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The effect of ultrasound treatment (UT) on a beverage from mango pulp and carrot juice with added turmeric powder on total soluble phenolic 
content (TSP), total carotenoid content (TC) and antioxidant capacity (AOC) was evaluated. Response surface methodology (RSM) was applied to 
obtain the optimal formulation of the beverage. The AOC was assigned as a response variable in addition to TSP and TC. Mathematical modeling 
showed that the formulation with 35% (v/v) of mango pulp, 10% (v/v) of carrot juice, and 0.7% (w/v) of turmeric powder, yielded the highest values 
of TSP, TC, and AOC. The beverages were subjected to different ultrasound conditions with varying exposure times (ET), sonication amplitudes (SA), 
and pulse cycles (PC) to obtain the highest values for response variables. Statistical modeling showed that a UT at 21 min ET, 100% SA, and 0.7 s PC, 
increased TSP, Trolox equivalent antioxidant capacity (TEAC), and ferric reducing antioxidant power (FRAP) by 15.5%, 45.1%, and 15.9%, respectively. 
Seven phenolic acids, three curcuminoids, five flavonoids, and a xanthonoid were identified in the beverages. The quantities of 3,4-dihydroxybenzoic 
acid, gallic acid, chlorogenic acids, (+)-catechin, quercetin, kaempferol, (–)-gallocatechin gallate, and mangiferin were higher in  the UT beverage 
compared to the control, suggesting their release from cell-wall structures as a result of UT. 

*  Corresponding Author:� Submitted: 10 February 2022
E-mail: gustavo@ciad.mx (G.A. Gonzalez-Aguilar)� Accepted: 27 July 2022 
� Published on-line: 2 September 2022

ABBREVIATIONS

UT, Ultrasound treatment; TSP, total soluble phenolic 
content; TC, total carotenoid content; AOC, antioxidant ca-
pacity, RSM, response surface methodology; ET, exposure 
time; SA, sonication amplitudes, PC, pulse cycles; TEAC, 
Trolox equivalent antioxidant capacity; ABTS, 2,2’-azino- 
-bis-(3-ethylbenzothiazoline-6-sulfonic acid), FRAP, ferric 
reducing antioxidant power, TPTZ, 2,4,6-tripyridyl-s-triazine; 
GAE, gallic acid equivalent; TE, Trolox equivalent.

INTRODUCTION 

Several epidemiological studies have demonstrated the re-
lationship between consuming beverages from vegetable 
sources and  the  prevention of  diseases related to oxidative 

stress, such as cardiovascular and  neurodegenerative dis-
eases and some types of cancer [Fujiki et al., 2017; Wu et al., 
2016; Zhou et  al., 2015]. The  main compounds to which 
these effects are attributed are phenolics and  carotenoids. 
Consuming fruit and vegetable beverages can result in an in-
creased intake of  these compounds. Blending different fruit 
and vegetables increases the content and variety of bioactive 
compounds in beverages [Manna et al., 2017]. Furthermore, 
it  has been reported that combining compounds of  differ-
ent chemical characteristics, such as phenolic compounds 
and carotenoids, can possibly enhance their antioxidant prop-
erties [Zhao et  al., 2014]. To further maximize compound 
diversity and  enhance organoleptic characteristics of  bever-
ages, the use of  spices, like ginger or turmeric, and extracts 
thereof in their preparation has been investigated [Bhardwaj 
& Pandey, 2011]. In Mexico, mango and carrot are consumed 
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by most of the population, consequently, their bioactive com-
pound profile has been studied. Pacheco-Ordaz et al. [2018] 
established that mango contains chlorogenic acid, gallic 
acid, vanillic acid, protocatechuic acid, α- and  β-carotene, 
lutein, and zeaxanthin. Flavonoids, like quercetin 3-isobutyr-
ate, quercetin 4’-O-β-d-glucopyranoside-3,7-dimethyl ether, 
and quercetin, one gallotannin (theogallin) and 2 xanthones 
(mangiferin and  mangiferin isomer) have also been identi-
fied in mango pulp [Barrón-García et al., 2022]. On the other 
hand, β-carotene, apigenin, rutin, chlorogenic acid, and pro-
tocatechuic acid have been reported in carrots [Šeregelj et al., 
2020]. Bisdemethoxycurcumin, demethoxycurcumin, cur-
cumin, (+)-catechin, quercetin, gallic acid, and  p-coumaric 
acid have been identified in turmeric [Pal et al., 2020]. These 
molecules are known for their health benefits, which are re-
lated to the activation of different intracellular signaling path-
ways, immunomodulation, and  cardioprotective properties 
[Palafox-Carlos et al., 2012]. Due to the reported properties 
of mango and carrot, in conjunction with the trend of adding 
spices to beverages, the use of powdered turmeric rhizomes 
is proposed due to their anti-inflammatory and antimutagen-
ic properties [Deogade &Ghate, 2015]. 

Different investigations have been carried out where ul-
trasound treatments (UT) have been applied to fruits such 
as Annona muricata [Aguilar-Hernández et  al., 2019, 2020; 
Nolasco-González et  al., 2022]; juices like red and  yellow 
watermelon juice [Yıkmış, 2020], black carrot juice [Hash-
eminya & Dehghannya, 2022], pear juice [Saeeduddin et al., 
2016], Cape gooseberry juice [Ordóñez-Santos et al., 2017]; 
and beverages like grape-based beverage [Ahmad et al., 2020], 
carrot and grape beverage [Nadeem et al., 2018], and mango- 
-based beverage [Mercado-Mercado et al., 2018]. These stud-
ies reported significant increases of  bioactive compounds, 
like phenolics, carotenoids, anthocyanins or curcuminoids, 
in sonicated samples, as compared to the control, suggesting 
that UT is suitable to retain or enhance the content of bioac-
tive compounds present in juices or beverages.

The  aim of  this study was to optimize UT parameters, 
like exposure time (ET), pulse cycle (PC) and sonication am-
plitude (SA), using response surface methodology (RSM), 
to obtain a beverage from mango, carrot and turmeric with 
the highest total soluble phenolic content (TSP), total carot-
enoid content (TC), and antioxidant capacity (AOC). Chang-
es to the profile of antioxidants in  the beverages as a result 
of UT were reported as well.

MATERIALS AND METHODS 

Chemical and reagents
The Folin–Ciocalteu reagent, 2,2’-azino-bis-(3-ethylben-

zothiazoline-6-sulfonic acid) (ABTS), Trolox (6-hydroxy- 
-2,3,7,8-tetramethylchroman-2-carboxylic acid), TPTZ (2,4,6- 
-tripyridyl-s-triazine), ferulic acid, as well as high-performance 
liquid chromatography (HPLC)-grade phenolic standards: 
p-coumaric acid, (+)-catechin hydrate, gallic acid, querce-
tin dihydrate, 3-hydroxybenzoic acid, and  chlorogenic acid, 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
The rest of the reagents used were obtained from J.T. Baker 
(Phillipsburg, NJ, USA). All solvents were of analytical grade.

Beverage preparation
Mango cv. Ataulfo and  carrot cv. Early Gold, both 

of commercial ripeness, were acquired from local suppliers 
in Hermosillo, Mexico. Turmeric powder (food grade) was 
purchased from Proquimercy enterprise (Jalisco, Mexico). 
Mangoes and carrots were washed with tap water and dis-
infected with 0.05  mL/L sodium hypochlorite for 5  min. 
Mango peel was manually removed using a stainless-steel 
knife, and the flesh was cut into 3 mm cubes. Carrots were 
cut into sections about 3 to 5 mm thick and were subject-
ed to a  juice extraction process using a  commercial juice 
extractor (Moulinex model 140–1–03, Naucalpan, State 
of  Mexico, Mexico). Mango pulp, carrot juice, turmeric 
powder, and purified water were mixed at a 35:10:0.7:54.3 
(v/v/w/v) ratio and  blended using a  commercial blender 
(Oster®, Milwaukee, WI, USA). Beverage formulation was 
based on previous experiments in the Laboratory of Antiox-
idants and Functional Foods, Center for Research in Food 
and  Development, A.C. (Hermosillo, Sonora, Mexico). 
The contents of mango, carrots, and  turmeric were based 
in reference to the Codex Alimentarius [2005] for the prep-
aration of  juices (≥45% fruit content) and  for turmeric 
(≤0.7%). Experiments were performed in triplicate (3 sepa-
rate beverages were made).

Ultrasound treatment of beverage
UT was carried out according to the method of Wei et al. 

[2014] with some modifications. An ultrasonic processor 
(UP400S, Hielscher, Teltow, Germany) was used for soni-
cation. The beverage (50 mL) was processed at a constant 
frequency of  24  kHz. Energy input was controlled by  set-
ting the maximum amplitude at 175 µm and acoustic power 
density of  300  W/cm2  of  the  sonicator probe (H7  Tip 7). 
Constant temperature of 25°C was maintained by circulat-
ing cold water through a  jacketed vessel. The  probe was 
immersed 2  cm into the  beverage, and  sonication started 
immediately. Exposure time (ET, 10–30  min), sonication 
amplitude (SA, 30–100%), and pulse cycles (PC, 0.4–0.8 s) 
varied. PC values were equal to acoustic power time in  s, 
and the difference to 1 s as pause time (e.g., 0.6 s indicates 
a  power discharge of  0.6  s, and  a  pause of  0.4  s). Nine 
treatments (T1  to T9) were performed immediately after 
the beverage was prepared (Table 1). After UT, the beverages 
were filtered through filter paper (Whatman No.  1) under 
vacuum. In parallel, untreated beverages were also filtered. 
The filtrate was collected in a flask and used for the deter-
mination of TSP, TC, and AOC. Beverage samples (control 
and UT) were kept in sterilized airtight bottles and stored at 
4°C until further analysis.

Experimental design
A  fractional 33–1 factorial design and RSM were used to 

establish the optimum conditions for UT. Factors were con-
sidered at different levels to determine which combination 
yielded the maximum TSP, TC, and AOC values. Exposure 
time (XET, min), pulse cycle (XPC, s), and  sonication ampli-
tude (XSA, %) were taken as design factors. The experimen-
tal design used, with three factors at three different levels:  
XET (10, 20 or 30 min), XPC (0.4, 0.6 or 0.8 s), and XSA (30, 65 
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or 100%), is shown in Table 1. TSP (mg gallic acid equivalents 
(GAE)/mL), TC (µg β-carotene equivalents/mL) and  AOC 
(mmol Trolox equivalents (TE)/mL) were defined as response 
variables. 

To predict the behavior of response variables, the second- 
-order polynomial equation used in the response surface was 
as described in  equation (1) [Savasari et  al., 2015; Yirsaw 
et al., 2016]:

� (1)

where: Y is  the  predicted variable (TSP, TC or AOC),  
Xi represents coded values for the factors (XET, XPC, and XSA), 
β0 is a constant, βi is the main effect coefficient for each vari-
able, and βij is the interaction effect coefficient. Model adequa-
cy was evaluated using the F ratio. Lack of fit test was used to 
determine significant interactions in the model and the coef-
ficient of determination (R2 and R2 adjusted) represented at 
a 5% level of significance.

Optimization and validation of conditions
The  numerical optimization technique was adapted to 

optimize the  process conditions to provide maximum TSP, 
TC, and  AOC.  The  nature of  the  optimal condition (peak 
or saddle point response) was also evaluated by  transform-
ing the  developed regression model into the  conical form, 
and the values were computed using the statistical software 
Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA). The  experi-
ment under optimal conditions was carried out in triplicate to 
determine the validity of the optimized parameters. The aver-
age values of  the  experiments were compared with the pre-
dicted values of the optimized conditions to determine the ac-
curacy of the optimized conditions.

Extracts from the beverage preparation
An aliquot of 30 mL was taken from the beverages (control 

and UT), lyophilized (Labconco, model 77520 Series, Kansas 
City, KS, USA), and preserved at –20°C for future analyses. 
Extraction was performed using methanol solutions (80%, 
v/v). First, 1 g of the lyophilized material was placed in a tube 
and  20  mL of  the  solvent was added. Subsequently, it  was 
placed for 30 min in a sonicator (Bransonic, model 2510R-
DTH, Connecticut, CT, USA) and centrifuged at 18,407×g 
for 15 min at 4°C. The supernatant was recovered, the residue 
was washed twice with 10 mL of the same methanolic solu-
tion and centrifuged again. The combined supernatants were 
filtered through Whatman No. 1 paper and the volume of fil-
trate was adjusted to 30 mL with the 80% (v/v) methanolic so-
lution. The extracts were kept at –35°C. They were later used 
to determine TSP, TC, Trolox equivalent antioxidant capacity 
(TEAC), and ferric reducing antioxidant power (FRAP).

Determination of total soluble phenolic content
The TSP was determined using the Folin-Ciocalteu meth-

od [Alvarez-Parrilla et al., 2011]. Briefly, 250 µL of the extract 
or standard solutions were mixed with 1 mL of a sodium car-
bonate solution (75 g/L) and 1250 µL of the Folin-Ciocalteu 
reagent (10%, v/v), and  incubated for 30 min at 25°C. After 
reaction, the  mixtures were moved to a  96-well microplate 
and absorbance was measured at 750 nm using a microplate 
reader (Synergy HT, Bio-Tek, Winooski, VT, USA). The  re-
sults were calculated using a gallic acid standard curve (from 
0.02 to 0.4 mg/mL), and the content of total soluble phenolics 
of beverage was expressed as mg of gallic acid equivalents per 
mL of beverage (mg GAE/mL).

Determination of total carotenoid content
The TC was measured as reported by Davis et al. [2007]. 

One milliliter of beverage was added to 5 mL of a tert-butylated 

TABLE 1. Levels of  experimental design factors used to optimize ultrasound treatment of beverage from mango and carrot with added turmeric 
and levels of response variables: total soluble phenolic content (TSP), total carotenoid content (TC), Trolox equivalent antioxidant capacity (TEAC), 
and ferric reducing antioxidant power (FRAP).

Treatment
Factor Response variable

XET (min) XPC (s) XSA (%) TSP
(mg GAE/mL)

TC
(µg β-carotene E/mL)

TEAC
(mmol TE/mL)

FRAP
(mmol TE/mL)

Control – – – 5.21±0.11i 26.78±1.19f 100.16±1.19h 0.59±0.03g

T 1 10 0.4 30 5.81±0.06h 42.87±1.03c 171.49±3.02d 0.68±0.00e

T 2 10 0.6 65 7.95±0.03de 42.09±1.93c 173.23±2.13c 0.83±0.04cd

T 3 10 0.8 100 8.04±0.09d 34.72±0.69d 173.85±1.22bc 0.90±0.02b

T 4 20 0.4 30 6.36±0.05f 43.25±1.66c 168.09±1.31e 0.62±0.03fg

T 5 20 0.6 65 6.17±0.04g 53.71±1.54a 161.25±0.71g 0.77±0.03d

T 6 20 0.8 100 8.79±0.10a 30.21±0.04e 195.84± 2.09a 0.87±0.01c

T 7 30 0.4 30 7.41±0.13e 34.00±1.97d 176.09±2.64b 0.64±0.02e

T 8 30 0.6 65 8.28±0.05bc 48.87±2.47b 165.48±2.21f 0.82±0.01cd

T 9 30 0.8 100 8.43±0.02b 27.93±0.84f 172.32±2.58d 0.97±0.02a

Values are shown as mean ± standard deviation of three independent experiments. XET, exposure time; XPC, pulse cycle; XSA, sonication amplitude; 
GAE, gallic acid equivalents; TE, Trolox equivalents. Different letters in the same column indicate significant differences (p<0.05).

https://www.sciencedirect.com/science/article/pii/S0048969718302079#bb0120
https://www.sciencedirect.com/science/article/pii/S0048969718302079#bb0170
https://www.sciencedirect.com/science/article/pii/S0048969718302079#bb0170
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hydroxytoluene solution in acetone (0.05%, w/v), 5 mL of 95% 
(v/v) ethanol, and 10 mL of n-hexane. The mixture was stirred 
at 180 rpm on an orbital shaker (ORBi-Shaker, Benchmark, 
Menlo Park, CA, USA) for 15  min; then, 3  mL of  distilled 
water (5°C) were added to induce phase separation and re-
cover the  hydrophobic phase in  which carotenoids are dis-
solved. The collected phase was centrifuged at 18,407×g for 
15 min at 4°C and the absorbance of the supernatant was read 
at 450  nm. TC was expressed as μg β-carotene equivalents 
per mL of beverage (µg β-carotene E/mL) using the equation:

� (2)

where: TC is  the  content of  total carotenoids, A  is  absor-
bance value, V is  the  recovered volume of  the  hydrophobic 
phase, A1

1
%
cm is  the specific absorbance of β-carotene (2500), 

and w is sample weight (g).

Determination of antioxidant capacity 
The  AOC of  beverages was evaluated as TEAC deter-

mined by the ABTS assay and as FRAP. The method of Re 
et  al. [1999] was used to carry out the  ABTS assay. ABTS 
(7 mM) was dissolved in a 2.45 mM potassium persulfate so-
lution and stored in  the dark for 16 h to generate ABTS•+. 
Prior to use, the ABTS•+ solution was diluted with a phos-
phate buffer to an absorbance of  0.70±0.02  at 734  nm. 
The extract or a Trolox standard solution (20 µL) was mixed 
with 255 µL of the ABTS•+ solution and incubated (30°C for 
7 min) in a 96-well microplate. The absorbance was measured 
at 734 nm using a microplate reader (Synergy HT, Bio-Tek). 
The  Trolox curve from 0.05–1.00  mmol/g was used to cal-
culate the  results, which were expressed as mmol of  Trolox 
equivalents per mL of beverage (mmol TE/mL).

The  FRAP of  beverages was determined according 
to the  Benzie &  Strain [1996] method. The  FRAP solu-
tion contained 10:1:1 (v/v/v) sodium acetate buffer (0.3  M,  
pH 3.6), 10 mM TPTZ, and 20 mM ferric chloride hexahydrate. 
The solution was warmed to 37°C before mixing with the sam-
ples. For the reaction, 24 µL of the extract or Trolox standard 
were added to a  96-well microplate and  mixed with 180  µL 
of a FRAP solution. Absorbance was measured at 595 nm af-
ter 30 min, a Trolox curve from 0.05–1.00 mmol/g was used to 
calculate the results, which were expressed as mmol of Trolox 
equivalents per mL of beverage (mmol TE/mL). 

Phenolic profile analysis 
The  identification and  quantification of  phenolic com-

pounds was carried out using HPLC with a diode array de-
tector (DAD) and liquid chromatography-mass spectrometry 
(LC-MS) techniques. An Agilent 1260 series HPLC system 
(Agilent Technologies, Santa Clara, CA, USA) equipped 
with a DAD was employed for HPLC-DAD. After filtration, 
beverages were injected and  separated using a  Poroshell 
120  EC-C18  column (4.6×150  mm, particle size 2.7  μm; 
Agilent Technologies). Injection volume was 10 μL. Mobile 
phase contained 0.1% (v/v) trifluoroacetic acid as a solvent A 
and acetonitrile as a solvent B, and was applied as follows: 
0 min, 5% B; 10 min, 23% B; 15 min, 50% B; 20 min, 50% B; 

23 min, 100% B; 25 min, 100% B; 27 min, 5% B, 30 min, 5% B.  
Flow rate was 0.4  mL/min. Detection was performed at 
280–320  nm. In  the  case of  curcuminoids, a  range of  425– 
–470 nm was used. For MS analysis, a 6120 Agilent Quadru-
pole LC/MS equipped with an electrospray ionization inter-
face was used in a negative ionization mode. Nitrogen at a flow 
rate of 1.3 L/min was used as drying gas. Nebulizer pressure 
was 40 psi, gas drying temperature was 350°C, and capillary 
voltage was 3500  V.  OpenLab CDS ChemStation Edition 
software (Agilent Technologies) was used for data analysis. 
The compounds were first detected using a single MS scan 
in  the  100–1100  m/z  range, followed by  a  targeted search 
based on the peaks showing major signals in the HPLC-DAD 
chromatograms. Tentative identification of  the  compounds 
was based on retention time (tR) of HPLC-DAD separation 
and MS signal after comparison with the tR of the standard 
and/or the  literature data. The  quantitative results were re-
ported as peak areas (arbitrary units).

Statistical analysis
Data are reported as mean ± standard deviation (n=3). 

One-way analysis of variance (ANOVA) and Tukey’s test were 
used to examine the differences between samples (p<0.05). 
All statistical analyses were done using the Statistica 8.0 soft-
ware (Statsoft, Tulsa, OK, USA).

RESULTS AND DISCUSSION

Effect of ultrasound treatment on total soluble phenolic 
content

The  TSP of  ultrasound-treated (T1-T9) and  untreated 
beverages are shown in Table 1. The highest TSP was noted 
for T6 (XET 20 min, XPC 0.8 s, XSA 100%), and the lowest TSP 
was determined for T1 (XET 10 min, XPC 0.4 s, XSA 30%), which 
were 8.79  and  5.81  mg GAE/mL, respectively. The  highest 
value for 100% XSA was in  line with the  literature. Nadeem 
et al. [2018] found that a sonication amplitude over 70% re-
sulted in the highest TSP when applied to a carrot/grape bev-
erage. Other authors reported similar relationship for differ-
ent products, like blueberry, lime and mango juice, treated at 
high sonication amplitudes [Zou & Hou, 2017]. Statistically 
significant effects (p<0.05) and  the  regression coefficient 
of  the experimental model (R2=0.995, Table 2) suggest that 
the  model adequately describes the  functional relationship 
between the experimental factors and the response variable. 

The  determined TSP showed a  high correlation with 
the  predicted value (R2  adjusted=0.993, Table  2). The  cor-
relation between predicted and experimental values suggests 
that the use of RSM allowed to accurately and reliably deter-
mine the optimum UT conditions for this variable.

Figure  1A shows the  effects of  beverage UT on TSP, 
which increased significantly at longer exposure time 
and  higher sonication amplitudes. Thus, the  highest TSP 
values were obtained when combining extended exposure 
time and  maximum sonication amplitudes. On the  other 
hand, XPC was not a  significant factor in  the UT effect on 
TSP.  Martinez-Guerra &  Gude [2016] described a  similar 
behavior of  PC during the  optimization of  biodiesel pro-
duction by UAE. The use of PC and continuous sonication 
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for similar reaction conditions were compared. About 87% 
of  biodiesel yield was obtained but was limited by  the  in-
crease in temperature and the extraction time.

It is well-known that UT enhances the release of pheno-
lics by  collapsing the  cell via cavitation in  its surroundings 
[Nadeem et  al., 2018]. Hence, higher amplitudes promote 
cavitation, which results in  the maximum release of pheno-
lic compounds [Maran &  Priya, 2015]. In  nature, phenolic 
compounds are bound to cellulose, hemicellulose, and pectin, 

which are part of the cell wall or are soluble in a vacuole. Cell 
walls expand with the enlargement of pores in cell membranes 
generated during the  initial stages of  cavitation, facilitating 
the higher diffusivity of water into the cell. Prolonged expo-
sure of the sample to cavitation will lead to the collapse of cell 
walls, which results in the maximum diffusion of cell contents 
into the solvent, resulting in a higher extraction rate as the ul-
trasound amplitude increases [Maran & Priya, 2015].

Effect of  ultrasound treatment on total carotenoid 
content

The TC of beverages treated in different conditions (T1- 
-T9) ranged from 27.93 to 53.71 µg β-carotene E/mL (Table 1). 
The  treatments with the  highest TC were T5 (XET 20  min,  
XPC 0.6 s, XSA 65%) and T8 (XET 30 min, XPC 0.6 s, XSA 65%), 
while the lowest TC was found for T6 (XET 20 min, XPC 0.8 s, 
XSA 100%) and T9 (XET 30 min, XPC 0.8 s, XSA 100%). Lower val-
ues of XSA (30% and 65%) resulted in a higher TC, e.g. XSA of 30, 
65, and 100% resulted in values of 42.87, 42.09, and 34.72 µg 
β-carotene E/mL, respectively. For TC, a high regression co-
efficient (R2=0.975) and  significant interactions (lack of  fit, 
p<0.05) with the predicted model were determined (Table 2). 
The  model showed that the  significant parameters (p<0.05) 
were XET and XSA, quadratic terms, linear-quadratic, and qua-
dratic interaction. The effect of  treatment parameters on TC 
was different to that on TSP, since applying high XSA decreased 
TC in the treated beverages (Figure 1). This agrees with results 
reported by Mercado-Mercado et al. [2018], where UT led to 
decreased contents of lutein, β-carotene, and β-cryptoxanthin 
in mango-based beverages. Likewise, ultrasound-treated gua-
va beverages showed a  decrease in  lycopene as ET and  SA 
increased [Campoli et al., 2018]. The authors suggested that 
the decrease in TC could be explained by the effects of cavitation 
on their chemical structure, especially when dissolved in aque-
ous solutions [Campoli et al., 2018; Rojas et al., 2016]. High 
sonication amplitudes generate a greater number of cavitations 

TABLE 2. Lineal and quadratic model equation coefficients and statisti-
cal parameters of  experimental design for optimizing ultrasound treat-
ment of beverage from mango and carrot with added turmeric. Response 
variables: total soluble phenolic content (TSP), total carotenoid content 
(TC), Trolox equivalent antioxidant capacity (TEAC) and ferric reducing 
antioxidant power (FRAP).

TSP TC TEAC FRAP

Intercept -13.220* 81.633** 85.591* 0.747**

XET 2.013** -5.803* 10.6343* -0.026**

XET
2 -0.045** 0.095* -0.228* 0.0005**

XSA 0.820** -2.060* 4.706** 0.005*

XSA
2 -0.006** 0.017* -0.045** -0.00002

XETXSA -0.089** 0.307** -0.597** 0.00008

XETXSA
2 0.001** -0.003** 0.006** NSI

XET
2XSA 0.002** -0.006* 0.014** NSI

XET
2XSA

2 NSI 0.00005** -0.0001** NSI

R2 0.995 0.975 0.965 0.972

R2 adjusted 0.993 0.965 0.950 0.960

*p<0.05; **p<0.001; NSI, no  significant interaction between factors;  
R2, regression coefficient; XET, exposure time; XPC, pulse cycle; XSA, soni-
cation amplitude.

FIGURE 1. Response surface plots of optimization of ultrasound treatment of beverage from mango and carrot with added turmeric. Effect of expo-
sure time (XET) and sonication amplitude (XSA) on total soluble phenolic content (TSP) (A) and total carotenoid content (TC) (B). 
Blue dots represent the experimental points. GAE, gallic acid equivalents.
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in the external environment, which then promote isomerization 
and  oxidation reactions by  the  action of  hydrogen peroxide; 
a highly reactive compound that is generated under UT condi-
tions [Sun et al., 2017]. In contrast, treatments of medium XSA 
conditions (65%) with intermediate and prolonged extraction 
times (20 or 30 min) showed the highest TC values (Table 1). 
The  conditions in  this study that maximized TC agree with 
the results reported by Jabbar et al. [2014] regarding the be-
havior of TC, lycopene, and β-carotene in carrot juice under 
different ultrasound conditions. The  authors reported that 
when amplitudes of 70% were applied at 20 kHz, an increased 
content of these compounds was observed. This behavior is at-
tributed to the  fact that the  sonication amplitude used does 
not promote isomerization reactions or any others that alter 
their molecular structure; consequently, the carotenoid content 
increased by mechanical disruption of the cell wall. 

Effect of ultrasound treatment on antioxidant capacity
Figures 2A and 2B show the effects of UT on the AOC 

of beverage. For both, TEAC and FRAP, the maximum val-
ues were found when the operating conditions were applied 
at high XSA (80–100%). This finding is consistent with the re-
sults shown in Table 1, which shows the highest TEAC for 
the beverage sonicated with an amplitude of 100% for 20 min 
(195.84 mmol TE/mL). On the other hand, the highest FRAP 
was obtained at XSA of 100% and XET of 30 min (0.97 mmol 
TE/mL). In both cases, it  is evident that exposure to 100% 
ultrasound amplitudes favors the increase of antioxidant ca-
pacity in  the  beverages subjected to ultrasound treatment. 
In  the  case of  TEAC, the  maximum values were obtained 
with exposure times close to 20 min, while two maxima are 
shown for FRAP, regardless of XET (Figure 2). This indicates 
that XSA is the main parameter that governs AOC since both 
show proportional variation. 

For TEAC, optimum operating conditions were similar to 
those reported by Yeoh & Ali et al. [2017], who applied UAE 
for 15  min at 70% sonication amplitude to slices of  fresh 
pineapple, and found that these conditions yielded the high-
est values for this technique. Similarly, Ramírez-Moreno 
et  al. [2018] reported that the  optimum conditions to in-
crease the AOC in blackberry juices were an exposure time 
of 15 min with a  sonication amplitude of 80%, values that 
resemble those found in the present work. Regarding FRAP, 
it has been reported that substantial increases were found us-
ing amplitudes between 40 and 80% [Chaikham et al., 2016]. 
For example, an experiment performed on blackberry by-
products showed that both SA and ET had a positive effect 
on AOC, as measured by FRAP [Romero & Yépez, 2014]. 
This can be explained by the fact that an increase in SA leads 
to more damage to the  cell wall, causing compounds with 
antioxidant capacity to be  released from the  different cell 
structures [Hossain et al., 2012]. 

TABLE  3. Predicted and  experimental values of  total soluble phenolic 
content (TSP), total carotenoid content (TC), Trolox equivalent antioxi-
dant capacity (TEAC) and ferric reducing antioxidant power (FRAP) for 
optimized ultrasound treatment of beverage from mango and carrot with 
added turmeric.

Parameter Predicted value Experimental value

TSP (mg GAE/mL)* 8.81b 11.48±0.33a

TEAC (mmol TE/mL)* 195.31a 199.38±5.10a

FRAP (mmol TE/mL)* 0.87b 1.5±0.06a

TC (µg β-carotene E/mL)** 53.91a 52.86±1.23a

*For optimal ultrasound treatment parameters: 21 min of ultrasonication 
time at 100% sonication amplitude and 0.7 s pulse cycle. **For optimal 
ultrasound treatment parameters: 20 min of ultrasonication time at 65% 
sonication amplitude and 0.6s pulse cycle. Different letters in the same 
row indicate significant differences (p<0.05) between predicted and ex-
perimental values. GAE, gallic acid equivalent; TE, Trolox equivalent.

FIGURE 2. Response surface plots of optimization of ultrasound treated beverage from mango and carrot with added turmeric. Effect of exposure 
time (XET) and sonication amplitude (XSA) on Trolox equivalent antioxidant capacity (TEAC) (A) and ferric reducing antioxidant power (FRAP) (B). 
Blue dots represent the experimental points. TE, Trolox equivalents.
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Optimization of UT conditions and model validation
Optimization of  UT conditions was performed by  su-

perimposing the contour graphs obtained from each depen-
dent variable using the  response surface. The present study 
performed two optimizations, one based on TSP and AOC 
(TEAC and FRAP) and the other based on TC. The predictive 
model showed that the optimal conditions for TSP and AOC 
were obtained by submitting the beverage to 21 min of ultra-
sonication at an amplitude and pulse of 100% and 0.7 s, re-
spectively. For TC, the optimum values were 20 min at 65% 
amplitude and pulse of 0.6 s. The optimum values are shown 
in Table 3. The most favorable UT conditions were applied 
to the  beverage to validate the  proposed predictive model, 
and to confirm if the experimental values obtained coincide 
with those predicted by the mathematical model.

In  the case of TSP and FRAP, it was found that the ex-
perimental values were higher than those predicted 
by the mathematical model. This phenomenon could be ex-
plained by the presence of other antioxidants not considered 
in the present work such as ascorbic acid or thiols, which were 
capable to disrupt the results. Nevertheless, for TC and TEAC, 
the  predicted results matched with the  experimental results 

obtained at optimal UT conditions, which were validated 
by the RSM model with a good correlation.

Identification of bioactive compounds by HPLC-DAD-MS
A  total of  16  compounds (seven phenolic acids, three 

curcuminoids, five flavonoids and  a  xanthonoid) were iden-
tified in  the  control, as well as in  the  optimized UT bever-
ages (Table  4). For phenolic acids, ultrasound treatment en-
hanced the quantity of 3,4-dihydroxybenzoic acid, gallic acid, 
and chlorogenic acid in the beverage. No significant differences 
were noted for the p-coumaric and ferulic acids between treated 
and control beverages, while abundance of vanillic acid and p-
hydroxybenzoic acid decreased in the treated sample. Turmeric 
was the source of three curcuminoids (curcumin, demethoxyc-
urcumin, and bisdemethoxycurcumin) detected in the control 
and  UT beverages (Table  4). A  lower quantity of  curcumin, 
demethoxycurcumin, and  bis-demethoxycurcumin was deter-
mined in the UT beverage, as compared to the control. 

The  five flavonoids in  the  UT beverage were found 
in  the  following order of quantity: (+)-catechin > (–)-gallo-
catechin > quercetin > kaempferol > (–)-gallocatechin gal-
late (Table 4). Furthermore, their contents increased with UT, 

TABLE 4. Chromatographic and mass spectrometric data, and quantification expressed as peak areas (arbitrary units) of phenolics in the control 
and the optimized ultrasound-treated (UT) beverages from mango and carrots with added turmeric.

Compound
Quantity Retention time

(min) [M–H]– m/z
Control beverage UT beverage

Phenolic acids

p-Hydroxybenzoic acid 21,626±1,399a 6,041±1,347b 11.99 137

3,4-Dihydroxybenzoic acid 2,492±506b 7,221±487a 10.23 153

Gallic acid 14,956±180b 17,359±157a 5.79 169

Vanillic acid 16,617±382a 4,861±839b 14.10 167

Chlorogenic acid 4,514,332±126,448b 13,933,197±259,247a 10.00 353

Ferulic acid 24,415±747a 23,500±138a 17.70 193

p-Coumaric acid 20,835±5,807a 20,338±5,519a 17.85 163

Curcuminoids

Curcumin 71,302±11,628a 65,446±1,470a 3.85 367

Demethoxycurcumin 232,359±32,115a 83,260±4,260b 4.23 337

Bisdemethoxycurcumin 112,036±14,018a 86,724±6,911b 4.19 307

Flavonoids

(–)-Gallocatechin 116,369±12,069a 94,727±13,064b 4.58 305

(–)-Gallocatechin gallate 4,712±315b 7,403±447a 1.20 457

(+)-Catechin 531,674±4,627b 643,371±5,494a 9.62 289

Kaempferol 6,683±729b 22,135±2,771a 21.37 285

Quercetin 20,197±4,384b 84,501±1,707a 20.63 301

Xanthonoids

Mangiferin 60,689±15,781b 80,078±7,877a 14.21 421

Values are expressed as mean ± standard deviation. Different letters in the same row denote significant differences (p<0.05).
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except for (–)-gallocatechin, which decreased. A higher man-
giferin quantity in  the UT beverage than in control was also 
noted. The phenolic profile of the beverages agrees with those 
reported elsewhere for mango pulp, carrot juice, and turmeric. 
Gallic acid, p-coumaric acid, ferulic acid, vanillic acid, querce-
tin, (–)-gallocatechin, kaempherol, and mangiferin have been 
reported in mango pulp [Barrón-García et al., 2020; Lee et al., 
2021; Quirós-Sauceda et  al., 2017]. The  presence of  chloro-
genic acid, (+)-catechin, p-coumaric acid, and ferulic acid was 
determined in  carrots [Formica-Oliveira et  al., 2017; Jabbar 
et  al., 2015], while gallic acid, protocatechuic acid, (+)-cat-
echin, chlorogenic acid, (–)-epicatechin, ferulic acid, curcumin, 
demethoxycurcumin, bisdemethoxycurcumin, and  quercetin 
have been reported in turmeric [Ali et al., 2014; Pal et al., 2020].

It  is  known that ultrasound induces acoustic cavitation 
and  the  rupture of  plant cells [Jing et  al., 2015], which fa-
cilitates solvent penetration and  increases the  solubility 
of the solutes. Conversely, it is also possible that ultrasound 
treatment may degrade some compounds or promote reac-
tions between others, which may result in a decrease in their 
content. Also, ruptured cells allow the  release of  various 
compounds into the solvent, such as insoluble and cytosolic 
substances, thereby limiting the solubility of the compounds 
of interest [Zhao et al., 2007].

CONCLUSION

In the present study, an ultrasound treatment was applied 
to increase contents of soluble phenolic compounds and ca-
rotenoids in  a  beverage from mango and  carrot with added 
turmeric, using response surface methodology to optimize 
working parameters. Exposure time and sonication amplitude 
were shown to affect the dependent variables, while pulse cycle 
did not show any effect. Optimization and model validation 
data showed that TEAC and  TC were accurately predicted 
by the model but TSP and FRAP were not. The data suggest 
that an adequately optimized ultrasound treatment of a bever-
age can improve its TSP. Contents of most of the individual 
phenolics of the beverage also increased in response to the op-
timized UT. Total carotenoid content changed by UT in a more 
variable manner; it was generally increased by the treatments, 
but with an evident decrease for more drastic conditions, such 
as longer exposure time and higher sonication amplitude.
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