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Abstract: In this study, the emission characteristics of volatile and odorant species released from salted meat
product (Spam) was investigated as a function of time. Gas samples released from Spam samples were analyzed
for volatile organic compounds (VOC) and sulfur compounds (RSC) at five different times for the elapsed
(E) days of 0, 1, 3, 6, and 9 (E-0 to E-9) by GC/MS and GC/PFPD system, respectively. Results indicated
that reduced sulfur, aldehyde, and ketone groups were the dominant odorants. Especially, hydrogen sulfide was
the predominant in concentration and odor activity value (OAV) during the fresh stage. Its concentration was
1465 pg/m® (60.0% of the total mass) in E-0 and 455 pg/m® (28.0%) in E-1, while its OAV was 19.4 (78.3%:
E-0) and 6.02 (41.7%: E-1). On the other hand, the concentration of acetone showed the maximum values
in the decaying stage (E-3: 451 (43.2%), E-6: 369 (64.2%), and E-9: 1150 pg/m® (70.2%)). Furthermore, the
concentration of 2,3-butanedione was also detected considerably from decaying sample (E-3: 17.6 (1.68%), E-
6: 16.1 (2.80%), and E-9: 179 pg/m® (10.9%)). However, OAV of acetone was insignificant (<0.01%) in the
decaying stage, while that of 2,3-butanedione was relatively high in the range of 1.14-11.6 (14.5-76.2% of
Y0OAV). It thus confirmed that the major odorant groups generated from Spam samples changed with the progress
of decay such as sulfur (fresh stage), aldehyde (intermediate stage), and ketone compounds (decaying stage).
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dehyde (AA), propionaldehye (PA), butyraldehye (BA),
isovaleraldehye (IA), n-valeraldehyde (VA), methyl ethyl
ketone (MEK), methyl isobutyl ketone (MIBK), n-butyl
acetate (BuAc), benzene (B), toluene (T), styrene (S),
pxylene (p-X), m-xylene m-X), o-xylene (0-X), propionic
acid (PPA), butyric acid (BTA), isovaleric acid (IVA),
n-valeric acid (VLA)= Sigma Aldrich (USA)AFS] &
w AlFE Tl eted AHg-EkAT Sulfur 254 6 7F
A AJ¥-<1 hydogen sulfide (H,S), sulfur dioxide (SO,),
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A. Sorbent tube system for the collection of volatile organic compounds

B. Bag for sampling of sulfur compounds

Fig. 1. Schematic of sampling apparatus for VOCs and sulfur gases emitted from SPAM samples through time
Labels: 1. 10 L polyester aluminum bag filled with pure Ny; 2. Silicon tubing; 3. Impinger bottle; 4. Aluminum container;
5. Water heated to 25 °C; 6. Heater; 7. Sensor; 8. Temperature regulator; 9. SPAM; 10. Sorbent tube; 11. Mini vacuum
pump; 12. Pure air gas cylinder; and 13. 10 L PEA bag filled with pure (99.999%) N,
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Table 1. Information concerning the sample preparation and the operational conditions of instrumental system for the analysis

of VOC and reduced sulfur gases

A. Experimental code of SPAM samples at each sampling interval

[1] Information of SPAM sample (Initial weight = 49.95 g)

Order Elapsed time (day) Sample code
1 0 E-0
2 E-1
3 3 E-3
4 6 E-6
5 9 E-9

B. Operational conditions of TD/GC/MS system for VOC analysis

[1] GC (SHIMADZU GC-2010, JAPAN), MS (SHIMADZU GCMS-QP2010, JAPAN)

Column: CP Wax (diameter: 0.25 mm, length: 60 m, and film thickness: 0.25 um)

Oven setting

Detector setting

Oven temp: 35 °C (10 min) Tonization mode: EI
Oven rate: 6 °C/min Filament : 70 eV
Max oven temp: 215 °C(10 min) ITon source temp.: 200 °C
Total time: 50 min Interface temp.: 200 °C
Carrier gas: He (99.999%) TIC scan range: 35~260 m/z
Carrier gas flow: 1 mL/min Threshold: 100
[2] Thermal desorber (Unity, Markes, UK)
Cold trap sorbent: Carbopack C + Carbopack B (volume ratio=1:1)
Split ratio: 1:5 Adsorption temp.: -10 °C
Split flow: 5 mL/min Desorption temp.: 320 °C
Trap hold time: 20 min Flow path temp: 150 °C

[3] Sorbent (Sampling) Tube

Sorbent material:
Actual Loading Vol. :
Desorption flow:

500 mL
50 mL/min

Tenax TA + Carbopack B + Carboxen 1000 (mass (g)=100:100:100)

5 min
300 °C

Desorption time:
Desorption temp.:

25 OXMESe HZ

A7re] Aol wEh 2o A WEsE VOCE $-
A 19 £ FFEAFEE o] &5t R TF (external
calibration)& AA1StA T 28] TFAIEE 2T
T e BEEY A, EFAEY QRS g 5t
=59 78715 (response factor)2} §FA=2] #HA)
25E SAS ASATE ol 8ol FEE ZA5A
thl0 o]y gt S flate], ¥ AolA A8 19
79 VOC BRE5 3 259 3w 1 (7 %)
aldehyde 5 % 2 ketone 2 ¥&; I+ 2(8 %): aromatics
%, alcohol 1 & 2 ester | &; I3 3(4 <): fatty

-

acid 4 F)02 FE3lo, 72t 2FH=E RS 42
£ ol&st A wiAvrE gEE 19 F HEEY
RF (response factor)#tel HaX& A&3le ME A

29 RFGHE 3k,

26. 7171 #

A7ve] Aol et 2479k Haf7)e] 2o
H dAste WAAdEEe] 545 Hrtetr] Sl
VOCS} sulfur A8 24 HAE A 28S 7hz) o] &8}
o] B3} tH(Tuble 1B, 1C).

VOC AHE29 £4& GC/MS [(Shimadzu GC-2010,
Japan)/(Shimadzu GCMS -QP2010, Japan)]9t # 2%
2 &-2A] 22E=(TD, Unity, Markes International, Ltd,
UK)E &5ttt olwf vOC 4&e] 22 & 98,
CP-Wax (diameter: 0.25 mm, length: 60 m, film thickness:
0.25 pm)& ol &3ttt v AER FHI A Fe
GC/MS A|&Ho] JEH B 7|2 u)g] 50 o2
A7 ste] EA sk

Sulfur /4§ GC/PFPD [(CP-3800, Varian, USA)/
(pulsed flame photometric detector, Varian, USA)]&

24 =7
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Table 1. Continued

C. Operational conditions of TD/GC/PFPD system for RSC analysis

[1] GC (CP-3800, Varian, CA, USA)

Column: BP-1, SGE (Australia, diameter: 0.32 mm, length: 60 m, and film thickness: 5 pum)

Oven setting

PFPD detector

Initial temp: 80 °C Detector temp: 200 °C
Rate: 8 °C/min Air(1) flow: 17 mL/min
Final temp: 200 °C Air(2) flow: 10 mL/min
Initial hold: 5 min H, flow: 14 mL/min
Final hold: 5 min
Total time: 25 min
[2] Combined application of air server (AS) and thermal desorber (TD)?
Cold trap: Carbopack B+Silica Gel = 1.5 : 2.5 (Volume ratio)
Split ratio: 1:10 Trap low: -15°C
Split flow: 15 mL/min Trap high: 250 °C
Hold time: 5 min Flow path temp: 80 °C
[3] Sampling information of air server (AS)
Sample Compound
code st 502 CHgSH DMS CSZ DMDS
Sampling volume (mL)”
E-0 59 250 50 250 250 250
E-1 20 250 20 250 250 250
E-3 50 250 250 250 250 250
E-6 500 500 500 500 500 500
E9 500 500 500 500 500 500

9TD (UNITY, Markes International, Ltd., UK)
YTD operation flow rate: 50 mL/min

9The back-up nitrogen gas supplied at a flow rate of 50 mL/min for 1 minute duration during injection of samples

GC/MS$} PR HA 2 A 255 e 2 2=Hdl] 17
stod A stATh TD tid Alge FYPxAS
Table 1Col| A|A| g vl9}2o] air server (AS)E ©]-8-3}
o dA3AT. ¥4 A7 BP-1, SGE (diameter
0.32 mm, length 60 m, and film thickness 5 pm, Aus-
tralia) S ©]-&-3-I T}, Sulfur &2 AF B4 L 93
i3] 25 & F7|2 EA KA

3. 21 3 E9

3.1. B4 A|ABIS] QA/QC

B ATANE YAYREY FES JPHon B
23817] S8k, Aoz FH|3 VOC EFA
240 2 N3 sulfur AR XFAIBE
A 9 BN 2" td QA/QCE A s
(Tuble 2). A1) R? gk ESH lo| = JR-<
A2 gh) 18 7HA] el A TRl BT 0.99 o]/de] Z
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th 28] 3L o] & SI 74l BHE0] nmol/mol (ppb)=
A A BIATE 23y 2 Aqe] AHE sk T
oM 7 2HE9] TEE el AN TS 2
Qbste, B Ao Aspe 7EAH o= AR (ng
m)E 7]Fo 2 ALgEtdth 2 Ay 7 JREE
MDLE 0.01-1.67 ng®.2 Uestth. A84< B7}a
7] 918l, L 2700 A8 FFAEE 3 3] W
B A8t A
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e BT 5% oy
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Table 2. Calibration and QA parameters for VOC and sulfur gases from Spam sample

A. VOC
Compound RF @ R? MDL
Order Group h E E E Exp d ( 1/ RSE
short Xp_ Xp_ Xp_ Xp_da 3, (NMo (%)b)
full name name day 0 day9 Mean day0 y9 Mean  (ng) (ng/m’) mol)

1 Alcohol Isobutyl alcohol i-BuAl 93667 92778 93223 0.9969 0.9972 0.9971 0.02 0.04 0014 1.73
2 Acetaldehyde AA 532 487 510 09619 09698 09659 1.67 335 1.858 2.52
3 Propionaldehyde PA 12017 11950 11984 09991 0.9991 0.9991 0.16 033 0.139 3.49
4 Aldehyde Butyraldehyde BA 43572 43467 43520 0.9963 0.9938 0.9951 0.05 0.09 0022 1.05
5 Isovaleraldehyde IA 66125 65836 65981 0.9962 0.9932 09947 0.03 0.06 0013 193
6 n-Valeraldehyde VA 59322 59804 59563 0.9973 0.9973 0.9973 0.03 0.07 0015 135
7 et Methyl ethyl ketone ~ MEK 48980 48566 48773 0.9969 0.9987 0.9978 0.04 008 0.022 1.79
8 O Methyl isobutyl ketone MIBK 117383 117646 117515 0.9998 0.9985 0.9992 0.02 0.03 0.008 0.85
9 Ester  n-Butyl acetate BuAc 121114 117791 119453 09982 0.9973 0.9978 0.02 0.03 0.008 0.79
10 Benzene B 131760 131280 131520 0.9909 0.9930 0.9920 0.02 0.03 0.010 2.06
11 Toluene T 168602 165819 167211 0.9995 0.9995 0.9995 0.01 0.02 0.005 0.83
o Styrene S 188198 191709 189954 0.9995 0.9997 0.9996 0.01 0.02 0.005 132
13 ATOMAUCS 5 yvlene p-X 188510 184038 186274 0.9997 0.9987 0.9992 0.01 0.02 0.006 0.49
14 m-Xylene m-X 197068 193888 195478 0.9992 0.9994 0.9993 0.01 0.02 0.005 0.56
15 o0-Xylene o-X 198376 194140 196258 0.9991 0.9991 0.9991 0.01 0.2 0.005 0.73
16 Propionic acid PPA 24574 23963 24269 09977 0.9953 0.9965 0.08 0.16 0.039 1.68
17 4 nButricacid BTA 71259 67832 69546 09963 0.9967 0.9965 0.03 0.06 0014 0.13
18 ¢ i-Valeric acid IVA 99441 94589 97015 0.9965 0.9935 0.9950 0.02 0.04 0.010 2.09
19 n-Valeric acid VLA 79615 78949 79282 0.9918 0.9925 0.9922 0.2 0.05 0012 097

YResponse factor
1 ul. of 20 ng/ul. (mean) liquid phase standard solution (4 th calibration standard) was injected 5 times to compute RSE (%)

B. Sulfur
Compound MDL

Order  Group P RF R? IiSI%
Full name Short name (ng)  (ug/m®) (nmol/mol) (%)

1 Hydrogen sulfide H,S 191470 0.9901 0.02 0.04 0.027 2.36

2 Sulfur dioxide SO, 109968 0.9988 0.03 0.05 0.019 1.72

3 Sulf Methyl sulfide CH;SH 147199 0.9902 0.02 0.04 0.022 1.34

4 Y Dimethyl sulfide DMS 143627 09960 002 0.5 0.019 1.88

5 Carbon sulfide CS, 236758 0.9996 0.01 0.03 0.008 1.16

6 Dimethyl disulfide DMDS 176986 0.9977 0.02 0.03 0.009 0.44

9 Repetitive analyses (n=3) of sulfur gas standard (10 ppb): sample volume of 100 mL (FR= 50 mL/min)

tt. MDLY] 7% 0.01-0.03 ng® & JEFSTh RSEZ:
S BF 5% oW R FssA vebgth Fag ofF
FAA DR QC Fi9 AHAA L relative standard
deviation (RSD)Z} 10% HE& 2 A9 79 RSE 7)
= 5% W9 Qtoll Eovke A& At vk

32 AlZizdalo mE oiFlEd WM Mz 3 o
B A= GC/MS, GC/PFPDE o] &3k 7|78
FAl T84 BeS s uEhA

ZE!

By 7|2 FEEAT. VOCS RSCE F4 02 A
EQo| MAEAT 1 AIIE FARIALA) ST

=
7184 By FFHE fdshe FINES] o
FE FHE71C HANE SqARI e 2N, 1A 7}
1tA] Rohe QAFE7HA 9 B AuE et
TN S 7I1Ee® 5] W
SA50] AT Zhzte] sjfularel A A - Hags
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AF Yux) ko] JeHEez HEAA 54
58 HEHATN T A3 E0F Bl E 47
2080, 6698}, E-3, E-6, E-99| A= 173, 67, 45 uj <]
Al E JeERTE 2 AFoAE A4 2
SHE oh3le] WA BAL T WA, A
WAj» 507 HH e Y9E0] FAHHow 7

o ARE Fuste] BrhE WA AN
e FAA] AP RE

E-03} E-1914 9] A= o =4 JetgA T &
Aol F#HQ kol A 03 E-10]419] @A) ]
A FE B WA F 2 AAE Bokskac
W E-3, E-6, E-9 oM E 94 AFHE A ERT §
e o HAIT FFoldA) T A% WA &,
“E3 5 WA= Hrrek ek

GC/MS, GC/PFPDL 2 B3 WA EE 9] &4
< §J8l, P77 et 2o NE BT JEE
S 879 sEFom TR, HAle BAEAS
A=A E A7) BAYNEES 7|Fo 8 74

sl A A S AT Table 3). T2 A& 23S AR
W, sulfur 259 9 AlZke] Aol wet 1613 pg
m® 2RE 956 pgm’E F e ashe AL F

olgk 4= At} ¥HAH ketone 179 AH-$- E-0F-E E-
67HA 595 ngm*ZHE 398 pg/m’TE 2Zo Fx= 7
25 Bo|tr} E99 1331 pug/m*E JERH E-69)
vl <k 3w F7skGl) o199 thE 1FES A%
FEwstel] QlojA wd He & ¥ske jldlen
7vel g WHE ST

Table 391= A 7+e] 73] wE voce] dA =32
S AR NENFHE vFo] Hlws A3
alcohol ZZ&2] VOCE©°] 52 /2 71 Bo] A&l
o HHA ester 28] A9, DA77 <t 8 AR T
A dAEE AL Flsith Sulfur 253
ketone 252 7% 20 7o} 23 /= T FEL] B
o] AtA g EA Ueltt). Tuble 3914 ZF ZAMA
Holae] A JES 778 5 HH do 25
ke HEE A AR A AEI dsiA B
g s3tEA el 45 vttt F 7 4(Total) Hoil
F71¢ I3 = #4717 B HAS v EdEe
HHE 315 A9k AA| SgES] F/HE o9
Qe AxE 49 & 23 R N9 2]
voce] A JigRTk QAo tigt d&e] o A=
AL A 5 AATh(Fig 2).

Table 3. Total concentration and occurrence frequency of odorants released from Spam samples

Sample code
Groups
E-0 E-1 E-3 E-6 E9 Total
Total concentration (Ig/m?)

A. Sulfur 1613 509 138 22.5 9.56 2292
B. Alcohol 89.8 124 131 41.3 76.2 463
C. Aldehyde 41.6 105 74.5 23.0 29.7 273
D. Ketone 595 585 523 398 1331 3431
E. Ester 8.74 8.90 11.9 5.39 1.01 36.0
F. Aromatics 243 9.56 531 0.23 1.71 19.2
G. Acid 13.0 133 69.0 342 116 365
H. Miscellaneous 79.3 155 92.3 51.2 72.3 450
Total 2442 1629 1045 575 1637 7329

Frequency
A. Sulfur 5 5 (5P 4(4) 303) 303 20 (5)®
B. Alcohol 8 9(8) 11 (9) 13 (11) 11 (10) 52 (14)
C. Aldehyde 8 7(7) 7(7) 7(7) 6 (5) 35 (8)
D. Ketone 4 4 (4 54 5(5 5(4) 23 (6)
E. Ester 1 1(1) 1(1) 3(1) 2(1) 8 (4)
F. Aromatics 5 44 44 303) 4(3) 20 (5)
G. Acid 3 1(1) 2 (1) 3(2) 2(1) 11 (5)
H. Miscellaneous 13 14 (8) 18 (11) 11 (8) 16 (9) 13 (32)

“Numbers in parentheses denote the number of newly detected compounds compared with previous samples
®Numbers in parentheses denote the total number compounds detected during the whole study period.
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Fig. 2. Concentration and occurrence frequency of VOC and sulfur gases emitted from Spam samples through time.
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Table 4. Comparison of mass per volume concentration and the corresponding relative composition (RC) of odorants emitted
from Spam samples

Concentration (pg/m*) RC (%)
Order Compounds
E-0 E-1 E-3 E-6 E-9 E-0 E-1 E-3 E-6 E-9
A. sulfur
1 Hydrogen sulfide 1465 455 118 849 093 60.0 280 11.3 148  0.06
2 Methyl mercaptan 131 33.1 10.2 1.97  2.18 535  2.03 097 034 0.13
3 Dimethyl sulfide 7.13 5.48 142 004 0.04 029 034 0.14
4 Carbon disulfide 9.13 146 854 119 639 037 090 0.82 207 039
5 Dimethyl disulfide 1.16 0.65 0.03 0.03 0.03 0.05 0.04
B. alcohol
1 4-Pentyn-1-ol 0.00 0.00 0.00 0.05 0.00 0.01
2 2-Propanol 186 238 224 10.63 455 0.76 146 215 185 278
3 sec-Butanol 1.37 1.34 1.38 1.08  0.00 0.06 008 0.13 0.19 0.00
4 Dimethylvinylcarbinol 1.13 1.62 1.80 092  0.71 0.05 0.10 017 0.16 0.04
5 iso-Butanol 493 5.70 5.98 2.72 8.72 0.20 0.35 0.57 0.47 0.53
6 n-Butanol 62.5 87.0 90.0 8.32 0.18 2.56 5.34 8.61 1.45 0.01
7  Ethyl vinyl carbinol 0.00 000 0.00 0.00 0.29 0.02
8 Isopentyl alcohol 0.00 0.00 0.00 0.73 15.6 0.13 0.95
9  1-Pentanol 0.44 1.03 1.25 0.44 1.03 002 006 0.12 0.08 0.06
10 TIsobutenylcarbinol 0.63 1.56 1.62 146 231 0.03 0.10 015 025 0.14
11 Acetone alcohol 0.00 0.00 4.12 13.2 0.00 0.39 2.30
12 1-Octen-3-ol 0.00 0.00 0.18 0.28 0.47 0.02 0.05 0.03
13 2-Ethyl-1-hexanol 028 095 0.63 0.33 1.37 0.01 0.06 006 0.06 0.08
14 Furfuralcohol 0.00 1.37 1.53 1.06  0.00 0.08 015 0.18 0.00
C. Aldehyde
1 iso-Butylaldehyde 6.55 247 207 282 1.60 0.27 1.52 198 049 0.10
2 Butylaldehyde 120 227 1.77  0.17  0.00 0.05 0.14 017  0.03
3 2-Methylbutyraldehyde 7.70 17.6 9.68 1.58 1.83 0.32 1.08 0.93 0.27 0.11
4 iso-Valeraldehyde 139 374 250 16.0 239 057 229 239 278 1.46
5 n-Valeraldehyde 7.42 14.8 10.3 0.41 0.00 030 091 0.99  0.07
6 Hexanal 2.03 6.77 576 1.08 092 0.08 042 055 0.19  0.06
7 Nonyl aldehyde 0.85 000 000 0.00 0.65 0.03 0.04
8 Benzaldehyde 1.89 1.13 127 092 0.78 008 007 0.12 0.16 0.05
D. Ketone
1 Acetone 541 520 451 369 1150 22.1 319 432 642 702
2 Methyl ethyl ketone 440 552 530 11.8 1.27 1.80 339 507 205 0.08
3 Methyl propyl ketone 0.00 0.00 0.00 0.00 0.61 0.04
4 2,3-Butanedione 995  9.60 17.5 16.1 179 0.41 0.59 1.68  2.80 10.9
5 Methyl isobutyl ketone 0.18 0.11 0.17  0.10  0.05 0.01 0.01 0.02 002 0.00
6 2,3-Pentanedione 0.00 0.00 0.61 0.25 0.00 0.06 0.04
E. Ester
p L2a-Benzenetricarboxylic 06000 000 020 0.00 0.03
acid, 1,2-dimethyl ester
2 tert-butylmethyl ether 0.00 000 000 0.00 047 0.03
3 Ethylene glycol monobutyl ether 8.74 8.90 11.9 5.13 0.54 0.36 0.55 1.14 0.89 0.03
4 Methyl tetrahydrofurfuryl ether  0.00  0.00  0.00 007  0.00 0.01

9.56 pg/m’ (0.58%)= H43] olA&= AL I HojZl 0.93 pg/m’(0.06%) 2 LEFSTE WHA, ketone
th 2 T B0olM 7HE =2 sEE UEE hydrogen  Z59] A BAAES = B H]Fo] E-09] A%
sulfide®] 7%, E-0¢ll W]} E-9olA & <F 1500 HWi7F 595 pg/m®(24.4%)9l 4 E-9¢] 1331 pg/ m’(81.3%)=
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Table 4. Continued

Concentration (ug/m®) RC (%)*
E-0 E-1 E-3 E-6 E-9 E-0 E-1 E-3 E-6 E-9

Order Compounds

F. Aromat ics

1 Ethylbenzene 0.17 038 026 0.13 021 0.01 0.02 002 0.02 0.01
2 p-Xylene 0.09 0.14 012 003 0.09 0.00 0.01 001 0.00 0.01
3 m-Xylene 022 033 023 008 0.18 0.01 0.02 002 001 0.01
4 Styrene 029 0.00 0.00 0.00 0.00 0.01  0.00
5 Toluene 1.65 870 471 0.00 122 0.07 0.53 045 0.07
G. Acid
! :;?;rpme”yl ester of n-butanoic 000 000 000 000 0.08 0.01
2 Aceticd acid 11.9 133 68.6 333 116 0.49 8.14 6.56 5.78 7.08
3 n-Butyric acid 0.87 0.00 0.00 0.77 0.00 0.04 0.13
4 n-Valeric acid 024 0.00 0.00 0.00 0.00 0.01 0.00
5 iso-Valeric acid 0.00 0.00 039 0.14 0.00 0.04 0.03
H. Miscellaneous
1 n-Hexane 131  0.68 132 045 0.56 0.05 0.04 0.13 0.08 0.03
2 1,1-Dichloro-1-fluoroethane 9.17 9.33 3.40 0.00 0.00 0.38 0.57 0.33
3 1,3-Cyclopentadiene 049 073 022 0.00 0.00 0.02 0.04 0.02
4 1-Heptene 0.00 0.00 0.00 0.00 0.07 0.00
5 2,4-Dimethylhexane 0.00 0.50 0.51 0.00  0.00 0.03  0.05
6 n-Octane 0.00 0.00 0.00 0.00 0.65 0.04
7 2,3,4-Trimethylhexane 0.35 0.00 0.00 0.11 0.00 0.01 0.02
8 Tetrahydrofuran 0.00 0.00 0.98 0.42 0.69 0.09 0.07 0.04
9  2-Methylfuran 3.84 4.54 2.08 0.49 0.39 0.16 0.28 0.20 0.09 0.02
10 2-Methylfuran 054 1.09 066 024 0.00 0.02 0.07 0.06 0.04
11 Trimethylsilyl-di(timethylsiloxy)-silane  0.00  2.55  0.00  0.00  0.00 0.16

Cobalt, (2-methyl-.eta.-3-propenyl)

12 (pentamethylcyclopentadienyl)- 0.12 0.00 0.00 0.00 0.00 0.005
13 Acetonitrile 0.00 144 112 0.00 0.00 0.88  1.07
14 Methyl isocyanide 11.8  0.00 0.00 525 3.26 0.48 091  0.20
15 a-Pinene 0.18 033 024 0.13 0.14 0.01 0.02 002 0.02 0.01
16 Chloroform 48.3 95.4 67.5 41.9 63.4 1.98 5.86 6.46 7.28 3.87
17 1,1-Dimethoxybutane 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.02
18 3-Methylthiophene 0.61 1.05 0.75 0.52 0.58 0.03 0.06 0.07 0.09 0.04
1o Bicyelo[3.L1Jheptane, 6,6-dimethyl-2-—, o500 020 000  0.00 0.02
methylene-, (1S)-
20 1,3-Dioxolane 0.00 229 000 0.00 0.00 1.41
21 3,7-Dimethylnonane 0.00 0.00 0.00 0.00 0.07 0.00
22 Limonene 0.00 0.00 015 0.00 0.00 0.01
23 2-Pentylfuran 0.00 0.00 0.00 0.00 0.07 0.00
24 Pyrazine 1.86  0.00 0.00 0.00 0.00 0.08
25 Cyclooctatetraene 0.00 0.07 0.00 0.00 0.00 0.00
26 Methylpyrazine 0.82 0.00 1.15 1.51 1.27 0.03 0.11 0.26 0.08
27 (Sig;’_decad‘e“'Z"’”e’ 610-dimethyl, 36 000 050 000  0.00 0.05
28 1,2-Dichlorobenzene 0.00 0.00 024 0.00 043 0.02 0.03
29 Tetramethylbutanedinitrile 0.00 1.11 1.12 0.00 0.00 0.07  0.11 0.00
30 Propanenitrile, 2,2'-azobis[2-methyl- 0.00 0.00 0.00 021 0.19 0.04 0.01
N-[1-(4-Hydroxy-5-hydroxymeth-
31 yltetrahydrofuran-2-yl)-4-oxo-1,4- 0.00 0.00 0.00 0.00 0.15 0.01
dihydropyrimidin-2-yl]benzamide
32 2-Ethyl-1-hexanol 0.00 0.00 0.08 0.00 0.00 0.01

“Relative composition (RC: %) of concentration measured at a given interval is divided by the total concentration of all species measured (ug/m®)
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Table 5. Odor activity value (OAV) and the corresponding relative proportion (RP) of odorants emitted from Spam samples
Threshold OAV (concentration/Threshold [ppbv/ppbv])” RP (%)”

Orde Compounds
(ppbv) B0 Bl E3 E6 E9 EO El E3 E6 E9
A. sulfur
1 Hydrogen sulfide 17.8 194  6.02 1.56  0.11 0.01 783 417 198 3.19 0.08
2 Methyl mercaptan 41.8 1.59 0.40 0.12 0.02 0.03 6.44 2.80 1.57 0.68 0.17
3 Dimethyl sulfide 20.0 0.14  0.11 0.03 057 075 035
4 Carbon disulfide 7436  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
5 Dimethyl disulfide 90.2  0.00 0.00 0.01  0.01
B. alcohol
1 2-Propanol 199,800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 sec-Butanol 1,700  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
3 iso-Butanol 832 0.00 0.00 0.00 0.00 0.00 0.01 0.02 003 0.03 0.02
4 n-Butanol 26,000 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
5 Isopentyl alcohol 44.7 0.00 0.10 0.13  0.63
6 1-Pentanol 468 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
7 1-Octen-3-ol 2.26 0.01 0.02  0.04 0.19 0.68 0.26
8 2-Ethyl-1-hexanol 246 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
9 Furfuralcohol 7,989 0.00 0.00 0.00 0.00 0.00 0.00
C. Aldehyde
1 iso-Butylaldehyde 40.7  0.05 0.21 0.17 0.02 0.01 022 143 219 0.67 0.09
2 Butylaldehyde 9,022 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 iso-Valeraldehyde 224 177 475 317 203 3.04 7.16 329 403 577 199
4 n-V aleraldehyde 230 092 1.83 128  0.05 3.71 126 162 145
5 Hexanal 13.8 004 0.12 0.10 0.02 0.02 0.15 0.83 130 055 0.11
6  Nonyl aldehyde 2.24 0.07 0.05 0.26 0.32
7 Benzaldehyde 42.1 0.01 0.01 0.01 0.01 0.00 0.04 0.04 009 0.14 0.03
D. Ketone
1 Acetone 680,751  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
2 Methyl ethyl ketone 50,120 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 Methyl propyl ketone 1,550 0.00 0.00
4 2,3-Butanedione 437  0.65 0.62 1.14 1.05 11.6 2,62 432 145 298 762
5 Methyl isobutyl ketone 47,145  0.00  0.00  0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00
6 2,3-Pentanedione 5.13 0.03 0.01 037 034
F. Aromatics
1 Ethylbenzene 170 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 p-Xylene 490 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 m-Xylene 41.0 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.01
4 Styrene 35.0 0.00 0.01
5 Toluene 39,889  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
G. Acid
1 Aceticd acid 145 0.03 0.37 0.19 0.09 0.33 0.13 2.58 245 2.66 2.13
2 n-Butyric acid 389 0.06 0.06 0.25 1.57
3 n-Valeric acid 4.79  0.01 0.05
4 iso-Valeric acid 2.46 0.04  0.01 048 040
H. Miscellaneous
1 n-H exane 21,900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 1,3-Cyclopentadiene 1,878 0.00 0.00 0.00 0.00  0.00 0.00
3 2-Methylfuran 259,317 0.00 0.00
4 n-O ctane 24,678 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Acetonitrile 97,700 0.00  0.00 0.00  0.00
6 o-P inene 18.0 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.04 0.01
7 Chloroform 207,333 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Limonene 38.0 0.00 0.01
9 2-Pentylfuran 15.9 0.00 0.01

3[Concentration (ppbv)/OT (ppbv)]
PRelative proportion (RP: %) of OAV at a given time divided by the total OAV of all species measured (ppbv)
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