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Abstract

Physiological and quality changes of longkong fruit associated with chilling
injury were investgated. Longkong bunches were packed in corrugated fibreboard
boxes, stored at 12 °C (76+2% RH) and 18 °C (92+2% RH) for 0, 3, 6, 9, 12 and 15
days and transferred to room temperature (26+0.8 °C, 92+2% RH) for 2 days. The
results showed that chilling injury symptoms occurred on the peel. Small sunken
with brown spots were observed as the first visible symptom when the fruits were
stored at 12 °C for 6 days. The brown spots increased in number and size with the
increase of storage time. Fruits stored at 18°C showed no symptom of chilling injury.
After transferring the fruits to the room temperature, the wound browning areas
expanded and some of them fused with the old ones. Also, the fruits stored at 12°C
showed a higher score of peel browning than those stored at 18°C. The increase of
peel browning score was correlated with the decrease of L* value (lightness) and hue
angle. During storage at low temperatures, the respiration rate and ethylene
production rate decreased except on the day 15 of storage which both respiration
and ethylene production rates increased due to the decay of fruits. In term of fruit
quality, the weight loss of the fruits increased and the fruit firmness decreased, while,
total soluble solids and titratable acidity had only a slight change. Moreover, storage
of longkong fruits at 12°C could delay fruit drop and fruit decay compared with
storage at 18°C. Longkong fruits stored in both temperatures had the same storage
life about 6 — 8 days, since the fruits stored for 9 days had self-life less than 2 days
at room temperature. However, the criteria used to judge the end of shelf-life were
different, peel browning and fruit dropping in fruits stored at 12°C and 18°C,
respectively .Electrolyte leakage of the peel was higher in fruits stored at 12°C than
those stored at 18°C, even though the leakage in fruits stored in both temperatures
increased gradually through the end of storage. An increase of lipoxygenase (LOX)
activity in the peel was observed after storage at 12°C for 9 days and was higher than
those stored at 18°C. However, LOX activity decreased after transferring the fruit to
room temperature. The contents of malondialdehyde (MDA) in the peel of fruits
stored at both temperatures gradually increased during the first 9 days of storage,

and then decreased after that. However, the MDA contents in the fruits stored in



both temperatures were not different except for the fruits stored for 6 days, in
which, fruits stored at 12°C had a higher content of MDA. The increase in MDA
content was not correlated with LOX activity. Levels of phenylalanine ammonia-
lyase (PAL) activity in the fruits stored at 12°C increased during the first 6 days of
storage, while, an increase of PAL activity in the fruits stored at 18°C was observed
after storage for 9 days. The increase of PAL activity was concomitant with the
accumulation of the total phenolic compounds. However, the levels of total
phenolic contents were not related to chilling injury of longkong fruit. The
polyphenol oxidase (PPO) activity in the fruit stored at 12°C increased more rapidly
than those stored at 18°C. The increase of PPO activity was not related to the
severity of the chilling injury. During cold storage, the peroxidase (POD) activity of the
fruits stored in both temperatures increased during the first 9 days of storage, but
there was no significant difference in POD activity between fruits stored at 12°C and
18°C. PPO and POD activity increased after transferring to room temperature for 2
days. This study showed that the severity of chilling injury symptoms was related
more to the increase of electrolyte leakage than to other parameters, indicating that

chilling injuries in longkong fruit are mainly due to the deterioration of membrane.
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uag erythrose-4-phosphate 910 calvin cycle %38 pentose phosphate pathway L“fhz;]
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phenylalanine ammonia-lyase (PAL) Fafaien amino group 88N37N phenylalanine 1]
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PAL uaz PPO  Nguyen wazmme (2003) 518914087850 AR N SaeunulagiUaen
P < s 9 2 o & o A a = q
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+
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shikimic acid pathway
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brown ) PPO o
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igment
P polymerization O
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- ol PAL unumdrdglunisdinivaudiuiunisduasisi
ansuUszneuluoalufiy (Venkatachalam and Meenune, 2012) Imsansssdiundnly
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fiugIu 2 9814 Ao hydroxylation asusznauiiuealaeldesnTiawduaisaiusuledy

d135Us¥nau diphenol  wagdnufizen Ae nseendladarsusenau diphenol  saufu
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sondlaulandndnaiiu o-benzoquinone (a33ut, 2549) Ineroulasl PPO aziUdsuluiana
~ & . Iy . v o & ~ % X
vosansusenouiuealiilu quinone a1 quinone gsudiuluasusznevduiniadu
Faeulyyl PPO fiduamsnluansusznevilueanavauegluwifiloaveawadiiv iWewwadiiy
lasuanudsnieaziileoniadudaiuuaziinufiserdurinlaladuaisusznavduinia
(Yingsanga et al., 2008) Vitti kagany (2011) $1891U31A15AREINNTIRGUIAAUUTIUR S
Judeiinlengnisiesdminevesdunisduas Wnedioulesl PPO  1ludadenvinliing
wena esandfanssuiindunaenssesnafiuinydudSdlugamgll 15 ssrwaded
Pongprasert waAmg (2011) s1e9uinfanssuveseulsd PPO danuduiusiunisiin
ansaginunuuudenndiedninnmmeassiuinwvindieigumgl 8 esrnaided
WUIBUARDINTAZTIURLIIMEIRINAUSNYY ¢ Tu Tnelldnvazeinisidenduinia
Yauziigaiuifanssuveneuled PPO iinTunasnszuzaNusnuTedonadesiua
JULTIVBIDINTATTUNUIULURONTLRL Y
- toulwl peroxidase (POD) 1Jweulasiigadosiunisiindiinialudie
wonaneulel PPO  Tesdifianssuveveulydiiudussninanisiinduiniavedis
(Yingsanga et al., 2008) Luo wagmAae (2011) lé’maaqLﬁu%’ﬂmwawé’mﬁqmmﬁ 1 99
=~ Y v = a = I~ Y i @
waggaudIdgeenuigumail 20 ssrwaldea Wuian 3 Ju wudwanduluyaaiuny
B o 2 o & Y a &£ A 2 o &
LAAIBINTSALTNUNUNINEIINAUS AW TuaT 30 Tu wavlauguus@udiainusnyndu
AU YULINITITENS SA WINANAUAINNITNVIBYLADNITNNDINITASAIUNU LnenNa
wansudAnssuveneuled POD Winduluiud 15 30n15iusne uasiideynnIsnaasd
aNa r1 v A 2 o Y v - a
riifnssuvesaululilgegaluiuil 45 vasmsiivsnyinaidgesnuniigamail 20 oaen
= < [y 1w & aa ! < o A 1
waea Wunal 3 Juwinaaintuaziifonssuanad ag9lsAmuNandutIuNIIuYa1s SA
szfifanssuveseulyyd POD dluudazfuiinusnudesnimnanduluyaaiuay ogslsinng
wangundlmiuInsiistureseulesl POD TidswaliAnduimadilidaiau n1siinanssy
e s X I [ =~ ] = a v =~
yauoulsdiinTuius T uieIN15noUALDWBAINATEN (A3, 2549) UaAzI9d

UNUIMLAEIVBINUAINUATUNIUAB LS ALALTRUWTUUINLEE (Préstamo and Manzano, 1993)
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IQUszaInA

1. wefnwiansdsuwlasiiiaiuasnunmilinduilonaasinadlisugamgiion
neliiAne1n1sasyinumung
2. wiefnwufgriueinsazinunu 81gnsiuinw Laze1en133199MdIees

aewnefionmgl 12 esmwadualneSeuiieudunisiiuinvfioamgll 18 e iwaidea



15
A5N1sAiun1sIvY

W9eananeseny 13 dUaindinenuIuiliuiieInNaIureunenIns Janinaswan
ussgatnasadlunznimatafnudivudesu ol fURN15a353ne a1t uiien
AATINYANERNS AUENSNYINTTITUTIR UNINYNRYEVAIUATUNS Inenanratne 14

srgzIanvuaIUsEI 1 97134 YNANALD1AYa8INDIAENS a1 YINN1SARLE 9NYD

'
o

Aa v v A aa | v Y] I o a
a@ﬂﬂ@ﬂWNQMﬂWW&LﬂaLﬂﬂﬂﬂu A UANAFANULEND ﬂuqﬂﬂjﬂiﬂalﬂﬂﬂﬂu LLaSNaVLlIlm']W‘UﬂWEJu@ﬂ

(%
tY o

nMstIiagvedlsalazuias 3ntuideassnasldgeatieteas 1 e waussqld
ndeanTEAIwgnIn  (UTTNAdAY 10-15 F8) NITNAADILIUHUNTNARBILUY CRD
(completely randomized design) wW3suifisuanadslngdd T-test ¥n1snaaedsIuIL 4
$1 9 av 1 9o lnouvadu 2 vinauddelud
viavad 1 fuinwlureaduiigumad 12:+1 esmiwaldea
visvad 2 usnwlufeaduiigumail 18+1 ssmiwaldea
thdeasnadluifiusnuluviondugaumgiinnduszezinan 0 3 6 9 12 uas 15 3y
nisnduioasusimuaninfuinuluiensuresudazfulfiraeaneseanuiaied
gumgiivies (26+0.8 asrnwaldea) Wunan 2 Ju SuiinuanisnaaedutuusniAuifen
vdanasuimuaiusnuiguvalia wayvdsinasuimunnaiigumgiiesnsu 1 uag 2

Ju InevuiinnanisvaasnsnalUll
1. AAATITANNEITTINYALAUATNNE

Tigeassnasluusazsrundaimin lalunvusdndussesnamiuieiiv
fhetnafing ndanniasadunsifiufegesieiinisdunaaeineseenuidias 5 wa el
AruLLNIARDINMSAgIuIU nMafndtima fanisilraveslssganiiden waste
AN

1.1 sgdumaifinenmsaginuvumuuyden dunaaesnessiay 5 wa islraziuy

NMSLANBINTAEMINURUIANSNBUENBUDNUURIUFDNADINDINUNS NLNUINAINITIN 2
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A5197 2 SEAUALLUUNITANDINNSALINUNUIIVURIUFINADINDY

ATLLU ANWUZNISIAADINITALINUNUNIVLLUFBNADINDY
1 lailAnN15aLAIUNUL
a v <@ v [~
2 Ainensagynunuantesidugn 9
3 LWANDINITAZYINUNUITRENTT 25 Wasiduduaafiuiing
il WAADINTAZYNUNU 25-50 LUasidudvaIfuing
5 ANDINITAZYNUNUIININNTT 50 LUa5iFuAvINUNR?

1.2 sydumsiieddimavudon dunaasinesdias 5 wa ielviazkuunsiing

U1MN1a3NSNYULNIPUDNUURILUABNADINDINUNS NLNUNAINITINN 3

a Y] a a3 a 2
A9 3 TLAUALLUUNITLINAFUINIRUURNIURDNABINGY

AZWUY AnwrNsHdUIRNaUUUaBNARINBY

2
o

1 luAnduena

RS 2 W <
Lﬂﬂau’]ﬁ]’]ﬁl@ﬂu@ﬁ]lﬂu@ﬂ i

¥ ]
& =

Wnduimatieenin 25 1WesiSudavuaafiuing

WAAAYIRE 25-50 WasiduRuaaiuiig

a a o ! ¢ < (3 & da
NAAUINIANINATN 50 LUDTLTUAVDINUNN

o B~ W N

1.3 AvaaiiUdonanined dunaaninesainusiazdl q ag 5 na aninAdmeinsesin
& Konica Minolta CR 400 laginusiiudiunatanansstiuiu 3 9o Juiindd L* uag Hue

angle (h°)

' o
IS DY 1

AN L* LARIDAINNAINIUR9E FaA1@ake 0 D9 100 a1A7 L* 11N kand3ndidainaunn

TneNseau L* winnu 0 agdiden

A1 h° waasiansidsunwlasednudluszausie 9 Mdsuudasiumuasud
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dla A1 h° 0/360 WinfuALAs
A1 h° 90 Winfudaes
A1 h° 180 WihAuALTen

v
a o a

A1 h° 270 WAUALNRY

1.4 dasinamgla digeasnesiiasuimvuaiiuinyifigamglisnussglunisusle
I3 o a o 1Y) ° Y] Ay a a v
Juszezian 4 Diluddugumgiinniay 2 Milusdmiuasnesfidreeanininiigumgivied
wasantuguiiudiegnsfinedszaia 10 faddssldluviauimedsmsunuiludinge
dua ndulfegeing 2 faddes lUeszdmvsinuigasueulaeenlenlagly
lA384 gas chromatography 8ie Perkin Elmer S;u Auto system XL USA iAnfenie
thermal conduction detector (TCD) maduil Porapak Q80/100 (oven temperature
WinAu 60 DeAgalREd ey detector temperature WinAU 150 9eAIgAIGEE) 9NIINT

= 1 @ a a o 3 ¢ 1 1a v B % o
W/FWEII’R]MWU'JEJLUuNﬁﬁﬂiNﬂ’]iU@ﬂﬂﬂ@@ﬂlsﬁﬂmE]“lj’JIlIﬂ@E]ﬂIaﬂill‘UTViuﬂ 1AgATUINANANNTT

dasimsela = [USunu CO, Tunase (1a.) x mumtinvesusuia CO,*

SYULLIAUeINISUANITUL (BY.) x WIndnasdnad (nn.)

* iunewie) AminvesUiain CO, lundesiiiuasuain 1 faddns undu fadnsu Bundn

A1 conversion figure PIFNUITOAIUIUAINANNT

Conversion figure = [(273) x (P) x 1.96]
[(T)x760]

P = ANUAUUSTENNALUNUR8Taa R SUTEN

T= gaungiduysainiiginaiu

al

1AYAT conversion figure MI9UNNINDY (26 DA ILYaLTYE) = 1.79

9 Y

a

QU 12 s gaLTed =1.83

Y

=

a

' gaunil 18 aervaLded = 1.87

Y
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15 dasnswdniedidu ihdedefe 1 Tadans Aldainnisduifiviaeisineg
Wudeatusnsnsmele dlvinssivinaeiauleeldinies cas chromatography
§va Perkin Elmer U Auto system XL USA fidndadae flame ionization detector (FID) &
plot fused silica LusAUINANa 0.53 Tadiuns 813 25 AT (oven temperature WU 40
IFNTALTYEA Injector temperature LAY 50 DaFALTed Laz detector temperature
Wiy 180 esmwadea) snsnisnamefiduimiedululasdnsdenlansudedalus Tne
ATUIIAINANNT

a

% a a Ty aa ada oy 1 a
DRIINITHAGLONAY = [USUIULDYVIAU (WNLDL) X USumsvesennidlunaes (an9)]

3282LI81999N5UAN B U (FU.) x Wntinassned (nn.)

Y 1

1.6 nsgadedimvidn lagnistainingeassneaduiuiudunisnaasuas fuii

v
& o a

mMsnsdeunmn LR uIanduesidusidall

s & a9 Y] H v a v H o Aoy
LU@?L%u@ﬂqﬁﬁjﬁgLaﬁJUWWUﬂ = (u"IWUﬂLﬁﬂJWU-UWMUﬂWSUQ‘l@I) x 100

UIAUNSUAU

1.7 A1590990908  HUINUIUKNATNITI991INT1UIURaNI e lutawaA U LTy

[

WasEUAN1II19YBINAINTUIUNAVTINLAR A1)

WosdudAn1ss1e = F1uiuNaTe x 100

INUIUNATIINUA

1.8 ANSWITRINA  HUIIUIUNATNIILIINT I IUNaNIrLaTutawaA U LTy
WSS UANITLUNYDINAIINTILIUNATINUAR 3T

Wosidusdnalin = fuduNail x 100

FNUIUNBTIIVUA
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1.9 AnusUuLeng YanUdanuaaadnaaiotinuninaduluuiansiusInanana
AFITUNY 2 AU A8LATEINANNWLLLLETAETERITRILIM 0.8 LURLUAT waltUAsunLIe

vasrialaninilansuduidulaenisgausiae 9.807

1.10 YSunaueaidefazatouils ¥n1sAutinaIniiloanineddnay 5 Wa NIo96IuEN
é’j ) %,’ 3 QA' v [} a @ d‘ ’oJ Py ¥ 44'
917U14 NUULIUIAUAlAauITaUS U YR anTaNazateullalaneltiAsae hand

refractometer Yuinualuasd1usng (°Brix)

1% '
v A

1.11 USuaunsanlnmsals  91dnAuNnsess I uEIv1IU1en 5 Dadans u1vinnis

lmnsameaisazaty NaOH anududu 0.1 wesia lagldasavars phenolphthalein
v v & & 6 I~ a a L3 gj o a

ALY 1 LUDSUR Useunad 1-2 ee WuduAames 3nTUuEIUSUNMYeIaIsazany

NaOH ﬁiﬁi’fmﬁ’lmmﬂ%mmmmiugﬂmmmm%m‘%ﬂmﬂammi

Wofdudnsndn3n = (N NaOH x U3u1as NaOH 7l (1a.) x meq.wt.ue4nsadn3n x 100)

USinauinduvessieda (Ua.)
* meq.wt.984n39PRIN = 0.064 (A.0.A.C., 2000)

1.12 nsilvaveslszganiUdonanined fawdasanianisves McCollum uag McDonald
(1991) Imﬂﬁﬂﬁauwﬁaﬂa'eNﬂaﬂmmﬂﬁﬂumqﬂammmﬁum@uéﬂaw 1 L9URUAT MY

AosNuaLTes was 5 nuduaigiiuion 4 Fusie 1 na (Idasines 5 wase 1 91) urluiingu

'
a

15 w1 nuuldunndu  Ausegaivldaslunasananadnuuin 50 Jadans AU

9
(%

@13a¥a1e mannitol AMMLTNTY 0.2 Tuans Usunns 20 faddns viasnas 10 Yu laviivaon
PN . 1 a [ o 1 a A 1 <

1U539an3ara1e mannitol ag1udeuTu blank diudazraenluinafiiaTodugansaus?
59U 110 seuseuni Wunar 1 9l Whaisazateiedwildluinainisiluiie
wsosinnsiliihlagaalddedudinisiilnavesuszy anduiudazvasnluuguded
gl -20 esrwaed Wunan 1-2 Ju Weasuiinumieenunsfioamgiveddunia
2 Falaa welvansaranslunasnaratsuaniluinuueienagasenasaduna 1 4alus

warilusnluddesduial 15 i 1aneliNeumnniiviesauansazatuLfulaidai

9 Y
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a1sazargluiadinisinluiaflateidudinisialvavesuseavianun diaaiialiun
Awunesiduinisiilwavesusygainaunis

Wesiwudnisialnavesey AINsTIlraveIUIE]

, X100
ANsTIlvavesUsevianin

2. N1SIATILINIT AL

< [ 1 & A o a &a & 1 a

Wudiegrulasnassneiiieunuidasiziianssuvesoulasig 4  Usuiw
malondialdehyde (MDA) wazUsunuaisusenevilueavisvun lagihdiuldenasines
1w 12 wase 1 91 wviududwdn 9 udurlululasiaumalselvlulasiaumaissive
2N ﬁnﬂﬁuﬁ’lﬁ’aaai’mmiﬁﬂuﬂémLﬁuéhaeiwLﬁu%’ﬂw’lﬁqmmﬁ -20 paAALTYd LUBYiNNS
a 6 o 1 ) & a [ < al v 1
AazvsiegslinUionassneaiududanualululnsuvaiaudunsasidennelnsiun
FBEaNBUNINITIATIZH
2.1 YsunaasusznouiuearisnualiuUdonanines AauUasa1nI5n15u99 Lichanpomn ey
Ay (2009)

o.'/ = % 1 a a aa r-:ll

FansUdonasines 2 niu ldlunaesanatafinuuin 50 Taddns NUsTREITarany
ethanol AMLTNTY 80 Wasdud Usuns 20 faddns drunduliazideneinsastiunay
15 1 W 91n1UUNTeIRIRg19MIEnTEAIYNsauUas 1 Ueaisavatediula 1,300
lilasdns lalunaoalulasidunsinddias 2 nasn udrhlunyunesfiauiiseu 10,000
x g Wuvian 15 ul figaumadl 20 ssrnwadea

Ymansazaedlrula 50 lulasans adlurasanaapalaldudinay 3,950 lulasans
LWENRIDYNMELATONVEINENETTIANENS Folin ciocateu reagent 250 ulasans el
fu nduAnaIsazas Na,COs Aududy 20 wWasidus USuns 750 lulasansuaitugn

iegeislineamgiveadunal 1 9alus mnduiluinainsganduunasfinaueniniu

s a1 a

765 uluns legldansazats ethanol AMUNTY 80 wWasidud Me1uASn1sIATIEH

Weatudu blank TneUsunuaisusznauilueaiiiaszils Tiifleuivaisazalouinsgiu

a S

gallic acid AULTNTY 100 250 500 750 1,000 way 1,250 Hadnsumeans NN1UIENNT
Baszipgiuivasaiasiiegne lasasradunsinunnsgiuniuanaauduiusssning

N1IQANAULERTN 765 WIlULASAUANUTNTUYDETALa1811AT3 U gallic acid @uN5Ues
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nsmlimsgIuvesarsazaneiilu y = ax - b dsansliluani 3 srenumhedulisdniu

fansuLmingn YeaunsaruIlaNNALNS

Usunauansusenauiluea = [(Absyes + b) + a (Jaansw) x V, @adans)] + 1000 (Jaaans)

W (n5a)
o Absqs D ﬁ'wmi@@ﬂﬁuLLawaqmiﬁmmEJ']’m?i'u 765 WLLIAT
b Ao Mundafinsmiaunu Y ﬁagﬂ (0, b) MNEANNIT Y = ax - b
a AD ANTUVBLEUNTINAINAUNIT y = ax - b
V, Ao Usunnsuosansanniognsianun (20 fadans)
W Ao thwmtisetsildlunisatn (2 ndw)

1.2 -
y = 0.0008x - 0.0458

1 1 R? = 0.9959

1765 wnTwumg

ANNTAANALLAIN

al

0 L] L] L] L] L] L] 1

200 400 600 800 1000 1200 1400

ANENduLRIanTazane gallic acid (Radniusadans)

A 3 ATIMIRTTINYBIAITNTUYBIANTaYaNENINTEIU gallic acid AuAINIRANGY

WET 765 UNLULUAT
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2.2 U3unas MDA vaaUdonained fnluasainisnisuey Pongprasert LagAue

(2011)

a a

Famadonasanes 2 n3u ldlunaeawanafinuuin 50 fladdns Musse
a15avane tricholroacetic acid AMTUTU 5 Wasidud Usums 25 Jadans wwenlidniu
Freipdoavgmanans MndutuasBenfoniosdunanans 1 it uduhlunyumiod
A5 4,000 x ¢ Wunan 10 udl ﬁqmmﬁ 20 asrwalded Yansazawaulaiileun
Jas1eriUsutas MDA Taelwndiula 1,500 lulasans ldlunasanaasafiuaisazans
thiobarbituric  acid ~ aduty 05 Wesidud fivhazansluaisazaivansavaiy
tricholroacetic acid A dudu 15 Wesidud Usuns 2,500 lulasans wenlddiumie
woavEnauas hluduiludiienfuna 20 it anduhldussnasrnsionys
Uﬁﬁ%mé’wmswﬂuﬁ%ﬁu (3 wil) Uwmasazaedlagne 1,400 lulasans lavasalulas
Fup3Td Gy 2 vaen) tilutumleaiinanuda 12,000 x ¢ wWua 10 wiit Henmgd
20 ssmwaldva udhdwladild 1,200 lulasans lﬂi’m'}mi@mﬂﬁuumﬁm’mmmﬁu
532 way 600 urluwns Insflansazans tricholroacetic acid ALY 0.5 Wosidus 7
NuARNsIREa iy blank s1eeumiisduuiluluasensuimingn Tnefuinusun

MDA 21n&dUA1s

USu1al MDA = [(A1 MDA equivalents* x 4 (iaaans)) x 25 (HaddanT)]

(1.5 (Hagdns) x 2 ("3))

* @UN50AIUIUAT MDA equivalents (Wnluluanaliagans) = (Absss-Absgg)
155,000

x 10

A a i a N d'
e Absss,  fB AMNNIAANFULAIYBIANTNAINEIARY 532 UIUUAT
Absggo 1B ANNIAANGULAIYDIANTNAIINYNIAGU 600 UTTULAT

155,000 Ae A1 Extinction coefficient Y89 MDA
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2.3 Aanssuveseulel LOX Tuildennaanined AnwUatanivn159es Pongprasert
agAne (2011)

Famawdenasines 1 n3u ldlumasawanafnuuia 50 faddns 71UTT9
a1savany Tris-HCL buffer aundu 0.1 luars pH 8.0 USung 20 Haddns uay
polyvinylpyrrolidone insoluble 0.5 nsu tglAgAY Mntuthunduasdonderiesiiu
NENAITUIN 30 TUIT UNFIRE19NINTBERINeS 5 U Lasliunasazanufingng
1300 lilasans ldvaealulasidussing Ghdnay 2 viaen) ﬂwlﬂmul,ﬁmﬁﬂ’;m%
19,000 x ¢ tHutan 20 udl ﬁqmmﬁ 4 perwadua antunenaulavesansatneyled
gonun 1,000 lulasans wiewndaszitanssuvesaulel LOX

AsAsIenanssuvenaulyl LOX IesliUsansazaneduainsn 2,700
lulasans  ldlunaeadimy @sazaneduaimsmnsoulagazaty  linoleic acid 157.2
lulAsans uay Tween 20 157.2 lulasansluthndu 10 Saddns wdusuusunsiild 200
1ad8ns Mearsazaty phosphate buffer AaLULUU 0.2 Tuans pH 7.0 Umﬁqmmﬁ 25
ssrniwalTea) Wuansatmeulul 300 lulasans naulsidiundnilyindnsganduuasi
ANLENIAGY 230 WlUmAT BIuAINIANAULAT 2 uaz 5 Ul enunaliumiesde
lulasnsalusiy Tneiranssuveseulss] LOX 1 wie wihiunisiaiu 0.001 Tusseyian
1117 figauvindl 25 ssrwaldea aansadmnaAanssuveseulsl LOX Idanaunis

Y

Aanssuvateulysl LOX = [(Abssyi, — AbSym) =3] = 0.001

protein (lulAsnsw)

W ADS5 i Mg AINTAANAULANYBIENTNIAINEIARY
234 W luns Wawan 5 Ui
& | a a A
AbSmin B ANIRANTULANYBIANTNAINLIIATY
234 YlUAg onan 2 Wi

protein Ao Usunalusau (lulasnsu) Alsande 2.7
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2.4 Aanssuveaeulell PAL AnLUasa1nion159ee Yingsanga WazAnlg (2008)

=

Fanadenasines 2 n3u ldlunasananafinuuin 50 fadans 7luse
asazane phosphate buffer Audiudu 0.05 Tuans pH 8.8 Usunns 20 fiadans 7itans B-
mercaptoethanol Ay 5 fadluans welidndu anduiuasdendoniosiy
NENANTUIY 40 W HNF9E1sNNNTaenieRIney 5 Wil waldstiunansazanefiegng
1,800 lulasans lalumasnlulasifursing (idras 2 vaen) Wludumissiininuss
21,100 x ¢ \Junian 30 il gaungll 4 sarwaded ntunendulavesansataiouled
goni 1,500 lulasans wennimszinanssuvesoulssd PAL

nsiAsIznanssuveaaulesl PAL Tnetiund1sazane borate buffer a3y
Wty 0.05 luans pH 8.8 Usung 2,800 lulasang Tdlunasaneaesaniafuasazane
phenylalanine A3dNTU 20 Tadluans Usuns 1,000 lulasdes wanlidnduualirluu
ﬁqquﬁ 37 aamLezjaL%aaiuéwﬁwmuauqmmﬁLiﬂunm 10 Wit antudieansada

a

woulssl 200 lalasang wanlidnfundiuaiigungli 37 ssmisadealusnsihemuguenmad
Huan 1 9lue dleasuszezinan 1 9lus Iifvansazate HCL aududu 1 Tuand
USums 1,000 lulasdns siudeadivegnbigniu mﬂﬁ?uﬁwlﬂi’mmms@ﬂﬂﬁuuaaﬁmmsm
Ady 290 wiluuns Insfinasnfegeiildarsazarowuiiorfuumfnasazats HCL Ay
Wty 1 Tuans Usuaes 1,000 Tulasdns sfufindsaindidiuarsadaeulsdidunasasudud
0 v srerunadunierelulasndulusiv TnefiRanssuvoseulss PAL 1 wihe Wity
Mty 1 Tussezne 1 $alus ﬁqmmﬁ 37 PAFLTALTEA A1UNTAAIUIAINTTUVDS

wulwy PAL laa1naunns

nanssuvaweulad PAL = [(Absgmin — Absomin) X 1 (M128)] + 1

protein (laulasniu)

) AbSgomin Mg AINTAANAULANYBIENTIIAINEIARY
290 wlULIAS La1 60 W
a ! A a &
AbSgmin B ANINANTULANYBIANTNAINLIIATY
290 wluuAs KlaLan 0 wi

protein Ao Usunalusau (lulasnsu) Alsande 2.7



25

2.5 Aanssuveseulsd PPO lwldenasines nisanaeulsd PPO daudasain
25715094 Lichanporn wagamdy (2009)

Faadenanines 2 n3u ldluvasanarafnuuin 50  fNadansiuss
a1358¥a18 phosphate buffer ALY 0.05 Ta1s pH 7.0 USuas 20 Hadans wey
polyvinylpyrrolidone insoluble 0.2 n3u welidnfudensosvewauas sty
avdenadonioslunanans 40 Jundl Wdregansesdieinfey 5 Wil waUe
ansazaneiietne 1,800 lulasans lavaenlulasiiussing (enas 2 vaen) thluduwies
finmL37 19,000 x g U 20 Wil gamadl 4 esmwalTea Mntusenaulavesasania
wulatioanun 1,500 lulasdns Wiehmsnzitanssuveseulssl PPO

nMsAsIznanssuveteulel PPO fnuUasaInidn1sees  Yue-Ming  LagAy
(1997) InethUnansazae phosphate buffer A23u9u 0.01 a3 pH 6.8 Usinas 2,240
lulaséns wazansazans d-methylcatechol anmidudu 100 fadluans Unfiguwndl 25
peAwaldoa) 750 lulasans Talunasndiami wwuaisanaioulesd 10 lulasdns wanlwmdn
fusgramadilagnisnanvasafims wdihluiasnisganduuasiianueadu 410
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Lipoxygenase Activity and Membrane Damage During Chilling Injury of Longkong Fruit

d7a1 imindA'” uazaRisn snAs’
Soraya Rakwong™ and Adirek Fugkong'

Abstract

Lipoxygenase activity and membrane damage during chilling injury of lengkeng fruit were investigated.
Lengkong bunches were packed in cardboard boxes, stored at 12°C (76.1% RH) and 18°C {91.8 %RH) for 0, 3. &,
9,12, and 15 days and then transfemed to room temperature (268 £ 0.8°C, 92% RH) for 2 days. During storage at
12°C, chilling injury symptoms were observed after 6 days of storage and exhibited as small sunken brown spots
on the peel, the brown spots increased in number and size with the increase of storage time. After tranafer to room
temperature, the browning area expanded and became browning patches. Fruits stored at 18°C showed no
symplom of chilling injury, but the fruits decayed at the end of storage. Electrolyte leakage in the peel were higher
in fruits stored at 12°C than those stored at 18°C and increased with increasing storage time. While, the increasing
of lipoxygenase activity in the peel was observed after storage at 12°C for @ days and higher than thoae stored at
18°C. Lipoxygenase aclivity decreased after transferring to room temperature. On the 6 days of siorage at low
temperature, the contenis of malondialdehyde (MDA} in fruits stored at both temperatures were significantly
different MDA content in the fruits stored at 12°C increased during the first 9 days, and then decreased through
the end of storage. This study showed that chilling injury symptom in longkong fruit was related with the increase
in lipoxygenase activity and electrolyte leakage in longkong peel.
Keywords: chilling injury, lipoxygenase, electrolyie leakage

uviARES

msAnmRsnssuraaeule lipoxygenase I.I.SI:ﬂ“I‘i‘I.sﬂl.lﬁn"lhﬂi‘ml.‘ﬂiﬂ'li:\.ll.'nﬁS:’i':‘ll'hﬂlﬁﬁiﬂﬂ“l‘m:ﬁﬂuﬁm'.‘-
Tmﬂﬁﬁnﬁaanaqlﬁina’mnrmhnnﬂmﬁi'&'ﬂm’ﬁamunﬁ 12°C manadudiing T61% uar 18°C snndudaving
818% dluwean 0 3 6 912 uaz 15 du uaf:-u‘lummqﬂarumuum (26 = 0.8°C ﬂ']ﬁ:,.lg‘l.l.ﬁl.lwﬁﬂ 92%) 2 Tu W
smanw.nammm'ﬂqwmuuuLdﬁam'mmmu-mmn-amun:.| 12°C Tnmmmmmwmmumm 6 Tu sz
Lﬂﬁanm_mlﬂuammmmﬂmmmmn wmnm'nmmumﬂuwm mmmmﬁmu‘gumamummuummmuﬁu ni
a'lnmusmqnm:.rmwamunwm wWuin mns«u*‘.mnmugummm-mnumnmmnu 5n.|..n'1.us witaAuinm
mmnaqﬁawnu 18°C 1.!-.Il.ﬂﬂﬂ"1FﬂW ﬂ'11.L1.-|1.I'1".|LlFl'nI!IJE|'1n'1'ﬂ1.I"r!‘a~1Nﬁ miw'l.umamrﬂumqnmﬂmisﬂ:ﬂn
*a'uwlu 12°C l.lH’1ﬁﬂﬂﬂﬁ‘aﬂﬂﬂ\mlﬂlﬁ'ﬂmﬁi‘lmﬂﬂu 18°C u.ﬁ':.lmms'ﬂ'l.um‘aﬂrwmugumunmmumtﬂﬂmu
TuRay °l1.|m.|.ﬂ11'ans's:m‘a~1rau'lm I|po=<ygenas:& mu'nﬂ'l.mm g u.a":.ln"maﬂmﬂ"’qummﬂmﬂammu 18°C
fanssuvavzuleal I|pc»()fgenase umaammamusmqﬂ'aa‘a‘anm-’nqnamﬂmuum awinRBunm malondialdehyde
mmmamamun:uunnmanummnumml.ﬂumm 3 ':unanmnu'n Tnﬂmmnmﬂl.m_snmamunu 12°C :ummu‘gu
Tusze & Fuusn ummnuuuumfuuamm msﬁnmaﬂu‘nﬂunﬁummimnmnﬂeﬁ"muumfmmsumnmmmam
ﬂumﬂ.ﬁaunn"m'nw.ﬂauumnﬁ'lnamn'ammmwrauhu lipoxygenase was ﬂ“lﬁ"ﬂ“ﬂ‘l‘i‘ﬂlB'QLhug'l.l.i""l-l']"NI.Hﬁ
BIFRINTUWL

. - 2 . -
ArdAn: 2amsasfinusu, wulsl ipoygenase, nsflusvanl e

lr“FI'l‘lWh!W"!FII'FINH’\I\J'H“IEm!'\R N AR A AT Jl'm.wn Aaraan 30112

3:5:-|.rr-=r~ of Flant Szicnee, Fasuly of Maturs] Rescurses, Frines =F5=n:l=|= Lrw:ﬂlw Hat ¥ai, 5=ﬂ:l=|||=. sz

omdtzavesdud s lai i minsrnaes Peeansroend e usansesrmen S e dnasmanustuns avﬂn‘mcu A=At 50112
“Conter of Exccllonse in svicutural and Natesl Rosourses Sistcchoclomy, Faculty of Matural Rossurssw, Srrce of Sonsbds Univeraity, Hat ¥, Sonekhla 50112

87



94 Panssussymlel D s e 3 ) Az Siay 255 1. Sngrmanfinmas

Amin

ﬂaaﬂmL{um'wﬂﬁﬁnqﬂuéﬂﬁmmams'n;ﬁq Wlasmnsse @A samu nauvey i liduitaulunaiios
(v, 2584) uﬁa‘aqﬂmumunwmisnmau nwu'lumﬁln*a"mms'Lnus‘nmﬂmnaﬁﬂﬂﬁn"ls'Lr'n.s-nmamn*aﬂu
sampiiinuwsinsfuinrnienafinangiidnng 18°C vinliseneafinemeasfinnig Hasnseanasduline
lwRFau (Lﬂuanm URTADIT, 25401 SFaun (2544) srerdn amﬂﬂ:u'ﬂ:u.samhLnﬁnﬂ?Ldﬁﬂuu.JJmanﬂu,n"lﬂnﬁam’\w
qaamw:umma'\nﬁnw-’ﬂanummlﬂuﬁntrn.l..,umavn'lumemawmmmnuul.msmmaum wenmnnsdEauan
aaal.am'u:.u'nnmmanomnanumu'l.mununmsm_u.uavm (Mao ef al, 2007) nﬂeLﬂﬁuuuﬂmnmﬁ%um.ﬂumnmnﬂ
anTwIaanseansialnfaann mm-mndﬂnml.ﬂn'nunﬂ.u..s:r-lNﬂ'l.u|.1.1.|.'r1ﬂmmﬁawu"’inmwmﬂuﬁfummnn.l
TuszwinanisAugnm ﬂqquu'l:.mmausuw-unmml.unﬂmmaraanumﬂwaunmwmaammunaaﬁurmﬂ.amamms
AT UV I RN nquuaﬂuﬁuﬁ%aau’hﬁntﬂmamﬂaunm‘hLﬂun':1:.|ﬁuu;ﬁunﬂumm'lﬂhﬂi"‘lmu"lums
WLLAMATLANT B A R Msas MU e R sRanadEa

aﬂniruua-aﬁnﬁi

mumm'uasamn-auﬁﬂmummmnmm BUTANET ALATLAT ﬂmman-msmnmﬂmmniﬂamuaﬂuhlummﬂ
'ﬁﬁmmmﬁ‘ﬂsﬁumzuum iasnadldlugamiiedeas 1 g2 udusraadlundanszanegnynnaaess 10-15 48
ua:l.ﬁua"'qm'l."idwqmuqﬂ 12°C uaz 18°C fluman 0 3 6 9 12 uaz 159 uﬁﬂﬁ"lﬂu’ﬂ"ﬁﬂi‘!mﬂqﬁﬁﬁﬂ (26 £ 0.8°C)
2 qu m’aﬁﬂ_ﬁwumn"|sLﬁu'ﬁ:‘.m’lﬁq’uﬁaamnmnnnmﬂi"u“.lum'msuu.ﬂmmmﬂﬁnmmﬁ"ﬁwumo iClh wu
Lﬂﬁanuﬁﬁﬂnaanﬂnqmﬂnﬁﬁﬂ 1= Lifacl 2= Lﬂlnnmuuammmﬂmmmﬁn 3 Fig CI < 25::. mm'ﬁu‘ﬁ
fin 4 =\fim Cl 25-50% mﬂmu‘ﬁl:q 5=finCl=50% 1aaﬁunmp n'nm'uuwﬂ'aams-mmnm'nﬁm'a'ﬁwam'tmuum

- Lo =¥ & =
25u1= 'I.mlnmnm'nﬁ 2= Lﬂﬁanammmﬁnu@mﬂuﬁnj 3= Lﬂﬁﬁmmm < 25% wnafiufifln 4= Lnﬁammm 25-
§0°.’4L 1'awjuﬂﬁf: 5 = finfuEna > 50% -.raawunm; Trufunmsndneousnouen (seenas 5 uall 11".] ARATAE
Ehlﬁﬂ'nmd-i:vg fRulaasnisniseas MeCollum and McDonald {1991) faseranssuraaenlnl lipoxygenase
(LOX) wszifunnu malondialdehyde (MDA) FrulaaniSnisues Pongprasert et a.'.|(201 1) 2L UASMRRBIRLIL
completely rancdomized cesign (CRD) SRSARTRANATIHLANA M e S R aalae T-est uwiasnimaReed
49178z 148
HA

mmm"muwmwmnmnmumqmmiumﬂmanummnmisﬂmamﬂnu 12°C Whunan 6 Fu dnerous
qumnﬂu-mmLnnLﬂueaﬂummmsm:uw'lmﬁn Lumnumtﬂﬂamunu 12°C I.L'I.I.L'lﬁ‘ﬁ'l.l"luiuﬁﬁﬂm'|"Iﬁ|.!5|l-.|1.|1“|1.l'1'l.l.
mmiuua"nmu'nmmlum msmummamnm'lﬂu‘afumu 12°C rﬂunm B uu'nuldm'amﬂmmwamunmum
WU Lnnu.:.mmmm 25-50 Lﬂnﬂwnqmﬁwmnann Tnﬂuumnm:nmmuwﬂmsﬁunumﬁu.:.mnuuaﬂunmﬂu
u.u"u§1j1maﬁl.ﬂﬁanu?mmﬁqu_ﬁdm u1~:u?Lﬁmﬁ'nunuuuﬁEt§'1n1ammnl§n"r’1l|.ﬁmgu'l1aﬂLLEnm_Ta'h.ial_u:Tu s
mﬁ'answa'wmtﬁu-i*nmﬁaaﬂmﬁamunﬁ 18°C umamanasbifre s sfinuruuswr I sHs U aEs anels
nmumsmﬂsnmﬂ'aamfﬂawamunuummhmnuwﬁnm-rm:uousmn'nmnr"u.,mﬂ.ﬂmL..snau*‘.msaumdﬁan'lu
r’w:’wmu-rmﬂ'namunuwaa:masmqnaw s'uamunumnmuuunnﬁm-'l:umnmqnu (Figure 1) wafidudms
sﬁlﬁmmd?'wmnqumnsmqnm-i'w.mLnummﬁuafuwnum"mmwafuunu Wil |.1Ja5'L11.|.-1n".-35-}1m=:1md?'mwu
g‘u'ﬂui.,al.,wmn|.111_sanﬁﬂn'lsmj_mmmmnnﬂuamunu 12°C Lﬂumm 6 Fududull :JLdasliu'un".sw'lﬁMm
LE-ﬁmnu'\msmummmmnm'luamunm 18°C usu.,u.mmﬂu"n"rwamunuvmasmqnaav. nsuamunummnm
’E‘nﬂ.l.ﬂﬂ:.l:.ll.‘l]‘a5‘I.‘]'I.I."|ﬂ’\5‘9"b.|.'lﬂii'n‘a~lﬂ?“iLWN%UBEJ’NH’E‘:I.UE‘N Tnuamnaq“inﬂ_amunu 12°C mnauouaﬂ.-uunms'
sﬁlﬁnmaqdi"wmnm (Figure 2) msmuenmﬁaanmﬂnmnnu 12¢°C musu'lmau'lmu LDX :mqnss:.lmuguumﬁﬁn
ufneuthinat 9 Fu wes umq'\nuunqﬂmm‘aamu'humuguammamm ru*ﬂus""m"mnummaaaﬂmﬂ
am‘um.l 18°C ﬂqﬂmmmmu‘l'n:.l LOX Dwualiuamas n"ﬂﬂ"ms:mnaaaanm':’wwamummmﬂﬂm‘auhu LOX &
Fnssuamma unﬂwnaw'lnmafumu 12°C waniau mauwaanmmwamun:uvmqunanﬁmmmul-nﬂumm"uu
naﬂfﬂﬂaaﬂmﬂlﬂﬂ.aﬂmnm 18°C wrau (Figure 3) d“mﬂmm MDA wudn EnBuno MDA muguum'ﬁmnmﬂm
'namunu 12°C Lﬂumﬂ 36 usz 9 du u.'mnﬁﬂnuuﬂ’mm MDA Sunliuarss sasfmsfuineseanad
amum.l 13’!: e MDA muguumﬁﬂmnumml.ﬂumm 9 3u maﬂwsumnm:.l'mq'namﬁnwmamnmﬂ'lﬁm
qmﬂqu:ﬂﬂmmqmﬂqumﬁaummﬁm MDA Tuusasfuliuansdumaad (Figure 4)

88



2. nmmanfinems

EHng gy it
B o= B OW Ok B oa

W12 [JiEE 14

ER | & [ %2 8 L] ] ] ] 12 1%
Cays o7 mar g Do o micornom
Figure 1 Chilling injury index on the peel of longkong fruit after storage at 12°C and 18°C for 0, 3, 6, 8, 12, and
15 days {1A) and browning index on the peel of longkeong after fransfeming to the room temperature for
2 days (1B). Vertical bars indicate SE. ns : not significantly difference ; * - significantly different at P <
0.05 ; ** : significantly different at P < 0.01.
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Figure 2 Changes of electrolyle leakage (%) of lengkong fruit after storage &t 12°C and 18°C for 0, 3. 8, 9, 12,
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and 15 days (2A) and after transfeming to the room temperature for 2 days (2B). Vertical bars indicate
SE. ns : not significantly difference ; * : significantly different at P < 0.05 ; ** : significantly different at P
< 0.01.
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Changes of lipaxygenase activity of longkong fruit after storage at 12°C and 18°C for 0, 3, 6, 9, 12, and
15 days (3A) and after franaferring to the room temperature for 2 days (3B). Vertical bars indicate SE.
ns © not significantly difference ; * - significantly diffierent at P < 0.05 [ ** : significantly different at P <
0.01.
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Changes of MDA content of longkong fruit after storage at 12°C and 18°C for 0, 3, 6. 9, 12, and 15 days
(4A) and after transfeming to room temperature for 2 days (4B). Vertical bars indicate SE.

ns - not significantly difference ; ** : significantly different at P = 0.01.
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