
Characterization and the Effect of Maturity at Harvest on the
Phenolic and Carotenoid Content of Northeast USA Apricot (Prunus
armeniaca) Varieties
Oluranti E. Campbell,† Ian A. Merwin,‡ and Olga I. Padilla-Zakour*,†

†Department of Food Science, Cornell University, 630 W. North Street, Geneva, New York 14456, United States
‡Department of Horticulture, Cornell University, Ithaca, New York 14853, United States

ABSTRACT: The phenolic and carotenoid content and quality indices of five Northeast apricot varieties were assessed over two
years and the impact of maturity at harvest was evaluated. Four varieties were analyzed at commercial and tree ripe stages and
one variety after storage for 4 weeks (0−1 °C, 90−95% relative humidity). Total phenolic content ranged from 44.0 to 345.1
mg/100 g, total antioxidant capacity (oxygen radical absorbance capacity assay) from 2096.9 to 7165.1 μmol/100 g, and total
carotenoid content from 1312.1 to 7371.1 μg/100, fresh weight. ‘Hargrand’ apricot had the highest phenolic and carotenoid
content. Catechin, chlorogenic acid, and neochlorogenic acid were the predominant phenolic compounds and β-carotene was the
predominant carotenoid compound. Carotenoid content increased with ripening and postharvest storage while changes in
phenolic content and antioxidant capacity were variety-dependent. Results show the apricot varieties studied to be good or
excellent sources of vitamin A despite moderate carotenoid content attributed to cultivation in a colder climate.
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■ INTRODUCTION

Consumption of fruits has been encouraged because of the
myriad health benefits they offer.1,2 Phenolic and carotenoid
compounds are widely distributed in plant tissue and involved
in a range of functions including fruit color and taste. In the
apricot, Prunus armeniaca, the main phenolic compounds
identified include flavan-3-ols (catechin, epicatechin), hydrox-
ycinnamic acids (neochlorogenic acid, chlorogenic acid),
flavonol glycosides (rutin, quercetin-3-glucoside and other
quercetin derivatives) and anthocyanins (cyanidin-3-gluco-
side).3−5 Carotenoids include carotenes (α-, β- and γ-carotene)
and xanthophylls (lutein, zeaxanthin, violaxanthin and β-
cryptoxanthin).6−8

These phytochemicals have been found to have positive
impacts on human health. Antioxidants, comprising both
phenolic and carotenoid compounds, have been linked to a
reduction in the incidence of cardiovascular diseases and some
cancers while carotenoids play an essential role in vision.9,10

Chlorogenic and neochlorogenic acids have been found to be
chemopreventive toward breast cancer.11 β-carotene, α-
carotene and β-cryptoxanthin are vitamin A precursors while
zeaxanthin and lutein, although lacking provitamin A proper-
ties, accumulate in the macular tissue of the eye and protect
against age-related macular degeneration.10,12 Additionally, β-
carotene has been suggested to have a preventive effect against
lung and colorectal cancer13 and lycopene has been linked to a
reduced risk of cancer and heart disease.14 Apricot
phytochemical composition and concentration are influenced
by a number of factors, including variety, maturity, climate, as
well as the part of fruit (peel or flesh) analyzed, with fruit peel
containing relatively higher concentrations of phenolic and
carotenoid compounds.3,4,6,7,15

Apricots are climacteric fruit and may ripen either on- or off-
tree. Time of harvest is therefore largely dictated by the
intended market and/or purpose of fruit, with produce
intended for far-off markets or extended storage harvested
earlier than those for local market; the latter group is thought to
have better eating quality despite its shorter shelf life. The
impact of these practices, mainly fruit maturity at harvest, has
received some attention. Dragovic-Uzelac et al.4 reported that
phenolic compounds in these stone fruits are predominant in
the initial and early ripening stages of development, but
decrease with maturity; opposing findings were reported by
Hegedus et al.16 An increase in carotenoid content has also
been observed with ripening.4 β-carotene has been found to be
present throughout fruit development while the presence and
concentrations of other carotenoids, particularly xanthophylls,
alter from carotenogenesis through fruit development and
maturity.7,8

Apricot production is predominantly based in parts of
Europe and the Mediterranean, with most available information
derived from varieties produced in these temperate to
subtropical climatic regions. In the United States, apricot
production is concentrated in California (approximately 80%),
Washington and Utah,17 with the Northeast USA contributing
much smaller quantities. Cultivation in this region is
challenging due to adverse climatic conditions that, together
with this fruit tree’s inherent restrictions to climatic adaptation,
limit production.18,19 Breeding programs have therefore been
targeted at improving cold hardiness, late bloom, and pest and
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disease resistance. Research on resultant varieties has focused
on physical and other sensory characteristics but little published
data is available on the impact of these modifications on
bioactive compounds and nutritional value.
This study was therefore designed to breach the knowledge

gap regarding the phenolic and carotenoid composition and
content of a selection of economically important apricot
varieties currently cultivated in the Northeast USA. Five
varieties were selected, including four historically found to
ensure crop yield in this region due to their cold hardiness and
disease resistance.18,19 The study also included preliminary
examination of the effects of seasonal climatic variations and
fruit maturity at harvest on these bioactive compounds; a
postharvest storage study was carried out for one variety.
Physical and chemical characterization was also conducted to
provide information on quality indices of these varieties.

■ MATERIALS AND METHODS
Harvest. Harvests were conducted following the recommendations

and practices of local orchards. Five orange-fleshed apricot varieties
(‘Hargrand’, ‘Harlayne’, ‘Harogem’, ‘Tomcot’ and ‘Vivagold’) were
hand-harvested in 2009 and 2010 from the same orchards. While 2009
fruit was harvested according to orchard timelines, in order to further
isolate and study pertinent variables suggested by 2009 results, fruit of
four varieties was selectively harvested in 2010 at two developmental
stages‘commercial ripe’ and ‘tree ripe’with the latter occurring on
average 8 days after the former. Fruit was selected from both the
interior and exterior of canopies to obtain a representative commercial
sample. Commercial ripe represented fruit harvested early with
adequate firmness to withstand handling, transport and storage
conditions; tree ripe represented fruit intended for local market and
almost immediate consumption (ready-to-eat). Fruit was considered
commercially ripe when it had attained full size and color development
yet was still very firm, while tree ripe fruit had decreased firmness and
could easily be abscised from the tree. Fruit of one variety (‘Hargrand’)
harvested at commercial ripeness was stored for four weeks at 0−1 °C
and 90−95% relative humidity, after which it was analyzed as a third
treatmentstorage.
Quality Indices. Analyses were performed in triplicate, allotting 5

fruit per replicate. Color parameters were measured with a HunterLab
UltraScan XE with a 2003 Diffuse/8° Instrument Standard and Light
Trap (Hunter Associates Laboratory Inc., Reston, VA) and firmness
with a TA-XT2 Texture Analyzer (Texture Technologies Corp.,
Scarsdale, NY) using a compression test conducted with a 50 mm
cylindrical probe. Weight and cross-sectional diameter were also
recorded. Soluble solids (Leica Auto ABBE refractometer; Leica Inc.,
Buffalo, NY), pH (Accumet Basic AB15 pH meter; Fisher Scientific,
Waltham, MA) and titratable acidity in malic acid equivalents (Mettler
Toledo 20 compact titrator; Mettler-Toledo Inc., Columbus OH)
were measured from juice extracted using a food processor. Moisture
content values were obtained from the weight differences before and
after lyophilization (Magnum Series MX53 freeze-dryer, Millrock
Technology, Kingston, NY) to constant weight. Homogenized
lyophilized fruit was packaged in moisture-proof bags and stored at
0 °C protected from light until further analyses were conducted.
Extraction of Phenolic Compounds. The method described by

Kim and Lee20 was followed. Ten mL methanol/water solution
(80:20, v/v) was added to 1 g freeze-dried sample, flushed with
nitrogen and sonicated. Samples were then centrifuged at 10 000 rpm
for 20 min at 4 °C (Sorvall RC-5B Centrifuge; ThermoScientific,
Waltham, MA). Supernatant was decanted into a 25 mL volumetric
flask and extraction repeated. Supernatants were combined and topped
up to 25 mL with the methanol/water solution.
Total Phenolic Content Determination. Procedures by Kim and

Lee20 based on the Singleton and Rossi analysis21 were employed.
Results were expressed as mg gallic acid equivalents (GAE) per 100 g
fresh weight (FW).

Phenolic Compound Analysis. Qualitative and quantitative
phenolic compounds analyses followed methods described by Kim
and Padilla-Zakour.22 An Agilent/Hewlett-Packard series 1100
(Agilent Tech., Palo Alto, CA) was used with a C18 reversed-phase
Symmetry Analytical column (250 mm × 4.6 mm, 5 μm; Water Corp.
Milford, MA). The thermostat was set at 25 °C and flow rate at 1 mL/
min; the diode-array monitored wavelengths 280 (flavan-3-ols), 320
(cinnamic acids), 370 (flavonol glycosides) and 520 nm (anthocya-
nins). A linear solvent gradient was composed of a binary mobile
phase system with solvent A, 0.1% phosphoric acid in HPLC grade
water, and solvent B, 0.1% phosphoric acid in HPLC grade
acetonitrile. Solvents were applied for 55 min as follows: 92% A/8%
B at 0 min, 89% A/11% B at 4 min, 65% A/35% B at 25 min, 40% A/
60% B at 30 min, 40% A/60% B at 40 min, 65% A/35% B at 45 min,
89% A/11% B at 50 min, 92% A/8% B at 55 min. Chlorogenic acid,
catechin, epicatechin, rutin, cyanidin-3-glucoside and quercetin-3-
glucoside were identified using authentic standards (Sigma Aldrich, St.
Louis, MO) and remaining compounds tentatively identified using
retention time and spectra reported in related literature; cyanidin-3-
glucoside and quercetin-3-glucoside standards were available in
sufficient quantities for identification but not quantification. Results
were reported as mg or mg equivalents (eqv) of available standards/
100 g FW. Epigallocatechin and unknowns 1 and 2 reported as
catechin eqv, neochlorogenic acid as chlorogenic acid eqv, quercetin-3-
glucoside and the quercetin derivative as quercetin eqv and cyanidin-3-
glucoside as cyanidin eqv.

Total Antioxidant Capacity Assay. The oxygen radical
absorbance capacity (ORAC) assay, as described by Huang et al.23

was used. Aliquots of 25 μL of phenolic extract, blank (75 mM
phosphate buffer), and standardized dilutions (0−100 μM) of 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox; Sigma
Aldrich) were pipetted in a preset format into a Costar 96-well black
opaque plate (Corning Costar Corporation, Cambridge, MA). A 150
uL aliquot of 0.004 μM sodium fluorescein solution was dispensed into
each well and the plate inserted into a BioTek Synergy HT plate
reader (BioTek Instruments, Winooski, VT). After a 30-min
incubation at 37 °C, 25 μL of 2,2′-Azobis (2-amidinopropane)
dihydrochloride (Wako Chemicals, Richmond VA) was dispensed into
each well. Fluorescence was measured at 1 min intervals over 1 h at
485 nm excitation wavelength and 528 nm emission wavelength.
Results were reported as μmol Trolox equivalents (TE)/100 g FW.

Carotenoid Compound Analysis. Modifications to methods by
Craft et al.24 were employed in the extraction, identification and
quantification of carotenoids. One gram of freeze-dried sample was
homogenized and reconstituted with deionized distilled water then
extracted with 20 mL methanol/tetrahydrofuran (50:50, v/v) solution
and 10% (w/w) magnesium carbonate. Astaxanthin was included as an
internal standard (100 μg/kg) to account for losses occurring during
extraction. Extracts were centrifuged at 6000 rpm for 10 min at 4 °C,
supernatant recovered and precipitate re-extracted. A saponification
step tested during method development was not included as it was
found to render zeaxanthin and astaxanthin undetectable.25,26

Supernatants were combined with 50 mL petroleum ether stabilized
with 0.2% butylhydroxytoluene (BHT) and 25 mL 20% sodium
chloride solution in a separatory funnel. The petroleum ether fraction
was collected and evaporated with a rotary vacuum finishing under
nitrogen gas. Aliquots were dissolved in 2 mL ethanol stabilized with
30 ppm BHT. An Agilent series 1100 with a Zorbax XDB-C18 column
(150 mm × 4.6 mm, 5 μm; Agilent Tech., Palo Alto, CA) fitted with a
guard column of the same packing material was used. The thermostat
was set at 23 °C and flow rate at 1 mL/min; the diode-array was set to
monitor the wavelengths 450 and 470 nm. A gradient was set up with a
binary mobile phase system of solvent A, 0.1% phosphoric acid in
HPLC grade water, and solvent B, 0.1% phosphoric acid in HPLC
grade acetone. Solvents were applied for 35 min as follows: 30% A/
70% B from 0 to 20 min, 0% A/100% B from 20 to 30 min and 70%
A/30% B from 30 to 35 min with a 5 min postrun. β-Carotene, β-
cryptoxanthin, zeaxanthin, lutein and astaxanthin were identified and
quantified using authentic reference samples (Sigma Aldrich). Results
were reported in μg/100 g FW. Total carotenoid content was derived

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf403644r | J. Agric. Food Chem. 2013, 61, 12700−1271012701



by the summation of individual compound concentrations expressed in
β-carotene equivalents (BCE)/100 g FW.
Statistical Analysis. All extraction and assays were conducted in

triplicate. Data were analyzed with JMP 9.0 Statistical Software (SAS
Institute Inc., Cary, NC) and reported per 100 g FW. Statistical
analyses included analysis of variance (ANOVA) at p < 0.05 and p <
0.01 and comparison of means with the Tukey Significant Difference
test at 95% confidence interval.

■ RESULTS AND DISCUSSION

A selection of varieties was evaluated, originating from the
Harrow Research Station (‘Hargrand’, ‘Harlayne’ and ‘Har-
ogem’) and the Vineland Station (‘Vivagold’) in Ontario,
Canada; ‘Tomcot’ was developed at the Washington State
University, Pullman, WA. The first four cold-hardy varieties had
previously been studied by horticulturists Lamb and Styles18

and found to have good size, attractiveness, eating quality and

Figure 1. Firmness, weight, cross-sectional diameter and edible portion of Northeast apricot varieties evaluated in 2010 (n = 15).

Table 1. Color L, a and b Values of Flesh and Peel of Northeast Apricot Varieties Evaluated in 2009 and at Commercial Ripe
(CR) and Tree Ripe (TR) Stages in 2010 (n = 15)

L a b

2010 2010 2010

varietya part 2009 CR TR 2009 CR TR 2009 CR TR

Hargrand flesh 54.6 ± 1.1 46.0 ± 1.1 a 42.8 ± 1.8 b 18.6 ± 1.3 21.6 ± 0.3 a 21.0 ± 0.6 a 38.1 ± 2.4 34.6 ± 0.5 a 31.6 ± 1.7 b

peel 56.2 ± 0.0 55.4 ± 0.7 a 53.1 ± 1.8 a 20.3 ± 1.6 19.5 ± 0.7 a 20.2 ± 2.3 a 41.9 ± 2.2 35.6 ± 0.1 a 35.4 ± 1.9 a

Harlayne flesh 61.8 ± 0.5 54.9 ± 4.5 a 51.7 ± 3.5 a 22.7 ± 0.5 24.3 ± 1.1 a 19.6 ± 2.0 b 46.4 ± 0.8 41.7 ± 0.6 a 37.3 ± 3.0 a

peel 55.0 ± 3.7 52.6 ± 4.9 a 53.4 ± 2.1 a 28.8 ± 3.0 29.3 ± 1.2 a 26.7 ± 0.9 b 40.8 ± 4.1 35.2 ± 7.2 a 39.9 ± 2.2 a

Harogem flesh 59.9 ± 0.6 57.4 ± 1.9 a 56.2 ± 1.7 a 23.7 ± 0.4 21.9 ± 0.4 a 20.2 ± 1.6 a 45.8 ± 0.3 40.7 ± 1.0 a 40.5 ± 1.2 a

peel 53.5 ± 4.5 49.7 ± 1.9 a 50.8 ± 0.3 a 31.2 ± 3.3 27.6 ± 0.4 a 28.6 ± 0.9 a 43.1 ± 5.2 31.0 ± 2.0 b 34.4 ± 0.2 a

Tomcotb flesh 61.6 ± 1.3 − 49.3 ± 3.8 23.1 ± 0.3 − 20.1 ± 1.5 43.6 ± 1.0 − 36.6 ± 3.0

peel 58.1 ± 1.2 − 56.5 ± 3.7 29.1 ± 1.9 − 24.7 ± 0.2 50.0 ± 0.7 − 41.7 ± 3.2

Vivagold flesh 58.4 ± 1.3 59.9 ± 0.4 a 56.8 ± 0.7 b 23.7 ± 0.9 25.6 ± 1.0 a 26.5 ± 0.4 a 43.7 ± 1.6 44.2 ± 0.8 a 42.9 ± 0.9 a

peel 61.2 ± 0.5 61.3 ± 1.3 a 58.6 ± 0.7 b 26.4 ± 2.4 28.9 ± 1.2 a 30.7 ± 0.8 a 49.5 ± 1.3 44.0 ± 1.0 a 40.4 ± 0.9 b
aWithin a variety, means not followed by the same letter indicate a significant difference between 2010 commercial ripe and tree ripe fruit flesh or
peel for a color parameter (Tukey test, α = 0.05). b‘Tomcot’ was evaluated only at TR in 2010.

Table 2. Firmness, Weight, Cross-sectional Diameter and Edible Portion of Northeast Apricot Varieties Evaluated at
Commercial Ripe (CR) and Tree Ripe (TR) stages in 2010 (n = 15)

firmness (N) weight (g) cross-sectional dm (mm) edible portion (%)

varietya CR TR CR TR CR TR CR TR

Hargrand 18.7 ± 1.6 a 6.7 ± 1.6 b 52.3 ± 3.1 a 48.9 ± 1.8 a 45.5 ± 1.0 a 43.2 ± 1.2 a 94.2 ± 0.2 a 94.2 ± 0.3 a
Harlayne 28.0 ± 8.7 a 11.8 ± 2.1 b 48.9 ± 3.4 a 49.6 ± 1.6 a 46.4 ± 1.4 a 45.1 ± 0.7 a 94.0 ± 0.6 a 94.4 ± 0.0 a
Harogem 26.4 ± 2.1 a 10.5 ± 0.2 b 42.0 ± 3.0 a 48.2 ± 2.8 a 46.6 ± 1.4 a 47.8 ± 0.5 a 93.5 ± 0.4 b 94.3 ± 0.3 a
Tomcotb − 11.6 ± 1.8 − 24.4 ± 2.6 − 35.1 ± 1.6 − 91.8 ± 0.6
Vivagold 40.3 ± 6.3 a 17.7 ± 1.9 b 34.1 ± 2.2 b 48.9 ± 3.4 a 38.8 ± 0.6 b 41.8 ± 0.3 a 87.9 ± 0.1 b 91.5 ± 0.2 a

aWithin a variety, means not followed by the same letter indicate a significant difference between commercial ripe and tree ripe fruit for a physical
parameter (Tukey test, α = 0.05). b‘Tomcot’ was evaluated only at TR in 2010.
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resistance to perennial canker, brown rot and bacterial spot.
‘Tomcot’, although not considered a reliable commercial variety
in this region, was included to compare obtained information
with available published data from different regions of
cultivation. There was some variation in the harvest dates of
varieties in the two years, in response to different climatic
conditions in the study years; all varieties were harvested
between July 27−August 4 in 2009 and July 16−August 4 in
2010. Given harvest and postharvest conditions and quality
parameters, fruit from 2009 was compared to tree-ripened fruit
from 2010 for an evaluation of the effect of changes due to
seasonal variations. While the influence of maturity at harvest
was evaluated for four varieties, the effect of postharvest storage
was assessed solely for ‘Hargrand’, the only variety that retained
satisfactory quality after the previously described storage
conditions.
Due to the ability of apricots to ripen either on or off the

tree, a comparison of commercial ripe (CR) to tree ripe (TR)
samples indicated changes occurring when fruit was left to ripen
on the tree, while contrasting CR with storage (ST) samples
showed changes when fruit was harvested early and stored
under cold conditions for extended periods. Comparing ST to
TR allowed for a study of the effects of early harvest and
subsequent long-term cold storage (as is largely done in
commercial fruit production) versus late harvest (for local
markets or consumption within days) on fruit properties and
constituents. The description of CR in particular differs
between regions of production or even orchards, depending
on the required shelf life of fruit, which in turn may be
influenced by the length of time to consumption or distance
over which the produce must be transported to its final market.
As such, while orchards in our study required full color
development for CR harvest, the practice in other producing
areas with a greater output or a wider distribution may require
that fruit be harvested while still green.
Physical Characterization. Varietal evaluation provided

information on the attributes of the selected varieties as they
performed in this region (Figure 1). Measured in 2010, the
range for fruit weight was 24.4−49.6 g, firmness 6.7−17.7 N,
cross-sectional diameter 35.1−47.8 mm and edible portion

91.5−94.4%. ‘Tomcot’, less cold-hardy than other varieties
evaluated, produced small fruit which weighed much less than
has been recorded for samples cultivated in Naoussa, Greece
(24.4 g compared to 70.9 g).15 Fruit weight correlated well with
size (R = 0.86) with the three Harrow varieties having weight
and sizes of >48 g and >43 mm, respectively. These varieties
were also visually attractive, with ‘Harogem’ possessing a
striking red shade, evident even in its flowers, and ‘Harlayne’
having a large size and attractive, uniform orange color,
properties which have made it a top seller for a major Northeast
fruit producer. Color parameters a and b were consistently in
the positive range indicating red and yellow colors. Given the
phenotypic similarity between varieties assessed, peel and flesh
color between varieties was not significantly different. Peel
color was typically orange, ranging from more yellow (‘Tomcot’
and ‘Vivagold’) to more red (‘Harogem’) shades, reflected in
high b readings for the former group and high a readings for the
latter (Table 1). Differences in color over the two study years
were less pronounced in the peel compared to the flesh.
The varieties studied experienced a mean of 60% decrease in

firmness from CR to TR (Table 2), with a 73% decrease in
‘Hargrand’ from CR to ST. The mean TR firmness of 11.7 N
(2.6 lb) was within the range of 2−3 lb reported by Crisosto
and Kader27 for ‘ready-to-eat’ fruit. Given that by our definition
of CR, fruit was in the ripening stage and growth had ceased,
significant differences in these parameters was not expected
between the two harvests.28,29 However, an increase in fruit
weight and size from CR to TR was observed in ‘Vivagold’ and,
in both ‘Vivagold’ and ‘Harogem’, edible portion increased with
ripening. Fruit was also assessed for possible changes in color of
peel and flesh with ripening on- or off-tree; observations or
relationships unearthed here could have contributed to the
search for nondestructive methods of assessment of apricot
maturity. While some significant changes were observed for the
various color parameters of some varieties with ripening (Table
1), there were no significant differences in mean peel or flesh
color from CR to TR. This stood to reason since one of the
criteria for pickers in harvesting CR fruit (in our study
orchards) was full color development, and thus striking
increases in a or b, as occur in the transition from ground

Table 3. Soluble Solids, Titratable Acidity, Sugar-to-acid Ratio, pH and Moisture Content of Northeast Apricot Varieties
Evaluated in 2009 and at Commercial Ripe (CR) and Tree Ripe (TR) Stages in 2010 (n = 15)

soluble solids (%) titratable acidity (g malic acid/100 g) sugar-to-acid ratio

2010 2010 2010

varietya 2009 CR TR 2009 CR TR 2009 CR TR

Hargrand 13.2 ± 0.4 13.7 ± 0.2 a 14.3 ± 0.3 a 2.46 ± 0.15 1.56 ± 0.16 a 1.70 ± 0.10 a 5.4 ± 0.5 8.9 ± 0.7 a 8.3 ± 0.3 a
Harlayne 11.5 ± 1.1 13.1 ± 1.3 a 14.7 ± 0.3 a 1.65 ± 0.05 1.28 ± 0.01 a 1.14 ± 0.04 b 7.0 ± 0.7 10.5 ± 1.3 b 13.0 ± 0.2 a
Harogem 12.9 ± 0.7 11.6 ± 0.1 b 14.5 ± 0.4 a 1.56 ± 0.02 1.01 ± 0.16 a 1.01 ± 0.07 a 8.3 ± 0.5 11.7 ± 2.1 a 14.5 ± 1.0 a
Tomcotb 10.5 ± 0.5 − 11.2 ± 0.6 1.81 ± 0.05 − 1.25 ± 0.08 5.8 ± 0.3 − 9.0 ± 0.4
Vivagold 10.6 ± 0.9 12.5 ± 0.7 b 14.1 ± 0.1 a 1.61 ± 0.08 3.45 ± 0.12 a 0.91 ± 0.10 b 6.6 ± 0.8 3.6 ± 0.1 b 15.7 ± 1.8 a

pH moisture content (%)

2010 2010

variety 2009 CR TR 2009 CR TR

Hargrand 3.08 ± 0.04 3.47 ± 0.04 b 3.68 ± 0.06 a 84.8 ± 0.2 85.6 ± 0.3 a 80.9 ± 0.4 b
Harlayne 3.46 ± 0.03 3.57 ± 0.04 b 3.67 ± 0.04 a 87.0 ± 0.1 86.5 ± 0.9 a 83.9 ± 0.2 b
Harogem 3.18 ± 0.01 3.54 ± 0.04 b 3.69 ± 0.04 a 85.6 ± 0.1 89.0 ± 0.8 a 84.7 ± 0.4 b
Tomcot 3.40 ± 0.02 − 3.48 ± 0.03 87.9 ± 0.3 − 87.8 ± 0.5
Vivagold 3.35 ± 0.03 3.53 ± 0.03 b 3.77 ± 0.01 a 88.2 ± 0.0 84.7 ± 0.1 b 86.3 ± 0.2 a

aWithin a variety, means not followed by the same letter indicate a significant difference between 2010 commercial ripe and tree ripe fruit for a
chemical parameter (Tukey test, α = 0.05). b‘Tomcot’ was evaluated only at TR in 2010.
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color, were not present in this case.28 A greater diversity in
colors of varieties and increase in sample points through fruit
development would be necessary to observe and/or establish
reliable trends.
Chemical Characterization. Results of chemical analyses

were comparable to those from Drogoudi et al.15 and Aubert
and Chanforan30 for apricot soluble solids content, titratable
acidity, sugar-to-acid ratio, moisture content and pH (Table 3).
The former study found sucrose to be the predominant sugar in
apricots while the latter reported citric and malic as the major
organic acids. ‘Harlayne’ and ‘Harogem’ ranked high in soluble
solids content and sugar-to-acid ratio in both years. In 2010,
considering TR samples, varieties generally had higher soluble
solids content, sugar-to-acid ratio and pH, and lower moisture
content and titratable acidity compared to 2009. This was

attributed in part to differences in climatic conditions between
the two years. Average rainfall over the growing season was 2.9
in. in 2009 and 1.8 in. in 2010, with rainfall being copious
throughout the 2009 growing season but negligible post-June in
2010.31 This contributed to a greater concentration of solids in
fruit in 2010.32 As with other stone fruits, rainfall amount and
patterns, particularly the water deficit late in the season (during
which cell expansion occursreferred to as stage III of fruit
growth) was also implicated in visually smaller fruit in 2010
compared to those in 2009.33

Physiological changes as the fruit ripens result in, among
other things, changes in sugar (due to sucrose accumulation)
and acid concentrations.34 Overall taste/flavor development
and thus consumer acceptance (sensory perception) increases
with ripening. This may be gauged instrumentally using the
sugar-to-acid ratio, although actual acceptability tests remain
the best means of assessment. Mean TR soluble solids content
(14.4%) was in line with the value suggested by Crisosto and
Kader27 to be important for consumer acceptance (>10%).
From CR to TR (Table 3), there were significant (p < 0.01)
increases in mean values for soluble solids content (from 12.7
to 14.4%), sugar-to-acid ratio (from 8.7 to 12.9) and pH (from
3.53 to 3.70) and decreases in moisture content (from 86.5 to
84.0%) and titratable acidity (from 1.83 to 1.19 g). These
trends were similar to those reported by other studies29,34,35

although substantial differences were observed in varietal
responses with ripening for the various parameters, with a
increasing pH being the only consistent significant change.
From CR to ST in ‘Hargrand’, increases in soluble solids (from
13.7 to 14.8%), sugar-to-acid ratio (from 8.9 to 10.6) and pH
(from 3.47 to 3.83) and decreases in titratable acidity (from
1.56 to 1.42 g) and moisture content (from 85.6 to 84.3) were
observed, with changes in pH and moisture content being
significant (p ≤ 0.01).

Phenolic Content. Total phenolic content (TP) of apricots
ranged from 44.0 to 280.2 mg in 2009 and 38.6 to 345.1 mg in
2010. These values were within the range of 30.3−559.6 mg by
Drogoudi et al.15 for 29 apricot cultivars of Greek and American
origin, using similar methods of analyses. ‘Hargrand’ con-
sistently stood out in both years, having more than twice the
TP of the next closest variety (Figure 2), comparing favorably
against values reported for more popular local fruits, including
peaches (133 mg) and grapes (170 mg).36 ‘Harlayne’ and
‘Vivagold’ had lowest TP in 2009 and 2010, respectively.
Varieties exhibited different responses to conditions in the
study years with ‘Hargrand’ and ‘Harlayne’ increasing in TP,
‘Vivagold’ and ‘Harogem’ decreasing and ‘Tomcot’ showing no
change. Flavan-3-ols were the most diverse and predominant
compounds (Figure 3). Ranges for phenolic compounds in
2009 and 2010 respectively, reported as mg/100 g, were as
follows: Flavan-3-ols: catechin (3.1−18.5 and 0.2−26.4),
epicatechin (1.4−5.8 and 2.0−5.8), epigallocatechin (1.3−9.6
and 3.4−22.7), unknown 1 (0.1−3.7 and 1.1−7.1) and
unknown 2 (1.7−7.3 and 2.7−7.1); hydroxycinnamic acids:
chlorogenic acid (3.4−15.0 and 2.3−18.4) and neochlorogenic
acid (5.6−18.6 and 4.6−12.9); flavonol glycosides: rutin (6.7−
14.5 and 4.4−10.8), quercetin-3-glucoside (0.9−1.0 and 0.8−
1.3), quercetin derivative (1.0−1.5 and 0.9−1.3); anthocyanins:
cyanidin-3-glucoside (0.8−1.2 and 0.9−2.4).
Similar to spectrophotometer-determined TP, changes in

HPLC-determined phenolic content (HPLC-TP) in the two
study years differed with variety, with increases in ‘Hargrand’
and ‘Harlayne’ and decreases in ‘Harogem’ and ‘Vivagold’

Figure 2. (A) Total phenolic content, (B) total antioxidant capacity
and (C) total carotenoid content of Northeast apricot varieties
evaluated in 2009 and 2010 (GAE: Gallic acid equivalents, TE: Trolox
equivalents, BCE: β-carotene equivalents). Bars with different letters
indicate a significant difference between the two years (Tukey test, α =
0.05).
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(Table 4). A strong correlation (R = 0.96) was found between
HPLC-TP and spectrophotometer-determined TP, implying
that both methods were equivalent gauges of relative varietal
phenolic content. Correlations were also found between
HPLC-TP and catechin (R = 0.95), chlorogenic acid (R =
0.88) and epigallocatechin (R = 0.81). Levels of these
compounds, particularly catechin, may be considered indicative
of varietal phenolic content. The varieties exhibited similar
phenolic profiles, although anthocyanins were not detected in
‘Hargrand’ and ‘Vivagold’, or in 2010 ‘Tomcot’. ‘Harogem’, a
variety with prominent red peel color, had consistently
relatively higher cyanidin-3-glucoside content (approximately
twice the concentration of the next highest variety). No
significant correlations were found between total phenolic
content or individual phenolic compounds and any physical or
chemical component; this was thought to be due to the
phenotypic similarity of varieties evaluated. However, Ruiz et
al.,3 who evaluated thirty-seven apricots varieties of varying
flesh color also reported no correlations between phenolic
content and this attribute.
Dragovic-Uzelac et al.4 reported declines in phenolic content

with maturity in three Croatian-grown apricot varieties while
Hegedus et al.16 found significant increases with ripening in two
Hungarian varieties. In both studies, results were subject to
varietal influence as well as the developmental stages at which
fruit samples were harvested and/or evaluated. In our study, TR
fruit TP of three varieties was significantly lower than CR fruit
TP (p < 0.01 in ‘Harlayne’ and ‘Vivagold’, p < 0.05 in
‘Harogem’) (Figure 5). Suggested reasons for decreases in
phenolic content with ripening include a change in their role in
the plant, and a neccesity to ensure the reduction of astringency
for better taste and palatability.37 The decline could also be
attributed to an observed increase in polyphenoloxidase (PPO)
activity with fruit maturity.38 Comparing the three stages in

‘Hargrand’, no significant differences were seen under the
conditions studied.
Changes in individual phenolic compounds and their

concentration with ripening were variety-dependent (Table
4). Flavan-3-ols increased in ‘Hargrand’ and decreased in
‘Harlayne’ and ‘Vivagold’, with no significant trend in
‘Harogem’; hydroxycinnamic acids decreased in ‘Harlayne’,
‘Harogem’ and Vivagold’ but showed the opposite trend in
‘Hargrand’. Flavonol glycosides decreased in ‘Harogem’ and
‘Vivagold’ but remained stable in ‘Hargrand’ and ‘Harlayne’.
Cyanidin-3-glucoside disappeared in ‘Hargrand’ and ‘Vivagold’
(the latter variety also losing epigallocatechin) while it
increased in ‘Harlayne’ and ‘Harogem’. HPLC-TP remained
highly correlated with spectrophotometer-determined TP (R =
0.96) and with catechin, epigallocatechin, chlorogenic acid and
neochlorogenic acid (R > 0.90 in all cases). TR ‘Hargrand’ had
higher concentrations of individual compounds compared to
CR and ST samples. HPLC analysis therefore confirmed the
decline in phenolic content with ripening for all varieties except
‘Hargrand’. This deviation could be explained in part by the
observation by Barrett38 that the increase in PPO activity with
fruit age was not linear and could be influenced by the specific
point in fruit development at which sampling occurred.
Additionally, Holderbaum et al.39 reported that the suscepti-
bility to PPO degradation in apples was genotype-specific and
also influenced by a range of factors including the quantity,
quality and relative proportions of phenolic compounds.

Antioxidant Capacity. In 2009, hydrophilic and lipophilic
antioxidant capacities were measured separately in the method
described by Prior et al.40 The highest contribution was found
to be from the hydrophilic fraction, correlating highly with total
(hydrophilic + lipophilic) antioxidant capacity (R = 0.91), with
lipophilic compounds contributing only 2% (data not shown).
These results were similar to those reported by Wu et al.,41 who

Figure 3. HPLC chromatograms of an apricot extract showing phenolic compounds at (A) 280 nm, (B) 320 nm, (C) 370 nm and (D) 520 nm.
Compounds identified are epigallocatechin (1), catechin (2), unknown 1 (3), epicatechin (4), unknown 2 (5), neochlorogenic acid (6), chlorogenic
acid (7), rutin (8), quercetin-3-glucoside (9), quercetin derivative (10) and cyanidin-3-glucoside (11).
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found the ORAC lipophilic fraction to be 2.4% of total apricot
antioxidant capacity. Thereafter, 2009 total antioxidant capacity
(AOX) was re-evaluated as described by Huang et al.,23 and the

same methodology used in 2010 (Figure 2). Strong correlations
were found between AOX and both spectrophotometric TP (R
= 0.96) and HPLC-TP (R = 0.92), agreeing with previous
studies.15,40 Accordingly, the variety with greatest phenolic
content in both years, ‘Hargrand’, had the greatest AOX
(6282.2 and 7165.1 μmol in 2009 and 2010 respectively) while
‘Harlayne’ and ‘Vivagold’ were lowest in the two years (2182.2
and 2096.9 μmol, respectively). There was no set trend in
varietal AOX response to the rainfall variations in the two years
and other factors, including variety and maturity at harvest,
were suggested to be more influential.
As with phenolic content, AOX correlated best with catechin

(R = 0.91), chlorogenic acid (R = 0.83) and epigallocatechin (R
= 0.80); catechin and chlorogenic acid had previously been
found to relate significantly with apricot AOX.42 It is difficult to
compare these AOX values with those from other studies,
mainly due to the various methods by which antioxidant
capacity is measured. AOX values surpassed those given by Wu
et al.41 (1341 μmol) and Kevers et al.43 (1027 μmol); both
studies used unidentified apricot varieties. Values for ‘Hargrand’
in both years, as well as ‘Harogem’ and ‘Tomcot’ in 2009 and
‘Harlayne’ in 2010, also exceeded ORAC values reported for
apples (3000 μmol) and grapes (2000 μmol),36 positioning
‘Hargrand’ in particular as a good source of antioxidants.

Table 4. Phenolic Compounds (mg/100 g) in Northeast Apricot Varieties Evaluated in 2009 and at Commercial Ripe (CR),
Tree Ripe (TR) and Storage (ST) Stages in 2010 (n = 3)

Hargrand Harlayne

2010 2010

compoundsa 2009 CR TR ST 2009 CR TR

catechin 18.5 ± 0.4 21.6 ± 0.3 b 26.4 ± 1.2 a 14.4 ± 0.9 c 3.4 ± 0.3 8.7 ± 0.2 a 0.2 ± 0.0 b
chlorogenic acid 15.0 ± 0.3 14.8 ± 0.6 b 18.4 ± 0.1 a 17.0 ± 2.6 a 8.7 ± 0.3 3.4 ± 0.1 a 2.3 ± 0.2 b
cyanidin-3-glucoside NDe 0.8 ± 0.0 ND ND 0.8 ± 0.0 0.8 ± 0.0 a 0.9 ± 0.0 b
epicatechin 3.6 ± 0.2 2.8 ± 0.2 b 4.1 ± 0.3 a 2.7 ± 0.2 b 1.4 ± 0.1 10.8 ± 0.1 a 5.8 ± 0.4 b
epigallocatechin 9.6 ± 1.0 18.4 ± 0.8 b 22.7 ± 1.1 a 12.5 ± 0.3 c 1.4 ± 0.2 6.6 ± 0.2 a 3.4 ± 0.5 b
neochlorogenic acid 7.0 ± 0.7 10.7 ± 0.6 b 12.9 ± 0.8 a 9.7 ± 0.7 b 5.6 ± 0.2 10.6 ± 0.2 a 6.6 ± 0.7 b
quercetin-3-glucoside 1.1 ± 0.0 1.1 ± 0.1 a 1.3 ± 0.0 a 1.2 ± 0.1 a 0.9 ± 0.0 0.9 ± 0.1 a 0.9 ± 0.1 a
quercetin derivative 1.3 ± 0.0 1.2 ± 0.0 a 1.3 ± 0.0 a 1.2 ± 0.1 a 1.0 ± 0.0 0.9 ± 0.1 a 0.9 ± 0.0 a
rutin 7.8 ± 0.2 9.9 ± 1.1 a 10.8 ± 1.8 a 12.0 ± 1.2 a 6.7 ± 0.4 4.9 ± 0.1 a 4.4 ± 0.4 a
unknown 1c,d 2.0 ± 0.3 8.7 ± 0.7 a 7.1 ± 0.6 a 4.0 ± 0.2 b 0.1 ± 0.0 13.3 ± 0.3 a 6.0 ± 0.9 b
unknown 2c,d 7.3 ± 0.7 6.6 ± 0.5 a 6.6 ± 0.6 a 5.8 ± 0.6 a 1.7 ± 0.1 9.7 ± 0.6 a 5.5 ± 0.6 b
total 73.1 ± 3.8 96.6 ± 4.9 b 111.6 ± 6.5 a 80.5 ± 6.9 c 31.7 ± 1.7 70.6 ± 2.0 a 37.0 ± 3.8 b

Harogem Vivagold Tomcotb

2010 2010 2010

compounds 2009 CR TR 2009 CR TR 2009 TR

catechin 8.7 ± 0.6 10.3 ± 0.8 a 2.7 ± 0.2 b 3.1 ± 0.0 6.6 ± 1.0 a 2.1 ± 0.0 b 4.6 ± 0.1 6.5 ± 0.6
chlorogenic acid 3.8 ± 0.2 4.0 ± 0.4 a 2.3 ± 0.1 b 3.4 ± 0.3 9.2 ± 0.3 a 3.1 ± 0.0 b 6.3 ± 0.2 5.2 ± 0.8
cyanidin-3-glucoside 1.2 ± 0.0 1.5 ± 0.1 a 2.4 ± 0.3 b ND 0.9 ± 0.0 ND 0.8 ± 0. 1 ND
epicatechin 5.8 ± 0.2 2.6 ± 0.2 b 4.3 ± 0.2 a 1.9 ± 0.0 2.8 ± 0.1 a 2.0 ± 0.1 b 1.4 ± 0.1 2.2 ± 0.1
epigallocatechin 3.6 ± 0.3 6.5 ± 0.6 a 4.7 ± 0.3 b 1.3 ± 0.0 1.4 ± 0.0 ND 1.8 ± 0.1 5.2 ± 0.6
neochlorogenic acid 10.2 ± 0.1 8.1 ± 0.8 a 5.8 ± 0.1 b 8.3 ± 0.8 11.8 ± 0.5 a 4.6 ± 0.1 b 18.6 ± 0. 7 12.8 ± 0.9
quercetin-3-glucoside 1.0 ± 0.0 0.9 ± 0.1 a 1.2 ± 0.1 a 0.9 ± 0.0 1.4 ± 0.1 a 0.9 ± 0.0 b 1.0 ± 0.0 0.8 ± 0.0
quercetin derivative 1.3 ± 0.0 1.5 ± 0.0 a 1.0 ± 0.1 b 1.4 ± 0.1 2.2 ± 0.1 a 1.1 ± 0.0 b 1.5 ± 0.1 0.9 ± 0.0
rutin 7.1 ± 0.5 10.6 ± 0.4 a 6.3 ± 0.4 b 9.7 ± 0.9 18.5 ± 0.9 a 4.9 ± 0.1 b 14.5 ± 1.0 4.7 ± 0.1
unknown 1 3.7 ± 0.1 2.6 ± 0.2 b 3.2 ± 0.1 a 1.0 ± 0.2 1.9 ± 0.5 a 1.1 ± 0.1 b 0.6 ± 0.1 2.8 ± 0.4
unknown 2 3.3 ± 0.3 2.4 ± 0.1 b 3.9 ± 0.3 a 2.2 ± 0.1 2.6 ± 0.3 a 2.7 ± 0.1 a 2.9 ± 0.2 7.1 ± 0.5
total 49.6 ± 2.4 51.0 ± 3.7 a 37.8 ± 3.2 b 33.1 ± 2.4 59.3 ± 3.8 a 22.5 ± 0.5 b 54.0 ± 2.7 48.1 ± 4.0

aWithin a variety, means not followed by the same letter indicate a significant difference between 2010 commercial ripe and tree ripe fruit (and
storage for Hargrand) for a phenolic compound (Tukey test, α = 0.05). b‘Tomcot’ was evaluated only at TR in 2010. c,dUnknowns 1 and 2 are
flavan-3-ols. eND: Not detected.

Figure 4. HPLC chromatogram of an apricot extract showing
carotenoid compounds at 450 nm. Identified compounds are
zeaxanthin (1), lutein (2), unknown (3), β-cryptoxanthin (4) and β-
carotene (5).
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Given the significant correlation between TP and AOX,
similar results as seen with phenolics were expected (i.e.,
decline or relative stability of phenolics with ripening).
‘Hargrand’ and ‘Harogem’, which had experienced no or little
phenolic content decline with ripening, did not change
significantly in AOX with ripening. ‘Harlayne’ and ‘Vivagold’
AOX decreased with ripening (p < 0.01), contrary to findings
by Hegedus et al.16 and Bartolini et al.,44 who studied two and
three apricot varieties, respectively, using the ferric reducing
antioxidant plasma (FRAP) assay. While Bartolini et al. also
observed a decrease with cold storage (4 ± 1 °C for 7 and 15
days), there were no significant differences in ‘Hargrand’ AOX
with ripening or storage.
Carotenoid Content. An initial assessment of total

carotenoid content (TC) was conducted in 2009 (data not
shown). Varietal ranking that year was, in decreasing order,
‘Hargrand’, ‘Harogem’, ‘Vivagold’, ‘Tomcot’ and ‘Harlayne’.
The methodology employed was discontinued due to poor
reproducibility, and a procedure based on methods by Craft et
al.24 was used in 2010 (Figure 2). ‘Hargrand’ had highest TC
(7371.1 μg BCE) and ‘Tomcot’, a variety not suited for cold
climates, the lowest (1312.1 μg BCE). A summation of
compounds concentrations resulted in the range 1231.5−
7481.6 μg; within this range fell the value used by the USDA
carotenoid database45 and originally reported by Khachik et
al.46 for apricots of an unidentified variety (6580 μg). Ruiz et
al.6 provided a much wider range for 25 light-orange and
orange fleshed apricot varieties produced in Spain (4920−
16500 μg). The variations in reported values are due to the
differences in extraction and quantification methodologies,
varieties used and sample maturity, as reported by Dragovic-
Uzelac et al.4 The humid continental climate of the Northeast
USA was also implicated in decreased carotenogenesis, given
findings by Rodriguez-Amaya et al.47 of higher carotenoid
concentrations in mango and papaya varities produced in
regions in Brazil with elevated temperatures when compared to
the same varities grown in cooler climates. However, using
values both from our study and the database compiled by
Holden et al.,45 apricot TC remained higher than those of other

more-frequently consumed fruits. Relationships observed by
Ruiz et al.6 between color parameter a of flesh (R = 0.93) as
well as hue angle of peel (R = 0.84) and total carotenoid
content were not observed in our study, nor were any strong
correlations with any other peel or flesh color parameter,
possibly due to varietal phenotypic similarity. Despite the low
contribution from lipophilic constituents to total antioxidant
content, a correlation of R = 0.75 was found between TC and
AOX.
Four carotenoid compounds were identified and quantified

(Figure 4) and the concentrations of one unidentified but
prominent compound also recorded. β-carotene was the
predominant carotenoid compound, accounting for at least
90% of quantified carotenoid content in all varieties and having
a strong correlation (R = 0.98) with TC. Although reported in
some varieties in other studies,6,7,46 lycopene was not detected
in our samples; zeaxanthin content was variety-dependent,
being absent in ‘Tomcot’ and ‘Vivagold’ (Table 5).
In all varieties, sharp increases in carotenoid content were

observed from CR to TR (Figure 5). Similar results have been
reported by Dragovic-Uzelac et al.,4 Katayama et al.7 and
Salunkhe et al.35 This phenomenon has been attributed to an
upregulation of carotenoid gene expression (phytoene
synthase) with ripening.10 The enzyme catalyzes the first
committed step of carotenoid synthesis, the conversion of
geranylgeranyl pyrophosphate to phytoene; phytoene serves as
a precursor of lycopene from which several other carotenoid
compounds are synthesized. Of the three categories of bioactive
compounds evaluated in this study, carotenoids were the only
group to show significant change under cold storage, with
‘Hargrand’ TC increasing 5-fold from CR to ST. Increase in TC
with on-tree ripening ranged from 3-fold in ‘Vivagold’ to 6-fold
in ‘Hargrand’. The degree of carotenoid increase with apricot
ripening was an important finding as it has significant
implications for how production practices (early versus late
harvesting) or personal preferences (e.g., eating unripe fruit)
affect the amount of vitamin A available to consumers.
Additionally, given the time between ‘Hargrand’ CR and TR
(6 days) and CR and ST (four weeks), our results seem to

Table 5. Carotenoid Compounds (μg/100 g) and Vitamin A Retinol Activity Equivalents (μg/100 g) in Northeast Apricot
Varieties Evaluated at Commercial Ripe (CR), Tree Ripe (TR) and Storage (ST) Stages in 2010 (n = 3)

Hargrand Harlayne

compoundsa CR TR ST CR TR

beta-carotene 1041.7 ± 77.8 c 7174.5 ± 763.4 a 5930.9 ± 565.5 b 1665.8 ± 154.3 b 5600.3 ± 116.8 a
beta-cryptoxanthin 12.4 ± 2.9 c 31.6 ± 3.9 a 24.5 ± 3.5 b 12.1 ± 2.8 b 41.1 ± 8.1 a
lutein 8.4 ± 0.8 a 10.5 ± 1.1 a 11.9 ± 1.4 a 7.3 ± 0.5 b 12.0 ± 0.1 a
zeaxanthin 107.6 ± 2.8 a 238.7 ± 10.5 b NDd ND 104.0 ± 8.4
unknown 9.6 ± 1.8 b 26.3 ± 2.7 a 35.6 ± 10.4 a 18.8 ± 0.8 b 28.9 ± 5.0 a
vitamin A, RAEc 87.3 ± 6.6 b 599.2 ± 55.4 a 495.3 ± 47.3 a 139.3 ± 13.0 b 468.4 ± 9.9 a

Harogem Vivagold Tomcotb

compounds CR TR CR TR TR

beta-carotene 1234.9 ± 35 b 4361.3 ± 148.4 a 687.0 ± 64.4 b 1971.6 ± 50.5 a 1147.4 ± 74.4
beta-cryptoxanthin 9.3 ± 0.3 b 31.2 ± 3.4 a 8.7 ± 0.9 b 13.9 ± 0.0 a 8.0 ± 0.5
lutein 13.3 ± 1.6 a 10.0 ± 0.3 b 5.6 ± 0.1 b 7.4 ± 1.0 a 7.9 ± 0.6
zeaxanthin 68.3 ± 5.2 b 94.8 ± 7.0 a ND ND ND
unknown 6.6 ± 0.1 b 40.7 ± 8.4 a 63.0 ± 5.2 a 66.7 ± 0.8 a 68.2 ± 9.5
vitamin A, RAE 103.3 ± 2.9 b 364.8 ± 29.2 a 57.6 ± 5.4 b 164.9 ± 4.2 a 95.95 ± 6.2

aWithin a variety, means not followed by the same letter indicate a significant difference between 2010 commercial ripe and tree ripe fruit (and
storage for Hargrand) for a carotenoid compound (Tukey test, α = 0.05). b‘Tomcot’ was evaluated only at TR in 2010. cRAE: Retinol activity
equivalents (1 μg RAE = 12 μg beta-carotene or 24 μg beta-cryptoxanthin). dND: Not detected.
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suggest that tree-ripened fruit may be a better source of vitamin
A, considering the rapid increase that occurred with on-tree
ripening. It would be beneficial in future studies to assess the
progression of carotenoid accumulation under cold storage to
determine if there is an optimum shelf life for apricots under
such conditions in terms of carotenoid content. Consistent
increases with ripening were observed in β-carotene and β-
cryptoxanthin (Table 5).7 β-carotene remained the predom-

inant carotenoid and main determinant of fruit carotenoid
content; the marked increases in TC were due to the increases
in the concentration of this compound. Zeaxanthin was found
to be influenced by maturity at harvest (in ‘Harlayne’ and
‘Vivagold’) and postharvest storage (in ‘Hargrand’).
A major appeal of apricots remains their provitamin A

content. This was evaluated taking into consideration the
recommended dietary allowance (RDA) of 900 μg retinol
activity equivalent (RAE) for males 14 years and older, and
accepted methods of calculation of dietary provitamin A (1
RAE = 12 μg β-carotene or 24 μg β-cryptoxanthin).48,49 A 100
g serving of CR apricots supplied 6−15% RDA. With increases
as fruit ripened, TR fruit provided 18−67%, making these
varieties good (‘Vivagold’) or excellent (‘Harogem’, ‘Vivagold’,
‘Harlayne’ and ‘Hargrand’) sources of vitamin A. An RDA of
55% in stored ‘Hargrand’ showed that both on-tree and off-tree
ripening yield fruit with considerable vitamin A content.
In conclusion, this study provided important information on

commercial apricot varieties cultivated in the Northeast USA
and proved them noteworthy sources of beneficial phytochem-
icals. We identified ‘Hargrand’ apricot as having particularly
high phenolic, antioxidant and carotenoid content. Selected
flavan-3-ols (catechin and epigallocatechin) and hydroxycin-
namic acids (chlorogenic and neochlorogenic acid) proved
good indicators of varietal phenolic and antioxidant content,
while β-carotene was most indicative of carotenoid content.
‘Hargrand’ consistently compared favorably against some more
popular fruits in phenolic content and antioxidant capacity. All
tree-ripe apricot varieties assessed represent good or excellent
sources of vitamin A. Seasonal variations influenced some
quality indices but had less categorical influences on bioactive
compound concentration. Varieties differed in the responses of
their phenolic and antioxidant components to ripening,
although a trend of decreasing phenolic content was observed
in the majority of varieties. In all varieties, a large increase in
carotenoid content, and consequently vitamin A, was found in
tree-ripened fruit compared to fruit harvested at commercial
maturity. The effects of varietal and harvest variations on
bioactive compounds illustrated the susceptibility of these
compounds to horticultural practices, and highlighted the need
for better understanding and, where possible, control of these
in order to ensure optimum levels of fruit phytochemicals.
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