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GENERAL ABSTRACT 
 

INTRODUCTION 

Camu-camu (Myrciaria dubia) is a reddish-colored fruit found typically in the Amazon 
region. Uvaia (Eugenia pyriformis Cambess), also known as Uvalha, Uvaia do mato, is 
yellow to orange in color. Both fruits belong to the Myrtaceae family and have acidic 
flavors. These fruits have aroused the interest of industries (pharmaceutical, nutraceutical, 
food), due to the presence of vitamin C and other substances beneficial to health. Factors 
like these contribute to the development of extraction, identification and quantification of 
these compounds. Currently, the use of clean technologies that improve the extracts yield, 
reduce the extraction time and are low cost has been sought. Associated with clean solvents 
such as water, it is possible to avoid toxicity and reduce the environmental impact, in 
addition to being considered potentially green and ecofriendly. In this context, among 
several extraction techniques, it can be highlight ultrasound-assisted extraction (UAE) for 
facilitating mass transfer and reducing the size of fragments through the cavitation effect, in 
addition, it has greater efficiency and reduced energy when compared to conventional 
techniques. The reverse osmosis (RO) membrane concentration is a simple operation 
process, economically viable, and stands out for performing the separation / concentration 
of the compounds at room temperature, allowing the thermolabile compounds to be 
processed without modification or functional properties losses. There are few reports in the 
literature that evaluate the association of green technologies (ultrasound and reverse 
osmosis) for the extraction of bioactive compounds from camu-camu and uvaia, and there 
are few studies that point out alternatives for the reuse of uvaia residues. 
 
AIMS 

The objective of the study was to evaluate the best conditions for aqueous extraction of 
bioactive compounds from the camu-camu and Uvaia fruit (pulp and residue) using 
clean technologies, extraction assisted by ultrasound followed by reverse osmosis 
concentration, as well as characterizing the process steps and all obtained products. 
 
MATERIAL AND METHODS 

First, an experimental project was used to obtain the aqueous extract of the fruits (1: 4 
w / v), camu-camu and uvaia (pulp and residue), by means of ultrasound-assisted 
extraction (UAE) to evaluate different variables, being they, time (X1 = 2.5, 5 and 10 
min), amplitude (X2 = 20, 30 and 40%) and temperature (X3 = 40, 50 and 60 °C). After 
obtaining the best extraction conditions, the samples were concentrated by reverse 
osmosis (R25a, 500 Da, polyamide and and 5 bar area 3 ft2), and the flow rate was 
monitored. The process flow and the volumetric concentration factor were calculated. 
At the end of the sequential process, the products obtained (control sample, sample 
obtained after extraction and concentrated sample), were characterized according to the 
contents of phenolic compounds, antioxidant activity (DPPH, FRAP, ABTS), total 
flavonoids, anthocyanins (for camu-camu ) and carotenoids (uvaia), quantification of 
compounds (vitamin C, myricetin, cyanidin-3-glucoside, p-cumaric acid, rutin, gallic 
acid, quercetin, chlorogenic acid and ellagic acid) using HPLC-DAD UV / vis, and 
identification of compounds using UHPLC-MS / MS. All analyzes were subject to 
analysis of variance and Tukey test (p <0.05) using the Sisvar 5.6 statistical program, 
and the standard curves for the antioxidant tests were plotted using the GraphPad Prism 
5 program. 
 
 
 

8



 

RESULTS AND DISCUSSION 

It was verified that the Ultrasound Assisted Extraction (UAE) process, applied to obtain 
extracts rich in bioactive compounds of camu-camu and uvaia, generated satisfactory 
results, when followed by Reverse Osmosis membrane (OR) in order to concentration 
of the compounds. In the case of camu-camu, the best region for compounds extracting 
was 5 min, 60 °C and 30% amplitude according to the experimental design with the 
response to total phenolics compounds (TPC) and vitamin C. During the sample 
concentration, the permeate flow was measured as a function of the operating time for 
the reverse osmosis process at intervals of 3 minutes to 48 minutes, and varied from 
15.0 L / (h.m2) at the beginning of the process to 1.8 L / (h.m2), when the solids content 
reached 4.1 ° Brix. The reduction in permeate flow occurs because the membrane used 
is very dense and almost all soluble solids are retained as the process time increases. 
Fouling of the membrane impairs its useful life and performance, with low fouling being 
best. In the present study, the level of membrane fouling was relatively low (19%), and 
the concentration factor was 4.1 times that the initial volume (feed). The final 
concentrated sample (CC) of camu-camu showed the following results of phenolic 
compounds (25.798 mg GAE / g fw) and total anthocyanins (66.169 mg of cyanidin-3-
glucoside / 100 g total, being 3.2 and 6.5 times higher respectively than initial sample 
(CS). For the antioxidant analyzes the best result was obtained by the FRAP method 
(528.667 mmol TE / g) for final sample (CC). A total of twenty bioactive compounds 
were identified by UHPLC-Q – TOF-MS/MS, such as Cyanidin-3-O-glucoside, ellagic 
acid and Alnusiin for the first time detected in camu-camu. The quantification of some 
compounds was performed using HPLC-DAD / UV vis, and vitamin C was highlighted 
with 7.0 times higher in the final concentrated sample (52.01 mg /g) in relation to CS, 
followed by gallic acid (97.298 mg / 100 g), rutin (9.783 mg / 100 g) and Cyanidin-3-
glucoside (2.783 mg / 100 g) The same processes mentioned above were applied to pulp 
and residues (peel and seed) of uvaia. Best region of extraction for both was similar: 40 
° C temperature, 40% amplitude, with a difference only for the extraction time, residue 
(2.5 min) and for the pulp (10 min). For the residue concentration, the fouling found 
was slightly higher (39%) than for the pulp (31%), probably due to the presence of more 
solids in the sample. The concentration factor was 7.02 times higher than feed for 
residue sample, and 4.4 times for pulp of uvaia. The samples final concentration, of 
residue (CF) and pulp (CP), increased by 6.2 times (332.225 mg GAE / 100 g) and 3.7 
times (189.542 mg GAE / 100 g), respectively, for total phenolic content, in relation to 
the initial extract (RS). For flavonoids an increase of 7.8 (1300.179 mg QE / 100 g) and 
6.5 (207.870 mg QE / 100 g) with respect to the initial sample. For both concentrated 
final samples (CF and CP) the best results for antioxidant were obtained by the FRAP 
method (136.761 and 39.396 mmol TE / g). Fifteen and fourteen compounds were 
identified in the residue and pulp samples by UHPLC-Q –TOF-MS / MS, respectively. 
Quantification by HPLC-DAD / UV vis, allowed to highlight compounds such as: 
vitamin C (4.420 and 93.367 mg / 100g), galic acid (8.119 and 3.181 mg / 100 g), rutin 
(2.243 and 1.034 mg / 100g) and ellagic acid (9.407 and 1.876 mg / 100 g), for the final 
samples (CF and CP). The combination of the two techniques (UAE and OR) applied 
to camu-camu and uvaia (residue and pulp), showed great potential for recovery of 
bioactive compounds and can be applied in food, nutraceutical and cosmetic matrices, 
bringing their benefits to consumers.  
 
CONCLUSIONS 

It can be concluded that a combination of aqueous extraction assisted by ultrasound 
followed by the reverse osmosis concentration, were efficient for the bioactive 
compounds extraction, with emphasis on being clean and viable techniques. At the end 
of the processes, products with higher levels of phenolic compounds, total flavonoids, 

9



 

antioxidant activity were obtained, when compared to each other (control sample, after 
extraction and concentrated sample), both for camu-camu and for the different parts 
analyzed for uvaia. The uvaia residue (seed and peel) used as raw material, was highly 
promising for the bioactive compounds recovery. The final commercial fruit 
concentrate can be considered functional and viable for use by the food, nutraceutical 
and cosmetic industries. 
 
Keywords: Myrtaceae, functional foods, antioxidant activity, phenolic compounds, HPLC-
DAD/UV-vis, UHPLC-QTOF-MS/MS.
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RESUMO GERAL 

INTRODUÇÃO 

Camu-camu (Myrciaria dubia) é uma fruta de cor avermelhada encontrada tipicamente 
na região amazônica. Uvaia (Eugenia pyriformis Cambess), também conhecida como 
Uvalha, Uvaia do mato, apresenta coloração de amarelo a laranja. Ambas frutas, 
pertencem à família Myrtaceae e apresentam sabores ácidos. Esses frutos tem 
despertado o interesse das indústrias (farmacêuticas, nutracêuticas, alimentícias), 
devido a presença de vitamina C e outras substancias benéficas a saúde. Fatores como 
esses, contribuem para o desenvolvimento de extração, identificação e quantificação 
desses compostos. Atualmente, tem se buscado o uso de tecnologias limpas que 
melhorem o rendimento de extratos, diminuam o tempo de extração e sejam de baixo 
custo. Associado a solventes limpos como a água, pode-se evitar a  toxicidade e reduzir 
o impacto ambiental, além de ser considerado potencialmente verde. Nesse contexto, 
dentre várias tenicas de extração, a extração assistida por ultrassom (EAU) tem se 
destacado por facilitar a transferencia de massa e redução do tamanho dos fragmentos 
por meio do efeito de cavitação, além disso, apresenta maior eficiência e diminuição de 
energia em comparação às técnicas convencionais. A concentração por membrana de 
osmose reversa é um processo de operação simples, economicamente viável, e destaca-
se por realizar a separação/concentração dos compostos em temperatura ambiente, 
permitindo que os compostos termolabeis sejam processados sem modificação ou perda 
de propriedades funcionais. Existem poucos relatos na literatura que avaliam a 
associação de tenologias ecologicamente viáveis (ultrassom e osmose reversa) para a 
extração de compostos bioativos de camu-camu e uvaia, e são poucos os estudos que 
apontam alternativas para a reutilização dos resíduos de uvaia. 
 

OBJETIVOS 

O objetivo deste estudo foi, avaliar as melhores condicões de extração aquosa de 
compostos bioativos do fruto camu-camu e da Uvaia (polpa e resíduo) por meio de 
tecnologias limpas, extração assistida por ultrassom seguida de concentração por 
osmose reversa, bem como caracterizar as etapas do processo e todos os produtos 
obtidos. 

 
MATERIAL E METODOS 

Primeiramente, um projeto experimental foi utilizado para obtenção do extrato 
aquoso dos frutos (1:4 v/v), camu-camu e uvaia (polpa e resíduo), por meio da 
extração assistida por ultrassom (EAU) para avaliar diferentes variáveis, sendo elas, 
tempo (X1= 2,5, 5 e 10 min), amplitude (X2= 20, 30 e 40%) e temperatura (X3= 40, 50 
e 60 °C). Após a obtenção das melhores condições de extração , as amostras foram 
concentradas por osmose reversa (R25a, 500 Da, poliamida e área de 5 bar 3 pés2), 
e a vazão do processo foi monitorada. Foram calculados o fluxo do processo, bem 
como o fator de concentração volumétrica. Ao final do processo sequencial, os 
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produtos obtidos (amostra controle - CS, amostra obtida após extração - CE e 
amostra concentrada - CC), foram caracterizados quanto aos teores de compostos 
fenólicos, atividade antioxidante (DPPH, FRAP, ABTS), flavonoides totais, 
antocianinas (para camu-camu) e carotenoides (uvaia), quantificação de compostos 
(vitamina C, miricetina, cianidina-3-glucoside, ácido p-cumárico, rutina, ácido 
gálico, quercetina, ácido clorogênico e ácido elágico) por meio do HPLC-DAD 
UV/vis, e identificação de compostos através de UHPLC-MS/MS. Todas as análises 
foram submetidas à análise de variância e teste de Tukey (p <0,05) no programa 
estatístico Sisvar 5.6, e as curvas padrões para os testes de antioxidantes foram plotadas 
no programa GraphPad Prism 5. 
 
 
RESULTADOS E  DISCUSSÃO 

Foi verificado que o processo de Extração Assistida por Ultrassom (EAU), aplicado 
para obtenção de extratos ricos em compostos bioativos de camu-camu e uvaia, 
gerou resultados satisfatórios, acoplados com a concentração dos compostos apartir 
da utilização de membrana de Osmose Reversa (OR). No caso do camu-camu, a 
melhor região para extração dos compostos, foi de 5 min, 60 °C and 30% amplitude 
de acordo com o delineamento experimental tendo como resposta para fenolicos 
totais (FT) e vitamina C. Durante a concentração da amostra, o fluxo do permeado 
foi medido em função do tempo de operação para o processo de OR  em intervalos 
de 3 minutos até 48 minutos, e variou de 15,0 L / (h.m2) no início do processo a 1,8 
L / (h.m2), quando o teor de sólidos atingiu 4,1 ° Brix. A redução no fluxo de 
permeado aconteceu possivelmente pois a membrana usada é muito densa e quase 
todos os sólidos solúveis são retidos à medida que o tempo do processo aumenta. A 
incrustação da membrana prejudica a vida util e o desempenho da mesma, sendo 
melhor uma baixa incrutação. No presente estudo, o nível de incrustação da 
membrana foi relativamente baixo (19%), e o fator de concentração foi de 4,1 vezes 
o da alimentação. A amostra final concentrada (CC) de camu-camu apresentou os 
seguintes resultados de compostos fenólicos (25,798 mg GAE/g fw) e antocianinas 
totais (66,169 mg de cianidina-3-glucosídeo / 100 g totais, sendo respectivamente 
3,2 e 6,5 vezes maior que amostra inicial (CS). Para as análises antioxidantes o 
melhor resultado foi obtido pelo método de FRAP (528,667 mmol TE/g) para 
amostra final (CC). Um total de vinte compostos bioativos foram identificados por 
UHPLC-Q–TOF-MS/MS, como Cianidina-3-O-glucosídeo, Ácido Elágico e 
Alnusiina pela primeira vez detectado em camu-camu. A quantificação de alguns 
compostos foi realizada por meio do HPLC-DAD/UV vis, e a vitamina C apresentou 
destaque com um valor 7,0 vezes maior na amostra final concentrada (52,01mg/g) 
em realção ao CS, seguido do ácido gálico (97,298 mg/100 g), rutina (9,783 mg/100 
g) e Cianidina-3-glucosideo (2,783 mg/100 g). Os mesmos processos citados acima, 
foram aplicados para polpa e resíduos (casca e semente) de uvaia. A região ótima de 
extração para ambos foi semelhante: 40 °C de temperatura, 40% de amplitude, tendo 
diferença apenas para o tempo de extração, resíduo (2,5 min) e para a polpa (10 min). 
Para a concentração do extrato do resíduo, o fouling (incrustação) encontrado foi um 
pouco acima (39%) do que para a polpa (31%), devido provavelmente a presença de 
mais sólidos na amostra. O fator de concentração foi 7,02 vezes maior do que 
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alimentação para amostra de resíduo, e 4,0 vezes para a polpa de uvaia. A concentração 
final das amostras, de resíduo (CF) e polpa (CP), apresentou acréscimo de 6,2 vezes 
(332,225 mg GAE/100 g) e 3,7 vezes (189,542 mg GAE/100 g) respectivamente para 
teores de fenólicos totais, com relação ao extrato inicial (RS). Para flavonoides o 
aumento foi de 7,8 (1300,179 mg QE/100 g) e 6,5 (207,870 mg QE/100 g) com relação 
a amostra inicial. Para ambas amostras finais concentradas (CF e CP) os melhores 
resultados para antioxidante foi obtido pelo método de FRAP (136,761 e 39,396 mmol 
TE /g, respectivamente). Quinze e quatorze compostos foram identificados nas amostras 
de resíduo e polpa, respectivamente por UHPLC-Q–TOF-MS/MS. A quantificação por 
HPLC-DAD/UV vis, permitiu destacar compostos como: vitamina C (4,420 e 
93,367 mg/100 g), ácido gálico (8,119 e 3,181 mg/100 g), rutina (2,243 e 1,034 
mg/100 g) e ácido elágico (9,407 e 1,876 mg/100 g), para as amostras finais (CF e 
CP). Assim, a combinação das duas técnicas (EAU e OR) aplicadas em camu-camu e 
uvaia (resíduo e polpa), apresentaram grande potencial  para recuperação de compostos 
bioativos podendo utiliza-los como ingredientes em matrizes de alimentos, 
nutracêuticos e cosméticos, proporcionando benefícios aos consumidores. 
 

CONCLUSÕES 

Pode-se concluir que a combinação da extração aquosa assistida por ultrassom e 
seguida da concentração por osmose reversa, foram eficientes para extração dos 
compostos bioativos, tendo destaque por serem tecnologias limpas e viavéis. Ao 
final dos processos, foi obtido produtos com níveis mais altos de compostos 
fenólicos, flavonóides totais, atividade antioxidante, quando as amostras foram 
comparadas entre si (amostra controle, após extração e amostra concentrada), tanto 
para o camu-camu como para as diferentes partes da uvaia analisadas. O resíduo da 
uvaia (semente e casca) utilizado como matéria prima, foi altamente promissor para 
recuperação dos compostos bioativos. O concentrado final obtido das diferentes 
frutas, pode ser considerado funcional e viável para uso pelas industrias de 
alimentos, nutraceuticos e cosméticos. 
 
Palavras-chaves: Myrtaceae, alimentos funcionais, atividade antioxidante, compostos 
fenólicos, HPLC-DAD/UV-vis, UHPLC-QTOF-MS/MS.
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Abstract  31 

Aqueous ultrasound assisted extraction, followed by reverse osmosis were used to 32 

concentrate the bioactive compounds of Uvaia pulp. An experimental design with 33 

different extraction times (2.5, 5, 10 minutes), amplitude (20, 30 and 40%) and 34 

temperature (40, 50 and 60 ° C) was used, response variables being phenolic and 35 

carotenoid compounds. The ideal extraction conditions were obtained at a temperature of 36 

40 °C, 10 min and 40 % amplitude. After extraction the product was concentrated by 37 

reverse osmosis, obtaining relatively low fouling (31%). The product obtained showed an 38 

increase in bioactive compounds when extracted by ultrasound and concentrated by 39 

reverse osmosis. Fourteen compounds were identified by UHPLC-MS/MS. The 40 

concentrate was 3.7 times higher in phenolic content (189.542 mg GAE / 100g); and the 41 

concentration of total flavonoids was increased by 6.5 times (207.870 mg / 100g). In total 42 

the concentrate was 7.0 times higher in antioxidant activity. Finally, the concentrated 43 

Uvaia pulp showed potential to be used as a functional product, in the development of 44 

new food matrices, or in nutraceuticals and cosmetics. 45 

 46 

Keywords:  aqueous extract, bioactive compounds, Eugenia pyriformis C., UHPLC-47 

MS/MS. 48 

 49 

 50 

 51 

 52 

 53 

 54 
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Introduction  55 

 Uvaia (Eugenia pyriformis Cambess) belongs to the Myrtaceae family and is 56 

considered an exotic fruit, also known as uvalha, uvalha-do-mato and uvalheira. The name 57 

comes from the Tupi native language and means sour fruit. Uvaia is spherical, yellow and 58 

has a juicy and bitter pulp. It is used for the manufacture of jelly, juices and ice cream. 59 

Studies indicate that this fruit has high antioxidant and anti-inflammatory power when 60 

compared to other species, containing high levels of phytochemicals, including phenolic 61 

compounds [1,2]. 62 

In order to determine commercial uses for this fruit, it is essential to know its 63 

functional compounds and chemical composition. In this aspect, research on Brazilian 64 

native fruits has increased due to evidence that healthy foods, have positive effects on 65 

human health, reducing inflammatory processes through bioactive compounds, such as 66 

carotenoids, phenolic compounds and vitamins [3]. 67 

However, there are major limitations to the consumption of fresh fruit, such as 68 

high perishability and rapid changes in appearance due to water loss, resulting in a short 69 

shelf life. In addition, the Uvaia fruit has a strong acid flavor. These limitations can be 70 

minimized through processing and applied technologies that can maintain their bioactive 71 

compounds or minimize the loss of such substances [4]. 72 

Through research it is possible to identify biological properties as notes De Paulo 73 

Farias et al. [5] who reported on the need for further research on Brazilian native fruits to 74 

establish more species as commercial crops, emphasizing that the volume of information 75 

on fruits it is still very poor.  76 

To improve extraction efficiency of bioactive compounds, ultrasound assisted 77 

extraction technique is suggested as an alternative, which reduces processing time, solvent 78 
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consumption and improves solid-liquid extraction. Therefore, ultrasound assisted 79 

extraction is considered a clean technology. The efficacy of ultrasound assisted extraction 80 

can be attributed to bubble cavitation, which facilitates the opening of biological matrices 81 

and thus the release of compounds [5]. 82 

In addition to UAE, other membrane separation processes, when compared to 83 

traditional technologies, are viable clean possibilities, since they have low operating cost, 84 

reasonable conditions of pressure and temperature, easy control, and high selective 85 

separations. In addition, the process does not require an extraction agent or chemical 86 

additives, preventing contamination of products and protecting the biological activity of 87 

the compounds of interest.  88 

Pressure-driven membrane processes, such as micro (MF), ultra (UF) and 89 

nanofiltration (NC), and also reverse osmosis (RO) are well-established technologies in 90 

the food industry for the treatment of numerous products and by-products [6]. Reverse 91 

osmosis was highlighted in recent years for its ability to concentrate non-thermal fruit 92 

juices [7]. Some works have already carried out tropical fruit’s juice extraction followed 93 

by membrane concentration, [8,9] however the present work is the first to use a sequential 94 

process (UAE + RO) for Uvaia extraction. 95 

The main objective was to investigate the use of clean technologies, ultrasound 96 

assisted extraction (UAE) and reverse osmosis, for aqueous extraction of bioactive 97 

compounds from Uvaia pulp. 98 

 99 

Materials and methods 100 

Chemicals reagents  101 

6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2 102 
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diphenyl-1-picrylhydrazyl (DPPH), Calcium gallate, Folin- Ciocalteu reagent, TPTZ 103 

(2,4,6 -tripyridyls-triazine), ascorbic acid, cyanidin 3-glucoside, ellagic acid, gallic acid, 104 

quercetin, rutin, p-coumaric acid, myricetin, chlorogenic acid, and cyanidin chloride 105 

were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Milli-106 

Q ultrapure water was used in the required analyzes. 107 

 108 

Pulp sample and Chemical analyses 109 

Uvaia pulp was purchased in Paraibuna - SP, Brazil and kept frozen (-18ºC) until 110 

analysis. Pulp composition was analyzed in triplicate by: total soluble solids 111 

(0brix) using an HI96801 digital refractometer (Hanna Instruments); pH, moisture, ashes, 112 

protein (micro Kjeldahl) lipids and carbohydrates by difference (100 –113 

(moisture+protein+lipids)) [10]; and the color parameters were determined by a portable 114 

colorimeter Minolta® CR400.  115 

 116 

Ultrasound assisted extraction (UAE) by experimental design  117 

Uvaia pulp samples were diluted in water to a concentration of 50 g of solids in 118 

200 mL of solvent (1: 4) [8,11].  119 

The ultrasonic probe system used, provided a power of 750 W and a frequency of 120 

20 kHz (collective Parmer 750-Watt Ultrasonic Processors). By means of the automatic 121 

amplitude compensation provided by the equipment, adjustment to the desired level was 122 

carried out on a scale of 0-40% (0-20 kHz), allowing the adjustment of ultrasonic 123 

vibrations through the probe tip (titanium, 13 mm diameter), maintaining the desired 124 

extraction amplitude. The probe was inserted directly into the sample and the approximate 125 

volume of each test was 250 mL. Based on the experimental design, the following 126 
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parameters were studied: ultrasound extraction time (X1 = 2.5, 5 and 10 min), amplitude 127 

(X2 = 20, 30 and 40%) and temperature (X3 = 40, 50 and 60 ° C) added by three central 128 

points, and response variables were the concentration of phenolic compounds and 129 

carotenoids, being evaluated by response surface (statistical program 7.0). 130 

All extractions were kept pulsating (5 s pause and 5 s pulse) according to 131 

preliminary tests and following literature [8,12]. 132 

After extraction, the entire extracts were vacuum filtered and stored in a freezer (-133 

18 °C), for further analysis.  134 

 135 

Reverse Osmosis (RO) Membrane Concentration 136 

The extract obtained under optimized conditions of extraction was cooled to 25 °C 137 

and subjected to filtration (0.45 µm) to remove possible dirt or larger particles, preventing 138 

damage to the membrane. Then the extract was concentrated on a R25A, 500 Da, 139 

polyamide membrane, pressure of 5 bar and filtration area of 3 feet2. The process took 140 

place at room temperature (25 °C), and the flow rate was monitored until stable. 141 

The flow was calculated using the weight of the collected concentrate and 142 

measured at different time intervals, together with the flow data of distilled water in the 143 

membrane in its clean and dirty state as well. Thus, the percentage of fouling (% F) was 144 

calculated according to equation 1, using the data collected during the concentration 145 

process. The feed and permeate volume were used to calculate the volumetric 146 

concentration factor (VCF) [13]. 147 

%𝐹 =
(ି)


𝑋100                                                                                                         (1) 148 

Following that, the initial extracts (PS), the extract obtained under ideal conditions 149 
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in the ultrasonic extraction (PE) and the concentrate obtained in the membrane process 150 

(CP) were analyzed. 151 

 152 

Bioactive compounds 153 

Total phenolic compounds (TPC)  154 

 Total phenolic compounds were determined by colorimetric analysis using the 155 

Folin-Ciocalteu reagent, as described by Singleton et al. [16] & Pierpoint [17]. The 156 

obtained measurement was compared with a gallic acid calibration curve (R2 = 0.99). 157 

Results were expressed in milligrams of gallic acid equivalent (mg GAE) per 100 g of 158 

fresh pulp (f.p). 159 

 160 

Total carotenoids 161 

Total carotenoid was evaluated according to Lichtenthaler [16], where 2 mL of 162 

extract was homogenized with 18 mL of 80% acetone. The mixture was then filtered on 163 

filter paper, in the absence of light, and read sequentially on a spectrophotometer at 164 

absorbance of 647, 663 and 470 nm. The concentration was determined according to 165 

equation 2: 166 

C(x+c) (µg/mL) = (1000 A470 – 1.82 Ca -85.02 Cb)/198                                                      (2) 167 

Where Ca (µg/mL) = 12.25 A663 – 2.79 A647; Cb (µg/mL) = 21.50 A646 – 5.10 A663. 168 

 The concentration of pigments was expressed in µg per 100g of f.p.  169 

 170 

Vitamin C by high performance liquid chromatography (HPLC)  171 

Vitamin C was quantified by using the peak area obtained in HPLC according to 172 

Rodrigues et al. [8] results are expressed in mg per g -1 f.p applying the standard 173 
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curve (Y=4.84e^006X-4.02e^005, R2=0.998106).   174 

 175 

Total flavonoids (TF)  176 

 Total flavonoids were determined in 510 nm absorbance according  to Alothman 177 

et al.[17]. The results are expressed in mg of quercetin equivalent (QE).100g -1 f.p.          178 

 179 

Antioxidant activity (DPPH, FRAP and ABTS) 180 

The reduction of the stable radical DPPH (2,2 diphenyl-1 picrylhydrazine) was 181 

measured by spectrophotometric assay [18].  182 

The antioxidant activity on the ABTS (2,2'- azinobis (3 ethylbenzothiazoline-6-183 

sulfonic acid) method was performed using a colorimetric assay [19]. 184 

              For the FRAP (Ferric Reducing Antioxidant Power) method the extracts were 185 

mixed with distilled water and FRAP reagent, then kept at 37 °C (during 30 min) in a 186 

water bath, after that a spectrophotometer reading was performed (595 nm) [20]. 187 

Results of all antioxidant analysis were presented in mmol of Trolox equivalent 188 

(TE).g-1 product.  189 

  190 

Bioactive compounds by UHPLC-MS/MS and HPLC-DAD/UV vis 191 

Bioactive compounds from uvaia extracts were analyzed by a UHPLC-192 

MS/MS (Ultra-high performance liquid chromatography tandem mass spectrometry) 193 

system (Shimadzu, Nexera X2, 194 Japan). Chromatographic separation was performed 194 

using an Acquity UPLC BEH C18 column (Waters, USA, 1.7 μm, 2.1 × 100 mm), the 195 

parameters were: elution with a gradient mixture solvents: A (water with 0.1% formic 196 

acid, v:v) and B (acetonitrile with 0.1% formic acid, v-v), 5% B (0–1 min), 70% B (1–197 
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5 min), 98% B (5-15 min) and maintained at 5% B (15–20 min) at 40 °C. The flow rate 198 

was at 0.250 mL min−1 [21]. 199 

The compounds were analyzed by a Q-TOF (Impact II, Bruker Daltonics 200 

Corporation, Germany) equipped with an electrospray ionization source (ESI), the 201 

parameters settings were: the capillary voltage was operated in positive ionization mode 202 

set at 4500 V, with a potential plate end of −500 V, dry gas flow 8 L min−1 at 180 °C, 203 

nebulization gas pressure 4 bar. The acquisition data were monitored as mass range from 204 

m/z 50 to 1300 with an acquisition rate of 5 Hz. The 5 most intense ions were selected for 205 

automatic tandem mass spectrometry (AutoMS/MS) [24]. 206 

Compounds were quantified by high performance liquid chromatography (HPLC-207 

DAD UV/vis) as described in [8]. 208 

 209 

Statistical Analysis  210 

The data were presented as mean ± standard deviation and analysis of variance 211 

(ANOVA) and Tukey's test for the minimum significant difference (p <0.05) between the 212 

means using the Sisvar 5.6 statistical program [23]. Calibration curves for antioxidant 213 

analyzes were performed using the GraphPrism 5 program [24]. 214 

  215 

Results and discussion   216 

Initial pulp characterization   217 

 Uvaia pulp had an average total soluble solids (TSS) content of 4.40 ± 0.173 °brix, 218 

pH 4.27, humidity of approximately 95.0 ± 0.00% and 0.150 ± 0.017% of ash. The pulp 219 

color analysis showed a luminosity (L) of 31.9 ± 0.035, a tendency to red (a *) of 1.32 ± 220 

0.017 and yellow (b *) to 17.41 ± 0.021. The lipid content was 0.5 ± 0.015 (g per 100 g) 221 
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and protein 0.770 ± 0.006 (g per 100 g) on a wet basis.  222 

             The whole Uvaia has already been characterized previously, with TSS values of 223 

7.75 and pH 3.06, corroborating with our study where only pulp was evaluated [25]. Other 224 

authors reported values for physical-chemical evaluation of two different varieties (Dura 225 

and Pêra) during the 4-day post-harvest storage period showing values for pH 2.95 to 3.2 226 

and stated that fruits with low values for pH are suitable for the processing of sweets, 227 

however they prevent the fresh fruit consumption [26]. 228 

           A study characterized three species of the Myrtaceae family (yellow guava, 229 

guabiroba and Uvaia), determining the antioxidant potential and evaluating the chemical 230 

composition of the fruits. The authors used uvaia pulp and peel, obtaining values of 0.52 231 

for lipids, 15.82 g per 100g dry matter for protein, 94.50 for moisture and 0.23 g per 100 232 

g fresh matter for ashes, [27] values similar to those found in the present study. 233 

 234 

Experimental planning - ultrasound assisted extraction 235 

The experimental results of TP and carotenoids (Table 1) of the Uvaia pulp extract 236 

ranged from 50.600 to 54.900 mg of EAG / 100g of f.p., and 139.134 to 354.250 µg total 237 

carotenoids / 100g f.p. respectively. 238 

Table 1. Results of total phenolic content and carotenoids at different extraction 239 

conditions according to a central composite design. 240 

 241 

Run 

Extraction conditions Response 

Time (min) Amplitude (%) 
Temperature 

(°C) 
TPC (mg/100g) 

Carotenoids (µg 

/100g) 

1 2.5 20 40 51.600 145.711 

2 10 20 40 53.700 183.187 
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3 2.5 40 40 53.300 241.255 

4 10 40 40 53.200 335.495 

5 2.5 20 60 54.900 190.795 

6 10 20 60 53.600 274.371 

7 2.5 40 60 51.500 242.113 

8 10 40 60 53.800 354.250 

9 5 30 50 50.800 139.134 

10 5 30 50 51.400 144.492 

11 5 30 50 50.600 298.608 

TPC total phenolic compounds. 242 

 243 

Figure 1 (A-F) shows the response surface according to the effect of the sonication 244 

time, temperature and amplitude variables. For the extraction of TP (Fig 1. AB), time (X1) 245 

was significant (p <0.05), and amplitude (X2) and temperature (X3) interaction had a 246 

negative influence according to the equation (Y = 2.28 X12 - 0.65X2X3). For the 247 

extraction of carotenoids (Fig. 1 D-F) the two variables of extraction time (X1) and 248 

amplitude (X2) were significant (p <0.05), and amplitude is slightly more important than 249 

time, analyzing the equation obtained (Y = 40.96 X1 + 47.44 X2). According to the results, 250 

the combination of variables presented the following points as the ideal extraction region: 251 

10 minutes, 40% amplitude at 40 °C, a condition that was used in other stages of this work. 252 
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 253 

Figure 1. Response surface between three variables (time, amplitude, and temperature) in 254 
the extraction of Total Phenolic compounds (TP mg GAE/ 100g ff, A - C) and carotenoids 255 
(µg /100g f.w, D - F.). (A, B, C) TP = 2.28 X12 - 0.65X2X3 (D, E, F) Carotenoids = 40.96 256 
X1+ 47.44 X2. 257 

 258 

In the present study, the extraction of carotenoids was facilitated by ultrasound in 259 

combination with time. Cavitation, which occurs during the ultrasound process, is so 260 

called because it produces several mechanical effects, such as rupture of the cell wall and 261 

particle collisions, which allow the solvent to penetrate the sample more easily. The 262 

ultrasonic power can weaken the cell wall and thus increase the contact of the compounds 263 
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and the solvent, allowing a decrease in the sonication time [28]. 264 

Another work used the same methodology to determine carotenoids in Uvaia pulp 265 

and reported lower values (91.0 µg total carotenoids / g) for its sample compared to the 266 

values obtained through UAE (139.134 to 354.250 µg total carotenoids) / 100g f.p). The 267 

authors also remark the importance of carotenoids in health and in focusing the interest of 268 

food industries for its natural dye properties [29]. 269 

A recent study also used ultrasound assisted extraction (UAE) to extract total 270 

carotenoids from peach peel, using soybean oil as the extraction solvent. The optimized 271 

extraction parameters were 48 °C, and 28 minutes of extraction to obtain the highest 272 

content of carotenoids (151.50 mg / 100 g) [30]. 273 

In the study reported by Aware et al. [31], different extraction techniques and 274 

different solvents were evaluated to obtain maximum extraction of phytocomponents 275 

(total phenolics, flavonoids and antioxidant activity) from Mucuna macrocarpa beans. 276 

Water and ultrasound were found to be the most effective solvent and technique. The 277 

response surface methodology was also used to investigate the ideal process conditions 278 

(time and ultrasonic power) for maximum compound extraction. (Chakraborty, Uppaluri, 279 

& Das, 2020) also stated in their research that the pulsed ultrasound process represents a 280 

promising opportunity in relation to conventional extraction methods for production of 281 

aqueous extracts from various sources for future food, medicinal and functional 282 

applications. 283 

 284 

Pulp concentration process 285 

 The permeate flow was measured as a function of the operating time for the reverse 286 

osmosis process at intervals of 5 min up to 70 min, and varied from 14.0 L / (h.m2), at the 287 

26



 

beginning of the process, to 3.0 L / (h.m2), when the solids content reached 3.2 °Brix for 288 

PE. During the process, a reduction in the permeate flow is noted, which may be justified 289 

by the type of membrane used (pore size) and probably the deposition or adsorption of 290 

high molecular weight of the sample that lead to partial blocking of the membrane pores 291 

[32,33]. However, the use of RO has the advantages of obtaining high quality concentrated 292 

products because of low operating temperature, easy operation and lower energy 293 

consumption, and results mainly in the retention of nutritional compounds [32]. 294 

 Fouling is the accumulation of unwanted deposits inside the pores or on the 295 

membrane surface, which causes a reduction in the flow of permeate. In addition, it is one 296 

of the main factors that reduces membrane useful life, as it reduces the productivity and 297 

quality of the permeate, while simultaneously increasing operation cost due to higher 298 

energy demand, and additional pretreatments [34].  299 

The membrane fouling level was relatively low (31%), and the concentration factor 300 

was 4.4 times that of the feed. Another study used the same membrane, to concentrate 301 

bioactive compounds from the Camu-camu fruit, and according to results, the reverse 302 

osmosis membrane presented low fouling (19%) and was a suitable process, with a 303 

permeate flow of 15 to 1.8 L / (h.m2) for 48 min showing excellent results for a 304 

concentrated sample [8].  305 

Researchers used RO to increase the concentration of bioactive compounds in 306 

apples, blueberries and cranberry juice, to prepare a functional drink with antioxidant 307 

properties. Through the technique used, they obtained greater constituents of polyphenols 308 

such as catechin, chlorogenic acid, anthocyanins and greater antioxidant capacity [9]. And 309 

prior to the work cited, the same author used ultrasound assisted extraction to prepare an 310 

aqueous extract with ginger, rich in bioactive compounds [35]. 311 
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 312 

Bioactive compounds  313 

Table 2 shows the analysis of TPC, antioxidants (DPPH, ABTS and FRAP) and 314 

total flavonoids from samples of PS, PE and CP. 315 

Regarding the TPC levels, we noticed an increase of 3.7 times (189.542 ± 2.933mg 316 

GAE / 100g) of the concentrate (CP), in relation to the initial extract (PS) which was 317 

51.154 ± 0.391, and also an increase of 1.2 times (62.560 ± 0.391) of the optimal extract 318 

(PE) in relation to the initial (PS), with a significant difference in relation to the other two 319 

samples (Table 2).  320 

 321 

Table 2. Bioactive compounds from different Uvaia pulp samples (p.f) 322 

 PS PE CP 
TPC (mg GAE/100g) 51.154c ± 0.391 62.560b ± 0.391 189.542a ± 2.933 

TF (mg QE/100 g) 31.544c ± 1.601 71.932b ± 3.203 207.870a ± 14.413 

ABTS (mmol TE/g) 4.555c ± 0.0749 5.588b ± 0.075 21.926a ± 0.337 

DPPH (mmol TE/g) 3.698b ± 0.000 3.699b ± 0.000 21.006a ± 0.709 

FRAP (mmol TE /g) 3.684b ± 0.309 3.267b ± 0.037 39.396a ± 1.081 

Vitamin C (mg/100g) 49.574c±0.880 54.781b±0.023 93.367a±0.540 

Myricetin (mg/100g) 0.216a ± 0.000 0.228a ± 0.000 0.279a ± 0.002 

Chlorogenic acid (mg/100g) 0.132b ± 0.000 0.138b ± 0.000 0.246a ± 0.000 

Ellagic acid (mg/100g) 0.807c ± 0.000 0.898b ± 0.000 1.876a ± 0.001 

p-coumaric acid (mg/100g) 0.061a ± 0.000 0.067a ± 0.000 0.199b ± 0.001 

Quercetin (mg/100g) 0.000b ± 0.000 0.005b ± 0.000 0.1410a ± 0.000 

Rutin (mg/100g) 0.342c ± 0.000 0.383b ± 0.000 1.034a ± 0.000 

Gallic acid (mg/100g) 0.834c ± 0.000 1.033b ± 0.001 3.181a ± 0.000 
The data are expressed as means ± standard deviations. Means followed by the same letter in the lines do not differ significantly from 323 
each other by the Tukey test at 5% significance. PS = control sample, PE = ultrasound optimal extraction, CP = concentrated sample, 324 
TPC= total phenolic compounds, TF=total flavonoids, GAE= gallic acid equivalent, QE= quercetin equivalent, TE = Trolox equivalent. 325 

 326 
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A study evaluated three different solvents (aqueous, ethanolic and hydroethanol) 327 

for the extraction of bioactive compounds from Uvaia pulp, and reported values for the 328 

aqueous extraction of TPC (34.70 ± 0.99 mg (GAE) 100 g-1 pulp) and total flavonoids 329 

(0.04 ± 0.00 mg (QE) 100 g-1 pulp) below those found in the present study. The same was 330 

noted for antioxidant activity by the analyzes of DPPH (249.45 ± 62.15 mg (TEAC) 100 331 

g-1 pulp), ABTS (27.00 ± 0.57 mg (TEAC) 100 g-1 pulp) and FRAP (64.74 ± 1.28 mg 332 

(TEAC) 100 g-1 pulp) [36]. 333 

For the analysis of antioxidant activity by DPPH, all samples were different from 334 

each other (p <0.05), revealing that the techniques used (UAE and RO) were efficient for 335 

the extraction and concentration of compounds. In the ABTS and FRAP method, the 336 

samples showed a significant difference between them only for the concentrated sample 337 

(CP). The greatest increase was noted for FRAP analysis where the concentrate (CP) was 338 

10.7 times greater (39.396 ± 1.081) than the control sample (PS) 3.684 ± 0.309. 339 

For total flavonoids, all three samples showed a significant difference between 340 

them (p <0.05), and RO favored the increase of this class by 6.5 times (207.870 ± 14.413 341 

mg QE / 100 g) than the control sample (31.544 ± 1.601 mg QE / 100 g). Total flavonoids 342 

are extremely important according to literature, as they have beneficial effects on human 343 

health and are characterized as important antioxidants due to their high potential redox, 344 

acting as reducing agents and singlet oxygen quenchers [37,38]. 345 

In a work previously reported by da Silva et al. [26] the authors analyzed bioactive 346 

compounds and antioxidant capacity from six different Uvaia species (‘Common’, 347 

‘Rugosa’, ‘Doce de Patos de Minas’, ‘Pêra’, ‘Rugosa Doce’ and ‘Dura’). Values of total 348 

flavonoids ranging from 22.97 ± 3.15 to 38.58 ± 1.48 mg 100 g-1 f.w., were obtained. 349 

DPPH antioxidant activity ranged from 9.94 ± 0.78 to 29.71 ± 0.62 mmol trolox 100 g-1 350 
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d.w. and the vitamin C content of 1.37 ± 0.03 to 64.82 ± 14.98 mg 100 g-1 f.w. All values 351 

reported are below that found in our paper (Table 2) for the PE and CP samples, 352 

confirming once again the efficiency of the techniques used in the process. 353 

Vitamin C was increased 1.9 times (93.367 ± 0.540 mg per 100g) in the 354 

concentrate (CP) in relation to initial sample (PS) (49.574 ± 0.880 mg per 100g), showing 355 

a significant difference between the three samples. The Uvaia species 'Doce de Patos de 356 

Minas', weighs approximately 11.4 g, and may be an alternative source of natural vitamin 357 

C, taking into account human daily needs, the fruit can supply around 72.04% (for men) 358 

and 86.45% (for women) [3]. 359 

Pereira et al. [27] determined the antioxidant potential of three species of the 360 

Myrtaceae family, including Uvaia, which presented a value of 0.7 ± 0.37 mg equivalent 361 

chlorogenic acid per 100 g dry matter for vitamin C, and explained that there are many 362 

factors that influence the amount of vitamins in fruits, such as the stage of ripening at 363 

harvest, species, genetic variation, storage and processing conditions. 364 

The bioactive compounds quantified by HPLC / UV DAD vis (Table 2), among 365 

which those that stood out were gallic acid, ellagic acid, vitamin C and rutin and the three 366 

samples showed significant difference (p <0.05) between them (PS, PE and CP). 367 

Chlorogenic acid and quercetin were significantly different for the CP sample only. 368 

Myricetin and p-coumaric acid did not vary between samples. The CP when compared 369 

with PS showed 3.8, 3.2 and 3.0 times higher levels of gallic acid, p-coumaric acid and 370 

rutin respectively. Quercetin was not noticed in the PS, and subtly appeared in the PE 371 

sample, but it is 28 times higher in the CP sample, indicating that the concentration process 372 

was feasible for this target compound. 373 

A study used Uvaia purée to evaluate the extraction of phenolic compounds, and 374 
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performed the quantification of individual phenolic compounds by HPLC-DAD / UV, 375 

obtaining the following values for extraction with distilled water: Gallic acid (255.8 ± 376 

6.91); Chlorogenic acid (33.4 ± 1.54); p-coumaric acid (2.9 ± 0.12); Rutin (0.83 ± 0.01); 377 

Myricetin (23.0 ± 1.25); Quercetin (114.2 ± 3.52) all values were expressed in mg / Kg of 378 

fresh weight [11]. 379 

 380 

Bioactive compounds identification by UHPLC-MS/MS 381 

The analysis of UHPLC-MS/MS allowed the detection and identification of 382 

bioactive compounds of Uvaia pulp. So, 14 compounds were identified (in CF sample), 383 

12 compounds in the PE sample, 11 compounds in the PS sample. The identification of 384 

these compounds is carried out through the interpreted mass spectra (MS) and 385 

fragmentation spectra (MS/MS) by comparing with literature spectra and public databases 386 

such as GNPS, [39] KEGG [40] and PubChem [41]. The compounds were manually 387 

confirmed and mass errors ranged from 0.0 to 4.6 ppm (Table 3). These compounds 388 

belong to the phenolic acid and flavonoid classes. 389 

Gallic acid compounds [M+H]+ m/z 171.0288; ascorbic acid [M+H]+ m/z 390 

177.0394; p-Coumaric acid [M+H]+ m/z 165.0540; chlorogenic acid [M+H]+ m/z 391 

355.1028 (Table 3), belong to the class of phenolic acids, which are antioxidant 392 

compounds that reduce some chronic diseases related to oxidative stress through anti-393 

inflammatory, antibacterial, antiproliferative, and anticarcinogenic activities [42]. 394 

The class of flavonoids is predominant in all samples, being: myricetin [M+H]+ 395 

m/z 319.0449; quercetin [M+H]+ m/z 303.0485; rutin [M+H]+ m/z 611.1584; 396 

dihydrotricetin [M+H]+ m/z 305.0647; isoquercitin [M+H]+ m/z 465.1029; quercitrin 397 

[M+H]+ m/z 449.1076; kaempferol 3-O-alpha-L-rhamnoside [M+H]+ m/z 433.1121; 398 
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quercetin-3-O-pentoside [M+H]+ m/z 435.0916 the last three compounds are glycoside 399 

flavonoids. Tribuloside [M+H]+ m/z 595.1438 derived from a kaempferol, also belongs to 400 

the class of flavonoids, as well as Bellidifolin-8-O-glucoside (swertianolin) which is a 401 

potential compound for the development of therapeutic drugs [43].  402 

There are reports on this group of compounds working against heart disease, 403 

coronary artery disease, and even in reducing the incidence of type 2 diabetes. In addition, 404 

they show important antioxidant effects, anti-obesity action, anticancer activity, reducing 405 

oxidative stress and inflammation [44]. These are some benefits mentioned, such as 406 

disease reduction, which are associated with the consumption of foods containing 407 

flavonoids [42,45]. 408 
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Table 3. Bioactive compounds of different Uvaia samples 409 

 410 

*nd= not detect; RT- retention time; PS - control sample; PE - ultrasound optimal extraction; CP - concentrated sample. 411 

 412 

 413 

Compound identify RT  

(min) 

Molecular 

 Formula 

[M+H]+  

Measured 

[M+H]+  

              Accuracy 

Error  

(ppm) 

Sample 

PS    PE     CP 

Gallic acid 1.97 C7H6O5 171.0288 171.0288 0.0   

Ascorbic Acid 1.19 C6H8O6 177.0394 177.0394 0.2   

p-Coumaric acid 1.23 C9H8O3 165.0540 165.0546 -3.6   

Myricetin 3.97 C15H10O8 319.0449 319.0448 0.3   

Chlorogenic acid 3.95 C16H18O9 355.1028 355.1024 1.2   

Quercetin 4.00 C15H11O7 303.0485 303.0499 -4.6 nd nd 

Dihydrotricetin 3.86 C15H12O7 305.0647 305.0655 -2.6   

Kaempferol 3-O-alpha-L-rhamnoside 4.49 C21H20O10 433.1121 433.1129 -1.8 nd nd 

Quercetin-3-O-pentoside 4.17 C20H18O11 435.0916 435.0922 -1.4   

Bellidifolin-8-O-glucoside 3.83 C20H20O11 437.1064 437.1078 -3.2   

Quercitrin 4.22 C21H20O11 449.1076 449.1078 -0.4   

Isoquercitin 4.00 C21H20O12 465.1029 465.1027 0.4   

Tribuloside  5.09 C30H26O13 595.1438 595.1446 -1.4 nd  

Rutin 3.87 C27H30O16 611.1584 611.1606 -3.6   
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Conclusions 414 

             Ultrasound assisted extraction combined with reverse osmosis, appears to be a good 415 

alternative to improve the availability of phenolic compounds, through sonication and membrane 416 

concentration, of the bioactive substances from Uvaia pulp extract. In addition, water used as a 417 

solvent is an inexpensive and non-toxic source, proving to be ideal for extraction of bioactive 418 

compounds.  419 

        The final concentrate obtained was rich in bioactive compounds, presenting higher values 420 

than the initial sample. Total phenolics were 3.7 times greater; flavonoids 6.5 times greater and 421 

superior antioxidant activity in 4.8, 5.7 and 10.7 times for ABTS, DPPH, and FRAP respectively, 422 

highlighting gallic acid (3.8), p-coumaric acid (3.2), rutin (3.0) and vitamin C (1.9) times higher 423 

than the initial extract, concluding in the identification of 14 compounds by UHPLC-Q-TOF-MS 424 

/ MS. 425 

          In summary, the study carried out was highly promising because it obtained a final 426 

concentrate of Uvaia pulp rich in phenolic compounds and with high antioxidant activity, 427 

indicated for functional foods, medicinal and cosmetic products. In addition, this concentrate has 428 

potential application as a natural dye. 429 
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A B S T R A C T

Technical feasibility of an ecofriendly sequential process (ultrasound assisted extraction and reverse osmosis, or
UAE and RO) was evaluated in order to obtain a functional Camu-camu (Myrciaria dubia) product with high
vitamin C content. Water was used in the assisted extraction by probe ultrasound (UAE) in an experimental
design to evaluate different times, amplitudes and temperatures. The best region for total phenolic (TP) and
vitamin C (VC) extraction was 5 min, 60 °C and 30% amplitude. Following extraction, the sample was con-
centrated by reverse osmosis (R25a, 500 Da, polyamide, and 5 bar area 3 ft2), obtaining a relatively low fouling
of 19%. At the end of the sequential process (by HPLC-DAD/UV vis), was obtained a concentrated camu-camu
(CC) with high Vitamin C (52.01 ± 0.889 mg/g) and cyanidin-3-glucoside, being respectively 7.0 and 4.5 times
higher; also the concentration of phenolic compounds was increased by 3.2 times (25.798 mg GAE/g), and
anthocyanins in 6.5 times (66.169 mg of cyanidin-3-glucoside/100 g) as well as high antioxidant activity by all
three methods evaluated (increased 3.0, 4.6 and 2.38 times for ABTS, DPPH, FRAP, respectively) by comparing
the CC with the initial extract (CS). Twenty compounds were identified by UHPLC-QTOF-MS/MS, highlighting
quercetin, gallic acid, p- coumaric, ellagic acid and cyanidin-3-glucoside, and at the first time alnusiin was
detected in camu-camu. Therefore, the combination of ultrasound assisted extraction and reverse osmosis can be
a promising profitable alternative in order to apply bioactive compounds in food, nutraceuticals and cosmetic
matrices, bringing their benefits to consumers.

1. Introduction

Camu-camu (Myrciaria dubia) is a reddish-colored fruit belonging to
the Myrtaceae family found typically in the Amazon region [1]. This
fruit is an important source of antioxidants because it has high levels of
vitamin C (ascorbic acid) and high amounts of phenolic compounds,
classifying it as a functional food [2].

This type of fruit is popular due to its high nutritional content and
also stands out for the presence of bioactive compounds, such as the
phenolic group that includes flavonoids, carotenoids and anthocyanins,
that have disease prevention effects and provide health benefits by
acting as natural antioxidants [3,4].

In addition to the use of Camu-camu as natural food coloring, this
plant has also aroused interest in the pharmaceutical industry for the
production of cosmetic and nutraceuticals mainly due to the presence of
ascorbic acid and other beneficial substances. These factors contribute
to the development of extraction, identification and quantification
studies of these compounds [5].

Increasing interest has emerged in the use of clean technologies that
are able to provide high extract yield simultaneously preventing any
solvent-associated toxicity [6]. The water was used in this study as
extraction solvent, according to the literature is considered potentially
green, as it reduces the environmental impact, is not toxic to health,
being considered safe, low cost, short extraction time and high
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efficiency [7,8]. Ultrasound assisted extraction (UAE) is an efficient,
simple and economical technique. Using this technique can improve
solid-liquid extractions, reducing extraction time and increasing yield.
The use of ultrasound can be seen as a green technique because it takes
less solvent, shorter extraction time and simpler operation [9,10].

To Arent et al [11], membrane separation is an alternative to
minimize nutritional and sensory loss in fruit processing. The ad-
vantages detected by this process are energy saving, simplicity of op-
eration, no special chemical requirements, economically viable for
concentration and purification, and separations are highly selective. In
addition, separation can be performed at mild or room temperature,
allowing thermolabile compounds to be processed without modification
or loss of functional and sensory properties. This makes membrane
separation a viable alternative to conventional methods used in liquid
food processing [12–14].

The reverse osmosis (RO) process has been in evidence in recent
years for being an efficient non-thermal process to concentrate fruit
juices. This is relatively new, and it works by the difference in water
vapor pressure occurring through the membrane, transferring from the
higher to the lower pressure side. In addition, concentrated osmosis
solutions can be used for feed without drastically decreasing perme-
ability, thus maintaining flow stability at high concentration levels
[15].

Other technologies have been studied for this fruit, a study eval-
uated camu-camu as a new source of Vitamin C, as it is widely used in
the food, pharmaceutical and cosmetics industries. The authors eval-
uated three different extraction techniques: pressurized liquid extrac-
tion (PLE), acid extraction, and maceration, being the pressurized liquid
extraction (PLE), (a green technology), a viable alternative for ob-
taining extracts rich in vitamin C [5].

This study presented as innovation factor the Vitamin C con-
centration by ultrasound assisted extraction with water, in order to
obtain a concentrated camu-camu product (with a sequential process
UAE and RO). The literature reported only the separated process, as an
example, the thermosonication (in different conditions) was used to
evaluate physicochemical changes in camu–camu nectars [16]. RO was
evaluated together with the osmotic evaporation process (OE), in order
to concentrate the camu – camu juice, the authors concluded that such
integrated processes were effective being an alternative to the con-
centration of thermosensitive juices [17].

Thus, the objective of this study was: 1) to evaluate the best con-
ditions for aqueous extraction of phenolic compounds and vitamin C
from Camu-camu fruit through UAE; 2) concentrate the extract ob-
tained in the optimal region by RO; 3) characterize all products ob-
tained.

2. Materials and methods

2.1. Samples, chemicals and reagents

6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox),
2,2 diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, Calcium
gallate, TPTZ (2,4,6-tripyridyls-triazine) were obtained from Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA). Ascorbic acid, cyanidin 3-
glucoside, ellagic acid, gallic acid, rutin, quercetin, p-coumaric acid,
chlorogenic acid, myricetin and cyanidin chloride, were the standards
used also from Sigma-Aldrich. All reagents/solvents were of analytical or
HPLC grade in accordance with the requirement. Milli-Q ultrapure water
was used in the required analyzes.

The fruits of Camu-camu were purchased from the company Camu-
camu fruits of the Amazon (Vitória do Xingu, Brazil), November/2018
harvest. To determine the composition of the ground fruits, the fol-
lowing physicochemical analyzes were performed: total soluble solids
(0brix) using an HI96801 digital refractometer (Hanna Instrument); pH,
moisture, ashes, protein (micro Kjeldahl) and lipids and carbohydrates
by difference (100 – (moisture + protein + lipids)) [18]; color were

determined by the Minolta ® CR400 portable colorimeter.

2.2. Ultrasound assisted extraction (UAE) by experimental design

Camu-camu samples were diluted in water to a concentration of
50 g of solids in 200 mL of solvent [19]. Water was used as solvent,
because is ecofriendly and save for future food applications.

An ultrasound system probe was used (750 W and 20 KHz; collective
Parmer 750-Watt Ultrasonic Processors). Its amplitude controller al-
lowed the ultrasonic vibrations through the probe tip (titanium 13 mm
diameter) to be adjusted to the desired level of 0–40% (0–20 kHz) scale
by the controller. The tests had a volume of approximately 250 mL and
the probe was inserted directly into the mixture. According to pre-
liminary results, the ultrasound extraction time (X1 = 2.5, 5 and
10 min), amplitude (X2 = 20, 30 and 40%) and temperature (40, 50,
and X3 = 60 °C) have been evaluated by experimental design, added of
three central points and the response variable was the concentration of
phenolic compounds and ascorbic acid, being evaluated by response
surface (Statistical program 7.0). All extractions were performed with
respectively 5 s of pause and 5 s of pulse and according to preliminary
tests and literature results [20]. After extraction, the samples were
vacuum filtered and analyzed. The sequential process was described as
a flowchart (Fig. 1).

2.3. Reverse osmosis (RO) membrane concentration

The freshly prepared extract in optimized condition and cooled to
25 °C was filtered (0.45 µm) previously and afterwards concentrated
under the following conditions: membrane R25A, 500 Da, polyamide,
5 bar pressure and filtration area 3 ft2. The flow rate was monitored
during the process which was performed at room temperature (ap-
proximately 25 °C). The process was interrupted when flow stabilized.

The flow was calculated by measuring the weight of the concentrate
collected at different time intervals, with the flow data of distilled water
in the clean membrane and the stable flow in the foul membrane, it was
possible to calculate the percentage of fouling (% F) according to Eq.
(1). The volumetric concentration factor (VCF) was determined using
feed volume and permeate volume [21].

= ×F Ji Jf
Ji

% ( ) 100 (1)

The concentrate obtained, the initial extracts, and the extract ob-
tained in optimal condition in the ultrasonic extraction were analyzed.
Sequential process was described as a flux diagram (Fig. 1).

Fig. 1. Sequential process for Camu-camu concentration.
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2.4. Bioactive compounds analysis

2.4.1. Total phenolic compounds (TP)
The determination of total phenolic compounds (TP) was performed

using the Folin-Ciocalteu reagent and sodium carbonate (Na2CO3)
[22,23]. Absorbance was verified by spectrophotometer at 725 nm after
30 min of incubation at 25 °C. Gallic acid was used as the standard for
the calibration curve (R2 = 0.99). Results were expressed as mg of
gallic acid equivalent (EAG) g−1 of fw.

2.4.2. Vitamin C (VC)
The vitamin C content was quantified by high performance liquid

chromatography (HPLC) according to the method of [24] with mod-
ifications. A Waters Alliance e2695 HPLC system equipped with a
quaternary pump (model waters 2998) and UV-VIS and DAD detectors
(set at 254 nm) with automatic sample injection was used. Chromato-
graphic separation was performed using a reverse phase C18 (ma-
cherey-nagel) column. The mobile phase used was gradient system
water acidified with phosphoric acid (eluent A) and acetonitrile (eluent
B) (95:5). The injection volume was 1 μL of sample, and the run flow
was 0.4 mL min−1 with a total run time of 10 min at room temperature
(25 °C). The extracts were filtered (0.45 μL) and injected in duplicate
automatically into the column. Quantification was based on the peak
area with results expressed in mg/g−1 fw applying the standard curve
(Y = 4.84e^006X-4.02e^005, R2 = 0.998106).

2.4.3. Monomeric total anthocyanins
The differential pH method [25] was used to determine total

monomeric anthocyanins (TMA) with potassium chloride (KCl) and
sodium acetate (C2H3NaO2) reagents. Absorbance was verified by
spectrophotometer at 520 and 700 nm after 20 min of incubation at
25 °C. Results were expressed as mg cyanidine-3-glycoside.100 g−1 fw,
According to Eqs. (2) and (3).

=AT ABS nm ABS nm pH ABS nm ABS nm pH( 520 700 ) 1.0 ( 520 700 ) 4.5 (2)

= × × ×
×

AT PM dfAnthocyanins ( 10 )3

(3)

where PM is the cyanidine-3-glucoside molar mass (449.2 g/mol), df is
the dilution factor, 103 is used as the g to mg conversion factor, Ɛ is the
cyanidine-3-glucoside molar absorption (26,900 L/mol) and ƛ the op-
tical path length of the cuvette (1 cm).

2.4.4. Total flavonoids (TF)
The determination of total flavonoids (TF) was performed by col-

orimetric assay in absorbance 510 nm using aluminum chloride (AlCl3),
sodium nitrite (NaNO2) and sodium hydroxide (NaOH) [26]. The re-
sults are expressed in mg of equivalent quercetin (QE) g−1 fw.

2.4.5. Antioxidant activity (DPPH, FRAP and ABTS)
The reduction of the stable radical DPPH (2,2-diphenyl-1-picrylhy-

drazyla) was determined by the colorimetric method at 515 nm [27].
The efficiency of the sequestering activity was calculated according to
Eq. (4), the results are expressed in mmol of equivalent Trolox (TE) g−1

fw.

= ×
A A

A
Free radical sequestration efficiency(%)

( )
100control sample

control

(4)

where:

Control: Absorbance of negative control.
Sample: Mean absorbance of the sample.

The antioxidant activity by ABTS assay was performed using the
ABTS reagents (2,2′-azinobis (3-ethylbenzthiazoline sulfonic acid-6))

and persulfate potassium (K2S2O8) [28]. Absorbance was verified by
spectrophotometer at 734 nm after 6 min of incubation at 25 °C. A
calibration curve was prepared using Trolox standard solution, results
were expressed as mg of equivalent Trolox (TE) g−1.

For the FRAP method the extracts were mixed with distilled water
and the FRAP reagent, then kept for 30 min at 37 °C in a water bath and
sent to the spectrophotometer for reading at 595 nm, the results were
expressed in mg g−1 fw [29].

2.4.6. Bioactive compounds by UHPLC-Q-TOF-MS/MS and HPLC-DAD/
UV vis

The CS, OE and CC samples were re-suspended in 500 µL of water/
acetonitrile (1:1; v:v) and 3 µL of each sample were injected and ana-
lyzed using an ultra-high-performance liquid chromatography
(Shimadzu Nexera X2, Japan). The chromatography separation was
performed with an Acquity UPLC® CSH C18 column (50 mm× 2.1 mm,
1.7 μm; Waters, USA) with column temperature of 40 °C. The mobile
phase was a gradient mixture of solvents; A (H2O with 0.1% formic
acid, v:v) and B (acetonitrile) with an optimized linear gradient elution
as follows: 5% B 0–1 min, 70% B 1–10 min, 98% B 12–16 min and
maintained at 5% B 16–20 min, the final four minutes being intended
for reconstitution of the column for the next analysis [30].

Mass spectrometry was performed on a Q-TOF geometry Impact II
(Bruker Daltonics Corporation, Germany) high resolution equipped
with electrospray ionization (ESI) source. All MS data were acquired by
using a sodium formate solution (10 mmol L−1 NaOH solution in iso-
propanol: water (1:1; v:v) solution containing concentrated formic acid)
as calibrant to ensure mass accuracy and reproducibility. The ionization
source was operated on the positive and negative mode and adjusted to
4500 V with an end plate offset potential of −500 V. The drying gas
parameters were adjusted to 8 L min−1 at 180 °C and gas pressure of
mist at 4 bar. The data were collected in the range of m/z 50 to 1300
with 5 Hz of acquisition rate, which the 5 most intense ions were se-
lected for automatic fragmentation (Auto MS/MS). The energies for
induced collision dissociation (CID) were 15–40 eV for fragmentation
information [30]. The data were acquired by the Hystar Application
software version 3.2 and Ot of Control (Bruker Daltonics Corporation,
German).

Compounds were quantified by high performance liquid chroma-
tography (HPLC) according to the method of [31] with modifications.
Chromatographic separation was performed using a reverse phase C18
(macherey-nagel, 250 × 4.6 mm) column operating at 40 °C. The
mobile phase used was 0.1% formic acid in water (v/v) (eluent A) and
acetonitrile (eluent B). The injection volume was 1 μL of sample and the
flow of the race was 0.9 mL min−1 with a total run time of 30 min. The
gradient schedule was: 0 min 90% (A), 0–17 min 40% (A), 17–22 min
40% (A), 22–28 min 90% (A) and maintained at 90% (A) until the end
of the race at 30 min. UHPLC/DAD analyzes were performed at six
different wavelengths: 265 nm for rutin, 275 nm for gallic acid, 310 nm
for coumaric acid, 370 nm for myricetin and 520 nm for cyanidin 3-
glucoside.

The phenolic compounds were identified by comparing retention
time and UV absorption spectra with available standards. The extracts
were filtered (0.45 μL) and automatically injected into the column and
quantification was based on peak area (R2 > 0.99) with concentra-
tions expressed in mg/100 g−1 fw.

2.5. Statistical analysis

All analyzes were performed in triplicate and subjected to analysis
of variance and Tukey test for the minimum significant difference
(p < 0.05) between means using the Sisvar 5.6 statistical program.
Calibration curves for antioxidant analyzes were performed using the
GraphPrism 5 program.
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3. Results and discussion

3.1. Initial fruit characterization

The fruits had on average total soluble solids (TSS) content of
7.20 ± 0.15° brix, pH = 3.24, moisture content of approximately
84.00 ± 0.01, and 0.21 ± 0.03 ash, protein content was 0.81 ± 0.0,
and lipids 0.25 ± 0.01 and carbohydrates of 14.94 g/100 g on wet
basis. Regarding the color of the whole fruit, Brightness (L) was
52.55 ± 0.68, the tendency for red (a*) was 19.19 ± 1.14 and for
yellow (b*) 21.70 ± 0.47.

Ref. [32] characterized the whole fruit of Camu-camu finding pH
values = 3.09 and TSS = 7.26 very close to the present study. Ref. [2]
also reported similar values for TSS (6.40° Brix), pH (2.44), 0.4 g/100 g
protein and 0.2 g/100 g lipid parameters. Ref. [33] also reported si-
milar values for the characterization of Myrciaria dubia pulp, and
stressed that due to high acidity values, the fruits are not sweet,
therefore not widely consumed in natura. The authors suggest more
studies to develop alternative derivative products to increase sensory
acceptance of this fruit.

3.2. Experimental planning – ultrasound assisted extraction

The experimental results of Camu-camu extract for TP and VC
(Table 1) ranged from 3.34 to 5.43 mg of GAE/g fw, 5.28 to 6.19 mg/
g fw, respectively. Eqs. (4) and (5) demonstrate the degree of sig-
nificance between variables.

Evaluating p-value, and the response surface (Fig. 2A–F) for the TP
extraction (Fig. 2A–C) the three variables: extraction time (X1), am-
plitude (X2) and temperature (X3) were significant (p < 0.05), ana-
lyzing the obtained equation (Y = 4.89 + 0.25 X1 + 0.25 X2 − 0.27
X3 − 0.23 X1X2 + 0.17 X1X3 + 0.28 X2X3), it is possible to observe
interactions with all the three variables, and time and amplitude pre-
sented equal and positive influence and temperature presented negative
influence. For VC extraction (Fig. 2D–F), only the variable temperature
(X3) was significant (Y = 6.131 + 0.246 X3). In combination, the ideal
extraction region according to the final results were the following
variables: 5 min, 30% amplitude at 60 °C, these conditions were defined
considering the booth TP and VC values, and the response surface
curvature.

In our study, the extraction of compounds was also facilitated by the
action of temperature. This is a critical factor that intervenes in the
extraction process due to the softening of the tissues, which conse-
quently increases the solubility and diffusion coefficient of the sub-
stances, guaranteeing the optimized recovery of the polyphenols. At
very extreme temperatures, the yield can be reduced by the thermal and

chemical degradation of some compounds, compromising the anti-
oxidant activity [34]. It was also observed in our study that ultrasound
contributed to greater extraction of the compounds, along with tem-
perature, improving the phenomena of cavitation, mechanical agita-
tion, process efficiency and facilitating the transport of bioactive
compounds from the center of the plant to the broken walls during
sonication, in addition to contributing to the reduction of extraction
time. [9,35]. The extraction time also had a reasonably significant ef-
fect, which mainly influenced CT responses. Operating time is very
important during extraction, as it contributes to reducing electricity
consumption as the operating time decreases [35].

Previous studies reported that using a combination of parameters
such as temperature and time contribute for extraction of phenolic
compounds. Ref. [36] used time (30 and 60 min), and temperature (40,
50 and 60 °C) with ultrasonic bath to evaluate bioactive compounds and
ascorbic acid of Myrciaria dubia nectar, showing a higher availability of
those compounds compared with the control sample. Ref. [1] used
30 °C in combination with cloud point technique to extract phenolics
from Camu-camu residue. Ref. [37] performed the extraction of Camu-
camu seed flour compounds at a temperature of 45 °C with stirring for
45 min and different types of solvents. The aqueous extract was the one
with the highest total phenolic content, FRAP, DPPH and inhibition of
lipid oxidation.

Mild operating temperatures, between 50 and 60 °C, combined with
ultrasound is a process called thermo-sonication, it reduces process time
and/or temperature, avoiding product damage and improving com-
pound release. Ref. [38] used probe ultrasound (13 mm diameter), with
a frequency of 20 kHz, very similar to this work, to evaluate several
parameters among them antioxidant activity of purple cactus pear, and
obtained an increase of approximately 41% in phenolic content with
80% amplitude, 25 min extraction, and an increase in antioxidant ac-
tivity (ABTS, DPPH) until the end of storage (28 days ± 4 °C).

3.3. Reverse osmosis (RO) membrane concentration

The permeate flow was measured as a function of operating time for
the process of reverse osmosis in 3 min intervals until 48 min, and
ranged from 15.0 L/(h m2) at the beginning of the process to 1.8 L/
(h m2), when the solids content reached 4.1° Brix for the EO. There is a
reduction in permeate flow as process time increases. This happens
because the reverse osmosis membrane used is very dense and almost
all the soluble solids are retained, increasing solution osmotic pressure
and reducing flow [21].

The membrane fouling is one of the factors that impair the life and
performance of reverse osmosis membranes [39], being better a low
fouling. The changes in the permeate flow during the reverse osmosis
process are mainly due to some factors such as: increases in osmotic
pressure, inscriptions on the membrane (microbial adhesion, gel layer
formation and solute adhesion) and increase in the viscosity of the
membrane fluid that significantly affect the efficiency of the process
[17,40]. The membrane fouling level was relatively low (19%), and the
concentration factor was 4.1 times that of the feed. Corroborating with
data reported in the literature, [14] also used this extraction combi-
nation for recovery of phenolic compounds from olive pomace and their
concentration by three different polymeric membranes, two nanofil-
tration (NF90, NF270) and one of reverse osmosis (BW30). The authors
reported that the reverse osmosis membrane was considered the most
appropriate for future scaled process, as it presented lower fouling
index (20%), while the others presented 50 and 60% respectively. The
permeate flow was practically constant during the process 15 L/(h m2),
and the final concentrate BW30 presented higher antioxidant activity,
concentration of phenolic compounds and flavonoids in 12, 15 and 4%,
respectively.

Table 1
Results of total phenolic content and vitamin C for different extraction condi-
tions according to a central composite design.

Run Extraction conditions Response

Time
(min)

Amplitude (%) Temperature (°C) TP
(mg EAG/g)

VC
(mg/g)

1 2.5 20 40 5.02 5.28
2 10 20 40 5.43 5.56
3 2.5 40 40 5.21 5.46
4 10 40 40 5.14 5.90
5 2.5 20 60 3.34 5.68
6 10 20 60 4.88 6.07
7 2.5 40 60 5.09 6.19
8 10 40 60 5.28 6.12
9 5 30 50 4.81 5.89
10 5 30 50 4.74 6.19
11 5 30 50 4.89 6.07

TP- Total phenolic compounds, VC- vitamin C.
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3.4. Bioactive compounds

The levels of total polyphenols were 3.2 times greater
(25.7980 mg GAE/g) than the point of optimal extraction
(7.9219 mg GAE/g), with significant difference with respect to the
other two samples (Table 2).

Camu-camu, has been highlighted as one of the richest dietary fruits
due to the high presence of phenolic compounds in its composition and
consequently, its antioxidant potential. Ref. [41] evaluated the content
of phenolic compounds for different parts of the Camu-camu fruit (pulp,
peel and seed), and the results were 0.0866, 0.105 and 3.360 mg/g
respectively, lower values than those reported in the present study.

Fidelis et al. [37] studied different solvents (water, propanone and
ethano1) for extraction of Camu-camu peel bioactive compounds, and
observed better results with DPPH aqueous extract
(2838 ± 176 mg AAE/100 g), FRAP (7425 SEA ± 247 mg/100 g) and
phenolics (39.23 ± 29 mg GAE/100 g).

The concentrated sample (CC) showed 6.5 times more anthocyanins
(66.169 mg of Cyanidin-3-glucoside/100 g) than the sample without
extraction (10.228 mg of Cyanidin-3-glucoside/100 g) (Table 3). Souza

et al [36] observed that using ultrasound with 30 min and temperature
variation of 10, 50 and 60 °C, did not significantly alter total contents of
anthocyanins, but the opposite was observed when using 60 min, de-
grading anthocyanins from Camu-camu nectar. The highest value
shown for anthocyanins was of 6.47 mg/100 g of Camu-camu nectar by
thermo-sonication. In the present work, extraction with sonication
showed greater efficiency in the extraction of anthocyanins
(18.368 mg/100 g), compared to that previously presented by [36].
Anthocyanins have been noted for being brightly colored and re-
sponsible for much of the red, purple and blue coloration of the fruits.

Reverse osmosis favored flavonoid concentration to almost four
times more (28.374 mg TQ/g) than the control (7.295 mg TQ/g)
(Table 2). This fact is important because according to literature flavo-
noids are extremely important phenolics and beneficial to human
health, contributing to the reduction of vascular diseases and cancer
[36].

All samples were different (p < 0.05) for antioxidant activity
(DPPH and FRAP), showing that the sequential process, i.e. ultrasound
assisted extraction and reverse osmosis favored extraction and con-
centration of compounds. The ABTS method showed a significant

Fig. 2. Response surface between three variables (time, amplitude, and temperature) in the extraction of Total Phenolic compounds (TP mg GAE/g fw, A – C) and
vitamin C (VC, mg/g fw, D – F). (A, B, C) TP = 4.89 + 0.25X1 + 0.25X2-0.27X3-0.23X1X2 + 0.17X1X3 + 0.28X2X3 (D, E, F) CV = 6.131 + 0.246X3.
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difference (p < 0.05) only for the concentrated sample (CC), since its
value was increased three times (216.148 mmol TE/g) compared to the
control sample (CS) (74.145 mmol TE/g).

Ascorbic acid is the most abundant soluble antioxidant in plants,
thus authors quantified ascorbic acid in 18 Brazilian tropical fruits,
among which Camu-camu is highlighted with 1882 ± 43.2 mg/100 g
fresh fruit, followed by Acerola 1357 ± 9.5 mg/100 g fresh fruit and
Jabuticaba 238 ± 2.2 mg/100 g fresh fruit, the lowest value found was
for Bacuri 2.4 ± 0.3 mg/100 g fresh fruit, [42].

Some processes have been used to obtain Camu-camu products.
Pagani et al [17] performed a juice concentration by reverse osmosis
(polytetrafluoroethylene membrane, Pall Gelman-TF200) using 0.2 bar,
and obtained values very similar to the concentration of acid ascorbic
(52.9 mg/g dry matter) found in this work (52.01 mg/g wet matter).

A study evaluating microwave (MW) heating in the processing of
Camu-camu juice, achieved better results for ascorbic acid compared
with conventional treatment and the highest concentration obtained
was 1788 mg/100 g (17.88 mg/g) under conditions of 625 W/30 s [16].

Another study showed different concentrations of ascorbic acid only

found in Camu- Camu (pulp and peel separate) from different regions,
by UHPLC-DAD. Peel values ranged from 5.98 ± 0.33 to
13.56 ± 0.42 mg/100 g, and pulp 18.05 ± 0.66 to
38.37 ± 2.13 mg/100 g, these values are reported for dry samples.
This difference in ascorbic acid content was explained by the variation
among lots and the edaphoclimatic conditions. The content of ascorbic
acid in fresh pulp (FP) was also evaluated and the highest value was for
a Peru sample with 1914. 66 mg/100 g fp. Previous studies have re-
ported values ranging from 845 to 3133 mg/100 g of FP and for certain
genotypes a value greater than 6000 mg/100 g of FP has been found
[5].

3.5. Bioactive compound identification by UHPLC-Q-TOF-MS/MS

The compounds were identified by UHPLC-Q – TOF-MS/MS and
their MS and MS/MS spectra were interpreted by comparing literature
spectra and public databases such as KEGG [43], CHEBI [44] and
PubChem [45]. A total of 20 compounds were identified in the CS
sample, 17 compounds in the OE sample and 17 compounds in the CC

Table 2
Bioactive compounds from different Camu-camu samples (fresh weight = fw).

CS OE CC

TPC (mg GAE/g) 7.791b ± 0.029 7.922b ± 0.078 25.798a ± 0.293
TMA (mg of cyanidin-3 glucoside/100 g) 10.228b ± 2.066 18.368b ± 1.181 66.169a ± 3.838
TF (mg QE/g) 7.295b ± 0.897 6.902b ± 0.085 28.374a ± 0.3202
ABTS (mmol TE/g) 74.145b ± 0.750 91.157b ± 0.280 216.148a ± 11.700
DPPH (mmol TE/g) 65.538c ± 0.002 126.881b ± 0.290 302.122a ± 1.060
FRAP (mmol TE/g) 222.000c ± 0.562 284.980b ± 0.000 528.667a ± 2.108
Vitamin C (mg/g) 7.569b ± 0.044 7.912b ± 0.156 52.01a ± 0.889
Myricetin (mg/100 g) 0.201c ± 0.000 0.216b ± 0.000 0.307a ± 0.000
Cyanidin-3-glucoside (mg/100 g) 0.622c ± 0.000 0.7820b ± 0.000 2.783a ± 0.001
p- coumaric acid (mg/100 g) 0.067c ± 0.000 0.098b ± 0.000 0.150a ± 0.000
Rutin (mg/100 g) 2.441c ± 0.001 3.035b ± 0.000 9.783a ± 0.002
Gallic acid (mg/100 g) 22.728b ± 0.025 28.501b ± 0.004 97.298a ± 0179

The data are expressed as means ± standard deviations. Means followed by the same letter in the line do not differ significantly from each other by the Tukey test at
5% significance level. TPC = total phenolic compounds; TMA = total monomeric anthocyanins; TF = total flavonoids. GAE = gallic acid equivalent,
QE = Quercetin equivalent, TE = Trolox equivalent, CS – control sample; OE – ultrasound optimal extraction; CC – concentrated sample.

Table 3
Bioactive compounds of different Camu-camu samples.

Compound Molecular
Formula

Exact Mass CS OE CC

RT (min) ESI Error
(ppm)

RT (min) ESI Error
(ppm)

RT (min) ESI Error
(ppm)

1 Gallic acid C7H6O5 170.0215 5.31 [M−H]− 1.5 5.27 [M−H]− 2.1 9.89 [M+H]+ −0.6
2 Quercetin C15H10O7 302.0426 8.96 [M+H]+ −1.0 10.45 [M−H]− −0.3 8.84 [M+H]+ −0.6
3 Chlorogenic acid C16H18O9 354.0950 7.51 [M+H]+ 3.2 7.81 [M+H]+ −1.6 7.48 [M+H]+ −0.6
4 Ascorbic acid C6H8O6 177.0393 3.26 [M+H]+ −0.4 3.11 [M+H]+ −2.1 3.04 [M+H]+ 0.2
5 p-Coumaric acid C9H8O3 164.0473 3.58 [M+H]+ −1.3 3.60 [M+H]+ −3.2 3.57 [M+H]+ −0.1
6 Cyanidin-3-O-glucoside C21H21ClO11 484.0772 3.94 [M−H]− −5.3 3.83 [M−H]− −4.7 3.93 [M−H]− −3.7
7 Myricetin C15H10O8 318.0375 8.49 [M+H]+ −0.5 8.12 [M+H]+ −1.5 8.44 [M+H]+ 0.2
8 Myricetin3′'-O-beta-D-

glucopyranoside
C21H20O13 480.0903 8.14 [M−H]− 4.1 8.07 [M−H]− 3.5 8.04 [M−H]− −3.8

9 Myricitrin C21H20O12 464.0954 8.49 [M−H]− 3.9 8.52 [M−H]− 4.1 7.41 [M−H]− 3.9
10 Myricetin-3-O-beta-D-

xylopyranoside
C20H18O12 450.0798 8.38 [M−H]− 4.1 8.46 [M−H]− 4.1 8.30 [M−H]− 4.6

11 Quercetin-3-O-α-D-
arabinofuranoside

C20H18O11 434.0849 nd nd nd nd 8.87 [M+H]+ −1.8

12 Ellagic acid C14H6O8 302.0062 8.72 [M−H]− 2.3 8.69 [M−H]− 5.0 8.69 [M−H]− 4.0
13 Ellagic acid hexose C20H16O13 464.0590 7.75 [M−H]− 5.6 7.75 [M−H]− 3.2 7.69 [M−H]− 3.2
14 Ellagic acid pentoside C19H14O12 434.0485 8.06 [M−H]− 4.5 8.08 [M−H]− 2.4 8.01 [M−H]− 3.7
15 Ellagic acid rhamnoside C20H16O12 448.0641 8.19 [M−H]− 3.6 8.18 [M−H]− 2.0 8.22 [M−H]− 4.5
16 Ellagic acid derivate C22H18O13 490.0747 8.91 [M−H]− 1.5 8.95 [M−H]− 4.4 8.96 [M−H]− 2.9
17 Ellagic acid derivate C34H40O17 720.2265 9.76 [M−H]− 1.1 10.08 [M−H]− 2.0 10.03 [M−H]− 0.9
18 Alnusiin C41H26O26 934.0712 6.90 [M+H]+ −0.4 6.92 [M+H]+ −0.3 6.84 [M+H]+ −2.9
19 Gallocatechin C15H14O7 306.0739 7.01 [M−H]− 4.0 nd nd 6.94 [M−H]− 2.0
20 Epigallocatechin 3-gallate C22H18O11 458.0849 8.00 [M−H]− 2.5 nd nd 8.03 [M−H]− 3.2

*nd = not detect; CS – control sample; OE – ultrasound optimal extraction; CC – concentrated sample.
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sample. The compounds identified were manually confirmed, frag-
mentation spectra verification and mass errors ranged from 0.1 to
5.6 ppm (Table 3). These compounds are belonging to the anthocya-
nins, ellagitannins, ellagic acid derivatives, flavonols, phenolic acids
and proanthocyanidins classes.

Compounds 1, 3, 4 and 5 with [M−H]− m/z 170.0215, [M+H]+

m/z 354.0950, [M+H]+ m/z 177.0393, [M+H]+ m/z 164.0473 were
putatively identified as gallic acid, chlorogenic acid, ascorbic acid and
p-coumaric acid, respectively (Table 3) belonging to the class of phe-
nolic acids. Phenolic acids are compounds present mainly in vegetables
and fruits, have antioxidant properties and act as antibacterial, anti-
viral, anticarcinogenic, anti-inflammatory, and vasodilatory con-
stituting important bioactive compounds [46]. The anthocyanian cya-
nidin-3-O-glucoside (compound 6) was putatively identified at in
negative mode and presented the precursor ion [M−H]− m/z
484.0772. Cyanidin-3-O-glucoside has been previously identified in
Camu-camu, as principal anthocyanin that is used as chemical markers
[47–49].

The compounds 2, 7, 8, 9 10 and 11 with [M+H]+ m/z 302.0426,
[M+H]+ m/z 318.0375, [M−H]− m/z 480.0903, [M−H]− m/z
450.0798 and [M−H]− m/z 434.0849 was identified as quercentin,
myricetin, myricetin3′'-O-beta-Dglucopyranoside, myricitrin, myricetin-
3-O-beta-Dxylopyranoside and quercetin-3-O-α-Darabinofuranoside re-
spectively (Table 3), these compounds are polyphenols belonging to the
class of flavonols. Previous studies have shown a relationship between
flavonol myricetin and the antimicrobial potential of Camu-camu bark
extract [50].

Ellagic acid derivative were the main group of compounds detected
in the extracts of Camu-camu. Compounds 12–17 with [M−H]− m/z
302.0062, [M−H]− m/z 464.0590, [M−H]− m/z 434.0485, [M−H]−

m/z 448.0641, [M−H]− m/z 490.0747, [M−H]− m/z 720.2265 were
identified as ellagic acid, ellagic acid hexose, ellagic acid pentoside,
ellagic acid rhamnoside, ellagic acid derivate, ellagic acid derivate,
respectively.

Alnusiin (18, [M+H]+ m/z 934.0712) an ellagitanin, was also
identified at the first time in Camu-camu, and proanthocyanidins as
gallocatechin (19, [M−H]− m/z 306.0739) previously reported by
[48], and epigallocatechin-3-gallate (20, [M−H]− m/z 458.0849). This
latter compound is the most abundant catechin found in green tea.
Increasing evidence has shown its beneficiais effect such as antioxidant,
antibacterial, anticancer, antiangiogenic, antidiabetic. For these rea-
sons, it has excellent potential for use as functional ingredients to enrich
food products [51].

A study with Camu-camu powder also identified most of the phe-
nolic compounds found in the aqueous extract cited above [48]. An-
other study also quantified some of the phenolic content in Camu-camu
pulp like gallic acid, p coumaric, myricetin, and quercetin, but found no
significant values for chlorogenic acid [52]. Ref. [1], used cloud point
to extract phenolic compounds in Camu-camu agro-industrial residue
and detected by HPLC the presence of gallic acid, (+) – catechin, va-
nillic acid, serum acid, vanillin and quercetin in the coacervated phase,
in the diluted phase the components were not identified.

Myricetin, Cianydin-3-glucoside, p-coumaric acid, rutin and gallic
acid were the major compounds quantified by HPLC/DAD UV vis
(Table 2). All samples showed significant difference (p < 0.05) among
themselves (CS, OE and CC), except for gallic acid. The concentrated
sample (CC) when compared with the initial extract (CS) showed 4.0,
4.3- and 4.5-times higher levels of rutin, gallic acid and cyanydin-3-
glucoside respectively. Carmo et al [49] evaluated the total phenolic
content in different Camu-camu seed extracts. For extraction in 100%
water, 18.48 mg/100 g of gallic acid, 4.03 mg/100 g of cyanidyn-3-
glucoside and 4.31 mg/100 g ellagic acid were obtained. [37] also re-
ported for aqueous Camu-camu seed extract the quantification of some
phenolic compounds such as gallic acid (12.57 mg/100 g), p-coumaric
acid (3.42 mg/100 g) and rutin 3.46 (mg/100 g).

4. Conclusion

The combination of ultrasound assisted extraction and concentra-
tion by reverse osmosis, is a clean and viable technology for extraction,
since it improves availability and concentration of bioactive substances
in Camu-camu extract.

The final process resulted in higher level products, when compared
to the initial extract (CS), total phenolics were 3.3 times higher; an-
thocyanins 6.0 times higher, and antioxidant activity on average 4.0
times higher, highlighting vitamin C, 7.0 times higher and cyanidin-3-
glucoside 4.5 times higher than the initial extract (CS).

Finally, a Camu-camu (CC) concentrate with high antioxidant ac-
tivity and rich in phenolic compounds was obtained. This concentrate is
functional and feasible for use by food, nutraceuticals and cosmetic
industries. Also, a suggestion for future works, this concentrate has
potential applications as natural dye as an alternative to the use of
synthetic dyes.
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A B S T R A C T   

Aqueous ultrasound assisted extraction, followed by membrane concentration, was first used to concentrate the 
bioactive compounds of Uvaia residue (seed and peel). The extract, obtained under ideal conditions of 40 ◦C, 2.5 
min, and 40% of amplitude, was concentrated using reverse osmosis, and presented relatively low fouling (39%). 
At the end of the sequential processes, a concentrate (CF) was obtained with an increase of 6.2 times for phe-
nolics (332.22 mg GAE/100 g), and 7.8 times for total flavonoids (1300.18 mg/100 g) compared to the initial 
extract (RS). A significant increase was observed by HPLC-DAD/UV–vis for the concentration of compounds. 
Fifteen compounds were putatively identified by UHPLC-QTOF-MS/MS. The obtained concentrate was produced 
naturally, which can be used as a source of antioxidants in the development of functional food formulations, 
nutraceuticals or also by pharmaceutical industries.   

1. Introduction 

Uvaia (Eugenia pyriformis Cambess) is also known as Uvalha, Uvaia do 
mato, or Uvalheira, and belongs to the Myrtaceae family. This plant is 
native to the Atlantic forest and can also be found in the states of São 
Paulo, and Rio Grande do Sul- BR. The size of the round, juicy but sour 
fruits varies from 2.0 to 2.4 cm. The peel color varies from yellow to 
orange and may have a smooth or velvety texture. Its thin peel makes the 
fruit highly susceptible to mechanical damage (Jacomino, da Silva, de 
Freitas & Morais, 2018; de Paulo Farias, Neri-Numa, de Araújo, & Pas-
tore, 2020). The weight of the fruit is about 8.5 g, with the seeds cor-
responding to approximately 16% of the total weight of the fruit (de 
Paulo Farias et al., 2020; Klein, Santos, Palú, Vieira, & da Silva, 2018). 
Several phenolic compounds have been isolated from Uvaia, among 
which are the flavonoids (querecetin, kaempferol, and rutin) and 
phenolic acids (gallic, chlorogenic, and caffeic acids) (Windson, Hami-
niuk, & Plata-oviedo, 2014). 

Food, pharmaceutical, and cosmetic industries have focused their 
attention on polyphenols that are found in the pulp, peels, and leaves of 

vegetables as these compounds exhibit high antioxidant activities and 
are hence effective against reactive oxygen species. In addition, the 
antiviral, antibacterial, and antifungal activities of these molecules in 
fruits help in the defense mechanism of cells wherein they minimize the 
damage caused by free radicals (Sganzerla et al., 2018). 

Hence, the extraction of solid samples using solvents has been per-
formed to obtain products with added value. Among the various 
extraction techniques (maceration and soxhlet) employed, ecofriendly 
extraction techniques are being widely used currently, such as 
microwave-assisted extraction, ultrasound-assisted extraction (UAE), 
subcritical extraction, and extraction using supercritical carbon dioxide. 
The use of ultrasonic waves to extract unstable and thermolabile pho-
toconstituents has been shown to be the best alternative. The efficiency 
of sonication extraction is mainly because of the action of cavitation, 
and mechanical and thermal effects that occur during the flow of ul-
trasonic waves, which facilitate mass transfer, cell wall degradation, and 
reduction in fragment size (Mahindrakar & Rathod, 2020; Zhang et al., 
2015). In addition, this unconventional method reduces extraction time, 
temperature, and solvent consumption, favoring higher extraction 
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efficiency, and reduced energy consumption compared to conventional 
techniques (Fu, Belwal, Cravotto, & Luo, 2020; Ordoñez-santos, 
Martínez-girón, & Rodríguez-rodríguez, 2019). 

In association with the UAE technique, reverse osmosis (RO) mem-
brane separation can be applied to concentrate bioactive compounds in 
fruit juices, resulting in the conservation of nutritional and sensory 
characteristics. This is a promising technique as it promotes mild 
dehydration that consequently increases the content of total soluble 
solids (TSS) and bioactive compounds (Gunathilake, Yu, & Rupasinghe, 
2014). The process of separation/concentration by RO is based on 
pressure; the higher the concentration of the product, the greater the 
increase in its osmotic pressure (Bagci, Akbas, Gulec, & Bagci, 2019). 

A few studies have reported alternatives for reusing Uvaia fruit res-
idues. Klein et al. (2018) evaluated two techniques (supercritical fluid 
extraction [SFE] and ultrasound-assisted extraction [UAE]) for extract-
ing compounds from Uvaia leaves. Other studies evaluated the fruit pulp 
(da Silva et al., 2019, 2018; Pereira et al., 2012); the recovery of Eugenia 
pyriformis phenolic compounds using different solvents (Windson et al., 
2014); and the nutritional, physicochemical, and antimicrobial charac-
teristics of Uvaia pulp in three different extracts (Sganzerla et al., 2018). 

The present study is the first to use a combination of two technolo-
gies (UAE and RO) to extract and concentrate bioactive compounds from 
Uvaia residues. Thus, the main objective was to investigate the use of 
clean technologies for the aqueous extraction of bioactive compounds 
from Uvaia peel and seed by UAE, followed by concentration by RO, and 
characterization of all the products identified. 

2. Materials and methods 

2.1. Samples, chemicals, and reagents 

The solutions were prepared using analytical reagents and Milli-Q 
water for the required analyzes. Reagents for antioxidants (Trolox, 
TPTZ, DPPH, Folin-Ciocalteu reagent), were obtained from Sigma- 
Aldrich Chemical Co. (St. Louis, MO, USA). Ascorbic acid, gallic acid, 
ellagic acid, quercetin, rutin, p-coumaric acid, chlorogenic acid, and 
myricetin were the standards used that were also obtained from Sigma- 
Aldrich. All reagents and solvents used were of analytical or HPLC grade. 

2.2. Residue sample and chemical analyses 

Uvaia residues (peel and seed) were purchased from Sitio do Belo 
(Paraibuna, SP, Brazil) from the November 2018 harvest and frozen 
(− 18 ◦C) until use. 

To determine the residue composition, the samples were ground 
together, and the following physicochemical analyses were performed: 
total soluble solids (◦ brix) using an HI96801 digital refractometer 
(Hanna Instruments); pH, moisture, ash and protein content (micro- 
Kjeldahl method), lipid and carbohydrate content by difference (AOAC, 
2005); and color parameters using the Minolta® CR400 portable 
colorimeter. All analyses were performed in triplicate. 

2.3. Phenolic compounds extraction 

The residue (50 g) was diluted in water (200 mL) (Windson et al., 
2014) to obtain a denominated fresh extract (RS). A central composite 
design was used based on the factors defined after the preliminary tests 
and according to the literature (Rodrigues et al., 2020). Table 1 details 
the sonication time (X1 = 2.5, 6.25, and 10 min), frequency (X2 = 20, 
30, and 40%), and temperature (X3 = 40, 60, and 50 ◦C) with eight 
factorial points and three repetitions in the central points. The response 
variable was the concentration of phenolic compounds that was deter-
mined based on the response surface (Statistic 7.0 program). 

Extraction was performed by probe ultrasound with a power of 750 
W and a frequency of 20 KHz (Collective Parmer 750-Watt Ultrasonic 
Processors). Using the automatic amplitude integrated in the equipment, 

amplitude variation for extraction at the desired level (0–40%, 0–20 
kHz) could be performed, allowing the adjustment of ultrasonic vibra-
tions through the probe tip (titanium, 13 mm) that was inserted directly 
into a 250 mL sample used per test. 

All extractions were pulsated (5 s pause and 5 s pulse) according to 
preliminary tests and literature (Pan, Qu, Ma, Atungulu, & McHugh, 
2012; Rodrigues et al., 2020). 

2.4. Reverse osmosis 

The extract obtained under the optimized conditions was cooled to 
25 ◦C and transferred to a filtration system (0.45 μm) to remove larger 
particles. In sequence, the extract was concentrated using an R25A 
membrane, 500 Da, polyamide, pressure of 5 bar, and filtration area of 3 
sq. feet. The process was conducted at room temperature (25 ◦C), and 
the flow rate was monitored until stabilization. Then, the process was 
stopped, and the final concentrate was obtained (CF). 

The flow was calculated using the weight of the concentrate collected 
and measured at different time intervals, with the flow data of distilled 
water in the clean membrane and the stable flow in the dirty membrane. 
Thus, the percentage of fouling (% F) was calculated according to 
equation (1), using the data collected during the concentration process. 
The volumetric concentration factor (VCF) was determined using the 
feed and permeate volumes (Cianci, Silva, Cabral, & Matta, 2005). 

%F =
(Ji − Jf )

Ji
X100 Eq. (1) 

In sequence, the fresh extract (RS), the extract obtained by ultrasonic 
extraction (RE), and the final concentrate (CF) were analyzed. The 
sequential process is described in Fig. 1. 

2.5. Bioactive compounds 

2.5.1. Total phenolic compounds 
Total phenolic compounds (TPC) were determined using the Folin- 

Ciocalteu reagent method, as described previously (Singleton & Rossi, 
1965). The obtained values were compared with the gallic acid cali-
bration curve (R2 = 0.99). Results were expressed in milligrams of gallic 
acid equivalent (mg GAE) ⋅ 100 g− 1 of fresh residue. 

2.5.2. Total carotenoids 
The carotenoid analysis was performed according to Lichtenthaler 

(Lichtenthaler, 1987), wherein a 2 mL sample of the extract was mixed 
with 18 mL of 80% acetone. The mixture was then filtered using a filter 
paper in the absence of light and read sequentially on a spectropho-
tometer at an absorbance of 647, 663, and 470 nm. The concentration 
was calculated according to the following equation.  

C(x+c) (μg/mL) = (1000 A470–1.82 Ca –85.02 Cb)/198                      Eq. (2) 

Table 1 
Results of total phenolic content at different extraction conditions according to a 
central composite design.  

Run Extraction conditions Response 

Time (min) Amplitude (%) Temperature (◦C) TPC (mg/100 g) 

1 2.5 20 40 56.556 
2 10 20 40 58.489 
3 2.5 40 40 57.489 
4 10 40 40 57.311 
5 2.5 20 60 58.356 
6 10 20 60 56.556 
7 2.5 40 60 58.867 
8 10 40 60 58.556 
9 6.25 30 50 56.333 
10 6.25 30 50 56.289 
11 6.25 30 50 56.622 

TPC - total phenolic compounds. 
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Where Ca (μg/mL) = 12.25 A663–2.79 A647; Cb (μg/mL) = 21.50 
A646–5.10 A663. 

Carotenoid concentration was expressed in μg/100 g of fr. All ana-
lyses were performed in triplicate. 

2.5.3. Total flavonoids 
Total flavonoids (TF) were determined by performing a spectro-

photometric assay (Alothman, Bhatm & Karim, 2009). The results are 
expressed in mg of quercetin equivalent (QE) ⋅ 100 g− 1 fr. 

2.5.4. Vitamin C 
Vitamin C (VC) content was determined by high-performance liquid 

chromatography, as described previously (Rodrigues et al., 2020). The 
quantification was based on the peak area with results expressed in 
mg/g− 1 fr by applying the standard curve (Y = 4.84e^006X-4.02e^005, 
R2 = 0.998106). 

2.6. Antioxidant capacity (ABTS, DPPH and FRAP) 

Antioxidant capacity was determined by using three methods and 
measuring the free radical-scavenging capacity. 

Antioxidant activity was determined using the ABTS (2,2′ azinobis (3 
ethylbenzothiazoline-6-sulfonic acid) and a previously reported colori-
metric assay (Nenadis, Wang, Tsimidou, & Zhang, 2004). 

Reduction in the stable radical DPPH (2,2-diphenyl-1-picrylhy-
drazyla) was measured according to the colorimetric method at 515 nm 
(Thaipong, Boonprakob, Crosby, Cisneros-Zevallos, & Hawkins Byrne, 
2006). 

For performing the ferric reducing antioxidant power (FRAP) assay, 
the extracts were mixed with distilled water and the FRAP reagent, 
incubated for 30 min at 37 ◦C in a water bath, and spectrophotometric 
analysis was performed at 595 nm (Pulido, Bravo, & Saura-Calixto, 
2000). 

The results were expressed in mmol of Trolox equivalent (TE). g− 1 fr. 
All analyses were performed in triplicate. 

2.7. Chemical characterization of bioactive compounds by UHPLC-Q- 
TOF-MS/MS and quantification by HPLC-DAD/UV vis 

Samples of RS, RE, and CF extracts were resuspended in 500 μL 
water:acetonitrile (1:1; v-v) and 3 μL of each extract were injected and 
analyzed using ultra-high performance liquid chromatography (Shi-
madzu, Nexera X2, Japan) coupled to a hybrid quadrupole time-of-flight 
high-resolution mass spectrometer (Impact II, Bruker Daltonics Corpo-
ration, Germany) that was equipped with an electrospray ionization 

source. Chromatographic separation conditions were determined using 
an Acquity UPLC® BEH C18 column packed with 135 Å pore and 1.7 μm 
particle size, and a 2.1 × 100 mm column (Waters, USA) at a flow rate of 
0.250 mL min− 1. The gradient mixture of solvents A (H2O with 0.1% 
formic acid; v:v) and B (acetonitrile with 0.1% formic acid; v-v) was as 
follows: 5% B 0–1 min, 70% B 1–5 min, 98% B 5–15 min, and main-
tained at 5% B 16–20 min at 40 ◦C. The mass spectrometer was cali-
brated using a solution of sodium formate (10 mmol L− 1; isopropanol: 
water; 1:1; v-v) containing 50 μL concentrated formic acid. The capillary 
voltage was operated in positive ionization mode, set at 4500, with an 
end plate offset potential of − 500 V. The dry gas parameters were set to 
8 L min− 1 at 180 ◦C with a nebulization gas pressure of 4 bar. Data were 
collected from m/z 50 to 1300 with an acquisition rate of 5 Hz, and the 
5 ions of interest were selected by auto MS/MS scan fragmentation (de 
Almeida et al., 2018). 

Compounds were quantified by HPLC-DAD/UV Vis, as described 
previously (Rodrigues et al., 2020). 

2.8. Statistical analysis 

All analyzes were subject to analysis of variance and Tukey test (p <
0.05) using the Sisvar 5.6 statistical program, and the standard curves 
for the antioxidant tests were plotted using the GraphPad Prism 5 pro-
gram. The results were reported as mean ± standard deviation, and an 
experimental design was developed using Statistic 7.0. 

3. Results and discussion 

3.1. Residue initial characterization 

The residues exhibited on an average, a total soluble solid (TSS) 
content of 2.70 ± 0.058◦ Brix, pH = 3.93, moisture content of approx-
imately 76.0 ± 1.000 and 0.31 ± 0.015 ash, protein content of 2.66 ±
0.006, lipid content of 0.35 ± 0.006, and carbohydrate content of 20.99 
g/100. Regarding the color of the whole fruit, brightness (L) was 58.84 
± 0.666, the tendency for red (a*) was 2.83 ± 0.706, and that for yellow 
(b*) was 39.05 ± 0.641. 

A previous study evaluated the physicochemical characteristics, as 
well as the antioxidant potential of three fruits (namely yellow guava, 
Guabiroba, and Uvaia) that belong to the Myrtaceae family. To evaluate 
Uvaia, the authors used the pulp and peel as raw material and discarded 
the seeds, and obtained the values of 0.52 for the lipid content, 15.82 g/ 
100 g dry matter for the protein content, 94.50 for the moisture content, 
and 0.23 g/100 g fresh matter for the ash content (Pereira et al., 2012). 
Some of these values are similar to those obtained in the present study, 

Fig. 1. Sequential process for Uvaia residue concentration.  
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although the sample (peel and seed) used was not the same. 

3.2. Experimental design 

The experimental results of total phenolic content (Table 1) of the 
Uvaia residue were considered as the response variable of the experi-
ment. The values ranged from 56.289 to 58.867 mg of EAG/100 g of fr. 

The three independent variables and the corresponding levels were 
as follows: sonication time (min) 2.5, 6.25, and 10 (X1), ultrasound 
amplitude (%) 20, 30, and 40 (X2), and temperature (◦C) 40, 50, and 60 
(X3). Fig. 2 (A-C) shows the response surface according to the effect of 
the variables. For the extraction of TP (Fig. 2 (A-C)), both time (in a 
linear way) and the interaction between X1 and X2 were not significant. 
On the other hand, time in the quadratic form was significant. The others 
(X2 and X3) were significant, and the interaction between amplitude 
(X2) and temperature (X3) had a positive effect, contrary to the effect of 
time (X1) and temperature (X3). The best UAE conditions extracting for 
TPC were defined using the ANOVA results and the critical values 
indicated by software Static 7.0 as follows: extraction time of 2.5 min, 
ultrasound amplitude of 40%, and extraction temperature of 40 ◦C. 

Our study is the first to evaluate the extraction of Uvaia residue ac-
cording to the cited conditions, and the extraction of phenolic com-
pounds from the residue was facilitated by the action of temperature and 
ultrasound amplitude. Corroborated by literature, a previous study re-
ported that this fact could be explained by the UAE technique (the ul-
trasonic waves act as a cavitation agent) that can be responsible for cell 
wall rupture; thus, favoring the penetration of the solvent and increasing 
the extraction rate. Temperature also significantly affected the extrac-
tion of these compounds, as it controls solubility and the mass transfer 
rate of target compounds in the solvent and during cavitation (Mahin-
drakar & Rathod, 2020). 

Another similar study evaluated different extraction techniques, 

types of solvents, extraction time, and ultrasonic power for quantifying 
total phenolic and flavonoid content and antioxidant activity of Mucuna 
macrocarpa beans. For process optimization, ultrasound with water as a 
solvent yielded the best results. For the extraction of phenolic com-
pounds, the best process conditions were 27.30 W of power for 12.57 
min. The authors stated that the results obtained by the above optimi-
zation demonstrate the effectiveness of the ultrasonic treatment (Aware, 
Patil, Vyavahare, Gurme, & Jadhav, 2019). 

The UAE extraction conducted previously (Chakraborty, Uppaluri, & 
Das, 2020) indicated that pulsed mode sonication was more efficient 
than the conventional one for the aqueous extraction of antioxidants, 
and total phenolic and soluble proteins from bitter gourd Momordica 
charantia, and response variables were addressed as a function of tem-
perature variation and extraction time. 

3.3. Concentration by reverse osmosis 

In the RO, the permeate flow was evaluated as a function of oper-
ating time in 5 min intervals until 30 min, and ranged from 25.0 L/(h. 
m2) to 14.0 L/(h.m2), when the solids content reached 3.4◦ Brix for the 
CF. 

The permeate flow was reduced during the process. According to the 
literature, this occurs because of concentration polarization (solute 
formation) and incrustations on the membrane surface, such as micro-
bial adhesion, gel layer formation, and solute adhesion, which affect 
efficiency (Rastogi, 2018). Despite some restrictions for the use of RO, 
the advantages should be highlighted, such as obtaining high quality 
concentrates, low operating temperatures, operational simplicity, and 
energy efficiency, mainly resulting in the concentration of nutritional 
compounds (Gunathilake, 2020; Rastogi, 2018). 

In the present study, the concentration factor was 7.02 times that of 
the feed, and membrane fouling level was relatively low (39%), which is 

Fig. 2. Response surface between three variables (time, amplitude, and temperature) in the extraction of Total Phenolic compounds (TP mg GAE/100 g ff, A - C). (A, 
B, C) TP = 1.19 × 12 + 0.27 X2 + 0.40 X3 – 0.37 × 1 × 3 + 0.42 × 2 × 3. 
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a positive point because fouling is a limiting factor in the membrane 
process. A previous study reported that membrane encrustation is usu-
ally caused by the deposition of colloidal particles, inorganic and 
organic compounds, and microbes on the surface, which affect mem-
brane quality and reduce their utility (Jiang, Li, & Ladewig, 2017; 
Rastogi, 2018; Sousa, Cabral, Madrona, Cardoso & Reis, 2016). 

In another study, authors used RO to concentrate bioactive com-
pounds from the Camu-camu fruit, and the results proved the efficiency 
of the process, with low fouling index (19%) and permeate flow from 
15.0 to 1.8 L/(h.m2) for 48 min, resulting in a high concentration of 
bioactive compounds (Rodrigues et al., 2020). Another study also used 
aqueous extraction to extract sugars and phenolic compounds from 
carob kibbles and subsequently concentrated the sample by RO and 
diananofiltration. A concentrate was obtained with 4.0 times the 
amount of compounds studied using the RO membrane (Almanasrah 
et al., 2015), which is lower than that obtained in our study (concen-
trated extract of 7.02 times). 

3.4. Bioactive compounds 

The levels of TPC in the CF were 6.1 times higher (332.225 mg GAE/ 
100 g) than the ultrasound extraction point (54.645 mg GAE/100 g), 
with a significant difference with respect to the other two samples 
(Table 2), thus making water a good choice for an ecofriendly phenolic 
compound extraction. 

The literature reports different solvents used for the extraction of 
compounds from fruits (pulp and residue) and vegetables. Corroborating 
our study, the authors evaluated three different extracts (water, meth-
anol, and ethanol) from 21 food residues from four different classes 
(fruits, vegetables, oilseeds, and drinks) and evaluated antioxidant ac-
tivity by DPPH, as well as contents of phenols, flavonoids, and ascorbic 
acid. For polyphenol extraction, water was the most efficient, whereas 
ethanol extraction was more efficient for antioxidant activity. Among 
the fruit class, for TPC, an aqueous extract of pineapple peel (68.3 mg 
gallic acid/g), and plum pomace (51.8 mg gallic acid/g) was the highest, 
whereas the lowest was that for watermelon rind (15.1 mg gallic acid/g) 
The levels of total phenolic compounds in the concentrated sample (CF), 
were 6.1 times higher (332.225 mg GAE/100 g) than the ultrasound 

extraction point (54.645 mg GAE/100 g), with significant difference 
with respect to the other two samples (Table 2), being water a good 
choice for an ecofriendly phenolic compounds extraction (Kuppusamy, 
Venkateswarlu, & Megharaj, 2020). 

Another study evaluated the extracts of peel and seeds from kinnow, 
litchi, grape and banana that were obtained by extraction with 70% 
water:methanol. Considering TPC, grape seed extract had the highest 
value (37.4 mg GAE/g-dw), and the lowest value was found for Kinnow 
seed (3.68 mg GAE/g-dw). The authors highlight that fruit residues are 
potential sources of antioxidants that can be used in the food and 
pharmaceutical industries (Babbar, Oberoi, Uppal, & Patil, 2011). 

Regarding Uvaia, Lopes et al. (2018) evaluated the potential of 
Eugenia uvalha Cambess juice, and reported a value of 135.14 mg 
GAE/100 g for TPC, which is lower than that found in the present study 
for the CF. This difference can be explained by the use of juice and not 
residues. 

The CF showed 49.5 times more carotenoids (358.059 μg/100 g) 
than the optimal extraction sample (RE) (7.203 μg/100 g) (Table 3). 
According to Zillo, Silva, Zanatta, and Spoto (2015) Uvaia has high 
carotenoid content, and in their study, they determined these levels 
using fresh Uvaia and frozen pulp (0.91 and 0.366 μg/g, respectively). A 
recent study also reported high levels of carotenoids for six Uvaia 
(Eugenia pyriformis Cambess) varieties (Common, Rugosa, Doce de Patos 
de Minas, Pêra, Rugosa Doce, and Dura), and the quantification for 
Common was 137.30 mg beta-carotene 100 g− 1 fw (da Silva et al., 
2019). 

For flavonoids, RO favored the concentration of these compounds to 
almost 7.8 times more (1300.179 mg QE/100 g) than the control 
(167.267 mg QE/100 g), showing a significant difference (p < 0.05) 
between the three samples (Table 2). A study analyzed aqueous extracts 
of fruit residues and highlighted higher contents of flavonoids in pine-
apple peel (15.3 mg quercetin/g), watermelon rind (12.6 mg quercetin/ 
g), and butternut peel (11.5 mg quercetin/g) (Kuppusamy et al., 2020). 

For the analysis of antioxidant activity by ABTS, DPPH, and FRAP 
methods, the samples showed a significant difference (p < 0.05) only for 
the CF. The highest increase was observed in FRAP analysis, where the 
CF was 6.5 times greater (136.761 mmol TE/g) than the control sample 
(RS) (20.787 mmol TE/g). 

Considering the levels of phenolic compounds quantified by HPLC/ 
UV DAD vis (Table 2), there was greater recovery and concentration of 
rutin, ellagic acid, gallic acid, and chlorogenic acid. Except for gallic 
acid and myricetin, the three samples showed a significant difference (p 
< 0.05) between them (RS, RE, and CF). The concentration was 
increased by 20.0, 5.0, and 4.0 times for rutin, ellagic acid, gallic acid 
compared to the RS. Vitamin C could also be recovered from the residues 
and concentrated, and its level was 1.2 times (4.420 mg/100 g of fr.) in 
the CF, showing a significant difference compared to RS and RE. P- 
coumaric acid did not vary between samples, and only traces of quer-
cetin were found in the CF. 

In a study performed by Windson et al. (2014), the purée of Uvaia 
(Eugenia pyriformis) was used to evaluate the extraction of phenolic 
compounds and quantify the compounds by high-performance liquid 
chromatography (HPLC-DAD/UV) using different solvents. For aqueous 
extraction, levels of gallic acid, chlorogenic acid, p-coumaric acid, and 
rutin were (255.8; 33.4; 2.9; 0.83 mg/kg of FR), respectively. These 
values are different from the ones reported in the present study, prob-
ably because the authors used a purée of Uvaia. 

In a recent study, different extraction techniques (UAE, soxhlet, and 
stirred batch) were evaluated to obtain bioactive compounds from 
Syzygium cumini kernel powder (SCSKP). In addition to performing TPC, 
TFC, and IC50 analyses, the study evaluated catechin and gallic acid 
yield by HPLC, and the highest levels of these two compounds was ob-
tained by UAE (54.5 mg/g of gallic acid) (Mahindrakar & Rathod, 2020). 

Table 2 
Bioactive compounds from different Uvaia residue samples (fr).   

RS RE CF 

TPC (mg GAE/100 g) 52.951b ±

0.391 
54.645b ±

0.146 
332.225a ±

3.520 
Carotenoids (μg/100 g) 0.000b ± 0.000 7.203b ± 1.616 358.059a ±

40.660 
TF (mg QE/100 g) 167.267c ±

20.285 
360.741b ±

19.217 
1300.179a ±

8.541 
ABTS (mmol TE/g) 14.219b ±

0.449 
15.729b ±

0.000 
52.068a ± 0.721 

DPPH (mmol TE/g) 9.602b ± 0.055 9.602b ± 0.055 50.431a ± 0.291 
FRAP (mmol TE/g) 20.787b ±

0.131 
22.203b ±

0.028 
136.761a ±

0.580 
Vitamin C (mg/100 g) 3.540b ± 0.028 3.360b ± 0.000 4.420a ± 0.141 
Myricetin (mg/100 g) 0.191c ± 0.000 0.205b ± 0.000 0.323a ± 0.002 
Chlorogenic acid (mg/ 

100 g) 
0.182c ± 0.000 0.254b ± 0.000 0.654a ± 0.000 

Ellagic acid (mg/100 g) 1.859c ± 0.000 2.466b ± 0.000 9.407a ± 0.000 
p-coumaric acid (mg/ 

100 g) 
0.073a ± 0.000 0.088a ± 0.000 0.093a ± 0.001 

Quercetin (mg/100 g) 0.000b ± 0.000 0.000b ± 0.000 0.083a ± 0.000 
Rutin (mg/100 g) 0.112c ± 0.000 0.228b ± 0.000 2.243a ± 0.000 
Gallic acid (mg/100 g) 2.043b ± 0.000 2.160b ± 0.001 8.119a ± 0.001 

The data are expressed as means ± standard deviations. Means followed by the 
same letter in the lines do not differ significantly from each other by the Tukey 
test at a 5% significance level. RS = control sample, RE = ultrasound optimal 
extraction, CF = concentrated sample, TPC = total phenolic compounds, TF =
total flavonoids, GAE = gallic acid equivalent, QE = quercetin equivalent, TE =
Trolox equivalent. 
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3.5. Bioactive compound identification by UHPLC-Q-TOF-MS/MS 

The compounds were putatively identified by interpreting the MS 
and MS/MS spectra results and using public mass spectra libraries such 
as GNPS, PubChem, and CheBI. Fifteen compounds were putatively 
identified that belonged to the following chemical classes: phenolic 
acids, flavonoids (flavonol, flavan-3-ol, and flavanonol), and xanthone, 
with a mass error range of 0–3.6 ppm (Table 3). 

Four phenolic acids were detected in the Uvaia residue samples (RS, 
RF, and CF). Compound 1 with a retention time of 1.19 min showed the 
precursor ion [M+H]+ m/z 177.0394 and was putatively identified as 
ascorbic acid (vitamin C). Compounds 2 (rt: 1.23 min), 3 (rt: 1.97 min), 
and 4 (rt: 3.95 min) showed precursor ions [M+H]+ m/z 165.0540; 
[M+H]+ m/z 171.0288 e; and [M+H]+ m/z 355.1028, and were puta-
tively identified as p-coumaric acid, gallic acid, and e-chlorogenic acid, 
respectively, belonging to the class of carboxylic acids. These com-
pounds are antioxidants that can be used for the treatment of some 
chronic diseases related to oxidative stress as they exhibit anti- 
inflammatory, antibacterial, antiproliferative, and anticarcinogenic ac-
tivities (de la Rosa, Moreno-Escamilla, Rodrigo-García, & 
Alvarez-Parrilla, 2019). 

Ten flavonoids (5–14, Table 3) were predominantly detected in the 
samples, seven flavonol 8 (rt:3.87 min), 9 (rt: 3.97 min), 10 (rt: 4.00 
min), 11 (rt: 4.00 min), 12 (rt:4.17 min), 13 (rt: 4.22 min) and 14 (rt: 
4.49 min) and precursor ions [M+H]+ m/z 611.1584, [M+H]+ m/z 
319.0449, [M+H]+ m/z 303.0485, [M+H]+ m/z 465.1029, [M+H]+ m/ 
z 435.0916, [M+H]+ m/z 449.1076, and [M+H]+ m/z 433.1121 were 
putatively identified as rutin, myricetin, quercetin, isoquercitrin, 
quercetin-3-O-pentoside, quercitrin, and kaempferol-3-O-alpha-L-rham-
noside respectively. Two flavanonol 5 (rt:3.62 min) and 7 (rt: 3.86 min) 
with [M+H]+ m/z 289.0705 and [M+H]+ m/z 305.0647 were puta-
tively identified as dihydrokaempferol and taxifolin respectively and 
one flavan-3-ol 6 (rt: 3.63 min) with [M+H]+ m/z 291.0853 was puta-
tively identified as epicatechin. 

Flavonoids in general, have antioxidant activity due to the inhibitory 
effects of the production of free radicals and due to the scavenging ac-
tivity of reactive species. These compounds can be found in fruits, 
vegetables, legumes, tea, etc. Specific parts of these foods contain higher 
levels of flavonoids such as the peel of some fruits. There is strong sci-
entific evidence that demonstrates that the bioactive constituents (fla-
vonoids, carotenoids, vitamins) of vegetables and fruits provide 
nutritional benefits for consumers. Thus, flavonoids have stood out for 
having an impact on immune cells and inflammatory processes (Maleki, 
Crespo, & Cabanillas, 2019). 

Xanthone compound 15 (rt: 3.83 min) with [M+H]+ m/z 437.1064 
was putatively identified as bellidifolin-8-O-glucoside. It is important to 

highlight that for the Uvaia residue; this was the first report found. A 
previous study reported that this important class exhibits antioxidant, 
antimicrobial, anticancer, and anti-inflammatory activities, and 
xanthone exhibits antidiabetic activity (Santos, Freitas, & Fernandes, 
2018). 

4. Conclusion 

The present study provided some important conclusions. First, the 
results showed that water used as a non-toxic solvent was efficient for 
extracting bioactive compounds from the Uvaia residue. In addition, the 
combination of ultrasound-assisted extraction and concentration by 
reverse osmosis, which are considered clean techniques, were extremely 
feasible, improving the bioavailability of the compounds as well as the 
concentration of these substances. Hence, the residue (peel and seed) 
used as raw material is highly promising for the extraction of bioactive 
compounds. 

At the end of the process, a product with higher antioxidant levels 
was obtained compared to the initial extract (RS), with 6.2 times higher 
polyphenol content; 7.8 times higher flavonoid content, and 5.1 times 
higher antioxidant activity, highlighting levels of rutin (20.0 times 
higher), ellagic acid (5.0 times) and gallic acid (4.0 times higher). The 
final concentrate obtained (CF), with a high content of phenolic com-
pounds and high antioxidant activity, was produced naturally and can 
be used to develop functional food formulations and nutraceuticals or 
used in the pharmaceutical industry. 
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Table 3 
Bioactive compounds of different Uvaia samples.  

ID Compound identify RT (min) Molecular Formula [M+H]+ Measuared [M+H]+ Accuracy Error (ppm) Sample Class 

RS RE CF 

1 Ascorbic Acid 1.19 C6H8O6 177.0394 177.0394 0.2 ✓ ✓ ✓ Phenolic acids 
2 p-Coumaric acid 1.23 C9H8O3 165.0540 165.0546 − 3.6 ✓ ✓ ✓ Phenolic acids 
3 Gallic acid 1.97 C7H6O5 171.0288 171.0288 0.0 ✓ ✓ ✓ Phenolic acids 
4 Chlorogenic acid 3.95 C16H18O9 355.1028 355.1024 1.2 ✓ ✓ ✓ Phenolic acids 
5 Dihydrokaempferol 3.62 C15H12O6 289.0705 289.0707 − 0.6 nd nd ✓ Flavanonol 
6 Epicatechin 3.63 C15H14O6 291.0853 291.0863 − 3.4 ✓ ✓ ✓ Flavan-3-ol 
7 Taxifolin 3.86 C15H12O7 305.0647 305.0655 − 2.6 ✓ ✓ ✓ Flavanonol 
8 Rutin 3.87 C27H30O16 611.1584 611.1606 − 3.6 ✓ ✓ ✓ Flavonol 
9 Myricetin 3.97 C15H10O8 319.0449 319.0448 0.3 ✓ ✓ ✓ Flavonol 
10 Quercetin 4.00 C15H11O7 303.0485 303.0499 − 4.6 ✓ ✓ ✓ Flavonol 
11 Isoquercitin 4.00 C21H20O12 465.1029 465.1027 0.4 ✓ ✓ ✓ Flavonol 
12 Quercetin-3-O-pentoside 4.17 C20H18O11 435.0916 435.0922 − 1.4 ✓ ✓ ✓ Flavonol 
13 Quercitrin 4.22 C21H20O11 449.1076 449.1078 − 0.4 ✓ ✓ ✓ Flavonol 
14 Kaempferol 3-O-alpha-L-rhamnoside 4.49 C21H20O10 433.1121 433.1129 − 1.8 nd nd ✓ Flavonol 
15 Bellidifolin-8-O-glucoside 3.83 C20H20O11 437.1064 437.1078 − 3.2 ✓ ✓ ✓ Xanthone 

*nd = not detect; RT-retention time; RS - control sample; RE - ultrasound optimal extraction; CF - concentrated sample. 
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Appendices 

%F =
(Ji − Jf )

Ji
X100 Eq. (A.1)   

C(x+c) (μg/mL) = (1000 A470 – 1.82 Ca − 85.02 Cb)/198                                                                                                                                Eq. (A.2)  
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