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Abstract
Anthocyanins impart the pink to orange-red to deep red color found in strawberry (Fragaria
xananassa) fruit. In this study, the anthocyanin content and profile of advanced North Carolina
selections were compared to those of white to moderately-red fruited commercial cultivars.
Pelargonidin-3-O-glucoside (P3G), pelargonidin-3-O-rutinoside (P3R), pelargonidin-3-O-(6"-
malonylglucoside) (P3MG), and cyanidin-3-O-glucoside (C3G) were identified in strawberry fruit
juice using high-performance liquid chromatography and the sum of these values represented total
anthocyanin content (TAC). The dominant pigment, P3G, ranged from 0.2 to 69.2 mg/100g in
white and red fruit, respectively, and values represented 60 to 89% of TAC. Across genotypes, the
anthocyanins P3R and C3G represented 4 to 16% and 1 to 17%, respectively, of TAC. Generally
regarded as a minor pigment, P3MG contributed 9-18% TAC in nine North Carolina genotypes
and 9-10% TAC in cultivars ‘Sweet Charlie’ and ‘Ruby June’. Overall, North Carolina genotypes
had anthocyanin content and profiles similar to the commercial cultivars ‘Camarosa’, ‘Chandler’,
‘Sweet Charlie’, ‘Felicity’, ‘Medallion’, and ‘Ruby June'. Visual strawberry fruit color appears to
be related more to the total amount of anthocyanin than to specific anthocyanin profiles.

Introduction pelargonidin-3-O-rutinoside ~ (P3R), and

Strawberry (Fragaria x ananassa) fruit
color ranges from white to dark purple-red
(Fig. 1). Flavonoid anthocyanins, composed
of glycosylated anthocyanidins, provide most
of the strawberry visual color (Aaby et al.
2012). Most strawberry anthocyanin is
composed of pelargonidin, contributing an
orange to bright red color, while the small
amounts of cyanidin present can impart a
darker red to magenta color (Chaves-Silva et
al. 2018). Pelargonidin-3-O-glucoside (P3G),

cyanidin-3-O-glucoside (C3G) have been
identified in red-fruited strawberries,
although relative amounts can differ widely
across genotypes (55-95% for P3G, 0-17%
for P3R, and 1-8.9% for C3G) (Dzhanfezova
et al. 2020).

The North Carolina (NC) strawberry
breeding program provides material that is
suitable for plasticulture production across
the relatively diverse growing conditions of
the South Atlantic US region. Fully ripe and
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red strawberries are generally preferred for
this area, where local and direct sales make
up the majority of the market (Samtani et al.
2019). Although the North Carolina breeding
program has been active since the early
1900s, the anthocyanin content and profile of
NC strawberries have been published for

Materials and Methods

Octoploid strawberry fruit from 13
genotypes from the North Carolina breeding
program was compared with that from two
classic strawberry cultivars (‘Chandler’ and
‘Camarosa’), a strawberry cultivar (‘Ruby
June’) widely grown in NC, and four cultivars
commonly grown in Florida (‘Felicity’,
‘Medallion’, ‘Sweet Charlie’, and ‘Florida
Pearl’). All genotypes were planted as a field
trial at the Piedmont Research Station in
Salisbury, NC (35.69501°, -80.62939°) in
September of 2022 using a plasticulture system
(Hoffmann et al. 2024). The trial was arranged
as a randomized complete block (RCB), with 3
blocks of 10 plants per block per genotype.
Additional details on these field plantings can
be found in Haynes (2024).

Weather challenges during the 2023
harvest season prevented incorporation of the
RCB for fruit collection for anthocyanins.
Instead, fully ripe berries were harvested at
three weekly harvest dates per genotype from
April through May of 2023, and samples

https://doi.org/10.71318/r4s8ab07

only a few genotypes (Perkins-Veazie et al.
2016). The objective of this study was to
determine if the fruit anthocyanin profile of
advanced North Carolina selections differed
from that of commercial cultivars of white to
dark red colors.

Fig. 1. Color of strawberry fruit juice
extracted from germplasm grown in North
Carolina (A), fruit in clamshells of ‘Florida
Pearl’, ‘Sweet Charlie’, ‘Felicity’, NC21-
031, and NC19-020 (left to right) (B), and
singular fruits from the genotypes (C).

consisted of five fruits pooled across blocks
for each harvest date. Fruit were
subjectively

evaluated for visual color using standardized
RosBREED phenotyping protocols
(RosBREED 2024), where 1 = white; 9 = very
red. Fruit were frozen and held at -80°C until
analysis. Each 5-fruit sample was thawed at
room temperature, and juice extracted with
acidified methanol to determine total
anthocyanin content (TAC) and pigment
profiles using a high-performance liquid
chromatograph (Hitachi LaChrom, Tokoyo,
Japan) following the methods of Perkins-
Veazie et al. (2016). Anthocyanin
concentrations were determined using standard
curves from  pelargonidin-3-O-glucoside
(P3G), and individual anthocyanins were
identified by retention times compared to
external standards of P3G, P3R, C3G
(Chromadex, Irvine, CA, USA; Sigma, St.
Louis, MO, USA) and previous reports for
P3MG (Fredericks et al. 2012; Lopes da Silva
et al. 2007). Total anthocyanin content
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represents to sum of the identified
anthocyanins as mg P3G equivalents/100 g
fresh wt. The relative content of anthocyanin
pigments [100% x ({mg/100 g individual
pigment}/{mg/100g total anthocyanin
content})] was also measured. The laboratory
study was designed as a completely
randomized design, with replicates consisting
of the three harvest dates. Data were subjected
to JMP (version 15.1, SAS Institute, Cary, NC,
USA), and means separated using Tukey’s
Honestly Significant Difference (HSD).

Results and Discussion

In this study, the TAC of strawberry juice
ranged from 0.2 mg/100 g in the white ‘Florida
Pearl’ to 69.2 mg/100 g in the moderately or
dark red genotypes such as NC21-033 and
NC19-020 (Fig. 2A). The relative content of
the four anthocyanins varied among the
germplasm. Pelargonidin-3-O-glucoside (P3G)
represented 60 to 89% of TAC and was not
significantly different among genotypes (data
not shown). The percent pelargonidin-3-O-
rutinoside (P3R) varied widely among
genotypes, from 4 to 17% (Fig. 2B).
Pelargonidin-3-O-(6-malonylglucoside)
(P3MG), which is not always detected in
strawberry cultivars (Davik et al. 2020), was
relatively high (9-18%) in five of the NC
selections and the NC cultivars ‘Rocco’ and
‘Liz’ (Fig. 2C). Cyanidin-3-O-glucoside (C3G)
has a darker red color than the orange-red
pelargonidin (Dzhanfezova et al. 2020). Only
small amounts of C3G were detected in the
strawberry genotypes in this study, with
relative content higher in the light-colored
cultivars ‘Florida Pearl’, ‘Ruby June’, and
‘Liz’ than in the moderately red genotypes
(Fig. 2D). Anthocyanin metabolism differs
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among germplasm, and the concentrations of
C3G and P3G, as well as fruit color, have been
linked to the expression levels of the FaMYB10
transcription factor and FaF3’H gene (Lin et al.
2018). ‘Florida Pearl’, which can be white with
a small amount of red color (often on the
achenes) (Whitaker et al. 2023), was found to
contain the same four pigments as the
moderately red strawberries.

Values for ‘Camarosa’, ‘Chandler’, ‘Liz’,
and ‘Rocco’ are similar to those reported by
others (Fredericks et al. 2012; Perkins-Veazie
et al. 2016; Vinson et al. 2022). In the current
study, the total and relative anthocyanin
content had more variation with harvest date
than expected, as indicated by standard
deviations (Fig. 2). Similar variation in
strawberry anthocyanin has been noted for
year, harvest date, and genotype by others,
indicating that multiple seasons of data are
desirable for determining anthocyanin content
(Cayo et al. 2016; Fredericks et al. 2012;
Tulipani et al. 2011).

Conclusions
In this study, total and individual
anthocyanins of juice from strawberry

germplasm of white to dark red fruit color were
determined and varied widely depending on
genotype.  North  Carolina  strawberry
genotypes were found to be similar in
anthocyanins to those from commercial
cultivars. These findings indicate that
strawberry fruit visual color (white to dark red)
appears to be dependent on the total amount of
anthocyanin rather than individual pigment
contribution.
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Fig. 2. Total anthocyanin content (TAC), fruit color gradient ratings (A), and relative amounts
(% of TAC) of pelargonidin-3-O-rutinoside (P3R) (B), pelargonidin-3-O-(6"-malonylglucoside)
(P3MG) (C), and cyanidin-3-O-glucoside (C3G) (D) among North Carolina strawberry
genotypes and commercial cultivars. Fruit color was assessed using RosBREED phenotyping
protocols, where 1 is white and 9 is very dark red. Bars represent mean values, with standard
deviation bars indicating variation across replications (harvest dates). Fruit was collected from
April-June 2023, with each genotype harvested on three dates as fruit became available.
Significance was determined using Tukey’s HSD at P < 0.05, with the HSD threshold displayed
in each panel. Differences between means exceeding the HSD values are statistically significant.
Bar colors represent relative values within each dataset, with red indicating highest, blue
indicating lowest, and black representing intermediate values.
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