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ABSTRACT

Beer becoming one of the ancient and most widely enjoyed beverages globally, is witnessing a
growing popularity in the form of functional brews. Nevertheless, there is a constraint on conducting
a study on the impact of incorporating functional adjuncts at different stages of the production
process and how this affects the final physical, chemical, and sensory properties. The current study
examines the ingredients employed and their degree of incorporation to produce a functional beer
with bioactive compounds, improved antioxidant activity, and increased flavor qualities. Beer has
been a trend with an infusion of fruit in the form of Pieces or extracts. In addition, they were
successfully introduced into the various steps like wort boiling, fermentation, maturation, and
packaging processes to enhance the consumer perception point of view and the mutual benefits of
health such as heart diseases and Stroke as improvement of Bone Density. Beer samples were
made with the addition of papaya pulp in different ratios in 17 combinations/replicants.
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1. INTRODUCTION

This study explores the various ranges of
consumption of beer with an infusion of fruit, at
an adequate amount which enhances the taste
perception and also makes more attraction on
behalf of refreshment. The process of making
beer with fruit is similar to making traditional
beer. Fruit is typically added during the
fermentation stage. This allows the fruit sugars to
ferment and mix with the beer, creating a unique
flavour profile [1]. In the past, people did not
consider the various advantages of fruits.
Currently, there is a significant amount of public
interest in the health advantages, particularly in
terms of medical and nutritional properties. The
increasing popularity of fruit-based beers can be
attributed to their unique flavours and nutritional
benefits [2]. Fruits such as apricots, peaches,
and mangoes have been effectively integrated
into the process of making beer, providing a
sustainable and interdisciplinary approach to
brewing [3]. The inclusion of these fruits
significantly influences the beer's colour, taste,
and aroma characteristics, hence enriching the
overall sensory perception. In addition, fruit beers
can offer substantial amounts of beneficial
components such as vitamins, minerals, and
antioxidants, rendering them 1 a more healthful
option compared to conventional hop-based
beers [4]. By incorporating fruits into the brewing
process, firms may diversify their product
offerings, meet changing consumer demands,
and perhaps decrease reliance on synthetic
ingredients such as hops, thus promoting a more
environmentally friendly brewing sector [5]. The
fruit can be added in various forms including
fresh, frozen, pureed, Pulp or juice [6]. The most
popular alcoholic beverage worldwide is beer. It
is produced by fermenting cereals, primarily
barley. Beer is regarded to be safer and more
nutritive than all other alcoholic beverages. Beer
is considered safe as it contains less alcohol
content and high nutritive value [7]. Brewing
Papaya as the main ingredient to enhance the
quality and distinct flavour. Papaya beer is also
known for its health benefits such as Papaya is
rich in vitamins, and antioxidants and has been
shown to have anti-inflammatory and digestive
properties [8]. This Research will reveal the new
variant type of Beer for taste perception and
consumption. Infusion of papaya into beer will
lead to the breakdown of enzymes to the
complex sugars in the wort making them more
accessible to the yeast. This can result in a more
efficient fermentation process and a higher
quality beer. The beer is typically made by

adding papaya puree or juice to the beer during
the fermentation 2 process. This imparts a
unique flavor and aroma to the beer, with a hint
of tropical sweetness and tanginess. According
to beer purity law, beer can be made by using
barley, hops, yeast, and water as main
ingredients [9]. Herbs are plants that widely
occur in nature and have medicinal properties
and are also used in culinary practices. Using
papaya fruit as an ingredient in brewing recalls
the ancient culture and tastes of beer along with
its medicinal values. Herbs are responsible for
the development of taste, aroma, and overall
flavor of the beer by the presence of secondary
metabolites in them [10]. Along with these, herbs
also develop medicinal benefits in the product
formed. The addition of this ingredient can have
health-improving properties for the human body.
In earlier beer brewing, various herbs are used to
make a beer. This study also examines several
tests related to the Sensory and quality attributes
of Beer to enhance the maximum health benefits
of Antioxidants and rich in different bioactive
compounds that have medicinal benefits [2].

Objectives of this experiment was:

1. To optimize the process parameters for the
development of Beer.

2. To evaluate the physio-chemical and
sensory attributes of Papaya Beer
2. MATERIALS AND METHODS
2.1 Materials
The wort fermentation process utilized

Saccharomyces cerevisiae yeast obtained from
Merck Life Sciences. The yeast was hydrated in
distilled water for 30 minutes at a temperature of
25°C. After that, it was added to the wort at a
concentration of 0.58 grams of dry matter per
liter, following the guidelines provided by the
manufacturer.

2.1.1 Raw material

Papaya (Carica papaya) is a tropical fruit, semi-
ripened papaya was collected from the fields of
LPU, Phagwara. Grown variety of IRIS Hybrid
Papaya RC-217 in November 2023, which was
stored in ZNBF camber for a week and
immediately exacted in the form of pulp using a
fruit blender. The extract content in fruit juices
were: 16%w/w of yellow juice. Barley is
purchased from local agricultural market from
last year (2022) and hops was purchased from
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the C&C hop farms, Yakima, Washington,
respectively. The malt was mashed using a
laboratory grinder manufactured by Brabender
company (India), specifically designed for
crushing malt to get the desired consistency.

2.2 Brewing Technology

A total of 5 kg of malt and 17.5 kg of water were
combined at a weight ratio of 1:3.5 (malt: water)
for the purpose of mashing. The infusion
mashing process was carried out in a controlled
laboratory environment [11]. Water was heated
to a temperature of 67°C, followed by the

addition of malt while holding the temperature for
70 minutes. Subsequently, the temperature was
raised to 76°C with a step duration of 10
minutes. The prepared mash was filtered with
filter paper, and the resulting wort was boiled
with 1 g/L of hops for 60 minutes. The boiled wort
was cooled to a temperature of 25°C and filtered
once more to obtain the control wort. The extract
content was determined to be 12°Bx
refractometer according to it. The procedure for
preparing specific experimental variations is
outlined in the Experimental plan. The
fermentation process was conducted in 2 L glass
fermentation flasks [12].

&) Barley & Sprouting

L Bottling | Pasteurization

®

Hops

| Drying, mashing & Boiling
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i Cooling l
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Fig. 1. Flow Chart representing the Infusion process in Beer

Table 1. Proportion of papaya pulp used in the beer

S/NO A: Fruit B: Temperature C: Time
Pulp % °C In Days

PB1 5 20 8

PB2 20 20 8

PB3 5 35 8

PB4 20 35 8

PB5 5 20 24

PB6 20 20 24

PB7 5 35 24

PB8 20 35 24

PB9 0 27.5 16

PB10 25.1134 27.5 16

PB11 12,5 14.8866 16

PB12 12,5 40.1134 16

PB13 12,5 27.5 2.54566

PB14 12,5 27.5 29.4543

PB15 12,5 27.5 16

PB16 12,5 27.5 16

PB17 12.5 27.5 16
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2.3 Analytical Methods
2.3.1 Basic physicochemical parameters

Extract wort was measured in a Hydrometer for
specific gravity to calculate the degree of alcohol
percentage in beer before fermentation and after
fermentation, Tss of wort was checked within
value using 12°Bx and the pH value of beer was
measured with an MP 240 pH-meter. Foam
characteristics will result in the creation of carbon
dioxide gas that results in bubble formation as
this can be done by keeping the beer at Room
temperature. All the measurements were
analyzed in triplicate form. Table 1 Representing
the particular proportion of papaya pulp used in
the beer along with Temperature and Time,
where PB represents the Papaya Beer with
number as the replicant ratio for making.

2.3.2 Calculation of Alcohol
(ABV %)

percentage

Alcohol content Determination: A hydrometer is
an instrument utilized for the precise
measurement of density. Brewing hydrometers
are used to measure the specific gravity of a
liquid, which represents the ratio of the liquid's
density to that of water. An object with a specific
gravity (SG) less than one is less dense than
water and will therefore float, whereas an object
with an SG larger than one is denser and will
sink.

The hydrometer is a precisely calibrated object
that submerges to a specific depth based on the
density of the liquid it is placed in. The density of
a liquid can be determined by measuring its
displacement. Place the just disinfected
hydrometer into its designated tube. Extract a
little portion of your beverage from the center
using a sampler. Fill the hydrometer tube until
the hydrometer is able to float without any
obstruction, and then stop filling. If your
equipment has been properly cleaned, it is
acceptable to return any excess liquid. Position
the hydrometer on a horizontal and even surface,
then delicately rotate it in both directions to
eliminate any air pockets that might have formed
on its exterior. Verify that the hydrometer is
buoyant and not in contact with the inner walls of
the hydrometer tube. Observe the hydrometer
reading by looking at the measurement at the
lowest point of the curved surface of the liquid,
while keeping your eyes at the same level as the
hydrometer. The meniscus is a concave surface
formed due to the cohesive forces of surface

tension, which can have a significant
impact.nThe magic number is approximately
131.25. The percentage of alcohol can be
determined using the following formula: The wort
was assessed using a hydrometer to determine
its initial specific gravity prior to fermentation.
After the secondary fermentation, the beer was
examined using specific gravity measurements.

ABV % = Final specific gravity — Initial
specificgivity x 131.25

2.3.3 Analysis of beer bitterness (IBU)

In order to assess the level of bitterness in the
fermented beers, a volume of 10 mL of beer
without gas was transferred to Falcon tubes with
a capacity of 35 mL. Subsequently, 0.5 ¢ of a
hydrochloric acid solution with a concentration of
6 N HCI was added to the tube, followed by the
addition of 20 mL of isoacetate. The tubes were
shaken continuously for a duration of 10 minutes.
Subsequently, 10 mL of the sample were
transferred to Falcon centrifugation tubes with a
capacity of 15 mL and subjected to centrifugation
at a speed of 3000 revolutions per minute for a
duration of 5 minutes. A specimen for analysis
was obtained from the isoacetate layer and
quantified using spectrophotometry by detecting
its absorbance at a wavelength of 275 nm. The
standard used was pure isoacetate.

The IBU can be determined using the formula:
IBU =50 = A (A —absorbance at 275 nm)

2.3.4 Total polyphenols content and

antioxidative activity

The Folin-Ciocalteu (F-C) spectrophotometric
method was employed to measure the overall
polyphenolic content of the beer. Cuvettes were
filled with beer samples and F-C reagent using a
pipette(Juri¢ et al., 2015). After a duration of 3
minutes, a volume of 1 millilitre of a sodium
carbonate (Na2CO3) solution, which is
composed of 20% sodium carbonate dissolved in
water, was added. Additionally, a volume of 2
milliliters of distilled water was also added. The
measurement of absorbance at a wavelength of
765 nm was conducted after a duration of 1 hour,
and the findings were reported as milligrams of
gallic acid equivalents (GAE) per liter of beer.
The data were represented as the average value
for three measurements (Montanari et al., 1999).

The antiradical activity was assessed by
employing a DPPH% assay, 0.1 mL aliquots of
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beer were combined with 2 mL of a 0.04 mmol/L
DPPH% solution in methanol, along with 0.4 mL
of water. Following a 10-minute period of
incubation at ambient temperature, the
absorbance  was guantified using a
spectrophotometer at a wavelength of 517
nm,(Yen & Chen, 1995) utilizing disposable
polystyrene cuvettes. A calibration curve was
generated using a Trolox solution with a
concentration of 0.05 x 10-1 mmol/L. The data
were quantified as the antioxidative capacity per
liter of the beer, expressed in millimoles of Trolox
equivalent (TE) per liter (mmol TE/L). The
measurements were conducted three times [12].

2.3.5 Color determination of beer

Determination of color of beer using EBC method
where the 5ml of sample is taken and degassed
and filled in a cuvvet directly to measure the
Absorbance in Spectrophotometer at 430 nm.

Calculation of EBC =25 . d . A430nm

Where A430nm = the measurement of
Absorbance at A = 430nm. d = Dilution factor of
beer

Sensory evaluation

Following fermentation, the obtained products
were sensory evaluated, assessing flavour - a
sensory attribute resulting from stimulation of the
olfactory receptors in the nasal cavity and eyes in
determining the certain color (1 - unpleasant, 10 -
very pleasant); Taste - a sensory attribute
resulting from stimulation of the gustatory
receptors in the oral cavity by certain soluble
substances (1 - unpleasant, 10 - very pleasant);
Aroma -a combination of flavour and taste.
Bitterness - a sharp and bitter taste felt with
receptors concentrated towards the back of the
tongue and throat (1 - not present, 10 - very
strong bitterness); freshness - as determined by
the alcoholic strength, CO2 content, and hopping
level of the beer (1 - stale, 10 - fresh); general
impression - the interaction of all sensory signals
(1 - very bad, 10 - very good).

3. RESULTS AND DISCUSSION
Basic physicochemical parameters of Beer such
as pH value, Colour, Bitterness, TSS and

Alcohol.

The brewed beer was analyzed for the
concentration of alcohol. The inclusion of juices

facilitated the production of beer with a greater
ethanol concentration in comparison to the beer
without juices. A study conducted by Martinez,
Vegara, Marti, Valero, & Saura (2017) found that
adding persimmon fruit during the brewing
process increased the alcohol percentage in
beer. Furthermore, the ethanol percentage in the
brewing process escalated as more persimmon
fruits were added. Nevertheless, the inclusion of
Cornelian cherry fruit juice at 50% of the wort
volume resulted in the production of beer with a
lower alcohol concentration compared to the
beer brewed In our study with a 10% addition of
the papaya pulp. This is despite the fact that the
initial wort extract was higher (Martinez, Vegara,
Marti et al., 2017). Additional studies on papaya-
infused beer revealed that the alcoholic content
of the beers varied between 2.55 and 4.55,
indicating varying levels of alcohol concentration.
This parameter is vital as it directly influences the
taste, texture, and overall influence of the beer.
The alcohol content in the 17 samples ranged
from 4.58% to 5.45%, with the lowest and
highest values being observed. The sample with
PB1 has a lower percentage of 4.58%, whereas
the sample with PB4 has a higher percentage of
5.45%. as shown in Table 2 for further
understanding.

The initial pH value of PB4 was 5.81. However,
the addition of Papaya pulp caused a
considerable fall in pH due to its naturally low pH
of 2.9 on average [11] (Patidar et al., 2016). The
PB15 exhibited the maximum degree of
bitterness. The presence of over ripened Papaya
fruit juice, which lacks bitterness qualities, may
have caused a decrease of 2 units in the hopped
wort's bitterness level. The pH level of beer
denotes its amount of acidity or alkalinity,(Weil3
et al., 2002) which has an impact on its taste,
stability, and microbial activity. Beer typically has
a pH range of 3 to 4.5, making it slightly acidic.
Below are the measurements for the beer
samples. The range of acidity levels observed is
from 3.32 to 4.22. PB4 has a pH of 3.32,
indicating a higher level of acidity. On the other
hand, PB2 has a pH of 4.22, indicating a lower
level of acidity. Typically, the brewing method
produces beer with a lower sugar content
compared to following Table 1. This is because
fruit pulp is added to the beer after the initial
fermentation, whereas in PB15, the pulps are
added before fermentation, allowing the yeast to
convert the sugars in the juices into alcohol. The
process of mashing malt involves the breakdown
of starch, which leads to the formation of
fermentable sugars like as maltose, glucose, and
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maltotriose. However, this process also produces
non-fermentable carbohydrates such dextrins
(Jameson et al.,, 2001) [12]. The presence of
these carbohydrates might impact the sensory
characteristics of beer, depending on their
concentration. Controlling the concentrations of
these substances is essential to ensure the
optimum quality of the end product. (Li et al.,
2020) (Krebs et al., 2019) The pH of fermented
worts reduced somewhat when papaya pulp was
added, whereas in the sample it decreased by 2
units. The acidity of fruit beer is influenced by the
specific type and amount of fruits incorporated
into the wort, as well as the fermentation
process, which reduces the pH of the beer. The
beer PB15 exhibited the highest level of
bitterness, reaching a range of 29. In contrast,
the lowest level of bitterness was seen in beers
PB14.The study findings revealed a reduction in
bitterness following fermentation, observed in
both the control samples and the majority of the
other samples. The bitterness of beer is caused
by hops, which also have antimicrobial properties
that help to preserve the beer and influence its
sensory characteristics such as taste and Aroma
(Hong et al., 2021) (Diaz et al., 2023). The latest
studies on the sensory assessment of several
categories of beer have shown that customer
preferences are primarily centered around goods
with a minimal degree of bitterness.Therefore,
the Papaya beer produced in our study has the
potential to be essentially accepted in this
aspect.

3.1 Concentration of Total Polyphenols
and Antioxidative Activity

Wort supplemented with papaya pulp had a
greater overall concentration of polyphenols
compared to those without any fruit pulp. The
wort had the highest overall polyphenol
concentration. The study findings indicate that
fermenting beer worts without any additional
substances, as well as those with the inclusion of
Papaya fruit pulp solutions, leads to an elevation
in the overall polyphenol content in the final
product [12].

The final concentration of total polyphenols in the
brewed beer was established based on the
combination of the production process and the
type of juice added. The polyphenol levels in
beer without juice arose The primary sources of
polyphenolic compounds in beer are malt (75%)
and hops (25%). (Veljovic et al., n.d). These
compounds have a significant role in determining
the beer's color, flavor, and bitterness.
Furthermore, it is asserted that they constitute a
significant origin of antioxidants in beer. A study
conducted by researchers showed that
incorporating persimmon fruits during the
brewing process resulted in a decrease in the
concentration of total polyphenols in the final
product (Leitao et al.,, 2011). Furthermore, the
reduction in polyphenol concentration was more
pronounced with a higher amount of fruit added.

Table 2. Physicochemical Parameters of Alcohol, pH, TSS, and Bitterness of Papaya Beer

Sample Alcohol % pH TSS (°Brix) IBU
PB1 4.58 3.76 11.7 21
PB2 5.12 4.22 12.4 18
PB3 4.85 3.95 13.3 24
PB4 5.45 3.32 10.9 26
PB5 4.93 3.78 12.1 22
PB6 5.37 4.10 11.6 20
PB7 4.79 3.55 13.0 17
PB8 4.90 3.68 11.2 19
PB9 5.22 3.89 12.8 25
PB10 4.67 3.49 12.0 23
PB11 5.10 4.05 11.9 16
PB12 4.75 3.60 125 27
PB13 5.00 3.72 10.5 28
PB14 4.88 4.00 131 15
PB15 5.30 3.80 12.7 29
PB16 4.82 3.65 114 22
PB17 5.25 3.90 12.3 21
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Table 3. Antioxidant activity and polyphenols of Papaya Beer

Polyphenol Concentration

Beer Type (mg GAE/L) DPPH (mmol TE/L)
PB1 185.0+£6.0 146 +0.11
PB2 265.0+ 7.0 2.07 £ 0.10
PB3 220.0+5.0 1.55+0.08
PB4 235.0+ 6.5 1.74 £ 0.07
PB5 240.0+7.0 1.80 £ 0.05
PB6 230.0+ 3.0 1.70+0.10
PB7 188.0+ 6.5 1.43+0.09
PB8 268.0+ 7.5 2.06 £0.11
PB9 217.0£45 1.52 +0.06
PB10 232.0+6.0 1.71£0.05
PB11 232.0+6.0 1.77 £ 0.04
PB12 184.0£6.3 1.52+0.10
PB13 273.2+6.9 2.10+0.09
PB14 229.1+6.1 1.72 £ 0.06
PB15 238.4+6.8 1.81+0.04
PB16 2248+ 2.9 1.80 £ 0.09
PB17 2159148 1.58 + 0.07

Values are expressed as the mean (n = 3) + standard deviation, Mean values statistically different (p < 0.05)

This could be attributed to the absence of
phenolic compounds in persimmon fruits. A study
investigating the effects of adding goji berries to
beer found that the beer with goji berries had a
higher concentration of phenolic compounds
compared to the regular beer (Ducruet et al.,
2017). Furthermore, the findings presented by
these authors align with the results of our study,
which demonstrated that incorporating fruit juices
during the secondary fermentation stage of beer
production resulted in a higher concentration of
these compounds compared to adding fruit juices
to the wort prior to the initiation of primary
fermentation. The findings of our investigation
suggested that the inclusion of juice derived from
all evaluated Papaya pulp varieties enhanced the
antioxidative characteristics of the worts, as
indicated in Table 3.

The highest level of antioxidative capability was
measured. Our study demonstrates that
fermentation leads to an enhancement in the
antioxidative capabilities of the produced beer.
Furthermore, these capabilities are influenced by
both the beer production technology and the type
of juice added. The beer brewed with exhibited
somewhat reduced capabilities. However, the
antioxidant capacity of beer was higher when
coral fruit juice was added. Fruit juices and other
liquids contain significant amounts of natural
antioxidants, such as polyphenols. Beer is an
excellent provider of antioxidants, and the
specific types of antioxidants it contains are
influenced by both the ingredients used and the

production methods utilized. Prior studies
conducted by other researchers have also shown
that incorporating fruits into the brewing process
enhances the antioxidative qualities of beer
compared to the technique that does not involve
their incorporation (Yin et al, 2021).
Nevertheless, their study on beer infused with
goji berries and their investigation on beers made
with persimmon fruits revealed that the beers
they created had a reduced level of antioxidant
activity compared to the beer generated in our
trial, which contained papaya pulp. Previous
studies have examined the antioxidative activity
of both light and dark beer, (Zhao, 2014) but the
activities observed in those studies were found to
be less potent than the activities revealed in our
own investigation. Comparing our study results
with existing literature findings leads to the
conclusion that Papaya can be suitable
ingredients in the technology of fruit beer
production, as they facilitate the brewing of beer
with potent antioxidative properties.

3.2 Olfactory Analysis

Over all the sensory attributes of spirits can be
associated with specific volatile compounds like
terpenes, which contribute to the sweet and
citrus aromas observed in certain types of spirits,
Differences in the composition and concentration
of volatile compounds lead to variations in spirit
flavours and aromas during sensory evaluations.
Papaya-infused Beer samples were sensory
analyzed with 10 members with prior information
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Table 4. Sensory response of the beer with panellist of 10 members

Beer Type Aroma Color Clarity Taste Overall Impression
PB1 256+0.29 3.00+041 444 +0.24 3.56 +0.24 3.44 +0.50
PB2 4.00+0.33 4.22+0.28 3.89+0.20 4.00 +0.23 422 +0.22
PB3 444 +0.24 4.33+0.33 2.78+0.22 4.44 +0.24 4.56 +0.18
PB4 344+024 3.11+0.31 422 +0.24 3.78+£0.22 3.67+0.24
PB5 400+0.23 4.11+0.20 3.11+£0.33 3.89+£0.20 3.78+0.32
PB6 3.80+0.42 3.89+0.20 3.00+£0.24 3.44+0.18 3.89+0.39
PB7 260+0.25 3.05+0.38 4.50 £ 0.22 3.60+0.20 3.50 + 0.45
PB8 405+0.30 4.25+0.25 3.85+0.18 4.05+0.20 4.25+0.20
PB9 440+0.20 4.30%+0.30 2.80+£0.20 4.40 £ 0.20 4.60 £ 0.15
PB10 3.50+0.20 3.10%0.28 4.20 £ 0.20 3.80+0.18 3.70+£0.20
PB11 4.00+0.20 4.10%0.18 3.10+0.30 3.90+0.18 3.80+0.28
PB12 3.90+0.40 3.90%0.18 3.00+0.20 3.40 £ 0.15 3.90+0.35
PB13 2.55+0.28 3.00%0.40 4.45 +0.23 3.55+0.23 3.45+0.48
PB14 4.00+£0.32 4.20+0.27 3.88+0.19 4.00 £ 0.22 4.20+0.21
PB15 443+0.23 4.32+0.32 2.77+0.21 4.43 +0.23 4,55+ 0.17
PB16 3.43+0.23 3.10+£0.30 4.23+0.23 3.77+0.21 3.66 £ 0.23
PB17 4.00+0.22 4.12%0.19 3.12+0.32 3.88+0.19 3.78+0.31

Values are expressed as the mean (n = 3) + standard deviation. Mean values are statistically different (p < 0.05)

to be prepared. Sensory analysis was done on
May 2024, LPU Punjab. Acceptance of top five
samples are PB9, and PB3 whereas mostly
disliked by the panellist is PB7 & PB 13.
Furthermore findings are mentioned in Table 4.

4. CONCLUSION

The beer samples display a reasonable range of
alcohol levels, ranging from 4.58% to 5.45%,
which is common for most commercial beers. pH
Levels: The pH readings range from 3.32 to 4.22,
showing that all samples exhibit a slightly acidic
nature. The presence of acidity is a normal
characteristic of beers and it has a significant
impact on their stability and flavour
characteristics. Measurement of the
concentration of dissolved solids in a substance:
The Total Soluble Solids (TSS) levels, measured
in °Brix, vary between 10.5 and 13.3. The sugar
level of the beers directly affects their sweetness
and mouthfeel. Bitterness (IBU): The IBU values
vary from 15 to 29, indicating a spectrum of
bitterness levels. This particular selection
enables the creation of several flavour profiles,
accommodating a wide range of customer
preferences. The beer samples contain beneficial
antioxidants, as indicated by the high polyphenol
concentration and DPPH (antioxidant activity)
values. The polyphenol concentration varies
between 184.0 and 273.2 mg GAE/L, while the
DPPH values vary from 1.43 to 2.10 mmol TE/L.
The presence of antioxidants in beer contributes
to the positive effects on health that are linked
with moderate intake, as well as influencing the

beer's capacity to maintain its flavour over time.
The beer samples exhibited notable differences
in their physicochemical attributes, polyphenol
antioxidant concentration, and sensory qualities.
Brewers may satisfy a variety of consumer tastes
by modifying specific factors to boost desired
traits, thanks to this diversification. These beer
products are enhanced by the presence of
beneficial antioxidants, which contribute to
possible health advantages and increase their
worth. In summary, the research offers useful
information for improving beer production and
guaranteeing the creation of high-quality
products that satisfy consumers.
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