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ABSTRACT: The large scale of mango production allows for the application of immediate
technologies to minimize post-harvest losses and add even more value to the fruit chain.
As a consequence of feasible applications, the production of alcoholic beverages through
fermentation and distillation has been elaborated, resulting in a supply of products with
different characteristics. This study aimed to monitor the development of a distilled mango
beverage and its profile for consumption. The mangoes were selected, pulped and subjected to
physicochemical characterization and, subsequently, to fermentation and distillation processes
where the kinetics were monitored, and the beverage obtained was compared to similar products
found in the literature. During column distillation, the relationship between the temperature profile
and the alcohol content was observed, allowing for careful selection of each fraction of the
distillate and the establishment of a standard for future distillations. As regards the fraction of
interest, good results were obtained in terms of composition with compounds such as methanol
and acetaldehyde in minimal quantities, indicating a product that can be consumed without health
risks. The small amount of studies following the same line of research confirms the potential
mango pulp named Tommy Atkins for the formulation of alcoholic products.

Introduction

The Brazilian northeast is characterized as a semi-arid
area of climatic conditions favorable to the production
of fruit, which contributes significantly to the economic
development of the region. There are numerous fruit
varieties with specific sensorial characteristics that are
still little explored, such as mango (Mangifera indica L.),
which has a pleasant taste, color and texture, as well
as high nutritional value (Pommer and Barbosa, 2009;
Fukuda et al., 2014).

In 2018, Brazil had in mango its largest source of
revenue among fresh fruit exports, generating $177.3
million through the sale of 170.5 million tons. However,
its elevated moisture content makes mango highly
perishable, with a predisposition to microbiological
contamination and reduced postharvest longevity,
strongly advocating the use of new technologies in order
to reduce losses, add value and generate new products
(Sehrawat et al., 2018).

Although sugar cane spirit is the most consumed
distillate in Brazil, Brazilian law also allows for the
processing of fruit distillates. For these drinks, the
alcohol content must be between 36 and 54 % (v v7!),
at 20 °C, obtained from the simple alcoholic distillate
of fruit or by the distillation of fermented fruit must
(Coelho et al., 2015). According to Sampaio et al. (2013),
fruits and their residues are a significant money-making
opportunity awaiting development and application in
the beverage industry, due to the presence of sugars
that can be converted into ethanol, the low cost and
several sensory characteristics (Asquiere et al., 2009).
In the literature, there are works on mesquite (Silva et
al., 2014), guava (Alves et al., 2008), a mix of mango
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and passion fruit (Abud et al., 2019) and the residue of
jabuticaba (Asquiere et al., 2009).

Distilled beverages can be produced in distillation
columns or by copper stills. The columns are used
in continuous process industries, on larger scales of
production, and manufactured with stainless steel
(Ferreira et al., 2018). Due to the absence of copper,
there are no complexation reactions of sulfur compounds
during the process which could be present in the fresh
distilled spirits, that can be lost lost during storage or
aging because of their relatively low boiling point, such
as Dimethyl sulfide (DMS) (Alcarde, 2014). In addition
to non-contamination by copper, the colums avoid
problems with corrosion and reduce the amount of
equipment maintenance required (Andrade-Sobrinho et
al., 2002), preventing the production of ethyl carbamate,
a toxic substance (Aresta et al., 2001).

The present study aims to evaluate the production
and composition of a distilled mango spirit obtained
from a plate column distiller.

Materials and Methods

The raw material for the distilled beverage was the
mango pulp of the variety known as Tommy Atkins,
purchased at Sergipe State Supply Center (CEASA)
(Aracaju, Sergipe, Brazil - 10°54'40" S, 37°04'18" W,
altitude of 4 m) and transported to the laboratory, where
it was washed, sanitized and bleached by immersion in
hot water (75 °C for 3 min and subsequent cooling in
an ice bath) to aid in preserving, avoiding dimming and
reducing viscosity. Next, the manual pulping was carried
out followed by storage in plastic containers conditioned
in a freezer until processing time.
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Physicochemical characterization of pulp

The pulped fruit was characterized by physicochemical
analyses of moisture content, ash, total soluble
solids and acidity, lipids and proteins, carried out in
accordance with the rules of the Association of Official
Analytical Chemists (AOAC, 2005). All analyses were
done in triplicate. The ratio of soluble solids content
to acidity was used as a fruit flavor reference. Total
reducing sugars (TRS) were determined based on the
colorimetric method of 3.5-dinitrosalicylic acid (DNS),
after pretreatment with 1.5 M H,SO, boiled for 20 min
with occasional stirring to hydrolyze the sugars present
(Miller, 1959). The theoretical amount of carbohydrates
(Ca) was obtained according to Bueno et al. (2002) by
Equation 1, after an analysis of lipids (L), proteins (P),
moisture (M) and fixed mineral residue (ashes) (A) as
follows:

Ca=100- (L + P+ M + A (1)

Obtaining and characterizing alcoholic
fermentation

The fermented broth was formulated in a ratio of 1:4
(pulp and water), filtered, and heated to 18 °Brix and the
pH adjusted to 4.5 with sodium carbonate. The wort was
supplemented with MgSO, (0.1 g L*') and NH H,PO, (1
g L), pasteurized at 60 °C for 30 min, and cooled in an
ice bath until falling to 35 °C when Na,S,0, (0.1 g L)
was added.

The inoculum was conducted by mixing
10 % of the wort volume with the commercial yeast
Saccharomyces cerevisiae, in the form of instant dry
biological yeast, brand Dona Benta, at a concentration of
1 g L'. Fermentation took place in a 20 vessel, previously
sterilized and adapted with a hose to release CO,. The
process was carried out at room temperature (+ 26 °C),
without stirring or pH control, until the soluble solids
content (°Brix) remained constant, according to the
methodology proposed by Ribeiro et al. (2015).

Daily aliquots of 40 mL were collected to follow
the fermentation, which lasted seven days. At the
end of the fermentation, the vessel was stored under
refrigeration (4 °C) to aid the sedimenting of the yeast,
and then transferring and obtaining the broth (fermented
fruit) for distillation.

Alcoholic fermentation was analyzed for the
contents of total soluble solids (TSS), total reducing sugars
(TRS), cell growth (X) and product formation (ethanol).
Cell growth analysis was measured by absorbance in a
spectrophotometer (model LGI-VS-721N), at 600 nm,
with a standard curve relating dry weight to absorbance.
Ethanol concentration (P) was achieved by the simple
distillation method followed by reaction with potassium
dichromate (Joslyn, 1970). From the data obtained
the substrate conversion was evaluated in cells (Y,
g g'), and the productivity in ethanol (P, g L' h’),
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the maximum specific growth rate (p__, h™) and the
generation time (T, h) were determined.

Distillation of the fermented product and
obtaining the spirit

The separation process was carried out in a column
distiller in batch mode with a glass flask boiler of 5 L on
the bottom, with dimensions of 0.90 m in column height
and 0.065 m internal diameter filled with raschig rings
(Figure 1).

The transparent column has thermal insulation
under vacuum, temperature monitoring and a sample
collection system. At the top is the condenser, which is
connected to a thermostatic bath. The fractions head,
heart and tail were separated according to alcohol
content. For this, during distillation, the alcoholic content
required monitoring by a DMA 35 portable digital
densimeter (Anton Paar), overseeing those samples with
values above 60 % (v v!) of alcoholic content belonging
to the fraction head, between 60 and 29 % (v v'!) to the
fraction heart and between 29 and 3 %, the tail fraction.

The fractions were identified and quantified by
gas chromatography on a Shimadzu , model QP-2010
PLUS, with a flame ionization detector (GC-FID) in a

Figure 1 - Scheme of the distillation column with filling, where:
(1) boiler, (2) sample collector (present in the boiler), (3) sample
collector (product), (4) control panel, (5) collection modules, (6) top
module, (7) Bourdon vacuum gauge, (8) refluxer, (9) condenser,
(10) heating cover.
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Stabilwax-DA capillary column (Crossbond carbowax
polyethylene glycol, 30 m x 0.25 mm x 0.25 pL df).
The injector temperature was 220 °C and the column
temperature was set to 35 °C for 5 min, increasing up
to 220 °C at a rate of 4 °C min™!, with retention of 10
min at 220 °C. The temperature of the detector was
220 °C, with an automatic injection of 1.0 uL of sample,
following the methodologies of Alcarde et al. (2012) and
Bortoletto and Alcarde (2013).

The distillate was submitted to analyses of ethanol,
volatile acidity, aldehydes, esters, methyl alcohol, sec-
butanol alcohol, propyl alcohol, iso-butyl alcohol, n-butyl
alcohol, iso-amyl alcohol, higher alcohols, furfural, and
congener coefficient, in order to remain in alignment
of the limits of Brazilian legislation governance of fruit
spirits.

Results and Discussion
Pulp characterization

The characterization of mango pulp, in comparison to
IN n° 01/2000, of the Brazilian Ministry of Agriculture,
Livestock and Supply (MAPA), which presents the
technical regulation for setting identity and quality
standards for pulps, is presented in Table 1.

The soluble solids content in the mango pulp was
higher than that obtained by Bezerra et al. (2011), of
12.70 °Brix, value that may vary according to the time
of maturation, region and/or harvest. As for the TRS, the
value was similar to that obtained by Rocha et al. (2001)
in mango fruit, which quantified it at 13.59 g 100 g
after conversion of the starch to simpler sugars during
maturation, pointing out that in an ideal state, the fruit
has less starch and more total sugars. According to
Bernardes-Silva et al. (2003), the Tommy Atkins variety
presents 11.49 g 100 g of soluble sugars with a higher
predominance of sucrose, followed by fructose and
glucose.

Citrus is the one organic acid that is in the greatest
abundance. Because they are determinant properties
for acid fruit balance, low pH values indicate high
acidity and vice-versa (Daudt and Fogaca, 2008). In the

Table 1 - Characterization of mango pulp.
Brazilian Legislation

Parameters (IN 01,/2000) Mango pulp
TSS (°Brix) min 11.0 148 +0.1
pH 3.34.5 45+0.1
Acidity (8 ,a &) min 0.32 0.18 £ 0.01
Ratio (TSS/Acidez) - 80.77
TRS (g 100 g) max 17.0 13.1
Moisture (g 100 g™) - 84.83 + 0.03
Ashes (g 100 g) 0.40 = 0.04
Lipids (g 100 g™) 1.41 £ 0.01
Proteins (g 100 g) - 0.71 = 0.06
Carbohydrates (g 100 g) - 12.65
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mango pulp, the acid value was lower than allowed,
being adjusted at the stage of preparing the must for
fermentation together with the sugar content to generate
better conditions for the microrganism used.

Moisture was close to that found by Bon et al.
(2010) when evaluating the thermophysical properties
of the Tommy Atkins species, finding a content of 83.7
g 100 g'. The ash content of the fruit is in accordance
with the Brazilian table of food composition, 0.3 g 100
¢! for the Tommy Atkins species, a value lower than
that obtained in this experiment (0.4 g 100 g!).

The amount of lipids was higher than that obtained
by Rocha et al. (2001), 0.61 g 100 g, for the bark and
pulp of the same species of mango.

In the fermentation stage, the fermentable
carbohydrates present in the raw material are used by
the yeasts and converted into primary products, such
as ethanol and CO,, and secondary ones, such as esters,
acids and higher alcohols, which add organoleptic
properties to the beverage (Aradjo et al., 2003).

Fermentation Kinetics

During the fermentation daily aliquots were removed
for analysis and monitoring of the process (Figure 2A
and B).

Figure 2 - Fermentation kinetics of mango (A) Soluble solids and
pH throughout the process; (B) Relationship between substrate
consumption, growth rate and ethanol production.
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The fermentation lasted seven days. The broth
started with a value of 18.0 + 0.06 °Brix and at the end
of the process, when kept constant, reached 5.5 + 0.06
°Brix. As regards pH behavior, a fall was observed in
the first three days, declining to a pH of 3.5 on the third
day until the end of the fermentation.

During the process there was an intense
decrease in sugar concentration until the fifth day
of fermentation, beginning to stabilize soon after.
This means that, during fermentation, the sugars are
converted to ethanol and carbon dioxide. In the case of
the mango, with a higher concentration of sucrose, the
yeast breaks the molecule into glucose and fructose to
form the product.

Ethanol production was rapid in the fermentation
process, with a kinetic profile similar to yeast
growth, associating product formation with microbial
growth. Alcohol is the most significant product in
the fermentation, with ethyl alcohol comprising
approximately 95 % in wines, whereas other alcohols,
such as methyl, isobutyl, and isoamylic acid make up
amounts close to 5 % (Dantas and Silva, 2017).

Through kinetic monitoring, it was possible to
make an overall evaluation of the fermentation process,
and obtain the yields in cells (Y,,), conversion to etanol
(Y,), ethanol productivity (P}, the maximum specific
growth rate (1 _, ), and the generation time (T ). These
are presented in the chart below (Table 2).

For substrate cell conversions (Y, ), growth was
below that obtained by Lopes (2005), while the product
yield (Y, obtained was higher than that found by
Santos et al. (2013) in the process for obtaining orange
spirit (0.50 g g!), and by Lopes et al. (2005) in the study
of the production of fermented palm fruit forage (0.39
g g'). The ethanol yield (P,) was below these works.
The maximum specific rate of cell growth (p_ ) was
low in relation to that reported by Alves et al. (2008)
for Saccharomyces cerevisiae yeasts, (from 0.19 to 0.64
h'). This is related to the low yield in cells (Y, and
the process in anaerobiosis, with the substrate being
consumed for product formation and not for cell
growth. The low value found in the fermented mango
may explain the time of stabilization of the SS and the
consequent longer time till the end of fermentation.

Distillation
Alcoholic fermentation has components in its
composition that have different degrees of volatility.

In distillation, it is possible to group these compounds
by dividing the process into stages during their

Table 2 - Kinetic evaluation of mango fermentation.

Fermentation Yy s Yo Pe T Hos
gce\l gsubstrate_1 gethanol gsubstrate_1 gethann\ Lt it h ht
Mango 0.02 1.19 0.82 27.52 0.03
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volatilization, as well as selecting the most appropriate
portion within the limits established by Brazilian
legislation. As a division parameter, the ethanol content
is used, since products with a boiling point lower than
that of alcohol belong to the first fraction head, and
products above it belong to the tail. The middle portion
is known as the heart and is mainly made up of a non-
toxic content that is moderately volatile and marketable
(Bizelli et al., 2000).

To obtain the distillate and a better separation
of the fractions, samples were collected at pre-defined
distillation intervals (5 min) to measure the alcohol
content, it is possible to observe the temperature
profile during the process and to relate it to each phase.

Figure 3A shows the temperature behavior (°C)
along the column and Figure 3B the ratio of the alcohol
content in the process (v v!), where the lines in red,
perpendicular to the time axis, indicate the moment
when the cuts for the fractions head, heart and tail
were respectively made.

It has been noted that there is a relationship
between the temperature profile and the alcohol content
throughout the distillation, where in the first phase, the
head is formed by more volatile compounds. There is
a greater dispersion of temperature in the different
modules, separating a distillate with a higher alcohol
content during the first minutes of the distillation.
This dispersion reduces in the second stage in which

Figure 3 - (A) Temperatures of modules 1, 3, 5, 7 and top; (B)
Alcoholic content (v v!) during distillation.
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the product of interest in the distillation is obtained,
namely, the heart. In the third stage, temperatures
begin to stabilize and there is a reduction in alcohol
content. The cut from the second to the third stage
interferes with the sensorial quality of the spirit,
because at this stage, the tail presents compounds with
sensorially unpleasant characteristics.

All fractions were stored and analyzed for
their composition, according to the quality standards
established in Brazil, as shown in Table 3.

The alcohol content of the spirit (heart),
52.93 °GL, was very close to the upper limit established
by the legislation governing fruit alcoholic beverages
(36-54 °GL), and above the values found by Silva et
al. (2014) in algaroba spirit (42 °GL), and by Alves
et al. (2008) in guava spirit (39.9 °GL). The result is
influenced by the change in fractions, since, in the
search for higher yields, the head fraction was collected
in a shorter time.

During distillation, substances that interact with
alcohol and water (mostly compounds in the beverage)
accompany all vapors and are detected at all stages of the
process. For example, compounds such as acetaldehyde
and ethyl acetate that interact with ethanol are found in
greater quantities in the first phase rich in ethanol. At
the other end, the tail, with a higher concentration of
water, is linked to acids with a hydrophilic profile such
as lactic, malic, glycolic, succinic and pyruvic, ethyl
lactate and the quality parameter set by legislation,
acetic acid. In turn, the median fraction heart has an
affinity for both water and alcohol and features in its
characterization different compounds in portions that
allow for commercialization of the drink (Serafim et al.,
2012).

Acetic acid is a common by-product formed during
fermentation, expressed in volatile acidity, this is the
main component of the acidic fraction of spirits, and high
volatile acidity may indicate the presence of undesirable
microorganisms after preparation of the beverage, which
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compromise the sensorial quality (Cardoso, 2001). As
expected, among the fractions, the tail resulted in a
higher acid value than the other fractions.

Acetic aldehyde is part of the group of more
volatile compounds and, therefore, appeared in greater
concentration in the first phase and no trace in the tail.
A presence in large quantity in the heart is an indication
of failure in separation. However, in this study, the
value was relevant when compared to the head but still
within the limit allowed (Bortoletto and Alcarde, 2015).
The ethyl acetate esters in all fractions complied with
the established maximum limit, with relatively low
values, and higher content identified in the head. High
values of esters are desireable, since they are sensorially
important compounds, and confer the characteristic
color, flavor and aroma of the raw material that gave
rise to them throughout the processing and, even more,
in the aging (Barcelos et al., 2007).

The high concentration of methyl alcohol is
undesirable in spirit because it is a toxic compound,
being the low value obtained in the heart fraction, thus
lending a positive character to the drink. It was observed
that the largest amount is in the tail, which confirms
that it is a fraction with greater presence of toxic and
unwanted compounds. The methanol formation occurs
mainly when the broth is not filtered and fermentation
is carried out in the presence of a considerable amount
of bagasse, which did not happen in this study (Vilela et
al., 2007).

The higher alcohols are the sum of the n-propyl,
isobutyl and isoamyl alcohols, which, if low, will provide
a low content of higher alcohols (Bogusz Junior et al.,
2006). They are compounds that combine equally with
water and ethanol that can be found by all fractions.
In the drink produced, it is noted that the median
concentrations decrease from the head to the tail. This
can be explained by the fact that these compounds are
even more soluble in ethanol than in water, tending to
be concentrated mostly in the first two portions (Alcarde

Table 3 - Composition of mango distillate fractions and quality parameters for fruit spirit.

Brazilian Legislation (IN 15/2011) Head Heart Tail
Alcoholic strength at 20 °C (v v!) 36-54 83.29 £ 0.04 52.93 + 0.03 6.24 + 0.01
Volatile acidity in acetic acid* 0-150 9.86 = 0.40 11.81 + 0.49 130.13 £ 5.41
Aldehydes in acetic aldehyde* max 30 19.44 + 0.90 12.56 + 0.58 nd
Esters in ethyl acetate* max 250 99.76 = 3.23 7.08 £ 0.20 nd
Methyl alcohol* <20 1.09 + 0.04 9.58 + 0.41 36.54 + 1.66
Sec-butanol alcohol* 0-10 nd nd nd
Propyl alcohol* 29.64 + 1.33 19.86 + 0.89 2468 +1.11
Isobutyl alcohol* - 100.47 £ 3.71 34.27 £ 1.51 18.75 £ 0.77
N-Butyl alcohol* 0-3 1.95 + 0.07 1.57 + 0.06 nd
Isoamyl alcohol* - 399.14 + 8.97 300.76 + 6.69 16.35 + 0.62
Higher alcohols* max 360 529.25 = 14.01 354.88 + 9.09 59.78 + 2.50
Furfural + Hydroxumetilfurfural * max 5 0.13+0.01 nd nd
Congeners coefficient™ 200 - 650 658.43 + 18.55 386.34 + 10.36 189.90 = 7.91

nd = Not Detected; *mg 100 mL-! of anhydrous alcohol.
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et al., 2012). The same dynamic occurred where mango
and passion fruit were used as raw material to obtain a
spirit mix, with the profile of the compounds resulting
in a decrease in higher alcohols in the same order of
the fractions (Abud et al., 2019). A sum of 704.75 for
the head, 299.59 for the heart and 53.53 for the tail
was obtained, values also expressed in mg 100 mL" of
anhydrous alcohol.

Metabolic products developed from yeast growth
are influenced by the conditions under which the
fermentation process was submitted, the quantity and
viability of the inoculum, the temperature and by the
final alcohol content (Miranda et al., 2008). Mango
spirit presented within the limit, but was very close
to the maximum value. The presence of furfural,
according to Barcelos et al. (2007), reduces the quality
of the spirit, affecting its aroma and taste, in addition
to being harmful to the organism. In this study, the
presence of furfural in mango spirit was only obtained
in the first stage, with a minimum value. The coefficient
of congeners, sum of volatile acidity, aldehydes,
total esters, higher alcohols and furfural and/or
hydromethylfurfural (Asquieri et al., 2009), presented
values within the legal limits established in Normative
Instruction n° 15/2015, with all compositions with
higher values, especially the head fraction.

Conclusions

The shortage of papers on using mango as raw material
for fermentation and distillation did not allow for
the comparison of data but did reveal the Tommy
Atkins mango pulp as a differentiated product for
the formulation of alcoholic products. In the process
analysis, it was possible to certify the efficiency of
the use of the distillation column as an alternative for
obtaining distillates, producing a brandy that meets
the parameters determined by Brazilian legislation and
ensures that the heart fraction, a marketable part, can be
consumed without posing any health risk, as it has low
levels of toxic compounds in its composition.
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