msAnuiauRIzsvUInluasawiagnatensiuSnuinuazkald

Micro-perforated film for prolong storage life of fruits and vegetables
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21 Ju Mine13Us5y 150 n3u Tugeildy OPP w38 LDPE laegvuinluaseu OTR 15,000-20,000
ANUIARIUALLAT/A3190UAT/TU YUY 20x28 wuRuns iusnwlduiu 15 Ju dnussy
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ABSTRACT

Micro-perforated film allowed oxygen and carbon dioxide transmission more than
normal films, when used for fruit and vegetable packaging. It helps to maintain optimal
respiration rate of fruits and vegetables, retain moisture, maintain freshness and extend
shelf life of produce so this film is widely used in foreign countries in presently. The purpose
of this experiment was to develop and testing the use of micro-perforated film to extend
shelf life of some fruits and vegetables. This experiment was conducted during October
2015 - September 2021 at Postharvest research and development division, Department of
Agriculture. The result was found that optimum parameter for drilling OPP and LDPE (with
30 pum thickness) with laser marker (KEYENCE model ML-29500 Series) are 1,000 mm/sec.
scan speed, 20% laser power and 500 mm/sec. scan speed, 30% laser power, respectively
provided hole size 115 and 70 um, respectively. For the evaluation of micro-perforated film
used for vegetables, it was found that butterhead 100 ¢ packed in LDPE micro perforated
film with oxygen transmission rate (OTR) 5,000-10,000 cm?/cm?/day size 20x28 cm could be
stored for 21 days. Yard long bean 150 ¢ packed in OPP or LDPE micro perforated film OTR
15,000-20,000 cm?®/cm?/day size 20x28 cm could be stored for 15 days. Coriander 50 or
80 g packed in OPP micro perforated film OTR 5,000-10,000 cm?/cm?/day size 16x35 cm

could be stored for 18 days. And baby corn 100 g packed in plastic tray and covered with
OPP or LDPE micro perforated film OTR 5,000-10,000 cm®/cm?/day could be stored for 20
days. All vegetables were had acceptable quality. For the evaluation of micro-perforated
film used for fruits, it was found that mango packed in OPP or LDPE micro perforated film
OTR 15,000-20,000 cm?®/cm?/day size 20x28 cm could be stored for 25 days and ripen at
room temperature within 4 days without off-flavor. Banana packed in OPP or LDPE micro
perforated film OTR 5,000-10,000 cm?/cm?/day size 20x28 cm, could be stored for 14 and

35 days respectively, with unripe. Rambutan packed in LDPE micro perforated film size

20x28 cm. 6 fruits/bag, could be preserved for 14 days, with acceptable external and eating
quality.

Key words: micro-perforated film, modified atmosphere packaging
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(passive modified atmosphere) Juanimussermadaudasiiiing udrednaana Tnsann
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PABALIA UBNANT] nsuSnyINAANaan lugaiaunaann Hatheanmaiinsosiiiiavessdnug
PrwannsUulouvesmdnnaszuninenisdants annisgapded destumaunsnszanenisiinde
nuAnKand UGB nuanNant (Kader et al., 1989) N15&5198n1MUsS8IN1FARawlasntely
vssydaiiu fnussnaliudazeinininudosnsiduidsns nsduruvesiaunanaiady
desnniidnsnsmelaiisineiu laeilvaudfinsdusiuvesfmvesildunaraindniiansanis
§asnsTusiureafinresndiau (oxygen transmission rate: OTR) MlussAamifimsnzauiu
wannanugiunsiansoumgiiiusnuiimunzay aansatisainanzangluussgiamiam
TWsnsnsmeleanas deavazasnsgnuaznisidenaninvessdnna (Ding et al., 2002; Zagory,
1997) IngU3unnveseondiaunisluussgdusideuismeLitelivi ldiAnnsmelanuulald
pendlau FeazThlvnannaiEedatu (Zagory and Kader, 1988; Mir and Beaudry, 2016)

flduwanainfianldussasinuazsalslneialy 1wy wedlefidu (PE) wedlwsfiau (PP) sindl
§asnsTunituvesingoendiauni lnedsnsnisdururesiveendiaueysewing 1,541-3,750
QU LURALIAG/A3anS/Tu (Mangaraj et al,, 2009) mstanesvualuaseududnmadenyils
Tumaiingnsmsdusiuvesfiwoondiauvesitdy uenmilionnnisldinaianisuiulaseadig
wodleimemaAnasuudaileliduisnsnsdururesinegs deidunugaesdulllfen
Tumameadiafiazndnilaalsisidn OTR fivannvans mslfiawesiilenzaunnlusseugnianldidu
szeziannIt 10 U uazdunsyuaunsiidufivenivlunanussgdasiuvudangu (flexible
packaging) waluladnsianzsieiawesiimaiaunliinimi awnsaizgldsusisnasasiae 3
YAINgay kazaunsaltiuilaulavanvangviamuanudenisves ldny dndnnnsyiauae
anuduveasazgngadulaeiidy Gazhliflduinmuieuauazans whsemenaneiduleluviui
shliAnguuadniuuuiidy Tnedammsduihuvesiedwuiidunessunaluaseuduogfuua
WaE11IUS197% (Chow, 2012)
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AR PN VDI (A93umn3, 2565; Winotapun et al., 2015) Wesnwsamamnelovesinuay
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1. ussydnst 1iun fidumedlnsiduninisdadosta (oriented polypropylene: OPP) fldu
weAlefidunnumuuiug (low density polyethylene: LDPE) Hduueaiin (M-tech 4)
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ARG (low density polyethylene: LDPE) a37u%u1 30 luaseu unsidevaNURves
Waw Ton AUsU 8RTINSTUNIUYBIR1980NTLAU (Oxygen transmission rate: OTR) 8R31113
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Fun1uveslou (water vapor transmission rate: WVTR) 21014 41d198 19HauLagoun1siany
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2. gnwmsinusnednluanmussemasaulasiagldfdaanzzunalunseu

wisunannanliinmaaes liun Samesien drilnon #nd uagdnlneingou lae
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ud 10337l A s LN 3313 19ukUN1INAFBILUY split plot S1UAU 6 51 main plot F
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(YAAIUAL) UTTIQIWAN OPP uag LDPE 11e3vualuaseu OTR 5,000-10,000 gnuieilagufuns/
FNTIUAT/TU (VUIADI 20x28 LWURINT)

filnem 1 5 N33 Ae liussans (YamuAN) UTIINSTEN OPP LazualuAseu OTR
15,000-20,000 gNUIARLIUFALIAT/M1T1UAT/TY 5’1%1‘1%33@ 150 way 300 N3U US3999 LDPE
Wizgrunaluasou OTR 15,000-20,000 gnUAARILALLNT/AT 1T/ U Yntnussy 150 uas
300 N3Y (YUAR 20x28 LYURLLUAT)
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8 3 TUIANS 16x35 LuRiunas (S) Uminussy 50 n3u (yaAIuAN) UTIINIAFL OPP 191231UM
luAseu OTR 5,000-10,000 gnuiAisufiuns/mams/fu aungs 16x35 isufiuns () twiin
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ATUAL) UTTAQITAL OPP wag LDPE Wgguunaluasaw OTR 5,000-10,000 @nuidisufiuns/m31
WA/ UTTIDNANANEANY UA 80 TlaN OPP wae LDPE La1ejuualuasew OTR 5,000-10,000
ANUIARIURALINT/MTIUUAT/TU (VAR 20x28 LURLIAS)
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(Townedian Aaa 648ne17 waztlnadngou) Tadaeia3es digital refractometer USuna
Aaplsias (N%) Mu35ves Mackinney (1941) LagUseliiuaAMAIMNNNIEAINLAENIUTEAIN
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AZLUU 9-point hedonic scale
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ugahstiaenlsl U359 1 warens & 6 n33u38 fio UsITNABINTEATERNYN (YAAIUAL) UTTY
eilduneain UTIIAL OPP uaw LDPE W1w3vumdusnaudnats 0.5 wufiuns 147U 8 §
U9999Wd1 OPP way LDPE 11z33u1nluasou OTR 15,000-20,000 gnulAfilaudiamns/m1519
WA/ TU (UGS 20x28 LYURLLAT)

naqely U35y 6 Nasiend d 5 N55U35 A0 UTININEY OPP wag LDPE 131230U1A
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113l5UTHY UTTY 6 NaReny/a1n 1 5 N35UIT Ae UTTIMANANERNUWR WiNMmETaY PVC (Y0
AIUAY) USTR09MAL OPP Uay LDPE W1zguunaluasen OTR 5,000-10,000 gnuieilagufung/m1sn
WRT/TU UTIIDANERNUAIVNAI0 AL OPP wag LDPE 11wgvwinluasau OTR 5,000-10,000
ANUIAREURLIAT/FANT1UUAT/TU (VUIRGT 20x28 LBURLLNT)

ihlUiAusnufigumgd 13 ssmwaldea guainsI9aounuANANTEIEIIaNT AU
Taun miqzuwt,ﬁsﬁ;mﬁfﬂ nswasunlasd Sameniesind Anuuduie Tadieindes texture
analyzer Ussnavosudsianuaiiazanetild Yadasiades digital refractometer Usuimnsadl
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1. Msfniduzgrualuasaunelvladnsinisdusiiuvasingniudonis

AuURAYaINaY OPP way LDPE wanisd Table 1 laadl9g19laufiinuinnassdiananuvun
30 lupseu 8 OTR 327.26 uag 1,193.32 gnUIAALGUAWAT/MISIUAT/TU ANEIRU wasd WVTR
WINAU 4.20 kag 10.90 NSU/M51URT/IU AUAIGU

N1349723 AN OPP AN 30 luaseu faemnusiaunu (scan speed) lugas 300-

a a a =l o 4 & @ I3 v ¥ 1 &
1,500 dafiuns/Aunil Masalwes (power) 20 Wosidus a1un3aiRne3lavuInldur1AugNang
se1319 50-115 lupsou Tnen1sldmnuisianny 900-1,500 daduns/Aui GRIQFAIE RPN
lé’mmmLé’um@uéﬂmqa:ﬁ%auaﬂdwmmL%mmuszm 300-800 UadtUMT/AUT AIUU AN
a ¢ o ) =~ < A a A o w & f & & =

WSEmesAmMIUNISRIES A ANISIARNU 1,000 Tadiuns/Aui Masawes 20 WWesidud 3
a1unsnineglivuadurtAgugnatsssana 115 luaseu dmsun1sianesilay LOPE Auviun
30 lupseu semnusrawnulugag 300-1,500 Taduns/Aud fduawes 30 wWosidud a1u1so
LnglﬁﬁummLé’umﬁqusﬁﬂmqiwdw 60-90 lumAsou LLazLﬁaﬂwwmﬁma%ﬁm%’umiwwg R

I A a a S o w & ¢ o & ¢ ¥
AULSIAUAU 500 TAFIUAS/AUT Advalees 30 Wosidud geaiu1saianzglavuin
wushgudnaneUszana 70 luaseu dnuazaegiazuanin Figure 1

AMAINYBINITHINTIALLAYDTUUDY AUNITAIAINITITLMBTIUNITIANET LU AN89209
LALY3 ANINEIAAY WA 99172 (pulse duration) 8751115897 (pulse repetition rate) Wag
SNuUzYeITan WU via ANUNYT YIaveEIsANLeY N15U1ANTOU ATNNAIUTBY
(Winotapun et al., 2014; Caiazzo et al., 2005; Olsen, 1995) 31ANANITNAD DI WU YHAVDI
TaudnasevuInduEANgNA1909341e LiBLe AL OPP wag LDPE Ndauviun 30 luaseu
wiriu Tagldrnusuarmanawesszauieriu vuadurdigudnarsgiaisvesildu OPP aglng)

'
o 1

nindurIgugnatsganesiidy LDPE Weiliiiosanfidu LDPE fidn thermal diffusivity sn
fldu OPP TngAn thermal diffusivity tunuamsavesiagsdonisihauiou dmiuianii
thermal diffusivity g¢ AuFeuazindeudiniuléisy Wesnaginnufouldls Weifieuiu
USinmsnuqauieu vide thermal bulk ety gugsunalunsouuuianiiil thermal diffusivity

genindedivwinlugindt (Winotapun et al., 2014)



yndeensilduanzguualunseudid OTR oglugas 5,000-10,000 10,000-15,000 uaz
15,000-20,000 gRUIAALEUAIAT/ANTIMUAT/IU VUING 20x28 LEURIIAT (130 16x35 Louling)
fouanzgildy OPP aumun 30 luaseu feamsawny 1,000 fadwns/Auil Mdsawes 20
Wesius 31u3U 7 12 uay 16 § aud1au wazianz3ildy LDPE Aaumiu 30 luaseu faeaanus,
aunu 500 dadwuns/Aui Masawes 30 wWesidud 31U 4 15 uag 22 3 audnu (Table 2)
Sasnsindeuivesfnurinuiiduatyy unasiuvesnsuriuresfineriugian: wagm i1y
vosfesiufidumanain Taeviluudnsivashuvesfnetaueiuginizazgininisiadeuiives
esuildunatadin (Fishman et al, 1996) N15MAYBININIUTAILUUIA 1 TAGLUAT VUTAY
LDPE Av1amun 25 luasou eumiiunisinariusesfieiiufidumuaiuil 05 asrauns (Vi
and Beaudry, 2016)
2. fnwmsnusnednluagnmussemadauladagldfduazgeunnlunseu

Uninaiien pasnszaznaniusnwIuiy 21 1u Jnnesionussqgqeilay OPP w3e LDPE
rgeualuaseu OTR 5,000-10,000 gnuiAfiguRiuas/manauns/fu Inisgadetnintos
i 1 wWesdud liunnsrafunsussggeilduliionzg Fsmaidusnuindnnalugeildueizsunn
luﬂiauﬁd’gaamﬂﬁqulﬁaﬁmﬁﬂlﬁﬁ neiifgumanafndulnginliveuliiFusuld Tneauty
duins aneluvssyfarfldunnzguasliinnesdlnginlndifetugndu dadeledn naiaeg
EnTRarasEFUANLTUguTMS LA (Mir and Beaudry, 2016) dlofusnwiunu 21 Ju N
nssuERvRInuvedsmuaiaraethldliunndnefy Shimesienussenaidy LOPE 1iggaun
lunseuiidivdesosiign Ao fewansanududindos (b*) wae 31.56 (Figure 2) Tnimosion
U53909IdY LDPE 191z3vunalunsou annsafuinuilduiuiian 21 fu lnefazuuumnuveusom
geiiande 6.19 Azuuy vuzfivhneslenussyneldunenin uazqelldy OPP L91g3uUIn
urnAugnans 0.5 wufwes aunsafiusnelauiu 15 fu dudanesienussggeiidu OPP uax

s

LOPE laila1eg gaildy OPP 1a1g3uu1nlunseu waggaflay LDPE 191g3vuiad ul1augnans
0.5 wufung annsaiuinwlaui 18 Ju Fsmsussggeiiduanzgvunaluaseuaansaiuinm
Ieununingeiilimly feqsliianzg vieinzsvuindusingudnans 0.5 wufing 3-6 Ju
daifnenussylunefiduanggounaluasounnnssuisinisgydeumingssndn
1 wWedidud vagiitaiinenliussanaiinisguydedimiingsgn 31.87 wWedwud naeasvozaniv
w18 Yu dailnermnnssaisianuwiudeliunndnatu ogsewing 22.16-26.19 s e
Ausnundusreznauiuiu faiinenusstlugdiidmanesruneluasouiivinuvendsimuni
avaneildanaudntes (Figure 3) faflnenussyasfidunizguninlunsounnnssuisifiosnuld
uuninslaiugsggs 6 $u Aeanunsafuinwilaun 15 $u Taefiezsuuunraweurmiduiivensu
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Table 1 Property of OPP and LDPE film.

film thickness oxygen transmission rate  water vapor transmission rate
(Lm) (cm®/m?/day) (g/m?/day)
OPP 30 327.26 4.20

LDPE 30 1,193.32 10.90




Table 2 Number of holes and parameter for drilling for OPP and LDPE micro-perforated
film with OTR 5,000-10,000, 10,000-15,000 and 15,000-20,000 cm?/cm?/day.

film OTR Scan speed Laser power No. of
(cm?/cm?/day) (mm/sec.) (%) holes
OPP thickness 30 pm 5,000-10,000 1,000 20 7
10,000-15,000 1,000 20 12
15,000-20,000 1,000 20 16
LDPE thickness 30 um 5,000-10,000 500 30 4
10,000-15,000 500 30 15
15,000-20,000 500 30 22

Figure 1 Characteristic and diameter of hole of OPP film (thickness 30 um) when drill with
scan speed 1,000 mm/sec., laser power 20% (A) and LDPE film (thickness 30 um)

when drill with scan speed 500 mm/sec., laser power 30% (B).
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Figure 2 Change of weight loss (%) (A), b* value (B) and TSS (brix) (C) of butterhead packed in
different packaging during store at 5°C.
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Figure 3 Change of weight loss (%) (A), firmness (N) (B) and TSS (brix) (O) of yard long bean
packed in OPP and LDPE micro perforated film (OTR 15,000-20,000 cm?/m?/day)
during store at 5°C.
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Figure 4 Change of weight loss (%) (A), b* value (B) and chlorophyll (ug/g) (C) of coriander
packed in OPP micro perforated film (OTR 5,000-10,000 cm®/m?/day) during store

o
at 5°C.
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Figure 5 Change of weight loss (%) (A) L value (B) and TSS (brix) (C) of baby corn packed in
different packaging during store at 5°C.
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Figure 6 Change of weight loss (%) (A) b* value (B) and firmness (N) (C) of mango packed
indifferent packaging during store at 13°C.
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Figure 7 Change of weight loss (%) (A) b* value (B) and firmness (N) (C) of banana packed in
different packaging during store at 13°C.
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Figure 8 Change of weight loss (%) (A) L value (B) and browning score (C) of rambutan packed in
different packaging during store at 13°C.



