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Native plants from the genus Vaccinium in Colombia and
their potential uses. A review
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ABSTRACT

The Andean Region of Colombia has a large variety of species with diverse ethnobotanical uses, including
industrial, medicinal and food uses. Among these plants are several wild species from the genus Vaccinium,
which are native to the mountainous regions of the country. This review deals with potential uses for agraz
(V. meridionale) and agracejo (V. floribundum) in Colombia, focusing on the nutritional potential of these plants
and their importance for food security in terms of products made from their fruits and leaves. In addition,
this review looks at possible negative effects from anthropic activities and climate change on wild plants
from the genus Vaccinium.

Additional keywords: native fruit crops; biodiversity; promissory crops; Ericaceae.

RESUMEN

La regién Andina de Colombia tiene una gran variedad de especies con diferentes usos etnobotdnicos, inclu-
yendo usos industriales, medicinales y alimenticios. Entre estas plantas se encuentran varias especies silves-
tres del género Vaccinium, que son nativas de las regiones montafniosas del pais. Esta revisién trata sobre los
usos potenciales de agraz (V. meridionale) y agracejo (V. floribundum) en Colombia, centrdndose en el potencial
nutricional de estas plantas y su importancia para la seguridad alimentaria en términos de productos elabora-
dos a partir de sus frutos y hojas. Ademas, esta revisién analiza los posibles efectos negativos de las actividades
antrépicas y el cambio climético en las plantas silvestres del género Vaccinium.
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The Andean region of Colombia possesses a large
variety of wild species that can be used industrially,
medically, and for food. Among these species, plants
from the Ericaceae family are widely distributed in
the mountains of this country, including paramos
and mountain Andean forests. Worldwide, the Erica-
ceae family includes about 124 genera and more than
4,100 species, most of which are shrubs and small
trees, including fruit crops (Stevens et al., 2004).

The Andean region is one of the centers of biodiver-
sity for Ericaceae, with most distributed in Colom-
bia and Ecuador (Luteyn, 2002). The neotropics have
46 genera for Ericaceae, with more than 800 species;
more than 90% of these species are endemic to the
neotropics (Luteyn, 2002). In Colombia, 24 genera
and 278 species have been reported for Ericaceae,
with the greatest diversity described for the Cordil-
lera Occidental and Chocé regions (Pedraza-Pefialosa
et al., 20195).

The mountain forests, as well as the padramo and
subpdramo, are natural reserves for wild Ericaceae
in the country. The distribution of Ericaceae in the
mountain regions is conditioned by various ecologi-
cal limitations to which these plants are adapted. In
particular, pdramo conditions impose a high environ-
mental pressure on plants with low air temperatures,
very high relative air humidity, high incidence of UV
light, strong winds, and poor soils (Cruz and Lasso,
2021; Becerra et al., 2022). Altitude and associated
environmental factors are important indicators that
determine the distribution of wild populations of Eri-
caceae in Colombia (Ligarreto, 2009).

These plants are typical species in the vegetation of
humid and cold mountainous ecosystems, such as
cloud forests and shrublands, located between 2,000
and 3,500 m a.s.l. In these areas, Ericaceae plants
serve as a food source for insects, birds, and mam-
mals. Also, they provide economic income for the in-
habitants of the region through the sale of fruits. The
most representative genera of Ericaceae fruit species
in the neotropics are Cavendishia (130 species), Psam-
misia (70 species), Thibaudia (60 species), Vaccinium
(40 species), Macleania (40 species), Disterigma (40
species), and Gaultheria (37 species) (Smith, 2004).
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INTRODUCTION

The present review deals with the prospects for the
ethnobotanical use of native plants from the genus
Vaccinium in Colombia. For this, the indexed databas-
es of Scopus and Scielo were reviewed using biblio-
graphic references for the last 20 years. This review
addressed the nutritional potential of these plants
and their importance for human health in relation
to products prepared from the fruits and leaves. The
possible negative effects of anthropic activity on wild
populations of plants from the genus Vaccinium in
Colombia were considered.

NATIVE VACCINIUM PLANTS OF
COLOMBIA

Worldwide, the Vaccinium genus includes about 425
species, with blueberries having a high commercial
importance (Stevens et al., 2004; Martau et al., 2023).
The native plants of the Vaccinium genus of Colombia
are the closest relatives to commercial blueberries,
which have multiple uses, such as in the food indus-
try (Edger et al., 2022). Wild Vaccinium species are
considered “native blueberries” of Colombia. Studies
on their diversity, distribution, and possible use have
increased in recent years since Vaccinium spp. is one
of the fruit species with the highest content of flavo-
noid-type antioxidants, which benefit human health
(Martdu er al., 2023).

Several native species of the Vaccinium genus are found
in Colombia, with V. meridionale (common names:
agraz, mortifio) and V. floribundum (common name:
agracejo) as the most studied species. Additionally,
there are reports of V. euryanthum, V. corymbodendron,
V. singularis (Salinas and Betancur, 2007), and, accord-
ing to Luteyn and Pedraza-Pefialosa (2012), other Vac-
cinium species.

V. euryanthum is a shrub belonging to the table-moun-
tain vegetation of the Serrania de Chiribiquete (~
800 m a.s.l., well below the “typical” altitudinal limit
for native Vaccinium species) in the Amazon region
(Cardenas et al., 2017). The presence of V. euryanthum
in this area is due to ancient geological events, such
as the origin of the Chiribiquete mountains from the
Guiana Shield (Cortés et al., 1998); this species was
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reported by Luteyn (1989) in the rocky formations of
the Guiana Shield in Venezuela.

V. corymbodendron is a tetraploid species from the high-
altitude regions of Colombia, which can flower at
temperatures below freezing (Ehlenfeldt er a/., 2018),
with most reports obtained from the Antioquia de-
partment (Sierra et al., 2005; Bernal er al., 2019). At
the same time, the presence of V. corymbodendron may
be questionable. In field surveys (2010-2022) in the
departments of Cundinamarca and Boyaca, such
plant was unfamiliar to local people, and it could
be that the plants of V. meridionale or V. floribundum
have been mistakenly identified as a separate species
of V. corymbodendron. Almost no published reports
exist for the new species V. singularis, described for
the first time by Salinas and Betancur (2007) in the
Chocé Biogeographic Region (department of Narifio,
1,200-1,800 m a.s.l.). Therefore, the present review
is focused on practical uses for two native species:
V. meridionale and V. floribundum; the commercially
cultivated blueberries (“highbush” blueberry V. cor-
ymbosum and other related species/hybrids) were not
considered.

Vaccinium blueberries are known as a “superfood” be-
cause of the high content of antioxidants in fruits,
and their consumption is geared towards human
health. Both fruits and leaves of V. meridionale and
V. floribundum possess antimicrobic, antifungal and
anticancer properties (Lopera et al., 2013; Maldona-
do-Celis et al., 2014; Sequeda-Castafieda et al., 2016;
Gonzélez et al., 2017; Llivisaca et al., 2018; Shen et al.,
2018). Based on these properties, most of the existing
bibliographic references deal with potential uses for
food and medicine.

AGRAZ, VACCINIUM MERIDIONALE SWARTZ

This plant is a tetraploid evergreen species native
to the Andean forests (Ecuador, Colombia, Venezu-
ela, Pert) and mountains of Jamaica, and grows at
altitudes of 2,000-3,200 m a.s.l. in Colombia (Fig. 1)
(Fischer et al., 2022). The largest number of reports
on wild populations comes from the departments of
Cundinamarca, Antioquia, Boyaca, and Magdalena
(Sierra Nevada de Santa Marta) (Ligarreto, 2009). V.
meridionale has a tree or shrub-type morphology, with
a height that varies from 0.2 to 5.0 m, while excep-
tional tree individuals (Macheta, Cundinamarca de-
partment, 2,090 m a.s.l.) exceed 15 m in height (S.
Magnitskiy, unpubl. data). The leaves are small, ovate

or elliptic (Ligarreto, 2009), becoming cold-hardy at
higher elevations; the leaf water content could be as
low as 50% depending on the ecotype and leaf age.
The fruit is a berry with an 8-15 mm diameter that
is blue, dark purple or black when ripe. Ripe fruits
commonly possess a waxy layer; this characteristic is
also typical for deciduous Vaccinium species native to
Northern Europe and Western United States (Irivedi
etal., 2021).

Figure 1. (A) Vaccinium meridionale plant in a wild popula-
tion in the department of Santander (3,000 m a.s.l.)
and (B) mature fruits.

Plant height and overall plant morphology are highly
variable characteristics in wild populations of V. me-
ridionale (Ligarreto et al., 2009). These plants can have
a small height (~ 0.5 m) and almost runner-type mor-
phology, such as in several populations in San Miguel
de Sema (2,650 m a.s.l., Boyaca department) grown
under canopy of oak-pine forests. With a tree-like
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appearance, V. meridionale plants are notable for the
high number of flowers per inflorescence (Ehlenfeldt
and Luteyn, 2021). A tree-like morphology, together
with a large height, can be attractive for cultivation
of these plants in the open field as a commercial crop.

Ripe fruits from Colombia have high contents of
antioxidants, including an average anthocyanin con-
tent of 329.0 mg cyanidin 3-glucoside equivalent/100
g fresh weight (FW), total phenolic content of 758.6
gallic acid equivalent/100 g FW, and ABTS radical
scavenging activity of 45.5 umol Trolox equivalent/g
FW, where cyanidin 3-galactoside was the main an-
thocyanin, and chlorogenic acid was the most abun-
dant non-anthocyanin phenolic compound (Garzén
et al., 2010).

In Colombia, V. meridionale fruits are sold at local
markets or sold to intermediaries, mainly in the de-
partments of Boyaca, Cundinamarca, and Antioquia.
These are consumed fresh or in desserts, yogurt, jams,
juices, or wine. For more than a decade, this plant has
been recognized as a promising crop in Colombia (Li-
garreto, 2009).

According to various authors, the fruits and leaves
of this plant have several possible uses in food and
beverages. The vinegar prepared from V. meridionale
berries had considerable antioxidant activity because
of the high content of bioactive compounds (Ochoa,
2014), which are beneficial for human health. Adding
V. meridionale fruit extracts increased the antioxidant
contents of beverages (Zérate et al., 2023).

The leaves of V. meridionale contain mono and poly-
phenolic compounds and can be used for tea drinks
(Zapata-Vahos et al., 2015; Borda-Yepes et al., 2019).
As compared to deciduous Vaccinium species, such
as V. myrtillus, the fresh leaves of V. meridionale have
notably less flavor when steeped in hot water but
apparently this changes when processing leaves for
tea. The leaves of V. meridionale have high levels of an-
tioxidants (Zapata-Vahos et al., 2015), and their cat-
echin concentrations are comparable with catechin
concentrations in black tea leaves (Borda-Yepes et al.,
2019). V. meridionale can accumulate higher contents
of anthocyanins in leaves when plants are grown un-
der stressful conditions, including low air tempera-
tures or increased incidence of UV-radiation, which
are seen at higher altitudes (Becerra et al., 2022). The
accumulation of phenolic compounds under stressful
conditions was also reported for Vaccinium species in
temperate regions (Karppinen et al., 2016). An easy
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method for increasing the contents of anthocyanins
in V. meridionale leaves during cultivation consists of
mineral nutrition with nitrogen applied to the plants
as nitrate (Gonzalez et al., 2018).

Vargas-Ramella et al. (2021) reported that V. meridi-
onale fruit extracts improved color and lipid stability
in pork patties, especially at the highest extract con-
centration. According to these authors, extracts of V.
meridionale fruits were added to pork patties without
impairing their sensorial profile. The use of V. meridi-
onale as a source of natural antioxidant, colorant, or
functional ingredients increased the life of patties,
burgers, and other ground meat products, which
could be employed in the restaurant and fast-food
industries (Vargas-Ramella et al., 2021).

Garzén et al. (2021) stated that V. meridionale fruit
extracts could be successfully utilized as colorants
in yogurts. Fruit extracts of V. meridionale were effec-
tive in stabilizing Sacha inchi (Plukenetia volubilis L.)
oil, thus, preventing the oil from oxidizing (Zapata et
al., 2015). Espinosa-Moncada et a/. (2018) and Galvis-
Pérez et al. (2020) emphasized the medical properties
of V. meridionale fruits.

Since V. meridionale is mostly present in wild popula-
tions in Colombia, efforts should be made for further
domestication of this species. Recent studies on the
hybridization of V. meridionale have shown that this
species produces fertile hybrids with V. corymbosum
(Ehlenfeldt and Luteyn, 2021), V. vitis-idaea (Ehlen-
feldt et al., 2022), and V. macrocarpon (Ehlenfeldt
et al., 2023), which could be used for V. meridionale
breeding purposes. Hybrids V. meridionale X V. mac-
rocarpon (cranberry) had good pollen production and
an acceptable pollen quality (Ehlenfeldt et al., 2023).
Hybrids V. meridionale X V. vitis-idaea (lingonberry)
were vigorous and evergreen, with small, red-colored
fruits, and presented good male fertility (Ehlenfeldt
et al., 2022).

AGRACEJO, VACCINIUM FLORIBUNDUM
KUNTH

This evergreen species is native to the mountain re-
gions of Colombia, Bolivia, Ecuador, and Peru, where
it is also known by the name of “mortifio”. It can be
a pioneer species in the pardmos that starts to grow
after fires (Llivisaca-Contreras et al., 2022) or mining
activity.


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/abts
https://www.sciencedirect.com/topics/chemistry/trolox
https://www.sciencedirect.com/topics/chemistry/chlorogenic-acid
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V. floribundum has a shrub-like morphology, is highly
branching and varies from 0.2 to 2 m in height (Fig.
2). It grows at altitudes between 1,600 and 3,800 m
a.s.l. in dry lower montane and humid montane for-
ests and paramos (Luteyn, 2002; Cobo et al., 2016).
The leaves are small, elliptic, and ovate, with a char-
acteristic violet hue on the leaf margins (Llivisaca-
Contreras et al., 2022). The flowers are 5-8 mm long,
red, pink, or whitish-red, and grouped in racemes
consisting of 5-20 flowers; the berries are 5 to 10 mm
in diameter and blue or dark blue when ripe (Cobo
et al., 2016). In the departments of Cundinamarca,

Boyaca and Santander, its ecological niche is broader
than that of V. meridionale since wild populations of
V. floribundum in these areas tend to expand over a
broader altitudinal range (1,800-3,800 m a.s.l.). The
plants that are occasionally seen in Colombian high-
lands at altitudes over 4,000 m a.s.l. have the small-
est height (5-20 cm), a “stocky” appearance with
short internodes, and a small fruit size (< 5 mm in
diameter). This common characteristic of compact
shrub-type plants could benefit the cultivation of
V. floribundum plants as a commercial crop in pots or
small containers.

Figure 2. (A) Plant of V. floribundum with fruits in the paramo El Verjon (3,200 m a.s.l., Cundinamarca department) and (B) over-
lapping vegetative and reproductive stages of growth in V. floribundum.
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Along with V. meridionale, this plant is considered a
“superfruit” because of the high antioxidant capac-
ity of fruits and their potential health benefits (Pérez
et al., 2021; Cerrato et al., 2022; Utus-Ramires et al.,
2023). According to Caranqui-Aldaz et al. (2022a),
the principal bioactive components of its fruits are
hydroxycinnamic acids (5-O-caffeoylquinic acid),
flavonols (quercetin 3-hexoside, quercetin 5-hexo-
side, quercetin 3-pentoside, and quercetin-3-O-rham-
noside), and anthocyanins. Esquivel-Alvarado et al.
(2020) reported that cyanidin and delphinidin glyco-
sides are the predominant anthocyanins in the fruits
of tropical Vaccinium species, including V. floribundum.
The leaves and fruits of V. floribundum present antimi-
crobial activity (Llivisaca et al., 2018).

Mature fruits were shown to possess high levels of
antioxidants, such as ascorbic acid of 9.0 mg/100
g FW, total phenolics of 882 mg gallic acid equiva-
lent/100 mg FW, and antioxidant activity ABTS of
47.9 umol Trolox equivalent/g FW (Vasco et al., 2009).
Consequently, beverages prepared from V. floribundum
fruits have high contents of phenolic compounds, in-
cluding anthocyanins, and, therefore, have nutraceu-
tical properties (Utus-Ramires et a/., 2023). The fruits
could be a good source of micronutrients for human
nutrition, especially Fe and Mn (Caranqui-Aldaz ez
al., 2022a).

In several native populations of V. floribundum in the
department of Cundinamarca (2010-2015), the size
of the plants and the size and weight of the fruits
decreased with increasing altitude (S. Magnitskiy,
unpubl. data). At the same time, the fresh weight
of the pulp decreased at a greater proportion than
that of the fruit skin. In Vaccinium spp., the fruit skin
has superior antioxidant activity and higher antho-
cyanin contents than the pulp (Burdulis ez a/., 2009;
Ribera et al., 2010), which could potentially increase
the anthocyanin contents in V. floribundum fruits at
higher elevations. According to Guevara-Teran et al.
(2022), in Ecuador, the highest antioxidant content
was found in V. floribundum fruits collected at high
altitudes, over 3,500 m a.s.l., which can be explained
by the climatic conditions in these locations, such as
increased solar radiation.

The extracts from fruits may be used as natural dyes
according to Taco-Ugsha et al. (2020), who charac-
terized pigments from “mortifio” (V. floribundum)
extracted with different acids and evaluated as nat-
ural sensitizers. Huarancca-Huarcaya et al. (2022)
showed a relative resistance of anthocyanins from
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V. floribundum fruits to thermal degradation when the
anthocyanin contents in the fruit extracts decreased
by 16.2% after 240 h of heat treatment at 30°C.

Palencia-Argel er al. (2022) used fruits of V. floribun-
dum to prepare beverages with high level of anti-
oxidants. According to Marracino et al. (2022), high
consumption of natural antioxidants from V. flori-
bundum fruits promotes health by reducing oxidative
stress and, therefore, the risk of developing cardio-
vascular diseases. The extract of V. floribundum fruits

could be employed in bread baking (Guijarro-Fuertes
et al., 2018).

Ripe V. floribudum fruits possess properties of interest
for different industries, such as for the synthesis of
photocatalytic nanocomposite materials (Vizuete et
al., 2016). Anthocyanin molecules in fruits of V. flo-
tibundum and other Vaccinium species have hydroxyl
groups that effectively bind with TiO, nanoparticles,
which are important for the nanoparticle industry
(Taco-Ugsha et al., 2020; Ringwal et al., 2021).

CURRENT CHALLENGES FOR WILD
POPULATIONS OF VACCINIUM IN
COLOMBIA

The native Ericaceae, including Vaccinium spp., con-
stitute a valuable genetic resource for this country,
which should be used in breeding programs. The use
of fruits from the native Ericaceae, such as V. meridio-
nale, benefits the development of local markets (Que-
vedo-Rubiano er al., 2021; Weber er al., 2021) and
could offer new products for international markets.
Since these plants have not been completely domes-
ticated, potential uses depend greatly on maintaining
their populations in the wild.

In the Andean highlands, current climate changes are
expected to produce negative impacts on populations
of wild plants. Thus, in the paramo, increasing aver-
age temperatures, together with lower precipitation,
may reduce the water content in soil, which would
impose water stress on plants (Cruz and Lasso,
2021). In adult V. meridionale plants, the rate of veg-
etative growth depends on temperature and rainfall
seasonality (dry and rainy periods), while both of
these climatic factors are affected by global warming
(Medina et al., 2019). Therefore, continuous changes
in the populations of paramo plants are expected in
the future, and some species will be more affected by
climate changes than others (Cruz and Lasso, 2021).



Anthropogenic factors, such as unsustainable land
use and overharvesting, could have a greater negative
impact on populations of native plants than climate
change (Rodriguez et al., 2018). The ecosystems of
the Andes are subject to fragmentation caused by
anthropic intervention (Velasco-Linares and Vargas,
2008), including expansion of urban areas. Caranqui-
Aldaz et al. (2022b) indicated that deforestation, land
conversion, and overexploitation of natural resources
endanger populations of V. floribundum. On the other
hand, the reproductive phenology of V. floribundum
shows no chronological, orderly progression, so dif-
ferent phenological stages (buds, flowers, and fruits)
can be simultaneously observed in same individual
plants (Caranqui-Aldaz et al., 2022b; Fig. 2B). In this
way, continuous fruit production and seed dispersal
could aid the persistence of V. floribundum populations
in the wild. Additionally, Ericaceae plants, including
Vaccinium spp., commonly respond to habitat distur-
bances by increasing clonal growth through resprout-
ing (Franklin er al., 2020), which is a useful adaptive
trait to persist on degraded lands (Ocampo-Zuleta
and Parrado-Rosselli, 2022).

V. floribundum plants can have a high degree of ge-
netic diversity (HE = 0.73), such as shown in the
highlands of Ecuador (Vega-Polo ez al., 2020). Accord-
ing to these authors, a population structure analysis
suggested the presence of distinct genetic clusters in
different regions of Ecuador, whereas a separate clus-
ter of V. floribundum was found at higher elevations
(Vega-Polo et al., 2020). A high degree of genetic diver-
sity in populations increases a plant’s potential to re-
sist anthropic changes (Arbez et al., 2001). However,
physical degradation of the paramo, such as through
mining, and land use for pastures and traditional
crops, including the potato crop, could further affect
the persistence of native Vaccinium plants.

Apart from their prospective role in the food industry
and medicine, native Ericaceae species play an impor-
tant ecological role. They favor recovery of degraded
highlands (Castellanos-Castro and Bonilla, 2011; Si-
erra-Escobar et al., 2020); in particular, the plants of
the Cavendishia genus repopulate mountain habitats
affected by landslides or road construction (Pacheco
Flores de Valgaz er al., 2022). In the departments of
Cundinamarca and Boyac4, plants of Thibaudia and
Cavendishia frequently establish themselves on an-
thropogenically disturbed areas, such as roadsides,
while Macleania rupestris (“uva camarona”, in Span-
ish) naturally invades mountain slopes subjected
to soil erosion, which implies its possible use for
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ecological restoration of the paramo. For V. meridi-
onale and V. floribundum, little information is available
on their potential importance for degraded land re-
covery. According to Llivisaca-Contreras et al. (2022),
shallow roots and almost horizontally root growth,
as well as prolific sprouting, make V. floribundum a
pioneer species that regenerates damaged ecosystems
in the paramo, drawing attention as a species for eco-
system restoration in the Andes. Conservation pro-
grams for native Vaccinium species should consider a
more efficient use of natural environments, such as
the creation of protected areas for wild plants, and
continuous research on their benefits and further use.

Acknowledgments

The author expresses his gratitude to the members of
the agraz research team of the Faculty of Agricultural
Sciences of the Universidad Nacional de Colombia
(Bogota), especially to Dr. Gustavo Ligarreto More-
no, to MSc. Hector Orlando Lancheros (Universi-
dad El Bosque), and to graduate and undergraduate
students, whose studies of the native Ericaceae spe-
cies contributed to this review. The author greatly
acknowledges the help of growers and their associa-
tions in field studies of these species.

Conlflict of interests: The author declares that
there exists no conflict of interests that puts at risk
the validity of the presented results.

BIBLIOGRAPHIC REFERENCES

Arbez, M. 2001. Ecological impacts of plantation forests
on biodiversity and genetic diversity. pp. 7-20. In:
Ecological and socio-economic impacts of close-to-na-
ture forestry and plantation forestry: A comparative
analysis. Proc. Scientific Seminar of the 7" Annual EFI
Conference. Instituto Superior de Agronomia (ISA);
European Forest Institute, Lisbon.

Becerra, A.D., S. Quevedo-Rubiano, S. Magnitskiy, and
H.O. Lancheros. 2022. Morphological responses of An-
dean blueberry (Vaccinium meridionale Swartz) plants
growing in three environments at different altitudes.
Rev. Colomb. Cienc. Hortic. 16(3), e15034. Doi: ht-
tps://doi.org/10.17584/rcch.2022v16i3.15034

Bernal, R., S.R. Gradstein, and M. Celis (eds.). 2019. Ca-
tdlogo de plantas y liquenes de Colombia. In: Insti-
tuto de Ciencias Naturales-Universidad Nacional de
Colombia, Bogota. http://catalogoplantasdecolombia.
unal.edu.co; consulted: November, 2022.

Borda-Yepes, VH., E Chejne, L.V. Daza-Olivella, A.E Alza-
te-Arbelaez, B.A. Rojano, and V.G.S. Raghavan. 2019.

Vol. 17 - No. 1 - 2023


https://doi.org/10.17584/rcch.2022v16i3.15034
https://doi.org/10.17584/rcch.2022v16i3.15034
http://catalogoplantasdecolombia.unal.edu.co/
http://catalogoplantasdecolombia.unal.edu.co/

8 MAGNITSKIY

Effect of microwave and infrared drying over polyphe-
nol content in Vaccinium meridionale (Swartz) dry lea-
ves. ]. Food Process Eng. 42(1), e12939. Doi: https://
doi.org/10.1111/jfpe.12939

Burdulis, D., A. Sarkinas, 1. Jasutiené, E. Stackevicené, L.
Nikolajevas, and V. Janulis. 2009. Comparative study
of anthocyanin composition, antimicrobial and an-
tioxidant activity in bilberry (Vaccinium myrtillus L.)
and blueberry (Vaccinium corymbosum L.) fruits. Acta

Pol. Pharm. 66(4), 399-408.

Caranqui-Aldaz, ].M., R. Muelas-Domingo, F Hernandez,
and R. Martinez. 2022a. Chemical composition and
polyphenol compounds of Vaccinium floribundum Kun-
th (Ericaceae) from the volcano Chimborazo paramo
(Ecuador). Horticulturae 8(10), 956. Doi: https://doi.
org/10.8390/horticulturae8100956

Caranqui-Aldaz, J.M., H. Romero-Saltos, E Hernadndez,
and R. Martinez. 2022b. Reproductive phenology of
Vaccinium floribundum Kunth (Ericaceae) and codifica-
tion according to the BBCH scale based on evidence
from the volcano Chimborazo paramo (Ecuador). Sci.
Hortic. 303, 111207. Doi: https://doi.org/10.1016/j.
scienta.2022.111207

Cérdenas, D., M.E Gonzélez, N. Marin, S. Sua, and ]. Be-
tancur. 2017. Plantas y liquenes del Parque Nacional
Natural Serrania de Chiribiquete, Colombia. Rev. Co-
lomb. Amazon. (10), 205-234.

Castellanos-Castro, C. and M.A. Bonilla. 2011. Grupos fun-
cionales de plantas con potencial uso para la restau-
racién en bordes de avance de un bosque altoandino.
Acta Biol. Colomb. 16(1), 175-184.

Cerrato, A., S. Piovesana, S.E. Aita, C. Cavaliere, S. Felle-
tti, A. Lagana, C.M. Montone, C. Vargas-de-la-Cruz,
and A.L. Capriotti. 2022. Detailed investigation of the
composition and transformations of phenolic com-
pounds in fresh and fermented Vaccinium floribundum
berry extracts by high-resolution mass spectrometry
and bioinformatics. Phytochem. Anal. 33(4), 507-516.
Doi: https://doi.org/10.1002/pca.3105

Cobo, M.M,, B. Gutiérrez, A.E Torres, and M. de Lourdes
Torres. 2016. Preliminary analysis of the genetic diver-
sity and population structure of mortifio (Vaccinium
floribundum Kunth). Biochem. Syst. Ecol. 64, 14-21.
Doi: https://doi.org/10.1016/j.bse.2015.11.008

Cortés, R., P. Franco, and J.O. Rangel. 1998. La flora vas-
cular de la Sierra de Chiribiquete, Colombia. Caldasia
20(2), 103-141.

Cruz, M. and E. Lasso. 2021. Insights into the functional
ecology of pdramo plants in Colombia. Biotropi-
ca 53(5), 1415-1431. Doi: https://doi.org/10.1111/
btp.12992

Edger, PP., M. Iorizzo, N.V. Bassil, J. Benevenuto, L.EV. Fe-
rrdo, L. Giongo, K. Hummer, LM.E Lawas, C.P. Leis-
ner, C. Li, PR. Munoz, H. Ashrafi, A. Atucha, E.M.

Rev. Colomb. Cienc. Hortic.

Babiker, E. Canales, D. Chagné, L. DeVetter, M. Ehlen-
feldt, R.V. Espley, K. Gallardo, C.S. Giinther, M. Hardi-
gan, A.M. Hulse-Kemp, M. Jacobs, M.A. Lila, C. Luby,
D. Main, M.E Mengist, G.L. Owens, P. Perkins-Veazie,
J. Polashock, M. Pottorff, L.]. Rowland, C.A. Sims, G.
Song, J. Spencer, N. Vorsa, A.E. Yocca, and ]. Zalapa.
2022. There and back again; historical perspective and
future directions for Vaccinium breeding and research
studies. Hortic. Res. 9, uhac083. Doi: https://doi.
org/10.1093/hr/uhac083

Ehlenfeldt, M.K. and J.L. Luteyn. 2021. Fertile intersec-
tional F, hybrids of 4x Vaccinium meridionale (section
Pyxothamnus) and highbush blueberry, V. corymbosum
(section Cyanococcus). HortScience 56(3), 318-323.
Doi: https://doi.org/10.21273/HORTSCI15523-20

Ehlenfeldt, M.K., ].]. Polashock, and J.R. Ballington. 2018.
Vaccinium corymbodendron Dunal as a bridge between
taxonomic sections and ploidies in Vaccinium: A work
in progress. In: NABREW: North American Bluebe-
rry Research and Extension Workers Conference,
15.  https://digitalcommons.library.umaine.edu/na-
brew2018/proceedingpapers/proceedingpapers/15;
consulted: November, 2022.

Ehlenfeldt, M.K., ].]. Polashock, L.]. Rowland, E. Ogden, and
J.L. Luteyn. 2022. Fertile intersectional hybrids of 4x
Andean blueberry (Vaccinium meridionale) and 2x lin-
gonberry (V. vitis-idaea). HortScience 57(4), 525-531.
Doi: https://doi.org/10.21273/HORTSCI16285-21

Ehlenfeldt, M.K,, ].]. Polashock, N. Vorsa, ]J. Zalapa, E de
la Torre, and J.L. Luteyn. 2023. Fertile intersectional
F, hybrids of 4x Andean blueberry (Vaccinium meri-
dionale) and 4x American cranberry (Vaccinium macro-
carpon). HortScience 58(2), 234-239. Doi: https://doi.
org/10.21273/HORTSCI16824-22

Esquivel-Alvarado, D., R. Mufoz-Arrieta, E. Alfaro-Viquez,
S. Madrigal-Carballo, C.G. Krueger, and J.D. Reed.
2020. Composition of anthocyanins and proanthoc-
yanidins in three tropical Vaccinium species from Cos-
ta Rica. J. Agric. Food Chem. 68(10), 2872-2879. Doi:
https://doi.org/10.1021/acs.jafc.9b01451

Espinosa-Moncada, J., C. Marin-Echeverri, Y. Galvis-Pérez,
G. Ciro-Gémez, J.C. Aristizdbal, C.N. Blesso, M.L.
Fernandez, and ]. Barona-Acevedo. 2018. Evaluation
of agraz consumption on adipocytokines, inflam-
mation, and oxidative stress markers in women with
metabolic syndrome. Nutrients 10(11), 1639. Doi: ht-
tps://doi.org/10.3390/nu10111639

Fischer, G., A. Parra-Coronado, and H.E. Balaguera-Lépez.
2022. Altitude as a determinant of fruit quality with
emphasis on the Andean tropics of Colombia. A re-
view. Agron. Colomb. 40(2), 212-227. Doi: https://
doi.org/10.15446/agron.colomb.v40n2.101854

Franklin, S.B., P. Olejniczak, E. Samulak, M. Sibiko-
va, T. Bacigél, J. Nechaj, and J. Sibik. 2020. Clonal
plants in disturbed mountain forests: Heterogeneity


https://doi.org/10.1111/jfpe.12939
https://doi.org/10.1111/jfpe.12939
https://doi.org/10.3390/horticulturae8100956
https://doi.org/10.3390/horticulturae8100956
https://doi.org/10.1016/j.scienta.2022.111207
https://doi.org/10.1016/j.scienta.2022.111207
https://doi.org/10.1002/pca.3105
https://doi.org/10.1016/j.bse.2015.11.008
https://doi.org/10.1111/btp.12992
https://doi.org/10.1111/btp.12992
https://doi.org/10.1093/hr/uhac083
https://doi.org/10.1093/hr/uhac083
https://doi.org/10.21273/HORTSCI15523-20
https://digitalcommons.library.umaine.edu/nabrew2018/proceedingpapers/proceedingpapers/15
https://digitalcommons.library.umaine.edu/nabrew2018/proceedingpapers/proceedingpapers/15
https://doi.org/10.21273/HORTSCI16285-21
https://doi.org/10.21273/HORTSCI16824-22
https://doi.org/10.21273/HORTSCI16824-22
https://doi.org/10.1021/acs.jafc.9b01451
https://doi.org/10.3390/nu10111639
https://doi.org/10.3390/nu10111639

enhances ramet integration. Perspect. Plant Ecol.
Evol. Syst. 44, 125533. Doi: https://doi.org/10.1016/].
ppees.2020.125533

Galvis-Pérez, Y., C. Marin-Echeverri, C.P. Franco, J.C. Aristi-
z&bal, M.-L. Ferndndez, and J. Barona-Acevedo. 2020.
Comparative evaluation of the effects of consumption
of Colombian agraz (Vaccinium meridionale Swartz) on
insulin resistance, antioxidant capacity, and markers
of oxidation and inflammation, between men and
women with metabolic syndrome. BioResearch Open
Access 9(1), 247-254. Doi: https://doi.org/10.1089/
biores.2020.0053

Garzén, G.A., J.L. Medina, TL. Montana, M. Sdnchez,
C.E Novoa, and L.-E Gutiérrez. 2021. Utilization of
Vaccinium meridionale S. pomace as an eco-friend-
ly and functional colorant in Greek-style yogurt.
J. Food Sci. 86(9), 3896-3908. Doi: https://doi.
org/10.1111/1750-3841.15872

Garzén, G.A., C.E. Narvéez, K.M. Ried], and S.J. Schwartz.
2010. Chemical composition, anthocyanins, non-an-
thocyanin phenolics and antioxidant activity of wild
bilberry (Vaccinium meridionale Swartz) from Colom-
bia. Food Chem. 122(4), 980-986. Doi: https://doi.or-
¢/10.1016/j.foodchem.2010.03.017

Gonzalez, LK., LN. Rugeles, and S. Magnitskiy. 2018.
Effect of different sources of nitrogen on the vegetati-
ve growth of Andean blueberry (Vaccinium meridionale
Swartz). Agron. Colomb. 36(1), 58-67. Doi: https://
doi.org/10.15446/agron.colomb.v36n1.69304

Gonzélez, M., I. Samudio, L.G. Sequeda-Castafieda, C.
Celis, ]. Iglesias, and L. Morales. 2017. Cytotoxic and
antioxidant capacity of extracts from Vaccinium me-
ridionale Swartz (Ericaceae) in transformed leukemic
cell lines. J. Appl. Pharm. Sci. 7(8), 24-30.

Guevara-Terdn, M., K. Padilla-Arias, A. Beltrdn-Novoa,
AM. Gonzélez-Paramds, E Giampieri, M. Battino, W.
Vésquez-Castillo, P. Fernandez-Soto, E. Tejera, and
J.M. Alvarez-Suarez. 2022. Influence of altitudes and
development stages on the chemical composition,
antioxidant, and antimicrobial capacity of the wild
Andean Blueberry (Vaccinium floribundum Kunth). Mo-
lecules 27(21), 7525. Doi: https://doi.org/10.3390/
molecules27217525

Guijarro-Fuertes, M., M.]. Andrade-Cuvi, . Bravo-Vasquez,
L. Ramos-Guerrero, and M.G. Vernaza. 2019. Andean
blueberry (Vaccinium floribundum) bread: Physicoche-
mical properties and bioaccessibility of antioxidants.
Food Sci. Technol. 39(Suppl. 1), 56-62. Doi: https://
doi.org/10.1590/fst.30317

Huarancca-Huarcaya, E., LR. Paredes-Quiroz, N.M. Pila-
res-Estrada, M. Barragédn-Condori, and V.J. Huama-
ni-Meléndez. 2022. Cinética da degradagéo térmica de
antocianinas de alaybili (Vaccinium floribundum Kunth)
e macha-macha (Gaultheria glomerata (Cav.) Sleumer).

NATIVE PLANTS FROM VACCINIUM AND THEIR USES 9

Braz. J. Food Technol. 25, €2021106. Doi: https://doi.
org/10.1590/1981-6723.10621

Karppinen, K., L. Zoratti, N. Nguyenquynh, H. Haggman,
and L. Jaakola. 2016. On the developmental and en-
vironmental regulation of secondary metabolism in
Vaccinium spp. berries. Front. Plant Sci. 7, 655. Doi:
https://doi.org/10.3389/fpls.2016.00655

Ligarreto, G.A. (ed.). 2009. Perspectivas del cultivo de agraz
o mortifio (Vaccinium meridionale Swartz) en la zona
altoandina de Colombia. Universidad Nacional de Co-
lombia, Bogota.

Llivisaca, S., P. Manzano, J. Ruales, J. Flores, ]. Mendoza,
E. Peralta, and J.M. Cevallos-Cevallos. 2018. Chemi-
cal, antimicrobial, and molecular characterization
of mortino (Vaccinium floribundum Kunth) fruits and
leaves. Food Sci. Nutr. 6(4), 934-942. Doi: https://doi.
org/10.1002/fsn3.638

Llivisaca-Contreras, S.A., E Leén-Tamariz, P. Manzano-San-
tana, J. Ruales, J. Naranjo-Mordn, L. Serrano-Me-
na, E. Chica-Martinez, and J.M. Cevallos-Cevallos.
2022. Mortino (Vaccinium floribundum Kunth): An
underutilized superplant from the Andes. Horti-
culturae 8(5), 358. Doi: https://doi.org/10.3390/
horticulturae8050358

Lopera, Y.E., J. Fantinelli, L.E Gonzéilez, B. Rojano, J.L.
Rios, G. Schinella, and S. Mosca. 2013. Antioxidant
activity and cardioprotective effect of a nonalcoho-
lic extract of Vaccinium meridionale Swartz during
ischemia-reperfusion in rats. Evid.-Based Comple-
ment. Altern. Med. 2013, 516727. Doi: https://doi.
org/10.1155/2013/516727

Luteyn, J.L. 1989. Speciation and diversity of Ericaceae in
Neotropical montane vegetation. pp. 297-310. In:
Holm-Nielsen, L.B., I.C. Nielsen, and H. Balslev (eds.).
Tropical forests: Botanical dynamics, speciation and
diversity. Academic Press, Elsevier, London. Doi: ht-

tps://doi.org/10.1016/B978-0-12-353550-4.50031-9

Luteyn, J.L. 2002. Diversity, adaptation, and endemism in
neotropical Ericaceae: Biogeographical patterns in the
Vaccinieae. Bot. Rev. 68(1), 55-87. Doi: https://doi.
org/10.1663/0006-8101(2002)068[0055: DAAEIN]2.0.
CO;2

Luteyn, J.L. and P. Pedraza-Pefialosa. 2012 onward. Bluebe-
rry relatives of the New World tropics (Ericaceae). In:
The New York Botanical Garden, https://sweetgum.
nybg.org/ericaceae/index.php; consulted: November,
2022.

Maldonado-Celis, M.E., S.S. Arango-Varela, and B.A. Ro-
jano. 2014. Free radical scavenging capacity and
cytotoxic and antiproliferative effects of Vaccinium me-
ridionale Sw. against colon cancer cell lines. Rev. Cuba-

na Plant. Med. 19(2), 172-184.

Marracino, L., A. Punzo, P. Severi, R. Nganwouo Tchou-
tang, C. Vargas-De-la-Cruz, E Fortini, EV. Dalla Sega,

Vol. 17 - No. 1 - 2023


https://doi.org/10.1016/j.ppees.2020.125533
https://doi.org/10.1016/j.ppees.2020.125533
https://doi.org/10.1089/biores.2020.0053
https://doi.org/10.1089/biores.2020.0053
https://doi.org/10.1111/1750-3841.15872
https://doi.org/10.1111/1750-3841.15872
https://doi.org/10.1016/j.foodchem.2010.03.017
https://doi.org/10.1016/j.foodchem.2010.03.017
https://doi.org/10.15446/agron.colomb.v36n1.69304
https://doi.org/10.15446/agron.colomb.v36n1.69304
https://doi.org/10.3390/molecules27217525
https://doi.org/10.3390/molecules27217525
https://doi.org/10.1590/fst.30317
https://doi.org/10.1590/fst.30317
https://doi.org/10.1590/1981-6723.10621
https://doi.org/10.1590/1981-6723.10621
https://doi.org/10.3389/fpls.2016.00655
https://doi.org/10.1002/fsn3.638
https://doi.org/10.1002/fsn3.638
https://doi.org/10.3390/horticulturae8050358
https://doi.org/10.3390/horticulturae8050358
https://doi.org/10.1155/2013/516727
https://doi.org/10.1155/2013/516727
https://doi.org/10.1016/B978-0-12-353550-4.50031-9
https://doi.org/10.1016/B978-0-12-353550-4.50031-9
https://doi.org/10.1663/0006-8101(2002)068%5B0055:DAAEIN%5D2.0.CO;2
https://doi.org/10.1663/0006-8101(2002)068%5B0055:DAAEIN%5D2.0.CO;2
https://doi.org/10.1663/0006-8101(2002)068%5B0055:DAAEIN%5D2.0.CO;2
https://sweetgum.nybg.org/ericaceae/index.php
https://sweetgum.nybg.org/ericaceae/index.php

10 MAGNITSKIY

A. Silla, E. Porru, P. Simoni, V. Rosta, A. Trentini, A.W.
Ouambo Talla, S. Hrelia, C. Cervellati, P. Rizzo, and C.
Caliceti. 2022. Fermentation of Vaccinium floribundum
berries with Lactiplantibacillus plantarum reduces oxi-
dative stress in endothelial cells and modulates macro-
phages function. Nutrients 14(8), 1560. Doi: https://
doi.org/10.3390/nu14081560

Martiu, G.A., T. Bernadette-Eméke, R. Odocheanu, D.A.
Soporan, M. Bochis, E. Simon, and D.C. Vodnar.
2028. Vaccinium species (Ericaceae): Phytochemistry
and biological properties of medicinal plants. Mo-
lecules 28(4), 1533. Doi: https://doi.org/10.3390/
molecules28041533

Medina, C.I., E. Martinez, and C.A. Lépez. 2019. Pheno-
logical scale for the mortifio or agraz (Vaccinium meri-
dionale Swartz) in the high Colombian Andean area.
Rev. Fac. Nac. Agron. Medellin 72(3), 8897-8908. Doi:
https://doi.org/10.15446/rfnam.v72n3.74460

Ocampo-Zuleta, K. and A. Parrado-Rosselli. 2022. Func-
tional diversity in an Andean subparamo affected by
wildfire in Colombia. Plant Divers. Doi: https://doi.
org/10.1016/j.pld.2022.11.007

Ochoa, S. 2014. Produccién de vinagre a partir de mortifio
(Vaccinium meridionale) mediante procesos fermentati-
vos y seguimiento de su actividad antioxidante. MSc
thesis. Facultad de Ciencias, Universidad Nacional de
Colombia, Medellin, Colombia.

Pacheco Flores de Valgaz, A., M. Barcos-Arias, ]. Naran-
jo-Mordn, D. Pena, and R. Moreira-Gémez. 2022.
Ericaceous plants: A review for the bioprospecting of
ericoid mycorrhizae from Ecuador. Diversity 14(8),

648. Doi: https://doi.org/10.3390/d14080648

Palencia-Argel, M., H. Rodriguez-Villamil, C. Bernal-Cas-
tro, C. Diaz-Moreno, and C.A. Fuenmayor. 2022. Pro-
biotics in anthocyanin-rich fruit beverages: research
and development for novel symbiotic products. Crit.
Rev. Food Sci. Nutr. 1-17. Doi: https://doi.org/10.108
0/10408398.2022.2104806

Pedraza-Pefialosa, P, N.R. Salinas, A.L.S. Virnig, and W.C.
Wheeler. 2015. Preliminary phylogenetic analysis of
the Andean clade and the placement of new Colombian
blueberries (Ericaceae, Vaccinieae). PhytoKeys 49, 13-
31. Doi: https://doi.org/10.3897/phytokeys.49.8622

Pérez, B.P, A.B. Endara, J.A. Garrido, and L.A. Ramirez-Car-
denas. 2021. Extraccién de las antocianinas del mor-
tifo (Vaccinium floribundum) y determinacién de su
capacidad antioxidante. Rev. Fac. Nac. Agron. Mede-
llin 74(1), 9453-9460. Doi: https://doi.org/10.15446/
rfnam.v74n1.89089

Quevedo-Rubiano, S., Y. Aranda-Camacho, G.A. Ligarre-
to-Moreno, and S. Magnitskiy. 2021. Characterization
of the localized agri-food system (SYAL) for the An-
dean blueberry (Vaccinium meridionale Swartz) in the
Boyaca Department, Colombia. Rev. Colomb. Cienc.

Rev. Colomb. Cienc. Hortic.

Hortic. 15(1), e11593. Doi: https://doi.org/10.17584/
rcch.2021v15i1.11593

Ribera, A.E., M. Reyes-Diaz, M. Alberdi, G.E. Zuhiga, and
M.L. Mora. 2010. Antioxidant compounds in skin
and pulp of fruits change among genotypes and ma-
turity stages in highbush blueberry (Vaccinium corym-
bosum L.) grown in southern Chile. J. Soil Sci. Plant
Nutr. 10(4), 509-536. Doi: http://doi.org/10.4067/
$0718-95162010000200010

Ringwal, S., A.S. Bartwal, A.R. Semwal, and S.C. Sati.
2021. Review on green synthesized nanocomposites
and their biological activities. J. Mount. Res. 16(1),
181-186. Doi: https://doi.org/10.51220/jmr.v16i1.18

Rodriguez, M.A., A. Angueyra, A.M. Cleef, and T. Van
Andel. 2018. Ethnobotany of the Sierra Nevada del
Cocuy-Gtiicdn: Climate change and conservation
strategies in the Colombian Andes. ]. Ethnobiol.
Ethnomed. 14(1), 34. Doi: https://doi.org/10.1186/
$13002-018-0227-6

Salinas, N.R. and J]. Betancur. 2007. Novedades taxonémi-
cas de las eric4ceas del suroccidente de Colombia. Cal-

dasia 29(1), 51-58.

Sequeda-Castafieda, L.G., A.R. Barrera-Bugallo, C. Celis, ].
Iglesias, and L. Morales. 2016. Evaluation of antioxi-
dant and cytotoxic activity of extracts from fruits
in fibroblastoma HT1080 cell lines: four fruits with
commercial potential in Colombia. Emir. ]. Food
Agric. 28(2), 143-151. Doi: https://doi.org/10.9755/
ejfa.2015-11-1007

Shen, M., K. Li, H. Jing, and L. Zheng. 2018. In vivo the-
rapeutic effect of Vaccinium meridionale Swartz in is-
chemia-reperfusion induced male albino rats. J. Food
Sci. 83(1), 221-228. Doi: https://doi.org/10.1111/
1750-3841.13986

Sierra, J.A., E Alzate, H.S. Soto, B. Durédn, and L.M. Losada.
2005. Plantas silvestres con potencialidad ornamental
de los bosques montano bajos del oriente Antioque-
fio, Colombia. Rev. Fac. Nac. Agron. Medellin 58(1),
2651-2663.

Sierra-Escobar, J.A., M.A. Quijano, D. Marin-Henao, D. Sa-
lazar, and M.V. Garcia. 2020. Especies pioneras, persis-
tentes y ensayos de germinacién en bosques montanos
de la cordillera Central, Colombia. Cienc. Desarro.
11(2), 7-24. Doi: https://doi.org/10.19053/01217488.
v11.n2.2020.10645

Smith, N.; S.A. Mori, A. Henderson, D.W. Stevenson, and
S.V. Heald (eds.). 2004. Flowering plants of the Neo-
tropics. The New York Botanical Garden; Princeton
University Press, Princeton, NJ.

Stevens, PE, ]J. Luteyn, E.G.H. Oliver, TL. Bell, E.A.
Brown, R.K. Crowden, A.S. George, G.J. Jordan,
P Ladd, K. Lemson, C.B. Mclean, Y. Menadue, ].S.
Pate, H.M. Stace, and C.M. Weiller. 2004. Ericaceae.
pp. 145-194. In: Kubitzki, K. (ed.). The families and


https://doi.org/10.3390/nu14081560
https://doi.org/10.3390/nu14081560
https://doi.org/10.3390/molecules28041533
https://doi.org/10.3390/molecules28041533
https://doi.org/10.15446/rfnam.v72n3.74460
https://doi.org/10.1016/j.pld.2022.11.007
https://doi.org/10.1016/j.pld.2022.11.007
https://doi.org/10.3390/d14080648
https://doi.org/10.1080/10408398.2022.2104806
https://doi.org/10.1080/10408398.2022.2104806
https://doi.org/10.3897/phytokeys.49.8622
https://doi.org/10.15446/rfnam.v74n1.89089
https://doi.org/10.15446/rfnam.v74n1.89089
https://doi.org/10.17584/rcch.2021v15i1.11593
https://doi.org/10.17584/rcch.2021v15i1.11593
http://doi.org/10.4067/S0718-95162010000200010
http://doi.org/10.4067/S0718-95162010000200010
https://doi.org/10.51220/jmr.v16i1.18
https://doi.org/10.1186/s13002-018-0227-6
https://doi.org/10.1186/s13002-018-0227-6
https://doi.org/10.9755/ejfa.2015-11-1007
https://doi.org/10.9755/ejfa.2015-11-1007
https://doi.org/10.1111/1750-3841.13986
https://doi.org/10.1111/1750-3841.13986
https://doi.org/10.19053/01217488.v11.n2.2020.10645
https://doi.org/10.19053/01217488.v11.n2.2020.10645

genera of vascular plants. Flowering plants. Dico-
tyledons. Vol 6. Springer, Berlin. Doi: https://doi.
org/10.1007/978-3-662-07257-8_19

Taco-Ugsha, M.A., C.P. Santacruz, and PJ. Espinoza-Mon-

tero. 2020. Natural dyes from mortifio (Vaccinium flo-

ribundum) as sensitizers in solar cells. Energies 13(4),
785. Doi: https://doi.org/10.3390/en13040785

Trivedi, P, N. Nguyen, L. Klavins, J. Kviesis, E. Heinonen,

J. Remes, S. Jokipii-Lukkari, M. Klavins, K. Karppinen,
L. Jaakola, and H. Haggman. 2021. Analysis of compo-
sition, morphology, and biosynthesis of cuticular wax
in wild type bilberry (Vaccinium myrtillus L.) and its
glossy mutant. Food Chem. 354, 129517. Doi: https://
doi.org/10.1016/j.foodchem.2021.129517

Utus-Ramires, D., P. Arteaga-Llacza, R. De La Cruz-Mar-

cos, A. Miranda-Jara, H. Miranda-Chavez, M.A.
Quispe-Solano, and R. Chuquilin-Goicochea. 2023.
Total phenolic content and antioxidant activity of a
macha macha beverage (Vaccinium floribundum Kun-
th). pp 529-534. In: lano, Y., O. Saotome, G.LK.
Viésquez, C.C. Pezzuto, R. Arthur, and G.G. Olivei-
ra (eds.). Proc. 7 Brazilian Technology Symposium
(BTSym’21). Smart Innovation, Systems and Tech-
nologies. Vol. 207. Springer, Cham. Doi: https://doi.
org/10.1007/978-3-031-04435-9_55

Vargas-Ramella, M., .M. Lorenzo, S. Zamuz, M.E. Valdés,

D. Moreno, M.C. Guamén, ]J.M. Ferndndez-Arias, ].E
Reyes, and D. Franco. 2021. The antioxidant effect
of Colombian berry (Vaccinium meridionale Sw.) ex-
tracts to prevent lipid oxidation during pork patties
shelf-life. Antioxidants 10(8), 1290. Doi: https://doi.
org/10.3390/antiox10081290

Vasco, C., K. Riihinen, J. Ruales, and A. Kamal-Eldin. 2009.

Chemical composition and phenolic compound profi-
le of mortifo (Vaccinium floribundum Kunth). J. Agric.
Food Chem. 57(18), 8274-8281. Doi: https://doi.
org/10.1021/j£9013586

Vega-Polo, P, M.M. Cobo, A. Argudo, B. Gutierrez, J.

Rowntree, and M. de Lourdes Torres. 2020. Charac-
terizing the genetic diversity of the Andean blueberry
(Vaccinium floribundum Kunth.) across the Ecuadorian

NATIVE PLANTS FROM VACCINIUM AND THEIR USES 11

highlands. PloS One 15(12), e0243420. Doi: https://
doi.org/10.1371/journal.pone.0243420

Velasco-Linares, P. and O. Vargas. 2008. Problematica de los
bosques altoandinos. pp. 41-56. In: Vargas, O. (ed.).
Estrategias para la restauracién ecoldgica del bosque
alto andino: el caso de la Reserva Forestal Municipal
de Cogua, Cundinamarca. 2™ ed. Universidad Nacio-
nal de Colombia, Bogota.

Vizuete, K.S., B. Kumar, A.V. Vaca, A. Debut, and L. Cum-
bal. 2016. Mortifio (Vaccinium floribundum Kunth)
berry assisted green synthesis and photocatalytic
performance of Silver-Graphene nanocomposite. J.
Photochem. Photobiol. A Chem. 329, 273-279. Doi:
https://doi.org/10.1016/j.jphotochem.2016.06.030

Weber, G., E. Aguilera-Garamufio, K. Eichelkraut-Martinez,
and R. Jaramillo-Herndndez. 2021. Experiencias prac-
ticas en la exploracién de especies nativas de Eric4ceas
altoandinas. pp. 76-90. In: Fischer, G., D. Miranda,
S. Magnitskiy, H.E. Balaguera-Lépez, and Z. Molano
(eds.). Avances en el cultivo de las berries en el trépico.
Sociedad Colombiana de Ciencias Horticolas, Bogota.

Zapata, K., A.M. Piedrahita, A.E Alzate, EB. Cortés, and
B.A. Rojano. 2015. Estabilizacién oxidativa del aceite
de Sacha inchi (Plukenetia volubilis Linneo) con sus-
pensiones de mortifo (Vaccinium meridionale SW).
Cienc. Desarro. 6(2), 141-153. Doi: https://doi.
org/10.19053/01217488.3784

Zapata-Vahos, I.C., V. Villacorta, M.E. Maldonado Celis, D.
Castro-Restrepo, and B.A. Rojano. 2015. Antioxidant
and cytotoxic activity of black and green tea from
Vaccinium meridionale Swartz leaves. ]. Med. Plant
Res. 9(13), 445-453. Doi: https://doi.org/10.5897/
JMPR2014.5744

Zarate, PE, J.U. Septlveda-Valencia, and H.]. Ciro-Velas-
quez. 2023. Effect of the addition of stabilizers on
physicochemical, antioxidant and sensory properties
of a beverage made with hydrolyzed sweet whey
permeate enriched with agraz (Vaccinium meridionale
Swartz) and cape gooseberry (Physalis peruviana L.)
pulp. Ing. Compet. 25(1), e12012055.

Vol. 17 - No. 1 - 2023


https://doi.org/10.1007/978-3-662-07257-8_19
https://doi.org/10.1007/978-3-662-07257-8_19
https://doi.org/10.3390/en13040785
https://doi.org/10.1016/j.foodchem.2021.129517
https://doi.org/10.1016/j.foodchem.2021.129517
https://doi.org/10.1007/978-3-031-04435-9_55
https://doi.org/10.1007/978-3-031-04435-9_55
https://doi.org/10.3390/antiox10081290
https://doi.org/10.3390/antiox10081290
https://doi.org/10.1021/jf9013586
https://doi.org/10.1021/jf9013586
https://doi.org/10.1371/journal.pone.0243420
https://doi.org/10.1371/journal.pone.0243420
https://doi.org/10.1016/j.jphotochem.2016.06.030
https://doi.org/10.19053/01217488.3784
https://doi.org/10.19053/01217488.3784
https://doi.org/10.5897/JMPR2014.5744
https://doi.org/10.5897/JMPR2014.5744

