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Abstract

Fruits and vegetables have a high postharvest loss because they still alive and have high
water content. Therefore, it is important to maintain the quality of produce after harvesting. In
order to have high quality as same as harvest date. The objective of this project is to preserve
the quality and extend the shelf life of fresh produce by using ethylene absorbent, modified
atmosphere, calcium and packaging. The effect of ethylene absorbent in packaging on the shelf
life of banana was studied both single fruit and banana bunches. It was found that 1 packet of
commercial ethylene absorbent and 1 or 2 packet of corncob biochar ethylene absorbent
stored at 25°C can extend the shelf life of single and banana bunches best. The study on
extent the shelf life of mangosteen during transportation from Chanthaburi and Chumphon
provinces. It was found that mangosteen of both areas in modified atmosphere packaging +
ethylene absorbent has the highest consumer acceptance and can store for 28 days. Use of
calcium to maintain mango quality after harvest by foliar spraying calcium boron fertilizer. It was
found that mangos obtained with Calcium boron had higher fruit weight than control. After 28
days of storage, Calcium boron treatment can be delay weight loss, fruit firmness postharvest
disease. The study of using micro perforated film to maintain quality of mixed salad (butterhead
and cos) and baby corn. It was found that mix salad packed in micro perforated film (OTR
5,000-10,000 cm®/m?/d) bags with or without plastic trays can be stored for 18 days. Baby corn
packed in plastic tray and wrapped with micro perforated film OTR 5,000-10,000 cm?/m?/d bag
can be stored for 20 days and maintain freshness and delay browning better than packed in
micro perforated film bags without plastic tray. The study of using micro perforated film to
maintain quality of rambutan and mangosteen. It was found that rambutan packed in LDPE
micro perforated film or packed in plastic trays and covered with LDPE micro perforated film
OTR 5,000-10,000 cm?*/m?/d can be stored for 14 days. While mangosteen packed in paper trays
and wrapped with PVC film or packed in OPP or LDPE micro performed film OTR 15,000-20,000
cm’/m?/d can be stored for 15 days. The study on suitable pomelo and mangosteen packaging
for export. The results showed that coating with 20% carnauba to maintain quality and
freshness. In addition, pumelo packed in MAP bag before place in corrugated paper boxes can
extend the shelf life more than 9 weeks at 13°C and can be stored at room temperature for
distribution at least 7 days. Coated mangosteen 8 kg packed in MAP bag before place in plastic
basket, corrugated paper box and MAP bag before place in corrugated paper box delayed
weight loss, texture and hard peel and could prolong shelf life for 14 days.
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Abstracts

Bananas are famous for consumption all over the world because of their nutritive value
and easy to eat. Therefore, convenient stores sell ready-to-eat bananas, both as single and a
bunch. However, due to their short shelf life, this experiment aimed to study the effects of
ethylene absorbents to extend shelf life of bananas while selling. To clarify, the bananas
cleaned with water and incubated were used with ethylene absorbents. Then, they were stored
to simulate selling conditions under 25°C for 6 days. The experiment was divided into 2 sub-
experiments, i.e., Sub-experiment 1 : Single banana storage (1 banana/ 1 bag), and Sub-
experiment 2: Banana bunch storage (3 bananas/ 1 bag). Each sub-experiment included 4
processes, i.e., Process 1: no ethylene absorbent (control), Process 2: added commercial
ethylene absorbent, Process 3: added 1 packet of corncob biochar ethylene absorbent, and
Process 4: added 2 packets of corncob biochar ethylene absorbent. It was found that ethylene
absorbents from the three processes could reduce the rate of ethylene accumulated in the
bags of single and bunches of bananas better than the control process. For the quality of
bananas, it was found that 1 banana in 1 bag and 1 bags of banana bunches packed with 1
packet of corncob biochar ethylene absorbent generated the fruit firmness of banana pulp,
yellow of peels (*b value), highest consumer acceptance, and can last on shelf up to 6 days. In
contrast, bananas in the control process could last on shelf for only 4 days. When calculating
the cost of using the absorbents, it was found that corncob biochar ethylene absorbent costed
0.1 baht/packet whereas commercial ethylene absorbent costed 2 baht/packet. Therefore, the
researcher suggested 1 packet of biochar ethylene absorbent for single bananas, and banana

bunches while selling so that consumers will get good-quality bananas.
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voslulsl saulusnsgdunsan uaznsmelavessals! Famnualsid faefdu wazdinsmelaun agii
TAnnsWaAsuLa q vesesAvszneunelu Miludansdevanm ildualiiergnisi sdu

(%
Y o w

Y ) o T v I Y] v A A 3
ANUU IUWWUﬂqiﬂﬂﬂqiﬁaﬂﬂqiLﬂ‘ULﬂEJ'J NYLENAU QQQ@L‘UUW’JﬂqiaqﬂZUVl@@QﬂTUﬂll LWE]‘EJ@@']EJﬂ"I?Lﬂ'U

Snwmald Wiliongnisaedmuneliuugsdu lnedsnsnun musaiinnisiasuslasnunimies
WAntes v191 Usunaistenaulunaliiidazvdatiuaznandnenu Tuagiuussunnvenalyd
2 a (2% aa 1 ¥ > gj a v a |l U
dnsnsuaninvefifulutin nde wazlnaty I8nsnsuanegluseduUiunais 1.0-10.0
widu/Alansu.dqlue 59, 2538) Inefisneausnsinisnaniioeiaulunziiaineniivnduiuiied
WU Wetugiinineenlduniuinuiieumngll 20 esmwadea uzdalidnsnisndnfieeniugs

a [y

Ngatuiun ¢ Faduiuninadugn (Ketsa et al, 1999) Feganndodiu aigey wazeudy (2553) N1

14



uzshsinentdinruanud 90% wifuinw 12 esaneadea 3 Yu wagdn sunAusnusiefigaumad 23
ssmieaLdoa wuin lutas 3 Jusnvesnsiiusnunidsnsnmsndnfimieidus nefldnnissanlhu
200 wiludnsiefidu/Alansu/dalus uidlonuly 5 fu nduddasnmandnfeefiduiivgsduesig
Aotios Inglutudl 5-11 fensnsnantmefiduminiu 400-1,000 uluansiefiau/Alansu/4qlue diu
Tundaevewtu nuin ilevindevey anuuiuseaa 80 Wosidud wifudnuiigumad 25 s

WAL EE NAEBNLINITINSHARN TN AUANTY tneluyad 2 Juksn Tonsinsuanfngeiauluiiu

a a

0.2 Tadnsuefiau/Alansu/dalue waziliaiuinwiui 4 Tu nduldnsnisndnfingeiduivaadudy
0.8 Tadnsuenau/Alansu/alus (algde wazane, 2555) LWUREINUNISNAABWaITasnU (2561) M1

¢ @ (3

v ' -3 A IS | 2 £ I a 2 v
nadeveusEETanta 70-80 Weasidud wniusnwn 25 esrwadua dnsmeladinduasudsuiuinm
= o o @ v a v a aa 1 a a [ 1Y) [ a
udieiud 6 veamanusnw lnedidnsmandeaeiiausg 1-4 lulasdns/Alansw/aalus wagdnsinings
fngonauludinn lnetnasses 1 vsessuzanedonuniuinwaamall 29 samwadoa wui Tutas

Y 2 o o a o ad A a o I A
Tuusnvesnsinuinwildnsiniswinieefiauiiugs deusyann 50 unlundi/ndw/dalus ntudes 9
antogaruUNIEanl waslinsiiududnessluginaunddenvesinnaziinauaineead fs Turis
4-6 YuvaIN15AUSNE Tnelidnsnisudnfiueiauyseuna 40 unlunsu/ndu/dnlue (@eva wasnws,
2552)

ndeiu Maefiduisdutduddgidesldasunisaiuny Wwelneignisrsdmiieualdvd
nsiuied Fetlagdu f38n15609 o Avslunisdudwiserzasnisduasiziineeiauwaznisvineu
voifingiefiau wu nsnaulaiiiugnssy arsiusnwilugamg s n1sauaunsedaulasanin
U538IN7A kaen15ldans 1-MCP sautamsldansgaduieiau

ansgaduieiidu WWuarsndevldlunisidnfivefiduesnainussgine Fedaemilutdu a13ge

£
U A a

ulefiduarillassainsiiisngy waziiuiitngs ansgaduefiduiifenldmly wu ssiufin asgaduie
Aaunseuld Ethyl-Gone® sinunusiug (Judu

1. A99IUAY (potassium permanganate, KMnOg) L“f]umi@ﬂ%’uLaﬁﬁuﬁﬁaﬂﬁumiﬁﬂmwé’ﬂ
mMsiiuie Inevimihilumseendladieiidu Tivaeulusglusy evdinm (acetate) uazienuea
(ethanol) YiltasnsaBaegmaiiudnule wu mafuinwanseruesilugs PE Samfunsldansgadu

§f @ (3

WA (KMNO,) 10 wWasidud nasnsiusnwfigumgll 13 esrwaded dasuuunmuninniassam

o a o =

Wiand wazdiongnisiiudnuiuiuds 10 1u (seall wazanz, 2559) wallesan arviufivduie 3adu

€

'
o ca ¥V U L

YOINALALLANIZNAN D NN DIFUNANUDINMNTLAEATE (Rooney, 1995)

2. Ethyl-Gone® \Juarsgadulugluuuremieuld Usznauluse Flolad (zeolite) uazsing

a

Viuiiu (KMnO,) (Fnez, 2555) Ine@leladiluaisusznaudiminegilu@ding (Aluminosilicate) lng 3

loladndenldludagiu Uudleladiildnnnisduasizimaei Tanvasdugngu waslinnuaunsaty

v a

nsgaduigieniaulan Weiunldaudiuaaiuiiy Jaunsatniegaegnsiedmiswinalild Iy
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dn15neasanisldans Ethyl-Gone® lunisiiusnuindield (Uauwa waginaun, 2560) waguzaiig

thaonlsl (#nee, 2555) 1udu

3. guinsiug (activated carbon 130 activated charcoal) {Wuansgadufitmeiiauluguvesa
flFannisihfagumieldmansinues wu 1WaenySeu Aides wnau Hudu (Geiing uazans, 2541)
1rAsnswenaaneseauseuluan1izlifgeandiau wielnlslsda (pyrolysis) wuuiss Feagld
gaumqiifigenin Inlslsda (pyrolysis) wuudn Tasdudusiudfinuaudilunisgedunaasanve wan

A ey

wiofne o niifudiiaun Anuglunisgaduas Aalaseadndusuugnguauimdndiuiuuin
(microporous structure) Tasfiuunagngusaus 20-20,000 angstrom wagdieunadlilunisgadugs v
Tfanunsagadulén Tnsdifudiiadunizannds 600-1,000 msamms/niu (Usuns 2551) eaumsld
dufufudlunsgeduiefiau 1w maivinyiwmmey Tneldnssauiinauausutudlunisiusne
wud Idnenmlunisiaeignmsiiudnuiwnsmen (fvel, 2549) uaglirauieiiuiunisiiuinewina
uzshatheenlsd (uwsaana wazAmy, 2560)

ndeyaasgaduiefiduilanadluiiu agnuimnansiianuaiuisalunisgaduieniay wed

U

o
L% 6 ¥

Wndednnnlunisly 1eeain Ethyl-Gone® fin15Uuilaug1siall wagauiusiuduy aoedidnain
Uszwa lnglud 2562 finuanil Ussmelnefinnsdndrautududaninlandaduyanuinis 2,478
P ° v & v ~ ) - a A X
a1uum (NSUAANINT, 2562) Mnlviliusuyuias daunnsnaassiidiuuifniazannisyulouuas
ndansaninslseina lagldianguaelimeanisnens lugvesaudinin (biochar)

| a . I3 i A a a A o a v = I3

81uT30m (Biochar) Wud1unkdnandanianseTanmaslininisinens daussmalnaidu
Uszimandnisiinuasnssuuin waedsglandnuiainaianeninssy vilideUdulseinalneiian

- % < = = a v | o v a o = !

wiaeldainn1siuifemseanmsklssuauaImimnisinens vu Fetnilne Asanle wWaenlili
nrauEns1d Aseranisn Wudu TudSunauanda 134,134,102.21 du InadatiilnakazideniluSuin
1IN89 7.96 dusel Awdlenlaarnnisdanasduil n1siunldduily 39 Wesidud Tdwiaiu 11
Wesidud wazaundednuinda 50 wWesdud yalsndsnuiiedwinday, 2560) uenaini nuliidu
HuniusaTanmaerisiannis 1000-15,000 Alansusiel (@rinnunuasiawiadeuin, 2560) Fadan
wideltuani WuknasdnAunadsuansssued aunsavlulduselosd Tunisnaalnid adaminy

=

Sou uaznimdIudu o leuniie 71,289,681.68 fiu agnslsinudansiTanwaeldainnisineasuinis

q

Y A

62,844,420.53 i (nsensaanasay, 2556) Jagtu Falalinnsfinwinisiianuideldniinisinunsluly
TiAnUsgloriluguuuusing o weanusunataguioldainnisinens uazdalunisldninensliia
Usglowilgegndnane Jan1svinaiudianin wie Biochar udnisudsnanunsaanusuadagmasldnig
! a LY~ €1 A a v

nsnwRs wazdutinmdadudselenisenydneiie

1 a . < [ Aa dy Aa a

81T (Biochar) Wuianniiaungu Nunianeluuin lnedAussun 2-377 m1513uns
fonsu (Pituya et al., 2017) aaulumgasusuatissesas 50 vasingaulunisnadn Usenauldme C,
H, O, N, S 4azta1 nelaseas19vea1udInInazunnd1eiunudssianvesdsulaniiunly
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(Suksawang, 2010; Winsley, 2007; Zafar, 2009) 81u33019HAAN TawranseTaninaeldnig

= I3 v A - v a P V) vy o
nsinuas tnelesdusenaunan fe waglaa Nlwdule wilwaglaa Mluidawaglaalimeiu was

a a

anfiu Mhwihiiduleaunsadamiertuliogiaudanss siudend Taunadnlugaglad Jan1snde

audinniu vihlaneisnisuenaanealsanuieuluaniiglifeeendiaunselnlslsda (pyrolysis)

1%
o w

wuudn Inelinuseunigamgil 350-600 parwaldud NNIskendatemenusoull aglauidy
Fra1m (bio-oil) 60 Wosidud Awdunsizst (syngas) 20 Wasidud laun H, CO uay CH, Lagau
T (biochar) 20 Wasdus (85an, 2552) Uszlewuivasaudinin tawn

1) HreUFuUgeau meruautRvesdudinmadsngu wasdiuiianigluuin Jagednifiuun

9

=) J

91913 wazqduvsdluay v liRuliaueauauysal wazdenisiiaudinmddaanudunadeudns

= [} Iy 1 [~ a aa < dy [ 1 N a
g9 Sammnziunisysumanudunsandtuuidenudunsaunn wenaind deenunsagieiiuyiunm
Asuaulneanltodlufu drelrisiuseansawlunisdumsiwaaiiudy (Isenas, 2552)
6V = 1 = =] ) 6V I [~ 1
2) anfiisaunsean lnea1udinmianuauisatunisaaduitgaisueugs uundsazay

Asuanludu lneasildsufigansusulaeenladluduussenmailgannsduassiuasasiguiagly

LY

suasuswadiesavauluaudinim vilianusunuiwaisueulaeenledlutuusseinie uenaindl &l
Anuansalunmsgaduinglunguimu wazlunaesnlendnsae (Yanai et al., 2007)

3) HAANGIUNALTY TuNTEUIUNISNERIIUAININMENSHENaa1emEANTa wialnlslsda
(pyrolysis) tu 2glsndsnudinmianunsaihuldilundsnunaunuiienisvudimiassuuanamnssy
16 warfaduigeimdmwasnunawungudiomasuddudoimdeadadneie

wonNUselevivanuTInIn Laganuasvasaudinminaitudieiy dnidedsaulanay
=2 o 1~ Y aa A A ° 1 9 D= i
Anwinsiaudinmanldlunsgaduingieifuiiednetgnisiedmievesn waznald ey

[
[ a o

P mflnaantilunisgaduiiveniau wazBneignisiiusnyindanals (Abe and Watada, 1991) 719

[ '
a vaa o o Y a

Fudutagnfinuininiely wasdsnguuin Fadunuaud@ndAyvesasgaduienau audinings

v Y

annsondnldniglulszwea Wesnldgamgilunisudnfisaniiniswdaauiudud wazdadunisi

[y

= v Y a ¢ oA = a ] a .
Tanwaelinanisinwasunldliiausylevilasan uhllesainnisAinvisesaiudanim (biochar) Tunis

Uluduspadufiteeiaulunald falegrednin Fnhundeingusvasdlunsnaassiifietharsgadu

witdunldlunistaoienmsiiuinwnaievenluszninanismedmiig

321 U8U5N159398  (Research Methodology)
1. MSNSEUFIRENNTILTY
UINFIWNBUIN 11NV Bumes WEn wuunamewaskangy lussesindvdowudilen @

WaBIINNERYL) NHIUNTEUIUNNTANINANLEALRIA LAz UNAIEN9LeTIAY UTIIR90INNTITUIY
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91N1A IAERUITILIUNATIUTIPAIINIUNITNAGDY LAl N1TNAGBILBET 1 UTTINTIENBUTINIU 1 Na
DG WATNITNAABIERET 2 UTIINAI8UL 11U 3 Naagd uaazn1saaokuseanilu 4 nssuis
ad g v Qy
n3suisar 5 91 Al
ax A o @ aa e~
n35ush 1 Wildansgaduieiidu (nssuisaiuaw)
axa @ aa %
NITUIDN 2 @199ATULNAUNITAT (ethylgone)
353357 3 asgaduienauanaudainilng 91uu 1 wea
ad A @ aa ] v v °
N351735% 4 asgedulefiduainaudadnilng 91w 2 ¥ed
2. MINABUNTINT MUY

a

$rassmsnedmiendevenlnefiuinuiigumgll 25 ssmiwaioa wiu 6 Yu

3. Juiinua

Tasizinunmrandann 2 Ju lnetuiindeya dnsinisndnfingeiiau wWesidudnisagyde
thwiin nsBsundasing Ao Vinnmesudeiiazareinld Usinansaitlnmnld Uiinansa
woamasla Larn1suaNsuTaeEUILaA

3.1 8T INTHANDTAY

thndeveuldlundeswarafafifii Unatin WWua 10w andwiusegieing taeldidu

anonAnglunges as1aTnuiinmuesinedaeinios Gas Chromatograph WiALAlHng I lFa

ATUIUANGAT

nsnswastefiau (lulasans/Alansu.dalug) = (areafidnld/area standard (ppm)) x 3 das (Wufindss)

U mdnranianaas (k) x vIaUa(hn)
3.2 Wesdudnisagydetntin
Ynareveudaiindnieunisiiuinel wasdaiindnudiainnisiiusnel viailariulu

Wesigudnsgaydetvinniugns

§ 3 = - Y - o a v - % [ 3
Lﬂ@iL%umﬂ’ﬁquﬁﬂquUﬂ = UINUNLTUEY — WINUNNRINITENUTNWI x 100

dhviniSaud
3.3 pswWasunlasing
ndeneuunina L* a* b* faeia3es Color reader (KONICA MINOLTA., CR-10, Japan) lag
Sausnafananawa 1 2 §1u (FumueIng)
3.4 Aasiuiiona
vndemeuunAnuLLuadleAT0e Texture Analyzer (LLOYD instruments., 34 LX plus,

United Kingdom) #339u34 (load cell) 1 Alansu A31u157 50 Aadunssauid szagn1slunisia 5

fadwns laevinsinusnudnalmans 2 o1u dndaedu 92 (N)
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3.5 Usunauweudefiazanerile

Ynidendronen wavinndu lWiuldaziden ludnsidu 1: 3 mnduiludumissfinnnuga
10,000 5OUADUNT UL 10 U7 thalaiile Sinseimusinneesdsiazarsinld (esrusng) dhe
1A309 Digital Refractometer (ATAGO., ﬁu PR-101, Japan)
3.6 USunaunsaiilnnsnle

thaladildannistuiiendrenen Usuins 2 Saddns s Phenolphthalein Aanandudu 1

[ 6 d!

Woasiguad .y indicator 911U 2 vea dlUlnwmsasieaisazany NaOH Anuudu 0.1 uasuea

Juiiagnyd wse arsavarewWdsuludvunsou virusuna NaOH fldlunis nnsaluauium

Usinaunsaluguveaasidudnsnundnaingas (AOAC., 1990)

USinaunsafilmmnsald = (N NaOH) (ml NaOH) (megq. wt of malic acid) x100

ml of sample

N NaOH 7 Normality ¥@sansazanganuinsgu (0.1 uosuen)
ml NaOH fe U3uns (1adans) 184 NaOH #ldlunslvinse
meqg.wt of malic acid @® 0.067
3.7 YSunaunsaueanaiin
N19W38UEITATA1ENIALAABSUANINGFIU (SIGMA-Aldrich, Chemie, Steinheim, Germany)
AT 1 Tadn3use100 dadans) dinsaueanesinusuins 2 fadans ldluriaguuuy Wunsaeen
$1AnUTInT 5 Tadans wilnmsasy a1sazane 2,6-dichlorophenolinophenol aunsgiisisqngf Ao
N

a 2 ' B a ~
ndTazaIUUarUUUAYLNDEWUBE 5 UM

'
[y

nMsmUsInansateanesdnanndevey thawlaildannstuidondreven waziingu u
8n31 1: 3 (AO.AC, 1980) UTu1ns 2 faddns ldluvinguwus inunsaesnedandiunns 5 1addns
inlulmmsadie a1sazais 2,6 dichlorophenolinophenol aunsevisis yngni n3eqafiarsazay
LU%EJUL‘TJU%GUZJWUGEJ"NﬁEJEJ 53U dA19e9UsNIRTaIsazany 2, 6 dichloroindophenols 141U 1
AUINIANLTUTUTRINTALEaARs A tneduialuy Hadnsunsaueanasin/100 Nadans (mg

ascorbic acid/100ml)

USinaunsaueaneson = Usuna 2.6-dichloroindophenol #ldlnmsasaegns X 100

£

Usunauhaunly (Hadans)

3.8 MsUszliununMNNSEaNTUTRIUILAA
InnT wazAuy (2563) Iinuginun MN8N TUUsEEIUINE NYMEA18UBNIINNITFUNA T

v a o a a 4 v dy 14 aa o A 1
ANWYEUENING IBYFATNU LLASUIRLLNEA I@Ummmgmmﬂmmuu fall 5=naluneudiidnaee ldsey
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o a ¥ aa = = = o a I a ¥ % aa =
AnhazuInkEe d=naruuauiinndassiliseumuinazuinwnaliiiusosay 10 3=Na18nauiR1E
WiaausuAalsauf vl wasu1nkkaliiiy Se8ay 25 2=Na181aulinieAan 150861l wazulnwNalil

WVusaay 50 1=nalgveuiiiiflleausu J5esmnieasuinwNauInnINsasay 50

Nan1snaaasazanyusie (Results and Discussion)

i Y N

N1INARBEREN 1 HAYDIANIOATUIDTIAUADAMANYBINAIENOULUUNALAYY

N1INAAENAN a13gadulenduiiaunssuIsanTaandnsIn sl naunazadluussadue

1% al' = = = % a o A ) ] v
naleveukuuNaeilaTsuisundenetlunssudsaruan luiui 6 vesnsiiudne wuil nae
nounssuIslldansgaduie Nauivsuaenduuiniian dawvindu 7.62 lulasdns/Alansu.dalus
N35uisasRAduIeNaUNINITAT waznTILITaNsRAdueNaUIINa LT IINATINIY 1 989 way 2 ¥Bd

aa

HUsunaufngenauliwnnsneiuliansening 5.13-5.32 lulasans/Alansu.971u4 (Table 1.1)

= [ o a

nsgeyiesiniin nvsldansgaduiedidufiunndnstu uagszoznailunisfivine idvswa
iy Tuvazdiiudl 6 vesnsiiuinuvesndievennuunaiied wuin nssuishildansgaduiedidu as
anduefidumnsd uaznsldandedning 1 9o wag 2 vas Insgapderdmiinldunndretu Sen
Wiy 3.40-3.68 Wosliud (Table 1.2)

nsiAesunlasd nmsdsuudasen L* (Anuding) Yeandigvienuuusaiie wuin vnnssiss
Alainananafiunsadi lnendeveuiiuinw 6 Ju Sammainalesiian wihiu 59.52-62.30 (Table
1.3)

mswasuulasinrundudifen a* veandrovenvesndiovouuunaliel wui1 ynssuIsd
Alaiuandnafunisedd Tnendeveuiiiuinw 6 Ju e a* unflgawiniu 6.12-7.80 (Table 1.4)

nswasuulasianuidudmdes b* vesndroven nui Weifiuinundiovenuuunalie,
U1y 6 Yu nssuITansgadulefiduandiudsiialing $1uu 2 wea fldl b* unfigawiiiu 44.04
59983 A nssABansgAduIeTiduaINddsilnA $1udu 1 wes Aifle b* winfu 40.34 (Table 1.5)

anuwiuiiona néevenuuunaiieildansgaduiefiduluussadasidaruududonagani
ndevouuuunaiealildaspaduiefiaulunssitmuaudofivinuvu 6 fu laeddaruunie

NA S¥ING 1.61-1.67 Tadu (Table 1.6)

] v
=1

USuruvaandeafiazaneunld Wariusnwiuiu 6 Ju Usunauveswdsnazatsunldvesnaisviay

wuunanealunnnssudsianldunnanaiunieads lnedausunaveawidsiazateuils 4.70-5.00 oeen
U3ng (Table 1.7)
Ysunansanlnmsald Weiusnwiuiu 6 Ju Ysunaunseiilnnseldvasndienauwuunaineslu

ada |

Nnnssudsiialiunnaaiun1eedd Tnefivsununsailnnsald 0.04 Wesidus (Table 1.8)
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USunansaueanatin Usinunsaueaneitaveindiovonuuunaiien wuin ynnssuasianll
wANANIAUNISEn A Inenduiusnwiuiu 6 Ju IUsuunsaweanesda 0.58-0.69 fadnsunsauweanes
UA/100 fadans (Table 1.9)

AuAWNNsBaNTUYaIUSTAA AaAmAsBeNUTesUslnANd B VBNLUUNAIRYY WUl ndae
veuLUURaLE fansgadutefiduluussaieifinunmnissensuvesuilangenitgunimniseensy
vosffuslaniilifiansgaduiefidulunssuitauau Tnewdeiiuinuiui 6 Yu ndrevenuvunalfediil
a1sgadutefiauanaululonsdatnilnaluussydud uiu 1 ges dauninniseeuiuvesiuilan
winffundeviennuunalEnfiflansgeaduiefidudunisin (Table 1.10)

| i I

N13NARRLEREN 2 HAYBIANIYATULTIAUMBAMNINYDINTIEVDULUUHANGY (3 W)

N1INAAENAN a139aduleauiiaIunITUITANTIandnTININERLe NaUNae auluusTiue
nareveuwuUNaNguLilalUTsuisundmevenlunssnisAIuALLRgIiuNINAadundIeeuHaLRYY
Tudun 6 vesnisiiusnw nudn ndreneunssuislildasgaduienanivsuiaeniduuiniign e
wiiu 7.49 lulasdns/Alaniu.dalus nssudsansgadueidunianisi wagnssuisansgaduieiauain
gudadlnaduiu 1 9e9 way 2 9o9 JUSuuigenauliuendreiudeisening 5.17-51ulasdns/
Alandu.dalan (Table 1.11)

n1sgeyideunin n1sldarsgaduieiiduiiuanaeiu wazsveznailunisiusne) d8vsna
S Tuvausfitui 6 vesnsfiusnuvesndieveunuunangy wuin nssuisluldansgaduieiiau ans
AnFULEANNIINIA waznstdaudetlng 1 989 uag 2 ¥es dnsgayidemvdnlaiunnsieiu e
Wity 4.27-5.19 wWasiiud (Table 1.12)

= = a ' | % i ' ada
nsRguLUasE MaUaguiuasan L* (Anuadng) veandieneuwuuNangy wul1 nnnssuisd
Aldumnaneiunieada lnendlereuilnuinw 6 Tu daanuainetesfign Wiy 64.87-66.37 (Table
1.13)
a | & A a 1% 1Y i ] ada
nsagulUaIrnANUTuAIleN a* YoINMIEVBNYRINAILVBULUUHANGN WU NNTTUTTHA
Tlupnsineiunnsadd Tnendreveuiliusne 6 u fA1 a* uniigawiiu 6.07-7.13 (Table 1.14)
mslasunlasnuiludndes b* veandienen Wudl WeAuSnwINAIENeNLUUNANGNWIY
6 Tu nssuIsanspaduieidunnandunisdn Ia1 b* unfiaawindu 47.45 5989w A nssuIsansgn
FuiafiauanaugatIlng 11U 1 w81 AlA1 b* Wiy 44.17 (Table 1.15)
AULLUEaNG nalgveuLuUNanguildasgaduieiduluuTsyiundanuutuilonagndi
¥ oA e o ad ad o @ o LY a1 ! &
naeveukuuranguildldansaaduenfulunssudsmuaulieiuinyiuiu 6 Tu lnsiddianuniuiile

WA SE1ING 2.09-3.65 63AU (Table 1.16)
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Uinmvasudsitazanetld Wofuinwiu 6 Yu Yiinuvendsiiazaneildvesndrovey
wuumangulunnnssdsialduandatunisada TnedaUTunvewdediazaretls 5.68-6.06 asa
U3n4 (Table 1.17)

Usanansailnmsald WeiAuinwiuiu 6 fu Usinunsailninsaldvesndevenuuunangulu
nnnsas A liuandaiuneada Tnofiusanunsailimsals 0.03-0.04 wWesidusd (Table 1.18)

Ysunaunsaueaaasia Usununiateanasdavendievouiuunangs nuin ynnssuisdenly
LANANIAUNIIERR Inenauiusnwiuiu 6 u JUsuunsaueanasta 0.58-0.92 fadnsunsaueanes
UA/100 $iadans (Table 1.19)

AMNINNNTEaNTUVRIHUILINA AUNIMNTTERUTUVBIIUSIAANSIENOULUUNANEGH WUTT NElE
vesLuunguTislansgadulefiauluusseumiinuanmseeniuresiuilnagainitnuniwnseeniuves
fuslaefilsifiansgaduiefidulunssuitauay Taedleifiunwiui 6 Ju ndoveutuunanguiilaisgn
Fuiefiduanaululowsdednilnaluussadue 9uiu 1 e daunmnisveusuvesiuslan iy
ﬂé’awamLLU‘UNaLﬁ'mﬁﬁmi@m%’uLaﬁﬁulﬂumiﬁﬂ (Table 1.20)

MnuanITMaassgesd 1 uay 2 fuudliulluiiamadenfuaziiulidn sasnismelaves
ndrevonianuduiusuy stunudnsnissdnefitu mandaefiduiigauiudmaliise nsruiunisan
gpandrevenldunnig Wasud auuduiie ﬂ%uﬁmsuamsﬁﬁﬁasmaﬁﬂﬁ (LUEYaUNF, 2545) LAy
aonAdesiU Bower et al. (2002) Wuirawasy ¥ INMsiuiel sasnsmelaasiienuduiusiv
'ej”mwmimémLaﬁﬁuluﬁmmﬁqﬁu Sonaninlursiinasonisiudsunaswendoduda Fuaznau 1n
naveapstazdiulddn Wondeveuanundy anunuieazanas falfu mafuinwindana A
nsgUIuNIsan v niufsduianinUdsunlasmiuiuie fufnnnnsisuulasmeanaii
TngesAuszneufid dnyuemdasadugugll uazniadeussninaad flannipufifauddlddesavaiei
nanerfunaiufieraneiilfifiuty warlurusdefuunuvesluanamaiuazgndosaansliidnas uas
ihaanuaalna Saduesusznouresmaiuianasieuiy Tnsasszneumaiuiifluanaruin
Tngjegluguinslamniu Ssliazansuh Wasuguludumniu Seilluanavundnas uazavareildi
fnasouTuneadstimuaiiazaneild (Tss) Fufugatunusraznainmafivine esanualsd
azanovnsliluguutiovdedudadussdusznou wu uxahs miZou nde mendsnmaifuife azwaoy
pwnsavaulusuresutsuduina nsenglundreven uanidionagnuédutagniuasududina
Lousmnag i lsinanefisamAvuty (I3, 2553) 5m?lgqNalﬁﬁauiwajﬁu%mmnimauw%éﬁiausﬁ’wga
fesinunsslunandednlngedluzuvainsnunadn lasnandefinsavanyiinunsafiutumuegya
uazifinTudssedugaanunsiagnIIntuazanassEnItnaIveIsgniaenIsanaeInIa iiatuneu
Funsanasvouds wazmafintuvesthna Swilduatisauaninuiy (Wyman and Palmer, 1963;

Simmonds, 1966)
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Table 1.1 Ethylene production (ul/kg.hr) of banana (single fruit) with ethylene adsorbent storage
at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 217b  28lbc 3.28b  7.62a 3.97a
Ethyl-Gone® 0.07d  0.20d 1.99bc 5.13ab 1.85b
corncob biochar 1 packet 1.61bc  0.25d 1.27c¢ 5.19ab  2.08b
corncob biochar 2 packets 1.06c  0.31d 1.28c 5.32ab 1.99b
Average 1.23b 0.89b 1.95b  5.8la

F-test CV (%)

treatments (A) ** 15.17

Day after storage (B) ** 20.60

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.
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Table 1.2 Weight loss (%) of banana (single fruit) with ethylene adsorbent storage at 25 °C for

6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 0.00d 1.06c  2.95c 3.94b 1.99b
Ethyl-Gone® 0.00d 0.88c 7.24a 3.55b 2.92a
corncob biochar 1 packet 0.00d 0.70c  5.55b 3.68b 2.48a
corncob biochar 2 packets 0.00d 0.80a 7.22a 3.40b 2.85a
Average 0.00b 0.86b 5.74a 3.64a

F-test CV (%)

treatments (A) ** 13.42

Day after storage (B) ** 16.36

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.
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Table 1.3 Fruit color development L* of banana (single fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 67.84 70.22 66.44 61.66 66.54
Ethyl-Gone® 67.84 69.48 68.08 59.52 66.23
corncob biochar 1 packet 67.84 69.50 67.18 62.30 66.71
corncob biochar 2 packets 67.84 69.72 66.32 62.10 66.50
Average 67.84ab  69.73a 67.00b  61.39c
F-test CV (%)
treatments (A) ns 4.25
Day after storage (B) % 5.55

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.4 Fruit color development a* of the banana (sing fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control -0.26 3.52 4.94 6.26 3.74
Ethyl-Gone® -0.26 2.80 4.44 7.80 3.82
corncob biochar 1 packet -0.26 a.74 5.50 6.12 4.15
corncob biochar 2 packets -0.26 3.88 512 7.38 4.16
Average -0.26d 3.73c 5.00b 6.8%a

F-test CV (%)

treatments (A) ns 34.9

Day after storage (B) ** 39.81

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.5 Fruit color development b* of banana (single fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 40.16 44.94 40.08 38.6 40.88b
Ethyl-Gone® 40.16 42.9 41.82 37.62  40.62b
corncob biochar 1 packet 40.16 44.38 43.72 40.34 42.15a
corncob biochar 2 packets 40.16 45.98 43.96 44.04 43.53a
Average 40.16b  44.55a 42.40a  40.15b

F-test CV (%)

treatments (A) * 17.53

Day after storage (B) X 18.44

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.6 Fruit firmness (N) of banana (single fruit) with ethylene adsorbent storage at 25 °C for

6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 10.42 5.70 2.16 1.47 4.90b
Ethyl-Gone® 10.42 6.47 2.79 1.61 5.32a
corncob biochar 1 packet 10.42 5.97 2.82 1.67 5.22a
corncob biochar 2 packets 10.42 5.26 294 1.65 5.07a
Average 10.43a  5.85b  2.68c 1.60d

F-test CV (%)

treatments (A) * 14.35

Day after storage (B) K 21.14

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.7 Total soluble solids (°Brix) of banana (single fruit) with ethylene adsorbent storage at
25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 3.76 5.44 4.80 4.80 4.70
Ethyl-Gone® 3.76 5.56 4.70 4.70 4.68
corncob biochar 1 packet 3.76 572 5.00 5.00 a4.87
corncob biochar 2 packets 3.76 5.56 4.90 4.90 a4.78
Average 3.76C 557a 4.85b 4.85b
F-test CV (%)
treatments (A) ns 6.11
Day after storage (B) ¢ 8.99

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.8 Titratable acidity (%) of banana (single fruit) with ethylene adsorbent storage at 25 °C

for 6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 0.11 0.13 0.03 0.04 0.07
Ethyl-Gone® 0.11 0.11 0.03 0.04 0.07
corncob biochar 1 packet 0.11 0.08 0.05 0.04 0.07
corncob biochar 2 packets 0.11 0.08 0.05 0.04 0.07
Average 0.11a 0.10a  0.04b  0.04b

F-test CV (%)

treatments (A) ns 23.27

Day after storage (B) J 38.61

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.9 Ascorbic acid (mg ascorbic acid/100ml) of banana (single fruit) with ethylene
adsorbent storage at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 aq 6
Control 1.61 2.06 1.28 0.69 1.41
Ethyl-Gone® 1.61 3.20 1.05 0.58 1.61
corncob biochar 1 packet 1.61 1.69 0.70 0.69 1.17
corncob biochar 2 packets 1.61 1.94 0.93 0.58 1.26
Average 1.61b 222a 0.99c 0.64c

F-test CV (%)

treatments (A) ns 55.88

Day after storage (B) X 60.97

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.10 Consumer acceptance of banana (single fruit) with ethylene adsorbent storage at 25 °C

for 6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 5.00 3.00 2.20 1.20 2.85b
Ethyl-Gone® 5.00 3.80 3.20 2.80 3.70a
corncob biochar 1 packet 5.00 3.60 3.20 2.80 3.65a
corncob biochar 2 packets 5.00 4.00 3.10 2.60 3.68a
Average 500a 3.60b 295c 2.40c
F-test CV (%)
treatments (A) * 9.43
Day after storage (B) X 13.33

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.11 Ethylene production (ul/kg.hr) of banana (bunch fruit) with ethylene adsorbent storage
at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 2.46c  3.52bc 493b  7.49a 4.60a
Ethyl-Gone® 0.01d  1.05d 1.57bc 598ab  2.15b
corncob biochar 1 packet 1.02d  0.65bc 1.08b  5.70a 2.11b
corncob biochar 2 packets 1.00d  0.67bc 1.77bc 5.17ab  2.15b
Average 0.12b  047b 0.84b  2.33a

F-test CV (%)

treatments (A) ** 11.41

Day after storage (B) ** 19.24

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.
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Table 1.12 Weight loss (%) of banana (bunch fruit) with ethylene adsorbent storage at 25 °C for

6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 0.00 0.91 2.51 5.00 2.10b
Ethyl-Gone® 0.00 0.80 5.09 4.73 2.65b
corncob biochar 1 packet 0.00 0.82 10.47 4.27 3.89a
corncob biochar 2 packets 0.00 0.83 6.21 5.19 3.06a
Average 0.00b 0.84b 6.07a 4.80a

F-test CV (%)

treatments (A) ** 47.42

Day after storage (B) * 32.23

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.13 Fruit color development L* of banana (bunch fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 63.17 69.32 66.39 64.83 65.93
Ethyl-Gone® 63.17 70.16 66.33 65.81 66.37
corncob biochar 1 packet 63.17 69.31 64.83 62.84 65.04
corncob biochar 2 packets 63.17 69.59 64.83 61.89 64.87
Average 63.17c ~ 69.59a 65.60b  63.84bc
F-test CV (%)
treatments (A) ns 3.02
Day after storage (B) ** 1.71

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.14 Fruit color development a* of banana (bunch fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 6.62 a.14 5.66 6.96 4.54
Ethyl-Gone® 6.62 4.04 5.80 7.13 4.59
corncob biochar 1 packet 6.62 3.73 5.23 6.07 4.62
corncob biochar 2 packets 6.62 4.08 6.00 7.07 5.44
Average 6.62a 4.00c 5.67b 6.85a
F-test CV (%)
treatments (A) ns 13.3
Day after storage (B) *X 17.7

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.15 Fruit color development b* of banana (bunch fruit) with ethylene adsorbent storage

at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 aq 6
Control 45.44 ar.41 50.39 5387 49.28a
Ethyl-Gone® 45.44 45.76 44.21 4745  44.39b
corncob biochar 1 packet 45.44 44.78 42.81 a4.17  42.98b
corncob biochar 2 packets 45.44 44.16 43.35 4398 4291b
Average 4544b  4553b  45.19b 47.36a

F-test CV (%)

treatments (A) * 31.95

Day after storage (B) * 32.79

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.16 Fruit firmness (N) of banana (bunch fruit) with ethylene adsorbent storage at 25 °C

for 6 days.
Day after storage (Day)
Treatments Average
0 2 a4 6
Control 14.44 520 2.62 2.09 6.09b
Ethyl-Gone® 1444  6.18 4.29 3.34 7.06a
corncob biochar 1 packet 1444 561 4.49 3.46 7.00a
corncob biochar 2 packets 1444  6.22 4.95 3.65 7.32a
Average 14.4da 6.0db  2.34c 1.89c
F-test CV (%)
treatments (A) * 8.25
Day after storage (B) N 14.4

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.17 Total soluble solids (°Brix) of banana (bunch fruit) with ethylene adsorbent storage
at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 3.06 6.68 5.04 5.68 5.11
Ethyl-Gone® 3.06 5.35 5.2 5.88 4.87
corncob biochar 1 packet 3.06 5.01 5.12 5.88 a7
corncob biochar 2 packets 3.06 5.83 534 6.06 5.07
Average 3.06c 572ab 5.17b 5.88a

F-test CV (%)

treatments (A) ns 14.15

Day after storage (B) ** 20.2

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.18 Titratable acidity (%) of banana (bunch fruit) with ethylene adsorbent storage
at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 a4 6
Control 0.13a 0.09b  0.07b  0.03c 0.08
Ethyl-Gone® 0.13a 0.12a  0.06b  0.04c 0.08
corncob biochar 1 packet 0.13a 0.06b  0.07b  0.04c 0.07
corncob biochar 2 packets 0.13a 0.08b  0.04c  0.04c 0.07
Average 0.13a 0.08b  0.06b  0.04b

F-test CV (%)

treatments (A) ns 26.36

Day after storage (B) * 24.85

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.19 Ascorbic acid (mg ascorbic acid/100ml) of banana (bunch fruit) with ethylene
adsorbent storage at 25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 aq 6
Control 2.18 1.14 1.39 0.58 1.32
Ethyl-Gone® 2.18 0.91 1.16 0.69 1.23
corncob biochar 1 packet 2.18 1.14 1.39 0.92 1.41
corncob biochar 2 packets 2.18 1.25 1.05 0.81 1.32
Average 218a 1.11b  1.25b  0.75b

F-test CV (%)

treatments (A) ns 16.87

Day after storage (B) X 23.68

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 1.20 Consumer acceptance of banana (bunch fruit) with ethylene adsorbent storage at

25 °C for 6 days.

Day after storage (Day)

Treatments Average
0 2 aq 6
Control 5.00 3.00 2.60 1.60 3.05b
Ethyl-Gone® 5.00 3.80 2.80 2.60 3.55a
corncob biochar 1 packet 5.00 3.60 2.80 2.60 3.50a
corncob biochar 2 packets 5.00 3.80 2.90 2.60 3.58a
Average 5.00a 355ab 278b 2.35b

F-test CV (%)

treatments (A) ns 12.89

Day after storage (B) *§ 14.46

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Abstracts

Mangosteens are one of Thailand’s economic fruits. Most cultivated areas are in the
eastern part, i.e., Chanthaburi Province, and the southern part, i.e., Chumphon Province. They
are also exported overseas by air freights, car, and shipping. The key export markets include
China, Taiwan, and Japan. Most entrepreneurs export mangosteens by cars and shipping
because of low cost. However, these means of transportation take a long time, causing the loss
of quality during transportation after harvest. For example, peels turn black purple or hard,
fungi appear on calyx, causing shorter shelf life when arriving at terminals. Therefore, this
experiment focused on the use of modified atmosphere packaging (MAP) and biochar ethylene
absorbent to extend shelf life of mangosteens during transportation. The subject mangosteens
were harvested from cultivated areas in Chanthaburi Province and Chumphon Province. The
experiments included 4 processes, i.e., Process 1: The current process of entrepreneurs
(control), Process 2: The current process + ethylene absorbent, Process 3: MAP, and Process 4:
MAP + ethylene absorbent. Then, they were brought for the simulated transportation by storage
under 13°C for 28 days. The findings revealed that the mangosteens from both cultivated areas
in the two processes with MAP had the lowest percentage of weight loss, with the highest
redness (*a value) of peels. The processes with added ethylene absorbent in packaging could
reduce the rate of ethylene production during transportation. The current process used by
entrepreneurs showed the lowest quality in term of fruit firmness and ascorbic acid. No
significant difference was found between total soluble soild (TSS) and tritratable acidity (TA)
from each particular process. For consumer acceptance, observed by outer features, ie,
freshness, colors of pulps and calyx, and peel hardness, it was found that mangosteens from
both cultivated areas in the process with MAP + ethylene absorbent were accepted most, and

could be stored up to 28 days. Therefore, the author suggested enterpreneurs to apply the
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process for extending shelf life of mangosteens during transportation by applying MAP and

ethylene absorbent.
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Aol lun1svasesi Saeasuivinvitinaiiedaegnisivinudeifanmusssnmadaudag

(Modified atmosphere, MA) Faufiumsidansaaduiefiduainaiudinin (biochar)

521U8UI5N15998  (Research Methodology)

1. Nsm3eudIegg

Lf“mLﬁaaﬁaﬂmﬂwﬂmuluﬁuﬁ‘dqﬂﬁwi’m%’wﬁ uazdaninyuns luszoz@idonuussaamening
sosshenszauuin azndiar 6 Alandy Tnsussenidiu 4 nssus nssuiBay 10 41 dedl

N3 1 nssuABtagtuiigusznounsld (nsmidsnunm)

NIITET 2 nesuABtlagtiu + ansgeduiediau

n33389 3 usTaSadaLUasEn MUSIEINIA (MAP)

NIITET 4 UsTyAusidauUatEnI BN (MAP) + ansgadulefidu

U559319AR kazdnNITNAaRINkAaznTINTS lnenssuitansgaduiefiduaindeiilnaayldau
Fsilna 5 93/ Saga 1 Alandt uagnssuASAlFeussadast MAP nszvilaenaisnnuisgasluga
U559 Active Packaging 910ty Wnulsanussyadlungnifinesly

2. aemaiuinwluseninansvuds

o < [ Y a a a [y =~ o @ [ 1
YINISNUINYINAATIRUNAH 13 DIAMYALTYE WU 28 TU WBINaIN1SNUSNW lUTENINNIg

3. mstuiindeya

TasiznunmEdanann 7 u lnetuiindeya dnsinsuaniieenau wWesidudnisgyde
thwiin naidsundasing anuuduiie Ysinamesudsiiazanedild Uiinunsafilmnseld Uumunsa
woarasla Lavn1suaNsuTaIKUILAA

ansININANLENAY

1.1 vhslneldlundomarafedifnDaatn Wuna 10 wiit mndufuiiedisie neldiuge
o1nAn1elundes asainUiinamesiedeiados Gas Chromatograph veiiuillénsmildundua

AR
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snsn1swaneiiau (lulasdns/Alandudqlus) = (areafidnlé/area standard (ppm)) x 3 dns (Hufinded)
(Wndnranenass (nn.) x Lande (v.))
< £y} 1 & Y @ v [ a 6V % dl'
1.2 1iudaedneing lagldildugaeinianiglunenii asiainusuiavesfineniewnses Gas

Chromatograph thAiuilansmalaufmuIunLgns

' 1%

1Y) a aa a A Y aa Y a =
dnsinsndeteiau (lulasdns/Alansu.dalus) = (areandale/area standard (ppm)) x 3 a1 (Wunass)

(Wndnranenass (nn.) x La1la (1))

s < 4

wWasigudn1sgeyideuamdin

T
o o [

PlsnntainntnnaunisiAusnel wazdaiminndaainnisiiusnen tneflaeuiaidesigud

q

1%
o Y

nsgaydetmiinaugns

LU@%L%uﬁﬂ’]ﬁ‘@jtngﬂﬁﬁﬂﬁﬂ = shwinGudy - vivdimafuinem X 100
Vv Gudy

nswWasunUasinag

dlannuninan L* a* b* #ae1a309 Color reader (KONICA MINOLTA., CR-10, Japan) Ingdn
USaAananana 1 2 @ (Renaneua)

AMuLtuiaEen

ihifsneunaunuieldondasinies Texture Analyzer (LLOYD instruments., Ju LX
plus, United Kingdom) #2359 (load cell) 1 Alansu anuida 50 adunsdaund szoznislunisin
5 fiadwns Tnevhnsiausnafanatawans 2 @ Suedu Sy (V)

Vunawasudsiiazanetilg

itAutenn Hasginiuiuiavesudsfiazareld (esruing) daein3es Digital
Refractometer (ATAGO., 5:“ PR-101, Japan)

Yunaunsafilnmsald

¢ @ (3

Uninflsnn Usuns 2 §addns 1@u Phenolphthalein aamdudu 1 wWesiiud Jadu indicator

a

71U 2 nga Wluinmsnsivaisazaty NaOH Aduidudu 0.1 wasuea Juieqnyd vse a15azaiy

Waswdudyuyseu UrAUTuia NaoH fldlunis nmsalumuamusunansaluglveadesidud

NIANTANINERS (AOAC., 1990)

USinaunsafilmnsald = (N NaOH) (ml NaOH) (meg. wt of malic acid) X 100

ml of sample
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Ysuaunsauasnasin

mm%‘a:umiazmEmiml,aaﬂa%ﬁmnmgm (SIGMA-Aldrich, Chemie, Steinheim, Germany) A4
Wudu 1 Jadnfude100 Iaddns) dinsaueanailnusung 2 Iaddns ldluvinguvuy Wunsneen
$1AnUTInT 5 Tadans wilmmsasne a1savans 2,6-dichlorophenolinophenol aunseiisisangf Ao
fiansazanedsududvamedistion 5 Jund

nsnUsununsakeanasinvNganm ﬁ'ﬁf’]ﬁqqm Usuns 2 addns laluvingusuy Wunse
pongnanyIums 5 fadans tilulnimsndie arsazans 2,6 dichlorophenolinophenol aunsgviafiegngf
ﬁaﬁmﬁmiazmaLﬂﬁaulﬂuﬁmmgaéwﬁaa 5 3u9 UAvesUsinsanTazaiy 2, 6 dichloroindophenols
Al wdammaududuvesnsaneanesta Inefmisedy fadniunsaueaneitn/100 dadans

(mg ascorbic acid/100 ml)

USunaunsaueanesta = Ysuna 2.6-dichloroindophenol lglnimsadieeng X 100
USunauhAualy (1a.)

n1sUssiiuanIwNsEaNTUvaLuslnna

- HUden 1-5 AzuuY A 5=81T87 4=AlUuLAg 3=FLAaUuLg 2=819 1=8m

_AnAUADY 1-5 AU Ae 5=Auns d=ATen 3=AlenUuthna 2=Aihmaluden 1=8iana
S AUMINU 1-5 ASWUY AB 5=111UNIN 4=MITUADUTIININ 3=11UUIUNEE 2=1ULDY
1=lgiwu

- e 1-5 Azuuu Ae 5=laliU3en 4-13etley 3:Lﬂ§mﬂmﬂmq 2=13areudnan

1=1U58737n

1%
A v

- U 1-5 AZWUY AB 5=V 4=TUUaY 3=UuUUNANE 2=01UN 1=1aY

'
a a

- NAURAUNR 1-5 AgLUY Ao 5=luUiinduRnUnd d=linauRnunAuseunn 3=InduinUndtios
2=3nduRnunAuINNa1 1=0naunaunAuIn

CAMUTOU 1-5 AZLUYL AD 5=19UL1N 4=1aUUNUNAN 3=DULRY 2=10UN8UIN 1= v

NAN1IMAARILAZBAUT1 (Results and Discussion)
1. nsgagnisiusnedisaatussnitansvudeiivgnluinuidsnindunys

ad

gnsNsHAnAaY Snsinsudneiiduvelingn wuin newAushwvnnssuIsEnsHAneRiaY

a wa

A Ao 0.13 lulasdns/Alansu.dalus Wonudnwiuiu 28 u n3suaSnuisnisufua

a

Ladunnsraiuniead
Y09 UsENUNTNENTINSHANLERANEEn Ao 0.40 lulasdns/Alansu.drlus neduudldudrarsgadu
widuIIngdadnlneansaszaemnanieediauls (Table 2.1)

nsgaydeuvin Weliusnwiuuiuynnssuisiinisgadedmdniiuaniuy nauiusnw 7
@ ! ad aal a wva v = = H LY = § @ s A
Tu WU nssdEnIIENsUSUAvesUsEnaumsiinsagdedmidnuinis 2.98 1Wesidud sesanae
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ax v av v o aa % a a5 Y s & ¢
ﬂiill'lﬁﬂGU‘UQ'U‘L!‘V]NUiZﬂ@Uﬂ']{L%+ a']i@@%‘UL@Wﬁuﬂqﬂ‘ﬂﬂmqﬂiwmNﬂ']s%ijaFJu’]WUﬂ 1.07 1UosLgus

Y

nN33138U3599AnlugIUTIUTI MAP + ansgaduieiiduaindsdnlng 0.46 Wesidud uasnssuizussy

fanalugaussginet MAP 0.27 wWesidus auddu Waliiusnwiasu 28 Ju wui nssudsauisnig

a wua

UfURresusennsilasunaslilasumsgaduieiiuaindatnilnaiinmsagdedivdnliwansneiu 67

[

Wiy 4.52-4.71 Woedidud Tuvisiinssuisussytigalugeussgdug MAP silldfuuarlilifuaisga
Futefiduandainilnafimsgadedmdnifies 0.66-0.87 wWedidud (Table 2.2)

nsAsundasd maasunlasauaing vie L wud Aewfusnwynnssidsiawiniu
43.21 \flofiuinw 7 $u nesuisussaieslugeussadag MAP faiildfuuarlilfsuasgaduiefiduain

Fatlnadian L* luuananedunisanfianiadu 34.58-37.87 WiatAusnuiasu 28 Ju wuln nssuis

Ly

Uagdungusznaunisld+ arspaduieiiduaindsdnaluaden L* undis 27.62 n3suidussydenaluge

9 Y

usse MAP sl unarlaildsuasaeduinfituandstnlnadaniifu 24.21-25.02 daunssuis
AIsNsUfURveUsEnauNsiAYIiU 22.60 (Table 2.3)

nswasuiasieandudues vie a* wud Weifiunwium 28 Ju wud nsnitusaieg
lugeussaiua MAP + asgadutenauaindatnilnailen a* winds 23.31 509a931A8 NTTUITUTI

feanlugaussadua MAP dAwinfiu 20.54 nssuistagdungusenounisld+ arsaaduiefiduainds

Y

FlnadAnwviniu 17.47 wagnssuisnuisn1sufufvesusenilaies 16.61 auaau (Table 2.4)

msdsundasaanududingas vse b* wuql newdusnedlawingu 24.66 WatAusnwn 7

v
v Al a1

U 1 aq CY v L3 Y VM Yo U aa v Y
Fu w1 nssUItusTlennlugeusTaiuen MAP menlasukarlilasuaisgaduienauaindatralnaien

Y]

Wity 18.06-18.33 sesawunfe n33uisdagiungusznaunisld+ ansgaduienduaindsdnilnaiian

9

&

a wa a1 <3

Wiy 16.18 uagnIsuIsmuisnsUiRvesuTiniiainiu 14.62 sudituidleriuinuwaunsu 28 Ju
WU n3suAsMLASsUfTRvesIEMilAY b* Windu 6.96 FeilAntesnitngsuAsBUNTAWYINAY 7.86-
8.33 (Table 2.5)

Auwiuliadan 9InNISAUTIBITIRe WU dautﬁu%’nmvmﬁmmﬁﬁnmmLLﬂuLﬁaLuﬁaﬂ
16.06 Ty niufidrantiosasioriunyuniu Tnedeifuinwasy 28 fu fealunsedsfung
Tugeussqstast MAP faaruuduiioidengsninfenlunssu sililiussglugeussadast MAP Tag
Seelunssisigusznaunsliluiigtu Saruuuiewdenshan fle 555 Tadu (Table 2.6)

Uinmvasudefiazarsld anmafvinmifinn nut Seeduimaeesudsiiazatsdild
avtudoorgmalfuinuuuiu Weaudnwasu 28 u wui Uiinuvesdsiiaraethld 13.61-14.69
83A1U3NY (Table 2.7)

Usunansanlnmsald ynnssadsivsinansedilvmsaldliunnsisiuneedd Welfuinwuiu
28 Yu funansaibimsalalivnnssiuneada Tauviidu 0.59-0.62 Wesidus (Table 2.8)

Ysunaunsauednasia fpansunisiiiusnuniivsinunsaweanesdn 1.74 Tadnsunsaueanes

UA/100 §addns wazliUsunaanainuetgnsiiusng Waiusnwiuiu 28 fu nui denelunssuise
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Ausznoumsldlulagtu fvsununsaueanaiinnign Ae 1.35 Tadnsuniaueanasia/100 1adans
(Table 2.9)
AMNINNTERNTUYRUSINA AunmNsEeNsuresuslnaUsHluandUFen Anduideiie

#18A7 LagAINYIIY ANNUTED Lieduda naulaunAvewruTlnamen1stu wudi dannlunnnssuisd

U ¥

AN IMNSERNSUTRIRUSInAaRaI uBIgNsAuine Inellanusnwiuiu 28 Ju faalunssuisn

(% & o

U559l UgIUTIT el AnudasaninussenialinanInnseeNsuveauslnageinindinntunssuisnlle

9

U539lUQUs T uaAnLUasanImusseInie annadeanlunssuisussqlugaussydundauwdasanin

q

a

UsseINIAsINAvatsaadueiduianninniseeusuvesusinaagailolseuliisufiunssuisou
(Table 2.10)

=) < o 0 1 1A A do (Y
2. Mmsgagnisiiuinedennluszndtenisvudeivanluinundavdaguns
gnsnsuaneiiay Snsnswanefidureling wui newdusawinnnssuIsinisuaneniau

Tiumanaadun1eada As 0.11-0.13 lulasans/Alandu.dlug WatAusneiuiu 28 Yu nssuisauisnng

a wa ¥

UjjURvesiuseneunts dansnisudaeiduasan fe 0.48 lulasnsu/Alansu.dalue lneduuilduinans

Y

Anduleiiauangadnlneanansavzasnsnininueniauls (Table 2.11)

nsgaydeuvin WeliusnwiuutuynnssuIsinisgadeumidniiuuintu ndsnusnw 7

1%
=) o £ =

Fu wud nssudseuisnisujuivesiuseneunisinisagideuiviinuinga 1.90 wWesiiud sesadunfe

v A

aa ¥ ¥ o aa v Y = a 9; £% § < 3
n3suisdagtungusenaunisld+ asgadutefiduaindsdnlnainisgydeumvidn 1.70 wWesigus
33133 UT599AnlugIusIYTI MAP + ansgaduieiiduaindsdilng 0.52 Wesidud uasnssuizussy
Henalugeussgiadt MAP 0.13 Weasidud audidu Weusnwasu 28 Ju wuin nsuisaudsnis
UfjiRvesgusznauminsilasunaglilasuansgaduieiduaindetnlnaiinisgaydounidnlidunnsi
fiu BAvIAY 3.30-4.67 Wesidud Tuvaeiinssuisusslnnlugeussydn MAP enlisunazlilasy
ansgaduiefauIndadninalinsgadeuminidies 0.84-1.18 wWasidud (Table 2.12)
a = a 1 ' =) ! 1 =Y ada 1 (Y

nsidaguLUasd NM1IUasuLUaIAIAINNEINN ®ID LX WU NDULAUIAYIVINATINIBUANNINY
34.62 dlowiusnw 7 Tu nesuitussglinnlugeussyiet MAP visiilasuuazlildsuansgeduieiiauain
Faglnadien L* liunnsnsdunisadfiianiniu 32.56-36.28 Weiusnwasu 28 Ju wuin nssuis

o

Us59ennlugaussyiuet MAP enlasuuaslildsuaisgaduieiduaindatilnaidanvindy 23.50-
24.23 dunssusnuisnsuUAvesusenaunsianviniu 27.36 (Table 2.13)
d‘ 1 [ =] ! « < o [y ! ad o
nswWaguudasenanududuag vse a* wul Weliusnwiuiu 28 Ju wud N5TuIsuITeienn
Tugausseiuet MAP fid1 a* wnfie 23.77 509a301A8 NT3UITUTINIRAlURIUITYAIN MAP + a1309
FuieNauangdetnalug danvindu 21.06 nssuisdagtunguseneunisld+ arsgaduieiiduainds

FlnadAwIAU 17.27 wagnssuisnuidn1suuRvesusumilanies 19.30 mudsu (Table 2.14)
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nawasundaseauidudivdos vie b* wud Aewfusnwidldiidy 14.04 dewfusnw 7 Fu wui
nssuiBusTatenelugausstas MAP saildsuuarldlfsuansgaduieifuandsdninadainf
14.51-17.77 Weiffudnwiauasy 28 Ju wuin n3suAsusseilenelugeussqfust MAP fidn b* iy
4.40 (Table 2.15)

a1 1

Aanuduiiaidan annisiivdneidine wud newdudnwnndegediainnusiuierden

Y

11.31 fsu anduiidrastesasdenuinwiuiuiu lnedlanuinwiasu 28 Ju flnalunssuisiussy

9

Tugeussqstast MAP fdaruutuiioidengsninfsgalunssdsilildussglugeussqsas MAP Tag
Seerlunsndsiiussnounslilutlagtu Senuududendendian fe 5.55 Gadu (Table 1.16)

Uiunmvasudefiazarsild snmafvinuiiinn nud Senfvinumesudeiiazansdils
avdudoogmafuinuwuiuiu Weaifuinwasy 28 u wui Yiinavesdsiiazanethld 14531512
23AUING (Table 2.17)

Usanansaiilnmsald vanssudsiivsinansadilnmsalalduandrsiunisada Wetiusnuwiuiu

a1 |

28 Yu fluSunaunsafilnmselaliunnaiatunieaia Aty 0.46-0.51 Wesidus (Table 1.18)

Ysununsauadaasia dpansunisiiusnuiivsunansatearesda 1.45 fadnsunseueanss

aaa

a a aa A a < o 41' < o [ ! o/
Up/100 §9d805 wazlusunaanamitenen1siusne Weusnwiui 28 Ju nudn denalunssudseg
Ausznounsldlulagdu dusununsaueanasindign Ao 0.81 Tadnsuninueanasdn/100 1adans
(Table 2.19)
o/ Y a [ Y o a a = A a A ‘;’ b
AMNINNTERNTUYRIRUSLNA AunmmsEeuTuresuTlnaUszliuandden dnduideany

#1UA7 WagAINnIY ANNWSE Wedudd naulinUnfvewuslnamenisiu wudl Saalunnnssuisd

U v

AN IMNIsEENTUTBIRUTINAanaInNeIgNsAusne Inelaiiusnwiuiu 28 Tu flaalunssudsa

(% & o

U539bUR T dnwdasanimussenialinanimniseensuvesiuslnagenindnalunssuisilale

9

(% ¢

U559bU9IUTIIUY Anudasan nussennia Bnadennlunssuisussalug wssadasidaudasanin

9

= 1Y

UssEINATINAvalsgaduieiduiaaninnisseusuved uslaageaniilalTeuiig uiunssuisou
(Table 2.20)

NNaNITMAaeRziulaIn n1sudnefiduingludmalinsansyuiunisdsud anuuduiile

=

USunauwesudafiazaneiils iesnnnadageiigueuunismelawuy climacteric Wegnaziinisvigla

9 Y

a

a X i % v a aa S a & ° | a8 a gy
LW@JQQGU‘U ATABDYS) anNaN NWIDUNULNANITIURYUFNIINAL W AUUUFNUIIAN I@EJIU%'NN@&L?JEJ'J UBAINNIT

a1

HARENEY 1.00 Tadnsu/Alaniu/Aunil uavasiinsndnefiduiugulofiuiieinandn waziaigs

' (%
a

PgadlonalsugnIendsuiuied 6 Tu donsnisnanediau 8.00 Jadndu/Alansu/Auil anndu das

'
o

a ad A ! ! - A a o L= v @ N v A a ad ! v
nskAneNAuiiAanategalilos auianllenaddvevauuined 9 Tu ddnsnsanenauwiriu
7.2 fiadnTu/Alansu/Aud legluvaueinsduasigiienduniuiy 8nsn1smelasiiaiaanaeig

590157 Taglainutae pre-climacteric (Palapol et al., 2009)
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aa a

nstaenansiusnwlinameisnsiiusnyindanaluanindnuUasusseinie (MAP) 135"
ibiornaluussydaueiivsinaesnduuanas swdunisldasgaduieiiduanaudetnlng lngiiu
Snwndigaumgdl 13 esmwaldea anunsatisnisanianssumstundl msdansgsitefiau sasnsmels
LLaBmiQiyLaﬁJ‘j’l Ineiinarilinseuiunsansg 9 FAntu Tudasfidias (e, 2553) Fansifiusne
fanaluanmusseniadaulasaunsnszasnsvuIunsanvemdnnalfidosanaiveulaoonledl
auannsalumsiuiuiiueiauldiueg e uaznsliguueafiniiaaugumsinudnesnvesinely
9 IMAGIAINALUNNTTIBTLABNTLUIUNNTANDNFY danndesriy Tilahun et al (2018) Awuin n5ld
usTAa MAP saufutfudnuilifigumall 10 waz 20 esmwaldea ualidnsinisndnefidues
uzidamnAsEnINNAuinwanas denndesiu Lonardo et al. (2013) lasenuin nsldlulewsuay
Tuomsidsade dnaromududuveeiiauiianatedelifeddyiiofioutunssizildldlulemnsly
pnaiisade lurneiinssuisinaululonfluswsideade uasnssuisilildlulonsluemades
o fenududuvenefidulndifosiundanniulu 28 Su Fedaudeiu Spokas et al. (2010) fis1eeu
1 Wlulemsunswinazinimanefiduiuiu netagivithwndelulenstesdidnuneitlilvidels
wazdigunailunszurunisinlsladadesndt 400 esmwadea dslulevsazuusiunamiinivos
fngAu uaran1izvadinlslada (SensOz, 2003; Guerro et al,, 2005) uanani Ssflseuin lufud
uanilulonsfnmaud@lunisdudy nitrfication dslidnuazadadetunisliuaniBonnislug (Banerjee
et al., 1989: Kashif et al., 2007: Yaseen et al., 2006 ) FlidiudsnsiAntusinfuvesnnuaianss lu
nsUandaeensenaduiefiaulululests laelulewsdaluualdud ansaananududures CO, Tu
UsseINAlaanale (Smith et al., 2010)

mafiuswsfanaliun enainenisudeiesudonna Fsenaiinainnsnssnunssifieuvas
yevdinafuien mnuUTadniufifiaty mawisuuamessand iamadsunUasesdusznay
yaedl Wasuwanima wagnsndunis lussnitinisan Ulinansafignazaulianas 9annsldlu
nszvrummeladewdumilulann warazanluguiima lnedaldanuiuurendaiasaeils
warUSnansafilnmsnld wadsamendninfuifoifissfuauniuiuty wilivudamiounald
climacteric 3u 9 ilasnnuasinpazaomstiluglresnsa fatu nisaanefetemsazauiie

Wasuduihniadaindutes vnlrusunuvewdsnazanaldrautnansa (ady, 2529; 959u9, 2538)
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Table 2.1 Ethylene production (ul/kg.hr) of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 0.13b  047a 0.42a 047a  0.40a 0.38a
Control + corncob biochar 0.13b  0.27b  0.20b 0.18b  0.19b 0.24b
MAP packaging 0.13b 0.40b 0.34b 0.32b 0.22b 0.28b

MAP packaging + corncob biochar 0.13b 0.27Tb  0.26b 0.14b  0.17b 0.19c

Average 0.13b 0.35a  0.31la 0.28a 0.25a
F-test CV (%)
Treatments (A) ** 27.30
Day after storage (B) ** 29.72

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.
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Table 2.2 Weight loss (%) of mangosteen with ethylene adsorbent in combination with MAP
packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
7 14 21 28
Control 2.98 2.42 3.52 4.71 2.84a
Control + corncob biochar 1.07 3.80 3.17 4.52 1.96a
MAP packaging 0.27 2.52 1.51 0.66 0.54b
MAP packaging + corncob biochar 0.46 0.36 1.45 0.87 0.65b
Average 1.19b 1.19b 2.41a 2.69a

F-test CV (%)

Treatments (A) ** 60.78

Day after storage (B) ** 56.38

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.3 Fruit color development L* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average

0 7 14 21 28
Control 4321 3458  25.56 24.88 22.60  30.70b
Control + corncob biochar 4321  35.39 26.14 25.53 27.62  31.58a
MAP packaging 4321 3742 30.49 26.42 24.21 32.35a

MAP packaging + corncob biochar 4321  37.87 28.59 23.09 25.02  31.55a

Average 4321a 36.32a 27.690 2498b  25.53b
F-test CV (%)
Treatments (A) * 6.92
Day after storage (B) *x 5.74

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.4 Fruit color development a* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average

0 7 14 21 28
Control 12.29 20.39 21.58 15.85 16.61 17.3d4b
Control + corncob biochar 12.29  20.54 20.58 17.89 17.47  17.76b
MAP packaging 12.29 23.03 26.43 23.79 2054  21.22a

MAP packaging + corncob biochar  12.29  24.15 24.54 26.10 2331  22.08a

Average 12290 22.03a 23282 20.91b  19.48b
F-test CV (%)
Treatments (A) ** 8.81
Day after storage (B) ** 9.06

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.5 Fruit color development b* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 24.66 14.62 7.03 5.28 6.96 11.71
Control + corncob biochar 24.66 16.18 7.15 6.44 7.97 12.48
MAP packaging 24.66 18.33 13.00 9.01 8.33 14.67

MAP packaging + corncob biochar  24.66 18.06 11.21 4.89 7.86 13.34

Average 24.66a 16.80a  9.60b 6.41b 7.78b
F-test CV (%)
Treatments (A) ns 13.07
Day after storage (B) ** 11.91

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.6 Fruit firmness (N) of mangosteen with ethylene adsorbent in combination with MAP

packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 16.06 9.32 7.21 6.79 5.55 8.99b
Control + corncob biochar 16.06 10.09 6.82 6.69 574 10.08a
MAP packaging 16.06 9.39 8.08 7.99 8.96 10.10a

MAP packaging + corncob biochar  16.06 8.66 7.90 7.37 8.55 9.71a

Average 16.06a  9.37b 7.50c 7.21c 7.20b
F-test CV (%)
Treatments (A) * 20.21
Day after storage (B) *4 18.14

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.7 Total soluble solid (°Brix) of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 17.23 17.08 16.14 15.69 14.32 16.09
Control + corncob biochar 17.23  16.53 15.76 16.03 13.61 15.83
MAP packaging 17.23 16.62 15.39 15.80 14.28 15.86
MAP packaging + corncob biochar ~ 17.23 16.58 15.77 15.14 14.69 15.88
Average 17.23a 16.70a  15.76b  15.67b  14.23c
F-test CV (%)
Treatments (A) ns 4.49
Day after storage (B) *4 4.79

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different

66

the Duncan’s new



Table 2.8 Titratable acidity (%) of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 0.87 0.64 0.61 0.63 0.62 0.67
Control + corncob biochar 0.87 0.70 0.61 0.59 0.62 0.68
MAP packaging 0.87 0.66 0.58 0.58 0.59 0.66
MAP packaging + corncob biochar 0.87 0.67 0.63 0.61 0.65 0.68
Average 0.87a  0.67b 0.60c 0.61c 0.62c
F-test CV (%)
Treatments (A) ns 6.19
Day after storage (B) ** 8.67

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different
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Table 2.9 Ascorbic acid (mg ascorbic acid /100ml) of mangosteen with ethylene adsorbent in

combination with MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 1.74 1.31 1.02 1.32 1.34 1.35b
Control + corncob biochar 1.74 1.64 1.28 1.26 1.46 1.48a
MAP packaging 1.74 1.88 1.53 1.37 1.41 1.59a
MAP packaging + corncob biochar 1.74 2.18 1.28 1.32 1.09 1.52a
Average 1.74a 1.75a 1.38b 1.32b 1.33b

F-test CV (%)

Treatments (A) * 28.61

Day after storage (B) * 38.98

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different
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Table 2.10 Consumer acceptance of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chanthaburi.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 5.00 4.11 3.78 2.67 2.39 3.59b
Control + corncob biochar 5.00 4.20 3.78 3.44 2.78 3.84b
MAP packaging 5.00 4.56 4.11 4.00 3.16 4.17a
MAP packaging + corncob biochar ~ 5.00 4.33 4.22 4.00 3.61 4.23a
Average 5.00a 4.30a 3.97b 3.53b 2.99b

F-test CV (%)

Treatments (A) * 11.82

Day after storage (B) * 12.00

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different

69

the Duncan’s new



Table 2.11 Ethylene production (ul/kg.hr) of mangosteen with ethylene adsorbent in combination
with MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 0.11 0.24 0.33 0.43 0.48 0.32a
Control + corncob biochar 0.13 0.10 0.18 0.20 0.26 0.17b
MAP packaging 0.11 0.21 0.29 0.26 0.23 0.22ab

MAP packaging + corncob biochar ~ 0.11 0.16 0.19 0.18 0.12 0.15b

Average 0.12b 0.18b 0.25a 0.27a 0.27a
F-test CV (%)
Treatments (A) * 23.37
Day after storage (B) * 23.89

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.12 Weight loss (%) of mangosteen with ethylene adsorbent in combination with MAP
packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
7 14 21 28
Control 1.90 2.00 3.49 4.67 3.02a
Control + corncob biochar 1.70 2.43 3.50 3.30 2.73a
MAP packaging 0.13 0.17 0.15 1.18 0.41b
MAP packaging + corncob biochar 0.52 0.65 0.32 0.84 0.58b
Average 1.06b 1.31b 1.87b 2.50a

F-test CV (%)

Treatments (A) ** 21.77

Day after storage (B) ** 18.50

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.13 Fruit color development L* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Average
Treatments 0 7 14 21 28
Control 34.62 3230 30.78 28.19 27.36 30.65
Control + corncob biochar 34.62  26.32 29.09 27.96 23.67 28.36
MAP packaging 34.62  32.56 30.86 25.28 24.23 29.51

MAP packaging + corncob biochar  34.62  36.28 25.12 25.61 23.50 29.19

Average 34.62a 31.89a 2896ab 26.76b  24.69b 29.19
F-test CV (%)
Treatments (A) * 5.11
Day after storage (B) ** 5.15

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.14 Fruit color development a* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average

0 7 14 21 28
Control 13.65  23.58 24.66 21.98 19.30  20.63b
Control + corncob biochar 13.65 24.08 25.37 21.48 17.27 20.37b
MAP packaging 13.65 30.74 31.71 25.53 22.77 24.88a

MAP packaging + corncob biochar  13.65  28.99 27.81 25.93 21.06 23.49a

Average 13.65b 26.85a  27.39a  23.73a  20.10a
F-test CV (%)
Treatments (A) ** 11.41
Day after storage (B) ** 11.86

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.15 Fruit color development b* of mangosteen with ethylene adsorbent in combination

with MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 14.04 11.20 8.62 8.08 7.69 9.93b
Control + corncob biochar 14.04 10.56 9.63 7.66 6.17 9.61b
MAP packaging 14.04 14.51 14.04 11.21 7.56 12.27a
MAP packaging + corncob biochar  14.04 17.77 8.02 6.63 4.40 10.17a
Average 14.04a 1351a  10.08a 8.40b 6.46b

F-test CV (%)

Treatments (A) * 1291

Day after storage (B) ** 16.43

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.

ns = not significantly different
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Table 2.16 Fruit firmness (N) of mangosteen with ethylene adsorbent in combination with MAP

packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28

Control 11.31 8.17 8.03 6.68 5.50 7.94b
Control + corncob biochar 11.31 8.36 7.68 7.62 6.30 8.25a
MAP packaging 11.31 8.78 8.29 8.22 6.68 8.65a
MAP packaging + corncob biochar  11.31 9.07 7.73 7.14 6.94 8.44a
Average 11.31a  8.60b 7.93b 7.42b 6.36b 8.42

F-test CV (%)

Treatments (A) * 10.86

Day after storage (B) ** 9.76

Different letters indicate significant (P < 0.05) differences according to
multiple range test.

ns = not significantly different
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Table 2.17 Total soluble solid (°Brix) of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 16.63 16.65 15.83 14.85 14.85 15.76
Control + corncob biochar 16.63 16.79 16.15 15.83 14.95 16.07
MAP packaging 16.63 16.62 16.58 15.48 14.53 15.97

MAP packaging + corncob biochar  16.63 16.58 16.22 15.48 15.12 16.01

Average 16.63a 16.66a 16.19a 1541b  14.86c 1595
F-test CV (%)
Treatments (A) ns 2.83
Day after storage (B) 4 5.31

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 2.18 Titratable acidity (%) of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 0.62 0.67 0.63 0.47 0.47 0.57
Control + corncob biochar 0.62 0.66 0.64 0.58 0.46 0.59
MAP packaging 0.62 0.66 0.64 0.48 0.51 0.58
MAP packaging + corncob biochar 0.62 0.67 0.60 0.51 0.48 0.58
Average 0.62b  0.66a 0.63b 0.52c 0.48d
F-test CV (%)
Treatments (A) ns 8.68
Day after storage (B) ** 8.92

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different
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Table 2.19 Ascorbic acid (mg ascorbic acid /100ml) of mangosteen with ethylene adsorbent in

combination with MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 1.45 1.67 1.48 1.26 0.81 1.33b
Control + corncob biochar 1.45 1.74 1.58 1.37 0.99 1.43a
MAP packaging 1.45 1.88 1.63 1.32 0.89 1.43a
MAP packaging + corncob biochar 1.45 2.18 1.44 1.32 0.97 1.47a
Average 1.45a  1.87b 1.53b 1.32b 0.92b

F-test CV (%)

Treatments (A) * 23.47

Day after storage (B) ** 28.37

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different
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Table 2.20 Consumer acceptance of mangosteen with ethylene adsorbent in combination with

MAP packaging storage at 13 °C for 28 days from Chumphon.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 5.00 4.08 3.50 2.80 2.11 3.50b
Control + corncob biochar 5.00 4.25 3.62 3.33 2.50 3.74b
MAP packaging 5.00 4.67 3.90 3.63 3.11 4.06a
MAP packaging + corncob biochar  5.00 4.88 4.42 3.92 3.32 4.31a
Average 5.00a 4.47a 3.86b 3.42b 2.76¢

F-test CV (%)

Treatments (A) * 17.49

Day after storage (B) * 19.68

Different letters indicate significant (P < 0.05) differences according to

multiple range test.

ns = not significantly different
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Abstracts

Thailand has the potential to export mangoes to various countries. The market is mainly
exported mangoes including South Korea, Japan, and China. Mangoes exported to Japan and
Korea must undergo vapor heat treatment to eliminate any fruit fly that may lay eggs or have
caterpillars inside. In this experiment, the method was applied to spray calcium boron on
mangoes to strengthen the cells. Calcium boron was sprayed at a concentration of 0.5% at the
fruit stage 30, 45, and 60 days after flowering. The mango was then subjected to vapor heat
treatment (VHT) and stored at 13°C for 28 days. It was found that mangos obtained with
Calciumboron had higher fruit weight than control. After 28 days of storage, Calciumboron

treatment can be delay weight loss, fruit firmness postharvest disease.
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luruinsnisinduiivaeniseuleun uddmausiildusiradlunaenseaudgnyn 31w 6
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3. mstudindeya
Tuiindeyanmninug lawd wWesiuinisgydeuvin n1sidsuwdasd anuuiuiile
Usunavasuisfiazatels Ysunansadilnnsald Usuiadandud wazUsziiunisifalsnngdinis
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3.1 dmtinua
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gt mdnluiuiuies
3.2 msgeysdeimin

dngiandnhninuadewiuinw wagluiunduiindeya anuuiumdnneunisiiu

$nw wazihminhuTuiduiineamndnadesidudnisgademindaegns

Wosduimagapdeumiin = dviinGudy - dhwiinfudiduiine X 100
dminiSud
3.3 nsiasuulasdna
thagahaunias L¥ a* b* fhewpdes Color reader (KONICA MINOLTA., CR-10, Japan) Ing
Snustamnanawa 1 2 fudinsetuiy
3.4 AL ena
YazahanSaaLLu edeLATes Texture Analyzer (LLOYD instruments., 3u LX plus,
United Kingdom) #3auss (load cell) 0.1 Alansu A11ut57 50 Jadumsaeund szeynislunisin 5
fadwns nevhnsinusunatanana 2 d1u Swedu Sadu (N)
3.5 USinaweudsiiazaneiild
dhdunnuauziianies i liinamewdsiiazaretild (esmuing) daeedes Digital
Refractometer (ATAGO., Ju PR-101, Japan)
3.6 USunaunsaiilnnsnle
thihduanrauziie Usunns 2 §adans win Phenolphthalein anududu 1 wWesidud

a

\Uu indicator 9111 2 wea ilulnmsadeaisazate NaOH anuduidy 0.1 wesuoa udiegnyd

3o asavareideududvuyseu WiAusua NaOH Nldlunmsimnsalumuinmuiniunsalugy

YoulosiduinsnudnaINgns (AOAC,, 1990)

YSnaunsaiilmnsald = (N NaOH) (ml NaOH) (megq. wt of malic acid X 100

ml of sample



N NaOH #® Normality v@sa5asangsu1nsgu (0.1 uosuaa)

ml NaOH Al U31as (w1a.) 784 NaOH fildlunislnivsn

megq.wt of malic acid fi® 0.067
3.7 Usununsaleanasin

WIsNAITALANENIAKEAABSUANINTFIU (SIGMA-Aldrich, Chemie, Steinheim, Germany)

arandudu 1 Sadndu /100 08803 aniu thnsaueanesauiuns 2 Taddns TeluvangUoun iy
nsneen¥1anU3ung 5 faddns udilmmsndie a1sazane 2,6-dichlorophenolinophenol aunseiisd
gAviondiansazaedeuiudvamediaios 5 3uni

nsvUsInadmiudanueng tiihdunzang Uiues 2 faddes TaluvingUsuy Wunsnesn
91@anUTInns 5 Tadans tlulminsndie arsazats 2,6 dichlorophenolinophenol aunsyvisis 9agnd
M’%@@fﬂ‘ﬁ'miasmaLﬂ?iauﬁjuﬁwmasmﬁaa 5 3u9 W1AvesUSunasazany 2, 6 dichloroindophenols
AW wfwnmUsunaiandud Tnefiviiedu fadnsunseueanasin/i00 3adans (me ascorbic

acid/100ml)

Usunansaueanesta = Ui 2,6-dichloroindophenol flalvinsasia X 100

Ysuashaunly (ua.)

3.8 MaAnlsAndansifiuiien
Usziiunnsiialsandsnisifuigdiiuinaimafieaen waylvazuuuniaialsaniy
o1msfivsng sl 1=8nsusinguedisa 0 - 20 Wesidus 2=finsusnguesian 21 - 40 Wi
3=finsusingueslsa 41 - 60 Wasldus 4=finsusingueslsa 61 - 80 Wesidud 5=1n15U51ngv09

1s@ 81 — 100 Wasigus

Han1sNAaadtazanusie (Results and Discussion)

H o | Ay vo = o o ] | A M yo =~ =
uwmitnwa uzdhsilasuseadeuluseuivininuauinnituednilidlasuiaa@euluseu vse
n3u3sAIuAN taedid1viiu 365.87 nTu Tuvasnansanlilasunaa@aulusoulivininualiies
329.34 n3u (Table 3.1)
nsgeydeunniin uednfiiiunsnsinduiiviiedsniseulouinduiusnwuzdisinenld
WY 28 U WU NIINITAIUAN waENIINITTASULAaBELluToUiiN A dudmTnuanA iU as
Famaoanisiiusnwiuuilduiinssudsalasuuaadanluseuaiunsaannisgademvinls danis
a3 o A v s & & - ax = a9 o o s & &
goyidedmtniademiniu 5.23 Wesidud luvugiinssuisauauiinisaqdeiminds 6.41 1Wesidus

(Table 3.2) Meilidunauianuaa@eulusaunaanunislu aeardastunisnaassliuAaldauLnuany
(Gayed et al., 2017) wazwauila (Ranjbar et al., 2018) Insuzairaundnnanisivaru Adundu
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aadUsEnoULINGs 70 Wesidud vedadiunnlu wazdenlaniasssuvifinne 9 Juibindanatinsagny.de
S (% =3 A -3 A a X = <3 £ a 4
Umdainmsiiuienaenszeziatlun1sinuinw lneasliaiududlanusnyuiuiiy (35w, 2538)
nsiAsunlasdne niswasuuladan L* Usnandenuzidndidniinduniueignisiiuing
! 1 aa ! [ [ a1 Vv = A v a LY aday Yo
wudn wzdslunssudsaruauisuiusnwl dan L* windu 73.37 fadlanlndiAesiunssudsilasu
waadenluseu TAwiu 72.40 Weaiuinwiuiu 7 Tu nssudsmavauiiaiuinis 78.23 Tuvuei
adal Yo = a1 l v = 8w 1 o 1 1
nssuisnlasunaaluulusey da1vindu 71.77 wasllenuinuiuzaiieauasy 28 Ju wudn usaiaely
n3sudsAIvANiAT L* geandinssuisnlasusaai@unluseu (Table 3.3)
= J ' v o8 v LY ! aa asay vou
nsidsuwUate a* YasusiavaanuiinwIuIL 28 Ju wud N3TIsAIVAY wanIINIBNLATY
waaBealuseu dAliuane1eiuneada (Table 3.4)
n1siasunlatan b* veeuziae Weousnwiuiu 28 Ju wuin wudi nssudSaauauiian b
wiiu 47.24 Tuvaueiinssudsilasuuaa@enluseu A1 b* wiriu 41.29 (Table 3.5)
& Y 2 A ' aday vo = = =1
AULLUaNa Nevidanisinuies wealunssudsnlnsuuaa@enluseudauuwiuiiens
Wity 28.23 a6 Feaandnuegsislunssudsamuaniiianuwiuilona winiu 25.70 9 Ineuegsiians
doin3aIdlinsasuulasianuuiuiionaanasniuengnIsnusne Weaiiusnwuiu 28 1 uziln
Tunssuismivauiiauwiuionaiiies 3.45 Tadu Tuvasugiilunssyisnlasuuaadeuluseulinny
wduilanagade 10.49 9a6u (Table 3.6) il ilunauiainuwaaideuluseu aenndesiunisnaasdly

[

majaaﬁuﬁwwuﬂ (Muengkaew and Chaiprasart, 2012; Muengkaew et al., 2018) WagiziNUg

vhmenlsianes (Intha et al., 2020) finudl wraouluseuaunsavzannisanasveIAIAULLULE e
Wnauldenuanield TnonisliunadesTuseudsmalisadiaualuaunnnimaund uaziinanumun
Yosrnwadinn nadtanfanssuveteuly PME way PG Snane (Muengkaew et al., 2018)
USunauvaaudsfiazanetild nendsnisifiuiier uvsiheiesnsssdiivsinaewdsiiazans
dlglsdunnansfunsaddlnefivsuiaveaudsiazasnld wiafu 8.34-8.63 oaruing TneUsunal
vosudeftaraeilffvtunuergninfuinw Weiiudnuun 28 Ju wudt uzshdlunssudsilasy
weaiBesluseuiiviinameudaiaraethldganinuzsndunssuiSauau (Table 3.7)
USunaunsadtlnmsald n1ondanisiiuien uzdieidoinssudsiiusuimnsaiilmmsalalyl
wansnetumeadn Tnefiuunansafilnmsals wiatu 1.46-1.53 wWosdus TneUSuansafilnmsels
anawNpIgNIAuine Waifuinwiuiu 28 Fu wuih usshelidesnssuisiviinunsaitlnmnlél

a =

wanEAuUNIEdAULReTY Taediusununsanlnmsale windu 0.21-0.34 1Wasigus (Table 3.8) 9191

[y

USunaweensaiilmnsalawlsunduiussoziailunisiiusne esen fn waznalildnsndunislu
nszvunsmela esnnsmdunsiluansianansiiddnluinging Krebs (33euvi, 2549) Usunmnsndi
Ininsalaledinantovas

Yunaunsaneanasda nendenisiiiuiier uzahdunssudsilasuseadonluseuiiusunmnse

weansUnginduzastunssudsaiuan Weusnwiuiu 28 Tu wudn ueailunssuisnlasunenadey
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'
= 1 I

luseulivsuunsaueanaiia Wiy 22.33 TadnTunsaueanesia/100 Uadans Fegandtueaiiely
nssuIsMIUANNUSINNsakeaAasA Wity 18.79 fadnsunsaueanaida/100 1addns (Table 3.9)
a (% < o N < o ! H v [y ! 1 aa
nsialsandensiiuineg? Weliuinwiuediainenld@nesuiu 28 Tu wudi ueslilunssuds
v vao = a Y T v I ax
nlasunpadsnlusouaiunsavzasnisialsandanisiiuiies aandmueaidunssudsaivau (Table

3.10)

Table 3.1 Fruit weight (g) of the mango cv. Nam Dok Mai Sri Thong according to calcium

application after harvest.

Treatments Fruit weight
Control 329.34
Ca-B 365.87

T-Test *

Table 3.2 Weight loss (%) of the mango cv. Nam Dok Mai Sri Thong according to calcium
application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
7 14 21 28
Control 2.73 5.56 7.56 9.78 6.41a
Ca-B 2.40 4.30 6.67 7.53 5.23b
Average 2.57d 4.93c 7.12b 9.16a
F-test

treatments (A) *
Day after storage (B) **
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.

ns = not significantly different
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Table 3.3 Fruit color development L* of of the mango cv. Nam Dok Mai Sri Thong according to

calcium application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 73.37 78.23 80.30 88.29 87.10 81.46a
Ca-B 72.40 7177 74.57 79.82  T7.75 75.26b
Average 72.89b 75.00b 77.44b  84.06a 82.43a
F-test
treatments (A) *

*%

Day after storage (B)
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 3.4 Fruit color development a* of the mango cv. Nam Dok Mai Sri Thong according to

calcium application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 6.98 7.91 8.55 8.73 9.32 8.30
Ca-B 7.99 8.00 8.31 8.73 8.61 8.33
Average 7.49¢ 796bc  843ab  8.73ab  897a
F-test
treatments (A) ns

*%

Day after storage (B)
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 3.5 Fruit color development b* of the mango cv. Nam Dok Mai Sri Thong according to

calcium application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 39.97 40.88 44.42 45.12 a7.24 43.53a
Ca-B 37.20 38.65 42.45 41.71 41.29 40.26b
Average 38.59b 39.77b 43443 43423 44.27a
F-test
treatments (A) *

*%

Day after storage (B)
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 3.6 Fruit firmness (N) of the mango cv. Nam Dok Mai Sri Thong according to calcium

application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 25.70 20.58 8.59 5.39 3.45 12.74b
Ca-B 28.23 25.54 18.87 12.26 10.49 19.08a
Average 26.97a 23.06b 13.73c  8.83d 6.97e
F-test

treatments (A) *
Day after storage (B) **
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.

ns = not significantly different
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Table 3.7 Total soluble solid (°Brix) of the mango cv. Nam Dok Mai Sri Thong according to

calcium application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 8.34 12.38 15.00 15.23 14.12 13.01b
Ca-B 8.63 13.03 16.44 17.71 18.14 14.79a
Average 8.49d 12.71c  15.72a 16.47a 16.13b
F-test

treatments (A) *
Day after storage (B) **
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new

multiple range test.

ns = not significantly different
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Table 3.8 Titratable acidity (%) of the mango cv. Nam Dok Mai Sri Thong according to calcium
application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 1.53 1.10 0.61 0.33 0.34 0.78
Ca-B 1.46 1.05 0.52 0.40 0.21 0.77
Average 1.50a 1.08b 0.67c 0.37d 0.28d
F-test
treatments (A) ns

*%

Day after storage (B)
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Table 3.9 Ascorbic acid (mg ascorbic/100 ml) content of the mango cv. Nam Dok Mai Sri Thong

according to calcium application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
7 14 21 28
Control 23.88 27.96 20.16 18.79 22.40b
Ca-B 27.80 3291 25.54 22.33 26.74a
Average 25.84b  30.44a 22.85d  20.56c
F-test

treatments (A) o
Day after storage (B) **
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s

multiple range test.

ns = not significantly different

99

new



Table 3.10 Postharvest disease of the mango cv. Nam Dok Mai Sri Thong according to calcium

application and storage at 13 °C for 28 days.

Day after storage (Day)

Treatments Average
0 7 14 21 28
Control 1.00 1.58 2.40 3.45 4.25 2.54a
Ca-B 1.00 1.13 1.67 2.14 2.45 1.68b
Average 1.00b 1.36b 2.04b 2.80a 3.36a
F-test

*

treatments (A)

*%

Day after storage (B)
AxB ns

Different letters indicate significant (P < 0.05) differences according to the Duncan’s new
multiple range test.

ns = not significantly different
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Abstracts

The objective of this experiment was to study of using micro perforated film to maintain
quality and extend shelf life of vegetables including mixed salad (butterhead and cos) and baby
corn. By comparing the different packaging style. Mixed salad were packed in different packaging
1) OPP film (control) 2) OPP micro perforated film with OTR 5,000-10,000 cm?®/cm?/day 3) LDPE
micro perforated film with OTR 5,000-10,000 cm?/cm?day 4) packed in plastic trays and
wrapped with OPP micro perforated film with OTR 5,000-10,000 cm?®/cm?/day 5) packed in
plastic trays and wrapped with LDPE micro perforated film with OTR 5,000-10,000 cm?®/cm?/day.
It was found that mix salad packed in micro perforated film bags with or without plastic trays
have no difference in weight loss, color change, total soluble solids and physical quality. All
treatment can be storage for 18 days. Baby corn were packed in 1) polystyrene foam tray
wrapped with PVC (control) 2) OPP micro perforated film with OTR 5,000-10,000 cm?®/cm?/day 3)
LDPE micro perforated film with OTR 5,000-10,000 cm?/cm?/day 4) packed in plastic trays and
wrapped with OPP micro perforated film with OTR 5,000-10,000 cm?®/cm?/day 5) packed in
plastic trays and wrapped with LDPE micro perforated film with OTR 5,000-10,000 cm?/cm?/day.
It was found that using micro performed film reduced weight loss and browning better than PVC
film wrapping. All treatments have no difference in total soluble solids. Baby corn packed in
plastic tray and wrapped with micro perforated film bag can be stored for 20 days and maintain
freshness and delay browning better than packed in micro perforated film bags without plastic

tray.

uni (Introduction)
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— @ OFFfilm N + PP 4MFF
wecofuee LOPE WP —h— plasitc fray + OFP MPF
sesofgsss plastictray + LOFE MFF

Figure 4.2 Weight loss of salad mix packed in different packaging
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sasafyess plastic tray + LDPE MFF

Figure 4.3 L (A) a* (B) and b* (C) value of salad mix packed in different packaging
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(A) (B)

oDEn

Figure 4.5 Freshness score (A) appearance score (B) and overall preference (C) of salad mix

packed in different packaging
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Figure 4.6 Oxygen (A) and carbon dioxide (B) concentration inside baby corn packaging
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Figure 4.7 Weight loss of baby corn packed in different packaging
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Figure 4.8 L (A) a* (B) and b* (C) value of baby corn packed in different packaging
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Figure 4.9 TSS of baby corn packed in different packaging
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Figure 4.10 Freshness score (A) browning score (B) and overall preference (C) of baby corn

packed in different packaging
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Study of fruits packaging for export

o/

98

eDe

[ LY [

ANTUNST ATIIUNT
Komchan Songchan

ATN1UA FAISEUSH

<

Siragan Srithanyarat

U519AN89 NIUNB4

Prangthong Kwanhong

AdARY

Hduanzgrunaluaseu nsifivinwiluaninusseiniadawda

Key words

micro perforated film, modified atmosphere packaging

UNANED
S ¢ A = va ¢ )y -
nsnaaetilingUszasAiiefnusuuuumsldiaunzsvunluaseulunissnwnunmuastn
argnsnusnwnald laun Wiz uazdine Inar3auiisun1sussquuuaI 9 19WRUNISIAABIRUY split

plot design lneLi main plot Ao 1) UsTIANAIERNTUAILTAY PVC (YaRIuaw) 2) gaildu OPP 191%5

s

yualuATow OTR 5,000 - 10,000 §nUIAALUAWAT/MII104UAT/IU 3) 9eildy LDPE Wng3uuialunsou

a ¢

OTR 5,000 - 10,000 gnU1ANIURALIAT/MITIUAT/TY 4) UTTINNAERNUAIUAI8ETHAN OPP a3

9

YunluAsay OTR 5,000 - 10,000 gNUIAAILFAWAT/MIINUAT/IU LA 5) UTTINANAERNLE UL

#dy LDPE l1gguutnluasen OTR 5,000 - 10,000 gnUIAALBURILIAT/MITIMUAT/3U sub plot fiB

L3

J2EZAMAUINY) NUT WU alduanzguunluaseulinsaydeuiminteenitussyaiananain

Y Y

Y v

vuseTidu PVC igynnssaisiiniaudsunlasd wagannmmaniliunndeiu lnennnssifaiunen
Auldunu 14 Su Tnewngiussglugaiida LDPE wnzguualuaseufimafedimatdesniiussglugeiida
OPP 11zguwnluaseu dmsudann main plot Ao UTIINIANTEATENMIETEY PVC (¥aRIuAL) 2) eilay
OPP 1a1¥3untuATaw OTR 15,000 - 20,000 gAUIARLIURLIAT/M15I0UAT/TY 3) e¥lay LDPE 1W@1e]
nliATEN OTR 15,000 - 20,000 gNUIARIURAIAT/ANTINUAT/IU 4) UTTI0NNTEAULEIUA 80 TaY

119



OPP 12183011 kIATOW OTR 15,000 - 20,000 @NUIARYUALIAT/MITINMAT/IU Uae 5) UTIINIANTEAY
WA AL LDPE Wigguwialuasau OTR 15,000 - 20,000 @nUIARLEUFAIAT/AT1MAT/ U sub
plot fla sraprafiusnu wui Seaivnwilugdidunesunaluasoudinisaydeimdndesniingsg
ussgluniaudavudeRdy PVC Tsnannnsaisdanuuduile nmaudsuntasd aunmmand Hun
Uinvssndvimuaitazanethld Usinanseiilawsld 3niud laiunansnaty Snaussgninnseniuwiy
sefidu PVC 1i30us39eildn OPP %50 LDPE Wiggawinluasauamnsaiusne wiu 15 1u lnednanim

a aaa
ANYUBANNITNTINITDU

Abstracts

The objective of this experiment was to study of using micro perforated film to maintain
quality and extend shelf life of fruits including rambutan and mangosteen. By comparing the
different packaging style. Rambutan were packed in different packaging 1) plastic tray wrapped
with PVC (control) 2) OPP micro perforated film with OTR 5,000-10,000 cm?/cm?/day 3) LDPE
micro perforated film with OTR 5,000-10,000 cm?/cm?/day 4) packed in plastic trays and
wrapped with OPP micro perforated film with OTR 5,000-10,000 cm?®/cm?/day 5) packed in
plastic trays and wrapped with LDPE micro perforated film with OTR 5,000-10,000 cm?/cm?/day.
It was found that rambutan packed in micro perforated film has weight loss less than packed in
plastic trays wrapped with PVC. Rambutan in all treatment has no difference in color change
and chemical quality and can be storage for 14 days. Rambutans packed in LDPE micro
perforated film have browning less than those packed in OPP micro perforated film.
Mangosteen were packed in 1) paper tray wrapped with PVC (control) 2) OPP micro perforated
film with OTR 15,000-20,000 cm?/cm?/day 3) LDPE micro perforated film with OTR 15,000-20,000
cm®/cm?/day 4) packed in paper trays and wrapped with OPP micro perforated film with OTR
15,000-20,000 cm?/cm?/day 5) packed in paper trays and wrapped with LDPE micro perforated
film with OTR 15,000-20,000 cm*/cm?/day. It was found that mangosteen packed in micro
perforated film has weight loss less than packed in paper trays wrapped with PVC. Mangosteen
in all treatment has no different in firmness, color change, total soluble solids, titratable acid
and vitamin C. Mangosteen packed in paper trays wrapped with PVC or packed in OPP or LDPE

micro perforated film can be stored for 15 days with better quality than other treatment.

uni1 (Introduction)
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995INTTUNIUVDINVETU LAgdnIINTTUR VBTV ANTURE FUTUIALALIIUIUIAE (Chow,
2012) nsthilduanzgrunatuaseunildlunsiiuinvndana sesdinisveaaeuiielivunzaudmsuin
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52, UBUSN159398  (Research Methodology)
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n351357 3 U53999ldy LDPE 1zgvunalunseu OTR 5,000-10,000 gRUAAALEUALLAT/A151S
RS/
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dhveinaniSudy
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Jnsheiaiesind (color meter) 8% Minolta §u CR-10 lumiay hunter scale (L, a*, b¥)
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—29

Hadlung

- Usinavesdsimmadiazateinly (155) thihdusniadasinies digital refractometer e
Atago U PR-101

- USunaiinndiud dhindunaliiusunns 2 1adans Wunsneensianuiunns 5 dadans Wyt
nduU3uIns 40 Sadans tantadionieslnmsndalud®

- AMAIMNNNNIEAINLAEN U SEANFU A '1/1maaUT,mameaauﬁmumiﬂﬂwuﬁﬁmu 5 AU 1y
AsmzuY Laun

1) Auan 1-5 Az Ae 1=lian 2=andanties 3=anliunald 4=an 5=anun

2) MsiAndtnma 1-5 Azuuy Ae 1=numsiindtima 575 Wedldud 2=nunsiAndinaa 51-
75 Wosfus 3=nun1siindinnia 26-50 Wodliud d=wunisiindinana 1-25 Wesidud 5-liiAn3
hana

3) MSWWEY 1-5 AzluY Ao 1=liude >75 Wesidud 2=uinde 51-75 Wesidud 3=1ndey 26-
50 Wosdud d=wide 1-25 wWasidud 5=lununsuinde

8) NAULAZSETRRNUNG 1-5 ATUUY Ao 1=JUMSIN 2=3uK53 3=Uunan 4=1antdes 5=liny

5) MsiAAEesTidana/ma 1-5 AvuuY Ao 1=JUMSININ 2=FUL33 3=U1unans d=tantiey 5=l
WU

6) AUBUTIN ALY 1-9 Ae 1=lilveurniign 2=liveuun 3=liveulunan 4=liveu

@& v & v ‘NI
LANUDY 5=12Y 9 6=TRULANUBY 7=18UUUNAN 8=FBUUN 9=7]’EJ°U3J’]ﬂV]E‘1®

NAN1INAABILALaAUT18 (Results and Discussion)

Welsalteu
maasunUasUsnaitemeluussydne diafusnuidusseznanmnuiu melugeussguizyn
nssdsiivsnafiweendauanauazaisusulaeanleniingu Weiushwiuiu 16 Ju Usnaufingeandiau
Aelugaildu OPP uag LDPE Wigrunluasauussgine dUsuiufiigesndinuminiu 5.58 uay 5.81
Wesilud auaau lduaneneiunieada vasinnglugsiidy OPP uaz LDPE 1W1z3u1nliunseuussque
1% a a a 6V a £ ! IS a - ] (3 o v 1
wianaanaain IUSunaingeendiautesnit Inelloandauwiniu 3.61 uaz 3.81 Wesidud mudeu

wANFeAuneada (Figure 5.1A) druusunafingasueulaeenlen wuin anglugeildu OPP 11zgaun
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lupseu vTsgELUULITINIAaLliusTgna Susinufeesusulasenlefinnniingsuisou Tned
Uinaumiveulaeenlast iy 18.38 wag 17.88 iwedidud sudwu liumnsrsiunseda vagiinglug
fdu LOPE 1zgaualunsou ussueiauuuussgaauarlaiussane SUsmuaniveulaeenlss wiriy
8.03 uaz 7.43 wWasius mudiu liuansneiuneeadis dmsunssidsussgninwaiiusieildy PVC Sanm
Wugyaynia Weiiunwiuiu 10 u (Figure 5.18) an1nusseanianneluussydasiaiviuaiie
penfiuanasiariiniveulneenlefifintu iatudesnnmsmelaveswdnna viliAnaninusseinie
anwdad Insautiniseenlifnedunulavesiidy InaneuSuafinsnegluussasioe

nsgayedauiin naunzussglugsiidu OPP way LDPE 1z3aunslunseu auuuussgninuayls)
3900 Simsgaydetmdndesnit 1 wWedidud wnusinainzussimananainiudedy PVC Sodidud
msgdstmiinuniian laedefuinwiuiu 16 Su dnmsgapdedntn 167 Wesidus (Figure 5.2) n13
Nusnyndanalugefldunanadin Preiloafunissemeveaiiainy Anuald wammaﬁaﬁmiqm?ﬁaﬁmﬁﬂ
deadndes uanainianmusssnmadanlasiintunisluvssydasidnalisnsmnimelaves
nAnnaanas dsalisnsinisaetianas (Zagory and Kader, 1988)

mMaABuLasd wennnsaAsidanuat ) arasieifuinuiiussesnauuiu laedle
sy 16 Yu mawnzussalugs OPP Wizsvualuaseu fldranuainsdeniign uanaannssuds
U (Figure 5.3A) masnszezanAusnvny 16 Ju nawzlidduns @) liwasuuwlas deodiushwunu
16 1 waLZUTTINIPNAERNLEWINF e PVC fidunaiosfian uiliwandnaiunalzussgaia
wanaRnuAuMEgeildy OPP lanzguunnlunseu (Figure 5.38) natnsfiiAusnunluaninusseanie
foudasdinmsgydoiunindeadntos sdnswasuulasdiuudenliun Fanmafvinelugsiid
uenanIzannsgdstvinuddeieszaeniniediiniavendionnzld denndestunures
O’Hare, 1995 Manusainwdnuususingnisuenueanngl3ld mnlsinisgadotmiingdan

AN IaIAT e nnsAsivnueudsiamaiaraethldlndidestu uasAeuntasls)
1nAapRsEeznaINEiviny fulinunsaininsalduariniulanaudntios lnenawnzussyluain
wanaRniiuieildy PVC fuSinansadilmsmldiannnssisdy (Figure 5.9)

ARAMTINIBAW WiznnnsnAsioniaudendiinia werruihmafindudefiusnwdu
szpznauuiy Ienzussglunananafniudaefldy PVC ussalugs OPP Wizguualunsou wasuss
IAmaNARNIF g EN LDPE 1gguunlunseu Bumuensivdeniiinadndes Woifuinwiu 6
fu uasdlafivinuuunm 16 Yu weussglugsiidu OPP ggrwaluasey wuoMsURendtimann
fiam IneezunuBondtmaniiiy 3.58 aviuu dawemsvuiihmasimuluiud 2 vemafuin
Tnenulunssuisussggeildy OPP uay LDPE 1183010 liAsau WaguIsanInviuniegeildy LDPE 1913
vwnluaseu Wafusnuidunat 16 Yu wsusstlugsfidy OPP wirrurluaseu fermswudtiama
snnfian Tnedazununsiaudthmainiy 3.83 avuuu nunsidndedntoslungivssagsiid opp

waz LDPE wizgauialuaseu nasunuluiui 8 uay 10 vean1siiusny) mud1du wigynnssuisd
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AzuuLAITBUANvaIsMeusniTuTiesulfuReTud 14 veamaifuinu Tnswnzussglugsiidu OPP
egvunlunseu fazuuummmeudnunzneueniNiIngsIisiu (Figure 5.5)
W“Uﬂ’]il,ﬁﬂﬂauLLazia%ﬁaaﬂ‘dﬂaLﬁﬂﬁ@ﬂiﬂJL&’]iniﬁgmﬂwmaaﬂﬁuﬁwﬁﬁm PVC uaglanzussges
fldu OPP Wzgvunluasou luiuil 14 veamaAvinw uazdleifiunumu 16 Ju numaiAnnauuas
savARaUnAluNENNTIs wagkennnInsilagsuuumnuveusandlagsunduivonsulduudsiun
14 yeanaifuinu Taswnzussqlugdiidy OPP 1zgvunalunseu TasuuumuvousamAlagsmdinid

n353339u (Figure 5.6)
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Figure 5.1 Oxygen (A) and carbon dioxide (B) inside rambutan packaging
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Figure 5.2 Weight loss of rambutan packed in micro perforated film
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Figure 5.3 L value (A) and a* value (B) of rambutan packed in micro perforated film

126



25.00

20,00

15.00

TS5 (oBrix)

10.00

ﬁ H* * * 0.50
g 0.40

E 0.30

0.20

0.10

.00

8 10 1z 11 16 ) z 7 & g 10 12 14 16
Tirme (days) Tirne (days)

-
= 4000
£
g 30,00
e
h
E 20,00
(%]
c
E 10,00
£
2 o0
) 2 4 & 8 10 1z 14 16
Tirme (days)
—— Tray + PVC —— OFF MPF g LDFE MPF

—se Tray + OFF MPF —se— Tray + LDPE MPF

Figure 5.4 Total soluble solids (A) titratable acidity (B) and vitamin C (C) of rambutan packed in

micro perforated film
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Figure 5.5 Peel browning score (A) spindle hair browning score (B) decay score (C) and appearance

preference score (D) of rambutan packed in micro perforated film
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Off flavor score
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Figure 5.6 Off flavor score (A) and overall preference score (B) of rambutan packed in micro

perforated film
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AMULUUED Tenaynnssuisianunuuiievesidenliwand aiunada lnedauuuuile
Waeniade 6.31-8.25 1@ (Figure 5.8B)

nswWasunUasd nadsnannnssudsien L (Aanuaing) dsuwdas lnedlanusnviuu 20
Tu nadsnAuTIIOIALEINMETEN LDPE Wizjuwinkiasey lAianuaintesfian As 20.22 ldunneing
fuNalianAUITINNUAMUIETlEN PVC vausffisnnussqgeiidy OPP uay LDPE Wizguualunsou uag

¥ v ¥ a) ¢ a0 1 1 1 [} U aada | 1
UTTR0ALA WA ETEL OPP 11ggvunluaseu daranuaindhiunndieiu Senaynnssuisian a L
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AWMl Tanevnnssislinuninmaed Tiun Ysunamesudawisueiazareils Usuna
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fenausslunaudumieflay LDPE wizgruialuaseusunuesivimaiafiuinwiuiu 15 Ju uax
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Figure 5.8 Weight loss (A) and peel firmness (B) of mangosteen packed in micro perforated film
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Figure 5.9 L value (A) and a* value (B) of mangosteen packed in micro perforated film

130



(A)

TS5 (oBrix)

Time (days)

©

10 15 20

Timne (days)

Figure 5.10 Total soluble solids (A) titratable acidity (B) and vitamin C (C) of mangosteen packed in
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Figure 5.11 Sepal freshness score (A) Calyx mole score (B) peel mole score (C) and overall taste



A3Unan13998 wazdatauatue (Conclusion and Suggestion)
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Abstracts

The study on suitable pomelo packaging for export. There are 4 treatments of packing:
uncoated pomelo packed in corrugated paper boxes, uncoated pomelo packed in modified
atmosphere packaging (MAP) bag before place in corrugated paper boxes, coated pomelo
packed in corrugated paper boxes and coated pomelo packed in MAP bag before place in
corrugated paper boxes. Packed the pomelo 4 fruits/box and stored at 13 °C with 90-95%
relative humidity (RH). The results showed that the coating can help to delayed weight loss,
peel color change, and extend shelf life. In addition, they are packed in MAP bag before place
in corrugated paper boxes that can extend the shelf life more than 9 weeks at 13°C and can be
stored at room temperature for distribution at least 7 days. Afterward, the experiment was to
determine the effect of packaging on postharvest quality of coating mangosteen fruits. The fruits
8 Kg were packed in plastic baskets, MAP bag before place in plastic baskets, corrugated paper
boxes and MAP bag before place in corrugated paper boxes. Treated mangosteen were stored
at 13°C with 90-95% RH. The results showed that the fruit packed in MAP bag before place in
plastic basket, corrugated paper box and MAP bag before place in corrugated paper box
delayed weight loss, texture and hard peel and could prolong shelf life for 14 days.
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52108U35n159398  (Research Methodology)
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Figure 6.1 Weight loss (%) of pomelo fruit during  Figure 6.2 Gloss value (GU) of pomelo fruit
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Figure 6.3 L value (A), a* (B) and b* (C) of pomelo fruit during stored at 13°C
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Figure 6.4 Skin color (score) of pomelo fruit Figure 6.5 Freshness (score) of pomelo fruit
during stored at 13°C during stored at 13°C

Skin color score (1-5) as 1= dark green 2= green  Freshness score (1-5) as 1= wilting very much 2=
3= green/yellow 4= yellow/green 5= yellow wilting slightly 3= freshness 4= freshness moderatc

5= freshness very much
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Figure 6.6 Texture (N) of pomelo fruit during Figure 6.7 Softness scores (score 1-5) of pomelo
stored at 13°C pulp during stored at 13°C

Softness scores score (1-5) as 1= softness very
much 2= softness moderately 3= softness

slightly 4= firmness 5= firmness very much
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TSS (%)

Figure 6.8 Total soluble solids (%) of pomelo
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Figure 6.10 Vitamin C (mg/100¢) of pomelo fruit
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Figure 6.9 Titratable acidity (%) of pomelo fruit

during stored at 13°C
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Figure 6.11 Overall preference scores (score 1-9)

of pomelo fruit during stored at 13°C

The 9-point hedonic scale: 1= dislike extremely

5= neither like nor dislike 9= like extremely
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(A) (B)

Non-coated Non- d + MAP
Non-coated Non-coated + MAP Shi
Coated Coated + MAP Coated Coated + MAP
13°C 4 weeks 13°C 4 weeks + 25°C 1 week

Figure 6.12 The pomelo stored at 13°C for 4 weeks (A) and transferred to 25°C for 1 week (B)
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Non-coated Non-coated + MAP Non-coated Non-coated + MAP

Coated ’ " Coated + MAF; Coated Cated + MAP
13°C 5 weeks 13°C 5 weeks + 25°C 1 week

Figure 6.13 The pomelo stored at 13°C for 5 weeks (A) and transferred to 25°C for 1 week (B)
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(A) (B)

Non-coated Non-coated + MAP Non-coated Non-coated + MAP

Coated Coated Coated + MAP

Coated + MAP

13°C 9 weeks 13°C 9 weeks + 25°C 1 week

Figure 6.14 The pomelo stored at 13°C for 9 weeks (A) and transferred to 25°C for 1 week (B)
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Figure 6.20 Acceptable quality fruit (%) of mangosteen fruits during stored at 13°C
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Figure 6.23 Overall preference scores (1-9) of mangosteen fruits during stored at 13°C

(1= dislike extremely, 5= neither like nor dislike, 9= like extremely)
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Figure 6.25 Mangosteen stored at 13°C for 10 days
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Table 4.1 Oxygen (%) in salad mix packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 2083 a A 1585 cE 16.88 ¢ D 19.45 a B 18.05b C 1792 b C 1733 cB 19.28 a B
OPP MPF 2093 a A 18.85a C 19.60 a BC 18.80 ab C 19.73a C 19.58 a C 2040 a B 19.88 a B
LDPE MPF 20.85a A 17.55 ab B 17.10c B 17.43 bc B 1730 b B 1698 b B 17.18cB 1798 b B
Plastic tray + OPP MPF 20.90 a A 18.30a C 18.35b C 18.28 b C 19.55a B 17.83 b C 19.05 b BC 19.93 a AB
Plastic tray + LDPE MPF 20.83a A 17.88a B 17.35 bc B 17.03¢cB 17.13b B 1790 b B 1733 ¢cB 17.45b B

CV treatment 4.3% CV storage time 3.9%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.2 Carbon dioxide (%) in salad mix packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 043 acC 438 a A 398aA 1.95b B 270aB 225b B 1.78 ab B 238a8B
OPP MPF 0.48 a C 278b A 2.18 c AB 293aA 1.93bB 2.15b AB 1.45b B 1.70 ab B
LDPE MPF 0.50a8B 223 b A 213 cA 1.83 b A 1.85b A 190 b A 1.85ab A 1.68 ab A
Plastic tray + OPP MPF 040 akE 290 b AB 3.08 b AB 3.03 a AB 2.05a CD 3.23aA 2.30 a BC 143bD
Plastic tray + LDPE MPF 0.45a8B 228b A 208 cA 200b A 1.85 b A 1.68 b A 1.78 ab A 1.73ab A

CV treatment 19.7% CV storage time 25.1%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.3 Weight loss (%) of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days) Treatment

0 3 6 9 12 15 18 21 mean
OPP film (control) 0.00 0.44 0.40 0.40 0.66 0.40 0.73 0.64 0.44 ab
OPP MPF 0.00 0.37 0.40 0.27 0.58 0.44 0.59 0.87 0.44 ab
LDPE MPF 0.00 0.14 0.44 0.29 0.44 0.41 0.48 0.66 0.40 a
Plastic tray + OPP MPF 0.00 0.27 0.41 0.31 0.48 0.52 0.66 1.12 0.50 ab
Plastic tray + LDPE MPF 0.00 0.19 0.50 0.42 0.59 0.55 0.73 0.70 051b
Storage time mean 0.00 A 0.47 CD 0.43 BC 034D 0.55 DE 0.56 CD 0.60 E 0.80 F

CV treatment 38.7% CV storage time 37.9%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.4 | value of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days) Treatment

0 3 6 9 12 15 18 21 mean
OPP film (control) 42.47 44.07 41.44 42.39 42.50 44.31 44.09 43.59 43.11 a
OPP MPF 42.13 43.43 43.75 41.16 43.93 42.80 43.48 43.96 43.08 a
LDPE MPF 42.58 43.59 42.36 42.38 42.86 42.48 43.43 42.78 4281 a
Plastic tray + OPP MPF 42.64 44.06 42.52 42.27 44.62 43.46 41.81 43.49 43.11 a
Plastic tray + LDPE MPF 43.09 42.65 42.65 43.03 41.23 44.33 43.69 43.18 42.98 a
Storage time mean 42.58 AB 43.56 A 42.54 AB 42.25 B 43.03 AB 43.48 A 43.30 AB 43.40 AB

CV treatment 4.4% CV storage time 4.0%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.5 a* value of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) -11.24aB  -1096aAB -11.01aAB -10.15aA -10.73b AB  -1099abAB -10.83a AB -10.79 a AB
OPP MPF -10.76 aAB -11.24aAB  -11.26 aAB  -1074abAB -1045ab A -1154bB -11.06 aAB  -11.30 ab AB
LDPE MPF -10.69 a ABC  -11.06 a BC  -10.83 a ABC -999aA  -1022abAB -1060aABC -11.10aBC -1131abC
Plastic tray + OPP MPF -1096 aAB  -1086a AB -1081aA -11.21bAB -1043abA -1059aA -1051aA -11.74b8B
Plastic tray + LDPE MPF -12.09b C  -1097a8B -11.13aB  -10.65ab AB -989aA  -1088abB -10.83aB -10.59 a AB

CV treatment 5.7% CV storage time 5.4%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.6 b* value of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 27.76 ab ABC  26.60 a AB  28.05 a BC 2583 a A 27.93 b BC 28.68 b C 28.39 b BC  27.44 a ABC
OPP MPF 2726 a A 2782 aA 28.18a A 26.715ab A 2734ab A 2856 ab A 27.85b A 28.13a A
LDPE MPF 28.81abB  27.09 a AB 2644 a A 2734 ab AB 2686ab AB  26.79aAB 2756 b AB  27.06 a AB

Plastic tray + OPP MPF 2885abB 27.06 aAB  27.23a AB 271.72bB 2687 abAB  27.73ab B 25.49 a A 28.08 a B
Plastic tray + LDPE MPF 2938 b C 2726 3 AB 2679 aAB  2756abABC  25.64a A 2799 abBC 27.65b ABC 27.28 a AB

CV treatment 5.8% CV storage time 4.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.7 Total soluble solid (°brix) of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 490 a A 4.28 a A 4.00 a A 4.10 ab A 473 aA 425aA 4.03aA 430a A
OPP MPF 510a A 4.70 a AB 3.68 a C 4.68 a AB 398aBC  425aABC 4.30aABC  4.35a ABC
LDPE MPF 4.90 a A 4.40 a AB 393aB 3.60 b B 4.18 a AB 4.08 a AB 4.03 a AB 3.78aB
Plastic tray + OPP MPF 480aA 4.05 a AB 4.05 a AB 4.63 a AB 4.48 a AB 4.73 a AB 4.23 a AB 3.80a8B
Plastic tray + LDPE MPF 500aA 4.43 a AB 385a8B 378 ab B 4.25 a AB 4.10 a AB 4.03aB 4.35 a AB

CV treatment 15.7% CV storage time 13.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.8 Freshness (score) of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 5.00 5.00 5.00 4.00 4.00 3.50 2.75 3.00
OPP MPF 5.00 5.00 5.00 4.00 4.00 3.50 3.00 3.50
LDPE MPF 5.00 5.00 5.00 4.00 4.00 3.50 2.88 3.00
Plastic tray + OPP MPF 5.00 5.00 5.00 4.00 4.00 3.50 3.00 3.25
Plastic tray + LDPE MPF 5.00 5.00 5.00 4.00 4.00 3.50 2.75 2.88
Score 5= very fresh 4=fresh 3=moderate fresh 2=little fresh 1=not fresh
Table 4.9 Appearance (score) of salad mix packed in different packaging during store at 5°C
Treatment Storage time (days)
0 3 6 9 12 15 18 21
OPP film (control) 5.00 5.00 5.00 3.75 3.13 3.00 3.00 3.00
OPP MPF 5.00 5.00 5.00 4.00 3.13 3.00 3.25 3.25
LDPE MPF 5.00 5.00 5.00 3.88 3.13 3.00 2.63 3.25
Plastic tray + OPP MPF 5.00 5.00 5.00 4.00 3.25 3.00 3.50 3.00
Plastic tray + LDPE MPF 5.00 5.00 5.00 3.88 3.25 3.00 3.00 3.13
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Table 4.10 Overall preference score of salad mix packed in different packaging during store at 5°C

Treatment Storage time (days)
0 3 6 9 12 15 18 21
Control 9.00 5.00 5.00 7.75 7.13 7.00 6.00 5.50
LDPE MPF (S) 100 g 9.00 5.00 5.00 8.00 7.13 7.00 6.13 5.63
LDPE MPF (S) 200 ¢ 9.00 5.00 5.00 7.88 7.13 7.00 4.88 5.25
LDPE MPF (L) 100 g 9.00 5.00 5.00 8.00 7.25 7.00 7.00 5.25
LDPE MPF (L) 200 ¢ 9.00 5.00 5.00 7.88 7.25 7.00 6.00 5.00

Overall preference score according to 9-pointhedonic scale from: 1= dislike extremely 2= dislike very much 3= dislike moderately

4= dislike slightly 5= neither like nor dislike 6= like slightly 7= like moderately 8= like very much 9= like extremely

Score less than 6 = not accept
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Table 4.11 Oxygen (%) in baby corn packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 1792 ab A 2.70 c BC 4.04dB 3.17 ¢ BC 2.29 c BC 2.20d BC 1.86d C
OPP MPF 16.72 b A 1290 a B 14.07a B 14.28 a B 1331 a 8B 1358 a B 1347 aB
LDPE MPF 17.43 ab A 11.79a B 11.55bB 1144 b B 1142b8B 10.11 b BC 9.30 b C
Tray + OPP MPF 18.05 ab A 12.75 a BC 12.77 a BC 14.08 a B 13.88a B 13.03 a BC 1192 a C
Tray + LDPE MPF 18.68 a A 8.98 b BC 8.11cCD 10.29 bc B 10.05b B 6.90 c D 455 ckE

CV treatment 15.4% CV storage time 13.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.12 Carbon dioxide (%) in baby corn packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 1.95b B 327dA 335eA 323cA 307cA 322cA 320d A
OPP MPF 345aC 8.75aA 827TbA 7304 aB 8.60 a A 8.00 a AB 8.38b A
LDPE MPF 278 ab D 5.13 ¢ BC 5.52 d ABC 492bC 5.20 b BC 593 b AB 6.22 cA
Tray + OPP MPF 282 ab E 9.15 a AB 9.60 a A 7.67aD 8.03'a CD 8.67 a BC 9.718 a A
Tray + LDPE MPF 248bD 6.20 b AB 6.48 c AB 528b C 5.58 b BC 6.38 b AB 7.13CcA

CV treatment 18.1% CV storage time 13.0%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.13 Weight loss (%) of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 0.00a A 1.80 c C 1.31cB 1.79b C 1.72bE 1.88b C 210bD
OPP MPF 0.00a A 0.38a8B 0.53 a BC 0.68 a CD 0.58 a BC 0.66 a CD 0.87aD
LDPE MPF 0.00a A 0.29a8B 0.67 b CD 0.53 a BC 0.64 a CD 0.67 a CD 0.86aD
Tray + OPP MPF 0.00a A 047 a8B 123 cE 0.75a CD 0.60a BC 0.57 a BC 093aD
Tray + LDPE MPF 0.00a A 1.15b D 0.89bC 0.76 a BC 0.80 a BC 0.53aB 0.86 a C

CV treatment 35.0% CV storage time 27.7%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.14 | value of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 73.67a A 72.83 a AB 70.66 c C 72.61aB 70.06 c CD 71.83ab B 69.08 b D
OPP MPF 7374 a A 73.04a A 71.73b B 71.73b B 71.68a B 71.46 b B 69.18 b C
LDPE MPF 73.96 a A 72.64 a B 7253a8B 7143 b C 72.43 a BC 71.94 ab BC 69.54 b D
Tray + OPP MPF 7385a A 73.11 a AB 73.52 a AB 72.60 a B 7255a8B 7258 a B 70.60 a C
Tray + LDPE MPF 7437 a A 73.11a8B 72.34 b BC 7283 aB 7134 b C 72.11 ab BC 70.03a D

CV treatment 1.0% CV storage time 1.2%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.15 a* value of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 292 aA 2.64 a A 290a A 278 aA 384bB 375cB 407 b B
OPP MPF 3.02a AB 277 aA 298 a A 3.35 b BC 3.62ab C 367 cC 4.22 ab D
LDPE MPF 3.03 a BC 2.66 a A 295 a AB 346 b D 387bE 331bCD 453 cA
Tray + OPP MPF 3.02 a BC 259 a A 3.10a C 3.28 ab CD 3.50a DE 271 a AB 3.71akE
Tray + LDPE MPF 3.06 a AB 279 a A 292 aA 336 b B 381 ab C 294 a A 3.96 ab C

CV treatment 6.6% CV storage time 8.9%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 4.16 b* value of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 3595 b A 3438 a B 32.60 a CDE  33.13 a BCD 31.22bE 34.04 a BC 31.53 a DE
OPP MPF 38.65a A 31.05b B 30.36 b B 31.24b B 30.57 b B 31.03a8B 28.34 b C
LDPE MPF 37.82aA 30.07b B 31.27 ab B 31.56 ab B 30.88 b B 3136 aB 30.44 a B
Tray + OPP MPF 38.41a A 30.87 b CD 32.76 ab B 31.35 b BC 30.92 b CD 2936 b D 29.63 b D
Tray + LDPE MPF 37.26 ab A 32.96 a BC 31.92ab BCD  32.45ab BCD 3356 aB 30.86 ab D 31.43aCD

CV treatment CV 4.4% storage time 4.2%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT

170



Table 4.17 Total soluble solid (brix) of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 8.03b C 833 cC 9.58 a AB 9.72a A 9.20 a AB 9.32 a AB 9.00a8B
OPP MPF 8.32a CD 9.32 a AB 9.82aA 9.12b B 9.10a8B 8.80 ab BC 8.02¢cD
LDPE MPF 8.38a C 8.96 ab ABC 952aA 9.22 ab AB 8.95 a ABC 8.88 ab BC 8.37 bc C
Tray + OPP MPF 8.10a D 8.30 c (D 9.12 a AB 9.48 ab A 8.85a BC 8.35b CD 8.25 bc CD
Tray + LDPE MPF 8.65a C 8.74 bc C 9.65a A 9.08 b ABC 9.40 a AB 8.92 a BC 8.73ab C

CV treatment 5.1% CV storage time 5.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT

171



Table 4.18 Freshness (score) of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 5.00 5.00 5.00 4.50 3.25 342 2.83
OPP MPF 5.00 5.00 5.00 4.33 3.00 3.50 1.25
LDPE MPF 5.00 5.00 5.00 4.08 3.00 3.25 1.92
Tray + OPP MPF 5.00 5.00 5.00 4.50 3.67 3.33 2.50
Tray + LDPE MPF 5.00 5.00 5.00 4.33 3.42 3.17 2.67

Score 5= very fresh d=fresh 3=moderate fresh 2= slightly fresh 1=not fresh
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Table 4.19 Browning (score) of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 1.00 1.00 1.00 1.08 2.00 1.58 2.58
OPP MPF 1.00 1.00 1.00 1.33 2.00 1.83 3.17
LDPE MPF 1.00 1.00 1.00 1.75 2.00 2.17 3.17
Tray + OPP MPF 1.00 1.00 1.00 1.00 1.08 1.83 2.50
Tray + LDPE MPF 1.00 1.00 1.00 1.42 1.58 1.92 2.50

Score 5=no browning 4=browning 1-25% 3=browning 26-50% 2=browning 51-75% 1=browning>75%

Table 4.20 Overall preference score of baby corn packed in different packaging during store at 5°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Tray + PVC 9.00 9.00 9.00 8.42 5.92 6.25 4.92
OPP MPF 9.00 9.00 9.00 8.00 6.00 5.92 2.25
LDPE MPF 9.00 9.00 9.00 7.33 5.67 4.58 2.92
Tray + OPP MPF 9.00 9.00 9.00 8.50 7.58 5.25 4.58
Tray + LDPE MPF 9.00 9.00 9.00 8.08 6.42 4.92 4.33

Overall preference score according to 9-pointhedonic scale from: 1= dislike extremely 2= dislike very much 3= dislike moderately
4= dislike slightly 5= neither like nor dislike 6= like slightly 7= like moderately 8= like very much 9= like extremely

Score less than 6 = not accept
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Table 5.1 Oxygen (%) in rambutan packaging during store at 5°C

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 2063aA 569cC 868aB 632bC 307cD 000bE 000cE 000cE 000cE
OPP MPF 2058a A 939bB 824aBC 9abcD 84l1aBC 671aChD 567aDE 449akE 558aDE
LDPE MPF 1955aA 945bB 740bCD 801aBC ge3pbcoe 635aCDE 4.50bF 536 aEF 581 aDEF
Tray + OPP MPF 2055a A 1218aB 984aC 957aC 7.05aD 691aD 626aD 353bE 361bE
Tray + LDPE MPF 2050 a A 1053aB 894aBC 759bCD 665bDE 6.40aDE 566akE 595aDE 381bF

CV treatment 16.8% CV storage time 18.7%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.2 Carbon dioxide (%) in rambutan packaging during store at 5°C

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 063aC 305cB 295cB 297dB 456dA 000dC 0.00cC 000bC 0.00cC
OPP MPF 0.60aF 945aE 1235aD 1468aBC 1385bC 1583aB 1600aB 1880aA 17.88aA
LDPE MPF 0.68aE 538bD s02bBcD 570cCD  673cAD 683cABC T1.65bA  703ppec  7.43b AB
Tray + OPP MPF 0.67aE 779bD 1077bC 11.98bC 1520aB 1298bB 1530aB 19.60aA 1838aA
Tray + LDPE MPF 068aD 520bC 542bBC 598cBC 675cAB 6.35cBC 665bBC 650bBC  8.03bA

CV treatment 13.7% CV storage time 14.5%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.3 Weight loss (%) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 000aA 024aB 072cC o078bcD 066bC 093cD 134cE 140bE 1.67 cF
OPP MPF 0.00aA 022aB 034aBC 036aBC 040aC 069bDE 055aD 073aE 098bF
LDPE MPF 000aA 0.19aB 032aB 033aB 032aC 053aC 056aC 071aD 075aD
Tray + OPP MPF 0.00aA 027aB 052bC 071aDE 0.69cDE o061aCD 069bDE 082aE 099bF
Tray + LDPE MPF 0.00aA 014aA 084cB 072aB 082cB 082cB 074bB 074aB 112bC

CV treatment 23.8% CV storage time 22.2%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT

177



Table 5.4 L value of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 36.71aAB  3583abas 40.01aA 3693aAB 37.70aAB 3636abas 33.87aB 3619aAB 3457 aB
OPP MPF 40.57 a A 3196bcD  3673aAB 37.77aAB 33.68bBC 39.40aA 3358aBC  3130bcD 29.19bD
LDPE MPF 39.17aA 3716aAB 39.75aA 3541aABC 3480abBC 3628abssc 320602 C 3469abBC  33.71aBC
Tray + OPP MPF 29.12aC 3693aA 3745aA 3733aA 3845aA 3826aA 3230aBC 38.03aA 34.07aAB
Tray + LDPE MPF 3396 2B 35091apa8 3866 aA 3503aAB 3720aAB 3402bB 3529aAB 3656aAB 34.62aAB

CV treatment 10.5% CV storage time 9.7%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.5 a* value of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 23242 C 28a7amec 23.77bBC 29.98aA 2665am8C 29.78aAB  2008abABC 2844 aABC  28.49 b ABC
OPP MPF 1999bC 2988aA 29.69aA 2825aAB 3l.16aA 2340bBC 3339aA 3137aA 3437aA
LDPE MPF 2248ab C  2702aABC 2377bBC 2852aAB  2765aABC 2813abasc  30.62ab A 31.0da A 31.11aA
Tray + OPP MPF 2487 aB 27.75aAB 2820abAB 28.46aAB 3042aAB 29.83aAB 31.87abA 26.08aAB 2857 abAB
Tray + LDPE MPF 2701aA 2761aA 2990aA 30.17aA 2812aA 3246aA 2126bA 31.28aA 31.29aA

CV treatment 16.1% CV storage time 16.5%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.6 Total soluble solids (°brix) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 19.05b DE 20.88aA 027aa8c 2055aAB 17.70bF 1868 aE  2033aABC  19.40 a CDE  19.78 ab BCD
OPP MPF 1835bB 20.82aA 2090aA 2082aA 1885aB 1873aB 20.08aA 1858aB 20.28aA
LDPE MPF 2005aBC 21.47aA 2018aBC 2048aAB 1880aD 1832aD 2038aB 1922aCD 20.53aAB
Tray + OPP MPF 2005aAB 2055a A 2023aAB 2020aAB 18.10aD 1927aBC 2052aA 1863aCD 19.27 b BC
Tray + LDPE MPF 2035aABC  20.57aAB  2013aaD 20.83aA 1810aE 1928aCD 1955a8cD 19-12aD 198340 AD

CV treatment 4.2% CV storage time 4.3%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.7 Titratable acidity (%) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 049abA 049aA 042aC 042aC 049aA o046aABC 0.48aAB 0.44aBC 0.45aBC
OPP MPF 046 bA 042bBC 041aBCD 0.45aAB  ogaspasc  o4ibscp 037cD  037bD  040cCD
LDPE MPF 050aA 036cE o041achD 045aBC 043bC 041bCD 039bDE 043aCD 0.48 a3 AB
Tray + OPP MPF 050aA 038cC 039aBC 043aB o041bBC 037cC o041bBC 037bC 0.39cBC
Tray + LDPE MPF 047 ab A 037cE 039aDE 043aBcD 047 aAB 045aABC 037CcE  042bCD  o0adbABC

CV treatment 6.3% CV storage time 8.4%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.8 Vitamin C (mg/100 ml) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 3235bBC 34.64aAB 3255aBC 2465bD 3598aAB 37.80aA 2885bC 1699cE 19.70bE
OPP MPF 36.40 a A 34533 AB 30.78aBC 2844 aC 36.86aA 3125bBC 30.1%3abC 1743cD 21.10aD
LDPE MPF 3454abB 3290aBC 29.12aC 2884aC 40.78aA 3085bBC 3059aBC 2059bcD 21.54aD
Tray + OPP MPF 3739aA 3377aAB 3039aB 2974aB 2971 bB 3323bB 3370aAB 2375bC 1937bD
Tray + LDPE MPF 36.18a A 3431aA 2049bE 2864aBC 2951bBC 3264bAB 2885bBC 27.45aCD 23.81abDE

CV treatment 9.6% CV storage time 11.2%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.9 Peel browning (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 1.00 1.00 1.00 1.17 1.33 2.08 2.17 1.83 3.25
OPP MPF 1.00 1.00 1.00 1.08 1.67 1.58 1.67 1.92 3.58
LDPE MPF 1.00 1.00 1.00 1.00 1.25 1.92 242 1.83 3.25
Tray + OPP MPF 1.00 1.00 1.00 1.00 1.67 1.58 2.00 1.50 2.42
Tray + LDPE MPF 1.00 1.00 1.00 1.08 2.00 1.83 1.83 2.00 3.25

Score 5=no browning 4=browning 1-25% 3=browning 26-50% 2=browning 51-75% 1=browning>75%

Table 5.10 Spindle hair browning (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Tray + PVC 1.00 1.00 1.00 1.33 1.92 1.92 2.08 1.75 3.33
OPP MPF 1.00 1.50 1.25 1.33 2.08 1.92 2.00 2.25 3.83
LDPE MPF 1.00 1.08 1.00 1.17 2.00 2.00 2.17 1.67 3.33
Tray + OPP MPF 1.00 1.00 1.17 1.00 1.25 1.83 2.08 1.58 3.00
Tray + LDPE MPF 1.00 1.08 1.00 1.08 1.58 2.42 1.50 1.50 292

Score 5=no browning 4=browning 1-25% 3=browning 26-50% 2=browning 51-75% 1=browning>75%
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Table 5.11 Decay (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
OPP MPF 1.00 1.00 1.00 1.00 1.17 1.00 1.17 1.08 2.17
LDPE MPF 1.00 1.00 1.00 1.00 1.00 1.17 1.17 1.00 2.17
Tray + OPP MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tray + LDPE MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.75

Score 5=no decay 4=decay 1-25% 3=decay 26-50% 2=decay 51-75% l=decay>75%

Table 5.12 Appearance preference (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Tray + PVC 9.00 9.00 9.00 8.67 8.08 6.50 6.08 7.67 3.67
OPP MPF 9.00 9.00 9.00 8.67 7.83 6.92 6.67 7.00 1.67
LDPE MPF 9.00 9.00 9.00 8.83 8.08 6.17 5.92 7.50 2.42
Tray + OPP MPF 9.00 9.00 9.00 9.00 8.08 6.75 6.58 7.92 5.00
Tray + LDPE MPF 9.00 9.00 9.00 8.83 7.50 6.00 7.00 7.50 3.25

Appearance preference score according to 9-pointhedonic scale from: 1= dislike extremely 2= dislike very much 3= dislike moderately 4=
dislike slightly 5= neither like nor dislike 6= like slightly 7= like moderately 8= like very much 9= like extremely

Score less than 6 = not accept
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Table 5.13 Off flavor (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 4 6 8 10 12 14 16
Tray + PVC 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.17 1.17
OPP MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.17 1.50
LDPE MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.17
Tray + OPP MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.33
Tray + LDPE MPF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.58

Score 5=no off flavor 4= off flavor slightly 3= off flavor moderately 2= off flavor very much 1= off flavor extremely

Table 5.14 Overall preference (score) of rambutan packed in different packaging

Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Tray + PVC 9.00 9.00 9.00 9.00 9.00 8.92 8.33 8.58 7.42
OPP MPF 9.00 9.00 9.00 9.00 9.00 8.75 8.50 7.83 5.50
LDPE MPF 9.00 9.00 9.00 9.00 9.00 8.67 8.50 8.58 6.58
Tray + OPP MPF 9.00 9.00 9.00 9.00 9.00 8.50 8.67 8.75 3.58
Tray + LDPE MPF 9.00 9.00 9.00 9.00 9.00 8.33 8.33 8.42 4.42

Overall preference score according to 9-pointhedonic scale from: 1=dislike extremely 2=dislike very much 3=dislike moderately
4=dislike slightly 5=neither like nor dislike 6=like slightly 7=like moderately 8=like very much 9=like extremely

Score less than 6=not accept
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Table 5.15 Oxygen (%) in mangosteen packaging during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 20.62 a A 17.72aB 18.40 a B 1787 aB 16.83 a B
OPP MPF 20.37a A 14.00 bc B 13.50 bc B 10.84 c C 1280 b B
LDPE MPF 20.48 a A 14.82 b B 14.72b B 8.88dC 405eD
Tray + OPP MPF 20.80 a A 14.63 b BC 1483 b B 12.79 b C 839dD
Tray + LDPE MPF 20.80 a A 1212 ¢c B 12.28 ¢ B 11.06 b BC 9.27 cC

CV treatment 9.9% CV storage time 11.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT

Table 5.16 Carbon dioxide (%) in mangosteen packaging during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 0.67aB 1.98 cA 225dA 235dA 3.12cA
OPP MPF 0.93aD 8.02aC 8.33aC 11.68 a A 9.73a B
LDPE MPF 0.95aD 450 b C 472 cC 7.08cB 9.45a A
Tray + OPP MPF 0.50a D 492 b C 7.04bB 9.10b A 9.08 ab A
Tray + LDPE MPF 0.90a D 520b C 535cC 6.62cB 793 bA

CV treatment 19.2% CV storage time 19.2%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT
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Table 5.17 Weight loss (%) of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 0.00a A 0.28cB 049dC 0.60eD 0.87ek
OPP MPF 0.00a A 0.06 a B 0.15a C 020bD 0.29 aE
LDPE MPF 0.00a A 0.08aB 0.13acC 0.16 aC 0.33bD
Tray + OPP MPF 0.00a A 0.25c8B 040 cC 048dD 0.67dE
Tray + LDPE MPF 0.00a A 0.24b B 0.37b C 0.45cD 0.61cE

CV treatment 8.5% CV storage time 10.5%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence by DMRT

Table 5.18 L value of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 21.11ab A 1994 b B 2040 b AB  20.96 a AB  20.84 ab AB
OPP MPF 2176 a A 20.49 ab B 2176 a A 21.13a AB  21.39 a AB
LDPE MPF 2132 ab A 21.37a A 1949b B 21.20a A 2136 a A
Tray + OPP MPF 21.66 ab A 20.19b B 2140 a A 20.63 a AB 2123 a A
Tray + LDPE MPF 2077 b AB  21.15aAB  21.29ab A 2139 a A 20.22b B

CV treatment 4.9% CV storage time 4.0%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence
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Table 5.19 a* value of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days) T-mean
0 5 10 15 20

Tray + PVC 10.57 12.35 9.77 9.81 10.03 10.50 a
OPP MPF 11.13 11.78 12.32 9.59 10.58 11.08 a
LDPE MPF 11.29 12.14 12.69 11.39 10.08 11.52 a
Tray + OPP MPF 10.09 11.58 12.04 8.70 9.24 10.33 a
Tray + LDPE MPF 10.67 10.78 11.44 11.08 8.89 10.57 a
S-mean 10.75 AB 11.73 A 11.65A 10.11 B 9.76 B

CV treatment 19.6% CV storage time 21.8%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence

Table 5.20 b* value of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days) T-mean
0 5 10 15 20

Tray + PVC 2.73 2.83 2.47 2.23 2.56 2.55 a
OPP MPF 2.39 2.67 2.46 2.78 2.33 233 a
LDPE MPF 2.32 2.81 3.32 2.59 2.42 242 a
Tray + OPP MPF 2.21 2.79 2.68 1.84 2.05 2.05 a
Tray + LDPE MPF 223 2.99 2.94 2.36 2.06 2.06 a
S-mean 2.38 B 2.82 A 2177 A 236 B 2.28 B

CV treatment 24.2% CV storage time 29.9%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence
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Table 5.21 Peel firmness (N) of mangosteen packed in micro perforated film during store at

13°C

Treatment Storage time (days) T-mean

0 5 10 15 20

Tray + PVC 6.86 7.53 6.36 7.24 6.77 6.95 a
OPP MPF 6.78 7.67 6.44 6.84 7.59 7.06 a
LDPE MPF 7.59 6.93 6.18 6.45 .47 6.92 a
Tray + OPP MPF 8.25 6.79 6.93 6.30 6.68 6.99 a
Tray + LDPE MPF 8.25 7.50 7.19 6.31 7.90 7.37 a
S-mean 7.48 A 7.28 AB 6.62 B 6.63 B 7.28 AB

CV treatment 18.9% CV storage time 21.4%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence

Table 5.22 Total soluble solids (°Brix) of mangosteen packed in micro perforated film during

store at 13°C

Treatment Storage time (days) T-mean
0 5 10 15 20

Tray + PVC 17.30 16.85 17.58 16.63 16.30 16.93 a
OPP MPF 17.08 16.77 16.75 16.67 16.08 16.67 a
LDPE MPF 16.98 16.72 16.38 17.72 16.30 16.82 a
Tray + OPP MPF 17.93 16.58 16.95 17.20 15.82 16.90 a
Tray + LDPE MPF 17.93 17.13 16.97 16.38 16.63 16.94 a
S-mean 17.38 A 16.81 B 16.93 A 16.92 A 16.23 C

CV treatment 5.4% CV storage time 6.3%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence
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Table 5.23 Titratable acidity of mangosteen (%) packed in micro perforated film during store at
13°C

Treatment T-mean
0 5 10 15 20

Tray + PVC 0.88 0.92 0.84 0.88 0.87 0.88 a
OPP MPF 0.87 0.92 0.87 0.87 0.84 0.88 a
LDPE MPF 0.91 0.91 0.85 0.90 0.77 0.87 a
Tray + OPP MPF 0.92 0.91 0.86 0.82 0.74 0.85a
Tray + LDPE MPF 0.92 0.91 0.86 0.87 0.81 0.87 a
S-mean 0.90 A 091 A 0.86 B 0.878B 0.81C

CV treatment 6.0% CV storage time 6.6%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence

Table 5.24 Vitamin C (mg/100 ml) of mangosteen packed in micro perforated film during store
at 13°C

Treatment Storage time (days) T-mean
0 5 10 15 20

Tray + PVC 0.67 0.60 0.77 0.82 0.66 0.70 a
OPP MPF 0.67 0.71 0.77 0.71 0.82 0.74 a
LDPE MPF 0.50 0.87 0.82 0.60 0.82 0.73 a
Tray + OPP MPF 0.56 0.71 0.88 0.66 0.60 0.68 a
Tray + LDPE MPF 0.56 0.71 0.71 0.60 0.60 0.67 a
S-mean 0.62 B 0.72 A 0.79 A 0.68 B 0.70 AB

CV treatment 23.6% CV storage time 27.7%

Mean followed by the same letter in the same column has no difference at 95% confidence by DMRT

Mean followed by the same letter in the same low has no difference at 95% confidence
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Table 5.25 Sepal freshness of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 5.00 4.00 3.00 2.50 2.92
OPP MPF 5.00 4.00 2.67 3.00 3.00
LDPE MPF 5.00 4.00 3.00 3.00 2.92
Tray + OPP MPF 5.00 4.00 3.00 2.50 2.83
Tray + LDPE MPF 5.00 4.00 4.00 2.58 3.00

Score 5= very fresh 4=fresh 3=moderate fresh 2= slightly fresh 1=not fresh

Table 5.26 Calyx mold of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 1.00 1.00 1.00 1.00 1.83
OPP MPF 1.00 1.00 1.00 1.00 1.17
LDPE MPF 1.00 1.00 1.00 1.00 1.33
Tray + OPP MPF 1.00 1.00 1.00 1.00 2.08
Tray + LDPE MPF 1.00 1.00 1.00 1.17 1.92

Score 5=not found 4=slightly 3=moderately 2=severe 1=extremely
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Table 5.27 Peel mold of mangosteen packed in micro perforated film during store at 13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 1.00 1.00 1.00 1.00 1.25
OPP MPF 1.00 1.00 1.00 1.00 1.00
LDPE MPF 1.00 1.00 1.00 1.00 1.00
Tray + OPP MPF 1.00 1.00 1.00 1.00 1.00
Tray + LDPE MPF 1.00 1.00 1.00 1.00 1.25

Score 5=not found 4=slightly 3=moderately 2=severe 1=extremely

Table 5.28 Overall preference of mangosteen packed in micro perforated film during store at

13°C

Treatment Storage time (days)
0 5 10 15 20
Tray + PVC 9.00 9.00 7.33 6.58 0.00
OPP MPF 9.00 9.00 7.75 6.17 0.00
LDPE MPF 9.00 9.00 7.58 6.67 0.00
Tray + OPP MPF 9.00 9.00 7.83 5.25 0.00
Tray + LDPE MPF 9.00 9.00 7.67 6.83 0.00

Overall preference score according to 9-pointhedonic scale from: 1=dislike extremely 2=dislike
very much 3=dislike moderately d=dislike slightly 5=neither like nor dislike 6=like slightly
7=like moderately 8= like very much 9=like extremely

Score less than 6=not accept
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Table 6.1 Weight loss (%) of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment
4 5 6 7 8 9
Non-coated 255 cA 280 cA 337dB 418dC 4.09dC 440dC
Non-coated + MAP 0.38 a AB 0.34a A 0.61 b ABC 0.61 b ABC 0.79cC 0.77 b BC
Coated 133 b A 1.78 b B 208cB 253 cC 252bC 255cC
Coated + MAP 0.10a A 0.13a A 0.18 2 A 0.21aA 0.21aA 0.28 a A
CV (treatment) = 15.19% CV (storage time) = 13.7%
Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
Table 6.2 Gloss value (GU) of pomelo fruit during stored at 13°C
Treatment Storage time (weeks) Average of
q 5 6 7 8 9 Treatment

Non-coated 2.79 2.71 2.83 2.96 2.80 2.88 2.83B
Non-coated + MAP 2.61 281 2.76 3.02 2.78 3.09 285B
Coated 5.62 4.92 4.62 a.47 5.03 4.89 492 A
Coated + MAP 5.26 5.00 a.74 4.75 5.16 5.16 5.01 A
Average of storage time 4.07 A 3.86 AB 373 B 3.80 B 3.94 AB 4.01 AB

CV (treatment) = 11.1% CV (storage time) = 8.1%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
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Table 6.3 L value of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment
a4 5 6 7 8 9
Non-coated 54.16 a C 56.27 a C 56.19 a C 60.40 a B 62.89 a AB 64.75 a A
Non-coated + MAP 56.90 a C 55.09aC 57.16 a C 58.29 a BC 61.14 a AB 64.01 a A
Coated 51.22b A 50.80 b A 50.81 b A 51.80b A 5146 b A 5191 b A
Coated + MAP 5140 b A 51.68 b A 51.69 b A 53.07b A 50.44 b A 5244 b A

CV (treatment) = 3.0% CV (storage time) = 3.5%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

Table 6.4 a* of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment
4 5 6 7 8 9
Non-coated -14.22 -14.15 -13.81 -12.00 -11.19 -9.52
Non-coated + MAP -13.25 -14.02 -13.73 -12.86 -12.25 -9.63
Coated -13.40 -13.49 -14.07 -13.81 -13.63 -14.54
Coated + MAP -13.80 -13.95 -13.59 -13.85 -13.58 -13.79
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Table 6.5 b* of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment
4 5 6 7 8 9
Non-coated 3433 b A 3578 b A 3559b A 39.53b B 41.55b B 4491bC
Non-coated + MAP 35.42 b AB 33.79b A 35.86 b AB 37.15 b BC 40.11b C 4380 b D
Coated 2991 aA 29.17 a A 29.85a A 30.23a A 30.28 a A 2930 a A
Coated + MAP 29.22 a A 29.50a A 29.34 a A 30.78 a A 28.18 a A 30.07 a A
CV (treatment) = 5.5% CV (storage time) = 5.4%
Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
Table 6.6 Skin color (score) of pomelo fruit during stored at 13°C
Treatment Storage time (weeks) Average of
4 5 6 7 8 9 Treatment

Non-coated 3.33 3.33 3.83 3.83 a.17 4.00 375b
Non-coated + MAP 2.83 3.33 3.33 3.50 3.50 3.83 339b
Coated 2.00 2.00 2.00 2.00 2.00 2.00 2.00 a
Coated + MAP 2.00 2.00 2.00 2.17 2.00 2.00 203 a
Average of storage time 254 A 2.67 AB 2.79 AB 288 B 292 8B 296 B

CV (treatment) = 12.6% CV (storage time) = 11.4%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

Skin color score (1-5) as 1= dark green 2= green 3= green/yellow 4= yellow/green 5= yellow
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Table 6.7 Freshness (score) of pomelo fruit during stored at 13°C

Storage time (weeks) Average of
Treatment
q 5 6 7 8 9 Treatment
Non-coated 2.33 2.33 2.00 2.33 2.33 2.00 222b
Non-coated + MAP 3.00 3.00 2.67 2.67 2.67 2.33 272b
Coated 3.67 4.00 4.00 3.67 3.67 3.00 3.67 a
Coated + MAP 4.00 4.00 4.00 3.67 4.00 3.00 378 a
Average of storage time 3.25A 333 A 317 A 3.08 A 3.17 A 2.58B

CV (treatment) = 20.0% CV (storage time) = 13.5%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

Freshness score (1-5) as 1= wilting very much 2= wilting slightly 3= freshness 4= freshness moderate 5= freshness very much
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Table 6.8 Texture (N) of pomelo fruit during stored at 13°C

Storage time (weeks) Average of
Treatment
q 5 6 7 8 9 Treatment
Non-coated 69.43 67.22 65.49 62.48 62.61 59.72 64.49 c
Non-coated + MAP 72.62 70.89 70.19 69.31 68.79 66.78 69.76 b
Coated 72.20 69.00 67.52 66.36 64.60 66.62 67.72 b
Coated + MAP 75.10 73.10 71.59 71.29 70.91 70.72 7212 a
Average of storage time 72.34 A 70.05 AB 68.70 ABC 67.36 BC 66.73 BC 65.96 C

CV (treatment) = 5.2% CV (storage time) = 5.6%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
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Table 6.9 Softness scores (score 1-5) of pomelo pulp during stored at 13°C

Storage time (weeks)

Treatment
4 5 6 7 8 9
Non-coated 350b A 3.67TbA 350b A 3.33b AB 3.00 b BC 283bC
Non-coated + MAP 3.67bA 333bA 350b A 350b A 2.50 ¢ BC 2.00 c BC
Coated 483 aA 4.00aB 400a8B 4.00a8B 3.67 a BC 350aC
Coated + MAP 483 aA 400aB 4.00a8B 4.00a8B 3.83 a BC 350acC
CV (treatment) = 4.2% CV (storage time) = 5.8%
Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
Softness scores score (1-5) as 1= softness very much 2= softness moderately 3= softness slightly 4= firmness 5= firmness very much
Table 6.10 Total soluble solids (%) of pomelo fruit during stored at 13°C
Treatment Storage time (weeks) Average of
q 5 6 7 8 9 Treatment

Non-coated 10.38 9.83 10.25 10.67 10.68 10.53 10.39 a
Non-coated + MAP 10.20 9.83 9.80 9.53 10.67 9.22 9.88 b
Coated 9.88 9.55 9.95 10.10 9.52 9.72 9.79b
Coated + MAP 9.67 8.88 9.75 10.03 9.50 9.00 9.47b
Average of storage time 10.03 A 953 A 9.94 A 10.08 A 10.09 A 9.62 A

CV (treatment) = 6.3% CV (storage time) = 6.4%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

199



Table 6.11 Titratable acidity (%) of pomelo fruit during stored at 13°C

Storage time (weeks) Average of
Treatment
q 5 6 7 8 9 Treatment
Non-coated 1.51 1.38 1.28 1.32 1.23 1.24 1.33a
Non-coated + MAP 1.54 1.19 1.22 1.09 1.15 1.17 1.23b
Coated 1.42 1.07 1.06 1.07 0.97 1.08 1.11c
Coated + MAP 1.14 1.08 1.00 1.01 1.01 1.11 1.06 c
Average of storage time 1.40 A 1.18 B 1.14 B 1.12B 1.09B 1.15B

CV (treatment) = 7.7% CV (storage time) = 8.4%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

Table 6.12 Vitamin C (mg/100g) of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment
a4 5 6 7 8 9
Non-coated 48.90 a AB 53.06 a A 5252 a A 48.72 b AB 48.26 b AB 4223 b B
Non-coated + MAP 54.03a A 51.85a AB 47.08 ab AB 46.47 ab B 51.40 a AB 48.86 a AB
Coated 48.73 b AB 47.92 a AB 4532 b B 53.01aA 5339 aA 47.36 ab AB
Coated + MAP 46.62 b C 52.38 a ABC 48.81 ab BC 54.81 a AB 5571 aA 4777 ab C

CV (treatment) = 4.8% CV (storage time) = 4.5%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
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Table 6.13 Overall preference scores (score 1-9) of pomelo fruit during stored at 13°C

Storage time (weeks)

Treatment

a4 5 6 7 8 9
Non-coated 733aA 733aA 733 aA 6.67b B 6.17b B 517b C
Non-coated + MAP 717 aA 7.50a A 733aA 6.17b B 633b 8B 533bC
Coated 7.33 a AB 7.33 a AB 7.67aA 7.33 a AB 7.33 a AB 7.00aB
Coated + MAP 750aA 717aA 717 aA 733 aA 7.00 a A 717 aA

CV (treatment) = 4.8% CV (storage time) = 4.5%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05

The 9-point hedonic scale: 1= dislike extremely 2= dislike very much 3= dislike moderately 4= dislike slightly 5= neither like nor dislike 6= like
slightly 7= like moderately 8= like very much 9= like extremely

Table 6.14 Weight loss (%) of mangosteen during stored at 13°C

Storage time (days)

treatment
! 10 14
Basket 1.11cA 137b A 212cB
Basket + MAP 0.25aA 0.33aA 041aA
Corrugated box 0.83b A 1.39b B 1.66 b B
Corrugated box + MAP 0.31aA 0.33 ba A 0.30a A

CV (treatment) = 20.2% CV (storage time) = 22.3%

Values followed by different lowercase letters in the same column, show significant difference among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference among storage days, p<0.05
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Table 6.15 Texture (N) of mangosteen during stored at 13°C

Storage time (days)

treatment
0 7 10 14
Basket 8.05a A 9.12b A 9.26 b A 11.95b B
Basket + MAP 791aA 7.85ab A 8.03ab A 832aA
Corrugated box 759aA 7.80ab A 707bA 747 a A
Corrugated box + MAP 758 aA 737aA 7.2d a A 7.24 a A

CV (treatment) = 7.5% CV (storage time) = 10.4%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference

among storage days, p<0.05

Table 6.16 Total soluble solids (%) of mangosteen fruits during stored at 13°C

Storage time (days) Average of
treatment
0 7 10 14 Treatment
Basket 16.97 16.47 15.93 15.37 16.18 ab
Basket + MAP 17.37 16.27 16.03 15.33 16.25 ab
Corrugated box 17.27 16.90 16.40 15.90 16.62 a
Corrugated box + MAP 17.27 15.90 15.50 14.47 15.78 b
Average of storage time 17.22°A 16.38 B 1597 8B 15.27 C

CV (treatment) = 4.8% CV (storage time) = 4.2%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference

among storage days, p<0.05
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Table 6.17 Titratable acidity (%) of mangosteen fruits during stored at 13°C

Storage time (days) Average of
treatment
0 7 10 14 Treatment
Basket 0.90 0.89 0.86 0.77 0.86 ab
Basket + MAP 0.90 0.86 0.83 0.83 0.85 ab
Corrugated box 0.88 0.87 0.89 0.83 0.87 a
Corrugated box + MAP 0.87 0.82 0.82 0.76 0.82b
Average of storage time 0.89 A 0.86 B 0.85B 0.80 C

CV (treatment) = 5.0% CV (storage time) = 4.9%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference

among storage days, p<0.05

Table 6.18 Translucent flesh (%) of mangosteen fruits during stored at 13°C

Storage time (days) Average of
treatment
0 7 10 14 Treatment
Basket 13.5 157 20.4 219 179b
Basket + MAP 10.5 9.4 11.3 20.0 12.8 ab
Corrugated box 9.4 9.4 11.2 15.0 113 a
Corrugated box + MAP 13.2 13.9 17.2 17.8 15.5 ab
Average of storage time 117 A 12.1 A 15.0 AB 18.7 B

CV (treatment) = 37.6% CV (storage time) = 43.9%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference

among storage days, p<0.05
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Table 6.19 Gamboge disorder (%) of mangosteen fruits during stored at 13°C

Storage time (days) Average of
treatment
0 7 10 14 Treatment
Basket 6.7 13.9 18.2 20.0 14.7 a
Basket + MAP 8.3 11.6 22.2 22.3 16.1 a
Corrugated box 11.1 229 17.8 23.3 18.8 a
Corrugated box + MAP 13.9 20.5 16.6 19.4 17.6 a
Average of storage time 10.0 A 172 8B 18.7B 2138B

CV (treatment) = 40.3% CV (storage time) = 54.8%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;
Values followed by different uppercase letters in the same row, show significant difference

among storage days, p<0.05

Table 6.20 Overall preference scores (1-9) of mangosteen fruits during stored at 13°C

Storage time (days) Average of
treatment
0 7 10 14 Treatment
Basket 9.00 8.56 8.11 6.67 8.08 a
Basket + MAP 8.67 8.56 8.00 7.33 8.14 a
Corrugated box 8.89 8.11 7.89 7.33 8.06 a
Corrugated box + MAP 8.67 8.33 7.89 7.33 8.06 a
Average of storage time 8.81 A 8.39B 797C 7.17D

CV (treatment) = 5.0% CV (storage time) = 4.9%

Values followed by different lowercase letters in the same column, show significant difference
among treatments, p<0.05;

Values followed by different uppercase letters in the same row, show significant difference
among storage days, p<0.05

The 9-point hedonic scale: 1= dislike extremely 2= dislike very much 3= dislike moderately 4=
dislike slightly 5= neither like nor dislike 6= like slightly 7= like moderately 8= like very much 9=

like extremely

204



