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ABSTRACT.  Storage of 'Lula' avocados in controlled atmosphere (CA) of 2% 
oxygen (O2) and 10% carbon dioxide (CO2) at 50°F for 30, 45, and 60 days 
resulted in more acceptable fruit than storage in air at this temp for similar 
durations. The removal of ethylene from the storage chambers increased the 
percentage of acceptable fruits, especially in the lots stored 60 days. CA-stored 
avocados, when placed in air at 70°F, softened more slowly than similar fruits 
that had been stored in air, and those stored without ethylene softened more 
slowly than those stored with ethylene. Anthracnose decay was the primary 
factor affecting acceptability, especially during the softening period at 70°F. 
 
Ethylene long has been known to affect the physiology of various fruits in storage. 
Classic examples of the use of ethylene are its commercial application to ripen bananas 
and to de-green citrus fruits. Ethylene has been reported to increase disorders in citrus 
fruits, including pitting and decay (8, 17), and has been found to accumulate in apples 
during storage in quantities sufficient to injure the fruit (16). Storage in an atmosphere 
of 5% 02 + 10% CO2, however, reduced ethylene production in apples (13).  Eaks (7) 
found that neither a 6- nor 12-hr exposure to 100 ppm ethylene at 68°F was sufficient 
to initiate the ripening process of avocados, but a 24-hr exposure initiated ripening 
which was completed 3 or 4 days after the treatment was begun. Recently Gazit and 
Blumenfeld (9) found that avocados did not respond to ethylene treatments given 
immediately after harvest, but a softening response to treatment given 25 to 49 hr 
after harvest was observed at 17°C. They also found that avocados treated with 
either 10, 100, or 1,000 ppm ethylene softened at the same rate, which confirms the 
previous findings of Biale (3). A concentration of ethylene as low as 0.1 ppm was 
reported to initiate the ripening process of avocados (3, 4). Several investigations 
showed that the storage life of avocados was extended in a CA environment containing 
less CO2 and more CO2 than normal atmosphere (2, 10, 11, 15). Biale (1) reported 
that low concentrations of 02 reduced the respiratory activity during the pre-
climacteric period and postponed the climacteric. Young et al. (18) showed that CO2 
delayed the onset of the respiratory rise in the avocado, reduced the rate of O2 uptake 
at the climacteric peak, and extended storage life. In 1968, at the USDA Station in 
                                                           
1 Received for publication October 15, 1971. 
2 Investigations Leader, Southeastern Citrus and Vegetable Investigations. 
3 Biological technician, Subtropical and Tropical Fruit Investigations, Miami, Florida. The authors wish to acknowledge 
the technical assistance of staff members of the Market Quality Research Division, Orlando, for monitoring the 
controlled-atmosphere equipment. 



Miami and based on the results of previous tests (10, 11), a constant flow of an 
atmosphere containing 2% O2 + 10% CO2 was selected as promising for the storage of 
'Lula' avocados (14). The previous tests conducted at Miami employed numerous 
combinations ofO2 and CO2 ranging from 1% to 5% and from 5% to 14%, respectively; a 
closed gas system was used in which ethylene presumably accumulated within the 
chambers. This investigation was initiated to compare the effects of storage in an 
atmosphere of 2% O2 + 10% CO2 with the ethylene removed from the system with similar 
storage during which the evolved ethylene was allowed to accumulate. 
Materials and Methods 
'Lula' avocados harvested on January 19, 1970, and packed in fiberboard cartons 
were obtained from a commercial packinghouse in the Homestead, Florida area. 
Three cartons containing 25 fruits each were stored at 50°F in chambers with 
atmosphere of 2% O2 + 10% CO2 from which ethylene was removed; 3 similar cartons 
were stored at 50° in air, and an additional 3 cartons in 2% 02 + 10% C02 at 50° with 
ethylene allowed to accumulate. Chambers containing all fruit stored at 50°F, in both 
CA and air, were located in one controlled-temp room to eliminate the effects of temp 
differences in the various atmospheres. Chambers were identical in size and 
construction. One carton was placed directly at 70° in air. Relative humidity ranged 
from 75% to 95% in the 50° room and in storage chambers, and from 88% to 95% in 
the 70° room. One carton of avocados was removed from each of the 3 storage 
atmospheres after 30, 45, and 60 days' storage.  Atmospheres within the CA 
chambers were adjusted to 2% O2 + 10% CO2 within 3 days and maintained within 
±0.5% throughout the storage period. Atmospheres were maintained in gas tight 
chambers, and O2 and CO2 were monitored continuously and automatically by 
equipment that has previously been described (5). Atmospheres were circulated 
within the chambers and to the gas-analysis equipment with diaphragm pumps. 
Sequential analysis of separate atmospheres was controlled by time programming of 
solenoid valves to a gas chromatograph with a thermal conductivity detector. Return 
lines from the gas chromatograph provided a "closed system." C02 and 02 were 
added to the lines as needed with a flow meter to gauge proper levels. In the event 
CO2 levels began to rise, metering valves were opened to a hydrated lime scrubber. 
In half of the CA chambers the atmosphere was scrubbed to remove evolved ethylene. 
Canisters containing pellets of "Purafil"4, activated alumina (Al2O3) impregnated with 
potassium permanganate (KMnO4), were connected to the lines circulating the CA 
atmospheres to absorb evolved ethylene that was allowed to accumulate in the 
remaining chambers. Ethylene was measured daily by means of removing a 1-ml 
sample and injecting it into a flame ionization detector; the maximum sensitivity of the 
chromatographic equipment was 0.035 ppm per chart division. 
After removal from storage, each fruit was examined for external appearance, and 
then held in the same room at 70°F in air until soft. When soft enough for eating, as 
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indicated by yielding under slight finger pressure, the fruit was examined for external 
and internal appearance. Palatability tests were made by taste panels with a minimum   
of 10 members. 
Fruit was evaluated on freedom from decay and external discoloration. Avocados 
affected with any decay or having 25% or more of the surface area discolored were 
rated unacceptable; the remainder were rated acceptable. Statistical analyses of data 
were made by mean separation of the functional analyses of variance and multiple 
comparisons (6). 
Results and Discussion 
In chambers where ethylene was allowed to accumulate, 12, 18, and 29 ppm were 
present after 30, 45, and 60 days respectively. No ethylene was detected in those 
chambers in which KMn04 was used. 

 
ACCEPTABILITY.  When removed from CA storage, with or without ethylene, 100% of the 
avocados were acceptable (Table 1). From air storage only 12% were acceptable after 
45 days.  After 60 days in air all fruit was unacceptable because of anthracnose decay. 
The high percentage of unacceptable fruit after 45 and 60 days storage in air was 
comparable to previous studies (10, 11). 
Significantly more avocados were acceptable after storage in CA without ethylene for 
60 days and softened in air at 70°F than similar fruits stored with ethylene.  No 
significant difference was observed in those stored 30 or 45 days, with or without 
ethylene (Table 1). Significantly more avocados stored in CA for 45 or 60 days, with 
or without ethylene, were acceptable than similar fruits stored in air; no significant 
differences were found after 30 days' storage. All fruit that was softened at 70° without 
storage was acceptable. 
Most of the fruit that became unacceptable during the softening process had 
anthracnose decay. "Browning" of the skin, as previously described on 'Lula' avocados 
in CA storage (10), was not observed. The small amount of skin discoloration observed   
during   the   softening   process on CA-stored fruit typified high temp spotting without 
darkening of the flesh, which has been described (12). No internal discoloration was 
detected on acceptable fruit, and all acceptable fruit was palatable. 



DAYS TO SOFTEN.  Avocados in CA storage with ethylene softened in significantly less 
time at all storage periods than those stored without ethylene (Table 2). Avocados 
from air storage softened in significantly less time than those from CA storage. Avocados 
which were not stored but softened directly at70°F required an average of 6.2 days to 

soften. 
Conclusion 
Removal of evolved ethylene from 
the storage atmosphere assists in 
maintaining market quality of 
avocados by reducing the rate of 
softening and increasing 
acceptability. The KMnO4 used in 
this study appears satisfactory for 
removal of ethylene from the CA 
storage chambers. 
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