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ABSTRACT

Three kinds of hydroponic vegetables (Butterhead, Red Oak and Spinach) were selected
in this study. Two types of plastic bags, i.e., FF3 (bag 1) and LDPE 2 (bag 2), and two conditions
of temperature (4 and 10°C) were used during storage. Measure the amount of oxygen and
carbondioxide in those packages and examine the quality changes such as color, appearance,
weight loss and chlorophyll of those vegetables. Samples in bag 1 and 2 at 4°C, respiration rates
of Butterhead were 81.44 and 160.26 ml [O,] /kg.h. Red Oak were 121.08 and 222.67 ml [0,]
/kg.h. Spinach were 143.55 and 222.75 ml [O,] /kg.h. The respiration rates of those vegeatables
at 10°C were found to be higher than at 4°C.

To examine the quality changes of vegetables, the weight loss of Butterhead kept at 4 and
10°C in bag 1 had 12.80 and 15.87 % in the first week of storage. For Red Oak, it was 17.48 and
19.84 %. The result revealed that vegetables kept at 10°C having a higher weight loss as
compared at 4°C. Similar result was observed in Spinach as well. When chlorophyll content was
measured with Chlorophyll Meter in SPAD-value, the values of Red Oak kept at 4 and 10°C in
bag 1 at the 11" of storage were 30.70 — 27.18, 33.55 — 18.94, respectively. For Spinach, the
SPAD-value were 25.69 — 19.56 and 26.89 — 10.10, respectively. Samples in bag 2, at 4 and 10°
C, have chlorophyll content lower than bag 1. The results showed that the quality of samples kept
at 4°C were better than kept at 10°C. Moreover, bag 1 can prolong the freshness of vegetables

and can retard the percentage of weight loss in every condition as compared in bag 2.
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Label Title of the label (including the translation of the  Origin and description
Thai text on the label)
_— Hygienic food The label was originally used on produce originating from the
“an 3 Pilot project for hygienic fresh vegetables and fruits  “Hygienic fresh fruit and vegetable production pilot project™
waly - Hygienic fresh vegetables and fruits - Department  that was initiated in 1991 by the Dept. of Agriculture (Ministry
U of Agriculture of Agriculture and Cooperatives). In the project, the use of

synthetic chemicals is regulated and controlled. The label is
meant o be replaced by the new ‘Food quality and safety” label

(below)
Food quality and safety This quality and safety certification label is given to agricultural
m Ministry of Agriculture and Cooperatives - “*Safe dities and food products that conform to the standards
Co Food ™ established by the National Bureau of Agricultural Commodity

and Food Standards (Ministry of Agriculture and Cooperatives)

Pesticide-sale vegetables The Ministry of Public Health assigns the label 10 retailers who
Quality certification for taxic sub contral - conduct tests for toxic substances before selling the products.
Department of Medical Science ~ Ministry of Public  The label is used on fresh food products that meet the safety
Health requirements of the Ministry of Public Health

Organic Thailand The official organic label by the Department of Agriculture, It
Organic Products indicates that the product has been produced according to the

organic farming standards set by the Department of Agriculture

Organic Agnculture Certification Thailand (ACT) These products are certified organic by Organic Agriculture
Certification Thailand (ACT), a private certification body
accredited with IFOAM since 2001

IFOAM Label of the International Federation of Organic Agriculture
Movements (IFOAM). Although IFOAM does not certify
72 organic farms itsell, the labe! can be used by certifying bodies

accredited by IFOAM

ami 2.1 Thefusesemsilasansid g ludsumaing

111 : IPM-DANIDA, 2003 ita2 Eischen ef al.,2006
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* 11U = retinol 0.3 mg, beta carotene 0.6 mg.
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HAANALAZ TN BUNINAINNIIM1019420 (Deshpande et al., 2002) 1Y NMTNAADA
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- VoA ad d o & X ° a o
uaz 12 osrnaion wuduileguugiinldlumsinusnyuiiugelu dnnznanziisasims
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w P VAR 1 & a A ¥ 1 - -
Tavsanmsnfaounlasmaniiozinin 2-3 i egumiitiugaiy 10 ssruraiFoe Gon

L) o ey ﬂ.’ " é - r ey 4
M3AAY 301191 Temperature Quotient (Q10) FuTlumsnFouifivusasvenlfnsvuile
gamgialasunlasly 10 esrueaidua a1 Q10 Tumsmwlelugae 0-20 eerwsaidoa vl
Alszinm 2-3 /1 Q1o WumiivhIiaunsamansusanmadonanmyesnanin ldns1ag
Kader (1986) la3waudasimsmelavesdinma linifusnuyi s ssrwsaidod 9y sasins

s

wwlvesegu ueditfa siurda e 5-6 (mg CO/kgh) 8asimsviwlavesuTonlng ia 02 fn
T d

Tuw fiv 110191 60-70 (mg CO,/kg/h) Tun15NANBIVDS Fonseca et al., (2005) 1AANYINITIAY

o o o & A [2d =) o g4 w -

FNYIAN Galega kale luamwaaudasusseimadaiifSnamaesndouna ifusnuin
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Quvgil 20 esrnalu wunmMsinuinu luanmdinanannsnrzassamsmele ms
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L. dannemsazaungadoly
2. Janmfmaiaeondiouiign1dly
@ o < o'
3. TannmfEnamamiveu laven ladiinweonun
a 14 o a J = o
4. Jannufeunifaiusinmsn/asunasveanda

o o

an v @ aa o A - a =
]ﬁﬂ'li’lﬂﬂﬂi'lﬂ‘]i"1U1ﬂnuﬂuﬂuu‘] flo ﬂ‘li‘]ﬁﬂ1maﬂﬂﬁﬁkﬂuﬂgﬂ1ﬁﬂllﬁz‘lﬁﬂ1‘ﬂ
o

mivoulaeen ludiiniwesnin aunisilflumsiafaeondinuiign1dluas Safa

miveulasen luanmuosnudiaunms (2.2)

Respiration Quotient (RQ) = USinamamiueulaoen ladiignmoosnin - (2.2)

Wunumaeendiauiignls

o 2 % i . 1 oo [ [ o ot
AU Respiration Quotient (RQ) ﬁluﬂ1ams1mu1m~1ﬂ?mmm=nmmau“Iﬂaaﬂ‘hfﬂn
- J 1 - H
navuNNIzUIUMInIe linetSinavesmaeendounld (@uvi, 2546)
5 .3 s o ] - o ] =Y -~ -~
Tasmsnwlanussyunviledesneg Ao Tedunioly iy ¥Hiavesiy vuiavesiy
4 1 5 s L _
MINTDVAIMIUTITUNIA M NVBITIUNUYINT tazilesuniouen @y quugll NMwie
o 9 g 4 = (4 ¢ o (74 = o o [
nau ANuvIuveInesngauazmiveu laoon laq (Hudu fMwesndeusutludmiy
s AT - vy > o o s
Msn1olavesrn msiziiiaiwevesiyez 1¥Maeondouuas 18n19n13 vey lasen sy
o+ < 1 o —
HARAMA AINUANMTUTUYDIRIBNG 2 veilnadesasinisnielavesity o1niadnd
a o =
Usznouldueendiou 21 % uazmiueu'lasonlad 0.3 % miaaSuiumseonduLay
<4 o 7 ¢ dd ns ¥ v L
mufSuumamiveu laeen leduesussomandumsudiumsaannududuvesaisas
a a W =2 W
AunazmuauuduvBIHAAT MYt FIrInandns s 1vean1in1ole’ld Kader, (1986) 14
MwnusamInelvvesdnma i s esmeaidon 1wy sasinmsmelavesegu uetila sy
W33 A9 5-6 (mg CO/kg.h) BATIMIMIwlevssuSen Ind tia 62 fnTuy fie 11NN1 60-70 (mg

CO,/kg.h)
2.2.3 MM (Transpiration)

o o/ - - g é ’ 4
Anuazra indsnmsnuinesziiansmolaweznsmehadasadenms g
4 @ - - J A - =t 2 o w o 14
uminveswanaa lavdndiisitenyziinusudiinidszuuiovas 99.00 - 99.50 n1s
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annveInnuiulueimaniemsanasvesnnuau lovhiina Idiiloidovesiminnis

- ! a 3 aa ar 9 as a o - ’o‘ - o et
quidnr Tassziiavunivesdnuaznalyl dnlusslisasimsgapdoitigs dnuazwalali
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(Biomaterials) N1n1u19110U 14193201 (biocompatibility) Bnviseuisadesaais ldaiu
- & ok w ° ar o 1 a =t 1
535UFIA (biodegradable) AvuuTIasasylunmsiiwldduuyud uaz luifanaifode
a o Y o
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1 H ar o ° a A J ' J " e a

dwnldsunnudomeneniosas ilikandamuiu Tasgluuuwinlduivegiuriiaves
T | ¥ g
InTau (chitosan) nazgailsrasnvesns IFnuaiinwuuaunsaazainil 18 azaoi'14
' ] g z ﬁl” -
vedau uaz liazmet Ao Wumsduiniildnansazaiwladurielalaau (chitin or
B - - 1 - 9 g P ] c; 9 %’ L=

chitosan) uazindoiatsaNsfana @1sguiiii luunslimuisalfimiemsemislu

" ¥ i ' L
Ynaiiming aunoiy BnN910A0n13vuE1Y (Patent abstracts of Japan, 1998) 1A6I%I0N13
a a ¥ & & 4 ° o e a
AIUANNIIAATIIAIA (enzymatic browning) 1HiBa9IAMIIUveeY 9l IndTuoasend
1A polyphenol oxidase (PPO) fumsUszneunInfuea (phenol) Wunaliifiamduves o-

quinones
2.2.4 malasuuilasa

Andunniimdleaninseningaae 1sWaa (chlorophyll) #duvInseningualsiuesd
4 - - o
(carotenoid) amammamnquauh1=uu1uu (anthocyanin) muumsqtymummwaﬂﬂwﬁaz

" 4 -~y A o Ll - ; - 3 ﬂ.
Wlumsvaveniamsideuanmvesndanadeezdesdesiu hildinavuaovionavudiige

y I o iy v = a & i a & 4
wesnnidudnvusi ludeamsvesdys Tna (v5aun, 2538) Famsulavumlasdinavuiiu

@ P s - S § ar 9 "
anvaziannsodunamuieigaiiunannnisaaedivessandnganeg
s ay ¢
1. saningnaelswaa (chlorophyll pigment)

aaa T57ad (chlorophyll) 1HusaningiinulunaeTswaras anelsRad (chlorophyll
finaeyiia éun naeTsiladie 1 & uayd Fuudozaiasei Tnssaduuavquauiaiiuanes
M shlnnmesalumsgandusaendumeiu Tuftnialdsewunne siladie Fauhims
WafioonTunadoroumissuazanelsfadi Waivreumies gasTaseadi
e lsfadie uas 1 uansluniwdi 2.6 Tudasidius : 1 aao15Wad (chlorophyll) 92aza1Y
18aludavihazaie 194 woaneeed (alcohol) 02 AU  (acetone) 1Az BITOT  (ether) (Fudy
Tnssaf1aTuanavesnno sfad (chlorophyll) v2Usznovludae daufiwerni1 (hydrophilic)
vnmhiilunsgandsaunaeidifed e lassadraduInlsauuuawumnau 4 29
(tetrapyrole rings) ttAnz3ii luTasiou (N) Wludmdn deuseuuunilideonlosou (Mg® ) uay

d7UN N (phytol chain) Thu lelasmIueudeiuilumoe (gaum, 2545)



dninvomyanane nssomnMmang s X

M 2.6 gas Inssadanas Isiladie uay §

131 : http//th.wikipedia.org
2. MIameilvesnaslivaa

miﬂawﬁ"nmmaalsﬁat{ﬁvmﬁ‘nmsdawmuﬁmdaaanrza‘l'lﬂa'azl.ﬁ'auaawmn
3ENTMTABUTN I (senescence) Unziimsgnadaeganoaruundsgnaiiaiosniing
aawdasah iSinuaneTsfadnual daluanmiidlunsariliezaouveamniiidon
Mg) g lninaauiavesTuananae Tsiad Ida15¥ Ta In#Au (pheophytin) fansiimivany
(olive brown) uazdiTuavosnas 15Wad (chiorophyll) sxgniasuuazyua lidenuseglua
unaune w3y (porphyrin) gmiaislasiowlainae 1sWadiad (Chlorophyllase) 1RANTS

pand laddveondiou (0,) Taesn Tl (03N, 2549) dsueraslunini 2.7

116799
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Chlorophyll a
. ) (blue green)
lagnesium
dechelatase Chiorophyilase
Pheophytin a Chlorophyllide a
(olive brown) (blue green)
Magnesium
Chiorophyilase dechelatase
Pheophorbide a
(olive brown)
Pheophorbide
oxygenase
colorless products

dl A S o
MNN 2.7 MsaawalveInas lsiad

31 : Peter and David (2008)

o = 4 ° 4 a — a °
msilesiumsgaiionasTsilad (chlorophyll) ¥ lasmadusnunigaugiioadiag
uazmsnumeldaamuisenmiadaulaiil a9 nFIud 19T 115 02 AN

miwlvdsraldifanisszaensgydonas 1sWad (chlorophyll) 14@70
3. sm"a’nquni‘sﬁuanﬁ (carotenoid pigment)

unT5ueua (carotenoid) HlumssznovszianleTasnifuenliduds (unsaturated
hydrocarbon) 1/52n0UAIW M0 lelw1f5u (isoprene wnit) 5 Wi Ysznoududoriuseg
(conjugated double bonds) f-'éﬁwim?]uﬂ 10 Inady (polyenes) unlsiuood (carotenoid) aza1u 14
Tumsazaio 1 o Tau (acetone) 1BANBEDT (alcohol) iaz lAeTadises (diethylether) 15y
A Tagnalun Tsuoedvzegiautunae Tsilad (chlorophyll) Tunae Tswa1ad (chloroplast)
uAluirunewiia wu Tuwadaon wa uaziaunsenszwuun 15Muoed (carotenoid) ogluila
@Tas Tamaad (chromoplast) Fuilunwmiadaiiussyamzudun15iuood (carotenoid) 719

& y
wide du 1as uazuma
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unTsfiuous (carotenoid) 1ial&iii 2 ngu fio

1. unT57iu (carotene) fiflumolalasariuen (C H,) inaowiindrofu iy ueavh
1A 1511 (OL-carotene) 1A 157U (B-carotene) taz lalnthu (lycopene) Hludu

2. uyuIniad (zanthophyl)) HueyWufueaunTlsiiuesd (carotencid) inylaasen
Faogiiannlaiwvearaunau gy QMU (lutein) Fuwuiy (zeaxanthin) uaz 12 Teawauiu
(violaxanthin)

2.2.5 Ysmnadmaiusnnlasunlasly

Y ¥ o 4 = a &0 a - a s a - - |
Anuazka lilluumasvedmiiuididy Taommizimiiueuasd Infivdviensa
ueaABiin ascorbic acid Turnuazan 1435 3 31 fie reduces ascorbic acid ©19gnoON lad l1/og

4 N o ; )
11317 2 fiv monohydroascobic acid &4 lsitadus uazgniaswiiugilf 3 fie dehydroascorbic
& = o & 1t a a 1
acid (DHA) #9019gnoend ladiilu 2,3 deketogulonic acid ¥4 lifinaauiAvesiaiug dau
Inajimiiudogluzaves reduces ascorbic acid 90 woiitud TanfFuimvesimiiuglugy
' 4 o a v & & s g o - a aa = P
ANTVUNVOIYUDIHANAANAUN LI naIMsNUNeISmadniudlinalasuu)asi
< 3 o - - 4 s A;W ' o = - = 1

wavwInAnImiustiasu dnhsulsznlutazseaeminiinsgadeimiiudaeudis
ge dmiiuaannsogadoldvinmshaveueu laivarewiia 15y ascorbic acid oxidase
% . = 1 a 4 4 o =t
polyphenol oxidase 1A% peroxidase NHoYlumanda anmuaadoulusznnimsfuinui

INTNANINADNTAALAVBINTALDAADLA
& P & e
2.2.6 MITOUABAINGAUN I

- a ' e o - " oA A a - d & 9/
DIMITUHIWNAUTANNULTUD AID MSIUUTVILDINNYAUNITIUDZIFDIT NMI5ITN
o &’ a = o o .&' = a o L] J a 1
MawveureyaunioinezidImauIauma woyaunidaaulngiiluyen lulinnuguuss
b "
UIN AU 1IN IONTININARNARAAIRAN NI TN 1IN NN THH S BNISIRA
a W@ - | 9 Y 1 Vo W [ [ Y- | -
auHa'ld waNaﬂm'hJnﬂ:ummmu“nmmmﬂmmmuagﬂaaﬂﬁmmq UAT M T UNYUI19YUA
A 2 o q ¥ ¥ aa ) & - - “ P
un»m:ﬁzU:qn'n:'nﬂﬂmmmumumagaﬁuauaq esnnumsnasundasmeaFuniives
panlsznouniun AnuAnlnANedS IInvnazanuFomenitamoniniiina 1dnu
9 [ ar = a da o gy a = Y "
Arumulsnaaauyuny Tasgaunidnmidinannudonioludn 19y WIns1 Mucor
i . & a - o a /o a ° £ o a :
piriformis Wa¥ Byssochlamys spp. #1yaunsgezwaaou ladnharomaau v liadiniiiie

[l
a4

durayuas
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2.2.7 MIa@eNdeMIs uAdl

a o o o 1 aaa o s -
waneu lsiiudusalgniolunszuiun1swm Tuady (metabolism) voanwas
o dda 4 e o q ¥ a y = ' o a ) aa
dadnifavu ou laninyh IMifansi@euds 19y ino3s0AFAe (peroxidase) lanenddiua
(lipoxygenase) Aa®13WAAIAH (chlorophyllase) AZAZIAT (catalase) 10w lainan maRUNBH
. =t ' a Y
(NI (pectinaesterase)itaz INANWAAY I51ud (polygalacturonase) vztpumaAuludnia
° P TR ] v d4a 4 o a aaa -
wa Ty Iilledudaiivasdae uadgymididginaduludn fe mamalfitotiea
(enzymatic browning) YornNgnaaws oviuudnlass Iddudatueine
Eal e =y : oy Oy { = J o o
MaAAd{ATeTi1aa (enzymatic browning) il oiifatuannludn Taodnee
finnnmsisadaonguueeu lanl iy toulal IndNueneendiats (polyphenol oxidase) Tay
¥ .
o lnitiog T3 s §s veendiaduvesmstszneuiuea (phenolic compounds) niogly
- ' Y a =y A A oa /= - o
wy danaldifamihamaluidewenyiiUsumisdsenovNueags Taviou L]
IwaWueaesndia (polyphenol oxidase) 9213 91/§301 2 YfiTen
1. Hydroxylation ﬁ‘lumilauﬁyﬂaﬂ‘mﬂ%ﬂﬁﬁﬂ monophenols (¥ p-Cresol i o-

Tt o

diphenols 53 111317 dauaraslunini 2.8

OH OH
OH
+ O, + BH, + B + H,0
CH, ' CH,
P~CRESOL 4~-METHYLCATECHOL

2N 2.8 nuan1lfjisen Hydroxylation

2. Dehydrogenation lﬂﬂﬂﬁﬁ“ﬁﬂ‘lﬂﬂﬂ%lﬂfu (oxidation)  ¥®9  diphenols
(catecholase/diphenolase activity) A O-quinones aauaaslunin 2.9

H . o]
: OH ’ o}
2 + 0, —» 2 + 2H,0

CATECHOL ©0-BENZOQUINONE

2NN 2.9 mwuﬁmﬂﬁﬁ?m Dehydrogenation
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= 3 a { a 3 aan a o
a1 Tdsznaudyu A3Tuu (quinones) MinATUIINYGATo 17T 9d 200U Tasai Tw
Wuvavondiad (polyphenol oxidase) 92 lademsiadfasodunsaesiilu Tusiu ifin
Aot -4 o , ~ L aaa
m3dszneuFidounidmmane uas 11aia nie (melanin) MIndesmsivzdudalfizond

-1 o w o a . ~ a
11818 (enzymatic browning) ﬁﬂﬂﬂ'l%ﬂi)ﬂﬂ“ﬁlﬂﬂi]'lﬂizﬂvﬁg“f}ﬂﬁmu ascorbic acid 8411/ A9

OH OH ¢|)
OH /u
g — +H,0
7 » 2
‘/2 02 y) 02
R R R

Monopheno! Diphenol Quinone

~— e )
—- —

Hydroxylation Oxdation

OH
Omonophsnol {colorless)
R

JPPO+0,

OH
0 complex
/@ PPO : 02 /@ brom
; polymers
R OH R o /

diphenol (colorless) o-quinone {colored) amino acids

I o

Reducing Agent

uaaglunIn 2.10

2N 2.10 nuaasna lnnsina Inaiueaoendiaw (polyphenol oxidase) vy Tu TuHuea
(monophenols) uaglaluen (diphenols)
1 : Peter and David (2008)

"o - a £ A4
unasiwueu lani Iwdflueasendiae (polyphenol oxidase) wu'l&luiiloidovoity
o J = = o ) " o
FUAR W] JAUNIYUNYUA IYU 51 Neurospora crassa, Streptomyces antibioticus waeludnd
o a - ] o A A4 o« & aa a
FUPIVNYUA 520Duas N9 Yuazuyws luiieweiyTasna lilsewy IndHusaeendas
i = 4 o
(polyphenol oxidase) 8Q1NWﬂ1ﬁ AR (plastid) uazna Iswalran (chloroplast) YDIIBAANY
- (] 1 5 o" a
YL phenolic substrate 90 1UAIUYD vacuoles UBNIINUUIBY Tosal InaTuBABONFIAY

- o { é s 1 e o
(polyphenol oxidase) Aattaaslunmi 2.11 Fadsansoavaedlesiuiivanmsgniaslag
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uumn‘%aqﬁuﬁt‘fmﬁﬂdnq Taoiow lanl IndHuenoenina (polyphenol oxidase) 92139015
waand luu (quinones) °1$~1ﬁ‘lln'mlﬂﬂ polymerization Wihuwariiy (melanin) ﬂUﬂﬂlﬁHUﬂ‘lﬂ
msuumammamuqaumu mmnumnuﬂaanuwwmnmsgnmawnsa'ﬂmn'ummmmﬂ
TSﬂth‘NE]lUB"UElﬂ"ﬂ‘lﬂl’duﬂ‘izIU‘])"Eﬂ'LJ‘HNQG‘Iﬁ'IHﬂiSIJE]1'H15 flo ¥audsulgad nau samndly
nizuunsHaas nu lunguuaz1n1A saufaaelfifaihmalusa s eriie
11 gAInA QWU NdIeAIN Bumkal uazmusasaslumswannihaalussnamsy

H30MINT I (black tea) ¥o3a1515enovilvealylumn

MNN 2.11 Mnaaaveuaneluaznisusnvesmsdszneuiluean (phenolic
compounds) ua:mu"lmﬁ?wluaﬁﬂaan%mﬂ (polyphenol oxidase and peroxidase)

11 : Peter and David (2008)

2 a H & e a T
mIsugimsiiamiimaiiosniniow lanl Indfuoasendings (polyphenol  oxidase)
ar 5 =l

ansodusuenlanildlavass e
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M9 2.3 anmussmaaaulasieussoimanugudmiudouazea sl fAnnudu

Fuvinsszana 90 - 95 %

K - o ANINDTTHINA
PUAHAHWDA guHQu (C)

0, (%) C0, (%)
neMaIRen 0-5 23 2-5
newad 05 23 3-6
vJonlad 05 113 5-10
HNNIAMDUND 0= 1-3 0
Wia 0-5 2109 10-15
ndvow 1215 o 25
TN . 10-15 35 5-10
UZALNO 10-15 Ly 5-10
ﬁﬂiﬂlﬂﬂ% 0-5 5-10 15-20
wouitla 0-5 i/ 3k i-5

 : Aaualaanin 93 AWy (2541)




THANTAWAN INDUSTRY PUBLIC COMPANY LIMITED

143-144 Soi Kangval 2 Petkasem Rd., Omyai, Sampran, Nakomprathom 73160

Tel:(02)617-6871 Fax: (02) 273-8282 E-mail : ma-pack{@thantawan.com

Fresh & Fresh

Specification
Model : M2
Application : Suitable for fresh produces having very high respiration rate
Plastic Type : Polyethylene
Thickness : 25 Microns/side
Oxygen Transmission : 12,000-14,000 cc/m? day
Rate (OTR)"
Test of Plastic Material 2 Result Limitation
contacting with food*" Lead (mg/kg) <0.05 <100
Cadmium (mg/kg) <0.05 =100
Heavy Metal (Calculated as metal) (mg/l) <1 s1
Potassium Permanganate used for
. - 1.03 <10
making reaction (mg/l)
Residues from volatile substance
2.3 510
in water (mg/)
Residues from volatile substance 2 <30
in 4% Acetic Acid (mgfl)
Residues from volatile substance
J <1 530
in 20% alcohol (mg/)
Residues from volatile substance
4 s150
in normal n-heptane (mg/)
Bag Strength : TD MD
Tensile (N/mm2) 210 z15
Elongation (%) z 200 =z 100
Bottom seal strength  (N) 2 70% Tensile strength
(MD) 105N

Remark * Test method followed by American Society for Testing and Materials (ASTM) D 3985
** The reference of test method . Thai Industrial Standard (TIS) No.656-2529

AN 2,12 UAAIANYUSINNIZYDIQINAIAAN 13 (99 1)
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3.1.1 in Butterhead N/gnuuylalas Twiin

3.1.2 #in Red Oak Mlgnuuulalas Iniin

3.1.3-wn TvwinlgnuuyleTas Tniin
3.1.2 Taquazgunsalumanaaes

QINaaan 2 wiia laun
- Qanaa@nyia FF 3 1891n15 8% miuaz fugaamns sy aAnumu 0.025 uul.
4
YUIA 10 x 15 49T 12 x 18 WD
- PINAAANYIA Low Density Polyethylene (LDPE 2) A71UH 11 0.40 W),
2
YUIA 10 x 15 1ag 12 x 18 12
9 P
- QUUAIUANQUNAN (Incubator)
- 1A3097)ANTING3 (Seamer)
A & a ° '
- 1950959 Il¥hmation 2 dumus Mettler Toledo
- nsesiafSmamamiveulason laduasfweendiay (Checkpoint Handheld
Gas Analyser) PBI Dansensor America Inc.
- 1n309iAnae 1sWad (Chlorophyll Meter) 1 SPAD-502 KONICA MINOLTA

SENSING, INC.

- 13093 (Minolta CR-400) KONICA MINOLTA SENSING, INC.
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= [ . o o = n’: - | 9 a .5 (] [ 4'
Ysinamamiveu lasen laa luganarad@nis 2 vilatiuul Iunuiuedisderiios
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S o { ' 4 .
miveulavenlaneenin aeandeaiun1snaanaves Charles et al., (2008) inuiuiionig
d o o @ X = = = o o o'
NUTNBIANTEA endives TugInaIa@nyiia LDPE 2 (93 2) Ysmumamsveu lasenlaaly
- Q. J L a 1
genaAnNTLluYe 3 - 4 doandBaiUs109IUHAYD Sandhya (2010) WU MAP i
a dou A4 a 4 o - < v &
maiianldifedaszuznar lumsnusnuemisaaniesmisiiniunisudsjiuds Fuilu

& A ) = 3 g e a @ o’ a J
ﬂ'l'H'li'maﬂ'.UlﬁtN'lU N1z EMA fnzmﬂﬂmuazmqﬂmﬂmnuwmnaﬁﬂmmm:mwuﬁw
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Storage Time (days)

it 42 Uhinafreendinunasfaaiven laoonlsdvoein Butierhead gl 10°C
0, without root 10°C bag 1 ( —*), O, without root 10°C bag 2 (—%—), O, with root 10°C bag 1
( —*), 0, with root 10°C bag 2 (—>¢~),CO, without root 10°C bag 1 (=), CO, without
root 10°C bag 2 (—@—), CO, with root 10°C bag 1 (—+— ),CO, with root 10°C bag 1 (—)
ﬁﬂﬁ;ﬁufﬂmﬁqmﬁqﬁ sosuwaidon  annsonuine1ddnimaituinmi
qungil 10 ssrniaidoe Taodyl&dszina 27 Su luvei 10 smuraion fiu'ld 21 5u
dmivatiaganara@nnydl ganaadn FF 3 (93 1) NU5nuIAN Butterhead 18an3imsif
lugawanadin LDPE 2 (932) Anadadinasinuazlilddasind3mansndoundasie

o ar

a o o = @ 14 ' L) 2
pendnuiarAiveu laeen lua lndinesiu lifinnuuandrsediedinod iy S lfnugein

ANVUTNEIMEMNAD NUNANNAATINZanYaZNInenman ANy 1d ldaasin

demnsfuaadisaumsnismsasinsmelevesdn (manuan n.3) usha
#anfusnuesmsiAusnyInuInin Butterhead A1 TgIwa @i LDPE 2 (4 2) seiidns
msmelagandiluganaradn FF 3 (9a 1) §afih 4 perwaidoa Seudu 158.99 ua 80.79
ml [0,] /&gh AWSIRD uagd 10 esrusaiFoa Hauilu 1167.80 waz 28.17 ml [0,] /Agh

o o o ot v o U i a -
awdny ludlaninaesdndedisiiiulugawaiadn LDPE 2 (99 2) uazgawaiadn FF 3
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(Q3 1) 7 4 pasuwaiFod Hasn1sniole 132.49 uaz 13.47 ml [0,] /kgh mudIdy #1 10 o9
aidoa dnsimsvielefiduilu 996.90 uag 84.51 ml [0,] kgh Mwddy wudasIng
wiwlelugawaa@in LDPE 2 (99 2) svgandluganara@n FF 3 (99 1) msdmiusdasns

mwledaaaslunianuan n.3
4.1.2 manfasumlanSinamseendwuvesindaldn (Red Oak)

AN Red Oak NAAIINUAY V35 luganaia@in FF3 (99 1) uazganaiadnyiia
LDPE 2 (93 2) thudnu 139 4 uaz 10 ssmiwaidoa wavesnisildounlasfaeendiou
uaaslunmi 4.3 woinSinamaesndouluganaradn FF 3 (e 1) Mdui 4 ssrssadon
' a - 5 g o [ a -
ifvesmaeondinuiireudiensiinaeaszoznm lumaiuinmm daluganaradnyiia
ad o = = [ {a o
LDPE 2 (94 2) Winudi 10 earuraiiod IM1n150a09u0aMaoondouunga i #iui 19
4 o 4 - o o o - o o g a
voamsnuinumeendiauanasnin 21 woedidud mdedu 11 Wesiaud Wudu msify
inui 10 esrsaidva Inmsdounlasgannniii 4 esnsaidoa esnnmsifiuinei
- 1 ' o d' A. J M o 4
guupiigedanadedanmimelevesisngunuiudae dumsinuinui 4 essuaaidoe
ﬂ ado & 1 Y VY i Yo o g o o a 4’
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Nobile ef al., (2005) WUTNANAAA (lettuce) AMSIAUTAIYT 5 BsruaaiFoe iy lugawaradnin
aleaWu 1 (Polyolefins 1: PF 1) sziimsniolioviqalasguaimanuaavesdinada
¢ = w o d o @ A a w d o
(lettuce) FzaABON AN NI IMINUTAY TN 10 Ju deamsufumsfuinuly

99 In@10aMu 2 (Polyolefins 2 : PF 2) uaz gafidovan1u’ld (Biodegradable film : BF)
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Storage time (days)

Ml 4,3 TnaMaeonFwuvesdin Red Oak fidiasn uTgungil 4uaz 10°C

4°Cbag 1 (—*),4°Cbag2 (—#), 10°Cbag 1 (—*), 10°C bag 2 (=)
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4.1.3 manlasumlasfSinaumasendouvesinluw

dwmsuTvy idenlddnidasnudnile 191NN naaeenuRn Butterhead HANTSNARDY

' v £
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Storage time (days)

M 4.4 YSinamaeendinuvein Tuuiidasin dufigumgil 4uaz 10°C
4°Cbag 1 ( —*),4°C bag2 (—#), 10°C bag 1 ( —*), 10°C bag 2 (=)

mmsanmanielavesin Tugsadaniusnvesmaiusnumudiin Tvadfifu
QINa1aAn LDPE 2 (942) sedisnsimsmiolaganirlugewnadn FF 3 (94 1) 71 4 a3
waidoe Iauilu 222.75 uag 142.41 mi [0,] /kgh AWAIAY uazi 10 esrrusadee dauily
356.51 uag 218.77 ml [0,] kgh mwidy ludaniiiaessasinmamelavesingrodaiifiy
Tuqana 1erAn LDPE 2 (94 2) LagQawa1a@n FF 3 (94 1) 7l 4 ssrnisaidoa fisasimaniole
306.28 uag 195.81 ml [0,] kgh MmuUHAY #i 10 osradvaiauii 437.99 uag 376.29 ml

[0,] /kg.h mu@Aay IBMsmuIudasmsnielvawaaslunmanuin n.3
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4.2 manasun)asanyaemamennyeina I
4.2.1 Magay@eiyn
4.2.1.1 magaydmihminvesdiniianesaa (Butterhead)
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diodnaziinmsgydoihmindisiiue s zeza1msuiNEAZUNAABIVEY Serrano
waganiz (2006) MuSnuiIuTen Inanvudsowaradn luanmdalasussoimea wudnile

g o a J LY o aa Vv =y oy o - J L
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qugt?fmfmﬁn“lui’uﬁ 3 whdvdesas 4.13  woziuinufigungil 10 essisaidoe lu
INa1aAn FF 3 (93 1) :“j%’auazﬂ1sqagnﬁu':3’1nﬁmﬁ1ﬁ‘u%’auaz 4.13 Tugana1d@n LDPE 2
(91 2) H3ovazmsqapduiminluiui 3 niwudevas 4.78 Ainfidasin ifusnurfigamgil 4
oo Tuganaiadn FF 3 (9 1) ﬁ%’nuaznﬁqmt?“mﬁmﬁnﬁauﬁqﬂ‘lu%uﬁ 11 904
MINuInY ﬁ%’auazmiqapﬁmfmﬁ'ﬂlﬂu 12.80 i 4 espusaidualuganaicdn LDPE 2
(99 2) 7 10 earuwaiFon lugana1a@n FF 3 (93 1) uazQawala@n LDPE 2 (94 2) fims
qq;aﬁmf*mﬁmﬁﬁu?auﬂz 14.13 15.87 Az 18.64 MUAIAL

wadt IdRomaitusnu lugewaa@n FF 3 (e 1) unziftuinunii 4 ssrusaidon ims
qmlﬁufmﬁnﬁmﬂfhﬁ 10 DA IsAF BT ﬁ'aﬁ"uQmwgﬁ‘lumnﬁui’nmxi’lui]ﬁuﬁﬁtyﬁﬁqna
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NIZUIUNMSUNIVDATUVBIHAKAN Lﬁaqmngﬁsﬁnﬁu 10 esmuaidos UFAsouniivzinas,

2 1 - - & o
U 1 1M (%Nuﬁ', 2549) AINITNANDIVOIYHU Lzl (2551) Lﬁﬂuu::ﬂ:ﬂﬂuﬂamﬂ 510
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uag 15 ssruaados wuhiimsgydnimindesniufuigumgiives dniumsiiuinm
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Anadandgnuuylelas Inlinfiguugiidrorzaemsgaudnimin’ld veandosdums
naavIveaInInd uazusza3 (2553) nansufusnundloneunsslaswuhiidesazms
ST . G e
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1 v '
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=t e - o o o d. 1 1 = : o L) - ar o aa
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A a { i s =t
< 0.05) 1{pavINQanNaIa@n FF 3 (99 1) Wugehuanndoufmanazszuielon14a melu
- @ a a 1) o ' - aaa L
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et . 12 : o ' a & 1 o d e
waz Tl lovumeznioluge hifiveaihdsdudrsvesganaradn dazdarsdumsituinuly
1 v i
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sy uaveganaadn shlddndansuindeiiE 899 aoandosfiun1snaaeves Farber
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ﬂ' : @ ol ar _
¥2aoMIgNI0Y vraomstuasveuilodudald n15iAuAn Butterhead ugawaa@n FF 3
= ] 4
(99 1) UaZRINAaAN LDPE 2 (99 2) N1 4 uaz 10 osrusaioariu wohmsinusnulu
EMaAnUANA1Y 2 slialnNuuanaseseiTodAgneana @ <0.05) uazfulu 2
¥ b
gungiliinnuuandedeiisdiAgmaada vesmsgadonimin @ < 0.05) Taona 2

g

(Y 1 o ar d o
flasviiiinadotauiulumsinusam

18
16
14
12
10

% of Weight loss

o N B O 0

1 3 5 7 9 11
Storage time (days)

H ¥ ] ]
A 45 Sevaznsgadniiminvesdin Butterhead A3 MUNQRINAT 4 uay 10°C
4°Cbag 1 (—*),4°Cbag2 (%), 10°C bag 1 (=), 10°C bag 2 (=)
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4.2.1.2 nsgauaeiminueaimialen (Red Oak)

wonlddniiimsdasinuda ilesnndorglumsiusnu ldouniind lilg
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wuddindidasin ;ﬁu%"nmﬁqmﬂqﬁ 4 paruaidoe Tuganaadn FF 3 (9 1) H3ovazms
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Sovnzmsgadniimindouas 3.37 Anfiftuniniigamail 10 samusaiFoe luga 1 fifovay
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Ml 4.6 fovazmisgeydeiminueadin Red Oak figungil 4 uaz 10°C
4°Cbag 1 (—*),4°Cbag 2 (—8), 10°C bag 1 (—*—), 10°C bag 2 (=)
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a - a - 4 o o
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LDPE 2 (94 2) #i hifimsszuwemenaeil loviumengunn iieanniigumgiidiszae
a a o d o
MINANTZUIUMTUMUBATUYBINAAND AINIINANBIVDY Kumer ef al, (1999) INVTNY
] 1 ¥
wziemangangiidesiimsgydniminunniuiuinui 7 esmuraidva uozauves
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L ] ¥
wadsmiluna 7 Yu insgadoiminnaninduinei 5 esmeaidon 7 3u Aaiums
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Tunngulasu)asdnvazmemonimiegluszauii 3 luiui 7 veamaifushumudn
de¢ d w - a = a - -
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A o a 1 y Qr ﬁ.
1) FadnpaznInwnmvesinganaey lusgavui 3 1ew19InAn Butterhead Wiy ludu
= ey ad'é & o 4 o - = -; -~ =t o <
nun2 vy 1AA Tugaingiing e luifusnuingungid fe 4 osrraiFoe Anda
o a et = d o < ' 4 o - a & A ' a d
dansiirmwianaziionglumanuinmmnuniimanuinyingamgige Fisudazyiian
vilnnuauialumsnudegungia 14 Tumdu (Kader, 1980) asandesiunmisiiuinm
o o e or rood 3 a = 1 {
AnadANUT leeberg AauAunUTigungil 4 uaz 50 varmmsaiFoa wuiniud 4 osmuaaiFo
=1 = o o 3 4 o =t &S 1 =
wwiimsnlasuudamiemeaminiosninmsiiun 50 esrraioe 520 lldvaadiunu

= A’ = 1 o ad o o =
m3ifaleyaunId lugsinusnudndndae
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level 4 level 3 level 2 level 1

| . [ [ ar " g a
.ﬂ]'ﬂﬁ 4.8 nmﬂﬁuuuﬂmaﬂumzmamumw 4 33AU YDIWN Butterhead 521 INNISINVINY

Four-levelchart
N

i,
5

Storage time (days)

AN 4.9 5TAUAZILL 4 52AU YOIAN Butterhead vauzifuinyiigang 4 uas 10°C
without root 4°C bag 1 (®),without root 4°C bag 2 (®), without root 10°C bag 1 (™),without root

10°C bag 2 ()
4222 manfasunlasdpuanmamemnvesinidalsn (Red Oak)

mylasunlaamianiunmnouenuesdin Red Oak uaaslunin 4.10 3 4 s=ay

L ]
@ = L |

dail sedud 4 = Anfl@Sveuunuazanuin sedui 3 = ludnifsathadds hifadmaos
szAud 2 = ludnifvaaSumassiusnavey sy 1 = luAnifier mAssnnniniauay
29 AN 4.11 uﬁmszﬁumsulﬁluuuﬂm'nNmumwﬁnﬁﬂﬁmmzﬁmm’i’u‘lumnﬁv%’ﬂm
An Tuduusnvesmainuinudndinseglusedu 4 Tunnganngamgd Tuiufi 3 veamsifty

snyAnluynguldsunasdnuazmeamonminegluszdui 3 luiui 5 vesmsiiusnu



46

wuhﬁnﬁ;ﬁu%’nmﬁqmnqﬁ 10 o ura¥oe lugana1adn LDPE 2 (4 2) 1nANTS
lﬂ?’]uuuﬂmizﬁumagﬁlsxﬁu 2uiuit 7 uag 9 vesmsiftusnumuidniiiuiusoui
uNQil 10 earusaidon Tuganaradn FF 3 (ga 1) iiansnfAounlassedumnogiissdy 2
mirfuinfiAulugewaa@in LDPE 2 (992) Tufud 11 vosmaituine fansnldeuuag
MamenwIegiisedy 2 onduiiAusnui 4 ssmiaaidon QINAAN FF 3 (99 1) ¥4
dnuazmamenmvosingsnseglusedud 3 uayluSud 14 veamsifusnydnfiduind
4 paruaFo Tugana1a@n FF 3 (99 1) uazqawald@n LDPE 2 (94 2) uJ%mqumma;j
Tusedvdi 2 uazmsiiuluganaradn FF 3 (91 1) uazganaia@n LDPE 2 (92 2) 7 10 8asn

aiFod amsnasuuasmanmenmunegiszdy 1

level 4 level 3 level 2 level 1

' ' — b o ' d o
ﬂ'l“‘ﬁ 4.10 nmﬂﬁuuuﬂaaaﬂ‘ymzmamumw 4 38R YVOIWN Red Oak 38HINISIAVINYI

Four-levelchart

T T

$E § S

1 3 5 7 8 11 14

Storage time (days)

AN 4.1 5AVAZIUY 4 5TAD Y04AN Red Oak vaziusnufigungi 4 uaz 10°C
without root 4°C bag 1 (®),without root 4°C bag 2 (®), without root 10°C bag 1 (®),without root

IODCbagE(’)
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4.2.2.3 maasunlasanyaemamennvesdnlus

e

o ar

msasunasmeanmenmwnisuenvesrin lvy dsuaaslunini 4.12 1 4 szav Aall

o o e | o o ) Vs - - o~ o
JEAUN 4 = AniidveazaauIn seaun 3 = ludnmenauads lumadivaes seaun 2 = 1u

D

o

L | a a a | - o
AnfvanaziEumtouinuvey seau 1 = ludnifeaazivaeannndings nui 4.13
o - ia 4 o ar g o o as
uaasszaumslasunlameamenmiinadurazs i lumanuineidn TuTuusnves

@ @ v Y - w 4 o ar
mafuindAndinegluszdu 4 Tuyngangamgil luiun 3 vesmsuinudnlunngs
G: ar L} o y o A a L. d‘.
wasulasdnyazmamonminegluszdui 3 Tudud 5 uaz 7 veamsiiuinw wuhlind
quvqil 10 sradoa Tugawaa@n FF 3 (99 1) uagQIna1a@n LDPE 2 (94 2) 1iANs
- s ' el Y o o 'V w do d w o -
wasunlasszanegnsza 2 luiun 9 vesmsinuSnumuddniiunuinungungl 4
1 = = :: " s ﬂ. o ﬂ'
ssruraiFoe luganara@n LDPE 2 (ga 2) iiamsulaoundasinegluszaui 2 uazludun
d o = = ' Ly ad o -
11 yoamsinuinyt ansulasunlasmemeniminegiszay 1 snduiinusnui 4eem
8. = J o o | a i 4
yaiFud QINENEAn FF 3 (99 1) Fednvasnemoninvesdndensegluszdui 2 iieanen
@ ] a a 9t ad o A o g o = ao A
fn Tvanflufirludunu iy ldd luganging e luinusnungungiid fie 4
- o @ a - Ao - 4 o - ' d o = a
psrwaldun Andadensdianmiduaziioglumsinuinynuuniimsnuinungangi
& ] = = 1 Y ° o
1 Faflsudazyiiafezlinanuannsoluninudogungiial 18T (Kader, 1980) uaz
o w st o Ad o Y a a
fnTvuiludniifiluwes yaludninuinuluge 100 ny amsneleynly SauRamsiden
a "o e @ d o ar o
[fHod1wn AN doandoat NS NARBIYDY Conte ef al., (2008) AN¥INTSNUTAYIAN Tvnda
o I @ o o ' g o o =t
uAsh 5 osrnaFoanlSouioudumanuinydnnaveunu NNV NYIAN Tyneziinig
= a o = o 4 1 as 4 1
nasunasvestSnamasengisuazmiveu lason ladunn i ludnmaneudgdiwano

= : s ar 4 a J & o Y o = -1 1 o
nsgapdoiiminvesdin Tunmunadudg v Iidn Tvmdo 1di5andnmanoudas (Del

Nobile et al., 2008)
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level 4 level 3 level 2 level 1

1 = [ o o ' 4 o
ﬂ'l?l‘?l 4.12 ﬂT'iﬂJﬂﬂ'lJil‘lJﬁQﬁﬂHﬂlZﬂNﬂ'lUﬂ"lﬂ 4 3¢A1 'UENHﬂI‘UIJ TTUINNTINUINE

Four-level chart

1 3 5 7 9 1
Storage time (days)

M 4.13 STAVAULY 4 52AD vosdn Tuy vazinuinufigungil 4 uag 10°C
without root 4°C bag 1 (2 ),without root 4°C bag 2 (®), without root 10°C bag 1 (®),without root

10°C bag 2 (7)

4.2.3 maasumlasnaslsWaavesdinlusznamafiuinm

msnfasunlasfvesinsgnhafduinu amnsadaldannies SPAD meter ez
swausmaiia 18 durlFinelu Taswuiidegludn ' luTasnusziiuoadiszneviioglu
TuanavesnaeTsilad d15aluTasouiududwadalfinanas Isadeziiuiu &
TulaswuiifSiaiionns aaeTsAladiezanasnm g anududuvesnas Isiaduio

anuierveslulifvziina Tavassrersua Ty Tnsiwuvesits (Netto er al., 2004)
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4.2.3.1 manasumasnaelsiladvesinidaldn (Red Oak)

P - o 1 d e o @ o
nnminaasavemnislasuuasvesnas Isflaalusznhanuinmdnadanign
uvv'lalas Iniinwiia Red Oak Tuganaia@niiuand1aiu 2 ¥iia fie ganaa@n FF3 (91 1)
uazgIwMaANYiia LDPE 2 (94 2) ifuiigaivgd 4 uaz 10 sssnwaidva nunaelsiadlu

P N 4 o el - ;
ganaaania 2 vilaiiuua IWuasas dedesfloaiulildifatuviofiadooiiga msizas
a ¢ A aa oy < ' é IR 3
qyivnne IsWoaviedloniutsvendsnnunuasToNTnINVBINAANUN (59UN, 2549)
HAN1INARBININAINT 4.14 wuh luTuusnveansiiuinu luganaradn FF 3 (ga 1)
QINAIEAN LDPE 2 (94 2) 11 4 83AuvaiFod uasganaa@n FF 3 (93 1) Qawa1a@n LDPE 2
(99 2) 71 10 DIF AT A1 SPAD value MU 30.70 32.96 33.55 uag 32.70 MUAIAY
| d o o - e a n: =

(manun v 12) lufuin 3 vesmanusnudnluyngeiimsidasun)auiaduiini SPAD
value 31.56 32.26 33.55 Uag 32.70 MudAY  Juh 14 veamsuinuriinisanasves

o 1 1 s o o o ad a &9 o 4 o =
aae lsHaduandvedniisddgenTuusniinuine ddmuiulumsnuinuiian
uanAsegeiivdngniada (P <0.05) luganaia@n FF 3 (99 1) T 9 fi1 SPAD value 3

ﬂn a -! 4 ﬂ = ' 1 ' ' & ﬂ = & '
Suaniuiy ilesnnidlugeiuesanedosiu lddoiissnniugeanmaduasadneee
Fawyzaomsgadonaslsiadld (05aud, 2551) ezituldd1A1 SPAD value vosdinlu
Qawana@n FF 3 (93 1) 1 4 ssruraifoa Tu5mamsndsundasiviesngadiomouiuns
wuinulugadu msasgungilumsifuinumdadusiasiezansoflostumsgade
o lsilad lAuazmafumeldanmwyssmmedanas dusuluganaiadn FF 3 (ga 1) 1w

' o /9w W Ada o = d o -
mIturzasmIgadonan Isiaa ludn 1d8nda0 Tavdnilidieiszliongmsinuinunuiu

[
! w dAdad

nrnfAvImSe liid (95un, 2549) nuwiiavesgumgiilumsifuinvuaziauiv
TumsifuinndawaliUSinanae Tsitadludin Red Oak uandsfuetieiiioddgmiaadan
sefuAnudeiiu 95 % seandosfunisnanssves Tninduazanszas (2553) MiAuiaw
ndoneunesiigungiiveas s esrmamdse wuinlSiunaolsiadiiiasin SPAD
meter 1S1mannsTavfigamgiidesiinisanassiadinhifui s ssmwaidoa uazee

AoANABINUMI AR IMA T UEINY) a A2
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40.00
35.00
30.00
25.00
20.00
15.00 <
10.00

5.00

0.00

SPAD value

1 3 5 > 9 11 13 15
Storage time (days) '

MW 4.14 71 SPAD value Y8381 Red Oak #ifinsin yniziiuinuifigungil 4 uag 10°C
4°Cbag1(—*),4°Cbag2 (—8),10°C bag 1 (%), 10°C bag 2 (=)
NIMIAINTEZHMIMANUIANA1INIADA WuTuimnae IsWaduosdin Red Oak i
wasuwlas Jedogmmaaniinanarsiu hifinnuuanasiuvestiuunae Isladediadl
] »
veddgmuada @ < 0.05) uazgungillumsifuinufiuandiaiui 2 gungiilinaw
" s = I - ' oo o aa o o
uanannuveslsuunas Isaanaasuuilas sgeinivddymeada (P < 0.05) $1mU
d o - J o odd o 4 o o da '
lumanuinsuisdulSinansaansvesnns IsWaanaad1as Fadmauiuninnuuandg
etniiodhagmeada szeiu ldonnniwd 4.14 Tuiui 13 aansoutiadoyaldifiu 2 g fe
] T bt
AN Red Oak MM 4 peruwaifuanaganaradn FF 3 (93 1) oy Qawa1a@n LDPE 2 (99 2)
- & ) ' d 4 - f a
insasundasmisoninlunun 10 osruraFoansganaiadn FF - 3 (99 1) uag

aNaaAN LDPE 2 (94 2)
4.2.3.2 manlasumasnaelsiladvesriniumy

aamumslaounlanfSinunae Tsfad lusgnhuiuinudn vy Tugawaradn 2

¥iia D QINAAAN FF 3 (93 1) LazInaa@nyiia LDPE 2 (942) uiigaumngil 4 uag 10
¥
= ' - ar ] A o

peruraon wudinae1silad lugawaradnia 2 vilatiuuaTiuaans Fedestioaiulald
a : AN a g - o A o u’: ] = "
avunsonaiooiiga mznsgydeans IsHaansed@eniutuenfaninumuazide
anmsaNaaiat (93, 2549) WaniInaapenINAIWH 4.15 wunluSuusnvesmisiiy

snurluganaadin FF 3 (92 1) gana1a@n LDPE 2 (4 2) 1l 4 DA QBT LOLYINAAAD



=) |

FF 3 (99 1) Qaaa@n LDPE 2 (93 2) i 10 osruaiFon 61 SPAD value 1 25.69 24.23
26.89 Az 25.74 My Tuiudl 3 voamsiftuinudnluyngeiinsn/dounlasfaduiia
SPAD value 21.94 20.52 19.31 uaz 20.83 My wazlufudl 7 vosmsituinuwwuhildng
msndsunasiiitul&ainnind 4.12 1Eedredainy Tagluganara@in FF - 3 (e 1)
QINaNAn LDPE 2 (94 2) i 4 essusaidon HATQINDINAN FF 3 (93 1) QaWa1a@n LDPE 2
(922) 71 10 DamiaaiFoct i1 SPAD value Wiy 21.03 17.44 15.67 way 12.78 Savzidinldh
finsaansvesnas Isfladunndrefuedraniuldsa denndi 4.15 (manuan v 13) 1u
QINAA@AN FF 3 (3 1) Fuil 7 A1 SPAD value fiAuituaunnudt 5 iloanniiugefivnaas
adudesin Idiedumainezsaoszaenisgadonas Isiad 18 03k, 2551) dams
NAABIVOI Ell D. er al., (1999) naavueuruddundavvuululdiinaseunuiludne:
wasunndFeaihidmdomnsndmnmaasuiiunm 10 Huldeurudaiie Beennuth
1uﬁmﬂ?;uuﬂjﬂﬁmﬁm:i‘luﬁn%mnﬁﬂ'lﬁ?mmq 71 SPAD value ¥03finiilugawaiadn FF 3
(qa 1) 71 4 osruaiFod ﬁﬂ?mmms;ﬂﬁuuuﬂmﬁﬁauﬁqmﬂmﬁuuﬁun1sxﬁu§’nyﬂuqq’é‘u
Lﬁ"awmmsaﬂqmﬂqmumnﬁnﬁ'ﬂymﬁmﬁmeﬁ"mim'mmnﬂmﬁun‘lsqmsﬁunaa‘lsﬁﬁﬁ‘lﬁ'
uazmsiumeldanmussomadauas wulugawardin FF 3 @1 1) Wums¥roszasns
qionne lsilad ludn1d8nde Taodniid@idoassiionymisifusnmniniunhdniisae
w30 Lilld (959, 2549) meANADNUNIINANDIVDA Ferrante and Maggiore (2007) TNy
UiiunaeTsiadluly Valeriana fifuinwuiiigungii 4 uaz 10 osmusaiFon wudiivd
Qungil 10 esruwaiFod In1saansvesnas Isiaaunniah 4 saraidue
VNMISARTIHMIMAIMILANA MDA vosSinanae TsTad i Aounlasludn
Ty nuhgawnadniiuansieiuna 2 ﬁﬁmfuﬁmmmmithaﬁﬁufhﬁ'ty (P <0.05) ung
pungiiiinnmuandnedsiiedifyada ¢ < 0.05) aodSimnae IsHadindounlag
inowiulunsiuinnfiduinSinamsaaasosnas lsfadiandas avh IR §ausu
TumaiduSnudtinnuuandoiuiisddgmeada vinnm 4.15 Wiuil 11 aunsoue
foynAiu 2 yn fie fin Red Oak T 4 oermiwaiFoariaganaradn FE 3 (93 1) uaz
QIWaa@in LDPE 2 (99 2) fimsnldeunasiidesniluifiui 10 mmwmc‘frvﬂﬁ’hqawa1ﬁﬁﬂ
FF 3 (94 1) a2 9ana1a@n LDPE 2 (94 2) nasfiufi 10 esmusaioe luganaadn LDPE 2

S a 4 P A a [y a vk
(94 2) numsaaasvenlsnmnas IsWaduniigadiomouduludeaduq
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30

25

20 —

15 =

10

SPAD Value

1 3 5 7 9 11 13 15

Storage time (days)

MW 4115 1 SPAD value ¥03fin Tuufidnsin vaiifiusnuiigumgi 4 uaz 10°C
4°Cbag 1 (—*7),4°Cbag 2 (%), 10°C bag 1 ( —* ), 10°C bag 2 (=)

4.2.4 manasmlasduesinlusznnamaiusnm
4.2.4.1 mafasumlasdvesdnidaldn (Red 0ak)

1NN1INATBIIATAIINTOI Chroma Meter 1AUT1WUHAIEU L, a, b AN Hunter
Scale Tagif1 L vondennuaevesludnezlaouutassinin o 8 100 Srauslu 0 vziiug
v ' ]
AdmIed1 100 sxihifiadis, f1a vended@idol — uae velaulasein -60 s 60 it 14
- a o ) 7o/ “ - I W
i - Wudiden + duduas uaze b vendaminiu - mass anumasuluinimuiy
. v [l
W 90 -60 B3 60 SraiIdidu — Wit + Wudmdes wansnaaewaasluning 4.16
UAZNIANUIN V12 WUIIAINNUAIS L v038N Red Oak Tundaznadetnsiimsn/dounilag
o) o ar - 1 ar a -
euanios doARdoIRUNIINANBIVEL T UUY (2007) inuMsiusnyEnmaneuft s
= U s Qr -l o 1 = 4 o
paraIFoImAums Igmsgaduientaui i L uaz a inmswdsunlasfivudnion
= o s 1 Ll o =% 1 A
¥aa1 (2007) mnmﬁusﬂy1nﬁw‘lmmunmqumsmmﬂ‘smﬂumsaaqmnqu wuinile
g o a J 1 1 =) = % =
FTULINMINVINBUNVVUMANNEIN L voandrw luimsldouudasuadiooyin
4.16 (a) uarnssn T u @A) - Fuae a 910 -60 59 60 drari 18y — HudiFer + Sluduag

. Ll =i Ll - 1 4 4
Taonuhmanuiudidion a adauiy - Sun TWuvesmanaudh1ng o Saldounassnd
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= - P 4 o - - a -
Woutluduas Taoui 1 69 5 vesmainusnurlugawaradn FF 3 (e 1) 7 4 ssrusaiduadl
L 1 A = 1 L B -

uwua Wuasasedaeiiioseziinieglugienn -430  aanumie -3.55 luganaiadnyiia
LDPE 2 (94 2) i 4 sssnivaidoaiinnannsedaailousuiduaiuTassasTuusnaudaiui 5
YoIMINUSNUIAI9IN -6.45 yumde -4.49  Tugawana@n FF 3 (99 1) 1 10 oeruasaidoe
a0ANABIAUNITNANBIVDA Del Nobile (2005) inaasuiusnuidnniavoui 5 ssrusaidod

= o o a 9 1 I~1 o - -t =
viiamsn)asunlasvesdiVeamissninuinuinui 10 e usaiGoa Ysuiuns

{ { & J ¥ = = - ' d o as
nlavulasiifavuil Ao msnldounlasdd@or T duFuaswuhinmsinuinyidn Red Oak Tu
¥ ¥ ]
gaunpiinuand1aiuiy fie 4 uaz 10 esrusaiFoa nsAVinEIN 10 oeruAANIS
nlasunlasnniiga ilesnniigungiigezisimaislisowazfsnssuaieg molusod
o ' o °

voarin 19y 1ou laninae 1sWaiae (chlorophyllase) 92110815 @167 (chlorophyll) 1¥aaas
' a dd a o ' as o 4 w -
s veun lsiivesavaiiog luwaaisuagnuatisdisnae IsWadesnun manuingm

' Ed

- 0 1 as = - é 4 4 =y :
gumgiidnzaoilesiunmsgyduaaeTsiad 14 (05, 2549) Famsuldouuilasiifaduil

'}

e

' - a o o ' - o a J "
vaeniadnuaznimmwvesdniianaaz hifluiveniuvesdus Inaundiu deawald

ﬁﬂi’lmq’lur‘nmﬁu%’nmﬁf?"‘umﬁw dothTBinssimanuuandamandannuigungiii
Hlumsiftuinuiinademanuides a Fsfinnuuanmamaadaedisiifodiiy @ < 0.05)
aoandosiumsnannses Tninduazansesd (2553) Mituinyindaonounssdigauugines
waz 5 earraoa wu/Sumnae 1sHadi3aein SPAD meter HUSuimanaslaei
quugiifesinisaanssaad niidui 5 ssmiaaidve uazezseandesiumnnuiiud
{07 a inAnavesdan udilogninaswsznieriiavesgummaAniazgungil wuiiing
aemsildounasmanuiuiifieretnihfodifgmeadd @ < 0.05) Fsnoandeaiy
Yimnanae Tsiadindumlasfidaiusin Red Oak finuhgamgidnadensnasumlas
Ysnunaelsilad msflesrumsgadonaelsiflad (chlorophyll) 118 Tasmsangungiives
wananswRumManuinneldanmussmmeadauilas uazuasanenvioszaemsgado
ane Titad wiuldnnludnluiiims dunsiznae Isiladnaunu uagnuhdwifiddeans
fioglumsifiusnumnunihdauiinduamie lild Francis e al., (1969) Nl 4.16 () uaras
iy - dmdes b Humen 60 fa 60 et 1T - Sudiidiu + Hud
maes Taowuimanududingu - mies b Aaud + Hun Tuvesruiuduidosy 10
ﬁmﬁméauﬁﬁaﬂﬂng'lziwim‘s’ﬁfiaumﬁuﬁm‘?ﬂuqwﬁqmm'lﬁ’%’mw Tufufiusndeiud 11

4 o a - - a rAEr R | ' A
Uﬂ\’ﬂ'ﬁlﬂniﬂﬁ'liuqua'lﬁnﬂ FF3 (Q'ﬂ Dn4 ﬂQﬂ'qlmalcﬂUﬁulluQTuulwuvuBUT‘WBI“&QQ:
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70ANABITUNINADIVES Del Nobile e a., (2005) Aidornarlunsiiuiny i tuiusn b
szutuiders Favzlsngaduiuniuuly

1ﬂmﬁuuﬁumsnﬁu§'ﬂy1ﬁqmﬂqﬁﬁmﬂnﬁ doifa oz b vARanIINARBIIN
a$19n5 A NUFURUTTUA1Y0I SPAD  value  Tinsasanianas 13fladdlnindos
Chlorophyll Meter l&nafauanalunnii 4.17 nnwdi 4.17 (a) iy duiuiuns SPAD
value f1UA1 a YOIAN Red Oak ﬁsﬁu’luqmmﬁﬁﬂ FF 3 (93 1) uazQawanadn LDPE 2 (g4 2)
figungd 4 uaz 10 eruwRFod WUTIA1 SPAD value TNty Aveda vzaAnd tiufe
anuduvesdiivaiininiu Ao a feuiuiulufemavesdidor W 1 sPAD value
sz 30 fwes a sxdifnlszana -4.5 lugewaa@n LDPE 2 (91 2) Wiftuft 4 sssiaidoa
huvaizitlugamana@n FF 3 (qe 1) MU 4 osmimaidoa sxswm a it -3 e Ay
luganana@n FF 3 (99 1) eedifilontosndiiinlugadi 2 fifuiigumgiiRvaiy sannwd
4.17 (b) TwiueuAuaiua1 SPAD value WUNAU A1YB4 b fvzaAaq 1fiD99107N Red Oak

¥ E ]
Wudanlueenduas daiunmi 4.17 (a) oz ldvendsnnudunius 1aa
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68.00 A i
o | A : |
65.00 .
£ 64.00 \/ \V/ Pk
63.00 4 A L
e L N R
Y "2

61.00 e T

1 3 5 7 9 11 13 15

Soragn thins Lim).

Storage time (days)
(b)
25.00 —— —3
2000 b ——— : -
15.00 -
a
10.00 —— -y-—
s-m —— e — —————————
0.00 » &
1 3 5 7 9 11 13 15
Storage time (days)
(©

2N 4.16 MANWaIN L manudud@@er a vazanuiludiuas b v09n Red Oak feasin
4°Cbag 1 ( —*),4°C bag 2 (—8—), 10°C bag 1 ( —*— ), 10°C bag 2 (=)
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o — - P— ——
) 10 20 30 40
1 e e
h'e
A
2 - B | ———
A
3 ——— — o RgE, -
- .
‘ X
4 -é‘,.
5 - - = | —
A
-6 = -
u
-7
SPADvalue
(a)
25 —
X
o W =N\
g ra,
15 ‘?——i——
o .0. %
10 o,
5 4. e i ——— e e
0
0 10 20 30 40
SPAD value
(b)

MNA 4.17 MANUTUTVI a ToUFUAT SPAD value (a) oz snnuiudidier b ifouiusm
SPAD value (b) ¥03HM3A 18N (Red Oak) 1 4 1Az 10°C Tugawane@n FF 3 (94 1) uae 2 ¥iia
4°Cbag 1 ( —*),4°Cbag 2 (%), 10°C bag 1 ( —*), 10°C bag 2 (=)

4.2.4.2 manJasumlasgvesinluy

N 4.18 udail L, a, b vesdn luinusnyi 4 uaz 10 esrumadea lu
PINATAN FF 3 (R4 1) UAZINA1aAn LDPE 2 (93 2) 19UIRUINUAN Red Oak WUIIAINY
' “ oA 4 d o o 9 o Y aa '
AL auiugavuaneaszuzna lumanuine i ldludnadiediu sindidednoeq
Using@imaeseonun Tudui 9 vesmsifudnuannsodan1dn 4 osruvadoa lu
b4 .
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Blue

MW 0.2 1A3U810I599 Chlorophyll Meter 103093A# Minolta CR-400 LaziHUAIAAIE

1.3 MsmeasImsmala

MuIndnIIMInIelanuaunsved (Kays., 1991 18 Bhande., 2007)

At w

- v
s =((G02 ); (G()z 1+ Ji

Ry, = respiration rate, ml [O,] /kg-1.h-1
W = mass of vegetables, kg

t = storage time, h

B
]

time difference between two gas measurements, h

G,, = oxygen concentrate, percent

V., = free volume of respiration, ml
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TUNINLY
ar 02 COI
I
FF3(Qa1) | LDPE2(992) | FF3(9a1) | LDPE2(942)
] 18.80+0.42" | 18.80:0.42° | 3.0040.14° 3.90+0.14"
3 18.10£0.14" | 17.50:028" 2.80+0.14" 4.10£0.14"
5 18.50+0.00° | 17.30£0.00° 2.70£0.00" 4.00+0.00"
7 19.0040.14° | 17.00£0.14° 2.60+0.14° 3.60+0.57"
9 18.55£0.70" | 16.50£0.00° | 2.60+0.14° 3.4040.14"
11 18.40+0.00° | 16.00+0.00° | 2.50+0.00° 3.40+0.00"
13 18.5040.00" | 14.65+021° | 2.60+0.00" 3.40+0.00"
15 19.7040.14" | 14.70+0.28" 2.70+0,00° 3.60+0.14"
17 19.50£0.14" | 14.50£0.00° | 2.50:0.14° 3.70+0.14"
19 19.20£0.00" | 14.40+0.14" 2.70£0.00" 3.70+0.00"
21 18.80+0.14" | 14.10:0.14" 2.80+0.14" 3.80+0.14"




74

ﬂ; a [+ = [~ 4 4 YR o
M919n v3  Ysuamasendaunazmanisueulaeen ledvssininnesian

(Butterhead) ¥tindia31n luganaa@n FF 3 (99 1) uazgana1aanyiia

LDPE 2 (94 2) NgaMfil 10 aarussaidoe

i mumyeendiouuazmanisueulasenlod (Fovay)
AUNNDU
s 02 C02
INEN
FF3(991) | LDPE2(932) | FF3(ga1) | LDPE2(9a2)
1 18.6040.00° | 18.60+0.14° | 3.00:0.14° 3.50+0.00"
3 18.5040.14 " 17.7040.85° 2.80+0.00° 4.10£0.14"
5 18.10+0.14" 15.904£0.28" 3,00£0.28" 4.00£0.00"
7 18.5040.85" | 14.50:071° | 2.70+028" 4.00+0.00"
9 17.80£0.00" | 13.00:0.71° 2.90+0.00" 4.2040.14"
11 19.00£2.12% | 12.20:028"° 3.00+0.14° 4.20£0.00"
13 18.0040.00° | 11.600.28° 3.0040.00° 4.20£0.00"
15 16.6040.85° | 11.00+0.14° 3.30£0.14° 430+0.14"
17 16.50£0.71 " 9.30+2.12" 3.20+0,14" 4.20+0.28"
19 16.20+0.42" 8.00+0.57 " 3.40+0.28" 4.40+0.00°
21 15.80+0.14" 7.5040.42° 3.5040.14° 4.40+0.00"
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(Butterhead) ¥%in liifins1nTuganaiadn FF 3 (9a 1) uazganaiadn

¥ila LDPE 2 (94 2) Ngovgil 10 saruvadod

2 i PTnamyeendinunazfamivenlasenled Govaz)
JUNNU
ar 02 COZ
I0EN
FF3(a1) | LDPE2(Q32) | FF3(ga1) | LDPE2(fa2)
1 18.5040.00" | 18.70£0.00° 3.10£0.00° 3.90+0.14"
3 18.5040.14" | 17.10£1.27" 2.80+0.00° 4.10£0.14"
5 18.40+0.00" 16.80£0.57" 2.90+0.00° 4.00+0.00"
7 18.00+0.57" | 16.30£042° 3.20+0.28"° 3.60+0.57"
9 17.50£0.00" | 16.00:0.00° 3.20+0.00" 3.40+0.14°
11 17.30£0.14° | 15.80+0.28" 3.40+0.14° 3.40+0.00°
13 17.0040.14* | 15.20+0.85" 3.40+0.00" 3.40+0.00*
15 16.00£0.14" | 14.10+0.28" 3.5040.00" 3.60+0.14"
17 15.60£0.14" | 13.70:0.14° 3.70+0.00" 3.70+0.14"
19 15.40+0.00" 12.70+0.71" 4.00+0.00" 3.70+0.00"
21 15.2040.00° | 10.30+1.13" 4.10+0.14° 3.80+0.14"
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M ¥5 YTamesesndiouveadn Red Oak ¥iiadasinlugawaradin FF 3

(99 1) nazfawa1@@n LDPE 2 (94 2) Ngungil 4 uaz 10 ossussaidver

Psmnaiaeendiou Gevay) i 4°C
Fuiifuinu 0,
FF 3 (94 1) LDPE 2 (94 2)

1 20.70+0.28 20.70+0.14
3 19.70+0.00 19.7040.85
5 19.70+0.00 19.5540.92
7 20.20+0.28 19.75+0.35
9 20.15+0.07 19.90+0.14
11 20.05+0.21 19.00+0.71
13 20.05£0.07 18.70+0.42
15 20.00+0.00 18.30+0.28
17 20.00+0.28 17.20+0.28
19 20.00+0.00 16.80+0.42

Ysunafaeendiou Gevaz) #i 10°C

Tuiidusnu 0,
FF 3 (94 1) LDPE 2 (94 2)

1 20.700.00 20.65+0.07
3 19.8040.57 19.90+0.28
5 19.40+0.99 20.25+0.07
7 20.00+0.14 19.65+0.92
9 18.95£0.21 19.8540.35
11 18.25£0.07 18.30+0.57
13 17.3040.14 17.2040.28
15 16.5040.57 15.1041.56
17 16.00+0.14 12.80+0.85
19 15.8040.14 10.50+1.69
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mand w6 USinaimaesndiouvesdn lvy siadasinluganaradn Fr 3 Q1)

1AZQINAAAN LDPE 2 (94 2) igunyii 4 1ag 10 sariwaidoe

s eh Vinufaeendiau 0, $evay) i 4°C
Tuinusnm
FF3(Q31) LDPE 2 (4 2)
1 20.60+0.14 20.60:£0.00
3 19.65+0.21 19.80+0.28
5 19.90+0.71 19.60+0.42
7 19.80+0.28 19.40+0.42
9 19.15+0.35 19.20+0.71
11 18.70+0.28 18.0040.71
13 18.40+0. 14 17.300.42
15 18.50+0.00 16.50+0.71
17 18.40+0.14 16.000.99
2 o). PSinufaesndiou o, $evaz) #i 10°C
Junifusnu
FF3(Qa1) LDPE 2 (94 2)
1 20.40+0.00 20.50+0.14
3 19.75+0.35 18.9040.28
5 19.65+0.49 18.70+0.00
7 19.1541.20 18.75+0.07
9 19.70+0.28 18.35+0.07
11 16.900.71 17.10%1.56
13 16.10+0.57 16.20+0.57
15 15.90+0.28 15.400.28
17 15.700.00 13.7040.71
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M9 v12 Msdounlasmid 811, a, b ¥995 Red Oak Tugawanadn FF 3 (gq

1) uazQana1adn LDPE 2 (94 2) figuivgil 4 1az 10 esrusaidoa

qamgiinld | suouuly ¥iin
B > - L a b
WUinE | Mauin | genaiadn

91 65.53 -4.30 10.50

l 912 64.99 -6.45 13.94

941 65.89 3.93 9.75

g a2 65.36 -4.97 11.41

Q1 65.80 3.5 10.76

. 912 64.23 -4.49 13.20

i el 64.97 2.98 1233

4°C 7

Q12 65.77 2.87 12.18

el 63.74 3.04 13.73

y 912 65.82 2.85 13.70

1 65.25 3.36 14.44

L 942 65.30 2.24 15.31

91 66.10 -3.10 14.45

R Qa2 65.88 2.04 1632

1 63.32 -5.51 14.71

1 Q2 66.24 361 11.42

91 61.45 -3.99 15.88

. 912 64.75 -4.11 13.48

el 63.10 3.24 17.06

: 912 65.92 -3.01 14.82

. a1 61.62 3.65 17.27

10°C 7

Qa2 67.41 2.08 1633

a1 62.84 2.67 18.30

- 942 62.05 -1.83 19.57

41 64.45 241 19.51

i 912 66.08 -1.30 20.75

Q1 64.34 -1.64 20.75

5 Qa2 65.99 -1.07 22.07
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M3190 v13 msnlasunasmd AL, a, b vesdinTunlugawaradn FF3 (9a 1)

aTRINAIEAN LDPE 2 (99 2) Nl 4 uaz 10 oariwaidod

gunginly | Sauduly ¥iin
g o g o a L a b
wusnE | manusoe | gawanadn
91 47.90 -4.30 1050
1
P 45.80 -6.45 13.94
il 46.68 -3.93 9.75
3
992 47.14 -4.97 1141
: g1 4431 3.5 10.76
4C 5
912 46.44 -4.49 13.20
el 50.52 2.98 12.33
:
Qe2 46.91 2.87 12.18
qe1 50.20 3.04 13.73
9
942 0 2.85 13.70
Q1 44.49 20.25 28.57
1
942 32.24 -20.65 29.44
a1 46.55 -16.32 26.87
3
942 47.57 -15.00 25.81
. 91 44.77 16.11 28.92
10°C 5
a2 46.49 -15.84 27.92
Qa1 48.11 17.23 26.12
7
Qa2 47.35 -17.56 27.76
91 0 0 0
9
912 0 0 0
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Data sheet

CheckPoint

Hand-held gas analyser for spot testing
-0 or 0 /CO_version with memory function

Specifications sudjecl 1 change withoul nolice

Features

Iintroduction to the CheckPoint

* Small compact hand-held gas analyser

® High measuring accuracy due to state-of-the-art
technology

* Battery power for min. 2500 measurements for the O
and CO, version.

®  Memory function
® Measures 0, or 0,/CO, combined

2

® Short measuring time

* Ergonomic design

* Low sample gas volume

® Easy hot key calibration

* Robust and sturdy design

* Rugged carrier case

* Needle protection in the housing

Fast, sensitive and accurate

CheckPoint is a hand-held gas analyser for the testing of MAP
products within different industries e.g. the pharmaceutical,
and the food & beverage industry. The analyser is small,
robust, practical and ergonomically designed. CheckPoint is
able to test oxygen and carbon dioxide using a syringe needle
for gas sampling. The CheckPoint is ideal for machine and
product setups.

CheckPoint is battery operated and can be powered by
rechargable or ordinary batteries. The O, version is equipped
with an electrochemical sensor and the 0,/CO, version is
equipped with an electrochemical and an infrared sensor.
CheckPoint remembers up to 10 measurements. The large
and easy readable LED based display gives you the result in
a few seconds.

CheckPoint is available in two versions:

* CheckPoint O, for oxygen only

* CheckPoint 0,/CO, for combined measuring of oxygen
& carbon dioxide

Calibrated and ready to use

CheckPoint comes with a certificate of calibration and should
be re-calibrated with six month interval. The operator never
needs to worry about compensation for air pressure or flow
verification because this is all taken care of automatically.

If you wish to re-calibrate the unit, this is a very simple
process. You simply use the automatic hot key calibration
routine available in the menu.

This product is especially designed for those who need the
advantages of a very portable unit, which can offer a good
accuracy. Especially the accuracy of the CO, sensor in hand-
held devices is one of the best on the market. Due to new
state-of-the-art technology, PBl-Dansensor can now offer a
very satisfactory solution to this point.

Carrier case included

The new rugged carrier case protects the CheckPoint gas
analyser during transport and when not in use. Accessories
can be stored in the carrier case as well.

s PBl Dansensor

BEST CHOICE FOR GAS AND PERMEABILITY INSTRUMENTATION



ON THE QUALITY LINE

FerlorUasigmiecLraun-e

Principle of operation Sensor system

Oxygen

The CheckPoint O, is based on an electrochemical sensor.
The sensor operates like a kind of battery producing a Sensor type: Electrochemical

current corresponding to the concentration of the gas Range: 0- 100%

passing the sensor. The value of the current is converted e — 0.1%

into a concentration value and shown in the display. The - -

sensor is remarkably sturdy and stable, the readings are Accuracy: 0.25% abs. + 2% rel. @ CO, < 25%
highly repeatable and the sensor is very fast. The sensor will 0.9% abs. + 2% rel. @ CO, >= 25%
not saturate in high oxygen concentrations, which means Temperature <2%rel. (0-40°C)

that the CheckPoint O, can be used across a broad range of compensation:

applications with a measuring range from 0-100% with a high Response time (T, ): | < 10 seconds

resolution - still with high speed and accuracy. UNetime: % e e S s SR

Carbon dioxide
The CO, sensor is a self-contained, non-dispersive IR sensor

I'.')2/(:02 version

with IR source and single wavelength filter. There are no Sensor type (CO,). Nﬁﬂbps‘;ft:i“i'e infrared (NDIR), temperature
moving parts and the sensor is very sturdy. The CO, sensor LoNDporn
range is 0-100%. The sensor only needs calibration every Range: 0- 100%
6 months and the reading is not influenced by humidity, . 0.1%
ambient air pressure or temperature. 2 -
Accuracy: 2% abs. in the range of O - 20%,
3% abs. in the range of 20 - 100% CO,
Lifetime: > 3 years
Common specifications
o Sensor type (0,): Electrochemical
NIy
Auto power off after 1 minute Resolution: 0.1%
Memory function for 10 measurements (also after battery Accuracy: 0.25% abs. + 2% rel. @ CO, < 25%,
i 0.5% abs. + 2% rel. @ CO, >= 25%
Display hold function (also afterﬁpovrler off) Temperature < 2% rel. (0-40 °C)
Charging time for NiMH-batteries: 3 hours (auto off) compensation:
_ o aiondl i i
Dimensions: 74 x 63 x 135 mm (HxWxD) Ewasiin Cr (VIS BRDON 2 yiog in 20.9%.0,)
Weight: 0.5 kg Measuring system - common for 0, and 0, /CO,
M ing time: 10 seco
Cabinet: IP53 & anodized aluminium a1 S oo
Pump: Built-in pump, max -200 mbar vacuum,
expected lifetime > 500 hours (180,000
Operational tem- 0-40°C measurements)
porsture: Sample volume: Approx. 15 ml
Humidity: < 95% RH (non-condensing) .
Calibration: Air (20.9% 0,), 0% CO, and 100% CO,
Power supply: 90-260 VAC, 50-60 Hz, max. 12 W
Options: External power supply

Rechargeable NiMH battery pack .
User interface
Display:

3 digit LED for each gas
3 function buttons: on/off, start
measuring and memaory

Adjustable for right or left hand users

Sample probe

|

s PBl Dansensor

PBI-Dansensor America Inc.
139 Harristown Road

Glen Rock, NJ 07452 . USA
Tel.: (+1) 201 251 6490

Fax: (+1) 201 251 6491

e-mail: sales@pbi-dansensor.us
Website: www.pbi-dansensor.us

Headquarters: PBl-Dansensor A/S
DK - 4100 Ringsted

Denmark

Tel.: (+45) 57 66 00 88

Fax: (+45) 57 66 00 99

e-mail: info@pbi-dansensor.com
Website: www.pbi-dansensor.com



£,
W

IKONICA MINOLTA

CHLOROPHYLL METER

SPAD-502

A lightweight handheld meter for
measuring the chlorophyll content of
leaves without causing damage to plants.

condition of the plant, and thus can be used to
determine when additional fertilizer is necessary. By
optimizing nutrient conditions, healthier plants can be
grown, resulting in a larger crop yield of higher quality.

The SPAD-502 is a compact meter

designed to help users improve crop quality and
increase crop yield by providing an indication of the
amount of chlorophyll present in plant leaves. The
chlorophyil content of plant leaves is related to the

Features

Compact and lightweight for portability

The SPAD-502 is small enough to fit in a pocket and is
extremely lightweight (only 225g) so it can be easily taken
anywhere.

Quick, easy measurements

Measurements are taken by simply inserting a leaf and
closing the measuring head. It is not necessary to cut the
leaf, so the same leaf can be measured throughout the
growing process.

Water-resistant

The SPAD-502 is water-resistant, so it can be used
outside even in the rain.

*It is not immersible, and should not be cleaned with water.
Low power consumption

The SPAD-502 uses LED light sources, resulting in
extremely low power consumption. One set of two AA-size
alkaline-manganese batteries can provide approximately
20,000 measurements.

Small measuring area

The measuring area is only 2 x 3mm, allowing
measurements of even small leaves. A sliding depth stop
is included for accurate positioning of sample leaves.
High accuracy

High measuring accuracy (+ 1.0 SPAD unit for rice-plant
leaves) allows close examination of growing conditions.
Data memory

The SPAD-502 has memory space for 30 measurements.
Data in memory can be recalled or deleted at a later time,
and the average value of all data in memory can be
automatically calculated.

Reading checker

A reading checker enables users to check that the SPAD-
502 is functioning correctly and providing accurate
readings.

The essentials of imaging



Theory IOk

The SPAD-502 determines the relative amount of chlorophyll
present by measuring the absorbance of the leaf in two
wavelength regions.

The graph at right shows the spectral absorbance of chlorophyll
extracted from two leaf samples using 80% acetone.

From the diagram, it can be seen that chlorophyll has absorbance
peaks in the blue (400-500nm) and red (600-700nm) regions, with
no transmittance in the near-infrared region.

To take advantage of this characteristic of chlorophyll, the
SPAD-502 measures the absorbances of the leaf in the red and
near-infrared regions. Using these two transmittances, the meter
calculates a numerical SPAD value which is proportional to the
amount of chlorophyll present in the leaf.

700¢nm)

400 500 600
‘-""&'-l—— Wavelength ———————e1= Infrared

Applications

351 y-0079x-0154
a3 | 708087068

badl
%2.3.
3

21

18

©1984
» * 1985

1.7 ¢

24 26 28 30 32 34 3B 38 40 4:2
Measured SPAD value

Checking the nutritional condition of plants

The chlorophyll present in the plant leaves is closely related to
the nutritional condition of the plant. As can be seen from the
graph below, the chlorophyll content {represented by the
measured SPAD value) will increase in proportion to the amount
of nitrogen (an important plant nutrient) present in the leaf. For a
particular plant species, a higher SPAD value indicates a
healthier plant.

125 130
s 0 25 20 15 ® 5 0
7.10 7.20 7.30 814

Determining when additional fertilizer is necessary

A decrease in the SPAD value indicates a decrease in the
chlorophyll content and nitrogen concentration. This decrease
may be due to a lack of nitrogen available in the soil. This
problem can be solved by adding fertilizer to the soil.

For example, it was determined from past experience that for
Sasanishiki rice plants a SPAD value of 35 or above was
desirable to produce a target yield of 600kg/10a. During the
differentiation and formation of ears, a period of rapid plant
development, the SPAD value fell to between 29 and 32,
indicating that additional fertilizer was necessary.

SPECIFICATIONS ;

Type: Handheld meter for measuring chlorophyll using optical density
difference at two wavelengths

Measurement sample: Crop leaves

Measurement system: Optical density difference at two wavelengths

Measurement area: 2 x 3mm

Light source: 2 LEDs (light-emitting diodes)

Receptor: 1 SPD (silicon photodiode)

Display: Measurement data: 3-digit LCD with decimal point
Data number: 2-digit LCD

Data memory: Space for 30 data sets

Controls: Power switch, AVERAGE key, ALL DATA DELETE key,
ONE DATA DELETE key, and DATA RECALL key

Power source: 2 AA-size alkaline-manganese (1.5V) batteries

Battery line: More than 20,000 measurements
Minimum interval between measurements: Less than 2 seconds
Accuracy: Within + 1.0 SPAD unit (at room conditions, SPAD value
between 0 and 50)
Repeatability: Within + 0.3 SPAD units (SPAD value between 0 and 50)
Reproducibility: Within + 0.5 SPAD units (SPAD value between
0 and 50)
Temperature drift: Less than + 0.4 SPAD units/°C
Temperature range: Operation: 0 to 50°C; Storage: - 20 to +55°C
Dimensions: 164 x78 x 49mm (6-7/16 x 3-1/16 x 1-15/16 in.)
Weight: 225g (7-15/16 oz.) (not including batteries)
Other: Waming buzzer; User calibration

KONICA MINOLTA SENSING, INC. Osaka, Japan
Konica Minolta Sensing Americas,inc  New Jersey, US.A. Phone : 888-473-2656(in USA), 201-236-4300{outside USA) Fax : 201-785-2480
Konica Minolta Sensing Europe BM.  European Headquarter /BENELUX Netherland Phone : +31 248-1200 Fax:+31

German Office en, Germany Phone ! +4 11 7404-862 Fax:

German Office Garmany Phone : +4! 630267- Fax:

French Office Roissy CDG, France Phone : 1493-82519  Fax: +

UK Office Milton United Kingdom Phone : 1908 540-622 Fax:

Italian Office Milan, Phone : 90111 Fax :

Swiss Office Dietikon, Swi Phone : +41 322-9800 Fax: +41

Nordic Office Viastra Frolunda, Sweden Phone : 1 7099464 Fax:

Austrian Office Wien, Austria Phone : 187882-430 Fax:

Polish Office Warszawa, Poland Phone : 56033-00 Fax:
WHMWMLMSEMW Shanghai, China Phone : +86-021-5480 0202 Fax : +86-021-5488 0005

SE Beijing Office Bailjing, China Phone : +86-010-8522 1551 Fax : +86-010-8522 1241

SE Guangzhou Office Guangzhou, China Phone : +86-020-3826 4220 Fax : +B6-020-3826 4223
Konica Minolta Sensing Singapore Pte Ltd. Singapore Phone : +65 6563-5533 Fax : +85 6560-8721
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Introducing the successor to the Konica Minolta CR-300/310,
our best-selling colorimeter globally accepted as the standard
in a wide range of industries.

CR-400

Measurement area @8mm

CR-410

Measurement area 250mm

& The measuring head can perform

measurement alone.

The measuring head is detachable from the data processor.
Now, you can take measurements directly with the head
alone. What's more, you can connect the measuring head
directly to a PC. Simply install our optional software, and
your PC can function as the data processor.

 User-defined evaluation formulas

freely set up.

The CR-400 Series features a User Index function that
allows you to configure the evaluation formula and color-
calculation formula as desired. This feature is intended to
meet the needs of color-control applications in which
industry-specific or customized evaluation formulas are
used instead of the versatile color system and standard

evaluation formula such as L*a*b".
(Settings can be configured via a PC with optional software installed.)

Abundant accessories applicable to

various materials.

A varied selection of accessories is available to
accommodate various types of targets including powder,
paste and opaque liquids.

o Compact data processor incorpor-

ates a high-speed printer.

The compact, lightweight data processor is battery-
operated® and features a built-in high-speed printer. lts size
and weight are approximately one-half those of the
conventional DP-300 Series. In addition, the CR-400 Series
is designed with a detachable shoulder strap for easier

portability. “An AG adaptsr is includad as a Y.

Full data compatibility with the

CR-300/310 series

To ensure data compatibility, the CR-400 Series utilizes the
same illumination-viewing optical system as the
conventional CR-300/310 Series. As a result, those
upgrading from the preceding model can make full use of
their existing data.

Easy-lo-understand the name on the buttons, ensure
smooth measurement and seiting operations.

Achieves exceptional accuracy

Inter-instrument agreement : CR-400: AE*ab within 0.6
CR-410: AE*ab within 0.8

Repeatability : within AE*ab 0.07

User calibration function ensures higher accuracy.
{Settings can be configured with the data procsssor or via a PC with optional software
instalied )

Color difference tolerance can be set to perform

PASS/WARN/FAIL
(Settings can be configured with the data processor or via a PG with optional software
nslalled )

Offers a wider range of color systems than the CR-
300/310 Series.

The measuring head alone can store up to 1,000
measurements. When lhe dala processor is connected,
up to 2,000 measurements can be stored.(The measuring
head can store up to 100 color-difference target colors with
or without the data processor connected.)

Capable of displaying color-difference graphs that

provide a visual representalion of the color difference.
(When d to data p )

A simple, cellular-phone-type text entry system is
provided for entering the names of color-ditference

target colors and calibration channels.
(When cor d to data p )

Features a large, easy-to-see LCD with a built-in
backlight.

The LCD offers six user-selectable languages for the
display mode, including English and Japanese.
(When dio data )

Can be powered with rechargeable batteries for reduced
operating costs.

o) Denotes a new feature not available with the previous CR-300/310 Series,



The CR-400/410 Series really shows its abilities in these applications.

With the varied accessories, you can measure targets with

When measuri
o diverse profiles.

powders or pastes

CR-A33f (For CR-400)
CR-A33e (For CR-410)

When color control
is performed with 1= User-defined evaluation formulas can be entered as desired. Now,

a customized
svaliuntion fSrmula, you can control 8_9 2_5 ocﬂos_uma m<m_cm=o=._..3§c_mm

instead of the versatile Grade: 53
color system - . User index function |

H

._o

-Example- +—
Evaluation of fomato S.:wa.a 40321 -1.0

Vg
.
'
i
}
H
1

Note. The evaluaton formula I&i.t&.ﬂtngo ore hypothetical examples used only 1o na:!i..s- ni_.ln_ index function,

When a compact Bl The measuring head can be used independently of the data
colorimeter T a8 processor. This is advantageous when portability is required or
is needed in the field % ™ limited space is available.

4 ‘o
When measurements
need to be printed [ - \J The compact data processor features a built-in uzamq for
on-site for labeling NS : : superior mobility.

of samples
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Optional Accessories

Granular-Materials Attachment
CR-A50

With the Granular-Materials Attachment
CR-A50, the color of powders, pastes,
grains, and other granular substances can
be easily and accurately measured.

Glass Light-Projection Tube
CR-A33f ro cR400) and CR-A33e (For CR410)
Glass Light-Projection Tube CR-A33f and CR-A33e
have a glass plate at the tip and can be used for
measuring wet surfaces or for ensuring that materials
such as textiles are flat during measurements.

SpectraMagic*NX (eptiona)

Supports Windows®2000/XP

SpectraMagic® NX enables you to perform
comprehensive color inspection and analysis of
incoming raw materials, in process production,
and outbound color critical goods and materials
in virtually any industry. With SpectraMagic” NX
you can insert digital images with measured data.
Measure samples in any of 8 universally accepted
color Select from 15 illuminants, and up
1o 40 indices to determine specific color and
appearance properlies, such as brightness, haze,
yellowness, opacity and strength. You can even
configure up to 3 customized color equations.
Reports range from simple Pass/Fail to trend
charts, hislograms, color plots, and spectral
graphs. SpectraMagic” NX comes with predefined
templates using skin technology, or you can
create your own templates. For illustrations and
explanations to understanding color and color
measurement technology, there is a link to
Konica Minolta’s well known and respected
“Precise Color Communication”.

L*a'b’, L"C"h, Labs:, LChas, XYZ, Huntar
Lab, Yy, L'uV, L'u"v", Munsell and their
color differencss

E313-73), Standard Depth (150 105.A06),
) Rd]va 1

1982, 3 5
Barger, Taubs, Stenshy, Ganz), Tint(Ganz),
Y1 (ASTM D1825-70, ASTM E313-73,
ASTM E313-95, DING167) WA (B ASTM

ronca. u:emu:-mm
-

1976), 1934),
AE

(Hunter)
_ FMC-2_ NBS 100, NBS 200

L"a'b" absolunte value, Al "a‘b" (color
difference distribuion), Hunter Lab
ahsalute value, Hunter alab (color
difference diswribution), Trend chart and
librmdmduqnn.dadu
Q Psaudo Color display

Pivoting Base GR=A12 o cr00)

Attaching the Pivoting Base CR-A12 1o the
Measuring head of the CR-400 ensures
greater stability and accuracy in measurements
Light-Projection Tube CR-A33c is also included.

CR-400 Utility Software CR-S4w

M To take measurements or the
measurement paramelers of the CR-400/410
Series, you can control the unit with a PC.

B Measurement data can be ransferred direclly
1o a Microsoft Excel® file by means of the OLE
TUNCHONL (€103 172000 2002 s recua-2d 1o use e Excet® variw £actan

M Calibration data and color-difference

reference color data can be uploaded or
madified.

At

{4

9a20000P
Pentium 166MHz or higher

100MB or more free spacs

-:u- VGA (540x 480) or higher

g



Dimensions Units : mm

W“—Wm Measuring Head CR-400 Measuring Head CR-410
40 (Oxiuss Bumnabon/IF viewing angls) | Wide-arsa minalion/0” wewing angle 8 102 8 02
lar included) (Specular component included)

{Specula
Silicone photo cells (6) = .
Y. 0.01 1o 160.00% (refleclance|
Tan s i i eR|le || |@9e |
1 seconds. . T 7
3 seconds.
(when using batt under company lesting Konica Minclta’s condiions) [

| Blg11 | 650/053 ] ]
Within AE"ab0.07 standard dewviation (when the whits calibration plate E_ E |
is measured 30 fimes at intervals of 10 ds)
AE"ab: within 0.6 AE"ab: within 0.8
Average of 12 senes |l colors - ala
2 degrees Closaly maichss CIE 1831 Standard Observers: ( ¥, yi, 71) -q

21

C, Des
Chroma color differance PASS/WAAN/FAIL S L
difference tolerance tolerance and u
.uw Hunter _ab 1*C*h forky :C) ). CIE1904__absa, L2 J !
LCha9, GIE2000, GIE Wi Tw (only illuminant Dss), W1 ASTM ESI-IMI-IG] -
“ASTHDIQQS(WEWIC)“ASWESI!MMC). L.L_
User index (up 1o six can be registered from computer) Data Processor DIP-400

20 channels (ch00 - white calibration_ch01 1o ch18 : usar calibration) 3
Dot-matrix LCD wath back light (15 chars x 9 nes + 1 line for icon display)
RS-232C caomplant (lor data processorPC) i
* Baud rals . 19200 al 9600 bps whan shy from
4 AAA size akalina or Ni-MH battenes,

AC adapter (AC-A17) AC120V ~. 50-50H2 0.4A (for N.America and Japan)

ACZ3V ™ 044 M. America M‘:zi
1 X 217(H) x 1 ¥ "
% | Approx. 5500 | Approx. 570g =
| inclucing 4 AAA sz batleries and not ncluding RS-232G cable)

4
Oparaling temperature/ | 0 to 40°C, relatve humidity 85% or less (al 35°C) with no condensation W

Mm_ mma ghm-nhﬁhgluhsg [E <" 3
% np rzngs| -20 to 40°C, relatve dity 85% or less (al 35°C) with no

LCO back light ON/OFF funcion (when ON, back light stays ON for 30

seconds after last key or maasurament operaton)

1 indhcates when cannacied io the Data Pracassor or when nol sel using the Data Processar o the opbonal saftwars,
thal same of the unclion e not avalablle when e s nat

Name | Data Processor

Model DP400 i

Displayrange | Y 0.01 to 160.00% (reflectance)

Measurement time * 2 1 Saconds.

ih]
2L S |
ju—=i

5 [0 C), CMC (ie), A , .
data LChag, CIE2000 CIE WH-Tw mlmlnu] HASTuEma(at;lmmc). w::ﬁ
wmn-m:mmc;wmemawwm CRA O 0.
g Head -
o o Q
L ] L ] L]
[ ] &
Q
o o o]
L ]
o
. - year, 4 AA Sizn Batnwies .
Timer dseconds. 1o 99 minutes.
| (Soma measurement modes requirs more than 3 ds. ) 4 AAA Sure Batisnes. Y Y
Interface RS-232C compliant  Baud rale {bps) . 19200 Iced (when connected lo PC) Glass Light-Prejachon Tuba
_m%' head is connected baud rate is automabcally sef 1o that of the measurement head CRAIIT O
Powsr source 4 AA size of Nr-MH battenes Light-Projection Tuba o
AC adapter (AC-A17) AC120V~- 50-80Hz D.4A (for N.Amenca and Japan) CR-Axachd
e AC230V ~ 0.4A flor worldwide N_America A :mwm o
Sme | 100(W)x 73(H) x 255{0)mm 0 o
Weigrt | Approx. 600 (not inchuding baiieriss and paper] cham o o
Operating lemperature/ | 0 1o 40°C mmssxuh-nas-canmm Pruoting Fasa
humidityrange | # o for North Amer ca € 1o <0°C, rbave 80% or less (at 31°C) mihno condensation. CRaA12 O
-20 to 40°C_rslative ussu at 35°C) with no condensation Golor Tios: o
Usar m!uru:non( nual )72 N for
function, Print ONVOFF function. CR-400 data import function * 2 MmhrmpfuMF @ Standard accessory
iumouMpmmoﬂfoFﬂmmmmm&mmﬂmm O Opional acrnsxory
color imit function Remate mode (stored data output), Ch input fu (alphanumenc)
* 2 ndicales hal parl of or sl kinchons arc nol avalshic when the head is not Specifications are subject in changa without notica.
. For comrect use and for your safety, be sure to read the instruction manual bsiors using the instrument.
SAFETY PRECAUTIONS ® Always A the ¥ 1o the specified powsr supply voltage. Improper connection may cause a firs or slecinc shock.,
®Be mre lo use the fied batt ti-v wraper may cause a fire of dlectric shodk.
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Konica Minolta Sensing Americasinc  New Jersey, U.S.A Phone : 888-473-2656(in USA), 201- Wﬂeusn Fax : 201-785-2480
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Konica Minolta Singapore Pte Ltd. Singapore Phone : +65 6563-5533
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