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Identification and quantification of
odor active compounds in bulgogi
by aroma extract dilution analysis and
stable isotope dilution assay for the
globalization of bulgogi
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Summary

Various extraction methods, including solvent extraction (SE), static
headspace (SH), simultaneous steam distillation and solvent extraction (SDE),
solid phase microextraction (SPME), and high vacuum sublimation (HVS),
were used to investigate aroma property of bulgogi. Then, the three different
extraction methods, such as SDE, SPME, and HVS, were selected and
compared to understand a comprehensive flavor profile of bulgogi. For SPME,
three different types of fibers, CAR/PDMS, PDMS/DVB, and PDMS, which
were suitable for the extraction of volatile compounds with various polarities,
were employed. A total of 78, 48, and 55 volatiles were detected in bulgogi by
three different extractions, SDE, SPME, and HVS, respectively. SDE showed
high extraction efficiency for the non-polar and semi-polar compounds.
However, the contents of sulfur—containing compounds, easily degraded by high
heating temperatures, were significantly lower in bulgogi volatiles extracted by
SDE compared to SPME and HVS. On the other hand, some sulfur-containing
compounds, diallyl disulfide, allyl propyl disulfide, dipropyl disulfide,
3-vinyl-4H-1,2-dithiin, and 2-vinyl-4H-1,3-dithiin, were present in relatively
larger amounts in bulgogi volatiles isolated using HVS than the other two
extraction methods. Allyl methyl disulfide, 3-vinyl-4H-1,2-dithiin, hexanal, and
furfuryl alcohol were only found in SPME wusing CAR-PDMS fibe.
(E,E)-2,4-Decadienal, borneol, geraniol, a -pinene, and (EE)- a-farnesene were
only detected on PDMS/DVB fibers. Many pyrazines and sulfur containing
compounds, 2Z2-methylpyrazine, 25-dimethylpyrazine, 2,6-dimethylpyrazine,
2-ethyl-6-methylpyrazine, 2-ethyl-35-dimethylpyrazine, (E)-1-propenyl propyl
disulfide, and methyl allyl trisulfide, were not extracted by SPME using PDMS
fiber.

To establish an efficient method for the analysis of sulfur—containing
compounds, seven sulfur-containing compounds, including dimethyl disulfide,
dimethyl trisulfide, 3-methyl thiophene, allyl mercaptan, 2-methyl-3—-furanthiol,
and methional, were extracted by SPME and SH, and then analyzed by GC
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equipped with pulsed flame photometric detector (PFPD). Compared to SPME,
less sulfur compounds could be analyzed by SH, mainly due its low extraction
efficiency. 2-Methyl-3—furanthiol could not be analyzed by both SH and SPME,

even though it was contained in the original sample.

Volatile flavor compounds of bulgogi were analyzed through headspace
SPME-GC/MS-0O. A Carboxen-polydimethylsiloxane fiber showed high
extraction efficiency for bulgogi volatiles. Among the fifty volatile compounds
identified by GC/MS, allyl mercaptan was the most abundant, followed by
limonene, diallyl disulfide, and [E-caryophyllene. Thirty three aroma-active
compounds were detected by SPME-GC/O conducted on two GC columns of
different polarity (DB-5ms and DB-WAX). The most potent aroma-active
compounds were allyl mercaptan (described as garlic/bulgogi), methional
(describe as boiled potato/soy sauce), 2-ethyl-35-dimethylpyrazine (described
as nutty/soy powder/coffee/chocolate), and acetylpyrazine (described as
nutty/peanut/cooked rice). Volatile flavor compounds of bulgogi were also
analyzed by HVS-GC/MS-0). Among sixty volatile compounds identified by
GC/MS, [(-caryophyllene was the most abundant, followed by diallyl disulfide,
[-phellandrene, acetic acid, and 2-hydroxy-2-butanone. Thirty two
aroma-active compounds were detected by HVS-GC/O conducted on two GC
columns of different polarity (DB-5ms and DB-Wax). The most potent aroma
active compounds were methional (described as boiled potato-like/soy
sauce-like), furaneol (described as caramel-like/sweet), 2-ethyl-3,5-dimethyl
pyrazine (described as coffee-like/nutty/toasted laver-like), 2-acetyl-2-thiazoline
(described as nutty/popcorn-like/peanut-like) and  3-isobutyl-2-methoxy
pyrazine (described as bell pepper-like/metallic/earthy).

In addition, the odor threshold values of potent aroma compounds were
determined by paired comparison test. Odor threshold values of potent aroma
active compounds were as follows; methional (0.08¢g/L in oil), furaneol (6.25ug
/L in oil), 2-ethyl-3,5-dimethylpyrazine (1.56pg/L in oil), 3-isobutyl-2-methoxy
pyrazine (0.31pg/L in oil), 1-octen-3-one (50xg/L in oil), 2-acetylpyrazine (12.5
1g/L in oil), linalool (89.4uxg/L in oil), phenylacetaldehyde (78.23xg/L in oil), and
allylmercaptan  (0.32xg/L  in  oil). Although most potent aroma active
compounds in bulgogi had high FD factors, they were not detected by GC/MS,
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except for 2-ethyl-35-dimethyl pyrazine, linalool, and phenylacetaldehyde. In
order to quantify aroma-active compounds, not detected by GC/MS, the
bulgogi extracts were fractioned through acidic/basic fractionation and silica
gel column chromatography before analyzed by GC/MS (SIM mode). Among
the odor active compounds of bulgogi identified by GC/MS, the concentrations
of acetylpyrazine, linalool and methional were determined  through stable
isotope dilution assay. The concentrations of acetylpyrazine, linalool and
methional were 96.81ug/kg, 92.64ug/kg and 145.47ug/kg, respectively. The OAVs
of three odor active compounds were obtained from dividing their
concentrations by threshold values in oil. The OAVs of potent aroma active
compounds were as follows; acetypyrazine (7.74), linalool (1.04) and
methional(1818.38). As shown above, methional showed the highest OAV.

It was essential to have isotopically (’H or C) labeled compounds of the
odor—active components in bulgogi in order to analyze their concentrations
effectively by SIDA. Therefore, the synthesis of the isotopically labeled
compounds was critical process for this study. It was desirable to develop a
synthetic procedure in milligram scale without the isotope establishing
conditions for the synthesis and accumulating necessary physical and spectral
properties of the compounds. Such skills should be the base for the preparation
of the isotopically labelled compounds. The objective of the present research
was synthesizing the  isotopically labeled compounds for the odor-active
components of bulgogi. Development of the synthetic methods for such labeled
compounds should be important to the accurate analysis of volatile compounds
in bulgogi. The compounds with high potency among oder-active components
were (1) pyrazine derivatives (2,3,5-trimethylpyrazine,
2-ethyl-3,5-dimethylpyrazine, 2,3-dimethyl-5-methylpyrazine, 2-acetylpyrazine,
2-1sobutyl-3-methylpyrazine); (2) sulfur-containing compounds (allyl mercaptan,
methional, 2-vinyl-4H-1,3-dithiin); (3) carbonyl compounds (benzaldehyde,
phenylacetaldehyde, 2-acetyl-1-pyrroline, 2-acetyl-2-thiazoline, 1-hepten-3-one,
1-octen-3-one, butan-2,3-dione, hexan-3,4-dione); and (4) alcohols such as
linalool. Accordingly, we, at first, attempted to develop procedures for the
preparation of these compounds in milligram scale, and then prepared the
compounds with at lease two deuterium or BC atoms at appropriate positions.

The isotope-labelled compounds of 2-(m 55
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~trideuterioethyl-3,5-di-methylpyrazine, 2-(a,a a-trideuterio)acetylpyrazine,
2,3-dideuterioallyl mercaptan, trideuteriomethional,
2,3,4 5,6-pentadeuteriobenzaldehyde, (a,2-dideuterio)phenyl-acetaldehyde,
4 5-dideuterio-1-octen-3-one were prepared by following the established

synthetic procedures.

In addition, three different cooking methods, convection oven, electric pan,
and charcoal grill, were used to investigate the effects of different heat
transfer on the formation of flavor in bulgogi. Using HVS, a total of 55, 50,
and 47 volatile compounds were found in bulgogi cooked by three different
heating methods, convection oven, electric pan, and charcoal grill, respectively.
The difference in the volatile compounds, except for sulfur-containing
compounds and carbonyls, was not considerable in bulgogi using three different
heating methods. More sulfur-containing compounds, such as allyl propyl
disulfide, methyl allyl trisulfide, and diallyl trisulfide, were found in bulgogi
cooked by convection oven whereas some carbonyls, such as furfural,
benzaldehyde, and (EE)-24-decadienal, were detected only in bulgogi grilled

by charcoal.
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glEEe wuvlel FuAR Bw okl @A FESE Awel el
= Ags Bt mekd FOAE 22U AMRA10] sl o
S A3}

SrlFE s dAAYE EASFFERCl AREHATY. 7] 100gs &
dichloromethane 200mLol &3] 350rpme & 30&3F  stirringAlZl H
Whatman No. 41 filter paper® A}&3to] vacuume®E o #A T 3
A& 50mLe] dichloromethanes ol AFZF3t 1, 2% 99 22
2 AFAZ F oFels WA FESto] U2 ofnf e FE4E
1Le] T Zgk239) 300mLeY S/FT% &4 ¥ §, Liken-Nickerson (L-N)
apparatus® 2417 ot AAg H E1r]e Fu|AHELS aqueous fractiond}
o7 Y¥ Atk Organic fractione < sodium sulfate

2 FES AAANZ F 55-60C A Kuderna-Danish dlstllling columng- A}-&3}

e
rot

i

o K
ol
o

rie

organic fraction®] + &%

o SmL7pA FFA17]aL, v g R AATtAE AFES)o] 3 0.1mL7HA]
AR
||
L) |

Figure 3-1-1. Simultaneous steam distillation and extraction (SDE)

apparatus modified (Parliament, 2002).
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3) 21 ¥F 53 (high vacuum sublimation, HVS)

Z2RFEHEL 1x10 torrol 8t o] 2T & o] &sle] A ARES 379 o
A2 cold trapsel TRHAZE WHoR wmH e LL(40TH)AAN F&
o] o]Fojx ol gk I Ao Wyl A WHolvh. e o] WY

Z¥ Aol ta o dHS UMY B AFedAAE SuiFEH A AAste] AL
FHAg E17] R0gS 150mLe] diethyl ethero] &3%3te] 350rpmeZ 3037+
stirringA] 71 ¥, Whatman No. 41 filter paperE AF&3¢] vacuumo = o A F
t} 3 =3 AHEE 30mLY diethyl etherE Yol AF=sA1, 2A%E 99
2 AR AN F AAdEs WA FEete] v oy Fekiith F
Z% $vlE= Vigreux column (50cmx3cm)S AF&3te] 40TC<2 water batholl A
50mL7FA F538 3L, 2L £vlE high vacuum sublimation (Model VPC-250F,
ULVAC KIKO, Inc.,, Yokohama, Japan)®] #A3& Aoz Ear|e 3dA

ol Mgt At St

of

tink-wrnbar (4057 ol
(opEnmnal)

e hotewsber in
)

@ [ |y CEE

TAFIEAT TAMg
etz
| BOEE)

4] ] ik

Figure 3-1-2. High vacuum sublimation apparatus (Sen et al, 1991). (a)
two-necked distillation flask; (b) water bath; (c) magnetic stirrer; (d) addition
funnel; (e) tube with water jacket which was held by a thermostat at the
temperature of the water bath; (f-h) traps cooled with liquid nitrogen; @)
pump system which includes a rotary vacuum pump and an oil diffusion pump
(ULVAC KIKO, Inc., Yokohama, Japan)
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4) AN A FEH (solid phase microextraction, SPME)

= Ao A = carboxen/polymethylsiloxane (CAR/PDMS),
polymethylsiloxane.divinylbenzene (PDMS/ DVB), polymethylsiloxane (PDMS)
o] Al fiber7} AH8-E At 40mLe] SPME frel®el 10g9] #elsd &i71g ¥
2 5 silicon/Teflon septum®Z JF+5 &3k, 60CAA 1A FFGHE
e Th frEl¥el SPME fiber needles % il 303 34 AvS S3A71
200C 9 GC injection portoll Al 5&7F &2A1Z T}, o] WHE &u|& AL &34+ &
of &g <la] FEHA Xk FES $4o] 7hestH, vz
el

S o
ol sHA ditH o FEFE0l B2 TS AL

Figure 3-1-3. Commercial solid phase microextraction (SPME) divice made by
Supelco (Bellefonte, PA, USA) (Harmon, 2002).

Detector

SPME fiber__k
assembly

Sample
Hot plate
stirrer

® Pierce @Expose @ Retract
sample fiber/ fiver/
septum extract remove

-
5

@

Figure 3-1-4. Extraction process by SPME and desorption system for GC
analysis (Kataoka et al., 2000).
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T FETH (BuFE 2 SASHFFEFH)S ol&ste Ao Ear] F7
FEES AR OE A 7HA S AR w53 & GCol FYstAth o H
FojAl= AmvtEaHoR Ea7] FH AES vusdt A4 7P E o] §s
of FF A doljA= EBav] FEAEe] A F ARHoRE M e 2E&S
B, ymA F 7HA] s5uHd mE Eav] FuAdRel= 2 Aok sl
Kuderna-Danish: Vigreuxol] Hl&] A& o] o]t} A|7ko] 28 Aw i, HluF
a2 (55~60C)oNA sFAIACk sh= o] AT weta] LA FE3E
ol E=AZHFEEWoE Kuderna-DanishZ, B3 W@e 2Lox FEsl:=

vacuum sublimation F&W = Vigreux 5% (40~45TC #X)& AFgsle] A

3% B

HEE A AT GC/MSe 9ste] EA&3At. GC/MS+= HP 5980A
series I GC/HP 5972 mass selective detector (Hewlett-Packard Co., USA)=
FdsH o columne DB-5ms(30m length x 0.256mm id. x025 gm film
thickness, J&W Scientific, Folsom, CA, USA)Z A}&33th ol5A 7|A&

heliumo. 2 %2 0.8mL/mins %3t Dichloromethanes AR&3to] A&

FZ&5 luLE splitless modedll Al FY 3+t SPMEC A= fibero] &2d 3] 4utA
A &S initial purge off timeS 5% 2 & 3} gsplitless mode® GC/MSolA A &)
Atk 28 2EE 40TA 587 FA4F §F, 200C7-4 4C/mine] &x=2 4
SAIZL % 2027F FAEkA T FYTe AE7] 25 247 2009 250TC ST 3
Al g7 ZF AR o] standardE 1-5Fo] LA 2] mass spectra, RIS B 2§}
o224 A AL ol Rlx= GC ARvtE1HA A 0¥ Cr-Ce® n-paraffins
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=5

=& 49 retention times Sl 7} 3}FEC] retention indexE AT H
Al mass selective detector?] F7AS ©S3 2t} : ionization energy, 70eV;

scaning range 33-550 amu.

59 B0l YoiA, 80ge] Amwezt Fhol Wsrhn AR Aol
Se712 Agstark ARe) %ol Holwel W, 1o wE Al Pelw Wl
S AAgTh ARe ¥ M Holuh F 240g0] AEHUT o] AREF 3wl
el FEst F e Bue e Ages, 30w Agstel, 43

9 gule & PHel AoIAE, 400pme

stirring =& =k £33 F2 APE F w2 5o 1ARES, 7 W
5

-

=
7ol

%

& vigreuxE AF&3e], F 150mLeo] = Al

Ao Algd 3 TF 3FIAELS dimethyl disulfide (purity 98+%), dimethyl
trisulfide (purity 98+%), 3-methyl thiophen (purity 98%), allyl mercaptan
[2-Propen-1-thiol] (purity =80%), 2-methyl-3-furanthiol, methional
[3-(methylthio)propionaldehyde] ©]t}. ©] <% allyl mercaptan <= Fluka (Madrid,
Spain) %8 T4, YA AFELS Aldrich (Beerse, Belgium)oll A ¢ 3+
o RE A EL ¥R purification A glo] AL&E ATt o zZtzbe] 3 st

b2
stEE9 543 A%+ Table 3-1-28 EW & &+ ot

2) B AR AR FH]
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1
oAt

st e 52 10,000 ppm(F-Al/FA) w22 ¥+ IJFEEZ T
¥+ 3gES HPLC €9 %5 7[Al= &4 dichloromethane,

hexane, ethanol (Fisher Scientific, Korea Ltd., Seoul, Korea)® 3|43ttt 2zt
3} 3gtE o] FA S AL o]FolHon FEEAELS "o Qe 98 18T Y

S0l A BaE v

Table 3-1-2. Formulas, structures, molecular weights, and boiling points of

sulfur compounds.

Compound Formula Structure M/W  BP(T)

Dimethyl disulfide CoHgS2 \S/ S™ 94.2 109

Dimethy! trisulfide CHsSs 7N~ 5 12627 88

3-methyl thiophene CsHeS S@\ 98.17 114
NN

Allyl mercaptan CsHgS

74.15 66-68

CiH:0S O/\/\s/ 10417 165-166

Methional
SH
2-methyl-3—-furanthiol CsHgOS 114.17 57-60
(0]
7t NEEE 24 F 4N Fuw 2uetdch e AnvtEa gz o 4
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FE = wW7kA s A skt 71A AEY ARE wEE BN = 74
g 3 A EES dEEdd =9 H oA SRFE AT WA, AL
A7 A FYPE ARELS F 7HA &wlQl dichloromethane® hexane& Ak
&sto], 2 HF F%7F lppm o] 2 wW7bA gAY 1§ 2] & & i
A < 2g7] 98 AREE Alse oo &uf v A A F o vt
HAg 235 Hole 7ML {FU7&vE AREste] EA g 5 AFsidh vk
of AHEE AEE Eo I fF7] &uidl oegel 7
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o
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& & e #412 SPME® SHe F+ 7H4 % WHS AFEsAth
Ao AMEE AEE o) Aol AR oA Y & i sEEY £3E
o]t}. Dimethyl disulfide, dimethyl trisulfide, 3-methyl thiophen, allyl mercaptan,
2-methyl-3-furanthiol, methional®] 33&S& Z}Z} o &&& AF&3F9] 10,000ppm
(FA/FANS =712 343l 10,000 ppm (sulfurs in ethanol) stock solution

FrE gAste] T v 01% S F& A 10ppmo] A th. SPME
o AFgH 2= Supelco (Bellefonte, PA, USA)oll A T8t d 1, IR EH0o] o}
AlHe] fiber 7F AREEAT. Aol AFEE fiberES A7 75 m

carboxen/polydimethylsiloxane (CAR/PDMS), 65 (m

o =
= [}

it

polydimethylsiloxane/divinylbenzene (PDMS/DVB), 100 gm polydimethylsiloxane
(PDMS)®2 =¥ ¥ Aot} SPME Al A& 5g& 22-mL headspace glass vial
(Supelco. Co., Bellefonte, PA, USA)9l 2] silicon/teflon & 2] F74 o2 U3}
of Bt 40TolA 303 FIALEHE FAsAT 37FA F7/° SPME
fiber= 714 3718 =S FEoh=d AHEHAT 37183 E-S 40TAA 10
B fibero]l E2¥E 912, splitless mode® 200TCol A 38E7Fe] %7] purge-off &

Qb &2 H vk AFEE fibers= 200T ] F47I0lA 584, 71E] Holsle 7]
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3gtEo] AAE w7tA 4 3 WX 3. Static headspace autosampler?] 2Hs
%712 plate temperature 40T, platen equilibrium time 0.5min, sample
equilibrium time 30min, loop size 1ml, vial size 22ml, loop equilibrium time
0.2min, injection time 3min, sample loop temperature 200C, line temperature
200C, 1#] 3l transfer line pressure 9psi©] At}.

A LAY FEHI 2 V1A FER 9% FdristgE 4 A, GC &
<%= GC/PFPDelA ¢ sdatA stk viAl nAd FE=3 144 714
]

F= A, 2 F94H9 28emTE s AQAALE ol &sto] WAAHomA TSt
z]sj]—

rle

Sulfur mode®] flame photometric detector (PFPD)®} Varian 1079
split/splitless U 717F 8] ¥ o] 9 Varian 3800CT GC (Walnut Creek, CA,
USA)7} AFg5% . GCol= headspace autosampler 7000 (Tekmar Dohrmann,
Ohio, USA)e] FHH At F517]ek HE7]e] 2%+ 20003, AE7]9] 47
A F4-2 13ml/min, air 19] F%2 17mL/min, air 29| %< 10mL/min °] %2
W, o] ZV[AlF&S & i S AEol HAQ] AR dqudAS F& #38
At} 100% Dimethylpolysiloxane® 2 F® ¥ DB-1 capillary column (30 m
length 025 mm id. 0.25 pum film thickness, J&W Scientific, Folsom, CA,
USA)E ol&ste] 2zt sEs sl oledd dF 729 #5%2 1
mL/mine] At A E A== 2519 split?] &= GC-PFPDell 1uE F13H3
GC &9 2x=e= z7]d 30CaA 12 & FAGA 2, 5C/mne] &&=
200C7HA 52 a9 ar, 200CelA 183 vEHch 2+ & 34 355 54
HP 5830A series @I gas chromatograph/5972 mass selective detector
(Hewlett-Packard Co., Palo Alto, CA, USA)E o]&3le] 3Pt F4719
LT 200CE, AE7]9 5% 280C2 A3 a, ZEH o oven =& 2L
GC/PFPDe} FdstA =dadrt 3 stE #4& 98 DB-1 Z% (30 m
length 025 mm id. 0.32 pm film thickness, J&W Scientific, Folsom, CA,
USA) & AR&etdn ol sdd F 729 #4%2 08 mL/mino]3lth. Mass

spectrai= 70evel Al electron ionization(EDol 2]3fA o] X 31, mass scan range

f

rlo
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= 509 A 550°] i, scanning rate: 1.4scan/sec$it}.

gr)spetEe 7 3tgtE o] ~#HEHS on-computer library (Wiley 275, 1995)
(Hewlett-Packard Co., Palo Alto, CA, USA) o] 2" EH I} Hluwste] HFA #A
sttt 7t authentic & 3tgHES DAY v FFEH A SHHoR o]

A,

ARG FEUHAE EuiFEY, SASFIFEY, 2ATTIY, LA A S
=9, LZB7IAFERORE T S7HAAT 1 oA &uiFEEe Fv A&
A FEEE Ao FEFo] W2 olfE &iv] Fwu EAde AdshA F%
om W DAHNV|AFEHS FEEEC OE W E & wg vol B
o A AES FHste HHoREE AFetA Xt wetA FEHH wE
A AR vude EuFERHY AAlE FASHFFEHY 23FFIE, 19
3 DM A FE ] AFEH AT

a7l FAAE $2A AES Table 3-1-33 2t} SDE, headspace
SPME, 18] HVSe ol&] 54" Ae 717 78, 48, 5570 & el Ea17] 9

A EA8F=  2-acetyl-3-methylpyrazine (0.07+0.03%)3 2-(2-furyl)-pyrazine
(0.06+£0.00%)2 SE°|A % TA A1, 2-Undecanone, 2-pentadecanone L& il
hexadecanal> SDEE AM&3F FEEoAT A AT o] 3 S SDE
apparatusE AH&sh= Eb dAlglel ofsiA ddel FrhE A HVSe SPMES
sAA FEEA FS o &
9-octadecenoic acid®} germacrenes Bt D7} o] 7o X g-H ) HbHo| A A o
2 & 3w AE<Q hexanal (3.85+0.46%)2 CAR-PDMS fiber?! SPME
headspaceoll Xl 8 A& Tl syt (Fig 3-1-5). Allyl methyl disulfide:™=
CAR-PDMS fiberg AH&3 SPMES HVSE 84 A=A 28; o] a4
T SDEAA &= AEHA &kt SDE9F HVSAlA ZAl " 3-Hydroxy-2-butanone
3} furfural& SPME®S] Al 7HA] fiberell A 324 AdEo] A== ¢ gheh. whdol
0 AgAgeluA &S et A= 4T SDESH SPMERT HVSOA +&

lo

fu
o,

rEo At A o 72 Z=Ho] o)1



H Ao wAEAY}. E3] dipropyl trisulfidex= HVS Ao A2t 7+ % 2t} =}
=5 we AAoA usks Zlelgt o= diallyl disulfide (33.98+7.75%)°] %
<  HVS= F=3t7] el a Fol o -5- ] ol At ey
2-ethyl-3,5-dimethylpyrazine®} 2-acetyl-3-methylpyrazines< IL7]oA] F Q3%+
Aqes drha 71EE0 oy HVSOA 2A =R %t Figure 3-1-6&= SPME

fiber® 4% B17] 3A AR total ion chromatograms¢! ], CAR, DVB,

PDMS® 3+ #Ho|t}.
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Figure 3-1-5. MS total ion chromatograms of bulgogi volatiles isolated by the
three different extractions. (a) SDE; (b) SPME/CAR; (c) HVS.
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Table 3-1-3. Volatile compounds in bulgogi isolated by three different extraction methods

SE’ SPME’ HVS®
No. Possible compounds ID’  Ref?
CAR DVB PDMS
RI” PA(%)° RI  PA(%) PA(%) PA(%) RI PA(%)
Pyrazines

1 2-methyl pyrazine 823 0.31+0.32 821 0.56+0.17 0.06+0.03 -# 827 0.10+£0.03  MS/RI C
2 2,5-dimethyl pyrazine 912 0.14+0.04 909 0.08+0.01 0.24+0.30 - 919 0.24+0.20 MS/RI B
3 2,6-dimethyl pyrazine 913 0.27+0.07 910 0.18+0.04 0.19+0.07 - 925 0.40+0.24 MS/RI AB
4 2-ethyl-6-methyl pyrazine 996  0.08£0.07 994 0.08+0.01 0.27£0.01 - 1002 0.23£0.01 MS

5 trimethyl pyrazine 1000  0.20+0.16 997 - 0.30+0.17 0.11+0.03 - - MS/RI C
6 2-ethyl-3,5-dimethyl pyrazine - - 1073 0.10+0.01 0.39+0.02 - - - MS/RI F
7 2-acetyl-3-methyl pyrazine 1119 0.07+0.03 - - - - - - MS/RI B
8 2-(2’-furyl) pyrazine 1257 0.06+0 - - - - - - MS

Sulfur-containing compounds

9 allyl methyl disulfide - - 912 1.3840.19 - - 915 1.35£1.04 MS/RI AE
10 diallyl disulfide 1085  3.57+2.66 1077 5.43+0.80 7.79+1.05 2.59+0.49 1089  33.98+7.75  MS/RI D
11 allyl propyl disulfide 1094  1.25+1.40 1090  0.87+0.13 1310 - 1097 2.2240.51 MS
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(continued)

SE" SPME’ HVS'
No. Possible compounds D’ Ref
CAR DVB PDMS
RI’ PA(%)° RI  PA(%) PA(%) PA(%) RI PA(%)

12 dipropyl disulfide 1108 0.17£0.06 1105  0.12+0.14 1.38£0.30  0.52+0.15 [111  2.72£0.27 MS/RI A
13 (E)-1-propenyl propyl disulfide 1114 0.15£0.03 1112 0.31£0.06 0.65+0.14 - 1118 0.72£0.06  MS

14 methyl allyl trisulfide 1136 0.14£0.05 1135 0.07+0.02 0.18+0 - 1135 0.140 MS

15  3-vinyl-4H-1,2-dithiin 1187  0.53£0.31 1186  0.210.12 - - 1192 1.06+0.35 MS

16  2-vinyl-4H-1,3-dithiin 1219 047x0.57 1212 0.34%0.15 1.04£0.15  0.41+0.01 1220 2.18+0.63 MS

17 diallyl trisulfide 1304  1.38+0.42 1298 0.22+0.09 1.57+0.16 - 1305  1.46+0.33 MS/RI AD
18  dipropyl trisulfide - - - - - - 1330 0.32+0.11 MS

Carbonyls

19 3-hydroxy-2-butanone 714 0.26+0.15 - - - - 712 2244097 MS/RI AC
20  hexanal 803  0.07+0.06 800 3.85+0.46 - - - - MS/RI A,C
21 furfural 831 0.11+0.07 - - - - - - MS/RI AB
22 benzaldehyde 961 0.08+0.06 959 0.16+0.09 0.31+0.02 - - - MS/RI B
23 benzeneacetaldehyde 1044  0.21+0.12 1041 0.23+0.04 0.78+0.06 - 1052 0.30+0.18  MS/RI B
24 neral 1238 0.50+0.15 1235 0.29+0.07 1.20+0.14 0.99+0.55 1241  0.27+£0.06 MS/RI B
25 geranial 1271  0.90+0.42 1265 0.31+0.08 1.56+0.15 1.35+0.75 1272 0.58+0.25 MS/RI AB
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(continued)

SE’ SPME’ HVS' .,
No. Possible compounds ID Ref 4
CAR DVB PDMS
RI° PA(%)° RI P.A (%) P.A (%) PA(%) RI PA(%)
26 2-undecanone 1292 5.66+7.92 - - - - - - MS/RI B,C
27  (E,E)24-decadienal 1317 0.08+0 1316 - 0.18+0 - - - MS/RI  B,C
28  2-pentadecanone 1698 0.33+0.23 - - - - - - MS/RI A
29  hexadecanal 1826 3.97+9.78 - - - - - - MS/RI A
Alcohols

30 furfuryl alcohol 855 0.10+0.11 852 0.04+0 - - 868 0.99+£0.37 MS/RI AB
31 2-methoxy phenol (guaiacol) 1086  0.24+0.13 1082 - 0.75+0.08 - 1094  0.23+£0.08 MS/RI B.C
32 linalool 1102 0.50+0.52 1098 0.56+0.21 1.30+0.24 - 1105 0.46+0.13 MS/RI B.C
33 borneol 1172 0.25£0.20 1170 - 0.28+0.03 - 1176 0.14+0.04 MS/RI B
34 4-terpinenol 1180  0.22+0.12 1179 0.17+0 0.37+0 - 1183  0.24+0.10 MS/RI AB
35 geraniol 1253 0.27+0.15 1248 - 0.26+0.01 - - - MS/RI AB
36  4-vinyl-2-methoxy phenol 1312 0.33+0.14 - - - - - - MS
37  elemol 1550 0.14+0.06 - - - - - - MS/RI B
38 spathulenol 1633 0.49+0.16 - - - - 1632 0.04+0 MS/RI A




(continued)

SE’ SPME’ HVS f
No. Possible compounds ID Ref
CAR DVB PDMS
RI° PA(%)° RI PA(%) PA(%) PA(%) RI PA(%)
Esters and Acids
39  bornyl acetate 1282 0.05+0.01 - - - - - - MS/RI
40  9-octadecenoic acid (oleic acid) 2134 0.08+0.05 - - - - - - MS/RI A
Terpene-Hydrocarbons

41 So-pinene 931 0.45+0.31 929 - 0.51+0.09 - 931 1.37£0.34  MS/RI B,C
42 camphene 947 0.76+0.60 946 0.13+0.01 0.88+0.12 1.07+0 947 1.43£0.29  MS/RI AB
43 sabinene 971 0.85+1.33 970 0.24+0.04 0.37+0.01 0.23+0 971 0.57x0.11  MS/RI AB
44 Brpinene 974 0.12+0.09 - - - - 975 0.65+0.06 MS/RI  AB
45  myrcene 989 0.07+0.04 987 0.70£0.12  0.47+0.03 - 993 0.31x0.03 MS/RI A,B
46 o-phellandrene 1004 0.27+0.38 1003  0.83£0.09  0.24+0.06 0.46+0 - - MSRI  B,C
47 &3-carene 1007 0.17+0.12 1004  0.82£0.15  0.66+0.02 - 1009  1.57+0.50 MS/RI A
48 limonene 1027  0.23+0.20 1026 1.07+0.24 1.07+0.19 0.56+0 - - MS/RI B,C
49 Brphellandrene 1031 1.17+1.03 1027  7.25:126  4.14£0.08  1.85t1.09 1031 5.75:0.68 MS/RI  AB
50  3-elemene 1337 1.25%0.56 1333 0.40£0.05  0.98+0.04 - 1336 1.03x026 MS/RI  AB
51  g-cubebene 1347 0.28+0.10 1345  0.22+0.04  0.49+0.01 - 1347 027+0.05 MS/RI  A,B

_37_



(continued)

SE’ SPME’ HVS®
No. Possible compounds D’ Ref 4
CAR DVB PDMS
RI” PA(%) RI _ PA(%) PA(%) PA(%) RI PA(%)

52 a-copaene 1379 2.66+0.44 1373 1.65+0.28 3.30+0.14 4.61£0.03 1378  3.24+0.67 MS/RI B
53 B-elemene 1390  0.79+0.44 1387 0.224+0.04 0.52+0.01 - 1390  0.73+£0.25 MS/RI B
54 P-caryophyllene 1437 12.02+9.78 1419 7.63+0.70 ~ 22.25+0.88  40.29+1.28 1429  24.36+5.75  MS/RI A
55  (E)-caryophyllene - - - - - - 1432 0.15£0.07 MS/RI B
56  a-guaiene 1441 0.210.09 - - - - 1436 0.21£0.05 MS/RI B
57 (E)P-famesene 1454 0.09+0.04 - - - - 1451 0.07:0  MS/RI  AB
58  o-humulene 1462  121%0.26 1454  0.44%0.06  0.52+0.02 1.99+0.06 1458  0.95+0.26 MS/RI B
59  arcurcumene - - - - - - 1482  0.29£0.10 MS/RI B
60 [B-selinene 1494 0.93+0.22 1488 0.22+0.03 0.91+0.03 - 1491  0.66+0.19 MS/RI B
61 zingiberene 1502  3.61+0.93 1492 0.10+0.01 3.16x1.60 4.86+0.62 1496  1.57+0.56 MS

62  germacrene D 1505 0.23+0.09 - - - - - - MS/RI A
63 (E,E)-a-farnesene 1510  0.32+0.34 1501 - 0.49+0.47 - 1503  0.27+0.12  MS/RI B
64 B-bisabolene 1513 0.34+0.14 1506 - 0.50+0.22 0.75+£0.09 1508  0.24+0.08 MS/RI B
65 d-cadiene 1524 0.88+0.34 1516 0.09+0 0.60+0.02 1.23+0.01 1519  0.34+0.11 MS/RI B
66  B-sesquiphellandrene 1530 1.40£041 1522 0.02+0 0.73:0.10  091+0.09 1524 037x0.12 MS/RI B
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(continued)

SE’ SPME’ HVS® J
No. Possible compounds ID Ref®
CAR DVB PDMS
RI” PA (%)° RI P.A (%) P.A (%) PA(%) RI PA(%)
67 germacrene B 1559  0.10+0.05 - - - - - - MS/RI B
Aliphatic Hydrocarbons
68  I-decene 991  0.79+0.51 - - - - - - MS/RI B
69 decane - - - - - - 1000  0.40+0.34 MS/RI C
70 1-dodecene 1193  2.71+1.03 - - - - 1190 0.87+0 MS/RI B
71 dodecane 1200  0.23+£0.10 - - - - 1197 0.14+0.02 MS/RI B.,C
72 1-tetradecene 1393 1.52£1.01 - - - - 1395 0.15+0 MS/RI B
73 tetradecane 1400  0.31+0.26 - - - - 1402  0.13£0.09 MS/RI B,C
74 1-hexadecene 1597  2.02+£0.76 - - - - - - MS/RI B
75 hexadecane 1600  0.23+0.06 - - - - 1597 0.04+0 MS/RI B,C
76 heptadecane 1700  0.12+0.03 - - - - 1697 0.03+0 MS/RI B
77 1-octadecene 1795 0.67+0.32 - - - - - - MS/RI B
78  octadecane 1800  0.26+0.05 - - - - - - MS/RI B,C
Miscellaneous
79 caryophyllene oxide 1586  0.88+0.31 1581 0.02+0 0.06+0 0.86+0.01 1585  0.18+0.08 MS/RI B

" Solvent extraction (SE).
®Solid phase microextraction (SPME): CAR, CAR/PDMS fiber; DVB, PDMS/DVB; PDSM, PDMS fibers.

¢ High vacuum sublimation (HVS).

d . g . .
Retention indices were determined using n -paraffins C;-Cy, as external references.

¢ Average of relative percentage of peak area in MS total ion chromatogram (n=3) ¢ standard deviation.
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" Tentative identification was performed as follows: MS/RI, mass spectrum was identical with that of Wiley mass spectral database (1995) (Hewlett
Packard Co., Palo Alto, CA, USA), and retention index was consistent with that of the literatures [A, Kondjoyan and Berdague (1996); B, Adams (2002);
C, Acree and Arn (1997); D, Kubec et al. (1997); E, Ansorena et al. (2001); F, Kerler and Grosch (1996) ]; MS, mass spectrum was consistent with that
of Wiley mass spectrum database.

€ References.

" not detected.
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Figure 3-1-6. MS total ion chromatogramsof bulgogi volatiles isolated by the
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Bu7]e FnAHEE on-computer® Wiley library 27518 o]&3te] TA3

Oﬂ% BFe A peak areacl] theh 54 3}9E 9] peak area®l percentage® 7

old 1x HaAdA SDEY, SPME Wi o g %A o1} high vacuum
sublimation " o2 FAH A &skd A T FAHEAG. 53], ol
o 4" &3] &7 compounds®t H|uER-S  uwf, dially tetrasulphide,
tert-dodecanethiol, 2-acethyl-4-methylthiazole, benzothiazole,
1,4-naphthalenediol, 2-butyl-benzothiazole, 5-methyl furfural, 2-acetyl pyrazine,
3,5-dimethyl-2-methyl pyrazine ¢ M2 Fv|dEso] LA AT

Table 3-1-4. Fraction I (Pentane 100%)

No. Retention Time(min) Possible compounds P.A(%)
1 5.93 2-methyl-tridecane*

2 10.24 methyl allyl disulfide

3 10.52 (1-methylethyl)-benzene 0.28
4 10.86 a-pipene 0.43
5 11.44 camphene 0.79
6 12.22 sabinene 0.19
7 12.85 p-myrcene

8 13.16 n-decane

9 13.42 ¥—terpinene 0.49
10 14.26 [i-phelladrene 2.74
11 16.01 allyl disulfide 6.77
12 16.05 terpinolene

13 16.76 dipropyl-disulfide 0.62
14 16.94 trans —propenyl propyl disulfide 0.22
15 19.48 dodecane 0.53
16 21.57 2-methyl-dodecane

17 22.50 allyl trisulfide 1.05
18 23.39 fi—elemene 1.29
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(continued)

No. Retention Time(min) Possible compounds P.A(%)
19 24.30 cycloisosativene
20 24.57 d-copaene 2.99
21 24.83 [i-selinene 0.84
22 25.30 tetradecane 0.53
23 26.04 [i-caryophyllene 25.04
24 26.10 n-guaiene 0.35
25 26.67 a-humulene 1.21
26 26.75 aromadendrene 0.26
27 27.03 a-amorphene 0.18
28 27.21 1-(1,5-dimethyl-4-hexe)benzene 0.54
29 27.49 (E)-farnesene 143
30 27.65 zingiberene 3.25
31 27.90 [i-bisaboline 0.42
32 28.05 germacrene
33 28.16 fi—cadinene 0.28
34 28.29 [i-sesquiphellandrene 0.82
35 29.12 2-methyl-pentadecane 0.18
36 29.28 3-methyl-pentadecane
37 30.06 hexadecane 1.04
38 32.48 heptadecane 3.94
39 33.32 2-methylocatadecane 0.62
40 34.76 octadecane 5.84

*boldA 2 29X compounds o|H HAEE E3 MEA =F3A Aot}
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Table 3-1-5. Fraction II (Pentane 80% - Ether 20%)

No. Retention Time(min) Possible compounds P.A(%)
1 3.09 2,2-dimethoxy-propane
2 10.26 fi-3-carene 0.82
3 11.43 camphene 0.21
4 13.41 ¥—terpinene 0.18
5 14.21 f-phellandrene 1.55
6 16.20 allyl disulfide 34.08
7 16.81 dipropyl disulfide 0.84
8 16.99 trans —propenyl propyl disulfide 0.32
9 20.22 2-vinyl-[4H]-1,3~dithin 5.67
10 22.60 allyl trisulfide 452
11 22.97 3-vinyl-[4H]-1,2-dithin 0.09
12 23.63 a-cubebene 0.09
13 24.46 a-capaene 0.71
14 24.81 [i-elemene 0.42
15 25.08 tetradecane
16 25.24 trans—caryphyllene 0.15
17 25.81 [i-caryophyllene 10.38
18 25.98 fa-guaiene 0.08
19 26.57 a-humulene 0.51
20 0713 1-(1,5-dimethyl-4-hexenyl)-4- 091
methyl-benzene
21 27.18 germacrene
22 2741 trans—farnesene 0.44
23 2751 zigiberene 1.23
24 27.58 aromadendrene 0.28
25 27.66 farnesene 0.41
26 27178 [i-bisabolene 0.18
27 28.05 fi-cadinene 0.10
28 28.19 [i-sesquiphellandrene 0.42
29 28.70 diallyl tetrasulphide 0.09
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Table 3-1-6. Fraction Il (Pentane 60% - Ether 40%)

No. Retention Time(min) Possible compounds P.A(%)
1 8.48 O-(3-methylbutyl)-hydroxylamine 4.84
2 14.21 tert-dodecanethiol 4.67
3 15.29 1-phenyl ethanone 0.22
4 15.90 2-methoxyl phenol 0.68
5 16.08 2-nonanone
6 16.43 linalool 1.33
7 16.66 2-acetyl-4-methylthiazole
8 17.99 citronellal
9 18.92 terpinene—4-ol 0.58
10 19.60 1-undecene
11 19.81 chrysanthenone
12 19.94 2-vinyl-4H-1,3-dithin 0.26
13 20.26 benzothiazole 0.76
14 20.64 cis—citral 6.76
15 21.51 geranial 4.21
16 21.62 4-ethyl-2-methoxy-phenol
17 21.91 bornyl acetate
18 22.07 2—-undecanone 0.26
19 22.58 P-hydroxyamphetamine
20 22.81 2,4-decadienal

1,3-benzodioxole-5-carboxaldehyd

21 23.34 . 0.23
22 24.34 geranyl acetate
- 2648 2,6—di(t—butyl)—4—‘hydroxy—4—meth 016

yl-2,5-cyclohexadie

24 27.14 1,4-naphthalenediol
25 28.16 2-butyl-benzothiazole

trans-3,4-dimethyl-1-cyclohexene

26 30.27

carbaldehyde

27 30.65 neral 0.42

28 32.60 4-nonyl phenol 0.17
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Table 3-1-7. Fraction IV (Pentane 40% - Ether 60%)

No. Retention Time(min) Possible compounds P.A(%)
1 7.86 4-hydroxy-4-methyl-2-pentanone 2.05
2 8.43 furfuryl alcohol 1.95
3 9.88 2-heptanol 0.21
4 11.56 3-heptyne-2-one 0.29
5 11.79 5-methyl furfural 0.26
6 13.83 2-acetyl pyrazine 0.25
7 14.71 benzeneacetaldehyde 0.61
8 15.19 ethyl levulinate 0.53
9 15.60 cis—sabinene
10 15.97 2-methoxy phenol 0.62
11 16.07 a,a-dimethyl-benzenemethanol 0.24
12 16.51 a-terpinolene 1.34
13 18.05 3,5-dimethyl-2-methyl-pyrazine

a,a-4-trimeth—-3-cyclohexene—-1-
14 18.40 0.17
methanol
15 18.76 borneol 1.07
16 18.95 terpineol-4 0.37
17 19.16 4-(1-methylethyl)-benzenemethanol 0.23
18 19.41 camphene 0.90
19 20.25 citronellol 0.66
20 20.95 geraniol 0.88
21 21.24 5-quinazolinol 0.23
2,5,6,6,-tetramethylcyclohexa-2,4-die
22 22.60 0.40
ne-1-one
23 22.89 1,3-benzodioxol-5-0l 0.23
24 23.20 1-undecene 0.15
25 23.33 heliotropine 0.18
26 24.29 1-undecanol 0.74
27 24.95 tetradecane
28 29.90 hexadecane
29 30.66 spathulenol 0.19
30 31.07 torreyol 0.20




Table 3-1-8 Fraction V (Ether 100%)

No. Retention Time(min) Possible compounds P.A(%)
1 5.05 3-hydroxy-2-butanone 1.92
2 7.15 (25,4S)-(+)-pentanediol 0.40
3 7.42 4-penten-2-one 0.17
4 8.17 4-hydroxy-4-methyl-2-pentanone 1.88
5 8.54 furfuryl alcohol 0.74
6 13.10 2-ethyl-6-methyl-pyrazine 0.23
7 14.07 cycloheptanone 0.74
8 15.63 3—ethyl-2,5-dimethyl-pyrazine 0.37
9 1648 1-methyl-4-(1-methylethyl)-2-cy 0.4

clohexen-1-o0l
10 16.82 benzeneethanol
11 19.39 2-methyl-3-propyl oxirane 0.18
12 20.15 3,3-trimethylenedi sydnone 0.43

Z oA MY & i 3F3E(dimethyl disulfide, dimethyl trisulfide, 3—-methyl
thiophen, allyl mercaptan, 2-methyl-3-furanthiol, methional)2 dichloromethane
% hexane®| F 7FA M=z v &z 22 lppm (FA/FADZEA BAM G 5
GC-PFPDe| A 33] wr2 Aastdct. zhzke] 3 e slateSe] Ak 5 v Ao
Ho g FFHAH(SD), At EFHAZHRSD)E Table 3-1-99F ok F 71X &0
2 3|5 & gy stEE A=A BAZEA, WA O R hexane ® 3|4 g
ANE oA o B %kol A Ak, 2 allyl mercaptan® Aol =
dichloromethane®. 2 34 3& w, f @2 o] AZHFHATE Dimethyl disulfide,
dimethyl trisulfide, 3-methyl thiophene< 5 7}#] &ufjolr mHF e At T
Azakgks 7Hn o] & EallA dAe Al sgES &ude A FEFESs v

3

om, 24 A4e ANEAE vad gE JUE AAdGE AL A4 F

O>' 4

&2

A}t Y, 2 99 3}stE9l  allyl  mercaptan,  methional,
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2-methyl-3-furanthiol> ¥ gt2} ol ZFHA EFolA & xo]l& HITH
, allyl mercaptan®] 7 %o+ o9 2 o2& dichloromethaneol| A © %<& oko] =
, ° AL 7 Szt Zolvk 9%t AyE AlmETh 7 S HukA
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Table 3-1-9. Comparison of peak areas of sulfur compounds dissolved in

different solvents.

Hexane Dichloromethane
Sulur PA* SD° RSD° PA SD  RSD
dimetyl disulfide 1071.16 9.3 0.87 907.6 37.7 4.15
dimethyl trisulfie 1257.04 56 0.44 505.5 271 541
3-methyl thiophene 829.12 415 5.0 253 95 3.74
allyl mercaptan 79.28 39.3 49.6 354.5 50.5 14.2
Mehional 174.33 8.8 5.05 69.5 50.8 73.1

2-methyl-3-furanthiol 1043.32 7.8 7.46 149.5 22.1 14.8

a Average of peak areas (square root) in GC-PFPD chromatogram (n=3)
b Standard diviation

¢ Relative standard deviation (%)

Table 3-1-10. Structures, polarities, viscosities, boiling points, and densities of

solvents
Sol . Struct Polaritv Vi i+ Boiling Density
olven ructure olari iscosi
v v point(TC) (d%,
n-Hexane CH3(CH2)4CHjs 0.0 0.313 68.8 0.659
Dichloromethane CH-Cls 34 0.44 39.8 1.326

(Maryadele, 2001)
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516l 9k EACHE A2 A0 DAz, EADE GOl FAALE W, $

7t o= AlZboldtal F=HE 3E olde] 9F 1-5mVe ZolE 7R+ EHo] »
Bl 2gla o] EAS 7]H O E base line©] hexaned] Hludle] AAZH o=,
o 50%HE o F7Fath. 53] dichloromethanes &vi F83l9S ul, ally

mercaptan©] hexaneol A ®Hrt} ©] 2o <k A F

of WztskA wg-a7

< 3 e 47 33 vk Adsgith 7 Al
N3, A= 7Fs3 H A3 (limit of detection: LOD)S
T-317] Y8 splitless ZA0A EA81% T LOD #e T-35t7] YslAd= GCol
] &&%o|t} (Kalontarov et al, 1995). o]+
TSR sE AR o] Howm, columnollAl dold 5 9l
o (quenching effects =9 F 7] wolv. zZhzhe] = 3
LOD F&° ZoRE A& A (linear range)S 19 uf 237 5%
w| gkl ‘ﬂdﬁﬁ}x] FTEE 10 w5 8Aste] ZAE . Table 3-1-1
7z 7to] 3} sk I EE9 A¥HA(Linear equation)¥ 3] AL (Regression
coefficients), LOD #& HojFrh LOD @2 FAHES} 3 R ¥AEES
BA g signalS Hlwdro 2 ARSI o™ signalt] noisee] H]Eo] 30] HE
e 7IEom AT oW o] A ks 99%] Sk FrEolojof gt
(Keith et al, 1983). table 3-1-11% HW, 7}7}o] 3 9§ 3FEE9] linear
range, LOD#L, linear equation ¢ A& Hlws| & 4 ot dAHo= Bt

1
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S U, linear range? W E 102 HE 104 (ppbh)7FA1 9] 7+A S 71t dimethyl
trisulfide7} 7F¢ 22 LOD ¥ 7Fg Y2 linear ranges 74 & Z & Hdl 2,
methional2 7} 2 LOD #3 7} & linear rangeE 7FA . 3 sh 313t&E
kel LOD #9 #ole= Z FEE ¥ ATE9 pulsed flame photometric
detection (FPFD)¢] €ejel wet Hajxivt. PFPD= S5 AFefo] 3 F24(S2+) &
HE A8 de A=z Aedn. mebs, S2«7 A7) fleids Lo 24
g 3 AA(OS)7F dolob ok FiA o W2 ko] S7F oW, ¥ B2 e
S2# A= 4 9t} dimethyl trisulfide®= 43 3 dH3gsE =d 7b4 2
SE 7HAaL dar, o3& LoDl Faks m itk whHel methional®] 74 -9l &=
glato]=7]o dAFst ©A(CO) EAE 7FA L =dl, ©] CO= S¢oF kg3t
COS ##5 gAgth o€ S7F COS HeZ viyA =W, S2+5 A=
ZolA gt webAd, CO £27F e, & 3 3= e #4485 Aslet= #
€45 3t} (Kalontarov et al, 1995). PFPD+= flame photometric detector (FPD)%}

ARG A8l 2 2EE Y, v 5%k 39 linear rangeE 7FXI U

Table 3-1-11. Linear regression and  detection limits in  gas

chromatograph—pulsed photometric detector (GC-PFPD)

. . Regression Linear Limitof
Compound Linear equation . a . b
coefficients range detection
dimetyl disulfide y=0.7523x+192 0.999 10-1000ppb 61.7ppt
dimethyl trisulfie y=0.9387x+115.51 0.9967 0.1-1000ppb 15.2ppt
3-methyl thiophene y=0.5614x+61.252 0.9977 1-1000ppb 229.4ppt
allyl mercaptan yv=0.0841x+43.568 0.9905 10-10000ppb 4.6ppb
Mehional yv=0.1393x+24.467 0.9991 100-10000ppb ~ 70.5ppb

2-methyl-3—furanthiol y=0.1248x+45.597 0.9907 10-10000ppb ~ 9.5ppb

a linear range is from the limit of detection to the concentration level which produces a
deviation from linearity of about 5%.

b limit of detection is based on signal /noise =3

a% A LOD %S FPDET v e a@$i7tx] =A7ts vk (Mistry et al,
1994). 1ejt} AA 28-S st PFPDe ¢t Ao A4 do] dotes AL
WASHA =AYk PEPDel A% uj¥l, 48 Alzte winit PFPD% o2 7=

Z1A e s 2dd Folokt =, PFPD7F 71418 E& vi¢- RIzstr] o
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woll, 22 Apololm= A} ghe] Apol7k 7AA= oHES AAY (Sergey et al,
1993). webA, Aol 7bA] AlRE &4 skt M=, 7171E As d A
oA = Aol FHHA -

3) &

e}

i
o

H]JT_

it

+ 3

b

29 %

7h) vl Al A4 FE 9 (SPME) fiber 7+e] H]al

F T SEES AR UE Al fiberg AFES Z7] Al WHE slo] FEE Y
al, GC-PFPDE o]-&3sto] A= HAh o] A3l AEH, fiber= CAR/PDMS(75
m), PDMS/DVB(65um), PDMS(100m)elt}t. zH7] v} fiber& AH&3te]
Gas chromatography—pulsed flame photometric detector (GC-PFPD) o4 &
gas chromatogram<< Figure 3-1-7¢ 2t} CAR/PDMS fiber & 78 £
28-S Hola, ¥tilE PDMS/DVB fiberts 7H¢ W& AnzhS Yepisich 7]
o2 fiberdl W& 23 E BRW, PDMS/DVBelA = % 57, CAR/PDMS$ PDMS
fiberoll A= 147019 & 3t stEco] s =T Table 3-1-11+ & 3 3+
=2 7|AGH A SPMEE ©]&3te] #4% AsEe AAfgs HoFEt Al

ol

flo

i

g 43t F 6719 & i SFE FoAA T4 L AHFo] shes & g
=2  dimethyl disulfide, dimethyl trisulfide, 3-methyl thiophen, allyl

mercaptan©] TF. 2-metyl 3-furantiol> WA E X okt a8 AR ¥X e
methyl 2-propenyl disulfide, di-2-prophenyl disulfide, methyl 2-prophenyl
disulfide, methyl 2-prophenyl trisulfide 5 #< M=22 3 3 FgEol AAHHA
AL & 5 At 2-methyl-3—furanthiol®] 7%= Ho wj$ A7As1 F7] 5
ANA HA ArstE ThsAdel 7] wWitel, FE 4 HFS AXWEA o 39
2 /3 = Atk Z*methylfgffuranthiolﬂ Wy r)o] vrEo] A

A 013}3’_ A7y e 3 3df FAES bis(2-methyl-3-furyl)disulfide ©]t}. ©]
T 3 s I}FgEY EAFEE Figure 3-1-89 v Atk (Rowe, 2000).
bis(2-methyl-3-furyldisulfide> 2709 2-methyl-3—-furanthiol®] ¥ Z FZXE
ZFA a2 gl 7] Foll Y= A4 2-methyl-3—furanthiol®] BEE 714 e+
st 3 Ao R F=3 4= 9t} bis(2-methyl-3—furyldisulfidex= A7}#] © &
oo EFdA ez FEHHAT AAAHoZ HAS uw, CAR/PDMS9}
FARL Aol7 S W, A9 AR ARE BT

12
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CAR/PDMS fiberg Abgdte] FEWS o), AE=Z A& 5719 3 & 3E
So] 7b4 wWol A ¢t} 18y} PDMS/DVB fiberE Ab&3dte] &3S 4
§, FE ag&o]l AYUXA YolA, Azl Bl 6719 F IdH FgFE F
dimethyl disulfide, dimethyl trisulfide, 3-methyl thiophen #+& HAd < At}
ol 21 fibere] =43 #4 st ¢ RS FAo] AXSA &7 wiitel
gt JAE vk 2% & I SEEY FF Zsws vuds o
CAR/PDMS7} 7F4 €& fiber7k 2 Aot 8y F

g sitEEel ¥4 "nta diA 7HE i

=
o
ot} ulxe] ARE BAT w, $Ao] o]F

oAt Fok MR & T HEol
AR, 99 54 sax @ ARe: TE A%NE Uehls o)t weky
R Ao o] Folt Bake AR faﬂi 4g90a & 5 Aok AW

= /V\ )
t}. o] X9, fiberol WetA o2 A7 U olfE 7 fiberEvttt M2 UE F
22 714 2] wigolegha At oA EA ezt sk =d e FEAd
A% wepA gk S4de] & 2d4L 54 fiberoll A o A &%+
U2 g Hxs e adA B4 staa e e SR 22 =
e 7H fiberdl A o F& A#E 7 F Uvh A=) fibers A w=
w4 staa sk =de 54& agsto]l dEsts Ao Fastth. PDMS fiber

=2 UAAEE 7HAA Atk adA B AoR mxY EEE 4T u, bE B

CAR/PDMS fibers 5] § #4431},
S FAlol 7HAAL vk CAR/PDMS fiber & 53] 2& @& 711, acetic,
propanoic acid ¢ 2 &4l WIzkelil, PDMS/DVB fiber & 3ol Wil =
dol =& EdolA WFEA g dTh B AFddAR o] e 54 HE&Hr
Aol AHgd = F o
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Figure 3-1-7. Gas chromatograms of sulfur compounds isolated by SPME with

the three different fibers. (a) PDMS; (b) CAR/PDMS; (c¢) PDMS/DVB

1: allyl mercaptan, 2: dimethyl disulfide, 3. 3-methyl thiophene, 4: methional, 5: methyl
2-propenyl disulfide, 6: dimetyl trisulfide, 7: di-2-propenyl disulfide, 8 methyl 2-propenyl disulfide,
9. methyl 2-methyl-3-furyl disulfide, 10: 1,4-dethyltetrasulfide, 11: di-2-propenyl trisulfide, 12:
bis(3-methylbutyl) disulfide, 13: cyclic ethylene mercaptal fucose, 14: bis(2-methyl-3—furyl)disulfide
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Figure 3-1-8. Structure formulas of sulfur-containing compounds. (a)
2-methyl-3-furanthiol, (b) bis(2-methyl-3-furyl)disulfide, (c) methyl

oxycyclosulfide

g 71 FEHEHeR & 3t e B4l AREd 2312 SPMEC]

A AR EA RN BT FdeA A4 skith Figure 3-1-9% CAR/PDMS
fiberg& AF&3 SPME F&WH3 SHE AMg3 F&9<9  GC-PFPD
Ho]Zth SPME fiber 5olA CAR/PDMS fiberE H]m 3k o]
ol 7 w7] Wi, A er SHEAWHA 7P &2
wolth. SH F=4 <2 SPMESH Hu g2 o, o A2 ¢ &
A8 Ak o] e FE a&9 Aole olive oils A3 T}
gholer 4= 9glth (Cavali et al, 2003). SH FHHE A1&3)
A A o2 GC chromatogram Ao <kz A|z7lkt)
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2-propenyl disulfide, methyl oxycyclosulfide, bis (2-methyl-3-furyl) disulfide$}
ol AEA AEE sEER AAT. & T stekE Abold wHES FEiA A
AE AE ¥ methyl oxyclosulfiders SHAlAE TAHEHA && Aoz Algd ¢
B 23H, 6719 3 T SIFEES AYstas, M B Fol A HATH
|, methional> 570¢] 715o] H= & 3 st 5, 7P A2 Fo] B
S BF3A %, 2-metyl 3-furanthiol> &4 =% ¢St} o] & &
& - sIgEY ®WIE FA4E & F ATk Figure 3-1-8% KW,
2-methyl-3-furanthiol ¥ methyl oxycyclosulfide® 2 F%7} 2t} methyl
oxycyclosulfide= 2-methyl-3-furanthioll A F4H) #x 3syrp wA]z
methylthio(-SCH3)717} 23t€ Jel& 7HA 2 vk webd, v& & 3 38 =
ol "oz 2-SCH3 7|19} 2-methyl-3-furanthiole] F&3A Fo| whi} A%

HAava F5T F AT olE SR = 7 AT B UE A, methional
o] & & i sFEEd & dAA AA AF HAvE L 5 7 IS
Aolth. MethionalS TA3t & methylthioZ]| 7} &3] FHo] Fdldoz A
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Figure 3-1-9. Gas chromatograms of sulfur compounds isolated by the two
different methods. (a) static headspace extraction (SH) (b) solid phase

microextraction (SPME) with CAR/PDMS fiber.
* 15: 3-(methylthio) 1-propene, 16: methyl oxycyclosulfide
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Table 3-1-12. Sulfur compounds isolated by solid phase microextraction

(SPME) with different fiber.

SPME?®
No. Compounds DVB CAR PDMS D¢
P.A” RSD° P.A RSD P.A RSD
1 allyl mercaptan - - 1566 11.7 1028 48 MS*/RT!
2 dimethyl disulfide 534 15 2696.1 0.7 24436 41 MS/RT
3 3-methyl thiophene 52 257 27925 1.8 24443 1.1  MS/RT
4 Methional - - 15481 175 321.8 20.8 MS/RT
5 methyl 2-propenyl disulfide - - 24228 128 1909 4.1 MS
6 dimetyl trisulfide 944 6.8 25751 57 2273 22 MS/RT
7 di-2-propenyl disulfide - - 14703 7.7 19325 44 MS
8 methyl 2-propenyl disulfide - - 1947 1.2 2043.1 5.2 MS
9 methyl 2-methyl-3-furyl disulfide 3339 7.06 18056 12 2006.8 0.5 MS
10 1,4-dethyltetrasulfide - - 20427 23 20871 2.7 MS
11 di-2-propenyl trisulfide - - 15854 154 1270.2 23.6 MS
12 bis(3-methylbutyl) disulfide - - 16322 23 7502 4 MS
13 cyclic ethylene mercaptal fucose - - 1021.2 95 16114 86 MS
14 bis(2-methyl-3-furyldisulfide 5762 59 19989 25 1881 6.1 MS

a Solid phase microextraction(SPME): CAR, CAR/PDMS fiber; DVB, PDMS/DVB fiber; PDMS,
PDMS fibers.

b Average of peak area (square root) in GC-PFPD chromatogram (n=3)

¢ Relative standard deviation (%)

d Tentative identification was performed as follows:

e mass spectum was identical with that of Wiley mass spectral database (1995) (Hewlett Packard
Co., Palo Alto, CA, USA)

f Retention times were determined using the sulfur compounds as external standard

g — not detected
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Table 3-1-13. Sulfur compounds isolated by static headspace extraction (SH)

No. Compounds P.A® RSD? ID°
1 allyl mercaptan 1080.2 8.5 MSY/RT®
2 3-(methylthio) 1-propene 232.3 12.1 MS
3 dimethyl disulfide 2531.4 3.1 MS/RT
4 3-methyl thiophene 2271.1 5.1 MS/RT
5 methional 378.1 7.6 MS/RT
6 methyl 2-propenyl disulfide 1274.4 2.2 MS
7 dimetyl trisulfide 2384.3 46 MS/RT
8 methyl oxycyclosulfide 1655.3 13.1 MS
9  bis(2-methyl-3-furyDdisulfide - - MS

a Average of peak(square root) area in GC-PFPD chromatogram (n=3)

b Relative standard deviation (%)

¢ Tentative identification was performed as follows:

d mass spectum was identical with that of Wiley mass spectral database (1995) (Hewlett Packard
Co., Palo Alto, CA, USA)

e Retention times were determined using the sulfur compounds as external standard

f - not detected
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ojo} at=Hl ol& flEiA AREEHE MY FHUA FAHES AF matrixel 9l
= SR ES A AFsted 2ole WHyolth &, o] e A™FS
stelal she VYRS TY F2E AW AR EY F54aY Ce A
A YU A& (stable isotope)® X $HE isotope-labeled®d EFE2S At o]
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A5 WFEF =42 o]&dto] GC/MS (SIM mode)2 BHES Al=st= Aol

5w

2. @7MEY e 2 Y

o3 Az F

Toastmaster Inc., Boonville, USA)
T & 7AW 1S

Electric Co., Seoul, Korea)® 7}5

44

o

off 12

A2 W=

Table 3-2-1. Materials used for preparation of bulgogi

2 & (Model 7091,
190 + 3TColA <H=

materials origin/manufacturer amount(g)

sliced beef (sirloin) Korean grade A 150.0
bulgogi sauce

SOy sauce Sempio Co., Seoul, Korea 20.0
sugar Cheil Jedang Co., Seoul, Korea 10.0
sesame oil Cheil Jedang Co., Seoul, Korea 6.0
roasted sesame seeds Samyangchung Co., Seoul, Korea 3.0
black pepper powder Ottoogi Co., Seoul, Korea 1.0
pear (juice) Seonghwan, Chungcheongdo, Korea 25.0
onion (chopped) Muan, Jeonlado, Korea 12.0
welsh onion (chopped) Hanam, Kyonggido, Korea 5.0
garlic (chopped) Goheung, Jeonlado, Korea 8.0
ginger (chopped) Korea 3.0
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1) AN v AFEH (solid phase microextraction, SPME)

SPME®] x| ¢} fibert Supelco (Bellefonte, USA)ol A T3ttt 10g ¢ =
37] samples vial (40m0)ell FATh o] & 305t 60TAA HEHS A7l + 374
o] E fiber(100um polymethylsiloxane(PDMS), 75um Carboxen (CAR)/PDMS,
and 65¢m PDMS/divinylbenzene (DVB))& Ab&3ste] AP ES F=390. F
%<2 SPME®] needle©] 20mm®] ZoJolA 305t 60TCA 3= Atk GC-MS
o injection?] needleg A3FA 10mme] ZololA ezt GC-09 A%

Z Al Zol:= Smm, 25mm 23 1.2mE A3 Ear] IeUAAES dilution

A A 3L (Deibler et al, 1999) &2 Al 23 &<k 200C &2 AT}

2) 27 ¥F %53 (high vacuum sublimation, HVS)

b e B17](80g)E diethyl ether(150ml), Fisher Scientific Korea Ltd.,
Seoul, Korea)®} 37 stirring (400rpm, 30min) A1 #H T AF or FE=ES
filtering 3}al Vigreux column (50cm*3cm id.)E o] &3t 150m7tA 5= 3 7]
=779 GHS Heste] A A2 2AE vacuum sublimation(range: 3%10°
torr)ake] M FbA B3 e A F

ohoRw gogRe) B4, 54
0 4 2

I E FEFELS Gas chromatography/mass spectrometry (GC-MS)
of 9osle] At GC-MS+E HP 5890 series I GC/HP 5972 mass selective
detector (Hewlett-packard Co., USA)Z <33t o™ columne Aol Tt &
DB-5ms¢t DB-WAX@G0m x 0.25mm id. x 0.25mm film thickness, ] & W
Scientific, USA), + 7FA& AH&3tSith 5k7]/HH FTHEES 1 & TS
2% program<  40ColA 587F FA13 3 200C7FA 2C/ming £E2 A5 A|
7 2087 74139 2™ Injector?t detector?] 2%+ Z+zZF 2002 250C o)W, &t

_61_



@

7IA = heliumo2 %2 0.8ml/ming FA3ATh FES] 45 93 G
chromatogramoll /] ¢l E C;-Cx® n-paraffins E+=% 29| retention times %
3l 7} 3}9E9 retention index& T8It W A mass selective detector®]
Ae &3 v}l : ionization energy, 70 eV; mass range, 33-550 am.u;

scaning rate, 1.4 scans/s.

A
1o,
of

8

ek @7

3 73

)

7184 AR gas chromatography/olfactometry (GC/0)E &3 543
t}. olw} A}83 GC (Varian 3900 GC, Walnut Creek, USA) = flame ionization
detector (FID)$} sniffing port (ODOII, SGE Ringweed, Australia)E 323 A
o]t} GC column® €2 FID®} sniffing port AFe]olA] 1:12 EXA|3ton o]
)= deactivated capillary column (0.5 m length 0.25 mm id)& AF&3ith
GC 2 2%+ 40TCoA 51 FA% F 200C7HA 10T/ min= FsAA 245
ot fAE AT UM A A 20 GO/MSS A T A

: o
o5 3sfof ol uA gy sAMug7tA] GC/OE Aldetsith. AEDA®] A=
flavor dilution (FD) factor2% YWebldth. SPMEE ©]-&3ato] A3 49
Z1AE FAs7] $1ske] GCY split ratios 23 o™, split ratiox= 4, 8, 16,
31, 64, 1282 AAsHA 2vl=4 S7HAIA Zh wlgertg GC/OE Al dskqltt.

vl B317] &7)18Ad A48 X3k (threshold value)
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%S ethanololl 3413 3 Wal7E A AE sunflower oil (200me)oll ¥ ATt °] = 10
B %9b stirring(400rpm) 3+ 3 sunflower oilZ 2842 3]A g} 2vj+2 A=
= ¥ 60ml (I-CHEM, US.A)l frel®el 20m4

Wld  (graduate students at Seoul national

e

1ES F4°] HEZzow 2
8

3@
ui
M\
=
4f,
x
i
tlo
—
()]
2 on
B

university) ol Al F=7F S7HE = AR wdste] AYdS e de
24M-28A1 Akele] 107 9] o #ke}t 5] EAte FAEJT. AP AEE AYs
A &2 blanket AE AP AZ Aols Ev WAHOR IPHJT. JAFES
Ast7] Y3 FAAYZE 594 HASE (one tailed, p=1/2),(a=0.05),(O
1986)5 ©l-& 3t th

Z
o
=3
S
=
=

AL b A B9 4 MY (SIDA)E $3 standard curve 2HA

vl grgAddES BEFet7l 918 standard curves ¢S
standardE curve= weight ratio [ug labeled compound/(yg labeled compound +
ug  unlabeled compound)] ¢ MS (SIM mode) response ratio [labeled
compound/unlabeled compound] ¢ TAE YPExF U FoFE E7]q
labeled compound& %o GC/MSE o] &3} yata T3 & 2o X &sle] &
F3 E24S A4S 7 4 ) table 3-2-12 acetylpyrazine®] standard curve
2 F3l7] 938 oot & 28 39 unlabeled compound(SD)¢} labeled(SD)E
table 3-2-29} 2 H|& =2 5ol GC/MS2 SIM modeE ©]-&3te A3 th

Table 3-2-2. Weight ratio of labeled acetylpyrazine/ unlabeled acetylpyrazine

for standard curve

SD(u0):ST (1) Weight ratio
800:200 0.2
400:200 0.33
200:200 0.5
100:200 0.67

50:200 0.8

SD: unlabeled acetylpyrazine SI: labeled acetylpyrazine SD:20mg/20m¢, SI:20mg/20mé
weight ratio = SI (labeled compound)/SD (unlabeled compound)
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o}, 17| ¥ A4 E &3 (fractionation)

A

1) AF- 47 48 (acidic/basic fractionation)

HVSe] 9&] Ao E17] FEFE (320g)90A4 E17] S/ ES F&
HVSZ A HAES A73% 4  vigreux columne o] &8t 50ml7tA 5 =3}
t}h. o] FEE A basic fractions 3084 stirring3d] #H Ul figure 3-2-1.914 =
T A Ho] 2842 EE 247 Y34 hydrochloric acid (2M, 3 times;
total volume 120mDE 7}8}e] Z+Z+9]8] 4 aqueuse layer® NaClZ Z} A wich
XA AY. I F separatory funnelE ©]83}o] basic fraction®] $ & aqueuse
layerg® 93 & =32 938 sodium hydroxide (12M, pH 12)& YAt} =3}
¥ aqueuse layer®lA] pyrazineFE 7] $13| dichloromethane (3 times; total
volume 150ml)< o]-&3ato] A|FEe F dolxl basic fractions GC/MSel #2438t

7] Aol Axg 50u7tA FEF

3@ o

320g bulgogi

!

Concentrated to 50ml (by vigreux colurmmn)

Extracted with diethyl ether 250mé *4

Treated with 2M HCl, 40ml*3
stirring for 30min
Saturated with NaCl

Separatory funnel

l ‘ Adjusted to pH 12 with 12M

Aqueous layer NaOH

Organic layer Extracted with
dichloromethane 50mi*3

Saturated with NaCl

Figure 3-2-1. Scheme of Preparation of Volatile Basic Fraction concentrate

_64_



2) Zre] A ZntE 189 (column chromatography)

GC/MSlA &4% + fIAd Eiar] g Ess &
column chromatography s 33t th HVSO A dojzl Eia17]
gel(Aldrich chemical Company, Inc., USA)E %2 ¥ columns o]&3ste] Wzt
BE (10-12T)ellA AdES sttt Table 3-2-3 ¢ #©] fraction A+
pentane 50m¢, fraction B; pentane 40ml/ether 10ml¢, fraction C; pentane 30m{
Jether 20m{, fraction D; pentane 20ml/ether 30m¢, fraction E 10m{¢/ether 40m¢}
fraction F; ether 50m¢E AH&stSlth. 7} fraction® volume 50meol™ GC/MS

BHS g8 ARE 50t FEeAc

Table 3-2-3. composition of eluting solvent for column chromatography

No. fraction Pentane Diethyl ether

A 100%(50ml) 0%

B 80%(40ml) 20%(10ml)
C 60%(30ml) 40%(20ml)
D 40%(20ml) 60%(30ml)
E 80%(30ml) 20%(20ml)
F 0% 100%(50ml)

ZF okAA FHEA M EMH ol&3 A (SIDA, stable isotope dilution

assay)

Thol 9 EH17](320g)E %4, AT T dA % internal standard
( [*H] 3-Acetylpyrazine; 80ug, Tetrahydro linalool; 124ug, methional; 5ug)S
a7]e M7t internal standard’} 37| HEE olE F JYEF A2

6C)NA IAZHE WA AT 1 Azl g7lol ol o3 4hsts WA 7]

o oz 7tAE Bojyo] AAA T stirring(400rpm, 8 hour) Al#A F&3F5t).
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FE2E AEE Y-2)9 Wy Zo] xgld & column chromatography S ©]-&
o3 = J

2 GC/MSAlA SIM modecl 938 H17] 37184

3. a724% R 1%

2,

7}. HS-SPME (headspace solid phase microextraction)S ©] &3+ E117] Zn)A

=]
o 54

1) fiber Z® E#o| u} &

it
fol

=
T

it

SPMEo® A fiberol ZB®H =72 Ao]:= absorption efficiencyol] #tbsk o &k
S 1} (Shirey, 1999). Table 3-2-4 2 100m PDMS, 75um CAR/PDMS$} 65um
PDMS/DVB fiber& At&sto] =ai7]e] T8 SR ATe] 3428 488 A
olt}. 379 fiber =¥ E& F 75mm CAR/PDMS”F £3] allyl mercaptan@}
diallyl sulfides} 2& @3¢ES )M M =a7] = ded ad4o=
ettt vl = 100mm PDMS  fiber7b 75 CAR/PDMS (0436 mm)¥}  65um
PDMS/DVB (0.357 mi)®th F® volumee] ZAA ¥ Ei7] JLAHEL FEo&
Agatx] ke Aow veyth a# =R 75m CAR/PDMS7F ¥ Ao 2
gk fiber= A A3 o2 of AT}

i

2) HS-SPMEE °]-&3% &17] 32dE4d9 GC/MS &4

Table 3-2-5&  CAR/PDMS 75un fiberE Al&3te] GC/MSE 213 E117)
g &40 RI9H peakW A& HoFt & 50970 EHo] AU o] F
33318 (no. 1, 3, 4, 7, 9, 12, 15, 30, 31, 34, 35, 37 18] 3L 39)o] ~30%, terpene
7 (no. 16, 17, 18, 19, 20, 21, 24, 26, 28, 33, 40, 41, 42, 44, 45, 46, 47 12 3L 48)
7F T20%7F AiA QD Fom dEetwt dAFom v U Ede] A
cooked beef(Shahi et al., 1986; Min et al., 1979; Mottram et al., 1982, Hartman
et al,, 1983; Galt and MacLeod, 1984)3} th& Ao =2 UERT o]+ Ei17]9 &
S ARER 23 AL WU pyrazineF(nos. 11, 13, 14, 22, 23, 29 1] 3L 49)
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= 3} 3g&Eo]U terpene hydrocarbont Xt} X Ao Ao 7 e

Table 3-2-4. Peak areas of the major volatile compounds extracted by
different fibers and total areas in HS-SPME of bulgogi

peak area ( 10%)°

compound

PDMS” CAR/PDMS* PDMS/DVB?

allyl mercaptan 175 = 27 6066 = 218 500 + 34
limonene 154 + 30 5612 + 299 1208 + 149
diallyl disulfide 99 + 20 4961 + 244 1785 + 164
[i-caryophyllene 1474 + 265 3084 + 142 5180 £ 763
total 3940 + 451 62640 = 3221 22144 + 1313

“ The averages + standard deviations (n= 4) on total ion chromatogram in GC-MS.
* PDMS 100 m fiber.

“ CAR/PDMS 75 m fiber.

¢ PDMS/DVB 65 m fiber.

3+ 332 S meat®t meat productoll A o]l TAHEN =Y, B A allyl
mercaptan (no. 3)3} diallyl disulfide (no. 30)7} 7} & 33lstE=2 eyt
ol mhe el Fa FvAdRel7|% Sttt (Fenaroli, 1994; Kim et al., 1995;
Yu at al, 1989; Yu et al, 1994). 2% 33t E dubg o=z b2
ZEA 3L Q7] wiiEel 9%l aiv]e] Fwle] Fa3d 93-S strd (Mottram, 1991).
el wek= 33}etE 3-vinyl-4H-1,2-dithiin ¥} 2-vinyl-4H-1,3-dithiin Z=3F
At 12} thiophenes, thiazoles¥ thiazolines#-& iL7]o] =43k Zu

Ql ks 333t E2 GC/MSZE 54 HA &tk (Mottram, 1991). 54 ¥ 187

18
N
£

Moot 4 b

oX,

o]  terpene’ % 1270  monoterpenei o]l 671  sesquiterpened A th.
sesquiterpenef = SPMEE ©]&3F 2 Adox A2 S Ye=d ol A
HAoR =2 BEAY 2 A S 7M7) dies Ho] At terpeneR T
Limonene (no. 26)7} 7Fg ®@2 45 7K Zo= yewr o 23
(Owusu-Yaw et al, 1986), @ (Staroscik and wilson, 1982) 18] =A}%&

(Wilson and Shaw, 1980)¥ 22 g Rl T8 FUAAELE HuFHh
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Table 3-2-5. Volatile compounds identified in HS-SPME-GC-MS of bulgogi
using a CAR/PDMS fiber

; RI” rel %"°
no compound name ~
DB-5MS  DB-WAX DB-5MS DB-WAX ID

1 methanethiol <500 689 0.06 0.04 A

2 ethanol <500 942 0.46 0.23 A

3 allyl mercaptan 594 890 9.68 9.50 A

4 1-propanethiol 608 834 NA® 0.40 A

5 ethyl acetate 609 895 4.48 3.62 B

6  2-methylbutanal 658 ND' 0.49 ND B

7  allyl methyl sulfide 698 950 1.38 1.09 C

8  3-hydroxy-2-butanone 708 1292 0.64 0.76 A

9  dimethyl disulfide 736 1071 0.25 0.19 B
10 hexanal 801 1084 0.40 0.38 A
11 methylpyrazine 823 1274 0.35 0.24 A
12 diallyl sulfide 857 1145 4.49 4.26 A
13 2,5-dimethylpyrazine 912 1331 NA 0.35 A
14 2,6-dimethylpyrazine 914 1337 NA 0.29 A
15 allyl methyl disulfide 915 1281 4.73 4.50 C
16  -thujene 925 1022 1.02 0.61 B
17  -pinene 931 ND 0.42 ND A
18  camphene 947 1058 0.12 0.16 A
19  sabinene 971 1111 0.86 0.86 A
20  -pinene 975 ND 0.20 ND A
21 myrcene 990 1163 0.50 1.01 A
22 2-ethyl-6(or 5)-methylpyrazine 997 1394 0.07 0.16 B
23 trimethylpyrazine 1001 1415 0.22 0.19 A
24 -3-carene 1008 1142 435 2.72 B
25  p-cymene 1025 1269 1.67 3.14 A
26  limonene 1029 1195 8.96 7.20 A
27  phenylacetaldehyde 1043 1646 0.29 0.16 A
28  -terpinene 1058 1243 0.19 0.38 A
29  2-ethyl-3,6-dimethylpyrazine 1077 1456 NA 0.21 A
30  diallyl disulfide 1080 1485 7.92 9.36 A
31 allyl propyl disulfide 1092 1430 0.95 0.98 C
32 undecane 1100 1100 1.91 0.78 A
33 linalool 1101 1561 NA 0.32 A
34  dipropyl disulfide 1107 1378 0.32 0.23 A
35 3-vinyl-4H-1,2-dithiin 1188 1739 0.20 0.53 B

¢ Numbers correspond to those in Table 3-2-6.
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> Retention indices were determined using n-paraffins C5-C22 as external references.

¢ Average percentages of peak areas (n = 4).

4 Identification: A, mass spectrum and retention index were consistent with those of an authentic
standard; B, mass spectrum was identical with that of Wiley mass spectral database
(Hewlett-Packard Co., 1995), and retention index was consistent with that of literature (Adams,
2001; Kondjoyan and Berdagu, 1996; Acree and Ahn, 1997; Rychlik et al., 1998); C, mass spectrum
was consistent with that of Wiley mass spectrum database (tentative identification).

¢ Not available due to either low abundance or peak co—elution.  Not detected.

o

3) SPMEE o] &

ot

E17] g ELY GC/O 4

Table 3-2-62 CAR/PDMS fiberell ©ola A€ 7|3 ES BT 9
t}. SPME®] 938t %22 GC split ratios (dilution range = 2° -27)¢]1} fiber?]
w2 Zo| (dilution range = 2° - 292 2asld dilutions FAFch E 33719
B F712] column (DB-5ms and DB-WAX)olA FAFAG. o] EHAE F
871 (nos. 1, 3, 4, 27, 29, 30, 33 and 49) dEE°] GC/MS(table 4)ol 4 &7 =%l
i, 6709 &4 (nos. II, MM, IV, V, VI and XD¥ 159 RI¢t 7] 54§ v
o 98 H=AHALY. FIFIEE (no. 1, 3, 4, 30, O, and VI)¥} pyrazineH (no.
29, 49, VI, and XI)7} &1717} S8 drjAdEo= yeEyt. E 7] A linalool
£ 9o terpeneFEY ¥o] EAW Eary] Fwuld Ui JFe He o=
GC/O Z 3 vEetwt

Allyl mercaptan (no. 3, garlic/bulgogi)= + columnel|A 7}F4¢ Z Q73
83% (Iog2 FD = 1002 YERsTh o9 Az Jojd oz wje vhe
(0.005-0.04 pg/ ¢ in air), (Van Gemert, 1999) <& it} Zn|EA Xo oIx

a8 =8 %S uy S v allyl mercaptans E17]9] Fulo] key

oft
N
(ot

=

f

o

=

compound¢! A& ¥ 4 At} methional (no. I, boiled potato/ soy sauce)S
a7l A FAE 8% dFEZ YERITE o= 92 7HAFe] character impact
compound (McGorrin, 2002; Mutti and Grosch, 1999)% H 1% &2 I 2|9
nonfat dry milk (karagil-Yiceer et al., 2001), toasted wheat bread (Rychlik and
Grosch, 1996), roasted sesame seeds (Shieberle, 1996), boiled beef (Kerscher
and Grosch, 1997) 18] 1 stewed beef juice (Guth and Grosch, 1994)% <J& 7}

A AEFANA Fagt IHHAESCR FAHHSUT HE methionale GC/MSOA &
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AEA] FRAAINE o] o] vk A2 7h0.063¢g/ ¢ in air), (Van Gemert, 1999) &=
s Frjel Tk JTE = Aom HATH

pyrazineF = GC& GC/MSolA 28 <ol HAHE Aol vla] %<& log: FD
factorE YEFITE popcorn (Schieberle, 1991), french fries (Wagner and Grosch,
1997)o A key compoundE?l 2-ethyl-3,5-dimethylpyrazine (no. VI, nuttyl/soy
powder/coffee/chocolate), acetylpyrazine (no. 49, nutty/peanut/coffee), 1@ il
2-ethyl-3,6-dimethylpyrazine (no. 29, nutty/coffee/earthy)2 Ei7]dA %= &3
A} o] F roasted beef (Cerny and Grosch, 1992)2] character impact
compound?] 2-ethyl-3,5-dimethylpyrazine =} 2,3-diethyl-5-methylpyrazine<
0.007-0.0147} 0.009-0.018 (ug/# in air), (Van Gemert, 1999) $& X3S 7}
2 EHd=2 yeyg. GC/MSOA 45 AY methyl”] & 7Hx] pyrazinef+
GC/Oo A= 8% A stk o= =& AXghell Qlgk Ao g Ea7]e] Fnld
= 9%s AL FHoewg HAY 3 FFgEI  pyrazineFe
phenylacetaldehyde (no. 27, stale/pungent/hyacinth), linalool (no. 33,
floral/lemon/sweet), 2-acetyl-1-pyrroline (no. Il cooked rice/bread crust/nutty),
28] 3 1-octen-3-one (no. IV, mushroom/metallic/earthy)= GC/O°A T2 3
7| Eo 2 e

2 AFAAE B9 g Aget HS-SPME] we F&8 o= 3 @
g Ee] 8HA XY 28y ol 2 ¥

S AoZ AAAA AFS Jd A

7

rlo
o

—

A
3
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Table 3-2-6. Aroma-active compound detected in HS-SPME-GC-O of bulgogi using a CAR/PDMS fiber

p RI” log2 FD¢ J
No compound name aroma property
DB-5MS DB-WAX DB-5MS DB-WAX
1 methanethiol <500 665 sulfuric, rotten, kimchi 6.0 5.0 A
3 allyl mercaptan 594 880 garlic, bulgogi 10.0 10.0 A
4 1-propanethiol 610 828 garlic, onion, sulfuric 3.0 4.5 A
I unknown 868 1310 chemical, medicinal, burnt rubber 8.5 6.0
I methional 908 1461 boiled potato, soy sauce 9.0 7.5 B
I 2-acetyl-1-pyrroline 923 1345 cooked rice, bread crust, nutty 3.5 4.5 C
v 1-octen-3-one 979 1302 mushroom, metallic, earthy 3.0 3.0 B
v unknown 1010 NDe nutty, coffee, boiled potato 5.5 ND
49 acetylpyrazine 1026 1644 nutty, peanut, cooked rice 6.0 7.0 A
27 phenylacetaldehyde 1049 1656 stale, pungent, urine, hyacinth 5.0 5.5 A
29 2-ethyl-3,6-dimethylpyrazine 1079 1455 nutty, coffee, earthy 3.5 3.5 A
VI 2-ethyl-3,5-dimethylpyrazine 1083 1471 nutty, soy powder, coffee, chocolate 7.0 7.0 B
30 diallyl disulfide 1086 1491 sulfuric, garlic 4.0 2.5 A
33 linalool 1101 1551 floral, lemon, sweet 5.0 5.0 A
VII 2-acetyl-2-thiazoline 1111 1781 nutty, popcorn, peanut 6.0 6.0 C
VIII  unknown 1117 1827 welsh onion, sulfuric, spicy 4.5 7.0
IX unknown 1132 ND sesame oil, fatty 3.5 ND
X unknown 1147 ND sulfuric, pungent 6.5 ND
XI 2,3-diethyl-5-methylpyrazine 1154 1504 nutty, boiled potato, peanut, coffee 5.0 6.5 B
XII  unknown 1164 1545 dry cleaning, earthy, fatty 3.0 5.0
XIII  unknown 1179 ND medicinal, chemical 3.0 ND
XIV ~ unknown 1187 ND plastic, gasoline, adhesive tape 7.5 ND
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Table 3-2-6. Continued

., RI’ log2 FD*
No. compound name aroma property IDd
DB-5MS DB-WAX DB-5MS DB-WAX

XV  unknown 1192 1721 sesame oil, nutty, pepper, spicy 8.0 6.0
XVI  unknown 1343 ND chemical, medicinal 3.0 ND
XVII  unknown ND 1386 chemical, spicy ND 2.5
XVIII  unknown ND 1439 coffee, burnt ND 9.0
XIX  unknown ND 1448 floral, sweet, fatty ND 3.5

XX unknown ND 1573 soy sauce, boiled potato, nutty ND 3.5
XXI  unknown ND 1596 fatty, meaty ND 3.0
XXII  unknown ND 1609 burnt, sulfuric, nutty ND 5.0
XXIII  unknown ND 1689 burnt, cooked rice, nutty ND 4.0
XXIV  unknown ND 1735 fatty, meaty ND 2.0
XXV  unknown ND 2056 yogurt, sweet ND 4.0

a Numbers correspond to those in Table 6-3. Roman numerals represent unknown compounds.

b Retention indices were determined using n-paraffins C5C22 as external references.

¢ Averages of log2 (flavor dilution factor) by two panelists.

d Identification: A, mass spectrum, retention index, and aroma property were consistent with those of an authentic standard; B, retention index and aroma property were
consistent with those of an authentic standard; C, retention index and aroma property were consistent with those in the literature (Rychlik et al., 1998).

e Not detected.
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U 23FssHe ot Eur] FIH|AEY 574 (high vacuum sublimation,

1) 2AF5a0l 9@ Ha7] g e GC/MSEA

ot

Table 3-2-72 F7/He] ©& #H¥ (DB-5ms and DB-WAX)elA
HVS-GC-MSell 93 &4d¥ 6070e] EHES HojF1 vk 25749
Terpene-hydrocarbon¥, 9719 238}3tE, 8719 pyrazine, 4719 carbonyl, 8
e] alcoholiF, 3709 acid® 28] 4709 miscellaneous compound® YEFGE
o5 F terpenef o} F3HFE-S 7H7F 53%9) 27%E AAFE TRLEARE UEY
oh 529 terpeneR T EaL7ISH Y Yzl B, oA, Az o3 o=
HolH  [i-caryophyllene (no. 12)°] 7}4 W& &S A 1 HAE @
—phellandrene (no. 7)3¥ a-copaene (no. 10)¢] xx gttt 1# 1} ©]E terpenesF
= gstetEely Aa 3 =4l nls) JAgo]l w9 ol EaLv]e] Fwlel=
FaFo]l AL Ao AAZ.

g e a7y arjdEAEe] Fv A (Hirai al et., 1973; Liebich et al,
1972; Mottram, 1991; Mussinan and Katz, 1973) oA o] TA= ¥ ol »}
=, 43, 22 Alliium species®] S 23 7AAE (Kim et al, 1995, Kuo and Ho,
1992; Schulz et al., 1998; Yu et al, 1989)c. 2 d#xich B A% diallyl
disulfide (no. 26), allyl propyl disulfide (no. 27), dipropyl disulfide (no. 28),

N

cis—propenyl propyl disulfide (no. 29), allyl methyl trisulfide (no. 30), 2-vinyl-
[4H] -1,2-dithiin (no. 31), 2-vinyl- [4H] -1,3-dithiin (no. 32), allyl trisulfide
(no. 33)¢} dipropyl trisulfide (no. 34)¢} #-2 3sl3lEo] FAHUC F33E
= Mg Be %S 2A3 diallyl disulfidex= mlEdA A EE E4dol7| e 3t}
(Kim et al., 1995; Yu et al., 1989). Maillard %% (Elmore et al., 1999)9] <]
A E AR = pyrazineF+= EI7|A S/H7F SAHFHALL, ©o]F  2,6-dimethyl
pyrazine®] 7}% & 4S5 A vl Carbonyl:s 5 3-hydroxy-2-butanone,
phenylacetaldehyde, neral® gernaniale] Zil7]oA ZA At} o] = canned
beef stew (Peterson et al., 1975)3} boiled beef (Hirai et al., 1973)°] A F A=

3-hydroxy-2-butanone (acetoin)e] 7} ®W< 4& AA Y. AlcoholFF+&
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furfuryl alcohol, guaiacol, linalool, borneol, terpinen—-4-ol, geraniol, 1-undecanol
3} citronellole] A Eglth. o] 5 guaiacole] 7F¢ B& S xx3+th. AcidH
oA FA=H acetic acid®} butyric acidi= meat patties (kerler and Grosch, 1996)
Ax FTAHA EAdol7|x slt}.  m3 2-acetylpyrrole, dodecane, caryophyllene

oxide$} cis sabienene hydrate®= 54 ¥ At}

Table 3-2-7. Volatile compounds of bulgogi by HVS-GC-MS

RI° peak area(%)
DB-5ms DB-WAX DB-5ms DB-WAX
Terpene-Hydrocarbon

No.” compound name ID°

1 a-pinene 927 ND* 1.04 ND A
2 camphene 943 1031 1.75 1.38 A
3 sabinene 967 1102 0.40 0.83 C
4 [i-terpinene 970 ND 0.49 ND A
5 [i-pinene 988 ND 0.56 ND A
6 fi-3-carpinene 1004 1125 2.09 2.12 B
7 [-phellandren 1029 1184 7.29 6.35 B
8 fi-elemene 1330 ND 1.50 ND B
9 f-cubebene 1340 ND 0.27 ND B
10 i-copaene 1370 1469 2.95 2.92 B
11 [i-cubebene 1380 ND 0.39 ND B
12 [i-caryophyllene 1421 1575 27.89 25.85 A
13 [i-guaiene 1428 ND 0.26 ND B
14 a-humulene 1447 1634 1.14 0.52 B
15 aromadendrene 1450 ND 0.11 ND B
16 germacrene D 1471 ND 0.34 ND B
17 fd-curcumene 1476 1746 0.28 0.40 B
18 [i-selinene 1480 1685 0.62 0.36 B
19 i-selinene 1487 ND 0.75 ND B
20 zingiberene 1489 ND 0.37 ND B
21 farnesene 1503 ND 1.47 ND B
22 fi-cadinene 1511 1725 0.32 0.27 B
23 [i-sesquiphellandrene 1519 1742 0.98 1.19 B
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Table 3-2-7. continued

No* compound name RI° peak area(%)
DB-5ms DB-WAX DB-5ms DB-WAX
24 [i-phellandrene ND 1184 ND 6.35 B
25 [i-bisabolene ND 1703 ND 0.42 B
Sulfur-containing compounds
26 dialllyl disulfide 1085 1461 21.15 21.03 A
27 allyl propyl disulfide 1093 1404 1.24 0.66 A
28 dipropyl disulfide 1107 1353 1.19 1.66 A
29 cis-propenyl propyl disulfide 1113 ND 0.96 ND B
30 allyl methyl trisulfide 1131 ND 0.10 ND B
31 2-vinyl- [4H] -1,2-dithin 1179 ND 0.20 ND C
32 2-vinyl- [4H] -1,3-dithin 1206 1943 0.82 0.68 C
33 allyl trisulfide 1295 1750 1.40 1.01 C
34 dipropyl trisulfide 1319 ND 0.33 ND C
Pyrazines
35 2-methyl pyrazine 825 1252 0.43 0.91 A
36 2,6-dimethyl pyrazine 911 1317 1.50 0.26 A
37 2-ethyl-6-methyl pyrazine 993 1372 0.14 0.13 A
38 trimethyl pyrazine 998 1394 0.47 0.25 A
39 2-acetyl-3-methyl pyrazine 1118 ND 0.22 ND C
40 2,5-dimethyl pyrazine ND 1311 ND 0.28 A
41 2-ethyl-5-methyl pyrazine ND 1378 ND 0.09 A
42 2-ethyl-3,5-dimethyl pyrazine ND 1435 ND 0.14 A
Carbonyls
43 3-hydroxy-2-butanone 711 1269 2.91 3.09 B
44 phenylacetaldehyde 1038 ND 0.31 ND A
45 neral 1237 1661 0.95 0.81 B
46 geranial 1269 1714 1.65 1.45 B
Alcohols
47 furfuryl alcohol 854 1647 1.08 1.26 A
48 Guaicol 1086 1832 0.61 0.27 A
49 linalool 1105 1541 1.47 0.69 A
50 borneol 1170 ND 0.39 ND A
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Table 3-2-7. continued

No.* compound name RE peak area(o) ID¢
DB-5ms DB-WAX DB-5Sms DB-WAX

51 terpinen-4-ol 1178 1584 0.52 0.56 A

52 geraniol 1253 ND 0.15 ND A

53 1-undecanol 1377 ND 0.27 ND B

54 citronellol ND 1754 ND 0.11 A

Acids

55 acetic aicd ND 1406 ND 4.61 A

56 butyric acid ND 1605 ND 0.46 A
Miscellaneous

57 2-acetylpyrrole 1069 1943 0.61 0.40 A

58 dodecane 1198 ND 0.17 ND A

59 caryophyllene oxide 1570 ND 0.26 ND B

60 cis-sabinene hydrate ND 1536 ND 0.19 C

¢ Numbers correspond to those in Table 3-2-8.

> Retention indices were determined using n-paraffins C5-C22 as external references.

¢ Identification: A, mass spectrum and retention index were consistent with those of an authentic
standard; B, mass spectrum was identical with that of Wiley mass spectral database
(Hewlett-Packard Co., 1995), and retention index was consistent with that of literature (Kondjoyan
and Berdagu, 1996, Acree and Ahn, 1997; Rychlik et al., 1998); C, mass spectrum was consistent
with that of Wiley mass spectrum database (tentative identification).

¢ Not detected

2) 2 F5sl 9

o

i) 3

o

oX
o,
™
1o,

GC/O®A

Table 3-2-82 HVS-GC-02]3t Ea17]9] gqr|d g8y F7EAHS BT
I Qlth B3| zZb S AdRe]l Eaiv] Fulole] 7 - el

oAxs Adddstr] ¢

AEDA (Grosch, 1993)0] o] &= 3Att. & 31709 7|44 Ee] F+ 74 v& =
4% 7H A4 (DB-5ms and DB-WAX)ell A S ATE o5 870 (no. 55, 43,
56, 36, 44, 42, 49, and 28)> GC/MSe| 9l s =&AL 97 (no. I, IV,
V, VI, X, XI, XI, X Vand XVI)<& RIZ, e EA, 159 authentic standard
E E3% vt 3 (Acree and Ahn, 1997;Kondjoyan and Berdague, 1996;
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Rychlik et al, 1998)& &3l &A= 3ATt. methional, 2-acetyl-2-thiazoline,
furaneol, 2-ethyl-3,5-dimethylpyrazine, 2-1sobutyl-2-methoxypyrazine,
2-acetyl-1-pyrroline, 1-octene-3-one, acetylpyrazine, linalool,
phenylacetaldehyde$} allylmercaptan®] =< flavor dilution (FD) factor® 7}A &
Ao 2 Yyt

Methional (no. IV, boiled potato-like.soy sauce-like)= methionin®] Strecker
degradarion (Lindsay and Rippe, 1986)°l <& A ¥ EZd=zx A3 F 714
25 (DB-5ms, DB-WAX)ell A 7} #& FD factor (logsFD=8)& 7zl 3 33}
E2 YeEsth. methionale boiled potato (Mutti and Grosch, 1999), french fries
(Wagner and Grosch, 1997), bolied beef (Kerscher and Grosch, 1997), roasted
beef (Cerny and Grosch, 1992), stewed beef (Guth and Grosch, 1994)¢} roasted
sesame seeds (Schieberle, 1996)2} Z& W& 2ZoA FAHIEJG. HE o=
GC/MSOA FAHEYA] LA Fe AX7E0.063¢g/ ¢ in air), (Van Gemert,
1999)ell e Fujell 2 FFES WA= Aow Holv WIS e
2-acetyl-2-thiazoline (no. XI, nutty/popcorn-like/peanut-like) FD factor 7
(DB-WAX)¥ 8DB-tms)Z =<2 #S Yerdlyg. o EZES  cysteamined
2-oxopropanal®] Wrg (Hofmann and Schidberle, 1995)o] 23] A E =& ZH
roasted beef (Cerny and Grosch, 1992), stewed beef (Guth and Grosch, 1994)}
boiled beef (Kerscher and Grosch, 1997)°| 4] key aroma compound® &4 %A
t}. 3+3}gE<l allyl mercaptan (no. I, welsh onion-like/garlic-like)®} dipropyl
disulfide (no. 28, welsh onion-like/onion-like)& %< FD factorE YelWoh =
Z1} allyl mercaptane SPME-GC-0E o] &3t AdoME= 7M=& flavor
dilution (FD) factorE WEIWH =t ol& th& FEWHo| & +8&9 Aol A
o7 molrh

Pyrazine % 2-ethyl-3,5-dimethylpyrazine (no. 42 coffee-like/nutty/toasted
laver-like), 2-1sobutyl-2-methoxypyrazine (no. XV, bell
pepper-like/metallic/earthy) 3 2-acetylpyrazine (no. X, nutty/cooked rice-like)7}
=2 FD factorE H.JA W 22 2-ethyl-3,5-dimethylpyrazine®t GC/MSel 2] &
4% = A} 2-ethyl-3,5-dimethylpyrazine< roasted beef (Cerny and
Grosch, 1992)¢}  french  fries (Wagner and  Grosch,  1997)°l A
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3-isobutyl-2-methoxypyrazine< french fries (Wagner and Grosch, 1997), french
beans (Hinterholzer et al., 1998)3} bolied potatos (Mutti and Grosch, 1999)i A
2-acetylpyrazine= popcorn (schieberle, 1991)3} french fries (Wagner and
Grosch, 1997)°ll 4 7| ddF o2 Hial = A

Furaneol (no. XI, caramel-like/sweet)e 709l & =4 Z¥Y (DB-5ms,
DB-WAX)o| A =2 FD factor (DB-5MS ; logs FD=7, DB-WAX ; logs FD=7)
S YeElWg. o] &3 roasted beef (Cerny and Grosch, 1992)2] character
impact compound® H1%¥ EZA=Z hexose (e.g. glucose or fructose)®] Maillard
reaction®] <& WA FE= Aoz EoHAZ Aoz <A H(Macleod, 1998).

2-Acetyl-1-pyrroline (no. V, nutty/cooked rice-like/bread crust-like),
phenylacetaldehyde (no. 44, hyacinth/honey-like), linalool (no. 49, floral/sweet)¥}
l-octen-3-one (no. VI, metallic/mushroom-like/earthy)>  Z+Z}  popcorn
(schieberle, 1991), honey (McGorrin, 2002), orange (Ahmed et al, 1979)%}
mushroom (Whitfield and Last, 199Dl A F71&A &2 B3 5},

=, Ea17]9 TG EHAEE methional, furaneol,
2-ethyl-3,5-dimethylpyrazine, 2-acetyl-2-thiazoline, 3-isobutyl-2-methoxy
pyrazine, acetylpyrazine, linalool, phenylactaldehyde, 1-octen-3-one™}

2-acetyl-1-pyrroline .2 UE}ETH
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Table 3-2-8. Aroma active compounds of bulgogi by HVS-GC-0O

RI” logsFD*
no.? Compound name Aroma description J
DB-5ms DB-WAX DB-5ms DB-WAX Id
I allyl mercaptan <700 <1000 bulgogi-like, garlic-like 3 3 B
55 acetic acid <700 ND vinegar-like, sour, kimchi juice-like 3 NDe A
3-hydroxy-2-butanone . .
43 . 724 ND sulfuric, gas-like, buttery 1 ND C
(acetoin)
56 butanoic acid 812 1633  cheese-like, nasty 2 3 A
II  unknown 868 ND medicinal, chemical 4 ND
III unknown 887 ND garlic-like 5 ND
36 2,6-dimethyl-pyrazine 899 1315 nutty, peanut-like 3 1 A
IV methional 906 1456 boiled potato-like, soy sauce-like 8 8 A
V  2-acetyl-1-pyrroline 921 1330  nutty, cooked rice, bread crust-like 4 6 D
VI unknown 946 1681 gasoline-like, bean curd, nutty 4 6
VII unknown 975 1506 rubbery, plastic-like 4 7
VIII 1-octene-3-one 983 1254  metallic, mushroom-like, earthy 5 5 B
IX unknown 1016 ND tosted laver-like, oily 5 ND
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Table 3-2-8. continued

RI” logsFD*
no.? Compound name Aroma description d
DB-5ms DB-WAX DB-5ms DB-WAX Id
X 2-acetylpyrazine 1025 1644  nutty, cooked rice-like 6 6 B
44  phenylacetaldehyde 1048 1653 hyacinth, honey-like 4 6 A
XI furaneol 1062 2044 caramel-like, sweet 7 7 B

¢ Numbers correspond to those in Table 3-2-7. Roman numbers represent the compounds which were not detected by GC-MS.
® Retention indices were determined using n-paraffins C5C22 as external references.

 log3 (flavor dilution factor).

4 Identification: A, mass spectrum, retention index, and aroma property were consistent with those of an authentic standard; B, retention index and
aroma property were consistent with those of an authentic standard; C, mass spectrum was identical with that of Wiley mass spectral database
(Hewlett-Packard Co., 1995), retention index and aroma property were consistent with that of literature (Kondjoyan and Berdagu, 1996;Acree and

Ahn, 1997; D retention index and aroma property were consistent with those in the literature (Acree and Ahn, 1997). ¢ Not detected.

_80_



A v XII X1
8 .
X142 XVI XVII
XV
6 X | 149 \
b VIl
X XI
g 11 \ \ \
o VI
=, no| vvi\[o[[e XX XX
B
[ 55 | X VI
NV 2
56 \
2 .
43
0 ] ; ; ; ;
600 800 1000 1200 1400
Retention Index
10
B v XV XII
8 1 XXIV X1
a2 VXV |44 g xxmn -/
. v / Ve
a vin | XX XXI1
=
o 49
& /
4 .
I 56 XIX
xvi
28
2 .
36
0 T T T T T T T
600 800 1000 1200 1400 1600 1800 2000 2200
Retention Index
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Table 3-2-9. Determination of odor threshold values of methional by paired

comparison test

concentration (ug/L) No. of correct judgements % correct judgement
0.01 7 47
0.02 10 67
0.04 10 67
0.08 12 30
0.15 13 87
0.32 12 80
0.63 15 100
1.25 15 100
2.50 15 100
5.00 15 100

GC/O AgelA 7b¢ =& FD factor (DB-5ms ; logsFD=8, DB-WAX ;
logsFD=8)2 YElH methional> 28-S st 97 5 714 2 IAS e
Wk bk 71 e FD factor (DB-5MS ; logsFD=6, DB-WAX ; logsFD=4)2
UEbd linalool 7HE =2 JA gk WEHh

2-ethyl-3,5-dimethylpyrazine, linalool®} phenylacetaldehydeS A 9]3F & 117]

o] F71dddEol GO/MSOA FAHA = offr= 2A e AAg ud

o
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o] v Aoz HAY H3 Fd vuwgdES @  methional, furaneol,
2-ethyl-3,5-dimethylpyrazine®} 3-isobutyl-2-methoxypyrazine> U] YA Y ERS:
th ool He A el Aol Al Fofd sidy g Sl 71 Ao B
olt}. w3k oildl A9 phenylacetaldehyde, linalool®} allylmercatan< 4 & of A

AEoz B HA

Table 3-2-10. Determination of odor threshold values of furaneol by paired

comparison test

concentration (ug/L) No.ofcorrectjudgements  %correctjudgement

0.39 7 47
0.78 8 53
1.56 11 73
3.13 3 53
6.25 13 87
12.50 13 87
25.00 14 93
50.00 15 100
100.00 15 100
200.00 15 100

Table 3-2-11. Determination of odor threshold values of 3-isobutyl-2-methoxy

pyrazine by paired comparison test

concentration (rg/L) No. of correct judgements % correct judgement

0.02 9 60
0.04 11 73
0.08 12 80
0.15 8 53
0.31 14 93
0.61 13 87
1.23 14 93
2.45 15 100
4.90 15 100
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9.80 15 100
Table 3-2-12. Determination of odor threshold values of phenylacetaldehyde by

paired omparison test

concentration (¢g/L) No. of correct judgements % correct judgement

0.30 8 53
0.61 8 53
1.22 10 67
2.44 6 40
4.89 7 47
9.78 10 67
19.56 9 60
39.11 10 67
78.23 15 100
156.45 15 100

Table 3-2-13. Determination of odor threshold values of linalool by paired

comparison test

concentration (ug/L) No. of correct judgements % correct judgement

0.35 8 53
0.70 11 73
1.40 6 40
2.79 10 67
5.59 11 73
11.18 7 47
22.35 10 67
44.70 10 67
89.40 12 80
178.80 14 93
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Table 3-2-14. Determination of odor threshold values of 2-acetylpyrazine by

paired comparison test

concentration (gg/L) No. of correct judgements 9% correct judgement

0.39 8 53
0.78 8 53
1.56 8 53
3.13 7 47
6.25 10 67
12.50 12 80
25.00 15 100
50.00 14 93
100.00 15 100
200.00 15 100

Table 3-2-15. Determination of odor threshold values of allylmercaptan by

paired comparison test

concentration (ug/L) No. of correct judgements % correct judgement

0.02 6 40
0.04 5 33
0.08 8 53
0.15 11 73
0.32 14 93
0.63 12 80
1.25 12 80
2.50 15 100
5.00 15 100
10.00 15 100
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Table 3-2-16. Determination of odor threshold values of 2-ethyl-3,5-dimethyl

pyrazine by paired comparison test

concentration (gg/L) No. of correct judgements % correct judgement

0.10 6 40
0.20 5 33
0.39 9 60
0.78 10 67
1.56 14 93
3.13 14 93
6.25 15 100
12.50 15 100
25.00 14 93
50.00 15 100

Table 3-2-17. Determination of odor threshold values of 1-octen-3-one by

paired comparison test

concentration (rg/L) No. of correct judgements % correct judgement

0.39 8 53
0.78 7 47
1.56 5 33
3.13 7 47
6.25 11 73
12.50 10 67
25.00 11 73
50.00 14 93
100.00 15 100
200.00 14 93
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Table 3-2-18. Odor threshold values of potent aroma active compounds of

bulgogi in deodorized sunflower oil determined in this study and references

odor threshold
odor threshold

compounds references ref.
(ug/L)
(pg/L)
methional 0.08 0.2 A
furaneol 6.25 25 A
2-ehtyl-3,5-dimethylpyrazine 1.56 2.2 B
3-1sobutyl-2-methoxypyrazine 0.31 0.8 B
1-octene-3-one 50 10 C
acetylpyrazine 12.5 10 D
linalool 89.4 — —
phenylacetaldehyde 78.23 — —
allyl mercaptan 0.32 — —

A : (Preininger and Grosch, 1994)
B : (Wagner and Grosch, 1998)

C : (Guth and Grosch, 1990)
D : (Schieberle, 1993)

g B3] F7Ed4 R kA T4 (SIDA)S o] &3 g
1) 59949 (SIDA)E o] &3t J2S ¢33k standard curve L8] 7]

acetylpyrazine, linalool®} methional®] A %S F33}7] 98] standard curveE
kgt ATt standard curves A HAl o] & 5A Ions AdEste] GC/MS=
SIM mode°l] 9l&] A EHATE  acetylpyrazine2 unlabeled compoundi 122,
labeled compoundel A 1252 Melsle] ag=ZE A HTE (figure 3-2-3).
linaloololl 7% &9¥4&= X3¥  internal standardE ©]&3FA]  FAA| T
grapefruit juice (Schieberle et al, 2001)¢} hand-squeezed orange juices
(Schieberle et al., 2001)oll A o] €9 & 9= AdWd o7 linalool® A A A&

Ueldtz &# 3 tetrahydro linaloolE ©] &3t th o] A-$- A o] 9] <ol

[e]
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iAo @ Ao} linalool 1367 139, tetrahydro linalool 1407} 143% 41 El3}e]
stadard curveE €431 th. Methional unlabeled compound: 104, labeled
compound:= 1072 A €&l standard curveE 943t x5S weight ratio=
[ug labeled compounds/(uzg labeled compounds +xg unlabeled compounds)]e] i,
yEL o] &3 Response ratio® [labeled compounds/unlabeled
compounds]e]t}. Figure 3-2-6, 7, 82 label¥ acetylpyrazine, methional®] stable
isotope®} unlabel® X F3}ES o] &35t A3 standard curve ©|t}h . Figure
3-2-3, 4, 5+ standard curveE 187193 GC/MSE ©]&3te] SIM mode] g
EEEA9 peakE Ho]F1 v} . aceylpyrazine(labeled: 125, unlabeled: 122),
linalool(linalool: 136-139, tetrahydro linalool: 140-143)3} methional(labeled; 104,

unlabeled: 107)2] EAo]&S AH3lY curved A AU

Ion 122.00 (121.70 to 122.70): SD_SI2—1.D
Abundance

300000
250000
200000
150000 ]
100000 ]

50000 4

Times= Goloo Asloo 2o0loo 2sl00 s0lo0 sslo00

lon 125.00 (124.70 to 125.70): SD_SIZ—1.D
Abundance

300000
250000
200000
150000 ]

100000 1 ﬂ‘

0000 |
I

= T T T T T T
Time——= 10.00 15.00 z20.00 25.00 30.00 35.00

Figure 3-2-3. GC/MS chromatogram of labeled and labeled acetylpyrazine
recorded at the ion m/z 122 and 125
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Figure 3-2-4. GC/MS chromatogram of linalool and tetrahydro linalool
recorded at the ion m/z 136, 139, 140 and 143.
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Tirne——>O
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o [ L
Time--= — T T
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Figure 3-2-5. GC/MS chromatogram of labeled and labeled methional recorded
at the ion m/z 104 and 107
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standard curve of acetylpyrazine

10

Response ratio (lableled/unlableled)

L

T T

T

00 0.2 04 0.6

weight ratio

0.8

1.0

In y = 4.808(x) - 2.652
R2 = 0.998

Figure 3-2-6. Standard curve and regression equation for the mass

spectrometer response of acetylpyrazine. The ratio of relative abundances of

m/z 122/m/z 125 vs. weight ratio [ug labeled acetylpyrazine/(ug labeled

acetylpyrazine + pg unlabeled acetylpyrazinel]
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Stanadard curve of linalool

Iny = 4467(x) - 2.152
R2 = 0.997

Response ratio (lableled/unlabeled)

0.1 T T T T
00 02 04 06 0.8 1.0

Weight ratio

Figure 3-2-7. Standard curve and regression equation for the mass
spectrometer response of linalool. The ratio of relative abundances of m/z
136-139/m/z 140-143 vs. weight ratio [ug tetrahydrolinalool/(ug

tetrahydrolinalool + pg linalool
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standard curve of methional

10 In y = 4.6331(x) - 2.493
s R2 = 0.994
2
K
s i
(=
3
® *
)
:'é, " v
)
s
[ Iy
Z
8 e
3 7
14
01 T T T T
0.0 0.2 04 0.6 0.8 1.0
weight ratio

Figure 3-2-8. Standard curve and regression equation for the mass
spectrometer response of methional. The ratio of relative abundances of m/z
104/m/z 107 vs. weight ratio [yg labeled methional/(zg labeled methional + ug
unlabeled methional]
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2) B919% 4 BA (SIDAE o83 4% 98 Zavle FrBYHE

=3

9 S AFAAYES(SIDA)E AEst7] dol AFE H3x =229 +8o] 7}
T Fas Fiolgtan & 4 k. Bl oy 7}74 ANgE ol &3t x|
AFOR FEF A A 53 FEH Y peak HES HolFETth GC/OO 9 F
Ay BEur)e 8 FrFAAEEL GC/MSE peak’t 5AHE 4 QA 1y
sto] R BEES w5 9 HEste] FHd9A AT o HHFS Geks
A AL37) $8ke] -9y B8 A AazvlE 1899 SIM modeE o] &
sto] Ba7]e] VAT ES 8T
7}) allyl mercaptan® & &

34 24 EAMS Adgst7] 98A peakE tHE peakst wEdlofF s 2 Y
o] A ook st} B VBT F  FL23 allylmercaptan<
HS-SPME W 2% 385+ compoundA ¥t HVSZE F& A] AREstE &<}
#2 Al ZH(retention time, RT)ol &7} Hof &8 o] E7l5 sttt ol 83}
7] 98] &vlZ diethyl ether thAle] allylmercaptan® spectrum (Figure 3-2-9)
< Al o84 ion 45 7HA UA ¥ &7l dichloromethanes ©] &3}

SIM modeE ©]&3ste] peaks 2 stth figurews Bi7|FEFE0A ¥
allylmercaptan(ion: 74)& RHo]51 glth.
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#1: allylmercaptan (%)

Abundance
2500 1
2000 ]
8500 1
8000 1
7500 ]
7000
6500 1
6000 ]
5500
5000 ]
as00 4
ao000 4
3500 ]
3000 1
2500 ]
Z2000 ]

1500

500 4

1000 ]
L

__-©O T T y y y T T T T T T T T T T T
/= 80 90 100 110 120 130 140 150 160 170 180 190

‘ o oo
L Al \MJH P
=

30 a0 sSo0 6o

Figure 3-2-9. Mass specta fragmentation patterns of allyl mercaptan

lon 74.00 (73.70 to 74.70): 040113A.D
Abundance
70000
65000
allylmefcaptan
60000
55000
50000
45000 4
40000 4
35000
30000 1
25000 A
20000

15000 -

10000 4
. J
o

Figure 3-2-10. GC/mass chromatogram of allyl mercaptan in bulgogi extract

recorded at the ion m/z 74
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) Ab - 7] 8ol o =av] Fr1EAd L

=

A
A

Bur]el  FUSHAME F pyrazineF  (3-isobutyl-2-methoxypyrazine,
2-ethyl-35-dimethylpyrazine) & &3} 7]9l8te] AF- 97] EIHE o] &3
pyrazineF 7} 9714 S 7HA = HAES ol &5t B3] FEEAA A A7E )
g basic fraction®t d&lH o= Ha 4 AUt} (figure 3-2-11). Figure 3-2-12+
3-isobutyl-2-methoxypyrazine®] GC/MSel|l 23+ spectrum™® 574 ion 124 9
) FEaw Rgola  figure 3-2-14, 15+  2-ethyl-3,5-dimethylpyrazine 2

spectrum™ 57 ion 1369 & 2 F peak EHS HolFu)h

TIC: STAND3.D
Abundance

a4 .5e+07 o
ae+07
3.5e+07
3e+07
2.5e+07 o

2e+07 -

1.5e+07

1e+07 o

5000000 -

Time-——=" T T T T T T T T
20.00 30.00 40.00 50.00 60.00 70.00 80.00 s0.00

Figure 3-2-11. GC/MS chromatogram of basic fraction in bulgogi
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Scan 2273 (29.384 min): BASICN~1.D
ndance
000000 - 124

700000 +
600000 4
500000 +
400000 -

300000 - o4
81

200000 53 151

100000 ‘ 123
iUl

68
109 ‘
o L el 149 186 186 262 278
v/ ol Bl TP i 186 262 278

T T T
60 80 100 120 140 160 180 200 220 240 260 280

Figure 3-2-12. Mass specta fragmentation patterns

3-isobuty—2-methoxypyrazine

lon 124.00 (123.70 to 124.70): STAND3.D
Abundance

200000 -
3-isobutyl-2-methoxypyrazine
150000 -

100000 -

50000 +

i __-O0 - T T T T T T
Time-—="5 00 43.00 44.00 45.00 46.00 47.00 48.00

Figure 3-2-13. GC/mass chromatogram of 3-isobutyl-2-methoxypyrazine

bulgogi extract recorded at the ion m/z 124
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Abundance

8000000

7000000

6000000

5000000

4000000 -

3000000

2000000 -

1000000

Scan 10877 (41.019 min): STAND1.D
136

56

m/=z——-=

Figure

67

‘ s0
351“ n\‘\ “n
o

i
40 S

T T T T
80 100 120 140 160 180 200 220

3-2-14. Mass specta fragmentation patterns

2-ethyl-3,5-dimethylpyrazine

Abundance
3500000 A

3000000

2500000 -+

2000000 -+

1500000 -

1000000 -

500000 A

lon 136.00 (135.70 to 136.70): STAND3.D

2-ethyl-3,5-dimethylpyra=zine

A

145 159 171 183 230
T T

Time-—=°

Figure 3-2-15. GC/MS

T T T T T T
38.00 39.00 “40.00 41.00 42.00 43.00 44.00

bulgogi extract recorded at the ion m/z 136
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th) A" ZZrtE 289 (column chromatography)ell o8k & 117]3k7] A A& 9
3]

A

=

he

[‘-111:

Ei17]1¢] F7)8 £ % phenylacetaldehyde, 1-octen-3-one, linalool,
2-acetyl-2-thiazoline, methional,  acetylpyrazine¥} furaneols #@3&}7] <3
column chromatographyE ©]&3dth. Ao wab(fraction A : pentan 50ml;
fraction B : pentane 40m{, ether 10mf; fraction C : pentane 30m{, ether 20m;

fraction D : pentane 20m{, ether 30m¢; fraction E : pentane 10ml, ether 40mf;

fraction F @ ether 50m¢) e A =d diF-Fo] d7&AddEE2S fraction C-Foll
E X3t} fraction CollA phenylacetaldehyde®t 1-octen-3-oned E&3sle] 53

=

sk 4 AL, fraction D= linalool, fraction E= 2-acetyl-2-thiazoline, linalool®}
methional& fraction Foll A& acetylpyrazine®} furaneols #33sle] TS 4= 9
1t} phenylacetaldehydet fraction C2} DolA A ¥ a1, linalool 7% fraction
D¢} E S0 A FHEo] He Al F fraction®] peak WA o gto] Had Aow
Helth

TIC: CFRACT—1.D

Abundance
500000 -
450000 -
4a400000 -
350000 -
300000 -
250000 -
200000 -

phenylacetaldehde
150000 -

100000
o M
o T

S T T T T T T T
Time—-= 12.00 14a.00 16.00 1s.00 20.00 22.00 24a.00

Figure 3-2-16. GC/mass chromatogram of phenylacetaldehyde in fraction C

_98_



TiIe: BbERACT—1 .5

Abundance

socococoo 4

rsocooo ]

ooooo ]

esococoo

socococoo 4

ssoocoo ]

soocooo ]

ascooo ]

acocooo ]

ascocoo ]

so0000 ]

z=soco0o0o 4

A= oo Aaloo Heloo Asloo Zo oo == oo =a oo

Figure 3-2-17. GC/mass chromatogram of phenylacetaldehyde in fraction D

TIC: CFRACT—1.D
Abundance

350000 A
300000 A
250000 +
200000 -+
150000 + 1-octen-3-one

100000 +

50000 -

) o= = T M e
Time--= 15.00 16.00 17.00 18.00 19.00 20.00

Figure 3-2-18. GC/mass chromatogram of 1-octen—-3- one in fraction C
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TIC: DFRACT—1.D
Abundance

1600000 A

1400000 +

1200000 +

1000000 +

800000 linajlool

600000 -

400000 +

200000 -

i o T T T T T T
Time—=" 4500 20.00 25.00 30.00 35.00 40.00

Figure 3-2-19. GC/mass chromatogram of linalool in fraction D

TIC: EFRACT~1.D
Abundance

450000
400000
350000 A
300000 A
250000 4
200000 4
150000 1 linalool

100000 -

50000 4

fne

. 01— ‘ ‘ ‘ ; ‘
Time--="45 00 20.00 25.00 30.00 35.00 40.00

Figure 3-2-20. GC/mass chromatogram of linalool in fraction E
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TIC: 2FRACT~1.D
Abundance

200000 -

180000 -

160000 -

140000 -

120000 -

100000 -

80000

60000 -

40000 + 24acefyl-2-thiazolin J\A JLM
20000
J‘\N\{ J\M“]Aﬁh‘ﬁkﬂ

.o R : L
Time--="" 58.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00

Figure 3-2-21. GC/mass chromatogram of 2-acetyl-2-thiazoline in fraction E

TIC: 2FRACT—1.D
Abundance

400000 +
350000
300000
250000
200000
150000 +

thional

100000 +

5000:7 A Jl M M 1 lle] J\UJL\M JL

i T T
Time--= 15.00 20.00 25.00 30.00 35.00 40.00

Figure 3-2-22. GC/mass chromatogram of methional in fraction E
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TIC: FRACE.D
Abundance

400000

300000 +

200000 -

100000 -

. sWANS! L~ - —— Dy
Time--> 36.00 37.00 38.00 39.00 40.00

Figure 3-2-23. GC/mass chromatogram of acetylpyrazine in fraction F

TIC: FRACF.D
Abundance

750000 4
700000 +
650000 A
600000
550000 4
500000 +

450000

400000
350000 4
300000
250000 A - ol
200000
150000 A
100000 A
50000 4

ime—— T f T T f ? T T T T T T
TiMe-—-~56.00 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00

Figure 3-2-24. GC/mass chromatogram of furaneol in fraction F
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b T9d4 949 (SIDA)S ol &3 Eav] 72448 AF

H17) g71FAAHE 5 acetylpyrazine, linalool® methionalZ %9 Q4 34
H(SIDA)E o] &3to] A3ttt figure 3-2-(25-30) & HAHFS HEX=Z 3 3
I EAS A7) 8] ol €% internal standard®] spectrumS HoFil 9lth
figure 3-2-(25-30)°ll A Adelgt AHFo] o8& EA iony A HrEAe
separation®} resolutions iL#ldte]  stationary phaseE A HEA (table
3-2-19). acetylpyrazineS A #3l”7] <934 unlabeled compound?] ion 122%}
labeled compound®] ion 125, linalool ion 136-139¢} tetrahydro linalool ion
140-143% methional2 unlabeled compound®] ion 104%} labeled compound®] 107
E Aesle] SIM modedl 23] A5t} figure 3-2-312 &317]9] 3r|&AA
ol acetylpyrazine2 A #3l7] Y&l A internal stnadard®} &7 SIM mode] 3+
chromatogram ©]t} . & acetylpyrazine< 96.81ug/kg, linalool 92.64ug/kg 12
31 methional& 14547ug/kg 2.2 37}4 &3 % methionale] 7} %2 43 e

Wt
") OAVs (odor activity values)
F7EAd ] ARl TldxE HItsHEiA EEESY OAVE 2 Ad

7S 7o 82 AMEAJT (table 3-2-21). OAVE H9)94 3

[ez]
-
Az es 7 7R doll 2 2429 dAgS vrol AdtE s

w7 F1B9HE P
a7 P12 Re A%

AAE OAVE acetylpyrazine 7.74, linalool 1.04¥} methional 1818.38% e}
o AR 2459 o] FAgHH Hls| OAVZE AHE ApolE Hol= A
table 3-2-20] YERd 213} o] methional®] *Xgke] dFoz HATh H
methional®] OAV A= F A7 (DB-5ms, DB-WAX)S ©]&¢ AEDAo| A

fo 3t

—

- 103 -



7F4 =8 FD factor (logsFD=8)& Ueldl Ay & ZyE HojEFt}

Abundance

soco000
rsoo0o 3
oooo 3
ssooo
socooo
ss000 3
sooco00 3 oa
asocoo 3
acooo
=so000 3
socococo 4
=s000
=ocooo
a4 sooo

1000 ]
To

=
\ it i o L Al
Ea

so So =) =0 So ER=Y=1 EIET=Y Ao EEY=Y

sococo ] ‘

[ —

Figure 3-2-25. Mass specta fragmentation patterns of acetylpyrazine

Scan 3265 (3I9.298 mMin): AP(SI_—1.D
Abundance

sB80000 -
75000 -
70000
65000 - s
680000
55000
50000
45000 4
a40000 4
35000
30000 -
25000
zZo0000 -
15000

10000

5000 + =
S 33
| e w17 |
o | : 4 Fe

/==

Figure 3-2-26. Mass specta fragmentation patterns of (*H] s—acetylpyrazine
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Scan 853 (13.073 min): 1STAND~1.D
Abundance

60000 -

50000 -

40000 +

76
61

30000

20000 -

10000 -

53 3 89
ol S lA ‘ ‘! L | |

||63 69 7
m/z--> Tl
45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

Figure 3-2-27. Mass specta fragmentation patterns of methional

Scan 2228 (29.466 min): SIMETH~1.D
Abundance
51

60000
50000

40000 -
107
30000
79
20000 - 64

5?9
“MHH‘ . 69 [£O 89 L

T
45 50 55 60 65 70 75 80 85 920 95 100 105 110 115

10000

m/z——>O

Figure 3-2-28. Mass specta fragmentation patterns of [’H] 3-methional

- 105 -



Abundance

120000 -

110000 -

100000 -

90000 -

80000 -

70000 -

60000 -

50000 -

40000 +

30000 -

20000 -

10000 A

Scan 2160 (27.272 min): LINALO—2.D

71

o3

51
\‘\ |

83

121

m/sz>040

Figure 3-2-29.

Abundance

120000
110000 -
100000 -
90000 +
80000 +
70000 +
60000
50000 -
40000 A
30000 -+
20000 -+

10000 +

\\5\9 \ ‘ \ \‘
I |
5‘0 6‘0 7‘0 8‘0 9‘0

T
130

Mass specta fragmentation patterns of linalool

Scan 2243 (29.639 min): TETRAH—~—1.D

73

69

o098

o

m/z—-=>

Figure 3-2-30.

5\3\“\‘ . H\

T
50 60 70 920 100 110

Mass specta fragmentation patterns of tetrahydro linalool
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Table 3-2-19. Fragment Ions and stationary gas chromatography phases and response factor used in the SIDA

Odorant No. Fragment(m/z) Internal standard No. Fragment (m/z) Stationary Phase Ionisaion mode
Acetylpyrazine 1 122 “H] 3—Acetylpyrazine d-1 125 DB-1701 EI
Linalool I 136-139 Tetrahydro linalool 140-143 DB-FFAP EI
methional m 104 ’H] 5-Methional d-1I 107 DB-1701 EI
Table 3-2-20. Odor threshold values of potent aroma active compounds of bulgogi in deodorized sunflower oil

determined in this study and references

compounds odorthreshold(gg/L) odorthresholdreferences(ug/L)  references
Acetylpyrazine 125 10 D
Linalool 89.4 — —
Methional 0.08 0.2 A

Table 3-2-21. Concentration of potent Odorants of bulgogi
Odorant Conc? Odor act. values®
Acetylpyrazine 96.81ug/kg 7.74
Linalool 92.64u8/kg 1.04
Methioanl 145.47ug/kg 1818.38

% Values in micrograms per kilogram of bugogi
> The odor activity values were calculated by dividing the concentration by the odor threshold listed in Table 3-2-18
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Abundance

160000

140000 H

120000 H

100000 +H

80000 -

60000 -

40000 A

lon 122.00 (121.70 to 122.70): APAFTE—1.D

26.40

20000—]\
o H—=

Time-—-=

Abundance

160000 +
140000 H
120000 H
100000 -
80000
60000 -
40000 A

20000 -

lon 125.00 (124.70 to 125.70): APAFTE—1.D

f
2qll1o

L L A e e e e e e B L e e o L B B B e
23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00

Time-—-=°

Figure 3-2-31.

GC/mass

T T T T T

chromatogram

T T
28.00 29.00

of labeled

T T
30.00 31.00

and

unlabeled

acetypyrazine in bulgogi extract recorded at the ion m/z 122 and 125
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;q]g;q o].;g/u 5_4 o]_Q_ Q/\%ﬂ 7]]Hl

1. A=

g

Ei7]e F7Ed AE T OF8 SFgEQ (1) pyrazine A SEE
(2,3,5-trimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine,
2,3-dimethyl-5-methylpyrazine, 2-acetylpyrazine,

2-isobutyl-3-methylpyrazine); (2) sulfur A 3= (allyl mercaptan,
methional, 2-vinyl-4H-1,3-dithiin); (3) carbonyl 7 3}3& (benzaldehyde,
phenylacetaldehyde, 2-acetyl-1-pyrroline, 2-acetyl-2-thiazoline,
1-hepten-3-one, 1-octen-3-one, butan-2,3-dione, hexan-34-dione); (4)
alcohol 7 33H&E91 linalool®] W&l # Fxe] FAHS st At 9
Ao FHart 23HE S FAd et ATk

Prazine A 3}&&L 1,2-diaminoalkane®} 1,2-dicarbonyl #&&9] %3t

g2 o]&ste] pyrazine A4S FA = BEo 719 pyrazine #=A9]
28715 Heets WS o] &8t A A=t

i
<

A=}
(sulfun)S X3l IFFEELS 6-99 T =HEQ
allylmercaptan® methional®] FD factor’} o} E17] ZFv|o F23 o
St Aoz odEe] ol59 A FHIGY. TFAE vinyl g4l

ok WY methylene ©40 =91ek= WS 25 ZEetalz) skl

1w

H(D
H  CH,SH H  CHy(Dy)SH ©)

I
= >—< (D3)H3CSH,CH,C—C—H CH,(CD,)
(OH  HD) H H s Qs
9

Carbonyl 7 3t&E= 11-183 £ 3}gE9]
t}. o]F benzene 1B E ¥ 35t 3HFELS hexadeuteriobenzene O & H-E

A F Js Aow oFH AT pyrroline®] Y thiazoline®] acetyl =3+

Al B
=

d EA2 AAEY

%
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ndt
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Frao =9 AA} A WAL o)t aceyl 18 F2UAEe] 4
gd 97 WEelth HD wahige s3% 12014 #4079 5 9

al
o wetbA] e Aol gold Aow FukyE deuterioacetyl FEAS

dete] Eav] 4% Aol S&sEa Ay wep kA YA FF
27 A 32E SFES FAASVIE st stgE 179 182 pyrazine XA
o I SLEAREE AMEHER o5 T AN ATV Has)
Atk

H(D) O H(D) C
(D)H (D)H CH,—C—H 9

H CHy(D,)—C—H

(D)H H(D) (DH H(D) ©/

H(D) H(D)

10 11 12

I
C4Hg—C—CH(D)=CHjy(D,)

N
A ~-CH3(D ( )
Qg +(D3) s)\gc”"“(D“"
ol S

13 14 15

I I I
CsHy—C—CH(D)=CHy(Dy)  (Dg)HsC—C—C—CHy(D3)  CHaCHp—C—C—CHa(D2)CHs(Ds)

16 17 18

Alcohol Al 8HtE =+ linaloole] F4sHAl 8 I7|&d Aoz 99
A71 0 wEel o Eds k=t FHslth. Linalool> 49
monoterpene A2 ddtE-2ld Grignard A 9FS o,B-E X3} carbonyld &
of Michael H7FHg& AA 22k 42& FAT § v ketoneo 2 HFHA]
713, T4t 28E FeES wEY] YA vA] CDIRRE ol
Grignard AleFS 7FA 3 32k <429l HREAR Adss S AT =

sk,
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OH

|
(CHg)C=CHCH,CH,~C~CH=CH,

CH3(D3)

19

2. A7 S R BH

7}, Pyrazine A 3tgE9] A

Pyrazine 7] 3t¢t= sde=2e te 1-69 22 Sx=dS Astol 4

& Amshgn.

7

H3C\[/ NICHg, H3C\[/NICH3 H3C\[/NICHZCH3
NS

CHy(Ds) N CHyD,)CHDs)s N~ “CHy(D2)CHs(D3)
1 2 3
Hy-CH-CH
[]\H/CH3D3) [ICZC Chs
OCH3(D3)
4 5

1) 2,3,5-Trimethylpyrazine (1)

ey (L T
%CH;% HNH y

CH K,CO, DMF CH,

diacetyl 1,2-diaminopropane 1
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100 ml &< v Zk=Fo] 1UxE benzene (70 mD¥ g it g
WS i HEA] A T} Diacetyl (3  ml, 0.0342  mol)=}
1,2-diaminopropane(3ml, 0.0352 mol)& 3] Yol th! Dean-Stark
trapS AF&3te] oF 36 Az &t FFAIZ T S HFEV]E benzenes AlA

5l & ¥ Z=7{F3de] =43 B4l 2 3,5-trimethyl-5,6-dihydropyrazine<

25 ml % ute ZEkx=d] Pd[PPhsls (0.1690 g, 0.0002 mol)3}
KoCOs (0.9 g, 0.0065 moDE €Tt 712 DMF (5 mbDeo] FellA] L&
2,3,5-trimethyl-5,6-dihydropyrazine (0.22 g, 0.0018 moDE ¥o] ¢l %
o] gAS Ht nig Zekado] ¥ DMF (1 mDE o 2olFdth 718 %
oA 70 T AE F 29 A7 Sk 71 E9ich NaCl 5898 A3 Qo

HA wdkelar, ¥EFe] FHSE YWal ether (20 ml X 6)2 FE3FaL F7]
FAl MgSO.E AHgste] fzsiginh. 7t o#ete] MgSO.& Al A3t
o]l e B AZ=WY|Z FEFsY T 12} triphenylphosphine oxide 7} B
o] wol 9lo] hexaned ©]&3te] AAE A=l oy ks AA} A= X
i

ofv N
flo .

=

2) 2-Ethyl-3,5-dimethylpyrazine (2)

HaC N -CHs 1. CHali / Ether, -78°C \[/ I
\[\ | 2. CH,l S
N” “CH,

2,3,5-trimethylpyrazine 2

250 ml $ vtg 28230 ether (15 mDE ¥al A4 7125 ZHF
At} 2,3,5-Trimethylpyrazine (0.5 ml, 0.0040 mol)& FAZ| & FHeto] ¥
ofF ¥ ZH2aE A2 WETdA -78 TR Fid] YAAZTE FAV|Z
methyllithium (14 ml, 0.0056 mol)& 3] 27} &3t oF 10 & 43
% iodomethane (0.35 ml, 0.0056 moD)& FAIZ FHale] HH3| A7t 3

Wk A2 wEE71e 2RE A Aeow 2HFAY. S aE U o
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+ T2 WAL SRk HCL

t}. Ether (20 ml X 5)& %%o}i F715E FA MgSOs5 ¥ol AxA
¥ 4 = 34

Z ). NMR ol A 3} 2-ethyl-3,5-dimethylpyrazine,
2,3—dimethyl-5-ethylpyrazine®} 3-ethyl-2,5-dimethylpyrazine°] 43¢} <l

S8 o 5= g
R AN

7V 2-(B B .B-Trideuterioethyl-3,5-dimethylpyrazine (2D)

HaC N -CHs 1. CHaLi / Ether, -78°C \[/ I
\[\ | 2. CD,| <
N” “CH,

250 ml &< vter E2=39 ether (50 mDE ¥ A4 7t2E &8 F
Atk 2,3,5-Trimethylpyrazine (2 ml, 0.0160 mol)<& FAFZ|& Falo] o
T FH2aE AR WETldA -78 TR FE3] WAAAT. FAIR
methyllithium (14 ml, 0.0224 moDE 3] A7} &k F 10 737
iodomethane-d; (14 ml, 0.0225 mol)& FAMIZ FHale] HH3] %
E‘r. A2 Wgr)e] 2EE MM Ao YTt FHaaE oA

o]
=
o ]}\1 %7_[1—}\]7]5_7_ &%__/':ﬂ, HCl Z=Q ol o ul AL AL %OWOE U]—E&)}\

[e) TTo 1= e 1 o 11— =

M

A

Ether (256 ml X 5% F&3dtal #7523 FF4 MgSO.& gol A=A
Tk o Fete]l MgSOE AlAskaL o A2 31

t}. @& ethyl acetate : hexane = 1 : 12 A7 AHE o] &3}
2]kt ok

o o nlo se o
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3) 2,3-Diethyl-5-methylpyrazine (3)

NH HsC._N_CH,CH
O O | 2 H2804 3 AN 2 3

+ —C—CH,-
HaCH,C—Ll-gH,cH, * HaC 3 CHyNH, CoHo \[NI

3,4-hexanedione

CH,CHj3

H3C\[NICHZCH3 PoPPh CH,CH,
N CH,CH;  KoCOs, DMF \[ ICHZCH3
3
100 ml T wte Ze4~=9] benzene (70 mD9F M3+ 2k 3 WS
ST WEA] F T} 3,4-Hexanedione 3 ml, 0.0247 mol) 3}

1,2-diaminopropane (2.3 ml, 0.0270 moD<& A3 Yo]FUt}.
Dean-Stark trap% AFE3te] oF 36 AI7F Bt SFAIAT. 3%

=
benzenes A7t & AF F7F3}e] dihydropyrazine A& It
4) 2-Acetylpyrazine (4)

0,
[ + CH,Mgl 1. ether, -75°C_ [
o 2. H0", H0 CHs

pyrazinecarbonitrile

50 ml 5 8Fe Z8}230 ether (20 mDe}F pyrazinecarbonitrile (0.5
ml, 0.0056 moD<& Y3 A& 7k=E FEFAh A2 wg7]dA -75 T2
B3] WYzFA) 71 & methylmagnesium bromide (3.0 M solution in ether,
;3 ml, 0.0069 moDE FAMZ|&2 FHalo] 3] A7lsidct vhs LS A

A

o

I\

A3 FLor 29 F ukgES B Ao %4 "a S5 HCl &8
NG AgEle] A g o7 vt Ether (20 ml X 6)& &3} 7]
T2 MgSO.& AFg3she]l A=x3th F o73ste] MgSOE Al AL o o
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L A=) E F=35le] 2-acetylpyrazineS Itk (A4 : 0.19 g, F&

028 %)

7V) 2-(a,a,a-Trideuterio)acetylpyrazine (4D)

| AN +  CDMal 1. ether, -75°C_ -75°C [
o een M S H0" HO CD;

50 ml &< vtet 82300 ether (10 mD9F magnesium (0.19 g, 0.008
14 7F2E& E8 %Y. lodomethane-d; (0.5 ml, 0.008

mole)S ¥o] methyl-d; magnesium iodideE A 3HAl sl t).
50 ml & vlE Zgt2~3e) ether (10 mD¢ pyrazinecarbonitrile (0.4
ml, 0.004 mole)& ¥il i 7t2E SHFAT. A2 wkg7|olA -75 T=
w3 YA ¥, methyl-d5 magnesium iodideE FTAZ|Z FH3sle] dH

=
=
T REE MM Aeor £d F

ofy

& A7fskqlch. W 2EE SES 2 Z2d7]

o %74 "i FHF (60 mDot HCl 898 AR&3ste] AHd gooz uhs

Atk Ether (20 ml X 6)& FZ3la #7]5S MgSOE AHE3dFe] AXsY

ok g oJmEte] MgSOE AASI e FATLI|E ALty F53)
o

BRI
Ak (A 2 0.21 g, FE 45
%); 'H NMR (CDCly): §9.24 (d, 1H), 8.76 ( d, 1H), 8.66 (dd, 1H); "
NMR (CDCly): 199.55, 147.78, 147.71, 143.61, 143.56, 25,100(m)

o] 2-(a,a,a-trideuterio)acetylpyrazine

5) 2-Isobutyl-3-methylpyrazine (5)

CHp— CH CHs,

X &= I

OCHj;

CHy— CH CHj
OCD;

2-isobutyl-3-methoxypyrazine
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50 ml T odke ZEaAd CHCl: (10 mDst
2-isobutyl-3-methoxypyrazine (1 g, 0.0060 mol)< YWir nEHAZTEH
Dropping funnele]l CHzCls (10 mDet iodotrimethylsilane (1 ml,
0.0070m01)—% Y 5 ol &5 HAs Hrpskdlth delM wnkAzl &
THTE 93 CHCl: (20 ml X )& FF3F] 7159 F4 Na.SO.& ¥
of Axzgk f?— A oAdste]  NaSO.& AASL ARE 3| SRV 2 55

e

9l o] AAS NMRZ 3Hels] 2 Ay ukgo] A=A Fygss o
A3k,

. Sulfur Al g3HE< A4

1) Allyl mercaptan (6)

I HCI 'I\IIH
H,C=CH—CH,OH + H)N-C—-NH, —> H,C=CH—CH5,-S—C—NH*HCI

allyl alcohol

NH

1
H,C=CH-CH,S—C—NH sHCl —NaOH

H,C=CH—CH,SH
6
50 ml &< wtg ZE Ao FHSF (6 mDe thiourea (5.70 g, 0.0749
mol)S ¥ wHkAIF T FE HCl (7 mDS ¥a 7|5 F9olA 30C=E 714
541 th.* Dropping funnelel] allyl alcohol (5 ml, 0.0735 mo)< o] A3 A
7hek & 715 SR £5E 80 T2 Ttk 20 Az ¥ 7HE S FHsha
deo® A3al NaOH #8995 #Hs] A7istdet. @ F7Fste] allyl

mercaptanS AUtk (FA 211 g, =& 39 %)
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7} 2,3-Dideuterioallyl mercaptan (6D)

1. LiAID4/ ether

=C—CH,0OH =CD—-
HC 2 2.NaOD / D,0 DHC=CD-CH,OH
propargyl alcohol 2,3-dideuterioallyl alcohol
HCI NH

I Il
DHC=CD—CH,OH + HoN-C—NH, — DHC=CD—CH,-S—C—NH*HCI

NH
1]
DHC=CD—CH,-S—C-NHHcl —Y29H.  pHc=cD—CH,SH

6D

250 ml T vlE ZFE2A9 ether (100 mDE Y31 99 FHo=z Yzh
A7l Y% lithium aluminum deuteride (LAD) (2.2 g, 0.052 mole)E 7}3F%]
3] 4 WZkA 71\ A propargyl alcohol (2 ml, 0.0340 mole)S %
7 @tk A7 & de RS AZSa 11 ARE ¢ SF A1 vs tA
& ZEA ZEE D:09F NaOD (40 wt% &<)g ooz ugslx o
LADE ¥4t (£ 35 ml £8). EFES A o3 g v o
£ 7hstol oF 1AIRF WA 5 vAl E oA FEdTh oA

3| d ZFWr| 2 F=3de]  23-dideuterated allyl alcoholS 4 $ith.

25 ml 52 vlg Zek~ =9 thiourea (1.81 g, 0.024 mole)$t ZFHF (2
mh)E ¥ F Wk A 22 mDE HA8] vhste] BE gd o] HA 3§
At} o] &M 23-dideuterated allyl alcohol (1.4 g, 0.023 mole)S A 7}s}aL
condensorg AXg § 7|5 FERNA 80 CT= 24 A7t 7FEeairh Ao
Wzkek s NaOH (150 g)¢F T/ 2 mDe &4 A3 7takddnh. &3
g A FH3Fo] 23-dideuterioallyl mercaptang AATh (FA : 082 g, &
46 %); 'H NMR (CDCL): & 501 (s, 1H), 3.17 (d, 3H), 1.43 (t, 1H); *
NMR (CDCly): 136.85 (m), 115.11 (m), 27.45
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2) Methional (8)

I 1. NaOH/MeOH I
HS=CH,~CH,~C~OH —5 CH3—S—CH,~CH,—C—~OH

3-mercaptopropionic acid 3-(methylthio)propinoic acid

+  LiAIH, CH3—S—CHy—CH,—CH,—OH

3-(methylthio)propan-1-ol

o
I [
CH3—S—CH,~CH,—C—OH ether

@ CrO C<|9 (“)
ros —CH.—C—
~S—CHy~CH,—CH,—OH  + CHy—8~CH,~CH,~C—H
CH3 S CH2 CH2 CH2 OH \II\]® CHZC|2 3 2 2

H 8

50 ml &< vtY Zg2~3Fo] methanol (25 mD¥ NaOH (5.00 g, 0.125
mole)E %3l WRFAlA sodium methoxideE A3t 50 ml &< Bty =
2}~ 39 methanol (10 ml)¥} 3-mercaptopropionic acid (5 ml, 0.057 mole)=
Yol 42 & sodium methoxide €S HH3] #7181 th Dropping funnel
o iodomethane (5.4 ml, 0.0867 mole)S Yo HH3 Hrlstgct =7/
HCl F& & Abgate] 44 8o WE & ether (25 ml x )& FF3HL
7150l A MgSOs& o Axadnh 7y o 3ste] MgSOs& A7 38t
o] of 1 ZH7]| 2 %33lo] 3-(methylthio)propionic acidZ it}
250ml < whe EFEksAe ether (150 mDE Y3 E9 TRORE WYZHA
71 t+& lithium aluminum hydride(LAH) (0.86 g, 0.0227 mole)Z 7}3}sit}.
Dropping funneld] $olA AL acids ¥ HH3] Hrrstdct. A7 & &
TS AAstL 12 A7 st B A OE A dE TEeE WA
o FFT9 15 % NaOH & 4S5 Ab&ato] whg-abA &

t}. Ethergs W= Wolyjil #£8&9 F& HCl 78945 Yol A 4oz
WHEa1 ether (25 ml x 3)& FE3}
N I RS MgSO% Al A

3-(methylthio)propan-1-ol < &3t}

Ho
ofj

R
rlo

LJ
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= Ao CH:Clz (40 mDeF PCC (560 g, 0.0261
oA WAl vt dr0ppmg funnelell #JellA 42
il A7retdeh A7 & 45 RS AAS L
AIZE B B Al F deor AR vheES B Zurld &4 "1
S AbgSte] A gdo® wEQTh CHoCl (30 m
& W Ao FAgh frlSed T
Al MgSOs5 2ol 1xA7 F 75t o3ate] MgSO& A A8kl o H2 &
= FFY CHL LCLE AAsIAEE S CHLChoez AE7td A S
sto methionalS & stA T (FA 026 g, & @ 12 %).

7} Trideuteriomethional (8D)

1. NaOH/MeOH

o
I 7
HS~CH,~CH,~C~OH —5¢p CD3—S—CHy~CH,—C~OH

3-mercaptopropionic acid

I : - = —Q— — — —
CDs—S—CH,-CH,—G-0H * LAy~ CDy—8~CH,~CH,—CH,—OH

@ 1
CrO4Cl
— — —_— — — +

CD3—S—CH,—CH,—CH,—OH \'.“9 it

H 8D

Il
CD3—S'—CH2_CH2_C_H

50 ml &+ vte Zgk239] methanol (10 mDZ NaOH (6.30 g, 0.1575
mole)E %3l WWHA]A sodium methoxideE FAFATE 100 ml 5 wheh
Z #2239 methanol (10 ml)¥ 3-mercaptopropionic acid (8 ml, 0.0754 mole)
S 4o 44L& % sodium methoxide §94& HH3S| FH71sAdtt. Dropping
funnel®l iodomethane-ds (7.1 ml, 0.1133 mole)E o] 3] FH7le At =

F59 HCl 898 AFEste] A fdoz2 TE 5 ether (25 ml x )&

=
FET §7139 F2A MgSOE Hol Axsedth 49 elshstel MgSO,
= A 75t of o & 814 e 5% 3tol
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3-(trideuteriomethylthio)propionic acidE A At}.

100ml &< vbet Fet=30] ether (150 mDE Wil 48 T2 WA
21t LAH (351 g, 0.0925 mole)E 7}8Fith. Dropping funnelol el A
acids ¥ #H3s] A7bedvk A7 & A5 S A7Ista 12 A3k
WZFA Z %"IE‘IZ’T‘Q’}’ 15 % NaOH
WgetA 2 LAHE 33 8titt. Etherg s whi Wolfar
HCl 808 o] 2hd &Aoo whEal ether (25 ml x 5
Atk w71 Fel Al MgSOss ¥ol Adx3 & 7 o #ske] MgSOy

Al A & AT o A& G| S| = &S5k
3-(trideuteriomethylthio)propan-1-ol& A 3% T}

250 ml &< wte EefxAe] CHoLl (30 mDet PCC (5.90 g, 0.0274
de Tl WAl v dropping funnelel flelM A&
Hal HHs] A7F vk A7 ¥ de RS AlAAS

7

Zuj 7ol A &

rlo

2
riot
St
=
rlo zkil E
2 4
oo
ui
>
e
S do
ofy
ol
o
frt

<4 ot 2

4 oo

My oo 12
12
ol

of
S
38

il

=

MgSO,& Yol dxAzl 5 3SE o #ste] MgSO.E A7 st
2! FHs CHLCLE AAsGTY 292 CHCLeZ AestAa 24
S o] 83te] methional-dzE 2EatAth (A 1 025 g, & ¢ 13 %); 'H
NMR (CDClLy): & 9.79 (s, 1H), 2.77 (m, 4H); C NMR (CDCl3): 200.63, 43.29,
26.31
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t}. Carbonyl A 33E9] A4

1) Benzaldehyde (10)

o o)

@ . j\ AICI, ©)‘\CH3 __1. KMnO,4 ©)J\OH
B ———— +
ClI” “CHj 2.0

acetyl chloride acetophenone benzoic acid
O
LiA|H4 ©/\OH PCC @)L H
10

phenethyl alcohol

50 ml < ®te E#~F9 CHoCl; (10 mD¥ aluminum chloride
(2.2380 g, 0.0168 mol)S ¥ 11 wwyk AlFH T} Dropping funnelell CHoCly (5
mD¥} acetyl chloride (0.95 ml, 0.0134 moD)E ¥& ¥ o] §9& & W
< A7 sdvk. Feeas 4o FReA S8 WAAIHY. Dropping
funnell CHuClz (5 mD3¥} benzene (1 ml, 0.0113 moD)& ¥& % o] &
A7F ettt A5 TS AASL 24 A 5 FF A o oAl &
Zg o7 WZAANAY, =H4E Y sodium bicarbonate E3}5-8 8-S A}
slo] 714 fANo 7 wEQYE. CHuCly (30 ml X 3)& FZ38Fdth.
of #A NaSOs5 7hstel Axd 5 7eF o3ste] NaSO.& A7 383

3

5lo] acetophenoned AUt}

40 o

__ﬂ o o o m[o
2 N

(15 mD<t potassium permanganate
go] wkA7|aL oA 42 s=S A A

& 5 QR ge geed A2
S HCl 5843 AREste] A& R o= = § ether (20 ml X 3)=
FESA 715 REA MeSOE Jtsel Azd 4 olstatol

5lo] benzoic acid

=
0Q
wn
O
Ll
2,
N
_0‘15
2
v
s
12
rlo
St
2,
N
T
T,
N
it
S~
>,
ok,
off
i
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50 ml 52 vlg Z8 239 ether (30 mDeF YoljA d&
A AT o 7)o LAH (0.3 g, 0.0079 moD)S 3| Qo] FAr}. oF 24

0
AIZE &t B A B dE TR WAAR 5, S 15 % NaOH

FENE At wkEEHA ¢ LAH & 3 3Sk9th Ether & wz W
sha ge%e HCl $890S dol 44 §oJoR WEx CHClL (30 ml
X pow FEaA. 1S FA MgSOE wol A=A § 7% o
Fste] MgSO.E AAS S EE. oA 31d SV 2 F33F9 benzyl alcohol
= 4}y

100 ml &< vty Ze2~=e CHeCly (10 mDeF PCC (0.0764 g, 0.0004
mol)& ¥ wWHAIZ T Dropping funnelol oA €& alcohold} CH:Clg
= ENG HH3] Arb shdrk 7 AR E2F BF A1 G
S A2olM YAANAL FHFS HCl 898 Yol A gdow e &
CHoClz (30 ml X HE FEF3taL F7]Fol F54 MgSO4§ gol Az AHJ
T s At MgSO.E
benzaldehyde® At}

7} 2,3,4,5,6-Pentadeuteriobenzaldehyde (10D)

D D o Ac, D CHy  1.KMnO,
CI” “CH, o 5 2. H;0"

D D O
D D D D
D D
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50 ml &< vg ZE#2Fo] CHeCl: (10 mD¥ aluminum chloride
(2.2800 g, 0.0171 moD& ¥ar art AlZt. Dropping funnelol CH:Clz (5
mD¥} acetyl chloride (I ml, 0.0141 moD& Y& o] &AE W W
A7F itk ZdaAE 49 TROlA T8 A# T}, Dropping
funnelol CH:Cly (5 mD¥} benzene-ds(1 ml, 0.0113 moD)& ¥ & o] &
A7t sklth. A5 TS AASIL 24 AF S 3R A T HA
8o 7 YAXNAY. FHTE 231 sodium bicarbonate X3} NS
F&3te]l 17178 8o g whE F CHuCle (30 ml X 4)& FZ=33ith.

ol FA NaxSOss 7hete] :dxd 5 3HS of#ste] NaSOE #1715k
ool Bd SRS ARESte] EFSAH. ZNS ethyl acetate
el

henxane = 1 : 3 o2 2g74d A4

=
)

7_]

e 1%
oo oo o
i

>~

o] 83}lo] acetophenone-&=E #

=y

50 ml &< vte FgxAe] SR/ (20 mD9 potassium permanganate
(1.4299 g, 0.0091 moD& ol WWA7]IL 9JellA] L& sIFES s 4
7} &%tk Mantles AR&3te] 12 A7 <t 7}%‘%& U Aol A AT
ST (60 mDE Wil HCl #8945 AREste] A& Ao ® WhE 5 ether
(30 ml X HE FZE3Urh F71Fol T4 MgSOE 7hste] Ax3 $ 3
o olFste] MgSOE AAG . AR 3d SLIVE AREste] FF3}o]

benzoic-ds acidE AT}

50 ml s vte Ee~Fd ether (30 mD9F flolA d2 acides ¥
WHEAZ E‘r o] 7]o LAH(0.3 g, 0.0079 moD)& HH3| @of FA}t. oF 24
AIZE E)E 2 AT v A SRl WA §, SRk 16 % NaOH
TFEANE *}% sto] WhgebA ¢ LAH & 33 &t3ith. Ether o5 W= W

NS HCl 895 Fo] M §dox wE31 CHCle (20 ml
FEeAT. 7Sl Tl MgS0E g0 dxA 5 et o
FHatod  MgSOsE  AAsIH. AdL Fd FLVR §F5
benzyl-2,3,4,5,6—-ds alcoholS LT}

100 ml &< wber Zek2=Ae CH:Cly (30 mDek PCC (0.9188 g, 0.0043
mol)S ¥ WA TE Dropping funneldl]l oA 2& alcohol®t CHoCle
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(10 mDS o] HAs] A7t sk 7 Az B9k &F A7 ge 24
WA FH5 HCl 89S Yol 24 golow &
ml X )R FF3} 715 THT (20 ml X 32 Ho|Fd

A MgSO.E do] Ax A7l F g ojakate] MgSOE Al
N W TR FHFHAT. AAS CHLCLeZ Ag7tad ARE o] 83}
o] benzaldehyde-&E Fth LAl @ 021 g & : 68 %) 'H NMR
(CDCly): 6 10.03 (s) ; "C NMR (CDCly): 192.37, 136.29, 133.95 (1),
129.33 (1), 128.50 (1)

2) Phenylacetaldehyde (11)

Scheme 1.

o}
1
A|C|3 CHZCHZOH PCC CHQ‘C—H
+  CICH,CH,OH B

2-chloroethanol phenethyl alcohol »

100 ml &< vter Z&2=39 benzene (50 mD9F aluminum chloride
(5.97 g, 0.0448 mol)S ¥l wWHHAIFH T} 2-Chloroethanol (2 ml, 0.0298
mo)& HAH3| A7lsldrt. 715 FHlA 40 T2 sFgEdnh 1 A F
7tdE Tdetal AeoA Asla A T Fws] B AT SRT
9} sodium bicrabonate X358 NS ALgslo] F3A7)aL CHCly (25 ml X
oz FEsRTE F715ol FAl MgSO& ¥ol dxs § 4k o3t
MgSOE AASIL AR 3]d T2 FFeqith. 1Hs NMR=Z 24213
23 phenethyl alcohole] /4% 7= stdloyt &0 wjg vrol thg wbE
= YL = AT
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Scheme 2.

CH, mCPBA CH,—Br
CeHs

toluene N-bromosuccinimide benzyl bromide

CH2 Br CHZMgBr
©/ ether ©/

benzylmagnesium bromide

o)
CH,MgBr CH,-C—OH
O e 0

phenylacetic acid

0
I
C OH 4 soci, CH,-C—OCH,
2. CH,0H

methyl phenylacetate
O

I
©/CH2 C OCHs  piBALH ©/CH2—C—H

11

50 ml &< vtg E2k2~39 benzene (10 ml, 0.1119 mol), toluene (3
ml, 0.0282 mol)¥} m-chloroperoxybenzoic acid(mCPBA) (0.0412 g)= 4
3l YA N-Bromosuccinimide(NBS) (4.4656 g, 0.0251 moD¥}
mCPBA (0.0424 @& Z47b AR Yol FUE’ oF 1 ARF FF 37 A
7130 Aol APk AE ofgete] A 1A ZHE Asta AR E
3d SEVNE ol &dte T O}Oﬂ‘:‘r

100 ml 5 ®¥9 Z8t2~ 3| magnesium (0.49g, 0.0202 mol)¥} ether
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t}. Benzyl bromide (2 ml, 0.01681 moD)E 3]
T 3F A oA A 8 FRelA

T dry iced T3] WOl ?TET-’FQ} HCl 8
o2 W53l ether (25 ml X )& FZ=3UTE 77
of F4Al MgSOs& wol Axg & 718t Aste] MgSO4E #AlAskar o

FO ol

—_—

5
50 ml &< wbg Zek2Fo| phenylacetic acid (1 g, 0.0073 mol)<}
thionyl chloride (3 ml, 0.0411 moD& Wi $FAIZTh Aspirators ©]-&3at
o] ¥}8¥9] thionyl chlorideE A A3t tt.

100 ml &< vtg Z8~Fo| CHeCl: (25 ml), methanol (0.6 ml,
0.0148 mol)¥} triethylamine (1.5 ml, 0.0108 mol)& Y i WHA|Z T}
Dropping funnelol CH:Cly (15 mD¥} ¢FAl 33 phenylacetyl chloride&
gar o] §AE HH A7t Ak oF 12 AR

ok BRAL F ALoA

rﬁ

A8t SHFY HCl 898 Yol 4k o=z wEqity. CH.Cl (25
ml X 3O & FE81 F7|Fo F5A NaSOS o] Ax3 3 7+t o3

o]
ste] NapSO4E Al7AstaL o R 31d S| 5533t

100 ml 5 8" Z8239] ether (30 mDSF Yol LL methyl
phenylacetate (1.09 g, 0.0073 moDS ¥ A 7128 ZHFAC. AL
HES-7|o A -78TC 2 FE3S] YWZAAZl & FAZ]E diisobutylaluminum
hydride(DIBAL-H) (1.0 M solution in CHzClz, 3.6 ml, 0.0036 moDE A
3] A7F sl AR WEE7]9) ERE AAE] For &Y § NEES
H o Z2g7)e A4 "$a SHF5 (50 mDeF HCl 7898 AFE3te] 4bd &9
o2 wrEQIth Ether (256 ml X )& &3t %71%% MgSOsE AF&-3Ho]
Azxslth b o gete] MgSO4E A7 stal of e 3|5 E7]E A5t

FHHAT.

::

i

M

[¢]
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3) (a,a-Dideuterio)phenylacetaldehyde (12D)

O
I
CD,—C-OH _
2 + LiAlH, CD,—CH,0H
ether

phenylacetic-a,a-d, acid

0
Il
CD,—CH,OH  _ PCC CD,—C-H
CH,Cl,

12D

250 ml =

T 1
1__
moDS Y1 g

e Zgk~ A9l ether (100 mDeF LAH (0.2215 g, 0.0058
FTHolA &3] YZHAIZ Y. Dropping funnelel ether
(30 mD¢} phenylacetic-a,a-d> acid (1 g, 0.0072 moD& ¥ F o] &
= AH3] A7F e3ink 30 AR woF B A vy oA Y THOE
ARG 759 156% NaOH 843 Abgste] wkgshA &2 LAHE 3%
35t Ehter &5 ®rolual 48 %% HCl &5 Ab&ste] 42 &
Mo WEIL ether (30 ml X 5)E FEH3A. 77150 FFA4 MgSOE
gol Axg $ 3k o Fste] MgSOsE AAstL oA 3d SV 2 55
ST
250 ml &< we k23] CHoCl: (100 mDeF PCC (0.87 g, 0.0040
mol)S Y1 wWYFAIZ T} Dropping funnelol]l CHsCls (30 mD&F oA %
gk alcohols B2 ¥ o] &4 HH3s] A7t spadvt. F2olA 12 AZF &<Q
WAL & FFgek HCL 895 ARESte] 4 &dom e
=

CHoCly (35 ml X 4)& FZ3t3 F7120] 54 MgSO.S Po] Azt

ok

Nt

o o
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4) 2-Acetyl-1-pyrroline (13)

f § Nazszc)g, NaOH @:Q

l}l AgNO3, Hzo N
H
pyrrolidine 1-pyrroline trimer

H
2-cyanopyrrolidine

O\ 1. t-BuOClI / ehter O\
N CN

N~ CN 2. Et;N
H

@ N+ KeN  +  Hcl Q\CN
|
Nﬁ

2-cyanopyrroline

O\ 1. CH3Mgl / ether O\
_CH
) N/ (I:I 3
(0]

N~ CN 2. H;0"

13

500 ml &< vy Zgx=Feo ZHF4 (100 mDe sodium persulfate

(23.81 g, 0.1000 moD= HiL WHHAIZTE ¥k &7]E5 d& FTZolA &

= =21 o o

5] W¥ZAAZ F pyrrolidine (8.3 ml, 0.0994 moD& HH3| 2 71sliet’
Sodium hydroxide (8.00 g, 0.2000 mol¢} silver nitrate (0.0887 g,
0.0005 moD)& Wil 7|5 TRelA of 65 T2 783t} 12 ARt 5 b4
& Fastar g2 A A3k Sodium chlorided %3] Yotk CH:Cly
(35 ml X 5= FEaL fF7]Tol A MgSOE Yol Axsha et of 3
ste] MgSOsE AT, oL 3 7= =3kl

vlet Z8} A~ Tl potassium cyanide (4.16 g, 0.0639 mol)

A
E Y du TR FE38] ¥AARY. 4N HCL 8 (16 mD< A3
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hydroxideE ¥t} CH:Cls (25 ml X 5)8 F&F3dtaL H7]F0 FFA
MgSO, 8 @ol Azali 7ot o] #hale] MgSO,E AA T} of A&
w2 ==a9u).

250 ml &<+ Ble FEpaFd oA dL2 2-cyanopyrrolidine (6.40 g,
0.0667 moD¥ ether (50 mDE Y LS THAH FE3] IZA A
tert-Butyl hypochlorite” (7.23 g, 0.669 mol)S 3] 9 & AL g
ol 2 AlZF X wREAIZTE Triethylamine (9.3 ml, 0.0667 mol)<& ¥
T AEolA 19 AIRE EQF kA I 7S of ekl AE Al skl o o

2 3 TR 2 FFSST
250 ml S 8ve ZT2~39 ether (70 mD® magnesium (1.92 g,

0.0790 moD& ¥ AAix 7t2E EHFUAY. FA7]Z iodomethane (4.1
ml, 0.0659 mol)<& 3] A7psh3lth. Ad2ellA 1 At gt kARG,
Ab712 kM A 3F 2-cyano-1-pyrroline (4.13 g, 0.0490 mol)S H 3|
A7V Ao 18 AZF WHIAZ] & A& ZgoA] =8B YA7|
SF5¢ HCl =895 ALg8te] 2k g0z wH=QY). Ether (30 ml X
R FEat 71T FFA MgSOs %ol dxd & Ay of7sto
MgSOs5 AASATE AN 31 SRV =2 5533

5) 2-Acetyl-2-thiazoline (14)

S CH
5"
- o

(S] ® [Tl
CIHsN—CH,CH,SH *  CH;—C—C—OH

pyruvic acid %

2-aminoethanethiol
hydrochloride

100 ml S ¥te Z82~39] benzene (45 ml), 2-aminoethanethiol
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hydrochloride (3.02 g, 0.0270 moD)¢} pyruvic acid (2.48 g, 0.0270 mol)
2 93 Dean-Stark trapS AXe I FFAZLY 12 A7 T 719S o
shal oAl 2% & ket 0440}04 J—Xﬂ E4S 49t NMR # x-ray

6) 1-Hepten-3-one (15)
(0] OH

\/\)J\H + H,C=CHMgBr

valeraldehyde

Z + [ Joco; ——— A~ N~
SN CH,Cl,

100 ml &< vte Z8k2~Fol ether (30 mDe} valeraldehyde (2 mDE
du dg FTHIAAM FE3 WA F syringe®  vinylmagnesium
bromide(1.0 M solution in THF, 23 mDE& 3kl 3] A7A1 7o
12 AIRE st Aol A wRkA T vk &7]el HCl 8-S %3]
4NE Ao BE F oether (20 ml X 5E FEF3AUL

o
5
MgSO.# Ab-ate] dlzsha 7kt ofsksho] MgSOiE A7I3H

68%)
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7) 4,5-Dideuterio—1-octen-3-one (16D)

H, ,COOH
,C=C_ + LiAID, C3;H;—CH—CH—CD,OH
C3H7 H ether ID ID
trans-2-hexenoic acid 1,1,2,3-tetradeuterio-1-hexanol

=
|| cro 8 CH—CH—C—
C3H7_(I:H_(I;H_CD20H + NE) 3 C3H7 ICH (I:H C-D
D D N CH,Cl, D D
H

1,2,3-trideuteriohexanal

OH
I ]
C3H;—CH-CH-C-D + H,C=CHMgBr —jr—" CgH;~CH-CH-CD-CH=CH
D D D D
3,4,5-trideuterio-1-octen-3-ol
oH = © Q
C3H;—CH—-CH—-CD—CH=CH, + \@| CrOsCl C3H;—CH—CH—C—CH=CH,
5 b N CHCl, 5 b

3 16D

250 ml &< vter ZE2=Fo] ether (100 mDE ¥ ¥4 THo= Y7
A7 g LAD (1.20 g, 0.029 mole)& 7}8l3it), E¢&ES
A trans-2-hexenoic acid (1,90 g, 0.017 mole)& A7}ttt A7 & o
o TFE AABIL 36 AlF B BF AT U tA] e TERORE WA
Zth. D:09F NaOD (40 wt% &<)&do = nk3atA] ¢k LADE I3}t
o} HCl 898 Yol A §do=m w531 ether (20 ml X 4
aFlth 715l FA MgSO.E 7hake] oF 1A1RF BAe 5 2 o 73513
o ol & o Z2 510 etherZ A A 8k
1,1,2,3-tetradeuterio—1-hexanols At}

250 ml F vig Zg2=39] CHCly (100 mDeF PCC (9.54 g, 0.0443

molD)S ¥Wil d& FHA T3] W¥Z AlF T Dropping funneldl <ol A

o
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2?2 alcohol?} CHoCly (30 mDE ¥ F o] §Mg M3 A7}t spdv}. oF
2 AZE st 3R A & ARl A AREY FFGS HClL 7898 Yol A
A gHor Tr=31 CHoCl (30 ml X 3oz F=3}
MgSO,2 2ol 7% & & 719F od3}ate] MaSO.2 #1735
Ed N S o=

250 ml &< vte k2= F9] ether (100 mDeF follA 92 & ¥
dg THIAA FE3] dZAAHY. FA]E vinylmagnesium chloride (3
ml, 0.048 moDE F3te] M3 A7} aFqlrt. oF 12A17F St dollA] wyt
AL F g FROA WAA7IL FRF HCL 895 Yol Abd goo
Z w9k Ether (30 ml X HRE FE383 f7]5S F44 MgS0.5 Yol
Axd & A otete] MgSOE A7kl o< 3)d FL7e 535

(@)

pin

flo ol

250 ml %< Bte Z8p~=9] CHoCle (80 mD3 PCC (7.22 g, 0.0335
At}. Dropping funnelo] CH>Cly (30 mD)e} 9ollA 4L
Q

o AAe A7k AT o 2 A7k B A7 A

alcohol& ¥& ¥ o] gd5
I oA AR SR HCI

FEAe Wol Wy gUom mE
CHzCly (30 ml X 4)& FZE3Iqth F7]
o]

of A MgSOre“ do] AX
5 st o 3ste] MgSO.& A7k Zke
2 CHCleoz2 A7t d A7lS o] 8319 —Erﬂ's}%ﬂxg‘)r carbonyl :LT«] a
A9l D7} A HE AgEzz o] 3gtEd= D7 3 7| EAsez 34

At
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2}, AlcoholAl &+3tE <] A4
1) Trideuteriolinalool (19D)

o Chy
HsC-C=CH-CH,CHBr + Mg other H;C—C=CH-CH,—CH,MgBr

5-bromo-2-methyl-2-pentene

CHy 0 o oH
HyC—C=CH-CH,—CH,MgBr + H,C=CH-C-H other  1BCTC=CHCH—CHGmCHECH,
H
acrolein
z
2 oo Loy« L o 0
HyC~C=CH-CH,—CH,~C~CH=CH, SN~ ~ O CHCl  HyC-C=CH-CH,—CH,~C-CH=CH,
H 1 CroCl
H
CDyl + Mg ——— CDMgl
ether
ch ¢ ch OH
HiC-C=CH-CH,—CH,-C-CH=CH,  +  CDsMgl —_—— HyC-C=CH-CH,—CHy-C-CH-Ch,
CDy
19D

50 ml < 8" Z8239] ether (10 mlD$® magnesium (0.08 g,
0.0033 mol)< Y A idEat=, 952l
5-Bromo-2-methyl-2-pentene (0.4 ml, 0.0030 mol)S %¥¢] Grignard A
oFS skt

100 ml &< vte Z28239 ether (10 mDe} acrolein (0.2 ml, 0.0030
moD<s il HA& 7k2E SHFAvh. ol A 4 F Grignard A oFe AL

2 st AAe A7} ATk o 7 A B BF AW e LA A

B>
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At Sk HClL #8995 Abgete] A oz wEal ether (20 ml
X R FFeAL F7)5ol FAl MgSOis 9ol Az Ao Ak ofdtst
o MgSOs= A A 8faL of off & 3] S| = &5}

3-hydroxy-7-methyl-1,6-octadiene g AT}

50 ml T vy Z#~F9 CHoCl; (10 mD¥} PCC (0.53 g, 0.0025
mol)E ¥l 1Y AF T} Dropping funneloﬂ QoA dL alcohold} CH2CI2
(10 mD<s War o] &dE A3 A7pe & 7 AR 5F &7 ARo 4
oA Aslal TR HCl 84S AR&ste] AHd &odom mkEddth
CH2Cly (20 ml X 3)o.2 FF3a 7152 54 MgSOE 9ol Ax A
Aot A oAdetel MgSO.E& AAGL ANE 3d FLIVR FFH51
ketone 3}&=5& AUt

50 ml 5 8le Z8239) ether (8 mDeF magnesium (0.10 g, 0.0041
moD)S YW dA 725 Z8 FUY. lodomethane-d; (0.2 ml, 0.0032
mol)S ¥l methyl-ds magnesium iodideS ¥4 3ttt

100 ml &< vte 239 ether (10 mDE Y A4 728 &

ATk YolA @43 methyl-ds magnesium iodideZ FAMZ|Z 3 3}o
3] A7t Sk A2elA 19 AIF A= wHk A7 & %E’\ﬂ HCl 4§
do] kg &N o 2 ey Ether (25 ml X )2 FF3Fal %7]’5‘01]
Al MgSOsE wol dx A7 5, 74k oA3ste] MgSO.& AlAAskaL of o &
A FU7E AREste] HFEGY S CHChoZ AE7td AdHS of
dtol linalool-sE #alatadch. (A @ 0.17 g & : 24 %) 'H NMR
(CDCl3): & 5.91 (dd, 1H), 5.14 (m, 3H), 2.02 (m, 4H), 1.68 (s, 3H), 1.60
(s, 3H)

L _i% e

T T SOt

3.9+ 2% % 1%

b

7}. Pyrazine Al 3}&E2] A

1,2-Diketone ¥} 1,2-diamine Ato]e] =3FREgol ¢4  dihydropyrazine

A=)
sIFEES FAHste AAL foldA HIHS oy dihydropyrazines
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pyrazine& 2 HFA7]= whE2 v o H T o 21 AlEskglent vt
=3 whel AHRE AFA sttt Pd[PPhsliE AHESER S o Absiabgo] ¢
detA APES FAsAT. e o] Aeke] ARE Al RARES
triphenylphosphine oxideE #AZwlE 18T & o] &3lo] a|st= 3o ofd
Sk WS RV F Aee 2 wATE hEAN Hel o Gee] whgol A=

U711 7F o E it

TrimethylpyrazineS 77|91 CHsLiZ A gdte] SFARE 3] A A3 &
CHsl9F WrE-A1# methyl 15 % ethyl 1F o2 Adsts WES 8% E
ol f1xol g dAe] EF=o] A AT

PyrazinecarbonitrileS Grignard A ¢F3} ¥F-$-A]A acetylpyrazineo & %3}
b e PR & AT

. Sulfur Al g3HE< A4

Allyl alcoholS acrylic acid®] 39& T3l Atz A o8 714 HES-
ZAS A EFH o carbonyl ZEW 3YAEA Fu EBA-EA OTATE
gel¥ o] 1-propanole] 47
T vE AFololA o] ¥
acidg LIAIH,Z LA 7S o allyl alcohol THAo|A] WkEo] W3
Aetil Tl AAAYA B 20S FHASHA A8kt o] A¥=

°

2,3-dideuterioallyl alcohol®] &4 d3}o =z =Fo=7 XY

i

i
HU
ne
9
o)
R
o
Y
rlo
i
)
=2

t}. Carbonyl Al 3}3HE9] 34

Benzenedl| Friedel-Crafts o} 3ib-g-S E3lo] acetophenones ¥/d3t
o] haloformiF-g< ©]83to] methyl Z1wS #AIAS ths A% benzoic
acid2 benzyl alcohol® 3+YAI7]aL thA] #2FSAIA benzaldehydeE A&
WS 4 Ao AXARE ARISG 2 (HCN)Y Y4ketEr A (CO)E AME-3le Wt
ol Hletel kAl ZF dAY &%= 80% BololAd THAel MR

deuteriobenzeneg Alg3stE ZHol & FEEL HXx gdd ¥y
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fl
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s
a
p
E_
o
(@}
o
=
(@]
al
o
k=]
jon
D
=)
‘i
)
o
@D
=
(@]
)
Q.
H

phenylacetaldehyde(12)¢] 7%
8 9 aldehyde(12D)7} AFaAolA wegkgS gt Aol
Zwo] benzene iElol| FFA7E A3E FAEAZNE A= oY
WA A=k A2 F GrignardibgS o] &3k Zlo] Mg &4 0%l
2-acetylpyrroline(13)> &3] ®wol| wg} FAHS A=A oy FH
Aretatgol EddE 2] APHA &k 2-acetylthiazolinine(14) %= &

o

2

o] WHTE 2-aminoethanethiol®} pyruvic acid®] ¥r$S Eslo] Azt st
o1 carboxylic acid®] carbonyl Z& ™Al ketone? carbonyl L&©] Wk

s3] Boldt 5248 nElE YAkt
1-hepten-3-one¥ 1-octene-3-one< vinyl I&° FTFa7F ¥x3H

GrignardA| ¢FS AR83ke] e 4= itk
2}. Alcohold &= A

Grignard Al 2Fe] Michael #7183} 12-H71Hb-go] HAASIo 2 AYAE
o ®E7F A F A=l AertA ArlelA z FelHA &8kl
ol AAA F&S FAA7I7] oA BeehA] i adE st
e v dAE At WHE Usel Alxste]l HF AAE A A=t
EagtdE 130t AAlets Aow da3k o sdMT A4 RxEA

2

fah

o) o o~
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Table 3-4-13} 2t}
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vl
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A 5

}

kel
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Q2
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=

skt
A=

S

Table 3-4-1. £317] Mg} AT

7H =7l A5 Al

7]

75
36

450
60
30

g
T

15
24

Ag 70}

18

bl ot

3|

7tz

oA 1IAZE 5

o}

X0

)

7lel ¥

ofw s, s, vl

il

o
g
<
o]
Nz
—_

o]
o

i

2s

B

e —
o

}o]

o]

AL

[e)

=

A %7} %% convection oven

o]

27

TS

[e)
He

el
220C A1 30

z=

Eis

o] vialell ¥ Ath

2471 2] vialdl E117] 8g

o)

=il °F 15x15eme] 7|2 AE 3 g
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A 70CAIA 1023 Byt F sid sl A AlA st
g o] HdolA Ear] Am7t Solgle 24 vial 40mDE 1704 ol

=

T 283 1 §Es 2EE ST 1 FS TE WHS BEE gde] o

A0 2 caps €O #& 2~38 AHA PAA EolvtA A FATE 18

58 Zof| B 9 ThE AEE 2o WMoz AAE TS WE2 )
TS wuith ol SFok Folol Eaiv] S HA

2) Az A=de] BAREo
7h) AMEFE AR AZE " AA

A Zzgol 2ol= ARE A X7 YA, WA 1mle] ethyl alcoholo] 1u0
9] chemicalsg Zt7+S ¥ il shakingS 3} Th chemicals®] oS ¥ 7]o=
I o] YUY Aekal, ol Wi H7] wiitel, A2 ¥4 chemicalse %71 9
a4 s A Zh 844 A7l & odor threshold x FD factor(A)Z A4k )
A ugR AR AEE HEAT 28y ddEe] A E Rte ddl
A ete] Aol 10¥lE vAl Al xSt A OAVE st A
golgl & 4= glEdl, ol FD factor: Bl dZTh $-2)7F A2 AJ2ES A
ot d Aol Bag Aol &Sl ofefd A oA Z} HEY Fi
£ nxFD factorxJ A gt = ALHES st th

o3 M x3 HEZ ethyl alcoholollA V/Ve nl&R 7748 FE359]

2
allule7] ol @i 3087 stirring F, 40mee] 24 vialol 8meH P F
gupeti, B A2 Aol gLolA 08I L F BEAAE A

aL o] w sk FolE FolA FE BANG &olE IFTES skl

3) =S Bestel AxTH Azwst AA B1slFte] v

7 &4
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g FHe AxFol| 220]i= chemical® AHE3Fe] A& s th. Chemical
< allyl mercaptan, acetylpyrazine, methional, 1-octen-3-one,
phenylacetaldehyde, furaneol, 2-ethyl-3,5-dimethylpyrazine, linalool,
3-1sobutyl-2-methoxypyrazine, 2-acetyl-1-pyrroline, =ik
2-acetyl-2-thiazoline® % 117FA %t} 11719 250ml 47t Fehk2==e] 100ml
o] sunflower oil& % il Table 250 U= & 7 Feh=dd Yo 3023
stirring Al 1tk @A 7]7] 913 chemicals®] %S sl@Eo] z}7te] chemical
of gk A A=rF v27] wizel, 21 ol gk A4S A717] fsiA el

A A zFrell 229 Fatk= EEekad

Table 3-4-2. The concentration of recombinated material

Al B:

Chemical Odor threshold FD factor AxBx10

(ug/L) (logsA) (ug/L)
2-methyl-3-furanthiol 0.004 7 0.28
acetylpyrazine 125 6 750
linalool 89.4 6 5364
furaneol 6.25 7 4375
2-ethyl-3,5-dimethylpyrazine 1.56 7 109.2
3-isobutyl-2-methoxypyrazine 0.31 6 18.6
1-octen-3-one 50 5 2500
phenylacetaldehyde 78.23 4 3129.2
methional 0.08 8 6.4
allyl mercaptan 0.32 3 9.6
1-propanethiol 5.2 4 208

w

L

0% 7Fe] stirring 5, chemical®] &&= sintEl]#+& 20mee] FH
:I =
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Table 3-4-3. £1317] chemical®} 3=

Chemical 8 % (ug/100L)
allyl mercaptan 240
acetylpyrazine 2.5%10"
methional 100
1-octen—3-one 5000
phenylacetaldehyde 391.15
furaneol 1875
1-propanethiol 0.078
2-ethyl-3,5-dimethylpyrazine 1.1x10*
linalool 6
3-isobutyl-2-methoxypyrazine 80
2-acetyl-1-pyrroline 0.1
2-acetyl-2-thiazoline 0.0052
W) Axd

A xS AAT T sunflower oile]l @o] 30%7F stirring A7 &, 9

Vialoﬂ Yol AAstar, A %3 sheet®e o] A|A AT

37FA 9] AzeF FS mlwsted, Bla WS Fdske Fotd 54
o7 J@ AlZL BF} vlalE]A] o] AE o] o] v HlAE & Hokth 37F
Ao Azzhe F& AxFEe FoJ &olE BWoldly] fd wEJYR IR
ok, A B 2-methyl-3-furanthiol®] %<& ¥ A, I8

phenylacetaldehyde®] %< =< 2 Al 7FA=Z FAth 2-methyl-3-furanthiol
7} A7 & or =7 wFof, phenylacetaldehyde®] 3Fo] WH & 7] uwf

of 1 ¥F& AT Aol

M
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Table 3-4-4. A %% sheet

00
N
o}

0
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1A dERE 2We BEstete] BEd Biv]E
ofd 1 FFS AHEVIZ AT Al 7HA 7FE BRI convection oven,
electric pan, 1213 %% o3Itk Vgt zelsAe QoA sl Az
2},

3.7 2% % 1%

715 8g¥ A4 vialel Wol AAste] 8ol sl Al Earvlel i &
ARG A3} Table 3-4-5¢] Z37b vgtrh, =a17] @& HARRE &= 7

shel B, vhE T FRFOR F U7k BASe R AeH

Table 3-4-5. 5317] & BA}F &ofe} A
BAF €9 A
T A7) 717 R Fo M aadlo] 4991 FF
7] FEd 811719 off-flavor24, &3
ey a7) gk 717F <¥3F Bl A A7) = g
718 (=7]) Ao 7153 2 27
Gl A3} gpstEo] ghgo] dojux AV = Fgo R o7t
7hetd gk
o Tl 3hf
G RARS S A Y= F
o} g+ 3} gF Sutel uE oF7t 3 E W = &
v}k neEs RS e 3
3 FFolA Y=
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AEFE 8g¥ A4 vialel wol AAIste] 8] sjdel A Earv]d
BAFE A3 Table 3-4-6° A3 gk Ax¢d Fo m
A TEY, 92 A%, U, vhed sekd % agw

=

TUUR F A7 BAgol= e E gl

Table 3-4-6. &117] & HA} foje} A

AZEE BAHE] AH

a17] 8k 2-methyl-3—furanthiol
FeA TS acetylpyrazine

o2 Ak methional

AR

ul =gk allyl mercaptan
Zhetd g furaneol

oy linalool

3) FEE delstel AT Azwn A Baslgate v

37N A =3 ol gk 1 xpolE AA|gk A} 2-methyl-3-furanthiol
S ¢ #H7}s Al&7}, phenylactaldehydeE A ¥ AJ59 OAVE H &R
Y4 A2y AsEuE 27| sl oy, dAHow /e =93 &F
of 7] I AA BlmEA = FuTh dom Fr] A Aol P

ANz3 A5 EYE recombinant study”b o] Fo] & o A o]t}

A 7HA] 7FE #H S convection ovens ©] &3 A electric pan 1# 3L

fom wi wyolgrh. 7t Wl we 49 247 S Table 3-4-7

]
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I} 31 MS total ion chromatograms< Figure 3-4-13} 7t}

A A3 £& olfste EurvlE xEE 3 A9 vE F AeEY o
kst FF9 carbonylse] WA ST 53] furfural, benzaldehyde 1¥] il
(E,E)-24-decadienal?} 22 A5= £& A83ld 2378 39S 4 Folnt
A =] At WbHo] 2-ethyl-6-methyl pyrazine, allyl propyl disulfide, neral,
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Table 3-4-7. Volatile compounds in bulgogi cooked by three different heating methods

No. Possible compounds RI* - P'I:b . I/ Ref ¢
oven pan charcoal
Pyrazines
1 2-methyl pyrazine 828 0.02+0.01 0.11+0.01 0.04+0.01 MS/RI C
2 2,5-dimethyl pyrazine 922 0.05+0.04 0.08+0.01 0.03+0.01 MS/RI B
3 2,6-dimethyl pyrazine 925 0.09+0.06 0.08+0.01 0.04+0.02 MS/RI AB
4  2-ethyl-6-methyl pyrazine 1002 0.05+0.03 0.05+0 - MS
Sulfur-containing compounds

5 allyl methyl disulfide 916 0.30+0.21 0.20+0.07 0.09+0.02 MS/RI AE
6 diallyl disulfide 1088 7.73£1.14 8.23+4.35 2.30+0.53 MS/RI D
7 allyl propyl disulfide 1097 0.51+0.08 0.08+0 - MS
8  dipropyl disulfide 111 0.63+0.10 0.13+0.77 0.20+0.07 MS/RI A
9 (E)-1-propenyl propyl disulfide 1121 0.17+0.02 0.30+0.04 0.04+0 MS
10 methyl allyl trisulfide 1135 0.03+0 - - MS
11 3-vinyl-4H-1,2-dithiin 1192 0.25+0.09 0.20+0.13 0.06+0.01 MS
12 2-vinyl-4H-1,3-dithiin 1220 0.51+0.17 0.48+0.33 0.11+0.02 MS
13 diallyl trisulfide 1305 0.33£0.10 - - MS/RI A,D
14 dipropyl trisulfide 1330 0.07+0.02 0.02+0 - MS
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(continued)

No. Possible compounds RI* - P.A;b . D’ Ref #
oven pan charcoal
Carbonyls
15 3-hydroxy-2-butanone 713 0.51+0.19 0.56+0.25 0.42+0.15 MS/RI AC
16 furfural 837 - - 0.16+0.11 MS/RI AB
17  benzaldehyde 968 - - 0.010.01 MS/RI B
18  benzeneacetaldehyde 1052 0.07+0.04 0.16+0 0.11£0.05 MS/RI B
19  neral 1244 0.06+0.02 0.52+0 - MS/RI B
20  geranial 1272 0.14+0.07 0.47+0 0.06+0.04 MS/RI AB
21 (E,E)2,4-decadienal 1327 - - 0.04+0.01 MS/RI B,C
Alcohols

22 furfuryl alcohol 871 0.23+0.07 0.56+0.16 0.50+0.16 MS/RI AB
23 2-methoxy phenol (guaiacol) 1093 0.05+0.02 0.09+0 0.11£0 MS/RI B,C
24 linalool 1105 0.11+0.04 0.13+0 0.04+0 MS/RI B,C
25 borneol 1178 0.03+0.01 0.09+0.03 - MS/RI B
26  4-terpinenol 1184 0.05+0.02 0.05+0 - MS/RI AB
27  4-vinyl-2-methoxy phenol 1323 - 0.10+0.10 - MS

28  spathulenol 1632 0.01+0 0.03+0.01 - MS/RI A
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(continued)

No. Possible compounds RI‘ - P:Ab , Ing Ref
oven pan charcoal
Terpene Hydrocarbons
29 So-pinene 931 0.31+0.07 0.54+0.15 0.20+0.10 MS/RI B,C
30 camphene 948 0.33+0.06 0.93+0.37 0.15+0.05 MS/RI AB
31 sabinene 972 0.13+0.03 0.18+0.06 0.11£0.07 MS/RI AB
32 [B-pinene 975 0.15+0.02 0.31+0.15 0.09+0.03 MS/RI AB
33 myrcene 994 0.07+0.01 0.07+0 - MS/RI AB
34 &3-carene 1010 0.37+0.14 0.48+0.10 0.24+0 MS/RI A
35  limonene 1030 - - 0.18+0.01 MS/RI B,C
36 [B-phellandrene 1032 1.33+£0.16 2.59+1.35 0.17+0.13 MS/RI A.B
37 1,8-cineole 1035 - 0.37+0.13 0.06+0.02 MS/RI B
38 delemene 1337 0.24+0.07 0.52+0 0.20+0 MS/RI AB
39 a-cubebene 1348 0.06+0.02 0.24+0.14 0.04+0.02 MS/RI AB
40 a-copaene 1379 0.76+0.21 2.48+0.80 0.48+0.22 MS/RI B
41 B-elemene 1391 0.17£0.07 0.52+0.18 0.06+0.01 MS/RI B
42 B-caryophyllene 1430 5.70+1.69 12.82+10.31 3.85+1.72 MS/RI A
43 (E)-caryophyllene 1433 0.03+0.02 0.10+0.01 0.02+0.01 MS/RI B
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(continued)

No. Possible compounds RI* - P.dAb - D/ Ref ¢
oven* pan charcoal

44 o-guaiene 1437 0.05+0.02 0.16+0.05 0.03+0.02 MS/RI B

45 (E)-B-farnesene 1451 0.02+0 - - MS/RI AB

46 a-humulene 1459 0.22+0.07 1.62+0.05 0.13+0.05 MS/RI B

47  arcurcumene 1482 0.07+0.03 0.2740.13 0.03+0.01 MS/RI

48 [B-selinene 1491 0.1620.05 0.52+0.17 0.12+0.04 MS/RI

49 zingiberene 1496 0.37£0.15 1.67+1.19 0.09+0.05 MS

50  (EE)ya-farnesenc 1503 0.06+0.03 0.14=0.01 0.01+0 MS/RI B

51 [-bisabolene 1508 0.06+0.02 0.21+0.11 0.02+0.01 MS/RI B

52 O-cadiene 1519 0.08+0.03 0.25+0.05 0.04+0.01 MS/RI B

53 [-sesquiphellandrene 1524 0.09+0.03 0.35+0.22 0.03+0.01 MS/RI B
Aliphatic Hydrocarbons

54 decane 1000 0.0940.08 - 0.01+0 MS/RI C

55  1l-dodecene 1190 0.21+0 - - MS/RI B

56 dodecane 1200 0.03+0.01 0.15+0.07 0.08+0.04 MS/RI B,C

57  l-tetradecene 1395 0.04+0 - 0.04+0.01 MS/RI B

58 tetradecane 1400 0.03+£0.02 - 0.03+0.01 MS/RI B,C
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(continued)
P.A’ ,
No. Possible compounds RI* D/ Ref?
oven’ pan’ charcoal’
59  hexadecane 1600 0.01+0 0.03+0.01 - MS/RI B,C
60  heptadecane 1700 0.01+0 0.03£0 0.01+0 MS/RI B
Miscellaneous

61  caryophyllene oxide 1585 0.04+0.02 0.10+0.03 0.02+0 MS/RI B

* Retention indices were determined using n -paraffins C7-Cy as external references.

bAverage of relative ratio of peak area in MS total ion chromatogram (n=3) + standard deviation.

. d .
¢ Convection oven. “ Electric pan. © Charcoal.

" Tentative identification was performed as follows: MS/RI, mass spectrum was identical with that of Wiley mass spectral database (1995)
(HewlettPackard Co., Palo Alto, CA, USA), and retention index was consistent with that of the literatures [A, Kondjoyan and Berdague (1996);
B, Adams (2002); C, Acree and Arn (1997); D, Kubec et al. (1997); E, Ansorena et al. (2001); F, Kerler and Grosch (1996) |; MS, mass spectrum

was consistent with that of Wiley mass spectrum database.

¢ References.
" hot detected.
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Preparation of Novel Didenterioallyl Mercaptan
Kyt Ok Josis, Ji Sk Vi, smd Chang Kiu Lee”

Do of Chemisy. Kangavn Maninea' Dnivernry, Clumoheos 2600 500 Earig
Recitved dwgust 18 26T

Koy Wrds : Dideutorically| mercapian. Aerylic scid, Progusgs] slovhol, Reduction. Lishium elumdnoss bydeide

Mass spectrometry s knows oo be B neei acounaic
scthod For the quancralive malysis of Maver inprofioets in
Foend, For spocesafiol analysis with the mehed called “siable
ki chikation assay’, the isotopically kate bl compesund of
each compiment is necesary. A diffenence in mass unils of
B 0of mame gives the best reses in e Gusnlileiee
determinalion of vach ingredient.

I cwcker bs smeibve the slhdl eeercaptan presest i the odor
of bufgey da popular Borean dishp we meexdad oo B ally)
miefcafiane |1 -y or albd mencapian:2 3, Meiths companl
his Been reporind = the bersoe. One of the logical
schemies o the symihisas is (o preparing comespondag ally)
dochol (21 and comerting it o the comepondag mer-
captan. Ally| aleabad -k (CDL=CDCTH0H) s commencially
wvalloble, t the -0, -y or L3y aloobed is mor Ally]
elochiol -1, |- his bevs reported 10 be prepaned by redusticn
of acryboyl chiloridi with Li AIDy *

There are mssens cilasons. of e use of LiAIH; for the
reduction of mfemsanal carbosylic acids 1o dkenals,
For example. o refessnce haok sistes that Bdium abaminum
Eydnide redeces sxcdaively the carbony] group, sves in an
wnsaiurgied ooid with e ffoonjugaial dooble bonde” The
reference dhat was cied for the stilement reponed the
reduction of scetylenedicamonyi: acid to Hhuime- | d-diol
(B yield with 5% paminy . Tunne acid 1o 3-busene-1.4-
died {TB% yieldy serplic acid (11 8 allv] akashal (2, ©68%
wiehdl. ona propindic acid (5 ) w0 sl ookl 12, 5% vield 1

Allyl aleobol (2) wis ot reduced W on-progy] akeokod ()
ureker the conditions. bt soch redection wis secompshed
in 26%: wield by Beating the maxmire in dikond @iher @ 100
*C for 3 h It should be poimed cutthar 0075 scle of LisIH,
is regpmred for redwction of | mole of RODOH e RCHOH
anl He Bui 0283 mode of 1 ard (.35 mole of LiAH: in
dher was reacted o room emperoere o 16 b B he
redicton of | o 3.5

ThereTion:, we pmempeed the reducsion of sorslic weid (1)
with LislHy b5 eedublish ihe sumable rescdon eomditions
which wiruld be skapted for the reduction wes LiAI,.

T i supriveay Shey praction was nof os simple i deseribed
i b Beeritere, ™ Whin we slowly added acrylic acid (1] in
ether o a maixium of LiAlHy inether m 4 °C, reflussd for 1R
h, and Tolkireed the typical worke-up procedece (HaD and
Pl b vinig eafmsction with diethsd ether the reation
mixzere was quile complen. lis NME speooum chesily
showed the presence af allyl akobal (2] and #-propsl

‘Coreespading avihor, g-muail: ckleed MIE kmgwon i ks

aloobed (31 & i of e, 108 (Table |, Enry 1) There
were also some widailife] comporurds which could have
tormed froam dirmer (1) aid tiries (1"l 1,

I:Hz-l:.rl-ﬁ-l:lh L, CHECHOHOH + CHyCHCHOH
1 i ¥
o
+ tHyomg—lloH 4 urdesinon

L]

[u} [a] o
 CHyscH--aH ay=c-Lgonoig d-ow

1 T
a
'EH,=I:H—li|—CIH + EH;.-I:HJ' MJJ:J-IJE—DI-I p—
1 T

ju] ]
'EI'I;=I:-'I'I—|]—D¢H=CI1?J"HQI:H?:HIE—{5H
=

U the other Fand, when the aqueots leyer was ascidified
with af. BCL amd then extnecied with dicthyl ether, the
stanting acid (1) was recovenad in shos 5% vickd along with
propions acid (41 @ abo 45% yield, The relosiee mto of
the prodects vared depesding on e mssction conditions, b
the recovery of the acids | ol 4 was moee than 5068 in car
pitempes. Compound 3w the majior component in e
ethereal exiract as shown in Table |, [§ sooms appareni that
the reduction of 1 canncd be the mibaod of choice becmse
not only wirs the vield of 2 low Bl ihe sepeestion of 2 from
ithe minbare wis dilficuh.

Propindic acid (%) hes also been Kiown do give alhd
aleshal (20} Reduomon with LiARL fay give Indastersted
allyl whoobol, which should he peoepiabie i prgueation of
a devteraied wliyl merciman and svensslly for the anahesis
of the ador . Howeser, aur allempl o moduce 3
wilh LaslFl was also iroublesome becaws: nof only 2 hut 3
ard propargyl alonhol (8) were aleo present in e resction
mixiun: (Table |, Eniries 3, 25

'i' ik
1 OH H—==—CHOH + ] + ¥ + uredenifumd
& [ ¥
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Analysis of Volatile Compounds in Bulgogi

Food Scence
= Diotechnology

—
- B s, Ry a8 o A cnd Trimat oy

T Hiwe U, Tose Husn Kim®, Ssmid Kim Cho®, Hvong Joo Lee', and Yisng-Suk Kim®*
Depmurivreny o Fsd amiad Wiatvilional Sodeaces. Erba W Liwvesity, Seow’ (30750 Ko
et of Fivd Seisor ool Toolmedegr Soived of A grinsiiom! Sictsclmnkar Seval ietioun! Daaerite Savos 84070, Ko

SOt len S, Sejog Dlmveeity, Seosd 1423747, Konma

Abstract  Vidalile counprundk i bulgog o waditonal
eockied mieal Wil Rgue wece, were esiracied using
with sohvimt exineciion. and solll phee ssicrocuTasion
{SPMEDL Seventy-Tive compoinds were demiflad in the
welatile compounds esmacted from bulgogl. including &
yraxines, ¥ sulfur-containimg compaosencks, | 1 carhonds, ¥
alcobods, 1 esters, ) abphalic hydicabons, 23 lefpens
hedbncarkams, s | miscellanems compounds. Mot
wirkaike wemified in this study omlkd be famed
frem thermal degradation. andfor thermal mleraction. of
ormpoents n mes and muﬂhhﬂ“m
Tarpene compomds were majgr componei

of belgogi Maver, The smownts of mos heierocyclic
crmmpounds such o pemines, which could b fommed vie
Miailard-iype reaction. weng nol significan.

Kirpwondss hulpogi, volatile, snalyse, SDE. SPME

Indroclucticn

Bl g, ame of e mael popular inadinonal foods n Ko,
is meat mannated in @ Rk SAUCT cORGIRING & varEty
of food ingredienis (1), soch as sy s, Sigar, e
ik, masied e weail, black popper powder, pear juce,
ivibiein, weleh ofmon, parlic, ord ginger

Piarecr s one of the masd imporiant quality sftrisaies of
ook meat. The Mmoo el is a reall of sersation
e Frovs R JRain meapomees, 6o and anema, 35 well
& lews clearly defined contributions from she pressune- and
heat-semsitive anzas of the mouth (11 Since: uscole] s
bl Mavor eacepd Whaoalike e, e maponty of meo
Mervte commpuenenis e helieved oo be derived
31 Dhring cooking, & complex series of thermully induced
resctions oo from nom-wnlatile components of lean el
ity L, mewalting in o large sussher of rescton prodios.
Alhoagh the Paver of cooked meat is inflomond by

Aaamgnling suhor ol Fonsd wnd Mwinnboral Scicroes. Fafia
“h-lirnlluulg..ll-l o Sadaasnm ki, Sevad 133
T, Ko

Tk k-1 3371 5p)

Fas; 83350 1]

E-mailt sekom | IS pemcsstmosc ks

oompomnds coniributing & the smss of L, @ s the
wvolkatile cormpusands, Rmed dusing cooking, hal detenmine
e aina anebues and conmbse most i the chamciensic
fwvor of cocked meai (41, Several studies on the vidlatile:
profuced in ookl mae ke b done during the past
decades, Reventhy, Mavors in sl ond thelr Sormation
were feviewed by Monmm (40, Previous stadies on the
viraiile foremd in vl v el o 1LIKD
voksibe cosmpaumds Feres b adestifiad (41 These volanbs
inchale mosl clisses of organe ompounds, swch e
hydmcarhaons, aloohols, cobomyll, eiens, and hetenocychis
crmtaming onygen. sulfur, @ nitogen (50 In panicala
Iesterocye lic compounds ane important Mavor composnds,
maindy prochand via Mailland -t ndictions, leading o
sviry, mealy, masied, snd boded flavor gqualimes of
cnobed meal (60 Alrhough several realis on meat flavons
Theve been repomed. no dudy has heen made om the: Mg
ol blgogi, which have defferem Maeor prolile from thoss
af ciher onoked Mt

I this andy, volasle compounds in bulgeg wone faskied
and mmadyeed 0 ivestipaie the anoma progasty of lilgog
T exirct vilatike congoails Trom Tulgogl simulmneoes
steaim distillahs and esmmeton (SDEF combined with
solvem evrcton, and solid phase memeedscton (SPWE)
michadis werr weml. S0 provickal bagls extracton efficiency
for ihiverie: raige of compoude, coverieg [rom volatikes
seirs-vilailes. However, poor peoovery of polar and water-
soloble compoimis s well as i besling puint gk,
which wene eletiad carlier of Wogether with snlvent wsad
cunald ol e oadienl. (s the oher homd, efficient extraction
il higgh hodlers with low hoaling poines. on the other hand,
elficiend exirsction of hiph boilers with s boiling poines
ol be achicval threugh SPAE, applied in head space.
cruld Be achiever thoigh SPMEL Funhermons, palar s
well as nomepalar compoomds could b analyral wsing
SPMIE with variows fitwrs oof different polaeity. Thenelose,
hoath evtraction srethids could compersate for cach other
coweriigg Brom b oo high bailers, in divera polarit and
chemical property for analysis,

Materials and Methods

Preparstion of baelgog  Freh sliced Komems saken
Agriae A) e el Frivm o bocal merkel, sioed o
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R S ETVET

Anabdtical. Mutnitsonol and Climcal Methods

Aroma dilution method using GO injector sphit ratio Tor volatile
compounds extracted by headspace solid phase microextraction

Tue Hwan Kim®, Sung Mi Lee®, Young-Suk Kim",
Kyoung Heon Kim®, Sangsuk OhY, Hyome Joo Leet*

sleprrnre af Fed' kowmpe omed Troh . gl | i # Amprrhwemgr. S’ Labeas' Lappoity, Semom 00 S0 Lwid K
By oy |r|.-|l||-|| Nuwiyema! Yrwwr B iV omyen Capermie. S (20700 Sngi b Jerom

Byl 29 Sepamrpber 392 moenl m o moviied oo 28 Apen] SO0 soorgied 38 4 pril 2o

Absirac

Dulimon ditbods. ace widely imed Sor e scroemng of aroma-ecive compisds a g cheomalograshy-cifactomeirs IGO0
Ax mirms, ditan el Timr the '.'ll,r' 'I walid plus mcmesdnctn [HE-GPME] wes dcvdoped mamg
G0 irpector aplil mlio Is oo sy reidie] wven putk dendnnle. e chliombp hetween ogaritbme
renk ey amd lnpantEmer splil el slosnd a hﬁh_'llr-:rhlud. by e pvind gréicsiend belwen calcelalad and capen-
minl dna, This sl wigpeas thas the splin i 8 & sikable s reliate cood fee g secomsive difanios of wolaibes in HS-
SPMD-GO-0, Whes ohis marilod wea appdisd 0o vi Chees jused ) ed, Hsalood (Aloral lemoa b sad desanal § ooan e wasy ) wen

linaniind 34 1ha AT (RS LPTETLE - G511 E SO PPN
o B Elsevier Lud. Al rghes peiereal

derpmegs Rpht vane Ciai o bivits g iapba ol s leamiiy; Flaadaps e adid phae sisies gsmon diome dlion e jame

L. Imirvduicimim

During e post decade, sodid phese micrrexmacton
FSFME] hos hoen widely FI'-.‘|I.'H]. o L'l.ll:.,ﬂ.ll'l‘ yuikie
tile and setvukilile Treas Tl L &nvie-
ormeerial, and ol mmplln {Nevlanh I: Pawlizeym.
1489 Boatickn, Loml, & Pewlssym JME SPMLE is &
wrgd, rapel and sobvesl<Ine sampdimg precedinme,
winch sangdes lnken Do sithey lageal phase {direct
mumersion sampling) or vapor phese (headspucs sam-
plgh are absorbed oobe o phisecouted Nead silice
fiber. Headspace SPME | H3-5PME, m paricalr, hes
bzen laspely mjppbed o Bavor sl i adnbindlimn
with s chromabogrepbe (060§ and (H -mses specton-
ety R0 -MSE

G sifactomeiry oL s 5 valiahble ssalytical
jrivaalune Rt the detection ol aiafim-eclne osttijuiid
among variow spkiies exirscied from (o] simples

¥ Cromepasding aatew Td. + E5F-I8-00Y fan & K2-F1-193
Foonal midvss belfipaeachio a0 ol d Les

A s TN e o i 0 XKD Blsrwier Ll A0 sghes imsetenl

ek 100 e B PR

CCaiemch, 9930 The asethodokgy ol GO0 fan be
chasmilid i dilwtion. miensiy, and detoction fre-
yaeacy methods (van Buih & ONCompon, 201 ), among
which dhilutiom meibeds such s ChasmAsal ves Aoee,
Harsapd, & Comnisgluin, 19864) snd mioais euliacl
dilutin analysis |AEDA) (Ullied & Cinsch, 19675
Bave been genevally msed as guantimisve GCAR li
ALDA, sbepwie dilulions of s Acoma £53rdel are per:
cezved b g owvale Buves dilution {FD Bagtaas, which ase
propariions] jo e ehitne aroma polency of gach

When SIWME was fimi used o combmaica with
COAF By Ubwh, Krumbem, Slhonhol aid Hoberg
L1998 qhe mhsorption e was copsgcutively peduced
By hall 1 achicwe the elfecd of slepwise dhitea. The
comconireticas of wolables, Soweeer, did oot docrease
prupoituiialy 1 the ibsiipton Line. Debki, Adrc
arnl Lavin 199 combmed SPME saih CharmAnalyss
b wwrying the thicknes  anil length ol poly-
dimethylsikman: (PR fiber io objas vorious absor.
Bt voliipnies, They dbeorwod Chat the concenlestion of an
alsciibsgal coinipinnid i3 propariongd e the voedane of e
expvsdd [iheer, e applicd this procedaese &6 HS-5PME-
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N3FOTE Reduction of Unsalurated Carboxvlic Acids wilky Lithiam &l iruem
Dautmnde

=11 RE R = R E
Y L E aepo}

i ander o prepacs parialy deuienabed sl mercaptlan wrel vingl ald Kabonea whnsh e wsahy 4
spndarce or Havar armbsam sucborn of o, f—ungabraied aldeydes and carbouylc ackds by L
alumirism deuteride wene investipated, Propencic acd gave both oropanoi-1,7,0=c' and altdl akcohig
1.1~k guonching the reachon with HyO. Unon cusaching with Dp0 propanol=t,7,2 3= 6y and aiy
pluoti=1, 1= g wamn colaled, Propyros ackl gave allyl algakal=1_1 3=a; By gquanching HyD andg 8

algabal=1 1,0 3= oy quanchirg D0, Al aloahel-1,1-4, woa Bolated &% a bysnduct in both ca
Tha rasuhe indicabs st e destenide on adds 1o P—cabon ard carbomt carbon compstireedy
compists mducton of C=C tnple bond ik ral poimibhs Decause e negatively charped doubkn Doy
cloes rab undengoe Purbrer teduction.

TP gaae Chvtarmination ol Aromaticily Indices ol Fiee=maimnbened
Morahsteracycias by NMRBE Sgectroscasy of Thair Banzowd Derfealves
AEE 1300 Mo FE s o
O &R0 6o
Banpaphancsnea.  P-bectoylhicphanes, P-bergopipyrales, ard  2-benzoyurane  which b
subsliluaia af o and S-pasiiona of The bergof ring wero preoarsd @nd e NMH speoia Wil
siolmned W 0.1 M chloroloem-g sabation. The chemical shill valuse of sach saies waie plolbed s
they Homimedl subsifverd palamsion o gve Sood comalabios svcapl M ombo-H ard -2, Tha akap
a5 well as tho oiflgrance in chemical shilt gave =81 aof meanrghd values lor e indcss o aromeal
Fen memmigle, [he coirelsinn ol the sharoeesl Bhiltd &9 & sanae ol doBaliluied BonZophisndang B
gmies ol subsifuied berezoy derwabves ol Heophens, oyrcle. and luran, peovides o sob of 072, G448
arvd 0,95, Mapectaky
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| 25F109%  Preparation of Dideuterinallyl Meocapian

Mk | En g ofitd
£ A

Tha reduciion ol propangy alcohod b alld alcohod with hium akuminuem hyedode was Ilﬂﬂ-l'l"lll'!llnl in
ceder bo prepans Ayl sleahal allficianfy so that She mafhodslegy ould be apphed lar the oeaonalicn ol

| e doeulsrated cernive. Hypdida added to the S-ombon durng the reaction and a pralon added o

o e =y

we pecaiban dunng the guanching bo Wanslomm e 0-C igls bond o o C=C d:!l.'tm nend. The
chautiraled aftyl slcohol was canyafed (o coraspanding mancaplan by iastment wilh thiousen.

1 =
u—--ﬁhfﬁﬂ& c'::

.l':""' Hy8H
Hil:llil' }*w }-(n

‘i'EELF'E-'IE Oxidation of Phenetd Aleshal by Pyridinim Chlorechromate

BAEY 08T HaE
HuchiE SR

| Traakment ol pranati aleansl by pyridinium cnlorocheomate [POC) (1 1 by male) o dichloramethang

ol room iempsialure gave benzaldehyda, pherdscefalfebyds, phenofgl locamaba, and b ]
nhanyacatalo na mto o 1.0° 1,75 - 0.35 : 0,7, The romdss ae muso dilfemng fram the Sescripton n

| oany QanRial org@ne camiglty Beibonk. When tho malar i of te akbahel and PO s 0 @ 0.8 the

maje poducts ane phamtstelaldabyde and banzalfabyds i e relic of 1.0 0 00 A plausile

© mackaniam lof the lomation ol the producta ane Sacissed.

V2EPE5E Reaction of Pyruvic acid with 2-Amincathanathiol hydrochicnds

RaEy ol fils SpE
LM AR B

Healting @ mibforg o pyruwitc acd and 2-amiroethaneshial hydiachiodde §1:1 by maole) in benzene gave
d-metfrylibazolidire=2=carooaybc »=d a5 a malt faim af hdrochionde ower BO% vidld, Thag was no
cdication af e lesmaton of 2=acalyl-2—thiazoling in tha reaction, T MWA spsairom ol the salt i
DMS0-dly show free peaks of near aoull intensities al 24,37, 39,82, 49,74, 72,27 and 171,70, which
arg duils uhusual for guabminary and carbomd carbons. The siructee was conformed by X-ray
crystallography.
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P1-04
Analysis of volatile compounds in bulgogi

In Her Cha®, Tae Hwan Kim', Somi Kim Cho’, Hyong loo Lee', YoungSuk Kim
Depanment of Food and Mutritional Sciences, Ewha Womans Unlversity,

'Department of Food Science and Technology, Schood of Agricultaml Bistechmology,
Seoual Mational Unjversity,

‘CheBliGen Inc., Sejong University

Volatile compounds in balgogi, o traditional cooked meal with its unkque sauce I Korea, were
extmeied by using rvo differemt exiraction methods, ssch os simislianecns steam distillation and
exiraciion (SDE) combined by solvent eximction and sedhd phass microesimaction (5PMEL A
ldnl of 73 compoands wene identified in the volatile compeunds extracied from bulgogi. The
ifemifled compounds (nchided B pyrazings, ¥ sulfir-conkxining compounds, || carbanyls, %
alcohols, 2 esters. |0 aliphatic hydrocebons, 25 wepeme hydrecarboss, amd | mescellaneous
compound. Most volsile compounds idemtified in this siudy could be Tomed from  ihermal
deprndatbon of ¢omponents, such ns proteins, Hpids, carbobydrates, and thiamime, and'or thermal
intemactions hetween them in meal amd other ingredients used for hulgogi sauce,

P1-20
Aroma Diltion Analysis of Headspace Solid Phase Microexiract
Changing Injector Split Ratios ol a Gas Chromatograph

Tae Hwan Kim®, Sang Mi Lee', Younp-Sak Kim', Hyong Joo Lee
Dept, of Fessd Science and Techmology, Secul Mational Universsy
'Dept. of Food snd Muritionsl Sciences, Ewha Waomans Universaty

Far the siepaie diloices of solabile compounds exarmaed by headspace solid phase misroesirsson
(HS-SPME], the split miso was increased sucoessively prior W mjection imo o gas chromatopraph, A
high lincarity of nelatsm In the plots af pesk ares versss sple mikes was obesined in 2 agueous
misdel system including seven authemtic standard compounds, which indicaled thm the imcresse of
spbif rmtis was suliable for the dilution analysks of headgace volatiles. This method was alsn applied
i aroml exirnet dilotion anabysis (AEDA) of v (O funor) tea. Polydimetty lsilosnne fiber was
efficient for the estmction af the yum wolaliles, fn which terpene hydrocarbons constininsd the main
comporents, On ghe other hand, monerpene and  sesquitespene vdrocarbons shwnwed  different
exiraction patterns scoording in sbsorpiion tme Ligaloo! (Gomllemon) and decanal (sranpeiwany)
wene identified a5 the moal inserse aromo-octive compounds representing the characleristic aroma of
i ben im HES-5PME-AEDA,
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F2-41
Identification uf Aroma Active Compounds

of Bulgogi

tﬁ* ‘I!'uu:.'lg-Euth'l Hyong

EE Ty nl' Pood Scence and Technology,
Eeuul Mational Liniversity

'Dc-p.'l.rl:nu't't of Food and MNutritional Sciences,
Ewlha Waomans University

Volatile components i bul wiere  extractod aaolid
T phase  microextraction KAE) .:II!J.‘ gz ﬁn‘uu:n

sublimation [HYS). rmspectively, T extracis were then
analyred by gas chromatography Soliactometry (0000
wonducted  on two columns  with diffcrent polanity
(V=S Pl-wan) Adona dilution methods  werne
employied by changing G injector  split ratios  in
SPME-GC-00 or wsing a scrial dilutions of the estract im
HWVSOGO-03 i SPME-GO-0Y, allyl mercoptan (doseribsd s
garlic/ ulgogi) showed the highest flavor  dilutson  (FLY
factor, followed by methionsl  (boiled Iml..ilu,i'm:y ST LS
2ezthy|-AS5-dimethylpyrazine  (nutty/soy  powder)  cofifee
chowolate), and acetvlpyrasine (ootty S peanatf cooked  rice).
Im HVSOO-0, methional revealod the highost FIY letor,
follossiend by 2-acetvl-2-thiazolne ety foooked  rice),
Turarsol [earame] sl ), arad
Z-othy -2 S5-dimcthyipyrazine.

- 191 -



- 192 -



B i-mirz
Amlysis ol Volaiile Compounds in Bolgegl 1 Comparism
Ileating Frocedires

I Bl ©°hee ol Vs Sk, 5
Peparianen of Fovsd sl Musrineal Scionves, sl Wistsss
[ TRE BT

Ty il selstibe praiiles sn Pasli g okl By dallcresa bearmg
Prwthailn, o oy eetnme avon, an ckelrie guin. ol charcagl gl wym
wsal toy proay B il oaskaad Balpign Fhet Tigh saciien splliiiil i

A crmphoyanl g rsolatbam ecBmpi, ity diie s liegh Eainawiwei
aflwrny el Eill cxtraction condiion. A pmal of 41 wlsiile

cotmpoumds, including 4 pyrasises, 10 aulfir<onininng compounds, 7
cabanyls, ¥ akohols. 7 aliphstic  kydrocorbomss, 25 icipeme
hplvistiihiiia, sl | miscollaneous compousd, were sdenisibad in ehis
sisly, din the niber bamis, & sl of 55, 30, and &7 valalile conpeusls
werd foaind im balpog cooked by three differcot beating methods, o
cinveclion avimn, & cleorel pai, umd charcoal grill, respecnively. The
differance e ihe amounts af sach volsiile compoeemls Fund in bulgegi
uiimy Ihrec beulmy nwibedds were nol sipnifieant, sscopt S subiie-
womlainang sompoiinds sed carbonyls. ilspecially, sulfiur-eonloining
compouiml, such o allyl propyl desulfide, mcihyt syl rinsfilo, s
dinliyl irsulfide, wom found oaly in Bulpogi conked by convection
ovrm whateas seme carhongds, mich s firfural, Benealichple, amd
1E E2 Adocalional, warg el | vraly i hulgagi gollod by cBarcoal

P-4
Salid phase microextraction®} static headspace B o] 9
& w4 S e vz
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& M SG-Edimethy] disuliide, dimethyl misullide, 3-methyl thiophen,
ally mwwrcaptam, 2-methyl-3-fursnibsal, methionzl)-§ 84 &paf 2k}
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Fl-014

Deierminaiion of Odaer Theeshald Yalues of Aroms Active
Compounds in Bulpegi by Paired Comparisen Test

Hye Sung o', Kycung Hea Lm . BKwang-Oik Kim', Young-Suk Kim',
arnd Hyong Joo Les
Depantrrsent of Food Scionce and Technology . Seoul Natkonal

Universiny, Depanimend of Food amnd Muminonasl Scowences, Ewhna
Wormans Liniversily

Bulpogl = ong of the Korcan raditiona] foods and cooked by broiling
or raazting beel with its unigue sasos. The most inlensc sremmne il
conrmpoumeds of bulgogl were  ddantified by pas  chromalography-
el Facaoimwerry (E -0 hased on sroma extrect diluion analysis (AT ).
The  oldfaciormesiric -ul;rlil rovealed the presence of ihiry bea
compounds  with i slor-sclivily,  Among  ihom, methional  (eooked
potato-likel, Furameal {yogars-hike, wwesd ), Zezthyl-3.5-
dimethylpyrazine (coflen-like, nuiiyl F-mobuly -2 - o yp yTezne
ibiner, metalic, grassy), |-oclen-3-oae  (reetallio.  mushroom-lke),
scorylpyrarine  (nuity, cocbed rice-likel, linalool (fomal, aweet),
phenylscetabbchyde  (hyacinth, honey-like) ard  aliyl  Aecrcapan
fhulgopi-like, garlic-1ike) wera ihe most smporiant eomribuors 1o the
alfsciry propery of halpogl, conaslering their high Navor diduteoen
{FO¥ faciors. To determine odor threshold walues of aroma sciive

mde in bulgogi, paired comparison s wes employod.  Odor
thresbuosld values of pOlent AROMEa SCbive oompounds sore @S folloss ©
methional (008 ppl) fuwraneol (6825 ppdlh. 2-echyd-3.3-
dimethylpyrazine (156 pgill S-iscbutyl-Z-methoxy pyrazmns (051
Pl 1-ocien-S-onc {50 jigll), Z-acervipyrasing (125 pp/l), linalool
(R4 up/l), phenylacewldehyde (TH23 pel), amd asllylmercapian
.32 ppflk
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114B-10

Analysis of volatile compounds in bulgegi, a Kerean broiled boaf

B HOLISE HL 5. K, T, HL Bane, H 3. Lee, Food Science amd Techsology, Seoul Matiomal Univ.,
Silimedomg, Seoul, 151742, South Korea, 1, Y, Yang, I H, Cha, Y 5. Kim, Food aml Nutntonal
Sciences. Ewha Womans Univ., 11-1 Dochyon-dong, Seoul, §30-7500 Souih Korea

Bulgagi, a Korean rraditional cooked mest with amigue sauce, has s own charactenistic
meady oibor, Volatiles of hulpn;i wiere solated and unul}'.r..-ql s ing hlgh viscmmn sublymation
micthod and gas chrommography/mass spectrometry (GOMS) and gas chromatography |
olfactometry (GO Among the sixty compounds identified by GC-MS. fecarvophy llene
ansl diallyl disulfide were major companens, followed by [-phellandren, scetic acud and -
hydroxy-2-bananone. The olfaciometnic analysis revealed the presence of thimy 1wo com-
poumlds with aslor-activity. Methional {cooked potato-likey, Terameol (yogun-hke., sweetk *.
ethyl-3, S-dimeihyl pyrazine (coffee-like, neiiyh, 2-acetyl-2-thineoline {welsh onion-like,
nuty b and 3-isobuiyl-2-methoxy pyrazine (biger, metlic, grassy) were the most impomant
coniribulors 1o the olfactory propery of bulgogs, considening telr ligh Navor dilution FLY)
Tactors, Most volstibe compounds found in this sbedy could be formed from thermal degra-
dation of components and for thermal ineractions beiween them in meat and other ingredi-
els used for bulgogl sauce. Terpene compounds, defved Trom bulgogr sauce, were guanti-
tudively mupor components in bulgogi Mavor, O the other hand. the amaunts of most heterno
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