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ABSTRACT

Shalakh (Aprikoz), the most common table apricot cultivar grown in Igdir province of Turkey, is known
for its delicious taste, large volume, high water content, and short shelf life. This study aimed to determine
optimal harvest time of cv. Shalakh apricot by measuring some significant physical and chemical parameters.
Fruits were collected periodically at interval of 7 day during the study period. Weight, length, width, thick-
ness, sphericity, color, color indices, soluble solids content, pH, firmness, elasticity, phenolic content (gallic
acid and catechin) and organic acids (citric acid and ascorbic acid) were evaluated. Weight, length, width,
thickness and sphericity traits increased gradually and reached the highest levels at 10" week after the full
bloom. Color parameters (L*, a*, b*, C*, h® and AE), hardness, elasticity and organic acids indicated the
optimal harvest time of cv. Shalakh of 10" week after the full bloom. Unlike previous studies, SSC and pH

didn’t show clear information for harvest time.
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INTRODUCTION

Apricot (Prunus armeniaca L.) is a stone fruit
and member of the Rosaceae family that includes
about 100 genus and 2380-3100 species [Moustafa
and Cross 2019]. The most cultivated species of apri-
cots required cold winter and high temperatures in
spring and initial of summer [Khursheed et al. 2020].
Today, the largest apricot production of the world is
the Mediterranean region and the Central Asian coun-
tries such as Turkey, France, Spain, Algeria, Italy,
Uzbekistan, and Iran [Cuhact et al. 2021]. Turkey is
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one of the major producers of both the fresh and the
dried apricot [Asma and Ozturk 2005]. Turkey is the
leading apricot producing country with 833.398 tons
in 2020 [FAO 2022] Although apricots are cultivat-
ed throughout Turkey, the best climate conditions for
cultivation are in the central Eastern Anatolia region.
Especially, Malatya, Aras valley (Igdir-Kagizman),
Erzincan and Mut provinces produce about 70-75%
of Turkey’s total apricot production [Ercisli 2009].
Igdir is placed on Eastern Turkey and is a microcli-
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mate region that provides convenient conditions for
agriculture [Hakgiider Taze 2017]. Shalakh is the most
common apricot cultivar grown in Igdir region with
90-95% percentage [Giileryiiz et al. 1999] and con-
sumed generally as fresh. Shalakh cultivar is original-
ly synonym of Aprikoz cultivar and is originated from
Soviet Union [Gecer et al. 2020].

Apricot commonly starts to bloom in mid-March
period depending on cultivar and region, and it ripens
from June to the middle of August according to vari-
ety [Moustafa and Cross 2019]. Prunus genera devel-
op in three different stages. In the first stage, a rapid
growth phase managed by cell division and expansion
that occurs and lasts in 3—4 weeks. In the second stage,
fruit stone begins to harden progressively. This stage
is slow and takes about several weeks for early-ma-
turing cultivars and longer for late-maturing cultivars.
The last stage is a rapid growth phase in which eth-
ylene, sugars and aroma compounds accumulate and
generally start 4-6 weeks before harvest phase [Mous-
tafa and Cross 2019]. The maturity level of harvested
fruit is one of the most critical factors that establish-
es final quality [Petrisor et al. 2006]. Determination
of the optimal harvest time is a very important issue;
and different physical-biochemical parameters such
as color, texture, soluble solids content, dry matter
and acidity are used as significant quality indicators
to establish optimal harvest time [Chira et al. 2012].
However, although previous studies investigated the
optimal harvest time of apricot cultivars, these studies
were limited with just two or three different maturity
stages of fruit.

The aim of this study was to determine the opti-
mal harvest time of Shalakh apricot cultivar grown in
Igdir region based on different physical and chemical
properties for scheduling harvest and helping produc-
ers, merchants and consumers to determine the opti-
mal time for harvesting Shalakh apricot cultivar at best
quality properties phase.

MATERIAL AND METHODS

Plant materials and sampling

Shalakh apricot cultivar was collected from an or-
chard located in Igdir, Turkey. First, fruit collection
was made at first week of May after one week of full
bloom, and fruits were harvested at 7-day intervals un-
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til the second week of July (Fig. 1). For every week,
30 fruits were harvested randomly from different trees
(10 fruits from each tree from four sides) in the same
orchard and then were placed in plastic bags, trans-
ferred to the laboratory for immediate physical analy-
sis or stored at —18°C for chemical analysis.

Physical properties

Color measurement. Apricot skin color measure-
ments were performed according to Karabulut et al.
[2007] using a colorimeter (Minolta, CR 410, Osaka,
Japan) by taking three different measurements of the
fruit skin. The measurements were expressed as CIE
L*, a* and b* values. AE (total color difference),
C* (chroma) and h° (hue angle) were calculated using
the following equation:

AE= [(L¥*— L*7)* + (a*i—a*p)* + (b*i— b*p*]'"?
C*=Va? + b2

h°= arctan b*/a*

Weight, length, width, thickness and spheric-
ity measurement. 30 apricot fruits were used for
this morphological analysis. Measurements of fruit
weight, length, width, thickness and sphericity were
performed for each individual fruit sample. The four
dimensions (length, width, thickness and sphericity)
and weight of samples were measured by using a dig-
ital caliper (Astor, Turkey) and electronic weight bal-
ance (AND, FZ-5000i, Japan) with 0.01 g precision.

Fruit firmness and elasticity measurement. Fruit
firmness and elasticity were measured using a texture
analyzer (Model TA-XT2, Stable Microsystems, Surrey,
UK) with a 2 mm diameter cylindrical stainless-steel
probe. The test conditions were as follows: pre-speed
and post-speed of 5 mm/s, test speed of 1 mm s!, and
penetration distance of 3 mm [Cui et al. 2008].

Chemical properties

Soluble solid content (SSC) and pH measure-
ments. Soluble solid content (SSC) of filtered apri-
cot juice was measured using a refractometer (Boeco
Digital Abbe Refractometer, BOE 32400, Germany)
and expressed as °Brix. The pH of the filtered sample
juice was determined by using a multiparameter ana-

https://czasopisma.up.lublin.pl/index.php/asphc



Tan, B., Kus, E., Tan, K., Gllsoy, E., Alwazeer, D. (2023). Determination of optimum harvest time and physical and chemical quality prop-
erties of Shalakh (Aprikoz) apricot cultivar during fruit ripening. Acta Sci. Pol. Hortorum Cultus, 22(1), 37-46. https://doi.org/10.24326/

asphc.2023.4807

WEEK 1 WEEK 2 WEEK 3

WEEK 4

WEEK 5

WEEK 6

WEEK 7 WEEK 8 WEEK 9 WEEK 10 WEEK 11

Fig. 1. Growth and ripening stages of fruit of Shalakh (Aprikoz) apricot cultivar

lyzer (Consort, C3040, Belgium) with a pH electrode
(SP10B, Consort, Belgium).

Sample extraction. The apricot samples were ex-
tracted according to the method proposed by Alwazeer
and Ors [2019] with slight modifications. Fruit sample
(5 g) was dissolved with 10 ml of 50% methanol (v/v)
containing 0.1% HCI and homogenized (IKA Ultra
Turrax, T18 model, Korea) at 1300 rpm for 1 min.
The homogenate was left in the dark for 2 h at room
temperature. The extract was centrifuged at 10,000x g
at 10°C for 15 min, and the supernatant was filtered
with a Whatman No. 4 filter paper followed with an
0.45 um filter. The filtrate was stored at —80°C until
analysis.

HPLC analysis of organic acids and phenolic con-
tent. Organic acid measurement were carried out iso-
cratically according to Akin et al. [2008] with slight
modifications using an Agilent 1260 series High-
performance liquid chromatography (HPLC) system
equipped with diode-array detection (DAD) and ACE
GENERIX 5 C18 column (5 pm, 4.6 mm x 250 mm).
HPLC elution was performed at 30°C using 98%
Na HP, (pH 2.4 adjusted with H,PO,) and the mobile
phase flow rate was 1 ml min™'. The chromatograms
were detected at 210 nm and 400 nm for citric acid and
ascorbic acid, respectively.

Separation of phenolics (gallic acid and catechin)
was performed using the method described by Hussain
et al. [2013] with slight modifications using an HPLC
(Agilent 1260 series) system equipped with DAD and
Poroshell 120 EC-C18 column (2.7um, 4.6 mm X
150 mm). A gradient mobile phase consisting of 83%
phosphoric acid and 17% acetonitrile was used as mo-
bile phase B at a flow rate of 1 ml/min, with an injec-
tion volume of 20 pl. The following gradient used was
as follows: A =83, T=1 min; A= 70%, T =2 min;
A =60%, T =4; min and A = 83%, 10 min. Operating
conditions were as follows: detector wavelength of
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210 and 300 nm; injection volume of 20 pL; and col-
umn temperature of 20°C.

Statistical analysis. The data were analyzed sta-
tistically by one-way analysis of variance (ANOVA)
with Duncan’s multiple range tests (P < 0.05) using
SPSS statistical software 18 (SPSS Inc., Armonk, NY,
USA) presented as mean + standard deviation.

RESULTS AND DISCUSSION

Color

Color is a crucial indicator for ripeness and har-
vest date of some fruits [Ninio et al. 2003]. The color
values (L*, a*, b*, C*, h and AE) and color indices of
Shalakh apricot cultivar determined during 11 weeks
(from 1%week of May to 2" week of July) are present-
ed in Table 1. The L* value which represents lightness
of the fruit, increased from the 1% week (36.86) to 10"
week of ripening (84.17) followed by a decreasing
phase. Although L* value was usually used for objec-
tive color definition in apricot, a* is the discriminant
parameter of the color evaluation in apricot fruit and
an indicator of the development of orange and red col-
ors [Ayour et al. 2021]. b* value [blue (—)/yellow (+)]
of cv. Shalakh increased gradually up to 10" week of
ripening with the highest value of 53.62 followed by
decreasing phase at the last week of ripening. This
increase in a* and b* value can be explained by the
loss of green color tones related with chlorophyll deg-
radation and synthesis of another pigments such as
carotenoids [Ayour et al. 2021] as well as the lower
chlorophyllase activity during early ripening stages
of fruit [Balaguera-Lopez and Arévalo 2012]. Apricot
shows a wide range of color diversity changing from
light yellow to orange. Polyphenols and carotenes
mostly B-caroten have a great role in this phenomenon
and are responsible for characteristic color of apricot
fruit [Karabulut et al. 2007, Gundogdu et al. 2017].
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Table 1. Color values (L*, a*, b*, C*, h and AE) of Shalakh (Aprikoz) apricot cultivar

(&fﬁ) L* a* b* C* h AE
1 36.86 £0.34° 25.01 £0.24° 7.09 £0.26* 8.68 £8.68° 125.22 +0.52¢ -
2 4847 +3.80P ~16.17 £2.17% 30.01 £3.14° 34.09 +3.71° 118.16 +1.53¢ 28.01
3 52.43 6.5 _17.37 £2.34° 30.86 +4.84° 35.41 £5.36° 119.45 +0.63" 30.98
4 54.54 43.02¢ ~16.73 £1.37% 30.97 +2.1¢ 35.20 +2.48° 118.36 +0.521 31.94
5 52.67 1300 ~15.94 £0.89% 29.77 +1.81° 33.77+2.01° 118.17 £0.34° 29.72
6 50.67 £0.81 ~12.51 £0.64 23.81+1.1° 26.90 +1.24° 11771 £0.62¢F 22,95
7 58.92 +3.544 ~15.12 £1.97% 32.11 £5.04° 35.50 +5.40° 115.30 £0.76¢ 34.85
8 75.85 +8.60" 14,70 £1.06% 45.02 +7.65¢ 47.39 +7.52¢ 109.19 +3.79¢ 5525
9 73.85 £6.37" ~10.39 +3.30¢ 43.71 +5.05¢ 45.04 +4.98¢ 103.43 +4.50° 5233
10 84.17 £5.06¢ 2.37+2.28¢ 53.62 +5.73¢ 53.71 +5.79¢ 87.63 £2.35 66.76
1 74.85 +2.36 279 42 35F 472440519 47.37 +0.60¢ 93.36 +2.820 55.32

*Color values is the mean of two replicate experiments with three samples analyzed per replicate (n = 6)

The highest positive a* value [green (—)/red (+)] was
obtained at 10" week (2.37) of ripening period with
significant difference (p < 0.05).

Chroma (C*) is used to define the degree of dif-
ference between hue and a grey color with the same
lightness [Granato and Masson 2010]. According to
the C* measurements of Shalakh cultivar, the lowest
and highest values were observed in samples of first
week and 10" week of ripening, respectively. The high
chroma values represent high color intensity of sam-
ples perceived by human’s eye [Pathare et al. 2013].
Hue angle (h*) is a useful indicator of maturity stage
and is expressed in degrees: 0 (red), 60 (yellow),
120 (green), 180 (cyan), 240 (blue) and 300 (magen-
ta) [Kamal et al. 2014]. h* value of the cv. Shalakh
decreased gradually from 1% week (125.22°) to 10%
week (87.63°) of ripening stage and increased again
at the last week with 93.36°. Since the higher hue
angle value demonstrates a lesser yellow color ac-
cording to the Pathare et al. [2013], samples of 10*
week of ripening stage which represents the lowest
h* value with significant difference (p < 0.05) has
more yellow color than the other samples. Total color
differences (AE) were measured by reference of sam-
ples in the first week, and the maximum color differ-
ence was obtained for samples at 10" week (66.76).
According to the Pathare et al. [2013], differences in
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perceivable color can be categorized analytically as
small difference (1.5 < AE), distinct (1.5 < AE < 3)
and very distinct (AE > 3). Since even the lowest AE
value (22.95) was >3, differences between each week
and first week were very distinct.

Weight, length, width, thickness and sphericity

One of the most important parameters affecting con-
sumers’ demand is fruit size and weight. These traits
have a direct effect on the sales and acceptance of fruits
for fresh and processed markets [Hashemi and Khadivi
2020]. A progressive and significant increase in fruit
weight, length, width, thickness and sphericity of cv.
Shalakh was obtained up to 10" week (Fig. 2). As Singh
et al. [2001] stated, the increase in these morpholog-
ical parameters might have been due to the increase
in cell size, intercellular spaces of the flesh and car-
bohydrate accumulation during the ripening process.
Maximum values of weight were 39.60 g, 48.34 mm
for length, 40.50 mm for width, 38.99 mm for thick-
ness and 87.79% for sphericity at 10" week of ripening
period.

In previous studies, Akin et al. [2008], Karaat
and Serge [2019] and Gecer et al. [2020] reported as
32.33 g, 38.61 g and 38.67 g respectively, the aver-
age fruit weight of Shalakh (Aprikoz) apricot cultivar.
While results of fruit weight were in agreement with
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Fig. 2. Changes in weight, length, width, thickness and sphericity of Shalakh (Aprikoz) apricot cultivar during ripening period.

Time (Week)

The vertical bars represent the standard deviation and results are the mean of thirty different fruit sample experiments (n = 30)
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those observed by Karaat and Serge [2019], and Gecer
et al. [2020], our results were higher than those ob-
tained by Akin et al. [2008].

Fruit firmness and elasticity

Texture is often associated with cell wall structure
and composition, but other factors such as cell pack-
ing, turgor, morphology, shape, size and contents also
affect this characteristic [Ella Missang et al. 2012].
According to Figure 3A, the hardness of cv. Shalakh
increased in the first three weeks of ripening stage fol-
lowed by a stable period up to 6" week. However, af-
ter this period a significance decrease (p < 0.05) was
observed with the progress of ripening, and no signifi-
cant difference was found between the last two weeks
(10 and 11 weeks) (p > 0.05). On the other hand, the
elasticity increased after 6™ week (Fig. 3B). Softening
of fruit flesh is mainly associated with different phe-
nomena such as breakdown of insoluble protopectines
that form the main component of cell wall into soluble
pectic compounds, shortening of the polymer chain
length, dimethylation of carboxylic group, and diac-
tylation of hydroxy group. These changes influence
the cell wall stability with cellulose and hemicellulo-
ses [Singh et al. 2001].

g B
g
2000.00 ; { { { f
e
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”
i
g
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Soluble solids content (SSC) and pH

Soluble solids content (SSC) is one of the most
important biochemical traits that was widely used
for measurement of the soluble components of fruit
including mainly sugars and organic acids in the
juice [Hirsch et al. 2012]. During ripening period,
a significant decrease (p < 0.05) was observed in
SSC value of cv. Shalakh at 2™ week followed by
an increase phase up to the last week (Fig. 4A).
No significance difference was found between the
last four weeks of ripening process with SSC val-
ues ranged from 10.67% to 11.27%. The increase
in SSC value could be associated with hydrolysis
of starch and polysaccharides in cell wall into sim-
ple sugars [Balaguera-Lopez and Arévalo 2012].
Concentration of sugars stored in vacuole usually
increase in parallel with a decrease in organic ac-
ids content during the progress of ripening, except
some fruits such as citrus that acid content increases
through time [Bae etal. 2014]. Since SSC affects fruit
taste and flavor with feasible accumulation mecha-
nism of flavor compounds [Su et al. 2020], it is re-
ported that SSC should be higher than 12% in fruits
and equal to or higher than 11% in table apricots for
a preferable taste and flavor [Cuhaci et al. 2021].
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Fig. 3. Changes in hardness (g) and elasticity (mm) values of Shalakh (Aprikoz) apricot cultivar during ripening period. The
vertical bars represent the standard deviation and results are the mean of three replicate experiments with three samples

analyzed per replicate (n =9)
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Fig. 4. Changes in soluble solids content (SSC) and pH values of Shalakh (Aprikoz) apricot cultivar during ripening period.
The vertical bars represent the standard deviation and results are the mean of two replicate experiments with three samples

analyzed per replicate (n = 6)

According to the Figure 4B, pH increased with
values ranged from 2.22 to 4.12, with the highest pH
value found at 11" week of ripening with statistical
similarity with that of 10" week.

Organic acids and phenolic content

Organic acids (ascorbic and citric acid) and pheno-
lic compounds (gallic acid and catechin) of cv. Shalakh
were presented in Figure 5. Citric acid showed a sig-
nificant increase (460.44-4170.02 mg 100 g! f.w.) up
to 8" week, and then decreased reaching the lowest
value of 1409.84 mg 100 g! f.w. at 10" week of the
ripening (Fig. 5A). Su et al. [2020] stated that citric
acid was the second largest abundant organic acid in
five different apricot cultivars and it presented 8.32—
63.60% of the total organic acid content. Since organic
acid usually increased in the early stage of the ripening
period (30-60 days after full bloom), fruits have an
acidic taste until fully mature [Shiratake and Martinoia
2007]. Contrary to citric acid, a significant decrease of
ascorbic acid from 682.62 (1% week) to 81.05 mg 100
g ! fw (10" week) was observed (Fig. 5A). In the flesh
of apricots and peaches both malic and citric acids
can be abundant [Famiani et al. 2016], whereas in the
flesh of cherries and plums, malic acid is much more
abundant [Moscatello et al. 2019]. Stone fruit such as
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apricot and peach usually have a high ascorbic acid
content in the fruit flesh. Ascorbic acid is necessary for
several essential metabolic activities in living organ-
ism by protecting effect against oxidative stress and
acting as a cofactor in different enzymes [Hussain et
al. 2013]. Fan et al. [2017] investigated organic acid
content in seven apricot cultivars collected at two dif-
ferent maturities (commercial and tree ripe stage) and
reported that ascorbic acid content of both commercial
ripe and tree ripe apricots was 187 mg 100 g and
7.1-15.3 mg 100 g fruit, respectively. A study per-
formed on some apricot cultivars by Akin et al. [2008]
estimated ascorbic acid content of cv. Shalakh at
68.4 mg 100 g! d.w.

While gallic acid content of cv. Shalakh decreased
during the fruit growth (1737.14-85.24 mg 100 g ' f.w.),
catechin content (max. 62.53 mg 100 g™! f.w.) decreased
in the first two weeks, but then a regular increase or
decrease was not observed (Fig. 5B). Giindogdu et
al. [2013] found that gallic acid and catechin content
of cv. aprikoz (Shalakh) was 868.25 pg g' d.w. and
3250.19 pg g d.w., respectively. In a previous study
conducted on different 8 apricot cultivars showed that
gallic acid levels were between 127.76 pug g ' d.w. and
9.68 ug g! d.w. and catechin levels changed between
220.12 pg g d.w. and 8.84 pg g!' d.w. [Giindogdu
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Fig. 5. Changes in phenolic content and organic acids of Shalakh (Aprikoz) apricot cultivar during ripening period

et al. 2013, Gundogdu et al. 2017]. Differences of
amounts of these bioactive compounds were mostly
related to different parameters such as climate, soil
condition, cultivar and ripening level of fruit [Cuhaci
etal. 2021].

CONCLUSION

This study was performed to establish optimal
harvest time of Shalakh apricot cultivar which is the
most common cultivar grown in Igdir region using
physical and chemical properties. Weight, length,
width, thickness and sphericity traits increased grad-
ually and reached the highest levels at 10" week of
the after the full bloom. The results showed that all
color values (L*, a*, b*, C*, h° and AE), color indi-
ces [a*/b*, (a*/b*)2, 2000a*/L*C*, 180-h/L* + C*,
1000a*/L*b*], firmness, elasticity and organic acids
are good harvest criteria to determine optimal harvest
time of cv. Shalakh. But contrary to previous studies,
soluble solids content (SSC) and pH didn’t give clear
information. Quality of apricot fruit is closely contrib-
uted to ripening stage. Therefore, harvesters or pro-
ducers have to know the suitable harvest time where
the fruits reach their optimal quality attributes such as
color, appearance texture, taste and flavor. When the
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results are evaluated together, it can be said that the
optimum harvest date for cv. Shalakh is approximately
10" after the full bloom.
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