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Abstract: Jaboticaba, a popular Brazilian fruit, has recently garnered scientific interest due to its
nutritional properties and high levels of bioactive compounds. However, this fruit is highly perishable
due to its high moisture content and physical–chemical structure. Therefore, it is imperative to employ
methods for preserving it and explore its potential as a food resource. This study investigates the
use of a spray drying method to dehydrate whole jaboticaba fruits. The effects of air temperature (T)
ranging from 67.9 to 132.1 ◦C, air flow rate (AF) from 1.54 to 1.86 m3/min, maltodextrin concentration
(M) from 8.9 to 41.1%, and feed flow rate (FF) from 0.36 to 0.84 L/h on the moisture content, drying
yield, and bioactive compounds (total phenolic, total flavonoid, citric acid, and ascorbic acid contents)
were quantified. The results indicate that spray drying can produce a powder with reduced moisture
content levels, a satisfactory drying yield, and high levels of bioactive compounds if performed under
specific conditions. An optimization study using desirability analysis shows that having T, AF, M,
and FF at 132.1 ◦C, 1.86 m3/min, 15.0%, and 0.4549 L/h, respectively, is the optimal condition for
the studied variables. Spray drying has proven to be a very promising alternative for jaboticaba
processing, enabling better applications as a food resource.

Keywords: jaboticaba; jabuticaba; Myrciaria cauliflora; spray drying; drying yield; bioactive compounds;
food resource

1. Introduction

The jaboticaba or jabuticaba, scientifically known as Myrciaria cauliflora, is a seasonal
berry native to the Brazilian Atlantic Forest, which has recently garnered attention as
a food resource due to its organoleptic, nutritional, and health properties [1,2]. This
fruit is rich in carbohydrates (such as glucose, fructose, and sucrose), dietary fibers, and
organic acids (primarly citric, succinic and malic acids). It is also packed with vitamins
(including A, B1, B2, and notably vitamin C), and minerals, such as copper, manganese,
calcium, potassium, and iron [3,4]. Furthermore, jaboticaba is an excellent source of
various antioxidant compounds. As a result, consuming jaboticaba fruit is linked to
various wellness advantages, including protection against inflammatory and cardiovascular
diseases, gastrointestinal disorders, cancer and Alzheimer’s [4–6].

Jaboticaba is a fruit appreciated worldwide, often consumed fresh. Additionally, it is
utilized in the production of a range of artisanal products, including jellies, juices, vinegar,
brandy, liqueurs, and wines [5,6]. However, its high sugars and moisture content make this
fruit highly perishable, leading to rapid alterations in appearance, significant water loss,
and deterioration or fermentation of the pulp. These changes occur within two to four days
after the harvest. Consequently, the commercialization period for jaboticaba is extremely
short, resulting in primarily local consumption and limiting its use on a large scale, such as
in the food or pharmaceutical industries [7–9].

Given these factors, the assessment of preservation techniques to enhance value,
maintain the nutritional and health properties, and broaden the potential uses of jaboticaba
is exceptionally crucial. Drying stands out as an effective method, reducing moisture levels
in fruits and fruit residues, and consequently inhibiting microbial growth, and chemical
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and enzymatic reactions, thereby extending shelf life and facilitating prolonged storage
and transportation [10–13]. Several studies have explored various drying methods for
processing jaboticaba, including the oven-method [14,15], freeze-drying [14,16,17], drum
drying [18], and foam mat drying [19], each with its own set of advantages and limitations.
Within this context, the spray drying of jaboticaba fruits has emerged as another compelling
option for processing this material, given its successful use in the powder production of
diverse feedstocks [20].

Spray drying is recognized as one of the most prominent industrial techniques for
manufacturing foods in powdered form and/or microencapsulated food ingredients. It
involves atomizing a fluid material through a hot gas, typically air, resulting in the instant
formation of powder particles [20,21]. The method offers numerous advantages, including
a short heat contact time between air and the samples, high efficiency in moisture removal,
consistent reduction in the volume of powdered products, the production of powders with
instantaneous solubility, and the high quality and improvement of organoleptic properties,
among others [21–23]. However, the main challenges in spray drying lie in achieving
the desired properties of the powder with cost management. Therefore, identifying the
optimal operational criteria and processing conditions is crucial to preserve the quality of
the dried products throughout the process [23,24]. The literature reports various studies
demonstrating successful fruit drying using spray dryers, including watermelon [25],
açaí [26], tamarind [27], mango [28], acerola [29], pineapple [24], and sour cherry [30].

The purpose of this work was to assess the viability of utilizing dried jaboticaba as a
food resource by investigating its powder production using a spray drying methodology.
Differently to other papers in the literature, we opted to spray dry the whole fruit (pulp,
peel, and seeds) and examined the impact of operating variables, including air temperature,
air flow rate, maltodextrin concentration, and feed flow rate on both the process yield and
the final product quality. Quality was determined by evaluating the content of bioactive
compounds, specifically total phenolics, total flavonoids, acidity, and ascorbic acid content.

2. Materials and Methods
2.1. Raw Material

The jaboticaba fruits used in this study were collected from a local plantation located
in the region of Ibiá (19◦28′40′′ S, 46◦32′20′′ W), a small city in the state of Minas Gerais,
southeastern Brazil. The fruits were washed, divided into small portions, stored in airtight
polyethylene bags, and maintained frozen at −18 ◦C up to the start of the experiments.

2.2. Experimental Apparatus and Procedure

A laboratory-scale spray dryer (LM MSD 1.0, LabMaq, Ribeirão Preto, SP, Brazil) was
employed to produce the jaboticaba powder (Figure 1). The equipment measures 0.76 m
(width), 1.80 m (height), and 0.72 m (depth), weighs 180 kg, and is entirely constructed
from stainless steel AISI 304. It consists of a drying chamber that is 0.625 m long and has a
diameter of 0.20 m, a dual-fluid nozzle atomizer featuring a 1.2 mm orifice diameter, and
has an evaporative capacity of 1.0 L per hour. The atomizing air flow was set at 40 L per
minute. The material was fed into the dryer through a peristaltic pump, and the powder
produced was collected in a cyclone located at the end of the system. In this work, as
previously reported, we chose to utilize the entire jaboticaba fruit, considering that about
one third of its weight consists of peels, while the remaining two thirds consist of pulp
and seeds. Several studies in the literature report the nutritional potential of all these
parts [1,4,5].

Before spray drying, the jaboticaba fruits were ground in an industrial blender (Ca-
margo Industrial, São Carlos, SP, Brazil), with distilled water added at a ratio of 1:1.5 (mass
of jaboticaba to water). Then, the resulting jaboticaba suspension passed through an
18-mesh Tyler sieve to remove particles larger than 1.2 mm, which were discarded to pre-
vent clogging the atomizer nozzle during the drying process [31]. Approximately 120 g of
this suspension was used for each experiment.
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Figure 1. Scheme of spray dryer system.

Preliminary tests with this jaboticaba suspension resulted in a powder with high
adherence and stickiness on the internal structures of the spray dryer. Natural sugar and
acid-rich foods such as fruits and vegetables present challenges to drying under normal
spray drying conditions [20,32], necessitating the use of a carrier agent in the experiments.
Maltodextrin is a conventional carrier agent obtained from the acid hydrolysis of corn
starch. It is commonly employed in spray drying materials with high sugar content because
of its high water solubility, reduced viscosity, neutral flavor and color, stability, and low
cost [32,33]. Thus, maltodextrin (MOR-Rex® 1910, Ingredion, São Paulo, SP, Brazil) with
10 DE (dextrose equivalent) was added in the suspension in different concentrations relative
to the suspension mass feed in the dryer. The concentration levels were defined in the
experimental design, as can be seen in the next section.

2.3. Experimental Design

The experiments followed an orthogonal central composite design (CCD) with four
independent variables and four replicates at the central level, totaling 28 experiments. The
independent variables studied were as follows: drying air temperature (T), drying air
flow rate (AF), maltodextrin concentration (M), and jaboticaba feed flow rate (FF). Table 1
displays the coded and real values for the variables utilized in the experimental design.

Table 1. Coded and real values of the experimental design.

Independent Variables −1.6072 −1 0 +1 +1.6072

Drying air temperature (◦C) 67.9 80.0 100.0 120.0 132.1
Drying air flow rate (m3/min) 1.54 1.60 1.70 1.80 1.86
Maltodextrin concentration (%) 8.9 15.0 25.0 35.0 41.1
Jaboticaba feed flow rate (L/h) 0.36 0.45 0.6 0.75 0.84

2.4. Moisture Analysis

The moisture content of both fresh and dried samples, on a wet basis, was measured
using the oven method at 105 ± 3 ◦C for 24 h, in accordance with the Association of
Official Analytical Chemists’ methodology (AOAC) [34]. Existing research indicates that
fruits dried to moisture contents below 10% are appropriate for handling, processing,
transportation, and storage, as microbial growth is inhibited and undesirable reactions are
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prevented [35,36]. Therefore, it is imperative that spray dryer experiments produce powder
with moisture levels below this threshold.

2.5. Drying Yield (DY)

For each experiment in this study, the drying process yield (DY) was calculated as
the percentage ratio of the material collected in the spray dryer’s cyclone underflow to the
amount of jaboticaba suspension input into the system, both on a dry basis.

2.6. Analysis of Bioactive Compounds

The analysis of bioactive compound content in jaboticaba powder samples aimed to
evaluate how the operational spray drying conditions affect the final product’s quality. The
analyses were performed in triplicate, and the bioactive compound content was reported
as the mean value ± standard deviation.

2.6.1. Total Phenolic Content (TPC)

Total phenolic content was measured using the Folin–Ciocalteau method [37], with
gallic acid (C7H6O5) as the standard. Spectrophotometric readings were taken at 622 nm
using a V1200 spectrophotometer (VWR, Leuven, Belgium). The results are expressed in
milligrams of gallic acid/100 g of sample (dry matter).

2.6.2. Total Flavonoid Content (TFC)

The total flavonoid content was determined using the colorimetric method outlined
by Zhishen et al. [38], with rutin (C27H30O16) as the standard. Spectrophotometric readings
were performed at 450 nm using a V1200 spectrophotometer (VWR, Leuven, Belgium). The
results are reported in milligrams of rutin/100 g of sample (dry matter).

2.6.3. Acidity or Citric Acid Content (CA)

The determination of citric acid (C6H8O7) content in the samples, expressed as total
titratable acidity, was conducted via titration with standardized 0.1 N sodium hydroxide
(NaOH), following the AOAC’s official methodology [34]. The results are presented in
milligrams of citric acid/100 g of sample (dry matter).

2.6.4. Ascorbic Acid Content (AA)

The determination of ascorbic acid or vitamin C (C6H8O6) content was determined
using the titration method, involving the reduction of standardized 2,6-dichloroindophenol
(C12H7NCl2O2) in the presence of oxalic acid (C2H2O4) [34]. The results were expressed in
milligrams of ascorbic acid/100 g of sample (dry matter).

2.7. Statistical Analysis

All results of drying yield (DY) and bioactive compound content (TPC, TFC, CA, and
AA) were evaluated using multifactorial analysis of variance (ANOVA) at a 95 % confidence
level. For each response, multiple regression equations and surface responses were fitted.
Additionally, the desirability function was used as an optimization technique with the aim
of defining the best operating conditions for spray drying jaboticaba. Desirability analysis
is a statistical method that optimizes processes by integrating multiple responses or per-
formance criteria into a unified composite measure. Commonly employed in engineering,
market research, and quality control, it enables the maximization or minimization of a
response by converting it into a composite function with values ranging from 0 (completely
undesirable) to 1 (fully desirable) [39,40]. Statistica v.12 software (Statsoft) was used for all
statistical analyses.
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3. Results and Discussion
3.1. Drying Performance

The spray drying of jaboticaba produces a fine and homogeneous powder with a
pinkish color, as shown in Figure 2. Table 2 presents the final moisture content and drying
yield (DY) results from each test in the experimental design.
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Table 2. Final moisture and drying yield (DY) experimental results.

Exp. T
(◦C)

AF
(m3/min)

M
(%)

FF
(L/h)

Final
Moisture

(%)

Drying
Yield (%)

1 80.0 1.60 15.0 0.45 3.62 58.53
2 120.0 1.60 15.0 0.45 1.31 62.83
3 80.0 1.80 15.0 0.45 3.08 51.36
4 120.0 1.80 15.0 0.45 2.35 55.22
5 80.0 1.60 35.0 0.45 2.96 48.13
6 120.0 1.60 35.0 0.45 1.34 44.77
7 80.0 1.80 35.0 0.45 3.18 38.31
8 120.0 1.80 35.0 0.45 0.62 58.69
9 80.0 1.60 15.0 0.75 4.54 39.72

10 120.0 1.60 15.0 0.75 2.74 57.47
11 80.0 1.80 15.0 0.75 4.33 39.72
12 120.0 1.80 15.0 0.75 2.53 37.44
13 80.0 1.60 35.0 0.75 4.10 23.37
14 120.0 1.60 35.0 0.75 1.58 53.68
15 80.0 1.80 35.0 0.75 3.74 19.92
16 120.0 1.80 35.0 0.75 1.78 56.78
17 67.9 1.70 25.0 0.60 3.23 22.30
18 132.1 1.70 25.0 0.60 1.80 56.75
19 100.0 1.54 25.0 0.60 2.60 35.38
20 100.0 1.86 25.0 0.60 1.72 48.07
21 100.0 1.70 8.9 0.60 4.49 47.62
22 100.0 1.70 41.1 0.60 2.01 45.99
23 100.0 1.70 25.0 0.36 1.89 51.23
24 100.0 1.70 25.0 0.84 2.77 35.51
25 100.0 1.70 25.0 0.60 3.15 42.69
26 100.0 1.70 25.0 0.60 2.21 41.07
27 100.0 1.70 25.0 0.60 3.50 49.49
28 100.0 1.70 25.0 0.60 2.57 39.02
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It can be observed that while the fresh jaboticaba suspension had a moisture content
of 90.59 ± 0.62% (wet basis), the produced powder had a final moisture content ranging
from 0.62 to 4.54%, which is lower than the values suggested by the literature [35,36]. These
results indicate that regardless of the operating conditions (T, AF, M, and FF) used in this
work, the spray drying of jaboticaba produced a powder with appropriate moisture levels
suitable for handling, storage, and transportation. This highlights the efficacy of a spray
dryer in processing this material, producing a dried product with potential for use as a
food resource.

Table 2 also presents the experimental results of the drying yield (DY) obtained in
each experimental design run, where values ranged from 19.92% to 63.82%. This suggests a
significant impact of the variables studied on the amount of jaboticaba powder produced. Wall
deposition is a critical issue in spray drying, influenced by various operational factors, and
directly impacts both the quantity and quality of the powder produced, leading to increased
manufacturing and maintenance costs [23]. An initial analysis of Table 2 reveals that the best
DY results were obtained in experiments that combined higher air temperatures (T) with
lower air flow rates (AF), reduced maltodextrin concentration (M), and low feed flow rates
(FF). This is exemplified by the high DY obtained in Experiments 2 and 1, of 62.83 and 58.53%,
respectively, and the low DY observed in Experiments 15, 17, and 13, of 19.92, 22.30, and
23.34%, respectively.

The statistical analysis of the DY results indicated that all independent variables
influenced the yield results. However, the temperature (T) and the feed flow rate (FF) had
the greatest impact. Temperature showed a positive effect (higher T values increased the
DY), while feed flow rate had a negative effect (lower FF values increased the DY). The
regression equation fitted for the drying yield (DY) is Equation (1) (R2 = 0.9051). In this
equation, as well as in Equations (3)–(6) for the bioactive compounds content analysis, the
variables are represented in coded form according to Equation (2), as shown below.

DY = 43.40 + 9.91x1 − 3.14x3 − 5.13x4 + 4.19x1x3 + 3.19x1x4 + 5.32x2x3
−3.51x2x4 + 4.00x3x4,

(1)

where x1 =
T − 100.0 C

20.0 C
, x2 =

AF − 1.7 m3/min
0.1 m3/min

, x3 =
M − 0.28%

0.1%
, and x4 =

FF − 0.6 L/h
0.15 L/h

(2)

The response surfaces generated by Equation (1) are depicted in Figure 3. Figure 3a
shows the significant effect of temperature on the drying yield, with the best values
obtained at temperatures (T) above 110 ◦C, independent of the air flow rate (AF) used.
High temperatures cause greater heat exchange, promoting a rapid moisture removal and
preventing powder accumulation inside the dryer structures [20,23]. Lower feed flow rates
(FF) associated with low maltodextrin concentration were most beneficial to DY results, as
can be seen in Figure 3b. This can be attributed to the fact that reduced rates of sample feed
produce small droplets that are quickly dried in the equipment, facilitating the exchange
of heat and mass with the drying air [30,41]. However, although maltodextrin can be a
fundamental carrier agent for increasing spray drying efficiency [32,33], the best DY results
were obtained for concentrations of this carrier agent lower than 20%, indicating a limit
value for adding this substance without compromising the drying efficiency.

Therefore, it was possible to define the best experimental conditions to produce the
greatest amount of powder from a jaboticaba suspension in a spray dryer. However, it
is still important to verify if the operating conditions used had a significant impact on
the quality of the final product, as expressed by the bioactive compounds content results
showed in the next sections.
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3.2. Bioactive Compounds
3.2.1. Total Phenolic Content (TPC)

Numerous studies have highlighted jaboticaba as a significant source of phenolic
compounds, predominantly found in its peel and seeds. Over 80 phenolic compounds have
been identified in the entire fruit and its parts, including anthocyanins, hydroxybenzoic
acid derivatives (ellagitannins, gallotannins, galic, and ellagic acid derivatives), hydrox-
ycinnamic acids, flavanols, flavonols, flavones, and flavanones [42–44]. The substantial
amount of total phenolic compounds (TPC) observed in the fresh jaboticaba suspension
(without maltodextrin’s addition) of this study—9268.27 mg gallic acid/100 g sample (dry
matter)—confirmed that this fruit is a rich source of these bioactive compounds.

The total phenolic content (TPC) found after each experiment of the experimental
design (see conditions in Table 2) is displayed in Figure 4. Analyzing the results, a con-
siderable reduction in phenolic levels can be observed compared to fresh jaboticaba. This
reduction was expected, given that the incorporation of maltodextrin would result in re-
duced percentages of bioactive compounds in the mass of powder obtained. However,
since the TPC values ranged between 137.99 and 1315.38 mg of gallic acid/100 g of sample
(dry matter), as observed in experiments 22 and 21, respectively, it can be seen that the
results can also be affected by the other operating conditions evaluated in this study. Silva
et al. [45] verified in the spray drying of jaboticaba depulping residue that the levels of total
phenolics were affected not only by the quantity of maltodextrin added but also by the air
temperature and feed flow rate.

The statistical analysis of the total phenolic content results showed that the maltodex-
trin content (M) had the highest effect on TPC, influencing the results both in linear and
quadratic forms, as well as with interactions with air flow rate (AF) and feed flow rate (FF).
Additionally, the FF had a significant quadratic influence on TPC. The air temperature (T)
shows significant effects through interactions with the other three independent variables.
Equation (3) (R2 = 0.8565) is the regression equation fitted for TPC.

TPC = 219.01 − 204.34x3 + 176.01x2
3 + 64.51x2

4 + 50.83x1x2 − 57.21x1x3
+47.68x1x4 − 130.62x2x3

(3)
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Figure 4. Total phenolic content (TPC) results.

The effects of maltrodextrin content (M) and feed flow rate (FF) on the TPC results are
illustrated in Figure 5. Intermediate values of the feed flow rate (FF) associated with low
maltrodextrin content led to higher TPC results, as seen in the TPC results of Experiment
21 (Figure 4), which combines the best conditions of these two variables (M = 8.9% and
FF = 0.60 L/h), or in experiments 12 and 3, performed with 15% maltodextrin (−1 level of
the experimental design). Concentrations higher than 15–20% of maltodextrin are rarely
observed in studies of fruit drying with the spray drying technique [24,26,45]. Thus, an
appropriate amount of this carrier agent can be added to the process without impacting the
quality of the final product.
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3.2.2. Total Flavonoid Content (TFC)

Flavonoids are bioactive compounds present in many fruits and vegetables, exhibiting
diverse physiological effects such as antioxidant, antibacterial, anti-inflammatory, antial-
lergic, and vasodilatory action [46,47]. Flavonoids such as quercitin, quercitrin, rutin,
isoquercitrin, quercimeritrin, and myricitrin have already been identified in jaboticaba,
especially in the peels [44–48]. Figure 6 presents the total flavonoid content (TFC) results
obtained after each experiment of the experimental design.
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Figure 6. Total flavonoid content (TFC) results.

Analogous to what was observed for phenolic compounds, the TFC results for the
jaboticaba powder show a considerable reduction compared to the fresh fruit (19.98 mg
rutin/100 g sample in dry matter) and significant variation with the operating conditions,
ranging from 1.19 to 7.70 mg gallic rutin/100 g of sample (dry matter) after drying. The
statistical analysis for TFC results shows that, apart from the air flow rate (AF), all other
independent variables had a significant effect. The influence of maltodextrin concentration
(M) is once again extremely relevant, with a linear, quadratic, and combined effect (with
T and FF) on TFC results. The variables feed flow rate (FF) and temperature (T) show a
significative interaction effect. Equation (4) exhibits the fitted equation (R2 = 0.8367) for
TFC, with its corresponding response surface illustrated in Figure 7.

TFC = 2.5782 − 1.2336x3 + 0.6711x2
3 − 0.4190x1x3 + 0.3434x1x4 − 0.8621x3x4 (4)

As observed for TPC, the maltodextrin content had a negative effect on TFC, with the
best results found at values lower than 15% for this variable, exemplified by experiments 3,
12, 9, and 10, which showed the highest values of flavonoid content in the experimental
design, all conducted with 15% carrier agent. A combination of low maltodextrin con-
centrations with high feed flow rates produced a considerable increase in the TFC results,
as exemplified again by Experiments 12, 9, and 10, which yielded 7.51, 5.42, and 5.22 mg
rutin/100 g sample in dry matter, respectively, with an FF of 0.75 L/h. These findings are
in agreement with some spray drying studies [49].
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3.2.3. Acidity (CA)

Acidity (CA) is represented by the content of citric acid in the samples, an antioxidant
compound frequently present in fruits and vegetables. In the food industry, citric acid is used
as an acidulant, lowering the pH of food and preventing microbial growth, and enhancing the
flavor and aroma of food products [50,51]. The literature reports the presence of considerable
quantities of citric acid in jaboticaba fruits and their processing residues [2,3].

While the CA in the fresh samples was 8285.90 mg citric acid/100 g (dry matter), the
levels of citric acid in the powder product (Figure 8) ranged from 886.98 to 2773.69 mg citric
acid/100 g of sample in dry matter. The statistical analysis showed that all independent
variables evaluated were significant for the CA results, either in isolated form and/or in
interaction with other variables. However, the negative effect of maltodextrin concentration,
which was also observed for phenolic and flavonoid compounds, was more intense for this
bioactive compound, as observed in the parameters of the fitted regression equation for CA
(Equation (5); R2 = 0;9398). Figure 9 presents the response surface obtained from this equation.
The results obtained are interesting because there are very few studies in the literature that
evaluate the effects of drying conditions on the citric acid content of jaboticaba.

CA = 1475.18 + 99.99x1 − 64.58x2 − 569.64x3 + 184.65x2
3 + 69.66x1x4

+83.76x2x4
(5)

In Figure 9, it was possible to observe the more intense effect of the maltrodextrin
content (M) on CA compared to the feed flow rate, with the best results obtained for an M
lower than 15%. Experiments 1, 2, 12, and 21 (Figure 8), for example, were all performed
with low quantities of maltodextrin and produced a powder with acidity greater than
2300 mg citric acid/100 g of sample (dry matter).
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3.2.4. Ascorbic Acid Content (AA)

Ascorbic acid, also known as vitamin C, is a powerful antioxidant that acts as a
preservative in foods, inhibiting browning and other oxidative reactions [52,53]. The
presence of vitamin C in jaboticaba has attracted considerable attention, as various studies
in the literature have highlighted significant quantities of this vitamin found in different
subspecies of this fruit [53–56]. The ascorbic acid content results of the powder product can
be seen in Figure 10.
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The AA in fresh fruit was 239.40 mg ascorbic acid/100 g of sample (dry matter), while
the ascorbic acid content found in the powder product ranged from 43.13 to 222.46 mg
ascorbic acid/100 g of sample (dry matter), indicating a significant influence of the operat-
ing conditions, with this similarly observed for other bioactive compounds. However, the
best values of AA in the dried samples were close to those observed for the fresh jaboticaba,
indicating the lesser effect of the spray drying process on this bioactive compound in
comparison to phenolics, flavonoids, and citric acid.

All variables studied influenced the AA obtained in the powder product, with mal-
todextrin (M) and temperature (T) having the greatest effects. The equation fitted for AA
is presented in Equation (6) (R2 = 0.8542). The response surface obtained can be seen in
Figure 11.

AA = 79.74 + 20.37x1 + 16.13x2
1 + 11.45x2

2 + 27.01x2
3 + 7.11x4 − 8.83x2

4
−9.78x1x2 − 8.28x1x3

(6)

The significant nonlinear effects of temperature (T) and maltrodextrin (M) on AA can
be seen in Figure 11. Higher values of AA were found in the experiments performed, for
the most part, at high temperatures. Experiments 10 and 18 confirm this behavior, as they
were performed at 120 ◦C and 132.1 ◦C and had AA values of 177.17 and 175.97 mg ascorbic
acid/100 g of sample (dry matter). Although the temperature sensitivity of vitamin C is
well-established in the literature [57,58], in the spray drying process higher temperatures
also imply shorter drying times, which may have influenced the maintenance of the AA
levels in the dried samples.

Interesting conclusions about the effect of maltodextrin content (M) can also be ob-
tained analyzing Figure 11. Different to the other bioactive compounds analyzed in this
work, whose increase in maltodextrin concentration negatively affected their results, it
was possible observe that the best AA results were found in two specific ranges of M:
where it was less than 15% (similar to the other compounds), but also when it was larger
than 35%. The fact that higher levels of maltodextrin concentration impact the results
positively may be linked to the thermal-protective property of this carrier agent that causes
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a retention of this vitamin in the samples, which was also observed in the spray drying of
other fruits [59,60]. Experiments 10 and 15, for example, with 15% and 35% of maltodextrin
content, both produced higher AA results: 177.17 and 222.46 mg ascorbic acid/100 g of
sample in dry matter.
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3.3. Multi-Response Optimization

Based on the obtained results and the fitted equations, a multi-response optimization
was conducted using desirability analysis [39]. The aim was to identify the optimal condi-
tions for obtaining jaboticaba powder with a satisfactory yield and with the best possible
quality. Thus, the drying yield (DY), total phenolic content (TPC), total flavonoid content
(TFC), and ascorbic acid (AA) content were defined as responses. The results are presented
in Figure 12.

The optimal conditions found were as follows: a temperature (T) of 132.1 ◦C (+1.6072
of the experimental design—Table 1), an air flow rate (AF) of 1.86 m3/min (+1.6072),
maltodextrin content (M) of 15.0% (−1), and a feed flow rate (FF) of 0.4549 L/h (−0.9643).
At these levels, the predicted results for responses were, respectively, as follows: a DY
of 56.48%; TPC of 1018.3 mg gallic acid/100 g of sample in dry matter; TFC of 3.79 mg
rutin/100 g of sample in dry matter; CA of 2048.61 mg citric acid/100 g of sample in dry
matter; and AA of 183.71 mg ascorbic acid/100 g of sample in dry matter. These conditions,
which were obtained considering the simultaneous maximization of the quantity of powder
obtained in spray drying and its quality in terms of the presence of bioactive compounds,
proved to be suitable for the use of this technique to obtain powdered jaboticaba.



Resources 2024, 13, 102 14 of 17

Resources 2024, 13, x FOR PEER REVIEW 14 of 18 
 

 

than 35%. The fact that higher levels of maltodextrin concentration impact the results pos-
itively may be linked to the thermal-protective property of this carrier agent that causes a 
retention of this vitamin in the samples, which was also observed in the spray drying of 
other fruits [59,60]. Experiments 10 and 15, for example, with 15% and 35% of maltodex-
trin content, both produced higher AA results: 177.17 and 222.46 mg ascorbic acid/100 g 
of sample in dry matter. 

3.3. Multi-Response Optimization 
Based on the obtained results and the fitted equations, a multi-response optimization 

was conducted using desirability analysis [39]. The aim was to identify the optimal con-
ditions for obtaining jaboticaba powder with a satisfactory yield and with the best possible 
quality. Thus, the drying yield (DY), total phenolic content (TPC), total flavonoid content 
(TFC), and ascorbic acid (AA) content were defined as responses. The results are presented 
in Figure 12. 

 

 

Figure 12. Desirability functions for drying yield (DY), total phenolic content (TPC), total flavonoid 
content (TFC), and ascorbic acid content (AA). 

The optimal conditions found were as follows: a temperature (T) of 132.1 °C (+1.6072 
of the experimental design—Table 1), an air flow rate (AF) of 1.86 m3/min (+1.6072), malto-
dextrin content (M) of 15.0% (−1), and a feed flow rate (FF) of 0.4549 L/h (−0.9643). At these 
levels, the predicted results for responses were, respectively, as follows: a DY of 56.48%; 
TPC of 1018.3 mg gallic acid/100 g of sample in dry matter; TFC of 3.79 mg rutin/100 g of 
sample in dry matter; CA of 2048.61 mg citric acid/100 g of sample in dry matter; and AA 
of 183.71 mg ascorbic acid/100 g of sample in dry matter. These conditions, which were 
obtained considering the simultaneous maximization of the quantity of powder obtained 

Figure 12. Desirability functions for drying yield (DY), total phenolic content (TPC), total flavonoid
content (TFC), and ascorbic acid content (AA).

4. Conclusions and Recommendations

The use of a spray drying method to produce a dried powder product from jaboticaba
proved to be a compelling alternative for better utilizing this fruit as a food resource. All
the operational conditions used resulted in a moisture content after drying lower than 5.0%,
which is ideal for extending the shelf life of this material, known for its high perishability
and deterioration under natural conditions.

All the independent variables (temperature, air flow rate, maltodextrin concentration,
and feed flow rate) showed statistical significance for drying yield (DY) results, with the
best experimental results obtained at temperatures higher than 110 ◦C and with lower
values of air flow and feed flow rate. Although preliminary tests indicate the need to
use the carrier agent maltodextrin, concentrations greater than 20% adversely affected the
drying performance, indicating a limit value for this material.

Additionally, the experimental conditions that enhance bioactive compound levels
after drying were identified. In general, all operation variables have some influence on the
results for bioactive compounds. Maltodextrin contents lower than 15% were favorable for
all analyzed bioactive compounds. Temperature, feed flow, and air flow rates affected the
results in different ways for each compound, necessitating a detailed analysis depending
on which compound was intended to be prioritized in the final product. The optimization
by desirability analysis showed that it is possible to achieve a high drying yield and
satisfactory levels of bioactive compounds under the following operational conditions: an
air temperature of 132.1 ◦C, air flow rate of 1.86 m3/min, maltodextrin content of 15.0 %,
and a feed flow rate (FF) of 0.4549 L/h.

Thus, according to the results of this study, we can conclude that the spray dryer
was a good option for the efficient drying of jaboticaba fruit, allowing one to obtain a
product with low moisture content, good process yield, and desired levels of bioactive
compounds, suitable for its application as a functional food product, if conducted under
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adequate conditions. Maltodextrin proved to be an important carrier agent, but there is a
limit to the quantity used in order to avoid compromising the quality of the final product.

In future studies, the range of the optimum conditions found in this work could be
explored with a larger sample size.
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