EFFECTS OF GRADUALLY DECREASING TEMPERATURES AND
POLYETHYLENE WRAPS ON THE RIPENING AND
RESPIRATION OF AVOCADO FRUIT

By
Y. AHARONI, MINA NADEL-SCHIFFMANN AND G. ZAUBERMAN*

Avocado fruit stored at gradually decreasing temperatures (2 days at 17°, 2 days at 14°,
4 days at 12° and then at 8°C until the termination of the experiment) passed through
the climacteric stages and ripened normally. The climacteric peak and the softening
appeared at the same time as in fruit stored at 12°, but prior to fruit stored at 8° and
later than that stored at 14°, 15° and 17°C. Wrapping the fruit in polyethylene bags
caused a decrease in the rate of the external level of CO; evolved by the fruit through
the bag, and a delay in ripening. Fruit wrapped in polyethylene bags and stored at
gradually decreasing temperatures, 8° or 12°C, did not soften by the end of the ex-
periment (23 days in Fuerte and 46 days in Nabal). Some of the wrapped fruit stored
at 14°, 15° and 17°C softened, and rotting appeared on many of the fruits.

INTRODUCTION

In most respiration studies of stored avocados, the fruit was stored at con_stant
temperatures, or first at low temperatures for a certain period and later at higher
temperatures (2, 3, 5, 6). The fruit from Israel which is exported to northern El{rope
in winter in unrefrigerated ships, leaves the port at a temperature betw'een 15° and
20°C; during the journey of 2-3 weeks the temperature gradually de;lmes and the
fruit arrives at its destination at temperatures between 6 an.d 10°C (9, 10). It was
deemed of interest to check respiratory activity of the fruit under these special
conditions. _

Laboratory experiments of storage under gradually decreasmg' ten}llpe;at'lires,fizds
experiments with shipping in unrefrigerated shfps ha've shown that t' e frui Vse(;-ri ’
Within 2-3 weeks, and a substantial part of it arrives at marketh 2;1; ;)Oftenisn
condition; however, wrapping the fruit in polyethylene bags greatly delay g
PAHLe it for 1-2 additional weeks (7,8, 9, 16, '+ i ine the course of respira-

The aim of the research presented below was to determine the c;m i
tion of wrapped and unwrapped fruit under gradually decri‘?:f“ism Pbaween oo
compared to fruit stored at constant temperatures. The relationsuip

course of the respiration and the length of the perio
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MATERIALS AND METHODS

arried out with the Fuerte and Nabal varieties of avocado

during the winter of 1961/62. The fruit was picked in th.e groyes of Qvuzat Schille‘r
near Rehovot, Israel, from adult trees. In the first experiment with Fuerte, the' fruit
was picked on Dec. 17, 1961, and in the second on Jan. 22, 1962, each experiment
lasting for 23 days. In the experiment with Nabal, the fruit was picked on March 4,
1962, and the experiment lasted for 46 days. Immediately after harvest, the fruit was
placed in 13-liter glass containers, 20 Fuerte or 15 Nabal fruits per container.
Air was continually passed through each container at a rate of 200 ml per minute.
The average Fuerte fruit weight was 270 g/fruit in the first experiment and 317 g/fruit
in the second experiment. The average weight of the Nabal fruit was 494 g.

In all experiments the respiration rate of fruit stored at gradually decreasing
temperatures was compared with that of fruit stored at various constant temperatures.
The rate of respiration was measured by the amount of CO, evolved by fruit according
to the method described by Biale and Shepherd (4) and modified by Biale (3).
Measurements were usually made daily, and occasionally at two-day intervals. In the
first Fuerte experiment the concentrations of oxygen and carbon dioxide inside the
polyethylene bags (stored at gradually decreasing temperatures) were measured by a
micro-Orsat instrument four times during the experiment.

The conditions of gradually decreasing temperatures were: two days at 17°,
two days at 14°, four days at 12° and then at 8°C until the end of the experiment.
The constant temperatures used in the first Fuerte experiment were 12° and 17°C, in
tbe secon§ Fuerte experiment 8°and 14°C, and in the Nabal experiment 8° and 15°C.
i;xnc_:;rrl:;:n:crisfof .fI'LIlt were used for. e?ch temperature regime, with three containing

ped fruit a‘nd three containing polyethylene-bagged fruit, with each fruit
wrapped separately in a 0.025-mm thick bag.

The stage of fruit softness was
with the fingers. :

The experiments were ¢

tested by carefully pressing every single fruit

RESULTS

N Figh(; rcsu(litst ;)f the respiration determinations of the non-wrapped fruit are shown
- 1, and the external levels of X
Bigi2: of CO, evolved by the wrapped fruit are given 1

Respiration of non-wrapped Sfruit
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The respiration rate of Nabal fruit was usu.ally lower than that o]f F uer}tle un(}jler
the same temperature regime, and the climacteric peak of Nabal was jdtCI' than that
of Fuerte, so that under the gradually decreasing tcm'perature conditions thé peak
appeared 30 days after harvest of Nabal fruit, whereas in the two Fuerte experiments
it appeared 15 and 16 days, respectively, after harvest. W P .

The respiration rates of fruit at constant temper.a.tures of 14°, 15% and .1.7 C were
higher than those of fruit under gradually decreasTng temperature COHd]t%OI‘lS; thp
respective respiratory peaks were 2.6, 2.6 and 3.5 times higher, and the climacteric
peaks and softening were reached earlier (see Table 1). ‘ : .

The respiration rate of the fruit at 12°C was lower during the pre—chm'acterlc
stage than that of the fruit at gradually decreasing temperatures, whereas dur.mg the
climacteric rise the respiration rate at 12°C was higher and the climacteric peak
was 2.4 times higher than at the gradually decreasing temperatures. It should be
noted that climacteric peak and the beginning of fruit softening occurred at about the
same time at 12°C as under gradually decreasing temperatures (Table 1).

TABLE 1

TIME OF CLIMACTERIC PEAK APPEARANCE AND THE SOFTENING
OF NON-WRAPPED FUERTE AND NABAL FRUITS STORED UNDER
VARIOUS TEMPERATURES

Storage j Appearance Beginning Days from
tenperatice of climacteric = of softening beginning of
©C) | peak (days (days softening
after harvest) | after harvest) | wuntil edible
Fuerte
Gradually ’
decreasing 15,16 | 15,16 4
17 T 9 2
14 9 10 3
12 15 15 4
s e 0 17 17 6
Nabal
Gradually )
decreasing 30 30 6
15 17 20 3
o L 35 | 37 7
T

The respiration rate of fruit C :
at 8°C was lower t s
temperatures and softening began | i oot at d4cki

Fuerte was similar to, ang ; Nab i}ter. The climacteric peak observed at 8°C in
’ mn .
temperatures, @bal lower than that under gradually decreasing

External level of CO, evolved by po!yethylene—wrapped Sfruit

f carbon dioxide e




Fuerte and 46 days for Nabal), and the fruit remained hard without blemishes or
dJamage. At the higher temperatures some of the fruit softened at 17°C (Fuerte) 14
days after harvest, at 14°C (Fuerte) 17 days after harvest, and at 15°C (Nabal)
34 days after harvest; this softening was accompanied by the appearance of rot in a
substantial proportion of the fruit.

Measurements of O, and CO, concentrations inside the polyethylene bags (that
wrapped the fruits) under gradually decreasing temperature conditions showed that
there was a significant decrease in the percent of O, and an increase in the percent of
CO, (Table 2).

TABLE 2

CONCENTRATIONS OF CO2 AND Oz INSIDE POLYETHYLENE
BAGS CONTAINING FUERTE FRUIT STORED UNDER GRADUALLY
DECREASING TEMPERATURES

Days after 5 .
harvest 7o CO2 %03
5 6.4 7.8
12 7.0 6.5
17 T 5.5
23 77.9 5.0
DISCUSSION

The softening of avocado fruit at gradually decreasing temperatures occurred at
about the same time as in fruit stored at a constant temperature of 12°C. These

results are similar to those obtained previously at these two tempt?ra.turf: regimes
present work clarify the similarity of the

(8, 10). Respiration measurements in the '
ks under these regimes also appeared at

course of softening, as the climacteric pea
about the same time after harvest.

From a comparison of the physiologica -
irati wer,
Fuerte, it is very apparent that the respiration rate of the former was much lo

and that softening occurred after a much longer tin.le in storage thal: w;:hs(tazz li?]ttt;z
The lower respiration rate of Nabal as compared W‘lth Fuerte ca111 a or s e
respiration curves of Pratt and Biale (6). It is possible that the onge:h‘Ch it o
Nabal fruit is related to its lesser physiological changes, a factor whi

clarified further.

Wrapping the fruit in polyethylene
between it and the external atmosphere- A ;
was a marked increase in CO, and decrease 1
which in turn caused a reduction in the respirat re simi
Softening. The conditions inside polyethylene P?gz;; ShOWS
atmosphere storage, and the experiments o Bld; the respiration rate 0
Oxygen concentrations (2.5%, 57es 105)10were

delayed the climacteric and softening:

| behavior of the varieties Nabal and

bags caused 2 reduction in gas gxchange
s a result of the respirato.ry :dctmty there
n O, concentration inside the bags,
ion rate of the fruit and a delay in
Jar to those of controlled
d that lower-than-normal
f the fruit and
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the fruit, but in
i olyethylene bags from :
this work we did not remove the poly 10 ol

ming the climacteric and normal

In
previous work (1, 8) it was shown that when bags

weeks after wrapping, the fruit is capable of resu

SOfte'II]‘ltI:eg ‘appearance of rotting on the ponethylene-bagged fruit stored at 14°, 15° and

17°C was probably due to the relatively high tempe.rat';ures and humldlt?' w1th12rt:§

baes. conditions suitable for fungal development. Similar results were also re‘}.)]

bago,ther workers (7, 8, 12), who found the major pathogens to be Colletotrichum,
y b b 2

Diplodia and Fusarium.
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