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Abstract Jabuticaba (Myrciaria jaboticaba) is a dark-

colored fruit native to Brazil that has a desirable flavor and

high anthocyanin content. In the present study, jabuticaba

juice was produced by steam-extraction and the phenolic

compound profile, antioxidant capacity, instrumental color,

and microbiological quality were evaluated during 90 days

of storage at 25 �C. Cyanidin-3-O-glucoside represented

45% of the total phenolic content of the juice, which

reduced with extent of 80% during storage. Total phenolic

content of the juice increased by 59% during 90 days of

storage, which entailed, average 4.4-fold increase in the

content of gallic and ellagic acids. FRAP assay was most

sensitive for measuring gallic and ellagic acids, while the

TEAC assay was the most sensitive for measuring antho-

cyanins. Although a� and b� values of jabuticaba juice

decreased and DE� increased during storage. Jabuticaba

juice remained microbiologically stable during storage, and

did not support the growth of inoculated Escherichia coli

and Salmonella enteritidis, suggesting antimicrobial

activity.
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Introduction

Jabuticaba (Myrciaria jaboticaba) is a fruit that has a

purple to black peel and whitish sweet pulp with a

slightly tannic and acid taste, and is native to the

Brazilian Atlantic Forest. Recent research has suggested

that this fruit possesses high antioxidant activity and

phenolic compound content, especially anthocyanins,

which have been associated with reduced risk of chronic

diseases. Jabuticaba is popularly consumed fresh, because

it is highly perishable, with a shelf life of only up to 3

days after harvest, as a result of intense water loss,

microbiological deterioration, and pulp fermentation.

Therefore, this fruit is widely used for producing artisanal

products such as juices, jellies, wines, and liquors (Wu

et al. 2012; Inada et al. 2015).

The tropical juice industry is expanding because of high

demand for healthy and functional food products that are

convenient to consume (Vidigal et al. 2011). Juice pro-

duction involves an increased used of fruits and permits

fruit consumption throughout the year, even in the inter-

crop period. Different methods are used to produce juices,

with heat treatments used to extend their shelf-life. Steam

extraction has been used for small- and medium-scale red

grape juice production, and adds value to the raw materials,

thus increasing the potential income (Lopes et al. 2016).

As a consequence of processing conditions and storage

for long periods, the multiplication of spoilage and

pathogenic microorganisms should be considered, as they

can result in the deterioration of fruit juices or the emer-

gence of food-borne diseases. Additionally, losses or

changes in bioactive compounds may occur because of

enzymatic and chemical reactions such as oxidation, rear-

rangements of atoms, and conjugation between compounds

(Amodio et al. 2014).
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The stability of polyphenols may be influenced by sev-

eral parameters such as pH, temperature, and light expo-

sure, and the loss of these compounds, particularly

anthocyanins, may cause a reduction in bioactivity and can

also significantly affect sensory properties, especially the

color (Jimenez-Garcia et al. 2013; Wang et al. 2015). The

aim of this study was to produce an innovative jabuticaba

juice using steam extraction, and evaluate the effect of

storage on its microbiological quality, physicochemical

parameters, antioxidant capacity, and phenolic compound

content. In addition to these parameters, the ideal sweet-

ness, sensory acceptance, and purchase intent of this juice

were evaluated.

Materials and methods

Standards and chemicals

2,4,6-tris(2-pyridyl)-S-triazine (TPTZ), 2,20-azino-bis(2-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt

(ABTS), potassium persulfate, (±)-6-hydroxy-2,5,7,8-te-

tramethylchromane-2-carboxylic acid (Trolox) were pur-

chased from Sigma-Aldrich Chemical Co. (St. Louis, MO,

USA). Iron (II) sulfate was purchased from Merck KGaA

(Darmstadt, Germany). Anhydrous sodium acetate and iron

chloride were purchased from Vetec Quı́mica Fina Ltda.

(Duque de Caxias, RJ, Brazil). Anthocyanin and non-an-

thocyanin standards were purchased from Indofine Chem-

ical Co. (Hillsborough, NJ, USA) and Sigma-Aldrich

Chemical Co. (St. Louis, MO, USA), respectively. All

solvents were HPLC grade and purchased from Tedia

(Fairfield, OH, USA). HPLC grade water (Milli-Q system,

Millipore, Bedford, MA, USA) was used throughout the

experiments.

Jabuticaba juice processing

Jabuticaba fruits (Myrciaria jaboticaba, cv. Sabará) culti-

vated in Minas Gerais, Brazil, were purchased at Rio de

Janeiro’s agricultural trading center. Fruits were selected,

washed, and sanitized in sodium hypochlorite (100 ppm

solution) for 15 min. Jabuticaba juice was produced by

steam extraction using a stainless steel steam juicer (Cook

N Home, City of Industry, CA, USA), pre-sanitized with

sodium hypochlorite (200 ppm), and rinsed with boiling

water. Steam extraction was conducted in a single batch for

30 min using 4 kg of thawed and macerated fruit and 2 L

of water. The juice was bottled while hot (extraction

temperature 75–85 �C) in 50 mL sterile glass flasks, which

were filled completely and stored in the dark at 25 �C.

Samples were analyzed at 0, 30, 60 and 90 days.

Phenolic compound content determination

by HPLC–DAD

Steam-extracted jabuticaba juice (2.0 mL) was centrifuged

(11,3009g, 10 min) and filtered through a 0.45 lm cellu-

lose ester membrane (Millipore�, Barueri, Brazil) prior to

analysis by High-Performance Liquid Chromatography

(HPLC). For anthocyanin analysis, the samples were

diluted with 1% aqueous formic acid. Each sample was

analyzed in triplicate.

The liquid chromatography system (Shimadzu�, Kyoto,

Japan) included a quaternary pump LC-20AT, automatic

injector SIL-20AHT, diode array detector (DAD) SPD-

M20A, system controller CBM-20A, and degasser DGU-

20A5. A reverse phase column was used for chromato-

graphic separation of anthocyanins (C18, 5 lm,

250 mm 9 4.6 mm, Kromasil�) and non-anthocyanin

phenolic compounds (C18, 5 lm, 250 mm 9 4.6 mm,

Phenomenex�), according to Inada et al. (2015). Antho-

cyanins were monitored at 530 nm, and non-anthocyanin

phenolic compounds were monitored from 190 to 370 nm.

Identification of all phenolic compounds was performed by

comparison with retention time and absorption spectra of

the respective representative standard. Quantification was

performed by external calibration. Data were acquired by

LC solution software (Shimadzu Corporation�, version

1.25, 2009). Results were expressed as mg of compound

per liter.

Antioxidant capacity

The antioxidant capacity (AC) of steam-extracted jabuti-

caba juice was determined in centrifuged juice (11,3009g,

10 min) using FRAP (Ferric Reducing Antioxidant Power)

and TEAC (Trolox Equivalent Antioxidant Capacity)

assays.

The FRAP assay was performed according to Benzie

and Strain (1996) with slight modifications. FRAP reagent

was prepared by mixing 2 mL of 10 mM TPTZ solution in

6 M HCl with 2 mL of 20 mM FeCl3 solution and 20 mL

of 300 mM acetate buffer (pH 3.6), and warmed to 37 �C
prior to analysis. Aliquots of juice (20 lL) were pipetted

into a 96-well microplate, which was placed in a Victor3

1420 multilabel counter (PerkinElmer, Turku, Finland)

with an automatic injector. FRAP reagent (180 lL) was

automatically dispensed into each well, and the reagents

were mixed by shaking and then allowed to stand at 37 �C
for 6 min. The absorbance was then read at 593 nm.

Quantification was performed using a calibration curve

prepared with FeSO4. Results were expressed as lM of

Fe2? equivalent per liter. Each sample was analyzed in

triplicate.
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The TEAC assay was performed according to Re et al.

(1999) with slight modifications. The ABTS radical cation

stock solution was generated by reacting K2S2O8 and

ABTS for 12–16 h prior to use. The ABTS radical cation

stock solution was diluted in water (1:50) to an absorbance

of 0.70 ± 0.02 at 720 nm. Aliquots of juice (10 lL) were

pipetted into a 96-well microplate, which was placed in a

Victor3 1420 multilabel counter with an automatic injector.

Aliquots of the ABTS radical cation solution (190 lL)

were automatically dispensed into each well, and the

reagents were mixed by shaking and then allowed to stand

at 37 �C for 6 min. Sample absorbance was read at 720 nm

and subtracted from solvent blank absorbance. Quantifi-

cation was performed using a calibration curve prepared

with Trolox. Results were expressed as mmol of Trolox

equivalent per liter. Each sample was analyzed in triplicate.

Physicochemical analyses

The pH of steam-extracted jabuticaba juice was determined

in triplicate, according to official methods (Association of

Official Analytical Chemists 2000). The total soluble solid

contents (TSS) were measured using a portable refrac-

tometer (Model PAL-1; Atago, Tokyo, Japan). One drop of

juice was placed on the refractometer glass prism, and the

TSS was obtained as �Brix.

Instrumental color measurement

Instrumental color parameters of steam-extracted jabuticaba

juice were measured in triplicate using a Konica Minolta

CR-400 colorimeter (Konica Minolta, Tokyo, Japan). The

equipment was set to illuminant D65 (2� observer angle) and

calibrated using a standard white reflector plate. The CIE-

Lab color space was used to determine the color compo-

nents: L� (brightness or lightness; 0 = black, 100 = white),

a� (-a�, greenness; ?a�, redness) and b� (-b�, blueness;

?b�, yellowness). The total color difference (DE�) during

storage was calculated as follows:

DE� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L�t0 � L�ti

� �2

þ a�t0 � a�ti

� �2

þ b�t0 � b�ti

� �2
r

where L�, a�, and b� were the color coordinates at the

initial time (t0) and at the nth day of storage (ti).

Microbiological analysis

Twenty-five grams of fresh fruit or 25 mL of steam-ex-

tracted jabuticaba juice were mechanically homogenized

in 225 mL of sterile 0.1% peptone water (w/v) and

inoculated into culture media (Table 1) as described by

Downes and Ito (2001). All experiments were performed

in triplicate.

Survival of Salmonella enteritidis and Escherichia coli

inoculated into steam-extracted jabuticaba juice was also

evaluated. Aliquots of 20 mL of steam-extracted jabuti-

caba juice were inoculated to obtain approximately

1 9 106 colony forming units per milliliter (CFU/mL) of

S. enteritidis (American Type Culture Collection—ATCC,

13076) or E. coli (ATCC, 25922), which were pre-culti-

vated for 18 h at 37 �C in brain heart infusion agar (BHI

agar, Himedia Laboratories, Mumbai, India) and then

Table 1 Microorganisms and culture conditions used during microbiological analysis of jabuticaba fruit and steam-extracted jabuticaba juice

Microorganism group Culture medium and manufacturer Method Culture conditions

Temperature

(�C)

Time

(h)

Atmosphere

Total mesophilic

aerobic bacteria

Plate count agar (HiMedia Laboratories, Bombay, India) Plate count 37 24–48 Aerobic

Yeasts and molds Potato dextrose agar (HiMedia) Plate count 25 120 Aerobic

Lactic acid bacteria MRS agar (HiMedia) Plate count 30 120 Anaerobic

Total coliform Brilliant green bile 2% broth (Acumedia, Michigan,

EUA)

Most probable

number

37 24 Aerobic

Thermotolerant

coliform

EC broth (Acumedia) Most probable

number

45 24 Aerobic

Salmonella

Non-selective

enrichment

Buffered peptone water 1% (w/v) – 37 24 Aerobic

Selective enrichment Tetrationate broth and Rappaport–Vassiliadis broth

(Acumedia)

– 37 24 Aerobic

Selective plating Salmonella-Shigella agar/KASVI (São Paulo, Brazil;

Xylose Lysine deoxycholate Agar/KASVI)

Spread plate 37 24 Aerobic
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suspended in saline solution. At different intervals, 1 mL

aliquots of the suspension were removed, plated onto BHI

agar, and incubated at 37 �C for 24 h for enumeration of

viable surviving bacterial cells. The identity of isolated

cultures was confirmed by Gram staining and biochemical

tests.

Sensory analysis

Ideal sweetness determination

The present study received authorization to proceed from

the Universidade Federal do Rio de Janeiro ethics com-

mittee (approval number: 191.694), and all participants

provided written informed consent.

Eighty untrained consumers (45 females and 35 males)

between 17 and 60 years of age were enrolled, and par-

ticipated in sensory analysis of the ideal sweetness deter-

mination of steam-extracted jabuticaba juice. All

consumers had reported that they consume fruit juice at

least once a week. The ideal sweetness was determined

using an unstructured (9.5 cm) just-about-right-scale, with

intensity ranging from 0 (‘‘extremely less sweet than

ideal’’) to 9.5 (‘‘extremely sweeter than ideal’’), with the

‘‘ideal’’ set at 4.75 cm. Steam-extracted jabuticaba juice

was sweetened with sucrose at five concentrations: 1.0, 3.5,

6.0, 8.5, and 11%. Samples (25 mL) of each juice were

presented at 10 �C in 50 mL plastic cups coded with three-

digit random numbers. The samples were presented in a

monadic sequential balanced order. The ideal sweetness

was determined using a linear regression equation and the

ideal sucrose concentration founded was used to sweeten

steam-extracted jabuticaba juice for sensory acceptance

and purchase intent tests.

Sensory acceptance and purchase intent tests

Sensory acceptance and purchase intent of sweetened

steam-extracted jabuticaba juice were carried out with a

different group of 80 untrained consumers (49 females and

31 males) aged between 17 and 79 years, with habitual

consumption of fruit juice at least once a week. The fol-

lowing acceptance attributes were evaluated: overall

impression, aroma, flavor, appearance, and texture, using

an unstructured (9 cm) line scale, with intensity ranging

from 0 (‘‘extreme dislike’’) to 9 (‘‘extreme like’’) and the

‘‘indifferent’’ response set at 4.5 cm. Samples (25 mL) of

each juice were presented at 10 �C in 50 mL plastic cups

coded with three-digit numbers, according to a sequential

monadic presentation. The purchase intent was evaluated

using a five-point structured scale, anchored at opposite

ends with the expressions ‘‘I would definitely not buy’’ and

‘‘I would definitely buy’’ (Meilgaard et al. 2006).

Statistical analysis

Data were expressed as mean ± standard deviation. Linear

regression of the ideal sweetness determination was per-

formed using Excel software (Microsoft Office 2007,

Redmond, Washington). Analysis of variance (one-way

ANOVA) followed by Tukey’s multiple comparison post

hoc test was performed for comparing steam-extracted

jabuticaba juice stored at different days, using GraphPad

Prism software for Windows, version 5.04 (GraphPad

Software, San Diego, CA). The data was considered to be

statistically significantly different where p\ 0.05.

Results and discussion

Phenolic compounds and antioxidant capacity

Nine phenolic compounds were identified in steam-ex-

tracted jabuticaba juice: two hydroxybenzoic acid deriva-

tives (gallic and ellagic acids), one hydroxycinnamic acid

derivatives (m-coumaric acid), four flavonols (myricetin,

myricetin-3-O-rhamnoside, quercetin and quercetin-3-O-

rutinoside), and two anthocyanins (cyanidin-3-O-glucoside

and delphinidin-3-O-glucoside) (Table 2). This was in

accordance with previously published data for jabuticaba

fruit (Wu et al. 2012; Inada et al. 2015), indicating that the

phenolic compounds found in fresh fruit were also present

in the steam-extracted jabuticaba juice.

The total phenolic contents of jabuticaba juice at day 0

(150.4 mg/L) was similar to that of orange juice

(142.3–167.0 mg/L) (Klimczak et al. 2007) and grape juice

produced by maceration (86.4–179.6 mg/L) (Lima et al.

2015). Cyanidin-3-O-glucoside, ellagic acid, quercetin-3-

O-rutinoside, delphinidin-3-O-glucoside, and gallic acid

were the predominant phenolics identified in jabuticaba

juice, representing 45, 21, 14, 8.7, and 8.6% of total phe-

nolic content, respectively (Table 2). m-Coumaric acid,

myricetin, myricetin-3-O-rhamnoside, and quercetin were

the minor phenolic compounds and together accounted for

only 3.4% of the total phenolic compounds in jabuticaba

juice.

A increase of 58.7% in the total phenolic compound

content after 90 days of storage was observed. This may be

due to 4.4-fold increase, on average, in the content of gallic

and ellagic acids, as well as of 67% decrease, on average,

in the content of cyanidin-3-O-glucoside and delphinidin-

3-O-glucoside (Table 2; Fig. 1). The increasing contents of

ellagic and gallic acids may have caused by the depoly-

merization of ellagitannins and gallotannins, which have

previously been found in jabuticaba fruit (Wu et al. 2012;

Plaza et al. 2016), but were not identified in the present

study. The depolymerization of ellagitannins to ellagic acid
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during storage at 25 �C in processed berry products has

previously been reported (Häkkinen et al. 2000; Zafrilla

et al. 2001; Hager et al. 2010). Considering ellagitannins

and gallotannins are not absorbed in their intact forms, the

depolymerization of ellagitannins and gallotannins to

ellagic and gallic acids may be favorable for consumer

health. The increase in the gallic acid content may also be

associated with the reduction of the content of delphinidin-

3-O-glucoside, since gallic acid is a degradation product

formed by the cleavage of the delphinidin B-ring (Sinela

et al. 2017).

A significant decrease (70–90%) in the anthocyanin

content of berry juices stored at room temperature has

previously been reported (Hellström et al. 2013; Lopes

et al. 2016; Mäkilä et al. 2016). A reduction in the

anthocyanin content was expected, since these compounds

were known to be highly unstable in aqueous solutions

(Castañeda-Ovando et al. 2009), especially when stored at

room temperature (Hellström et al. 2013; Mäkilä et al.

2016). Anthocyanins can be oxidized by copper and iron,

and in a model medium containing a mixture of iron,

copper and manganese, Sinela et al. (2017) observed a

significant increase in the degradation rate of anthocyanins.

The presence of these metals in jabuticaba fruit has pre-

viously been reported (Inada et al. 2015), and could explain

the anthocyanin degradation observed during storage.

The antioxidant capacity (AC) of steam-extracted

jabuticaba juice was 25.4 mmol Fe?2/L and 67.6 mmol

Trolox/L as evaluated by FRAP and TEAC assays,

respectively. While the AC, as evaluated by FRAP assay,

increased by 39% after 90 days of storage, when evaluated

by TEAC assay, an apparent decrease of 49% was observed

(Table 2). Reque et al. (2014) also observed a 40%

reduction in AC evaluated by TEAC assay in blueberry

juice during storage. The disparity between AC evaluated

by FRAP and TEAC assays may be a result of different

assay mechanisms. The AC compounds can deactivate free

radicals by two main mechanisms: HAT (hydrogen atom

transfer) and SET (single electron transfer). While the

FRAP method measures antioxidant activity via the HAT

mechanism, the TEAC method measures both HAT and

SET (Prior et al. 2005).

These results can be further explained by changes in the

phenolic profile observed during storage, since each com-

pound has its own specific AC, which varies according to

its chemical structure (Rice-Evans et al. 1996). Recently,

Plaza et al. (2016) observed that, despite cyanidin-3-O-

glucoside being the major phenolic compound in jabuti-

caba peel (63%), only 25% of its AC was contributed to the

total AC, whereas hydrolysable tannins (including ellagic

acid and its derivatives), which represented only 25% of

the total analyzed compounds, contributed to 49% of the

total AC. Therefore, the increase in AC, as determined by

the FRAP assay, may be associated with increasing gallic

and ellagic acid content, and decrease in AC, as determined

by TEAC assay, may be associated with the decreasing

anthocyanin content during storage (Table 2). In fact, when

the sum of the gallic and ellagic acids content vs. AC was

plotted, the slope of the linear regression for the FRAP

assay (0.0359 mmol Fe2?/L) was higher than that of TEAC

assay (-0.1026 mmol Trolox/L), suggesting that the FRAP

assay was more sensitive to the presence of these

Table 2 Phenolic compound

content and antioxidant capacity

of steam-extracted jabuticaba

juice during storage

Component Days of storage

0 30 60 90

Phenolic compounds (mg/L)

Gallic acid 12.87 ± 0.09a 43.74 ± 1.56b 57.88 ± 1.63c 54.13 ± 1.95c

m-Coumaric acid 0.89 ± 0.08a 1.20 ± 0.03a 1.20 ± 0.06a 1.22 ± 0.13a

Ellagic acid 30.89 ± 1.31a 24.37 ± 0.87a 71.23 ± 9.04b 143.00 ± 6.11c

Myricetin 0.35 ± 0.06a 1.22 ± 0.04b 2.72 ± 0.23c 1.30 ± 0.03b

Myricetin-3-O-rhamnoside 3.25 ± 0.08a 2.96 ± 0.09a 3.74 ± 0.42a 3.26 ± 0.07a

Quercetin 0.48 ± 0.06a 0.23 ± 0.01a 2.33 ± 0.66b 0.23 ± 0.01a

Quercetin-3-O-rutinoside 20.81 ± 0.66a,b 20.62 ± 0.54a,b 26.46 ± 2.62a 15.67 ± 0.87b

Cyanidin-3-O-glucoside 67.74 ± 0.72a 35.63 ± 0.27b 9.49 ± 0.12c 13.87 ± 0.28d

Delphinidin-3-O-glucoside 13.09 ± 0.72a 8.66 ± 0.08b 5.65 ± 0.18c 6.02 ± 0.03c

Total phenolics 150.4 ± 0.6a,b 138.6 ± 0.8a 180.7 ± 14.5b 238.7 ± 4.8c

Antioxidant capacity

FRAP (mmol Fe?2/L) 25.35 ± 0.42a 35.58 ± 0.25b 28.54 ± 0.04c 35.23 ± 0.40b

TEAC (mmol Trolox/L) 67.61 ± 0.74a 15.29 ± 1.00b 29.84 ± 2.18c 34.80 ± 4.64c

Results are expressed as mean ± standard deviations of three replicates. Different superscript letters in the

same row indicate significant differences between mean values (One way ANOVA followed by Tukey

multiple comparison post hoc test, p\ 0.05)
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Fig. 1 HPLC-DAD chromatograms of phenolic compounds of jabuticaba juice: T0 (a); T90 (b). Compounds identified: gallic acid (1),

delphinidin-3-O-glucoside (2), cyanidin-3-O-glucoside (3), ellagic acid (4)
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compounds. On the other hand, for the sum of the antho-

cyanin content, the TEAC assay was more sensitive with

higher slope (0.5092 mmol Trolox/L) in comparison to that

of the FRAP assay (-0.0868 mmol Fe2?/L).

Physicochemical analysis

The pH of steam-extracted jabuticaba juice (2.92–3.09)

(Table 3) was similar to those described in the literature for

different berry juices (Rein and Heinonen 2004; Verberic

et al. 2014). After 30 days of storage, a slight increase in

pH was observed (5.8%), with no further changes observed

after 90 days (Table 3). Similar results were observed for

juices produced from frozen berries stored for 7 months

(Verberic et al. 2014). The pH of jabuticaba juice may

contribute to undesirable conditions for the growth of

microorganisms.

Total soluble solids (TSS) in steam-extracted jabuti-

caba juice (6.8% on average) (Table 3) were lower than

those reported for raspberry (11%) and strawberry (10%)

juices, and higher than those of lingonberry (5%) and

cranberry (3%) juices (Rein and Heinonen 2004). The

TSS of jabuticaba juice was not affected by storage for

90 days.

Instrumental color

The luminosity (L�) of steam-extracted jabuticaba juice

decreased (5.5–11%) after 60 days of storage, followed by

a slight increase (2%) during storage up to 90 days

(Table 3), indicating that the juice became lighter during

storage. Similarly, Rein and Heinonen (2004) reported an

increase in L� of strawberry, raspberry, lingonberry, and

cranberry juices after 103 days of storage. These authors

also observed that the addition of anthocyanin-rich

extracts to these juices decreased luminosity, making the

juice darker due to the incremental increase of pigment

molecules. Therefore, the increase of L� in jabuticaba

juice could be related to the degradation of anthocyanins

observed during storage, as mentioned above.

During storage, a progressive decrease in a� (6.9–

35.5%) and b� (11.2–36.7%) values (Table 3) was

observed, indicating that the juice became greener and

bluer, which could be due to the degradation of antho-

cyanins. These results were in accordance with those

reported by Rein and Heinonen (2004), who observed a

decrease in a� and b� values in different berry juices after

103 days of storage.

Based on the DE� values, which corresponds to the total

color difference between the initial and final time points,

steam-extracted jabuticaba juice had slight color differ-

ences during storage (Table 3). After 30 days of storage,

the DE� of jabuticaba juice indicates a change in color that

was not distinguishable by the human eye, and after 60 and

90 days of storage, the DE� of jabuticaba juice (3.6 on

average) indicated a barely perceptible change in color

(Obón et al. 2009).

Microbiological analysis

The microbiological quality of fresh jabuticaba fruit was

evaluated, since heat-stable compounds, such as enzymes

and toxins, produced by microorganisms can cause unde-

sirable changes in the final product and/or contribute to the

risk of illness for consumers. The presence of Salmonella

was measured as an indicator for the presence of other

pathogenic and coliform bacteria, which indicate poor

sanitary conditions. Salmonella was not detected in sam-

ples of jabuticaba fruit, or in steam-extracted jabuticaba

juice.

Table 3 Physicochemical

parameters and instrumental

color of steam-extracted

jabuticaba juice during storage

Component Days of storage

0 30 60 90

Physicochemical parameters

pH 2.92 ± 0.03a 3.09 ± 0.03b 3.07 ± 0.05b 3.07 ± 0.03b

TSS (Brix) 6.73 ± 0.12a 6.73 ± 0.06a 6.87 ± 0.06a 6.67 ± 0.06a

Instrumental colora

L� 21.52 ± 0.01a 20.33 ± 0.01b 19.23 ± 0.01c 21.94 ± 0,01d

a� 9.38 ± 0.08a 8.73 ± 0.05b 6.43 ± 0.03c 6.05 ± 0.01d

b� 1.96 ± 0.05a 1.74 ± 0.02b 1.52 ± 0.05c 1.24 ± 0.02d

DE� 1.37 3.76 3.43

Results are expressed as mean ± standard deviations of three replicates. Different superscript letters in the

same row indicate significant differences between mean values (One way ANOVA followed by Tukey

multiple comparison post hoc test, p\ 0.05)
a CIELab color space was used to determine coordinates L� [black (0) to white (100)], a� [green (-) to red

(?)] and b� [blue (-) to yellow (?)]
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In the present study, the heat applied during steam-ex-

traction ensured that the juice was microbiologically

stable when stored at 25 �C for 90 days (Table 4). Although

low numbers of microbes were detected, especially in the

first days of storage, the steam-extracted jabuticaba juice was

microbiologically stable up to 90 days. This suggested that

the jabuticaba juice may contain constituents that con-

tributed to unsatisfactory conditions for the multiplication of

microorganisms, which include low pH (as mentioned

above) and/or antimicrobial factors.

After inoculation with indicators and pathogenic

microorganisms, the steam-extracted jabuticaba juice did

not promote growth of E. coli or S. enteritidis, and after 2

and 6 h, respectively, the inoculated bacteria were not

detectable (data not shown), suggesting potential antimi-

crobial activity. Although the inhibitory effect of Myrciaria

jaboticaba against Salmonella growth has not been previ-

ously observed (Mohanty and Cock 2008; Silva et al.

2014), in the present study, the growth of S. enteritidis was

inhibited after it was inoculated at a concentration simu-

lating massive contamination. The antimicrobial activity of

M. jaboticaba has been investigated against other

microorganisms to explore the potential biotechnological

applications of this fruit. The in vitro bactericidal, anti-

fungal, and antimicrobial activity of M. jaboticaba against

Streptocooccus mitis, S. oralis, S. salivarius, Lactobacillus

casei, Candida albicans, C. krusei, Staphylococcus aureus,

Listeria monocytogenes, and E. coli associated with the

presence of phenolic compounds has been reported

(Macedo-Costa et al. 2009; Diniz et al. 2010; Silva et al.

2014).

Sensory analysis

Ideal sweetness determination

The astringency provided by condensed tannic compounds

extracted from the jabuticaba peel during steam-extraction

of juice contrasts the sweet and slightly acid taste of the

jabuticaba pulp (Wu et al. 2012). It is known that the

addition of sucrose in tannic acid solutions causes an

increase in sweetness and viscosity and thus can attenuate

the perception of astringency (Lyman and Green 1990).

Therefore, we performed an analysis to determine the ideal

sweetness of steam-extracted jabuticaba juice to identify

the best concentration of added sucrose.

The linear regression equation obtained for ideal

sweetness (y = 0.3185x ? 2.8271; R2 = 0.9654) allowed

the determination of the optimum sucrose concentration of

6.05%. Despite the astringency of steam-extracted jabuti-

caba juice, this result was lower than that of other fruit

juices, including mango (7.5%) and peach (10%) (Cardoso

and Bolini 2007; Cadena and Bolini 2012). This may be

due to the high concentration of simple sugars present in

jabuticaba pulp (11.6 mg/100 mL of fresh pulp) (Inada

et al. 2015).

Sensory acceptance and purchase intent

The 9-point hedonic scale is the most used scale to evaluate

consumer acceptability and preference. However, there are

some disadvantages to this scale, such as unequal interval

spacing, lack of a zero point, and central tendency, because

consumers avoid scoring extreme categories and there is

little freedom for subjects to express their sensory opinion

due to defined responses categories (Lim 2011). Therefore,

in the present study, we used an unstructured line scale,

which, while being more difficult to understand and use,

offers greater freedom for consumers to express their

sensory perceptions (da Silva et al. 2013).

The 9-point hedonic scale varies from 1 to 9 with a

range of 8 possible scores, while the unstructured 9 cm

scale ranges from 0 to 9 and therefore presents a 9-point

interval. Thus, to evaluate the results obtained by

unstructured linear scale evaluation using the terms of the

9-point hedonic scale, the values obtained in the sensory

analysis were converted using the equation described by da

Silva et al. (2013) [i.e. adjusted unstructured

value = 1 ? unstructured 9 (8/9)].

The highest scoring attributes of steam-extracted jabu-

ticaba juice were appearance and texture (7.6 ± 1.2 and

7.4 ± 1.3, respectively), and correspond to the hedonic

Table 4 Microbiological

analysis of steam-extracted

jabuticaba juice during storage

Microorganisms Days of storage

7 14 28 56 90

Total mesophilic aerobic bacteria (CFU/mL)a 20 30 \10 \10 \10

Yeasts and molds (CFU/mL) 10 \10 \10 \10 \10

Lactic acid bacteria (CFU/mL) \10 \10 \10 30 \10

Coliforms (MPN/mL)b \10 \10 \10 \10 \10

Gram-negative bacilli (CFU/mL) \10 \10 \10 10 \10

a Colony-forming units per milliliter
b Most probable number per milliliter
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parameters ‘‘moderately like’’ and ‘‘like very much’’. The

high acceptance of appearance may be associated with the

high anthocyanin content in jabuticaba juice (as described

above), which contributes to its purplish color. The aroma

of the juice scored reasonably high (6.5 ± 1.3), corre-

sponding to the parameters ‘‘slightly like’’ to ‘‘moderately

like’’.

Taste scored the lowest (6.1 ± 1.9), corresponding to the

hedonic parameter ‘‘slightly like’’. The amount of sugar

added to the juice may not have been sufficient to com-

pletely eliminate the astringency imparted by the jabuticaba

peel tannins. Laaksonen et al. (2013) performed sensory and

chemical analysis of blackcurrant juice and observed that

all juice samples were perceived as remarkably sour and

astringent. These authors observed a positive correlation by

partial least squares regression between low pH and the

presence of phenolic compounds with astringency.

In general, steam-extracted jabuticaba juice had a sat-

isfactory overall impression, scoring 6.6 ± 1.7, which

corresponds to the hedonic parameters ‘‘slightly like’’ to

‘‘moderately like’’, as well as reasonable purchase intent

average (3.9 ± 0.9), which corresponds to the expressions

‘‘I might buy’’ and ‘‘I would probably buy’’. In addition,

60% of the consumers stated ‘‘I would probably buy’’ and

‘‘I would definitely buy’’ the steam-extracted jabuticaba

juice if it was commercially available.

Conclusion

The anthocyanins cyanidin-3-O-glucoside and delphinidin-

3-O-glucoside were the major phenolic compounds detec-

ted in steam-extracted jabuticaba juice, and during storage,

the content of both anthocyanins progressively decreased.

Despite this, the total phenolic compound content

increased, which was caused by an increase in the contents

of gallic and ellagic acids. The instrumental color changed

during storage, which can be attributed to the loss of

anthocyanins. Nevertheless, after 90 days of storage the

DE� value of jabuticaba juice indicated that the color

change would be barely distinguishable. Jabuticaba juice

had high scores for sensory attributes and purchase intent,

and remained microbiologically stable for 90 days. More-

over, the physicochemical characteristics of the juice

resulted in a reduction in the number of inoculated E. coli

and S. enteritidis. Our results indicate that the steam-ex-

traction method may have potential application in the food

industry. However, further studies are necessary in order to

optimize the storage conditions for steam-extracted jabu-

ticaba juice to best preserve its functional properties, and to

identify the mechanisms involved in phenolic compound

modifications during storage.
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Oliveira D, Bordignon-Luiz MT, Ninow JL (2015) Phenolic

compounds, organic acids and antioxidant activity of grape

juices produced in industrial scale by different processes of

maceration. Food Chem 188:384–392. doi:10.1016/j.foodchem.

2015.04.014

Lopes MLM, Miguel MAL, Fialho E, Valente-Mesquita VL (2016)

Grape juice obtained using steam extraction and other small-

scale extraction methods: phenolic content, antioxidant capacity

and stability during storage. Int J Food Sci Tech 51:1696–1702.

doi:10.1111/ijfs.13144

Lyman BJ, Green BG (1990) Oral astringency: effects of repeated

exposure and interactions with sweeteners. Chem Senses

15:151–164. doi:10.1093/chemse/15.2.151

Macedo-Costa MR, Diniz DN, Carvalho CM, Pereira MSV, Pereira
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