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Abstract

In this study, the effects of different maturity stages and different fruit parts on some quality parameters of two plum
cultivars were investigated. For this purpose, ‘Stanley’ and ‘Sugar Plum’ cultivars, which are extensively cultivated, were
used, and the fruits were harvested in three different periods. Firstly, width, length and weight as well as flesh firmness
measurements were performed on fruits harvested. Later on, samples were taken separately from the flesh and peel of
the fruits collected at three different maturity stages and color, chemical properties (total soluble solids [TSS], titratable
acidity [TA]) and phytochemical properties (total phenolics, total anthocyanins and antioxidant activity) of these parts
were determined. Height and weight increased, while firmness values decreased with the progress of maturity. Fruit color
development increased with the progress of maturity and the fruits gained a brighter appearance. Similarly, in both cultivars,
TSS values of fruit peel and flesh increased and TA decreased with the progress of maturity. Although varied with the
maturity stages, it was determined that fruit peels had higher TSS and TA values than the fruit flesh. Total phenolics
and antioxidant activity increased in both the fruit peel and flesh with the progress of maturity, and such increases were
more prominent in the fruit peel. Antioxidant activity of fruit peel was found to be significantly higher than the fruit
flesh at the Stage 3 maturity level. In both plum cultivars, it was determined that the fruit peel contained greater total
anthocyanins than the fruit flesh in three different maturity stages. Throughout the maturity process, there was a slight
increase in the total anthocyanins of the fruit flesh of the ‘Stanley’ cultivar, while there was no significant change in the
fruit flesh total anthocyanins of the ‘Sugar Plum’ cultivar. On the other hand, in both cultivars, total anthocyanins of the
fruit peel significantly increased with the progress of maturity. As a result, fruit weight, fruit appeal, fruit flavor, aroma
and phytochemical traits increased and fruit firmness decreased with the progress of maturity. Phytochemicals were mostly
encountered in fruit peels. It was concluded based on present findings that consuming mature fruits with their peels will
contribute positively to human health and nutrition.
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Introduction

Plum (Prunus domestica L.) grows in temperate climate re-
gions of the world. Plums are rich in pectin (Lin et al. 2018),
phenolic compounds, anthocyanins (Gunduz and Saragoglu

This. study is derived from a part of Berna Ergun Cetin’s master 2012), flavonoids and vitamins (Mahmoudi et al. 2022),

thesis. . .. . .
thus constitute an indispensable component of daily diets

Data availability Not applicable. of consumers. In recent years, consumers desire to consume

fruits richer in nutritional components. However, nutritional
content of the fruits may differ depending on several factors,
including the maturity stage. Therefore, it is very important
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(Adiletta et al. 2022; Xu et al. 2022). There are various tech-
niques to be applied before the harvest (Avci et al. 2022; Bi
et al. 2022; Sinha et al. 2022) and after the harvest (Li et al.
2021; Arabia et al. 2022) to prevent postharvest losses. It
was stated that the optimal harvest time was also effective
in prevention of post-harvest losses (Meng et al. 2021). As
it was in many other fruit species, Alvarez-Herrera et al.
(2021) reported a close relationship between harvest ma-
turity and post-harvest life of plum fruits. It was indicated
that semi-ripe fruits at harvest were preserved for longer
durations, but the flavor characteristics of these fruits were
lower than those harvested at the optimal maturity stage
(Guerra and Casquero 2008).

Color, texture, soluble solids content (SSC) and fruit size
are important criteria for determining the harvest time and
fruit quality (Ndou et al. 2019; Salazar et al. 2020; Tena
et al. 2020; Piccolo et al. 2021; Qiu et al. 2021). Along
with the changes in consumer demands, some compounds
such as anthocyanins, phenolic substances and antioxidants
(Phan et al. 2021; Bahrin et al. 2022), which are stated to
have positive effects on human health, have started to take
place among important fruit quality criteria (Ndou et al.
2019). It was stated in previous studies that the harvest date
directly affected the antioxidant capacity, phenolics and an-
thocyanins of the fruit (Smanalieva et al. 2019; Kodagoda
et al. 2021). Besides maturity level, fruit phytochemicals
vary in different parts of the fruit (Ozturk et al. 2013; Re-
dondo et al. 2021; Traore et al. 2021). In general, total sugar
content is high in fruit flesh (Lebaka et al. 2021), while total
anthocyanin and antioxidant activities are high in the peel
of plum, peach and apple (Drogoudi et al. 2008; Remorini
et al. 2008; Usenik et al. 2013; Beyazit et al. 2021; Redondo
et al. 2021; Ranganath 2022).

In this study, the effects of different ripening stages
and fruit parts of plum fruits on some quality character-
istics, which are stated to have positive effects for human
health, especially antioxidants, phenolic substances and an-
thocyanins, were investigated.

Materials and Methods
Plant Materials and Experimental Design

In this research, ‘Sugar Plum’ and ‘Stanley’ varieties,
which are commonly cultivated plum cultivars (Murathan
et al. 2020; Neshev et al. 2021), from the European plum
(Prunus domestica) group were used as the plant material.
The research was carried out in a commercial orchard in
central district of Tokat province (40°21’00” N latitude,
36°33/30” E longitude, 775 m altitude), Turkey. Plum trees
that are 9 years old and planted at 5.0x 5.0 m spacings were
used in this study. Standard cultural practices (pruning, fer-
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Table 1 Maturity levels of fruits

Cultivar Stage 1 Stage 2 Stage 3
‘Stanley’ I .
‘Sugar Plum’

089

tilization and irrigation) were applied during the trials. The
study was designed with three replications and 100 fruits
in each replication. Fruit samples were harvested at three
different maturities (Stage 1 [early harvest], Stage 2 [com-
mercial maturity] and Stage 3 [full harvest]) on coloration
status. Harvested samples were placed into 8-kg capacity
plastic boxes and brought to the laboratory where the anal-
yses are conducted. Fruits were divided into two groups:
the first group was used as whole fruit and the other group
was used as peel and flesh (Table 1).

Physical Quality Traits

A total of 20 fruits were used for physical measurements on
harvested fruits. Fruit weight of the samples was measured
with a digital balance (£0.01 g) (Weightlab, Turkey). Fruit
sizes (width, length) were determined by digital caliper
(£0.01 mm) (Absolute, Germany). Firmness was measured
with a penetrometer as the maximum force (Newton, N) re-
quired to penetrate 20 mm vertically into the fruit (Zwick Z
0.5 Universal). In the measurement, test speed was selected
as 30mm/min and a 1.8-mm diameter stainless steel head
was used.

Chemical Quality Traits

For chemical analyses, 40 fruits from each replication were
used. After removing the seeds of the fruits for the analy-
sis, 20 fruits were cut as whole fruits and the other 20 fruits
were cut by separating the skin and pulp parts for each
replication. Whole fruit and fruit pulp were blended with-
out adding water, and the peel part was blended with water.
The dilution factor was considered in later measurements.
SSC values were measured with the help of a digital re-
fractometer (HI 96801, Hanna, Italy). The juice was mixed
with distilled water at a ratio of 1:4 for titratable acidity
(TA). The resultant mixture was then titrated with 0.1N
NaOH (sodium hydroxide) until pH of 8.1 and the amount
of NaOH consumed in the titration was expressed as g malic
acid 100g™".
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Phytochemical Properties

In each measurement period, 40 fruits from each repli-
cation were homogenized with a blender. About 30ml of
homogenate was taken and placed into a 50-ml falcon tube.
The samples were centrifuged and used to determine the
phytochemicals. Spectrophotometric measurements were
made in an ultraviolet-visible (UV-VIS) spectrophotometer
(Model T60U, PG Instruments) to determine total pheno-
lics, antioxidant capacity and total anthocyanins. The total
phenolic content of the fruits was determined according to
the method recommended by Singleton and Rossi (1965)
and expressed as ug GAE (gallic acid equivalent) g! fresh
weight (fw). Antioxidant activity was determined in accor-
dance with two different procedures as of trolox equivalent
antioxidant capacity (TEAC) (Ozgen et al. 2006) and ferric
reducing antioxidant power (FRAP) (Benzie and Strain
1999) and the results expressed in umol/TE g mmol Trolox
Equivalent (TE) kg™' fw.

Total Antioxidant Activity

Total antioxidant activity (TAA) was estimated by two
standard procedures, FRAP and TEAC assays. Benzie and
Strain method was used in FRAP analysis (Benzie and
Strain 1999). Accordingly, for the stock solution, 0.1 mol/L.
acetate (pH 3.6), 10mmol/L 2,4,6-Tris(2-pyridyl)-s-tri-
azine (TPTZ) and 20 mmol/L ferric chloride solutions were
mixed in 10:1:1 ratios. For analysis, 20uL of fruit ex-
tract and 2.97mL of prepared solution were added. After
waiting for 30min at room temperature, its absorbance
was measured at 593 nm wavelength in a spectrophotome-
ter. Absorbance values were calculated with the use of
Trolox (10-100umol/L) standard curves and the results
were expressed in umol Trolox equivalent/g fw.

TEAC analysis was performed according to Ozgen et al.
(2006). The 7nm ABTS (2,2’-Azino-bis 3-ethylbenzothia-
zoline-6-sulfonic acid) was mixed with 2.45 mM potassium
bisulfate and kept in the dark for 12-16h. Afterwards, this
solution was diluted with 20mM sodium acetate (pH4.5)
buffer as to have an absorbance of 0.700+0.01at 734nm
wavelength of a spectrophotometer. About 20 uL. of extract

was mixed with 2.98 mL of copper and the absorbance was
measured after 10 min at a wavelength of 734nm in a spec-
trophotometer.

Total Monomeric Anthocyanins (TMA)

Total anthocyanin analysis was performed with the use of
the pH difference (pH 1.0 and 4.5) method (Wrolstad et al.
2005). Extracts were supplemented with 300 uL. and 2700 pl
pH 1.0 solution and measurements were made at 520 and
700nm wavelengths. The same process was done for pH
4.5 solution. Total anthocyanin quantity (molar extinction
coefficient of 28000 cyanidin 3-glycoside) was calculated
from the absorbances ([A520-A700] pH 1.0-[A520-A700]
pH 4.5) and results were expressed in pug anthocyanin/g fw.

Statistical Analyses

Data were analyzed through analysis of variance using the
general linear model (GLM) procedure. Means were sep-
arated using the least significant difference (LSD) method
at 0.05 significance level. All statistical analyses were per-
formed with SAS Version 9.3 (SAS Institute Inc., Cary, NC,
USA).

Results and Discussion
Fruit Physical Properties

Regular increases were seen in fruit widths of both cul-
tivars with increasing maturity levels. However, a distinc-
tive change was not encountered in fruit lengths with the
progress of maturity. Increasing fruit weights were seen
in both cultivars with the progress of maturity. Among the
physical properties, fruit firmness was negatively influenced
by the maturity levels (Table 2). Average fruit weights were
reported as between 31.40-75.16g for fully ripened fruits
(Altuntag et al. 2019; Butac et al. 2019). Fruit weights ob-
tained in previous studies are similar to our study.

In general, there was a negative relationship between
maturity change and fruit weight and fruit firmness. In

Table 2 Effects of maturity levels on physical properties of ‘Stanley’ and ‘Sugar Plum’ plum cultivars

Cultivars Maturity stages Fruit Fruit Fruit Fruit
width (mm) length (mm) weight (g) firmness (N)

‘Stanley’ Stage 1 30.06 ¢ 4737 a 26.58 b 1.82a

Stage 2 32.23b 4783 a 28.17b 1.68 a

Stage 3 35.96 a 48.28 a 35.87a 1.12b
‘Sugar Plum’ Stage 1 3458 ¢ 53.43 a 28.04 ¢ 2.29a

Stage 2 38.13b 53.60 a 39.08 b 2.16 a

Stage 3 4033 a 53.56 a 46.00 a 1.00 b

Differences in means indicated with the same letter in the same column are not significant (P <0.05)
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the ‘Stanley’ cultivar, 34.95% increase in fruit weight and
38.46% decrease in fruit firmness occurred with the pro-
gression of maturation from Stage 1 to Stage 3. In the cul-
tivar ‘Sugar Plum’, on the other hand, with the progress of
maturation from Stage 1 to Stage 3, an increase of 64.05%
in fruit weight and a decrease in fruit firmness of 56.33%
occurred. The data revealed that there was an inverse rela-
tionship between flesh firmness and maturity and fruit flesh
softened with the progress of maturity. The increase in fruit
weight and the decrease in firmness values during ripening
have also been demonstrated in previous studies (Altuntag
et al. 2020; Khalili et al. 2020; Mesa et al. 2021).

Fruit Color

Fruit color greatly influences consumer preferences and sig-
nificantly changes with the progress of maturity. In present
study, fruit color was determined as L*, chroma and hue
angle (Table 3). In terms of fruit color parameters, signifi-
cant differences were seen between the maturity levels and
fruit parts. Fruit flesh L values increased with the progress
of maturity, but differences in peel L values were not found
to be significant. Fruit flesh chroma (C*) values increased
with the progress of maturity in both ‘Stanley’ and ‘Sugar

Plum’ cultivars, but such an increase in fruit peel was ob-
served only in the ‘Sugar Plum’ cultivar. While the hue
angle value of the ‘Stanley’ cultivar decreased in fruit flesh
and peel with the progress of maturity, it increased in fruit
flesh of the ‘Sugar Plum’ cultivar. No significant change
was observed in the color values of the fruit peel.

In previous studies, researchers found that the fruit flesh
and skin L* values of different fruit species increased
(Ozdemir 2008; Avci et al. 2022) and decreased (Ndou
et al. 2019; Guo et al. 2022) with the progress of maturity.
Differences in research findings were mainly attributed to
color differences of the fruit flesh. In present study, the
greatest C* values were seen in Stage 3 maturity level
(32.66 and 30.82) (Table 3). It was indicated in previous
studies that there was an increase in chroma values of
plum fruits with the progress of maturity (Kucuker et al.
2015; Ozturk et al. 2015). In the ‘Stanley’ cultivar, H value
decreased in both fruit flesh and peel with the progress
of maturity, while it increased in fruit flesh of the ‘Sugar
Plum’ cultivar, but there was no significant change in
fruit peal. In previous studies, researchers stated hue angle
values varied with the maturity levels depending on the
species and cultivars (Ndou et al. 2019; Kodagoda et al.

Table 3 Effects of maturity

Maturity Fruit part
{evels or} color‘ parameters f)f Cultivar stages el Tiesh
Stanley’ and ‘Sugar Plum
cultivars L* ‘Stanley’ Stage 1 32.03 Ab 30.22 Aa
Stage 2 53.10 Aa 27.43 Ba
Stage 3 62.00 Aa 28.19 Ba
Mean 49.04A 28.61 B
‘Sugar Plum’ Stage 1 44.79 Ab 4221 Aa
Stage 2 48.18 Ab 38.88 Aa
Stage 3 57.99 Aa 37.61 Ba
Mean 50.32A 39.56 B
c* ‘Stanley’ Stage 1 15.12 Ac 8.94 Ba
Stage 2 21.91 Ab 7.25 Ba
Stage 3 31.28 Aa 7.01 Ba
Mean 22.77A 7.73 B
‘Sugar Plum’ Stage 1 19.52 Ab 21.54 Ab
Stage 2 18.48 Ab 21.68 Ab
Stage 3 32.66 Aa 30.82 Aa
Mean 23.55A 24.68 A
he ‘Stanley’ Stage 1 —68.61 Ba 21.59 Aa
Stage 2 —65.98 Ba 20.65 Aa
Stage 3 -77.29 Bb 9.55 Ab
Mean -70.62 B 17.26 A
‘Sugar Plum’ Stage 1 -81.84 Bb 41.52 Aa
Stage 2 -80.64 Bb 38.71 Aa
Stage 3 -67.01 Ba 38.75 Aa
Mean -76.49 B 39.66 A

Differences in means indicated with the same small letters in the same column and means indicated with the
same capital letters in the same row are not significant (P <0.05). C* chroma, /#°-hue angle
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Table 4 Effects of maturity levels and fruit parts on chemical properties of ‘Stanley’ and ‘Sugar Plum’ cultivars

Fruit parts
Cultivars Maturity stages Peel Flesh Whole fruit
TSS % ‘Stanley’ Stage 1 14.90 Bb 15.03 Ab 14.53 Be
Stage 2 14.90 Bb 17.30 Aa 14.88 Bb
Stage 3 16.70 Aa 17.77 Aa 16.70 Aa
AVERAGE 15.50 B 16.70 A 15.37B
‘Sugar Plum’ Stage 1 15.12 Ba 16.60 Ab 14.80 Bb
Stage 2 15.90 Ba 17.40 Ab 15.87 Bb
Stage 3 16.63 Ba 18.97 Aa 16.55 Ba
AVERAGE 15.88 B 17.66 A 15.74 B
TA % ‘Stanley’ Stage 1 0.72 Ba 1.17 Aa 0.78 Ba
Stage 2 0.72 Ba 1.11 Aa 0.76 Ba
Stage 3 0.63 Bb 0.95 Ab 0.66 Bb
AVERAGE 0.69C 1.07A 0.73B
‘Sugar Plum’ Stage 1 1.44 Ba 1.66 Aa 1.42 Ba
Stage 2 1.48 Ba 1.66 Aa 1.42 Ba
Stage 3 1.26 Bc 1.60 Ab 1.37 Bb
AVERAGE 1.39B 1.64A 1.40B

Differences in means indicated with the same small letters in the same column and means indicated with the same capital letters in the same row

are not significant (P <0.05)
TSS Total soluble solids, TA Titratable acidity

2021; Winkler and Knoche 2021; Avci et al. 2022; Farcuh
et al. 2022; Li et al. 2022).

Chemical Properties

The total soluble solids (TSS) content and TA values were
investigated in the samples taken from the whole fruit, fruit
flesh and peel of the ‘Stanley’ and ‘Sugar Plum’ plum cul-
tivars harvested at different maturity levels (Table 4). While
the TSS values of both cultivars increased with the progress
of maturity, TA decreased. When the fruit and its parts were
compared, the greatest TSS was seen in fruit peel of both
cultivars and there was no significant difference in TSS of
fruit flesh and whole fruit. The highest TA values were
measured in fruit peels.

In previous similar studies conducted on different fruit
species, researchers reported increasing soluble solids con-
tent and decreasing TA values with the progress of ripening
(Montaya et al. 2010; Lin and Lay 2013; Alvarez-Herrera
et al. 2021). High SSC and TA especially in fruit peel are
thought to be important criteria for the taste of fruits con-
sumed without peeling.

Phytochemical Properties

In the ‘Stanley’ cultivar, total phenolics (TP) increased with
the progress of maturity and average value was measured
as 685.28ug GAE/g fw in the whole fruit, 1140.94 28 ug
GAE/g fw in the fruit peel and 528.86ug GAE/g fw in
the fruit flesh. In the ‘Sugar Plum’ cultivar, total phenolics

also increased with the progress of maturity and average
values was identified as 867.53ug GAE/g in the whole
fruit, 1244.70pug GAE/g in the fruit peel and 547.87pg
GAE/g in the fruit flesh (Table 5). The greatest total phe-
nolics level was observed in fruit peels. While the total
phenolic content of fruit peel was 1030.89pug GAE/g at
the first maturity stage, it increased 1.3 times and reached
to 1415.53 ug GAE/g in mature fruits. Researchers have
determined with previous studies that phenolic substances
are found in higher amounts in the peel of the fruit and
with increasing maturity. Khalili et al. (2020) stated that
the total phenol content increased with the progress of ma-
turity. Redondo et al. (2021) indicated that fruit peels had
2.5-3.0 times greater total phenolics than fruit flesh. Dro-
goudi et al. (2008) reported 3.3 times greater total phenolics
for apple peels than for fruit flesh.

In terms of antioxidant activity with the use of FRAP
method, the greatest values were measured in fruit peels at
Stage 3 maturity level (10.34 umol TE/g fw in the ‘Stanley’
cultivar and 11.33 umol TE/g fw in the ‘Sugar Plum’ culti-
var). When the cultivars were compared, the average value
of fruit peel of the ‘Stanley’ cultivar was 6.59 umol TE/g fw,
while this value was found to be 1.4 times (9.29 pmol
TE/g fw) greater in the fruit peel of the ‘Sugar Plum’ culti-
var. FRAP antioxidant activity in fruit flesh and whole fruit
increased in both cultivars with the progress of maturity,
but there was no significant difference between them.

In the ‘Stanley’ cultivar, the greatest TEAC antioxidant
activity was measured in fruit peels. The antioxidant activ-
ity of 4.07umol TE/g fw at Stage 1 maturity increased to
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Table 5 Effects of maturity stages on phytochemical properties of the ‘Stanley’ and ‘Sugar Plum’ cultivars

Fruit part
Cultivars Maturity stages Flesh Peel Whole fruit
P ‘Stanley’ Stage 1 421.73 Bb 754.08 Ab 591.78 AB ¢
ng GAE/g fw Stage 2 505.99 Bb 1265.45 Aa 675.15 Bb
Stage 3 658.85 Ba 1403.29 Aa 788.92 Aa
AVERAGE 528.86C 1140.94A 685.28 B
‘Sugar Plum’ Stage 1 571.00 Ba 1030.89 Ab 654.94 ABc
Stage 2 642.73Ba 1287.68 Aa 805.59 Bb
Stage 3 429.73Ba 1415.53 Aa 1142.05 Aa
AVERAGE 547.87C 1244.70A 867.53 B
FRAP ‘Stanley’ Stage 1 3.41 Ab 3.98 Ac 3.53 Ab
;‘VYV“OI TE/g Stage 2 479 Ab 5.47 Ab 453 Ab
Stage 3 6.33 Ba 10.34 Aa 5.72 Ba
AVERAGE 4.84B 6.59A 459 B
‘Sugar Plum’ Stage 1 4.10 Bb 6.87 Ac 4.95 Bb
Stage 2 5.44 Bb 9.67 Ab 5.55 Bb
Stage 3 7.11 Ba 11.33 Aa 6.12 Ba
AVERAGE 5558 9.29A 554B
TEAC ‘Stanley’ Stage 1 3.50 Ab 4.07 Ab 3.09 Ab
;‘va“"] TE/g Stage 2 4.46 Ab 5.27 Ab 4.02 Aa
Stage 3 5.91 Ba 10.40 Aa 4.86 Ba
AVERAGE 4.62B 6.58A 399B
‘Sugar Plum’ Stage 1 3.58 Ab 5.15 Ab 3.85 Ab
Stage 2 4.10 Bb 8.62 Aa 4.69 Ba
Stage 3 5.03 Ba 8.91 Aa 4.81 Ba
AVERAGE 4.13B 7.56A 445B
TMA ‘Stanley’ Stage 1 0.61 Cb 3.44 Ab 2.12 Bb
;‘V%Siy‘@“‘/g Stage 2 0.61 Cb 5.56 Ab 3.34 Bb
Stage 3 3.14 Ca 26.20 Aa 21.65 Ba
AVERAGE 1.45C 11.74A 9.04 B
‘Sugar Plum’ Stage 1 0.91 Ba 1.92 Ab 1.21 Bb
Stage 2 0.10 Ba 2.83 Ab 1.82 Bb
Stage 3 0.51 Ba 17.05 Aa 14.67 Aa
AVERAGE 0.51B 7.27A 5.90A

Differences in means indicated with the same small letters in the same column and means indicated with the same capital letters in the same row

are not significant (P <0.05)

TP Total phenolics, FRAP Ferric reducing antioxidant power, TEAC Trolox equivalent antioxidant capacity, TMA Total monomeric anthocyanins

10.34 umol TE/g fw at Stage 3 maturity level. While there
was no significant difference between whole fruit and fruit
flesh, significantly higher antioxidant activity values were
determined in the fruit peel. In the ‘Sugar Plum’ cultivar,
the highest antioxidant activity was found in the peel at the
Stage 3 maturity level (8.91 umol TE/g fw). Average TEAC
antioxidant activity was measured as 7.56umol TE/g fw
in the fruit peel, 4.13 pumol/TE g fw in the fruit flesh and
4.45umol TE/g fw in the whole fruit. There was no sig-
nificant difference between whole fruit and fruit flesh, but
significant differences were seen in fruit peels.

Maturity has positive effects on the phytochemical
properties of the fruit. In previous studies examining the
antioxidant activities of Prunus domestica fruits, Michal-
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ska et al. (2019) reported FRAP antioxidant activity as
4.5mmol Trolox-100g' dm and TEAC antioxidant ac-
tivity as 4.6mmol Trolox-100g™! dm; Polatci (2021) re-
ported FRAP activity of the ‘Stanley’ cultivar as 2.36 umol
TE/g dw and TEAC activity as 2.26umol TE/g, FRAP
activity of the ‘Sugar Plum’ cultivar as 1.15umol TE/g dw
and TEAC activity as 1.15umol TE/g dw; Mocan et al.
(2018) reported TEAC activity as 30.19mg TE/g. In dif-
ferent fruit species (cherry and cranberry), an increase
in antioxidant capacity was observed with fruit ripening
(Serrano et al. 2005; Celik et al. 2008). In another study,
Guo et al. (2003) investigated the effects of maturity lev-
els on phytochemical properties of different fruit parts
of plum fruits and reported FRAP antioxidant activity as
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0.71 mmol/100g fw for fruit flesh and 8.09 mmol/100g fw
for fruit peel. Redondo et al. stated that fruit peels had
a high antioxidant activity. Drogoudi et al. (2008) stated
that apple peels had about 1.5 times greater antioxidant
activity than the fruit flesh.

In the ‘Stanley’ cultivar, the total anthocyanins increased
with the progress of maturity and the highest values were
seen at Stage 3 maturity level. In terms of total antho-
cyanins of different fruit parts, the highest value was seen in
fruit peel (26.20ug cy-3-glu/g fw), followed by the whole
fruit (21.65 ug cy-3-glu/g fw) and fruit flesh (3.14 g cy-3-
glu/g fw). Similar results were observed in the ‘Sugar Plum’
cultivar. Total anthocyanins increased with the progress of
maturity and the greatest value was seen at Stage 3 matu-
rity level (17.05 pg cy-3-glu/g fw). Considering the average
total anthocyanins of different fruit parts, the highest value
was measured in fruit peel (7.27ug cy-3-glu/g fw), fol-
lowed by the whole fruit (5.90ug cy-3-glu/g fw) and the
fruit flesh (0.51pg cy-3-glu/g fw). Peels of the ‘Stanley’
cultivar had 1.6 times greater total anthocyanins than peels
of the ‘Sugar Plum’ cultivar. In studies conducted on Eu-
ropean plums, total anthocyanins were reported as between
17.03 and 32.98 ug cy-3-glu/g (Michalska et al. 2016) and
as 14.2ug cy-3-glu/g (Michalska et al. 2019). Researchers
stated that maturity of different species such as strawberry
(Pineli et al. 2011), blackberry and mulberry (Montaya et al.
2010) increased total anthocyanins.

It was reported that total anthocyanins and antioxidant
activities in fruit peels of plum (Usenik et al. 2013) and
peach (Remorini et al. 2008) species increased with the
progress of maturity. Researchers have stated that the to-
tal phenolics and antioxidant capacity of some fruits were
much higher in the peel (Vieira et al. 2011; Manzoor et al.
2012), thus it would be more beneficial for human health
to consume fruits with their peels. Present findings comply
with the results of previous studies since total phenolics, an-
tioxidant activity and total anthocyanins all increased with
the progress of maturity. As it was in previous studies, all
these phytochemical substances were found more in the
peel of the fruit.

Total phenolics, total anthocyanins and antioxidant ac-
tivity increase with the progress of maturity. Antioxidants
in fruits and vegetables destroy free radicals that negatively
affect human health (Isabelle et al. 2010) and prevent abnor-
mal proliferation of cells (Kasnak and Palamutoglu 2015).
Consumption of some fruits prevents the formation of some
diseases that cause cancer, cardiovascular diseases and pre-
mature death with the effect of antioxidant substances (Oz-
gen and Scheerens 2006; Miraliakbari and Shahidi 2008;
Isabelle et al. 2010). It is clearly understood from the stud-
ies that the consumption of the fruits of the ‘Stanley’ and
‘Sugar Plum’ cultivars at full maturity had a positive effect
on human health.

Conclusion

In this study, quality parameters of the plum fruit in differ-
ent maturity stages and different parts of the fruit were de-
termined and the suitable harvest period was identified for
commercial purposes and human health benefits. In both
cultivars, fruit width, fruit length and fruit weight, fruit fla-
vor and aroma increased and fruit firmness decreased with
the progress of maturity. It was determined that maturity
also resulted in differences in chemical properties of fruit
parts. TSS and TA values were higher in fruit peel, thus
fruits were recommended to be consumed with the peels.
With the maturity, the color brightness of the fruit increased
and the color reached a darker tone, thus the allure of the
fruit increased. Total phenolics, total anthocyanins and an-
tioxidant activity of the fruits increased with the progress
of maturity and the highest values were reached in the peel
of mature fruit. On the other hand, maturity has a negative
effect on fruit flesh firmness and may create a problem in
storage and marketing. As a result, fruit weight, fruit ap-
peal, fruit flavor, aroma and phytochemical traits increased
and fruit firmness decreased with the progress of maturity.
Phytochemicals were mostly encountered in fruit peels. It
was concluded based on present findings that consuming
mature fruits with their peels will contribute positively to
human health and nutrition.
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