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Abstract
Java plum pomace is rich in bioactive compounds and has potential to use in numerous ways, where extraction is one of them. 
Ultrasound assisted extraction (UAE) using acidified aqueous ethanol (1:20 solid:liquid, w/v) acidified with 0.1% HCl was 
employed to optimize the extraction conditions (ultrasound power, extraction temperature, time, and ethanol concentration) 
for phytochemicals from java plum fruit pomace using response surface methodology. The mathematical model suggested a 
high coefficient of determination for optimum conditions as 366.25 W ultrasound power, 37.61 °C temperature for 47.48 min 
using 70% ethanol for the extraction of phytochemicals. Actual yield of phytochemicals was almost same to predicted yields. 
While comparing UAE with conventional extraction (CE), phytochemical constituents, antioxidant activities, and minerals 
except potassium, copper, and manganese were reported higher in UAE as confirmed using HPLC, FTIR, AES and SEM 
analysis. It can be concluded that the optimized conditions can be used for the better extraction of phytochemicals from java 
plum pomace and its effective utilization.
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Statement of Novelty

Ultrasound assisted extraction of phytochemicals from java 
plum pomace was carried out. The findings showed that 
pomace can be used as a source of phytochemicals for health 
food industry.

Introduction

Berries such as blueberries, mulberry, blackberry, raspberry, 
and cranberry belong to a diverse group of red, blue and 
purple colored fruits which are widely consumed due to 
their aesthetic appeal as well as nutritional profile. These 
berries are very good source of micronutrients and bioac-
tive compounds i.e., polyphenols, flavonoids and anthocya-
nins, thus possess numerous therapeutic benefits [1]. Java 
plum (Sygyzium cumini L.), an underutilized fruit is widely 
cultivated in tropical and subtropical regions of the world 
and belongs to the family Myrtaceae [2, 3]. Its utilization 
is witnessed in Ayurveda and traditional medicure since 
ages due to its health promoting effects such as antidiabetic, 
diuretic, stomachic, antiproliferative, antioxidant, antiviral, 

antiallergic etc.; which is due to the presence of numerous 
phytochemicals [4]. The commercial utilization of java plum 
is limited to the juice extraction which results in the genera-
tion of approximately 46% waste in the form of peel, seeds 
and residual pulp (pomace) [2, 5]. Despite of its numerous 
phytochemicals, the pomace is ignored by the processing 
industries and thus, responsible for environmental pollution. 
This waste can be a valuable resource owing to the broad 
spectrum of bioactive compounds present in it.

Extraction of bioactive compounds from food matrices 
using suitable extraction method is a very important step 
prior to their separation and identification. The conventional 
techniques (soaking, maceration, solvent extraction etc.) are 
still prevailing at industrial level. Although the cost of these 
techniques is low but, extraction efficiency is also low. A few 
other advance techniques namely pulse electric field, micro-
wave assisted extraction, enzyme assisted extraction etc. have 
been explored recently for the extraction of phytochemicals. 
However, the lack of comparative results demands alterative, 
efficient, and sustainable technologies to provide premium 
quality extracts from plant matrices with high efficiency, 
better yields, short extraction times with less use of solvents 
[6, 7]. Ultrasound assisted extraction (UAE) is one of them 
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which allows easy scalability from laboratory to pilot scale, 
better penetration of solvent into the plant cellular matrix by 
causing cavitation, thus, improves the recovery of bioactive 
compounds [6]. Many researchers have studied UAE for the 
extraction of phytochemicals from mulberry [6], blackberry 
and sweet cherry [8], Lycium ruthenicum Murr. [9], Maqui 
berry [10], blueberries [11, 12], orange peel [13], grapefruit 
[14, 15], carrot pomace [16], strawberry and blackberry [17], 
açai berries [18], and blueberry pomace [19]. However, no 
study has been reported on the extraction of phytochemicals 
from java plum pomace using UAE.

The type of solvent to be used for extraction of phyto-
chemicals from natural sources is one of most studied vari-
able. Different alcohols are most commonly used solvents 
for the extraction of bioactive compounds, where ethanol 
is preferably used in food and pharmaceutical applications 
as it is environmental friendly organic solvent and is being 
classified as Generally Recognized as Safe (GRAS) by US 
FDA and FAO/WHO Expert Committee on Food Additives 
[12]. Apart from this, extraction temperature, time, pH, 
solid–liquid ratio, particle size also influence the extraction 
from different plant materials [20–22]. However, general-
ized extraction conditions cannot be applied for all plant 
matrices. Therefore, the optimization of these variables is 
highly required for the better extraction of phytochemicals 
from java plum pomace with minimum solvent utilization. 
To the best of our knowledge, this is the first study on the 
ultrasound assisted extraction using different variables 
(ultrasound power, time, temperature, and ethanol concen-
tration) for the efficient extraction of phytochemicals from 
java plum pomace.

Materials and Methods

Material

The fresh pomace of java plum was collected from Food 
Industry Business Incubation Centre, Punjab Agricultural 
University, Ludhiana, India and brought immediately to the 
laboratory. The collected pomace was packed in 200 gauge 
polyethylene bags (5 kg capacity) and stored at − 18 °C till 
further use. All analytical grade chemicals were purchased 
from Loba Chemie, India. HPLC grade standards and sol-
vents were purchased from Sigma-Aldrich (St. Louis, MO, 
U.S.A).

Extraction

Experimental Design for UAE

The relationship between extraction conditions (ultrasound 
power, extraction temperature, extraction time, ethanol con-
centration) and responses (total monomeric anthocyanins, 

percent polymeric color, total phenolic content, total flavo-
noids, DPPH, and reducing power assay) was investigated 
using a three level and four factor Box–Behnken design 
(BBD) to study the combined impact of various variables. 
The four independent variables and their corresponding lev-
els were as follows: A, ultrasound power (W): 200–400 W; 
B, extraction temperature (°C): 30–50 °C; C, extraction 
time (min) 30–60 min; and D, ethanol concentration (%): 
30–70%.

Ultrasound assisted extraction was carried out as per the 
procedure reported by Vázquez-Espinosa et al. [10] using 
an ultrasonic device (VC 750, Sonics and materials Inc., 
Newtown, CT, USA) working at a fixed frequency (28 kHz), 
gap time and out time of 5 and 20 s respectively. This system 
was coupled with a thermostatic bath (FRIGITERM-100, 
Barcelona, Spain) to control the temperature. The accu-
rately weighed fresh pomace was mixed with aqueous etha-
nol [acidified with 0.1% HCl (v/v) in the ratio 1:20 (w/v)] 
in 250 ml glass beaker. The slurry so prepared was sub-
jected to ultrasonic treatment at 200–400 W for 30–60 min 
at 30–50 °C. The complete details of the combinations of 
the variables i.e. treatments is given in Table 1. After com-
pletion of sonication, the treated slurry was centrifuged at 
2000×g for 20 min at room temperature (ST16R, Thermo 
Fisher Scientific, Germany) to obtain the supernatant. The 
obtained supernatant was stored in amber colored glass bot-
tles at 4 ± 1 °C and has been utilized for further analysis. All 
the experiments were done in triplicates.

Conventional Extraction

Conventional extraction (CE) of the phytochemicals was 
also performed by mixing the pomace with aqueous ethanol 
[acidified with 0.1% HCl (v/v) in the ratio 1:20 (w/v)] with 
the aim of its comparison with UAE. The conditions for the 
extraction i.e., temperature, time and ethanol concentration 
were 37.63 °C, 47.53 min and 70%, respectively as opti-
mized for UAE. After extraction, the slurry was centrifuged 
at 2000×g for 20 min at room temperature to collect the 
supernatant and was stored at 4 ± 1 °C till further analysis.

Analysis

Phytochemical Analysis

Total monomeric anthocyanin content (TMAC) was esti-
mated by pH differential method using a UV/Vis spectro-
photometer (Shimadzu UV-1800, Kyoto, Japan) at 520 
and 700 nm taking distilled water as blank [2]. Buffer at 
pH 1.0 and 4.5 were prepared and pH was adjusted using 
0.1 N hydrochloric acid. The total monomeric anthocyanins 
were calculated as mg cyanidin-3-o-glucoside equivalent 
(CE)/100 g using the following equation:
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where A =  (A520  −   A700)pH1.0  −    (A520  −   A700)pH4.5; 
 Mw = 449.2 g/mol (molecular weight of cyanidin-3-gluco-
side), DF is the dilution factor, ε = 26,900 L/cm mol (molar 
absorptivity of cyanidin-3-glucoside), and L = 1 cm (stand-
ard optical path length); 1000 is the factor to convert grams 
to milligrams.

The proportion of polymerized anthocyanin compounds 
(percent polymeric color) in comparison to the monomeric 
anthocyanins was determined as percent polymeric color [2]. 
It was calculated as the ratio of polymeric color (polym-
erized anthocyanins) to color density (total anthocyanins). 
Diluted sample (2.8 ml) was mixed with 0.2 ml potassium 
metabisulfite (20%) and double distilled water in the control. 
The samples were allowed to equilibrate for 30 min at room 
temperature and then, the absorbance was read at 420 nm, 
λvis-max (500–510 nm), and 700 nm. Color density was esti-
mated for control, and the polymeric color was estimated for 
bleached sample using the formula:

Total phenolic content (TPC) was estimated by 
Folin–Ciocalteu method as described by Kaur and Aggarwal 
[3]. Extract (0.5 ml) was mixed with 0.5 ml of Folin–Cio-
calteu reagent, followed by addition of 1.5 ml of sodium 
carbonate (20%; w/v) and 7.5 ml double distilled water. The 
absorbance was taken at 760 nm against a reagent blank after 
2 h incubation in dark and the results were expressed as mg 
gallic acid equivalent (GAE)/100 g (dw).

Total flavonoid content (TFC) of the extracts was deter-
mined using standard procedure as outlined by Kaur et al. 
[23]. 0.5 ml extract was mixed with 3.2 ml double distilled 
water and 0.15 ml of each i.e. sodium nitrite solution [5% 
(w/v)] and aluminium chloride solution [10% (w/v)]. To this 
mixture, 1 ml sodium hydroxide solution (1 M) was added 
followed by vortex mixing. The absorbance was immediately 
read at 510 nm and the results were expressed as mg querce-
tin equivalent (QE)/100 g (dw).

In Vitro Antioxidant Activity Analysis

Free radical scavenging activity of the extract was meas-
ured by DPPH method [24]. Diluted extracts (1 ml) were 
mixed with 1 ml Tris buffer and 2 ml of DPPH reagent. The 
mixtures were vortexed, followed by incubation in dark for 
30 min at room temperature and the absorbance was then 
read at 517 nm. The results were expressed as mg Butyl-
ated hyroxytoluene equivalent (BHT)/100 g (dw). The abil-
ity of extracts to reduce ferric ions  (Fe3+) was estimated as 

Total monomeric anthocyanins content =
A ×Mw × DF × 1000

� × L
,

PPC(%) =
[(

A420nm − A700nm
)

+
(

A�vis-max − A700nm
)]

× dilution factor

reducing power assay [3]. One ml of extract was mixed with 
2.5 ml phosphate buffer and 2.5 ml potassium ferricyanide 
(1%), followed by incubation at 50 °C for 20 min. After incu-
bation, 2.5 ml trichloroacetic acid (10%) was added followed 
by centrifugation at 2000×g. 2.5 ml of the supernatant was 
mixed with 2.5 ml double distilled water and 0.5 ml ferric 
chloride (0.1%, w/v), and the absorbance was measured at 
700 nm. The results were expressed as mg ascorbic acid 
equivalent (AAE)/100 g (dw).

Mineral Profiling

Mineral composition of the optimized extracts from UAE as 
well as CE was estimated using Inductively Coupled Plasma 
Atomic Emission Spectroscopy (X-Series2, Thermo Scien-
tific, USA). Respective phytochemical extract (0.5 ml) was 
digested using a mixture of nitric and perchloric acid (3:1) 
until a clear solution was obtained, followed by volume 
make up to 25 ml using deionised water and estimation of 
minerals. The results were expressed as mg/l [25].

Fourier Transform Infrared Spectroscopy (FTIR) 
Characterization

FTIR spectra of extracts obtained after UAE and CE treat-
ments were recorded using Fourier transform infrared 
spectrophotometer (Thermo scientific, Nicolet 67000) 
in 4000–400  cm−1 range with a maximum resolution of 
0.50  cm−1. The interpretation was done as per the standards 
guidelines of Stuart [26].

Scanning Electron Microscopy (SEM) Analysis

To assess the effect of ultrasonication and cavitation, the 
microstructures of untreated pomace and residue obtained 
after optimized UAE and CE treatments were subjected to 
scanning electron microscope (XL30, FEI Philips, France; 
25–1,000,000 magnifications). The samples were dried at 
35 °C and sputter coated with gold prior to analysis.

HPLC Profiling of Phenolic Compounds

HPLC analysis was carried out using a X-Bridge™ C18 
column (250 mm × 4.6 mm, 5 μm) (Waters, USA) equipped 
with an X-Bridge™ C18 guard column and a Thermoquest 
HPLC system with a diode array detector. The mobile phase 
was comprised of solvent A, 0.1% formic acid in water (v/v) 
and solvent B, 0.1% formic acid in acetonitrile. The column 
was operated at 33 °C with the mobile phase at constant 
flow rate of 1.0 ml/min, eluted compounds were detected 
at 280 nm, and the injection volumes of the standards and 
sample extracts were 2.0 µl. The solvent gradient in volume 
ratios was as follows: 0–10 min, 98–80% A; 10–20 min, 
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80–60% A; 20–25 min, 60–10% A; 25–33 min, 98% A. Each 
estimation was run in triplicate and the quantification of phe-
nolic compounds was done using external standard method 
based on the peak area.

Statistical Analysis

Design Expert (version 10.0.1.0, Stat-Ease) was used for the 
statistical analysis of the data for determination of regres-
sion coefficient and ANOVA.  R2 was calculated and used 
to determine the fitness of the statistical equation. Numeri-
cal optimization tool was used to determine the optimized 
run for the maximum extraction of phytochemicals, where 
all the variables and responses were kept “in range” except 
phytochemicals (total monomeric anthocyanins, total phe-
nols, and total flavonoids) which were kept at “maximum”. 
Data obtained from optimized extracts of UAE and CE was 
presented as mean ± standard deviation using SPSS version 
20.0 (Statistical Package for Social Sciences) to differentiate 
between UAE and CE.

Results and Discussion

The effect of various independent variables i.e., ultrasound 
power, temperature, time and ethanol concentration was 
investigated on the extraction of various phytochemicals and 
antioxidant of java plum pomace. It was observed that total 
monomeric anthocyanins varied from 338.79 to 653.09 mg 
CE/100 g, percent polymeric color from 7.20 to 11.79%, 
total phenols from 774.69 to 2673.22 mg GAE/100 g, total 
flavonoids from 659.58 to 1725.40 mg QAE/100 g, DPPH 
from 78.25 to 93.23 mg BHT/100 g and reducing power 
assay from 582.35 to 3004.85 mg AAE/100 g (Table 1). The 
effect of independent variables on the responses at linear, 
quadratic and interaction levels has been studied and shown 
in Table S1; the significant (p < 0.05) regression coefficient 
values were highlighted with asterisk (*), where quadratic 
response surface model were further used for the statistical 
analysis. The  R2 values for all the responses were more than 
0.92 and the lack-of-fit test was found to be highly insignifi-
cant, indicating selected model was sufficiently accurate for 
the prediction of responses.

Effect of UAE on Phytochemicals

Total Monomeric Anthocyanins

In the present study, ultrasound power and extraction time 
were the most significant (p < 0.05) parameters affecting the 
extraction of anthocyanins at linear level; ultrasound power 
and temperature, ultrasound power and time, extraction 

temperature and ethanol concentration at interaction level, 
whereas all the parameters significantly affected antho-
cyanins yield at the quadratic level (Table S1). Figure S1 
revealed that with increase in ultrasound power from 200 to 
320 W, a significant increase in the anthocyanins yield was 
observed which might be due to the collapse of cavitation 
bubbles at the surface of the substrate matrix. This leads to 
the disruption of plant cell walls and vacuole membranes, 
resulting in more leaching of anthocyanins into the solvent 
[27]. However, high intensity acoustic cavitation can con-
tribute to the formation of hydroxyl radicals which degrades 
the anthocyanins by opening up the rings and simultane-
ous formation of chalcone [28, 29]. Another reason can be 
related to the oxidative reactions which are promoted by the 
interaction of free radicals formed during high ultrasound 
treatment [30]. Similar effect of ultrasound power was seen 
in the present study. Also, it can be observed from Table 2 
and Fig. S1, that with the increase in ultrasound treatment 
time, total monomeric anthocyanins increased rapidly and 
reached a highest at 50 min, this can be due to the dilution 
of substrate with extracting solvent which takes a certain 
period of time to reach equilibrium [31].

Percent Polymeric Color

It can be observed from Table 2, that ultrasound power, 
extraction time and ethanol concentration at linear level, 
ultrasound power, temperature and time at quadratic level, 
whereas all the parameters at interaction level except time 
and ethanol were the most significant (p < 0.05) parameters 
affecting polymeric color (Table S1). There was a gradual 
increase in the amount of polymeric color with the increase 
in ultrasound power till 320 W (Fig. S1) which further 
became constant (Table 2). Polymerization of anthocyanins 
is an important reaction which occurs during anthocyanin 
degradation due to intrinsic factors such as pressure, temper-
ature and pH during processing. The increase in polymerized 
color content might be due to the formation of an interme-
diate product of anthocyanins degradation (chalcone). This 
intermediate is unstable and is quickly degraded to brown 
colored compounds, resulting in notable increase in polym-
erized anthocyanins content. Another reason for polymeri-
zation can be covalent bonding of anthocyanins with com-
pounds like flavanols, pyruvic acid through ethyl bridges 
[30]. In present study, PPC of the extract varied from 7.20 to 
11.79% after ultrasound treatment which indicates the con-
densation reactions of anthocyanins due to localized increase 
in temperature and pressure during sonication. Cao et al. 
[30] reported ultrasound treatment resulted in increase in 
PPC content of bayberry juice from 10.5 to 15.7% which was 
accompanied with the decrease in monomeric anthocyanins 
content. The extraction time and ethanol concentration posi-
tively affected PPC content. This might be probably because 
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polymerized anthocyanins are more readily extracted in the 
less polar solvent mixture (ethanol is less polar than water) 
[32].

Total Phenols

Among all the variables under study, ethanol concentra-
tion and extraction temperature at linear level, and all the 
parameters at quadratic level were significant whereas the 
individual effect of ultrasound power and time was non-
significant on the extraction of total phenols (Table S1). 
The phenolic content increased as the ethanol concentra-
tion increased beyond 45%. Ethanol–water mixture extracts 
phenolic compounds more efficiently than mono compo-
nent solvent medium as the addition of water into organic 
solvents increases polarity of the extraction medium, thus, 
accelerates the extraction of polyphenols [33]. Chaves et al. 
[29] stated that aqueous ethanol leads to the leaching of bio-
active constituents with broad range of polarity particularly 
suitable for the extraction of polyphenolic compounds. Sun 
et al. [34] reported the extraction of not only polar but weak 
polar as well as non-polar phenolic compounds from Propo-
lis with the use of 75% ethanol.

It was observed from Fig. S2 that with increase in tem-
perature from 30 to 40 °C, the phenolic content gradually 
increased which might be due to the softening of plant tissue 
which weakens the interaction of phenols with protein and 
polysaccharides, hence, improves the diffusion of analytes 
from the solid matrix into solvent. This resulted in more 
extraction of phenolic compounds [31, 35]. The results were 
in agreement to the study of González-Centeno et al. [35] 
who observed increase in phenolic content of grape pom-
ace extract during ultrasound treatment at 20–50 °C. The 
interactions of ultrasound power and temperature, ultrasound 
power and ethanol had a significant negative effect on the 
yield of total phenols while interaction of temperature and 

ethanol had a significant positive effect (Table S1). The 
effect of ultrasound on total phenols can be explained as 
when the cell walls are ruptured due to ultrasound treatment, 
the impurities suspend in the extraction medium which 
lowers the permeability of solvent into cell structures. This 
results in reabsorption of target molecules into the ruptured 
tissue particles (due to their relatively larger surface areas) 
and hence, lowers the yield of phenolic compounds [36].

Total Flavonoids

Total flavonoids of java plum pomace extract were signifi-
cantly affected by ethanol concentration at linear level, ultra-
sound power and temperature at interaction level, whereas all 
the variables were significant at quadratic level (Table S1). 
A sharp increase in flavonoids yield was observed with 
increase in ethanol concentration as organic solvents (etha-
nol; non-toxic and biodegradable) are often more suitable 
for efficient extraction of flavonoids and have been explored 
by various researchers [29, 37]. The use of acidified aqueous 
ethanol preserves flavonoids from oxidative degradation by 
stabilizing free radicals produced during sonication [29]. 
Bamba et al. [19] reported that ultrasound assisted extrac-
tion resulted in highest yield of flavonoids from blueberry 
pomace using 50% ethanol as solvent at 40 °C for 40 min 
of treatment time. The effect of ultrasound power at linear 
level was not statistically significant which might be due to 
loss of some energy from the equipment to the solvent-plant 
material medium [38]. The combined effect of ultrasound 
power and temperature was significant which substantially 
enhanced the flavonoids extraction (Fig. S2). Karunanithi 
and Venkatachalam [39] reported that an increase in temper-
ature affects the viscosity as well as vapour pressure (solvent 
properties) i.e., with the increase in temperature viscosity 
decreases whereas vapor pressure increases. A rise in vapor 

Table 2  Influence of each processing variable on different attributes of Java plum pomace

Variables TMAC PPC TPC TFC DPPH RPA 

Ultrasound power 

Extraction temperature 

Extraction time 

Ethanol concentration 

 increase trend,  decreasing trend,  increasing followed by decreasing trend,  non-significant changes; TMAC total monomeric 

anthocyanins content; PPC percent polymeric color; TPC total phenolic content; TFC total flavonoids content; DPPH 2,2-diphenyl-1-picryhy-
drazyl; RPA reducing power assay
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pressure causes more solvent vapors to enter the bubble cav-
ity and is responsible for the intensity of collapse, thus, more 
solvent penetrates the deeper cell structure. Therefore, both 
the ultrasound and temperature enhanced the mass transfer 
of target compounds into the solvent medium as discussed in 
phenolics. Similar results for the ultrasound assisted extrac-
tion of total flavonoids from açai berries have been reported 
by Hanula et al. [18] where the maximum yield was obtained 
at 45 °C for 25 min.

Effect of UAE on Antioxidant Activities

The antioxidant potential of the extract was studied by 
two assays i.e. DPPH free radical scavenging activity and 
reducing power assay as no single method can assess the 
antioxidant potential of a sample [2]. Extraction tempera-
ture, time and ethanol concentration had significant effect 
at linear level, ultrasound power, extraction temperature and 
ethanol concentration at quadratic level, whereas extraction 
temperature and time, extraction temperature and ethanol, 
time and ethanol at interaction level had significant effect 
on the antioxidant activity measured in terms of DPPH free 
radical scavenging activity (Table S1). However, in reducing 
power assay, all the parameters except ethanol concentration 
at linear level, ultrasound power, extraction temperature and 
ethanol concentration at quadratic level, whereas ultrasound 
power and ethanol at interaction level had significant effect 
on the antioxidant activities of the extract (Table S1).

The antioxidant activities decreased significantly 
(p < 0.05) with increase in temperature and ethanol concen-
tration. Bamba et al. [19] observed similar effect of increas-
ing concentration of ethanol on the ultrasound assisted 
extraction of antioxidant activities from blueberry pomace 
and reported a significant decrease in the yield with the 
increase in ethanol concentration above 50%. Hu et al. [40] 
reported higher antioxidant potential in terms of reducing 
power assay and DPPH free radical scavenging activity of 
the blueberry pomace when extracted using ultrasound. 
Antioxidant potential of the extract depends upon the con-
centration of phytochemicals (anthocyanins, flavonoids, and 
phenolic compounds) which are heat-labile [2]. Higher ultra-
sound power, temperature, and longer extraction times can 
cause irreversible chemical changes i.e., generation of free 
radicals which triggers radical chain reactions and causes 
oxidation of phenolic compounds and antioxidants, hence, 
decreases the antioxidant potential [29]. The reduction effect 
of extraction temperature and time was more drastic in 
DPPH free radical scavenging activity; however, the effect of 
time was statistically insignificant in reducing power assay. 
However, interactions of different parameters had signifi-
cant positive effect on the antioxidant potential of the extract 

which showed that combination of these extraction variables 
(Fig. S3). D’Alessandro et al. [41] and Ivanovic et al. [42] 
reported significant increasing effect of temperature and 
time on the antioxidant potential of black chokeberry waste 
and blackberry, respectively.

Numerical Optimization

To find out the optimum conditions, goals and intensity 
was assigned to each variable and response. All the vari-
ables and responses were kept in range, whereas the phy-
tochemicals namely total monomeric anthocyanins, phe-
nols and flavonoids were kept at higher side (Table S2a). 
This advocated an optimized solution i.e. ultrasound power 
(366.25 W), extraction temperature (37.61 °C), extraction 
time (47.48 min) and ethanol concentration (70%) with 
0.827 desirability. The predicted yields of total monomeric 
anthocyanin content, total phenolic content and total flavo-
noids were 649.47 mg CE/100 g, 2266.36 mg GAE/100 g 
and 1668.43 mg QE100 g, respectively (Table S2b). An 
experiment was laid using optimized conditions of UAE to 
check the accuracy of predicted values and a difference was 
drawn which indicated a non-significant (p > 0.05) difference 
between predicted and actual values. This indicated accuracy 
of the experiment at the optimized conditions.

Comparison Between UAE and CE for the Better 
Extractability

A comparison has been carried out to check the effect of 
UAE as compared to CE in terms of percentage extractabil-
ity and the results were presented in Table 3. It was observed 
that phytochemicals (total monomeric anthocyanins, total 
phenols, total flavonoids, and polymeric color) and antioxi-
dant activities were better extracted at the optimized condi-
tions of UAE than CE (Table 3). The increase in phytochem-
icals constituents can be attributed to cavitation phenomena 
which disrupt the plant tissues and cell walls, thus, enhanced 
the extractability of bound constituents into the extraction 
medium. The antioxidant potential of the extract is corre-
lated to the concentration of phytochemicals (anthocyanins, 
total phenols, and flavonoids) [29]. Hence, the increase in 
phytochemical compounds significantly improved the anti-
oxidant potential of optimized UAE extract. The quantifi-
cation of phenolic compounds using HPLC, UAE reported 
higher concentration of gallic acid, 4-amino benzoic acid, 
catechin hydrate, 3-hydroxybenzoic acid, vanillic acid, 
2,3-dihydroxybenzoic acid, p-coumaric acid, quercetin, 
kaempferol, and sinapic acid whereas, the quantities of 
syringic acid, caffeic acid, transferulic acid, and chlorogenic 
acid were higher in CE (Fig. 1). Sun et al. [43] reported that 
caffeic acid undergoes decarboxylation and polymerization 
during UAE. Degradation of syringic acid and caffeic acid 
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has been reported by Qiao et al. [44]. A significant (p < 0.05) 
increase in all the macro and micro elements in UAE extract 
was observed as compared to CE except for potassium, cop-
per, and manganese. Similar results related to better release 
of mineral elements have been reported by Jabbar et al. [45] 
and Aadil et al. [14].

FT‑IR Spectra

FT-IR spectra of both the extracts of UAE and CE showed 
similar band recognition (Fig. 2) indicating that the simi-
lar extraction of bioactive compounds in both the meth-
ods, however, the concentration of phytochemicals varied 

in both the extracts (Table 3). The peaks between 3400 
and 2500  cm−1 is attributed to the presence of phenolic 
compounds and O–H functional group in sugar, which 
corresponds to the presence of anthocyanin pigment. 
Stretching band at 1730–1705   cm−1 showed the pres-
ence of pyran ring which indicates presence of flavonoid 
compounds [46]. The absorption peaks in the range of 
1396–1379  cm−1, 1247–1242  cm−1 and 1052–1027  cm−1 
represents the presence of asymmetrical/symmetrical  CH3 
stretch, asymmetrical C–O–C stretch and CH–CH, C–CH 
and C–OH stretching, respectively show the presence 
of phenolic compounds, whereas peaks in the region of 
1260–1240  cm−1 and 1050–700  cm−1 corresponds to P=O 

Table 3  Comparison of 
ultrasound assisted extraction 
(UAE) with conventional 
extraction (CE) of Java plum 
extract

↑ increase compared to conventional extraction (CE); ↓ decrease compared to conventional extraction (CE); 
TMAC total monomeric anthocyanins content; PPC percent polymeric color; TPC total phenols; TFC total 
flavonoids content; DPPH 2,2-diphenyl-1-picryhydrazyl; CE cyanidin-3-o-glucoside equivalent; GAE gal-
lic acid equivalent; QE quercetin equivalent; BHT butylated hydroxytoluene; AAE ascorbic acid equivalent

Parameters UAE CE % (↑/↓)

Phytochemical constituents
 TMAC (mg CE/100 g) 637.25 ± 5.21 475.25 ± 6.02 34.09↑
 TPC (mg GAE/100 g) 2201.78 ± 18.59 1701.59 ± 11.56 29.40↑
 TFC (mg QE/100 g) 1642.52 ± 10.26 1318.31 ± 5.10 24.59↑
 PPC (%) 9.45 ± 0.50 3.74 ± 0.21 152.67↑

Antioxidant activities
 DPPH (mg BHT/100 g) 85.26 ± 3.69 81.69 ± 1.58 4.37↑
 RPA (mg AAE/100 g) 1745.23 ± 8.50 1166.25 ± 10.23 49.64↑

Phenolic profiling (ppm)
 Gallic acid + 4 aminobenzoic acid 592.06 ± 15.30 247.33 ± 2.56 58.22↑
 ( +) Catechin hydrate 120.66 ± 4.37 69.35 ± 2.11 42.52↑
 Caffeic acid 2.70 ± 0.10 4.60 ± 0.20 70.37↓
 3 Hydroxybenzoic acid 350.12 ± 0.20 151.90 ± 4.62 56.61↑
 Vanillic acid 5.20 ± 0.20 3.21 ± 0.13 38.27↑
 2–3 Dihydroxybenzoic acid 12,460.90 ± 149.60 4250.71 ± 89.18 65.89↑
 Syringic acid 16.14 ± 0.72 23.50 ± 0.97 45.60↓
 p-Coumeric acid 651.10 ± 25.19 291.70 ± 11.59 55.20↑
 Transferulic acid 11.45 ± 0.46 23.70 ± 1.10 106.98↓
 Chlorogenic acid 89.40 ± 3.54 110.71 ± 4.30 23.83↓
 Quercetin 2.40 ± 0.10 1.10 ± 0.04 54.16↑
 Kaempferol 0.091 ± 0.003 0.040 ± 0.001 55.55↑
 Sinapic acid 12.40 ± 0.51 1.81 ± 0.08 85.40↑

Mineral matter (mg/l)
 Potassium 154.22 ± 1.62 156.05 ± 2.56 1.17↓
 Magnesium 22.61 ± 0.25 19.81 ± 0.58 14.13↑
 Sodium 7.43 ± 0.10 7.02 ± 0.07 5.84↑
 Calcium 3.80 ± 0.09 3.25 ± 0.05 16.92↑
 Phosphorus 19.31 ± 0.31 19.26 ± 0.25 0.26↑
 Iron 2.84 ± 0.05 2.69 ± 0.05 5.57↑
 Zinc 0.60 ± 0.03 0.52 ± 0.02 15.38↑
 Copper 0.14 ± 0.02 0.15 ± 0.01 6.67↓
 Manganese 0.13 ± 0.01 0.23 ± 0.02 43.48↓
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and P=S stretching respectively. These stretching indicates 
the presence of phosphorus compounds.

Scanning Electron Microscopy (SEM) Analysis

SEM was performed to observe the changes in microstruc-
ture and morphological characteristics of untreated pomace 
sample, and the residue obtained after both conventional 
and ultrasound assisted extraction of phytochemicals. The 
untreated pomace showed smooth and unbroken cell walls, 
whereas in CE the cells were wrinkled, rough but not very 
much broken (Fig. 3A, B). However, after ultrasound treat-
ment, the surface of the pomace was greatly affected and the 
structure opened up, thereby increased the release of cell 
components including phytochemicals into the extracting 
solvent (Fig. 3C). The deformation can be attributed to the 
propagation of ultrasound waves resulting in the formation 
and collision of cavitation bubbles [7]. This was evident 
from the scanning electron microscopy images demonstrat-
ing intact structure of pomace as compared to sonicated 
samples. Karunanithi and Sivakumar [39] observed simi-
lar structural changes in the pricky pear peel residue after 

ultrasonication treatment and reported accelerated extrac-
tion of phenolic compounds. Zhou et al. [47] also reported 
more porous structure with cracked cell walls of Morus 
alba L. leaves while extracting phenolic compounds using 
deep eutectic solvents combined with ultrasonic-assisted 
extraction.

Conclusion

Ultrasound assisted extraction of phytochemicals using 
acidified aqueous ethanol was carried out using three level, 
four factor BBD design and the optimized conditions for 
the extraction of phytochemicals were 366.25 W ultrasound 
power at 37.61 °C for 47.48 min using 70% ethanol as sol-
vent with 0.827 desirability. Upon comparison, the better 
extraction in UAE was observed as compared to CE for 
phytochemicals, antioxidant activities, and phenolic com-
pounds except syringic acid, caffeic acid, transferulic acid, 
chlorogenic acid, and minerals except potassium, copper, 
and manganese. The findings have the potential for the effec-
tive utilization of java plum pomace for the better extraction 

Fig. 1  HPLC chromatogram 
for phenolic compounds. A 
Conventional extraction. B 
Ultrasound assisted extraction
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of bioactive compounds which can be used as a source of 
phytochemicals for health food industry.
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