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Abstract

This study aimed to determine the optimal harvest time for two apricot cultivars (cv. Hacihaliloglu and Kabaagi) by evaluating
physical, chemical, and sensory changes during a 13-week ripening period. Fruit samples were collected at 7-day intervals throughout
the study. Parameters such as weight, length, width, thickness, sphericity, color (L*, a*, b*), color indices, soluble solids content (SSC),
pH, firmness, elasticity, phenolic content (gallic acid and catechin), and organic acids (citric acid and ascorbic acid) were evaluated.
According to the results, a steady increase in physical properties was observed in both cultivars during ripening. Color values (L*, a*,
b*) became brighter and more saturated as ripening progressed. The sugar-to-acid ratio increased in the later weeks, accompanied by
an increase in pH and a decrease in titratable acidity. SSC generally increased but decreased slightly in the last weeks. Both organic
acids (citric and ascorbic acid) and phenolic compounds (gallic acid and catechin) tended to decrease during ripening. While citric acid
content in cv. Kabaasi decreased significantly in the last week, it remained at a higher level in cv. Hacihaliloglu. These results indicate
that the 12" week of ripening represents the optimal harvest time for both apricot cultivars to achieve maximum quality and full ripeness.
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Introduction

Apricot is one of the most economically important
fruit species in Turkey and the second most produced stone
fruit after the peach (Anon., 2024). Around 3.8 million tons
of fresh apricots are produced worldwide every year, with
803.000 tons in Turkey, making it the largest producer in
the world (Anon., 2024). Turkey is followed by Uzbekistan
(451.262 tons), Iran (305.972 tons), and Italy (230.080
tons). In Malatya, which accounts for 85% of Turkey's
dried apricot production, 60-65% of the crop is of the
Hacihaliloglu cultivar. The Kabaagi cultivar mainly
accounts for the remaining 30-35%, while other varieties
are produced in smaller quantities (Unal, 2010; Asma,
2011). It is important to determine the physical and
chemical changes in the growth, development, and
ripening periods of fruit species and cultivars to apply
cultural practices in a timely and appropriate manner
(Koksal & Yilmaz, 1992; Ozelci et al., 2021). Fruits should
not have nutritional deficiencies and thirst problems during
the development period when cell division and growth are
intensive. Ideal maintenance conditions during this period
increase the quantity and quality of the products. It is
important to know the physical and chemical changes in
the development periods of the fruit in order to determine
the maintenance conditions and enable economical fruit
cultivation (Pehluvan et al., 2021; Nasir et al., 2024).
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Determining the optimal harvest time is crucial for
maximizing fruit quality and economic yield.
Harvesting too early leads to weight loss and inferior
flavor, while harvesting too late reduces storability and
increases susceptibility to damage (Ganai et al., 2015;
Kunwar et al., 2024). As the degree of ripeness cultivar
depending on the variety, monitoring physical and
chemical changes during ripening is essential (Giileryiiz
et al., 2001). The exact time of harvest also affects
consumer satisfaction, labor scheduling and post-
harvest respiration, which influences storage conditions
(Kayisoglu, 2020). Early harvested fruit may lack sugar
and flavor, while late harvest increases the risk of
disease and flavor loss. Therefore, accurate ripeness
assessment ensures long-term storage and marketability
(DeLong et al., 1999; Skic et al., 2016).

Although there are several studies in the literature
to determine the optimum harvest time of apricots,
research focusing on comparisons between varieties is
quite limited (Ozelci et al., 2021a; Ozelgi et al., 2021b;
Ozelgi et al., 2021c; Tan et al., 2023). This study aimed
to determine the optimal harvest time of two well-known
apricot cultivars, Hacihaliloglu and Kabaasi, based on
the physical, chemical, and color changes during fruit
development, which contributes significantly to
Turkey's apricot production and export.
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Material and Method

Plant materials and sampling: This study was conducted
on two apricot cultivars, Hacihaliloglu and Kabaasi, during
the 2017 growing season. The fruit samples were collected
from the orchard of a local producer in Kagizman district
of Kars province. The first fruit samples were collected in
the second week of May, two weeks after full bloom, and
the fruits were harvested at weekly intervals until the last
week of July (Fig. 1). Each week, 20 randomly selected
fruit samples from different parts of the trees in the same
orchard were placed in plastic bags and immediately taken
to the laboratory for physical analysis. After physical
analysis, the fruit samples were stored at -18°C until
chemical analysis.

Physical and sensory properties

Color analysis: The skin color of the apricot was
determined at three different points on the surface of the
fruit using a colorimeter (Minolta, CR 410, Osaka, Japan)
according to the method described by Karabulut et al.,
(2007). The color measurements were recorded as CIE L*,
a* and b* values. In addition, C* (chroma) and h°® (hue
angle) were calculated using the following equations:

C*=va? + b?

h°= arctan b*/a*

Physical and pomological analyses: The dimensions of
the fruit samples, including length, width, and thickness,
were measured using a digital caliper. The weight of the
fruit was determined using a digital precision scale with a
sensitivity of 0.01 g. The geometric mean diameter (Dg)
and sphericity (S) of the fruits were calculated using the
following formulas:

Dg = (lwt)'/3
s = (((wt) /1) * 100

Where Dg stands for the geometric mean diameter in
millimeters (mm), and S for the sphericity in percent. The
variables 1 (mm), w (mm), and t (mm) denote the fruit's
length, width, and thickness of the fruit in millimeters.

Mechanical analysis: The firmness and elasticity of the
fruit were determined using a TA-XT2 texture analyzer
(Stable Microsystems, Surrey, UK), equipped with a
cylindrical stainless-steel probe of 2 mm diameter and a 30
kg load cell. The measurement parameters included an
initial and final velocity of 5 mm/s, a test speed of 1 mm/s,
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and a penetration depth of 3 mm, following the method
outlined by Cui et al., (2008).

Chemical properties

Soluble solid content (SSC) and pH measurements: A
digital refractometer (Boeco Digital Abbe Refractometer,
BOE 32400, Germany) was used to measure the soluble
solids content (SSC) of the filtered apricot juice, and the
results were expressed in Brix. The pH of the filtered juice
was analyzed using a multiparameter analyzer with a pH
electrode (Consort C3040, Belgium, SP10B).

Sample extraction: The apricot samples were prepared
using the modified protocol of Alwazeer & Ors (2019). A
5 g portion of the fruit sample was mixed with 10 ml of
50% methanol (v/v) with 0.1% HCIl and homogenized
using an IKA Ultra Turrax T18 homogenizer (Korea) at a
speed of 1300 rpm for 1 minute. The resulting homogenate
was allowed to stand for 2 hours in the dark at room
temperature. Subsequently, the mixture was centrifuged at
10.000 xg for 15 min at 10°C, and the supernatant was
filtered through Whatman No. 4 filter paper and then
through a 0.45 um membrane filter. The final extract was
stored at —80°C for future analysis.

Analysis of organic acids and phenolic compounds by
HPLC: The organic acids were analyzed isocratically after
slight modifications based on the method described by Akin
et al., (2008). The analysis was performed using an Agilent
1260 series high-performance liquid chromatography
(HPLC) system equipped with a diode array detector (DAD)
and an ACE GENERIX 5 C18 column (5 pm, 4.6 mm % 250
mm). The mobile phase consisted of 98% Na,HPO, adjusted
to a pH of 2.4 with H3PO4 at a flow rate of 1 mL/min.
Detection was performed at 210 nm for citric acid and 400
nm for ascorbic acid.

Phenolic compounds, especially gallic acid and
catechin, were analyzed according to the method of
Hussain ef al. (2013) with slight modifications. Separation
was performed on an Agilent 1260 series HPLC system
with a diode array detector (DAD) and a Poroshell 120 EC-
C18 column (2.7 pm, 4.6 mm x 150 mm). A gradient
mobile phase comprising 83% phosphoric acid and 17%
acetonitrile at a flow rate of 1 mL/min and an injection
volume of 20 pL was used. The elution profile of the
gradient was as follows: 83% A for 1 min, 70% A for 2
minutes, 60% A for 4 min, and 83% A for 10 min. The
operating conditions included detection wavelengths of
210 nm and 300 nm, an injection volume of 20 pL, and a
column temperature of 20°C.
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Fig. 1. The different development stages of the cultivars of Hacihalioglu and Kabaasi.



QUALITY-BASED HARVEST TIME OF APRICOT FRUITS

Statistical analysis

The data were analyzed using one-way analysis of
variance (ANOVA) followed by Duncan's Multiple Range
Test at a significance level of p<0.05. Statistical analysis
was performed using SPSS software (version 18; SPSS
Inc., Armonk, NY, USA), and results are expressed as mean
+ standard deviation.

Results and Discussion

Physical and pomological properties: The sound apricot
fruits are generally used for fresh consumption due to their
favorable appearance, while defective fruits are considered
for processing. Therefore, fruit size is a decisive criterion
for quality and consumer preference (Muradoglu et al.,
2022). The fruit weight of both fruit cultivars increased
regularly from the 1% to the 13" harvest. In cv.
Hacihaliloglu, the fruit weight steadily increased from 0.89
g in the 1% week to 25.55 g in the 13" week and in cv.
Kabaas1 from 1.04 g to 28.74 g. Although the weight gain
was regular in both cultivars, a sudden increase was
observed in Kabaagi, especially during the transition from
the 9™ to the 10™ week (Table 1). A steady and progressive
increase in dimensions-namely length, width, and
thickness-was observed in fruit cultivars throughout the
ripening period. In cv. Hacihaliloglu, fruit length increased
from 17.48 mm to 38.55 mm; width increased from 10.60
mm to 35.15 mm; and thickness increased from 9.03 mm
to 33.57 mm. Similarly, in cv. Kabaasi, the length expanded
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from 20.24 mm to 43.13 mm, the width from 11.28 mm to
35.56 mm, and the thickness from 9.31 mm to 32.52 mm
over the same period (Table 1).

In studies on apricot cv. Kabaasi, Kan (2005) reported
the fruit width, thickness, height, and weight as 41.27 mm,
37.65 mm, 43.57 mm, and 33.60 g, respectively; Yilmaz
(2008) reported 35.07 mm, 32.84 mm, 39.20 mm and 26.58
g, respectively; and Ozelgi et al., (2021) reported 33.56
mm, 35.12 mm, 38.54 mm and 30.45 g, respectively.
Similarly, for cv. Hacihaliloglu, Demirtas et al., (2010)
determined the fruit width, length, and weight to be 35.27
mm, 37.65 mm, and 31.99 g, respectively, while Ozelgi et
al., (2021c) determined 36.18 mm, 38.15 mm, and 37.25 g,
respectively. The data obtained were consistent with these
studies. A regular increase in the sphericity ratio over the
weeks was observed in both cultivars. In cv. Hacihaliloglu,
the sphericity increased from 67.85% in the 1% week to
92.63% in the 13" week; in cv. Kabaas, it increased from
63.39% in the 1% week to 87.07% in the 13" week. The
increase in the spherical value of the fruit is due to the sugar
regulated by genetic factors, the softening of the cell wall,
the loss of water, and the tissue remodeling controlled by
ripening hormones (Gapper et al., 2013). Ozelgi et al.,
(2021b) reported that about 50% of the increase in fruit
weight at different ripening stages (1 day, 15% day, 30%
day, 44" day, 59" day, 74" day, 96" day, 103" day and 110™
day) in cv. Soganci apricot was realized in the last one-
month period, and fruit sizes reached the largest value
(length: 38.82 mm, width: 40.86 mm, thickness: 45.78
mm) at the full ripening stage on the 110" day.

Table 1. Changes in selected physical characteristics of apricot cultivars Hacihaliloglu and Kabaasi
throughout the ripening period.

Culti Harvest Fruit width Fruit length Fruit thickness Fruit weight Sphericity
ultivars
number (mm) (mm) (mm) (g) (%)

1 10.60 = 0.16 17.48 £0.17° 9.03 £0.14° 0.69 £ 0.42" 67.85 £ 0.29%
2 19.50 £ 0.38f 27.33+0.16™ 16.35 +0.14° 4.64+£097° 75.22 £+ 0.50f
3 21.95+0.18h 28.24 +0.20! 19.25+0.15" 6.63 £ 0.12° 80.92+0.31¢
4 23.11 £ 0.18M 29.38 £ 0.24k 20.17 £ 0.64'™ 7.84 +0.18™ 80.83 £1.49¢
5 31.59 £ 7.00%¢ 2923 +0.18k 20.85+0.194 8.43+0.17™ 87.22 £ 3.23«
6 25.19+£0.22%" 3031+ 0.20/ 22.50 £ 0.18Mi 10.09£0.21%  85.12 +0.33¢°f

Hacihaliloglu 7 24.98 £0.20%"  30.52 £ 0.191 22.37+0.170 9.87 £ 0.19! 84.34 £ 0.29¢f
8 25.08 £0.24%" 3071 £0.197 22.86+0.22h 10.35+£0.18<  84.69 = 0.319%f
9 27.95+033%  32.47+031" 25.30 +0.288 13.93 £0.74 87.53 +£0.38¢
10 30.64 £0.41%¢ 3477 +£0.46 29.25+0.38° 18.10 £ 0.61¢" 90.54 £ 0.43%
11 31.82+£0.34*¢  3565+0.35" 30.73 £ 0.284 18.81£0.82%  91.65+0.27%®
12 34.45+£0.27%¢  37.53+£0.429% 33.02+0.19% 23.70 £ 0.46° 93.24 +£0.51?
13 35.15£0.23%  38.55+0.27° 33.57 £0.20% 25.55+£0.39¢ 92.63 £0.33%
1 11.28 £0.34 20.24 £ 0.22" 9.31 £0.14° 1.04 + 0.44" 63.39 £ 0.57
2 19.48 £0.151 31.31£0.19 16.49 +0.14° S5.11£0.11° 68.93 + 0.23k
3 23.04 +0.18M 33.68 = 0.28¢ 19.63 £0.18™ 7.92 £0.19%° 73.62 +0.28
4 2422+0.22¢" 3481 +0.28F 21.70 £ 0.25K 9.61+0.26™ 75.68 + 0.241
5 25.63+0.30%"  3513+031° 22.78 £ 0.30M 11.28 + 0.40ik 77.88 + 0.33hi
6 26.65+ 033" 35.54+0.26 23.38+£0.51h 12.55 + 0.40 78.87 + 0.75¢

Kabaas1 7 28.21 £0.37%¢  37.16 +0.28° 25.29+0.358 15.04 £ 0.52 80.17 + 0.47¢"
8 29.63 £0.29%"  38.13 +£0.22¢¢ 26.47+£0.27° 17.03 = 0.40" 81.38 £0.428
9 31.40£0.27%¢  38.88 +£0.34° 28.56 £ 0.32¢° 19.59 £ 0.47° 84.04 £ 0.47°
10 34.64 £0.48%¢  41.42 +0.44° 32.44 £ 0.50° 25.94£0.96%  86.75 + 0.33¢
11 3570 £0.31%  42.96 £ 0.292 33.43+£0.26% 27.85+£0.50"  86.48 + 0.40°F
12 36.46 = 0.40? 43.46 £ 0.38* 34.20 +0.34* 28.79 £ 0.74* 87.07 £ 0.40
13 35.56£0.77*"  43.13+0.51* 35.52 £0.26° 27.15+£1.06* 8533 +0.32°F
Sig. | | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

Means with different letters in the same column differ significantly (Duncan's test, p<0.05) (n=30)
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ges in color values of the apricot cultivars Hacihaliloglu and Kabaasi during the ripening period.

Cultivars Harvest L a* b* Hue C*
number

1 28.99+0.25  -3.92+021%  945+0.37"  112.52+0.60% 10.23 £ 0.41

2 4621 +0.39" -13.37+0.168 26.47+0.29%" 116.80 + 0.40% 29.66 + 0.26
3 50.40 + 0.57¢"  -14.13+£0.60¢ 30.26+ 0.46>¢ 115.01 + 0.90* 33.41 £ (0.54¢fe

4 46.13£0.56" -11.93+1.27°% 23.82+1.49%" 116.19+1.19% 26.67 + 1.88h

5 48.51+£0.60" -11.15+0.69%t 22.66+0.902" 116.09 + 0.62% 25.26 £ 1.10

6 48.37+0.80M -12.47+0.63% 2432+1.29% 117.17 £0.36° 27.33 & 1.42h

Hacihaliloglu 7 48.49 £ 1.81M -11.69 £1.08% 24.39+£2.762" 115.94 +0.85% 27.07 +£2.93h
8 50.71 +1.73¢h  -12.86+0.88% 25.69+2.31¢" 116.80 +0.70% 28.74 £ 2.44¢eh
9 5524+ 1.48% -13.63+0.332 31.45+1.13% 113.53+0.83% 34.29 + 1.07¢f

10 66.49 +1.15%4 849+ 1.85¢F 39.80+0.65° 102.02 +£2.67° 40.91 + 0.49¢

11 70.40£2.03>  -7.69+0.96% 4585+1.59" 9972+ 1.46° 46.57 + 1.44%
12 64.55+£0.11°9  4.00+2.66b  4047+024* 84.48+3.73¢ 41.10 + 0.28¢

13 7938 +1.392  7.92+258"  5581+0.52¢ 81.97+2.62¢ 56.66 + 0.522

1 29.77+0200  -3.46+0.30° 8.39+0.54"  112.28 +0.65% 9.08+£0.611
2 46.85+0.834M -11.42 +0.63°" 2659 + 0.647"  113.25 + 1.24% 28.97 £ 0.63¢M
3 48.53 £ 1.19M -11.39+1.01°% 2845+ 131 111.62 +0.94* 30.66 + 1.581¢h
4 4833+ 0.64" -13.38+0.432 27.58+0.71°"t 115.87 +£0.28% 30.66 + 0.82fh

5 51.31+1.47%" -1238+1.75% 2533 +2.21¢" 11525+ 1.85% 28.25 + 2.72hi
6 4939+ 0.81%" -12.49+0.59% 26.64+0.66%" 115.16 + 1.34% 29.46 + (.558hi
Kabaas1 7 53.29+0.94% -13.48+1.168 26.38+2.43%  117.17+0.59° 29.60 + 2.68F
8 57.87+1.38° -15.14+0.35¢ 33.68+1.03¢ 119.24 + 0.43 36.93 + 1.05%
9 66.70 £2.48* -1526+0.34¢  40.24+1.79° 110.99 +1.31° 43.09 + 1.55%
10 65.38+£2.89%  -0.03+2.76° 41.33+1.74*  90.06 +3.78¢ 42.11 £ 1.74%

11 68.36+£2.98"  431+275>  4557+250° 84.24+3.63¢ 46.22 +2.36°

12 62.22+0.479  1426+2.45 43.80+0.45>*  72.10+3.05" 46.38 £ (0.39%

13 6536+0.32¢¢  13.79+0.11* 43.50+0.54* 7241+ 0.27f 45.64 = 0.50°

Sig. [ 0.000 [ 0.000 [ 0.000 [ 0.000 [ 0.000

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

Table 3. Changes in firmness, elasticity, pH, and SSC of the apricot cultivars Hacihaliloglu and Kabaas:
during the ripening period.

Cultivars | Harvest number | Firmness (g) | Elasticity (mm) I pH I SSC (%)

1 1104.21 + 63.49¢f 2.27+0.10° 4.23 +£0.58% 6.57 £ 0.54¢

2 1516.19 + 20141k 1.17 £0.02f" 3.28+£0.04 7.07 £0.38¢8

3 1673.12 £ 15.994 1.07 £ 0.03¢2 3.08 +£0.04 7.60+0.12¢8

4 1714.89 + 10.84! 1.09 + 0.02¢" 3.33+0.02i 8.67 £ 0.08°
5 1713.17 + 100.81! 1.04 +0.01¢" 3.38 +£0.021 9.73 £ 0.124f
6 1714.46 £29.11' 0.96 £ 0.07 3.46 £0.021 10.43 £ 0.28%
Hacihaliloglu 7 1497.72 £ 63.111k 1.13 £ 0.02¢" 3.55 £ 0.02hi 10.53 £ 0.20%
8 1491.02 + 96.50M 1.11 £ 0.02¢ 3.83 £ 0.04¢h 10.47 + 0.32¢%
9 1215.11 £23.48f 1.10 £ 0.04¢ 3.97 +£0.07%" 10.47 £0.374
10 878.41 £25.42¢ 1.26 £0.06¢" 422+0.11¢% 16.50 £ 0.92%

11 654.41 £ 24.83¢ 1.44 +0.03%¢ 4.38 £ 0.04%f 14.70 £ 0.30¢

12 622.05 +28.13°¢ 1.78 £ 0.22bed 4.65 + (.05%¢ 20.70 £+ 1.402
13 464.74 £ 5.81% 2.16 + 0.25% 5.03 £0.10%¢ 16.50 + 0.15b

1 1015.03 + 37.594¢ 1.68 + 0.07¢de 3.42 +£0.200 7.93 £ 0.34f

2 1341.78 + 36.62¢" 1.1540.02¢ 3.32+0.02 7.77 £ 0.64%

3 1474.10 £ 32.25M 1.12 +£0.02¢" 3.19 + 0.06! 8.00 + 0.201

4 1648.19 + 34.13 1.28 +0.33¢h 3.39 +£0.021 8.00 = 0.601
5 1525.97 £93.011k 1.13 £0.03¢" 3.51 £ 0.06" 9.70 £ 0.109f
6 1545.58 £ 67.9611 1.05 £ 0.09¢" 3.49 + 0.051 10.10 & 0.42¢
Kabaasi 7 1570.75 £ 23.011K 1.19 + 0.03fh 3.56 + 0.05h 10.87 + 0.234
8 1205.93 +26.39' 1.14+0.01¢" 4.05+0.12"% 11.43 £0.794

9 1028.83 + 122.73¢% 1.10 + 0.03¢ 4.18+0.14¢" 11.73 + 1.11¢
10 641.83 +49.26¢ 1.51 +£0.08%¢ 4.80 + 0.14bd 16.40 + 1.46b°

11 495.76 + 1.94bc 1.61 + 0.09¢f 5.10 £ 0.17%¢ 17.00 = 0.74°
12 410.99 +26.09ab 1.97 £ 1.97%¢ 5.22+£0.51% 22.53+0.97*
13 320.12 £35.52a 2.33+£0.39° 5.33+0.272 21.20 £ 0.60?
Sig. | | 0.000 | 0.000 | 0.000 | 0.000

Means in the same column with different letters differ significantly (Duncan's test, p<0.05)
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Color properties: The color of the skin is an important
indicator of the ripeness of the fruit and an important
criterion for determining the right time to harvest (Ninio et
al., 2003). In the present study, both apricot cultivars
showed a noticeable increase in L, a, and b* values as
ripening progressed. In the Hacihaliloglu cultivar, the L*
value increased from 28.99 to 79.38, the a* value from -
3.92 to 7.92, and the b* value from 9.45 to 55.81 between
the initial and final weeks of the ripening period. Similarly,
in the Kabaas1 cultivar, the L* value increased from 29.77
to 65.36, the a* value from -3.46 to 13.79, and the b* value
from 8.39 to 43.50 (Table 2). In both cultivars, the increase
in L* from the 1 week to harvest caused a lighter and
brighter fruit color, while the increase in a* indicated a
decrease in green tones and the appearance of red tones.
Similarly, the increase in b* showed the dominance of
yellow tones. These changes are important to determine the
degree of ripeness and harvest time.

In apricots, the chlorophyll content is higher at the
unripe stage, while the anthocyanin content increases
significantly as the fruit ripens. This increase particularly
promotes the formation of red coloration on the sun-
exposed sides of the fruit (Aslantas, 2016). Femenia et al.,
(1998) reported that the color of apricot fruit changes from
green to yellow and red during ripening. Abaci (2007)
reported an increase in L*, a*, and b* color parameter
values with increasing maturity in a study conducted on
five apricot cultivars. The results on the changes in fruit
skin color in both apricot cultivars were consistent with the
results of previous studies.

Hue angle (h*) defines the main color (wavelength)
and is expressed in degrees: 0-60° for red, 60-120° for
yellow, 120-180° for green, 180-240° for cyan, and 240-
300° for blue (Manamohana et al., 2020). During the
ripening process, the hue angle value of the cv.
Hacihaliloglu decreased from 112.52 in the 1% week to
81.87 in the last week. This value also fell for cv. Kabaasi
from 112.28 in the 1% week to 72.41 in the last week. The
Hue angle was similarly high for both cultivars in the first
9 weeks, but after the 10" week, it decreased significantly
for both cultivars. Chroma reflects the intensity or
brightness of a color, with higher chroma values indicating
more saturated colors and lower values representing paler
hues (Granato & Masson, 2010). During ripening, the
chroma value of Hacihaliloglu increased significantly from
10.23 to 56.66 from the first to the last week, while Kabaasi
rose from 9.08 to 45.64, indicating lower color saturation.
This result demonstrates that Hacihaliloglu developed
more vivid colors as it matured.

Fruit firmness and elasticity: Fruit texture is a physical
property that results from the complex interaction of cell
structure, water content, pectin, and fiber content, ripeness
stage, and genetic characteristics and is perceived by the
consumer as softness or firmness (Li et al., 2010). In both
cultivars, firmness (hardness) increased rapidly in the first
7 weeks, from 1104.21 g to 1714.89 g for cv. Hacihaliloglu
and from 1015.03 g to 1570.75 g for cv. Kabaasi. From the
7% week, the firmness of both varieties began to decrease,
reaching 464.74 g for Hacihaliloglu and 320.12 g for
Kabaagt at the end of the ripening process (Table 3).
Fluctuations in the elasticity values were observed in both
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cultivars. In cv. Hacthaliloglu, the elasticity was 2.27 in the
first week, decreased to 0.96 in the following weeks,
increased sharply to 11.23 in the 8™ week, then reduced
again and reached its highest value (2.16) in the 13™ week.
In cv. Kabaagi, the elasticity started at 1.68 in the first
week, reached its lowest point at 1.05 in the 6™ week, then
gradually increased and reached its highest value (2.33) in
the 13" week (Table 3). Fruit elasticity is important
because it increases resistance to mechanical damage,
maintains freshness, indicates the optimum degree of
ripeness, and extends shelf life, ensuring better quality and
consumer satisfaction (Paliyath et al., 2009). The
breakdown of pectin causes fruit softening, the dissolution
of cell walls, and the influence of the hormone ethylene
(Tucker et al., 2017).

Soluble solids content (SSC) and pH: Soluble solids
content (SSC), measured in degrees Brix, indicates the
concentration of dissolved sugars in fruits and vegetables
and reflects the degree of ripeness, sweetness, and flavor
quality (Hirsch et al., 2012). Both cultivars showed a
general increase in sugar content during the ripening
process. For cv. Hacihaliloglu, the SSC (Brix) value
increased from 6.57% in the first week to 10.53% in the
7" week and peaked at 20.70% in the 12" week before
dropping to 16.50% in the 13 week. Fluctuations in the
sugar content were observed throughout the process. In
cv. Kabaagi, the SSC value increased steadily, starting at
7.93% in the first week and reaching 16.40% in the 10™
week. The highest value of 22.53% was recorded in the
12t week and decreased slightly to 21.20% in the 13
week (Table 3). The SSC value increases during ripening
as starch is enzymatically converted into simple sugars
such as glucose, fructose, and sucrose. (Magwaza et al.,
2015). In a study, Karabulut et al., (2018) reported SSC
in unripe and ripe apricot fruits as 16.25% and 23.50% for
cv. Hacihaliloglu and 18.73% and 22.60% for cv.
Kabaasi, respectively. On the other hand, the acidity of
both cultivars decreased, and the pH value increased in a
similar way with the ripening process. While the pH of
cv. Hacihaliloglu started at 4.23 and reached 5.03 at week
13, the pH of cv. Kabaasi increased from 3.42 to 5.33.
Kabaag1 reached a higher pH than Hacihaliloglu,
indicating that it has a less acidic structure.

Organic and phenolic components: The contents of
organic acids (ascorbic acid and citric acid) and phenolic
components (gallic acid and catechin) of the cv.
Hacihaliloglu and Kabaagi are shown in Figure 2. The
ascorbic acid content of both cultivars fluctuated in the
individual weeks. The highest value was recorded in the 4%
week (436.68 mg 100 g'!' fw) for the cv. Hacihaliloglu and in
the 5" week (449.31 mg 100 g fw) for the cv. Kabaas1. The
ascorbic acid decreased in both cultivars from the 6" week
(Fig. 2). Generally, no significant difference was observed
between the two cultivars regarding ascorbic acid content.
Citric acid reached higher values in cv. Hacihaliloglu than in
cv. Kabaagi. Citric acid reached the highest value in cv.
Hacihaliloglu in the 8" week (5398.88 mg 100 g!' fw), and
although it decreased from the 9 week onwards, it remained
at a high level compared to cv. Kabaasi. Citric acid amount
of cv. Kabaagi followed a fluctuating course during the
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growth period. The values started low in the first few weeks,
peaked in the 7" and 9" weeks (868.17 mg 100 g fw and
1486.74 mg 100 g! fw, and then fell rapidly to 47.73 mg 100
¢! fw in the 13" week.

In previous studies, Shiratake & Martinoia (2007)
found that organic acids increase in the early ripening stage
(30-60 days after full bloom), and therefore the fruits have
an acidic taste until ripening. Fan et al. (2017) found the
ascorbic acid content in seven apricot cultivars at
commercial and tree-ripened stages of 18—7 100 g™ fw and
7.1-15.3 100 g! fw, respectively. Su et al., (2020) reported
that citric acid accounted for between 8.32% and 63.60%
of the total organic acid content in five different apricot
cultivars and that this acid was the second most abundant
organic acid. Gottingerova et al., (2021) reported an
ascorbic acid content between 1.86 and 10.78 100 g™! fw in
15 apricot cultivars.

The main polyphenols in apricot fruit are phenolic
acids (chlorogenic, ferulic, and gallic) and flavonoids
(rutin, catechin, and epicatechin) (Gundogdu et al., 2017).
In both cultivars in the study, the catechin content was
highest in the 1% week 287.33 100 g! fw and 204.30 100 g
U fw respectively and decreased significantly in the
following weeks (Fig. 3). Although the cv. Kabaag1 had a
higher catechin content than cv. Hacihaliloglu in the 1%
week, this decreased very quickly, especially in the 2™

—@— Hacihaliloglu Kabaas1

500
450

400 A_.\
350 V\/~
300 ©
250 \

200 {
150
100
50
0

Ascorbic acid contents
(mg/100g f.w.)

7
1

1 2 3 4 5 6 7 8 9 1011 12 13
Harvest number

ERSIN GULSOY ETAL.,

week. Cv. Hacihaliloglu, on the other hand, showed a more
gradual decrease. Both cultivars had the lowest catechin
content in the 13" week 8.37 100 g fw and 6.31 100 g°!
fw, respectively.

Gallic acid was the highest in both cultivars in the 1*
week. In the 1% week, cv. Hacihaliloglu (2643.24 100 g*!
fw) contained about 2 times more gallic acid than cv.
Kabaas1 (1381.68 100 g-! fw). In the following weeks, cv.
Kabaas1 showed a low, stable decrease in gallic acid
content, while cv. Hacihaliloglu showed a faster decrease.
In the last week, gallic acid levels were similar in both
cultivars (374.79 100 g fw for Hacihaliloglu and 354.96
100 g! fw for Kabaas1) (Fig. 3).

In a previous study, Gundogdu et al., (2017) reported
that catechin content varied between 8.84-220.12 ug g! dw
matter and gallic acid content varied between 9.68-127.76
ug ¢! dw in 8 apricot cultivars. Gottingerova et al., (2021)
reported that catechin content in 15 apricot varieties ranged
from 0.55 to 10.75 mgl00 g! fw. Tan et al., (2023) found
that in cv. Shalakh, gallic acid content decreased
significantly during fruit growth, while catechin content
initially decreased but then showed a steady increase or no
decrease. These differences in bioactive compounds are
mostly related to climate, soil structure, variety, and
ripening time (Cuhaci et al., 2021).
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Fig. 2. Changes in organic acid content during the ripening period of Hacihaliloglu and Kabaas1 apricot cultivars.
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Fig. 3. Changes in phenolic acid content during the ripening period of Hacihaliloglu and Kabaasi apricot cultivars.



QUALITY-BASED HARVEST TIME OF APRICOT FRUITS

Conclusion

In this study, the physicochemical changes of the
apricot cultivars Hacihaliloglu and Kabaasi during ripening
were investigated, and the role of these changes in
determining the optimal harvest time was evaluated.
Significant changes in fruit weight, size, color parameters,
pH, sugar content, hardness, and biochemical components
were observed in both varieties throughout the study. A
steady increase in fruit weight and size was observed in
both cultivars, and growth accelerated in both cultivars,
especially after week 9. Fruit sphericity increased, while
textural traits firmness and elasticity showed significant
changes in the later weeks of ripening. The changes in color
parameters (L*, a*, b*) showed that the fruits changed
significantly during ripening in brightness, redness, and
yellowness. These changes play a decisive role in
determining the time of harvest.

In chemical analysis, pH increased, acidity decreased,
and sugar content increased in both varieties. Sugar content
peaked in the 12" week, and this week was determined to be
the peak of chemical maturity for both varieties. Differences
in organic acids and phenolic compounds were observed
between the varieties; the Hacihaliloglu variety had a richer
profile in citric acid, while the decreases in gallic acid and
catechin levels were similar in both varieties.

In summary, this study comprehensively evaluated the
ripening process of Hacthaliloglu and Kabaasi cultivars
provided a scientific basis for determining the optimum
harvest time in apricot cultivation and provided important
information to guide producers to maximize fruit quality.
In particular, the findings are expected to help meet
consumer expectations and improve industrial processing
efficiency. Based on these results, it is recommended that
growers and industry stakeholders carefully monitor
ripening parameters around the 12% week to precisely time
harvests, thereby maximizing fruit quality, extending shelf
life, and enhancing processing performance.

Acknowledgment

This research was made possible by funding from The
Scientific Research Projects Unit of Igdir University
(Project no: 2019-FBE-A29).

References

Abaci, Z.T. 2007. Kayisi meyvesinde erken ve ge¢ olgunlagma
tizerine etki eden biyokimyasal faktorlerin arastirilmasi.
Inénii Universitesi, Fen Bilimleri Enstitiisii, Yiiksek Lisans
Tezi Malatya, 85.

Akin, E.B., I. Karabulut and A. Topcu. 2008. Some compositional
properties of main Malatya apricot (Prunus armeniaca L.)
varieties. Food Chem., 107(2): 939-948.

Alwazeer, D. and B.Ors. 2019. Reducing atmosphere drying as a
novel drying technique for preserving the sensorial and
nutritional notes of foods. J. Food Sci. Technol., 1-11. 800.

Anonymous. 2024. Turkish statistical institute, Apricot Production
Data. https://  biruni.tuik.gov.tr/medas/?kn=92&locale=tr
(Access Date: 07.12.2024)

Anonymous. 2024. UN food and agriculture oganization, World
Apricot Production Data. https://www.fao.org/faostat/en/#data/
QCL/visualize (Access Date: 07.12.2024)

503

Aslantas, R. 2016. Bahge bitkilerinin biyolojik ve fizyolojik
esaslari. Atatiirk Universitesi Fen Bilimleri Enstitiisii Ders
Notu, Erzurum

Asma, B.M. 2011. Her yoniiyle kayisi. Uyum Ajans Ankara.

Cui, ZW., C.Y. Li, CF. Song and Y. Song. 2008. Combined
microwave-vacuum and freeze drying of carrot and apple
chips. Dry. Technol., 26(12): 1517-1523.

DeLong, J.M., R.K. Prange, P.A. Harrison, R.A. Schofield and
J.R. Deell. 1999. Using the Streif index as a final harvest
window for controlled-atmosphere storage of apples. Hort.
Sci., 34: 1251-1255.

Fan, X., H. Zhao, X. Wang, J. Cao and W. Jiang. 2017. Sugar and
organic acid composition of apricot and their contribution to
sensory quality and consumer satisfaction. Sci. Hort., 225:
553-560.

Femenia, A., E.S. Sanchez, S. Simal and C. Rosello. 1998.
Development and ripening related effects on the cell wall of
apricot fruit. J. Sci. Food Agric., 77: 487-493.

Ganai, S.A., H. Ahsan, I.A. Wani, A.A. Lone, S.A. Mir and S.M.
Wani. 2015. Colour changes during storage of apple cv. Red
delicious-influence of harvest dates, precooling, calcium
chloride and waxing. Int. Food Res. J., 22(1): 196.

Gapper, N.E., R.P. McQuinn and J.J. Giovannoni. 2013.
Molecular and genetic regulation of fruit ripening. Plant
Mol. Biol., 82: 575-591.

Granato, D. and M.L. Masson. 2010. Instrumental color and
sensory acceptance of soy-based emulsions: a response
surface approach. Cién. Tecnol. Aliment., 30(4).

Gundogdu, M., S. Ercisli, S. Berk, T. Kan, I. Canan and M.K.
Gecer. 2017. Diversity on color and phenolic compounds in
apricot fruits. J. Food Measure. Character, 11: 2087-2093.

Gileryliz, M., S. Ercisli and E. Erkan. 2001. Physical and
chemical changes during the ripening period of fruits: A
study on apple varieties in Erzincan Plain. J. Agri. Fact,
32(1): 51-59.

Hirsch, G.E., E.M.P. Facco, D.B. Rodrigues, M. Vizzotto and T.
Emanuelli. 2012. Physicochemical characterization of
blackberry from the Southern Region of Brazil. Ciénc.
Rural, 42(5): 942-947.

Hussain, P.R., S. Chatterjee, P.S. Variyar, A. Sharma, M.A. Dar
and A.M. Wani. 2013. Bioactive compounds and antioxidant
activity of gamma irradiated sun-dried apricots (Prunus
armeniaca L.). J. Food Compos. Anal., 30(2): 59-66.
https://doi.org/10.1016/j.jfca.2013.02.001

Kan, T. 2005. Yoresel olarak yetistirilen kayisi gesitlerine ait
meyvelerdeki yapisal degisimlerin incelenmesi. Jndnii
Universitesi, Fen Bilimleri Enstitiisii, Yiiksek Lisans Tezi.

Karabulut, 1., A. Topcu, A. Duran and S. Turan. 2007. Effect of
hot air drying and sun drying on color values and -carotene
content of apricot (Prunus armenica L.). Lebensm.-Wiss.
Technol., 40: 753-758.

Koksal, A.1. and H. Yilmaz. 1992. Physical and chemical changes
during development and ripening of some apple and pear
varieties. Turk. J. Agri. Forest., 16: 669-686.

Kunwar, A., D. Raj Bist, L. Khatri, R. Dhami and G.Raj Joshi.
2024. Optimizing post-harvest handling practices to reduce
losses and enhance quality of fruits and vegetables. Food
Agri. Econ. Rev., 4(2): 54-58.

Magwaza, L.S. and U.L. Opara. 2015. Analytical methods for
determination of sugars and sweetness of horticultural
products — A review. Scientia Horticulturae, 184: 179-192.

Manamohana, K., G. Bijur, N. Malarout, B. Singla, S. Pavithra
and N.Naik. 2020. Applications of col-our models in the
food processing industry: a sys-tematic review. J. Arch.
Egypt., 17: 3496-3512.

Muradoglu, F., U. Kayakeser and I. Basak. 2022. Morphometric
properties comparison of some turkish and foreign apricot
variety grown at high altitude. Yuzuncu Yil University J.
Agri. Sci., 32(2): 249-259.



504

Nasir, U., A. Ismail, M. Riaz, K. Razzaq, S. Ali, A. Hussain and
C.AF. de Oliveira. 2024. Exploring fruit ripening methods:
Conventional, artificial, and novel approaches for quality
and health. Food Control, 110626.

Ninio, R., E. Lewinsohn, Y. Mizrahi and Y. Sitrit. 2003. Changes
in sugars, acids, and volatiles during ripening of koubo
[Cereus peruvianus (L.) Miller] fruits. J. Agric. Food Chem.,
51(3): 797-801.

Ozelgi, M., R. Aslantas, D. Ozel¢i and E.Cogen. 2021a.
Determination of physical, chemical and color changes of
‘Kabaag1’ apricot cultivar during fruit development.
Academic J. Agri., 4(1): 19-28.

Ozelgi, M., R. Aslantas, D. Ozel¢i and E.Coégen. 2021b.
Determination of physical, chemical and color changes of
soganci apricot cultivar during fruit development. Bahri
Dagdas Herbal Res. J., 10(1): 64-74.

Ozelgi, M., R. Aslantas, D. Ozel¢i and E.Cogen. 202lc.
Determination of physical and chemical changes during fruit
development in ‘hacihaliloglu’ apricot cultivar. Turk. J. Agri.
Nat. Sci., 8(1): 58-65.

Paliyath, G., D.P. Murr, A.K. Handa and S. Lurie. 2009. Post-
harvest biology and technology of fruits, vegetables, and
flowers. John Wiley & Sons.

Pehluvan, M., B. Dogru and E. Catak. 2021. Alteration of some
physical and chemical composition in apricot (Prunus
armeniaca L.) during fruit development. J. Agri., 4(1): 10-15.

ERSIN GULSOY ETAL.,

Shiratake, K. and E. Martinoia. 2007. Transporters in fruit
vacuoles. Plant Biotechnol., 24(1): 127-133.

Skic, A. M. Szymanska-Chargot, B. Kruk, M. Chylinska, PM.
Pieczywek, A. Kurenda, A. Zdunek and K.P. Rutkowski. 2016.
Determination of the opti-mum harvest window for apples using
the non-de-structive biospeckle method. Sens., 16: 661.

Su, C., X. Zheng, D. Zhang, Y. Chen, J. Xiao, Y. He, J. He, B.
Wang and X. Shi. 2020. Investigation of sugars, organic
acids, phenolic compounds, antioxidant activity and the
aroma fingerprint of small white apricots grown in Xinjiang.
J. Food Sci., 85(12): 4300-4311. https:// doi.org/10.1111/
1750-3841.15523

Tan, B., E. Kus, K. Tan, E. Giilsoy and D. Alwazeer. 2023.
Determination of optimum harvest time and physical and
chemical quality properties of Shalakh (Aprikoz) apricot
cultivar during fruit ripening. Acta Scientiarum Polonorum
Hortorum Cultus, 22(1): 37-46.

Tucker, G., X. Yin, A. Zhang, M. Wang, Q. Zhu, X.Liu and D.
Grierson. 2017. Ethylene and fruit softening. Food Quality
& Safety, 1(4): 253-267.

Unal, M.R. 2010. Kayist arastirma raporu, Firat Kalkinma
Ajansi, Malatya.

Yilmaz, K.U. 2008. Baz1 yerli kayis1 genotiplerinin fenolojik,
morfolojik ve pomolojik 6zellikleri ile genetik iliskilerinin
ve kendine uyusmazlik durumlarinin molekiiler yontemlerle
belirlenmesi. C.U.Fen Bilimleri Enstitiisii, Bahce Bitkileri
Anabilim Dali, Doktora Tezi, Adana, 2008, 382.



