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Summary. The effects of delayed pre-
cooling on fresh red raspberry fruit
during storage was determined. Pre-
cooling was delayed for 0.5 to 12
hours, followed by cold storage for 8
days, with subsequent storage at 20C
for 24 hours. Weight loss was greater
with increasing delays of precooling.
Fruit that lost more weight during the
delay period lost less during the sub-
sequent S-day storage at 0C. The ex-
ception was fruit held for 12 hours
before precooling. Weight loss during
the final 24 hours at 20C showed no
pattern. Cumulative weight loss at the
end of the storage treatments was
similar regardless of delay of precool-
ing. Fruit strength was reduced by
any delay of precooling. The effect of
delayed precooling on color was not
consistent in the 2 years using differ-
ent cultivars. The results indicate that
fruit should be precooled as quickly as
possible after harvest for long-dis-
tance fresh marketing.

R aspberry (Rubus idaeus L.) fruit
is highly perishable. To main-
tain good fruit quality, storage

at 0.5 to 0C with 90% to 95% RH has
been recommended (Salunkhe and
Desai, 1984). Precooling (prompt re-
moval of the field heat to the storage or
transport temperature) is recommend-
ed (Smith, 1958; Tomalin et al., 1972).
Although there are published recom-
mendations for storage and precool-
ing of raspberries, there are no quanti-
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tative studies providing information
on the effects of delayed precooling on
raspberry fruit quality. In strawberries,
delayed precooling resulted in more
decay (Kenny 1975; Smith, 1958), in
dark fruit (Smith, 1958), and signifi-
cantly less marketable fruit in some
cultivars (Ingle, 1970). Growers desir-
ing top-quality fruit for long-distance
fresh marketing often lack facilities
close to their fields to accomplish
prompt precooling. We studied the
effects ofdelayed precooling on weight
loss, strength, and fruit color of fresh
red raspberries during storage.

Materials and methods
Studies in 1989. Fruit was har-

vested on 10 July 1989 at the red-ripe
stage (Sjulin and Robbins, 1987) from
four hill plots replicated three times of
‘Chilcotin’, ‘Chilliwack’, ‘Meeker’, and
‘Willamette’ red raspberry growing at
the Washington State Univ. Puyallup
Research and Extension Center. Plants
were sprayed weekly with Captan
50WP (2.4 g·liter - 1)  beginning in
mid-June for control of postharvest
rot due to Botrytis cinerea Pers. ex. Fr.

Ten fruit from each cultivar for
each cooling-storage treatment com-
bination was harvested into unwaxed,
ventilated fiberboard containers (10 x
10 x 3.4 cm high) with three replica-
tions (cups) per treatment. Field
temperature during harvest ranged
from 15.5 to 17C, with a RH of ≈78%.

Treatments consisted of delaying
precooling for 0.5 (the time taken to
harvest samples and transport them to
the precooling tower), 2, 4, 8, or 12 h.
During the delay period, fruit was held
in a growth chamber at 20C and 62%
RH. For precooling, samples were
placed into a 0.5 × 0.4 × 1.8-m ply-
wood cooling tower in a cooler at 0C,
90% RH. Air was forced through the
tower for 4 h with a fan rated at 0.14
rn3·s–1 at 100 Pa of static pressure.
Temperature of the fruit was moni-
tored with an electronic data logger
(Omnidata, datapod, Logan, Utah)
with the thermistor tip inserted in the
receptacle cavity of a fruit. Fruit tem-
perature dropped from 17C (in 0.5-h
delay sample) or 19.5C (in samples
delayed at 20C) to 0C in 20 min. After
precooling, all treatments were held at
0C and 90% RH for 192 h (8 days).
They then were stored at 20C and 62%
RH for 24 h before evaluation, where
temperature of the fruit changed from
0C to 19C in 4 h.



Fig. 1. The effect of delay before precooling on percentage of weight loss of four cultivars of red
raspberry fruit during storage in 1989.

Table 1. Effect of delay in precooling on
percent weight loss during storage of
Centennial’ red raspberry, 1990.

zMean separation within columns by Duncan’s
multiple range test, P = 0.05. Mean separation
done on a&n-transformed data.
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Fruit weight of the total sample
(±0.1 g) was recorded after harvest,
after the delay period, after cold stor-
age for 8 days, and after the subsequent
24 h at 20C.

Fruit strength, as measured by
the force to close the opening of the
fruit (compression), was recorded on
the 10 fruit from each replication
(Robbins and Sjulin, 1986) after the
final weighing.

Color was measured on the 10
fruit from each replication after the
fruit strength measurements using a
tristimulus color analyzer (Chroma
Meter ,  Model  CR-200b,  Minol ta
Corp., Ramsey, N.J.) equipped with a
measuring head with an 8-mm-diam-
eter measuring area. The analyzer was
calibrated to a standard white reflective
plate and used CIE (Commission
Internationate d l‘Eclairage) Illuminant
C. Measurements were recorded in
L*, a*, b* CIE (1976) coordinates.
The L* scale ranges from no reflection
(L* = 0, black) to perfect diffuse re-
flection (L* = 100, white), the a* scale
ranges from negative values for green
to positive values for red, and the b*
scale ranges from negative values for
blue to positive values for yellow. Any
presence of mold was noted.

Studies in 1990. Fruit was har-
vested on 18 and 20 July 1990 at the
red-ripe stage from ‘Centennial’ plants
in a commercial planting. Harvest and
storage methods were as in 1989, ex-
cept field conditions were 19.5 to 21C
with ≈68% RH on both days and the
delay and final 24 h of storage were at
20C with 71% RH.

For the 18 July harvest, fruit
strength and weight loss were measured
on five replications of two precooling
delay treatments: 0.5-h delay or 8-h
delay period. Measurements on 10
fruit were made either immediately
after harvest, after the delay period,
after 4 h of precooling at 0C, after cold
storage for 8 days, or after the subse-
quent 24 h at 20C.

For the 20 July harvest, color was
measured on three replications of 10
fruit precooled for 0.5 h after a 0.5.,
2-, 4-, 8-, or 12-h delay at 20C stored
at 0C for either 0, 2, 4, 6, or 8 days and
then stored at 20C for 24 h. Methods
ofmeasurement were identical to those
used in 1989.

Results
No mold was noted at any time

on any of the fruit.
Weight loss. In 1989, weight loss
during the delay increased linearly with
increasing delay for all cultivars (Fig. 1,
P = 0.01). This was a result of more
hours at the higher temperature and in
a greater percentage of weight loss per
hour with increasing delay (0.12%,
0.15%, 0.19%, 0.19%/hfor 2, 4, 8, and
12 h of delay, respectively). This dif-
fers from the results of Robinson et al.
(1975), who reported weight loss was
more rapid immediately after harvest,
with the rate falling to a fairly steady
value for fruit stored at a constant
temperature.

During the time the fruit was in
cold storage (excluding forced-air
precooling period), there was a qua-
dratic effect of delayed precooling on
the weight loss (P = 0.01). At the end
of the delay, precooling, and 8 h of
storage, weight loss showed significant
linear (P = 0.05) and quadratic (P =
0.01) effects of delayed precooling
(Fig. 1). With increasing delay up
through 8 h, weight loss during pre-
cooling decreased during the 8-day
storage period. This might be due to
dehydration during the delay of pre-
cooling period. Fruit not cooled for 12
h lost as much weight during the 8-day
storage period as that delayed 0.5 to 4
h, possibly due to structural or meta-
bolic changes that occurred during the
long delay period at 20C. There were
significant differences among cultivars,
with ‘Chilliwack’ losing more weight
than the other cultivars during the 8-
day storage period (data not shown).

During the 24 h at 20C, there
were significant effects of delayed pre-
cooling on weight change, but this was
not related to cultivar or previous treat-
ment and no pattern was evident (Fig.
1). Weight loss in the final 24 h oc-
curred at a higher rate than during the
delay before precooling (0.26%/h),
even though the fruit was stored under
identical conditions.

The cumulative weight loss was
affected significantly by delayed pre-
cooling, but showed no consistent
pattern related to delay before pre-
cooling (Fig. 1). This might be due to
the influence of the large amount of
weight lost during the final 24 h at
20C. There were significant differ-



Table 2. Effect of delay in precooling on fruit
strength during storage of ‘Centennial’ red
raspberry, 1990.

zMean separation within columns by Duncan’s
multiple range test, P = 0.05. Mean separation
done on arcsin-transformed data.
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ences among cultivars, with ‘Chilli-
wack’ losing more weight than the
other cultivars by the end of the stor-
age treatments (data not shown).

In 1990, weight loss in ‘Centen-
nial’ was similar to the cultivars studied
in 1989 tests (Table 1). However, in
1990, the weight losses during pre-
cooling were separated from those of
storage. There was relatively little
weight loss during the forced-air pre-
cooling (Table 1). At the end of the
storage at 0C and 24 h at 20C, the
cumulative weight losses were similar
regardless of delay before precooling,
and similar to other cultivars in 1989.
Samples with a large initial weight loss
during the delay before precooling
had subsequent slower rates of weight
loss.

Fruit strength. In 1989, fruit
strength, as measured by compression
after the final 24 h at 20C showed a
linear decrease with each increase in
delay before precooling (Fig. 2; P =
0.01). The greatest difference in fruit
strength after delay was between the
0.5-h delay and the 2-h delay, indi-
cating that fruit strength was lost
rapidly. Cultivars differed in overall
firmness, but all showed similar changes
(data not shown). In 1990, when fruit
strength was measured after each
storage step, the greatest change in the
8-h delayed fruit occurred during the
delay period prior to precooling (Table
2). An S-h delay resulted in fruit with
Fig. 2. The effect of delay before precooling on
fruit strength of four cultivars of red rasp-
berry fruit after storage in 1989. Vertical
bars represent SE of the mean.
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less strength going into precooling
and storage; this fruit continued to
weaken during the S-day storage. Fruit
strength did not change during the 24
h at 20C, regardless of delay, and fruit
strength was similar regardless of delay
treatment.

Fruit color. In 1989, delaying pre-
cooling did not influence color of fruit
stored for 8 days at 0C and measured
after 24 h at 20C (data not shown).
Any effect of delaying precooling may
have been transient, and not apparent
after 8 days at 0C and 24 h at 20C.
There were color differences among
cultivars after the storage treatment,
but all responded similarly to storage
(data not shown). In 1990, color was
measured on ‘Centennial’ after pre-
cooling delays at 0.5, 2, 4, 8, or 12 h
and a storage period of 0, 2, 4, 6, and
8 days. For ‘Centennial’, delay of pre-
cooling up through 4 h caused no
color change. An 8-h delay before
precooling resulted in significantly
darker (lower L’), less red (lower a’),
and more blue fruit (lower b*) than fruit
precooled after 0.5 h (data not shown).
The 12-h delay further reduced a* and
b* values. For ‘Centennial’ in 1990,
storage did not affect L* values, but a*
and b* values had significant cubic
effects (data not shown). This cultivar
became more red and less blue over
the 8 days of storage. This color change
during storage has been observed by
others (P. Bristow, unpublished data)
and is a desirable trait in a cultivar used
for fresh marketing.

Summary
This research indicated that delay

of precooling resulted in greater weight
loss during the delay period, which
was somewhat compensated by a slower
weight loss during subsequent precool-
ing and cold storage. Even brief delays
in precooling resulted in losses of fruit
strength that continued during storage.
Delay of precooling also resulted in
darker, less red, and more blue fruit in
a cultivar with high original color co-
ordinate values. For long-distance fresh
marketing raspberry fruit should be
precooled as quickly as possible after
harvest.
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