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nstural volatibe compounds have been reported to
antimicrobinl activity and maintaining firit qualiny.
The methyl jasmonnte (M) has been studied for their
effisctivencss in maintaining the quality of fresh fruis
mned vegetables. It has been reporied thag MJ tremment
can reduce the development of chilling injury sympioms
i usceini (Warng and Buts, 1994) and ango (Gonmbes-
Aguilar et al,, 2000} Treatment of tomato fruit with
low concentrations of (0,01 mM) methyl jasnsenate
(MUY or ety sabicylate (MeSA) substantiolly enhanced
their resistance to chilling temperamre and decreased
the incidence of decay during low-temperature storage.
{Dang ¢t ol., 2002 ). The aim of this work was o study the
mchanism which SA and MJ can reduce the chilling
injuries and protong the shelf life for apricet Truits,

MATERIAL AN METHODS
Plant maierial and treatments

Frusts from differci tas apriced vaneties (Be

and Falvor Coth weere hand harvested from the Gyimil-
esért KL Incated in Boldogkévémlja, Hungary at ripe
stape and selected for uniform size, colous and examined
o exclide all visual defects. Fach varicty fruits were
divided into three groups as shown in Tabde 1, for
chemical treatment the Fruit were dipped into solution
af 0.2 Mm MelA and 2 Mm SA for sbout 15 mimses as
inducing wredtments asd water treased il were condrol.
Then ench chemical treatments fruits were divided into
& groups for storage treatment. The (irst group was for
shelf life at 25 °C and the fruit were examined at 4 days
und & days after treatment, The other group of storage
ereatement wis for storage a1 1 °C and the examinations
were 7, [4-and 21 day after treatment. Each treatment
has 3 replicats and the experiment repeated twice.,

Eifect of SA and N on frait Grmness

Fruit firmness measurements were performed on
about 30 fruits immedistely after harvest for ench
variety as zemo time. Other fruits were undergone for
the experimental treatments and examined subscquently
in order to assess the effect of chemical treatment in

reducing the stress of cold storage. The fruit firmness
{kg om %) was measared by Magness Tazbor penetrometer,

Evalnution of chilling injury and decay

Chilling injury (CT) and frit decay were invistigased
at the eral of shelf life and cold storge, by using 30 fruit
per-replicate. The degree of O was visnally invistigated
ot fruit surface following a double cut parallel o
the axial dismeter. The extent of flesh browning was
divided o five classes: 0, no browning; 1, extensive
browning covering <25% of the cut surface; 2, cxtensive
browning covering =25% but <50% of cut surfzce; 3.
extensive browning covenng =5004 but <73% of cut
surface; 4, extensive browning covering =75% of cut
surface, From this, a Cl index wis expressed as:

Clindex = [{CT bevel)<{mmber of fruit ai the CI level))/
4= todal number of fruit in the treatment),

Symprems of apriced fruit decay were superficial
Browming, The severity of the symptoms was nssessed
visially sccording to the following five-stage seale: 0,
o browning: 1, browning covering =25% of the fruit
surface; 2, browning covering >25% but <50% of the
firuit surface; 3, browning covering =50%5 bt <75% of
the fiuit surface; 4, browning covering =75% of the Fruit
surface. From this, o decay index (DT) was expressed ns:

D imdex = ({14 beveli=(number of fruit a1 the THigvel))/
(4=total numiser of fruit in the rreatment).

Determination of cell membrane clectrolyie leakage

Electrolyie leakage was determined using 30 disks
(8 mm diameter, 3-4 mim thick) from Mesh tisses of 5
fruits. Disks were washed with double-distilled water
ol then immersed in A0 mL double distilled water
for 3 b. lon leakape was measured as the amount of
vorrbctivity of the selution (HANNA, Haly) Disks were
boiled for 30 min at 95 °C, cosled in room tempernture,
unid then the tofal copducivity was measured. Electrolyte
leakage was expressed as relative conductivity {1 00*the
comBuctivity of tissue solution/the total condwetivity ).
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Measarement of tobal phens] conteni

Tl phenol conbents were determiined usig Folin-
Crovaficu’s reagent sccording b the methed of Smgleton
and Hoss ( 1965), Plhenel content was caloulated from
i standard curve obianed 1r_-.- I.ii”::H,ZI:Il. caMncenirninns
ol gullic acul

Measurconent the changes in PAL sctivity

Frnalr samples

The samples were colbected ag (0, 7, 14 and 20 days
at 1 and at for shelf ife afler ShiMmge far 15 ll]}:ﬁ o
| U the smmples were collected after 4 and 8 davs al
2540, each reatment was rephicated three timees

Erizvane cxiraet

FFlesh (10 gh from 1Y frits with 0.5 g PVPI wis
ground with 25 ml of 50 mmol ' sodium borate bl
ipll 8.5, containing 5 Mm f-mercapiocthanol} for
phemylalamine ammonia-Iyase {(PAL) The exircts were
then hermegenized and .,.'...11I:|'il'|,:_|::.:.,1 ud 10 (4K} = g fior 20
min af 4 C the supenmsatant wese usod for chmyme asay,

PAL activity was assaved acconding b ths method
ol Assis et al, (0 ), with slight modifications. Eiweyme
catraet (] ml )y wes psewbated swih 2 mil of borie hoiler
(50 mmel 1Y, pH BE} and | ml of L-phenylialanine
(20 mnse] 1Y) for 60 mdn a1 37 °C, The reaction wies
sdopgred wath 1 ol HC| (1 mea] 1), PAL activity was
dedermuined by e prodluction of einnainate, which wis
mcasured by absorbance of 2 nn. The blank was the
crude eryme preparation mixed with L-phenylnlanine
wilh #ero Birive mcuhadeom F'.-"|.l.:b;|i'|.'i1':- was delinied as
nmol eEnmamie acid h mg ' proetein,

Dain anulysis

Expenments were perfiormed using o completely
rendemizel design. All amalyses were performed with
S1"%55 progrm (3F55 Ine,, Checagn, 11, USA), The daa
were analyasd by one-way amalysds of vanamee { ANCYVA)
i sepamaton wis performied by Dancan’s muliiple
range tesis. Differences at pL05 wore conailered as
slpmificant,

RESULTS

Effcet of %A and M. in keeping froit Trmoess of
apricot fruits

Dl i Flgree £ shows that the fimst firmncss was
redoced in all trented frant and this reduction was
obveous in waber frested it The SA and M) wreaned
it shonwed lower reduction i fimmess, The differences
between chempcal \neated fnait cither 54 or W and the
comirol fruit was significant (p=0.05). Also it s clear
that MJ schieved bower softening in comparnizon 1o 5A
et Truit svithoud significant. For dafficrences between
varictics, the data shinws that Eavor Cot has nppearance
ba keop it firmness during storge betver thal Bezgarauge
These resiales slwvwed that the SA amd M) prodonge the
shell life of apricet fruitat 25 90 cither for Flavor Cot
anil Bergarsuge with highly differences with water
treaded fruil {p=i.05),

Figare 0 The cfToct of 2 m™ salicalis asid and 0.2 m¥ msechy)
Jaamonic acid am Mrait Gremnces (Kg em ')
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Effect of 5A and MJ in chilling infury and decay
inidex

The sbegree of chilling injury C1 of contml, MF and
A treatments increased with stomge time as observed
by the O mdex (Tabde 2J, Meanwhile, pre-teested (il
with 0.2 Mm M and 2 M 54 achieved low Ol inifex
than control (p=0.05) in all storage times and o
diffepences was noteed For the tested vanieties. The
it m Fable 2 showed that Bergarauge has higher
eesastance o chilfing than fkavor ot and these diffenemces
wore significant of 4 and 21 days of scorape at 1 °C, The
shedf lifie data showed than the CF incnease dromagically
after fruil expose b roasm temperature and SA and MJ
treabed Tt showed pood resistance o these symphoms
than control m 1ested two vanetics with significan
ilifferemees

A can e seen i Talde £, non trested apriced fruie
{eontrol) showed dramatically merease mdecay % ol
|0 & seachol o 96,2562 1% amd 94,2343, 2 Fa% after
21 days for Bergorouge and Flavor col respectively,
Whereas 0.2 M MU sl 2 M SA lmalnmlx{hTrmj
s alevelopment of it decay with significamt diffenent
wirlh contral (p0us ), MBand 54 showed obviows effect
in keeping the apricot fruil away from fruit decay in
shelt life treaimenis. Flavour col fnnt showed highly
pesistance 10 decay symploms than Bergamauge with
signilicam differences (p(his).




ACEARTUDOALANY Hﬂj-:r_.EMF!-."rJ!r.'.Eﬂ_]-in'ﬁq.

Rt 2
The efMfoct of MJ and SA irvalments on resistasce af apricot frmlis b ehilfing siress
'] imdes, (%}
Treatrmeni Viarieths . e V5 daymag | COikicn 18 davs al 1 Cihen
T s 14 iy 1%
daysat | daysai | ; 31 days § dyys 0 25 °C R days o 2470
Eanired Herparouge L1240.8T5 [ LY 578514, %8 1860722 15a J0L 240 80
Flavor Cet 32014054 0a 192040, 15 1 2421023518 2220ty I 124 00a
0 Mm Malg  EnBaTuRe 13502 1n 45000 58 R 35 Eadi] it H.3520.35c
s Flavor Cot 132:0.00a el BT 112 0s )03 10214232k 17.2142.50n
3 M A Hefpsmmge | 64 et 3y SRRk 205148 g T.0EsT 14h 1926 2 &5h
Sr— Flavor Cog 154402 1a %2140 Sih 211462 032 020l 43 (L T e

aote: values within a cobamn fallowed by i Terem etiors u!:i-'l.p'rr-l'rnn'l-ly ilifferent ai poil it wreonding to Duncan s muliiple TngEE s, The

resilly fopsesend the mesnue S0 of mplicate AssIy

Table I
Ther cffect of M amd 5.4 treatments on resbunnes of spriced fruits tn decay
o Fruit docay (%)
Treatmang Wariclivs ; 12 datsat | "Crhen 17 daysat | Cuben
iy I4 i 3 5
7 _n:-:.aﬂ"ll. :ﬁhll'l 21 i 15 4 cluys 34 25 °C Hinym3sC
et Berparoupe LA R L TR ke, T e P L T 1023 5y
Flavor Cod 13.2%21.32a ) ol e 1Y 582323014 2L 1254 b ey T e
0.7 Mo MelA Hergaromyge ERRTIE (8T n] ik If5 A 165540 65 5512 03k
Flaviess ok 00l Bl k] 2 14214123k 1550 20 31.23=2.00h
e Bergarcuge 133:1.07h 75842 06h 15,6051 9h 20,3664, 9 14.3643.65h
- ) B Flavor Col 212102k I'n.5:f-:| ith 13.21=2.0b 15 12¢2.30d BRI 200k

Mot wadoes withina column Sillowod by difTecvms beiers wre atgniGcanily differen o Pl aceesling b Duncan® ::-..I'qinu# teiti, The

Fensts prprsmt the secanic S0 ol riplicate ssay,

Lol membrane electrolyie leakage

The cell membrane electrolyie leakage exceeded 1o
about 100% in water treated fruit while SA and MJ
coukd reduce cell membrane chectrdyte leakape inagrcot
fruits stored for 14 and 21 days. But when Fruits were
iramsported from bow tempersiure o room temperature
for shelf life, membrane cloctrolyie leakape increased and
there was no significant difference between M) ieated
anid SA fruits while control fruit showed dramatecally
increasing (Fignre 20, The same trend was noticed for
the tested vanieties,

Effeet af 5A and MJ an total phenol content

Total phenol comtent reduced shasply in water mested
frain afier storage at 7 days meanwhibe, MY treated fruit
showed slight imcrease in fruit phenol content with
significamt differcnces with control fruit but afler 14 days
of slorage at 1 “C the phenols condent took b docrease
bt still higher than contral fruit (p-0.05) for Berpamupe
frurls (Figure 3). Af the same time, SA treated fruit
achicved semi stable phenol content during first 2 weeks
then deercased in ¢ither Bergarsuge or Falvor cot, The
differences between the variciies were m significang
Buat phenol canmtent of flavour cos fruit was higher than
Bergarauge,

Effect of SA and MJ on PAL activity

Treated fruit with SA and M) showed increasing in
PAL sctivity during 7, 14 and 21 days a1 1 °C (Figure 4),
At the same time water treated fruit showed sharply

decteasing in PAL activity. MJ treated fruit showed
priosity than those reated with SA with significam in
case of Bergarauge froit. For the differences between
varictics, Bergarauge fruit showed high response o
SA or MJ treatment than Maveur cot with significant
differences. Fruit at room temperature was aflected by
SA and MU, as the PAL activity start o increase slightly
al & days ot 23 °C then the Frudt treatesd with M increased
similicantly than SA treated frisits for Bergarauge fruit.
Also SA and MJ enhanced the PAL sctivity of Flavar
cot but it was lower response than Bergarauge fruit.

THSCUSSTON

Im this wark, during cold stormge and fanber sholf life
at 25 °C of control apricot, the loss of fimmess oecurmed
gradually along storage. The reduction in soflening
process being retarded by the use of both MJ and SA
treatments. it has been postulated that MJ reduces
pectinmethylesterase (PME) activity, decreasing de-
esterification of pectin (Meng ¢ al., 2009), and thus
maimaining fruit texture. A has been documented to
enhance flesh firmness of harvested peacles during
storage {Li and Han, 1999, Wang e1 al.. 2006), and banana
fruits during ripening {Srivastava end Dwivedi, 2000,
Thus, 3A has remarkable ability 1o maintain ihe fruits
quality during storage lifi of fraits and these resulls in
the same way like our finding (Fignre 25 Otlher Face
of M msode of action on affecting s decreasing mecrbrme
lipid peroxidation and maimaining high superoxide
dismuease (SOD) activily in strawberry under waler
stress {Wang, 19950,
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Char dota demonstrated that the reatment of apricot
fruit with meethy] pasmonpie (A1) or waleylate [SA)
substantinlly enhanced their resistance o chilling
Iemperature and deereased the incidence of decay
during bow-temperaniee storae and shelf life,

Aprecod fruil casy appeas chilling injury when stored
at bow eemiperature: The Cl symptoms was gencrally
miluenced and triggered by a combination of storage
teperalune and pervod {Li and Han, 1999 Our pesults
st that using of MJ and SA play imponan role in
alleviuting C1 symploms. However MJ cooald to keep
the C1 at Bowest level in comparison with SA teeatment
alber 21 doys 20 1 7 end affer 8 davs o1 25°C, 18 has been
reportaed that the iI'IIE'lr'LI'- cinenl I-I!'L'hi"irll_.': folerance 0
harvestel horticubiural erops is related 1o cnhancensen
i activities of sntioxidant ereymes, Sala {1998) found
that the chilling-tolerant mandaring have o higher
antioxidant enzyme activity than the chilling sensitive
cultivars. This may interpret why M1 and SA is acting
its rede better in cold storage than shelf life (Tabds 2
may be because the clulling as kind of stress work as
an Enclucer (o express some imporiant antioxidant NS
a5 reported by Fung of al 2004 as they demonstrated
that the expresion paiterns of allemative oxilase and
seven afher geves mvadved im defenses against oxidative
sireels in pepper fruit tremed with MeSA o M) VO
incrensed transcrign level of these eneymes even o room
chamber of 33 C, whereas no changes was observed
with ontremicd and this was joined with preventing
chilling infury,
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MJ has been shown to induee the synthesis and
expression of some stress proteins such as heat-shock
prodeins and pathopenesis-related profeins, which lead
tothe increased resistance of the stress and the docreasd
inchbence of the decay (Ding of al., 2001; 2002), In this
experimend, lower cell nsembrane clectrolvie leakaps
was also found in MJ treased frais (Figare 1), indicating
the less disnuption in plasma membmane under chilling)
stress. Thus, it is suggested that mainaining membmne
mtegrity by SA and MJ treatment was beneficinl for
controlling fMesh browning of peach Fruits.

The sctivity of PAL was examined in this study
o investigate the possible role of PAL in phenolic

mictiabolism of spricot fruit in response 1o M) inestment,
Wi found thaa fruis tressted with MY exhibited significanly
higher levels of PAL activity, total phenoies, compared
tx the comired Truit. These nosults suggest that M) oy
impeerve the antioxidant status of apricot fruit by inducing
PAL nctivity amd thus positively affecting phenelic
metabolizm,

Some papers demonstrated that the SA play a vital
rele in induction of systematic acquired resistance in
plant cells by its ability to induce defense and entioxidan
enzymes such a8 polyphenotoxidase ( PPO), phenylakmine
ammonia lyase (PAL) and f-1, 3-glucanase (Qin et ol
el LY S
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The role of some elicitors in inducing chilling stress resistance in apricot fruit
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Kaderzraval: sdrpmbanacl .I'i.q:ldll'.urrﬁ.lll.lj.rl.. smuliviley, meelil-Adrmonres FAL

INTROWECTION (MF). Althoaigh there are many metheds o reduce Cl in
fiuits and vegelables, salicylates and jasmonates tneatments

Apricof (Prunns ermedocs L) is clnssified under  ane inexpensive, easy toapply and can be used on fruits and

the Prrmus species of Privvaddee sul-Family of the vegelnbles {Asphan and Aghdem, 2000). Salucylic scid 54
Rosacens family of the Rosales group, Apricot has an. has been extensively used for quality improvemenn in a
fmportant place in human nutrition, and can be used a5 number of crops (Peng and Jiang, 2006). Literature has
fresh, dried o processed frut, Frust quality 15 essentinl imnpressively argusd the ke of phenalic compounds aoch
for the scceptance of apricot cultivars by cosumers,  assalicylic acid about their influence on physiokgical or
espocially duc to the current sitution of high competition bischemical processes including jon uptake, membrane
in the markets with the presence of numerolus few  permesbalily, eneymes activity, beat production, growth
wultivars and other fusts and other foods. Low tempertane.— development (Arberz, 19811 SA significently reduced
has been widely used to store fruits and vegetables as its the quality loss in peaches (Wang et al., 2006), fomato
heneficial effocts for delaying sencseence and maimtiming — (Ding e al., 2001 ), sweet peppers (Fung ¢t al,, 2004), il
qualiny. Chilling mgury (C1) 15 a physiclogical diserder Boscpuazt Frwiits (0 ¢t ol 20050, 34 and its denvatives are
induced by low, but not freezing temperatures, which  widely in use to enhance fruits postharvest life by
affocts fruit quality seriously, The increasing demand for controlling their firmness, SA has been documented 1o
eoavsurnplon of Fraits and vegetables, along with restnction. enhance flesh firmpess of harvested peaches during
o the use of symhetic chameals, has encournped scientific slorage {LEand Han, 195995 Wang cf al, 2006}, and banana
reszarch o devebop mew icchnologics based o il fraits dusing ripening (Snivastava and Dewivedi, 20000,
product such as salicylic acid (SA), scetyl salicylic acid  Thus, salieylic acid has remarkable ability o maimain
(ASA), methyd salicylase (MeSA) and meibyd fasmonate  the fruits quality during storage life of fruits, Several
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