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Abstract

Acerola and camu-camu fruits possess high vitamin C content. However, since these fruits are little consumed in
their fresh form, it is important to consider that vitamin C can be oxidized depending on storage conditions. Thus,
this study aimed to produce acerola and camu-camu powders by spray drying to maintain the stability of their
vitamin C content during storage. Acerola and camu-camu powders were characterized in relation to their
physicochemical characteristics, antioxidant activity, and vitamin C concentration and stability under different
storage conditions (30 °C and 40 °C, 75% relative humidity). In general, the powders were proven to be stable, with
low water activity (< 0.40) and humidity (< 4.0 g/100 g powder), as well as high vitamin C concentrations (1593.2
and 6690.4 mg/100 g of powder for acerola and camu-camu, respectively). Furthermore, we observed a high
antioxidant activity by ABTS®**, DPPH+ and FRAP assays. The powders stored at lower temperature (30 °C) showed
higher vitamin C stability. In conclusion, acerola and camu-camu powders produced by spray drying are potential
sources of vitamin C and active compounds and are therefore suitable for several food industry applications.

Keywords: Stability; Active compounds; Ascorbic acid; Powder.

Resumo

Frutos de acerola e camu-camu possuem alto teor de vitamina C que, no entanto, pode ser oxidada, dependendo
das formas de armazenamento e normalmente os frutos sdo pouco consumidos na sua forma in natura. Desta
forma, o presente estudo teve como objetivo produzir pd de acerola e camu-camu por secagem em spray dryer
para manter a estabilidade da vitamina C durante o armazenamento. Os pos de acerola e camu-camu foram
caracterizados em relagdo as suas caracteristicas fisicoquimicas, atividade antioxidante, concentragdo de vitamina C
e estabilidade, em diferentes condi¢des de armazenamento (30 °C e 40 °C, 75% de umidade relativa). Em geral, os
pds foram considerados estaveis, com baixa atividade de dgua (< 0,40) e umidade (< 4,0 g / 100 g de pd), além de
alta concentracdo de vitamina C (1593,2 e 6690,4 mg / 100 g de pé para acerola e camu-camu, respectivamente).
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Além disso, uma alta atividade antioxidante foi observada pelos ensaios ABTS®*, DPPH* e FRAP. Os pds armazenados
em menor temperatura (30 °C) apresentaram maior estabilidade em relagdo a vitamina C. Assim, pode-se concluir
gue os pds de acerola e camu-camu produzidos pela secagem por spray dryer sao fontes potenciais de vitamina C
e compostos ativos, podendo ser utilizados para diferentes aplica¢cdes na industria de alimentos.

Palavras-chave: Estabilidade; Compostos ativos; Acido ascérbico; Po.

1 Introduction

Vitamin C participates in several biological functions, such as enhancing collagen formation (Findik et al.,
2016), and is considered one of the principal vitamins required by the human body due to its antioxidant
properties (Padayatty & Levine, 2016; Podmore et al., 1998). Indeed, the increased intake of antioxidants has
been associated with a lower risk of cardiovascular disease (Ellingsen et al., 2009). However, due to its
sensitivity to variations in temperature, pH, oxygen concentration and light intensity (Fennema et al., 2010),
vitamin C is considered unstable (Marques et al., 2009), which limits its application range (Han et al., 2012).

Acerola and camu-camu have been receiving special attention thanks to their high vitamin C
concentrations. Acerola (Malpighia emarginata DC) originates from Central and Northern South America
and has been grown in large areas of Brazil (Malegori et al., 2017). It has been reported to contain numerous
active compounds, such as vitamin A, carotenoids (Fernandes et al., 2019), anthocyanins (Rezende et al.,
2018), flavonoids, and phenolic compounds (Silva et al., 2016), as well as vitamin C (Brito et al., 2007
Merecali et al., 2012; Miiller et al., 2010; Rufino et al., 2010). Consequently, it is used in the fabrication of
numerous industrialized products, such as pulps, juices, jellies, and others. Usually, the incorporation of
acerola into commercial products occurs for use as dietary supplements to increase the immune response, as
well as for its antioxidant potential and nutritional properties (Belwal et al., 2018).

Little known in the rest of Brazil, camu-camu (Myrciaria dubia) was identified in the Amazon rainforest
(Azevédo et al., 2014). Differently from acerola, several studies report that camu-camu is not consumed in
natura due to its acidic taste (Azevédo et al., 2014, 2015; Neves et al., 2015). Camu-camu possesses even
higher vitamin C content than acerola (Azevédo et al., 2014; Fujita et al., 2017; Neves et al., 2015) and is
widely used for the fabrication of industrial products such as sherbet and purees and exported, mainly to
Japan and the European Union, in the form of pulp, extract, or juice (Akter et al., 2011). Similar to what has
been reported for acerola, in addition to its high vitamin C content, camu-camu (fruit, pulp, residues) also
presents phenolic compounds (Fidelis et al., 2018), carotenoids, and proanthocyanidins (Azevédo et al.,
2014).

Acerola and camu-camu are highly perishable fruits, which renders their commercialization difficult
(Fujita et al., 2013; Fujita et al., 2017; Malegori et al., 2017; Pereira et al., 2014). In fact, fresh acerola fruits
rarely are exported (Malegori et al., 2017), while camu-camu has a complex and expensive transport chain
(Fuyjita et al., 2013). Thus, the production of dehydrated or spray dried products is an interesting alternative.

Fidelis et al. (2019) reported that the extract obtained from the camu-camu seeds under magnetic stirring showed
antioxidant activity in vitro, antimicrobial, anti-hypertensive, anti-hemolytic and anti-hyperglycemic effects, which
may be a possible technological use in the development of functional foods. Microparticles of
microencapsulated acerola pulp and residue showed good antioxidant activity, as well as presence of phenolic
compounds and flavonoids (Rezende et al., 2018).

According to Sagar & Suresh Kumar (2010), spray drying yields high quality powders, with good
reconstitution characteristics, low water activity, as well as good storage suitability (Bhusari et al., 2014),
and possible microencapsulation of the active compounds. Microencapsulation of chemically sensitive
substances by spray drying has proven viable for producing dehydrated juices by concentrating the typical
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active substances and protecting them in a polymeric matrix against oxidation, especially for unstable
substances such as ascorbic acid present in acerola (Santos et al., 2014).

Thus, this study aimed at producing and characterizing acerola and camu-camu powders through spray
drying, evaluating their antioxidant activity by different methods, and determining the stability of their
vitamin C levels during storage.

2 Materials and methods

2.1 Materials

We produced the powders using acerola pulp obtained from DeMarchi (Campinas, Sdo Paulo, Brazil),
camu-camu pulp donated by EMBRAPA (Boa Vista, Roraima, Brazil), and maltodextrin (DE 12, Corn
Products, Mogi Guagu, SP). The pulps were kept frozen (Brastemp Flex, BVR28HBBNA) until use. We
used ascorbic acid (Synth) as a standard for vitamin C analysis. The antioxidant activity assays included
ABTS*" (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), Sigma Aldrich), potassium persulfate
(Synth), DPPHe (2,2-diphenyl-1-picrylhydrazyl, Sigma Aldrich), trolox (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid, Sigma Aldrich), TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine, Sigma
Aldrich), iron sulfate heptahydrate (Synth), and ferric chloride hexahydrate (Synth).

2.2 Production of acerola and camu-camu powders

The camu-camu fruits were washed with running water to remove dirt and pulped at EMBRAPA - Boa
Vista (RR). The pulping was performed in a horizontal stainless steel pulping machine (COMPACTA) with
a 1 mm diameter sieve. Immediately afterwards, the camu-camu pulp was packed in low-density polyethylene
bags (approximately 800 g) and frozen. The pulp of was pasteurized at 90 °C for 60 s, according to Bastos et
al. (2008).

To produce the powders, acerola and camu-camu pulps were kept refrigerated (5 = 2 °C) and thawed
before drying. For acerola powder production, 5% of maltodextrin was added to the pulp and the mixture
was homogenized under mechanical stirring (500 rpm, IKA RW20, USA) for 30 minutes. Drying was carried
out in a MSD 5.0 spray dryer (Labmagq, Brazil), with a 2.0 mm diameter injector nozzle, using a peristaltic
pump (Masterflex - LS, USA) for feeding, an inlet temperature of 120 °C, an outlet temperature of 80 °C,
and a flow rate fixed at 20 mL/min (Righetto & Maria Netto, 2005).

The camu-camu powder was produced according to the method proposed by Dib Taxi et al. (2003), with
15% maltodextrin added to the pulp under mechanical stirring (500 rpm, IKA RW20, USA) for 30 minutes.
For spray drying, feeding was performed using a peristaltic pump (Masterflex - LS, USA), with a flow rate
of 20 mL/min, an inlet temperature of 150 °C, and an outlet temperature of 95 °C.

After production, acerola and camu-camu powders were stored in amber glass bottles for further analysis.

2.3 Pulp and powders characterization

2.3.1 Determination of vitamin C concentration

Vitamin C concentration was determined using a high-performance liquid chromatograph (Shimadzu,
Prominence), equipped with a Res Elut C18 (VP-ODS) column. Samples (for pulp acerola and camu-camu,
0.4% to 4.1% (w/w) for acerola powder and 3.7% to 8.7% (w/w) for camu-camu powder) were solubilized
in acidified ultrapure water (pH = 2.5 using 50 mM phosphoric acid) and kept for 10 minutes in an ultrasonic
bath (Ultra Clear, 1400 A, Unique), before being filtered through a 0.45 uM nylon filter (Millex). As mobile
phase, acidified ultrapure water (pH = 2.5, pH adjusted using phosphoric acid with concentration at 50 mM)
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was used, with a flow rate of 1.0 mL/min. We injected 20 pL of the sample and the detection was performed
at 254 nm.

2.3.2 Color parameters in pulp and powders

The color parameters (L* = luminosity, a* = chroma a* and b* = chroma b*) of samples (pulp and powder)
in quartz vessels were determined using a Miniscan XE (HunterLab, illuminant D65) colorimeter controlled
by Universal Software.

2.4 Powder characterization

2.4.1 Hygroscopicity

For the hygroscopicity determination, powder samples (0.1 g acerola or camu-camu) were stored in
desiccators containing saturated sodium sulfate solution (Anidrol, 81% relative humidity) and kept at 25 +2
°C (Incubator Biochemical Oxygen Demand - BOD, Marconi-MA415) for 7 days (Cai & Corke, 2000). After
this period, sample mass was determined using an analytical balance (Shimadzu - AUY 220) and
hygroscopicity was calculated as g of absorbed water/100 g of dry matter.

2.4.2 Water activity

An Aqualab 3 analyzer (Decagon Devices, USA) was used to determine water activity at 25 =2 °C.

2.4.3 Moisture content

Moisture content was determined using an Ohaus - MB 35 moisture analyzer, with infrared radiation from a
halogen source. For the analysis, 2 g of each sample (acerola and camu-camu powders) were used.

2.4.4 Scanning electron microscopy (SEM)

The powders’ morphology was evaluated using a scanning electron microscope (Model TM300, Tabletop
Microscope Hitachi, Japan). Prior to the analysis, powders were stored for a period of 10 days in desiccators
containing silica gel. They then were deposited on double-sided carbon tape (Ted Pella) and fixed in
aluminum probes. The images were obtained with an acceleration of 5 kV and a magnification of 500x.

2.5 Antioxidant capacity assays

2.5.1 ABTS assay

Antioxidant activity was determined using the ABTS** method according to Re et al. (1999). The ABTS
radical was generated by the reaction of the solution of 7 mM ABTS** with potassium persulfate (2.45 mM)
in the absence of light for 16 hours. The solution was diluted (ethanol) and the absorbance determined using
a spectrophotometer (Perkin Elmer, Lambda 35) at 734 nm, until reaching a value of 0.7. Samples (0.01 g of
powder) were solubilized in water (10 mL volumetric flask), and kept in an ultrasonic bath (Ultra Clear, 1400
A, Unique) for 10 minutes, after which 30 pL of this solution was added to 3 mL of the free ABTS radical.
The samples were maintained in the absence of light (6 minutes) and absorbance determined at 734 nm, with
the results expressed in uM trolox equivalent/g powder.
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2.5.2 DPPH- assay

The DPPH assay was performed according to the method proposed by Brand-Williams et al. (1995).
Samples (0.2 g acerola or camu-camu powder) were solubilized in distilled water (50 mL volumetric flask)
and from these, 8 dilutions were prepared. Aliquots (100 uL) of each dilution were added to 3.9 mL of DPPHe
solution (0.2 mM absorbance adjusted to 0.7 at 517 nm) and absorbance was determined at 517 nm using a
spectrophotometer (Perkin Elmer, Lambda 35) after 65 minutes of reaction. The antioxidant activity was
expressed as the amount of antioxidant compounds required to reduce the initial concentration of DPPHe to
50% (ECso).

2.5.3 FRAP assay

Antioxidant activity was determined and FRAP reagent was prepared according to the method proposed
by Benzie & Strain (1996). Samples (0.1 g acerola or camu-camu powder) were solubilized in distilled water
(10 mL volumetric flask) and kept in an ultrasonic bath (Ultra Clear, 1400 A, Unique) for 10 minutes. Then,
50 pL of this solution was added to 2.850 puL of FRAP reagent and maintained at 37 °C in a thermostatically
controlled bath (Marconi, MA-127) for 30 minutes. The absorbance of the solution was determined using a
spectrophotometer (Perkin Elmer, Lambda 35) at 593 nm and the antioxidant activity was expressed in uMol
of trolox equivalent/g of powder.

2.6 Stability assessment

The powders’ stability (acerola and camu-camu) was evaluated in terms of vitamin C concentration. The
acerola and camu-camu powders were stored in desiccators (saturated sodium chloride solution, 75% relative
humidity) in BOD (Incubator Biochemical Oxygen Demand, Marconi, MA415) at 30 or 40 °C (Daud et al,
2011). Before analysis, samples were solubilized in ultrapure water (pH 2.5 using 50 mM phosphoric acid)
with concentrations between 0.3-0.5% (w/w) for pulp acerola and camu-camu, 0.4% to 4.1% (w/w) for acerola
powder and 3.7% to 8.7% (w/w) for camu-camu powder. The solubilized samples were kept in an ultrasonic
bath (Ultra Clear, 1400 A, Unique) for 10 minutes, before the solution was filtered (Nylon 0.45 pM - Millex).
Vitamin C concentration was determined as described in 2.3.1. The degradation kinetics of vitamin C were
evaluated using the 1st order model (Vikram et al., 2005) as shown in Equation 1.

InC=InC, —kt (1)

where: C = vitamin C concentration in function of storage time (mg/100 g powder); C, = initial vitamin C
concentration before storage (mg/100 g powder); k£ = vitamin C degradation rate; ¢ = storage time (h).

2.7 Statistical analysis

Statistical analyses were performed in triplicate and standard deviations were determined. This procedure
was carried out using the SAS software (version 9.2) and the difference between the means (for each property)
determined using Duncan’s test.

3 Results and discussion

3.1 Pulp characterization

As expected, the vitamin C concentration of the camu-camu pulp was higher than that of the acerola pulp
(Table 1), camu-camu being known as the Brazilian fruit with the highest percentage of vitamin C (Cunha-
Santos et al., 2018; Fracassetti et al., 2013; Maeda et al., 2007). Although acerola has lower concentration, it
is higher compared to other fruits such as orange, lemon, or grapefruit (Elkhatim et al., 2018), as well as citrus
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fruits in general (Ramful et al., 2011), peach (Liu et al., 2015), araca, and cupuagu (Contreras-Calderon et al.,
2011). In fact, the measured concentration of vitamin C in camu-camu exceeded the values reported in other
studies (Gongalves et al., 2014; Maeda et al., 2007; Neves et al., 2015; Silva et al., 2005). Neves et al. (2015)
evaluated the antioxidant compounds of camu-camu pulp at different maturation stages, reporting a vitamin
C concentration in fresh pulp of 4752.2 mg/100 g. According to Cunha-Santos et al. (2018), the harvest
region may influence the concentration of vitamin C.

Table 1. Concentration of vitamin C, lightness (L*), chroma a (a*) and chroma b (b*) of the acerola and camu-camu pulp.

Analysis Acerola pulp Camu-camu pulp
Vitamin C (mg/ 100 g de pulp dry basis) 2063.8 £ 137.9° 6754.7 +£215.8*
L* 34.6+£0.8° 49.1+£2.1°
a* 10.9 £ 0.6* 8.4+0.9°
b* 21.5+0.7° 7.8 +£0.5°

Different letters in the same line indicate significant differences (p < 0.05) between the means.

Assis et al. (2001) evaluated vitamin C concentration in acerola pulp at different maturation stages and
reported values in the range of 957 to 2424 mg/100 g of pulp. Mercali et al. (2014) reported that the initial
concentration of vitamin C in the acerola pulp was 1657 mg/100 g of pulp, while Milani et al. (2015) reported
that in natura, acerola pulp had a vitamin C content of 806 mg/100 g of pulp.

Rezende et al. (2017) evaluated different methods of extraction (agitation in shaker, storage in refrigerator,
and ultrasound-assisted extraction) of acerola pulp active compounds and observed that ultrasound-assisted
extraction resulted in higher vitamin C concentrations (489 + 26 mg 100 g).

Regarding the color parameters (Table 1), acerola and camu-camu pulp presented positive values for
chroma a* and b*, indicating a tendency towards red and yellow colors; with acerola having higher chroma
a* values indicating a greater intensity of red color in comparison to camu-camu. Jaeschke et al. (2016)
reported that acerola pulp had values of L* of 39.91, chroma a* of 20.68 and b* of 25.06, comparable to
those reported in this study.

3.2 Acerola and camu-camu powder characterization

3.2.1 Vitamin C concentration, hygroscopicity, water activity, and color parameters

Vitamin C concentrations in the camu-camu powder were observed to be higher than those of
acerola powder (Table 2), even using different maltodextrin concentrations to produce camu-camu
(15%) and acerola (5%) powders. Comparing these results with those obtained for the pulp (Table 1),
a reduction in vitamin C concentration of approximately 22.8% for the acerola powder and only 1%
for the camu-camu powder was observed after the drying process, close to values reported in literature.
The higher concentration of maltodextrin used in camu-camu powder production possibly favored
protection of the vitamin during the drying process. According to Wang et al. (2015), maltodextrin
possesses oxidation protection properties, offering higher encapsulation efficiency with lower oxygen
permeability.

Table 2. Concentration of vitamin C, hygroscopicity, water activity, moisture content, lightness (L*), chroma a (a*),
chroma b (b*) and antioxidant activity of acerola and camu-camu powders.

Analysis Acerola powder Camu-camu powder
Vitamin C (mg / 100 g of powders) 1593.2 £ 64.3° 6690.4 +137.6*
Hygroscopicity (g of H2O / 100 g of powder) 78.1 £2.5% 44.1£4.1°
Water activity 0.25+£0.01° 0.37£0.012
Moisture content (g / 100 g dry powder) 3.9+0.12 2.5+04°
Color parameters L* 65.4+1.2° 79.9 £1.12
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Analysis Acerola powder Camu-camu powder
a* 15.1£0.1° 7.74£0.3°
b* 27.1£0.6* 6.7 £0.4°
ABTS**! 1423.4 +£32.6" 4114.6 £122.6*
Antioxidant activity DPPH- (ECs0)? 2.3 £0.05° 1.4+0.03°
FRAP? 5068.4 +477.1° 6283.4 +385.72

Different letters in the same line indicate significant differences (p < 0.05) between the means; 'ABTS*": pMol of trolox equivalent/100 g
powders; 2DPPH: mg/mL; SFRAP: uMol of trolox equivalent/100g powders.

The observed value of vitamin C concentration for the camu-camu powder (Table 2) was higher
than those observed in literature. Souza et al. (2015) reported the concentration of vitamin C in the
camu-camu of 4630.1 mg/100 g powder obtained by spray drying using maltodextrin (1:2, w:w).
Rezende et al. (2018) evaluated the concentration of vitamin C in pulp and acerola microcapsules
obtained by spray drying, observing a concentration of approximately 220 mg/100 g, lower than those
observed in this study (Table 2).

We verified that the hygroscopicity (Table 2) of the acerola powder was higher (78.1 g H,O/100 g)
than that of camu-camu, which may be due to the lower concentration of carrier agent (5%) added for
the production of the former. Tonon, Brabet, & Hubinger (2008) produced acai pulp microparticles
by spray drying and observed reduced hygroscopicity values with higher carrier agent concentration.

Reduced values of water activity (Table 2) were observed for both powders (acerola and camu-
camu). Values of water activity between 0.20 and 0.40 ensure a good stability of stored microparticles
against enzymatic and non-enzymatic reactions, as well as lipid oxidation (Singh & Heldman, 1993).
Bell & Lapuza (1992) reported that microbial growth occurs in water activity ranges
above 0.6 and 0.7. Therefore, it can be affirmed that the acerola and camu-camu powders present good
storage stability regarding microbial activity. Rezende et al. (2018) also observed values of water
activity <0.3 for the acerola microparticles.

The acerola and camu-camu powders also presented a reduced moisture content (Table 2),
highlighting the efficiency of the drying process. According to Oliveira & Petrovick (2010), the drying
variables must be controlled to obtain adequate yield and moisture content. The humidity of the
acerola powder obtained by spray drying can vary from 3.09% to 5.43%, depending on the amount of
carrier agent added (Moreira et al., 2009).

Both powders showed increased luminosity (L*), while an increase in chroma values a* and b* for
acerola and reduction of these parameters (chroma a* and b*) for camu-camu powder was observed,
in comparison to the pulp (Table 1), indicating a tendency towards lighter red. According to
Ferrari et al. (2012), maltodextrin possesses white coloration and, once added to the pulp during the
drying process, can dilute the pigments present in the fruit, resulting in a lighter coloration. (Rezende
et al., 2018) produced acerola pulp microcapsules, observing values for chroma a* and b* in the first
quadrant, indicating the same tendency towards red color.

3.2.2 Scanning electron microscopy

In general, the drying of the acerola (Figure la) and camu-camu pulp (Figure 1b) led to the
formation of spherical particles of different sizes, characteristic of powders obtained by spray drying.
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Figure 1. Micrographs of acerola (a) and camu-camu (b) powders obtained by spray drying with increase of 500x.

Tonon et al. (2009) observed the formation of spherical particles in the spray drying of agai pulp, reporting
that such shapes are characteristic of microparticles produced by this drying system. Dib Taxi et al. (2003)
evaluated the spray drying process of camu-camu, also observing the formation of particles with different
sizes and spherical form. Similar results were reported by Rezende et al. (2018), who evaluated the
morphology of acerola microcapsules obtained by spray drying, observing that most samples presented
irregular shapes, a smooth surface and spherical conformation, characteristic of microparticles produced by
the spray drying process.

3.3 Antioxidant capacity

Table 2 shows the antioxidant capacity of the acerola and camu-camu powders. In general, the camu-camu
powder had a more efficient antioxidant capacity compared to the acerola powder, possibly due to a higher
concentration of vitamin C after the drying process (Table 2). In addition to vitamin C content, the antioxidant
capacity of the camu-camu powder may also be related to the presence of compounds such as anthocyanins,
ellagic acid derivatives, flavonols, and flavanones (Chirinos et al., 2010).

Mezadri et al. (2008) evaluated the antioxidant capacity of acerola in natura and commercial pulp and
acerola juice, reporting a high antioxidant activity in vitro for the evaluated methods (ABTS**, DPPHe e
ORAC), with vitamin C being responsible for 40% to 83% of antioxidant activity. Fracassetti et al. (2013)
evaluated the antioxidant capacity of 10% maltodextrin spray dried powder of camu-camu and reported 167.5
uMol of trolox equivalent/100 g powder according to ABTS®" assay, showing camu-camu powder to be a
good source of potentially bioactive compounds beneficial to health.

3.4 Stability of vitamin C in the acerola and camu-camu powders

In general, differences between the vitamin C concentrations of the acerola and camu-camu powders were
observed for the different storage conditions (Figure 2). For the same storage period (30 days), at 30 °C and
75% RH, the vitamin C content was reduced by 77.8% in acerola powder, while decreasing by only 39.5%
for camu-camu powder. A similar effect was observed for 40 °C for the same period, whereby the vitamin C
content was reduced by 91.3% in acerola powder and 57.1% in camu-camu powder, indicating a higher
vitamin C degradation rate during storage for acerola powder.

Hoyos-Leyva et al. (2018) evaluated the stability of vitamin C microencapsulates in taro starch by spray
drying in different relative humidity, observing higher instability of vitamin C at higher relative humidity
(72%). In addition to the lower initial concentration of vitamin C in the acerola powder, another factor that
may be associated with greater stability of the camu-camu powder is the concentration of maltodextrin. Dib
Taxi et al. (2003) reported that the use of maltodextrin as a carrier agent is efficient for the conservation of
vitamin C during the drying process, indicating efficiency in the microencapsulation process. Righetto &
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Maria Netto (2005) also verified efficiency in the use of maltodextrin as an encapsulating agent in
acerola juice.

In addition to temperature, the increased water activity and moisture content of the powder caused
by the high relative humidity of storage (75% HR), may also be associated with the degradation rate
of vitamin C.
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Figure 2. Vitamin C concentration during storage as a function of temperature (30 °C and 40 °C) and relative humidity
(75%): (a) acerola and (b) camu-camu powder.

The vitamin C concentration of the acerola and camu-camu powders over time presented a similar
behavior profile at both considered temperatures (Figure 2). On the other hand, when the degradation
kinetics of vitamin C were evaluated using the 1st order model (see section 2.6 for more details), the
calculated vitamin C degradation rate parameters for acerola and camu-camu powders stored at 40 °C
and relative humidity of 75% were higher than those calculated for degradation at 30 °C (Table 3).
Possibly, the temperature negatively influenced the vitamin C content of the powders since the
degradation rates increased with temperature. Comunian et al. (2013) evaluated the stability of
encapsulated vitamin C stored at 20 °C and 37 °C, observing a higher degradation rate at 37 °C,
indicating a negative effect of temperature on the stability of the encapsulated vitamin C.
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Table 3. Degradation rate of acerola and camu-camu powders stored at different temperatures and relative humidity of

75%.

Powders Temperature (°C) K () R?
30 -0.044 0.89

Acerola
40 -0.074 0.92
30 -0.043 0.87

Camu-camu

40 -0.061 0.92

Trindade & Grosso (2000) studied the microencapsulation process of vitamin C by spray drying using rice
starch, gelatin, and gum arabic as carrier agents, reporting a relatively stable vitamin C concentration at 21
°C in 60% relative humidity for gum arabic, but a reduction of this parameter when temperature was increased
to 45 °C.

4 Conclusion

The acerola and camu-camu powders produced by spray drying presented excellent stability characteristics
(water activity and moisture) and antioxidant properties. At a temperature of 40 °C a higher vitamin C
degradation rate than at 30 °C was observed. The suitability of acerola and camu-camu powders, due to their
high concentration of vitamin C and stability, for use in different industrial applications has been
demonstrated.
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