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Abstract

:

Fruits and vegetables are known as sources of nutritionally important phytochemicals, such as phenolic compounds, and Brazilian biodiversity may be hiding many underexplored fruits with potential health benefits. In this study, we formulated a fruit-based beverage by supplementing known amounts of freeze-dried araçá-boi (Eugenia stipitata) (FD) to a commercial apple nectar in order to evaluate the impact in terms of nutritional (level of phenolic compounds, flavonoids and antioxidant capacity) and sensory parameters. The best acceptance was evidenced for the apple nectar supplemented with 1 g/L of FD, while no statistically significant changes were obtained for non-supplemented apple nectar and apple nectar supplemented with 5 or 10 g/L FD. Lower acceptances for apple nectars supplemented with 15, 20 or 30 g/L FD were suggested to be caused by an increase in acidity. In general, total phenols, flavonoids and antioxidant capacity (DPPH, TEAC and ORAC) increased with the supplementation level, although not always a statistically significant difference was observed. When compared to control (non-supplemented), the apple nectar supplemented with 10 g/L FD presented a significant increase in total phenols, flavonoids and antioxidant capacity (except for ORAC assay), and therefore this level of supplementation was considered ideal, considering both nutritional and sensory properties.
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1. Introduction


Consumption of fruits and vegetables is no longer merely a result of taste and personal preference, but it has been associated with the adoption of healthier lifestyles due the presence of essential nutrients and secondary phytochemical compounds that are frequently associated to the protection against several pathophysiological processes [1,2,3]. Many studies have focused on the antioxidant capacity of plant-derived food, especially the fruits with high phenolic content, in order to understand their role in the health benefits, such as the prevention of degenerative diseases, central nervous system disorders, cancer as well as the aging process, amongst others [4,5].



For these reasons, much effort has been made to characterize the phytochemical contents of tropical fruits that, besides presenting a great species diversity with characteristic flavors, attractive colors, and special scents, are considered stronger candidates for screening of antioxidant properties [2,4,6]. In this context, Brazil offers a wide variety of native fruits with nutritional qualities and health claims that are still little known by consumers. Thus, considering their exotic character and potential health benefits, the introduction of these fruits on food chains could represent an important economic activity not only for local but also to the growing international markets [7,8,9,10].



The beverage industry is continuously innovating their portfolio, including the combination of nutritionally rich fruits with sensory attractive juices to get improved acceptability and price. This has led to the creation of new market niches with the development of nectars, ready-to-serve beverages, and others [11,12]. Therefore, due to the economic potential and social importance of Brazilian native fruits, several scientific research institutions have tried to reinforce the agroindustrial development by developing commercial production orchards as well as technological capabilities of industrial processing of these fruits [13].



Eugenia stipitata Mac Vaugh (Myrtaceae), known as araçá-boi, is one such Brazilian native fruit, found in the western Amazon and the Guianas. It is an edible globe-shaped berry approximately 12 cm in diameter and weighing around 95 g, characterized by an intense canary yellow color with a delicate peel and a white soft mucilaginous pulp [4,14,15]. Despite being highly aromatic, this fruit is quite sour. Thus, it is not commonly consumed in natura, but its industrial processing could represent an attractive alternative to formulating juices, ice creams, jams and nectars [4,14].



Regarding their biological properties and phytochemical composition, E. stiptata is rich in terpenes, volatile compounds, soluble sugars, fibers, vitamin C and carotenoids, mainly lutein. Araçá-boi also has a considerable antioxidant capacity [16,17,18,19]. In addition, Gonçalves, Lajolo and Genovese (2010) [20] also reported high contents of glycosylated quercetin derivatives in araçá-boi, which resulted in an antidiabetic potential by inhibiting both α-glucosidase and α-amylase enzymes. In the same way, the extract of E. stipitata fruit showed good antioxidant capacity and a total phenolic amount rated as medium. Moreover, antimutagenic and antigenotoxic activities were observed at 300 mg of extract/kg bw [9].



Therefore, the present work aimed to supplement commercial apple nectar with freeze-dried araçá-boi (FD) and to evaluate the sensory profile and the antioxidant potential of such a beverage, in order to assess the use of this Brazilian native fruit as a functional ingredient for enriching and adding value to beverages.




2. Materials and Methods


2.1. Chemicals


The standards of gallic acid, (+)-catechin, and the reagents 2,2-diphenyl-1-picrylhydrazil (DPPH), 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,20-azobis(2-methylamidinopropane)-dihydrochloride (AAPH) and sodium fluorescein were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). All other chemicals and solvents in this study were of analytical grade.




2.2. Plant Material and Nectar Formulation


Ripe araçá-boi (Eugenia stipitata) fruits were collected during summer (January 2014) at “Kamui Farm” in Ituberá city (Brazil), on coordinate geographic 13°44″ S 39°9″ W. The botanical identification and the exsicate (access number 55,875) were deposited at the Herbarium-UEC of Agronomic Institute of Campinas, State of São Paulo, Brazil.



The edible portion of the pre-washed fruit was processed in a home juicer (Philips Walita, Vito RI 6728, Barueri, SP, Brazil) and then freeze-dried for 72 h (Terroni Equipamentos Científicos, LS 3000, São Carlos, SP, Brazil). Subsequently, the freeze-dried samples were powdered using a ball mill (Brabender Technologie, Quadrumat Senior, Duisburg, Germany), sieved in 60 to 100 MESH, conditioned in polyethylene bags, packed under vacuum and kept at −18 °C until use.



Apple nectars supplemented with FD were prepared by mixing a commercial apple nectar and FD in different proportions (see Section 2.4). The supplemented apple nectars were characterized in terms of chemical, physicochemical and sensory properties (Section 2.3, Section 2.4, Section 2.5 and Section 2.6).




2.3. Centesimal Composition and Physicochemical Characterization


The methods of the Association of Official Analytical Chemists [21] were used to determine moisture content (AOAC 920.151), ash (AOAC 940.26), protein (AOAC 920.152), soluble and insoluble fibers (AOAC 985.29) and lipids (AOAC 948.22). Digestible carbohydrates were calculated as the difference to 100% [22]. Total soluble solids (TSS) (AOAC 932.12), pH (AOAC 981.12) and titratable acidity (AOAC 942.15) were determined according to AOAC (2012). Vitamin C was determined according to method 365/IV of Instituto Adolf Lutz [23].




2.4. Sensory Analysis


Sensory analysis assays were previously approved by the Unicamp Research Ethics Committee (1.179.209). The tests done are described in the sequence.



2.4.1. Difference-from-Control Test


Difference-from-control test was performed according to Meilgaard et al. (2004) [24]. Twenty six consumers of tropical fruit nectar participated on the test. Each one of the tasters received a standard (control) sample (non-supplemented), four codified samples (apple nectar supplemented with 5, 10 and 20 g/L FD) and the ballot. Tasters received 20 mL of each sample (4 °C) in 50 mL plastic cups. Samples were presented coded with three digit numbers, in balanced complete block design [25]. They were asked about the global sensory difference between the apple nectar (control) and the codified samples [26].



The collected data from difference-from-control test were analyzed by ANOVA and Dunnett test and the data from acceptance tests were analyzed by ANOVA and Tukey’s test (p < 0.05).




2.4.2. Acceptance Test


Acceptance test was performed according to Stone, Bleibaum and Thomas (2012) [27], carried out by 112 consumers of nectars. Each consumer received six codified samples, one standard sample (non-supplemented apple nectar) and five samples of the apple nectar supplemented with FD in the concentrations of 1, 5, 10, 15 and 30 g/L. Samples were presented in a monadic way, in balanced complete block design [25] and coded with three digit numbers. Consumers received 20 mL of each sample (4 °C) in 50 mL plastic cups and a specific ballot. On the ballot, the consumers were asked about the acceptance of the samples regarding the following parameters: appearance, color, texture, flavor and global impression. It was used a 9-cm unstructured line scale [28] for the evaluation of each parameter. Additionally, tasters were also asked about purchase intentions, measured through a structured 5 points scale going from “1 = would certainly not buy it” to “5 = would certainly buy it” [24].





2.5. Determination of Phenolic Compounds and Flavonoids


Total phenolics (TP) were determined using the Folin–Ciocalteu method [29]. FD was dissolved in methanol 50% to get a 3 mg/mL solution which was then diluted in order to obtain different concentrations (0.2–3.0 mg/mL). Non-supplemented and supplemented apple nectars were dissolved in methanol 50% to get 160 mg/mL solutions and then diluted in order to obtain different concentrations (20–160 mg/mL). A 60 μL aliquot of homogenate of each sample was mixed with 300 μL of 10-fold diluted Folin–Ciocalteau reagent and 240 μL of 7.5% sodium carbonate solution. After 5 min at 50 °C, absorbance at 750 nm was read in spectrophotometer (DU-640™, Beckman Coulter Inc., Brea, CA, USA). Standard concentrations of gallic acid (2.5–60 μmol/L) were used to prepare a calibration curve (Abs750 = 0.0271.Gallic acid [μmol/L] + 0.0303). Determinations were carried out in triplicate.



Flavonoids content was measured by a colorimetric assay described by Zhishen, Mengcheng and Jianming (1999) [30]. A FD extract was prepared by dissolving FD in water (50 mg/mL), followed by ultrasonic bath at 10 °C/30 min. This extract was centrifuged (5000 rpm/5 min at 5 °C) and used to prepare a series dilution (6–45 mg/mL). Extracts of non-supplemented and supplemented apple nectars were dissolved in water (600 mg/mL), followed by ultrasonic bath at 10 °C/30 min. The extracts were centrifuged (5000 rpm/5 min at 5 °C) and used to prepare a series dilution (75–525 mg/mL). The colorimetric reaction consisted of a mixture of 240 μL water, 60 μL sample and 18 μL NaNO2 5%. After 5 min, 18 μL of AlCl3 10% was added. After 6 min, 120 μL NaOH 1 M and 144 μL of water was added to the mixture. The absorbance of the resulting solution was read at 510 nm in spectrophotometer (DU-640™, Beckman Coulter Inc., Brea, CA, USA). A calibration curve was done with standard catechin solution (50–500 μmol/L) (Abs510 = 0.000943.Catechin [μmol/L] + 0.03892). Determination of TP and flavonoids were carried out in triplicate.




2.6. Antioxidant Capacity


2.6.1. DPPH• Scavenging Assay


Free radical-scavenging capacity was measured using a method proposed by Roesler (2007) [29] and Scherer and Godoy (2009) [31]. Experiments were performed on freshly prepared methanolic solutions of DPPH (0.004% w/v). In brief, 100 μL of FD, non-supplemented and supplemented apple nectars solutions, all prepared in methanol PA in different concentrations (0.25–3.5 mg/mL for FD and 10–140 mg/mL for non-supplemented and supplemented apple nectars), were mixed with 500 μL of DPPH solution in microtubes. After 30 min, the absorbance was read at 517 nm in spectrophotometer (DU-640™, Beckman Coulter Inc., Brea, CA, USA). Trolox was used as a standard using a calibration curve (25–200 μmol/L) (%Inhibition = 0.6063.Trolox [μmol/L] − 6.1592). This assay was performed in triplicate.




2.6.2. Trolox Equivalent Antioxidant Capacity (TEAC)


Antioxidant capacity was measured by the TEAC method described by Re et al. (1999) [32]. Briefly, the radical cation ABTS′ was prepared 12–16 h prior to the assay. Radical production occurred by mixing an aqueous solution of 7 mM ABTS′ and 140 mM potassium persulfate, which was then diluted with water until absorbance reached a value of 0.70 ± 0.02 at 734 nm. FD, non-supplemented and supplemented apple nectars solutions were prepared in ethanol in different concentrations (0.05–1.20 mg/mL for FD and 5–70 mg/mL for the nectars). The reaction system was composed of 100 μL of sample and 500 μL of ABTS•+ solution, followed by 6 minutes incubation at room temperature. The absorbance values were measured at 734 nm in a spectrophotometer (DU 640™, Beckman-Coulter, Brea, CA, USA). A calibration curve was plotted of absorbance reduction and concentration of Trolox (5–120 μM) (%Inhibition = 0.7525.Trolox [μmol/L] − 0.3657). This assay was performed in triplicate.




2.6.3. Oxygen Radical Absorbance Capacity (ORAC) Assay


The ORAC assay followed the procedure described by Leite et al. (2011) [33]. FD, non-supplemented and supplemented apple nectars solutions were prepared in 75 mM phosphate buffer (pH 7.4) in different concentrations (0.05–1.20 mg/mL for FD and 5–70 mg/mL for the nectars). Sample (20 μL) and fluorescein (120 μL; 70 μM in final concentration) solutions were mixed in one of the 96 wells of a black microplate. Then, 60 μL of an AAPH solution (final concentration 12 mM) was added and fluorescence was checked every cycle of 60 s for 80 cycles, with temperature kept at 37 °C, using a NovoStar Microplate reader (BMG Labtech, Ortenberg, Germany) with fluorescence filters (excitation, λ 485 nm; emission λ 520 nm). The result was calculated using the differences of areas under fluorescein decay curves between the blank (net AUC) and sample. AUC and net AUC were calculated as follows:


AUC = 1 + Σfi/f0



(1)







In which f0 is the initial fluorescence (t = 0) and fi is the fluorescence obtained at t = i (minutes).


Net AUC = AUCsample − AUCblank



(2)







Net AUC was plotted against sample concentration and results were compared to the standard curve (Net AUC versus Trolox concentration) (Net AUC = 0.03357.Trolox [μmol/L] + 6.4752). The equivalence of Trolox was given by the angular coefficient of Trolox curve concentration (μmol/L) versus sample concentration (μmol/L). This assay was performed in three independent replicates.






3. Results


3.1. Centesimal Composition of Araçá-boi


The material used to supplement the apple nectar, a freeze-dried araçá-boi (FD), was characterized in terms of centesimal composition. Based on the yield of FD (13.15 g/100 g), the composition of araçá-boi was calculated in wet weight and dry weight basis (Table 1).




3.2. Sensory Analysis


The strategy considered in this study was to first analyze if consumers would perceive the difference of non-supplemented nectars and nectars supplemented with 5 g/L, 10 g/L or 20 g/L of FD through a difference-from-control test In the sequence, an Acceptance and Purchase Intention test would be used to indicate which are these differences and whether they are desirable or not.



According to the results (Table 2), the analysts could detect differences (p < 0.05) in all supplemented apple nectars. Therefore, an acceptance test using hedonic scale was performed to check which these differences were and to evaluate which apple supplemented nectar would be best accepted by the consumers. The difference-from-control test was also important to guide the choice of which concentrations to be tested in the acceptance test.



The results presented in Table 3 indicate that N1FD was the sample presenting the best acceptance in relation to flavor and overall impression. This sample also presented the best acceptance in terms of global appearance, color and texture, although with no significant differences with regard to samples N0FD to N10FD, N5FD to N10FD and N0FD to N5FD, respectively. N30FD, on the other hand, showed the lowers acceptance averages for all parameters evaluated, probably influenced by its high acidity (Table 1). There were no statistically significant differences between N0FD and nectars supplemented with up to 10 g/L of FD, except for sample N1FD, as cited above.



In a reflex of such results, N1FD was the sample presenting the best profile of Purchase Intention (higher scores for “probably would buy it” or “definitely would buy it”), while N30FD showed the poorest behavior in terms of Purchase Intention (higher scores for “definitely would not buy it” and lower scores for “probably would buy it” or “certainly would buy it”) (Figure 1). N5FD or N10FD presented a profile of Purchase Intention close to that of the standard product (N0FD), i.e., the “unfavorable” deviations (increase in scores for “definitely would not buy it”, “probably would not buy it” and “I have doubts if I would buy it”; or decrease in scores for “probably would buy it” and “definitely would buy it”), varied from four (N5FD) to six (N10FD) percentage points, while the “favorable” deviations (decrease in scores for “definitely would not buy it”, “probably would not buy it” and “I have doubts if I would buy it”; or increase in scores for “probably would buy it” and “definitely would buy it”), reached 11 percentage points (N5FD) (Figure 1).




3.3. Physicochemical Characterization


The results for pH, titratable acidity, total soluble solids (TSS) and ascorbic acid content of the apple nectars are presented in Table 4.



The pH of N0FD was higher (3.15) than the reconstituted FD (2.55) and, for the supplemented nectars, the pH decreased as the level of supplementation increased. This is in accordance to the titratable acidity behavior, which is lower for N0FD (0.24 mg malic acid equiv./g) when compared to the reconstituted FD (3.86 mg malic acid equiv./g) and increases as the level of supplementation rises (Table 4). In terms of total soluble solids (TSS), it was evidenced that, as expected, higher supplementation levels resulted in higher TSS, passing from 9.85 g/100 g for N0FD to 11.54 g/100 g for N30FD. As for ascorbic acid content, considering that the level found for reconstituted FD (3.73 mg/100 mL) was much lower than that of N0FD (24.11 mg/100 mL), the rise of such parameter observed for the supplemented nectars was modest (<1 mg/100 mL) (Table 4).




3.4. Phenolic Compounds and Antioxidant Capacity


The results obtained indicate that FD has greater amount of phenolic compounds and higher antioxidant capacity than N0FD. Therefore, the phenolic compounds and the antioxidant capacity generally increased with the increase of FD supplementation (Table 5).



In terms of total phenols, it was possible to observe an increase in this parameter as the level of supplementation increased. However, there was no significant difference between N0FD and N1FD (Table 5), which obtained the best acceptance in the sensory analysis (Table 3, Figure 1). There were also no significant differences between N1FD and N5FD, between N5FD and N10FD, and between N10FD and N15FD (Table 5). Finally, N30FD presented a level of total phenols significantly higher than all the other nectar samples (Table 5), although this one was also the sample with the lowest acceptance in sensory analysis (Table 3, Figure 1).



As for flavonoids, there were no important differences for the supplemented nectars. The highest levels of flavonoids, observed for N5FD and N30FD, were not statistically different from the levels observed for N1FD or N15FD, which, in turn, were also not statistically different from the flavonoid content of N10FD. However, the non-supplemented sample presented a level of flavonoids statistically lower than all the other nectars (Table 5).



The values obtained by the DPPH assay showed that N30FD presented the highest antioxidant capacity. Significantly lower levels were observed for N15FD or N10FD, whose values were not significantly different between them. The lowest antioxidant capacities for the DPPH method were observed for N0FD, N1FD and N5FD, whose values were not significantly different among them (Table 5).



As for the antioxidant capacity determined by TEAC assay, the highest level was evidenced for N30FD. A significantly lower activity was observed for N15FD and N10FD, whose values were not significantly different between them. Even lower antioxidant capacities were determined for N5FD and N1FD, these two presenting levels not statistically different between them. The lowest antioxidant capacity, statistically lower than all the other nectars, was evidenced for non-supplemented apple nectar (Table 5).



Finally, for the antioxidant capacity determined by ORAC method, the highest activities were observed, in a decreasing order, for nectars supplemented with 30 g/L, 15 g/L, 10 g/L and 5 g/L FD, whose values were not significantly different among them. Similarly, N0FD, N5FD and N10FD did not show statistically significant difference among them. The lowest antioxidant capacity was determined for N1FD, but the activity of this sample was not significantly different from N0FD or N5FD (Table 5).





4. Discussion


The araçá-boi used in the present paper presented a centesimal composition and physicochemical parameters generally similar to those found in former studies [17,19,34,35]. In terms of phenolic compounds and antioxidant capacity of FD, some differences were observed between this and other studies. The total phenolic compounds found here, 82.32 mg GAE/100 g of fruit dw (Table 5), equivalent to 9.94 mg GAE/100 g fw, was lower than the values reported by Garzón et al. (2012) [19] (34.1 mg GAE/100 g fw), Lizcano, Bakkali, Begoña Ruiz-Larrea, & Ignacio Ruiz-Sanz (2010) [36] (157.00 mg GAE/100 g fw) and Neri-Numa et al. (2013) [9] (184.08 mg GAE/100 g dw), while the level of flavonoids found here (90.78 mg CE/100 g of fruit dw, equivalent to 10.96 mg CE/100 g fw), was higher than that determined by Lizcano et al. (2010) [36] (5 mg CE/100 g fw). The antioxidant capacity found in the present study was also higher than those found in previous results. The antioxidant capacity by DPPH method was 30.60 μmol (7.66 mg) TE/g of fruit dw (Table 5), equivalent to 3.69 μmol (0.92 mg) TE/g fw, while Garzón et al. (2012) [19] found 0.5 mg TE/g fw. As for TEAC method, the antioxidant capacity obtained here (48.73 μmol (12.19 mg) TE/g of fruit dw (Table 5), equivalent to 5.88 μmol (1.47 mg) TE/g fw) was also higher than the values reported by Garzón et al. (2012) [9] (0.65 mg TE/g fw), Canuto et al. (2010) [34] (0.75 mg TE/g fw) and Lizcano et al. (2010) [36] (1.4 mg TE/g fw). As for the ORAC method, we obtained an antioxidant capacity of 135.3 μmol TE/g of fruit dw (Table 5), equivalent to 16.33 μmol TE/g fw, while Lizcano et al. (2010) [36] and Neri-Numa et al. (2013) [9] found an antioxidant capacity of 12.1 μmol TE/g fw and 3.72 μmol TE per g of freeze-dried ethanolic extract, respectively. It is known that the physical and chemical constitution of a given fruit is determined by an integrated effect of many factors, such as variety, weather conditions, soil, altitude, fertilization, irrigation, pests, pruning, among others [37]. This might explain some of the differences when comparing different studies. Moreover, the differences observed may find explanation in the sample preparation and methods of extraction.



Juice and fruit nectars, prepared with a blend of two or more fruits, have become a growing market segment since it can provide higher nutritional and functional benefits and new sensory characteristics [38]. For this reason, they are good candidates to be supplemented with functional ingredients, therefore increasing its health appeal to consumers [39]. In this article we evaluated how the supplementation of apple nectar with different amounts of FD could influence the consumer acceptance and the antioxidant capacity of this beverage.



In the present study, the apple nectar supplementation generally resulted in an increase (not always statistically significant) in acidity (with concomitant decrease in pH), TSS, ascorbic acid content and antioxidant capacity. On the other hand, the sensory analyses have not shown a linear behavior in terms of acceptance and level of supplementation. This might be explained in terms of TSS/Acidity ratio whose relation with acceptance usually increases up to a limit value, beyond which acceptance decreases. Regarding apple juice, a TSS/Acidity ratio of 41.89 (acidity of 0.35% and 14.66 of soluble solids) resulted in the highest acceptance among consumers [40].



Therefore, considering our objective to maximize the phenolic content and the antioxidant behavior of the nectar while keeping its sensory acceptance, one might identify an optimum supplementation level. In terms of sensory impression, the best scores among all samples in the Acceptance and Purchase Intention test was evidenced for N1FD (Table 3; Figure 1). However, this sample has not shown significant differences in terms of total phenols and antioxidant capacity (DPPH and ORAC assays) when compared to N0FD (reference nectar), although the level of flavonoids and antioxidant capacity (TEAC assay) were significantly higher (Table 5). N10FD, in turn, presented significant increase in total phenols, flavonoids and antioxidant capacity with regard to N0FD, except for ORAC assay (not statistically different from neither N0FD or the highest ORAC value, i.e., N30FD) (Table 5). Nevertheless, although enriched with phenolics and antioxidants, N10FD has not shown statistically difference in terms of acceptance (Table 3) and also presented an Purchase Intention quite similar to the reference product (N0FD) (Figure 1). This demonstrates the possibility of enhancing the nutritional quality of this nectar without interfering significantly in its sensory aspects.




5. Conclusions


We showed that the supplementation of commercial apple nectar with an exotic fruit from Brazil (araçá-boi), at an optimal concentration of 10 g/L, can enhance the total phenols, flavonoids and the antioxidant capacity of this beverage without significantly interfering in its sensory properties. Therefore, we cannot avoid of speculating that similar behaviors may be possible when supplementing araçá-boi (why not other fruits?) to other food preparations, such as yogurts, for which a higher acidity is not only expected but also desired, besides its antioxidant properties, considerably lower than commercial apple nectars. In such case, we envisage that the increment in antioxidant capacity would be much greater than that observed in the present study and also that the sensory acceptance could be better, even for yogurts supplemented with higher proportions of FD. Therefore, this study might serve as basis for researchers willing to increase the nutritional quality of foods and beverages by the addition fruits or fruit extracts.
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Abbreviations




	AAPH
	2,20-azobis(2-methylamidinopropane)-dihydrochloride



	ABTS
	2,2′azino-bis-3-ethylbenzthiazoline-3-sulphonic acid



	CE
	catechin equivalent



	DPPH
	2,2-difenil-1-picrilhidrazila



	FD
	freeze-dried araçá-boi



	GAE
	gallic acid equivalent



	N0FD
	non-supplemented (pure) apple nectar



	N1FD
	apple nectar supplemented with 1 g/L of freeze-dried araçá-boi



	N5FD
	apple nectar supplemented with 5 g/L of freeze-dried araçá-boi



	N10FD
	apple nectar supplemented with 10 g/L of freeze-dried araçá-boi



	N15FD
	apple nectar supplemented with 15 g/L of freeze-dried araçá-boi



	N20FD
	apple nectar supplemented with 20 g/L of freeze-dried araçá-boi



	N30FD
	apple nectar supplemented with 30 g/L of freeze-dried araçá-boi



	TE
	Trolox equivalent



	TEAC
	Trolox equivalent antioxidant capacity



	Trolox
	6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid.
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Figure 1. Purchase Intention for non-supplemented apple nectar (N0FD) or supplemented with 1 g/L (N1FD), 5 g/L (N5FD), 10 g/L (N10FD), 15 g/L (N15FD) or 30 g/L (N30FD) of freeze-dried araçá-boi. 
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Table 1. Centesimal composition of freeze-dried araçá-boi (FD) and the calculated composition of araçá-boi in wet or dry weight. Three replications were performed and data are presented as mean ± standard deviation.
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	Parameter
	FD 1
	Composition (ww) 2
	Composition (dw) 3





	Moisture
	8.21 ± 0.21
	87.93 ± 0.46
	0



	Ash
	1.72 ± 0.02
	0.23 ± 0.01
	1.87 ± 0.01



	Lipids
	1.21 ± 0.05
	0.16 ± 0.01
	1.32 ± 0.05



	Proteins
	5.31 ± 0.08
	0.70 ± 0.03
	5.79 ± 0.07



	Digestible carbohydrates
	46.96 ± 2.73
	6.17 ± 0.84
	51.16 ±1.53



	Total fibers
	36.59 ± 1.37
	4.81 ± 0.33
	39.86 ± 1.40



	Soluble fibers
	9.84 ± 1.96
	1.29 ± 0.52
	10.72 ± 1.51



	Insoluble fibers
	26.75 ± 0.59
	3.52 ± 0.19
	29.14 ± 0.57







1 values expressed as percentage (%, w/w); 2 values expressed as percentage (%, wet weight), calculated considering the moisture of FD the yield of FD, i.e., 100 g of fresh fruit result in 13.15 g of FD; 3 values expressed as percentage (%, dry weight), calculated excluding the moisture content of FD.
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Table 2. Results of the difference-from-control test.
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	Comparison of Samples
	Difference between Means





	N20FD–N0FD
	5.85 ± 2.59 *



	N10FD–N0FD
	4.19 ± 3.16 *



	N5FD–N0FD
	2.31 ± 3.57 *







* Means with statistic difference (p < 0.05) according to Dunnett’s test.
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Table 3. Average * values for the sensory parameters evaluated in the acceptance test.
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	Sample
	General Appearance
	Color
	Flavor
	Texture
	Global Impression





	N0FD
	5.7 ± 1.8 ab
	5.5 ±1.9 b
	5.1± 2.3 bc
	5.9 ± 2.1 ab
	5.4 ± 1.97 bc



	N1FD
	6.1 a ± 1.6
	6.0 ± 1.6 a
	6.1 ± 1.8 a
	6.4 ± 1.7 a
	6.3 ± 1.50 a



	N5FD
	5.9 ± 1.8 ab
	5.8 ±1.8 ab
	5.4 ± 2.2 b
	5.9 ± 1.8 ab
	5.7 ± 1.81 b



	N10FD
	5.6 ± 1.8 ab
	5.5 ±1.8 ab
	4.5 ± 2.3 cd
	5.4 ± 2.2 bc
	5.0 ± 2.0 cd



	N15FD
	5.4 ± 2.0 b
	5.4 ± 2.0 b
	3.9 ± 2.4 d
	5.0 ± 2.2 c
	4.5 ± 2.1 d



	N30FD
	4.3 ± 2.4 c
	4.4 ± 2.3 c
	2.5 ± 2.3 e
	3.6 ± 2.4 d
	3.0 ± 2.2 e







* Means with same letters the same column do not differ statistically (p < 0.05) according to Tukey’s test.
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Table 4. Physicochemical parameters * of non-supplemented apple nectar (N0FD), apple nectar supplemented with 1 g/L (N1FD), 5 g/L (N5FD), 10 g/L (N10FD), 15 g/L (N15FD) or 30 g/L (N30FD) of freeze-dried araçá-boi and reconstituted freeze-dried araçá-boi. Three replications were performed and data are presented as mean ± standard deviation.
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	Sample
	pH
	Acidity 1
	TSS 2
	TSS/Acidity
	Ascorbic Acid 3





	N0FD
	3.15 ± 0.03 a
	0.24 ± 0.02 d
	9.85 ± 0.60 c
	41.04 ± 5.95
	24.11 ± 0.09



	N1FD
	3.07 ± 0.02 b
	0.27 ± 0.01 d
	10.36 ± 0.23 bc
	38.37 ± 2.28
	24.14 ± 0.10 4



	N5FD
	2.98 ± 0.02 c
	0.36 ± 0.01 cd
	10.56 ± 0.05 b
	29.33 ± 0.95
	24.25 ± 0.11 4



	N10FD
	2.92 ± 0.03 d
	0.48 ± 0.01 cb
	10.88 ± 0.25 b
	22.67 ± 1.00
	24.39 ± 0.13 4



	N15FD
	2.88 ± 0.02 d
	0.58 ± 0.05 b
	10.87 ± 0.37 b
	18.74 ± 2.27
	24.53 ± 0.15 4



	N30FD
	2.80 ± 0.04 e
	0.94 ± 0.19 a
	11.54 ± 0.07 a
	12.28 ± 2.67
	24.95 ± 0.21 4



	Reconstituted FD 5
	2.55 ± 0.02
	3.86 ± 0.13
	7.64 ± 0.55
	1.98 ± 0.20
	3.73 ± 0.37







* Means with same letters the same column do not differ statistically (p < 0.05) according to Tukey’s test. 1 Titratable acidity, expressed as g of malic acid (main organic acid in araçá-boi (Hernández, Barrera, Martínez, & Fernández-Trujillo, 2009)) per 100 g of sample; 2 Total Soluble Solids, expressed as g of sucrose per 100 g of sample (°Brix); 3 expressed as mg per 100 mL of sample. 4 values calculated considering the data obtained for N0FD and reconstituted FD and the proportion of each in the samples; 5 reconstituted based on the moisture content of the fresh fruit (Table 1).
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Table 5. Phenolic compounds and antioxidant capacity * of non-supplemented apple nectar (N0FD), apple nectar supplemented with 1 g/L (N1FD), 5 g/L (N5FD), 10 g/L (N10FD), 15 g/L (N15FD) or 30 g/L (N30FD) of freeze-dried araçá-boi and reconstituted freeze-dried araçá-boi. Three replications were performed and data are presented as mean ± standard deviation. Values from the same column with the same superscript letter do not present statistical differences (p < 0.05) (FD not included).
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	Sample
	Total Phenols 1
	Flavonoids 3
	DPPH 5
	TEAC 5
	ORAC 5





	N0FD
	0.374 ± 0.012 e
	1.126± 0.033 c
	0.142 ± 0.021 bc
	0.244 ± 0.003 d
	0.826 ± 0.075 bc



	N1FD
	0.389 ± 0.008 de
	1.433 ± 0.054 ab
	0.126 ± 0.003 c
	0.296 ± 0.003 c
	0.718 ± 0.024 c



	N5FD
	0.405 ± 0.008 cd
	1.522 ± 0.067 a
	0.139 ± 0.008 c
	0.286 ± 0.003 c
	0.969 ± 0.082 abc



	N10FD
	0.419 ± 0.007 bc
	1.328 ± 0.070 b
	0.180 ± 0.003 b
	0.343 ± 0.009 b
	0.973 ± 0.004 ab



	N15FD
	0.430 ± 0.008 b
	1.448 ± 0.034 ab
	0.188 ± 0.013 b
	0.339 ± 0.003 b
	1.163 ± 0.056 a



	N30FD
	0.554 ± 0.011 a
	1.537 ± 0.091 a
	0.232 ± 0.006 a
	0.433 ± 0.013 a
	1.214 ± 0.087 a



	FD
	82.32 ± 6.31 2
	90.78 ± 0.14 4
	30.60 ± 0.43 6
	48.73 ± 0.31 6
	135.31 ± 2.40 6







* Means with same letters the same column do not differ statistically (p < 0.05) according to Tukey’s test. 1 expressed as mg gallic acid equivalents per 100 g of nectar (fw), 2 expressed as mg gallic acid equivalents per 100 g of fruit (dw), 3 expressed as mg CE per 100 g of nectar (fw), 4 expressed as mg CE per 100 g of fruit (dw), 5 expressed as μmol TE per gram of nectar (fw), 6 expressed as μmol TE per gram of fruit (dw).
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