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Abstract

Effect of pre-harvest treatments of ReTain [active ingredient: Aminoethoxyvinlglycine (AVG) 15 %] on cold storage
quality of sweet cherry cv. ‘0900 Ziraat’ grafted on Gisela 5 (Prunus cerasus % Prunus canescens) rootstock was
investigated. For this purpose ReTain within concentrations of 50, 100, and 150 mg/L was applied as a spray 25 days
before harvest. Fruits were harvested at the optimum harvest date and stored in modified atmosphere packages (MAP)
at 0°C temperature and 90+5% relative humidity conditions for 6 weeks. Weight loss, fruit skin colour, fruit firmness,
total soluble solid and titratable acidity content were determined during the storage period. In addition, sensory
analysis was performed. Weight loss increased in all treatments during storage. Titratable acidity of fruit decreased
with increasing storage period, but the highest average acidity was determined in fruit treated with 100 mg/L ReTain.
The treatment of 50 mg/L of ReTain maintained fruit firmness better than those of others. These results indicated that
pre-harvest ReTain treatment can be a tool for maintaining some quality attributes of sweet cherry during cold storage.

Key words: ‘0900 Ziraat’, sweet cherry, MAP, ReTain, cold storage.

INTRODUCTION needed, which have to be considered as healthy

and environmentally friendly (Serrano et al.,
Sweet cherry is one of the most important crops 2005). Among these technologies, the use of
of Turkey, constituting approximately 20-25% modified atmosphere packaging (MAP) has
of world production with the production  been reported to be effective in cherry storage
capacity of 599,650 tons (2016 year) (FAO, (Spotts et al., 2002; Tian et al., 2004;
2018). In addition to production, sweet cherry, Kupferman et al., 2005). The MAP is used for
cv. ‘0900 Ziraat’, is an important species for  keeping the postharvest quality of fruit by
export of Turkey (Estiirk et al., 2012). But fruit lowering the respiration rate of fruit
losses after harvest are still high depending on  (decreasing O; and increasing CO,) (Kader et
the species, harvest methods, transporting and  al., 1989). MAP extends the postharvest life of
marketing conditions and length of storage. cherry and decreases decay resulting from
Sweet cherry decays rapidly after harvest, so softening, and maintain green stem colour
the consumption period is short and limited.  (Kupferman et al., 2005). As in other fruit,
The main causes of fruit deterioration are water ~ plant growth regulators are used to increase
loss, stem browning, softening, colour changes  quality and to extend post-harvest life of sweet
and pitting (Bernalte et al., 2003). Water loss cherries (Onursal et al., 2013). ReTain is, a
and firmness are important quality attributes of ~ commercial product that includes 15% AVG, a
cherries, and are directly related to storability  plant growth regulator, and effects harvesting

(Martinez-Romero et al., 2006). Increase in  criteria (Clayton et al., 2000).
these postharvest losses can cause great  Aminoethoxyvinylglycine (AVG) is a natural
economic losses (Esti et al., 2002). compound produced in plant tissues (Rath et

Many pre- and post-harvest technologies have  al., 2006). Researchers have shown that pre-
been used to delay these losses, but the use of harvest AVG treatment has maintained skin
chemicals has been limited in some countries. colour and firmness of some fruits (Jobling et
So, alternative technologies for preservation are al., 2003; McGlasson et al., 2005; Cetinbas et
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al., 2012). This research was carried out to
determine the effects of pre-harvest ReTain
(AVGQG) treatment on quality of ‘0900 Ziraat®
sweet cherry during cold storage.

MATERIALS AND METHODS

Plant material and retain treatment
The study was conducted at Fruit Research
Institute, Isparta-Turkey. The uniform trees, cv.

‘0900 Ziraat” sweet cherry, on Gisela-5
(Prunus cerasus x  Prunus canescens)
rootstock, were used. Standard cultural

practices including, thinning and pesticide
sprays were provided to the trees.

For pre-harvest treatment, 50, 100 and 150
mg/L Retain and Tween-20 (0.01%) (as a
surfactant) were sprayed on sweet cherry trees
as well as distilled water with Tween-20 (pre-
harvest control group) 25 days before
commercial harvest (when fruits turned to
straw-color). Cherries were harvested at
commercial harvest maturity from an orchard
and transported to the laboratory immediately.
Harvested cherries were dipped in cool water
(0-2°C) for 8-10 minutes for pre-cooling. After
pre-cooling, cherries were placed on the MAP
(Xtend) and stored at 0°C and 90+5% relative
humidity for 6 weeks.

Chemical and physical analysis

Weight loss of cherries was measured over 5 kg
fruits in each replicate and expressed as the
percentage of loss of weight with respect to the
initial weight. Weight loss was determined by
the formula; [(First weight - Last weight) / First
weight] x 100.

Fruit skin color was determined using a
colorimeter (CR400, Minolta Co., Japan) over
15 fruits in each replicate. Minolta color
measurement  apparatus  was  calibrated
according to the standard white calibration
plate (Y: 92.3, x: 0.3136 and y: 0.3194). The
values were expressed by the CIEL’
(brightness-darkness), a* (+ a : red, ** - a”:
green) and b’ (+b": yellow, - b': blue).

Fruit firmness was determined using a texture
analyzer (Guss FTA Type GS14, Strand, South
Africa). It was defined as the maximum load

required to penetrate the probe (5 mm
diameter) into the fruit flesh (6 mm). The
results were expressed in Newton (N).

Total soluble solids (TSS) content was

measured using a digital refractometer (HI

96801, Hanna, UK) and expressed as a per-
centage (%). Titratable acidity (TA) was
determined by an automatic titrator (Mettler
Toledo T50, Switzerland) and expressed as
grams of malic acid equivalent per 100 g fresh
weight.

Overall acceptability was rated on a hedonic
scale of 0-2 (0: good commercial quality, 1:
some damage but still commercially salable, 2:
not commercially salable), described by Feng et
al. (2004). Taste was rated on a scale of 1-5 (1:
very bad, 2: bad, 3: medium, 4: good, 5: very
good), described by Erbas and Koyuncu
(2016).

The experiment was set up according to the
factorial randomized design with 3 replications
(5 kg fruit per replication). Data were subjected
to analysis of variance (ANOVA, JMP7),
means were separated by means of LSD test
(P<0.05, 0.01, 0.001).

RESULTS AND DISCUSSIONS

Weight loss which is the most important factor
limiting the storage period, increased during
storage in all treatments, especially in control
treatment (Table 1). In this study, the weight
loss of cherries was low levels because of the
water vapour permeability properties of the
MAP. The effects of storage periods on weight
loss were statistically significant but there was
no significant effect of treatments (P<0.01)
(Table 4). At the end of storage, the weight loss
of cherries was between 2.36% (control) and
2.07% (100 mg/L) (Table 1). The results found
in this research agree with those of previous
studies (Ustiinel et al., 2008; Machado et al.,
2010).

Table 1. Effect of pre-harvest ReTain treatment on
weight loss of ‘0900 Ziraat’ cherries stored at MAP

1w 2w 3w 4w Sw 6w Means
Control 1.69 2.04 2.05 2.19 2.78 338 236"
50 mg/L 1.10 1.66 1.87 2.64 2.92 2.97 2.19
100 mg/L 157 1.61 222 227 2.34 242 2.07
150 mg/L  1.64 2.01 2.03 221 2.81 3.18 231

Means 1.50C" _1.83C_ 2.04BC_ 233ABC__2.71AB_ 2.99 A
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*Means followed by different letters with in the same
row is significantly different at P<0.01; ns:
nonsignificant; w: weeks.

Softening of cherries reduces both market value
and consumer acceptability. Changes in fruit
firmness during cold storage are presented in



Table 2. The effect of storage time and
treatments on the fruit firmness were
statistically significant (P<0.01) (Table 4).
Fruit firmness decreased with increasing
storage periods but generally, fruit softening
were minimized by ReTain treatment
regardless of doses. At the end of the storage,
100 mg/L doses of ReTain was the best
treatment for maintaining of firmness compared
to other treatments. The positive effects of
ReTain treatment combined with the MAP on
fruit firmness were recorded in this study. In
previous studies, pre- and post-harvest ReTain
treatments maintained fruit firmness better than
control groups during the storage (Drake et. al.,
2006; Kharoshaki et. al., 2008; Lara, 2013).
These results can be explained by delaying
water loss and maintaining pectin level in the
cell wall of fruit related to ReTain.

A large part of the TSS is composed of sugars,
and change of TSS during the storage is due to
changes in fruit carbohydrate structure. The
water loss of fruit affects fruit TSS content, and
generally it increase (Kader, 1989). But in this
study, the weight loss of cherries was very low
(Table 1) so the increasing of TSS was low,
too. The TSS of fruit increased at the end of 42
days compared to initial values, with
fluctuation during storage (Table 3). No
significant  interaction  existed between
treatments and storage periods, but differences
between storage periods and treatments for TSS
values were significant (Table 4). The lowest
change in TSS value according to initial values
was obtained from dose of 150 mg/L (Table 3).
Similar observations were recorded by Remon
et al. (2000) and Onursal et al. (2013) for
cherries. The main factor of taste formation in
fruit and vegetables are TA (Karagali, 2009).
Storage periods and treatments significantly
affected TA contents of cherries (Table 4).
During the 6-weeks cold storage, the lowest
average (0.65%) TA value was obtained from
50 mg/L dose of ReTain, and the highest

(0.68%) in 100 mg/L dose of ReTain. 150
mg/L. dose of ReTain treatment was the best
treatment for maintaining the TA. During
storage, TA values were continuously
decreased (Table 3). Our results are in
agreement with Khorshidi et al. (2011) who
reported that sweet cherries, a nonclimacteric
fruit, use sugars and acids for respiration, so
TA can decrease depending on storage period.
The colour of sweet cherries is probably the
main  quality attribute  considered by
consumers. Changes in fruit skin color during
cold storage are given in Figure 1. L” values,
which  shows fruit  brightness-darkness,
decreased throughout storage. Fruit in control
group lost their brightness more than ReTain
treatments. While the highest mean L* value
was obtained from the dose of 100 mg/L
(31.55), the greatest decrease (27.09) occurred
in control group at the end of the storage.
Similar trend was also observed for a” and b"
values of skin colour. The a” (+a": redness, -a':
greenness) and b* (+b": yellowness, -b":
blueness) values steadily decreased during the
storage. However, the amount of decrease in
ReTain-treated cherries less than control
treatment (Figure 1). ReTain treatments have
been reported to be beneficial in maintaining
fruit colour (Onursal et al., 2013).

The results of the sensory analyses are
presented in Figure 2. Overall acceptability and
taste decreased during storage. Storage period
and treatments affected significantly the
external appearance and taste scores of cherries
during storage (p<0.01) (Table 4). ReTain-
treated cherries (especially 100 mg/L dose)
preserved their taste scores better than control
fruit. The better taste was obtained from 100
mg/L dose during 5 weeks, while control fruit
had a bad taste after 3 weeks of storage. Similar
results were reported by Drake et al. (2006) and
Olmstead et al. (2012).

Table 2. Effect of pre-harvest ReTain treatment on fruit firmness of ‘0900 Ziraat’ cherries stored at MAP

0w 1w 2w 3w 4w Sw 6w Means

Control 2.65 2.55 2.47 2.45 2.39 2.17 1.68 2.34b"

50 mg/L 2.65 2.60 2.59 2.57 2.49 2.48 2.52 2.56a

100 mg/L 2.70 2.34 2.71 2.71 2.75 2.67 2.37 2.6la

150 mg/L 2.52 2.43 2.39 2.40 2.35 2.30 1.99 2.34b
Means 2.64A" 2.48AB 2.54A 2.53A 2.50AB 2.41BC 2.14C

*Means followed by different letters with in the same row and column are significantly different at P<0.01; w: weeks.
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Table 3. Effect of pre-harvest ReTain treatment on total soluble solid content and titratable acidity
of ‘0900 Ziraat’ cherries stored at MAP

0w 1w 2w 3w 4w Sw 6w Means
Control 15.81 16.07 16.37 17.00 16.50 16.07 15.93 16.25b"
50 mg/L 15.43 15.80 16.67 16.77 17.97 16.98 15.70 16.34 a
TSS 100 mg/L 16.83 17.40 17.83 17.87 18.07 17.97 17.43 17.63 a
150 mg/L 15.60 16.37 16.80 17.43 17.23 16.63 15.63 16.53 b
Means 15.92AB" 16.41BC 16.92B 16.25C 17.27BC 16.91A 16.17BC
Control 0.79 0.72 0.68 0.63 0.63 0.60 0.57 0.66 be
50 mg/L 0.76 0.72 0.65 0.64 0.60 0.59 0.58 0.65¢
TA 100 mg/L 0.80 0.75 0.69 0.68 0.65 0.61 0.60 0.68 a
150 mg/L 0.78 0.74 0.67 0.65 0.64 0.61 0.61 0.67 ab
Means 0.78A" 0.73B 0.67C 0.65C 0.63D 0.61D 0.59D

*Means followed by different letters with in the same row and column are significantly different at P<0.01; w: weeks.

Table 4. Anova for dependent variables for treatments, storage period and their interactions for cherries

Weight loss Firmness Overall acceptability Taste L* a* b* TSS TA

SP kK Hk sk Hk Kk *k sk sk k%
T ns 3k *k * 3k ok *k *k kk *3k
SPxT ns ns ns ns * ok o ns ns

SP: Storage period; T: Treatments; ns: represents non-significance at P< 0.05; **Represents significance at the 0.01;
TA: Titratable acidity; TSS: Total soluble solid.
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Figure 1. Effect of pre-harvest ReTain treatment on fruit
skin color (L*, a" and b") of ‘0900 Ziraat’ cherries stored
at MAP (SP: Storage period; T: Treatments)
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Figure 2. Effect of pre-harvest ReTain treatment on
sensory analysis of ‘0900 Ziraat’ cherries stored at MAP
Vertical bars represent the standard error of the mean
(n=3). Overall acceptability: 0: good commercial quality,
1: some damage but still commercially salable, 2: not
commercially salable; Taste scores: 1: very poor, 2: poor,
3: mild, 4: good, 5: excellent

CONCLUSIONS

At the end of the 6 weeks of storage, AVG
treatment was more effective for maintaining



postharvest quality of cherries compared to
control treatment. Treated cherries with AVG
delayed colour changes, softening and loss of
acidity. In addition, AVG treatment was
effective in the maintaining sensory quality
during the storage. Especially 100 mg/L AVG
as pre-harvest treatment was the most effective
dose and it can be used to maintain sweet
cherry postharvest quality during storage of 35
days at 0°C.

REFERENCES

Bernalte M.J., Sabio E., Hernandez M.T., Gervasini C.,
2003. Influence of storage delay on quality of ‘Van’
sweet cherry. Postharvest Biology and Technology,
28 (2): 303-312.

Cetinbag M., Butar S., Onursal C.E., Koyuncu M.A.,
2012. The effects of pre-harvest ReTain
[aminoethoxyvinylglycine (AVG)] application on
quality change of ‘Monroe’ peach during normal and
controlled atmosphere storage. Scientia Horticulturae,
147: 1-7.

Clayton M., Biassi W.V., Soutwick S.M., Micham E.J.,
2000. Retain affects maturity and ripening of
“Bartlett” pear. Hort. Science 35 (7): 1294-1299.

Drake S.R., Elfving D.C., Drake M.A., Eisele T.A.,
Drake. S.L., Visser D.B., 2006.
Aminoethoxyvinylglycine,  ethephon and 1I-
methylcyclopropene on apple fruit quality at harvest
and after storage. HortTechnology, 16 (11): 16-23.

Erbas D., Koyuncu M.A., 2016. 1-metilsiklopropen
uygulamasinin Angeleno erik cesidinin depolanma
siresi ve kalitesi iizerine etkileri. Ege Universitesi
Ziraat Fakdltesi Dergisi, 53 (1): 43-50.

Esti M., Cinquanta L., Sinesio F., Moneta E., Di Matteo
M., 2002. Physicochemical and sensory fruit
characteristics of two sweet cherry cultivars after
cool storage. Food Chemistry, 76(4): 399-405.

Estiirk, O., Ayhan, Z., Ustiinel, M.A., 2012. Modified
atmosphere packaging of ‘Napoleon’ cherry effect of
packaging material and storage time on physical,
chemical, and sensory quality. Food Bioprocess
Technology, 5: 1295-1304.

FAO, 2018. Food and Agriculture Organization of the
United Nations; FAOSTAT. Access date:
15.02.2018.

Feng X.Q., Hansen J.D., Biasi B., Tang J.M., Mitcham
E.J., 2004. Use of hot water treatment to control
codling moths in harvested California ‘Bing’ sweet
cherries. Post-harvest Biology and Technology (31):
41-49.

Jobling J., Pradhen R., Morris S.C., Michell L., Rath
A.C., 2003. The effect of retain plant growth
regulator Aminoethoxyvinylglycine (AVG) on the
post-harvest storage life ‘Tegan Blue’ plums.
Australian Journal of Experimental Agriculture, 43
(5): 515-518.

Kader A.A., Devanzagory E., Karbel B., Wang C., 1989.
Modified atmosphere packaging of fruits and

157

vegetables in Critical Reviewes in Food Science and
Nutrition, 28 (1): 1-30.

Karagali 1., 2009. Bahge Urunlerinin Muhafaza ve
Pazarlanmasi. Ege University, Faculty of Agriculture,
Publication No: 494, {zmir-Tiirkiye, 486.

Kharoshaki M.Z.K., Ashari M.Z., Fattahi M., 2008.
Effect of exogenus putracine on post-harvest life of
sweet cherry (Prunus avium) fruit, cultivar ‘Surati-e
Hameda’. Journal of Applied Horticulture, 10 (2):
154-157.

Khorshidi S., Davarynejad G., Tehranifar A., Fallahi E.,
2011. Effect of modified atmosphere packaging on
chemical  composition,  antioxidant  activity,
anthocyanin, and total phenolic content of cherry
fruits. Horticulture, Environment, and Biotechnology,
52 (5): 471-481.

Kupferman E., Sanderson P., 2005. Temperature
management and modified atmosphere packaging to
preserve  sweet cherry fruit quality. Acta
Horticulturae, 667: 523-528.

Lara I., 2013. Pre-harvest sprays and their effect on the
post-harvest quality of fruit. Stewart Post-harvest
Review, 9(3): 1-12.

Machado G., Rato A.E., Cabrita M.J.,, Lozano M.,
Goénzalez D., Palma V., Agulheiro-Santos A.C.,
2010. Effect of different storage conditions on
nutritional and quality parameters of Sweet heart
cherry. In XXVII International Horticultural
Congress on Science and Horticulture for People,
934:1027-1032.

Martinez-Romero D., Alburquerque N., Valverde J.M.,
Guillén F., Castillo S., Valero D., Serrano M., 2006.
Post-harvest sweet cherry quality and safety
maintenance by Aloe vera treatment: a new edible
coating. Post-harvest Biology and Technology, 39
(1): 93-100.

McGlasson W.B., Rath A.C., Legendre L., 2005. Pre-
harvest application of aminoethoxyvinylglycine
(AVG) modifies harvest maturity and cool storage
life of ‘Arctic Snow’nectarines. Post-harvest Biology
and Technology, 36 (1): 93-102.

Olmstead M., Futch S., 2012. Using and ethylene
inhibitér to increase fruit size, firmness and storage
quality in Florida peach production. Proceeding
Florida State Horticultural Society, 125: 1-13.

Onursal C.E., Calhan O., Eren I., Cetinbas M., Butar S.,
Demirtas 1., 2013. Derim 6ncesi Aminoetoksi-
vinilglisin (AVG) uygulamalarinin ‘0900 Ziraat’
kiraz ¢esidinin sogukta muhafazasi ve raf omrii
kalitesi iizerine etkileri. Tarim Bilimleri Arastirma
Dergisi, 6 (1): 91-96.

Rath A.C., Kang In-Kyu, Park C.H., You W.J., Byan
JK., 2006. Foliar application of
aminoethoxyvinylglycine (AVG) delaying fruit
ripening and reduces pre-harvest fruit drop and
ethylene production of bagged ‘Kugetsu’ apples.
Plant Growth Regulation, 50: 91-100.

Remon S., Ferrer A., Marquina P., Burgos J., Oria R.,
2000. Use of modified atmosphere to prolong the
post-harvest life of ‘Burlat’ cherries at two different
degree of ripeness. Journal of the Science of Food
and Agriculture, 80: 1445-1552.



Serrano M., Martinez-Romero D., Castillo S., Guillén F.,
Valero D., 2005. The use of natural antifungal
compounds improves the beneficial effect of MAP in
sweet cherry storage. Innovative Food Science &
Emerging Technologies, 6 (1): 115-123.

Spotts R.A., Cervantes L.A., Facteau T.J., 2002.
Integrated control of brown rot of sweet cherry fruit
with a pre-harvest fungicide, a post-harvest yeast,
modified atmosphere packaging, and cold storage

158

temperature. Post-harvest Biology and Technology,
24 (3): 251-257.

Tian S.P., Jiang AL, Xu Y. Wang Y.S., 2004.
Responses of physiology and quality of sweet cherry
fruit to different atmospheres in storage. Food
Chemistry, 87 (1): 43-49.

Ustiinel M.A., Estirk O., Ayhan Z., 2008. Modifiye
atmosferde paketlemenin kirazin fiziksel 6zelliklerine
(renk ve tekstiir) etkisi. Tiirkiye 10. Gida Kongresi;
21-23 Mayis, Erzurum, 241-244.



