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Abstract

Over the last decade a considerable increase in the number of studies addressing the use of antioxidants from natural sources
has led to the identification and understanding of the potential mechanisms of biologically active components. This results
from the fact that they can be used to replace synthetic antioxidants commonly used in food. Murtilla (Ugni molinae Turcz)
is a native berry grown in Chile, and in the present study, the phenolic composition and antioxidant activity of its fruits were
studied. Hydroalcoholic extracts of dehydrated fruits from two genotypes of murtilla (Ugni molinae Turcz.) were produced.
Extracts of wild murtilla and 14-4 genotype fruits had 19.35 and 40.28mg GAE/g for Total Phenolic Compounds, 76.48, and
134.35umol TEAC/g for DPPH, and 157.04 and 293.99 umol TEAC/g for ABTS, respectively. Components such as quercetin,
epicatechin, and gallic, benzoic and hydrocaffeic acids were identified by CG/MS analysis. All of them showed antioxidant activity.
Therefore, it is possible to say that the hydroalcoholic extracts of murtilla have antioxidant potential to be used in lipidic food.

Keywords: extraction of phenolic compounds; antioxidant capacity; CG-MS; murtilla fruits.

1 Introduction

Ugni molinae Turcz is a wild berry native to Chile, in the area
that extends from the south of Talca to the Palena River. This fruit
is known as murtilla, murta or uni, and belongs to the Myrtaceae
family. In its natural habitat, it is an evergreen shrub growing
1 to 2 m, being able to reach up to 4 m. Its fruits are globular,
small, with pleasant smell and taste, which can vary greatly in
color and size. They are widely used for the production of jams,
liqueurs, syrups, juices, marmalades, compotes, and chocolates
among other products (Muifioz et al., 1986). Commercial
murtilla production of fresh (Scheuermann et al., 2014) and
processed products is currently established because the fruit is
known for its sweet and floral aroma (Scheuermann et al., 2008)
and its polyphenol content (Shene et al., 2009; Ruiz et al., 2010;
Rubilar et al., 2011; Speisky et al., 2012; Alfaro et al., 2013).

Earlier studies were focused on determining the main
phenolic compounds, antioxidant capacity and mechanisms
of action of murtilla leaves at a cellular level (Avello & Pastene,
2005; Rubilar et al., 2006; Suwalsky et al., 2007). Recently
Ruiz et al. (2010) demonstrated that the content of flavonols
and polyphenols in this fruit is approximately 32 + 4mg of gallic
acid/100g of the fruit. However, in order to identify and isolate
these compounds it is necessary to consider many factors such
as the murtilla type (Shene et al., 2009; Alfaro et al., 2013) and
the extraction system applied and evaluate the solvent used,
the temperature and time of extraction, the solid/liquid ratio,
and the size of the particles (Cacace & Mazza, 2002, 2003;
Castafieda-Ovando et al., 2009; Pompeu et al., 2009). The aim of
this study was to prepare hydroalcoholic extracts using two types

of dehydrated murtilla (Ugni molinae Turcz.) - wild murtilla and
cultivated murtilla (14-4 genotype) - to evaluate the polyphenol
content and antioxidant activity and characterize them using the
gas chromatography-mass spectrometry (GC-MS) technique.

2 Material and methods
2.1 Plant material and extraction preparation

Murtilla fruits (Ugni molinae Turcz) used in this study
were obtained from wild and cultivated plants. The cultivated
fruits (14-4 genotype) were grown in the germoplasm bank
of the experimental station of the Instituto de Investigaciones
Agropecuarias (INIA), Puerto Saavedra (38°,45’S, 73° 21’ W),
La Araucania, Chile. The wild fruits were obtained from the
native vegetation in Puerto Saavedra. The wild and cultivated
fruits were harvested on April 18" 2011 and dried on April 19
2011 using an industrial drying cabinet (1.8m long, 2.2m high,
3.5m deep) at a constant temperature of 70 °C for 6 hours until
the final moisture content of 5.4%. The fruits were then vacuum-
packed, being protected from light and oxygen.

The hydroalcoholic extracts were prepared at a laboratory
according to the method described by Ribeiro et al. (2008), with
some modifications. Different concentrations of ethanol:water
and different temperatures were used as established by the
experimental design (data to be published elsewhere) in order
to improve polyphenol extraction. The dehydrated fruits
were ground, and 1.0 g of each sample was placed in 250 mL
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erlenmeyers with 30 mL of ethanol 49.6% (v/v ethanol/water).
The samples kept at 30 °C for 50 minutes under agitation in a
water bath. Then, the extracts were centrifuged at 2057g for
15 minutes, filtered using a Whatman n.2 filter paper, and stored
under refrigeration at 7 °C in amber flasks for up 30 days (until
analysis).

2.2. Determination of total polyphenol content

The total polyphenol content of the murtilla fruit extracts
was determined in triplicate according to the Folin-Ciocalteau
spectrophotometric method, described by Singleton et al.
(1999), using gallic acid as a standard. The hydroalcoholic
extracts were diluted in the mixture of ethanol: water at the
concentration of 1:10 (v/v). An aliquot of 0.5 mL of the diluted
sample was transferred to a test tube and, then, 2.5 mL of the
Folin-Ciocalteau: water solution (1:10, v/v) were added. The
mixture was vortexed followed by rest, in room temperature,
for five minutes. After that, 2.0 mL of the sodium carbonate
4% (m/v) solution were added, and the mixture was agitated
again and kept at rest for two hours, at room temperature and
protected from the light. Absorbance was read at 740 nm using
a UV-1203 spectrophotometer (Shimadzu Corporation; Japan).
The results were calculated using the standard curve of gallic
acid with known concentrations (2.5 to 50 pg mL™), and they
were expressed as mg of gallic acid (GAE)/g of dehydrated fruit.

2.3 Antioxidant activity
ABTS radical cation scavenging activity

The ABTS [2.2’-azinobis-(3-ethylbenzothiazoline-6-acid)]
assay was used to antioxidant activity according to the method
described by Re et al. (1999), adapted by de Camargo et al.
(2012). The ABTS radical was formed by the reaction between
the ABTS** 7 mM solution and the potassium persulfate
140 mM solution, incubated at the temperature of 25 °C in the
dark for 12-16 hours. Once formed, the radical was diluted
with ethanol of analytical grade until reaching an absorptivity
value of 0.700 + 0.020 at 734 nm. The dilutions were prepared
with the extracts, and an aliquot of 30 mL from each extract
dilution was transferred to test tubes with 3.0 mL of the
ABTS radical. Absorbance was determined at 734 nm using a
spectrophotometer (Shimadzu, model UV 1203) after 6 minutes
of reaction. Trolox, a synthetic antioxidant analogue to vitamin
E, was used as a standard, and the results were expressed as pmol
TEAC g™ of dehydrated fruit.

DPPH radical scavenging activity

The antioxidant activity was determined following the
DPPH radical (1,1-diphenyl-2-picrylhydrazyl) method
described by Brand-Willians et al. (1995). A solution composed
of 0.5mL of the extract diluted in an ethanolic solution 80%,
3.0 mL of ethanol 99%, and 0.3 mL of the DPPH radical
0.5 mM, diluted in ethanol: water solution (80:20 v/v), was
added to a test tube. A blank sample was prepared substituting
the extract volume for an equal volume of ethanol 99%. After
that, the tubes were agitated and incubated for 45 minutes at
room temperature and protected from light. The absorptivity
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reading was performed using a spectrophotometer (Shimadzu,
model UV 1203) at 515 nm. The antioxidant activity results were
expressed as pmol TEAC g™ of fruit. Trolox (6-hydroxy-2 5 7
8-tetramethylchroman-2-carboxylic acid) (0.1 umol) was used
as a standard to construct the calibration curve.

Derivatization and chemical identification of extracts by gas
chromatography- mass spectrometry (GC-MS)

Derivatization was performed to reduce the polarity of
the functional groups of the substances of interest and to
separate them using GC. The extracts were evaporated under
a nitrogen flow to remove the solvent, and the remaining
aqueous fractions were frozen and later lyophilized. The total
volume of 100 pL of the derivatization reagent n-methyl-n-
(trimethylsilyl)trifluoroacetamide (MSTFA) were added to
approximately 20 mg of the lyophilized material. The mixture
was homogenized, and the reaction was performed at 70 °C
for 10 min in an oven. The reagent was evaporated under a
nitrogen flow, and the derivatization products were re-diluted
in 600-800 pL of hexane. The upper phase was recovered and
injected in the CG-EM.

The SPE (Solid Phase Extraction) technique was used to
remove the substances that could interfere in the identification
of phenolic compounds. The SPE-LCI18 cartridges (Supelco,
2 grams) were conditioned by washing several times with
methanol and acid water (pH=2), respectively. After that,
4 mL of each extract were evaporated under vacuum at 45 °C
and re-dissolved in the same amount of water. Then, they were
added to their respective cartridges. After column extraction,
acid water was added to extracts in a sufficient quantity to
remove the sugars. Afterwards, methanol was added to elute
the desired compounds, which were collected into glass vials.
Later, these compounds were evaporated under a nitrogen flow
to remove the solvent, and the remaining aqueous fractions
were frozen and lyophilized; 100pL of the derivatization reagent
n-methyl-n-(trimethylsilyl)trifluoroacetamide (MSTFA) were
added to approximately 20 mg of the lyophilized material.
The mixture was homogenized and placed in the laboratory
oven for 10 minutes at 70 °C. The reagent was evaporated
under a nitrogen flow. The derivatization product was re-
diluted in 600-800 pL of hexane and homogenized again, and
the supernatant was injected in the CG-MS. All compounds
obtained were derivatives from MSTFA.

The CG-MS analysis was carried out using a Shimadzu GC
2010 gas chromatography device coupled with a Shimadzu QP
2010 Plus mass spectrophotometer. The samples were separated
in a capillary column (RTX5MS 30m x 0.25mm x 0.25um).
Oven temperature program was: 80 °C for 1 min; 20 °C min™
to 250 °C (held for 1 min); 6 °C min™! to 300 °C (held for
5 min); 15 °C min~" to 310 °C (held for 5 min); and 20 °C min!
to 320 °C (held for 10 min). Helium was used as carrier gas,
injector temperature was 280 °C, and 0.2 uL of each sample
was injected in splitless mode. The interface was maintained
at 280 °C, and the mass detector was operated in the scanning
mode (m/z 40-800). Data integration was performed using the
LabSolutions-GCMS software, and the flavonoids, phenolic
acids, and derivatives were identified by comparison with the
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data of identical standards obtained by the CG-MS (Retention
time and ionic fragmentation) analysis using the 8 Wiley Online
library. The compounds that could not be identified this way
were identified based on their molecular ions, according to the
mass-energy ratio (m/z).

Statistical analysis

Each value is the mean of three repetitions; ANOVA
was and the Tukey test (P < 0.05) were used. To study the
correlation between the total polyphenol compounds and the
antioxidant activity evaluated by DPPH and ABTS assays,
Pearson’s correlation coefficient (P < 0.05) was applied carried
out using the SAS software (Statistical Analysis System) (SAS
Institute, 2000).

3 Results and discussion

3.1 Total polyphenol content and antioxidant activity of
murtilla extracts

The total polyphenol content and antioxidant activity of
the wild and cultivated (14-4 genotype) dried murtilla extracts
are shown in Table 1.

The extracts from the 14-4 genotype fruits had a total
polyphenol content approximately two times that of the wild
fruit extract. The same behavior was observed in the DPPH and
ABTS assays. Several researchers have reported differences in
the total phenolic content and antioxidant compounds when
different varieties and cultivars were studied. Rodrigues et al.
(2011) reported differences between total phenolics and
antioxidant activity in the fifteen blueberry cultivars, ranging
from 274.48 to 694.60 mg GAE 100 g™ of fresh fruit for the
phenolics, from 1,014.20 to 1,983.00 pmol TEAC 100 g* of fresh
fruit for DPPH, and 1,238.50 to 2,445.96 pmol TEAC 100 g™ of
fresh fruit for ABTS; these values are similar to those obtained
for the murtilla fruit. Sellappan et al. (2002) also suggested
that there are differences in the total polyphenol content and
antioxidant capacity between different cultivars of blueberries
and blackberries. Tsao et al. (2003) found differences in the
phenolic content of a cultivated variety and wild fresh Canadian
strawberry fruits.

The DPPH antioxidant activities of the wild murtilla fruits
(76.48 umol TEAC g™ of dry matter) and the 14-4 genotype
fruits (134.35 umol TEAC g') were similar to those reported
results for others fruits. Copeti (2010) evaluated the antioxidant
activity of two strawberry cultures (Fragaria x ananassa Duch)
and obtained values ranging from 1,101.54 to 1,800.46 pmol
TEAC 100 g of fresh fruit by the DPPH method and
1,472.72 umol TEAC 100 g™ of fresh fruit by the ABTS method.
Ceki¢ & Ozgen (2010) reported antioxidant capacity of 8.9 to
21.5 pumol TEAC g™* of fresh fruit by the ABTS method for wild
and cultivated red raspberries (Rubus ideaus L.) obtained at
different altitude range. These values are similar to that of the
antioxidant activity determined by the ABTS method for wild
and cultivated (14-4 genotype) murtilla dried fruits, 157.04 and
293.99 umol TEAC g™, respectively.
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It is possible to observe (Table 1) that even though the
extracts showed a good antioxidant activity by both methods
the ABTS radical scavenging values were higher than the DPPH
radical values. Floegel et al. (2011) evaluated the antioxidant
potential of 18 fruits, 13 vegetables, and 19 beverages consumed
in the United States and verified that the antioxidant activity
detected by the ABTS method was substantially higher when
compared to those of the DPPH assay. According to these
authors, the hydrophilic antioxidants with high pigmentation
were better measured by the ABTS assay, indicating that this
method can be more useful than the DPPH assay.

In order to evaluate the correlation between the total
polyphenol content and antioxidant activity of wild and
cultivated (14-4 genotype) fruit extracts, the Pearson's
coeflicients were used and are shown in Table 2. A significant
positive correlation (P < 0.05) was found between the results,
which demonstrates an agreement between the different
assays used. The antioxidant activity showed high and positive
correlation with the content of total phenolic compounds. The
highest correlation was found for the DPPH and ABTS assays
(both 0.99) for the cultivated (14-4 genotype) fruit extract.

According to Dancey & Reidy (2006), the correlation
coefficient values from 0.1 to 0.3 are considered low; from 0.4
to 0.6 are moderate, and from 0.7 to 1.0 are high. The closer to
1.0, regardless the signal, the higher is the degree of statistical
linear dependence between the two variables analyzed. Thus,
it can be said that there are similarities in the distribution of
the TPC, DPPH, and ABTS values (Figueiredo-Filho & Silva-
Junior, 2009).

Silva (2007) evaluated the antioxidant activity of different
cultivars of blackberry, bilberry, and strawberry and verified that
the content of total phenolics correlated significantly with the
antioxidant capacity. The results found in the present study are
similar to those reported by Cheel et al. (2007) in strawberries
and by Jiao and Wang (2000) in blackberries. Rufino et al. (2010)
analyzed the correlation between the phenolic compounds and

Table 1. Total polyphenol content (TPC) and antioxidant activity of
murtilla fruit extracts.

Antioxidant activity

Murtilla TPC - -
DPPH®" ABTS®
wild 19.35 £ 0.02* 76.48 £0.03* 157.04 £ 0.01*
14-4 40.28 + 0.04° 134.35 +0.03*  293.99 + 0.01°

' mg GAE g™ dry matter; ® umol TEAC g™ dry matter; ) Means within the same column
sharing the same letter are not significantly different at P<0.05.

Table 2. Pearson correlation coefficients (R)* between the total
polyphenols (TPC) content and antioxidant activity (DPPH and ABTS
methods) for murtilla dried fruits extracts.

. Murtilla
Variables -
Wild 14-4
TPC x DPPH 0.95 0.99
TPC x ABTS 0.96 0.99
DPPH x ABTS 0.98 0.99
* (P< 0.05).
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the total antioxidant activity of 18 tropical fruits by the ABTS
method, and they found positive and significant correlations
(0.92). Thaipong et al. (2006) evaluated the antioxidant activity
of methanolic extracts of guava by the ABTS and DPPH assays
and obtained a significant correlation between the two methods.
Leong and Shui (2002) reported the evaluation of eleven fruits,
among them strawberry, in which they found a high correlation
between the ABTS and DPPH methods (R?=0.9045). Due to this
fact, and focusing on a commercial scale application, the use of
ethanol combined with water is desirable due to its low toxicity
and high extraction efficiency.

Several studies have reported the correlation between the
total antioxidant activity and the total phenolic content, which
are considered the most representative among the bioactive
substances with this activity (Heim et al., 2002). However,
the understanding about the phenolics contribution to the
antioxidant activity of different species of fruits and vegetables
is still basic and insufficient (Silva, 2007).

Some authors have suggested that the antioxidant activity
expression is a consequence of the synergism between different
phenolic compounds and it cannot be attributed specifically to
one constituent (Arnous et al., 2002; Lee et al., 2003). Fukumoto
& Mazza (2000) analyzed the antioxidant activity of phenolic
compounds and concluded that it increases with the increase in
the number of hydroxyl groups and the decrease in glycosylated
groups. Nevertheless, further investigations are necessary to
identify the phenolic group responsible for exerting antioxidant
activity on a given fruit to elucidate these discussions.

3.2 Characterization of murtilla extracts by Gas
Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography coupled with mass spectrometry
(CG-MS) is widely used for the analysis of several chemical
food compounds, such as the acerola volatile compounds
(Pino & Marbot, 2001; Boulanger & Crouzet, 2001) and sugar,
alcohol, and carboxylic acid in citrus fruits (Fiizfai & Molnar-
Perl, 2007). In the present study, the compounds identified by
gas chromatography-mass spectrometry in the hydroalcoholic
extracts from wild and cultivated murtilla dried fruits are shown
in Tables 3 and 4, and their respective chromatograms are shown
in Figures 1 and 2.

Although the SPE technique was used, a complete
separation was not achieved, and a large amount of sugars and
acids were identified together with the phenolic compounds.
Some chromatographic peaks were not identified in the 8
Wiley Online library; on the other hand, compounds such as
quercetin and epicatechin were identified. It was also possible
to confirm the presence of hydroxybenzoic acid, gallic acid, and
hydroxycinnamic acid (Hydrocaffeic acid).

Many studies focus on the identification of polyphenols in
murtilla leaves, showing phenolic acids, epicatechin, myricetin,
and quercetin among others (Avello, 2000; Rubilar et al.,
2006). Rubilar et al. (2006) found extracts compounds such
as epicatechin and gallic acid in murtilla leaves (Ugni molinae
Turcz) In the present study, it was demonstrated that these
compounds are also present in fruits, and the higher antioxidant
activity of the cultivated murtilla 14-4 genotype in in vitro assays
can be related to the identified phenolic compounds recognized

Table 3. Retention time (RT), significant ions of the mass spectrum (m/z), similarity of compounds, and percentage of each compound present
in the recovered fraction of the hydroalcoholic wild murtilla fruit extract.

Compound RT (min) m/z % area
Citric acid 9.291 73(100) 147(45) 273(42) 75(16) 45(12) 375(11) 347(10) 11.25
Benzoic acid 10.016 73(100) 281(57) 458(46) 459(20) 443(18) 45(15) 74(9) 147(8) 75(6) 133(4) 10.61
Palmitic acid 10.446 73(100) 75(82) 117(74) 43(43) 132(39) 41(33) 55(29) 29(18) 57(16) 28(13) 2.19
Oleic acid 11.580 73(100) 75(88) 117(63) 55(54) 129(45) 339(43) 41(40) 43(30) 145(30) 67(25) 1.51
Hydrocaffeic acid 15.347 73(100) 267(34) 280(28) 265(24) 75(17) 45(17) 1.08
Propanetriol 17.380 73(100) 217(63) 105(51) 129(23) 75(22) 147(17) 251(14) 218(13) 2.12
Epicatechin 17.605 368(100) 73(56) 355(46) 369(34) 650(23) 12.03
Galacturonic acid 18.166 73(100) 204(24) 217(24) 147(18) 2.49
Quercetin 20.760 575(100) 576(48) 73(43) 577(27) 647(17) 487(16) 648(10) 2.51

Table 4. Retention time (RT), significant ions of the mass spectrum (m/z), similarity of compounds and percentage of each compound present

in the recovered fraction of the hydroalcoholic cultivated (14-4 genotype) murtilla fruit extract.

Compound RT (min) m/z % area
Mandelic acid 6.997 179(100) 73(83) 147(28) 180(15) 45(15) 75(11) 77(11) 3.28
Propanoic acid 8.375 73(100) 75(86) 145(42) 45(16) 43(11) 74(10) 0.32
D-Xylose 9.427 73(100) 217(41) 147(15) 204(15) 45(13) 117(12) 191(10) 0.56
Gallic acid 10.020 73(100) 281(56) 458(46) 459(19) 443(18) 45(15) 282(14) 6.68
Palmitic acid 10.450 73(100) 75(82) 117(74) 43(43) 132(38) 313(34) 129(31) 3.46
Oleic acid 11.584 73(100) 43(30) 41(40) 55(55) 67(25) 75(88) 117(64) 129(45) 145(30) 339(43) 2.82
Epicatechin 17.616 368(100) 73(56) 355(46) 369(34) 650(23) 370(16) 22.88
Quercetin 20.766 575(100) 576(48) 73(43) 577(27) 647(17) 487(17) 2.22
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Figure 1. Chromatographic profile of the recovered fraction of the extract wild murtilla extract.
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Figure 2. Chromatographic profile of the recovered fraction of the extract of 14-4 genotype murtilla extract.

as antioxidants. Seeram et al. (2006) identified a large amount of
quercetin in strawberry (Fragaria x ananassa Duch.), while Zuo,
Wang and Zhan (2002) identified benzoic and caffeic acid by the
CG-MS technique in cranberry (Vaccinium macrocarpon) and
Borges et al. (2010) identified, by the high performance liquid
chromatography, the presence of caffeic acid and quercetin in
blackcurrant, bilberry, raspberry, redcurrant, and cranberry.

4 Conclusions

The hidroalcholic extracts of dried murtilla fruits analyzed
in this study showed high total phenolic content and in vitro
antioxidant activity, besides a positive correlation between total
phenolic compounds and the DPPH and ABTS assays. It was
possible to confirm the presence of compounds of interest such
as epicatechin, quercetin, gallic acid, benzoic acid, hydrocaffeic
acid, which have effective antioxidant activity, as previously
reported in other studies. However, in order to determine the
antioxidant activity of each phenolic compound identified by
CG-MS, complementary studies are necessary. The murtilla

Food Sci. Technol, Campinas, 34(4): 667-673, Oct.-Dec. 2014

extracts obtained in this study can be considered a potential
source of antioxidants for food application.
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