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Abstract  In this work, the feasibility of using ultrasound alone and in combination with other techniques for the 
extraction of polyphenols and anthocyanins from jambul (Syzygiumcumini) peels was evaluated. The results were 
compared with conventional techniques (agitated bed and Soxhlet ext raction techniques) based on total extract y ields, total 
phenolic and monomeric anthocyanin concentrations in the extracts and the relative yields of these compounds. 
Ultrasound-assisted extract ion was more efficient and selective for the ext raction of anthocyanins than both conventional 
methods. When a combination of ultrasound and agitated bed extraction was used, a significant increase in total yields, and 
both polyphenol and anthocyanin concentrations was achieved. Electrospray Ionization Tandem Mass Spectrometry 
analysis indicated that diglycosideanthocyanins (cyanidin-3,5-dig lycoside, peonidin-3,5-dig lycoside, 
delphinidin-3,5-d iglycoside, petunidin-3,5-diglycoside and malvidin-3,5-diglycoside) were the main  polyphenols present in 
the samples. 
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1. Introduction 
In the last years, studies have increasingly associated the 

intake of fru its and vegetables with reduced risk for the 
development of chronic diseases such as cancer, diabetes 
type II, neurodegenerat ive disorders and cardiovascular 
diseases[1]. Th is phenomenon is likely in fluenced by 
biologically act ive molecules that are naturally  present in 
those foods[2-4]. The interest in polyphenols is mainly due 
to their antioxidant properties; however, their mechanisms 
of act ion are known to be much more complex and to 
depend on several factors[5],[6]. Phenolic compounds are 
widely d istributed in  plants, although they are found in 
relatively high amounts in some plants, seeds and fruits, 
such as tea, yerba mate, cocoa, coffee, and grapes[7-10]. 
Many studies have been conducted in order to evaluate the 
biological activ ities of ext racts of several usual and unusual 
s ources  o f po lyphenols . The ma jor  s tud ies  have 
inves t igatedan t io xidan t  act iv ity  fro m e xt racts  o f 
tea[11],[12], cu rry [13] and fenugreek leaves[14], citrus 
peels [15] valerian (Valerianaofficinalis) root, lavender  

 
* Correspondingauthor: 
meireles@fea.unicamp.br (M. Angela A. Meireles) 
Published online at http://journal.sapub.org/fph 
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved 

(Lavandulaofficinalis) and lemon balm (Melissa officinalis) 
leaves, (Alceakurdica) and (Stachyslavandulifolium) 
flowers[16], Aeglemarmelos leaves[17], wheat bran[18], 
among others. However, addit ional b iological functions 
attributed to plant extracts have been analyzed such as 
antibacterial and antifungal[19], and anti-tumor[20],[21] 
activities. Polyphenols may  also be present in  high amounts 
in other less studied samples, such as other types of fruits 
available in  certain  countries. Among these fruits, jambul 
may represent a rich source of these compounds[22-25].  

Jambul (Syzygiumcumini L.), also known as jambu, 
jamblon, jambula, jamboola, Java plum, jamun, jaam/kaloja
am, jamblang, jambolan, b lackp lum, Damsonplum, Duhat 
plum, Jambolan plum, or Portuguese plum, belongs to the 
Myrtaceae family and has a s mall, egg-shaped purple fru it 
when ripe, with the pulp surrounding a single large seed. 
Several different phenolic classes have been reported in the 
fruits in  high amounts[22-25]. Among these compounds, 
anthocyanins are one of the main polyphenols present, 
especially in the peels of the fruits. Anthocyanins are the 
largest and most important group of water-soluble and 
vacuolar pigments in nature. They are glycosylated 
polyhydroxy and polymethoxy derivatives of 
2-phenylbenzopyrylium cation (Figure 1), i.e., the 
flavyliumcation (anthocyanidin group)[26]. Anthocyanins 
are of special interest because their antioxidant activity and 
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their potential use in the food industry as natural colorants 
and preserving agents[27],[28]. 

 
Figure 1.  Chemical structure of the main anthocyanidins found in nature 

Extraction of polyphenols from the fruit of the jambul is 
usually conducted using methods that were adapted from 
different sample matrices. However, the sample matrix can 
play a significant role in ext raction kinetics and influence 
extraction efficiency because interactions between 
polyphenols and proteins are known to exist[29],[30]. 
Therefore, it is necessary to evaluate the extraction of 
polyphenols for each sample type and, if possible, using 
different techniques and methods. In general, conventional 
extraction techniques such as stirring/shaking or Soxhlet 
extraction have long extract ion time and use high amount of 
solvent[22-25]. The long ext raction times are partially due 
to the use of non-specific methods using extraction 
techniques that result in low extract ion efficiencies and can 
lead to the degradation of some polyphenols[28-31]. 

In this context, u ltrasound is increasingly being used as 
an alternative to conventional extraction methods. 
Cavitation has been suggested to be one of the main 
mechanis ms by which ultrasound can improve extraction 
efficiency. Briefly, cavitat ion produced by the passage of 
ultrasonic waves through the bulk media exerts mechanical 
effects in the sample, improving mass transfer between the 
sample and solvent[30],[32],[33]. In addit ion to its higher 
efficiency, ultrasound can be easily combined with other 
techniques that can significantly improve extraction y ields. 
In fact, one of the latest trends in sample preparation is the 
combination and/or hyphenation of ext raction techniques to 
develop faster and more efficient methods[34]. There are 
several applications of this technique and its combination 
with other techniques for the extract ion of phenolics from 
other samples[34-39]. Therefore, the objective of this work 
was to evaluate the feasibility of enhancing the extract ion of 
polyphenols and anthocyanins from the peels of jambul by 
the use of high-frequency ultrasound alone or in 
combination with other techniques and to compare the 
efficiencies with conventional methods. 

2. Materials and Methods 

2.1. Raw Material and S ample Preparation 

Jambul (Syzygiumcumini) fruits were obtained from the 
Institute of Biology at the University of Campinas 
(UNICAMP), Campinas, Brazil.The separation of peels, 
pulps and seeds was performed by crushing the whole fru it 
while avoiding damage to the seeds. Peels were washed with 
water to eliminate residual pulp. Samples were stored  at 
-18℃ until submitted to the extract ion procedures. 

2.2. Chemical Reagents  

Ethanol (99.5%), methanol (99.5%), g lacial acetic acid  
(99.7%) and sodium carbonate (99.5%) were obtained from 
Ecibra (Santo Amaro, Brazil). Ethyl acetate (99.5%) was 
purchased from Merck (Darmstadt, Germany). Hydrochloric 
acid (36.5-38%), sodium acetate (99%) and potassium 
chloride (99%) were obtained from Synth (Diadema, Brazil). 
Formic acid (98%) was purchased from Vetec (Rio de 
Janeiro, Brazil). Folin-Ciocalteu reagent was obtained from 
Dinâmica (Diadema, Brazil). Anthocyanin reference 
standards (cyanidin-3-glycoside chloride, delph inidin-3- 
glycoside chloride, peonidin-3-glycoside chloride, 
malvid in-3-glycoside chloride, pelargonidin-3- g lycoside 
chloride and petunidin-3-glycoside chloride) and gallic acid 
were acquired from Extrasynthese (Genay, France). 
Reference standards of all analyzed compounds were HPLC 
grade with purit ies greater than 95%. 

2.3. Extraction Procedures 

The samples were weighed and extracted using one of the 
different methods (Soxhlet, u ltrasound, agitated bed and a 
combination of ultrasound and agitated bed). Soxhlet 
extractions were performed using 5 g of sample that was 
extracted with 120 mL of ethanol or acidified ethanol 
(acidified to pH 3 with HCl) (sample:solvent ratio of 1:25) 
for 8 hours at the boiling point of the solvent. The 
ultrasound-assisted extract ions (UAE) were perfo rmed in an 
ultrasonic bath (40 kHz/81 W) (Thornton, T 1440, São Paulo, 
Brazil) using 2.5 g of the sample ext racted with 25 mL of 
ethanol (sample:solvent ratio of 1:10) for 2 hours at room 
temperature. In a similar way, the agitated bed extractions 
(ABE) were perfo rmed in a rotary  shaker (Marconi, MA 420, 
Piracicaba, Brazil) using 2.5 g of sample and 25 mL of 
ethanol (sample:solvent ratio of 1:10). Extract ions were 
performed with agitation (150 rpm) fo r 2 hours at 30℃ . 
Finally, a combination of u ltrasound and agitated bed 
extraction (UAE + ABE) was used to improve the yields. 
Initially, 2.5 g of sample was extracted with 25 mL of 
ethanol (sample:solvent ratio of 1:10) during 10 minutes by 
UAE and submitted afterward to the same conditions of the 
ABE protocol. Independently of the method, the extracts 
were filtered, the solvent evaporated under vacuum 
(Laborota 4001, Heidolph Instruments GmbH, Viertrieb, 
Germany) at 40℃ and stored protected from light at -18℃  
until its use in the chemical analysis. 

2.4. Chemical Analyses 
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2.4.1. Total Phenolic Content(TPC) 

The content of total phenolic content(TPC) was 
determined using the Folin-Ciocalteau method, based on the 
colorimetric oxidation/reduction reaction of phenols[40]. 
Briefly, 1 mL of extract was mixed with 1 mL of 
Folin-Ciocalteu  reagent. After 3 minutes, 1 mL of a saturated 
solution of sodium carbonate (50 %, w/w) was added to the 
mixture and the volume was adjusted to 10 mL with distilled 
water. The reaction mixture was kept  protected from light for 
90 minutes at room temperature, and afterwards, the 
absorbance was measured at 725 nm using a UV-Vis 
spectrophotometer (Hitachi, model U-3010, Tokyo, Japan). 
A blank was prepared using 1 mL of distilled water instead 
of the extract. The results were calculated based on the 
calibrat ion curve of gallic  acid (GA) (10.9-86.8 mg . L-1) and 
expressed as milligrams of Gallic Acid  Equivalents (GAE) 
per gram of extract in dry base (d.b.) (mg GAE. g-1, d.b.). All 
determinations were made in triplicate. 

2.4.2. Total Monomeric Anthocyanins (TMA) 

The total monomeric anthocyanin (TMA) content of the 
samples was determined using the pH differential 
method[41], which  relies on the structural transformation of 
the anthocyanin chromophore as a function of pH. A UV-Vis 
spectrophotometer (Hitachi, model U-3010, Tokyo, Japan) 
and glass cuvettes of 1 cm in  length were used to measure the 
maximum spectral absorption wavelength (512 nm and 700 
nm) using distilled water as a blank. For this purpose, the 
sample was prepared with 20 mg of extract dissolved in 10 
mL of distilled water. Two dilutions of this solution were 
prepared: one with hydrochloric acid/potassium chloride 
buffer (pH = 1.0) and the other with sodium acetate/acetic 
acid buffer (pH = 4.5). The pH values of the buffer solutions 
were measured using a pH meter (Dig imed, model DM-22, 
Sao Paulo, Brazil) calib rated with buffers at pH 4.01 and 
6.86, which  were ad justed with HCl. Aliquots of the extract 
were measured and adjusted to pH 1.0 and 4.5 with the 
addition of buffer solutions. After 15 min, the absorbance of 
each equilib rated solution was measured at the maximum 
absorption wavelength and 700 nm for haze corrections 
using a 1 cm path length glass cell (l). The dilution factor 
(DF) was determined (the final volume divided by the 
original sample volume). The d ifference in absorbance 
values at pH 1.0 and 4.5 is directly proportional to the 
anthocyanin content. The total monomeric anthocyanin 
content (TMA) was calculated using cyanidin-3-g lycoside as 
a reference (MW  = 449.2 g mol-1 and ε = 26,900 L. 
mol-1.cm-1), and  the results were expressed as mg 
cyanidin-3-g lycoside equivalents/g of extract in d ry base 
(d.b.) (mg cyn-3-g ly equivalents g-1, d.b.). Relative standard 
deviations (RSDs) were lower than 8% for all samples. The 
absorbance of the diluted sample (A) and TMA were 
calculated with equations (1) and (2): 

   (1) 

 (2) 

2.4.3. Th in-layer Chromatography (TLC) 

For the determination of the qualitative chemical profile  of 
the sample and its main polyphenols, the extract was 
fractionated using silica p lates (20 × 20 cm, 1 mm height, 
Merck, Darmstadt, Germany). To identify the anthocyanins 
present in each extract, the mobile phase used was composed 
of ethyl acetate, glacial acetic acid, formic acid  and distilled 
water (100:11:11:26), and no spray reagent was used[42]. 
Samples consisted of 10 mg of each extract  dissolved in 1 
mL of methanol. A ll anthocyanin standards were diluted in 
methanol to an approximate concentration of 5 mg. mL-1 and 
applied on the plates simultaneously with the sample. 

2.4.4. Electrospray Ionization Tandem Mass Spectrometry 
(ESI-MS) 

A Q-TOF system (Micromass, Manchester, United 
Kingdom) was used for Electrospray Ionization Tandem 
Mass Spectrometry (ESI-MS/MS) analysis. The conditions 
used were a source temperature of 100℃, cap illary voltage 
of 2.1 kV and cone voltage of 40 V. All data obtained from 
ESI in the positive ion mode were treated using Mass Lynx 
software (v.3.5, Waters, Manchester, United Kingdom). The 
samples (1 mg) were d issolved in methanol:water (1:1) with 
0.7% formic acid; 1 µL of each sample was injected. 

3. Results and Discussion 
3.1. Polyphenols Extraction 

Extraction of the sample was performed using different 
techniques, namely ultrasound-assisted extraction (UAE), 
agitated bed extraction (ABE), a  combination of UAE and 
ABE (UAE+ABE) and Soxhlet extraction (using two 
different solvents). Extract ion yields (%, d.b.) and 
polyphenol concentrations (mg of GAE/ g of extract, d.b.) 
are graphically illustrated in Figure 2. 

 

Figure 2.  Total phenolic content and extraction yield from extracts of 
jambul peels (Syzygiumcumini) obtained through various methods of 
extraction 

As can be seen in Figure 2, significant variations in the 5,4700max0,1700max )()( ppH AAAAA −−−=
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content of total phenolic compounds (TPC) and extraction 
yields were obtained with the use of different techniques for 
the extraction of polyphenols from the peels of jambul. The 
highest TPC of the sample (49.1 ± 0.3 mg GAE. g-1) was 
achieved using a combination of UAE and ABE, while the 
lowest was obtained using the traditional Soxhlet technique 
(35.2 ± 0.2 mg GAE. g-1), independent of the solvent used. 
The highest extraction yields were also collected from the 
UAE+ABE (25 ± 1%), while the lowest were retrieved 
using UAE (18.2 ± 0.8%). A lthough UAE produced the 
lowest yield, the samples derived from this technique had a 
higher TPC (44.1 ± 0.3 mg GAE. g-1) than conventional 
ABE and Soxhlet extract ions.  

In general, the utilization of u ltrasound alone or in 
combination with other extraction techniques can improve 
the phenolic yields compared  with conventional techniques. 
However, the ext raction of phenolics from solid samples 
depends on several factors and interactions. For example, 
ultrasound frequency and intensity and sample 
characteristics can directly affect both extraction efficiency 
and yields (Santos et al., 2010). In this case, the low 
ultrasound intensity (81 W) might be the main factor 
responsible for the relatively low extraction yields obtained 
by UAE when compared  with ABE. Furthermore, lower 
frequencies than we used (40 kHz) could be explored to 
enhance the effect of ultrasound in the sample matrix, 
facilitating the release of target compounds. On the other 
hand, the results also illustrate that UAE is more selective 
than ABE for polyphenols. Without a doubt, a cleaner 
sample may be useful in  the identificat ion of indiv idual 
components using more sensitive detection techniques. 
However, we should also consider that the use of lower 
frequencies to improve the ext raction of polyphenols, as 
previously suggested, might lead to losses in selectivity. 
The increase in structural damage of the sample matrix 
caused by lower frequency ultrasound may also increase the 
release and extraction rates of other sample components and 
therefore increase polyphenol concentrations in the 
samples[30],[32],[33]. 

It is also possible to observe that the effects of ultrasound 
are maximized when combined with another technique such 
as ABE. The combination of UAE and ABE resulted in 
higher TPCs and extract ion yields than individual 
techniques. In fact, it achieved the highest phenolic yields 
(12.3 ± 0.4 mg GAE. g-1, d.b.) (Table 1) of all techniques 
tested. There are a few reports where submitt ing the sample 
to a short sonication treatment improved the yields of some 
phenolic compounds than using other techniques[34],[43], 
which supports our findings. The use of ultrasound can have 
several effects on the sample matrix. It may disrupt sample 
structure, improving contact between the sample and the 

solvent and releasing extractable analytes. These effects can 
enhance the extract ion process[32-34], and may  be partially 
responsible for the h ighest efficiency of the ABE perfo rmed 
after the UAE compared with techniques used alone. Thus, 
one of the main advantages of the use of ultrasound is that it 
may  provide higher selectivity, even if combined with other 
techniques. Furthermore, it does not significantly reduce 
sample throughput time because the UAE t ime is relat ively 
short (10 min) compared with the 2 hours of the ABE part 
of the method. It  is also noteworthy that higher ultrasound 
intensities may drastically increase the effects on sample 
matrix structure and extraction kinetics and thus increase 
analytes and extract y ields using this method either alone or 
in combination with other techniques. 

In contrast, the Soxhlet ext ractions produced low yields 
and samples with low TPC, independently of the use of an 
acidified solvent. Even though higher temperatures, 
sample-to-solvent ratio (1:25) and longer extract ion times 
were used in the Soxhlet technique, it was not possible to 
achieve higher ext raction yields or TPC than the 
combination o f UAE and ABE. Although Soxhlet 
extractions resulted in similar yields compared to UAE and 
ABE alone, it is less selective for polyphenols than these 
two techniques individually or combined. On the other hand, 
the lower TPC observed in the samples obtained by Soxhlet 
extraction may be partially caused by thermal degradation 
due to the high temperatures and long extraction times 
used[39],[44-47]. Thus, the longer extraction t imes and the 
temperature of this technique possibly increased yields, but 
thermal degradation reduced the concentration of these 
compounds in the final sample. Degradation of polyphenols 
can also explain the lower yields observed with the 
acidified solvent when compared to non-acid ified solvent in 
the Soxhlet ext ractions because there is evidence indicating 
that some polyphenols may be sensitive to hydrolysis in 
acidic mediums[44-47]. A general overv iew of the results 
indicates that independent of the mechanism responsible for 
the relatively low yields with the Soxhlet extraction, the 
other techniques tested can be faster, more efficient and 
more selective for polyphenols than this technique, 
especially using a combinatorial approach. 

3.2. Anthocyanins Extraction 

Because anthocyanins have been reported to be the main  
polyphenols present in the peels of jambul[22],[24],[25], the 
influence of the extraction technique on the concentration of 
this compound class was also evaluated. Data for the 
concentrations of total monomeric anthocyanins (TMA) (mg 
of cyn-3-g ly/ g of ext ract, d.b.) and the extract ion yields (%, 
d.b.) obtained by different techniques are presented in Figure 
3. 
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Figure 3.  Total monomeric anthocyanin content and extraction yield from extracts of jambul peels (Syzygiumcumini) obtained through various methods 
of extraction 

It can be observed in Figure 3 that the highest anthocyanin 
concentration of the sample was achieved for both treatments 
with u ltrasound. These results suggest that the use of UAE 
alone or combined is not only more selective for polyphenols 
but is also more specific for anthocyanins present in the 
jambul peels. Furthermore, the anthocyanin concentration of 
the samples obtained with ultrasound (UAE and UAE+ABE) 
is similar to the TPC, and therefore, only relatively small 
amounts of other phenolic compounds (when compared to 
anthocyanins) can be expected to be present in the samples. 
This aspect is of critical importance when considering the 
separation and identification of the sample components 
because contaminants can overlap with anthocyanin peaks 
and interfere with their determination by more sensitive 
instrumental analytical techniques.  

The slightly higher value of TMA compared to TPC 
observed for UAE can be explained by the influence of the 
reference substance used (gallic acid and 
cyanidin-3-g lycoside equivalents) for the calibration curves 
of both methods (TMA and TPC). Because the extracts 
obtained are complex matrices, other anthocyanins that are 
present (see section 3.5) may have different calibrat ion curve 
slopes and thus different concentration/response ratios. This 
is also the case for TPC, where values may be 
underestimated. Because anthocyanins are the main 
polyphenols present, using gallic acid as a reference may be 
causing a difference between the actual concentration and 
the estimated concentration. Nevertheless, a relative 
comparison of the effectiveness and selectiveness of 
different techniques tested can be made and would provide 
valuable informat ion to be used by other researchers working 
with this type of sample. 

In this context, the combination of UAE and ABE resulted 
in the highest anthocyanin yields. Illustratively, 
approximately 5-fold lower concentrations were found for 
Soxhlet  extract ions using acidified solvent than for 
UAE+ABE. As mentioned previously for the ext raction 
yield of phenolic compounds, these results are due to the fact 
that ultrasonic and agitation can cause damage to the sample 

matrix structure, promoting the release of intracellular 
contents and facilitating the extraction procedure.  

When comparing the results of UAE and UAE+ABE, the 
latter is capable of higher yields that compensate for the 
lower TMA concentration of the samples obtained with this 
technique, resulting in h igher relative y ields. However, the 
lower TMA concentration also implies that using 
UAE+ABE selectivity fo r anthocyanin can be reduced when 
compared to UAE alone. The lower selectivity can be 
attributed to the use of ABE because it produces samples 
with lower TMA concentrations than UAE and UAE+ABE.  

Table 1.  Total polyphenols and anthocyanin yields using different 
extraction techniques 

Tecnique/Method 
Yields (mg.g dry raw material-1) ±SD* 

Polyphenols Anthocyanins 
UAE1 8.2±0.3 9.4±0.3 
ABE2 8.0±0.2 8.0±0.2 

UAE+ABE 12.3±0.4 12.1±0.3 
Soxhlet 8.2±0.3 5.3±0.1 

Soxhlet (pH 3.0) 7.8±0.1 2.3±0.1 
*SD standard deviation. 1UAE (ultrasound-assisted extraction).2ABE (agited 
bed extraction) 

In contrast, much lower TMA concentrations and yields 
were found in the samples obtained with either Soxhlet 
extraction method, indicating that this technique is not the 
most suitable for the extraction of these compounds. 
Furthermore, the use of an acid ified solvent reduced the 
TMA concentration by approximately  2-fold, possibly due to 
an increased degradation rate compared to the use of 
non-acidified solvents. This is an intrigu ing observation 
because anthocyanins have been reported to be more stable 
at lower pHs. Most studies indicate that the anthocyanin 
flavilium ring is more stable at low pH levels because it is 
present in its ionized form[44-47]. However, the 
combination of high temperatures, long extraction times and 
low pHs may promote the hydrolysis of the glycosidic 
moiety. Therefore, based on the results presented, HCl 
acidified solvents should be avoided when using Soxhlet 
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extractions because it may promote hydrolysis of the 
anthocyanins present in the jambulpeels.Table 1 shows the 
relative y ields of polyphenols (mg of GAE. g of raw 
material-1, d.b.) and anthocyanins (mg of cyn-3-gly. g of raw 
material-1, d.b.) are shown in Table 1.  

3.3. Anthocyanin Identification by Thin Layer 
Chromatography 

In addition to the comparison of the extraction techniques, 
it is important to individually identify the main compounds 
present in the sample to understand the extraction process 
and possible degradation patterns. Therefore, a qualitative 
analysis of the anthocyanins present was conducted initially 
by Thin Layer Chromatography (TLC) and later by Mass 
Spectrometry (MS).  

 
Figure 4.  TLC plate for the extracts of the peels of jambul obtained by the 
different extraction techniques. Photograph was digitally enhanced to 
improve visualization by adjustment of color saturation and 
brightness/contrast as well as by the eliminate lens distortion. Anthocyanins: 
(1) cyaniding 3-glycoside; (2) delphinidin 3-glycoside; (3) peonidin3 - 
glycoside; (4) malvidin3-glycoside; (5) pelargonidin3-glycoside; (6) 
petunidin3-glycoside 

Figure 4 shows the TLC plate for the extracts of the peels 
of jambul obtained by different extraction techniques. The 
only available standards were the mono-glycoside 
anthocyanins (cyanidin3-g lycoside; delphinidin3-glycoside; 
peonidin3-glycoside; malvidin3-g lycoside; pelargonidin3- 
glycoside; petunidin3-glycoside). As can be seen, only t races 

of some anthocyanins were found in the samples. However, 
the TLC results are consistent with the spectrophotometric 
analysis of the TMA concentration (Figure 3). In addition, it 
is feasible to assume that the major anthocyanins present 
may  be di- or tri-glycosides due to the lower retention when 
compared to mono-glycoside anthocyanin standards.  

3.4. AnthocyaninIdenti fication by Electros pray 
Ionization Tandem Mass Spectrometry (ES I-MS) 

ESI-Q-TOF-MSwas used to support the evidence 
provided by the TLC analysis of the samples. The mass 
spectrum obtained with analysis of the Soxhlet ext raction 
sample (with acid ified solvent) is presented in Figure 5. 
Extracts obtained by acidified solvent were only evaluated to 
establish a trusted anthocyanin identificat ion. It is well 
known that the hydrolysis of the glycosides to their 
respective aglycone forms occurs under acidic conditions. 
The composition of anthocyanins from jambulanalysed by 
ESI-Q-TOF-MS are presented in Table 2.The identified 
compounds present in the extract were mainly anthocyanin 
diglycosides (cyanidin3,5-d iglycoside (MW=611), 
peonidin3,5-dig lycoside (MW=625), delphin idin3 ,5- 
diglycoside (MW=627), petunidin3,5- dig lycoside 
(MW=641), malvid in3,5- diglycoside (MW=655)).These 
results are consistent with those reported in previous studies 
with jambul fru its[22-25]. However, it was detected 
anthocyaninsmonoglycosides (petunidin 3-dig lycoside (MW 
= 479) and malvidin  3-dig lycoside (MW = 493)). 
Furthermore,anthocyanidins (anthocyanin aglycone form) 
were also detected in the extracts obtained by Soxhlet 
extraction with acidified solvent (peonidin (MW=301), 
delphinidin (MW=303), petunidin (MW=317), malvid in 
(MW=331)). Th is result suggests that hydrolysis of the 
diglycosides to their respective aglycone forms may be 
taking place under these drastic conditions (acid/heat/long 
incubation time). On  the other hand, the presence of main ly 
diglycosides supports the difference between TPC and TMA 
concentration due to the use of cyaniding  3-glycoside as a 
reference standard. Neither cyanid ing 3-g lycoside 
(MW=449) nor delphinidin3-g lycoside (MW=465) was 
detected in the sample. 

 
Figure 5.  Mass spectra data of sample from the Soxhlet with acidified solvent extractions 
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Table 2.  Composition of anthocyanins from jambul obtained by 
ESI-Q-TOF-MS 

Anthocyanin [M]+ 
(m/z) 

MS/MS fragment ions 
(m/z) 

Delphinidin 303 - 
Petunidin 317 - 
Malvidin 331 - 

Petunidin 3-diglycoside 479 317[M - 162]+ 
Malvidin 3-diglycoside 493 331[M - 162]+ 

Cyanidin 3,5-diglycoside 611 449[M - 162]+, 287[M - 
162 - 162]+ 

Peonidin 3,5-diglycoside 625 463[M - 162]+, 301[M - 
162 - 162]+ 

Delphinidin 
3,5-diglycoside 627 465[M - 162]+, 303[M - 

162 - 162]+ 
Petunidin 

3,5-diglycoside 641 479[M - 162]+, 317[M - 
162 - 162]+ 

Malvidin 3,5-diglycoside 655 493[M - 162]+, 331[M - 
162 - 162]+ 

4. Conclusions 
The data presented in this manuscript suggest that 

ultrasound is an attractive alternative to conventional 
methods for the extraction of polyphenols and anthocyanins 
from the peels of jambul. Extract ion using conventional 
methods usually results in lower yields of polyphenols and 
anthocyanins from the sample and may lead to the 
degradation of these compounds during the extraction 
process. The results also provide additional information 
about the improvement of polyphenol extraction processes 
with the use of ultrasound as a combinatorial technique. 
Results suggest that ultrasound used in combination with 
other techniques can improve the selectivity and efficiency 
of the extraction of polyphenols and anthocyanins. Such 
informat ion can be useful in the overall effort to reduce the 
time required  to ext ract these compounds from samples.Thus, 
these informat ions set jambul as a new alternative source of 
bioactive compounds, especially due to high polyphenols 
and anthocyanins content and rich-anthocyanin profile 
implicating in its potencial commercial ap licat ion as food 
colorant or to production of nutraceuticals and 
pharmacological products with benefits to human health. 
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