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The rapid loss of fruit firmness is a qualitative decisive factor for characterizing apricot (Prunus armeniaca
L.) use (fresh or processed) and commercialization pathways (short or storage). To better understand the
texture variability in apricot, we studied the impact of a heat treatment as a function of fruit harvest
stage on a large range of cultivars. Eighteen apricot cultivars were characterized at two maturity stages
before and after cooking (85 �C in light syrup). A compression test allowed sorting the fruits to obtain
homogeneous batches. Kramer shear tests provided global firmness of cooked fruits and puncture tests
were performed on the median equatorial area of apricot flesh for fresh and cooked fruits. Among the
registered variables, the apricot texture expressed by the “Work to limit” integrates the global evolution
and allows a good discrimination of the ripening effect. The texture data was used to classify the varieties
according to their firmness and suitability for industrial processing. Thus Vertige, Candide and Gaterie,
followed by Orangered and Bergarouge, have been found as the most suitable cultivars for industrial
processes.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Apricot (Prunus armeniaca L.) is a fleshy fruit of economic and
nutritional interest. With aworld production of 4.04 million tons in
2012 (FAOSTAT, 2013), it is the third most widely grown stone fruit,
after peach and plum. The fruit is consumed fresh or processed in
dried, canned apricot, jam, marmalade, pulp, juice, etc. However,
the commercialization and the marketing of apricots are difficult
because of their rapid softening and the associated susceptibility to
physical damage and disease (DeMartino, Massantini, Botondi, &
Mencarelli, 2002; Kovacs, Meresz, Kristof, & N�emeth-Szerdahel,
2008; Ella Missang, Maingonnat, Renard, & Audergon, 2011).

Firmness and texture are important quality attributes for apricot
fruit; they influence consumer acceptability, postharvest manipu-
lation, storage shelf-life, microbial susceptibility and suitability for
lalia, Universit�e Cadi Ayyad,
ch, Maroc.
.fr (J. Ayour).
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processing into different products. Commonly, apricot fruits are
harvested firm (thus early) to limit damage during handling and
shipping. However at this stage, the other quality attributes such as
appearance, taste, aroma and nutritional value are not sufficiently
developed (Botondi, Cris�a, Massantini, & Mencarelli, 2000; Bruhn
et al., 1991). In addition, apricots appear to be particularly sensi-
tive to softening during cooking which is a limiting factor in pro-
cessing technology, marketing and use of apricots and their
products. During preparation of halved apricots, safety requires
that the fruit reach at least 85 �C at heart. Only little information is
available on texture of canned apricot fruit (Chitarra, Labavitch, &
Kader, 1989; Ella Missang et al., 2011; Mallidis & Katsaboxakis,
2002). Some varieties have poor resistance to heat, which causes
disintegration of the fruit (Ella Missang et al., 2011). Apricot is also
characterized by high heterogeneity in its tissue structure, with five
layers: an epidermis, a hypodermal layer, a middle layer of thin
walled parenchyma cells, a layer of radially elongated cells and a
layer of small cells adjacent to the pit (Archibald & Melton, 1987).
These five layers have different responses during thermal treat-
ment (Ella Missang et al., 2011) with the median equatorial area
icot texture as a function of cultivar and maturity, LWT - Food Science
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Fig. 1. Typical puncture curves on the median equatorial area for fresh (C) and cooked
(B) apricot: example of Orangered® Barth (cov) at half ripe maturity (M2).
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appearing the most representative for texture characterization in
the fruit.

Our aim was to identify apricot cultivars suitable for processing
to canned halves, by characterizing texture alteration after pro-
cessing. The impact of the harvest stage and the effect of heat
treatment (85 �C) have been characterized on the median equato-
rial area of the fruits of 18 representative apricot cultivars.

2. Materials and methods

2.1. Plant materials

Apricot fruits were harvested in 2015 in INRA orchards at
Amarine (Gard, France) and Gotheron (Drôme, France). The 18
apricot cultivars selected were: A4034, A5350, Bergarouge® Avir-
ine, Bergeron, Candide, Congat, Elgat, Frisson, Gaterie, Goldrich,
Helena du Roussillon® Aviera, Hargrand, Moniqui, Orangered®

Bhart, Polonais, Ravilong (A3759), Tardif de Bordaneil and Vertige.
About 160 fruits from each cultivar were harvested slightly after the
conventional date and brought to the laboratory within 2e3 h for
sorting in maturity classes by compression (x 2.3.1). Maturity stages
were defined as: M1 ¼ 130 kPa ± 5 kPa (commercial) and
M2 ¼ 100 kPa ± 5 kPa (half-ripe). One batch of 32 fruits for each
stage was sorted for each cultivar, each batch being subdivided into
12 fruits for test on fresh fruits and 20 fruits for test after cooking.

2.2. Preparation of cooked apricots

The heat treatment was performed in light syrup, based on
sucrose commercial sugar cane syrup diluted to 16 �B. Fruit halves
(one half per fruit) were dropped into the syrup at 70 �C and cooked
until 85 �C at heart (the temperature were controlled using a
thermocouple and the time needed was about 20 min). After
cooking, fruits were cooled to room temperature on iced water.

2.3. Texture analysis

2.3.1. Sorting of whole fruit in firmness classes
Whole fruit firmness was measured with a compression test

that gives a combination of skin resistance and flesh firmness
(Grotte, Duprat, Loonis, & Pietri, 2001). The measurement consists
in determining the pressure (Pa) required to compress whole
apricots by 3% of their equatorial height with a texturometer
(Penelaup, Serisud, Nimes, France) equipped with flat disc (5 cm
diameter) (probe speed ¼ 100 mm/min).

2.3.2. Puncture tests
Puncture tests were realized on 12 fresh and 10 cooked halves.

For each, a tissue slice of about 1.5 cm thick was cut longitudinally.
The median equatorial area (Fig. S1) was retained according to Ella
Missang et al. (2011) and Ella Missang, Maingonnat, Renard, and
Audergon (2012).

The puncture was made using a multi-purpose texturometer
(Tplus, Ametek, Lloyd, Fareham, UK) equipped with a 50 N load cell
(flat cylindrical probe, 2 mm diameter, 100 mm/min penetration
rate, 9 mm depth). Different parameters were registered from the
force/displacement curves: Maximum Load (Fmax, N), Deflection at
Maximum Load (DefFmax, mm), Work to Maximum Load (Wmax, J),
Load at Limit (Flim, N), Work to Limit (Wlim, J) and Load average for
the plateau (Fp, N); this last variable was calculated only for fresh
fruit (Fig. S2a).

2.3.3. Kramer shear test
Kramer shear test was performed using the samemulti-purpose

texturometer but equipped with a 1000 N load cell. Ten cooked
Please cite this article in press as: Ayour, J., et al., Impact of cooking on ap
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apricots halves were cut longitudinally and divided into three
batches corresponding to three replicates. About 120e130 g of
cooked fruit slices was placed perpendicular in the Kramer (K) cell
and sheared at 20 cm/min speed. Registered parameters (Fig. S2b)
expressed for 100 g of cooked fruit are: Maximum Load (FmaxrK, N),
Work to Maximum Load (WFmaxrK, J) and Work to Limit (WFlimrK,
J).

2.4. Statistical analysis

Standard deviations of themeans were calculated for each series
of duplicates using the sum of individual variances pondered by the
individual degrees of freedom (Box, Hunter, & Hunter, 1978). Sta-
tistical analysis was performed using IBM SPSS Statistics 19 soft-
ware. ANOVA and cluster analysis were carried out for the 18
apricot cultivars on all measured parameters. For each variety and
maturity stage, data set corresponds to replications on 12 fresh
fruits, 10 cooked fruits and 3 fruit batches.

3. Results and discussion

3.1. Impact of processing on texture profile

The puncture test allowed acquiring two types of profiles
(Fig. 1), one for fresh fruits and the other for cooked fruits. These
typical force/displacement profiles are frequently found in other
fruit and vegetables such as apple (Costa, 2016), carrot and jicama
(Nguyen et al., 2010).

Fresh fruit firmness is characterized in a first stage by a slope
related to the elasticity of apricot flesh, needing a higher force for
initial penetration. After cooking, the same pattern is observedwith
a lower slope value and a larger displacement. At the end of that
phase the maximum load is registered for both fresh and cooked
tissues, for most of the cultivars. In fresh apricots, Fmax values range
between 1 N and 4.5 N after 1.5 mme2 mm of penetration. In
cooked fruits, Fmax values are lower and range between 0.2 and
0.8 N after 4e5 mm of penetration (Fig. 1).

After Fmax, the second part of the curve is characterized by a
periodic pattern, which could be linked to the presence of
conductive vessels in the flesh. For cooked apricots, the shape of the
curve seemed close to that of the fresh fruits but more attenuated.

The correlation analysis (Table 1) between registered parame-
ters on all fresh cultivars at M1 stage highlights the relationships
ricot texture as a function of cultivar and maturity, LWT - Food Science



Table 1
Correlation matrix between the texture parameters of penetration curve (Load/
Deflection) measured on median equatorial area for all cultivars at commercial (M1)
stage.

Variables Fmax DefFmax Wmax Flim Wlim Fp

Fmax 1.000 -0.116 0.647 0.976* 0.991* 0.895*
DefFmax 1.000 0.102 0.008 -0.084 -0.060
Wmax 1.000 0.723 0.679 0.686
Flim 1.000 0.988* 0.893*
Wlim 1.000 0.926*
Fp 1.000

Note: Fmax: Maximum Load; DefFmax: Deflection at Maximum Load; Wmax: Work to
Maximum Load; Flim: Load at Limit; Wlim: Work to Limit; Fp: average Load for the
plateau; *: High level of correlation significance (P < 0.05).
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between the components of the texture. Strong positive correla-
tions were found between all variables except DefFmax. The work to
limit (Wlim) was chosen as being relevant for all force-related pa-
rameters and being the most integrative measure.
3.2. Interaction of cultivar and maturity with processing

The classification of the cultivars according to Wlim (driven by
M1 fresh values) indicated huge differences between cultivars
whatever the maturity stages for fresh and cooked fruits (Fig. 2).
Although all apricots had been sorted for similar resistances to
compression, the Wlim values for M1 fresh fruit ranged from about
28 to 4 mJ respectively for Vertige and A3759, with most of the
cultivars being around 10 mJ. As expected, the Wlim values
decreased with maturity, with M2 fresh fruits ranging from about
21 to 4 mJ respectively for Vertige and A3759 plus A5350, with
most of the cultivars ranging between 11 and 4 mJ. Rather good
consistency is noticed between the observations performed at M1
and M2 stages, only minor changes were observed in the classifi-
cation, like for A4034 and Goldrich.

After cooking, Wlim values for M1 maturity stage highly
decreased, ranging from 13 to 2 mJ respectively for Vertige and
A3759 with most of the cultivars being around 5 mJ, and the
Fig. 2. Apricot cultivar classification according to the work to limit (Wlim) for median

Please cite this article in press as: Ayour, J., et al., Impact of cooking on apr
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classification is partly modified (Fig. 2). Even lower values were
observed for M2 stage.

The effects of the three factors (cultivar, maturity, cooking) on
Wlim was highly significant (Table S1). The impact of cooking was
the largest, followed by maturity stage and cultivar. The interaction
between variety and maturity or cooking was significant but rather
low. This indicates that the pronounced effect of cooking (and
maturation) was different for the different varieties, i.e. texture loss
is influenced by the genetic background. Multi-range comparison
tests (Table 2) have classified the cultivars in 6e7 groups according
to maturity and process. It expressed the huge influence of the
cultivars. The average impact of cooking was around 53% whatever
the maturity stage (from 34 to 72% for M1 and from 14 to 72% for
M2). On fresh fruits the average impact of the maturity stage (M1 vs
M2) onto the final Wlim score was around 25%, evolving between 7
(Congat) and 42% (A4034) according to the cultivar. On cooked
fruits, the average impact was similar (27%), reaching 56% for
Moniqui.

Vertige, Gaterie, Candide and Orangered were the firmest
apricots before and after cooking at the two ripening stages, so they
could be expected as the more suitable cultivars for industrial
process. Except Vertige, these firmest cultivars were also among the
most affected by the maturity stage, with around 40% loss between
M1 and M2 cooked fruits, such as Bergarouge (5 l % loss). Concur-
rently A3759, A5350, Elgat and Goldrich appeared not appropriate
for processing to apricot halves, being the most sensitive to texture
loss during cooking.

As puncture tests on other areas have underlined other differ-
ences between cultivars (data not shown), it appeared interesting
to have a global firmness indication on cooked fruits with the
Kramer shear test, more related to an industrial evaluation. The
Kramer shear test allowed another classification of the cultivars
based on the Wlim values at M1 stage but most cultivars are not
separated, regardless of the maturity stages (Table 3). Hargrand
distinguishes itself with its low resistance to heat treatment (Wlim
values between 3.1 J and 2.6 J for M1 andM2 stages), while Candide
and especially Orangered apricots were the most resistant, so the
most suitable for heat treatment, at the two ripening stages (13 J
equatorial area puncture test. Grey bars: fresh fruits; black bars: cooked fruits.

icot texture as a function of cultivar and maturity, LWT - Food Science



Table 2
Tukey post-hoc test results performed on work to limit (Wlim) in milli-Joules (mJ) of puncture test (on median equatorial area) for fresh (F) and cooked (C) apricots at
commercial (M1) and half-ripe (M2) stages andWlim differences between fresh and cooked (FeC) for the 2 stages and between the 2 stages (M1-M2) for the 2 conditions (F and
C).

Cultivars Commercial stage (M1) Half-ripe stage (M2) (M1eM2)

Fresh Cooked (FeC) % Fresh Cooked (FeC) % Fresh % Cooked %

Vertige 27.6 a 12.9 a 53 21.3 a 10.2 a 52 23 21
Gaterie 18.1 b 9.8 ab 46 10.9 b 6.2 b 43 40 37
Bergarouge 14.6 bc 6.9 bcde 53 10.2 bc 3.4 cdefg 67 30 51
Candide 13.4 bcd 8.3 bc 38 9.4 bcd 5.1 bcd 46 30 39
Hargrand 11.8 cde 3.9 defg 67 9.5 bcd 3.5 cdefg 63 19 10
Helena 11.8 cde 5.6 cdef 52 8.9 bcd 4.5 bcde 49 25 20
Orangered 12.3 cde 7.6 bcd 38 8.5 bcd 4.1 cdef 52 31 46
A4034 11.0 cde 4.2 defg 62 6.4 cdef 5.3 bc 17 42 �26
Elgat 10.6 cde 3.0 fg 72 8.3 bcde 2.3 efg 72 22 23
Tardif de Bordaneil 10.5 cde 3.8 defg 64 9.1 bcd 3.4 cdefg 63 13 10
Goldrich 9.8 cde 3.1 fg 68 6.5 cdef 2.2 efg 66 34 30
Congat 9.6 cdef 3.9 defg 59 8.9 bcd 2.6 defg 71 7 33
Moniqui 9.2 cdef 6.1 cdef 34 8.4 bcd 2.7 defg 68 9 56
A5350 9.2 cdef 4.0 defg 56 5.8 def 1.9 fg 67 37 52
Bergeron 8.3 def 5.2 cdefg 37 6.1 def 3.3 cdefg 16 26 36
Frisson 8.2 def 4.4 defg 46 5.9 def 5.1 bcd 14 28 �16
Polonais 6.6 ef 3.6 efg 45 4.4 ef 2.4 efg 45 33 33
A3759 4.1 f 1.6 g 61 3.7 f 1.1 fg 70 10 31
Pooled SD 3.7 2.3 2.7 1.6

Each value is the mean of 12 replicates for fresh apricot and 10 replicates for cooked apricot.
For the same column, data with same letters do not differ significantly from each other whereas data with different superscripts differ significantly at the probability level
P < 0.05; Pooled SD: Pooled standard deviation.

Table 3
Tukey post-hoc test results performed on work to limit (Wlim) in Joules of Kramer
shear test for both maturity stages of cooked apricots and differences between the 2
stages (M1-M2). Cultivar order is from the highest value (Candide) to the lower
(Hargrand) at M1 stage.

Cultivar Commercial stage (M1) Half-ripe stage (M2) M1-M2 (%)

Candide 13.3 ab 9.1 ab 31
Orangered 12.1 ab 10.2 a 16
Helena 11.7 abc 8.9 ab 24
Gaterie 11.1 abc 6.3 cde 43
Polonais 10.7 abcd 8.4 abc 22
Bergarouge 10.5 bcd 8.3 abc 21
Tardif de Bordaneil 10.1 bcd 7.6 bcd 25
Vertige 9.7 bcdef 8.9 ab 9
Moniqui 9.3 cdef 7.2 bcd 23
Bergeron 9.3 cdefg 6.3 cde 32
A4034 8.1 defgh 7.1 bcd 13
A3759 8.0 efgh 5.9 def 26
A5350 7.9 efgh 6.8 bcd 14
Frisson 7.9 efgh 7.2 bcd 9
Goldrich 7.6 fgh 6.8 def 9
Elgat 7.3 gh 5.8 def 21
Congat 7.1 fgh 5.5 def 22
Hargrand 3.1 i 2.6 f 15
Pooled SD 0.89 0.79

Each value is the mean of three replicates for cooked apricot; M1-M2 difference is
calculated on the means.
For the same column, data with same letters do not differ significantly from each
other whereas data with different superscripts differ significantly at the probability
level P < 0.05; Pooled SD: Pooled standard deviation.
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and 12 J respectively at M1 stage). Differences between M1 and M2
values expressed the impact of the maturity stage onto the evolu-
tion fruit texture, as key factor for the industrial process, the in-
fluence of the cultivar ranges between 9% for Vertige to more than
30% for Gaterie and Candide.

The dendrogram (Fig. 3) was issued from a hierarchical clus-
tering based on both Wlim parameter from puncture test on fresh
and cooked fruits and Kramer test, and on the 2 ripening stages
(M1, M2). By this integrative analysis, cultivars were divided in 3
groups. Vertige appeared alone, keeping a high firmness whatever
Please cite this article in press as: Ayour, J., et al., Impact of cooking on ap
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the process and the 2 tested ripening stages. Orangered, Candide,
Bergarouge and Gaterie were in the same group, characterized by a
high level of firmness and an impact of maturity stage. The third set
joined all cultivars with a lower firmness, a high impact of maturity
and of processing.

In our experiment, puncture tests were not correlated to global
compression. These results highlight that puncture test on fruit
slice (not on whole fruit), on a specific parenchyma area (only a
tissular type) and in an orthogonal axis (transversal and not from
epidermis to inner tissues) allowed to discriminate cultivars at
similar global firmness levels.

Cooking led to marked loss of texture, with most varieties losing
over 50% of their initial firmness in the puncture test, for both
maturity stages. It also caused a reshuffling of the scale of texture of
apricot varieties, as their hierarchy after thermal treatment was not
fully in agreement with the one observed in fresh fruit, as observed
by Ella Missang et al. (2011) on steamed apricots or Bourles,
Mehinagic, Courthaudon, and Jourjon (2009) observed on
vacuum-cooked apple. Thermal treatments soften the tissue by
decreasing turgor pressure (Greve et al., 1994), and by solubilizing
cell wall pectic substances, which separate the vegetable cells (Van
Buren, 1979). Previous studies have shown that the mechanical
strength of plant cells is provided by pressurization and biochem-
ical changes of the pectic substances of cell wall (Nguyen et al.,
2010). Basak and Ramaswamy (1998) suggested that the most
probable reasons for textural loss variability is due to pectin-
methyl-esterase (PME) activity and increased compactness of the
cellular structure as a result of the elimination of air from the tissue.
4. Conclusion

The evolution of texture between fresh and cooked apricot was
studied at a tissular level on a large range of cultivars. The work to
limit (Wlim) parameter appeared the most relevant variable, both
with puncture or Kramer tests to compare cultivars. The cultivars
tested presented different degrees of susceptibility to heat treat-
ment, probably in relation with their physicochemical character-
istics. The cultivars which appeared the best suited for processing,
ricot texture as a function of cultivar and maturity, LWT - Food Science



Fig. 3. Cluster dendrogram realized on work to limit parameter for puncture test on median equatorial area (in mJ) and Kramer shear test (in J) for 18 fresh and cooked apricot
cultivars at two maturity stages.
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with the less texture loss after cooking, were Vertige and, in a less
extend, Candide, Gaterie, Orangered and Bergarouge in relation
with their maturity stage. Studies on PME activities and tissular
structure will be necessary to better understand the underlying
biochemical or microstructural phenomena implicated in this
texture loss, thus allowing identification of selection criteria for
apricots meant for processing.
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