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Physicochemical and Sensory Characteristics of Sesame Oils
Manufactured in Korea, Japan and China

Hyeon-Wee KimT, Min-Jung Lee, and Ki-Hong Kim
Ottogi Research Center

Abstract

Sesame oil has been popular for hundreds of years in Korea because of its pleasant flavor and
health benefits and has been studied for its antioxidant properties and flavor preferences attributed
to its manufacturing methods. The objective of this study was to investigate the qualitative
properties of six commercial sesame oils (3 Korean, 2 Japanese, 1 Chinese). The fatty acids in the
oil are composed of two main acids oleic acid and linoleic acid with a P/S ratio of 4.99~5.73. Of
the tocopherol isomers, y-toc ranged from 23.14 to 34.85mg/100g. Lignan such as sesamin
(322.91~689.39ppm) and sesamolin (62.19~289.82 ppm) is found predominantly in sesame oil.
Sesamol (8.52~51.21 ppm) was significantly different depending on manufacturer, observed as
greatest in the Korean and least in the Japanese products. The induction period was longest in
order of the Korean, Chinese, and then Japanese product. The red and yellow values in Lovibond
color were highest in the Korean and lowest in the Japanese product. The major volatile
compounds (in order of content) were pyrazines, phenols, aldehydes, and then furans and
contained a small amount of pyrroles, thiazoles and indoles. The levels of total volatiles were
greatest in the Korean and least in the Japanese product. The most abundant volatiles in the Korean
product were pyrazines, whereas phenols were higher in the Chinese product compared to the
others. From these results, the relationships among pyrazines, sesamol, yellowness and induction
period showed positive, respectively. In sensory evaluation, Korean panelists preferred, in order,
the Korean, Japanese, and then the Chinese product in strength of and preference for the sesame
flavor, also ranking it best in overall acceptance. Japanese panelists found similarities in the
Korean and Japanese products and gave an equal level of preference for the sesame flavor and
overall acceptance. On the other hand, Chinese panelists preferred the Japanese product in strength
and sesame flavor rating it best on overall acceptance.

Key word : physicochemical and sensory characteristic, Korean, Japanese and Chinese sesame oil.
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Fig. 1. Procedure for manufacturing of sesame oil.

Al & .
3704 QR 2704, 33 DRI AR D Qe AR 5&o)

Z< gz 3tk

Hir

220043 49 AE 6

Xgat ZH(2)

ANBRE F T3 screw cap tube ol ¢F 03 g2 T F, 0.1 N sodium methylate 9L 5
mL 7}t A3gck W F diethyl ether 5 mL 2 7stx, &2 A S AASH] A8 SHF=
Azt Fo] A FFolA o 0.7 wE GC o FYD) 7 Xate] 79 242738
ol Al standard ester(Nu Chek Prep, Inc., USA GLC87A)S°l tidle] £2413te] UL retention time 7}
Hla st AR50, Zb fraction @] -2 Hewlett Packard Chemstation software & AL&-3to] &
A ¥Akoll o WA WE-E(area % of total fatty acid)E AAF3FATH ZE& OMEGA WAX
250(Supelco Co.) fused silica capillary column, 30 m X 0.25 ym X 025 mn & AFR3}Qlon, Za2w
= 210°C(15 min}> 5 C/min—> 230 C(3 min), split mode : split ratio(20:1), split flow : 13.6 mL/min 2 ¥-4]
st3iTh
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NS 1g2 10 mL d|2EetxaF0) A23] Do} hexane 22 4813 ¥ 0.45 um microfilter 2
el BAAER 3Fglon], AAL pPorasil 3.9 mm X 300 mm)S =2 ©] 54 1.5% isopropyl
alcoholhexane(%-% 1.0 mL/min)E AFH&8}+9] diode array detector(DAD ; 280 nm)E 23133t}

EIMHE S8E(Q)

A# 10 g& 10 mL W2ZelxTe H&9) "’"0]' hexane 2.2 &3t & 0.45 ym microfilter =
st EMAEE stth 7t o] Al9] HH-2 Merck AFel E X HEE FF(D,L-artocopherol
99.5%, D,L-B-tocopherol 99.5%, D,L-y-tocopherol 99. 5%, D,L-8-tocopherol 99.9%)% &4]5t B}l
glon, o EL YdAFER XA F ARIEHLRE AFSATE YL p-Porasil (3.9 mm X
300 mm, 40°C) 0.2 0] 5 AL hexane:acetic acid:isopropyl alcohol Z3+&-1] (100:0.5:0.5, v/viv, %

12 mL/min)E A}-8-3+4] diode array detector(DAD ; 295 nm)Z £ 8}9it}.

AL DHASEE DL
AOCS #(6-7)°ll 3t A3ttt

AOM AIE(@S)

2712 90] Akz}t kAL HItEl7] 95} Metrohm Rancimat(Model 617, Switzerland)2 573 6}
Attt &, A& 2.5 g-S reaction vessel o 13t 120T 9] oil bath 23l A 20 L/r o] 3718 FYHE
A AFANAE | BAHE ASES FFTA FFAA 019 conductivity & AHE7IET FHL
ZREH X778 Alste ZA89-

Lovibond 24 J}
cell size 7} 10 mm ) Tintometer(Lovibond PFX 995)% Z73}<] Lovibond color (4 4/3) =2 1}e}

HATt

|42 24(3)
Likens & Nickerson 3% & A}4-3}4 simultaneous distillation extraction § 2.2 A AT &, T
& ZEgd2F0) VIS 40 gH FFT 100 mL &, 5F 8 Zg239] A5F3 dichloromethane 100
S ¥We ¥ 77} il bath Aol Al 130°C, water bath ol A 40CE FA]3HHA 3 A3 F< 231
Atk FZ NS sodium sulfate, anhydrous & 253+ & kudema-danish 5% 7]5 ©]-83td FF3
11, rotary evaporator & 40 CE 73|38 0.5 mL 2 AFF3I9] GC E GCOMS B4 A R E ALE-3)
Atk o] o GC % GC/MS 72 Table 1, Table 2 ¢k 2T GC/MS 2422 ¢2 mass spectrum
GC/MSY software 2 WA H wiley library & vl 3dle] FAsA o0, AZFLE FE814<
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Table 1. Operating Condition for GC Analysis

Instrument : Hewlett Packard 6890 GC (USA)

Column : CBP20 (polyethylene glycol) 30 m X 0.2mm X 0.2 ym
Carrier : Helium, 0.7 mL/min constant flow, Makeup flow 19 mL/min
Oven : 50C— 4°C/min— 2307 (30 min)

Injection : Split mode (15:1), Split flow 13.1 mL/min, Inlet 230C
DET: FID 230TC

Inj. Vol. : 0.2 uL.

Table 2. Operating Condition for GC/MS Analysis

Instrument : Hewlett Packard 6890 GC/5972 MSD (USA)
Column : HP-INNOWax (crosslinked polyethylene glycol)
30m X 0.25mm X 0.25 pm
Carrier : Helium, 1.0 mL/min constant flow, Makeup flow 19 mL/min
Oven: 50'C(4 min)—» 4C/min— 2307C(30 min)
Injection : Split mode, Split flow 13 mL/min, Inlet 250C
DET: MSD 280C
Ion Source : EI(70 Ev)
Inj. Vol. : 0.2 uL

Table 3. Operating Condition for Electronic Nose Analysis

Instrument :

SMart Nose, Marin-Epagnier, Switzland)

Nunber of channels :

151(bargraph mode, 10-160 amu)

Purge gas : Nitrogen 99.999%, 0.25 bar, 240 ml/min
Incubation : 20 min, 85 C, with agitation

Injected volume and syringe temp : 2.45ml,105T

Injector temp : 130C

Acquisition after injection : 225 sec(1/2 s/mass), 10 sec delay time
Syringe / Injector purge time : 3 min/3 min
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dichloromethane & WHREFEAE A}g-3}o] o9 w3 AA 7} 2 JE9| =28 A7} v 27H
Ao FX(ppm)E AHE3H3TH

HXR HAE
A7) 8-S 1gS 22mL glass vial o] Bo} Table 3 ] 274 A} F(SMart Nose, Marin-Epagnier,

Switzland) 2 #4338} th

2sZA
Y, QR FFAS 247 9% 200 AR 10 PHES e AP AT, AR, FF F
7180l Ug F1EES Yolusl S8l A71E BE0E 2T MBS A AFA YEe

m. g & 1

[l

I8 0|38t E4

A HHAE ZA(Table 4)2 @AY, glE2ko] A9l 80%0]4dol 1L, P/S Hl= 4.99~5.73 &2 Az 0|
w2 k7o Apolrt QllEdl ol olvt: A FAEA Y Aol A 7|UE AR Bt E
F 7| Z(Table 5)& y A7 RO 2 23.14-34.85 mg/100g HH ol eH, g9 CY U 539 T Al
EFol tha B7]E AR o] A AZF7IZEY Aole fle ZoE Bk 22y ¥ (Table 5)
o Qo= MAFR, AAFERo] tREo|Ax, MAIEL 852~5121ppm, HAIRIS 32291~
689.39ppm, AAMEH-2 62.19~289.82ppm ©]N 2.1, o] T MALE o] AZFH kY Aol FH
3t FE>FTA>YE o2 okl ol FEIZAREATNY AoloA HZRH Aog 3
gt 53], 489 DAFL g gfo] ARt oE BF uoked), ol ¥ HI2E X
A 2 AAAE fED Aoz ") 3, ARG S AT A (Table 6)NA = =7
C(159.65)>0(101.85)>CY(99.71)>G(68.78)>)(66.95)>D(28.53), At 7} & J(6.76)> CY(1.81)>
C(1.73)>G(1.35)>0(0.93)>D(0.74), I}+3}E-71= 1(11.72)>CY(7.12)>C(6.94)>G(5.77)> D(5.54)>0(5.41)
oA, 53| T J AF A5 Al stEIPE g8 AlFel vlE 738 EeodE &
T3t fFE7])3ko]l £ D AlFA vlE)] 1 AL A EA glad 2 EFHE FFo)
BdUAo R T AF BU7] WEQA Aoz Bl Egh v ik BHitEEvHE YEe
=59 O AFETS 49 D AFY AF 27| Aol FUg o] FE HFE F Atk
Lovibond A7t A= AFEHY] ol AX T AR o>z a>LE2AFS £X4Z red 27
yellow ko] & ¢ 4 Atk 53], & D AF AF dFoy} FFA4F(red; 4.7~5.5, yellow;
38.0~60.0)0 H3l red Zt 1.0, yellow 2t 4.0 &2 o}F WgtEd) o] e Ro 2w o] zu 3}
o] Wjl&olx, o]t zlolrt Blad I R EZHE FFS AHR ¥ sgied, AT

B AR S 9 & ZAos HAX
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Table 4. Fatty acid compositions of sesame oils on manufacturer (Area%)

Country KOREA JAPAN CHINA

Manufacturer 6] C CY D G J
Palmitic acid(C16:0) 9.49 9.53 9.33 9.37 9.19 9.01
Stearic acid(C18:0) 6.38 6.44 4.87 5.66 5.94 5.18
Oleic acid(C18:1) 4295 43.59 3844 41.08 41.06 38.01
Linoleic acid(C18:2) 40.25 39.49 46.21 42.98 42.88 46.64
Linolenic acid(C18:3) 0.29 0.30 0.32 0.31 0.32 0.35
Arachidonic acid(C20:0) 0.66 0.67 0.58 0.61 0.62 0.58
Gadoleic acid(C20:1) - - 0.25 - - 023
SFA 16.53 16.64 14.78 15.64 15.75 14.77
PUFA ' 832 83.08 84.65 84.06 83.94 84.65
P/S 5.03 499 573 537 5.33 573

Values are average of 3 determinations. Standard deviations have been omitted for simplicity.

Table 5. Lignan and tocopherol contents of sesame oils on manufacturer

Country KOREA JAPAN CHINA
Manufacturer O C CY D G J
sesamol 51.21 43.26 50.03 8.52 38.92 26.41
Lignan '
sesamin 624.57 567.86 497.68 32291 545.85 689.39
(pom) sesamolin 236.37 226.91 213.24 62.19 222.10 289.82
Total 912.15 838.03 760.95 393.62 806.87 1005.62
ostoc - - - - - -
Tocopherol B-toc - - - - - -
(mg%) toc 23.65 23.14 34.78 24.16 24.92 34.85
dé-toc 2.77 1.57 1.19 0.78 1.3 0.92
Total 2642 2471 3597 2494 26.22 35.77

Values are average of 3 determinations. Standard deviations have been omitted for simplicity.
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Table 6. Physicochemical characteristics and oxidative stability of sesame oil on manufacturer

Country KOREA JAPAN CHINA
Manufacturer 0] C CY D G J
Induction Period (hr.) 101.85 159.65 99.71 28.53 68.78 66.95
AV 0.93 1.73 1.81 0.74 1.35 6.76
POV(meg/kg) 541 6.94 7.12 5.54 5.77 11.72
Lovibond Red 5.1 5.5 5.0 1.0 37 47
Color Yellow 38.0 60.0 38.0 4.0 26.0 50.0

Values are average of 3 determinations. Standard deviations have been omitted for simplicity.

R 1 ow AEvit 2 Fo FRIAUE L TH 29 vgo] ttar) dqEel z
Z} 39 E53 o) Al Aoy, o] w wSFAA JFELE ot Az ¥} ge] HstE
e E Aoz Gl UTH3, 9-10). ]9 AFHY o] e =, &, T3 V59 14
Bo BAg AvE Table 72 Fig. 2, Fig. 3 3 2o) A7189 F8 7|88 34EY #53 &
A3t &5+2 B9 pyrazines, pyrroles, pyridines, thiazoles & #-231 UESFO 2 A, furans & FF T
50 2 A good flavor & 2§81, vbA6] €h3EQ) phenols, 7183 Q] aldehydes, &3 ¢! indoles &
off flavor & ZH-&-gCH(Table 8). o]o] ZAF ] 2% AnE AHesta ojF V|HE e 7
qH) S Golr gkt 7| FQ T4 pyrazines>phenols>aldehydes> furans ©] 1.1, ©] 2ol
pytroles, thiazoles, indoles & A% E3tsla gl A7 RE FFL F>F >4 E AF2 ¢4
2 9t3, FFAE| pyrazines ©] FL7|AAE FF| 35%02 458 gRen, T3 A5
7§+ phenols ©] BT, good flavor/off flavor & C(2.59)>CY(2.54)> O(1.55)> G(1.30)>
J0.97)>D(0.44) 2 HAZ §F>LE=F ol Q).

Wamer $(11)2 %2 B2 9] ‘Flavor-fade’ 9} ‘Off-flavor’oll &A|8}= pyrazines ¥} aldehydes &
AF8HHA good flavor 2 Zr-8-3}= pyrazines At gtEo] B 2lE off flavor 2 2H-§-3}+= aldehydes
7} B ASE ApaE Soll A" o3t thEke] AEA} aldehydesoll 213l pyrazines B 3-8
F o] t}E o] a7 Ho] dojit= A2l Flavor-fade 7} A SH7] wfiZol 37| AUidE=
ZR31x 9k Z+ 3gtE o] FAu]go] ToES Fxsgth wEhs, B EHLE JEHE U
ER &= aldehydes 7} A3 %532 YERY = pyrazines 0] B2 37| Eol F3oIv G2
b V5o 2A g PRSI T dvka & 4 Ak @9 D AlFY Aee A
HHE o2 nigAllz] g )RS VAT A IRNE F Yo, ol FE FHELLd
711gt} 28, pyrazines $FE £ol7] YA HELEE Foof ok, o] A TAHAE
YU E = phenols 9] F71e FRbE o] &ubo] A7 wiEo] g=37)
phenols & 7153k A A 3} pyrazines & 7Hs g Wol YA st AxFAE Folot ste &
AE ¢ka, olol tig AT Foll Arh
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Table 7. Volatile flavor compounds of sesame oils on manufacturer (ppm)

Country KOREA JAPAN CHINA
Manufacturer o C CY D G J

Pyrazines 104.2[37) 129.1[41] 1242[41] | 10.5[9] 51.6[28] 72.6[28]
Pyridines 49[2)] 49[2] 7.0[ 2] 1.101] 2.1 1] 5.3[2]
Pyrroles 3201] 3.9[1] 391 1L1[1] 141 1] 3.5[1]
Thiazoles 49[2) 6.0[ 2] 6.0[ 2] 0.0[ 0] 2.8[1] 2.5[1]
(Roasty & nutty) 116.8[42] 143.8[46] 141.1047] | 1260111  582[31] 83.9[32]
Furans(sweet) 16.8] 6] 21.1[ 7] 15.1[ 5] 1.8[ 2] 771 4] 11.6[4]
Good flavor(sub total) 133.7[48] 164.9[53] 156.2[52] | 14.4[13]  66.0(36] 95.4[36]
Pphenols(smoke) 58.2[21] 42.8[14] 435[15] | 246221  33.7[18] 73.7[28]
Aldehydes(oily) 27.4[10] 20.3[7] 17.5[ 6] 8.1[7] 16.8[ 9] 23.9[9]
Indoles(fecal) 0.7[ 0] 0.4[ 0] 0.4[ 0] 0.0[ 0] 0.4[ 0] 0.7[ 0]

Off flavor(sub total) 86.3[31] 63.5[20] 61.8[21] | 32.6[30]  50.9[28] 98.2[37]
Etc 60.0[21] 85.6[27] 81.8[27] | 62.5[571  67.7[37) 69.8[26]
TOTAL 280.0[100] 314.0[100] 299.7[100] | 109.5[100] 184.0[100] 263.5[100]
Good flavor/off flavor 1.55 2.59 2.54 0.44 1.30 0.97
Roasty & nutty/oily 4.28 7.04 8.02 1.58 347 3.53
Roasty & nutty/smoke 201 3.36 324 0.51 1.72 1.14

The numbers in [ ] are relative percentage of individual compound.
Table 8. Characteristics and organoleptic effects of volatile compounds in sesame oil
Compound Flavor Characteristic Effect
Pyrazines, Pyrroles
Roasty, Nutty
Pyridines, Thiazoles
Phenols Smoke -
Aldehydes Oily
Furans Sweet
Indoles Fecal
+; good flavor  —; off flavor
BIIE9 0183ty E4, MFIOHEY U BIISHe 2]
7189 o)8A B4, AFARAY S F7|EAQ T BAS Fold AIE Fig. 4 & 2o
Pyrazines ©] B&5E sesamol %] B3l Lovibond A7}l A] b Zh(yellowness)©] FolA] o] S7to
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Fig. 2. Volatile flavor compounds of sesame oils.
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Fig. 3. The ratio of principal volatiles contribute to sesame oils.
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o) $5AE AAT £ YoH, A ABA 18 oA Eyolu B5A SAolA T
3 e A718L 8o o /18 Q9eA, 758 40 ZxHeld 4 A AFoRA F

H
MEshe AxFAd Uitk ATFE Alg o]Fojxok & Aotk ¢, ¥ 2%
A3} FBA S YER = pyrazines, sesamol, b FI= @2 EFZAE, 3iHEETL A
phenols & Zt}X] Aol fle 2oz YElsth
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160 - ~f-—- Phenols(ppm)
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Fig. 4. The associations of oxidative stability of sesame oils with various physicochemical characteristics.
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Fig. 5. Principal component analysis of sesame oils as obtained by the SMart Nose.

Each sample has been analyzed in triplicates.
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JAPANESE/Seasoning Boiled Spinach with CHINESE/Seasoning Boiled Spinach with

Fig. 6. Visual display of the sensory evaluation scores of sesame oils as obtained by Korean, Japanese and
Chinese. Sensory panelists(n=10) were individually provided the samples(sesame oil about 10g, Seasoning Boiled
Spinach 30g with Sesame Oil about 3g) with sensory sheet. A 9 point hedonic scale was used ; like extremely(9) to

dislike extremely(1).
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A7) 8o Efo Fujet A7 7154 EAoR @FolA dE o] &H1 don, Az ut
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b IEE o2 23.14~3485 mg/100g Mol AT B2 ol o= AART (32291~
689.39ppm), ANAFHE-2(62.19~289.82ppm)©] TF-HEo]da, MAMES 852~51.21ppm = AT 3+
zpol7} Rt I>FI>P R o2 goth AsbAA Y] ARV He RS 5>
FTH>94E &olAiL, Lovibond *“ﬂoﬂ*i% AEZEY] zole AT AR =T A>UEAF
o] =M 2 red a3 yellow #ol 58 & F AU I 9 T2 4L pyrazines>phenols>
aldehydes> furans ©] 211, 0] 2]l pymoles, thiazoles, indoles & A% X35t JATE 7L TF
L FE>FI>UE AE M2 Bda, FIA|Eol pyrazines o] TN E FFY 3I5%LE
A53] wokoy, 3 V&9 $-E phenols ©] BAUrTh good flavor(pyrazines, pyn‘oles, thiazoles,
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#mE. A4, PESEOIEHoBELFH TR UE BT

SER' - FEG - SEL
+ v b ¥R

SEMIIBEOER L BEREETHS ASFHEN TV DIRHD—DOTHDH, HE
HEIL L » CERRS L RBIEERAE DB DI 2T 2ERE L REnTE "
4 s ECIHMORAMIITESTC, EEEELFBEIATEREERINTE
D, EHRAPEETETLAEGBE LTHAShTERE, L LEERSPETTIRBES EICR
WTEVE L BN EICRE SN S L RABCERMOBHOFE L BRAFIECI Y K
DEAMEFARBOBTRICELSFAISR TS, 2O ICITEMIT V7T ZETHE
BRSBTS 2N EARFIRAFENE D BICREHERLEFICENROND, £ T,
COMETCIIZEONRENAR D EMARA TE(CEANSME, EREFRES. NEEER
VI HHEEMOMBENE L TRIFMIC L 2BRFELZFAN-OTHRAEE LD TR, EE
BICE B 2T Ho—FRIEX Figl D8Y TH D,

I. #EROGE

2okt
ZAOEOHETHBEINTWAIEMT, BEI&, BAR 24, FE 1 HORKEZ
ELTREBE L, RIERITE 2004 FE4AFOLDOTHo T,

Jg itk DML P

B L <IBA LT screw cap tube 1249 0. 3 g ZE Y 0.1 N sodium methylate &K% 5
mL Mz THALERE S, HKAT diethyl ether 5mL 2%, 70 U HEBRED - HEEK
T, 2BIHPNZIOTEBMNLH 0.7 WERY GCIZEAT S, FIENERIIF LS
¥r 4 £ T T standard ester(Nu Chek Prep, Inc., USA GLC87A)E % /4 L THH 7=
retention time & H#i L CREIE L. % fraction D f&IL Hewlett Packard Chemstation software
PEHALT RIEHEEICHT 2 EEE %5 X (area % of total fatty acid)Z5tE L7-, I 7 ALk
OMEGA WAX 250 (Supelco Co.) fused silica capillary column, 30 m x 0.25 um x 0.25 mm% {5 F
L. 7J ADEEX 210°C(15 min)~> 5 ‘C/min—>230°C(3 min), split mode : split ratio(20:1),



split flow : 13.6 mL/min D & THT % L 7=,

U 7rrasm&®

AR 1.0gZ 10mL A X7 T A CERICH&E L TANIERE L 7-% 045 im microfilter T
IR, SIREHZ L7z, BT AL p-Porasil (3.9 mm x 300 mm), BEHEIE 1.5% isopropyl
alcohol/hexane (% 1.0 mL/min) % {# 5 C diode array detector(DAD ; 280 nm) T/ #F % L
7,

bagzo—ng58&®

AFH1.0gZ 10mL X A7 F X CERICHE L CANEAE L7 0.45 im microfilter C
o, SR Lz, & RMEEIX Merck #0 b 2 7 = 1 — L Z # 5 (D, L-a-tocopherol
99.5%, D,L-B-tocopherol 99.5%, D,L-y-tocopherol 99.5%, D,L-8-tocopherol 99.9%)% %347 L 7=
FER LB L THRE, Thor—TRECHEL TAIEEECERS L, 75 M1
p-Porasil (3.9 mm x 300 mm, 40°C), F2E)HHIL hexane:acetic acid:isopropyl alcohol IBAIALL
(100:0.5:0.5, v/v/v, {#i#& 1.2 mL/min)% f# > T diode array detector(DAD ; 295 nm) TH4F % L
7=,

M. \E{LH
AOCS IECNZft» THIF L 7=,

AOM RE®

Metrohm Rancimat(Model 617, Switzerland)* AW T ZE M OB L L EM A2 L=, BN
HEEF 2.5 g% reaction vessel IZH > T 120C OB ET20 L/hr DK EEA LN SEE
LS TR ER SN DB b 2 EEAKICRINE B, D conductivity * HEIZRE L5
— IO FBHMEHE L.

Lovibond £ fffi
Cell size 10 mm @ Tintometer(Lovibond PFX 995)TilllZ€ L T Lovibond color (FRfa/# )

THRLZ,

BRI

Likens & Nickerson 2&{& % {1\ simultaneous distillation extraction {5 C{T» 7=, Bt HEE
DEBRZ772aflicTEMm 40 g LAEFEAK 100 mL %, WHEA T I X I ilCIZFEREE L
7z dichloromethane100 mL Z At T, RiFIEHIE ET 130T, #HF KB LT 40T & HEfE



L7eds s 3 e % L7z, MK % E\ARE: Y — & TH/K#% kuderna-danish iR #s TR
#&% L rotary evaporator T 40CZ#ERF LMD 0.5 mLIZAR2ETHEMRLIZbDEZ GC
WU GC/MS DoHrREHZI LTz, ZOHED GC HTIT GC/MS D& Eid Table 1,
Table 2 D@V TH B, GC/MS 5341 TH7~ mass spectrum 2 GC/MS @ software & L THSE
XT3 wiley library & & L CRIEZ L. EEITMHIELE TH D dichloromethane %
MIEEHEIE S T ZNOE— 7 T L ERDOE— 7 TR L DA b IRE (ppm) %2 F H
L7,

Electronic Nose Test
%M 1g % 22mL glass vial {ZHY Table 3 D54 T Electronic Nose(SMart Nose,

Marin-Epagnier, Switzland) 7 X F % L 7=,

ERRRE

BEA, BAA, PFEAZS X104 QORO&LH) Z R VIEY, ZHOZEHIZRT 5
RS CEMBEBOBEE L TEMTMIFIEINABED T AVOBEIZSIT THEAL,
Ml FEE LTI 9 SEEZEA L,

M. HRERVOER

ZEMOBILFERN S

RERA AR (Table 4)R UV P/S b (4.99~5.3) BEICE VWV EFTOERH DT EH, Thik
M, EHOBWILZ2bDEEX LD, ha T xa—/(Table 5)iE v -ERREFHT
23.14~34.85 mg/100g O#EEHIZH 7=, EEO CY, FEHO JRLEBDLEWVWITN ELEE
MIZBIT2ERICRRONEoT2, VU T F&EE(Table SHITRWTIE, BH I U0
322.91~689.39ppm, £ H¥E U > A 62.19~289.82ppm, & ¥ E— /L% 8.52~51.21ppm TH - /=,
ZOF EYT—AOERIIEEERNOENH LN T EE>PE> AADIEIZE o 7=,
CHIIHERATOBRGEDOEWICILZbDLERLND, HFICAXRDODRKITY 7 0F
EVREBENTENP o720, THIXEWEREE L MG ORBRMLBICEEI LD LR
bhd, BIELREM(Table 6)IZRWTIE, V7 U EENSVWRBERSOFESNMMB R,
o7, BAO® D MGIXEME, BBCHEPNEVDOIZLE b L THEHMIE DRV S
FUEBEBRLRWEDERLND, Ry FAMOBERRETHND L HIICEARD D K
mldEE, PERGKICEASATERIBEVORBEREIROCER 2 EFOTEOEIZLA LD L
RONBMR, ZOBIZY) 7P orRbarzu—LEBA2ETSEEKMICITBRLEESES
BLLEbLDEZZONB,
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CEMOEREEFRRS

TEMDORZL L TORERFEEDO—2THLIHFELWED X, HEBEEROEAIC X
DERSINDRERE L R I N 5P pyrazine RILEWNEFEE L TW5, @FE. BLHOEFY
3. BRICEENTWDHE, 7 I /B, HAER ERy oM L B{EFEICE » TER
éﬂé%@&ﬂEﬂTbéoﬁﬁ FRMIEAL TV IR OREEKRCHEERNE 2 ED

DICEFOFMNBED ZER L, MBBELERREORERENEVOLELE LS
T%@&HBZ"LTWZD“‘ 1

BEFENRELXEIDOLEZONIZ=ZEO ZEMOEIKRD OS5 HE R Table 7 &
U Fig2~3 OBV THD. TEMOELREFIKRTOERNBGESL ZO00RE2L B L
pyrazines, pyrroles, pyridines, thiazoles DJERIEFE T v VD F Y | furans O H W EDN good
flavor & UL C{ER L phenols D FEIT /-G, JERW aldehydes #ER®D indoles i off
flavor & LTERH L TV % (Table 8). ZHICESWTEHERKTOTIERLZERL, FK
AL EDOBBRLETANDILROBEBV THD, EIR DO ERHERIX
pyrazines>phenols>aldehydes>furans Tdb ¥V, Z DOl pyrroles, thiazoles, indoles H AV EEH A T
W5, BEXRTDORER, BE>HE> HARDIBEIZS - 7225, @E O ZF Mk, pyrazines
BEDDITELS TEREDD 35%E HEDTWEHR, FEO ZFMIT phenols B Moz,
Good flavor/off flavor D{E (X C(2.59)>CY(2.54)>0(1.55)>(1.30)>J(0.97)> D(0.44) T, X
. BE>RBAR=HFETH T,

Warner 5 "Vi3ERI L 7= ELEDF D 'Flavor-fade’ & 'Off-flavor’ IZBIf% ¢ % pyrazines &
alde-hydes [Z DWW TR ~7223 5 good flavor & L CIER T 5 pyrazines DX EENEL T
b IEBE DB TA U2 B DKL F aldehydes 72 & aldehydes AL WEAIZIZ, Zhn
off flavor & L CIEI$ 3 %IC pyrazines & BERIETEA DD good flavor 3w AF v &h
T Flavor-fade REZ 5 ¢ L TEIK ST OEEEBARDEE TS 2 BEEFERRSLEHOHE
FREERKRETHDZ L EBRALTVD, Lo TERMICIER S 2K T aldehydes 23472
CIERIF R KT pyrazines DEVEEOZEMAFRLILTPLEXERLENREZTE
MIELbE XD, —FHEADODBEOHRIZIIEFEIRSIEEYDOERIENLEE LI 2N T
EWIDD, o T pyrazines FEEZEODBICIIFIHIBREE bo L EmORITHIE R B2
L., TOBE@EER%2KT phenols DEFELHITHEMLU CERPRBET INLFELEE
BX T 5 ZF ML aldehydes, phenols DE EiI % H 57217472 < pyrazines D& &Eid ¥k
DITELERT D L) REBEFHOBRENPEEN TS

TEMOBCERNRE, BIERESERTESFIERM OHEBIBEK

TEMOBLFERRE, BMEEEMERUCERFEMOBEEEZ R L7ZOMD Fig.4 ThH D,
Pyrazines 2325\ M & sesamol S EA3% < Lovibond B CIIFHEMAEL . 2 5D
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HEOHEBEEAMNEE L, Z0L ) REFENHEE L EIFELRT TERIBREETE
MDA VT o7 ATHAHELMLEN -7, TR HOMBEMEITETHEBEEDKEIRMAIC
E3H0TKImMmEe Jung H0 R E—FKT 5, BbH, BWEIIRERGFETRESNh D
EBEO 2% MIC sesamol L BEMEHR L FFE L CTHELBARD ZF MICHANRIEREMHE
PREN. X pyrazines DEEHEHL TIEHOFE L ENBERNIZENLTWD Z L2350
7=, BE OB TIE pyrazines MR DK 2 M T 51ERBH D LHESRTWVB
DT, ZhE sesamol DAKNISERILOBILIEH. = L AT o — U ETIERA. FiEsaE
DEM., DADREEZMIAEARELZHETEXZGE. BEO ZEMIIHAROT
b5, BEOHKERZOEND R THEFIERNTVWA Z ENHERENT, MLITEHTHLE
WD, VBEMENICENLTVWAZEME LTEIETE 2 ESRFIIL - LIS
ZRETHDH, —FH. haT=v— BEcME. BEE. phenols 22 EITFF RIS L FEET
HEREWNE S ICRZIT O,

Electronic Nose {Z X 5 #r

s5E. BA, PEAZEHOSEMOEY OAFZ - DEVWER L TZODICT A=
3% X7 Electronic Nose DRIGE TEER SO AT 2T o RILFigs D@EY Tho T,
BEEROZIIA LN TR R RBEEOZELXIT2E D LTWTEZ KR TE I,

CEMOERRE

mEA. BAA, PFEADOASIAR, ZEOZEFHIZOVWT, TEMEDEEIOHE L.
HCHIEOYRAEDFAINICHAT-EBE IS THEFEEZRAE L (Fig.6) ZEMWMED
FEIOWTEMLAES, EATL, FELVEYOHEE, HEELIICHTHH4%H, &
EE k@) HCBEE>S BAE>SFEEDCIBICENTWA LML, FEERZIRERRT
EENBNEFTFME LT, BAAZ, FELWEY ORE, 2FNRKICAVTITREAR
HU LS 2R LR FELSECHTIHEHACRNTIRBREE L AFRELZIZIER L,
EEOBEIZS L TIIZEOWMBELU L TWS LFFE L, FEAX, FELWVWEY ORE
B BRBEOBMEIZOVWTREZEOHMBR L LAMZHD ELEN, BEEXLWELIIHTD
FHRZHOWTITBREE > BAESFEE., 2FMN2WRIZOVWTIZAARE> PEE>EEE
DINEIZELF LTz, :

—JF. WMTIEINAEDO T LAVTHMLZEEE2RD L. BENTHAET CHMLES
SLIBEFRUEREZTLEDICRLEAARFEILVEY OBE, FIIXT2HH, £
ERRHRICAWTEEESMARENRTEY, BARELPEEIIFRLCLVLICHDL LD LF
L7, PEAT, FEVOHE, FH, 2EMNRKOT CHRENEA TS L L, BE
FELHEERRCLVAIZHD EFFH L, TAALTEE LGS, ZBAETHERD
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BEIZOWTIHBENRRIEERERDP 1208, Zhidtanzd ZTEH Tz iaicid—
BOFRDEIZL > TIEMO phenols ICE D EHEMFLMLE ORI A T EE L O,

TOLIEVWEIEELGTHEINT-BGBEO T EMABARADEFICE S EWVOH
EBAFBICBITAEME LTOREEAHFTCELITNESL, PEADHEFICIEISHEY
EbLRNVENITERSho. THEEVWHOFEOZEWMEZE > AEORAEDOEND
b EtEZOLNS,

V. # &

CEMIIFAEOER L BEREREOLDICEE T ES AOESHAIRA TV DA, &
EHEICL > THEBEEERKS E VBN ESTHRDIB., ZHITHTHIHENSITH
NTW3, ZOMETIE#EE3 &, BAR2#, PE 1 EPRERTEL TV TEHEZED
T, BLFEAEYE, EREFRAS. FBEEL I I OHEROHEBEZRET D &
FICERERER & i L 7,

FERABEARRRIZ. A LA VEEE Y / —/VEEDS 80% Ll L& O TR Y. P/S Hid 4.99~5.73,
FaTxo—Aid y BN KES T 23.14~34.85 mg 100g &FHICH 7=, VIV FUrEaEICR
WTITE Y 2 2(322.91~689.39 ppm) & BV E Y 2 (62.19~289.82 ppm)HS KE 5 T o 7oA,
Y E =L 8.52~51.21 ppm & BEEOM TENE K BEE>FEHE>HREDIRIZE M
ot BILREMRDA VT v 7 AL EX2FEMMITBEE>FEE>BAREDIETH Y .
Lovibond &fli b EFEM TENH 2 M EEE>HEE>B AEDNRICFEME CHEM &
W B oy hott, BEMBFTIKS O ERERIE WX pyrazines>phenols>
aldehydes>furans Td ¥ . T DHLIZ pyrroles,thiazoles, indoles ZVEEH L TV, HEMWFE
SRS OREITBEES>TEE>BAEOIEICE . 8E 2 FMIZIX pyrazines BERST
BED 35%ERORITTENo-, FEHEDIZEHETIE phenols Lo 7, Good
flavor(pyrazines, pyrroles, thiazoles, furans)/off flavor(phenols, aldehydes, indoles) D& (L [EH
FE>SAAE=TPEEDIEIZE 272, X pyrazines, sesamol, HEAMKE UFELM OMITIE.
ZIEEQCHBEBREADD LY TR LN, ZHOZERICKT 2B HFFELRIIHERT
i, BEANREFIELWEY OBRE, FVICHTIES, £FENRKIS L CEEE-RE
PESHEEDIEIZ, AAANZESENRAROE CIIBRBEALRLFMELZ LLTAELEFEYIO
FEXLEXHTHIFACRVWCTIIREE L BAEZRFICFHMLZ, LALFEANTED
DIRPE, FH. BEMRBIEBWTEAROZEMBPRBENTWD LFHEZ L,
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