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ABSTRACT: The objective of this study was to produce vinegar from mangaba pulp using semi-solid alcoholic fermentation combined with
the enzymatic activity of pectinase and to investigate the chemical composition and sensory characteristics of the final product. was evaluated
for volatile acidity and the reduced dry extract was evaluated for ashes, alcohol content, sulfates, pH, total phenolic compounds, total
carotenoids, color parameters, yield, productivity, and sensory analysis. Average and standard deviation was used for descriptive statistics.
Principal component analysis (PCA) was applied to all variables except total carotenoid content. Physicochemical characterization of the
raw and alcoholically fermented pulp was also carried out. The main results showed that, in the vinegar, the reduced dry extract, volatile
acidity, pH, and ashes were 44.3£1.5 (g/L), 4.4+0.1 (% w/v), 3.1+0.0, and 3.0+0.41 (g/L), respectively. The total phenolic compound content
and total carotenoid content for the mangaba vinegar were 19.2+8.20. mg/100 g and 2.6£0.6. mg/100 g, respectively. The conversion yield
from ethanol to acetic acid was 90%. PCA showed that pH and volatile acidity had a strong influence on the product, and there was a strong
positive correlation between color and aroma. The final product met all legal requirements, showing that it is possible to produce mangaba
vinegar with antioxidant potential for consumers. In the sensory evaluation, it was favored by the tasters, demonstrating potential economic
value in the Cerrado fruit.

Key words: cerrado s fruit, fermented beverages, semi-solid fermentation, pectinase, main components.

Elaboracio de vinagre de mangaba por fermentacdo semi-solida com acdo enzimatica:
caracterizacdo quimica e avaliacdo sensorial

RESUMO: Objetivou-se produzir vinagre, a partir da polpa de mangaba por fermentagdo alcodlica semi-solida com agdo enzimatica através
da pectinase, investigar a composi¢do quimica e avaliagdo sensorial do produto final. O vinagre foi avaliado através da acidez volatil,
extrato seco reduzido, cinzas, teor alcodlico, sulfatos, pH, compostos fendlicos totais, carotenoides totais, parametros de cor, rendimento,
produtividade e andlise sensorial. Os dados foram submetidos a estatistica descritiva com média e desvio padrdo. Foi aplicado a andlise de
componentes principais (ACP) para todas as variaveis, exceto para andlise de carotenoides totais. Também foi realizada a caracterizag¢do
fisico-quimica da polpa e fermentado alcodlico. Os principais resultados mostraram que, no vinagre, extrato seco reduzido, acidez volatil,
pH e cinzas foram, respectivamente, 44,3+1,5 (g/L), 4,4%0,1 (% m/v), 3,1%0,0, 3,0+0,41 (g/L). Os compostos fendlicos totais e carotenoides
totais apresentaram valores de 19,2+8,20 (mg/100 g) e 2,6+0,6 (mg/100 g), respectivamente. O rendimento de conversdo de etanol a dcido
acético foi de 90%. ACP foi aplicada nas variaveis fisico-quimicas do vinagre no qual os pardmetros de cor, pH e acidez volatil apresentaram
forte influéncia no produto e, para os atributos da andlise sensorial, cor e aroma apresentaram uma forte correlagdo positiva entre si. O
produto final atendeu a todos os quesitos legais, demonstrando ser possivel a producdo de vinagre de mangaba com potencial antioxidante.
Na avaliag¢ao sensorial teve boa aceitag¢do pelos provadores, valorizando o uso deste fruto do Cerrado.

Palavras-chave: fruto do cerrado, bebidas fermentadas, fermentagdo semissolida; pectinase; componentes principais.

INTRODUCTION fermented from. It is usually made from fruit juices,
starchy tubers, cereals, sugary raw materials, and

Vinegar is a common food product that alcohol (AQUARONE et al., 2001; BRASIL, 2009a;

is widely available on the market. There are several HO et al., 2017). Normative Instruction 06/2012
types of vinegar depending on the raw material it is (BRAZIL, 2012a) establishes the identity and quality
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standards for acetic acid fermentation that can be
designated as vinegar as long as the vegetable origin
of the raw material is stated. The vinegar may also
contain optional ingredients such as herbs, spices,
concentrated juices, and honey (FDA, 1980; FDA,
1989; CAC, 2000; BRASIL, 2009a).

There are two main biotechnological
processes involved in the production of vinegar:
(1) alcoholic fermentation in the presence of yeast
(Saccharomyces cerevisiae) and (2) acetic acid
oxidation in the presence of acetic acid bacteria
belonging to the genera Acetobacter, Gluconacetobacter,
Gluconobacter, and Komagataeibacter (TANNER,
1944; HO et al., 2017; GOMES et al., 2018). Any
substrate that contains sugars and nitrogenous food
stores can be fermented to acetic acid. Vinegars
are made from lemon juice (LEONES et al., 2019),
acerola (PINO et al., 2019), pineapple (RODA et al.,
2017), black raspberry (SONG et al., 2018), bergamot
(GIUFFRE et al., 2019), and blackberry (CUNHA et
al., 2016).

The fruits native to the Brazilian Cerrado,
despite their exotic flavors, are characterized by the low
total sugar content (SILVA et al., 2008) in fruits such
as cagaita (3.08%), cerrado cashew (6.97%), murici
(5.96%), araca (7.67%), and mangaba (10.02%).
Fermentable sugars, such as glucose, are important
for a good yield of ethanol production. However,
these fruits have large amounts of non-fermentable
sugars (polysaccharides) requiring technological
applications, such as the use of enzymes, for the
release of fermentable sugars (SANTOS et al., 2012).

Mangaba (Hancornia speciosa Gomes) is
the fruit of the mangabeira and is native to several
regions of Brazil such as the cerrado, tabuleiros
costeiros, chapadas, and caatingas (PERFEITO et al.,
2015; PEREIRA et al., 2016). Its pulp, which has a
characteristic and pleasant flavor, is commonly used
in products such as juices, popsicles, ice cream, jams,
jellies, and liquor (PEREIRA et al., 2016). It contains
vitamins C and E, minerals, and [-carotene, in
addition to possessing significant antioxidant capacity
(FRANCO, 1992; CARDOSO et al., 2014; PEREIRA
et al., 2015; NARAIN et al., 2018). However, when
the mangaba fruit reaches a degree of ripeness, it
detaches from the plant and falls. This compromises
the quality as complete ripening occurs a few hours
afterward, which can result in the loss of fermentable
materials due to the extremely thin skin of the fruit
(VIEIRA NETO, 2001; PERFEITO et al., 2015).

This fruit can be used for making vinegar.
Recently, demand for fruit vinegars has increased,
driven in part by their reputation as a healthy food

product that is rich in volatile compounds, such as
short-chain organic acids and esters, in addition to
amino acids, vitamins, polyphenols, and flavorings,
which are also provide health benefits (HO et al.,
2017; DONNA et al., 2020).

The pulp of the mangaba has a fleshy-
viscous consistency, probably due to the presence of
pectic substances, thus characterizing it as a semi-solid
matrix. Vinegar production from this fruit is therefore
a challenge, and the use of the enzyme pectinase is
an alternative to enable alcoholic fermentation in a
semi-solid matrix. Pectinolytic enzymes assist in
the extraction of aromatic components and increase
alcohol yield, as the hydrolysis of pectin increases the
amount of reducing sugars available for fermentation
in the medium (LEONEL et al., 2015; SPINOSA et
al., 2016; RODA et al., 2017).

In Brazil, the most popular vinegar types
are from wine, apple, rice, and alcohol. However,
fruit vinegars, especially those from tropical fruits,
are still unknown to most of the Brazilian population.
The objective of this work was to produce vinegar
from mangaba pulp using semi-solid alcoholic
fermentation with enzymatic degradation using
pectinase and to investigate the chemical composition
and sensory characteristics of the final product.

MATERIALS AND METHODS

Materials

Mangaba pulp was purchased from the
agricultural extractivist-cooperative Grande Sertdo
and stored at -18 °C until use. Lyophilized yeast
Saccharomyces cerevisiae Y 904 (Fleishman®) was
used for alcoholic fermentation. Pectinase in the form
of Endozym® Rouge Liquid mixture was provided
by the vinegar company, located in Sdo Paulo. An
inoculum of a mixed culture of acetic acid bacteria,
originating from an unpasteurized organic commercial
apple vinegar, was used for acetic oxidation, (Lot
17D3, Montes Verdes® Brazil).

Preparation of mangaba vinegar

The process of making vinegar from the
mangaba is outlined in figure 1. Physicochemical
analysis was performed for the mangaba pulp, which
was soluble in °Brix (method 315 / IV), using a
Toledo® refractometer (model RM 40, Brazil); pH
(method 017 / IV) was determined using a digital pH
meter (model 2221; HANNA®, USA); and reducing
sugar was quantified by spectrophotometry (model
Genysys 6, Thermo®, USA). Quantification of the
alcohol content and total acidity (method 504 / IV)
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Pulp (5000 mL)

|

°Brix, pH and reducer sugar
measurement

‘

50 mL water destilled
125 mL broth YMB
5 g S. cereviseae

+

Population increase 107 CFU/mL
(shaking table 120 rpm, 30°C)

+

Preparation of inoculum in
mangaba pulp (shaking table
120 rpm, 12 h, 30°C)

7% m/m of pulp
—_—

Figure 1 - Flowchart of the vinegar production process.
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of mangaba vinegar was also performed. All analyses
were carried out in triplicate and followed the standards
of the Adolfo Lutz Institute (IAL, 2008), except for
the analysis of reducing sugars (EMBRAPA, 2013)
and alcohol content (ABNT, 1997).

The inoculum was prepared using activated
yeast in yeast mannitol broth (YMB) and was
monitored by counting in a Neubauer chamber (New
Optik®, Improved model, Italy) until a population of
1x10” CFU/mL was reached, according to SPINOSA
et al. (2016).

Initially, 5 g of the activated inoculum
was added to 350 g (7%) of the mangaba pulp. After
12 h, the remaining 93% of the pulp and 100 pL
of the enzyme mixture were added to a bioreactor
(BioFoco®, model Rubia basic, Brazil) under
anaerobic conditions at 30 °C (Figure 1). Alcohol
content was monitored by taking 100 mL aliquots
after 96 h and 168 h. When the alcohol content was
constant, fermentation was ended.

A sample of 8 mL of alcoholic fermented
mangaba was added to 24 mL of vinegar (Montes
Verdes®) to acclimatize the acetic acid bacteria in order
to obtain the inoculum that initiates acetic acid oxidation
(AQUARONE et al., 2001). The reaction took place
at 20 °C under aerobic conditions until the total acid
content of the vinegar reached 5% w/v. Therefore,

each oxidation step was carried out by adding the
mixture at a ratio of 1:3 (volume of alcoholic fermented
mangaba: product volume with 5% w/v of total acidity),
which constitutes the first stage, successively five
times until reaching a volume of 100 mL.

Considering the initial and final
concentration of each stage, a constant value of 1.33
was found for the concentration cycle of the stages
calculated by equation 1. The time for each stage was
approximately 72 h.

final concentration of acetic acid (1)

Concentracion cycle = —— - - -
inicial concentration of acetic acid

Physicochemical analysis

The analysis of total soluble solids (SST)
(method 315 / 1V), total acidity of fruits and fruit
products (method 310 /1V and 312/ IV), total vinegar
acidity (method 504 / 1V), fixed acidity and volatile
acidity (method 506 /1V), “Ratio” of total Brix/acidity
(method 316 / IV), hydrogen potential (method 017
/ 1V), protein factor at 6.25 (method 36 / IV), total
lipids by the Bligh-Dyer method (method 353 / IV),
ashes (method 353 / 1V), humidity (method 012 /
IV), total dry extract (method 508 / IV), reduced dry
extract (method 509 / IV), and sulfates (approximate
method by Marty 241 / IV) were conducted according
to IAL standards (2008).
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Color parameters

The color parameters red index ("), yellow
index (b"), and luminosity (L") were obtained using
a Konica Minolta® colorimeter (model CM-700d,
Japan), calibrated with white standard CM-A177 and
standard observer (D65 illuminant, 10°). The results
were expressed using the CIELab system on the scale
(L*, a", and b"). The values of the saturation index
(C") and angle hue (h") were obtained as described by
RAMOS & GOMIDE (2007).

Water activity

The water activity (aW) of the mangaba
pulp was determined based on the dew point
measurement, following AOAC methodology No.
978.18 (2012), by direct measurement using the
Decagon® AQUALAB 4TE water analyzer (Meter,
USA) and performed in triplicate.

Alcohol content

Alcohol content was determined in samples
of alcoholically fermented pulp and mangaba vinegar
using a Marconi® micro-distillatory (model MA
012, Brazil). The alcoholic distillate was obtained
and alcohol content quantified using the UV-visible
spectrophotometric method, with an ethanol standard
curve (Lot AE29101RA, Exodo®, Brazil) according
to technical standard (NBR 13920) and expressed in
mL/100 mL of the sample (ABNT, 1997).

Determination of reducing sugars

The reducing sugars from the raw and
alcoholically fermented pulp were determined by
the Somogyi-Nelson method and quantified using
a spectrophotometer (model Geysys 6, Thermo®,
USA) at 540 nm. D-glucose was used to construct the
calibration curve (Lot 5Z13C120, SIGMA®, Brazil).
The results are expressed in g/100 g of mangaba
pulp and, for wine, expressed in g/100 mL of sample
(EMBRAPA, 2013).

Determination of total sugar content

The total sugar content in the mangaba
pulp was quantified using a spectrophotometer (model
Geysys 6, Thermo®, USA) at 490 nm, and a calibration
curve was constructed with D-glucose standard
(Lot 5Z213C120, SIGMA®, Brazil). All analyses and
results expressed in g/100 g of mangaba pulp were
proceeded as described by DUBOIS et al. (1956).

Determination of phenolic compound content
The content of total extractable phenolic
compounds was determined using a spectrophotometer

(model Geysys 6, Thermo®, USA) at 700 nm. Gallic
acid was used to construct the calibration curve
(Lot 66845, Dinamica®, Brazil) and the results were
expressed in mg/100 g of the sample (OBANDA &
OWUOR, 1997).

Determination of total carotenoid content

Amounts of a-carotene and 3-carotene were
determined following the methodology described by
PACHECO et al. (2011) using a spectrophotometer
(Shimadzu®, model UV-1800, Japan) at 444 nm for
a-carotene and 453 nm for B-carotene. Petroleum
ether was used as a blank. The total carotenoid
content was calculated using the molar absorptivity
values of Elae, = 2800 for o-carotene and E}% =
2592 for B-carotene, following the method (355 / IV)
described in IAL (2008).

Mass and income balance calculations

The mass and yield balance for the
process of obtaining mangaba vinegar accounted
for the mass quantities of the raw material, alcohol
obtained during fermentation, consumed sugar, and
acetic acid in the final product (AQUARONE et
al., 2001). The yield, efficiency, and productivity of
the alcoholically fermented mangaba (FAM) were
calculated according to equations 2, 3, and 4,
respectively. Moreover, equations 5 and 6 were used
to calculate the yield and productivity of Mangaba
vinegar (VM), respectively.
FAM yield ()=~Eroduced ethanol g )

Sugar consumed

prodiced ethanol

M efficiency (%)=+—""T7 100
FAM efficiency O theoretical ethanol L (3)
. _ alcoholic content 4
FAM prodlctivity (g /Lh) = 2202 “4)

S — _ produced acetic acid 100 (5)
M yie o, consumed alcohol :

VM productivity (g / Lh) :w (6)
oxidation time
Sensory analysis

This study was approved by the Research
Ethics Committee 8055 under the number CAAE
04173718.7.0000.8055 (ANVISA, 2012).

The affective method used the hedonic
scale test (unstructured), where the scale ran from
0 equaling “dislike very much” to 10 equaling “like
very much.” The user’s intention to consume was
also indicated. The attributes evaluated were color,
aroma, flavor, and global appearance (DUTCOSKY,
2013). The analysis was carried out by a team of
128 untrained tasters, with ages varying between 18
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and 74 years; there were 87 females and 39 males,
and two tasters did not declare their sex. Sensory
evaluation of mangaba vinegar was carried out
according to FERNANDES et al. (2019), where the
tasters received the sample at a temperature of 25 °C
and was distributed in disposable cups containing
2 mL of the vinegar. Cups containing water were
available to the tasters.

Statistical analysis of the data

The results obtained from the
physicochemical analysis of the pulp and fermented
mangaba were subjected to descriptive statistical
analysis by mean and standard deviation. Principal
component analysis allows for a grouping of
variables in dimensions that represent a linear
combination for the parameters of color, pH, volatile
acidity, and aroma, to identify correlations between
them. The Shapiro-Wilk normality test was applied.
When considered parametric, an analysis of variation
(ANOVA) was performed, followed by the Tukey
test. For nonparametric cases, the Kruskal-Wallis
average test was applied, followed by the Nemenyi
average comparison test between the raw pulp,
alcoholically fermented pulp, and mangaba vinegar,
which included the total phenolic compounds, total
carotenoids, and color parameters L* (brightness),
a" (red index), b* (yellow index), C* (chromaticity
index), and h* (hue angle).

For development of the principal
component analysis (PCA), using data obtained
from the production of vinegar in eight repetitions
each in triplicate, and the sensory analysis, were
applied as a criterion for determining the first two
main components, eigenvalues greater than one (> 1)
as suggested by Kaiser (1> 1) was used (KAISER,
1958; HONGYU et al., 2015). PCA was visualized
using cluster analysis (FRALEY & RAFTERY,
2002). The factors were determined using R 3.6.1
(R Development Core Team, 2016). The “psych,”
“FactoMineR,” “vegan” packages were used for the
application of PCA and the cluster model “cluster.”

Pearson’s coefficient was used to measure
the correlation between the two variables. The
range was assumed to be from -1 to 1, which can be
calculated by the cosine of the angle formed between
the vectors, compared two by two. Thus, vectors with
angles close to 0° (zero degrees) indicate a strong
positive correlation, vectors with angles close to
180° (one hundred and eighty degrees) indicate a
strong negative correlation, and vectors with angles
close to 90° (ninety degrees) indicate a weak or non-
existent correlation.

RESULTS AND DISCUSSION

Physicochemical parameters.
Mangaba pulp

The physicochemical results for mangaba
pulp determined in this study and reported in the
literature are described in table 1. The “Ratio” value
(soluble solids/total solids) found in the mangaba pulp
was 10.0. According to PERFEITO et al. (2015), this
value can indicate the maturation stage of an unripen
fruit, and higher values were reported by other authors
(CARNELOSSI et al., 2004; CARDOSO et al., 2014;
NASCIMENTO et al., 2014; LIMA et al., 2015a;
BRASIL et al., 2016). The importance of determining
the “Ratio” is related to the composition of sugars and
organic acids in fruits, which can directly affect the
flavor and, consequently, its sensory characteristics
(PAIVA et al., 2018).

In this work, the values of total and
reducing sugars were 5.8% and 5.1% (w/w),
respectively. In a fruit, low total sugar values, as in
the fresh strawberry (1.9% (w/w, GUIMARAES et
al., 2014) and acerola (3.2% (w/w, DANTAS et al.,
2010), enable the production of vinegars (UBEDA et
al., 2013; GOKIRMAKLI et al., 2019; PINO et al.,
2019). The carbohydrate content in the raw material
provides a potential energy source for yeasts during
the alcoholic fermentation process. In addition,
enzymes can be applied to generate more available
glucose in the fermentation medium (COLLADOS et
al., 2020).

The pH of the mangaba pulp was 5.0, and
the total acidity was 0.8%. Decreases in acidity and
increases in pH correspond to a natural maturation
process (CHITARRA & CHITARRA, 2005;
PERFEITO et al., 2015) and are consistent with
values reported in that study. This pH value is suitable
for promoting yeast activity during the alcoholic
fermentation process. The optimal pH for yeast growth
is between 4.5 and 6.0. In this interval, undesirable
bacterial growth is avoided (ALVARENGA et al.,
2017). In other reports, the total acidity of mangaba
pulp in citric acid ranged from 0.7% to 1.7% and
the pH from 3.2 to 3.9 (CARNELOSSI et al., 2004;
CARDOSO et al., 2014; NASCIMENTO et al., 2014;
LIMA et al., 2015b; PERFEITO et al., 2015).

Alcoholic fermentation process

In the alcoholic fermentation process,
alcohol is generated from the sugars present in the
starting raw material. During the fermentation process,
the reducing sugar content decreased from 5.1% (w/w)
t0 0.6% (w/w) (Table 2). Fermentation was determined
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Table 1 - Average values + standard deviation of the physicochemical parameters of the mangaba pulp.

References Brix T.A(%) RS((%) T.S %)

In this study

Average +SD' 8.0£0.0 0.8+0.0  5.1x0.2  5.8+0.5

Legislation 2 8.0 0.7 - -
CARNELOSSI
et al., 2004
SILVA et al.,
2008
CARDOSO et
al., 2014
NASCIMENTO
etal., 2014
ASSUMPCAO
etal., 2014
LIMA et al.,
2015b
PERFEITO et
al., 2015
SIQUEIRA et
al., 2018

152£1.0  0.7+0.1 - -

- - - 10.0+0.2

15.1£1.1 0.8+1.2 - 2.3+0.2

15.8 0.7 - -

- - - 8.6+0.0

15.7+£0.0 1.7+0.0 - -

19.0 0.9 - -

5.0+0.0

3.5+0.1

3.6+0.1

16.0+0.9  1.0+0.04 - 11.5£0.3  3.2+£0.0

3.8+0.1

“Ratio”  P(%) L(%) A®%) M%) aW

10.0£0.0  1.6+0.1  3.0£0.5 0.3£0.0 82.8+0.2 0.98+0.0

21.7 - - - - 0.98+0.0
- 1.2+0.0 2.4+0.0 0.6£0.0 82.4+0.1 -

18.9 0.8+0.1  1.7£0.1  0.6£0.1  83.0+1.4 -

- 0.9+0.0 23+0.0 04+0.0 83.3x0.2 -

15.1 1.2+0.0 2.3+0.0 0.4+£0.0 82.4+0.2 -

'S.D: Standard deviation; 2Legislation, BRAZIL, 2009b. °Brix: Soluble solids in °Brix, a 20 °C; T.A: Total Acidity in Citric Acid (%); R.S:
Reduced Sugar (%); T.S: Total Sugar (%); “Ratio”: soluble solids ratio / Total Acidity; P: Protein (%); L: Lipid (%); A: Ashes (%); M: Moisture

(%); aW: Water activity.

to be complete by the stabilization of the alcohol
content at 5.2 % (v/v). This is within the 4% to 14%
(v/v), at 20 °C range for fruit alcoholic fermentation
allowable under Brazilian law (BRASIL, 2012b).
The alcohol content of fermented fruit is
reported to be between 3.5% and 9.5% for several
fruits, such as jabuticaba, orange, and kiwi (ILHA et
al., 2000; BORTOLINI et al., 2001; TESSARO et al.,
2010; ARAUJO et al., 2012; CUNHA et al., 2016;
DIAS et al.,, 2016). This wide difference may be
related to the total sugar content, what nutrients and
energy sources are available for the consumption by
the yeast, and the specific fermentation conditions. It
is noteworthy that concentrations above 8% (v/v) of

ethanol can denature yeasts, which are often reused in
further fermentation cycles (SOUZA & MONTEIRO,
2011). Pectin, present in fruits, is a non-starchy
component that can be converted into fermentable
sugars through enzymatic activity and is a substrate
for yeasts (TUNGLAND & MAYER, 2002).

The beverage industry has developed
methods to incorporate enzymes during preparation.
The most commonly used enzymes are pectinase,
cellulase, amylase, hemicellulase, glycosidase, and
glucanase. The enzymatic activity contributes to
different aspects of the final product, improves the
quality of aroma release, color development, and
increases yields. Enzymes are used both in the phase

Table 2 - Average values + standard deviation of the alcoholically fermented mangaba control analyzed after seven days in the

bioreactor.

Parameters

Alcohol content (% v/v at 20 °C)
Soluble solids °Brix, at 20 °C
Total sugar % (w/w)

Reduced dry extract (g/L)

pH

Alcoholic fermented mangaba

5.240.0
8.3+0.0
0.6+0.0
43.0£1.7
3.540.0
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before the fermentation and in the aging of wines
(UZUNER & CEKMECELIOGLU, 2019; SIEIRO et
al.,2012; MOJSOV et al., 2015). Enzymatic hydrolysis
used to prepare the banana for alcoholic fermentation
increased the availability of fermentable sugars,
resulting in higher ethanol yields (SOUZA et al.,
2009). In this study, we next determined if the alcoholic
yield obtained is related to the addition of a mixture of
the enzymes cellulase, hemicellulase, and pectinase.
Although the decline in SST is generally
associated with sugar content for monitoring during
fermentation (TESSARO et al., 2010; ARAUJO et
al., 2012; DIAS et al., 2016; LEONES et al., 2019), in
this study, °Brix showed low sensitivity, as there was
no significant difference between the raw (8.0) and
fermented pup (8.3). The fermented mangaba pulp had
a pH value of 3.5 (Table 2). SOUZA & MONTEIRO
(2011) established that a variation between 3.0 to 4.0
does not require correction because acetic acid bacteria
can tolerate pH up to 6.3 (SENGUN et al., 2011; MAS
etal.,2014; DIAS et al., 2016; GOMES et al., 2018).

Mangaba vinegar

In comparing with the Brazilian legislation
for fruit vinegars, the values of the parameters in
the mangaba vinegar obtained fully meet all legal
requirements (Table 3) (BRASIL, 2012a). The
mangaba vinegar had a volatile acidity of 4.4%
(w/v). Some variation has been observed, such as by
GIUFFRE et al. (2019) who found volatile acidity
values of 2.9% (w/v) for bergamot vinegar (ARAUJO
etal.,2012), 4.3% (w/v) for orange vinegar, (CUNHA
etal.,2016),4.7% (w/v) for blackberry vinegar, (PINO
et al., 2019), 4.9% (w/v) for acerola vinegar (RODA

et al., 2017), 5.0% for pineapple vinegar (w/v) and
(SPINOSA et al., 2015), 7.1% (w/v) for rice vinegar.
Despite the variability in many quality parameters
related to vinegars, acidity-level regulations are
established in national and international parameters
(FDA, 1980; OZTURK et al., 2015). These variations
may be related to factors such as the fruit used,
their monosaccharide levels, alcoholic strength in
the fermentation, and the acetic acid bacteria used
(CUNHA et al., 2016; XIA et al., 2016). The final
mangaba vinegar had a pH of 3.1 (Table 3). The pH
of vinegars produced from fruits and cereals such
as alcohol vinegars had a pH of 2.9, jabuticaba had
a pH of 2.7, and pineapple had a pH of 3.0 (DIAS
et al., 2016; RODA et al., 2017; MACHADO et al.,
2019). Sensory characteristics are mainly influenced
by acidity and pH in the raw materials used in the
preparation of fermented acetic acid when the final
pH value varies from 2.4 to 3.2, the acidity will be
approximately 5% (w/v) (MARQUES et al., 2010).
The reduced dry extract content of
mangaba vinegar was 44.3 g/L and 3.0 g/L for ash.
This parameter represents the resulting content
(minerals and organic material) of water evaporation
and volatile substances (MARQUES et al., 2010). In
a study on quality control of commercial acetic acid
fermentation, MARQUES et al. (2010) observed
higher levels of reduced dry extract of 48.8 g/L, 38.3
g/L, and 23.4 g/L for orange vinegar with honey,
orange and tangerine vinegar and corn vinegar. In
this study, the results observed may be related to
the filtration method, as there are different filtration
processes in the vinegar industry used to clarify the
product but can change the concentration and the

Table 3 - Average values + standard deviation of the physicochemical parameters of mangaba vinegar.

Parameters

Mangaba vinegar

Minimum Maximum

Alcohol content (% v/v at 20 °C) <LQ.” - 1

) Volatile acidity in acetic acid % (w/v) 4.4+0.1 4 -

.‘ Reduced dry extract (g/L) 44.3+£1.5 6 -

.‘\ ; Ashes (g/L) 3.0+0.4 1 5

:‘s ; Sulfates (g/L of potassium sulfate) <LQ."

Ly pH 3.1£0.0 - -

‘\“\ *Smell: characteristic

y . “Color: according to the raw material that gave rise to the
Organoleptics composition

“Aspect: absence of elements foreign to its nature and composition

"Legislation BRAZIL (2012a), art. 6°, and Annex III. < L.Q."" is below the limit of quantification.

Ciéncia Rural, v.51, n.10, 2021.



8 Siqueira et al.

mineral content (LEONEL et al., 2015; OZTURK
et al., 2015). Mangaba fruit is a potential source of
minerals such as calcium, zinc, phosphorus, and iron
(NARAIN et al., 2018; BRAMONT et al., 2018).

As expected, a decrease in alcohol content
is observed due to the increase in acidity, as the
bacteria oxidize the available alcohol to acetic acid
(OZEN et al., 2019). The alcohol content in mangaba
vinegar was below the detection limit (0.0 mg of
ethanol) of the analytical technique used.

Color parameters and phenolic and total carotenoid
compounds for pulp, alcoholic fermentation, and
vinegar

The mangaba fruit contains phenolic
compounds such as rutin and quercetin (NARAIN et
al., 2018), which can provide yellow pigmentation
in fruits and vegetables (CHEN et al., 2010; KAWA-
RYGIELSKA et al., 2018). The total phenol content
of the mangaba raw pulp, fermented pulp, and
vinegar were 38.9 mg/100 g, 13.5 mg/100 g, and
19.2 mg/100 g, respectively. The angle hues were
79.0°, 87.3°, and 78.0°, respectively, and the yellow
index was 13.3, 8.0, and 9.2, respectively (Table 4).
From our results, we can observe a decrease between
the parameters of tonality index (fermented pulp and
vinegar), yellow index, and phenolic compounds
(pulp and vinegar), which may be related to
degradation of those compounds. However, despite
the significant difference (P < 0.05) in the analysis
of total phenolic compounds between the pulp and
the other products, we emphasize that raw pulp of
mangaba was used for this analysis, while the analysis
of the fermented pulp and vinegar was performed
on the respective filtered final products. This may

explain the significant reduction in the total content
of phenolic compounds, suggesting losses during
the filtering process because the fermented pulp and
vinegar showed no significant difference.

During the alcoholic fermentation
process, the alcohol generated can influence the
degradation of phenolic compounds, resulting in
colorless substances and a consequential loss of
pigmentation (JACKSON, 2008). The presence
of oxygen in vinegars can result in chemical and
enzymatic reactions, such as alteration of phenolic
compounds and loss of aroma and color (MAS et
al. (2014). Additionally, factors such as the raw
material, production, and storage may influence these
characteristics as well. (CASALE et al., 2006; XU et
al., 2007; GANDA-PUTRA et al., 2019) In addition
to acting as antioxidants, phenolic compounds are
responsible for the color and astringency of vinegars.
In a study by HORNEDO-ORTEGA et al. (2017),
it was observed that oxidation changed the color
of alcoholically fermented strawberry, which was
directly correlated to the decrease in anthocyanins.

The total carotenoid content of the
mangaba raw pulp, fermented pulp, and vinegar
were 2.7 mg/100 g, 2.3 mg/100 g, and 2.6 mg/100 g,
respectively. Related studies on the quantification of
total carotenoids in mangaba pulp have been reported
tobe 0.7 mg/100 g (LIMA etal., 2015a),0.3 mg/100 g
(RUFINO etal.,2010), and 0.1 mg/100 g (CARDOSO
et al, 2014). Those values are lower than what we
observe for mangaba pulp here. In addition, the h* and
b" indexes trend towards yellow, thus demonstrating
the hue of the final product, which is characteristic
of the color of the mangaba fruit. According to
VIEIRA et al. (2017) and REIS et al. (2019), the

Table 4 - Color parameters, phenolic compound content, and total carotenoid content for the raw pulp, alcoholically fermented mangaba,

and mangaba vinegar.

Parameters Mangaba Pulp Alcoholic fermented mangaba Mangaba vinegar
Total phenolic compounds (mg/100 g) 38.9+0.2° 13.5£1.0° 19.2+8.2°
Total carotenoids (mg/100 g) 2.740.4° 2.3+0.3° 2.6£0.6™
Color:
L' 49.6+1.1° 49.4+0.3° 47.0+1.1°
a’ 2.60.1° 0.4+0.0° 2.040.5°
b 13.3+0.8° 8.0+0.2° 9.2+0.5"
c 13.6+0.5° 8.140.1° 9.5+0.4°
h’ 79.0£0.1° 87.3+0.3° 78.0+3.7°

Averages followed by the same lower-case letters on the same line do not differ statistically from each other by the Nemenyi test (P>
0.05). (L " luminosity; a " red index; b " yellow index; C  chromaticity index; h “angle hue).
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exocarp of mangaba has yellow or green tones, and
the pulp is yellow, (LIMA et al., 2015b), which
suggests that the ripen fruits tend towards yellowish
tones. Carotenoids from fruits and vegetables,
such as o- and [-carotene, give a yellow-orange
pigmentation (AMORIM-CARRILHO et al., 2014).
Total phenolic compounds and total carotenoids in
vinegar of oranges remained constant during the
aging period (DAVIES et al., 2017). According to
RODRIGUEZ-AMAYA (2004), it is a challenge to
keep these compounds present after fruit processing
due to thermal activity, cutting, peeling, packaging,
oxidative processes, and storage of the final product.
As there was no change in the carotenoids between
the pulp and the mangaba vinegar, the final product
remains a source of these compounds.

Principal component analysis (PCA) of mangaba
vinegar

Principal component analysis (PCA) was
applied to identify possible correlations between the
following mangaba vinegar physicochemical variables:
a(a’, red index), b (b, yellow index), C (C*, chromaticity

index), L (L*, luminosity), h (h*, angle hue), A V
(volatile acidity in acetic acid), A (ashes) C_P (total
phenolic compounds), and E_S R (reduced dry extract).
The eigenvalues and eigenvectors are calculated based
on the correlation matrix. Following the Kaiser
criteria, we obtain A1 = 6.1 and A2 = 1.3, which
represent component 1 and component 2, respectively,
with a percentage of 61.0% for dimension 1 and 12.9%
for dimension 2 (Figure 2). This accounts for 70.1%
of the total variation in the two components.

The dimensions (DM1 and DM2) were
generated by the eigenvectors that represent the weight
of each variable. When there is a large eigenvector
in the first component, there is possibly a smaller
eigenvector in the second component, thus indicating
which component accounts for that variable (LIPS
& DUIVENVOORDEN, 1996; LIMA et al., 2018).
Therefore, by analyzing the eigenvectors, we can
identify the contributions of each component, which
can be seen in equations (7) and (8).

DM1= -0.70pH + 0.91L - 0.94a + 0.85b +
0.75C+0.96h+0.39 extract_s reduced-0.65volatile
acidity + 0.53ashes + 0.87with_phenolic.

1.0

o
o

0.0

o
3}

-1.0

-1.0 -0.

3}

Figure 2 - Graph of main component analysis of the mangaba vinegar and its physicochemical
variables a (a* red index), b (b" yellow index), C (C* chromaticity index), L (L
luminosity), h (h* angle hue), A_V (volatile acidity in acetic acid), A (ashes), C_P
(total phenolic compounds) and E_S R (reduced dry extract).

0.0 05 1.0
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DM2= 0.39pH + 0.26L + 0.06a + 0.46b
+ 0.55C + 0,03 h - 0.46 extract_s reduced + 0.49
volatile acidity - 0.24ashes + 0.12 with_phenolic.

The variables pH, volatile acidity, ash, and
reduced dry extract have a strong negative correlation.
This was also observed by RAMIREZ et al. (2017)
and LEAL et al. (2013). Possibly, the decrease in the
content of total solids influences the ionic balance of
the water, thus changing the acidity. The increase in
acidity may be related to substances such as pectin,
which is a branched compound composed of a
mixture of acidic and neutral polymers derived from
methyl D-galacturonate, which constitutes part of the
dry mass of the vegetable cell wall and is frequently
present in fruits (RUIZ & TAPIA, 2019). It should
be noted that D-galacturonic acid is the main
constituent of a complex group of polysaccharides
that make up pectin and has high solubility in water
(DHINGRA et al., 2012).

The variables of phenolic compounds and
a" (red index) have a strong negative correlation. It
can be assumed that this is attributed to the variable
a’, which tends to indicate red color (RAMOS &
GOMIDE, 2007). Since the mangaba fruit used has
phenolic compounds that give it a yellow pigment
color (CHEN et al.,, 2010; NARAIN et al., 2018;
KAWA-RYGIELSKA et al, 2018), the negative
correlation between these compounds and the color
red make sense. Also observed are the influence of color
parameters b (yellow index), C* (chromaticity index),
and h* (angle hue) in mangaba vinegar. According
to SUN (2020), the raw material and the type of
fermentation contribute to the presence of vitamins,
phenolic compounds, or other bioactive molecules.

The pH and volatile acidity variables in
acetic acid presented a positive correlation, which
may be related to the presence of weak organic acids
resulting from alcohol oxidation carried out by the
acetic acid bacteria (OZEN et al., 2019). The mineral
salts present in fruits may also contribute, which
could help explain the observed buffering effect,
demonstrating the small pH variations considering
the increase in acidity (GONCALVES et al., 2006).

The angle hue (h") and phenol content have
astrong positive correlation, and the greatest influence
is represented by the h* parameter. According to
RUFINO et al. (2010), mangaba fruits contain
compounds such as yellow flavonoids and, according
to CHAVES NETO et al. (2018), these components in
vegetables are related to pigmentation and protection
against incident ultraviolet rays, which may contribute
to the color of the final product observed as the angle
hue (h"). We observed phenolic compounds present in

the mangaba vinegar. KADIROGLU (2018) reported
that the levels of phenolic compounds in vinegars
were highly correlated with antioxidant activity.

The ashes and reduced dry extract variables
show a strong positive correlation in the product.
The ashes represent the mineral elements present
in the vinegar (RIZZON & MIELE, 2002), which
originate in the fruit used in the fermentation process,
while the amount of reduced dry extract determines
the fermented, mineral, and organic composition
(AQUARONE et al., 2001; MARQUES et al., 2010).
The results from mangaba pulp ashes were 3.0 g/L
and from the vinegar 3.0 g/L, and for the value of
the reduced dry extract in the fermented pulp was
43.0 g/L and 44.3 g/L in the vinegar remained. These
results suggest that the processing to obtain mangaba
vinegar was adequate.

PCA analysis has been applied to
investigations of the composition of volatile compounds
in vinegars produced from red wine and apples
(CALLEJON etal., 2009; LIU et al., 2019). It has also
been applied to the correlation between grape variety
or geographical location in fine wines (OLIVEIRA
et al., 2011), for characterizing the mineral content
of wine vinegars (GUERRERO et al., 1997), and for
analyzing the chemical composition and antioxidant
characteristics of traditional and industrial Zhenjiang
vinegar during the aging process (ZHAO et al., 2018).

Mass balance and yields of alcoholic fermentation
and acetic oxidation

The mass balance and yields for the
alcoholically fermented mangaba were calculated based
on 225.0 g of sugar consumed, which produced 110.8
g/L of ethanol. Based upon the theoretical yield for
ethanol of 114.7 g/L theoretical alcohol content of
41.0 g/L, and fermentation time of 96 h, this process
resulted in of 49.2% yield, 96.5% efficiency and 0.4
g/L-h productivity.

Studies on the production of fruit wines
found lower values for productivity, such as 0.3 g/L-h
for cagaita wine (OLIVEIRA et al., 2011), 0.05 g/L-h
for cacao, gabiroba, jabuticaba, and umbu wines, 0.03
g/L-h for cupuacu wine (DUARTE et al., 2010), 0.09
g/L-h for sour cherry wine (OZEN et al., 2019), and
0.10 g/L-h for bergamot wine. Productivity is a critical
indicator of industrial economic potential, mainly
related to technological processes and organizational
development (RATTNER, 1967).

The mangaba vinegar consumed 132.03 g
of alcohol and produced 118.8 g of acetic acid with a
concentration of44.0 g/L in 72 h oxidation time. Thus,
the yield was 90.0% with a productivity of 0.6 g/L-h.
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In studies on the generation of fruit vinegars, cherry
vinegar had a productively of 0.04 g/L-h and 95%
yield (KAWA-RYGIELSKA et al., 2018), blackberry
vinegar had 0.2 g/L-h productive and 27% efficiency,
raspberry vinegar had 0.3 g/L-h productivity and 30%
efficiency (BOONSUPA, 2018), jaboticaba vinegar
had 0.3 g/L-h productivity and 79% efficiency (DIAS
et al., 2016), pineapple vinegar had 0.07 g/L-h
productivity and 62% efficiency (RODA et al. 2017),
and mango vinegar had 0.4 g/L-h productivity and 52%
efficiency (COELHO et al. 2017). The conversion of
1 g of ethanol into 1 g of acetic acid (76.69% w/w)
is considered as the minimum threshold to classify
the vinegar process as one of industrial interest. The
achieved value of 90% for mangaba vinegar indicates
the possibility of applying the process for making
this vinegar on larger scales (ILHA et al.,, 2000).
According to COELHO et al. (2017), one of the factors
that can directly affect yield and productivity are long
acetification methods that lead to ethanol losses.

Principal component analysis (PCA) of mangaba
vinegar sensory characteristics

The results of the sensory analysis of
mangaba vinegar were evaluated by PCA, where a

correlation matrix was developed assessing the color,
aroma, flavor, overall appearance, and consumption
intent. As such, we can analyze the correlation between
the variables and the calculation of eigenvalues and
eigenvectors. In this case, A1 =3.4626 and 12 =0.5799,
which represent 69.47% for dimension 1 and 11.31%
for dimension 2 respectively (Figure 3). Dimension
formations can generated by equations (9) and (10).
Subsequently, a graph of the variables is constructed,
which allows interpretation between them.
DM1=0.83color + 0.78aroma + 0.87flavor
+0.91global _appearance + 0.74consuption_intention
DM2=-0.22color - 0.36aroma + 0.07flavor
-0.06 global _appearance + 0.62consuption_intention
For the attributes observed in the sensory
analysis of mangaba vinegar, the parameters global
appearance and color, and global appearance
and flavor, showed a strong positive correlation.
According to LAWLESS & HEYMANN (1999) and
TEIXEIRA (2009), these attributes are one of the
main indicators initially noticed by consumers that
are associated with reactions such as acceptance,
indifference, or rejection. Consistent with the h* index
value of 78.0 and C* value of 9.5 indicating a yellow
product with low intensity (RAMOS & GOMIDE,

1.0

0.0

Figure 3 - Graph of main component analysis of mangaba vinegar sensory attributes.

0.5

1.0
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2007), it is expected that the global appearance was
appealing to untrained tasters, as the appearance of
mangaba vinegar is different from the most common
commercial vinegars. The taste of the vinegar can be
attributed to the consumer since, according to a study
on orange vinegar by CEJUDO-BASTANTE et al.
(2016), the type of raw material influences the taste
results of sensory analysis. We also observed that the
visual identity of mangaba vinegar was similar to that
of the pulp used.

A positive correlation between global
appearance and aroma was observed. This was
observed by TESFAYE et al. (2002) in their study on
sherry vinegar, and they indicate that this correlation
is to the intensity and quality of the components.
As seen in figure 3, in general, all attributes have a
strong influence on vinegar, which may be related to
the vinegar acidity due to acetic acid, which plays an
important role in the sensory characteristics. Volatile
carboxylic acids such as acetic acid have distinct
desirable odors, expand the diversity of flavor and
aroma, and have physicochemical stability and
sanity of the beverage (RIZZON & MIELE, 2002;
JACKSON, 2008).

The cluster map (Figure 4) organizes the
tasters as a function of the sensory attributes through
overlap with the vectors that characterize them, 0
(zero) represents the average (7.0) of the attributes.
The tasters in region B show a preference for the
flavor attributes and would possibly intend to buy
mangaba vinegar, while in region (C), the tasters

preferred global attributes of appearance, color, and
aroma. In regions (A) and (D); however, some tasters
gave lower marks and had lower ratings closer to 7
(seven) on the unstructured hedonic scale. According
to TESFAYE et al. (2010), considering that vinegar is
a condiment where acetic acid stands out, olfactory
and gustatory evaluation becomes difficult for
untrained tasters to identify other compounds, thus
obscuring the origin of the raw material. Thus, other
complementary sensory tests can be applied such as
trained panel and temporal methods (SILVA et al.,
2018) and projective methods (GAMBARO, 2018).
Even though there is no consensus on how to conduct
a sensory analysis of vinegar (ARAUJO et al., 2012;
UBEDA et al., 2016; CEJUDO-BASTANTE et al.,
2016; TURHAN & CANBAS, 2016; FERNANDES
et al., 2019), only two tasters (41 and 13) were very
upset and certain they would not consume the product.
Therefore, with the results obtained, we can conclude
that mangaba vinegar would have a good acceptance
by consumers in general.

CONCLUSION

This study shows that it is possible to
produce vinegar from the pulp of mangaba, a fruit
from the Brazilian Cerrado, through semi-solid
fermentation using an enzyme mixture (pectinase,
cellulase, and hemicellulose) simultaneously during
fermentation. The physicochemical qualities of this
vinegar comply with current legislative requirements.
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Figure 4 - Cluster Map of grouping factors of taste for mangaba vinegar. Each point represents an individual taster.
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The final product contained bioactive compounds,
namely phenolic compounds and carotenoids. In
terms of the color parameters, according to the hue
angle (h"), it can be affirmed that color from the
raw material was maintained through the vinegar-
making process. A high yield was obtained both in
alcoholic content and in acetic acid oxidation, which
may be related to the contribution of enzymes used
in the fermentation process and optimal conditions
for the conversion of ethanol to acetic acid during
the production of vinegar. In the sensory evaluation,
principal component analysis was used to identify
correlations between the parameters analyzed by
the tasters. The taste, overall appearance, color, and
aroma showed a strong positive correlation, and
all attributes were above the average (> 7) of most
tasters, indicating that the mangaba may have value
for the development of a new product.
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