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“Qui ne sait la vaste part que notre illustre Cuvier accordait, 

dans le progrès des sciences naturelles , à celui qui le 

premier eut l'idée de conserver les pieces dans l'alcool?” 

 

[“Who does not know the vast importance to which our 

illustrious Cuvier attributed the progress of the natural 

sciences to him who first conceived the idea of preserving 

objects in alcohol?”] 

 
 

—Jean-Nicolas Gannal (1791-1852)  

 

Histoire des embaumements et de la preparation des pieces 

d’anatomie normale, d’anatomie pathologique et d’histoire naturelle; 

suivie de procédés nouveaux (1838) 



G. Bibron 

C. Duméril 

A. Duméril 



Biochemical effects of preservatives 

• 356 years of 

preservation in fluids 

• 2015—reviewed 1,042 

published references 

• Biochemical effects of 

preservation are not 

well understood 



History of preservation 

• Brine, vinegar, honey, and oil used to 

preserve food 

• Herodotus (484-425 BCE): 

– Egyptians ate fish preserved in brine 

– Babylonians preserved the dead in honey 

• Greek and Roman  

references to fish  

preserved in vinegar 



Ethyl alcohol, C2H5OH  

• Oldest known organic chemical 

• Accessible from natural fermentation 

processes 

• Beer—fermented grain 

• Mead—fermented honey 

• Wine—fermented grapes  

(or other fruit) 

Sumerian beer recipe 



Ethyl alcohol, C2H5OH  
• 9,000 year-old alcoholic beverage 

recipe from China 

– Fermented rice, honey,  

and hawthorn fruit 

• Jiahu (Neolithic village) 

• Fermentation yields  

12-15% ethyl alcohol 

Bottle label for Chateau Jihau 

from Dogfish Head Brewery 



Distillation 

• Higher concentration 

requires distillation 

• Originated in Middle 

East or North Africa 

ca. 3500 to 3000 

BCE 

• Alchemical tradition 

• Miriam (the sister of 

Moses) 

 

Miriam the Alchemist 



Distillation 
• Extraction pots from 

Mesopotamia, 3500 BCE 

• Chinese distilled rice 

wine ca. 800 BCE 

• Pliny the Elder (50 BCE), 

“wine that can be 

ignited”  

– Solum vinorum flamma 

accenditur) 

Double-rim 

extraction pot 



Distillare (“to drip down”) 

1. Heat the liquid 

2. Cool the 

vapors 

3. Collect the 

condensate 

4. Repeat 

• Ethyl alcohol boils at 78.5°C 

• Water boils at 100.0°C 



95.6% ethyl alcohol 

• Alcohol forms a binary 

azeotrope with water 

• 100% alcohol must be 

chemically dehydrated 

• Aqua ardens (50 to 

60.0%) 

• Aqua vitae (95.6%), 

water of life 



• Improvements in 

distillation 

• Hieronymus 

Brunswygk (1450-

1512) 

• Liber de arte 

distillandi de 

simplicibus (1500) 

• Widely circulated in 

Europe 



Expense of ethyl alcohol 

• Production is time-consuming 

• Distillation has high energy requirements 

• Ethyl alcohol is usually taxed 



Other fluids 

• Preservative chemicals 

– Vinegar 

– Turpentine 

– Alum (alun) 

– Mercuric chloride 

– Brine 

– Oils 

• Robert Boyle (1627-1691) experimented 

with “oyl of spikes” as a preservative 



Boyle, 1664 

“…it cannot but be a 

great help to the 

student of anatomy to 

be able to preserve the 

parts of human bodies, 

and those of other 

animals… 



Other preserving fluids 

• Robert Hooke (1635-1703) 

– Leeches in vinegar 

• 1838—Jean-Nicolas Gannal 

(1791-1852) 

– Aluminum sulfate 

– Alum (alun) 



William Croone 

• 04 June, 1662 

• Royal Society of London  

• Preserved two dog embryos in 

"spirit of wine" 



International Old Croone Day 

• 04 June 

• Toast Dr. Croone 

• Beverage of your choice 



Expense of alcohol 

• Expense of alcohol 

and containers 

• Boyle’s experiments 

– Change fluid after 

initial preservation 

– Test with flame 

 



• Beverage alcohol often substituted 

• 1884—British Museum 

– 56% alcohol for fish 

– Goadby’s solution (salt, alum,  

mercuric chloride, and water) 

Expense of alcohol 

Specimens from the 

Museum Adolphi 

Friderici collection, 

Stockholm 



Rack, rum, or 
brandy 

• James Petiver  

(1635-1718) 

• Brief Directions for the 

Easie Making and 

Preserving Collections 

of all Natural 

Curiosities (ca. 1700) 



“All small Animals, as Beasts, Birds, Fishes, 

Serpents, Lizards, and other Fleshy Bodies 

capable of corruption, are certainly to be 

preserved in Rack, Rum, Brandy, or any other 

Spirits; but where these are not easily had, a 

strong Pickle, or Brine of Sea Water may serve; 

to every Gallon of which, put 3 or 4 Handfulls of 

Common or Bay Salt, with a Spoonful or two of 

Allom powdered…” 
 

– Rack = arrack (coconut or rice) 

– Rum (sugar cane) 

– Brandy (distilled wine) 

– Strong pickle (vinegar), brine (salt) 

– Allom = alum 



Maria Sybilla Merian 
(1647-1717) 

• Surinam, 1699-1701 

• “…everything I did not 

need to paint (in 

Surinam) I brought with 

me, such as butterflies 

and beetles and 

everything I could steep 

in brandy…” 



Very old fluid specimens 

• Cook expeditions, 1668-1771 

• Joseph Banks (1743-1820) 

• Preserved in rum 

• Oldest extant fluid-preserved bird 

specimens? 

– Vestiaria coccinea, Hawaii 

– Creadion carunculatus, New Zealand 



Specimen preservation 

• René-Antoine Ferchault de Réaumur 

(1683-1757) 

• 1748—Described four  

most common methods  

of preserving specimens 

– Stuffed and dried 

– Embalmed with spices 

– Dried in an oven 

– Preserved in alcohol 



“There is no great Skill required for putting one or 

several [specimens] into a Vessel full of Spirit of 

Wine, or very strong Brandy. It has been usual for 

a long time to make use of those Liquors with 

Success for preserving the Flesh of dead 

Animals…” 

 

“…you are only to keep them in Brandy; the 

stronger the better it will be for producing the 

intended Effect: Spirit of Wine is even preferable. 

As for the rest, it is indifferent whether the Brandy 

be distilled from Wine, Corn, or Sugar” 



Additives to alcohol 

• Alum 

• Ammonium chloride 

• Arsenic 

• Acids 

• Glycerin 

• Mercuric chloride 

• Salts  

Tarsius tarsier, preserved 

prior to 1777 



Additives to alcohol 

“History can build up 

in specimen jars.” 

—Dirk Neumann 



Additives to alcohol 

• Preserved 1893-

1914 

• Mercuric chloride, 

HgCl2 

• Reduction 

reaction with 

ethanol 

Chalcides ocellatus 



Fixation 

A. Physical methods 

1. Dehydration 

2. Heat 

B. Chemical methods 

1. Cross-linking chemicals 

2. Metal salts 

3. Acids 

C. Combined methods 



Physical fixation 

• Dehydration 

• Heat 

• Effects 

– Removes water from tissues 

– Precipitates proteins 

– Aggregates cellular components 



Chemical fixation 

• Coagulants 

– Alcohols 

– Acetone 

– Acids 

– Salts 

– Precipitate proteins 

– Coagulate proteins 



Chemical fixation 

• Non-coagulants 

– Cross-link proteins 

– Aldehydes 

• Formaldehyde 

• Gluteraldehyde  

– Glyoxal (OCHCHO) 

– Chloral hydrate  

– Metal salts (mercuric chloride, zinc chloride) 

– Oxidizing agents (e.g., osmium tetroxide) 



History of fixatives 

• 1663—Robert Hooke (1635-1703)—

olive oil and vinegar 

• 1666—Marcelo Malpighi (1628-1694) 

boiled kidney slice, coated surface with 

ink 

• Fixation more common with increased 

use of microscopes 

• 1833—chromic acid to harden tissues 



Formaldehyde history 

• 1858—discovery of gas 

by Alexander Butlerov 

(1828-1886) 

• 1868—Aqueous solution 

by August Wilhelm von 

Hofmann (1818-1892) 

 



Formaldehyde history 

• 1888—patent for manufacture by Jean-

Auguste Trillat (1861-1944) 

• 40% (saturated solution) 

Trillat patent filed in 

the United States in 

1897; patent 

granted 1899 



Formaldehyde history 

• Ferdinand Blum (1865-1959) 

• Diluted 40% formaldehyde 1:9 = 4% 

• 1892—hardened  

the epidermis of  

his own fingers 



Formaldehyde 

  “Laboratories have been using 
a 4% solution ever since, not 

because of any scientific 
evidence, but because that 

was the dilution of the 
commercial product used by 
Dr. Blum when he fixed his 

fingers.”   
 

(Fox and Benton 1987) 



Isopropyl alcohol 

• First made in 1855 

• 1920—commercial production 

• 1922—used as preservative 

• Less expensive than ethyl alcohol 

• Less regulated than ethyl alcohol 

• Twice as toxic as ethyl alcohol 

• Causes more shrinkage than ethyl alcohol 



Other preservatives 

• Phenols and glycol (1950s-1960s) 

– Less hazardous 

– Short-term holding fluids 

• Glycerin 

– Additive to alcohol 

– Preservative 

– Absorbs moisture 

– Good medium for  

microorganism growth 
Left = bacterial bloom in glycerin 

Phenol solution with specimen 



Processes and chemicals 

• Collection, relaxation, euthanasia 

– Other chemicals 

• Preservation methodology 

– Time between death and chemical treatment 

• Preservation directly in alcohol 

– Syneresis (distortion from rapid shrinkage of 
cellular contents) 

– Generally results in more shrinkage than with 
a fixative 



Effects of chemicals 

• Chemical modifications 

– Proteins 

– Lipids 

– Cells and cell contents 

– Loss of minerals and metals 

• Morphometric (dimensional)  

changes 

• Alterations of colors 



Proteins 

• Hydroxymethyl groups form crosslinks in 

tissues 

• Other complex reactions 

– Formation of methylene glycol alters cellular 

membranes and mitochondrial organization 

• Little research on particular tissues 



Vinegar 

Vinegar used to remove shells; eggs preserved in vinegar, formaldehyde, 70% 

alcohol, 40% to 70% alcohol, or formaldehyde-to-70% alcohol 

Formaldehyde 70% ETOH 



von Endt (1994) 

• Loss of general and structural protein 

• Keratin and collagen samples (hair and 

feathers) 

• 70% ETOH at 180°C for 1-2 days 

• 50-55% isopropyl alcohol at  

180°C for 1-2 days 

• Within and without 1%  

formaldehyde 

• Dry samples for controls 



von Endt (1994) 

• Collagen dissolves more quickly than 
keratin 

• Isopropyl causes more damage than 
ethanol 

• Keratins unstable at high 
temperature 

• Feathers less stable than hair 

• Dry keratin more stable that in fluid 

• Formaldehyde promotes  
deterioration of keratin 



Lipids 

• Lipids are hydrolized 

• Migrate within specimens 

• Removed by alcohol 

• May form fatty acids that 

affect preservative quality 



Other modifications 

• Coagulation and dispersal of cell contents 

• Loss of mineral content 

• Damage to otoliths 

• Loss of muscle definition 

• Changes in skin texture 

• Deposits on specimens 



Dimensional (morphometric) 

• Invertebrates: 

– Swelling 

– Shrinkage 

– Weight loss 

– Color changes 

– Embrittlement 

– Loss of structural integrity 

– Extraction of minerals and 

metals 



Benthic animals 3-10% weight loss 

Littoral benthos 1-18% weight loss or 1-7% weight gain 

Plankton 15-87% shrinkage 

Zooplankton 37-43% weight loss; 59-69% weight loss 

Planktonic 

hydromedusae 

67-85% shrinkage 

Sycphomedusa 7-10% shrinkage;  15-30% umbrella  

shrinkage 

Medusae 26% shrinkage;  70% weight loss 

Copepods 20-38% weight loss 

Ctenophores 5-80% weight loss,  20-31% shrinkage 

Salps, doliolids 39-52% weight loss; 86-93% shrinkage 

Tubificid worms 10-38% weight loss 

Crayfish 4-16% weight loss 

Mayflies 5-17% shrinkage 



Dimensional (morphometric) 

• Vertebrates: 

– Morphometric variation in 

fish 

– Shrinkage is variable 

– Less shrinkage in methyl 

alcohol 

– More shrinkage in 

isopropyl alcohol 



Fish 2-5% weight gain 

4-9% weight gain 

2% weight loss 

3.5-7% shrinkage 

5-14% shrinkage 

9-16% shrinkage 

12-18% shrinkage 

30-43% shrinkage 

Anurans 1-6% shrinkage 

Lizard eggs 34-64% weight increase 

Lizards 3-16% shrinkage 

Snakes 2-3% shrinkage 



Morphometric changes 

“The effects of preservatives on fish 

morphometrics are difficult to predict because 

of variance related to the type of preservative, 

duration of preservation, origin of species 

(marine or freshwater fish), species, life stage, 

and others” 

 

—Sagnes 1997 



Colors and patterns 

• Formaldehyde darkening (formaldehyde 

pigment) 

– Formic acid 

– Blood-rich  

tissues 

– Below pH 6 

– Reaction with  

hematin 



Colors and patterns 
• Alteration or extraction of pigments 

• Changes in reflection or refraction of light 

• Both 

 

Leaching of xanthophores by alcohol + alteration of 

iridophores by dehydration 



Summary 

• The preservative fluid contains 

components extracted from the specimen. 

• Understanding chemical changes in 

specimens is fundamental to use of 

specimens in research. 

• Much more research needs to be done. 



Thank you 


