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Abstract
The present research was conducted to investigate the influence of the harvest maturity stages and modified atmosphere
packaging (MAP) on quality of cornelian cherry fruit. The cornelian cherry fruit (Cornus mas L.) were used as the plant
materials in this study. Weight loss of MAP-treated fruit was lower than the untreated. At harvest and end of the storage, the
greatest respiration and ethylene production rates were measured from M-1. MAP-treated fruit were maintained firmness
and had lower decay. At the end of the storage, the greatest soluble solids and acidity were obtained from M-2. Also,
vitamin C contents of M-1+MAP were greater than M-1, M-2 and M-2+MAP. At harvest and on 15th, 30th and 45th day
of the storage, anthocyanin of M-2 was greater than M-1. At the last two periods of the storage, flavonoid contents of
MAP-treated fruit were greater than the untreated. During the storage, M-2+MAP had greater phenolic contents than the
other. The greatest antioxidant activity at the end of the storage period was measured in M-1+MAP. Cornelian cherry fruit
are quite rich in anthocyanins, flavonoids, flavonols, phenolic acids and vitamins. The fruit should be harvested at proper
maturity stages because of short harvest and marketing periods. Based on present findings for a prolong storage and shelf
life the cornelian cherry fruit should be harvested at M-1 stage and fruit should be cold-stored in MAP.

Keywords Anthocyanin · Color · Decay · Ethylene production · Phenolics · Weight loss

Einfluss von Reifestadien undMAP auf Qualitätsmerkmale und bioaktive Inhaltsstoffe von Früchten
der Kornelkirsche (Cornus mas L.) während der Kühllagerung

Schlüsselwörter Anthocyanin · Farbe · Fäulnis · Ethylenproduktion · Phenole · Gewichtsverlust

Introduction

Cornelian cherry (Cornus mas) is widely seen along the
down skirts of Caucasus Mountains, in Turkey, Romania,
Bulgaria, Serbia, Italy and inner sections of the Europe.
Cornelian cherry fruit have been preferred for daily nutri-
tion of humans since the Neolithic age. Besides fresh con-
sumption, fruit are also used as dried, concentrated pulp,
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juice, marmalade, jam, compote, wine and syrup (Gunduz
et al. 2013; D’antuono et al. 2014).

Cornelian cherry fruit are quite rich in anthocyanins,
flavonoids, flavonols, phenolic acids and vitamins. Just be-
cause of its rich chemical composition, fruit are known to
have antioxidant, antimicrobial, antidiabetic, anti-inflam-
matory, cytotoxic, cardioprotective, hepatoprotective and
neuroprotective activities (Dinda et al. 2016). Therefore,
there is an ever-increasing interest of consumers in cor-
nelian cherry fruit.

Consumers usually prefer to consume the fruit as fresh.
However, short harvest periods limit the fresh consump-
tion of cornelian cherry. Therefore, it should also be stored
in cold storage. However, pre and postharvest applications
(hormones, MAP, coatings), storage conditions (tempera-
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ture, relative humidity), pre-harvest plant nutrition, irriga-
tion, thinning, pruning, training systems and fruit maturity
stages have significant effects on postharvest performances
and quality of the fruit (Kader 2002).

The fruit with short harvest and marketing periods should
be harvested at proper maturity stages to prolong the stor-
age and shelf life periods of the fruit (Thewes et al. 2017).
However, short harvest periods, manual labor, climate fac-
tors, long transportations, longer storage desires limit har-
vest of fruit at optimal maturity (Kader 1997; Hussein et al.
2018).

Harvest at optimum periods play a key role in reduc-
ing postharvest quality losses. As it was stated in ear-
lier researches, maturity stage at harvest played a great
role in cold storage performance of persimmons (Ramin
and Tabatabaie 2003), sweet cherries (Çalhan et al. 2015),
ananas (Kamol et al. 2014), plums (Wang et al. 2016),
peaches (Fadda et al. 2017) and apples (Thewes et al. 2017).

Even harvested at optimal maturity, quality losses are
evident to some extend during both the storage period and
shelf life of the fruit. MAP is commonly used as an effi-
cient tool to reduce or prevent postharvest quality losses in
fruit and vegetables and to preserve them for longer dura-
tions (Sandhya 2010). MAP treatments were used in several
stone fruit (sweet cherry, apricot and plum) to reduce qual-
ity losses (Sandhya 2010; Mohebbi et al. 2015). However,
number of studies carried out about MAP treatments in cor-
nelian cherry fruit is quite limited.

This study was conducted to investigate the effects of
harvest maturity stages and MAP treatments on weight loss,
quality attributes and bioactive compounds of the cornelian
cherry fruit during the cold storage.

Materials andMethods

Plant Material

Experimental fruit (Cornus mas L.) were collected at two
different maturity stages from a commercial orchard located
in Trabzon, Turkey (41o03027.4300N latitude, 39o19044.9000E
longitude and 51m altitude) on 4 August, 2016. Maturity
stages were selected as “Maturity (M); M-1: skin red color
<10% (firmness: 5.60N, SSC: 9.4% at harvest) and M-2:
skin red color >90%” (firmness: 4.59N, SSC: 11.2% at
harvest). Only the fruit with uniform shape and size and
free from visual symptoms of any disease were selected for
experiments. Selected fruit were instantly brought to labo-
ratory with frigorific vehicles providing 10± 1.0°C temper-
ature and 80± 5.0 relative humidity.

Experimental Design

For each maturity stage, 300g fruit were placed in 24 poly-
ethylene packages (commercial polyethylene terephthalate
[PET] containers without clamshell, 1000mL [190mm×
118mm×104mm], [V53, Vempi, Manisa, Turkey]). Half
of these packages (12) were also placed in passive MAP
(Xtend® [815-CH97/a, StePac, Turkey]). Gas composition
was determined with gas analyzer (Abiss, model legend,
France) inside MAP during storage. Gas compositions were
ranged from 6.5 to 7.7% for O2 and from 8.0 to 10.0% for
CO2. Then, MAP-treated and untreated fruit were stored in
a cold storage (0± 0.5°C and 90± 5% relative humidity) for
60 days. Fruit samples were analyzed in 15-day intervals
(3 packages in each analysis, a package in each replicate).

Weight Loss, Decay Rate and Firmness

Weight loss was considered as difference between initial
weight and the weight at the time of analysis and expressed
in %. Fruit were weighed with a precise balance (±0.01g).
Decay rate was calculated as the ratio of number of decayed
fruit to total number of fruit analyzed and again expresses
in %. The fruit with any signs of surface mycelia were as-
sessed as decayed. Fruit flesh firmness (N) was measured
with a texture analyzer equipped with 2.0mm probe and
50N load cell. The load applied for 3mm penetration at
operational speed of 10mm s–1 was considered as flesh firm-
ness (Koc Guler et al. 2019). Flesh firmness was measured
on 10 fruit randomly selected from each replicate.

Respiration Rate and Ethylene Production

The 2L airtight chambers were used to measure respiration
rate. The chambers were fitted with a rubber septum and
10 fruits were sealed in each chamber at 20± 1°C temper-
ature and 90% relative humidity for an hour. The chambers
were then connected to a gas sensor and the amount of CO2

produced by the fruit was considered as the respiration rate.
The same chambers were also used to determine ethylene
production. One ml gas sample from the chambers was in-
jected into a gas chromatograph (QP2010 Ultra, Shimadzu,
Kyoto, Japan) equipped with a flame ionization detector
and a capillary column (RTX-5, Restek Corp., Bellefonte,
PA, USA) to determine ethylene production rate. Results
were expressed in ml CO2 kg–1 h–1 for respiration rate and
µL C2H4 kg–1 h–1 for ethylene production rate (Karakaya et
al. 2020).

Color Characteristics

Color parameters of L*, chroma and hue angle were de-
termined with the aid of a colorimeter (Minolta, CR–400,
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Fig. 1 Effects of MAP and maturity stage on weight loss, firmness and
decay rate of cornelian cherry fruit during cold storage. n= 9 for the
weight loss and decay rate (three replicate× three different measure-
ments for each replicate). n= 60 for the firmness (three replicate× ten
fruit for each replicate× two different measurements for each fruit).
The differences among the treatments indicated with the same letter
vertically were not significant according to Tukey’s test at P<0.05

Tokyo, Japan). Measurements were performed over the op-
posite sides of each fruit. A three-dimensional color space
was generated with the aid of L*, a* and b* values in
accordance with the CIE color system. The equation of
C*= (a*2+ b*2)1/2 was used for chroma and the equation of
h°= tan–1 b* / a* was used for hue angle (McGuire 1992).

Soluble Solids Content (SSC), Titratable Acidity and
Vitamin C

Fruit stones were removed and juice was extracted with the
aid of an extractor. Extract SSC values were determined
with a refractometer (Atago, PAL-1, ABD). About 10ml
extract was diluted with 10ml distilled water for titratable
acidity and the amount of 0.1mol L–1 NaOH used to titrate
the solution to a pH of 8.1 was considered as titratable
acidity (g malic acid kg–1). About 0.5ml extract was sup-
plemented with 0.5% oxalic acid to a final volume of 5ml.

Ascorbic acid test strips were used to determine vitamin C
content (mg 100g–1) of the samples (Ozturk et al. 2019).

Bioactive Compounds

For bioactive compound analyses, again the fruit stones
were removed, resultant pulp was homogenized and ho-
mogenates were stored at –20°C until the time of analysis.
Before the analyses, samples were thawed at room temper-
ature (�21°C), homogenized in a blender, centrifuged at
12.000× g at 4°C for 30min. Resultant juice was diluted
with distilled water, separated into multiple aliquots and
refrozen at –20°C.

Total Monomeric Anthocyanin

The pH differential method was used as specified by
Giusti et al. (1999) to determine total monomeric antho-
cyanin levels. Samples were supplemented with potassium
chloride (1:20 v:v) and sodium acetate buffer. Follow-
ing an equilibration period of 15min, raw absorbance
values were measured at 533 and 700nm. Then, a cor-
rection equation was applied to raw absorbance values
([A520–A700] pH 1.0– [A520–A700] pH 4.5). Molar ab-
sorptivity (є= 26.900) and molecular weight (MW=449.2)
of cyanidin 3-glucoside were used to determine antho-
cyanin contents in gram (g) cyanidin 3-glucoside (cy-3-
glu) kilogram (kg–1) fresh weight (fw).

Total Flavonoids

Colorimetric method was used to determine total flavonoid
contents (Chang et al. 2002). Sample extracts (0.1g) was
dissolved in 1ml solvent and mixed with 10% AlCl3.6H2O
and 0.1ml CH3COOK. Then sample absorbance was mea-
sured as g quercetin kg–1 fw at 415nm.

Total Phenolics (TP)

The method described by Singleton and Rossi (1965) was
used to determine the total phenolics content. Sample ex-
tracts were obtained with a buffer [acetone, water and acetic
acid (70:29.5:0.5 v/v)]. Resultant extracts were then supple-
mented with Folin-Ciocalteu’s phenol reagent and water,
incubated at room temperature for 8min and supplemented
with 7% sodium carbonate. Sample absorbance was mea-
sured as g gallic acid equivalent (GAE) kg–1 fw at 750nm
of UV-Vis spectrophotometer.

ABTS+ Radical Scavenging Activity

To prepare 2mMABTS+, 0.1M of PO4
–3 buffer solution was

used and mixed with K2S2O8 solution (1:2 ABTS-K2S2O8).
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Fig. 2 Effects of MAP and maturity stage on respiration rate and ethy-
lene production of cornelian cherry fruit during cold storage. n= 9 for
the respiration rate and ethylene production (three replicate× three dif-
ferent measurements for each replicate). The differences among the
treatments indicated with the same letter vertically were not significant
according to Tukey’s test at P<0.05

Resultant mixture was then incubated at dark for 6hr. Sam-
ple absorbance was measured at 734nm. If the absorbance
value was bigger than 0.75, sample was diluted again with
PO4

–3 buffer and 20µL sample was supplemented with 1ml
ABTS+-K2S2O8 mixture. Total volume was completed to
4ml with buffer solution. Resultant sample was vortexed,
incubated for 30min and absorbance values were measured
as mmol trolox equivalent (TE) kg–1 at 734nm.

Ferric Ions (Fe+3) Reducing Antioxidant Power Assay
(FRAP)

About 120µL samples were supplemented initially with
0.2M of PO4

–3 to get a volume of 1.25ml and then with
1.25ml 1% K3Fe(CN)6. Resultant mixture was vortexed and
incubated at 50°C for 1hr. Incubated samples were supple-
mented with 1.25ml 10% TCA and 0.25ml 0.1% FeCl3 and
absorbance values were measured as mmol TE kg–1 fw at
700nm of a UV-Vis spectrometer (Benzie and Strain 1992).

Statistical Analysis

Experiments were performed according to the completely
randomized design. Arcsine transformation was applied to
percentage values before the variance analysis. Data nor-

mality was checked with Kolmogorov-Smirnov test and
data homogeneity was checked with Levene’s test. SAS
Version 9.1 statistical software was used for statistical anal-
yses. Means were compared with Tukey’s range test at 5%
level.

Results and Discussion

Weight Loss

During the storage, significantly lower weight losses were
measured from MAP-treated fruit of both maturity stages
than the fruit without MAP treatments. Weight loss (%) of
MAP-treated fruit at the end of cold storage was almost
half of the untreated fruit (Fig. 1).

Previous studies indicated that the maturity stages had
significant effects on quality attributes of several fruit
species during the cold storage (Lalel et al. 2003; Wang
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Fig. 3 Effects of MAP and maturity stage on L*, chroma and hue angle
of cornelian cherry fruit during cold storage. n= 60 for the L*, chroma
and hue angle (three replicate× ten fruit for each replicate× two differ-
ent measurements for each fruit). The differences among the treatments
indicated with the same letter vertically were not significant according
to Tukey’s test at P<0.05
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et al. 2016; Thewes et al. 2017). The primary objective
of the present study was to identify the optimum maturity
stage for the better preservation of quality attributes of cor-
nelian cherry fruit during the cold storage. Crisosto et al.
(1995) reported that the fruit harvested before the optimum
maturity stage experience faster and greater postharvest wa-
ter loss and thus higher weight losses. However, contrary
to expectations, maturity stages did not have significant
effects on weight loss in present study. MAP treatments
significantly retarded weight losses. Weight loss of MAP-
treated fruit was almost half of the untreated fruit. Mohebbi
et al. (2015) also reported that the weight loss of cornelian
cherry fruit was reduced by 50–70% with MAP treatments
as compared to untreated control fruit. Weight loss re-
tarding effect of MAP is primarily resulted from limiting
effects of MAP on water loss and metabolic activity during
the storage (Wani et al. 2014).
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Fig. 4 Effects of MAP and maturity stage on SSC, titratable acidity
and vitamin C of cornelian cherry fruit during cold storage. n= 9 for
the SSC, titratable acidity and vitamin C (three replicate× three dif-
ferent measurements for each replicate). The differences among the
treatments indicated with the same letter vertically were not significant
according to Tukey’s test at P<0.05

Firmness and Decay Rate

At harvest, the fruit at M-1 stage had significantly higher
flesh firmness than the fruit harvested at M-2 stage. In all
periods of storage, firmness of MAP-treated fruit harvested
at both maturity stages was similar with each other, but
significantly higher than the untreated fruit. Decay rate of
MAP-treated fruit were lower than the untreated fruit on
30th and 60th day of the storage (Fig. 1).

The fruit harvested at early maturity stage had greater
flesh firmness. Thusly, varying flesh firmness values were
reported based on maturity levels by Lalel et al. (2003)
for mango, by Jan et al. (2012) for apple, by Çalhan et al.
(2015) for sweet cherry, by Echeverria et al. (2015) for nec-
tarine, by Kaur and Dhillon (2015) for pear and by Sarı-
daş et al. (2016) for plum. Softening was observed in all
treatments with the progress of ripening during the stor-
age. However, maturity stages did not have significant ef-
fects on fruit flesh firmness during ripening. On the other
hand, MAP treatments had distinctive effects on flesh firm-
ness. MAP treatments retarded the losses in flesh firmness
just because of ripening retarding effects of the treatments.
Cell wall degradation including especially break down of
cellulose and pectin components is the primary factor in-
ducing flesh softening in several fruit (Lazan et al. 1995;
Azene et al. 2014). In present study, MAP treatment re-
duced pectin depolimerization and solubility and thus re-
tarded flesh softening (Azene et al. 2014). Sandhya (2010)
also reported that MAP treatments limited enzymatic activ-
ity and slowed down respiration, thus reduced decay ratios.
Thusly in present study, higher decay ratios were observed
in treatments with high respiration rate and ethylene pro-
duction rate. Khan et al. (2013) indicated that cultivar, age
of the tree, pre-harvest weather conditions, fungus inocu-
lation, maturity stage, harvest, process and storage factors
might have significant effects on decay ratios of the fruit.

Respiration and Ethylene Production Rate

M-1 fruit had significantly greater respiration rate and ethy-
lene production rate than M-2 fruit at harvest. But on 30th

and 45th day of the storage, the respiration rate of M-2 treat-
ment was greater than the other treatments. At the end of
the storage, ethylene production of M-2+MAP treatment
was lower than the M-1 treatment (Fig. 2).

Fruit ripening goes on after the harvest during the stor-
age (Kader 2002). Respiration rate and ethylene production
rate also varied based on maturity stages. Higher values of
respiration and ethylene production rates at harvest were
measured from M-1 fruit than M-2 fruit. Wang et al. (2016)
stored Friar plums harvested at different maturity stages at
0°C and reported greater respiration rate for the fruit har-
vested at early maturity stages, but reported insignificant
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Fig. 5 Effects of MAP and ma-
turity stage on total anthocyanin
and total flavonoids of cornelian
cherry fruit during cold storage.
n= 9 for the total monomeric
anthocyanin and total flavonoids
(three replicate× three different
measurements for each repli-
cate). The differences among
the treatments indicated with the
same letter vertically were not
significant according to Tukey’s
test at P<0.05
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differences in ethylene production rate of the fruit. Lalel
et al. (2003) reported differences in ethylene production
and respiration rates for mango fruit harvested at different
maturity stages and indicated higher values for the fruit har-
vested at early maturity stage. As it was expected, MAP-
treated fruit had lower respiration rate and ethylene pro-
duction rate than the untreated fruit. However, Mohebbi
et al. (2015) reported that ethylene production of cornelian
cherry fruit after 35 days of storage in active MAP was not
significantly different from the control fruit without any
treatments. Retarded respiration rate and resultant ethylene
production rate with MAP treatments were also reported
for different fruit (Zhang et al. 2003; Erkan and Eski 2012;
Çalhan et al. 2015).

Color Characteristics

At harvest and during the storage, significantly greater
L* and hue angle values were measured from M-1 and

M-1+MAP treatments than from M-2 and M-2+MAP treat-
ments. Contrarily at harvest and on 15th and 30th days of
the storage, lower chroma values were observed in M-1
and M-1+MAP treatments (Fig. 3).

Red color development increases in cornelian cherry fruit
with the progress of ripening. Hue angle is an indicator of
red color development [red color increases as the hue angle
approaches to 0] (McGuire 1992) and the values were lower
in M-2 (full ripe) fruit. Gunduz et al. (2013) reported the
greatest hue angle of cornelian cherry fruit harvested at
4 different maturity stages for the fruit harvested at light
yellow stage and the lowest hue angle for the fruit harvested
at dark red stage. Lalel et al. (2003) measured lower hue
angles from the mango fruit harvested at full ripe.

SSC, Titratable Acidity and Vitamin C

On 60th day of the storage, SSC and titratable acidity values
of M-2 and M-2+MAP treatments were significantly higher
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Fig. 6 Effects of MAP and maturity stage on total phenolics and an-
tioxidant activity of cornelian cherry fruit during cold storage. n= 9
for the total phenolics and antioxidant activity (three replicate× three
different measurements for each replicate). The differences among the
treatments indicated with the same letter vertically were not significant
according to Tukey’s test at P<0.05

than M-1 and M-1+MAP treatments. On 15th day of the
storage, the lowest SSC and acidity was measured in M-1
treatment. At harvest and on 15th, 30th and 45th days of the
storage, vitamin C contents of M-1 and M-1+MAP treat-
ments were higher than M-2 and M-2+MAP treatments. At
the end of storage, M-1+MAP treatment had significantly
higher vitamin C contents than the other treatments (Fig. 4).

SSC values of the cornelian cherry fruit increased, but
titratable acidity and vitamin C contents decreased during
the storage. Mohebbi et al. (2015) also reported decreasing
titratable acidity and vitamin C contents of cornelian cherry
fruit during the cold storage. Çalhan et al. (2015) reported
increasing SSC, but decreasing acidity values for cherries
during the cold storage. In present study, rather than MAP
treatments, significant effects of maturity stages were ob-
served on SSC, acidity and vitamin C contents. In general,
greater SSC and titratable acidity and lower vitamin C con-
tents were obtained from M-2 fruit. Similar findings were

also reported by Lalel et al. (2003) for mango, by Jan et al.
(2012) for apple, by Gunduz et al. (2013) and Mohebbi
et al. (2015) for cornelian cherry fruit and by Çalhan et al.
(2015) for sweet cherry.

Total Monomeric Anthocyanin, Total Phenolics, Total
Flavonoids and Antioxidant Activity

At harvest and on 15th, 30th and 45th days of the stor-
age, total monomeric anthocyanin contents of M-2 and
M-2+MAP treatments were higher than the contents of M-1
and M-1+MAP treatments. At harvest, higher flavonoids
were obtained from M-2 fruit. At the last two periods of
the storage, flavonoid contents of MAP-treated fruit were
significantly greater than that of untreated fruit (Fig. 5).

At harvest, M-2 fruit had significantly higher phenolics
and antioxidant activity than the M-1 fruit. In all measure-
ment periods of the storage, M-2+MAP treatment had sig-
nificantly higher total phenolics than the other treatments.
On 15th, 30th and 60th days of the storage, the highest antiox-
idant activity according to ABTS assay was obtained from
M-1+MAP treatments. Similarly, at the end of the storage,
antioxidant activity of M-1+MAP treatments according to
FRAP assay was higher than the other treatments (Fig. 6).

In present study, M-2 fruit had greater anthocyanin and
flavonoid levels and thus greater phenolics and antioxidant
activity at harvest measurements. Contrary to present find-
ings, Gunduz et al. (2013) reported that cornelian cherry
fruit harvested at dark red stage had lower phenolics and
antioxidant activity, but had similar higher anthocyanin con-
tent with the present study. Sarıdaş et al. (2016) reported
increasing phenolics content and antioxidant activity for
the plums with the progress of ripening. On the other hand,
Fadda et al. (2017) reported that maturity levels did not have
significant effects on total phenolics of peaches. In present
study, bioactive compounds (except for M-1 fruit) generally
decreased during the cold storage. In M-1 fruit (early ma-
turity) anthocyanin contents slightly increased during the
storage since red color development went on. Thusly, red
skin color development increases in cornelian cherry fruit
harvested at early maturity stage with the progress of ripen-
ing (Gunduz et al. 2013). At the end of storage, anthocyanin
contents did not change with MAP treatments. However,
MAP-treated fruit had greater total flavonoid, total phe-
nolics and antioxidant activity. Mohebbi et al. (2015) and
Serrano et al. (2006) reported that MAP treatments slowed
down the losses in total phenolics and antioxidant activity of
the fruit. MAP-treated fruit usually have lower respiration
rate, thus the losses in biochemical contents are retarded
(Azene et al. 2014). Similarly, MAP-treated fruit of the
present study had lower respiration rate.
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Conclusion

Present findings clearly revealed that MAP treatments could
be used as an efficient postharvest tool to preserve quality
attributes of the cornelian cherry fruit during the cold stor-
age and to reduce postharvest losses in quality attributes.
It was observed that maturity stages did not have signifi-
cant effects on quality attributes when the fruit were MAP-
treated. When the fruit were not MAP-treated, the qual-
ity attributes significant for human health (especially vi-
tamin C, total phenolics, total flavonoids and antioxidant
activity) were higher in fruit harvested at M-1 stage. There-
fore, it can be recommended based on present findings that
cornelian cherry fruit should be harvested at M-1 stage and
fruit should be cold-stored in MAP packages.
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