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Abstract

Green acerola (Malpighia emarginata) is among the richest natural sources of vitamin C and represents a promising
raw material for natural antioxidant food ingredients. Extraction of ascorbic acid from whole green acerola fruits was
optimized using response surface methodology, with solvent composition and temperature as independent variables. Pure
water at 35 °C provided the highest ascorbic acid recovery (340 mg g dry material) and reducing power, alongside strong
antioxidant activity by ABTS and DPPH assays. The biological relevance of the optimized extract was evaluated using
Saccharomyces cerevisiae wild-type and erg6A mutant strains as a cellular antioxidant model under menadione-induced
oxidative stress. In the presence of the extract (500 mg L), cell viability was maintained for up to 5 h in the wild-type
strain and 3 h in the erg6A mutant, compared to approximately 1 h in untreated controls. The extract was subsequently
stabilized by spray drying with arabic gum as carrier, yielding a powder with water activity of 0.213 and no significant
loss of antioxidant composition or activity. These results establish mild aqueous extraction combined with spray drying as
an effective strategy for producing a stable, vitamin C-rich green acerola powder with demonstrated cellular antioxidant
activity, suitable for food ingredient applications.

Keywords Ascorbic acid - Response surface methodology - Oxidative stress - Saccharomyces cerevisiae -
Encapsulation - Bioactive compounds

Introduction

Ascorbic acid is one of the most important vitamins for
human health and has numerous applications in the food
and pharmaceutical industries. Beyond its role in preventing
scurvy, ascorbic acid exhibits important antioxidant activity
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[1, 2]. Ascorbic acid is the vitamin with the highest indus-
trial production volume, with approximately 50% directed
to the pharmaceutical industry, 25% used as a food anti-
oxidant, and the remainder consumed by the beverage and
animal feed sectors. Current industrial production still relies
largely on the Reichstein process, developed in the 1930s
from D-glucose, which demands considerable amounts of
organic solvents and generates environmental concerns [3].
The use of renewable raw materials and greener extrac-
tion processes therefore represents both a challenge and an
opportunity for the sector.

Among tropical fruits, acerola (Malpighia emarginata)
stands out for its exceptionally high vitamin C content,
exceeding 4,000 mg per 100 g of fresh fruit, and strong
antioxidant activity [4—6]. The green stage of the fruit is
well established as a superior source of ascorbic acid com-
pared to the ripe stage, with recognized potential for food
and pharmaceutical applications [7, 8]. However, studies
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combining extraction optimization with cellular antioxidant
validation are still lacking. This work optimized aqueous
extraction of ascorbic acid from green acerola by response
surface methodology, assessed antioxidant efficacy in vitro
and in a Saccharomyces cerevisiae cellular model, and eval-
uated stabilization of the extract by spray drying.

Materials and Methods
Sample Collection and Acerola Extract Preparation

Samples of green acerola fruits were obtained from certified
producers in the city of Junqueiropolis, Sao Paulo, Brazil. In
order to minimize the degradation of bioactive compounds,
especially ascorbic acid, the acerola fruits were transported
under refrigeration (5 °C) on the same day of collection and
immediately processed. After washing with water, the fruits
were frozen in an ultra-freezer at —80 °C (Coldlab CL580-
86 V) and subsequently lyophilized (Lyophilizer L108, Lio-
top). Freeze-drying was selected because it enables water
removal while minimizing the degradation of thermolabile
bioactive compounds. Then the samples were crushed in a
processor (Philips Walita RI7625 / 71) for 5 min to obtain
a powder. The powder was stored at -80 °C until analysis.
For extract preparation, samples were mixed with
water and ethanol solutions at a 1:60 (m/v) ratio and
subjected to extraction in a shaking water bath at 200
rpm under low light conditions for 50 min, a duration
previously established for the recovery of antioxidant
compounds from acerola using hydroethanolic solvents
[5]. The extraction conditions, including ethanol concen-
tration and temperature ranges, were selected based on
previous studies investigating the recovery of antioxidant
compounds from acerola and other fruit matrices using
hydroethanolic solvents. Ethanol and water mixtures

have been widely reported as efficient green solvents for
the simultaneous extraction of ascorbic acid and pheno-
lic compounds. In addition, the evaluated temperature
range was selected to investigate its influence on extrac-
tion efficiency while avoiding excessive degradation of
thermosensitive compounds [4, 5]. The temperature in
the extraction and concentration of the added ethanolic
solution varied according to the experimental design.
After the extraction period, the extracts were centrifuged
at 5,000 x g for 20 min, filtered, and analyzed directly in
liquid form for RSM response evaluation.

Extraction conditions were optimized by multiple
regression analysis and response surface methodology,
using reducing power as the response variable. A second-
order model including linear, quadratic, and interaction
terms was fitted for solvent concentration and tempera-
ture. The experimental design comprised five levels for
each variable, including lower (— 1), upper (+ 1), and axial
(£1.41) points (Table 1). The aqueous extract obtained
under the optimized RSM conditions was filtered through
a 0.45 pm cellulose ester membrane (Millipore, 47 mm
diameter) under vacuum, frozen at —80 °C, lyophilized
(Lyophilizer L108, Liotop), and stored at —80 °C until
further analysis.

Determination of Reducing Power

The reducing power for the acerola extracts was deter-
mined by the Folin-Ciocalteau colorimetric method
according to the methodology proposed by Singleton et
al. [9]. The results were calculated from a standard curve
with known concentrations (5 to 80 pg'mL™ ') of gallic
acid and expressed in mg of Gallic acid (GA) per gram
of dry fruit.

Table 1 Reducing power, TEAC ABTS, and TEAC DPPH of hydroethanolic extracts from green acerola fruits at different extraction conditions

Run  Exploratory variables

Dependent variable

% Ethanol Temperature °C Reducing power  TEAC DPPH TEAC ABTS
Coded value Realvalue Coded value  Real value (mg GAg'DM)  (umol Trolox 100 mL™")  (umol Trolox 100 mL™")

1 -1 14.4 -1 344 167.62 822.28 1170.91

2 +1 84.6 -1 344 150.91 808.00 997.89

3 -1 144 +1 55.6 159.74 786.50 982.02

4 +1 84.6 +1 55.6 155.08 843.42 1218.45

5 -1.41 0 0 45 160.05 575.42 1423.61

6 +1.41 99 0 45 151.03 611.42 1295.75

7 0 49.5 -1.41 30 164.69 820.57 1179.16

8 0 49.5 +1.41 60 152.25 801.71 1216.23

9 0 49.5 0 45 162.17 826.85 1626.15

10 0 49.5 0 45 159.23 799.42 1667.50

11 0 49.5 0 45 148.50 789.14 1625.07

12 0 49.5 0 45 156.56 851.42 1589.32

Values are single determinations per experimental run. Central point replicates (runs 9—12) used for pure error estimation
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Free Radical Scavenging Capacity (ABTS)

The free radical scavenging activity determined by the free
radical ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sul-
phonic acid), was done according to the method described
by Al-Duais et al [10]. The results were calculated from a
standard curve with known concentrations (from 0.01 to
0.04 pmol'mL™ ') of Trolox and expressed as the Trolox
equivalent antioxidant capacity (umol Trolox-100 mL™" of
extract).

Free Radical Scavenging Capacity (DPPH)

The free radical scavenging activity determined by the free
radical DPPH (2,2-diphenyl-1-picrylhydrazyl) was done
according to the method of Al-Duais et al [10]. The results
were calculated from a standard curve with known con-
centrations (from 0.01 to 0.10 umol-mL~ ") of Trolox and
expressed as the Trolox equivalent antioxidant capacity
(umol Trolox-100 mL™! of extract).

Quantification of Ascorbic Acid

Quantification of ascorbic acid was performed using high-
performance liquid chromatography (HPLC) according to
the method described by Cruz et al [5]. A standard curve
was done for ascorbic acid range from 100 to 1500 mg-L™ .
The chromatography was performed on an Agilent HP series
1100 (series UV/Vis), with a diode array detector (DAD), a
quaternary pump and a UV detector with a wavelength of
multiple waves (MWD), a cooled column compartment (30
°C), and a C,4 Phenomenex® column (4,6 x 250 mm-—5 pm).
The mobile phase consisted of a gradient of citrate sodium
solution (0.01 M) and methanol, started with 100% of citrate
sodium and ending with 100% of methanol in 25 min. The
flow rate was 1 mL-min" !, the injection volume was 20 pL.
The DAD was set to collect the signal at 275 nm.

Antioxidant Activity Using Yeast Cells

Saccharomyces cerevisiae strain BY4742 (Wild Type) and
the erg6A mutant (EUROSCARF, Frankfurt, Germany)
were used in this study. Subcultures of yeasts were per-
formed by placing one isolated colony in 250 mL conical
flasks containing 100 mL of Yeast extract-Peptone-Dex-
trose (YPD) medium. Flasks were placed in a rotary shaker
Excella E24 (New Brunswick Scientific TM, Edison, NJ,
USA) at 250 rpm, 25 °C for 48 h. Cultures were performed
by transferring 1 ml of subcultures into a flask containing
100 ml of fresh YPD medium and cells were grown at 25 °C
during 24 h in a rotary shaker at 250 rpm. At harvest, cells
were in the beginning of the stationary phase, and the cell

concentration was approximately 10% cellssmL ™. Cell sus-
pension (20 mL) was centrifuged for 5 min at 2.800xg and
25 °C (Eppendorf, Hamburg, Germany, model 5810R). Cell
pellet was washed twice and after that the optical density
(OD) was adjusted in 0.5 (600 nm, GE Healthcare® Gene-
Quant 1300 spectrophotometer) in phosphate buffered solu-
tion (PBS).

To measure the antioxidant activity of the green acerola
extract, the cells were subjected to oxidative stress condi-
tions. Menadione (0.4 mM) was added to the cell suspen-
sion adjusted to an OD of 0.5 and incubated for 1, 3, 5, and
7 h. After each exposure time, the cells were centrifuged for
10 min at 5,000 x g and 25 °C and washed twice with PBS.
Viable cells (CFU, Colony-Forming Units) were enumer-
ated on YPD agar by spread plating followed by incuba-
tion at 25 °C for 48 h. Green acerola extract (500 mg-L™)
was added simultaneously with menadione. In addition,
the same procedure was performed using cells maintained
under the same conditions without oxidative stress and
using cells treated only with green acerola extract (500
mg-L™") to evaluate whether the extract itself could influ-
ence cell growth and viability. The concentration of 500 mg
L™ of green acerola extract was selected based on the study
by Cruz et al [5] in which different concentrations of acer-
ola extracts were evaluated in Saccharomyces cerevisiae
under different oxidative stress conditions. According to the
authors, this concentration provided a significant protective
effect against oxidative damage without causing deleterious
effects on cell viability in the absence of oxidative stress.

Spray Drying

Arabic gum (Sigma, 6 g per 100 mL of extract) was added
as wall material to the optimized aqueous extract and stirred
for 3 h until complete solubilization, following Tonon et
al [11]. The resulting feed solution was spray-dried using
a Mini Spray Dryer B-290 (BUCHI Labortechnik AG,
Flawil, Switzerland) equipped with a 0.7 mm two-fluid
nozzle and a cyclone collector. Operating conditions were
inlet temperature 180 + 2 °C, outlet temperature 79 + 2
°C, feed rate 8 g'min!, atomization gas flow 667 L-h™,
and drying gas flow 35 m3-h™'. The powder was collected,
vacuum-packed, and stored at — 80 °C until analysis. To
evaluate the effect of spray drying on the chemical profile
of the extract, the powder was reconstituted in water at the
original extract concentration under agitation (200 rpm,
3 h). Reducing power, ABTS, DPPH, and ascorbic acid
content were then determined as described above. Water
activity was measured at 25 °C using an AqualLab model
3TE (Decagon Devices, USA).
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Table 2 Second-order polynomial models fitted for reducing power and antioxidant activity (TEAC ABTS and TEAC DPPH) of green acerola

extracts

Response Second-order polynomial equation (coded variables)
Reducing power Y1 =158.15-4.27 Xi — 2.66 Xi2 + 3.01 Xi.Xo

(mg GA g' DM)

TEAC DPPH 72 =837.05+11.65 Xi — 88.52 X2

(umol Trolox-100 mL™")

TEAC ABTS V3= 1627.01-14.68 X2 — 180.26 X2+ 10.51 Xi — 261.25 X2

(umol Trolox-100 mL™ ")

Xi: ethanol concentration (%); Xz: temperature (°C); DM: dry matter; GA: gallic acid

Table 3 Analysis of variance (ANOVA) for the response surface models fitted to green acerola extraction data

Source of variation Sum of squares DF Mean square F value p-value
Regression 238.6016 3 79.5339 9.4524 0.0052
Residue 67.3132 8 8.4141 1.8850 0.3192
Lack of fit 51.06070 5 10.2121

Pure error 16.2525 3 54175

Total 305.9148 11

R?=78.00% (coefficient of determination)

Statistical Analysis

Non-significant terms (p>0.05) were excluded by back-
ward elimination before fitting the final response surface
models. Model adequacy was assessed by the coefficient of
determination (R?), regression significance, and lack-of-fit
test through analysis of variance using Protimiza software
(confidence level 95%). All remaining assays were per-
formed in triplicate and results expressed as mean values.
One-way ANOVA followed by Tukey’s post-hoc test was
applied for pairwise comparisons, with p<0.05 as the sig-
nificance threshold (R software).

Results and Discussion

Reducing power and antioxidant activity were selected as
response surface methodology (RSM) responses, as both are
widely recognized as indicators of ascorbic acid content in
fruits with high concentrations such as green acerola [5, 12—
14]. Ethanol and water were selected as solvents given their
low toxicity and suitability for food-grade applications, and
temperature was evaluated between 30 and 60 °C, the lower
limit reflecting typical ambient conditions in Brazilian pro-
cessing facilities and the upper limit set to minimize energy
costs and thermal degradation of bioactive compounds. The
experimental design, extraction conditions, and correspond-
ing antioxidant responses for all 12 runs are presented in
Table 1.

Reducing power varied by 9.97% across the experimen-
tal conditions, reflecting the influence of both solvent com-
position and temperature on the extraction of antioxidant
compounds. Such variation is consistent with the literature,
where RSM studies with different plant matrices report a

@ Springer

wide range of antioxidant responses, reinforcing the com-
plexity of food matrices and the need for matrix-specific
optimization [15—18]. RSM enabled systematic evaluation
of these variables and their interactions, providing a robust
framework for identifying optimal extraction conditions
with a reduced number of experiments [12]. Effect analy-
sis indicated that linear and quadratic ethanol concentra-
tion terms were significant for reducing power, as was the
interaction between ethanol concentration and temperature
(»<0.05). For DPPH antioxidant activity, only the linear
and quadratic ethanol concentration terms were signifi-
cant, whereas both temperature and ethanol concentration
showed significant linear and quadratic effects on ABTS
activity. Non-significant terms were excluded, and second-
order models were fitted (Table 2), evaluated by ANOVA
(Table 3), and used to identify optimal extraction condi-
tions. Response surfaces are shown in Fig. 1.

The R? of 78.00% refers to the reducing power model
(Y1); TEAC DPPH and TEAC ABTS models were fitted
independently (Tables 2 and 3). The moderate fit reflects the
narrow variation range across conditions (9.97%) and could
be improved by incorporating additional variables in future
studies.

Both ethanol concentration and temperature negatively
affected reducing power, with pure water at the lowest
temperatures yielding the highest values. Notably, ethanol
solutions between 30 and 60% recovered higher amounts
of other antioxidant compounds, indicating a matrix-depen-
dent solvent effect. Based on these results, two conditions
were selected for validation in triplicate using the same fruit
lots: pure water and 40% ethanol, both at 35 °C (Table 4).
The choice of 35 °C rather than 30 °C was supported by the
absence of statistically significant differences in reducing
power between these temperatures, with the higher value
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Fig. 1 Response surfaces for (a) reducing power (mg gallic acid g™! dry matter) and (b) TEAC ABTS (umol Trolox g™') as a function of ethanol

concentration and temperature in green acerola fruit extracts

Table 4 Reducing power, ascorbic acid content, and antioxidant activity (TEAC ABTS and TEAC DPPH) of aqueous and hydroethanolic extracts

of green acerola under optimized conditions

Samples Reducing power (mg GA g TEAC DPPH (umol Trolox g* TEAC ABTS (umol Trolox g Ascor-
DM) DM) DM) bic acid
(mg g™
DM)
Water 201.40* 1067.15% 1232.94% 340.12%
extract
Ethanol extract 191.40° 1045.24° 1111.99* 285.68"

GA gallic acid. Results expressed per gram of dry matter (DM). Values followed by different superscript letters within the same column indicate

significant differences (p<0.05, Tukey’s test, n=3)

adopted to provide greater operational robustness under
food-grade processing conditions. Further studies assess-
ing additional parameters, such as extraction time, as well
as alternative extraction techniques, including ultrasound-
assisted extraction, could provide further improvements
in extraction efficiency and promote the recovery of even
higher concentrations of bioactive compounds of interest.
Ascorbic acid content was significantly higher in aque-
ous extracts (p < 0.05), confirming the strong correlation
between reducing power and ascorbic acid in acerola and
supporting the mathematical model predictions. Aque-
ous extracts presented reducing power and TEAC values
among the highest reported for tropical fruits, including
species widely recognized as antioxidant sources such as
jaboticaba and camu-camu [19, 20]. Consequently, all sub-
sequent analyses were performed with aqueous extracts.
Dry matter content of the optimized aqueous extract was
8.860 mg-mL™", of which 63.98% corresponded to ascor-
bic acid. These values exceed those previously reported

for green acerola by Vendramini and Trugo [21], who used
water and dichloromethane without extraction optimiza-
tion, which likely accounts for the lower recovery observed
in that study. While not investigated in the present work,
previous studies have shown that hydroethanolic extraction
can enhance the recovery of non-ascorbic antioxidant com-
pounds from acerola, including quercetin, chlorogenic acid,
and p-coumaric acid. These phenolic compounds may also
contribute to reducing power and TEAC values, helping to
explain the improved recovery of antioxidant constituents
observed in hydroethanolic extracts [5, 21].

Although in vitro antioxidant assays are widely used,
they do not reflect cellular conditions, and complementary
in vivo or cell-based data are necessary to evaluate the bio-
logical relevance and safety of new ingredients [22]. Sac-
charomyces cerevisiae represents a well-established cellular
model for this purpose, given its genetic similarity to higher
eukaryotes, ease of handling, high reproducibility, and low
cost [23]. Wild-type (WT) and erg6A mutant strains were
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used to assess cell cultivability under menadione-induced
oxidative stress. The erg6A mutant was selected due to its
heightened sensitivity to oxidative stress, attributed to its
inability to synthesize ergosterol [24, 25]. Menadione pro-
motes oxidative damage in S. cerevisiae by depleting intra-
cellular glutathione through conjugate formation and export,
thereby reducing cellular resistance to oxidative reactions
[26]. Results for both strains over time are shown in Fig. 2.

Green acerola extract alone did not affect yeast cell
growth or viability. As shown in the graph, the control
group containing only cells maintained a similar number
of viable cells throughout the experiment when compared
to cells exposed exclusively to green acerola extract
(500 mg L™). These results indicate that the extract did
not exert either toxic or growth-promoting effects under
the experimental conditions, confirming that the differ-
ences observed under oxidative stress were associated
with its protective antioxidant activity rather than with
changes in cell proliferation.

The green acerola extracts significantly preserved
cell viability under menadione-induced oxidative stress.
Given the high ascorbic acid content of the optimized

Menadione 0.4 mM (WT)
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Fig. 2 Cell viability (log CFU-mL™) of Saccharomyces cerevisiae
wild-type (WT) and erg6A (A6) strains exposed to 0.4 mM menadi-
one over time in the presence (G: menadione+green acerola extract,
500 mg-L™") or absence (Me: menadione only) of the extract. Control
groups included C (only yeast cells) and 500G-(WT or A6)-C (yeast
cells with green acerola extract, 500 mg-L™")
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aqueous extract (63.98% of dry matter, Table 4), it is the
primary candidate responsible for the antioxidant protec-
tion observed. However, co-extracted phenolic constitu-
ents present in the aqueous fraction, including flavonoids
and hydroxycinnamic acids previously identified in acer-
ola matrices [7], may also contribute synergistically to
the cellular protective effect.

In the wild-type strain, cultivability was maintained
for up to 5 h in the presence of the extract (500 mg L),
compared to approximately 1 h in the menadione-only
control. The erg6A mutant showed lower overall resis-
tance, with colony counts declining more rapidly from
the first hour; however, the presence of acerola extracts
extended cultivability to 3 h, compared to complete loss
of viability in its absence. These findings are consistent
with the lower oxidative resistance attributed to the erg6A
strain due to its inability to synthesize ergosterol, a mem-
brane sterol with a recognized antioxidant role [24, 27].

Since menadione induces oxidative stress primarily
through the intracellular generation of superoxide anions
[5], and the acerola extracts were added simultaneously
with the oxidant, the protective effect observed is likely
associated, at least in part, with ROS-scavenging activity.
The fact that protection was detected in both the wild-
type and erg6A strains supports an antioxidant action of
the extracts. Nevertheless, the greater susceptibility of
the erg6A strain indicates that membrane sterol composi-
tion also contributes to oxidative stress tolerance. There-
fore, the protective effect observed may result from a
combination of ROS scavenging and membrane-related
mechanisms, although the relative contribution of each
cannot be determined from the present data.

Liquid fruit extracts are susceptible to microbiologi-
cal deterioration and chemical instability, particularly
when rich in sensitive bioactive compounds. Spray dry-
ing offers an effective stabilization strategy, converting
liquid extracts into powders with reduced water activity,
lower storage costs, and higher compound concentration
[28, 29]. The spray-dried green acerola powder presented
a water activity of 0.213 at 25 °C, well below the 0.6
threshold for microbial stability, confirming microbio-
logical safety under the processing conditions applied.
Despite the thermal stress inherent to spray drying, no
significant changes were observed in any of the analyzed
parameters before and after the process (Table 5), demon-
strating effective preservation of the antioxidant profile.

Preservation of the antioxidant profile after spray
drying is consistent with the literature. Saenz et al.
[30] reported up to 100% recovery of betacyanins and
indicaxanthines from cactus extract microencapsulated
with arabic gum, with no reduction in antioxidant activ-
ity, under conditions comparable to those applied in the
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Table 5 Effect of spray drying on the chemical profile of green acerola extract

Green acerola extract

Spray-dried green acerola extract (100 mg)

(100 mg)
Reducing power (mg gallic acid) 25.50? 22.94%
TEAC DPPH (umol Trolox) 259.82% 257.97*
TEAC ABTS (umol Trolox) 220.20° 216.19°
Ascorbic acid (mg) 43.09° 40.66°

Values followed by different superscript letters within the same column indicate significant differences (p < 0.05, Tukey's test, n =3)

present study. Similarly, Krishnaiah et al [31] reviewed
the protective effect of carrier materials on bioactive
compounds during spray drying of fruit extracts, sup-
porting the suitability of arabic gum as a wall material
for ascorbic acid-rich matrices. Despite the absence of
statistically significant differences, the slight reductions
observed in ascorbic acid content and reducing power
may reflect both analytical variability and limited ther-
mal degradation of heat-sensitive compounds, particu-
larly ascorbic acid. However, the small magnitude of
these changes suggests that the spray-drying conditions
employed, together with the protective effect of arabic
gum, were effective in preserving the antioxidant profile
of the extract.

The nutritional relevance of the powder is notewor-
thy: based on the FAO [32] recommended daily intake
of 45 mg vitamin C for adults, the requirement would
be met by only 0.77 g of the spray-dried powder, which
also delivers additional antioxidant compounds. Growing
restrictions on synthetic antioxidants in food and pharma-
ceutical products, driven by concerns over their potential
adverse health effects, have increased demand for natural
alternatives with consumer acceptance [33, 34]. In this
context, the green acerola powder presents promising
potential as a clean-label natural antioxidant ingredient
across multiple product categories. Furthermore, the use
of pure water at mild temperature as the sole extraction
solvent directly addresses one of the main environmen-
tal drawbacks of current industrial vitamin C production,
which relies on organic solvents and energy-intensive
chemical steps [3]. Taken together, these results dem-
onstrate that pure water extraction at mild temperature,
validated by both in vitro and cellular antioxidant assays
and combined with spray drying stabilization, constitutes
a complete and environmentally favorable processing
chain for converting green acerola into a stable, vitamin
C-rich ingredient. The elimination of organic solvents at
the extraction stage, the demonstrated biological activ-
ity in a eukaryotic cellular model, and the preservation
of antioxidant properties after spray drying collectively
support the potential of this approach for natural food
ingredient development.

Conclusions

Response surface methodology identified pure water at mild
temperature as the optimal extraction condition, maximiz-
ing ascorbic acid recovery and antioxidant activity from
green acerola fruits while eliminating the need for organic
solvents. The biological relevance of the optimized extract
was confirmed using a Saccharomyces cerevisiae cellular
model, in which cell viability was preserved under oxidative
stress for up to 5 h in the wild-type strain and 3 h in the erg6A
mutant, compared to approximately 1 h in untreated con-
trols. The differential response between strains reinforces
the role of membrane ergosterol in cellular antioxidant pro-
tection. Spray drying with arabic gum as carrier produced a
stable powder with water activity of 0.213, with no signifi-
cant loss of antioxidant composition or activity. These find-
ings establish green acerola as a promising natural source of
vitamin C and antioxidant compounds for food ingredient
applications, obtained through an environmentally favor-
able process suitable for further scale-up investigation.

Abbreviations and Nomenclature
GA Gallic acid

ABTS azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
DPPH 1,1-diphenyl-2-picrylhydrazyl radical
TEAC Trolox equivalent antioxidant capacity

WT Wild Type
OD Optical Density

PBS Phosphate buffered saline
CFU Colony-forming Unit
RSM  Response Surface Methodology
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