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ABSTRACT

Two apricot genotypes, ‘Gönci magyarkajszi’ and ‘Preventa’ were assayed at three ripening stages for fl esh color indices (L*, a*, b*, C* and 
Ho), contents of total phenolics and vitamin C, and both water- and lipid-soluble antioxidant capacities (ferric reducing antioxidant power; 
2,2’-diphenyl-1-picrylhydrazyl scavenging activity; total radical scavenging activity; and Photochem lipid-soluble antioxidant capacity) 
to compare their dynamics in the accumulation of antioxidant compounds and capacities through ripening. The increase in a*, b* and C* 
and decrease in Ho during ripening represented a color shift from green to yellow and orange due to carotenoid accumulation. Parallel to 
carotenoid accumulation, contents of total phenolics and vitamin C and antioxidant capacity increased signifi cantly (p ≤ 0.05) from unripe to 
fully ripe fruits. More phenolics and vitamin C accumulated in fully ripe fruits of ‘Preventa’ than ‘Gönci magyarkajszi’. The accumulation 
patterns of these compounds were different: while the vitamin C contents in unripe fruit of ‘Preventa’ and ‘Gönci magyarkajszi’ were 
identical (approx. 6 mg/100 g fresh weight), unripe ‘Preventa’ contained even more phenolics (approx. 12 mmolGA/l) than fully ripe ‘Gönci 
magyarkajszi’ (8 mmolGA/l). Our results confi rm that fully ripe ‘Preventa’ fruits are characterized by outstanding functional properties due 
to the increased accumulation of vitamin C and phenolics throughout the ripening process.
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INTRODUCTION

Raw plant materials are considered to have valuable health-
promoting effects mainly due to the high levels of a wide range 
of antioxidant compounds present in their tissues (Liu, 2003, 
Moselhy and Ali, 2009, Papp et al., 2010, Tosun et al., 2009). 
The importance of antioxidant compounds is highlighted by 
the fact that artifi cial supplementation of some of these agents 
might even have harmful effects on the redox homeostasis 
of the human body (Halliwell, 2000). Recently, it has been 
shown that apricot (Prunus armeniaca L.) fruits provide 
protection against radiation and have in vivo cardio-protective 
activity that are associated with its antioxidant phenolic 
contents (Parlakpinar et al., 2009, Ugras et al., 2010). Besides 
polyphenolics, apricot is also a rich source of carotenoids and 
vitamin C (Akin et al., 2008, Hegedus et al., 2010, Ruiz et al., 
2005).

Numerous factors have been shown to infl uence the fruit 
antioxidant capacity or quantity of individual antioxidant 
compounds in stone fruit species, including genotype 
(Drogoudi et al., 2008, Hegedus et al., 2010), geographic region 
of cultivation (Dragovic-Uzelac et al., 2007, Munzuroglu et 
al., 2003), harvest year (Hegedus et al., 2010) and the length 
of the fruit development period (Leccese et al., 2008). The 
biosynthesis of polyphenolic compounds has been determined 
to be induced by several stress effects including heat and 
cold, radiation etc. (Pfeiffer and Hegedus, 2011). Apricot 
antioxidants were also found to be sensitive to storage and 

processing with polyphenolics being one of the most stable 
groups of antioxidant compounds (Amarowicz et al., 2009, 
Egea et al., 2006, Jiménez et al., 2008).

The details of fruit ripening have been well studied in 
Prunus because of its economic and scientifi c relevance. The 
ripening of climacteric stone fruits can be marked by a steep 
increase in respiratory rates and ethylene evolution (Payasi 
and Sanwal, 2010). Biochemical changes during the ripening 
process of apricot were reported in contents of proteins, free 
amino acids, and total and soluble carbohydrates (Sharaf et 
al., 1989). The most characteristic feature of the ripening of 
apricot fruit is that its unripe green color turns yellow due to 
the enhanced biosynthesis of carotenoids (Katayama et al., 
1971), especially b-carotene, representing 70–85% of the total 
carotenoid content (Dragovic-Uzelac et al., 2007).

Considering quantitative changes in total polyphenolic 
contents, immature fruits showed the highest levels of 
polyphenols, with decreased levels at the semi-mature stage, 
and remaining relatively unchanged in commercially mature 
fruits (Dragovic-Uzelac et al., 2007). The vitamin C content in 
ripening fruits is said to change in a species-specifi c manner 
(Lee and Kader, 2000); however for apricot, both decreases 
(Egea et al., 2006) and increases (Lee and Kader, 2000) during 
the ripening process were reported in studies analyzing 
different cultivars.

Recently,  the advanced select ion ‘Preventa’  has 
demonstrated its outstanding antioxidant properties among 
27 apricot cultivars (Hegedus et al., 2010). Our present study 
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focuses on the comparison of this apricot hybrid and cultivar 
‘Gönci magyarkajszi’ with strikingly lower antioxidant 
capacity and contents. Color indices were used to ensure the 
sampling of identical ripening stages for the two genotypes. 
The changes in contents of total phenolics and vitamin C as 
well as water- and lipid-soluble antioxidant and antiradical 
capacities were determined at different ripening stages to 
compare the dynamics in the accumulation of antioxidant 
compounds and capacity throughout ripening and assess 
how the variations observed between ripe fruits of different 
genotypes are formed.

MATERIALS AND METHODS

Chemicals

All reagents used were of HPLC or analytical grade. Luminol, 
2,2’-diphenyl-1-picrylhydrazyl and microperoxidase were 
obtained from Sigma; and 2,4,6-tripyridyl-s-triazine (TPTZ) 
and Folin-Ciocalteu’s reagent from Fluka. The lipid-soluble 
antioxidant capacity (ACL) kits for the Photochem assay were 
purchased from Analytic Jena. Gallic acid monohydrate and 
L-ascorbic acid (Vitamin C) standards were obtained from 
Sigma and Fluka, respectively.

Plant material

Two apricot cultivars were used in the experiments, a 
commercial cultivar ‘Gönci magyarkajszi’ and a hybrid 
‘Preventa’ obtained from the apricot-breeding program 
conducted at the Department of Genetics and Plant Breeding, 
Corvinus University of Budapest (CUB). Both cultivars were 
grafted on Myrobalan rootstock and grown in the same orchard 
(Szigetcsép, Central Hungary, 47° N latitude, 18° E longitude 
and 95 m altitude). Fruit were harvested at three ripening 
stages based on fruit size and background fruit color (unripe: 
undeveloped green fruits, half-ripe: normal sized and slightly 
yellowing fruits, fully ripe: normal sized, yellow colored 
with red blush). Fruit were picked and frozen at -80 oC until 
analysis. For analysis, fruits were partially thawed, stones 
were removed, apricots (with skin) were cut into small pieces, 
and processing of purees was performed using a 350 W house 
blender (Bosch MMR0800, Stuttgart, Germany). This procedure 
is expected to extract a fraction of the skin antioxidants. 
Homogenization was carried out at 4 oC for 5 min. The puree 
was immediately used for analysis.

Fruit color indices

The CIELAB color indices of apricot were determined with 
a MOMCOLOR 100 instrument (MOM, Budapest, Hungary) 
on the skin surface (ground color) and fl esh (cut surface) of 
15 fruits for each genotype. The color space coordinates L*, 
a*, b* were determined, after which hue angle (H°=arctangent 
(b*/a*)), and chroma [C*=(a*2+b*2)1/2] were calculated.

Extraction for redox assays

Apricots were divided into three batches for independent 
extractions of approximately 100 g fresh weight. Fruits were 
halved, then homogenized and centrifuged (4 oC, 35 min, 
18750g), and supernatants were used for the redox assays.

Antioxidant activity according to the ferric reducing antioxidant power 
(FRAP) assay

Antioxidant capacity was determined using the FRAP assay 
(Benzie and Strain, 1996). Absorbance was measured at 593 nm 
at 0 and 6 min. Ascorbic acid was used as a control to obtain 
the standard curve and FRAP value was calculated relevant 
to the activity of ascorbic acid and expressed as ascorbic acid 
(AA) equivalents.

DPPH radical scavenging activity

The 2,2’-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging 
activity was measured spectrophotometrically (Blois, 1958, 
Hatano et al., 1988). Absorbance of the methanolic DPPH-dye 
was monitored at 517 nm. For characterization of the activity, 
DPPH degradation was measured using 10-fold diluted 
supernatants.

Total radical scavenger activity (TRSA)

Total radical scavenger activity (TRSA) was measured using 
a chemiluminescense assay (Blazovics et al., 1999). A Lumat 
9501 luminometer (Berthold, Bad Wildbad, Germany) was 
used for total scavenger capacity determination of the apricot 
extracts. The emitted light was measured in the 390-620 nm 
range. Reaction mixture contained H2O2 (0.30 ml, 10-4 dilution 
of 33% H2O2), microperoxidase (0.30 ml of 1 mM) as a catalyst 
and alkaline luminol solution (pH 9.8) (0.050 ml of 0.07 mM). 
The emitted photons were accumulated during a 30 s exposure 
and expressed in relative light units (RLU%). Extraction 
supernatants (0.050 ml of 100-fold dilution) were added to the 
luminol solution and vortexed (10 s) before analysis.

Photochem assay

The superoxide radical/luminol scavenging capacity was 
measured in a photochemiluminescence assay with a 
Photochem® instrument (Analytik Jena AG, Jena, Germany). 
Superoxide anion radicals are generated from luminol, a 
photosensitizer, when exposed to UV light. The lipophilic 
radical scavenging activities were measured according to 
Popov and Lewin (1996) using the ACL kit provided by the 
manufacturer. The extraction was also carried out according 
to the manufacturer’s protocol using methanol. Results are 
expressed as nmol Trolox eq./l fruit juice.

Measurement of total phenolic content (TPC)

Total phenolic content (TPC) was measured using Folin-
Ciocalteu’s reagent according to the method of Singleton and 
Rossi (1965). Absorbance was monitored at 760 nm and the 
content of soluble phenols was calculated from a standard 
curve based on gallic acid concentrations.

Determination of vitamin C content

Vitamin C content was determined using high performance 
liquid chromatography (HPLC) (Agilent Technologies, 
Waldbronn, Germany) coupled with a diode array detector. 
The extraction and measurement were carried out according 
to the previously described method (Engel et al., 2010). Based 
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on the UV spectra of ascorbic acid 254 nm was chosen for the 
detection.

Statistical analyses

Data presented for each cultivar and ripening stage represent 
the mean values determined from three independent 
homogenates. After testing for normal distribution and 
equality of variances, one-way analysis of variance (ANOVA) 
was carried out and signifi cant differences among the six data 
(three maturity stages by two genotypes) within a background 
or flesh color grouping were calculated according to a 
Duncan’s multiple range test with p ≤ 0.05 being considered 
signifi cant in all analyses.

RESULTS AND DISCUSSION

Changes in color, total phenolic and vitamin C contents

The most striking feature of apricot ripening is the change in 
color from green to yellow due to carotenoid accumulation in 
fruit peel and fl esh (Katayama et al., 1971). Similar to other 
reports (Akin et al., 2008, Ruiz et al., 2005), the L*, a*, b* and C* 
values in the skin were, in general, higher than in the fl esh for 
each genotype, while Ho did not show consistent differences 
between skin and fl esh. The lightness factor L*, measured on 
the fruit skin, increased during the entire ripening process for 
both cultivars. A great proportion of this increase coincided 
with the fi rst phase of the ripening process characterized by 
chlorophyll degradation in developing fruits. The increase in 
fl esh L* was also evident in the half-ripe fruits followed by a 
slight, non-signifi cant decrease in ripe fruits. This indicates 
that fruit become lighter during an early stage of ripening 
due to chlorophyll loss, and subsequently darken slightly as 
carotenoid accumulates in the fruits. This is further confi rmed 
by the changes in other color indices: the increases in a*, b* 
and C* and decrease in Ho represents a color shift from green 
to yellow and orange. Hue angle in itself was shown to be 
closely correlated (r=0.94) to total carotenoid content of apricot 
fl esh (Ruiz et al., 2005) and hence this parameter was a suitable 
choice to monitor changes in carotenoid contents during 
ripening. Ho values are expressed in degrees and decreased 
from 120o to 70o during the ripening period, with fruits fi rst 
appearing green in color and gradually changing to yellow 
or orange. A much greater increase in Ho values was detected 
between half-ripe and fully ripe stages as these ripening 
stages were determined on the basis of skin color. A notable 
difference was detected in the dynamics of change in fl esh Ho 
values of ‘Gönci magyarkajszi’ and ‘Preventa’, indicating that 
a rapid increase in the carotenoid content coincides with the 
later stages of ripening of ‘Gönci magyarkajszi’ fruits, while 
‘Preventa’ is characterized by a more consistent carotenoid 
increase in fl esh from unripe to fully ripe stages. However, 
both genotypes showed very similar Ho values in skin. Ruiz 
et al. (2005) analyzed several apricot breeding lines with fl esh 
colors ranging from white to orange. A difference in the Ho 
values of 93.45 to 67.75 represented a variation in total fl esh 
carotenoids content of 1.51 and 16.5 mg/100g fresh weight, 
respectively. The Ho values determined in the present study 
decreased from the initial level of 116-117 to the value of 70-
73 in fully ripe fruit. The close correlation between hue angle 
and total carotenoid content of apricot fl esh indicates that 

carotenoids accumulated from practically zero to approx. 16 
mg/100g during the examined period of the apricot ripening, 
based on regressions developed by Ruiz et al. (2005).

The total phenolic content of apricot increased steadily 
throughout the ripening period (Fig. 1A). The most notable 
difference between apricot accessions was the TPC of unripe 
‘Preventa’ fruit being signifi cantly higher than that of the ripe 
‘Gönci magyarkajszi’. In addition, more phenolics accumulated 
in ‘Preventa’ (9 mmolGA/l) than ‘Gönci magyarkajszi’ (4 
mmolGA/l) during ripening. Another interesting feature was 
the proportion of TPC increase between the ripening stages: 
‘Gönci magyarkajszi’ and ‘Preventa’ fruits accumulated 70% 
of TPC in the fi rst and second half of the ripening process, 
respectively. It reveals that TPC formation became more 
intensive at an earlier ripening stage in ‘Preventa’ fruits 
as compared to ‘Gönci magyarkajszi’ and remained active 
toward the end of the ripening period. In contrast to our data, 
unripe fruits were previously shown to contain the highest 
level of polyphenols, which decreased at the half-ripe stage 
and did not change appreciably in fully ripe fruits (Dragovic-
Uzelac et al., 2007). The inconsistencies might be explained 
by genotypic differences or differences between the assays 
used. As a possibility, while the Folin assay clearly detects the 
total Folin reducing ability contributed by all polyphenolics 
present in the sample, it might also be infl uenced by non-
phenolic antioxidants (Huang et al., 2005). In contrast, only a 
selected number of phenolic compounds were quantifi ed using 
HPLC analysis. The extent of hydroxylation, unsaturation in 
the C ring as well as o-dihydroxyl structure in the B ring all 
contribute to the antioxidant potential of fl avonoids (Rice-
Evans et al., 1996). In addition, a marked decrease in the total 
phenolic content might induce only a slight decrease in total 
antioxidant capacity if those polyphenolics having higher 
antioxidant capacity (Pulido et al., 2000, Rice-Evans et al., 
1996) are retained more than those with lower antioxidant 
power. However, clarifi cation will require phytochemical and 
gene expression analysis. Another possibility might be that the 
ripening stages in the two studies were not exactly identical 
and hence covered different physiological conditions.

The vitamin C content of apricot gradually increased 
through the ripening stages (Fig. 1B). Although ripe ‘Preventa’ 
fruit contained approx. 25% more vitamin C than ‘Gönci 
magyarkajszi’, vitamin C contents in unripe fruits of 
both cultivars were identical. During ripening, ‘Preventa’ 
accumulated more vitamin C than ‘Gönci magyarkajszi’, 
and the proportions of the accumulated quantities were very 
similar in both cultivars: 40% of the total increase occurred 
in the fi rst half of the ripening process, and the remaining 
60% in the latter half. This is very similar to the changes that 
occurred during the ripening of ‘Tilton’ apricots (Lee and 
Kader, 2000), suggesting that the dynamics in the accumulation 
of vitamin C in apricot fruit are less infl uenced by genotype 
or environmental effects and more by the physiological 
consequences of ripening. Plants convert uronic acids to 
ascorbic acid as a mechanism to salvage carbon arising from 
the breakdown of cell walls, as occurs during fruit ripening 
and softening (Davey et al., 2000).

Changes in antioxidant and antiradical capacities

There are only a limited number of studies describing 
the changes in total antioxidant capacity of Prunus fruit 
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throughout ripening (Díaz-Mula et al., 2008, Kristl et al., 2011, 
Serrano et al., 2005). Ferric reducing antioxidant power was 
a suitable parameter to characterize the antioxidant capacity 
of various fruit crops including apricots (Guo et al., 2003, 
Hegedus et al., 2008, Hegedus et al., 2010, Papp et al., 2010). 
‘Preventa’ was characterized by much higher antioxidant 
capacity in all assays (Fig. 1). Perhaps the specifi c genetic 
constitutions of ‘Gönci magyarkajszi’ and ‘Preventa’ might 
account for the huge variations in antioxidant capacity 
between these two genotypes, since their origins reside in 
the European and Central Asian ecogeographic groups, 
respectively (Halász, 2007). Differences among all three 
ripening stages were also evident and seemed to be very 

similar from the tendency detected by the TPC assay (Fig. 
1A,C). Correlation between FRAP and TPC data was close in 
many cases (Hegedus et al., 2010, Tosun et al., 2009), which 
might be explained since a considerable fraction of antioxidant 
power is attributed to polyphenolics (Jacobo-Velázquez and 
Cisneros-Zevallos, 2009) and also the similar chemistry of these 
assays (Huang et al., 2005).

The DPPH radical scavenging method differentiated 
between the assayed cultivars by demonstrating consistently 
higher antiradical activities for ‘Preventa’ than ‘Gönci 
magyarkajszi’ across all ripening stages (Fig. 1D). While 
unripe and half-ripe fruits of either cultivar did not exhibit 
differences in antiradical activities, fully ripe fruit were 

Figure 1: Total phenolic content (A), vitamin C content (B), ferric reducing antioxidant power, FRAP (C), 2,2’-diphenyl-1-picrylhydrazyl, 
DPPH, scavenging activity (D), Photochem lipid-soluble antioxidant capacity, ACL (E), and total radical scavenging activity, TRSA (F) of 
‘Gönci magyarkajszi’ and ‘Preventa’ apricots at different ripening stages. Vertical lines represent SDs (n=3) and different letters indicate 
signifi cantly different values at p ≤ 0.05 according to a Duncan’s multiple range test.
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characterized by significantly higher DPPH scavenging 
activity. Since DPPH is a stable free radical that is very 
different from the physiologically relevant transient peroxyl 
radicals (Huang et al., 2005) other antiradical assays were also 
carried out. The Photochem ACL parameter was established 
to characterize lipid-soluble antiradical capacity against 
superoxide/luminol radicals (Popov and Lewin, 1996), 
although it was confi rmed to also be infl uenced by water-
soluble antioxidants (e.g. ascorbic acid) while some lipid-
soluble compounds (e.g. carotenoids) seemed to not contribute 
to the ACL values (DiNardo et al., 2004, Hegedus et al., 2010). 
Signifi cant but smaller scale differences occurred between 
unripe and half-ripe fruits of both cultivars than between 
unripe/half-ripe and fully ripe fruits (Fig. 1E). The tendency 
is similar to that obtained by the DPPH assay, although the 
proportions were different. It suggests that DPPH and ACL 
measure a similar group of antioxidants but ACL is a more 
sensitive method.

A chemiluminescent assay, TRSA, characterizes the 
hydroxyl and luminol radical scavenging capacity of samples. 
The lower the detected luminometric light intensity, the 
higher the total scavenging ability of antioxidants is in the 
sample. An increase in the TRSA was detected between the 
unripe and half-ripe stages of ‘Gönci magyarkajszi’ fruits, 
which did not change remarkably in fully ripe fruit (Fig. 1F). 
In contrast, TRSA of ‘Preventa’ did not change during the fi rst 
half of the ripening process but became signifi cantly higher 
in ripe fruit. This tendency is very similar to the proportions 
of TPC accumulation throughout ripening, suggesting that 
TRSA is more sensitive for these compounds. However, other 

compounds, including carotenoids, may also infl uence the 
TRSA values (Hegedus et al., 2010), while carotenoids lack 
ferric reducing ability (Pulido et al., 2000). The variations in 
results of antioxidant assays are possibly due to the diverse 
reactions taking place among different oxidizing agents 
(ferrous ions, DPPH, hydroxyl, superoxide and luminol 
radicals) and different classes of antioxidants in the sample.

In conclusion, the fl esh Ho values indicated a rapid increase 
in the carotenoid content during the later stages of ripening of 
‘Gönci magyarkajszi’ fruits, while ‘Preventa’ was characterized 
by a more consistent carotenoid increase throughout 
ripening. The fully ripe fruits of ‘Preventa’ contained more 
polyphenolics and vitamin C than ‘Gönci magyarkajszi’ and 
hence might be considered as a natural source of health-
promoting agents. However, the accumulation patterns of the 
antioxidants were very different in the two assayed apricots: 
the vitamin C content of the unripe fruit of ‘Preventa’ and 
‘Gönci magyarkajszi’ were identical, while unripe ‘Preventa’ 
contained even more polyphenolics than fully ripe ‘Gönci 
magyarkajszi’. The changes in the antioxidant capacity during 
ripening were dependent on the choice of assay; however, all 
methods demonstrated that contents of individual antioxidant 
molecules and antioxidant capacity increased in both tested 
cultivars throughout ripening. Our results clearly confi rmed 
that fruits should be harvested at fully ripe stage to provide 
considerable health-benefi ts (Díaz-Mula et al., 2008).

In addition, our data may also bear ecological relevancies. 
It has been long known that fruits accumulate sugars, acids 
and minerals during ripening to supply energy and nutrients 
for seed dispersing animals. It is alluring to consider that 

TABLE 1
‘Preventa’ and ‘Gönci magyarkajszi’ mean values (±SD) of color indices L*, a*, b*, C* and H° of fruit surface (background color)

and fl esh across ripening stages*

Genotype / ripening stage L* a* b* C* Ho

Background color

Gönci magyarkajszi / unripe 53.34±1.10a -20.05±2.55a 36.14±2.05a 41.33±0.84b 119.02±3.83a

Gönci magyarkajszi / half-ripe 60.99±1.75b -15.58±1.26b 37.85±1.90a 40.93±1.00b 112.37±2.81b

Gönci magyarkajszi / fully ripe 62.95±2.31b 10.79±2.88c 42.94±3.13b 44.27±1.16b 75.89±3.21c

Preventa / unripe 52.71±2.08a -16.17±2.40a 32.80±1.68a 36.57±1.52a 116.24±6.49a

Preventa / half-ripe 62.40±1.83b -12.52±1.92b 41.60±1.35b 43.45±1.35b 106.74±6.00ab

Preventa / fully ripe 63.20±2.45b 7.43±1.70c 47.23±2.33c 47.81±1.32c 81.06±5.49c

Flesh color

Gönci magyarkajszi / unripe 41.07±3.72a -12.23±4.35a 24.57±3.38a 27.45±1.50a 116.46±1.51a

Gönci magyarkajszi / half-ripe 59.28±1.23c -15.96±2.05a 36.41±1.51b 39.76±1.13b 113.67±2.18a

Gönci magyarkajszi / fully ripe 58.47±1.11bc 17.13±2.10c 49.04±1.92c 51.94±2.06d 70.75±1.15c

Preventa / unripe 56.33±1.22b -16.74±2.45a 32.67±3.54ab 36.71±1.34b 117.13±1.37a

Preventa / half-ripe 60.20±2.12c -5.80±1.55b 42.92±1.66b 43.31±2.06c 97.70±1.06b

Preventa / fully ripe 59.77±1.79c 14.20±2.22c 47.27±1.92c 49.36±1.44cd 73.28±1.35c

*Means followed by the same letter within a background or fl esh color grouping do not differ signifi cantly at the p ≤ 0.05 level according to a Duncan multiple range test.
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fruit consumption also provides a kind of antioxidant reward 
(Schaefer et al., 2008) for frugivores since the increase in 
water-soluble and colorless antioxidants throughout ripening 
seems to be closely coupled with carotenoid accumulation as a 
potential visual signal for them.
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