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considered to be safer for themselves and the environment, 
cleaner, more nutritious and healthier than conventionally 
grown ones (Magnusson et al., 2003; Lester, 2006).

The farm management can affect soil dynamics and plant 
metabolism, and potentially resulting in differences in plant 
productivity, both yield and quality attributes (Condron et 
al., 2000; Herencia et al., 2007). Determining the nutrition-
al potential of organic food is not a simple task because nu-
merous factors, including weather, specific environmental 
and pedological conditions, influence the quality in terms of 
pomological characteristics and amount of vitamins and phy-
tochemicals, such as phenols, flavonoids, carotenoids (Crin-
nion, 2010; Gąstoł et al., 2011).

Many fruit species have been studied for their nutraceu-
tical properties, and a large source of variability related to 
fruit quality traits has been attributed to the genotype effect, 
as also found in apricot culture (Scalzo et al., 2005; Leccese et 
al., 2012a). This fruit species (Prunus armeniaca L.) is charac-
terised by a non-surplus production, with a notable richness 
of local genotypes which may let to valorise the cultivation in 
different environmental areas (Audergon et al., 2006). Fresh 
apricots are a good source of fibres, minerals (potassium, cal-
cium, iron, magnesium, zinc, phosphorus and selenium) and 
vitamins such as vitamin A, vitamin C, thiamin, riboflavin, ni-
acin and pantothenic acid compared to the very low energy 
intake per 100 g of fresh product (Lichou et al., 2003). Breed-
ing programs, carried out at the Department of Agriculture, 
Food and Environment (University of Pisa, Italy), have pro-
duced new appealing apricot cultivars whose fruits have 
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 Summary
In recent years, consumers are interested in 

low-input agricultural practices and healthy foods. 
The aim of this research was to assess the pomologi-
cal quality and antioxidant properties of organic apri-
cot fruits from several cultivars which have been pre-
viously evaluated under integrated cultivation. Apri-
cot quality after cold storage (14 days at 4 ± 0.5°C, 
90% relative humidity) was also tested in order to 
evaluate the fruit storability. Fruits from seven Italian 
apricot cultivars (Prunus armeniaca L.), grown under 
organic management system, were analyzed accord-
ing to the main physicochemical traits, total antiox-
idant activity (TAC) and total phenols content (TP). 
Organic practices did not always have a significant 
influence on the major fruit quality attributes. Three 
out of seven genotypes positively responded to organ-
ic management showing, in particular, higher TAC and 
TP levels than integrated apricot fruits. Moreover, the 
capacity to keep unchanged the physicochemical and 
antioxidant properties of fruits after storage was an 
interesting result considering the high susceptibility 
of fresh apricots to conservation. The maintenance of 
high quality parameters could be an added-value for 
organic apricot productions. In conclusion, this study 
provides new perspectives for organically grown 
apricots, confirming the importance of the cultivar’s 
choice in order to obtain the best quality performanc-
es, in agreement to researches establishing as the 
genotype may influence more than any other parame-
ters the fruit quality characteristics.
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Significance of this study
What is already known on this subject?
•	 The growing demand for organic foods addresses 

researchers to pay attention on quality profile of 
organically produced fruits. Actually, studies on 
apricot fruits from organic cultivations are still scanty.

What are the new findings?
•	 Some apricot genotypes positively responded to 

organic management maintaining unchangeable 
physicochemical and antioxidant properties of fruits 
also after storage.

What is the expected impact on horticulture?
•	 Provide new perspectives for organically grown 

apricots, taking into account the importance of the 
cultivar’s choice in order to maximize the fruit quality 
attributes.

Introduction
In recent years, the ever growing concerns of consum-

ers toward health and safety foods emphasized the role of 
phytochemicals and antioxidant compounds able to counter 
noxious free radicals (Liu, 2003). Several studies have ascer-
tained a negative association between intake of fruits and/
or vegetables and risk of cancer or cardiovascular disease  
(Linseisen et al., 2007; Dauchet et al., 2009). These products, 
due to the considerable amount of phytochemicals which 
may have beneficial effects on human health, are perceived 
by consumers as produced by low input agricultural prac-
tices. In  particular, organically grown fruits are commonly 
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excellent organoleptic traits and nutraceutical profile. The 
quality attributes have been generally established using in-
tegrated agricultural practices, but the increased consumer’s 
demand for healthier and safe-controlled fruits addressed 
researchers to pay attention on quality profile of organically 
produced apricots, as alternative to conventional agricultur-
al practices.

Thus, the aim of this research was to assess the pomo-
logical quality and antioxidant properties of organic apricot 
fruits from several cultivars which have been previously 
evaluated under integrated cultivation. Apricot quality after 
cold storage was also tested in order to evaluate the fruit 
storability.

Materials and methods

Cultivars and fruit sampling
Seven Italian apricot cultivars (‘Bona’, ‘San Castrese’, ‘Am-

miraglia’, ‘Dulcinea’, ‘Pisana’, ‘Silvana’, ‘Marietta’) were eval-
uated under organic cultivation, over two harvest seasons 
(2009 and 2010). The main characteristics of cultivars, such 
as parental lines, ripening and harvest time, fruit size, eating 
quality and stress susceptibility are shown in Table 1. With 
the exception of ‘San Castrese’, originated from South Italy 
(Campania), the other ones were obtained from breeding 
programs carried out at Pisa University (Department of Agri-
culture, Food and Environment).

Trees (15 years old), grown at ‘Azienda Agricola Camillo 
Pacini’ (Tuscany, Italy, altitude 12 m a.s.l., lat. 43°47’13.6”N, 
long. 10°25’19.3”E), were planted in a completely random-
ized experimental design, grafted onto Myrobolan 29/C root-
stock, and trained as a free palmette system spaced at 4 × 4.5 
m. The soil was sandy, moderately deep, of medium texture, 
non-calcareous and a drip irrigation system was applied. All 
trees received routine horticultural care (pruning, thinning, 
fertilization, pest and disease protection) according to or-
ganic guidelines (EU Council Regulation 834/07, Italian Di-
rective 220/95).

The main climatic data were acquired: hourly tempera-
tures were registered by an automatic data-logger (Tynitag 
Plus®, West Sussex, UK, 2003) and rainfall data were provid-
ed by the Hydrological Service of Tuscany (Sir).

Fruits, without malformations and symptoms of pest 
infestations or disease infections, were randomly sampled 
from trees with a similar crop load (about 20 kg canopy-1). 
From June to mid-July, fruits were collected at physiological 
maturity stage to assess the quality traits related to the main 
physicochemical parameters, total antioxidant capacity, and 
total phenol content. The analysis were immediately carried 

out at harvest and after 14 days of cold storage (4 ± 0.5°C, 
90% relative humidity).

Physicochemical determinations
On fruits (N = 30 at harvest and after cold storage, each), 

single measurements of fresh weight, skin and flesh colour, 
flesh firmness, and total soluble solids (TSS) were made. 
Moreover, titratable acidity (TA) was determined on apricot 
juice obtained from flesh samples of 10 fruits, in triplicate.

The size of fruits by weight was defined according to 
International Board for Plant Genetic Resources  – IBPGR 
(1984). The skin colour of the un-blushed side was evaluat-
ed using a colour chart for apricot fruit  which provides 10 
shades from 1 (green) to 10 (red-orange) by different cate-
gories: 1–4: yellow-green; 5–8: yellow-orange; 9–10 red-or-
ange (Lichou et al., 2003). The skin colour of the blushed side 
was evaluated visually according to the following classes: 
< 35% (class 1), 35–65% (class 2), > 65% (class 3). Firmness 
was evaluated with a digital penetrometer (Model 53205, 
TR-Turoni & C. Inc., Forlì, Italy) at the equatorial region of the 
apricot, using an 8-mm-wide plunger. TSS were measured 
using a refractometer (Model 53015C TR, TR-Turoni & C. Inc., 
Forlì, Italy) and expressed in °Brix at room temperature. TSS 
was classified according to the following classes: < 11.0 °Brix 
(class 1), 11.0–13.5 °Brix (class 2), 13.6–16.0 °Brix (class 3), 
> 16 °Brix (class 4). Titratable acidity (TA) was determined 
on a known volume of juice titrated with 0.1 N sodium hy-
droxide (NaOH) to an end point of neutral pH (8.1). TA, ex-
pressed as milli-equivalents per 100 g of fresh weight (meq 
100 g-1 FW), was classified as follows: < 20 meq 100 g-1 FW 
(class 1), 20–30 meq 100 g-1 FW (class 2), > 30 meq 100 g-1 
FW (class 3).

Total Antioxidant Capacity (TAC) and Total Phenols (TP) 
analysis

The Total Antioxidant Capacity (TAC) and Total Phenols 
(TP) analyses were carried out on the same fruits previous-
ly subjected to the physicochemical determinations. Fresh 
samples of 3 g were homogenized using an ultra-Turrax T25 
(Ika, Staufen, Germany) at 4°C to avoid oxidation, for three 
independent extractions per each cultivar. The extraction 
was performed in 80% ethanol for 1 h in a shaker in the dark 
and subsequently centrifuged at 2,600g for 10 min at 2–4°C.

TAC assay
Total antioxidant capacity was evaluated using the im-

proved Trolox Equivalent Antioxidant Capacity (TEAC) 
method (Arts et al., 2004). The TEAC value was calculated in 
relation to the reactivity of Trolox, a water-soluble vitamin 

Table 1.  Parental lines, ripening time, harvest time (days before/after ‘San Castrese’, reference cultivar for ripening; harvest 
time 0 = July 1 in central Italy), fruit size (6.2.5), eating quality (6.2.15) and stress susceptibility (7) according to Internation-
al Board for Plant Genetic Resources – IBPGR (1984)*.

Cultivars Parental lines Ripening 
time

Harvest 
time

Fruit 
size*

Eating 
quality*

Stress 
susceptibility*

Bona Portici × Harcot Early-Med. -7 Small Excellent Low
San Castrese Unknown Medium 0 Medium Fair Extr. Low
Ammiraglia Boccuccia S. × Harcot Med-Late +6 Medium Excellent Low
Dulcinea Moniqui (open pollination) Med-Late +5 Medium Excellent Low
Pisana Precoce di Toscana (open pollination) Late +8 Large Excellent High
Silvana Bergeron × Canino T. Late +11 Large Excellent Extr. Low
Marietta S. Francesco × Polonais Late +14 Medium Good High
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E analogue, which was used as an antioxidant standard. In 
the assay, 40 μL of the diluted samples, blanks, were added 
to 1,960  μL ABTS•+ solution, which resulted in a 20–80% 
inhibition of the absorbance. The decrease in absorbance at 
734  nm was recorded at 6  min after an initial mixing, and 
plotted against a dose-response curve calculated for Trolox 
(0–30 μM). Antioxidant activity was expressed as micro-
moles of Trolox equivalents per gram of fresh fruit weight 
(μmol TE g-1 FW). Trolox was purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA).

TP assay
Total phenolic content was determined according to the 

improved Folin-Ciocalteu (F-C) method (Waterhouse, 2001). 
The assay provides a rapid and useful indication of the an-
tioxidant status of the studied material and has been wide-
ly applied to different food samples. Gallic acid (GA; Sigma 
Chemical Co., St. Louis, MO, USA) was used as a standard 
compound for the calibration curve. Total phenol content 
was calculated as mg of GA equivalent (GAE) per g of fresh 
fruit weight (mg GAE g-1 FW). The absorbance of the blue col-
ored solutions was read at 765 nm after incubation for 2 h at 
room temperature.

Statistical analysis
Data were reported as means  ± standard errors of the 

means (SEM). Student’s t-test procedure, variance (ANOVA) 
and regression analysis were performed using the package 
GraphPad Prism 5 (GraphPad Software, Inc.).

Results and discussion
The climate of the experimental site is characterized as 

Mediterranean, with the rainy season occurring primari-
ly during autumn and winter months, while the summer is 
moderately dry. The climatic conditions occurred during the 
period of fruit growth and ripening of the years 2009–2010 
were very similar, both for temperatures and rainfall events 
(Table 2).

The average daily temperatures ranged from 13 to 21°C 
from April to June. No relevant temperature variations were 
recorded with respect to the seasonal averages of the con-
sidered climatic area (Guerriero et al., 2010). In  the same 
period the cumulative amount of rainfall ranged from 131 to 
137 mm in 2009 and 2010, respectively.

The main physicochemical traits of apricots from organic 
cultivation, at harvest and after 14 days at 4°C cold storage, 
are shown in Table  3. Data are referred as mean values of 
2009 and 2010 harvest seasons.

The analysed cultivars were characterized by mean fruit 
weight ranging from about 55 to 95 g. The smallest and the 
biggest fruit sizes were found in ‘Bona’ and ‘Dulcinea’, and 
‘Ammiraglia’ and ‘Pisana’, respectively. Concerning the fruit 
skin colour, pomological trait impacting on consumer’s apri-
cot quality perception (Ruiz and Egea, 2008), the unblushed 
area was generally orange (shade 6–8), apart from ‘Dulcinea’ 
characterized by yellow-green skin ground colour (shade 4). 
This latter cultivar showed a low rate of overcolour (< 35%) 
like ‘Bona’, ‘San Castrese’ and ‘Marietta’, while ‘Pisana’ and 
‘Silvana’ exhibited attractive fruits due to an extensive bright 

Table 2.   Monthly mean maximum and minimum temperatures (°C), relative average (Avg), and cumulative rainfall (mm) 
from April to June over a 2-year period (2009–2010).

2009 2010
T max T min Avg Rainfall T max T min Avg Rainfall

April 18.5 10.1 13.9   86.9 18.4   8.0 13.2   85.0
May 24.3 12.4 18.4   14.7 20.3 11.6 15.6   18.6
June 26.2 16.0 21.2   29.9 25.1 15.7 20.6   33.4
Total amount 131.5 137.0

Table 3.  Main physicochemical traits from organically produced apricot fruits at harvest (H) and after 14 days of cold storage 
(S): skin colour of the un-blushed side (SC-ub), skin colour of the blushed side (SC-b), fruit weight (g), fruit weight (FW) loss 
(%), flesh firmness (kg 0.5 cm-2), total soluble sugars (TSS, °Brix), titratable acidity (TA, meq 100 g-1 FW), sugars/acids ratio 
(TSS/TA). Mean of a 2-year period ± SEM. Significant differences between M and S, denoted by asterisks (*), were tested by 
Student t-test (P ≤ 0.05).

Cultivar Fruit SC-ub SC-b Fruit weight FW loss Firmness TSS TA TSS/TA
Bona H 7 <35% 54.9 ± 2.86  2.3 ± 0.19 13.2 ± 0.55 15.5 ± 0.62  * 0.85 ± 0.01 *

S    7.0 ± 0.32 2.2 ± 0.26 13.1 ± 0.96 13.4 ± 0.64 0.98 ± 0.01
San Castrese H 7-8 <35% 67.6 ± 0.53 2.2 ± 0.05 11.1 ± 0.07 19.5 ± 0.89 0.56 ± 0.01

S    6.1 ± 0.29 2.0 ± 0.02 11.3 ± 0.07 20.5 ± 0.25 0.55 ± 0.01
Ammiraglia H 7-8 35-65% 95.2 ± 6.68 2.6 ± 0.21 14.6 ± 0.37 12.1 ± 0.21 * 1.01 ± 0.04 *

S 11.3 ± 0.20 2.5 ± 0.19 14.4 ± 0.42 10.4 ± 0.44 1.38 ± 0.02
Dulcinea H 4 <35% 55.8 ± 2.67 2.4 ± 0.18 12.1 ± 0.57 *   8.8 ± 0.51 * 1.35 ± 0.02 *

S 0 2.5 ± 0.25 13.9 ± 0.49 11.0 ± 0.25 1.26 ± 0.01
Pisana H 7 >65% 85.7 ± 0.58 2.1 ± 0.02 13.6 ± 0.08 * 10.2 ± 0.40 1.34 ± 0.03 *

S 15.0 ± 1.11 2.5 ± 0.24 12.0 ± 0.19 10.3 ± 0.03    1.05 ± 0.04
Silvana H 7 >65% 64.0 ± 1.29 2.1 ± 0.11 15.1 ±  0.33 20.2 ± 0.14    0.75 ± 0.02

S 15.2 ± 0.90 2.3 ± 0.16 14.5 ± 0.32 19.6 ± 0.96    0.74 ± 0.01
Marietta H 6 <35% 60.8 ± 3.61 2.0 ± 0.07 14.3 ± 0.25 * 6.5 ± 0.12    2.20 ± 0.11

S 3.3 ± 0.20 2.4 ± 0.28 13.0 ± 0.42 6.2 ± 0.15    2.10 ± 0.12
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red skin colour (> 65%). Overall the genotypes showed a flesh 
firmness from 2 to 2.78 kg 0.5 cm-2, suitable range for fresh 
apricot fruits (Mratinić et al., 2011). The total soluble sugars 
(TSS) varied from 11.1 to 15.1 °Brix, in agreement with the 
minimum threshold for apricot consumer acceptance (Bi-
ondi et al., 1991; Kader, 1999). ‘Dulcinea’ and ‘San Castrese’ 
had the lowest TSS degree while the highest values were re-
corded in ‘Ammiraglia’, ‘Silvana’ and ‘Marietta’. The titratable 
acidity (TA) values, all comprised in the low-medium class, 
ranged from 6.5 to 20.2 meq 100 g-1 FW. Consequently, the 
TSS/TA ratio, one of the major analytical measures for fruit 
quality affecting the perception of sweetness and flavour 
(Cemagref, 1981; Bassi and Selli, 1990; Badenes et al., 1998), 
was from 0.56 to 2.2. The highest TSS/TA ratio was observed 
in the medium-late ripening genotypes, with the exception 
of ‘Silvana’ characterized by an elevated acidity level. Several 
authors reported that TSS values higher than 13° Brix were 
positively related with an increase of TSS/TA ratio, improv-
ing the fruit eating quality, and thus consumer acceptance 
(Bassi and Audergon, 2006; Ruiz and Egea, 2008).

To assess the storability of apricot fruits the physico-
chemical performances were tested after 14 days cold stor-
age (Table 3). A  general fruit-weight loss from about 3 to 
15% was recorded, with the exception of ‘Dulcinea’ which, 
characterized by a small fruit size, showed an unchangeable 
weight. The lowest decreases were observed in ‘Marietta’, 
‘San Castrese’ and ‘Bona’, as recorded in previous studies 
carried out on a wide number of apricot genotypes (Leccese 
et al., 2012b). The flesh firmness did not show significant 
changes, while the chemical parameters were affected by 
storage but only in few cases, such as ‘Dulcinea’ where an in-
crease in TSS and TA values was observed.

In general, the physicochemical results allow the studied 
genotypes to be defined as good source of quality organ-
ic apricots, confirming findings obtained over years on the 

same cultivars under integrated management systems (Lec-
cese et al., 2012b). It is important to underline that agricul-
tural practices (tree age, training system, rootstock) as well 
as pedoclimatic conditions (temperatures, precipitations, 
soil type) were similar in integrated and organic farms. In 
Table 4 the TSS and TA classes recorded in fruits at harvest, 
from organic and integrated systems are shown, taking into 
account that these analytical measures are the main param-
eters of apricot quality which may influence the organolep-
tic properties linked to intrinsic varietal traits (Biondi et al., 
1991). In  most cultivars, differences between fruits grown 
under the two agricultural practices were not found, as re-
ported for other fruit species (Lombardi-Boccia et al., 2004; 
Peck et al., 2006; Roussos and Gasparatos, 2009). However, 
‘Dulcinea’ and ‘Marietta’ apricots from integrated manage-
ment showed higher TSS content.

Antioxidant properties, expressed by the total antiox-
idant capacity (TAC) and total polyphenol content (TP), 
showed a similar trend with a significant variability related 
to the cultivar (Figures 1A and B).

Table 4.   Total soluble sugars (TSS), titratable acidity (TA) 
classes and TEAC score of fruits at harvest of several apricot 
cultivars from organic and integrated orchard management 
systems. Integrated values were taken from Leccese et al. 
(2012b).

Cultivars System TSS 
Classa

TA 
Classb

TEAC 
Scorec

Bona Org
Int

2
2

1
1

3
4

San Castrese Org
Int

2
2

1
1

4
3

Ammiraglia Org
Int

3
2

1
1

3
4

Dulcinea Org
Int

2
4

1
1

1
2

Pisana Org
Int

3
3

1
1

3
4

Silvana Org
Int

3
3

2
2

4
4

Marietta Org
Int

2
3

1
1

2
1

TSS Classa: class 1 (< 11.0°Brix); class 2 (11.0–13.5); 
class 3 (13.6–16.0); class 4 (> 16).
TA Classb: class 1 (< 20 meq 100 g-1 FW); class 2 (20–30); 
class 3 (> 30).
TEAC Scorec: class 1 (≤ 1.51 μmol TE g-1 FW); class 2 (1.52–3.02); 
class 3 (3.03–4.53); class 4 (> 4.53).

Figure 1.  Antioxidant properties of fruits at harvest (H) and 
after 14 days of cold storage (S) in several apricot cultivars 
grown under organic system, over a 2-year period. A) Total 
antioxidant capacity (TAC) expressed as micromoles of 
Trolox equivalent per gram of fresh weight (μmol TE g-1 FW); 
B) Total phenols (TP) expressed as milligrams of gallic acid 
equivalents per gram of fresh weight (mg GAE g-1  FW). 
Means ± SEM. Means with different letters are significantly 
different (P ≤ 0.01) according to Tukey’s test.
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At harvest, TAC and TP values ranged from 2.63 ± 0.39 
to 7.26 ± 0.01 μmol TE g-1  FW and from 0.41 ± 0.02 to 
1.13 ± 0.02 mg GAE g-1  FW, respectively. In  particular, ‘San 
Castrese’ and ‘Silvana’ had the greatest antioxidant values, 
2–3 fold higher than the lowest ones measured in ‘Dulcinea’ 
and ‘Marietta’. In  order to verify the relation between TAC 
and TP, a regression analysis was carried out. A positive and 
significant relationship was found (R2 = 0.9281, P ≤ 0.01), 
showing polyphenols as important bioactive compounds 
contributing to the antioxidant properties of apricots, in 
agreement with previous studies (Leccese et al., 2008).

For classifying the cultivars in relation to their antioxi-
dant level (AOX), a  ‘TEAC score’ has been adopted accord-
ing to Leccese et al. (2008): class 1 (≤ 1.51 μmol TE g-1 FW) 
very low AOX status; class 2 (1.52–3.02 μmol TE g-1 FW) low 
AOX status; class 3 (3.03–4.53 μmol TE g-1 FW) medium AOX 
status and class 4 (> 4.53 μmol TE g-1 FW) high AOX status. 
The TEAC scores of apricot fruits obtained from organically 
and integrated grown trees, under comparable cultivation 
sites, are shown in Table 4. Between the two orchard man-
agements, some differences were observed. ‘Silvana’ was the 
only cultivar with the highest AOX status, both in organic and 
integrated fruits; ‘Marietta’ and ‘San Castrese’ proved to have 
a greater antioxidant level in organic fruits; the other four 
cultivars, instead, showed a lower level in organic apricots. 
‘San Castrese’ confirmed previous results in which organ-
ic apricots always achieved TAC and TP values higher than 
those obtained by integrated systems (Leccese et al., 2010). 
As found in several studies, the antioxidant activity is strong-
ly cultivar-dependent: results often showed inconsistent dif-
ferences between organic and conventional produce (Woese 
et al., 1997; Roussos and Gasparatos, 2009; Cardoso et al., 
2011). Thus, the nutritional quality of food between the two 
agronomical practices is a current topic that continues to at-
tract interest and generate discussion (Gastoł et al., 2011).

After 14 days of cold storage a decrease in TAC levels was 
recorded in most cultivars (Figure 1A), with the exception of 
‘Ammiraglia’ and ‘Silvana’ whose values were similar or high-
er (about 8%) than those found at harvest. In these cultivars, 
the above trend was also maintained for TP contents, and in 
‘Silvana’ a postharvest increase of about 20% was recorded 
(Figure 1B). TAC and TP raises were probably due to the fruit 
water loss (11–15%) after storage, as found in other apri-
cot cultivars (Leccese et al., 2010). The high apricot pheno-
lic content, a positive attribute for healthier fruits, might be 
detrimental during storage because they may induce enzy-
matic browning phenomenon, responsible of quality loss in 
fruits and vegetables (Rocha and Morais, 2001). In the exper-
iment presented here, all cultivars showed negligible rates 
of browning symptoms in fruits; however, to better evaluate 
this aspect, specific studies have been carrying out in the lat-
est years.

Conclusions
The tested cultivars, characterized by different pomo-

logical and antioxidant properties of fruits, confirmed their 
quality traits which were previously described considering 
the integrated cultivation. Organic practices did not always 
have a significant influence on the major fruit quality attri-
butes. Three out seven genotypes positively responded to 
organic management which could improve the antioxidant 
system of the plant’s defence-response mechanism (Carbon-
aro and Mattera, 2001). In particular, ‘Marietta’, ‘San Cas-
trese’ and ‘Silvana’ showed interesting properties of organic 
fruits, mainly due to similar (‘Marietta’) or higher TAC and 

TP levels than integrated ones. ‘San Castrese’, well known for 
a wide adaptability to different environmental conditions, 
established its suitability towards organic cultivations. ‘Sil-
vana’, showing the highest TAC and TP contents, was also 
interesting since, after storage, it kept unchanged the physi-
cochemical and antioxidant properties of fruits. Considering 
the high susceptibility of fresh apricots to conservation, the 
stability of antioxidants and other chemical parameters, such 
as TSS and TA, could be an added-value for organic apricot 
production. 

In conclusion, this study provides new perspectives for 
organically grown apricots, confirming the importance of the 
cultivar’s choice in order to maximize the fruit quality attri-
butes, meeting the increasing consumer demand for health-
ier fruits.

References
Arts, M.J.T.J., Dallinga, J.S, Voss, H.P., Haenen, G.R.M.M., and Bast, A.A. 
(2004). New approach to assess the total antioxidant capacity using 
the TEAC assay. Food Chem. 88, 567–570. https://doi.org/10.1016/j.
foodchem.2004.02.008.

Audergon, J.M., Giard, A., Lambert, P., Blanc, A., Gilles, F., Signoret, V., 
Richard, J.C., Albagnac, G., Bureau, S., Gouble, B., Grotte, M., Reich, M., 
Legave, J.M., Clauzel, G., Dicenta, F., Scortichini, M., Simeone, A.M., 
Guerriero, R., Viti, R., Monteleone, P., Bartolini, S., Martins, J.M.S., 
Tsiantos, J., and Psallidas, P. (2006). Optimization of apricot breeding 
by a joint conventional and molecular approach applied to the main 
agronomic traits – ABRIGEN Project. Acta Hortic. 701, 317–320. 
https://doi.org/10.17660/ActaHortic.2006.701.48.

Badenes, M.L., Martinez-Calvo, J., and Llacer, G. (1998). Analysis 
of apricot germplasm from the European Ecogeographical Group. 
Euphytica 102, 93–99. https://doi.org/10.1023/A:1018332312570.

Bassi, D., and Selli, R. (1990). Evaluation of fruit quality in peach and 
apricot. Adv. Hortic. Sci. 2, 107–111.

Bassi, D., and Audergon, J.M. (2006). Apricot breeding: update and 
perspectives. Acta Hortic. 701, 279–294. https://doi.org/10.17660/
ActaHortic.2006.701.43.

Biondi, G., Pratella, G.C., and Bassi, R. (1991). Maturity indexes as a 
function of quality in apricot harvesting. Acta Hortic. 293, 667–671. 
https://doi.org/10.17660/ActaHortic.1991.293.75.

Carbonaro, M., and Mattera, M. (2001). Polyphenoloxidase activity 
and polyphenol levels in organically and conventionally grown peach 
(Prunus persica L., cv. Regina Bianca) and pear (Pyrus communis L., 
cv. Williams). Food Chem. 72, 419–424. https://doi.org/10.1016/
S0308-8146(00)00248-X.

Cardoso, P.C., Tomazini, A.P.B.,. Stringheta, P.C., Ribeiro, S.M.R., and 
Pinheiro-Sant’Ana, H.M. (2011). Vitamin C and carotenoids in organic 
and conventional fruits grown in Brazil. Food Chem. 126, 411–416. 
https://doi.org/10.1016/j.foodchem.2010.10.109.

Cemagref (1981). La qualité gustative des fruits. In Methodes 
Pratiques d’Analyse (France: Ministry of Agriculture), 150 pp.

Condron, L.M., Cameron, K.C., Di, H.J., Clough, T.J., Forbes, E.A., 
McLaren, R.G., and Silva, R.G. (2000). A  comparison of soil and 
environmental quality under organic and conventional farming 
systems in New Zealand. N. Z. J. Agric. Res. 43, 443–466. https://doi.
org/10.1080/00288233.2000.9513442.

Crinnion, W.J. (2010). Organic foods contain higher levels of certain 
nutrients, lower levels of pesticides, and may provide health benefits 
for the consumer. Altern. Med. Rev. 15, 4–12.

Dauchet, L., Amouyel, P., and Dallongeville, J. (2009). Fruits, 
vegetables and coronary heart disease. Nature Rev. Cardiol. 6, 599–
608. https://doi.org/10.1038/nrcardio.2009.131.



V o l u m e  8 3  |  I s s u e  1  |  F e b r u a r y  2 0 1 8 17

Bartolini et al.  |  Quality of organic fresh apricots

Gąstoł, M., Domagała-Świątkiewicz, I., and Krośniak, M. (2011). 
Organic versus conventional – a comparative study on quality and 
nutritional value of fruit and vegetable juices. Biol. Agr. & Hort. 27, 
310–319. https://doi.org/10.1080/01448765.2011.648726.

Guerriero, R., Viti, R., Iacona, C., and Bartolini, S. (2010). Is apricot 
germplasm capable of withstanding warmer winters? This is what 
we learned from last winter. Acta Hortic. 862, 265–272. https://doi.
org/10.17660/ActaHortic.2010.862.41.

Herencia, J.F., Ruiz-Porras, J.C., Melero, S., Garcia-Galavis, P.A., 
Morillo, E., and Maqueda, C. (2007). Comparison between organic 
and mineral fertilization for soil fertility levels, crop management 
concentrations and yield. Agron. J. 99, 973–983. https://doi.
org/10.2134/agronj2006.0168.

International Board for Plant Genetic Resources – IBPGR (1984). 
Revised Descriptors List for Apricot (Prunus armeniaca), R. Guerriero 
and R. Watkins, eds., 36 pp.

Kader, A.A. (1999). Fruit maturity, ripening, and quality 
relationships. Acta Hortic. 485, 203–208. https://doi.org/10.17660/
ActaHortic.1999.485.27.

Leccese, A., Bartolini, S., and Viti, R. (2008). Total antioxidant 
capacity and phenolics content in fresh apricots. Acta Alim. 37, 65–
76. https://doi.org/10.1556/AAlim.37.2008.1.6.

Leccese, A., Bartolini, S., Viti, R., and Pirazzini, P. (2010). Fruit quality 
performance of organic apricots at harvest and after storage from 
different environmental conditions. Acta Hortic. 873, 165–172. 
https://doi.org/10.17660/ActaHortic.2010.873.16.

Leccese, A., Bartolini, S., and Viti, R. (2012a). From genotype to 
apricot fruit quality: the antioxidant properties contribution. Plant 
Foods Hum. Nutr. 67, 317–325. https://doi.org/10.1007/s11130-
012-0314-0.

Leccese, A., Bartolini, S., and Viti, R. (2012b). Genotype, harvest 
season and cold storage influence on fruit quality and antioxidant 
properties of apricot. Int. J. Food Prop. 15, 864–879. https://doi.org/
10.1080/10942912.2010.506019.

Lester, G.E. (2006). Organic versus conventionally grown produce: 
qualitative differences, and guidelines for comparison studies. 
HortSci. 41, 296–300.

Lichou, J., Jay, M., Vaysse, P., and Lespinasse, N. (2003). Apricot. In 
Recognizing Apricot Varieties (Paris, France: Ctifl Ed.), p. 17-29.

Linseisen, J., Rohrmann, S., Miller, A.B., Bueno-de-Mesquita, H.B., 
Buchner, F.L., and Riboli, E. (2007). Fruit and vegetable consumption 
and lung cancer risk: Updated information from the European 
Prospective Investigation into Cancer and Nutrition (EPIC). Int. J. 
Cancer 121, 1103–1114. https://doi.org/10.1002/ijc.22807.

Liu, R.H. (2003). Health benefits of fruit and vegetables are from 
additive and synergistic combinations of phytochemicals. Am. J. Clin. 
Nutr. 78 (suppl.), 517–520.

Lombardi-Boccia, G., Lucarini, M., Lanzi, S., Aguzzi, A., and Cappelloni, 
M. (2004). Nutrients and antioxidant molecules in yellow plums 
(Prunus domestica L.) from conventional and organic productions: 
a  comparative study. J. Agric. Food Chem. 52, 90–94. https://doi.
org/10.1021/jf0344690.

Magnusson, M.K., Arvola, A., Koivisto Hurst, U.K., Åberg, L., and 
Sjödén, P.O. (2003). Choice of organic foods is related to perceived 
consequences for human health and to environmentally friendly 
behaviour. Appetite 40, 109–117. https://doi.org/10.1016/S0195-
6663(03)00002-3.

Mratinić, E., Popovski, B., Milošević, T., and Popovska, M. (2011). 
Evaluation of apricot fruit quality and correlations between physical 
and chemical attributes. Czech J. Food Sci. 29, 161–170.

Peck, G.M., Andrews, P.K., Reganold, J.P., and Fellman, J.K. (2006). 
Apple orchard productivity and fruit quality under organic, 
conventional and integrated management. HortSci. 41, 99–107.

Rocha, A.M.C.N., and Morais, A.M.M.B. (2001). Polyphenoloxidase 
activity and total phenolic content as related to browning of 
minimally processed ‘Jonagored’ apple. J. Sci. Food Agric. 82, 120–
126. https://doi.org/10.1002/jsfa.1006.

Roussos, P.A., and Gasparatos, D. (2009). Apple tree growth and 
overall fruit quality under organic and conventional orchard 
management. Sci. Hort. 123, 247–252. https://doi.org/10.1016/j.
scienta.2009.09.011.

Ruiz, D., and Egea, J. (2008). Phenotypic diversity and relationship 
of fruit quality traits in apricot (Prunus armeniaca L.) germplasm. 
Euphytica 163, 143–158. https://doi.org/10.1007/s10681-007-
9640-y.

Scalzo, J., Politi, A., Pellegrini, N., Mezzetti, B., and Battino, M. (2005). 
Plant genotype affects total antioxidant capacity and phenolic 
contents in fruit. Nutrition 21, 207–213. https://doi.org/10.1016/j.
nut.2004.03.025.

Waterhouse, A.L. (2001). Determination of total phenolics. In Current 
Protocols in Food Analytical Chemistry, R.E. Wroslad, ed. (New York: 
John Wiley & Sons), p. I1.1.1–I1.1.8.

Woese, K., Lange, D., Boess, C., and Bogl, K.W. (1997). A comparison 
of organically and conventionally grown foods. Results of a review 
of the relevant literature. J. Sci. Food Agric. 74, 281–293. https://
doi.org/10.1002/(SICI)1097-0010(199707)74:3<281::AID-
JSFA794>3.0.CO;2-Z.

Received: Mar. 28, 2017
Accepted: Sep. 22, 2017

Addresses of authors: 
S. Bartolini1,*, A. Leccese1, D. Remorini2, C. Iacona2 and 
R. Viti2

1 Institute of Life Sciences, Scuola Superiore Sant’Anna, 
Piazza Martiri della Libertà 33, 56127 Pisa, Italy

2 Department of Agriculture, Food and Environment – 
Interdepartmental Research Center Nutrafood 
‘Nutraceuticals and Food for Health’, University of Pisa, Via 
del Borghetto 80, 56124 Pisa, Italy

* Corresponding author; 
E-mail: susanna.bartolini@santannapisa.it 
Tel.: +39 050 883168; Fax: +39 050 883919


