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Abstract: There is an increasing trend to develop beers supplemented with local plant ingredients in
order to increase their bioactivity. Carob (Ceratonia siliqua L.) is a xerophytic endemic tree typically
found in Mediterranean ecosystems. The aim of this study was to develop a strong dark ale hybrid
beer enriched with carob syrup prepared by using carob fruits from the University Campus (Athens,
Greece). Three batches of beer were fermented, a dark ale (6% alcohol by volume or ABV) without
carob and two strong dark ale beers (8% and 10% ABV) with carob syrup. After the second fermen-
tation (bottle conditioning, 60 days), both carob beers had significantly increased bioactivity. The
total phenolic content (176.4 mg GAE/100 mL), the antiradical activity (206.6 mg Trolox Equivalent
(TE)/100 mL), and the antioxidant activity (838.2 mg Fe2+/100 mL) of the carob strong dark ale 10%
ABV beer was increased by more than three times, six times, and eight times, respectively, compared
to the standard dark ale (6% ABV) without carob. Moreover, LC-QToF-MS analysis ascertained the
enhancement of the phenolic profile of carob beers by ten phenolic compounds compared to the
control dark ale beer without carob, indicating their significant antioxidant activity.

Keywords: strong dark ale; phenolic compounds; carob syrup; Saccharomyces cerevisiae; antioxidant
activity; LC-QToF-MS analysis

1. Introduction

Beer is one of the most ancient and most widely consumed alcoholic beverages globally,
contributing significantly to the economies of the producing countries [1,2]. In 2022, world
beer production increased by 25 m hectoliters to 1.89 bn hectoliters, representing a growth
of 1.3% [3]. Moreover, the beer industry experiences constant evolution and innovation
driven by changing consumer preferences and demands. Craft breweries, which focus
on small-scale specialty beer production, have surged in popularity in many markets [4].
These breweries often emphasize unique flavors, local ingredients, and traditional brewing
techniques, appealing to consumers seeking distinct experiences [5,6]. Also, recent studies
have focused on the development of beers that provide sensory characteristics combined
with health benefits by adding plant ingredients such as aromatic herbs, spices, and fruits,
which have increased bioactive compounds [7–9]. Supplementation of food products
and beverages with antioxidants usually shows beneficial biological effects, preventing
oxidative stress and reducing oxidative damage to cells. Polyphenols are considered strong
antioxidants that can neutralize free radicals by donating an electron or hydrogen atom, and
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they have been well-documented to counteract the degree of oxidative stress on cells and,
as a consequence, to reduce the incidence of diseases associated with oxidative damage [10].
Fruits, vegetables, whole grains, and other types of foods and beverages, such as tea,
chocolate, and wine, are rich sources of polyphenols, which are known for their health
benefits [11–15]. Thus, it is believed that the administration of exogenous antioxidants
through diet is beneficial [16]. Carob (Ceratonia siliqua L.) is an evergreen tree belonging to
the family Fabaceae (or Leguminosae) and is a xerophytic endemic species characteristic of
the Mediterranean biodiversity [17,18]. Several studies have shown the biological activity
of carob components, including antioxidant, cytotoxic, and antidepressant activity [19,20].
Carob fruit is a unique product rich in dietary fiber content with a high concentration
(1.7%) of polyphenols [21]. The main classes of phenolic compounds found in carobs are
phenolic acids, gallotannins, and flavonoids, and their concentration in carob fruits is highly
dependent on genetic, environmental, and extraction methods and ranges between 45 and
5376 mg of gallic acid equivalents per 100 g [22–24]. Therefore, producing new beer with
carob syrup, which is a traditional carob product derived from naturally sweet carob fruit,
could have several significant antioxidant and nutritional benefits. Also, from an ecological
standpoint, the use of carob ingredients in commercial food and beverages may be linked
to more sustainable and environmentally friendly practices since carob trees are resilient
and drought-resistant, requiring minimal water and agricultural inputs [25]. Therefore, by
incorporating carob syrup into beer production, breweries can promote more sustainable
practices and contribute to a reduced ecological footprint. Another new trend in global beer
production is the production of higher alcohol-by-volume (ABV) beers, which are brews
that contain a more significant percentage of alcohol compared to standard beers [6]. While
standard beers typically have an ABV from 4% to 6%, high-ABV beers can exceed 10%
and sometimes even go beyond 15% [6]. The aim of this study is to develop a strong dark
ale hybrid beer enriched with carob syrup, with higher alcohol-by-volume and increased
polyphenol content.

2. Materials and Methods
2.1. Production and Treatment of Beer Samples Prior to Analysis
2.1.1. Preparation of Carob Syrup

Carob pods from the courtyard of the University of Western Attica campus (Athens,
Greece) were utilized, along with carob pods sourced from Crete. Carob pods were washed
and chopped into smaller pieces, approximately 2–3 cm in length, and the seeds were
removed. The chopped carob pods were transferred to a pot with bottled water at a ratio
of 1:2.4, and boiling was conducted at a temperature of 100 ◦C for 10 min. The resulting
extract was cooled, placed in a membrane, and left at room temperature (~25 ◦C) for 2 to
3 days. Then, the extract was filtered as many times as necessary to remove all carob
residues, leaving only the final extract in the pot. For optimal clarity of the final product,
the extract underwent filtration using filter paper, and the process was repeated as needed,
depending on the desired level of transparency. Finally, the final extract underwent re-
boiling at 100 ◦C until sufficient condensation occurred, and the extract acquired the
appropriate viscosity characteristic of the specific food category (Figure 1).

2.1.2. Preparation of Dark and Strong Dark Ale Carob Beers

For the production of 20 L of wort, the malts and other ingredients used and the
mashing regime are presented in Table 1.
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Figure 1. Flowchart of the preparation of carob syrup. 
Figure 1. Flowchart of the preparation of carob syrup.
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Table 1. (A) Ingredients of wort. (B) Mashing regime.

(A) Ingredients Type # %/IBU

Attica municipal water Water 1 -
Pale Malt (2 Row) Vergina (5.5 EBC) Grain 2 75.0%
Vienna Malt (Weyermann) (9.0 EBC) Grain 3 6.7%

Caramunich II (Weyermann)
(110.0 EBC) Grain 4 5.0%

Chocolate Malt (Simpsons)
(1000.0 EBC) Grain 5 4.7%

Special W (Weyermann) (300.0 EBC) Grain 6 3.3%
Carafa Special I (Weyermann)

(1000.0 EBC) Grain 7 2.8%

Wheat Malt, Pale (Weyermann)
(3.9 EBC) Grain 8 2.4%

Northern Brewer [10.00%]—Boil
60.0 min Hop 9 48.4 IBUs

Irish Moss (Boil 10.0 min) Fining 10 -
Cascade [7.80%]—Steep/Whirlpool

5.0 min Hop 11 3.4 IBUs

New World Strong Ale (Mangrove
Jack’s #M42) Yeast 12 -

(B) Mash Steps

Name Description Step
Temperature Step Time

Mash In Add water at 69 ◦C 65.0 ◦C 60 min

Mash Step heat to 72.0 ◦C over
8 min 72.0 ◦C 10 min

Mash Out Heat to 75.6 ◦C 75.6 ◦C 10 min
Sparge: Fly sparge with water at 75.6 ◦C.

Plato is defined as the concentration of dissolved solids in the extract per 100 g of
solution, and the unit of measurement is Plato degrees (◦P). A wort with characteristics of
dark beer was prepared, and the initial Plato was adjusted to 13.8 ◦P. Subsequently, the wort
was divided into 3 batches, each with a different final alcohol by volume (ABV). Initially,
the 1st batch had no changes compared to the initial wort (control), and no quantity of
carob syrup was added to it. Therefore, this particular beer had an expected final alcohol-
by-volume of 6% ABV (coded as B) and was used as the “control” beer. In the 2nd and
3rd batches of wort, carob syrup was added in different proportions (100 g/L and 222 g/L
in order to achieve degrees 18.8 ◦P and 23.8 ◦P respectively) to upgrade them to strong
dark beers with higher final alcohol percentages. In the 2nd batch, the expected ABV was
8% (sample coded as CB1: strong dark ale carob beer 8% ABV), while in the 3rd batch,
it was 10% (sample coded as CB2: strong dark ale carob beer 10% ABV). Carob syrup C
(from ripe carobs collected from Attica, Greece) with initial Brix 71.35, prepared in the
laboratory, was added to the final wort. For the dark ale beer with 6% ABV, 0.5 g/L of
yeast was added. For the strong dark ale carob beer with 8% ABV, 0.7 g/L of yeast was
added, and for the strong dark ale carob beer with 10% ABV, 0.86 g/L of yeast was added.
No extra sugar was added in the first fermentation, and 6.5 g/L sugar was added in the
second fermentation (bottle conditioning). During the fermentation process, analyses were
conducted to scrutinize the samples for apparent contaminations. Organoleptic analyses,
along with pH measurements, were performed, and the results revealed no indications of
autolysis odors or alterations in the pH values of the samples. The procedure followed is
shown in Figure 2.
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2.1.3. Sample Preparation for Beer Analysis

Prior to the analyses, beer samples undergo processing to ensure precision in mea-
surements and results. Specifically, the method of protein precipitation was chosen for
sample clarification [26]. The procedure involves transferring 8 mL of the sample and
mixing it with 1 mL of ZnSO4 (5%) and 1 mL of Ba(OH)2 (0.3 N). The mixture was stirred
and allowed to settle for 5 min. Afterward, re-stirring was performed, and the sample was
left undisturbed for another 5 min to achieve the precipitation of aggregates. Subsequently,
sample centrifugation was conducted at 3500 rpm for 10 min (MRC Laboratory Instruments
Centrifuge), and the supernatant was collected and transferred to a new falcon tube. Due to
the high turbidity of the samples and the presence of particles, post-centrifugation filtration
was carried out using Whatman membrane filters nylon with a pore size of 0.45 µm and a
diameter of 47 mm (Life Sciences).

2.2. Analysis of Beer and Carob Syrup Samples
2.2.1. Physicochemical Characteristics (pH, Brix, Plato, Specific Gravity, Alcohol
Content, Color)

The determination of soluble solids for all carob syrup samples was performed using
the XS instruments Digital Refractometer LDR-500-DRB 95 at room temperature. In detail, a
few drops of the sample were uniformly placed on the prism of the refractometer, avoiding
bubble formation, which could lead to deviations in value calculations. Brix units were
used as the measurement unit of the refractometer, corresponding to the mass fraction of
sucrose, where 1 Brix equaled 1 g of sucrose per 100 g of solution. Finally, pH was measured
(Hanna instruments, HI 8010 pH meter). All measurements were conducted in triplicate to
calculate the mean and standard deviation of the values. For beer samples, the measure-
ments of pH (ASBC Method beer-9), specific gravity (SG), as well as Plato degrees (ASBC
Method beer-2B and 3), were conducted throughout the fermentation. Specifically, samples
were measured at the beginning of fermentation (t = 0 days), before bottling (t = 30 days,
1st fermentation), and after the completion of maturation (t = 60 days, 2nd fermentation).
A crucial step before Plato and pH measurements is the deaeration, centrifugation, and
filtration of samples. In detail, 80 mL of the sample is placed in falcon tubes and centrifuged
at 3500 rpm for 10 min. Subsequently, samples are filtered through 0.45 µm filters to achieve
the desired clarity, which is a necessary step before measurement. For Plato and specific
gravity measurements, the handheld digital densitometer Anton Paar-DMA 35 was used,
which takes samples through its integrated pump. The pH measurements were performed
using the pH meter HANNA Instruments-HI 8010. All measurements were conducted
in triplicate when samples were at ambient temperature (~25 ◦C). The measurements of
alcohol content (ASBC Method beer-4), density (g/cm3), original extract % w/w, and real
extract % w/w were carried out using the Anton Paar-Alex 500 instrument (alcohol and
extract meter). The combination of absorption measurement via NIR spectroscopy and
density measurement based on the oscillating U-tube principle constitutes the mechanism
through which analysis is achieved by the instrument. The procedure preceding the sample
analysis in the spectrophotometer is the same as described earlier. Therefore, sample clarifi-
cation, achieved through centrifugation at 3500 rpm for 10 min and subsequent filtration
through a 0.45 µm filter, is a necessary step before each analysis in the spectrophotometer.
The results of the apparent final extract (◦P) were used for the final calculation of the
degree of fermentation and, consequently, the ethanol yield (% v/v). The measurement of
color in beer samples (ASBC Method beer-10) was achieved through absorbance measure-
ment at 430 nm and 700 nm using a single-beam spectrophotometer (Shimadzu–UVmini
1240 Model Spectrophotometer) in 1 cm cuvettes. Color measurement was performed at the
beginning of the fermentation process, prior to bottling the samples, as well as on the final
beers after maturation. The units of color measurement are expressed in EBC (European
Brewery Convention). The sample is considered clear when the absorbance value at 700 nm
(A700nm) is less than or equal to the absorbance value at 430 nm (A430nm) multiplied by
0.039. The measurement of the color value in EBC units is calculated by the following



Appl. Sci. 2024, 14, 1199 7 of 17

formula: Beer Color EBC: 25 × A430nm × D, where D = dilution factor (in case dilution was
performed on the initial sample).

2.2.2. Spectrophotometric Assays
Determination of Total Phenolic Content (TPC)

The Total Phenolic Content (TPC) of the beer and carob syrup samples was determined
using a modified version of the Folin–Ciocâlteu assay [27]. The absorbance was measured at
750 nm with a visible spectrophotometer (Spectro 23, Digital Spectrophotometer, Labomed
Inc., Culver City, CA 90034, USA). The results were expressed as mg Gallic acid equivalents
(GAE) per 100 mL of beer, using a standard curve with a range of 25–2600 mg/L Gallic acid
(y = 0.0005x + 0.0783, R2 = 0.9989).

Ferric Reducing/Antioxidant Power Assay (FRAP)

In the ferric-reducing antioxidant power (FRAP) assay, antioxidants are evaluated as
reductants of Fe(III) to Fe(II). The ferric-reducing antioxidant power assay, based on the
reduction in a ferric-2,4,6-tripyridyl-s-triazine complex to the ferrous form, was carried out
according to the method described by Lantzouraki et al. (2016) [28]. The absorbance was
measured at 595 nm with a visible spectrophotometer (Spectro 23, Digital Spectrophotome-
ter, Labomed Inc., Culver City, CA 90034, USA). A standard curve (y = 0.0003x + 0.0081,
R2 = 0.9969) was prepared using various concentrations (50–1800 µM) of FeSO4.7H2O stock
solutions. The results were expressed as mg Fe (II) per 100 mL of beer.

Scavenging Activity on 2,2′-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic Acid)
Radical (ABTS•+)

The antiradical activity of beer and carob syrup samples was determined according
to the method described by Lantzouraki et al. (2014) [29]. Absorbance was measured at
734 nm with a visible spectrophotometer (Spectro 23, Digital Spectrophotometer, Labomed
Inc., Culver City, CA 90034, USA). Trolox, a water-soluble form of vitamin E, was used
as a standard compound, and the antiradical activity of each sample was expressed as
mg Trolox Equivalents (TE) per 100 mL of beer. A standard curve was prepared with a
concentration range of 0.20–1.50 mM Trolox (y = 0.2876x − 0.002, R2 = 0.9995).

2.3. Phenolic Profile by LC-QToF-MS Analysis
2.3.1. Reagents and Materials

Acetonitrile and acetic acid (Merk KGaA, Darmstadt, Germany) were of LC-MS grade.
A Genie Water System (RephiLe Bioscience Ltd., Shanghai, China) was used to obtain
ultrapure water. Phloroglucinol, gallic acid, protocatechuic acid, gentisic acid, (-)-catechin,
4-hydroxybenzoic acid, vanillic acid, epicatechin, syringic acid, p-coumaric acid, ferulic
acid, myricitrin, absisic acid, trans-cinnamic acid, luteolin, and naringenin were acquired
from Extrasynthese (Genay, France).

2.3.2. Mass Spectra Analysis

The mass spectra of samples were acquired using an Agilent 6530 Quadrupole Time
of Flight (QToF) system equipped with an electrospray ionization (ESI) interface (Agilent
Technologies, Santa Clara, CA, USA). The QToF system was coupled with a UHPLC
system (Agilent 1290 Infinity) and an autosampler obtained from Agilent Technologies
(Santa Clara, CA, USA). The mass spectrometer was operated at negative ion mode (-ESI).
The following parameters were applied: capillary voltage 4000 V; nebulizer gas pressure
45 psig; drying gas flow rate 10 L/min; gas temperature 300 ◦C; fragmentor; and skimmer
voltages 150 V and 65 V, respectively. For the MS/MS experiments, an auto MS/MS
method was applied with the following parameters: collision energy slope, 5 V; offset, 2.5 V;
acquisition rate of MS/MS, 1 spectra/s; preferred charge state, 2, 1, unknown. The QToF-MS
system was calibrated before the analysis using a reference solution acquired from Agilent
Technologies (Santa Clara, CA, USA). A constant infusion of a reference mass solution with
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ions 112.9856 and 1033.9881 was applied during this analysis. The Agilent MassHunter Data
Acquisition software (version B.06.00) was used for data acquisition. A Nucleoshell EC C18
(100 mm × 4.6 mm, 2.7 µm) column (Macherey-Nagel GmbH & Co., Düren, Germany) was
used for the chromatographic study. The mobile phase consisted of (A) ultrapure water–
acetic acid 0.1% and (B) acetonitrile–acetic acid 0.1%, with a flow rate of 1.0 mL min−1.
The gradient program was as follows: 0 min: 10% B; 8 min: 30% B; 12 min: 40% B; 16 min:
50% B; 18 min: 10% B; and 33 min: 10% B, with a total run time of 33 min. The injection
volume was 10 µL, while the column temperature was set at 30 ◦C. Data processing was
performed using the Agilent MassHunter Qualitative Analysis software (version B.07.00).
Compound identification was based on the retention time relative to that of the standards,
the accurate mass of ions, and their MS/MS spectra. The identification of compounds for
which there were no standards available was based on the Riken Tandem Mass Spectral
Data Base library database (http://spectra.psc.riken.jp/, accessed on 1 May 2023).

2.4. Statistical Analysis of Results

For all analyses, three measurements were conducted to calculate the average values
and standard deviation. The data regarding total phenolic content, antiradical, and antiox-
idant activity were analyzed with One-Way ANOVA Post Hoc Tests, using the Duncan
discrimination test with statistical significance (p < 0.05). The correlation among the re-
sults was performed by the Spearman rank order test. Statistical analysis was performed
using the Statistica package (STATISTICA version 7.0, software Statsoft Inc., Tulsa, OK,
USA, 2004).

3. Results and Discussion
3.1. Carob Syrup

The carob pulp has a high concentration of sugars (48–56%), mainly sucrose, glucose,
and fructose [18], and is used in many Mediterranean countries to prepare traditional
syrups. Four syrups were prepared in the lab, three from carobs collected from trees grown
on the University campus (Egaleo, Athens, Greece) and one from carobs of Crete (Table 2).
The carob syrups produced in the laboratory were viscous and chocolate-colored syrups.
According to the literature references, carob syrup contains solid solutes ranging from 62 to
74 Brix [30], and the Brix degrees of the samples prepared in the laboratory ranged from
64.30 to 74.43 (Table 2). The specific differentiation in Brix degrees is likely due to the final
boiling time, which is also responsible for the final concentration degree of the product.
The pH values of the carob syrups analyzed in this study ranged from 4.91 to 5.91 and are
in agreement with similar studies that have found the pH value of carob syrup ranged
from 4.3 to 5.4 [31]. Organic acids, as well as minerals contained in syrups, mainly account
for their acidic pH.

Table 2. Measurements of pH and Brix of carob syrups prepared in the laboratory and commercially
available carob syrup.

Sample pH Brix

Carob syrup A (Uniwa) 5.08 67.80
Carob syrup B (Uniwa) 4.91 64.30
Carob syrup C (Uniwa) 5.08 71.35
Carob syrup D (Crete) 5.41 74.43

Commercial Carob syrup 5.31 72.61

3.2. Characteristics of Dark and Strong Dark Ale Beer Samples

The purpose of this study was to brew a dark ale beer, which was upgraded to a strong
dark ale beer by adding carob syrup. The difference between the two beer categories is
that a dark ale has lower final alcohol by volume (ABV), while when upgraded to a strong
dark ale, the expected ABV significantly increases. According to the process of alcoholic
fermentation, the yeasts added to the beers metabolize the sugars present in the initial

http://spectra.psc.riken.jp/
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malts, resulting in the production of ethanol and carbon dioxide as the final fermentation
products. Therefore, when carob syrup is used as an additive to the initial beer, it provides
a higher concentration of sugars and an increase in Plato, which can be consumed by yeasts,
producing higher alcohol percentages. Thus, through the availability of sugars, the initial
dark ale is enriched and upgraded to a strong dark ale beer. Simultaneously, in addition
to providing carbohydrates, carob syrup enriches the final products with other equally
important components, such as polyphenols. Typically, dark malts rich in sugars and
other ingredients are used in stouts and dark ale beers, giving the final product an intense
flavor, characteristic aroma, and dark color [32]. At the beginning of the beer fermentation
process (t = 0 days), the Plato values for the dark ale beer with 6% ABV were 13.8 ◦P,
for the strong dark ale carob beer with 8% ABV, they were 18.8 ◦P, and finally, for the
strong dark ale carob beer with 10% ABV, they were 23.8 ◦P (Table 3). The consumption
of fermentable sugars resulted at the end of the first fermentation process (t = 30 days),
at Plato 3.8 ◦P for the dark ale beer with 6% ABV, 4.8 ◦P for the strong dark ale carob
beer with 8% ABV, and finally, 6.3 ◦P for the strong dark ale carob beer with 10% ABV.
No significant changes were expected at the final Plato values at the end of the second
fermentation since only a small amount of dextrose (6.5 g/1 L of beer) was added, and it
was mostly a product maturation step (bottle conditioning) in order to generate carbon
dioxide in the final products. Therefore, for the dark ale beer with 6% ABV, the apparent
fermentation degree was 72.46%, for the strong dark ale carob beer with 8% ABV, it was
74.46%, and finally, for the strong dark ale carob beer with 10% ABV, it was 73.52%, at the
end of the first fermentation. Based on the fermentable sugars present in both the wort
and carob syrups, these percentages are deemed acceptable [33]. The actual final % ABV of
beers was very close to the expected: 5.57% for the control beer (expected 6%); 7.97% for
the carob beer CB1 (expected 8%); and 9.97% for carob beer CB2 (expected 10%), values,
which align with the limits specified in the literature for dark ale and strong dark ale beers
(Brewers Association Beer Style Guidelines, n.d.). In all three samples, a decrease in pH
was observed upon completion of the first fermentation (Table 3). The main cause was
the production of weak organic acids (mainly lactic acid) during the fermentation of the
samples, which affected the final pH value. According to the literature, the pH values for
wort range from 5.3 to 5.6, while the pH limits for the final beer are from 4.3 to 4.6 [34].
Regarding sugars, in the dark ale beer with 6% ABV alcohol, all sugars come from the
malt extracted during the mashing process. However, in the case of strong dark ale carob
beers with 8% ABV and 10% ABV alcohol, sugars come from both malt and carob syrup
added to the wort. The added yeast ferments these sugars, resulting in the production of
the two main metabolites of alcoholic fermentation: ethanol; and carbon dioxide (CO2).
Consequently, as the alcohol concentration (% v/v) increases in beers, the sugar content
(Plato) of the final product decreases, demonstrating an inversely proportional relationship.

In all three samples, a decrease in pH was observed upon completion of the first
fermentation due to the production of weak organic acids during the fermentation. The
final pH ranged from 4.43 to 5.07, while the pH limits for the commercial beers ranged
from 4.3 to 4.6. (Silva et al., 2022). Moreover, from these results, it was concluded that
carob beers were darker than traditional beers in the stout and imperial stout categories,
according to the literature, and the reason was the use of dark malts in brewing and the
addition of carob syrup to the final wort.

Another important factor is the measurement of the color of beer samples. Two
main methods are used for color determination: the Standard Reference Method (SRM),
established by the American Society of Brewing Chemists (ASBC); and the Color Units
EBC (European Brewery Convention), established by the European Brewery Convention.
In both methods, the color of beer samples is analyzed using a spectrophotometer at a
wavelength of 430 nm. The primary difference between the two methods is the thickness
of the cell used during analysis. In the SRM method, the sample is placed in a cell with a
thickness of ½ inch, while in the EBC method, a cell with a thickness of 1 cm is used. The
equation connecting the two methods and converting EBC units to SRM and vice versa is
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as follows: SRM = EBC × 0.508. Figure 3 illustrates beer shades according to their category
and the corresponding values for both methods [35]. To express the results of the EBC
method, the following equation is applied: EBC = A430 × 25 × Dilution factor. The dilution
factor is proportional to the sample treatment and depends on whether reactants have
been added to it for the precipitation of proteins. Due to the dark color of carob beers, a
1:6 dilution of samples was required, regardless of the additional dilution applied due to
clarity. From these results, it was concluded that carob beers were darker than traditional
beers in the dark (stout) and strong dark (imperial stout) categories, and the reason was the
use of dark malts in brewing and the addition of the chocolate-colored carob syrup to the
final wort.

Table 3. Physicochemical parameters of beer samples at the beginning of fermentation (t = 0 days),
after the 1st (t = 30 days), and 2nd fermentations (t = 60 days).

t = 0 Days 1st Fermentation (t = 30 Days) 2nd Fermentation (t = 60 Days)

B: Dark
Ale Beer

(6%
ABV)

CB1:
Strong

Dark Ale
Carob Beer
(8% ABV)

CB2:
Strong

Dark Ale
Carob Beer
(10% ABV)

B: Dark
Ale Beer

(6%
ABV)

CB1:
Strong

Dark Ale
Carob Beer
(8% ABV)

CB2:
Strong

Dark Ale
Carob Beer
(10% ABV)

B: Dark
Ale Beer

(6%
ABV)

CB1:
Strong

Dark Ale
Carob Beer
(8% ABV)

CB2:
Strong

Dark Ale
Carob Beer
(10% ABV)

pH 5.24 5.27 5.26 4.56 4.93 5.16 4.43 4.79 5.07
◦plato 13.8 18.8 23.8 3.8 4.8 6.3 3.1 4.3 6.5

Alcohol (% v/v) 0% 0% 0% 5.42 7.97 10.31 5.57 7.97 9.97
Degree of

fermentation % n/a n/a n/a 72.46 74.46 73.52

EBC 127.69 133.87 92.75 119.35 129.94 120.13 88.75 95.25 101.69
SRM 64.86 68.01 47.12 60.63 66.01 61.02 45.08 48.39 51.66
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The turbidity of beer samples is another factor examined in addition to color. The
determination of turbidity is calculated in the spectrophotometer based on the absorption
of beer samples at wavelengths 430 nm and 700 nm, using the ASBC Turbidity method. A
beer sample is characterized as clear (free of turbidity) when the following condition is met:
A700nm ≤ 0.039 × A430nm. In the case where the absorption at 700 nm is higher, the sample
is assessed as turbid. The beer samples prepared in the laboratory (dark ale 6% ABV, strong
dark ale carob beer 8% ABV, and strong dark ale carob beer 10% ABV) were evaluated as
turbid, according to this specific method.

3.3. Total Phenolic Content (TPC), Antioxidant Activity, and Antiradical Activity

All carob syrup samples prepared exhibited a high content of total polyphenols. This
is primarily due to the high concentration of polyphenols and constituents present in
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the carob used for the preparation of the carob syrups [22,36,37]. The carob syrup used
to prepare the carob beers had a total phenolic content of 911.4 ± 19 mg GAE/100 mL,
antioxidant capacity expressed as 6464 ± 69.6 mg Fe2+/100 mL, and antiradical activity
2514 ± 45.3 TE/100 mL. Similar studies have determined a mean value of 729 ± 487 g
GAE/100 g among 14 carob syrups [31] and 9.51–14.80 mg GAE/g among nine carob syrups
from Cyprus and Greece [36]. The high concentration of polyphenols makes the carob
syrups ideal as additives and capable of enriching foods and beverages with antioxidants.

Beer presents significant antioxidant activity mainly attributed to the phenolic com-
pounds originating from barley and hops [38–40]. The dark ale beer 6% ABV (B-60d)
produced in this study had a total phenolic content of 48.9 mg GAE/100 mL at the end
of the second fermentation (Figure 4). Similar studies have shown that dark beers had
a minimum TPC content of 300 mg GAE/L and that dark beers had higher TPC than
pale beers due to the greater presence of malted barley and the generation of polyphenols
during the malting process [41]. However, it was shown that the addition of carob syrup
significantly increased the bioactivity of carob beers. The strong dark ale carob beers had
significantly higher total phenolic content, antioxidant activity, and antiradical activity
compared to the dark ale beer without carob (Figure 4). More specifically, the carob strong
dark ale with 8% ABV (CB1), after the second fermentation (60 days), had total phenolic
content (99.9 mg GAE/100 mL), antiradical activity (129.0 mg TE/100 mL), and antioxidant
activity (387.0 mg Fe2+/100 mL), which was higher by approximately two times, four
times, and three times, respectively, compared to the respective values of the standard
dark ale (6% ABV) without the addition of carob syrup (48.9 mg GAE/ 100 mL, 31.7 mg
TE/100 mL and 105.4 mg Fe2+/ 100 mL). The carob strong dark ale with 10% ABV (CB2) af-
ter 60 days of fermentation had total phenolic content (176.4 mg GAE/100 mL), antiradical
activity (206.6 mg TE/100 mL), and antioxidant activity (838.2 mg Fe2+/100 mL), which was
higher by more than three times, six times, and eight times, respectively, compared to the
respective values for the standard dark ale (6% ABV) without the addition of carob syrup.

Many studies have shown that the addition of plant ingredients rich in bioactive sub-
stances during craft beer brewing might increase the total phenolic content and antioxidant
activity of the final product [7–9,42,43]. The contents of polyphenolic compounds and
the ABTS and DPPH radical scavenging abilities were increased by more than 2.0-fold,
2.0-fold, and about 6.0-fold, respectively, in beers brewed with the addition of dotted
hawthorn (Crataegus punctata) juice [8]. In another study, the total polyphenol contents
and the ABTS and DPPH radical scavenging activities in beer were increased by 42.8%,
44.3%, and 42.4%, respectively, with the addition of mango juice [42]. Moreover, high levels
of total phenolic compounds and antioxidant activity were achieved by the replacement
of hops with rubim (Leonurus sibiricus L.) and mastruz (Chenopodium ambrosioides L.) [44].
Most similar studies have analyzed the polyphenols of carob syrups and carob pulp ex-
tracted usually in various organic solvents rather than in water, whereas in this study the
polyphenols were extracted during the traditional preparation of carob syrup with water.
Also, although a thermal treatment was applied, the total phenolic content was found
to be high in the final product, whereas other studies had observed degradation of the
phenolic content of carob syrups [36]. Nevertheless, some variations were observed after
the second fermentation, such as a decline in antioxidant and antiradical activity; however,
the overall activities remained significantly higher than the control beer (without carob).
Similar results were obtained by other researchers (Ditrych et al., 2015), who have studied
the antiradical and reducing potential of commercial beers during storage and observed
a decrease in antioxidant activity as a result of storage, occurring mainly after the initial
4-week storage period. A possible explanation for this decrease could be that the level of
oxygen is not easily controlled; therefore, the beers should be consumed rather shortly, and,
moreover, the produced beers are unpasteurized. Additionally, He et al. (2012) observed
10% lower antioxidant activity in fresh cloudy wheat beer over the first 18 days of storage
at 20 ◦C.
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Figure 4. (A) Total phenolic content of samples (expressed as mg GAE/100 mL). (B) Antioxidant
activity (expressed as mg Fe+2/100 mL). (C) Antiradical activity (mg TE/100 mL). Standard dark ale
beer with 6% vol without carob used as control (B). Strong dark ale carob beer with 8% ABV (CB1)
and strong dark ale carob beer with 10% vol (CB2) at the beginning of fermentation (0 d), after the
1st fermentation (30 d) and 2nd fermentation (60 d). Bars bearing different letters are significantly
statistically different (p < 0.05) (a < b < c < d < e < f < g < h).
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Furthermore, a strong relationship was observed between radical scavenging activity
measured by ABTS assay and ferric-reducing/antioxidant power assay (FRAP) results, with
a correlation coefficient R2 of 0.94 (p < 0.05). The correlation coefficient R2 (p < 0.05) between
the total polyphenol content (TPC), ferric-reducing/antioxidant power assay (FRAP), and
radical scavenging activity (ABTS assay) was found to be 0.77 and 0.68, respectively,
indicating that polyphenols contributed significantly to the reducing/antioxidant power of
beers [45,46].

3.4. LC-QToF-MS Analysis

Analysis of phenolic compounds has identified polyphenols in the control sample
(B = dark ale 6% ABV without carob), the carob beers (CB1, CB2), and carob syrup (C),
as shown in Table 4. However, the carob beers were enriched with 10 more phenolic
compounds, which were all ingredients of carob syrup, the initial raw material used
to produce the carob beer. Among phenolic acids, LC-QToF-MS analysis revealed the
presence of hydroxybenzoic acids, such as gallic acid, 4-hydroxybenzoic acid, gentisic acid,
protocatechuic acid, syringic acid, vanillic acid, and derivatives of hydroxycinnamic acid,
such as p-coumaric acid, ferulic acid, absiscic acid, and trans-cinnamic acid. Phenolic acids
are the aromatic secondary metabolites imparting color, flavor, astringency, and harshness,
which contribute to the typical organoleptic characteristics of foods and are comprised of
one-third of the constituents among phenolic compounds [47].

Table 4. Phenolic compounds identified in beers and carob syrup by LC-QToF-MS.

Compound Sample 1 tR (min)
Molecular
Formula

Theoretical m/z
[M-H]−

Experimental
m/z [M-H]−

Mass
Error

Phloroglucinol 2 CB1, 3 CB2, 4 C 1.62 C6H6O3 125.0244 125.0243 0.94
Gallic acid CB1, CB2, C 1.64 C7H6O5 169.0142 169.0137 3.24

Protocatechuic acid 5 B, CB1, CB2, C 2.39 C7H6O4 153.0193 153.0198 −3.05
Gentisic acid CB1, CB2, C 3.26 C7H6O4 153.0193 153.0188 3.50
(-)-catechin B, CB1, CB2, C 3.47 C15H14O6 289.0718 289.0707 3.67

4-hydroxybenzoic acid B, CB1, CB2, C 3.54 C7H6O3 137.0244 137.0240 3.05
Vanillic acid B, CB1, CB2, C 4.08 C8H8O4 167.0350 167.0350 0.00
Epicatechin B, CB1, CB2, C 4.32 C15H14O6 289.0718 289.0714 1.25

Syringic acid B, CB1, CB2, C 4.39 C9H10O5 197.0455 197.0457 −0.77
p-coumaric acid B, CB1, CB2, C 5.54 C9H8O3 163.0400 163.0392 4.97

Ferulic acid B, CB1, CB2, C 6.31 C10H10O4 193.0506 193.0510 −1.92
Myricitrin CB1, CB2, C 6.48 C21H20O12 463.0882 463.0863 4.10
Taxifolin CB1, CB2, C 6.57 C15H12O7 303.0510 303.0515 −1.65

Quercetin-3-glucoside B, CB1, CB2, C 6.74 C21H20O12 463.0882 463.0867 3.24
Absisic acid CB1, CB2, C 9.05 C15H20O4 263.1289 263.1294 −1.81

trans-cinnamic acid CB1, CB2, C 9.79 C9H8O2 147.0451 147.0449 1.36
Quercetin CB1, CB2, C 10.25 C15H10O7 301.0354 301.0346 2.66
Luteolin CB1, CB2, C 10.33 C15H10O6 285.0405 285.0397 2.67

Naringenin CB1, CB2, C 11.44 C15H12O5 271.0612 271.0613 −0.37
1 tR: retention time. 2 CB1: imperial stout beer with 8% ABV. 3 CB2: imperial stout beer with 10% ABV. 4 C: carob
syrup. 5 B: stout beer with 6% ABV.

Gallic acid, which was found only in carob beers, is a strong antioxidant and free
radical scavenger that can protect biological cells, tissues, and organs from damage caused
by oxidative stress. There are diverse reports with regard to gallic acid for medicinal uses,
such as antibacterial, anti-allergy, anti-inflammatory, and antioxidant stress [48,49]. Other
recent studies have identified gallic acid to be the most abundant phenolic compound in
both ripe and unripe carob pulp extracts, and flavonoids such as myricetin, quercetin, and
naringenin were detected [50]. Moreover, gallic acid was found to be the major component
of carob syrups, which was probably co-extracted with carbohydrates during the prepa-
ration of carob syrup, while other polyphenols were detected in minor amounts [30,51].
In addition, other phenolic acids identified in the carob beers were gentisic acid, which is
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a phenolic acid associated with antioxidant but also anti-inflammatory, hepatoprotective,
antigenotoxic, antimicrobial, and neuroprotective activities [52], as well as trans-cinnamic
acid which is a phenylpropanoid with a broad spectrum of biological activities, including
antioxidant and antibacterial activities [53]. The flavonoids which were detected in this
study were myricitrin, quercetin, quecertin-3-glucoside, naringenin, taxifolin, catechin,
epicatechin, and luteolin. Among these, five were detected only in the carob beer sam-
ples: (a) myricitrin, a naturally occurring polyphenol hydroxy flavonoid, which has been
reported to possess anti-inflammatory properties [54]; (b) quercetin, which is known as an
antioxidant, anti-inflammatory, cardioprotective, and anti-obesity compound, also thought
to be beneficial against cardiovascular diseases, cancer, diabetes, neurological diseases,
obesity, allergy asthma, and atopic diseases [55]; (c) naringenin, which is a flavonoid
belonging to flavanones subclass with several biological activities such as antioxidant,
antitumor, antibacterial, antiviral, anti-inflammatory, antiadipogenic, and cardioprotec-
tive effects [56]; (d) taxifolin (dihydroquercetin), which is a powerful antioxidant with
antioxidant, anti-inflammatory, anti-microbial, and other pharmacological activities [57];
and (e) luteolin, which is an important natural polyphenol present in several plants that
show antioxidant, anti-inflammatory, anticancer, cytoprotective, macrophage polarization,
and neuroprotective effects [58,59]. Finally, another phenolic compound identified in the
carob beers was phloroglucinol. Phloroglucinol derivatives are a major class of secondary
metabolites that can be classified into monomeric, dimeric, trimeric, higher phloroglucinols,
and phlorotannins [60]. Phloroglucinols are known for their broad-spectrum antiviral,
antibacterial, antifungal, antihelminthic, and phytotoxic activities [61].

The phenolic profile in a similar study was composed of p-coumaric acid, epigallo-
catechin gallate, epigallocatechin, catechin, syringic acid, quercetin glycoside, caffeic acid,
gallic acid, catechin gallate, myricetin 3-glycoside, and cinnamic acid in acetone extracts
from carob syrups analyzed by using HPLC-DADeESI-MS technique [30]. In another
study, in ripe pulp extract, ultrasound-assisted extraction of polyphenols from carob pulp
revealed a phenolic profile, which was dominated by gallic acid (65%) but also catechin,
naringenin, cinnamic acid, quercetin, catechol, ferulic acid, gentisic acid, and gallic acid
were detected [37]. Myricetin, catechin, epicatechin, quercetin, rutin, and syringic acid
were found in the acidic acetone and acetone–water extracts of carob fruits extracted with
various extraction solvents [62]. In an Egyptian study, aqueous extracts of carob pods
contained a high content of gallic acid followed by catechin, protocatechuic acid, cinnamic
acid, and a low concentration of p-coumaric acid, rutin, gentisic acid, p-hydroxybenzoic
acid, vanillic acid, and ferulic acid [63]. Aqueous decoction of carob kibbles was found to
be rich in antioxidants such as gallic acid, catechin, epigallocatechin gallate, gallocatechin
gallate, and epicatechin [64].

4. Conclusions

In this study, two strong dark ale beers (8% and 10% ABV) were produced with the
addition of carob syrup prepared in the University Laboratory from the fruits of carob trees
grown on the Campus of the University of West Attica (Athens, Greece). The carob beers
produced had the characteristics of strong dark ale (alcoholic content, density, degrees of
Plato, and color) and also had significantly higher bioactivity compared to the standard
dark ale with 6% ABV without carob. The stronger dark ale carob beer (10%), which
also had a double quantity of carob syrup than the dark ale carob beer (8%), had the
highest values of phenolic content (176.4 mg GAE/ 100 mL), antiradical activity (206.6 mg
TE/100 mL), and antioxidant activity (838.2 mg Fe2+/100 mL), which were increased by
more than three times, six times, and eight times, respectively, compared to the standard
dark ale (6% ABV) without carob. Moreover, analysis of polyphenols by LC-QToF-MS has
revealed 10 more phenolic compounds (phloroglucinol, gallic acid, gentisic acid, myricitrin,
taxifolin, abscisic acid, trans-cinnamic acid, quercetin, luteolin, and naringenin) in the
carob beers compared to the dark ale beer without carob, indicating that the produced
carob beers had an enhanced polyphenol profile. By producing beer with carob syrup,



Appl. Sci. 2024, 14, 1199 15 of 17

breweries could not only develop a biofunctional product but also support local agriculture
in regions where carob trees grow abundantly and are unexploited. Carob syrup is also
naturally gluten-free, making it an excellent ingredient for producing gluten-free beers [65].
In conclusion, producing new beer with carob syrup offers a range of advantages, including
increased bioactivity and sustainability.
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46. Ditrych, M.; Kordialik-Bogacka, E.; Czyżowska, A. Antiradical and reducing potential of commercial beers. Czech J. Food Sci. 2015,
33, 261–266. [CrossRef]

47. Rashmi, H.B.; Negi, P.S. Phenolic acids from vegetables: A review on processing stability and health benefits. Food Res. Int. 2020,
136, 109298. [CrossRef] [PubMed]

https://doi.org/10.1111/1541-4337.12177
https://doi.org/10.1016/j.foodchem.2018.06.152
https://doi.org/10.1080/14786419.2014.996147
https://www.ncbi.nlm.nih.gov/pubmed/25582851
https://doi.org/10.1007/s12649-014-9298-3
https://doi.org/10.2298/ZMSPN1324415T
https://doi.org/10.1016/j.foodchem.2018.01.162
https://doi.org/10.1080/00032719.2015.1038550
https://doi.org/10.1039/C4RA11795F
https://doi.org/10.1016/j.lwt.2014.01.025
https://doi.org/10.17113/ftb.60.02.22.7419
https://doi.org/10.3390/fermentation7030137
https://doi.org/10.3390/molecules27228007
https://www.ncbi.nlm.nih.gov/pubmed/36432109
https://doi.org/10.1016/S0168-1605(03)00153-3
https://www.ncbi.nlm.nih.gov/pubmed/14623377
https://doi.org/10.1002/j.2050-0416.1966.tb02988.x
https://doi.org/10.3390/molecules28052269
https://doi.org/10.1016/j.ultsonch.2021.105630
https://doi.org/10.1016/j.tifs.2021.02.048
https://doi.org/10.3390/biom10030400
https://doi.org/10.3390/molecules25133033
https://doi.org/10.3390/fermentation8110595
https://doi.org/10.1080/03610470.2022.2053638
https://doi.org/10.1002/jib.54
https://doi.org/10.17221/658/2014-CJFS
https://doi.org/10.1016/j.foodres.2020.109298
https://www.ncbi.nlm.nih.gov/pubmed/32846511


Appl. Sci. 2024, 14, 1199 17 of 17

48. Gao, J.; Hu, J.; Hu, D.; Yang, X. A Role of Gallic Acid in Oxidative Damage Diseases: A Comprehensive Review. Nat. Prod.
Commun. 2019, 14, 1–8. [CrossRef]

49. Badhani, B.; Sharma, N.; Kakkar, R. Gallic acid: A versatile antioxidant with promising therapeutic and industrial applications.
RSC Adv. 2015, 5, 27540–27557. [CrossRef]

50. Christou, A.; Martinez-Piernas, A.B.; Stavrou, I.J.; Garcia-Reyes, J.F.; Kapnissi-Christodoulou, C.P. HPLC-ESI-HRMS and
chemometric analysis of carobs polyphenols–Technological and geographical parameters affecting their phenolic composition. J.
Food Compos. Anal. 2022, 114, 104744. [CrossRef]

51. Papagiannopoulos, M.; Wollseifen, H.R.; Mellenthin, A.; Haber, B.; Galensa, R. Identification and quantification of polyphenols in
carob fruits (Ceratonia siliqua L.) and derived products by HPLC-UV-ESI/MSn. J. Agric. Food Chem. 2004, 52, 3784–3791. [CrossRef]

52. Abedi, F.; Razavi, B.M.; Hosseinzadeh, H. A review on gentisic acid as a plant derived phenolic acid and metabolite of aspirin:
Comprehensive pharmacology, toxicology, and some pharmaceutical aspects. Phyther. Res. 2020, 34, 729–741. [CrossRef]

53. Son, J.; Jang, J.H.; Choi, I.H.; Lim, C.G.; Jeon, E.J.; Bae Bang, H.; Jeong, K.J. Production of trans-cinnamic acid by whole-cell
bioconversion from l-phenylalanine in engineered Corynebacterium glutamicum. Microb. Cell Fact. 2021, 20, 1–20. [CrossRef]

54. Qi, S.; Feng, Z.; Li, Q.; Qi, Z.; Zhang, Y. Myricitrin Modulates NADPH Oxidase-Dependent ROS Production to Inhibit Endotoxin-
Mediated Inflammation by Blocking the JAK/STAT1 and NOX2/p47 phox Pathways. Oxid. Med. Cell Longev. 2017, 2017, 9738745.
[CrossRef]

55. Ulusoy, H.G.; Sanlier, N. A minireview of quercetin: From its metabolism to possible mechanisms of its biological activities. Crit.
Rev. Food Sci. Nutr. 2020, 60, 3290–3303. [CrossRef] [PubMed]

56. Salehi, B.; Fokou, P.; Sharifi-Rad, M.; Zucca, P.; Pezzani, R.; Martins, N.; Sharifi-Rad, J. The Therapeutic Potential of Naringenin: A
Review of Clinical Trials. Pharmaceuticals 2019, 12, 11. [CrossRef]

57. Liu, Y.; Shi, X.; Tian, Y.; Zhai, S.; Liu, Y.; Xiong, Z.; Chu, S. An insight into novel therapeutic potentials of taxifolin. Front. Pharmacol.
2023, 14, 1173855. [CrossRef] [PubMed]

58. Imran, M.; Rauf, A.; Abu-Izneid, T.; Nadeem, M.; Shariati, M.A.; Khan, I.A.; Imran, A.; Orhan, I.E.; Rizwan, M.; Atif, M.; et al.
Luteolin, a flavonoid, as an anticancer agent: A review. Biomed. Pharmacother. 2019, 112, 108612. [CrossRef] [PubMed]

59. Kempuraj, D.; Thangavel, R.; Kempuraj, D.D.; Ahmed, M.E.; Selvakumar, G.P.; Raikwar, S.P.; Zaheer, S.A.; Iyer, S.S.; Govindarajan,
R.; Chandrasekaran, P.N.; et al. Neuroprotective effects of flavone luteolin in neuroinflammation and neurotrauma. BioFactors
2021, 47, 190–197. [CrossRef]

60. Rehman, M.U.; Abdullah; Khan, F.; Niaz, K. Introduction to Natural Products Analysis. In Recent Advances in Natural Products
Analysis; Elsevier: Amsterdam, The Netherlands, 2020; pp. 3–15.

61. Wong, C.P.; Morita, H. 1.08 Bacterial Type III Polyketide Synthases. Comprehensive Natural Products III, 250. In Comprehensive
Natural Products III; Elsevier: Amsterdam, The Netherlands, 2020.

62. Goulas, V.; Georgiou, E. Utilization of carob fruit as sources of phenolic compounds with antioxidant potential: Extraction
optimization and application in food models. Foods 2020, 9, 20. [CrossRef]

63. Darwish, W.S.; Khadr, A.E.S.; Kamel, M.A.E.N.; Abd Eldaim, M.A.; El Sayed, I.E.T.; Abdel-Bary, H.M.; Ullah, S.; Ghareeb, D.A.
Phytochemical characterization and evaluation of biological activities of egyptian carob pods (Ceratonia siliqua L.) aqueous extract:
In vitro study. Plants 2021, 10, 2626. [CrossRef]

64. Roseiro, L.B.; Tavares, C.S.; Roseiro, J.C.; Rauter, A.P. Antioxidants from aqueous decoction of carob pods biomass (Ceretonia
siliqua L.): Optimisation using response surface methodology and phenolic profile by capillary electrophoresis. Ind. Crops Prod.
2013, 44, 119–126. [CrossRef]

65. Tsatsaragkou, K.; Yiannopoulos, S.; Kontogiorgi, A.; Poulli, E.; Krokida, M.; Mandala, I. Effect of Carob Flour Addition on the
Rheological Properties of Gluten-Free Breads. Food Bioprocess Technol. 2014, 7, 868–876. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/1934578X19874174
https://doi.org/10.1039/C5RA01911G
https://doi.org/10.1016/j.jfca.2022.104744
https://doi.org/10.1021/jf030660y
https://doi.org/10.1002/ptr.6573
https://doi.org/10.1186/s12934-021-01631-1
https://doi.org/10.1155/2017/9738745
https://doi.org/10.1080/10408398.2019.1683810
https://www.ncbi.nlm.nih.gov/pubmed/31680558
https://doi.org/10.3390/ph12010011
https://doi.org/10.3389/fphar.2023.1173855
https://www.ncbi.nlm.nih.gov/pubmed/37261284
https://doi.org/10.1016/j.biopha.2019.108612
https://www.ncbi.nlm.nih.gov/pubmed/30798142
https://doi.org/10.1002/biof.1687
https://doi.org/10.3390/foods9010020
https://doi.org/10.3390/plants10122626
https://doi.org/10.1016/j.indcrop.2012.11.006
https://doi.org/10.1007/s11947-013-1104-x

	Introduction 
	Materials and Methods 
	Production and Treatment of Beer Samples Prior to Analysis 
	Preparation of Carob Syrup 
	Preparation of Dark and Strong Dark Ale Carob Beers 
	Sample Preparation for Beer Analysis 

	Analysis of Beer and Carob Syrup Samples 
	Physicochemical Characteristics (pH, Brix, Plato, Specific Gravity, Alcohol Content, Color) 
	Spectrophotometric Assays 

	Phenolic Profile by LC-QToF-MS Analysis 
	Reagents and Materials 
	Mass Spectra Analysis 

	Statistical Analysis of Results 

	Results and Discussion 
	Carob Syrup 
	Characteristics of Dark and Strong Dark Ale Beer Samples 
	Total Phenolic Content (TPC), Antioxidant Activity, and Antiradical Activity 
	LC-QToF-MS Analysis 

	Conclusions 
	References

