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ABSTRACT: Adipocere, "grave wax," is a waxy or greasy decomposition product formed 
by hydrolysis and hydrogenation of tissue fats. Once formed, it appears stable for extended 
periods. Adipocere has generally been considered to result from bacterial action, commonly 
in warm, damp, anaerobic environments. However, its frequency, rate of formation, factors 
affecting its formation and physical characteristics are not well defined. To study the fre- 
quency, time course, and effects of temperature and clothing on adipocere formation, we 
submerged human adipose tissue samples in aquaria under controlled conditions and con- 
ducted serial observations. 

Adipocere formed with high frequency, within a few months, in tissues submerged in warm 
tap water; similar changes took longer, 12 to 18 months in cold water submersion. Presence 
of clothing over the tissue appeared to accelerate adipocere formation. 
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Adipocere  ("grave wax") ,  a waxy or greasy decomposi t ion product formed from hy- 
drolysis and hydrogenat ion of adipose tissues [1,2], has been described for centuries. 
Adipocere  has generally been considered to be formed by bacterial action, in warm, 
damp, anaerobic environments  [3-5]. However ,  it has also been observed in buried 
bodies, dry environments ,  and cool water  submersions [6-8]. Once formed,  adipocere 
appears stable for extended periods [1,2,9-11] thus representing a type of spontaneous 
preservation. 

While factors affecting formation have been studied in the laboratory [1,2], the fre- 
quency,  t ime course of formation and effects of clothing, etc. ,  have not been well defined. 
Most reports of adipocere are anecdotal  or case reports. Knowledge of such factors would 
be useful in the determinat ion or confirmation of pos tmortem interval in decomposed 
remains [12-14]. 

We conducted serial observations on submerged human adipose tissue samples (skin 
and subcutaneous) to address these questions. 
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Material and Methods 

Fresh tissue samples (skin with subcutaneous tissue) from research protocol autopsy 
cases contributed to the National Museum of Health and Medicine (NMHM) were used. 
The research protocol for this study was approved as an Armed Forces Institute of 
Pathology (AFIP) research protocol, including environmental and human subjects re- 
views. Ten blocks of tissue measuring approximately 10 by 10 by 4 cm were prepared, 
weighted down, and submerged in tap water in plastic aquaria (0.5 to 2.0 L) at two 
controlled temperature levels (40~ or 65~ 

In a subsample, tissues were wrapped in cotton cloth to simulate the effects of clothing. 
Tissues were examined every two weeks, for up to 18 months duration and the consistency, 
color, odor, and stability, and other physical characteristics noted [I,2]. Melting point 
and fluorescence under Wood's  lamp [2] were noted in stable specimens after 18 months. 

Results 

There was variability in the extent of postmortem changes noted. Of ten adipose tissue 
samples submerged, seven demonstrated a final waxy grey consistency that remained 
stable at room temperature, characteristic of adipocere. The odor was described as a 
"peculiar" ammonia, cheeselike one by several pathologists and mortuary workers, and 
was much less offensive on drying. Characteristics became recognizable in 2 to 3 months 
at 60 to 70~ and were well formed at 18 months. Similar adipocerelike changes were 
slower in 40~ water, and generally took 12 to 18 months for recognizable characteristics 
to develop. These characteristics appeared stable for several months at room temperature. 

Adipocere formation appeared more extensive in cotton cloth-covered tissue samples. 
White-violet fluorescence under Wood's  lamp was noted in well-formed adipocere. The 
melting point was 55 to 60~ [2]. 

Discussion 

The preliminary results of these experimental studies are consistent with previous 
observations [1-4,6,7] that adipocere forms well in warm water. Adipocerelike changes 
were noted in approximately two months in warm water submersions (60 to 70~ but 
took approximately one year in cold water (40~ As a chemical reaction, adipocere 
formation is accelerated at higher temperature. Adipocere formation is also accelerated 
by covering tissues in cloth. 

Observation of ultraviolet fluorescence, melting point [2], or assay for free fatty acids 
[1,2,5] may be useful for more objectively documenting adipocere formation in casework 
materials. 

Further serial observations on larger tissue samples and samples submerged or buried 
under various natural conditions would be useful in further studying postmortem interval. 
More studies on the histology and chemistry of adipocere formation may also be useful 
[1,2,5,15] in assessing postmortem interval. 

Acknowledgment 

Mr. Derek Downs provided expert technical assistance. 

References 

[1] Mant, A. K. and Furbank, R., "Adipocere--A Review," Journal of Forensic Medicine, Vol. 
4, No. 1, 1957, pp. 18-35. 

[2] Evans, W. E. D., "The Chemistry of Death," Charles C Thomas Publishers, Springfield IL, 
1963, pp. 1-96. 



MELLEN ET AL. �9 ADIPOCERE FORMATION 93 

[3] Simonsen, B., "Early Formation of Adipocere in Temperate Climate," Medicine, Science, and 
Law, Vol. 17, No. 1, 1977, pp. 53-55. 

[4] Cotton, G. E., Aufderheide, A. C., and Goldschmidt, V. G., "Preservation of Human Tissue 
Immersed for Five Years in Fresh Water of Known Temperature," Journal of Forensic Sciences, 
Vol. 32, No. 4, July 1987, pp. 1125-1130. 

[5] Takatori, T., Ishiguro, N., Tarao, H., and Matsumiya, H., "Microbial Production of Hydroxy 
and Oxo Fatty Acids by Several Microorganisms and a Model of Adipocere Production," 
Forensic Science International, Vol. 32, 1986, pp. 5-11. 

[6] Evans, W. E., "Adipocere Formation in a Relatively Dry Environment," Medicine, Science, 
and Law, Vol. 3, 1963, pp. 145-153. 

[7] MacLeod, W., "The Massacre of the Ardentine Caves," Journal of the Royal Army Medical 
Corps, Vol. 87, 1946, pp. 10-24. 

[8] Dix, J. D., "Missouri's Lakes and the Disposal of Homicide Victims," Journal of Forensic 
Sciences, Vol. 32, No. 2, May 1987, pp. 806-809. 

[9] Tkoz, I., Bytzer, P., and Bierring, P., "Preserved Brains in Medieval Skulls," American Journal 
of Physical Anthropology, Vol. 51, 1979, pp. 197-202. 

[10] Clausen, C. J., Cohen, A. D., Emiliani, C., Holman, J. A., and Stipp,~J. J . , "Li t t le  Salt 
Spring, Florida: A Unique Underwater Site," Science, Vol. 203, Feb. 1979, pp. 609-614. 

[11] McFarland, J., "Dr. Joseph Leidy's Petrified Lady," Annals of Medical History, Vol. 4, 1942, 
pp. 268-275. 

[12] Mann, R. W., Bass, W. M., and Meadows, L., "Time Since Death and Decomposition of the 
Human Body," Journal of  Forensic Sciences, Vol. 35, No. 1, Jan. 1990, pp. 103-111. 

[13] Micozzi, M. S., "Experimental Study of Postmortem Change Under Field Conditions: Effects 
of Freezing, Thawing and Mechanical Injury," Journal of Forensic Sciences, Vol. 31, No. 3, 
July 1986, pp. 953-961. 

[14] Micozzi, M. S., "Postmortem Change in Human and Animal Remains: A Systematic Ap- 
proach," Charles C Thomas, Springfield, IL, 1991, pp. 1-124. 

[15] Evans, W. E., "Some Histologic Findings in Spontaneously Preserved Bodies," Medicine, 
Science, and Law. Vol. 3, 1962, pp. 145-164. 

Address requests for reprints or additional information to 
Marc S. Micozzi, M.D., Ph.D. 
National Museum of Health and Medicine 
Armed Forces Institute of Pathology 
Washington, DC 20306-6000 




