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Changes in Ethylene Production During Preharvest Period in
Quince (Cydonia vulgaris L.) and the Use of Ethylene Production to
Predict Harvest Maturity
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Summary

This research was carried out in order to determine
changes in respiration rate, internal ethylene, exter-
nal ethylene, 1-aminocyclopropane-1-carboxylic
acid (ACC) oxidase activity, flesh firmness, fruit co-
lour, sugar (sucrose, glucose and fructose) and or-
ganic acid (citric and malic) during preharvest matu-
rity period in ‘Esme’ and ‘Cukurgobek’ quince culti-
vars and to present the usability level of especially
ethylene production as harvest criterion in quince.
For this reason, fruits were sampled at weekly inter-
vals from 90th day after full bloom till the beginning
of climacteric rise in respiration rate. Either internal
or external ethylene production was fluctuated dur-
ing preharvest period. However, ethylene produc-
tion did not tend to increase sharply while respira-
tion rate was decreasing. Correlation coefficients
and variation between years proved that ethylene
production could not be used as harvest criterion.
Internal ethylene production of ‘Esme’ and ‘Cukur-
gobek’ cultivars were changed between 0.1–1.7 µl l–1
and 0.2–4.7 µl l–1, external ethylene between 0–
1.8 µl kg–1 h–1 and 0–2.4 µl kg–1 h–1, activity of
ACC oxidase enzyme between 0–0.9 µl l–1 and 0–
1.9 µl l–1, respectively. While regular decreases in
flesh firmness of quince fruits during preharvest pe-
riod were observed, increases with fluctuations in
sugar and organic acid content were determined. In
this research, fructose and malic acid were found as
the dominant sugar and organic acid in quince.

Zusammenfassung

Veränderungen der Äthylenproduktion in der
Vorernte-Phase und Verwendung der Äthylen-
produktion zur Bestimmung der Erntezeit-
punkts bei Quitten (Cydonia vulgaris L.). Diese
Untersuchung wurde durchgeführt, um bei Quitten
der Sorten ‘Esme’ und ‘Cukurgobek’ in der Wachs-
tumsperiode vor der Ernte die Veränderungen des
Gehalts an internem und externem Äthylen, der Ak-
tivität der 1-Aminocyclopropan-1-Carboxylsäure
(ACC)-Oxidase, der Atmungsintensität, der Frucht-
fleischfestigkeit, der Fruchtfarbe, der Zucker (Sac-
charose, Glukose und Fruktose) und der organi-
schen Säuren (Zitronensäure, Apfelsäure) herauszu-
finden und insbesondere die Eignung der Äthylen-
produktion als Erntekriterium aufzuzeigen. Für die-
sen Zweck wurden Fruchtproben in einwöchigen
Intervallen ab 90 Tage nach der Vollblüte bis zum
klimakterischen Atmungsminimum der Früchte ent-
nommen. In dieser Zeit wurden bei den Quitten so-
wohl bei der internen als auch bei der externen
Äthylenproduktion Schwankungen beobachtet.
Darüber hinaus konnte im Gegensatz zur Minde-
rung der Atmungsstärke keine signifikante Erhö-
hung der Äthylenproduktion beobachtet werden.
Korrelationsrechnungen und zwischen den Jahren
auftretende Schwankungen zeigen, dass die Äthylen-
produktion bei den Quitten nicht als Erntekriterium
verwendet werden kann. Bei den Quittensorten ‘Es-
me’ und ‘Cukurgobek’ veränderte sich die Äthylen-
produktion intern um 0.1–1.7 µl l–1 bzw. 0.2–
4.7 µl l–1 und extern um 0–1.8 µl kg–1 h–1 bzw. 0–
2.4 µl kg–1 h–1. Die Enzymaktivität der ACC-Oxida-
se veränderte sich um die Werte 0–0.9 µl l–1 und 0–
1.9 µl l–1. Bei den Quitten wurde in der Periode vor
der Ernte eine regelmäßige Abnahme der Flucht-
fleischfestigkeit beobachtet, während in dieser Peri-
ode der Gehalt an Zuckern und organischen Säuren
zunahm. Bei dieser Untersuchung wurden Fructose
und Apfelsäure als der dominierende Zucker bzw.
die dominierende organische Säure in den Quitten-
früchten festgestellt.

Key words.  1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase – citric acid – ethylene production –
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Introduction

Ethylene is a plant hormone that regulates many as-
pects of growth, development and senescence. De-
pending on synthesizing tissue and time, it can be ben-
eficial or harmful to harvested crops. The biosynthesis
pathway of ethylene is S-adenosylmethionine (SAM) →
1-aminocyclopropane-1-carboxylic acid (ACC) → eth-
ylene (ADAMS and YANG 1979). Ethylene biosynthesis
is an aerobic reaction (ABELES 1973). Two key enzymes
of this pathway are ACC-synthase and ACC-oxidase.
Oxygene is required especially for ACC-oxidase activity
(VERVERIDIS and JOHN 1991; KUAI and DILLEY 1992;
ESCRIBANO et al. 1996; KATO and HYODO 1999).

Fruits have been classified as climacteric or noncli-
macteric based on their respiratory behavior during
ripening (BIALE and YOUNG 1981). At the end of
growth, climacteric fruits undergo an increase in respi-
ration accompanied by marked changes in chemical
composition and texture, whereas nonclimacteric fruits
do not show changes in respiration that can be associ-
ated with distinct changes in ripening. In addition, rip-
ening of climacteric fruits is closely associated with a
large increase in ethylene production. The increases in
respiration and ethylene production can be premature-
ly induced in climacteric fruits by treating them with a
suitable concentration of ethylene or other unsaturated
hydrocarbons (BUFLER 1986).

Data on ethylene biosynthesis in apples and pears
during maturation are available. WILKINSON (1963) re-
ported that picking of apples had been caused an earlier
ethylene increase. BURG and BURG (1967) put forward
that an inhibitor limiting ethylene action had been
transported from leaf to fruit. Picking of leaves has giv-
en rise to in ethylene production (SFAKIOTAKIS and
DILLEY 1973). LAU et al. (1986) determined a tree fac-
tor, which delayed ACC accumulation and also pre-
vented ACC transformation to ethylene in ‘Golden De-
licious’ apples on tree. BLANPIED (1980) reported that
internal ethylene levels increased since 138 days after
full bloom in ‘Starkrimson’ apples. BUFLER (1986)
mentioned that transforming ability of ACC to ethyl-
ene slightly increased during maturation in ‘Golden
Delicious’ apples. Similarly, KNEE et al. (1987), GOLIAS
(1992), HARKER and HALLETT (1992), YE and DILLEY
(1992), KLEIN and LURIE (1994), KONDO (1994), SONG
et al. (1997) also reported an increase in ethylene pro-
duction in apples during maturation. But this increase
can be dependent on cultivar, year, temperature and
rootstock (BLANPIED 1984; FALLAHI et al. 1985). MAN-
SOUR et al. (1986) mentioned that beginning in ethylene
production was related with increase in ACC-oxidase
and ACC-synthase activities. KNEE (1984) determined
that increase in ethylene production was 50–100 fold
higher than ACC accumulation in apple tissue. In addi-
tion, KNEE (1985) found that external ACC treatments
of preclimacteric fruits did not increase ethylene pro-
duction but caused earlier climacteric beginning of eth-
ylene production. He also mentioned that this situation
might have been resulted from insufficient amount and
activity of ACC-oxidase enzyme. Other authors report-
ed that cultivar characteristics of internal ethylene con-
centrations and their yearly variations were two signifi-
cant factors in interpreting ethylene measurements
used for determination of apple (CHU 1988) and pear
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(RIZZOLO et al. 1989) ripeness. Quince, pomologically
a pome fruit species, such as apple and pear, has a cli-
macteric respiratory pattern (ANGELOV 1975). It is
widely consumed in Turkey and especially Asian coun-
tries.

The aim of this research was firstly to determine
some biochemical changes in quince during maturation
on tree and secondly to show possible relationships be-
tween ethylene production and some biochemical char-
acteristics and to prove the possibility of use of ethyl-
ene production as criterion for harvest date determina-
tion.

Material and Methods

Plant material 

This research was carried out on ‘Cukurgobek’ and ‘Es-
me’ quince (Cydonia vulgaris L.) cultivars during two
growing periods. Fruits were analyzed for external and
internal ethylene production, 1-aminocyclopro-
pane-1-carboxylic acid (ACC) oxidase activity, respira-
tion rate, fruit flesh firmness, fruit colour, sugar (su-
crose, glucose and fructose) and organic acid (citric and
malic acid) composition of fruit juice during preharvest
period. Fruits were randomly collected at weekly inter-
vals from each-tree replication beginning 90 days after
full bloom till preclimacteric minimum.

Ethylene determination 

For external ethylene determination, fruits were sealed
in 3.2 l glass jars (three fruits per jar) for 1 hour, then
three 1 ml-samples were withdrawn from the head
space. Samples were immediately analyzed with a gas
chromatograph (Shimadzu, Japan Model 14 B, Integra-
tor CR 2A). Results were calculated as µl kg–1 h–1
based on external standard (GUSSMANN et al. 1993;
BAUCHOT et al. 1995; TIAN et al. 1997). For internal
ethylene analysis, gas samples taken from core spaces
of fruits as dipped in water were injected to gas chro-
matograph (BANGERTH 1978; LAU and YASTREMSKI
1991; LARRIGAUDIERE et al. 1996). For ethylene separa-
tion, 1 m stainless steel column and filled with activated
alumina and flame ionization detector were used. Col-
umn, detector and injection temperatures were 100 °C,
120 °C and 100 °C, respectively.

ACC-Oxidase activity 

3 g fruit skin from equatorial region were incubated
firstly in 0.1 nM ACC and 10 mM Mes (pH 6.0) solu-
tion for five seconds and then transferred in tight 50 ml
syringe for 30 minutes. 1 ml gas sample taken from the
syringe were injected in gas chromatograph. ACC-oxi-
dase activity converting ACC to ethylene was expressed
as µl l–1 (BUFLER 1986).

Respiration rate 

Respiration rate was determined by measuring CO2
concentrations in jars. CO2 was digitally monitored
with Servomex PA 404 infra-red gas analyser and res-
piration rate was calculated as ml CO2 kg–1 h–1.



214 Tuna Gunes: Changes in Ethylene Production in Quince
Fruit flesh firmness and fruit colour

Fruit flesh firmness was measured by Effegi penetrom-
eter with 7.8 mm plunger. Measurements were done on
three sites of equatorial region of fruits. Fruit flesh
firmness was read in kg and then converted to Newton
(N) (BUFLER 1984; BLANKENSHIP et al. 1997). Fruit co-
lour was measured with a Minolta CR-200 Chromo
Meter (Minolta Camera Co., Osaka, Japan) in L* a* b*
colour space coordinates and then converted to hue
angle values (MCGUIRE 1992).

Determination of sugars 

Sugar analysis was performed on fruit juices extracted
from ten fruits for each replication. Fruit juices, filtered
by 0.2 µm Millipore filters, were injected to high pres-
sure liquid chromatograph (Bio Rad Model 2800) con-
nected with a refractive index detector (Bio Rad, Model
1755). Aminex column (Bio Rad, HPX-87C) and dou-
ble deionize ultra pure water were used to separate the
sugars. Column temperature and mobile phase flow
rate were applied as 80 °C and 0.6 ml min–1, respec-
tively (ANONYMOUS 1995).

Determination of organic acids

Organic acids were also determined in fruit juice. In or-
der to eliminate phenolic compounds, fruit juice was
firstly filtered with C18 cartridge (Waters WAT 051910),
then sample of 20 µl was injected to high pressure liq-
uid chromatograph fitted with Aminex column (Bio
Rad, HPX-87H) at 35 °C. 0.008 N H2SO4 was used as

Table 1. Changes in respiration rate, internal and external ethy
‘Cukurgobek’ cultivars.

Days 
after full 
bloom

Respiration rate
(ml CO2 kg–1 h–1)

Internal ethylene pro
(µl l–1)

Year ‘Esme’ ‘Cukurgobek’ ‘Esme’ ‘Cukurgo

90 14.4 15.1 0.3 bx By 1.4 bc 
97 9.6 7.5 1.7 a B 4.7 a A

104 11.2 8.2 1.1 ab B 1.6 b A
111 8.8 11.1 0.3 b B 0.2 c A

1996 118 8.0 9.5 0.4 b B 1.0 bc 
125 6.1 4.8 1.0 ab B 0.7 bc 
132 4.4 7.6 1.1 ab B 0.9 bc 
139 4.8 – 1.5 ab –

90 20.4 20.1 0.1 cx Ay 0.2 b A
97 17.4 17.2 0.1 c A 0.2 b A

104 17.6 15.3 0.2 bc A 0.2 b A
111 17.2 15.0 1.1 a A 1.3 a A

1997 118 10.3 8.9 0.6 abc B 1.3 a A
125 10.5 8.3 0.6 abc A 0.4 b A
132 9.7 8.0 0.4 bc B 1.3 a A
139 3.4 – 0.4 bc –
146 8.5 – 0.7 ab –

x,y Letters in lower case and capital show vertical and horizontal com
z NS: Non significant at p≤0.05 error level.
the mobile phase at 0.6 ml min–1 flow rate (ANONY-
MOUS 1995). Readings were done with UV visible de-
tector (Bio Rad Model 1806) at 210 nm wavelength.

Experimental design and statistical analysis

This research was based on completely randomized ex-
perimental design with three replications. 10 fruits were
used in each replication for quality determinations.
Analysis of variance as General Linear Model was per-
formed in Minitab Statistical software (MINITAB Inc.
814-238-3280 WS 112102553) at P=0.05 error level.
Significant differences among means were determined
in MSTAT-C statistical software by Duncan Test
(p≤0.05). For examining of relationships among pa-
rameters, correlation coefficients were calculated by
“Pearson Correlation Test” in Minitab software.

Results and Discussion

Changes in respiration rate, internal ethylene, external ethyl-
ene, ACC-Oxidase activity

While respiration rate changed moderately in early sam-
pling times, it decreased towards late sampling times.
Preclimacteric minimum was determined on 132 days af-
ter full bloom in ‘Esme’ and on 125 days after full bloom
in ‘Cukurgobek’ (Table 1). For long-term storage, it has
been reported that climacteric fruit species such as apple,
pear and quince must be harvested in ripening stage of
climacteric minimum (ABELES 1973; KADER 1992).
This stage occurred in respiration rate 132 and 139

lene and ACC-oxidase activity of quince fruits of ‘Esme’ and

duction External ethylene production 
(µl kg–1 h–1)

ACC-Oxidase activity
(µl l–1)

bek’ ‘Esme’ ‘Cukurgobek’ ‘Esme’ ‘Cukurgobek’

A 0.1 a NS z 0.8 ab NS 0.0 c B 1.4 ab A
1.8 a NS 1.7 ab NS 0.4 bc B 1.4 ab A
1.2 a NS 2.4 a NS 0.3 bc B 1.5 ab A
0.1 a NS 0.1 b NS 0.1 c B 1.7 ab A

A 0.9 a NS 0.7 ab NS 0.2 c B 1.3 b A
A 0.9 a NS 2.4 a NS 0.4 bc B 1.9 a A
A 0.8 a NS 1.8 ab NS 0.8 ab B 1.3 b A

1.2 a – 0.9 a –

0.0 c A 0.0 b A 0.0 d A 0.0 d A
0.0 c A 0.0 b A 0.0 d A 0.1 cd A
0.2 c A 0.1 ab A 0.3 b A 0.2 bc A
0.6 bc A 0.2 ab A 0.2 b A 0.1 cd A
0.4 bc A 0.2 ab A 0.5 a A 0.3 ab B
1.0 b A 0.3 ab B 0.3 b A 0.1 cd B
0.2 c A 0.7 a A 0.2 bc B 0.4 a A
0.5 bc – 0.1 cd –
1.7 a – 0.3 b –

parisons at p≤0.05 error level, respectively.
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days after full bloom in ‘Esme’ and 125 and 132 days
after full bloom in ‘Cukurgobek’ depending on the
years, respectively. It has been thought that the differenc-
es observed between the years arised from the differences
in accumulated heat units of each year. Accumulated heat
units were calculated as 2113 day-degree for the first, and
1892 day-degree for the second year, respectively. Based
on these findings, it is possible to say that ‘Cukurgobek’
is one week earlier ripe cultivar than ‘Esme’.

Internal ethylene production of both quince culti-
vars did not show regular changes in both years. In the
first year, ‘Esme’ had the highest internal ethylene pro-
duction as 1.7 µl l–1 on 97 days after full bloom, but
this value was in the same statistical group with the val-
ue (1.1 µl l–1) determined at the preclimacteric mini-
mum in respiration rate. In the second year, the highest
internal ethylene production in ‘Esme’ was determined
on 111 days after full bloom as 1.1 µl l–1 and this
amount was statistically lower than that at preclimacter-
ic minimum. Similar findings were also observed in
‘Cukurgobek’ cultivar for the first year. In the second
year, internal ethylene production at preclimacteric
minimum (1.3 µl l–1) was the same as on 111 and 118
days after full bloom. Differences between the cultivars
based on internal ethylene production were observed
in the samples of 118 and 132 days after full bloom in
the second year only. ‘Cukurgobek’ fruits had mostly
higher internal ethylene values than ‘ Esme’ fruits
(Table 1). REID et al. (1973) also reported that there
were big variations in internal ethylene production of
apples taken before climacteric minimum. Similarly,
HARKER and HALLETT (1992) determined internal eth-
ylene levels as 0.7 µl l–1 in greenish fruits and as
14.9 µl l–1 in yellowish fruits picked from the same tree
in ‘Braeburn’ apple cultivar at the same sampling time.

External ethylene production of both quince culti-
vars showed fluctuations in both years. In the first year,
external ethylene production changed between 0.1 and
1.8 µl kg–1 h–1 in ‘Esme’ fruits and no significant dif-
ference in external ethylene production was observed
among the sampling times. In the second year, howev-
er, highest external ethylene production occurred on
146 days after full bloom, one week after climacteric
minimum in respiration rate. Moreover, external ethyl-
ene production showed big fluctuations between other
sampling times. In ‘Cukurgobek’ cultivar, external eth-
ylene production values were measured between
0.1 µl kg–1 h–1 on 111 days after full bloom and
2.4 µl kg–1 h–1 on 104 and 125 days after full bloom in
the first year. In the second year, this cultivar showed
moderately increase in external ethylene production
and this parameter reached the maximum value
(0.7 µl kg–1 h–1) at 132 days after full bloom, in climac-
teric minimum. Significant differences between culti-
vars were not observed with the exception of the sam-
ples from 125 days after full bloom in the second year.
BLANPIED and LITTLE (1991) reported that apple fruits
developed from earlier blooming flowers were more
ripe than that developed from later flowers. Blooming
in quince periodically occurred as in apple and pear.
This could be the reason that higher internal and exter-
nal ethylene amounts were determined at early sam-
pling times as result of more ripe fruits. However, in
this study we could not observe a strong parallel be-
tween ethylene and respiration rate climacteric in-
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crease. But big variations between cultivars, sampling
times and years were observed. WILKINSON (1963),
BLANPIED (1984), CHU (1988) and YE and DILLEY
(1992) did not observe an ethylene peak during prehar-
vest period in apples. In addition, RUAN et al. (2000)
also reported that the ACC content in preharvested
fruits was high, but ethylene production was not de-
tected in pear fruits during development. Moreover,
CHENG and HE (1993) determined an earlier ethylene
peak in ‘YaLi’ pear cultivar, but not in ‘SuLi’ cultivar
during preharvest period. In our research, changes in
ACC-oxidase activity were not stable. In ‘Esme’ culti-
var, the highest activity was observed with respiratory
climacteric minimum in the first year. But in the second
year, the highest value was measured on 118 days after
full bloom as 0.5 µl l–1 and later it tended to decrease.
In ‘Cukurgobek’ cultivar, ACC-oxidase activity
changed between 1.3 (118 and 132 days after full
bloom) and 1.9 µl l–1 (125 days after full bloom) with-
out big variations between sampling times in the first
year. In the second year, however, the highest value
(0.4 µl l–1) was measured in preclimacteric minimum in
respiration rate (132 days after full bloom). Although
‘Cukurgobek’ showed higher ACC-oxidase activities
than ‘Esme’ in the first year, it had lower values for the
samples of 118 and 125 days after full bloom in the sec-
ond year. YE and DILLEY (1992) determined increase in
ACC-oxidase activity of ‘Paulared’, ‘Law Rome’ and
‘Empire’ apple cultivars when internal ethylene levels
reached 0.1 µl l–1. But we could not find similar chang-
es in ACC-oxidase activity when fruits were attached to
the tree. In contrast, we observed a little increase at the
last sampling times in ‘Esme’ cultivar for both years.
This may mean that enzyme activity has increased by
progressing of ripening on the tree in this cultivar. Fur-
thermore, similar findings were obtained in ‘Cukur-
gobek’ only for the second year.

Fruit flesh firmness and fruit colour

Flesh firmness and colour values decreased towards
harvest period in both cultivars and years (Table 2).
These findings are consistent with a lot of researches
that mentioned reduced fruit flesh firmness of climac-
teric fruits during ripening (HAMMET et al. 1977; CHEN
and MELLENTHIN 1982; FALLAHI et al. 1985; YE and
DILLEY 1992). Decreasing fruit colour hue values indi-
cates change in fruit colour from green to yellow
(MCGUIRE 1992). It has been well known that decrease
in fruit colour hue values resulted from chlorophyll de-
composition during maturation (GORSKI and CREASY
1977; LAU et al. 1986). Our results show that ‘Esme’
has more greenish fruits than ‘Cukurgobek’, which
confirms our finding that ‘Cukurgobek’ fruits reach the
respiratore minimum earlier than ‘Esme’ fruits.

Sucrose, glucose and fructose composition

Sucrose content of quince fruits generally tended to in-
crease towards climacteric minimum (Table 3). In the
first year, sucrose increased from 1.1 g 100 ml–1 on 90
days after full bloom up to 3.4 g 100 ml–1 on 132 days
after full bloom at climacteric minimum in ‘Esme’
fruits. In the second year, the same sucrose concentra-
tion was measured on 139 days after full bloom. Su-
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crose content of ‘Cukurgobek’ was found as
2.5 g 100 ml–1 and 1.6 g 100 ml–1 at respiratory climac-
teric minimum in the first and in the second year, re-
spectively. In both years, differences in sucrose content
among cultivars were not significant.

Glucose content followed more stable changes in
both cultivars (Table 3). In ‘Esme’, the highest values

Table 2. Changes in fruit flesh firmness and fruit colour of qui

Year Days 
after full bloom

Fruit flesh firmnes
‘Esme’ ‘Cukurg

90 – –
97 – –

104 – 105.4 a
1996 111 – 103.4 a

118 108.3 ax Ay 91.4 b
125 113.0 a A 94.9 a
132 91.2 b A 70.2 c
139 81.4 c –

90 – –
97 – 125.2 a

104 124.2 ax Ay 110.2 b
111 106.4 b A 80.7 c

1997 118 96.5 c A 74.1 c
125 94.8 c A 73.8 c
132 82.2 d A 58.5 d
139 72.1 e –
146 69.5 e –

x,y Letters in lower case and capital show vertical and horizontal com

Table 3. Changes in sucrose, glucose and fructose composition

Year Days 
after full bloom

Sucrose (g 100 ml–1)
‘Esme’ ‘Cukurgobek’ ‘E

90 1.1 cx Ay 1.0 bc A 2.
97 1.2 bc A 0.8 c A 3.

104 1.4 bc A 1.6 b A 1.
1996 111 2.0 b A 1.6 b A 3.

118 2.8 a A 2.8 a A 2.
125 3.2 a A 2.5 a A 4.
132 3.4 a A 3.1 a A 7.
139 2.9 a – 3.

90 0.3 ex Ay 0.0 c A 1.
97 0.3 e A 0.3 bc A 0.

104 0.7 de A 0.9 b A 1.
111 0.8 cde A 0.8 b A 1.

1997 118 3.0 a A 2.3 a A 4.
125 1.7 b A 1.7 a A 3.
132 1.4 bcd A 1.6 a A 1.
139 3.4 a A – 5.
146 1.5 bc A – 3.

x,y Letters in lower case and capital, show vertical and horizontal com
were obtained at respiratory climacteric minimum as
7.4 g 100 ml–1 and 5.8 g 100 ml–1, in the first and sec-
ond years, respectively. In ‘Cukurgobek’ fruits, glucose
content (4.8 g 100 ml–1) at respiratory climacteric min-
imum was in the same statistical group with the value
of 132 days after full bloom (5.4 g 100 ml–1). Although
in the second year the highest glucose content

nce fruits of ‘Esme’ and ‘Cukurgobek’ cultivars.

s (N) Fruit colour (Hueo)
obek’ ‘Esme’ ‘Cukurgobek’

118.8 a A 115.9 a B
116.9 a A 114.2 a B
116.1 a A 110.5 a B

b 114.9 a A 110.2 a B
 B 110.1 ab A 104.4 ab B
b B 108.8 ab A 103.1 b B
 B 106.4 b A 100.9 b B

101.3 b –

118.5 a A 116.9 a A
 B 117.5 a A 115.4 a A
 B 116.6 ab A 109.7 ab B
 B 115.2 ab A 108.9 ab B
 B 113.5 ab A 106.4 ab B
 B 107.5 c A 94.7 c B
 B 109.3 bc A 103.3 bc B

104.4 c –
103.2 c –

parisons at p≤0.05 error level, respectively.

s of quince fruits of ‘Esme’ and ‘Cukurgobek’ cultivars.

Glucose (g 100 ml–1) Fructose (g 100 ml–1)
sme’ ‘Cukurgobek’ ‘Esme’ ‘Cukurgobek’

3 de A 3.2 bc A 3.6 e A 4.6 c A
0 cd A 3.6 b A 4.9 de A 5.8 bc A
9 e A 2.4 c A 3.7 e A 5.4 bc A
0 cd A 3.0 bc A 7.5 bc A 6.6 bc A
3 de A 2.9 bc A 6.6 cd A 7.3 b A
6 b A 4.8 a A 8.4 bc A 9.2 a A
4 a A 5.4 a B 10.5 a A 9.8 a A
5 c – 8.9ab –

2 c A 2.1 b A 1.2 d A 1.5 c A
5 c B 2.2 b A 1.5 d A 2.5 c A
2 c A 2.7 b A 1.6 d A 2.9 c A
8 c A 3.1 ab A 2.1 d A 3.2 c A
2 b A 4.6 a A 7.7 a A 8.9 a A
7 b A 3.0 ab A 5.9 abc A 5.4 b A
9 c B 3.7 ab A 4.2 c B 7.1 b A
8 a – 6.8 ab –
6 b – 5.0 bc –

parisons at p≤0.05 error level, respectively.
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(4.6 g 100 ml–1) was determined on 118 days after full
bloom, two weeks before respiratory climacteric mini-
mum, this value was in the same statistical group with
the values of 111, 125, 132 days after full bloom. Statis-
tical differences were observed between the cultivars
only for the values of 132 days after full bloom in both
years.

In ‘Esme’, the highest fructose content
(10.5 g 100 ml–1) was determined at respiratory climac-
teric minimum (132 days after full bloom) in the first
year (Table 3). But the highest values (7.7 g 100 ml–1)
were reached on 118 days after full bloom in the sec-
ond year. In ‘Cukurgobek’, the highest fructose con-
tents were obtained on 132 days after full bloom and
on 118 days after full bloom, in the first and second
year, respectively.

The results of this research indicate that sugar con-
tent of quince cultivars increased towards respiratory
climacteric minimum but this increase was not stable
and showed some fluctuations. OZDEMIR (1993) also
reported that soluble solid content increased during
preharvest period of ‘Esme’ quince cultivar. Similarly,
BERÜTER (1985) and ACKERMANN et al. (1992) deter-
mined that sucrose content in apples increased towards
respiratory climacteric minimum. However, this in-
crease did not occur in glucose content, because glu-
cose concentration tended to be mostly stable in ap-
ples. CHONG et al. (1972), FOURIE et al. (1991) and
FULEKI et al. (1994) described fructose as the dominant
sugar in various apple cultivars.

Citric and malic acid composition

In the first year, citric acid content increased with fluc-
tuations (Table 4). In ‘Esme’ fruits, the highest citric
acid level was determined on 97 days after full bloom

Table 4. Changes in citric and malic acid compositions of quin

Year Days 
after full bloom

Citric acid (mg 100 ml–1)
‘Esme’ ‘Cukurgobek

90 31.3 cx Ay 22.8 b B
97 51.1 a A 35.6 b B

104 43.0 b A 42.4 a B
1996 111 48.5 ab A 45.3 a B

118 48.9 ab A 46.0 a B
125 44.9 ab B 52.0 a A
132 45.7 ab B 55.8 a A
139 46.3 ab –

90 11.3 cx Ay 22.8 c A
97 16.5 c B 33.2 c A

104 18.2 c B 46.0 b A
111 33.5 b B 47.0 b A

1997 118 39.0 ab A 46.3 b A
125 45.7 ab A 55.3 ab A
132 43.6 ab B 64.5 a A
139 37.0 ab –
146 50.0 a –

x,y Letters in lower case and capital show vertical and horizontal com
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as 51.1 mg 100 ml–1 but this value was not significantly
different from most of the other values. In the second
year, citric acid content of ‘Esme’ increased up to
45.7 mg 100 ml–1 at 125 days after full bloom and de-
creased during the following two weeks, but it in-
creased again at the last sampling date up to
50.0 mg 100 ml–1. In ‘Cukurgobek’, significant higher
citric acid levels composed to ‘Esme’ were recorded
mainly in the second half of the sampling period of the
first year and in the entire period of the second year.
The highest value (64.5 mg 100 ml–1) was recorded at
the last sampling date in the second year.

Malic acid content of ‘Esme’ fruits increased mod-
erately up to 132 days after full bloom and reached
593.3 mg 100 ml–1 in the first year (Table 4). This in-
crease was remarkable high in the samples of 139 days
after full bloom when, 709.5 mg 100 ml–1 malic acid
was recorded. In the second year, the malic acid con-
centration increased during all sampling dates and the
highest increment (831.1 mg 100 ml–1) was measured
again at the end of the sampling period. The malic acid
content of ‘Cukurgobek’ fruits increased up to 125
days after full bloom. At this date this substance had
reached its highest value (789.3 mg 100 ml–1) and was
determined as statistically lower (520.7 mg 100 ml–1) at
the last sampling date of the first year. In the second
year, increase in malic acid content of this cultivar was
slowly changed during earlier sampling dates but in-
creased more rapidly after 104 days after full bloom up
to the significant highest concentrations at the last two
sampling times as 574.1 mg 100 ml–1 and 625.1 mg
100 ml–1, respectively. Differences between the cultivars
in the malic acid content occurred on 125 days after full
bloom in the first and on 118 and 125 days after full
bloom in the second year, respectively. At these sampling
dates, ‘Esme’ had generally lower malic acid content.

ce fruits of ‘Esme’ and ‘Cukurgobek’ cultivars.

Malic acid (mg 100 ml–1)
’ ‘Esme’ ‘Cukurgobek’

251.3 d A 227.8 d A
292.2 cd A 270.8 cd A
384.4 c A 337.7 c A
493.3 b A 442.7 b A
551.7 b A 538.0 b A
572.3 b B 789.3 a A
593.3 b A 520.7 b A
709.5 a –

228.1 f A 165.0 e A
327.9 e A 230.2 de B
346.2 e A 293.0 d A
437.3 d A 429.3 c A
446.7 d B 533.6 b A
497.4 cd B 574.1 ab A
564.4 c A 625.1 a A
645.1 b –
831.1 a –

parisons at p<0.05 error level, respectively.
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It can be concluded from the results that malic acid
is the dominant organic acid in quince fruit with more
than ten fold higher concentration than citric acid. The
values of the last sampling times are much higher than
those of the beginning, what means, that malic acid
shows a sharp increase in quince. Consistent with our
results, OZDEMIR (1993) reported also, that the titrat-
able aciditiy in ‘Esme’ increased during preharvest pe-
riod.

Relationships among quality and ripening criteria

In correlation calculations, it was determined that the
internal ethylene level was positively correlated with

Table 5. Correlation coefficients among quality and ripening cr

Days 
after full 
bloom

Internal 
ethylene 
(µl l–1)

External 
ethylene 

(µl
kg–1h–1)

ACC-O 
activity
(µl l–1)

R
tio
(m
kg

Internal ethylene (µl l–1) 0.250
External ethylene 
(µl kg–1 h–1)

–0.201 0.303

ACC–O activity (µl l–1) 0.802* 0.595* –0.147
Respiration rate 
(ml CO2 kg–1 h–1)

–0.869* –0.292 –0.166 –0.721*

Fruit flesh firmness (N) –0.876* 0.537* –0.421* –0.891*
sFruit colour (Hueo) –0.970* –0.328 0.169 –0.829*
Sucrose (g 100 ml–1) 0.862* 0.112 –0.338 0.588* –
Glucose (g 100 ml–1) 0.611* 0.274 –0.066 0.601* –
Fructose (g 100 ml–1) 0.881* 0.187 –0.238 0.691* –
Citric acid 
(mg 100 ml–1)

0.349 0.228 0.053 0.311 –

Malic acid 
(mg 100 ml–1)

0.967* 0.157 –0.184 0.678* –

Qu

Days 
after full 
bloom

Internal 
ethylene
(µl l–1)

External 
ethylene 

(µl
kg–1 h–1)

ACC-O 
activity
(µl l–1)

R
tio
(m
kg

Internal ethylene (µl l–1) –0.471*
External ethylene 
(µl kg–1 h–1)

0.149 0.184

ACC–O activity (µl l–1) 0.069 –0.190 –0.037
Respiration rate 
(ml CO2 kg–1 h–1)

–0.662* –0.115 –0.317 –0.134

Fruit flesh firmness (N) –0.817* 0.055 –0.084 0.369
Fruit colour (Hueo) –0.965* 0.460* –0.193 –0.004
Sucrose (g 100 ml–1) 0.845* –0.413 0.115 0.033 –
Glucose (g 100 ml–1) 0.590* –0.005 0.180 0.219 –
Fructose (g 100 ml–1) 0.806* –0.215 0.178 0.185 –
Citric acid 
(mg 100 ml–1)

0.934* –0.362 0.267 0.052 –

Malic acid 
(mg 100 ml–1)

0.797* –0.487* 0.129 0.230 –

* correlation coefficients significant at p ≤ 0.05 error level.
ACC-oxidase activity and fruit flesh firmness for ‘Es-
me’ fruits in the first year (Table 5). Otherwise, in the
second year, internal ethylene production was positive-
ly related with external ethylene production and citric
acid concentration in this cultivar (Table 6). While ex-
ternal ethylene production was negatively correlated
with fruit flesh firmness in the first year, similar corre-
lation coefficients were not determined in the second
year. However similar significant correlation coeffi-
cients could be observed for other criteria for example
respiration rate with fruit flesh firmness (0.672, 0.865),
fruit colour (0.816, 0.859), malic acid concentration (–
0.820, –0.803); fruit flesh firmness with fruit colour
(0.833, 0.886), fructose concentration (–0.576, –0.486)

iteria in quince cultivars in the first year. 

Quince cultivar ‘Esme’
espira-
n rate 
l CO2 

–1 h–1)

Fruit 
flesh 

firmness
(N)

Fruit 
colour 
(Hueo)

Sucrose
(g 100
ml–1)

Glucose
(g 100
ml–1)

Fructose
(g 100
ml–1)

Citric 
acid

(mg 100
ml–1)

0.672*
0.816* 0.833*
0.712* 0.105 –0.813*
0.631* –0.226 –0.548* 0.693*
0.799* –0.486* –0.819* 0.885* 0.819*
0.485* 0.087 –0.275 0.275 0.122 0.349

0.820* –0.776* –0.930* 0.835* 0.485* 0.838* 0.354

ince cultivar ‘Cukurgobek’

espira-
n rate 
l CO2 

–1 h–1)

Fruit 
flesh 

firmness
(N)

Fruit 
colour 
(Hueo)

Sucrose
(g 100
ml–1)

Glucose
(g 100
ml–1)

Fructose
(g 100
ml–1)

Citric 
acid

(mg 100
ml–1)

0.436*
0.637* 0.718*
0.415* –0.585* –0.889*
0.602* –0.535* –0.555* 0.574*
0.650* –0.422* –0.814* 0.849* 0.859*
0.673* –0.836* –0.877* 0.726* 0.431 0.682*

0.679* –0.279* –0.754* 0.356 0.356 0.538* 0.757*
Europ.J.Hort.Sci. 5/2003



Tuna Gunes: Changes in Ethylene Production in Quince 219
and malic acid concentration (–0.776, –0.897) in the
first and second year, respectively.

Similar findings were obtained from ‘Cukurgobek’
fruits (Table 5 and 6). In the first year, internal ethylene
level was positively correlated with only fruit colour but
negatively correlated with malic acid concentration.
However external ethylene production and ACC-oxi-
dase activity were related none of the all studied crite-
ria. In the second year, while positive correlations were
determined among internal ethylene, external ethylene
and ACC-oxidase activity, negative relationships were
determined between respiration rate and these ripening
criteria. In both years, fruit flesh firmness was positive-
ly correlated with fruit colour (0.718, 0.478) and nega-

Table 6. Correlation coefficients among quality and ripening cr

Days 
after full 
bloom

Internal 
ethylene 
(µl l–1)

External 
ethylene 

(µl
kg–1 h–1)

ACC-O 
activity
(µl l–1)

Re
tio
(m
kg

Internal ethylene (µl l–1) 0.341
External ethylene 
(µl kg–1 h–1)

0.216 0.685*

ACC-O activity (µl l–1) 0.359 0.282 0.209
Respiration rate 
(ml CO2 kg–1 h–1)

–0.888* –0.098 0.022 –0.353

Fruit flesh firmness (N) –0.963* 0.048 0.091 0.204 0
Fruit colour (Hueo) –0.952* –0.272 –0.139 –0.215 0
Sucrose (g 100 ml–1) 0.604* 0.246 –0.024 0.417* –0
Glucose (g 100 ml–1) 0.657* 0.124 –0.021 0.325 –0
Fructose (g 100 ml–1) 0.684* 0.255 –0.096 0.502* –0
Citric acid 
(mg 100 ml–1)

0.818* 0.449* 0.338 0.483* –0

Malic acid 
(mg 100 ml–1)

0.953* 0.316 0.279 0.336 –0

Qu
Days af-
ter full 
bloom

Internal 
ethylene
(µl l–1)

External 
ethylene 

(µl
kg–1 h–1)

ACC-O 
activity
(µl l–1)

Re
tio
(m
kg

Internal ethylene (µl l–1) 0.590*
External ethylene 
(µl kg–1 h–1)

0.813* 0.564*

ACC-O activity (µl l–1) 0.614* 0.441* 0.616*
Respiration rate 
(ml CO2 kg–1 h–1)

–0.904* –0.416* –0.600* –0.602*

Fruit flesh firmness (N) –0.933* –0.750* –0.756* –0.411 0
Fruit colour (Hueo) –0.687* –0.206 –0.396 –0.257 0
Sucrose (g 100 ml–1) 0.794* 0.501* 0.419 0.575* –0
Glucose (g 100 ml–1) 0.631* 0.594* 0.391 0.351 –0
Fructose (g 100 ml–1) 0.777* 0.637* 0.537* 0.508* –0
Citric acid 
(mg 100 ml–1)

0.909* 0.492* 0.707* 0.524* –0

Malic acid 
(mg 100 ml–1)

0.956* 0.653* 0.714* 0.614* –0

* correlation coefficients significant at p≤0.05 error level.
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tively correlated with all sugar and organic acid concen-
tration in ‘Cukurgobek’. In addition fruit colour was
found as negatively correlated all sugar and organic
acid concentration.

All findings have shown that ethylene production
can be a determination factor for ripening, but may not
be used as harvest criterion because of big variation be-
tween the years in quince fruits.
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