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Abstract

The intrinsic characteristics of many tropical fruits cause high post-harvest losses and prevent their commercialization
as fresh fruits. Information about their composition is crucial for defining processing conditions and identifying
opportunities for product development. However, the analytical methods generally used to quantify sugars and organic
acids are costly and time-consuming. Simultaneous analysis by Liquid Chromatography-Electrospray lonization-Mass
Spectrometry (LC-ESI-MS/MS) is a very sensitive and reproducible technique, allowing for accurate simultaneous multi-
analyte quantitation in complex systems. Thus, a LC-ESI-MS/MS Multiple Reaction Monitoring (MRM) method was
developed using reverse phase column for detecting and quantifying sugars and some organic acids in only 4 min, in
selected fruits as following: araza (Psidium cattleianum L.), ciriguela (Spondias purpurea L.), mango (Mangifera indica L.),
guava (Psidium guajava L) and pitanga (Eugenia uniflora L.). All fruits had a similar concentration of glucose and
fructose, except for pitanga that presented higher values of both. The content of citric, malic and tartaric acids was
quantitated; some fruits stood out by their high content of organic acids, for instance, araza was rich in citric acid. The
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newly generated data on the composition of tropical fruits allowed establishing a correlation between the carbohydrate
content and the physical properties of the fruit pulps, assist in product development.

Keywords: Food analysis; Food composition; Tropical fruits; Ultra-performance liquid chromatography; Mass
spectrometry.

Resumo

As caracteristicas intrinsecas de muitas frutas tropicais causam grandes perdas pds-colheita e impedem sua
comercializacdo como frutas frescas. As informagdes sobre sua composi¢do sdo cruciais para definir as condi¢bes
de processamento e identificar oportunidades de desenvolvimento de produtos. No entanto, os métodos analiticos
geralmente usados para quantificar aglcares e acidos organicos sdo caros e demorados. A anélise simultanea por
Cromatografia Liquida-lonizagdo por Electrospray-Espectrometria de Massa (LC-ESI-MS/MS) é uma técnica muito
sensivel e reproduzivel, permitindo a quantificagdo simultdnea precisa em sistemas complexos. Assim,
desenvolvemos um método LC-ESI-MS/MS de monitoramento de reagdes multiplas (MRM) usando coluna de fase
reversa para detectar e quantificar aglcares e alguns acidos organicos em apenas quatro minutos, em frutas
selecionadas: araza (Psidium cattleianum), ceriguela (Spondias purpurea), manga (Mangifera indica), goiaba (Psidium
guajava) e pitanga (Eugenia uniflora L.). Todas as frutas apresentaram concentracdes semelhantes de glicose e
frutose, exceto a pitanga, que apresentou valores superiores. O conteldo de acidos citrico, mélico e tartéarico foi
quantificado; algumas frutas se destacaram pelo alto teor de acidos organicos. Os dados gerados sobre a
composicdo das frutas tropicais permitem estabelecer uma correlacdo entre o teor de carboidratos e as
propriedades fisicas das polpas das frutas, auxiliando no desenvolvimento de novos produtos.

Palavras-chave: Andlise de alimentos; Composicdo de alimentos; Frutas tropicais; Cromatografia liquida de
ultradesempenho; Espectrometria de massa.

1 Introduction

Tropical fruits often have unusual but attractive sensory attributes, even as they are an essential source of
vitamins in many developing countries (Mertz et al., 2009; Sereno et al., 2018; Tripathi et al., 2011) and their
production and commercialization play an important role in providing employment and strengthening the
economic prospects of tropical regions (Pingali & Rosegrant, 1995). The fruit flavor is mostly a balance
between the content of sugars and organic acids, responsible for the taste (Medlicott et al., 1990) as well as
aromatic volatiles, giving rise to the smell. The characterization of tropical fruits concerning the content of
such compounds is crucial for determining critical properties to evaluate the flavor acceptability
(Malundo et al., 1996, 2001) and to identify sensorial changes during maturation or processing, as well as
being able to define processing conditions for fruits (Elez et al., 2012).

One of the reasons for the limitation of this market is related to the perishability of these fruits, which
usually have thin shell, a thin cell wall, combined with high water content and abundance of mono and
disaccharides, and other low molecular weight compounds such as organic acids. As a result of the
perishability of these fruits, it is estimated that post-harvest losses in tropical regions reach 50% of
agricultural production (Parisi et al., 2012), equivalent to almost 22 million tonnes of food for the year 2013
in Brazil (Santos et al., 2014).

The processing of the fruits allows reducing the waste, increasing its utilization and adding value to the
production (Clerici & Carvalho-Silva 2011). Processing is of particular importance as it allows extending the
shelf life of the fruits, which is important, as prices of tropical fruits are highly affected by seasonality. In
addition, a better spread of their consumption throughout the year would strengthen the market for tropical
fruits.
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Tropical fruits are usually consumed in their natural form or as juices. Processes that are currently
employed in Brazil to produce jellies, dehydrated products and ice creams, must be improved before Brazil
can compete in the world market. Furthermore, the incentive for the application and development of science
and technology to improve processing can positively impact the domestic market, improving the quality of
products (Clerici & Carvalho-Silva, 2011). Many of the tropical and exotic fruits are well characterized in
the literature on the centesimal composition as well as on the content of bioactive and volatile compounds
(Devalaraja et al., 2011; Damiani et al., 2017; Lopes & Silva, 2018; Mozarina et al., 2011; Bicas et al., 2011;
Dembitsky et al., 2011; Valente et al., 2011; Oliveira et al., 2012; Silvaetal., 2012), evidencing their
functional and nutritive properties. However, quantitative information on fruit composition, in particular,
their content of carbohydrates and organic acids, is crucial for defining processing conditions and identifying
product development opportunities.

Despite the importance of the chemical characterization of the fruits (especially regarding sugar and
organic acid contents) due to the role of colligative properties in food systems during processing, and the
behavior of liquid-solid phase transition in foods rich in low molecular weight compounds, there is no simple,
selective and high-throughput analytical method described in the literature for the quantitation of sugars and
organic acids. Thus, the simultaneous quantitation of those compounds in complex matrices such as foods
becomes a challenge.

The Gas Chromatography-Mass Spectrometry (GC-MS) relies on sample derivatization due to the low
volatility of the sugars and organic acids, which usually increases sample preparation time and can reduce
the precision and accuracy of the method. On the other hand, the Liquid Chromatography (LC) analysis
usually does not require sample derivatization; however, conventional methods are also time-consuming, and
are sometimes not selective and sensitive enough.

The typical analytical separation method for the quantitation of organic compounds present in foods is by
High Performance Liquid Chromatography (HPLC). However, recent developments in liquid
chromatography systems, in particular related to the small size of the particles packed in the column, have
given rise to what is known as Ultra-Performance Liquid Chromatography (UPLC). The UPLC allows for
the highest resolution, the greatest achievable sensitivity in addition to a reduction in analysis time and
savings in solvent consumption (Saidanietal., 2017; Novakova et al., 2006). Given the absence of
chromophores for sugars and organic acids, Refractive Index (RI) (Duarte-Delgado et al., 2016; Zaky et al.,
2017) and Evaporative Light Scattering (ELS) detectors have been used. Furthermore, Eyéghé-Bickong et al.
(2012) reported the use of a HPLC system equipped with a Diode Array Detector (DAD) coupled to a RI
detector to simultaneously separate and analyze organic acids and sugars. Organic acids were detected with
the DAD at 210 nm, while sugars were detected with the RI. However, DAD detectors present a lack of
specificity, and the RI detectors present poor sensitivity and no gradient elution can be used with them, which
makes it difficult to analyze sugars and organic acids in complex matrices. Furthermore, despite their overall
better sensitivity, ELS detectors also have disadvantages, such as a non-linear response, low reproducibility
and moderately low sensitivity to low molecular weight components. Additionally, RI and ELS detectors are
also non-specific, which makes it difficult to analyze complex matrices such as fruits. More recently, the use
of mass spectrometry in tandem (MS/MS), an extremely sensitive and specific analytical technique capable
of providing structural information and quantitative analytical data has been applied for the quantitation of
sugars and organic acids in fruits and fruit products (Oliveira et al., 2016).

In relation to the chromatographic separation of polar compounds, column selection is also a critical
aspect. lon exchange and ion-pairing retention are not compatible with MS detection. Hydrophilic Interaction
Liquid Chromatographic (HILIC) columns have been successfully used in the chromatographic separation.
However, they may present sample and mobile phase solubility problems and long re-equilibration times.
Furthermore, the use of conventional reverse phase columns with hydrophobic (non-polar) stationary phase
to retain polar analytes is a challenge, since they are poorly retained.
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The aim of this study was to develop an UPLC-ESI-MS/MS method for the simultaneous quantitation of
sugar and organic acids in complex systems, such as tropical fruits, in order to reduce the analysis time and
to give a more accurate and reliable analytical result. The method was applied to quantify sugars (glucose,
fructose and sucrose) and organic acids (citric acid, malic acid and tartaric acid) in selected tropical fruits.
To the best of our knowledge, our study is the first that reports on the use of UPLC with reverse phase
hydrophobic stationary phase column intended to retain and separate polar organic compounds, for the
quantitation of sugars and organic acids in tropical fruits.

2 Materials and methods

2.1 Raw material

The fresh fruits were obtained from native trees in Campinas, in the state of Sdo Paulo, Brazil, with
exception of mango (var. Keitt) and guava (var. Pedro Sato) that were purchased at the central market in
Campinas from October 2016 to May 2017. Ciriguela (Spondias purpurea L.) (Figure 1B) and mango
(Mangifera indica L.) (Figure 1D) from Anacardiaceae family and araza (Psidium cattleianum L.)
(Figure 1A), guava (Psidium guajava L.) (Figure 1D) and pitanga (Eugenia uniflora L.) (Figure 1C) from
Myrtaceae family were chosen based on an analysis of commercial production as well as lack of information
in the literature about their composition and physical properties.
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Figure 1. Tropical Fruits: (A) Araza; (B) Ciriguela; (C) Pitanga; (D) Mango; (E) Guava. Bars represent 1 cm.

2.2 Fruit pulp processing

The fruits were visually inspected regarding the absence of lesions, color, and an adequate state of ripeness
for consumption. Immediately after they were collected, the samples were washed by immersion in sodium
hypochlorite solution (10 mg/L) and then rinsed in potable water. The weight of fruit that was used to prepare
the pulp was 20, 15, 5, 10 and 10 kg for araza, ciriguela, pitanga, mango and guava, respectively. This amount
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of pulp represent a n of approximately 25 fruits for mango and guava, and n of approximately 100 fruits for
araza, ciriguela and pitanga. The pulp was obtained through the use of sieves, separating the pulp from the
skin. No water was added. The pulp was packed in glass trays equipped with a lid (10 cm diameter), with a
fill height of approximately 5 mm. Samples were immediately frozen and stored at - 18 °C until they could
be lyophilized.

2.3 Freeze drying

The trays containing the frozen pulp were transferred to the drying chamber of a lyophilizer (LH 2000TT,
Terroni, Brazil). The samples were freeze-dried for 48 h at -48 °C at a pressure of 1.33 Pa. The dried material
was ground and kept at room temperature in desiccators containing silica gel. The moisture content of the
powder was determined after freeze-drying in an oven at 100 °C and was expressed on wet basis. The original

color was largely retained after freeze-drying (Figure 2).

Figure 2. Freeze-dried tropical fruits: (A) Araza; (B) Ciriguela; (C) Pitanga; (D) Mango; (E) Guava. The colors of the
freeze-dried samples are visually close to the original fruits.

2.4 Analytical standards and solvents

Tartaric, citric and malic acids were selected as standards for the quantitative analysis of the organic acids.
This selection was based on a previous revision from the literature indicating that they are present in most
fruits. The carbohydrate standards used were d(+)sucrose, d(+)glucose, d(—)fructose. All standards had purity
higher than 98% and were obtained from Labsynth (Diadema, SP, Brazil). Acetonitrile and formic acid (FA)
HPLC grade were purchased from Merck (Hohenbrunn, Germany). All other solvents were purchased from
Fisher Scientific (Hampton, New Hampshire, USA) and were of the highest purity available. Ultra-pure
deionized water was obtained using a Milli-Q water purifier system, Simplicity model (Millipore, Bedford,
MA, USA).

2.5 Stock standard solutions, analytical curves and sample preparation

Stock solutions of each analytical standard was prepared in ultrapure deionized water at a concentration
of 1000 mg/L. A 6-point (0.2, 0.5, 1.0, 2.0, 5.0 and 10.0 mg/L) analytical curve of each standard was prepared
by diluting the stock solution with ultrapure deionized water. Freeze-dried tropical fruits samples were also
properly diluted with ultrapure deionized water in order the concentration of the target analyzed compounds
(sugars and organic acids) was within the range of their respective analytical curve. The diluted samples
(dilution factor ranged between 10-400 times) were subjected to an ultrasonic bath for 10 min and centrifuged
for 5 min at 10,000 x g before injection into the UHPLC-ESI-MS/MS system.
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2.6 Instrumental and analytical conditions

The analysis were carried out using an UPLC system (Waters Xevo [-Class, Milford, USA) coupled to a
tandem mass spectrometry detector (Waters Xevo TQD, Milford, USA) equipped with an ESI operated in
negative mode (UPLC-ESI-MS/MS). Separation was carried out using an ACQUITY UPLC® HSS T3
column (100A, 1.8 um, 2.1 mm x 100 mm, Waters, Milford, USA) at a flow rate of 0.6 mL/min. The mobile
phase was composed of solvent A (0.1% formic acid in water) and solvent B (0.1% formic acid in
acetonitrile). The linear gradient was from 0 to 90% of solvent B over 4 min and the column oven was kept
at 35 °C. The instrument control and data processing were performed by MassLynx software (Waters Co.)
version 4.1. Samples were analyzed in Multiple Reaction Monitoring (MRM) mode, in which the precursor
ion is specified for MS/MS fragmentation and then monitored for a fragment ion (Table 1). For the MS
operating conditions, the following parameters were set: capillary voltage 0.5 kV, source temperature at
150 °C, desolvation temperature at 350 °C, cone gas flow 20 L/h and desolvation gas flow 900 L/h. All
sample solutions were prepared and analyzed in triplicate.

Table 1. Multiple Reaction Monitoring (MRM) transitions' used in the sugar and organic acid assignments.

Compound MRM transitions Cone Voltage (V) Collision Energy (V)
o ) 190.9 > 86.9 18
Citric Acid 25
190.9>110.9 12
133.0>70.9 15
Malic Acid 25
133.0 > 115 10
. . 148.9>72.9 15
Tartaric Acid 25
148.9 > 86.9 15
179.0 > 58.9 20
Fructose 15
179.0 > 88.9 10
179.0 > 58.9 18
Glucose 15
179.0 > 88.9 8
341.1 > 88.9 25
Sucrose 30
341.1>179.0 15

!Quantitation transitions are shown in bold numbers.

Sugars and organic acids in the samples were identified by comparison of their UPLC-ESI-MS/MS
dissociation patterns and retention time with those of the standards. The analytes were quantitated in the
diluted samples by comparison with the analytical curve constructed for each standard.

2.7 Method validation

The validation of the analytical method was performed following the recommendations of the guide for
the validation of analytical methods provided by Agéncia Nacional de Vigildncia Sanitdria (ANVISA)
(Brasil, 2017). The following validation parameters of the method were determined as following: linearity
and linear range, sensitivity, selectivity (assessed by the sample dilution approach), precision (intra-day and
inter-day assays), accuracy and Limit of Quantitation (LoQ). The linearity, linear range, sensitivity and LoQ
were established through the analytical curve obtained by triplicate analysis of the target analytes (sugars and
organic acids) in solvent.

Braz. J. Food Technol., Campinas, v. 24, €2020169, 2021 | https://doi.org/10.1590/1981-6723.16920 6/14



Development and application of a liquid chromatography-mass spectrometry method for the determination of sugars and organics
acids in araza, ceriguela, guava, mango and pitanga

Cardoso, P. C. et al.

3 Results and discussion

Aiming at reducing sample analysis time (including both sample preparation and chromatographic
analysis), an analytical method based on UPLC-ESI-MS/MS was developed. By using columns packed with
sub-2 um particles, the method is expected to be both faster and more sensitive, as analytes are concentrated
on a narrower chromatographic band.

The sample preparation (extraction of the analytes and cleanup of the extract) reported in this study can
be considered a high-throughput step, as it consists only in the extraction of the analytes with water, dilution
and centrifugation of the extracts before injection in the UPLC-ESI-MS/MS system. Besides, coupling UPLC
with tandem quadrupole mass spectrometry (UPLC-ESI-MS/MS) further improves the selectivity that is
needed to analyze specific molecules in complex matrices such as fruit pulps in shorter times.

Due to their highly polar character, conventional reversed-phase LC columns are not appropriate for sugars
and organic acids, as usually not retention is observed whatsoever. This implies the use of Hydrophilic
Interaction Liquid Chromatography (HILIC), an HPLC technique to separate compounds from these classes of
polar molecules. However, HILIC columns tend to take a longer time for re-equilibration after being subjected
to chromatographic gradients, which results in either longer analysis times or in lack of reproducibility. In an
attempt to unite the advantages of reversed-phase chromatography (i.e. quicker re-equilibration times) with that
of HILIC (retention of very polar organic compounds), the proposed method was developed using an Acquity
HSS T3 column. This column consists of a reverse phase C18 column, with an end-capping that allows the
retention of very polar compounds. A typical chromatogram of sugars and organic acids is shown in Figure 3,
from which it can be observed that the proposed method provides a short time of analysis.

A Citric acid B Malic acid
100% |

50%

1--2 1‘0' -16-‘0 180 L e — |
c p 08 08 09 0.35

Tartaric acid Fructose
100% 100% |
) l N
ol . A
E 0.60 0.6 0.68 u}p_ 0,55 060 065 070
100% Glucose 100% - Sucrose
50% ‘ 50% | ‘
nd e k n i mh
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Counts (%) vs. Acquisition Time (min)

Figure 3. Chromatograms obtained for araza: (A) Citric Acid; (B) Malic Acid; (C) Tartaric Acid; (D) Fructose;
(E) Glucose; (F) Sucrose.
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It should be noted that for the validation of the method in the present study there is no blank matrix (matrix
free of target analytes), that can be used in the evaluation of selectivity by conventional procedures. However,
Brasil (2017) establishes that the use of alternative approaches for the validation of analytical methods
applied to biological products will be admitted and that the use of a method with technical limitations to
determine selectivity is accepted through technical justification. In this regard, Bernardi et al., (2016);
Yang et al., 2015) demonstrated that the sample dilution (dilution factor 15 to 100) before injection into the
LC-ESI MS/MS system is an easy and effective method to improve the selectivity of the method and to
reduce or eliminate the matrix effect (effect on the analytical response induced by interfering compounds
present in the matrix) (Bernardi et al., 2016). Thus, in this study, selectivity and elimination of the possible
matrix effect was assessed by the dilution approach, since depending on the matrix and the analyte the
samples were diluted (ranged between 10 to 400 times) to get in the linear range of the analytical curves. In
addition, matrix-matched analytical curves were constructed using the freeze-dried material of each fruit.
These curves were compared with analytical curves in solvent to assess the matrix effect by comparing the
sensitivity of both analytical curves. No matrix effect was observed corroborating the dilution approach
consequent to the high dilution factor performed with the freeze-dried material of each fruit. Thus, the
quantitation of the target analytes was made by external calibration curves.

To evaluate the linearity, analytical curves were constructed with 6 levels of concentration (between 0.2
and 10.0 mg/L) in triplicate. The calibration was performed by linear regression of the peak-area of the
analyte versus the concentration of the analyte. Linearity and sensitivity were expressed as the linear
correlation coefficient (+°) and the slope of the analytical curve, respectively. All sugars and organic acids
showed 77 values above 0.986, demonstrating a strong correlation between the target analytes concentration
level and the analytical response. The analytical responses were evaluated according to the Grubbs test
(p = 0.05) to verify outlier values, and Cochran test (p = 0.05) to check the homoscedasticity of the values.
For all analytes, homogeneous variances were verified. Range and equation of the analytical curves, and
linearity are shown in Table 2.

Table 2. Range and equation of the analytical curves, and linearity expressed by the coefficient of determination (+?).

Compounds Range (mg/L) Equation of the analytical curve Linearity (%)
Citric Acid 0.2-10 y=1701.68 x —304.761 0.986
Malic Acid 0.2-10 y =1650.2 x — 8.0007 0.989

Tartaric Acid 0.2-10 y=411.756 — 46.6786 0.995

Fructose 0.2-10 y =233.149 x +12.1227 0.994
Glucose 0.2-10 y=273.365x +11.0267 0.992
Sucrose 0.2-10 y =240.847 x +23.2101 0.986

The intra-day precision of the method, expressed as the Relative Standard Deviation (RSD) of peak area
measurements (n = 6), was evaluated by adding known quantities of the target analytical standards to the
fruit extracts before dilution. The results were obtained with the method operating over one day under the
same conditions, using the fruit extracts spiked with the standards of the target compounds at concentration
levels of 0.5; 2.0 and 10 mg/L. The inter-day precision was determined under the same conditions as the
intra-day precision; however, the analyzes were performed for 3 consecutive days. According to ANVISA,
the RSD value obtained was lower than 15% (Table 3).

The accuracy of the method was determined under the same conditions as intra-day precision and the
results expressed as a percent of recovery. Brasil (2017) recommends a recovery in the range of 80-110% of
the target concentration (Table 3). The LoQ was established through the analytical curves in solvent, and was
considered to be the first point of the analytical. All of them showed a signal-to-noise ratio above 10 and an
RSD lower than 20% (Table 3).
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Table 3. Precision' (intra-day and inter-day), accuracy' and limit of quantitation (LoQ) of the UPLC ESI-MS/MS
analytical method for quantitation of sugars and organic acids in selected tropical fruits.

Compounds Range of precision (CV%)? Range of accuracy % LoQ (mg/g fruits)
Citric Acid 1.20-5.28 -12.60-14.00
Malic Acid 1.29-9.23 -9.67-11.87
Tartaric Acid 0.59-10.19 -14.33-13.33
Fructose 2.37-14.67 -13.67-8.00 002
Glucose 2.34-13.18 -8.00-8.00
Sucrose 2.82-13.67 -11.00-13.98

'Range of precision (intra-day and inter-day) and accuracy data are related to analytical curve concentration levels of 0.5; 2.0 and 10 mg/L;
CV = coefficient of variation.

From the results obtained (Table 4), we could distinguish three groups of fruits in relation to their total
sugar content. Araza and pitanga showed the lowest total sugar content (~30 mg/g), ciriguela and guava had
an intermediary value (~50 mg/g) and mango (87 mg/g) had the highest total sugar content. In line with the
low total sugar content, araza and pitanga also showed very low sucrose levels (1.05 mg/g), and mango was
maintained in the upper range, with 64.54 mg/g. The high sugar content of mangoes can be understood as
they, like bananas, contain a high amount of starch in the unripe stage. During ripening, starch is then
hydrolyzed into simple sugars (Medlicott et al., 1988; Selvaraj et al., 1989), which, in turn, is in part
converted into sucrose. In relative terms, guava showed a similar behavior as araza, with a sucrose content
of about 3-5% of the total sugar. However, besides not being high the level of starch in pitanga, the fruit
presented 12.38 mg/g of sucrose, which represents 24.22% of its total sugar content.

Table 4. Sugar content of selected tropical fruits.

Fruit Sugar content (mg/g)
Sucrose Glucose Fructose Total Sugars
Araza 1.05 14.49 14.34 29.88
Ciriguela 12.38 19.56 19.16 51.10
Guava 2.79 27.09 27.09 56.97
Pitanga NA 28.00 3.60 31.60
Mango 64.54 9.96 9.96 84.46

While the individual sugar profiles depend on the cultivar, stage of ripeness, postharvest treatment and
storage conditions (United States Department of Agriculture, 2018), we could conclude that the values found
in this work are generally consistent with the literature (Damiani et al., 2017; El Bulk et al., 1997; Koziot &
Macia, 1998; Lopes et al., 2005; Medlicott et al., 1988; United States Department of Agriculture, 2018;
Rojas-Garbanzo et al., 2017; Wilson et al., 1982).

The guava that has been analyzed presented 56.97 mg/g of total sugar. Values for unspecified species of
guava of 89.2 mg/g of total sugar were also reported (United States Department of Agriculture, 2018; Rojas-
Garbanzo et al., 2017). In addition, fructose was found to be the predominant sugar in ripe guava, followed
by glucose and sucrose. It has been reported (Maldonado-Celisetal., 2019; El Bulketal., 1997;
Medlicott et al., 1988; Wilson et al., 1982) that, for ‘Keitt’ mangoes, sucrose contributes 57% of the total
sugar content followed by the reducing sugars fructose (28%) and glucose (15%). We analyzed the same
mango variety, but for our sample the sucrose level made up 76.4% of total sugar, and fructose and glucose
totaled only 23.6% in almost equal parts.

On the other hand, the very rare references available on the composition of ciriguela showed important
differences between the ratio of sugars. Some authors reported higher amounts of sucrose than glucose and
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fructose than we detected (about three times more: 2% glucose, 2.53% fructose and 6.59% sucrose) (Koziot
& Macia, 1998). In our study, the concentration of soluble sugars in ciriguela corresponded to 51.10 mg/g of
which approximately 24% was sucrose, 38% fructose and 37% glucose.

The balance between glucose and fructose was similar for all fruits, with the exception of pitanga that
showed higher values for glucose (~28 mg/g) than for fructose (3.60 mg/g). No sucrose was detected in
pitanga and its total sugar content (31.60 mg/g) was inferior to the values reported in the literature (around
115 mg/g) (Franzon et al., 2018; Lopes et al., 2005; Santos et al., 2002). The total sugar content for araza
(29.88 mg/g) was also much lower than reported in the literature, 167 mg/g (Damiani et al., 2017).

Many fruits are characterized by the total acidity, which is linked to the content of the organic acids. Araza
presented a high acidity, in line with its characteristic acidic flavor. The literature provided some data on the
acidity of the fruits, which we could rank from the lowest to the highest acidic content: araza (0.52%)
(Damiani et al., 2017), ciriguela (0.73%) (Koziot & Macia 1998) and pitanga (1.24%) (Lopes et al., 2005).
For our analyses, we looked at several individual organic acids, namely citric, malic and tartaric acid. These
were chosen because they are most commonly present in fruits. The first analysis of our results revealed that
some fruits stood out by their high content of organic acids: araza was the richest in citric acid (6.7 mg/g)
and pitanga in malic acid (21.6 mg/g).

An interesting difference between our results and literature data was observed for araza (Herndndez et al.,
2007; Lopes & Silva, 2018). Whereas for our samples, citric acid is determined to be the main organic acid
and only a low content of malic acid was found, Hernandez et al. (2007) determined malic acid to be the
dominant organic acid and only a low amount of citric acid was detected. This is an important observation
that could be related to differences in araza variety or to differences in ripeness (Hernandez et al., 2007). As
no further studies on the organic acid composition of araza are available, further studies would need to be
carried out.

The predominant acids in Keitt mango were citric acid (1.59 mg/g) and malic acid (0.34 mg/g),
corroborating the studies done by Medlicott et al. (1990). However, contrary to their results, tartaric acid was
not detected in our study. Ciriguela showed malic acid as the predominant organic acid, followed by citric
and tartaric acids. While the ranking of these organic acids is in accordance with the results reported by
Koziot & Macia (1998), the amounts we detected were lower (Table 5). We determined 0.54 mg/g, 0.08 mg/g
and 0.03 mg/g for malic, citric and tartaric acids, which should be compared to 1.10 mg/g, 0.3 mg/g and
0.2 mg/g, respectively, reported by Koziot & Macia (1998).

Finally, guava showed citric acid as the major organic acid, followed by malic and tartaric acids (Table 5).

Table 5. Organic acid quantitation for selected tropical fruits.

Organic acid content (mg/g)

Fruit

Citric acid Malic acid Tartaric acid Total organic acids
Ciriguela 0.08 0.54 0.03 0.65
Mango 1.59 0.34 0.00 1.94
Guava 1.59 1.20 0.03 2.82
Araza 6.57 0.38 0.01 6.96
Pitanga 6.70 21.60 0.11 28.41

4 Conclusions

We have developed and validated an UPLC-ESI-MS/MS multiple reaction monitoring (MRM) method
for the simultaneous determination of sugars and organic acids in tropical fruits, and have successfully
applied this method to quantify the saccharides glucose, fructose and sucrose and the organic acids, citric
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acid, malic acid and tartaric acid in selected tropical fruits. The method showed good linearity and selectivity,
in addition to satisfactory recovery, precision and limit of quantitation. Hence, it permitted a short period of
sample preparation and a reduced chromatographic analysis time by using a silica-based bonded phase
chromatography column. The tropical fruits were selected on basis of their potential importance for Brazilian
regional development. The newly generated data on the composition of tropical fruits will be used to establish
a correlation between carbohydrate and organic acids content and the physical properties of the fruit pulps,
assisting in a rapid response to product and process development.
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