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Mangifera indica L., mango fruit, is consumed as a dietary supplement with purported health benefits; it is
widely used in the food industry. Herein, the chemical profile of the Ubá mango at four distinct matura-
tion stages was evaluated during the process of growth and maturity using negative-ion mode electro-
spray ionisation Fourier transform ion cyclotron resonance mass spectrometry (ESI(�)FT-ICR MS) and
physicochemical characterisation analysis (total titratable acidity (TA), total soluble solids (TSS), TSS/
TA ratio, and total polyphenolic content). Primary (organic acids and sugars) and secondary metabolites
(polyphenolic compounds) were mostly identified in the third maturation stage, thus indicating the best
stage for harvesting and consuming the fruit. In addition, the potential cancer chemoprevention of the
secondary metabolites (phenolic extracts obtained from mango samples) was evaluated using the induc-
tion of quinone reductase activity, concluding that fruit polyphenols have the potential for cancer
chemoprevention.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The mango (Mangifera indica L. Anacardiaceae) is one of the
most commercialised fruits in tropical countries. Over 1000 differ-
ent varietals of mangoes are produced worldwide. Mangoes have
several biological activities and are also considered a nutraceutical
fruit (Masibo & He, 2009).

In 2008, approximately 1.2 million mangoes were produced in
Brazil, and more than 40,000 tonnes were exported (Food, 2009).
The Ubá mango is one type of cultivar that is produced in Brazil.
This cultivar is mainly produced in the State of Minas Gerais
(MG), in the region of Zona da Mata (Ribeiro, Barbosa, Queiroz,
Knödler, & Schieber, 2008) and in the State of Espirito Santo (ES).
In the last region, the Institute Capixaba of Research, Technical
Assistance, and Rural Extension (INCAPER) developed a plantation
in 2010 (INCAPER, 2013)) with 1600 hectares of planted area, gen-
erating five thousand tons of mangoes annually. The production of
Ubá mangoes for the purpose of processing is promising for the
State of Espírito Santo, due to the current demand of the world
market for pulp and fruit juice (INCAPER, 2010).

The Ubá mango is a small fruit that can weigh up to 150 g, and
approximately 13% of its mass is comprised of the peel, which is
yellowish and firmwhen it is ripe. The pulp has short, thin, and soft
fibres (Ramos et al., 2005). Furthermore, the fruit has a pale-yellow
colour after processing, appropriate viscosity for consumption, and
good conservation of the flavour. Because of these sensorial quali-
ties, the Ubá mango has been widely used by industry for the pro-
duction of pulp and juices, as well as consumption in natura by the
population (Ribeiro et al., 2008).

The harvesting of the mango is a decisive step that can compro-
mise the entire production. The mango is a climacteric fruit; how-
ever, if it is harvested at a very green maturity stage, i.e., before
physiologic maturity, the fruit will have a high level of acidity.
Nevertheless, if it is harvested at a late maturity stage, it will suffer
greater damage in the process of harvesting and transportation
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(Rivera et al., 2014). No studies have been reported in the literature
linking the chemical profile of the Ubá mango, its physicochemical
properties, and the best period or stage for harvesting. Harvesting
takes into consideration several of the fruit’s characteristics, e.g.,
the peel colour, the pulp, and the physical shape, as well as some
chemical parameters, such as the pH, total titratable acidity (TA),
total soluble solids (TSS), fruit density, and latex aspects (Rivera
et al., 2014).

Mass spectrometry (MS) techniques, such as Fourier transform
ion cyclotron resonance mass spectrometry (FT-ICR MS), allow the
identification of chemical constituents in complex organicmixtures
(Dias, Dixini, et al., 2015;Dias, Pereira, et al., 2015;Nascimento et al.,
2015). FT-ICR MS combined with an electrospray ionisation (ESI)
source has been applied in metabolomics studies, and it has proved
to be an excellent approach to control the quality of fruits (Costa
et al., 2015). High-resolution MS enables the separation and detec-
tion of thousands of ions produced by specific compounds
(Ghislain, Faure, &Michels, 2012). This technique provides accurate
important information, such as the elemental formula (CcHhNnOo),
double bond equivalent (DBE), isotopologue profile, and chemical
connectivity (from collision induced dissociation (CID) experi-
ments). Herein, the physicochemical characterisation of the Ubá
mango was evaluated at four different stages of maturation during
the process of growth andmaturity. Subsequently, primary and sec-
ondary metabolites were identified using ESI(�)FT-ICR MS. The
potential cancer chemoprevention of the secondary metabolites
(phenolic extracts obtained from mango samples) was evaluated
using the induction of quinone reductase activity.
2. Experiment

2.1. Sample and reagents

M. indica L. mango samples at four different stages of matura-
tion were collected by Capixaba Institute for Research, Technical
Assistance, and Rural Extension (INCAPER) in the city of Colatina
in Espirito Santo, Brazil. The harvesting was done by an experi-
enced technical team during the year 2015. To distinguish between
the four stages of maturation, the fruit’s characteristics were cate-
gorised in triplicate for each maturation stage into physicochemi-
cal criteria, e.g., peel colour, firmness, physical shape and latex
appearance. All samples were washed with chlorinated water
and rinsed with distilled water. Physicochemical characteristics
were measured for all fruits and then the fruits were stored at
�20 �C.
2.2. Physicochemical analysis

Analyses of the pH, TA (g citric acid equivalent/100 g of pulp),
TSS (�Bx), and TSS/TA ratio were performed. The pH and TSS were
measured using a pH metre (Metron� model 827) and a refrac-
tometer (Abbé 2 WAJ with readings that ranged from 1.300 to
1.72 nD with 0–95 �Bx). The TA measurements were performed
using a 0.1 mol L�1 NaOH solution (Sigma-Aldrich; St Louis, MO)
as the titrant. Finally, the TSS/TA ratio was calculated, to evaluate
the quality of the pulp. All analyses were done in triplicate and per-
formed in accordance with methods described by Instituto Adolfo
Lutz (2005).
2.3. Preparation of the glycoside fraction

For the analysis of sugar and organic acids, the fruit pulp was
homogenised in a blender in the proportion of 1 g of pulp to
1.5 mL of methanol/water (50% v/v). The fraction was then subse-
quently filtered by a filter paper (Unifil� black stripe 125 mm) to
extract both the fibrous portion and any material not solubilised.

2.4. Preparation of the phenolic fraction

For the extraction of the phenolic compounds, we used an
adapted methodology from Talcott and Talcott (2009). A portion
of 20 g of pulp was crushed using a domestic blender. Then, the
extract was placed in an amber flask with 60 mL of a solution con-
taining methanol/ethanol/acetone (1:1:1 v/v/v) and submitted to
an ultrasonic bath (frequency of 40 kHz) for one hour. Subse-
quently, the extract was filtered using a qualitative paper (Unifil�

black stripe 125 nm). To increase the efficiency of the extraction
method, the process was repeated twice over the pulp remaining
on the paper using 45 and 30 mL of solution, consecutively, reach-
ing a final volume of �135 mL.

The filtered extracts were concentrated and the solvent evapo-
rated using a rotary evaporator. Methanol (30 mL) was added to
the extract and centrifuged at 2500 RCF fora period of 10 min to
precipitate the pectin. The procedure was repeated again over
the precipitate and 20 mL of methanol were added. The solvent
was removed from the rotary evaporator and the mango extract
was washed with 15 mL of water in a cartridge (Waters Corpora-
tion, Milford, MA) composed of 360 mg of C18, to remove sugars,
and to concentrate the phenolic compounds. Before the washing
of extract, the cartridge was conditioned with injections of 30
and 50 mL of methanol and water, respectively. Subsequently,
the phenolic compounds were extracted from the cartridge using
20 mL of methanol solution (25 v/v%) and subsequently evaporated
and brought to a total volume of 8 mL.

2.5. ESI(�)FT-ICR MS

For glycoside fraction analysis, 10 lL of the extract containing
primary metabolics were dissolved with 1 mL of methanol/water
solution (50% v/v). Subsequently, the solution was doped with
5 lL of internal standard, deuterated glucose (D-Glucose-1, 2, 3,
4, 5, 6, 6-d7) solution at 5 mmol L�1, and finally basified with
4 lL of NH4OH (Vetec Fine Chemicals Ltda, Brazil).

For the extract rich in phenolic compounds, 500 lL of the
extract were dissolved with 500 lL of methanol and doped with
10 lL of deuterated glucose solution. Then, the final solution was
basified with 4 lL of NH4OH and directly infused at a flow rate of
6 lL min�1 into the ESI(�) source.

The mass spectrometer (model 9.4 T Solarix; Bruker Daltonics,
Bremen, Germany) was set to negative ion mode, ESI(�), over a
mass range ofm/z 150–1500. The ESI source conditions were as fol-
lows: a nebuliser gas pressure of 1.4 bar, a capillary voltage of
3.8 kV, and a capillary transfer temperature of 200 �C. Ion time
accumulation was 0.010 s. ESI(�)FT-ICR mass spectra were
acquired by accumulating 32 scans of time-domain transient sig-
nals in 16 mega-point time-domain data sets. All mass spectra
were externally calibrated using NaTFA (m/z from 200 to 1200).
Resolving power, m/Dm50% = 1,000,000 (in which Dm50% is the full
peak width at the half-maximum peak height of m/z 400) and a
mass accuracy of <1–2 ppm provided the unambiguous molecular
formula assignments for singly charged molecular ions.

Mass spectra were acquired and processed using Data Analysis
software (Bruker Daltonics, Bremen, Germany). Elemental compo-
sitions of the compounds were determined by measuring the m/z
values. The proposed structures for each formula were assigned
using the ChemSpider (www.chemspider.com) database. The
degree of unsaturation for each molecule can be deduced directly
from its DBE value according to equation DBE = c � h/2 + n/2 + 1,
where c, h, and n are the numbers of carbon, hydrogen, and nitro-
gen atoms, respectively, in the molecular formula.

http://www.chemspider.com
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The tandem mass spectrometry (MS2) experiments were per-
formed on a quadrupole analyser coupled to the FT-ICR mass spec-
trometer. The ESI(�)-MS/MS spectra were acquired using an
infusion flow rate of 5 lL min�1, capillary voltage of 3.0 kV, nebu-
lising temperature of 250 �C, argon as collision gas, ion accumula-
tion time of 1 s, isolation window of 1.0 (m/z units), and 25–45% of
the collision energy.

2.6. Total polyphenolic content

The analysis of the phenolic fraction was performed using a UV/
Vis spectrophotometer (Model 482; Femto, São Paulo, Brazil). Total
polyphenol contents (TPC) were determined using Folin-Ciocalteu
reagent (Sigma-Aldrich). Absorbance was registered at 715 nm.
TPC assay was performed according to Brazilian Pharmacopeia
(FARM. BRAS, 2002). A five-point analytical curve was built using
concentrations of gallic acid anhydrous standard solutions (from
1.1 to 17.4 lg mL�1). The curves showed satisfactory linearity
within the analysed range (r2 = 0.996). Phenolic fractions sample
analyses were performed in triplicate.

2.7. Determination of quinone reductase activity in cell cultures

The activity of quinone reductase of phenolic fractions was
assessed in96-wellplatesusingHepa1c1c7 (murinehepatomacells,
ATCC CRL-2026), as previously described. Briefly, cells were grown
to a density of 2 � 104 cells mL�1 in 200 lL of MEM-a containing
5% antibiotic–antimycotic (Gibco, Thermo-Fisher) and 10% foetal
bovine serum at 37 �C in a 5% CO2 atmosphere. After a 24-h pre-
incubation period, the media were changed and cells were treated
with the indicated sample or control concentrations. The cells were
incubated with test samples for an additional 48 h. QR activity was
measured as a function of the NADPH-dependent menadiol-
mediated reduction of 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenylte
trazolium bromide (MTT) to a blue formazan. Protein content was
determined via the crystal violet staining of identical plates. Specific
activity is defined as nmol of formazan formed per mg protein per
min. The induction ratio (IR) of QR activity represents the specific
enzyme activity of agent-treated cells compared with a DMSO-
treated control. The concentration to double activity (CD)was deter-
mined through a dose response assay for active substances (IR > 2).
Data presented are the results of three independent experiments
run in duplicate. 4-Bromoflavone (CD = 0.01 nM) was used as a pos-
itive control. The chemoprevention index (CI = IC50/CD) was also
determined. Data were processed using non-linear regression anal-
ysis (TableCurve 2D V4; Systat Software, San Jose, CA)

2.8. Statistical analysis

Analysis of variance and Tukey’s post hoc test were used to sta-
tistically evaluate the differences among mean values of the rela-
tive intensity of signals obtained for the four stages of
maturation. Differences were considered significant if p < 0.05.
The statistical analyses were conducted using Assistat 7.7 Beta.
3. Results and discussion

3.1. Physicochemical analysis

Four stages of maturation of the Ubá mango were analysed. The
mangoes were grouped in accordance with the TSS, TA, peel colour,
pulp colour, and firmness. The physical characteristics of mangoes
for each stage were: (i) stage 1: dark green colour peel, rigid light
yellow flesh, and lowmoisture content; (ii) stage 2: light green col-
our peel, rigid light yellow flesh, and average moisture content;
(iii) stage 3: yellowish green colour peel, soft yellow pulp, and high
moisture content; and (iv) stage 4: yellow peel, very soft and dis-
integrating yellow internal flesh, characteristic of the late stage
of maturity (Kienzle et al., 2012) (Fig. 1S, supplementary material).

The physicochemical properties (pH, TA, TSS (�Bx), and TSS/TA
ratio) results are displayed in Fig. 1 and Table 1S (supplementary
material). Mangoes at stage 1 presented the lowest TSS value (7.1
�Bx), Fig. 1a. This value increases until stage 3, when a value of
around 16.5 � Bx is reached. This value is similar to those reported
in other studies (Ribeiro et al., 2008; Rivera et al., 2014). The
increase in TSS could be explained by amylase’s action on starch,
resulting in the production of soluble sugars, such sucrose, glucose
and fructose (Nambi, Thangavel, & Jesudas, 2015). At stage 4, there
was a small reduction in TSS values (14.5 �Bx) Fig. 1a), due to the
advanced stage of maturation (Rivera et al., 2014).

High TA values (1.83 g/100 g)were observed inmangoes in stage
1 aswell as the lowest pH values (pH = 3.01). The TA values decrease
over the development and maturation process, reaching
0.33 g/100 gof pulp at stage4 (Fig. 1b). As a consequence, thepHval-
ues increased (Fig. 1c) (Rivera et al., 2014). Theacidity is attributed to
the organic acids often found in free form or associated with salts,
esters, and glycosides. A reduction of these acids is common as the
fruit develops and ripens (Nambi, Thangavel, & Jesudas, 2015;
Rivera et al., 2014). Therefore, an increase in TSS and a reduction in
TA lead to an increase in the SST/TA ratio (Fig. 1d).

3.2. ESI(�)FT-ICR MS

3.2.1. Glycoside fraction analysis
ESI(�)FT-ICR mass spectra were obtained to evaluate the chem-

ical profile of the Ubá mango samples over the four maturation
stages (Fig. 2). The acquisition conditions of the ESI source were
maintained constant in all analyses. The dopant added in all anal-
yses was detected as a deuterated glucose dimer, [C12H10D14O12 –
H]� ion of m/z 373 (compound 7). Sucrose or its isomers were
detected in its deprotonated form and as chlorine adduct, [C12H22-
O11 + H]� and [C12H22O11 + Cl]� ions of m/z 341 (compound 4) and
377 (compound 8), respectively. Additionally, sucrose/glucose
dimers and trimers were also detected as [C18H33O17]�,
[C24H43O22]� and [C36H65O33]� ions of m/z 521 (compound 20),
683 (compound 25) and 1025 (compound 27), respectively.

Sucrose and fructose are the main carbohydrates detected in
mangoes. Studies have assessed changes in levels of these com-
pounds in mangoes from other cultivars, such as Van Dyke,
Tommy, Palmer and Hadem (Bernardes-Silva, Lajolo, &
Cordenunsi, 2003). In general, a higher signal/noise ratio and an
abundance of these signals are shown for mango samples at matu-
ration stages 3 and 4 (Fig. 2c–d). where the relative intensity of the
internal standard is reduced. Table 2S shows the chemical struc-
ture, molecular formulas, theoretical m/z values, mass errors, and
DBEs of chemical species detected in Fig. 2.

The presence of sucrose/glucose dimers and trimers during the
ionisation process using the ESI(�) source can be explained based
on cluster formation during electrospray ionisation (Nascimento
et al. 2015). To confirm this hypothesis, the ESI(�)FT-ICR mass
spectrum was acquired for a solution of sucrose standard at 20%
m/v, doped with 5 lL of deuterated glucose (Fig. 2S). The ions of
m/z 521, 683, and 1025 that correspond to clusters of glucose were
again produced, similar to the behaviour observed in Fig. 2.

In addition to sugars, two acid species were detected in the
deprotonated form: shikimic (m/z 173) and citric (m/z 191) acids,
detected with mass errors of 0.31 and 0.37 ppm, respectively,
and DBE = 3, Fig. 2 and Table 2S. Citric acid is the predominant acid
in mangoes (Hossain, Rana, Kimura, & Roslan, 2014), and shikimic
acid is a precursor in the synthesis of phenolic compounds
(Moreno, Benavides, Zevallos, & Velázquez, 2012).



Fig. 1. Physicochemical properties ((a) TSS, (b) TA, (c) pH, and (d) TSS/TA ratio) of the Ubá mango at various maturation stages.

Fig. 2. ESI(�)FT-ICR MS for the glycoside fraction of Ubá mango samples at various maturation stages ((a) 1, (b) 2, (c) 3 and (d) 4). Note that a higher abundance of sucrose, its
dimers and trimers are observed for mango samples at maturation stages 3 and 4. As consequence, a higher ionic suppression is observed for the internal standard ofm/z 373.
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To confirm the structures and the connectivity of the ions ofm/z
341, 377, 521, 683, and 1025, ESI(+)-MS/MS spectra were acquired
(Fig. 3Sa–e). Initially, the CID experiments for the ion of m/z 341
generates the fragment of m/z 179 ([C5H12O6]� ion), Fig. 3Sa. This
is due to a neutral loss of hexose. ESI(�)MS/MS for the ion of m/z
377 shows HCl (36 Da) elimination producing the fragment of m/
z 341 (Fig. 3Sb). Ions of m/z 521 and 683 (Fig. 3Sc and d) both pro-
duce the fragment of m/z 341 due to glucose (180 Da) and sucrose
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(342 Da) losses, respectively. Finally, the ESI(�)MS/MS for the ion
of m/z 1025 produces fragments of m/z 683 and 341 (Fig. 3Se).

It is important to monitor the sugar and organic acid contents to
ensure the sensory attributes in mangoes, specifically the flavour,
is a balance between the contents of sugars and organic acids
(Sivakumar, Jiang, Yahia, & Elhadi, 2011). Variations in the relative
abundance of sucrose and its cluster isomers as well as organic
(shikimic (m/z 173) and citric (m/z 191)) acids are graphically
shown in Fig. 3. Sucrose and its clusters were expressed as the ratio
of the sum of their absolute intensities (m/z 341, 377, 521, 683, and
1025) divided by the absolute intensity of the deuterated glucose
signal (m/z 373). Similarly, the relative intensity of organic acids
was expressed as the ratio of the sum of their absolute intensities
(m/z 173 and 191) to that of the internal standard (m/z 373).

Similar to the results displayed in Fig. 1 and Table 1S, an
increase in the sucrose content or its isomers was observed during
the development and ripening of the fruit until stage 3, and subse-
quently, a reduction in stage 4 (Fig. 3). The increased sucrose con-
centration can be explained by the conversion of starch into sugars
that occurs during fruit ripening (Nambi et al., 2015), and the
reduction of the sucrose content in stage 4 can be attributed to
the aging of the fruit, where sugar degradation occurs (Nambi
et al., 2015; Rivera et al., 2014). Stages 3 and 4 have higher sugar
levels than stages 1 and 2; this difference was considered statisti-
cally significant, as reported by Tukey’s test (Fig. 3). Therefore,
stages 3 and 4 are responsible for mango sweetness. On the other
hand, despite the fact that shikimic and citric acids are more abun-
dant in stages 1 and 2, their absolute values do not differ statisti-
cally during the maturity stages (Fig. 3). This could be explained
by either the small amount of detected acids or the small number
of replicates. In general, ESI(�)FT-ICR MS data predict, at a molec-
ular level, the results of physicochemical conventional assays, thus
diagnosing the chemical species responsible for the variations in
the TSS, TA, pH, and TSS/TA ratio of the Ubá mango.

3.2.2. Analysis of the phenolic fraction
ESI(�)FT-ICR mass spectra were acquired to evaluate the con-

tent of phenolic compounds of Ubá mango samples at the four
maturation stages (Fig. 4a–d). Eight phenolic compounds were
identified in their deprotonated form, [M-H]� ions: methyl gal-
late or gallic acid derivatives, [C8H7O5]� ions of m/z 183 (com-
pound 1), ellagic acid or its isomers, [C14H5O8]� ions of m/z
300 (compound 2), glucogallin or gallic acid derivatives,
[C13H15O10]� ions of m/z 331 (compound 3), methyl digallate
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Fig. 3. Relative intensity of sucrose and organic acids of Ubá mango at various matura
intensity values are significantly different.
ester, [C15H11O9]� ions of m/z 335 (compound 4), mangiferin,
[C19H17O11]� ions of m/z 421 (compound 5), digalloyl glucose,
[C20H19O14]� ions of m/z 483 (compound 6), trigalloyl glucose,
[C27H23O18]� ions of m/z 635 (compound 7),and tetragalloyl glu-
cose, [C34H27O22]� ions of m/z 787 (compound 8). In all cases, a
high mass accuracy was obtained with less than 2 ppm error
(Table 3S). It was also observed that with an increase in the
molar mass of phenolic compounds, the DBE values increase,
ranging from 5 to 21, corresponding to species containing 1–4
phenolic rings (Table 3S).

The chemical structure of phenolic compounds (Table 3S) are
confirmed from ESI(�)MS/MS experiments (Fig. 4S). In general,
for most ions, neutral losses of the galloyl fraction (152 Da) and
of gallic acid (170 Da) were observed, Fig. 4Sa, c–e. The fragmenta-
tion profile found for these polyphenolic compounds is associated
with gallotannins and benzophenone derivatives (Berardini, Carle,
& Schieber, 2004).

In this study, seven tannins and one xanthone were identified.
Ellagic acid is a common tannin in mangoes and has been identi-
fied in other cultivars of mangoes (Arogba, 2000; Pierson et al.,
2014). Ellagic acid has anti-inflammatory (Corbett et al., 2010),
gastroprotective (Beserra et al., 2011), cardioprotective (Warpe,
Mali, Arulmozhi, Bodhankar, & Mahadik, 2015), and antioxidant
activities (Priyadarsini, Khopde, Kumar, & Mohan, 2002).

Other tannins identified, e.g., methyl gallate, galloyl glucose,
methyl digallate ester, digalloyl glucose, trigalloyl glucose, and
tetragalloyl glucose, are also presented in other cultivars of man-
goes (Pierson et al., 2014). These tannins were described as having
antimicrobial (Arbos, Stevani, & Castanha, 2013), antibacterial
(Engels, Gänzle, & Schieber, 2012) and antifungal activities
(Bruneton, 2005). Mangiferin is a glycosylated xanthine found in
several varieties of mango. It is reported to have pharmacological
activity in various organs and tissues, protecting the heart, neu-
rons, liver, and kidneys and preventing or delaying the onset of dis-
eases (Morais et al., 2012).

The abundance of phenolic compounds detected by ESI(�)-FT-
ICR MS (Fig. 4) was compared to shikimic acid as function of mat-
uration stage (Fig. 5). The shikimic acid (m/z 173) detected in the
glycoside fraction of fruit (Fig. 2) is a phenolic compound precursor
(Ghosh, Chisti, & Banerjee, 2012). Fig. 5 shows a decrease in the
content of shikimic acid as a consequence of an increase in
the intensity of phenolic species over the course of maturation
(1? 4), confirming the conversion of shikimic acid into phenolic
compounds (Fig. 5).
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Fig. 4. ESI(�)FT-ICR MS for the phenolic fraction of Ubá mango samples at various maturation stages ((a) 1, (b) 2, (c) 3 and (d) 4). Note that a higher abundance of phenolic
species (m/z 183, 300, 331, 335, 421, 483, 635 e 787) are revealed for mango samples at maturation stages 3 and 4. As consequence, a higher ionic suppression is observed for
the internal standard of m/z 373.
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Fig. 5. Relative intensity of shikimic acid and of all phenolic compounds detected at various maturation stages of the Ubá mango. Different letters mean that the values are
significantly different with p < 0.05.
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The statistical analysis from Tukey’s test indicates that the
phenolic contents of stages 3 and 4 differ significantly from
each other as well as from stages 1 and 2 (Fig. 5). It is possible
to conclude that stages 1 and 2 are poor in phenolic com-
pounds. It was observed that as the mangoes developed and
ripened, the amount of these molecules increased in stage 3



0.000 0.001

1.079

0.127

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
M

et
hy

l g
al

la
te

 (1
83

)/ 
di

m
er

 o
f 

de
ut

er
at

ed
 g

lu
co

se
 (3

73
)

Stage of maturity

(a) Methyl Gallate

0.000 0.031

12.412

3.080

0.0

5.0

10.0

15.0

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
El

la
gi

c 
ac

id
(3

00
)/ 

di
m

er
 o

f 
de

ut
er

at
ed

 g
lu

co
se

 (3
73

)

Stage of maturity

(b) Ellagic Acid

0.011
0.007

0.053

0.008

0.00

0.02

0.04

0.06

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
G

al
lo

yl
 G

lu
co

se
(3

31
)/ 

di
m

er
 o

f 
de

ut
er

at
ed

 g
lu

co
se

 (3
73

)

Stage of maturity

(c) Glucogallin 

0.000 0.000

1.415

0.073
0.00

0.50

1.00

1.50

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
 

M
et

hy
l D

i-G
al

la
te

 E
st

er
(3

35
)/ 

di
m

er
 o

f d
eu

te
ra

te
d 

gl
uc

os
e 

(3
73

)

Stage of maturity

(d) Methyl Di-Gallate Ester

0.000 0.000

0.095

0.004
0.00

0.03

0.06

0.09

0.12

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
M

an
gi

fe
rin

 (4
21

)/ 
di

m
er

 o
f 

de
ut

er
at

ed
 g

lu
co

se
 (3

73
)

Stage of maturity

(e) Mangiferin

0.000 0.000

0.153

0.030

0.00

0.05

0.10

0.15

0.20

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
D

i-G
al

lo
yl

 G
lu

co
se

(4
83

)/ 
di

m
er

 o
f 

de
ut

er
at

ed
 g

lu
co

se
 (3

73
)

Stage of maturity

(f) Di-Galloyl Glucose

0.000 0.000

0.157

0.019

0.00

0.05

0.10

0.15

0.20

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
Te

tr
a 

-G
al

lo
yl

 G
lu

co
se

(7
87

)/ 
di

m
er

 o
f d

eu
te

ra
te

d 
gl

uc
os

e 
(3

73
)

Stage of maturity

(g) Tetra -Galloyl Glucose

0.000 0.000

0.254

0.042

0.00
0.03
0.06
0.09
0.12
0.15
0.18
0.21
0.24
0.27

1 2 3 4

R
el

at
iv

e 
in

te
ns

ity
 ra

te
Tr

i -
G

al
lo

yl
 G

lu
co

se
(6

35
)/ 

di
m

er
 

of
 d

eu
te

ra
te

d 
gl

uc
os

e 
(3

73
)

Stage of maturity

(h) Tri -Galloyl Glucose 

Fig. 6. Relative intensity of phenolic compounds at various maturation stages.
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and showed a subtle decrease in stage 4. These results were
similar to those of Palafox and colleagues (2012) for phenolic
compounds in Ataulfo mangoes. The total phenols quantification
corroborated the ESI(�)FT-ICR MS data (Table 4S), where stages
3 and 4 have higher values of phenolic compounds than stages
1 and 2.

The abundance of each phenolic compound by ESI(�)-FT-ICR
MS was also evaluated according to the maturation stage. The rel-
ative intensity of each compound was determined by the ratio of
its absolute intensity to the intensity of deuterated glucose (m/z
373, Fig. 6). In general, methyl gallate, ellagic acid, mangiferin,
digalloyl glucose, trigalloyl glucose, and tetragalloyl glucose have
abundance values that differ across the maturation stages. Methyl
gallate (Fig. 6a) had a more prominent relative intensity signal
(�1.1) in stage 3, and this differed statistically from stages 1 and
2, indicating higher concentrations of this compound at stage 3.
Similarly, ellagic acid (Fig. 6b) had a greater relative intensity sig-
nal at stage 3 (�12.4) and stage 4 (�3.08), statistically differing
from stages 1 and 2, indicating higher concentrations of the com-
pound in stages 3 and 4. Mangiferin, digalloyl glucose, tetragalloyl
glucose and trigalloyl glucose (Fig. 6e–h, respectively) had high rel-
ative intensity signals at stage 3 (�0.95, 0.15, 0.26, and 0.16,
respectively), and these values differed statistically from stages 1,
2, and 4, indicating higher concentrations of the compound at stage
3. Glucogallin and methyl ester digallate are unique in that their
relative intensity values did not differ statistically at different
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stages of maturation, (Fig. 6c and d), although they had higher val-
ues of abundance at stage 3 (�0.1 and 1.4, respectively).

3.2.3. Induction of quinone reductase activity
The total polyphenol concentration differed among the matura-

tion stages, Table 4S. The induction of quinone reductase in cell
cultures is known to be a fast and sensitive in vitro test for the anal-
ysis of the induction of the detoxification potential Phase 2 enzyme
(Kinghorn et al., 2004). Quinone reductase is responsible for the
detoxification of the quinone cycle, causing a reduction of hydro-
quinones, the applicant process in the initial phase of carcinogen-
esis (Kinghorn et al., 2004). Stage 1 had induction ratio higher than
2.0, with a CD of 2.37 ± 0.01 ng polyphenols/g of fresh fruit. The
IC50 was higher than 62.4 ng of polyphenols/g of fresh fruit, yield-
ing a CI higher than 26. Several compounds present in the Ubá
mango showed activity in the induction of quinone reductase,
including flavonoids (Kinghorn et al., 2004). It was also noted that
flavonoid glycosides induce quinone reductase in vivo, due to con-
version to the aglycone, a derivative with biological activity
(Carcache-Blanco et al., 2004).
4. Conclusions

The ultra-high resolution and mass accuracy spectrometry with
Fourier transform (FT-ICR MS) enabled validation of the results
obtained through physicochemical conventional tests, such as
TSS, TA, pH, and SST/TA ratio at the four maturation stages of the
Ubá mango. ESI(�)FT-ICR MS showed the variations in the contents
of organic acids, sugars, and phenolic compounds. Evaluating these
results, it was concluded that mangoes at stage 3 are rich in sugars
and have a higher content of phenolic compounds. In addition, the
polyphenols of the fruits of M. indica have the potential for cancer
chemoprevention; however, further assays need to be conducted.
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