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Abstract

Fruits of plum “Stanley’ were analysed for total anthocyanins, total phenolics and antioxidant capacity over three successive harvest
years. Fresh fruits were harvested five times per year. The total anthocyanins content ranged from 5 to 57 mg/100 g, expressed as
cyanidin-3-glucoside equivalents, on a fresh-weight basis. The anthocyanin concentrations were higher in fruits of successive
harvesting dates, meaning that anthocyanin accumulation seemed to occur constantly during fruit development and ripening. The
total phenolic content was within the range of 70 to 214 mg gallic acid equivalents/100 g fresh weight. The highest concentrations of
anthocyanins and phenolics were observed in plum fruits harvested in 2009, which is most likely due to the favourable weather
conditions. The free radical galvinoxyl was used to evaluate antioxidant capacity of plum fruits. The total antioxidant capacity of
fresh fruits, expressed as the rate constant k;’, ranged from 0.950 to 3.010 s™. Antioxidant capacity also strongly depended on
ripening stage, showing completely opposite trend compared to that of total phenolics. Since total phenolics and antioxidant capacity
performed nearly ‘object and its reflection in the mirror’ trend, consequently the lowest antioxidant capacity was observed in plum

fruits harvested in 2009.

Keywords: Antioxidant capacity, plum, ripening, ‘Stanley’, total anthocyanins, total phenolics
Abbreviations: HS — harvest stage; CYN-3-GLU — cyanidin-3-glucoside; FW — fresh weight; GAE — gallic acid; SD — standard

deviation; ANOVA — analysis of variance.
Introduction

Phenolic compounds are secondary metabolites, widely
distributed in plants. They are important components of many
fruits and vegetables not only for their major influence on
sensory qualities of the fruit (colour, flavour, taste), but also
for their antioxidant, anticarcinogenic, antimicrobial,
antiallergic, antimutagenic and anti-inflammatory properties
(Cao & Cao, 1999; Eberhardt et al., 2000; Joshipura et al.,
2001; Juranic et al., 2005; Duthie, 2007; Alesiani et al.,
2010). High consumption of fruits and vegetables has been
considered to reduce the risk of a number of major diseases.
Even though the data on health effects of phenolic
compounds cannot be considered comprehensive, it is
strongly suggested that phenolic compounds are associated
with our health, although the mechanisms have not yet fully
understood (Scalbert et al., 2005). The role of fruits and
vegetables in disease prevention is partly associated with the
antioxidant properties of their constituent polyphenolics
(Sahidi & Wanasundara, 1992; Kinsella et al., 1993; Scalbert
& Williamson, 2000). Fruit polyphenols include a wide range
of compounds such as hydroxycinnamic acids, flavan-3-ols,
gallic acid derivatives, flavonols, and anthocyanins. The
phenolic composition of fruits varies greatly, and therefore it
is very important to determine accurately the overall total
content of phenolics. The composition, content and
distribution of phenolic phytochemicals depend on fruit
ripeness, cultivar specificities, cultural practices, geographic
origin, growing season and postharvest storage conditions

(Kim et al., 2001; Kayano el al., 2003; Bureau et al., 2009;
Deshmukh et al., 2011). Plum fruits contain copious amounts
of natural phenolic phytochemicals, such as flavonoids,
phenolic acids, anthocyanins, and other phenolics, which may
function as effective natural antioxidants in our daily diet
(Weinert et al., 1990; Gil et al., 2002; Cevallos-Casals et al.,
2006; Vizzotto et al., 2007; Kristl et al. 2011). It was proved
that plum fruits have several times higher total antioxidant
capacity than apples, the latter being one of the most
commonly consumed fruits in our diet (Wang et al., 1996).
Murcia et al. (2001) showed that plum fruits demonstrated
very good scavenger activity against oxygen-derived free
radicals, such as hydroxyl and peroxyl radicals. Measuring
the total antioxidant activity may lead to a misleading
conclusion due to the frequently observed antagonistic or
synergistic interactions among various components of food.
Various kinds of antioxidant components in plum fruits may
play the essential role in the combinative or synergistic
contribution to the total antioxidant activity.

There are numerous references in literature to the
antioxidant activity of plum cultivars, but little information
exists regarding the antioxidant activity during plum fruit
ripening and harvesting. There have been a few reports on the
antioxidant activity of plum cultivars during ripening (Diaz-
Mula et al., 2008; Kristl et al., 2011). Diaz-Mula et al. (2008)
experimented with eight different plum cultivars and found
that it was in the skin that anthocyanins accumulated first,
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then in flesh to increasingly grow all through to the last
sampling date. Total phenolics content showed a similar
pattern in all cultivars, progressively increasing throughout
the ripening period, although important differences were
found among cultivars. Moreover, antioxidative capacity
increased throughout the ripening process on-tree in both skin
and flesh tissues for all plum cultivars, suggesting that
anthocyanins might contribute to the antioxidant activity
more than other phenolic compounds. The objective of our
study was to determine the effect of maturity stage on the
phenolic composition of plum ‘Stanley’ in order to establish
the optimal harvest date to reach high phytochemicals content
related to antioxidant activity.

Results and discussion
Total anthocyanin content

Fruit ripening is associated with important biochemical
changes that modify colour, texture, taste and other quality
traits. In our study, maturity at harvest had a marked effect on
the total anthocyanins content in plum fruits. The changes in
total anthocyanin content during ripening are presented in Fig
1. Our results show that in fruits of ‘Stanley’ the total
anthocyanins content significantly changes during ripening (p
< 0.001) within the same year (Table 3). At the harvest stages
in the present study, anthocyanin concentrations were higher
in fruits of successive picking dates. These results suggest
that anthocyanins accumulation seemed to occur constantly
during the fruit development and ripening. Furthermore, a
significant correlation between total anthocyanins content
and harvest stage was observed (R = 0.815, 0.955, and 0.966
for 2008, 2009 and 2010, respectively, p < 0.001). It is well
known that anthocyanin content in the fruit increases with
maturity (Hui & Nip, 2006). The anthocyanin concentrations
are within the range reported for other red/purple plum
cultivars (Franke et al., 2004; Cevallos-Casals et al., 2006;
Wu et al., 2006; Vizzotto et al., 2007). Compared to the
reports of other researchers, anthocyanin concentration in this
study is close or slightly lower than that of fourteen red-
fleshed plums Prunus salicina Erhr. and hybrids (33 to 173
mg/100 g) (Cevallos-Cavals et al., 2006), which is also
similar to the results of Wu et al. (2006) (12.0 to 82.2 mg/100
g). On the other hand, Franke et al. (2004) obtained quite
lower anthocyanin content in Prunus domestica L. (4.5 to
11.3 mg/100 g). From the maturity stages HS1 to HS4 total
anthocyanins increased by average 4.75 times.

During this period values increased from 5.10 to 34.65
mg/100 g FW (harvest year 2008), from 10.65 to 44.88
mg/100 g FW (harvest year 2009), and from 9.81 to 29.01
mg/100 g FW (harvest year 2010). From the maturity stages
HS4 to HS5 total anthocyanins continued the rising trend in
seasons 2009 and 2010, while they decreased in season 2008.
The differences in the present results may be due to the
different climate conditions during the observed harvest
years. Similar results were obtained by other researches
(Usenik et al., 2009; Bureau et al., 2009). Usenik et al. (2009)
investigated the accumulation of anthocyanins and the
development of fruit colour during ripening of plum fruits of
<Jojo’, ‘Valor’, ‘Cacanska Rodna’, and ‘Cadanska Najbolja’.
With the exception of ‘Jojo’, the study reveals that, all the
cultivars had the highest amount of total anthocyanins either
at the last but one or at the last sampling date. Bureau et al.
(2009) investigated ripening of apricots, and concluded that
anthocyanin concentrations increased, reached a maximum

and decreased towards the maturity stage or remained at their
maximum level without subsequent decrease. Thus, different
conditions (year, location, climate) appear to affect the
anthocyanin accumulation in apricot.

Total phenolic content

Important changes occurred in physicochemical parameters
of plum cultivars during development and on-tree ripening.
Maturity stage dramatically affects the total phenolic content
in the fruit. The changes in total phenolic content during
maturation are presented in Fig 2 (curve 1). Total phenolic
content was significantly different between the studied
ripening stages (p < 0.001) within the same year (Table 3). In
our study, the total phenolic content ranged from 73 to 111
mg/100 g FW (harvest year 2008), 149 to 208 mg/100 g FW
(harvest year 2009), and 102 to 190 mg/100 g FW (harvest
year 2010). Such differences are most likely owing to the
different outside air temperature and rainfall rate (Table 1),
given the well known inverse correlation between phenolic
concentrations and air temperature (Salgado et al., 2008; Xu
et al., 2011). The total phenolics content in fruits of ‘Stanley’
in the study carried out in our laboratory was within the range
reported in other plum cultivars (Gil et al., 2002; Cevallos-
Cavals et al., 2006). In our study, the total phenolic content in
fruits of ‘Stanley” was lower than that previously reported for
Prunus domestica (160-300 mg/100 g) (Los et al., 2000) and
Prunus salicina cultivars (298 to 563 mg/100 g FW)
(Cevallos-Cavals et al., 2006), and was considerably higher
than that obtained in the study of commercial cultivars (14—
109 mg/100 g) (Gil et al., 2002). Kim et al. (2003) obtained
174.0 mg of total phenolics in fresh fruits of ‘Stanley’ per
100 g, while Chun et al. (2004) obtained 236.7 mg GAE. In
seasons 2009 and 2010 (Fig 2), total phenolic content
primarily decreased from HS1 to HS3, and subsequently
increased, whereas in 2008, the total phenolics had quite the
opposite trend, i.e. they first increased from HS1 to HS4 to
subsequently decrease. Differences in the results presented
may be attributed to the different climate conditions. Similar
results were obtained by other researches. Amiot et al. (1995)
investigate the influence of maturity stage on phenolic
content of pear fruits. In pear cultivars ‘Williams’, ‘Harrow
Sweet’ and ‘Guyot’, fruits were picked at three different
times a year. In the cultivars examined, the total phenolics
showed three different trends. Namely, the total phenolics
content in fruits of ‘Williams’ tended to increase and
subsequently decrease, whereas in ‘Harrow Sweet’ phenolic
content decreased with the delayed harvest time. In contrast,
in fruits of ‘Guyot’, total phenolics increased with ripening.
The fluctuations in total phenolic content in all the three
harvest years, as shown by our results, appear to be difficult
to account for. In most fruits, ripeness degree markedly
affected both quality and quantity of the various phenols.
Generally, it is well known that phenolic acid concentrations
decrease during ripening, whereas flavonoid concentrations
increase (Macheix et al., 1990; Manach et al., 2004). The
lack of a clear trend concerning total phenolics content may
be due to the variations in composition of compounds that
fall within phenols during ripening, as reported by Buta &
Spaulding (1997) and Raffo et al. (2002) in their studies of
tomato fruits. In other words, degradation of some phenolics
was faster or slower than biosynthesis of some other
phenolics.
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Table 1. Monthly and summer season (June—September) air temperature and rainfall rate for the Preme¢a region in 2008—2010.

Air temperature Rainfall rate

Month (°C) (mm)

2008 2009 2010 L-TA* 2008 2009 2010 L-TA*
January 17 0.7 0.9 03 26.0 50.0 330 36.6
February 55 26 3.0 23 8.0 32.0 52.0 30.7
March 8.5 8.1 7.9 6.8 535 425 545 50.2
April 137 148 133 115 355 125 52.0 333
May 19.4 20.2 17.9 16.8 36.0 43.0 98.8 59.3
June 233 21.4 213 20.0 79.0 98.4 81.0 86.1
July 235 24.0 235 215 95.6 41.0 90.0 755
August 253 24.7 23.7 21.2 36.0 355 785 50.0
September 15.9 19.2 17.3 16.7 73.0 30.0 25.0 427
October 14.0 116 10.0 114 305 915 63.0 61.7
November 8.2 8.7 103 6.0 32.0 72.0 54.6 52.9
December 49 3.7 1.8 14 36.0 97.0 37.0 56.7
3"6‘:;‘” or total for 137 133 1256 113 541.1 645.4 719.4 635.7
Mean o total for 22.0 223 215 19.8 283.6 204.9 2745 254.3

summer season

Number of warm
days (T>30 °C) in 43 41 38
summer season

* long-term average for 1965-2010 period in the Premeca region.

60 - [—=— year: 2008.
—e— year: 2009.
—A— year: 2010.

50 -

40 F

30 -

total anthocyanins (mg/ 100 g FW)
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harvest stage

Fig 1. Changes of anthocyanin content during fruit ripening in the plum cv ‘Stanley’ over three successive harvest years.

Antioxidant capacity

Many free radicals, that are generated in organisms, are
extremely reactive and are known to be a biological product
of partial reduction of molecular oxygen (Williams & Jeffrey,
2000). The damage mediated by free radicals is manifested in
the disruption of membrane fluidity, protein denaturation,
lipid peroxidation, oxidative DNA and alteration of platelet
functions, which has been generally considered to be linked
with many chronic health problems such as cancers,
inflammation, aging and atherosclerosis (Fridovich, 1978;
Kinsella et al., 1993). An antioxidant, which can quench
reactive free radicals, can prevent the oxidation of other
molecules and may, therefore, have health-promoting effects
in the prevention of degenerative diseases. The galvinoxyl
free radical quenching procedure, a decolorization assay

using free purple galvinoxyl radicals, was shown to be a very
useful tool for expeditious measuring of antioxidant activity
in individual chemical compounds or complex fruit extracts
(Smith et al., 2000). As presented in Fig 2, antioxidant
capacity was also significantly affected by ripening stage
(curve 2) (p < 0.001). Namely, antioxidant capacity,
expressed as the rate constant k;’, showed completely
opposite trend compared to that of the total phenolic content.
These two parameters, thus represented in the same graph for
the same harvest year, performed nearly ‘object and its
reflection in the mirror’ trend. The results obtained showed
that plum fruits containing the highest total phenolics do not
necessarily exhibit the highest antioxidant capacity.
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Table 2. Selected harvest stages for sample collection of fruits of cv ‘Stanley’.

Denomination Abbreviation

Maturity stage Harvesting date

Harvest stage 1 HS1

Harvest stage 2 HS2

Harvest stage 3 HS3

Harvest stage 4 HS4

Harvest stage 5 HS5

ripe violet 14. Aug (2008)
18. Aug (2009)

20. Aug (2010)

ripe purple 21. Aug (2008)
25. Aug (2009)

27. Aug (2010)

ripe deep purple 28. Aug (2008)
01. Sep (2009)

03. Sep (2010)

ripe blue 04. Sep (2008)
08. Sep (2009)

10. Sep (2010)

ripe deep blue 12. Sep (2008)
15. Sep (2009)

17. Sep (2010)

Moreover, an increase in antioxidant capacity corresponds to
the decrease in the total phenolic content. Fernandez-Orozco
et al. (2011) studied the antioxidant capacity of phenolic
compounds during growth and ripening of olive fruits Olea
europaea cv ‘Arbequina’, and also observed the ‘object and
its reflection in the mirror’ trend. In all the three successive
harvest years, the fluctuations in antioxidant capacity were
observed, though without a particular trend. Tlili et al. (2011)
studied changes in bioactive compounds and antioxidant
activities of five watermelon cultivars at four different fruit
ripening stages. They also observed the lack of a clear trend,
and attributed these results to the complexity of the
composition of foods as well as to the dependency of fruit
antioxidant power on the synergistic effects and redox
interactions between the different nutrient and “non nutrient”
molecules, which together contribute to the possible health
benefits. Kristl et al. (2011) investigated the contribution of
extractable antioxidants and non-extractable phenolics to the
total antioxidant activity of four plum cultivars (‘Valor’,
‘Stanley’, ‘Hanita’, and ‘Tophit’), as well as to the changes in
total antioxidant activity during the final week of ripening.
They also observed the variation in the total antioxidant
capacity of ‘Stanley’ and ‘Hanita’ plum fruits over the
ripening period. After the determination on the first sampling
date, the total antioxidativity of fruits of ‘Stanley’ slightly
decreased and subsequently increased by 38%. Many authors
have studied the correlation between bioactive compounds
and antioxidant capacity in various fruits (Raffo et al., 2002;
Fernandez-Orozco et al., 2011; Tlili et al., 2011). In our
study, after considering data from all harvest years, no
significant correlation between antioxidant capacity and total
anthocyanin content was evidenced. The antioxidant capacity
is more closely related to the total phenolic content (R = -
0.891 and -0.909 for 2009 and 2010, respectively;
unexpectedly, R = 0.018 was obtained for 2008, most likely
due to the different climate conditions over the observed
harvest year).

Materials and methods
Plant material
Fruits of <Stanley’ (Prunus domestica L.) grafted on

rootstock Prunus cerasifera L. were collected from a
commercial orchard established in 1999 in Premeca

(43°46'33"N, 20°25'34"E), the village situated in a renowned
plum growing region of Cadak, Serbia. Fruits were collected
from mid-August to mid-September in 2008, 2009, and 2010.
The climate data involving all the three periods were
obtained from local meteorological station of the Republic
Hydrometeorological Service of Serbia (Table 1).

The data on all the three years observed show that the
average air temperatures during both the calendar year and
the summer season were higher than the long-term average
(Table 1). In 2008, the average air temperature was higher
than in seasons 2009 and 2010. Furthermore, the greatest
number of warm days (T>30 °C) was also observed in 2008.
Nevertheless, in 2009 the average temperature in summer
season (June-September) was higher than in 2008 and 2010.
The total annual rainfall rate was rather low in 2008. It was
higher in 2009 and notably higher in 2010, compared to the
long-term period. Anyhow, the total rainfall rate over
summer season was the highest in 2008. All the
environmental parameters influence the content of the
polyphenolic compounds in fruits. Since fruits developed
cultivar-typical coloration, it is assumed, that the weather
conditions in the ripening period were favourable for the
development of the colour.

Plum harvesting and sampling

Over the seasons examined, fruits were picked at five
different terms at seven-day intervals during maturation
stage. Plum sampling involved five harvest stages (HS1,
HS2, HS3, HS4, and HS5) as described in Table 2. Fruits
were collected at appropriate maturity stages, based on a
predetermined fruit classification. In terms of fruit colour and
edibility, samples varied among harvesting stages from violet
to deep blue shades. Harvesting time depended on form of
fruit utilization (Childers, 1949). The commercial plum
orchard included 150 trees distributed in 10 rows with 15
trees each (5 x 4 m tree spacing). The sampling addressed the
following parameters: position of fruit on the branch, position
of the branch on the tree, position of the tree in the orchard
and sun exposure to assess representative sample in the
orchard. Samples were collected as follows: fifty samples of
fruits (with no mechanical injuries or disease indications)
were selected from five trees on each sampling date (ten
fruits per tree). Plum trees located in the middle of the row
were used for the experiment. Each harvesting stage included

684



jV)
~

total phenolics (mg /100 g FW)

jon
~

total phenolics (mg / 100 g FW)

o
~

total phenolics (mg /100 g FW)

120 | {30
_l 128
1 @
—426 o3
100 | ] 2
124 §
90 + 120 =
] =
80 - 120 o
] %,
70k 148 =
{16
60 1 1 1 1 1
HS1 HS2 HS3 HS4 HS5
220
{24
I ®
200 |
422
| 3
8o 420 2
L [e]
2
160 |- J1s 2
=1
140 |- 416 -
I =
120 - 114 3
I )
100 F & =
2
| ! 1.0
80 | s
L 1 L 1 1
HS1 HS2 HS3 HS4 HS5
200
432
180 | 130
128 B
4 [0]
160 | 126 8
1 2
424 §
140 - 2
122 =
120 - 420 =
118 &
m.
100 416 <
114
80 |
1 1 1 1 1

HS1 HS2 HS3 HS4 HS5

harvest stage

Fig 2. Changes of total phenolic content (curve 1) and
antioxidant capacity (curve 2) during plum maturity period in
the plum cv ‘Stanley’ over three successive harvest years (a)
2008, (b) 2009, and (c) 2010.

random selection of a plum tree in the middle of each
even/odd row. Each subsequent sampling was conducted on
the adjacent tree in the same row. After harvesting, fruits
were immediately transported to the laboratory of the

14

3

4

Department for Fruit Processing Technology where they
were stored at -20 °C until the analysis. For each picking
term, three replicates of ten plums were randomly selected
amongst 50 fruits to determine total anthocyanins, total
phenolics and antioxidant capacity. The whole edible part of
the fruit was used in the study. Plum fruits were carefully cut
in halves and pits removed by hand. Mesocarp and exocarp
were frozen by pouring into liquid nitrogen and homogenized
using a stainless steel blender.

Determination of anthocyanin content

The monomeric anthocyanin pigment content of the aqueous
extracts was determined using the previously described pH-
differential method (Torre & Barritt, 1977; Prior et al., 1998;
Boyles & Wrolstad, 1993; Liu et al., 2002). Briefly, 20 g of
grinded fruit was blended with 40 mL of extracting solvent
(95% ethanol/1.5 N HCI, 85:15). The extract was collected
by filtration with an additional 30 ml of solvent washing. The
residue was soaked with 70 mL of extracting solvent, and the
extract was collected after 2h. The total extracts were pooled
and brought up to 200 mL. A UV/VIS spectrophotometer
(PU 8740 UV/VIS, England) and a 1-cm path length
disposable cell were used for spectral measurements at 510
and 700 nm. Pigment content was calculated as milligrams
cyanidin-3-glucoside (cyn-3-glu) per 100g fresh weight (mg
cyn-3-glu / 100 g FW) using an extinction coefficient of
26900 L/cm/mol and molecular weight of 449.2 g/mol.

Determination of total phenolic

The total phenolic content was determined using a modified
Folin-Ciocalteu colorimetric method (Singleton et al., 1999;
Liu et al., 2002) and the results were expressed as milligrams
of gallic acid equivalents per 100 g fresh weight (mg
GAE/100 g FW). Grinded sample (4.0 g) was stirred
vigorously with 40 mL of extraction solution consisting of
methanol and distilled water (80% v/v) and was kept for 2
hours in the dark at room temperature. The mixture was
centrifuged in two sequential times for 15 min at 3500 rpm,
and supernatant was filtered through a 0.45 pm Minisart filter
before analysis. A 40 pL of fruit extracts or gallic acid
standard solution (Merck, Darmstadt Germany) was mixed
with 3.16 mL of distilled water whereupon 200 pL of Folin-
Ciocalteu reagent (Merck) was added and allowed to stand
for 8 min before 600 pL of 20% Na,CO; solution was added.
Solution was well mixed and absorbance at 765 nm against
an appropriate blank was determined after 2 hours. Data are
reported as means for at least three replications.

Galvinoxyl free radical quenching assay

The antioxidant capacity of the tested plum extracts by
galvinoxyl free radical was carried out by following the
decrease in absorbance of galvinoxyl in ethanol at 428 nm
(Smith & Hargis, 1985; Shi & Niki, 1998; Smith et al.,
2000). The concentration of galvinoxyl radical was always
significantly lower than that of the tested extracts to obtain
the pseudo-first-order rate constant, ky. The extraction
procedure was identical to the one employed for the
determination of anthocyanin content. An aliquot (1.5 mL) of
the plum extract was added to a galvinoxyl solution (0.6 mL)
(TCIl America, Portland, MO, USA) to ensure that the final
concentration of the extract be 50 pg/mL. The quenching of
the galvinoxyl radical was recorded for five minutes at 30 sec
intervals using a UV/VIS spectrophotometer (PU 8740
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Table 3. Changes of anthocyanins content, total phenolic content and antioxidant capacity at different ripening stages over three

successive harvest years.

Year Harvest stage Total . Total_ Antioxidative capacity
anthocyanins phenolics
HS1 501+042¢e 7242 £1.10d 2.39+0.43b
HS2 1443 +1.12d 78.76 £2.02 ¢ 1.70+0.10d
2008 HS3 18.92+1.06 ¢ 99.10+3.18b 2.20+£0.09 bc
HS4 34.17+150a 11354 +2.02a 1.95+0.04 cd
HS5 23.06+£2.09b 96.22+2.39b 2.94+0.07a
ANOVA *kk *kk *kk
HS1 10.78 +1.48d 17197 +1.52b 1.38+0.11c
HS2 30.74+£155¢ 166.92 + 2.47 bc 1.71+0.06 b
2009 HS3 41.70+137b 150.93+6.71d 2.09+0.09 a
HS4 43.99+155b 211.07+2.63 a 1.02+0.07d
HS5 54.72+3.21a 162.63+4.19¢ 1.67 £ 0.20b
ANOVA *kk *kk *kk
HS1 10.35+0.95e 165.56 +2.86 b 1.38+0.11c
HS2 13.04 +0.94d 156.34 +4.55 ¢ 1.71+0.06 b
2010 HS3 18.44+1.19¢c 100.68 + 3.56 e 2.09+0.09a
HS4 28.68£0.62 b 148.71+4.89d 1.02+£0.07d
HS5 39.61+240a 193.68+4.11a 1.67+£0.20b
*kk *kk *kx

ANOVA

Values marked with different letters within the same year and column denote statistically significant differences (Duncan’s
test, p < 0.05). ns,*,** ***: non significant or significant at p < 0.05, 0.01, 0.001, respectively.

UV/VIS, England) after which the data were plotted as a
function of In [Abs t/Abs 0] vs time to obtain rate plots, the
slope of which yielded k;’ the rate constant.

Statistical analysis

In all the experiments, three samples were analysed and all
the assays were carried out in triplicate. The results are
expressed as mean values and standard deviation (SD). Data
were analysed by one-way analysis of variance (ANOVA) to
examine differences among harvest dates, using Statistica 7
(StatSoft, Inc., Tulsa, OK, USA). The pairwise comparisons
between different parameters were carried out using
Duncan’s test (p < 0.05).

Conclusions

In conclusion, fruits of plum cv ‘Stanley’ were harvested at
five terms over three successive years. It was observed that
maturity had a significant effect on total anthocyanins content
and total phenolic content. Fruit anthocyanins content
increased with maturity, which indicates that anthocyanins
accumulation occurred constantly during fruit development.
On the other hand, the lack of clear trend in changes of total
phenolics during plum maturity was observed, most likely
due to the variations in the different compounds that fall
within phenols during maturation. The lack of clear trend in
changes of antioxidant capacity during fruit development was
also evidenced, nevertheless high correlation between
antioxidant capacity and total phenolics was observed.
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