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Description of the antioxidant capacity of Calafate berries (Berberis microphylla)
collected in southern Chile
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Abstract

The Berberidaceae family of shrubs has about 20 species present in Chile; however, the Calafate (Berberis microphylla) native to
Chilean and Argentinean Patagonia, is the most widely distributed. The objective of this study was to compare the antioxidant
capacity of Calafate collected at different locations in southern Chile, specifically Aysén and Magallanes. Methods: 2000 g of Calafate
berries were harvested in both regions. The fruit was lyophilized for subsequent quantification of polyphenols, anthocyanins
and antioxidant capacity. Results: All parameters evaluated were superior in the samples from Aysén. Conclusion: The results
confirm the high content of polyphenolic compounds present in Calafate, with variations according to the geographical area
where they grow. The higher antioxidant capacity of the fruit harvested in Aysén could be associated with the abiotic stress

present in that location.

Keywords: phenolic compounds; anthocyanin; berberis; abiotic stress.

Practical Application: The results are a source of information to know the polyphenolic quality of Calafate according to the
climatic conditions and in the future to improve its antioxidant capacity.

1 Introduction

Calafate (Berberis microphylla), native to South American
Patagonia, is the most widely distributed member of the
Berberidaceae family of shrubs in Chile (Bustamante et al., 2018).
It has great antioxidant capacity, comparable to that contained
in other native berries (Brito et al., 2014), which correlates
with the high content of total polyphenols in the fruit and its
concentration of anthocyanins (Speisky et al., 2012), mainly
delphinidin 3-glycoside, cyanidin 3-glycoside and malvidin
3-glycoside (Chamorro et al., 2019), corresponding to a group
of water-soluble pigments, which give the berries their blue, red,
violet or purple color (Singla et al., 2019). The consumption of
these compounds has been proposed as a method of protection
against diseases (Yu et al., 2016), and may act as exogenous
agents capable of protecting the cell from oxidative damage
(Hostetler etal., 2017), However, their synthesis may be influenced
by abiotic stress, corresponding to environmental factors
such as temperature, humidity and/or ultraviolet radiation, to
which the bush is subjected during its growth (Liu et al., 2017;
Khoo et al., 2017). Studies on plant food sources have shown
that exposure to different abiotic stressors increase anthocyanin
concentrations (Li et al., 2018; Altangerel et al., 2017; Chavez-
Barrantes & Gutiérrez-Soto, 2017), which may be due to the
specific role that these compounds play in the plant during abiotic
stress, such as ROS cooling, photoprotection, stress signaling
and/or xenohormesis (Kovinich et al., 2015). The objective of
this study was to compare the antioxidant capacity of Calafate
collected at different locations in southern Chile, specifically
Aysén and Magallanes.

2 Materials and methods

Sample Collection: Calafate (Berberis microphylla) were collected
manually from the bush in the upper, middle and lower areas
in a uniform manner in January 2017, obtaining approximately
2000 g of berries in each locality, specifically Aysén (46°18°32”S
73°30°55”0) and Magallanes (54°10°00”S 68°30°00”0) (Figure 1).
The samples obtained showed no differences in their sensory
attributes according to the geographical location, such as color
intensity, brightness and firmness. Likewise, their appearance was
globular or rounded up to 0.5 cm in diameter and purplish-black
in color. After harvest, they were immediately refrigerated at 5°C
for transfer to the analysis site and then frozen at -20 °C until
freeze-drying, which was carried out at a working temperature
of -60 °C with a vacuum of 0.02 ATM (Christ Freeze-Dryer,
Alpha 1-4 D’plus, Germany), a mechanism that reduces water
activity, achieving a final humidity of less than 2% and reducing
losses of the labile and photooxidative compounds contained
in the fruit (Téllez-Pérez et al., 2020). Once this process was
complete, the product was sprayed on ceramic mortar and stored
in hermetically sealed high-barrier polyethylene containers at
room temperature in a dark, dry place to maintain the stability
of the bioactive components (Laleh et al., 2006).

Reagents: Folin-Ciocalteau, gallic acid, methanol, sodium
carbonate, potassium chloride buffer pH 1, sodium acetate buffer
pH 4.5, DPPH radical, Trolox (Merck, Germany), commercial
standards of phenols and anthocyanins (Sigma Aldrich).
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Aysén region

Magallanes region

Figure 1. Regions of Chile. (A) and (B) images: Calafate fruit freeze-
dried collected Aysén. (C) and (D) images: Calafate fruit freeze-dried
collected Magallanes.

Sample preparation: 0.5 g of freeze-dried sample was mixed
in 5 mL of methanol, formic acid and water at a ratio of 25:1:24
respectively, and then subjected to 60 minutes of ultrasound,
24 hours of incubation at 4 °C and centrifugation at 3500 rpm
for 15 minutes to separate the supernatant, which was then
filtered through a PVDF filter 22 pm (Millex HV13, Millipore,
Bedford, MA, USA) and stored at 4 °C before analysis, following
the protocol described (Lopez et al., 2018).

Determination of total polyphenol content: This was
performed using the Folin-Ciocalteu method (Singleton &
Rossi, 1965), with a calibration curve of gallic acid as standard
and absorbance measurement at a wavelength of 760 nm with
a Thermo Scientific™ UV-vis spectrophotometer. The samples
were prepared by adding 750 uL of Folin-Ciocalteu 1N reagent,
750 uL of 20% sodium carbonate and 500 pL of the previously
extracted supernatant, after which it was incubated for 2 hours
in the dark. The blank was prepared with distilled water to
replace the sample supernatant. The polyphenol content was
expressed as gallic acid equivalent/100 g dry weight. All results
were done in quadriplicate.

Determination of total anthocyanin content: This was
analyzed using the differential pH method (Lee et al., 2005).
Two buffers were used, one of 0.025 M potassium chloride (KCI)
at pH 1 and the other of 0.4 M sodium acetate (CH,CO,Na) at
pH 4.5. From each sample 0.1 mL were extracted and added
to two separate tubes. Then 2.9 mL KCl buffer was added to
one tube and 2.9 mL CH,CO,Na buffer was added to tube 2.
Subsequently the absorbance was measured with a Thermo
Scientific™ UV-vis spectrophotometer at 510 and 700 nm
from each of the tubes. Once the readings were complete, total
absorbance was calculated: A= (A, - A, ) pH, - (A, - A, )
pH, , where A = UV-vis absorbance at different wavelengths and
according to pH. With the final absorbance value (A) the total
anthocyanin content was calculated, taking into account the
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dilutions: AT = [(A x 1000 x (PM) 449.2)/(g) 26900] x [3000/100]
x [(5/(1000 x g sample)] x 100; where AT = total anthocyanins;
PM = molecular weight of cyanidin-3-glucoside; ¢ = molar
extinction coeflicient. Data were expressed as mg cyanidin-3-
glucoside/100 g dry weight. All results were done in quadruplicate.

DPPH antioxidant capacity (2.2-diphenyl-1-picrylhydrazil): Free
radical scavenging activity was determined using the 2.2-diphenyl-
1-picrylhydracil free radical method (Mena et al., 2011). 100 uL
of the sample and 2.9 mL of the DPPH solution were added,
stirred vigorously and incubated in the dark for 1 hour, and then
absorbance was read at 515 nm with a Thermo Scientific™ UV-vis
spectrophotometer. The blank contained 3 mL of methanol.
The results were expressed as Trolox umol/100 g dry weight.
All the results were done in quadruplicate.

Identification and quantification of phenolic compounds by
HPLC-MS-DAD: This analysis was carried out on a Chromolith
RP-18 reverse phase column equipped with a photodiode detector
(DAD) (Merck Hitachi, Darmstadt, Germany) following the
published protocol (Gironés-Vilaplana et al., 2012). The mobile
phase consisted of two solvents: water (A) and formic acid (B)
(99:1, v/v), with a flow rate of 1 mL/min. The gradient varied with
8% solvent B, reaching 15% at 25 min, 22% at 55 min and 40%
at 60 min, and stayed constant at 70 min. Chromatograms were
recorded at 254 nm, 280 nm, 320 nm, 360 nm and 520 nm. As
standards pelargonidin-3-glucoside at 520 nm was used for the
anthocyanins, quercetin at 360 nm and the ellagic acid derivatives
as ellagic acid at 254 nm (Sigma Chemical Co. St. Louis, MO).

2.1 Statistical analysis

The data obtained were digitized in a Microsoft Office Excel
2011° database for later import and analysis in Graph Prism®
version 8. The results are reported as mean + standard deviation
as a measure of dispersion. Given the normality of the data, the
variables were analyzed by applying a t-test for independent
samples, considering statistical significance with p < 0.05.

3 Results

3.1 Total polyphenol and anthocyanin content:

The berries harvested for this study showed higher phenol
contents, expressed as mg gallic acid per 100 g of dry fruit, than
reported for other berries (Grace et al., 2014). The sample from
Aysén had a higher content of polyphenols than the sample from
Magallanes with values of 1993 + 75.7 and 1897 + 134 mg of gallic
acid per 100 g of dry fruit respectively (p > 0.05). Likewise, and
associated with the high polyphenol content, it is observed
higher concentration of anthocyanins in the sample of Aysén
(1373 +50.2 cyanidin 3 glycoside/100 g of dry fruit), compared
to Magallanes (1203 + 47.7 cyanidin 3 glycoside/100 g of dry
fruit) (p > 0.05). There were no significant differences between
the two compounds.

3.2 Evaluation of the antioxidant capacity:

Both samples had DPPH inhibition capacity, expressed in
Trolox umol per 100 g of fruit. The sample with the highest
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Trolox equivalent antioxidant capacity (TEAC value) was
from the Aysén region (8571 + 358 umol) compared to
Magallanes (7242 + 123 umol), with no significant differences
(p>0.05). According to data from the Annual Environmental
Report of the Chilean National Institute of Statistics 2017
(Instituto Nacional de Estadistica, 2017) and 2018 (Instituto
Nacional de Estadistica, 2018), there were differences in both
temperature and rainfall in both locations during the fruit
ripening period, specifically October, November, December
2016 and January 2017 (months 1 - 2 - 3 - 4 respectively).
On the one hand, the Aysén region recorded a lower

average absolute minimum temperature than that recorded
in Magallanes (0.2 + 1.6 °C and 0.7 + 0.8 °C respectively),
with a marked but not statistically significant difference at
the beginning of the period (p > 0.05) (Figure 2), while the
absolute maximum temperatures were significantly higher
in Aysén (25.3 + 1.2 °C) than in Magallanes (20.1 + 0.8 °C)
(p=0.014) (Figure 3), which adds to the greater amount of
precipitation in this area, especially in the second month
analyzed (p > 0.05) (Figure 4). These variables can affect
the ripening of the fruit and be partly responsible for the
difference in antioxidant capacity between the two samples.
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Figure 2. Average minimum temperature during the months of fruit ripening. The data are represented as mean + standard deviation. (ns) non-

significant (p > 0.05). T-test for independent samples.
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Figure 3. Average maximum temperature during the months of fruit ripening. The data are represented as mean + standard deviation. (*) statistical

significant (p = 0.014). T-test for independent samples.
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3.3 Polyphenol profile

Regarding the levels of anthocyanins, the one observed in
higher concentration corresponds to delphinidin 3 hexoside,
followed by petunidin 3 hexoside (Table 1), while the highest
flavonol is myricetin 3 glycoside in Aysén and quercetin hexoside
derived in Magallanes (Table 2).
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Figure 4. Average rainfall during the months of fruit ripening. The data
are represented as mean + standard deviation. (ns) non-significant
(p > 0.05). T-test for independent samples

4 Discussion

Polyphenols represent a group of bioactive compounds
present in fruits and vegetables, with implications in various
physiological and pathological processes, such as their association
with the favorable modification of the intestinal microbiota
(Garcia-Mazcorro et al., 2018) and their anti-inflammatory
effects (Arulselvan et al., 2016; Dugo et al., 2017), and therefore
the Chilean native berries can provide great antioxidant power
after consumption. The fruit harvested for the purpose of this
study showed a higher phenol content than reported for freeze-
dried berries such as murtilla (Ugni molinae Turcz) and blueberry
(Vaccinium corymbosum) (Brito et al., 2014). In addition, both
samples showed the inhibition capacity of DPPH, expressed
in Trolox umol/100 g of dry fruit, results consistent with
previous research that identified several phenolic compounds
for berries with similar phytochemical characteristics, such
as maqui (Aristotelia chilensis), which contains antioxidants
that can inhibit lipid peroxidation (Cespedes et al., 2010) and
murtilla (Ugni Molinae Turcz), which even when subjected to
extreme temperature changes has a high polyphenol content
(Shene et al., 2009). The differences given between the samples
collected at the two locations may be due to the content of
polyphenols from various sources of plant origin varying
according to genotype, climate and geographical location
(Altangerel et al., 2017), which is supported by data obtained
from the Annual Environmental Report by the INE, Chile in
2017 and 2018, where differences in the climatic conditions of
both regions during the fruit ripening period were observed, and
where more extreme temperature fluctuations and higher rainfall
may favor the process. This may be due to abiotic stress, which
includes the elevation of maximum environmental temperature,

Table 1. Anthocyanin content of different samples of Calafate (Berberis microphylla).

Anthocyanin (mg/g dry fruit)

Aysén Magallanes
Mean SD Mean SD
Delphinidin-3-hexoside 12.19 0.274 8.81 0.043
Cyanidin-3-hexoside 0.47 0.052 0.55 0.014
Petunidin-3-hexoside 5.09 0.079 4.09 0.066
Petunidin-3-coumaroyl-hexoside 0.19 0.016 0.07 0.025
Peonidine-3-hexoside 2.60 0.118 241 0.029
Malvidin-3-hexoside 0.12 0.033 0.02 0.006
Malvidin-3- coumaroyl-hexoside 0.01 0.006 <0.01 0.003
The data are represented as mean * standard deviation (SD). (ns) non-significant (p > 0.05). T-test for independent samples.
Table 2. Flavonol content of different samples of Calafate (Berberis microphylla).
Flavonol (mg/g dry fruit)
Aysén Magallanes
Mean SD Mean SD

Myricetin-3-glucoside 0.33 0.002 0.08 0.039
Quercetin-3-hexoside 0.02 0.002 0.17 0.022
Quercetin-3-hexoside derivative 0.03 0.010 0.19 0.092
Isorhamnetin-3-hexoside 0.01 0.003 <0.01 0.001
Isorhamnetin-3-hexoside derivative 0.04 0.001 0.04 0.001
Isorhamnetin-3-rutinoside-7-glucoside 0.11 0.003 0.05 0.030

The data are represented as mean + standard deviation (SD). (ns) non-significant (p > 0.05). T-test for independent samples.
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as is the case in the Aysén region, and induces synthesis and
accumulation of secondary metabolites in plants, including
flavonoids and anthocyanins (Liu et al., 2017). The former plays
avariety of roles, such as defending against pathogens, attracting
pollinators and reducing the growth of nearby competing
plants, while anthocyanins increase their production under
adverse temperature conditions, nutrient deficiency and salinity
(Wahid, 2007). In several plants an increase has been noted in
the concentration of antioxidants when they are subjected to
relatively high temperatures compared to those plants that grow
in lower temperatures (Wang & Zheng, 2001), and this tolerance
to heat stress can be generated as a result of a reprogramming
of the transcriptome, mediated by the levels of cellular ATP/
AMP in plants and regulated by energy sensors, represented
biochemically by calcium and ATP-dependent enzymes, whose
activity is stimulated by heat, also promoting the survival of
the plant or shrub (Chavez-Barrantes & Gutiérrez-Soto, 2017).

5 Conclusion

The Calafate has a wide geographical distribution in the
extreme south of Patagonia; therefore, the berries of the bush
may have different concentrations of phenolic compounds
according to the climatic characteristics present during the
ripening of the fruit. In this study, Aysén berries had higher
content of polyphenols and anthocyanins than the Magallanes
berries, confirming that variations in climatic conditions affect
the antioxidant capacity of the fruit.
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