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Effect of aminoethoxyvinylglycine on biochemical, physico-
mechanical and colour properties of cv. Braeburn apples

Efeito da aminoetoxivinilglicina nas propriedades fisico-mecanicas,
bioquimicas e cor da mac¢a cv. Braeburn

Burhan Ozturk!; Yakup Ozkan'; Ebubekir Altuntas?;
Kenan Yildiz'; Onur Saracoglu!

Abstract

The effect of preharvest AVG (aminoethoxyvinylglycine) treatments on the biochemical, physico-
mechanical properties and colour characteristics of cv. Braeburn apples were determined. AVG was
applied in four different doses (0, 100, 300 and 500 mgL' AVG) 4 weeks before the estimated harvest
date. While the lowest values of total soluble solids content and pH were obtained from 500 mgL"!
AVG treatment, the highest values were obtained from control. The titratable acidity was higher in 500
mgL! AVG treatment than those of the 100 and 300 mgL"' AVG treatments. The highest total phenolic
and antioxidant activity of both flesh and skin apple was obtained from control, whereas lowest value
was obtained from 500 mgL' AVG treatment. With increasing doses of AVG, the total monomeric
anthocyanin was reduced. The geometric means, fruit diameter, fruit mass, fruit removal force, flesh
and skin firmnesses increased with increasing doses of AVG. The hue angle values of flesh and skin fruit
were lower in control.

Key words.: Malus domestica Borkh, colour, FRAP, phenolic compounds

Resumo

Foram determinados os efeitos do tratamento em pré-colheita com aminoetoxivinilglicina (AVG) nas
propriedades bioquimicas, fisico-mecanicas e caracteristicas da cor da maca ‘Braeburn’. AVG foi
aplicado quatro semanas antes da data estimada de colheita, em quatro doses (0, 100, 300 e 500 mgL-
. Enquanto os menores valores de so6lidos soluveis totais e pH foram obtidos no tratamento com 500
mgL! AVG, os maiores valores foram obtidos no tratamento com 0 mgL"' AVG. A acidez titulavel foi
maior no tratamento com 500 mgL"' AVG do que nos tratamentos 100 e 300 mgL'. A maior atividade de
fendlicos totais e antioxidantes na polpa e na casca da maca foi obtida no tratamento com 0 mgL-' AVG,
enquanto que o menor valor foi obtido no tratamento com 500 mgL"' AVG. Com o aumento das doses
de AVG, a antocianina monomérica total foi reduzida. As médias geométricas didmetro do fruto, massa
do fruto, for¢a de remocao de frutas, polpa e casca aumentaram com o aumento das doses de AVG. Os
valores do angulo da matriz de polpa e casca da fruta foram menores no tratamento com 0 mgL"' AVG.
Palavras-chave: Malus domestica Borkh, cor, antioxidantes, compostos fendlicos
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Introduction

Apples (Malus domestica Borkh.) are a
significant part of the human diet (WOLFE;
WU; LIU, 2003). In addition, they have been
identified as one of the main dietary sources of
antioxidants, mainly phenolic compounds, such as
flavonoids, rather than essential vitamins, such as
vitamin C, which explains only 0.4% of the total
antioxidant activity (BOYER; LIU, 2004). Phenolic
compounds are naturally occurring plant secondary
metabolites which determine outer and inner quality
parameters of fruits such as appearance, flavor and
health-promoting properties (TREUTTER, 2001;
LATTANZIO, 2003). The phenolic compounds are
responsible for most of the antioxidant activity of
the apple (TSAO et al., 2005). Anthocyanins are
natural pigments, responsible for a wide range of
colours in apple. Anthocyanins contribute greatly to
the antioxidant properties of certain colourful foods,
such as apple, grapes and cranberries.

Parameters such as fruit size, skin colour, flesh
firmeness, soluble solids and titratable acidity are
used to determine the maturity of fruit at harvest.
Consumers demand excellent appearance, firmness
and optimum texture of apple. Quality of apple
consists of a combination of visual appearance,
flavour and texture. Apple fruit ripening is a process
that results in changes in fruit quality such as
decreased starch, firmness and fruit removal force,
increased red colour and changes in anthocyanin,
total phenolic content and total antioxidant activity
(MARI et al., 2010).

The biochemical (TSS, pH, phenolic, antioxidant
and anthocyanin), physico-mechanical (size, shape,
skin thickness and firmness and fruit removal force)
and colour properties in fruits have changed by
several factors. Particularly, these compounds have
changed with cultivars preferred, fruit maturity,
light exposure, growth period, growing area,
environmental conditions, organic or non-organic
production, harvest period, post-harvest factors,
storage and processing and other cultural factors

(STURM et al., 2003; LATA, 2007). Growth
regulatory substances have been evaluated among

factors causing changes in these parameters (FAN
et al., 1997).

AVG (aminoethoxyvinylglycine) hasbeen widely
used in apple and improved the quality of fruit. And
also, AVG treatment has been delayed fruit maturity
and decreased the preharvest fruit drop by inhibiting
ethylene that cause to accelerate the maturation at
period before harvest (BRAMLAGE et al., 1980).
In addition, the control of vegetative growth and
regulation of flowering (BANGERTH, 1978), size,
shape, colour development and postharvest quality
(WILLIAMS, 1980; WANG; DILLEY, 2001) have
been manipulated with using of AVG.

The aim of this study was to determine the effects
of AVG plant growth regulator on biochemical (total
phenolic, total antioxidant activity, total monomeric
anthocyanin, total soluble solids content, pH,
titratable acidity, and starch index), physico-
mechanical properties (geometric mean diameter,
skin and flesh firmnesses and fruit removal force),
and colour characteristics of apple.

Materials and Methods
Site and climatic conditions

The plant material of the research was obtained
from the Research and Application Orchard of
Agricultural Faculty of Tokat (39°51° N and
40°55” E) Gaziosmanpasa University, situated in
the Middle Black Sea Region in Turkey, in 2010.
According to average rainfall values for the past
decades in the region, the annual lowest and highest
average temperatures, relative humidity and rainfall
are 8.1-14.2°C, 56-73%, and 381.8-586.2 mm,
respectively (ANONYMOUS, 2011).

Plant material

The cv. Braeburn apple tree (Malus domestica
Borkh.) grafted on MM106 rootstock was planted
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on the land in a 3.5 m apart in the row and 2 m
between rows order (3.5x2) in 2006. The trees used
in the experiment were trained according to the
modified-leader system. The trees selected for the
experiment had homogeneous fruit load.

Treatments

All treatments were arranged in a randomized
complete block design with three replications. In the
study, the AVG, aminoethoxyvinylglycine (ReTain®,
15% a.i., Valent BioSciences Corp., Libertyville,
IIT) was applied in four different doses [0 (AVG-
0), 100 (AVG-1), 300 (AVG-2) and 500 mgL"!
(AVG-3)] four weeks before the estimated harvest
date (September 18, 2010). The solutions contained
0.05% Sylgard—309 organosilicone surfactant (Dow
Corning chemical, Istanbul, Turkey) to prevent
runoff was added to the solutions. The control
trees were sprayed only with water (pH=6.48) +
surfactant. The apples were randomly hand-picked.
Studied apple fruits harvested on October 16,
2010 and they were transferred to the laboratory
in polyhthene bags to reduce water loss during
transportation.

Measurements
Biochemical properties

In order to determine the quality properties
of the fruit, 25 fruits from every replication were
harvested. After assessment of fruit firmness, fruit
juice was extracted by homogenising fruit flesh in
a blender, TSS (total soluble solids content) of the
juice was measured with a digital refractometer
(PAL-1, McCormick Fruit Tech., Yakima, Wash.)
and expressed as percentage. The pH of apple fruit
was measured by pH meter (Hanna, model HI9321).

The titratable acidity (g malic acid 100 g') was
determined using five fruit from each sample (20
pieces of fruit in total) by titrating 10 mL of juice
with NaOH 0.1 N up to pH 8.2 and expressed as
percentage of malic acid.

The starch index was assessed using the Cornell
University, Generic Starch-lodine Index Chart.
Each apple fruit was cut in half transversely, and
then flesh starch was evaluated by spraying half of
each apple in iodine solution for =~ 30 s. The degree
of staining was rated on scale of 1 to 8, in which
1= staining of entire cut surface and 8= absence of
staining (BLANPIED; SILSBY, 1992).

Total phenolics (TP) was measured according to
the Singleton and Rossi (1965) procedure. Briefly,
fruit slurries were extracted with buffer containing
acetone, water, and acetic acid (70:29.5:0.5 v/v) for 2
h. in darkness. Samples were replicated three times.
Extracts were combined with Folin-Ciocalteus
phenol reagent and water, and incubated for 8§ min
followed by the addition of 7% sodium carbonate.
After 2 h, the absorbance at 750 nm was measured
in an automated UV-VIS spectrophotometer (Model
T60U, PG Instruments, USA). Gallic acid was used
as the standard. The results were expressed as mg
gallic acid equivalents (GAE)/kg fw.

Total antioxidant activity (TAA) was estimated
using two standard procedures, the FRAP (Ferric
reducing antioxidant power) and TEAC (Trolox
equivalent antioxidant capacity) assays, as
suggested by Ozgen et al. (2006). FRAP was
determined according to the method of Benzie and
Strain (1996). The assay was conducted using three
aqueous stock solutions containing 0.1 mol/L acetate
buffer (pH 3.6), 10 mmol/L TPTZ [2,4,6-tris(2-
pyridyl)-1,3,5-triazine] acidified with concentrated
hydrochloric acid, and 20 mmol/L ferric chloride.
These solutions were prepared and stored in the
dark under refrigeration. Stock solutions were
combined (10:1:1 v/v/v) to form the FRAP reagent
just prior to the analysis. For each assay, duplicates
of each replicate plus 2.90 mL of FRAP reagent and
100 uL of sample extract were mixed. After 30 min.
the absorbance of the reaction mixture at 593 nm
was determined on a spectrophotometer. The results
were expressed in mmol Trolox equivalent (TE)/
kg fw. For the standard TEAC assay, 10 mmol/L
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ABTS
sulfonic acid) was dissolved in acetate buffer and
prepared with potassium persulfate as described in
Ozgen et al. (2006). The mixture was diluted using
an acidic medium of 20 mM sodium acetate buffer
(pH 4.5) to an absorbance of 0.700+0.01 at 734 nm
for longer stability (OZGEN et al., 2006). For the
spectrophotometric assay, 2.90 mL of the ABTS"
solution and 100 pL of fruit extract were mixed and

(2,2-azino-bis-3-ethylbenzothiazoline-6-

incubated for 10 min. The absorbance at 734 nm
was then determined. The results were expressed in
mmol TE/kg fw.

The total monomeric anthocyanins (TMA)
were estimated by a pH differential method
(GIUSTI; WROLSTAD, 2005) using a UV-VIS
spectrophotometer (Model T60U, PG Instruments,
USA). Absorbance was measured at 533 and 700
nm in buffers at pH 1.0 and 4.5 using pH 4.5 with
a molar extinction coefficient of 29.600. Results
were expressed as pg cyanidin-3-galactoside/g fw
equivalent in g fresh weigh basis.

Physico-mechanical properties

To determine the size and mass of cv. Bracburn
apple, 25 fruits from every replication were
randomly selected. The fruit length, width, and
thickness were measured with 0.01 mm sensitive
digital calipers (Model No; CD-6CSX, Mitutoyo,
Japan). These dimensions were used to calculate
the geometric mean diameter of apple fruits were
determined methods presented by Mohsenin (1970).
The fruit mass of the apples was measured with a
digital electronic balance (Radvag PS 4500/C/1,
Radom, Poland) with a resolution of 0.01 g.

To determine flesh and skin firmness, 20 fruits
from every replication were randomly selected.
The flesh firmness was determined by puncturing
on flesh surface of each apple fruit, by cutting
apple skin, using an Effegi penetrometer (model
FT-327; McCormick Fruit Tech, Yakima, WA)
mounted on a hand-operated press, to minimize

loading rate variations associated with the operator,
and fitted with an 11.1 mm diameter plunger. Skin
firmness was measured directly from the apple
skin. Measurements were taken at three equatorial
positions on each fruit at 120" and the results were
expressed in newtons (N).

The skin thickness was determined by using
a digital micrometer (0-25 mm, Insize, Austria)
with an accuracy of 0.001 mm. Skin thickness was
measured on skin obtained sun exposed side of

apple.

The fruit removal forces (FRF) were measured
along longitudinal orientation stalk of twenty apple
fruits for each treatment with a hand digital force
gauge (Tronic, HF-10, Digital Dynamometer, 100
N, Taiwan).

Colour characteristics

To determine of colour characteristics, the
skin and flesh colours of twenty apples for every
replication were measured using a colorimeter
(Minolta, model CR—400, Tokyo, Japan). Chromatic
analyses were conducted in accordance with the
CIE (Commission Internationale de 1’Eclairage)
system of 1976. Values of L* a* and b* were
used to define a three-dimensional colour space
and interpreted as follows: L* indicates lightness,
with values ranging from 0 (completely opaque or
’black’) to 100 (completely transparent or white’);
positive a* value indicates redness on the hue
circle (a* =greenness) and a positive b* value
indicates yellowness (b*=blueness). The colour
measurements of apple samples were computed as
the means of each treatment. The hue angle (%4°),
calculated as h°= tan! x b*/a’, expresses the colour
nuance and values are defined as follows: red-purple:
0°; yellow: 90°; bluish-green: 180°; blue: 270°.
The chroma (C*), obtained as C'= (a"+b"?)!2, is a
measure of chromaticity, which defines the purity or
saturation of the colour (MCGUIRE, 1992).
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Statistical analysis

Experiments were performed using randomized
complete-block design. All statistical analyses were
performed with SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA). Data were analysed by means of
analyze of variance. Main effects and interactions
were analysed and means were compared by
Duncan’s multiple range test at a significance level
of 0.05.

Results
Biochemical properties

It was determined in our study that the increasing
doses of AVG decreased TSS, pH, starch index

of apple, and increased TA (Table 1). The lowest
and highest pH and TSS values were obtained
from AVG-3 as 2.69-13.6% and AVG-0 dose as
2.87-15.44%, respectively. The effect of the AVG
treatment on TSS, pH, TA and starch index of apple
were statistically significant (p<0.05).

The total phenolics (TP) decreased for flesh and
skin of apples with increasing AVG doses (Table
1). While the lowest TP for flesh and skin apple
was obtained from AVG-3 (650.4-5690.9 GAE/g
fw respectively), the highest TP was obtained
from AVG-0 treatment (1050.3-9656.5 GAE/g fw
respectively). The effect of AVG treatments on TP
of apple was statistically significant (p<0.05).

Table 1. Biochemical properties of cv. Braeburn apple as affected by AVG treatments.

Chemical properties AVG treatments
AVG-0 AVG-1 AVG-2 AVG-3

TSS (%) 15.44£0.14 a 14.3610.14 b 14.0020.56 be 13.6040.10 ¢
pH 2.87£0.05 a 2.8540.04 a 2.80+0.03 a 2.69+£0.08 b
TA (g malic acid 100 mL™) 0.86£0.01 b 0.88+0.05 ab 0.92+ 0.04 ab 0.93+£0.02 a
Starch index 6.0£0.50 a 5.0+0.76 ab 4.0+0.29 be 4.0+0.58 ¢
Total phenolic (ug GAE/gfw)
Flesh fruit 1050.3+157.1a 797.6£116.3b 772.6£178.0b 650.4+42.9b
Skin fruit 9656.5+1685.9a 7720.81+598.5b 7657.0£502.4b  5690.9+564.0c
Total antioxidant activity (umol TE/g fw)
FRAP
Flesh fruit 0.81+£0.04 a 0.814£0.03 a 0.774£0.07 a 0.75+£0.03 a
Skin fruit 5.94+0.46 a 5.69+0.08 a 5.5940.44 a 4.66£0.50 b
TEAC
Flesh fruit 0.93+£0.03 a 0.784£0.11 b 0.72+£0.03 b 0.71£0.03 b
Skin fruit 8.17+0.77 a 6.30+0.24 b 5.3940.36 ¢ 4.23+0.19d
Total monomeric anthocyanin (ug cyanidin—3-galactoside/g fw)

360.9+31.7 a 225.2+19.8 b 14732129 ¢ 112.6£9.9 ¢

The difference between mean values shown on the same line with same lower letter is not significant (P<0.05).

Means of three replicates * standard deviation.
Source: Elaboration of the authors.

The total antioxidant activity (TAA) for flesh
apple was higher in AVG-0 treatment as 0.81 and
0.93 umol TE/g fw (for FRAP and TEAC test) than
those of the other treatments, respectively (Table 1).
For apple skin, while the lowest TAA (for FRAP and

TEAC test) was obtained from AVG-3 treatment as
4.66 and 4.23 pmol TE/g fw, the highest TAA was
obtained from AVG-0 treatment as 5.94 and 8.17
umol TE/g fw, respectively. The effect of AVG
treatment on TAA (FRAP and TEAC) for skin apple
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was statistically significant (p<0.05). In addition the
effect of AVG on TAA of flesh apple for TEAC test
was statistically significant (P<0.05).

The total monomeric anthocyanin (TMA)
generally decreased in magnitude with an increase
in AVG doses. The lowest and highest TMA values
were obtained from AVG-3 as 112.6 pg cy-3-
galactoside/g fw and AVG-0 as 360.9 ug cy-3-
galactoside/g fw, respectively.

Physico-mechanical properties

The geometric mean diameter and fruit mass
of apple were as 69.04 mm and 186.77 g (AVG-0);
69.44 mm and 188.53 g (AVG-1); 70.40 mm and
191.03 g (AVG-2); 71.27 mm and 197.53 g (AVG-
3), respectively (Table 2).

Table 2. Physico-mechanical properties of cv. Braecburn apple.

Physico-mechanical AVG treatments

properties AVG-0 AVG-1 AVG-2 AVG-3
Geometric mean diameter, mm 69.04+2.48 a 69.44 £0.96 a 70.40+2.11 a 71.27+0.75 a
Fruit mass, g 186.77£8.50 a 188.53£7.39a 191.03+4.03 a 197.53£8.32 a
Flesh firmness, N 84.78+3.84Db 90.2043.92 ab 91.394+3.42 ab 92.51+3.71 a
Skin firmness, N 106.144+4.58 b 108.07+4.60 b 109.22+0.23 b 115.07£1.28 a
Fruit removal force, N 13.85+0.96 b 15.82+1.13 b 24.07+1.81 a 26.14+t1.54 a
Skin thickness, mm 1.0620.11 a 1.0940.04 a 1.13£0.05 a 1.25+0.18 a

The difference between mean values shown on the same line with same lower letter is not significant (P<0.05).

Means of three replicates * standard deviation.
Source: Elaboration of the authors.

The effect of the AVG treatment on the geometric
mean diameter, fruit mass and skin thickness of
apple were not statistically significant, whereas, the
flesh and skin firmness was statistically significant
(p<0.05). The flesh and skin firmnesses of cv.
Braeburn apple increased from 84.78 to 92.51 N
and from 106.14 to 115.07 N with increasing
from AVG-0 to AVG-3. Both flesh firmness and
skin firmness were higher in the other AVG doses
treated apples as compared to AVG-0 dose. The
fruit removal force values increased from 13.85 to
26.14 N with an increase in AVG dose from 0 to

500 mg L. The all physico-mechanical properties
linearly increased with increasing of AVG doses
(Table 2).

Colour characteristics

The results indicate that color parameters of
skin apple were not a statistical difference between
the AVG treatments. The L*, C* and 4° values of
apple skin were 53.08, 41.66 and 57.58 (AVG-0);
54.29,40.57 and 59.45 (AVG-1); 53.95, 40.42 and
58.48 (AVG-2); 54.89, 41.17 and 59.29 (AVG-3),
respectively.
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Table 3. The effect of AVG treatments on colour characteristics of cv. Braeburn apple.

Colour AVG treatments

characteristics AVG-0 AVG-1 AVG-2 AVG-3
Skin colour

L* 53.08+1.09 a 54.29+0.72 a 53.95+1.71 a 54.89+2.51 a
Cc* 41.66+0.77 a 40.57+0.62 a 40.42+0.46 a 41.17+0.88 a
h° 57.58+4.27 a 59.45+2.29 a 58.48+0.56 a 59.29+3.88 a
Flesh colour

L* 82.36+0.68 a 81.67+0.76 b 80.72+0.18 ab 81.48+0.32 ab
C* 39.25+2.48 a 35.99+0.33 a 37.74+0.63 a 38.30+3.68 a
h° 94.72+1.84 b 98.43+1.58 ab 96.51£1.48 ab 96.63%+0.71 ab

The difference between mean values shown on the same line with same lower letter is not significant (P<0.05).

Means of three replicates + standard deviation.
Source: Elaboration of the authors.

The colour -characteristics for skin apple
generally increased in magnitude with an increase
in AVG doses. Hue angle values for both skin and
flesh apple fruits increased as AVG doses increased
from 0 mg L' to 500 mg L', respectively (Table 3).

Discussion and Conclusions

AVG treatments at preharvest delay the maturity
of fruit on optimal harvest date (GREENE, 2005).
As maturity of fruit increases, TSS and pH increases
as well (TURK; KOCAK; AKBUDAK, 1995).
Amarante et al. (2002) reported that total soluble
solids content, titratable acidity and starch index
were delayed by AVG.

These results indicate that the antioxidant and
phenolic are present in the flesh and skin, which are
in agreement with previous works (DROGOUDI;
MICHAILIDIS; PANTELIDIS, 2008; VIEIRA et
al., 2009). Also, several authors (WU et al., 2004;
HALVORSEN et al., 2006) have determined that
skin apple had a higher antioxidant capacity than
the flesh apple. Different researches (CHINNICI
et al, 2004; DROGOUDI; MICHAILIDIS;
PANTELIDIS, 2008) have reported that the
antioxidant activitiy of skin apple were two to nine
times greater than flesh apple. In addition, Whale
et al. (2008) reported that AVG negatively affected

the concentration of flavanoids and anthocyanin.
Awad and Jager (2002) reported that flavanol and
phenolics concentration in Jonagold apples were not
affected by AVG tretments. Wojdylo, Oszmian and
Laskowski (2008) reported that the total antioxidant
activity was found as 23.4, 29.7, 23.2, 26.4 uM/g
aaccording to FRAP test respectively.

The physico-mechanical properties of apple were
affected by AVG doses. The sizes and mass of fruit
were affected by dependent of plant growth regulator
doses (LAWES; WOOLLEY, 2001; GREENE;
SCHUPP, 2004; GREENE, 2006). Amarante et al.
(2002) reported that as AVG treated, there were
increases in flesh firmness, skin firmness, and
fruit size value. Byers (1997) reported that AVG
increased flesh firmness of fruit, especially if they
were harvested after the optimal harvest date. Yuan
and Li (2008) reported that flesh firmness of apple
fruit was 75.2 N with the AVG application (125 mgL-
1). Tabatabaeefar and Rajabipour (2005) reported
that the geometric mean diameter of Redspar and
Delbarstival apples were 79.54 mm and 63.38
mm for Redspar and Delbarstival, respectively.
Gezer, Guner and Dursun (2000) reported that fruit
removal force for Golden Delicious was as 16.57
N. Sahin (2007) reported that fruit-removal-force of
apples was 14.57 N (‘Golden Delicious’) and 9.86 N
(Starking Delicious). Our findings show similarity
with those reported by researchers.
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The colour characteristics affects the market
value of fruit depending on fruit quality. AVG
delays maturity in fruits (AMARANTE et al., 2002;
GREENE, 2005). In addition, AVG slows down
coloration as well as delaying fruit maturation
(RATH; PRENTICE, 2004). However, it indirectly
increases coloration as it prolongs fruit life on tree
(KIM et al., 2004; GREENE, 2005). Greene and
Schupp (2004) reported that AVG applications
delayed the red color development in fruits.

The effect of AVG treatment on total soluble
solids content, titratable acidity, pH and starch index
of apple fruits was statisticaly significant. Increasing
concentrations of AVG decreased TSS, pH and
starch index and increased TA. The effects of AVG
treatment on total phenolic and total antioxidant
activity (for TEAC test) were significant for both
flesh and skin of apple. The total phenolic and total
antioxidant activity were higher in the skin fruit
than flesh fruit. The total monomeric anthocyanin
generally decreased in magnitude with an increased
AVG doses.

The all physico-mechanical properties were
higher in AVG-3 treatment than those of the other
treatments. The effect of the AVG treatment on the
fruit removal force, flesh and skin firmness were
statistically significant. The colour characteristics
(L*, C* h°) for skin apple were not statistically
significant.
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