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Abstract 
Tarumã (Vitex megapotamica) fruit may serve as a valuable source of several bioactive compounds. In this study, 

tarumã pulp was freeze-dried to evaluate its bioactive compounds, antioxidant activity, and anti-inflammatory 
properties, as well as to optimize the aqueous extraction process for total phenolics and antioxidants. The extraction 
parameters were optimized through experimental design, and analyses of total phenolics, flavonoids, and 
anthocyanins, carotenoids, antioxidant activity, and anti-inflammatory effects were performed. Tarumã proved to 
be a potential source of bioactive compounds, mainly phenolic compounds (5,438.59 mg GAE/100 g-1). The 
experimental design showed that the optimal extraction conditions were 15 minutes, a solid-to-water ratio of 4.33 
g:100 mL-1, and a temperature of 90 °C, highlighting critical parameters for future research. Overall, all results 
demonstrate the great potential of ripe tarumã pulp for application in future food preparations. 

Keywords: bioactive compounds, experimental design, extraction kinetics, freeze-drying, Vitex megapotamica. 
 
Resumen 
El fruto de tarumã (Vitex megapotamica) puede ser una fuente de diversos compuestos bioactivos. En este estudio, 
su pulpa fue sometida a liofilización con el objetivo de determinar sus compuestos bioactivos, actividad antioxidante 
y efectos antiinflamatorios, además de optimizar el proceso de extracción acuosa de compuestos fenólicos totales 
y antioxidantes. Se realizaron análisis de fenólicos totales, flavonoides totales, antocianinas totales, carotenoides, 
actividad antioxidante y efectos antiinflamatorios. El proceso de extracción fue optimizado según estudios previos. 
El tarumã resultó ser una fuente potencial de compuestos bioactivos, principalmente compuestos fenólicos, con 
5438,59 mg EAG.100 g-1. El diseño experimental mostró que las mejores condiciones incluían un tiempo de 
extracción de 15 minutos, una relación sólido-líquido de 4,33 g/100 mL-1 y una temperatura de extracción de 90 
°C, lo cual es un factor clave para investigaciones futuras. Todos los resultados demuestran el gran potencial del 
uso de la pulpa de tarumã en futuras preparaciones alimentarias. 

Palabras clave: compuestos bioactivos, diseño experimental, cinética de extracción, liofilización, Vitex 
megapotamica  

 
INTRODUCTION 
Vitex megapotamica is an important medicinal and 
edible fruit plant commonly known as tarumã. 
Tarumã fruit has a spherical shape, with a smooth 
and shiny surface, and is light green when 
immature, and dark purple when ripe (1). As 
reported by Onofre et al. (2) tarumã leaves have 
antioxidant properties due to the presence of 
various classes of compounds, such as phenols, 
anthocyanins, tannins, flavonoids, and catechins. 
Thus, it is believed that the fruit can also be a 
source of several bioactive compounds, which has 
led to the interest in studying this underexplored 
fruit. 

Bioactive compounds are secondary metabolites 
of plants, produced in small amounts along with 
primary metabolites, such as proteins, 
carbohydrates, and lipids. They can assist plants 
in the process of development and survival in the 
environment, mainly providing resistance against 
diseases and ultraviolet radiation. These 
compounds are also known to exhibit antioxidant, 
antibacterial, or anti-inflammatory potential, which 
may to contribute to the prevention of chronic 
diseases and cellular damage in humans (3). 
However, fruits are extremely susceptible to 
degradation by environmental factors. 
The freeze-drying method is considered the most 
effective method for preserving dried fruit. It is a 
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drying process in which a given material is 
dehydrated by sublimation of its frozen part at low 
temperatures and under vacuum. Freeze-drying 
can preserve the raw material for the manufacture 
of products, especially seasonal fruits, making 
them available for consumption throughout the 
year. In addition, freeze-drying also contributes to 
a more satisfactory extraction of bioactive 
compounds (4). 
Due to the diversity of bioactive compounds 
present in tarumã fruits, it is essential to develop 
an optimal extraction process to identify, separate, 
characterize, and purify these compounds, 
thereby enabling the production of high-quality 
products for application in novel food matrices (5). 
The extraction of these compounds can be 
performed using different methods and solvents. 
Various extraction methods and solvents can be 
used for this purpose, including ultrasound-
assisted extraction, shaking, agitation, Soxhlet, 
and vortex methods, among others, using either 
water or organic solvents (6). Water is a low-cost 
and non-toxic solvent suitable for use in food 
matrices. In addition, studies have shown that 
aqueous extraction can be more efficient in 
recovering antioxidants when compared to other 
solvents (7). 
Experimental designs are effective tools for 
selecting the most adequate extraction method for 
bioactive compounds, as they allow the 
determination of the optimal characteristics of the 
product, minimizing the number of experimental 
runs and simultaneously assessing the effects of 
multiple variables (8). 
Considering the importance of expanding 
knowledge on novel bioactive fruits, this study 
aimed to obtain freeze-dried ripe tarumã pulp to 
characterize its bioactive compounds, evaluate its 
antioxidant and anti-inflammatory activities, and 
optimize the aqueous extraction of total phenolic 
compounds. 
 
MATERIAL AND METHODS 
 
Fruit harvesting, sampling, and general 
reagents  
Tarumã fruits were harvested in different cities of 
the western region of Santa Catarina. The fruits 
were cleaned and sanitized with a sodium 
hypochlorite solution (200 mg.kg-1) for 15 minutes, 
rinsed under running water, and drained in sieves 
to remove excess water. They were then stored in 
polyethylene vacuum bags (20 cm x 25 cm) 
placed inside metallic plastic zip-lock bags and 
kept in a conventional freezer at -12±1 °C, 
(Consul, CVU26E, BRA) until obtaining the fruit 
powder. 
All reagents, including acetone, 
tris(hydroxymethyl) aminomethane (TRIS), 6-
hydroxy-2,5,7,8-Tetramethylchroman-2-

Carboxylic Acid (Trolox), 2,2-azinobis (3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS), Folin-
Ciocalteu reagent and catechin were purchased 
from Sigma-Aldrich (BRA). 
 
Obtaining the tarumã pulp powder 
The powdered pulp was obtained according to the 
methodology described by Monteiro et al. (9). 
 
Obtaining the extracts 
To determine phenolic compounds, antioxidant 
activity (ABTS), flavonoids and total anthocyanins, 
the extracts were obtained as described by Rufino 
et al. (10), with modifications. Briefly, 0.1 g of 
tarumã pulp powder was placed in a beaker with 
40 mL of 50% methanol and kept at rest for 60 
minutes at room temperature protected with 
Parafilm. Then, the mixture was transferred to 
Falcon tubes and centrifuged (SL-700, Solab, 
BRA) at 4,856 g for 15 minutes. The supernatants 
were collected in a 100 mL volumetric flask. A 
second extraction was performed on the residue 
from the first extraction using 40 mL of 70% 
acetone. The solution was homogenized and kept 
at room temperature for 60 minutes, protected 
with Parafilm. After a second centrifugation under 
the same conditions, the supernatant was 
combined with the first extract in the volumetric 
flask, and the final volume was made up to 100 mL 
with distilled water. The extracts were stored at -
86 ºC in an ultra-freezer (ULT 335/710 D Vertical, 
Indrel, BRA) until further analysis. 
 
Determination of bioactive compounds and 
functional activities 
Total phenolic compounds (TPC): the total 
phenolic compounds were determined according 
to the Folin-Ciocalteu method, as described by 
Singleton et al. (11), with modifications. The 
results were expressed as mg GAE/100 g-1 of 
sample. 
Antioxidant activity measured by the ABTS assay: 
the antioxidant activity was determined by the 
ABTS decolorization method, as described by 
Rufino et al. (10), using ethyl alcohol as a blank. 
The results were expressed as μmol Trolox/g-1 of 
sample. 
Total flavonoids: the total flavonoids content was 
determined as described by Zhishen; Mengcheng; 
Jianming (12), with modifications. A standard 
analytical curve was made using catechin at 
concentrations ranging from 0.2 to 2.0 mg.mL-1. 
The results were expressed as mg CE/100 g-1 of 
sample. 
Total anthocyanins: the total anthocyanins content 
was determined as reported Zhao et al. (13), with 
modifications, using distilled water as a blank. The 
pigments were determined as cyanidin-3-glicoside 
equivalents, and the results were expressed as 
mg CGE.100 g-1 of sample. 
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Carotenoids: the carotenoid contents were 
determined as described by Sims and Gamon 
(14), with modifications. Absorbance readings of 
the extracts were performed in a 
spectrophotometer (Cirrus 80 SA, Femto, BRA) at 
wavelengths of 663, 647, and 470 nm for 
chlorophyll a, chlorophyll b, and carotenoids, 
respectively. The concentrations of chlorophylls 
and carotenoids were calculated using the 
equations (1) to (3), where A is the absorbance at 
the indicated wavelength (nm). Acetone + TRIS 
solution was used as a blank, and the results were 
expressed in milligrams of carotenoids per 100 g 
of sample (mg.100 g-1). 
 
𝐶ℎ𝑙 𝑎 = 0.01373 × 𝐴663 − 0.000897 × 𝐴647   (1) 
 
𝐶ℎ𝑙 𝑏 = 0.02405 × 𝐴647 − 0.004305 × 𝐴663   (2) 
 

𝐶𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 =
1000×𝐴470−1,82 ×𝐶ℎ𝑙 𝑎−85.02 ×𝐶ℎ𝑙 𝑏

198
 (3) 

 
Anti-inflammatory activity: the sample extract was 
prepared following the method described by Wang 
et al. (15). Nitric oxide radical scavenging activity 
was determined as reported by Hazra, Biswas e 
Mandal (16). Absorbance readings of the extracts 
were performed on a spectrophotometer (Cirrus 
80 AS, Femto, BRA) at 540 nm. A Trolox standard 
curve was constructed, and the results were 
expressed in μM Trolox.g-1 of sample. 
 
Optimizing the aqueous extraction of the pulp 
powder 
Monteiro et al. (17) investigated the aqueous 
extraction of tarumã pulp powder using the 
Plackett-Burman (PB) experimental design, 
evaluating the effects of pH, solid-to-liquid ratio, 
agitation, and temperature during a 3-hour 
extraction period. They reported that the optimal 
conditions were pH 5, a solid-to-liquid ratio of 1:30 
(equivalent to 3.33 g of sample per 100 mL of 
solvent), agitation at 100 rpm and a temperature 
of 80 °C. 
In this study, the extraction of compounds from 
tarumã pulp powder was further investigated using 
a central composite design (CCD) with 3 
replicates at the central point, aiming to optimize 
the variables of interest based on the findings of 
Monteiro et al. (17). The variables tested were 
temperatures of 70, 80 and 90 ºC (X1) and solid-
to-liquid ratios (g/100 mL) of 2.33, 3.33 and 4.33 
(X2). The evaluated responses included 
antioxidant activity measured by the ABTS 
method, and total phenolic content, according to 
the methodologies previously described.  
The amounts of tarumã pulp powder were mixed 
with 100 mL of distilled water in an Erlenmeyer 
flask, and the pH was adjusted to 5.0 in a pH meter 
(mPA210, MPS Technopon, BRA) using a 0.1 M 
citric acid stock solution according to Gomori (18). 

After that, the samples were placed in an orbital 
shaking bath (LUCA-157/28, Lucadema, BRA), 
with controlled temperature, time, and agitation of 
the extraction solution, which was kept at 100 rpm 
for all assays. The samples were subjected to 
extraction conditions at 15, 30, 60, and 180 
minutes. The assays were performed in random 
order to minimize the effects of uncontrolled 
factors. The extracts were vacuum filtered (ME 1C 
2016/07, Vacuubrand, DEU) and stored in amber 
glass vials at -86 ºC in an ultra-freezer (ULT 
335/710 D, Indrel, BRA) until analysis the 
following day. 
 
Statistical analysis 
Data were analyzed by ANOVA and Tukey's test, 
at a significance level of 95% (p<0.05), using 
Statistica 14 software (trial version). The results 
from the experimental design were analyzed using 
the software PROTIMIZA EXPERIMENTAL 
DESIGN. 
 
RESULTS AND DISCUSSION 
 
Bioactive characterization and functional 
activities of tarumã pulp powder 
The tarumã pulp powder had a total phenolics 
content of 5,438.59 ± 70.22 mg of GAE/100 g-1 
which can be considered high, since foods with 
TPC values greater than 2,500 mg GAE/g-1 are 
considered rich in phenolic compounds (19). 
According to Kita et al. (20), the purplish-red color 
of tarumã corresponds to a pigment developed in 
plants over time due to the combination with 
sugars, mostly glucose, in the form of glycosides, 
with the possibility of acylation with organic acids, 
leading to high TPC contents. Monteiro et al. (9) 
studied tarumã fruits at two ripening stages and 
found the presence of sugars with a 
predominance of reducing sugars such as glucose 
and fructose. Thus, the natural development of the 
plant and the interaction of sugars were 
responsible for the TPC values observed in this 
study. 
Can-Cauich et al. (21) evaluated the freeze-dried 
peel of 11 tropical fruits and reported total phenolic 
compounds of 1,840, 3,525, 470, and 100 mg 
GAE/100 g-1 for purple star apple, green star 
apple, black sapote, and pitaya, respectively, 
which are lower than those found for tarumã. 
Other purple apple and green apple species 
presented higher TPC, with 6,200 and 7,030 mg 
GAE/100 g-1, respectively. Resende; França; 
Oliveira (22), reported 4,110 and 930 mg GAE/100 
g-1 for grape pomace and buriti peel flours, 
respectively, which were lower than the value 
found for tarumã pulp powder of the present study. 
The antioxidant capacity of fruits in vitro is an 
important indicator of their potential as health 
promoters (21). The antioxidant activity of tarumã 
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pulp powder measured by the ABTS assay was 
363.5 ± 15.04 µmol Trolox/g-1, similar to that of 
açaí pulp, with 337.31 µmol Trolox/g-1 (23). Vasco 
et al. (19) studied different freeze-dried fruits and 
found values of 41.00, 76.00, 16.00, and 30.00 
µmol Trolox.g-1 for blackberry, capulí, plum, and 
guava, respectively, which are lower than those 
found for tarumã. The tarumã fruit presented 
excellent antioxidant activity, standing out as a 
potential source of antioxidant compounds for 
application in nutraceuticals and functional foods. 
Regarding the flavonoids content, Can-Cauich et 
al. (21) evaluated different tropical fruits and 
reported 5,040, 4,920, 1,250, and 310 mg CE/100 
g-1 for green apple, purple apple, black sapote, 
and pitaya, respectively, which were lower than 
the findings for tarumã of the present study, with 
3,650 ± 229 mg CE/100 g-1. Thus, tarumã is a 
good source of flavonoids probably due to the 
combination of several sugars and hydroxyl (OH) 
substituents in the basic chemical structure (24). 
Anthocyanins are phytochemicals and powerful 
antioxidants that form a subclass of polyphenolic 
flavonoids, which have blue, red, or purple 
pigments, and are found in plants, especially 
flowers, fruits, and tubers (25). Tarumã fruit was 
expected to be a potential source of these 
compounds, due to its green color when immature 
and purple when ripe, in addition to its elevated 
antioxidant activity. However, the anthocyanins 
content in the ripe tarumã pulp powder was only 
6.12 ± <0.001 mg CGE/100 g-1, which is relatively 
low when compared to values reported for dark 
fruits. Freeze-dried açai fruits had average values 
of 110.00 mg CGE/100 g-1 (26). The low incidence 
of anthocyanins in ripe tarumã pulp powder may 
be due to its high susceptibility to environmental 
factors, such as heat, light, oxygen, pH, and 
enzymes, which result in discoloration and easy 
degradation (27). 
Carotenoids are found in many plants and 
represent a group of pigments that are generally 
responsible for the red, yellow, and orange colors 

of fruits and vegetables. The tarumã pulp powder 
presented a considerable carotenoid content 
when compared to other fruits, with 5.50 ± 0.01 
mg.100/g-1. Resende et al. (22) evaluated the flour 
of buriti endocarp obtained by oven drying and 
found carotenoid contents ranging from 0.15 to 
0.29 mg.100/g-1. freeze-dried açaí pulp showed 
values of 2.91 mg.100/g-1, which is lower than the 
carotenoid content found for tarumã (23). As 
reported by Bergman et al. (28), a daily carotenoid 
intake between 9.00 and 18.00 mg/day is 
necessary to provide antioxidant and 
antihypertensive effects, immune system 
improvements, and reduction of glucose and 
cholesterol levels in the human body, indicating 
great potential of tarumã due to its considerable 
carotenoid content. 
Concerning the anti-inflammatory activity of 
tarumã powder, a value of 2540.58 ± 92.91 µmol 
Trolox/g-1 was observed. Previous studies report 
values of 300.6 and 273.6 µmol Trolox/g-1 for the 
pulp of prickly pear varieties (Pelota and 
Sanguinos, respectively) (29). The high anti-
inflammatory capacity observed in tarumã powder 
can be attributed to its ability to eliminate nitric 
oxide (NO), a radical involved in inflammatory 
processes. Elevated levels of NO are toxic to 
tissues and can trigger chronic inflammation and 
diseases such as diabetes, multiple sclerosis, and 
ulcerative colitis (16). Tarumã powder 
demonstrated the ability to inhibit nitrite formation 
by competing with oxygen in the reaction with 
nitric oxide, which may reduce oxidative stress 
and inflammatory processes effectively. 
 
Extraction kinetics of antioxidant and total 
phenolic compounds from ripe tarumã pulp 
powder 
The values of antioxidant activity and total 
phenolic compounds in tarumã pulp powder under 
different extraction conditions are shown in Figure 
1. 
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Figure 1. Extraction kinetics of tarumã pulp powder: (a) radical scavenging antioxidant activity by ABTS and (b) total phenolic 
compounds (b) under different temperatures (ºC) and solid-to-liquid ratios (g/100 mL-1). MCP: medium central point. Symbols 

represent: —●— 2.33 g of sample in 100 mL of solvent at 70 °C; —■— 2.33 g of sample in 100 mL of solvent at 90 °C; —▲— 

4.33 g of sample in 100 mL of solvent at 70 °C; - -▲- - 4.33 g of sample in 100 mL of solvent at 90 °C; - - ◆- - MCP. Values 
followed by the same capital letters do not differ significantly in the extraction kinetics according to the Tukey test (p<0.05). 

 
Figure 1a shows that the assay using 4.33 g of 
pulp powder per 100 mL of water at 90 °C 
exhibited the highest antioxidant activity 
throughout the extraction, reaching 1,851.8 μmol 
of Trolox/ g-1 after 180 min, followed by the central 
point (MCP), with 1,517.3 μmol of Trolox/g-1 after 
60 min. The extraction kinetics indicate a 
significant increase (p<0.05) in antioxidant activity 
between the extraction times of 15 and 180 min for 
most assays. 
For the assay performed with 4.33 g of sample at 
90 °C, an increase of approximately 15% in 
antioxidant activity was observed between 15 and 

60 min. This result indicates that achieving a 15% 
increase in antioxidant activity requires a fourfold 
increase in extraction time. Therefore, longer 
extraction periods under this condition are less 
viable, as the slight increase in bioactive 
compound concentration does not justify the 
additional process costs. 
Regarding the extraction kinetics of total phenolic 
compounds (Figure 1b), the results varied 
depending on both time and extraction conditions. 
The assay carried out with 2.33 g of sample at 90 
°C produced the highest TPC concentration after 
180 minutes (6,807.2 mg GAE/100 g-1), which 



Amanda G., Polizeli et. al.: Optimization of the extraction of antioxidants       21 

RECyT / Year 28 / Nº 45 / 2026 

indicates that this condition was the most efficient 
for the extraction of phenolic compounds. 
However, when examining the assay with 4.33 g 
at 90 °C, no significant difference (p>0.05) was 
observed between the extraction times of 15 and 
180 minutes. This result suggests that under this 
condition, an extraction time of 15 minutes is 
sufficient to obtain maximum TPC extraction, 
eliminating the need for extended extraction. 
The assay with 4.33 g at 70 °C exhibited more 
pronounced variation over time, reaching a 
maximum TPC value at 60 minutes 
(approximately 5,559.64 mg GAE/100 g-1), 
followed by a significant drop at 180 minutes. This 
behavior suggests that temperature may favor 
rapid initial extraction, but can also lead to 
degradation of the extracted compounds over 
prolonged periods. 
These results indicate that, to optimize the 
extraction of phenolic compounds from tarumã, it 
is possible to reduce the extraction time under 

some conditions without compromising yield. In 
some assays, maximum extraction was achieved 
within 15 minutes, indicating that shorter 
extraction times can be sufficient to obtain high 
TPC concentrations, as observed in the assay 
with 4.33 g at 90 °C. Consequently, extraction 
times of 15 and 60 minutes were selected for the 
central composite planning, allowing process 
optimization with reduced duration while 
maximizing efficiency. 
 
Optimization of antioxidant and total phenolic 
compound extraction from tarumã pulp 
powder 
Table 1 presents the actual independent variables 
(temperature and the solid-to-liquid ratio of sample 
to solvent), including both real and coded values, 
along with the dependent variables (ABTS and 
TPC) for extraction times of 15 and 60 minutes. 
 

 
Table 1. Central composite design showing the independent variables and the corresponding 

dependent variables (ABTS antioxidant activity and TPC) for extraction times of 15 and 60 minutes 

Assays X1 X2 
15 min 60 min 

ABTS TPC ABTS TPC 

1 70 (-1) 2.33 (-1) 527.6 4,953.7 564.2 5,398.5 

2 90 (+1) 2.33 (-1) 800.0 6,344.9 872.3 6,334.2 

3 70 (-1) 4.33 (+1) 782.8 4,739.4 1,009.0 5,559.6 

4 90 (+1) 4.33 (+1) 1,586.7 5,816.9 1,810.7 5,675.3 

5 (C) 80 (0) 3.33 (0) 1,115.1 6,155.6 1,089.4 6,406.2 

6 (C) 80 (0) 3.33 (0) 1,247.7 5,636.2 885.2 6,375.22 

7 (C) 80 (0) 3.33 (0) 1,278.3 5,724.7 956.6 6,424.44 

X1= Temperature (°C), X2 = solid-to-liquid ratio (g/100 mL-1); ABTS = Antioxidant activity by ABTS (μmol of Trolox. g-1); TPC= 
total phenolic compounds (mg GAE/100 g-1 of sample); C = central point. 

The Pareto chart summarizing the statistical 
analysis of the effects of temperature (X1) and 
solid-to-liquid ratio (X2) on antioxidant activity and 

total phenolic compounds at 15 minutes of 
extraction is presented in Figure 2.

 

 
Figure 2. Pareto diagram showing the effects of temperature (X1) and solid-to-liquid ratio (X2) on (a) antioxidant activity 

measured by ABTS (a) and (b) total phenolic compounds (TPC) (b) at 15 minutes of extraction. 
 

For the 15-minute extraction of phenolic 
compounds from tarumã, temperature showed a 

significant effect (p≤0.1) on both ABTS and TPC 
assays. In contrast, the solid-to-liquid ratio 



Amanda G., Polizeli et. al.: Optimization of the extraction of antioxidants       22 

RECyT / Year 28 / Nº 45 / 2026 

significantly affected only the ABTS analysis 
(p≤0.1). The observation that the solid-to-liquid 
ratio impacts antioxidant activity, but not TPC 
content can be attributed to the extraction of other 
compounds, such as vitamins and carotenoids. 
These compounds have antioxidant properties, 
contributing to ABTS radical scavenging and thus 
enhancing the antioxidant activity of the extract 
(30).  
For the 15-minute ABTS assay, the calculated F 
value (4.0) was lower than the tabulated F (5.3), 
with an R² of 0.7991. Similarly, for the 15-minute 
TPC assay, the calculated F (4.3) was below the 
tabulated F (5.3), with R² = 0.8099. The fact that 
the calculated F was lower than the tabulated F 
indicates that, despite the relatively high R² 
values, the model is not statistically significant, 
suggesting that temperature and solid-to-liquid 
ratio did not have a significant effect (p ≤ 0.1) on 
the extraction process within the studied range. 
In contrast, the ANOVA analysis (p≤0.05) for the 
effects of temperature and solid-to-liquid ratio on 
the antioxidant activity (ABTS) at 60 minutes of 
extraction showed a high correlation coefficient 
(R² = 0.8918) and a strong F-test performance for 
regression. The calculated F was 2.3 times higher 
than the tabulated F, validating the model 
(Equation 4) and supporting the response surface 
presented in Figure 3. These results indicate that 
both temperature and solid-to-liquid ratio 
enhanced the extraction of phenolic compounds, 
leading to higher antioxidant activity measured by 
the ABTS method (p≤0.05). 
 
𝑌3 = 1026.64 + 277.68𝑥1 + 346.03𝑥2    (4) 
 

 
Figure 3. Response surface plot for ABTS assay at 60 

minutes of extraction for the effects of temperature (-1=70 ºC 
and +1= 90 ºC) and solid-to-liquid ratio (-1 = 2.33 g. 100 mL-1 

and + 1= 4.33 g. 100 mL-1). 

 

The total phenolic compound content after 60 

minutes of extraction was not significantly affected 

by temperature or solid-to-liquid ratio (p≤0.05).  

Previous studies have shown that antioxidant 
activity tends to increase with temperature, which 
was also observed in this study (31). Several 
authors have reported that temperature causes 
structural changes in plant material, increasing the 
availability of polar antioxidant compounds in the 
matrix. This behavior is due to several factors, 
including higher solubility of phytochemicals, 
enhanced disruption of solute-matrix interactions, 
and increased diffusion, mass transfer, and 
extraction rates. In addition, the reduction in 
solvent viscosity and surface tension improves 
solvent-solute contact, allowing faster extraction 
and higher extraction efficiency (32). 
However, the optimal extraction temperature must 
be defined according to the specific matrix, as 
prolonged extraction times and high temperatures 
may lead to degradation and irreversible changes 
in the quality of certain compounds. The use of the 
citric acid solution for pH standardization may also 
have enhanced extraction, as the acid disrupts cell 
membranes and facilitates the release and 
solubilization of bioactive compounds (31). 
The antioxidant activities reported in the literature 
are quite diverse, varying according to the 
extraction methods. Other factors can also affect 
the extraction efficiency, including operating 
conditions, the type of solvent, the type and variety 
of raw material, harvest time, and pre-treatment of 
the fruit. In this study, water was used as the 
solvent, while other authors used solvents such as 
acetone and methanol. Variations in raw material, 
pre-treatment, solid-to-liquid ratio, extraction 
process, and equipment sensitivity can also 
contribute to the differences between studies. 
 
CONCLUSION 
Tarumã fruit proved to be a promising source of 
bioactive compounds including total phenolics, 
flavonoids, anthocyanins, and carotenoids. 
Furthermore, the pulp powder exhibited high 
antioxidant activity and significant anti-
inflammatory effects. These findings indicate that 
tarumã can scavenge radicals, suggesting an 
effective role in mitigating inflammatory processes 
and reducing cellular oxidative stress, while 
contributing to various biological functions. The 
extraction kinetics indicated that shorter extraction 
times may be sufficient to achieve high 
concentrations of total phenolic compounds, and 
that higher temperatures enhance extraction 
efficiency. The optimal extraction conditions were 
15 minutes of extraction time, a solid-to-liquid ratio 
of 4.33 g/100 mL-1, 90 °C, pH 5.0 and 100 rpm, 
yielding 5,816.9 mg GAE/100 g-1 of phenolic 
compounds and 1,586.7 µmol Trolox/g-1 for 
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antioxidant activity by the ABTS assay. The 
central composite design (CCD) showed that 
temperature was the more significant variable, 
contributing to higher extraction efficiency of 
phenolic compounds, as observed in both TPC 
and ABTS analyses, regardless of the extraction 
time. In contrast, the solid-to-liquid ratio was 
significant only for the ABTS assay, which may be 
due to the co-extraction of other antioxidant 
substances that influence the antioxidant activity 
of the extract. These results highlight the 
antioxidant potential of tarumã fruit, which can be 
used in cosmetics, pharmaceuticals, and various 
food matrices. Furthermore, the present study 
provides valuable data on the bioactive 
composition of tarumã and identifies optimal 
aqueous extraction conditions. Further studies are 
important to better characterize the bioactive 
compounds from tarumã fruit, for instance through 
chromatographic analyses, and to explore its 
application in functional foods. 
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