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Abstract

Queen pineapple cv. Sawi is very sensitive to chilling injury (Cl) during refrigeration.
The objective of this research was to study the effects of methyl jasmonate (MeJA),
cyanocobalamin (Cyn) or simultaneous MeJA and Cyn encapsulated in liposome on
chilling ‘injury alleviation of the Queen pineapples. This work consisted of two
experiments; firstly, the effects of MeJA, Cyn and MelA combined with Cyn by using
peduncle infiltration on Cl alleviation of the fruits during refrigerated at 13 °C were
observed and secondly, the effects of simultaneous MeJA and Cyn encapsulated in
liposome on the Cl alleviation were investigated. It was found that 0.01 or 0.1 mM MeJA,
2 uM Cyn or simultaneous 0.01 or 0.1 mM MelA and 2 uM Cyn alleviated Cl of the fruits
during refrigeration. The simultaneous 0.1 mM MeJA and 2 pM Cyn treatment alleviated
internal browning, electrolyte leakage, lipoxygenase (LOX) and polyphenol oxidase (PPO)
and induced antioxidant activity (DPPH free radical scavenging activity) and catalase (CAT)
of tissue adjacent to the core rather than other treatments. In the second experiment,
the pineapples peduncle-infiltrated with simultaneous 0.1 mM MeJA and 2 pM Cyn
encapsulated in liposome evidently alleviated Cl and MDA content after refrigeration for
14 days. The activities of LOX and PPO of the treated fruits were lower than those of
untreated fruits. The treatment enhanced antioxidant activity in tissue adjacent to the
core of the fruit after cold storage for 7 days. These indicated that MeJA or Cyn peduncle

infiltration could alleviate Cl of Queen pineapples during refrigeration at 13 °C for 14



days. The simultaneous 0.1 mM MeJA and 2 uM Cyn encapsulated in liposome effectively
alleviated CI of Queen pineapples when compared to untreated fruits after refrigeration

at 13°C for 14 days.
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a
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2.1 duuzse

duvzsadaduivluidsaivailidosou dianuddgmaasvgiavidonds 34e
Inemans  Ananas comosus L. daegluasd Bromeliaceae Sauiufinogluniveinildus
annsaniydulaldaluendouilimusetimrudldd anmuandeuiiven vausonisgnd
izé’uqmmﬁLLazmm?}juﬁhiLmsﬂi’summﬁﬂ (Barthomew and Kadzimin, 1977) 18160154338y

wumaneUuaganunsavgnindielaald wie suifssmazantunisveneiiug @smssa, 2548)

Stem Avrial sucker
Adventitious roots
Ground sucker
Fibrous roots — ¥ Basal atem

Figure 2.1 Morphological structure of pineapple. (Hassan et al., 2011)
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al., 2011)
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2.1.5 ua dulzsadmdunauuunason (Multiple fruit) MiAnanwausaznaLdoniuLy
Y9INATIN §IUVBINATLLY ouAnUN NG (RuAn3g, 2541 ; Dull, 1971) dnvazgUnsandiy
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et al, 2007; A139Wug, 2526; IuA3y, 2541)
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v |
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Y
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(chilling Injury) #38138n378 158z unuT dauluganiad uiuinandowdofnul3d
qmuq:ﬁ@fm’jw 12- 15 29ALYaLRod 19U Uvdle NA2Y Uzarne (339w9, 2542) dulzsa (Paull
and Rohrbach, 1985) @flungu Queen auAntuldsimintungsunssdulysalundgy Smooth
Cayenne (§nsn3%, 2536 ; Sauagal, 2547) Wnluitwiilesunadloiuinufigamgiisinnii 0-2
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=]
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e
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:umaaamg:um‘vﬁamawﬁmiéf’%’um’mLﬁsnmmzﬁwaﬁﬂﬁmammmumaaLﬁal,?ial,?iamamwﬂu
W Ia1369 9 @1u75aR1u10nNWAG LAY (FNTNIY WazaTIU, 2536) wazdainis
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2549)
e _-OH
b monophenal {colodess)
R
PPO + 0,
o~ OH
."’ \,\_J,\/ PPO+ O, "//'A\EO complex
| ; — brown
PN
R™ 2 OH R/\\‘\‘«/ o “/ polymers
diphenol {colarless) a-quinene {colored) amino acids

proteins

Figure 2.2 Reaction for Enzymatic Browning. (Walker, 1977)
2.4.2 prsuidsymnainisauinialudulzsn

2421 ﬂ’1iLﬁU%ﬂH’]luﬁﬂ’]WUiimﬂ’Mﬂ’JUﬂll

miLﬁ‘u%’ﬂwﬂuamwussmmﬂmmu (Controlled atmosphere) Imamamuammm
Wuduvesting CO, aendn 0.03 wWesidus uaz O, #1n31 21 Wesidud Asan mAududy
ﬁuaqﬁ”’]ezjlﬂmaammqﬂmﬁu%’ﬂm %qmﬁLﬁU%ﬂwﬂuaﬂmeimmﬁmuvjuﬁfu yMIANaNARTAN

ace = a A a a v A v v

UATUANAY I8ANTEUIUNTITLUAIULUAINI9ETIINGT (TN, 2538) NISLNNAMULYUVUVD
Y a & Y a a | X v ' v
e CO, mmu‘lumaammqmimusﬂmmammaum%u@ Wiy kaUila 1o Wy wasnuslil (59

uBNANUNISIANE CO, @1u1TavEaaniIsiine n1sagynunulunaszliala (Lange and
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Kader, 1997) msinanuiduduves O, dnslesiunisineentinduveraniniiiludnisiia

dUe1a (339U, 2538)

2.4.2.2 ANSU15SaU

aaa 1

nsldinseu (Hot water) {Wwisnanunsatiednergnisiusnymndanandsnisiiuiies

A111509EaN 1S URURUAINETTEINYT (BUNU waEAMY, 2557) U508 AUNI NI

a

wagAIuANNISITaeveswtasiunalyl (Yuan et al, 2013) naviuiiniildunfeunigaumngll 40
aarwadea Wuan 4 wiil anduiluiduiigamgidl 2 °C 1Wual 90 Tu nulaunsatiean
pIMTaEIUUNILazandRURenTIna1adla (Zhang et al,, 2021) Acedo et al. (2004) 518914

a a

nsldunSeuntdulzsniigumgll 38 sswmwaded Wuna 24 lus AeunsiushvNgumngl

Y Y

i1 asaann1siialddiiniala Minh et al (2017) lis1eeunsldunseuiigungil 56 °C
I a = 9 d v o v a0 a4 % v o o S o
Jwan 30 il Tuwadudesn nudinislddafousiimsagideuininaiiian wenainilds
A =1 a o~ 1% a ca | ax 44'

wudANuLUie UsinaunsenitnsmsalaayUsinansaweanaiinginitisnsau

2.4.2.3 nskgasadl

Tudaguulaiimsldansiaiilunisaneinisldduinia Youryon et al. (2018) l¥unaaidey
Aaalsn 2 1wWesiluduazunai@uungaisiun 2 wWesidud i unadulzsaduiaa 48 43lug

a

& v al = I o o a iy Y ~
Lﬂ'UbLTV]QﬂJ'V]ﬂlI 13 A ugaRed Wua 7 Wag 14 31U wuNMdUULIANLYNIUAIY LARLYULARD

U

IS 6

lsduazunaldonngaisiun aunsaanenisindtmaldfndigaaiuay vending uazaos
(2558) Ifansiadl 8 ¥in lunsaugunmaiald@imaludulzsaiugasmeines wuinnisld
ansazans CaCl, wae SiCl, fsvduntsinernislddiimatiosnindulesngnauny msldans
SiCl2 fifanssuvestoulssl PPO fifiga Lu (2011) hnsaendnlednininunaanmussdulzsn
wuinsldnsmsdnledntateusasmdmaiufsmsussmmadsomsidainaludulld
finmseuauAIngsy PPO AidndgnAIUAN

2.4.2.4 nslaansinaeuil (Coating)

nsldansindouiny (Coating) 1umaluladuilsiiannsadnorgmafvinwiuazaiunsa
anemsldaimaludulzanld Wesnasiadeuiannsaiauinuesndiauiiiigniely
WAyl PPO vihanuldegasannisesndinduvesansusenauilueaiiinla (Paull and Rohrbach,
1985) Pitadeniya et al. (2005) 1891147171549 wax 5 1Uasidus uwag Benlate 1 NSU/AMS

WWADUNAAUULIA Fwann1sintdauinia tnetiasiwusnisiine1nts 87.5 wWasiius tuvuei
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)~ a s & ¢ a o o & o = &
ﬁ@ﬂ?‘Uﬂ}lNﬂ'ﬁLﬂﬂ@qﬂ'ﬁ 100 Wastgun 9 20 71U ¥aINISLAUTAYY 10 DA aLged UaNaNU

a v 3

§A3m (2547) wu31 Sta-fresh 7055 (paraffin-polyethylene wax) 11 AMULTUTUTDEAE 30
A10150YEA0N15ANINTALYINUNUNT aansaadeUSinansakeanasiniassinwinun nKEs

AR buduUrsANuUgnsInENes

2.5 wiiadaluiun (Methyl jasmonate)

I

wiiadaluiun (methyl jasmonate: MeJA) u3ansadaludn sadugesluufivedanis
fifwasratu funumddglunalnnsdestuiiedosiumiaioninaiiinuasdildfidin
madhansvedlsataziuas GanseduliiuAamsasuwlamisdund lunslesiuiiies
YDINY (Supapvanich and Promyou, 2013 ; Aghdam and Bodbodak, 2013) Lﬂuéﬁmuqm
waafidfafiiedestunseuiumsimunisfinainuaiedy nissenveaudn n1sasaivle
Y9450 N15GNHALN15YIIVeINY (Cheong and Choi, 2003) tiiadaluum Wuearsusenauly
Trawnuu (Cyclopentanone) #siinisnszatesaniadluanandnsits wenldfupsausnainans
aftnainndunenugd Uasminum erandiflorum) S8 uanssemaiidnduven tasadamaad
Usgnaumenmulslasasuouiiimgiladdu 2 vijfenquansueda (@lau) wazngumdiale
awma’ (nsan1suendan) drrsueulasasdesda (Martinez-Espla et al., 2017) YagUuladnisi
wisdaluumuldlunsinwaunmmdanmaiuifen iledesiularduaiumiuduniuse
nansenuiidudunste sufsernisagsitununiseninanisifuinwwald (Meheriuk et

al., 1995)

O

COOCH,

Figure 2.3 Methyl jasmonate structure. (Kang et al., 2013)
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Jaluiunnealwdiva Al Yaesnsnezdlutatinanladuluuuiusu ngm a-linolenic
gnifineandiaulag lipoxysenase (LOX) 1l 13 (S) -hydroxy linolenic acid (13-HPOT) GRE
QﬂLU?{EJuLf’Juﬂim 12-oxo-phytodienoic (OPDA) 1y allene oxide synthase (AOS) Wazdaaue
anlaalaiaa (AOC) nsadaluiin (JA) gndaasiziann OPDA HuNs3Iduaynseandintuany
Fumou LLazquﬁ'auLﬁumﬁaﬁ’a‘lﬁmuw (MeJA) Tag JA carboxyl methyltransferase (JMT)

(Cheong and Choi, 2003)

Mambrane spuds
| l Phospholipase A1

e A COOH

a-Linolenic acd

l 13200
1 D0OH

N N N Vs |

13(SpHPOT .

l ADS

)
N Y %

l AOC
0

|

1

]

!

) |
&’L/vhur“x.x — I
]

|

]

|

]

]

l OPDA reductass

TRENDS in Genebca

Figure 2.4 Main pathway of jasmonate biosynthesis. (Cheong and Choi, 2003)



15

2.5.1 MsluuRadaluunaInNIsAuLie?
2.5.1.1 dnwaurdsng

nMsdsunUasvesdnuuginguazdniinaineinisaginumun dewaliinniiu
HEMEAAUAINLANIAATYFNY BUNTY Uazane (2554) Anwinavesnsidiuiiadaluunse
MsaneIMsaETuIIveszlomd s iuAe Inethluusfinrandudu o, 1, 5 way 10 lu
Tasluans w12 $2laus wudmauslesiisusnawiadaluunianududy 5 lulasluans
aunsavzasnIsiineInIsasTurunle gsiun wazasdum (2559) ladnwinislduniadaluum
Tuwar$s WusfAug TnethwanSaurinanududu 0,0.01 uay 0.1 Sadluans uiu 10 undl 1iv
fnwndunan 15 u nudinisldasazasudiadaluiun anunsoaiugunisgaydetnin
a1u1305N1AAINEIN (L) waza1n L dudiden (o) aningamunn USenuy wazaue
(2562) Anwimsldansazamfiadaluunlunisdesduoinislddimaluduussaiuas
Tneniluguiinududu 0.01 Sadluans wiu 1, 2 uag 3 Filus iunen 5 wee 10 Fu 9ndui

a

sonubingannll 25 esrnwadoa WWuean 2 Ju wudnisgududsadune 3 9alus auns

Y

graeMainldduinalududesniugaila Perez et al. (1993) lda1sazaie MelA sunauay

a

\Uanug ‘Golden Delicious’ muidiudy 8 ppm Mgaungil 25 ssrwaidua [Wunan 4 43lus

R
mendsnsinwnduiia 10 $u wuindenwausuitafiudualsfiugeaniwawotidaililde
Faeda1sazans 3 i1 uenani s vl nafavaluuniauddyluannisdvihaisves
ForauniglusewinansiAvsnuinaznedmdelufionaeviin 1y 1asdmn Botrytis
cinerea Pers.) lunaansawuas (Moline et al., 1997) ETUE?@L“E:}JEJ Penicillium digitatum Tuwasa
19U (Droby et al., 1999) annsUuesvlusinguansuaznsameanlusindausmdeuuslng (Buta

and Moline, 1998)
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2.5.1.2 UoduNE

& C S

mawdsuwaadiofusia Wuthdeiiddlunadentovesiuiion (vdtad wasdvdan
, 2552) fimpeumsliasazaeiiadaluum aunsnvveomsgadanuudude giesad uas
Aty (2555) levihnsAnwithiuduuzsaguuiiadaluumianudaudu 0, 102 wag 102 luans
Hunan 5 uifl wuhanududy 102 Tuand femuuuidomnniignaivau Gonzalez-Aguilar
et al. (2000) suuz319WUT ‘Tommy Atkins’ A8 MeJA Aadudy 10 luas gaumqd 25
pwLeaLloa Liusnufigamgll 7 ssmusaidea iunen 21 Yu wuiuzhedauududetios

ngaRIUANLasaNagNNUIEUTINaelara1etn lngendnueiasgnaI A

2.6 lgg1lulauraiiu (Cyanocobalamin)

(%
o

aunsnazaele (Asensi-Fabado and Munne-Bosch, 2010) wuluefuasiwadinduga 1y
cytosol, plastids wag mitochondria (Roje, 2007) il - teuleiunasiiunumddayly
mMsdaasunswnaaiulawsanarlutunulng Jadudslvlunisadadndenuaanis
vhoulnfvesszuutssanuaylumsindeudnereanguidalunmsduaseifiue (Baker and
Miller-Ihli, 2000 ; Szterk et al., 2012) FaBuansfarulunszuruninumlsledu (Smith et al,
2007) willsTaiu viuiiiuansdsfudmdunssuaunmsiuniveddu duadenszuaunisma
a3731619 9 Tully Wy msdeasieilusiv dunuimlumsaiueuyadasy diedesiung
sandinduvesnsaludu neyihufnserdusendausazlulasiau daedaorgnisiiusnyiwasd

unumlunssnwanimventeviuiaad (Brich et al., 2009)
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HaN CHs
<
: < "CH
y i % 3
CH; LCH; —>7
H MNH>
O ;
| : 0
RN CHs
e
\ vy
o, P
/P\
HO O HO
0
HOY

Figure 2.5 Cyanocobalamin structure. (Lo’ay, 2017)

Cobalamin @13sauenaantaldu 4 3UkuU Cyanocobalamin, Hy-droxocobalamin,
Adenosylcobalamin wa s Methylcobalamin (Suriyan et al., 2020) Tud¥ a3 U'ule T n15u"n
Cyanocobalamin 1llunsSneIRuANNEANaNIaNISNEAT Lﬁa%’ﬂwﬁﬂmmwdaumﬂﬁuLﬁm
(Samaan et al,, 2011 ; El-Bary et al., 2017) LLazwﬁﬂﬂﬁiLﬁULﬁm (Lo’ay, 2010 ; El-Baz et al,,
2011) g ni Auasiiioanaudsmelunniediiiniavemald annnfuinely

gamaiisusginingaBenudeiosaniteinisasinumuna (Chilling injury)

9
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2.6.1 n1slaaandiud 12 wdwnIsAuLign

2.6.1.1 anwarusnguazd

'
a1

anwarUsnguazdvewaliiludnvasiiddyivivondsnunmaemald oansiaunf
Milifaaudsmeivatednuay Wy inseeuna 2111 Wienwsallewaewdudinanay
dan Lo’ay (2017) la@nwinan1sladansiud 12 Tunaequsiug ‘Crimson seedless’ tnguinluuai

[

ANUUTU 0, 3, 6 waz 9 fadluans wuINsEnwiiusransHaanusaansviiaududiinna
~ v v v A a ¢ U a1 A - a ) & o 1Y)
NHaLAzYoN U ANUTNTY 9 iadluans wazdalland (h°) gangavasainnisiiusny 4 Ju
WULABINUNISNAABIVBY Samaan et al. (2011) lavinsAnwinstaimdudiasinndiud 12
a I I | - N (=" 5 o a 1 I o I
amwuiu:uzmaaaqmawuq ABNUY ‘Hindi" Lay “Zibda Tagvinnsannudurial 10 74 Aauns
< a 5 o @ v ~ a a 2| [ 1 a a =

Aufe ntudldinushvigamal 5 ssrwa@eaduial 30 Ju wuddaniiud 12 aunse
anon1savunuatunzilaliewsouiisunugnnIuay Tasugaaaiug * Zibda® ana1n1s

g (Chilling injury) Todindugdaiug Hindi’
2.6.1.2 \Uaduna

1 dy T ) [ v dy v o A v o W =
AMULULLLE (Firmness) Wunisinaaninaiuiiedudaniduladeddglunisiden
naldveuslaa n1sldinndiul 12 duareniswasuiuassinuanauiuile Lo’ay (2017) 1a
insfnwmanisldInfiud 12 Tunaequifug ‘ Crimson seedless’ Inginluugnadadudu o,
a a I3 i & Y s & & a3 v v oA
3, 6 WAz 9 Tadkua1s wudmnuiuninanasiey Wesiduansaydeumintesgauazainy

a

wduilegeiign innududu 9 fadluans aue1gnsiusnuinndy Wwdeiiunisvaaes

4 3
v84 El-Baz et al. (2011) lnan151n Ascorbic acid (AA) Lag Cyanocobalamin (By,) 112aNY
! 2 v v w & s & A A o 2 1 A a a Y]
AouN1sNUNEIVUAUNEUNUG ‘Costatas’ 4 A33 1) tllosuillulnslifinty 2) Welsudana 3) wdu
HIUAUGNANE 2.5-3.5 [WURLAT 4) LduriAugnatina 4.5-6 lwuiuns lagtdinfiuduay

a v =

a a o N Y v o = 1% a v o & A =
IRNUUU 12 NANUTUVUFNNAU Lll@l@mama@LLa'ﬂuWIULﬂUiﬂU']V]QZUMﬂN 26 ANGAGYE UUNN

Y

1 [

NsUAgULUAN 5 U WUl @ANAUNAANUAIY By, HANNNULLEREINIIYARIUAL UARINT
ANWEUTAANUMETINNNUT USUNNnaanuaTaIRanauns 2 gania wudnsiiinduagng 2
[V v oa a o =i D A A H & = D)
ANULNTY FuiUInndul 12 Tnnududu 0.74 pM dUSinanhmaniavingeiign denaqeaiu
El-Bary (2017) lovinn1sfinwinaveenisly GA; 598U By, Uusiuunsiug ‘Le-Conte’ lagdans

danunslu n15lY GA; 30 ppm SaUAU By, 4 mg L-1 918AIAULUULLDUDINALNUNINTY
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desmnmaiinduresinavendefiazareild Wukamanmafivduresnisazauves
Aslulansnlaenaves B, (EL-Baz et al, 2011) ¥ieUsulTalosidudvainananuiasAnN Yo
wandn shlvinunansiselfifintu Lo'ay (2010) Wimiiud 12 lugnwdusiug ‘Costatas’ 1y
wiluansazaroinnfiud 12 1Wunan 6 $alus nuinsldinndud 12 farsunuduanasesis
Forauluiudl 10 veamaAuinw msldmnadudud 0.444 UM dnrsanauiniigaiile
WIsuifleuiuisnstu dwaliuSuuhmarmuaifistuganigaemuay enaduldindaiiug
12 Faensgiunsiauvenisilawmse msduaszieuleduaziiulilufiglunneauga
nsvinueesigdnsAaiuuatinalalada e1vgnnszaulaenistdinndud 12 n5eUIuNITRN
HagyemMIsiasunsgdulugnisaidanfivdwaliludualsiulivsinganitgaaiuasluxa

nauwazady (Krook et al., 2000)
2.7 alUlay

2.7.1 doyanalvasdlulay

a o

T (Liposome) Wusymaisluiaidnszauluaseu (suomicron) Jdnwazidugg
nanuedanslesu 1las9a519999 phospholipid bilayer Usznouaaaltadulouil Adn
(amphiphilic) Ailidauafiveuiuavaesmsiiliveuin Fseznendlulsuosnananimuindon
vo3ulaasou (Deshpande et al,, 2016) phospholipid bilayers 14 nsalaiu 2 da1884
Usznaumigasueu 10 - 24 axnauuaziiiusyd 0 - 6 ﬁﬂuL.LGiazIsziLLasahuﬁ’Jﬁmauﬁﬂ ADNIA
Woanosnd sutulauanad agatsualé (Lasic, 1995) Tanuindnvesdlulsuldun
phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylserine (PS) Wwag
phosphatidylglycerol (PG) WeoalwaUanusssuwd wu 78 Fefiduninadfu) Juasiidey

Talunsasradldlsuninnimealndladaasizn (Pierre and Costa, 2011)
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Water-
soluble

Z Oil-

Like

Phospholipid

Molecule
Phospholipid
Bilayer

Liposome

Figure 2.6 The structure of a phospholipid molecule, a lipid bilayer and a liposome.
(Pierre and Costa, 2011)
FIUIUVY bilayers UINTwan 8vauLInIBIN1SHON UNITVUA 91T A ludlUley

Milcovich et al. (2017) losuunvunatazn1sintiunandueivesalulausadl

1) Small unilamellar vesicles (SUV): <200 nm

2) Large unilamellar vesicles (LUV): 200 - 1,000 nm

3) Giant unilamellar vesicles (GUV): > 1,000 nm

4) Multilamellar vesicles (MLVs): composed by concentric vesicles, or multiple
concentric bilayers

5) Multi vesicular vesicles (MVVs): composed by multiple vesicles confined inside

a larger one
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SUV LUV GuUv
<200 nm  200-1000 nm -1000 nm

Figure 2.7 Schematic representation of the main lipid-based nanovesicular systems.

(Milcovich et al., 2017)

2.7.2 msallaulunald

Tutligulaiinaidlvleuldldiiesnwinanimueswalyd Dhital et al. (2018) fimwuas
Anusanvuzianizyesaduwatazdluiulalilsuduiagadeunaansoiiuess usnwi
gaumgll ¢ sarwaded Wuan 14 u nuddlutudlulsaduszdnsamlunmssnwanududu

6 e‘a" c') 1 1 a o o d' 1 I d‘ é
vosmsvaulneonlunnsinineglited Ay (CO,) nsiUdsunUaswetal pH wuadlal pH gl
WA RINURAIILUAN ANV AT ATENI19YAAIUAN kavn3lTaaTun USinaweulslegniuseniig

=3 v 1 a d' = a a [ gj =3 1A a At I [ = d'
nsiiusnwgendnsienliinsedevalulsudedudmuindlududlUlsuduianndeunaiunse
gaorgnistiunazsneaunin fuszansninlunisavenquainndanisiiuii eaves
3 al . B K Y o =3 = a [y @ W
HadnSRILUBS Alikhani-Koupaei (2015) lavinn1sAinwnisirdeuansalulguiueianisiiusnm
nanean Iagtndreuuisthluneaisazats 5 uii 1) vasiulsanss 1 wWesigus (Ro) 2) sty
155 1 Wasidud dullon 2 Wosidus (Mu+Ro) 3) unsilsanusaluloy 1 Wosidud Aulllen
2 Wasius (MutlipoRo) 31nduiluasluaianaradnuasdadieganarafinuun 0.04
fiadwns 19z3and I 6 Jhuudavgd LazrinIsUssluAuAMMNILATRAZN BN NITENINNG

[ PN a a [ [y ! £ A o ) Aa
bNUINYINR U 5 paAgal@ee WJuan 9 U wuindenadanyvinn sy unsulsalusalulay

¥
= o Y]

1 wWosigud dudlen 2 Wesdud anunsadnegnisinusnw Jestunisgadeinn nsanas

YeeRanssuvRdlnaTiueaDeNTnALAANDNTLAUATEWINNISIAUSA® A1 pH WRTUAIN SN
Y v < v = o N o o < v <

nsniilamsnlauazanasmiuszezaainisiiusne delidnadeaigalunisinuinwidu

SrgelIan 9 U
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A5N15AUUNT5IY

L

3.1 JngAvwazaunsainldlunsive

3.1.1 dudssn

HaduleIanauadn Wugad NAIUNYATNSAIVAY T8 01LNBET TINTAYUNS
< a A QA = 1= a wua [ =
Nuifgmalussesivaeududmdes 2 wan uddisemsuianisinens wingasinalulagnis
Iansuiniiy antunaluladnszaounandiaunmsaianszdy INeNURYUNSIUnTaANRNA

Jandaguns e uaseIadngnua UHa

3.1.2 aunsal

1) 13 oA alunisnaaes laun Test Tube, beaker, Cylinder, Dropper, Glass rod,
Glass Cuvette, Pipette , Volumetric Flask, Burette, Tissue Culture Bottle

2) \nsesanaden 2 fus 3u BSA2202S U3¥ Sartorius Ustimelgesiu

3) isestnedlon @ fuss Ju ED224s U3¥ Sartorius Uszimelgosiu

4) 1r30¢Ind Chroma meter U CR-400 US¥M Minolta Uizm@iiﬁﬂqu

5) Homogenizer 3u X10/25 U3¥" Astral Usgineileassiy

6) Centrifuge Sartorius 3u 5804/5804 R US¥W Eppendorf Usginalyasiu

7) \3e3 Conductivity 3u ST3100C U3¥M Ohaus UsginAan3gemniing

8) Vortex mixer Ju SA8 U3 Stuart Useinadu

9) Visible spectrophotometer 34 T60V- U5 ¥ 9 PG Instruments Limited @%51%
DIUIINT

10) wifoilsmnudu Tomy U ES-315 Usemadiu

11) Water Bath §u BWO U3¥% Heto Leb Equipment Usgineausnsn

12) Autopipette

13) Wash Bottle

14) What man NO.1



15) Conical tube
16) Test tube Rack

3.1.3 @Al

1) Cyanocobalamin

2) Methyl jasmonate

3) Ethanol

4) Distilled water

5) Deionized water (D)

6) Trichloroacetic acid (TCA)

7) Thiobarbituric acid (TBA)

8) 2,2-Dipheyl-1-picnylhycrazyl

9) Sodium Acetate hydrate

10) Acetic acid

11) 2,4-6-Tris (2-pyridyl)-s-triazine (TPTZ)
12) Hydrochloric acid (HCL)

13) Ferric chloride (FeCls)

14) Folin-ciocalteu reagent

15) Sodium Carbonate (Na,CO5)
16) Sodium biphosphate (NaH,PO,)
17) Di-sodium hydrogen phosphate (Na,HPOy)
18) Polyvinylpyrrolidone (PVPP)

19) Catechol

20) Hydrogen peroxide (H,0,)

21) Tris-HCl

22) Linoleic acid

23) Sodium hydroxide (NaOH)

24) Tween 20

23



24

25) H,0O

26) Sodium borate
27) Dithiothreitol
28) L-phenylalanine
29) Cholesterol

30) Chloroform

31) Diethyl ether
32) Lecithin

3.2 A5n15NAa99

3.2.1 N15VAaR9N 1 NISANEINAYEINIS Ida1azateLiadaluunsaunuansazane

Tggnlulautandusamsdugsennisidduinaludulzsanguadu Wuga? nasmsiiusnend

v

aaumndinT tnethdudzsaudnanuazinniung nUulimMududese wiaduasazaewiiada

v

luumuazansazalwglulauiadunaududusig o sl

a

8371 1 gemuay (Lindansazarsuasiuiioumgl 13 ssdwaided Wunausiuwsn)

9 Y

35n159 2 @saraewNavalluN ANULYY 0.01 Tadluans

aa a A o Y v A a ¢
/NN 3 aqiﬁgaqﬂl’uma'ﬂahﬁum ANULNVU 0.1 llaailla']i

ad

511571 4 arsavaelwelulauiaidu ALty 2 lulasluans

'
=

5N159 5 @158¥a9UNATALULUN ANWLTUTY 0.01 Aadluads sruduansazane

)

Teenlulauianfiy ALy 2 lulasluas
350159 6 @15aranguNadALULUN AT U R 0.1 Tadluans srunvalsazaiy

Teggnlulauianiiy anuudu 2 lulasiuans

I a

Wdulzsaussyastunassgnynd miuussgraldnastaz 10 wa vnsiiushwaamal

Y

13 ssrwaidea Juan 7 waz 14 Tu dhlufiuiigamgivies 1Wunan 2 1w newdniiiniuen?

Y

Tazwuuld@iinataznagaunisiuasulasnneadadinnelda9
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YUNNNAN1ISNAaDg

v
'~ o

1) azuwuumsiialdduinia

2) fnd

3) sudmnuduiang Browning index (BI)
4) U3uad Malondialdehyde (MDA)

5) msilmavealsyy Electrolyte leakage (EN
6) Usuunsaueanasin (Ascorbic acid)

7 AnuaNnsalunisindnenyadasy (DPPH free radical scavenging activity)

a

8) ANNENITAlUNTINUBLYABATY (Ferric reducing antioxidant potential)
9) USwastuedniaue (Total phenolics content)

10) My asginanssaeulysl Polyphenol Oxidase (PPO)

11) MmyaAsizRnanssuteulssl Catalase (CAT)

12) msapsginanssuenled Lipoxygenase (LOX)

3.2.2 N1SNAA9N 2 NISANYINAYBINIS IYa15aza1gLlNaad LuUNIIUNUaTSTaZaNY

2 ¢

lggnTulaurarfudnnuludlulauseanisdvgseinisidduinnaludulesanguaiy Wugad

9

waInsivsnenaungiian lesihdulzsnndagnuasdaniiura antutinanmaaoid

'
= [

UszanSanasianainnisnnasen 1 andulualuleunazussaaslunivugdmsuauds aail

Y 9 9

s 1 gamuay (Wudasasarsiasiuionmll 13 sarwgaded tusiausiunsn)
aaqa d‘ g

351157 2 11

aaqa d‘ a U 1% v a =\ & | U

81157 3 a1saranefadalaiuy Anutudy 0.1 Jadluans suiuaisazanelaenlule

viandiu anududu 2 lalastuans iandniuludllsusazussgnivugdwiuouds

£ 1 a

ussyaslunaesgniindmsuussgnald naesaz 10 wa vinsiusnwfioamnll 13 aam

Y

=

= < o S @ a v I o ! o | %
WAL d LUUIAN 7 Ay 14 U RNUULAUN EUVQMMEN WuLIan 2 U ﬂauwuﬂmmm&ﬂ’ﬂﬁ/i

q

[

AzluUlddUInNakanAaaUNSUALULUAINSTLATIALNEI DY tneliasnseal
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3.3 A1SUUNNKA

33.1 azunuunsinlddinnanmussauaziuu
ynsliazuuumuszduAuTuLIwese I slddinnaresdulzen anisnisves
Teisson (1979)
0 = (enaund
1 = Weowauansonmsdesninfesas 10
2 - \enauaneNsINNIISesay 10 - 25
3 - \onauanseInsuInnindesay 25 - 50
4 - \enauanieInIsINnNIsesay 50 -75

5 = WaNakdndaIN1suINNINSaLas 75

VHIINUUI AZLUUNIAII NS 88 U998 R3IRNN U aldd U Tnguuaseeu
ANUFULIRTU 3 52U Ao SEAuANNTULSITE (IMUIuNANTAZLLL 0 kAZ 1 ATHUL/TIUIUNE

VIMA) IEAUANMHNTULIIUILNAT (FIUIURaNTAZIUY 2 Uag 3 AZLUW/AINIUNETIVLR) Uay

FEAUANNTULTRA (U TIAUIL 4 KaE 5 ABILUL/DIUIUNANIVILA)

=]

3.3.2 Aad
TnAdilananIuiATaeing Chroma meter U3EN Minolta UssinAg Yu Ju CR-400
Tngdufn A1nuaIne (L%, aranutdudung (@) wazaranududmaes (6% (HanterlLab,

1996)

3.3.3 avilanududuinia Browning index (BI)

o o 1 dg/ = L2 U U v v v a

11ieg1ilofnwnudulssn 5 N1 NAUAULENIWE ANUINTUSB8aY 65 USUIRS 20
faddns Julmaniulagldinias homogenizer 11917 90 w ¥l watantuUlUNTDIAILNTZAY
n589 Whatman tuas 1 dduladntaainnisnsasluvinnisiasizvmnusuiaunisiialdauinia

lngldinTosinnisganauwes MANe1IAGY 420 Wluwns (Supapvanich et al,, 2011)
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3.3.4 U311 Malondialdehyde (MDA)

¥
&

dulzsasgninsldiuiiio 5 nsu naunuaisavane trichloroacetic acid (TCA) A3
FuduZesas 5 Usuns 20 fladans Juliazidenlneldindes homogenizer anngutinludy
IIE9RELASeY Centrifuge A11ALE) 10,000 seusowft Wuaan 20 Wi thaulaiilalusiingg
Aims1visnUSina Malondialdehyde (MDA) Tnetdagna 1 fiadans ldlunasnnnass anntu
WWinansazany trichloroacetic acid (TCA) ALULTUSDBAY 15 Nauiua1sazae Thiobarbituric
acid (TBA) audududosar 0.5 Usuns 2 Sadans ldasluvasnnaaos udade diludelily
water bath flgamgfl 60 sseisaidea Wunan 30 uit drandutsugiuds dud dhly
ATgiUa Malondialdehyde Ingldindasinnisganduuas Ainnnuenindu 532 uay 600

wluums (Wang et al., 2005)

3.3.5 M333vavesus¥y (Electrolyte leakage ; El)
faltlaususenialdtuiiodulysa 10 Jusae Cork borer 3198 UdUULIARI8UN
Deionized water (DI) 219UUNSEAENsadiaguliwie F9umun Wrldwaludn DI USuims 30

a

faaansiduna 30 ui Tarnissaluavesdidalnsladmiewesesnisurlualug a1nduiily

a

Temenlietlspuaulot fioamnll 121 asrigadeadunal 15 w1l Jarnisialuavesdian

Y

nsladenendesnisiingilutndnasa (Promyou and Supapvanich, 2012)
3.3.6 Usuansauoanastn (Ascorbic acid)

MIUATA15U84 Hashimoto and Yamafuji (2001) lasursaeg1edulesa 5 nsu ualw
azldunme 5 1UasIus Metaphosphoric acid Usuns 12 Jadans PntthanseuaztaEns
annu3uing 0.8 dadans ¥1vUgAsedu 2 Wesiwus 2,6-dichlorophenol indophenol
UsN1nS 0.4 Hadans 2 Westwud Thiourea USH1ns 0.8 faddns wag 1% 2,4-dinitrophenol
(DPN) U3u1015 0.2 faddns welimdnfunaziiludui 37 esmwadea Wuian 3 4alus
i 85 Wediwud Sulfuric acid V3ins 1 fiadans Wiulifigungiivios 30 w1l wasily

YR & ::4' a = o s a
'Jﬂﬂ"lﬂ']i@]@ﬂauuaﬁ‘m 540 UWIULﬂJﬁﬁ LUTEJUWlUUﬂUﬂquQJ']GﬁiWUGU@Qﬂﬁ@LL@aﬂ@iUﬂ LLEARINA

nIAuaaneIUNTIMIALURLIE ug ascorbic acid/g fresh weight
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3.3.7 mwmmsn’l,uﬂﬂif‘iﬁﬂa%aﬁass (DPPH free radical scavenging activity)

v
A a [

anmflofnunududzsalagld Methanol 1udiviazaie lnglddulysa 5 nsu wauiu
Methanol 50 fiadans Julidniugae Homogenizer mntuthluuiadnnnznoude wieq
Centrifuge AIMIEI50U 12,000 sausiowd \unan 15 wift hansadadilduihnisnaaes

ansanmnandulesa 5 daaans 35 DPPH free radical scavenging activity (DPPH)
M1138N15909 Brand-Williams et al. (1995) lngthansadinusuns 50 lulasdns 1viufisen

fruthnau Ysuns 2.45 1adans waz DPPH reagent 0.25 fadans wadunineiganauueanie

(%
a

309 Visible spectrophotometer 7iufifiAugAaY 517 Wilulns 1aa1 Ay 31ntusielin

1 I~

A v a o S o o Y A ) a v
Qmﬂ@]mﬁ@ﬂiuwuﬂ Wulaan 30 UM u’]ll'nﬂﬂqf”l@ﬂauuﬂﬂﬂjﬂLﬂﬁ@QQUﬂqifﬂfﬂﬂaULLﬁ\‘i lﬂﬂ'] Asg

Y

[

LEIAWInOSUANSEUEY DPPH fugnsnail

DPPH radical Scavenging activity (%) = [(Ag - Asg) / Agl x 100
Ag = mﬂws@mﬂﬁut,l,awaaé’f’aaemﬁ 0w

Asp = AIMIAANAUKEAIYDINIBENT 30 W7

3.3.8 Auawsalun1sAueuYadase (Ferric reducing antioxidant potential)

MnNTIAsIERNamTalun1TATueUYadasE MI1UITN15284 Slinkard and singleton
(1997) thédudysn 5 n3u weaiu 50 faansa Julddniuseindes Homogenizer annturly
w3 sl mnnznoudieLas 89 Centrifuge 97N uRds Acetate buffer 25 iadans, TPTZ 2.5
fladans, FeCly 2.5 Aadans nasduiduladils 0.3 fadans mﬁqﬁqmmﬁﬁaﬂ 30 W9 W1
Fadganduuas fin1uenaau 630 unlulwns MnmiAanssuasiueyyadass lne

Wiguiguiunsmuinggu. Trolox wansHausuufanssuasiueyyadasylumiig umole

Trolox equivalent/g fresh weight

3.3.9 Ysunauadnieanue (Total phenolics content)
MATIATIERUTUIUE1TUTEN U UDATTINUARILITN15UBY Slinkard and singleton
(1997) Urduvzsa 5 n5u wenAvdInau 50 Tadans Julmdniuniunins Homogenizer 31Nt

ilUwiedinnagnaumeinses Centrifuge AIMMLS350U 12,000 Soudaundt tHuwaan 15 w1



29

a

ihdwlanla 1 fadans nauiu Folin-ciocalteu reagent 50 Wosidus 1 fadans waulmdniuy
1NUUTO 30 WIUAIAN Na,CO; 7.5 WWasiaud 2 daddns naulvidniu dnd1gandunaseie

\A394 visible spectrophotometer fieuenndy 750 wiluwng
3.3.10 mMsAasznanssueuled
asanananssutaulasl Polyphenol Oxidase (PPO) wag Catalase (CAT)

vl odulgsauiinaldnvid edudssa 5 nsu lalu Conical tube naufy
Polyvinylpyrrolidone (PVPP) 0.3 ns1 @19aza18 100 dadlua sodium phosphate pH 7.8
Usues 30 daddns Juliidadulaeldinies homosenizer udaualud wind sedaeias o9

Centrifuge A315250U 10,000 rpm ww 15 wididhludnsizsinanssueulasd PPO wag CAT

3.3.10.1 nsaasziinanssutaulesl Polyphenol Oxidase (PPO)

IW3LUENTazae reaction (Wuansaslunasavaaes) Usgneumeaisazany 100 dadlua
sodium phosphate pH 7.8 US11015 3.9 Nadans waunu Catechol Us11915 0.1 HadanT ®ad1n
TudusheghaeulsiUzings 1.0 fadans tilidseiinios Spectrophotometer fiAue7

Aaw 420 Uluwes (Galeazzi et al, 1981)

3.3.10.2 msAasizinanssueaules

W3ENAITAaYANY reaction (WuTiavaisaslunasanaasd) Usenausmeaisazaley sodium
phosphate pH 7.8 A1uLTuTU 50 Hadlua Usuins 2 fiadans naudvaisazals H,0, AW
Wudu 0.040 Tua Usuans 0.5 Jadans uanduslegrveulad Usuing 0.5 dadans Uiy

APTIPRNLATOS spectrophotometer M1AUENIAAY 240 UTULLAT

3.3.11 msaasziinanssueules Lipoxygenase (LOX)

nsanananssuveoulysl LOX

ousnassningdiuieduisse 10 nfu ldly Conical tube LHvans PVP 0.5 ndutiy
a3 Tris-HCL buffer pH 8.4 JulviaziBunlneldin3os homogenizer udniludumiswenios
centrifuge AA3258U 10,000 ¢ w1y 20 Wil ilvimsginanssuteulel

WIBUENTALANY reaction (Anasasluasnnaass) Useneumedisazals 100 Jaalua

Sodium phosphate buffer pH 6 Usu1as 2.85 fiadaans Wauiy substrate Usunng 50 lulasans
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Wusegseuled Using 100 lulasdans thluimsgiiie3es spectrophotometer 1113817

AAY 234 wilwwas (Wane et al,, 2005)

3.4 n1snsaualulau

0.1 mM Methyl Jasmonate (MelA) 50 ml 5 pM Cyanocobalamin

@ Z: solution (Cyn)
=
Evaporation at

45 °C for 30 min. '

=

=

Phospholipid in 50 ml Dray phospholipid fitm Sonication for 2 hr

Chloroform and Ethanal (1:3)

Encapsulated in liposome the simultaneous
0.1 mM MeJA and 2 pM Cyn.

Figure 3.1 Preparation of liposomes by thin-film hydration method.

nsinsendlulenlneFRaNLNUUIS (Thin film hydration) falUasminisees Azeem et
al. (2015) nMsim3eualulaudinvesingy (Oil phase) Tnavinisnauadiu (Lecithin) 1 ndu
AOLaALNBTeR (Cholesterol) 0.2 NTH wagluviadaluiuy (Methyl Jasmonate) AN 0.1
faaluans ndwnntuazanesionaslsnesy (Chloroform) uwazienuea (Ethanol) lusnsnadu
1:3 Uuas 50 fadans Tuvaadunay 1 803 uaznudunan 30 wiiifleumgdl 45 ssrnivaides
Fulvuazifunduiiduursduluvesvan anndunsoudiuvosn (Water phase) Tagun

asavanglyelulaunaniiu (Cyanocobalamin) Attty 2 lulasluars Usuing 50 daaans
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(%
0 o !

wasluvrindunay antudunaunlalasldndudes (Sonicator) Wuran 2 92lus aztindu

dadurinuniuluingadidnwausdurnilealllouidansazansufasaluiuntasansazanelaen

9

Tulpunanfuduilatfendu
3.4.1 nMsUssliunanuuzvasaluley

3.4.1.1 NMIAIRERUAN YA FUS19vesA U Yy

N3RTIRERUANYAL U1 (Morphology) vadlalulsusiendeganssaidianasounuy
d9901U (Transmission electron photomicrograph, TEM) Tngthlasduiilauns oaneien
Usimaindeeu (DI Water) La1menaiuu Carbon-coated grid kaztadauniy Uranyl acetate
ALty 0.5 Wedidus (ww) ndsanfidresiaud iludesnanuazguiavesdlulaume

TEM

3.4.1.2 M330UINVDIBUN AR LU LYY
nsinvuneveseunaaluleulagnisliiesesinuuineyninunlu (Particle analyzer) (vigy

N, 2560)

3.4.1.3 N3 RATIZRUsEANS nInnIsALAvalsTuaTu ey

a '3 a a (Y] < (Y] aa v a o
NTATIERUILANTAINNITAALA VAN TANANINATNITUY VIS wazAmg (2557) laevin

& A A a vy & o y = ) al y a a &
n15.3e319a 1 lauwsenlameteniuea antuilUluenesenseslunnes 1nnus5euU
10,000 59U/u19 10uan 30 Wit nasandudidlanidaainisgandunas faeias eq
spectrophotometer f1A1118719A8Y 322 UALULIAT AIUIUNISDEAYNISANIAUANTEN NV

AlUlay

Entrapment efficacy (%) = (C/C) x 100

W C, AaUsunawesansanaiualulouiay C AsUSuiauesansanmsuay
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3.5 M3ATIzvdaya

MN15IATIERT AN AT AAIENITAIUINAIULANGAIMNIGEDH Analysis of variance
(ANOVA) waztussuisuradelaely Least Significant Difference (LSD) 119MHUNNSNAADY
WUy Completely Randomized Design (CRD) fia1utd odu 95 tWesidud adunisingly

SPSS dm¥u Microsoft Windows 12954 26
3.6 @01UNNINISNAADY

9115V UAMSINYAS nanaasmalulagdnisdanisudnaiy warviealJuinisnans

a a

INeEans LATLATTIING) DIAITRAUNTLLALYSA 6 TPUNTLVUNTTW daanvumaluladgnse

I3
a o

FDUNANDIAUNINTAINNTEUL N UVRYUNSIUATEAUANA Fruaule 81tnali Jaminguns
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NALAZIITUNANITNAAD

4.1 wavawuiavaluunwaslgglulauiariunani1sanaIn1sasnIunuI Ly

dulzsanguadu Wuge

9

4.1.1 dnwardsing wasseAuaUTULTIvaLliaRaunuNaguULIn

Figure 4.1 Visual internal browning incidence of pineapple fruit cv. Sawi treated with control
(A), 0.01 mM MeJA (B), 0.1 mM MelA (C), 2 um Cyn (D), 0.01 mM MelA combined
with 2 um Cyn (E), 0.1 mM MeJA combined with 2 um Cyn (F) during storage at 13+1

°C for 7 days and then leaved at room temperature for 2 days.



Figure 4.2 Visual internal browning incidence of pineapple fruit cv. Sawi treated with
control (A), 0.01 mM MeJA (B), 0.1 mM MeJA (C), 2 um Cyn (D), 0.01 mM MeJA
combined with 2 um Cyn (E), 0.1 mM MeJA combined with 2 um Cyn (F) during

storage at 13%1 °C for 14 days and then leaved at room temperature for 2

days.

34
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6.00 -
500 4 ] Control
S 400 | 0.01 mM MeJA
S a
w
2 300 5 0.1 mM MeJA
(]
>
3 200 A [[] 2 uM Cyn
o
1.00 A 0.01 mM MelA + 2 uM Cyn
0.00

M 0.1 mM MeJA + 2 uM Cyn

Figure 4.3 Internal Browning severity score of pineapple fruit cv. Sawi treated with 0.01
mM MeJA, 0.1 mM MeJA, 2 um Cyn, 0.01 mM MeJA combined with 2 um Cyn,
0.1 mM MeJA combined with 2 um Cyn and untreated fruit (control)  during

storage at 13+1 °C for 7 and 14 days and then leaved at room temperature

for 2 days.

anvazUsngueseInsiddiinia sziadugediimavinasielndununa aniu
Ape 9 A8eentduuiianiTumusregaInsiusnel (Dull, 1971) Figure 4.1 way 4.2
Lansdnuue U INgTesanilafaunuradulzsn Nnsud1uAILaIsazay MeJA Ay

WU 0.01 %139 0.1 mM wag/¥38an3azate Cyn AU 2 UM W3suieuiugnaiuay

a

sznmsiiusnufigamgd 131 °C Wy 7 wag 14 Tu wuinewamisiiusnenduian

Y

7 Tu dulsingamuauiidnwaedsinguetenstdduinianinnindulssn i wifi1un e
a15avany MelA wag/1308158va18 Cyn lngduussanuaniumealsazany MeJA ARULUNTU
0.1 mM waufiuansagale Cyn NAUTNTY 2 M T3aunugusswedlddiinatosiantis

~ a U aa N o A & o o a vy
W8 ULNEUNUIENITDU IU'JU‘V] 14 U99N15LAUITNEN WU'J']ﬁ'UU%ﬁWVlﬂsqﬂﬂ']ﬁ/l\'ﬂﬁ@ﬂll@qﬂ']ilﬁa

° a £ o & a & A ~ X W A
UIamnuuInIu diaonnatlas Ut udiaoinuvunINTzeEIa NI TENLAENUINFUULIANITY

(%

AUA8EITAZAY MeJA NANLTUTU 0.1 mM HaNAvaITazaiy Cyn NANMLTUTY 2 pM &

s

anwarUsINguesilefaununadulssaiuiaidesiian FeanvarUsinguediefninuna

]

1% 1%
o

dulzsn danuaenadaediuseauAINguLse Minen1stdduinauinaiielndununa
. ! = <@ v < (Y [ s [ a <
310 Figure 4.3 wuindaiusnwnduiial 14 Ju dudesnliseaunuguLs i uuInTunIy

Y o A v v a
TYTLIATNITILNUINYN IﬂﬂaUUgﬁﬂWLLSUﬂ']u@']EJa'ﬁaga']EJ MeJA wagansasang Cyn UAZLLUUNIT
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o w

a v o ° d' ™ = Y} | Ao aa )~
Lﬂﬂ@qﬂqi‘lﬂauqﬁjaﬁq LN@LTJ?EJUW]EJ‘UWU?!@I@'JUQ@JE]EJ'N@JUEJa']ﬂiUW']\TaﬂG] (P<0.05) 45189190

>

T4ansazans MeJA viieansazats Cyn Wleussimennisasynumumlunadudesn giiesn uay
Aty (2555) IfsrBaumsiunadulzsnsisasazats MeJA fimnududy 102 uaz 1014
a1 5 it wuidesuuunndaldddmaiudlowTeudeutugnauay Wuietudufis
wazAny (2554) las1eaunisldaisazats MelA Tunauzilos lagvinnissumnududu 0 (ya
AIUAY) 1, 5 hag 10 uM U 12 Fl39 MU AN DI NIUNTTTUAE MeJA mnududy 5
uaz 10 pM fazuuunisiinensagyinumunAiniignaauan Youryon et al. (2020) lés1e4u
NSUYN1UKRadUULIAA8EI1TaEaNY Cyn AULTNTY 5 uM waudva1sazansy Ca-Glu A1Y
udu 2 vi3e 3% wudnvazdsngueniefnunuradulyauarezuuuninAalddinagdy
vdmsiAusnwdune 14 % uenannifmuinmsidansazans Cyn wauAvalsazaiy Ca-Glu
A1AN3OUTIMNEINTALINLUALNT LAzt ugvE A ue L aBassvas il efnununaduUz
sgrinenIaiusnele

MaMsAnvBannsanaaliin nsudiududrsadisansazats MeJa finnuidudy
0.1 mM Haufua1saza1e Cyn fimnududy 2 M manzanlunissnvidnuuguinguas

9

a1U1INansEAUANIULSete NS Id@MaTAn UL leRnwAUNadUUE SANUE I LaR R

a

sEninIsnusnefigamgll 13+1 °C uu 14 Ju

Y
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Figure 4.4

[ Control A

0.01 mM MelJA

B 0.1 mM MelA

[ 2 uM Cyn

[A0.01 mM MeJA + 2 uM Cyn

[TATATTATTATEIY

g

0000

0.1 mM MeJA + 2 uM Cyn

Day 7 Day 14

[ Control B

0.01 mM MelA

B 0.1 mM MeJA

2 uM Cyn

[A 0.0 mM MeJA + 2 uM Cyn

[ 0.1 mM MeJA + 2 uM Cyn

g
Y e

‘ﬁ' O Control C

0.01 mM MeJA

B 0.1 mM MeJA

[ 2 M Cyn

[A 0.0l mM MeJA + 2 uM Cyn

T

[ 0.1 mM MeJA + 2 uM Cyn

Day 7

W)
Q
<
b
o

Changes colour of lightness (A), greenness (B) and yellowness (C) of pineapple
fruit cv. Sawi treated with 0.01 mM MelA, 0.1 mM MeJA, 2 um Cyn, 0.01 mM
MeJA combined with 2 um Cyn, 0.1 mM MelJA combined with 2 pm Cyn and
untreated fruit (control) during storage at 131 °C for 7 and 14 days and then

leaved at room temperature for 2 days.
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2.000 -
a [] Control
1.500 ab
3 . ;clecd q 0.01 MM MeJA
£ _ 1+
2 1000 | }/ = Ligm £ 0.1 mM MeJA
S LAl =8
5 ;:;:é =8 [ 2 1M Cyn
S 0500 - ;:;:% =
;:;:% = FA 0.01 mM MeJA + 2 pM Cyn
0.000 =R = [0 0.1 MM MeJA + 2 uM Cyn

Day 7

O
Q
K
N
~

Figure 4.5 Browning Index (BI) of pineapple fruit cv. Sawi treated with 0.01 mM MeJA, 0.1
mM MeJA, 2 um Cyn, 0.01 mM MelJA combined with 2 ym Cyn, 0.1 mM MeJA

combined with 2 um Cyn and untreated fruit (control) during storage at 13+1

°C for 7 and 14 days and then leaved at room temperature for 2 days.

Figure 4.4 (A) #a@ngAIANa313 (L) 3Inn1sveasanuddinianauiiaiiielnaunung
Tutuil 7 vesmniusne waslvnlduanasdntosndenisiiusnuidunal 16 Tu usliny
ANULANANYINERR (P>0.05) Figure 4.4 (B) uameanududilien (-o*) wuindudzsafiuginu
Muasazats MeJA uaz/misansazane Cyn dm1 -a* snenaanisiiusnendunan 7 1 wag
a1 ° Lﬂl 23y a & 1 [ Ql' 1Y 1% @
A1 -o* aasanilosregnBNUInEIIUILAY dudulzsanudiiuanigasazais MeJA wauiu
1 aa a1 a & [ @ o 1< 1Y 1
a13azang Cyn 19 2 15015 A1 -a* iingedumendimaiudnwiduiat 14 Ju uagnudn
dulzsaniudnuegansazaty MeJA ALY 0.1 mM Wanduasagans Cyn 2 uM a1 -a*
gafige wilinuAnuwana19n19adii Figure 4.4 (O) wansenaududindes (6% wuiiel b*
< W d' & [ @ o I 1Y [ A o 1
ANAINABATTELLIAINITAUTNBINUINATY naIn1siusnedunan 14 Ju dudssanviiniswe
AUAILEITAZA1Y MeJA NInNUTuTU 0.1 mM BIoNaNAvaITazats Cyn NANIINTY 2 UM
WuA1 b* liugel Uil alUTeulisuAuIsnsau wildnuauuandiamieaia Jannnieiy
NsANwIveLYsHUN wazasdum (2559) lasenunisidansazate MeJA feududy 0.01 uaz

v

0.1 mM Aunac$eiug

(3

a y Y - = a = OV oy
Auy’ vaeansuies awsansanIndvesialdendselaaninye
AIUAY WaludIugaeAn b* wuinn1sldans MelA nnanudutdu Lifinasenisiviousuaswedn

x 1 e o Y = 1 (5 % [ % a
b* SEMINMTNUSNWIINAITNARDILEAIIARUIT NMSUINURaFUUESARITESaTaNY MelA 9
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AMUWNTU 0.01 %38 0.1 mM waz/%3od15azany Cyn NANULNTY 2 uM lifinasenis

a

Waguwlasadusnatiefnununadulssaiugad wmwmilﬁu%’ﬂmﬁqmmm 13+1 °C U
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Malondialdehyde content (MDA) of pineapple fruit cv. Sawi treated with 0.01
mM MelA, 0.1 mM MeJA, 2 pm Cyn, 0.01 mM MeJA combined with 2 um Cyn,

0.1 mM MeJA combined with 2 um Cyn and untreated fruit (control) during

storage at 13%1 °C for 7 and 14 days and then leaved at room temperature

for 2 days.
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Electrolyte leakage (El) of pineapple fruit cv. Sawi treated with 0.01 mM MeJA,

0.1 mM MelJA, 2 pm Cyn, 0.01 mM MelA combined with 2 um Cyn, 0.1 mM

MeJA combined with 2 um Cyn and untreated fruit (control)  during storage

at 13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.8 Lipoxygenase (LOX) of pineapple fruit cv. Sawi treated with 0.01 mM MeJA, 0.1
mM MeJA, 2 um Cyn, 0.01 mM MeJA combined with 2 um Cyn, 0.1 mM MeJA
combined with 2 um Cyn and untreated fruit (control)  during storage at

13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.9 Polyphenol Oxidase (PPO) of pineapple fruit cv. Sawi treated with 0.01 mM
MeJA, 0.1 mM MeJA, 2 um Cyn, 0.01 mM MelJA combined with 2 um Cyn, 0.1
mM MeJA combined with 2 pm Cyn and untreated fruit (control) during storage

at 13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.10 Total phenol content (TPC) of pineapple fruit cv. Sawi treated with 0.01 mM
MeJA, 0.1 mM MeJA, 2 um Cyn, 0.01 mM MeJA combined with 2 um Cyn, 0.1
mM MeJA combined with 2 um Cyn and untreated fruit (control) during storage

at 13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.11 Catalase (CAT) of pineapple fruit cv. Sawi treated with 0.01 mM MeJA, 0.1 mM
MeJA, 2 um Cyn, 0.01 mM MeJA combined with 2 um Cyn, 0.1 mM MelA
combined with 2 um Cyn and untreated fruit (control) during storage at 131

°C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.12 Ascorbic acid content of pineapple fruit cv. Sawi treated with 0.01 mM MeJA,
0.1 mM MeJA, 2 pm Cyn, 0.01 mM MelA combined with 2 pm Cyn, 0.1 mM

MeJA combined with 2 um Cyn and untreated fruit (control) during storage at

13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.13 DPPH free radical scavenging (DPPH) of pineapple fruit cv. Sawi treated with
0.01 mM MeJA, 0.1 mM MelA, 2 um Cyn, 0.01 mM MeJA combined with 2 pm
Cyn, 0.1 mM MeJA combined with 2 um Cyn and untreated fruit (control)
during storage at 13*1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.14 Ferric reducing antioxidant potential (FRAP) of pineapple fruit cv. Sawi treated
with 0.01 mM MelA, 0.1 mM MelA, 2 um Cyn, 0.01 mM MeJA combined with
2 um Cyn, 0.1 mM MeJA combined with 2 um Cyn and untreated fruit (control)
during storage at 13*1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.15 Micrographs of encapsulated in liposome the simultaneous 0.1 mM MeJA

and 2 uM Cyn.

Figure 4.15 Anwdnwazdugiuinervedilleuiidniivaisazais MeJA anududy
0.1 mM waufiuasazans Cyn AILUTU 2 UM AR8NaIganssAUBLaNATOULUUADINIY
(transmission electron microscopy; TEM) Wuqﬂaumﬂﬂam’gﬂ (vesicles) Uisﬂauﬁ"wqﬂﬁ’]

wanegluegnielugalueg Inegludluluudseinyn Multi vesicular vesicles (MVVs) (Milcovich et
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al,, 2017) alulaud latianisiSoeddulassastauuiusu 2 9u (phospholipids bilayers)
Manosroi and Manosroi (2007) $18414310159AL58asuaanaalnals 2 du auisadnAuans

(% '
\/LQJOJ 1 ]

sdunvouikaliveuin
4.2.2 vunvaauN1AaLUlaY

nsnsendlulenlagldasazany MeJA A UNdy 0.1 mM wauduatsazay Cyn
aududy 2 uM SnuaulualTeufindnaae3s Thin film hydration nuIteun1AvesalUlyul
YN 7.30.23 pm Bednogludlulanuszinn MWs fofivunasnnda 1000 nm uazUsznause
gahmaneluagnislugslug) (Milcovich et al,, 2017) §nn1snaasswuinalulsuiidivug
wnniservuluensaziAnavliiades dewalialulsudiladvssansamlunisindsansan
Yovas Feoradunaunainsseznafildlunisdemsandanisiusne 2 el Jeilpany

d0nATDIIUTIBIUTBS Chen et al. (2020) 18 uTdllgutiusnwNigungdvies ndns

Audnefunan 3 dUandt aluTeudvunadiaduain 105.722.08 Wy 238.0429.82 nm
4.2.3 Uszansawnasanuansiualuley

MsIAsIEsUsEANSNwnsAnLiU (Entrapment efficiency; %EE) wuanalulauinniiu
419582878 MeJA AT NTY 0.1 MM NauA ualIsagaty Cyn AINLTUTY 2 M n15TA
Usvansnmnisiniiuansazanalssesay 31.8141.69 Fenanladunisiniivresaisazais Cyn
nogludiuvesn (Water phase) Fedananaaiuanuideved Chen et al. (2020) wuinn1sinsey
alulwumae38 Thin film hydration JUseansamnisinivansanas 10 61.74+1.68 wideifies

[ 13 [ <! [y '3 ' 1 < 1 o [
27.1520.67 #asn1sinusnenduiigt 1 dUandf unegrelsinunuinluiug 14 asuiiu
dulzsamedlulauiinnisanazney onallewnananuliaiosmeneninwagnaadl vnlud

nalusgninmsiuinugamadl 13 °C
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4.2.4 dnwauzdsnng warsEAuaNuLsIaliafaunuradulzsn

Day 7 Day 14

Figure 4.16 Visual internal browning incidence of pineapple fruit cv. Sawi treated with
control (A), water (B), Liposome (C) during storage at 13+1 °C for 7 and 14 days

and then leaved at room temperature for 2 day.
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Figure 4.17 Internal Browning severity score of pineapple fruit cv. Sawi was treated with

water, liposome (0.1 mM MeJA combined with 2 pum Cyn) and untreated fruit

(control) during storage at 13%1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.

Figure 4.16 wandanvuzUsINguadiafainunad uusanyin1seyiIuaeu ey

a15a¥any MeJA A dudu 0.1 mM nandugIsazay Cyn ARty 2 pM Ainnuiulu

a

alulay Wisuiieuiuganmuau seinensiiusnefigunnll 1321 °C Uy 7 uag 14 Ju wudn

U

dulzsannyanisvaassdionnsldduimaiinuniunasnszesiiainisivine laedulzsnd

WIAUAIBAITAZAIY MeJA AULTNTY 0.1 mM NaNAUaIsazaty Cyn AILUNTU 2 uM Hifn

o =

Wulualulay de1nisldduniatdsenanndenisiiusnenduaan 7 uwaz 14 Ju Feiiaay

q

[ [y [y & a . | = @ W [y <
donndaIiuTEAUANINTULTITRLTaRnRNUNE (Figure 4.17) wudndlaiusnwdudssaduia
7 48y 14 TU 5TAUAINTULIIVEI9INITEEE UIn 1Al uaInT R oAz EELIa1N 15 UT Y
FUUgIANTINNITUINIUAIENITAZANY MeJA AULTUTU 0.1 mM Naudvalsazaiy Cyn AL
a2 uM AdnivTualdloy dsgauanugunsavetensidduiniad Wellssuiesuiuye

AuAN uilinuauwand1aneadia (P>0.05) Fellnuaennaediuiuideves Chen et al,

(2020) T951891UNSIARRUNAFUMsLNT UM Ememaz i TuneuseendnAulualU Ty wuqn

o

naduivinisiadsunanteuiuenssiren dniiuludluley ddnvuzUsinguenadudiv

'
o o

wannldmuimaduninisiadeumedilsudivesigudnisuiidennangadaouieu
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Figure 4.18 Changes colour of lightness (A), greenness (B) and yellowness (C) of

pineapple fruit cv. Sawi was treated with water, liposome (0.1 mM MeJA

combined with 2 um Cyn) and untreated fruit (control) during storage at

13+1 °C for 7 and 14 days and then leaved at room temperature for 2 days.
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Figure 4.19 Browning Index (Bl) of pineapple fruit cv. Sawi was treated with water,
liposome (0.1 mM MeJA combined with 2 pm Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.

Figure 4.18 (A) L@AIAIAINAIN (L) NUINAT L* anadantogsyninanisiiusnen
Fulesaivhnisutduiieansazate MeA Anudiudu 0.1 mM naudua1sazale Cyn Ay
Wty 2 M Adniiuludlle fid L* gefian WowSsuiiieuiuiBnsdu ndwhnsifusnm
Junan 14 Ju useerslsimulinumnuunni1anieada (P>0.05) Figure 4.18 (B) uamsA1Aa
Judden (o) nuindn o anasseninanisiiuine dulzsafivniswddudisaisazans
MeJA pandudu 0.1 mM naufvaisazats Cyn madudu 2 uM Aidnfuludluley fen -o*
siign damaliduuzsadanududidoinnnnitisnisau udliwueaunnsiannsada (P>0.05)
Figure 4.18 (C) wanrmandudimies (0% wudrdursaiian b* anamnismailleszezinn
nsifudnvunuiy dulzsefivhnisugdrusaeaisasats MeJA anadudu 0.1 mM raufy
a1sazans Cyn avidadu 2 pM fifaAvluaTlew fid 6% gefigailensouiiouiuisnsdy
NaanNsNUSnwNTuIaT 14 Ju waldnuanuLAnA9n19@if (P>0.05) 91NNNSNAABIEINNTE
agulad FulrsaivnsudiudethuasdulssaitudAude ATy lifnadedn L* o uag
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b* WewSeuiisuiugamuny seninsnsinuineifigamall 13+1 °C wiu 14 Ju
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Figure 4.19 uansaaadanududiinavesiefaununaduissn nuidutanudud
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Figure 4.20 Malondialdehyde content (MDA) of pineapple fruit cv. Sawi was treated with
water, liposome (0.1 mM MeJA combined with 2 um Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.21
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Electrolyte leakage (El) of pineapple fruit cv. Sawi was treated with water,
liposome (0.1 mM MeJA combined with 2 um Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.

Figure 4.20 tansU3ual MDA wulmdsnisiiusnendunal 7 Ju duvzsanviinisu

Ausaealuley JuUsuia MDA ffigaidlaiuSeuliiauiuIsn15au waldnuanuunnd1anieada

(P>0.05) vidaa1nAvsnwLduian 14 Tu nulidulysanvinnisuanusienazaldlay 1

U3uas MDA Mn3gaaIuau wagilusinaniininndupaensseziainisiiuing lnedulzsai

o w a

Mnsudnunledluley dUSuna MDA ananuasiindiuuansenueg il dedAynisais

(P<0.05) &3dlmnuaanngedivAIN1siInavesussyuentiofnununadulssn (Figure 4.21)

wuiAIn1sFanavesUszquenilodmfaunuraliinuntunasnszeza1nsinuinw dulzee

'
[ 1

fvihnsurAumedlulen ndanisinusnendunian 7 way 14 u wuain1ssaluavesuseyen

VanLilaUTeuisuiuIsnIsdu WA linuauwAnA1amnIsada (P>0.05)
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Figure 4.22 Lipoxygenase (LOX) of pineapple fruit cv. Sawi was treated with water,
liposome (0.1 mM MeJA combined with 2 pm Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.

Figure 4.22 uaasAnanssuueaaulel LOX wuindulzsanuaditumealulgy dhanssu
3 o a A a £ @ v [ [ [
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a1 7 ey 14 U WellTe Uil unuion1sou tazdanulanaieegsltydnynisaia (P<0.01)
fimnuaannassiuwIdoves Alikhani-Koupaei (2015) losisunisiedeuindulsamsasiniiu
luallzulunanaiesaunmsonusina wuianssueulysl LOX f1nanganIuaL Samaan et al.
(2011) lesenunisldansazars Cyn WuINa1u1509wannuinunATed e uwaLasvEas
n15id suannlunaldls wenaind denudnnisuaiunadulssaniearsazaney Cyn 893
APUFURUSAUAINTIUNITA WU aBATENI LT W (Youryon et al., 2020) (Figure 2.27 wag
Figure 2.28)
= d‘l 1 Y [ L% %4 v vV
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4.2.3 fanssuaules PPO wazd1susenauiusaveailofnununadudzsa
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Polyphenol Oxidase (PPO) of pineapple fruit cv. Sawi was treated with water,
liposome (0.1 mM MeJA combined with 2 um Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.24 Total phenolics content (TPC) of pineapple fruit cv. Sawi was treated with

water, liposome (0.1 mM MeJA combined with 2 um Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.25 Catalase (CAT) of pineapple fruit cv. Sawi was treated with water, liposome
(0.1 mM MeJA combined with 2 um Cyn) and untreated fruit (control) during

storage at 13+1 °C for 7 and 14 days and then leaved at room temperature

for 2 days.
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Figure 4.26 Ascorbic acid content of pineapple fruit cv. Sawi was treated with water,
liposome (0.1 mM MeJA combined with 2 pm Cyn) and untreated fruit
(control) during storage at 13+1 °C for 7 and 14 days and then leaved at room

temperature for 2 days.
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Figure 4.27 DPPH free radical scavenging activity (DPPH) of pineapple fruit cv. Sawi was
treated with water, liposome (0.1 mM MeJA combined with 2 um Cyn) and
untreated fruit (control) during storage at 13+1 °C for 7 and 14 days and then

leaved at room temperature for 2 days.
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Figure 4.28 Ferric reducing antioxidant potential (FRAP) of pineapple fruit cv. Sawi was
treated with water, liposome (0.1 mM MeJA combined with 2 um Cyn) and
untreated fruit (control) during storage at 13+1 °C for 7 and 14 days and then

leaved at room temperature for 2 days.
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AMANUIN N

N33 8UET5A

L3NEITEINIU Browning index (BI)
A15LMS8Y Ethanol AUuTY 65 LUasidus taen1syi Ethanol 650 daadans Usu

USumsmeunnauauls 1,000 adans

LM38NE1581%5U Malondialdehyde (MDA)

n19uM5 8ua15 Trichloroacetic acid (TCA) Az1sdudy 51005 19ud Tnanasds
Trichloroacetic acid 50 n$u aganelunauauldusuing 1,000 Sadans

n15105 8ua15 Trichloroacetic acid (TCA) Ar1utd iy 15 1Uasidud Tnanisds
Trichloroacetic acid 150 a3 azangluinduauldusuns 1,000 fadans

N3A3BNAIS Triobar bituric acid (TBA) mandudiu 0.5 wWedidud Tnan1sds Triobar

bituric acid 0.50 n¥u azanelu TCA 15 wWasidusd 100 Nadang

M3ENANTEINSU NSALREABITUN (Ascorbic acid)

ASIA38N Metaphosphoric acid AMILTLTY 5 Wedidus lnenisds Metaphosphoric
acid 50 nfa aganglutnnauauldusuns 1,000 fadans

nssea 2,6-dichlorophenol indophenol Asldudy 2 Wesdus Tnon1sds 2,6-
dichlorophenol indophenol 20 n$u avanelutnduauleusinms 1,000 faddns

n15w03 ey Thiourea ANUWNTY 2 Wosidus Taen1sds Thiourea 20 n$u azaiely
Metaphosphoric acid a1sdadu 5 1Uasifua aulausuing 1,000 Sadans

[

n1se38Y 2,4-dinitrophenol (DPN) A idady 1 1Wedidus Tnan1sds DPN 10 ndu
avaely 10 N Sulfuric acid aulauSu1ns 1,000 Aadans

msw3ea Sulfuric acid Amandudy 10 weduea Tagld Wndu fu Sulfuric acid (3 : 1)

A15WAM3 BN Sulfuric acid 85 Wasitgud laen131d1 Sulfuric acid 850 Jadans Usu

USumsmeunauauls 1,000 adans
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W3BNETEMTUNINNINaYLadaselngds Antioxidant Activity (DPPH)

AsWIEaENS DPPH 2,2-Diphenyl-1-picrylhycrazyl aaududu 10 mM 44 0.039432
azanglu Methanol USuUsinassmetngu 10 fiadans

N151MS 81815 DPPH 2,2-Diphenyl-1-picnylhycrazyl Aududy 1 mM 11 DPPH
2,2-Diphenyl-1-picrylhydrazyl ldaanandadu 10 mM than 1 faddns USuusunmsereinnduy

auls 10 fadans

W3BNATEIMTUNIAIUeLLADETE AT Antioxidant capacity (FRAP)

N191A5 8U Acetate buffer 300 mM pH 3.6 aza1y Sodium Acetate hydrate 1.55
n%u Tu Acetic acid 8 fiadans TuUSUYSIAsH e ndUauASY 500 daaans

N19LA38 10 mM 2,4,6-Tris (2-pyridyl-s-triazine (TPTZ) 43 TPTZ 3.1233 n¥u lu
1,000 Hadans ¥e99a17azate HCL 40 mM

N15LM384 FeCl; 20 mM 7 FeCl; 5.406 n¥u 1u‘11°1ﬂ5u YsuuIuansauasu 1,000

L GRAIE

LSENETAINSUNISENR Total phenolic content (TPC)
N151MS 83 Folin 50 1Uastdus 11 Folin 50 dadns USuUsuInsa18UINd UauUATY
100 {agans

< § o

1191583 Na,COs 7.5 LUBS LFUR 4 9 Na,CO5 7.5 n58 avaraluuind uauaAsy

100 {adanS
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iwseNansamsunanssuauley Polyphenol Oxidase (PPO)
N5LA38NENS Catechol 11 d-methyl catechol 0.25 n5u avanelu ethanol 2 Jaddns

YsuUsuwstmdu 10 faddnsaetiindu laamnuudu 23normal

seuaNsAsURanssuaulysl Catalase (CAT)
NMSLM38U sodium borate buffer
W33 50 MM sodium phosphate buffer pH 7
@15 A Boric acid u3aluiana 61.83 n3u/lua
Boric acid 0.05 M 1938313 3.0915 N3%/8913
@13 B Borax acid (sodium tetraborate) maimaqa 381.37 n5Su/lua
Borax acid 0.05 M ta3881a15 19.07 n3u/an3

n15LA3BY U1 Boric acid lay Borax acid azatgmeuinau Usu pH

wsguasanusunanssutaulull Lipoxygenase (LOX)
N151M383 substrate 11 linoleic acid 40 lulAsansg, 0.1 uesuea NaOH2 iaddns, 5
lalasans Tween 20 way H,O 8 fiadans waulmannu Usudsumslals 25 Taaans
nsM3gNEITazZaIY Tris HCL pH 8 (100mM) 3 Tris HCL 15.76 n% aganglurindu

1,000 edans 1lUusu pH
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Table Al. Internal browning severity score of pineapple fruit during storage at 13+1° C for

7 day and 14 days and then leaved at room temperature for 2 days.

Internal Browning severity score

Treatment

Day 7 Day 14
Control 4.60 4.70°
0.01 mM MeJA 4.10 4.40%°
0.1 mM MeJA 3.70 4.20%°
2 UM Cyn 3.90 4.30%
0.01 mM MeJA + 2 uM Cyn 4.00 3.80°
0.1 mM MeJA + 2 uM Cyn 3.60 3.50°

F-test ns g

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A2. Colour lightness (L* value) of pineapple fruit during storage at 13+1° C for 7 day

and 14 days and then leaved at room temperature for 2 days.

Lightness (L* value)

Treatment

Day 7 Day 14
Control 64.27 56.04
0.01 mM MelA 62.48 57.87
0.1 mM MeJA 62.69 58.29
2 M Cyn 60.80 57.55
0.01 mM MeJA + 2 uM Cyn 63.87 56.37
0.1 mM MeJA + 2 uM Cyn 63.36 60.34

F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A3. Colour greenness (-a* value) of pineapple fruit during storage at 13+1° C for 7

day and 14 days and then leaved at room temperature for 2 days.

Greenness (-a* value)

Treatment
Day 7 Day 14
Control -2.40 -0.41
0.01 mM MelA -1.42 -1.08
0.1 mM MeJA -0.68 -0.38
2 uM Cyn -0.95 -0.76
0.01 mM MeJA + 2 uM Cyn -1.42 -1.09
0.1 mM MeJA + 2 uM Cyn -0.96 -1.60
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A4. Colour yellowness (b* value) of pineapple fruit during storage at 13+1° C for 7

day and 14 days and then leaved at room temperature for 2 days.

Yellowness (b* value)

Treatment

Day 7 Day 14
Control 32.54 28.43
0.01 mM MelA 32.09 28.58
0.1 mM MeJA 27.83 30.05
2 M Cyn 29.87 28.50
0.01 mM MeJA + 2 uM Cyn 29.86 28.68
0.1 mM MeJA + 2 uM Cyn 30.03 30.49

F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A5. Browning Index of pineapple fruit during storage at 13+1° C for 7 day and 14

days and then leaved at room temperature for 2 days.

Browning Index

Treatment

Day 7 Day 14
Control 1.104 1.4512°
0.01 mM MeJA 1.091 1.277°
0.1 mM MeJA 1.104 1.243%
2 UM Cyn 1.019 1.148%¢
0.01 MM MeJA + 2 pM Cyn 1.009 1.115“
0.1 mM MeJA + 2 uM Cyn 1.009 1.094¢

F-test ns *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)



Table A6. MDA content of pineapple fruit during storage at 13+1° C for 7 day and 14

days and then leaved at room temperature for 2 days.

MDA content (nmol g?)

Treatment

Day 7 Day 14
Control 0.418° 0.411
0.01 mM MeJA 0.372" 0.376
0.1 mM MeJA 0.397° 0.401
2 UM Cyn 0.387°¢ 0.394
0.01 mM MeJA + 2 uM Cyn 0.343¢ 0.361
0.1 mM MeJA + 2 uM Cyn 0.342° 0.377

F-test i\ ns
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Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A7. Electrolyte leakage of pineapple fruit during storage at 13+1° C for 7 day and

14 days and then leaved at room temperature for 2 days.

Electrolyte leakage (%)

Treatment

Day 7 Day 14
Control 69.99° /. &
0.01 mM MeJA 67.97° 70.47%
0.1 mM MeJA 62.49%° 70.53%
2 UM Cyn 67.00° 65.27°
0.01 mM MeJA + 2 uM Cyn 56.05° 64.72"¢
0.1 mM MeJA + 2 uM Cyn 55.91° 60.93°

F-test

*%

*%

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A8. LOX activity of pineapple fruit during storage at 13+1° C for 7 day and 14 days

and then leaved at room temperature for 2 days.

LOX activity (U g%)

Treatment

Day 7 Day 14
Control 35.88° 36.31°
0.01 mM MeJA 31.67° 29.96"
0.1 mM MeJA 28.65" 30.95°
2 UM Cyn 28.29° 25.43°
0.01 mM MeJA + 2 uM Cyn 28.48° 28.88%
0.1 MM MeJA + 2 uM Cyn 28.55° 26.87°

F-test R *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A9. PPO activity of pineapple fruit during storage at 13+1° C for 7 day and 14 days

and then leaved at room temperature for 2 days.

PPO activity (Ug™)

Treatment

Day 7 Day 14
Control 0.629° 0.703°
0.01 mM MeJA 0.585% 0.686°
0.1 mM MeJA 0.540 0.6472
2 UM Cyn 0.583% 0.666°
0.01 mM MeJA + 2 uM Cyn 0.503¢ 0.536°
0.1 mM MeJA + 2 uM Cyn 0.499¢ 0.606°

F-test *x *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A10. Total phenol content of pineapple fruit during storage at 13+1° C for 7 day

and 14 days and then leaved at room temperature for 2 days.

Total phenol content (ug g%)

Treatment

Day 7 Day 14
Control 0.65° 0.82°
0.01 mM MeJA 0.67° 0.85°
0.1 mM MeJA 0.81° 0.80°
2 uM Cyn 0.72% 0.99°
0.01 MM MeJA + 2 pM Cyn 0.74 0.84°
0.1 MM MeJA + 2 uM Cyn 0.95° 0.89%°

F-test R *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A11. CAT activity of pineapple fruit during storage at 13+1° C for 7 day and 14 days

and then leaved at room temperature for 2 days.

CAT activity (Ug™?)

Treatment

Day 7 Day 14
Control 24.26° 25.28%
0.01 mM MeJA 22.33¢ 24.21°
0.1 mM MeJA 24.42%° 23.67°
2 uM Cyn 24.76% 25.05%°
0.01 MM MeJA + 2 pM Cyn 23.40" 27.12°
0.1 mM MeJA + 2 uM Cyn 26.08° 27.15°

F-test * *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A12. Ascorbic acid content of pineapple fruit during storage at 13+1° C for 7 day

and 14 days and then leaved at room temperature for 2 days.

Ascorbic acid content (g Kg)

Treatment

Day 7 Day 14
Control 22.70 26.60°
0.01 mM MeJA 26.48 27.86"
0.1 mM MeJA 25.11 30.87°
2 UM Cyn 22.90 28.28%°
0.01 MM MeJA + 2 pM Cyn 23.29 27.21°
0.1 mM MeJA + 2 uM Cyn 24.76 28.23%

F-test ns ¥

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A13. DPPH free radical scavenging activity (%) of pineapple fruit during storage at

13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

DPPH scavenging activity (ug g™)

Treatment
Day 7 Day 14
Control 2.29° 2.70
0.01 mM MeJA 4.14° 3.63
0.1 mM MeJA 4.64° 3.58
2 UM Cyn 4.60° 2.74
0.01 mM MeJA + 2 uM Cyn 4.88° 3.51
0.1 mM MeJA + 2 uM Cyn 4.66° 3.65
F-test x* ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table Al4. Antioxidant capactivity of pineapple fruit during storage at 13+1° C for 7 day

and 14 days and then leaved at room temperature for 2 days.

Antioxidant capactivity (mol kg?)

Treatment

Day 7 Day 14
Control 0.132¢ 0.133¢
0.01 mM MeJA 0.192"¢ 0.151
0.1 mM MeJA 0.212¢ 0.142"¢
2 UM Cyn 0.269% 0.157"
0.01 MM MeJA + 2 pM Cyn 0.265% 0.201°
0.1 MM MeJA + 2 uM Cyn 0.297° 0.166°

F-test \ *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A15. Internal browning severity score of pineapple fruit encapsulated in liposome

during storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for

2 days.
Internal Browning severity score
Treatment
Day 7 Day 14
Control 2.10 4.00
Water 1.40 3.20
Liposome 1.60 2.90
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A16. Colour Lightness (L* value) of pineapple fruit encapsulated in liposome during

storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

Lightness (L* value)

Treatment
Day 7 Day 14
Control 77.79 71.518
Water 77.08 70.061
Liposome 76.15 74.707
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A17. Colour greenness (-a* value) of pineapple fruit encapsulated in liposome
during storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for

2 days.

Greenness (-a* value)

Treatment
Day 7 Day 14
Control -7.59 -6.18
Water -7.20 -6.25
Liposome -1.37 -6.75
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A18. Colour yellowness (b* value) of pineapple fruit encapsulated in liposome

during storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for

2 days.
Yellowness (b* value)
Treatment
Day 7 Day 14
Control 41.26 39.32
Water a41.24 37.314
Liposome 38.92 38.64
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A19. Browning Index of pineapple fruit encapsulated in liposome during storage at

13+1° Cfor 7 day and 14 days and then leaved at room temperature for 2 days.

Browning Index

Treatment
Day 7 Day 14
Control 0.67 1.158°
Water 0.60 1.118°
Liposome 0.57 0.975°
F-test ns x>

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A20. MDA content of pineapple fruit encapsulated in liposome during storage at

13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

MDA content (nmol g %)

Treatment
Day 7 Day 14
Control 0.417 0.538°
Water 0.426 0.493°
Liposome 0.395 0.487°
F-test ns *

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A21. Electrolyte leakage of pineapple fruit encapsulated in liposome during storage

at 13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

Electrolyte leakage (%)

Treatment
Day 7 Day 14
Control 51.60 63.57
Water 52.17 70.35
Liposome 42.20 61.67
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A22. LOX activity of pineapple fruit encapsulated in liposome during storage at

13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

LOX activity (U g™)

Treatment
Day 7 Day 14
Control 42.20° 40.95°
Water 32.92° 40.05°
Liposome 28.27° 34.67°
F-test M **

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A23. PPO activity of pineapple fruit encapsulated in liposome during storage at

13+1° Cfor 7 day and 14 days and then leaved at room temperature for 2 days.

PPO activity (Ug™)

Treatment

Day 7 Day 14

Control 0.201° 0.261°

Water 0.140° 0.192°

Liposome 0.130P 0.144°
F-test f* **

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A24. Total phenol content of pineapple fruit encapsulated in liposome during

storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

Total phenol content (ug g%

Treatment
Day 7 Day 14
Control 1.37 1.74°
Water 1.49 1.79°
Liposome 1.58 1.92°
F-test ns x>

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A25. CAT activity of pineapple fruit encapsulated in liposome during storage at

13+1° Cfor 7 day and 14 days and then leaved at room temperature for 2 days.

CAT activity (Ug™?)

Treatment
Day 7 Day 14
Control 19.57 11.1456
Water 20.26 12.442
Liposome 20.53 12.995
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A26. Ascorbic acid content of pineapple fruit encapsulated in liposome during

storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

Ascorbic acid content (g Kg™)

Treatment
Day 7 Day 14
Control 1533 20.32
Water 20.24 20.64
Liposome 20.43 21.28
F-test ns ns

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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Table A27. DPPH free radical scavenging of pineapple fruit encapsulated in liposome

during storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for

2 days.
DPPH free radical scavenging (%)
Treatment

Day 7 Day 14
Control 42.70P 41.96°
Water 51.95°% 39.55P
Liposome 59.00° 52.09°

F-test ) R

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)

Table A28. Antioxidant capactivity of pineapple fruit encapsulated in liposome during

storage at 13+1° C for 7 day and 14 days and then leaved at room temperature for 2 days.

Antioxidant capactivity (mol kg%

Treatment
Day 7 Day 14
Control 0.301 0.237°
Water 0.314 0.253°
Liposome 0.321 0.294°
F-test ns *x

Mean with different lower case letters whithin the same column are significantly different

(P<0.05)
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	3. กระดาษรองปก (Fly leaf) 4. ปกใน ไทย อังกฤษ 6. หน้าลิขสิทธิ์
	7. ใบรับรองวิทยานิพนธ์ (Approval sheet)
	8. บทคัดย่อภาษาไทย 9. อังกฤษ 10. กิตติ 11. สารบัญ 12. สารบัญตาราง-ภาพ
	13. บทที่ 1-3 เค้าโครงวิทยานิพนธ์
	14. บทที่ 4-5 ผลการทดลองวิทยานิพนธ์



