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A B S T R A C T

Tropical fruit juices produced from native fruits have been widely marketed by small agribusi-
nesses in the Brazilian semiarid region, necessitating a deeper understanding of the impact of
preservation methods on quality parameters. This study aimed to prepare myrtle (Eugenia gra-
cillima Kiaersk.) tropical juice and investigate the effects of physical preservation (90 ◦C for 60 s)
and chemical preservation (potassium sorbate and sodium benzoate) methods. Tropical juice
formulations were evaluated after preparation and every 15 days during 60 days of storage in
high-density polyethylene bottles at room temperature (25 ± 2 ◦C). Microbiological parameters,
optical microscopy, physicochemical and bioactive parameters, antioxidant capacity, and color
parameters were determined. Heat-treated tropical juice showed low counts of all microbiological
parameters, but optical microscopy revealed the presence of filamentous fungi after 60 days of
storage. Combined use of potassium sorbate and sodium benzoate effectively prevented the
development of total yeasts and molds up to 28 days of storage. Bioactive compounds in myrtle
pulp contribute to storage stability, mainly total phenolics, estimated at 855.86 mg gallic acid
equivalents 100 g− 1. The results suggest that it is possible to harness the economic and agro-
industrial potential of E. gracillima Kiaersk. fruits for the production of tropical juices, but it is
recommended that other technologies be explored, such as aseptic processing or the combined use
of physical and chemical methods.
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1. Introduction

In Brazil, the fruit production sector reached a record value of US$ 1 billion in exports in 2021, equivalent to 1.2 million tonnes,
with an 18 % increase in production by weight compared with 2020 [1]. Brazilian tropical fruit farms have high bioeconomic potential
but are subject to environmental, biological, climatic, and seasonal effects. Research exploring differentiated marketing strategies for
biodiversity products is crucial to strengthen family agriculture and agribusinesses in the Brazilian semiarid region [2,3].

A prominent component of the Brazilian flora, the genus Eugenia (Myrtaceae: Myrteae) comprises about 400 species recorded in
Brazil and has great economic and pharmacological potential [4]. The tropical species Eugenia gracillima Kiaersk., locally known as
myrtle, is native and endemic to Brazil. It attracts commercial and agroindustrial interest for its nutritional composition, sensory
characteristics, and presence of bioactive and functional compounds in leaves and fruits [5–7], which can be used to produce med-
icines and food products, such as sweets, alcoholic beverages, and juices [8,9].

There has been a growing number of studies assessing the production of tropical juices from native Brazilian fruits in the scientific
and biotechnological literature. Supermarket shopping analyses showed rising demand for fresher and healthier products with higher
nutritional quality to the detriment of sales of soft drinks and fruit juices containing artificial flavors [10,11]. In Brazilian legislation,
tropical juices are defined as unfermented beverages obtained by dissolving fruit pulps of tropical origin in drinking water or clarified
tropical fruit juice. The color, flavor, and aroma must be characteristic of the fruit, and juices may be treated by physical and/or
chemical methods to ensure preservation until consumption [12,13].

Thermal processing is commonly applied in the food industry. Processing temperatures should preferably be mild to preserve the
fresh product’s physicochemical, bioactive, and color characteristics [14,15]. Chemical preservatives such as sorbate and benzoate
salts are approved by Brazilian legislation, as scientific evidence confirms the safety of these substances within the maximum permitted
concentrations [16,17]. Studies assessed the effects of physical and/or chemical preservation methods on pomegranate juice [18],
orange juice with pepper [19], guava juice [20], and açaí [15]. However, there are no reports of the effects of preservation methods on

Abbreviations

+a* Redness
+b* Yellowness
ΔH* Hue difference
ΔE* Total color difference
ABTS•+ 2,2′-Azinobis(3-ethylbenzothiazoline-6-sulfonate) radical cation
AC antioxidant capacity
AsA Ascorbic acid
aw Water activity
BI Browning index
C* Chroma
CFU Colony-forming units
CI Color index
GAE Gallic acid equivalents
h◦ Hue angle
INS International Numbering System
L* Lightness
MP Myrtle pulp
MPN Most probable number
ns Not significant
r Correlation coefficient
R2 Coefficient of determination
TBC Total aerobic mesophilic bacterial count
TE Trolox equivalents
TI Technological index
JA Tropical juice treated by a chemical method
JB Tropical juice treated by a physical method
JC Control tropical juice
RSD relative standard deviation
TPC Total phenolic content
TS Total sugars
TSS Total soluble solids
Trolox 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
TTA Total titratable acidity
TYMC Total yeast and mold count.
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myrtle tropical juice.
This study investigated preservation treatments that meet the technological access requirements of family farms and small agri-

businesses in the Brazilian semiarid region. The objective was to prepare myrtle tropical juices and determine the effects of physical
preservation by heat treatment (90 ◦C for 60 s) and chemical preservation by adding food additives (potassium sorbate and sodium
benzoate). Also, to evaluate the microbiological quality, optical microscopic characteristics, physicochemical and bioactive param-
eters, antioxidant capacity, and color parameters of myrtle juices during 60 days of storage at room temperature (25 ± 2 ◦C).

2. Material and methods

2.1. Plant material and registration

Myrtle (E. gracillima Kiaersk.) fruits were manually collected at stage V (advanced maturation), characterized by being 100 %
purple [21]. The collection took place between September and November 2020 at the Lermen family farm (7◦21′S 39◦53′W, 884 m
elevation), located in Serra dos Paus Dóias, Chapada do Araripe, Exu, Pernambuco, Brazil. At least 5,000 units were collected at
different locations during the week, on even days.

Authorization for carrying out scientific activities using E. gracillima Kiaersk. was obtained from the Chico Mendes Institute for
Biodiversity Conservation (ICMBio) of the Brazilian Ministry of Environment (MMA) through the Biodiversity Authorization and
Information System (SISBIO, Authentication No. 0768030120201127). The species is registered in the National System for the
Management of Genetic Heritage and Associated Traditional Knowledge (SisGEN) of the Genetic Heritage Management Council
(CGen) and MMA under accession number A4E391A.

2.2. Processing of myrtle pulp and tropical juices

Myrtle pulp (MP) and tropical juices were processed in two batches, according to Brazilian regulations [12,16,22,23]. Myrtle fruits
were subjected to the following unit operations: manual selection (performed in two steps, first in the field and then in the agro-
industry), crushing, pressing through 15- and 18-mesh sieves (two stages with subsequent repetitions), and sieve filtration through
18-mesh sieves for pulp extraction. The yield was calculated using Eq. (1), and the technological index (TI) was determined using Eq.
(2) [24].

Yield (%)=
PW
FW

× 100 (1)

TI (%)=
Yield× TSS

100
(2)

where PW is the pulp weight (kg), FW is the fruit weight (kg), and TSS is the total soluble solids content (◦Bx).
Preliminary tests were performed using serially diluted pulp by successive addition of 10 % drinking water. The optimum ratio of

MP to drinking water was determined to be 1:1 (v/v) based on cost/benefit calculations, yield, and sensory evaluations of taste, acidity,
visual color, and overall appearance (data not shown).

The final products did not contain added sugar and were under Brazilian regulations [12]. Three formulations of myrtle juices were
prepared, as follows: JA, myrtle juice added with potassium sorbate (INS 202, C6H7KO2) and sodium benzoate (INS 211, C7H5NaO2) at
a total concentration of 0.1 g 100mL− 1, according to the International Numbering System (INS) [16]; JB, myrtle juice subjected to heat
treatment at 90 ◦C for 60 s, followed by hot filling and cooling in an ice bath; and JC, control formulation without chemical or physical
preservation.

2.3. Room storage and sample characterization

After the respective treatments, tropical juices were stored in 500mL, square, high-density polyethylene bottles immediately closed
with plastic screw caps. Samples were maintained at room temperature (mean 25 ± 2 ◦C) for 60 days. Stability analyses were per-
formed at least in two replicates per treatment at time 0 (before storage) and every 15 days. MP samples were analyzed only before
storage (t0).

All analytical parameters and techniques were performed under the microbiological standards for food products set by the Brazilian
Health Regulatory Agency (ANVISA) [25] and the Manual of Methods of Analysis of Beverages and Vinegars – Non-Alcoholic Bev-
erages Section, published by the Ministry of Agriculture, Livestock, and Food Supply (MAPA) [26].

2.3.1. Microbiological parameters
Microbiological quality was evaluated using the following parameters: Enterobacteriaceae, determined by the Petrifilm (3M™

Petrifilm™, Poland) plate technique, with incubation at 35–37 ◦C for 24 h; total coliforms, thermotolerant coliforms, Escherichia coli,
total aerobic mesophilic bacterial count (TBC), total yeast and mold count (TYMC), coagulase-positive Staphylococcus aureus, lactic
acid bacteria, and Salmonella spp [27]. Coliform results were expressed as the most probable number (log MPN mL− 1). Salmonella spp.
results were dichotomized as presence or absence in 25 mL of sample. The other microbiological parameters were expressed in
colony-forming units (log CFU mL− 1).

B.F. Feitosa et al.
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2.3.2. Optical microscopy
Optical microscopy examinations were performed at t0 and after 60 days of room temperature storage (t60). Sample aliquots were

directly applied on microscope slides, covered with coverslips, and analyzed under an ABM 102i optical microscope at 50/60 Hz
(PHYSIS, China). Microphotographs were recorded using a 10 × eyepiece and a 10 × objective, resulting in a total magnification of
100 × . For better visualization, some samples were magnified using a 10 × eyepiece and a 40 × objective, equivalent to a total
magnification of 400 × .

2.3.3. Physicochemical parameters
Total ash was determined by incineration in a muffle furnace (Quimis®, São Paulo, Brazil) at 550 ◦C for 6 h; total sugars (TS) by the

Lane–Eynon method, using Fehling A and B solutions; total soluble solids (TSS) by using a digital benchtop refractometer (RTD-95,
Instructherm®, São Paulo, Brazil) with a measuring range of 0–95 ◦Bx; total titratable acidity (TTA) by titration with a 0.1 N sodium
hydroxide (NaOH) solution containing 1 % phenolphthalein indicator (C20H14O4); and pH by using a digital pH meter (DM-22,
Digimed®, São Paulo, Brazil) calibrated with pH 4.0 and 7.0 buffer solutions [28,29]. Water activity (aw) was measured using a water
activity meter (Aqualab 3 TE, Decagon Devices®, Albufeira, Portugal) at 25 ◦C. The TSS/TTA ratio was also determined [30].

2.3.4. Bioactive parameters
Ascorbic acid (AsA, C6H8O6) was quantified by a spectrophotometric method with adaptations [31]. Samples were weighed

(1.5–2.0 g), diluted in 35–55 mL of 0.4 % oxalic acid (C2H2O4), and centrifuged at 1,500 rpm for 1 min in the dark. 2,6-Dichlorophe-
nol-indophenol (C12H7Cl2NO2), 0.4 % oxalic acid, and a 0.1 % AsA standard solution were used to construct an analytical curve (y =

0.1011x − 0.1403, R2 = 0.9355). Decolorization of solutions in test tubes was achieved using 0.005–0.007 g of AsA P.A. Absorbance
was measured at 520 nm in the dark on a UV–Vis digital spectrophotometer with a working range of 190–1100 nm (IL-593-S-BI,
Kazuaki®, Paraná, Brazil). Results were expressed in mg AsA (mg AsA 100 g− 1).

Total phenolic content (TPC) was determined by the Folin–Ciocalteu method [32]. Samples were weighed (0.5 g) and diluted in
10–20 mL of distilled water in the dark. The analytical curve was constructed using 20 % sodium carbonate (Na2CO3) and a standard
solution of gallic acid (C7H6O5) (y = 0.0542x + 0.0228, R2 = 0.9956). Absorbance readings were taken at 765 nm in the dark on a
UV–Vis spectrophotometer (IL-593-S-BI, Kazuaki®, Paraná, Brazil). Results are expressed in milligrams of gallic acid equivalents (mg
GAE 100 g− 1).

Anthocyanins were identified and quantified in a 1200 Series High-Performance Liquid Chromatograph (HPLC, Agilent®, Cali-
fornia, USA) coupled to a Diode Array Detector (DAD). Samples (0.5–1.0 mL) were diluted in 10 mL of distilled water with 5 % formic
acid (CH2O2) and filtered through a 0.45 μmmembrane. Separation was achieved on a C18 Zorbax column (5 μm, 250 mm × 4.6 mm)
at 29 ◦C, using a mobile phase gradient of (A) ultrapure water with 5 % formic acid and (B) methanol (CH3OH) with 5 % formic acid,
from 90:10 (A:B) to 60:40 (A:B) in 20 min, followed by 20:80 (A:B) in 15 min, and maintaining this ratio for another 5 min [33].
Quantification was performed using 0.0015 and 0.021 mg mL− 1 of cyanidin 3-O-glucoside analytical curve (RANGE, LOD = 0.00018
mg mL− 1, and LOQ = 0.0006 mg mL− 1; y = 368716.91x – 153.28, R2 = 0.9994). The results were expressed in milligrams of cyanidin
3-O-glucoside (mg Cy3G 100 mL− 1).

2.3.5. Antioxidant capacity
Antioxidant capacity was estimated by the 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonate) (ABTS•+, C18H18N4O6S4) assay, with

modifications [34,35]. Samples (0.5 g) were diluted in 15–30 mL of 50 %methanol and centrifuged at 3,000 rpm for 5 min in the dark.
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, C14H18O4) was used as standard. Absorbance readings were per-
formed at 734 nm in a UV–Vis spectrophotometer (IL-593-S-BI, Kazuaki®, Paraná, Brazil). Inhibition percentages were calculated
using Eq. (3), and a calibration curve constructed by linear regression (y = − 0.0002x + 0.5349, R2 = 0.9937) was used to express the
results in mM TE g− 1.

Inhibition %=

[( AbsorbanceABTS − AbsorbanceSample
Trolox

)

AbsorbanceABTS

]

× 100 (3)

2.3.6. Color parameters
Color analyses were carried out at room temperature (25 ± 2 ◦C) before (t0) and after 60 days of storage (t60). Measurements were

made directly on a portable colorimeter (CM-600d, Konica Minolta Sensing Americas®, Inc., Japan). Results were expressed in
Commission Internationale de l’Éclairage (CIE) color space coordinates, with D65 illuminant and an observation angle of 10◦. Ac-
cording to the manufacturer’s instructions, calibration was carried out using standard white and black reference plates. Readings were
performed using a set of Petri dishes (35 × 10 mm).

In the CIE L*a*b* system, which expresses colors in rectangular coordinates, the parameters evaluated were L*, lightness, ranging
from white (L* = 100) to black (L* = 0); a*, a range encompassing redness (+a*) to greenness (− a*); and b*, a range encompassing
yellowness (+b*) to blueness (− b*). In the CIE L*C*h color space, which represents color intensity in cylindrical coordinates, the
parameters evaluated were chroma (C*), ranging from 0 (impure color) to 60 (pure color), and hue angle (h◦), which corresponds to a
color appearance range where 0 and 360◦ = red, 90◦ = yellow, 180◦ = green, and 270◦ = blue, calculated using Eqs. (4) and (5) [36].

B.F. Feitosa et al.
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C∗ =
[
(a∗)

2
+ (b∗)2

]1
2 (4)

h◦ = arctg
(
b∗

a∗

)

(5)

From these primary data, we calculated color change parameters (dL*, da*, db*, and dC*) between juice formulations and MP
(untreated sample), hue difference (ΔH*), total color difference (ΔE*), browning index (BI), and color index (CI), according to Eqs.
(6)–(10) [37–39].

ΔH∗ =
[
(da∗)

2
+ (db∗)2 − (dC∗)

2
]1
2 (6)

ΔE∗ =
[
(dL∗)2 + (da∗)

2
+ (db∗)2

]1
2 (7)

X=
a∗ + 1.75L∗

5.64L∗ + a∗ − 3.01b∗
(8)

BI=
100× (X − 0.31)

0.172
(9)

CI=
2000× a∗

L∗ ×
[
(a∗)

2
+ (b∗)2

]1
2

(10)

2.4. Statistical analysis

Microbiological parameters with non-constant behavior were analyzed by exponential regression using Microsoft Excel 2013.
Graphs show the equation of the trend line and the coefficient of determination (R2). The Shapiro–Wilk test was applied to assess the
normality of the other data. Assistat software version 7.7 beta [40] was used for the two-way analysis of variance (ANOVA).

A completely randomized experimental design was used in a 5 × 3 factorial arrangement (physicochemical and bioactive pa-
rameters and antioxidant capacity) and a 2 × 3 factorial arrangement (color parameters). Both arrangements were performed with at
least three replications. The studied factors were storage time (0, 15, 30, 45, and 60 days) and tropical juice treatment (JA, JB, and JC).
In the case of non-significant interaction effects, data were unfolded, and statistical analysis was carried out considering the main
effects. The results of bioactive parameters and antioxidant capacity were unfolded to investigate the significance of effects at each
storage time. Parameters with negative values were transformed by X = x/K, with K = − 1. When ANOVA revealed a significant effect,
means were compared by Tukey’s test at p < 0.05 and p < 0.01.

Simple correlations between variables (bioactive parameters, antioxidant capacity, and color parameters) were determined by
estimating Pearson’s correlation coefficient, as described in Eq. (11). Data at the initial storage time were selected for estimation. We
considered the final means of each formulation and the simple arithmetic mean (without weights between terms), totaling four
replications of each variable. Means were compared by Student’s t-test at p < 0.05 and p < 0.01.

r=
∑

i(xi − x)(yi − y)
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑

i(xi − x)2
∑

i(yi − y)2
√ (11)

where i is the number of replications (i = 1, …, n), xi represents the values of the dataset (x1, x2, …, xn), x is the mean of the dataset, yi
represents the values of another corresponding dataset (y1, y2, …, yn), and y is the mean of the other corresponding dataset.

3. Results and discussion

MP yield (27.60 ± 3.76 %) and TI (7.87 ± 1.07 %) were low. Differences between the batches may be attributed to variations in
water availability in agroforestry systems, which affects the juiciness of fruits. The potential of myrtle (E. gracillima Kiaersk.) for pulp
and whole juice production may be limited by low yields, high labor costs, and high energy consumption. A large amount of agro-
industrial waste (e.g., peel and whole seeds) was generated from pressing [41]. Fruit sanitization and additional crushing or freezing
operations are not recommended, as they may negatively alter sensory characteristics and promote tissue disruption, degradation by
direct contact with enzymes, microorganisms, and oxygen, and leaching of bioactive constituents into the percolating fluid.

3.1. Microbiological parameters

MP and juice formulations had low scores of Enterobacteriaceae (<1.0 log CFU mL− 1), total coliforms at 35 ◦C (<0.50 log NMP
mL− 1), thermotolerant coliforms at 45 ◦C (<0.50 log NMP mL− 1), E. coli (<1.0 log CFU mL− 1), and coagulase-positive S. aureus (<1.0

B.F. Feitosa et al.
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log CFUmL− 1) after processing and 60 days of room storage (25± 2 ◦C). Salmonella spp. was not detected in any sample (per 25 mL) in
compliance with Resolution No. 60/2019 [25]. These results demonstrate that the unit processing operations were performed
adequately [22] and Good Manufacturing Practices concerning hygiene and sanitary conditions. Juice formulations and MP had lactic
acid bacteria counts lower than 1.0 and 2.85 log CFU mL− 1, respectively. This group of microorganisms is tolerant to acidic medium
but somewhat resistant to heat treatment [42].

Exponential models showed a good fit to the data (R2 > 0.9), with good representativeness for TBC and TYMC. The results of TBC
and TYMC are depicted in Fig. 1A and B.

All samples had a TBC lower than 1.0 log CFU mL− 1 at initial storage time (Fig. 1A). The efficiency of the physical preservation
method (JB) was evident after 60 days of storage. The period of microbial adaptation (lag phase) was higher in JA, and the presence of
the preservatives delayed multiplication. The optimal temperature range for aerobic mesophilic bacteria is 25–40 ◦C, including most
foodborne pathogens [43]. On day 15 of storage, no differences were observed between JA and JB. According to the model, TBC
increased with storage time for JC and JA, reaching 4.5–5.5 log CFUmL− 1 at 60 days of storage (Fig. 1A), and characterizing metabolic
processes of fermentation. Outbreaks of foodborne illnesses due to juice consumption may result from the lack of heat treatment to
inhibit pathogens such as E. coli, Salmonella spp., S. aureus, and Shigella spp [17]. Mena et al. [18] observed a substantial reduction in
TBC in pomegranate juice after heat treatment (65–95 ◦C, 30–60 s).

MP had an expressive diversity of yeasts and molds (3.55 log CFU mL− 1), with colonies of different sizes, shapes, colors, and
mycelial characteristics. The TYMC of MP was lower than the upper regulatory limit [25]. Both preservation treatments were effective
in reducing TYMC by 3 log units (Fig. 1B). In the study of Xu, Lin, Wang, and Liao [19], pasteurization (110 ◦C, 8.6 s) of orange juice
with pepper led to a 4-log reduction in TYMC. The physical preservation method ensured the stability of JB during 60 days of storage.
According to the model, JA exceeded the maximum TYMC limit allowed by legislation [25] after about 28 days of storage. Chemical

Fig. 1. TBC (A) and TYMC (B) in MP and tropical juice formulations during 60 days of storage at room temperature. TBC, total aerobic mesophilic
bacterial count; TYMC, total yeast and mold count; CFU, colony-forming units; MP, myrtle pulp; JA, myrtle tropical juice subjected to a chemical
preservation method; JB, myrtle tropical juice subjected to a physical preservation method; JC, myrtle tropical juice not subjected to preservation
processes (control). *The continuous green line represents the maximum limit for juice (4.0 log CFU mL− 1) and the continuous purple line represents
the maximum limit for pulp (2.0 log CFU mL− 1) [25].

B.F. Feitosa et al.
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preservatives would probably be more efficient at refrigeration temperatures or in samples with a lower initial microbial count since
the preservative concentration used here corresponds to the maximum allowed by legislation [16]. High TYMC values and increasing
yeast and mold multiplication were observed in JC, reaching 6.05 log CFU mL− 1 at 60 days of storage (Fig. 1B). However, multipli-
cation rates were lower than those observed for TBC (Fig. 1A). Films, swollen bottles, and unpleasant fermentation odors were
observed, as yeast and mold were favored by temperature, pH, aw, oxygen, and nutrient availability.

3.2. Optical microscopy

Table 1 and Fig. 2 show the results of the optical microscopy.
Microphotographs revealed a high concentration of pigments in MP, with several fragments resulting from fruit processing. Adding

drinking water (50 %) to MP allowed a higher passage of light through the slide–cover slip system. All juice samples had lower
concentrations of pigmented fragments before storage (Table 1). JC had numerous agglomerates after 60 days of storage, which were
likely budding yeast-like fungi (Fig. 2A), in agreement with Fig. 1B. The most common yeasts found in juices are Saccharomyces

Table 1
Optical microscope images at 100 × and 400 × magnification of MP and tropical juice formu-
lations during 60 days of storage at room temperature.

MP, myrtle pulp; JA, myrtle tropical juice subjected to a chemical preservation method; JB,
myrtle tropical juice subjected to a physical preservation method; JC, myrtle tropical juice not
subjected to preservation processes (control).

B.F. Feitosa et al.
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cerevisiae and Zygosaccharomyces bailii [17]. Although physical preservation afforded good results, filamentous fungi were detected in
JB (Fig. 2B). The heat resistance of these microorganisms, the presence of vegetative cells, or spore germination can explain this result.

Other molds with well-defined traits were observed in JA, showing fruiting bodies characteristic of Aspergillus spp., possibly
Aspergillus niger (Fig. 2C), and Penicillium spp. (Fig. 2D), such as Penicillium spinulosum. These genera are known as storage molds,
responsible for producing mycotoxins, and commonly found in tropical climates and fruit products [43,44]. Aspergillus sp. has a
non-septate conidiophore, dilated at the top in the form of a vesicle, in which cells that originate spores are formed. Penicillium sp. has
verticillate conidiophores with phialide formation. Molds of the genera Fusarium and Penicillium were not controlled by osmotic or
thermal treatment in seeds of the family Myrtaceae [45].

3.3. Physicochemical parameters

Table 2 shows the results of the physicochemical analyses.
Significant interaction effects of storage time and treatment were observed on all parameters (p< 0.01) except for total ash and aw.

A non-significant (p ≥ 0.05) effect of treatment was only observed for total ash content. The preservation technique significantly
influenced TS, TSS, TTA, pH, and aw. Lactic acid bacteria count and TYMC were likely favored by total ash (0.39 %), acidic pH (3.26),
high aw (0.974), and high levels of TS (20.95 %) and TSS (28.50 ◦Bx) in MP, influencing the characteristics of juice formulations.

At the initial storage time, TS, TSS, pH, and TSS/TTA ratio were significantly higher (p < 0.05) in JB than in JC. During physical
preservation, the sample underwent boiling and water evaporation, resulting in the concentration of the solid matrix, breakdown of
substances, and disaccharide hydrolysis. The higher TSS, pH, and TSS/TTA ratio in JA may be attributed to the combined use and
solubilization of preservatives potassium sorbate and sodium benzoate, and microbial multiplication (Figs. 1 and 2), which may in-
fluence TSS content.

The physicochemical parameters of JC varied during the 60 days of storage (p < 0.05), indicating decomposition by oxidation and
fermentation. Other factors likely responsible for the change in physicochemical parameters of JC were enzymatic reactions; metabolic
activity of microorganisms, causing changes in density by degradation of carbohydrates and other chemical components (Figs. 2 and
3); and permeability of plastic packaging, allowing passage of substances and fluids through the pores of the polymer matrix.

The effects of packaging differ according to the permeability, morphology, crosslinking degree, and molar mass of polymers [46,
47]. Similar physicochemical behavior was observed in JA but at significantly smaller proportions (p < 0.05). JB was the most
physicochemical stable sample, although TS, TSS, TTA, pH, and TSS/TTA ratio were probably affected by chemical and enzymatic
reactions, microbial multiplication, and constant gas exchange [48].

Fig. 2. Representative microphotographs of yeast (A) and molds (B–D) in myrtle tropical juice formulations at 100 × and 400 × total magnification
after 60 days of storage at room temperature. JA, myrtle tropical juice subjected to a chemical preservation method; JB, myrtle tropical juice
subjected to a physical preservation method; JC, myrtle tropical juice not subjected to preservation processes (control).
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Table 2
Physicochemical characteristics of MP and tropical juice formulations during 60 days of storage at room temperature.

Parameter MP Time (day) Formulation RSD (%) p-value1

JC JB JA S T S × T

Total ash (%) 0.39 ± 0.05 0 0.37 0.32 0.34 8.52 ns ns ns
15 0.39 0.40 0.39
30 0.33 0.39 0.34
45 0.34 0.36 0.37
60 0.37 0.35 0.38

TS (%) 20.95 ± 0.96 0 9.22aY 9.53aX 9.20aY 1.34 ** ** **
15 2.48bZ 8.90bX 8.20bY

30 1.92cZ 8.47cX 7.86cY

45 1.46dZ 8.11dX 6.85dY

60 0.30eZ 7.37eX 5.40eY

TSS (◦Bx) 28.50 ± 0.44 0 12.70aZ 13.20aY 13.50aX 1.26 ** ** **
15 6.37bZ 12.10bY 13.03cX

30 5.10cZ 12.07cY 12.40cX

45 4.00dZ 11.10cY 11.77dX

60 3.63eZ 10.87cAX 9.87eY

TTA (%) 1.35 ± 0.01 0 0.45eX 0.44eY 0.44eY 1.25 ** ** **
15 0.54dY 0.47dZ 0.61dX

30 0.70cY 0.62cZ 0.79cX

45 0.85bX 0.79bZ 0.82bY

60 1.14aX 0.85aZ 0.89aY

pH 3.26 ± 0.10 0 3.68aY 3.73aXY 3.80aX 1.26 ** ** **
15 3.31bZ 3.75aX 3.51bY

30 3.29bZ 3.72aX 3.40cY

45 3.23bY 3.34bX 3.27dXY

60 2.73cY 3.19cX 2.81eY

TSS/TTA ratio 21.04 ± 0.48 0 27.95aZ 30.34aY 31.02aX 1.45 ** ** **
15 11.70bZ 26.02bX 21.51bY

30 7.29cZ 19.53cX 15.71cY

45 4.72dY 13.99dX 14.36dX

60 3.19eZ 12.80eX 11.04eY

aw 0.974 ± 0.006 0 0.990X 0.990X 0.993X 0.24 ns ** ns
15 0.993X 0.988Y 0.994X

30 0.994X 0.988Y 0.992XY

45 0.995X 0.990Y 0.991XY

60 0.995X 0.991X 0.992X

1Statistical significance of ANOVA: **(p < 0.01); ns(not significative). S – storage time, T – juice treatment; S × T – interaction between factors. MP,
myrtle pulp; JA, myrtle tropical juice subjected to a chemical preservation method; JB, myrtle tropical juice subjected to a physical preservation
method; JC, myrtle tropical juice not subjected to preservation processes (control); RSD, relative standard deviation; TS, total sugars; TSS, total
soluble solids; TTA, total titratable acidity; aw, water activity. a–e: different superscript lowercase letters in the same column for same juice at different
storage time denote difference (p < 0.05; Tukey’s test); A–B: different capital letters in the same line for different juices at same storage time denote
difference (p < 0.05; Tukey’s test).
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3.4. Bioactive parameters

Fig. 3A, B, and 3C depict the bioactive parameters of myrtle juice formulations. Juice samples were a relevant source of bioactive
compounds, such as phenolics. However, AsA, TPC, and total anthocyanins were 33 %, 65 %, and 60 % lower in juice samples than in
MP, which had an AsA content of 15.24 mg 100 g− 1, TPC of 855.86 mg GAE 100 g− 1 and total anthocyanins of 100.91 mg Cy3G 100
mL− 1. These findings agree with the characteristics and changes in Tables 1 and 2. Treatment of juice formulations significantly
influenced (p < 0.05) bioactive parameters at all storage times.

At the initial storage time, treated juice formulations had lower AsA levels than the control (Fig. 3A), probably because the former
samples were exposed to risk factors such as oxygen and light during processing. In the case of JB, these factors might have been further
potentiated by room temperature (25 ± 2 ◦C) and heat treatment (90 ◦C for 60 s). Silva et al. [20] observed a decrease in AsA content
(29.2–26.8 mg 100 g− 1) over 180 days of storage in sweetened guava juice with and without preservatives, subjected to heat treatment
(90 ◦C for 60 s) and hot filling.

There was a significant reduction (p< 0.05) in AsA content in all juice formulations up to 30 days of storage, reaching 8.67–9.18mg
100 g− 1 (Fig. 3A). Such a reduction might be associated with the permeability of plastic packaging, oxidative processes, or the
sensitivity of AsA to degradation and volatilization. The highest rate of AsA degradation or activity loss was detected in JB, even

Fig. 3. Bioactive parameters (A, AsA; B, TPC; C, total anthocyanins) of myrtle tropical juice formulations during 60 days of storage at room
temperature. AsA, ascorbic acid; TPC, total phenolic content; JA, myrtle tropical juice subjected to a chemical preservation method; JB, myrtle
tropical juice subjected to a physical preservation method; JC, myrtle tropical juice not subjected to preservation processes (control); RSD, relative
standard deviation. Different letters indicate significant differences between storage times (p < 0.05). Asterisks indicate significant differences
between treatments, **p < 0.01 (ANOVA).
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though the sample had the highest TPC stability and the highest rate of preservation of total anthocyanins throughout storage. JC and
JA were unstable concerning TPC and total anthocyanins, not surpassing 220 mg GAE 100 g− 1 and 5 mg Cy3G 100 mL− 1 after 60 days,
respectively, as neither sample underwent heat treatment (Fig. 3B and C).

The major anthocyanin found in the myrtle pulp and juices was cyanidin 3-O-glucoside, corresponding between 85 % and 95 % of
total anthocyanins, followed by minor amounts of delphinidin 3-O-glucoside (Supplementary Table 1 and Supplementary Fig. 1).
Similar anthocyanin profiles were observed in fruits from the Myrtaceae family, such as purple pitanga [49] and jabuticaba [50], in
which only non-acylated anthocyanins are found. It is also not uncommon in this family to find only mono-glycosylated anthocyanins
[51]. The behavior during storage showed higher (p < 0.05) anthocyanin content in JB (Fig. 3C and Supplementary Fig. 2).

3.5. In vitro antioxidant capacity by ABTS•+ method

The results of antioxidant assays are presented in Fig. 4.
The high TPC of myrtle juice formulations (Fig. 3B) may be correlated with the in vitro biological activity of the samples, as evi-

denced by their high antioxidant capacity. This biological potential might have contributed to the delay in oxidative degradation
throughout room storage. MP showed an antioxidant capacity of about 60 % of inhibition. There was a significant influence (p< 0.01)
of tropical juice treatment on antioxidant capacity at all storage times. Antioxidant activity by the ABTS•+ method was similar to TPC

Fig. 4. Antioxidant capacity of myrtle tropical juice formulations during 60 days of storage at room temperature. AC, antioxidant capacity; TE,
Trolox equivalents; JA, myrtle tropical juice subjected to a chemical preservation method; JB, myrtle tropical juice subjected to a physical pres-
ervation method; JC, myrtle tropical juice not subjected to preservation processes (control); RSD, relative standard deviation. Columns refer to the
primary axis and rows to the secondary axis. Different letters indicate significant differences between storage times (p < 0.05). Asterisks indicate
significant differences between treatments, **p < 0.01 (ANOVA).

Table 3
Color parameters of MP and tropical juice formulations during 60 days of storage at room temperature.

Parameter MP Time (day) Formulation RSD (%) p-value1

JC JB JA S T S × T

dL* – 0 − 9.07aX − 9.37aY − 9.16aXY 1.25 ** * **
60 − 10.14bZ − 9.43aX − 9.71bY

da* – 0 3.14bY 2.76bZ 3.47bX 1.93 ** ** *
60 4.07aY 3.89aZ 4.30aX

db* – 0 1.91Y 2.02Y 2.38X 3.94 ns ** ns
60 1.94Y 2.13Y 2.42X

dC* – 0 3.67bY 3.42bZ 4.21bX 1.50 ** ** **
60 4.50aY 4.43aY 4.93aX

ΔH* – 0 0.11bX 0.03bY 0.06bXY 17.20 ** ** ns
60 0.26aX 0.18aY 0.18aY

ΔE* – 0 9.79bY 9.97bXY 10.08bX 1.11 ** ** **
60 11.10aX 10.42aY 10.89aX

BI 4.05 ± 0.48 0 95.56bY 100.73bY 116.24bX 3.85 ** ** **
60 135.15aX 118.97aY 142.75aX

CI 111.74 ± 0.98 0 313.09bX 314.70bX 308.23bX 2.17 ** ** **
60 410.55aX 343.62aZ 361.50aY

1Statistical significance of ANOVA: *p< 0.05, **p< 0.01; ns, not significant. S – storage time, T – juice treatment; S× T – interaction between factors.
MP, myrtle pulp; JA, myrtle tropical juice subjected to a chemical preservation method; JB, myrtle tropical juice subjected to a physical preservation
method; JC, myrtle tropical juice not subjected to preservation processes (control); RSD, relative standard deviation; dL*, da*, db*, and dC*, change in
color; ΔH*, hue difference; ΔE*, total color difference; BI, browning index; CI, color index. a–e: different superscript lowercase letters in the same
column for same juice at different storage time denote difference (p < 0.05; Tukey’s test); A–B: different capital letters in the same line for different
juices at same storage time denote difference (p < 0.05; Tukey’s test).
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results. Almeida et al. [52] demonstrated that the ABTS•+ assay is more directly associated with TPC than with AsA content when
investigating 11 tropical fruits from northeastern Brazilian.

We grouped storage times at which similar antioxidant capacity were observed. ABTS•+ values were similar from days 0–45 of
storage (37.64–42.33 % inhibition). JB was more stable (13.31–16.25 mM TE g− 1), with significantly higher values (p < 0.05) than
other formulations. After 60 days of storage, JC and JA had a significantly lower (p < 0.05) antioxidant capacity, reaching 8.14–9.41
mMTE g− 1. These findings can be explained by the significant reduction (p< 0.01) in AsA, TPC, and total anthocyanins (Fig. 3A, B, and
3C, respectively). Similar results were reported by Silva et al. [20] in evaluating guava juice added with potassium sorbate (8.60 mM
TE g− 1); a significant reduction in antioxidant capacity was observed over 180 days of storage.

3.6. Color parameters

The results of color measurements are described in Table 3.
Interaction effects were non-significant (p ≥ 0.05) for db* and ΔH*. Juice treatment showed a significant effect (p < 0.05) on all

parameters. There was no significant influence (p ≥ 0.05) of storage time except on db*. At the initial storage time, juice samples were
darker (dL*< 0), redder (da*> 0), yellower (db*> 0), and more saturated and neutral (dC*> 0) than MP. BI and CI values confirmed
these findings, given that the indices were at least 23.5 and 2.75 times higher in juice samples than in MP, respectively.

Treated juice samples had smaller da* and dC* color changes (p< 0.05) than Feitosa, Lima, Figueirêdo, Queiroz, and Amadeu [53]
found in a formulation of MP, distilled water, and maltodextrin (1:1+ 30 % maltodextrin) (MOR-REX®). The latter had a darker color
and higher BI than MP alone. Similarly, Osorio, Forero, and Carriazo [54] reported lower L* values for ripe guava puree than aqueous
guava extract.

The ΔE* of juice samples was classified as very distinct (ΔE* > 3), according to Adekunte, Tiwari, Cullen, Scannell, and O’Donnell
[55]. However, this parameter can be misleading as to the actual color of the material if evaluated individually. Visual determination
of acceptable color combined with other quality parameters is recommended [56]. Color change and difference parameters were
significantly higher (p < 0.05) after 60 days of storage, except db*.

During storage, there were changes in microbiological, physicochemical, and bioactive parameters, which might have affected the
color parameters. Enzymatic browning, resulting from increased enzyme activity, contact with substrates and induced by application
of heat in JB (90 ◦C for 60 s); multiplication of microorganisms that synthesize pigments (Figs. 2 and 3); and chemical oxidation of AsA
with dark pigment formation (Fig. 3A), possibly occurred and influenced BI and CI values of myrtle juice formulations.

3.7. Pearson’s correlation

Pearson’s correlation coefficients are presented in Table 4. Only very positive and very negative correlations were considered (r >
0.9 or r < − 0.9).

As expected, L*, a*, b*, and C* showed a significant positive correlation (p< 0.01) with color change parameters (dL*, da*, db*, and
dC*), with r ≥ 0.999. Significant positive correlations (p < 0.01) were observed between BI and the values of b* and db* (r = 0.9999),
demonstrating the influence of browning on the spectrum of yellowness (closer to neutrality and less blue hues). CI was negatively
correlated (p< 0.01) with a*, C*, and dC* (r< − 0.95). A significant negative correlation (p< 0.05) of L* and dL* with TPC and ABTS•+

values indicated that darker-colored juice formulations exhibit higher bioactive compound content and activity.
A positive correlation between ABTS•+ scavenging activity and TPC was expected because both methods are based on the same

reaction mechanism, electron donation; therefore, high TPC content implies high antioxidant capacity. Souza, Vieira, and Putti [57]
and Rigolon, Barros, Vieira, and Stringheta [58] also observed this positive correlation in assessing grape peels and phenolic extracts of
blackberry, blueberry, and jabuticaba, respectively. It is important to note that AsA content showed a non-significant correlation (p ≥

0.05) with TPC and antioxidant capacity, corroborating the results of the current study. According to Guo et al. [59] and Souza et al.
[57], the contribution of AsA to the antioxidant capacity of fruits is variable, not always showing a significant positive correlation.

4. Conclusions

The data obtained for MP and juice formulations may contribute to the future definition of standards of identity and quality by
competent bodies. Myrtle tropical juices can be tested as a potential substrate for isolating or cultivating yeast or probiotic bacteria.
Under the conditions of the present experiment, the combined use of preservatives potassium sorbate and sodium benzoate was
effective against yeast and mold for up to 28 days of room storage (25± 2 ◦C). Chemical preservation was less efficient in delaying and
controlling crobial multiplicationthan the physical method. The physical preservation method did not result in a completely safe
product for consumption, given the presence of filamentous fungi, changes in physicochemical quality parameters, and AsA oxidation.
It was not possible to determine tolerance and acceptance limits from instrumental color data. Exploring aseptic processing tech-
nologies, combined use of physical and chemical methods, cold preservation, or rigid glass packaging is recommended, contributing to
product visibility, reduced permeability and porosity during storage.
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