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Abstract: The present paper evaluated the influence of heat treatment (HT) and high-intensity ul-
trasound (HIUS) on the chemical profile of the Amazon fig (Ficus subapiculata, Moraceae) juices.
Antioxidant activity, quantification of carotenoids, total phenolic compounds (TPC), pH, titratable
acidity, soluble solids, color and chemical profile (NMR) were evaluated. Treatments did not change
the pH (3.4–3.5), titratable acidity (0.044–0.048%) and soluble solids (2.3–2.4 ◦Brix). The highest antiox-
idant activity (DPPH, ABTS) and TPC were presented by the HT-treated juice, which was equivalent
to 1235 ± 11 µM TE, 1440 ± 13 µM TE and 312 ± 5 mg GAE mL−1, respectively. The treatments
influenced the color luminosity according to the L* and a* parameters, while the b* parameter showed
no significant change. The L* parameter was elevated in all treated samples compared to the control
sample. Analyzing the parameter a* f, it was verified that the sample with thermal treatment (HT) was
different from the control sample, but presented similarity with the samples of the HIUS processes.
The 1H NMR spectra of the juices showed similar chemical profiles in all treatments. The compounds
α-glucose, β-glucose, fructose, citric, malic, quinic, and p-hydroxybenzoic acids were identified. The
HT treatment presented higher efficiency to extract the antioxidant compounds from fig juices. The
HIUS treatments with constant energy density also improved the tolerance of the antioxidant com-
pounds, especially in conditions of higher potency and reduced time. Future studies will be devoted
to carry out microbiological analysis and evaluate the stability of treated juices.

Keywords: Ficus subapiculata (Miq.) Miq.; unconventional food plant; thermal treatment; high-
intensity ultrasound; antioxidant activity

1. Introduction

A growing demand for foods containing beneficial properties to human health has
been observed. In this context, alternative foods such as Unconventional Food Plants (UFP)
stand out, which are plant species not commonly consumed, but also consumed as food
in some regions. About 3000 species of UFP are estimated in Brazil, showing a significant
potential to be investigated in terms of their chemical and nutritional composition [1].

Several Amazonian fruits considered as UFP present significant potential as non-
alcoholic beverages, as reported previously on the study of “buxixu” juices (Clidemia hirta
(L.) D. Don and Clidemia japurensis DC.) and “vinagreira” tea (Hibiscus acetosella Welw.
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ex Hiern), which were evaluated according to the stability of the encapsulated bioactive
compounds and antioxidant capacity [2,3].

A variety of species from the Moraceae family, such as the Amazonian minifig (Ficus
subapiculata Miq. Miq.), are considered as UFP [1]. Species from the Ficus genus present
fruits known as figs, whose chemical composition is formed by terpenoids, organic acids,
coumarins and flavonoids. The presence of phenolic compounds in this genus contributes
to improve its antioxidant properties [4].

The rich chemistry of the species from the Ficus genus has been encouraging studies
on the development of products from its fruits. Ficus subapiculata (Miq.) Miq., for exam-
ple, produces fruits known as “minifigo-amazônico” and “minifigo-da-campirana”. Their
organoleptic properties allows their consumption in natura, as well as the preparation of
juices and jellies [1]. However, its chemical composition and nutraceutical potential are
still unknown. The preparation of juice is an alternative to facilitate the consumption of
fruit species such as UFP. In the food industry, there are already modern alternatives to
enhance the extraction of bioactive substances, such as the use of high-power ultrasound [5].
The ultrasound technology can be used to modify the structure of beverages made from
vegetables, increasing the bioaccessibility of nutrients and bioactive compounds [6]. The
use of heat treatment in food products is other common method in the food industry pro-
cesses, mainly for microorganism inactivation. However, high temperatures can degrade
compounds of interest. In this context, the ultrasound technology represents an econom-
ically viable alternative to the decontamination of microorganisms, as well as to extract
bioactive compounds from food products [7–9], besides being a green, economically viable
technology [5]. For this reason, the present work aimed to compare the results obtained
between extraction assisted by high intensity ultrasound (HIUS) and extraction using a
conventional technique by heat treatment (HT) in relation to the data of variation in the
chemical composition and physical-physical parameters. chemicals, as well as the results
of the antioxidant potential of the Amazonian minifig juice samples.

2. Materials and Methods
2.1. Fruits Collecting and Juices Preparation

Fruits were previously identified and collected at the Sítio PANC, Manaus, AM, Brazil,
in April 2020 (SisGen N◦ A92360E) and frozen until the juice preparation. Fruits were
transported to the IFAM-CMC Analytical Center, where they were washed in running
water. Ripe and preserved fruits were selected and refrigerated until further analysis. Juices
were prepared from the mixture of the fruits with potable water [1:3 (fruit:water w/w)] and
submitted to the Heat Treatment and Ultrasound Processing.

2.2. Heat Treatment and Ultrasound Processing

Juices were submitted to the HT and HIUS treatments according to the parameters
presented in Table 1. Considering the HT treatment, 50 mL of juice was submitted to a
water bath for 10 min on a heating bath (SSD-10L, SolidSteel) (Piracicaba, Brazil). For
the HIUS treatment, 50 mL of juice was homogenized on a VibraCell VCX 750 (Sonics &
Materials, Inc., Newtown, CT, USA) equipment using a 25 mm diameter probe, 20 kHz and
750 W [10]. For the ultrasonic treatment, the applied power and time were linearly altered
(Table 1), so that the energy density (ED) was kept constant at 2.9 kJ·cm−3, which can be
calculated according to Equation (1), where NAP is the nominal applied power (W), t is
time (s) and V is sample volume (cm−3).

ED (J·cm−3) =
NAP× t

V
(1)
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Table 1. HT and HIUS treatment parameters.

Treatment Power (W) Time (min) Initial Temperature (◦C) Final Temperature (◦C)

HT – 10 21.27 ± 0.06 77.87 ± 0.21
US20 150 16.6 25.33 ± 0.58 64.67 ± 0.58
US40 300 8.3 25.67 ± 0.58 72.33 ± 0.58
US80 600 4.1 25.67 ± 0.58 62.33 ± 0.58

HT = Heat Treatment; US = Ultrasound Treatment.

2.3. Soluble Solids, pH, and Titratable Acidity

The soluble solids content (expressed in ◦Brix) was determined on a digital refractome-
ter (HI 96801, Hanna Instruments, Barueri, SP, Brazil) at room temperature using 5 drops
of juices. The pH values were determined on a digital device (AK90, Asko, São Leopoldo,
RS, Brazil) previously calibrated and operated according to the manufacturer’s guidelines.
Tritable acidity was determined by titration with NaOH (0.1 M) under constant stirring
and expressed as % citric acid per 100 mL of juice [11].

2.4. Color Parameters

Color analysis was performed by reading the L* (luminosity), a* (red-green) and b*
(yellow-blue) coordinates on a DeltaVista (DeltaColor) spectrophotometer (São Leopoldo,
Brazil) using the CIELAB scale [12]. To determine the total color difference (∆E*), the mean
values of luminosity (L*) and chromaticity coordinates a* and b* were used (Equation (2)),
where the subscript “0” refers to the color reading of the control juice. The larger the value
of ∆E*, the larger the color change in relation to the control sample [13].

∆E =

√(
L∗ − L∗0

)2
+
(
a∗ − a∗0

)2
+
(
b∗ − b∗0

)2 (2)

2.5. Antioxidant Capacity (DPPH and ABTS·+)

The treated juices were evaluated according to their scavenging capacity based on the
DPPH· and ABTS·+ radicals on an Epoch 2 microplate reader (BioTek, Winooski, VT, USA).
In both tests, a Trolox calibration curve was plotted at concentrations of 100, 500, 1000, 1500
and 2000 µM. Results were expressed in micromolar of Trolox equivalents (µM TE).

For the DPPH· assay, 10 µL of juice was added to 390 µL of DPPH solution (100 µM)
and incubated in the dark for 30 min. The absorbance reading at 515 nm [14]. The Trolox
standard curve for this assay was y = −0.0004x + 0.9376 (R2 = 0.9986).

For the ABTS·+ assay, the juices were added to the radical solution (Abs of 0.700) in a
1:100 ratio and incubated in the dark for 6 min. The absorbance reading at 734 nm [15]. The
Trolox standard curve for this assay was y = −0.0003x + 0.6857 (R2 = 0.9994).

2.6. Total Phenolic Content (TPC)

The methodology described in literature was used for the quantification of total
phenolic compounds (TPC) [16]. A volume of 20 µL of juice was added to the reaction
mixture (1:1) of the Folin Ciocalteu reagent and sodium bicarbonate (6 %) and maintained
in the dark for 90 min for analysis on an Epoch 2 microplate reader (BioTek, Winooski,
VT, USA) at 725 nm. A standard curve of gallic acid (62.5 to 1000 µg·mL−1) was obtained
[y = −0.003x + 0.0263 (R2 = 0.9992)]. Results were expressed in milligrams of gallic acid
equivalents per gram of sample (mg GAE g−1).

2.7. Carotenoids Content

The quantification of carotenoids consisted of a mixture of juice, water, and hexane in
the proportion of 1:5:6 (v/v/v). The mixture was vortexed for 1 min and then centrifuged for
1 min. The supernatant was analyzed on a Epoch 2 microplate reader (BioTek, Winooski,
VT, USA) at 450 nm. Hexane and β-carotene were used as control [17].
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2.8. Chemical Profile

The chemical profiles of the juices were obtained by NMR and HPLC-DAD. Solutions
of 500 µL of each juice with 50 µL TMSP-d4 at 0.6 mM were analyzed on a Bruker® Avance
IIIHD Nuclear Magnetic Resonance Spectrometer (NMR) (New York, NY, USA) (11.74 T,
BBFO Plus SmartProbe™). The software TopSpin 4.0.8 was used for data processing [18].

Qualitative and quantitative analyzes were performed by HPLC-DAD using a Shi-
madzu Prominence LC-20AVP system (Shimadzu Corporation Co., Ltd., Kyoto, Japan)
equipped with a C-18 column (250× 4.6 mm) and a photodiode model SPDM20AVP (PAD).
The mobile phase was composed of solvent A (ultrapure water) and solvent B (methanol).
The flow rate was 1.0 mL/min, the column temperature was 30 ◦C, and the sample injection
volume was 10 µL [19].

2.9. Principal Components Analysis (PCA) and Partial Least Squares-Discriminant
Analysis (PLS-DA)

PCA was performed to evaluate the influences of the HT and HIUS treatment on
the extraction process and on the physicochemical properties, bioactive compounds, and
antioxidant activity of Amazon fig juice samples [18]. Moreover, PCA and PLS-DA were
used to verify insights into the separations among the juice in the different treatments and
polyphenols extracted that may indicate differences among the samples sets and to verify
which chemical composition influences more significantly. Hierarchical cluster analysis
(HCA) was performed using the polyphenols identified in each treatment and was gener-
ated through Ward’s algorithm and Euclidean distance analysis, with the aim of identifying
clustering patterns that help in choosing the best method to intensify the extraction of
polyphenols.. The data process was performed with the software The Unscrumbler, version
10.5.1 (CAMO SA, Oslo, Norway).

2.10. Statistical Analysis

Quantitative data were presented as means ± SD of at least triplicate experiments.
Analysis of variance (ANOVA one-way) was performed on the data obtained using Mi-
crosoft Excel, version 2019 (Microsoft, Seatle, WA, USA) software. The significant statistical
level was set to p-value < 0.05 (two-tailed F and t tests).

3. Results and Discussion
3.1. Physicochemical Characterization

The parameters pH, titratable acidity (TA) and soluble solids (SS) presented no signifi-
cant difference in all treatments when compared to the control sample (Table 2). Sonication
also maintained these characteristics unaltered in noni fruits (Morinda citrifolia L.), where
lower values of soluble solids (1.3 ◦Brix), pH of 3.9 and titratable acidity of 0.17% were iden-
tified [20]. For the minifig juices, the pH values were marginally lower than that of the apple
juices (approximately 4.00), while the titratable acidity was found around 0.20%. In addition,
the minifig juices presented low levels of soluble solids (approximately 2.40 ◦Brix) when
compared to the apple juices (approximately 12 ◦Brix) [9]. The juices showed higher acidity
when compared to F. carica fruits (pH = 3.9 to 5.1) and lower ◦Brix (5.9 to 11.5) [21,22].

However, the treatments influenced the color parameters L* (lightness/darkness) and a*
(redness/greenness) (Table 2), while the parameters b* (yellowness/blueness), C* (chroma)
and h* (hue) showed no statistically significant change, that is, the treatments under the
evaluated conditions preserved these characteristics. The L* parameter was increased in all
treatments when compared to the control sample, indicating that the treated juices became
clearer. Only HT presented the a* parameter statistically different from the control sample,
showing a reduction in this parameter from 10.7 to 9.4, indicating a small loss of the red color.
The altered parameters were enough to generate differences in total color (∆E) between
the heat treatment (∆E = 2.6) and ultrasonic treatments; however, the ultrasonic treatments
caused the greatest change (∆E = 4.0 to 4.9). However, among them there was no significant
difference. The effect of the HIUS treatment also caused color change in the melon juices [23]
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and kiwi [24], which may be related to the oxidation reaction (depending on the treatment
time) and/or variation in the concentration of compounds due to sonication.

Table 2. Physical chemical characterization of juices.

Treatment Control HT US20 US40 US80

pH 3.46 ± 0.05 a 3.50 ± 0.05 a 3.44 ± 0.05 a 3.47 ± 0.05 a 3.47 ± 0.05 a

TA (%) 0.044 ± 0.001 a 0.044 ± 0.001 a 0.046 ± 0.001 a 0.048 ± 0.001 a 0.046 ± 0.001 a

SS (◦Brix) 2.34 ± 0.05 a 2.35 ± 0.05 a 2.35 ± 0.05 a 2.40 ± 0.05 a 2.37 ± 0.04 a

L* 11.9 ± 0.5 d 14.2 ± 0.3 c 15.6 ± 0.4 b 16.8 ± 0.2 a 16.4 ± 0.2 ab

a* 10.7 ± 0.6 a 9.4 ± 0.3 b 10.0 ± 0.3 ab 10.0 ± 0.3 ab 10.1 ± 0.5 ab

b* 8.3 ± 0.1 a 8.8 ± 0.1 a 9.4 ± 0.7 a 8.6 ± 0.7 a 9.0 ± 0.2 a

C* 13.6 ± 0.4 a 12.9 ± 0.2 a 13.7 ± 0.6 a 13.2 ± 0.4 a 13.5 ± 0.2 a

h* 38.0 ± 2.0 a 43.2 ± 1.2 a 43.1 ± 1.8 a 40.7 ± 2.8 a 41.7 ± 2.0 a

∆E – 2.6 ± 0.1 b 4.0 ± 0.4 a 4.9 ± 0.6 a 4.6 ± 0.4 a

L = lightness of color; a and b represent chromaticity axes; C = chroma; h = hue. TA = titratable acidity; SS = soluble
solids. Means that do not share the same letter are significantly different.

3.2. Antioxidant Capacity, Phenolic and Carotenoids Contents

Table 3 presents the results of the antioxidant activity and the content of the phenolic
compounds and carotenoids. The HT, US20 and US40 treatments were effective in increas-
ing the antioxidant properties of the juices when compared to the control sample. Although
the heat treatments may be related to the loss of nutritional properties due to the application
of temperature, the highest antioxidant capacity was presented by the juices treated with
HT, followed by the ultrasonic treatments (in the order US20, US40 and US80). Regarding
the content of the phenolic compounds, only HT and US20 showed statistically higher
values than that of the control. Although US40 had a reduction in half the time of US20, the
application of twice the power caused a significant increase in the final temperature of the
process, resembling HT, but even so its values for the antioxidant potential were lower.

Table 3. Antioxidant activity by DPPH· and ABTS·+ methods (µM TE), TPC (mg EAG mL−1)
and TCC.

Treatment DPPH ABTS TPC TCC

Control 672 ± 6 d 814 ± 6 d 207 ± 1 c ND
HT 1235 ± 11 a 1440 ± 13 a 312 ± 5 a ND

US20 762 ± 11 b 956 ± 10 b 215 ± 1 b ND
US40 732 ± 8 c 904 ± 4 c 212 ± 1 bc ND
US80 572 ± 7 e 844 ± 10 d 209 ± 2 bc ND

TPC = Total phenolic compounds; TCC = Total carotenoid content. Means that do not share a same letter are
significantly different. ND = Not detected.

The application of HIUS acts on the extraction of compounds through the phenomenon
of acoustic cavitation that is generated in a liquid medium. The cavitational microbubbles
implode and their energy promotes the fragmentation and detexture of the plant structures,
making them susceptible to solvent penetration, and thereby extracting target compounds
such as phenolics [5]. The applied power can increase or decrease the occurrence of this
phenomenon, but the time of treatment must also be considered. The intensity of cavitation
can increase the temperature [25] (as observed in this experiment) (Table 1).

Among the three treatments with HIUS, there was a decrease in the antioxidant activity
as the extraction time was reduced and the applied power was increased. When the US80
treatment was performed, the highest potency and the shorter time, the antioxidant capacity
and the content of phenolic compounds were similar or lower than that of the control. This
result indicates that HIUS can improve the antioxidant activity of the minifig juices under
specific conditions, but the reduction in sonication time could not be overcome by the increase
in power. Differently from these results, in the evaluation of the pulps of Eugenia calycin [25] the
authors observed that sonication with high power for a short time was better for the extraction
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of phenolic compounds; however, these authors used energy densities of 2 kJ/g (100 W) and
5 kJ/g (475 W), which were much higher than those used in the present study, being a possible
justification for this difference, as well as the characteristics inherent to the plant matrix.

The assays showed excellent Pearson correlations: ABTS and DPPH (0.982); ABTS and
CFT (0.988); DPPH and CFT (0.970). The juices showed similar antioxidant activity and phe-
nolic compounds to those of the aqueous infusion of the fruits of F. palmata, hydroalcoholic
extract of the fruits of F. carica and methanolic extract of the fruits of F. deltoidea [22,26,27].
Carotenoid content was not detected in the evaluated juices.

3.3. 1H NMR and HPLC-DAD Analysis

The 1H NMR spectra (Figure 1) of the juices showed similar chemical profiles re-
gardless of the applied treatments. The characteristic signs of the compounds α-glucose
[δH 5.22 ppm (d, J = 3.8 Hz)], β-glucose [δH 4.63 ppm (d, J = 8.0 Hz)], fructose [δH 4.10
(J = 3.7 Hz)], citric acid [δH 2.91 and δH 2.78 ppm (d, J = 15.5 Hz), malic acid [2.87 (dd,
J = 16.2:4.3) and 2.75 (dd, J = 16.2:7.5), quinic acid [δH 4.16 (m), δH 3.58–3.54 (m), δH
2.15–1.86 (m)], and p-hydroxybenzoic acid derivative [δH 7.32 and δH 6.93 (d, J = 8.6 Hz)]
were observed. The substances identified in the juices of the Amazonian minifig were
previously reported in other Ficus species [28,29]. Observing the signals of the major com-
pounds, it is noted that in the HT sample that underwent heating only, without the aid
of ultrasound, the signals decreased a little. In a study to monitor the quality of orange
juice, it was found that heat-treated samples lost their turbidity and had their ascorbic
acid content reduced by 7% [30], while high-intensity ultrasound processing enhanced the
bioactive compounds on melon juice [23].
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Figure 1. 1H NMR spectrum (H2O:D2O, 500 MHz) of the treated juices submitted and amplification
of the aromatic region (6.7 to 7.6 ppm).

Minor bioactives were identified and quantified by HPLC-DAD, such as gallic acid
and its derivatives, protocatechuic acid, cyanidins, p-hydroxybenzoic acid, p-coumaric
acid, and syringic acid, trans-ferulic and caffeic acid, epicatechin derivatives, vitexin and
rutinoside. As shown in Figure 2, the two PCA components (PC1 and PC2) explained 100%
of the total data variance, indicating strong interrelation between treatments and antioxidant
properties of the juice samples. The loading plot showed that PC1 explained 92% of the total
variation, whereas PC2 explained only 8% of the total variability, that is, the most important
variables for chemical composition of HT and US20 (score plot on left in Figure 2A) are
based on gallic acid derivatives, cinnamic acid derivatives, caffeic syringic acid, catechin
derivatives (Figure 2C). ANOVA proved that the polyphenol concentrations were statistically
discriminable from between all group concentrations (p-value < 0.05). However, the samples
were grouped into two main groups or clusters (Figure 2B). The HCA result shows that the
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HT and US20 samples were chemically similar. US20 was the sample that was exposed for
the longest time to ultrasound treatment with a lower power. The use of ultrasound did not
enhance the extraction of vitexin, caffeic and trans-ferulic acid, but enhanced the extraction of
cyanidin 3-O-glucoside and p-hydroxybenzoic acid In a study using the extraction technique
to monitor the quality of noni juice using US, it was found that the TPC and TFC in US-treated
juice were 2.67% and 22.06% higher than those of untreated juice [31].
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13.40 Syringic acid 267 1.44 ± 0.46 b 2.22 ± 0.19 a 0.89 ± 0.04 c 0.58 ± 0.04 d 1.98 ± 0.14 b 0.988 18.4 

13.75 Caffeic acid 324 0.08 ± 0.01 a 0.06 ± 0.01 ab 0.05 ± 0.01 ab 0.03 ± 0.00 c 0.06 ± 0.01 ab 0.992 19.8 

14.01 Epicatechin 290 0.18 ± 0.04 b 0.23 ± 0.04 a 0.16 ± 0.02 bc 0.10 ± 0.01 d 0.18 ± 0.03 b 0.987 18.1 

15.01 Epicatechin derivative 297 <LOQ <LOQ <LOQ <LOQ <LOQ   

15.95 Flavonol derivative 344 <LOQ <LOQ <LOQ <LOQ <LOQ   

15.30 Catechin derivative 297 <LOQ <LOQ <LOQ <LOQ <LOQ   

16.43 p-coumaric acid 309 0.04 ± 0.02 b 0.08 ± 0.04 a 0.00 ± 0.00 d 0.00 ± 0.00 d 0.03 ± 0.02 c 0.995 17.8 

17.12 trans-ferulic acid 322 0.039 ± 0.02 a 0.04 ± 0.02 a 0.02 ± 0.00 bc 0.01 ± 0.00 d 0.03 ± 0.01 ab 0.998 16.9 

17.71 Vitexin 338 0.10 ± 0.04 b 0.11 ± 0.04 a 0.04 ± 0.00 cd 0.04 ± 0.00 cd 0.08 ± 0.04 c 0.999 17.4 

ANOVA * * * * * * * 

RT = retention time; R2 = R-squared is a measure for linearity; %RSD = Relative Standard Deviation; 

<LOQ = below limit of quantification; ND = not determined. Mean values followed by different letter 

were significantly different at p ≤ 0.05 (Least significant difference test). * Indicates highly significant 

difference at p-value ≤ 0.05. Symbol ↑ indicates higher area. 
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Figure 2. (A) Principal Component Analysis (Mean centered; Algorithm used: SVD Validation
method: Cross validation: Full with 5 segments); (B) Cluster analysis: Method: Ward’s method;
Distance: Squared Euclidean distance; Matrix Size: 5 samples, 31 variables. (C) Loadings (retention
time (RT) of molecules with higher importance in each group).

An additional supervised chemometric analysis was performed using the PLS clas-
sification method. This technique identifies the latent variables (signal intensity of each
analyte) that allow the greatest discrimination between two separate groups of samples
based on their spectra (X matrix) and according to their maximum covariance with an
established target class in the Y matrix [32], given that the Y matrix (results obtained in the
antioxidant tests) responses must be considered for the construction of the components.
That is, it is necessary to create a model with an expected result and then verify whether
the data set will behave as expected, such as, for example, waiting for samples with better
antioxidant activity to group according to the different classes of bioactive compound.
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or depending on the amounts of bioactive. In contrast, PCA is an unsupervised method,
as it does not use the response to build new components; that is, PCA reveals adequate
separations between groups only when the variability within the group is sufficiently lower
than that between groups. Therefore, the supervised method is used when we expect a
result that can be predicted, such as the PLS-DA that guides a transformation informed
by the variability between groups to reveal a better grouping. In this way, it is possible to
predict which bioactives have greater weight or importance for each sample group.

The PLS analyzes (Figure 3) revealed that the HT sample was completely ungrouped
from the others due to the results of antioxidant activity (DPPH, ABTS and TPC), however,
it approached the US20 sample when the comparison was made according to the chemical
composition (Figure 2C), which was evidenced in the statistical analysis by ANOVA, where
the overwritten letters indicate statistical similarity of the results (Table 4). Analyzing the
PLS, it is observed that the sample HT was totally separated from the other group when
we compared the ABTS and TPC assay. The gallic acid derivatives have greater weight in
the ABTS antioxidant assays and gallic acid, protocatechuic acid, p-hydroxybenzoic acid
and epicatechin had more weight in the grouping samples with better TPC response. The
thermostability of bioactive compounds was evaluated in a work done by Mehaya [33], it
was verified that the gallic acid content can increase during temperature variation, how-
ever, when reaching extreme temperatures, its concentration decreases. On the other hand,
molecules such as caffeic acid can decrease at elevated temperatures, while flavonoids have
the disadvantage of being thermolabile compounds [34]. This suggests the importance of
extraction processes for these molecules to obtain the best response in these assays. It was
observed that in the model created with data from the antioxidant assays as a function of the
concentrations of bioactive molecules quantified in each of the samples, the model did not
serve for the DPPH assay, but served for the ABTS and TPC assays (Figure 3), which isolated
the HT sample from the others. The HT method for the extraction of bioactive polyphenols in
Amazon fig juice was efficient for extracting p-hydroxybenzoic and syringic acid (Figure 3C).

Table 4. Phenolic compound quantified and tentatively identified in Amazon fig juices.

RT
(min)

Compound λ
(nm)

Control HT US20 US40 US80 R2 %RSD

mg/mL

6.82 Gallic acid derivative 271 ND ND ND ND ND ND ND

7.69 Gallic acid 271 0.10 ± 0.02 b 0.26 ± 0.10 a 0.10 ± 0.04 b 0.06 ± 0.01 bc 0.10 ± 0.01 b 0.998 19.9
8.24 Not Indentified 323 ND ND/↑ ND ND ND ND ND
10.19 Protocatechuic acid 293 0.07 ± 0.00 c 0.10 ± 0.07 a 0.07 ± 0.01 c 0.04 ± 0.00 d 0.08 ± 0.00 b 0.998 19.85
10.79 Not Indentified 323 ND ND ND/↑ ND ND ND ND
10.97 Not Indentified 319 ND ND/↑ ND ND ND ND ND
11.17 Not Indentified 324 ND/↑ ND ND/↑ ND ND ND ND

11.73 Cyanidin
3-O-glucoside 527 0.26 ± 0.01 c 0.27 ± 0.00 b 0.24 ± 0.01 d 0.16 ± 0.00 e 0.35 ± 0.01 a 0.998 18.8

12.50 p-hydroxybenzoic
acid 324 <LOQ 0.19 ± 0.04 a 0.02 ± 0.01 c 0.01 ± 0.00 c 0.04 ± 0.01 b 0.997 17.7

12.67 Cyanidin 519 0.03 ± 0.01 a 0.02 ± 0.00 b 0.02 ± 0.00 b 0.01 ± 0.00 c 0.02 ± 0.00 b 0.996 16.9
13.14 Delphinidin 526 <LOQ <LOQ <LOQ <LOQ <LOQ 0.988 19.5
13.40 Syringic acid 267 1.44 ± 0.46 b 2.22 ± 0.19 a 0.89 ± 0.04 c 0.58 ± 0.04 d 1.98 ± 0.14 b 0.988 18.4
13.75 Caffeic acid 324 0.08 ± 0.01 a 0.06 ± 0.01 ab 0.05 ± 0.01 ab 0.03 ± 0.00 c 0.06 ± 0.01 ab 0.992 19.8
14.01 Epicatechin 290 0.18 ± 0.04 b 0.23 ± 0.04 a 0.16 ± 0.02 bc 0.10 ± 0.01 d 0.18 ± 0.03 b 0.987 18.1

15.01 Epicatechin
derivative 297 <LOQ <LOQ <LOQ <LOQ <LOQ

15.95 Flavonol derivative 344 <LOQ <LOQ <LOQ <LOQ <LOQ
15.30 Catechin derivative 297 <LOQ <LOQ <LOQ <LOQ <LOQ
16.43 p-coumaric acid 309 0.04 ± 0.02 b 0.08 ± 0.04 a 0.00 ± 0.00 d 0.00 ± 0.00 d 0.03 ± 0.02 c 0.995 17.8
17.12 trans-ferulic acid 322 0.039 ± 0.02 a 0.04 ± 0.02 a 0.02 ± 0.00 bc 0.01 ± 0.00 d 0.03 ± 0.01 ab 0.998 16.9
17.71 Vitexin 338 0.10 ± 0.04 b 0.11 ± 0.04 a 0.04 ± 0.00 cd 0.04 ± 0.00 cd 0.08 ± 0.04 c 0.999 17.4

ANOVA * * * * * * *

RT = retention time; R2 = R-squared is a measure for linearity; %RSD = Relative Standard Deviation; <LOQ = below
limit of quantification; ND = not determined. Mean values followed by different letter were significantly different
at p ≤ 0.05 (Least significant difference test). * Indicates highly significant difference at p-value ≤ 0.05. Symbol ↑
indicates higher area.
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Figure 3. Partial Least Squares (Mean centered) of Amazon fig juice. (A) and (B) represents the model
response as a function of TPC and ABTS; (C) is the result of loadings (chemical composition and
antioxidant result) and score (sample group) Bi-plot. Algorithm used: Kernel; Validation method:
Cross validation. Full with 5 segments. Number of calibration samples used: 5; total number of
factors: 3; factors suggested by model: 2; optimal number of factors: 2.

4. Conclusions

The chemical and antioxidant characteristics of Amazon fig juices obtained by heat
treatment (HT) or high-intensity ultrasound (HIUS) were evaluated herein. The juices
showed chemical similarity in the major compounds identified by NMR, such as α-glucose,
β-glucose, fructose, citric acid, malic and p-hydroxy-benzoic acids.

The treatments improved the extraction of bioactive compounds and their antioxidant
properties in foods. Regarding the physicochemical parameters such as pH, titratable
acidity and soluble solids, no significant differences were observed between treatments
in relation to the control, except for color (marginal changes). This suggests that both
treatments maintained the physicochemical characteristics of the juices, making it feasible
to also assess whether their sensory characteristics are affected or maintained.
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Although the treatments maintained the physicochemical parameters, they caused
significant changes in the antioxidant activity, as well as in the content of phenolic com-
pounds in the juices. The HT, US20 and US40 treatments showed best results compared to
the control sample. Among them, the highest results were in HT, followed by US20. For
the juices obtained with HIUS, the best results were those that used low power and longer
time, on the other hand, the total phenol contents decreased with increasing power and
reducing time. This reveals that at constant energy density under the evaluated conditions,
the increase in time was a more important factor for the extraction of bioactive compounds
than the increase in power.

HIUS was efficient to improve the antioxidant capacity of the minifig juices; however,
under the conditions of this study, it was HT that presented the best values after treatment
and greater efficiency for the extraction of bioactive compounds. Therefore, new experimen-
tal designs can be carried out to obtain extraction conditions that make HIUS a favorable
alternative in relation to heat treatment for the minifig juices. As prospects for future
studies, we should consider the microbiological analyzes, which may be used to evaluate
and compare the effect of pasteurization and HIUS on the reduction in microorganisms in
the juices and the evaluation of the juice stability.
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