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Abstract

BAL, Erdinc and Demir KOK, 2007. The effects of glycerin added ethephon treat-
ments on fruit characteristics of Actinidia deliciosa cv. Hayward. Bulg. J. Agric.
Sci., 13:291-300

This study was conducted at Namyk Kemal University, Tekirdag Agriculture Faculty and
Department of Horticulture in Turkey in 2005. Kiwifruits of Actinidia deliciosa cv. Hayward
harvested at the proper stage of maturity with soluble solids content of 6.9% and fruit firmness
of 7 kg were treated by 500 and 1000 ppm ethephon with 0 (control), 1, 3 and 5 percentage of
glycerin. Afterwards, kiwifruits which were put into polystren package containers were covered
with polyethylene bags stored at 20+0.5°C during 6 day. Some important quality characteristics
like kiwifruit firmness, soluble solids, titratable acidity, pH, vitamin ¢ content and sensory evalu-
ation were measured and determined at regular intervals in the course of 6 day.

In order to improve penetration effect of glycerin into kiwifruit tissues, different percentages
of glycerin were added into ethephon in this study. In conclusion, 3 and 5% glycerin levels were
especially enhanced penetration effectiveness of ethephon at 1000 ppm.

Key words: kiwifruit, climacteric, ethephon, ripening, quality

Introduction course of the later stages of development.

Once harvested, the initially unripe fruit

Kiwifruit is a climacteric fruit which
exhibits a long and slow period of growth
and lasts for approximately 6 months from
anthesis until harvest, following a simple
sigmoidal trend (Gallego et al., 1997). At
the beginning of development, fruit is very
hard, but firmness reduces slightly in the
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undergoes dramatic softening.

Many changes occur during posthar-
vest ripening of fruit to improve fruit ed-
ibility and seed dispersal. Key changes in-
volve modification of the cell wall, con-
version of starch and organic acids to sug-
ars, and production of flavor volatiles, re-
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sulting in the unique blend characteristic
of any one fruit. Ripening is also often
associated with a transient respiratory rise,
termed the climacteric, and many
postharvest studies have focused on meta-
bolic changes occurring during the climac-
teric (MacRae et al., 1992)

Kiwifruit is a climacteric frit that is
extremely responsive to low concentra-
tions of ethylene, even at low tempera-
tures (Mitchell, 1990).

Unripe kiwifruits can be brought to
edible maturity level under room tempera-
ture conditions using ethylene treatments
(i-e. dipping into solution and fumigation)
(Kok and Celik, 2004; Crisosta, 1999) or
carbide treatments (Bal and Kok, 2006).
The rate of kiwifruit softening is affected
by time, temperature, exogenous ethylene
levels and fruit maturity level (MacRae et
al., 1989; Ritenour et al., 1999).

The utilization of ethylene as an agri-
cultural tool has undergone considerable
evolution during its nearly three quarters
of'a century of use. For this aim, different
ethylene sources are used and ethephon
(2-chloroethane phosphonic acid) is com-
mercially available under various trade
names, such as ethrel.

During the applications of liquid forms
of different hormones like ethephon or
other chemicals onto surfaces of differ-
ent plant parts, some surfactants such as
liquids of tween group have been used
successfully to enhance penetration of
externally applied some substances into
tissues of plants.

The most well-known physicochemical
property of surfactants is their interfacial
activity the surfactant molecules migrate
to the interface(s) when placed in solu-
tion. The alignment of surfactant molecules
at the interfaces is a reflection of their ten-
dency to assume the most energetically

stable orientation. Surfactants are com-
monly classified on the basis of the charge
or nature of the hydrophilic portion (head)
and the flexibility or chemical nature of the
hydrophobic portion. Head groups may be
anionic, zwitterionic, nonionic, or cationic.
The hydrophile-lipophile balance of surfac-
tants determines to a large extent their
physical and chemical characteristics
(Kamande et al., 2000).

Ben-Tal (1987) examined how
ethephon’s effect on olive drop could be
improved by means of glycerin. By add-
ing of 1% glycerin to the spraying solu-
tion, evaporation of the solution and dry-
ness of the sprayed tissue were postponed.
The amount of ethephon which penetrated
into the plant tissue was gone up by 345%.

The present study was undertaken to
assess the effects of different glycerin per-
centages which was added into different
ethephon doses on ethephon’s penetration
into fruit tissue of Actinidia deliciosa cv.
Hayward.

Materials and Methods

Kiwifruits (Actinidia deliciosa cv.
Hayward) were obtained from experimen-
tal kiwifruit plantation of Department of
Horticulture, Tekirdag Agricultural Faculty
of Namik Kemal University in Turkey in
2005.

In this study, 500 and 1000 ppm con-
centrations of ethephon (C,H CIO,P, 48%)
were used to enhance kiwifruit harvest
during a very unripe stage (soluble solids
content: 6.9% and kiwifruit firmness: 7 kg).
In order to obtain well ethephon penetra-
tion into kiwifruit tissues and preventing
ethephon evaporation, different percent-
ages (0, 1, 3 and 5%) of glycerin (C,H,O,)
was added into ethephon solution (25+1°C,
5 min for exposure time) (Roberts and
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Tucker 1985). After glycerin added ethe-
phon treatment, polystren package contain-
ers were put into polyethylene bags with
10.5p thickness. Then, they were tightly
closed and stored at 2040.5°C throughout
6 day. After treatment, samples of kiwi-
fruit were taken at 1, 2, 3,4, 5, and 6™ day
at progressive stages of softness for ex-
amining of their characteristics.

After glycerin added ethephon treat-
ments, some criteria such as kiwifruit firm-
ness (kg), soluble solids (%) titratable acid-

ity (mg/100 ml), pH, vitamin ¢ content
(mg/100 g) and sensory evaluation were
daily analyzed and measured during the 6
day.

In the research, it was utilized from 144
polystren package containers containing 8
kiwifruits. Each treatment consisted of 3
replicates of 3 polystren package contain-
ers and all data were subjected to statisti-
cal analyses as completely randomized
blocks with 3 factorial designs (Turan
1995). Variance analysis was performed
by using TARIST software.

Table 1
Kiwifruit firmness, kg
Ethephon dose Time Ethephon
1" day | 2™ day | 3" day | 4™ day | 5" day | 6" day effect
500 ppm 6.47 5.53 4.81 3.56 245 1.67 4.08
1000 ppm 6.32 5.62 4.72 3.38 2.37 1.6 4.00
i Glycerin x time interaction Glycerin
Glycerin dose
1" day | 2™ day | 3" day | 4™ day | 5" day | 6" day effect
Control 6.61 6.03 5.11 4.02 2.78 1.87 4.40c
1% 6.49 5.48 4.77 3.45 2.45 1.66 4.05b
3% 6.23 5.42 4.6 3.15 2.21 1.55 3.86a
5% 6.23 5.36 4.58 3.26 22 1.46 3.85a
% % g 9 Ethephon x glycerin x time interaction Ethephqn X
£ 53 st nd rd th th th .glycer%n
Sl 5] 1"day | 2"day | 3"day | 4 day | 5 day | 6 day | interaction
Control  6.62 6.09 5.14 4.16 2.87 1.87 445
% 1% 6.56 5.37 4.87 3.61 2.5 1.75 4.11
§ 3% 6.42 5.38 4.64 3.18 225 1.57 3.91
5% 6.27 5.29 4.61 3.29 2.19 1.5 3.86
£ Control  6.27 5.97 5.09 3.88 2.69 1.87 4.35
& 1% 6.6 5.59 4.67 3.29 24 1.58 3.99
§ 3% 6.43 5.47 4.56 3.11 2.17 1.53 3.81
- 5% 6.04 5.44 4.55 3.23 222 1.42 3.84
Time effect 6.39f 5.57e 476d 347c 241b 1.63a
**P<0.01 LSDyjycerin: 0.167 LSDjpe: 0.205
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Results and Discussion

Firmness is an important quality at-
tribute in kiwifruit. During ripening, soft-
ening occurs, thus fruit firmness decreases
reaching values of 0.9-1.4 kg. When fruit
reaches 0.9-1.4 kg it is considered ripe or
“ready to eat.” This is the level that kiwi-
fruit will achieve its best eating charac-
teristics (Anonymous, 2006). Among the
averages of glycerin effect for kiwifruit
firmness, the highest value was obtained
from control (4.40 kg) and the lowest val-

ues were 3.86 and 3.85 kg for 3 and 5%
glycerin levels (Table 1).

Concerning averages of time effect,
the highest value was 6.39 kg by 1% day
and the lowest value was 1.63 kg by 6™
day.

In spite of the fact that physiologically
mature and must be left to ripen (conver-
sion of the stored starch into soluble sol-
ids) before consumption, kiwifruit are har-
vested unripe (McGlone et al., 2002).

Our findings from ethephon treatments
showed that soluble solids content in kiwi-

Table 2
Soluble solids of kiwifruit juice, %
Ethephon dose - — - Time m m m Ethephon
1" day | 2day | 3% day | 4" day | 5" day [ 6"day | effect
500 ppm 7.42 8.26 9.78 11.01 12.65 14.2 10.55b
1000 ppm 7.57 8.78 10.33 11.43 13.43 14.64 11.03 a
. Glycerin x time interaction Glycerin
Glycerin dose - — - m m m
1" day | 2day | 3% day | 4" day | 5" day [ 6"day | effect
Control 7.07 7.48 8.7 10.07 12.07 13.55 9.82¢
1% 7.15 8.58 9.72 11.33 13.00 14.35 10.69 b
3% 7.9 9.00 11.00 11.83 13.65 14.92 11.38 a
5% 7.85 9.00 10.82 11.63 13.45 14.87 1127 a
% % 'g 9 Ethephon x glycerin x time interaction Ethephqn X
2 2.8 glycerin
@f| 0 1"day | 2"day | 3™ day | 4" day | 5" day | 6™day | interaction
Control 7.00 7.43 8.53 9.87 11.77 13.43 9.67
é 1% 7.07 8.03 9.17 11.1 12.63 14.27 10.38
1= 3% 7.8 8.63 10.77 11.6 13.27 14.5 11.1
- 5% 7.8 8.93 10.67 11.47 12.93 14.6 11.07
= Control 7.13 7.53 8.87 10.27 12.37 13.67 9.97
& 1% 7.23 9.13 10.27 11.57 13.37 14.43 11.00
§ 3% 8.00 9.37 11.23 12.07 14.03 15.33 11.67
- 5% 7.9 9.07 10.97 11.8 13.97 15.13 11.47
Time effect 749f 852e 10.06d 1122c 13.04b 1442a

**P<0.01 LSDetnephon: 0.193

LSDyycerin: 0273

LSDgime: 0.334
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fruit also increased depending on ethep-
hon doses when compared to results of
other similar studies (Singh and Janes,
2001; Kok and Celik, 2004). Between the
averages of ethephon effect, while the
highest value was 11.03 % for 1000 ppm;
the lowest value became 10.55 % for 500
ppm in our study (Table 2).

From the viewpoint of glycerin effect,
the highest values were respectively ob-
tained from 3 and 5% glycerin levels (as
11.38 and 11.27 %) and the lowest value
was 9.82 % for control.

When the averages of time effect were
examined, it would be seen that the high-
est value 14.42 % by 6" day and the low-
est value was 7.49 % by 1* day.

During the ripening phase of most fruits,
acidity decreases and pH increases, gen-
erally. Matsumoto et al. (1983) also de-
clare that organic acids are metabolized
by the fruit during ripening and storage,
resulting in a decrease in total acidity and
arise in pH.

Titratable acidity can play an important
role in consumer preferences or accep-

Table 3
Titratable acidity of kiwifruit juice, mg/100ml
Ethephon dose Time Ethephon
1" day | 2day | 3% day | 4" day | 5" day [ 6"day | effect
500 ppm 1.81a  1.65bc 1.72b 1.67b  1.57d  1.58cd 1.67
1000 ppm 1.82a 1.70b 1.68b 1.53d  1.59¢cd  1.59cd 1.65
. Glycerin x time interaction Glycerin
Glycerin dose - — - m m m
1" day | 2day | 3% day | 4" day | 5" day [ 6"day | effect
Control 1.86 1.69 1.76 1.68 1.59 1.63 1.70a
1% 1.86 1.63 1.69 1.58 1.58 1.6 1.66ab
3% 1.76 1.72 1.67 1.57 1.55 1.55 1.64b
5% 1.77 1.65 1.67 1.57 1.58 1.56 1.63b
E © 'g o Ethephon x glycerin x time interaction Ethephqnx
g8 o 3 glycerin
= =3 st nd rd th th th . ~
A &) 1"day | 2% day | 3" day | 4 day | 5 day | 6 day | Interaction
Control 1.88 1.65 1.82 1.71 1.61 1.64 1.72
é 1% 1.85 1.63 1.72 1.65 1.54 1.59 1.66
S 3% 1.74 1.71 1.68 1.66 1.54 1.54 1.65
- 5% 1.76 1.61 1.65 1.65 1.57 1.56 1.63
= Control 1.83 1.73 1.69 1.64 1.58 1.63 1.68
& 1% 1.88 1.64 1.66 1.52 1.62 1.61 1.65
§ 3% 1.77 1.73 1.66 1.48 1.55 1.56 1.63
- 5% 1.79 1.69 1.69 1.49 1.6 1.55 1.63
Time effect 1.81a 1.70b 1.67b 1.60c 1.59¢ 1.58¢
**P<0.01 LSDgycerin: 0.043 LSDjime: 0.053  LSDeghephon x time: 7-680
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tance (Crisosto et al., 1997). Depending
on our treatment doses, titratable acidity
also reduced with rising maturity levels of
kiwifruit similar to findings of Crisosto and
Crisosto (2001), Tombesi et al. (1993)
Table 3 show titratable acidity in kiwi-
fruit juice. According to statistical analy-
ses about ethephon effect, the highest value
was 1.67 mg/100ml for 500 ppm and the
lowest value was 1.65 mg/100ml for 1000

As regards glycerin effect, the highest
value was obtained from control (1.70 mg/
100ml) and the lowest values were respec-
tively 1.64 and 1.63 mg/100ml for 3 and
5% glycerin levels.

With respect to time effect, averages
exhibited differences and while the high-
est value was 1.81 mg/100ml by 1* day;
the lowest values became 1.60, 1.59 and
1.58 mg/100ml by 4%, 5% and 6™ day, re-
spectively.

Table 4
pH of kiwifruit juice
Ethephon dose e Ethephon
1"day | 2™day | 3“day | 4" day | 5" day | 6"day effect
500 ppm 3.28¢g 329fg  3.33de 3.29g 3.73bc  3.35c 3.32b
1000 ppm 332ef 332ef 335¢d 340a 3.38bc 3.39ab 3.36a
Glycerin doss Glycerin x time interaction Glycerin
1"day | 2™day | 3“day | 4" day | 5" day | 6"day effect
Control 3.35bc 33ef 3.38ab 3.35bc 3.35bcd 3.36ab 3.35
1% 327f  3.32cde 3.36ab 3.32cde 3.38ab  3.39a 3.34
3% 330ef 3.31de 3.31de 3.36ab 3.38ab  3.38ab 3.34
5% 3.27f 329ef  3.30ef 3.36ab 3.39a  3.37ab 3.33
jg g '§ g Ethephon x glycerin x time interaction E'[;;FC’:;); X
o F 5 1"day | 2™day | 3“day | 4" day | 5" day | 6™day | interaction
g Control ~ 3.39b-f 3.29n-r 3.34g-n 3.25g-t 3.321.q 3.32lq 332
& 1% 323f  3.29o-r 3.36d-k 3.27p-t 3.40a-d 3.38b-g 3.32
3 3%  325rst  3.280-s 3.30l-q 331j-p 3.38b-g 338b-g  3.32
5%  323st 330lq 3.30l-q 3.32l-q 338b-g 3351 331
£ Control ~ 3.31k-p 3.30l-q 3.4lab 348a 3.37b-h 3.39b-f 3.37
& 1% 331k-p 3.34fn 3.37b-? 3.36cj 3.35¢-l1 3.40a-d 3.35
S 3%  335el 334fn  332lp 3.4labc 3.38b-g 338b-g  3.36
- 5% 3.30l-q 3.280-s 3.30l-q 3.39b-f 3.39b-f 3.40a-d 3.35
Time effect 3.30c 3.30c 3.34b 3.35b 3.37a 3.37a

**P<(.01 LsDcthcphon: 0.010
LSDglyccrinx time: 3.625

LSDjpne: 0.018

LSDcthcphon X time* 2.563
LSDCthcphon x glycerin x time : 5 . 126
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pH ranges in most fruits vary in 3 to 5
and its values increase with reduction in
acidity during ripening due to the utiliza-
tion of organic acids during respiration or
their conversation to sugars (Barret et al.
2005).

Between averages of ethephon effect
for pH of kiwifruit juice showed in Table
4, higher value was obtained from 1000
ppm (3.36) than 500 ppm (3.32).

As far as the time effect was con-

Table 5
Vitamin c content of kiwifruit, mg/100 g

cerned, the highest value was 3.37 for 5%
and 6™ day and the lowest one was 3.30
for 1%t and 2™ day.

The highest value of ethephon x time
interaction was obtained from 1000 ppm
(3.40) by 4™ day and the lowest value was
obtained from 500 ppm (3.28) by 1* day.

From the glycerin x time interaction
stand point, the highest value was 3.39 for
5% glycerin by 5" day and the lowest val-
ues were 3.27 for 1 and 5% glycerin lev-
els by 1% day.

Ethephon dose Time Ethephon
1%day | 2™day | 3day | 4"day | 5"day | 6™day effect
500 ppm 125.03ab 125.33ab 124.45b 122.17c 115.87¢ 109.12¢g 120.33
1000 ppm 126.43a 126.57a 123.94b 120.05d 112.86f 106.41h 119.38
Glveerin dose Glycerin x time interaction Glycerin e
1%day | 2™day | 3day | 4"day | 5" day | 6™day ffect
Control 127.31 127.6 126.13 123.35 116.01 110.29 121.78
0.01 125.69 12525 123.64 120.71 112.64 107.95 119.31
0.03 124.81 125.55 123.51 120.27 115.13 107.36 119.44
0.05 125.11 125.4 123.49 120.12 113.67 105.45 118.87
% 2 g o Ethephon x glycerin x time interaction Ethephqn X
28 o é glycerin
m=| 3 1%day | 2™day | 3" day | 4"day | 5" day | 6™day | interaction
Control 127.01  127.31 127.01 12349 117.63 113.23 122.61
g 0.01 12496 124.08 123.2 122.03 114.69 109.71 119.78
S 0.03 12437 12437 12291 120.85 116.16 107.65 119.39
- 0.05 123.79  125.55 124.67 122.32 11499 105.89 119.53
£ Control 127.6 127.89  125.25 123.2 114.4 107.36 120.95
& 0.01 12643 12643 12408 119.39 110.59 106.19 118.85
§ 0.03 12525 126.72 124.11 119.68 114.11 107.07 119.49
- 0.05 126.43 12525 12232 11792 11235 105.01 118.21
Time effect 125.73a 12595a 124.19b 121.11c 114.36d 107.76e
#P<0.01 LSD,cuiy 0997  LSD,gont 0.705 LSDy: 1221

LSDelhephon X time* 1.729
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When ethephon x glycerin x time in-
teraction was examined, it would be seen
that the highest value was 3.48 for control
of 1000 ppm by 4% day and the lowest
value was 3.22 for 500 ppm by 1* day.

Kiwifruit are known for their high vita-
min ¢ content, which is at least twice as
high as that found in oranges (Ferguson
and Ferguson, 2003; Strik, 2005). Ben-Aire
(1981) informs that concentrations of vola-
tile compounds that are associated with

the typical flavor of a ripe fruit also in-
crease and vitamin c¢ content decreases
during kiwifruit ripening. Our results of
vitamin ¢ content agreed with Ben-Aire
(1981) that vitamin c content reduced to-
wards kiwifruit ripening.

When it was given attention to aver-
ages of ethephon effect for vitamin c con-
tent of kiwifruit juice showed in Table 5, it
would be seen that the highest value is
120.33 mg/100 g for 500 ppm and the low-

Table 6
Sensory evaluation for kiwifruit
Ethephon dose Time Ethephon
1 day | 2"day | 3" day | 4™ day | 5" day | 6" day effect
500 ppm 1.02 1.68 2.22 2.65 3.33 4.05 2.49b
1000 ppm 1.02 1.72 2.45 2.82 343 4.3 2.62a
) Glycerin x time interaction Glycerin
Glycerin dose
1 day | 2"day | 3" day | 4™ day | 5" day | 6" day effect
Control 1.00; 1.301 2.03h 2.43g  3.07de 3.9b 2.29¢
1% 1.00; 1.501 2.30g 2.77f 3.17d 4.07b 2.47b
3% 1.03j 2.00h 2.50g  2.87ef  3.63c 4.40a 2.74a
5% 1.03j 2.00h 2.50g 2.87ef  3.67c 4.33a 2.73a
= Qg) 52 Ethephon x glycerin x time interaction Ethephqn
! S x glycerin
m g O = | I™day | 2"day | 3"day | 4" day | 5" day | 6"day |interaction
Control 1.00 1.33 1.93 2.4 3.00 3.8 2.24
g 1% 1.00 1.47 2.27 2.67 3.13 4.00 2.42
OQ‘ 3% 1.00 1.93 2.33 2.73 3.6 4.2 2.63
2 5% 1.07 2.00 2.33 2.8 3.6 4.2 2.67
£ Control 1.00 1.27 2.13 2.47 3.13 4.00 2.33
Iy 1% 1.00 1.53 2.33 2.87 3.2 4.13 2.51
§ 3% 1.07 2.07 2.67 3.00 3.67 4.6 2.84
- 5% 1.00 2.00 2.67 2.93 3.73 4.48 2.8
Time effect 1.02f 1.70e 2.33d 2.73¢ 3.38b 4.16a
**p<0.01 [SD,,m 0.090  LSDg, 0111 SD,_. o022

glycerin®

LSD,pephon: 0-064



The Effects of Glycerin Added Ethephon Treatments on Fruit Characteristics...

299

est value is 119.38 mg/100 g for 1000 ppm.

On the other hand, as to average of
time effect; the highest values were re-
spectively 125.95 and 125.73 mg/100 g for
27 and 1% day and the lowest value was
107.76 mg/100 g for 6™ day.

Consumer preference for kiwifruit is
determined primarily by the sugar—acid bal-
ance with fruit firmness and fruit volatile
content causing a large moderating effect
(Jaeger et al., 2003).

After ethephon treatment, higher
scores in sensory evaluation were obtained
at the end of our study. Concerning glyc-
erin X time interaction, the highest values
were 4.40 and 4.33 for 3 and 5% glycerin
levels by 6™ day and the lowest values
were 1.00 for control and 1% glycerin lev-
els by 1% day (Table 6).

As for ethephon effect, the highest
value was obtained from 1000 ppm (2.62)
than 500 ppm (2.49).

The highest values of glycerin effect
were respectively 2.74 and 2.73 for 3 and
5% glycerin levels.

Regarding time effect, while the high-
est value was 4.16 for 6™ day; the lowest
one was obtained from 1% day (1.02).

Conclusions

The results of present study showed
that 1000 ppm ethephon with glycerin had
remarkable role on ripening and improv-
ing quality characteristics of kiwifruit. 3
and 5% of glycerin were especially found
to be effective on penetration of ethephon
into kiwifruit tissues.
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