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ABSTRACT 

Chaplin, G.R. and Hawson, M.G., 1981. Extending the postharvest life of unrefrigerated 
avocado (Persea americana Mill.) fruit by storage in polyethylene bags. Scientia. 
Hortic., 14: 219--226. 

Mature 'Hass' avocado (Persea americana Mill.) fruit were enclosed in sealed polyethylene 
bags and stored at ambient temperatures for different times. Modified atmospheres devel- 
oped inside the bags and fruit stayed firm and apparently non-ripening while they re- 
mained enclosed. Storage time and temperature influenced ripening of fruits after they 
were removed from bags. Most storage treatments resulted in an extension to the total 
postharvest life of fruits compared to control fruits which were not stored in such bags. 
Abnormal ripening characteristics were observed when storage temperature was high and 
storage time exceeded 8 days. 

INTRODUCTION 

The  t i m e  t a k e n  b y  ha rves ted  m a t u r e  avocado  f ru i t  t o  b e c o m e  r ipe,  i.e. so f t  
and  edible,  is r egu la t ed  b y  the  i n t e r a c t i o n  b e t w e e n  e n d o g e n o u s  f ru i t  f ac to r s  
and  p o s t h a r v e s t  e n v i r o n m e n t a l  condi t ions .  The  la ter  in t he  season t h a t  m a t u r e  
f ru i t  are harves ted ,  the  less t i m e  t h e y  t ake  to  r ipen  (Ada to  and  Gazi t ,  1974b) ,  
b u t  the  r a t e  o f  r ipen ing  is inverse ly  re la ted  to  e n d o g e n o u s  ca lc ium levels in the  
f ru i t  (T ingwa  and  Young ,  1974) .  Af t e r  harvest ,  wa te r -def ic i t  stress (Ada to  
and  Gazi t ,  1974a )  and  t r e a t m e n t  wi th  e x o g e n o u s  e thy l ene  (C2H4) (Gazi t  and  
B lumenfe ld ,  1970)  acce le ra tes  the  in i t ia t ion  of  r ipening,  b u t  low t e m p e r a t u r e  
causes  a m a r k e d  r e t a r d a t i o n  in r ipen ing  ra te  (Aha ron i  et  al., 1968) .  Hence ,  
w h e n  the re  is l i t t le  or  no  con t ro l  o f  t he  p o s t h a r v e s t  e n v i r o n m e n t a l  cond i t ions ,  
the  shel f  life o f  a v o c a d o  f ru i t  b e c o m e s  d i f f icu l t  t o  p red i c t  and  ser ious p rob-  
l ems  o f  m a r k e t i n g  m a y  result .  

A l t h o u g h  t e m p e r a t u r e  c o n t r o l  is genera l ly  regarded  as the  m o s t  e f fec t ive  
means  o f  e x t e n d i n g  the  pos tha rv t  life o f  per i shable  f rui t ,  r e f r ige ra ted  pos t -  
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harvest handling facilities are not  available in many countries. Under these 
circumstances, and where distances between production districts and con- 
sumption centres are large, considerable wastage may occur from the pre- 
mature ripening of  fruit in transit. 

While avocados are susceptible to chilling injury when stored below about 
10°C (Zauberman et al., 1977), previous studies (Hatton and Reeder, 1972; 
Spalding and Reeder, 1972) showed that  avocados remain firm for longer and 
have better quality if stored at low temperature in controlled atmospheres 
rather than in air. Similarly, quality after storage was improved when sealed 
polyethylene bags were used as the containers at low temperatures (Oudit 
and Scott, 1973; Scott and Chaplin, 1978). 

In the present work, the use of sealed polyethylene bags to store avocados 
for different times at ambient temperatures is investigated. 

EXPERIMENTAL 

Controlled temperature storage -~ experiment  I 

Uniform mature 'Hass' avocado (Persea americana Mill.) fruit were ob- 
tained from the Sunraysia district near Mildura, Victoria, and single fruit 
were enclosed in sealed polyethylene bags (50 pm thickness) within 1 h of 
picking. Transport of  the fruit  to the laboratory at ambient temperature 
(15--20 ° C) required another 20 h. On arrival, t reatment  groups of five repli- 
cate fruit were stored in constant-temperature rooms held at 20 and 30°C 
for 0 (control), 4, 6, 8 and 11 days to simulate a range of  postharvest tran- 
sportation regimes. At the end of each storage period, the gas composition 
inside the bags was determined by gas chromatography (Scott et al., 1970). 
The fruit were then transferred to individual gas-tight respiration jars (1.25 1) 
ventilated with a constant  flow of C2H4-free air at 20 ° C, and allowed to 
ripen. The concentrations of CO2 in the effluent air were measured every 
12 h with a Grubb Parsons IR gas analyser. 

Trial sh ipment  experiment  2 

Mature 'Hass' avocados from the Sunraysia district near Mildura, Victoria, 
were picked on two dates 5 days apart and randomized to the following 
treatments: (1) control (air storage); (2) stored singly in sealed polyethylene 
bags (50 pm thickness); (3) stored as in t reatment  (2) together with an 
ethylene absorbent (vermiculite/cement block, approximately 60 X 30 × 10 
mm, impregnated with a saturated solution of KMnO4). The storage unit was 
a single fruit and each t reatment  was replicated 20 times. 

After the second harvest, all fruits were packed in standard fibreboard 
trays and transported to Perth by unrefrigerated road transport. On arrival, 
the gas composition inside the bags was determined. The fruit were then re- 
moved from the bags and allowed to ripen in air at approximately 25 ° C. 
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Trans i t  t ime  f r o m  Mildura  to  Per th ,  a d i s tance  o f  a p p r o x i m a t e l y  3000  k m ,  
was 5 days.  Hence ,  t w o  s torage  t imes  (5 and  10 days)  were  achieved.  R ipe  
frui ts  were  d e t e r m i n e d  b y  m a n u a l  a s sessment  o f  sof tness .  

In  b o t h  e x p e r i m e n t s ,  avocado  r ipening  was regarded  as the  s t r ic t ly  pos t -  
harves t  even t  wh ich  renders  f ru i t  in to  an edible  f o r m  in wh ich  so f t en ing  was 
the  k e y  indica tor .  In  the  t ex t ,  " r i p e n i n g "  and  " s o f t e n i n g "  and  the i r  deriva- 
t ives are used  as i n t e r changeab le  t e rms .  

RESULTS AND DISCUSSION 

Storage atmospheres and fruit condition 

The levels o f  CO:,  02 and  C2H4 in p o l y e t h y l e n e  bags a t  t he  end  o f  s torage  
resul t  f r o m  the  i n t e r ac t i on  o f  the  gas exchange  ac t iv i ty  o f  t he  enc losed  f ru i t  
and  the  gas d i f fus ion  charac ter i s t ics  o f  t he  p o l y e t h y l e n e  f i lm (Cowel l  and  
Scot t ,  1962) .  A l t h o u g h  the  m o d i f i e d  a t m o s p h e r e s  are in d y n a m i c  equ i l ib r ium 
wi th  t he  f ru i t  and  the  ex t e rna l  a t m o s p h e r e ,  a re la t ive ly  s table  a t m o s p h e r e  of  
CO2 and  O2 was ach ieved  wi th in  5 h a f t e r  avocados  were  sealed inside bags. 
In E x p e r i m e n t  1 (Table  I),  s torage  t i m e  and  t e m p e r a t u r e  did  n o t  a f f ec t  the  
02 c o n c e n t r a t i o n s  in bags and  the  CO2 c o n c e n t r a t i o n s  on ly  d i f fe red  a f t e r  11 
days  s torage.  In  con t ras t ,  C2H4 c o n c e n t r a t i o n s  were  very  variable.  A l t h o u g h  
m e a n  values were  n o t  d i f f e r en t  a f t e r  s torage ,  ve ry  high C2H4 c o n c e n t r a t i o n s  
were  m e a s u r e d  (up  to  30 p p m )  in s o m e  individual  samples  a f t e r  8 and  11 days  
s torage.  This  resu l t  cou ld  be  exp la ined  as an increased  ra te  o f  synthes is  resul t-  
ing in a n e t  C2H4 a c c u m u l a t i o n  inside the  bags. The  var iab i l i ty  o f  this appa-  
r e n t  C2H4 response  is s imilar  t o  t h a t  f o u n d  in t he  onse t  o f  the  C2H4 cl imac-  
te r ic  o f  avocados  r ipened  n o r m a l l y  in air. 

The  levels o f  gases m e a s u r e d  in bags o f  f ru i t  he ld  a t  a m b i e n t  t e m p e r a t u r e  
in E x p e r i m e n t  2 were  n o t  d i f f e r en t  w h e t h e r  s t o r ed  fo r  5 or  10 days  (Table  II).  

TABLE I 

Effect of storage time and temperature on gas composition surrounding avocado fruit 
in sealed polyethylene bags (Experiment I) 

Storage time Gas concentration at each temperature (° C)* 
(days) 

CO2(%) 02(%) C~H, (ppm) 

20 30 20 30 20 30 

4 7.6 7.5 4.2 6.2 0.1 1.6 
6 8.0 8.1 4.9 2.4 0.3 1.1 
8 7.7 6.5 4.3 2.4 12.7 2.3 

11 8.9 6.6 4.1 2.9 6.7 0.4 

*The least significant difference (at the 5% level) for mean CO 2 values was 
1.7. Significant differences between the 02 values and C2H,, values were not detected: : ~,~ 
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TABLE II 

Effect of storage time and treatment on gas composition surrounding avocado fruit 
in sealed polyethylene bags (Experiment 2) 

Storage treatment Storage time 
(days) 

Gas concentration* 

CO 2 (%) O 2 (%) C2H4 (ppm) 

Polyethylene bag 5 9.4 3.6 0.6 
10 9.2 5.9 0.5 

Polyethylene bag + 5 1.9 3.9 0.5 
ethylene absorbent 10 2.0 4.4 2.5 

*The least significant difference (at the 5% level) for mean CO2 values was 0.7. 
Significant differences between the O 2 values and C2H 4 values were not detected. 

The  presence  or  absence  o f  C2H4 abso rben t  had no  e f fec t  on  02 and  C2H4 
levels, bu t  CO2 levels were  s ignif icant ly less in bags having abso rben t  blocks.  
Eviden t ly  this r educ t i on  was due  to  the  abso rp t ion  o f  CO2 b y  the  fresh c e m e n t  
blocks.  Al though  the re  were  no  d i f ferences  in the  mean  C2H4 levels in the  
presence  or  absence o f  abso rben t  blocks,  some individual  repl icates  showed  
large accumula t ions  o f  C2H4 af te r  10 days storage.  Previous exper i ence  has 
shown  tha t  KMnO4 impregna ted  blocks  eventua l ly  b e c o m e  ineffec t ive  in 
mainta in ing low C2H4 levels due  to  the  dep le t ion  o f  oxidising capaci ty .  I t  is 
assumed tha t  this dep le t ion  is acce le ra ted  at  high t empera tu res .  

Fruit firmness after storage 

Cont ro l  f ru i t  so f t ened  and were  ful ly  r ipe a p p r o x i m a t e l y  8 days  af te r  
harvest  in b o t h  exper iments .  However ,  all o f  the  enc losed  f ru i t  were  f i rm and 
had  a f reshly  p icked  appearance  at  the  end o f  s torage irrespective o f  the  
storage t ime.  Since the  du ra t ion  o f  several o f  the  s torage t r ea tmen t s  equal led  
or exceeded  t h e  r ipening t ime  o f  cont ro ls ,  it  was c o n c l u d e d  tha t  s torage in 
mod i f i ed  a tmospheres  a t  amb ien t  t empe ra tu r e s  cou ld  e f fec t ive ly  delay the  
c o m m e n c e m e n t  o f  sof tening.  Al though  these  da ta  did n o t  indicate  an opti-  
m u m  storage a tmosphe re  compos i t i on ,  i t  was shown t h a t  a wide range o f  
a tmospheres  (viz., mean  values o f  2--9% CO2 and 2--6% 02)  was effect ive.  
However ,  it c a n n o t  be c la imed t ha t  o the r  changes associated wi th  r ipening 
were  similarly delayed.  

Poststorage respiration and fruit ripening 

The  e f fec t  o f  s torage t ime  and  t e m p e r a t u r e  ( E x p e r i m e n t  1) on  the  respira- 
t ion  pa t te rns  o f  f ru i t  a f te r  removal  f r om bags is s h o w n  in Fig. 1. In avocados  
s tored  for  4 and  6 days  at  30°C (Fig. l a  and b),  the  r e sp i ra to ry  rise began 
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Fig. 1. Resp i r a t i on  p a t t e r n s  of  f ru i t  a f t e r  r em ova l  f rom storage in p o l y e t h y l e n e  bags. 
Resul ts  are averages of  five f ru i t s  ( repl ica tes)  wi th  the  leas t  s ign i f ican t  difference., ( a t  5% 
level) i nd ica t ed  b y  the  ver t ical  bars. a, F o u r  days s to rage ;  b, 6 days s to rage ;  c, 8 days 
s to rage ,  d, 11 days  storage.  (o.- .o) 20 ° C s torage ;  (A---A) 30°C storage.  

soon after  the fruit  were transferred to the respiration jars, but  the  rise was 
delayed in the fruit  which had been stored at 20 ° C, There was no lag in the 
onset of  the respiratory rise of  the fruit  s tored for 8 days (Fig. l c )  and the 
respiration rates were no t  different  for  fruit  f rom both  storage temperatures.  
However, after  11 days storage (Fig. ld ) ,  the respiratory rise of  the fruit  
stored at 30°C was delayed and depressed compared with fruit  stored at 
20 ° C. This suggests that  the respiration response was impaired when the 
fruit  were stored for  this length of t ime at the higher temperature .  

In this experiment ,  fruit  were considered ripe at the t ime of  maximum 
respiration rate and this was confi rmed by manual assessment of  fruit  soft- 
ness. The t ime from the end of  storage to  maximum respiration rate was 
therefore  termed the apparent  ripening t ime (ART). The relationship between 
storage t rea tment  and ART is shown in Fig. 2. The ART of  fruit  stored at 
30°C was no t  affected by storage time, but  at 20 ° C, the ART decreased 
significantly as storage t ime increased. 

The effect  of  storage on the total  postharvest  life (TPHL) of  fruit  is shown 
in Fig. 3. This term was derived f rom the sum of  storage t ime and ART. In 
this comparison,  the TPHL of  the fruit  at 20°C was approximate ly  12 days, 
irrespective of  storage time. In effect,  the cont r ibut ion  of  increased storage 
t ime was cancelled ou t  by the corresponding decrease in the ART shown in 
Table I. However, with storage at 30 ° C, the TPHL increased significantly 
with, and was a funct ion of, storage t ime and ranged between 8.6 and 16 days. 
Since the ART (or TPHL) of  control  fruit  was 8.2 days, all fruit  s tored at 
the lower tempera ture  had a TPHL gain of  at least 3 days. However, for  fruit  
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Fig. 2. E f fec t  of  s torage t ime  in p o l y e t h y l e n e  bags on  the  a p p a r e n t  r i pen ing  t ime  o f  avocado  
fruit .  Each  m e a n  is the  average o f  five f rui ts  ( repl icates)  wi th  t he  least  s igni f icant  d i f fe rence  
( 5% level) i nd i ca t ed  by  the  ver t ical  bar. (*-~-*) 20 ° C s torage;  (A---A) ~0 ° C storage.  

Fig. 3. E f fec t  of  s torage t ime  in p o l y e t h y l e n e  bags on  the  t o t a l  pos tha rve s t  life o f  avocado  
fruit .  Each  m e a n  is the  average of  five f rui ts  ( repl ica tes)  wi th  the  least  s ign i f ican t  differ- 
ence  (5% level) i nd ica t ed  b y  the  ver t ical  bar. (o . . .e )  20 ° C s torage;  (A_..A) 30 ° C storage.  
T P H L  of  c o n t r o l  frui t ,  8.2 days. 

s t o r e d a t  the higher temperature ,  there was no net  advantage to TPHL unless 
storage t ime exceeded 4 days. 

In the second experiment ,  the TPHL of  fruit  in each t rea tment  was cal- 
culated as above when fruit  had ripened (manual assessment). These data 
are summarised in Table III. Although all bagged fruit  were firm at the end 
of  each storage t reatment ,  softening was detected in control  fruit  by 5 days 
after  picking and was complete  by 8 days. No effect  on the rate of  softening 

T A B L E  III 

E f f e c t  of  s torage t i m e  a n d  t r e a t m e n t  on  the  to ta l  pos tha rves t  
life ( T P H L )  o f  s to red  avocados  

S torage  t ime  T r e a t m e n t  TPHL (days)  
(days)  

5 Con t ro l  8 
5 P o l y e t h y l e n e  bag  11 
5 - P o l y e t h y l e n e  bag + KMnO 4 11 

10 ~'= ~ Con t ro l*  8 
10 P o l y e t h y l e n e  bag 16 
10 P o l y e t h y l e n e  bag + K M n O ,  16 

*Overso f t  a t  f irst  examina t ion .  
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( A R T )  of  p rev ious ly  bagged  f ru i t  was observed .  The  p resence  o f  C2H4 
a b s o r b e n t  dur ing  s torage  had  no  e f f ec t  on  the  A R T  o r  T P H L .  This resu l t  
cou ld  be  e x p e c t e d  since the  a b s o r b e n t  did n o t  s ignif icant ly  a l te r  the  C2H4 
c o n c e n t r a t i o n  in bags o f  s to red  f ru i t  (Table  II) .  

I t  is s h o w n  in Tab le  I I I  t h a t  the  A R T  o f  s to red  f ru i t  is the  same  for  b o t h  
s torage  t imes ,  and  T P H L  is a f u n c t i o n  o f  s torage  t ime .  This  agrees wi th  the  
resul t  in the  f i rs t  e x p e r i m e n t  (Fig. 2) fo r  f ru i t  s to red  a t  t he  high t e m p e r a t u r e .  
Moni to r ing  o f  t e m p e r a t u r e  dur ing  the  course  o f  this e x p e r i m e n t  was no t  pos- 
sible, a l t h o u g h  dai ly  m a x i m a  were  in the  range  3 4 - 4 0  ° C. 

Since t he  c o n t r o l  f ru i t  in this e x p e r i m e n t  had  c o m m e n c e d  to  so f t en  while  in 
t rans i t ,  avocados  t r a n s p o r t e d  in a s imilar  w a y  unde r  c o m m e r c i a l  cond i t i ons  
would  t h e r e f o r e  have  dec reased  m a r k e t  value due  to  p r e m a t u r e  so f t en ing  and  
be  sub jec t  t o  wastage .  The  e x t e n s i o n  to  T P H L  ach ieved  b y  s torage  o f  f ru i t  
in p o l y e t h y l e n e  bags  dur ing  t r a n s p o r t a t i o n  cou ld  be  e x p e c t e d  to  p r even t  such  
losses wi thin  cer ta in  l imits  s ince avocados  are p r e v e n t e d  f r o m  sof ten ing  while  
enc losed  in bags. In  the  frui ts  s to red  for  10 days ,  t he r e  was ev idence  o f  ab- 
n o r m a l  r ipen ing  and  pos tha rves t  rots  deve loped  in several f ru i t  a f t e r  r e m o v a l  
f r o m  bags. I t  was cons ide red  t h a t  a s to rage / t r ans i t  t i m e  of  10 days  was t o o  
long fo r  the  a d o p t i o n  o f  this  s to rage  t e c h n i q u e  w h e n  f ru i t  were  sub jec ted  to  
the  a m b i e n t  t e m p e r a t u r e  reg ime wh ich  prevai led  dur ing  this e x p e r i m e n t .  
R ipen ing  abnorma l i t i e s  were  also r e p o r t e d  b y  Z a u b e r m a n  e t  al. (1977)  when  
avocados  were  s to red  a t  h igh t e m p e r a t u r e s .  However ,  f ru i t  s to red  fo r  sho r t e r  
per iods  a t  such  high t e m p e r a t u r e s  could  be e x p e c t e d  to  r ipen  sa t i s fac to r i ly  
a f t e r  r e m o v a l  o f  s torage  bags. Al te rna t ive ly ,  cons ide rab ly  longer  s torage  t imes  
(hence  T P H L )  m i g h t  be  ach ieved  fo r  ro t - f ree  avocados  s to red  a t  a m o d e r a t e  
a m b i e n t  t e m p e r a t u r e  (viz. 20 ° C). 
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