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A B S T R A C T

Jambolan [Syzygium cumini (L.)] berries are a popular fruit in Brazil, renowned for their high phenolic compound
(PC) content. These PCs have antioxidant, antibacterial, and other characteristics that may be beneficial to
human health. The objective of the study was to evaluate the quantitative and qualitative changes of the main
phenolic compounds (PCs) (anthocyanins, flavonols, and hydrolysable tannins) in the jambolan fruit, the pro-
duced fruit juice, and in the corresponding dehydrated powders obtained by foam mat drying (60, 70, and 80 °C)
and lyophilization (control). The PCs were analyzed using high-performance liquid chromatography with a
diode array detection coupled with an electrospray ionization mass spectrometry (HPLC-DAD-ESI-MSn). Juice
production resulted in a more pronounced degradation of anthocyanins than flavonols, and facilitated the ex-
traction of hydrolysable tannins. Elevation of the dehydration temperature negatively impacted the anthocyanin
content of the products; on the other hand, the flavonols and hydrolysable tannins were more sensitive to
oxidation and heating time during dehydration, respectively, than dehydration temperature. In summary, it can
be concluded that processing at 70 °C is most suitable, in light of the least loss of nutritional quality of the
product with processing time. This study directly informs further investigations into preparation of high-quality
jambolan fruit products.

Chemical compounds

Delphinidin 3,5-diglucoside (PubChem CID: 10100906)
Petunidin 3,5-diglucoside (PubChem CID: 10151874)
Malvidin 3,5-diglucoside (PubChem CID: 44256978)
Myricetin 3-glucoside (PubChem CID: 44259426)
Myricetin 3-rhamnoside (PubChem CID: 5281673)
Laricitrin 3-glucoside (PubChem CID: 44259475)
Syringetin 3-glucoside (PubChem CID: 44259492)
Gallic acid (PubChem CID: 370)
Ellagic acid (PubChem CID: 5281855)

Valoneic acid dilactone (PubChem CID: 10151874)

1. Introduction

Jambolan [Syzygium cumini (L.)] is a plant belonging to Myrtaceae
family, originate in tropical Asia that covers 121 genuses and 3800 to
5800 species, and being widespread in all tropical and subtropical re-
gions of the World. In Brazil, jabuticaba (Myrciaria cauliflora (Mart.) O.
Berg) (Seraglio et al., 2017), cambuci (Campomanesia phaea (O. Berg.)
Landrum), cagaita (Eugenia dysenterica DC), camu-camu (Myrciaria
dubia Mc. Vaugh) (Balisteiro, de Araujo, Giacaglia, & Genovese, 2017)
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and pitanga (Eugenia uniflora) (Costa, Garcia-Diaz, Jimenez, & Silva,
2013) stand out among Myrtaceae. It bears fruit in the form of berries,
1.5 to 3.5 cm long. These berries are covered by a thin dark purple skin,
have a colorless fleshy pulp, and a single seed (Singh et al., 2016). The
fruit is edible and has a sweet but sharp taste (Jebitta & Allwin, 2016).
The intense color of the skin is associated with a high anthocyanin
content (Tavares et al., 2016), which is higher than that of other well-
known Brazilian fruits, such as jaboticaba, camu-camu, and pitanga; its
phenolic compound (PC) content is higher than in açaí (Costa et al.,
2013).

Recent studies have highlighted the complex composition of PCs in
jambolan; these include anthocyanins, flavonols, and hydrolysable and
condensed tannins (Santhalakshmy, Don Bosco, Francis, & Sabeena,
2015; Tavares et al., 2016). According to Tavares et al. 2016, around 74
individual phenolic compounds, including 9 anthocyanins (mainly
based on delphinidin, petunidin and malvidin), 9 flavonols (myricetin,
laricitrin and syringetin glycosides), 19 flavanonols (dihexosides of
dihydromyricetin and its methylated derivatives), 8 flavan-3-ol mono-
mers (mainly gallocatechin), 13 gallotannins and 13 ellagitannins, to-
gether with some proanthocyanidins (highly galloylated prodelphini-
dins) and free gallic and ellagic acids were detected in the edible parts
of jambolan. It has been suggested that these compounds possess var-
ious functional characteristics, i.e., antioxidant, antimutagenic, anti-
microbial, antiglycemic, anticarcinogenic, and antiviral activities
(Costa et al., 2013).

Given the possible health benefits associated with its PCs, jambolan
has attracted considerable attention from the scientific community and
industrialized food producers, as a potential raw material for the de-
velopment of a variety of products. In the United States and European
countries, jambolan is considered a delicacy, and is marketed in a de-
hydrated, seed-less form (Singh et al., 2016). It is also used for the
preparation of pulp (Branco et al., 2016; Sheikh, Shahnawaz, Nizamani,
Bhanger, & Ahmed, 2011), wine (Nuengchamnong & Ingkaninan,
2009), jelly (Lago-Vanzela, Santos, Lima, Gomes, & da Silva, 2011), and
bread or “chapatti” (Kapoor, Ranote, & Sharma, 2015). Due to the
seasonality and perishability of the fruit, various studies assessed the
drying of jambolan fruit using different techniques, such as lyophili-
zation (Sheikh et al., 2011), spray-drying (Santhalakshmy et al., 2015),
warm air drying with a forced convection drier (Kapoor et al., 2015)
and a spouted bed drier (Mussi, Guimarães, Ferreira, & Pereira, 2015;
Sheikh et al., 2011).

Another promising technique for obtaining dehydrated fruit pro-
ducts aimed at retaining the bioactive compounds is foam mat drying
(FMD). This technique involves mixing a pulp or juice of fruits and
vegetables with stabilizing agent and/or foaming agent to produce
stable foam spread on a tray, which undergoes air drying temperatures
ranging from 50 to 80 °C, and then the dried product is further ground
to produce a powdered product (Abbasi & Azizpour, 2016). Compared
with more expensive techniques, such as spray-drying and freeze-
drying, foam mat drying has the advantages of simplicity and low cost.
In this technique, the drying rates during foam mat drying are quicker
than during conventional drying with heated air circulation because of
the greater exposed surface area; this contributes to reduce energy
consumption and raises the quality of the product, which becomes more
porous and with better rehydration capacity (Abbasi & Azizpour, 2016).
However, the use of FMD poses a few disadvantages due to the surface
area that is high due to incorporation of air to produce foam, which
may require a larger surface area of drying. Moreover, because different
countries take different approaches to ensuring food safety and health,
the use of additives as foaming agents must to obey legislative aspects
of the country or continent before to be used in this technology, i.e.,
each additive is assigned a unique number, termed as “E numbers”,
which is used in Europe for all approved additives, similarly in the USA,
the Food and Drug Administration (FDA) list these allowed items as
“generally recognized as safe” (GRAS), and in Brazil, the allowed ad-
ditives are listed by the Brazil National Health Surveillance Agency

(ANVISA).
Despite the documented advantages of this technique, to the best of

our knowledge, no studies on its employment for the production of
jambolan powder have been published.

The objective of this study was to evaluate the quantitative and
qualitative changes of jambolan fruit PCs (anthocyanins, flavonols, and
hydrolysable tannins) in jambolan juice and in dehydrated products
generated by foam mat drying at different temperatures (60, 70, and
80 °C), in comparison with lyophilization products (a control). The
analysis was performed by high-performance liquid chromatography
with a diode array detection coupled with an electrospray ionization
mass spectrometry (HPLC-DAD-ESI-MSn). The total content of PCs
(TPC) and antioxidant activity (AA) of the products were also eval-
uated.

2. Materials and methods

2.1. Chemicals

All solvents were of chromatographic grade (> 99%); all chemical
standards were of analytical grade (> 95%); ultrapure water (Milli-Q
system) was used. Chemical standards malvidin (mv) 3-glucoside
(3glc), mv 3,5-diglucoside (35diglc), peonidin (pn) 35diglc and quer-
cetin (Q) 3-glucuronide were from Phytolab (Vestenbergsgreuth,
Germany). The other chemical standards, cyanidin (cy) 3-glucoside, cy
35diglc, Q, kaempferol (K), isorhamnetin (I), myricetin (M), syringetin
(S); the 3-glucosides of Q, K, I, and S; 3-galactosides of Q, K, and I; and
ellagic and gallic acids, were from Extrasynthese (Genay, France). The
commercially unavailable standard laricitrin (L) 3-glucoside was pre-
viously isolated from Petit Verdot grape skins (Castillo-Muñoz et al.,
2009).

2.2. Jambolan fruit samples

Mature, healthy jambolan fruit [S. cumini (L.), vintage of 2014] was
harvested in the city of São José do Rio Preto (São Paulo, Brazil), lo-
cated at 20° 47′ 08″ S and 49° 21′ 36″ E, and 544 m above sea level
(refer to WGS84 datum) (World Geodetic System, 1984). The species
was identified by Dr. Regina Sampaio and a voucher specimen (number
32.214) was deposited in the herbarium SJRP in the IBILCE/UNESP,
São José do Rio Preto. The pulp, skins and seeds yields of the fruit were
determined and the results were expressed as a percentage (w/w). The
physicochemical characteristics (moisture, pH, titratable acidity (TA),
total soluble solids (TSS) and TSS/TA ratio) of the fruit were de-
termined according to Association of Official Analytical Chemists
(AOAC, 2005) in triplicate. The results were expressed in averages ±
standard deviations.

2.3. Preparation of dehydrated jambolan products

All experiments were performed in triplicate. Fresh fruits (2 kg),
hygienized and sanitized with chlorinated water, were used to prepare
the juice by steam extraction in a stainless steel steamer pan (Suga
Sucos, Bento Gonçalvez, Rio Grande do Sul, Brazil) at an average
temperature of 85 °C, for 2.5 h. Immediately after extraction, the juice
was packed in sterilized glass bottles with plastic screw lids. The bottled
juice was cooled and stored (± 10 °C) until use, to ensure their quality
in terms of microbial stability.

The percentage of juice yield (% w/w) was calculated as the dif-
ference between the initial mass of the fruit and the weight of the pellet
after extraction of the juice divided by the initial mass of the fruit. The
physicochemical characteristics (moisture, pH, TA, TSS and TSS/TA
ratio) of the juice were determined according to AOAC (2005) in tri-
plicate. The results were expressed in averages ± standard deviations.

To dehydrate the jambolan juice using the foam mat drying tech-
nique, the foams were first obtained as described by Tavares et al.
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(2015) using 200 g of the following formulation: 10.0% (w/w) of
Emustab® (Selecta, Jaguará do Sul, São Paulo, Brazil), 2.5% (w/w) of
Super Liga Neutra® (Selecta, Brazil), 20.0% (w/w) of maltodextrin 10
DE (Ingredion, Mogi Guaçu, São Paulo, Brazil) and 67.5% (w/w) of
juice. The foams were placed in stainless steel trays (150 mm radius,
5 mm height), dried in a hot-air dryer (0.42 m/s) at 60, 70, and 80 °C
until equilibrium moistures were achieved, and immediately vacuum-
packed, anaerobically and in the dark. This same foam formulation was
also subjected to lyophilization (FR-Dying Digital Unit Model lyo-
philizer, Thermo Fisher, Waltham, Massachusetts, USA) for 24 h. The
lyophilized products were also vacuum-packed in the dark. The average
drying times of foams were determined in hours and the physico-
chemical characteristics (moisture, pH, TA) of the dehydrated products
were determined according to AOAC (2005) in triplicate. The results
were expressed in averages ± standard deviations.

2.4. Preparation of samples for the determination of PC content

For quantitative and qualitative determinations of anthocyanin,
flavonol, and hydrolysable tannin profiles in the fruit, juice, and de-
hydrated products by lyophilization and foam-mat drying (at 60, 70,
and 80 °C), firstly, the compounds of interest in each sample, were
extracted in triplicate.

For the fruit analyses (ca. 100 g per sample), the edible parts (the
skin and pulp) were separated from the seeds, and were then subjected
to three repeat extractions for a complete recovery of PCs. The sub-
samples were immerged in 50 mL of a solvent mixture of methanol,
water, and formic acid (50:48.5:1.5, v/v), subjected to an ultrasonic bar
for 10 min, and were then centrifuged at 2.500g, 5 °C for 10 min. The
separated supernatant and the procedure repeated two more times. The
obtained supernatants were then combined into a single extract, roto-
evaporated (Hei-Vap Advantage, Heidolph, Schwabach, Baviera,
Germany) at 35 °C and lyophilized. For the fruit juice analysis, ca.
50 mL of each sample were lyophilized directly in amber glass bottles,
cooled and stored (± 10 °C) until use. At the time of analysis using
HPLC-DAD-ESI- MSn, both samples were re-dissolved in 50 mL of 0.1 N
HCl and immediately analyzed.

For the dehydrated juice analysis, ca. 0.5 g of each sample was
homogenized in 5 mL of 0.1 N HCl, sonicated (10 min), and centrifuged
(9400 ×g, 5 °C, 10 min). The supernatants were collected and the
pellets submitted to another extraction round, totaling two extractions.
The obtained supernatants were combined into a single extract that was
used in the analyses.

For the PCs (anthocyanins, flavonols, and hydrolysable tannins)
analysis by HPLC-DAD-ESI- MSn, additional steps were required. In the
case of anthocyanins analyzes, aliquots of the prepared sample extracts
were diluted with 0.1 N HCl (1:3, 1:3, and 1:0, v/v, for the fruit, juice,
and powder extracts, respectively), filtered (0.20-μm polyester mem-
brane, Chromafil PET 20/25, Germany) and injected directly on the
chromatographic column (10 μL, fruit extracts, and 20 μL, juice and
powder extracts).

For the analysis of flavonols and hydrolysable tannins (gallotannins
and ellagitannins), aliquots of fruit (3 mL), juice (2 mL), and powder
(5 mL) extracts were subjected to solid-phase extraction on Bond Elut
Plexa PCX cartridges (Agilent; 6 cm3, 500 mg of adsorbent) to remove
interfering anthocyanins (Castillo-Muñoz et al., 2009).

For the analysis of flavonols, these anthocyanin-free extracts were
filtered (0.20-μm polyester membrane, Chromafil PET 20/25) and in-
jected directly on the chromatographic column (20 μL). The total con-
centrations of gallotannins and ellagitannins (hydrolysable tannins)
were estimated after acidic hydrolysis of anthocyanin-free extracts. For
the estimation of total hydrolysable tannins (Peng, Scalbert, &Monties,
1991), methanol (2100 μL), 37% HCl (600 μL) and a sample of 20%
methanolic solution of the anthocyanin-free fraction of the extracts of
jambolan (300 μL) were mixed in a sealed vial (10 mL). After heating in
boiling water for 2 h, the vial was cooled (mixture of water and ice) and

then 3 mL of water was added to the mixture. The hydrolyzed extracts
were homogenized, filtered (0.20-μm polyester membrane, PET Chro-
mafil 20/25) and injected directly on the chromatographic column
(20 μL).

2.5. Determination of the qualitative and quantitative profiles of
anthocyanins, flavonols, and hydrolysable tannins using HPLC-DAD-ESI-
MSn

Phenolic extracts of the fruit, juice, and dehydrated product samples
were analyzed according to a previously described methodology
(Tavares et al., 2016). PC HPLC separation, identification, and quanti-
tation were carried out using an Agilent 1100 Series HPLC system
(Agilent, Waldbronn, Germany) equipped with DAD (G1315B) and an
LC/MSD Trap VL (G2445C VL) ESI-MSn detectors, coupled to an Agilent
ChemStation (version B.01.03) data-processing station. The mass
spectra data were processed using the Agilent LC/MS Trap software
(version 5.3). A Zorbax Eclipse XDB reversed-phase-C18 chromato-
graphic column (2.1 × 150 mm, 3.5 μm particle, Agilent) was used and
maintained at 40 °C, with a flow rate of 0.19 mL/min.

For the analysis of anthocyanins and flavonols, the solvents used
were: solvent A (acetonitrile/water/formic acid, 3:88.5:8.5, v/v/v),
solvent B (acetonitrile/water/formic acid, 50:41.5:8.5, v/v/v), and
solvent C (methanol/water/formic acid, 90:1.5:8.5, v/v/v). The linear
solvents gradient for anthocyanin and for flavonols were used ac-
cording to a previously described methodology by Tavares et al. (2016).
For PC identification, an ion trap ESI-MS/MS analyzer was used in
positive (for anthocyanins) and negative (for flavonols) ion modes, as
previously described (Tavares et al., 2016), setting the following
parameters: dry gas, N2, 8 L/min; drying temperature, 325 °C; nebu-
lizer, N2, 50 psi; scan range, 50–1200 m/z. The ionization and frag-
mentation parameters were optimized by a direct infusion of the ap-
propriate standard solutions (malvidin 3,5-diglucoside, mv35diglc, in a
positive ionization mode, and myricetin 3-glucoside, M3glc, in a ne-
gative ionization mode). The identification was mainly based on spec-
troscopic data (UV–Vis and MS/MS) for standards or data from previous
reports (Castillo-Muñoz et al., 2009; Tavares et al., 2016).

Quantitative determination of PCs was accomplished by extraction
of the DAD chromatograms at 520 nm (for anthocyanins) and 360 nm
(for flavonols) and by the external standard (calibration curve) method.
All calibration standard solutions were prepared by dilution of an ap-
propriate aliquot of the stock solution of mv35diglc (from 1.5 to
125 mg/L) and mv3glc (from 5 to 120 mg/L) for anthocyanins, and of
M3glc (from 5 to 100 mg/L) for flavonols. All calibration curves of
components showed good linearity. The total concentrations of antho-
cyanins were expressed as mg of mv35diglc equivalents or as mg of M
3-glc equivalents, and of the flavonols were expressed as mg of M3glc
equivalents, per 1 L or kg of sample.

The methodology for the analysis of gallotannins and ellagitannins
(hydrolysable tannins) using HPLC was previously described by Peng
et al. (1991) and modified to LC-MS equipment by Tavares et al. (2016).
The identification of hydrolysable tannins was based on spectroscopic
data (UV–Vis and MS/MS) for standards or on previously reported
findings (Santos et al., 2011). For quantitation, DAD chromatograms
were extracted at 280 nm and calibration curves of gallic (from 5 to
100 mg/L) and ellagic acids (from 5 to 40 mg/L) were prepared, as
described for anthocyanins and flavonols. The total concentrations of
gallotannins and ellagitannins were expressed in mg of gallic acid
equivalents and in mg of ellagic acid equivalents, respectively, per 1 L
or kg of sample.

To facilitate the interpretation of data, the total concentrations of
the compounds in fruits and juices were expressed in terms of wet mass
while those for the dehydrated products were expressed in terms of dry
mass. The % gain or loss of compounds of interest following fruit pro-
cessing into juice were calculated taking into account the quantitative
values of the compounds present in the fruit and juice, and the average
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juice yield. To evaluate the concentration and/or degradation of the
phenolic compounds in dehydrated products, the amount of juice and
the concentration of each compound in the foam prior to dehydration
were taken into account.

2.6. Determination of TPC and AA parameters

The determination of TPC in the fruit, juice, and dehydrated product
extracts was performed using the Folin-Ciocalteu spectrophotometric
method (Ough & Amerine, 1988); TPCs were quantified using calibra-
tion curves prepared with gallic acid (GA). The results were expressed
in mg of GA per g of fresh fruit or dehydrated product, or per mL of
juice. The determination of AA in the samples was performed using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method (Brand-Williams,
Cuvelier, & Berset, 1995) and the ferric reducing antioxidant power
(FRAP) method (Benzie & Strain, 1996). The measurements from DPPH
and FRAP methods were based on calibration curves with 6-hydroxy-
2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox) (from 1.0 to
8.0 mM and from 0.5 to 2.0 mM, respectively). For the FRAP method, a
ferric sulfate (Fe2SO4, FS) (from 0.5 to 2.0 mM) calibration curve was
also constructed. The results were expressed as μmol of Trolox
equivalents or FS per g of fresh fruit or dehydrated product, or per mL
of juice.

2.7. Statistical analysis

Analysis of variance (ANOVA) was used for data interpretation. The
means were compared using the Tukey test or t-test. In all the statistical
tests, the significance level was set at 0.05, and the analyses were
performed using the Minitab 17 Statistical Software (Minitab Inc., Torre
Sul Paraíso, Brazil).

3. Results and discussion

The jambolan fruit presented on average 65.16 ± 0.59% of pulp,
11.76 ± 0.70% of skin, and 23.08 ± 0.22% of seeds, and the fol-
lowing results of the physicochemical characteristics were obtained:
moisture, 85.52 ± 1.59%; pH, 3.87 ± 0.01; TA, 0.73 ± 0.01 g of

tartaric acid per 100 g of fruit; TSS, 11.92 ± 1.36°Brix; and TSS/TA
ratio of 16.43 ± 0.25.

The average yield of juice was 74.96 ± 3.13% (v/w) and the
physicochemical characteristics of the juice were as follows: moisture,
90.42 ± 1.25%; pH, 3.87 ± 0.04; TA, 0.42 ± 0.03 g of tartaric acid
per 100 mL of juice; TSS, 9.03 ± 0.79°Brix; and TSS/TA ratio of
21.84 ± 1.83.

The average drying times of foams at 60, 70, and 80 °C were
8.67 ± 1.02 h, 5.33 ± 0.23 h, and 4.17 ± 0.47 h, respectively. The
physicochemical characteristics of the dehydrated products of foam mat
drying and lyophilization, respectively, were as follows: moisture,
2.82 ± 0.54% and 5.14 ± 0.22%; pH, 4.36 ± 0.09 and
4.26 ± 0.09; and, TA, 1.06 ± 0.04 and 1.18 ± 0.02 of g tartaric acid
per 100 g of powder.

The quantitative and qualitative changes undergone by the phenolic
compounds (anthocyanins, flavonols, and hydrolysable tannins) present
in the jambolan fruit after the processing are reporting below.

3.1. Anthocyanins

Nine anthocyanins were detected in the fruit, juice, and dehydrated
product samples, namely: ones derived from 3-monoglucosylated (3glc)
delphinidin (dp), cy, petunidin (pt), and mv; and 3,5-diglucosylated
(35diglc) compounds derived from dp, cy, pt, mv, and pn, none of them
were acylated. This profile was identical with what has been previously
described for this fruit (Tavares et al., 2016). In the current study, the
anthocyanins with high molar ratios in the jambolan fruit and its pro-
ducts were the 35diglc derivatives of the three anthocyanidins tri-
substituted at ring B (dp, pt, and mv); they represented 93–95% of the
total anthocyanin content. The same main anthocyanins were also
identified by Santiago et al. (2015) in jambolan powder produced by
dehydration of husks at 60 °C for 22 h in a convective dryer. However,
the authors of that study found only six anthocyanins in the powder
(35diglc derivatives of dp, cy, pt, pn, and mv, and 3glc of dp).

In the present study, statistically significant differences (P < 0.05)
in the distribution (molar ratios) of some anthocyanins in the fruit,
juice, and dehydrated products were observed (Table 1). The results
strongly support the notion that the anthocyanin structure affects its

Table 1
MS/MS spectral characteristics of anthocyanins identified in jambolan fruit, juice and juice dried powders (by lyophilization and foam mat drying at 60, 70 and 80 °C) by HPLC-DAD-ESI-
MS/MS (positive ionization mode). Total concentration of anthocyanins were expressed as equivalents of malvidin-3,5-diglucoside. Each individual anthocyanin compound were ex-
pressed as percentage of molar ratio (%) regarding the total content. Given as mean value ± standard deviation (n= 3).

Anthocyanin Molecular ion;
product ions (m/z)

Molar ratio (%)

Fruit Juice Dried products

Lyophilization Foam mat drying

60 °C 70 °C 80 °C

3,5-Diglucosylated anthocyanins
dp35diglc 627;465, 303 30.36 ± 1.53 a 27.62 ± 1.35 a 27.28 ± 0.28 a 26.31 ± 0.91 a 25.76 ± 2.33 a 26.49 ± 2.46 a
cy35diglc 611;449, 287 3.71 ± 0.03 abc 3.59 ± 0.21 bc 3.37 ± 0.10 c 4.07 ± 0.21 ab 4.21 ± 0.10 a 4.17 ± 0.09 a
pt35diglc 641;479, 317 34.92 ± 0.51 c 36.31 ± 0.19 a 35.74 ± 0.30 abc 35.23 ± 0.07 bc 35.96 ± 0.25 ab 35.53 ± 0.33 abc
pn35diglc 625;463, 301 0.72 ± 0.05 c 1.01 ± 0.01 a 0.82 ± 0.02 bc 0.94 ± 0.02 ab 0.99 ± 0.04 a 0.94 ± 0.09 ab
mv35diglc 655;493, 331 28.29 ± 1.61 a 30.97 ± 1.65 a 32.37 ± 0.06 a 32.67 ± 1.51 a 32.37 ± 2.24a 32.24 ± 2.87 a

3-Monoglucosylated anthocyanins
dp3glc 465;303 1.04 ± 0.41 a 0.28 ± 0.18 b 0.23 ± 0.05 b 0.42 ± 0.16 ab 0.40 ± 0.06 ab 0.31 ± 0.15 b
cy3glc 449;287 0.66 ± 0.19 a 0.10 ± 0.04 b 0.06 ± 0.01 b 0.12 ± 0.08 b 0.09 ± 0.03 b 0.10 ± 0.02 b
pt3glc 479;317 NQ NQ NQ NQ NQ NQ
mv3glc 493;331 0.31 ± 0.02 a 0.14 ± 0.02 c 0.13 ± 0.00 bc 0.27 ± 0.06 ab 0.23 ± 0.01 abc 0.25 ± 0.08 abc
Total anthocyanins — wet basis

(fruit, mg/kg; juice, mg/L)
1598.43 ± 93.80 A 853.48 ± 100.48 B

Total anthocyanins — dry basis
(powder, mg/kg)

2297.90 ± 145.62 A 2095.39 ± 183.35 A 2207.33 ± 174.27 A 1551.63 ± 35.88 B

Abbreviations: dp, delphinidin; cy, cyanidin; pt, petunidin; pn, peonidin; mv, malvidin; 35diglc, 3,5-diglucoside; 3glc, 3-glucoside; NQ, nonquantified, although its occurrence was
detected by LC-MS as minor, coeluting compound. Different letters in the same line indicate significant differences by analysis of variance (ANOVA) and multiple comparison test of Tukey
or Student t at P < 0.05.
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stability: the 3glc anthocyanins were more unstable than the respective
35diglc derivatives, especially cy3glc, i.e., B-ring di-substituted non-
methoxylated anthocyanins. After evaluating the stability of jambolan
extract stored at 105 °C for 240 min, Sharma et al. (2016) observed
different thermostabilities of diglucosylated anthocyanins: after
160 min of heating, pt- and mv-derived 35diglc anthocyanins were
more resistant to degradation than dp-, cy-, and pn-derived 35diglc
anthocyanins; the latter were considered less heat resistant under those
conditions. Similarly, Torres et al. (2010) dried grape skins using two
different methods, lyophilization and drying at 60 °C for 24 h, and
observed that the 3glc anthocyanidins that were the least resistant to
the processing were dp and cy derivatives.

In the jambolan fruit, the anthocyanin concentration, in mv35diglc
equivalents, was ca. 1598 mg/kg of fresh fruit (Table 1). This was much
higher than what has been reported in a previous study, i.e., 315 mg/kg
of fresh fruit (Tavares et al., 2016). In the jambolan juice, the average
anthocyanin concentration, in mv35diglc equivalents, was ca. 853 mg/
L of juice (or 825 mg/kg of juice). Coelho et al. (2016) produced jam-
bolan juice by pectin-aided extraction at 60 °C and reported an average
anthocyanin concentration of 736 mg/kg of juice, as cy3glc equivalents
(or 306 mg/kg of juice as mv35diglc).

In the current study, the total anthocyanin content in the extracted
juice was only 40% that of the fruit (after conversion based on the juice
yield). Studies of pasteurized jambolan pulp reported losses of ca. 8.5%
(Branco et al., 2016) and 11% (Kapoor & Ranote, 2015), although in
those cases the heating time was shorter than that achieved in the
present study and no solid/liquid transference of anthocyanins oc-
curred. The use of saturated steam to extract the juice has several ad-
vantages: it is easy to do and inexpensive; since the juice is obtained by
hot processing, pasteurization is unnecessary if the bottling is done
immediately after extraction; finally, only soluble substances are ex-
tracted, preventing precipitation issues (turbidity) commonly asso-
ciated with extraction by milling. Nevertheless, exposure of fruit to
saturated steam for a prolonged period of time (2.5 h) leads to pro-
nounced anthocyanin degradation and incorporation of exogenous
water into the product.

Anthocyanin concentration in the dehydrated products ranged from
1552 to 2298 mg/kg of powder, in mv35diglc equivalents (dry basis).
Although the drying at 70 °C resulted in a reduction by 38% in

processing time, compared with processing at 60 °C, no statistically
significant differences (P > 0.05) of anthocyanin concentration were
observed between the lyophilized and dehydrated products at these
temperatures.

Compared with the drying time of the foam at 60 °C, the drying time
at 80 °C decreased by 52%. Dehydration at 80 °C resulted in a 32%
degradation of anthocyanins, compared with the lyophilized control.
Kapoor, Ranote, and Sharma (2015) produced jambolan powder from
the pulp by conventional drying (35–40 °C for 8 h) and lyophilization
and, compared with the lyophilized powder, the conventionally dried
powder presented 15% less total anthocyanins.

To date, to the best of our knowledge, no reports on dehydrated
jambolan juice obtained by foam mat drying have been published.
Abbasi and Azizpour (2016) produced dehydrated sour cherry juices by
foam mat drying at 50, 65, and 80 °C, and observed the highest con-
centration of anthocyanins in the dry powder at intermediate tem-
perature (65 °C). The results of the current study suggest that 70 °C is
the optimal temperature for the preservation of this class of compounds
during foam mat drying. Besides, more important is to get a product
that is optimal in terms of hygiene and microbial stability, as this kind
of drying is not susceptible to contamination of microorganism and
insects from the environment and, this temperature is sufficient to
eliminate the vegetative cells of occasional microorganisms present in
the original raw material.

3.2. Flavonols

The distribution (molar ratios) of flavonols in the fruit, juice, and
dehydrated products is shown in Table 2. No qualitative change was
observed between the fruit and its derived products, similarly to an-
thocyanins. The flavonols identified in all samples included only the B-
ring tri-substituted aglycones: myricetin (M), laricitrin (L), and syr-
ingetin (S). No flavonols derived from kaempferol, quercetin, or iso-
rhamnetin were detected. All the analyzed samples contained 3-gluco-
side and 3-galactoside derivatives of myricetin, larycitrin, and
syringetin. In addition, 3-glucuronide, 3-rhamnoside, and 3-pentoside
derivatives of myricetin were identified; the myricetin-derived flavo-
nols were the most common in all samples. The most important single
flavonol in the samples was M3glc (molar ratios between 33 and 49%),

Table 2
MS/MS spectral characteristics of flavonols identified in jambolan fruit, juice and juice dried powders (by lyophilization and foam mat drying at 60, 70 and 80 °C) by HPLC-DAD-ESI-MS/
MS (negative ionization mode). Total concentration of flavonols were expressed as equivalents of myricetin-3-glucoside. Each individual flavonol compound were expressed as percentage
of molar ratio (%) regarding the total content. Given as mean value ± standard deviation (n = 3).

Flavonol Molecular ion; product ions (m/z) Molar ratio (%)

Fruit Juice Dried products

Lyophilization Foam mat drying

60 °C 70 °C 80 °C

M3glcU 493;317 4.05 ± 0.29 a 2.47 ± 0.71 ab 1.08 ± 0.50 b 2.30 ± 0.67 ab 2.74 ± 0.75 ab 1.09 ± 0.42 b
M3gal 479;317 4.12 ± 0.73a 1.86 ± 0.89 b 1.68 ± 0.89 b 1.41 ± 0.24 b 1.58 ± 0.68 b 0.64 ± 0.29 b
M3glc 479;317 47.64 ± 2.38 a 45.20 ± 8.11 a 49.21 ± 4.08 a 45.55 ± 6.90 a 40.32 ± 8.47 a 33.44 ± 17.92 a
M3rhm 463;317 7.27 ± 0.60 a 6.20 ± 2.18 ab 7.35 ± 0.83 a 6.76 ± 0.85 a 6.13 ± 1.44 ab 2.16 ± 0.40 b
M3pent 449;317 6.61 ± 0.74 b 4.47 ± 1.39 bc 4.26 ± 0.19 bc 6.45 ± 4.15 ab 11.05 ± 2.23 a 0.00 ± 0.00 c
L3gal 493;331 2.26 ± 0.31 bc 1.76 ± 0.57 c 9.17 ± 0.89 ab 10.09 ± 0.79 ab 10.53 ± 3.47 a 10.55 ± 6.13 a
L3glc 493;331 5.04 ± 0.12 c 5.22 ± 0.54 c 18.28 ± 1.83 bc 16.88 ± 3.00 bc 19.73 ± 6.77 b 40.24 ± 13.81 a
S3gal 507;345 1.96 ± 0.14 b 1.75 ± 0.40 b 5.82 ± 0.61 a 4.78 ± 0.93 a 4.36 ± 0.59 a 5.38 ± 0.83 a
S3glc 507;345 1.43 ± 0.18 a 1.90 ± 0.51 a 1.16 ± 0.15 a 1.62 ± 0.41 a 1.21 ± 0.31 a 1.13 ± 0.52 a
Free M 317 19.22 ± 0.18 ab 27.62 ± 10.88 a 1.09 ± 0.06 b 1.47 ± 0.50 b 0.86 ± 0.09 b 1.76 ± 1.40 b
Free L 331 0.00 ± 0.00 b 0.92 ± 0.48 ab 0.59 ± 0.09 ab 1.52 ± 1.26 ab 0.85 ± 0.29 ab 2.51 ± 0.75 a
Free S 345 0.40 ± 0.04 a 0.62 ± 0.43 a 0.32 ± 0.11 a 1.16 ± 1.28 a 0.64 ± 0.11 a 1.09 ± 0.46 a
Total flavonols — wet basis (fruit, mg/kg; juice, mg/L) 43.25 ± 2.45 A 34.53 ± 2.30 B
Total flavonols — dry basis (mg/kg) 62.58 ± 3.13 A 54.39 ± 11.71 A 58.10 ± 4.19 A 38.39 ± 13.92 A

Abbreviations: M, myricetin; L, laricitrin; S, syringetin; glcU, glucuronide, gal, galactoside; glc, glucoside; rhm, rhamnoside; pent, pentoside. Different letters in the same line indicate
significant differences by analysis of variance (ANOVA) and multiple comparison Tukey test or Student t at P < 0.05. Lowercase letters are used for comparison between all samples and
capital letters for comparison only between fruit and juice or between dried products obtained by lyophilization and warm air drying at 60, 70 and 80 °C.
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similarly to what has been reported by Tavares et al. (2016), who as-
sessed different edible parts of jambolan (the peel and pulp).

Furthermore, in the present study, free myricetin and syringetin
were detected in the fruit; free myricetin, laricitrin, and syringetin were
detected in the juice and dehydrated products. Fruits usually only
contain flavonol 3-glycosides and the occurrence of free aglycones is
considered to be an artifact of the extraction method of the compounds
of interest under acidic conditions (Hermosín-Gutiérrez, Castillo-
Muñoz, Gómez-Alonso, & García-Romero, 2011). In the jambolan fruit

and juice, myricetin was the biggest contributor to free aglycones. Si-
milarly, Teleszko, Nowicka, and Wojdyło (2016) identified free agly-
cones in pasteurized strawberry juice. The authors attributed this
finding to easy extraction and hydrolysis of flavonol glycosides, and
also to the degradation of the plant cell wall, i.e., the release of agly-
cones by enzymatic hydrolysis during the heating of fruit for juice ex-
traction. In addition to free aglycones, variations in the molar ratios of
some flavonols were observed in the fruit and derived products. The
levels of glucuronide, galactoside, and rhamnoside derivatives of

Fig. 1. Spectral data of compounds released after acidic hydrolysis of hydrolysables jambolan tannins. On-line DAD spectra: (a) gallic acid (GA) and its methyl ester (GA-Me); (b) ellagic
acid (EA), and valoneic acid dilactone methyl ester (VA-Me) and its isomer (isoVA-Me). MS/MS spectra in negative ionization mode of: (c) gallic acid methyl ester (GA-Me); (d) ellagic
acid (EA); (e) vanoleic acid dilactone methyl ester (VA-Me); (f) isomer of valoneic acid dilactone methyl ester (isoVA-Me; most probably a sanguisorbic acid dilactone methyl ester).
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myricetin showed the greatest reduction during fruit processing.
The molar ratios of free myricetin in the juice and dehydrated

products (including lyophilized products) were compared; a pro-
nounced reduction was noted in the latter. In addition, the comparison
of molar ratios of dehydrated products revealed an increase in the
proportions of laricitrin compounds in the foam mat dried at 80 °C. This
was expected since M3glc was the most common compound in this
class; they are also most unstable, mainly because of their susceptibility
to oxidation, especially if the glycosides are first hydrolyzed and result
in its free form. It may be inferred that, because myricetin contains
three eOH groups, and laricitrin has two eOH groups and one OCH3

group, the latter is responsible for an increased stability of the aglycone,
especially during oxidation and thermal degradation. The increase in
the proportion of laricitrin derivatives may have been influenced by the
decrease in the myricetin derivative content. Similar results were ob-
tained by Castillo-Muñoz et al. (2007) who analyzed flavonol profiles of
different red wines. The authors reported that M3glc appeared to be
more susceptible to acid hydrolysis that myricetin-3-glucuronide, and
that the quantities of 3-glucosides of both laricitrin and syringetin were
typically much higher than those of their corresponding free aglycones.

The concentration of flavonols in the jambolan fruit was about
43 mg/kg of fresh fruit, in M3glc equivalents (Table 2), lower than
75 mg/kg previously determined by Tavares et al. (2016). The average
concentration in the jambolan juice was approximately 35 mg/L of
juice in M3glc equivalents, i.e., a decrease of 40% when compared with
the total content in the fruit (after conversion based on the juice yield);
this decrease was lower than that determined for anthocyanins (60%).
Branco et al. (2016) pasteurized jambolan pulp at 70 °C for only 5 min
and reported a 33% decrease in the concentration of myricetin; even
though in that experiment the heating time was shorter than that in the
present study, no incorporation of exogenous water into the product
and no solid/liquid transference of flavonols occurred.

The concentrations of flavonols (mg/kg in M3glc equivalents) in the
dehydrated jambolan products, both from foam mat drying at tem-
peratures of 60 °C (54.39), 70 °C (58.10) and 80 °C (38.39) and also in
the lyophilized control (62.58), were not significantly different
(P > 0.05; Table 2). This suggested that the temperature of the de-
hydration process did not affect the flavonol content, in contrast to the

anthocyanin content. Michalska et al. (2016) produced plum powder
using various drying methods (60 and 70 °C, and lyophilization) and
similarly to our findings, found no significant differences between fla-
vonol concentrations in the products; the concentrations of anthocya-
nins in powders produced at 60 and 70 °C were reduced by 86 and 93%,
respectively, compared to the lyophilized powder.

During the drying of foams, the concentration of compounds
changes because of the loss of water. The inclusion of coadjuvants in
foam production (e.g., Emustab, Super Liga Neutra, and maltodextrin)
partially compensates for this concentration effect, in conjunction with
the expected degradation of flavonols upon exposure to temperature
and oxygen. We compared the concentration of these compounds in the
foams prior to the lyophilization (data not shown) with their con-
centration in lyophilized products, and the increase in anthocyanin
concentration was more pronounced (3.85 times) than the increase of
flavonols (2.59 times) in lyophilized products. These results allowed us
to conclude that the incorporation of air during foam generation trig-
gers an oxidative process that negatively affects the flavonols, espe-
cially free aglycones, more specifically free myricetin, with a con-
sequent reduction of their total concentration.

3.3. Hydrolysable tannins

In the current study, as well as in several other studies reported in
the literature, we commonly expressed the amount of hydrolysable
tannins using the estimated total content of gallic and ellagic acids
released after hydrolysis of these compounds. The identification of all
the hydrolysis compounds was based on spectral data from the DAD-
online UV–Vis spectra and MS/MS spectra (Fig. 1), and comparisons
with data for standards (gallic and ellagic acid), and with previously
reported data (Boulekbache-Makhlouf et al., 2010; Fracassetti, Costa,
Moulay, & Tomás-Barberán, 2013; Tavares et al., 2016).

After hydrolysis of the fruit and juice samples, the total concentra-
tion of gallotannins (in mg gallic acid equivalents) was determined to
be 69 mg/kg and 147 mg/L, respectively, which corresponded to the
total sum of gallic acid methyl ester and residual unesterified gallic acid
(Fig. 1a, Table 3). Comparison of these values (after conversion using
the juice yield) revealed a 60% increase in the juice in relation to the

Table 3
Estimation of total hydrolysable tannins (as gallic acid for gallotannins; as ellagic acid for ellagitannins) after acidic hydrolysis in jambolan fruit, juice and juice dried powders (by
lyophilization and foam mat drying at 60, 70 and 80 °C). Given as mean values ± standard deviation (n = 3).

Hydrolysable tannins Concentration

Fruit Juice Dried products

Lyophilization Foam mat drying

60 °C 70 °C 80 °C

Gallotannins
Total gallotanninsa — wet basis (fruit, mg/
kg; juice, mg/L)

69.04 ± 11.83 B 147.33 ± 19.33 A

Total gallotanninsa — dry basis (mg/kg) 344.44 ± 85.73A 181.86 ± 27.89 B 196.23 ± 25.13 B 191.81 ± 33.96 B
Elagitannins
Total ellagic acid — wet basis (fruit, mg/kg;
juice, mg/L)

8.24 ± 2.80 B 60.15 ± 5.74 A

Total ellagic acid — dry basis (mg/kg) 97.99 ± 18.74 A 43.43 ± 20.76 B 63.19 ± 10.66 AB 63.37 ± 8.48 AB
Total vanoleic acidb — wet basis (fruit, mg/
kg; juice, mg/L)

5.07 ± 1.31 B 62.07 ± 8.48 A

Total vanoleic acidb — dry basis (mg/kg) 66.31 ± 8.18 A 27.66 ± 16.30 A 41.93 ± 9.39 A 67.65 ± 20.54 A
Total ellagitannins — wet basis (fruit, mg/
kg; juice, mg/L)

13.31 ± 4.11 B 122.22 ± 13.71 A

Total ellagitannins acid — dry basis (mg/
kg)

164.30 ± 10.56 A 71.09 ± 36.08 B 105.12 ± 20.05 AB 131.03 ± 28.95 AB

Different letters in the same line indicate significant differences by analysis of variance (ANOVA) and multiple comparison test of Tukey or Student t at P < 0.05. Lowercase letters used
for comparison between samples of fruit and juices or comparison between dried foams by lyophilization and warm air drying at 60, 70 and 80 °C.

a Total sum of gallic acid (GA) and its methyl ester (GA-Me).
b Total sum of valoneic acid dilactone methyl ester (VA-Me) and its isomer (isoVA-Me).
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fruit. Similarly, in the study of Branco et al. (2016), jambolan pulp was
produced and pasteurized at 60 °C for 5 min and, following pasteur-
ization, the gallic acid concentration increased by 57%. According to
these authors, this observation could be directly linked to the cleavage
of covalent bonds of hydrolysable tannins in the pulp and the release of
these molecules into the medium.

The total concentration of ellagitannins was determined by a sum of
the total concentrations of ellagic acid and total valoneic acid (valoneic
acid dilactone methyl ester and its isomer). An isomer of vanoleic acid
dilactone methyl ester, very likely the sanguisorbic acid dilactone me-
thyl ester (Fig. 1f), was identified (Boulekbache-Makhlouf et al., 2010;
Fracassetti, Costa, et al., 2013) among the hydrolysis products in the

course of estimating the hydrolysable tannin content (Fig. 2). This
compound was present in all the samples analyzed, not only in the
jambolan fruit and in the extracted juice, but also in the dried products.

In the fruit and juice, respectively, the concentration of ellagic acid
was 8 mg/kg and 60 mg/L, and of vanoleic acid was 5 mg/kg and
62 mg/L (both in mg ellagic acid equivalents). The total ellagitannin
content in the fruit and juice was, respectively, 13 mg/kg and 122 mg/
L, which corresponded to a 489% increase in the juice compared with
fruit (after conversion based on the juice yield).

The increase in the content of ellagitannins in the fruit compared to
in the juice was much more pronounced than that of gallotannins, since
the concentration of ellagitannins in the fruit was very low. Although

Fig. 2. DAD chromatogram and MS extracted ion chromatograms (EICs) of the acidic hydrolysis products of hydrolysable tannins from jambolan juice: (a) DAD chromatogram, extracted
at 280 nm; (b) EIC of gallic acid (GA), extracted at m/z= 169; (c) EIC of gallic acid methyl ester (GA-Me), extracted at m/z= 183; (d) EIC of ellagic acid (EA), extracted at m/z = 301;
(e) EIC of valoneic acid dilactone methyl ester (VA-Me) and its isomer (isoVA-Me), extracted at m/z = 483. Methyl ester derivatives predominate among the hydrolysis products because
the reaction was carried out in a methanolic medium.
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this increase was observed in the juice after extraction, the gallotannin
content was higher than ellagitannin content, as observed by Tavares
et al. (2016). This is probably because ellagitannin compounds are
highly polar on account of the presence of many –OH groups
(Nuengchamnong & Ingkaninan, 2009). Hence, during juice extraction,
the ellagitannins are more easily extracted from the fruit and seeds, the
sources of these compounds (Tavares et al., 2016). Further, in the
current study, the seeds were discarded and only the edible parts (peel
and pulp) were extracted for analysis while whole fruits (containing the
seeds) were used for the elaboration of juices, which can explain the
contribution of ellagitannins from the seeds to the extracted juice.
Another explanation for the increase in ellagic acid content in the juice
could be the release of this compound by hydrolysis from ellagitannins
during the heat treatment. It is worth noting that the hydrolysis method
provides only an estimate of the actual concentration of hydrolysable
tannins because not all compounds of this class are hydrolyzed quan-
titatively, and various compounds can incorporate ellagic acid and
gallic acid in the same molecule. A study of Fracassetti, Costa, et al.
(2013) supports this hypothesis: the authors generated two powder
products from the pulp and the waste (skin and seeds) of camu-camu,
and reported that the heat treatment released ellagic acid from the el-
lagitannins.

In the dried jambolan products, the total average gallotannin con-
centrations (in mg gallic acid equivalents) ranged from 182 to 344 mg/
kg. The concentrations were highest in the lyophilized products, and
statistically differed (P < 0.05) from the concentrations in dryer-de-
hydrated powders but not among themselves. Compared with the lyo-
philized control, the total gallic acid concentration in the dehydrated
powders was reduced by 43–47%.

Regarding ellagitannins, their average total concentration (in mg
ellagic acid equivalents) in the dried jambolan products ranged from 71
to 164 mg/kg. In contrast with the gallotannin content, ellagitannins
concentrations in the lyophilized product and products dried at 70 and
80 °C were not significantly different (P > 0.05), however, the product
dried at 60 °C showed a significant reduction (P < 0.05), 56%. This
suggested that ellagitannins are more sensitive to the heating time than
to temperature, perhaps because of the oxidation during warm air ex-
posure. Recently, it has been demonstrated that ellagitannins released
from oak chips rapidly consume oxygen in a wine-like solution
(Navarro et al., 2016). Among ellagitannins, the ellagic and valoneic
acid average contents (in mg/kg of equivalents of ellagic acid) in the
dried jambolan products were within 43–98 and 28–68 mg/kg, re-
spectively. Based on the processing time and the results of the quanti-
tative evaluation of the analyzed hydrolysable tannins, we suggest that
the drying of the foams at 70 or 80 °C may be suitable for obtaining
dried powders from jambolan juice. Furthermore, a comparison of the
concentrations of these compounds in the foams prior to lyophilization
(data not shown) and those in the lyophilized product revealed that
gallotannin concentration increased to a greater extent (3.35 times)
than ellagitannin concentration (1.92 times). This difference may be
associated with the losses of ellagitannins by oxidation during foam
generation.

3.4. Changes in TPC and AA

TPC and AA in the jambolan fruit, juice, and dried juice powders are
presented in Table 4. After conversion based on the juice yield, we
verified an increase of both TPC (9%) and AA (80% by FRAP) in the
juice. Branco et al. (2016) observed an increase of both TPC (7%) and
AA (56%) in pasteurized jambolan pulp produced at 60 °C for 5 min.
Genova et al. (2016) pasteurized grape juice for 30 min at 78 °C and
also observed an increase (0.6–9.9%) in TPC. It is noteworthy that the
analysis of TPC performed by the Folin-Ciocalteu method suffers in-
terference from at least 50 organic compounds (ascorbic acid, sugars as
fructose and sucrose, aromatic amines, organic acids, and Fe++) found
naturally in fruits or incorporated due to the extraction methodology

employed, which may interfere with the final values found (Prior,
Wu, & Schaich, 2005). The AA values obtained by the FRAP method
were higher than those obtained by the DPPH method, not only in the
fruit but also in the juice and dehydrated products. The same was ob-
served by Singh et al. (2016), who analyzed lyophilized jambolan ex-
tracts using the same methods. Rufino et al. (2010) determined the AA
of jambolan using the ABTS (an approach involving the same metho-
dology as DPPH) and FRAP methods; they reported values of
29.72 ± 0.3 μmol of Trolox/g of fresh fruit and 35.5 ± 0.3 in μmol of
FS/g of fresh fruit, respectively, similarly to what was observed in the
current study.

When comparing the drying processes, no statistical difference
(P > 0.05) between the TPC and AA values for the dried products,
including the lyophilized control, was noted although the analysis of
individual compounds indicated different responses of the individual
PCs. Mussi et al. (2015) dried the jambolan residue (mainly the seed,
skin, and pulp waste) in a spouted bed at 60, 70, and 80 °C, to produce
powder from the fruit; these authors observed a very small decrease of
AA during drying (93–97% of the initial level was maintained). Jebitta
and Allwin (2016) used different techniques to dry jambolan pulp, in-
cluding lyophilization and conventional warm air drying (at 50, 60, and
70 °C), and reported TPC values of 8.43–13.99 mg of GA/g of powder;
these values are close to ones in the current study (where fruit juice was
used).

The AA values differed largely depending on the process, and those
obtained by lyophilization were significantly higher (P < 0.05) than
foam mat drying. Kapoor et al. (2015) dried jambolan pulp by lyophi-
lization or by warm air (35–40 °C, 8 h), and reported that the TPC and
AA of the lyophilized product were higher than those of the product
obtained by conventional drying. The reported TPC values of products
dehydrated by conventional drying and lyophilization were
3.67 ± 0.49 and 4.16 ± 0.28 g of GA/100 g in the product, respec-
tively, i.e., lower than those determined in the current study.

The various classes of flavonoids differ in the level of oxidation and
pattern of substitution of the C ring, which make individual compounds
within a class differ in the pattern of stability regarding the exposition
to temperatures. An accurate estimation of changes in each individual
compounds is difficult, because of the wide varieties of available fla-
vonoids and the extensive distribution in the matrix of used plants. The
heat treatment can produce different and simultaneous reactions in
vegetable matrix with different implication on antioxidant activity. For
instance, it has demonstrated that under short time of heat treatments
the food matrices reduces the total antioxidant activity due to the loss
of natural antioxidants content, however extending this treatment, this
loss is interrupted and even an enhanced antioxidant activity is ob-
served due to the formation of Maillard reaction pro-oxidants. Besides
that, it has been observed a reduction of total anthocyanin, despite of
the maintenance of antiradical activity, and the authors believe this is
probably due to the formation of antioxidant polymers, such as low
molecular weight procyanidins, or the formation of degradation pro-
ducts of anthocyanin or phenolic acids, which show antioxidant activity
as well (Nicoli, Anese, & Parpinel (1999). Moreover, jambolan berries
are rich in sugars (glucose, fructose) and sugar browning as Maillard
and caramelization reactions occur at high temperatures (i.e.,
60–80 °C), the generated products (furanic derivatives as HMF and
furfural) also increasing the total antioxidant activity (Fracassetti, Del
Bó, et al., 2013). In view of the above described considerations, there
could be a complex series of events implied in the resulting global
antioxidant properties of processed foods, not only the changes in the
initial phenolic composition.

4. Conclusions

Considering the qualitative and quantitative changes of individual
PCs (anthocyanins, flavonols, hydrolysable tannins — gallotannins and
ellagitannins) of the analyzed jambolan products, we conclude that
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juice extraction leads to a more pronounced degradation of anthocya-
nins than flavonols, but the extraction of hydrolysable tannins is fa-
cilitated. In products dried using the foam mat drying method, eleva-
tion of the process temperature negatively affected the total
anthocyanin content; the flavonols and hydrolysable tannins were more
affected by oxidation and heating time, respectively, than by the drying
temperature. Nevertheless, the obtained juice and dried jambolan
products contained high concentrations of phenolic compounds, high-
lighting the potential to exploit this method to obtain dehydrated juice
of great nutritional quality. In addition, the dehydration process em-
ployed provides greater microbial stability against deterioration and
reduces the handling of products and the costs of packaging, transport
and refrigeration during storage.

In summary, it can be concluded that processing at 70 °C is most
suitable, in light of the least loss of nutritional quality of the product
with processing time.

This work encourages the continuation of studies assessing the shelf
life of dehydrated products as potential ingredients for the development
of jambolan-based products, to enrich and improve the nutritional
quality of products available to the consumer.
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