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Abstract: The objective of this study was to evaluate the fruit development, the quality at harvest
and the shelf-life changes of three apricot cultivars—'Spring Blush’, ‘Robada’, and ‘Kioto’—produced
in the conditions of the Southwest Iberian Peninsula. Pomological characteristics and global quality
(colour, firmness, total soluble solids, and total acidity) were weekly evaluated during fruit growth
and ripening. Apricots were harvested at commercial ripening, and six and three days before,
were tested for each harvest on the harvesting day and after three and five days of shelf-life at
20 °C, evaluating chlorophyll and carotenoids content and sensory quality. ‘Spring Blush” was the
earliest cultivar with a small calibre, and the change in colour was found to depend more on the
evolution during the shelf-life than on the harvest date; although the panellists rated it well, it
presented a significant lack of firmness for successful marketing. ‘Robada’ was the cultivar with
the lowest evolution of colour, sugar and acid content, and it was the worst valued by tasters. In
‘Kioto’, differences in soluble solids, acidity, and colour were of high importance in the last days of
development on the tree. ‘Kioto” was the cultivar that showed the largest fruit size and colouring
during the ripening on the tree, as well as the one with the highest overall quality that improves
during shelf-life.

Keywords: Prunus armeniaca L.; firmness; colour; pigments; sensory; shelf-life

1. Introduction

The apricot (Prunus armeniaca L.), originally from China and Central Asia, is currently
cultivated throughout the world, the largest producers being the countries of the Middle
East and the Mediterranean; Spain holds the seventh place at worldwide production [1].

The apricot is a highly perishable climacteric fruit that is susceptible to dehydration,
loss of firmness, mechanical damage, and decay, so it is usually harvested prematurely [2—4].
The harvest is carried out when the fruit has reached a good colour development and
an optimum firmness value of 3-3.5 kg, measured with an 8 mm probe, to ensure that
the firmness of the fruit is sufficient to withstand the marketing period (AFRUEX, per-
sonal communication). However, the ripening conditions are often not adequate, and the
organoleptic characteristics demanded by consumers cannot be achieved [3,5].

According to various studies, consumers appreciate apricots for their flavour, marked
by the sugar content, the sugar/acid ratio, and the aroma [6-8]; colour and firmness
are other relevant aspects. Regarding firmness, consumers prefer an intermediate range
between 10 and 20 N [2,5], although these values vary depending on the studied cultivars
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and the researchers; they are slightly higher compared to the firmness of the ready-to-eat
fruit, established between 9 and 13.5 N [9].

Regarding the colour of the apricot, it is an attribute that depends, among other factors,
on the cultivar and the stage of maturity of the fruit [10]. During the ripening period,
an active synthesis of carotenoids occurs [11] and is responsible for the intense yellow-
orange colour of its skin and pulp, with 3-carotene being the largest component [12-15].
Simultaneously, a degradation of the chlorophylls occurs and results, together with the de
novo synthesis of carotenoids, in very marked colour changes [16].

Carotenoids, as well as being important in order to establish the optimum harvesting
time, have provitamin A capacity and high antioxidant activity. Therefore, we must not
only consider the overall quality but also other properties that make apricot consumption
highly recommended, such as nutritional and functional values [17].

There have been numerous quality studies that dealt with the different varieties of
apricots at harvesting time [6-8,11,12,18,19], but few have been carried out during the
development of the fruit [20] or at different stages of ripening [2,5,10,16]. Furthermore, to
our knowledge, there have been few studies of the effect of apricot ripening at 20 °C [21].

The study of apricot cultivars in new growing regions should consider the evolution
of the fruit during development from the setting of the flowers, with special attention to
the moments close to commercial harvesting, as well as its evolution after harvest. The
objectives of this work were: (1) to characterise three apricot cultivars from a physical-
chemical point of view during their development and ripening on the tree and (2) to
determine the functional, sensory, and overall quality of the fruits at the time close to
commercial maturity and after a period of shelf-life.

2. Materials and Methods
2.1. Plant Material

The trial was conducted on three apricot cultivars (Prunus armeniaca L.)—'Spring
Blush’, ‘Robada’, and ‘Kioto’, which were grown in three different commercial orchards
located in Caia (38°54’ N 7°04’ W), Southeastern Portugal.

Five-year-old trees were grown under the same agronomic conditions, grafted onto
the ‘Franco Montclar’ rootstock, planted at a distance of 6 x 4 m, and trained in a vase
system. The stages of fruit development were based on days after full bloom (DAFB).

2.2. Experimental Design

Weekly samples were taken during the development of the fruit to determine morpho-
logical characteristics, skin colour, compression texture, total soluble solids (TSS), and total
acidity (TA). Each sample was prepared from fruits harvested randomly from 9 different
trees. After each harvest, apricots were immediately transported to the laboratory. The first
sampling was done after fruit formation (35, 28, and 42 DAFB in ‘Spring Blush’, ‘Robada’,
and ‘Kioto’, respectively).

Apricots were harvested at commercial ripening, and 6 and 3 days before, (0, —6
and —3) in order to ensure the proper determination of optimum harvesting date. The
fruits were analysed at harvest (0) and after a shelf-life period of 3-5 days at 20 °C. In
addition to assessing weight, colour, and texture loss due to compression, measurements
of texture were also made by penetration, TSS, TA, pigments (chlorophyll and carotenoid
compounds), and sensory analysis.

2.3. Standard Quality Evaluation

The surface colour of 20 fruits was measured at two different points around their
equatorial region using a Minolta CR-400 reflectance Chroma Meter (Minolta, Osaka,
Japan), which provided CIE L*, a* and b* values. These values were then used to calculate
hue (H®), chroma (C¥), and the a*/b* ratio. In addition, the visual colour of the fruits
was determined with CTIFL charts (1-10 scale) defining four stages of maturation: early
(CTIFL < 3), mid (CTIFL 3-5), commercial (CTIFL 5-7), and late (CTIFL > 8).
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The weight for each individual fruit (n = 20) was recorded using a Sartorius TE412
digital scale (Sartorius AG, Gottingen, Germany), along with its diameter, length, stone
diameter and length, and pulp thickness using a digital calibrator (Infoagro Systems, S.L.,
Madrid, Spain).

Fruit firmness was assessed in 20 fruits, on opposite sides, with a Micro Systems
Texture Analyzer TA-XT2i (Aname, Pozuelo, Madrid, Spain) by means of a compression
test to 3% of the whole fruit using a 40 mm plate. Six days before commercial harvesting
(—6), and during its shelf-life, firmness was also determined by a penetration test with a
6 mm diameter probe. The maximum force (N) was recorded in both tests.

The remaining fruits were carefully pitted, divided into three groups, and homoge-
nized by a food processor; the homogenates (n = 3) were then employed to assess TSS,
TA, chlorophyll, and carotenoid compounds. TSS were evaluated at 20 °C with a Mettler
Toledo RE40 refractometer (Coslada, Madrid, Spain) and expressed as °Brix. For TA, 3 g of
homogenate were diluted up to 60 mL with distilled water and titrated to pH 8.1 using
0.1 N NaOH in a Mettler Toledo DL50 titrator (Coslada, Madrid, Spain).

2.4. Determination of Chlorophyll and Carotenoid Content

An acetonic extract was prepared by performing 3 extractions with 30 mL of acetone on
the 10 g of homogenate and stirring for 20 min in the dark. Chlorophylls were determined
in this extract according to the method described by Fernandez-Leon et al. [22], expressing
the results as ug g~ of fresh sample. The total carotenoid content was also calculated in
the extract by applying the method developed by Dragovic-Uzelac et al. [10], expressing
the concentration in pg de B-carotene g~ ! of fresh sample. The method of Bohoyo-Gil
et al. [23] was used for the chromatographic separation and determination of individual
carotenoids, indicating the concentration in pg g~ of fresh sample. Briefly, an Agilent
1290 Ultra High Performance Liquid Chromatographer (Agilent Technologies, CA, USA)
equipped with a Zorbax Eclipse Plus C18 2.1 x 50 mm column (1.8 um particle size at
28 °C) and coupled to a DAD detector (at 460 nm) was used. The mobile phase was an 85:15
mix of acetonitrile/methanol (solvent A) and a 60:20:20 mix of acetonitrile/methanol/ethyl
acetate (solvent B) containing 0.1% BHT and 0.05% TEA. The gradient was 100% A and 0%
B for 4 min, 0% A and 100% B for 5 min, and finally 100% A and 0% B for 0.5 min. The flow
rate was 0.3 mL/min, and an external standard technique was used for peak identification
and quantification.

2.5. Sensory Evaluation

A panel of 12 trained testers carried out the sensory evaluation for the 3 cultivars on
the 3 harvesting dates (—6, —3, and 0), only in the samples that had been at 20 °C for 5 days.
The evaluation criteria were colour, flavour, sweetness, acidity, juiciness, firmness, and
overall score. In summary, the samples at 20 °C were prepared for each tasting day and
tested in order to assess firmness by compression (as described above). Subsequently, half
was used to measure TSS while the other half was used for tasting. The fruit was placed in
trays and submitted to the testers. The evaluation guidelines considered a continuous scale
for each parameter, with scores ranging from 0 (the lowest) to 8 (the highest).

2.6. Statistical Analysis

Data were subjected to ANOVA using IBM SPSS Statistics 20 (SSPS Inc., Chicago,
IL, USA). When significant differences between mean values were detected by ANOVA,
they were further compared using HSD Tukey’s tests. The relationships between variables
and samples were assessed by principal component analysis (PCA). The relationships
between colour parameters and CTIFL values were also evaluated by Pearson’s correlation
atp <0.01.
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3. Results and Discussion
3.1. Morphological Changes during Fruit Growth

The development process of apricot fruits has a highly variable duration that largely
depends on the cultivar [20,24]. The complete cycle, from petal fall (or fruit set) to commer-
cial maturity, was 53 days in ‘Spring Blush’ and 65 days in ‘Robada” and ‘Kioto.” ‘Spring
Blush’ is an early production cultivar and therefore has a shorter cycle than ‘Robada’ and
‘Kioto’, which produce later given the agro-climatic conditions of the southwest of the
Iberian Peninsula.

The pattern of fruit development in the three apricot cultivars followed a double
sigmoid type curve, differentiating a first phase of rapid growth of the fruit (Phase I), a
second phase of growth stop coinciding with the formation of the stone (Phase II), and
a third ripening phase (Phase III) in which the fruit can continue increasing in size and
acquires the gustatory characteristics (Figure 1).

100
80
Stage lll
= Stage ll
= 60
o Stage
]
=
3 40 -
LL
—&— Spring Blush
20 - —4— Robada
—=— Kioto
0 | | | | | | J

20 30 40 50 60 70 80 90
DAFB

Figure 1. Fruit growth curve (expressed in g) of the three studied apricot cultivars. Days after full

bloom (DAFB) to commercial maturity, indicating stages I, II, and III of the growth for the ‘Kioto
cultivar. Mean values + standard error (n = 20).

Stone hardening had started 49 DAFB for the three cultivars. The stone was formed in
50% of the fruits in ‘Spring Blush’, compared to the 13% in ‘Kioto.” At 56 DAFB, 100% of
the fruit had lignified stone in the three apricot cultivars.

The collection of samples for analysis started earlier in ‘Spring Blush” and ‘Robada
(35 and 28 DAFB, respectively) than in ‘Kioto’ (42 DAFB). Initially, the average weight of
the fruits was 7 and 4 g in ‘Spring Blush” and ‘Robada’, respectively, compared to 21 g in
‘Kioto.” As for the characteristics of the stone, ‘Kioto’ showed differentiation and hardening
of the tissue surrounding the seed, unlike ‘Spring Blush” and ‘Robada’, so there were hardly
any significant changes on stone length and diameter in ‘Kioto” between harvesting dates
(Table 1).

’
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Table 1. Evolution of physical parameters of the apricot cultivars during growth and ripening.
Fruit Length Fruit Fruit Weight  Seed Length ~ Seed Width Mesocarp
Cultivar DAFB Diameter Thickness
(mm) ( (8 (mm) (mm)
mm) (mm)

35 273f+24 233g+23 69g+19 133d+1.4 97d+£16 76d+07

42 340e£19 329f+20 173f+29 16.7c+12 132c¢+0.8 8.6d+1.0

49 36.3d+1.8 362e+21 22.7e £3.8 233b+26 19.6b +1.9 103c+15

‘Spring 56 384c+24 383d+26 28.7d +5.1 254a+5.0 21.7a+ 4.6 108 c+25
Blush’ 63 42.8b £2.8 425c£34 40.3c£87 26.5a+ 1.8 224a+19 125b+15
67 456a+2.3 46.3b £2.1 51.1b+ 6.4 26.6a+1.6 22.6a+20 124b+14

70 455a+24 46.6b +2.6 528b +7.4 268a+15 230a=+x15 147a+12

74 466a+17 484a+18 580a+5.0 264a+15 232a+17 145a+1.8

28 239h+1.8 185h £2.0 41h+£12 122e£1.6 85e+1.3 54g+07

35 31.8g+22 294 g+32 13.8g+£35 16.5d £2.1 13.5d+14 81f+11

42 35.6f+27 341f+33 21.0fg £53 181c+27 144d £1.9 76f+14

49 384e+23 379e+29 283f+54 247b+138 202c+1.2 94e+13

, , 56 404d+29 41.8d +32 37.6e+70 254b+24 21.3b+£21 119d £1.3
Robada 63 451c+138 46.3c£2.6 51.1d + 6.9 278a+21 234a+16 127cd*1.6
70 443c+32 468c+47 556d+145 272ax17 225a+17 134c+£16

77 490b £2.7 489c+6.8 66.7c£9.1 270a+15 230a+13 157b £ 1.8

80 492b +2.1 531b£23 76.6b+167 285a+18 232a+13 16.5b £ 1.9

84 541a+22 573a+23 96.1a+9.6 282a+13 234a+13 182a+0.38

42 354e+£31 341f+3.0 21.0g£5.0 25.6c+22 20.3d+22 71f+11

49 37.3d+27 374e+26 27.8f+49 260bc+£21 21.1cd+17 84e+18

56 429c+138 431d+19 406e+53 265bc+t24 21.7bc£25 11.6d£15
ey 63 442c+£21 448c£22  465dc£t72 273ab+13 227ab+14 127cdE1.6
Kioto 70 43.6c+ 18 451c+23 477d+£68 263bc+15 223abc+t17 133c+18
77 502b £+ 2.0 502b £ 1.6 654c+t6.l 271ab+0.8 226ab+11 157b+12

80 547 a+24 563a+28 913b+109 282a+12 233a+13 18.1a£32

84 539a+26 575a+28 974a+113 270ab+21 216bc+t16 184a+18

Legend: DAFB: days after full blooming. For each cultivar, values in the same column followed by different letters differ at a significance
level of 0.05 according to Tukey’s test. Mean values =+ standard error (n = 20).

‘Spring Blush’ was the smallest fruit cultivar (58 + 8 g average weight), with commer-
cially harvested sizes of 43/49 mm, which is considered ‘Extra Class’ by apricot marketing
standards. ‘Robada’ and ‘Kioto” were harvested three and four weeks later than ‘Spring
Blush’, respectively, and were significantly larger fruit cultivars that reached values close
to 100 g in commercial harvest and sizes of 54/59 mm and larger. The mean weight and
diameter values of fruits at commercial harvest were higher than those published by Lo
Bianco et al. [7] for 16 apricot cultivars produced in Sicily. However, larger fruit sizes
(up to 70 g and higher) have been noted in European apricots, especially the newly bred
varieties [25].

3.2. Changes in Quality during Growth and Fruit Ripening
3.2.1. Colour

Though skin colour was determined on both sides of the fruit and significant differ-
ences were found between the shaded (un-blushed) and sun-exposed (blushed) sides, the
evolution of the different colour parameters was very similar on both sides. In general,
there were significant increases in L*, a*, and b* with the development and ripening of the
fruit resulting from the change in colour from dark green to orange-yellow in all three culti-
vars (data not shown). For the same reason, there was an increase in the chroma parameter
(C*) and a decrease in the hue angle (H®). Out of all the instrumentally determined colour
parameters, those that best correlated with the evolution of the visual colour (CTIFL) of the
fruits were a*, H°, and the a*/b* ratio, with correlations higher than 0.8 (Figure 2).
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Figure 2. Relationship between instrumental colour (hue) and the state of visual maturity of the fruit, established by CTIFL
colour, for the three apricot cultivars from full bloom to maturity on the tree. Mean values + standard error (n = 20).

Since it is a widely used index for stone fruit, the a*/b* ratio was calculated [26,27]
and showed an upward trend with the development and ripening of the fruit (Figure 3).
On the one hand, the a*/b* ratio allowed us to determine the time when the fruit colour
change occurred, from green (a*/b* values < 0) in unripe fruits to the pre-commercial pale
yellow (a*/b* values ~ 0) and orange-yellow (a*/b* > 0 values) in ripe fruits. On the other
hand, it showed the differences in colour between the three studied apricot cultivars. Thus,
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‘Kioto” was the cultivar with the highest colour intensity (higher a*/b* ratio), while ‘Spring
Blush” and ‘Robada’ showed lighter and similar shades between them. Colour changes

during ripening were more subtle in “‘Robada’ (Figure 3).

0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

a*/b*

0.8
0.6
0.4
0.2
:& 0.0
)
-0.4
-0.6
-0.8
-1.0

'Spring Blush'

'Robada’

28 35 42 49 56 63 70 77

'Kioto'

DAFB

= = = un-blush side

blush side

= = = un-blush side

blush side

= = = un-blush side

blush side

Figure 3. Evolution of the a*/b* skin colour index of apricot cultivars from full bloom to maturity on

the tree. The arrow indicates the time of the initial change in fruit colour. Mean values + standard

error (n = 20).

3.2.2. Firmness

The evolution of fruit firmness, measured by compression, is shown in Figure 4. In
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‘Spring Blush’, it remained generally constant up to 67 DAFB, while in ‘Robada’ and ‘Kioto’,
a significant increase in firmness was observed from the beginning of the trial up to 63 and
70 DAFB, respectively (Figure 4). These increases in firmness were due to foliar feeding
with calcium, which was done to avoid fruit splitting due to abundant rainfall and high
temperatures in the production area at that time. In the three apricot cultivars, a significant
decrease in fruit firmness was observed from 10 to 15 days before commercial harvest.
‘Spring Blush’ had the lowest firmness values at commercial harvest 14.9 N, compared to
26 and 22 N for ‘Robada’ and ‘Kioto’, respectively. It is difficult to compare our firmness
results with those in the literature because the used methodology has been variable among
different authors.

3.2.3. Total Soluble Solids and Total Acidity

The TSS increased during the development and ripening process on all three apricot
cultivars (Figure 5). ‘Kioto” had the highest TSS value (10.9 °Brix), and ‘Robada’” had the
lowest (8.3 °Brix). The evolution of acidity was contrary to that of TSS, and a decline was
observed as the fruit ripened. ‘Kioto” was the cultivar with the highest TA at commercial
harvest (2% malic acid), and ‘Robada’” had the lowest (1.42% malic acid). As a result of
increased TSS and decreased acidity during fruit development and ripening on the tree,
the TSS/TA ratio significantly increased at different sampling dates in the three studied
apricot cultivars. The high acidity of the ‘Kioto” cultivar meant that the TSS/TA ratio was
not higher than that of the other cultivars despite the higher TSS content, and no significant
differences were found between them at the time of commercial harvest (data not shown).

] 'Spring Blush'

o
|
Q
Q
o]

Firmness (N)
w b U
o O
1 1

(o
(@]

= N
o o
1 1

o

49 56 63 67 70 74
DAFB

80
70 -
60 -
50 A
40 -
30
20 -
10 -

Firmness (N)

42 49 56 63 70 77 80 85
DAFB

Figure 4. Cont.
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'Kioto'

o

o

Firmness (N)
w b U
o

=N
o O

o

42 49 56 63 70 77 80 85
DAFB

Figure 4. Evolution of apricot fruit firmness during its development and ripening on the tree.
The letters represent significant differences according to Tukey’s test at a level of p < 0.05. Mean
values + standard error (n = 20).

TSS content values were slightly lower than those shown by other authors for other
apricot cultivars, which were found to be in the range of 1020 °Brix [11,28]. These
differences may have been due to both the cultivar and the climatic conditions in the year
of production, as well as management practices [5]. Our acidity values, however, were
similar to those found by Ayour et al. [29] in twelve apricot cultivars at different stages
of maturity.

European apricots, especially the newly bred varieties, have larger fruit with yel-
low/orange colour and a characteristic apricot aroma; their soluble solids content is lower
(around 12-17%) and their acidity is higher (above 1.3-1.5%) compared to Central Asian
varieties [25].

3.3. Changes in Quality during Shelf-Life
3.3.1. Weight Loss

Weight losses increased in all three cultivars with shelf-life and ranged between 6 and
12% after five days (Table 2). ‘Kioto” was the cultivar that experienced the lowest losses,
especially in those apricots that were harvested at a more advanced stage of maturity (days
—3 and 0). There is very little published information on the effects of ripening at room
temperature in apricots; the studies conducted on the ‘Mauricio” cultivar [30] showed a
20% weight loss after five days, and Quiles-Bernabéu [31] found an 8-12% weight loss after
three days of shelf-life in ‘Madison” apricots that had been previously chilled at 2 °C for 5
or 10 days.

3.3.2. Colour

As previously said, colour measurement was assessed on both sides of the fruit (un-
blushed and blushed), but only un-blushed side data are shown because they provide
more information. The hue angle (H®) in the three apricot cultivars showed a decrease as
ripening progressed and during shelf-life (Table 2), in accordance with the results of Quiles-
Bernabéu [31], these changes being less evident in the ‘Robada’ cultivar. The development
of H® along maturation is a characteristic of the cultivar, according to the results of other
authors [16,32]. The L* and C* parameters increased both during ripening and in shelf-
life, with variations between cultivars. Regarding the a*/b* ratio, an increase could be
seen as ripening and shelf-life progressed (Figure 6). Differences were found between
the three cultivars: ‘Spring Blush” went from negative values at harvest (green colour) to
positive values (yellow-orange colour) during the shelf-life for —3 and 0 harvests, ‘Robada’
presented mostly negative values, ‘Kioto’ only registered negative values at harvest day
—6, and the remaining samples showed positive values.
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Figure 5. Evolution of TSS and total acidity of apricot fruits during their development and ripening
on the tree. Mean values + standard error (n = 3).
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Table 2. Physico-chemical parameters of the apricot cultivars at harvest and during shelf-life.

Cultivar Harvest Shelf-Life Weight Loss ! (%) TSS 2 (°Brix) TA 2 (% malic) L*1 c*1 He! Fp!(N)
0 - 7.98 bc + 0.32 2.07 bc £ 0.06 58.60 c +1.48 37.85¢+ 0.30 108.27 a &+ 1.54 47.69 a £ 2.12
—6 3 5.91 + 0.05 7.56 ¢ £ 0.04 2.17 ab + 0.06 58.59 ¢ 4+ 0.87 38.31 ¢+ 0.52 98.18 b + 3.00 37.21b +2.82
5 10.00 + 0.10 8.40 abc £+ 0.26 2.30a £ 0.09 59.15 ¢ 4+ 0.06 41.50 ab £+ 0.72 88.50 ¢ £ 3.16 31.24 cd + 2.64
‘Spring Blush’ 0 - 8.95 ab + 0.30 2.06 bc £ 0.02 60.33 abc £ 0.38 39.75 bc £+ 0.60 96.24b + 1.95 34.95bc £+ 1.53
pring -3 3 5.07 £0.29 8.90 ab + 0.71 2.03 bc £0.03 59.94 bc 4+ 0.49 41.80 ab + 0.76 87.17 ¢ £ 0.79 2340e £2.14
5 11.52 + 0.69 9.25a + 048 193¢+ 0.10 62.78 a + 0.98 47.18 a + 0.33 77.76 d £2.91 5.62g+1.41
0 - 758 ¢ £0.33 1.70d + 0.11 61.90 ab + 0.89 41.19 ab £+ 0.89 92.28 bc + 3.28 28.63 de + 1.59
0 3 5.87 + 0.54 8.57 abc £+ 0.38 1.68d + 0.03 62.72a £+ 0.37 46.63 a +1.49 79.26 d £ 1.81 11.83 f +£2.04
5 9.64 + 0.69 9.28a +0.24 1.66 d + 0.03 60.83 abc + 1.38 48.19a £+ 0.20 73.80d £1.91 3.95¢g £ 040
0 - 7.38 bc £+ 0.23 1.75a £+ 0.05 58.54 ¢ +1.12 37.58 ¢ +1.58 111.97 a £ 0.59 4453 a +3.74
—6 3 4.99 + 0.49 7.77 ab + 0.10 1.70 ab £+ 0.03 59.79 bc 4+ 0.63 38.96 ab + 0.80 104.76 bc £+ 0.62 38.08b + 1.83
5 9.17 £ 0.80 7.77 ab + 0.25 1.71 ab + 0.07 58.33 ¢ + 0.48 38.62 ab + 0.57 97.13 de +0.77 32.39 cd + 141
‘Robada’ 0 - 7.07 ¢ £0.25 1.58 bc + 0.03 61.68 ab + 0.70 40.68 ab £+ 0.77 107.85b 4+ 1.29 36.63 bc = 1.25
obada -3 3 3.66 + 0.13 7.48 abc £ 0.20 1.62 abc + 0.03 60.54 bc + 1.64 39.67 ab £+ 0.91 99.92d +1.76 34.33 bed + 0.77
5 6.15 + 0.12 7.47 abc £+ 0.13 1.58 bc + 0.03 59.91 bc 4+ 0.86 40.19b £ 0.29 9425 ef + 1.34 30.24 de + 1.86
0 - 7.50 abc £ 0.20 1.55 ¢+ 0.02 63.47 a £ 0.52 39.35ab + 0.49 101.03 cd + 1.67 29.56 de + 0.31
0 3 434 +0.18 7.52 abc £+ 0.18 1.51 ¢+ 0.08 61.71 ab + 0.58 40.77 ab £+ 0.48 92.88 f +2.45 26.62 ef + 1.81
5 9.05 + 0.36 8.00a + 0.23 1.60 bc + 0.05 60.15 bc £+ 0.45 42.65a + 0.14 85.36 g 4+ 1.05 22.01f+1.33
0 - 7.18c£0.14 2.45a +0.06 61.44 cde + 0.41 39.31d £+ 0.67 111.60 a £ 0.66 53.70a £ 2.54
-6 3 452 +0.26 7.22 ¢ £ 0.03 249 a +0.04 60.93 de 4 0.42 40.10d +0.28 106.60 b & 1.59 49.69 ab + 0.97
5 10.45 + 0.52 743 c+£0.28 2.51a+0.04 60.19e £ 0.92 40.64d + 0.62 99.45d 4+ 1.78 46.50b +2.14
Kioto’ 0 - 9.32b +0.34 2.08 cd + 0.14 62.91 bc £+ 0.34 46.41 c + 0.49 86.34d £+ 0.65 32.18 ¢ +2.80
1oto -3 3 3.55+0.31 9.70 b £+ 0.05 2.23bc £ 0.06 61.82 cd + 0.31 4721 c+0.21 81.58 e + 0.61 28.92 cd + 2.55
5 6.01 4+ 0.47 9.52b +0.18 2.31ab + 0.02 61.58 cde + 0.81 48.78 b £ 0.62 7772 f £ 0.37 26.55 cd + 1.36
0 - 10.93 a + 0.30 1.93d + 0.08 65.90a £+ 0.34 53.33a £+ 0.63 76.80 fg + 0.63 23.86d + 1.35
0 3 2.76 +0.16 11.65a + 0.22 2.07 cd £ 0.10 65.25a + 0.40 54.57 a £ 0.70 74.07 gh £ 0.65 16.32e +1.75
5 5.90 + 0.42 11.67 a + 0.62 2.12 bed 4+ 0.07 63.68 b + 0.47 54.41a +0.39 7147 h + 0.93 8.93 f +£2.25

Legend: TSS: total soluble solids; TA: total acidity; Fp: maximum force by penetration assay. For each cultivar, values in the same column followed by different letters differ at a significance level of 0.05 according
to Tukey’s test. Mean values + standard error (n = 20 for 1 and n = 3 for 2).
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Figure 6. Evolution of the a*/b* index on skin colour in the un-blushed side of the studied apricot cultivars at all three

harvest dates and their shelf-life. Per cultivar, samples with different letters differed at a significance level of 0.05 according

to Tukey’s test (n = 20).

At the time of commercial harvest (day 0), the ‘Spring Blush’ cultivar showed a
medium stage of maturity, with 70% of the fruits being green-yellow and the rest yellow,
while the ratio in “‘Robada’ was 46% green and 54% green-yellow (CTIFL classification),
as shown in Figure 2. Fruits with a yellow-green ground colour corresponding to a pre-
climacteric stage [21]. On the other hand, the fruits of the ‘Kioto” cultivar were yellow
(positive values of a* on both sides of the fruit; data not shown) from the three days prior
to commercial harvest (—3), reaching the characteristic orange tones of the cultivar at
later dates.

3.3.3. Firmness

In all three cultivars, there was a decrease in firmness measured by compression,
with ‘Spring Blush’ and ‘Kioto” showing the most significant drop (Figure 7). During
shelf-life, firmness values were too low (below 10 N) for ‘Spring Blush’, while the other
two cultivars showed acceptable values after three days at 20 °C but not after five days.
The lack of firmness in ‘Spring Blush’ could be a limiting factor for its postharvest handling
and marketing.

In terms of penetration force (Table 2), a decrease was observed in all three cultivars as
ripening progressed, with the greatest decrease in ‘Kioto.” There was also a decrease in force
during shelf-life that was much more evident in the more mature fruits (day 0, commercial
harvest), reaching unacceptably low values in the ‘Spring Blush’ cultivar. There was a
lower drop in flesh firmness in the “‘Robada’ cultivar during both ripening and shelf-life.

3.3.4. Total Soluble Solids and Total Acidity

The TSS content was low in ‘Spring Blush” and ‘Robada’, at around 8 °Brix, and,
in general, there was no clear effect on their evolution in terms of either harvest date or
shelf-life time (Table 2). Fan et al. [33] examined individual sugars during shelf-life, four
days at 25 °C, and found no significant variation overall. The ‘Kioto” cultivar showed a
different behaviour with a remarkable increase in TSS from 7 to 11 °Brix as the fruit ripen,
as well as a slight tendency to increase during the shelf-life. Values of soluble solids content
were consistent with those reported by previous studies [12,29], ranging from 8 to 16 °Brix.
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Figure 7. Evolution of firmness by compression of apricot cultivars at all three harvest dates and subsequent shelf-life. Per

cultivar, samples with different letters differ at a significance level of 0.05 according to the Tukey Test (n = 20).

Total acidity decreased as harvest maturity progressed in all three cultivars, though
it was much more evident in ‘Kioto’, which was the most acidic (Table 2). These values
were somewhat higher than those obtained by Ayour et al. [29]. Regarding the evolution
during shelf-life, no clear trend was observed, and there was an increase in shelf-life in
some samples. Consequently, there did not seem to be a metabolic consumption of organic
acids, contrary to what was described by other authors [31,33] who observed a decrease in
the values or as described by Valdenegro et al. [30] who found no significant differences in
acidity during shelf-life.

3.3.5. Chlorophyll and Carotenoids

The highest total chlorophyll content (Figure 8) was in all cultivars at harvest day
—6; in subsequent harvests or after the shelf-life period, these values always decreased
(although differently between cultivars) due to chlorophyll degradation [16,32] (Figure 8
and Table 3). ‘Spring Blush” showed high levels of chlorophyll on all three harvest dates
(—6, —3, and 0), observing a sharp drop in concentration during shelf-life, especially on
day 0. ‘Kioto” showed the highest chlorophyll levels on day —6, and even after five days of
shelf-life, the concentration of chlorophyll remained high; for later harvests (—3 and 0), the
chlorophyll content was much lower at harvest, but there was little degradation during
shelf-life.

Likewise, Huang et al. [32] found very different concentrations of chlorophyll and
varied proportions between chlorophyll a and b depending on the cultivar and maturity
at arvest.

The relationship between chlorophyll a and chlorophyll b behaved differently de-
pending on the cultivar. Thus, ‘Kioto” showed the highest ratios in the samples from the
earliest harvest (2.83-2.74 pug/g) and the lowest in the later harvest (1.34-0.83 ug/g) due
to a much more pronounced degradation of chlorophyll a. For ‘Spring Blush’, there were
no significant differences either by date of harvest or by shelf-life, ranging from 2.99 to
1.63 ng/g. The ‘Robada’ cultivar showed an intermediate pattern (Table 3).

As noted by other authors [12,16], the concentration of carotenoids largely depends
on the cultivar, harvest time, and shelf-life. In general, there was a significant increase
when harvesting was delayed, and for each harvest date, the total carotenoid concentration
increased significantly over shelf-life.
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Figure 8. Apricot pigment (total chlorophyll and total carotenoids) evolution at harvest and during the shelf-life of apricot
cultivars at all three harvest dates and subsequent shelf-life. Per cultivar, samples with different letters differ at a significance
level of 0.05 according to Tukey’s test (n = 20).

When analysing the evolution of total carotenoids (Figure 8), ‘Robada’ showed the
lowest concentration, reaching about 15 ng/g at the last date of harvest and after five days
of shelf-life. ‘Kioto” showed very low concentrations of total carotenoids at first harvest
(—6) and after appropriate shelf-life. However, concentrations dramatically increased at
harvest —3 and 0, with values of 20-25 ug/g at harvest, and they presented no significant
differences between the different periods of shelf-life. In contrast to these cultivars, ‘Spring
Blush” always showed an increase in carotenoids, both between harvesting dates and
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during shelf-life. This total carotenoid synthesis was much higher in the —3 and 0 harvests,

reaching a total carotenoid concentration of 38 ug/g after five days of shelf-life.

Table 3. Individual pigment evolution in apricot at harvest and during shelf-life.

. . Chlorophyll a Chlorophyll b .
Cultivar Harvest Shelf-Life Lutein ( ) Carotene (ug/g)
0 5.62a + 0.26 2.69a+ 035 0.34a + 0.06 4.67 c +091
—6 3 4.41ab +0.11 1.48 be +0.10 0.36a + 0.09 9.39 ¢ £+ 4.79
5 3.33 cde + 0.36 1.10c +0.19 0.29 ab =+ 0.04 11.74 be + 1.76
Sorine Blush’ 0 3.68bcd +£0.04  1.86b+0.13 0.36a + 0.04 10.48 ¢ + 3.82
pring Bius -3 3 249de+010  128c+031  0.21bc+0.04 2444 2 + 1.68
5 2.06 e 4+ 0.79 124 ¢ +0.12 0.14 ¢ + 0.02 8.55 ¢ + 3.39
0 425abc+1.14  26la+0.04 0.27 ab =+ 0.00 10.29 ¢ + 2.63
0 3 2.03e 4 0.04 124 ¢ +0.09 0.19 be + 0.01 22.65 ab + 6.28
5 0.36 f & 0.06 0.30d + 0.24 0.09 c & 0.03 24.76 a + 7.41
0 5.75a + 0.42 1.77 ab + 0.45 0.62a + 0.04 241b +0.19
-6 3 444b+033  153abc+0.15  0.37b =+ 0.06 6.27 ab =+ 2.99
5 3.95 be + 0.10 1.85a + 0.26 0.35b =+ 0.03 7.81ab +5.23
) ) 0 3.66bcd 028 1.42abc+0.04  0.33b40.04 230b + 0.26
Robada -3 3 359bcd £ 030  1.18cd £ 0.11 0.30 bc 4 0.04 9.38 ab =+ 1.07
5 336bcd 037 1.16cd £020  0.28 bed =+ 0.03 8.68 ab =+ 3.90
0 3.00cde +0.71  1.15c¢d 4 0.00 0.18d + 0.01 5.36 ab + 0.89
0 3 2.16e 4+ 0.20 0.64 e & 0.07 0.20 cd + 0.05 14.41a + 7.04
5 2.66de £050  1.25bc =+ 0.01 0.18d + 0.01 15.96 a + 5.97
0 6.88a+ 1.10 2.50a + 0.38 0.62a + 0.09 2.57d +0.78
—6 3 551b + 0.21 1.96 ab + 0.14 0.29b =+ 0.04 6.11d +0.26
5 4.40b + 031 161bc+0.09  023bc+0.05 6.56 cd & 0.94
o 0 240c 4022 1.01cd +0.08  0.26bc + 0.02 20.08 abc + 3.35
Kioto -3 3 246 ¢ +0.17 127bc £ 030  0.17 bed & 0.01 15.35 bed =+ 1.22
5 2.00c+0.12 121cd £0.12  0.15cde =+ 0.02 15.37 bed =+ 3.66
0 159¢cd £0.09  1.60bc +037  0.17cd + 0.02 21.08 ab + 5.03
0 3 161cd £0.14  1.96ab+027  0.08de =+ 0.00 32422 + 584
5 0.58 d + 0.07 0.52d +0.21 0.05 e & 0.04 27.62 ab + 11.11

For each cultivar, values in the same column followed by different letters differ at a significance level of 0.05 according to Tukey’s test.
Mean values + standard error (n = 3).

The dominant carotenoid in the three studied cultivars was f3-carotene (Table 3), in
accordance with the work of other authors [12-15]. Though its synthesis at the end of
maturation and during shelf-life followed different patterns across cultivars, we can say
that its concentration increased in the later harvests. A significant synthesis took place in
‘Kioto” depending on the harvest date, obtaining concentrations of 2 ug/g on day —6 and
increasing to 20 pug/g on days —3 and 0. Regarding the synthesis in shelf-life, there was
only a noteworthy increase at the earliest harvest, albeit achieving very low levels (6 pug/g).
For the ‘Spring Blush” and ‘Robada’ cultivars, increases were found when harvesting was
delayed and during shelf-life, but these were not significant overall.

As shown in Table 3, the highest concentrations of lutein were found in all cultivars
at the earliest harvest dates, and they decreased as the shelf-life progressed, suggesting
degradation or transformation into other carotenoids within the synthesis routes. Lutein
concentrations were very low, ranging between 0.6 pug/g and 0.05 pg/g. It should be noted
that the sum of 3-carotene and lutein concentrations produced values similar to the total
carotenoid levels in ‘Robada’ and ‘Kioto’ but not for ‘Spring Blush’, which means that this
cultivar must have other carotenoids in its composition that are generated in the various
reactions of the synthesis route [34] that have not been quantified.
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3.3.6. Sensory Analysis

As described in the Material and Methods sections, a sensory analysis was performed

on samples from all three apricot cultivars after five days of shelf-life (Figure 9). To compare
the tasting results with instrumental parameters, the same fruits to measure the maximum

compression force, and they were subsequently divided into two halves; in one, TSS was
determined, and the other was offered to the tasters.
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Figure 9. Sensory evaluation results. For each quality parameter, samples with different letters or
marked with asterisks differ at a significance level of 0.05 according to the Tukey test (n = 12).
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In ‘Spring Blush’, significant differences were only detected in sweetness and juiciness,
which increased as harvesting was delayed, and firmness and acidity scores decreased,
although without significant differences. Juiciness was the highest-rated parameter for
this cultivar. The TSS did not show notably different values between harvest dates (about
9.5 °Brix), so the significant differences in the sensory evaluation of sweetness could be
attributed to a lower acidity. In terms of firmness, by delaying the harvest, tasters detected a
slight not significant decrease, but when firmness was instrumentally measured significant
differences were found (6.6, 5, and 3.1 N for days —6, —3, and 0).

In the ‘Robada’ cultivar, the tasting results for the three dates were very similar. Colour
was the only parameter in which significant differences were detected. This cultivar was
considered very acidic and not very juicy by the tasters, presenting the lowest overall score.
As mentioned above, this is a highly firm cultivar that was corroborated on both a sensory
level (with values close to or above 6 on a scale of 0-8) and an instrumental level (between
29.8 and 12 N). As for sweetness, its sensory evaluation was very poor (approximately 2
on a scale of 0-8), and the TSS were also very low (average of 8.7 °Brix); coupled with the
high value of acidic flavour, this explains why the ‘Robada’ cultivar had such a low overall
rating at all harvest dates.

The ‘Kioto’ cultivar was not tested on harvest day —6 because its firmness and ma-
turity did not make it suitable for consumption. In general, it was a well rated cultivar
at harvest 0, with scores of 4 or higher and reaching 6 on the colour and overall rating
parameters. Significant differences were detected in firmness, both in sensory and instru-
mental measurements (20.5 N at harvest —3 and 8.6 N at day 0). The overall score was
also considerably higher for fruits harvested at day 0. In terms of sweetness, the tasters’
evaluation was also higher with no significant differences, although these were detected in
the instrumental measure of TSS (9.7-13.9 °Brix).

Based on the obtained results, the sensory quality of the apricots is highly dependent
on the cultivar and harvesting date, making it especially necessary to adjust the optimum
harvesting time in cultivars such as ‘Robada’ in which there is less evolution of their
physical-chemical characteristics during ripening and shelf-life.

According to Stanley et al. [5], the TSS content of apricots was a determining factor in
the sensory quality of fruits with higher firmness (over 15 N). This relationship between
fruit quality parameters and consumer acceptance has been reported in other stone fruit,
where acceptability does not depend on a single parameter but on the interaction of
several [26,35].

3.3.7. Principal Component Analysis

In order to explain the connections within the results and provide a better understand-
ing, a principal component analysis was carried out. The first two components accounted
for 79.12% of the total variance. The first component, PC1 (67.21% of the total variance),
mainly consisted of firmness and chlorophylls on its negative axis and TSS, carotenoids,
and colour parameters on its positive axis. The second component, PC2, accounted for
11.91% of the variance and was made up of acidity (positive axis), weight loss, and the
colour parameters b* and L* of the blush side (negative axis) (Figure 10).

When the samples are represented on the plane defined by the first two principal
components (Figure 11), the different positions can be observed, depending on the cultivar,
harvesting date, and shelf-life period. ‘Spring Blush’ and ‘Robada’ appear on the lower part
of the plane (third and fourth quadrant), while ‘Kioto” appears in the upper part, always
with positive PC2 values (first and second quadrant). As harvesting time progresses, the
samples move from negative PC1 values to positive values (from the second to the first
quadrant), and, in general, the shelf-life period involves a diagonal downward shift in the
PC1-PC2 plane.
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Figure 10. Parameters on the PCA plane (PC1: 67.2% of total variance; PC2: 11.9% of total variance).
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Figure 11. Samples in the PCA plane (PC1: 67.2% of total variance; PC2: 11.9% of total variance) for apricots. Symbols

represent the three cultivars: ‘Spring Blush’ (A), “‘Robada’ (O), and ‘Kyoto’ (). Harvest day —6 (white symbols), harvest

day —3 (grey symbols), and harvest day 0 (black symbols).



Agriculture 2021, 11, 639 19 of 21

From day —6 to commercial harvest, ‘Kioto” showed significant losses in chlorophyll
and firmness, increases in carotenoids and TSS, and changes in colour, that explains the
location of the samples in PC1-PC2 plane, separated from the other cultivars.

‘Spring Blush’ and ‘Robada’ showed greater weight loss and were therefore in the
lower zone of the plane. Colour changes and firmness losses were lower in ‘Robada’ than
in ‘Spring Blush’, resulting in the samples being more grouped in the PC1-PC2 plane.

4. Conclusions

The quality characteristics throughout the ripening of the fruit depend on the cultivar.
It is necessary to know the performance of each cultivar during development and after
harvest, as very different patterns can occur. In this regard, out of the three studied cultivars,
‘Kioto” was the one that showed a larger fruit and a more intense colour at commercial
harvest. The other two cultivars, ‘Spring Blush” and ‘Robada’, showed very subtle colour
changes while on the tree.

During maturation at room temperature (shelf-life), ‘Robada’ hardly showed any
change in overall quality compared to ‘Kioto’, which suffered losses of firmness, acidity,
and chlorophyll content, along with an increase in fruit colour and carotenoid compounds.
‘Spring Blush’ was somewhere in between ‘Robada” and ‘Kioto.’

From a sensory point of view, ‘Spring Blush’ and ‘Robada’ were the least appreciated
cultivars by tasters, mainly due to their low total soluble solid content or high acidity and
to firmness problems. ‘Kioto” was the most balanced cultivar in all the attributes assessed
by the sensory panel.
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