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Abstract
'Sceptar' red raspberries were harvested at salmon red maturity stage, treated with O or 1 % ethephon
and stored at 20, 11 and O "C for 2-15 days. Fresh mass, firmness, soluble solids content, pH, titratable
acidity and anthocyanin content were measured
during storage. Storage untreated fruit at 11 or 20 "C
enhanced ripening while ethephon-treated fruit differed very little compared to the control. Storage of
control fruit at O "C delayed ripening; ethephon-treated fruit ripened earlier. Firmness and fruit mass
decreased and anthocyanin content increased compared to the control. The soluble solids content
untreated or ethephon-treated and storedat O "C fruit, was not increased above the harvest level.
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2.

AND METHODS

'Sceptar' red raspberries grown at Chania-Greece wereharvested at salmon red
color during August. The fruit were screened for uniformity and sprayed with 600
mg L-' benomyl, followed by O
1 % ( V N ) ethephon (30 fruit per treatment). The
berries were then placed in
jars, inside covered with wet filter paper to keep the
relative humidity athigh levels.Jars,
six pertreatment,were
placed at storage
temperatures of O and 1 1
The fruit were removed from storage three times (3,
7, 1O and 15 days). Additional fruit were held at 20 "C for O, 0.5, 1.O and 1.5
days. The following parameters were measured in 1O fruit-replicates: Firmness was
measured on every fruit using a Correx penetrometer equipped with-a flat 17 mm
tip. Total soluble solids were measured from juice samples using an ATAGO hand
juice ratio wasused for pHandtitratable
acidity
refractometer. A 1:lfruitto
measurementsusing a 702 SM Titrino automatic titrator topH 8.2 with 0,l N
NaOH (expressed in g
of citric acid). Totalanthocyaninsweredetermined
according to Torre and Baritt (1 977), in 1O
acidified ethanol following
homogenization, filtrationanddilution to 100 mL. Absorbance was measuredat
512 nm using a HewlettPackard
8452A spectrophotometer. Theresultswere
expressed in mg cyanidin-3-galctoside per 1O0 g fresh fruit mass.

-'

LDS of ripening data were obtained using the SAS statistical system.

RESULTS
Eff!ects of temperafure.

Average fruit mas5 at harvest was 2.4 g (Fig. 3A) and reduced to <2.6 g after 1.5
days at 20 O C storage. Average fruit mass gradually reduced to 1.9 and 1.6 g on
1 , 2A).Fruitfirmness at
the 15th day of O and 11 "C storage,respectively(Fig.
harvest was 420 g. During storage at O "C firmness remained constant for 10 day
and reduced to 400 g on the 15th day (Fig. 1A). Firmness of red raspberries held at
11 "C reduced drastically (by 1O0 g) during the first days reaching to 220 g at the
end of the experiment (Fig. 2A). Fruit stored at 20 "C lost their initial firmness within
1.5 days. TSS at harvest was 6.0 % and remained unchanged during storage at
"C (Fig. 1C) while it increased to 7.5 and 8.3 % at 11 and 20 "C, respectively (Fig.
2,
Juice pH remained unchanged the first 7 d of O "C storage, increasing to
3.15 thereafter(Fig. 1D). pH of red raspberryjuice during storage at 11 "C
increased to 3.1 7 (Fig. 2D); No change was recorded during 20 "C storage (Fig.
3D). Juice pH remained unchanged the first 7 d of O "C storage, increasing to 3.1 5
thereafter (Fig. 1
TA of red raspberry juice showed only a slight decrease (from
11.5 to 11.2 g
during storage at O or 11 "C (Fig. l,2A) and a higher increase
(from 1.5 to 10.7 g L-') in fruit stored at 20 "C (Fig. 3A.

L')

Anthocyanincontent at harvestwas 6 mg 100 g-' and slightlyincreased during
storageof berries at O "C (Fig. 1
Berry anthocyanincontentincreased during
storage at 1 1 "C (Fig. 2F) by 2 mg 1O0 g-' as opposed to berries that stared at 20
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"C which showed and increase by 1.5 mg 1O0 g-' at the end of the experiment (Fig.
3F).
Effecfs of ethephon

The application of 1 % ethephon to red raspberries resulted in gradual decrease of
average berry mass during O "C storage reaching 60% of initial weight on the 10'"
day of the experiment. Control berries held at O "C showed weight loss of only 20%
of initial weight. Controlor sprayedberries held at 11 "C showeda
gradual
decrease of 40 % of initial mass without significant differences among them. A
small decrease of berry mass of 15-20 % was observed during storage at 20 "C of
ethephon-sprayed similarly to control berries (Fig. 1, 3A).
Ethephon application to red raspberriesresulted in decrease of firmness 4 days
later, showing the greatest difference (70 g) cornpared to the control on day 11 of
storage (Fig. 1A). Ethephon-treated berriesimmediately after harvest did not
show any difference in the rate of firmness loss during storage at 11 or
20 "C
compared to the control (Fig. 2, 3A).Ethephonsprayalso,
did not resulted in
significant differences of berry-TSS increase stored at O, 11 or 20 "C (Fig. 1, 2, 3C).
Also very small were the effects of ethephon to berry pH held at 11 "G (Fig. 2D) or
(Fig.1D). However, storage at 20 "C increased pH by 0.03 compared to the
3.1 3 (Fig. 3D).
control which showed an increase by day 3 to
Ethephonsprayed fruit held for 15 at 11 and
or 3 days at 20 "C, showed
increased TA by 0.5 g
during the experiment compared to the control (Fig. 1, 2,
3A). Ethephonsprayed fruit did not showanydifferences in anthocyanincontent
compared to the control at 20 "C (Fig. 3F) similarly to 11 or O "C (Fig. 2, 3F).

DISCUSSIQN

Red raspberries are very susceptible to 20 "C storage with maximum life of less than
2 days(Fig. 3), due to drastical decrease in firmness and decay(Salunkhe and
Desai, 1984). However, fruitheld at O or l "C showeddelayed ripeningand
retained commercialcharacteristics
for 15 and
1O days,respectively (Fig. 1, 2).
During storage at O "C, the decrease in firmness was indepentend of the increase in
TSS even though storage at 11 or 20 "G both firmness and TSS changed in opposite
ratespreviouslyobserved to apples(Sfakiotakis and Stavroulakis, 1989) and kiwi
(Stavroulakis and Sfakiotakis, 1992). Softened fruithad a significant loss in fruit
mass while TSS content and anthocyanin content was low and without difference
from the correlated content at harvest (Fig. 1).
Post harvest firmness decrease rate was not affected by ethephon application at 20
or 11 "C compared to the control. Evolved ethylene affected the berries
held at O
"C, particularly in decreasingfirmness(Robbinset
al., 1989; Burfon and Sexton,
1990) and contributing to the berry mass loss similarly to the increase in fruit
coloration and without affecting TSS which remained at harvest levels (Fig. 1A, A,
Ethylene is a well known ripening promoting agent (Awad and Yang, 1979).
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Frederic et al. (1992), reported that the
in fresh mass during storage may be
due to the respiratory activitywhich in turn is enhancedbyethylene (Fig. 1, 3A).
Ethylene evolved from ethephon resulted in increased anthocyanin content leading
to the improvement of berry red coloration held at
20 or 1 1
similarly to the
control. However, berries held at O "C had very little increase in anthocyanin content
similarly to ethephon-sprayed berries; the final berry coloration was not satisfactory
at the end of the experiment. This may be due to the low ethylene concentration for
the activation of PAL since at temperatures lower 15 "C ethylene is evolved from
ethephon at slower rates (Wilde and Edgerton, 1975). Further, ethephon absorption
by berry tissue may be lower at low temperatures or the sensitivity of the tissue- PAL
activity-isdecreased at low temperatures. Sas (1 993), reported that the tissue
reaction to ethylene depends on the stage of maturation
the berry in addition to
genetical factors.
Prematurely harvested red raspberries followed by ethephon spray then held at 1 1
gradualripening characterized bysoftening,
coloration improvement and increase in TSS. Ethephon treated berries held at O "C
had faster softening than coloration.

"C had acommerciallyacceptable
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Fig.

mass (A),

TSS (C), pH (D), TA (E) and anthocyanin content
O "C
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Fig. 2. Fresh mass (A), firmness (B) TSS (C), pH (D), TA
of red raspberries during storage at 11 "C for l 5 days.

and anthocyanin content
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(B) TSS (C), pH (D)/ TA (E) and anthocyanin content
20 "C
1.5 days.

