4.1 2AP n-hexanal ~ TMP
GC-MS
4.1.1 2AP  n-hexanal
TMP ( SPME)
1 n-hexanal 2AP TMP
() 15.62 26.63 21.19 (41
41 ( 4.1)
2 ramp 1 2 2°/min
3°%/min  3°c/min 4°c/min n-hexanal 2AP TMP
2
4.2) 11.71 20.58 21.60
33 ( 4.1) 3
ramp 2 3 4°c/min 5°¢c/min 5°¢c/min 10°¢/min
ramp 1 n-hexanal
3 (
4.3) AP TMP 19.92 20.67
25 ( 4.1) 4
ramp 3 10°c/min - 20°c/min
4( 44) 2AP TMP 19.93
20.68 3
2 (4
4 3 45°c  80°c 2 80°c

120° 3 120°c  180° 3



Relative Abundance

20 c¢/min
4.1 n-hexanal, 2AP
Rvtbad 2% ™
() ) )
1 15.62 26.63 21.79
2 11.71 20.58 21.60
3 11.78 19.92 20.67
4 11.40 19.93 20.68
il
mm
n-hexanal
1 Y
P '-l'u\lll\/lft " mm
M
Time (min)
4.1 n-hexanal,

2AP

TMP

2AP

»

41
33
25
2

TMP

TMP
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Relative Abundance
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@ e TMP
i ”;‘/

o
«+ n-hexanal

V')‘% S

{ 2AP |
wl| el oo
o e Phy ”
ol - P P11 Wl
5 § . b Tim::min) =
44 n-hexanal, 2AP TMP
4
4.1.2 (mass range)
GC-MS
35-200 amu (4.5 2AP  signal to noise (SN) SN
35-600 amu 4 ( 46)
2AP
SN SN sensitivity
SN sensitivity 2AP
35-600 amu (sharp) 2AP
35-200 amu
(broad) (overlab) ,
35-200 amu

sensitivity

26
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Relative Abundance

f00
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4.5
35-200 amu
100
90
79
50
3
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0 .|A. é%é -J4ug:
170 ITS 180 185 mo Its 200
Time (min)
4.6

35-600 amu

i

1
20»

4

£50

GC-MS

RAS

20

B
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*l

GC-MS

%*.*
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413 liner
liner injection port
column TMP GC-MS
injection port  splitless liner SN 1( 47 SN 3
( . 2537)
SPME liner 48 TMP SN 21
splitless liner 21 SPME liner
splitless liner
SPME liner sensitivity
A2y
® TMP I
Y 11 245
§ 20 20yr 7053 ' 20*» M
'E 0
I
LY
‘iu0 200 mo 7220
Time (min)
47 GC-MS  splitless liner
im
n TMP %Tnﬂ‘
® Bt
NG om,
«fr,
| 7
I
X
0;
mm mm 0@ mm A® 5 2®
Time (min)
4.8 GC-MS  SPME liner
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full scan
2 (49
GC-MS
full scan
SN SIM

(qualitative)

scan mode
n-hexanal 2AP T™P GC-MS
SIM
full scan
SIM 2 )
n-hexanal 2AP TMP
SM SN SN
2 full scan

full scan SN

full scan mode mode mass spectrum
mass spectrum

SIM mode ~ mode (quantitative)

29
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4.2 2AP n-hexanal SPME
2AP n-hexanal SPME-GC-MS
SPME dynamic headspace sampling
headspace (absorbent)
headspace
GC-MS
2AP n-hexanal SPME Wongpornchai (2004)
2AP n-hexanal
SPME-GC-MS SPME fiber 50pm divinylbenzene (DVB)/30 pm

Carboxen /polydimethylsiloxane (PDMS) Stable Flex

semivolatiles  C3-C20 40-275

n-hexanal, 2AP
20.67 ( 4.10)
hexanal 2AP TMP mass spectrum
mass spectrum

411 4.12

spectrum n-hexanal 2AP TMP
molecular ion (m/z¥)
n-hexanal
2AP 111
TMP 121(100)

*m/z=mass per charge

n-hexanal, 2AP TMP
SN
column
peak ( relative abundance 100) 1
1 2

molecular ion

absorh "' volatile

tr 11.15, 19.94
peak

n-hexanal 2AP TMP

n-hexanal 2AP TMP
4,13 mass
fragment ions

fragment ions (m/z)

82, 73, 67, 57, 56, 41(100)
93, 83(100), 69, 68, 55, 43
120, 106, 93, 80, 79, 77

SIM mode

base
relative abundance
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Base Deak relative abundance
n-hexanal 41(100) 67(32)
(100 Da)
2AP 83(100) 68(15)
(111 Da)
TMP 121(100) 79(37)
(121 Da)
mass spectrum TMP SPME-GC-MS
SIM mode 4.14 mass spectrum mass spectrum

fragment
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Relative Abundance
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Relative Abundance
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Relative Abundance
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120»

1 *k
)
<
« AH*
20
)
00 m ** 100 10$ 1*0 *1$ 120
miz
4.14 mass spectrum TMP SPME-GC-MS
( SIM mode)
4.3
43.1
4.2 oxygen transmission rate (OTR) water vapor
transmission rate (WVTR) pp OTR  WVIR laminated OPP
IAI/LLDPE OPP /| Al / LLDPE OPP Al LLDPE
laminate OPP LLDPE Al
laminated PP
(Piringer ~ Baner, 2000)
42 OTR  WWIR PP laminated ~ OPP/AI/LLDPE
OTR (cc/m2day) WVTR(g/m2day)
23°c 0%RH 23°Cc 95%RH
PP 30 pm 951 2.32
laminated* 100 pm 0.08 0.1

laminated laminated OPP/AI/LLDPE
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PP laminated
62% 6
n-hexanal Lab (
redness yellowness
4.3
hexanal ( )
SOV
(A)
()
(©) "
AxB ns
AxC Ji
BxC
AxBxC ns
* (p<00)
* (p<0.01)
(p>0.05)
(A €
PP

2AP

ns

6 ( 415

38

(control)
27-32°C 54-
2AP
) L lightness a
( 4.3)
2AP
n-hexanal
ns
ns
ns
( 43)
(p <0.01)
laminated 2



( 129%)

(415

WBantuAraii (%)

16.00 4
! bcbcbc bebobe 20 be be

g
g

1400 - c'c t
1200

1000 «‘ _—
g
800 4 |-
\" . m w
600 - &

O o tamrinated
400 - fae

i s cam

R A P -

200 -4 [i%
| B

| 6
000 1= | I

: P<00y)

(B) © (p<00]) (43

4.16)

laminated
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PP
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(11.36%) (Fennema, 1996)

(09* 1450

a a
1396 1393

e b 1370
1350
1300 |
1250 O dhandsaing
12.00 s o
1150 B Janasuadey
11.00
1050 4-
PP Larrinated
4.16
* 6
, (P<0.01)
2AP
2AP 2AP
TMP TMP
TMP
(43
(A) (B) (C) 2AP (p < 0.01)
(dynamic) 2AP ( 4.17) 2AP
PP laminated 6
2AP 31 43 61 2AP ( 1)
PP laminated 6
2AP 45 38 52 2AP (
1) (417

laminated 2AP 2AP
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0040

Area ratio of 2APTVP
am — —
o
00D -
o |

000

00D 4

Q00 +—

4.17 2AP  TMP

Wongpornchai
(2004) ' 2AP
105 6 2AP
2AP  TMP 0.095
6 2AP 0.025 2AP
26 2AP (21 Widjaja, Craske,
Wootton (1996) 2AP
YRF6 150 Pa (
) 3 2AP 40-50%
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2AP ( )
22%
2AP
(cleavage
planes)
(Marshall ~ Wadsworth, 1994)
n-hexanal
palmitic oleic linoleic
Taira (1983) palmitic (C16:0) 16-
23 stearic (C18:0) 1-3 oleic (C18:1) 34-43 linoleic (C18:2)
35-43 linolenic (C18:3) 1-3
n-hexanal
(secondary oxidation product) linoleic
(Grosch, 1987) n-hexanal off-flavour
(Wongpornchai 2004 Shin
, 1986)
n-hexanal
hexanal TMP TMP
TMP
( 43) (A (B)
(C) n-hexanal (p < 0.05)
n-hexanal (
4.18) n-hexanal 3(0.320)
PP
hexanal 2 (0.371)
laminated n-hexanal 2 (0.344)
, n-hexanal
3 (0.431)

PP n-hexanal
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3 (0.263) laminated
-hexanal 2 (0.229)
n-hexanal
2-3 auto-oxidation linoleic
Lam Procter (2003)
lipid Cocodrie Wells Drew 37°C
10% 50 n-hexanal
(p<0.05) 3 50
lipoxygenase lipid autoxidation
n-hexanal (  4.18) n-hexanal
(4-6 ) n-hexanal
carbonyl (Ramesh , 2000)
n-hexanal
0Xygen

linoleic (Laohakunjit ~ Kerdchoechoechuen, 2006)



Aoa ratio of
-Hexanal/TIVP * | PP A laminated
Dbon [ v

0.400

0.200

0.000

1 2 3 " 4‘, 5 6
SIS LAAU)

A-ea ratio of - — = - -y PP 1'Arr laminated
He>analTMP

0.600

0.400

0.200

0.000

4.18 n-hexanal  TMP
6 (A) (B)
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Maillard
(Ramirez-Jiménez et al., 2003)

4.19 4.16 brownin
g
Barber (1972)
10 (15%
14 %) (13%)

N — PP larrinated

20.00
1800
14,
12
10.

by PP «.x. - larrinated

20.00

18.00

16.00

1400 J
12.00

10.00

419 b 6
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(A) ()
(p<0.01)
( 420)
!
5 - 61
A
—1 * PP lanrinated
65.00
60.00
55.00
50.00
4500 i T :
2 3 4 5 6
(")
[ A larrinated B
65.00 —— == R
|
60.00 1
55,00
5000 -
4500 - : , — |
2 3 4 5
()
4.20
6 A (B)
water activity ?

water activity (aj
21-32°C
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54-62% 6 3
( 44)

4.4 water activity

S0V water activity
W "
() "
(© "

AxB
AXC "
BxC &
AxBxC ”
* (p<0.01)
(p >0.05)
( 44)
(A) (B) (C) water activity (p < 0.01)
water activity water activity
0.667 ( 3)
0.759 ( 6) water activity
(0717 3 0.770 6)
PP laminated water activity
421 water activity
PP laminated
(415 (
4.21) water activity
( 4.16)
water activity water

activity 0.61-0.77 ( 4.21)  Fennema (1996) water activity



0.55-0.85
Water activity — — PP --A--- laminated
0.8 -
0.75
0.7
0.65 = i
;‘_—,.'..'..T' ------- ~g. .- '_:'-"-"Ti—‘ e A t
0.6
0551
4 5
()
Water activity —— 3 —1-- PP ---A--- f>laminated
0.8 ;7
1 0754
0.7
0.65 -
0.6
0.55 i-
3 4 5 6
()
421 water activity
(A) ()
4.4 ‘
2AP
hexanal
PP
2AP n-hexanal PP

laminated laminated

catalysts
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PP 03 6
( 4.5)
45
SOV
(A
()

AxB
* (p<0.05)
H (p<001)

(p>0.05)
(B)
4.22

3 (p<0.05)

( control)

20

*%

(p<0.01)
03

49

PP
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RSN

R

O imndanlné

'@ 1nNA2ILAIDL

4.22 03 6
2( ) 4 )
a (p<001)
3
6 (p<0.05)
( 4.23)
0 306 285
2 ( ) A
) 6 261
271 2 ( )
)

imndannd
B imndastadau

423 | | o 0 3



ol

6 (p<0.05)
3 6 (p<0.05)
424 0
201 220 2 (
) 3 ) 6
263 196 (p<0.05)
L ) 3 )

4.24 03 6
2 ( ) A )
ab (p < 0.01)
6 (p<0.05)
( 4.25) 0
487 3.98 (p<0.05)
3 ) 5 ) 6
3.86 3.98
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45

35

2.5

4.25 03

a,b (P<0.01)
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