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Emission Characteristics of Odorous Gases with
the Decay of Albumin and Yolk of Boiled Egg
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Abstract

In this study, the concentration of odorants released from albumin (EA) and yolk (EY) portions of boiled egg sam-

ples were determined as a function of storage time. The concentrations were measured at storage days of 0, 1, 3, 6,

and 9 under room temperature. As such, odorants produced during both fresh and decay conditions were measured

through time. A total of 19 compounds were selected as the main target odorants along with 12 reference com-
pounds. GC-MS (for VOC) and GC-PFPD system (for sulfur gases) equipped with thermal desorption (TD) system

were employed for odorant analysis in this work. The initial concentrations measured from the chamber system were

converted into flux terms (ng - g”' - min™"). The EA showed the highest concentration of H,S (234ng - g”' - min™") at

EA-0, and the concentrations of AT (Acetone) was also seen clearly in the range of 11.7 (EA-0) to 58.6ng-g™! -
min~! (EA-9). The EY showed similar patterns. EtAl (Ethyl alcohol) increased 9.47 (EA-1) to 96.7ng - g™ - min™!
(EA-9) in EA samples. Ketone, alcohol, sulfur groups generally exhibited high concentrations compared to other

odorants. These data were also compared in relation to olfactometry related dilution-to-threshold (D/T) ratio by air

dilution sensory (ADS) test and sum of odor intensity (SOI).

Key words : Boiled egg, Odorant, Decay, Gas Chromatography (GC), Thermal Desorption (TD)

AF 7o) Pl et AFEES 9 Dol o
A ek o1 E B FoldE A

—n

*Corresponding author.
Tel : +82-(0)70-7560-9151, Email : kkim61 @nate.com

3 DA BAe] Qe WA, 53] JHel AT A
o) FoMel AR FEeiAE A6 gk $eie
2 Egste] ARTFIME ol 2 EAS] s A
AR Felere mEa7] Sl Fo gHBAE
o U 2wy R AR B EE AA AL

TEe7) 93 A7F ToFY Wel A A5

=
g1t} (Yang and Suck, 2000). $-2|v}els= 22F2] o1
& AA3A, AR T|Fer gt gl

J. KOSAE Vol. 30, No. 2(2014)



9% AR -7 - D8H - HE
(KMOE, 2008).
Aol 287] wjFA] 5L AT Gk
A9A wiEAEL o8 FF JHEAE
3t} (Jo, 2011; Schlffmana et al., 2001). o]5 wj&d
AN gkt f71EAE] wAES o3 R
A e &S ks Byl AssiEA
HAEES] &> s HAs EEE
TR PR goFst WstsiA "ok 53], 529
AN = A5 HF 2 FAA A o
2 AMsLS 47 ZolE 4= gtk
Fajo} obF ] AAE AL
AsgEe T Bt 144
A, ol ALeT EAI AL Bl
Hihee wol sk oz el e 9
Ao wad A
293 AR B2 2)E Al
o} (Kim et al., 2013a). ¥ A= 2xpH 02 4F
o Ae AFATH) 990, 4 DS Albumin
of Boiled Egg (EA)$} Yolk of Boiled Egg (EY)2 7%
sl Zzte] Relold ¥olg ol WA AT
Aze) WAL 2R, o2 Slal, RS
713}8}HE- (Volatile organic compounds: VOC), 7}xd
3}3}=- (Carbonyl compounds: CC), 7] x|}k (Vola-
tile fatty acids: VFA), 2+<13}3}3}E- (Reduced sulfur
compounds: RSC)z} 7 F o AR 4 7|g} 2
FEe s Q¥ES HM02 A
o 8 HATLAGLY IR 2007144 o Al 3}

o
?—\.v:l/q "51 =2

o
—

T
rﬂ

o 32 N o oo o o

P
J
o
2

Nog
e
w f©

2.1.1 ZAF UM MAE 3 ZFAZ FH|
2 ATl 42 94E EAS EYR Red &
A1ZEe] Aol wpE A S Fxdle], A Ay}
T WAEA] EAEALE dolr A FglH. o5

271843 A A30A 425

38l VOC, CC, VFA, RSCE % Aot %ol 3
ot 19%¢ FHo2 24 shleh olslel= 7]
Bl ZuAAE 1228 23 sle], 72 AL A
&3}k VOC, CC, VFAA Q2] =& 8 F A %3}
7] $14l,97.0% °| 4 &£x=2] 25% U=EFA| = (Sigma-
aldrich, USA)Z methanol (99.8%, J.T.Baker, USA)¢]|
3| A sle] | 233tk £33 8 EF A8 Benzene
< 7|Fo2 981~19ng-uL™! $Fo 2 Axdly]
o}. RSCA H 2] FA =57} 30 ppmgl
Z1AA Y ZFA) = (Rigas, Korea)Z Polyester alumi-
num bag (PEA bag; TOP Trading Eng, Korea)ol] 14>
& AL (N, 99.999%)2 10 ppb =t 2 3|4 3}o]
AR A2F A7) 248 2EAEE B3l
715]?45/\4 (Response factor: RF) 2 7]2-2 9] A x=3z]

4~ (#2384 (Method detection limit: MDL), 28
/‘5‘ (Relative standard error: RSE)) 5-2] A28 %3}
of & 1o AT e HAFEES] HFA
S AR o=z Hr}slr] $)5}ted, Aldehyde, Ketone,
Aromatic, Alcohol, Ester, Acid, Hydrocarbon, Sulfur
25 5o Alwstete] wlwaelt

15 AE

Bl of 1587 e AL ow PRENE
3] 4> 297& EASl EYER RE3 ¥ de}xizi
g2 2cm Z7)2 A2 A8 27 50.2¢, 50.1 go.
2 Fragdet 13 AHEF oF 750mL F3]e] o
AR o] 77 wz Y31, &= 52} (Elapsed Day=D:
D-0, D-1, D-3, D-6, D-9)¢l] ZAA 41x7]¢} R 7]9]
ZIAA Al2E AFH s VOC, CC, VFA, RSCH|
o) AREE 77 B3t e AAAlee A=
= #F s} VOC, CC, VFAA Q2] Alat 29X
Axhel| 14w A4z ¢ 10L PEA bags 73}
a1, Zeto|= 3%t 14 &2 (Sorbent tube: ST, Tenax
TA+Carbopack B+Carbopack X (each 100 mg))3Z} &
3 (MP-X_300, Sibata, JAPAN)S 4 3}lo] dA3t &
2(100mL - min )] &9toz Az2 & 100 ==
250mLz AA & s}k RSCAG L] Az
Skx] ol F3F Bl I} SAREIA R QA Aok we
& Z7] ARY (99.999%, 1H 7} = 017:“6]-"’ =}
o] PEA bag2 o|£3}ed, 100 mL - min '¢] < 100



e 9el Bo)el me BeE YAEAe

WYY A7 97

Table 1. Information of the target compounds selected for the investigation of odorants released from boiled egg

samples.
Short Chemical Molecular MDL®*  RSE®
Order Group Full name name CAS No. formula weight (g/mol) (ng) %)
1 Propionaldehyde PA 123-38-6 C;HO 58.08 0.060 4.99
2 Aldehvde Butyraldehyde BA 123-72-8 C,HO 72.11 0.570 3.03
3 Y Isovaleraldehyde IA 590-86-3 CsH,,0 86.13 0.110 1.83
4 n-Valeraldehyde VA 110-62-3 CsH,,0 86.13 0.110 3.02
5 Acetone AT 67-64-1 C;H,O 58.08 0.120 3.48
6 Ketone Methyl ethyl ketone MEK 78-93-3 C,H;O0 72.11 0.090 2.07
7 Methyl isobutyl ketone MIBK 108-10-1 Ce¢H},0 100.16 0.060 2.46
8 Benzene B 71-43-2 CeHg 78.11 0.540 1.94
9 Toluene T 108-88-3 C;Hg 92.14 0.050 2.04
10 Aromatic Styrene S 100-42-5 CgHg 104.15 0.080 1.62
11 p-Xylene p-X 106-42-3 CgHy 106.17 0.050 1.83
12 m-Xylene m-X 108-38-3 CgHy 106.17 0.040 1.82
13 0-Xylene 0-X 95-47-6 CgHy 106.17 0.050 1.75
14 Ethyl alcohol EtAl 64-17-5 C,H,O 46.07 0.080 4.87
15 Alcohol Isobutyl alcohol i-BuAl 78-83-1 C,H,,0 74.122 0.040 2.76
16 1-Hexanol HeAl 111-27-3 C¢H,,0 102.17 0.030 2.70
17 Methyl acetate MeAc 79-20-9 C;H,0, 74.08 0.030 2.65
18 Ester n-Butyl acetate BuAc 123-86-4 C¢H,,0, 116.2 0.040 1.42
19 Ethyl hexanoate EtHe 123-66-0 CgH,60, 144.21 0.040 2.38
20 Acetic acid ACA 64-19-7 C,H,0, 60.05 0.050 3.36
21 Propionic acid PPA 79-09-04 C;H,0, 74.08 0.290 3.24
22 Acid n-Butyric acid BTA 107-92-6 C,Hg0, 88.11 0.310 2.00
23 i-Valeric acid IVA 503-74-2 CsH,,0, 102.13 0.120 1.71
24 n-Valeric acid VLA 109-52-4 CsH,,0, 102.13 0.090 3.24
25 Hydrocarbon Pentane P 109-66-0 CsHy, 72.15 0.120 1.11
26 Hydrogen sulfide H,S 7783-06-04 H,S 34.1 0.011 1.35
27 Sulfur dioxide SO, 7446-09-05 SO, 64.1 0.010 2.64
28 Sulfur Methyl mercaptan CH;SH 74-93-1 CH,S 48.1 0.010 1.58
29 Dimethyl sulfide DMS 75-18-3 C,HqS 62.1 0.007 3.59
30 Carbon disulfide CS, 75-15-0 CS, 76.1 0.004 3.92
31 Dimethyl disulfide DMDS 624-92-0 C,H,S, 94.2 0.005 3.74
“MDL: Method detection limit
"RSE: Relative standard error
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(a) Bag sampling approach for
the collection of RSC samples

(b) Sorbent tube sampling approach for
the collection of VOC, CC and VFA samples

Fig. 1. lllustration of sampling device and impinger system. 1. Ultra pure air (99.999%); 2. N, flow regulator; 3. Impinger
bottle; 4. Glass tubing with a bubbler tip to evenly distribute the diluent gas; 5. Sensor; 6. heater; 7. Water heated
to 25°C; 8. Aluminum container; 9. Samples: Albumin of Boiled Egg and Yolk of Boiled Egg; 10. Temperature regula-
tor; 11. 10 L polyester aluminum bag (Collect gas samples from samples); 12. Sorbent tube (Tenax TA+Carbopack

B+Carbopack X each 100 mg); and 13. SIBATA pump.

Table 2. Information of target samples of boiled egg (EA and EY) and the corresponding sample codes designated in

this study.
; Sample code for boiled egg”
Order Elapsed time Time code Sampling date®
(day) EA® EY!
1 0 D-0 12-01-31 EA-0 EY-0
2 1 D-1 12-02-01 EA-1 EY-1
3 3 D-3 12-02-03 EA-3 EY-3
4 6 D-6 12-02-06 EA-6 EY-6
5 9 D-9 12-02-09 EA-9 EY-9

“The collection of boiled egg samples was made at I0AM for each sampling data

*Country of origin: Korea
‘EA: Albumin of Boiled Egg (Sample mass: 50.2 g)
YEY: Yolk of Boiled Egg (Sample mass: 50.1 g)
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Markes International, Ltd, UK)E o]-&-3}e] #x]2] =}
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MS-QP2010, Shimadzu, Japan)E %33} 38319
o} TDWR-2] AL %S X3 Cold trap (CT)
2] FAAE= Carbopack B, Carbopack C& 2%to =
AREERATE CTO == —10°CollA Alagd ¥
FE F, 320°CellM 1083 d&As Al8F GC
columno 2 o] A ATt GCY o=
(diameter: 0.25 mm, length: 60 m, film thickness: 2.5

CP Wax column

271843 A A30A 425

um, Agilent, USA)& AMalo] 24} ol 445
22 9 FAST & 3ol olo] T AT
Ag A

N o

2.2.2 RSC| BA t}H

AAepaldzel g3l v 78] RSCol F7)=
T 719 BH¥E Fohske] AP w24
2 2} thA AA) A| 22 ZA 3 PEA bags TD/Air-
server (AS)el] GA3le] ASE Esl| A5 FYFS
5~500mL=E A3 =A-slgic) o] TD/ASE} GC-
Pulsed flame photometric detector (PFPD: Varian, USA)



EA

EY

Fig. 2. The photographs depicting the progress of decay experiment through time (0 to 9 days: refer to Table 2 for the

sample code).
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Table 3. Information of TD/GC/MS and TD/GC/PFPD system used for the analysis of odorants and VOCs.

(A) Laboratory condition

Sample Temp* mVol (1 atm)
ID °C L - mole™!
Lab 25 24.5

“Water-bath controlled temperature for the collection of gas samples

(B) Operational conditions of TD/GC/MS system for VOC, CC, and VFAs analysis

GC (SHIMADZU GC-2010, JAPAN), MS (SHIMADZU GCMS-QP2010, JAPAN)

Column: CP Wax (diameter: 0.25 mm, Length: 60 m, film thickness: 2.5 wm)

1) Oven setting

2) Detector setting

Oven Temp.: 40 °C (5 min.) Tonization mode: EI(70eV)
Oven rate: 15 °C - min”! Ton source temp.: 230 °C
Max Oven Temp.: 220 °C (3 min.) Interface temp.: 230 °C
Total Time: 20 min TIC scan range: 35~300 m-z"!
Carrier gas: He (99.999%)
TD (UNITY, Markes International, Ltd., UK)
Cold trap: Carbopack B+Tenax
Split ratio: 1:10 Trap low: —10 °C
Split flow: 10 mL - min~! Trap high: 320 °C
Hold time: 10 min Flow path temprature: 150 °C
(C) Operational conditions of TD/GC/PFPD system for RSCs analysis
GC-PFPD system (CP-3800, Varian, CA, USA)
Column: BP-1 (diameter: 0.32 mm, Length: 60 m, film thickness: 5 um)
1) Oven setting 2) Detector setting
Initial temp: 80 °C Detector temp: 200 °C
Rate: 15 °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: 18 min
AS/TD (UNITY, Markes International, Ltd., UK)
Cold trap: Carbopack B +Silica Gel
Split ratio: 10:1 Trap low: —-15 °C
Split flow: 15 mL - min™' Trap high: 250 °C
Hold time: 5 min Flow path temp: 80 °C
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Table 4. Concentrations of target compounds measured from two types of boiled egg samples (EA and EY) for the
duration of up to 9 days.

(A) Concentrations in ppb unit.

Order Group Compound EA-0 EA-1 EA-3 EA-6 EA9 EY-0 EY-1 EY-3 EY-6 EY9
a. Target odorant o o o o o o o o o
1 PA 024° 024 024 024 024 024 024 024 024 024
2 Aldeted BA 004 004 004 004 004 004 004 004 004 004
3 yde A 002 002 098 136 097 002 489 406 10.1 9.46
4 VA 002 002 002 002 002 261 342 002 002 002
5 AT 823 513 674 119 413 964 823 693 203 458
6 Ketone MEK 003 215 431 152 754 003 452 341 101 108
7 MIBK 001 001 024 117 551 001 001 001 030 057
8 B 464 213 116 287 220 002 248 156 093 152
9 T 179 068 066 058 088 309 155 151 048 248
10 Aromati S 001 001 001 001 001 001 00l 001 001 001
11 romatic— h x 001 00l 00l 00l 001 00l 00l 00l 00l 001
12 m-X 001 001 00l 00l 001 001 00l 001 001 0.5
13 0-X 001 001 001 00l 001 001 001 001 001 001
14 EtAl 029 842 131 724 859 029 756 147 029 029
15 Alcohol  i-BuAl 003 003 089 377 108 003 003 148 413 163
16 HeAl 001 001 001 001 001 001 00l 001 001 001
17 MeAc 004 004 004 004 004 004 004 004 004 004
18 Ester BuAc 001 001 00l 00l 001 001 00l 001 001 001
19 EtHe 001 001 001 001 001 001 001 001 001 001
20 ACA 943 570 012 248 012 012 012 012 012 012
21 PPA 010 010 010 010 010 010 010 010 010 0.10
2 Acid BTA 003 003 003 003 003 003 003 003 003 003
23 IVA 002 002 002 002 002 002 002 002 002 002
24 VLA 003 003 003 003 003 003 003 003 003 003
25  Hydrocarbon P 002 242 155 002 647 002 371 449 96 35.1
26 H,S 2804 682 121 412 141 791 803 183 172 107
27 SO, 001 102 081 095 407 001 404 258 675 7.86
28 Sulf CH,SH 001 079 437 287 601 563 358 451 182 151
29 uur DMS 099 008 159 187 637 172 031 085 103 177
30 Cs, 113 006 008 019 015 185 065 057 015 0.70
31 DMDS 035 036 089 044 145 053 061 749 140 253
b. Reference compound®
2 Acetaldehyde 386 192 119 381 350 021 021 021 021 021
33 Benzaldehyde 093 064 051 1.14 116 001 00l 001 001 001
34 Aldehyde  Hexanal 001 001 001 00l 001 370 521 197 001 001
35 2-Methyl butanal 002 002 002 002 002 002 002 106 424 388
36 2-Methyl-pentanal 001 001 001 122 001 001 00l 001 001 00l
37 Aromati 2,5-Dimethyl-pyrazine 001 001 001 069 400 001 001 001 001 001
38 TOMAe 2. Isobutyl-3-methylpyrazine 0.00 000 000 000 148 000 000 000 000 0.00
39 2,3-Butanedione 002 002 002 101 144 002 002 360 122 134
40 2,3-Heptanedione 001 001 001 00l 001 001 001 001 096 091
41 2-Heptanone 001 001 001 001 306 001 001 001 001 505
42 Ket 6-Methyl-2-heptanone 001 001 001 001 1.15 01l 0.01 001 0.01 0.01
43 etone 5-Methyl-2-heptanone 001 00l 00l 106 473 00l 00l 001 00l 001
44 5-Methyl-2-hexanone 001 001 00l 00l 084 001 00l 001 001 001
45 3-Methyl-2-pentanone 001 001 001 157 174 001 001 001 001 186
46 2-Pentanone 002 002 002 002 136 002 002 002 002 836
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Table 4. Continued.

o

Order Group Compound EA-0 EA-1 EA-3 EA-6 EA-9 EY-0 EY-1 EY-3 EY-6 EY-9
47 Ketone, Alcohol 3-Hydroxy-2-butanone 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 842
48 2-Butanol 0.02 0.02 0.02 0.02 195 .02 002 0.02 002 941
49 n-Butanol 0.02 0.02 0.02 0.02 1.12 .02 002 0.02 0.02 0.02
50 2-Ethyl-1-hexanol 0.01 001 0.01 036 084 .01 001 0.01 001 0.01
51 Alcohol Isopropyl alcohol 870 694 154 302 265 11. 486 203 199 983
52 cono 3-Methyl-1-butanol 001 001 323 232 925 001 001 149 126 377
53 3-Methyl-3-buten-1-ol 0.01 001 0.01 065 1.85 .01 001 0.01 001 0.01
54 2-Pentanol 0.01 0.01 0.01 0.01 092 .01 001 0.01 0.01 0.01
55 1-Propanol 0.03 0.03 0.03 003 123 .03 003 0.03 0.03 0.03
56 Ester Dibutyl phthalate 994 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
57 Butane 66.5 236 0.03 0.03 003 734 003 0.03 0.03 0.03
58 2,4-Dimethyl-Hexane 0.01 001 0.01 .01 01 001 001 198 001 0.01
59 Hydrocarbon  n-Heptane 0.01 0.01 0.01 .01 .01 1.94 0.79 294 1.11 11.3
60 Hexane 333 677 4.69 4.09 2.5 698 7.77 180 326 10.9
61 Isoprene 0.02 0.02 0.02 002 002 002 002 188 21.8 628
62 Sulfur Dimethyl trisulfide 0.03 .03 0.03 .03 131 0.03 .03 003 112 994
63 Acetonitrile 109 929 972 340 0.10 .10 .10 0.10 0.10 0.10
64 Benzene chloride 0.01 001 0.01 0.01 .01 039 .01 001 001 001
65 3-Butenenitrile 4.64 181 212 .03 .03 8.04 003 003 003 0.03
66 " Methyl cyclopentane 458 001 0.01 001 001 11.2 097 357 0.01 0.01
67 ete 3-Methyl-3-butenenitrile 827 494 115 340 490 900 7.67 20.6 002 002
68 Methylene chloride 662 419 544 181 0.14 593 58,6 620 502 286
69 2-Nitro-propane 4.69 4.69 851 355 1,020 4.69 4.69 4.69 469 4.69
70 Tetramethylsuccinonitrile 0.01 001 0.01 001 001 032 0.01 001 0.01 0.01

“The underlined values imply below detection limit (BDL) of each sample in each analysis

"Reference compound was selected if concentration is above 0.3 ppb or detected from more than two samples

(B) Flux inng - g”' - min™" unit.

Order Group Compound EA-0 EA-1 EA-3 EA-6 EA-9 EY-0 EY-1 EY-3 EY-6 EY-9

a. Target odorant . o o o o o o o o

1 PA 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
2 Aldehvd BA 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
3 chyde 1A 0.004 0.004 0.21 029 021 0004 103 857 213 200
4 VA 0.005 0.005 0.005 0.005 0.005 0.55 0.72 0.005 0.005 0.005
5 AT 117 728 957 170 586 137 11.7 9.86 288 65.1
6 Ketone MEK 0.006 0.38 0.76 268 133 0.006 0.80 060 1.78 191
7 MIBK 0.003 0.003 0.06 029 135 0.003 0.003 0.003 0.07 0.14
8 B 0.89 041 022 055 042 0003 047 030 0.18 0.29
9 T 040 0.15 0.15 0.13 020 070 035 034 0.11 0.56
10 A . S 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
11 romatic 5 x 0.002 0.002 0002 0002 0.002 0.002 0002 0002 0.002 0.002
12 m-X 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.04
13 0-X 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
14 EtAl 0.032 947 147 815 967 0.032 853 165 0.032 0.032
15 Alcohol i-BuAl 0.005 0.005 0.16 0.68 196 0.005 0.005 027 0.75 296
16 HeAl 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
17 MeAc 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
18 Ester BuAc 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
19 EtHe 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
20 Acid ACA 1.38 0.84 0017 036 0017 0017 0.017 0.017 0.017 0.017
21 PPA 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
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Table 4. Continued.
Order Group Compound EA-0 EA-1 EA3 EA6 EA9 EY-0 EY-l EY3 EY-6 EY9
2 BTA 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
23 Acid IVA 0.005 0.005 0.005 0005 0.005 0005 0.005 0.005 0.005 0.005
24 VLA 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
25  Hydrocarbon P 0.003 427 027 0003 1.14 0003 656 794 1.69 620
26 H,S 234 057 0.0 343 118 660 670 152 144 890
27 S0, 0001 0.16 013 015 064 0001 063 040 1.06 123
28 Sulf CH,SH 0001 009 051 337 706 663 042 532 214 178
29 uttur DMS 0.15 001 241 284 097 026 005 0.3 016 027
30 CS, 021 001 001 004 003 034 012 0.11 003 0.13
31 DMDS 008 008 020 010 033 012 0.14 173 322 584

b. Reference compound
32 Acetaldehyde 416 207 129 411 3.77 0023 0023 0023 0023 0.023
33 Benzaldehyde 024 0.7 0.3 029 030 0003 0003 0003 0.003 0.003
34 Aldehyde  Hexanal 0.003 0.003 0003 0003 0003 091 128 048 0.003 0.003
35 2-Methyl-butanal 0.004 0004 0004 0004 0004 0004 0004 224 089 0.82
36 2-Methyl-pentanal 0.003 0.003 0003 030 0.003 0003 0.003 0.003 0.003 0.003
37 Aromati 2,5-Dimethyl-pyrazine 0.003 0.003 0003 0.18 1.06 0003 0.003 0.003 0.003 0.003
38 TOmate 5 Isobutyl-3-methylpyrazine 0.002 0.002 0.002 0.002 0.54 0.002 0.002 0.002 0.02 0.002
39 2,3-Butanedione 0.005 0.005 0005 2.13 303 0005 0005 7.58 258 2.82
40 2,3-Heptanedione 0.002 0.002 0002 0002 0002 0002 0002 0002 030 0.29
41 2-Heptanone 0.002 0002 0002 0002 085 0002 0002 0002 0002 1.41
4 Ket 6-Methyl-2-heptanone 0.002 0.002 0002 0002 036 0.002 0002 0002 0002 0.002
43 ctone 5-Methyl-2-heptanone 0.002 0.002 0002 033 148 0002 0002 0002 0.002 0.002
44 5-Methyl-2-hexanone 0.002 0.002 0002 0002 023 0002 0002 0002 0002 0.002
45 3-Methyl-2-pentanone 0.003 0.003 0003 038 426 0003 0003 0.003 0003 045
46 2-Pentanone 0.003 0.003 0.003 0.003 2.86 0.003 0.003 0003 0003 1.76
47  Ketone, Alcohol 3-Hydroxy-2-butanone 0.004 0.004 0.004 0004 0.004 0004 0004 0004 0004 1.82
48 2-Butanol 0.004 0.004 0004 0004 353 0004 0004 0004 0004 1.71
49 n-Butanol 0.004 0.004 0004 0004 020 0004 0.004 0.004 0.004 0.004
50 2-Ethyl-1-hexanol 0.002 0.002 0002 0.2 027 0002 0002 0002 0002 0.002
51 Alcohal Isopropy! alcohol 128 102 226 444 389 165 072 299 293 145
52 cono 3-Methyl-1-butanol 0.003 0003 070 501 199 0003 0003 322 273 813
53 3-Methyl-3-buten-1-ol 0.003 0.003 0003 0.14 039 0003 0.003 0.003 0.003 0.003
54 2-Pentanol 0.003 0.003 0.003 0003 020 0003 0.003 0.003 0.003 0.003
55 1-Propanol 0.005 0.005 0.005 0005 1.81 0005 0.005 0.005 0.005 0.005
56 Ester Dibutyl phthalate 676 0.001 0.001 0.001 0001 0001 0001 0.001 0.001 0.001
57 Butane 945 034 0004 0004 0004 104 0004 0004 0004 0.004
58 2,4-Dimethyl-hexane 0.001 0001 0001 0001 0001 0001 0001 0.55 0001 0.001
59  Hydrocarbon n-Heptane 0.002 0.002 0002 0002 0.002 048 0.9 072 027 277
60 Hexane 701 143 099 086 054 147 164 381 069 231
61 Isoprene 0.003 0.003 0.003 0003 0.003 0003 0003 3.13 3.64 105
62 Sulfur Dimethyl trisulfide 0.008 0.008 0.008 0.008 040 0.008 0.008 0.008 345 3.07
63 Acetonitrile 110 932 975 341 0010 0010 0010 0010 0010 0.010
64 Benzene chloride 0.003 0.003 0.003 0.003 0.003 0.11 0.003 0.003 0.003 0.003
65 3-Butenenitrile 076 030 035 0004 0004 132 0004 0004 0004 0.004
66 . Methy! cyclopentane 0.94 0003 0003 0003 0003 230 020 073 0003 0.003
67 cte 3-Methyl-3-butenenitrile 1.64 098 227 067 097 178 152 409 0003 0.003
68 Methylene chloride 137 870 113 038 0029 123 122 129 104 0.60
69 2-Nitro-propane 1021 1021 185 77.1 222 1.023 1.023 1023 1023 1.023
70 Tetramethylsuccinonitrile ~ 0.002 0.002 0.002 0.002 0002 0.11 0002 0002 0.002 0.002
J. KOSAE Vol. 30, No. 2(2014)
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Fig. 3. Concentration of all compounds measured from egg samples as a function of time.
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SN AlRke] Adas Wzl Zrke Ao 1}
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‘min ez Ro)rh YL SRR Aee v
elyth. Aldehyde 75¢] LA, VA: o223 EYoA]
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Table 5. Basic nutrient data of albumin and yolk com-
ponents of boiled egg in each 50 g sample?.

Weight (g)

Order Nutrient _—
EA EY

1 Moisture 44.0 25.0

2 Protein 5.40 7.55

3 Fat 0.00 15.2

4 Carbohydrate 0.20 1.05

5 Ash 0.30 0.85

6 Et cetera’ 0.17 0.41

“The food and nutrient data system from Ministry of food and drug safety
(MFDS, 2011)
bCalcium, Kalium, Natrium, Phosphorus and others

A dTolr a2 22E EelshA] o 9ok 2
< ez AT Aol A e HS7F Aol 3,655

gt

ppbE 7F& =4 el (Kim et al., 2013a). 2 A
o] A x Fx 7|Foz nuwd AL AR Do
EA7} 2,800 ppb 28]312 EYZ} 790 ppb= ey}
oEA] s F9EE HeslA] ok AT
AR F2d & A7 A7t AdH ez oA
WER A S EA7]F Bl ] B3t FAdE Hol:
AL A 4 U= =3 SO, Al g o
A 7HA] RSCER $7F m= FHashe e e] v
%3 AR oz vehes S sk o9 o
AgATFolMe 75 7HEste] e A=E 2

7} 37°C]l AAFarel] A7|7F Bsted WA s B4
+ A AAQ] SPMEE e]4-3le] GC-PFPDAA]
BAS 5199} o], H,S, CH,SH, DMS, DMDS7}
747+ 150, 25, 20, 1 ppb2 AFE 71 #Hlsiol=t
(Burbank and Qian, 2008). 9]¢} #te] AsA7= F

P

=
A
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fu
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E dFelME 24 YA ES GOMSA 28-S
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ECN (Effective Carbon Number)H}4]-& A}43}e] o] &
9 2xE AHegFH oz FAEY Y (Kim et al., 2013b).
Scanlon and Willis (1985)2 ECNH}Z]& ¢]£-3)o]
alcohols, polyols, n-acid 18 %3}= m|A A& o
A TS AFESFl I, ECN'MA o o gt w34
AAX oz AAFTE ECNoA o7 73t
2ol 2 wpal o 2 FluxFts AbEslgoh(=

AP ARAE

i

(o e

=
o
4).

Non-target’] 255 Targeti] 25

spofel WA} T el wmsjole dzdes
P MRS Abw v, Hydrocarbon g4 F 7}
A At oE APHE dehie A sSsk
EA°l Butane, Hexane®] 73-¢- D-0¢|A 9.45¢} 70.1
ng-g ' -min g 7153teh Alzke] Aol uwhel
wZFo] AA3] 7FA3le] Butane= 0.34 (EA-1)ng -
g™ -min~', Hexane2 0.54 (EA-9)ng-g ' - min'& 7]
23} 28]3 EY 2] Hexane2 147 (EY-0)~0.69
(EY-6)ng- g -min" Afolola] 27}, ke wha)
9o} Isoprene2 3.13 (EY-3)~10.5(EY-9)ng-g™' -
min'2 Z7}3}99 ) Alcohol 189 AL, Zr)sl=
7Agd o] AdiH ez FsHA ebdth 2213 Ace-
taldehyde2} 2-Nitro-propane= EAol|A Z+7} 1.29 (EA-
3)~4.16 (EA-0)8} 77.1 (EA-6)~222 (EA-9) ng-g”!

-min~'g 7] 23&}¢]c}. 2-Nitro-propane-2 %37}

Table 6. Odor intensity (Ol) formula for each odorant and the resulting Ol values and the corresponding D/T ratio.

Order Group Compound OI formula* EA-0 EA-1 EA-3 EA-6 EA-9 EY-0 EY-1 EY-3 EY-6 EY-9
1 PA Y=1010logX+3.86 NC* NC NC NC NC NC NC NC NC NC
2 dehvae BA Y=1030logX+461 NC NC NC NC NC NC NC NC NC NC
3 e 1A Y=1350l0gX+601 NC NC 195 214 194 NC 289 413 332 328
4 VA Y=1360logX+528 NC NC NC NC NC 177 193 NC NC NC
5 AT Y=1.790logX~1.64 —-3.58 —3.95 —3.74 —-329 —2.33 —3.46 —3.58 —3.72 —2.88 —2.25
6  Ketone MEK  Y=1.850l0gX+0.149 NC —4.79 —423 —321 —193 NC —-4.19 —4.41 —3.55 —3.49
7 MIBK  Y=1.650logX+2.27 NC NC -3.71 -257 —-146 NC NC NC -354 —3.08
8 T Y=1.400logX+1.05 —2.80 —339 —3.40 —348 —323 —2.46 —2.89 —2.90 —3.60 —2.60
9 S Y=1420l0gX+3.10 NC NC NC NC NC NC NC NC NC NC
0 e PX Y=1570logX+244 NC NC NC NC NC NC NC NC NC NC
11 m-X Y=1460logX+237 NC NC NC NC NC NC NC NC NC -322
12 o-X Y=1.660logX+224 NC NC NC NC NC NC NC NC NC NC
13 oo Bl Y=0318logX+136  NC 102 108 132 134 NC 100 109 NC NC
14 i-BuAl  Y=0.790logX+2.53 ~ NC NC 0.2 062 098 NC NC 029 065 112
IS L MeAc  Y=2170l0gX-0864 NC NC NC NC NC NC NC NC NC NC
16 BuAc  Y=1.140logX+234 NC NC NC NC NC NC NC NC NC NC
17 PPA Y=1380logX+460 NC NC NC NC NC NC NC NC NC NC
18 . BTA  Y=1290logX+637 ~NC NC NC NC NC NC NC NC NC NC
19 . IVA Y=10%logX+565 NC NC NC NC NC NC NC NC NC NC
20 VLA  Y=1.580logX+7.29 NC NC NC NC NC NC NC NC NC NC
21 H,S Y=0.950logX+4.14 457 208 137 282 333 404 310 344 341 322
2 e CHSH Y=1250lgX+599  NC 201 304 406 446 443 293 431 506 496
23 DMS  Y=0784logX+4.06 170 085 2.65 270 234 189 131 165 172 190
24 DMDS Y=0985logX+4.51 111 112 150 120 172 128 134 242 268 294

SOI 457 245 323 411 450 458 348 457 508 499
D/T-ratio? 1442 14 10 100 548 669 464 669 3000 4642

*Refer to Nagata (2003); X: concentration (ppm), Y: odor intensity
“NC: Not calculated
"Dilution threshold ratio
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Fig. 5. Comparison between D/T ratio and SOl measured during decay experiment for each component of egg samples

(EA and EY).
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