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ABSTRACT

Natural antioxidants, such as fruits and vegetables, can neutralize an excess of free radicals
in the organism and prevent certain degenerative diseases. Blackberries are known to exhibit
antioxidant properties, but this fruit is seldom consumed or commercialized in Peru. The
objective of this research study was to determine the total anthocyanins (TA), total phenolic
compounds (TPC) and antioxidant capacity of lyophilized Rubus robustus C. Presl (wild
blackberries) in the region of Arequipa - Peru. The pH-differential method, the Folin-
Ciocalteu method and the free radical 2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) method
were used to this end. Results showed a TA content of 52 + 1.86 mg cyanidin 3-glucoside/100
g of lyophilized Rubus robustus C. Presl. Furthermore, the TP content was of 219.11 + 8.23
mg gallic acid/100 g of the lyophilized fruit. The percentage of DPPH discoloration of two
samples (1.0 and 2.0 mg/mL) of the lyophilized fruit was determined, obtaining a percentage
0f35.89 +4.43 and 67.23 + 3.30%, respectively. The IC50 value found was 1.5 mg/mL. Wild
blackberries in Arequipa, Peru were therefore shown to possess an antioxidant capacity, so a
diet rich in this type of fruit should be promoted as a nutraceutical.
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DETERMINACION DE ANTHOCIANINAS, FENOLES TOTALES Y
CAPACIDAD ANTIOXIDANTE DE RUBUS ROBUSTUS C. PRESL

RESUMEN

Los antioxidantes naturales, como las frutas y vegetales, pueden neutralizar un exceso de
radicales libres en el organismo y prevenir ciertas enfermedades degenerativas. Se sabe que
las zarzamoras exhiben propiedades antioxidantes, pero esta fruta es rara vez consumida
o comercializada en Pert. El objetivo de este estudio de investigacion fue determinar el
total de antocianinas (TA), fenoles totales (TP) y capacidad antioxidante del liofilizado de
Rubus robustus C. Presl (zarzamoras silvestres) en la region de Arequipa - Pert. Para ello, se
utilizaron el método diferencial de pH, el método Folin-Ciocalteu y el método de radicales
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libres de 2,2-difenil-1-picrilhidracilo (DPPH). Los resultados mostraron un contenido de
TA de 52 £ 1.86 mg de cianidina 3-glucdsido/100 g de Rubus robustus C. Presl liofilizado.
Ademas, el contenido de TP fue de 219.11 + 8.23 mg de acido galico/100 g de la fruta
liofilizada. Se determind el porcentaje de decoloracion DPPH de dos muestras (1.0 y 2.0
mg/mL) de la fruta liofilizada, obteniendo un porcentaje de 35.89 + 4.43 y 67.23 + 3.30%,
respectivamente. El valor de IC50 encontrado fue de 1.5 mg/mL. Por lo tanto, se demostro
que las zarzamoras silvestres en Arequipa, Pert, poseen una capacidad antioxidante, por lo
que una dieta rica en este tipo de frutas debe promoverse como nutracéutico.

Palabras clave: zarzamoras; antocianinas; fenoles totales; DPPH; antioxidante.

INTRODUCTION

Free radicals are a molecular species with an unpaired electron in an atomic orbital, causing
them to be highly reactive and capable of altering different molecules in the body, resulting
in the progression of a number of diseases and also in agingl. There are many sources of
free radicals, including enzymes such as xanthine oxidase, cyclooxygenases, lipoxygenases,
myeloperoxidases, cytochrome P450 monooxygenase, uncoupled nitric oxide synthase
(NOS), peroxidases and NADPH oxidase’.

Antioxidants can prevent cellular damage resulting from chemical reactions of free radicals
by neutralizing and stabilizing them®. Different studies have reported the effects of natural
antioxidants in diseases related to stress oxidation, such as cancer or atherosclerosis*>.

Blackberries belong to the genus Rubus of the rose family (Rosaceae), it is a berry fruit which
consists of numerous black juicy drupelets, each with a single seed around a central stem. It is
commonly found in North America and Europe. Blackberries are eaten fresh or in other food
products such as ice cream, jams and pies®. Blackberries are known to be rich in anthocyanins
and other phytochemicals, such as flavonols, phenolic acids, ellagic acid, vitamins C and E,
folic acid and b-sitosterol’. The phenolic composition, antioxidant capacity and anthocyanin
content of different species of blackberries®'* have been studied using different determination
techniques most of all concluding that this fruit has an antioxidant capacity due to their high
anthocyanin content, more precisely from cyanidin-3-glucoside14. In Peru, blackberries are
poorly grown and often imported but this fruit can grow by itself like tare with a source of
water nearby.

We emphasize the importance of publishing information about blackberries as antioxidants
in Peru since there are few reports available on the antioxidant capacity of this fruit in this
region. This research will be helpful for greater understanding the value of blackberries to the
health of Peruvian consumers and for encouraging its consumption. The aim of this research
study, therefore, was to determine total anthocyanins (TA), total phenols (TP) and antioxidant
capacity of Rubus robustus C. Presl (wild blackberries) in Arequipa, Peru.
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EXPERIMENTAL

This research was carried out in the Proyecto Mercurio Laboratory (H-202) at the Universidad
Catolica de Santa Maria and in the Calidad de Aguas Laboratory at the Universidad
Tecnoldgica del Pert in Arequipa.

Fruit Sample

Mature wild blackberries were collected from adult wild plants in the Chilina Valley in the
spring (between September and October) as shown in Figure 1. Gathering was carried out by
direct hand harvesting of the fully ripe fruits and they were selected by uniformity of size and
color and stored in polyethylene terephthalate (PET) containers. Fruit samples were sent to
the Proyecto Mercurio Laboratory, where they were carefully washed with deionized water
and kept refrigerated at 4 + 1 °C. Later, the samples were blended and filtrated to eliminate
any solid material before being freeze-stored. Afterwards, the samples were lyophilized in a
FreeZone 2.5 Liter Benchtop Freeze Dry System at the Universidad Nacional San Agustin
of Arequipa. Finally, the lyophilized samples were placed in PET containers and stored in
an environment free of humidity and protected from direct light. A sample of the adult plant
and fruit were sent to the Herbarium Areqvipense at the Universidad Nacional San Agustin
of Arequipa, which identified it as Rubus robustus C. Presl.

Figure 1. Rubus robustus C. Presl collected from the Chilina Valley

Sample preparation

The lyophilized sample (100 mg) was treated with 1 mL of high-performance liquid
chromatography (HPLC) grade methanol and sonicated in a Branson 2510-E sonicator for
10 min. The homogenate was then centrifuged in a Centra CL 2 Thermo IEC centrifuge at
4000 rpm for 15 min at room temperature. The supernatant was separated and the remaining
insoluble fraction was washed again with 1 mL of HPLC grade methanol. This process was
repeated three times and the supernatants were combined. Finally, a final volume of 10 mL
was obtained with HPLC grade methanol and maintained at 4 + 1 °C.

Reagents

Follin-Ciocateau reagent P.A (Merck), gallic acid P.A (Sigma Aldrich), sodium carbonate P.A
(Merck), potassium chloride P.A (Merck), sodium acetate P.A (Merck), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox) standard (CALBIOCHEM), DPPH P.A
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(CALBIOCHEM), HPLC grade methanol (MERCK), deionized water (18.2 mQ) obtained
from a Barnstead Easypure Il water purification system.

Determination of total anthocyanins

The pH differential method has been used by many authors to determine the anthocyanins
of berries'""® where a change in pH, anthocyanins go through a reversible structural
transformation demonstrated by different absorbance spectra. At pH 1.0, the red oxonium
form appears and at pH 4.5 the colorless hemiketal form predominates15. Absorbance was
measured with a CARY60 UV —VIS spectrophotometer (Agilent Technologies) at 510 and
700 nm at different pHs to calculate the final absorbance using Eq. 1

A= (Ao — Aypo)PH 1 — (Agyo- — Azpo)PH 45 (1)

The TA was calculated according to Eq. 2:

(T4) = Ax MWxFDx100 ())
ex1

Where: A= Absorbance, MW= molecular weight, DF= dilution factor, &= extinction
coefficient. Data were calculated with the MW (449.20) and the extinction coefficient for
cyanidin-3-glucoside (29 600) and expressed as mg cyanidin/100 g lyophilized Rubus

robustus C. Presl.

Determination of total phenolics compounds

The TP was determined by the Folin-Ciocalteu colorimetric method, first described
by Singleton and Rossi (1965)'¢ based on the production of a blue phosphotungstic-
phosphomolydic complex. This method is widely used to estimate the total phenolic content
in many samples such as fruits, beverages, herbs and other plant extracts'”".

A calibration curve was prepared with gallic acid ranging from 10 to 60 ppm. Different
concentrations of gallic acid were mixed with 0.25 mL of Folin-Ciocalteu reagent in a 10 mL
volumetric flask at room temperature. Then, 2 mL of a 20% sodium carbonate solution was
added and finally deionized water was added to complete 10 mL. This solution was mixed
in an Analog mixer vortex and maintained for 2 h in dark conditions. Finally, total sample
phenols were evaluated with a CARY60 UV —VIS spectrophotometer (Agilent Technologies)
at 750 nm.

For the determination of TP of the fruit sample, the same procedure was done using 0.2 mL of
the sample previously prepared. TP was expressed as mg of gallic acid equivalent (GAE)/100
g lyophilized Rubus robustus C. Presl.

Antioxidant assay: Determination of the DPPH free radical scavenging activity

The DPPH free radical method is based on the measurement of the scavenging capacity
of antioxidants towards a free radical?® and it is used in various studies to determine the
antioxidant capacity of plants*'**. When a DPPH solution is mixed with a substance such as
an antioxidant that can donate a hydrogen atom, it gives rise to a reduced form with the loss
of its violet color®.
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A stock solution of Trolox at a concentration of 1 mmol/L was prepared with HPLC grade
methanol in a 10 mL volumetric flask and stored in the fridge until use. A working solution
of DPPH at a concentration of 2.5 mmol/L was prepared with HPLC grade methanol and was
kept in dark conditions to prevent its deterioration. This solution was prepared on each day
of the analysis.

A calibration curve was prepared using different volumes of the stock solution of Trolox to
obtain a concentration range of 0.02—0.10 mmol/L, 100 uL of the DPPH working solution
and HPLC grade methanol to achieve a volume of 1 mL. To prepare the negative control,
DPPH was mixed with methanol instead of Trolox. Finally, for the analysis of the sample,
two different volumes (100 and 200 uL) of the fruit samples prepared earlier were taken,
100 uL of the DPPH and HPLC grade methanol were added to obtain a volume of 1 mL and
filtrated in an Anotop filter before injecting them to the HPLC. The absorbance was measured
at 517 nm every 20 min. The samples and standards were analyzed. The peaks identification
was performed by the comparison of the retention times with those of referential standards.

The analysis was performed on a LaChrom-Hitachi HPLC, consisting of an L-7100 pump,
a 20 uL manual injector (loop) and a L-7400 UV detector. An EZ Chrom Elite data station
and a personal computer were used as software sources for data storage and evaluation.
The analytical column used was a Chromolith RP-18e of 100-4.6 mm, with internal particle
diameter of 2 um. A 5-4.6 mm Chromolith RP-18¢ pre-column was used to protect the
analytical column. Chromatographic separation was performed using, as a mobile phase
methanol: water (80:20) with a total flow rate at 1.0 mL/ min. An absorbance detector was
used at 517 nm.

The results were expressed as a percentage decrease of color intensity (% inhibition of the
free radical) related to the negative control sample such as Eq. 3:

. . v el N A, tiv nerol ~Asampie #100
(% inhibition) = =42 ‘:: control “sample 3)
negative control

where: “negative = area of the negative control and “sample = area of the sample.

Determination of the IC50

The IC50 is the concentration of an antioxidant that inhibits by 50% the DPPH free radical
activity. The IC50 is inversely proportional to the antioxidant activity where a lower value
indicates a higher effectiveness of the antioxidant23. To determine the IC50, a calibration
curve was prepared using serial dilutions made from the stock solution of the fruit sample to
obtain solutions with concentrations of 3000, 2000, 1500, 1000, 800, 500 and 200 pg/mL,
mixing them with 100 uL of the DPPH working solution and HPLC grade methanol. The
working solution of DPPH 2.5 mmol/L was prepared as previously explained. To prepare the
negative control, DPPH was just mixed with methanol. Finally, the absorbance was measured
at 517 nm on a GENESYS UV —VIS spectrophotometer (Thermoscientific)
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Statistical analysis

The data obtained was analyzed on the basis of a random design using the general linear
model with five replicates and by analysis of variance (ANOVA). All statistical tests were
performed with a level of significance of 0.05. Significant differences among means were
determined by Tukey s test at 5% level of significance.

RESULTS AND DISCUSION

Determination of TA and TPC

Total anthocyanins and total phenolic contents are presented in Table 1. Lyophilized Rubus
robustus C. Presl presented 52 + 1.86 mg of total anthocyanins whereas Croge et al. (2019)'2,
presented a value between 80 a 134 mg /100 g of fresh fruit for different blackberries species
hence the fruit extract possesses a higher anthocyanin content possibly due to the extraction
method. What is more, in a nearby country such as Brazil, the content of phenolic compounds
in blackberry was reported with values ranging 234 to 800 mg GAE/ 100 mg of fresh fruit'>2,
where as the lyophilized sample of Rubus robustus C. Presl presented 219.11 + 8.23 mg
GAE/100 mg indicating the climate and the temperature influences in the content of these
compounds. In addition, in Peru, values of TPC for Rubus fructicosus L 400.67 mg GAE
/100 g of fresh fruit were found?® showing a difference with the lyophilized Rubus robustus
C. Presl which could be due to the species of Rubus, the type of sample and the growing
conditions.

Tabla 1. Contents of total anthocyanins and total phenolic compounds of lyophilized Rubus
robustus C. Presl

Total anthocyanins mg/100 g lyophilized
Rubus robustus C. Presl
52.00+ 1.86

Total phenolic compounds mg/100 g
lyophilized Rubus robustus C. Presl
219.11 £8.23

Antioxidant assay: Determination of the DPPH free radical scavenging activity

Eq. 3 was used to calculate the percentage of inhibition of DPPH. Table 2 presents the
results of the percentage of inhibition of DPPH in 5 different repetitions using different
concentrations of Trolox. As seen in Table 2, if the concentration of the antioxidant increases,
so does the percentage of inhibition of the free radical.
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Tabla 2. Percentage of inhibition of DPPH using different concentrations of Trolox.

Concentrations of  Percentage of

Trolox (mmol/mL) inhibition (%)

0.02 13.67+3.34
0.04 28.35+5.43
0.06 42.81 £7.06
0.08 56.4+6.04
0.1 71.96 + 7.67

Results show that 1.0 and 2.0 mg/mL of the lyophilized sample present a percentage of
inhibition of 35.89 + 4.43 and 67.23 + 3.30%, respectively. In another study, the DPPH
discoloration percentages of different fresh berries was determined, where wild blackberries
had a percentage of 87.5%?, showing that fresh blackberries have more antioxidant capacity
than the lyophilized samples in this study with 67%. Furthermore, in a study conducted with
Rubus laciniatus cv. Hull (thornless blackberry) in China, at 2 mg/mL, blackberry extracts
could scavenge nearly all DPPH radicals (95.37%)* whereas in Peru, with Rubus robustus
C. Presl at the same concentration, the percentage of inhibition was 67%, demonstrating a
difference in the species and in the location. What is more, the scavenging capacity of five
blackberry cultivars produced in Brazil® was determined, ranging from 53 to 74%, proving
that Rubus robustus C. Presl has an average antioxidant capacity.

Figure 2 illustrates the chromatograms of three samples: A) DPPH + methanol, B) DPPH
+ methanol + Trolox (0.06 mmol/mL) and C) DPPH + methanol + sample (1.0 mg/mL).
As seen in these chromatograms, the retention time is approximately 2.91 min and the total
runtime was 5 min. When comparing chromatogram A and B, chromatogram B shows that
a Trolox concentration (in this case 0.06 mmol/mL) decreases the area of the DPPH peak,
mainly because the Trolox solution is used as an antioxidant. In chromatogram C, the sample
is proven to contain antioxidant capacity as the peak area of DPPH decreases compared to
chromatogram A, with an effect similar to that of the Trolox solution used.

Figura 2. Chromatograms: A) DPPH + methanol, B) DPPH + methanol + Trolox (0.06 mmol/
mL) and C) DPPH + methanol + sample (1.0 mg/mL blackberry sample)
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Determination of the IC50

Table 3 summarizes the DPPH radical scavenging activity of lyophilized Rubus robustus
C. Presl. All experiments were conducted in triplicate (n=3) and reported as the mean of
three values together with standard deviation (+SD). The IC50 value for lyophilized Rubus
robustus C. Presl was found to be approximately 1.5 mg/mL hence proving that this species
of blackberry in Peru possess an antioxidant activity.

Tabla 3. summarizes the DPPH radical scavenging activity of lyophilized Rubus robustus

C. Presl

Concentrations Percentage of
(ng/mL) inhibition (%)
200 10.39 £ 3.15

500 19.18 £ 1.10

800 25.24 +£0.95

1000 38.15 +4.64
1500 53.52+2.60
2000 57.06 + 3.56
3000 58.42+2.10

Other blackberries species like the Brasilian Blackberry Xavante and Blackberry Cherokee
have demonstrated a high IC5025. In addition, when comparing different small berries in
Italy, blackberries have evidenced to be one of the best natural antioxidants'>.

CONCLUSIONS

Wild blackberries collected from the Chilina Valley in Arequipa, Peru, exhibited antioxidant
capacity demonstrated by their content of anthocyanins (52 + 1.86 mg cyanidin 3-glucoside/100
g of lyophilized Rubus robustus C. Presl) and phenols (219.11 £ 8.23 mg gallic acid/100 g of
the lyophilized fruit) as well as by the antioxidant assay with a percentage of 35.89 +£4.43 and
67.23 £ 3.30%, respectively. In addition, the IC50 value found was 1.5 mg/mL. A diet rich in
this fruit could provide a good source of antioxidants, and therefore it should be encouraged
in Peru. Blackberries are not currently extensively grown in Arequipa, but their consumption
may have potential for use in the development of nutraceuticals for regional and international
markets. Furthermore, they could be used as functional food ingredients or supplements as a
benefit to human health. Further studies should be done to compare the antioxidant capacity
in cultivated and wild blackberries in the same area and in other areas of Arequipa, Peru.

Rev Soc Quim Peru. 88(2) 2022



Determination of anthocyanins, total phenols and antioxidant capacity of Rubus Robustus C. Presl 137

REFERENCIAS BIBLIOGRAFICAS

1. Lobo V, Patil A, Phatak A, Chandra N. Free Radicals, Antioxidants and Functional
Foods: Impact on Human Health. Pharmacogn Rev. 2010; 4(8): 118-126.

2. Siti HN, Kamisah Y, Kamsiah J. The role of oxidative stress, antioxidants and vascular
inflammation in cardiovascular disease (a review). Vascul Pharmacol. 2015; 71: 40-56.

3. Young IS, Woodside JV. Antioxidants in health and disease. J Clin Pathol. 2001; 54(3):
176-186.

4. Seeram NP. Berry Fruits for Cancer Prevention: Current Status and Future Prospects. J
Agric Food Chem. 2008, 56(3): 630-635.

5. Seeram NP, Adams LS, Zhang Y, Lee R, Sand D, Scheuller HS, et al. Blackberry,
Black Raspberry, Blueberry, Cranberry, Red Raspberry, and Strawberry Extracts Inhibit
Growth and Stimulate Apoptosis of Human Cancer Cells In Vitro. J Agric Food Chem.
2006; 54(25): 9329-9339.

6. Padmanabhan P, Correa-Betanzo J, Paliyath G. Berries and Related Fruits. Encyclopedia
of Food and Health. Oxford: Academic Press. 2018; 364-371. doi1:10.1016/B978-0-12-
384947-2.00060-X.

7. Bowen-Forbes CS, Zhang Y, Nair MG. Anthocyanin content, antioxidant, anti-
inflammatory and anticancer properties of blackberry and raspberry fruits. J Food
Compos Anal. 2010; 23(6): 554-560.

8. Lee SG, Vance TM, Nam TG, Kim DO, Koo SI, Chun OK. Contribution of Anthocyanin
Composition to Total Antioxidant Capacity of Berries. Plant Foods Hum Nutr. 2015;
70(4): 427-432.

9. Kostecka-Gugata A, Ledwozyw-Smolen I, Augustynowicz J, Wyzgolik G, Kruczek
M, Kaszycki P. Antioxidant properties of fruits of raspberry and blackberry grown in
central Europe. Open Chem. 2015; 13(1): 1313—-1325.

10. Vande Velde F, Grace MH, Esposito D, Pirovani ME, Lila MA. Quantitative comparison
of phytochemical profile, antioxidant, and anti-inflammatory properties of blackberry
fruits adapted to Argentina. J Food Compos Anal. 2016; 47: 82-91.

11. Prior RL, Sintara M, Chang T. Multi-radical (ORACMRS) antioxidant capacity of
selected berries and effects of food processing. J Berry Res. 2016; 6(2): 159-173.

12. Croge C, Cuquel F, Matumoto-Pintro P, Biasi L, Bona C. Antioxidant Capacity and
Polyphenolic Compounds of Blackberries Produced in Different Climates. HortScience.
2019; 54: 2209-2213.

13.  Zorzi M, Gai F, Medana C, Aigotti R, Morello S, Peiretti P.G. Bioactive Compounds
and Antioxidant Capacity of Small Berries. Foods. 2020; 9(5): 623. doi: 10.3390/
foods9050623.

14. Fan-Chiang HJ, Wrolstad RE. Anthocyanin Pigment Composition of Blackberries. J
Food Sci. 2005; 70(3): C198-C202.

15. Giusti MM, Wrolstad RE. Characterization and Measurement of Anthocyanins by UV-
Visible Spectroscopy. Curr Protoc Food Anal Chem. 2001; 00(1): F1.2.1-F1.2.13. doi:
10.1002/0471142913.faf0102s00

16. Singleton V Rossi, J. Colorimetry of Total Phenolic Compounds with Phosphomolybdic-
Phosphotungstic Acid Reagents. Am J Enol Vitic. 1965; 16(3): 144-158.

Rev Soc Quim Peru. 88(2) 2022



138

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Daniela Camacho-Valencia, Stamber Alvaro Ramirez- Revilla, José Antonio Villanueva-Salas

Margraf T, Karnopp AR, Rosso ND, Granato D. Comparison between Folin-Ciocalteu
and Prussian Blue Assays to Estimate The Total Phenolic Content of Juices and Teas
Using 96-Well Microplates. J Food Sci. 2015; 80(11): C2397-C2403. doi:10.1111/1750-
3841.13077

Abramovi¢ H, Grobin B, Poklar Ulrih N, Cigi¢ B. Relevance and Standardization of
In Vitro Antioxidant Assays: ABTS, DPPH, and Folin—Ciocalteu. J Chem. 2018; 2018:
4608405. doi: 10.1155/2018/4608405

Benabderrahim MA, Yahia Y, Bettaieb I, Elfalleh W, Nagaz K. Antioxidant activity
and phenolic profile of a collection of medicinal plants from Tunisian arid and Saharan
regions. Ind Crops Prod. 2019; 138: 111427. doi:10.1016/j.indcrop.2019.05.076.
Brand-Williams, W, Cuvelier ME, Berset C. Use of a free radical method to evaluate
antioxidant activity. Food Sci Technol. 1995; 28(1): 25-30.

Galvez MAC. Evaluation of DPPH Free Radical Scavenging Activity and Phytochemical
Screening of Selected Folkloric Medicinal Plants in Tinoc, Ifugao, Cordillera
Administrative Region, Philippines. Int J Sci Res Publ. 2015; 5(12): 440-445.

Patel R, Patel Y, Kunjadia P, AnjuKunjadia. DPPH free radical scavenging activity of
phenolics and flavonoids in some medicinal plants of India. Int J Curr Microbiol Appl
Sci. 2015; 4(1): 773-780.

Manoharan KP, Lehlohonolo IS, Sibusisiwe M. DPPH radical scavenging activity of
extracts from Rhamnus prinoides. J] Med Plant Res. 2019; 13(15): 329-334.

Kedare SB & Singh RP. Genesis and development of DPPH method of antioxidant
assay. J Food Sci Technol. 2011; 48(4): 412-422.

Denardin CC, Hirsch GE, da Rocha RF, Vizzotto M, Henriques AT, Moreira JCF, et al.
Antioxidant capacity and bioactive compounds of four Brazilian native fruits. J Food
Drug Anal. 2015; 23(3) : 387-398.

Valencia Sullca CE, Guevara Pérez A. Variacion de la capacidad antioxidante y
compuestos bioactivos durante el procesamiento del néctar de zarzamora (Rubus
fructicosus L.). Rev Soc Quim Peru. 2013; 79(2), 116-125.

Guerrero CJ, Ciampi PL, Castilla CA, Medel SF, Schalchli SH, Hormazabal UE, Bensch
TE, Alberdi LM. Antioxidant Capacity, Anthocyanins, and Total Phenols of Wild and
Cultivated Berries in Chile. Chilean J Agric Res. 2010; 70(4): 537-544.

Huang WY, Zhang HC, Liu WX, Li CY. Survey of antioxidant capacity and phenolic
composition of blueberry, blackberry, and strawberry in Nanjing. J Zhejiang Univ Sci B.
2012; 13(2): 94-102.

Celant VM, Braga GC, Vorpagel JA, Salibe AB. Phenolic Composition and Antioxidant
Capacity of Aqueous and Ethanolic Extracts of Blackberries. Rev Bras Frutic. 2016;
38(2): e-411. doi:10.1590/0100-29452016411.

Rev Soc Quim Peru. 88(2) 2022



