxidant activity (Nardini and Foddai 2020). In
some Muslim countries, flavour compounds (peach,
apple) have been added to non-alcoholic beers and
malt beverages at the final stage of the production
of non-alcoholic beer or malt beverage with
different flavours. Low-alcohol beers were
produced by ending the fermentation process or by
applying cold fermentation. In these methods, the
lack of aroma substances formed during the
fermentation stage were compensated for by the
aroma substances added in the final stage (Akbari -
Adreagani 2018).

Beers with original extracts of 14°P and 16°P
produced with the addition of blueberries did not
significantly affect the mouthfeel or body, nor did it
alter the protein fractions and concentrations
(Nedyalkov et al. 2023) demonstrating the effects of
fruits on beer characteristics.

In another study, researchers investigated the
benefits of using the carqueja plant instead of hops.
It was used at five different concentrations (1 to 5
g.L™Y) during production of craft lager beer. The
results emphasized that the use of carqueja instead
of hops did not have any negative effects on the
physicochemical properties of produced beers. The
results of the sensory analyses of beers produced
with carqueja were found to be so similar to
commercial beers (Schuina et al. 2020).

In our study, green tea, rosemary and black grape
pomace were chosen as alternative materials to hops
because of their antioxidant and antimicrobial
properties. All of these materials possess high
antimicrobial and antioxidant activities like hops
(Gouveia et al. 2016; Rashidi et al. 2017; Peixoto et
al. 2018; Elmi et al. 2019; Mira-Sanchez et al. 2020;
Rodrigues Silva et al. 2021; Li et al. 2021;
Chowdary et al. 2021).

Tea (Camellia sinensis) has been an integral part of
human culture for millennia and continues to be a
staple beverage in numerous countries. The
predominant bioactive compounds found in tea are
referred to as tea polyphenols. This group
encompass a variety of classes, including catechins,
flavonoids, anthocyanins and phenolic acids, which
constitute approximately 15% to 35% of the dry
weight of tea. Among these, catechins represent the
most  significant category, accounting for
approximately 70% of the total tea polyphenols,
thereby serving as the central active constituents.
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The flavonoid compounds present in tea primarily
exist in the forms of flavonols, flavanols and
anthocyanins. Additionally, fresh tea contains
various phenolic acids, which may exist
independently or combine with sugar molecules to
form hydrolysable tannins. The primary tea
polyphenols can be classified into four main types:
(-)-epigallocatechin  gallate  (EGCG), (-
epicatechin gallate (ECG), (-)-epigallocatechin
(EGC) and (-)-epicatechin (EC) (Rusak et al. 2008;
Yang et al. 2014; Yan et al. 2020; He et al. 2020;
Luo et al. 2023).

Originating from the Mediterranean region,
rosemary (Rosmarinus officinalis) has
demonstrated remarkable adaptability, allowing it to
be cultivated in various climates worldwide. This
plant is particularly rich in bioactive phytochemical
compounds, with polyphenols being one of its most
significant constituents.

Rosemary extract contains a wide array of
polyphenolic  compounds including phenolic
terpenes, flavonoids and various phenolic acids. The
exact composition of these extracts varies
depending on the extraction method employed.
Among the identified antioxidant constituents, the
phenolic diterpenes, carnosic acid and carnosol are
the most potent, accounting for over 90% of the
antioxidant activity attributed to rosemary extract.
In addition to these major compounds other
phenolic  constituents such as  rosmanol,
epirosmanol, isorosmanol, rosmadial,
rosmaridiphenol, and  rosmariquinone  also
contribute to its antioxidative properties.

Rosemary extract may also contain triterpenes and
triterpenic acids such as betulin, amyrin, betulinic
acid, oleanic acid and ursolic acid. The flavonoid
profile includes flavones and flavonols such as
apigenin, genkwanin, luteolin, hispidulin, rutin,
kaempferol, naringin, hesperetin, apigenin-7-O-
glucoside, and quercetin. Additionally, various
phenolic acids are present in rosemary extract,
including rosmarinic acid, caffeic acid, chlorogenic
acid, coumaric acid, p-coumaric acid, ferulic acid,
vanillic acid, syringic acid, homovanillic acid, and
p-hydroxybenzoic acid, among others (Sotelo-
Fe’'lix et al. 2002; Borras-Linares et al. 2014; Bozin
et al. 2007; Namal Senanayake 2018; Aziz et al.
2022; Raffo et al. 2023).

Grape pomace (GP) is an abundant source of
polyphenolic compounds, including flavonols (e.g.,
quercetin, myricetin, kaempferol, and their
glycosides), anthocyanins such as malvidin 3-O-
glucoside, and phenolic acids (e.g., caffeic acid, p-
coumaric acid, among others). Generally, GP
polyphenols are categorized into three primary
classes based on the number of aromatic rings
attached to hydroxyl groups in their structure: (1)
phenolic acids, including hydroxybenzoic and
hydroxycinnamic acids; (2) flavonoids, which

encompass anthoxanthins, anthocyanins,
leucoxanthins and flavonoidal alkaloids; (3)
nonflavonoids, such as stilbenes, tannins,

coumarins and neolignans. Factors such as soil
conditions, temperature, cultivation methods, grape
variety, and geographical origin significantly
influence the chemical composition of GP, the
optimization of traditional extraction techniques has
ensured the concentration of polyphenols and the
preservation of their potential bioactivities,
including antioxidant, antimicrobial and anti-
inflammatory properties (Kalli et al. 2018; Peixoto
et al. 2018; Chakka and Babu 2022; Almanza-
Oliveros et al. 2024).

The importance of using natural preservatives
during beer production was indicated in other study,
also (Tumbarski et al. 2023).

The results of studies demonstrated that the
antioxidant activity, total polyphenols content were
determined to be considerably higher in most of the
fruit beers in respect to conventional, no-fruit hops
containing beers.

So, the objectives of this study included producing
beers with elevated antioxidant properties and
unique aromas and flavours. Specifically, the study
aimed to assess the distinct flavour, aroma and
astringency of green tea beer, attributed to the
catechin group and the unique flavour and aroma of
rosemary beer, attributed to the rosmarinic acid
group. Considering the properties of chosen
materials, by using substituting plants rich in
bioactive components as black grape pomace,
rosemary and green tea as an alternative of hops
were aimed to create a new type of beers for
consumers seeking functional beers with new
flavour attributes.
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Materials and Methods

Materials. The barley malt wort, yeast
(Saccharomyces pastorianus) and hop were kindly
supplied by Efes Pilsen Brewery. The barley malt
wort and yeast were transported to the laboratory in
pasteurized glass containers. Hop cones were
transported to the lab in airtight and watertight
package. The green tea sample used in the study was
obtained from the Rize, Turkey-based company
CAYKUR (Organic Emerald Green Tea). The
rosemary sample was obtained from the KUTAS
agricultural products factory operating in Izmir,
Turkey. The botanical identification of both
samples were done in mentioned companies. The
sample of black grape pomace was produced from
grapes obtained from Migros chain stores in Izmir,
Turkey. The botanical identification of grape
samples was done by suppling company. The grapes
were separated, washed with water and crushed with
a laboratory blender (Waring 8011 EB) and the pulp
obtained was dried in a trial dryer at 50°C for 10 h
by modifying the methods used in other studies
(Casazza et al. 2016; Monteiro et al. 2021). After
drying, the grape pulp was crushed to particle size
of 0.5 um and turned into powder form. A sample
of commercial beer with 5% alcohol content, was
selected as considering the most consumable and
bought from Migros chain stores from Turkey.

Methods. Beer production was by done following
several steps: the wort was divided into 4 pots in
guantities of 3 L and left to boil (initial temperature:
15.6°C). Hops, green tea, rosemary and black grape
pomace were added at the beginning of boiling (6.5
g) (two thirds of total dosages: 10 g) and at 10 min
before the end of boiling (one third of total dosages)
(3.5 g). At the end of the boiling period, the boiled
wort in the pot was quickly cooled by immersion in
an ice water bath (20°C). The amount of 1g of yeast
(Saccharomyces pastorianus) (1.5x108 cfu.mL™)
was added to 20 mL of boiled and cooled (20°C)
water and 10 mL wort allowing propagation of
yeasts for 20 min. After rehydration of cultures the
inoculation to 3 L pot was done aseptically. The
procedure was done for each pot. The control of
anaerobic conditions was created by using airlock
attached bottles (Emirleroglu 2020). The production
process was monitored hydrometrically (Alla 0.990-
0.1160 Beer Hydrometer). The final bottled
products (Fig.1) were subsequently stored in an air-

conditioned room maintained at 15°C. Fermentation
lasted 23 days. The wort gravity measurements were
employed as indicators of the alcoholic strength of
the beer and to assess the completion of
fermentation. To preserve the bioactive components
within the beer samples, no filtration was applied.

Figure 1. Beer samples produced by different
materials used as an alternatives of hops

Main beer analyses. The main physicochemical
parameters of beers as original gravity (EBC
Methods 9.43.1), density (EBC Method 1.6),
alcohol content (EBC Methods 9.43.2), pH (EBC
Method 1.5), total acidity (EBC Method 9.2.1 and
9.2.4) and bitterness (EBC Method 9.8), were
performed according to the European Brewery
Convention methodology (EBC 2010).

Total phenolic content of beers. The total phenolic
content was measured using the Folin-Ciocalteu
method, as described by Gujral et al. 2012; Chobdar
Rahim et al. 2021), with slight modifications.
Initially, beer or plant extracts were diluted in
distilled water at a 1:10 (v/v) ratio. As the next, the
amount of 0.5 mL of the Folin—Ciocalteu reagent
was added to 0.1 mL of diluted extract. After 2 min
allowing the reaction to be completed, the amount
of 2 mL of sodium carbonate (7% w/v) was put on.
The last volume was adjusted to 7.5 mL by distilled
water. Obtained solution was placed in dark for 1 h.
The absorbances were determined at 760 nm using
a spectrophotometer in Shimadzu 1240 (Japan).
Different concentrations (50-600 mg.L?) of gallic
acid (Merck, G7384) were prepared for drawing the
calibration graph. The calibration curve of the gallic
acid was used for calculations of total phenols
amounts (GAE mg.L™?). All measurements were
performed against blanc sample prepared with
distilled water.

Total flavonoid contents of beers. The total
flavonoid concentrations were measured and
evaluated by using aluminum chloride colorimetric
method proposed by other studies (Singleton and
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Rossi 1965; Zhishen et al. 1999; Liu et al. 2009;
Chobdar Rahim et al. 2021). Shortly, 250 pL sample
solution was combined with 1.50 mL distilled water
and 75 pL of 5% sodium nitrite and the mixture was
kept for 5 min. Subsequently, 150 uL of 10% AICls;
and 125 pL of 1M NaOH were added and waited for
10 min. The absorbances were determined at 510
nm. The standard curve was evaluated by using
+/(—) catechin (50-600 mg.L*) (Merck C1788) and
total flavonoid contents were expressed as catechin
mg.L? equivalents. During the measurements,
distilled water was used as a blank.

Antioxidant capacity of beers. The antioxidant
capacity of beers and plants samples were
determined according to the DPPH (2,2-diphenyl-1-
picrylhydrazyl) (Merck D9132) radical reducing
activity method (Singleton and Rossi 1965; Brand-
Williams et al. 1995; Perales-Sanchez et al. 2014;
Chobdar Rahim et al. 2021). The concertation of
6.10°> M DPPH was prepared by using methanol as
solvent. The quantities of 4.9 mL of methanolic
DPPH solution was added to 0.1 mL of sample. The
solution was stored in the dark for 30 minutes. The
calibration curve of (1-5 mM) Trolox (Merck
53188-07-1) was prepared for analysis and the
absorbance at 517 nm was recorded by using
spectrophotometer (Shimadzu 1240). The results
were calculated as mg Trolox equivalents (Trolox
mM.L7).

The ABTS" (2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)) (Merck 30931-67-0) radical
scavenging activity was performed according to Re
et al. (1999). For this purpose were used ABTS*
radical cation for ABTS" stock solution (7mM). The
solution was obtained by mixing with 2.45 mM
potassium persulfate solution and incubating the
mixture in the dark at room temperature for 12-16
h. Before measurements, the stock solution was
diluted with distilled water until it provided an
absorbance value of 0.700 at 734 nm. After addition
of 2 mL of ABTS" solution to 0.1 mL of extract, it
was stored in the dark for 6 min and the absorbance
was measured at 734 nm (Shimadzu 1240).
Regarding the ABTS" test, a Trolox calibration
curve was drawn and the results were calculated as
(Trolox mM.L™Y). Distilled water was used as a
blank during measurements.

Sensory analyses of beers. The sensory panel were
made up with 80 untrained evaluators, with a gender

split of 40% male and 60% female and an average
age of 25. They were given samples in monadic
form, with three-digit codes and randomly assigned
to prevent bias. The experimental design consisted
of complete blocks, that is, all evaluators analyzed
the samples using the scales presented below. The
evaluators were asked to drink a glass of room-
temperature water and rinse their mouths before
each evaluation. The samples were evaluated by
analyzing the following sensorial attributes: aroma,
flavor, color, bitterness and overall acceptance
using a structured hedonic scale of nine points (9 =
like extremely, 8 = like very much, 7 = like
moderately, 6 = like slightly, 5 = neither like nor
dislike, 4 = dislike slightly, 3 = dislike moderately,
2 = dislike very much, 1 = dislike extremely)
(Meilgaard et al. 2016).

Statistical evaluation of beers. In the study, the
design experiment was conducted by using 3
parallel random plots with 2 replicates were used
(n=6). Statistical analyses were performed by using
one-way analysis of variance (ANOVA) and
Duncan’s multiple range tests of SPSS software
(version 25.0, SPSS Inc, Chicago, USA).
Significant levels were based on the confidence
level at range of 95% (p<0.05).

Results and Discussion

The Original Gravity (OG) values of all beer
samples are closely aligned, indicating that the
plant-based additives do not have a significant
effect on OG. This minimal difference is attributed
to the amount of fermentable sugars present at the
onset of the fermentation process. Green tea,
rosemary, and grape pomace do not produce a
notable difference in OG (p<0.05) (Table 1). The
alcohol values of produced beers were determined
to be between 5.12 — 7.87% (p<0.05). The original
gravity values obtained in this study are consistent
with the results reported in previous research
(Schuina et al. 2020; Guan et al. 2023). Regarding
Alcohol Content (AC), the grape pomace beer
exhibits the highest value at 7.87%, which can be
attributed to the abundance of fermentable sugars
such as glucose and fructose found in grape pomace.
These sugars are utilized more efficiently by yeast
for alcohol production. Additionally, the rosemary
beer shows a high alcohol content of 7.61%,
suggesting that rosemary may possess bioactive
components that contribute to the fermentation
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process. Conversely, the alcohol content of the
green tea-infused beer is lower at 5.90%. This
phenomenon may be explained by the presence of
polyphenols, particularly epigallocatechin gallate
(EGCG) and catechins in green tea, which could
inhibit yeast activity (Table 1). In a study, beer
varieties were produced by adding green tea in 4
stages of beer making (pre-boiling, post-boiling,
cooling stage and pre-fermentation). The alcohol
content of the beer varieties produced varied
between 4.10 and 4.66% (Wu et al. 2024). The
examining of Total Acidity (TA) values
demonstrated that the green tea-infused beer
possesses the highest acidity at 1.621 g.L?, likely
due to the acidic nature of green tea. The increase in
acidic components may limit yeast activity,
resulting in lower alcohol production. Lower acidity
levels are observed in the grape pomace and
rosemary samples. The pH values among the beer
samples are quite similar, averaging around 3.9 (P >
0.05). Although pH has a significant impact on yeast

fermentation, the additives used in this study do not
appear to cause substantial changes in pH. In terms
of Color (EBC) values, the grape pomace-infused
beer has the highest color value at 16.244 EBC,
attributed to the presence of natural color pigments
such as anthocyanins in grape skins and pomace.
Although the rosemary and green tea-infused beers
exhibit lighter colors, certain compounds found in
these plants, including rosmarinic acid and
flavonoids, may cause slight variations in color
(p<0.05). Analyzing the bitterness (IBU) values, the
grape pomace beer shows the lowest bitterness at
6.521 IBU. This may indicate that the sugars and
polyphenols, particularly resveratrol and quercetin
in grape pomace, mask the bitterness. In contrast,
the standard (8.733 IBU) and rosemary beers (8.443
IBU) exhibit more pronounced bitter profiles, likely
due to the bioactive components present in
rosemary that can contribute to increased bitterness
(p<0.05) (Table 1).

Table 1. Standard analyses of beers with green tea, rosemary, grape pomace, standard and commercial

samples
Samples oG” AC pH TC Color Bitterness
11774 6.562 3,921 151 10.812 8.73%
-1
Standard (3 9.L) (0.003)"™ (0.47) (0.95) ©014) (022 (0.32)
11.821 5.90" 3.881 1620 10.13? 7.612
1
Green Tea (39.L7) (0.001) (0.20) (0.14) 023  (0.18) (022)
Rosemary (3 gLY) 11.68 7.61° 3.95! 1418 1252 8.44%
yieg (0.001) (0.34) (0.15) (0.15)  0.24) (0.41)
11.65! 7.87° 3.971 1360 16.24¢ 6.52!
p Lt
Grape Pomace (3 9.L) (0.001) (0.34) (0.16) 0.05)  (0.20) (0.23)
Commercial _ 5,121 3.901 1.29! 5.311 7.422
(0.28) (0.21) ©007)  (0.21) (0.38)

*OG: original gravity (°P), AC: alcohol content (°abv), TA: Total acidity (g.L1) (Lactic acid). Color: (EBC), B: Bitterness (IBU).

**Average (standard deviation).

*** Different numbers in each column; indicates a statistical difference between the values (P < 0.05)

Total phenolic content, total flavonoid content
and antioxidant activity values of beers produced
with different plants. The total phenolic content,
total flavonoid content and antioxidant activity
values of beer samples produced with different
plants are presented in Table 2.

The results presented in the table clearly
demonstrate the impact of botanical additives on the
phenolic and flavonoid content of the beer samples
(p<0.05). The green tea beer exhibited the highest

total phenolic content (TPC) at 1562.50 mg gallic
acid.L?, which can be attributed to the presence of
polyphenols such as epigallocatechin gallate
(EGCG) and other catechins found in green tea.
This high value of TPC was also reflected to the
high total flavonoid content (83.69 mg catechin. L
1), contributing to the beer's superior antioxidant
activity (DPPH: 3.80 mM Trolox.L?; ABTS: 4.61
mM Trolox.L™?).
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The rosemary beer ranged as samples with the
second highest value of TPC (1338.74 mg gallic
Acid.L™), likely due to the presence of bioactive
compounds such as rosmarinic acid, carnosic acid
and carnosol, known for their potent antioxidant
properties. The flavonoid content (50.56 mg
catechin.L™) in rosemary beer also supported its
notable antioxidant capacity (DPPH: 3.72 mM
Trolox.Lt; ABTS: 4.49 mM Trolox.L?).

In contrast, the grape pomace beer displayed a
slightly lower phenolic content (730.12 mg gallic
acid.L), despite grape pomace being rich in
polyphenols  like  proanthocyanidins  and
anthocyanins. This phenolic and flavonoid content
(14.47 mg catechin.L™) resulted in comparatively
reduced antioxidant activity (DPPH: 2.26 mM
Trolox.L; ABTS: 3.02 mM Trolox.L?) in the
grape pomace beer. The main reason of this could
be related to the used grape variety of pomace.

The commercial beer had the lowest value of TPC
(427.00 mg gallic Acid.L*) and flavonoid content
(9.73 mg catechin.L™), which corresponded to its
low antioxidant activity (DPPH: 1.78 mM
Trolox.L; ABTS: 2.43 mM Trolox.L™). These
findings highlight the significant influence of
botanical additives on the antioxidant capacity of
the beer, primarily driven by their phenolic and
flavonoid content.

In a different study, the green tea was incorporated
at four distinct stages of beer production: pre-
boiling, post-boiling, cooling, and the beginning
of fermentation. The resulting beers exhibited
variations in total phenolic content (359-630
mg.L?), total flavonoid content (147-296 mg.L™),
DPPH radical scavenging activity (3-11 mmol
Trolox equivalent.L?) and ABTS radical
scavenging activity (1.50-4.00 mmol Trolox
equivalent.L ), highlighting the time impact of
green tea addition on the bioactive properties of
the final product (Wu et al. 2024). Ten types of

craft beer were produced by adding different kinds
of green tea during brewing and their antioxidant
activity and phenolic profiles were evaluated. The
results showed remarkable variations in
antioxidant activity and antioxidative compound
contents, which were considerably higher in green
tea beers than in non-tea beer (p<0.05) (Yang et al.
2023).

In our study, green tea and other elements were
added at the beginning of the boiling stage. As a
result of this process, an increase in total phenolic
content was observed, while a decrease in
flavonoid content and antioxidant activity values
(according to DPPH and ABTS results) were
noted. These differences suggest that the boiling
stage may enhance the extraction of phenolic
compounds while leading to the degradation of
some flavonoids and a reduction in overall
antioxidant activity.

The adverse effects of heat treatment and changes
during the fermentation process regarding the
stability and integrity of bioactive components
were emphasized in most studies (Nguela et al.
2019; Ribeiro et al. 2019; Gao et al. 2022). It was
indicated also that changes in the amount of
bioactive compounds in plants can be observed
depending on the growing conditions in different
latitudes, season, day length, light quality and
temperature (Jaakola and Hohtola 2010).

The total phenolic content of beers was in the same
order of magnitude of those reported in previous
studies (Nardini and Ghiselli 2004; Piazzon et al.
2010; Meneses et al. 2013; Nardini and Garaguso
2020; De Francesco et al. 2020; Maia et al. 2020).

The amount of flavonoids obtained in this research
was similar with finding of many studies (Piazzon
et al. 2010; Andreou et al. 2018; Di Sotto et al.
2018; Samadi and Raunf Ford 2020; Rodrigues et
al. 202; Monterio et al. 2021; Arruda et al. 2021).

Table 2. The total phenolic content, total flavonoids content and antioxidant activities of beers

TPC, TFC, DPPH, ABTSY,

Samples . N S ; .

mg Gallic Acid.L* mg Catechin.L* mM Trolox.L?  mM Trolox.L*
Standard beer 895.00 £ 7.18™™ 17.63 +1.93% 2.45+0.13° 3.28+0.14°
Green tea beer 1562.50 + 39.955 83.69+2.17° 3.80 +0.05% 4.61+0.12*
Rosemary beer 1338.74 £5.114 50.56 = 0.944 3.72+0.12* 4.49+0.13%
Grape pomace beer 730.12 +13.182 14.47 £ 0.752 2.26 + 0.092 3.02+0.142
Commercial beer 427.00 = 5.08* 9.73+0.14* 1.78 £ 0.16* 2.43+0.09*

*Standard deviation

**Different numbers in each column; indicates a statistical difference between the values (p<0.05).
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In a study in which white grape pomace were
incorporated during beer production were
obtained concentration of phenolic compounds
ranging from 321.584 mg of gallic acid equivalent
(GAE).L* to 501459 mg GAE.LY The
antioxidant activity of the beers containing white
grape pomace, assessed through ABTS", DPPH",
and FRAP assays, demonstrated a significant
enhancement (Gasinski et al. 2022).

The study related to using of wine pomace during
beer production was done by valorization of
different grape origin, namely with adding must of
gas (CO, or N2 ) macerated red cv. Gamay
Teinturer grape and adding pomace of red cv.
Aleatico grape dehydrated, a variety used in ltaly
to produce sweet wine. According to the results,
gas-macerated grape musts beers showed higher
alcohol content, higher polyphenol content and
antioxidant activity than control beer. The
addition of Aleatico dehydrated grape pomace
provided less polyphenol content but a prominent
aromatic nuance (floral) due to the use of Aleatico
grape. According to the authors, the high volatile
acidity could be due to a bacteria rich grape
material (must and pomace) and the scarce
presence and instability of the foam due, probably,
to the high amount of added grape matrices.
Comparing the results with outcomes of our study
demonstrated the importance of used grape variety
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of wine pomace, used quantity and the time of
addition (Mastrangelo et al. 2023).

The antioxidant activity values of the beers
produced in this study were found to exhibit some
differences with those reported in previous
research (Tafulo et al. 2010; Moreira et al. 2013;
Polak et al. 2013; Nardini and Garaguso 2020).
Variations in antioxidant activity among different
studies can be attributed to several factors,
including the specific types and varieties of herbs
used, the chemical composition of the soil where
these herbs were cultivated, environmental
conditions, the yeast strains employed (such as
Lager or Ale), the duration of the boiling process,
the timing of herb and fruit additions, and various
methodological differences. In our study, a strong
correlation was determined between total phenolic
compounds and antioxidant activity, measured
both by the DPPH and ABTS methods (r = 0.9497,
for DPPH assay; r = 0.9539, for ABTS assay).
Regarding the total flavonoid content, a strong
correlation wadetermined between antioxidant
activity evaluated by DPPH and ABTS methods (r
=0.8534 for DPPH assay; r = 0.8351, ABTS assay
(Fig. 2). In the literature review, no resources were
found that examined the relationship between
bioactive components and antioxidants in beer
produced by martials that are used in our design
experiment.
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Figure 2. Relationship between the beer content of total phenolic and flavonoids and antioxidant
activity, measured by both DPPH (e) and ABTS (©) assays.

Sensory analysis. The results of sensory
evaluation are presented in Table 3. Considering
the overall acceptance, the beer samples produced
with green tea and rosemary were scored with
higher values than commercial and standard beers.
However, the sample of beer made with grape
pomace were scored with lower values than
standard and commercial beers. The overall
acceptance values were evaluated to be so similar

with that of other studies (Aratjo et al. 2003;
Ribeiro et al. 2007; Schuina et al. 2020; Wu et al.
2024).

The beer sample made with rosemary received the
highest score and was selected as (7.60) the most
liked one (p<0.05) (Fig. 3). Regarding the
bitterness, panelists evaluated all samples with
scores between 6 and 7 (like moderately) points.

Chobdar Rahim and Kalkan Yildirim, 2025

New beer type produced by using bioactive compound...
Page 18



Food Science and Applied Biotechnology, 2025, 8(1), 11-23

Table 3. Sensory acceptance of beers with green tea, rosemary and grape pomace

Samples Color Aroma Flavor Bitterness Overall Acceptance
Standard 6.47 £0.65™" 5.85+0.65% 5.72+0.82° 6.40 £0.75% 6.41 + 0.74%®
Green tea 6.38 £0.702 6.83 £ 0.66° 6.47+0.82° 6.45+0.74% 6.55+ 0.96°
Rosemary 6.48 + 0.632 7.33 +0.74¢ 6.91 + 0.69¢ 6.42 +0.742 7.60 + 0.60°
Grape pomace 6.46+0.61°2 5.92 £0.562 5.31+0.68% 6.41 £0.752 6.43 +£0.432
Commercial 6.37 £ 0.652 6.21+0.68° 5.73+0.70° 6.41+0.752 6.36 + 0.48%

*Standard deviation

**Different numbers in each column; indicates a statistical difference between the values (P < 0.05).

Internal Preference Map
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Figure 3. Internal preference map for the overall
acceptance of beers produced with green tea,
rosemary, grape pomace and standard (hops) and
commercial ones

There was no statistically significant difference
among commercial, standard beers and the beer
samples made with green tea, rosemary and grape
pulp (p<0.05).

In terms of flavor and aroma, samples produced
with green tea, rosemary and grape pomace were
determined to be statistically significantly different
from standard and commercial ones (P < 0.05) (Fig.
4). The differences in the color of the produced
beers were determined to be not statistically
significant.

A sensory gene taste analyses of beers produced
with five different medicinal and aromatic plants
(Melissae folium, Thymi herba, Juniperi fructus,
Urticae radix and Lupuli strobuli) were evaluated
by hedonic scale; 1 = dislike strongly, 9 = like
extremely. Beer sample produced with lemon balm
plant extract was scored with the highest value

during the panelists’ evaluation (Dordevic et al.
2016). In other study, fresh and sterile cherry and
plum puree were added to the beer at the
fermentation stage and their effects on the sensory
profile was evaluated. The differences observed in
the sensory analyses did not affect the acceptability
of the beers (Fanari et al. 2020). In another study
was added broccoli to American amber ale type
beer. The results of produced beer samples
confirmed an acceptable sensory effect after 150
days of storage (Abellan et al. 2021).

==@== Standard
Rosemary
Commercial

Green tea
Grape pomace

Color

Overall
Acceptance

Bitterness

Figure 4. Panelists' average score for beers samples

Considering the results of all data, the green tea and
rosemary beers had better properties than hop-based
beers (p<0.05). So, the use of plants rich in bioactive
components could be used as an alternative to hops
bringing new and better functional properties of the
final beer. The results emphasized that there is a
strong relation between the amount of bioactive
components of beer with different plant-based
origins and their antioxidant activity values and
consequently, with their functional properties.
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Conclusions

According to the findings of our investigation, used
green tea (Camellia sinensis) and rosemary (Salvia
rosmarinus) plants could be considered as potential
substitutes for studied hop type and concentrations
for production of new beers. Higher levels of
bioactive compounds and antioxidant activity have
been obtained in beers produced by using rosemary
and green tea compared to beer produced with
selected type of hops at determined concentrations.
Future studies on the enhancement of beers
regarding the comparison with different type of
hops replacement may make use of these findings.

Acknowledgements

The authors sincerely express their gratitude to Prof.
Dr. Gulden Ova, who supported the entire study
with her valuable progress.

This work was supported by the Scientific Research
Projects of Ege University under number BAP -
FDK-2020-21765.

We cordially thanks to barley wort, yeast and hop
supply done by Efes Pilsen brewery.

References

Abellan A., Dominguez-Perles R., Giménez M.J.,
Zapata P.J., Valero D., Garcia-Viguera C. The
development of a broccoli supplemented beer allows
obtaining a valuable dietary source of sulforaphane.
Food Bioscience Journal, 2021, 39(2): 100814.
https://doi.org/10.1016/j.fbio.2020.100814

Akbari-Adergani B., Naghavi S., Shirkhan F.
Comparative evaluation of major carbohydrates in
classic and flavored non-alcoholic beers by high
performance liquid chromatography and refractive
index detection: A Post-Market Surveillance. JHRC
- Journal of Health Research in Community, 2018,
4(3): 79-90. Available at:
https://jhc.mazums.ac.ir/article-1-374-en.pdf

Andreou V., Strati I.F., Fotakis C., Liouni M.,
Zoumpoulakis P., Sinanoglou V.J. Herbal distillates:
A new era of grape marc distillates with enriched
antioxidant profile. Food Chemistry, 2018, 253(7):
171-178.
https://doi.org/10.1016/j.foodchem.2018.01.162

Aragjo T.M., De Graga C.C., Aratijo E. Estresse
ocupacional e satide: contribui¢des do Modelo
Demanda-Controle. Ciéncia & Saude Coletiva,
2003, 8(4), 991-1003. https://doi.org/10.1590/s1413-
81232003000400021

Arruda T.R., Pinheiro P.F., Silva P.1., Bernardes P.C. A
new perspective of a well-recognized raw material:

Phenolic content, antioxidant and antimicrobial
activities and a- and B-acids profile of Brazilian hop
(Humulus lupulus L.) extracts. LWT - Food Science
and Technology, 2021, 141(4): 110905.
https://doi.org/10.1016/j.1wt.2021.110905

Brand-Williams W., Cuvelier M.E., Berset C. Use of a
free radical method to evaluate antioxidant activity.
LWT - Food Science and Technology, 1995, 28(1):
25-30. https://doi.org/10.1016/S0023-
6438(95)80008-5

Bozin B., Mimica-Dukic N., Samojlik I., Jovin E.
Antimicrobial and antioxidant properties of
rosemary and sage (Rosmarinus officinalis L. and
Salvia officinalis L., Lamiaceae) essential oils.
Agriculture and Food Chemistry, 2007, 55(19):
7879-7885. https://doi.org/10.1021/jf0715323

Casazza A.A., Aliakbarian B., Lagazzo A., Garbarino
G., Carnasciali M.M., Perego P., Busca G. Pyrolysis
of grape marc before and after the recovery of
polyphenol fraction. Fuel Processing Technology,
2016, 153(1): 121-128.
https://doi.org/10.1016/j.fuproc.2016.07.014

Chakka A.K., Surendra Babu A. Bioactive compounds
of winery by-products: extraction techniques and
their potential health benefits. Applied Food
Research, 2022, 2(1): 100058.
https://doi.org/10.1016/j.afres.2022.100058

Chowdhary P., Gupta A., Gnansounou E., Pandey A.,
Chaturvedi P. Current trends and possibilities for
exploitation of Grape pomace as a potential source
for value addition. Environmental Pollution, 2021,
278(6): 116796.
https://doi.org/10.1016/j.envpol.2021.116796

De Francesco G., Bravi E., Sanarica E., Marconi O.,
Cappelletti F., Perretti G. Effect of addition of
different phenolic-rich extracts on beer flavour
stability. Foods, 2020, 9(11): 1638.
https://doi.org/10.3390/foods9111638

Di Sotto A., Checconi P., Celestino 1., Locatelli M.,
Carissimi S., De Angelis M., Rossi V., Limongi D,
Toniolo C., Martinoli L., Di Giacomo S., Palamara
A.T., Nencioni L. Antiviral and antioxidant activity
of a hydroalcoholic extract from Humulus lupulus L.
Oxidative Medecine and Cellular Longevity, 2018.
https://doi.org/10.1155/2018/5919237

DorDevic S., Popovi¢ D., Despotovi¢ S., Veljovi¢ M.,
Atanackovi¢ M., Cveji¢ J., Nedovi¢ V., Leskosek-
Cukalovié I. Ekstrakti lekovitog bilja kao
funkcionalni dodaci pivu. Chemical Industry &
Chemical Engineering Quarterly, 2016, 22(3): 301-
308. https://doi.org/10.2298/CICEQ150501044D

Elmi A., Prosperi A., Zannoni A., Bertocchi M., Scorpio
D.G., Forni M., Foni E., Bacci M.L., Ventrella D.
Antimicrobial capabilities of non-spermicidal
concentrations of tea tree (Melaleuca alternifolia)
and rosemary (Rosmarinus officinalis) essential oils

Chobdar Rahim and Kalkan Yildirim, 2025

New beer type produced by using bioactive compound...
Page 20


https://doi.org/10.1016/j.fbio.2020.100814
https://jhc.mazums.ac.ir/article-1-374-en.pdf
https://doi.org/10.1016/j.foodchem.2018.01.162
https://doi.org/10.1590/s1413-81232003000400021
https://doi.org/10.1590/s1413-81232003000400021
https://doi.org/10.1016/j.lwt.2021.110905
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1021/jf0715323
https://doi.org/10.1016/j.fuproc.2016.07.014
https://doi.org/10.1016/j.afres.2022.100058
https://doi.org/10.1016/j.envpol.2021.116796
https://doi.org/10.3390/foods9111638
https://doi.org/10.1155/2018/5919237
https://doi.org/10.2298/CICEQ150501044D

Food Science and Applied Biotechnology, 2025, 8(1), 11-23

on the liquid phase of refrigerated swine seminal
doses. Research Journal of Veterinary Sciences,
2019, 127(12): 76-81.
https://doi.org/10.1016/j.rvsc.2019.10.014

Emirleroglu E. Probiotic beer production with
Saccharomyces boulardu and Escherichia coli nissle
1917. MSc thesis by Food Engineering. Ege
University, 2020 in Turkish.

Fanari M., Forteschi M., Sanna M., Piu P.P., Porcu
M.C., D’hallewin G., Secchi N., Zinellu M., Pretti L.
Pilot plant production of craft fruit beer using
Ohmic-treated fruit puree. Journal of Food
Processing and Preservation, 2020, 44(12): 1-8l.
https://doi.org/10.1111/jfpp.14339

Gao Y., XiaW., Shao P., Wu W., Chen H., Fang X., Mu
H., Xiao J., Gao H. Impact of thermal processing on
dietary flavonoids. Current Opinion in Food
Science, 2022, 48(12): 100915.
https://doi.org/10.1016/j.cofs.2022.100915

Gasinski A., Kawa-Rygielska J., Mikulski D.,
Klosowski G. Application of white grape pomace in
the brewing technology and its impact on the
concentration of esters and alcohols,
physicochemical parameteres and antioxidative
properties of the beer. Food Chemistry, 2022,
367(1): 130646.
https://doi.org/10.1016/j.foodchem.2021.130646

Gouveia A.R., Alves M., Silva J.A., Saraiva C. The
antimicrobial effect of rosemary and thyme essential
oils against Listeria monocytogenes in sous vide
cook-chill beef during storage. Procedia Food
Science, 2016, 7(2): 173-176.
https://doi.org/10.1016/j.prof00.2016.10.001

Guan Y., Xu X,, Liu C., Wang J., Niu C., Zheng F., Li
Q. Evaluating the physiology and fermentation
performance of the lager yeast during very high
gravity brewing with increased temperature. LWT,
2023, 173(1): 114312.
https://doi.org/10.1016/j.1wt.2022.114312

Gujral H.S., Sharma P., Kumar A., Singh B. Total
phenolic content and antioxidant activity of extruded
brown rice. International Journal of Food
Properties, 2012, 15(2): 301-311.
https://doi.org/10.1080/10942912.2010.483617

He H.F., Wei K., Yin J., Ye Y. Insight into tea
flavonoids: composition and chemistry. Food
Reviews International, 2020. 37(8): 812-823.
https://doi.org/10.1080/87559129.2020.1721530

Jaakola L., Hohtola A. Effect of latitude on flavonoid
biosynthesis in plants. Plant, Cell & Environment,
2010, 33(7): 1239-1247.
https://doi.org/10.1111/j.1365-3040.2010.02154.x

Kalli E., Lappa I., Bouchagier P., Tarantilis P.A., Skotti
E. Novel application and industrial exploitation of
winery by-products. Bioresources and

2017Bioprocessing, 2018, 5(11): 46.
https://doi.org/10.1186/s40643-018-0232-6

LiP., Yang X., Lee W.J., Huang F., Wang Y., Li Y.
Comparison between synthetic and rosemary-based
antioxidants for the deep frying of French fries in
refined soybean oils evaluated by chemical and non-
destructive rapid methods. Food Chemistry, 2021,
335(1): 127638.
https://doi.org/10.1016/j.foodchem.2020.127638

Linares 1., Stojanovi¢ Z., Quirantes-Piné R., Arraez-
Roma D., Svarc-Gaji¢ J., Fernandez-Gutiérrez A.,
Segura-Carretero A. Rosmarinus officinalis leaves as
a natural source of bioactive compounds.
International Journal of Molecular Sciences, 2014,
15(11): 20585-20606.
https://doi.org/10.3390/ijms151120585

Liu S.C., LinJ.T., Wang C.K., Chen H.Y., Yang D.J.
Antioxidant properties of various solvent extracts
from lychee (Litchi chinenesis Sonn.) flowers. Food
Chemistry, 2009, 114(2): 577-581.
https://doi.org/10.1016/j.foodchem.2008.09.088

Luo Q., Luo L., Zhao J., Wang Y., Luo H. Biological
potential and mechanisms of Tea’s bioactive
compounds: An updated review. Journal of
Advanced Research, 2023, 65(11): 345-363.
https://doi.org/10.1016/j.jare.2023.12.004

Machado J.C., Faria M.A., Ferreira I.M. 10-Hops: New
perspectives for an old beer ingredient, The Science
of Beverages, 2019, 13(10): 267-301.
https://doi.org/10.1016/B978-0-12-816689-5.00010-
9

Mastrangelo N., Bianchi A., Pettinelli S., Santini G.,
Merlani G., Bellincontro A., Mencarelli F. Novelty
of Italian Grape Ale (IGA) beer: Influence of the
addition of Gamay macerated grape must or
dehydrated Aleatico grape pomace on the aromatic
profile. Heliyon, 2023, 9(10): e20422.
https://doi.org/10.1016/j.heliyon.2023.e20422

Maia P.D.D.S., Baido D., Dos S., Da Silva V.P.F.,
Lemos Miguel M.A., Quirino Lacerda E.C., Calado
V.M., De A., Carneiro C., Da S., Finotelli P.V.,
Pierucci A.P.T.R. Microencapsulation of a craft
beer, nutritional composition, antioxidant stability,
and drink acceptance. LWT, 2020, 133(11): 110104.
https://doi.org/10.1016/j.Iwt.2020.110104

Meneses N.G.T., Martins S., Teixeira J.A., Mussatto
S.1. Influence of extraction solvents on the recovery
of antioxidant phenolic compounds from brewer’s
spent grains. Separation and Purification
Technology, 2013, 108(4): 152-158.
https://doi.org/10.1016/j.seppur.2013.02.015

Mira-Sanchez M.D., Castillo-Sanchez J., Morillas-Ruiz
J.M. Comparative study of rosemary extracts and
several synthetic and natural food antioxidants.
Relevance of carnosic acid/carnosol ratio. Food

Chobdar Rahim and Kalkan Yildirim, 2025

New beer type produced by using bioactive compound...
Page 21


https://doi.org/10.1016/j.rvsc.2019.10.014
https://doi.org/10.1111/jfpp.14339
https://doi.org/10.1016/j.cofs.2022.100915
https://doi.org/10.1016/j.foodchem.2021.130646
https://doi.org/10.1016/j.profoo.2016.10.001
https://doi.org/10.1016/j.lwt.2022.114312
https://doi.org/10.1080/10942912.2010.483617
https://doi.org/10.1080/87559129.2020.1721530
https://doi.org/10.1111/j.1365-3040.2010.02154.x
https://doi.org/10.1186/s40643-018-0232-6
https://doi.org/10.1016/j.foodchem.2020.127638
https://doi:10.3390/ijms151120585
https://doi.org/10.3390/ijms151120585
https://doi.org/10.1016/j.foodchem.2008.09.088
https://doi.org/10.1016/j.jare.2023.12.004
https://doi.org/10.1016/B978-0-12-816689-5.00010-9
https://doi.org/10.1016/B978-0-12-816689-5.00010-9
https://doi.org/10.1016/j.heliyon.2023.e20422
https://doi.org/10.1016/j.lwt.2020.110104
https://doi.org/10.1016/j.seppur.2013.02.015

Food Science and Applied Biotechnology, 2025, 8(1), 11-23

Chemistry, 2020, 309(3): 125688.
https://doi.org/10.1016/j.foodchem.2019.125688

Monteiro G.C., Minatel 1.0., Junior A.P., Gomez-
Gomez H.A., De Camargo J.P.C., Diamante M.S.,
Pereira Basilio L.S., Tecchio M.A., Pereira Lima
G.P. Bioactive compounds and antioxidant capacity
of grape pomace flours. LWT, 2021, 135(1): 110053.
https://doi.org/10.1016/j.1wt.2020.110053

Moreira M.M., Morais S., Carvalho D.O., Barros A.A.,
Delerue-Matos C., Guido L.F. Brewer’s spent grain
from different types of malt: Evaluation of the
antioxidant activity and identification of the major
phenolic compounds. Food Research International,
2013, 54(1): 382-388.
https://doi.org/10.1016/j.foodres.2013.07.023

Namal Senanayake S.P.J. Rosemary extract as a natural
source of bioactive compounds. Journal of Food
Bioactives, 2018, 2(6): 51-57.
https://doi.org/10.31665/JFB.2018.2140

Nardini M., Foddai M.S. Phenolics profile and
antioxidant activity of special beers. Molecules,
2020, 25(11): 2466.
https://doi.org/10.3390/molecules25112466

Nardini M., Garaguso |. Characterization of bioactive
compounds and antioxidant activity of fruit beers.
Food Chemistry, 2020, 305(1): 125437.
https://doi.org/10.1016/j.foodchem.2019.125437

Nardini M., Ghiselli A. Determination of free and bound
phenolic acids in beer. Food Chemistry, 2004, 84(1):
137-143. https://doi.org/10.1016/S0308-
8146(03)00257-7

Oladokun O., James S., Cowley T., Dehrmann F., Smart
K., Hort J., Cook D. Perceived bitterness character
of beer in relation to hop variety and the impact of
hop aroma. Food Chemistry, 2017, 230(9): 215-224.
https://doi.org/10.1016/j.foodchem.2017.03.031

Oliveros A., Bautista-Hernandez I., Castro-Lopez C.,
Aguilar-Zarate P., Meza-Carranco Z., Rojas R., R-
Michel M., Martinez-Avila G.C.G. Grape Pomace-
Advances in its bioactivity, health benefits, and food
applications. Foods. 2024, 13(4): 580.
https://doi.org/10.3390/foods13040580

Peixoto C.M., Dias M.I., Alves M.J., Calhelha R.C.,
Barros L., Pinho S.P., Ferreira I.C.F.R. Grape
pomace as a source of phenolic compounds and
diverse bioactive properties. Food Chemistry, 2018,
253(7): 132-138.
https://doi.org/10.1016/j.foodchem.2018.01.163

Perales-Sanchez J.X.K., Reyes-Moreno C., Gomez-
Favela M.A., Milan-Carrillo J., Cuevas-Rodriguez
E.O., Valdez-Ortiz A., Gutiérrez-Dorado R.
Increasing the antioxidant activity, total phenolic
and flavonoid contents by optimizing the
germination conditions of amaranth seeds. Plant
Foods for Human Nutrition, 2014, 69(3): 196-202.
https://doi.org/10.1007/s11130-014-0430-0

Nedyalkov P., Bakardzhiyski I., Kaneva M. Changes in
the protein profile of beers with bilberry. Food
Science and Applied Biotechnology, 2023, 6(1): 67-
76. https://doi.org/10.30721/fsab2023.v6.i1.236

Piazzon A., Forte M., Nardini M. Characterization of
phenolics content and antioxidant activity of
different beer types. Journal of Agricultural and
Food Chemistry, 2010, 58(19): 10677-10683.
https://doi.org/10.1021/jf101975q

Polak J., Bartoszek M., Stanimirova I. A study of the
antioxidant properties of beers using electron
paramagnetic resonance. Food Chemistry, 2013,
141(3): 3042-3049.
https://doi.org/10.1016/j.foodchem.2013.05.133

Rashidi B., Malekzadeh M., Goodarzi M., Masoudifar
A., Mirzaei H. Green tea and its anti-angiogenesis
effects. Biomedical and Pharmacology Journal,
2017, 89(5): 949-956.
https://doi.org/10.1016/j.biopha.2017.01.161

Re R., Pellegrini N., Proteggente A., Pannala A., Yang
M. Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Biology and
Medicine, 1999, 26(9-10): 1231-1237.
https://doi.org/10.1016/S0891-5849(98)00315-3

Ribeiro M.M., Maria S., Lucia D., Bucharles P.,
Barbosa F., Galvao H.L., Paula V., Minim R.
Influéncia da embalagem na aceitagdo de diferentes
marcas comerciais de cerveja tipo Pilsen [Influence
of packaging on the acceptability of different
commercial brands of Pilsen beer]. Ciéncia e
Tecnologia, 2007, 28(2): 395-399.
https://doi.org/10.1590/S0101-20612008000200019

Rodrigues Silva F.M., Ribeiro Da Silva L.M., Gomes
Duarte A.S., Da Silva Monteiro C.E., Campos A.R.,
Rodrigues Holanda D.K., Silva De Lima A.C.,
Bruno de Sousa Sabino L., Wilane de Figueiredo R.
Microencapsulation of green tea extract (Camellia
sinensis var assamica) to increase the
bioaccessibility of bioactive compounds and
gastroprotective effects. Food Bioscience, 2021,
42(8): 101190.
https://doi.org/10.1016/j.fbi0.2021.101190

Rusak G., Komes D., Likic S., Horzic D., Kovac M.
Phenolic content and antioxidative capacity of green
and white tea extracts depending on extraction
conditions and the solvent used. Food Chemistry,
2008, 110(4): 852-858.
https://doi.org/10.1016/j.foodchem.2008.02.072

Samadi S., Raouf Fard F. Phytochemical properties,
antioxidant activity and mineral content (Fe, Zn and
Cu) in Iranian produced black tea, green tea and
roselle calyces. Biocatalysis and Agricultural
Biotechnology, 2020, 23(1): 101472.
https://doi.org/10.1016/j.bcab.2019.101472

Schuina G.L., Quelhas J.O.F., Carvalho G.B.M.,
Bianchi V.L.D. Use of carqueja (Baccharis trimera

Chobdar Rahim and Kalkan Yildirim, 2025

New beer type produced by using bioactive compound...
Page 22


https://doi.org/10.1016/j.foodchem.2019.125688
https://doi.org/10.1016/j.lwt.2020.110053
https://doi.org/10.1016/j.foodres.2013.07.023
https://doi.org/10.31665/JFB.2018.2140
https://doi.org/10.3390/molecules25112466
https://doi.org/10.1016/j.foodchem.2019.125437
https://doi.org/10.1016/S0308-8146(03)00257-7
https://doi.org/10.1016/S0308-8146(03)00257-7
https://doi.org/10.1016/j.foodchem.2017.03.031
https://doi.org/10.3390/foods13040580
https://doi.org/10.1016/j.foodchem.2018.01.163
https://doi.org/10.1007/s11130-014-0430-0
https://doi.org/10.30721/fsab2023.v6.i1.236
https://doi.org/10.1021/jf101975q
https://doi.org/10.1016/j.foodchem.2013.05.133
https://doi.org/10.1016/j.biopha.2017.01.161
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1590/S0101-20612008000200019
https://doi.org/10.1016/j.fbio.2021.101190
https://doi.org/10.1016/j.foodchem.2008.02.072
https://doi.org/10.1016/j.bcab.2019.101472

Food Science and Applied Biotechnology, 2025, 8(1), 11-23

(Less.) DC. Asteraceae) as a total substitute for hops
in the production of lager beer. Journal of Food
Processing and Preservation, 2020, 44(7): e14730.
https://doi.org/10.1111/jfpp.14730

Schuina G.L., Quelhas J.O.F., Castilhos M.B.M.,
Carvalho G.B.M., Bianchi V.L.D. Alternative
production of craft lager beers using artichoke
(Cynara scolymus L.) as a hops substitute. Food
Science and Technology (Campinas), 2020, 40(1):
157-161. https://doi.org/10.1590/fst.35318

Silva A.P., Voss H.P., Van Zyl H., Hogg T., De Graaf
C., Pintado M., Jager G. Effect of adding hop aroma
in beer analysed by temporal dominance of
sensations and emotions coupled with temporal
liking. Food Quality and Preference, 2019, 75(7):
54-63.
https://doi.org/10.1016/j.foodqual.2019.02.001

Singleton V.L., Rossi J.A. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic
acid reagents. American Journal of Enology and
Viticulture, 1965, 16(3): 144-158.
https://doi.org/10.5344/ajev.1965.16.3.144

Tafulo P.A.R., Queiros R.B., Delerue-Matos C.M.,
Sales M.G.F. Control and comparison of the
antioxidant capacity of beers. Food Research
International, 2010, 43(6): 1702-1709.
https://doi.org/10.1016/j.foodres.2010.05.014

Tumbarski Y., Petrova N., Ivanov I., Petkova N., Petya
l., Yanakieva V., Vasilev K., Mihalev K.
Assessment of the bioactivity, preservation potential
and sensory acceptance of a propolis extract applied
in a functional fruit-herbal beverage. Food Science
and Applied Biotechnology, 2023, 6(2): 320-330.
https://doi.org/10.30721/fsab2023.v6.i2.302

Wu J., Zhang Y., Qiu R., Li L., Zong X. Effects of tea
addition on antioxidant capacity, volatiles, and
sensory quality of beer. Food Chemistry, 2024,
21(3): 101193.
https://doi.org/10.1016/j.fochx.2024.101193

Yan Z., Zhong Y., Duan Y., Chen Q., Li F. Antioxidant
mechanism of tea polyphenols and its impact on
health benefits. Animal Nutrition, 2020, 6(2): 115-
123. https://doi.org/10.1016/j.aninu.2020.01.001

Yang D., Gao X. Research progress on the antioxidant
biological activity of beer and strategy for
applications. Food Science and Technology, 2021,
110(4): 754-764.
https://doi.org/10.1016/j.tifs.2021.02.048

Yang L., Lu Z., Lu J., Wu D. Evaluation of the
antioxidant characteristics of craft beer with green
tea. Journal of Food Science, 2023, 88(2): 625-637.
https://doi.org/10.1111/1750-3841.16441

Zhishen J., Mengcheng T., Jianming W. The
determination if flavonoid contents in mulbery and
tehir scavenging effects on superoxide radicals.
Food Chemistry, 1999, 64(4): 555-559.
https://doi.org/10.1016/S0308-8146(98)00102-2

Chobdar Rahim and Kalkan Yildirim, 2025

New beer type produced by using bioactive compound...

Page 23


https://doi.org/10.1111/jfpp.14730
https://doi.org/10.1590/fst.35318
https://doi.org/10.1016/j.foodqual.2019.02.001
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1016/j.foodres.2010.05.014
https://doi.org/10.30721/fsab2023.v6.i2.302
https://doi.org/10.1016/j.fochx.2024.101193
https://doi.org/10.1016/j.aninu.2020.01.001
https://doi.org/10.1016/j.tifs.2021.02.048
https://doi.org/10.1111/1750-3841.16441
https://doi.org/10.1016/S0308-8146(98)00102-2

