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Abstract: Liqueur is an alcoholic beverage composed of a mixture of water, alcohol,
sugar and substances that add flavour and aroma. Wild passion fruit is a product with
good agricultural and nutritional characteristics, and is a low-cost, regional fruit that
could be used to elaborate new products. The goal of this study was to develop passion
fruit (Passiflora cincinnata Mast.) liqueurs and evaluate their chemical, physical and
sensory characteristics. 5 formulations were prepared with defined pulp and syrup
concentrations (F1, F2, F3, F4 and F5). The following physicochemical parameters were
evaluated: alcohol degree (°GL), density, pH, total titratable acidity, total soluble solids
(TSS), reducing and non-reducing sugars and colour parameters. A sensory acceptance
test was applied. The formulations F4 and F5, produced with 640¢g pulp/702Brix syrup and
500g pulp/559Brix syrup, respectively, showed the highest acceptance scores, probably
due to their acid pH, high acidity and soluble solids values. In general, the beverages
developed were considered feasible, aimed at aggregating value to a regional fruit and
increasing family incomes. The high sensory acceptance indicated market potential for
this aggregated value product.

Key words: alcoholic beverage, family agriculture, elaboration, acceptance, colour pa-
rameters, physicochemical.

INTRODUCTION

Liqueur is a beverage made from fruits with
the addition of honey or sucrose and generally
taken after large meals. Liqueurs can be defined
as distilled alcoholic products, sweetened, and
aromatized with substances having a compatible
taste (Barros et al. 2010). It has an alcohol
degree of from 15 to 54% by volume at 20 2C with
a sugar concentration above 30 grams per litre
(Brasil 2009). It is elaborated with potable ethyl
alcohol of agricultural origin, or by a simple
alcoholic distillation of agricultural origin, or by
adding products of animal or vegetable origin,
flavouring (taste and aroma) substances, dyes

and other additives to an alcoholic beverage
(Brasil 2009).

Liqueur preparation is based on the
alcoholic maceration of fruits or the distillation
of fruit-based aromatic macerates. Its quality
depends not only on an adequate mixture of
ingredients, but mainly on the preparation
process (Almeida et al. 2012). The proportions of
fruits and solvents, the ethanol concentration
and the maceration time are of great importance
to give origin to liqueurs with unique aroma and
taste (Cunha et al. 2017).

The production of liqueurs presents
commercial relevance in Brazil, being considered
an alternative to overcome problems related
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to wastage in fruit production by developing
a product with a greater value (Oliveira et al.
2020). The commercialization of such products
aggregates values to raw materials with visual
aspects and forms inferior to those demanded
by the fresh fruit market, but which are
nevertheless in a good state of conservation
and with excellent sensory and nutritional value
(Oliveira et al. 2020).

Of the raw materials used to develop
liqueurs, the passion fruit is native to Tropical
America, includes more than 150 species which
can be used for human consumption (Silva
et al. 2020). One of these varieties is the wild
passion fruit (Passiflora cincinnata Mast.), which
occurs spontaneously in the semiarid region in
the northeast of Brazil and is considered a wild
fruit native to the Caatinga region (Oliveira et
al. 2002). For example, in rural Brazilian areas,
wild passion fruits are cultivated for subsistence
and in an extractive way for sale as fresh fruits,
dried fruits, teas and juices made from the pulp,
commercialized to control anxiety and insomnia,
amongst other indications (de Lavor et al. 2018).

Native species and/or those adapted to
the dry conditions, produced without the use
of agrochemicals, are arousing the interest of
consumers and of small fruit pulp processing
industries, consequently increasing the family
income of farmers in semiarid regions (Santos
et al. 2021). It is therefore essential that research
organs engage themselves in developing,
characterising, and testing foods produced
with regional raw materials, due to their highly
desirable properties.

Liqueurs represent an important alternative
forthe processing, exploitation and consumption
of wild passion fruits, aggregating value to
native fruits from the semiarid north-eastern
area of Brazil, little exploited economically.
Hence the goal of this study was to develop
wild passion fruit (Passiflora cincinnata Mast.)
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liqueurs using formulations with different fruit
and pulp proportions, developed according to
a simple experimental design, and evaluate
their acceptability and physicochemical
characteristics.

MATERIALS AND METHODS

Obtaining the raw materials

The wild passion fruits (Passiflora cincinnata
Mast.) were acquired locally in the town of
Guanambi (Geographic coordinates 14° 13" 22" S,
42° 46' 51" W), Brazil. The fruits were previously
selected observing certain characteristics such
as colour, physical damage, ripeness, skin
quality and size.

Liqueur production

The liqueurs were produced in the Bromatology
Laboratory of the Federal Institute of Education,
Science and Technology Baiano (IFBaiano),
Campus Guanambi, Bahia, Brazil. A preliminary
test was carried out varying the independent
variables: fruit pulp and syrup contents. After
that, a total of 5 formulations were defined
(Table I).

To produce the liqueur (Figure 1), the fruits
were washed with neutral detergent, sanitized
with sodium hypochlorite (100 ppm) for 20

Table I. Experimental design for the processing of wild
passion fruit liqueurs.

Real values
Formulations Wild passion fruit Syrup (2Brix)*
pulp (g)
F1 360 40
F2 640 40
F3 360 70
F4 640 70
F5 500 55

F1...F5 - Wild passion fruit liqueur; *Using 1000 mL of syrup
per treatment.
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c Fruit reception, selection, washing and sanitation

Observed characteristics: colour, physical damage, ripeness, skin quality
and size. Fruits were washed with neutral detergent, sanitized with sodium
hypochlorite (100 ppm) for 20 minutes and rinsed under running water.

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

Figure 1. Flowsheet of
the wild passion fruit
liqueur production.

Source: adapted from

Cutting and pulping e Penha (2006).

Fruits were cut in half and manually depulped. The seeds were removed

also.

Alcoholic maceration (infusion)
Fruit pulps were placed in glass flasks, immersed in an alcoholic distillate

of agricultural origin — Cachaga 51. First 15 days: stirred every 12 hours,

and during the last 15 days: it was allowed to rest.

Syrup addition
Refined sugar and potable water, simmering at 101 °C. After cooling, it

was added to the hydroalcoholic fruit extract (macerate) and

homogenized.

Filtration
Three times with a 100 mesh nylon filter cloth.

Bottling & ageing
Aged for thirty days in glass bottles, in the dark, with temperature at 25 °C.

minutes and rinsed under running water. The
fruit pulp was placed in glass flasks, immersed
in an alcoholic distillate of agricultural origin
(cane spirit — Cachaca 51, Pirassununga, Brazil)
with an alcohol degree of 39% (v/v) (Alamprese
et al. 2005) and submitted to maceration with
different fruit pulp concentrations for thirty
days. During the first 15 days, the macerate was
stirred every 12 hours, and during the last 15
days, it was allowed to rest (Alamprese et al.
2005).

After maceration, different concentrations
of syrup were added according to Table I. The
syrup was prepared from a solution of refined
sugar (Unido - Sao Paulo, Brazil) and potable
water by simmering at 101 °C. After cooling, it
was added to the hydroalcoholic fruit extract
(macerate) and homogenized. It was then filtered
three times with a 100 mesh nylon filter cloth to
remove pulp residues and aged for thirty days
in glass bottles, in the dark, with temperature
at25°C.

Physicochemical analysis of the liqueur

The physicochemical parameters analysed
were: Alcohol degree (°GL), density, pH value,
total titratable acidity, total soluble solids (TSS),
reducing and non-reducing sugar, ratio of the
total soluble solids to the titratable acidity
(TSS/TTA ratio), all determined according to the
norms of the Association of Official Agricultural
Chemists- AOAC (2005). The colour parameters
of L*, a*, b* C* and h* were evaluated using a
Konica Minolta CR-5 colorimeter. All analyses
were performed in triplicate, per sample. The
hexadecimal codes, indicating the specific
colours of the liqueurs were determined with
Nix Free Colour Converter.

Sensory analysis

The acceptance test was applied in the Sensory
Analysis Laboratory of the IFBaiano Campus,
Guanambi - BA, Brazil, using 60 individuals
(male and female) in the age range from 18 to
50 years old, characterized as an adult alcoholic
beverage consumer public. A non-structured
10 cm scale demarcated by quantitative
expressions at the extremes was used, as
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follows: 0 (disliked extremely), 5 (neither liked
nor disliked) and 10 (liked extremely) (Villanueva
et al. 2005), evaluating the sensory attributes of
colour, aroma, flavour and overall acceptability.
The samples were served individually in a
monadic way in plastic cups coded with random
three-digit numbers, containing about 20 mL of
sample, and accompanied by a glass of water
and unsalted slice of toast to clean the palate.
Each taster evaluated 5 liqueur samples, and
the evaluations were carried out in individual
booths under artificial light at a temperature
between 22 and 24 ° C.

The buying intention of the liqueurs was
also verified using a five-point structured mixed
scale with scores between 1 (certainly would not
buy) and 5 (certainly would buy) the product
(Meilgaard et al. 2007).

Statistical analysis

The physicochemical data were obtained
from the analyses carried out in triplicate for

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

all the parameters. To assess the assumption
of normality of the results, the Shapiro-Wilk
test was conducted. After that, the data was
submitted to an Analysis of Variance (ANOVA).
The Tukey multiple means test was used for
results with significant differences. Pearson
Correlation test was performed between the
physicochemical analyses and the sensory
parameters. The STATISTICA programme version
7 was used, adopting a significance level of 5%.
A clustered heatmap was also developed with
ClustVis Webtool, with Euclidean clustering
distance and ward algorithm as clustering
method.

RESULTS AND DISCUSSION

Physicochemical analyses

The values for the densities of the samples
varied from 0.98060 to 0.98460, showing no
statistical difference between the formulations
(Table 11). The alcohol contents ranged between

Table II. Physicochemical characterization of the wild passion fruit (Passiflora cincinnata Mast.) liqueur

formulations.

Formulations F1 F2
TSS (°Brix) 2840 + 0.01° 2610 + 012°
Alcohol content (°GL) 15.09 + 019" 17.00 + 0.26
pH value 3.60 £ 0.01° 3.50 + 0.02°
Total titratable acidity b a
(TTA) (g/100mL) 10.30 + 0.31 1430 + 0.25
TSS/TTA ratio 2.77 + 0.08° 1.84 + 0.03¢
Reducing sugars as d ¢
slucose (gl100mL) 9.70 + 0.25 12.30 £ 0.20
Non-reducing sugars b c
as sucrose (gl100mL) 11.62 + 0.29 874+ 013
Total sugar (gl100mL) 2132 + 0.35° 21.04 + 0.60°
. ° 0.98060 + 0.98325 +
Density at 20 °C 0.00066 0.00033°

F3 F&4 F5
46.40 + 0.44° 46.00 + 014° 36.00 + 0.21°
16.90 + 0.12° 16.80 * 010° 16.90 + 012°
3.60 + 0.01° 3.60 + 0.01° 3.60 + 0.01°
10.60 + 0.25° 1440 + 0.75° 11.00 + 0.06°
440 + 0.09° 322 +017° 329 +0.03
23.20 + 0.42° 2450 + 0.21° 15.70 + 0.06"
16.51 + 015° 15.26 + 0.21° 15.26 + 0.24°
39.71+0.23° 39.76 + 0.29° 30.96 + 0.41°
0.98260 * 0.98460 + 0.98410 +
0.00100° 0.00074° 0.00064°

F1... F5 - Wild passion fruit liqueur; used 1000ml of syrup in each formulation; Cane spirit Cachaga 51.

The analyses were carried out after ageing.

Means with the same letters in one column did not differ significantly according to Tukey’s test (p<0.05).
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15.09 and 17.0% v/v, values close to those found
by (Coelho et al. 2019) who developed a liqueur
from mango skins and standardized the alcohol
content at 18%. The beverages conformed to
the Brazilian legislation, which stipulates that
to be classified as a liqueur, the final alcohol
content of the beverage should be between 15
and 54% v/v at 20 °C (Brasil 2009). Fruit liqueurs
with alcohol contents between 15 and 40% have
been showing increasing consumer demand on
the market, since consumers tend to look for
culturally traditional products, which present
good quality and unique flavours (Sokot-
tetowska et al. 2014).

Formulation F2 obtained the lowest value
for total soluble solids (°Brix of 26.1), whereas
formulations F3 and F4 presented values of
46.4 and 46.0 °Brix, respectively, which could
be associated with the greater amount of
syrup used in these formulations. Jesus Filho
et al. (2018) suggested that liqueurs with lower
alcohol contents and intermediate sugar levels
tended to be better accepted sensorially.

The total sugar content varied from 21.04 to
39.76 g/100 mLg/100 mL, F2 showing the lowest
concentration and F3 and F4 the highest, data
coherent with the °Brix measurements for the
same formulations. The reducing sugar contents
of the formulations followed the same behaviour
as the total sugar and °Brix contents, with F1
showing the lowest concentration (9.70 g/100
mL) and F3 and F4 the highest concentrations,
of 23.20 and 24.50 g/100 mL, respectively. On the
other hand, the non-reducing sugar contents,
potentially represented by sucrose, were lowest
in F2 (8.74 g/100 mL) and highest in F3 (16.51
g/100 mL).

The pH values of the formulations varied
from 3.5 to 3.6, showing no statistical difference.
On analysing a strawberry with passion fruit
albedo liqueur, Magalhdes et al. (2014) found a
pH value of 3.96, close to that obtained in the

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

present study. Low pH values can be important
for fruit liqueurs, since they restrict microbial
growth, favouring the shelf life of the product.
For example, Ziegler et al. (2018) verified that
fruit products with a pH lower than 4.0 may
present better inhibition potential against
Listeria monocytogenes. The values for total
acidity of the formulations presented statistical
difference (p>0.05), varying from 10.3to 14.4 g/100
mL, probably due to the variation in the amount
of pulp used. Formulations F2 and F4, which
contained the highest pulp concentrations,
showed the greatest total titratable acidities,
and F1and F3 showed the lowest values (Table I).
Lower values of 0.04¢g + 0.00/100 mL were found
by Oliveira & Santos (2011) for acai liqueur, and
Dias et al. (2011) found 130.10 mg/100 mL, higher
than the values found in the present study, for
yellow passion fruit liqueur.

The minimal TSS/TTA ratio found in the
present study was 1.84 for the beverage F2,
while the highest value of 4.40 was found for
F3, a value close to that found by Villa et al.
(2021) for dovyalis liqueur, with a maximum of
3.51. The parameter of the TSS/TTA ratio is used
to indicate the flavour, since it can evidence
a predominance of acidity or sweetness, or
whether these two tastes are balanced (Barros
et al. 2019). Thus, a ratio close to 1 indicates a
relatively low predominance of one over the
other, favouring the development of a final
product with a more balanced flavour. It must
be pointed that a higher concentration of fruit
pulp may influence in the reduction of the TSS/
TTA ratio, for fruit are considered as sources of
acids, mainly citric acid (de Carvalho et al. 2018).
For example, Formulation 2 had a higher fruit
pulp content than Formulation 1 (640 g vs 360
g), which resulted in a higher TTA (14.30 g/100
mL vs 10.30 g/100 mL) and a lower TSS/TTA ratio
(1.84 vs 2.77). The syrup may exert opposite
function. Sucrose is considered as a soluble
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sugar, therefore, can increase the overall TSS/
TTA ratio when in higher concentrations (Wei
et al. 2020). This can be seen when comparing
rations between Formulations 1 (2.77) and 3
(4.40); 2 (1.84) and 4 (3.22), that diverged only in
syrup percentages.

Colour parameters

The values for luminosity (L*) varied from 90.90
to 95.00, showing statistical difference between
the formulations, those containing less pulp
showing greater luminosity (Table I11). According
to Oliveira et al. (2015a), working with soursop
liqueurs, the values for L* remained light after
processing, with L* varying from 55.71 to 61.27.
According to Lancaster et al. (1997), pigments
present in fruits, such as chlorophyll and
carotenoids, may be responsible for lowering L*
values. The higher concentration of fruit pulps
may also be responsible for an increase of the
turbidity of the liqueurs, which can interfere
in the passage of light through the liquid and
result in a lower L* value (Sin et al. 2006).

The a* values ranged from -0.51 (F1) to
0.59 (F4). This could be due to the highest fruit
pulp concentration on the F4 liqueur. However,
all samples showed results near the 0 mark,
indicating a low green and red coloration. The
b* results varied from 17.83 (F1) to 29.00 (F4),

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

indicating a light-yellow colour in the beverages,
confirmed by their respective hexadecimal
colour codes (Table I1). According to Silva et al.
(2020), the wild passion fruit pulp is yellow, but
with less intensity than the common passion
fruit (Passiflora flavicarpa), which can justify the
findings of the present study.

The chroma values (C*) of the liqueurs
varied from 17.8 to 29.0, corresponding to light
yellow beverages. Formulation F4 showed the
highest value for C* and F1 the lowest, the latter
containing the least pulp and least syrup. In this
case, the less the amounts of pulp and syrup,
the less the colour, the contrary also being true.
The influence of the fruit pulp towards a more
intense coloration may be due to the presence of
yellow pigments, such as carotenoids developed
during the ripening of the fruit (Silva et al. 2020).
The syrup may also have influence towards
the colour parameters, for its heating process
is able to develop non-enzymatic reactions
that forms brown-coloured substances, mainly
melanoidins (Gad et al. 2021).

The hue angle h? indicated that the liqueur
formulations were distant from the 0° axis (red)
and tending in the direction of the 909 axis
(yellow), in agreement with the largest mean
obtained for F1 of 91.6. The smallest mean for
ho of 88.8 was obtained for formulation F4, but

Table lll. Mean values for colour parameters obtained for the wild passion fruit (Passiflora cincinnata Mast.)

liqueurs.
Formulations L* a* b* C h° Hexiggzimal
F1 95.00 +0.31° | -051+0.04° | 17.83+016° & 17.80+016° | 9160 + 014° HFAFOCE
F2 92.80 + 0.09° | -0.06+0.01" | 23.81+0.05° | 23.80+0.05" | 9010 0.03 HFSEABD
F3 93.50 + 015° | -011#0.02° | 2255+ 0.02° | 2250+0.02° | 9030  0.04° HFOECCI
F4 9090 + 0.07° | 0.59 +0.02° | 29.00 +0.02° = 29.00 0.02* | 88.80 + 0.02° HF6E3AD
F5 9400 +0.09° | -023+0.02° | 2327+0.04° | 2320+0.04 | 90.60 + 0.04° #FBEDC

F1... F5 - Wild passion fruit liqueur; used 1000ml of syrup in each formulation; Cane spirit Cachacga 51.
The analyses were carried out after ageing.
Means with the same letters in one column did not differ significantly according to Tukey’s test (p<0.05).
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this was also close to the 909 axis, indicating a
light-yellow hue. In general, the results for the
colour analysis were partially similar to those
found by Santos et al. (2021), that described L*
values from 51.06 to 52.23; C* values between
15.23 and 20.21 and h- from 97.24 to 100.28 while
developing a fermented, alcoholic beverage
with wild passion fruit. These parameters can
present a strong correlation with the presence
of phenolic compounds and, according to Barros
et al. (2016), variations in the colour parameters
between different samples could be attributed
to the types and quantities of ingredients
used, apart from the precipitation of bioactive
compounds, which occurs during the processing
and storage, depending on certain conditions
such as temperature and pH value.

Sensory analysis

Acceptability

The acceptability values obtained for the wild
passion fruit liqueurs (Table IV) indicated the
presence of two groups from the statistical point
of view (p>0.05). Formulations F4 and F5 showed
the highest absolute values for acceptability (7.70
and 7.30, respectively) and were the formulations
showing higheracidity and higher °Brix, probably
due to the larger pulp content used. Samples
F1, F2 and F3 showed the lowest acceptability
values (6.41, 6.60 and 6.75, respectively), but
in general the results indicated good product
acceptance since they were all above 5.00,

Table IV. Acceptability means obtained for the wild
passion fruit (Passiflora cincinnata Mast.) liqueurs.

Formulations F1 F2 F3 F4 F5

Acceptability = 641° | 6.60° @ 675" | 7.70° | 7.30°

F1... F5 - Wild passion fruit liqueur; used 1000ml of syrup in
each formulation; Cane spirit Cachaga 51.

The analyses were carried out after ageing.

Means with the same letters in the row did not differ
significantly according to Tukey's test (p<0.05).

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

which would indicate indifference from the
sensory point of view. Petrovic et al. (2019) found
maximum acceptability values of 6.72 for herbal
liqueurs, close to the values obtained in the
present study, where a preference for liqueurs
with higher total sugar and ethanol contents,
represented by sample F4, was found, different
from the findings of Jesus Filho et al. (2018),
that identified higher acceptance scores while
developing banana liqueur with lower alcohol
content and intermediate sugar levels. Such
divergences could be associated with the type
of fruit used to prepare the liqueurs, leading to
distinct sensory characteristics of the product.

Buying intention

The buying intention test as applied to the wild
passion fruit liqueurs (Figure 3) showed overall
good buying intention for the liqueurs by the
tasters. Formulation F5 obtained the highest
percentage of tasters who decided they would
definitely buy this liqueur, 18 of the 60 tasters
(30%) defining this intention for F5, and 1 taster
(1.67%) said he would definitely not buy F5.
Seventeen tasters (28.33%) defined they would
certainly buy formulation F4 and 8 tasters
(13.34%) defined they would certainly not buy
F4. On a different perspective, formulation F1
had the highest number of tasters that would
certainly not buy (8.06%) and the Formulation
2 showed least number of tasters that certainly
would buy it (20.96%). Formulations F4 and F5
had high total sugar contents, while F1 and F2
had the lowest values for this variable. These
findings may support the idea that Brazilian
alcoholic beverage consumers may prefer
sweeter liqueurs, as discussed by Leonarski et
al. (2021). Overall, the results indicate a great
potential for the insertion of the developed
liqueurs on the market as products with
aggregated value.
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Pearson correlation analysis

TheresultsfromPearsoncorrelationaredescribed
below (Table V). The correlations between buying
intention and the physicochemical parameters
were weak overall. However, regarding the
acceptability, most correlations were found to
be moderate or strong. The colour parameters
L*, C* and h° all showed strong correlations. C*
parameter showed a positive correlation (0.85),
while L* and h°® showed negative correlations
(-0.71 and -0.77, respectively). These results may
indicate the preference of the tasters towards
a liqueur with a more saturated, dark, slightly
further from the yellow colour. According to
Spence (2015), the colour of a food product
represents an intrinsic sensory characteristic
of great importance when establishing
expectations regarding its consumption. The
change in the intensity or saturation of the
colour of beverages can influence the sensory
experience of consumers and, consequently, the

Table V. Pearson correlations between
physicochemical and sensory parameters.

Analysis Acceptability I nBtlé‘I,’llt':g n
TSS 0.64 014
Alcohol Content 0.50 0.02
pH 0.37 0.58
TTA 0.42 -0.51
TSS/TTA 0.25 0.34
Reducing Sugars 0.68 -0.02
Non-reducing Sugars 0.58 0.52
Total Sugar 0.68 017
Density 0.86 0.23
L* -0.73 0.33
ax 0.79 -0.25
b* 0.85 -0.09
C 0.85 -0.10
he -0.77 0.25

Values of r 2 0.5 or < -0.5 are in bold.

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

final acceptance of the evaluated product, as
confirmed in the present study.

Positive and strong/moderate correlations
were found between acceptability and: density
(0.86), TSS (0.64), reducing sugars (0.68), total
sugar (0.68) and non-reducing sugars (0.58).
Since liqueurs are considered as sweetened
alcoholic beverages, it is expected that higher
sugar contents influence positively in the overall
acceptability of the formulations in the present
study. Also, it is discussed that the brazilian
tasting preferences may be inclined towards
sweeter flavoured food products (Leonarski et
al. 2021).

A positive, moderate correlation was found
between alcohol content and acceptability
(0.50). Gomes et al. (2015) found that sweetness
was a relevant attribute towards a good
acceptance of mead, but ethanol content was
not, partially diverging from the present study.
It must be noted that cultural diversity must
be considered when developing a new product,
since tasting patterns may differ between
locations (Nascimento et al. 2020). Therefore,
liqueurs with higher sugar and alcohol contents,
moderately acids, with more colour saturation
and less lightness may be more appreciated by
the tasters that participated in this study.

Heatmap analysis

The grouping of the multivariate statistical
analysis shown in the heatmap (Figure 2) was
done as a function of the physicochemical
parameters of the liqueur formulations and
acceptability. The formation of 2 clusters
between analyses can be seen, the first on
the top, characterised by TTA, TSS/TTA, alcohol
content, a*, pH, density, h°, L* and acceptability,
and the second by b*, C*, non-reducing sugars,
reducing sugars, TSS and total sugar. Regarding
the samples, two clusters are also present, one
containing samples F3 and F4 and the other

An Acad Bras Cienc (2022) 94(Suppl. 3) €20211446 8|13



CINARA S.P. CAFIEIRO et al.
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Figure 2. Multivariate
analysis in the form of
heatmap of the evaluated
TTA ! * parameters of the wild
TSS/TTA passion fruit (Passiflora
cincinnata Mast.) liqueur

Alcohol content .
formulations.

Non-reducing sugars
Reducing sugars
TSS

Total sugar

F3 F4 F5 F1

divided into two subgroups, the first with only
sample F5, and the last with F1 and F2. On
relating the physicochemical parameters and
statistical analysis to sample acceptance, one
can see that F4 liqueur was the most accepted
and its differences from the other formulations
are visible by the heat map: lower L* and h°; and
higher a*, b*, C*, TTA, reducing sugars and total
sugar. It can shed light to the fact that these
parameters are of great relevance when it comes
to reaching a good acceptability of a liqueur.

Liqueurs commercial potential

The production cost of the liqueurs ranged
from 3.77 to 3.94 United States Dollars (USD)
(Table VI). Considering a profit margin of 50%,
the commercial values had a minimum of 5.66
USD and a maximum of 5.92 USD. These results
indicate that the developed liqueurs show
competitive market potential, since commonly
available liqueurs worldwide are usually of

much higher price, with the example of an
orange flavoured liqueur from a known brand,
that can be found for around 22 USD (Shang et
al. 2020). This can even highlight the possibility
of exportation, since the wild passion fruit pulp
is capable of adding value to liqueur beverages,
since it is an exotic fruit, rich in bioactive
compounds (Silva et al. 2020).

The Brazilian fruit market has been showing
good growth potential, principally considering
the possibility of developing innovative
processes and products of high quality, when
using fruits with inadequate conditions for sale
but hygienically safe (Oliveira et al. 2015b). The
development of fruit liqueurs is an important
possibility to add value to those sorts of fruits.
The liqueur market in Brazil is very connected
with the culture of the Northeast region. It
is solidified as source of income for many
rural families that utilize mainly fruits for its
production (Silva et al. 2021). The local liqueur
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Table VI. Commercial value of the liqueur formulations.

Formulations | Froduction | Production Cost*
F1 2144 3.77
0 21.98 3.87
3 2191 3.86
Fu 2240 3.94
F5 2195 3.86

*Per 1 litre of liqueur.

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

Profit Margin Commercial Cost* Commercial
(%) (BRL) Cost* (USD**)
50 32716 5.66
50 3297 5.80
50 32.87 5.79
50 33.60 592
50 3292 5.80

** Considering a conversion rate of 1 dollar (USD) per 5.68 reals (BRL).
These results considered the values in the local market of the materials needed to develop the liqueurs, in accordance with the

amount necessary to produce each of them.

45
40
35

Tasters %

Certainly would

buy buy not buy

® Formulation 1 Formulation 2  ® Formulation 3

production is responsible for providing income
to many families, as well as an important
commercial competition against industrialized
liqueurs, and supports the implementation of
industries (Leonarski et al. 2021). Indications of
a growth in the consumption of liqueurs in Brazil
have been seen in the last few years. According
to Statista (2021), the Brazilian liqueur market
has a revenue of USS 2.340 million in 2021, with
a growth expectation of 7.99% per year from 2021
1o 2025.

20
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| | 1.1
0 B
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Figure 3. Buying
intention for the
liqueur formulations.

Probably would Maybe buy/maybe Probably not buy Certainly not buy

Formulation 5

CONCLUSIONS

Wild passion fruit represents a good fruit option
to elaborate liqueurs. The physicochemical
analyses described liqueurs with characteristics
in agreement with current Brazilian legislation
and with scientific productions on this theme.
The sensory analysis indicated that, in general,
all the formulations were feasible, with potential
for insertion on the market. Liqueurs F4 and F5,
formulated in the proportion of 1:1 (pulp/cane
spirit macerate: syrup) with 640g pulp/702Brix
syrup and 500¢ pulp/559Brix syrup, respectively,
presented the greatest potentials from the
sensory point of view, indicating a tendency for
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greater acceptance of sweeter products by the
public that took part in the analyses. The TSS/
TTA ratios of formulations F4 and F5 presented
a more balanced value for the sweetness and
acidity. The colour parameters L*, C* and h@
also stood out and could have contributed to
a greater acceptance of formulations F4 and Fb.
With respect to buying intention, formulations
F4 and F5 had the highest percentages with
respect to the concepts of “certainly would
buy”, “probably would buy” and “maybe buy/
maybe not buy”. Pearson correlation identified
that sugar and alcohol contents, as well as C*
showed moderate/strong, positive correlation
with acceptability, while I and h°® had a
strong, negative correlation. Products with the
physiochemical characteristics of formulations
F4 and F5 show market and agro-industrial
promise due to their technological and
nutritional potentials, representing a feasible
alternative to aggregate value to wild passion
fruit (Passiflora cincinnata Mast.).

Acknowledgments

The authors would like to acknowledge the relevance
of the Postgraduate Program in Food Science (PGALI)
and the Bromatology Laboratory, from the College
of Pharmacy - Federal University of Bahia, in the
development of the present study.

REFERENCES

ALAMPRESE C, POMPEI CF & SCARAMUZZI. 2005.
Characterization and antioxidant activity of nocino
liqueur. Food Chem 90: 495-502. https://doi.org/10.1016/].
foodchem.2004.05.011.

ALMEIDA EL, LIMA LC, BORGES VTN, MARTINS RN & BATALINI C.
2012. Elaboracao de licor de casca de tangerina. Alim
Nutr Araraquara 23: 259-265.

AOAC. 2005. Official methods of analysis, 18th. ed.,
Washington: AOAC.

BARROS A, GOUVINHAS |, MACHADO N, PINTO J, CUNHA M, ROSA
E & DOMINGUEZ-PERLES R. 2016. New grape stems-based
liqueur: Physicochemical and phytochemical evaluation.

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

Food Chem 190: 896-903.
foodchem.2015.06.047.

https://doi.org/10.1016/].

BARROS L, CARVALHO AM, MORAIS JS & FERREIRA ICFR. 2010.
Strawberry-tree, blackthorn and rose fruits: Detailed
characterisation in nutrients and phytochemicals with
antioxidant properties. Food Chem 120: 247-255. https://
doi.org/101016/j.foodchem.2009.10.016.

BARROS SL, DA SILVA WP, FIGUEIREDO RMF, ARAUJO TJ, SANTOS
NC & GOMES JP. 2019. Efeito da adicao de diferentes tipos
de aclcar sobre a qualidade fisico-quimica de geleias
elaboradas com abacaxi e canela. Rev Principia 45: 150-
157. https://doi.org/10.18265/1517-03062015v1n45p150-157.

BRASIL. 2009. Presidéncia da Republica. Decreto 6871, de
04 de junho de 2009. Regulamenta a Lei n° 8.918, de
14 de julho de 1994, que dispde sobre a padronizacao,
a classificacao, o registro, a inspecao, a producao e
a fiscalizacao de bebidas. http://www.planalto.gov.
br/ccivil_03/_At02007-010/2009/Decreto/D6871.html
(accessed 06 september 2021).

COELHO EM, DE SOUZA MEAO, CORREA LC, VIANA AC, AZEVEDO LC
& LIMA MDS. 2019. Bioactive compounds and antioxidant
activity of mango peel liqueurs (Mangifera indica
L.) produced by different methods of maceration.
Antioxidants 8: 438-458. https://doi.org/10.3390/
antiox8040102.

CUNHA SC, LOPES R & FERNANDES JO. 2017. Biogenic amines
in liqueurs: Influence of processing and composition. |
Food Compos Anal 56: 147-155. https://doi.org/101016/].
jfca.201611.016.

DE CARVALHO MVO, DE OLIVEIRA LL, MELO L & COSTA AM.
2018. Pre-harvest factors related to sensory profile of
Passiflora setacea nectars, a wild passion fruit from
Brazilian savannah. J Sci Food Agric 98: 5711-5722. https://
doi.org/101002/jsfa.9118.

DE LAVOR EM ET AL. 2018. Ethanolic extract of the aerial
parts of Passiflora cincinnata Mast. (Passifloraceae)
reduces nociceptive and inflammatory events in mice.
Phytomedicine 47: 58-68. https://doi.org/10.1016/].
phymed.2018.04.052.

DIAS SC, CARDOSO RL, BATISTA DVS, SANTOS DB & ASSIS SS.
2011. Caracterizagao fisico-quimica e sensorial do licor
de corte do maracuja amarelo. EnciBio 7: 1405-1412.

GAD HA, RAMADAN MF & FARAG MA. 2021. Authentication
and quality control determination of maple syrup: A
comprehensive review. ] Food Compos Anal 100. https://
doi.org/101016/j.jfca.2021.103901.

GOMEST, DIAS T, CADAVEZ V, VERDIAL J, MORAIS JS, RAMALHOSA E
& ESTEVINHO LM. 2015. Influence of Sweetness and Ethanol

An Acad Bras Cienc (2022) 94(Suppl. 3) €20211446 11|13



CINARA S.P. CAFIEIRO et al.

Content on Mead Acceptability. Polish J Food Nutr Sci
65(2): 137-142. https://doi.org/10.1515/pjfns-2015-0006.

JESUS FILHO M, DO CARMO LB, LUCIA DSM, SARAIVA SH, COSTA
AV, OSORIO VM & TEIXEIRA LJQ. 2018. Banana liqueur:
optimization of the alcohol and sugar contents, sensory
profile and analysis of volatile compounds. LWT 97: 31-
38. https://doi.org/101016/].lwt.2018.06.044.

KIMBALL D. 1991. Appendix A: Acid Corrections to the BRIX.
In: Citrus Processing. Springer, Dordrecht.

LANCASTER JE, LISTER CE, REAY PF & TRIGGS CM. 1997. Influence
of pigment composition on skin color in a wide range of
fruit and vegetables. ] Am Soc Hortic Sci 122(4): 594-598.

LEONARSKI E, DOS SANTOS DF, KUASNEI M, LENHANI GC, QUAST
LB & PINTO VZ. 2021. Development, chemical, and sensory
characterization of liqueurs from brazilian native fruits. )
Culin Sci Technol 19(3): 214-227. https://doi.org/10.1080/1
5428052.2020.1747035.

MAGALHAES VD, ANDRADE ROA, COSTA DP, SANTOS DB &
CARDOSO RL. 2014. Desenvolvimento, caracterizacao
fisico-quimica e sensorial de licor de corte de morango.
EnciBio 10: 1193-1199.

MEILGAARD CM, CIVILLE GV & CARR BT. 2007. Affective tests:
consumer tests and in- house panel acceptance tests,
in: MEILGAARD CM, CIVILLE GV & CARR BT, Sensory
evaluation techniques, Boca Raton: CRC Press, Boca
Raton, USA, p. 255-311.

NASCIMENTO RQ, TAVARES PPLG, MEIRELES S, DOS ANJOS EA,
DE ANDRADE RB, MACHADO BAS, SOUZA ALC & MAMEDE MEO.
2020. Study on the sensory acceptance and check all
that apply of mixed juices in distinct brazilian regions.
Food Sci Technol 40. https://doi.org/101590/fst.37619.

OLIVEIRA EN, SANTOS CD, GOMES JP, ROCHA A & ALBUQUERQUE E.
2015a. Estabilidade fisica e quimica de licores de graviola
durante o armazenamento em condigoes ambientais.
Rev Bras de Eng Agricola e Ambient 19: 246-251. http://
dx.doi.org/101590/1807-1929/agriambiv19n3p245-251.

OLIVEIRA ENA & SANTOS DC. 2011. Processamento e avaliagao
da qualidade de licor de acai (Euterpe oleracea Mart.).
Rev Inst Adolfo Lutz 70: 534-541.

OLIVEIRA ER, DEUS KO & CALIARI M. 2015b. Production,
characterization and acceptability of different alcohol-
based pineapple liqueurs. Rev Verde Agroecol Desenvolv
Sustent 10: 108-114.

OLIVEIRA LF, NASCIMENTO MRF, BORGES SV, RIBEIRO PCN &
RUBACK VR. 2002. Aproveitamento alternativo da casca do
maracuja-amarelo (Passiflora edulis F. flavicarpa) para
producao de doce em calda. Food Sci Technol 3: 259-262.

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

OLIVEIRA PN, GOMES PCS, ALCARDE AR, BORTOLETTO AM,
LEITE NETA MTS, NARAIN N, ABUD AKS & OLIVEIRA JUNIOR AM.
2020. Characterization and volatile profile of passion
fruit spirit. Int J Gastron Food Sci 21: 1-11. https://doi.
0rg/10:1016/}.ijgfs.2020.100223.

PENHA EM. 2006. Manual para fabricacao artesanal de
licor de acerola, 1st ed. Rio de Janeiro, Embrapa.

PETROVIC M, VUKOSAVLJEVIC P, PUROVIC S, ANTIC M &
GORJANOVIC S. 2019. New herbal bitter liqueur with high
antioxidant activity and lower sugar content: innovative
approach to liqueurs formulations. ) Food Sci Technol 56:
4465-4473. https://doi.org/101007/513197-019-03949-6.

SANTOS RTS, BIASOTO ACT, RYBKA ACP, CASTRO CDPC, AIDAR
ST, BORGES GSC & SILVA FLH. 2021. Physicochemical
characterization, bioactive compounds, in vitro
antioxidant activity, sensory profile and consumer
acceptability of fermented alcoholic beverage obtained
from Caatinga passion fruit (Passiflora cincinnata Mast.).
LWT 148. https://doi.org/10.1016/}.lwt.2021111714.

SHANG C, NGO A & CHALOUPKA FJ. 2020. The pass—through
of alcohol excise taxes to prices in OECD countries. Eur
J Health Econ 21(6): 855-867. https://doi.org/10.1007/
$10198-020-01177-w.

SILVA E, COSTA JUNIOR JR, LACERDA M & BRANDAO T. 2021.
Licores de frutas: importancia, riquezas e simbolos para
a regido nordeste do brasil. EnciBio 18(35).

SILVA GS, BORGES GSC, CASTRO CDPC, AIDAR ST, MARQUES
ATB, DE FREITAS ST, RYBKA ACP & CARDARELLI HR. 2020.
Physicochemical quality, bioactive compounds and in
vitro antioxidant activity of a new variety of passion fruit
cv. BRS Sertao Forte (Passiflora cincinnata Mast.) from
Brazilian Semiarid region. Sci Hortic 272: 109595. https://
doi.org/101016/j.scienta.2020.109595.

SILVA RC, AMORIM ABF, FEITOSA RM, OLIVEIRA NA, FEITOSA BF
& AMADEU LTS. 2017. Licor fino de casca de tangerina:
processamento e caracterizacao. Arq Bras Aliment 1
164-173.

SIN HN, YUSOF S, HAMID NSA & RAHMAN RA. 2006.
Optimization of enzymatic clarification of sapodilla juice
using response surface methodology. ] Food Eng 73(4):
313-319. https://doi.org/101016/].jfoodeng.2005.01.031.

SOKOE-LETOWSKA A, KUCHARSKA AZ, WINSKA K, SZUMNY A,
NAWIRSKA-OLSZANSKA A, MIZGIER P & WYSPIANSKA D. 2014.
Composition and antioxidant activity of red fruit liqueurs.
Food Chem 157: 533-539. https://doi.org/10.1016/].
foodchem.2014.02.083.

SPENCE C, WAN X, WOODSA, VELASCO C,DENG]J, YOUSSEF ) & DEROY
0.2015. On tasty colours and colourful tastes? Assessing,

An Acad Bras Cienc (2022) 94(Suppl. 3) €20211446 12|13



CINARA S.P. CAFIEIRO et al.

explaining, and utilizing crossmodal correspondences
between colours and basic tastes. Flavour 4(23): 1-17.
https://doi.org/101186/513411-015-0033-1.

STATISTA. 2021. Liqueurs & Other Spirits: Brazil. https://
www.statista.com/outlook/cmo/alcoholic-drinks/
spirits/liqueurs-other-spirits/brazil (accessed 30 august
2021).

VACCA V, PIGA A, CARO A, FENU PAM & AGABBIO M. 2003.
Changes in phenolic compounds, colour and antioxidant
activity in industrial red myrtle liqueurs during storage.
Nahrung 47: 442-447 . https://doi 101002 /food.200390098.

VILLA F, ROTILI MCC, SILVA DF, BRAGA GC, ROSANELLI S
& EBERLING T. 2021. Two alcoholic sources in the
preparation, chemical characterization and acceptability
of artisanal dovialis liqueurs. Cienc Rural 51: 2-7. https://
doi.org/101590/0103-8478cr20200830.

VILLANUEVA NDM, PETENATE AJ & DA SILVA MAAP. 2005.
Performance of the hybrid hedonic scale as compared
to the traditional hedonic, self-adjusting and ranking
scales. Food Qual Prefer 16: 691-703. https://doi.
0rg/10.1016/j.foodqual.2005.03.013.

WEI K, MA C, SUN K, LIU Q, ZHAO N, SUN Y, TU K & PAN L.
2020. Relationship between optical properties and
soluble sugar contents of apple flesh during storage.
Postharvest Biol Technol 159. https://doi.org/101016/].
postharvbio.2019111021.

ZIEGLER M, RUEGG S, STEPHAN R & GULDIMANN C. 2018. Growth
potential of Listeria monocytogenes in six different
RTE fruit products: impact of food matrix, storage
temperature and shelf life. Ital J Food Saf 7(3): 7581.
https://doi.org/10.4081/ijfs.2018.7581.

How to cite

CAFIEIRO CSP, TAVARES PPLG, DE SOUZA CO, CRUZ LFS & MAMEDE MEO.
2022. Elaboration of wild passion fruit (Passiflora cincinnata Mast.)
liqueur: a sensory and physicochemical study. An Acad Bras Cienc 94:
€20211446. DOI 10.1590/0001-3765202220211446.

Manuscript received on October 25, 2021;
accepted for publication on February 1, 2022

WILD PASSION FRUIT (Passiflora cincinnata) LIQUEUR

CINARA S.P. CAFIEIRO'
https://orcid.org/0000-0002-4465-4167

PEDRO PAULO L.G. TAVARES?
https://orcid.org/0000-0002-3621-9640

CAROLINA O. DE SOUZA®
https://orcid.org/0000-0002-8028-5418

LARISSA F.S. CRUZ?
https://orcid.org/0000-0001-5830-2309

MARIA EUGENIA O. MAMEDE?
https://orcid.org/0000-0002-7063-1794

'Instituto Federal de Educacao, Ciéncia e Tecnologia
Baiano (IFBaiano), Caixa Postal 09, Distrito de Saida p/
Ceraima - n, Zona Rural, 46430-000 Guanambi, BA, Brazil

“Universidade Federal da Bahia, Faculdade de Farmacia, Rua
Barao de Jeremoabo, 147, Ondina, 40170-115 Salvador, BA, Brazil

Correspondence to: Pedro Paulo Lordelo Guimaraes Tavares
E-mail: pp.lordelo@gmail.com

Author contributions

Cinara Soares Pereira Cafieiro - conceived the project and
carried out the experiment as the main researcher. Pedro Paulo
Lordelo Guimaraes Tavares - aided in the final manuscript
development. Carolina Oliveira de Souza - reviewed the
manuscript and contributed to its final version. Larissa Farias
da Silva Cruz - aided in the formatting of the manuscript and
contributed to its final version. Maria Eugénia de Oliveira
Mamede - contributed to the project development and
supervised this work as the academic advisor.

@)y

An Acad Bras Cienc (2022) 94(Suppl. 3) €20211446 13 | 13


mailto:pp.lordelo@gmail.com

