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ABSTRACT

This study aimed at determining the effects of preharvest aminoethoxyvinylglycine (AVG) applications in different
doses on the fruit quality of Black Beauty plum during cold storage. Plum trees were applied AVG doses (100 and 200
mgL-1) two weeks before the estimated harvest date. Change in physical, mechanical, chemical and bioactive compounds
in fruit samples were determined at weekly intervals. Applications of AVG delayed the parameters related with
maturation such as weight loss, color and firmness during storage. At the end of 28 days, the least weight loss was with
200 mgL-1 AVG application, while the highest weight loss (%) was in control treatment. While, the lowest fruit firmness
(11.31 N) was recorded in control fruits, the highest (26.78 N) was obtained with 200 mgL-1 AVG application. At the
end of the storage duration, all applications were statistically similar in terms of TSSC value. The applications of AVG
had a significant effect on the bioactive compounds of the fruits. Overall, both total phenolics and total antioxidant
acitivity exhibited a linear decrease with increasing the storage duration regardless of AVG treatments. A similar
decrease with storage was also observed in chlorogenic acid, epicatechin, catechin, caffeic acid, p-coumaric acid,
quercetin. Naringenin displayed a significant decrease due to AVG applications during the cold storage.
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INTRODUCTION

Plum, a fruit exhibits a typical climacteric
ripening behavior. Its quality characteristics vary
considerably depending on the stage of harvest. As with
other climacteric types, the softening in fruit flesh and the
increase in TSSC (total soluble solids content) are the
basic parametres indicating the start of maturation
(Valero et al., 2003; Jan and Rab, 2012). Excessive
softening in plum fruit following harvest limits its market
life (Skog et al., 2003; Singh and Khan, 2010). Therefore,
plums are kept in cold storage for 2 – 6 weeks to extend
postharvest market life (Crisosto et al., 1999; Skog et al.,
2003; Demir, 2010).

Producing quality fruits and extending the
postharvest shelf life of fruits are among the basic goals
of modern fruit growing. Postharvest softening in plums
is an important factor limiting the storage span (Skog et
al., 2003). Presenting a quality product to market in line
with consumer demand calls for the use of plant growth
regulators in plum, a perishable fruit kind, so as to extend
cold storage duration (Jobling et al., 2003; Khan et al.,
2007). Cold storage of fruits and vegetables delays the
changes associated with maturation such as softening in
fruit flesh, pigment changes, increase in TSSC and
decrease in acidity (Zhou et al., 2001; Guerra and

Casquero, 2008). The applications of plant growth
regulators such as AVG (1-methylcyclopropene),
polyamines, methyl jasmonate, and salicylic acid have
come into prominence to maintain the fruit quality under
low temperatures for longer periods (Valero et al., 2003;
Khan and Singh, 2007; Diaz-Mula et al., 2009; Luo et al.,
2009). Plant growth regulators are natural or synthetic
compounds affecting one or more physiological events in
a plant. AVG is an inhibitor of ethylene. A considerable
amount of research has been carried out on ReTain,
which is the commercial formulation of AVG, and it has
be come a product whose use in apple, pear, peach, plum
and nectarines in many countries throughout the world
was registered (Greene, 2005). AVG extends storage
span of fruits by maintaining postharvest fruit firmness
(Jobling et al., 2003; Schupp and Greene, 2004).

Although there are many studies on quality
parameters in plum, the change in bioactive compounds
during harvest and storage has not been studied enough.
Therefore, this study aimed at determining the effects of
different doses of preharvest applied AVG in ‘Black
Beauty’ plum variety on weight loss and color change,
fruit firmness, total soluble solids content, total phenolics,
total antioxidant activitiy and individual phenolics
compounds.
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MATERIALS AND METHODS

Materials: The study on the effects of
aminoethoxyvinylglycine (AVG) on fruit quality
characteristics and bioactive compounds at the time of
harvest and during cold storage, was conducted at
Research Station of Horticulture Department of
Gaziosmanpaşa University Agricultural Faculty (40o 20'
02.19"N x 36o 28' 30.11"E, 623 m above sea level). As
the plant material, 5-years old 9 ‘Black Beauty’ (Prunus
salicina Lindell) trees grafted on myrobalan (Prunus
ceresifera Ehrh.) rootstock and trained as modified leader
system were selected. The experimental trees were
planted with 4 x 4 m spacing. Experimental trees were
grouped into 3 blocks with 3 trees in each block. Each
AVG dose was applied to one tree in each block and one
tree in each block was selected as control application (0
mgL-1 AVG). The trees with homogeneous fruit load
were selected for experiment.

In the study, ReTain (ValentBioScience Corp.
Libertyville, III), which is an ethylene inhibitor, was
used. ReTain (containing 150 mg
aminoethoxyvinylglycine/g) was applied in two different
doses (100 and 200 mgL-1 AVG) two weeks before the
estimated harvest date (75 days after full bloom). In the
preparation of ReTain solution, ‘Sylgard 309’ surfactant
[0.05%, v/v (DowCorning, Canada Inc, Toronto)] was
used to reduce the surface tension and increase the
effectiveness of the material applied to the plant. Only
water (pH=6.48) + surfactant was used in control
application (0 mgL-1AVG). AVG was sprayed over trees
early in the morning in a day without wind and
precipitation. Volume of solution is significant to have
the maximum impact of AVG over the fruit. Therefore,
amount of solution to be applied was calculated by using
the equation developed by researchers (Anonymous,
2011) and 1500 mL solution was sprayed to each tree.
Shape (conical or spherical), height and row spacing were
taken into consideration to calculate the amount of
solution.

A total of 125 fruits were randomly harvested
from the tree in each block for each application at the
estimated harvest date (July 15, 2011), when the total
soluble solids content and fruit firmness of ‘Black
Beauty’ plum were 10% - 35 N, respectively. Of these
fruits, 20 were used to determine the fruit quality
characteristics (fruit firmness, TSSC) and 5 were used to
determine bioactive compounds at the time of harvest.
The remaining fruits were placed into cardboard boxes in
single rows and transferred to cold storage with 0°C
temperature and 90±5% relative humidity. Fruits were
stored in cold storage for 4 weeks.

Medhods: The harvested fruits were analyzed on the 7th,
14th, 21st, and 28th days (22, 29 July and 5, 12 August,
2011) to determine the changes in fruit quality parameters

and bioactive compounds. For each analysis period, 25
fruits were selected and 20 of them were used to
determine the fruit quality characteristics (fruit firmness,
TSSC) and 5 were used to determine bioactive
compounds at relevant analysis day. Physical and
mechanical measurements were performed right away on
fruits taken out of cold storage. The fruits used for
chemical and bioactive characteristics were kept at 21 °C
for 6 hours at post-harvest physiology laboratory, and
then the measurements and samplings were performed.
Bioactive compounds were only investigated in fruit
flesh.

Color characteristics and weight loss change of fruits
during cold storage: To evaluate change of color
characteristics (L*, C*, h°) and weight loss of plums, 50
fruits from each application were stored in cardboard
boxes in single rows on harvest date. The weight loss and
color changes of 50 fruits stored on the estimated harvest
date were determined on the 7th, 14th, 21st and 28th days.
The measurements determined during the storage were
obtained from the same fruits. The fruit weight was
determined with 0.01 g sensitive digital scale (Radvag PS
4500/C/1). Fruit stalks were cut off before the first
measurement. The color characteristics were determined
with a color meter (Minolta, model CR–400, Tokyo,
Japan) from three different points over the equatorial
section of fruit skin. The fruit skin color was determined
to be CIE L*, a* and b* type.

Fruit firmness: The fruit skin was cut at two different
points along the equatorial part of the fruit and the
firmness was measured by using Effegi penetrometer
(model FT–327; MoCormick Fruit Tech, Yakima, WA)
with 7.9 mm penetrating tip. The measurements were
expressed in Newton (N/cm).

Chemical characteristic: A sample of juice was also
taken from each piece of twenty fruit and the percentage
total soluble solids content (%TSSC) was measured using
a digital refractometer (PAL-1, McCormick Fruit Tech.,
Yakima, Wash).

Bioactive compounds: A total of 5 fruits for each tree
were taken, washed with distilled water and mashed and
kept at room temperature (21 °C) for 6 hours. The fruit
samples were kept in 50 mL tubes under -20 oC
temperatures for biochemical analysis until they were
analyzed. A 1 gram sample was taken from each fruit and
5 mL methanol was added to each sample. The tests were
performed at six hour intervals.

Total phenolics: A portion of 300 µL from each sample
was diluted with 4.3 mL distilled water and 100 µL
Folin-Ciocalteu reagents were added to each one. After
an interval of 3 minutes, 2% Na2CO3 was added to 300
µL portions, underwent a vortex process and incubated
for 30 minutes. Then, the absorbances were read on a
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UV-VIS (PerkinElmer, Lambda–1050 spectrophotomer,
California, USA) spectrophotomer device at 760 nm.
Gallic acid was used as the standard. The results were
expressed as mg Gallic acid equivalents (GAE)/g flesh
weight.

Total antioxidant activity: ABTS+ radical scavenging
activity: 2 mM of ABTS+ (2.2’’-azino-bis (3-ethyl
benzothiazoline-6-sulfonic acid) diammonium salt) and
2.45 mM of K2S2O8 solutions were prepared by 0.1 M of
PO4

-3 buffer solution (pH=7.4). The ABTS + and K2S2O8

solutions were mixed in (1:2) ABTS- K2S2O8 and
incubated for 6 hours in the dark. The absorbance of the
mixture was read at 734 nm and it was diluted with PO4

-3

buffer if the value was greater than 0.75. Finally, 20 µL
samples were taken out of the mixture into tubes, 1 mL of
ABTS+ - K2S2O8 solution was added to each and buffer
solution was added to make the total sample volume 4
mL. Following a vortex process, they were incubated for
30 minutes and the absorbances were read at 734 nm. The
results were expressed as µmol Trolox equivalent (TE) /g
flesh weight.

Ferric ions (Fe+3) reducing antioxidant power assay
(FRAP): Portions of 120 µL were taken out of the
samples, 0.2 M of phosphate buffer (PO4

-3) (pH=6.6) was
added to obtain a volume of 1.25 mL and then 1.25 mL of
1%potassium ferricyanide (K3Fe(CN)6) solution was
added. After they underwent a vortex process, they were
incubated at 50 oC. Afterwards, 1.25 mL of 10%TCA
(Trichloro acetic acid) and 0.25 mL of 0.1%FeCl3 were
added to the samples. The absorbances of the resulting
solution were read on an UV-VIS spectrometer at 700
nm. The results were expressed as µmol TE /g flesh
weight.

Individual phenolics compounds

Instrumentation and conditions: A Perkin Elmer Series
200 liquid chromatography system (Perkin Elmer, USA)
equipped with a quaternary solvent delivery system and
UV detector was used at 280 nm. The analytes were
separated on a Phenomenex Kromasil 100A C18
(250x4.60 mm, 5 µm) column. The column temperature
was maintained at 26 °C using a water bath (Wisebath,
WB-22, Korea). The mobile phase was consisted of
acetonitrile (A) and water containing 2.5 % formic acid
(B). The following gradient conditions were used: initial
0–3 min, held at A-B (5:95, v/v), 3-8 min, linear change
from A–B (5:95, v/v) to A–B (10:90, v/v); 8-13 min,
linear change from A–B (10:90, v/v) to A–B (15:85, v/v);
and 13-15 min, isocratic elution A–B (15-85, v/v); 15-22
min, linear change from A–B (15:85, v/v) to A–B (25:75,
v/v); 22-37 min, linear change from A–B (25:75, v/v) to
A–B (50:50, v/v); 37-40 min, isocratic elution A–B (100-
0, v/v). The mobile phase flow rate was set at 1 mL/min
and the injection volume was 20µL.

Preparation of standard solutions: Accurately weighed
solid portions of each standard were dissolved in
methanol to prepare stock solutions. Working solutions
were obtained by diluting the stock solutions with
methanol. The final mixed standard solution contained
100 µg/mL of each standard.

Sample preparation: All crude fruit samples were
homogenated and 1000 mg slurry was accurately
weighed and extracted with (5 mL) methanol in test tube
for 6 hours. After the filtration over syringe type filter
(Chromtech, 13 mm, 0.22 µm), the filtrate was injected
into HPLC system for analysis. The results were
expressed as mg/kg.

Statistical analysis: Experiments were performed using
randomized complete-block design. All statistical
analyses were performed with SAS. Data were analyzed
by means of analysis of variance. Main effects and
interactions were analyzed and means were compared by
Duncan’s multiple range tests at a significance level of
0.05.

RESULTS AND DISCUSSION

Color characteristics and weight loss change of fruits
during cold storage: The weight loss (%) during the
storage is presented in Figure 1. Both 100 and 200 mgL-1

AVG applications significantly reduced the weight loss.
At the end of cold storage period, weight loss obtained
from control, 100 and 200 mgL-1 AVG applications was
found as 3.44%, 2.34% and 2.56%, respectively.
Amarante et al. (2005) also reported that different doses
of AVG applications in peach decreased weight loss in
the fruit. The findings obtained from this study were
consistent with findings that AVG applications reduced
weight losses during storage by delaying the fruit
maturation (Greene and Schupp, 2004; Rath and Prentice,
2004). Fruit texture determines the severity of weight loss
and fruit texture is controlled by nutrition, genetic
structure, pre-storage cultural practices (growth
regulators and etc.) and fruit ripening level (Valero et al.,
2003; Yuan and Carbaugh, 2007; Casquero and Guerra,
2009). Krishna et al. (2012) stated that the preharvest use
of growth regulators protected fruit texture during
storage.

Fruit color is directly associated with the fruit
quality that influence the commercial value of the fruit
(Carreno et al., 1995). L* and hue angle values
approaching 0 (zero) in fruits with red skin color indicate
an increase in red coloration (Diaz-Mula et al., 2009).
During cold storage, L*, chroma and hue angle values
showed a decreasing trend. It has been reported that
ripening and accumulation of peel color pigments
(anthocyanins and carotenoids) might be retarded by
inhibition of ethyle synthesis through AVG application in
plum (Steffens et al., 2011; Ozturk et al., 2012), peaches
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(Belding and Lokaj, 2002), apples (Whale et al., 2008)
and pears (Clayton et al., 2000). In contrast to above
findings, in this study, when compared to control, a
significant effect of AVG applications on color
parameters of Black Beauty plum fruits was not
observed. This situation suggested that the effect of AVG
on color development might be cultivars-dependent.

Fruit firmness: The fruit firmness declined to a great
extent in all applications with increase in storage period
(Table 1). The decrease in fruit firmness is a
physiological behavior occurring during maturation on
tree (Abbott, 1999). When compared to control fruit,
AVG applications retarded flesh softening during storage.
At the end of the storage period, a statistical difference
was determined between AVG and control treatment. The
highest values (26.78 N) were determined in 200 mgL-1

AVG treatment, whereas the the lowest values (11.31 N)
were obtained from control treatment. It was reported that
AVG applications protected fruit firmness during storage
(Rath and Prentice, 2004; Schupp and Greene, 2004).
AVG delays fruit softening by inhibiting the production
of ethylene. Thus, a positive correlation between fruit
softening and ethylene production is commonly observed
in many fruits (Khan and Singh, 2007). Ethylene caused
fruit softening by increasing the activity of endo-
polygalacturonase, exo-polygalacturonase, pectin esterase
ve endo-1,4-β-D-glucanase (Khan and Singh, 2010; Khan
et al., 2007). Noppakoonwong et al. (2005) reported that
ReTain applications in peach increased fruit firmness 30-
50 %. On the other hand, Rath and Prentice (2004) stated
that ReTain applications in nectarines increased fruit
firmness 7-58 % compared to that of control application.

Chemical characteristics: The TSSC value in fruits is
presented in Table 1. Throughout the storage period, the
TSSC did not show a significant change in control and
200 mgL-1 AVG treatments. TSSC of fruit treated with
100 mgL-1 AVG was lower than those of control and 200
mgL-1AVG treatment at harvest time and on 7th, 14th and
21st day of storage. On the other hand, on 28th day of
storage, TSSC of control and AVG- treated fruits were
similar. Turk et al. (1995) stated that the TSSC value in
plums increased considerably during storage. Usenik et
al. (2008) reported that TSSC rate increased in different
plum varieties during maturation period. In addition,
Guerra and Casquero (2008) asserted that TSSC rate
indicated an increase in Green Gage plums during
storage. In this study, TSSC value showed a slight
increase during storage period, but these increases did not
find statistically significant.

Bioactive compounds: The bioactive contents of the
plum fruits are presented in Table 2. Total phenolics (TP)
decreased linearly in all treatment during storage period.
At the end of the storage period, while the lowest TP
value was obtained from 100 and 200 mgL-1 AVG (0.42

mg GAE/g fw), the highest TP was obtained from the
control application (0.45 mg GAE/g fw). However, the
difference between teratments was found statistically
insignificant.

According to both ABTS+ and FRAP test, linear
decline occurred in total antioxidant activity (TAA) of
control and AVG-terated fruits during the storage period.
At harvest time, TAA of fruits treated AVG was higher
than that of control fruits. On the other hand, at the end of
the storage, TAA of all treatments was similar level.

In this study, TP and TAA of Black Beauty plum
fruits showed a decrasing trend during storage period.
This contradicts the reasults by Singh et al. (2012), Diaz-
Mula et al. (2009) and Ozturk et al. (2012) that an
increase was observed in total phenolics content in plums
during maturation.

Earlier studies have reported that plums had
significant amounts of antioxidant (Donovan et al., 1998;
Chun et al., 2003). Phenolic acids and flavonoid
compounds are basic phytochemicals associated with
antioxidant activity (Cevallos-Casals et al., 2006) and
that the proportion of phenolic phytochemicals in plums
are quite high (Stacewicz-Sapuntzakis et al., 2001;
Vinson et al., 2001; Gil et al., 2002; Kim et al., 2003;
Cevallos-Casals et al., 2006). The plums were rich in
chlorogenic acid (Fang et al., 2002) and rutin was an
important flavonol in plums (Chun et al., 2003; Kim et
al., 2003). Similar results obtained from this study on
Black Beauty plum.

When examining individual phenol changes
during storage period, chlorogenic acid, caffeic acid,
epicatechin, catechin quercetin and naringenin contents
showed a linear decreasing, whereas ferulic acid,
kaempferol and rutin contents linearly increased in both
control and AVG treatments.

At harvest time and in the initial period of
storage, AVG treatments caused significant differences in
some individual phenol contents (Table 3). On the other
hand, at the end of the storage, individual phenol contents
of control and AVG treatment were similar, except for
rutin, ferulic acid, naringenin and kaempferol. At this
time, rutin content of fruit treated 100 mgL-1 AVG was
higher than those of control and 200 mgL-1 AVG-terated
fruits, and naringenin and kaempferol contents of AVG-
treated fruit were lower relatively as compared to control.

Chemical compositions of fruits including
phenolic compounds vary based on the variety, growth
period, preferred root stock, nutrient contents,
environmental conditions, cultural practices, ripening
levels of fruits, time of harvest, post-harvest storage
conditions and post-harvest fruit processing methods
(Spanos and Wrolstad, 1990; Donovan et al., 1998; Kim
et al., 2003; Scalzo et al., 2005; Rato et al., 2008). Thus,
the analysis methods by different researchers may also
yield different results for phenolic compounds (Valero
and Serrano, 2010).
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In conclusion, AVG applications retained
significantly higher fruit firmness and, reduced weight
loss during cold storage without significant changes in
color development of fruit peel, total phenol and total

antioxidant activity at the end of the storage period. The
results of this study showed that AVG can use to decrease
quality losses occurring in the storage prosses in Black
Beauty plum fruits.

Table 1. The effect of AVG treatments on fruit firmness and TSSC of ‘Black Beauty plum at the time of harvest
and during cold storage. The difference between mean values shown on the same line with same capital
letter is not significant. The difference between mean values shown on the same column with same lower
letter is not significant (P<0.05)

Fruit Treatment Analysis Time
Characteristics Harvest 7 Day 14 Day 21 Day 28 Day

Fruit firmness (N)

0 mgL-1 32.57 A-a 29.07 B-b 26.42 B-b 18.44 C-b 11.31 D-b
100 mgL-1 35.87 A-a 34.79 AB-ab 33.19 A-a 29.00 BC-a 24.76 C-a
200 mgL-1 38.10 A-a 37.18 A-a 36.62 A-a 29.63 B-a 26.78 B-a

TSSC (%)

0 mgL-1 11.13 A-a 11.20 A-a 11.43 A-a 11.57 A-a 11.59 A-a
100 mgL-1 9.67 B-b 9.80 B-b 10.17 B-b 10.40 B-b 11.53 A-a
200 mgL-1 10.53 A-ab 10.73 A-ab 10.77 A-ab 11.13 A-ab 12.10 A-a

n= 3 replicates for TSSC (plum samples were taken from each of twenty fruit), and n=60 (twenty fruit x three replications) for fruit
firmness.

Table 2. The effect of AVG treatments on total phenolic and total antioxidant activity of ‘Black Beauty’ plum at
the time of harvest and during cold storage. The difference between mean values shown on the same line
with same capital letter is not significant. The difference between mean values shown on the same column
with same lower letter is not significant (P<0.05)

Bioactive compounds Treatment Analysis Time
Harvest 7 Day 14 Day 21 Day 28 Day

0 mgL-1 2.78A-c 2.28B-a 1.77C-a 1.64C-a 0.45D-a
Total phenolic 100 mgL-1 3.76A-b 1.95B-a 1.38B-b 1.35B-a 0.42C-a
(mg GAE/g fw) 200 mgL-1 4.57A-a 1.39B-b 1.35B-b 1.00B-b 0.42C-a

0 mgL-1 32.03A-a 27.49AB-a 26.41AB-a 24.92B-a 22.76B-a
Total ABTS+ 100 mgL-1 33.52A-ab 27.78B-a 27.35B-a 21.21C-a 20.06C-a
antioxidant 200 mgL-1 36.73A-b 20.76B-b 20.36B-b 20.31B-a 18.51C-a
Activity 0 mgL-1 4.05A-c 3.69A-a 2.43B-a 1.72C-a 1.57C-a
(µmol TE/g fw) FRAP 100 mgL-1 10.71A-a 2.96B-b 2.37BC-a 2.13C-a 1.40D-a

200 mgL-1 8.51A-b 2.49B-b 1.79C-a 1.74CD-a 1.09D-a
n= 15 (five fruit x three replications) for total phenolic and total antioxidant activity.

Table 3. The effect of AVG treatments on individual phenolic compounds of ‘Black Beauty’ plum at the time of
harvest and during cold storage. The difference between mean values shown on the same line with same
capital letter is not significant. The difference between mean values shown on the same column with same
lower letter is not significant (P<0.05)

Individual Treatment Analysis Time
phenolics (mg/kg) Harvest 7 Day 14 Day 21 Day 28 Day

0 mgL-1 35.5 A-a 24.6 B-a 22.5 B-a 12.6 C-a 11.1 C-a
Chlorogenic acid 100 mgL-1 18.3 A-b 16.5 A-ab 15.4 A-ab 14.2 A-a 10.8 A-a

200 mgL-1 24.0 A-b 14.9 B-b 12.1 B-b 11.3 B-a 11.2 B-a
0 mgL-1 1.1 A-b 1.0 A-a 0.2 A-a 0.1 A-a 0.0 A-a

Epicatechin 100 mgL-1 5.7 A-a 1.2 B-a 1.2 B-a 0.1 B-a 0.0 B-a
200 mgL-1 1.2 A-b 0.6 A-a 0.2 A-a 0.0 A-a 0.2 A-a
0 mgL-1 61.7 A-a 48.0 AB-a 26.7 B-a 26.0 B-a 23.6 B-a

Caffeic acid 100 mgL-1 61.7 A-a 23.5 B-a 23.0 B-a 23.3 B-a 22.7 B-a
200 mgL-1 26.7 A-b 26.2 A-a 24.2 A-a 22.7 A-a 22.6 A-a
0 mgL-1 0.6 A-b 0.6 A-a 0.2 B-a 0.1 C-a 0.1 C-a

Catechin 100 mgL-1 0.8 A-a 0.4 B-b 0.3 C-a 0.2 D-a 0.2 D-a
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200 mgL-1 0.3 A-c 0.3 A-c 0.3 A-a 0.1 B-a 0.1 B-a
0 mgL-1 26.7 A-a 25.3 AB-a 23.7 BC-a 23.3 BC-a 22.2 C-a

P-coumaric acid 100 mgL-1 22.7 A-b 22.7 A-b 23.1 B-a 23.1 B-a 23.4 B-a
200 mgL-1 24.0 A-b 23.7 A-ab 22.6 A-a 22.6 A-a 22.3 A-a
0 mgL-1 28.6 D-b 35.7 C-b 37.8 C-b 46.0 B-b 94.8 A-b

Rutin 100 mgL-1 41.7 D-a 46.6 D-a 56.0 C-a 74.0 B-a 106.0 A-a
200 mgL-1 26.7 C-b 41.1 B-ab 43.0 B-b 47.4 AB-b 53.4 A-c
0 mgL-1 22.5 D-b 77.9 C-a 90.5 B-c 175.2 A-a 175.5 A-a

Ferulic acid 100 mgL-1 24.7 D-b 81.5 C-a 102.1 B-b 103.9 B-c 154.8 A-b
200 mgL-1 70.3 D-a 85.1 C-a 123.8 B-a 124.7 B-b 168.8 A-a
0 mgL-1 66.8 A-a 65.6 A-a 45.0 B-a 21.9 C-a 21.5 C-a

Quercetin 100 mgL-1 35.7 A-c 34.6 A-b 35.1 A-b 20.6 B-a 20.2 B-a
200 mgL-1 39.4 A-b 27.8 B-c 25.0 B-c 21.0 C-a 20.4 C-a
0 mgL-1 25.9 A-a 23.3 B-a 21.1 C-a 21.3 C-a 35.8 D-a

Naringenin 100 mgL-1 24.7 A-a 19.2 B-b 18.9 BC-b 17.5 C-b 14.4 D-b
200 mgL-1 19.7 A-b 19.4 AB-b 17.8 BC-b 17.5 C-b 14.5 D-b
0 mgL-1 3.0 C-a 3.4 B-a 3.6 B-a 4.1 B-a 4.3 A-a

Kaempferol 100 mgL-1 3.0 B-a 3.1 B-a 3.2 B-b 3.2 B-b 3.6 A-b
200 mgL-1 2.9 D-a 3.1 CD-a 3.2 BC-b 3.4 B-b 3.9 A-b

n= 15 (five fruit x three replications) for individual phenolic compounds.
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