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Abstract The residual lipid analysis has been used for finding out the information related to the life
style of ancient people. In order to achieve this goal, it must be precedented by building a database of
residual lipid analysis of the present creatures. In this study, we performed residual lipid analysis of a
cow and a dog, which were the present samples. We hope the results of this study will be a primary
reference for the future analysis of archaeological materials. 
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ªj ªC�ò� F�~&
. b& ' �òê� *æî

~ ºÂNj �Ò~&�, ºÂ� *æîj z� FêÚ
z �Î ê fï��îÆ�¾b(TLC, thin layer chro-

matography)»b� Êr�" æOÖj ªÒ~�, ''

VÚ��îÆ�¾b/îïªC»(gas chromatography/mass
spectrometry, GC/MS) 5 VÚ��îÆ�¾b/®i�N

z¦ÂV(gas chromatography/flame ionization detector,

GC/FID)»b� �
~ �W" �Fïj ªC~&
. 
� ��Ö"º �b� ÂÆF 
·� �� ¶ò�¦

V ��~ ��·ç �j 2k� > ®º V.¶ò�

�ÏF ©�
. 

II. ª  C

1. �òj�
*�~ Gçÿb� ²~ �b, &#2) 5 B~ ÚzV,

ÚË � C 46j ªC�ò� F;~&
. �ò~ Z²
º B~ ÚË(£ 0.1 g)j B�~�, £ 0.3 g ;êO j

�~&
. 

2. º�æOªCj *� �ò *¾Ò 5 FêÚz
O»

� .~ �ò Z²¢ ;{~² G;~� 100 mL j

ö '' I� CHCl3/CH3OH(2:1, v/v) b�Ï� 20 mL

¢ &~&
. .r2 ^¿V nö �ò& �Z j
¢

I� 30ª* ºÂ� ê 30ª O~~� 
� 30ª* º
Â � 
r, ºÂÏ�f îB& ®º 250 mL â'2¢

Ê�ö TÎ �&~&
. 
� 1N ºÂ ê Îj®º �

òö CHCl3/CH3OH(2:1, v/v) b�Ï�j &� ê �B
VF� O»ö V¢ 2² >� ºÂ� 
r ºÂ�f �

~ 1N ºÂÏ�" �~&
. .r2»ö ~� ºÂÏ

�f 25 mm disk filtersÏ millpore glass filter Ë~f
SibataÒ~ circulating aspirator WJ-15¢ ÒÏ~� �&


. �� Ï�ö CHCl3/CH3OH(2:1, v/v) b�Ï�j I

Ú 100 mL¢ ò
Ú ªêz&Vö TÎ ��, FVÏ

[~ ªÒ¢ *~� 1% BaCl2 Ï� 25 mL¢ &� ê

24�* O~~&
. FV Ï
[� j¾[òj ¢Þ ê

BUCHI Ò~ Rotavapor R-114f Waterbath B-480j
ÒÏ~� Ï�j j*® ³»�Î ê *æî~ Z²¢

��, *æî~ ·" ºÂ²>Nj �~&
. �Þ *æ

î~ ·� 10 mg �ò¢ ãÖº CH3OH(5% HCl)
1 mLö �� 
r 125oCöB 3�* >w�B FêÚz

bj �W~&
. 
Nb� ï'� ê CHCl3 Ï� 1 mL

f Ã~> 0.9 mL¢ I�, ¾ b�� ê ö� ªÒ~&

. >Ï� [f 2Êr� bÑb� B�~&�, � "

;j 3² >�~� 
�~&
. �r *æî~ ·�

10 mg �ç¢ ãÖ �òö &�& CH3OH(5% HCl),
CHCl3 5 Ã~>~ ·j v V� ~&
. �-² �B

ªÒ� ����ª [j j*® ÃB ³»�Î 
r

CHCl3/CH3OH(2:1, v/v) b�Ï� 100µL¢ &~� º
�æO ªCÏ �òÏ�j B�~&
. 

3. f ï ��îÆ�¾bö ~� æOÖ" Êr�
~ ªÒ
� .öB B�� �òÏ� 100µL7 50µL¢ TLC6

*ö "«�V
. �r æOÖ" Êr�~ ;{� *B
*~¢ rV *~� FAME b� �&�ò(No. 3)3) 5

Êr� �&�ò(S1)
4) Ï�j '' 20µLO �þ "«

~&
. 
r n-hexane/diethylether/acetic acid(80:30:1,
v/v/v)~ b�Ï�j *BÏ
� ~� FÒB *B�ö

B ªÒ�Î ê Ï
¢ ÃB�V
. 
r �ò& "«

B ¦ª~ TLC6f jöÏj �Ú �¦ �Vf~ 7/
j b~&� �&�ò& "«B ¦ªf �&� z j

FÒÏVö IÚ I2 ÃV¢ 10.* þ&
. �r FAME

f Êr� �&bî� *BB *~& w.ïb� æ~
² >�, �r �jj �Ï~� FAMEf Êr�~ *

~¢ ��~&
. �òöB FAMEf Êr�� *~~

º ¦ªj Ê2Ê¢¢ �Ï~� '' JJÞ ê 10 mL
~ îB ®º �þ&ö I� CHCl3/CH3OH(2:1, v/v)

b�Ï� 2 mLO &� ê ¾ z
Ú & 
r 2000 rpm

öB 10ª* ö�ªÒ~&
. ç[Ï�f �î¢"j �
Ï~� �&b�, � ";j 3² >�~� FAMEf Ê

r�j ;B~&
. ;BB FAMEf Êr�f ²* ê

� ÃBV� ³»�Î ê CHCl3/CH3OH(2:1, v/v) b�
Ï� 100µLö �&
. 

4. GC/MS 5 GC/FIDö ~� æOÖ" Êr�
ªC

;BB FAMEf Êr� �ò
j '' :�rö �

j TV� ¶ÿ�ò "«V� 1 µLO GC/MSö "«
~� ' �ò¢ �W~� ®º Wª~ «~¢ {�~

&
. ' z�b~ {�ö ÒÏ� ��VÆ�Êº

Wiley 5 NIST library¢ �Ï~&
. 6� GC/FID»
b� FAME 5 Êr� Wª~ �ïj ªC~V *~

2)
vþ 0.5 mm ;ê� �b¦ª" æO[� �þ ¿Ú ®º [j ö�.

3)palmitic acid(C16:0), stearic acid(C18:0), oleic acid(C18:1), linoleic acid(C18:2), linolenic acid(C18:3) �&bî~ b�Ï�
4)5β-coprostan-3-one(C27H46O), 5β-epicoprostanol(C27H48O), cholesterol(C27H46O), ergosterol(C28H44O), campesterol(C28H48O), stigmas-
terol(C29H48O), β-sitosterol(C29H50O) �&bî~ b�Ï�
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� b& FAME~ ãÖº 2B~ �&�ò5)f �þ ª

C �ò 1 µLOj Nf� �ò"«�ö "«~� V
Ú��îÆ�Îj áî
. æOÖ b��ò¢ �W~

� ®º ' /ÖÒ~ ^Zª�*ö log¢ �� 8ö

��~º ê²>¢ jv~� �ò¢ �W~� ®º æ
OÖ~ «~¢ ¦Â~&
. 
r *öB áf VÚ�

�îÆ�Î~ ' æOÖ �ïj WªN� �C� ê

' æOÖö V� æ~ê>¢ �~� Ö(mol)%� æ
~~&
. 

III. Ö" 5 �V

1. ºÂÎN
' �òö &~� *æî~ ºÂÎNj jv �Ò�
b�B �ò~ «~ 5 ßW" &NB ;�¢ áj >

®º V�¶ò� �Ï~�¶ ~&
. 

� ��öBº *�~ Gçÿb� ²~ �bf &#
�Ò� B~ ÚzV, ÚË � C 46~ �òöB ºÂ

� *æî~ Z² 5 ºÂ²>Nj �Ò~� Table 1ö

� Ö"¢ >�~&
. �r ÒÏ� ºÂÏ�f CHCl3/
CH3OH(2:1, v/v) b�Ï��î
. ² &#~ ºÂ²>

Nf 1.71%� æO� b�>îj ãÖ~ ²>N�

3.43%ö j~� Ôf 8j <º
. �f ?f Ö"º
æOö *æî~ ·� ô� ��>Ú ®V r^b� �

'B
. B~ ãÖº ÚzV(4.73%)& ÚË(2.52%)ö j

~� ¸f ºÂ²>Nj ¾æÚ� ®º ©b� �j Ú

zVö *æî~ �Fï� ¸
º Ò
j ºG� > ®

î
.

2. Êr��Fï
�.Êr� 5 �ÆÊr� �" ?f Êr�~~ �
Fïb�¦V �ò~ öÂ� ÿb 6º �böB V�

B ©�æ¢ {�� > ®
. � ��öBº �ò~ ö

Â� ÿbW�¢º ©j r� ®Ú Êr�~~ ªCö
� ~�& ìæò ' �òö &� Êr�~~ WËj

ÚÚ��¶ ªCj 
�~&�, � Ö"¢ Table 2ö >

�~&
. .ç� :f ?� �.Êr�~ �Fï� Î
v 90% �ç ¸² ¾zb�, No. 1(²&#)�òöB Ê

��îÊr�� ¦Â>î�, ß® No. 4(B~ ÚË) �

ò~ ãÖº �ÆÊr�" öbz*�Êæ¦� ¦Â>
º ßûj ¾æÚ� ®º�, öbz*�Êæ¦f ÿb

~ ÚËö 
Ú ®º Êr�� rJ^ ®
.

3. æOÖ�Fï
' �ò~ æOÖ~ �Wj {�~V *~� GC/MS

»b� ªC� Ö" C14:0j j�~� C16:0, C16:1,
C18:0, C18:1, C18:2, C18:3, C20:1, C20:4 � C 9«

j {�~&
. ' æOÖ~ C�N��îÆ�Î(TIC)

j Fig. 1~4ö ¾æÚî�, No. 3�ò~ m/z¢ Fig.
5~13ö ¾æÚî
. �Ò� æOÖ~ �Fïj �Ò~

V *~� FAME �&�òf �þ GC/FID»b� ªC

~� áÚê æOÖ �Fï(mol%)j Table 3ö >�~

Table 2. Analytical results of sterols 

Sample No.
Composition (%)

Epicoprostanol Cholesterol Campesterol Stigmasterol β-sitosterol chole/sito

1 - 91.95 0.17 1.24 - á

2 - 96.77 0.18 - - á

3 - 96.15 0.33 - - á

4 0.22 97.47 0.23 - 1.01 96.50

Table 1. The weight and extraction recovery of total lipids

Sample No. Species Weight of sample
(g)

Weight of total lipid
(g)

Extraction recovery
(%)

1
cow

skin 0.2861 0.0049 1.71

2 leather 0.2946 0.0101 3.43

3
dog

meat 0.2958 0.014 4.73

4 intestines 0.0994 0.0025 2.52

5)FAME~ �&�òº �öB Þ/� No. 3f No. 28j �Ï~&
. 
No. 28f palmitic acid(C16:0), stearic acid(C18:0), oleic acid(C18:1), linoleic acid(C18:2), linolenic acid(C18:3), eicosatetraenoic
acid(C20:4), eicosapentaenoic acid(C20:5), docosahexaenoic acid(C22:6) �&bî~ b�Ï�
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&
. Ö"ö ~~� C14:0f Î� �òöB ¦Â>î
b�, ß® ²~ �b(No. 1) �òöB 10.53%~ ¸f

�ïj ��� ®
. C16:0f No. 1~3öB 23~27%~

�ïj ��� ®�, No. 4~ ãÖº �
�
 ¸f
39.83%~ �Fïj ¾æÚ� ®
. C18:1~ ãÖº No.

2öB 53.23%� 
� �ò(16~32%) �
 ¸f �Fï

j ¾æÚ� ®
. 6� C18:3f 1.13%� ¸f �ïf
jîæò �ò No. 3öBò ¦Â>î
. �Ò� C20:4

º ß® No. 4öB 12.11%� ¸f �ï ª�¢ ��º

ßûj ¾æÚ� ®
. 
�ç" ?f Ö"º �b� >¯F �� ¶ò~ º

�æOªCj *� V. ��VÆ�Ê�B �� ¶ò

~ öÂj C®º� ô� �ÏF > ®j ©b� V&
B
.

Table 3. Composition of fatty acids

Fatty
acids 

Composition (mol%)

1 2 3 4

C14:0 10.53 2.46 4.06 2.51

C16:0 25.00 23.14 27.58 39.83

C16:1 5.31 8.90 7.52 3.68

C18:0 11.37 6.69 8.84 16.15

C18:1 30.08 53.23 32.22 16.42

C18:2 15.01 4.16 17.49 9.30

C18:3 - - 1.13 -

C20:1 0.77 0.91 - -

C20:4 1.92 0.51 1.16 12.11

Fig. 1. Total ion chromatogram of sample No. 1. Fig. 2. Total ion chromatogram of sample No. 2.
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Fig. 3. Total ion chromatogram of sample No. 3. Fig. 4. Total ion chromatogram of sample No. 4.

Fig. 5. Mass spectrum of tetradecanoic acid (C14:0). Fig. 6. Mass spectrum of hexadecanoic acid (C16:0).
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Fig. 7. Mass spectrum of hexadecenoic acid (C16:1). Fig. 8. Mass spectrum of octadecanoic acid (C18:0).

Fig. 9. Mass spectrum of octadecenoic acid (C18:1). Fig. 10. Mass spectrum of octadecadienoic acid (C18:2).
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Fig. 11. Mass spectrum of octadecatrienoic acid (C18:3). Fig. 12. Mass spectrum of eicosenoic acid (C20:1).

Fig. 13. Mass spectrum of eicosatetraenoic acid (C20:4).




