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= & #7]%E=(organic residues) F&0| L Ao A] wEHFJ A ZAHbiomolecule) 9] A
L2 HZ H3A F4E T ANFEY AERE HU9 T8 FEE ATt Ak
2 dFoMe 55 555 AASHHAA 25 A 32 #8Y WE /7188 A9
st eba F42E P A FF7I(FT-IR)S 7|4 220t aZ-A5 £47]
(GC-MS)E ol g3to] 4T A3 f9 Wl f7122 A=A FAllE 715022 A
53] GC-MS 24 Aol trh B3 At Ae4 2H 80 AEH Y2 I TR A
FAE = AlA(sesamin) F20] AEE ATk AA2 22 (lignan) A€ 9] I = I
A 54 Aol whhA mAIt £ Wil gA Jd f71e2 e ied 24 =,
R BEERE Aes F2HHAT

S0 HATRA, f71E 24, 714 ARMEIHZ-AF £47], YA £37], AR

ABSTRACT Organic residues are substances derived from diverse natural sources. Recent scientific
analysis of organic residues has yielded important information in restoring the lifestyles of ancient
peoples. In this study, the organic material contained within the celadon oil bottle of the Goryeo
dynasty, excavated from the Soecjoul site in Geumneung-dong, Chungju, was analyzed using
Fourier-transform infrared spectroscopy (FT-IR) and gas chromatograph-mass spectrometer (GC-MS).
The results showed that the organic materials in the bottle were plant-derived oils. In particular,
polyunsaturated fatty acids and phytosterols were detected using GC-MS analysis. Sesamin components
were also identified. Sesamin, which is a characteristic component of sesame seeds, is a lignan and
an antioxidant. As the organic residues in the oil bottle were derived from sesame seeds, it is presumed
that sesame oil was stored in the bottle.
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1. M2 244 (hydrophobic) & T Eolc, whehy D3R

ol ol Qi A& Bal ) o 2 A7 52 24

AR AESE f71ES TR Ao & T AAEHE ol Qs Zlo] ElErCraig ef al, 2007).
e EAR Ak mu FEm, AR EE 2 X3 2ol BelEe A wed 22 A 7] 5(fat
INESA, A7 AR BA) AR o|27|71A] 1 2E7} and oil), A H=Z](natural resin), Y (wax) 5-°] o0 cf
It 2 4 Wzt wsbgu] o] W Ak It S=ot FH2 nuAR FEsHA "o A
AT AAREARS] ek EAfo] LRy HA] theRt AL 7158 2 AE BdE SAEA 718k =8

A il
o) A a7t F4En

QK Colombini and Modugno, 2009). 2 1A ZegsolA B EE A7 B wizel &

F71E2 YAE Atk LR FH A oY 7l Y JERTES 24t XSS AE Sa
2 BkalE 2|7 Zo 7 o]2o]A itk o] FoA A 3t AL7E Eds] AsEar QloKCraig er al, 2012
< gz B f718vel & =4l Eole & =4 g Kang et al, 2013; Kwak and Shin, 2019). 4]<}-of A &<l
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mheE g-goll ARSE HRA FA] Lol fEE 24
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Figure 1. Location of oil bottle from Goryeo dynasty pit burial No. 59, Soejeoul site. (A) Pit burial No. 59.
(B) Oil bottle (Jungwon Cultural Properties Instituete, 2021).

Figure 2. The organic residue sample (No.
(Yun and Kim, 2021).

1). (A) Oil bottle. (B) Dried organic material. (C) Inner organic material
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T4 iz AshgaE B, A4 8 BF 271,
5463, WAL, 25 53 WA A4 gl Bmeld
Ciige ) BEAE 3 32

2ol 8Rlgo] e}
=0]7} 6.3 cm, YA SL 2.6 cm, QIZ]E.L 4.6 cm o]t}
T E T i—‘f‘—% 4, uehe o
A 482 dasgn vk q A A
(Figure 2).
E5 4% 578

o2 e, 2
2 Mgstol ARSH FAT PHOR B4

2.2, oM 2& 2M(FT-IR)

7120 252 gl 915 Hold EB7|(FT-IR,
Nicolet iS5, Thermo Fisher Scientific, USA)E- o]-§-5}o] &
shgic HeH B 2718 TR HEE
g HuS ZhEskn e gelg 4 gl wolt,
7189 R 242 thojof2 = Agjs
S Aakslo] 7k A ukAK attenuated total reflection, ATR) Hf
Alo g 78;(1}6‘]-5&1:].. E3 AB2-AT glo] Has 4

270314 323] 2 4000~600 cm' H9|S =43}k

EH(diamond crystal)

2.3. 7|4 Z=0tEJm|-EZ 2M(GC-MS)
W e A AR - &
(GC-MS, gas chromatography-spectrometry) 0.2 F-A45}%c}.
AR 2% 9 FEASHE YA Evershed(2008)2] 17
oAl Alte W& FfAIske] ARESEITE I & A
oA A BE 7180 HPLCHS AME8lolct.

2 x
rE

8 W 7= oF 4 mgE Fst 10 mL +74 €9
Ao Y@ t]E =2 2| ek(dichloromethane)x} g2
(methanol) &&-8-H(2:1, viv) 2 mLE ¥ T2 233}7]
(Powersonic 420, Hwashin Tech, KOR)E ©o]&3}o] 1557F
F2akck ol 47]80] BE Gufo] BAEo] 13%t
22350k 223 G vl BEEL AAT] s
0.22 um #HH Q1 HE|(membrane filter, PTFE)E ©|-&3}
of ofijet & IF Sie Aavtiz s AxAIA
AAAE 55kt
2.3.2. S=XS
e PR EEL L E R R
2] A Pge uEy SRR HEHAA

of gtk & AFolA= A=Y I % F A 5
S/ & =S AddslGilylation) WS mE 3}
(methylation) ¥H3-& Z+7} Z8)3} 4Tt
A3l "R-SS TMS(trimethylsily) S=A] A2kl 1%
trimethylchlorosilane( TMCS)2- 3H5-51= N,O-Bis(trimethylsilyl)
trifluoroacetamide(BSTFA, Sigma Aldrich, USA)E A}-8-3}
ok FEe AXA F RS Ao 91
2 7% FIMS 27 Alek 50 WL A7k F 0T
A 4083 WEE A Zch. $EAT HHgo] By % Aot
A2 O] FEA AlofE 123 3 3tk (hexane)ol =
o] GC-MS 248 Al&5 Ax3}5ich

A HAL H g of| A E]SKfatty acid methyl ester, FAME)
S8 9i5iol BHA WAL F YRS AHo] ¥
0.5 M NaOH(90% MeOH) 2 mLE 211 70°C o] A] 1/\]2_}
£ hsRalalsich Aeos A7 T felE AR
S0z 38 $Eo90, AATkAR §U1E BE A%
A1Z1 & BFs-methanol(14%, v/v) €0 200 uLE @11 75C
oA AR B BESAI T HE R 2w} 33 SR
£ o] At GEASBFAMEYS FE5HeIxt A
AGEASFES Aa7kAR A% F sk 0] GOMS
248 NS Axseck

AATEA

JF_E

2.3.3. 7|x| A Z0tETdiE-R2F 2EM7|(GC-MS)

910} Bge Bal A2E SEAS An AR 71
(mass spectrometer, Agilent 6890N, Agilent, USA)7} 2%
7IA] ARulE O E(gas chromatograph, Agilent 5973,
Agilent, USA)E o|-8-5lo] JHREAS afslqict 72 53
9] A2 Chemstation 4~ E 9| oj(Hewlett-Packard, Agilent,
USA)E A}g-3to] Zx|HFAb] T3t W& W E-S(area %)
2 Akl 22 HP-5MS(Agilent J&B, USA)E At
gatglom BARAL tha3t PrkTable 1), AL %
8 AL glolEle] sAe Willy libaryohe] o)< 53
olgol A,

E(No. 1)9] AJA ABEHL Figure 31}
e 2y vgd I(CHzH H T A7} A
A 225 = (stretching) 7} 2920 cmi’, 2851 emi'of| 4] 751
v 53 XliﬂﬂE(bendlng)ﬁ 1463 cm’ ol A &7 &
Q1= Qlek = 7|(CH)2) HIth A Al A =S 2954 em!
ol A 2ksHA UL XJ%‘%HEE 1436 cm' 3} 1377 em’!
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Table 1. Analysis conditions of GC-MS

Instruments Conditions
Column HP-5MS (30 m x 0.25 mm x 0.1 pm)
Carrier gas/Flow rate He, 1.0 mL/min
oc Injection port Splitless mode, 2507C
Oven temperature 50C(3 min)}—10C/min—150C—>5C/min—320C (10 min)
Ion source 230C
MSD Interface 280C
Scan range 50~850 m/z

oM oFsHA trehta Gtk B AEREEC-00]  FHEH] ojele o muHd,

ofgt AZHAFHET 1708 om'oll A F3HA Leh olefdt AzE sk §1 W $7189 Ho4 &
C-0 AIZZEMET} 1246 em”, 1175 em™'of| A 2F5}A| 1} HEYL gzt 7159 M 2dEYN fAle At
Ehupar gt 2 Holw glov} -0 &4 917} thEA vehdar gk o

£ U $7189) 54L 8l 9% e, REE o AN Ak EdfolollZalM Siriacylglycerol)

=l
o 2423 2 A ot Atstol] wiztsto] Al JHef A4
| 7}

= Figure 49} 7t} A EA §X|9 IR A8 A= (fatty acid) .2 74835} F th(Whang and Kim, 2002). ©]
HY7)(>C=0)0] 2Jat AEAFWET} oF 1740 cm' o]l A] = 7HEd7]9] FRel WE 0 ASAFWES] o] 5
Ao urE}urna C-0 AZZAZWME 1240 em’!, 1160 em”, Aro] WhAEE A 0 7 A|HPA} §Eko] &2 2. %(oil)o)A] L}
1100 e Zo A} 1160 em™©] w27} Z31A] Yehts & Ehb= g0 2SI Itk Derrick er al., 1999). THbA]
e 2ol Qlrk ERF CH Agto] whE ASilEies T W f7lEs st A3E e A Bd
3000~2850 cmi'of| A} YrERLEIL Qlrk A1EA 7159 IR 2 =42 skl

FEYS Wi 7P E7|(>C=0)2k C-H 2ghs 7HA1L 3
o] A-87] Y| LHERL vl Holu, AZ 9

o oA GASHA et 9l7] wie] 49 B8
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Figure 3. IR transmittance spectrum of No. I.
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Figure 4. IR transmittance spectra for five oils (sesame oil, perilla oil, canola oil, linseed oil, soybean oil).
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Figure 5. Total ion chromatogram of FAME derivatives in No. 1. C,., , fatty acid with carbon length n and
number of unsaturations x, I.S., Internal standard (n-tetratriacontane).
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JHAHC 60~ Caso) 2

3.2. GC-MS 2A Zq} slero g AZE el vy 2]
glo) | Qi) dukz o g

8l H71ES] GOMS &4 A Adakfaty acid)  gas} b 424 718 S Ao 2l
I sEE(terol) o] FHEOE HEEUFigwe o} ppale] wls) §30] W EA4E ATk 2HEL
5). Ao 2= AR 23F A AHCiso~Cauo) 0] EE A 9 2EEC 49 AH E(campesterol, 42.730+),
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Figure 6. GC-MS chromatograms of No. 1. (A) TIC of the trimethylsily derivatives. (B) Mass spectra of sesamin (41.706
min).
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L B| TIWpLA ] E(stigmasterol, 43.79432)0 B TIWRLAE] olf Higow FE A 4L ddS Hluwskglct
£ A8 E 2 A%+ stigmastan-3,5-diene (41.0485) 5 (Figure 8). &8 U §7|E2L hexadecanoic acid (C16:0),
o] ZFolw| itk octadecanoic acid (C18:0), octadecenoic acid (C18:1)2] g

T™MS S%4 A|29] B4 AnoAl 2lad Arol o] =2 EXS Helth AMEE octadecenoic acid
A A (sesamin, 41.706%)0] HEE A ch(Figure 6). E3H (C18:1)2} octadecadienoic acid (C18:2)2] gHgFo] &l E7
2 7153 A7 GC-MS Ao A= Ao 2t ok ofkQlf= octadecatrienoic acid (C18:3)9] gl =
ol=| ltk(Figure 7). M|AM-2 Z7l|(Sesamum indicum L.) 2 ggoz glEdt A= octadecenoic acid
FAIA Eej e AR R I fAARelA A (C18:1)9] FFo] il thFF+ octadecadienoic acid
2ulE 38 54 4Ro|thKim ef al, 2014) (182)9] gl ol A2 ohe sfEom FIEY,

S U 710 A BAS Sals] flel e ARA 7189 A 24 ww Es) A 3
2 7159 Al 24 BAsle] Table 200 URhlgleh  9e v B Ao Rego] e B4 melth
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Figure 7. GC-MS chromatograms of sesame oil. (A) TIC of the sesame oil. (B) Mass spectra of sesamin
(41.711 min).
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Table 2. Fatty acid methyl ester (FAME) composition of sample by GC-MS

. Relative composition (%)
Fatty acid
No. 1 Sesame oil | Perilla oil | Linseed oil | Canola oil | Soybean oil

Tetradecanoid acid (C14:0) - - 0.0 0.0 0.0
Hexadecanoid acid (C16:0) 25.1 7.0 6.2 4.6 3.1 9.2
Heptadecanoic acid (C17:0) - - - 0.0 0.0
Octadecanoic acid (C18:0) 26.5 4.1 1.4 3.0 0.1 3.1
Octadecenoic acid (C18:1) 36.6 44.0 - - 84.4 28.1
Octadecadienoic acid (C18:2) 4.6 44.5 11.9 4.5 10.7 58.4
Octadecatrienoic acid (C18:3) - - 80.4 87.8 0.0 0.4
Eicosanoic acid (C20:0) 4.1 0.4 0.0 0.1 0.4 0.2
Eicosenoic acid (C20:1) 1.0 0.0 0.1 0.9 0.2
Docosanoic acid (C22:0) 1.1 0.1 0.0 0.1 0.2 0.2
Docosenoic acid (C22:1) 0.0 - 0.1 0.0
tetracosanoic acid (C24:0) 0.9 0.0 0.0 0.0 0.1 0.1
Hexacosanoic acid (C26:0) 0.3 0.0 0.0 0.0

€240

220

€201

€220

Figure 8. Patton of Fatty acid of sample. (A) No. 1. (B) Sesame oil. (C) Perilla oil. (D) Linseed oil. (E) Canola oil.
(F) Soybean oil.

8 W fr71eodAls B2t Agate] HEEgont = =gtk 23) AAR o]t & Ajte] §lot ¥
3} AAke] ol k. ofe} 2 Aike f7lEol & 7] Abstol Hhgo] =l Aom efA| GIrhSmith, 2015).
WA s o] e Fok SxS} AgAte] e A 5 Algte] whE AEA A9 AAL 249 Hid |
ALe 2 AelElo] uEhdt Ao R FAEh 223 Ay & ol gt A7t BRsih wekd 2 dFellA=
Abe olF A ol o1 e B4 4 Haallylic AAFRLEE A AEE W A OpAEE ] HEo] )
carbon)7} ©Fg C-H Ahe 7HAA H4 Ld(allylic) 2F S B S Folsts o 83 A F A3te 5}

:(om

ot SEEe PAeie, o] Aol $X9 AujE & Aow wewEd,
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A0l 2EE THAY B

ke = A T fAE s
ok % %7%—8— 1—194’8 £33 EHFT-IR) Z3to] A
izt A=d 7159 R 2 E GARE A 29
S 24 AEoA frefd 715eE 58 5 A E
o 714 ARvtEI AR Z4(GC-MS) 23 Bt =
Eop AR A5 SEH S0 AEE AL WA FAbl
A 2l = Al (sesamin) 2o HEE At A4
249 g vl Ax AR e 715 ARAR
23} AAe] o] wAINE R Wi e A
=

235} 24k _4 sLato] o} 7120]

BAYL 24 & e 94 SRR,

M (Sesamum indicum L.; Sesame; i, k)= 27
TKPedalidaceae)ol] 4ok 1AA 224 Folct M= &
o obzelshe) At Ao Y2 I glow, 7]
€7 3000 Olﬂoﬂ oju] W7 frefoll A A= A
o2 2AET Yot FRIME FoHEE(CIAA
3000417) Alcfoll SHael B7l7h BEHol, Aele) 42
ZE7F N7 o] el 7t Aube Aoz dHA 3
THBedigian and Harlan, 1986).

Sglutete] A B 71EL 11239 1e 27 £t
gt A2 Y AFo] A&3h T—/quﬁ(*'“ﬂ.["«% o]
Suk(lin7h Gehdbetl oA AuiEs sEE
AFE o] Qlk(Institute for the translation of korean classics,
1977). A Al A S A AR T L L), o
70, FFE, SAE, AR, Ao, U4 SollA A
mHCES), APHFCERE)7E SAIE) = 712 0] ot
(Institute for the translation of Korean classics, 1972).

ol A= W(FELE), ZOK I, AL E
o] b LA ol SHe| ARE ALSH /1%

= 30lE|T Qe Ao 2 Hol thokdl 82 AMRE QS
Rl ‘D}(Instltute for the translation of Korean classics,
2017; Song, 1997). 7ol tgt Heh4] BAHo 2= =
PFuETo] 2% 9 AN U E | $718

o] GCMS £4& B3 W710) B4 AR AAF A
Ro| ghelslo] Arhg M H5Ado] BelEl Q1 A}

Qltk(Lee and Yun, 2007).
& A A%z = o I F Wikl AR
HAERS 7FeAol 2 Aor 2N OE V&

= 3 BRES TH AR s A
3 olo] tat A7} Basit

N
2
2
&

4. 2 E

F Anelgdols 2R neA B4 fHe
sl AL B A0 AU
2o AL 2L B3 AAlo] Astslo] Tt

N =

NN 40 f
ol

AFe] ol Yokl Ao TetEn] 27] A 24
of sfele ofelut AN B4 el et 4%
X ~HBF7L A2E0l WY £ 2A2 By 4

90k
ol¥l AL THaH BAS
o 3071 5 £00] B3hElo] 5 A BT 3 A
gz 2 5 gk
chopet §41o] Aksto] T2 A 24
4 @77t BaF AR oA, §/IRER
BAo] O RE I AT BHE Yol
sbAl 2512 7ldRick

AL At

3} o T 2(RNICH-2105-AS53F-1) 9]
A4 whol eiE|gl on, () FSESA AT Yo] Wk

T FRYY CHER(FFTTY) MR WL
I Ao £59 Ao '3 35% 24
& B 2447 FRUAE vgteg 7
gei=g 03_?94 7|9to] H= A& B ARE 2
Al
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