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Abstract. Papaya (Carica papaya L., CV. Sunrise) fruits were exposed to a continuous flow of an atmosphere con-
taining <0.4% 02 (the balance being N2) for 0 to 5 days at 20C. Decay was a major problem, and some fruit had
developed off-flavors after 3 days in low O2 plus 3 days in air at 20C. The intolerance of the fruit to low O2 correlates
with an increase in the activity of pyruvate decarboxylase and lactate dehydrogenase but not with the activity of
alcohol dehydrogenase. Insecticidal O2 ( < 0.4%) atmospheres can be used as a quarantine insect control treatment in
papaya for periods <3 days at 20C without the risk of significant fruit injury.
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Storage of several fresh fruits and vegetables in modified
atmospheres (MA) or controlled atmospheres (CA) with mod-
erately low O2 (2% to 3%) and high CO2 (< 5%) levels was
shown to inhibit ethylene production/action, reduce respiratory
metabolism, maintain flesh firmness and color, control some
physiological and pathological disorders, and thus prolong the
postharvest life of these crops (Kader, 1986). Atmospheres con-
taining <1% O2 and/or > 60% CO2 have been reported to be
lethal to several insects (Brandl et al., 1983; Gaunce et al.,
1982; Ripp, 1984). In addition to being cost competitive as an
alternative to chemical fumigation (Soderstorm et al., 1984),
CA/MA leave no chemical residues on the fruit. Commercial
use of CA/MA for insect control in grain storage has been re-
ported (Ripp, 1984). The time required to control insects with
MA and CA depends on the species of the insect, its life stage,
the composition of the atmosphere, temperature, and relative
humidity (RI-I). Most stored gain insects are controlled in   4
days by atmospheres containing <1% O2 and/or > 60% CO2 at
> 20C (Brandl et al., 1983; Ripp, 1984; Soderstorrn and Brandl,
1984). Research on the use of MA/CA for insect control in fruits
and vegetables has been very limited. Treatments of European
red mite on ‘Delicious’ and’ ‘Spartan’ apples (Malus domestics
Borkh.) with close to 100% CO2 or N2 at 21C to 24C provided
100% control in 2 days (Gaunce et al., 1982). A mixture of
60% CO2 in N2 was equally effective. Adult sweetpotato wee-
vils, Cylas formicarius elegantulus (Summers), were killed in
   1 week by 8% to 10% O2 plus 30% to 60% CO2 in N2 at 30C
and 75% RH (Delate et al., 1990).

Most papaya-growing regions in Mexico are infested with
several insects, including various species of the fruit fly. There
is no established quarantine procedure for this fruit in Mexico
(especially for export to the United States) since the banning of
ethylene dibromide fumigation. Concentrations of methyl bro-
mide effective against fruit flies at ambient temperature were
found to damage papaya (Couey and Hayes, 1986). A two-stage
hot water dip treatment was adopted as a quarantine procedure
for Hawaiian papaya destined for export (Couey and Hayes,
1986). However, this treatment is limited to specific ripening
stages of the fruit, and in some cases has caused damage (Couey,
1989). In addition, viable larvae of the oriental fruit fly (Dacus
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dorsalis Hendel) were found after treatment in fruit with blos-
som-end defects (Zee et al., 1989).

Potential exists for successful application of CA for insect
quarantine treatments. However, very low levels of 02 and very
high levels of CO2 can induce a shift from aerobic to anaerobic
respiration. The anaerobic compensation point (ACP) for mature
green ‘Bartlett’ pears (Pyrus communis L.) at 25C was found
to be 1.6% to 1.7% 02; it decreased to       0.3% O2 as the tem-
perature decreased to 0C (Boersig et al., 1988). Levels of 02

below the ACP for prolonged periods increase the accumulation
of acetaldehyde and ethanol and are detrimental to the quality
of fresh fruits and vegetables. Acetaldehyde and ethanol are
formed from pyruvate via pyruvate decarboxylase (PDC; EC
4.1.1.1) and alcohol dehydrogenase (ADH; EC 1.1.1.1), re-
spectively. L(+) lactate has also been shown to accumulate
under anaerobic conditions in various plants, and is formed from
pyruvate via lactate dehydrogenase (LDH; EC 1.1.1.27) (Davis,
1980).

The objective of this work was to determine the tolerance of
papaya to 02 levels that have potential for insect control and to
study the effects of this treatment on levels of intermediates and
activities of enzymes of anaerobic respiration.

Materials and Methods

Papaya fruits were obtained from the wholesale market at
Hermosillo, Sonora, Mexico. Immediately upon arrival at the
laboratory, fruits were washed in chlorinated (300 ml·liter -1,
water at room temperature, dried, sorted, and matched by color
and size. Only fruits free of defects and weighing 250 to 350 g
were used. Twenty fruits were individually placed in 3.8-liter
glass jars at 20C and ventilated with humidified air free of C2H4

and CO2 at 200 ml·min -1 for respiration measurements. Air
flow was controlled with a flow board and capillary tubing. A
sample of 30 fruits was evaluated for external appearance, flesh
firmness, and internal quality.

The rest of the fruits were stored either in air at 20C or
exposed to a continuous flow of an atmosphere containing     0.4%
02 at a rate of 200 ml·min-l for up to 5 days at 20C. The low
02 atmosphere was obtained by mixing CO2-free air and N, and
was humdified before entering the jars. Gas samples were taken
every day to verify the resulting atmosphere and for respiration
measurements. Oxygen content was measured with a portable
O2 analyzer (Mocon LC 700F, Modern Controls, Minneapolis)
and CO2 content by an infrared analyzer (Horiba PIR 700, Hor-
J. Amer. Soc. Hort. Sci. 117(1):96-99. 1992.



Fig. 1. Respiration rate of papaya in air at 20C. The vertical bars
represent the SE of the mean.

Fig.2. Changes in O2and CO2concentration during low-O2 storage
of papaya at 20C. The vertical bars represent the SE of the mean.

Fig. 3. Flesh firmness of papaya stored in air for O to 8 days, or in
<0.4% O2 for 0 to 5 days, followed by 3 days in air at 20C. The
vertical bars present the SE of the mean.

Fig. 4. Decay incidence in papaya stored in air for 0 to 8 days, or
in <0.4% 02 for O to 5 days, plus 3 days in air at 20C.
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iba Instruments, Irvine, Calif.). Air-stored fruits were placed in
a corrugated box wrapped in a low density polyethylene bag
with enough holes to maintain a nonmodified but humid (80%
to 85% RH) atmosphere. Half of the fruits (12 fruits per treat-
ment) from normal and low-O2 atmospheres were evaluated every
day (immediately after removal from low O2 atmosphere), and
the other half was transferred to air at 20C and evaluated after
3 days. During each evaluation, three fruits per treatment were
immediately frozen for analysis of the substrates and enzymes
of anaerobic respiration, while the rest of the fruits were eval-
uated for external appearance, incidence of decay, flesh firm-
ness, internal appearance, and presence of off-flavors. Fruits
were checked for external injury and incidence of decay and
tested for flesh firmness on six points of each fruit (skin re-
moved) using a firmness tester (Chatillon DFG 50, John Cha-
tillon & Sons, New York) with an 8-mm tip. Fruits were halved
and immediately smelled and tasted by the authors to detect off-
J. Amer. Soc. Hort. Sci. 117(1):96-99. 1992.
odors and off-flavors, and also were examined for the presence
of internal injury. Frozen fruits were lyophilized and ground
into a fine powder. The activity of the enzymes ADH and PDC
was measured using the method reported by Chang et al. (1982).
LDH activity was determined according to the method of Hoff-
man et al. (1986). Pyruvate and lactate were quantified by the
methods of Evans and Garraway (1976) and Bucher et al. (1963),
respectively. Extractable protein content was estimated accord-
ing to Bradford (1976) using BSA as the standard.

Results and Discussion

Fruits used in this experiment were in their initial stage of
ripening. Their respiration rate increased consistently and reached
a peak after 6 days in air at 20C (Fig. 1). The O2 concentration
m the atmosphere around the low-O2 stored fruits ranged be-
tween O. 17% and 0.35%, while that of CO2 fluctuated between
0.09% and 0.19% over the 5-day storage period (Fig. 2).

Flesh firmness decreased less in low O2-stored fruits than in
the control (Fig. 3). Fruits stored in air softened rapidly as the
97



Fig.5. Activities of alcohol dehydrogenase (ADH), pyruvate decar-
boxylase (PDC), and lactate dehydrogenase (LDH) in papaya stored
in air for 0 to 8 days, or in <0.4% O2 for 0 to 5 days, plus 3 days
in air at 20C. The vertical bars represent the SE of the mean.
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storage period increased. Firmness of fruits exposed to low-O2

atmosphere decreased less as the exposure period to low 02

increased. Fruits stored in air for 3 days following exposure to
low O2 for ≥ 3 days maintained relatively firm flesh. There was
no apparent external or internal low-O2 injury. However, 30%
of the fruits emitted very weak abnormal odors after 3 days in
low O2 plus 3 days in air, and the intensity of these odors
increased as the exposure period to low O2 increased.

Decay was more common in fruits stored in low O2 than in
the control (Fig. 4). Decay was evident after 1 day in low O 2

plus 3 days in air, and increased with longer exposure to low
02. Although no microbiological identification was performed,
most of the decay appeared to be stem end rot and anthracnose
(Alvarez and Nishijima, 1987). The higher incidence of decay
9 8
in low O2-stored fruits compared with that of the control may
have been due to the high humidity in low O2 storage rather
than an effect of low O2, but this aspect was not tested. Low
O2 alone appears to be insufficient for decay control in papaya.
Future studies with insecticidal low-O2 atmospheres in papaya
should include decay control treatments.

The levels of O2 and CO2 required to control insects are
outside the range of tolerable atmospheres reported for long-
term storage of fruits and vegetables (Kader and Morris, 1977).
When exposure time is short, some horticultural crops might
tolerate these extreme atmospheres (Delate and Brecht, 1989;
Ke et al., 1990; Yahia et al., 1989). However, Smilanick and
Fouse (1989) found that several nectarine cultivars had abnor-
mal ripening, elevated ethanol and acetaldehyde content, and
increased internal browning when exposed to an atmosphere
containing 0.5% O2 for 3 days at 15C. Low O2 (0.1% to 0.4%)
and high CO2 (50% to 80%) for periods >1 day at 20C resulted
in substantial injury, accumulation of ethanol and acetaldehyde,
and increased activity of ADH, PDC, and LDH in avocado
(Persea americana Mill.) (Carrillo-Lopez and Yahia, 1991; Ya-
hia and Kader, 1991) and pears (Yahia et al., 1991). However,
mango (Mangifera indica L.) was very tolerant to atmospheres
containing 0.2% to 0.3% O2 (balance N2) for up to 5 days at
20C (Tiznado et al., 1990).

Low O2 for 2 to 4 days decreased the activity of ADH (Fig.
5). However, the activity of this enzyme returned to normal
levels after the papaya were transferred to air. PDC activity
increased slightly (compared with the control) after exposure to
low O2 for 5 days but was not affected by shorter exposure
periods (Fig. 5). LDH activity was lower in fruits stored in low
O2 for 1 day than in the control, increased to much higher levels
for fruits stored for 3 and 4 days, and was slightly higher in
fruits stored in air for 5 days (Fig. 5). Fruits stored in air for 3
days following low O2 treatment for 1 to 5 days had similar
levels of LDH, and there were no differences among these fruits
and those stored continuously in air. There were no differences
in pyruvate and lactate levels among fruits stored in air or in
the low-O2 atmosphere (results now shown).

We conclude that on the basis of off-flavor development (ini-
tiation of anaerobic respiration) papaya can only tolerate insec-
ticidal 02 (O. 17% to 0.35%) atmospheres for <3 days at 20C.
Therefore, these atmospheres can be used for papaya fruits to
control insects that are killed within 2 days at 20C, without the
risk of significant fruit injury. Longer exposure can induce off-
flavors and fruit decay.
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