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Anthocyanins are natural pigments and they are responsible for the 
blue-to-red coloration of fl owers, fruits and leaves. These phenolic 
compounds are also known to be benefi cial to human health. Due 
to their instability under some factors like temperature, light and 
pH conditions, their applications in the food industry need further 
study. The aim of this study was to evaluate and improve methods 
for the extraction of anthocyanins and other phenolic compounds 
from blueberry pomace generated by the juice production process, 
getting an extract free of organic solvent. The extractions were 
realized with acidifi ed distilled water (1% citric acid) as a solvent, 
varying the extraction time and temperature. Maximum yields of 
anthocyanins were obtained at 80 °C for 5 minutes, resulting in a 
total of 1,944.07 ± 46.7 mg of monomeric anthocyanins (cyanidin-
3-glucoside) per 100 g of dry pomace. The phenolic compounds 
showed a good correlation with antioxidant activity, and higher yields 
were obtained at high temperatures and for longer extraction times.
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1 INTRODUCTION

Blueberry (Vaccinium corymbosum L.) is a fruit belonging to the family Ericaceae; it is native 
to North America and several regions of Europe and is primarily cultivated in these areas (Prodorutti 
e Pertot, 2007). Blueberry cultivation in Brazil is quite recent and can be done just in some regions 
due to the requirement for suitable climatic conditions for the development of the crop (e.g., the 
accumulation of 500 hours of chilling below 7.2 °C) (Herter e Wrege, 2007).

Of all the fresh fruits studied to date, the blueberry is one of the richest in antioxidants, 
being the anthocyanins the primary antioxidants components. Anthocyanins are natural pigments 
that belong to the group of compounds known as fl avonoids. The various phenolic structures of 
anthocyanins are responsible for most of the blue and purple colors and all shades of red found 
in fl owers, fruits, some leaves, stems and roots of plants (Bridle e Timberlake, 1997; Castañeda-
Ovando et al., 2009). 

Due to their great antioxidant potential and proven benefi cial eff ects on human health, 
anthocyanins have attracted increasing interest in the food, pharmaceutical and cosmetic industries 
(Pazmiño-Durán et al., 2001; Castañeda-Ovando et al., 2009).

Fifteen anthocyanins have been characterized in highbush blueberries. These compounds 
are combinations of anthocyanidins (cyanidin, delphinidin, malvidin, peonidin and petunidin) with 
sugars (galactose, glucose and arabinose) (Tian et al., 2005).

The anthocyanins show antioxidant activity both in vitro and in vivo, protecting cells 
from oxidative stress and induced infl ammation (Youdim et al., 2000). In studies of rats fed diets 
experimentally supplemented with blueberries, it has been shown that blueberry has the ability to 
slow and even reverse cognitive and motor defi cits in aging induced by irradiation, with improvements 
in learning (Shukitt-Hale et al., 2007), increased neuronal development and survival of grafts of 
transplanted neural tissue (Willis et al., 2008). Blueberry produces satiety and thus serves as a 
modulator of weight (Molan, Lila e Mawson, 2008).

Moreover, according to Castrejón et al. (2008), diets with blueberry can demonstrate the 
ability to treat various gastrointestinal problems, reduce bad cholesterol, improve circulation, and 
prevent chronic diseases, e.g., cardiovascular disease and cancer.

The artifi cial synthesis of anthocyanins is still diffi  cult and expensive. Accordingly, these 
compounds are obtained by extraction from plant species and especially from fruits, whose 
anthocyanin content is relatively high. For this reason, eff orts are underway to expand the possibilities 
of obtaining anthocyanins on a large scale from natural sources in a sustainable manner to enable 
the development of their applications, with great benefi ts for society (Favaro, 2008).

In Brazil, the consumption of fresh blueberry fruit is still low. Most of the fresh product is 
processed to obtain juice and derivatives that are consumed in the form of beverages, syrups and 
other food products. Inevitably, this process generates waste products such as stems, seeds and 
peels, termed pomace, which are rich in polyphenols and anthocyanins and are a potential source of 
nutraceutical compounds and natural dyes (Lee e Wrolstad, 2004). 

Pressed juice yield ranged from 74 to 83% (w/w), but only 13 to 23% of the anthocyanins 
and 36 to 39% of the polyphenolics were recovered in the juice. A substantial amount of anthocyanins 
and polyphenolics (> 42% and > 15%, respectively of the starting material) were present in the 
presscakes (Lee, Durst e Wrolstad, 2002). 

Anthocyanins are very sensitive and can be destroyed by a variety of agents, including light, 
heat, pH, and enzymes (Winefi eld et al., 2009).

The aim of this study was to analyze the performance of a candidate extraction procedure 
used to obtain anthocyanins from blueberry pomace generated by juice processing. Extraction 
was performed under diff erent conditions (temperature, time) with the aim of maximizing yield and 
ensuring the durability of the anthocyanins recovered by solvent extraction. The anthocyanin extract 
was also analyzed to evaluate its content of total phenolics and its antioxidant activity.
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2 MATERIALS AND METHODS

2.1 JUICE EXTRACTION AND POMACE OBTAINING

Frozen blueberries were purchased from Italbraz Ltda, a company in Vacaria city in the 
state of Rio Grande do Sul. The blueberries were stored in 1 kg polyethylene bags and kept at 18 °C 
prior to juice extraction. To extract the juice and obtain pomace, the blueberries were thawed at room 
temperature (approximately 25 °C) and subjected to a bleaching process. This process serves to 
inactivate the polyphenoloxidase enzymes (PPOs) that degrade anthocyanins. The bleaching was 
performed in an autoclave (Phoenix Luferco, model AV, Brasil) at 100 °C for 3 minutes, followed by 
cooling in cold water (Rossi et al., 2003). The blueberries were then manually mixed and milled in an 
Ultra Mixer (Britain, model XB986B, Brasil) until the product became homogeneous and large pieces 
of fruit were not observed. A small portion of the homogeneous mass was taken for further analysis. 
The remaining homogenate was manually pressed onto nylon fabric to separate the liquid portion 
(juice) from the solid part (pomace). The pomace was then frozen at 18 °C prior to further use.

2.2 DETERMINATION OF PROPERTIES OF FRUIT AND POMACE

The physico-chemical properties of the analyzed blueberries were determined. The 
properties analyzed were the content of total soluble solids (°Brix), the pH and the total acidity. 
The content of soluble solids was determined using an analog benchtop refractometer, the pH was 
determined with a pH meter (Tecnal, model TEC-3 MP, Brazil) (AOAC method 981.12 (Aoac, 2000)), 
and the titratable acidity was determined with a volumetric method (AOAC method 942.15 (Aoac, 
2002)), with the results expressed as the percentage of citric acid. 

The moisture content of the pomace was determined gravimetrically according to AOAC 
method 934.06 (Aoac, 2000).

2.3 OBTAINING ANTHOCYANIN EXTRACT FROM BLUEBERRY POMACE

Conventional extraction of anthocyanins is usually performed with organic solvents, such 
as methanol, ethanol and acetone. However, an extract free of organic solvents was sought in this 
study because the extract is going  to be used in foods. Accordingly, water was used as the basis for 
the solvent. 

The extraction of anthocyanins was performed in batch mode with water in the presence of 
1% w/v citric acid as solvent (Lee e Wrolstad, 2004). The extraction apparatus was a jacketed cell 
wrapped in aluminum foil to maintain the solution at a constant temperature and protect the solution 
from light during the extraction. To control the extraction temperature, a thermostatic bath (Lauda, 
model T TYP, Germany) was used. Constant stirring with a magnetic stirrer was used during the 
extraction.

The temperature (60 and 80 °C) and time (5, 15 and 45 minutes) for the extraction process 
were used in all possible combinations as experimental treatments, with a total of 6 treatments. Each 
batch used 4 g of wet pomace and 60 mL of extraction solution, the best ratio for this study (1:15) as 
determined by preliminary experiments.

To compare and analyze the eff ectiveness of each test extraction, an exhaustive extraction 
was performed to obtain an overall quantifi cation of the compounds in the blueberry pomace. In this 
procedure, successive extractions were performed with methanol until no signifi cant staining of the 
extract was noticed. The procedure was adapted from Larrauri, Rupérez e Saura-Calixto (1997).

After the completion of the extraction, the solution was vacuum fi ltered, the solid portion was 
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discarded and the aqueous extract of anthocyanin was packed in amber glass bottles and stored in 
a refrigerator (5 °C) prior to further analysis.

All extractions were performed in triplicate.

2.4 QUANTIFICATION OF TOTAL MONOMERIC ANTHOCYANINS 
BY SPECTROPHOTOMETRY

The pH diff erential method described by Lee, Durst e Wrolstad (2005) was used. This 
method is based on the structural changes occurring in the anthocyanins in a pH range between 
1.0 and 4.5. As the compounds are colored at pH 1.0 and colorless at pH 4.5, results can be 
obtained by spectroscopic observation. The sample is diluted in buff ered solutions of pH 1.0 and 
4.5 with a predetermined dilution factor, and absorbance measurements are then made at specifi ed 
wavelengths.

The pH 1.0 buff er solution was prepared with potassium chloride and the pH 4.5 buff er with 
sodium acetate. Distilled water was used to prepare both solutions. The dilution factor of the sample 
was determined to maintain the absorbance of the sample below a value of one.

A spectrophotometer (pro-analysis, model UV 1600, Brazil) was used to read the absorbance. 
The absorbance was measured at 518 and 700 nm; the wavelength that showed the maximum values   
of absorbance, 518 nm, had been determined in a previous experiment. The diff erence between 
the absorbance values at both pHs analyzed, measured at the peak wavelength, is proportional 
to the concentration of anthocyanins (Giusti e Wrolstad, 2001; Wrolstad, Durst e Lee, 2005). The 
absorbance was determined according to Equation 1.

where is the absorbance at the wavelength of maximum detection of anthocyanins and  is 
the absorbance at a wavelength of 700 nm. The sample has no color absorbance at 700 nm, and 
the measurement is performed only to correct errors related to the presence of turbidity or sediment 
in the sample.

The anthocyanin content in the sample was determined using Equation 2 and expressed in 
mg/L of anthocyanin cyanidin-3-glucoside.

where is the absorbance calculated using Equation 1,  (449.2 g mol-1) is the molar mass 
of cyanidin-3-glucoside,  (26,900 L.mol-1.cm-1) is the molar extinction coeffi  cient of anthocyanin,  is 
the dilution factor of the sample,  is the pathlength (1 cm) and  is the factor conversion from g to mg. 
Given the dilutions made   in the sample and its moisture, the total anthocyanin content in mg per 100 
g of sample on a dry weight basis can then be obtained. 

The analyses were performed in triplicate for each treatment.

2.5 PHENOLIC COMPOUNDS

The determination of total phenolic compounds present in the samples of aqueous extract 
was made by the Folin-Ciocalteu method using gallic acid as the standard (Waterhouse, 2001). 
The Folin-Ciocalteu method is based on the chemical reduction of the oxides of tungsten and 
molybdenum, which have a blue color and are highly light-absorbent. The maximum absorbance of 
the mixture of these oxides occurs at a wavelength (λ) of 765 nm. The intensity of light absorption at 
this λ is proportional to the concentration of phenolics (Waterhouse, 2001).

A total of 40 μL of extract or standard gallic acid was pipetted into each test tube, to which 
3.2 mL of distilled water and 200 μL of Folin-Ciocalteu reagent were added. The mixture was stirred 
and protected from light for 5 minutes to allow the reaction to occur. After this period, 600 μL of 
a saturated solution of sodium carbonate was added. The mixture was agitated in a vortex mixer 
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(Phoenix Luferco model AP 56, Brazil) and left, protected from light, at room temperature for 1 hour. 
To read the absorbance, the samples were transferred to plastic buckets and the readings performed 
with a spectrophotometer (Pro Analysis, model UV 1600, Brazil) at a wavelength of 765 nm. The 
results were expressed as mg of GAE (gallic acid equivalents) per g of pomace on a dry weight 
basis. For the preparation of the blank, the procedures were the same as those followed for sample 
preparation except that distilled water was substituted for the sample (Waterhouse, 2001).

A standard curve was created for the quantifi cation of total phenolic compounds to specify 
the absorbance of solutions of various concentrations of gallic acid (50, 100, 300, 400 and 500 ppm) 
after the sample preparation procedure.

All experiments were performed in triplicate, and the obtained calibration curve coeffi  cient 
was greater than 0.99.

2.6 TOTAL ANTIOXIDANT ACTIVITY (TAA)

 Numerous methods for the assessment of total antioxidant activity (TAA) have been 
proposed in the literature, but the suitability of a particular method will depend on the nature of the 
compounds present in each fruit. In this paper, spectrophotometric techniques involving ABTS and 
DPPH radicals were used to measure the antioxidant activity of the aqueous extract of blueberry 
pomace.

2.6.1 Method Based on Capture of the DPPH  Radical (2,2-Diphenyl-1-Picryhydrazyl)

The DPPH assay is based on the capture of the radical 2,2-diphenyl-1-picrylhydrazyl by 
antioxidants present in the sample. The result of this reaction is a decrease in absorbance at a 
wavelength of 515 nm (Brand-Williams, Cuvelier e Berset, 1995). 

The methodology used for the analysis and calculation of TAA with this technique was 
performed according to Brand-Williams, Cuvelier e Berset (1995), with several modifi cations.

For analysis, three dilutions of the aqueous extract of anthocyanins with distilled water 
were initially prepared in triplicate. Then, 0.1 mL aliquots of each extract dilution were transferred 
to assay tubes. A total of 3.9 mL of a 0.06 mmol DPPH solution was then added, and the mixture 
was homogenized with a vortex mixer (Phoenix Luferco model AP 56, Brazil). The 0.06 mmol DPPH 
solution was prepared by dissolving the DPPH (2,2-diphenyl-1-picrylhydrazyl) in methyl alcohol on 
the day of analysis. 

A control solution was prepared using a method parallel to that used for the samples but 
substituting distilled water for the sample. The mixtures were protected from light for 1 h, and the 
absorbance was then measured with a spectrophotometer (Pro analysis, Model UV 1600, Brazil) at 
515 nm. Methyl alcohol was used as a blank to calibrate the spectrophotometer.

The fi nal absorbance was interpolated into a Trolox standard curve, and the results were 
expressed as Trolox equivalent antioxidant activity (TEAC) (TEAC μmol/g dry weight basis).

2.6.2 Method for Capturing the ABTS Radical (2,2’-azino-bis 
(3-ethyl-benzothiazolinesulfonic\acid))

This method is based on the energy of reaction required to form hydrogen donor compounds. 
In this method, the phenolic compounds of interest are converted into a colorless form of the ABTS 
radical (Campos e Lissi, 1997). 

The methodology used for the TAA analysis and calculations with ABTS radical capture was 
based on  Re et al. (1999) with several modifi cations.

The ABTS reagent (Sigma Aldrich, St. Louis, USA) was dissolved in distilled water to form 
a 7 mmol/L solution. The ABTS radical was produced 16 hours prior to use by reacting 7 mmol/L 
ABTS solution with 4.9 mmol potassium persulfate in a 1:1 ratio solution. For the assay, the solution 
containing the ABTS radical was diluted with ethanol to obtain an absorbance of 0.7 ± 0.05 at 734 nm.
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Three dilutions of the aqueous extract of anthocyanins were initially prepared with distilled 
water in triplicate. Aliquots of 30 mL of each dilution of the extract were transferred to assay tubes, 
3 mL of the ABTS radical were added, and the mixture was homogenized in a vortex mixer (Phoenix 
Luferco, model AP 56, Brazil). The mixtures were protected from light for 20 minutes, and the 
absorbance was then measured with a spectrophotometer (Pro analysis, Model UV 1600, Brazil) at 
734 nm. Ethanol was used as a blank to calibrate the spectrophotometer.

The total antioxidant capacity of the sample was calculated relative to the activity of the 
synthetic antioxidant Trolox (Sigma Aldrich, St. Louis, USA), and the results were expressed as the 
Trolox equivalent antioxidant activity (TEAC) (TEAC μmol/g pomace) (dry weight basis).

2.7 STATISTICAL ANALYSIS

An analysis of variance (ANOVA) was used to evaluate the results. Diff erences between 
treatments were evaluated with a Tukey test with a statistical signifi cance level of 0.05. The statistical 
analyses were performed with Statistical software for Windows (version 11, StatSoft ®) (Statsoft, 
2012)). 

3 RESULTS AND DISCUSSION

The pomace obtained from blueberries processed to produce juice was found to have a 
soluble solid content of 12 ± 0.1 °Brix, a pH of 3.05 ± 0.01 and a total acidity, expressed as the 
percentage of citric acid, of 0.433 ± 0.006%. The juice yield from processing blueberry was 83.4%, 
leaving 16.6% by mass of waste. The moisture content of the presscake pomace was 67.77 ± 0.46%.

3.1 EXTRACTION OF ANTHOCYANINS

The extraction of anthocyanins was performed without using organic solvents. Only acidifi ed 
water was used as the extracting solvent. 

The degree of extraction of anthocyanins depends on a number of factors, including the 
ratio of the solvent volume to the mass of the sample, the type of solvent, the pH, the type of 
acid (hydrochloric acid, citric acid, tartaric acid, acetic acid), the particle size, and the time and 
temperature of extraction (Cacace e Mazza, 2003; Lee e Wrolstad, 2004).

According to Xavier et al. (2008), the optimum conditions for the extraction of anthocyanins 
from red cabbage occur at pH 2.3. The most commonly used acidulant in extraction solutions is 
hydrochloric acid (HCl). However, citric acid was used in this study because HCl is harmful to human 
health. Citric acid has no detrimental eff ects and can act as a preservative during the processing and 
storage of the extract (Main, Clydesdale e Francis, 1978). Excess acidity in the medium (pH below 
1) can result in the formation of anthocyanidins and other fl avonoids through hydrolysis reactions, 
generating underestimates of the total amount of anthocyanins (Revilla, Ryan e Martín-Ortega, 
1998). For this reason, a 1% solution of citric acid was used in this study.

Figure 1 shows the anthocyanin concentration in mg per 100 g pomace (dry weight basis) 
plotted versus the extraction time in minutes for the two temperatures used in the study (60 and 80 
°C).
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FIGURE 1 - ANTHOCYANIN CONCENTRATION (MG OF CYANIDIN-3-GLUCOSIDE PER 
100 G POMACE, DRY WEIGHT BASIS) AS A FUNCTION OF EXTRACTION TIME FOR 

DIFFERENT TEMPERATURES. BARS WITH THE SAME LETTER DO NOT DIFFER 
SIGNIFICANTLY (TUKEY TEST, 5% PROBABILITY).

The Figure 1 shows that the amount of anthocyanins extracted was greater for the shorter 
times at the higher temperature. However, a decrease in the concentration of anthocyanins in the 
extract was observed at 80 °C for the long experimental periods. The highest value was obtained 
for the extraction conditions of 80 °C and 5 minutes. Under these conditions, 1,944.07 ± 46.7 mg of 
monomeric anthocyanins (cyanidin-3-glucoside) were obtained per 100 g pomace dry weight basis. 
This result represents 81.41% of the total anthocyanin concentration (2,387.9 mg/100 g pomace 
dry weight basis) resulting from the exhaustive extraction of blueberry pomace. Accordingly, the 
technique appears to be highly effi  cient. 

Similar results were found for blueberry pomace by Lotfi  et al. (2013) and by Su e Silva (2006) 
and for grape pomace by Valduga et al. (2008). Nicoué, Savard e Belkacemi (2007) obtained the 
best results for the extraction of total anthocyanins from whole blueberries with 5% formic acid in 
ethanol at 79 °C for 2 hours, a total of 2,890 mg/100 g of fruit pomace (dry weight basis). 

The rapid extraction of anthocyanins demonstrated in Figure 1, compared with the results 
obtained by other authors, e.g., 2 hours for the extraction of anthocyanins from blueberry (Nicoué, 
Savard e Belkacemi, 2007) and 3 hours for the extraction of anthocyanins from grape pomace (Lotfi  
et al., 2013) may be associated with the degree of disruption of the peel occurring during grinding by 
the mixer. This process may have exposed a greater area to extraction.

Figure 1 also shows that the concentration of anthocyanins decreases after a certain 
extraction time at the same temperature with the exception of the 5 and 15 minutes extraction times 
at 60 °C. This behavior may be due to anthocyanin degradation caused by prolonged exposure to 
high temperature:  the hydrolysis of the glycoside bond and subsequent formation of chalcones 
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causes a loss of color (Adams e Woodman, 1973). Lee e Wrolstad (2004) studied the extraction of 
anthocyanins from blueberry pulp at temperatures between 50 and 80 °C with distilled water in the 
presence of 1% citric acid and 100 ppm SO2 with an extraction time of 1 hour. They found that the 
best performance occurred at 50 °C, whereas extraction at 80 °C could have caused degradation of 
the anthocyanins due to the prolonged exposure at this high temperature.

A Tukey test showed that the average anthocyanin concentration under the optimal 
extraction conditions (80 °C and 5 minutes) diff ered signifi cantly (p < 0.05) from the values under the 
other conditions. The results for 60 and 80 °C for 15 minutes did not diff er signifi cantly (p > 0.05). 
Likewise, the results for 60 °C for 5 and 45 minutes and 80 °C for 5 minutes did not diff er signifi cantly.

3.2 TOTAL PHENOLICS

 The phenolics present in a sample are all compounds having an aromatic ring linked 
to one or more hydroxyl groups. This structure is termed a phenolic ring. The quantifi cation of such 
compounds is an estimate of all the compounds belonging to the subclass of phenolic compounds 
(Pertuzatt, 2009).

 Figure 2 shows the total phenolics extracted, expressed as mg of gallic acid per 100 
g of pomace (dry weight basis) as a function of the temperatures and extraction times. 

FIGURE 2 - CONCENTRATION OF TOTAL PHENOLICS IN MG OF GALLIC ACID PER 
100 G OF POMACE (DRY WEIGHT BASIS) VS. EXTRACTION TIMES AT DIFFERENT TEM-
PERATURES. BARS WITH THE SAME LETTER DO NOT DIFFER SIGNIFICANTLY (TUKEY 

TEST, 5% PROBABILITY).

It can be seen that higher concentrations of total phenolics were obtained at the higher 
temperature (80 °C) for the same times. A Tukey test showed that the results obtained for the same 
extraction times at the two diff erent temperatures (60 and 80 °C) diff ered signifi cantly (p < 0.05). No 
signifi cant diff erence was observed between the extractions for 15 and 45 minutes at 80 °C. The 
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maximum total phenolics extracted from blueberry pomace averaged 794.67 ± 35.3 mg of gallic 
acid per 100 g of extract. This value is equivalent to 3,698.46 ± 164.36 mg of gallic acid per 100 g 
of pomace on a dry weight basis, and it corresponded to a yield of 81.5% relative to the 4,533.45 ± 
293.86 mg of gallic acid per 100 g of pomace on a dry weight basis obtained by exhaustive extraction.

Lee e Wrolstad (2004) extracted phenolic compounds from blueberry pomace with acidifi ed 
water and 100 ppm SO2 at 80 °C for one hour. In their study, the maximum total phenolics in the 
extract had a value of 978.3 mg of gallic acid per 100 g of the pomace extract. The sample mass 
ratio/volume of solvent was 1:2 w/v. Their study is the only previous investigation of the topic in the 
literature. The total yield of phenolics found in blueberry extract by Kalt, Mcdonald e Donner (2000) 
was twice as high at  60 °C than at 25 °C. This result showed that higher temperatures favor the 
extraction of phenolic compounds. Bucić-Kojić et al. (2011) studied the infl uence of the solvent (50-
80% ethanol in water (v/v)) and temperature (25-80 °C) on the extraction of phenolic compounds from 
freeze-dried fi gs (Ficus carica L.). They concluded that the greatest ratios of alcohol to water and 
relatively high extraction temperatures positively infl uenced the extraction of phenolic compounds.

3.3 ANTIOXIDANT ACTIVITY

Figure 3 shows the values   of antioxidant activity, expressed as TEAC μmol/g of sample on 
a dry weight basis, resulting from two methods of analysis, DPPH (A) and ABTS (B). 

As can be seen, the average value   of antioxidant activity found in aqueous extracts of 
blueberry pomace was greater at the higher extraction temperature. The average values   of antioxidant 
activity at 60 °C at diff erent times (5, 15 and 45 minutes) analyzed by the DPPH method did not diff er 
signifi cantly (p > 0.05). The best results were found at a temperature of 80 °C for 15 and 45 minutes. 
The average values   for these two times did not diff er signifi cantly (p > 0.05). The values obtained with 
the ABTS method   were higher but resembled the fi ndings obtained with the DPPH method, namely, 
a higher antioxidant activity at the higher temperature of extraction (80 ºC). The average values   of 
antioxidant activity at 60 and 80 °C analyzed by the ABTS method showed no signifi cant diff erence 
between the extraction times of 15 and 45 minutes (p > 0.05). 

Higher temperatures have the disadvantage of promoting the destruction of certain 
anthocyanins and phenolic compounds. However, such temperatures can also increase the 
bioavailability of compounds with antioxidant activity. Among the antioxidants present in fruits and 
vegetables, the most active and frequently encountered are phenolic compounds such as phenolic 
acids and fl avonoids (Silva, Vendruscolo e Toralles, 2013). 

The best extraction conditions, resulting in an extract with the highest average antioxidant 
activity, was at a temperature of 80 °C for 15 and 45 min for both methods (DPPH and ABTS). The 
values obtained with the DPPH and ABTS methods were 275.99 ± 4.67 and 189.15 ± 11.32 μmol 
TEAC/g sample on a dry weight basis, respectively. 

The values   of antioxidant activity obtained by both methods were correlated with the total 
phenolic content and the results are presented in Table 1. The concentration of total phenolics and 
antioxidant activity were strongly correlated. This result indicates that phenolic compounds are 
primarily responsible for the antioxidant activity of the extract.
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FIGURE 3 - ANTIOXIDANT ACTIVITY OF BLUEBERRY POMACE EXTRACT ANALYZED 
BY DPPH AND ABTS METHODS. BARS WITH THE SAME LETTER DO NOT DIFFER 

SIGNIFICANTLY (TUKEY TEST, 5% PROBABILITY).
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TABLE 1 - PEARSON CORRELATION COEFFICIENTS BETWEEN TOTAL PHENOLICS 
AND ANTIOXIDANT ACTIVITY (DPPH, ABTS) IN ANTHOCYANIN EXTRACT.

Temperature DPPH ABTS

Total Phenolics
60 °C 0.937 0.977
80 °C 0.999 0.993

Dragović-Uzelac et al. (2010 evaluated the antioxidant capacity of diff erent blueberry 
cultivars with the DPPH and ABTS methods and found that the values   of antioxidant activity measured 
by the ABTS method (15.8 to 28.4 mmol TEAC/100 g of fresh fruit) were higher than those measured 
by the DPPH method (5.6 to 7.6 mmol TEAC/100 g of fresh fruit). The values of antioxidant activity 
measured by both methods showed a good correlation with the amount of phenolic compounds in 
the fruit.

The results of this study showed that the best conditions for the extraction of anthocyanins 
from blueberry pomace were an extraction temperature of 80 ºC for 5 minutes. Longer extraction 
times resulted in a decrease in the concentration of anthocyanins as a result of thermal degradation, 
with possible formation of chalcones and consequent loss of color. Total phenolics and antioxidant 
activity were most effi  ciently extracted at a temperature of 80 ºC for 15 and 45 minutes. No signifi cant 
diff erence was found between the average values   obtained for these two extraction times. 

CONCLUSIONS

 Blueberry processing waste is high in anthocyanins and total phenolics and is a good 
potential source of natural colorants and nutraceutical compounds. This study found satisfactory 
results for the extraction of anthocyanins. The optimum extraction conditions were found to be 80 
°C for 5 minutes. This result shows that high temperatures favor anthocyanin extraction and short 
extraction times serve to prevent thermal degradation. 

The total phenolics and antioxidant activity of the extract showed a good correlation with 
the studied extraction conditions for both methods (DPPH and ABTS). The maximum yields were 
obtained at 80 °C for 15 and 45 minutes of extraction. 

The results of this study are useful for increasing the recovery of anthocyanins and 
polyphenolics from extracts, reducing byproduct disposal and enhancing the utility of the blueberry 
fruit in addition to producing an extract free of organic solvents, a result of special interest to the food 
industry. 

RESUMO

AVALIAÇÃO DA EXTRAÇÃO DE ANTOCIANINAS E OUTROS COMPOSTOS FENÓLICOS 
DO RESÍDUO DO PROCESSAMENTO DO MIRTILO COM ÁGUA ACIDIFICADA 

Antocianinas são pigmentos naturais responsáveis pela coloração entre o vermelho e o azul 
de fl ores, frutas e folhas. Estes compostos fenólicos possuem elevado interesse por apresentarem 
diversos benefícios à saúde humana. Devido a sua instabilidade frente a algumas condições de 
temperatura, luminosidade e pH, sua aplicação na indústria alimentícia demanda estudos mais 
aprofundados. O objetivo deste estudo foi avaliar e melhorar métodos de extração de antocianinas 
e outros compostos fenólicos do bagaço de mirtilo gerado pelo processo de produção de sucos, 
obtendo-se um extrato livre de solventes orgânicos. A extração foi realizada com água acidifi cada 
(1% de ácido cítrico) como solvente, variando o tempo e a temperatura de extração. Os melhores 
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rendimentos em antocianinas foram obtidos a 80 °C por 5 minutos, resultando num total de 1.944,7 
± 46,7 mg de antocianinas monoméricas (cianidina-3-glucosídeo) por 100 g de bagaço em base 
seca. Os compostos fenólicos mostraram boa correlação com a atividade antioxidante, e maiores 
rendimentos foram obtidos em maiores temperaturas e por tempos de extração mais prolongados. 

PALAVRAS-CHAVE: ANTOCIANINAS; ATIVIDADE ANTIOXIDANTE; MIRTILO; EXTRAÇÃO; BAGAÇO. 
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