175

T IVEREROIELEAR O

MRk 74 D IR AR & H BT 0 B

YN dT e

B A I mF - A SRR - 1)1

E

O+—7T— F:E3 (pottery), FERHER (fatty acid), U+ YU F (glyceride), BEE (lipid),

EFIHR (model system)

1. BUBHIZ

HROA% OEIERE LRI 58, BREGHRMIE
ICBEINRSIRETH B, BARICIIEDRIFE
M ERYESSEEET A &00, BETLIERY
BEGMT sl &ickd, HROEAMEKIIZEH S »
WKTEBRERDBHEDSTH D, FILTRTOEED
FERGO—2THLEEAOHTIRBEFZDOFEFICHB T
SHE OWENBLEN TV S, IFEOHRTHHEMERE
BRHBHZ L, LhbEYEICL > TREHOKR SO
SHPARMEORNND 2 RHR (FA) OSHIE,
10 FERDPSEREESNTE BB TH S (Curri 1976),
T AN AMEEZDOEN R T — ¥ N — X SciFinder
Scholar (American Chemical Society 2006) T
[archaeology | & [fatty acid] ® 2 20 F—7— KT
RETHE, 1971 05 1990 F£F TO 20 FRHIC 17 #H
T&H - 1HICEDS 1991 FEhn S 2000 £ F TD 10 FEH T
30 ¥k, 2001 FEHp 5 2007 EFELTHUREHEL TS
DOHbh b, —HENORX TR, ELEREFLFTO
[EWRAETF— s RN—Z « YLD MY | DhoRBICHRE
T % & 1980 4E4RIT 2 ], 1991 EH S 2000 4E £ TD 5
R 6 MBME S UBRRERS L TOE L CERR
RF—FR—Z+ URY M) IZEETH TS XXLHEE
XERTF— & N—X3 20053 A 7 HEH), 2001 47
H28H, 1v5—xvy bicAMESh: [BREREST
RSB —5E ) 1Tid 1970 £ S 2001 £ T 200 2B L

B, FIXGRXKRUHHZE, ¥2BE, #ATHSE
FRMASIOTOSD, FAE, BESTICGT 3 HREA
DIRFHIERICE D (HERAh 2001) (TERAENRTER T —
T OREB®ERRORIE] 1 &), BHERAMOFRY
SH—RERNTREICED U
COHBOERITIX, $TI 2001 ELFIMSHEEL
TOREBMATICN T 2 ERIENERMH B Bil&
U Tt 1995), BROBHTHERM 2D % HHORK
PR L TO B 050, FEARSARILSBIREICH R &
NTCIBD - eBRRERTRZOAEEL OIS, B
Pk 1IE, R, HB5VEMEMICE D FBENP
TULHERRCAShTOED, Eh¥ERo®RERRI
BOTHKNIZEDL S BWRET T, E0BRE, My
BINB0D, HEVERELELETE0HhDHEH
BRI RENTI WM -7, FABOEHE
P13 1985 412 Rottlaender (1985) M Lo+
IZHE D A DR A F VL X5V OREBELORE
WKEIFPRENERDN S, TBPIIRET S &, B
M &I A FIV XA TFIVOREBEIRDT S
2, AR TCLREL, TOMBREEMNLETVE
WIBDTH B, FhFMICKIAICAESEIMESE
B (1995), =V Y H0KREBOIREZL (1989) FoO#K
HH B0, MEARBLRTH 2APERFZMENFHL
CRIRIN TRV, —F Dudd & (1998) 3 +25ic
BES B BAREOERKF B0C, 1 vFaR—F—
F) KBIBHBNIEE0BEREL > T BH,

EREEHAEHEEREZE T181-0080 ERHM=EH KR 3-10-2

13



SEMRELNTWE, DF 0, BENBIMIEET -5
OEEEE TR T AEEIEROAZEICLT, [
IR&N1 FA DHBRD /Ny — o h oBERETAED
s A TE R (BBh 200) THDH LI
B, /- T, BHEEMITMD Ny F U500, M55G0
SInhELOBEBECL, ZLOHEBERLIEN, Ih
EFTCORBRAELRL, e SuEEER > T 5B N
FHRBOFRYATOSBOREDO I FIZLBEEZ
T 5,

ZIT, ThETRRAMNEFNVREME > THRITLT
X EBICHE SN FA OEBER (CRfth 1994) E
Ptk 1995) G311t 1996) (At 1997) (kA HIft 1997)
GEMM? 1999) % F & T FA 2 0 B S R
AR L, BEBETHSHICE - L HEBHITO
BHIZONWTI iz 3,

FpEx LB IMESE K SBT3, T8> TLEAER
KRR &Nl L83 < bY v 7 ARICHES 1
BlcHNEREEE N, S BB E S It K, EFAodT
bBEOESEBLRTWOTRBWILEELZ, £2
T, THOETFINELUTH D SRR AR L, B
HOBEARESVILETNVRE, BeARBET (HE
, ESKH, TS, KH) i EHERE Lk e
BAROWLUIREOFEKSTHE 7)) K& FA D, B
ot RERBE T TEDOL ) KET 20 ERITT S
Eizk b, BYWHAEO FA MTOEEEEEE LI,

2. ER

2.1 =HH

REBSEZ BB IN TO 2 REH = ETHEERE
BHEREEAD S L Ut % 800°C T—Hul /o FK
BEERAEH lem Tl L1870 & L, $501g D
MAREEREICEONMY BT NVICREI S, B
HIEHE 25 FA £ B2 50BN & A8/ FA
EHENZ CEUEMEOmAE AV, EYEREE O
REL U TEBEBEREFBNTER LY NFOEL
SEBIIMEER Ui, YV NFIRINEHYTH BH, BE
KAFTE2E, MoBE BB ICEHETH /12D,
MMEIRE & UCHER L, BitisE o LT, 7
*OfEH (RBEREHMER) £BAL, ~NF¥ L THIE

14

L8 BAREE L, T XTOTF—%13, H—&f%
3ETERL, BIEEFHLLLEDTH 5,

2.2 EFNIBRORERIE

TEETFIE D) ERQH EREACEN Y v— L —
KRELRIVEORAXRC), 2) EXMER SN
reEER GRBRE IR EANT T &G ST LTH
LT3, ZKEI3 20mLE 2mL), 3) HiEH (HEE
EBHEREENOEL SOPFOH TR 30cm), 4) K
H (x> THBKER) KehTh—EHERE L
feDBER U7, HEFORFHIFRERER, H50
BEZREBICTZ I EBEETNEN, TXTORENE
LRBEBRERTETV S D, F—EERBIZITETWS
NEOHEZINRETH 5700, ABREERICE —&E4T
RETELERFEERA L,

2.3 EEOME

—EHEZA%, FEERESELIBET VNS
BaemiliUr, tHRRIMCEFL W 2RE IR, &L
ETNESMLOY 7oAty Ay /) —)b=2 1
BRTISBEHEMBE L, TORMEL3EBOELT
TRTOMPEEEEDLE T —F Y —2N\R L =5 =T
BEEREREEL, —80COBHBICHRELL, 125
RECREShclFE R, —EXEoRE Mt Lk
DLB/ET N A, ¥FeEs (Heiko Sample Mill TI—200)
EROCTHRL, KE»SOHMHERR, 50mL Y
ronAyri Ay ) —=2 " 1 EKRT3 EHHHE,
EOSEEL, EEAZSTED, BEEBROTZORE
EL-80COBREIRE LI,

2.4 HRRERFEEDSYHT

0.09mL o L7-08E (1 mg/0.lmL ML VR
KNEEENE L LC00mL O n— RV ¥ FH /A >
B (1mg/0.lmL MV UVEBK) &, AFIVZXFI
{E# & LT O05mL @ 0.2M 7KER(L b Y X FIL RV K=
Lie A7) —VEKEMA, 30 2FRTRIESE FA
RUOZ7) Y K2 MY AF NIRRT LEIIERLK
®, HR7a=2 574 —RBOTHIT LI, Ak
DY RAFNRIVKZY LEEIAR 7 0% 75 78k



JULENTA Y ) —VEHET, A FNZRFAEERT
5, COKHEZEERE (FA) 2AF LI Z270ET 3
TS, 7)) FOFASHAEMBELA F LT ZF
WALT B8y, BEHEFA &7 )£ NIZ@Eh TS FA
DIEZHIFIZNET 2HMNTE B,

2.5 BBHERETUEY FOSEE
#ME/7o<br574— (TLC) #MWTFA &7
VY KOGBEETT -7, M LZIRE A Lz LV ITiE
fig L, 10cmx10cm @ TLC H# 5 Z# (Merck, Silica
gel 60, 2mm) X/ FRIZZARy ML, NFH 2
BEfE T F L @ B =80 : 20 : 1 AWK CTIEB U7z, B,
TLCHOMi%i A2 Tmm FETMOMY, REaIETE
WHOMEEZMHEL, PROBEIETNEL TLC K
MOMIST B AE N Y FIRRICHhER - 72, BRI
TV 274 lHE (0.4g Ce(SO,), 20g(NH . )Mo; 0.,
400mL 10%H.SO,) 2flfz, 270 +E) F (DG)
EE) 7V €YK (MG) BHEEADE  MEEHHEL
WEEDH B H, DG & MG Of1& LT TG & FA Off
D&M %YM THz, V8D TLC %K 11Z73F, R
TG (MU AL A )=086, FA (&L 1 ~E)=0.39,

FA -
=l

12

K1 B VAFNVER I o= 75 L (B, FRHER S
TG=hrVUZ VLY F (M)A LA ), FA=BEHENEDRR
(L1 8 (Cl18:1)), ST=27o—/)V (AVARTO—
W)e B 2. 3 Fihe BEEE  (NFY Y EFRTF L
Mg =80:20:1), RfHl (B2 sqM rikHi=04g
Ce(SO)., 20g(NH):Mo:0.,, 400mL 10%H.SO.))

Fig.1 Silica gel thin layer chromatogram of lipids (Lane 1.
Standard reagents : TG=triglyceride (triolein) ,
FA=(ree fatty acid (oleic acid (C18 : 1)), ST=sterol
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Fig.2 Time dependent recovery of total bear lipid adsorbed to the model pottery kept under various environments
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Fig.3 Time dependent changes of lipid recovery rate of camellia oil from the pottery model kept in sealed tube (day0=100%)
(Triglyceride (TG), Monoglyceride +diglyceride (MG +DG), Free fatty acid (FA))

%1  IRTUPIRNFEEELE O (534 (Cl4 0 0 RIRNIRED IR FEFUTH TN T O B R AR 14 0 AFIFIRE ORI 0 2 FKRT )
* T, ks E (580, L83 RFEMGE, 2003
Table 1 Percentage compositions of fatty acids of various lipids (C14 : 0 signifies number of carbons contained in fatty acid chain

=14 ! number of unsaturated bonds=0)

* Y.Kagawa ed, Standard Talbes of Food Composition in Japan 5th Ed, Womens Nutrition Univ Press, 2003

C14:0 % C16:0 % C16:1 % C18:0 % C18:1 % C18:2 %
Bear triglycerides 1.2 20.1 3.0 4.8 50.7 20.2
Bear free fatty acids <l 13.0 1.3 4.7 423 38.0
Camellia oil triglycerides - 11.9 <l 1.4 81.2 5.5
Camellia oil free fatty acids - 252 <] 29 66.4 8.5
Beef fat* 3.6 26.7 7.5 10.4 44.6 2.1
Pork fat* 1.5 249 3.0 13.3 42.6 11.3
Olive oil* - 9.9 0.7 32 75.0 10.4
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WA ERBILATCT A8, 12 &, KT K BMUKIMETE
G TR, B0 RS BMEITB G LT B AR
LT3, TG, DG+MG, FA O IEHH %8
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ME—HLTWD, MBOBREECE N7 E o DA
I E B &, LD K& WM S LiER > 754 > >
K >HER LG (F— 7 Lk, K2 OIEHTN
WD ORENEE TG O MNUETH - 12,
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B. (FA)

B0 SR, TOMBELTHIHRE L FA Ol
I AEMLU7c MM E B, Lalman 5 (2000) W,
E18:

-gé MAMERUTTCI8: 228Cl6:1, CI8: 1 %#T,

Cl4:0, C16:0, 127D, REKIIZA Y EEERIZST
BIN2HEEWMELTE O, SR ORKE I LEFED &

0% 20% 40% 60% 80% 100%

Relative Composition hTh B EMATE S, WK, HEHFA ISBLLTL
K4 +BEFIVICERESE, HEEICREEEI L2 < BT FRSZEA LT A48, TG ELTHAL T3 FA #HKIZ
FETHEEHLK O BEIFZAL (AL b Z ) &) K (TG) Mish, i i s ;. sz .
BLHMEIGNRE (FA) Mish, fhl=Jo% Bk 80 H 21, BALLBLEEDN TR, LU TCGHOFASGE
i — ARG % 10096 & U 72 I¥ O MR E 43 5,) e RELSEATE2HESDM -1, TG OMXEMNERIC
Fig. 4 Fatty acid composition changes of bear lipid recovered " . ) i
from the pottery model buried under ground after cer- WYTBsIehs, TOFRITV LY FELUTHEL
tain period of time (A. From triglyceride (TG) frac- TWA FABEMNEES LALEEZTIAL LTI L,
tion. B. From free fatty acid (FA) fraction. Vertical ’
axis=days after start of experiment. Horizontal BOIH > TEOARLENR TG OB RBEFTL, LOR
axis=9% composition where total fatty acids equal
100%.)
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Fig.5 Gas chromatogram of free fatty acids recovered from bear lipid adsorbed to the pottery model buried under ground for 11days
(IS=internal standard (C15:0))
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Fig.6 Changes of lipid recovery rate of camellia oil from the surface and the core of the pottery model buried under ground
(day0=100%) (A. Triglyceride fraction (TG) . B. Monoglyceride + diglyceride fraction (MD + DG). C. Free fatty acid fraction
(FA). Control=sample from lipid free pottery models kept under ground. Number after “control” indicate number of days

after start of experiment.)
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Fig.7 Average fatty acid compositions of camellia oil recovered from model pottery kept under various environment (A. From

triglyceride (TG) fraction. B. From free fatty acid (FA) fraction, Numbers on vertical axis=number of days, S=recovered

from pottery surface, C=recovered from pottery core. Horizontal axis = the average percentage of each fatty acid where total

fatty acids equal 100%.)
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Table 2 C16 : 0/C18 : 0 ratios of triglyceride and free fatty acid fractions of camellia oil adsorbed to the model pottery kept under

different environment

Environment Number  Pottery C16:0/C18:0 ot: C16:0/C%8:0 of .
of Days parts Triglyceride fraction Free fatty acid fraction
Crude 0 8.53 +0.44* 8.54 +0.56
Sealed tube 211 surface 3.08 +0.14 1.77 +0.92
core 3.34 +0.11 3.17 +0.89
Open air 161 surface 4.08 £ 1.16% H* Hokk 1.69 +0.26%*
core 2.04 £(.88*** 1.60 +1.44
Under water 155 surface 230 +1.42 1.71 £0.93
core 2.16 £1.19 3.28 £0.75
Under ground 440 surface 1.88 +1.61 1.98 +1.46
core 3.84 +1.69 245 +0.12

* P=0.005<, ** P=0.05<, *** P=0.10<
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A study on the limitations of fatty acid analysis in
archaeological materials using model systems and the
perspectives of organic analysis

Akiko HORIUCHI, Akiko TAKAGI, Tomoko YAMANE, Natsue TAKEISHI, Katsuhiko OSHIKAWA
International Christian University, 3-10-2 Oosawa, Mitaka City, Tokyo 181-8585, Japan

The time dependent changes of fatty acids (FA), and glycerides adsorbed to the pottery under
different environment were analyzed using the model systems to determine the limitations of
fatty acid analysis in ancient pottery. A known amounts of bear fat or camellia oil were adsorbed
to the model pottery cubes and kept 1) in open air, 2) in sealed tube to avoid contact with fresh
air, 3) buried underground, 4) in water, for up to 1645 days. The decomposition of triglycerides
(TG) to FA via formation of diglycerides (DG) and monoglycerides (MG) was confirmed by time
dependent decrease of TG and transitional increase followed by decrease in DG and MG and ulti-
mate increase in FA within several months.

The relative composition changes of free FAs and FA chains from triglycerides (TG) were
monitored with time. Under all conditions above, the FA compositions changed. In oxygen rich
open air, the percentage of C18:1 decreased while saturated FAs increased. However, under oxy-
gen poor conditions in sealed tube or in water, the percentage of C18:1 increased. These results in-
dicated the presence of different decomposition mechanisms under different environmental
conditions and the preservation conditions could be important factors for future analysis of exca-
vated samples.

Relatively stable C16:0/C18:0 ratio was monitored using camellia oil, and was found to decrease
by 2~4 fold within several months. Accordingly, C16:0/C18:0 ratio should not be used alone but
used with other reliable informations with care.

The lipids were found trapped within deep core of pottery matrix free from contaminations,
but trapped FA also changed. However, more stable lipids such as sterols and other potent
biomarker compounds could be safely trapped within the pottery core free from contaminations.
Efficiently unitizing this unique property, the pottery could be an excellent resources for the

study of ancient living environment.



