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Abstract

Vaccinium L., a globally distributed genus, encompasses economically and nutritionally valuable species such
as blueberry (V. corymbosum L. and its hybrids), cranberry (V. macrocarpon A.), bilberry (V. myrtillus L.), and
lingonberry (V. vitis-idea L.). There has been a robust growth of blueberry cultivation in the tropical and subtropical
regions of the world, such as Central and South America, the Southern United States, Australia, and the Mediter-
ranean. This growth has been enabled by the integration of various wild species such as northern lowbush blueberry
V. angustifolium (Aiton), evergreen blueberry V. darrowii (Camp), and rabbiteye blueberry V. virgatum (Aiton)
into highbush blueberry breeding programs. Still, numerous under-studied wild Vaccinium species have untapped
potential for breeding use and local cultivation in diverse climates. The harvest of wild Vaccinium fruit has long
contributed to the nutrition of local communities throughout Southeast Asia and the Americas. Our objective was
to conduct preliminary investigations into the fruit qualities and anthocyanin profiles of two such under-studied
species, V. myrtoides (Blume) and V. floribundum (Kunth), and compare their characteristics to that of the southern
highbush blueberry cultivar ‘O’Neal” (V. corymbosum hybrid). Over the spring and summer of 2021, we deter-
mined fruit size, percent soluble solids, pH, total anthocyanin concentration, and anthocyanin aglycons profiles.
The fruit was sourced from the US Department of Agriculture (USDA), National Clonal Germplasm Repository
(NCGR) in Corvallis, Oregon. The wild species’ fruit size, soluble solids, and pH were not significantly different
from those of ‘O’Neal.” The total anthocyanin levels for V. floribundum (87.4 mg anthocyanin/100 g frozen fruit)
and V. myrtoides (80.4 mg/100 g frozen fruit) were significantly higher than those for ‘O’Neal’ (32 mg/100 g frozen
fruit). Anthocyanin profiles were also unique to each species. V. myrtoides had the most complex profile with eight
anthocyanin peaks; V. floribundum had four peaks ‘O’Neal” had three. One of the most prominent anthocyanins in
blueberries, petunidin-3- galactoside, occurred in ‘O’Neal’ and V. myrtoides but was absent from V. floribundum.
Del-3-arabinoside was present in both V. myrtoides and V. floribundum yet absent in ‘O’Neal’. The unique antho-
cyanin profiles of the two wild species could have value in diversifying the anthocyanins available in cultivated
blueberries and deserve further investigation.

The global demand for blueberry fruit ex-
ceeds the current supply and is projected to
keep increasing for the foreseeable future
(Rabobank, 2019). Cultivated northern high-
bush blueberry (NHB, V. corymbosum L. hy-
brid) and southern highbush blueberry (SHB,
Vaccinium corymbosum L. hybrid) dominate
the international market. The harvesting of
managed stands of northern lowbush blueber-
ry species, predominately (V. angustifolium

(Aiton)) from Canada and the United States
also contributes to the total harvest, with
temperate regions of North America histori-
cally having the largest blueberry production
(FAOSTAT, 2020).

Growing beyond the historical confines
of blueberry production, breeding programs
have enabled expansion into warmer climates.
During the past 100 years, plant breeders
at the USDA and elsewhere combined elite
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NHB clones with southern distributed North
American species developing SHB cultivars
having low or no chilling for subtropical and
tropical production (Patel, 1993). The low
chill traits in SHB came from a wild species
from Florida, (V. darrowii (Camp)), and have
enabled improved adaptation to subtropical
conditions (Draper and Hancock, 2003). In
1987, ‘O’Neal,’ a cultivar with a 400h chill-
ing requirement, was introduced by North
Carolina Agricultural Experiment Station in
collaboration with the USDA (Ballington et
al., 1990). This SHB blueberry was success-
fully produced in Florida, North Carolina,
and South Carolina (Ballington et al., 1990)
and in many subtropical regions worldwide
(Ehlenfeldt et al., 1995). Due to the innova-
tion of low and no-chill highbush blueberries,
subtropical growing regions, particularly in
Peru and Mexico, have skyrocketed in pro-
duction over the past decade (FAOSTAT,
2020). However, significant disease pressure,
low fruit quality, and aversion to tropical min-
eral soils continue to present challenges for
the blueberry industry in tropical and subtrop-
ical climates (Stringer et al., 2008).

Predating the modern domestication and
cultivation of domestic blueberries in sub-
tropical and tropical regions, indigenous and
local peoples of these regions have gathered
numerous wild blueberry species from native
stands (Santamaria et al., 2012; Chua-Barce-
lo, 2014). The Filipino “ayusep” (V. myrtoi-
des (Blume)) and the Ecuadorian “mortino”
(V. floribundum (Kunth)) are essential sources
of income and nutrition in specific highland
communities (Ortiz et al., 2013). Value-add-
ed products of these species are in high de-
mand and are culturally significant in these
regions (Chua-Barcelo, 2014). Parallel to the
rise in popularity of domestic blueberries,
the demand for wild fruit has been increas-
ing, straining wild populations (Taco-Ugsha.,
2020). Over-harvesting these native stands
now impacts wild populations in some of the
most biodiverse ecosystems on earth (Mir-
ghani et al., 2019). Understanding the physi-
cal and chemical traits of subtropical and
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tropical blueberries can help plant breeders
and researchers better understand germplasm
that has the potential to diversify the genetics
of domesticated blueberries or develop new
crops for these regions. Improved knowledge
of wild Vaccinium can help diversify crops
grown for local incomes and expand the cul-
tivated range for domestic blueberries and
related crops.

Physical fruit traits such as diameter and
weight and fruit chemistry traits such as
soluble solids, pH, and anthocyanin amount
and profiles are valuable for plant breeders
and further research. Berry size is essential
in breeding for different markets (Saftner
et al., 2008). For fresh markets, larger berry
sizes are valued. Smaller sizes are preferred
in North America for processed-focused mar-
kets (Saftner et al., 2008). Hence, understand-
ing if wild accessions have a comparable size
to other processed or domesticated blueber-
ries is vital for accessing their potential ap-
plications as domesticated crops. Percent sol-
uble solids are used to measure soluble solute
concentration to approximate sugar concen-
tration. Generally, higher sugar concentra-
tion in fruit is considered more desirable
(Ferr@o et al., 2020). Complex pH, phenolic,
and physiological trait interactions create the
flavor and sensory profile of the berries, with
soluble solids being an essential factor (Bar-
cello et al., 2015). Early SHB cultivars, such
as ‘O’Neal,’ tend to have fruit that scores low-
er for flavor characteristics, such as soluble
solids, than NHB selections (Hancock, 2004).
Subtropical germplasm with higher soluble
solids may have future uses in improving
SHB adaptability without compromising the
breeding gains in fruit quality.

For this reason, comparing these wild spe-
cies to established interspecific SHB would
be most beneficial because SHB is grown in
the tropics and subtropics. Acidity influences
the taste perception of blueberries, particu-
larly the perception of the sugar-acid ratio
(Ferrdo et al., 2020). Anthocyanins are pig-
ments and phytochemicals perceived as reds,
blues, purples, and blacks. These pigments
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Table 1. USDA plant information (PI) number, Latitude, Longitude, elevation, origin, and year col-
lected by the USDA, National Clonal Germplasm Repository, Corvallis, Oregon, for the study acces-

sions.

Plant name PI number Latitude Origin Year Collected
Longitude
Elevation

V. myrtoides PI 666881 16.6230 Mt. Pulag, 1992
120.8990 Luzon,
2922 m Philippines

V. floribundum  PI 554930 -0.2167 Otavalo, 1989
-78.3333 Ecuador
2764 m

‘O’Neal’ PI 554944 Cultivar North Carolina, 1987 (release)

AES, and USDA

contribute to the nutritional benefits of blue-
berries (Mirghani et al., 2019). The diversity
of phytochemicals in Vaccinium species is
poorly understood (Mengist et al., 2020). En-
vironmental conditions influence anthocyan-
in quantities (Barcello et al., 2015). Different
Vaccinium species are known to have vastly
different anthocyanin profiles (Esquivel-Al-
varado et al., 2019). However, environmental
conditions are not expected to influence the
presence of anthocyanin aglycons (forms of
anthocyanin based on R-group location and
configuration) in the profile, so we can expect
our results to represent the presence of agly-
cons within the profile (Vilela et al., 2016).
Determining fruit physical and chemical
traits for V. myrtoides and V. floribundum
compared with established SHB cultivars
such as ‘O’Neal’ helps document the nutri-
tional composition of these berries for human
consumption. Barcelo et al. (2015) measured
the total flavonoid and phenolic concentra-
tion in mg GAE (gallic acid equivalent) per
100 grams of V. myrtoides fresh weight.
They had the highest polyphenol concentra-
tion of the measured native fruit products.
Since the direct comparison of both V. myr-
toides and V. floribundum to domestic SHB
in fruit traits has not been made, it is diffi-
cult to ascertain the differences and potential

value of those species in blueberry breeding
and research. Vasco et al. (2009) measured
the phenolic concentration and anthocyanin
profile of V. floribundum. Using V. myrtillus
as a standard, they identified delphinidin-
3-galactoside, cyanidin-3-galactoside, delph-
inidin-3-arabinoside, cyanidin-3-glucoside,
and cyanidin-3-arabinoside, as present in ripe
fruit purchased from local markets in Ecua-
dor. We aimed to determine fruit traits and
anthocyanin profiles for V. floribundum and V.
myrtoides, in contrast to the established SHB
cultivar ‘O’Neal’.

Materials and Methods

Fruit Quality Evaluation. The fruit of each
species was obtained from a single genotype
representative clonal accession growing at
the USDA ARS, NCGR in Corvallis, Oregon
(Table 1). The harvest was dispersed from
March to July 2021 for V. myrtoides and V.
floribundum, with berries collected weekly.
Ripe ‘O’Neal’ berries were harvested weekly
from April through July 2021. Upon collec-
tion, fifty fruits were split into ten samples of
five berries from each species. Each of the five
berries in the 10 samples from each genotype
was subsequently evaluated for fruit diameter,
weight, percent soluble solids, and pH. The
diameter (mm) was estimated with digital cal-
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ipers at the fruit’s equator, halfway between
the calyx and the abscission scar. Weight (g)
was also measured. Fruits were then crushed
to expel juice in separate samples of five fruit.
Percent soluble solids were then measured for
the juice with an Atago portable refractometer
(ATAGO, Saitama, Japan). The pH was also
measured with a benchtop pH meter (Corning
pH meter 240, Texas City, Texas) using the
juice of subsamples of the fruit.

Anthocyanin Analysis. A sample of ripe fruit
from each of the three accessions was gath-
ered over the fruiting period to obtain ap-
proximately 15 grams per genotype. After
the weekly harvest, the fruit was immediately
stored in a -80° freezer to prevent post-har-
vest cold storage degradation in anthocyanins
(Yanetal., 2023) and aggregated until approx-
imately fifteen grams of fruit (which varied in
number between genotypes) were obtained
for each accession. The aggregated fruit sam-
ples were then divided into six samples for
each accession for chromatographic analysis
with high-performance liquid chromatogra-
phy (HPLC) at the Linus Pauling Institute
(Corvallis, Oregon). These samples were
juiced without heat treatment from thawed
samples and centrifuged to separate debris.
The chromatographic analysis was conducted
on an HPLC (Agilent) 1090 equipped with a
built-in diode array detector (DAD) or add-
ed refractive index (RI) detector (1047) and
processed on Chemstation software (Agilent
Technologies, Santa Clara, CA, USA). Spec-
trophotometer assays were performed on a
Beckman DU-640 spectrophotometer (Beck-
man-Coulter, Brea, CA, USA). HPLC-grade
methanol was the reagent used (Durst et al.,
2001). Cranberry (V. macrocarpon (Aiton))
anthocyanin profiles were previously charac-
terized by the Linus Pauling Institute (Durst
et al., 2001), and the peaks from cranberry
were used to approximate the anthocyanins in
the other samples.

Data Analysis. Berry diameter, weight, sol-
uble solids, pH data, and total anthocyanin
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data were analyzed using ANOVA through R
studio using the Multcomp package (RStudio
version, 4.1.1). Normality was tested using a
g-plot distribution. A Tukey HSD was used
to determine the significant difference in the
means. The protocol used at Linus Pauling for
cultivated and wild Vaccinium anthocyanin
analysis uses cranberry as a standard. This
protocol was previously used in analyzing the
anthocyanins in other wild Vaccinium species
from the NCGR (Hummer et al., 2013). Us-
ing the same standard allows comparison of
our subject Vaccinium HPLC chromatograms
to previous profiles. Retention times were
used to identify anthocyanin components of
V. myrtoides, V. floribundum, and ‘O’Neal.’

Results and Discussion

Fruit Diameter and Weight. For these rep-
resentative repository accessions, we found
that the average berry diameter and berry
weight for V. myrtoides were significantly
lower than those of either V. floribundum or
‘O’Neal’ (Table 2). An approximate differ-
ence of 2.05 mm for diameter and 0.24 grams
for fruit weight existed between the means of
V. floribundum and V. myrtoides. There was
no significant difference in size or diameter
between V. floribundum and the SHB cultivar
‘O’Neal.” V. myrtoides size was smaller than
both ‘O’Neal’ and V. floribundum; the latter
was comparable in size to that reported for
commercially processed fruit such as V. an-
gustifolium, known as northern lowbush blue-
berry, and V. ovatum or evergreen huckleberry
(Mirghani et al., 2019). This preliminary ex-
ploration into basic fruit traits is essential to
assess the potential for improvement and do-
mestication of these wild species.

Percent Soluble Solids. Of the representative
repository accessions, V. myrtoides had the
highest soluble solids (Table 2). The mean
soluble solids of V. floribundum and ‘O’Neal’
were similar. So, in terms of percent soluble
solids, wild V. floribundum is comparable to
the commercial cultivar ‘O’Neal. However,
V. myrtoides could contribute higher percent
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Table 2. Diameter, weight, soluble solids, and pH means of five berries in 10 samples measured for
each of the three accessions: Vaccinium myrtoides, V. floribundum, and ‘O’Neal.” The total anthocya-
nins (mg/100g) are from six samples of the three accessions measured with HPLC.

Accession Diam. Fruit Wt. (g) Sol. Solids pH Total
(mm) (%) Anthocyanin
(mg/100g)
V. myrtoides 583a” 0.15a 1734 a 297a 80.40 a
V. floribundum 7.88Db 0390 11.09b 3.02b 87.50 a
‘O’Neal’ 7.88Db 0.38b 12.22b 3.87b 32400

“ Means within columns followed by common letters do not differ at the 5% significance level by Tukey’s HSD.
The critical SE for the diameter is 0.487, with Tukey HSD value being 0.487, for the weight SE is 0.051 and
Tukey HSD 0.078 value; for soluble solids, SE is 3.41 and Tukey HSD value being 5.25; for pH, SE is 0.189, and
Tukey HSD is 0.29 and for total anthocyanin the SE is 14.106, and the Tukey HSD is 26.39.

soluble solids if introgressed into the culti-
vated SHB cultivars exemplified by ‘O’Neal’
in this study.

pH. Of the representative repository acces-
sions, V. myrtoides and V. floribundum ber-
ries had lower pH than ‘O’Neal’ (Table 2).
‘O’Neal’ had the highest pH, V. myrtoides
had the lowest pH, and V. floribundum was
intermediate (Table 2). The lower acidity in
these two wild species may result in more
complex sugar-acid taste profiles that may not
match what is expected for the fresh market in
the current international market. In contrast,
more acidic fruit is favorable in some pro-
cessing markets (Vilela et al., 2016).

Anthocyanin  Quantification and Profiles.
‘O’Neal had the lowest anthocyanin concen-
tration, V. floribundum, and V. myrtoides had
comparable concentrations of total anthocya-
nins (Table 2). However, the standard error
for total anthocyanins suggests that a follow-
up study with larger sample populations
than possible for this study may be needed
to rank the measured species. The anthocy-
anin profiles for each species were different
and unique to each species (Figures 1-3). V.
myrtoides had delphinidin-3-galactoside,
delphinidin-3-glucoside, cyanidin-3-galacto-
side, cyanidin-3-glucoside, cyanidin-3-ara-

binoside, petunidin-3-galactoside, petunidin-
3-glucoside, and petunidin-3-arabinoside.
The peak that overlapped with delphinidin-
3-galactoside (Fig. 1) was unknown or un-
identifiable. The overlapping peak shows the
presence of another anthocyanin compound,
which may only be identified with a differ-
ent standard. All the anthocyanins in ‘O’Neal’
and V. floribundum were present in V. myrtoi-
des. However, cyanidin-3-arabinoside was
only detected in V. myrtoides. V. floribundum
had delphinidin-3-galactoside, cyanidin-
3-glucoside, delphinidin-3-arabinoside, cy-
anidin-3-glucoside, cyanidin-3-arabinoside,
delphinidin-3-arabinoside, cyanidin-3-gluco-
side, and cyanidin-3-arabinoside (Fig. 2). A
peak also overlapped with delphinidin-3-glu-
coside, so both were labeled as “E?”, which
corresponds with the internal labeling system
of the Linus Pauling Institute. The peak could
not be confidently identified. Most likely, this
is the same anthocyanin found in V. myrtoi-
des. ‘O’Neal only had petunidin-3-galacto-
side, petunidin-3-glucoside, petunidin-3-ara-
binoside, and an unclear peak in its profile
which is likely machine noise (Fig. 3). This
profile of ‘O’Neal’ is different from profiles
reported in other studies in which peonidin
was identified (Chai et al., 2021). The ab-
sence of peonidin in the ‘O’Neal’ sample we
used could have resulted from differences in
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Fig. 1. Example HPLC chromatograph of P1 5554930 (V. myrtoides) output. Peak retention time and refrac-
tion are comparative and vary from response times. “1” at 4.469 minutes is delphinidin-3-galactoside, one
“27” at 5.914 minutes is delphinium-3-glucoside, and“3?” at 6.202 is unknown, the “?” emphasizes we
cannot confirm which is which. “4” at 7.496 is cyanidin-3-galactoside, “5” at 8.164 is cyanidin-3-glucoside,
“6” at 9.645 is cyanidin-3-arabinoside, “7”at 11.090 is petunidin-3-galactoside, “8” at 12.142 is petunidin-
3-glucoside, and “9” at 13.361 is petunidin-3-arabinoside.

Vaccinium floribundum
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Fig. 2. Example HPLC chromatograph of PI 5554930 (V. floribundum) output. Peak retention time and
refraction are comparative and vary from response times. “1” at 4.824 minutes is delphinidin-3-galactoside,
one “27” at 6.495 minutes is delphinium-3-glucoside, the “3?”” at 6.672 minutes is unknown, but since they
cannot be parsed, the “?” emphasizes we cannot confirm which is which. “4” at 7.769 minutes is cyanidin-
3-galactoside, and “5” at 8.682 minutes is cyanidin-3-glucoside.
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‘O’Neal’
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Fig. 3. Example HPLC chromatograph of ‘O’Neal’ output. Peak retention time and refraction are compara-
tive and vary from response times. “1”” at 3.00 minutes was in the initial peak or noise, “2” at 11.00 minutes
is petunidin-3-galactoside, “3” at 12.192 minutes is petunidin-3-glucoside, and “4” at 13.426 minutes is
petunidin-3-arabinoside; the final “5” at 18.291 minutes peak is unknown.

‘O’Neal’ genotypes used (Grace et al., 2019),
possible differences in growing conditions,
and/or small sample size and needs further
investigation.

The Linus Pauling protocol uses cultivated
cranberry (V. macrocarpon) as a standard
anthocyanin profile reference for Vaccinium
fruit analysis, as was previously described in
V. reticulatum and V. calycinum (Hummer et
al., 2013). Using the same reference allows
the comparison of anthocyanin profiles across
species and was therefore selected for this
study. In comparison, cranberry did not have
as many identifiable peaks as the profiles of
our two wild species. Vasco et al. (2009) used
V. myrtillus as a standard to analyze the pro-
file of V. floribundum. Our results for the V.
floribundum profile support the anthocyanin
species described by Vasco et al. (2009), ex-
cept for the ‘E?” unidentified peak detected
only in this study.

A follow-up project is needed to determine
the identity of the unknown peaks we ob-
served. Our results suggest that V. myrtillus,

instead of cranberry, would be an improved
standard as a basis for the anthocyanin pro-
file analysis of these and other subtropical
and wild Vaccinium species. Further research
should examine fruit characteristics and an-
thocyanin profiles of other blueberry wild
relatives in this diverse genus.

Conclusion

Fruits of V. myrtoides and V. floribundum
are in demand in their native regions. A high-
er anthocyanin concentration was present in
both species compared to ‘O’Neal. V. myrtoi-
des had more anthocyanin compounds than
the other observed accessions, suggesting
that the fruit of these wild species could help
diversify anthocyanins available in domes-
ticated blueberries. Since V. floribundum is
comparable to O’Neal in percent soluble sol-
ids, pH, berry diameter, and weight, a broader
exploration of cultivation for the fresh market
may be warranted because the fruit is already
considered acceptable according to these ex-
plored metrics. While we identified most of
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Table 3. Comparison of detected anthocyanins in our study using NCGR plants, reported presence
for V. myrtillus and V. floribundum in Vasco et al. 2009, and the cranberry standard at the Linus Paul-
ing Institute. Abbreviations used with D being delphinidin, C being cyanidin, Pt being petunidin, Pd
being peonidin, and M being malvidin. Gal is galactoside, Glu is glucoside and Arab is arabinoside.

D-
3.
Gal

D-
3-
Glu

Pt- C-3-
3 Arab 3
Gal

D-3-

Anthocyanin Arab

Pd-
3.
Gal

Pd-
3
Arab

M-
3.
Glu

2o
Glu aglycon)

M-3-
Arab

Pt-3-
Arab

(C-
aglycon)

Vaccinium
myrtillus
(Vasco et al.
2009)

v

4

Vaccinium
\floribundum
(Vasco et al.
2009)

Vaccinium
floribundum
(NCGR)

Vaccinium
myrtoides

(NCGR)

O'Neal
(NCGR)

Cranberry
(Linus
Pauling)

the anthocyanins present, there is an antho-
cyanin peak in the profiles of V. myrtoides
and V. floribundum that we could not iden-
tify. V. myrtillus may be a more appropriate
standard to determine anthocyanin profiles
of wild germplasm. Research into culturally
relevant wild species can aid the expansion of
blueberries and locally adapted related crops.
Improved selections of these species could
provide opportunities within their traditional
communities. The differences in anthocy-
anin concentration and composition, which is
higher in the wild species, may have future
applications in diversifying these traits in cul-
tivated blueberries.
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