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Abstract

Extending storage life of fresh produce which has a short shelf life by using
postharvest technology such as modified atmosphere packaging and waxing. This project,
development on packaging technology to maintain quality and extend the shelf life of
fresh produce, has objective to develop micro-perforated film by using laser marker for
extending shelf life of fresh produce and tested using micro-perforated film with
vegetables such as butterhead, yard long bean, coriander, cos lettuce and fruits such as
mango, rambutan, banana. And study the coating and packaging which suitable for bell
pepper, mangosteen, pomelo. The experiment was conducted between October 2015 -
September 2020. The result got a suitable parameter and number of holes for perforated
OPP and LDPE films to achieve the require oxygen transmission.rate (OTR). When micro-
perforated film was tested with some vegetables, it was found that suitable OTR for
butterhead, coriander, cos lettuce was 5,000-10,000 cm?/¢m?/day and for yard long bean
was 15,000-20,000 cm?/cm?/day. Suitable coating and packaging for bell pepper were
coated with CMC 1.0% then packed in MAP bag with OTR 12,000 cm?®/cm?/day or micro-
perforated film OTR 12,000 cm’/¢m%day. or high OTR film. Mangosteen coated with
carnuba 15% + Shallac 10% ratio 8:2 packed in plastic basket with ventilated hole around

the basket. Pomelo coating with carnuba 20 or 25%.
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Abstract

The purpose of this experiment was to develop a micro-perforated film for fresh
produce by using laser marker and testing the use of micro-perforated film to maintain
quality and extend shelf life of vegetables. It was found that optimum parameter for
drilling OPP and LDPE (with 30 micrometer thickness) with laser marker are 1,000 mm/sec.
scan speed, 20% laser power and 500 mm/sec. scan speed, 30% laser power, respectively.
For the evaluation of micro-perforated film used, it was found that butterhead packed in
LDPE micro-perforated film OTR 5,000-10,000 cm?/m?/day can be maintained for 21 days.
Yard long bean packed in OPP and LDPE film with hole diameter 0.5 centimeter 8 holes
can be stored longest for 15 days. While those packed in OPP and LDPE micro-perforated
film OTR 10,000-15,000 cm?*/m?/day can be stored for 12-days. Coriander packed in OPP
film can be stored longest for 21 days. While coriander packed in OPP and LDPE micro-
perforated film OTR 15,000-20,000 cm?®/m?%/day can be maintained for 15 days. Butterhead
packed in LDPE micro-perforated film OTR 5,000-10,000 cm?®/m?/day size 20x28 cm weight
100 or 200 g can be stored for 21 days. Yard long bean packed in OPP or LDPE micro-
perforated film OTR 15,000-20,000 em*/m?/day size 20x28 cm weight 150 or 300 g can be
stored for 15 days. Coriander packed in OPP micro-perforated film size 16x35 or 28x39 cm
weight 50 or 80 g can be’stored for 18 days. Cos packed in OPP or LDPE micro-perforated
film OTR 5,000-10,000 cm?*/m?/day can be stored for 21 days.
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n1svaaesil 1.1 msAnwilduzsvualuaseuiinzaudmiunsinargnisiiuinuin
fdupounisiiiunig fail

1. Msfneiauzzvualuasaulagldiawasunsnines

1.1 W"Wldy OPP uay LDPE anuviun 30 luaseu unsiaaeuaudivasiiay laun

1) anunun (thickness)

2) 9RIINTTUNIUVDINDDNTAU (Oxygen transmission rate: OTR)

3) SasnsTuRuvestloth (water vapor transmission rate: WVTR)

1.2 théegnaiidumaasunsianzsieiadssawesininines siamsueulnoonles
Bt

1.3 n533aau U uarinruInvesgiazvuialunseulaelindesganssatanesle
lulasalay uazndesiavialulasalay

1.4 T OTR 2asflauzsvualunAsoy

1.5 thildusnanzsunnluaseusionioiamwasininineslid OTR e q léun Hdy
OPP uay LDPE L'ngsuumlmsauﬁﬁ OTR 5,000-10,000, 10,001-15,000 wag 15,001-20,000
gnuUIARRURLINS/M AR s/ dmiiaeNaTTisnsnsmelasziugs gunn uazganniivey
AUAIAY

2. msAnwAduangzrualiaseuiiunzaudmiuineigniniuinudnadatn
waflan drilne1d uaziind

v

2.1 Tnonsimsuelavesinadnlmmasian 2Elnenn wasind Mgaumnil 10 15 uaz 20

9

s LAy a taelyszuuln AUIERINNSMElaINaNNTS
dn31n15uela (mg CO,/kg/hr.) = AV. CO, difference/100 x head space volume (ml) x 2 x 1,000

weight (g)
e AV. CO, difference = ANLRAEANULANANNYRIANUNTUITA1SUaULnaaN A LA

head space volume = Usunsyasinnieluussysiomm

weight = UMINVDINGANE
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2.2 ihAdnsinsmelavesinadnUnmasion RN wazing YuIngelduUTTsiue
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wazUInlinuIseRens uAuIn OTR vesflauiindanananisilloifiusnwNigumngiianig ¢

Y

(Ishitani, 2011) Tagldaunis

Required OTR (cm*/m?.day) = CO, produce per day x %2
pouch area (cm?) /different partial pressure
e CO, production per day = respiration rate x 0.5 x weight (kg) x 24 hr.
5 =modified atmosphere effect of respiration by O, decrease
pouch area = fiufifinvesuTesud
different partial pressure = (O, in air (%) - O, partial pressure inside
pouch)/100
2.3 wagounmsifiuinuidnadatanesian iined uazdnd lagldfduazsuun
luasou Tapihadnsinismelavesinudazyin unlglunsiasanaaaondnsINITTUNIUYY
finweoNTAUVINALLILFVUINLUATEU IUHUNITNAGDUY split plot Taedl main plot AB
ylnvasilan uay sub plot fin syezatlunisiiusng 0.3 69 12 15 18 wag 21 Tu
RNAAAUALADSLIN
ihinadatmaedienndasin uasdinluasis andudmienduiiauysal lidsesth Tu
laidnon waeiidwidnlndiAssiu udrussyinadndmnesientmindszana 100 n¥u lugeua
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17Elnen7
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a o 3 o a v H o =
ﬂ']iijiy]LaEJu’]‘WUﬂ (%) = UNNUNAALTUAL — u’]WUﬂaﬂLﬂaﬁ]iﬂﬂﬁ@UﬂMﬂq‘W x 100

UUTNAASUAY
dl a L% % o 6 v o v d‘ v
- mswlasunlasd (anednadnunnesian wasind) Janleasedind (color meter)
%o Minolta Ju CR-10 lunuae hunter scale (L*, a*, b*)
A1 L* Ain A1AIINE71 (brightness) dAASUS 0 (dark) £9 100 (white)
1 S 1 v a a d" 1 I~ [ a d‘ 1 I~4
AN a* AB ATLEASSEAUALAS-TET LBAN a* LUUINITLANIANUULELAY kaztilpATuy
Y] A A aA A o 1 A A A =
AU LLAAIBNWULETYI LAgNEBAIYIY 0 UINLEASDANELAINIDELYEIUINTU
A1 b* A9 ALAANITEAUAMAD-1NEY WiaAl b* Janduuinlznansdnuasdinaowasy
A 0 & Y] a8 a aAaA 0 o 1 A oaA A A Sa X
WeanJuauazwanidnuazduntdu Inefidlam1ne 0 UNwananIaNdmanavseau Ruundu
- waanlglunisdnliivn awzdiilngn) nsein3es texture analyzer lagldiafn
WUUATI UIALTING 0.5 TIF AULST 50 Taduns/und syeenidlunisan 20 Hadung
- AN NNEANLAENIUTTAMFNRE NaFeUlasgnARBUNNIUNTRNRUTIUIY 5
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AsNaaasi 1.2 manuineintuanmussematauladiagldiduanzzunalunseu

fiumaunsFiung feil

1. Anvthwiinussafionngaulinsnegmaiuinuinlaelifiduanesuuneluason

1.1 wisundanafivhunldiinmsnaass lnesndenndnuaiifinuasdiaue Tdismnd
LazmEsmeanlsALagiaET Yindnwhaazenn Adiasiing

1.2 dnAaNaN1UTIQbuneldy OPP %38 LDPE 131250u1akiATou YuIn0a 20x28 %30
16x35 LURLLAT (S) W30 28x39 LuRtuns (L)
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NaN1533uazaNUSI8Na

nMsnaaesdl 1.1 nsAneiduanzzrualuaseuimnsaudmiunisiinatgnisiiusnedn
1 Msfneiauzgrualuaseulasldiawasunsnings
GERVELDEGH,

duUhvesilaunedlnsiauninisdniiesda (oriented polypropylene: OPP) uazildune

a

AefiduauuIuug (low density polyethylene: LDPE) uanssid Table 1 Inufiog19wlay
Uu1naaeelina1unu 30 luaseuw 49n51015TUHIUVBIA1RBNTLAUNIUTAY (oxygen
transmission rate: OTR) 327.26 Wag 1,193.32 anu1An@uRilns/mMIuuns/3u mudeiu way

fmsnsdunuveslotiinufiduegsening (water vapor transmission rate: WVTR) tinif
4.20 uay 10.90 N3N/MTIUNAT/IU ANEIAU

N1319123AAN OPP uag LDPE A21uvun 30 luasay

AstEauSawnuluaig 300-1,500 Jaduns/Au7 ndsawes 20 wWesidud auise
L1eHdn OPP Aumwn 30 luaseu lavwindunigudnaisetsening 50-115 luaseu lnenis
T¥A1nu52auny 900-1,500 fadiwns/Aui altnsaatesudazadalduuinduiiguinag
TndiAssiu vnurfinisldmnmidiauny 300-800 fiadums/Aund 1zgldnadurigudnaisves
suazadadfiliaed daduiadenmadaiMunaudwiumsiangg fo mnuSauny 1,000
fadwns/Aui Adnawes 20 wWeitdus deanunsaianzgldvmnmduinguinaisussana 115
luasau wazn1sioausaasnulugad 300-1,500 Hadwuns/Auli fduawas 30 wWasidud

L3

#1115019723HAY LDPE Auvina 30 luaseu leuwisduriAudnataagsening 60-90 luasou
A a ¢l ° [ =~ <3 a a S o w 4
wagiienmfiwe s ngadmIunIsaNziAe AISIEINY 500 Hadluns/Aund Mduales
s & & Y [ ¢ ')
30 Wosidud FeaunsalanzFavualduRaugnatsUsEann 70 luAsou SnunrYeIIzuand
f14 Figure 1 1ag 2
ANAINYBINITHIEIMLLALDTTUBETUNTAIAIMIT TN aTIUNITRET WU Masves
LMD ALBIAAY WENIU T3z (pulse duration) §M51N15% (pulse repetition rate) Way
anwazvasdan Wy ¥8n AUNUY YaveIEITIANLAY N1TUIAINTEU ANYAINTRU
(Winotapun et al., 2014; Caiazzo et al., 2005; Olsen, 1995) FINNNANITNAGDY WU FUA
Yosilauiinasevuinidusgudnanavessianey lilennaauz ilay OPP uaz LDPE Nilaanamun

30 luaseuwiniu agldanuswuaziaduamessyauieaiu swmduiigudnalsgianzvesiidy

OPP agluginindunitaudnanagianzvesilay LOPE vailtiiesannildy LDPE dA1 thermal
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diffusivity ninfida OPP Taeda thermal diffusivity Juanuausavesiansonisuiniig
Sou dmuandil thermal diffusivity gs Anwouaziadouiinuléiis iesntaguhanuieu
181 ileifleufuiinnsanugenufeu vie thermal bulk ey snzrunaluaseuuuiagiis
thermal diffusivity asn3ndssivunalvgindy (Winotapun et al., 2014)

3N3NIFUEUVRIR RN TIRUHIUNANREFVUIR AT

(3 (%

Wiowzgildy OPP aumiun 30 luaseu Mmeausiauny 1,000 fadwns/Aund g

§ @

LT 20 WaslduA 91uIU 7 12 WAy 16 § wavianeIHaN LDPE A1uviun 30 luaseu ¢
AILTIARNY 500 Radwns/Aundl Masawes 30 Wesidud 911U 4 15 uag 22 § Agauuin
20x28 wufiluas 9l OTR muiidiesnisie 5,000-10,000 10,001-15,000 waw-15,001-20,000
gnuIAtlaURALLAS/Ms1ns/Su mudiy Fednsinsindeuiivesiesiuildinaiys Wunas
Y9I sT LI uarMTURIuYe e uTIdiwaadn Tneluudanisivaniiu
maﬁwﬁgwmm"mgLmz%qqmf'1ﬂ’ﬁm?ilauﬁmaﬁwmﬁ\lémwmaaﬂ (Fishman et al., 1996)
N15naresinenIugaIzaun 1 Tadwnsuuildy LOPEA1EvUT 25 luaseu Asuwiniunis

InanuveIiaN UL 0.5 M1519mS (Mir and Beaudry, 2016)

Table 1 Property of OPP and LDPE film

film thickness oxygen transmission water vapor transmission
(um) rate rate (¢/m?/day)
(cm®/m?%/day)
OPP 30 327.26 4.20

LDPE 30 1,193.32 10.90




L1
Length = 118.59 pm

Lens MXB-ZSE(;IE Z : Mid-Range : x400
[Resotution|0.41 um
Sl
200 yum

Figure 1 Characteristic and diameter of hole of O M
with scan speed 1,000 mm/sec., la&w 20%

[\

ickness 30 um) when drill

L2
Length = 72.81 pm

L1
Length = 67.83 pm

MXB-2500REZ : Mid-Range : x400
794.09 pm
Resolution (0.41 pm

Figure 2 Characteristic and diameter of hole of LDPE film (thickness 30 um) when drill

with scan speed 500 mm/sec., laser power 30%
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1

< %) % [ LY I'4 I v ay 6
2. maiushwdnaaatanesian daine1 uasindlagldiduanzzvuialunsau
ansnsvelavasnnaanunmasian aaing1 wazknd

fgaumnil 10 15 wag 20 asrwadea Anaantnmosianidnsinisiglawindu 51.56

65.03 wag 93.01 Tadnsuarsuaulaeanlan/Alansu/a1ue auaiau @rudIlng1donsn1s

v

meglawindu 62.01 121.69 wag 187.62 faansuarsuaulaeanlas/Alansu/dlus auaisu
YU NRNTLINTIN159181a AU 112.65 155.68 kay 220.66 Haansuarsuaulaeanlan/
Alansu/Alug audidu snsinismelavesdnie 3 vllainuilogumunlaadu F98n1n1s

melavewmdnuatuegivyinuomdnsa wazaumngil (Fonseca et al., 2002)

9 Y

Wishadnsnismglavesinadadnnesian aalnetd wasind wasuwitinusssiens

q

idnnUionnAziuiaTIN TR UYeIfTeonTiau (OTR) vesildufinanuaiosnisiloifi
Snunlugavunn 20x28 LwuRiNnT fgamnill 10 15 LA 20 DIANTALTHA HANTAILIALARIR
Table 2 lng OTR %ﬁ\léuﬁmﬁmmaﬁmmiﬁm%’umﬂﬁu%’ﬂwvﬁuagjﬁ’wmaﬂﬁa LU BNIINTS
wglavemdana wuaussydne samgilunisiiving AnudLduvesitvesndiaunisly
Uiiﬂqﬁm%ﬁéfa\‘mﬁ (Cameron et al.,1995; Christie et al., 1995; Ishikawa and Hasegawa,
1998; Jacxsens et al., 2000) waziilefiarsandasinismelafigumgll 20 ssrwaidoa sy

L3

Han1sAAALLY OTR Y0aflduNneen1s nuid OTR vesiiduagsvuinlunseufidenndasiusnsn

Y

s

nsmelavesinadntmnasian 0IRAEI3 LazinT Aeautanesvuinluasaunil OTR 5,000-

Y

10,000, 10,000-15,000 &g 15,000-20,000 aNUIAABURLINT/AT19L0T/TY

Table 2 Require OTR for butterhead, yard long bean and coriander when storage at 10 15

and 20°C (from calculation)

Vegetables Weight Require OTR (cm®*/m?/day)
(g) 10°C 15°C 20°C
Butterhead 100 2,511.04 3,167.05 4,529.71
Yard long bean 150 4,529.95 8,889.69 13,706.01

Coriander 80 4,388.96 4,507.01 8,597.14
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inadaUninasian
nsgeyideuviin
paensvazIaIMAUSIvIuI 21 Ju dnadadnnesisnussggeiidu LDPE 1anz3uun

lupseundl OTR 5,000-10,000 gnuIAfLgURLLAT/A151NAS/ U Insagdedinintdesiian

o

v v

Wiy 0.75 Wesidud usldunnsnsvnsadfduinadadnmasionussggeilauuendin gaildu OPP

uway LDPE lailanes uazqeildy OPP La1z3vuialuasouilsl OTR 5000-10,000 gnuae

2 v [ s

WURALLAT/ANTI0UAT/TU veinadadninesianussaneaildy OPP way LDPE La1g59u1A
5 ¥

LHURIAUENAT 0.5 WuAWAS 97U 8 3 desidudnisgadeimtnuinian wnnA19aIn

o

1 o w a

aaa Ry a & A Ao~ Y a a 9 44' &
n35u3sdueg A1 AYM19ada (Table 3) algoiviiuuilduiinnisgeydedi wWea iy

duimsanda 99 e 99.5 Wesidud lnevhluidlefinisgadeiininniy 4 896 Wesidusuas

'
a 1 =

Uinan ndanadiulugdnuansoinisiien wisialidnwuzsu Jsilaunwanafindruluasinli

4 g =< I v d’lj % v 6 Y cay 6 ' Y Y
goulidusule lneanuiuduinsngluussaduniiduneguashinne sanlngdnlndifes

U

fugnBusadglotih (Mir and Beaudry, 2016) fetunaiiusismannalugsidumarafinfiaais
swarlaianesisannsndioanmagapdetmnly
nsiAsuuUasE

deifiusnwiuu 21 fu dnadadasesienussaneiidy OPP lzgvualunseudill OTR
5,000-10,000 gAUIANLYUFALINT/ANTIMLNT/TY ﬁﬁv’ﬁmmﬂﬁqm Ao T a* 1de -16.45 wazin

adnUnineslenusinalay LDPEAI#§uunaluaseauidl OTR 5,000-10,000 gnulAfgufung/

A A

A150N S/ TAvdenlegdn Aol b* 1ade 31.56 (Table 4 wag 5)

f“!mﬂ’]W‘VI’Nﬂ”IEJﬂ']WLLﬁZVI']\?UiZﬁ'WIﬁSJ Wl

a1 =

AZLUUAITD LTIV NAdaTRImasIaAnNnssUITTAanasilainusnynduss s

(3

éf v v v s a6 a a 14 1 6
bIATUTUTU Nﬂﬁaﬂ‘UG}LW@?L@@UﬁSQQQWﬁﬂJLL@ﬂ‘V]W waznanay OPP LN IVUINLAUNIFUENAN

q

0.5 lwuAWAT 31U 8 3 annsanuinwiliuiy 15 Ju dwdnadadnnesisnussggaiidy OPP

13

uaz LDPE laitanzg qeildu OPP 1azgvualunseuiiil OTR 5,000-10,000 gnunAriwufuns/
ANT1UNT/ T WazQeTlaN LDPE 1nzgidurigudnans 0.5 wufiwms 9119w 8 § @nansaiuing
gy 18 Su Tneflnzuuuanureulnesiueds 6 Ay Ao veuldntey deieindadufivensu
vosffuslan Waifiusnuumidy asuuunnuvouTiazanas uarliifulvensu susfidnadatn
WRsLEAUIIYYINAN LDPE Lngﬁumﬂimsauﬁﬁ OTR 5,000-10,000 gnuIAfLgufiing/a1519

[y @ @ 1% = [y v & [y Y a
bHHS/IU aqulﬁﬂLﬂU'ﬁﬂEW‘lﬂu’]‘UVI?j@ 21U Iﬂﬁ]ﬁ]ﬂllﬂ%LLuu@')?ll%E]Ui"JllLUUVIEJE]&I?U%E]Q%IU?IJ’]F]



Table 3 Water loss (%) of butterhead packed in different packaging during stored at 5°C

27

Film Storage time (days)
0 3 6 9 12 15 18 21
Active film 0.00 A 1.20ab C 0.54 a AB 0.33 a AB 0.67 a BC 0.49 a AB 0.60 a AB 0.78 a BC
OPP film 0.00 A 094a B 0.54 a AB 0.38 a AB 0.62aB 0.76 a B 0.77a8B 098 aB
OPP with hole diameter 0.5 cm 0.00 A 1.63 b BC 144 b B 148 Db B 215bC 361bD 425bE 6.00 cF
OPP micro-perforated film 0.00 A 1.12ab CD  0.57 a BC 0.40 a AB 0.68aBCD 0.84aBCD 091aBCD 120aD
LDPE film 0.00 A 1.31ab C 0.38 a AB 0.28 a AB 0.407a AB 0.41 a AB 0.51a AB 0.77aB
LDPE with hole diameter 0.5cm ~ 0.00 A 1.62b B 223cC 235¢cC 222bC 322bD 439bE 471bE
LDPE micro-perforated film 0.00 A 091a B 0.39 a AB 0.35 a AB 0.62aB 0.40 a AB 0.68aB 0.75aB

CV treatment 44.5% CV storage time 40.8%

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 by DMRT



Table 4 a* value of butterhead packed in different packaging during stored at 5°C

28

Film Storage time (days)
0 3 6 9 12 15 18 21

Active film -15.65¢c A -16.12A -16.27T A -16.0da A -16.10ab A/ -15.76 c A -1595 A -16.02 A
OPP film 1627bc AB -15.88AB  -16.53 A 1549 abB  -16.43a A -1593bcAB 1549 B 16.31 A
OPP with hole diameter 0.5 cm  -1595bc A -16.18 A 1573 A -16.16a A -1552b.A . -1583bcA  -16.18 A -15.82 A
OPP micro- perforated film -16.45abAB  -16.17 AB -1590 B -1570a B -1634a AB -1689a A -16.01B -16.45 AB
LDPE film -16.74ab A -15.66 C -16.90 ABC -1591aBC -1579abBC  -1659abAB  -16.26 ABC  -16.04 ABC
LDPE with hole diameter 0.5 cm  -16.56 ab A -15.74 AB -16.31 AB -15.64.a B -16.06 abAB  -1597bcAB  -15.75 AB -16.04 AB
LDPE micro- perforated film -17.10a A -16.12B -16.50 AB <14.88 b C -16.39a AB -1586bcB -16.17 B -1597 B

CV treatment 4.0% 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



Figure 5 b* value of butterhead packed in different packaging during stored at 5°C

Film Storage time (days)

0 3 6 9 12 15 18 21
Active film 3d.25a AB 33.62ab A 36.72¢c B 34.65 AB 3378 ab A 33.67 ab A 3271 A 32.13 A
OPP film 36.3dab C  32.30ab A 35.42 bc BC 33.18 AB 35.43 bc/AB..  36.66 c C 31.36 A 32.18 A
OPP with hole diameter 0.5 cm 36.12abB 33.13ab A 3353 ab AB  33.09 A 31.82a A 33.03aA 33.35 AB 32.11A
OPP micro- perforated film 3741 b C 35.08 b ABC  35.87 bc BC 34.46 ABC  34.78 bc ABC 34.82 abc ABC 33.01 AB 3272 A
LDPE film 37.03abBC 3272 ab A 3195aA 34.45 AB 37.75¢cC 36.06 bc BC 33.09 A 33.07 A
LDPE with hole diameter 0.5 cm  37.49 b B 3193aA 33.67ab A 33.40A 35.01 bc AB  3281aA 3338 A 34.52 A
LDPE micro- perforated film 3742bD  3499abBCD  37.06 cD 32.17 AB 3593 bcCD 31.84aA 33.53 ABC 3156 A

CV treatment 7.4% CV storage time 7.0%

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 6 Weight loss (%) of yard long bean packed in different packaging during stored at 5°C
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Film Storage time (days)

0 3 6 9 12 15 18 21
Active film 0.00 A 0.19 AB 0.41abBC 043a BC 0.66abCD ¢ 0.79a D 0.90ab D 0.87aDb
OPP film 0.00 A 0.24 A 0.62 ab B 0.71ab B 0.92bcBC. 1.11bcC 1.79¢c D 191cD
OPP with hole diameter 0.5 cm 0.00 A 0.38 B 0.65abBC  089b CD 098c C 127c E 203c F 204 cF
OPP micro-perforated film 0.00 A 0.26 BC 0.46abCD 0.58abD 0.70'ab DE  0.90 ab EF 1.01abF 0.99 a EF
LDPE film 0.00 A 0.25 AB 0.42abBC 0.46a BCD .0.58abCDE 0.74a DEF 090abF 0.81 a EF
LDPE with hole diameter 0.5 cm  0.00 A 0.34 B 0.68b C 0.64.ab C 1.06c D 0.96 ab D 1.16 b DE 1.39bE
LDPE micro-perforated film 0.00 A 0.17 AB 0.34a BC 0.49a CD 0.59aCDh 0.65a D 0.79a D 0.79aDb

CV treatment 42.6% CV storage time 35.4%

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



Table 7 Cutting force (N) of yard long bean packed in different packaging during stored at 5°C
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Film Storage time (days)
0 3 6 9 12 15 18 21
Active film 2125a A 21.63 AB 23.81 AB 23.81 AB 2512 a8B 2527 aB 24.20 a AB 24.65 b AB
OPP film 2393ab A 2335A 23.06 A 2491 A 28.80 b B 3307 b C 40.86 b D 46.04 c E
OPP with hole diameter 0.5 cm 24.20 ab BC 22.79 AB 23.29 AB 25.25 BC 2497 a BC 27.22aC 25.15a BC 19.93a A
OPP micro-perforated film 2560b BC 23388 23418 24.18 BC 2406aBC  27.29acC 2293 a8 24.08 b BC
LDPE film 24.75ab BC 2236 8B 22.84 BC 23.87 BC 2596 ab BC 26.28aC 26.56 a C 25.60 b BC
LDPE with hole diameter 0.5 cm 24.71ab C  23.40 BC 23.62 BC 24.47C 24543 C 2519acC 2330aBC  2027a8B
LDPE micro-perforated film 26.03b C 2397 C 2381 C 24.81 C 2421 acC 26.51aC 2358aC 2380 b C

CV treatment 11.7% CV storage time 11.9%

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 8 Weight loss (%) of coriander packed in different packaging during stored at 5°C
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Film Storage time (days)
0 3 6 9 12 15 18 21
Active film 0.00 A 0.79a8B 0.85ab B 099a8B 1.06 a B 1.01a8B 1.49 a BC 212bC
OPP film 0.00 A 094 a8 1.02abB 0.80a8B 0.81aB 1.03a8B 090a8B 0.87aB
OPP with hole diameter 0.5 cm 0.00 A 2.19 b BC 1.88c B 341cD 1.95cB 2.45 b BC 274 b CD 342bD
OPP micro-perforated film 0.00 A 137aC 0.85ab BC  0.99 a BC 0.47'a AB 1.03 a BC 0.91 a BC 132acC
LDPE film 0.00 A 0.71 a AB 0.65a AB 0.80 a AB 0.66'a AB 0.68 a AB 0.80 a AB 1.12aB
LDPE with hole diameter 0.5cm ~ 0.00 A 1.22a8B 1.47bcBC 245bD 2.03b CD 228bD 3.63cE 476 dF
LDPE micro-perforated film 0.00 A 0.66 a AB 0.69abAB  085aA 0.55 a AB 1.03aA 1.11aA 1.08a A

CV treatment 39.0% CV storage time 51.9%

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 9 a* value of coriander packed in different packaging during stored at 5°C

Film Storage time (days) treatment

0 3 6 9 12 15 18 21 mean
Active film -11.86 -12.10 -12.44 -11.85 -12.09 -11.78 -11.24 -10.86 -11.78 a
OPP film -11.39 -12.03 -11.15 -11.94 -11.71 -11:26 -11.69 -11.73 -11.61 a
OPP with hole diameter 0.5 cm -11.78 -11.60 -11.53 -12.02 -12.56 -11.89 -11.53 -11.85 -11.85a
OPP micro-perforated film -11.80 -11.61 -11.71 -12.06 <1228 -12.08 -12.33 -11.83 -11.96 a
LDPE film -11.76 -12.54 -11.71 -11.87 -12.01 -12.25 -12.01 -11.34 -11.94 a
LDPE with hole diameter 0.5 cm -11.78 -12.18 -11.92 =11.98 -12.26 -11.65 -11.64 -11.04 -11.81 a
LDPE micro-perforated film -11.91 -11.54 -12.22 -12.06 -12.43 -12.30 -11.54 -10.89 -11.87 a
Storage time mean -11.76 B -11.94 AB  -11.81AB -1197AB -12.19A -11.89 AB  -11.72BC  -11.36 C

CV treatment 6.9% CV storage time 7.1%

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



Table 10 b* value of coriander packed in different packaging during stored at 5°C
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Film Storage time (days)
0 3 6 9 12 15 18 21

Active film 22.76 A 23.61 AB 24.12 AB 24.78 AB 26.19B 26.44b B 29.37 cd C 30.99 b C
OPP film 22.37 A 22.72 AB 22.44 A 25.11 ABC 25.62 BC 23.28a ABC 2593b C 25.11 a ABC
OPP with hole diameter 0.5 cm 2301 A 2407 A 24.66 A 24.20 A 2779 B 25.96 ab AB 28.08 bc B 3124 b C
OPP micro-perforated film 2337 A 2346 A 24.35 AB 25.44 ABC 2788 CD 2700 b BCD 2924 bcED 31.76bE
LDPE film 22.65 A 25.04 AB 24.35 AB 23.15A 26.38 B 26.60b B 26.64 ab B 27.18a B
LDPE with hole diameter 0.5 cm  21.49 A 24.86 BC 24.27 ABC 23.58 AB 26.97 C 25.12 ab BC 31.14c D 3259bD
LDPE micro-perforated film 22.22 A 23.28 A 24.17 AB 24.99 ABC 26.56 BCD 28.18b D 27.55ab CD 27.71aCD

CV treatment 8.1% CV storage time 9.4%

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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Figure 3 Weight loss (%) of butterhead packed in LDPE micro perforated film (OTR 5,000-
10,000 cm*/m?/day) during store at 5°C
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Figure 4 a* value (A) and.b* value (B) of butterhead packed in LDPE micro perforated film
(OTR 5,000-10,000 cm?®/m?/day) during store at 5°C
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Figure 5 Weight loss (A) and firmness (B) of yard long bean packed in OPP or LDPE micro
perforated film (OTR 15,000-20,000 cm®/m?/day) during store at-5°C
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Figure 6 Weight loss (%) of coriander packed in OPP micro perforated film (OTR 5,000-
10,000 cm?/m?/day) during store at 5°C
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Figure 7 a* value (A) and b* value (B) of coriander packed in OPP micro perforated film

(OTR 5,000-10,000 cm?®/m?/day) during store at 5°C



a4

PHBERLLE
nsgeyideuviin

s

ANASAARAUTIVEITAY OPP wag LDPE 101¢30U1ntdURANENand 0.5 loufiung 311w

q
£ '

8 3 insgdimindsludessernanfuinvuuiu Wesmnussydusifiiggauelng
yhlmAnnsgdeinanuansaoongusseinialéinn snsiinadaroaussgneiidy active fidu
OPP waz LDPE 1az5unnlunseuiiil OTR 5,000-10,000 gnuiAdleufiuns/asamns/fu 1
nsgdimdnanonssernamaivinudesnit 1 Weddud Wofuinwidussesina 21
Tu AnNadnnoaUTIINIWAL OPP wag LDPE 1312 3uadusnaugnans 0.5 lwufiuns 31U7U 8 §
fweddudnmsgapdoimdnuiniu 4.28 way 433 Weddud muddy liunnsaefunnsadd us
uanFansadAtuinadaneausslugsiidy active Wdu OPP uay LDPE 19135aunalunseui
OTR 5,000-10,000 anuIAfLEURLUAT/M1T10105/T0 ag1eiltdedidgnaeadin (Figure 8) dnadn
Aoaus59lugeildy active #du OPP wag LDPE 191z5vuanluAsauisl OTR 5,000-10,000
gMuAfURLAT/M919LR/Su Tasannisgydermiinlad
nsiAsuuUas

Sofuinuidussornauuidy dnadaroan 1 (Aauaing uag b* (Afimdes-in
) intudntdos due a* (AAuwnde) lifinsdeustas i L a* way b* vesinadanoa
laiuanasiuluuragnssuds (Figure 9)
AMNTNNINILATN

n1sUsiliununInnItnIeaTelaenisiiazuuy wudl AnddnnealinzuuualIuan
dnwarUsIng wazmnuveusax Auanadluiudl 12 vesmaiiuinw Weifuinviduszesinm
21 %u fnadnneavssqlugaildy OPP Lanzgaulalunsouill OTR 5,000-10,000 gnulead
WwuRlng/mseuns/du faguuuauannnign dudnadnneaussqlugeiidy OPP 1a1z3
yuraLdurguEnats 0.5 lwuiues dazuuudnvuzusinguiniign Weiuinwuduszey
nauu 21 fu fhadareannnssisddazuuunnuveuiuiseniuld Aeflazuuuninnin 6
lnadnadnmeaiiusnwilugeildy LDPE Lngéuumlmiauﬁﬁ OTR 5,000-10,000 §Au"Af

LBURLIAT/ANT1RNT/TU TAZIULANUYBUTININNTER



Weight loss (%)

—e— OPP with hole diameter 0.5 cm.
—a— Active film
——LDPE MPF OTR 5,000-10,000 cc/cm2/day

5.00
4.50
4.00
3.50
3.00
250
200
1.50
1.00
0.50
0.00

a5

Time (days)

—m— LDPE with hole diameter 0.5 cm.
—s«— OPP MPF OTR 5,000-10,000 cc/cm2/day
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Time (days)

21

(B)

30.00
25.00 3
20.00 E : i £ i
15.00
1000

5.00

0.00

o 3 6 9 12 15 18 21
Time (days)

—e— OPP with hole diameter 0.5 cm. —m LDPE with hole diameter 0.5 cm.
—a— Active film —«— OPP MPF OTR 5,000-10,000 cc/cm2/day

—#—LDPE MPF OTR 5,000-10,000 cc/cm2/day

Figure 9 a* value (A) and b* value (B) of cos packed in different packaging during store at

5°C



46

UFTUIUNIA

3V A, 2506, a3TIneuasmelulaudinisiuieinuagnaldl. ddnfum
UINGIRENYATAIERNT. NTINN. 396 9.

Caiazzo F., F. Curcio, G. Daurelio and F.M.C. Minutolo. 2005. Laser cutting of different
polymeric plastics (PE, PP and PC) by a CO, laser beam. J Mat Proce Technol.
159: 279-285.

Cameron, A.C., P.C. Talasila and D.W. Joles. 1995. Predicting film permeability needs for
modified atmosphere packaging of lightly processed fruits and vegetables. Hort
Sci. 30 (1): 25-34.

Christie, G.B.Y., J.I. Macdiarmid, K. Schliephake and R.B. Tomkins. 1995. Determination of
film requriements and respiratory behavior of freshproduce in modified
atmosphere packaging. Post Biol Technol. 6: 41-51.

Chow, C. 2012. Microperforations for fresh cut produce packaging Available source:
http://www.precoinc.com/PDF/microperforating Chow.pdf. (3 June 2014).

Fonseca S.C., F.AR., Oliveira and J.K.. Brecht. 2002. Modelling respiration rate of fresh
fruits and vegetables for modified atmosphere packages: a review. J of Food Eng.
52: 99-119.

Fishman, S., V. Rodov and S. Ben-Yehoshua. 1996. Mathematical model for perforation
effect on oxygen and water vapor dynamics in modified atmosphere packages. J
Food Sci. 61: 956-961.

Ishitani, T, 2011, Packaging design for fresh produces, (Unpublished Manuscript)

Ishikawa, Y. and Y. Hasegawa. 1998. Determiantion of packaging conditions for selected
fresh vegetables. Food Sci Technol Int Tokyo. 4 (4): 274-277.

Jacxsens, L., F. Devlieghere and L. Debevere. 2000. Validation of a systematic approach
to design equilibrium modifies atmosphere packages for fresh-cut produce. LWT-
Food Sci Technol. 32(7): 425-432.

Kader, A.A. 1986. Modified atmosphere packaging of fresh produce. Outlook second
quarter. 3(20: 9-10.



ar

Mangaraj S., T.K. Goswami and P.V. Mahajan. 2009. Application of plastic films for
modified atmosphere packaging of fruits and vegetables: A review. Food Eng Rev.
1: 133-158.

Mir, N. and R.M. Beaudry. 2016. Modified atmosphere packaging. In: The commercial
storage of fruits vegetables and florist and nursery stocks. Agricultural handbook
No. 66. USDA. ARS.

Nunes, M.C.N. 2008. Color atlas of postharvest quality of fruits and vegetables. Blackwell
Publishing. 463 p.

Olsen, F.O. 1995. Pulsed laser materials processing, ND-YAG versus CO, lasers. Annals of
the CIRP. 44(1): 141-145.

Vanholme, R., B. Demedts, K. Morreel, J. Ralph and W. Boerjan. 2010. Lignin biosynthesis
and structure. Plant physiol 153: 895-905.

Winotapun, C., N. Kerddonfag, P. Kumsang, B. Hararak; V. Chonhenchob, T. Yamwong and
W. Chinsirikul. 2015. Microperforation of three common plastic films by laser and
their enhanced oxygen transmission for fresh.produce packaging. Packe Technol
Sci. 28: 367-383.

Zagory, D. and AA. Kader. 1988. Modified atmosphere packaging of fresh produce. Food
technol., 42 (9): 70-74 & 16-T1.



48

fanssun 2 mMsfneiduanzgrunlansay (micro-perforated fitm) Ingldiaiwasininines

\aBnongnsiiusnenald

1. WNEANIANTUNT ASITUNT
2. UNAINIUG FESYSIU

3. UNEANMUTHANDI NUTDY

4. URAINUNA GALAUN

Tauanzgrunaluasou an1nusseINasnwUad AISAUIIY ussasiue

va o

NIJY
Y

UNIVINTNYRTTIUIYNITALAY
N, NIUAVINTNEAT
UNIVINTNYRTTIUIYNITALAY
N, NIUIVINTNEAT
UNIVINITNBATTIUIYNTHLAY
N, NFUIVINTNEAT

U IMsnensUURNIS

MU, NTUIVINTLNYAT

AENARY

Keyword

PINUNNINTTU

PINUINTNARDY

U

eXp

e>2p

U

eXp

U

Micro-perforated film, modified-atmosphere packaging, storage, packaging



49

nsAnwidazsvualuaseu (micro-perforated film) lngldiawesinsninesinetineny
2 o v d = a s = o w =
mafuinwmald 1 2 meaes A 1) NMsAnwilauzsvualiaseuivangaudmiun1sEn
grgmsnusnynald wud wanzisdinenld@vesussygefidy OPP uay LDPE 1@1z3u1m
lumseu i OTR 15,001-20,000 gnuIAALEUALAT/AITUAT/IY d@wsaiiushvfigamgll 13
= v Y A o = a v 1Y) ! a
parwalgealauiy 30 Tu uasllethesnunieiigumgiviesasaniuial 3 Ju lnglinunisiin
nauRaUnAllenagn KaLzussylugaiduendin wasilan LDPE ldwigy amnsaiusnwd
gaumndl 13 sarwaled L 14 U diunanzussglugeiiay OPP uag LDPE 1ang3un
luasound OTR 5,000-10,000 gMUAAALELFALIAT/A1510UAT/TU Wusnelauaun 12 wag 10 Ju
°o w v [ N [y 8w v £
auddiv Tngdedinanmaneueniuingensu 2) manusnwwaldluanmussenadaudadagls
Tauazguualuasey wul wsihaiuguinenld@dnes ussageildy OPP uay LDPE 11z32un
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eenusigamgiiviesazaniuig 3 Ju lnglinunduiaunfidlonagn Weiuglsaseuuss

093l OPP wag LDPE 1anzsaunalunsou i3 OTR 5,000-10,000 ANUIANEURLUAT/MT1UUAT/
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w10 U wagilau OPP_uwaw, LDPE 11ggvualuaseu Wl OTR 5,000-10,000 gnuien

WURALAT/ANT1LAS/TU @usaBnetensiiusnvindaelylium 21 Ju



50

Abstract

This experiment aimed to testing the use of micro-perforated film to maintain
quality and extend shelf life of fruits. It was found that mango packed in OPP and LDPE
micro-perforated film with OTR 15,001-20,000 cubic centimeter per square meter per day
can be stored for 30 days and 3 days ripening at room temperature without off-odor occur.
Rambutan packed in active film and LDPE film can be stored at 13°C for 14 days. While
rambutan packed in OPP and LDPE micro-perforated film with OTR 5,000-10,000
cm’/m?/day can be stored for 12 and 10 days, respectively with acceptable external
quality. Mango packed in OPP or LDPE micro-perforated film OTR. 15,000-20,000
cm’/m?/day size 20x28 cm 1 fruit/bag can be stored at 13°C for 20 days and 3 days ripening
at room temperature without off-odor occur. Rambutan-packed in OPP or LDPE micro-
perforated film OTR 5,000-10,000 cm?/m?/day size 20x28 cm contained 6-12 fruit stored
at 13°C for 10 days. Banana (Kai) packed in OPP or LDPE micro-perforated film OTR 5,000-
10,000 cm®/m?/day can be stored for 21 days.
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mafushwluanimussemanaulas (modified atmosphere packaging: MAP) 1uns
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nsnaassil 2.1 nMsAnwiduazgrunaluaseuimazandmiunsBaaignisiiuine
wald

1. Sadnsinsmelavesuzaheinenliiszey mature green, firm ripe WAL ripe LY
Tsa3ouszozanud ionmgdl 10 15 wag 20 ssmnwaidos lasldszuuda dnnusasnsmnela
INAUNTT

dn5n15iela (mg CO,/keg/hr.) = AV. CO, difference/100 x head space volume (ml) x 2 x 1,000

weight ()
o AV. CO, difference = ALaABAIILLANAITDIAINIT LT UR AN SUaUlrpanlYALRAY
adadivn
head space volume = U31195909319n8Tuussiaue
weight = druinvewanna

2. hardnsnsmelavesuzinaiinentd wazzlsaiou wungalduussiue uas

a a ¥

UMTNUTIRRNE UAINBRTINTTURIUVDTIRENTA (OTR) VeslaUINGNHARDINTTLEE

[ = a

AU Igaunnileng ¢ (Ishitani, 2011) Inglaannis

Required OTR (cm?*/m?.day) = CO, produce per day x ¥
pouch area (cm?) /different partial pressure

e CO, production per day = respiration rate x 0.5 x weight (kg) x 24 hr.

2 = modified atmosphere effect of respiration by O, decrease

pouch area = Mufiinvesussq s

different partial pressure = (O, in air (%) - O, partial pressure inside
pouch)/100

O, partial pressure inside pouch = AU YBIMBORNBLAUlLUTIYSIUN

3. neapumsiuinwuzsithaenlyl wasnglsadou Tngldfdungsuualuasou oy

inA1gnsnsnelavesnaliudazyin wldlun1siansanAndendninn1STuNIUTeIAY
gaNTAUYDIHALLE VLN lUATOU

1 v ¢ gol v
&I%&I'J\i‘i/\l‘l«!ﬁq‘ﬂ'lﬂ@ﬂ‘l&l

v
a

1132190 AALADNNATNTIRIEY USIANNAINT TUIMTNwaLAINULANALREIAY U189

YIANUALDNN NIMLIAT ARYINalmirdaUssu 2 TaAlUAT LA NAIINA I URENSINTNNTE MY
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n55U3N 2 U35999Wdau OPP Lngmumlmsauﬁﬁ OTR 15,000-20,000 gAUFIf
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nsnaassil 2.1 nMsAnwiduazgrunaluaseuimazandmiunsBaaignisiiuine
wald
snsmamelavasuzinahnenliuazanslaadoy
flonmgfi 10 15 uaz 20 esrwalya uzananinenldfszes full mature f8msmamela
WU 20,51 38.86 Waz 66.35 Tadndumueulasenlud/Alandu/dalus audiu vugiissey
half ripe #8msn1sunslagetuidu 126,88 207.18 way 343.82 fiadnfuariveulnoanles/
Alansi/Tua mudiy drszahainentdfan (ipe) idasnsmnele 54.51156:80 uay 174.41
fadniuafueulasenlud/Alandu/dalue awddy wasinglsaFouldnsnsmelawindu 28.38
38.93 Wag 63.50 faanduiuaulaeenlas/Alansu/Aalue addy
dotha1dnsinsmelaveansiisinenliiuaziglsadsuwaziminussgsons 1
AIUERTINITUNILYIATeDNTLaU (OTR) vealauiindanansnsilleiiusnuilugeuu

20x28 Luflins Naunil B 5fay 20 aeAa@igesd NAN1TATUIULARAIAT Table 1 1310

a

Hsandnsinsmelavesuziinnenldssyzd1es wazlizlsasvuiionmail 20 ssawalyd

q Y

L3

$uiunIsAIAAzLY OTR VaeAUNNEANAABINIT WUTT OTR vesllauzsuuInluAToud

aeandesiudnsmismelavesusingtinenliuasiaglsuieu fe Wawazsrunlunsound

OTR 15,000-20,000 wag 5,000-10,000 QﬂmﬁﬁmuaLum/mi’mmm/’iu AUAIAU

Table 11 Require OTR of mango and rambutan when storage at 10 15 and 20°C (from

calculation)

Fruits Weight OTR (cm*/m?.day) need
(g) 10° C 15° C 20°C
mango (full mature) 300 915.63 1,734.82 2,962.05
mango (half ripe) 300 5,664.29 9,249.11 15,349.11
mango (ripe) 300 3,215.18 11,785.27 19,038.84

rambutan 200 844.64 1,158.63 1,889.88
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uzairaunanlyd
nsgeyideuviin

Watiusnwiuiu 30 Ju nauzdisussynaenseagnindnisagdsuintdnuinig

ETRE q

€

Wiy 9.20 Wesidud vausiinausinussglugaildusenfiniinisgadeuminiesiian iy
1.28 Wosidud diunauzdIuIINgIdunssuisdy 4 dnsgadeumtnUssann 2 Wesidus

=

(Table 12) m3Lﬁu%’ﬂwﬂuqﬁ\lémwa’]a§ﬂm&JaﬂmﬁqigLaaﬁmﬁ’ﬂﬁummammqw{ \leaanvinlir
Aeanmusseimedinudasneluussaias dalfngoondiausuazasveulasenludigs Jevzas
Sngrmamela shlindanaddnsinisaethanas uenaniidunaraingsinetesiunsssve
yesanwannaladndne (Zagory and Kader, 1988)
nsiAsuuUasdRaWAeN

Lifufduiudszninaiinvesiiduuasszeznainisiiuine nauzdhennssudsian Lx
anaudniosidlaiuinuidunaiuiy vty Tnsnauzanaussqlunsilduueniivdan L* dounn
fign udliumnsitaneaddunssudsou eniunauzinsTRelan OPP 1z gvunluATouns
OTR 15,000-20,000 gnU1ANLBURALUAT/AITIHUAT/IU FefiAa L ﬁaaﬁqfﬂ (Table 13) d@nfuan

b* Weliusnyiuiu 20-30 Ju nauzasussbugiilduwendinian b* Wesdign unliunne99in

'
o v aa A 3 =

n3sutuRg1lted Ay adflanusnEUIY 20 wag 30 Tu (Table 14) WaKaziegnILd

1% [
=

Aswasuwlanindu teun Sillewdstmnifenrdeadudiviemsedy aRnUdendsuaind
Fedudindes naslsiladanas vausfiualsiiuessifiudu (Brecht and Yahia, 2009) wiowauzaii
fifn b* iiiutunansimadmsaniuiy Seauzahaussglugdiduueniivl Sultutswrasns
Wavuulasdiudenvemanahldininngsuizou
AMULuLie
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Table 12 Weight loss (%) of mango packed in different packaging during stored at 13°C

Treatment Storage time (days)
0 5 10 15 20 25 30
Paper box 0.00a A 238b8B 358 cC 490b D 571cE 838dF 9.20 cG
Active film 0.00aA 037aAB 037aAB 098aCbh 0.64aBC 0.99acCD 1.28aD
OPP with hole diameter 0.5 cm 0.00a A 0.72aA 101bBC "1.18aBC 144DbD 214 cE 251ckE
OPP micro-perforated film 0.00aA 050aBC 042a8B 0.87aC 132bD 168bDE 204akE
LDPE with hole diameter 0.5 cm 0.00a A 059aB 063abB + 090a8B 1.49b C 217cD 252cD
LDPE micro-perforated film 0.00a A 0.49 a B 057aB 083aBC 121bC 176bcD 208bD

CV treatment 17.4% 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 by DMRT



Table 13 L* value of mango packed in different packaging during stored at 13°C
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Treatment Storage time (days) Treatment
0 5 10 15 20 25 30 rnean

Paper box 78.70 78.15 77.98 76.68 7578 72.77 72.53 76.08 ab
Active film 78.83 78.51 77.02 76.98 76.89 76.34 75.03 77.09 a
OPP with hole diameter 0.5 cm 78.95 78.62 78.56 7717 75.66 74.88 73.84 76.81 ab
OPP micro-perforated film 77.04 79.05 78.26 71.10 74.89 74.33 74.38 75.58 b
LDPE with hole diameter 0.5 cm 78.68 74.55 76.70 77.09 75.66 73.89 72.88 75.64 ab
LDPE micro-perforated film 78.85 78.01 77.81 76.19 75.01 74.53 73.68 76.30 ab
Storage time mean 7851 A 77.81 A 1772 A 75.87 B 75.65B 7446 BC 73.72C

CV treatment 3.8% 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



Table 14 b* value of mango packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 5 10 15 20 25 30

Paper box 37.02ab AB  37.37ab AB  3548aA 35.46 ab A 39.73ab AB 4238 b C 42.08 ab C
Active film 3594 a A 37.36 ab A 37.48 a A 36.53 ab A 37.13a A 38.92aA 39.24a A
OPP with hole diameter 0.5 cm 34.82 a AB 35.58 ab AB 34.47 a A 36.70ab AB  38.10 ab B 4436 b C 42.21ab C
OPP micro-perforated film 39.86 b B 3395a A 36.02 a A 36.59 ab A 40.42 ab B 4443 b C 44.06 a C
LDPE with hole diameter 0.5 cm 36.01 a AB 35.65ab AB  36.85a AB 33.53a A 3848 ab BC 4241 Db D 41.57 ab CD
LDPE micro-perforated film 3473 a A 37.87TbAB ~ 3659aAB  38.19bBC  4121bCD 4513bD 43.86 a DE

CV treatment 6.6% CV storage time 7.2%

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



Table 15 Texture (N) of mango packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 5 10 15 20 25 30
Paper box 2701aA 2573aA 28453 A 2656a@A- 1911bB 854bcC 777acC
Active film 26.63aA 2564aAB 2536aAB 2271bcB  2288aB 1462aC 8.11aD
OPP with hole diameter 0.5 cm 2620a A 2782aA 2600aA 2079bcB 17.20bC  8.02bcD 8.12aD
OPP micro-perforated film 2556 a A 2667aA 268laA 1947 cB 10.07 c C 6.40cD 585aD
LDPE with hole diameter 0.5 cm 25.18a A 2680aA 2473a A 2428ab A 1741bB 1032bC 7.67acC
LDPE micro-perforated film 2510a A 2588aA - 2592aA 1999cB 1159 cC 6.21cD 558 aD

CV treatment 14.1% CV storage time 15.6%

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 16 Total soluble solids (brix) of mango packed in different packaging during stored at 13°C

Treatment Storage time (days) Treatment
0 5 10 15 20 25 30 mean

Paper box 8.09 8.92 10.93 13.18 13.32 13.19 13.03 11.52 b
Active film 7.90 9.33 9.77 11.19 11758 12.88 12.59 10.75 a
OPP with hole diameter 0.5 cm 7.58 9.56 9.70 11.76 12.51 12.44 11.62 10.74 a
OPP micro-perforated film 7.53 9.38 10.28 12.35 12.57 12.00 11.72 10.83 a
LDPE with hole diameter 0.5 cm 7.64 9.51 10.28 10.83 12.60 13.33 11.72 10.84 a
LDPE micro-perforated film 7.86 9.33 10.71 11.22 12.63 11.72 11.87 10.76 a
Storge time mean 707 A 9.34 B 10.28 C 1176 D 1253EF 1259F 12.09 DE

CV treatment 18.1% CV storage time 18.1%

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



Table 17 Tritratable acidity (%) of mango packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 5 10 15 20 25 30
Paper box 277 aA 294 a A 274 a A 193 aB 1.75b B 0.79b C 059bC
Active film 257aA 2.60a A 262aA 226aAB 2352 AB 159acC 1.87 a BC
OPP with hole diameter 0.5 cm 2.63aA 272 aA 2.80 a A 198a8B 1.43 b BC 0.70 b C 0.67bC
OPP micro-perforated film 283 aA 2.85aA 2.55a A 181a8B 145bBC  1.07abC 1.08 b C
LDPE with hole diameter 0.5 cm 283 aA 250a A 243 a A 227 a A 1.69b B 0.86 b C 0.79b C
LDPE micro-perforated film 254 a A 2.60 a'A 263 aA 195a8B 1.63b B 1.08 ab C 085bC

CV treatment 21.0% CV storage time 23.1%

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 18 Weight loss (%) of rambutan packed in different packaging during stored at 13°C
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Treatment Storage time (days) Treatment

0 2 a4 6 8 10 12 14 16 mean
Active film 0.00 0.04 0.12 0.20 0.36 0.32 0.38 0.46 0.51 0.26 bc
OPP with hole diameter 0.5 cm 0.00 0.28 0.19 0.24 0.26 0.32 0.42 0.59 0.62 0.32 de
OPP micro-perforated film 0.00 0.04 0.07 0.12 0.19 0.20 0.33 0.33 0.36 0.18 a
LDPE film 0.00 0.07 0.13 0.19 0.33 0.34 0.45 0.45 0.67 0.29 bc
LDPE with hole diameter 0.5 cm 0.00 0.15 0.21 0.24 0:27 0.45 0.54 0.64 0.65 0.35e
LDPE micro-perforated film 0.00 0.05 0.12 0.16 0.19 0.30 0.37 0.41 0.51 0.24 b
Storage time mean 0.00 A 0.11B 0.14 AB 0.19B 0.26 D 0.32E 042 F 0.48 G 0.55H

CV treatment 8.6% CV storage time 10.4%

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



Table 19 L value of rambutan packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Active film 2540aD 3249ab A 2819abBcD  26.44aCD  2990abAB 2891 aBC 2879aBC 2721aBCD  26.41abCD
OPP with hole diameter 0.5 cm 2630 aCD  3072abc AB  2868abBCD 26.50aCD  3211aA 2878aBC 2574aCD 2561aD  2581abCD
OPP micro-perforated film 2637aCD 3309aA 31.08aAB 2560aD 2883bBC w27.97aCD 2846aBCD 2549aD  2842aBCD
LDPE film 28.08aAB 2894cAB 3042abAB 28.12aAB  31.15ab A 29253 AB  2788aB 2852aAB 2451bC
LDPE with hole diameter 0.5 cm 2648aCD 2985bcAB 2778 bBC 2735aBC . 3093ab A 2860aABC 2637aCD 2584aCD 2389bD
LDPE micro-perforated film 2555aC  3033abcA 27.78bABC  25.27aC 2961abAB 3058 aA  2658aC 27.18aBC 2570abC

CV treatment 10.9% CV storage time 8.7%

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



Table 20 a* value of rambutan packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Active film 36.65a A 2834 aB 33.04bAB 3257aAB 3196aAB 32473 AB  30.18a8B 36.16 a A 2981 aB
OPP with hole diameter 0.5 cm 30.13b B 30.73aB 3890aA  3023a8B 33.13a8B 32.15a 8 30.84 aB 28.03bB 30.50a B
OPP micro-perforated film 31.11b A 2834aA  3259bA 30.55a A  3167a A w3250aA 3049aA  2974bA  28.06aA
LDPE film 3048 b A 3222aA  3114bA  3220aA  2984aA  3363aA 2837aA 3085bA 2898aA
LDPE with hole diameter 0.5 cm 31.14bAB  32.19aA 3192b A 3084aABC.. 3092aABC 31.61aAB 2644a3aBC 2577bC 32.58a A
LDPE micro-perforated film 333dab A 3247aA  3111bA  3339aA .2827aA  31.79aA 2987aA 3064bA  29.65aA

CV treatment 16.3% 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



Table 21 Total soluble solid (brix) of rambutan packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 2 il 6 8 10 12 14 16
Active film 21.02a A  20.62aAB 2055ab ABC 2043aABC  2007aBCD  1947aD  1977abBcp  19.30ab D 19.67 ab CD
OPP with hole diameter 0.5 cm 2033aABC  2092aA  2072abAB  19.87aBC  2015aABC  1995aBC  2057amBC  19.70ab C  20.03 a ABC
OPP micro-perforated film 2055aABC  20.62aAB 2087ab A 20.10aAD  2007aAD = 1995aBCD 19.68abCDE  1893bE 1948 abDE
LDPE film 20.75aAB  21.38aA  2047abBC  20.10aBCD _ 1965aCDE 1950aDE 1938 bDE 1927abDE  19.00 b E
LDPE with hole diameter 0.5 cm 20.75aAB  2062amBC  21.15a A 20.72aAB. 2027aABC 20.15aBC 1987abBC 20.00aBC  19.77aC
LDPE micro-perforated film 2048 aAB  21.00aA 20.07bBC 2022aABC 19.82aBC 1860bD  1993abBC 19.53abC 19.42ab C

CV treatment 4.1% CV storage time 3.5%

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 22 Vitamin C (mg/100 ml) of rambutan packed in different packaging during stored at 13°C
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Treatment Storage time (days)
0 2 a4 6 8 10 12 14 16
Active film 54.95a A 41.19aB 4223abB 4148bB  3759bcBC. 3551bC  3390abcCD 40.10aB  30.19ab D
OPP with hole diameter 0.5 cm 4029 b AB  3736ab BC 4252ab A 3996 b AB  4034abAB  40.15aAB  3248ab D 3448bCD 33.81aCD
OPP micro-perforated film 4095b A  3448bAB 3826bAB  34.75cB 42.80.a A 40.44a A 3362abBCc  34.00bB  2952abC
LDPE film 4438b A 4138aAB 4441 a A 3788bcBC  39.02abcBC  41.19aAB  3590aC 3924aBC 2933abD
LDPE with hole diameter 0.5 cm 4038b A  3381bCD 3977abAB  41.29bA . 3561cBC 3835abaABC 3057 bDE 3781abmBC 2848bE
LDPE micro-perforated film 41.05bBCD  38.03abCDE 4223abABC  46.50aA 43.18aAB 403daBCcD 37.14aDE  3724abDE  33.62ak

CV treatment 9.0% CV storage time 9.8%

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 by DMRT
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Figure 10 Weight loss (%) of mango packed in OPP or LDPE micro perforated film (OTR 15,000-

20,000 cm®/m?#/day) during store at 13°C

80.00 45.00
B -
70.00 by | - 8 40.00
60.00 35.00
50.00 30.00
.00 . 2500
- © 2000
30.00 15.00
20.00 10.00
10.00 5.00
0.00 0.00,
0 5 10 15 20 0 5 10 15 20
Time (days) Time (days)
=& control —e— OPP MPF 1 fruit —m— OPP MPF 2 fruit
@it LDPE MPF 1 fruit <o gr LDPE MPF 2 fruit

Figure 11 L value (A) and b*
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value of mango packed in OPP or LDPE micro perforated film
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Figure 12 Firmness of mango packed in OPP or LDPE micro perforated film (OTR 15,000-20,000

cm?/m?/day) during store at 13°C
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Figure 13 Total soluble solids (A) Titratable-acidity (B) and vitamin C (C) of mango packed in
OPP or LDPE micro perforated film (OTR 15,000-20,000 cm?/m?/day) during store at
13°C



7

S

n1sgayideuvin

v '
= o L% a

Wgldussgge (geeuaw) dnsgadeuvidnunniian leedefiusneiuiu 16 Tu fin1s

o

gaysdeiinidn 20.09 Wesidud drunnzussygeiiduanzgrunluasounnnssudsinisgaydeiinin

v 9

&

% {

Wond1 1 wWesiud Liuandeiumead (Fisure 14) vsnmuazligtinludnunuinn wasdangvu
o I . ° ° Yy a & ada H ° v a a3 Y]
gaflvuidn 9 (trichome) Iuunnn ibmdinunalunisaegdr lvnatngiinsgadedimnidn
] < 1 o/ N a A S a o an o A2 o [ (3

9819790457 damalvinaiiien uaziinduina (dude wasA3dy, 2555) mawneiusnuwiluussasiue
Hdunarafniinsagdeuminiisadntes Falinswfeunvasdiuliontdesnimanizliussgg
FanmaiusnulugailduuenainazannisaydedminuadierzaonisiiediniaavedUdenas
5]
nsiasuLUasd

LENNSINISTAT L uaz a* anasdanuineiuiudu Inenshivssgge (gaaiuau) den L

D v Y} ] ae ada
uag a* Yeedign vy 12 Ju diusussygailauaissvunaliasauynnssudsie L wag a*
TnalAesiu (Figure 15A way 15B)
AMATNILAL

Uunaveaudsvisnuafiazansila wuin lflufduiusszninnssuisiusseziiainisiiy
$hw1 wynnssdsivnaeandsinunfiaganetlaluunneiaiu (Figure 13A) dmsuusuna
nsnfilnmsaliuazdnnfiug anasdndosdaiusnenduszezaiuuiy lnewglivssggs dsuw
nsnfilnmnsalaanniian wasynnssuisivsnaBaniiuglnalAesiu (Figure 16B-C)
AUBBUTIN

LHITUTIQIINNTIIITAUS LAY 10 Tu Tnefiezuuuanuveusiuluneeniu diune

Liussgqunuliuu 8 fu



78

25.00
20.00
g
2 15.00
2
°
£ 1000
5
g
5.00
0.00 B S |
0 2 a 6 8 10 12 14 16 18
Time (days)
—a— control —e— OPP MPF 6 fruit —m— OPP MPF 12 fruit
.- LDPE MPF 6 fruit <ol LDPE MPF 12 fruit

Figure 14 Weight loss (%) of rambutan packed in OPP or LDPE micro perforated film (OTR
5,000-10,000 cm?/m?/day) during store at 13°C
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Figure 15 L value (A) and a* value (B) of rambutan packed in OPP or LDPE micro perforated
film (OTR 5,000-10,000 cm?/m?#/day) during store at 13°C
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Figure 16 Total soluble solids (A), Titratable acidity (B) and vitamin C (C) of rambutan packed
in OPP or LDPE micro perforated film (OTR 5,000-10,000 cm?/m?/day) during store

at 13°C
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Figure 17 Weight loss of banana packed in different packaging during store at 13°C
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Figure 19 Firmness of banana packed in different packaging during store at 13°C
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Abstract

This experiment aimed to determine the effect of coating to extend the shelf life
and packaging for coated sweet pepper mangosteen and pomelo. It was found that the green
sweet peppers were coated with 1.0, 1.5 and 2.0% CMC could prolong shelf life for 24 days.
Control had storage life for 18 days. The red sweet peppers and yellow sweet peppers were
coated with CMC could prolong shelf life for 24 days and control had storage life for 21 days.
the coating can delay weight loss, color change of peel and pericarp of mangosteen and could
prolong shelf life for 20 days. Carnauba 20 and 25% concentrations could prolong storage life
of pomelo fruit for 35 days. Carnauba 15% concentrations and control could prolong storage
life of pomelo fruit for 28 and 21 days, respectively. The green sweet peppers:were packed in
micro perforated bag could prolong shelf life for 36 days. The yellow sweet peppers and red
sweet peppers packed in MAP bag, micro perforated bag and high-OTR bag could prolong shelf
life for 36 days. And mangosteen fruit packed in plastic basket could prolong shelf life for 21
days. While mangosteen packed in MAP bag before place.in plastic basket, corrugated paper
box and MAP bag before place in corrugated paper box could prolong shelf life for 18, 18 and
15 days, respectively.
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A1 b* Ae AuanssERUAmABs-nEY W b* fAnduuinavuanidnwausdivaes
Leziiiefuavazuansdnwardiniy Tnofdlodwing 0 unuansdeidvdesmdedthGuunniy
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2.2 \Wiuansindeuintifduussnouvesnsyuinnuituiy 15 Wedldusd naufuivauan
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NAaN153ukazaNUII8Na

nMsnAaedil 3.1 MINAILNEsIARURNTIVIINZAuABN1SINYIANATWHAAKAAR
nsnaassgesil 1 Anuiduduvas carboxymethyl cellulose (CMC) #ifinadan1siUAsuuUasgaunIw
vaswdnuauluszndnamsiiuine

NAFDUNITLAABURININMIUAIY CMC AuLdNdu 0.5 1.0 1.5 waz 2.0 1osidun Tunsn
1w 3 3 fio Aiden Auns uasBivdes iusnwnfigangd 10 ssaneadea Anutuduius 90-95
Wefidud uw 27 Yu nan1sveaeadudil
WINWIUEYD
migzy,l,ﬁmf'mﬁ'n

asedeuintistraonisaydothvinveminuudield Tnenaiinvuiiadeuiinde
CMC 2.0 Wosidud Insgadstniniiosfigaianadonasneignaafiuine 1.74 wWosidud
509a3HLA NanSnILTARaUsE CMC 1.5 Wesidud ﬁmiqiy}ﬁsﬁwﬁﬂ 1.85 1Wosidud du
NaN3NLALARBURE CMC 0.5 1.0 Wefldud wagninvudidernliindeviafinisgy el
LANANAUVNNERR Ao 2.05 1.96 way 2.14 Wasldus muau usegelsiniuninmuynnssuds
Lﬁaswznmmmﬁu%’ﬂmmu%{uﬁL‘U@%L%ufﬁmiqmLﬁsﬁmﬁﬂmﬂﬁﬁu (Table 23)
mMaWAsuulaslSinafgeandiaunazinsasuaulaeenled

Usnaigeandaulinenaeiunisaiiflutiaznisuds uazpasnszuzaInsiuine 27

(] [y

U USunaudnwesndauliiimnuwansnaiunieadd dmsudsununivaisusulneanloniunansn
MU EINARURIAIE CMC WU AR RLNNTULI T2 829a1NSAUSNYIUIUTY WaLAuuIY 27
Ju fvsuafigmsusulaeanledluma 0.41 Wesidud Fafieddaliasdslinuniufinunfisening
nsAuSnE WenasanluwsaznssuAswuI NansnIuAvAsURY CMC 1.5 wag 2.0 Wosidud i
Wesigudansueulnaenlenlunageian 0.38 way 0.39 Wesidud nua1iu s09a% Aenailniiou
fe CMC 0.5 waz 1.0 1Wasidud desuaulaoanlamviadu Ao 0.35 wWasidud drunansnniunll
wdouRafiiesidudrsueulaeenlydiesiian 0.27 Wesidud usegrslstanulinunduiaun@lunn
an 2 W a o a a A A ° c & &
N35175MaRRTe2a1NN5AUS N USunufigeandnulunansnmnuminiusuiusi 2-5 wWaswius
JzarNsavEaenIsankan1Tvielaveansnmuld wagUSuiuiwaisveulaeanlednas 5
Wesidud azaievzasnisildsunlasdidetvonddonlvdnadld (Otma, 1989; Exama et al., 1993)
nsiasundasdlaen
A1ANEIN (L¥) wazA a* venAiaududiden-duns Tuynnssudsliuanssiunaen
< W ' P | a8 a A A \ a A A PR A v
S28LIAINITNAUTAYI kazAT b* AUBNANEUNRU-ALEDY WU WINNUERENLARBURINIY CMC

2.0 Wosigus duuildunisilasuntasdnndudivdsstiniingsuisou
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AULVDINE

dlotnarauvesmdnmudidennein3as closs meter Wu31 kandnLTIAEeURIAe
CMC 2.0 Wosldust Tanuiangsiign 5.68 GU nandnmuditadeuiiame CMC 0.5 1.0 uay 1.5
Wosidus fanualaiunnsiafunisada Ao 5.01 5.06 waz 5.38 GU audsu drunan3nvnaud
lilsiadeuinfimunniiosiian fo 4.68 GU (Table 24)
Auuiuile

wud Watfudnwuiy 27 Yu nandnuuiindeuiingas CMC 2.0 Wesidud Sanuudwie
49dn 10.47 9afu sosaefie WEnuudideafindeuindis CMC 1.5 1.0 waz 0.5 Wesidud fia

Y 9

10.34 10.23 uaz 9.71 26 mudiy dauwdnmuitliindeviafidanuuiuiodifian 9.61 @
fu FuAnanuaninvnuiliindovininatuniinssuisautues azdiuldiwansamiuilindey
Fadinmsgadetiminuinnniminmiuitadeufinlussrieniafvinu Widsdumvaassos
Diaz-Perez et al. (2007) iy ilenandnmufivefidusnisaydothmingstulussninteniaiv
1w waninvuazianuutioanas
nslviANATIUY

AAZLULATNANTEINA WUt Tnanandoszaznainnifuinvuulunasiandnmu
indouiinfe CMC 1.5 wag 2.0 Wesifud dmanuangsiian 3.06 uag 3.14 AzuuumudIdy (Table
25) dhuwsnvmuitliinfeuinfidaruunnuantiosiian 2.67 Azuul druAIAzLLLATNAATEIT
ua Wi eszernanmalfuinuuiutiu arilanssianaazanasuRa ARt luLan$33s
laumneinefuneadn dmsumeazuuuanuiivewaninuudilen WeszeznansiAvinwiuiy
Jurrwiiuvesnatvgetu Tngfinvmuilindeufiafe CMC 2.0 wefidud waasfudesniingsuis

DU FINTINITOU 9 HAutiuussnaliuanmeiu

a =) a

a A A A2 W 1 | a Mo oa a & A

NINMMUAD WD US N IUIUTUNUN HANSNUNUNLLAFDURY dnasuiudsuludinges
WatAusneIuIu 21 S HansnnIuneaauRIsg CMC 0.5 Wosidud anaisudsudugindaauile
AUSNEILIY 24 U LasNansnmIuAaauaIe CMC 1.0 1.5 waz 2.0 wasidud anasuldsudy
a oA A 2 Y M o a a a a a A O a o« oA a
Avdandaiuuu 27 Ju wildnunduRaUnfveansnuminuadenianedauwas bilndauRinasn
S2ULIAINITAUTNE d1TUAIALLULANLBDULAETILUDINTNYNUELT LT UNISAADURIAAE
CMC Aadudusng 9 WU Weszesiain1siiusnuILuTuAIALLULANLYoUTAgTINTDINGA
PURAYANAY BINSNUNLAREURIAE CMC 1.0 1.5 way 2.0 wWasidud Wuineausuiilafusnm
yulaiAy 24 YU WSAMUAREDURIAIY CMC 0.5 Wasidus Wunseusuilaifuunulaiu 21 Yu

a av o A a [ cl' d' [ a LY
LLaS‘WiﬂWN‘LWIVLlILﬁﬁ’e]'UN’JLUUVIU@&JL&J@LﬂUUWUVLZJLﬂu 18 U
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Table 23 Weight loss (%) of green sweet pepper during stored at 10°C

Storage time (day) Average of
Treatment
12 15 18 21 24 27 treatment
Non-coated 1.29 1.36 1.70 2.37 291 3.23 2.14 bc
0.5% CMC 1.26 1.22 1.56 2.34 2.82 3.08 2.05b
1.0% CMC 1.18 1.37 1.52 2.01 2.67 3.00 1.96 b
1.5% CMC 1.18 1.38 1.38 1.99 2.41 2.78 1.85 ab
2.0% CMC 1.16 1.35 1.37 1.84 2.19 2.53 1.74 a

Average of storage time 1.21 A 1.34 A 151 A 2.118B 2.60 C 292 C

CV (treatment) = 4.4%, CV (storage time) = 3.6%

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

Table 24 Gloss (GU) of green sweet pepper during stored at 10°C

Storage time (day) Average of

Treatment

12 15 18 21 24 27 treatment
Non-coated 5.13 5.06 4.62 5.09 4.54 3.62 4.68 c
0.5% CMC 5.79 5.23 4.95 4.95 4.53 4.61 501b
1.0% CMC 5.90 5.21 4.83 4.87 5.03 4.54 5.06 b
1.5% CMC 5.90 577 4.69 5.27 5.01 5.67 5.38 ab
2.0% CMC 6.31 5.80 5.43 5.47 5.20 5.89 5.68 a

Average of storage time 5.81A 541 A 490 A 513 A 4.86 A 4.86 A

CV (treatment) = 13.8%, CV (storage time) = 13.2%

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

Table 25 Freshness score (score 1-5) of green sweet pepper during stored at 10°C

Storage time (day) Average of
Treatment
12 15 18 21 24 27 treatment
Non-coated 3.00 2.67 2.83 2.67 2.67 2.17 2.67b
0.5% CMC 3.33 3.00 3.17 3.00 2.83 2.33 2.94 ab
1.0% CMC 3.33 2.83 3.00 3.00 3.00 2.83 3.00 ab
1.5% CMC 3.17 3.17 3.00 3.17 3.00 2.83 3.06 a
2.0% CMC 3.33 3.17 3.17 3.17 3.00 3.00 3.14 a

Average of storage time 323 A 2978 3.03 AB 3.00 AB 290 8B 263 C

CV (treatment) = 14.5%, CV (storage time) = 10.5%

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
Fresh score (1-5) as 1= wilting very much, 2= wilting slightly, 3= freshness, 4= freshness moderate, 5= freshness very much
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WINUIUEUAS
nsgeyideuviin
4131AF0URY CMC Fevzaensgadstviinueaninunanudunls wWewiusneiuiu 27 fu

¢ =]

HaNsNIUARERURIRIY CMC 2.0 Wesidud Tnsgdetvinssminanmsiiuinwndesiign 5.23

[ 13

WWasidud (Table 26) WalUwANAI9NIIADANUNANSNUITUNLARDURINIY CMC 1.0 way 1.5

v
& & aa S o

Wasidud Niin1saqdstinin 5.59 way 5.46 Wasidud auadu drunansnuunlidindsuiiagl

Yy o

- ~a 3 o ~ ¢ 2 &

LWoLtuANTELdsUNnUNgIndn 6.18 tWasldun
nsilasunlasdsunuiigeandiaukazarsvaulaaenlan

U‘%mmﬁ"waaﬂ‘%Lﬁ]unﬂﬂsimﬁ'ﬁlﬂLmﬂﬁhqﬁuLLazamaﬂuszw’mmilﬁu%’ﬂm druusununie

¢ & 1 ¥ P | < o | | ) Dy

Asuelaeeanlenreutiazasnlusenitamsiiusnu liuanaaiulunnnssais
nsiasunlasdna

AANEI99098 (L*) Tuszwinnisiiusnenfeud 9 ugaziiulainnansnmuiindou
e CMC yanssansiuualduAmanuainesdgenimuaninuatunldindeuils diuen a* iven
AATE-ALAT NUIT LEIDT28ZAINITHAUSNEIUILTY NanS NI ulla1auTuELAsanas well

1 [y} ad 1 4:1' 1 < ,01 a = =] 1 1 ada |1 1

wansingiulunnnssuds wagan b* NuenAiruluidu-dmaes wuin Tuudaznssudsian b* L
LANMIAU
AULINVBINA

NANSNMINUNLARDUAIE CMC 1.5 haz 2.0 wWosidud da1aualiuandieafuni19ais
WU 5.83 wag 5.77 GU @ udeu d1unsnynuiedeusis CMC 0.5 wag 1.0 wasidus wazly
WMABURAITAIANULI ULARANAUNISERG WindU 4.46 4.85 way 4.49 GU auaifu

Y

A5 IAANAZLUY

ATAZLUUAIINANUDINALAYTINATIAIANAITEWINNITAUSIY 1AEANAZLULAIUAAYDINE

WU HANSNVIRIAPRDUR Y CMC dAAzkuuANanganiHansnmuiliniauily (Table 5)

¢ @ (3

AUAIAZLULANEATOITINANUI NaTiLAdaUA1Y CMC 1.5 Lag 2.0 lUosiius dAIAZLUUAIINEN
& ] acd A = = a & | |
Y8IU7g9NI1NTINTTOUAD 3.70 Uag 3.69 AruuU Fanuiedallnduanvestinal1unany ddudn
a ' a A A a v s & ¢ a N
AZMUUANTNVBIHANUTY NANTAVIUMATDURIAIY CMC 2.0 LUasidus Nadlaa1unsauuIniign
(Haulutosign) Wade 4.00 Azuuy Nuuiefansey Turueinsnrinudaddnisuindainziuy
3.52 pzuuu Aelludntos Jsdonndesiun1sgadsunninvueaNansnUANUIN NaNSNIIUERRS
nldirdeuinazindauiinnig CMC anududu 0.5 Westius Weatnusnwiuiu 15 Ju Jiesidud
PR Y] s & o v = a a0 o ! aad
nsgeyideinniin 5.86 uag 5.31 Wesldud audau Felinsgayidemingandingsuiseu uazua
WINUITUTULEAIDIMSLAL LA ZNATY LUULAEIAUIUNAABIUBY Bussel and Kenigsberger (1975)

Pnudn Wewandnmuiinsagydeuminidu 5 Wesidud seninmsiiusnwagyhlinansnmiu
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Table 26 Weight loss (%) of red sweet pepper during stored at 10°C

100

Storage time (day) Average of
Treatment
6 9 12 15 18 21 24 27 treatment
Non-coated 2.96 3.82 4.60 5.86 6.23 7.23 9.13 9.62 6.18 c
0.5% CMC 2.61 3.57 3.95 531 6.03 6.73 8.41 9.26 5.73 bc
1.0% CMC 2.55 3.15 4.39 4.57 5.71 6.96 8.32 9.11 5.59 ab
1.5% CMC 2.39 3.24 3.68 4.68 5.74 6.80 8.02 9.14 5.46 ab
2.0% CMC 2.14 3.02 3.88 4.16 5.32 6.37 7.81 9.16 523 a
Average of storage time 253 A 336 B 4.10C 492D 581E 6.82 F 8.34 G 9.26 H
CV (treatment) = 13.2%, CV (storage time) = 13.0%
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 27 Freshness score (score 1-5) of red sweet pepper during stored.at 10°C
Storage time (day) Average of
Treatment
0 6 9 12 15 18 21 24 27 treatment
Non-coated 5.00 4.17 4.33 3.71 3.67 3.56 3.22 244 2.25 359b
0.5% CMC 5.00 a.17 4.56 4.23 3.89 3.83 3.50 3.11 272 389 a
1.0% CMC 5.00 417 4.61 4.03 4.22 3.89 3.44 3.28 2.72 393 a
1.5% CMC 5.00 4.39 4.39 4.33 4.06 3.94 3.72 3.46 2.83 4.01 a
2.0% CMC 5.00 4.33 4.33 4.20 4.06 4.11 3.89 3.67 2.88 4.05 a
Average of storage time 5.00 A 4.24 C 4.44 B 4.10 CD 3.98 DE 387E 356 F 319G 268 H

CV (treatment) = 8.4%, CV (storage time) = 6:5%

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

Fresh 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 28 Weight loss (%) of yellow sweet pepper during stored at 10°C
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Storage time (day) Average of
Treatment
6 9 12 15 18 21 24 27 treatment
Non-coated 2.76 2.67 3.98 4.51 4.85 5.61 6.20 7.19 472 b
0.5% CMC 243 2.36 3.61 4.21 4.81 5.35 6.17 6.68 4.45 3
1.0% CMC 2.18 2.32 3.34 4.02 4.60 5.53 6.51 6.59 4.39 a
1.5% CMC 2.17 2.33 3.34 4.26 4.64 5.35 6.61 6.87 4.45 3
2.0% CMC 2.13 2.18 3.32 4.18 4.66 5.45 6.49 6.40 4.35 a
Average of storage time 234 A 237 A 352B 4.24 C 471D 546 E 6.40 F 6.75 G
CV (treatment) = 6.9%, CV (storage time) = 8.3%
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
Table 29 Freshness score (score 1-5) of yellow sweet pepper during stored at-10°C
Storage time (day) Average of
Treatment
0 6 9 12 15 18 21 24 27 treatment
Non-coated 5.00 4.44 4.16 3.94 3.83 3.88 3.71 3.44 3.13 382b
0.5% CMC 5.00 4.50 4.24 4.11 3.89 3.78 3.83 3.39 3.17 3.86 ab
1.0% CMC 5.00 4.44 4.34 4:27 3.83 3.78 3.61 3.33 3.06 383b
1.5% CMC 5.00 4.4q 444 4.06 3.89 3.94 3.67 3.56 3.39 392 a
2.0% CMC 5.00 4.56 4.39 4.20 4.00 4.11 3.94 3.71 3.44 4.04 a
Average of storage time 5.00 A 448 B 4.32 B 4.12C 389D 390D 375D 349 E 324 F

CV (treatment) = 3.5%, CV (storage time) =6.3%

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

Fresh 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 30 Weight loss (%) of mangosteen fruits during stored at 13°C

Storage time (day)

Treatment Average of treatment
q 8 12 16 20 24

Non-coated 0.80 1.26 1.62 2.18 2.87 3.52 380 c

10% Shellac 0.47 0.57 0.97 1.36 1.82 2.09 241 a

15% carnauba 0.45 0.80 1.10 1.68 2.30 2.53 280 b
carnauba : shellac 8:2 0.42 0.74 1.11 1.66 1.92 251 2.67 ab
carnauba : shellac 7:3 0.35 0.59 0.98 1.38 1.80 2.09 259 a
Average of storage time 0.50 A 0.79 A 1.15B 1.65 C 214D 255E

CV (treatment) = 9.4%, CV (storage time) = 10.3%

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

Table 31 Gloss (GU) of mangosteen fruits during stored at 13°C

Storage time (day)

Treatment Average of treatment
0 4 8 12 16 20 24

Non-coated 2.04 1.86 1.81 1.81 1.85 1.65 1.51 1.46 d

10% Shellac 3.35 3.10 3.11 3.03 3.16 3.18 3.10 3.00 a

15% carnauba 2.55 2.33 2.26 2.36 2.37 2.32 2.37 228 c
carnauba : shellac 8:2 2.86 2.55 2.43 2.54 2.48 2.40 2.47 2.41 bc
carnauba : shellac 7:3 3.09 2.84 2.74 2.81 2.78 2.67 2.71 262b
Average of storage time 278 A 254 8B 247 8B 251B 253B 244 8B 2438

CV (treatment) = 4.9%, CV (storage time) = 8.0%

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 32 Deterioration (%) of magosteen pulp during stored at 13°C
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Storage time (day)

Treatment
0 4 8 12 16 20 24
Non-coated 0.00 0.00 5.56 11.11 41.67 52.78 77.78
10% Shellac 0.00 0.00 0.00 2.78 13.89 25.00 44.44
15% carnauba 0.00 0.00 0.00 2.78 8.33 13.89 33.33
carnauba : shellac 8:2 0.00 0.00 0.00 2.78 11.11 16.67 38.89
carnauba : shellac 7:3 0.00 0.00 0.00 5.56 13.89 19.44 41.67
*Average of treatment
Table 33 Overall preference scores (score 1-9) of mangosteen fruits during stored at 13°C
Storage time (day)
Treatment Average of treatment
0] q 8 12 16 20 24
Non-coated 8.50 8.00 7.67 6.78 5.17 4.33 3.17 6.23 b
10% Shellac 8.33 8.00 8.00 7.33 6.61 6.27 4.67 7.03 a
15% carnauba 8.33 8.27 7.78 7.00 6.33 6.11 4.67 6.93 a
carnauba : shellac 8:2 8.33 8.00 8.00 7.00 6.33 6.39 4.50 6.94 a
carnauba : shellac 7:3 8.17 7.83 7.89 7.00 6.83 6.44 4.83 7.00 a
Average of storage time 8.33 A 8.02 AB 7.878B 7.02C 6.25D 591D 4.37E

CV (treatment) = 8.7%, CV (storage time) = 7.4%

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

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
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Table 34 Weight loss (%) of pomelo fruit during stored at 25°C
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Storage time (weeks) Average of
Treatment
1 2 3 4 5 6 Treatment
Non-coated 3.28 4.63 7.08 9.17 10:63 12.66 791b
15% carnauba 1.84 3.30 4.61 6.09 6.78 6.91 492 a
20% carnauba 1.46 2.84 3.64 4.99 6.55 6.89 4.39 a
25% carnauba 1.57 2.83 3.43 a4.67 5.95 6.25 4.12 a
Average of storage time 2.04 A 340B 4.69 C 6.23.D 7.47 DE 8.18 E
CV (treatment) = 10.5%, CV (storage time) = 10.2%
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
Table 35 b* of pomelo fruit during stored at 25°C
Storage time (weeks)
Treatment
0 1 2 3 4 5 6
Non-coated 30.26 aC 33.03a8 3417 aB 34.80aB 37.71aA 39.19a A 39.31aA
15% carnauba 31.59aD 30.76 a D 32.68 ab BCD 32.39 aCD 3592 ab A 35.30 b AB 35.01 b ABC
20% carnauba 3240 a A 31.49.a A 32.87 ab A 3322 aA 33.00 b A 33.04 b A 3340 b A
25% carnauba 31.44 a AB 32.63 a AB 30.38 b B 32.30 a AB 3346 b A 34.00 b A 3242 b AB

CV (treatment) = 7.1%, CV (storage time) = 4.8%

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 36 Softness scores (score 1-5) of pomelo pulp during stored at 25°C
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Storage time (weeks) Average of
Treatment
0 1 2 3 q 5 6 Treatment
Non-coated 4.00 3.44 2.89 2.67 2.56 167 1.72 271 c
15% carnauba 4.00 3.52 3.22 3.33 2.89 2.67 2.50 3.16 b
20% carnauba 4.00 3.78 3.33 3.33 3.11 3.11 2.78 3.35 ab
25% carnauba 4.00 3.78 3.44 3.44 3.33 3.33 3.00 3.48 a
Average of storage time 4.00 A 3.63B 3.22C 3.19C 2.97 CD 2.69 DE 250 E
CV (treatment) = 8.0%, CV (storage time) = 11.9%
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
Softening scores (score 1-5) as 1= softness very much, 2= softness moderately, 3= softness slightly, 4= firmness, 5= firmness very much
Table 142 Overall preference scores (score 1-9) of pomelo fruits'during stored at 25°C
Storage time (weeks)
Treatment
0 1 2 3 q 5 6
Non-coated 7.89 a A 7.8%9a A 733aA 6.56 a B 450 cC 4.17 c C 4.17b C
15% carnauba 756 a A 789 a A 756 aA 6.83aB 578 b C 483 bD 417b D
20% carnauba 7.78 a AB 7.89a A 7.11 a BC 7.01acC 6.83aC 5.83aD 483akE
25% carnauba 7.78 a A 7.78a A 7.33a AB 6.78 a BC 6.67 a BC 6.17a C 4.83aD

CV (treatment) = 14.5%, CV (storage time) = 17.9%

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
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Figure 21 Oxygen (%) (A) and carbon dioxide (%) (B) in green sweet pepper packaging during
stored at 10°C

Figure 22 L value (A) and a* (B) of ‘green sweet pepper during stored at 10°C

Figure 23 Weight loss (%) of green sweet pepper during stored at 10°C
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Figure 24 Freshness (scores) of green sweet Figure 25 Softness (score) of green sweet pepper

pepper during stored at 10°C during stored at 10°C

(1= wilting very much, 3= freshness, 5= freshness very much) (1= softness very much, 3= firmness, 5= firmness very much)

Figure 26 Overall preference (score) of green sweet pepper during stored at 10°C

(1="dislike extremely, 5= neither like nor dislike, 9= like extremely
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Figure 27 Oxygen (%) (A) and carbon dioxide (%) (B) in yellow sweet pepper packaging during

stored at 10°C

Figure 28 L value (A) and b* (B) of yellow sweet pepper during stored at 10°C

Figure 29 Weight loss (%) of yellow sweet pepper during stored at 10°C
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Figure 30 Freshness (scores) of yellow sweet Figure 31 Softness (score) of yellow sweet
pepper during stored at 10°C pepper during stored at 10°C
(1= wilting very much, 3= freshness, 5= freshness very much) (1= softness very much, 3= firmness, 5= firmness very much)

Figure 32 Pedicel disease/(score) of yellow sweet pepper during stored at 10°C

(1= non disease, 2= disease)
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Figure 33 Overall preference (score) of yellow sweet pepper during stored at 10°C

(1= dislike extremely, 5= neither like nor dislike, 9= like extremely)
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Figure 34 Oxygen (%) (A) and carbon dioxide (%) (B) in red sweet pepper packaging during

stored at 10°C

Figure 35 L value (A) and a* (B) of red sweet pepper during stored at 10°C

Figure 36 Weight loss (%) of red sweet pepper during stored at 10°C
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Figure 37 Freshness (scores) of red sweet Figure 38 Softness (score) of red sweet pepper
pepper during stored at 10°C during stored at 10°C
(1= wilting very much, 3= freshness, 5= freshness very much) (1= softness very much, 3= firmness, 5= firmness very much)

Figure 39 Pedicel disease (score) of red sweet pepper during stored at 10°C

(1= non disease, 2= disease)
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Figure 40 Overall preference (score) of red sweet pepper during stored-at 10°C

(1= dislike extremely, 5= neither like nor dislike, 9= like extremely)
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Figure 41 Oxygen (%) (A) and carbon dioxide (%) (B) in mangosteen fruits packaging during

stored at 13°C

Figure 42 Weight loss (%) of mangosteen . Figure 43 Disease score (1-2) of mangosteen

fruits during stored at 13°C fruits during stored at 13°C

(1= non disease, 2= disease)
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Figure 44 Acceptable eating quality fruit (%) of mangosteen fruits during stored at 13°C

Figure 45 Total soluble solids (%) (A) and titratable acidity (%) (B) of mangosteen fruits

during stored at 13°C

Figure 46 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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