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Abstract: This study was conducted to determine some pomological properties and phytochemical contents such as total monomeric
anthocyanin, total phenol, antioxidant activity, sugar, and organic acid of the chokeberry cultivars Nero and Viking, which are being
cultivated in Tiirkiye, in 3 different harvest periods (the last week of August, the first week of September, and the second week of Sep-
tember). The highest total monomeric anthocyanin (794.63 mg/100 g), total phenol (5006.60 mgGAE/100 g), and antioxidant activity
(79.33%) were obtained in the first harvest period of Nero. Glucose is the main sugar in chokeberry cultivars, and the highest glucose
content (6.90%) was recorded in the first harvest period of Nero. The highest malic acid (2302.83 mg/100 g), which is an organic acid,
was found in Nero in the first harvest period. The highest vitamin C content (36.92 mg/100 g) was obtained in Nero in the first harvest
period. The optimum harvest time or period for yielding of both cultivars was the first week of September (second harvest period). The
optimum harvest time was the last week of August (the first harvest period) considering total monomeric anthocyanin, total phenol and
antioxidant capacity, organic acids, and sugars.
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1. Introduction

Colorful fruit, which are rich in biochemical content,
are very beneficial for human health. Many horticultural
plants are rich in bioactive compounds such as phenols,
flavonoids, sugars, organic acids, and anthocyanins within
their colorful fruit (Poyraz Engin and Mert, 2020). The
fruit of Aronia melanocarpa (Michx.), which originated in
North America and is known as the black chokeberry, has
been consumed since the middle of the last century, and
Aronia is named Pomae in the subfamily Maloideae of the
family Rosaceae (Evans, 1999).

The genus Aronia has three species: Aronia melanocar-
pa (Michx.) Elliot (black chokeberry), Aronia arbutifolia
(L.) Elliot (red chokeberry), and Aronia prunifolia (Mar-
shall) Rehder (purple chokeberry) (Jeppsson, 2000). Aro-
nia melanocarpa is rich in bioactive compounds that have
beneficial biological and nutritional effects in animals and
humans (Horszwald et al., 2013). The fruit is a good source
of vitamins, carotene, dietary fiber, minerals, sugars, and
organic acids (Kulling and Rawel, 2008). The chokeberry
is particularly rich with respect to anthocyanins and pro-
anthocyanidins. The polyphenolic components of Aronia
melanocarpa have high antioxidant capacities and healing
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properties for humans such as anticancer, antimicrobial,
antiviral, and antidiabetic (Giampieri et al., 2015; Caruso
et al., 2016). The various phytochemicals in the chokeber-
ry play a role in the treatment of diseases caused by xeno-
biotic agents (Shahin et al., 2019). The chokeberry is called
a super/miracle fruit because of these superior properties
(Yilmaz et al., 2021).

Phenolic content significantly affects the quality of
grown fruit. It also contributes to the nutritional content
as well as the sensory properties of fruit. Phenolic com-
pounds affect the taste of fruit, for example, creating a sour
taste, depending upon the maturation. Anthocyanins are
the most important polyphenols and are responsible for
the red coloring in fruit. The concentrations of anthocya-
nins are very important for the sensory quality of fruit. In
addition to the health benefits of fruit, recent studies have
focused on identifying the bioactive compounds of differ-
ent fruit cultivars and determining the factors affecting
the composition of bioactive compounds (Williner et al.,
2003).

Carbohydrates (sugars) and organic acids are the main
components affecting the organoleptic properties of fruit.
The ratio of organic acid to sugar is used to characterize

This work is licensed under a Creative Commons Attribution 4.0 International License.
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fruit flavor and taste. Organic acids have antioxidant prop-
erties and thus are widely used for pharmacological pur-
poses. The organic acid content of fruit varies according
to the genotypic structure of plants (Ikegaya et al., 2019)

The planting of Aronia and consumption of chokeber-
ries in Tiirkiye have been increased to obtain nutraceutical
fresh, dried, juice, different colored, and functional food
products (Poyraz Engin and Boz, 2019). The fruit are har-
vested for 2 months and the physicochemical components
of the fruit change during the ripening period (Kulling
and Rawel, 2008). Therefore, determining the optimum
harvesting time of fruit is very important for different us-
age purposes (Poyraz Engin and Boz, 2019). Like other
fruit species, the fruit quality of the chokeberry depends
on cultivar, fertilization, ripening of fruit, harvesting time,
location, etc. (Jeppsson and Johansson, 2000; Kulling and
Rawel, 2008; Toli¢ et al., 2017). Fruit quality for the black
chokeberry is defined according to anthocyanin (Acy)
content, browning tendency, soluble solids content, and
total acidity (Jeppsson and Johansson, 2000). In addition,
the harvest time varies according to the geographical lo-
cation, cultivar, climatic conditions, agricultural practices
during the growing season, and the aim of fruit processing
(Poyraz Engin and Mert, 2020).

The farming of chokeberries, a new and alternative
product, has recently started to become widespread in
Tiirkiye, in the form of closed orchards. However, insuf-
ficient studies on product quality mean that farmers do
have enough information regarding the effects of different
harvesting times on the nutrient content of fruit. There-
fore, there has been a lack of information about the opti-
mum harvest time. Studies on chokeberries in Tiirkiye are
generally on the pomological and biochemical properties
of the fruit. However, studies on organic acid, phenolic
compound, sugar, and antioxidant content in the fruit are
limited in Tiirkiye (Poyraz Engin and Mert, 2020). The fact
that chokeberry growers receive their products within a
wide harvesting season causes great variations in the phy-
tochemical contents of the fruit and limitations in obtaining
a uniform product in terms of product quality. Therefore,
with the right choice of harvesting time, it may be possible
to obtain phytochemically qualified products and, thus, to
increase fruit quality. Industrially, determination of the op-
timal harvesting period can contribute to the production of
high quality chokeberry fruit and its juice in Tiirkiye. In ad-
dition, there have the limited scientific studies investigating
the effects of different harvesting times on yield and product
quality of different Aronia cultivars in Tiirkiye’s ecological
conditions. Therefore, in the present study, it was aimed to
determine the pomological and phytochemical contents of
the Aronia cultivars Nero and Viking in 3 different harvest-
ing periods to give suggestions to farmers for sustainable
and high quality fruit production.

2. Materials and methods

2.1. Material

The first studies on chokeberry growing in Tirkiye
started in Yalova in 2012. In the present study, the cul-
tivars Nero (origin Czech Republic) and Viking (origin
Finland), which are the ones grown most commonly in
Tiirkiye, were used. Viking and Nero (Aronia melano-
carpa L.), planted in a private orchard established in
Kirsehir Province in Tiirkiye (39°08'02"N 34°07'08"E,
1082 m above sea level), were used in the study. This
Aronia orchard was established in 2019 with a distance
of 1 x 4 m intrarow and interrow spacing, and all nec-
essary maintenance operations (irrigation and fertiliza-
tion) were carried out regularly. A general view of the
research orchard is given in Figure.

2.2. Harvest method

The harvesting periods were determined by character-
ization of fruit. According to Jeppsson and Johansson
(2000) and Poyraz Engin and Mert (2020), harvesting
times were established according to fruit coloring and
tasting results in two following years and in the time
period when fruit color increased from purple to black
as maturity progressed in both cultivars. According to
these criteria, the harvesting periods in 2021 for both
cultivars were August 27 (first harvest period) and Sep-
tember 6 and 16 (second and third harvest periods),
while these periods for 2022 were August 28 (first har-
vest period) and September 7 and 17 (second and third
harvest periods).

2.3. Pomological properties of fruit at harvest

Ripe fruit was hand-harvested during the specified
maturity period. It was collected in transparent and
perforated boxes of 500 g (18.85 x 23.97 x 58 cm) and
immediately brought to the laboratory in a thermos
bag. Pomological properties were determined in a total
of 100 berries for each cultivar with 3 replications. In
the pomological analysis, the weight of 100 berries, the
number of berries in a cluster (pieces), fruit weight (g),
fruit width (mm), and fruit length (mm) were measured
immediately after each harvesting time. The stalks of
the berries were removed and the berries were washed.
For all analyses, the fruit was firstly homogenized in a
blender (King Kkb976 Hilde). Then, it was filtered for
chemical analysis and made ready for analysis. The
soluble solids content (SSC), pH, and titratable acidity
(TA) values were determined in juice extracts. The SSC
was measured with a digital refractometer (Hanna HI
96801) and the pH value was determined with a digi-
tal pH meter (Hanna, HI 9321). Titratable acidity was
determined by titration with 0.1 N NaOH up to an end-
point of pH 8.1, and given as a percentage of malic acid
in 100 mL of juice.
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Figure. General view of the research orchard (a), Nero (b), Viking (c).

2.4. Phytochemical parameters

For phytochemical analyses, the berries were packed in
polyethylene bags, frozen at 20 °C, and preserved until
the analyses. Fruit samples were brought to the Cukurova
University Department of Horticulture phytochemical
analysis laboratory (Adana, Tiirkiye) in the ice box and
analyses were performed.

2.4.1. Total phenol Folin-Ciocalteu assay

Total phenolic content was determined with Folin-Cio-
calteu reagent using the modified method described
by Spanos and Wrolstad (1990). Briefly, 4000 uL of 80%
methanol extract was added to 1 g of chokeberry juice
sample. Water, Folin-Ciocalteu reagent, and 20% sodium
carbonate were added to the samples taken from the su-
pernatant of this extract, followed by storage in the dark

844

for 2 h. The absorbance at 760 nm was measured using a
Thermo Scientific Multiscan GO microplate spectropho-
tometer (Thermo Scientific Multiscan GO). The amount
of total phenol was calculated through a calibration curve
daily prepared with known concentrations of gallic acid
(GA) standards. The results were expressed as milligrams
of GA equivalents per 100 g fresh weight (FW) of choke-
berry.

2.4.2. Sugar content

Changes in glucose, fructose, sucrose, xylose, and total
sugar contents of homogenized chokeberry juice samples
were determined by a high-performance liquid chro-
matography (HPLC) technique developed by Crisosto
(1997). Frozen juice samples were thawed at 25 °C, and
1 g of chokeberry fruit homogenate was added to 4 mL
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of ultrapure water (Millipore Corp., Bedford, MA, USA).
The reaction mixture was placed in an ultrasonic bath and
sonicated at room temperature for 15 min, then centri-
fuged at 5500 rpm for 15 min, and filtered before analysis
in the HPLC system (Whatman nylon syringe filters, 0.45
pm, 13 mm diameter). Sugar contents were determined
with 3 replicates using an HPLC (Shimadzu, Prominence
LC-20A) refractive index detector and Coregel-87C (7.8
x 300 mm). Separation was performed at 70 °C at a flow
rate of 0.6 mL min™". Elution was achieved using isocratic
ultrapure water. The individual sugars were calculated us-
ing the standards and expressed as percent fresh weight
(FW). Calibration curves of the references were prepared
and sugar contents (%) were determined using the refer-
ence calibration curves.

2.4.3. Organic acids

The organic acid contents of chokeberry juice samples
were determined using the HPLC analysis developed by
Bozan et al. (1997). Changes in malic, citric, and L-ascor-
bic contents were determined in chokeberry juice samples.
The organic acid contents of the chokeberry juice were
determined in three replications. For each sample, 1 g of
homogenized fruit sample and 4 mL of ultrapure water
were mixed for organic acid extraction. The mixture was
placed in an ultrasonic water bath for 15 min at room tem-
perature, sonicated, and centrifuged at 5500 rpm for 15
min. The mixture was then filtered using Whatman nylon
syringe filters (0.45 um, 13 mm diameter). Organic acids
were analyzed using an HPLC instrument (Shimadzu LC
20A vp, Kyoto, Japan) equipped with a UV detector (Shi-
madzu SPD 20A vp). An 87 H column (5 um, 300 x 7.8
mm, Transgenomic) was used in the HPLC device and
0.05 mM sulfuric acid was used as the solvent. The operat-
ing conditions for the HPLC were as follows: (a) column
temperature was 40 °C, (b) the injection volume was 20
uL, () the detection wavelength was 210 nm, and (d) the
flow rate was 0.8 mL/min. Identification of organic acids
and determination of the peaks were done by taking into
account the retention times of the peaks and the compari-
son of the spectral data with the standards. The number of
determined acids was corrected using the corresponding
standard calibration curves (mg/100 g).

2.4.4. Total antioxidant capacity

A 1000 mg chokeberry fruit juice sample was weighed,
4000 pL of 80% methanol was added, and a 50 uL sample
of the upper phase of the mixture was taken. Next 1950 uL
of 0.06 uM DPPH solution was added in preparation for
analysis. The absorbance value was read at 515 nm DPPH
stock preparation. A weighed 0.0238 g sample was add-
ed to 100 mL of DPPH Complement solution with pure
Methanol Mix and kept for at least 2 h until all DPPH solu-
tion dissolved for analyses. The mixture was prepared us-
ing 100 mL of 80% ethanol.

The free radical scavenging activity of chokeberry fruit
juice was measured with slight modification of the 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) (Trolox Equivalent) as-
say reported by Brand-Williams et al. (1995). The decrease
in absorbance of DPPH at 515 nm was measured at 5-min
intervals using a Multiscan GO microplate spectropho-
tometer. Solvent was used as blank and the total antioxi-
dant capacity was calculated as follows:

DPPH(%) = (Control absorbance - (sample absor-
bance - blank absorbance))/control absorbance) x 100

2.4.5. Total monomeric anthocyanin content (TAC)

A 500 mg sample of fruit juice was added to 2500 pL of 80%
methanol solution and mixed by vortex. The upper phase of
the mixture was placed into two different 2-mL Eppendorf
tubes of 100 uL in a centrifuge at 5500 rpm for 10 min. From
each sample 3 replicates were made. After adding 1900 uL of
buffer 1 (to one tube) and 1900 uL of buffer 2 (to the other
tube), absorbance was read at 515 nm.

Total monomeric anthocyanin content (TAC) was es-
timated by the pH differential method with slight modifi-
cations as described by Giusti and Wrolstad (2001). Two
extracts were prepared, one containing potassium chlo-
ride buffer (pH 1.0) and the other sodium acetate buffer
(pH 4.5). The pH 1.0 extract was prepared with 125 mL of
potassium chloride and hydrochloric acid, while the pH
4.5 extract was prepared with 400 mL of sodium acetate
and hydrochloric acid. The absorbance of the extracts
was measured at 510 and 700 nm (Thermo Multi Scan Go
brand Spectrophotometer, USA). Total monomeric antho-
cyanin content was determined from the molar absorptiv-
ity of cyanidin 3-glucoside and expressed as the 3-gluco-
side equivalent of cyanidin. Total monomeric anthocyanin
content of the fruit was calculated using the molar absorp-
tion coefficient as follows:

Total Monomeric Anthocyanins (mg/100 g) = (A x
MW x DF x 10,000)/e x 1

In the equation, A: absorbance difference, MW: molec-
ular weight (MW: 449.2), DF: dilution factor, and &: molar
extinction coefficient (e: 26,900, 1 = path length (1 cm)).

2.5. Statistical analysis

The experiment was conducted in 3 replications accord-
ing to the randomized plot design. The differences in fruit
properties between the harvesting times were analyzed us-
ing SPSS 22.0. When the differences between the means
were statistically significant (p < 0.05), the mean values of
traits were compared using Duncan’s multiple range test.

3. Results and discussion

3.1. Pomological properties of fruit at harvest

The first harvest was carried out when the fruit color
turned to black. The average pomological properties of
fruit samples are given in Tables 1 and 2.
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The highest 100-berry weight (100.22-123.41 g), av-
erage fruit weight (1.13-1.41 g), fruit width (12.34-13.74
mm), and fruit length (11.56-12.42 mm) in Nero were ob-
tained in the second harvest period of both experimental
years. All values tended to decrease in the third harvest
period. Jeppsson and Johansson (2000) reported that the
weight of 100 berries in Nero and Viking between Au-
gust 14 and 22 increased from 75 g to 99 g and fluctuated
slightly until September 8. Poyraz Engin and Mert (2020)
showed that the weight of 100 berries in Nero increased
up to the third harvest (112 g) during 6 harvests and de-
creased in the sixth harvest (102 g). Similarly, fruit weight
increased (103 g) in the third harvest in Viking and de-
creased in the sixth harvest (101 g). Similarly, in the pres-
ent study, the weight of 100 berries in Nero and Viking
increased in the second harvest period in both years and
decreased in the third harvest period. The reasons for this

are thought to be the decrease in temperatures in Septem-
ber and the decrease in the amount of irrigation towards
the end of the harvest.

The highest 100-berry weight (95.10-130.38 g) in Vi-
king was obtained in the second harvest period in both
years, while average fruit weight, width, and length values
differed between the studied years. Maximum fruit weight,
width, and length data were found in the third harvest pe-
riod of the 2021 season (1.11 g, 11.70 mm, 11.40 mm) of
the 2021 season, while the highest values (1.58 g, 14.16
mm, 13.30 mm) in the 2022 season were recorded in the
first harvesting period. The mean fruit size and 100-berry
weight recorded in the present study were slightly higher
than the findings of previous studies. Ochmian et al. (2012)
reported average chokeberry fruit size between 12 and 17
mm and 100-berry weight between 32 and 112 g. Poyraz
Engin and Mert (2020) reported that the average fruit size

Table 1. Pomological properties of Nero at different harvesting periods in 2021 and 2022.

Harvest periods (2021) Harvest periods (2022)

Parameters 1 2 3 1 2 3

Fruit weight (g) 1.02 £ 0.02b 1.13 £ 0.04a 0.80 £ 0.03¢c 1.32 £ 0.04b 1.41 £0.03a 1.25 +0.03b
Fruit width (mm) | 11.77 £ 0.11b 12.34 £ 0.19a 10.30 £ 0.15¢ 13.15 +0.19b 13.74 £ 0.12a 13.13 +0.13b
Fruit length (mm)| 11.30 £ 0.16a 11.56 £ 0.14a 9.97 +0.17b 12.04 + 0.15b 12.42 £ 0.13a 11.70 + 0.11b
Hu.ndred-berry 92.70 +0.23b 100.22 £ 0.38a 63.78 £ 0.09¢ 110.10 + 0.54b 123.41 £ 0.31a 106.40 + 0.50¢
weight (g)

pH 3.59+0.01c 3.70 £0.01b 3.77 £0.01a 3.59 +0.03b 3.69 £ 0.02a 3.72+0.01a

TA (%) 0.60 + 0.00a 0.57 = 0.00b 0.55+0.01c 0.66 + 0.00a 0.54 +0.01b 0.45 + 0.00c
Number of berries| | ¢ 55\ 1 710, 1856+ 111 |1433+1.03b  |2822+ 1422 |26004076a  |2556 + 143
per cluster
a—c: Different letters within the same line show significant differences (p < 0.05) between harvesting times
Table 2. Pomological properties of Viking at different harvesting periods in 2021 and 2022.

Harvest periods (2021) Harvest periods (2022)

Parameters 1 2 3 1 2 3

Fruit weight (g) 0.90 £ 0.02¢ 1.01 £0.03b 1.11 £ 0.02a 1.58 £ 0.03a 1.49 + 0.04a 1.48 £ 0.03a
Fruit width (mm) 11.29 + 0.10b 11.57 + 0.14ab 11.70 £ 0.14a 14.16 £ 0.11a 13.89 £ 0.14a 13.89 £ 0.15a
Fruit length (mm) 10.92 + 0.12b 11.00 + 0.10b 11.40 £0.13a 13.30 £ 0.12a 12.81 +0.17b 12.56 + 0.10b
Hundred-berry 7775+0.05c  |95.10+0.16a  |90.44+0.16b |128.11+177a |130.38+1.82a |121.35+0.32b
weight (g)

pH 3.51 £ 0.00c 3.70 £ 0.01b 3.89 +£0.02a 3.71 £0.03b 3.77 £0.01ab 3.85+0.04a
;Ab(lg)mahc acid 100 16 04 000a  |0.56+0.01b 0.53+0.00c  |0.54+0.00a 0.48 + 0.00b 0.37 + 0.00c
Numberofberries |3 33 5 171, |19.67+124b  |2878+ 1452 |2578+2.79  |21.89+0.87a  |26.22+0.83
per cluster

a—c: Different letters within the same line show significant differences (p < 0.05) between harvesting times
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of Nero and Viking in Yalova conditions was between 9
and 13 mm, fruit weight was between 0.64 and 1.34 g, and
100-berry weight was between 103 and 112 g. The differ-
ences may have resulted from the ecological conditions in
the orchards and the agricultural practices used during the
growing seasons.

The number of berries per cluster in Nero was 14.33—
28.22 and 19.67-28.78 in Viking. Celik et al. (2022) deter-
mined the number of berries per cluster as 21.53 in Nero
and 21.45 in Viking, and the results are consistent with our
findings. Chokeberry fruit is formed by fleshing and water-
ing the flower bed and therefore the fruit is included in the
pseudo fruit class. According to the grain shape, Nero is de-
fined as round and Viking as elliptical. Our findings are in
agreement with the definitions of the fruit reported in previ-
ous studies (Rohrer et al., 1994; Evans, 1999; Poyraz Engin
and Mert, 2020).

3.2. Phytochemical parameters
The total monomeric anthocyanin, total phenol, and anti-
oxidant activity (%DPPH inhibition and %DPPH radical
scavenging activity) of Nero and Viking are given in Table 3.
The highest total monomeric anthocyanin value (794.63
mg/100 g) in Nero was obtained in the first harvest period,
while the lowest value (426.93 mg/100 g) was recorded in
the third harvest period. Contrary to Nero, the highest total
monomeric anthocyanin content (597.41 mg/100 g) in Vi-
king was obtained in the third harvest period. Ochmian et
al. (2012) reported that the chemical compositions of Nero
and Viking fruit are similar. However, the total monomeric
anthocyanin content of Nero in our study was higher com-
pared to that recorded in Viking. Our findings (418.78-
794.63 mg/100 g) are within the range of total monomeric
anthocyanin content reported by Zheng and Wang (2003)
and Wu et al. (2004), who showed that the total mono-

meric anthocyanin content of chokeberry was between
237 and 990 mg/100 g.

The maximum total phenol ingredient of Nero was ob-
tained in the first harvest (5006.60 mgGAE/100 g) and this
value decreased regularly in the second and third harvest
periods. The highest total phenol content in Viking was
3749.60 mgGAE/100 g in the first harvest period, and this
value decreased to 2367.40 mgGAE/100 g in the second
harvest period and increased to 3025.00 mgGAE/100 g in
the third harvest period. Wangensteen et al. (2014) stated
that the total amount of phenolic is equivalent to 1921 mg
of gallic acid in 100 g of fresh fruit. Bolling et al. (2015)
stated that total amount of phenol in chokeberry fruit in-
creased between August 1 and September 12 in the USA.
The total phenol content obtained in our study was higher
than the value reported by Bolling et al. (2015). The differ-
ence in total phenol content can be attributed to the eco-
logical conditions of the experimental sites.

The antioxidant capacity of chokeberry fruit is higher
than that of other fruit species (Kulling and Rawel, 2008).
Both %DPPH inhibition and %DPPH radical scavenging
in both cultivars reached the highest level with the onset of
maturity and decreased with the progression of maturity.
Denev et al. (2018) and Yang et al. (2019) also stated that
the antioxidant capacity of Aronia cultivars decreased with
the progress in fruit ripening. The results of our study were
parallel to the findings of other researchers.

The sugars (%), total sugar (%), and SSC (°Brix) con-
tents of Nero and Viking in different harvest periods are
given in Table 4.

Chokeberries contain carbohydrates, organic acids,
amino acids, minerals, vitamins, and polyphenols (Kulling
and Rawel, 2008). The composition of the fruit depends
on factors such as climatic and soil conditions, ripening

Table 3. Total monomeric anthocyanin (mg cyanidin-3-glucoside/100 g), total phenol (mgGAE/100 g) and antioxidant activity (Y DPPH
inhibition, %DPPH free radical scavenging activity) in fruit of Nero and Viking in 2022.

Nero harvesting periods Viking harvesting periods
Parameters

1 2 3 1 2 3
Total monomeric
anthocyanin 794.63 + 1.66a 441.09 +0.14b [ 426.93 £ 1.18¢ 441.27 + 1.44b 418.78 + 0.66¢ 597.41 + 4.90a
(mg/100 g)
Total phenol 5006.60 + 44.73a | 3199.10 £ 8.70b |2281.40 + 7.73c |3749.60 + 10.17a |2367.40 + 1.15¢ |3025.00 % 7.28b
(mgGAE/100 g)
%DPPH inhibition | 79.33 + 0.24a 78.63 £0.12a 65.97 + 0.49b 80.27 £ 0.63a 78.57 £0.41b 78.43 £0.21b
%DPPH free
radical scavenging | 61.87 + 0.24a 61.18 £0.12a 48.51 +£0.49b 62.81 £ 0.63a 61.11 £ 0.41b 60.97 £ 0.21b
activity

a and b: Different letters within the same line show significant differences (p < 0.05) between harvesting times
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Table 4. Sugars (%), total sugar (%), and SSC (°Brix) in chokeberry cultivars during different harvest periods in 2022.

Nero harvesting periods Viking harvesting periods

Parameters 1 2 3 1 2 3

Sucrose 0.46 + 0.00a 0.39 £ 0.02b 0.36 + 0.01b 0.45+0.03a 0.35+0.02b 0.47 £0.01a
Glucose 6.90 + 0.34a 4.40 £ 0.38b 4.59 £ 0.27b 5.31 £0.04a 4.22 +0.05¢ 5.15 + 0.03b
Xylose 0.20 £ 0.04a 0.09 £ 0.01b 0.10 +0.01b 0.12 +£0.02a 0.06 +0.01a 0.08 £ 0.02a
Fructose 5.31+0.24a 3.57 £ 0.24b 3.67 £ 0.17b 4.26 +0.03a 3.51 £0.02¢ 4.15+0.02b
Total sugar 12.87 £ 0.61a 8.44 + 0.65b 8.73 + 0.46b 10.14 £ 0.10a 8.15+0.09b 9.85+0.07a
SSC (°Brix) 22.83 +0.73a 15.17 £ 1.33b 16.17 + 1.09b 18.83 £ 0.33a 15.50 £ 0.29b 18.67 + 0.44a

a and b: Different letters within the same line show significant differences (p < 0.05) between harvesting times

time, harvesting methods, and storage conditions (Toli¢ et
al., 2017). The main carbohydrates in the fruit are sugars
(Jurendi¢ and Scetar, 2021) and glucose and fructose are
the main sugars in both Nero and Viking (Sosnowska et
al., 2016). The amounts of sucrose and xylose were rela-
tively low in both cultivars. The sucrose content in the
berries was reported by Denev et al. (2018) to be 0.34%,
which was similar to the sucrose content in our study. The
highest glucose content (6.90% and 5.31%) in Nero and
Viking was obtained in the first harvest period. The high-
est fructose content in both cultivars was also obtained in
the first harvest period. Total sugar content varied between
8.44% and 12.87% in Nero and between 8.15% and 10.14%
in Viking. The total sugar content of Nero was higher than
that of Viking. Ochmian et al. (2012) reported that the to-
tal sugar content of Nero in Poland was between 10.25 and
9.16 g/100 g. Poyraz Engin and Mert (2020) found that the
highest total sugar content in Nero and Viking was 28.88
and 24.34%, respectively, in Tiirkiye. Total sugar content
in our study was lower than that reported by Poyraz Engin
and Mert (2020), while our finding is similar to the total
sugar content reported by Ochmian et al. (2012). The dif-
ferences in total sugar content of chokeberry can be asso-
ciated with many factors such as ecology, harvesting time,
and the cultivar used in the experiments (Jeppsson, 2000;
Strik et al., 2003).

The highest soluble solids (°Brix) content in both culti-
vars (22.83% and 18.83%) was obtained in the first harvest
period. The soluble solids content reported by Ristvey and
Mathew (2011) was between 15% and 22%, and by Hudec
et al. (2006) was between 15% and 24%. The soluble solids
content in Aydin Province in Tiirkiye was between 13.07%
and 21.63% (Ozder, 2021), which is in parallel with the
soluble solids contents reported by other researchers.

The organic acid content of fruit affects the flavor
formation and many physiological processes in fruit de-
pending on the cultivar. The sugar to acid ratio and their
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contents are very important in determining the taste char-
acteristics of fruit. The L-ascorbic acid, citric acid, and ma-
lic acid contents in the fruit of Nero and Viking found in
the present study are given in Table 5.

The main organic acid of chokeberries is malic acid,
followed by citric acid (Strigl et al., 1995; Schathalter et
al., 1998; Kulling and Rawel, 2008). The highest amount
of malic acid in Nero (2302 mg/100 g) was recorded in
the firstharvest, while the amount of malic acid decreased
as maturity progressed. Warm seasons may accelerate the
breakdown of malic acid during fruit ripening compared
to the cooler seasons (Toldham-Andersen and Hansen,
1997). In contrast to the decrease in malic acid content in
Nero with the maturation of fruit, the malic acid content
of Viking was 1766.58 mg/g in the first harvest period,
decreased to 1154.67 mg/g in the second harvest period,
and reached the highest level (1871.62 mg/g) in the third
harvest period. The highest vitamin C (36.92 mg/100 g)
content in Nero was obtained in the first harvest period,
while the highest content in Viking was measured in the
third harvest period.

4. Conclusion

Simultaneous measurement of several important charac-
teristics in fruit during ripening allows farmers to estimate
the optimum harvesting period. In order to determine
the most suitable harvesting period for chokeberries in
Kirsehir in Tiirkiye, ecological conditions, the fruit yield,
and total monomeric anthocyanin content were chosen as
the most important harvesting criteria. When the weight
of 100 berries is considered an important parameter for
yield, the optimum harvesting time for both cultivars was
determined as the second harvest period, the first week of
September. If the optimum harvesting time is determined
by considering the anthocyanin content, whose health ef-
fects are widely known, the total monomeric anthocyanins
(794.63 to 441.09 mg/100 g) in Nero in the second har-



BOYACT et al. / Turk J Agric For

Table 5. Organic acid contents in fruit of chokeberry cultivars (mg/100 g) in 2022.

Nero harvesting periods

Viking harvesting periods

Parameters 1 2 3 1 2 3

L-ascorbic acid | 36-92 £ 2.79a 28.91 +2.31b 25.51 £ 1.15b 29.91 + 1.47b 24.57 £ 1.63c 35.31+0.72a
Citric acid 1035.05 + 65.35b | 800.37 £ 5.77b 1625.75 £ 179.75a | 677.63 +20.44b |478.97 + 44.15b | 1100.55 + 119.48a
Malic acid ?322332 * 1733.01 £ 134.18b |1283.87 + 57.38b | 1766.58 £ 52.49a |1154.67 +22.84b | 1871.62 + 45.48a

a and b: Different letters within the same line show significant differences (p < 0.05) between harvesting times

vest period were decreased by 44.5% compared to the first
harvest period. With respect to total monomeric anthocy-
anin content, the optimum harvesting time of Nero was
determined to be August 27, which is the first harvesting
period. However, it was determined that total monomeric
anthocyanins (418.78 to 597.41 mg/100 g) were increased
by 42.7% in the third harvest period compared to the
second harvest period in Viking. In terms of total mono-
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