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Abstract: The seed from the Araucaria araucana (in Spanish, piñon) tree, native to Chile and Argentina,
is sold mainly as raw seed. Engineering a process to add value to piñon has the potential to
positively impact local indigenous communities with very little ecological impact because it is
routinely harvested in the wild. This study evaluated the feasibility of using 100% piñon, or as a
blend with barley malt, to produce a beer-like beverage, while also evaluating consumer acceptance of
the beverage’s piñon characteristics. Prototypes generated based on 93% piñon and 7% oat (enzymatic
treatment of α-amylase, glucoamylase, protease and β-glucanase), as well as 50% piñon and 50%
barley (no external enzymatic treatment), were evaluated. Overall acceptability by a consumer
acceptance panel (21 consumers) rated the 100% piñon and the piñon–barley malt blend 5/9 and
7/9, respectively. The piñon–barley malt blend prototype stood out for its low level of carbohydrates,
high potassium content and banana and clove aromas.

Keywords: piñon; fermentation; α-amylase; glucoamylase; beer-like beverage; valorization

1. Introduction

Between 2015 and 2018, the global consumption of beer increased by 2.7% [1]. In
Chile, the per capita consumption of beer increased from 25 L to 50 L between 2001 and
2018, and 7.2 million hectoliters were produced in 2016 [2]. That year, the craft beer indus-
try accounted for 1% of the beer market, with an annual growth of 15–20% and around
331 microbreweries in Chile [3]. This growth suggests that there is market for new craft
beer and new beer-like products. In addition, very few gluten-free beers are available for
individuals with celiac disease, who represent 0.5–1.0% of the population [4]. There is also
a growing number of consumers who, despite the fact that they do not suffer from celiac
disease, prefer a gluten-free diet [5]. Therefore, there is an opportunity for the develop-
ment of new alternatives to conventional beers. From a microeconomic perspective, the
development and sustainable industrialization of products with protected denomination
of origin are particularly important to small agricultural communities with unique crops
and processes. The pine nut of Araucaria araucana K. Koch (in Spanish, piñon), also known
as the monkey-puzzle tree, is a native and ancestral seed that only grows in Chile and
Argentina. It is a species of high conservation value. It was declared a national monument
by CITES (Convention on International Trade in Endangered Species World Flora and
Fauna). The international trade of its wood and subproducts is forbidden [6]. However,
the international trade of products derived from piñon is not subject to prohibition. A.
Araucana occupies an area of 239,378 ha in Chile and 180,000 ha in Argentina [7]. In its best
conditions, this ancient tree generates its first seeds at 15 to 25 years old [8]. The production
yield of piñon is 197 kg/ha and 455 kg/ha in Chile and Argentina, respectively [9,10]. In
Chile, there is no detailed information on the proportion of piñon collected with respect
to total production [11]. However, some authors highlight the importance of this seed
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in the Mapuche Pehuenche native community, based on its economic, sociocultural and
religious value [12]. The communities mainly collect piñon by hand in a sustainable way
and sell it primarily as a raw seed. The locals then cook, roast or grind the seeds into
flour at home. Although overharvest would threaten the sustainability of the A. araucana
forest, much of the seed is wasted because it is not harvested. Therefore, the rational
harvest and processing of piñon is amenable to the creation of a circular economy around
it. Historically, piñon has been used to produce a fermented beverage known as mudai [6].
It was formerly obtained by chewing the piñon seed, which hydrolyzed part of the starch
and facilitated the subsequent alcoholic fermentation of the paste mixed with water [13].
The starch, protein and lipid composition of peeled piñon seeds is very similar to that of
barley, as shown in Table 1, making it suitable for alcoholic fermentation. As with beer
fermentation, a wort rich in hydrolytic enzymes is needed to make the nutrients available
for fermentation [14]. However, the germination of piñon to produce a malt equivalent
to barley malt in beer fermentation is not practical because piñon has a long germination
time and a slow germination rate, as shown in Table 2. Therefore, the degradation of piñon
starch must be aided by the addition of exogenous enzymes to produce fermentable sugars.

Table 1. Comparison between barley and piñon seed [15,16].

Component Composition of Barley Seed
(Dry Base)

Composition of Peeled Piñon Seed
(Dry Base)

Starch 54–65% 64%
Protein 9–14% 7.8%
Lipids 2–3% 1.1%

Moisture (Total seed) 12–16% 43%

Table 2. Germination properties and maximum moisture content of barley for malting and piñon
seed [17,18].

Property High Quality Barley for Malting Piñon Seed

Germination rate [%] >95 28 ± 3
Germination time [days] 3 22 ± 3

Maximum moisture content [%] 13.5 43

Several sources of sugars and/or starch have complemented or completely replaced
barley in beer production. The total replacement of barley with other grains is used,
for example, in the production of gluten-free beer [19]. Others have reported the use of
raw sorghum and exogenous enzymes such as α-amylase, glucoamylase and protease to
produce a beer-like beverage [20,21]. The piñon seed is a gluten-free source of nutrients,
and thus a potential ingredient for gluten-free beer [22].

Our overall goal of this research was to develop a product for a beer-like craft beverage
that benefits local communities with responsible stewardship for the sustainable use of nat-
ural resources. Several beer-like prototypes from piñon were developed, and their sensory
acceptability was evaluated to determine the one with greatest consumer acceptability.

2. Materials and Methods
2.1. Storage and Crushing of Piñon

Piñon was acquired from the towns of Lonquimay and Melipeuco, Region of Arau-
canía, Chile. The material was selected upon visual inspection, and the seeds were cleaned
with absorbent paper (to eliminate dust) and stored in low-density polyethylene bags at
4 ◦C (for up to 4 months) to prevent dehydration of the product, as recommended by
Galleti, Lizana and Gálmez [23]. Prior to each trial, the seeds were cut using a PSV C15
bowl cutter from Talsa (Valencia, Spain) for 3 min at a blade speed of 2840 rpm.
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2.2. Enzymes

Glucoamylase from A. niger, formulation AMG® 1100, α-amylase from B. amylolique-
faciens, formulation BAN® 800 MG, protease from B. licheniformis and B.amyloliquefaciens,
formulation Protamex® and β-glucanase from H. insolens, formulation Ultraflo® L from
Novozymes (Bagsvaerd, Denmark) was used. The BAN® 800 MG enzyme was used at a
concentration of 0.054 g/kg piñon, the AMG® 1100 enzyme at a concentration of 1.17 g
enzyme/kg piñon, the Protamex® enzyme at a concentration of 0.022 g/kg piñon and the
Ultraflo® L at a concentration of 3.93 mL/kg piñon. The initial mash pH was 5.2. Enzyme
concentrations were selected based on the manufacturer’s recommended dosage, as well as
the starch content (Glucoamylase and α-amylase), protein content (Protease) and β-glucane
(β-glucanase) content of piñon.

2.3. Yeast

For the determination of mash conditions, Saccharomyces cerevisiae Saflager S-23, typi-
cally used for lager-type beers (Fermentis, Belgium), was used in the first study to determine
the effect of applying exogenous enzymes. For the production of the prototypes for sensory
analysis, Saccharomyces cerevisiae, Safale S-04 that is typically used for ale beers (Fermentis,
Belgium), was used. The initial dosage was 6 × 106 cells/mL. The inoculum was prepared
with sterile demineralized water at a ratio of 1:10 for dry yeast mass to water for 30 min at
25 ◦C.

2.4. Preliminary Fermentation Trials

Preliminary fermentations were carried out in 4 L reactors to verify whether the yeast
was able to metabolize the mash based on piñon (with enzymatic treatment). For this, the
crushed piñon was mixed with water at a ratio of 1 kg piñon/3 kg water (initial adjustment
of pH to 5.2 with phosphoric acid) in a 4 L fermenter model LiFlus GS from Biotron
(Gyeonggi-do, Korea) with an OS-20-S stirrer model from Dragon Lab (China), which was
used with a constant agitation of 120 rpm. The crushed piñon and water were brought to
80 ◦C, the enzyme α-amylase BAN® 800 MG was added and the mixture was held at 80 ◦C
for 60 min. Then, the mixture was brought to 70 ◦C, the enzyme glucoamylase AMG®

1100 was added and the mixture was held at 70 ◦C for 60 min. As a preliminary test, these
two enzymes were considered because they transform starch and oligosaccharides into
sugars with a lower molecular weight. The wort of the piñon was filtered from a conical
stainless-steel holder with 2 mm diameter grooves covered with 2 layers of sterile gauze
measuring 20 × 24 cm. The volume of the wort obtained was 2.56 L, and it was cooked
by boiling for 60 min on a hot plate with a magnetic stirrer model SP131320-33 (Thermo
Scientific). During the cooking process, different hops were added: 1.54 g of Saaz hops
pellets, 4.0%AA (minute 2), 2.18 g of Hallertau hops pellets, 5.5%AA (minute 25) and 1.15 g
of Cascade hops pellets 6.0%AA (minutes 60) in order to create an equivalent of 15 IBU
(International Bitterness Units).

Then, the container with wort was cooled to 20 ◦C by immersion in an ice water
bath. The density was adjusted to 1.045 g/mL by adding sterile water. Immediately after
cooling, the wort was aerated for 30 min with an air pump connected to a 0.22 µm MCE
filter. Finally, the pH was adjusted to 5.2, and rehydrated Saflager S-23 yeast was added
at an approximate concentration of 106 cells/mL. Lager fermentation was performed at a
constant temperature of 14 ◦C and was carried out in a 4 L multifermenter model YT from
Ingenieria Ltd. (Limache, Chile) with constant stirring at 50 rpm (simple paddle stirrer
from Ingenieria Ltd.). Samples were taken every 12 h during the first 3 days and every 24 h
during the following 3 days. Reducing sugars, density, nitrogen assimilated by yeast and
pH were all quantified. The experiments were performed in triplicate.
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2.5. Development of Piñon Prototype Beverages
2.5.1. Mashing

Piñon beer-like prototypes were developed in 22 ± 2-L batches in a 65 L stainless
steel tank. A 1:3 piñon-to-water ratio was used for mashing (13 kg piñon). Water was
standardized at 67 ppm of Ca+2, 29 ppm of Mg+2, 62 ppm of SO4-, 94 ppm of Na+,
35 ppm of Cl− and 79 ppm of HCO3- using sodium bicarbonate from Loba Chemie (India),
calcium chloride from Merk (Germany), magnesium sulphate from Merk (Germany),
sodium chloride from Loba Chemie (India) and magnesium chloride from CDH (India).
Initially, the piñon–water mixture was kept at 80 ◦C for 30 min. Then, the temperature was
lowered to 60 ◦C using a copper coil immersed in the tank, with a cooling rate of 10,376 J/s.
0.054 g/kg piñon of α-amylase and 1.17 g/kg piñon of glucoamylase, as well as 0.022 g/kg
piñon of protease and 3.93 mL/kg piñon of β-glucanase, were added.

The mash was recirculated using a centrifugal pump model MP-20R (Xinxishan,
China) with a flow rate of 32 lpm for 5 min, and then filtered using a perforated plate with
2 mm round holes placed at the bottom of the tank (false bottom), and then transferred to
another 65 L tank. Simultaneously, water at 70 ◦C was added at a 1:1 piñon-to-water ratio
(13 kg piñon). The resulting wort was boiled for 60 min using a Vulcan 21A commercial
range (China), with a heating rate of 2008 J/s, and 38 g of hops (equivalent to 15 IBU) was
added. Finally, the wort (22 ± 2 L) was cooled to 20 ◦C using the copper coil, with a cooling
rate of 10,376 J/s. The fermentation was carried out in 30 L polypropylene fermenters in
a room kept at 20–22 ◦C for 7 days using Safale S-04 yeast. The fermented product was
divided to produce prototypes 1.1 and 1.2, which were brought to maturation stage and
were stored at 5 ◦C for 7 days in a Nordik 480 plus refrigerator from Mademsa (Chile). In
order to verify whether there was an additional contribution of aromas or flavor, shelled
piñon (previously boiled for 30 min in water) was added to prototype 1.2 at a concentration
of 2% w/v during the last 3 days of maturation. Finally, both prototypes were carbonated
by adding dextrose at 8 g/L and keeping the batches at 20–22 ◦C for 2 weeks in 330-mL
glass bottles, and then they were stored at 5 ◦C.

2.5.2. Expert Sensory Analysis

Prototypes 1.1 and 1.2, were tasted by a beer tasting judge certified by the Beer Judge
Certification Program (BJCP), who characterized the aroma, taste, mouthfeel, appearance
and overall quality of the beverages.

2.5.3. Prototype Development for Overall Acceptance Tests

Based on the expert feedback on prototypes 1.1 and 1.2, six new prototypes were
developed. Starch source, type of mashing (exogenous enzymes vs. malted barley), dry-
hopping (last 3 days of maturation, East Kent Golding in pellets (EKG)) and carbonation
method (sugar or honey) were adjusted, as shown in Table 3. In general, the mashing,
sparging and fermentation processes were performed as described in Section 2.5.1, with
the following changes: no dry-hopping was conducted for prototypes 2.1, 2.2, 3.1 and 3.2,
and mashing temperature was reduced to 67 ◦C (prototypes 3.1, 3.2 and 3.3), according
to the temperature used for the mashing of barley malt. Swaen©Ale malt was used in
prototypes 3.1, 3.2 and 3.3 as an alternative to exogenous enzymes, and Na+ concentration
was reduced to 74 ppm by reducing the amount of NaCl added to the mixture.

Table 3. Prototypes for general acceptability test.

Prototype Starch Source External Enzymatic
Treatment Dry-Hopping Carbonation

Technique

2.1 93% piñon, 7% oat Yes No 8 g/L dextrose
2.2 93% piñon, 7% oat Yes No 8.8 g/L honey
2.3 93% piñon, 7% oat Yes 1 gEKG/L beer 8 g/L dextrose
3.1 50% piñon, 50% malt No No 8 g/L dextrose
3.2 50% piñon, 50% malt No No 8.8 g/L honey
3.3 50% piñon, 50% malt No 1 gEKG/L beer 8 g/L dextrose
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2.5.4. Overall Acceptance Test and Sensory Characterization of the Best Evaluated Beverages

An overall acceptance test was performed by a panel of 21 beer consumers in an
age range from 20 to 45 years old. Aroma, appearance, flavor, mouthfeel and overall
impression were the attributes chosen to describe the 6 prototypes. Each attribute was
evaluated using a hedonic scale from 1 to 9 with “Dislike extremely” and “Like extremely”
corresponding to the lowest and highest scores, respectively. Each consumer was given a
rating chart along with six samples, a glass of water and bread. The samples, at a volume
of approximately 20 mL and a temperature of 10 ◦C, were served at random in disposable
30 mL cups. Each sample served was identified with random three-figure numbers. To
avoid influence among the samples, the consumers were asked to drink water and eat flour
bread between each tasting. The test was performed in groups of 4 to 6 consumers, who
were each separated both to the front and to the sides with white wall panels, and the base
of the table on which the samples were served was also white. Finally, the best prototype
evaluated was tested by the beer tasting judge.

2.6. Analytical Methods

The concentration of reducing sugars was determined by the “method of 3.5-dinitrosalicylic
acid” [24]. Starch concentration was determined with the iodine–iodide method, where
0.25 mL of the sample was mixed with 2 mL of demineralized water and 0.25 mL of
an iodine solution (0.01 N iodine and 0.02 N iodide) and homogenized, and absorbance
was measured at a wavelength of 640 nm and compared to that of a water blank. Starch
concentration was determined by interpolation with a standard curve of soluble starch as a
function of absorbance. Yeast assimilable nitrogen was determined by the formaldehyde
index method [25].

Probable alcoholic strength was calculated as:

Probable alcoholic strength =
(Gfi − Gin)× 2 × PMeth

ρeth × 10
(1)

where: Gin: Initial molar glucose concentration [mol/L]; Gfi: Final molar glucose concen-
tration [mol/L]; PMeth: Ethanol molar mass [g/mol]; ρeth: Ethanol density [g/mL].

2.7. Statistical Analysis

For the overall acceptability tests, Tukey’s honestly significant difference test was used.

3. Results and Discussion
3.1. Preliminary Fermentation Studies

Preliminary fermentation studies were performed in 4 L reactors for the purpose
of verifying the feasibility of the yeast consuming the sugars generated with enzymatic
treatment in the mash. They also studied the evolution of fermentable sugars and starch
during the mash time. Figure 1 presents the mashing and fermentation results.

Between 40 min and 90 min, the solubilized starch stabilized at a value of approxi-
mately 80 g/L; therefore, we decided to start mashing at a temperature of 80 ◦C for 30 min
in subsequent experiments. As the concentration of starch remained constant and not all
the present starch was transformed before the glucoamylase enzyme was added, it was
inferred that this could have been product inhibition produced by the α-amylase enzyme.
This phenomenon is consistent with the literature [26], where it has been reported that
the enzyme Novamyl® (α-amylase from B. Subtilis), which transforms starch into oligosac-
charides and maltose, presents competitive product inhibition by maltose, maltotriose,
oligosaccharides of up to 7 glucose units, α- and γ-cyclodextrins.
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Figure 1. Evolution of starch and reducing sugar concentrations in mashing time n = 2.

It was noted that, during the cooling period (60 to 90 min) from 80 ◦C to 70 ◦C, there
was no crystallization of starch or sugars (constant concentrations). After glucoamylase
was added and until 110 min, the concentration of starch decreased, which reinforced the
suggestion that the glucoamylase enzyme decreased the effect of the product inhibition
(oligosaccharides) of α-amylase by transforming it into glucose, which was reflected in the
increase in reducing sugars.

Based on these assays, we decided to start mashing at a temperature of 80 ◦C (30 min)
in future experiments, and then add the enzymes together (because when added separately,
product inhibition occurs). Moreover, to better mimic conventional mashing, β-glucanase
and protease were added at an intermediate working temperature of the four enzymes of
60 ◦C.

Figure 2 shows fermentation evolution as a function of the changes in the concentration
of reducing sugars and yeast assimilable nitrogen, and as a function of the changes in
pH and density. All these variables decreased initially and remained constant after 96 h,
indicating the successful fermentation of sugars produced by the addition of exogenous
α-amylase and glucoamylase, and the fermentation was complete within 96 h.

The kinetics of the fermentation of piñon are consistent with the fermentation of lager
barley beer [27]. Glucose is the first sugar consumed by yeast, and when this resource
runs out, maltose and maltotriose are used as energy sources [28]. During the exponential
phase (24–84 h), the rate of glucose consumption was 1.2 g/L h, and it was 1.7 g/L h for
assimilable nitrogen. The fermentation had a lag phase of 24 h, and this duration is within
the range reported in the literature for barley beer (12–24 h) [27].

The wort’s initial concentration of reducing sugars was 100.2 ± 5.1 g/L (Table 4),
which corresponds to the upper range of concentrations (75.0–95.6 g/L) typically found in
barley wort [29], as well as within the upper range of concentrations (61.1–101.7 g/L) found
in sorghum wort [20]. By the end of the fermentation, 96% of the reducing sugars were
consumed, indicating the successful completion of the fermentation. This high reducing
sugar concentration results in a probable alcohol content of 6.1% v/v in pinon beer, which is
greater than in American Lager beers (4.2–5.3%) [30].

The initial wort density was slightly higher than that of sorghum wort produced by
exogenous enzymatic treatments [20], but lower than barley wort used for American Lager
beers [30].
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Table 4. Average results (with standard deviation) of different parameters before and after fermentation.

Parameter Before Fermentation After Fermentation

Reducing sugar [g/L] 100.2 ± 5.1 3.7 ± 2.2
Density [g/mL] 1.045 ± 0.000 1.002 ± 0.002

Assimilable nitrogen [mg/L] 213.2 ± 3.4 83.0 ± 20.2
pH [-] 5.2 ± 0.0 4.4 ± 0.1

Probable alcoholic strenght 0 6.1 ± 0.3

During the fermentation process, the pH decreased from 5.2 to 4.4. As in the other
parameters, pH remained constant after 96 h. The decrease in pH (in conjunction with
the increase in yeast cells) reflects the production of buffer substances, such as free amino
nitrogen (FAN), and some organic acids, such as acetic acid, lactic acid, pyruvic acid,
succinic acid, caproic acid and caprylic acid [31].

It was concluded that the yeast did not experience any catastrophic nutritional defi-
ciencies during the fermentation process.

3.2. Development of Piñon Prototypes
3.2.1. Sensory Analysis of Prototypes 1.1 and 1.2

The sensory analysis of preliminary prototypes can be seen in Table 5.
The main difference between the two prototypes (1.1 and 1.2) is due to the addition of

piñon during maturation, which contributes aromas of coconut and aniseed. The piñon
added during maturation contributed a bit of acidity and a slight diacetyl taste, so it was
decided not to make this addition in future experiments, as it does not significantly change
the general impression and adds acidity, which is not desirable at this time.
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Table 5. Expert sensory analysis of piñon prototype 1.1 and 1.2.

Attribute Prototype 1.1 Prototype 1.2

Aroma
Prominent clove and banana, there is
a slight caramel, dried peach and a

subtle aroma of honey and nuts.

Prominent banana and clove, there is a
character of vanilla, coconut, slight

caramel, dried peach and a subtle aroma
of honey, nuts and aniseed.

Appearance Orange amber, it has opacity and
a low retention white foam.

Orange amber, it has opacity and a
low retention white foam.

Taste

In the mouth, it is saline, with subtle
notes of walnut and nut shell. It has a

fruity flavor, like dried peach and
cooked apricots.

It is saline and has a slight final sourness,
with subtle notes of walnut and nut shell.
It has a fruity flavor like dried peach and

cooked apricots. It also has a slight
diacetyl character.

Mouthfeel Light body, low carbonation,
dry and fresh finish.

Light body, low carbonation,
dry and fresh finish.

Overall
impression

It needs small adjustments, such as
regulating fermentation temperature,

if one wants to lower the aroma of
banana and dried peach. It is also

important to regulate mineral salts in
order to lower the saline character
presented. Increase foam retention,

although this is more complicated, as
it does not have grains.

It needs small adjustments, such as
regulating fermentation temperature, if
you want to lower the aroma of banana
and dried peach. It is also important to
regulate mineral salts in order to lower
the saline character presented. Increase
foam retention, although this is more

complicated as it does not have grains.

At the aromatic level, the descriptors were found have an attractive potential. The
predominant aroma descriptors of the preliminary prototypes (clove and banana) are
desirable in Weissbier, Dunkles Weissbier, Weizenbock, Dubbel Belga and Triple Belga
type beers [30] that are currently on the market. The notes of honey and caramel tend to
be found in beers using caramel or crystal malts and are desirable in pale ale or wheat
wine [30]. This suggests the potential value of an existing niche that prefers these aromas.

In contrast to other gluten-free beers, such as those produced using raw teff, malted
amaranth, oats, malted corn or malted buckwheat [32], prototypes 1.1 and 1.2 had a low
foam retention.

The foam retention of the preliminary prototypes was low and, therefore, in terms
of appearance, the prototypes would potentially not be acceptable. Foam is an important
quality parameter that affects consumers’ decisions when buying craft beer. Consumer
preferences regarding foam level vary depending on country and region, from a moderately
low foam (Scottish) to a high foam level beer (Belgian) [33].

Among the Beer Judge Certification Program styles [30], there are no blends that
combine fruity flavors with salty notes, which could be a disadvantage for consumers
not used to this trend. However, in last year, two contemporary styles have stood out:
the Leipzig-style gose and contemporary-style gose [34], which indicates that salt may be
added to beer in small quantities. Based on this, an early trend towards the use of new and
different flavors in beer is observed. Nevertheless, based on the description of traditional
styles, it was decided to reduce the concentration of salt in the future prototypes in order
to lower saline intensity. Moreover, [35] describe that consumers opt for craft beer because
of the variety of flavors, such as malted barley, chestnut and honey; therefore, the notes of
walnut and nut shell could potentially be attractive for consumers.

For consumers, color is an indicator of flavor, and [36] indicate that an orange color is
positively associated with citrusy, fruity and sweet flavors. The fruity notes of the prototype
could meet consumers’ prior expectations based on its orange color.

3.2.2. Overall Acceptance of Six Prototypes

Based on the expert evaluation of prototypes 1.1 and 1.2, six new prototypes
were developed.

Panel members were asked to indicate their personal level of satisfaction (like/dislike),
with respect to the attributes of aroma, appearance, flavor, mouthfeel and overall impres-
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sion, on a scale from 1 to 9. A summary of all acceptability parameters assessed by the
consumer panel is presented in Table 6.

Table 6. General acceptability of prototypes 2.1, 2.2, 2.3, 3.1, 3.2 and 3.3. Note: values with the same letter are statistically
equal (t < 0.05).

Attribute Prototype 2.1 Prototype 2.2 Prototype 2.3 Prototype 3.1 Prototype 3.2 Prototype 3.3

Aroma 5.0 ± 1.7 b 5.3 ± 1.4 bc 5.0 ± 1.5 b 6.4 ± 1.2 ac 6.4 ± 1.0 ac 6.6 ± 1.4 a

Appearance 4.6 ± 1.4 b 4.6 ± 1.3 b 4.9 ± 1.5 b 7.4 ± 1.0 a 6.3 ± 1.5 a 6.9 ± 1.2 a

Taste 4.1 ± 1.9 b 4.2 ± 1.7 b 4.3 ± 1.9 b 7.1 ± 1.1 a 6.1 ± 2.0 a 7.0 ± 1.2 a

Mouthfeel 4.8 ± 1.8 b 4.5 ± 1.6 b 4.7 ± 1.7 b 7.6 ± 1.4 a 6.2 ± 2.0 a 7.0 ± 1.3 a

Overall impression 5.0 ± 1.5 b 5.2 ± 1.4 b 4.9 ± 1.0 b 7.0 ± 1.4 a 6.3 ± 1.5 a 6.6 ± 1.4 a

In an effort to develop an acceptable gluten-free beer-like beverage, oat was added
to the piñon base at a final concentration of 7% because [37] reported that oat improves
foam formation and stability. However, the oat–piñon prototypes scored lower in visual
appearance than the 1:1 barley–piñon prototypes, which can be attributed to the lower
foam retention of the oat–piñon prototypes. This is consistent with other studies that report
that a moderate level of foam stability is preferred to low stability [38].

Prototypes 3.1, 3.2 and 3.3 (prepared with 50% malt and 50% piñon, with no enzymatic
treatment) were the best evaluated in terms of appearance, flavor, mouthfeel and general
impression, with no significant differences when using dextrose carbonation, honey or
adding dry-hopping to the maturation process. The average scores for the piñon-malt beer
range from “6: Like slightly” to “7: Like moderately”, which is a good starting point to
scale the prototype to the commercial level; however, it is suggested that work could be
conducted to improve the average to “8: Like very much” or “9: Like extremely.”

Prototypes 2.1, 2.2 and 2.3 (made with 93% piñon and external enzymatic treatment)
showed no differences in terms of the evaluation of their appearance, flavor, mouthfeel or
general impression. The average ratings are between “4: Dislike slightly” and “5: Neither
like nor dislike”; therefore, these would not be potential candidates to consider as “beer,”
as they would not be attractive to consumers (in comparison to the prototype that uses
piñon as an additive to barley).

There is a clear difference in consumer trends showing a preference towards the
piñon–malt prototypes (3.1, 3.2 and 3.3). Flavor is perhaps the most important quality
characteristic of beer [39]. Some of the ingredients that influence it come from the raw
materials used (barley, hop, yeast metabolism) [28]. It is inferred that the different origins
of the raw materials influence the flavor and, therefore, consumer acceptance.

As prototypes 2.1, 2.2 and 2.3 had a score in flavor between 4 (slightly dislike) and
5 (neither like nor dislike), it was suggested that piñon could be used as an ingredient
with malt and not as the primary grain. Thus, a fermented beverage based on 93% piñon
and 7% oat would not be a potential product of preference for the craft beer consumer
niche, but it could be redesigned as a “fermented beverage” and marketed to another
consumer segment.

For the purpose of the following analyses, the prototype used was the one with the
highest average score in terms of general impression, which was prototype 3.1.

3.2.3. Sensory Analysis of the Best Evaluated Prototype

The expert sensory analysis of the best prototype from the consumer panel is summa-
rized in Table 7.

The best evaluated prototype shows primary notes of banana, pepper and dried peach,
which are attractive for consumers, since these are notes found in different commercial
styles. According to [40], giving more importance to the aroma increases the probability
of craft beer consumption by 3.2%. The banana and clove notes are of special interest, as
these are only found naturally in wheat styles and not those prepared with US-04 yeast.
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Table 7. Sensory analysis of the best evaluated prototype.

Attribute Prototype 3.1

Aroma Banana, pepper, dried peach, a slight note of cloves and green apple is perceived.
Appearance Light amber color, cloudy, white foam with good retention.

Flavor Slightly saline flavor, balanced with its slight acidity. Hops are perceived medium.
It also has notes such as dried peach and green apple. Slightly sweet finish.

Mouthfeel Medium body, medium-high carbonation, slightly astringent.
Overall

impression
Slightly saline with a sweet finish. Check the present quantity of piñon content.

Check the vitality of the fermentation, to reduce the taste of green apple.

As it has good foam retention, the prototype would be potentially attractive since, as
mentioned above, consumers prefer beers with moderately low to high foam levels [33],
which was confirmed by the acceptance ratings given by consumers in Section 3.2.2.

The attributes prioritized by beer consumers depend on geographic location. For
example, it has been found that consumers in Korea find that a beer’s CO2 level is more im-
portant than its bitterness, duration of aftertaste, foam volume or density. Moreover, [41,42]
mention that beers with a low level of carbonation are related to flat and dull beers, while
highly carbonated beers generate a refreshing and lively effect; thus, the medium to high
carbonation of the prototype could be attractive for consumers, which confirms the results
of Section 3.2.2.

There is a balance between slightly salted notes, acidity, hops and a sweet finish. This
is confirmed by consumer impressions with a rating of “7: Like moderately”. The perceived
saltiness can be attributed to the added NaCl and perhaps to the Na+ present in piñon.
Thus, to further improve the quality of this beer-like beverage, a lower concentration of
Na+ in water is required.

3.2.4. Analysis of Best Prototype

A characterization was performed of the prototype best evaluated by consumers
(prototype 3.1). Table 8 presents the results:

Table 8. Proximal analysis, ethanol content, calcium, potassium concentration and parameters before
and after fermentation of prototype 3.1.

Attribute Result

Moisture 94.1 g/100 mL
Protein 0.3 g/100 mL
Total fat 0.2 g/100 mL

Total dietary fiber 0.9 g/100 mL
Available carbohydrates 0.7 g/100 mL

Energy 39 kcal/100 mL
Alcohol content 5.9% vol/vol

Calcium 4.5 mg/100 mL
Potassium 131 mg/100 mL

Before fermentation Result

Density 1.054 g/mL
pH 5.5 [-]

After fermentation Result

Density 1.005 g/mL
pH 4.3 [-]

Prototype 3.1 had a similar fermentation behavior to the preliminary fermentation
trials, where the final density and pH were 1.005 and 4.3, respectively. These findings allow
us to conclude that the yeast did not experience a catastrophic nutritional deficit during
this stage.
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The caloric content of the barley–piñon beer prototype is within the calorie range of
traditional beers, which varies between 30 and 40 kcal/100 mL [43].

The piñon–malt beer has a low carbohydrate content, since a 330 mL portion contains
four times fewer carbohydrates than traditional beer and two times fewer carbohydrates
than light beer [44].

The potassium content of a 330 mL piñon-malt beer would cover 12% of the recom-
mended daily dose to reduce blood pressure and the risk of cardiovascular disease [45].
Moreover, it has five times more potassium than traditional beer [44].

The dietary fiber in the beer would cover 7–10% of the recommended value for
adults [46] and it also has a smaller fiber content than traditional beer [44].

Prototype 3.1 (piñon–malt) has the same protein content as traditional beer and
0.2 g/100 mL of extra total fat. These quantities are not significant with respect to daily
recommended values. It is observed that the calcium content is 16% lower than tradi-
tional beer [44]; although, in both cases, calcium content is immaterial at only 1% of the
recommended daily value [47].

Prototype 3.1 is differentiated positively due to its low carbohydrate level and high
potassium content, while its banana and clove aromas are attractive and found only in
wheat beers and not those produced with S-04 yeast. This prototype is a possible candidate
to be sold on the market thanks to its attractive properties.

4. Conclusions

Piñon from the Araucaria araucana tree can be fermented to produce an alcoholic bever-
age. The alcoholic beverage produced from piñon alone has modest potential for consumer
acceptability. However, it is recommended that such a drink be named a “fermented
beverage” rather than a “beer-like fermented beverage” because it has a neutral rather than
outstanding impression on beer consumers.

When used as an additive to barley malt, piñon offers attractive features that differen-
tiate it from a barley beer (clove and banana aromas, low carbohydrate content and high
potassium). The greater acceptance observed in the piñon–malt blend indicates that the
utilization of piñon as an ingredient added to barley malt has greater potential for success
in the market.

The acceptability of prototypes 3.1, 3.2 and 3.3 could continue to be improved by, for
example, reducing their salinity or adding malts to complement their flavor and aroma.
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