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Abstract
The Patagonian wild berry Ribes magellanicum has promising applications in food and nutrition due to its fla-
vor and the presence of health-promoting bioactive compounds. Relevant chemical, physicochemical, and
structural characteristics of the fruit for its utilization as food were investigated. The average moisture content
was 79.3% while protein, lipids, sugars, and crude fiber amounted to 7.4, 5.8, 64.3, and 14.5 g/100 g dry fruit,
respectively. Average values of fruit diameter, number of seeds, juice yield, soluble solids, and pH were deter-
mined as 5 mm, 17, 59.2%, 15.5 °Brix, and 4.3, respectively. Total phenolic compounds amounted to 2543 mg/
100 g dry weight, anthocyanins to 561 mg C3G/100 g dry weight, and carotenoids to 43.3 mg/100 g oil. ORAC
and DPPH values were 36.0 and 15.8 mmol TE/100 g dry weight, respectively. Linoleic acid predominated in a
lipid profile that exhibited a good ω-6/ω-3 ratio (1.37). The structure of the berry consisted of a skin (exocarp)
and a pulp (mesocarp) that contained many seeds representing 54% of the weight of the berry. These char-
acteristics of R. magellanicum are similar to other wild Patagonian berries that have found applications as
foods due to their convenience and the presence of abundant bioactive compounds.
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INTRODUCTION

Ribes magellanicum Poiret of the family Grossulariaceae
genus Ribes, known locally as wild zarzaparilla or
“parra,” is a deciduous shrub growing in Chile from the
Metropolitan Region (ca. 33°10’S) to south of the Beagle
Channel (ca. 55°07’S) (Bañados et al., 2002; Domínguez
et al., 2021). R. magellanicum is naturally distributed in
Patagonia in clearings of forests of beech trees
Nothofagus pumilio (Arena et al., 2007). The fruits are
globose and fleshy berries, arranged as clusters and purple
at maturity (Figure 1).

Rozzi et al. (2008) hypothesize that the Spanish
Conquistadors related the abundant shrub with a weed

(zarza), and the shape of its leaves reminded them of a
small grapevine (parrilla), so they called the shrub “zarza-
parrilla.” Anglican missionaries in the late XIX century
referred to this berry as “wild currant.” because it looked
like currants growing wild in their native countries. It is
often confused with the cultivated and commercial red zar-
zaparilla (Ribes rubrum), grosella roja in Spanish or red
currant in English, introduced in Chile by European immi-
grants (McLeod et al., 2014). Other Patagonian berries such
as maqui (Aristotelia chilensis), calafate (Berberis
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microphylla), and murta (Ugni molinae) have recently
received much attention due to their attractive appearance
and flavor. These berries exhibit potential as functional
foods due to their high antioxidant capacity and have found
applications as commercial products and in gastronomy,
being used in the form of fresh fruits, juices, jams, syrups,
and teas (Fuentes et al., 2019; Schmeda-Hirschmann et al.,
2019).

Berries are highly regarded as convenient, flavorful, and
healthy fruits that may prevent or delay some chronic dis-
eases attributed to oxidative stress and inflammation.
Moreover, berries are low in calories, and contain dietary
fibers, vitamins, and bioactive phytochemicals (Aguilera,
2024). Worldwide, several wild berries contribute to food
security and a healthy diet for the native population.
Underutilized wild berry species have nutritional and food
potentials, yet many of these small fruits go largely
unpicked or are lost to different natural predators
(Aguilera and Toledo, 2022). Like most other wild
Patagonian berries, the fruit of R. magellanicum is recol-
lected and consumed fresh by local people and used to
produce various foods such as jams, juices, teas, and pre-
serves, although its commercialization is not yet massive
(Domínguez et al., 2021; Ochoa et al., 2019).

There is a need to increase the consumption of fruits in
Western diets, which now stands below 20% of the recom-
mended daily intake (Bajramova and Spégel, 2022). It is
also important to incorporate new sources of wild small
fruits in human nutrition, particularly those having a high
antioxidant capacity provided by flavonoids and phenolic
acids (Aguilera and Toledo, 2022). In this respect, more
information should become available regarding the nutri-
tional and physicochemical aspects of local wild berries.
Thus, the objectives of this study were threefold: (i) to char-
acterize the chemical composition of berries of R. magella-
nicum, including their content of bioactive compounds and
antioxidant capacity; (ii) to assess their physicochemical
properties as food (i.e. juice yield, color); and (iii) to inves-
tigate their microstructural aspects.

MATERIALS AND METHODS
Raw material and reagents

The berries of Ribes magellanicum (approximately 1 kg)
were manually collected on March 21, 2022, from a
single shrub growing naturally in a clearing of a
Nothofagus forest in the Reserva Nacional Magallanes,
(53°08′46′′S; 71°00′12′′W). Immediately after picking,
fruits were frozen at −20 °C in a horizontal freezer
(Mademsa, model M300, China) and transported to our
laboratory. For analytical determinations, the frozen fruits
were thawed at room temperature (20 °C) overnight, manu-
ally ground in a mortar, immersed in liquid nitrogen for
5 min, and freeze-dried for 24 h in a laboratory-scale equip-
ment (Labconco, model Freeze Dryer 4.5, Kansas City,
USA) with a condenser temperature of −45 °C and a
vacuum level of 0.5 Pa. Methanol, n-hexane ≥97.0%, 2-pro-
panol ≥99.5%, petroleum ether, Folin–Ciocalteu phenol
reagent, gallic acid, and boron trifluoride in methanol were
acquired from Calbiochem Merck (Darmstadt, Germany);
fluorescein, 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), and Azobis (2-methylpropionamidine) dihy-
drochloride (AAPH) were obtained from Sigma-Aldrich
(St. Louis, MO, USA).

Physicochemical determinations

Twenty berries were randomly selected and characterized.
Their weight and equatorial diameter were measured
using an analytical balance (UX620H, Shimadzu, Kyoto,
Japan) and a caliper. Seeds per berry were counted after
manual separation from the pulp. Juice was obtained by
pressing fruits to 95% strain using a texture analyzer
(TA.XTplus, Stable MicroSystem Ltd, Godalming, UK).
Juice yield was determined by subtracting spent solids
mass from initial berries mass. Soluble solids were mea-
sured with a digital refractometer (Fd-tpz, Huaqin
Zhongyuan, Shangdom, China) with ±0.2 °Brix precision.
Juice pH was measured using a pH meter (PHS-3D,
Shanghai San-Xin Instrumentation Inc., Shanghai, China).
A digital vision system (DVS-Lab) captured images of
berries and juice for color analysis, expressed in CIELab
space, as described by Quevedo et al. (2008).

Analytical procedures

Proteins, lipids, ash, and crude fiber were determined
according to AOAC methods (AOAC, 2005).
Nitrogen-free extract (NFE) was calculated by difference
and the energy content according to FAO (2003). Fruit
juice was clarified and hydrolyzed following the method
of Foitzich (2013). Total sugars of clarified juices were
determined according to Schmidt-Hebbel et al. (1981) and
expressed as mass of glucose equivalents per unit weight

Figure 1. Berries of Ribes magellanicum growing near
Punta Arenas, Chile.
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of sample. Glucose and fructose were determined according
to Sainz et al. (2022) using a high-performance liquid chro-
matography system (HPLC) (Thermo Scientific Ultimate
3000, Germering, Germany) with a refractive index
detector (Shodex RH-101, Yokohama, Japan). All analyt-
ical determinations were performed in duplicate or
triplicate.

Extraction procedure and determination
of total phenolics, anthocyanins,
and antioxidant capacity

Extraction was performed according to Basegmez et al.
(2017). One gram of freeze-dried berry pulp was mixed
with 0.25 g of celite, and placed in an extraction column
(Dionex ASE 300, Thermo Fisher Scientific, Waltham,
MA, USA). Extraction was carried out in triplicate with
40 mL of water in 3 cycles of 5 min each, at 1500 psi and
40 °C, and the extracts were stored at −20 °C in a freezer
(FDV, model STYLE SF170, Chile). Total phenolic
content was determined following the Folin–Ciocalteu
method, according to Singleton and Rossi (1965). The
absorbance was measured at 765 nm in a spectrophotometer
(UNICAM UV3 UV-Vis, Gemini, Apeldoorn, The
Netherlands) and results expressed in mg GAE per 100 g
of dry sample.

Antioxidant capacity

Oxygen radical absorbance capacity (ORAC). ORAC
antioxidant capacity by was determined according to
Huang et al. (2002) by recording the fluorescence intensity
every 1 min using a 485-nm excitation filter with a 20-nm
bandwidth, and a 528-nm emission filter with a 20-nm
bandwidth in a fluorimeter (BioTek FLx800, Waltham,
MA, USA). The kinetic variation of the fluorescence inten-
sity of the samples and the Trolox standard solution (linear
range between 12.5 and 100 µM (R2 > 0.99)), were plotted.
The ORAC values were expressed as mmol of Trolox
equivalent (TE) per 100 g of dry sample.

2,2-Difenil-1-picrylhydrazylo (DPPH). Antioxidant cap-
acity by DPPH was determined following the method pro-
posed by Brand-Williams et al. (1995). The samples were
kept in the dark for 30 min at room temperature (20 °C)
before measuring the absorbance with a spectrophotometer.
Results were expressed in mmol TE per 100 g of dry sample
based on a Trolox calibration curve with a linear range
between 10 and 150 ppm (R2 > 0.99). Measurements were
performed in triplicate.

Anthocyanins (ACN) by pH differential

The monomeric ACN content was determined by the pH
differential method described by Giusti and Wrolstad

(2001). The absorbances were read at 530 and 700 nm.
The anthocyanin content was calculated as cyanidin 3-glu-
coside equivalents (EC-3G) using an extinction coefficient
(ϵ) of 26,900 L/cm-mol and a molecular weight (MW) of
449.2 (g/mol). ACN contents were expressed as EC-3G
(mg/mL). Measurements were performed in triplicate.

Tocols

Tocopherols and tocotrienols were determined by HPLC
according to the official method Ce 8-89 (AOCS, 1998).
A LiChro-CART Superspher Si 60 column
(25 cm × 4 mm id, 5 µm particle size; Merck, Darmstadt,
Germany) was used. The mobile phase was propan-2-ol
in hexane (0.5/99.5 v/v) at a flow rate of 1 mL/min.
Tocols contents were determined using tocopherol and
tocotrienol standards. Results were expressed in mg TE/
100 g oil.

Fatty acid composition

A gas chromatograph (GC-2014, Shimadzu Corp., Tokyo,
Japan) was used to determine the fatty acids profile, accord-
ing to the official method Ce 2-66 (AOCS, 2017). An FID
detector, auto injector AOC-20i (Shimadzu Corp., Tokyo,
Japan), and a fused silica capillary column SP2560
(Supelco, Bellefonte, PA, USA). The temperature was
rised from 160 °C to 230 °C at 2 °C/min, and 0.5 µL
simples were run with hydrogen as carrier gas. The refer-
ence standard NU-CHECK GLC463 was used to identify
the FA profiles by comparing the retention times. To
obtain methyl esters, the methylation method was used
according to Ortiz-Viedma et al. (2023).

Total carotenoids content

Total carotenoid content of oil extracts was carried out
according to Jaeger de Carvalho et al. (2012), with some
modifications. A sample of 0.100 g of oil was weighed
and brought to 10 mL with petroleum ether and read at
470 nm in a spectrophotometer. The total carotenoid
content (µg/g) was calculated considering absorbance,
final volume, sample weight, and lycopene extinction coef-
ficient in petroleum ether.

Micro-CT image acquisition and reconstruction

Fresh and freeze-dried fruits were observed by high-
resolution micro-computed tomography (CT) in a model
X-ray equipment (Skyscan 1272, Bruker Corp., Kontich,
Belgium). Samples were fixed to a holder and scanned for
0–360° with a rotation step of 0.2°, 0.9 s exposure time
per frame, with a source voltage of 42 kV, a current of
195 μA, and a pixel size of 5 μm. No filters were used
during the scanning and image reconstruction was
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performed with the equipment software (SkyScan, NRecon
version 1.7.4.2., Bruker Corp., Kontich, Belgium), setting
beam-hardening to 50%, smoothing in 1, and adjusting
post-alignment and ring artifact correction.

RESULTS AND DISCUSSION
Chemical composition

Table 1 presents the results of proximate analysis, sugar
content, and energy value for raw R. magellanicum
berries, showing an average moisture content of 79.3%
on a wet basis (w.b.). Variations in moisture content,
ranging from 76% to 86% (w.b.), as reported in previous
studies (Domínguez et al., 2021) likely stem from differ-
ences in growth location and harvesting time. The protein
content of R. magellanicum was 7.4 g/100 g dry fruit,
similar to findings by Domínguez et al. (2021) of 8.8 g/
100 g dry fruit. The lipid content was 5.5 g/100 g dry
fruit, contrasting with the 8.8 g/100 g dry fruit reported
by Domínguez et al. (2021), possibly due to sample dispar-
ities and variations in lipid extraction procedures such as
grinding and solvent type (Tischer et al., 2017). Piskernik
et al. (2018) noted that the oil content in seeds (not the
fruit) of Ribes species ranged between 17.8% and 22.4%.

The crude fiber content was 14.5 g/100 g dry fruit, while
NFE was 68.2 g/100 g dry fruit (Table 1). NFE, derived
from the difference between the sample weight and the
combined weights of moisture, lipids, protein, crude fiber,
and ash, encompasses soluble sugars, polysaccharides,
pectins, gums, mucilages, and polyphenols (Saura-Calixto
et al., 1983). Excluding the sugar content, approximately
4.2 g/100 g dry fruit of unidentified chemical compounds
in the NFE likely represent structural polysaccharides.
Dietary fiber, abundant in various berries and by-products
of processing, is an important nutritional component
(Alba et al., 2019); thus further research should be carried
out regarding the soluble and insoluble dietary fiber
content in R. magellanicum.

The total sugar content (64.3 g/100 g dry fruit or
13.3 g/100 g fresh fruit) was higher than in U. molinae
(8.2 g/100 g fresh fruit) but similar to B. microphylla
(13.9 g/100 g fresh fruit) (Romero et al., 2019).
Predominant sugars included glucose (24.1 g/100 g dry
fruit) and fructose (25.8 g/100 g dry fruit), with a glucose/
fructose ratio of 0.9, close to the 1.1 ratio in A. chilensis
(Brauch et al., 2016) but different from the 1.7 to 7.0 ratio
found in B. microphylla by Ruiz et al. (2010).

R. magellanicum berries exhibited a calculated energy
content of 73.1 kcal/100 g fresh fruit, surpassing straw-
berries (32 kcal/100 g fresh fruit), blackcurrants (56 kcal/
100 g fresh fruit), and numerous other berries
(Golovinskaia and Wang, 2021), still rendering them a low-
calorie food (Aguilera and Toledo, 2022).

Physical and physicochemical characterization

Results of the physical characterization of R. magellanicum
berries are shown in Table 2. The average weight of the raw
fruit was 0.3 g, which is in the range of 0.1 to 0.3 g previ-
ously reported (Arena and Coronel, 2011; Damascos and
Arribere, 2008). The average equatorial diameter was
0.5 cm, similar to the 0.6 cm reported by Damascos and
Arribere (2008) and the 0.5 to 0.8 cm determined by
Lediuk et al. (2014). On average, berries contained 17
seeds per berry, a value that is within the range of 13 and
18 seeds per berry reported by Lediuk et al. (2014) and
Damascos and Arribere (2008). Arena and Coronel
(2011) determined that 56 days after full bloom the
berries reached a maximum of 23 seeds and decreased to
16 seeds per fruit 42 days later. When compared to other
wild berries grown in Patagonia, R. magellanicum contains
significantly more seeds, and the percentage of dry seed
weight/dry fruit weight may reach 78.7% after 98 days
from blooming (Arena and Coronel, 2011). Our result of
54% for the ratio of dry seeds to dry fruit (by weight) is con-
sistent with values between 43% and 60% on a dry basis

Table 2. Physicochemical parameters of fruits of R.
magellanicum.

Raw fruit Weight (g) 0.3± 0.1
Diameter (cm) 0.5± 0.1

Number of seeds 17± 4.3
Seed/dry fruit ratio (%) 54.0

Color L* 28.0± 0.9
a* 16.9± 1.8
b* 5.9± 1.0

Extracted juice Yield (%) 59.2± 1.7
Soluble solids (°Brix) 15.5± 0.1

pH 4.3± 0.02
Color L* 37.3± 3.9

a* 5.8± 2.3
b* 1.3± 2.3

Table 1. Mean values of moisture content, proximate
analysis, sugars, and energy of R. magellanicum berries.

Moisture content (% w.b.)
Raw 79.3± 0.8
Freeze-dried 12.6± 0.8

Proximal analysis (g/100 g dry fruit)
Protein 7.4±1.6
Lipids 5.8±1.3
Crude fiber 14.5± 3.2
Ash 4.1±0.9
NFE 68.2± 14.9

Total sugars (g/100 g dry fruit) 64.3± 0.3
Fructose 25.8± 2.2
Glucose 24.1± 0.6

Energy (kcal/100 g fresh) 73.4± 0.5
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reported by Lediuk et al. (2014). The large number of seeds
and the high seed-to-fruits ratio in R. magellanicum make
them attractive as a potential source of specialty oils
given their unique fatty acid profile with interesting minor
components (Alves et al., 2021; Van Hoed et al., 2009).

Characterization of the juice

Berry juices are attractive products due to their flavor and
nutritional properties (Aguilera, 2024) Mechanical cold
pressing is a conventional technology to extract juice
from berries (Leong and Oey, 2017). The juice of R. magel-
lanicum berries extracted by compression amounted to
59.2% by weight of raw fruit (Table 2), a value that is a
proxy of how much juice could be obtained by cold press-
ing. The juice had an average of 15.5 °Brix, similar to the
14.3 °Brix reported by Domínguez et al. (2021) but slightly
lower than the 17.5 °Brix informed by Arena and Coronel
(2011). The average pH of the juice was 4.3 (Table 2),
lower than the pH 5.0 measured for fully ripe berries of
the same species (Arena and Coronel, 2011). Other juices
from Patagonian berries have a lower pH, e.g. 3.9 for A. chi-
lensis (Garrido et al., 2019) and 3.7 for U. molinae (Romero
et al., 2019). As already stated, the physicochemical charac-
teristics of berries from the same species are highly depend-
ent on growing location, weather conditions, stage of
maturity at harvest, and even on the location of fruits in
the same branch (Mikulic-Petkovsek et al., 2016).

Color

Attractive color is one of the main sensory characteristics of
berry products. Color coordinates of R. magellanicum

berries and the extracted juice are shown in Table 2.
Fresh berries are characterized by a dark-violet color
(Figure 1), with a lightness L* of 28 (closer to black than
to white) and average a* and b* values of 16.9 and 5.9,
respectively. In the juice, lightness increased and a* and
b* values were reduced meaning that the outer skin of the
fruit contributed with dark-colored pigments. The main
compounds responsible for the blue and purple color in
berries are the water-soluble anthocyanins (Vilela and
Cosme, 2016). Natural colorants from berries are actively
sought after as replacers of synthetic food colors and for
their therapeutical properties (Gonzalez de Mejia et al.,
2020).

Bioactive compounds

Several species of Patagonian berries contain bioactive
compounds with potential health-promoting properties
such as strong antioxidant activity and inhibitory inflamma-
tory effects. The fruits of B. microphylla exhibit an excep-
tionally high antioxidant capacity which is attributed to the
content of total polyphenols and anthocyanins (Aguilera
and Toledo, 2022; Sanchez and Guzmán, 2020).
Similarly, the potential beneficial effects of R. magellani-
cum berries have been largely attributed to the presence
of phenolic acids and their derivatives, flavonoids, antho-
cyanins, and fatty acids (Schmeda-Hirschmann et al.,
2019; Sun et al., 2021).

Table 3 shows the results of total phenolic compounds,
anthocyanins, and carotenoids as well as in vitro antioxi-
dant activity for the R. magellanicum berry, and reported
data for B. microphylla. It is worth noticing that bioactive
compounds and their antioxidant activity can vary signifi-
cantly depending on genetics, farming methods, environ-
mental factors, harvesting time, storage, processing
conditions, and analytical methodologies (Kårlund et al.,
2014).

The mean total phenolic content of fruits was 2543
GAE/100 g of dry fruit (575.2 mg GAE/100 g of fresh
fruit), larger than previous reports for R. magellanicum
(Jiménez-Aspee et al., 2016). Total phenolic compounds
and anthocyanins were lower than fruits of B. microphylla
(Table 3), but higher than that of other wild Ribes berries,
such as wild strawberries (Aguilera and Toledo, 2022).
Jiménez-Aspee et al. (2016) measured total phenolics of
different Ribes berries in the south of Chile, finding that
R. magellanicum had more phenolic compounds than R.
punctatum and R. trilobun, but similar to R. cucullatum.

The average anthocyanin content of R. magellanicum
was measured at 561 mg C3G/100 g of dry fruit (equivalent
to 118 mg C3G/100 g of fresh fruit), which was lower than
that of B. microphylla (refer to Table 3). When compared to
other Ribes berries found in Chile, R. magellanicum exhib-
ited a higher anthocyanin content than R. punctatum and R.

Table 3. Content of bioactive compounds and antioxidant
activity of R. magellanicum berries, and comparison with the
Patagonian berry Berberis microphylla (calafate).

Ribes
magellanicum

Berberis
microphylla

Total phenolics (mg
GAE/100 g d.b.)

2543± 1.1a 1610–3490b

Total anthocyanins (mg
C3G/100 g d.b.)

561± 36 1203–1373c

Total carotenoids (mg/
100 g oil)

43.3± 1.7 n.a.

ORAC (mmol TE/100 g
d.b.)

36.0± 1.9 46.7–72.4d,e

DPPH (mmol TE/100 g
d.b.)

15.8± 3.4 7.2–8.6c

n.a.: not available.
aTotal phenolics were measured in duplicate.
bMariangel et al. (2013).
cSanchez and Guzmán (2020).
dLópez et al. (2018).
eGarcia-Diaz et al. (2019).
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trilobum but significantly lower amounts than R. cuculla-
tum (Jiménez-Aspee et al., 2016).

Carotenoids are recognized as potent antioxidants
playing an important role in the prevention of some
human diseases. The total carotenoid content was 43.3±
1.7 mg/100 g oil. Gross (1982) asserted that Ribes species
have, in general, a low content of carotenoids. For a blue-
violet cultivar of Ribes grossularia he reported a content
of total carotenoids of 3.8 µg/g fresh weight. In a study
involving several berries from Finland, Heinonen et al.
(1989) reported that β-carotene and lutein were major caro-
tenoids in black currant amounting to 539 µg/100 g fresh
fruit.

Antioxidant capacity was assessed using both the ORAC
and DPPH methods. In comparison to other berries, R.
magellanicum exhibited lower antioxidant capacity than
B. microphylla (Table 3) and A. chilensis (59.9 mmol TE/
100 g d.b. by ORAC), but higher than U. molinae
(16.2 mmol TE/100 g d.b. by ORAC) (López et al.,
2021). Furthermore, when compared with other types of
fruits such as apples, grapes, oranges, and plums, the anti-
oxidant capacity of R. magellanicum berries was notably
superior (at least one order of magnitude larger for
ORAC determinations), consistent with the high antioxi-
dant properties observed in berries (Wang et al., 1996).

Fatty acids

Berries are promoted as “superfruits” and claimed to confer
superior health benefits than other fruits. Part of these posi-
tive effects is related to their FA profiles, although they
differ widely among different berry species (Bajramova
and Spégel, 2022). Table 4 lists major FA detected in R.
magellanicum berries. Linoleic acid was the main FA
(31.3%), followed by oleic acid (30.2%) and α-linolenic
acid (22.8%). The most abundant polyunsaturated acids
were two essential fatty acids for nutrition, linoleic acid
and α-linolenic acid, while oleic acid is associated with a

lower risk of coronary diseases. The FA profile of R. magel-
lanicum compares well with that of cranberry, among many
other berry oils (Tamkutė et al., 2020), and the total (54.1%)
is similar to the content in B. microphylla (66.7%) and A.
chilensis (43.6%) (Ortiz-Viedma et al., 2023). The ω-6/
ω-3 ratio (1.37) is also comparable to that of the previously
mentioned Patagonian PUFA berries and more favorable
than the high average ratio present in most foods of the
Western diet and associated with potential deleterious
health effects (Ortiz-Viedma et al., 2023; Piskernik et al.,
2018).

Tocopherols and tocotrienols

Vitamin E (represented by α-, β-, ϒ-, and δ-tocopherol, and
α-, β-, ϒ-, and δ-tocotrienol) is an essential fat-soluble
vitamin that modulates the immune function and acts as
antioxidant (Andersson et al., 2008; Manful et al., 2023).
It has been suggested that a daily serving of blueberries
gives antioxidant protection to the skin due to the combined
action of vitamins C and E (Ivarsson et al., 2023). The most
abundant isomer in R. magellanicum was α-tocopherol as
shown in Table 5.

Microstructure

While the anatomy of R. magellanicum berries has been
described in the botanical literature, there is limited infor-
mation on microstructural features, except for the wood
(Pujana et al., 2008). X-ray micro-CT enables a thorough
identification of internal structures in a non-invasive
mode based on the attenuation of X-rays. Figure 2(a)
depicts a three-dimensional volumetric reconstruction of a
fresh R. magellanicum berry. The round shape of the
fruit, its calyx (c), stem end (se), and the seeds (s) inside
are clearly visible. In this fruit specimen 18 seeds were
observed, with an average equatorial diameter of 1.2±
0.3 mm. Also noticeable is what appears to be an under-
developed seed (us). As mentioned by Arena and Coronel
(2011), not all seeds at the bloom phase grow during the
fruiting period.

To further identify details, a freeze-dried berry was also
studied and the histological interpretation is based on
Laczkó-Zöld et al. (2019) for Ribes nigrum and Ribes

Table 4. Main fatty acids in R. magellanicum and saturated
(SFA), mono- and poly-unsaturated FAs (MUFA and PUFA).

Fatty acid Percentage

Myristic acid (C14:0) < 0.1
Palmitic acid (C16:0) 12.3± 0.04
Palmitoleic acid (C16:1) 0.4±0.1
Stearic acid (C18:0) 3.0±0.1
Oleic acid (C18:1) 30.2± 0.2
Linoleic acid (C18:2) ω-6 31.3± 0.1
α-Linolenic (C18:3) ω-3 22.8± 0.1
SFA 15.3± 0.2
MUFA 30.6± 0.4
PUFA 54.1± 0.2
PUFA/SFA ratio 3.6
ω-6/ω-3 ratio 1.37

Table 5. Main tocopherols in R. magellanicum fruits.

(mg/100 g oil)

α-Tocopherol 72.5± 0.3
β-Tocopherol 13.2± 0.3
ϒ-Tocopherol 39.7± 0.1
δ-Tocopherol 0.6± 0.0
ϒ-Tocotrienol 0.6± 0.0
Total tocopherols 126.6± 0.6
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rubrum. The external skin or epicarp (ep) consisted of a
large number of small cells forming a compact tissue
(Figure 2(b)). The mesocarp (m) appears as a structure
with cells larger than those of the epicarp. Cells of the
mesocarp and epicarp maintain part of their cell walls
intact, but closer to the fleshy center, they appear to col-
lapse. In the freeze-dried fruit, the seeds (s) are covered
by a dense layer of sclerenchyma cells (sc) that presumably
constitutes a highly lignified tissue. Further work is being
conducted to obtain relevant quantitative information of
the microstructure of R. magellanicum berries and their
seeds.

CONCLUSIONS

The Patagonian wild berry R. magellanicum has a long trad-
ition of human consumption as food. Fruits from this plant
contain abundant water and a low-fat content, thus can be
classified as low-calorie foods. The NFE content probably
corresponds to fiber that needs to be further analyzed and
characterized for its nutritional and functional value. The
content of phenolic compounds and anthocyanins, that
may perform as strong antioxidants, is above mean values
reported for other wild berries. Linolenic acid was the
major FA and the lipid profile exhibited a favorable ω-6/
ω-3 ratio of 1.76. Berries also contain tocopherols with
vitamin E activity and carotenoids that may also act as anti-
oxidants. The content of these compounds depends on the
growing location, and environmental conditions and ripe-
ness stage. R. magellanicum has great potential as fresh
and processed fruits, similar to other commercial
Patagonian berries. However, being a wild species,

sustainability aspects are crucial given possible cultivation
as a new crop.
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