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Maturity stage
Cultivar Mature green Mature red
CO, (mg/kg/h) CO, (mg/kg/h)
Cherry Bomb 156.4 67.5
King Arthur 57.3 48.2
Mitla 46.1 121.3
Chiltepin 230.2 291.7
Mesilla 72.8 1334
Savory 97.4 111.8
Habanero 117.8 89.2
Banana Supream 67.3 65.3
Tabasco 234.0 63.1
Sure Fire 31.0 52.6
Hungarian Wax 51.5 96.6
Cubanelle 92.2 64.9
Camelot 69.1 45.1
‘ﬁll”l: Villavicencio et al. (1999)
m3nd s sanmsmelevesnsniiganginie
FUAVDINT D on31MInYle TRl QNN
(eI AITH )
Chilli' 2.8 mlCO,/kg/h 0
Chilli' 3.6 mlCO,/kg/h 4
Pepper2 7-8 mgCO,/kg/h 5
Chilli' 6.3 mlCO,/kg/h 8

31: 'Thomson et al. (2001); 2Gonzalez-Aguilar (2004)
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FHAUDINTN 1M InIele N8 QUL

( DIFNIFALTOA )

Pepper’ 10-15 mgCO,/kg/h 10
Pepper’ 24 -30 mgCO,/kg/h 15
Pepper’ 32-36 mgCO,/kg/h 20

A31: '"Thomson et al. (2001); 2Gonzalez—Aguilar (2004)
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M3N 6 ANHULNNNMININYDINT N NUNAADNTGYIFBINHIIN

o

Pod type Initial water Surface area Surface volume Cuticle weight Epicuticular wax
Content ( % ) ( cm’ ) ratio ( mg/cm2 ) ( l,lg/cm2 )
Bell 92.1 553 0.88 1.80 113
New Mexican 90.6 340 1.78 4.40 76.40

W7 Lownds et al. (1993)

3. manlasulaaioduiia
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uruHoana oM Ilasunilasved pectin 1Hundn Ao WUTu e water-soluble pectin
A dgl A (a . . 1 ra ~ o 4
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1 a [ 4 =\
polygalacturonase 0z cellulase (Ben-Yehoshua et al., 1983) @IUNWINWUTF ‘Choorachong’ ¥
Y 1 v
ANNUUUITDAAAY 1109910151088 UN1a3U09 hemicellulose LAY pectin $1MIN  galactose
i o JAA (a ¥ o o o
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. 44 2 A a a = a A 3 A .
galactosidase MNVAYU 50 MudonsntNamslasunasnnszeznad@yendudad (immature
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o J . . 2
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1996)
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4. mandasunlassaning
= a o - I o ' & . a
gvoansniluiladodian nudmlumstivuayaaInssoue (Weiss, 2002) W3n
1 ) = Aa ' ) = A A a o
uaazwuiinmadsunasdimanaranull msndsuwlasd@iiwsnnasn msaaiean
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. £ Y . A o Y .
carotenoids #4147 capsanthin NUANNUTIAYUINNTA TOIAIN 1dun capsorubin Uagf —
[l 1% Aq Y A a Y . . . . =~
carotene ﬁﬁuiﬁﬂﬁﬂi}ﬂiﬁﬁmﬁ@ﬂlmiﬂ llﬂuﬂ lutein U@gviolaxanthin (Weiss, 2002) @AY
a = ~ 1 A o . o @
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9 a o = 1 1 dy& 9 ~ v aA
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< a A 9 1 A J 9 a9 a . a A d?
WwanIzlinessosas 4.9 uaz ludrumitumuaziadosuin USua carotenoid TUNT ALY
4 a a 1 3
Uszanadesay 120 ediininasuandiWeniuduas (Rajput and Parulekar, 1998;

Bosland and Votava, 2000)

5. ANUIANA
anuiaveansmuiloiodidasniedonds ﬁﬁdau“lumiﬁmmyaﬁmﬁcﬁa
18 (Weiss, 2000) ANMHATUNS naiTaa19e wilSunadiuandaiuinn Mannmslszneu
WAewila 590N capsaicinoids Fevziianvaiz Tasaadramaniiiu vanillyl - acylamides
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Y 4

E4 ]
ol .. ! @ a t4 a
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a a a o 1 @ < a v 0

STEETRLY capsaicin M9 113-160 FaanTuaAD100n5Y LAZAIMHAVINT NIZAIAINDETN1IY

3 o 1 4 o
yoamsulsgd manusnuldaniuileifieunud (Rajput and Parulekar, 1998)
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a 1 <3 a a
M3sziumMANNIHAYINT NIE Hons 1o 1ugIved Scoville heat units
A . A 1 a Y . . Q
tazlsunuvesas capsacins ‘ﬂilﬂgﬁlL!WSﬂ Tupouaull Af.1990 Wilbur L. Scoville 11113
o o o 1 <3 a a [ (% 1 2 3 [ a
NAFOUMIANUTUIUTTZHINANWAAVDINT NF¥HAA1I F9aInd 1 Faazriulain winlu
< I v W 1 < A
Uszimalnelinnuiraluduauiaoa50991n Habanero TaslinuiAaagi 50,000 — 100,000

Scoville unit

A o < a a J
NNN 3 FTAUANUNAVDINT NBUAN NG

W: Harris (1998)
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NAAN Weight loss Bruise Rot Trim Total
Y
I0Y0S

N3N 2.56 4.56 0.20 0.14 8.46

A Thompson (1996)

[V <3 ~ a ' ) a ) Y A o o Y
waamsnumeInsnluriad wsnazgmi lund 3 ungy ianuazein uazila
< 3 A an o q Yd A v o a A Y . .
LEJL!I@]EJLTNI?I@ ’J‘ﬁmi‘l/lﬂ‘i/il,ﬁlu‘ﬂmuwﬁllmJWiﬂiﬂﬂ”ﬂQ’ﬂ 1@ forced air cooling (l@i¥room
. . . Y amd 9 AAa
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a a A (R < o @
ﬁnJﬁﬂﬁﬂﬂiﬂﬂﬂ!%ﬁuﬂﬁﬁlﬁﬂulﬁ 0.6-2.6 10gSlOCFU/g LLGI’E)‘(’JNUI,ﬁﬂGniJ ﬂWié}N‘Vﬂﬂ”ﬂMﬁg’ﬂWﬂNﬂ

qQ

]
S A

9 2 g/ A A o A A Ao Y a a A Jd
uagwa laadreiiifinaeiu ieaaduaunuaiiienilvinalsauazgaunidain
Funadondana lasuanuilonog19unIvia1e (Beachat, 1989) Adam tazA(1989) 318411
1 9 [ Y 9 g} d‘d S o . . y
71 MIANANMALAIAI8EINTAADTU 100 ppm FINITAAATIUIU aerobic mesophile 1@

' 9 A Y Y g' ) a A v 1 Y 9
wnnMieeaz 98 Tuvmzimsdnaleinlsziiaadwiugaunidaenan ldimisedosas 93
° ~ o ' J Aa ~ Y v °
TusiueuRInUN13M bussel sprouts THINNATOTUAMANAY 200 ppm F1WTDAATIUIU
4 9 ~ 1 3’ ~ = =~ ) Y
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tWen 1 logs, CFU/g (Brackett, 1987)
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WAAND QUK AR ETNE PWYMIIAVT NN
asrnesaiea  aernvusulad fouaz dlaf
w%?)ﬂwg 8-9 - 85 - 90 2-3
Hot peppers (Chiles) 5-10 41-50 85-95 2-3
Peppers 7-13 45-55 90 - 95 2-3
Peppers 7-10 45-50 85-90 2-3

N 9590 (2544); Bosland and Votava (2000); Cantwell (2001); Weiss (2002);

Gonzalez-Aguilar (2004)

M13199 9 guugiinganne ldinaoimsaziiurun uazgemsazMunuveInsn

HAAKA aungiingaiine 1
Lﬁﬂ@WﬂWiﬁ%ﬁWHWUTJ E)WﬂWiﬁ%ﬁWHWUTJ"U@\‘]W?ﬂ
DR TAIT A

Pepper S?.hﬂ?h 7 sunken, darkening, surface pitting,
water-soaked area, discoloration of the seed
cavity (seed discoloration near the calyx),
a predisposition to Alternaria

Pepper ig.hﬂ”h 4 softening, pitting and Predisposition to decay

N Wang (1990); Skog (1998); Gonzalez-Aguilar (2004)
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N Zagory and Kader (1988)

MIUIIAVVENITVIIENMAauag (Modified Atmosphere Packaging, MAP)
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1.1 Passive Modified Atmosphere Package (Passive MAP)
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1.2 Active Modified Atmosphere Package (Active MAP)
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Beaudry, 2004)
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0, (%) Commodities
0.5 or less Chopped greenleaf, redleaf, Romaine and iceberg lettuce, spinach, sliced pear,
broccoli, mushroom
1.0 Broccoli florets, chopped butterhead lettuce, sliced apple, Brussels sprouts,
cantaloupe, cucumber, crisphead lettuce, onion bulbs, apricot, avocado,
banana, cherimoya, atemoya, sweet cherry, cranberry, grape, kiwifruit, litchi,
nectarine, peach, plum, rambutan, sweetsop
L.5 Mosts apples, most pears
2.0 Shredded and cut carrots, artichoke, cabbage, cauliflower, celery, bell and chili
pepper, sweet corn, tomato, blackberry, durian, fig, mango, olive, papaya,
pineapple, pomegranate, raspberry, strawberry
2.5 Shredded cabbage, blueberry
3.0 Cubed or sliced cantaloupe, low permeability apples and pears, grapefruit,
persimmon
4.0 Sliced mushrooms
5.0 Green snap beans, lemon, lime, orange
10.0 Asparagus
14.0 Orange sections

NN WAAHANIVIUAITNHIANDE NUIEDI HAANANINMTADUAUDIADANVIT T

2] a ° ] v AR A
VOUNTDDNHLAUATA ﬂgiui%ﬂﬂﬂﬂ\‘]ﬂNWﬂ (good to excellent)

N Beaudry (2000); Mir and Beaudry (2004); Romig and Mir (2004)
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CO, (%) Commodities
2 Lettuce (crisphead), pear
3 Artichoke, tomato
5 Apple (most cultivars), apricot, cauliflower, cucumber, grape, nashi, olive,

orange, peach (clingstone), potato, pepper (bell)

7 Banana, bean (green snap), kiwi fruit
8 Papaya
10 Asparagus, Brussels sprouts, cabbage, celery, grapefruit, lemon, lime, mango,

nectarine, peach (freestone), persimmon, pineapple, sweet corn

15 Avocado, broccoli, lychee, plum, pomegranate, sweetsop
20 Cantaloupe (muskmelon), durian, mushroom, rambutan
25 Blackberry, blueberry, fig, raspberry, strawberry

30 Cherimoya

1 Watkins (2000); Mir and Beaudry (2004); Romig and Mir (2004)
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ANUFUAURNTAuAA (equilibrium relative humidity) vesfinuazka liaaaamsgadeorirla

Wduwaradnidouldlumsussquaanada 18un Low-density  polyethylene  (LDPE),
Polyvinyl chloride (PVC) ttazPolypropylene (PP) &7U Polystyrene (PS) imsvnn iy
12 o . . A 9 =< ' 9y 2] a 4]
uanau Polyvinylidene (8% Polyester 3Jﬂ1ﬁﬂ1W1WJmmuulmlmuﬂfmaﬂcmi]uuamﬂa
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mi"ljﬁluhlm]@ﬂhlcliﬂm MWD UMTINUINHINDANAN ﬁi’lﬂ’ljﬂ’]ﬂi{ﬂ@'] (Kader et al., 2000)
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Film Type Permeabilies (cc-mil/mz.atm.day) PCO,: PO,
Co, 0, B
LDPE 7,000 — 77,000 3,900 — 13,000 20-59
PVC 4,263 — 8,138 620 - 2,248 39-69
PP 7,700 — 21,000 1,300 — 6,400 33-59
PS 10,000 — 260,000 2,600 — 7,700 34-38
PVDC 52-150 8-26 58-6.5
PET 180 -390 52-130 3.0-35

N Zagory and Kader (1988)

a o a 1 o a (% " A Jd
Uszianveaddunaraannildinaaniizussermadandadldun Wy
a Ay 1a . ar o a Aa ]
Wﬁ1ﬁ@ﬂ1/lh],3J3Jﬂ”liLfﬂ1$§‘ (continuous film) uazﬂauwmamﬂmumsngmmmaﬂ (perforated

films: micro perforation) “dﬁﬁﬁﬂmﬁuﬁa aaaasluasen 13

A va ad A A = . ad A Aa
AT NN 13 ﬁﬂJ‘]J@W@QWﬁ?JWﬁTﬁ@]ﬂVIMhJNﬂﬁlﬁﬂg?’ (continuous film) tazaunaraanii

<
N319123vUIALaN (perforated films: microperforation)

Properties Continuous films Microperforation
Rate of gas movement  Gas permeation through the The sum of gas diffusion through
polymeric film the perforation and gas permeation

through the polymeric film
The permeability : P PCO, > PO, ; 2-8 times PCO, > PO, ; 0.77 times
Temperature : T PO, and PCO, increase with T PO, and PCO, extremely

insensitive with T changes

Au1: daualas Mir and Beaudry (2004)
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System/Action Substance Organizational source
Ethylene absorbing - Activated carbon/potassium - Kuraray/Nippon (Japan)
permanganate - Greener (Japan)
Ethanol emitting - Micro-encapsulated ethanol - Freund (Japan)
Moisture absorbing - Polyvinyl alcohol encapsulation - Grace Chemical (Davison)
- Siliga gel - Capitol Specialty Plastics

- Multisorb Technologies
- Clay-based - Sud-Chemie Performance

Packaging
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System/Action Substance

Organizational source

Antimicrobial releasing - Sorbates
- Benzoates
- Propionates
- Silver salts
- Sulfur and mercurial compounds
- Bacteriocins
- Sub-micrometer cell wall penetrants

- Zeolites

- Chlorine dioxide

Antioxidant releasing - BHA/BHT

- TBHQ

- Vitamin C or E
Flavor/odor absorbing - Activated carbon

- Sodium bicarbonate

Chemical stabilizers - Tocopherol or vitamin E

- Mitsubishi Gas Chemical
(Japan)
- Microban Products

- Various from Japan

- Mitsibishi Gas chemical
(Japan)

- Shinagawa Fuel (Japan)

- Tachyon Energy (Japan)

- Bernard Technologies

- England Corp.

- Roche
- Arm & Hammer
- Cabot

- Roche

11: Brody et al. (2001)
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Application Minimally processed
Ethylene emitter Fruit/vegetables
Ethylene scavenger Fruit/vegetables
Moisture regulator Fruit/vegetables
Antimicrobial-releasing film Fruit
Enzyme inhibitor Fruit/vegetables
Oxygen scavenger Fruit/vegetables
CO, regulator Fruit/vegetables
Light control Fruit/vegetables

nu: aauias Rooney (1995) 1agBrody et al. (2001)
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Tag

[CO,], = CO, concentration inside the package at any time (%)
[CO,], = CO, concentration outside the package (%); 0% for air
[0,]; = O, concentration inside the package at any time (%)
[O,], = O, concentration outside the package (%); 21% for air
L = Thickness of film (mm)

Mo, = Molecular weight of O, (0.032 kg/mole)

2

Mco, = Molecular weight of CO, (0.044 kg/mole)

P = Pressure of 1 atmosphere (atm)

P,,, = Permeability to CO, (mg mil/m’ h atm)
P,, = Permeability to O, (mg mil/m” h atm)
P

= Pressure in the package or the jar (Pa)

R = Qas constant (8.314 J/mol K)

R.,, = Rate of CO,evolution (mg/ kg h)

R,, = Rate of O, consumption (mg/ kg h)

S = Package surface areas (mz)

t = Time (h)

T = Absolute temperature ("K)

14 = Free volume in package or in jar (ml)
W = Product weight (kg)
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52971 25.19" 10.12™  21.80° 8.77° 8.77"
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23 2773 2579 994" 21147 713" 6.80"
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C9 0.33£0.007™  0.221+0.001° 0.184+0.007" 0.166+0.003" 0.102+0.002° 0.083+0.004° 0.150+0.004" N/A
PE 0.33£0.007™  0.229+0.003" 0.17440.016" 0.126£0.001° 0.114+0.005" N/A N/A N/A
PE 0.33£0.007™  0.291+0.002" 0.189+£0.011%  0.169+0.001"  0.118+0.004" N/A N/A N/A

Hole

nnewia " Anndetandeuuunnggiu
= =) d' a dy a di’
N/A vimnede lutidoyaiiliosnnwinininaios
' 4
AIDNHINUANANAUANIUIAINLIBDANANAUBI T TEd AN AN (p<0.05)

o w a

Y
ns 11809 Joyamuuuans luuanaiuedaliisdiAyneada (p>0.05)
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MINHUING V9 ATUUUANNFOUITINVOINT NUNYEA 100 NSUNVITY IUgInaIaan iNuTnuINguH

a

DU 10 DI ALY

QU

=

ga (NN 23)

Wﬁu ASUHUAITNTDUITIY v
Sudi 0 5 10 15 20 23 26 29
C4 8.874035"  8.77+0.43" 827045  7.77+0.73"  6.87+1.01"  6.80£0.92"  6.67+0.61"  6.57+0.50"
Cs 8.80£0.41"  8.73+0.45"  823+0.43"  7.70£0.84°  6.93£0.87° = 6.90+0.80"  6.70+0.53"  6.63+0.56"
C9 8.80£0.41"  8.6740.48"  8.17£0.46"  7.60+0.56°  6.73:1.08"  6.43+0.86"  6.47+0.57" N/A
PE 8.67£0.48"  8.53+0.51"  8.07+0.45° 7374093  6.60+1.10" N/A N/A N/A
PE 8.63£0.49"  8.50+0.51"  7.8740.43"  6.93+0.98°  6.27+1.05 N/A N/A N/A

Hole

nanewia " AunderAndounung gl

AZUUY 9 — 1 WD FoUNINTgA — TiveuwIniige
= a9 d' a dy a di’
N/A vimnede lutidoyaiiliosnnwinininaios
1 4
A0 I NUANANAUAMUUIAHNBDIANA NN LI NTITBT1AYNINEDA (p<0.05)

o w a

Y
ns 11809 Joyamuuuans luuanaiuedaliisdiAyneada (p>0.05)
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MINHUING V10 ATUUUANHULHIVRINTNUNYAA 100 NTUNVITY IUgana1aan nUTnINgUH

a

DU 10 DIMLYaLY

U

=

ad (NN 24)

Wau AZUUUENEUZAv AN
JUn 0 5 10 15 20 23 26 29
C4 8.00+£0.95"  7.90+0.76" 7.80+0.61" 7.43+0.94" 7.2740.94"  7.07+0.83"  6.93£0.66"  6.63+0.56"
C5 8.0740.69°  7.73+0.74"  7.63£0.67°  7.47+0.68°  7.20+0.85°  7.03£0.85"  6.87+0.67°  6.67+0.48"
C9 8.20+0.71°  7.90+0.66" 7.83+0.70" 7.50+0.73" 7.0340.96°  6.87+0.86"  6.43+0.64" N/A
PE 7.90+0.84" 7.83+0.75" 7.83+0.83" 7.03+0.76" 7.00+0.83" N/A N/A N/A
PE, . 7.43£090°  7.37x0.72°  7.33x0.71°  7.17+0.83"  6.63£0.96" N/A N/A N/A

nanewia " AunderAndounung gl

AZUUY 9 — 1 WD FoUNINTgA — TiveuwIniige
= a9 d' a dy a di’
N/A vimnede lutidoyaiiliosnnwinininaios
1 4
A0 I NUANANAUAMUUIAHNBDIANA NN LI NTITBT1AYNINEDA (p<0.05)

o w a

Y
ns 11809 Joyamuuuans luuanaiuedaliisdiAyneada (p>0.05)
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MINHUINGA V11 AZUUUANHULIIVDINTNUNYAA 100 NTNNVITY IUgana1adn NuTnyINguw

a

QU

DU 10 DI ALY

=

ga (NN 25)

Wdu AzIuEn Azt oansn ¥
Sudi 0 5 10 15 20 23 26 29
C4 7.9740.72°  7.23+0.57°  7.0040.78"  7.10+0.80"  6.80+0.89"  6.33+0.61" 6.13+0.78"  6.17+0.59"
Cs 7.9040.80°  7.3040.60°  7.0740.69"  7.07+0.64"  6.83£0.65'  6.50+0.73"  6.20+0.66"  6.23+0.68"
C9 793+0.83°  7.00£0.87°  7.10£0.72°  6.97+0.76°  6.93+0.64 6.83+0.65" 6.47+0.78" N/A
PE 7.60£0.72°  6.80+0.71°  6.87+0.74°  6.5740.68°  6.20£0.66" N/A N/A N/A
PE 730£0.92°  6.40+0.72°  6.27+0.60°  6.20£0.55°  6.03£0.67" N/A N/A N/A

Hole

nanewia " AunderAndounung gl

AZUUY 9 — 1 WD FoUNINTgA — TiveuwIniige

= a9 d' a dy a di’
N/A “U18D3 "lumau“mummﬂmﬂwwﬂm%ﬁ

1 4
A0 I NUANANAUAMUUIAHNBDIANA NN LI NTITBT1AYNINEDA (p<0.05)
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Y
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a
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=

ad (NN 26)

Wdw AZUUUTVOINGD
i 0 5 10 15 20 23 26 29
C4 8.83+0.38" 8.77+0.43" 8.47+0.57" 797+0.49°  7.50+0.73"  7.13£0.82"  6.80£0.66°  6.77+0.43"
Cs 8.73+0.45°  8.73+0.45"  837+0.49"  7.90+0.40°  7.53+0.73"  7.30+0.65"  7.10+0.48"  6.90+0.55"
C9 8.80£0.41°  870£047°  823+0.50°  7.87+0.63"  7.40£0.77°  6.97+0.73"  6.57+0.57" N/A
PE 8.60£0.50°  8.57£0.50"  8.17£0.46"  7.67+0.61°  7.43+0.77" N/A N/A N/A
PE 8.5740.50"  847+0.51°  7.93%037°  7.50£0.73°  7.40+0.62" N/A N/A N/A

Hole

nanewia " AunderAndounung gl

AZUUY 9 — 1 WD FoUNINTgA — TiveuwIniige

= a9 d' a dy a di’
N/A “U18D3 "lumau“mummﬂmﬂwwﬂm%ﬁ

1 4
A0 I NUANANAUAMUUIAHNBDIANA NN LI NTITBT1AYNINEDA (p<0.05)
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Y
ns 11809 Joyamuunas luuananuedaliivdAynead

a

@ (p>0.05)

148!



a =
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MINHUING V13 AZUUUIUIAVOANANTNUNYAA 100 ATUNVITY IUQINaIadn 1NUTNHINQUNYN 10 03rIsaTE (N TNN 27)

QU

Wau AZLUUVLIAVD AT AN
JUn 0 5 10 15 20 23 26 29
C4 8.13+0.68"  8.10£0.84"  7.50+0.51" 7.47£0.57°  6.80£0.96"  6.83+0.65"  6.77+0.63"  6.57+0.63"
C5 8.00+0.87"  7.97+0.85"  7.67+0.66" 7.63£0.56"  6.73£1.14"  6.90+0.66"  6.60£0.62"  6.83+0.59"
C9 8.00+0.83"  8.13+0.86"  7.83+0.53" 7.73+£0.52" 7.03£1.07°  6.97+0.81"  6.87+0.68" N/A
PE 7.93+£0.91"  8.07+0.74" 7.63+0.72" 7.50£0.63"  6.63£1.00" N/A N/A N/A
PE,, 7.77£0.97"  7.97+0.85"  7.20£0.76°  7.33x0.66°  6.67+1.06" N/A N/A N/A

nanewia " AunderAndounung gl
= A ' ~
AZLUU 9 — 1 HuNede ouuIniiga — hireuiniige
= a9 d' a dy a di’
N/A vimnede lutidoyaiiliosnnwinininaios
1 4
AIDNHINUANANAUAWIUIAINIBDWANANAUBINTTEd AN (p<0.05)

o w a

Y
ns 11809 Joyamuuuans luuanaiuedaliisdiAyneada (p>0.05)
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a

DU 10 DIMLYALY

QU

=

gd (NN 28)

Wdu AzuuunAUYeTiansn -
Sudi 0 5 10 15 20 23 26 29
C4 7.03£1.07°  6.90£1.06°  6.670.76°  6.20£0.92" = 6.00£1.08"  5.97+0.93"  5.93x0.78"  5.87+0.78"
Cs 7.3040.99"  7.10£1.03"  6.33£0.99"  6.10£0.66"  6.13£0.94"  6.07+0.83"  6.07£0.83"  5.80+0.71"
C9 6.90+1.16"  6.90+0.80" = 6.43+0.90"  5.93+0.74"  6.27+0.91"  6.13+0.90"  5.80+0.76" N/A
PE 7.00£1.14"  6.77+1.19"  6.20£0.92"  6.27+0.58"  6.10+0.96" N/A N/A N/A
PE,.. 6.87+1.11"  6.73+1.11°  6.30£0.99"  6.07+0.74"  5.87+0.86" N/A N/A N/A

nanewia " AunderAndounung gl

AZUUY 9 — 1 WD FoUNINTgA — TiveuwIniige
= a9 d' a dy a di’
N/A vimnede lutidoyaiiliosnnwinininaios
1 4
A0 I NUANANAUAMUUIAHNBDIANA NN LI NTITBT1AYNINEDA (p<0.05)

o w a

Y
ns 11809 Joyamuuuans luuanaiuedaliisdiAyneada (p>0.05)
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A

Y
welsuannzluminassslifeglusduuu@enrdu nmiuhimsnageuaiavesilaulu

Y J o dy
ATUANE PN

Y
1.1 5080313 Fup1LYe9 1911 : WVTR (Water Vapor Transmission Rate)

o v ard [
NINTNA[DINNNINTITU ASTM E96-95 IﬂfmﬂNﬁﬂJﬂﬂﬁ@ULﬂugﬂﬁﬂﬂaNﬂluWﬂ

9 1 L4 o Aaa 1 9 z o A o 9 A ad
EUAUAUINA19 0.07 L. higanuvam la ludrenaaen Mnuihauueduuu sawau

QU

a o a < !
ldaanudrenagoudromsiiumar  nuludaiuguanimussernis anznadoud

a { v o g} o o <
gangl 32 + 0.6 ssrITAITed ANNFUALINT 08z 50 + 2 Fuimiindrenadeunn v iy
o 4 3 9 ' g} o A A ' AN ¥
a1 1 dilat miniuaiensszrinanar uasimdninlasunilas a1 Slope 71 1an1nns
a$1answhinndwmn WVTR 91ngas WVTR = Slope (g/hr)) / Surface area (m’) %1e

g/mz/hr

[ ] 24 a [ o 4
1.2 1A6n5 1M FuriuveLnaeandoy uasunan1sueu laeenlysd : OTR (Oxygen

Transmission Rate) 182 CO,TR (Carbon dioxide Transmission Rate)

19 Wﬁl’ﬂmiﬁdﬁuPhu"llml,!,fc{ﬂ’@ﬂﬂc?ﬂim ﬁﬁﬂlﬂ?ﬂﬂ Oxygen permeation analyzer
(MOCON OXTRAN® Model 2/21, U.S.A.) taz3asasimsduruveaunamsvou laoen e
A181A584 Carbon dioxide permeation analyzer (MOCON PERMATRAN-C® Model 4/41,
U.S.A) Tagdadldumana@nauuuy (Template) 3239 i ldWdutisesdumszazinlianld

4 a 4 a z
ﬁﬂ')"lllﬂa"lﬂlﬂaﬂulﬂﬂﬂl']ﬂﬁﬂﬂ chamber 901 m%m@ﬁmmumm@mmmu IMNMUUIN



a| d 1 1 1 a o 1 1 {
Wauliaa lutinesoimeauua11a19u09 chamber a1 chamber HAIMINATOY ©1UAIN

18 umioe cc/mz/day

1.3 Jaauru1veIndy

TagldaTeaiannumun (Digimatic thickness gage Model ID-C112BS, Japan) 11
[ v A a d = @ a a d [ 9
M3ia 10 99 Taggausniziafiganalsvesilay tazdn 9 9a Jausnuseumvosdan o1 ld

Tuniie pm vagIAUNAY

v
=

a d a
2. MIAUAIISHAMNINUBININVYTIY

k'

a d
2.1 MIAUANSHNIIMENMN

Y
2.1.1 Jadasgadeiivmiin

v Y 1 v Y
TagdsMmsFaimiinalensoaraimiinnaiioy 2 1K (Satorius BP
=l = [ g’ o A A 3 9 =1
110S, England) n/5sumeuinimiindiosunmsnaasd sgaunaiiusagsazvoamsguyias
Y
1Mn ARINGAT

14
4

a o ) a A 9 ) o
MIFULTIUINUN (59¥a2) = (UUNINTUAU — uu.qwm“lunammwm) x 100

UU. WINETUAY



2.1.2 Yamsulasuuilasd

v A a dy a a Y 9 1 Y d' v A .
AATVDININUHYTAUITLIUNINUIATIUAWNAIYLATOIIAE (Minolta

Spectrophoto meter 3500d, Japan) $4&N1ZAIUAN TATIUIU3 99 (12 NAW 1) AoNIN

g <

9 o 1 a dy o < Y o 1 A 9 A g’ [ '
UnY 1A Gl“lfﬁ’)@leWiﬂ‘llﬁl}ﬁﬂu’Ju 5 e LLﬁ’JUWﬂWVI]lﬂﬁﬂmﬁfJ 1 %1 9I1UAT L, a, b LA

uswailua Hue angle (tan"'b/a)

Color Space : Hunter Lab
Iluminates : D 6500 'K
Observers : 10 degree

Instrument set up : Excluded

Y
2.13 Jaanuuduile

[ Y
Ae1nT 09 iAo F A (Testometric Micro 350, England) 1931313900034
1 4 a a { 1 I'4
nIzUeNUIIAIdURILAUINAN 1.89 vy, naasuuionInuTnuniiidurmgudnaegga(io
= 9 < A T Ay Y 1 Aa o
) Tuuueuan 5w, A18ANW57 10.0 WU.ANH 8 1UAN 1A luKIY Ty

d
2.2 MIIATETHMUAN

Y S
2.2.1 'Jﬂﬂ'l’lulﬂuﬂiﬂ'!ﬂﬁ (A.0.A.C., 2000)

Y Y 4 Y '
vanInanY 100 n. Idazidea Mnnihminivyua 10 n.@winaulid
a :JI @ y [ S
U5asAsy 100 wa. 1niudadensesina1nudunsa-ud (pH meter Model HI 8424

microcomputer, U.S.A)



2.2.2 Usuansanlnmiald (A.0.A.C., 2000)

9 k4 9 J
vansnIMY 100 n.1daziBen amiuhdaedis 25 n. yuaminay 75 wa.

1@ 1nmsafv 0.1 M NaOH 14 Phenolphthalein $osaz1 i uindicator $149% 1-2 viga Tnimnsa

v = . 09/1 o ~ Y I A A
IUNTENINY end point fl]Tﬂl!uﬂiu@mﬂﬁﬂﬂulﬂlﬂﬁﬁllﬂlﬂuﬂiﬂcﬁﬁiﬂ NNGAT

Titratable acidity (%I 9¥0%) = (ml NaOH)(N NaOH)(meqg.wt. of citric acid) x 100

ml Sample

ml NaOH = USuasvesansazars NaOH N1 1ums lnmsa

P o
NNaOH = anuuiuvesasazars lmasylaasen laanly (Losuoa)

Miliequivalent weight of citric acid = 0.064

Yy 9 v
ml Sample = 1511053 uN 19 1ums lnmsa Gadans)

223 migudlediuazmsiniziunasenduutazunamsvou laoen loa

3w 1 [ Y a3 4] . A aa = [4)
NUAIDYILINE Tﬂﬂ%ﬂiz‘ﬂﬂﬂmmmﬁ (Syringe) YH1A 3 UAAANT RAUNE

#19819911A599 Gas Chromatograph (HP 6890, U.S.A.) A edmsuAnsziung Iaail

Column
Volume inject
Carrier gas

Oven temperature

Detector temperature

9
A v A

Hay Sep Q. (1.8 m. x 1/18 in) t481¢ Mo.Seive. (1.8 m. x 1/18 in)
3.0ml
He Flow rate =5 ml/min
100 °C ; CO, (Method CO2.M, 2 min)
60 °C ; CO, & O, (Method MIX.M, 4.5 min)
Thermal conduct detector (TCD) 200 °C

Reference flow = 20 ml/min, Make up flow = 5 ml/min
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a { a 4 v o < a @
WINVHYNAAFDI AUTIUIRANTNUHYIANATY 1 §3 A9gas (Vicente ef al., 2005)
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a dy 9 o < Aa dy A a dil
MINALYDIT (308aL) = VIUIHNANI NV YNUNALTDTT X 100
v v
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MUIUUANINVNUIINTIUA
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2.4 Mmsnagaumalszannauna

2.4.1 madsgiiunanmmalszamduia Tagld 9-point Hedonic scale 1o

a a { 1 a o L 1 o v
Usziliuanuianvedus Inanliaenaadus luudvesnnuseuniomssensuludiuves
a o 4 a J a { ] o a @
HAAAUN (Consumer Test) gnadonlnisil Ao duslnan lildsumsin Taelddus Tnnna
Usznouarentinaums Iihdrugiinig uazidmhnluauzgaamnssunuas
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HNANUIN 3

a d aa
AMINAUATITHNINA D6

1 a I'd aa 3’ v a Y
A151HUINT 41 ﬂ13’Jl,ﬂiWS’JWVINE‘TEW]EU’ENﬂ"ﬁQ'iUUL?TEJHTWHﬂ (%}i’)ﬂﬁz) ﬂlﬂ\iWiﬂ%ﬁHﬁﬂ 100

o A a s o A a a A
nsunussglugawaradn inusnuNguugll 10 ossuasaiFod (MW 20)

Source Degree of Freedom Mean Square F Value P-Level
$ufl 5
Treatment 4 0.037 17.761% 0.000%*
Error 10 0.002
Juii 10
Treatment 4 0.681 35.252% 0.000*
Error 10 0.019
$ui 15
Treatment 4 1.541 70.139%* 0.000*
Error 10 0.022
$ufi 20
Treatment 4 2.824 949.835%* 0.000*
Error 10 0.003
fufi 23
Treatment 2 0.167 73.380%* 0.000*
Error 6 0.002
$ufi 26
Treatment 2 0.239 65.929* 0.000%*

Error 6 0.004
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MINHUINT 31 (710)
Source Degree of Freedom Mean Difference T Value P-Level
Ui 29
Treatment 2.138 0.350 3.625 0.062
AUNNADA (p<0.05)

g

NN * NUNEDIANA1NURe1aTed
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v A

VrYdaa 100 NTUN

125

Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.000 0.000 1.000
Error 10 2.238
$ui 5
Treatment 4 3471 8.201%* 0.003*
Error 10 0.423
$udi 10
Treatment 4 0.546 2.105 0.155
Error 10 0.260
$u 15
Treatment 4 0.307 0.372 0.824
Error 10 0.825
$ufi 20
Treatment 4 1.828 2.629%* 0.098*
Error 10 0.695
Jui 23
Treatment 2 0.158 0.170 0.848
Error 6 0.93
Suii 26
Treatment 2 0.273 0.254 0.784
Error 6 1.075

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 4 -0.4567 -0.436 0.685

9
WINEIMG * MINeDe Joyamunuaawana e siveddynedda (p<0.05)



A a L4 aa A s a dy o A
A5 AUINT 93 NMSAATIZHNNEDAveIMIasuulasd Aa VDINTNUHYAA 100 NTUN
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V359 Iuganaadn usn¥INguw
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DU 10 DI aLY
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ga (A13199 25)

126

Source Degree of Freedom ~ Mean Square F Value P-Level
fuii 0
Treatment 4 0.000 0.000 1.000
Error 10 4.213
fufi 5
Treatment 4 9.055 2.500%* 0.109*
Error 10 3.622
$udi 10
Treatment 4 1.849 1.068 0.422
Error 10 1.731
Sudi 15
Treatment 4 2.920 0.462 0.763
Error 10 6.324
$ufi 20
Treatment 4 6.183 3.914% 0.036%*
Error 10 1.580
Juii 23
Treatment 2 2.063 0.939 0.442
Error 6 2.198
Suii 26
Treatment 2 1.157 0.445 0.660
Error 6 2.6

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 4 -0.7233 -0.318 0.766

9
NN * ¥HNED9 ToyanuLUIAIANA NN URE 19T TTed
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Source Degree of Freedom Mean Square F Value P-Level
$uil 0
Treatment 4 0.000 0.000 1.000
Error 10 0.528
fui 5
Treatment 4 1.398 1.577 0.254
Error 10 0.886
$udi 10
Treatment 4 0.373 0.933 0.483
Error 10 0.399
Sudi 15
Treatment 4 0.357 0.562 0.696
Error 10 0.635
$ufi 20
Treatment 4 0.895 3.447%* 0.051*
Error 10 0.260
Juil 23
Treatment 2 0.459 1.848 0.237
Error 6 0.248
Fuii 26
Treatment 2 0.129 0.203 0.822
Error 6 0.635

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 4 -0.2967 -0.357 0.739

MUNBING * NI %’agammmagummmﬁ’u@thﬁﬂ’ﬂf?w AYNNADA (p<0.05)
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Source Degree of Freedom Mean Square F Value P-Level
fufi 5
Treatment 4 0.852 3.165% 0.063*
Error 10 0.269
$ui 10
Treatment 4 0.266 0.823 0.539
Error 10 0.323
Juii 15
Treatment 4 0.066 0.108 0.977
Error 10 0.610
$ufi 20
Treatment 4 0.798 3.227%* 0.060*
Error 10 0.247
$ufi 23
Treatment 2 0.028 0.112 0.896
Error 6 0.252
Juil 26
Treatment 2 0.083 0.214 0.813
Error 6 0.390

Source Degree of Freedom Mean Difference T Value P-Level
Jui 29
Treatment 4 -0.1600 -0.686 0.531
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.000 0.000 1.000
Error 45 0.589
$ui 5
Treatment 4 11.741 8.119% 0.000*
Error 45 1.446
$udi 10
Treatment 4 8.052 10.013* 0.000%*
Error 45 0.804
$udi 15
Treatment 4 14.824 16.238* 0.000*
Error 45 0.913
$ufi 20
Treatment 4 16.179 15.514* 0.000%*
Error 45 1.043
Jui 23
Treatment 2 4.892 12.183* 0.000%*
Error 27 0.402
Suii 26
Treatment 2 3.312 3.623% 0.040*
Error 27 0.914

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 14.559 -0.3300 -1.217 0.243
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.000 0.000 1.000
Error 10 0.003
$ui 5
Treatment 4 0.022 10.433* 0.001*
Error 10 0.002
$udi 10
Treatment 4 0.013 50.703* 0.000%*
Error 10 0.000
$udi 15
Treatment 4 0.022 101.636%* 0.000*
Error 10 0.000
$ufi 20
Treatment 4 0.037 93.941%* 0.000%*
Error 10 0.000
Jui 23
Treatment 2 0.039 86.561%* 0.000%*
Error 6 0.000
Suii 26
Treatment 2 0.062 86.561%* 0.000*
Error 6 0.001

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 4 -0.0900 -5.295 0.006
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.0000000 0.000 1.000
Error 10 0.0000563
fufi 5
Treatment 4 0.0070000 148.761%* 0.000*
Error 10 0.0000446
$udi 10
Treatment 4 0.0010000 3.189% 0.062*
Error 10 0.0000000
Sudi 15
Treatment 4 0.0010000 196.231* 0.000*
Error 10 0.0000052
$ufi 20
Treatment 4 0.0010000 45.254% 0.000%*
Error 10 0.0000121
Jufl 23
Treatment 2 0.0010000 57.268% 0.000*
Error 6 0.0000141
Suii 26
Treatment 2 0.0060000 253.955% 0.000*
Error 6 0.0000220

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 4 0.048670 14.748* 0.000*
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Source Degree of Freedom Mean Square F Value P-Level
$uil o
Treatment 4 0.293 1.593 0.179
Error 145 0.184
fui 5
Treatment 4 0.423 1.868 0.119
Error 145 0.227
$udl 10
Treatment 4 0.777 3.919% 0.005%*
Error 145 0.198
Juii 15
Treatment 4 3.423 5.081* 0.001*
Error 145 0.674
Jul 20
Treatment 4 2.093 1.993* 0.099%*
Error 145 1.050
$ufi 23
Treatment 2 1.811 2.429% 0.094*
Error 87 0.746
Juil 26
Treatment 2 0.478 1.462 0.237
Error 87 0.327

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 58 1.933 0.974 0.334
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 2.577 3.784 0.006*
Error 145 0.681
fui 5
Treatment 4 1.493 2.834 0.027*
Error 145 0.527
$udi 10
Treatment 4 1.377 2.743 0.310%*
Error 145 0.502
Sudi 15
Treatment 4 1.293 2.050 0.090*
Error 145 0.631
$ufi 20
Treatment 4 1.823 2.192 0.073*
Error 145 0.832
Jufl 23
Treatment 2 0.344 0.481 0.620
Error 87 0.716
Suii 26
Treatment 2 2.211 5.242 0.007*
Error 87 0.422

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 56.771 -0.033 -0.249 0.805
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 2.457 3.829 0.005*
Error 145 0.642
fui 5
Treatment 4 3.977 8.046 0.000*
Error 145 0.494
$udi 10
Treatment 4 3.540 6.946 0.000%*
Error 145 0.510
Sudi 15
Treatment 4 4.510 9.382 0.000*
Error 145 0.481
$ufi 20
Treatment 4 5.090 10.166 0.000%*
Error 145 0.501
Juii 23
Treatment 2 1.944 4413 0.015%*
Error 87 0.441
Suii 26
Treatment 2 0.933 1.701 0.188
Error 87 0.549

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 58 -0.067 -0.405 0.687
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.423 2.088 0.085%*
Error 145 0.203
fui 5
Treatment 4 0.477 2.135 0.079*
Error 145 0.233
$udi 10
Treatment 4 1.250 5.357 0.000%*
Error 145 0.233
Sudi 15
Treatment 4 1.110 3.265 0.013*
Error 145 0.340
$ufi 20
Treatment 4 0.110 0.219 0.927
Error 145 0.502
Juii 23
Treatment 2 0.544 0.991 0.375
Error 87 0.549
Suii 26
Treatment 2 2.144 6.463 0.002*
Error 87 0.332

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 58 -0.133 -1.049 0.299
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.533 0.725 0.576
Error 145 0.736
$ui 5
Treatment 4 0.177 0.256 0.905
Error 145 0.689
$udi 10
Treatment 4 1.683 4.061 0.004*
Error 145 0.414
Sudi 15
Treatment 4 0.717 2.059 0.089*
Error 145 0.348
$ufi 20
Treatment 4 0.757 0.689 0.601
Error 145 1.098
Juii 23
Treatment 2 0.133 0.265 0.768
Error 87 0.504
Suii 26
Treatment 2 0.544 1.315 0.274
Error 87 0.414

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 58 -0.267 -1.695 0.095
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Source Degree of Freedom Mean Square F Value P-Level
fuii 0
Treatment 4 0.877 0.733 0.571
Error 145 1.196
$ui 5
Treatment 4 0.627 0.57 0.685
Error 145 1.099
$udi 10
Treatment 4 0.943 1.123 0.348
Error 145 0.840
$udi 15
Treatment 4 0.493 0.904 0.463
Error 145 0.546
$ufi 20
Treatment 4 0.673 0.742 0.565
Error 145 0.907
Juii 23
Treatment 2 0.211 0.269 0.765
Error 87 0.785
Suii 26
Treatment 2 0.533 0.851 0.431
Error 87 0.627

Source Degree of Freedom Mean Difference T Value P-Level
$ufi 29
Treatment 58 0.067 0.346 0.730
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