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Abstract
This experiment was carried out to determine the effect of methyl jasmonate (MeJA) on chilling injuries and

quality of pulp in pineapple (Ananas comosus L. cv. Pattavia). The effect of exogenous MeJA on quality and
storage life of pineapple cv. Pattaviawas was investigated. Pineapples were treated with 0 (control), 10-3, 10-4

and 10-5M MeJA and then stored at 10 °C, 85% relative humidity. Pineapple treated with MeJA significantly
reduced chilling injuries and percentage of fruit weight loss compared to the control treatment. Percentage of
weight loss of pineapple non-treated with MeJA was ranged from 13.73-19.64%, while that of treated pineapple
ranged from 3.81-11.99%. After storage for 21 days, the browning symptoms associated with chilling injuries
were observed in the pulp adjacent to the core of the pineapple fruit. Chilling injuries were found to be associated
with electrolyte leakage, chilling injury index and total phenolic content, which had increased during storage. The
value of electrolyte leakage, chilling injury index and total phenolic content from pulp tissue treated with MeJA
was lower than with non-treated fruits. Total soluble solids (TSS), titratable acidity (TA), total sugars and
reducing sugars of treated pineapple were not significantly different from that of the control pineapple.
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Introduction
Chilling injuries (CI) impose a limitation on

extended storage for many horticultural crops,
especially those of tropical or subtropical origin. One
of the most significant reasons for postharvest loss is
due to pineapple susceptibility to chilling injury when
stored below 13 °C (Dull, 1971). Chilling induced
symptoms were observed in the pulp adjacent to the
core, although the critical temperature at which
chilling injury symptoms occurred varied, depending
upon the type of produce. Chilling injury in tropical

fruits is characterized by browning of the skin, greater
firmness in texture, and off-flavor in the fruit. The
temperature that induces chilling injury differs
with fruit species, and the skin is generally more
sensitive to low temperatures than the fruit flesh
(Mitra, 1997). It was observed that post harvest life
of the pineapple is limited due to its susceptibility to
chilling temperatures. It is assumed that the browning
symptom often appears around the vascular strands
in fruits, probably as a result of the action of the
enzyme polyphenol oxidase. This enzyme may cause
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the leakage of phenolic compound from the vacuole
after chilling.

Jasmonic acid (JA) and its volatiles derivative
methyl jasmonate (MeJA), are collectively called
jasmonates (Mueller et al., 1993; Creelman and Mullct,
1997). Jasmonates are fatty acid derivative with a
12-carbon backbone that plays a role in plant
development and plant defense against pests.
Jasmonate main activities as plant growth regulators
includes inhibition of seed germination and callus
growth and promotion of’ leaf and fruit senescence,
root forming and petiole abscission. Moreover,
Jasmonates are plant stress hormones that play a
prominent role in signaling plant defense (Creelman
and Mullet, 1997). JA and MeJA were shown to
induce increased production of the secondary
metabolites. The level of JA in plants varies as a
function of tissue and cell and development stage
(Gonzalez-Aguilar et al. 2000).

Recently, it has been observed that MeJA
treatment could be used to reduce deterioration and
the development of chilling injury symptoms of
zucchini, mango, avocado, and papaya fruit (Wang
and Buta, 1994; Meir et al., 1998; Gonzalez-Aguilar
et al., 2000; Gonzalez-Aguilar et al., 2003). It was
reported that MeJA can also be applied, as a
post-harvest treatment, to suppress grey mould rot
diseases caused by Botrytis cinerea, Penicillium
digitatum, and Alternaria alternata in strawberries,
grapefruit, and papaya fruit, respectively (Wang and
Buta, 1994; Meir et al., 1998; Gonzalez-Aguilar et al.,
2000; Gonzalez-Aguilar et al., 2003; Moline et al.,
1997; Droby et al., 1999) It has also been observed
that MeJA treatment maintains higher organic acid
in radishes and zucchini when stored at 5 °C
and improves skin color of mangos during storage at
20°C (Wang, 1998; Gonzalez-Aguilar et al., 2001).
Howerver, the study on the effect of MeJA treatment
on the quality of pineapple has not been investigated.
        This study investigated the effect of exogenous
MeJA on browning symptoms and quality of pineapple

cv. Pattavia, a popular pineapple cultivar in Thailand,
to prolong and maintain the fruit’s quality during
storage.

Material and methods

Plant material
Pineapples cv. Pattavia were harvested at

commercial maturity from the plantation in Phetchaburi
province. They were immediately transported to the
laboratory of the Faculty of Animal Sciences and
Agricultural Technology at Silpakorn University by
truck. In the laboratory, the uniformity of the fruit was
determined to select the fruits which had the same
size and color. The fruits were then dipped in 200 ppm
hydrochloride solution for 3 minutes to control fruit
rot disease. The fruits were then air-dried at ambient
temperature. The fruits were dipped with 10-3, 10-4

and 10-5M methyl jasmonate solution for 5 minutes
and then stored at 10 °C and 85% relative humidity.
The fruits were randomly chosen from each
treatment at 7 days interval to determine the change
of pineapple fruit quality.

Weight loss
The harvested pineapple fruits were immediately

weighed before storage. Fruits were weight at room
temperature (25 °C) and at 7 day intervals. Weight
loss of each sample was calculated as a percentage
with respect to the initial weight.

Chilling injury Index
The severity of chilling injuries was evaluated

after pineapples were transferred from the cold room
to room temperature. The degree of chilling injury was
measured by the extent of surface browning of the
pulp. They were rated on a scale from 1 to 5, based
on the intensity of surface browning; Score 1 = no
chilling injury symptoms; Score 2 = browning
symptoms covered 1-25% of the surface area; Score
3 = browning symptoms covered 26-50% of the
surface area; Score 4 = browning symptom covered
51-75% surface area; Score 5 = browning symptoms
covered 76-100% of the surface area.
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Electrolyte leakage
Electrolyte leakage was determined based on the

method of McCollum and McDonald (1991). Twelve
disks, approximately 3 grams from pulp, were excised
with a cock bored and then rinsed with 0.4 M mannital.
These tissues were then placed in 50 ml of 0.4 M
mannital, and incubated at 25 °C for 3 hours (data A).
The Electrical conductivity of the solution was
measured at room temperature using a conductivity
meter (Model EcoScan CON6, EUTECH). Total
electrolyte was determined on the same samples
after they were autoclaved for 30 min at 121 °C and
cooled to room temperature (data B). Leakage data
was expressed as a percentage of total electrolyte
reading.

Total soluble solids and titratable acidity
The determination of titratable acidity (TA) and

total soluble solid (TSS) was carried out using the
method of A.O.A.C (1990). TSS was measured by
using a hand refractometer. TA was determined by
titrating the pulp extract with 0.1N sodium hydroxide
(NaOH) using phenolphthalein as an indicator and
expressed as percent citric acid.

Total sugars and reducing sugars
Determination of total sugars and reducing

sugars extracted one gram sample of pulp with 20 ml
of 50% ethanol and then incubated in the oven at
60 °C for 2 hours. One ml of the supernatant liquid
was mixed with 0.5 ml of 0.1N hydrochloric acid and
boiled for 15 min. This mixture was then mixed with
0.5 ml of 0.1N sodium hydroxide. One ml of the
supernatant liquid was then taken for quantifying the
total sugar using Somogy-Nelson’s method (Hodge
and Hofreiter, 1962) and reducing sugar using the
method of Plews (1970).

Total phenolic content
Total phenolic content was determined using the

method of Ketsa and Atantee (1998). Five grams of
pulp were homogenized with 12 mL of 80% ethanol
for 1 minute. The homogenized mixture was later
centrifuged at 4,400 x g for 20 min. One ml of the

supernatant liquid was mixed with 8 mL of 10%
Folin-Ciocaltea reagent and 10 mL of 7.5% sodium
carbonate, and then allowed to settle for 2 hours. The
absorbance of the sample solution was measured with
a spectrophotometer (Model Libra S22, Biochrom) at
765 nm. A standard curve of gallic acid was used for
quantifying the total phenolic content.

Statistical analysis
Completely randomized design (CRD) was

used throughout the whole experiment with three
replications. All the data was analyzed with one-way
analysis of variance (ANOVA). Mean separations
were performed by Duncan’s multiple range tests.
Differences at p = 0.05 were considered as
statistically significant.

Results

Weight loss
Weight loss of pineapple increased during storage

of the fruits at 10 °C (Figure 1). Weight loss is a
parameter which can be used to evaluate the quality
of fruit. The loss of weight for each treatments of
pineapple treated with MeJA was slightly lower than
that of the non-treated (control), with a statistical
difference between the treated and non-treated. But
this, however, had no statistically significant
difference among the treatments of MeJA.

It was found that during storage, weight loss was
drastically increased after 7 days of storage. The
weight loss was later remained at the same rate
during storage. Percentage of weight loss of pineapple
not treated with MeJA was between 13.73-19.64%,
while pineapple treated with MeJA was between
3.81-11.99%.

Chilling injury development and phenolic
content
Chilling injury (CI) index and electrolyte leakage

of the pulp in pineapple increased during storage.
Browning symptoms associated with CI were observed
in the pulp adjacent to the core. Chilling injury index
and changes in the electrolyte leakage of the pulp are
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Figure 1 Weight loss in pineapple treated with 0 (control), 10-5, 10-4 and 10-3 M MeJA and then stored at 10 °C.
Each data point represents the mean of three replications.
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presented in Figures 2A and 2B, respectively. After
21 days of storage at 10 °C, the pulp treated and
non-treated showed browning symptom, but it
appeared lower (25% of surface area) for those with
the MeJA treatment. CI index of pineapple treated
with 10-3, 10-4 and 10-5M MeJA was lower than
that of the non-treated, and this was statistically
significant at 21 and 28 days of storage. At 21 and
28 days of storage, the level of chilling injury index
of pulp in pineapple was not higher than 25% of
the surface area. However, a pineapple treated with
10-5M MeJA had slightly more severe browning
symptom than the other treatments. MeJA treatment
resulted in a reduction of CI symptom.

Electrolyte leakage was significantly higher in
non-treated than in the treated pineapple. Changes in
the electrolyte leakage of pulp were used to assess
the development of chilling injuries. At 21 days of
storage, electrolyte leakage of pineapple non-treated
with MeJA had increased to 90.91%, while pineapple
treated with 10-3, 10-4 and 10-5 M MeJA had lower
electrolyte leakage at 72.61%, 73.23%, 74.59%,
respectively.

Changes in the total phenolic content of pulp
were used to assess the development of browning

symptoms associated with CI. Total phenolic content
increased with the duration of storage in all treatment
(Figures 3). The total phenolics content of both
non-treated and treated pineapple increased during
storage at 10 °C. However, total phenolic content of
pineapple treating with MeJA was lower than that of
the non-treated fruits with statistical significance at
21 and 28 days of storage. However, there was no
statistical difference among treatments with various
levels of MeJA.

Change of total soluble solids and titratable
acidity
Total soluble solids (TSS) and titratable acidity

(TA) were analyzed and the result is shown in
Figures 4A and 4B. There was no statistical
difference of the level of TSS of pineapple treated
with 0, 10-3, 10-4 and 10-5 M of MeJA. During
storage, the value of TSS varied between 13.5-15
°Brix. Initially, the level of TSS had increased but
it had declined afterwards. The changes in TA in
pineapple prior and after storage were similar to those
of TSS. The level of TA was about 0.42-0.90%. There
was a slight difference in the level of TA in pineapple
treated with MeJA and those non-treated. However,
there was no statistically significant difference among
these treatments.

- - - - - - - Control
MeJA 10-3M
MeJA 10-4M
MeJA 10-5M
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Figure 2 Chilling injury index and percentage of electrolyte leakage in pulp of pineapple treated with 0
(control), 10-5, 10-4 and 10-3 M MeJA and then stored at 10 °C. A: Chilling injury index; B: Percentage
of electrolyte leakage of pulp. Each data point represents the mean of three replications.

Figure 3 Total phenolic content in pulp of pineapple treated with 0 (control), 10-5, 10-4 and 10-3 M MeJA and
then stored at 10 °C. Each data point represents the mean of three replications.
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Change of total sugar and reducing sugar
Change of total sugars and reducing sugars was

analyzed and the result is shown in Figures 5A and
5B. Total sugars and reducing sugars of both
non-treated and treated pineapple increased during
storage. There was no statistical difference on the
level of total sugars and reducing sugars of pineapple
treating with 0, 10-3, 10-4 and 10-5 M MeJA. The level
of total sugar had increased during storage. During
storage, the level of total sugars was about 4.72-10.58
mg/g FW and reducing sugars was about 1.61-6.25
mg/g FW. At 28 days of storage, pineapple had
maximum total sugars and reducing sugars.

Discussion
Chilling injury (CI) occurs when tropical or

sub-tropical fruits have been exposed to low
temperature for a certain period of time. In this study,
we investigated the effect of methyl jasmonate
(MeJA) in preventing chilling injuries and improving
the quality of pulp in pineapples. It was reported that
in pineapple, CI symptom started developing and could
be detected when the fruit was stored at lower than
13 °C (Dull, 1971). The abnormality was caused by
physiological changes in cell membrane where the
liquid-crystalline state had been changed to solid gel
state. The rigidity of the cell membrane accelerated
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Figure 4 Total soluble solid and titratable acidity in pulp of pineapple treated with 0 (control), 10-5, 10-4 and
10-3 M MeJA and then stored at 10 °C. A: Percentage of Brix; B: Percentage of titratable acidity.
Each data point represents the mean of three replications.

B

A

- - - - - - - Control
MeJA 10-3M
MeJA 10-4M
MeJA 10-5M

- - - - - - - Control
MeJA 10-3M
MeJA 10-4M
MeJA 10-5M



Silpakorn U Science & Tech J Vol.2(2), 2008P. Nilprapruck et al.

39

the leakage of cell content and caused electrolyte
leakage from the cell (Lyons, 1973; Paull, 1994),
causing of weight loss and browning in pineapples.
Permeability can be assessed by measuring the rate
of leakage of these solutes which have passed through
the membrane. (Wang, 1990)

In the present study, CI symptoms in pineapple
were detected after storage of the fruits for 21 days.
The symptom development was followed by
measuring the CI index and calculating the
electrolyte leakage during stored of pineapple fruits.
Nukuntornprakit (2004) used both parameters to
study the effect of low temperature on CI in
pineapples and found that pineapples (cv. Pattavia)

was resistant to CI symptoms development when the
fruits were stored at 10 °C for 3 weeks. After treating
the pineapple fruits with MeJA at the concentration
of 10-3, 10-4, and 10-5 M, it was found that the value of
CI index and electrolyte leakage was reduced, with
statistical differences from those of the non-treated
control when the fruits were assessed at 21 and 28
days after storage. This demonstrated that treating
the pineapple fruits with MeJA effectively reduced
CI symptom in pineapple. As this research is a
preliminary study, the pineapple treated with MeJA
still had CI symptoms, which may not be acceptable
to the consumer although the CI symptoms have been
reduced as a result of the MeJA treatment. More

Figure 5 Total sugar and reducing sugar in pulp of pineapple treated with 0 (control), 10-5, 10-4 and 10-3 M
MeJA and then stored at 10 °C. A: Total sugar; B: Reducing sugar. Each data point represents the
mean of three replications experiments.

0

2

4

6

8

10

12

0 7 14 21 28

Time in storage (days)

To
ta

l s
ug

ar
 (m

g/
g 

FW
.) 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

0 7 14 21 28

Time in storage (days)

R
ed

uc
in

g 
su

ga
r 

(m
g/

g 
FW

.)

Control
MeJA 10-3M
MeJA 10-4M
MeJA 10-5M

Control
MeJA 10-3M
MeJA 10-4M
MeJA 10-5M

B

A



Effect of Exogenous Methyl JasmonateSilpakorn U Science & Tech J Vol.2(2), 2008

40

study should be carried out to find optimal MeJA
concentrations which can reduce CI symptoms
acceptable to the market.

CI was visually detected when the browning
symptom occurred at the core of the pineapple fruits
during storage. This browning discoloration occurred
as a result of physiological disorder, possibly from the
accumulation of phenolic compounds and polyphenol
oxidase in the fruit (Paull and Rohrbach, 1985). In
this study, total phenolic content had increased during
storage and this occurred simultaneously with the
appearance of the browning symptom in the fruit.
Pineapple fruits treated with MeJA had lower total
phenolic content than those of the non-treated
control, with statistical differences when the fruits
were assessed at 21 days of storage. This may
indicate that MeJA may play a role in retarding the
development of browning symptom in pineapple.
Vamos-Vigyazo (1981) and Walker and Ferrar (1998)
reported that polyphenol oxidase had played a role
in catalyzing the discoloration process, with the
browning pigment as the oxidation of phenolic
substrates by polyphenol oxidase is thought to be the
major cause of the brown discoloration of many
fruits and vegetables during handling, storage and
processing.

Quality of pineapple fruit during storage can be
assessed by measuring weight loss. The result showed
that weight loss of the pineapple fruits during storage
had escalated. This may be a result of stress initiated
from low temperature which in turn activates the
respiration of the fruit. In this study, pineapple treated
with MeJA had a lower weight loss than the
non-treated control, with statistical differences.
However, it was found that the concentrations of
the MeJA had no effect on weight loss of the
pineapple fruits. This was possibly because MeJA
treatment had reduced the severity of CI symptom.
The CI symptom is an indicator which reflects the
malfunction of the membrane permeability. This
membrane malfunction has caused the leakage of

water and electrolytes from the cell. The end result is
the loss of weight in the pineapple fruits.

During storage, the value of TSS ranged from
13.5-15 °Brix and the value of TA varied between
0.42-0.90 % of citric acid, regardless of whether the
pineapple fruits were treated with MeJA or not.
Marrero and Kader (2006) reported that the consumer
was prepared to accept the pineapple with the lowest
value of TSS at 12 °Brix and the highest value of TA
at 1%. In this study, the value of TSS has not
fluctuated. This is because the pineapple is a non
climacteric fruit which can be harvested when they
are demanded for consumption. Nonetheless, the value
of TA, which initially had increased, declined during
storage. The reduction of the level of acidity in the
pineapple fruits is possibly due to the utilization of malic
acid and citric acid as a substrate during the
respiration process (Dull, 1971).

In this study, the total sugars and reducing sugars
had increased. This is possibly due to the fact that
most fruits have stored the energy in the form of
sucrose, the non-reducing sugars. Subsequently, this
sucrose was transformed to glucose and fructose. This
observation was also consolidated by Bantaotook
(2002) who had conducted the study of pineapple
quality using high performance liquid chromatography
(HPLC) techniques.

Conclusion
Pineapple stored at low temperature had

developed CI symptoms at 21 days of storage as
shown by CI index, electrolyte leakage and total
phenolic content. It was found that MeJA played a
role to reducing CI symptoms of pulp tissue. Treating
pineapple with MeJA was found to result in lower
weight loss; one of the parameter of pineapple fruit’s
quality. MeJA had no effect on TSS, TA, reducing
sugar and total sugar. MeJA reduced the CI
symptoms and maintained quality of pineapple fruits
during storage at low tempurature.



Silpakorn U Science & Tech J Vol.2(2), 2008P. Nilprapruck et al.

41

Acknowledgements
The authors would like to thank Mr. Frank Werth,

an English teacher at the Faculty of Animal Sciences
and Agricultural Technology, Silpakorn University,
Phetchaburi IT campus, Cha-Am, Thailand, for proof-
reading this manuscript. This research was supported
in part by a grant from Silpakorn University Research
and Development Institute, Thailand.

References
Bantaotook, T. (2002) Effect of controlled

atmosphere and superatmospheric oxygen
on postharvest quality of pineapple cv.
Trad-Seethong. Master of Science (Thesis).
Division of Postharvest Technology. King
Mongkut’s University of Technology Thonburi,
Bangkok.

Chen, C. C., Lili, Z., Nancy, C., and Paull, R. E. (2001)
Determinants of sweetness in papaya and
pineapple. Proceedings of the fourth
international conference on postharvest science.
Acta Horticulturae 553: 99-100.

Creelman, R. A. and Mullct, J. E. (1997)
Biosynthesis and action of jasmonates in plants.
Annual Review of Plant Physiology and
Plant Molecular Biology 48: 355-381.

Droby, S., Porat, R., Cohen, L., Weiss, B., Shapiro,
B., Philosoph-Hadas, S., and Meir, S. (1999)
Suppressing green mold decay in grapefruit
with postharvest jasmonate application.
Journal of the American Society for
Horticultural Science 124: 184–188.

Dull, G. G. (1971) The pineapple. In The
Biochemistry of Fruits and Their Products
(Hulme, A. C., ed), pp. 303-324. Academic
Press, New York.

Given, N. K. (1993) Kiwifruit. In Biochemistry of
Fruit Ripening (Seymour, G., Taylor, J., Tucker,
G., eds),   pp. 235-254. Chapman & Hall,
London.

Gonzalez-Aguilar, G. A., Buta, J. G., and Wang, C. Y.
(2001) Methyl jasmonate reduces chilling

injury symptoms and enhances colour
development of ‘Kent’ mangoes. Journal of
the Science of Food and Agriculture
81: 1244–1249.

Gonzalez-Aguilar, G. A., Buta, J. G., and Wang, C. Y.
(2003) Methyl jasmonate and modified
atmosphere packaging (MAP) reduce decay
and maintain postharvest quality of papaya
Sunrise. Postharvest Biology and
Technology 28: 361–370.

Gonzalez-Aguilar, G. A., Fortiz, J., Cruz, R., Baez, R.,
and Wang, C. Y. (2000) Methyl jasmonate
reduces chilling injury and maintains postharvest
quality of mango fruit. Journal of Agricultural
and Food Chemistry 48: 515–519.

Hodge, J. E. and Hofreiter, B. T. (1962) Method in
carbohydrate chemistry. In Determination of
Reducing Sugar and Carbohydrate
(Whisstter R. L. and Wolfrom M. L. eds),
pp. 380-394. Academic Press, New York.

Ketsa, S. and Atantee, S. (1998) Phenolics, lignin,
peroxidase activity and increased firmness of
damaged pericarp of mangosteen fruit after
impact. Postharvest Biology and Technology
14: 117-124.

Lyons, J. M. (1973) Chilling injury in plant. Annual
Review of Plant Physiology 22: 445-456.

Marrero, A. and Kader, A. A. (2006) Optimal
temperature and modified atmosphere for
keeping quality of fresh-cut pineapples.
Postharvest Biology and Technology
39: 163-168.

McCollum, T. G. and McDonald, R. E. (1991)
Electrolyte leakage respiration and ethylene
production as indices of chilling injury in tomato
fruit. HortScience 17(2): 162-165.

Meir, S., Droby, S., Davidson, H., Alsevia, S., Cohen,
L., Horev, B., and Philosoph-Hadas, S. (1998)
Suppression of Botrytis rot in cut rose flowers
by postharvest application of methyl jasmonate.
Postharvest Biology and Technology
13: 235–243.



Effect of Exogenous Methyl JasmonateSilpakorn U Science & Tech J Vol.2(2), 2008

42

Mitra, S. K. (1997) Postharvest Physiology and
Storage of Tropical and Subtropical Fruits.
CABI Publishing, New York.

Moline, H. E., Buta, J., and Safther, R. A. (1997)
Comparison of three volatile natural products
for the reduction of postharvest decay in
strawberries. Advances in Strawberry
Research 6: 43–48.

Mueller, M. J., Brodshelm, W., Spannagl, E., and Zcnk,
M. H. (1993) Signaling in the elicitation
process is mediated through the octadecanoid
pathway leading to jasmonic acid. Proceedings
of the National Academy of Sciences
90: 7490-7494.

Nukuntornprakit, O. (2004) Free radical and
antioxidants on internal browning in
pineapples. Master of Science (Thesis).
Department of Horticulture. Kasetsart
University, Bangkok.

Paull, R. E. (1994) Chilling injury of crops of tropical
and subtropical origin. In Chilling Injury of
Horticultural Crops (Wang, G. Y., ed),
pp. 17-36. CRC Press, Florida.

Paull, R. E. and Rohrbach, K. G. (1985) Symptom
development of chilling injury in pineapple fruit
(Ananas comosus). Journal of the American
Society for Horticultural Science

110: 100–105.
Plews, R. W. (1970) Analytical Methods Used in

Sugar Refining, Elsevier Publishing,
New York.

Vamos-Vigyazo, L. (1981) Polyphenoloxidase and
peroxidase in fruits and vegetables. Critical
Reviews in Food Science and Nutrition
15: 49-127.

Walker, J. R. L. and Ferrar, P. H. (1998) Diphenol
oxidase, enzyme-catalysed browning and plant
disease resistance. Biotechnology and
Genetic Engeering Reviews 15: 457-498.

Wang, C. Y. (1998) Methyl jasmonate inhibits
postharvest sprouting and improves storage
quality of radishes. Postharvest Biology and
Technology 14: 179–183.

Wang, C. Y. (1990) Chilling injury of horticultural crops.
In Relation of Chilling Stress to Membrane
Permeability (Murata T. ed), pp. 201-210. CRC
Press, Florida.

Wang, C. Y. and Buta, G. (1994) Methyl jasmonate
reduces chilling injury in Curcubita pepo through
its regulation of abscisic and polyamine levels.
Environmental and Experimental Botany
43: 427–432.

Weber, H. (2002) Fatty acid-derived signals in plants.
Trends in Plant Science 7(8): 217-224.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


