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Jasmonate (MJ) uag Methyl Salicylate (MS) Huansindnmananiusioinnnzaien Wunsiialsa
warMSETTUMLT dwarhliannadinsidalsauaraziumunanas deudah M uay MS wild
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ABSTRACT



Pineapple and dragon fruits are the economic commodities of Thailand and the
problems of them are chilling injuries when they are kept at low temperature for a long time.
Chilling injury of pineapple occurs at 10 °C  with the symptom of flesh water soaked and
browning whereas chilling injury of dragon fruit occurs at 5 °C with the symptom of flesh water
soaked , and translucent as well as rind patch browning. Methyl Jasmonate (MJ) and Methyl
Salicylate (MS) are produced , when commodities are faced with stress condition such as
disease and chilling injury, and caused reducing the stress symptoms. Therefore, MJ and MS are
used to reduce chilling injury of pineapple and dragon fruits. The research was conducted at
Post-harvest and Processing Research and Development Division between 2016 to 2018. The
experiment was Completely Randomized Design (CRD) with 5 treatments and 10 replications
consisting of control, 10°, 10 “%10° M MJ and 10° M MS. The result showed that every
concentration of MJ and MS could reduce internal chilling injury of both pineapple and dragon
fruits. However , MJ and MS did not reduce rind patch browning of dragon fruit whereas the
external chilling injury of pineapple was not noticed in every treatment. Furthermore, they
reduced electrolyte leakage and water loss percentage. In addition, they delayed a* value but
had no effect on L* and b* values, firmness, titratable acidity and total soluble solid content of
both pineapple and dragon fruits. Dragon fruit treated with MJ and MS had more vitamin C than
control but had no effect on pineapple. The proper concentrations of MJ and MS was 10> M
since they were the lowest cost. The cost of MJ and MS treated pineapple was 3.24 and 0.68
Bahts/fruit, respectively whereas the dragon fruit cost was 1.30 and 0.2 Bahts/fruit, respectively.
The mechanisms to reduce chilling injury of both pineapple and dragon fruits were to reduce
PPO and PAL activities.

Keywords: Methyl Jasmonate, Methyl Salicylate, chilling injury, pineapple, dragon fruit
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AUTUlUINARYEBNANTSALEENINN waTANINLAILAALIINYINlTRINTALTITUNUNILINTY (39
Wi, 2549) mMsagyiununiludulzsniadieiusnududzsaiigamgininiy 13 °C (Dull, 1971) du

wilnsazifnfiaiulingamall 5°C (Freitas and Mitcham, 2013) 8 n1sagvinunuvesdulzsalag
anwazntsuenszilulnfudionanigluvinalndununaisvemasziiadugaaiiinoundids
Wasuludunalunaisen nasantuazassueigeensiuiulungudiimanivualug@u (Dull,
| v Y A ) I -&I Ql gol dy a Id
1971) @upINISaZYNUNUNITDILAITINTOIN1 T eUenUAe Nz TN uUuEU M aLazilona g ATy
a s o A & a [y o A oAb v
Ui anlalazvergauiadsnaiuiudy nsialddimaludulssanasuiuluduiniaveuii
09 nnwaddalintiinruaunisiiosnvesalsidouaniniastiinainnisiinuvsseuley
. & = a [ 13 a v
polyphenol oxidase UanNa1NUNITHUALULUAIVDIFITUTENBUNUBANIENAINITLNULNYILIN
AudNRUSAveInsldduinavesduUssn (Paull and Rohrbach, 1985) InyszAuvesansusznauil
upavzanaInsauiunTimuldduIna waznsiUdsullaswesszauludu (giesnid wazang, 2555)
Methyl Jasmonate (MJ) 101 ester vasnsadaluiadaduansusynoulunaia cyclopentanone
v & a A caa < a a a P v ) a v DY
Ioduansdunsdndgnslunisemuaunisasyiivlavesity wasifertesiunsiiuaudumuliiuig
WOADUAUDIRDANIINBUDN 11U UIALNANITIUNYINA18999lTALAYLNAY AADATUAIINLATYARILY)
(Cheong and Choi, 2003) MJ ¥3ganaIn1sasymunulukdnxaaleyia 1y 938 (Wang and Buta,
1994), uzaii4 (Gonzalez-Aguilar et al., 2000), 811301k, tnsNH§N, WNUI1U (Meir et al., 1996),
flaAmA (Kondo et al., 2004), duvzsaniugina1is (Nilprapruck et al, 2008) wagdulgsniugnind
03 (qrivsnu wazaue, 2555) nalnaves MJ Tun1saneinisasiiununIfe 1) iiuysuia absissic
acid wag polyamine ( Wang and Buta , 1994) Ing a1sniasssiatigislindanasnuudonuwadlv
wlawsesiuszansnmlunisaivpunisidieenvesans 2) nstniniiasweulediiuniseandinduuay
dindndiunisadaleduliddudselududuiiunnidu (Cao et al., 2009) Fagglumsaiuaunisidneen
99813 3) HunumdrAglunisasdyyea (signal transduction cascade) TAwas 1@ 1TANUNIURDNNT
dz1UnNU12 ( Meir et al,,1996) 4) N15aza@NVDY heat shock protein Way alternate oxidae gene
WO TANARNANUNIUABNITAENINUNUN kag 5) INNUSHITIAAUT (Gonzalez-Aguilar et al. 2004) diua
TindnnasuUiAze0anTaty
Methyl Salicylate (MS) 1Ju ester vasnsagidnledm nsawndnledmduansusnauiusaiiiu
luanaidedayaynas (signal molecule) WgIToIRUNITAIVANNITATYLAULALAETRILIVRINY wazdni
IANYES 19N TAUNIUNIGETTNIR WanUAULASEALUUTINN (biotic) wazldlddaniw (abiotic) fin1s
S199UINVIVAADINTATTIUNUNILUNY (Wang et al., 2006) ugiloine (Ding et al., 2002) Lagn3n

#37U (Fung et al, 2004) a1snqunsngidnleda szdninlvindnna 1) @319 pathogenesis-related



protein (Malamy et al, 1990) Laga313AI1Y FUNIURITTUY (systemic acquired resistance)
(Gaffney et al, 1993) Wel#3unminTenaingumgiinn uaznsszuinvedlsa was 2) aeulesidu
‘Uﬁﬁ%maaﬂ%m%’u 19U superoxide dismutase (Wang et al., 2004)

WoNNEIITEUIN M) uag MS fheannisagsnumualuninmy (Fung et al., 2004) ugiToina
(Ding et al, 2001) wazsfufin (Mirdehghan and Ghotbi, 2014) s MJ uay MSuTldlaed
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aunsal Mglunisveans
naldl (§uUrse wialang) @1siadl Methyl Salicylate wag Methyl Jasmonate fanaa@@n wdan
ATNIIMNANERN NTEANEUTFNUN NTEAETOINURZNIT wlatemuaule wiA) way ey
ad
35019
1. NMSNAFUUSLANTNINVDI MJ 1hag MS NANaRanITaLiIUNUIIY9dUUTLIA
AWANTUNITINY MNUHUNTITNAADILUY (Completely Randomized Design, CRD) & 5 n53375
10 91 Wiguileuanadenieds Least significant difference (Lsd) Andendulzsaniuilnniend
a oI o 1 % d' 1 [l :1; ¥ ¥ d'
Yuaazddinate ianuazoalaenisiiaumeinseatiaunazualu chlorox 150 ppm HeLAWAT
RauMQiiviod Antuwll MJ wag MS auadadudusall
Q‘:lf-ﬂl 90J
NITUIN 1 YAmauAw (W)
aaa r-:ll LY Y v -5
ASSUATA 2 MJ NSLAUANULTINTY 10° M
AS5UATA 3 MJ NLAUALINTY 10 M
ASSUATN 4 MJ NSEAUAMULINTU 1073 M

AS5UATN 5 MS NSLaUANULINTL 10° M

Y
a =

(msutluans MJ uay MS asuau Tween 80 Aududy 0.05 % adludeiiaraslinsvhavaisfd ety
LLamhsﬂwa’ﬁ%mjmalﬂlﬁdﬂﬂﬁ‘ﬁy’u) dloasu 5 wift hdulzsaeenanaisazats MJ way MS sl
paungiviowanfulilusgnimanainflgamgl 10C Aaududinivg 90-95% wiu 4 &asi v
Faihdudzsneeninlifigamgdtesuu 2 Yufonsadeauamdwiolud

1). fuinsagynununlaensiiaziul aauuasan Nilprapruck et al. (2008)  AZLUUAITAZYINU
| v Ad a a0

munluluduvessn  1=luaginunun, 2=1-25% Va9NUNANAAEIANE, 3=26-50% VBINUNNLARFUIMS

1 (% 1%
a 4 o

| 4=51-75% veafuiiinauina Lay5=76-100% Jasiuiiiiinduinia
2).5’61(115%1‘1/1@60@@115%} (electrolyte leakage) finuiasann Nilprapruck et al. (2008) lagld

ABINUBLTD LUBS 3 LusnAudnana 0.7 Wwuflunsiangduduusesn 91UIU 12 U e1Tuay 1 WwuRuns
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WIaUsEiI 3 N3 wBuduUsTIaluana NusTquuuiiveanutudy 0.4 M Ui 50 addns Uy

ANaunniveIuulATaIduAI8ANNEITU 125 SaU/UNT WU 2.50 Talus Tanisinludsunsnene
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nsilvavesseglndh = msthluisuusn x 100

s lnAATaA 2

3). Wesudnsagydeunntn

= 901 v sé’ LY 1 < [ g Y] [ < [
nsgaysdetvin (%) = dmindeunisiuinw - dminuaanisiiuinw x 100
dmdnAsuAuSnw
4). AnuwiuLileinsieiAses Chatilon force gauge Ju 10 LBF AMETEK Ussimeaansgeisni 149
a dy = a Aa (% 1A [ < 1 [ a |
gy naasuuillenadn 2 Tadwns Tuduusese /@ndulsesndu 2 dunazinusiudiunaiwa
2 99 ¥andentay 1 93 Tuuimidleng waslenidenindiunatawnausnunii nae wagyiny fd
1 U 1 [ I a o
oulafiviheialu Jadu
5). MsUaguwlasd Jndaieases MiniScan EZ UseimaansgaLisn
A L Huafisneauiisainuaing dandaud 0 89 100
0 = &1 100 = #v13 91A1 L A1 wanedn@idy o1 L geuansdnadnauin
| I3 1A = = = | a a
A1 a Wumisenuinsuasuwtasd Turie 807 - uas
[ ! @ aa ! I 1 <@
a tlu — wana LWuawed A1 a WU + handdUuamhng
1 I A = a = 1 a 901 a A
A1 b iluAnsenuiinsildsullasdlutag G - waes
b 10w - wanadn Wuditu A1 b Ju + uwansindufivaes
Tuduuszantndilosulunalaei@ndu 2 dutauinansganinaima luniilnsiadiudenduuen
Halne TAUTIIMAIUNAIINE 2 9NNTIAUTY
6). Usunainiud dhunaunalidnnviinislamsnau 2, 6 dicholoraindophenol uag
NaHCO; wihetadu 3nniud/100 Taddns
USunaieiiug = arnlamsnls x100
A1 standard
7). USunaunsadlawmsnle (TA) duhaunaldianyiinislamsn du 0.1N NaOH e danladu n$u/dns
NIATHIN

USinaunse = _andilaasld x 0.3202

Usneusiegg
8). Usnawwesudsiiazaneiily Tnenisnemisuannualdasuueias Digital
Refractometer %0 Atago U 10 PAL Ussiadtu Aritenldiimieindu ssmuing
2. dnwnalnanisazitunuialagiananssuveseulysl polyphenol oxidase (PPO) was phenyl
alanine ammonialyase (PAL) ¥a48UU550
2.1 dananssuvasaulesl polyphenol oxidase (PPO) F5nsaindiagennulainiuisves

Jiang (1999) 1 nSuilenalifiunauiu 10 faddns 0.1 M sodium phosphate buffer (pH 6.4) 3



Useneuse 1 % polyvinylpyrrolidone (PVP) 4iuls 1 fudi 4°C LLé"Jﬁ’lmmuLﬁmﬁ 4 °C Ao
4,010 X g U 30 WTAUEINUL (superatant) devieuleiienwduaviiusnud -80°Cauninag
Wt nmsvineulasieniedu 50 lulasdnsiouleyl nauiu 3 Jaddns vesansaraieuisen (reaction
mixture) FaUsznausie 0.1 M pyrocatechol Tu 0.1 M sodium phosphate buffer pH 6.4 81UAIAS
gALAR 400 nm U 3 Wil MImMUTIalUsAWIMNABYes Bradford (1976) 1 gfinAanssuwindy
Usnaneulesdivinlitimadsundamsgauas 0.01 glssouniisedadnfulusiu

2.2. fAnwnanssuvaauleysl phenyl alanine ammonialyase (PAL) 38n15aindiegis

Foulasmuisues Yao and Tian (2005) 10 niuwalsitlunaudu 25 fadans 0.05 M sodium borate
buffer (pH 8.8) FsUsznaude 0.5 nfu PYPP 5 Mm B mercaptoethanol wémiamuimiesit 4 °C

ANLSY 27,000 X g ul 40 wAvauuy (supematant) Lievieulusiioniwduaziiusnuii-80°C
auninazdanld mevieuleslionedin 1 adanseuluinansu 2 1addns 50 mM sodium borate

buffer (pH 8.8)uaz 1 Jadans 20 mM L-phenylalanine uuli 60 Wil 37 °C \fiw 1 Taddns 1 M HCL

o—

foveaUisen diluamAinisgauasin 290 nm msUSunalusiuingaisves Bradford (1976) 1
gllafanssuvihiudSinaneuledivilvidnisia nmol cinnamic acid siewiisieun.lusiu
3. MIVegauUsEanEnIWYes MJ uaz MS llmademsasinununvesuialins nnsaniunis

willaudia 1 wAAuSnEIN Naaninil 5°C NANMUTUALRNS 90-95%
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futin1sazinunuIlusmMssnsuLdildensuuenasngluilena  1=lda@syinunun, 2=1-10 %09
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ﬁuﬁﬁﬁmmﬁuﬁfwmaw%L‘ifasmﬂﬁ, 3=11-20% maaﬁuﬁﬁLﬁmmuﬂuﬁﬁwmaﬁaLﬁamﬂa, 4=21-
30% vosiuiininunuivathmandeidevla, 5-31-40% vssituiifiinusiutiudinaniodonnla
waE 6=11nnT1 40 % vesiuRinAnuud v avieiievila

4. Anwnalnanisaziinunuiilnegdananssuvesieuled polyphenol oxidase (PPO) waz phenyl

alanine ammonialyase (PAL) ¥a9ui2siensn1saiunisimilouds 2

YA 1 fanAy 2553 - 30 AuE8U 2558
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ayimsagiiunuia e nsazvunuInIsusnvesdulsaliusngbiiulunnnssuisu

o1nsazyunuInelunavesdulzsalsuAaEle 21 Jundinistivsnslaenssudsanly M) e

aa o

Wty 10 wag 10° M 1An1n15agynunuIfINIINgsuisou ag1elitudAgneads anvauznieuen

Waenflomsund usilenaneluuinalndununansvemasniiadugaviesesunadnil e 28 Ju
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9INTALVIUNUIGINIINTTUTTUYMEY M) uaz MS eeeiltedrAynieada (Figure 1 uag 13) wansdd

s

M) uaz MS  dheanemsagvimmunludulzsald Sssenndestumsnenuiindluduysniug
Usm e (Nilprapruck et al.,2008) wazns19dnes (qiieshu wazamy 2555) winwu (Fung et al.,
2004), ULIDmnd (Ding et al., 2001 2002,ua¢ Sheng, 2011) 1z (Gonzalez-Aguilar et al., 2000,
Gonzalez-Aguilar et al., 2001 Wag Junmatong et al., 2012) viuniy (Sayyari et al,2009., Wag
Mirdehghan and Ghotbi ,2014) wayailanila (Glowacz et al, 2017) Nilprapruck et al. (2008)
Menundulrsaiusiandefiudly M) enandudu 10° 109 10° M flemisagviiumunaiingy
nsRASAIuAY qYipnil wazanz (2555) enuindulsaiugasednes furlu M anududu 107
uay 102 M um 5 wiit Slomsaginumunniingsadsaiues Ding et al. (2001) T1891LIINNTT
uzdemadg MJ uag MS senududu 0.01 mM uw 16 Flusannsaaneinsaziununiloliu
Sl 5°C uu 4 dUan IileevilTinnsazauves transcript heat shock protein 70 family &3 heat
shock protein Hagsilfuzidemanumusionsazinumun wona1ni Ding et al. (2002) fwuin MJ
way MS anududi 0.01 mM Predmiliusdomaains pathogenesis related protein Zslusfuwin
iliuzdomanumusiogungiishuesienfuing wenanil Sheng (2011) dmuimsdomaress
yuuseumgiiswgr MS dmirliAansazanues polyamine dsdlunumviliideriueadiatios
wazdnwuderiumadlfufonss Junmatong et al(2012) wuimeshsiusihnenlsivesadurlunsaenan
loBin way M) amdudu 0.1 wag 1 mM w1 10 uiikasifusnuail 5:1°C arududiusing 90+2 % &
pIMsazTUMUAnaINTIE 1) nsananiedn uay M) anufisounessendinduveansalutuiiiu
duusznauvedeviuwaduarfnymthiveadeviuwades9i (maintain membrane integrity) vilv

Y a v YV

ansanuaunsiiieenvesEstn  2)  dinsedulvindanaasiessuugiAuiumunmsiinujiseneend

9

a 1

Wy (antioxidative defense system) 91N2yadeY YU nsas1aeuley  catalase, ascorbate
peroxidase, superoxide dismutase, guaiacol peroxidase Wag glutathione reductase uana Nt
Mirdehghan and Ghotbi (2014) s1esuinviuiiufiuglunsadaludaanududy 0.3 way 0.4 mM uag
nsnwanleda AUy 1 uwar 2 mM w5 ud fenisavinununanaadefiuinwad 1.5 £0.5
°C AuTUSITME 8545 % W 2 e Tnensadaludauaznsawnanlednrdmiliiinisazauves heat
shock protein wag toulwusifidiunisdendiadu 1wy catalase wae superoxide dimutase Glowacz et
al.(2017) wui1 elanladisusae MJ was MS Aaudu 100 pmol/l Se1misasinununianasngiz
MJ uag MS 1) LﬂﬁauaaﬁﬂssﬂawamsmlwﬁuﬁumL?J'aﬁ:mszjaé 2) aAN1SUARNIBBNTDY lipoxygenase B

3) fugananssuvesauley lipoxysenase Javhlideuwadudunss

n1s5alvavasuszaluia nssrlnavesdszgluiidudsiineudonanimeeudeuadile

o o [ [ @ o 1Y) 1 ! aa ! ax A
Tui 0 uar 7 Tu ndmsiiuinw Miflvavessyglifianuuand1mneatifseninanssyds e 14, 21
wag 28 Ju ndinsiusnw nasudsiudly MJ uag MS inmssiluavesuserluiiisiniinssuisaiunu

agailded Ay 19ada (Figure 2) wanadn MJ waz MS Hrevibidenuwadudusdedinigiilnaves

o



Uszqlnlihainiinssuitmuau Saaeandostunismenuiinuludulzse (Nilprapruck et al., 2008)
121749 (Gonzalez-Aguilar et al., 2001 wag Junmatong et al., 2012) Ny (Meng et al., 2009) way
iUy (Sayyari et al,,2009) Nilprapruck et al. (2008) iwaqwu'jwé’uﬂzimﬁuﬁjﬂmmﬁ‘aﬁuﬂu MJ A4
Wutu 107 way 10° M uiu 5 uifiinisilnavesdseglwiisiniinssuiSauau Meng et al. (2009)
wuth M Fasannsdalunavesusyqlatiinlufia Junmatong et al. (2012) eauiugahsiuginonls
wed 4 Insilvavesuszalwiiiiiniinssismuauilloudlunsaednleda Aanandutu 0.1 mm
LAz 1mM uag MJ 0.1 mM w10 nililesannnsaenanledn waz M) anufAzennessendiatures
nsalviuvenderineadilievuwaduiusansomuaunmadieenvesansléa

aa A 1

wWasidudnisgeydeunniin denndesiunissilvavesuszqluil nssuisnugdudssaluy mJ

[

wag MS nnarmdutuiivedfifudnisgydedinintdesninssuitauauedsdifoddyniaa
(Figure 3) 9199zt dunay MJ wag MS faglidevuwaduazivadieanduss Jsmuaunsidrosnves
ﬁﬂiéjﬁﬁdﬁmig@ﬁaﬁmﬁﬂﬁaa %aaamﬂé’mﬁumis’lsmuﬁwuiué’wzimﬁuﬁ:ﬂmmﬁa (Nilprapruck et
al., 2008) waz1 (Aghdam et al.,2011) Nilprapruck et al., (2008) 31mmdwé’wzimﬁuﬁﬂmmL%ﬁmj'

Tu MJ ety 10° 104 uag 10° M imsagyideumiintesningsuisaiunu Aghdam et al.(2011)

a

WUIIATATUAIY MS ARTUTU 8 16 24 way 32 pll uu 16 Faluadinsgyidedmdntesnin
nssudseuay wsz MS Wdudinisasraeuluingesaansimadioansiuivinliivadioaudauss
AuALNsitIeenvaslandsgedetie
-1 i = ] aa Y o A 2 o aga
AULUULTEE nudliliauwnaeieadia enciuiun 14 vsanisinushwilagnssudsnualy
MS Aadadu 10° M fiannuuiulilegandingsuiseu (Figure 4)

N15908 A1A27IUEI19 (Lishtness) A1 a* ka1 b* WuNAIANNEINe (L) hagA@nias (b¥)
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Figure 1. Chilling injury index of pineapple fruit after treatments (T1= control, T2=10> M MJ,
T3=10" M MJ, T4=10> M MJ and T5=10" M MS).The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 2. Electrolyte leakage of pineapple fruit after treatments (T1= control, T2=10> M MJ,

T3=10" M MJ, T4=10> M MJ and T5=10° M MS). The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.

% . f =g

2 i

= |f:

Days of storage

Figure 3. Weight loss percentage of pineapple fruit after treatments (T1= control, T2=10> M MJ,
T3=10" M MJ, T4=10> M MJ and T5=10" M MS). The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.



P
6 ; RS —i; treat
= = L]
== =
g = S 2
4 — &2l
£ = &
[ — 4
= s
5] =
= =

Days of storage
Figure 4. Firmness of pineapple fruit after treatments (T1= control, T2=10> M MJ, T3=10* M MJ,
T4=10> M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 5. Lightness (L*) of pineapple fresh after treatments (T1= control, T2=10" M MJ, T3=10"
M MJ, T4=10> M MJ and T5=10" M MS). The same letter is not significantly different by
LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 6. a* value of pineapple fresh after treatments (T1= control, T2=10" M MJ, T3=10"* M MJ,
T4=10" M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 7. b* value of pineapple fresh after treatments (T1= control, T2=10° M MJ, T3=10* M MJ,
T4=10° M MJ and T5=10" M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 8. Vitamin C of pineapple fruit after treatments (T1= control, T2=10° M MJ, T3=10* M MJ,
T4=10> M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 9. Titrable acidity of pineapple fruit after treatments (T1= control, T2=10° M MJ, T3=10"*
M MJ, T4=10° M MJ and T5=10° M MS). The same letter is not significantly different by
LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 10. Total soluble solid content of pineapple fruit after treatments (T1= control, T2=10
M MJ, T3=10* M MJ, T4=10> M MJ and T5=10° M MS). The same letter is not
significantly different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 11. PPO activity of pineapple fruit after treatments (T1= control, T2=10° M MJ, T3=10* M
MJ, T4=10> M MJ and T5=10" M MS). The same letter is not significantly different by LSD

at P=0.05. Vertical lines represent +SE of the mean.
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Figure 12. PAL activity of pineapple fruit after treatments (T1= control, T2=10> M MJ, T3=10" M
MJ, T4=10" M MJ and T5=10" M MS). The same letter is not significantly different by LSD

at P=0.05. Vertical lines represent +SE of the mean.



Figure 13. Effect of MJ and MS on pineapple chilling injury at 28 days of storage A. T1 control
B.T210°MMJ C.T310*MMJ D.T4 10° M MJ E. T5 10° M MS.
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Figure 14. External chilling injury index of dragon fruit after treatments (T1= control, T2=10" M
MJ, T3=10" M MJ, T4=10" M MJ and T5=10" M MS). The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 15. Internal chilling injury index of dragon fruit after treatments (T1= control, T2=10 M

MJ, T3=10"* M MJ, T4=10° M MJ and T5=10" M MS). The same letter is not significantly

Electrolyte leakage (%)

different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 16. Electrolyte leakage of dragon fruit after treatments (T1= control, T2=10" M MJ, T3=10"

Weight loss percentage (%)

*M MJ, T4=10>° M MJ and T5=10° M MS). The same letter is not significantly different by

LSD at P=0.05. Vertical lines represent +SE of the mean.

15 4

10

Days of storage

28

0w b WN -

treat

Figure 17. Weight loss percentage of dragon fruit after treatments (T1= control, T2=10> M MJ,

Firmness (N)

2.4
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0.8

T3=10" M MJ, T4=10> M MJ and T5=10" M MS). The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 18. Firmness of dragon fruit after treatments (T1= control, T2=10> M MJ, T3=10" M MJ,
T4=10" M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 19. Lightness (L*) of dragon fruit after treatments (T1= control, T2=10> M MJ, T3=10* M
MJ, T4=10"° M MJ and T5=10° M MS). The same letter is not significantly different by LSD

at P=0.05. Vertical lines represent +SE of the mean.
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Figure 20. a* value of dragon fruit after treatments (T1= control, T2=10° M MJ, T3=10* M MJ,
T4=10° M MJ and T5=10° M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 21. b* value of dragon fruit after treatments (T1= control, T2=10° M MJ, T3=10" M MJ,
T4=10" M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 22. Vitamin C of dragon fruit after treatments (T1= control, T2=10> M MJ, T3=10" M MJ,
T4=10> M MJ and T5=10 M MS). The same letter is not significantly different by LSD at

P=0.05. Vertical lines represent +SE of the mean.
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Figure 23. Titrable acidity of dragon fruit after treatments (T1= control, T2=10° M MJ, T3=10" M
MJ, T4=10> M MJ and T5=10" M MS). The same letter is not significantly different by LSD

at P=0.05. Vertical lines represent +SE of the mean.
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Figure 24. Total soluble solid content of dragon fruit after treatments (T1= control, T2=10" M

MJ, T3=10"* M MJ, T4=10° M MJ and T5=10° M MS). The same letter is not significantly
different by LSD at P=0.05. Vertical lines represent +SE of the mean.
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Figure 25. PPO activity of dragon fruit after treatments (T1= control, T2=10° M MJ, T3=10" M
MJ, T4=10"° M MJ and T5=10" M MS). The same letter is not significantly different by LSD

at P=0.05. Vertical lines represent +SE of the mean.
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Figure 26 PAL activity of dragon fruit after treatments (T1= control, T2=10° M MJ, T3=10" M MJ,
T4=10> M MJ and T5=10 M MS). The same letter is not significantly different by LSD at P=0.05.

Vertical lines represent +SE of the mean.




Figure 27. Effect of MJ and MS on dragon fruit chilling injury at 28 days of storage. A.T1 control
B.T210°MMJ C.T310*MMJ D. T4 10° M MJ E. T5 10° M MS.



