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Abstract:
							                           

Blueberry and raspberry pomace are a rich source of bioactive compounds that have not been commercially utilized yet, and ultrasound-assisted technology can efficiently extract these compounds. Also, the use of water as a solvent added to the ultrasound-assisted technology improves this eco-friendly process. Therefore, an aqueous eco-friendly extraction, including extraction time and ultrasound presence or absence (conventional extraction) was performed in order to extract bioactive compounds from blueberry and raspberry pomace. Response parameters included levels of anthocyanins, phenolic compounds, and flavonoids, and antioxidant activity determined by DPPH, ABTS, and FRAP methods. Analysis of variance results indicated that ultrasound-assisted extraction for 45 min. was feasible to extract the bioactive compounds. The antioxidant content of the extract obtained by the ultrasound-assisted process was 1.4 times higher on average and the total phenolic concentration was 1.6 times higher (for blueberry 5.02 and for raspberry 2.53 mg gallic acid equivalent/g) compared with those obtained by the conventional process. Thus, the ultrasound-assisted extraction method can be a profitable alternative to extract bioactive compounds from blueberry and raspberry pomace, as it is energy efficient, requires fewer chemicals, and produces less effluent. This eco-friendly technology is therefore viable for food, nutraceutical, and cosmetic industries, and also for reducing food waste.
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Introduction

Blueberry belongs to the genus Vaccinium and family Ericaceae 
(He et al., 2016) and is a rich source of dietary bioactive compounds such as organic acids and polyphenols, and especially anthocyanins (Wu et al., 2018). Raspberry is a fruit belonging to the genus Rubus and family Rosaceae (Kim, Sutton, & Harris, 2016). Similar to blueberry, raspberry is also a rich source of phenolic compounds (mainly anthocyanins) and ellagitannins (Kula, Majdan, Głód, & Krauze-Baranowska, 2016).

Anthocyanins are the largest group of water-soluble pigments found in the plant kingdom and are available in a variety of colors (red, blue, and purple). They are widely studied as natural coloring agents used in foods (Yousuf, Gul, Wani, & Singh, 2016). Consumption of anthocyanin-rich plant-based foods is beneficial for human health as these pigments exhibit anti-diabetic, anti-inflammatory, anti-carcinogenic, and antimutagenic effects, and function as scavengers of oxidative radicals (Avram et al., 2017; Orellana-Palma, Petzold, Pierre, & Pensaben, 2017).

Processing of fruit produces about 20%–60% of peel, seeds, stem, and pulp, which have bbeen recognized as a rich source of bioactive compounds (Amaya-Cruz et al., 2015; Kowalska, Czajkowska, Cichowska, & Lenart, 2017). Generally, large quantities of fruits are processed to produce juices, and the pomace is treated as a waste product (Avram et al., 2017).

Thus, it is very important to study the application of eco-friendly and efficient technologies to extract and transform pomace as a potential source of nutrients. One such eco-friendly technology is the ultrasound technique that exerts a cavitation effect in the solvent, thereby breaking the matrix cell wall and producing a high-quality extract efficiently (He et al., 2016; Wen et al., 2018; Wizi et al., 2018).

The ultrasound technique has been recently used in some food studies to improve the extraction of bioactive compounds. For example, a study applied different methods to recover anthocyanins from the pomace of blackberries, blueberries, and grumixama, and found that ultrasound-assisted extraction was the most efficient (Machado, Pereira, Barbero, & Martínez, 2017). Another study that used the ultrasound-assisted extraction technique on blueberry pomace reported higher anthocyanin and phenolic compound concentrations than those obtained by the conventional extraction method (He et al., 2016). In addition, the use of ultrasound-assisted extraction method improved the bioactive compounds in a raspberry puree study (Golmohamadi, Möller, Powers, & Nindo, 2013).

The use of blueberry and raspberry pomace for extracting bioactive compounds is promising because it uses a by-product from the fruit processing industry. The extract obtained is a useful ingredient in the food or pharmaceutical industries, mainly because of the high concentration of antioxidants, which have considerable human health benefits. Therefore, the objective of this study was to evaluate the ultrasound-assisted technique for extracting bioactive compounds from blueberry and raspberry pomace as an antioxidant source.




Material and methods


Materials

Blueberry (Vaccinium myrtillus) and raspberry (Rubus idaeus) pomace were purchased from the same batch from a pulp producer in the Paraibuna city in the state of São Paulo and were kept frozen (−18°C) until their use. The reagents used were of analytical grade.




Experimental design

Initially, the extraction process of bioactive compounds from blueberry and raspberry pomace was optimized using a factorial experimental design (22), including four points (in triplicate) under a similar set of conditions. The moisture content of blueberry (B) and raspberry (R) pomace was 72.89% and 53.91%, respectively. Both the pomace were diluted with distilled water at a concentration of 500 mg mL-1, according to preliminary tests. Extraction variables were as follows: extraction time (X1 =15 or 45 min.) and ultrasound (X2 =0, absence or X2 = 100%, presence) with the temperature manually controlled and maintained at around 60 ±3°C by considering an increase in temperature caused by the ultrasound treatment (He et al., 2016). For the ultrasound absence variable, the conventional extraction was performed in a conventional bath (Nova Orgânica) without agitation, while for the ultrasound presence variable, ultrasound-assisted extraction (UAE) was performed in an ultrasonic bath (Ultracleaner 1650 Unique, 40 kHz frequency, 120 Watts RMS power).

Response surface graphs were plotted to evaluate response parameters such as total monomeric anthocyanins, total phenolic compounds, total flavonoids, and antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH); 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS); and ferric reducing antioxidant potential (FRAP) methods.




Total phenolic compounds

The total phenolic compounds (TPC) analysis was performed by using Folin–Ciocalteu reagent and sodium carbonate solution (Na2CO3). The absorbance was measured using a spectrophotometer (Femto 700 plus) at 725 nm (Pierpoint, 2004; Singleton & Rossi, 1965). Gallic acid was used as the standard for the analytical curve (y = 0.006x). Results were expressed as dry weight in µg of gallic acid equivalent (GAE) mg-1 of extracts.




Total monomeric anthocyanins content

Total monomeric anthocyanins (TMA) were estimated by the differential pH method (Lee, Durst, & Wrolstad, 2005). The absorbance was measured using a spectrophotometer at 520 and 700 nm after an incubation of 20 min. at 25°C. Results were expressed as dry weight in µg cyanidin-3-glucoside mg-1 of extracts, according to equations 1 and 2.
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Where: MW = 449.2 g. mol−1 (molar mass of cyanidin-3-glucoside); 1000 = conversion factor from g to mg; Ɛ = 26900L. mol−1 (molar absorptivity of cyanidin-3-glucoside); ƛ = 1 cm (optical length of the cuvette); C = sample concentration.




Determination of total flavonoids

The analysis of total flavonoids (TF) was performed by the spectrophotometric assay using 10% aluminum chloride (AlCl3), 5% sodium nitrite (NaNO2), and 1 M sodium hydroxide (Alothman, Bhat, & Karim, 2009). The absorbance was immediately measured using a spectrophotometer at 510 nm. An analytical curve (y = 0.0005x) was plotted using the standard solution of quercetin, and the results were expressed as dry weight in µg quercetin equivalent (QE) mg-1 of extracts.




Antioxidant activity analyses

The reduction of the stable radical DPPH was determined by the spectrophotometric assay at 515 nm (Thaipong, Boonprakob, Crosby, Cisneros-Zevallos, & Byrne, 2006). Trolox was used as the standard for the analytical curve (y = 0.1175x + 0.8729). The efficiency of the sequestering activity was calculated, and the results were expressed as dry weight in µM Trolox equivalent (TE) mg-1 of extracts.

The antioxidant activity by the ABTS method was determined using the ABTS and potassium persulfate (K2S2O8) reagents (Nenadis, Wang, Tsimidou, & Zhang, 2004). The absorbance was measured using a spectrophotometer at 734 nm after an incubation of 6 min. at 25°C. An analytical curve (y = −0.0003x + 0.6586) was plotted using the standard solution of Trolox, and the results were expressed as dry weight in µM Trolox equivalent (TE) mg-1 of extracts.

The antioxidant activity by the FRAP method was determined by mixing the extracts with distilled water and FRAP reagent. The samples were maintained at 37°C in a water bath, and then absorbance was measured using a spectrophotometer at 595 nm). An analytical curve (y = 0.0006x - 0.0149) was plotted using the standard solution of Trolox, and the results were expressed as dry weight in µM Trolox equivalent (TE) mg-1 of extracts (Pulido, Bravo, & Saura-calixto, 2000).




Statistical analysis

The statistical software STATISTICA version 7.0 was used for the construction of experimental design and for the analysis of variance (ANOVA), for determination of the individual linear and interaction regression coefficients, and for plotting response surface graphs to visualize the simultaneous effect of each variable on each response parameter. The significance of all the terms of the polynomial equation was determined statistically, and a p-value of < 0.05 was considered statistically significant. The analytical curves for the antioxidant analyses were plotted using the Graph Pad Prism 5 software.






Results and discussion

Table 1 shows the experimental design with the independent variables and experimental data for the response parameters such as TPC, TMA, TF, DPPH, ABTS, and FRAP of blueberry and raspberry pomace.

Previous studies have shown the cavitation effect of UAE in fruits, in which the solvent enabled efficient extraction of bioactive compounds (He et al., 2016; Wen et al., 2018;
Wizi et al., 2018).

Another study has reported the values of 2.47 mg GAE g-1 for TPC, 1.36 mg cyanidin-3-glucoside g-1 for TMA, 19.36 µmol TE g-1 for ABTS, and 50.16 µmol TE g-1 for FRAP using blueberry pomace and UAE combined with hydroalcoholic solvents (Machado et al., 2017). These results of TPC, ABTS, and FRAP are similar to that of the present work (Table 1), while the TMA value is higher than that found in the present work (0.27 to 0.59 µg cyanidin-3-glucoside mg-1). Another study on blueberry obtained the TPC of 4.11 mg cyanidin-3-glucoside g-1, and TMA of 16.01 mg GAE g-1, which are higher than the present study, and the conditions used were 60°C, 25 min., and 70% ethanol for extraction (He et al., 2016).

Another study has shown that two varieties of raspberry pomace contain about 26.3 to 43.7 mg GAE g-1 of TPC, 2.32 to 4.28 mg cyanidin-3-glucoside g-1 of TMA extracted using 80% methanol and 0.05% acetic acid (Četojević-Simin et al., 2015). In contrast to this finding, our study showed lower TPC and TMA, probably because of the use of the aqueous extraction method and UAE time.




Table 1. Experimental design with the independent variables and experimental data for the responses.
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Blueberry: means followed by the same lowercase letters on column did not differ among themselves by Tukey’s test (p < 0.05). Raspberry: means followed by the same uppercase letters on column did not differ among themselves by Tukey’s test (p < 0.05). X1 and X2 presents extraction time and ultrasound absence or presence, respectively; B: blueberry; R: raspberry; CE: conventional extraction; UAE: ultrasound-assisted extraction; Iµg GAE mg-1 of extracts; IIμg cyanidin-3-glucoside mg-1 of extracts; IIIµg EQ mg-1 of extracts; IV, V and VIµM TE mg-1 of extracts.








The use of hydroalcoholic solvents has been reported to improve phenolic compounds and anthocyanins recovery compared with pure solvents (Garcia-Mendoza et al., 2017). However, the use of water as a solvent could be feasible to reduce the use of organic solvents like ethanol and methanol in fruit extraction, to make the process eco-friendly as employed in the present study.

By comparing B-UAE2 and R-UAE2 (Table 1), it can be observed that they have the highest values of all bioactive compounds analyzed. B-UAE2 had higher TPC, TMA, TF, DPPH, ABTS, and FRAP than R-UAE2, which shows that blueberry has 100% more bioactive compounds than raspberry.


Figures 1 and 2 show the response surface for bioactive compound extraction from blueberry and raspberry pomace, respectively. Tables 2 and 3 show ANOVA estimates the effect of factorial experimental design (22) from blueberry and raspberry pomace, respectively.

The highest extraction values for bioactive compound analysis (TPC, TMA, TF) and antioxidant activity (DPPH, ABTS, and FRAP) of blueberry pomace were obtained in a region at 45 min. and ultrasound presence (Figure 1). The ANOVA effect estimates for bioactive compound extraction from blueberry pomace (Table 2) showed that time (X1), UAE (X2), and the interaction between time and UAE (X1X2) were significant (p < 0.05) for all response variables.

The UAE method was found to be more efficient than the conventional method to extract TPC and TMA from blueberry pomace (Vaccinium ashei), using an optimum temperature average of 60°C (He et al., 2016). Another study used different methods combined with solvents to improve anthocyanin recovery from blackberry pomace, and the studies have reported that the use of UAE combined with hydroalcoholic solvents was the most efficient method for this extraction (Machado et al., 2017).

Response surface for bioactive compounds extraction from raspberry pomace (Figure 2) and ANOVA effect estimates (Table 3) showed that time (X1) and ultrasound presence UAE (X2) were significant (p < 0.05) for TPC, TMA, DPPH, and ABTS. The interaction between time and UAE (X1X2) was significant only for the ABTS method.

It was observed that time (X1) was significant for TF, but UAE (X2) and interaction (X1X2) were not significant. UAE (X2) was significant for FRAP but time (X1) and interaction (X1X2) were not. Nevertheless, the results suggested that the optimized extraction of raspberry pomace was in a region at 45 min. and ultrasound presence (Figure 2), as observed for blueberry pomace.

A raspberry puree study showed that ultrasound treatment had a significant and positive effect on bioactive compound extraction (Golmohamadi et al., 2013). In a previous study, the optimum UAE conditions of grape pomace were 40 kHz of ultrasound frequency and 25 min. of extraction time (González-Centeno et al., 2014).

Therefore, the use of UAE is energy efficient, less quantity of chemicals is required, and produces less effluent. This eco-friendly technology along with water as a solvent, can provide a good alternative to extract bioactive compounds from fruit pomace (Machado et al., 2017).
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Figure 1. Response surface for bioactive compounds extraction from blueberry pomace. (A) TPC: Y = 0.2325X1 + 0,1350X2 + 0,1121X1X2; (B) TMA: Y = 0.0290X1 + 0.0158X2 + 0.0110X1X2; (C) TF: Y = 1.0925X1 + 0.3687X2 + 0.3275X1X2; (D) DPPH: Y = 0.0926X1 + 0.0289X2 + 0.0282X1X2; (E) ABTS: Y = 2.5695X1 + 0.9112X2 + 0.4053X1X2; (F) FRAP: Y = 7.2095X1 + 2.9735X2 + 2.4056X1X2.


















Table 2. ANOVA effect estimates to factorial experimental design (22) response surface methodology to blueberry pomace
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X1 and X2 presents extraction time and ultrasound absence or presence, respectively. *Significant at p < 0.05; Coeff: Coefficient.
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Figure 2. Response surface for bioactive compounds extraction from raspberry pomace. (A) TPC: Y = 0.1283X1 + 0.0910X2 - 0.0041X1X2; (B) TMA: Y = 0.0024X1 + 0.0007X2 – 0.0003X1X2; (C) TF: Y = 0.3254X1 + 0.1056X2 - 0.0699X1X2; (D) DPPH: Y = 0.0803X1 + 0.0248X2 – 0.0023 X1X2; (E) ABTS: Y = 1.6162X1 + 0.7129X2 – 0.3117X1X2; (F) FRAP: Y = 0.7222X1 + 2.0426X2 – 0.1057 X1X2.


















Table 3. ANOVA effect estimates to factorial experimental design (22) response surface methodology to raspberry pomace.
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X1 and X2 presents extraction time and ultrasound absence or presence, respectively. *Significant at p < 0.05; Coeff: Coefficient.











Conclusion

The aqueous ultrasound-assisted process was efficient in extracting bioactive compounds from the blueberry and raspberry pomace; higher content of antioxidant compounds was extracted by the ultrasound-assisted method than conventional. This process is eco-friendly technology, which has no adverse effects on the environment.

Blueberry and raspberry pomace are known sources of antioxidant compounds valuable to food applications, but the use of the aqueous-UAE process can increase their benefits to consumers. In addition, the use of fruit pomace can be feasible to reuse industrial wastes.
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Coeff. p-Value Coeff. p-Value Coeff. p-Value Coeff. p-Value Coeff. p-Value Coeff. p-Value

Factor

Intercept
Bo 0.9506 0.0000* 0.0228 0.0000* 2.3260 0.0000* 0.3505 0.0000* 8.7272 0.0000* 20.5689 0.0000*

Linear
X1 0.1283 0.0000* 0.0024 0.0000* 0.3254 0.0002* 0.0803 0.0000* 1.6162 0.0000* 0.7222 0.0853
Xo 0.0910 0.0000* 0.0007 0.0159* 0.1056 0.1820 0.0248 0.0000* 0.7129 0.0000* 2.0426 0.0000%*

Interaction
X1X2 -0.0041 0.7160 -0.0003 0.2384 -0.0699 0.3735 -0.0023 0.6105 -0.3117 0.0149* -0.1057 0.7966
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