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Abstract 
Since ancient times, people used ceramic vessels to transport and store food and drink. The chemical 

analysis of organic remains, preserved in archaeological sites, provides useful cultural information about 
ancient communities. In particular, the characteristic of the lipid fraction in archaeological material is of great 
importance for obtaining information on the use, habits and diet of people. The study of lipid residues of food 
products found on the outer and inner surfaces of ancient clay or ceramic vessels and their identification by 
chemical analytical methods can provide valuable information on the methods of using these vessels and food 
addictions of ancient people. 

The results of investigation of organic remains of the contents of an ancient molded vessel from raw 
clay found by the Central Asian Historical and Household Expedition of the GMM in 1951 in the city of 
Tashauz (Khiva Khanate), using gas chromatography are present in this paper. Samples of "dried fat" from the 
surface of the vessel were processed according to two-stage scheme. The extracts obtained were derivatized 
with methanol to produce fatty acid methyl ester (FAME), which were analyzed by gas chromatography. 
Based on the fatty acid profiles of test samples and on quantitative ratios of the mass fractions saturated fatty 
acids (palmitic and stearic, palmitic and myristic), it was suggested that the test vessel was used to store butter 
from camel milk. 

 
 

References 
[1] R.P. Evershed, S.N. Dudd, M.J. Lockhean, S. Jim. Lipids in Archaeology. In Handbook of 

archaeological sciences. Brothwell D.R., Pollard A.M. (eds). Chichester: John Wiley and Sons. 2001. 
P.332-349.  

[2] R.P. Evershed, H.R. Mottram, S.N. Dudd, S. Charters, A.W. Stott, G.J. Lawrence, A.M. Gibson, A. 
Conner, P.W. Blinkhorn, V. Reeves. New criteria for the identification of animal fats preserved in 
archaeological pottery. Natur wissens sench aften. 1997. Vol.82. P.402-406. 

[3] R.P. Evershed, C. Heron, S. Charters, L.J. Goad. The survival of food residues: New methods of analysis, 
interpretation and application. Proceedings of the British Academy. 1992. Vol.77. P.187-208. 

[4] J. Condamin, F. Formenti, M.O. Metais, M. Mishel, P. Blond. Application of gas-chromatography to 
tracing of oil in ancient amphorae. Archaeometry. 1976. Vol.18. P.195-201. 

[5] M. Patrick, A.J. Dekoning, A.B. Smith. Gas-liquid chromatographic analysis of fatty acids in food 
residues from ceramics found in the Southwestern Cape, South-Africa. Archaeometry. 1985. Vol.27. 
P.231-236. 

[6] J. Folch, M. Lees, G. Sloane-Stanley. A simple method for the isolation and purification of total lipids 
from animal tissues. J. Biol. Chem. 1957. Vol.226. Р.497-509.  

[7] A. Mayyas, K. Douglas, T. Hoffmann, U. Thorenz, I.B. Yaseen, E-K. Mohammed. Organic residues 
preserved in archaeological ceramics from the early bronze age site of Khirbet Al-Batrawy in north-
central Jordan. Mediterranean Archaeology and Archaeometry. 2013. Vol.13. No.2. P.189-206.  



Full Paper ______________ V.M. Pojidaev, Ya.E. Sergeeva, I.S. Slushnaya, P.K. Kashkarov, and E.B. Yatsishina 

 74 ______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2017. Vol.52. No.12. P.73-81.  

[8] G. Giorgi, L. Salvini, A. Pecci. The meals in a Tuscan building yard during the Middle Age. 
Characterization of organic residues in ceramic potsherds. Journal of Archaeological Science. 2010. 
Vol.37. P.1453-1457. 

[9] M. Regert, H.A. Bland, S.N. Dudd, van P.F. Bergen, R.P. Evershed. Free and bound fatty acid oxidation 
products in archaeological ceramic vessels. Proc. R. Soc. Lond. B. 1998. Vol.265. P.2027-2032. 

[10] M. Regert, S.N. Dudd, van P.F. Bergen, P. P´etrequin, R.P. Evershed. Investigations of solvent 
extractable lipids and insoluble polymeric components: organic residues in Neolithic ceramic vessels 
from Chalain (Jura, France). Br. Archaeol. Rep. S. 2001. Vol.939. P.78-90. 

[11] M. Correa-Ascencio, R.P. Evershed. High throughput screening of organic residues in archaeological 
potsherds using direct methanolic acid extraction. Analyst. 2014. Vol.6. P.1330-1340. 

[12] R.P. Evershed, S.N. Dudd, M.S. Copley, R. Berstan, A.W. Stott, H. Mottram, S.A. Buckley. Crossman 
Z. Chemistry of Archaeological Animal Fats. Acc. Chem. Res. 2002. Vol.35. P.660-668. 

[13] T.B. Rossell. Chemistry of Lipids. In The Chemistry of Muscle-Based Foods; Ledward, D.A., 
Johnstone, D.E., Knight, M.K. Eds.; London: Royal Society of Chemistry. 1991. P.193-202. 

[14] G.F. Nasirova, Ya.F. Zhukova, K.V. Pashuk, O.A. Zahandrevich. Fatty acids composition as an 
indicator of the presentce of substituties in milk fat. MILKrecycling. 2010. Vol.62. No.11. P.12-19. 
(russian) 

[15] L.P. Bezzubov. Chemistry of fat. М\oscow: Pischevaya promishlennost. 1975. 280p. (russian) 
[16] M.I. Goryaev, N.A. Evdarova. Handbook of organic acid chromatography. Alma-Ata: Nauka. 1977. 

551p. (russian) 
[17] S.A. Nagornov, D.S. Dvoretskii, S.V. Romantsova, V.P. Tarov. Technique and technology of vegetable 

oils production and processing. Tambov: Izdatelstvo GOU VPO TGTU. 2010. 96p. (russian) 
[18] A. Riles, C. Smith, R. Ward. Organic chemistry fundamentals for students of biological and medical 

specialties. Мoscow: Mir. 1983. 352p. (russian) 
[19] O.B. Rudakov, K.K. Polyanskii. The development of method for interpretation animal fats 

chromatogram. Hranenie I pererabotka selhozproduktov. 2001. No.10. P.40-42. (russian) 
[20] B.N. Tyutyunnikov. Chemistry of fats. Мoscow: Kolos. 1992. 448p. (russian) 
[21] V.G. Shcherbakov. Technology vegetable oils obtaining. Мoscow: Kolos. 1992. 206p. (russian) 
[22] S.M. Yanovaya. Chemistry of fats. Мoscow: NORMA. 2002. 636p. (russian) 
[23] F.D. Gunstone, J.L. Harwood, A.J. Dijkstra. The lipid handbook. 2007. CRC Press. 3th edition. 1472p.   
[24] S.S. Azimova, A.I. Glushenkova, V.I. Vinogradova. Lipids, Lipophilic Components and Essential Oils 

from Plant Sources. London: Springer. 2012. 992p. 
[25] R.J. Hamilton, A. Bhati. Fats and oils: chemistry and technology. London: Applied Science Publishers 

Ltd. 1980. 255p. 
[26] A. Kuksis. Fatty Acids and Glycerides. Handbook of Lipid Research. Plenum Press. New York. 1978. 

469p.   
[27] P.T. Nicholson, I. Shaw. Ancient Egyptian Materials and Technology. Cambridge University Press. 

2000. 702p. 
[28] N.S. Arutyunyan, E.A. Arisheva. Laboratory workshop on the fats chemistry. Мoscow: Pischevaya 

promishlennost. 1979. 176p. (russian) 
[29] L.M. Bogdanov. Chemical composition and properties of milk fat. Pischevaya I pererabativayuschaya 

promishlennost. 1987. No.8. P.48-50. (russian) 
[30] S.G. Kanareikina, A.A. Slinkin. The study of fatty acids composition of product using dry mare’s milk. 

Agrarnii vestnik Urala. 2011. Vol.82. No.3. P.56-57. (russian) 
[31] S.I. Niftaliev, E.I. Melnikova, A.A. Selivanova. Gas chromatography determination fatty acid 

composition of milk fat substitutes and other specialized fats. Sorbcionnie I chromatograficheskie 
processi. 2009. Vol.9. No.4. P.574-581. (russian) 

[32] I.M. Skurihin, V.A. Tutel’yan. Tables of the chemical composition and caloric content of Russian food 
products. Handbook. Мoscow: DeLi print. 2007. 276p. (russian) 

[33] I.M. Skurihin, I.M. Nechaev. Everything about food from the chemist’s point of view. Мoscow: 
Visshaya shkola. 2001. 288p. (russian) 

[34] F.A. Chmilenko, N.P. Minaeva, A.V. Sandomirskij, L.P. Sidorova. Identification of milk products 
falsification by gas chromatographic method. Metodi I obecti chimitcheskogo analisa. 2009. Vol.4. 
No.1. P.60-66. (russian) 

[35] P. Bergamo, E. Fedele, L. Iannibelli, G. Marzillo. Fat-soluble vitamin contents and fatty acid 
composition in organic and conventional Italian dairy products. Food Chem. 2003. Vol.82. P.625-631.  

[36] T. Slots, J. Sоrensen, J.H. Nielsen. Tocopherol, carotenoids and fatty acid composition in organic and 
conventional milk. Milchwissenschaft. 2008. Vol.63. P.352-355.  



APPLICATION OF GAS-CHROMATOGRAPHY TO CLARIFY THE ATTRIBUTION OF THE ANCIENT CLAY VESSEL   73-81 

©Бутлеровские сообщения. 2017. Т.52. №12. _____________ E-mail:  journal.bc@gmail.com _______________ 75  

[37] P. McDonald, R.A. Edwards and J.F.D. Greenhalgh. Lipids. In Animal Nutrition. Longman Group UK 
Ltd, Essex, UK. 1988. P.26-41. 

[38] A. Kuksis, L. Marai, J.J. Myher. Triglyceride Structure of Milk Fats. J. Am. Oil Chem. Soc. 1973. 
Vol.50. P.193-201. 

[39] R. Rottlander. Die resultate der modernen fettanalytik und ihre Anwendung auf die prahistorisches 
Forschung. Archaeo-Physica. 1990. Vol.12. P.1-354. 

[40] V.M. Pozhidaev, Ya.E. Sergeeva, A.V. Kamayev.  Study of archaeological artifact by chromatography–
mass spectrometry. Journal of Analytical Chemistry. 2017. Vol.72. P.699-702. (russian) 

 


