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Abstract The increase in the manufacture of craft beers
follows the boost in the consumption of this beverage.
Meanwhile, brewers face a drawback with beer aging, its
flavor’s change. The addition of compounds that overcome
this downside is one alternative used by brewers. Species
from the Ocimum genus are known for having antioxidant
properties. Therefore, this study aimed to manufacture craft
Pilsner beers with increased shelf-life performance. We
prepared craft beers adding in natura leaves or aqueous
extract from the leaves of Ocimum selloi and determined
volatiles, and total phenolic compounds content, pH, color,
and antioxidant activity. We can assure that as the fer-
mentation proceeded, there was an increasing at the content
of volatile metabolites and the addition of O. selloi
improved the shelf-life of the beverages and the antioxidant
potential increased when the aqueous extract at 0.1% (m/v)
was added after the fermentation step.
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Introduction

Beer is one of the most consumed alcoholic beverages
worldwide. It is composed of water (95%), hop, malt, and
yeast. Its production is based on the fermentation of sugar
present at malt by the yeast, to produce ethanol, water, and
CO,. There are many styles of beer (Pilsner, Bock, Malz-
bier, Stout, Weissbier) that are divided into two classifi-
cations, Ale or Lager, based on their fermentation
procedure, body, color, and flavors. In Brazil, Lager Pilsner
beers are the most sold because of their low fermentation,
which makes it a less carbonated blond beer, easier to drink
(de Keukeleire 2000). Comparing to other beverages, beer
is unstable after bottled and stored, its flavor alters to an
unpleasant one, and it changes with time (Vanderhaegen
et al. 2007). This flavor staling with aging is considered the
major drawback at the beer storage step, attributed to the
oxidation of specific compounds, such as trans-2-nonenal
(Zhao et al. 2010). Beer aging is difficult to control and
predict, so a challenge for brewers to offer a product with
reproducible quality (Vanderhaegen et al. 2007).

Craft beers are distributed regionally, which can have
different ingredients, recipes, flavors, and are manufactured
using creativity and innovation (da Costa Jardim et al.
2018). Given the current appeal for consumption of craft
beers (de Oliveira and Falconi 2018; Garavaglia and
Swinnen 2017), it is fundamental to improve their shelf-
life.

One way to improve stability and add a flavor to beer
(usually done to craft beers) is the addition of food, spice or
vegetal species. The specie of the genus Ocimum
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(Lamiaceae) are known for being aromatic, having
antioxidant properties and phenolic compounds (Hakkim
et al. 2008). Ocimum selloi Benth (‘basil pepper’) is a
native species from Southeast and South regions of Brazil,
it is used in folk medicine to treat inflammation and
stomachache (Vieira and Simon 2000). As far as we know
only Hakkim and coworkers (2008) analyzed an extract of
0. selloi, every other study were about the essential oil.
They showed antioxidant activity of the methanolic extract
from the seeds of O. selloi.

Considering the aforementioned, this study aimed to
produce craft beers, adding leaves from O. selloi in two
different manufacturing steps (before or after fermentation)
seeking a stabler product.

Materials and methods
Plant samples and extraction

Leaves of O. selloi were collected at the Horto de Plantas
Medicinais of the Federal University of Grande Dourados
(UFGD). A voucher was identified and deposited in the
UFGD herbarium under number #5689, and was registered
at SisGen (A055721), the Brazilian genetic heritage control
system. We prepared the aqueous extract by decoction
(98 £ 2 °C for 10 minutes) using in natura crushed leaves
(35 mm) at 10% (vegetable mass and the volume of
water). After the mixture reached room temperature (about
30 minutes) it was filtered and lyophilized (Christ, Alpha
1-2 LD Plus). Extracts were prepared in triplicate and the
yield (18.43 £ 1.02%) calculated using the masses from in
natura leaves and the final extract.

Beer preparation

We prepared the beer samples employing the traditional
method of production of Pilsner beer. Fifteen liters of non-
chlorinated water from the artesian well of the State
University of Mato Grosso do Sul (UEMS) were heated to
65 °C and mixed with 5 kg of malt previously ground in a
disc mill. The mixture was kept at constant temperature
(65 °C) for 90 minutes under stirring. 10 L of non-chlori-
nated water was separately heated to 78 °C for the clari-
fication process.

The must was subjected to clarification process by fil-
tration with a false bottom of the mustard boiler using
water preheated at 78 °C (spray). Then the clarified must
was warmed to the boiling point and after 5 min, 20 g of
bitterness hops were added to it. After 45 min of vigorous
boiling, 20 g of aroma hops were added. At the end of
60 minutes of boiling, the must was vigorously stirred
counterclockwise. After having the wort cooled with the
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aid of a copper coil, it was unloaded into the fermentation
tank (20 L), taking care not to drag the hops with the wort.
The fermentation tank used was a tank manufactured by the
engineers of the Federal University of Grande Dourados.

For the fermentation process, the yeast (Saccharomyces
cerevisiae—0.5 g L") which was previously rehydrated in
10 mL of must, was added to the fermenters. The cooled
must (20 °C) was divided into 9 fermenters, being added in
two of them the dried aqueous extract of O. selloi in the
concentrations of 0.05% (m/v) (E0.05B, B means ‘addition
of the vegetal material before fermentation’) and 0.1% (m/
v) (E0.1B) and in other two in natura leaves of O. selloi in
the concentrations 0.1% (m/v) (L0.1B) and 0.5% (m/v)
(LO.5B), the remaining fermenters were kept only with
yeast addiction. Strong agitation was provided for wort
aeration and it was brought to fermentation at constant
temperature (12 °C) in BOD (SSBOD 342 L, SoildSteel,
Piracicaba, SP, Brazil). The inner tube valve was fitted at
the upper outlet of the fermentation tank at a constant
temperature of 12 °C for 168 h (7 days). After this fer-
mentation process was completed, the yeast was removed,
transferring the must to another fermenter.

To start the maturation process, the must was cooled to
4 °C and the aqueous extract of O. selloi at 0.05%
(E0.05A, A means ‘addition of the vegetal material after
fermentation’) and 0.1% (E0.1A) and in natura leaves of
O. selloi at concentrations of 0.1% (LO.1A) and 0.5%
(LO.5A) were added separately to four fermenters which
the vegetal material was not added before, leaving one
fermenter without the addition of O. selloi (BLANK). The
maturation step occurred for 10 days and later the beers
were bottled up. For bottling up, a solution of 8 g L' of
sugar was added to the raw beer, followed by homoge-
nization, and sealing with a sealing cap. The beer remained
at room temperature for 7 days in a dark room for the
secondary carbonation process. Figure 1 describes the
process of manufacture the craft beers with the addition of
in natura leaves or aqueous extract of O. selloi.

After the period of secondary carbonation, we opened
the bottles and took an aliquot to analyze the samples by
DPPH radical scavenging activity, total phenolic content,
pH, color, and volatiles content. These samples were
named as “recently prepared”. Right after that, bottles
were closed over again.

Color determination

We used the method 8.5 spectrophotometric Analytica (A x
25 = color) from EBC (European Brewery Convention
2005). Samples were filtered in paper filter (0.45 pm of
pore size) and then the absorbance of the samples was
measured at 430 nm in a glass cuvette (10 mm) on a
FEMTO 700 PLUS spectrometer.
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Fig. 1 Production flowchart of Pilsner craft beer added with in natura
leaves or aqueous extract from the leaves of Ocimum selloi

pH determination
We measured employing the phmeter HACH PH31.
Determination of antioxidant activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was
used according to the procedure employed by Kumaran and
Karunakaran (2006). Absorbance was determined by
spectrophotometry (A = 517 nm) (FEMTO 700 PLUS) and
used to calculate the percentage of inhibition. Analyses
were performed in triplicate.

Determination of total phenolic content (TPC)

We determined TPC using Folin—Ciocalteu’s reagent based
on the procedure of Djeridane et al. (2006). Gallic acid
(GA) was used to construct a standard curve, varying the
concentration from 5 to 1000 pg mL™ employing a spec-
trophotometer (A = 756 nm) (FEMTO 700 PLUS). The

result was expressed in pg of gallic acid equivalent (GAE)
per mL of samples. Analyzes were performed in triplicate.

Volatiles
Sample preparation

Approximately 200 mg of anhydrous NaCl was added to
1000 pL. of the samples until saturation followed by
intense mixing using a vortex mixer (SCILOGEX D-160,
Rocky Hill, Connecticut, USA) for 10-15 s and then
500 pL. of ethyl acetate was added to the mixture and
mixed vigorously for 1 min. The samples were then cen-
trifuged for 2 min at 2000x g. The acetate phase (200 pL)
was transferred to a vial for analysis.

GC-MS analysis

The samples were analyzed using a gas chromatograph
(GC-2010 Plus, Shimadzu, Kyoto, Japan) coupled to a
mass spectrometer (GC-MS Ultra 2010, Shimadzu, Kyoto,
Japan). We used a DB-5 fused silica capillary column (J
and W, Folsom, California, USA) (30 m long x 0.25 mm
internal diameter x 0.25 pm film thickness) operating at
70 eV. Helium (99.999%) was the carrier gas (48.851
mL min") and injections (1 pL) were in 100:1 split mode.
The temperature of the inlet was kept at 180 °C. The GC
oven temperature was initially held at 50 °C for 1 min and
then raised to 200 °C at 40 °C min™'. The interface and
quadrupole temperatures were 230 °C and 150 °C respec-
tively. The MS detector was turned off between 2.03 and
2.21 min to offload ethyl acetate peak and operated in scan
mode with a mass range of m/z 30-250 (Pinu and Villas-
Boas 2017). Seven volatile compounds were analyzed,
among them methanol, ethanol, acetic acid, isoamylic
alcohol, acetoin, ranging from 0.1 to 10000 mg L’l, and
2,3-butanediol, and phenylethyl alcohol in the range of
10-200 mg L', Samples were analyzed in triplicate.

Shelf-life

Shelf-life of beers was evaluated using the DPPH radical
scavenging activity, pH value, total phenolic content, and
volatile compounds after 90 days of storage. The samples
were kept at 4 °C in the dark. The analyzes were performed
as done previously for the recently prepared samples in
triplicate.

Statistical analysis
Values for % of inhibition of the DPPH radical scavenging,

pH, total phenolic content, volatile metabolites, and etha-
nol content were evaluated by Factorial Variance Analysis
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using the software Statistic 13.3 [TIBCO] in different beers
recently prepared and for samples after 90 days of storage.
p values less than 0.05 (p < 0.05) means that the treat-
ments showed statistically significant differences. Using
the same kind of analysis, we compared the differences
between the groups of beers recently prepared and also for
samples after 90 days of storage.

Results and discussion

We manufactured nine Pilsner craft beers, eight with O.
selloi, to evaluate the effect of the specie at beer properties,
mainly at the shelf-life performance. Craft beers prepared
with in natura leaves (LO.1B, LO.1A, L0.5B, L0O.5A) pre-
sented a slightly stronger color compared to samples pre-
pared with the aqueous extract of Ocimum selloi (E0.05B,
EO0.05A, EO0.1B, EO0.1A) and the BLANK, which has the
same color as the samples with the extract. The fragrance
and appearance of all samples were remarkably similar.
Ocimum species are known for their high antioxidant
properties (Hakkim et al. 2008), thus it is expected that the
craft beers prepared with in natura leaves or extract of
leaves of this specie cause an improvement at the antiox-
idant potential compared to the BLANK.

The antioxidant activity of the craft beers are presented
in Table 1, as the percentages of inhibition. The range of
antioxidant activity was from 45.1 + 0.2 to 83.5 + 0.4%
of inhibition. As can be seen at Table 1, all samples pre-
pared with O. selloi presented a better antioxidant inhibi-
tion, furthermore, when the aqueous extract was employed,
the  percentages of  inhibition = were  higher
(69.0 £ 0.8-83.5 £ 0.4%), what means that the extract
composition is improving the antioxidant performance of
the beverages by around 14%. The DPPH radical

scavenging activity of the samples with the extract at 0.1%
was higher, thus an increasing amount of the extract results
on a greater radical scavenging capacity. Besides that, the
samples in which the vegetal material was added after the
fermentation step presented a higher antioxidant perfor-
mance. A higher antioxidant activity improves beer flavor
stability, so the addition of O. selloi is increasing the sta-
bility of the craft beers. Pai et al. (2015) examined the
antioxidant potential of 15 pale larger beers from different
places around the world and they had values for percentage
of inhibition close to ours (68.34 + 0.85-89.90 + 0.71).

According to the results, the total phenolic content did
not vary much between the different samples, it ranged
from 359.0 & 2.8 to 371.9 & 1.9 pg GAE mL™' sample
(Table 1). Nardini and Garaguso (2020) characterized
many beers from different countries, and the only lager
type studied presented a TPC of 321 + 9 ug GAE mL™', a
close value to ours, but smaller. Once we added O. selloi, it
is expected that our values were higher. The aqueous
extract from the leaves of O. selloi presented
23.9 + 1.1 ug GAE mL™', so comparing with the BLANK,
the specie is contributing to the total phenolic content.

The pH values of the samples varied from 4.4 to 4.5.
These values are in accordance with other studies in the
literature (Marques et al. 2017; Nardini and Garaguso
2020). The craft beer produced with propolis extract, by
Ulloa and coworkers (2017), presented a pH of around
4.04. Tozetto et al. (2019) produced a Pilsner craft beer
with ginger and compared it to twenty-eight commercial
samples, the pH values were between 3.47 and 4.98.

The color of the samples was determined applying the
EBC method. The mean color value for all recently pre-
pared samples was 14.07£0.33. According to the Brazilian
legislation (Decree 6.871/09), our craft beers are

Table 1 Antioxidant activity and total phenolic content for craft beers with O. selloi recently prepared (fresh) and after 90 days of storage (shelf-

life)
Sample DPPH radical scavenging activity (% inhibition) Total phenolic content (ug GAE mL™" sample)
Fresh Shelf-life Fresh Shelf-life

BLANK 45.1 £ 0.2 309 £ 0.4 291.2 £ 4.0 252.6 + 4.1
LO.1B 503 £ 0.5 385 +£0.3 364.9 £ 2.7 299.0 £ 1.2
LO.1A 66.8 £ 1.2 523 £0.7 360.6 £+ 3.1 3339 £ 28
L0.5B 549 £ 04 340+ 0.2 37119 £ 1.9 308.8 £ 3.6
LO.5A 62.0 £ 0.7 46.7 £ 0.6 359.0 £2.8 3148 £25
E0.05B 69.0 £ 0.3 59.8 £ 0.6 370.7 £ 1.6 3416 £ 24
E0.05A 69.0 £ 0.4 60.8 + 0.2 369.0 £ 1.9 339.8 £ 2.6
EO0.1B 69.0 = 0.8 60.8 + 1.1 3679 £ 2.1 3498 £ 4.0
EO.1A 835+£04 69.9 + 0.6 3704 £ 3.2 3504 £ 1.9
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considered blond beers once they present less than 20 units
of EBC.

Considering the consumer and product quality, it is
important to quantify the volatile compounds present at the
final product. Volatile metabolites play especially impor-
tant roles in sensory properties of beers.

The ethanol content of the craft beers prepared in this
study was situated between 7.20 + 0.08 and 8.50 £ 0.09
(% v/v) (Table 2). The samples that were prepared with in
natura leaves of O. selloi were more alcoholic (7.78+—
8.50%) and samples with a greater amount of vegetal
material resulted in more alcoholic beers. Marques et al.
(2017) prepared four different styles of beer (American
Pale Ale, Brown Poter, Classic American Pilsner, and Irish
Red Ale) and the ethanol content of them was between 5.00
and 5.88. According to the review done by Bamforth
(2002), the alcohol content of beers ranges from < 0.05%
to 10%, however, most beers have an alcohol content
between 3 and 6% (v/v), thus, our craft beers have an
alcohol content higher than the average. Therefore, there
was no ethanol loss during the manufacturing process and
the temperature of fermentation employed by us favored
the formation of ethanol.

Acetic acid is the second most abundant volatile com-
pound at craft beers, and it is, by Pinu and Vilas-Boas
(2017), the second most common and abundant volatile
metabolite in fermented food and beverages, considered an
off-flavor. The content of acetic acid in our recently pre-
pared samples ranged from 39.28 £ 1.72 to
49.00 & 1.47 mg L' (Table 2). Analyzing all values, we
infer that when in natura leaves of O. selloi where added at
0.5% the content of acetic acid was higher, and the con-
centration of acetic acid increases as the fermentation
proceeded (Guerrini et al. 2018). Pinu and Vilas-Boas
(2017) analyzed a beer sample with an acetic acid content
of around 300 mg L.

Methanol is a byproduct of the fermentation which is
toxic to human at an average dose estimated at 56.2 g/
person for oral administration or 400-13000 mg/L for
respiratory administration (Moon 2017) and its content
should be determined for security to safe ingestion (Wang
et al. 2004). The methanol content ranged from
9.88 £ 0.38 to 18.96 & 0.89 mg L' on our recently
manufactured samples. The BLANK presented the highest
content of methanol; therefore, methanol is highly con-
sumed as the fermentation proceeded at the manufacturing
process, when the extract or leaves of O. selloi were added.
Accordingly, the consumption of our craft beers is safe
considering the content of methanol.

We also determined the content of isoamylic alcohol,
acetoin, 2,3-butanediol and phenylethyl alcohol on our
samples by GC-MS (Table 2). These compounds are
abundant at fermented beverages (Pinu and Villas Boas

2017) and here for most of the samples, as the fermentation
proceeded the content of volatile compounds increased.
Meanwhile, there was no correlation between the amount
of vegetal material (in natura leaves or extract) with the
content of volatiles.

The antioxidant activity (Wilks’ lambda = 0.301;
F =2.034; p =0.0011), total phenolic content (Wilks’
lambda = 0.289; F =2.112; p =0.0018), pH (Wilks’
lambda = 0.312; F =2.998; p =0.0021) and volatiles
content (Wilks’ lambda = 0.299; F = 3.137; p = 0.035) of
the different craft beers recently prepared showed statisti-
cally significant differences.

Shelf-life monitoring of a beer is extremely important
once the oxidation process (inherent at the product) causes
beer staling, which may reduce the quality and conse-
quently the consumption of the product. For this reason, we
analyzed the samples to check their shelf-life performance.
After 90 days of storage at 4 °C in the dark, the DPPH
radical scavenging activity, total phenolic content and
volatile metabolites content, color, and pH were deter-
mined and compared to the data of the recently prepared
samples (Tables 1 and 2). As can be checked, after 90 days
the DPPH radical scavenging activity of the samples
decreased by around 20%. For samples prepared with the
extract the activity decreased by around 13%, compared to
the ones prepared with in natura leaves (27%). The sam-
ples in which the vegetal material was added after the
fermentation step, showed greater activity, the same was
observed for the recently prepared samples. The total
phenolic content followed the same pattern, the content
decreased by 10.1% after the storage period of 90 days,
ranging from 299.01 £ 1.21 to
350.36 + 1.94 ug GAE mL™" of sample. The samples
manufactured with the extract of O. selloi did not changed
much considering the content of total phenolic compounds,
it reduced by around 6.5 pg GAE mL™' of sample com-
pared to the ones prepared with the leaves
(13.7 ug GAE mL™' sample). The color did not alter during
this period (mean EBC 14.14 + 0.32-blond beer), as the
pH values (4.3-4.4).

Comparing the parameters individually (pH, volatiles
content, antioxidant activity and total phenolic content)
between the samples of recently prepared craft beers and
after storage of 90 days, all showed statistical differences
with p < 0.05. Despite that, the ones that were stored
presented a slight increase in the alcohol content (0.04%),
which can be because of residual yeast and sugar.

Hence, analyzing the properties of the craft beers after
90 days of storage, it is possible to conclude that the
samples prepared with leaves or extract from O. selloi have
a better shelf-life performance than the BLANK, in other
words, their properties kept steady during this period, what
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is desirable considering later commercialization and con-
sumption of these products.

Furthermore, it can be inferred that the samples that
were prepared with the extract were more stable than the
ones manufactured with in natura leaves; it can be because
the samples with the extract have the compounds more
available in a manner that they can improve the properties
of the beers. Compounds from the samples prepared with
the leaves of O. selloi are going to be extracted during the
process of beer manufacture, what will probably be less
effective. The characteristics of compounds and the amount
of them will be different for the aqueous extract because
the medium is not pure water and these could not be
reproducible regarding the manufacturing procedure.

Conclusion

Nine different craft beers were satisfactorily prepared with
the addition of in natura leaves or aqueous extract form
leaves of Ocimum selloi. Color, pH, and ethanol content
were in total accordance with other craft beers on the lit-
erature. Volatile metabolites quantification showed that
beers are safe to be consumed. The DPPH radical scav-
enging activity showed that all samples prepared with O.
selloi presented a better antioxidant activity compared to
BLANK. Additionally, the use of the extract, a higher
amount of vegetal material, and addition of it after the
fermentation step, improved the antioxidant capacity. The
total phenolic content did not differ significantly from one
sample to another. Volatile compounds amount determined
that samples prepared with in natura leaves were more
alcoholic than the others, and this alcohol content is higher
when compared to other craft Pilsner beers on the litera-
ture. The shelf-life study demonstrated that craft beers
prepared with in natura leaves or aqueous extract of O.
selloi kept their characteristics for at least 90 days of
storage.
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