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Abstract — Introduction. Longkong (Aglaia dookkoo Grift.) fruit is a non-climacteric tropical fruit and grows widely
in the South-East Asia. It has a unique taste and nutritional properties that make it more valuable to export. However,
longkong exhibits a shorter shelf life at ambient (25 °C for 3—5 days) and low temperature (13 °C for 10 days) stor-
age. Therefore, there is an urgent need to extend its shelf life and marketability by using an inexpensive and proficient
technique. Materials and methods. Methyl jasmonate (MeJA) treatments with different concentrations (10, 20 and
30 uMol L) were used to control physiological and biochemical quality changes of longkong fruit stored at 13 °C
and 85% relative humidity. Fruit with no MeJA treatment served as control. The physiological and biochemical qual-
ity analyses were carried out at every four days of the interval. Results and discussion. Longkong pericarp chilling
injury (CI) index and ion leakage severely increased in the control fruits as compared with MeJA treated fruit. The
increased of pericarp phenylalanine ammonia lyase (PAL), polyphenol oxidase (PPO) and peroxidase (POD) activities
were well controlled by MeJA treatments. Fruit polygalacturonase (PG), pectin methyl esterase (PME) and lipoxyge-
nase (LOX) activities were significantly controlled in MeJA treated fruit. Fruit superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPX) activities found higher level in the MeJA treated fruit. Conclusion. The differ-
ent concentrations of MeJA treatment effectively reduced the severity of physiological and biochemical quality changes
in longkong fruit under prolonged low temperature storage.
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Résumé — Effet du jasmonate de méthyle sur la qualité physiologique et biochimique des fruits du longkong a
basse température. Introduction. Le longkong (Aglaia dookkoo Griff.) est un fruit tropical non-climactérique large-
ment répandu en Asie du Sud-Est. I a un godit unique et ses propriétés nutritionnelles en font un produit d’exportation
recherché. Cependant, le longkong présente une durée de vie tres courte a température ambiante (3—5 jours a 25 °C)
et un peu prolongée a basse température (10 jours a 13 °C). Pour développer cette espece, il est crucial d’étendre sa
durée de vie et sa valeur marchande. Nous avons proposé d’utiliser une technique peu coiteuse et efficace sur d’autres
especes. Matériel et méthodes. Des traitements au jasmonate de méthyle (MeJA) ont été appliqués aux concentrations
de 10, 20 et 30 wmol L~! dans le but de contrdler la qualité des fruits du longkong stockés a 13 °C et 85 % d’humidité
relative. Les fruits sans traitement MeJA ont servi de témoin. L’analyse des criteres de qualité, biochimiques et phy-
siologiques, a été réalisée tout au long du stockage a quatre jours d’intervalle. Résultats et discussion. Les blessures
sur le péricarpe du longkong (CI) et I’'indice de fuite d’ions, toutes deux dues au froid, ont fortement augmenté sur les
fruits du témoin par rapport a ceux traités au MeJA. L’augmentation des activités enzymatiques de la phénylalanine
ammonialyase (PAL), de la polyphénol-oxydase (PPO) et de la peroxydase (POD) du péricarpe des fruits a été bien
contrdlée par les traitements au MelJa. Les activités polygalacturonase (PG), pectine méthyle estérase (PME) et lipoxy-
génase (LOX) du fruit ont été largement controlées par les traitements au MeJA. La superoxyde-dismutase (SOD), la
catalase (CAT) et la glutathionpéroxydase (GPX) du fruit ont eu une activité plus élevée dans les fruits traités au MeJA.
Conclusion. Les différentes concentrations de MeJA ont toutes été efficaces pour réduire la gravité des altérations tant
physiologiques que biochimiques au cours du stockage prolongé du longkong a basse température.

Mots clés : Thailande / longkong / Aglaia dookkoo | stockage au froid / durée de vie / jasmonate de méthyle / activité
enzymatique
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1 Introduction

Longkong fruit (Aglaia dookkoo Grift., syn. Lansium
domesticum) is one of the important horticultural produce
in Thailand, also known as langsat. Longkong is a non-
climacteric and tropical fruit. It contains a high level of antiox-
idant activities, nutritional and medicinal properties. However,
longkong is highly perishable at an ambient temperature due to
physiochemical changes such as pericarp browning, fruit firm-
ness and the off-flavour formation and thus, limit the fruit shelf
life to 3—5 days [1]. Low temperature storage is extensively
used to prolong the shelf life and maintain the quality of fruit
and vegetables by delaying their senescence and deteriorations
process. Longkong fruit stored below an ambient temperature
has increased the shelf life by several weeks. Tropical and sub-
tropical fruit stored at a very low temperature could cause the
severe chilling injury symptoms [2].

Chilling injury might be the consequence of oxidative
stress caused by reactive oxygen species (ROS) during the
prolonged storage [3]. Longkong fruit stored at a low tem-
perature between 12 °C and 15 °C had a chilling injury dis-
order such as pitting, scalding on fruit pericarp and loss of
firmness. Phenylalanine ammonia lyase (PAL), Polyphenol ox-
idase (PPO) and peroxidase (POD) are the predominant en-
zymes that inducing pericarp browning in longkong [4]. Poly-
galacturonase (PG) and pectin methyl esterase (PME) are the
main enzymes that contribute to changes in fruit firmness [5].
Additionally, lipoxygenase (LOX) is considered as one of the
major enzymes responsible for membrane deterioration in a
number of plant tissues under various stress conditions [6].
Methyl jasmonate (MeJA) is a cyclopentanone compound, and
it considered as an endogenous plant regulator that plays a vital
role on stress response, plant growth and development [7, 8].

Recently, MeJA has been used widely as a potential
postharvest application for the alleviation of chilling injury in
many horticultural crops and keep their quality [9, 10]. Sev-
eral reports have elucidated that, MeJA eases the chilling in-
jury by increasing the expression of a set of defense genes
and enhances the antioxidant capacity in crops. Superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPX) are the primary antioxidant enzymes that usually ob-
served a high level of activity in MeJA treated plant produces
under low temperature storage [5, 11]. Until now, there are
only a few limited reports available on controlling longkong
chilling injury symptoms. There is no information on using
the exogenous MeJA treatment to control the enzyme activi-
ties, which induced the physiological and biochemical quality
changes and chilling injury symptoms in longkong under low
temperature storage. Therefore, our objective was to examine
the effect of MeJA with different concentrations on physiolog-
ical and biochemical quality changes of longkong fruit under
prolonged low temperature storage.

2 Material and methods
2.1 Plant material

The fully matured longkong fruit (91 days after anthesis)
were purchased from a contact garden in southern Thailand.

The harvested fruit were taken into the laboratory within 2 h
at an ambient temperature. Received fruit were carefully re-
moved from the racemes without any apparent damages and
they were washed in distilled water to remove any dirt and
pests. The fruit pericarp surface was then dried using an elec-
tric fan (approximately 30 min) at an ambient temperature. Af-
ter that, the fruit proceeded to different concentrations of MeJA
treatment and storage.

2.2 MeJA treatment and storage

Longkong fruit were separated randomly into four groups.
The first group (MeJA not treated) served as a control. The sec-
ond, the third and the fourth groups were treated with 10, 20
and 30 uMol L~' MelJA, respectively. All groups were kept in
an air-sealed container and fumigated with MeJA (except the
control fruit) for 24 h at an ambient temperature and then, ven-
tilated for at least 2 h. After the treatments, 15 longkong fruits
were placed on a perforated polypropylene punnet box for each
replication. Then, the fruit were stored at 13 °C and 85% rel-
ative humidity until the storage ended. Fruit shelf life periods
were terminated when the visible mould growth and/or more
than 75% of chilling injury symptoms appeared on the fruit
pericarp. Fruit were measured on the following quality deter-
minations at every four days of the interval.

2.3 Physical quality evaluations

Symptoms of chilling injury (CI), including pitting and
brown scalding on the fruit pericarp were visually assessed.
The severity of the symptoms was evaluated after 10 h of
fruit transfer from 13 °C to 25 °C following the method of
Jin et al. [12]. The results were expressed in percentage (%).
Pericarp electrolyte leakage was calculated by the method of
Saltveit [13]. The electrolytic leakage values were expressed
as the percentage ratio of the initial over total conductivity.
Fruit firmness was measured on four sides of 15 peeled fruits
from each replication using a TA-XT?2i (Stable Micro System,
UK) texture analyzer with a 2 mm diameter cylinder probe
with the penetrometric methods. The results were expressed in
Force (N).

2.4 Enzyme activity analysis

The browning-related enzyme (PAL, PPO and POD) ac-
tivities were analyzed in longkong fruit pericarp. At the same
time, fruit flesh was used to analyze the textural (PG, PME
and LOX) and antioxidant (SOD, CAT and GPX) enzyme
activities.

For PAL activity, pericarp tissues (2 g) from 20 fruits were
homogenized at 4 °C in 20 mL of 0.1 M sodium borate buffer
(pH 8.0) solution, which contained 0.2 g polyvinyl pyrroli-
done (PVP), 5 mM mercaptoethanol and 2 mM ethylenedi-
amine tetra acetic acid (EDTA). The homogenized sample was
filtered through cheesecloth and the filtrate was centrifuged
at 19,000 g for 20 min at 4 °C. The supernatant was collected
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for analyzing PAL activity utilizing the method of Jiang and
Joyce [14].

For PPO activity, pericarp tissues (2 g) from 20 fruits were
homogenized at 4 °C in 40 mL of 0.2 M sodium phosphate
buffer (pH 6.4) solution. The homogenized sample was filtered
through cheesecloth and the filtrate centrifuged at 12,000 g for
30 min at 4 °C. The supernatant of crude extract was collected
for analyzing PPO activity according to the method of Tian,
Xu [15].

For POD activity, pericarp tissues (2 g) from 20 fruits
were homogenized at 4°C in 20 mL of 0.05 M phosphate
buffer (pH 7) solution and 0.2 g of insoluble polyvinylpyrroli-
done (PVP). The homogenate was filtered through cheesecloth
and the filtrate centrifuged at 19,000 g for 20 min at 4 °C.
The supernatant of crude extract was collected for analyzing
POD activity according to the method of Venkatachalam and
Meenune [4].

For PG activity, fruit flesh (10 g) was homogenized at 4 °C
in 10 mL of 0.2 Mol L~" acetic acid buffer (pH 6.0) solution.
The homogenate was filtered through cheesecloth and the fil-
trate centrifuged at 11,000 g for 20 min at 4 °C. The super-
natant of crude enzyme extract was collected for analyzing PG
activity according to the method of Qiuping and Wenshui [16].

For PME activity, fruit flesh (10 g) was homogenized
at 4 °C in 20 mL 8.8% (w/v) NaCl solution and 0.5 g
polyvinylpyrrolidone. The homogenate was filtered through
cheesecloth and the filtrate centrifuged at 10,000 g for 30 min
at 4 °C. The supernatant of crude extract was collected, ad-
justed the pH to 7.5 and used for analyzing PME activity ac-
cording to the method of Hagerman and Austin [17].

For LOX activity, fruit flesh (10 g) was homogenized at
4 °C in 10 mL EDTA solution The homogenate was filtered
through cheesecloth and the filtrate centrifuged at 10,000 g
for 30 min at 4 °C. The supernatant of crude extract was col-
lected and analyzed for LOX activity according to the method
of Sharma, Sharma [6].

For SOD activity, fruit flesh (10 g) was homogenized at
4 °C in 25 mL of buffer solution (100 mM sodium phosphate
buffer (pH 6.4)) and 0.5 g PVP. The homogenate was filtered
through cheesecloth and the filtrate centrifuged at 19,000 g for
30 min at 4 °C. The supernatant was collected and analyzed
for SOD activity according to the method of Cao et al. [5].

For CAT activity, fruit flesh (10 g) was homogenized at
4 °C in 25 mL of buffer solution (50 mM sodium phosphate
buffer (pH 7.0)) and 0.5 g PVP. The homogenate was filtered
through cheesecloth and the filtrate centrifuged at 19,000 g
for 30 min at 4 °C. The supernatant of crude enzyme extract
was collected and analyzed for CAT activity according to the
method of Cao et al. [5].

For GPX activity, fruit flesh (10 g) was homogenized
at 4 °C in 25 mL of buffer solution (100 mM Tris HCI
Buffer (pH 7.5), 1 mM EDTA, 0.1% PVP and 7mM
[-mercaptoethanol). The homogenate was filtered through
cheesecloth and the filtrate centrifuged at 12,000 g for 15 min
at 4 °C. The supernatant of crude enzyme extract was col-
lected and analyzed for GPX activity according to the method
of Putter [18].

Protein content was determined from the crude enzyme ex-
tracts in accord with the method of Bradford [19] and using

bovine serum albumin as a standard. The specific activity of
all the enzyme extracts was shown as a unit per mg protein.

2.5 Statistical analysis

The treatment and determination of samples were done in
triplicate. The data were analyzed by one-way analysis of vari-
ance (ANOVA) with the Statistical Package for Social Science
(SPSS for windows, SPSS Inc., Chicago, IL, USA). The signif-
icance of the difference among treatments was measured using
Duncan’s new multiple range tests (DMRT), with a level of
significance of 0.05.

3 Results and discussion
3.1 Physical quality analysis

Longkong fruit exhibited severe CI symptoms in the con-
trol fruit samples after storage for four days. Conversely, MeJA
treated fruits were observed to have the least incidence of CI
during prolonged storage (P < 0.05). As shown in figure IA,
fruit pericarp pitting and brown scalding was less than 45%
in MeJA treated fruits whereas the CI symptoms in the control
was reached above 75% following storage. The higher concen-
tration of MeJA treatment maintained the lesser level (below
30%) of CI symptoms than the lower concentration of MeJA
treated fruits. MeJA treatment might induce the accumulation
of heat shock protein and accelerate the antioxidant enzymes
(SOD, CAT and GPX) in fruit to increase the tolerability from
chilling injury and consequently, reach a lower CI index. Peri-
carp ion leakage is identified as an indicator of membrane
degradation. The control fruits had a high level of electrolytic
leakage than the MeJA treated fruits (figure IB). This indi-
cates that MeJA treatment maintained the membrane integrity
of fruit pericarp and thus reduced the ion leakage during stor-
age. The control fruit ion leakage was achieved above 40%
whereas, the MeJA treated fruits kept the pericarp ion leakage
below 30% during storage. According to Aghdam and Bod-
bodak [20] the exogenous treatment of MeJA controlled the
membrane integrity loss by suppressing the activity of mem-
brane degrading enzymes (LOX). The higher concentration
of MeJA (20 and 30 mMol L™!) reduced the increase of ion
leakage (P > 0.05) than the lower concentration during stor-
age. Fruit firmness changes during storage are shown in fig-
ure 1C. During the prolonged storage, fruit firmness tended to
decrease continuously in all the treatments (P < 0.05). The
control fruits experienced a decrease in firmness levels than
the MeJA treatments. This could be due to chilling induced
activities of fruit PG, PME and LOX during storage as seen in
figure 3A-3C. The higher concentration of MeJA treatment re-
tained more fruit firmness than a low concentration. The fruit
firmness reduced gradually while long standings of cold stor-
age are in parallel with pectin harmonious modification re-
sulting from the enzymatic catalysis of metabolism and non-
enzymatic cation change [9].
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Figure 1. Effect of exogenous MeJA treatment on changes of
longkong fruit physical qualities under low temperature storage. Ver-
tical bars represent standard deviation.

3.2 Pericarp browning enzyme activities

The higher level of longkong fruit pericarp PAL activ-
ity was observed in the control than in the MeJA treated
fruits during storage (P < 0.05) (figure 2A). MeJA treated
fruits sustained the suppression of PAL activity during storage.
The higher concentration of MeJA treated fruits had a severe
control on PAL activity as compared to a lower concentration.
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Figure 2. Effect of exogenous MeJA treatment on changes of
longkong fruit browning related enzyme activities under low temper-
ature storage. PAL: Phenylalanine ammonia lyase, PPO: polyphenol
oxidase, POD: peroxidase. Vertical bars represent standard deviation.

Cao et al. [7] reported; PAL is a precursor for the biosyn-
thesis of lignin,which generates the chilling injury in many
horticultural produces. A decreased incidence of chilling in-
jury in MeJA treated fruits could be the controlled activity of
PAL. The increased activity of PPO and POD was observed
in the fruit pericarp during storage (P < 0.05). Although the
increased PPO and POD activities were seen in higher levels
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in the control than MeJA treated fruits (figure 2B—2C) PPO
and POD have been shown to be responsible for produce peri-
carp browning in longkong by oxidized the pericarp pheno-
lics [4]. The different concentration of MeJA treatment had a
significant control in longkong fruit pericarp PAL, PPO and
POD activities during storage (P < 0.05). The PAL, PPO
and POD enzyme activities were adequately controlled by the
higher concentration of MeJA treated fruits as compared to
low concentration and control fruits. The interaction between
MelJA treatments and storage period significantly influenced
the longkong fruit pericarp browning related enzyme activi-
ties (P < 0.05). The inhibitory effect of MeJA treatment on
PAL, PPO and POD activity has been demonstrated in many
fruit [7, 9]. The increased activity of PAL, PPO and POD in
control fruits could be involved in protecting this effect against
the microbial attack during at a low temperature with high RH
storage. Longkong fruit stored at a low temperature with high
relative humidity conditions could increase the visible mould
growth on the fruit pericarp surface [1]. MeJA itself acted as
an antimicrobial activity and it could be a reason that the lower
activities of PPO and POD were observed in fruit pericarp as
compared to the control. However, MeJA effect on the brown-
ing related enzyme activities is varied with the plant species.

3.3 Fruit textural enzyme activities

PG and PME are the essential enzymes that relate to re-
ducing various fruit firmness while ripening and storage [21].
Fruit PG and PME activities were increased in all the treat-
ments throughout storage (figure 3A-3B). During the storage,
the control fruits had a high level of PG and PME activities
than the MeJA treated fruit. The MeJA treated fruit suppressed
the intensity of the increase of PG and PME activities dur-
ing storage. MeJA treated fruit with higher concentration ef-
fectively suppressed the increased activities of PG and PME.
The interaction between MeJA treatments and storage period
significantly affected the textural enzymes of longkong fruit
(P < 0.05). Ziosi et al. [22] reported that MeJA treated peach
fruit decreased in PG activity during prolonged cold storage.
Meng et al. [9] reported that MeJA treatment reduced the PME
activity by inhibiting the de-esterification of protein. Jhalegar
et al. [23] reported that the polyamines can delay the senes-
cence and keep the firmness of fruit under the different stress
conditions. Zhang et al. [8] reported that MeJA treated cherry
tomato fruit increased in the biosynthesis of polyamines under
prolonged low temperature stress. Similarly, MeJA treatment
also suppressed the increased activity of LOX in longkong
during prolonged storage (figure 3C). The control fruit LOX
activity was steadily increased during storage whereas differ-
ent concentrations of MeJA treatment significantly controlled
LOX activity. The increased concentration of MeJA provided
a better result on controlling LOX activity than lower concen-
tration. LOX is the participant in the stress-induced membrane
alterations and lipid degradation in plants [6]. Mao et al. [24]
reported that the development of chilling injury in cucumber
fruit was accompanied by the increased activity of LOX. Cao
et al. [5] observed that MeJA treated loquat fruits decreased in
LOX activity during the chilling storage.
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Figure 3. Effect of exogenous MeJA treatment on changes of
longkong fruit textural enzyme activities under low temperature stor-
age. PG: polygalacturonase, PME: pectin methyl esterase, LOX:
lipoxygenase. Vertical bars represent standard deviation.

3.4 Fruit antioxidant enzyme activities

SOD activity in the control and MeJA treated longkong
fruits were increased with the longer storage period
(figure 4A). The MelJA treated fruits had retained more SOD
activity than the control fruits (P < 0.05). CAT and GPX
activities increased at the initial period of storage and
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Figure 4. Effect of exogenous MeJA treatment on changes of
longkong fruit antioxidant enzyme activities under low tempera-
ture storage. SOD: superoxide dismutase, CAT: catalase, GPX: glu-
tathione peroxidase. Vertical bars represent standard deviation

throughout the storage slightly decreased (figure 4B—4C) (P <
0.05). The different concentration of MeJA significantly re-
tained the antioxidant enzyme activities in longkong fruit
throughout the storage period (P < 0.05). Conversely, the con-
trol fruits obtained a low level of antioxidant enzyme activi-
ties during storage. The higher concentration of MeJA treated
fruits had the higher activity of SOD and CAT as compared

with the lower concentration and the control fruits during stor-
age. Whereas, the GPX activity was initially found to have a
higher level in longkong fruit treated with an increased con-
centration of MeJA and after that, at the end of storage, the
activity was observed higher level in MeJA treated fruits in
low concentration. The interaction between MeJA treatments
and storage time was significantly affected the SOD, CAT and
GPX activities (P < 0.05). Several findings reported that the
increased reactive oxygen species by oxidative stress during
low temperature storage might be contributed to chilling injury
due to damaging the cell membrane [3,24]. Fruit under chilling
stress, the MeJA effectively involved and increased the concur-
rent action of SOD, CAT and GPX activity and subsequently
had counteract the chilling injury onset. MeJA is interacted in
the signaling pathway mediating induced defense responses in
chilling-stressed plants, and the onset of the tolerance has fre-
quently been correlated with the accumulation of antioxidant
enzymes and compounds [5].

4 Conclusion

MeJA treated longkong fruits effectively minimized the
physiological and biochemical quality changes induced by
chilling injury incidence during prolonged low temperature
storage. MeJA treatments controlled the browning (PAL, PPO
and POD) and textural related (PG, PME and LOX) enzyme
activities and thus decreased the incidence of pericarp brown-
ing and loss of fruit firmness. Antioxidant enzyme activities
were observed at a higher level in MeJA treated fruits than in
the control during storage. The higher concentration of MeJA
treated longkong fruits were better controlled of chilling injury
symptoms (CI index and ion leakage) than at lower concentra-
tions during prolonged storage period.
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