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Abstract

Beer is a fermented beverage made from barley malt and hops under the action of a suitable yeast. The main function of hops in
the brewing process is to provide bitterness, characteristic flavours and aromas to the beverage. However, hops only began to be
added to the formulation of this beverage starting in the ninth century. Therefore, the use of other bitter plants as a substitute for
hops may be a viable alternative. This study aimed at evaluating the use of artichoke as a total substitute for hops in American
lager craft beer production. The substitution of hops with up to 2 g-L* artichoke resulted in a beer with a quality similar to that
of the American lager beer traditionally found in the market. So, artichoke was confirmed to be a viable alternative for hops,
having satisfactory physicochemical characteristics and good sensorial acceptance.

Keywords: bitterness; brewing; bitter plants.

Practical Application: Apply of a new raw material to replace the hops in the brewing process.

1 Introduction

Beer is commonly defined as a fermented beverage produced
from barley malt and hops under the action of a suitable yeast
(Sanna & Pretti, 2015). However, beer may also contain adjuncts
and substitutes (Sleiman et al., 2010) to malt, such as spices and
other ingredients used to confer specific sensory characteristics
to the beverage.

Upon analysing the historical evolution of the beer production
process, hops were not always used as a raw material, but rather
a mixture of herbs and spices called gruit (Morado, 2009). Hops
only began to be added to the formulation of this beverage starting
in the ninth century; its inclusion, aside from its remarkably
bitter taste, might be due to its intrinsic properties that promoted
significant preservation of the drink (Barry et al., 2018; Silva &
Faria, 2008). The main function of hops in the brewing process
is to provide bitterness, characteristic flavours, and aromas to
the beverage (Leonardi et al., 2013). Therefore, the use of other
bitter plants as a substitute for hops may be a viable alternative
for producing a differentiated and regional product.

Few studies have been conducted on substituting hops
with adjuncts. One study (Aniche & Uwakwe, 1990) evaluated
the potential use of Garcinia kola (a typical African fruit) as a
substitute for hops in lager beers and obtained well-accepted
beers with physicochemical characteristics similar to those of
standard beer. Another study (Adenuga et al., 2010) evaluated
the use of extracts from Gongronema latifolium, Vernonia
amygdalina and Garcinia kola as potential substitutes for hops

in sorghum beers, and found sensory acceptance similar to or
greater than that found for standard beer.

Due to its geographic location, Brazil has a favourable climate
for the growth of several plant species, already used in food,
cosmetics, medicines, and folk medicine. The so-called bitter
plants are part of this biodiversity and are usually consumed in
the form of aqueous infusions, typically in the context of folk
medicine. Among these plants, some popular ones include
lemon balm, “pau-amargo” and artichoke (Cynara scolymus L.).

Artichoke is a plant from the Asteraceae family, originating
from the Middle East and brought to Brazil by European
immigrants (Costa et al., 2009). The plant has an eatable part
(the bulbs), typically used in gastronomy, and non-eatable
part, customarily used with medicinal purposes, such as water
infusion (tea) in folk medicine or capsules and other medicinal
products (Schiitz et al., 2004). Studies have reported that
artichoke extracts have hepatoprotective, hypolipidemic and
antioxidant activities (Ernst, 1995; Fintelmann, 1996; Kraft,
1997) as a result of the presence of chemical components found
in leaves, such as phenolic acids, flavonoids and sesquiterpenes
(Noldin et al., 2003).

Therefore, this study aimed to evaluate the use of different
concentrations of artichoke as a total substitute for hops in
American lager craft beer production, comparing the results
with a commercial beer and a standard beer made with hop.
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Use of artichoke as hop substitute

2 Materials and methods

Pilsen Malt (Agraria®, Brazil), Saaz hops (Barth-Hass
Group®, Germany), Saflager S-23 yeast (Fermentis®, France) and
artichoke (dried vegetable parts - leaf, flower, and stalk) were
purchased locally and sent to the Bioprocess laboratory of the
Department of Food Engineering and Technology, Institute of
Biosciences, Letters, and Exact Sciences of the Sdo Paulo State
University, Sdo José do Rio Preto Campus, for analysis.

2.1 Brewery production

Ground malt and water were put in a mashing pan at a
ratio of 1:4 (w/w). Mashing was performed through multiple
infusion processes, and iodine test was used to verify starch
saccharification. At the end of mashing, the wort was filtered
in the lauter tun, in which malt husk acted as a filtering layer.
After filtration, water was added over the filtering layer at the
same temperature of the system to increase the efliciency of
sugar extraction. The resulting sweet wort was added to the boil
kettle, brought to a boil, and then the hops (standard beer) or
the artichoke (test beer) were added. After 60 minutes, the wort
was rapidly cooled near inoculation temperature and subjected
to circular stirring to promote trub precipitation. At the end
of this process, the sedimented material was removed, and the
inoculated wort was fermented.

The fermentation lasted for seven days and was carried out
at 12 °Cin closed plastic vats (10 L) equipped with a hydraulic
stopper. Subsequently, the excess yeast accumulated at the bottom
of the tun was removed, and the maturation stage took place,
lasting for 15 days at 0 °C. At the end of this stage, the beers
were bottled in glass bottles, in which a 6 g-L! sugar solution was
added and kept for seven days at 20 °C to promote carbonation
of the product. After this period, the planned analyses for this
study were conducted.

2.2 Physicochemical analysis

The following physicochemical parameters were examined
in this study: original extract, apparent extract, alcohol content,
pH, colour, bitterness, turbidity, and apparent attenuation.
All these analyses were performed according to the European
Brewery Convention (2010) methodology.

2.3 Sensory analysis

The sensory analysis panel consisted of 100 untrained
evaluators (35% female and 65% male; mean age of 22 years)
who received the samples in monadic form, coded with three
digits and randomised to avoid bias. The experimental design
consisted of complete blocks, i.e., all evaluators analysed the
samples using the scales presented here. The evaluators were
asked to drink a glass of room-temperature water to rinse their
mouth before each evaluation.

The sensorial acceptance of the samples was evaluated by
analysing the following sensorial attributes: aroma, flavour,
colour, and overall acceptance using a structured hedonic scale
of nine points (9 =Iliked extremely and 1 = I disliked extremely)
(Reis & Minim, 2010). Intention to buy, in turn, was evaluated
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using a structured five-point scale (1 = I certainly would not
buy this sample and 5 = I would certainly buy this sample)
(Meilgaard et al., 2006).

The project was approved (Process number: 51957715.7.0000.5466)
by the Committee of Ethics in Research Involving Humans of
the Institute of Biosciences, Humanities and Exact Sciences of
the Sdo Paulo State University (IBILCE/UNESP).

2.4 Data analysis

The beers were produced with three replicates and the
analyses were performed in triplicate. Physicochemical analyses
of the beer samples and their sensorial attributes were compared
using Analysis of Variance (ANOVA) followed by Tukey’s
multiple comparison test when P < 0.05. The results were
further compared using an internal preference map, elaborated
using cluster analysis followed by multidimensional scaling.
All analyses were performed at 5% level using Statistica 10.0
software (StatSoft Inc., USA).

3 Results and discussion
3.1 Physicochemical characterisation

Beers produced with different concentrations of artichoke
showed similar original extract content (P > 0.05) (Table 1).
The small numerical difference observed among the original
extract content of the samples could be explained by random
changes of the process, such as grinding granulometry, or even
mashing yield.

All original extracts of the beers were around 12 °P, agreeing
with the values recommended by the Beer Judge Certification
Program (BJCP) for American Lager beers, popularly known in
Brazil as Pilsen (Strong & England, 2015). The apparent extracts of
the beers did not show significant differences among the samples
evaluated. The lowest value observed was 3.3 °P for standard
beer, and the highest was 4 °P for the sample containing 4 g-L"
artichoke. Small changes in the apparent extract are related to
changes inherent in the fermentation process, as observed by
Piddocke et al. (2009) when evaluating the fermentative process of
brewing worts with different sugar concentrations. The apparent
attenuation did not differ statistically significantly among the
evaluated conditions since all formulations obtained values
around 70%, which is usually the attenuation value obtained
in the brewing process (Mayer et al., 2016; Rogers et al., 2016).
Thus, the use of artichokes as a substitute for hops did not seem
to hinder the fermentation process. Similarly, alcohol content,
another variable correlated to the fermentation process, did not
differ statistically significantly in the analysed samples. Strong &
England (2015) recommend that American lager beers should
have an alcohol content between 4.2 and 5.3 °GL. Therefore, all
the samples had an alcohol content as expected for Pilsen beers.

The colour and turbidity values of the samples containing
artichoke differed significantly from the values of the commercial
and standard samples. The commercial sample had a clearer
colour and lower turbidity, which can be explained by the
efficient methods of filtration the beer is subjected to (Cimini
& Moresi, 2018; Gassara et al., 2015). The other beers used in
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Table 1. Physicochemical characterisation of beers with different concentrations of artichoke.

Schuina et al.

Samples OE AE AA AC Colour T B

Standard 12.7¢ 339 74.0 4.9 134° 13.44° 8.47

(0.15) (0.36) (2.55) (0.07) (0.43) (0.08) (0.05)
1 gL artichoke 12.3¢ 359 71.5¢ 479 23.7° 25.13°

(0.32) (0.44) (2.88) (0.07) (0.94) ©01 7
2 gL' artichoke 12.3¢ 360 70.7° 479 36.1°¢ 36.54¢

(0.25) (0.35) (3.30) (0.31) (0.34) (005
3 gL ! artichoke 125 39 68.8° 4.6* 30.7 ¢ 31.85¢

(0.23) (0.17) (1.75) (0.19) (0.18) (014
4 gL artichoke 124¢ 4.0° 67.7¢ 46° 34.3°¢ 33.63¢

(0.05) (0.3) (2.28) (0.13) (0.57) (053 7
5 gL artichoke 122° 379 69.7¢ 46° 27.50 28.81°

(0.20) (0.10) (0.35) (0.07) (0.07) (o8
Commercial 45° 6.44 1.16 ¢ 7.03

""""""""""""" (0.13) (0.08) (0.17) (0.73)

OE = original extract (°P); AE = apparent extract (°P); AA = apparent attenuation (%); AC = alcohol content (°GL); Colour = colour (EBC); T = turbidity (EBC); B = bitterness (IBU).
Mean (standard deviation). The means followed by the different letters in the columns differ statistically significantly from each other by Tukey’s multiple comparison test at P < 0.05.

the experiment showed greater turbidity because they did not
undergo filtration. Chemical compounds like polyphenols and
proteins, and yeast remnants from the fermentation process,
promote high turbidity of beer when not subjected to the
filtration process (Steiner et al., 2010). Another explanation for
the greater turbidity found in the samples using artichoke as a
substitute for hops is that, throughout the boiling process, the
polyphenols of hops are complexed with proteins from the wort
and other compounds, decanting and forming the trub, which
is then removed (Jakubowski et al., 2016).

Bitterness intensity was determined only in standard and
commercial samples, as this property is determined by the amount
of hops alpha acids present in the beverage. Since the beers with
artichoke did not have hops in their composition, it was not
possible to detect bitterness intensity. It is noteworthy that the
results obtained for the bitterness intensity of the standard and
commercial beers range from 7 to 9 IBUs, values usually found
in American Beers.

Thus, the data suggest that the use of bitter plants as a
substitute for hops does not cause any negative changes to
the physicochemical characteristics of the produced beers,
which agrees with the results found by Okafor et al. (2016) and
Adenuga et al. (2010), who also did not report changes in the
physicochemical properties of beers made with different extracts
of African plants.

3.2 Sensory analysis

The sensory evaluation of the samples containing artichoke
in their formulation showed that the overall acceptance of the
samples containing 1 and 2 g-L" artichoke did not differ from
those obtained for the standard and commercial samples. It is
noteworthy that all samples, even the standard and commerecial,
obtained T liked’ (score 6) and ‘I quite liked” (score 7) scores
(Table 2).

An increase in artichoke concentration negatively influenced
the overall acceptance of the beers. Thus, the sample with 5 g-L!
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artichoke was the least accepted, with a mean acceptance of
4.4. The acceptance of aroma followed a similar pattern to that
of general acceptance, in which all samples with 1 and 2 g-L™*
artichoke had scores close to those of standard and commercial
samples, whereas the sample containing 5 g-L!* had the worst
score. The degree of taste differed statistically significantly among
the beers evaluated, following the same trend observed for
aroma and overall acceptance, except for the sample containing
2 g-L " artichoke, which had lower acceptance than the standard,
commercial and 1 g-L" artichoke samples.

Comparison of the colour attributes also resulted in
significant differences, which suggests that using high artichoke
concentrations (above 4 g-L!') negatively influenced the colour
acceptability of these samples. The results indicate that using
artichoke in low concentrations is feasible and results in an
acceptable colour, as the sample containing 1 g-L" artichoke
had a significantly higher score than the commercial sample,
which is a relevant result in the present study.

Grouping analysis of overall acceptance (Figure 1) and
aroma (Figure 2) resulted in the formation of two sample groups
following a similar pattern of acceptance. For both sensory
attributes, a group consisting of the commercial samples,
standard and 1 g-L " artichoke and another group formed by the
3,4,and 5 g-L* artichoke samples were formed. The sample with
2 g-L"' artichoke, located in the central region of the graph, did
not considerably contribute to clustering analysis.

A higher concentration of evaluators found in the left area
of the graph shows that the group containing the standard,
commercial and lowest artichoke concentration (1 g-L)
samples was the one with the higher overall acceptance and
aroma acceptance among the samples evaluated, confirming
the univariate analysis results.

The internal preference map shows that the lowest artichoke
concentration samples had good acceptance by the evaluators,
being in a position closely related to many evaluators and close to
the standard beer. This result shows that the use of concentrations
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Table 2. Sensory acceptance of beers with different concentrations of artichoke.

Sample Colour Aroma Flavour Overall acceptance Intention to buy
Standard 7.26%® 6.98*° 6.54*° 6.58 ¢ 3.60°
(1.22) (1.42) (1.87) (1.68) (1.17)
1 gL' Artichoke 7.63% 6.47 ¢ 6.02%® 6.36° 3.51®
(1.39) (1.65) (1.97) (1.89) (1.34)
2 gL' Artichoke 6.99 ¢ 6.34 ¢ 5.53 b 6.39 ¢ 3.08 b
(1.51) (1.59) (2.18) (1.97) (1.38)
3 g-L" Artichoke 6.58 b 5.69 b 4.81¢ 5.88° 2.58¢
(1.61) (1.92) (1.91) (2.16) (1.19)
4 g-L* Artichoke 5.61¢ 5.75 b 452 5.14 b 2.59¢
(1.97) (1.75) (2.22) (1.83) (1.06)
5 g-L! Artichoke 5.61¢ 5.64 ¢ 4.02¢ 444« 2.18¢
(1.90) (1.79) (1.90) (2.01) (1.14)
Commercial 6.39°¢ 6.39® 6.42° 6.46° 3.53®
(1.80) (1.90) (1.85) (1.66) (1.14)

Mean (standard deviation). The means followed by different letters in the columns differ statistically significantly from each other by Tukey’s multiple comparison test at P <0.05.
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up to 2 g.L'! of artichoke produces beers with proper sensory
acceptation, having the potential to be used by the brewing
industry. Otherside, higher the artichoke concentration in the
beer composition, the lower its sensorial acceptance.

Intention to buy agreed with the other results, and, in this
sense, beers with higher sensory acceptance had the highest
scores of intention to buy.

4 Conclusion

We can assume from the results obtained in the present study
that the use of artichoke as a substitute for hops in craft beer is
feasible, as the beer samples had physicochemical properties similar
to those of the Pilsen category and high sensorial acceptance in
low concentrations of artichokes. The substitution of hops for up
to 2 g-L "' artichoke resulted in beers with similar quality to the
American lager beer traditionally found in the Brazilian market.
On the one hand, this relevant result confirmed the viability of
using artichoke as a substitute for malt without significantly
changing the chemical profile and sensory acceptance from those
of commercial and standard samples, indicating the possibility
for later production on a large scale.
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