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ABSTRACT

Mango (Mangifera indica L.) ‘Nam Dok Mai Si Thong’ is an important cultivar
exported from Thailand. The majority of exports are transported by air. This research
focuses on the effects of various temperature conditions at the loading area (tarmac)
on the quality of fresh mango fruits. The simulation focuses on the air freight time
required to transport mango fruits from Suvarnabhumi Airport, Thailand, to Paris

Charles de Gaulle Airport, France.

Nam Dok Mai Si Thong mangoes with a commercial maturity level of 80-85%
maturity were harvested 92-95 days after flowering. The mangoes were selected
according to the Thai Agriculture Standard for export mangoes. The fruits were divided
into three groups for different treatments: (1) being placed in a 20 °C temperature
room throughout the shelf life; (2) being placed outdoors (=40+5°C) without
Polystyrene insulation covered; and (3) being placed outdoors (=40+5°C) with
Polystyrene insulation covered. The mangoes were sourced from two different periods:
the first harvest from Chachoengsao province and the second harvest from Khon Kaen

province.

Mangoes were collected, graded, packed, and transported to the packing house
in Nakhon Pathom province. At the packing house, the fruits underwent cleaning and
were subjected to hot water treatments to comply with EU mango import regulations
for fruit fly control. Therefore, the mangoes were packed in boxes for air transport and

stored in a temperature-controlled room. The physical and chemical quality analysis



was performed at various stages: prior to simulation at the tarmac, after simulation at
the tarmac, after transportation by airplane, and throughout the shelf life at 0, 2, 26,
74,122, 170, 218, and 266 hours.

The results of this study indicate that the temperature on the tarmac has a
significant impact on the quality of mango fruit. The average temperature inside the
mango boxes exposed to sunlight without polystyrene insulation was higher compared
to boxes with polystyrene insulation. For mango boxes from Chachoengsao, the
temperatures were 28.1 °C and 36.9 °C, respectively, while for those from Khon Kaen,
the temperatures were 34.2 °C and 38.0 °C, respectively. This research demonstrates
that the insulation of mango fruit boxes helps mitigate the detrimental effects of direct
sunlight exposure for 2 hours by reducing temperature increases. This, in turn, extends
the shelf life and maintains the quality of the mango fruit. Shelf life was extended by
48 hours under polystyrene-insulated conditions. Insulation proved effective in
delaying fruit weight loss, preserving fruit firmness, maintaining rupture force, and

preserving the yellow color of the peel and pulp.

Therefore, this research can be applied to regulate the air transportation of
'Nam Dok Mai Si Thong' mangoes. This information can enhance operational business

procedures, promote exports, and reduce the loss of valuable fresh commodities.
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sUNN
Y

S1UALIDYALAALVUADU

AU IHANAAAINEIUN LA UNIITUTDINIATTILAUA LT BN T 998N 9I1NNTENTH
\nuasLayannsal lneu uiieanandardnanuiuyszaia 80-90 Jufifiaugnun
85% Usunawesudsazauiala > 10 brix uazfnsiausnuananiuainisulay

Junwinlus ensasiadeudaunauasusenngly 12 3lus lnasavudd

AsanawaEniIssuauaa (Igan 6 Falus dusungaaausuia 2,000 Alansy)

NBNRINTUAUAT A TINTATTNRINTIENIHTouAazI18N1S N NNNgNaY

nNa19MIBUNAaBS WU W BL5A 9N IASHAAUAT LALLAS BINUIENITAIVBY

Y

'
Y o A

USTNTAIEUAT TUNSUFUAT WasTaaUAT

nmsnuauamn (gaan 15 wi) seidsunsmuguamnIningAun1enasansy

q q

dufgn Ae Nsiiasanlinsmnsraduiunas sanaansguly

nsrvIunsInseaddeulotn (a1 2 wu. dwsunesineU3uim 2,000 Alansy)
ABNARNINNITATIABURANNMEAWAT Fedssiasoadidouloun musavesdudily

LRATASYNSI

nszuumMsEndelsadieisniseuletr (a1 15 win) waldazgnaindelsaniely

goulot muUssian wazaamagiivesduifimnunl
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1

M99 2.2(s18) NszUIUNINAINISINUNEzIITugnenliE@neavesusem P.K Siam [47]

sUNN
Y

319aZIDYAUARZIUADY

X | D) H N =
nsguasarandelsruzinnelugeuleun lugamall 47 esriwaded svesiian

20 Wi

° I o ANy, A o oa v o K
NITUIUNITINIAINULYUY (I‘UL’JmiJizmm 30 UN) L@J@u’]ﬁUﬂq'&]@ﬂﬁﬂﬂW@Q@‘Ui@u’]

FnTudaavinliiam gL It uaINIe

MU waznsineaindual (a1 3 vu.dmsuusaeusuna 2,000 Alansy)
nskdagndud1nLysELan andudedininuazinaainligniewmiusiadudi
aandvuandsdeyaaiunall Tunsdlfdualdldunsgivanunsansiadalid

FuAananaIule

MsusseAma (dhauseanay 5 unil) dudasusseiiuvie auviauassiania

Aviuald

msUsziunsIuTsadaet (assanu 15 wi) naesdufmavgninegauiunul
mguaunarainla wazudsanninesdmisde dunuduudn TREATED PQ-DOA-

THAILAND visneie dun1seubaunanlngflauinsguduaiuad

MIASIIMSNATeIen1sAn (lgan 15 wd)

v a v 4 <& a v v < a
ﬂ’]i‘U‘LlEJ"]EJﬁ‘lJﬂ']ﬂ']EJIu%@QLEJ‘N’dUﬂ']ﬁ]%ﬁ\]]ﬂ']'lﬂl’ﬂiéﬁ@ﬂlﬂu 9UNRNU 13-15 836N

walded [NesnWIRNA WazTavRauineudeulag

nsvudedudn dudfussyeglunieluiesduvesausinn ssgndsluiiawuiu

wevhnsvudmnsenadeuslaalug Uy
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Farmer Consolidator Exporter Republic of Korea
PE— R :
Farmer - ;
5 Community  [#=---emmsemeeeeeeees :
——» : ;
! enterprise i [ e | '
Farmer | H L4 ' |
D G C T i \ E
» Exporter .
Farmer : ' ' : ;
Transport Customer
N Community | comp@any
; enterprise B : :
Farmer | ' ' ;
LI T T :
| Exporter
i : - . | .
Farmer fe = -~ ~ . . b
" 4 \
235 Day 4-8 Hour 13 Hour '

-~ » Material flow

i <55 Information flow

Mwin 2.6(a) laumureszainnenldivanisdseantudiansisusyiniva (48]

Chemical E : i i
i | ! : i Community
fertilizers | )
\ enterprise
\ 3
&\
7\ Prepare ' ; ]
Seedli o b CFarmi it F ting [ Gradi 1 —
eedling ! /}1 \ ivatien 2 ~Farming : o Harvesting ; rading ;
y = | | ‘,
Y
Agricultural \ | : } ' Exporter
equipment ; ; '
24 Hour 3-4 Day : 229 Day 4-5 Hour 4 Hour 4 Hour

7 2.6(b) I Unuvesuzaidinenldiensdseanludeansisasginvaludiufanssy

lggunuiingItesiunumsng (48]
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local
merchants
A
Defect
Receive
~*| Planning |«----{ Farmer i mango [ L Grading i—{ Packing i Transport | »
: and count : : ]
4-7 Day 3-8 Hour » 2-3 Hour 1-2 Hour 1-10 Hour

» Material flow

«--=---- Information flow

7w 2.6(c) legunuvestizahainenliienisaseentudiasisausginini ludiuianssy

legunuiiAgiItesivdavnaguay (48]

Arrange . Reduce

Qc : ' 7 Sizing Packing Prepare
—— i - oven e empera |- F—y T . >
T inspect | @i 11 : iy i | ‘Labeling |1+ | products | i Shipment
! steam ! ture L !
15 Min 6 Hour 2.58 Hour 30 Min 3 Min ' 5 Min 1-2 Min

> Material flow

«-------Information flow

M 2.6(d) lWaunuvesuzaniinenlienisdeanludiansisausginiva ludiufanssy

lggumuiieatesiuusdndsonn (48]



LﬁULﬁEJ'JﬂJ%ﬂJ'Nﬂ’J’]ﬂJU%U”iﬂj 80-85% 31ndU GAP

v

ANUTTINLTNU GMP

|

15

YUz “wiinseu” wendnkuasiunaly Tilananauzaiens 46 °C 1ian 10 Wi

nnsangamail Aeliuie dnt Jaiseaiadiussy
Talnunvneussgluuss

NNUITIIeIfesUnaa1niisyydeniny “HWI TREATED”

MWN 2.7 N1sdsesnuzsimadnluananglsy (49]

v
.

v

[

9

!

a

pantususesguauleny dwanlu EU la

fNUnsinTn MndvealanesUnmemun1iviseinviy 32 e

MNNUITBVe O. Laguerre et. al. [28] Lansliiufesyasinanfvuauyiieain

UssalnaludelSasaluifetunsanauandlunisien 2.3

M19199 2.3 MsvudeInAiietunsnaunduassagl Ysenalnelydauudu

salnalng d1515UTFN I A

antu

ITYTLIAN

d1AunansTu Fuil NG o N unasdoya
0.159ANUT5Y 21/03/2565 | 12:01 0 UNNARDIVEY KMITL
Lyududiesdaiu 21/03/2565 | 15:31 3.50 93l NnsesuTingamyl
2 audenlsafinussy | 22/03/2565 | 09:00 | 1750 Falas HIAN1SL39ARUTTY
3. AUAINIATIAUAT 22/03/2565 | 15:00 6.00 471w HIANSL39ARUTTY
GIVGHGTY
4.99n3MNFUNTY 23/03/2565 00:05 9.08 Flus Boarding pass
ga330un i (BKK) TG930 Boeing 787
5. 8%@undurisa we | 23/03/2565 | 12:50 12.75 Hla Boarding pass
1na (CDG) TG930 Boeing 787
6.uUgaD INRAE* 23/03/2565 | 20:20 750 #alus | 1enuveiesmaaed INRAE

fnUaaIn O. Laguerre et. al. [28]
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2.3 Uadenfinasdanmnnuwazmsgaidendananainisiiuned

F189U09 seAnauarane [50] lausaliunmsaadendsnsiiufedlussesiiuifes

§ @

wagMsvudInaIutzninenlifEivesdtuig 20 @ dwesdudnisgaidevenauszaii
inenli@nedussminimsifuiivinasaudeianslunsed 2.3 Gelladeninanenis

\HoununmaINdnNavzUsEnaulumevatstady launnsussy nsvuduazsiudadady

Meusn loun gamgll AnudukaresrUsenauvesusseInadasdutadedAgynivihln

= a Y a [ LY a o A
LE@ouLdEsNAINGRNALD Azl UAIdNaTuUT8DU 9 [14]

A15197 2.4 Wesidudnsagydevesrausinniinentd@vedussninmaiufeiwasuuds

n1sgeyLie maiufien N13VUES

1.1sAuounnIAlug 36.4 25.6
2.015UAN 13.6 -

3. e 8.5 25.7
4.n15UAUIU 4.5 \

5.5791 3.6 2.6
6.674911a oM 3.6
7 wihina 1.5 1.2

1 © Wisednsuazansy [50]
2.3.1 avfinsiiuines
ANNUTYIA YIS0 “maturity” YeHANzianHeBITUYRINISIS YUIHATI B o YRS
v < v a <3 d' ' 1 aa a va v o A
HAWMUANT [40] N1sAndue1gnIsinufgIANLLivesss leuuJuRtulaenild fe
MIFNAFUNSI 3 WIavesiy HanaswnazeIudiu ey waseraluviaduiusing i
o o~ @ A LA ' a a A D '
[51] dawanslunmi 2.8 nMsifuifgngdsuanuzhulfsuandlisndududietsey
== i v < a A o A gw ]
vsedwdesgen lagnaldazgninuifedlussesddondy Weldhimnulunisvuddlinain
Uanens msiiuifeansdnounisildsuwlasdiiusoseanfiazilinunimazidul
[ < a a A o ! ' o 4 ! A = =3
gausu [46] Mmanuifemafiosunsaddlduiavsilvinuninveusiwanas Aewliaiv

17
aa a A

dl ! dl U 1 =) U 1 v o ¥ ! = dgj ! dl
WNemauzandeeauniadiliundnazinlinansiiedisasen diuasdiieliay naiien

'
a

1 =i = a9 ] o q w1 o = = = =
gUONG 2.9) s nmsgadeumings viliuvgntuasldinduven Wewssuiiiey
funzaeiiun uenainddwinbiengmsimiieduas lunanduiuduiunemausiaeiun
L a [ o o/ 1 a a5 < A g ! ° A &
daunniull Aagyiliugahafngediimawazanisa50] Weandnazgnliainays Aailelu

a Y A v I3 i & a o Y
UiL?mIﬂaLUa@ﬂﬂﬂJLﬁJﬁ@Ia‘ﬂﬂ@u PUDNALLIULFEYLLAZ UDUYNY [52]
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AR 2.8 SnwauzvesNanyiiaun (A) wazsey (B) [51]

AN 2.9 Snwarvosnauzaaninanuzahan (A) wazuysaseeu (B) [51)

Fedusinsiufevemauzindalimudidy Womnunsgruemuun (maturity
standard) ¥oanaiinnuddantuniseanuganunsan Ineanisuriisdwsvdseen
AsUszina mafulfsiuzainedsmsmisfsenalndlnavesmain[40] auzsiasiimane
dmsumsdsesnieuzaiaun 80% wszuzahsiiuadadnazanaely 3-5 fundsinifuain
$iu [51] mstavSonsramenuuiveskanzasanssavildsd [36]

2.3.1.1 mstudunutusausaonuiusuiinuiaiuife

HuaSmsitineian amisoinenuuivesmaldroudnautueu Tnglidesiarsan
Snwaynailand 1efl uaznsdsuuUameassine1du 9 ongilmanzauveananzais
uzshaiugifertudensifuienr o1auandeiulutuegivaniuiivgnuazaniniinden
iy ugshetusihaenlivgnlulsamedlngldian 100 Yundsnaenumadud mnugnlu
UseinaauTudldioan 102 Su ndsinaenuiuiuil [53] waztisengivmnzaudivsuiiv

Nemanziiugiineniedweonlunainglsufe 918 90-100 Fu #a9INABNUIMANT
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dmiunaanelulszina esiAuifenienasig 100-110 Yundsaneenunudui 1Ju
svoginauzshslinuAimisomsgsge wasiulfuulnednuasinludnilvgegluanind
i [54]

2.3.1.2 Msldanuandinig

Lf'iaamﬂmammqﬁﬁmqmﬂﬁu%ﬁﬁfwwﬁﬂamLLazﬁmﬁ’ﬂLLﬁaLﬁﬁué’w wafilndn
fnarvauiuagnaiiseuazasetn nsedinsudsuuanietuaunssinzvoma
uzshaflefionganniu uasiderivsenihaudatudonsuudatuuentos (55 dwsuna
uzshetugimenliidengnsaiaduln 2-11 dUnei dadlvgfienudissimzdosnd
1.00 usiilowawaunonguInnia 12 dUami aefidinnudssumizUseann 1.01-1.04 &
tlvaseiwanzihszadludundomnududusing 4 mufovewa Tnsnaiinzaudmiy
nsdseenmsautuaesluiundonududy 2.5% [42] uenaanii Lwaug [51] Nann
nsaesludwioluiinge 1-3% Weuzdasfiandwioassludinde o unldfinioun
Uszanal 80% Jadlehluvngnesdannmiuiigenu duanduami 2,10

2.3.1.3 nslituad (Spectra)

MnaesiEMstdusaznsldnsanasuesamuuudesudunsifiutuses
UTinaveaudsfiasaneiilé uazUszaunisnivesiUgningldmeniudaiivonaauuiysal
yosrauzaig HudEmsnidedldusanuuaygeen dagtuldinmhuadlusasdurisaany
g17PA 650-2500 ululuns vi3edl3undn Near infrared (NIR) [56] kagtaauasinuaaiiiy
AYINENIAA L 400-700 WkEIRS Tk3en3a Visual Spectroscopy uldviunesadaanuuiy
Houpsd shldvsussiuauuiysaivesusaing nsldnarduuaylade nasendogng

nagau [57]

AR 2.10 wzaefian (A) wavase B) lushvisewnde [51]
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2.3.2 MafiugIHanEn
Fumerlumaifuismandnuzsirsinenlianesdutuneuiinisiniseldldguad
yndimsnssunnuietifiesyaifisioradssasionmnin msligifuieiidanudiug (50
Estulsigannlfifudetiefiasnalneudadanauinusosevosfunatuidiififugifiom
funarieliliendlnadounatszum 2-3 i dlddefuiReliaslidwinidusua Ty
nsdifinauziiseggelildgunsaineniouarludafnifioisdruzadlinaldifivsadaden
arsiiuiiosna dnamnimd ssfunouddliddieen Tnotluldamiensnifinseg i
uzshe lalmansiuiutazainuan sgeiufuiuAuly (58-60] uaziuiadeutonznin
ugailuSslssinmandnuzaing Wadeiramiteangumgiviuf dmiunauzihisesiiou
g3 esthundnenely 2-3 1las wadiusesliinasldsautidan 4 [40] dmsunand
wanzaulunafufen WeliuzdefifuinudifiauamnsiAusaviuiy msiiuifegn
uzaidlutasfiorniadigamgiish 1fun Paadandaideuts nionowbundaiie 3 lady
uazifleifuinudansiurinnisfaunuzinanunmlsifoonainuzaasnanmd [61]
2.3.3 NITUIUNITUIFY
2.3.2.1 MITUKGANG
NamNaﬁlLﬁULﬁEJ%LLéI’JSUQﬂi’JUi’mﬁHﬂLL‘UENLLaz“tJuﬁQQJ’IEjINﬁJ@UﬁQ FaugsieiiAu
Aenniufdaievunnulassdn mahuananeeninnnimusiioaruazonluadausnd
mmﬁﬁmmmmwmaLﬁmmmLﬁwwiﬁdﬁEmezmmuﬂumﬁmmaﬁuam};ﬂdw Fapsld
ANusEiinse Az ndueaniiazgn [42] uam’1mfmﬂsﬂﬁmmif\;é’qﬁmﬁmqmmﬁLﬁaLﬁu
foyadosfureunmsimirieululssnuiiazdiaentusgls [62]
2.3.2.2 M3aVIAITNEEDIN
wBanafiiunniuisrazidsanusniaundsiane daiudosfinisdiahemi
GERRIRRI! %qmawﬁmd’siﬂ,mjﬁﬂﬂﬁi’fﬁﬁﬁwmmazmwé’qLﬁ’ULﬁ'm dlorunmsdaauazen
ué dewhliurmiethieeniisfianneufiazussradlumewy etestunnudened
wintu v filddsenariilvinannauindelds(55] fuiuiainsfuaisiidoadly
WU AaB3U 50-200 ppm etlasiudelsadnvhane mstheendldlaensldaudurie
Sounliuis vidonisisan [42] Tuneshsuyaniideudednoonainduasiithenslvaain
AuRFas LI Rl¥Eseafuanseindies (thiabendazole, TBZ) tlafudsnisifnlsa
wouunsalua @ sffannna1nid 031 Colletotrichum gloeosporioids n13A1UANTIADEE
UsgAvsnmannifleliduilifiuansaindes nethuzahsuluiguiinavanssniden 0.1%
flgamndl 50+2 ssrigaldea um 5-10 wiittuegiurwiana Faslunisaumlsaueuunsn

Tuanaslsatdazla [14]
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Q39U [42] 578973519 prochloraz TuuziisdieanA UL NTL 300-500 ppm
annsomuaNnsiaueuunsnlualdd aeandesiuizuns [63] Aldvinnns@nwinanssiag
hnenliifldansauauition prochloraz uaransadeuiialy Wevhmafuinwifigamgl
10 °C wudlsdflsadwihansuhifvsnuuuidy wesdensanlivnngoinisveslsamudu
uimafusnuigamgil 12 °C Bunansornsvedlsadloiiuinunu 27 fu wuieaiviu
7 fiseaui msldansmuaudesiuulufiatuiusushainenls Fufusnwli 12 °
azuanionsvadlsadleifiuinywiduna 25 fu

2.3.2.3 msldmnuteusnidelse, fdaunasiuneuaslsaiiaiu

Hagtunensideuldensdeulunissndelsefiduaiguonaideoudsiiusion
Arvesndnnavnanisinunsanssiadauandumsadt 2.4 valiluugaihanisldanuiouds
duiten esmnldinadu ifiasfivand s anntsidalsauazeinisasiiununaldd
[14,64] uenainilunisdseenuzasldmarndisuszma wu g fesldsueugymann
nsznTnnunsLazUssnesiily tnedosriuduneunisouled iletiosfudes wuasiy
s waglsafiwdu q lusnsiinsdweenluaniseiimifesiminisnisnisaisfed iletesiu
Holseuazuuas [65] daulunisdseanludglsvagliisnsquindoulydamungiflanans
uzai 46°C Luszogaa 10 udl aafiudsdenuznssunBnisidie Tuil 23 wquniau 2562
(mauvaarmeglél Commission Implementing Directive (EU) 2019/523) wagsisudtoanTuiuil
7 Migneu 2562 [66]

Taonuimsguluhdeussidedunudesniinseusielovfoutasnnsaiesed g

174

nsanhfaulunimsavzldonmaiisendng 43-53 °C uu 1-2 Dl Inefigaumiiuaziia

9 Y

EN

%

lun1sgunousvduetfuiug ANULSYIalLazULInveIHaNLd [63] 9INN1TANYIVEY

Y 9

Jacobi and Giles [67] wugiiniseulewnseud msuiiug Kensington masldaamail 47 °C

Wiy 15 Wi daunsguluihieusiuiunseuletfaunisldoamall 47 °C uu 7.5-30 Wil

1 a1

wzinaziinanmanan Tudiuves Kader [46] 5189131 uzananiuluihiougamail 50 °C

a o % v ) aa =

W 5 Wil Freannsnauivaslsaweulnsaluald aenndediueuves auds [68] 7

FeUIsNIAIVANlsALa LN IAluaveINaNrlng Juadlut TauNgungil 52-55 °C 13an

5wl (Wnenlddnesdlaiuaungil 55 °0) lnglunsyuiunisguuiseutaisiniely
srazaliliiu 6 TIlue MaeInAUNaNzIe

dwsuludssmalnenunisfinwivesugyaune [75] wudmsguinfeun 55°C uu 15

a a = 1 o Y a a 1 1 A VY 1 L% v
Wil ugamgiigegetlivinlifnanudemedeusitviuguinenlddnes unsnseduli

al

lenticel F@LTuTY wonanlauan [76] 51891137 MsuNzdNNuguInenlilunsau

gl 60 uaz 65 °C L0uWIan 0.5, 1 waz 1.5 w1l wagfigamgll 50 °C Wuwaan 15 unil
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M990 2.5 gaungiluaziiafivanzauveinisyuluthfeusidedmiunaliuivin

aunnfiuaziaand
ey | Uszlovl 91994

WANNZEY
Nz | 45°C (60 Ui anNSLANeINITAZ UMY | McDonald et al. [69]
woUia | 44°C (35 unil) graonsideude Smith and Lay-Yee [70]
NI 43-49°C (65-90 wnfl) | vraensidenideuas Jacobi et al. [71]

46°C (110 ui) annsLAneINITaE UM | Shellie and Mangan [72]
WY 45-50°C (30-35 W1¥) | ann13LAineINI15azyIunu | Abu-Kpawoh et al. [73]
avlanla | 40-42°C (20-30 wndl) | Beasnisidemds Hofman et al. [74]

fn97n: vila [14)

Mnfuhlufuinuniigungdl 7 °C aunsnanenisaghumnldiionssuieusungaing
yneuauitlsildtumsgaluiidou uenvndnisurirseudaduifuifuaronmunmazaig
Tnsgamnivesindeunarazaznanlunisud dldhaamgigmiessernauuauluona

Tinandndumegld wu wedwnddmdntdesnit 375 nfu aunsaldausounammad

' (%
aa o C%

16.1°C Wusrezian 60 Wil Tusngiinaugsheifumin 375570 n3u ldszazian 75 wi
nrnmsutinsoutsfosangangivemananosnerinida iesmngumaigauuniansziu
nszunLMTan wasvilieorg msiiuinuueahsduas uieorariiliiAnanudnuniniely
uald 1y JunzshaipenlsiEveduihiousaungdl 70°C 1 Sunan 3 Junfl Taeaanisifnlan

wauwNsNluakazlsatNainle [77]

= ! Y v 1 s vy a v oA < Y o v
A 2.11 ns3udiFeuvemzianenkiidneves usEn Lioa.wSyla 9in a1
JonmuaLitensdseantuelsy [62]
luniensAvesusiviuguinenliasdeuns 2 wuu Ae N1sguUlTeudmsuNIs

dvoantuglsuuazniseulourfouazdseenlddu inmalsd wu usem Tiea.mseld 91
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(il 2.11) wagdafudiudida Giaiadn agldnisguihdeudigamgiilananausziig
1NN 46 °C L1uan 10 unii [62,78] vaugAiuTEm PK. Siam wazusnaindagldnsey
dhelethfeuiigaungd 47 uag 45 °C auddy svegiaan 20 wiit [47,79)

2.3.2.6 NM3ARAMNNLALIUINYBINLLI

Aaunmuentaildu 2 dnvaslng 9 fe aunmnieuenuaznunmaiely 38013
Anszvinunwkananviild 2 Lo fe nnsuseidusnenn Teduda wazn1sdy Jdlda
FrunguazUszaumsaivessisiiiu fsorafamudiBssdoifnmuilesdileszezia
msfnauAmMLILTY TalimsAeduiinmsiieneiuuunisiaamnin TneadegUnsaifians
ponunduiiay deflanuusiugiunnniinisldgussdiu inasinsyseifiudilionsldnananlsl
ONABINNNANUABINITVRIEUTINA fathy eradesendiRnIsUsyfiuvans 9 fuinUszneu
fiu Wsinnuawd v dunaelunsimuaaun WIOINANER §ad [42,77]

AANAely L (ot sa ANAIMN9DNS ANLdasadglunisuilng Ay
athianovesnmn gy

AMMNAEUEN LHu JUSN wa @ e dnll avwasiiiaue

n1sviantilatuiive w1 Igind uINd9atNd 119 TTIUA AN
dien1sdseanielil [51] Ferdlavesiniiifellil

dmidusnduiie azvanedszaiedddmdineatuiuas o duideaiunes
Uspinafuindn iy wafiimviiieatussasiunals indevies siReumAsitlanni 2.12)
Fu nenaNIIeUsIINA 19U sednIlde waransgousnifvhuthuzahsiivuewaswde
WWUTEINADAE <

g

G_-A_k O- BN

M 2.12 idgudsuuzahsiuguinenld@nes [51]

o aa ) ' = a o Ada J v L4 1
“AMUUNTULTY Lﬂuwammwmmmmwaﬂ5zmumagﬂaﬂwmuammmwauiummz

P

[ a 1 aa dy = 1 a I a [}
AUNISUSINA L UNANTWBII930 anthracnose, WaL, Hawmn, NafwmAuly, AGNEFRIERN

[y

AnUNA vsorandvuadniuly Wusu (nmi 2.13A-2.13E) Jaaifisudvanidnazgndn

2ONAILALSALIBNU [51]

Aada

o aa 1 1 1 Aa a & [3 2/ a o
-G]WMUVIIN?ULL?Q bYU Nﬁll%iﬂ’NVl@ﬁU‘VliﬂNﬂL‘WEJ‘L!Laﬂ‘u’eJEJ, UATVRUNNIITINLLUN, 88

Y

IS I

=
APV, &
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e = X - aa a = a A a = a
nakiasaus ¥3o3auUauNuIeN AABAIUNANIYAFUINNAIEN o (aufiea)fl A1 Fanad
TA a1 t9199a 919U 1 397U 2 19 MNVUIATaIF ML LAY 3-5 cm? way 5-7 cm?

Ay Sauanslunng 2.10A-2.14F

YaTunaumiog

(A) HadfnlsA anthracnose (B) Wawn (Q) wauAAuld Yanewalsuan

(D) HaTNFUSWHAUNA (B) manfvwindnuazdfiawieuiieuniunaund

2NN 2.13 Amtnguwsilugaig (51]

(A) nafidgusnamaund - (B) nandunailusinndelv (C) HatlsoeUnyiu

' '
1 ) aa

v

(D) wafidildadnawe  (E) nadiflsesilouiens (F) nafiflgaidn o duniallenticel)

Wi 2.14 svfinldgussduugaing [51]



24

Tumsfmvuadestinmsdmussuianazaunmiluinasgiu inszenaindamls
1 uzahsfifinsavualnganimieasdansfuimiauasusy Aagihimdnlaivind [42]
YugisssmauziinasiindavuanuiinuasdainsanuanugnuasdnyusRnun
3u o negldanen [46]
Uz NMULIATFILAUA YRS (UNY.) wUsdy 3 %u@mmm (80]

= =

19Uy (Extra class) deslutuildesdaunmingn lianuidaunfnugunse

9

!
aaa

fifviiian Tunsdliid auinundndedvidoseuiuldlidaau wazlifinansznuse
sUdnualiialy aanmvenie uxin guamssninaAuinw weenisdaisnausly
AIYVULUTIY
2uzhdluduidodanning endanufisuniviesmildidntes adnnufinung

vieswil dindragdiodlufinansenudegudnuaiiily aunweaitiousaing aua sz
My wa msdnisenausluneurussadselud

(1) anuinUnAdnToERUg U

(2) sndidnifesfifnfiAnainn1sdend(rubbing) WS euAALA (sunburn) ATIUNSE
0881971 1in 9NE19YBINFAI (suberized stains due to resin exudation) InguuIAY84
Friilne L eslh AT fvue Aued 1 WuRliAy 5 cm? e 2 fiuildiAu 4 cm,

UIAT 3 NUALLAY 3 cm?, 9UIA7 4 NuAldie 5 cm? wagauia? 5 fiunkiiiuy 1 cm?

(%
a o

(3) HymnsgarmayseUse (suberized rusty lenticels) aRINANUKAYDINLIHN

= o ¢ | Aaa a A - a 2 (S]] = Yo Iy}

wa/v5e NUgUdaninadle) (green variety) Waswdudnaod iWaannlasuiasunndn
sl 30% wes NuNRveswzi wiredlddsesunaidy (necrosis)

3.Fuam9 (Class 1)

1 :.Jl le/ 1 d'r-:l [ 3 d' ! 1 ¥ o 5 Io

wrslutulswtsinndaunu it ungnIa widapnwniudenvuatusn

nzalutullianuiaundniesmdlanslanuidaundnionmiagiesluiinansznuse

sUanwaiialy Aunmeelionzaing ANAIMNIEHIIINITNUSIY wazn1sdnsenausly

AU UIIYRslUL

o aada A a =

(2) FudfiRaTiinaInn A AEVEouARLKNT ATIUNSETEEASTLARDINEI B ILZIT
Tnevunvesimiiilnesudedlifiudismun vuiai 1 WuilshAy 7 cm? wuned 2 fiud
T3iA 6 cm?, vunedt 3 NudlshAu 5 cm?, vuneit 4 #uiliAy 4 cm? wavaunait 5 dudilsl
LAY 2 cm?

N15IAVUINYDINLLMNNIITAUNNUINUNADHNE AIRNTIN 2.4 A9T
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A5199 2.6 VUIAVBINLL

. ¥ L . AYINLANAI9YBIVUIANAF I ATY
TUHVUIN UINUNABNE (NN) , w
UARZAIYUZUIIY (NJU)
1 >450 100
2 >350 - 450 50
3 >250 - 350 50
a4 >150 - 250 50
5 100 - 150 25

2.3.2.5 MIVUTTY
a v A o Y a N [ [ d' a X 1

HanNaduinsz U s AN sWAs uiUawdInsuRg winT uagnasaLIan
loua memela nisaedn waznsanvesmalivibihludnisidesaninluiign lun1sussy
FeRpsilnvurusIIIMUNzautuNaaNall 9 lngnesanunsadesiuanudenieiiinainnis

a N a = | A 1%
Waguwladassingn n1snssnunsewioulunisvuds waznisidsuudasvosannwinaenty
® v I a &

NINUINYT LU QUNDUKATANUTY [81]

UssYiuinaliUsenausegesdinpeuTsfnmnisuentaznigly n1s3denauntn
Unswaounaautinisdasiuvesussydadilaglipnuauladuiiieuivussydusiaieuen

1 J [ 3 a o/ (3 = o A o

1 NEBIATUTIYNINGIERN wasussyianelusiudaianivinannszawwasiny [82]
ndInAngdasiunsouleuiudtinsildgmuieliunedesiunisnssunniionn
Iyinauzddluseninansuuds dmsunmyuzussausshaiienisaeenniseiniadiulg
aglindeansenwgninIUIn 40x52x10 cm. AYBITLUILBINIARIUTIINEDIT 1AL 2 Y3
YA 7x2.5 cm. Ynsaeganviewnssguliiiv 1.6 mm. ussyaanaemdaulususesuasn
Angiey (Phytosanitary certificate) nd9a1nUssUanTInNa0dLAnaRNINES TREATED Uu
naodianansinuzinlainisndevrend MmN induiioudi dnvaziasssnunalu
AwdsuR 1IN NI19x817 = 5x15 cm. Y9A21 TREATED wotuuuay PQ Thailand ka3
A9UUNUAY RSN ¥ AR [83] Aananslunni 2.15

o [y !

dmsunisdteanuzilmeeInAlUgeglsy UsdiiIuNsuIunSouRaIRoIUTIThY

¢ ala,

U330 0nUningn vnddendn wu Jszuieeinia Wusu deadadinaiidesdasieny

[

n1mseRmnedivuinanudlitesni 32 W MnuTsdueidesUaaaniissyteniny
"HWI TREATED" [49,66]
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AN 2.15 NMTUTIINABIVBMZINEMTUNTERBNN19BINA [83]

2.3.2.6 M3anaamginaunisiivinw (Pre-cooling)

nsangamniingen1sviTilu (cooling or precooling) naneds Nsvinlvinanadndu
asnoufaziluifunulueadu Tasnsiaermiuieusenainuanan uilimslvigumgd
vomandniaunsiadasuaneuasdens amnsavidlivaneislagldihuazernedusi
wirmdeu Feiidedldfunannadiuinnae nisldidu (hydro cooling) Tunsthannugou
pondnuanNa dvanusarildlutumeumsinehenuazeadiedily Tasnsiwanann
Sdluiudu vieufiRlutumeniivssiatunsuzussuda Feisnmsiamususseilivos
wfausamumulslguiiied edudaiui anefinisldemedufmanusey douldds
L33¢Ue1MA (force air cooling) Taulvasidud s undnuaog19iatis anansaldlaiunn

NAAKA [42,77] Niyomlao and Kanlayanarat [84] Anwinisidutangamaiineunisiiusnm

aaaa =

1 v ¢35 %) ! a Y dew y v a
ﬂ@ﬂﬂ%ﬂ?ﬂwuﬁquqﬂ@ﬂlﬂ W‘U'ﬂQmﬁ{]mﬂ@ﬂu’]misﬁaﬂqmwtﬂvﬂmﬂwaﬂﬂ@ 8 CI%L?G’] 38 ‘L!']Vls[,u

q
1

MsangumMian 32 °C wie 13 °C lnaliiinadenisgadeuivin snsmsmelauaznis
HanLea luvaeniaswiazanz [85] lannasinisangamgiveinaugisiuguinenld
ngamgiivszain 30 °C andu 12.5 °C #7875 room cool #1 10 °C 141381 21-38 F3lus
wikilal435 forced air cool ldiaaniies 2.5-3.7 4alus uazillotiusnwuzaagliuu 2 uag 4
o ¢ oA o g va & ad A A 5 a a o ada a & v o

duami wzaheisumsaguia 2 38 dusinanima nsa Inndud d80 uazdiilelnalAga
fiu W35 Forced-air cool lvin1saadeuninanauseuia 15% Lilawiguiuis room
cool wagyhlislanamuuiuiilegenituszana 20% wenantfallsnenuresausy wagan
N [86] NYINIIMARRIANYINAYRITEAUMN TLar TEe I luNMTang M) ild anmAm
uzdhauginenlidnes Nisveziialunisangauumlegnesiniian 10 20 30 wag 40 w1l
fusgivgamaiilunisangumgieg19iasaf 10 5 0 -20 uay -25 °C wastiusnwfgumgl
13+2 °C wausngiituseninnisiiuinyinausdnisesasnisgdeumminaniiniu lne

I H 2y =~ a 2 A a o Y =
uzanenlddnesiangumnniieg1esanisif 10 i Meumngil 10 °C dpgavnisgayde

vwtihasanndigade 1.48 % Anuuvliieanasain 182.80-191.01 N wde 72.04 N U3
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yosudefiazansiile fusunamewdsfiazarenilg ﬁﬂ%mmﬁuqﬁm’m 10.2-10.8 % 1Ju
13.10 % U%mmﬂmﬁ%miww"lé’wuiﬁLﬁuaﬁumﬂ 0.77-0.89 % \Ju 1.42% uagilAnlnaLAes
fungdastnenliEnesiivuaniigungiesneunisiivinu Adenuasdidefing
LU?{emu:daqLﬁauﬁﬂﬁaamaammqmiLﬁuﬁ'ﬂm Imamgmifwmaﬂlﬁﬁwaﬁamqmmﬁaéw

& a A a o = 2 o A = Y} A o |
330639 30 UM Vlﬁgm‘mgll -25 °C NQWQﬂqﬁLﬂUﬁﬂUWU']UWE‘IWﬂa 25 U hATLUDUNDDNUIUN

—2

wianfeamgiviesnuinfigunimuardnvazneusnduiivensuresiusinadieUeuiiiey

U 9

[ dl'

fuAsmsdu 9 iflergmaiiuinu 20 Tu wazdanuuanesfuneada uenaind Ertan et
al. 1871 lfihnsfnwanselvesidegnihuninisangamndl uazlivhnsangaumgl uay
Auliiduszesiian 5 n3e 7 Uil 0 °C %39 20 °C 32U 10 i 20 %CO, NUIINTAN
gumgliaztisannsgayidonduuasaaunin

2.3.4 M3vuds
miﬁuua'aLi‘]u%umawﬁwmmiﬂg‘jﬁamwé’amilﬁuLﬁaaﬁﬁﬂawmﬁﬁﬁguﬁﬂ MNYUEAS

Lifionavivinandaiinaudenig 119310015058UNN NM1399EUIU @aunndvasauds

o '
LY

senulumsvudsazdosinmslalnuiunssunnlinuugahinngn At slungniluySunui
wowne lifeuiufumnniiull uagldnaniumlidestian (50] Bsnsvudsiituneusin
il AraEmeflaiistuiunaanaftinniuwiniu Tnaemsmadosdinnsvudi-vuoon
(loading-unloading) waziiusnwisznitsdunousng 9 lunsvudwWnnaldluieddnedoy
T DunI5UUAmNIaTaELA NS IIAIIANN IS 0BUARGRIS avanuagiiiniIngg
salw made wieveenmel [42) dmsunmsvudsmesinaduaznaallugdluded 2.2

N13UUA 1991715 Twiteanisiasyadelymaunsivasunieaising19nn 1svudsly

a

Uszina Jymainn1svuaIuenINEU a6l esunIuz LA MYULUSIIRNNa LY 9
WMLzAgannuIEnaIBLUURILTanszusAdollaunesausInn 10 48 SsuuuauAx
grunpuarliieuaugumnd nausiiivanevaes e aznd vidawinsginismadseiy
vusadvdosgamsou uiluustisivudsngluysemainagidunzniwanadnyman s
sossneviladefiun ioflagldi3osdaulumuuadlduSunnannvanetu [88) nisvudsdar
ariuilesndiliussusulunsvuiendana waineliiAnaugapdednegiadeanm
auunglulszina ddgymegneaumsiagrnzluruunviounaindn

uan1nil szezatlunisvudesnuiuseninanisvudsinaaliananuisaiss
nszvIuMIMeuleilaziunueaTa NsunTBIINANLEEmEIMINaLAZY R PAAT

[
Y A

anad Aegutu TunsAnwINaUNLNLYad Al-Dairi et. al. [186] WUINTLEEZNIGLUNANSYUEAIN

[ 1 =

LANANNUEINANTENUBE NN TUANPLUADAMAINNINIEANVDINLL DA NSANWILUTELU

v 9

MaUasuuamNINMenmvezlawmATEnIINITUdMazNSAUINY NelowAgnuuds

Tuszagnaauszeg (100, 154 waz 205 ny.) nuvasugnluviosdu wavdsluduiosaunas
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AMTLAULAEY HANITITENUINNTITVUAINIS NI IR N LA AL UUAAAIDEIIUIN ALY

TmAnn1sAsUATENININISAUS YN

And 2.16 s0NsEUsILAINTIUnanlddnesluainansdy [88]

dmiunsundesmdnnaainnisivdsuuvamisaiinga lunseudanelulssmedl
=) [ 2 1 £ a | ] Yy ) o Y
nsunteaiisainios soussyndlvglinseusitn seninenisauddldinludmsudauan
wazdududulug daanslunmd 2.16 dluannsadesiunasianlad ualianusadesiu
% s 1w Y o g v a X = ook pebede 2 Y
ANUTounw iUl g igaunazideraninisa andunisiiuingineuduas
yudane agdaiigamgiiasduy wadwuddburaunasay astislinandniigamgiianas
= Yy [ & ac S o W a ) 84 8 4 o
FemslisavionduasluisnmsnangadmivaivaveamaiuazUasiiumsagideuniioinm
a ™ IS C% Y o U A L 1 L% aa
ANAMYBIHARNS WadipsilsnAunanasdinlddmsvausdsoen [42] Tulagduinalulada
THunsmuguaamniilussninsnisvudsdie eadu Tnensvudsmsunagldsaussyniiu
Refrigerated Trucks @unasvudsmniasoazly Refrigerated container vaugiin1amInaiuay
14 Refrigerated distribution center §4n15vUd W 4@149M1998 @101 30AUANR UM LA

| v t:ll i o A ' 7
ABUTVNAIN IﬂﬁJLLmﬂmqﬂﬂuVﬁgEJ%L'Ja'ﬂuﬂ']isUanLm']uu [46]

a

2.3.5 guugil

u

[

a a ada ° a =
Qmﬂq&lLﬁua\‘iW ll‘U‘Vl‘U']‘V]a']ﬂﬁUIuﬂqﬁﬂQUﬂﬂJﬂig‘UjuﬂqﬁLUa gULURINIALLAY

v 9

¥
= v adaa 1

a ! A a | A A N = a P
A99EMN 9 VlLﬂWGUUIUVlﬂa'JUGU@QWGUWENNGU'JWE)EJ AT 2UAUNMIUAULUDINMULAULAZETTEIN

(9
b

U
= 8w a
U

a | v w6 1 va [y U [ < N
e uluivd anudunuseg19lndTAn USRI US NYINE AREAIS 9] aNITLAULN YA [55]

'
a a

aungifinalagnssienisayidendife Wegumniiinawuazluiswnsnmsiawniues

Y
¥

L% = [ Y aaa a a a 1% 2 X 1 ] a a
il qwu LUuNﬁIMUgﬂiEJ’WI’N‘U’]LﬂNG]’N"”] LﬂﬂlﬂﬂJ']ﬂLLﬂ%Li’J?lu LYU Liﬂﬂ'ﬁLﬂiQJ}WlUIWUE]\‘i

[y

Woduniduardnsinsmelavewinnaligu viliiinnsideudevesiinanna v

9
Fatiwaviliwadvossmdnraiinnisuaniliewiniinelumadiianisuleudnunzquad
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28NN AINAANANAUIALKAKAELYRFUNS SRS AUT LT W RGN AN T Ee

&

[42] fslfunsaunlguuaiinavande gumglidedmnauiunaaratiy 9 wazaAeut1ensi

=

Inggaumgiiminganasiniaunsasyasnisidendsveinuala Tulagdunalulagnld

Tunsmuanaamall fe Weudulaeiiusnufiaamaiisn [46]

U

Tnevalluzdnansaiusnwifigamall 10-13 °C anududuimsle 90-95% leuu

2-3 dUn i [46] gonpansiu Handling of Australian mangoes at export destinations [29]

a

AUzounAI NNz aLF1nTULZI19AD 10-12 °C dunanziedieanvaslnafusnwi?

q U

gaunQil 13-15 ANuAudingle 89-95% Lauu 2 dUanvi [30]

3

Nunes and Emond [27] wa¥ Nunes et al.[89] ¥IN15NnasaUIgunguseningnns

Lﬁu%’ﬂmamaLU@%%‘IuamwammﬁmﬂmaamvazLammsLﬁu%’ﬂmﬁ’mmﬁu%’ﬂmama

add

wostluanmgamgliifinsdeunasfisduiazanas lasiaesnaudsuntasgumgl
AIUALIIAAUITY NIFVUEIVNI0INIA ¥AXN1539VIBAYULUBTUISNA. WUIT dnTeLuessn
Ausheluanmiisamginfiniswdeuuassiimanmdunse-ane nsaadediming

111177 AR UL oAz US HINUIRIaT UesnI 115 AU nen luaning unndAen

q

-dsl < o P aa d' v o y’oj Y rala
uaﬂ"i]r]ﬂUﬂrﬁLﬂUiﬂU71UﬁﬂqWV]Qm%qmuﬂqil’ﬂaEJULL'UaQENVHSLﬁquﬂrlgmrJE]Q‘W FUVDIARNTD
el = & o U o8 Ya = =~ & N a
LUBI9 GBNL‘lJumLwﬂmﬂiymﬂmﬂﬂmil,ﬁauLﬁ&Jﬁ]WﬂL?jaS’ILLaSLLUﬂ%LiﬁJ

navmNn[90] ANWINAUBITLAURMUNAN LALITEIAINITANRUVAN ADAMATNYDS

9

AuaNugaNeny nuTEALYeIRlinassrusa lunTang g diinanenisasuwlas
Usinafinpsusulneenleduazeendiay Wesiludmsgardetimnan Usuim TSS uay

TA pauawnsUszamduia wazergnisiiuine wilufinasogamvnilunendinisan

Ao s 3

a o A a & ) & A 2 2 do A o
Qmwﬂm Aasn Ale LaranuwlelUaLlUDIAUINUTSITIY I@SauzﬂWUﬁaqajﬁwﬁmqﬂqiaﬂ

9 El
<3

gaumnfiodne5In3a7Iseav -20 °C 1uan 10 Wil aunsaleengmsiivinwliuiuian 18

]

1Y

[ < A [ Y o a
U IWEJaﬂ‘lﬂm%ﬂﬁﬁu@ﬂmu%EJ@@J?UGU@Q[Z\JJUiIﬂﬂ

[

Policegoudra and Arsdhya [91] AnwikaveinsiiunENeAsEAUgUUAlaIg q AU

9 Y

1 N a = £ a [ ei LY a
ABNTURIULURIN19T AN LLﬁSﬁWi@WU@H%a@ﬁig IﬂEJLﬂUiﬂ‘lﬁ%’WliZﬂU’qm'ViQN 25 14 uay 4

°C WU’jﬂﬂﬂiLﬁU%ﬂU’Wﬁam‘Vmﬁ 14 °C ﬂ’lﬁ\l’liﬂgﬂa’]ﬁlﬂ’ﬁLﬁU%Jﬂ‘HWLLaWU”aE]ﬂ’]iLUaEJULLUaQGUBQ

]

amﬂimawmmulmmam I@EJNGVILﬂUiﬂ‘U’W]E]EHMﬂﬂJ 25 °C ZJ@’]SJﬂ’ﬁLﬂUiﬂ‘U’]ﬂu%ﬁﬂ dau

d @ d °

NannNu ﬂm‘wqmmnu 4 °C ?,Jﬂ’]ﬁL‘UaEJULLUa\‘i’e]\‘lﬂﬂiwﬂ’e]UVI’NLmJLﬁ’JVlﬁG]LLa“llﬂill’mJﬁﬁiﬁﬂu
4
Y

£
3

W@aduns [92] nudnnsiiusnwuzstenugiinenlsl (Mangifera indica cv. Nam

9

a oA

Dok Mai) figaumgiien 8 °C anunsanusnwilduunitfiaamail 20 °C Tnefergnisiiusnw

Y 9

Uszanal 10 uag 20 Jumuandu nsiiusnegamgiing 8 °C vilvugiwliifinnsgnda

Y

I3

WJunaan Chilling injury wagdnanon1siUasuluaineassinguaginlveauya19Wus
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Ueenld laun anuuwduile dwdenuazdiile USune soluble solids USun titratable
acidity wagdnsinmsmelaiinisidsuilasnsiinasnsyaziianiusne YaeAnauzdeiiu

'
o =

Tnwigaumngil 20 °C iiansgnauUnd dniswdsuulaseuwiuiiieanas dfenuas

=

[ ' ¥

Howdsududindoaniuan yellow index WagA a UYL USua soluble solids 1NTU
USunal titratable acidity anas wazdsnsinismelafindusyninenisiiusnel dmuSunu
U1m1a3A9 USuna total nonstructural carbohydrates 8n51n19HARA9LOAAY Tn1S
WasuwUasldunnansainuaunifoamad 20 °C wenainfuzaniiiuinevisassseau
gamafiinsgaydeuminiiady winainusnwfigamgien 8 °C In1sgaydernintes
n11 d@1usulndiedu 3 vila lawn putrescine, spermidine Wag spermine Wu31 4019
Waruwlasanad lnerafiusnungamadl 8 °C Iusunalndiediuia 3 wila winndwaund
4 e o A o . ~ < . o -
mAvsnufigumgd 20 °C nefinsiudguilasesrusenouneEising) wasniuaiogs
[ ! v A < v d' P [ a o ° A

sIb57luYaTun 4 veanninuIne vsinafiusnwlugaumgian 8 °C liinnis
Wasuwlaaningis uaznanziasliiusnyvisaes seiveamgiiiin ethylene peak nau
climacteric peak

I3TINA hazane [93] TeuNanzdiugiinenlii@nesniiuiisnieniy
100-110 JUNINBAUIU ﬁmuﬁu%'ﬂmﬁqmmﬁ 15, 25 bag 35 °C ANUYIUSUNNS 70-80%
I [ ' 1 A& o aa a 5 [
Juiian 30 Ju wuhweaszdnnuineibuynaamgdivsunahaanininataznalaaanas
Tuvpuefivsinanhaaglasaintunuszeziainisinuing waedusinainanglaales
ninhamaninlng Usunanasiuiouasemanziwinenifiusnunlinigamgll 15
° a v ' 1 a2 o vl a o o w o o §fa
C fpeniinauzaenusnwlingamgil 25 wag 35 °C auddu dmsunsaueanasin
vowwanzannenldluszninnisiivinufigamgd 15, 25 uay 35 °C liloduananenis
Husnw TUSuianad 5.90, 2.38 wag 12.80% AUd1fy- Landiin1ssiusnenaneaig
Naumaligeiligadensaueanasdnunnndinisiiusnuiigamaiion

Raza et al. [94] wudugaiug Fajri gninuiealeasuimunigandyguaznull
Aouundl 10, 12 %58 14 + 1°C MgANUTUAUANS 80-85% 1Jurian 21 Ju ndan1sAusnm

9 Y

gnsnsmelavemaliniulingamgll 12 wag 14°C densganimaliviiusnugamgl
10°C 1¥u 1 -2 wih mswiuralifigamgl 14°C dealiianaliiiiey nagew wagaIUTuULs
YoslsngeiuegniituddgyleiSsuiieuiuiigumgll 10 way 12°C naldfiiuiigamgll 10
wag 12°C dingiinssuiindeafsiunsadanesiudiuaenna Anusesuvena guRn15alves
lsA Anuguwsavelsn Aufied Anudunse dnsdin SSCTA Usunamianuauasusuna
5 Aa € | < ' I vl a 2w oA

WIna3ag egelsAmulinunisuiniduvesaliigamginisiusnuile « Swdesves

'
v o a

\Wienuaznsiinlsagatuegnafiduddny 14°C Waileuiunaliiauli 10 wag 12°C agy
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a

W& maves cv. ‘Fajri’ forgmafuinunilenutu (21 Yu) Tnefiaunmealiftufigamgd
10 wa 12°C lawieuiu -5 fumeldanzuandon (32 + 1°C; 55-60% RH)

Noiwan et al. [12] l#vinisfuinwuzaninenlifEvesiiszosunimanisdoun
Uszann 380-400 niusona Hiflgumnd 13, 20, 27 wag 34 °C wuin1sgaydetmdney
dutulusenieniafuinuynenmgl Tasnsgaydetnnluusihsiigniiulifigamgdisn
wtiosnifiguvniias newiulddnindlowiuil 3a °C fu 13 °C dminazanaadu 2.25%
uaz 0.46% siofumudndu Tunsiuiigumnian sgihlisasnismelaanas vildandia
nsuAnefidu MaBsuuasdvenudenuasile muuduide Uinavesudsfiazanedld
saafaranudunsa TA Yosniigumnias fiansléileddu Arhenius AuamAmE L

N3z (Ea) YR INLd Laun AuwiuLle SSCuay TA Fuviniu 46.45 43.05 uwag

1%
= =

54.22 kJ mol™ mudfu nasnunszdumaivavenisanulmeauvgiluseauliunans

Aao Y

n1smevaupimugnuasiduesoevihuneifdivsunisuszifiunaunmuziimasn iy
Y < 1 1 dl <@ yd‘ a o 1 A v ¥
gumue s wansliiuimaugaieninulingamgdl 13 °C Yrgdnargnudnuvaeau
14 ! IS a a
Aunmlsageiiusydnsam
! 3 1 = a ¥ oy = aal
aglsfinslumsvudatunmseinizmupuoamiilinily degamaiinvaigay

TunsAusnyINz19AD 13 93ANTALToa ATUT UFURNNS 80-90% LAusnule 2-3

I o 1 a

dUn1i[42] denndoiiuil Kader [46] inuzihingaumgiinmunsaslunisiusnvife 13
9IM AT AUTUAURANS 85-90% \UFnwle 2-3 dUa%k ua Sivakumar [3] Na1737

! d‘ a o U d‘d s g
HEINEANNYUNHN 20-23 °C "USLLaGNaﬂ‘Hm%ﬂmﬂ’TW‘VlﬂLLﬁSL‘ViJJ']SﬁﬂUﬂ’]ii‘U‘Ui%VITU

2.3.6 AMNNIULALIIAUTZNBUVDIUTTUINA

A A

ANMUTUNIarusulatnluussENAlneUNAaETed N11SEAUANUTUD UG Ul

Y
14

AMNTUTUANS U A1 100% Feillantanazsuunladnuin dauludnuaswalidudundy

aeRUsENaUNINNTY 70% wavdrulvaiiiinegfandt 90% manunuleunlunaldtiudeudieas

wmzSeualoun1vurla duluaziinisgyidetioanannudnananasniial Yuagiui
a dqj 4 S
UsTEINANgUanagiaNuInesiiela [42]
& & = v A °o g v a o oy oA ey ~ &
wenNilenuTuIziinasefmdnnaviliAansgademudu 9 lae Weauduly

9INAG (1NN 95%) zviliidedunidanunsaasyiulalaegnssiniudunalindona

q
1

a A oA & v = 5 o ' 0§ ¥ a a

Wan1sidndeiiudy ugnaianudulueiniail (Weeandt 90%) agvilindanalinnig
geysden Miansagideuminiiuanndu Inglanzndaanadimindnlu @ sasvilily
Aan1siien aedun1saualanuduluenaliegluseaunmugad (90-95%) avdqeln

ausasnwinmn nvaNdnnalile [14]
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Tuthytumaluladlunsmuauanutuaglismiuionduiie vhnmsnuaugumgiily
wax 1 funsmuauawiy uidessduauiulueiniaiingt 90% axdiisnsiaduile
duseiuanatuneluiond Iiun msldimauliermaiaiuih mslinaanadudarn
ihlneass Ao msldasduuenvieauiunes arvnefomsldnismueugamnidhessuule
th [95]

Tuanmusseniaund wiaeendiau 21% wazuianisusulaeanlas 0.03% veiinal
wAnnainnsdenidsesunnduienluanmusseniainiasssiAnufisened wu
mafndiinavessaliifisnniu wassedrmmamnelalifugedu [46] uidoondiaution
Aulveraviliiianismglawuululdoondiau (@naerobic) wagvinlindnnaidanigla
mjuaulneenleddudunailiannismelafivudoatu mndnsavaluiiuinumdana
wnfuld AerevhliiAansieun@ilunismele wazvilindanaidensls [42] lulaqiu
waluladiitieauanesdUszneursau e MAlFIG 13AIUANANINUTIEINIA LAYANT
Fauvasanwusseania densldnuarduegfunsyuunsnisdanisiugumgiues
AL [46]

2.4 mMaAsuuUasann wIauzamaLA e

3303 [40] wog @eva [55] namimgshadunalifidemedeviais Weiuwaan
Fuanudndeniinsidenanm geydeszninmsvudaarluszninanisiiuing enadinisiin
Aoduiiesnamnnaldsuilamnaisivemisaduaznenm Gednaviiliuzaiiaia
NIFUIMIAN INFIzNaLzaTiUATIINduILERsdinsdRansTufng 4 lunsdssdin
pnsarasUsznauing o melusaazgnuangiielildiidsnuanld emnsazgnldly

o 2

a v v a a  w 1 Lk | v a oA ~
Fou q laglulauiuiiudaduieguusu luiaaiasidonaninuasiindelulunan
p | i v a = A -4 & | = a v A

yananinmsvudsenaneiinuNersesesdnviu 91 Naziseanddaregludn Jadeiiaag
yisanmswWisuslasnunmilfsdelud

2.4.1 nsyelavaznisHantafiau

n1sugla (respiration) 1 unsruILNISHING 1A TUSENBUWINLT S WIn1aLaznse
a a el o eav v I ¢ I3 H 9 & A w
Sun3dou o meluwa nadwsnlaazilunsveulaeenlanuazil wionnwdinguosnun
AMTUNIVnauYeLYad [40,81] 9ns1n1sunglaveINAnNaaIN1TAANISIUA BULUAaLR

naoaanilasaintadenielu laun Wugnssu szesnsNuieIveIndana Lazunaad

wgUgn iudu Tsgamapiiutiadeiiuguiiddyiian mnggumnigadudounsedul
aansynegtedindsnugedu UfAsenadinng 4 Aausaialudnifigadu saudentsmela
96] nsmelaraidsldisluanmiifeandiouuarlifeandian nsmelaluanmitlud
pondiauriiueanaseadiind udy dasintsmelavesuzaaeialdlusuiuuvesyun

Asvaulaeenlennaeeenuduy meCo, kg thr!
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uzshadunalsiussunntalian (cimacteric fruits) [42) §8ms1nismeglaiuuniy
yournalifiGugn Tnsannsautatasnaiin climacteric peak sanlidu 4 szoz [97] fo

se8edl 1 Pre-climacteric \uszariiinismelas fanaiidider wavdnvazided
Wl

seegfl 2 Climacteric rise szoziiionsnsmelaiiutuegresins uifavewa
ugshsfnsddifouanidodudey Tunmduiiuiomanniunsedugaszesil Wi
Useann 6

sv8¢il 3 Climacteric peak Lﬁuizszﬁé’mwmﬁma%Lﬁuﬁuﬁaqmqaqm waFuily A2
nalsuUasud Sufindunendnios Taevhlusvesiintuussuaiuil 6-10 mendimsifiv
e

seaedl 4 Post-climacteric 1ussefidnsinsudnfinsasvoulnsenledanasediei
9 At umendins Ui eassana 10 u nadisdmdes ienauiuuariinduney
dmsuuzahaiwenlfideftuinniionmgf 25 °C f8nsnswdnfwensueulaeanlyd
Fiutuarnuusn LLazLﬁuﬁuqqqmiuﬁuﬁ 5 niIntuanase T

uzshaJunalifisisnsniamelagedl 100-200 meCO, kgthr! lugaumgdl 25 °C [98)

1%
a =

Felpgiallillenaumadastu 10 °C UfAsenadasiimsaudssunn 2 wi [42] dwsuly

U
<3

! v 6 g v A v a ° | Ao a PN :.g :.Jl Y
uzaheiuginaenlsl Wieiiuinwlingamgi 25 °C WuNABNTINITHER CO, LiNAUAILATY
wnuasLRNggaluiun 5 feifiu 56 mgCO, ke thr 8331t uana8E 19530457 [99]
WuAgIT UM L1301 [39] 51891131 dnsanrsmielageanludud 5 danvndu 225
meCO, kg hrt il avfiusnwlinaamgll 25 °C dannd esiun1sAneivesanyiai [100]
wudnsnImelagegaluiun 6 dawviadu 57.11 mgCo, ke thr Wlafiusnulingamad
20 °C gaueimaiusnyigamad 13 °C snsansmelaiintuegad q uazddnniswd
CO, geaaluiud 24 TAnviniu 62.30 mgCO, kg *hr

a yal [ ! ad & o d'

yiln [14] ddn1smaaesdiaesan1iznisvuds Ingnavetgumainiiusnwii o, 5, 8,
10 wa 12 °C wudidlegaumgilunisiiusnwgeiu deainsaslsnsinismelangsau lnens
Nusnwuzanfigamall 0 °C ddnsinsvielaaienan 30.4¢ meCO, kg thr! se9a3AD
n1suiuigaungdl 5, 8, 10 waz 12 °C ddnsmmulaaie 44.69, 97.94, 103.37 way 118.16

RTRTE] o v o & A aad X % 12} A o
mgCO, kg thr! audnsiu visiliileosngungiingedugeunseiulaasyneg1aingsanu
290U UfATenadisng q Aaunsaifalaludnsfigedu sadensmela [96] wwdeaiunis
NAABU84 Ravindral and Goswami [101] i wudugi199edidnsin1smelaiiuduiile

A @ Y = v [ v ) =i a ° IS5
gamgilunisiiuinugedu aeandesiundieinuinuigamgil 20 °C axllidnsinismiegla

geninitgaumgdl 10 °C [102)
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\oiidu (Ethylene) WugosTuuiiviinsedulinAnnisanvoalsild Tnodnuwazniuan
ofiduianuduiusiunismels naliussnm climacteric insudnuazAudutuvede
faumelusgninensiasyiulam ﬁ]uﬂﬁzﬁ"qma”l,ﬁﬁ'mqﬂmiwamLaﬁﬁuﬁuﬁluﬁu uananiisin
wuihmsHaseauwaznsruIunMsandniinatueiy [42]

mmmagﬂumjmaiﬂﬁﬁmimﬁmaﬁﬁuﬂmﬂmq r19glune 1.0-10.0 plC,Hgkg *hrt
figaumadl 20 °C wagflsUuvumsndniefiduadiofunmsmela [42] Wudedtudl Kader [46]
F199UIULUNINITHEALANAUN AU 0.2-1.0 plCHokg thr ﬁqmugﬁ 13 °C d@wmsulu
uzsiaiusieonldl Wefusnulifiaangf 25 °C nsndmeffuanfiutubon 1 aufls
seugagn luiudl ¢ fusiawiniu a5 lilasansdenlansusedalus wazifloidusnund
gaumdl 20 °C fimsudnteridugeaniniu 0.25 lulasdnsdeflansusedilug Tuuil 12 us
derfusnuiiigamal 13 °C wuilimsndneiiduguanyindu 1.1 lulasansdedlansude
Falus luufl 24 [99] aonndestunismarewanann [39] finuin usaheiugieenldfd
yessreyLINdnTINsHAneTuRsui s st ue I fagaasaavdaninniaiy
Snwfigumgdiviosunu 4-5 $u 9nduasliaianas uenaininandniofidurewraneiug
ﬁwmaﬂlﬁﬁlﬁu%’ﬂmﬁqmmﬁ 20 °C WU Iuanefiauaanviatu 0.25 plCHakghr lu
Juil 12 uiidoufusnwiiigumnd 13 °C fdnsnisndneiaug sgadauindu 1.14
UlCHoke thrt Tusudl 24 [100] Tag Mitra and Baldwin [103] a3Uduzd Nl dnsINITHENLe
“ﬁuLﬁmqqﬁwé’qmﬂmmﬁm €O, Tiingagn

mmdeuinaliigrannuasefindfiFondt “field heat” Afidautaeisansmelauiu
Bnsanrnuieuvessalioravhldlnetmalini s lusumiedsiu vialierniadiewm
anmieuivinuniinsruiseimanieeiniadiemiarasaneasourazANT LYY
91N1ASOY 9 WA UsTBINIAaziuaY i lignsnasmela nnsmugulinausiemnelateuas
witlinaanegléunuiu [40] sampfdmiufudnwnauzaislneiliasanyszan 10 °C
naa1nn1sieladsdannusoumeeenuinle dliiinisszurensemdnsenluanieiu
walifazideunmuninedeTinigy rufeuiinigeenainaaizaneiiAusnu u gamgiivng 9
Ju BTU/Tons/Day fifeidfie # 40-41 °F (4.4-5.0 °C) = 2,200-4,800 71 59-60 °F (15.0-15.6
°C) = 9,900 LLaﬁi 68-70 °F (20.0-21.1 °C) = 16,500-33,300 [40,104] laga1nn1SANYINUII
mafiugamgiluninfunalsigstiuain 0 1Ju 25 °C wudnsvanudesieidulunaliiay

X 1 [y aal o 14 a 2 X M 1o @ A @
qwuwuﬂu LLaxL@Wﬁu%ﬂﬂ%’ﬂﬂﬂ’ﬁ‘ﬁ’]&ﬂﬂLilllﬁ’]sllu LLWI&JLN@@?W?‘IW?M’]E&Q Wewelawinn

a

UanUassiefiduuinaulunig tefidungnasisuliagnsequniamelaligu nalad

Y

n1snnglanaznislantasaenaulunaldidunszuiunisdnasunisand siusaziu
[40,42,46,105]
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2.4.2 msgcuuLﬁmf'mﬁfnLLazmsmﬂﬁwaawa

HAMKARARATY ¢ ﬁmamaﬁwa@maamL’Ja%ﬁaﬁzmamm%fauﬁLﬁmmﬂmsmdﬁ] way
U'%mmmm%”umsﬂumammaﬁmmsﬁuqaﬂ’jﬂmmﬂmauaﬂ 13'1ma°lum§mmaﬁagzgl,§aaaﬂgj
91N ﬁwﬁmaaaﬂmﬂwa%aaﬂuﬂugﬂ “loth” si’luaaﬂmmugl,ﬁﬂ 5| NIDVDNANLTAGRN
vosua nsgaLdsunagyiliuiminuaze unneandanaanadlagianizil oduda
(texture)[d0,42] vl evosnanzairsUssnoudetdudilng Woiui sudrezldannse
%’ﬂmﬁﬂuwammef']ﬁqagLﬁ&l‘dmﬂmimdﬂéf uzdnTiondisnarlddaansunnd

2.17 msduiaiuuaswanazibiinnisgedeiminegrsindiluseninanissmvuie [180]

v '
1 IS e~ aa

Jadedsenisgederminvemwdnna dvstadunisly laun vuinvesndnna (W)

1AT9as 198 nwzvaINARNE cuticle(natural wax) Lenticels %3 aulawia 50891 sl 1Ju

i waztadeneuen luneangl anuvuluvsseinia nsiedeulmvesennie Jusiu
81,98] Tngwudn mauinwmanzaiuginenlidnesiaamal 13 °C w30 Ju dn13

geysdeunntin 13.41% [106] WuAgfuEInn [39] s1891ud7 wausaiugunenlyld

-3 <

nesfimsgaydsimdnifistumsssznauesninduinufiuiuainiu . sagnuimadu
Snwawauzafigamgd 14 °C fmsgydeiminannininfuinniigumad 12 °C
AoARGeIUN1TT BB Noiwan et al. [12] Taszsistnenlifvesdinisgadetnin
dindumuszeznanessiusnuiuvduesndoivlugamnidusndstuiiszeso

Wiy nausdasiiuliieamni8sgedsfiosidudnisgandedminunninfiaamafisn

Y

wenaninauzdindnenlifideny 95, 105, 110 was 115 Tundanenuiufiufiszgade

Yy o

115mﬁ’mﬁmwiﬂuqquﬁﬁm 73U A9 5.9, 9.0, 11.3 uay 11.9% auainv [40] Tongdee

et al. [107] nuuzH9anses vinanhl nilsnansiu waziuiaulag diausnwlily

a v

gamaiiviosgeydhmindioiuld 7 Ju fie 12.64, 12.31, 8.97 uas 9.17% AuaRU

©E. SERRANO

MW 2.17 nsiugshedudaiuuasnaviliiiesauaggaydeiniin [180]

Y v s v [ 1 H =
ﬁ'J']iJ‘UUﬁQJWVIﬁ“U@\‘iﬁ’ENLﬂUﬂ’JiEjJ\‘i‘W’e] bYU 90-95% £AANITANBUIAIUIN ﬂ']iEjJQJJLﬁEJ

o [
Y

ANUTUVBNATWIANIINNTANB LB ITRI U M TTuaz ANNTUTOU o) HEANATUANN
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a

veufusnniifionmad 0 °C wasliawidiu 70% wdenaiidsieunssiaagametinu 3
vowmdnnasinfeatuiiiu o gungiifeatuifenutiugs 90% anwipafuiifienuiy
oty 1wy 70% wAsnasdaieriuiiiu w5 °C aemetannnifiiu a0 °C 81 1.5
win [40]
2.4.3 9IN3ELVNUNUIT
uzahadndunaliiundourianilefisouteronmsasvinumnilaediveadenas
WasuIudideun uasidounsdiuddad feoraduithadedn visadmaussasiu
o19liluansensiiin userauansennsfiiefinduidn TnsiAndivn wiedmad nauzas
p19anAnUnA savffiaund Audlewannltiawysel insosyuiiia (Surface pitting) uaziu
Fed1e fanindl 2.18 Armsuusavesnadenefiistuaneinisagsiununidueg fu
gaumgiiuazameuLeINaNzsela UMY [108] 19y dgsheiufiainuiiiusnw
figaumad 2 uaz 5 °C U 20 Ju udnhwanzsmnAUInwAgumgl 20 °C Usingina
uzahsiifiudnwifigamndl 2 °C wanse M sguiaf iveImNANINN I WAN T AU AT
gaumgdl 5 °C [109] TnedadefifinasiensiAnenisagyiumun [97) liun
- STEEARNNLA: SyErAINLATewaliitNasanianIsaEY U IlauANANTUAY
yiavesuals! nalsfigslinndriumsiiuinuieamaianiuly Weiineinsazinumn
ovilvnaliflaianls viooagnldnunmlaid Janansaanaunsafumunisiineins
azyunuNlAANIINaAY
- gaungli: anumgRdadutadedfglunismuaueuiuusivetonsasinumun,

aa

gamglindnurlviAneinisasiumunlunsnaluluendeu Ae Ussuim 10 °C Avuiswin

Y

a [ t:l' a ° = a A a L% d‘ a o ! o
21ndunTIETigunll 12.7 °C wagdiunavilaniinduunsiengungiiannii 4.4 °C uag
ANUTULIYRIMNESETIARTUIINGINTALNIUVUITUDE IURMNIILAL TEEZLIA NG

uzahslasugamalien daamgliunuazdudaeguiueinisazsiniuun widigamglian

v v |

Liunnuazdudaedlaiuiuensasiiniutoy

i 1

- ANWAZNIINUFNTIN: Na ki nwrATLANA uTANUAT UL DR UMOLIAN

waneineiu waliluannung wu vie wazueuila asdusnwinaamgislafniualiluas

Aefou wu AUl uazanly naldiundou 1wy uzaie ugasne Seu Lavkie

AN 2.18 F9E19NITLANDINNSALTIIUAUNI ML ELUMNISVUEINIIDINA
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2.4.4 mawAsuuvaaiodudia

anuuiunionruudadudinuamilssyauandinuiavomwaldl [Hunddudvd
AunsdoniddyBanansdeszeranvesualdl [110] uenniianunsaldifiormuanis
Fanavdaimafuiefiomngauld monsuanuiuieludouud Tnehluguilanas
fuduazmruanuiiuievomaliifemsldtouvionann 1 ilevssiliunnugnuesualsl

[y LY

thu q msAnwuAnuauauRdedufavomaliliifousimeWidiuiaunnsvosiuyiny
wigadudeyadfafifeadeatuamiudosnisvesiiuilna [111]

uzshadunalisznn cimacteric ilonszuaumsaniistunisseuiasiniudaa
TneninanmsidsuudasmemiineadsenitnisanvomaliviliiAanisseusveniaide
Tuszwinenisgn Fawuimsseudivessaliidunaatnnisgyidsanudsveasad g
aanedvesntaarluiu waznindenanmuesntiamad (112 1flosandnsdsuntag
asuszneuaninailusesdesyuiead ufusUssaumadidinizuudiuse e
an weRuasAsuguaniuiliazansi Weglusuitazaneild [42) mssousvenald
LﬁmmﬂwjaémLﬁulmhﬁmm%wsjmﬁwﬁu (stiffness; elastic modulus) Laﬁmagiaaﬁmﬁa
wadinineadiidminluanasawhlitieadidenanin ieminnszuunsuunued
Fuvonwadildsuly ansmeludevunarmifianududutiveniaeusnidesia vili
uswiusenelulmadanas uaznsinaliiseusiilosninnisiusueaead (cell relaxation)
Wasull mnzussdanizssninagadanas [113] msgademiuirsassadaziiedeaiy
mingl,ﬁaﬁwmma Tngnunstoalanig 9 egrelsianu nsiasuulaniledudasyming
nsgnuetwalyl dwlngliinannisudsuilatesrussnauniandvesiaead n1s
Wavuiaslnssairsvesnnfiulundswadssninenisan [114]

dmstluahildinisinwnswisunaniledidavesanshiuginonlianesd
\Fusnwitgamail 13 °C w1y 30 Su wuihileanas 48.84 N1Tu 2.66 N [106] vauziian
1 [39] wuiuzsheiugieonlidvesddenuntuiioaglurag 0.14-0.31 ke/cm? Tagen
Anuiuilavomanzsiiiusnwifigamgd 12-°C U 10 uag 20 fu Fewnninisfu

ISP

$nwfl 14 °C wazfiinanasan 67 N wJu 30 N gamgd 12 °C wazilu 25 N lgaumgi 14
“Cuanzviugunonldilonasuiule 1 Ju daArauuuuie 8.7 N uazanaaiu 0.5 N
Wonatiuld 10 Tu [115] uanaindnisiusnyinausiaiug Keitt gamgll 5 wag 14 °C
W 28 Fu wudmauzieiiusnugamall 5 °C Tanuvuiiuiloanasiiouniinauein
MAvSnwNguugll 14 °C [116] nauziwunenlddnessveziu dauwiuile 14.12 N
waziilenagnilaunuuile 9.78 N [39] wenandsieauves Wsednn [50] wudn auuy
& = ' H 2y = o d' 2 @ S

\e (Waen) vesuviinnenld@neduwiliianadilossesiamaiusnyunudu ey

$nwily 13 °C danuvuiuduiile (Uaen) inndnaumngil 15 uaz 27 °C laganisuaud
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Uszanm 0.8 N iilorly 6 $u ﬁqmw{]ﬁ 13, 15 uag 27 °C indeuUszunn 0.8, 0.7 Uay
0.5 Auadu dauarumuuiy (fe) :ndudulszan 0.7 N deruly 6 Su figamai
13, 15 uag 27 °C aewaeUszanal 0.7, 0.65 wag 0.35 AUAEU wonani Penchaiya [117]
uaz Penchaiya et al. [118] 10w Tunsdnweuuduionnuaszaininenlidnes
fifusnmilgaumad 13, 18, 25 uar 30 °C agnudnsnisgdoanuuiuiefidfiiy
degamgilumaifuinuiiugedu Tnsmafuinuil 13 «C duannsntsvzasnisgande
Aol Tan

2.4.5 Uiuuvesudeiauaiiazanstnld

UFana Total soluble solids (TSS) ieuTnaveudeftazansiild (uswinisinm
maumﬁazqé’mmu (%) vosvashifiozansluansazas [120] TSS Aenasmveninia nn
warduUsznavdesdu q lunaldl (121] neUsinainalunaliianiiuinndwaliday
Tutsszezantesuzahsagiivfinaiinaiiagarsldifindu 3slagUnfazuanadu TsS
Hesnmasudsdulnaidutimali2e] TnedSmanimalunaldfigniinnimaliia
FonalsiAnnsan ullslavaulfavanedlaenszuaunislalasladaldma liTun
7SS iiwtu Tuneuzahainiadlg) 75% duthmesiasa (551 Vsinamesudeiiazaneti
I¢iamuanazimaglesa nglaa uazvignlnalussdudnios Wunadnuuzamalneily
dmfunsUssiiiunnumnuresesin tagkansliiiufisnsldeuuUamaaingnm
S¥MINNTEEYEN [123] 5ﬁmﬂagﬂizud%i‘]uﬂqha yisnlna uavelasdlunzaasdaneiugan
NUITBVeY Liu et al. [124] LLazﬁéﬂmaﬁimaLﬁuifﬂmawiuiummﬁm gug ANULTLTY
vosvpdefiazaroirldtamuauanaiu T5S% vie “Brix anuideues Jha et al [57]

51897031 TSS Tuslzslafinaunin 6.9-8.1 *Brix sunsziisiessezdn wazaos o Wadudy 8-

' £
a o =

13 *Brix ndaansaan Usaas TSS veswalidifuliifinduda 19 *Brix ileainuzaiandu
ualiszian cimacteric Usinamesudsiasanetliimunidosufuasfisiuuay anasan
dingszazasaidind (1251 mawdsuansTulawsmduimadafesunalniidudoudy
anuvnveInIn vt uresSinmmeswdsiiazareildtantavoswalilusevinamafiuinm
[126-127) prmandilunsiUdeuuuases TSS Uﬁﬁﬂﬂﬁ%@ﬁ&g%é’MﬁLﬁULﬁaa [128]
uzshawenlififleanyld 16 dUnsi wie 112 Fu ag¥n T5S 16 10.0 Brix wlevsgnas
fiA TSS 22.1 °Brix [129] 91nM511891UvR935IWS [115] Wudh USinas TSS wdsnsiAuiien
wanzasiaenliifian 9.5% wdaniufiutwdu 17.23% wazidsuudasiesinniloan
Ny dwsumaiushwisauzsheiusanesiionmgil 13 °C um 20 Yu USinal TSS ity
21 9.5% WJu 16.5% ndsndusanaudfisadntos [106] WwReiiuiianm [39] wu
ugsheitusihnenlifinesnsduTunn TS Wiulumussagnaninfuinuiigungll 12 uas

14 °C LA¥AINTIBIIUVDS NOBYIazANY [129] Uza1371818LA UL 83 80% UuAI8a Y
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wAaLTouASlus (CaCy) a8iiAn TSS Aouuy NasUd 1, 2 way 3 Tu 7 8.965+1.716,
10.0431.977, 11.508+1.691 uaz 16.848+1.518 nud ¥y uan Nz 1841199 Noiwan et
al. [12] ﬁmaaamaﬁuaaqmwgﬁiuﬂmﬁu%ﬂmdaqmmwsuamfmaﬂiﬂﬁmammq NUIAN
Uimnamesudafiazansthld (SO veswauzaathaenlsEnesdivdudenagn A1 SSC wa
uzaianlutudl 0 deuszann 11% wsiinduegseaidendulszam 16-17% loan
Fafl seduves SSC ndrnuanzasanduiinuhasiivioanandntiosaunsefisdugans
LAU$A®Y 91n31897UB04 Sothormvit and Rodsamran [128] wu31gamginnsiAusnuid
aedudenalyf TSS vesmrhafinduesesindmaldl figungli 34 °C walildiargnduiian
(3 1) way TSS qqﬂfmzmqmaiﬂﬁﬁuﬁqmmﬁ 27, 20 wag 13 °C
2.4.6 U3uaunsn

[ I

n3nlunzailsenaumienIndunidens 9 Ad1Agy LYY NTATASN NIANNEN NTANIM
a a J Saa d’ N a a a | IS
an uagnseeen®Idn winsanduSinasnigene nsndn3n [130] lneundlunauyided
USHIUNTA citric wae succinic FRUINTIILADY 9 ANGITENINNITEN VauEAnsa malic Tu

| U 49{ (5% a L2 4 [} d” A 1

wansRfuuediurlinvesiug [131] Tngnsnazedludiuilovemainiian lussnitenisan

v a acs cs' = s a @ 8 v ¢
ANUNTUYRINIABUNIdazanad Lennsildsunsadasniluiinaiasnisliusylevd
AolUlumstINaIIMINITEUIUNISVRINA L [132-135] uagdamvariasgnuilaalusening
nszuaunsvnela [136-138] Tegaungligedmanasn TA vesuzaeluszninmnisiiusnw
Tngialunuindnsinisanvesuzanmiuainudunsnanasnuinluiesduazdinin
anmnge gamilunsdaiupaudisguiiliensinisanasresel TA gaTuseninenis
gnuazmsNUsnE s AUSinaodsiiasarainliniutulazanaswes TA duiusiy

1 ! < o :al' a B

TYANYBINANYINTEVINNITNUTNYINRUNHA 9] 1UT1897UY8T O’ Hare [139]

U NVRRINAANS 13 dUAI9 138 91 T UTuINTA 8-9% [129] 259U [119]

' ' v 6 o a a a a < = a =
WuUIUzTUgMe I HUTIUNIATATNANANRN 1.45 1T 0.52 FIN15AAAI0IAALEHRN
walilldnsnunsadindu substrate vosnszuaunsmele TneUSinansaiilauasnle (TA) Tu
nangiudunenld@vowmanmgll 13 ssmuwaided den TA Winan 2.22% Ju 3.13%
Tu 10 Tuwsnuazanas wide 1.51% Liainusnwui 30 fu ausiesuefssuarise [106]
oA v A i ' o &0 vy A A

WA IR UL [39] wudn uzdeiugunen WENeasiusinnInanamIussuEiIa
n1siusne) Ngangdl 12 uaz 14 ssrwaded lneanadan 2.3% lufuusn iwdeudies
0.1% eaNagn UaNNUTILIUVEI Noiwan et. al. [12] wuimsidsuniasa TA vena
uzigaumginsiuinwasiutuanassenitanisanvearaldlunnanioe luiuusn TA
YRIHANTA1UTEUI 2.8-3.0% wazanaunioussuin 0.2-0.9% lunauziedn TA ¥as
wzihaenliid@vesiigamgll 34 °C anausandin 27, 20 uaz 13 °C 58nINNITAUNNN

Ligaungll 34 °C azanluiung wazwuinm TA anigallaiieuiunandslaan
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2.4.7 Mswasuulas pH

Afiien vanefls Aaures log §1u 10 vesnnuiduduestelnsiauloouiifiogiuiin
viouwaldifduld lnsaudunsavesinuasnalifauddasonmunwvesinuasnalsl
Tnoamenalsvarfinaseusziiviinansagsnn Wenalsiunidnaziiviunansnanas uaziile
nalsianazdiuiinansntiossnn malinsesimuiinansnddddusildsesnisuiuagns
an suivdsanivesnalild uozeudunsadedanuddysooignmaiuinw [184]

pnsannsnduunoonamAiodlddu 4 nau fail

1.7 wald LLazmmiﬁﬁmwmﬂuﬂmqwm (very high acid food) waneds fifitows
N 3.7

2.84n walil wazemsnfinnudunsngs (high acid food) nunedia Teverluyi 3.7-

4.5

3.0 waldf uazonsfitianadunsam (low acid food) nanefis dftewegluzs 4.5-
7.0

4 ifn waldf uazevnsitianandusig (basic food) nanedis fftewsnnni 7.0

s91nteyaves U.S FDA [185] ur3hsan (Mango, ripe) axdianiiiavagil 5.8-6.0 vied
AdunsngatiuLes

IN31897UY84 Islam et.al [174], Afisswaziisen [106], 181207 [39] WUI1AT pH U89
NANZALTUIEHAINNSNUS N LloNan
2.4.8 nsiasuulasd
duazssninguuseantailu 3 nqulug fe Aaslsfladdslidden ualsiiuesndslng
= P vy -y S = P vy
WA9-kae kazlaulnlsetudadrawna-uditu usnanidadinalueanasnanludlnasn
a P P = v o 1Y) a a &t v A o
wazdunalaeiilassastmiaaiilndifeeniuweulnloeiu raslsiadaelngte Tlunaldes
& a Ay a v a @M Y o 1Y ! Ay a v ) ° vy
Judanduslaadesnisnseliild dmsulunsdnnduslaadesenssudseniuan n1svinlvd
Wervasnaelsiiadmeluiludssndumszdigliuslnansiuimaldansuussmuliuan
[117]
el' a a 1 a I~ 1 [y [
mimawwmﬁumaLﬂaaﬂmammqmﬂwamumuwa’qﬂ%memaﬂulﬂmmﬂwmmaﬂ
Wug lagseninnsgnazinsidenaaievadnaslsiiadainfanssuveteulasinasiiadiaa

Y} Aaa

[14,46] fin1sdauns1erinaulnilad walsiu wazwaulnloedu Faudusiningiidndasun

= Y o S a = o g v 1 = a o & oA A
WiResdd wardiehidu Usingiu iliilenauziwanideniudeuandlisuludivaes
V3OAULAY i301uns [140] 1 1Upnwauziieiug Harden wasuandifendumdesdy
waziug Tommy Atkins Wasuandlendudduuns Tuvaeinug Keitt iWdsnuauziiag
o & A 1 ] ! o &0 o i Y [ <3 d'
fanaludileteg [141] dnmauzihviudimenlifieoglussusundn mendenisiiuiiedas

Wasuanawenluludivase [42]
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Stage/Degree of 1 2 3 4
Symptom
Ripening-decay index
| 4
(Score 1-20) (Score 21-40) (Score 41-60)
(Score 61-100) overripe, orange-yellow, soft
raw, yellow, hard raw, yellow, semi- ripe, orange-yellow, ! 3
texture, slightly alcoholic smell
texture hard texture firm texture
Indexes Ripening 1 Ripening 2 Ripening 3 Ripening 4
Number 29 14 43 41
L* 8152 +0.204 79.57 +0.53 ¢ 7559 +0.32° 7327 +0352
a* 1.58 + 0.14* 1.83+020° 403+£025P 571 +030°¢
b* 3137 £ 0.63° 33.88 +1.03° 408 £0.70°¢ 433 +0489
Fw/Peel (N) 3137 £ 04749 2416 +1.48¢ 1349 +098° 923+ (0512
Fw/oPeel (N) 2411 +0.769 1464 +192° 403 +030F 1.53 +027°2
Weight loss (%) 1.71 +0.25° 2.71 £0.18P 417 +0.18° 629 +0.314
pH 329+0.042 3424+009° 464 +010° 537 £ 00749
TSS 7.934028° 861 +0.33° 8.96+023° 833 +0.20%
TA 0.94 £ 0054 0.69 + 0.08 € 0.17 £ 0.02°P 0.06 +0.012
TSS/TA 938+073? 15944+391# 110.64 +12.68° 169.83 +9.51°¢

MW 2.19 AadnYENeNImkasIANYestsweniidvesiwiasssugan [142]

=] A

3718971U¥89 Noiwan et. al. [12] wuindifenewsdilieuaindviosseulunaan

& A v a4 A ' . flotord v al A
L‘U‘uﬁL‘Vla’eNL“UNMS@HLMGEJWI@JIUN%NNQ?] AN L* GU@QNalIgiJ’NWLﬂCUVL'JV]@mVLﬂNG]’N 9 cI/'!ﬂ

9 Y

2 o o] ) oA ! et A |
AN1ENITLAUINWINUINAT L* anadag19natidad lagan b* LWQJGUUFLU%'NV]NaiJzﬂJ'NQﬂ FAIN

gl IieId L*, a* uay b* anasszninanisinuine lusseziignifud and L uas a*

9 Y

= I3

firsnituarar b* geananlunaldinfiuliiaamgd 34 °C lngldendsdessaznainisiiu
Snwn Tuvngdle (L* a* way b*) Mlnenllunaidiieveswauyiiaarilasuwaindunilugie
a v & A A Y | v A Yo 1 a A X A

Susu iludwdeadalunsinegn asuasiiuladaiie L anas lurueiia a* windudle

= v A

nauzdannenkidnesgmaud (Tuf 3,6, 8 uaz 16 Hogungll 34, 27, 20 uaz 13 °C
MIUAAU)
Tangpao [142] layIn15398n15U gLl uiineto i uaNBaE N NE3 SIN81Las LAl

1 =Y 1 5 Yy v al'
53‘1/]’3'1\‘1ﬂ'15Lﬂ“Uiﬂ‘l?ﬁNﬁ@JSZJ'N‘U’]ﬂ’eJﬂVLNﬁVIEN FananaliunIng 2.19

2.4.9 lsavaamatiuiien
Isruouwnsntualulsafiddyianvesuzaing ivgnluaniweiniaseutiuegaussing

Ing faveinainiaies Colletotrichum gloeosporioides Fsaninsavinlviiinlsalalunn

v a

a a ! =3 a ! ! & [
TreyMIAsAUlnveINaNyii [143] Tagluszesiiuifeinauzaisdiuinn Wesiaeindi
AHav iliuan01n139A1 WindsaInn1siiufgIasusINgeInNsveslsnfiunatza
aglussevuy warnaan [144] FedmdulsaiidAglussoenduiuineivesuzaiie Jadu

guassanddglunisdelydmitenanainnislukagenauseina lnglansuya199 1y
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SulssmukUURagnuazUdonUs azgnieiivhaneldine wu Wusiheenls Faduiusi
IesumnfionanaaiaisUssimauaziiyadinisdsesnanndiganitiugdu 9 91051
Amudsmeresauzanaiuinnenlianedumamemhelunnmamiiouaznainnans
Audinuasnslulmngammaiuas wuihnnudemeniigaluszeznedimite Taue
nlsaneuunsaluaundignanidu 63.2% dmiulussozaudamuin mnaudemeanlse
wouunsaluanuidusuduiiasasesainoinisuati [145] uonaind gewuinugaaeiug
iheenliiuiusiiseunadelsatiunniian sosawmnldun WusiwenliEves wmwun uas
Tvaotfud mudiy uazususnseuetiosdign [146]

Mnfinanaimuaazifiulidn dadesing q gy gaumgll N3zUILNINAINISIAUAY?
nsussuarmsTuAsilimnzaufiAntuluvhddgunusesinuassalsl vhlfuzshafnnis
andonmnmegnennig fidun1sdnnInszuaunIsus n1sTud suazaIUANgUMYRT
gnfes aztIuvzannsdounan iarann s deveNzaig vinliongnaiiusnvinay

MIImUngNeuIUle

2.5 UNLNLNYITDINUNIFINADIANIZNISVUAINIBINEA

a

Nunes et al. [17] lpvinnisveaesiiusneuzaznelagdiasinisiuasunlasg gl

Y

WUUMUMQIaarauvalian AauslsafnuTsy N15UHEWNN0INTA kagmM s eiguies
§ < < = Y =3 = a A d ' [~
W3An Wiguiguiunsiivsavsgagneaumgianing 12 °C wui manuinwuzazne
luanmneumgiiiinisilisuklasisiuvaumgiiaiuuvaamaiaisvitlviugazneiinis
a 8o = = = & = N A oA A
geydermin. msiiguidasd msgadsanuutuile wagmsideuideiunnnii IUsunu
< vy a = % = A a Adwy ' @ @
Yosudanaranele UsunansanlnmsalauasdSinaidanndudntesniinisiusnwugasne

t:ll a A ° & @ W a aal d‘
NDUNNUAINN 12 °C ‘L!'EJﬂﬁ]']ﬂ‘Uﬂ'ﬁLﬂUiﬂquzagﬂaiuaﬂWW‘WQm%iﬁ]&mﬂqslﬂaEJuLL‘Ua\‘]LLU‘U

'
o

gaunniinnasyiliuzaznatineinsasioununy nan1svaaeeansliliuil n1siu

Y

A aal a g a a o 1
Snwwzazneluanmgamgiinisiisullamawuugumgiigaasiuugumgiiailuaill
WILse 2-3 Filus TuseninanssuIunsussIkaEnIsTuds aursavi g uslnaliseusuly
AN MTBINTAENBLA

o

Nunes and Emond [27] kag Nunes et al.[89] ¥IN15NAanUI g U gUTENINGNNT
@ [ e‘d' a d' lesu a v A U d' °
mmﬂmamawaﬁﬂuaqummmw Imaqmmwmumum 3 3¥puma 1 Un 1.0 °Cx£0.4
°C + 1 Jufl 10.0 °C20.5 °C) uargaumaiinaasil (6 d at 5.5 °C=0.5 °C) AaanIEEEiIAINITAY
[ [y @ [ fd' ad‘d d' a' dg‘J
5msnﬂ‘umsmmﬂmamaLuaiﬂuaqummwumimasmuﬂauwmuuazamaq Tng
aﬁ’waaqmim%auLLanqmm:ﬁﬁal,wiisqﬁ’@mﬁa; ANSYUAINI9INA LLazmimqmaﬁsqﬂLUa%

¢ ' A @ W P Aaa a A &

UIFLAH WU amawaﬁ‘wLﬂmﬂwﬂuamwmmmmumsmawuﬂawsummmﬂu

n3A-AN9 Nsgaysdetntiniunndt ArenuulsiouazUsinauinantosninnisiusnwm
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Tuanmgamaiingd wenantimsiiusnwiluanmfigamiiinsuasuulasdainlamiume

Y '

fegiiivesanseiuess Juduanmddyriliianisdendsainiesuasuuniise

Y
Nunes et. al. [147] lavinn15naaesun Snap beans (cv. Opus) Nliidsmenazruazan

[

gniiulineldgaumgiaeciuy (Aepsiiuasduniu) Fainnwuseninmsaiiunsniaiiuiu
wazuuLAseedu Snap beans (cv. Opus) Mviulilugumgifsasiazagdsiinindesas &

J2AUE ANUWLL wazmMsuadiNAnd mainduinanassesdidesniniiulilugumgin

'
= aa

s Snap beans (cv. Opus) fiulilugamnifsnsiiaediftnauasnisaaefatosniy
fufulilugamgdiitumu dwiinfianas & naAedtine uagmsdn Wuiladendniisidn
anuassalunsneldvesia msadaunmiinnuddgpnnninluseninnisdiass
nsadun1sianisauintulazn1sianansdun1uieudn Snap beans (cv. Opus) 910
pamaindurufiotunglilfdouissidriganizansveydn luvaeiidrimnainnssnm
gaungfinsiiazliidufivousundsarniiuly 24 Faluddunisneudn nadnsuedd udfandu
Fraanduy AMEURIULAY /A 0N TN anwUsEMIsnsAL U 38Ans 819dwa

Titin15Ufas Snap beans (cv. Opus) Farmum



uni 3

A5N15ANUUNI5IVY

3.1 IngAu
uzshstugieenlddneniufnfisvezuinenisddmiunsdoonniieinia &
HunauzahediflszeramuanyFormuiysaiusyanm 80-85% (92-95 Ju ndsmenui) a1n
Jinaultansi (13.606977 °N, 101.298767 °E) Tumasziusanuesuseimnalnedmsunis
AULA 82AT 97 1 (HD) wasdandaveunny (16.14964°N,102.76750 °F) luaa
arTussnidsuniievessamalngdmsunmsiiuieindad 2 (H2) lunisanw usainedis
j;di"mLLammmaﬁWLauaﬁmﬁh 350-450 n¥u 18 uuzaeildfidmiidesansesunnuas

lsadulasunisindensuuinsgIuduminussivenisaseanuzaiig [79]

3.2 gUnsaluaziniasile

1. i3esddluiuuuAdnea 6,200 ¢ x 0.01 B¥ Shimadzu $u Shimadzu UX6200H
Digital Scale, Uizmmjﬂu

2 Brix-Acidity Meter 89 ATAGO $u PAL-BXIACID1, UssinAgu

30303 LT odula (Texture analyzer) §%a Stable micro system 35U TA-HDPlus,
UsZAanINYeIUIAINT

4.1A30sTagamndl IBUTTON TEMP LOGGER 878 Maxim Integrated Product, Inc.
U DS1922L-F5, Usgineanigawsn

5.1ASReInANLTLELITS He Testo JU Testo 174H, Usuineigasduil

6.\A3047A pH B3 OHAUS U Starter 300 pH Portable, UsuinaanigeLusnn

7405 0990 d (Spectrophotometer) § %8 Hunter Associates Laboratory Inc i;u
MiniScan EZ 4500L, UssinmanigaLdsni

8. auaunadalasulnu (Polystyrene Foam) aaumun 2.56 wwufuns (1 67) Tnevh
unaedlaUadi 1 #u vuin nxexd = 60x90x62.5 1. (Arduuszans n1siiaudeu
(K)=0.031 W/mK) [182]

9.03ma@#n Low-Density Polyethylene (LDPE) A3uuun 1 daduns

10.59N589%"

11.avglnudmsurierusesiig

12.nd0ansEATEENNN 5 U YA 40x52x10 . 1§ 2 FeesELIseIMAR LT

ANUVDINADY VUIA 7x2.5 3. UAPenI1ewINwedliiiu 1.6 1.
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13.71039AUANRN I 20 BariwaLgya

14 Inséwvidlefie Bve Huawei $u Mate 20 dmiueamn

15.n803dMmTUIEAMIUIN NIN9XEIIXEe= 30x30x30 Laufiung dYeudnzgdmsy
§18A MR 2.50x2.54 uRuns figauuy aeludivaenln LED fifAuasadng 11800-
12000 LUX (Tnannunasnitialad 30 Loumiuns)

l6. W uannalasn
3.3 /N3

3.3.1 Mawissuuzsiasnaenliides

Aurauzdiunsndseantiainaiunall vudslulssdnussy dansanunszuiuns
dsoonuazvudsluiwdenrinnisdiassaaniznisuudmnsotnia dananshunmil 3.1

Tnensifuifieandadt 1 (H1) wandainandans Wetudl 7 fuiew wa. 2565
wazmaiuienadsd 2 (H2) Pnanumaliludmiavouiiu Wetudl 19 fguieu we. 2565
Auwwaiag Aanse vesy ioinnliflgungRviiladauendowiuvoudasd ndsmniy

yudsludauien Fea.miald 91nn dmiauasdgy (13.80253 °N, 100.06714 °E) lusa

nszugilimuangamal

o
Y

Tatiunaliiann H1 Fagniiuiieauazaudalealdiont 27 dalusneunnilssquiniou
Tuvaziinaliain H2 sxgnifiuiieiuazauddlagldiian 44 alusnouunilseguiiniou nald
gninAnuazeIakasJuiuihfou laalioamafiununanid 46 °C Wuian 10 wivl e

U o = o ¥ ! (% gj o 4
uuasuralilssussenussidsunsundimeainsesananglsul6s] vidsntuazgnyinly
Huasseinay meluiespivquaaumadn 20-23 °C dadalidulszana 1 cm. adiuy

Y Ao U A A & A v A § v 17 i @ o § v a !

nenIMilnszarunilideiiuivienisonvelienavis ugtmdnnisyibiduazgnladlugs
mnglnunazussalunaansgawgniln 5 Fudmsunisaudanieenie suiangaes
40x52x10 9. d 2 YaI5UI8INIAMUTIUARLATLYBINGDY YUIA 7x2.5 @il Unrien1vng
wwnieslaiiiu 1.6 4.[82] dwilinwaliinanaesUseana 5 nn. f91uu 12 gnsionded 69

[

wanslun i 3.2 uazszeziiailunisguuniow, vssy UShwlulseAnussyae 9 Talus
a9 nd u naldaggnasludaiosU UAn1s Food and Smart Agriculture
Engineering KMITL 1elu 2 43lu9 desanlimuauanmgiivasinugdsiussynastuiiy
Linvesruaugamgil 20 °C Wl 15 Hlue feuinin1s91aesan112nsvues AtuLaa
U 13 d' ! o ! A
YaralinainsAuiedly H1 way H2 NauN1T91899aN1IENTVUAINIINARD 53 wax
70 Haluganudiu Tussularszeliatnandlunsiei 3.1 Ineidengumgiiendss 20 °C

Tunsiusnw Wesnueiheiigniigamgl 20-23 °C TdnvagiifuazaunInIsAung (3]
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nsvuadlugalsefinussy M3SunUgLNNlsRnUTTY NSATIATU

ANSANINLU

N33NADIENITUTIUATUVUEN8F WA wlanauMINAaed

AN 3.1 NISVUAILLLHALTUNDUNITINNNTULLINBTIaBINNTVUAINI9DINA

MW 3.2 MIdaesuzandinenlddnearuin 350-450 nusegn Melundesdmsunis

YUAINIBINAVUIA 5 DlaNSUsNaad
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AT 3.3 N159AL3E9NARINLUIIUIRaN LEIAN9FI NS UN1TI1a9EN1IENNSYUAINI9R N ALY

A1519% 3.1 AANTINLALITZLIANEILAUTINDUNITINADNAN1IENIVUENIDIAA

WHRENINLIIUR

AsNUNEIASI 1 (H1)

NISULNEIASIT 2 (H2)

3HLIAN TELIAN
No. NINIIU 5 sENd1eRaNTSU ~0 SEn919RNTIU
AUN 1381 L AUN 1381 .
Uagduuay tagduuay
Aanssunauuin fAanssunauniin
1| Auifieauzing 07/03/65 | 06:00 0 2. 19/06/65 |  13:00 0 4.
2 | Asvden smSeslangnin 07/03/65 | 13:00 7 3. 19/06/65 | = 18:00 5 %3l
3 | dafuilesduiianusenisuuds 07/03/65 | 18:00 5 %l 19/06/65 23:00 5 9.
4 | vudslugalsafinuasy 08/03/65 | 07:00 13 4. 20/03/65 |  21:00 22 93
5 | asefudiuziedilssdaussy 08/03/65 | 09:00 2 . 21/03/65 | 09:00 12 L.
6 | udindeu 08/03/65 | 10:00 1 . 21/03/65 |  10:00 1 2.
7 | angaungilaiginay 08/03/65 | 12:00 2 23l 21/03/65 | 12:00 2 %l
8 | fathuzaha 08/03/65 | 13:30 1.5 4. 21/03/65 13:30 1.5 %4
9 | dn589a9nand 08/03/65 | 16:00 2.5 %l 21/03/65 | 16:00 2.5 %3l
10 | Safuifiosevuds 08/03/65 | 17:00 1 . 21/03/65 | 17:00 1 .
11 | vudaluds KMITL 08/03/65 | 18:00 1 . 21/03/65 | 18:00 1 .
12 | wiangunisneaes 08/03/65 | 19:30 1.5 . 21/03/65 | 19:45 1.5 9.
Fofuitosesansanznisuuds
13 08/03/65 | 20:00 0.5 . 21/03/65 |  20:00 0.5 .
NWDINEA
a‘haaaamwmwudwmmmﬂ
14 | . 09/03/65 | 11:00 15 2. 22/03/65 | 11:00 15 %3
YILIUATUVUNYAUAN
ifmizazL';a'}riaun'm‘"laman'\'w 53 %al. 70 .
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3.3.2 NM59ARIEAINTYUNI9RIMA

TUHUNITNARBILUULHUNTNARBIWUUE ANy el (Completely Randomized
Design: CRD) Tuusiaznsifiuiies Aenisifiuiienndedl 1 wie H1 waznsifiuinendedt 2
vido H2 Tuudaznsiiuifeanzshsgninnguidu 3 nqunismeass 9 av 10 ndeuazdnises
2 ndessotuns 5 4u Fwandluamd 3.3 % 10 ndesrzgnvidenaraRnindiefidueiu
uiust (LDPE) vunmenumn 1 fadiuns lngngunisvaaosia 3 nguusgnaudae 1)
MNdluesamll 20°C AARRIENISAUTIY 2) 19NA1NTR UAT 3) I19NANUTINATLGIE
deluindalofunun 250 su. Teiamunazanseguunianianaiin Tngnengunsvnaesd
2 uay 3 nanaudaduna 2 Hilus edrassanmansvudsuinaamumedumduandy
Al 3.4-3 5 Fsantumeluladwszaomnddinammsaiansyds (KMITL) e lailnaann
auNUugssunlisruginaUsednal 5 nu. é’aﬁ?uqmmﬁLLazmm%uﬁ'uﬁméi’mauuagnudﬂaj
uAnA9iY ndsInTaesanImAIILAUS A mrut s udnduag 2 Faluaudady
uzshsgnasludsesruauenmgiesdi 20°C ndsantuataulndaladulviugnineanain
NEuNIYINAEsTl 3 wiBtwaadn LDPE 08na1nnangun1snmaesieviuavaaniniaasiiu
10 16 Faluaiiledrassanimnisvudsuuiaissfunazun aususedudaiens Ussiiu
AN YBdLZINBUNTTIae TR UM TauL Ty viNsTiassianusudefiauudy
vimswuddlagrdosdunagnaonignaiivinyilaslfiauzang 10 wadengunsmaassd
ynfupoununsed 3.2 Auanaauasgungivesssuinnsdansdiaes Mnatuudie
duiaunidugiuslaagnuandlumsiei 3.2 Tagfinsanainnainisvudimseniavedta

wzaheanawniugssugll Usenealve lWdauutuuSamsamelng ans1sasgsaes

\ll

Control Room 20 °C &
Constant Non-Insulator Insulator
1 1 i i I 1
1 | 1 ] I 1
1 1 H | ) |
I | || || || |
1 1 1 1 1 1
(A) (B) ©

AWA 3.4 N3TNaRsaNIEkInaeNnaasuUTTNvilu e ulraniaun Tunvua ey
Wasesluszetian 2 93lua lag (A) 1 Treatment ABMIAIUANAGUAIERINAIERN LDPE
iosgaumail 20 °C (B) 2™ treatment ARueIEQINaTaFn LDPE uag (C) 3" treatment

9 Y

AANAE LDPE fluauiu polystyrene foam Mgaunniinanews
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) ,.»%'

62.5 9.

(B)

i 3.5 (A) unnaednulndalasunu 2,54 91. (B) 40192153 NNANIWLNAARN
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AL NAUAMUNUILUUST (LDPE) aunanumun 1 Jadunsinglifinaaslnyindalasu

M19199 3.2 N1sinaasanElIawazaminldlun1snaaes

] S3ULLIA gauunnal (°0)
N199183896N1% A q q
. cumulative 1°* treatment 2" treatment 3™ treatment
N1TVUES (h)
(h) Constant Non-Insulated Insulated

ASIAUAT 0 0 20° 20 20
auvudeduAdl

_ 2 2 20° ~00+6° ~00+5
fgUINUUY
yudsmaaIesdy | 12 14 20 20 20
aulvanauwdy. | 2 16 20 20 20
YUALHL AU 10 26 20 20 20
21gMsiusnu (2 $u) 48 74 20 20 20
21gMsAusnu (4 Su) 48 122 20 20 20
218MsAuSnw (6 Tu) 48 170 20 20 20
218MsLAuSnw (8 Tu) 48 218 20 20 20
agmafivinm (10 1w | g8 266 20 20 20

2 20.0+1.0 °C and 90.5% RH
©40.0+5.0 °C and 70.0% RH
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3.3.3 ?J%'mim'mi'ﬂqmwgﬁLLa::m'm??ué'uﬁws‘

Tdgunsainsrataded gangdnislunaesusiguzaasiinenlifldindos
iButtonDS1922L-F5, Maxim Integrated Products, Inc., San Jose, USA). 1A8319%7 Lmu'ﬂﬁ
i1-15 YosusazvIvEiug fauandlunind 3.6

Amatuduivsmeuenndetussquzahsiaentildiedes (Testo 174H, Testo SE &

Co., Germany) lng13bImuuenuugn AawanslunIng 3.6

L
°
e &
[

@
@D <>
©
) @

NN 3.6 NITIASEINABIVTIINLI NN IENIMALAILMIINITIEUNTAINTI TR
Qmmﬁuazmm%uﬁmﬁmé
3.3.4 91gn15AUSNYN
2 w Pry) a v a a a

91gnIskushwvewalillasunsusslinameaienilaeiiansanaind nsean
BAZNISHNTDY kaY 53 TINNSINITAUNEIASIN 1 %38 H1 waz 70 TrlaendanisiAuiie?
ATIN 2 198 H2 n1sUsguynlugaian 48 Falueauniinanziiazlilasuniseausu

3.3.5 n1sgayideinniin Weight Loss

o aa 2 Y o aa

AALUaII5n15970 Shah and Hashmi [148] Tgwa3sasgalniuuufanea 6,200 g x
0.01 8919 Shimadzu §u Shimadzu UX6200H Digital Scale, Ussinagiu ashansluning
3.7 lngneuagsudaminvidmupgnnagyin1stedmtndiuig 10 gnaen3nidud waivi
A3 aune I NNaNzIRazae Yuinuvin 1natainmin s uni SNAadwhas sEniInenis
Ausnwanasy wanhurmwnmesidudnisaadenminldainaunis

(Wo-Wp)
%Weight loss = ——  x100

Wo
e W, Aptnvinvesuzaigbuiug 0
W, Ao dutinvadnansadsiuiug t

YNANTIA 3 91
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= .
= =

AWl 3.7 edesdisluliuuufinea 6,200 ¢ x 0.01 8% Shimadzu $u Shimadzu UX6200H

3.3.6 mﬁﬂm’mwmuﬂutﬁa Firmness

1¥pdediinsiiloduda 8% Stable micro system U TA-HDPLus, Useineansny
9101303 Fauanslunnd 3.8 3311399 2 wuu Ae wuuvhansuarlivians Tnsuuuls
ManuankUasn1uIsues Penchaiya et al.[149] wag Sirisomboon & Pornchaloempong
[150] fimsTnarmuinvandesiaisnafiumnatamains 2 #1u Tnsugainsazgnindy
aafiimeazden Weuastunsiguszanueiagn dami 3.9 ndrmntuserndarelul fe
14 Wanaausulaaafanssnszuenidusiuaudnais 5 fiaduns (p/5) [usdlunisned 1
i (N) pre-test speed=1 mm/s test speed 0.2 mm/s ag post-test speed = 10.0 mm/s
sre91uadu Average Firmness (N/mm) WagA Toughness (N.mm)

nMsiauuuriagasihnisUeniudenvetzannagyiinsians ngaigadsnduitie
wutlaivhang fnsierdsieludl Ae lnnaunuwaaafansanssuondukiugudnats 5
fiadwns (P/5), szoenalunisnaii 10 mm pre-test speed = 1 mm/s. test speed 0.2
mm/s Wag post-test speed = 10.0 mm/s sauadu Rupture force (N), Initial Firmness
(N/mm), Average Firmness (N/mm) kagan Toughness (N mm) lagaaulasidves Jha et

al. [110] wag Sirisomboon & Pornchaloempong [150]

D Goaess

(A) (B)
A 3.8 (A) LATasIaLaENE (31 TA-HD.Plus, Stable Micro Systems, UK),

(B) %”aﬂ@mmumaaﬁamaﬂs:uamé“umuﬂuﬁﬂma 5 AaRLNGT (P/5)
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i . Aa a o A o o
AINN 3.9 ﬂ’]i'ﬂqﬂwzwﬁﬂluﬂ’]@ﬂwﬂiqUazLaU@ LRENIINIIVIALUDRUNR

3.3.7 myiavsinaswdwiwmunfiazanetnld (TSS) nagiaUsununsa (Acidity)
wazA1 pH

Foutasidindendiag1a9an Mitcham et al [151] Y suzalasdrunansnaun
iy 2 Fruriinnsiasniie 2 dauueniu Tnetd eustihanduseirdssdunsinszuen
vi3eldieendyndonsng lennnsesdieginsosmn tinghenutady 3 du dmsy

nsinUsinamesdsiumafiazatetnle (TSS) nmstau3unmnsadnin (Acidity) Lagal pH

AWl 3.10 1304 Brix-Acidity Meter 8% ATAGO Ju PAL-BXIACID1

N5 TnUsInavesud s muaiiagareuale 19 Brix-Acidity Meter 8%e ATAGO Ju
PAL-BXIACID1 sauanslunnit 3.10 Feanunsataldorarn TSS uaw Acidity faudadsnisia
911 Xu et.al. [152]

M3 Acidity Yuzihandeasiuindulusasidi 1:50 Tnglfiniuzaag
Tdludnnesiunfuirdesteaulduszana 1.00 ndu ndsintu Tare desds 1Ju 0 n3u iy
drldasludnnesauiaimin 50 ndu viatmin 50 whatndinduzaie nieruansly

AW 3.11
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Sample dilution
factor of 50

AR 3.11 MsiFenaiusiheiisnsidn 1:50 tielddm3uia Acdity
Ine35n15191035 09 Brix-Acidity Meter & 78 ATAGO §u PAL-BXIACID1 2513y
swmsgrueiesilorliu 0 °Brix Ingveminduasuugasiuauazng Read auvsuansuaiiy 0
oBrix 1invAuazeInfIEnszawiiny udarinA1Usmaediiazareiiazansldves
Free19 fanmil 3.12 (A) wé’amaﬁwmﬁm&awuqma"mﬂ"] LnvinAuazeInAIY
nszanwiivg udniiogdmiuia Acid 7 dilute ud) voalugaenuALazna Read s
Al 312 (B)

Brix

measuremeant

(A) (B)
ANA 3.12 (A) msiaAUsiiaeandwivanfiazaneiitld (B) nsinaAn Acidity

) v v %’ ) 1 :.II ¥ = (Y] 1 = < a <

YMNSIANIUAY 3 91 kAELIANY 2 AuIRASiU S189UARAs T UUS LD LT
Nazarele (°Brix) nedley 1 #1unuIsIeuatasduUsuINndnsn (Acd) lneunuieme
gl

n15inA7 pH Anwdasisain AOAC. [153] lagldiaTasin pH 8918 OHAUS Ju
Starter 300 pH Portable, Uszineiansgomini tninusiwimisulinninauazsneauna

Wuredsnadoy 2 dunds dananaluning .13

Al 3.13 1A3eeia pH B OHAUS U Starter 300 pH Portable, UseinFeamnigaiasn
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3.3.8 msiadidenuanile

SodUdon uardiouvshsfinudn daulasdinisann Medina-Rendon et al. [154]
wag via 1dn1una [14] 1a QIR Spectrophotometer § %o Hunter Associates
Laboratory Inc U MiniScan EZ 4500L, Usginaansgoiuini dauandlunind 3.14 tufined
Tuszuu CIE WiAndu L, a* wag bruvaauas D65 yuddune 2° vin1sinnisnaassas 5 wa
Sanaas 3 fwns fdumislnddana nansa uazdanena st 2 aruvesuzaiie duandy

AW 3.15

AW 3.14 10304 Spectrophotometer fit%e Hunter Associates Laboratory Inc ig'u
MiniScan EZ 4500L

Awnudtnavng
fl

!

A duvdananang

v

A 4

AVLIUANENE

L /

N\ Vo
(A) (B)

AT 3.15 (A) N15UUIEYesNZa Penchaiva et al. [118] (B) USiiaun5ind

NLIUANRAYUDY L*a*b*

L* 311889 A1ANa3e d@1 0-100 P9 0 Uansediafign (A1) 100 Lanpainadign
(¥)

=3 ' & A A A = < & A

a* Mu18989 ANANUUUARAINIDATYT B9 +a* wanIANULTUFLAY —a* wanLUuALTe

b* Mg AR TUANADINS AU B9 +b* LanIANULTUAADY —b* wang

I~ = g a
AMULUUAUIEY

sutlanuinaed (Y) AUIun1Ngasved Francis and Clydesdale [155]
Yl = 142.86b*/L.*
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3.3.9 NMIUTEUAMNINAZANAYTEAUATIU

3.3.9.1 NMSNANTUTEAUATLUIUT VT aNUZI9A 18U ST EMMEUREAUN TR

fnLUag1nIonN15v04 Jacobi et. al. [156] Talasn1sUseiiumgangnInsauaIgnIn
FINTUNUTTUUAZILY 1-5 Azuy Sauansluninil 3.16

1

2

ASHVYI ATILNADY

WABININTY (1ED9DDU)

3 = WiaeduIunNaNg
4 = a9y

5 = ARLANT/AD LY

sTAUT 1 STAUN 2 SEAUN 3 STAUN 4 STAUN 5

Al 3.16 sesuazLULELUA DAYz

srenudumaziuu Tngseauainnisuseiiuameanenn agldiundudeinualy
A5 lgeuSUNaNELE IS UNSTE

3.3.9.2 NSRATUITLIUAZUUANTIEALRT (Shriveling) daaUszamdudasiu
A5UBALIY

fnuUasa1nInee Quintana and Paull [157] Talaunisussiliumigaani a5
PINSTUUASIUY 1-5 Azlun fanansluninil 3.17

1 = lifiassaunsiisuan

a zs' & v o vy
HIBYLNRYIIRIANUBDY EJ'E]?JTUVLW

= d' [ t:{' [
Jseadienarviunans idufeeusu

2
3
a

= cl' [ d' LY
HIDYLNYWRITULLIN VLZLILU‘LWIEJ’EJ%J?U

5 = fispuigawazwrlisausuneldaaniizuns

[ ! [y a a [y 1 [ 1%
18911 duAALLUY IngseauANULELRNISEAU 3 ‘\J%IN&’]SJ’]?E]EJ@&J?UI@
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AN 3.17 SLAUATLUUAINULTAEIRT
3.3.9.3 N1SWANTUITLAUAZHULAUTULSINSIALSANAINISIAUAEY (Decay)
¥ Y] LY 7} <
AeUsEAMEUNFAAIUNTUD LT
AnLUa131nIave Nunes et al [158] uagwiln 1finiuna [14] Jalagn1suseiiiu
MIYABAT NITTUIMUTLUUATLUL 1-5 ASWUY FaLAAILIUNINA 3.18
1 = NSLERULEY 0% hInUTeIsauAULdautdsannivalsa

2

nsiieids 1-25% wuarudeudsainidolse qaudn 4 dda /

3 = madeidis 26-50% wuamAeniAsndelaiintentunans (Rnfidnsde
warnsasLAulnveslugiawy)

4 = madeuids 51-75% wuarandeuBsnindelsatiunandagun

5 = nsdends 76-100% arandendsainidelsauusadaniinnn rahaiiies
ULV eTiaviin)

[ 1 ~ Y 1 [ (2
51899110 uAALLUY TnenseaU 3 ﬁ]%vLiJﬂ’liJ’]iﬂ‘t’J@JﬁUvL@

Al 3.18 sEAUAzILLUAMNTULIINSARTsAVENSLRULAEL [14]
3.4 NMSAATIZRNNEDA (Statistical analysis)
Tusui e ldlusunsy SPSS Version 28.0.0.0(190) d1915UsEUU Windows (IBM
Corporation, New York, NY, USA) L aFuIaN133 1S3 A NLUSUSIU (analysis of
variance : ANOVA) Tagl435909 Duncan Lilamanuuand1seaad ofinuidesy 95

Wasigua
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3.5 anuiuazszezitanlunisinise
3.5.1 an1uilviinisvinaes
3.5.1.1 imamuauaamgiuaziesufuinisaudanududamisuinnssueinms
ANEAMNTINAERS andumalulagnszasundndnnammsainnszds
3.5.1.2 %e9UHUAN13N1AIWIAINTINOINNT AMEIAINTIUATERS dnrTumalulad
WILIBUNANINAUVNITAINNTEUS
3.5.1.3 %oaUURNI5NIATVIIAINTIUNYATIRIBE ANEIAINTIUAIANT dn1TU
walulagnszauna i Aunmsatnnseds
3.5.1.4 U3 T1eanseld $ada ey 159/1 u. 6 easd e. los uasUga
73000
3.5.1.5 H9UdWIAA T.laiA. §fn T8 99/329 0852linT OULULYS W1IaT09
UUN3 LUREIUNTIN NFAVNLNIUAT 10120
3.5.2 53824a7lUN13398

(%

SUVITUAILARBUNNTIAN 2565 LavaUAANITITLABUNNTIAN 2566
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un 4

NanN1sNAasgazn15anUsigna

a

4.1 aaunna

q v

gauniiiaRulunaeIuTIaNaNsdtuBgiuANULANANYRIaNIENAUIUAET

aunudu (M99 4.1) Anuudsusuvesgumiilundesndudatuuasinniugendnluanin

'
a v

naesflflauiulndaleSusinnirfawiulndaleiu gamgindalausdaed (H1) v3eain

a
auiams) (Hauru 28.1+0.6 °C wazlifiauau 36.9+3.2 °C) doaniiuzaeil (H2) n3ea1n
vouwny (Jauly 34.240.4°C wazlafiauiy 38.0£1.3 °C) wiula11aulrulndalnsuil
Uszdninnlunisargamgiinnelunaasussy

ldl a cgll L LY o’d‘ 1
M13190 4.1 PUNNUUAZANTNYUANNNTVIINIZAN )

« A& 4 a ] 4 Temperature Relative
NISLAUNYIATIN YUAVBIUIIYNUN Treatment at tarmac

O humidity (%)

H1 Outdoor 42.7+1.9 77.8+0.7
(53 h*) Control room 20.7+0.4 91.9+2.0

LDPE Constant temperature 20 °C ~ 21.3+0.2

LDPE Under sun 36.9+3.2

LDPE and insulation  Under sun 28.1+0.6
H2 Outdoor 39.1+1.7 69.7+3.6
(70 h¥) Control room 19.8+0.5 90.1+3.8

LDPE Constant temperature 20 °C ~ 22.8+0.9

LDPE Under sun 38.0+1.3

LDPE and insulation  Under sun 34.2+0.4

*53ezaMENAUIREIINE AUt segut Sou

NNITAVNLIATIT 1 (H1) 9ungilseninen1sdnasenIsdnnsuuaIuyuaedus
Tuauudumns 3 treatment uanslilugui 4.1 @) gungdluiesnaniizoungininee
20.7+0.4 °C Turnue N g Ui n18UBNBIANTVULYIINITINRDI0Y N UTPUIU 42.7+1.9 °C

v ! ! H vy gy < = a !
MRIININNABIUTIEI U Inen lEnesdeuesniduian 120 unit gamgiinnglundes
I D a A | Ay 1A A a v o
Uz gungiad nnaeeilidauiunazndesiauiudaviaiu (21.3x0.2°0),
36.9+3.2°C uag 28.1+0.6°C muaU wenanil Anududinsvesiosianivaumaiingg

Ao 91.9+2.0% lAETN18UBNDIANTVLYINNITINADIRENUTEUM T77.8+0.7%
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n3U7 3.29 gampinielundosmelfaunlviulndalssuiutudulssnu 30°C
Tugas 20 wiflusn uianauvEeUsEaNM 28 °C ndmINtu wavgumnireudnnsiiaunseiis
ATV 120 Uil Fegamaisnningamgiineuenoimsiiflgumaiindeyssanm 42.7:1.9°C Tu
anneitlifloundasinisundadae LOPE figsesiafer sumpfasifintuegisioiiosnuis
36.9+3.2°C FalndiAssiugamainneuen

mnmafuifendsd 2 (H2) guuglisswinissiaesnmsdansuuaugudiedudi
Tuaumduits 3 treatment uanslugudl 3.29(b) gumgiluiesitaniizgumniinedide
19.8+0.5 °C luvauz i gaumg fin1guene1a1svaeiin1381assey i Usean 39.1+1.7°C
n¥rnTenapIUTTquzsisthaeniiines fimeuendunan 120 uiit gampiaelundes
uzahsansiesfigamaiined nnaesilifiauunaznaesiauiuiidini (22.8:09°0),
38.0+1.3°C Wy 36.2+0.4°C MUY uannd mm%ué’uﬁwémmﬁaaﬁamazqmmﬁmﬁ
A 90.1+3.8 % 1nufl n18UBNDIANTYUEVINITIIADIDYTIUTZU 69.7+3.6 % gaunn
melundesiifauiulndalaiulia g wdu 36°C Tuthe 20 uiiiusn wozgumnideutis
AsTUNsEIIATY 120 Wil

pamniifuladuddnpionigmaiiuinumdimaiuismionunmyosnauzsag
Fruyhilennuduiiivsyansamiadudiudfyeesnisdanisualivlsgunendimaiu
Ao Aelddynindendanagndsludinatanilng viesnatszma agqslsfniuluvials
mufuazdvisianiinandndudatiugumgd il anBuiaan 2-3 fananedalued
Ushaauuumevetaniniy Mmiieanudemedenanan mildawiulilulindalaiuasd
Uizﬁw%mwiumiamqmmﬁﬁLﬁmﬁﬁmﬁ'aé’uﬁmmLL@@L{‘JuL’Jm 2 $alus Fsgenadosiums
NAROILBY Margeirsson wasane [183] Aiseuindeuafivssylundedindalniu g
feafunisiumiuaingumaiidsndennisuenlfiniiussqlu Corrugated plastic

uenIniikaRnEaniSaonadasiusenures Pelletier et al. [21] esvyinanu
yudefudluaunufudmaligumgi nolued svesndndasiiud wdu 13 °C 1y
NaNsENUTLARINSadueInseindsie ULDs seminsniseeleuduianuaunduiu 11
Falus uaﬂﬂﬁﬂﬁiaaﬂamaqLiwﬁqaamﬂé’mﬁ’mﬂ&mwm Bollen et. al. [159] %ai’mqmmﬁ
melunnianmelfiafidmsanmannlSauaudlussnien gumgivesmislifafiuiy
910 4 °C1du 14 °C melu 30 wiivesnsindunisniaiuAululSauaus uanand lu
seyhsnsauenzesuanuewimldludaly Abad et. al. [160] eugungilulan
anufintu 5 °C uenanil Pelletier et. al. [161] é’qswmuﬁﬂdﬂqmmﬁLﬁuﬁuawﬂ 6 °C vl
Uszana 9-16 °C Tuusiagfuveantia ULDs iilooguuauvumedusluauadudung 1

F2L319 50 U7
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(a) 50

Temperature C)
W
S

2 = - d

—e—Constant —&—Non-Insulator -x-Insulator

——Qutdoor —~—Control Room
10 T T T T L) T T T Ll T L]
0 10 20 30 40 50 60 70 80 90 100 110 120

Time min.)

b
(b) 50

45 4
40 -+
35 ¢
30 A
25

fPW%.

200 -

Temperature (°C)

—eo—Constant ~—Non-Insulator —»—Insulator

15 -
=——Qutdoor ——Control Room

10 L} L] L] L] T T 1] L] ] T T
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

i a [ a & a 13 d‘ & A ! '
ARl 4.1 (@) 9aunin1siuiednssn 1 (b) gaumgiinisiiuiiensad 2 lundesranzaing
WnenliidveinAaniigiesigamaiined 3nnaeliiiawiukayndowliauiuseninams

31809NNSIANITNATUIUNYRUANEUINTUY

wenandaamginelundewzineiiugamgiinaisudsfiasduuazasegiusses
IA1UIU1NNTMElAveNEAN nTwlllogamiinguenasly azlunsedunis
melaveanzinilunalinddnsinismelaasdi 100-200 meCO, kg thri lugamgil 25 °C

Falaevialuidlegamgiiasdu 10 °C Ao nafiaziiaiiduussinn 2 wih saudianiamela
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[42,96] waarnnsmelatuasiinuiouneeanuidae (40,811 dlifinisszunevierda
oonluuuuiiuzshsegnelundesuaslanguenegs LDPE ogslunismaass Aazdslinmsava
mnufounelunaes Tae Lutz and Hardenburg [104] na1a3niigamgil 68-70 °F (20.0-
21.1 °C) Anufoudl meuesnainnanzai9asiAUsTaIa 16,500-33,300 BTU/Tons/Day
fedufiagfiarudousenanuauzaaailigamgianelundesgsdu uazannisiigungd
melundesuzinged udufazlunszdunisanudosiofidu lnsnnisAnudinisifia
paungiiluninfunalifadiuann 0 1y 25 °C wuhmsUanudesiefidulunaliiasgeduduiy
waziofiuagluvilimaneladuitu wilidednsnismels Wemelaunfvanudesie
fidunnanulude efiduignaiietuiiaznsgdunamelaliadu nanldinimmelauay

msvandassiefidulunaliifunszuiunisduasunisgndsiuuasiu [40,42,46,105]

4.2 ovaznsgayideuiniin (%Weight Loss)
FvhuevdnvesnunINkadzlNLassyazallunsusnvfenisanase s mn
[162] Msaaydeuinininegitesiunisidennunmyawaliiiiowinnisaiguiuaziangsy

= £z \ < B SO T 4 % o '

NSWINaeyau 9 [42] Wesidusnsaadetminiinduniussgsiainisiushuluneing
unenlidneddunnanig dwandlunisned 4.3 lugangiiasi (20 °C) Avdi8vvanns
a oMY 1 a a i l N = A A
aadeumidnlaagraliussaniamainni) Treatment napINENRNTauUvSondoW il
AUk Fudad ukasanlaense Ty H2 gaumgiinsnvinlinsgaideuiminanasagned
WedAgauda 170 Falus Wiaieuiiu treatment MvinawIuseliiviuauInddudaiuwauan
Tnense aghelsnnu lu H1 aamvglamvilidmvinanasetisnnidlofieuiu treatment du
5 AU 26 Flud uasivindunaesidiauIunelu 74 9alus dunalaanluaiausn Umnidnan

'
al

panndsaIniIuly 122 dalus denausdindwenlidvesdalundesnisvenain Tuvaei
lup3anas nsgaydemviniintunwusizanullonalddaduiifeinisvewmain luiues
= Y i o = a a N % o A A Y oAy 1y
Wenfiu naesiuauuiyszaniningslunisusaenisgaydedminilaisuiundesilaivy
2 wilaRaunnIiuLzsdmenlldnesanwuiineUgnsseslndinnnimaldainivui
wnzdgnszerlng naniuivilavaumginanassenitamsvuddinudAysenisan
Wmtinvowalyd
HaansNlaannsgademinvesusdiniinenlidnesiuaenndediuai Nunes
v Y 1 v & = H LY [~ !
et. al. [158] laseaulineuntdl winnseaumsgaydsiininlunisiiudnwiueig
Tommy Atkins' kag 'Palmer' 7 20 °C 189310 2 Tuargaidsuminusesuia 1.5% Y89
UmtnsuAuveIralitasndan 5 fu srgadoumtnUszana 4.0% veadminisudues
waldl 1ne 318911983 Nunes waz Emond [181] na1yinAsesaynsaydeivingsan

1 a LY v & < [ 1 v ¢ % v d'
VBNUSUIWN EJ@&I?‘UIW@’EJ 1.5-4.0% uaﬂmﬂumimUiﬂmmammawuqumaﬂlmwaw
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gundl 13 °C w1 30 1w dnsgadeinmin 13.41% [106] WulAgIfufiiainn [39]
$18971U37 wangdRRusuInenlidnesdnsgydouininiutuniussegiaiveanisiiu
SnwuuInty wasnuinsiusneinanziiaamgd 14 °C dn1saqideuinin
1 e W A a 1% [y . = 1

wnninsiiushuiigamgil 12 °C @enndediuseu Noiwan et.al. [12] 1518401431013
goudeuminuszuna 12% veswziiahnenti@ves annsinulingamail 20 °C Wuiian
12 Tu wagidulin 34 °C 1unen 5 Ju fawauzahaihnenld@nesfiiiunsinassdan1ignns
yudsaruvueduanaun tuigamgiinaawdeasinsgadeumtnunniwuugamgil
Al waziuuiaulndalaiu enalewnannisiiugamngiinaawds viligaumaiinngly
naowzd I NaITy i linzdlianT1In1Imelag Ty uel R sEuIeAINTaUIINATT
melailidniseeunnndu dmdnieaeawin fanisgadsuminludnuaznalian
awsmanAunInnsadstindiiinainnsaieiuwasinglatiuies [42,163] msgadetiiu
< 13 o v & oAl I ] <

Juasrusenauddndnusemsviliidmasanmunnnatziig [142] nNansnnasasiu
TanaonndesnunisAneluansoLUess Uzazne waruzininenlidnesinui N384
gaumginiiuawulussnirimsvudaasmyedmiigagyilndnisaadedindnuinnii

mnﬁu%’wﬂuaqummﬁmﬁ [14,17,27,89,164]

d' = ’oj £ 1 Qol | 2 v o
f197199 4.2 NI UINUN (%) vaNaNzUInen lIEVBIEINITIANITINa0IEA Y

ﬂ'ﬁ‘U‘uaﬂ‘V]'NEﬂﬂ']ﬁ
Treatment Weight Loss (%)
2 26 74 122 170 218 266
H1
Constant 0.08 +0.02°¢ 0.72+0.17° 234 +031° 404+044° 617 £056°% 748 +077°% 938 +098°

Non-Insulated 0.15+002° 135+022°% 274 +033° 434 +048° 632+0.67°% 803+0.83° 10.08 + 1.47°

Insulated 0.10 £ 0.02° 093+ 0.16° 253 +037® 4.16+056° 623+075° 7.83+089°% 9.71+055%
H2

Constant 0.10 £ 0.02° 1.14 +0.14° 286 +025° 450+ 035° 6.10+0.46° 7.90 +0.56° 9.49 + 0.65°
Non-Insulated 0.18+0.04% 128+0.13° 323+014° 505+022° 696+ 0.82°% 836+0.33° 10.03+0.43°
Insulated 0.13+0.03° 1.18 £0.10® 3.13£029° 474+ 0.42° 6.62 +0.46* 820 + 0.51 ® 9.66 + 0.59

Joyavnnsuiieisaesasaldfunsiesiziueniu H1 Aenisifiuieansusn, H2 Aensiiu

a g o e <, i a | Aaou o o i = | aa
LAYIAINNEDY; AvnuaLduAILRayg £ SD (n 10) WAZAINUMIDNYINIYAAY ] UNTATTULANANNY

v
[

WodAyluusazreduunislunisituineausasAssnunTe s ERANuLUSUTILLUUNNAAEY - (ANOVA)

PBNIINAA@BUYDS Duncan’s (p < 0.05)
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4.3 Anuutiuile (Firmness)
4.3.1 manrniarnuuiuisuulsivhang

4.3.1.1 @1 Average firmness (N/mm)

Anadsmuwiuile Average firmness (N/mm) vesuzsitmeniidnesainnisiy
Aeandadl 1 (HD) Tudalusdl 0 92ilan 16.01+0.68 N/mm ndsnEunITTIa0sEA1I2NS
$1aean1sdnnisfiaruvudnedudifauindu 2 9alus Treatment fiesgaumgiingi 20°C,
Mnnaesiilaifiauiunazndesfifiouiuiiduiaiuuasnnazila 15.09+0.87, 10.91+0.80 uaz
12.84+1.55 N/mm uaziileiiusnwi 20°C Pidunan 170 $aluaFeuszanas 7 $u axdlen
5.02+0.96, 4.56+0.50 wag 4.43+0.49 N/mm ®Iua10U

Anadsr e Average firmness (N/mm) vestizahainenliianesainnisiy
Aeandedl 2 (H2) ludalusil 0 9edian 11.8341.05 N/mm 9d399nKIuMSTIaesan1I2s
$raean1sdinnnsiauvudredudifauudu 2 4alus Treatment fiviosgaumgiingi 20°C,
Mnnaesihifaunagndesfiflauuidudaiuiauanaziial 10.75:0.62, 9.11+0.84 uay
9.84+0.41 N/mm wazifloiusawdt 20°C 1iduian 122 FaluanFouszana 5 fu azian
4.92+0.44, 3.84+0.74 kay 4.28+0.48 N/mm auanu

anautuoidsvemaurihninenliEnesifidonanasseniemaiusnulngl
Ailsfannuunnisvesgungiiua wrudreauifaunstufuanslusuil 4.2() gamad
Al (20 °O) vhilaruuuidovemaanasinas il eifsufundesiifiauiuuaylaivuaund
dudafuuasarfing ﬂa'awzﬁ,iwffiﬁmamuﬁﬂazﬁw%mwiumiﬁaﬂa@qmtﬁﬂmmLLiimﬁja
Idnnuleifisuiundosilivuauan

sumnTuardnsglafigetulundesain Treatment fiffavauasiidaudaelunisanag
vosmuiduialdinndedisuiu Treatment Aluisiuauiu Feaonedostusenuanves
Nunes et.al. [17] ﬁé’ﬂmmmmwuﬁaﬁummazﬂaiuqquﬁﬁ'qmﬁLﬂuﬁlaam%’umm’h
UZaYNIINANURUNINTIDAMQTm U uLaZAuS oY ueN9INE Jha et.al. [111] 9189107
1nsansguvndidiufeufifuniu nuinrsuiuiiovenddenvesuzaasasdiedou
syfulTudy 13.4-27.1 N anaslufia 3.9-24.5 N Tursszeznainisiilvan 10 Yu uagds
#0AARBIAYU Yasunaga et.al. [11] fisnsuizdininenligouiiassswinamsiusnm
n¥snegnelionmnininsrassinusamalvglussussmadiu uenanilaenados
FUTIB9UYRT 1E@1NN [39], Rsednn [50], ¥da [14], Penchaiya [117] uag Penchaiya et. al.
[118] wui1 anuutuile (Wien) vesuvahaiwenlfinesdiuuuanauiesvernainis

AUSNEIULTUY
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4.3.1.2 @A1Toughness (N.mm)

(a) 18
- -e-H1-Constant —4—HI1-Non Insulator - H1-Insulator
E
-0-H2-Constant -a-H2-Non Insulator -0-H2-Insulator
14

12

10

Average firmness (N/mm)
®

4
2

0 r T T T T T T T T T T

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)
(b) 0.35
—o-H1-Constant ——HI1-Non Insulator =¢H1-Insulator

0.30 { -o-H2-Constant -A-H2-Non Insulator -0-H2-Insulator )

|
0.25

0.20

0.15

0.10

Toughness (N mm)

0.05

0.00 + T T T T T T T T T T T
0 25 50 73 ) Qs | G50 170 BR00 225 2% 278 4300
Time (h)

A 4.2. (3) AedsrunuuiiiionnnsTanumnutiuwuy liitane (sauden) wax (b) Aade
294 Toughness 31NN1TIAAMNRUIRLULUUTLVInaY (sauUEen)vemanyiininenlddnes a1nan
anmviosigamgiinggl 9nndesilifiauiunazndosfiauiusznianisdiassnsdanisiiaiuvuanedui
fawudu nanzshennnafiuiesndad 1 wazaded 2 Qmﬁu%’nmﬁ" 20 °C Huaan 266 Flua e

HuAnade + SD (n = 3)

ARAY Toughness (N.mm) vastzaatinenldd@nesainnisiiuieInsan 1 (H1) Ian
0.029+0.002 N.mm %#&931nHIUN1TINADIFNILNITI188IN1TIANITNATUVUE 1A UAT
aunudu 2 93lus Treatment Misgaumgilasi 20°C, Mnnaesitlidiiawiunasndesidauiy

'
LY

PduTatuLaan9ziiA1 0.031+0.002, 0.044-0.005 uay 0.036+0.004 N.mm waziileLfu
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Shwndl 20°C Widunan 170 $alusvSoussuna 7 Su awfian 0.098+0.014, 0.104+0.007 waw
0.108+0.012N.mm #1Ua1AU

Aade Toughness (N.mm) vesuzshaeenlidnewmnmsiiuiendai 2 (H2) lu
Fluadl 0 2dlAn 0.040+0.004 N.mm W&I9INEIUNISTIABsEAIZNNIIaBINISIANTSTIaY
yudeduiiaumdy 2 alus Treatment Aipsgamgiined 20°C, 3nnaesiilsifauiuuas
naesfiawnfiduiatuuaanagiian 0.04540.003, 0.051£0.003 way 0.050+0.003 N.mm
wazidoviusnuni 20°C 1A wnan 122 Faluansouszunn 5 Tu azflfn 0.099+0.008,

[y

0.12620.020 U@y 0.113+0.012 N.mm Aua6IY

A1 Toughness vudenvoswanzshsmenliaesiindussninmsfivinulaegl
Ailsiannuunnsiisvesgamniluanuudeduimitauududuandluzui 4.2(o) ogalsh
pal gaumnfiagil (20 °C) shlvarumiinveuydenmaiuiuiaudiefisutundesiifauay
uaylaivuauiiduiatuuasuan

Tu Treatment gamnfingfl (20 °C) MsifinBuvad Toughness vasHazzawtADAL]
dnosthandeifisuiundesiuauiuuagliviuauuilduiadunauan A1 Toughness 489
WEanifuTussninnisifuinm fansandesisnuan Jha etal [111] Gsdanalasitily
11 A1 Toughness “ZJENLﬂaaﬂﬂ@mzﬂ’mﬁLﬁULﬁEJ?ﬁEJUﬁ’MU@R]%QQ%UGIaE]ﬂi%EJZL’Jaﬂ‘LJi%Wj’N
maanluynitug madiutuluTuusnvesmsgnilannsoesurslfainanuuanisesamun

WREAUNIDY [165]

4.3.2 NM5As293AAMaLusuuURnate
msiridedusauurinasvemanzahuinenlsidve uansliiius g ednou sl
anaatuisatums Teduiauuulivharslunsdivesrnundudievesddon udasdauds
ffupn toughness vaqden (nndl 4.3d) mnauvuiloiedsvemwausinninenlidnesiing
anasszvinmafiusnwlnghiddsdrnuunnisesgamailuauvudedudfiaun iy
(A9 4.3b) wenanil WIsAmesau 4 LU fn initial firmness 1158 AN rupture force (A
71 4.3a, 4.3¢) nansliununltufinareiu ogslsinnu Qmm:ﬁmﬁ (20 °C) ¥ilwn1500Uus
Fasluitufinsuaniasaiiodsuiiouiu Treatment fifauunielifaui
Tun1sAnwves Nunes and Emond [27] wag Nunes et. al.[89] N&1YIAIAIIULUY
Ada

& sala & o d' d' 1 a
L‘L!’EJGU’ENE‘IG]TEJL‘U’e)ii‘VILﬂUﬁﬂHﬂuaﬂWW%’quﬂﬁJV}Nﬂ’]iL‘UaEJ‘ULL‘UaQQSSJ’]ﬂﬂ’J’]I‘L!ﬁﬂ’]W RIYZRARS

Y

LY

AT @0nARINUSI89IU Nunes et. al. [147] iwuin Snap beans (cv. Opus) WUsnwIlu
a Aaa A ' a a
anniigauugiindnisiuasunasavannninluaningamgiiangg
nsUsziun Il duiaveziwuuluidanuanslimiusg1stmaunanuily

1 = U a I o = 1 'ﬂgj = I k% U =
L‘U‘ULWEJ’Jﬂ‘Uﬂ’ﬁ"digLll‘LlLL‘U‘UliW]’]ﬁ’]EJﬁL‘LlﬂimsUaﬂﬂ’J’]llLLUULU@SU@QLUﬂSﬂ LAUALLEINUNITEUUD



(a)

Initial firmness (N/mm)

(c)

Rupture Force (N)
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A1 Toughness ULUADN N15ANBINDUNLILYDY Noiwan et. al. [12] $1891UI1ULL 2

gy dvaruuiuiionnuszanm 48 N TuTuusnvesmaiuduusyanm 10 N anglu 4 Jud

(%
v A

Aulugaumadl 20 °C nnsAunuiindrefuilgnnulee Jha et. al. [111], Ketsa et. al. [166]

AN81MINMSAUAYANUNTETUVDINALNAIINNTHEDUANINYD

y o

ae Nadeem et. al. [167]
aqﬁﬂizﬂaumﬁqLeaaéu,azwaaLLez“mmlsﬁﬁLﬁmmﬂmimzﬁwmiwamLLaﬂwJBLuaLLazLWﬂau
LOAVBLIANDNTALAIUVDIATUDULNARY [168-170] m’mLLu'uLﬁamaamaiﬁﬂuﬂﬁaﬁﬁfg
dnsvaunmualindimafiuife [2] ogmafuinvuashddgunuremausiisazdy
aseeghaiiulddalagisansvinlignuaziAinanuseuiivema nssuiunsiadududeuly

FEMINNTANVDINANLUINANINMTRLTUIRINTHENLD AT URAL BRI INMTELa [171]

30 (b) 30
—e—HI-Constant —e— H1-Constant
25 —— H1-Non Insulator 25 —&— H1-Non Insulator
—»— Hl-Insulator —3— Hi-Insulator
20 4 = O -H2-Constant ‘é 20 A = O =H2-Constant
= & ~H2-NonInsulator 2 - & = H2-Non Insulator
15 - 0 -H2-Insulator E 15 - 0 = H2-Insulator
é
10 ;; 10
g
5 3 5
0 T T T T T T T T T T T 0 T T T —r T T T T
0 25 50 75 100 125 150 175 200 225 250 275 300 0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h) Time (h)
90 (d) 200
—@— HI-Constant —e— Hl-Constant
= —— HI1-Non Insulator —— Hl-Non Insulator
70 —%—Hl-Insulator 150 —— Hl-Insulator
= O =H2-Constant p2 = O = H2-Constant
60 = £ =H2-Non Insulator é — & = H2-Non Insulator
50 = O = H2-Insulator Z, = O = H2-Insulator
2 100
40 %
30 g
2 =50
10
0 T T T T T T T T T T T 0

0 25 50 75 100 125 150 175 200 225 250 275 300

Time (h)

0

25 50 75 100 125 150 175 200 225 250 275 300

Time (h)

Al 4.3. (a) Auade initial firmness (b) Aady average firmness (c) ALade rupture force wag (d)
fAuads toughness M3 InAMuLLuwULane(ldsuden) semwauzihainenlidnes luanne
ﬁaqﬁqmmﬁmﬁ, napafiliiflauiunarndesiiauiusewinemssiassmsdanisiianueuaedudfauiudu
ANz eINASIAUREIASIR 1 uazaad 2 ﬁ]zqmﬁu%’ﬂmﬁ 20 °C 1iunran 266 4alus Aty

ANaAY + SD (n = 3)
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4.4 v ersiuniazaneunld (Tss) anudiunse (Acidity) waz pH
Uinumesdaimuaiiazanetlfvessauzahahaenlfinewsfindussvhenaiu
%’ﬂﬂﬂiﬂ&i@iﬁ'}ﬁaﬁﬁzazﬁwwaqﬁuﬁwazﬂqﬂmmqLLaszmLmﬂ@hwaqqmmﬁiummuma
dudiaundu dauandlugud 4.4 (a) Tu Treatment gaumaiiagil (20 °C) A3Lin TSS v
nauzatnenlddnesdiaadeifisuiu Treatment Aflautuuaglaivuauiuiidudas
uasuan gamgiiuardnsinismelafigitulundosusaing aonadoafunsaumsifintues
7SS 9snanzirsiinonlidnadlag Noiwan et. al [12] uonaind Yasunaga et.al. [11]
i1 TSS veszshsthaenfinaafivylanvdnissmhefutuszana 1.8 whide
Feutunavdafuien uiazdes 1 anasmuauaziued fugamgilumaiiuinwm B
uzahadunalsiuszan dimacteric fruits avnsuingsves TsS Tungaasazannluginou

[

& A & | |2 a
uwsn Mnuuanasuazlunaniidngseusuaaum [125]
Ao a o dyd a a = [~ Ao a ~ 1

nsanineanunlunIdelaensndnia Fedunsandusuauiniigaluueaiaa[130]
Anudunsnanasiazdosiilonalafuiivasdsunanulldunadieduluning 4.4 (b) Tagly
Aisdaanuunngietaamgiiluauvuieduaawiudu Ty Treatment Ngumgiiai
(20 °C) 38 Treatment Adauubiinadanisananudunse F9ananudunsnveuraing
g Yy ~ I 1 < [ 3 A < a |
UnenliidnesazaAse o anaiseninnIsiAusnwty esvinanulunsaanasluszning
mIanvaImaietasiunIsasunsadunidbidutina [172] aeaziinisudsunsa@nin
[~ ’.-f [ 2 1 a |
Wuamauaglalumenasluniswinaigralil Tnstanigegwbsluseninsnsesuiunismela

£ b2 a a 1 o ¥
ANUtLTuaInIndunsdlunauzilanvzanatnaannisvibien [173)

= v v ! PR ! 2 @ o

F9A1 pH TuUNIRTIALTINZADY o) LNTUTENINNITIAUSAIAIAUSZaNal 3 10U 5
lngldaisisoungiiluauvugiedusauudu dwanslunmi 4.4 (o) Tu Treatment

a a 4 a P o ' | H vy A a X
gaunilaei (20 °C) viseauuliliinasion pH 2107 pH vesrausadInenldd@nasiiiuiiu
iwdwmﬂﬁu%’ﬂwuﬁawaqﬂ NAGNSMANTABAAR BINUITI8IUYBY Islam et.al [174], ARSS
waziisen [106], t@130 [39]

lngannsdudanuanmgimuasuwdandusseriiandu 9 ua 2 99l fin1591a09
@n1¥N15VUA A UAM FRINTY VIbMAANIS YA suwlaamasai nelurpsuydng @9

Y 1Y) 1Y) a sl
A0AAAINUNITAUTIBNUNTIUABUTDINZAYND @RTLUBTS LAy Snap beans (cv. Opus)

2899 Nunes and Emond [27], Nunes et. al. [89] kaz Nunes et. al. [147]
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N
a1

N
(=]
1

[ -
(=] ]
I

Total soluble solids (Brix%)
(6]

—e— H1-Constant
—>— Hl-Insulator
- /& =H2-Non-insulator

—— H1-Non-insulator
= 0 = H2-Constant
= 0 =H2-Insulator

0 T T
25

(b)

50 75 100

125

150 175 200 225 250 275
Time (h)

300

2.5

2.0 1

=
G

Acidity gL™)
=
(=]

0.5

—e— H1-Constant
—— H1-Insulator
- & =H2-Non-insulator

—— H1-Non-insulator
- 0 - H2-Constant
- O - H2-Insulator

0.0 T
25

(c)

50 75 100

125 150 175

200 225 250 275

Time (h)

300

—e— H1-Constant
—>»—HIl-Insulator

—— H1-Non-insulator

= O = H2-Constant

0 T
25

50 75

100 125

150 175 200 225 250 275
Time (h)

300

AN 4.4, (@) GUadLL%W‘?mmﬁazmmfﬂé’ (Total soluble solids), (b) AuLdunsa (acidity) waz (c) pH

of mango fruits (‘Nam Dok Mai Si thong’) UaanauziaUInenlid@nes nAanIziesigumgiiai

a d'
]

PMnnaRkiiauiunarnassliauIuseniNeNIsI1a89N15IANISRa I uILa e AUA 1 RaUNTY Hauydl991n

MaAUAEIASIT 1 wagasan 2 gnitusnwdl 20 °C Wunan 266 Falus AwianuaduAade + SD (n=5)
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4.5 navesdlaonwasiiavasuziluinenlddanag

dvesnalimnudrAguindeyanmmainveananziig wazilutadeusniifgale

'
Y a a

{USlaa dstiliaudrAguinlaganizednddlunzanuinenlidneansizdiasndvae

e &

aauinadilignaugn At L* vealdennauziininenlddnesanaddusenitnsiuinm
lnglaliafennuunnsinavesgumginiaduaturuatgduinauiudu duansunimi
4.5a Tu Treatment gaunilaaf (20 °C) Me¥raN1TANAIVRIAT L* vesrauzi1nenlild
nouoisuiu Treatment MYuauIukar liNauILN FuRakaILAn U 19N15T180980 1Y
Uinaauruaeduifiauududuna 2 $alus Tumenduiu i L* veananziiszanad
a8195957lU Treatment laifiawiu (2wl 4.7)
A1 a* uaz b* veaddenuauzdisiinenlidnesiuduluszninnisiiusnelegly
o = ¢ ' ad a & o oA v oA a o -
AiladenNuuAnNANYBRUMANTARTUNa WU g AumNauu Ty Awanslunnd 4.5 b,
U Treatment gaunAIT (20 °C) Y8 VEABNINUVUVBIA a* WAL b* veeuzdInile
Wigufiu Treatment MUauINkagliuauIundulawaianlugaansdnaesan1zusm
auvuanedusmauinludunal 2 990 Wasnuauzaiaein Treatment Tunasanliu
Ao o o ¥ a @ A A 1 £4 d‘ =]
avuAdulaiukauaauaasld sududnnsagmdesneusennaneldanneasiiuas
AU duanslunandg 4.7
' & £% <3 ! K v ! <3 1
A1 L* vauiolndudnvewauziininenlidnesanadlussninnisiivinuilagld
o = ¢ | ad a X o L a v oA A o -
AilafenNULANFNYBR AN AnTURa WU e AU ALY daansluami 4.6a Tu
Treatment a4n93iAeY (20 °C) A VrABNITANAIVRIAT L* vasnauzaisnenliidneaie
a | oAy K% Ao v @ Y] -
Weulu Treatment naesiviunuInazlivuaunduiatuLaunndwandlunmi 4.8
A1 a* Way b* veuillelnaludnvesrauzansiinenld@veaintusgniensiuing
lngladafennuunnsaatseaumgi Miaduniaturuaeduamawisdu asuansunini
4.6 b, c lu Treatment gauniAs7 (20 °C) 98918 YLANITRUTUVBIA a* UAT b* YBIHA
' S o/ A o I o Aw | v Y
wzahsdwenlidnaudewisulu Treatment naesiiviuauukazlaviuauuduRa ULAwLAN
nauzadlu Treatment nassliunuiunduiaiuiasanaziuaeududunsuazmdssuuie
Tndwdnneusennamsliannasiiviseruawiusandluning 4.8
! < = A =) ! A & £4 13 '
Arruudiniowsenn Yellowness vosiufonuaziilolndludnuesnaussiag
wnenld@neniinduluszninnisiiuinuleglinnuuansisvesgamginindunaiuy
dnedumiaundu dwandunmi 4.9 Tu Treatment gaumngilAsit (20 °C) AwYILV¥aBNNT
WiNATUYeIA1 Yellowness voeuzirnanlidnesilowSouiiouiu Treatment naoeniviy
auusayliuauuilauLE AR
a 1 H ooy & @ o o A DS
dvewmauzininenlidneududnwasiddyantuaionivesuslan wagnis

o = a X A i & A 1 vay YU a a
WWU"I%@QE‘W%LW&ISUHLN@?!ﬂ ﬂ']ﬂ'l']ﬂJLU‘L«!ﬁL‘Wﬁ@QGU'ENlISﬂﬁﬂuqﬂaﬂh\lﬁ%aﬂlﬂiuaV]ﬁWﬁﬂ]']ﬂﬂ']i
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istures b* Fanulunaiiudndt Tuthefinausaiiegn wangaa3a52us9w phenolic uag
carotenoid chemicals [175] ualsiiussdifuarsdndnivilinanzaagniidindosiadu
[176] A1 L*, a* uaz b* denndesfiufisieaulag Noiwan et.al. [12], Nunes et. al. [158],
Nadeem et. al. [167]. n15.dsuutasdvenddonuzaraiaduioannisdesaay
AaslsladuarnsduATIzkAlsiueeATENINNITan [177] MsinAnuauysaivisennuan
soufiusiusfignosnmilsdoduonioduly neanaidiliniyfud asiidoduviedindos
Faann edmdeaiuusngoeninunudadlenalasiuiimendmdimaiuiies uzahn

wazdudy 9 mululsiidnvaugdnduvuwanaeiuluaunug [178]
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=
p—
<
>
*
—
—&— HI1-Constant —a&— H1-Non-insulator —3— HIl-Insulator
= O =H2-Constant = #¢ = H2-Non-insulator = O = H2-Insulator
60 T T T T T T T T T T T
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Time (h)
(b)
@
=
—
<
>
*
-]
2 ~—e— H1-Constant ——&— Hl-Non-insulator —3— H1-Insulator
= O =H2-Constant = & =H2-Non-insulator = O = H2-Insulator
0 T T T T T T T T T T T
0 25 50 PN 1 220 ey 175 206 | |Z22p 4260 2755304
Time (h)
(c)

b* value

25 1 —&— H1-Constant —#&— Hl-Non-insulator —3— HIl-Insulator
— O —H2-Constant = & = H2-Non-insulator = O = H2-Insulator
20 T T T T T T T T T T T

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)

AN 4.5 (a) L¥, (b) a* uag (o) b* veadennavzirudinenlddaindraniisiesngumglineg 210
napa hiiauiunarnapIlaLINsENINNITINAaRINTTIANIS AT uvUa e AuAAaUINTY NadEd991nNS

Viuieansed 1 wazaseil 2 gauiusnwi 20 °C Wuaan 266 Falus amisueduaiade + S.D.(n=3)
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(@ 85
—@— H1-Constant —a&— H1-Non-insulator =——— H1-Insulator

= O =H2-Constant - & = H2-Non-insulator = O = H2-Insulator

@
=
s
>
*
=
55 T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)
18
(b) —&— H1-Constant —&— Hl-Non-insulator =—3=— Hl-Insulator
16 4 - O = H2-Constant = /& = H2-Non-insulator = O = H2-Insulator
@
=
o
»
*
(-]
0 -+ T T T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)
70
(c) —@— HIl-Constant —&— Hl-Non-insulator —3— HI-Insulator
65 9 - 0 —H2-Constant = #& = H2-Non-insulator — O —H2-Insulator
@
=
=
>
*
=
25 T T T T T T T T T T T

0 25 50 75 100 125 150 175 200 225 250 275 300

Time (h)

AT 4.6 (a) L, (b) a* uaw (c) b* veuilelndlwdanauzanenlid3aneannieiesfigumginm
InnaRliiauiunarnassliauIuseniNenIsINa8INISIANIS A UVLE N FUA N AWILTY NaNELI99N

MaAUAEIASIN 1 wazasan 2 gnitusnwil 20 °C Juan 266 Falus amisuaduaniade + S.D.(n=3)
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(@) Treatment/hour 0 2 26 74 122 170 218 266

Constant

Non-insulator

Insulator

(b) Treatment/hour 0 2 26 74 122 170 218 266

Constant

Non-insulator

Insulator

= A ' H O I & % o & & '
A 4.7 AFenuziinniinenldd@nednin (a) MaiufeInssi 1 wag (b) NMsAUieIATei 2 nen
anngviesiigamaiiaei annaesiilifiauiutaznaesiiauiuseninni1siiaeinsianisiiaurua e Fua

Py waantugniiusnuil 20 °C WBuian 266 il
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(a) Treatment/hour 0 2 26 74 122 170 218 266

Constant

Non-insulator

Insulator

(b) Treatment/hour 0 2 26 74 122 170 218 266

Constant

Non-insulator

Insulator

P a & v & 1 H vy 2 o o 4 2 A o o
il 4.8 Ailelndldnveszaininenliidnein (@) maiufeinssi 1 uag (b) MsiAUREIATIN 2
NAENIERRINaumMalAt Nnde lifiawiuuaznaeliauiusenitemsinasnisdanisfiaiuuy

fneduinfiauudy waanlugniiusnwil 20 °C Wuian 266 Halus
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70

65
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150

—@— HI1-Constant
—&— H1-Non-insulator
—3— H1-Insulator
= O =H2-Constant
- ¢ =H2-Non-insulator
- [0 =H2-Insulator

100

T

125

T

Time (h)

Qi T

T T

T

150 175 200 225 250 275

300

(b)

145 4
140 +
135
130 +

120 4
115 d
110 -
105 +
100 +

95
90
85
80
75
70
65
60

Yellowness (YI)

—@— H1-Constant
——t— H1-Non-insulator
—3— H1-Insulator
- O = H2-Constant
— v —H2-Non-insulator
= O =H2-Insulator

25 50 75

100

125

150 175 200 225 250 275 300
Time (h)

75

29 4.9. A1 Yellowness v84 (a) Waen way (b) Welndwdn veswmanzirsinenlddainaraniieiead

Ul NNEBIN TR U IULALNARITlRUIUTENININITIABINITIANITNAWIUAWRUAI N AU TY

9 U

HANZNINMIAUNEIASIN 1 waza3en 2 gnitusnudl 20 °C e 266 Falus Avisvuaduaiade

+ S.D.(n=3)
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4.6 HANTUTTIUAMATNUL WAL TEAUATIUY

4.6.1 NANSNINTAUNTEAUAZHULAIUADNUI9A8UTE A MEUREAIUNTUD LAY

5.5

5.0 -
— 4.5 =
T3
é 4.0 4
o0 3.5 o
i=
-'é 3.0 A
o 25 —&— H1-Constant
g 2.0 —— H1-Non insulator
= .
8 1.5 —»— H1-Insulator
= .

-0 -H?2-
8 1.0 H2-Constant
=¥ 0.5 — £ = H2-Non insulator
4 - O = H2-Insulator
0.0 I I | I | I I | I I | I

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)

A7 4.10 ANATUULATIIRT NI AeRdUGenuzih sl nenldldnesaIndtan 1z ies g nia e
PNNARIN bR UIULALNFBITANIUTENINNITINABINITIANIS AR UV LA FUA N AWINTY HaNLLI93IN

MsiuieInsan 1 wazaien 2 gnidusnwdl 20 °C 1uan 266 Falus Avisnuaduaade + S.D.(n=10)

a A i 5 vy ™ a A i Awy @ A A v
aLUaE]ﬂﬂ@ﬂﬂgmjﬂuqﬂ@ﬂlmawaﬂ‘ﬂgLU@EJ'UQ']ﬂaLWaa\‘ia@uﬁLumaWﬂﬂiuaﬂLUuaLWa@QLGUlI

4 a oA oA % < = = | o X | oA
Mi@aLﬂa@ﬂW@ﬂIumgﬂJUQW?ﬂﬂLLa'J AZULUUNITUDUVAUYDIAU UL BUNUVUDEINADLUBY

8 =

senimaiuinelnglidlsdmnuwnndiwesgnmgiiuauuieduifauudu (nm
#1 4.10) anududmdsaiivtuegnaginialy Treatment Ailigauiu nusie Treatment

aa ! d'
NURUIULLALATAIN

a = oA I ! | = Y a = vala
asUENL'Ua@ﬂllgll']ﬂllNa@EJWﬂmqﬂm@ﬂﬁqﬂuqﬂﬂﬂﬂlﬂm@ﬂaniﬂﬂ Lu@\ﬁ]']ﬂf}\la‘llﬁ/]ll AU

p [

Judwasuarifilnudweinaslisnaumandivsevielaienii [179] lun1sfinwil dwded
dunalaanuauzinndudalaglddauiuigamgll 36.9 + 3.2 °C (H1) way 38.0 + 1.3 °C
(H2) Wuran 2 Palusluszninenisujuinisauiniudiasauaznistueraduna veens

LY -

wiafugmgiiasseninenisnaesvudaiatuuiedunnauudy
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4.6.2 NMININTUITLAUVALLUUAULHABIRT (Shriveling) A8UsTaMAUNEAIUNS

[
HDINU
5.5
5.0 4
fﬁ 4.5 4
Z 4.0 -
on
e 3.5 -
cﬂ
© 3.0
025 —@— H1-Constant
E 20 —a— H1-Non insulator
~ L]
g 15 —»— H1-Insulator
oy .
E = O = H2-Constant
= 1.0
0.5 - #x = H2-Non insulator
y - O = H2-Insulator
0.0 I I I I | I I | | I I I

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)

AT 4.11 AAZKUUATIINAITUIANNTE ARz NN AN IINAEn TR Tig v ilAh
PNNARI T WIULALNABITRANINSENINNITINABINTITIANISNATUTLE B FUA N AUINTY NaNE199n

MUieInsad 1 uazain 2 giiusnwdl 20 °CLwan 266 $alus Avisualduaede + S.D.(n=10)

~ A a [y = <y v Ay v g & o 1y 1 o a
AR ARLAUTEAU 3 Failuseaunldidunaedmsunishieausu aziialy
Treatment Wliifiauuil 74 Falas Tu (H2) Weisunu (H1) Adaisnan 125 dalusluy
Treatment 7 laifauiu dananslunind 4.11 og19l5Anu Fy1uu0InNTANUAY AT

v
o = 1

WAIUNTUNDUNENT LW Treatment Nlaifiauiy Tauiu waziaasiauaisu N1ssigLa1Au
U t:l' % 91::1‘ a 13 1 1 d' [ t:l' a Qt:{l dy

seaungeusulaniAntunoulundeldviuauiuilauiaiag 819LAn NIy
S¥NININITINABIVUAINATRIUAYAUAINAUINTU LWL NITNULUMFUEANU WAILAATIN LA
Wieauazgydetviin [180]

4.6.3 N13NINTAUITLAUAZHUUAMNTULIINITAATSANE NS UAEY (Decay)
% o LY v <
AeUsEAMEUNFAIUNITUD LAY

ANUTULIINSAALsARAIN AU WIIALUsERININ9nAU wilieeLiy

v a

seauiiwousulily dwwandunmi 4.12 agalsinu serupzuuureziieyluaumgd
A A vy = = o oA = = Y P (K o =

AsnvseviumeawIulngalniu snilewIsuiisuiunaesiliviuaui Miraulafenasn

582Ia1lUN1SVARDY 8nVIUtILLeT 266 vesuzaeilifiawiuly H1 way H2 TuAMUTULSS

a v [ = 1= LY = v a o M Y = 1 o
ﬂ’ﬁLﬂﬂIiﬂ‘Via\‘iﬂWSLﬂ‘ULﬂﬂ’]ﬁ]%illﬂﬂi%ﬂ‘U 3 maizmwaamﬂﬂm QQI@Jﬁ’]iJ’]iﬂU’m’J’]ﬂJEULLSQ
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nssialsanaanisiiuieanldlunsinnsaeignisinuinwvewzininen lidvewma

Asvudale

5.5
5.0 -+—®— Hi-Constant —a&— H1-Non insulator —»— H1-Insulator

R 4.5 = o -H2-Constant = £ = H2-Non insulator = O = H2-Insulator
19 4.0
Az

000 1 1 1 I 1 1 1 I 1 1 1

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (h)

AT 4.12 A133AUAZRULAUTULITINSIAALsARA NSRBI YOIz nen TENesanAan T
Vosigamniini anndeslifiawiuuasnassdaniuseninnisdiaeinisinnisiiarueuaeduaid
awndu nauzdiseNNiuieInsd 1 uasasadl 2 gaiiusnwd 20 °C e 266 Falas Arviaiun

WHuAnade + S.D.(1=10)

NNIIAsInU MLt NNdulaiveumgivsauaaniadugeszesaau o U
2 Fluvzdera AN saydennnmainnitugamngiag denndesiunsanyluanse

WBS U¥azne 67 Win usowmalazuziaiinenliadnes [17,14,27,147,30]

4.7 91gn1siuinen Shelf life

918N19AUSN V8N ITNITRIITUIALUUUAIBAIBAT WUIIAT TZAUAZLUY

a a I

AN (Shriveling) aziliAuszduisonsuld Seliifutadondnlunisivuneignis
Fudnw Tasengnisifivveswauzsdiongundy 48 $aludlu (H1) dewisuiu (H2) &
wandlumsnedl 4.2 mnuuandsdandvaidunszaruunniswesgungdfiamudied
aunuu Inenaeszainefiviy LDPE uaggamaiiagi (20 °C) uwag LDPE +audnlnddlaiuvi

Tiergnisiiusnwuiindu 48 4alue (2 Tu) dlewiisuiu LDPE Wkidawiu Uszansainues
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LDPE uazaauugiiaeil (20 °C) uar LDPE+auiutiu agiiinengnaiuine 48 diludlurisaes

SaUNTLAULALD

' '
AN o v A

ognsiivinvivesanzhadunndnvazfid dgfigaussmvisdaduiisomnis
Tudemnded auuaninddlsfuiivszavinmlunisdnorgmafivinvinauginafisiming
Tuieanaals a8 $alus difludefigriiagredaauiinisly LOPE uazauiulu ULD Hauan
NansEMUFuaUYesan Iz gamgliilivnzauuauTum e AU ST saAn YU
91 auuartsangungilundes Faazdnuranamelauastieannsgapdeotmiinges
nawwihe Awalirudisnanfatui dealvuzshahaenliinesiotgnisfusnuuiy
Y nadndvesnansAnunoudmshimenlidvasiaenndesiuseany Nunes uazany
[17] Fs510a1uimzaznandnnisneldgamaiimsiifiegnsiivinuiuiunituzazned
Fnnsmeldgamgifiduniu luvueafaiu anselivesinlding 10 Tiludugumaidic
wau ladldunissessuneufiaynsdmiing Tuvasflansoiueimiulifigumgifsaai (10
Hlusdaiilo 3 °C) Samseaniulsndaan 24 dludlunsnsdming(ss] uazdsaenades

a U A

Y = a ) N v i ] M v
funan1sAnw ey Snap beans (cv. Opus Fetriagnglianmgiinduniuieinvelils

' '
a

nounazIeTmue luraenaneg anglinissnwigamaiasiazesusulilangainiig
gl 24 Galus [147]

M99 4.3 91NNV INANZINMAINITIANTSTRBINaUTUEBAUA TauL T

\ & (72 Shelf life
NNLNULNYIAIIN Type of packaging Treatment at tarmac
hour days
H1 LDPE Constant temperature 20 °C 170 =T
(53 h%) LDPE Under sun 122 ~5
LDPE and insulation Under sun 170 ~T
H2 LDPE Constant temperature 20 °C 122 ~5
(70 %) LDPE Under sun 74 ~3
LDPE and insulation Under sun 122 ~5

*SEULIANMAINLAUNYIINAIUIUDITILTUNS DU

4.8 HANFAATIZNNITANNDELTAFULUUNY (Multiple Linear Regression)
definnsanuansinsginisanoosdadunuuny Tnsuvaduiesgiainnisiiu

4 & & oo &
LNBINT 2 A AU
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4.8.1 wan1sAeTzinsoanasdudunuunyveszianhaenldfneinmali
\Renasadi 1

Fanan1sieszilagldlusunsy SPSS iead1saunsviuneai TSS (Total soluble
solid) TngldifuusannsasaTauuuldviasnanzang 4 muazmssezaatiluandaann
yudadiua 1 A1 azamnsaiiansananedulseansanduiusnmau Sadauviaiu 0.927
Fauanslunisnedl 4.4-4.5
a519fl 4.4 vendeUszaninmussaunislunisviiunes TSS (Total Soluble Solid) 91nn73
Fuieandait 1

Model Summary

Change Statistics

Adjusted R Std. Errar of R Square Sig. F
Madel R R Square Square the Estimate Change F Change dr df2 Change
1 927° 858 -850 1.54440 858 90195 B T4 =001

a. Predictors: (Constant), P_AveF, P_L P_b, Time, P_a

157199 4.5 UandeAtun1sas19aunIstuni1syiunean TSS (Total Soluble Solid) 311
WAuLAsIASIN 1

Coefficients?

Standardized
Unstandardized Coefficients  Coefficients Correlations

Madel B Std. Error Beta t Sig. Zero-order || Partial Part

1 (Constant) 14338 . 4.080 3.506 =.001 b o=
Time Y 7 _ 033 i :0(.14_”.; R R 7)8.892 y l_<.t:101‘ l T~ ?19 .388
P 009 054 012 158 875 -.370 018 007
P_a d D78 a5 050 424+ 673 360 049 018
P_t-. - . 2123 083 2128 -1480 (143 2280 | 270 -.065
P AveF, ’ - 154 = .[56? -:189 % -2.305 7.024 —.82§ -.259 =101

a. Dependent Variahle; Brix
Calibration model

y=14.338 + 0.033(Time) + 0.009(P_L) + 0.078(P_a) - 0.123(P_b) - 0.154(P_AveF)

g Time = sveghandwinihuzisuniiamuiedusfiauudunsunisuuds
PL = L* Ifenusnninanmauzaasimnenliidnes
Pa = a* Adenudnaiinaimwanzdasimnenliidnes
Pb = b* fdenuinafnasmanzhainenliEnes

P AveF= @ Average firmness(N/mm) wutlsvitaneusinmniananamaszais
vhmenlsl

nAduUsEavisanaesves model Touansliiiiuin shudsiitvsnalunisyiues
TSS (Total Soluble Solid) fia A1 Average firmness(N/mm) wag @1 b* 7 1U&anusiio
AsnanawauyshsinenliiEines awdsu uazthaunsiilduiunean TS (Total Soluble

Solid) va9uziinen IR IuNSFUALALAR ALIAFININA 4.13 AziulainAIn1Tvinuie
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fanulndifsuazilodinszilaenisasnansmielusunsy Microsoft Excel Us1ngitlaen
R? = 0.8824

N
(S,1

y = 0.7455x + 2.633
R? = 0.8824

N
o

Prediction TSS(°Brix)
n 6 O
@

o

0] S 10 15 20 25
Measure TSS (°Brix)

|
1ol

AN 4.13 NS LERIAINNFUNUSTENIN9AN TSS (Total Soluble Solids) alaase wazAMlaainnig

TUNEYBIANNNSVRINL HIINASAULREIASIA 1

4.8.2 mamsAaseinsannasidaiduiuunivasziinaiieenlinasannniaiv
\Reansed 2

6‘5&Namﬁmiwﬁimﬂﬁﬂﬂmiu SPSS Lﬁaa%’waumiﬁﬂmﬂm TSS (Total soluble
solid) Tnelduusannsnsaiauuuliianenanzsias 4 muazaiszezadiluamanin
yudediiau 1 A1 azannsafiarsananadulsznsavnduiusunau dalduviaiy 0.887
Fauanslupisnedi 6.6-4.7
M19199 4.6 vandUszansnmuesaunislunsviuiee TSS (Total Soluble Solid) 91nn73
AUAeASd 2

Model Summary

Change Statistics

Adjusted R Std. Error of R Sguare Sig. F
Maodel R R Square Square the Estimate Change F Change dfl df2 Change
1 8879 787 T73 1.87515 787 54.708 E 74 =00

a. Predictors: (Constant), Ex2_AveF Ex2_P_b Ex2_P_L, Time Ex2_P_a
A15199 4.7 UanND9ANlUNISAS9ANNISIUN1SYINUNeAN TSS (Total Soluble Solid) 31nnNS
2 A o o
LAULNEIATIN 2

Coefficients”

Standardized

Unstandardized Coefficients Coefficients Correlations

Model B Std. Error Beta t Sig. Zero-order Partial Part

1 (Constant) 1.671 7.965 210 834
Time 010 006 2449 1.652 103 B50 189 .08g
Ex2 P_L 147 01 128 1.450 151 -.608 166 078
Ex2_P_a 692 264 426 2.628 .010 810 292 141
BOPb .. 000 . 088 008 0% 822 . . 818 0N . 005
Ex2_AveF =377 10 -.3-?2 -3.430 ¢.0017 -813 -.370 -.184 ‘

a. DependentVariable: Ex2_Brix



82

Calibration model

y=1.671 + 0.01(Time) + 0.147(P_L) + 0.692(P_a) + 0.01(P_b) - 0.377(P_AveF)

T Time = sgegiamdninuginniianuuieduifauadunounisvuds
PL =@1L* fwdonuinafinarmanzhainenliEnes
Pa = a* idenusnafnarmauzhaihnenlianes
Pb = b* fidenuinainarmanehahnenliidnes

P_AveF = A Average firmness(N/mm) wuuliivianguiiinfenatssauyaig
vhaenls!

InAndulszavsanaesves model lauansliifiudi fauusisevsnalunisyiuneen
TSS (Total Soluble Solid) fia A1 Average firmness(N/mm) kag @1 b* 7 L1Udanusiia
AsnansnanztinsinenliEnes mudeu wasthaumsiildnviuie TSS (Total Soluble
Solid) veaizshathnenlsifinunsdudauaunn agldsennd 4.14 ssdiuldinAnisviune
frnlndAsauasioieseilagnisaiensmeelusunsy Microsoft Excel Usinginléen
R? = 0.7871

25

X y = 0.7808x + 3.8507 d 4
& 20 o
< Rz =0.7871

A 15

= °

5 10 o

9

(@)

55

X

a0

0 10 20 30
Measure TSS (°Brix)

AN 4.13 N5INLERIANUAUTNUSTEIIN9AN TSS (Total Soluble Solids) AialAaSe wazANlaaInAg

YNUIEVBIALN15VIUL HNATAULNEIATIN 2
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A15199 ¥1 dnrdnuzaiaimenliidanes (n3y) TunisiAunednsadn 1 270 Treatment

gamaiingi 20 “C gniiusnil 20 °C 1uaan 266 ks

4 Falusdl
anm
0 2 26 74 122 170 218 266
1 34588 | 34558 | 343.21 335.12 327.38 317.62 | 31098 303.82
2 309.56 | 30923 | 306.57 301.80 | 29667 |  290.12 285.5 280.71
3 380.31 | 37996 |  377.19 371.31 364.93 356.23 | 350.11 343.85
4 33027 | 329.87 326.68 320.50 314.47 30830 | 30088 | 29447
5 36159 | 36125 358.57 352.79 346.41 339.10 | 32984 | 32197
6 350.84 | 350.49 347.71 323.16 316.74 30868 | 30263 | 29599
7 42210 | 42186 |  419.97 41433 |  407.85 399.94 | 394.31 387.79
8 389.84'|  389.60 387.70 381.37 375.18 367.11 361.04 | 354.72
9 430.16 |- 429.78 | 426.76 417.93 | 40948 399.60 | 39244 | 38399
10 | 40607 | 405.80 403.6 397.21 390.14°| -~ 381.06 374.67 367.58
m39fl 92 Ymdnuzshsieenlsfanes (M) Tunaduieaadss 1 910 Treatment 7
Sraosan e ruiefisunulaondl Mgamglaeusn(=a0+5°C) waglsidnisvu
aunilalwdaledu gnifusnuit 20 °C Wunan 266 il
L i
anil
0 2 26 74 122 170 218 266
1 357.30 | (35668 351.43 346.09 338.67 331.15 32494 | 31749
2 38081 38024 | | 37571 370.75 364.60 35587 | 35107 344.95
3 327.14 | 32661 322:34 317.82 313.06 306.61 301.74 | 29641
4 34380 | . 343.29 339.20 333.95 327.75 32027 | 314.70 308.18
5 40532 | 40477 | = 400.38 393.70 387.32 379.81 374.19 367.22
6 330.17 | 32958 324.83 319.87 314.92 308.41 30354 | 28806
7 38396 | 383.40 37891 373.93 368.63 36312 | 35857 353.23
8 43505 |  434.45 |  429.67 42380 | 41763 41010 | 404.49 398.83
9 38381 | 38343 380.38 376.26 370.68 36357 | 35904 | 35397
10 | 47666 | 47593 | 47010 | 46358 |  455.18 44381 436.81 427.01
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A15199 U3 Wrinuzaiaieenliidnes (n3u) Tunisifiuliednsadt 1 70 Treatment 7

PavsanzuTnaamvuienanniulaen Meamgineusn(=40+5°C) waviin vy

awulnulndalaiu gniiusnwd 20 °C Wuaan 266 F3lus

y Halusdi
Qﬂ‘VI
0 2 26 74 122 170 218 266
1 39465 | 394.23 390.85 383.31 375.95 366.78 360.42 353.00
2 384.62 | 384.21 380.93 374.70 368.41 359.85 354.14 348.28
3 42332 | 42287 419.24 411.13 404.21 305.46 388.47 382.57
4 37378 | 37332 369.62 363.82 357.66 309,55 343.97 338.32
5 43042 | 429.89 425.64 418.86 411.79 403.08 307.36 390.01
6 386.93 | 386.46 382.74 375.28 368.15 359.53 353.32 306.12
7 37167 | 37138 369.09 363.37 358.23 351.40 345.74 339.27
8 37097 | 370.67 368.25 362.33 356.74 349,49 344,04 337.47
9 43737 | 437.01 434.11 429.29 424.33 417.14 41111 404.78
10 42749 | 427.05 42357 418.10 409.51 400.15 389.47 386.38
mseit v minszshainenldEines (1) Tunsiuisansed 2 910 Treatment
gaumgiiagi 20 *C gnifiudnuwail 20 °C WAl 266 Halus
| Falusi
anil
0 2 26 74 122 170 218 266

1 41878 | 41803 414.95 409.00 402.90 396.95 390.14 383.98
2 41361 413.06 409.33 402.34 395.52 380.34 381.96 375.38
3 45254 | 45183 447.27 438.95 431.91 425.01 416.87 410.38
4 42576 | 42501 420.85 413.34 406.47 399.80 392.01 385.27
5 41021 | 409.38 405.38 308.65 392.03 385.43 378.08 371.79
6 386.74 |  385.79 381.56 374.90 368.06 361.15 353.87 347.09
7 46755 | 466.85 462.67 454.39 446.07 437.77 428.72 420.53
8 48846 | 487.85 483.55 475.72 468.44 461.20 453.30 446.19
9 367.95 | 367.12 363.05 356.26 349.90 343.72 337.00 331.43
10 40337 | 402.58 308.44 390.87 383.81 376.79 369.19 362.13
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A15199 5 Wrinuzdiaieenliidnes (n3y) TunisiAuiennsan 2 270 Treatment #

avsanzusnaamvuienanniulaend Meamgineuen(=40+5°C) wayliinisu

awulnulndalaiu gniiusnwd 20 °C Wuaan 266 F3lus

4 Falusdl
anm
0 2 26 74 122 170 218 266
1 41984 | 41942 | 41435 406.73 399.91 393.11 385.93 379.20
2 34584 | 34543 | 34232 335.39 329.53 32337 | 31674 | 31105
3 350.05 | 349.60 345.99 338.34 331.81 32593 | 319.49 313.18
4 45776 | 45730 | 45286 443.78 435.20 42863 | 421.37 414.32
5 42236 | 42183 | 417.38 408.21 400.59 383.71 386.97 380.51
6 459.60 | 459.13 | - 45341 444.52 | 43599 42807 | 419.69 411.72
7 414.67| 41438 | 409.69 401.62 394.22 387.34 | 38101 373.87
8 368.39 | 36809 |  363.98 356.16 349.48 343,13 | 338.10 331.78
9 399.94 | 399.58 395.26 386.94 379.51 37313 | 367.55 361.61
10 | 38156 | 38112 ~ 377.23 368.53 360.86 353.66 347.35 340.31
M9 96 Ynnuzahsinenlsianes (n§) lunafiuideardsd 2 990 Treatment 7
Sraosannziinnasuisfisuudulngnsitguvnimeusn(=40+5°C) wasiinsiiy
aundnalnddledu grifiusnund 20 °C Wuan 266 $alue
h A Taai
ani
0 2 26 74 122 170 218 266
1 41206°| 41140 | = 405.92 397.05 389.60 38208 | 37571 369.46
2 43379 | 43322 | 42834 | 41985 411.71 403.55 396.84 | 39030
3 397.86 | . 39733 392.63 384.27 376.90 368.64 | 361.99 355.82
4 48265 | 48214 | 47679 468.28 460.87 45202 |  444.98 438.74
5 46330 | 46275 | 45772 | 449.28| 44178 432.55 424.31 417.02
6 48765 | 487.06 |  480.83 471.58 465.03 456.37 | 448.96 441.65
7 47863 | 47807 | 47213 464.17 456.56 447.89 441.14 | 434.09
8 48839 | 487.79 | 48158 472.85 465.49 456.58 | 449.22 442.35
9 57809 | 57771 571.63 562.55 554.69 54434 | 53558 528.25
10 | 40984 | 409.11 405.34 398.41 391.65 38333 | 37605 369.49
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A15197 97 A1 Non-Destructive : Average firmness (N/mm) aasnanzisiinenlddnes

A1NN1518INITIANITNANUIUAEAUANAUINTU NAULLUWINAITAUNLIATIN 1 LazATe

#1 2 gauAiusnwd 20 °C WJuwaan 266 Falus Avianuaduaade + SD (n=3)

Non-Destructive: Average firmness (N/mm)

H1- H1- H1- H2- H2- H2-
Hour
Constant Non Insulator Insulator Constant Non Insulator Insulator
0 16.01+0.68 16.01+0.68 16.0140.68 | 11.83%1.05 11.83+1.05 11.83+1.05
2 15.09+0.87 10.910.80 12.84+1.55 | 10.75+0.62 9.11+0.84 9.84+0.41
26 14.04+1.77 10.82+0.52 11.48+1.25 | 9.23+1.79 8.11+1.66 7.61+1.20
74 10.85+1.49 7.94+1.44 10.24+0.97 | 8.06+0.70 5.67+1.01 5.86+0.71
122 7.11+1.01 6.15+0.98 7.35+1.54 4.92+0.44 3.84+0.74 4.28+0.48
170 5.02+0.96 4.56+0.30 4.43+0.49 3.31+0.45 2.76+0.04 3.13+0.28
218 3.34+0.58 3.31+0.26 3.23+0.16 2.89+0.17 2.45+0.52 2.79+0.49
266 2.75+0.62 1.88+0.36 2.36+0.03 1.98+0.13 1.9540.11 1.98+0.26
3797 ¥8 A1 Non-Destructive : Toughness (N.mm) emanzaasinmenlddnas annms
$rassnisdansfia e AuATau LDy sauzannaiuReInsd 1 wavedd 2 an
Ausnundt 20 °C 1uan 266 alas AviavaaduARas + SO (n=3)
Non-Destructive: Toughness (N.mm)
H1- H1- H1- H2- H2- H2-
Hour
Constant Non Insulator Insulator Constant Non Insulator Insulator
0 0.029+0.002 0.029+0.002 0.029+0.002 | 0.040+0.004 0.040+0.004 0.040+0.004
2 0.031+0.002 0.044+0.005 0.036+0.004 | 0.045+0.003 0.051+0.003 0.050+0.003
26 0.035+0.004 0.044+0.001 0.042+0.005 | 0.052+0.010 0.061+0.011 0.062+0.007
74 0.044+0.007 0.061+0.009 0.047+0.003 | 0.060+0.006 0.086+0.012 0.084+0.012
122 | 0.069+0.012 0.079+0.015 0.066+0.013 | 0.099+0.008 0.126+0.020 0.11320.012
170 | 0.098+0.014 0.104+0.007 0.108+0.012 | 0.136+0.013 0.167+0.020 0.152+0.012
218 | 0.142+0.014 0.136+0.008 0.145+0.009 | 0.161+0.012 0.201+0.043 0.169+0.029
266 | 0.172+0.010 0.199+0.067 0.187+0.007 | 0.236+0.013 0.238+0.017 0.243+0.049
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A13579% V9 A1 Destructive : Average firmness (N/mm) UadnanziuInenldd@nes 910

N1991884N159ANISRAUIUANSFUATNAUNINTY NANZI9IINNITHAUNEIASIA 1 WazASIN 2

gniiusnwd 20 °C waan 266 Falus ansmuaduaiade + SD (n=3)

Non-Destructive: Average firmness (N/mm)

H1- H1- H1- H2- H2- H2-
Hour

Constant Non Insulator Insulator Constant Non Insulator Insulator
0 16.71+£3.74 16.71+£3.74 16.71+£3.74 15.12+1.07 15.12+1.07 15.12+1.07
2 14.57+3.41 13.62+2.08 14.31+1.77 12.24+3.32 12.62+0.35 12.17+1.10
26 22.11+0.67 18.25+2.14 19.69+2.83 11.98+1.30 8.54+1.40 8.03+0.28
74 13.74+3.80 11.31+1.52 11.73+3.61 6.20+1.64 4.10+0.11 4.19+1.17
122 6.79+0.77 3.30+1.05 4.11+0.63 2.76+0.46 1.52+0.21 1.93+0.53
170 3.40+1.24 1.48+0.52 2.58+0.25 1.73+0.22 1.63+0.26 1.97+0.26
218 1.27+0.29 0.79+0.42 1.47+0.40 1.71+0.17 1.28+0.12 1.20+0.32
266 1.19+0.66 0.55+0.25 1.31+0.44 1.02+0.22 0.48+0.30 1.07+0.26

A15197 210 A Destructive : Initial firmness (N/mm) Yaerauzasiinenli@nas 91nns

Taeansdnmsiiawuuaeduim Naundy NauzaeeINNIsiuNeInssil 1 uazasei 2 gn

WAUSnw 20 °C 1dutan 266 Flus AwavuaLduAaag = SD (n=3)

Non-Destructive: Initial firmness (N/mm)

H1- H1- H1- H2- H2- H2-

Hour
Constant Non Insulator Insulator Constant Non Insulator Insulator
0 10.06+1.11 10.06+1.11 10.06+1.11 9.94+0.30 9.94+0.30 9.94+0.30
2 9.59+1.55 10.06+1.16 14.02+4.01 7.97+1.03 8.61+0.58 7.70+£0.43
26 10.93+2.87 9.81+1.44 11.62+0.98 8.29+0.56 5.93+0.46 6.02+0.38
74 9.40+2.02 7.14+0.42 8.41+2.57 4.98+0.80 4.38+0.53 4.17+0.51
122 5.88+1.30 4.39+0.82 4.92+1.48 3.00+0.43 1.79+0.18 2.39+0.31
170 3.97+0.25 2.75+0.80 3.00+0.38 2.11+0.20 2.03+0.34 2.44+0.28
218 1.76+0.39 0.85+0.51 1.61+0.56 1.98+0.26 1.37+0.26 1.27+0.41
266 1.36+0.62 0.55+0.25 1.41+0.54 1.09+0.33 0.48+0.30 1.07+0.26
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A1519% W11 A1 Destructive : Rupture force (N) Uananziisinonldd@ves a1nn1sdiaes

M3dnnIsTiauuIeAUA ATy NaNzaINNISNUAEIRTIT 1 WaeAsad 2 gniiy

$nwndt 20 °C Wunan 266 $lus Avisiuaduaady + SD (n=3)

Non-Destructive: Rupture force (N)

H1- H1- H1- H2- H2- H2-
Hour

Constant Non Insulator Insulator Constant Non Insulator Insulator
0 64.96+4.75 64.96+4.75 64.96+4.75 53.30+4.62 53.30+4.62 53.30+4.62
2 63.32+8.14 58.23+3.21 58.91+0.64 | 49.67+11.13 47.34+0.67 48.00+5.15
26 63.15+5.32 57.22+3.47 56.98+3.17 46.72+5.33 30.47+7.82 31.68+3.51
74 61.77+6.09 46.13+4.74 53.98+8.55 24.11+3.02 7.39+1.75 10.49+2.29
122 30.61+1.27 8.08+3.88 10.54+4.20 4.77+0.42 2.62+0.46 3.48+0.93
170 13.42+2.18 3.25+0.84 4.27+1.00 3.07+0.40 2.41+0.38 2.92+0.34
218 2.64+0.61 1.86+0.44 2.10+0.24 2.37+0.08 1.82+0.34 1.91+0.24
266 2.02+0.18 1.40+0.01 1.97+0.45 1.80+0.50 1.09+0.12 1.50+0.12

M1519% V12 A1 Destructive : Toughness (N.mm) Yadnanz9uInenlidnes a1nn1s

Taesnsdnnsiauuaeduaianiuiy naugdeannINUNEIAgan 1 uagAsad 2 gn

Ausnw 20 °C 1utan 266 Halas AvanusduAlady + SD (n=3)

Non-Destructive: Toughness (N.mm)

H1- H1- H1- H2-
Hour
Constant Non Insulator Insulator H2-Constant Non Insulator H2-Insulator
0 124.95+9.64 124.95+9.64 124.95+9.64 | 114.17+£10.71 114.17+10.71 114.17+10.71
2 171.45+21.89 137.57+17.17 150.38+13.64 | 120.81+26.05 102.39+6.99 111.32+1.29
26 156.16+13.57 106.00+2.51 125.09+10.73 | 104.95+11.49 61.45+19.39 75.48+17.40
74 116.34+15.38 91.90+2.21 94.60+15.62 | 57.05+14.26 7.97+4.05 16.34+0.94
122 81.95+7.47 18.17+19.96 20.23+14.96 4.83+1.91 2.72+0.62 3.83+0.43
170 34.50+5.32 6.66+2.74 4.32+2.13 3.24+0.64 2.10+0.27 2.55+0.49
218 4.76+3.51 4.41+1.26 2.07+0.70 1.71+£0.17 1.28+0.12 1.20+0.32
266 3.23+1.81 3.20+1.49 2.13+0.75 3.00+1.10 2.88+0.80 1.39+0.55
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A15199 V13 AveLdsTanuafiazateuile (Total soluble solids) vaanauzisiinenlla

7199 2INNITI1A09INIFIANITNATUIUN WA UAIMNAUNLTU HANLZUIRINAITAULALIATIN 1

waeAsan 2 gniiusnwd 20 °C uian 266 Halue Avsvunilueiade + SD (n=5)

TSS
H1- H1- H1- H2- H2- H2-
Hour
Constant Non-insulator Insulator Constant Non-insulator Insulator
0 844 + 027 | 844 + 027 | 844 + 027 | 1253 + 183 | 1253 + 1.83 1253 =+ 183
2 906 + 055 | 921 + 108 | 890 + 067 | 1289 + 062 | 1483 =+ 179 1366 =+ 138
26 979 + 060 | 1042 + 095 | 1035 + 046 | 1430 + 161 | 1740 + 201 1604 = 2.16
74 | 1258 + 150 | 1435 + 080 | 1336 + 053 | 1749 + 207 | 2127 + 1.58 19.19 = 1.49
122 | 1459 + 079 | 1739 + 112 | 1741 + 130 | 2016 =+ 153 | 2166 =+ 088 2109 + 101
170 | 1783 + 131 | 1911 + 136 | 1821 =+ 100 | 2126 =+ 137 | 2152 =+ 137 2174 £ 1.05
218 | 17.62 + 232 | 19.63 + 083 | 1853 + 091 | 2082 + 087 | 2172 £ 121 2093 + 1.75
266 | 17.68 + 146 | 1957 + 109 | 1899 + 116 | 2107 + 237 | 2194 + 154 2130 + 091
A1919% 914 Arrnandunsndnin (acidity) vaananzastnonlidnes 9ann1sshasinis
SannsfiaruvudeAudiiaunstu naushsinnaduifeinsed 1 uazade 2 gnLAusnwf
20 °C Wuaan 266 Halus AwiaiumBudniaas + SD (n=5)
Acidity
H1- H1- H1- H2- H2- H2-
Hour
Constant Non-insulator Insulator Constant Non-insulator Insulator
0 130 + 018 | 130 + 018 | 130 =+ 0.8 | 1.42 + 005 | 142 = 005 | 142 + 005
2 114 + 018 | 109 + 015 | 114 + 015|131 + 016 | 1.14 = 014 | 133 + 025
26 | 118 + 016 | 1.12 %+ 010 | 122 + 020 | 127 = 007 | 1.15 = 0.14 | 131 + 025
74 | 115 + 013 | 095 + 007 | 1.18 + 019 | 1.03 = 025 | 096 + 018 | 1.10 = 0.16
122 | 113 + 021|074 + 022|080 = 0.14 {09 =+ 009 | 084 = 0.12 | 084 =+ 0.11
170 | 073 + 018 | 056 + 024 | 065 =+ 0.12 | 076 + 008 | 069 = 007 | 074 + 007
218 | 061 + 012 | 046 + 006|048 + 010 | 074 = 010 | 065 + 019 | 0.64 = 0.09
266 | 063 + 015|051 + 006|053 + 007 | 065 = 005 | 060 + 005|058 = 0.10
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A191991 Y15 A1 pH YeIRaNzInenEEVas 91NN1591809N15IRNSTIATUILEEEUAT

auudu nauzd931NNISALNEIATIN 1 wazaAsei 2 gniAusnei 20 °C Wuian 266

Flaa Avisruadueade + SD (n=5)

pH
H1- H1-Non- H1- H2- H2- H2-

Hour

Constant insulator Insulator Constant Non-insulator Insulator
0 311 + 005 | 311 + 005|311 + 005|333 + 006 | 333 =+ 006 | 333 + 0.06
2 322 + 007|322 + 014 | 313 + 009 | 332 =+ 007|339 + 011 | 334 + 0.21
26 320 £+ 012 | 312 + 008 | 314 + 0.6 | 330 + 0.18 | 344 =+ 0.12 | 339 =+ 0.20
74 319 + 013 | 327 + 003 [ 332 + 011 | 366 + 037|393 + 040 | 365 =+ 0.10
122 316 + 023 | 354 + 035|364 + 034 ]380 + 012|401 =+ 016 | 396 =+ 0.09
170 365 + 037 | 379 + 028 | 378 + 033|435 + 019 | 439 =+ 007 | 439 =+ 0.06
218 436 =+ 044 | 467 + 040 | 466 =+ 038 | 486 =+ 031 | 511 + 041 | 524 + 047
266 500 + 036 | 544 + 104 | 534 + 065 | 530 =+ 053|527 + 028|588 =+ 0.13

m3eR 16 A L* vosiananzshsinnenliiines 91nnnssaesntsinnisiaiuaudnedudn

flauuu nauzdasainnisiuieaien 1 uavafed 2 gmﬁu%’ﬂmﬁ 20 °C tduian 266

Flua avenuadurnede + sb (h=3)

L*
H1- H1-Non- H1- H2- H2- H2-

Hour

Constant insulator Insulator Constant Non-insulator Insulator
0 7695 + 086 | 7695 + 086 | 7695 + 086 | 7713 + 056 [77.13 + 056 | 77.13 + 0.56
2 7640 + 073 [ 7462 =+ 075 | 7485 =+ 105 | 7470 + 099 |7463 =+ 0.71 | 7670 =+ 0.79
26 7572 + 041 [ 7481 =+ 1.70 | 7481 =+ 096 | 7637 + 095 [ 7548 =+ 0.79 | 76.52 =+ 0.96
74 7339 + 060 | 7003 + 0.88 | 71.80 + 205 | 7497 + 203 |7397 =+ 169 | 7420 + 1.04
122 7313 + 085 | 6985 + 086 | 71.60 + 087 | 7342 + 151 7197 =+ 106 | 71.90 + 156
170 7252 + 147 | 6739 + 269 | 7156 + 298 | 7246 + 085 |70.07 + 022 | 7112 + 099
218 6853 + 024 | 6678 + 153 |6784 + 069 | 7012 + 138 |[6794 =+ 116 | 6824 + 234
266 68.12 + 101 | 6585 + 142 | 6680 =+ 139 |6664 + 086 |66.63 =+ 111 | 6627 + 0.46
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AN5199 V17 A1 a* VOIRINANZUUNReN AN 91NN1TI18INITARNISNAIUIUB AU

Nawutu nauzd193INMaAuAeInsei 1 wazaseil 2 gniAusneii 20 °C Wulian 266

Flaa Avisruadueade + SD (n=3)

a*
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 523 + 065 | 523 + 065 | 523 + 065 | 633 =+ 011 | 633 =+ 011 | 633 =+ 0.11
2 544 + 0.76 6.23 + 0.67 565 + 0.63 566 =+ 122 757 + 084 630 + 025
26 552 + 052 | 649 + 063 | 58 =+ 031 | 695 + 060 | 807 =+ 074 | 729 =+ 1.07
74 618 + 058 | 728 + 080 | 633 + 044 | 750 =+ 201 | 940 =+ 129 | 965 =+ 084
122 6.65 + 0.40 858 =+ 211 815 + 124 942 + 095 | 1071 =+ 031 |1039 =+ 1.15
170 730 + 1.17 936 + 047 858 .+ 097 993 + 043 | 1194 =+ 072 |1141 =+ 1.01
218 9.13 + 166 | 1093 + 042 955 + 060 | 1198 =+ 060 |11.70 + 089 | 1239 =+ 0.50
266 1139 + 080 | 1159 =+ 057 | 1131 + 091 | 1208 + 048 |11.76 =+ 1.17 | 1280 =+ 1.12
a3eit ¥18 f b* vestananzihnhnenldEves snmssiassnsInnsTianaueaus
flauuu nauzdasainnisiuieaien 1 uavafed 2 gmﬁu%’ﬂmﬁ 20 °C tduian 266
Flua avenuadurnede + sb (h=3)
b*
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 3240 + 0.68 [3240 =+ 0.68 | 3240 =+ 068 | 3512 + 136 [3512 + 136 |3512 =+ 1.36
2 3390 + 191 [3352 =+ 144 |3274 + 178 | 3285 =+ 423 |3634 =+ 307 |3621 =+ 205
26 3393 + 093 [ 3410 =+ 1.64 | 3342 =+ 065 |3701 + 175 3869 =+ 1.71 |3684 =+ 235
74 3395 + 140 | 3450 + 220 | 3436 + 069 |37.69 =+ 147 |4007 =+ 290 |3943 =+ 0.50
122 3558 + 158 | 3845 + 451 | 3715 + 218 | 41.08 + 219 |41.08 + 150 |4091 =+ 266
170 3598 + 201 | 3836 + 037 |3688 + 421 |3984 =+ 068 |41.93 + 262 |41.21 =+ 288
218 3798 + 264 |39.10 + 041 | 3784 =+ 129 (4144 + 005 3999 =+ 079 | 4051 + 263
266 4189 + 229 (3929 =+ 1.76 | 4164 =+ 066 | 39.17 + 057 | 3928 =+ 1.05|39.71 =+ 372
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A15197 V19 A1 L* vadiialnaluanvaauziiaiinenlidnas 21n111531a9901599015R 81U

A v oA a \ 2 o & A S A 2 o P o &
YUNYFAUATNAUINUY NANZUWNINNATLAULAYIATIN 1 LLagAIInN 2 QﬂLﬂUﬁﬂqu] 20 °C Ju

1781 266 Tl AvTauaduAILRas + SD (n=3)

L*
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 78.09 + 053 | 7809 + 053 | 7809 + 053 |7825 =+ 199 | 7825 + 199 |7825 =+ 199
2 78.18 + 080 |77.64 =+ 039 | 7833 =+ 045 | 7825 + 104 | 7820 =+ 240 | 7792 =+ 123
26 7836 + 112 7756 =+ 093 | 7815 =+ 0.16 | 7759 + 107 | 7548 =+ 0.79 | 7738 =+ 1.39
74 7585 + 151 | 7290 =+ 434 | 7625 =+ 123 |7072 + 423 |67.09 =+ 114 | 6879 + 255
122 | 71.04 + 239 | 6891 =+ 280 |7086 + 390 | 6772 =+ 179 |6493 + 209 |66.63 + 0.70
170 65.67 + 143 [ 6256 =+ 1.61 | 6459 =+ 211 | 6573 + 088 |64.07 =+ 257 |6352 =+ 222
218 65.68 + 291 | 6260 =+ 137 | 6350 =+ 204 | 6356 =+ 261 |6243 + 463 |63.03 + 386
266 6294 + 113 [61.09 =+ 142 | 6195 =+ 354 | 6194 + 148 |63.838 =+ 203 |6292 =+ 0.79
A1 920 A1 a* vesdlelnduaaveszihainenliiEnes :annissiasinsiansiian
yugeAudiiaundu nauzsnmafuRdi 1 uasadad 2 Qmﬁu%’ﬂmﬁ 20 °C vJu
nan 266 $las Afanuaduenade + SD (n=3)
a*
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 098 =+ 0.04 098 =+ 0.04 098 =+ 0.04 3.02 + 1.00 3.02 + 1.00 3.02 = 1.00
2 132 + 0.58 1.64 + 0.37 Jrb NP L2 055 298 + 0.73 326 + 1.74 227 + 0.20
26 142 + 025 202 + 0.21 1.60 + 0.07 414 + 0.75 8.07 + 0.71 3.00 = 0.80
74 276 + 0.76 378 + 1.24 296 + 1.07 6.64 + 203 833 + 1.39 788 =+ 1.19
122 6.58 + 0.6 877 + 1.87 727 + 273 879 + 0.38 932 + 1.07 8.68 =+ 0.56
170 780 + 045 |1058 + 142 | 1036 =+ 161 | 1002 + 035 |1062 + 063 |11.00 =+ 0.67
218 1048 + 226 (1184 =+ 039 | 1070 =+ 117 | 1018 + 0.23 | 1097 + 038 | 1227 + 0.65
266 1342 + 138 | 1210 =+ 0.70 | 1267 =+ 084 | 1139 + 029 |11.64 =+ 086 | 11.72 =+ 0.79
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A1519% 121 A1 b* Yaatilalnalldnuesuziiauinanlidnes 311N1531a99N159ANSNATY

A v oA a \ 2 o & A S A 2 o P o &
YUNYFAUATNAUINUY NANZUWNINNATLAULAYIATIN 1 LLagAIInN 2 QﬂLﬂUﬁﬂqu] 20 °C Ju

1781 266 Tl AvTauaduAILRas + SD (n=3)

b*
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 3112 + 183 | 3112 + 183 |31.12 + 183 |3510 =+ 563 |3510 =+ 563 |3510 + 563
2 3382 + 209 [34.02 =+ 166 |3528 =+ 1183|3457 + 402 |3658 =+ 479 |3508 =+ 227
26 3324 + 266 [3959 =+ 080 | 3564 =+ 167 | 3981 =+ 224 |3869 =+ 1.71 |3829 =+ 359
74 4209 + 348 (4584 =+ 470 | 4278 <+ 389 | 5133 + 336 |5337 + 244 |5419 + 085
122 5403 + 0.67 |5745 =+ 141 |5466 =+ 1955390 =+ 177 (5414 =+ 200 |5399 =+ 061
170 5506 + 151 [5748 =+ 1.01 |5659 =+ 195 |5461 + 096 |5376 =+ 095 |5543 =+ 1.00
218 5312 + 294 | 5597 =+ 211 | 5386 =+ 145 |5337 + 129 |5307 =+ 100 |5377 + 194
266 5673 + 120 |5794 =+ 1.60 | 57.02 =+ 196 5497 + 210 |5646 =+ 1.16 |56.04 =+ 051
m3el 922 A Y esiananzshsnenliiEnes snnn1ssianensIRnsTiaiuauatedud
flauuu nauzdasainnisiuieaien 1 uavafed 2 gmﬁu%’ﬂmﬁ 20 °C tduian 266
Flua avenuadurnede + sb (h=3)
Yl
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 6297 + 415 [ 6297 =+ 415 | 6297 =+ 415 | 6506 + 287 | 6506 =+ 287 | 6506 =+ 287
2 6059 + 142 [66.07 =+ 481 | 6560 =+ 218 | 6276 =+ 7.45 |6955 =+ 553 |6747 =+ 447
26 64.06 + 298 |64.00 =+ 209 | 6249 =+ 370 | 6927 + 417 | 7325 + 380 | 6882 =+ 526
74 66.06 + 141 |6954 =+ 254 | 6655 =+ 312 | 7187 + 397 | 7746 =+ 6.75 | 7594 =+ 198
122 6953 + 357 [ 7868 =+ 951 | 7413 =+ 458 | 80.02 + 590 |81.53 + 225 |8138 =+ 6.89
170 7094 + 539 | 8143 + 409 | 7351 + 587 | 7856 + 188 |8549 <+ 534 |8280 + 6.26
218 79.17 + 528 |83.68 + 263 | 7972 + 335 (8444 + 173 |84.08 =+ 030 |8475 + 295
266 8783 + 356 8524 =+ 301 |89.10 + 296 [8399 =+ 203 |8425 =+ 299 |8561 =+ 824
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A19197 123 A1 Yl vadtielndluanvetuziiatinnenliidned 91Nn1591a99N15IANTNATLUU

\ a v oA a | < & A & A 2 o =y o <
NYAUATMMAUINUU NANZUIAINAITLAULAYIATIN 1 LAagAIIN 2 QﬂLﬂUﬁﬂUqV] 20 °C 1 Ju

1781 266 Tl AvTauaduAILRas + SD (n=3)

Yl
H1- H1- H2- H2- H2-
Hour
Constant H1-Non-insulator Insulator Constant Non-insulator Insulator
0 6178 + 343 61.78 + 343 61.78 + 3.43 6428 + 1192 6428 + 11.92 64.28 =+ 11.92
2 5694 + 368 6260 + 3.33 6435 + 3.69 63.17 + 8.09 67.05 + 10.86 6438 + 5.15
26 60.66 =+ 5.67 7295 + 236 65.16 + 3.01 7334 + 488 7753 + 732 7077 + T71.75
74 7935 + 1.77 90.41 + 14.64 80.23 + 821 |10420 =+ 13.08| 11367 =+ 586 11266 + 541
122 108.76 + 497 119.27 =+ 743 110.56 + 965 | 11382 =+ 6.68 11925 + 742 11577 + 191
170 119.76 = 284 13135 + 5.02 12522 + 470 | 11869 =+ 0.88 11997 + 4.12 12478 + 5.60
218 11586 + 1138 | 127.75 + 5.05 121.18 + 0.64 | 12005 =+ 3.07 121.80 =+ 7.47 12237 + 12.16
266 128.76 = 0.61 135.61 + 6.58 BN o=t/ 8 AN N 264 W s 375/ 12640 =+ 6.70 12726 + 245
asei 24 AsyduRsuuLA e nvasianauzinsinnenlidves 99nn1ssaeINsIANTST
UL eAudTiauNDy Nanzhsnnsiuieandedl 1 uegededl 2 gauiusnmil 20 °C
e 266 Falus Avtansailudade + SD (n=10)
Aszauaznuudildeninnauzaiawiinenlidnes
H1- H1-Non- H1- H2- H2- H2-
Hour
Constant insulator Insulator Constant Non-insulator Insulator
0 1.20 + 042 1.30 + 048 1.20 += 042 1.70 + 048 1.30 + 048 1.20 + 042
2 1.20 + 042 1.50 + 053 130 + 048 1.20 = 042 150 + 0.53 1.70 + 048
26 190 =+ 0.32 230 + 048 220 + 0.63 190 + 0.32 270 + 048 260 =+ 052
74 230 + 0.48 330 =« 0.48 260 + 052 240 + 052 380 =+ 042 330 = 048
122 240 + 0.52 420 + 0.42 310 =+ 0.88 270 + 048 440 =+ 0.52 400 = 0.00
170 290 + 0.32 480 =+ 042 350 =+ 0.53 3.00 = 0.47 490 =+ 0.32 430 =+ 048
218 390 =+ 0.57 490 =+ 0.32 440 =+ 0.52 400 =+ 047 490 =+ 0.32 450 =+ 0.53
266 420 + 0.42 490 =+ 0.32 470 + 048 440 + 0.52 500 =+ 0.00 480 =+ 042
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Abstract: Mango (Mangifera indica L.) ‘Nam Dok Mai Si Thong' is an important cultivar for export
from Thailand. Export mainly takes place via air transport, but for about 2 h at the loading area
(tarmac), unit loading devices (ULDs) are exposed to ambient environmental conditions. In this
research, the effects of different temperature conditions at the loading area (tarmac) and the distance
of the production area from the tarmac on the quality of fresh mango fruits were studied. The
treatments included three temperature conditions for 2 h (simulated handling in tarmac)—constant
temperature (20 °C), non-insulated or insulated and exposed to sun—and two distances of the
tarmac from the production area—short distance (i.e., transport occurring 53 h after harvest) and
long distance (i.e., transport occurring 70 h after harvest). The temperature variation in the boxes
exposed to the sun was greater in the non-insulated than in the insulated boxes, but this effect was
more pronounced in fruit from the short-distance production area (28.1 °C insulated and 36.9 °C
non-insulated) than in fruit from the long-distance production area (34.2 °C insulated and 38 °C
non-insulated). Insulation and short distance increased the shelf life, decreased weight loss, delayed
the decrease in average firmness and rupture force, etc. The insulation of mango fruit boxes mitigates
the deleterious effect of exposure to 2 h of direct sun by reducing the increase in temperature, thus
improving the shelf life and quality of mango fruit.

Keywords: Mangifera indica; Nam Dok Mai Si Thong; air freight; postharvest quality; quality attributes

1. Introduction

Mango (Mangifera indica L.) is a climacteric fruit and is a popular tropical fruit [1]. It
is the sixth most widely grown fruit crop in the world, and Thailand ranked as the tenth
highest producer in 2019-2020 [2—4]. In 2021, the total area under mango cultivation in
Thailand was 146,217 hectares, with a fruit yield of more than 905,934 tons [5]. Thailand
exports of fresh mangoes were valued at USD 734 million in 2020 [6]. Thailand has many
mango varieties, and more than 60 types are commercially cultivated [7]. However, one of
the most important leading mango cultivars for export is ‘Nam Dok Mai Si Thong’ [8]. The
skin of the ‘Nam Dok Mai Si Thong’ mango is yellow, and it turns to golden-yellow with
ripening. This variety is sweet, fragrant, and juicy, and has no fibrous tissue [9].

Consumer acceptance of mangoes is correlated with the internal and external quality
factors of mango fruit [10]. The quality of mango is difficult to maintain, because mango
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is a highly perishable fruit that ripens rapidly after harvest [3]. Hence, mango fruits have
a short storage life after harvest due to poor postharvest handling, temperature, disease
incidence, and sensitivity to chilling injury [11,12]. Quality losses in fresh fruit or rejection

of the whole loads can result from temperature abuses encountered during handling [13].

Air freight is the fastest way to transport highly perishable horticultural crops over long
distances [14]. However, normal air transport involves a significant break in the cold chain
of perishable handling. The major causes for this rupture are the fluctuating temperatures
that often occur during air freight and ground operations [15].

A schematic diagram of mango fruit transportation from the farm through the airport
to the customer is shown in Figure 1. Studies measuring time-temperature profiles during
the air freight of perishable foods indicate improper control of the temperature. It is
estimated that only approximately half of the transit time attributed to air freight is spent
in flight; during the other half of the time, the perishable food is being transported to or
from the airport, stored at the airport, or loaded into or unloaded from the plane on the
tarmac [16]. High temperatures can occur inside the unit loading devices (ULDs), especially
when the perishable food is on the tarmac before being loaded into the airplane: on the
tarmac, temperatures as extreme as —50 “C or +50 “C can be observed, depending on the
location or season [13,17,18]. Furthermore, the studies of Villeneuve et al. [19] report the
occurrence of a difference of about 14 °C inside ULDs between the worst-case and best-case
scenarios. Temperature variations inside ULDs during airport operations can be caused by
the presence of cooling and handling equipment at the airport, the type of ULDs used for
the transportation of perishables (plastic, metal, or insulated), flight delays, solar radiation
on the tarmac, and the airport’s location [19-21].

Figure 1. Flow diagram of transportation of mango fruits through the airport from the farm to
the customers.

Difficulties in controlling temperature during normal handling procedures such as
loading, unloading, air freight or truck transportation, warehouse storage and retail have

an impact on fruit and vegetables, which often encounter inappropriate temperatures.

Observations at Miami airport have shown that containers with fresh produce are held
for a minimum of 2 h at temperatures of 30 °C or higher before being loaded into the
airplane [13]. In addition, fluctuating temperatures during the distribution of fresh fruit
and vegetables may negatively affect their quality. For example, in a previous study, Nunes
and Emond showed that strawberries stored in fluctuating temperatures exhibited more
weight loss, higher pH, less firmness, and lower glucose content than those stored at
constant temperature, even though the degree totals each day were the same [22].

Any fresh produce’s postharvest supply chain must include transportation as a critical
step [23]. Additionally, lengthy transportation times during the shipping of fresh produce
can hasten enzymatic and metabolic processes, increasing the danger of mechanical damage
and lowering market value [24]. For example, a previous study by Al-Dairi and others [25]
showed that different transportation distances significantly affected tomato physical quality
parameters. This study evaluated physical changes in tomatoes during transportation and
storage. Tomatoes were transported over three distances (100, 154, and 205 km) from
a local farm and delivered to the Postharvest Laboratory. The results showed that long
transportation distances greatly increased the weight and firmness reduction, and produced
greater colour changes during storage.

Therefore, the main purpose of this research is to evaluate the effects of different
temperatures in loading areas (tarmac) different distances from the mango production
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areas on the quality of the mango with respect to weight loss, firmness, total soluble solids,
acidity, pH, colour change and visual assessment.

2. Materials and Methods
2.1. Materials

Mango cv. ‘Nam Dok Mai Si Thong’ from Chachoengsao province (13.606977° N,
101.298767° E) in the eastern part of Thailand for the first harvest (short distance) and Khon
Kaen province (16.14964° N, 102.76750° E) in the northeastern part of Thailand for the
second harvest (long distance) were used for this study. Mangoes of uniform shape and
size (350450 g) and at commercial harvesting stage, absent of defects due to cracks and
diseases, were selected according to the Thai Agriculture Standard for export mango [26].
Chachoengsao is one of the five provinces in which mangoes are planted the most in
Thailand, as the soil in this area is suitable for planting mangoes [27]. Furthermore, the
province of Khon Kaen counts among the major producers of the ‘Nam Dok Mai Si Thong’
mango, with around 10% of the total export coming from Khon Kaen [28].

2.2. Mango Sample Preparation

Mango fruits of exportable grade were picked from an orchard in Chachoengsao,
Thailand, on 8 March 2022 (first harvest) and picked from an orchard in Khon Kaen,
Thailand on 21 June 2022 (second harvest). Mangoes were collected, graded, packed, and
transported to the packing house (13.80253 °N, 100.06714 °E) in a regular pickup truck.
Therefore, fruits from the first harvest were picked and transported within 27 h after
treatment at the packing house, while those from the second harvest were picked and
transported within 44 h after treatment at the packing house. The fruits were cleaned up
and exposed to hot water treatments to kill fruit flies at the packing house in accordance
with EU mango import regulations [29]. After drying, the fruits were placed in a foam net
bag and packed in a 5-layer corrugated cardboard box for air transportation. The carton
size was 40 x 52 x 10 ¢cm, with 2 side vents on each side of the box with asize of 7 x 2.5cm,
and closed with diagonal net not exceeding 1.6 mm. The weight of fruits per carton was
approximately 5 kg, and the time of processing in packing house was 9 h. After this, fruits
were transported to the Food and Smart Agriculture Engineering KMITL laboratory within
2 h and stored at 20 °C for 15 h before the simulation of handling treatment. Therefore,
the age of fruits after harvest in the first harvest and the second harvest after simulating
handling treatment was 53 and 70 h, respectively. A constant temperature of 20 “°C was
used as a reference temperature, since mangoes matured at a temperature of 20-23 °C
demonstrate good appearance and eating quality [30].

2.3. Simulated Handling Treatments

The fruits were grouped into 3 treatments. A total of 10 cartons per treatment and
an arrangement of 2 boxes per shelf of 5 layers covered with Low-Density Polyethylene
(LDPE) plastic were separated into three sections with treatments consisting of: (1) placed
in a 20 °C temperature room throughout the shelf life; (2) placed outdoors; and (3) placed
outdoors covered with polystyrene foam insulation with a thickness of 2.54 cm. The second
and third treatments were placed outdoors for 2 h to simulate transport conditions at the
tarmac. King Mongkut’s Institute of Technology Ladkrabang (KMITL) is not far from
Suvarnabhumi Airport (about 5 km). Therefore, the temperature and relative humidity
were assumed not to be significantly different. After outdoor treatment for 2 h, the fruits
were returned to constant room temperature at 20 °C as the control group. The polystyrene
foam insulation was removed from the third treatment, and LDPE plastic was removed
from all treatments after 16 h to simulate transport conditions on the airplane and at the
tarmac. The quality assessment of fruits was performed prior to the simulation at the
tarmac, after simulation at the tarmac, after transportation by airplane, and throughout the
shelf life using ten fruits per treatment at all steps, resulting in a total of one hundred fruits
per treatment, as shown in Table 1. Handling times and temperature during simulated
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handling from the tarmac to the consumer are shown in Table 1, and were chosen as being
representative for the purposes of our measurements (unpublished) on the basis of the
required air freight time to transport mango fruits from Suvarnabhumi Airport, Thailand
to Paris Charles de Gaulle Airport, France.

Table 1. Time and temperature used for ‘Nam Dok Mai Si Thong’ mangoes during simulation of
handling from the tarmac to the customer under constant, non-insulated, and insulated conditions.

Handling Simulation

Time Temperature (°C))

First Treatment Second Treatment  Third Treatment

) Curilative;th) Constant Non-Insulated Insulated
Warehouse 0 0 202 20 20
Tarmac 2 2 20 Real Temp ® Real Temp °
Airplane 12 14 20 20 20
Tarmac 2 16 20 20 20
Truck + Store 10 26 20 20 20
Shelf life (2 day) 48 74 20 20 20
Shelf life (4 day) 48 122 20 20 20
Shelf life (6 day) 48 170 20 20 20
Shelf life (8 day) 48 218 20 20 20
Shelf life (10 day) 48 266 20 20 20

220.0 + 1°C and 90.5% RH. ® 40.0 + 2 °C and 70% RH.

2.4. Temperature and Relative Humidity Monitoring

The temperatures inside and outside of the corrugated cardboard box of mango fruits
were monitored throughout the storage using temperature data loggers (iButtonDS1922L-
F5, Maxim Integrated Products, Inc., San Jose, CA, USA). Relative humidity (RH) was
monitored outside the corrugated cardboard box with a mini temperature and humidity
data logger (Testo 174H, Testo SE & Co., Titisee-Neustadt, Germany).

2.5. Shelf Life

The shelf life of fruit was visually assessed on the basis of the colour, shrivelling and
decay 53 h after harvest in H1 (short distance) and 70 h after harvest in H2 (long distance).
Assessment was performed at 48 h intervals until the fruit was deemed marketable.

2.6. Weight Loss

The weight loss of the mango fruit samples was calculated as per Shah and Hashmi [31].
The loss of weight was calculated from the initial weight of ten individual fruits per
treatment. The weight loss of the fruits was determined by weighing at the beginning of
the experiment and during storage. The same was expressed as the percentage loss of the
initial weight (Equation (1)).

Weight loss (%) = [(W1 — W2)/W1] x 100 0

W1 is the weight of initial fruit.
W2 is the weight at the time of sampling.

2.7. Firmness

The initial firmness, average firmness, rupture force and toughness of the mango
fruit samples were measured using a texture analyser (TA-HD. Plus, Stable Micro Systems,
Surrey, UK) equipped with a stainless-steel cylinder probe 5 mm in diameter. The pre-test,
test, and post-test speeds were 1, 0.2, and 10 mm 51, respectively. Measurements were
performed on opposite sides of each fruit at the centre for a total of two measurements per
fruit. The average of the two measurements was used, and the test was performed in three
fruits per treatment.
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2.7.1. Non-Destructive

Firmness of mango fruit samples was measured as per Penchaiya et al. [32] with some
modification. A non-destructive limited force compression at 1 Newton (N) compression
was performed. Mango fruits with peel were placed in a box of dry sand on the platform of
the texture analysers. All fruits were measured on both sides, and the values obtained on
both were recorded, but the averaged value was used to represent fruit firmness as a whole.

2.7.2. Destructive

The firmness of mango fruit samples was measured as per Sirisomboon and Porn-
chaloempong [33]. A destructive penetration test of the flesh was performed after removing
the skin of the fruit (approximately 0.5 cm thick). The flesh was penetrated using the probe
at the same position of the non-destructive compression measurement. The obtained
force—distance curves were further analysed using Exponent Stable Micro System software
(version 6.1.9, Stable Micro Systems, Surrey, UK) to indicate the initial firmness, average
firmness, toughness, and rupture force in the flesh.

2.8. Total Soluble Solids (TSS), Acidity and pH

The total soluble solids and acidity (citric acid) of the mango fruit samples were
measured as per Xu et al. [34]. The TSS and acidity of the resulting clear juice samples
were measured using a pocket Brix-Acidity Meter (ATAGO Model PAL-BX/ACID1, Tokyo,
Japan). After the peel and seeds were removed, the centre of the flesh of both the sides
were scraped using a fine grater, homogenized, and filtered through tea filter bag. One or
two drops of fruit juice were placed on the Brix-Acidity meter to measure the TSS directly.
To measure the acidity, the juice was diluted with distilled water in a ratio of 1:50, then one
or two drops of the diluted juice were used for measurement. Each sample was measured
three times, and the TSS and acidity for that sample were recorded as the average of these
three values. Between each measurement, the Brix-Acidity meter was calibrated with
distilled water. The unit of acidity is gL'

The pH of the juice samples was determined using a digital pH meter (OHAUS ST300,
NJ, USA) previously standardized to pH 4 and pH 7 following the standard method of
AOAC [35].

The TSS, acidity and pH of fruit samples were measured on opposite sides of each
fruit at the centre for a total of two measurements per fruit. Three replicate fruits were
measured, and the average was calculated.

2.9. Colour Measurement

The skin and flesh colour near the seed of the mango fruit samples was measured
as per Medina-Rendon et al. [36] using a spectrophotometer (model MiniScan EZ 4500 L
(Hunter Associates Laboratory Inc., VA, USA)). Colour was measured at the top (near the
stem), centre, and bottom of each fruit at both sides. The obtained values were averaged to
represent the colour of each fruit. The colour was recorded using the CIE-L* a* b* uniform
colour space, where ‘L*’ indicates lightness, ‘a* indicates chromaticity on the green (—) to
red (+) axis, and ‘b*" indicates chromaticity on the blue (—) to yellow (+) axis.
Yellowness Index (YI) was calculated as defined by the formula of Francis and Clydes-
dale (Equation (2)) [37]:
YI = 142.86b* /L* 2)

2.10. Visual Quality
2.10.1. Visual Colour

The colour of each individual mango fruit was assessed using a visual rating scale
as per Jacobi et al. [38], where 1 = very light yellow, 2 = light yellow, 3 = mostly yellow,
4 = predominantly yellow, and 5 = fully orange-yellow, as shown in Figure 2a. The peel
colour was not considered to be a limitation to acceptability for sale.
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visual assessment/rating scale Level 1 Level 2 Level 3 Level 4 Level 5

(a) Peel Colour

(b) Shriveling

(c) Decay

Figure 2. (a) Peel colour rating scale, (b) shrivelling rating scale, and (c) decay rating scale of ‘Nam
Dok Mai Si thong’ mango fruits.

2.10.2. Shrivelling

The shrivelling of each individual mango fruit was assessed using a visual rating
scale as per Quintana and Paull [39], where 1 = none, field-fresh, no signs of shrivelling,
2 = slight, minor signs of shrivelling, not objectionable, 3 = moderate, shrivelling evident,
becoming objectionable, 4 = severe shrivelling, definitely objectionable, and 5 = extremely
shrivelled, wrinkled, and dry, not acceptable under normal conditions, yellow, as shown in
Figure 2b. A shrivelling rating of 3 was considered to be the limit of acceptability for sale.

2.10.3. Decay

The decay of each individual mango fruit was assessed using a modified visual rating
scale as per Nunes etal. [40], where 1 = 0%, no decay, 2 = 1-25% decay, probable decay
(brownish/grayish sunken minor spots), 3 = 26-50% decay, slight to moderate decay (spots
with decay and some mycelium growth), 4 = 51-75% decay, moderate to severe decay,
5 = 76-100% decay, severe to extreme decay (the mango is either partially or completely
rotten), as shown in Figure 2c. A decay rating of 3 was considered to be the limit of
acceptability for sale.

2.11. Statistical Analysis

The experimental setup employed a completely randomized design (CRD). The statis-
tical analysis of data was performed by one-way analysis of variance (one-way ANOVA),
and the differences between means were analysed with Duncan’s test (p < 0.05) using the
SPSS Statistic Version 28.0.0.0(190) software (IBM Corporation, New York, NY, USA).
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3. Results
3.1. Temperature and Relative Humidity Monitoring

High temperature and low relative humidity are critical factors that negatively influ-
ence the postharvest shelf life of mango fruits. The increase in temperature in the boxes
containing mango fruits was influenced by both the distance of production area from the
tarmac and the difference in packaging. Temperature variation in the boxes exposed to the
sun was higher in the non-insulated than in the insulated case, but effectiveness was better
in the short-distance (28.1 °C insulated and 36.9 °C non-insulated) than in the long-distance
(34.2 °C insulated and 38 °C non-insulated) case. Fruits transported from a production
area a long distance away experienced higher temperature in the boxes irrespective of the
packaging and outside temperature. Similarly, while packaging was effective for reducing
the temperature of the boxes containing the mango fruits, it was more effective when the
fruits were transported over short distances.

From the first harvest (short-distance production area), the temperature during the
handling simulation on the tarmac under the three different conditions is shown in Figure 3a.
The temperature in the room for the constant temperature condition was 20.7 £ 0.4 °C,
while the outdoor temperature was approximately 42.7 £ 1.9 °C. After the placement of
the box of ‘Nam Dok Mai Si Thong” Mango outdoors for 120 min, the temperatures inside
the corrugated cardboard boxes in the (constant), non-insulated and insulated cases were
(21.3 £ 0.2 °C), 36.9 & 3.2 °C and 28.1 £ 0.6 °C, respectively. Additionally, the control
room'’s relative humidity was 91.9 + 2.0%, whereas outdoors it was 77.8 £ 0.7%, as shown
in Table 2.

(a) 50 (b) 50
45 4 45 4
o 40 4 ~ 40
o —a— o
< 35 4 LN & 33
; — b g
& 30 4 2 = 30
EE“ /: x“"*\n EENEWEV VRIS S5 PR e i
E 25 5 25
Foa =20
15 ¢ Cgetan ~&Non-Insulated - Insulated 15 | - Constant ~Non-Insulated  —<Insulated
~—Outdoor — Control Room —Outdoor —Cantrol Room
10 T T T T T T T T T T T 10 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 0 10 20 30 40 50 60 70 80 90 100 110 120
Time (min) Time (min)
Figure 3. (a) First harvest temperature in the box, (b) second harvest temperature in boxes of mango
fruits (‘Nam Dok Mai Si thong’) under constant, non-insulated, and insulated conditions during
simulated handling at the tarmac.
Table 2. Temperature (°C) and relative humidity (%) during the handling simulation on the tarmac.
Production Area Type of Packaging Treatment at the Tarmac Temperature (°C) Relative Humidity (%)
Outdoor 27+19 778+07
First Harv s Control room 207+ 04 919420
i, LDPE Constant temperature 20 °C 21.3:+ 02
Short Distan RS RQ LDPE Under sun 369432
LDPE and insulation Under sun 28.1+06
Outdoor 39. 14507 69.7 + 3.6
Secoiid Harvest Control room 198+ 05 90.1+3.8
= “Disfan“c:(m - LDPE Constant temperature 20 °C 2.8+ 09
i LDPE Under sun 38.0+ 13
LDPE and insulation Under sun 342+ 04

*Hours after harvest from the tree to KMITL.
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From the second harvest (production area located a long distance away), the tem-
perature during the handling simulation on the tarmac under three conditions is shown
in Figure 3b. The temperature in the room for the constant temperature condition was
19.8 + 0.5 °C, while the outdoor temperature was approximately 39.1 £ 1.7 °C. After place-
ment of the box of 'Nam Dok Mai Si Thong” mango outdoors for 120 min, the temperatures
inside the corrugated cardboard boxes in the (constant), non-insulated and insulated cases
were (22.8 +0.9 °C), 38.0 & 1.3 °Cand 34.2 4- 0.4 °C, respectively. Additionally, the control
room’s relative humidity was 90.1 & 3.8%, whereas the relative humidity outside was
69.7 + 3.6%, as shown in Table 2. The temperature inside the box under polystyrene foam
insulation of the second harvest increased to about 34 °C during the first 20 min, and the
temperature was relatively stable until completion of 120 min.

3.2. Shelf Life

Shelf life is one of the most important postharvest parameters of mango fruit for better
market reach, especially for export. The shelf life of Mango fruit was greater in the first
harvest (short distance) by 48 h than in the second harvest (long distance), as shown in
Table 3. This difference is mainly because of the longer time after harvest for the second
harvest (70 h) compared to the first harvest (53 h). Similarly, LDPE and constant temperature
(20 °C) and LDPE and insulation increased the shelf life by 48 h (2 days) compared to LDPE
without insulation. The effectiveness of LDPE and constant temperature (20 °C) and LDPE
and insulation is irrespective of whether the distance is short or long (i.e., belonging to the
first or second harvest), and increases shelf life by 48 h in either case. However, the benefit
is much higher when the mango production area is close to the airport.

Table 3. Shelf life of mango fruits after simulated handling treatments.

Production Area Type of Packaging Treatment at the Tarmac Lyl Life
Hours Days
. LDPE Constant temperature 20 °C 170 ~7
First Harvest
Short Distance (531 %) LDPE Under sun 122 =
LDPE and insulation Under sun 170 =
Somm's Hanyest LDPE Constant temperature 20 °C 122 =
Long Distance (70 h*) LDPE Under sun 74 =
LDPE and insulation Under sun 122 ==

*Hours after harvest from the tree to KMITL.

3.3. Quality Assessment
3.3.1. Weight Loss

Weight loss is associated with the deterioration of fruit quality due to transpiration and
other metabolic activities. Weight loss percentage increased with storage time in all fruits,
irrespective of treatment, as shown in Table 4. Weight loss percentage was slightly greater
in fruits from the long-distance production area (second harvest) compared to in those
from the short-distance production area (first harvest), irrespective of the different tarmac
treatments. The slightly greater weight loss in fruits from the long-distance production
area could be due to the fact that the greater amount of time following harvest (70 h after
harvest) results in a higher temperature built up in the simulated boxes. The constant
temperature (20 °C) slowed down weight loss much more effectively than the insulated
box or non-insulated boxes exposed to the sun, but was more effective in the long-distance
production area (H2) than the short-distance production area (H1).
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Table 4. Weight loss (%) of mango fruits after simulated handling treatments in first harvest.

Weight Loss (%)

Treatment/Hour
26 74 122 170 218 266

H1
Constant 0.08 + 0.02°¢ 0.724+0.17°¢ 2344031% 40440442 617 + 0562 748 + 0772 9.38 + 0.98°
Non-Insulated 0.15+ 0.022 135+£022° 274+033* 43440482 632+ 0672 8.03 + 0832 10.08 + 1472
Insulated 0.10 + 0.02° 0.93 +0.16° 2534037 416+ 0562 623+ 0752 7.83 +0.892 9.71 + 0.552°
H2
Constant 0.10 + 0.02° 114 £0.14° 286+ 025" 450+ 035" 610+ 046" 790 £ 056 9.49 + 0.65°
Non-Insulated 0.18 + 0.042 1.28 £0.132 323 +0.142 505+ 0222 6.96 + 0.822 8.36 + 0332 10.03 + 0432
Insulated 013+ 0.03° 1.18 +0.10 % 313 +£029° 474 + 0427 662+ 046 820+ 051 9.66 + 0.59°

Data from the two harvests were analyzed separately. H1, first harvest; H2, second harvest; All values indicate
mean £ S.D. (n = 10), and values with various superscript alphabetic letters indicate significant differences in each
column within each harvest according to one-way analysis of variance (ANOVA) with Duncan’s test (p < 0.05).

In H2, the constant temperature significantly reduced weight loss until 170 h as
compared with the insulated or non-insulated treatments exposed to the sun. However, in
H1, the constant temperature only significantly reduced weight loss compared to the other
treatments until 26 h, and was on par with the insulated box by 74 h. It can be observed
thatin H1, weight loss stabilized after 122 h, when the fruit was still marketable, whereas
in H2, the weight loss occurred from the very beginning when the fruit is still marketable.
Similarly, the insulated box was highly effective at slowing down weight loss compared to
the non-insulated box, but was more effective for fruits from the short-distance production
area than for fruits from the long-distance production area. Time of harvest and lower
temperature during transit is critical to reducing the weight loss of fruits.

3.3.2. Firmness

The average firmness of ‘Nam Dok Mai Si Thong’ mango fruit with peel decreased
during storage, regardless of the distance of the mango production area from the tarmac,
and the temperature difference experienced at the tarmac, as shown in Figure 4a. However,
the average firmness decreased more rapidly in fruits from the long-distance production
area (H2) than in those from the short-distance area (H1). Constant temperature (20 °C)
slowed down the decrease in firmness of the fruit compared with insulated and non-
insulated boxes exposed to the sun, but was more effective in fruit from the short-distance
production area than from that from the long-distance production area. Insulated boxes
were highly effective at decreasing firmness losses compared to non-insulated boxes, but
were more effective in fruit from the short-distance production area than in fruit from the
long-distance production area.

The peel toughness of ‘Nam Dok Mai Si Thong’ mango fruit increased during storage,
regardless of the distance of the mango production area from the tarmac and the tem-
perature difference experienced at the tarmac, as shown in Figure 4b, However, the peel
toughness increased more rapidly in fruit from the long-distance production area (H2) than
in fruit from the short-distance area (H1). Constant temperature (20 °C) slowed down the
increase in peel toughness of the fruit compared with insulated and non-insulated boxes
exposed to the sun, but was more effective in fruit from the short-distance production area
(H1) than in fruit from the long-distance production area (H2).

Destructive assessment of the fruit clearly showed the same trend as in the non-
destructive assessment in the case of the peel’s initial firmness, rupture force and average
firmness (Figure 4c—e), but contradicted the non-destructive assessment in the case of peel
toughness (Figure 4f). The average firmness of ‘Nam Dok Mai Si Thong’ mango fruit with
peel decreased during storage regardless of the distance of mango production area from
the tarmac and the temperature difference experienced at the tarmac. In addition, other
parameters such as initial firmness, rupture force, and average firmness show a similar
trend. However, the decreases in these parameters were much higher in fruit from the
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long-distance production area (H2) than in fruit from the short-distance production area
(H1). Constant temperature (20 °C) delayed the softening in both production areas as
compared to the insulated and non-insulated boxes, but the delay was highly effective in
fruit from the short-distance production area (H1).
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Figure 4. (a) Non-destructive—average firmness; (b) non-destructive—toughness; (¢) destructive—
initial firmness; (d) destructive—rupture force; (e) destructive—average firmness; and (f) destructive—
toughness of mango fruit (‘Nam Dok Mai Si Thong’) under constant, non-insulated, and insulated

conditions during simulated handling at the tarmac. After simulated handling at the tarmac, mango

fruits from the first and second harvest were transferred to a temperature of 20 °C for 266 h. H1, first

harvest; H2, second harvest. Vertical bars on the graph indicate S.D. (1 = 3).

3.3.3. Total Soluble Solids (TSS), Acidity and pH

Total soluble solids (TSS) are important for enhancing the sweetness of the mango fruit.
During ripening, TSS increases, acidity decreases, and pH increases. The total soluble solids
of ‘Nam Dok Mai Si Thong” mango fruit increased during storage regardless of the distance
of the mango production area from the tarmac and the temperature difference experienced
at the tarmac, as shown in Figure 5a. However, the TSS increased more rapidly in fruit
from the long-distance production area (H2) than in fruit from the short-distance area (H1).
Constant temperature (20 °C) slowed down the increase in the TSS of the fruit compared
with insulated and non-insulated boxes exposed to the sun, but was more effective in
fruit from the short-distance production area (H1) than in fruit from the long-distance
production area (H2).

In contrast, acidity decreased gradually as the fruit matured, and a similar trend can
be observed in Figure 5b regardless of the distance of production area from the tarmac or
the temperature difference experienced at the tarmac. Constant temperature (20 °C) or
insulation don’t influence the reduction in acidity.

pH, conversely, gradually increased during storage from about 3 to 5 regardless of
the distance of the production area from the tarmac and the temperature experienced
at the tarmac, as shown in Figure 5c. However, the pH increased more rapidly in fruit
from the long-distance area (H2) than in fruit from the short-distance area (H1). Constant
temperature (20 °C) or insulation didn’t influence the reduction in acidity.
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Figure 5. (a) Total soluble solids, (b) acidity, and (¢) pH of mango fruits (‘Nam Dok Mai Si Thong’)
under constant, non-insulated, and insulated conditions during simulated handling at the tarmac.
After simulated handling at the tarmac, mango fruits from the first and second harvests were
transferred to 20 °C for 266 h. H1, first harvest; H2, second harvest. Vertical bars on the graph
indicate S.D. (n = 5).

3.3.4. Colour

The colour of the fruit is very important for the marketability of mango fruit, and is
the first factor that attracts the consumer. This is more critical in cv. Nam Dok Mai Si Thong,
because it has a yellow peel at both unripe and ripe stages. The L* value of peel of "Nam
Dok Mai Si Thong” mango fruit decreased during storage, regardless of the distance of the
mango production area from the tarmac and the temperature difference experienced at the
tarmac, as shown in Figure 6a. However, the L* value decreased more rapidly in fruit from
the short-distance production area (H1) than in fruit from the long-distance area (H2). A
higher decrease in L* value was found in fruit from the short-distance production area (H1).
Constant temperature (20 °C) slowed down the decrease in L* value of the fruit compared
with insulated and non-insulated boxes exposed to the sun. Conversely, the L* value of the
fruit rapidly decreased in non-insulated boxes irrespective of the distance of the production
area from the tarmac (Figure 7).

Thea* and b* values of the peel of ‘Nam Dok Mai Si Thong” mango fruit increased
during storage regardless of the distance of the mango production area from the tarmacand
the temperature difference experienced at the tarmac, as shown in Figure 6b,c. However,
the values of a* and b* increased more rapidly in fruit from the long-distance production
area (H2) than in fruit from the short-distance area (H1). The greater increase in the values
of a* and b* observed in fruit from the long-distance production area (H2) could be due to
longer time after harvest (70 h) resulting in higher temperature built up in the simulated
boxes and a higher respiration rate. Constant temperature (20 °C) slowed down the increase
in a* and b* values of the fruit compared with insulated and non-insulated boxes exposed
to the sun, but was more effective in fruit from the short-distance production area (H1)
than in fruit from the long-distance production area. Mango fruit peel in non-insulated
boxes exposed to the sun turned red and yellow before fruits under constant and insulated
conditions (Figure 7).

The L* value of the flesh near the seed of ‘Nam Dok Mai Si Thong’ mango fruit
decreased during storage regardless of the distance of the mango production area from the
tarmac and the temperature difference experienced at the tarmac, as shown in Figure 6e,
However, the L* value of flesh decreased more rapidly in fruit from the long-distance
production area than in fruit from the short-distance area. Constant temperature (20 °C)
slowed down the decrease in the L* value of the fruit compared with insulated and non-
insulated boxes exposed to the sun (Figure 8).
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Figure 6. (a) L*, (b) a*, (c) b* value, and (d) yellowness of the peel of mango fruits; (e) L*, (f) a*, (g) b*
value, and (h) yellowness of the flesh near the seed of mango fruits (‘Nam Dok Mai Si thong’) under
constant, non-insulated, and insulated conditions during simulated handling at the tarmac. After
simulated handling at the tarmac, mango fruits from the first and second harvest were transferred to
20 °C for 266 h. H1, first harvest; H2, second harvest. Vertical bars on the graph indicate S.D. (1 = 3).
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Figure 7. Colour of the peel of mango fruits (‘Nam Dok Mai Si Thong’) from the (a) first harvest,
and (b) second harvest under constant, non insulated, and insulated conditions during simulated
handling at the tarmac. After simulated handling at the tarmac, mango fruits were transferred to
20 °C for 266 h.
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Figure 8. Colour of the flesh near the seed of mango fruits (‘Nam Dok Mai Si Thong’) from the
(a) first harvest and (b) second harvest under constant, non-insulated, and insulated conditions
during simulated handling at the tarmac. After simulated handling at the tarmac, mango fruits were
transferred to 20 °C for 266 h.
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The a* and b* values of the flesh near the seed of ‘Nam Dok Mai Si Thong” mango fruit
increased during storage regardless of the distance of the mango production area from the
tarmac and the temperature difference experienced at the tarmac, as shown in Figure 6f,g,
However, the values of a*, and b* increased more rapidly in fruit from the long-distance
production area than in fruit from the short-distance area. Constant temperature (20 °C)
slowed down the increase in the a* and b* value of the fruit compared with insulated and
non-insulated boxes exposed to the sun, but was more effective in fruit from the short-
distance production area than in fruit from the long-distance production area. Mango fruit
in non-insulated boxes exposed to the sun turned red and yellow on flesh near the seed
before fruit under constant or insulated conditions.

The yellowness of peel and the flesh near the seed of ‘Nam Dok Mai Si Thong’ mango
fruit increased during storage regardless of the distance of the mango production area
from the tarmac and the temperature difference experienced at the tarmac, as shown in
Figure 6d,h. However, the yellowness value increased more rapidly in fruit from the
long-distance production area (H2) than in fruit from the short-distance area (H1). The
greater increase in the yellowness of fruit from the long-distance production area could be
due to the longer time after harvest (70 h) resulting in higher temperature built up in the
simulated boxes. Constant temperature (20 °C) slowed down the increase in the yellowness
of the fruit compared with insulated and non-insulated boxes exposed to the sun, but was
more effective in fruit from the short-distance production area (H1) than in fruit from the
long-distance production area (H2).

3.3.5. Visual Assessment

The peel colour of mangoes changes from light yellow in mature fruit to dark yellow
or golden yellow in ripe mangoes. The visual score of yellowness increased steadily during
storage, irrespective of the distance of the production area from the tarmac or the difference
in temperature experienced at the tarmac, as shown in Figure %a. Yellowness increased
rapidly in fruit from the long-distance production area (H2) compared to in fruit from the
short-distance production area (H1). Similarly, yellowness increased most rapidly under
non-insulated conditions, followed by insulated and constant.

Shrivelling occurred earlier (75 h under constant conditions) in fruit from the long-
distance mango production area (H2) compared to in fruit from the short-distance mango
production area (H1) (125 h under constant conditions), as shown in Figure %b. However,
the signs of shrivelling developed in the following order: non-insulated, insulated, and
constant conditions.

Decay tended to increase during storage, but it never attained the critical value of
rejection (Figure 9¢). However, the decay score was higher in fruit from the long-distance
production area (H2) than in fruit from the short-distance production area (H1). Similarly,
the score was lower under constant or insulated conditions than in non-insulated condi-
tions.
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Figure 9. (a) Peel colour, (b) shrivelling, and (c) decay of mango fruits ('Nam Dok Mai Si thong’) under
constant, non-insulated, and insulated conditions during simulated handling at the tarmac. After
simulated handling at the tarmac, mango fruits from the first and second harvest were transferred to
20 °C for 266 h. H1, first harvest; H2, second harvest. Vertical bars on the graph indicate S.D. (1 = 10).

4. Discussion
4.1. Temperature and Relative Humidity Monitoring

Temperature is a critical factor for the postharvest shelf life and quality of mango fruit,
and therefore, an effective cold chain is an integral part of the postharvest handling of
perishable fruits. This is more important when perishable produce is shipped to far distant
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markets. However, the cold chain is interrupted for a few to several hours at the tarmac of
the airport, causing irreparable damage to the produce. Insulating the mango boxes with
polystyrene fibre was shown to be effective at reducing the temperature built up by 8.8 °C
(H1) and by 3.8 °C (H2) when exposed to the sun for 2 h. The reduction in temperature
was more prominent in from the short-distance production area (H1) than in fruits from
the long-distance production area (H2). The length of time following harvest in fruits from
the long-distance production area (H2) could have triggered higher respiration, resulting
in higher temperature being built up in the boxes.

These results are consistent with a report by Pelletier et al. [16], who stated that this
results in an increase in the average internal temperature of the product to 13 °C. Our data
are also consistent with the report of Bollen and others [41], who measured the temperature
inside pallets of asparagus sent by air from Auckland to Tokyo. The temperature of the
asparagus jumped from 4 °C to 14 °C within 30 min of ground operations in Auckland.
Additionally, during the loading and unloading of the aircraft from South Africa to Spain,
Abad et al. [42] reported that the temperature in fresh fish increased by 5 °C. In addition,
Pelletier et al. [43] reported an increase in temperature from 6 °C to approximately 9-16 °C
on each side of the ULD wall when the instrumented container was on the tarmac for 1 h
50 min.

4.2. Shelf Life

The long shelf life of mango fruit is one of the most important characteristics that are
desirable for commercial purposes. Insulation of mango with polystyrene fibre was effective
for extending the marketable shelf life of mango fruits by 48 h. The effectiveness of LDPE
and constant temperature (20 °C) and LDPE and insulation is unaffected by short (H1) or
long distance (H2), with shelf life increasing by 48 h in either case. This clearly proves that
use of LDPE and insulation in ULD negates the negative impact of abusive temperature
conditions on the tarmac during air freight handling. Insulation lowers the temperature in
the box, which inhibits respiration and slows weight loss, resulting in longer shelf life for
the fruit. However, the benefit is much higher when the mango production area is close to
the airport. The results of the present study parallel those reported by Nunes etal. [13], who
reported that papayas handled under semi-constant temperature regimes had a longer shelf
life than papayas handled in regimes with fluctuating temperatures. Similarly, strawberries
that had spent a 10 h in a fluctuating-temperature regime were deemed unmarketable prior
to retail, whereas those stored at a semi-constant temperature (10 h continuously at 3 °C)
were still acceptable after 24 h in the retail display [44]. This is also consistent with the
results of studies on Snap beans, where those subjected to fluctuating temperature were
considered unmarketable prior to exposure to retail conditions, while those subjected to a
constant temperature treatment were no longer acceptable only after spending 24 h in the
retail display [45].

4.3. Quality Assessment
4.3.1. Weight Loss

The primary predictor of mango fruit quality and storage time is weight loss, which is
correlated to the respiration rate and transpiration of the fruit [46]. Temperature is a critical
factor influencing weight loss in fruits. Constant temperature (20 °C) effectively slowed
down weight loss because of the lower temperature, probably by inhibiting respiration,
although H1 and H2 responded differently. A higher effectiveness was found in H1 than in
H2, in which the fruits were from the long-distance production area. Similarly, insulated
boxes were highly effective at slowing down weight loss compared to non-insulated boxes,
but were more effective in fruit from the long-distance production area than in fruit from
the short-distance production area. The insulated boxes may have been more effective
for H1 (28 °C) than H2 (34.2 °C) because of the lower temperature in H1 and the more
physiologically mature fruits (72 h after harvest) in H2 compared to in H1 (53 h). The
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amount of time after harvesting and lower temperatures during transit are critical to
reducing weight loss in fruits.

The results obtained for weight loss in mango are in agreement with the values
previously reported by Nunes and Emond. They reported that weight loss of “Tommy
Atkins” and ‘Palmer’ mangoes stored at 20 °C reached about 1.5% of the fruit’s initial
weight after 2 days, and weight loss reached about 4.0% of the fruit’s initial weight after
5 days [47]. In addition, Noiwan et al. reported weight loss of around 12% in ‘Nam Dok
Mai Si Thong” mango stored at 20 °C for 12 days and stored at 34 °C for 5 days [8]. Weight
loss in fresh fruits and vegetables is mostly caused by water loss from transpiration and
respiration processes [48]. Water loss is another important element affecting mango fruit
quality [49].

4.3.2. Firmness

The firmness of fruit is an essential quality parameter, and delaying the decrease in
firmness increases the shelf life of fruit. The greater decrease in firmness found in fruit from
the long-distance production area (H2) could be due to longer time after harvest (70 h after
harvest and simulated airport handling treatment) resulting in a higher temperature being
built up in the simulated boxes, and probably a higher respiration rate.

Insulated boxes were highly effective at decreasing firmness compared to non-insulated
boxes, but this was more pronounced in fruit from the short-distance production area than
in fruit from the long-distance production area. This is consistent with reports from pre-
vious studies, with Nunes et al. [13] observing that the firmness of papaya stored at a
semi-constant temperature was more acceptable than papaya subjected to fluctuating cold
and fluctuating warm temperature regimes during simulated handling. Jha et al. [50] re-
ported that the peel firmness of mango cultivars varied from the initial level of 13.4-27.1 N
to 3.9-24.5 N during the ripening period of 10 days. Yasunaga et al. [7] reported that the
mango ‘Nam Dok Mai” softened during storage following the actual distribution tempera-
ture profile from Thailand to Japan.

The higher increase in toughness observed in fruit from the long-distance production
area could be due to the longer time after harvest (70 h after harvest and simulated airport
handling treatment) resulting a higher temperature being built up in the simulated boxes,
as well as a higher respiration rate. Constant temperature (20 °C) slowed down the increase
in peel toughness of the fruit compared with insulated and non-insulated boxes exposed to
the sun, but this was more pronounced in fruit from the short-distance production area than
in fruit from the long-distance production area. Peel toughness increases during storage, as
reported by Jha et al. [50]. In general, the peel toughness of early-harvested mangoes was
found to be higher throughout the ripening period in all cultivars. This increase in the first
days of ripening could be explained by differences in maturity and ripeness [51].

The destructive assessment of the fruit clearly showed the same trend as revealed by
the non-destructive assessment in the case of peel firmness, rupture force, and initial and
average firmness, but contradicted those results in the case of peel toughness. Decreased
firmness in mango fruits has been reported by Noiwan et al. [8], who described a loss of
firmness in mango from about 48 N on the initial day of storage to approximately 10 N
within 4 days of storage at 20 °C. Similar findings have been reported by Jha et al. [50],
Ketsa et al. [52], Nadeem et al. [53]. The decrease in firmness is caused by the degradation
of cell wall constituents and polysaccharides caused by the action of polygalacturonase
and pectin esterase on the solubilization of pectin substrates [54-56]. Fruit firmness is an
essential factor for the postharvest fruit quality [11]. The shelf life and supply chains of
mango fruit are significantly shortened by accelerated ripening and softness. The genetically
intricate process of mango fruit ripening is brought on by an increase in ethylene production
and respiration rate [57].
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4.3.3. Total Soluble Solids (TSS), Acidity, and pH

Mango fruit ripening is associated with an increase in TSS, a decrease in acidity, and
an increase in pH. Mango cv. Nam Dok Mai Si Thong also follows the same trend, and
these behaviours were observed in fruit from both the short-distance production area and
the long-distance production area. However, early increases were observed in fruit from
the long-distance production area and fruits that were not insulated. The higher increase
in the TSS of fruit from the long-distance production area could be due to the longer time
after harvest (70 h) resulting in higher temperature being built up in the simulated boxes
and a higher respiration rate. Increased TSS in mango fruits has also been reported by
Noiwan et al. [8]. In addition, Yasunaga et al. [7] reported that the TSS of the ‘Nam Dok
Mai’ mango from Phitsanulok fruit after distribution increased by about 1.8 times compared
to the fruits after harvest, but that it gradually decreased with time, in a manner dependent
on the storage temperature. A mango’s TSS initially increases, then decreases, and finally
reaches a stage of full senescence [58].

The acidity of ‘Nam Dok Mai Si Thong” mango fruit decreases gradually during storage
and is not influenced by the distance of the production area from the tarmac, temperature,
or insulation. Decreased acidity during fruit ripening is connected to the transformation
of organic acids into sugars [59]. Due to the conversion of citric acid into sugars and their
subsequent usage in the fruit’s metabolism, particularly during the respiration process, the
concentration of organic acids in ripe mango fruits decreases throughout ripening [8,60].

The pH of ‘Nam Dok Mai Si Thong’ mango fruit increased during storage as the fruit
ripened, and was influenced by the distance from the production area (70 h), but not by
temperature or insulation. These results are consistent with those presented in a report by
Islam et al. [61].

4.3.4. Colour

The colour of Nam Dok Mai Si Thong mango fruit is the most critical characteristic in
consumers’ eyes, and the development of colour increases with ripening. The decrease in L*
value was greater in fruit from the short-distance production area (H1), whereas the values
of a* and b* increased in fruit from both the short- and long-distance production areas
(H2). The yellowness of Nam Dok Mai Si Thong is influenced by the increase in b*, which
was observed in more mature fruits. During mango fruit ripening, mango fruits gather
phenolic and carotenoid chemicals [62]. Carotenoids are the main pigments responsible for
the yellow-to-orange colour of mature mango fruit [63]. The values of L*, a*, and b* were
consistent with those reported by Noiwan et al. [8], Nunes et al. [40], Nadeem et al. [53].
Changes in the colour of the mango peel occur because of both chlorophyll degradation
and carotenoid synthesis during ripening [64].

One of the most accurate measures of maturity or ripeness is the colour of the flesh.
The L* value decreased and the a* and b* values of the flesh increased irrespective of the
distance of the production area from the tarmac and the temperature. Unlike in peel, flesh
colour in fruit from the long-distance production area showed a decrease in L* value but an
increase in a* and b* values. The yellow flesh colour starts to appear from the seed out as
the fruit matures more. Following harvest, the mango ripens, and more of the interior is
covered in a deeper shade of colour. The spectrum of colours varies by cultivar [65].

4.3.5. Visual Assessment, Shrivelling and Decay

The colour of mango peel has a significant impact on how appealing it is to consumers,
because fruit with more red blush and no green tint is frequently more expensive or easier
tosell [66]. Yellowness increased earlier in fruit from the long-distance production area (H2)
than in fruit from the short-distance production area (H1), which was similar to the colour
estimation, suggesting that both techniques provide similar outcomes. Therefore, in the
present study, the yellow colour observed in the mango fruit exposed without insulation to
36.9 +£3.2°C (H1) and 38.0 £ 1.3 °C (H2) for 2 h during simulated airport operations and
flight may have been a result of the exposure to high temperature during the handling of the




141

Horticulturae 2022, 8, 1001

20 0f23

References

mango. Shrivelling occurred earlier in fruit from the long-distance production area (H2) and
in non-insulated boxes exposed to the sun, which could be due to the higher temperature
built up during the simulation. Interestingly, decay at critical value for rejection was not
attained by any of the treatments. However, decay occurs more in mangoes subjected to
a fluctuating regime than those at constant temperature. Nunes and Emond previously
reported that the storage of mangoes under fluctuating temperatures during handling could
cause water condensation on commodity surfaces, potentially increasing the development
of decay due to fungal and bacterial pathogens [22]. This is consistent with the findings
presented in the study by Nune et al. [18], which found that papayas handled in fluctuating
temperature regimes developed an objectionable colour, were more shrivelled, and had
more decay than papayas handled under semi-constant temperature regimes.

5. Conclusions

The results of this study indicate that the temperature at the tarmac and the distance
of mango production area from the tarmac significantly affect the quality of mango fruit.
Exposure to high temperatures for a short period of 2 h resulted in a reduction in shelf
life, accelerated weight loss, decreased fruit firmness, etc. In addition, it proved that high
temperature, which is frequently encountered during air cargo handling, can cause loss
of quality. This could result in a significant amount of mango fruit being rejected upon
arrival at the destination, even if the exposure to the abusive temperature at the tarmac is
of short duration (i.e., 2 h at more than 36 °C). However, this research also showed that
the insulation of mango fruit boxes with polystyrene fibre mitigates the deleterious effect
of exposure to 2 h direct sun by reducing the temperature increase, thus extending the
shelf life and quality of mango fruit. Shelf life was increased by 48 h under both insulated
and constant conditions in fruit from both the short- and long-distance production areas.
Insulation was also effective at delaying fruit weight loss, delaying the decrease in fruit
firmness, delaying the decrease in rupture force, and maintaining the yellow colour of the
peel and pulp. This paper also provided support for the advantageous nature of locating
mango production areas close to an airport.
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