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Abstract

Exposure of papaya (Carica papaya L., cv. Sunrise) fruit to methyl jasmonate (MJ) vapors (10�5 or 10�4 M) for 16 h

at 20 8C inhibited fungal decay and reduced chilling injury development and loss of firmness during storage for 14�/32

days at 10 8C and 4 days shelf life at 20 8C. MJ-treated fruit also retained higher organic acids than the control fruit.

Low density polyethylene film packaging prevented water loss and further loss of firmness as well as inhibiting

yellowing (b* values) of papaya fruit. The modified atmosphere created (3�/5 kPa O2 and 6�/9 kPa CO2) inside the

package did not induce any off-flavor development during storage at 10 8C. The postharvest quality of papaya was

enhanced significantly by combining the MJ-treatments and MAP. Use of MJ at 10�5 M with MAP is beneficial to

maintaining postharvest quality of papaya during low temperature storage and shelf-life period.
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1. Introduction

The susceptibility of papaya fruit (Carica pa-

paya , cv L.) to several diseases is a major reason

for extensive postharvest losses during handling

and storage. The most important of these is the

fungal disease, Anthracnose, caused by Colleto-

trichum gloeosporoides (Paull et al., 1997). Papaya

diseases greatly increase in incidence and severity

following refrigerated storage. Control of decay is

usually achieved by hot water treatment (HWT),

heat or chemical fungicides (Couey et al., 1984;

Couey and Farias, 1979). Heat treatment leads to
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enhanced senescence (softening) while chemical
treatments can cause fruit damage (hard lumps)

that diminish postharvest quality of fruit (Lay-Yee

et al., 1998). Also, the response of papaya fruit to

heat treatments varies with maturity and season,

with fruit being the most susceptible to injury

during cooler periods (Paull, 1995).

Another means of reducing decay of papaya

fruit is low temperature storage. For papaya,
12 8C has been recommended as an optimum

storage temperature (Paull et al., 1997). Others

have reported that fungal decay was the limiting

factor in storage at 16 8C for 17 days with the

cultivar ‘Tainung No. 1’ (Maharaj and Sankat,

1990). Storage below 10 8C is known to cause

chilling injury (CI) (Sankat and Maharaj, 1998).

Decay, along with CI development, becomes
greater under those conditions.

Modified atmosphere packaging (MAP) has

been shown to ameliorate CI and fungal decay in

several crops (Yahia and Paull, 1997). These

beneficial effects can be explained by the modified

atmosphere created inside the package as well as

the reduction in water loss. The use of polymeric

film wraps and waxing of papaya have been
successful in retarding color development and

water loss before fungal decay becomes the limit-

ing factor (Paull and Chen, 1989). However,

controlled or modified atmosphere storage has

not yet been successfully practiced for commercial

use with papaya (Yahia, 1998). Treatments with

methyl jasmonate (MJ) have been reported to

suppress the gray mold rot caused by Botrytis

cinerea Pers.:Fr. in strawberries (Moline et al.,

1997), to reduce microbial contamination of fresh-

cut celery and peppers (Buta and Moline, 1998)

and to suppress fungal decay in grapefruit (Droby

et al., 1999) and cut roses (Meir et al., 1998). In

addition, MJ treatment reduced CI symptoms in

zucchini squash (Wang and Buta, 1994), avocado,

grapefruit and peppers (Meir et al., 1996) and
mango (González-Aguilar et al., 2000).

This study was undertaken to determine if MJ

treatment could reduce decay and extend shelf life

of papaya fruit stored at low temperatures. MAP

was also used in conjunction with MJ treatments

to attempt to further extend shelf life and maintain

quality of papaya.

2. Material and methods

2.1. Materials and experiments

Papaya (C. papaya cv. ‘Sunrise’) were obtained

in April 1999 and March 2000 from a wholesale

market near Jessup, MD. Papayas used for this

experiment were fully green in appearance and

initially had a firmness of 84�/86 N and soluble

solids content ranged from 8.6 to 9.5. Fruit were

sorted, cleaned, and randomized. Fruit of uniform

size, shape, and maturity and free from defects

were used. Papayas were then washed with chlori-

nated water (200 ppm chlorine) prepared from 5%

sodium hypochlorite, air dried, and randomly

divided into six lots of 90 fruit each. Lot 1 was

used as control; lots 2 and 3 were treated with MJ

vapor. The MJ concentrations were selected based

on preliminary studies carried out earlier in the

laboratory that showed reductions in physiological

disorders.
Fruit from lots 2 and 3 were placed in 120-l

containers together with 10�5 or 10�4 M of MJ

applied on filter paper, and incubated for 16 h at

20 8C. Incubation time was established to pre-

liminary work done in the laboratory. Afterwards,

the containers were opened, ventilated for 4 h and

then lots of 15 fruit were placed in open cardboard

boxes. Half of the fruit (45 fruit per lot) were

covered with a low density polyethylene film

(thickness 0.043 mm and permeability to O2,

CO2 and water were 6.168�/10�7 ml m�2 s�1

Pa, 7.32�/10�7 ml m�2 s�1 Pa and 4.989�/10�4

g m�2 s�1 Pa�1, respectively) and heat sealed. All

fruit were stored at 10 8C for up to 32 days.

In-package atmosphere (O2 and CO2) changes

were monitored at 7-day intervals. After 14, 25,

and 32 days at 10 8C, plastic film was removed,

and 30 fruit/treatment were transferred for an

additional 4 days at 20 8C (shelf life period).

Fifteen fruit from each treatment were sampled

after these periods and after shelf life. Fruit were

evaluated for changes in weight loss, flesh firm-

ness, color (L*, a*, b*), decay, ripening, overall

quality, CI symptoms, and organic acids content.
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2.2. Quality attributes

Papayas were weighed before and after the

storage period to calculate the percentage of fresh

weight loss. Flesh firmness was determined at the

same four positions (equatorial) on each fruit (skin

removed) using a firmness tester, (Pressure Tester

Model EPT-1R, Lake City Technical Products,

Inc., Kelowa, BC Canada) with an 8 mm plunger.

Skin color was assessed with a tri-stimulus color

difference meter (Minolta CR 300) and expressed

as L*, a*, and b* values. Negative a* color values

indicate green and higher positive values, red

color. Higher positive b* values indicate a more

yellow skin color. Six locations around the cir-

cumference of each fruit were evaluated. Extent of

decay was assessed based on the area of decay.

Visual appearance was rated on a scale of 0�/5:

where 0, very poor; 1, poor; 2, fair; 3, good; 4, very

good and 5, excellent. The score of CI was based

on the percentage of total surface area affected by

pitting; 0, no injury; 1, slight; 2, moderate; and 3,

severe according to González-Aguilar et al. (2000).

Oxygen and CO2 inside the packages were mea-

sured with Model S-3A and Model CD-3A analy-

zers, respectively (Ametek, Pittsburg, PA, USA).

2.3. Organic acid determination

Two grams of tissue were homogenized with a

Polytron homogenizer (Brinkmann Instruments

Westbury, NY) in imidazole buffer (20 mM, pH

7.0). The extracts were centrifuged, and the super-

natants were dried in vacuo in derivatizing vials.

Organic acids were analyzed after extraction with

imidazole buffer and purification with a Baker-10
solid phase extraction system. Supernatants from

the extracts were passed through quaternary amine

columns that had been previously conditioned

with hexane and methanol. The samples were

then eluted from the columns with 0.1 N HCl.

Eluates were concentrated to dryness in vacuo in

Fig. 1. In-package atmosphere (O2 and CO2) of papaya fruit covered with a low density polyethylene film during storage at 10 8C.

Each value is the mean of six replicates9/standard error (S.E.).
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derivatized vials. One microliter on the derivatized

samples was injected for gas chromatographic

separation and quantification. A Hewlett�/Pack-

ard 5890 gas chromatograph equipped with a

flame ionization detector was used. A 25 m

cross-linked methyl silicon gum capillary column

(0.2 mm i.d., 0.33 mm film thickness) was used.

Chromatograph temperatures were as follows:

injector, 250 8C; detector, 275 8C; and column

temperatures were programmed from 180 to

250 8C at 10 8C min�1. Separated organic acids

were compared with the derivatized standards for

qualitative and quantitative determinations. A

Hewlett�/Packard CHEMSTATION was used to cali-

brate the peaks, record the data, and calculate the

results.

2.4. Statistical analysis

Analysis of variance (ANOVA) and Tukey’s

multiple range test for comparison of means and

least significant differences (LSD) *P B/0.05, were

Fig. 2. Effect of MJ treatment alone or in conjunction with film packaging on quality of papaya fruit after cold storage and shelf life

period. Each value is the mean of 15 fruit9/S.E.
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performed with the data using the SAS 6.03 system
(SAS Institute, 1990).

2.5. Results and discussion

A rapid accumulation of CO2 occurred in the

packages during the first 7 days of storage at

10 8C, especially in the MJ 10�4 M treatment

(Fig. 1). A further slight increase was observed in

all treatments during the subsequent storage
period until levels of 9�/12 kPa were reached.

Differences in O2 reduction among the treatments

were also observed during storage. The greatest

initial reduction in O2 concentration (first 7 days)

was in the MJ 10�4 M treatment (Fig. 1). Oxygen

levels continued to decrease in the control and MJ

10�5 M treatments until concentrations of 2.5�/3

kPa of O2 were reached, after 28 days, but the O2

levels in the 10�4 M treatment subsequently

remained higher than the control and MJ 10�5

M treatments. The greater initial reduction in O2

and increase in CO2 observed in MJ 10�4 M

treatment could be associated with the acceleration

of ripening and enhancement of senescence. In

other studies, it has been observed that the use of

the higher MJ-treatment, led enhancement of
ripening and senescence (Perez et al., 1993; Buta

and Moline, 1998). Paull and Chen (1989), sug-

gested a critical internal content of CO2 around 7�/

8 kPa for development of off-flavor in full-ripe

papaya ‘Sunset’ and ‘Sunrise’ stored 2 weeks at

10 8C�/2 days at ambient temperature. Papayas

Sunrise ‘Solo’ could be stored at 10 8C for 31 days

in controlled atmosphere (CA) containing 8% CO2

and 3%O2 and still have 5 days at 25 8C for retail

(Cenci et al., 1997). However, for practical pur-

poses is more difficult the implementation of CA

than MAP. In the present study, no off-flavors

were detected when the in-package atmosphere of

O2 and CO2 ranged from 3 to 6 and 9 to 11.5%,

respectively, after 28 at 10 8C. According to Yahia

and Paull (1997), these concentrations of the in-
package O2 and CO2 present during papaya

storage at 10 8C, are within the range of concen-

trations that do not adversely affect postharvest

fruit quality.

There is no evidence in the literature regarding

the effect of MJ in reducing decay in tropical

fruits. The use of MJ treatments alone significantly
reduced the percentage of decayed area of papaya

after 14 days at 10 8C�/4 days at 20 8C (Fig. 2A).

However, the effectiveness of MJ 10�4 M was

considerably reduced after 25 days of storage and

shelf life period while the lower concentration of

MJ (10�5 M) suppressed development of fungal

decay with the longer storage periods. MAP by

itself was also effective as MJ 10�5 M treatment in
reducing decay in papaya fruit during storage. The

decay pathogens encountered in these experiments

were identified by H.E. Moline of PQSL, USDA

Beltsville, MD, as Colletotrichum gloeosporioides -

(anthrachnose) and Alternaria alternata . It has

been reported that the major postharvest disease

of papaya is caused by fungal species of Colleto-

trichum (Sankat and Maharaj, 1998).
MAP enhanced the effectiveness of MJ-treat-

ment. The treatment that reduced fungal develop-

ment to the greatest extent was MJ 10�5 M in

conjunction with MAP. It appears that the reduc-

tion of fungal decay observed after 14 and 25 days

of storage at 10 8C�/4 days at 20 8C could be

more related to MJ-treatment rather than to

changes in the package atmosphere (O2 and CO2)
observed during this period. However, is impor-

tant to notice that the effectiveness of MAP was

similar to the MJ 10�5 M and MJ 10�4 M�/MAP

treatments, after 32 days at 10 8C�/4 days at

20 8C. Droby et al. (1999) suggested that jasmo-

nate treatment probably reduced green mold decay

in grapefruit indirectly by enhancing the natural

resistance of the fruit to P. digitatum at high and
low temperatures. Also, gray mold rot caused by

B. cinerea in strawberry (Moline et al., 1997) and

microbial contamination of fresh-cut vegetables

(Buta and Moline, 1998) were reduced by MJ

treatment, presumably by the induction of such

resistance mechanisms. It seems that the effects

and mode of action of jasmonates in reducing

disease development differ among the various
crops and pathogens examined.

It has been reported that postharvest applica-

tion of MJ could significantly reduce CI after cold

storage of various chilling-sensitive fruits and

vegetables such as zucchini squash (Wang and

Buta, 1994), avocado, grapefruit and pepper (Meir

et al., 1996; Droby et al., 1999) and different
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mango cultivars (González-Aguilar et al., 2000,

2001). CI symptoms were considerably reduced in

papaya fruit by the use of MJ treatments and

MAP during cold storage and shelf life periods

(Fig. 2B). CI symptoms of papaya fruit appeared

as pitting, sunken lesions, and failure to ripen. MJ

10�5 M treatment was very effective in reducing

CI development in papaya fruit during the longer

storage periods. The reduction of CI symptoms by

the MJ 10�4 M treatment was observed for the

first 14 days at 10 8C�/shelf life but not for longer

storage times. CI development was more apparent

and similar in control and the MJ 10�4 M

treatment after 25 or 32 days at 10 8C�/shelf

life. These fruit had high percentage (40�/75%) of

decayed areas also. It is well known that low-

temperature stresses render the commodity more

susceptible to postharvest pathogens (Paull, 1990).

It has been observed in many chilling-sensitive

crops that modification of the atmosphere sur-

rounding the commodity and the high humidity

created in-package, suppresses CI (Forney and

Lipton, 1990). In this study, MAP reduced CI and

also had a significant additive effect when com-

bined with the MJ 10�5 M treatment (Fig. 2B).

Acceptability of control fruit rapidly diminished

during storage followed by the MJ 10�4 M

treatment, while MJ 10�5 M retained good visual

appearance longer (Fig. 2C). MAP alone main-

tained an acceptable appearance equal to the 10�5

M MJ treatment, after 14 days at 10 8C�/shelf

life, but the appearance of the packaged control

samples declined to below the acceptable level

after 25 days at 10 8C�/4 days at 20 8C. No

significant differences were found among pack-

aged control fruit and those treated with MJ 10�5

M, after 32 days at 10 8C�/4 days at 20 8C.

Papaya fruit treated with 10�4 or 10�5 M MJ plus

MAP maintained the best visual appearance (rat-

ing, very good) after 32 days at 10 8C�/4 days at

20 8C. However, no significant differences were

found among the MJ treatments when combined

with MAP, at the end of the storage period.
The use MAP in conjunction with MJ signifi-

cantly reduced the quality loss of papaya. MJ

treatments suppressed color changes of papaya

(expressed as b* values), for 14 days at 10 8C�/4

days at 20 8C compared with controls (Fig. 3). MJ

10�5 M treatment alone enhanced yellowing after

longer storage periods. MAP suppressed the

yellow color changes of papaya fruit to a greater

extent independent of the MJ treatment. Exposure

of apples to MJ vapors greatly promoted b-

carotene accumulation, chlorophyll degradation,

Fig. 3. Effect of MJ treatment alone or in combination with film packaging on b * values of papaya fruit after cold storage and shelf

life period. Each value is the mean of 15 fruit9/S.E. Vertical bar represents the LSD (P B/0.05).

G.A. González-Aguilar et al. / Postharvest Biology and Technology 28 (2003) 361�/370366



and fruit ripening (Perez et al., 1993; Fan et al.,

1997). Previously, we found that MJ could be used

to maintain the postharvest quality of ‘Kent’

mangos, after cold storage (González-Aguilar et

al., 2001). In that study, MJ improved the color

development without adversely affecting the

firmness and weight losses of mango stored at

20 8C.

In general, MAP significantly delayed water loss

of papaya fruit during low temperature storage

and shelf life period (Fig. 4A). MJ treatments did

not modify the rate of water loss of packaged fruit

(Fig. 4A). A slight reduction of water loss was

observed in control (MAP) fruit treated with MJ.

However, the reduction in weight loss of papayas

during cold storage and shelf life period is

attributed to the use of MAP. Seal-packaging

(LDPE), waxing, and shrink wrapping have been

reported to reduce weight loss of papaya fruit

(Lazan et al., 1990; Paull and Chen, 1989). Paull

and Chen (1989) reported that weight losses

greater than 8% considerably diminished the

postharvest quality of papaya. In the present study

we observed that weight losses of unpackaged fruit

was, in general higher than 8%, after 14 days at

10 8C�/shelf life period. These fruit presented

symptoms of shriveling and bad appearance.

However, packaged MJ-treated fruit did not

show severe symptoms of shriveling compared

with those of non-packaged fruit. It was recently

reported that MJ treatment did not affect the rate

of water loss of mango ‘Tommy Atkins’ at low

temperature (7 8C) and shelf life (5 days at 20 8C)

period (González-Aguilar et al., 2000).

Fig. 4. Effect of MJ treatment alone or in combination with film packaging on weight loss (%) and firmness (N) of papaya fruit after

cold storage and shelf life period. Each value is the mean of 15 fruit9/S.E. Arrows and dotted lines indicate the shelf-life period at

20 8C for 4 days, and the vertical bar represents the LSD (P B/0.05).
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Firmness loss varied widely among treatments

after 14 and 25 days at 10 8C (Fig. 4B). After 14

days, control and MJ 10�5 M treated-fruit

had lost 56�/60% of their initial firmness

while MJ 10�4 M fruit had only a 42% loss of

firmness. However, no significant differences were

found among control, fruit treated with MJ and

packaged controls, after 4 days at 20 8C. How-

ever, after 32 days at 10 8C�/4 days at 20 8C, no

appreciable differences in firmness were found

among treatments, except for control and MJ

10�4 M fruit that showed the lowest firmness

values. MJ-treatment alone, reduced loss of firm-

ness, but when combined with MAP, a

further reduction in firmness loss was observed.

Previous studies demonstrated that MJ treat-

ments slightly decreased the firmness of straw-

berry (Perez et al., 1997) but did not affect the

firmness of mango ‘Tommy Atkins’ during cold

storage and shelf life (González-Aguilar et al.,

2000). It appears that response of fruit to MJ

treatment in the reduction of firmness loss may be

related to the cultivars and the MJ concentrations

used.

Fig. 5. Effect of MJ treatment alone or in combination with film packaging on organic acid levels in papaya fruit after various

durations of cold storage at 10 8C. Each value is the mean of 15 fruit9/S.E.
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The main organic acids in papaya fruit are citric,
malic, and quinic acids. Organic acid levels re-

mained higher in the non-packaged fruit treated

with MJ than in the untreated fruit, particularly

after 32 days of storage at 10 8C (Fig. 5). The

differences in organic acids among various treat-

ments in the packaged fruit were considerably less.

Apparently, the effect of MAP on the changes of

organic acids overshadowed the effect of MJ
treatments.

We conclude that MJ 10�5 M treatment could

be used to inhibit fungal decay and prevent CI

development of papaya fruit during storage at

10 8C and shelf life period. The effectiveness of

this treatment was enhanced by the use of MAP,

which prevented water loss, maintained visual

appearance, and prolonged postharvest quality
maintenance of papaya during low temperature

storage and shelf life.
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Dr González-Aguilar received a sabbatical fellow-

ship from Consejo Nacional de Ciencia y Tecno-
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