


t k  f i r s t  value of the ioaming durabi l i ty (Fd 3) and after i i ve  minutes the secorid value o i  the 
ioaming durabi l i ty (Fd 5) .  

Resul t 

A 1 "Collede Flandre". Madeofca l isk i r~vh ich has teer1 priparedwithl imeandashe: Fraction 
1. 

A 3 Same glue, fraction 3 
B 1 Gl~~ef romgoatsk inaccord i r~gto i renr~ lnoCrr~n in i  F r e p a r e d ~ i t h l i m e  andashe:. F r a ~ t i o r ~  1 
B 3 Sameglue, f ract ion 3. 
C 1 Hide glue i r o m  eel The raw material has been prephred v i t h  !ime Fractiün 1 
C 3 Same glue, f ract ion 3. 
D lndustrial grain glue of borie origin. Bad quality, bad smell. 
E French "hare glue" i rabbit) ,  Chardin Pantin. Hide glue 
F Pure gelatin, p r o h b l y  made of pigskins 
G l talian transfer( rentoilage-)glue. Surpli~: i r om a painting. 1 0 0  uears old. Frorn thc 

"Konservatorskolen": Copenhager~. Prohably o i  borie i l r ig in.  

What i s  worth m t i c i r q  i n  the table abwe i s  the practically non-existent foaming of the gl l~es 
made by hard, arid accordirq to old formulae You can also notice that the weak a l ka l i n i t ~ j  o i  these 
glues i s  relat ively greater i n  the t h i r d  fractiori than i n  the f i r i t  one What does not shnv i n  the 
table, though, i s  that theg lueo i the f i r s t  f ract ionis iatter than the glue i n  the thirdone. but this 
i s  something -U can 3ee v i t h  your rtaked eye when you handle i t .  It would not be wsible to 
o t ta in  any Zero value concerning the foaming vi thout a relatively high natural fat r0nierit. 
Substantial foaming can be established cortcerning gelatine, as \riell as a remarkable acidity. 
Wor th  rd i c i ng  i s  also the aaidity and fobrning of the hone glues 

Gas-chromatographic analysis to determine the animal o r ig in  o f  glue 

Collabnrator and responsible for the chemical operstiom i r i  isnnnectiori ~ / i t h  th is  methnd has tieen 
Peter Michelsen, ASS. prof. 
3 n c e  hideglue f rom different animals and/or tissues (bne-hide) i n  most cases show different 
p rop r t i es ,  an important task was to develop an accurate and relatively fast analytical method 
for  glue determinatiori. T k  orte used so far for this purpose has been the determination of amino 
acid profiles. lnstead o i  applying thi: relatively l imited method, we focused on the natural fat 
present in,especially, old animal glues Since i t  has been reported that fatty acid compo~ition: 
f r om different aninial.; arid t issws d i f i c r  7, we fiwnd tha? GC arialysis of t k  fatty acid Profiles 
f rom the qlue fat could be used as an arial~$ical rnethod i o r  gl ue determiriation 0r1 thr basi5 o i  
G!ty acid methyl e.:t?rs, fatty acid prafiler- frarii about 100  qllie smples  have been malysed 
w i t h  high-resolutiori capi l lary gas chromatooraphy (5P 1 UÜÜ, 23  m, colurnn tenip I 8On> 
dctector/in!ector temp 250°, sp l i t r i t i o  1 5Cl), oa a Variari Aerograpt~ 3 7 0 0  gau chromatqrsph 

equipped w i t h  a tlame ionization detector. ¿hrornatograrns were recorded and calculated ori a 
Yarian integrator 4370 wi th  a pr inter plotter. 
Concerning the :ample preparation, a great deal o i  care must k taken when Iipidz are 
analytically dealt with.  Solvents must be free from peroxides and traces of impuri t ies such as 
undesirable l ip ids and plasticizers. Therefore they must be distil led before use i n  such a way 
that 311 contami nants are easil y and completcl y disposed of T he cleani nu cannot possi bl  y be done 
by passing the solverit through a column of aluminia To prevent unexpected auto-oxidation o i  
sample o r  solvent, an anti-oxidant such a3 EW (biltlilated hydroxy toluene), 5 0  mg i n  1 l i t r e  
solvent, can be used Alternatively HPLC-grade solvent might be used, but i t  requires a blirid 
test of thesolvent, i.e. a test without glue. The rernwal of mlvent i s  carried out i n  a strearri of 
nitrogen. 
Regardi ng the preparation of methyl esters there 8re many methods available for small samples 
W t  have tr ied them all,, but we riov use torün?ri f luor id irr methanol exclusively~ since i t  i s  
quick and easy to handle 

Preparat ion 

1. Aiter haviry subjected the ssmple ( 1 -2mg) to conservation treatmerit (mechar~ical trirrimirig 
under microscope), thc glue i s  extracted wi th  disti l led water o r  s l ight ly acidified water (14 Ei 
the swelling of the glue) The surplus vater i s  removed , and the iat ty acids are l iber i ted 
with 400 ul IM KUH i n  methanol at 6 P C  Tor I hour 

2 At theer~dof th is  per iod,t te3olut ionis acidified wi th  2U0u1 SM HCI arid heatedat 6Ü"fcir 
1 5 mi  nute: 

5 Aiter cooli ng, the i d t y  acids 3re ~x t rac ted 5 time:; w i th  small portil?ris o i  diethyleter drid 

centrifugalized after eacti addition 
4. The corr~bined ether solutiori i s  dried over sodiurri suighste arid, after filtratiort, the j&b!e:;t ::C 

removed i n  3 stream of nitrogen. 
5. 200 ul 14% HF3.MeÜH is dded ard heated at 6 ü" for 0,s hours. After cooling , 2 'iolurries ü i  

hexane folloved by 1 vol ume of water are added After shaki r g  carefull y and centrifugation, 
the hexane phase i s  separated and removed i n a  stream of r~itrogen. The sample i s  then 
yurified on a colurrin of  silica eluated wi th  hexane:diethyleter 1 - 1 i v / v ) .  The solvent i s  
rernoved again , and the residue i s  resolved i n  chloroforrn and irqected intn t h i  gaj- 
chromatograph 

Rcsul t 

The investigatinn shows that i! io. nntonly possible tn pstablish f rom whichanimal s certain hidr 
glue origir~ateä, but also h w  to separate i t  i r om egg yolk arid Casein. This can w e n  be dünr with 
aged glue, where the unsaturated fatty acids ar more or  less broken down. 'What makes this 
passible i s  that you, i n  rnost cases, only have to calculate w i t h  the relative composition of three 
saturated fatty acids, namely 14.0, 16:0 and 18.0 (myrist ic acid, palmitic acid and s!earic 
arid) Ini t ia l lu you only have tu use two o i  thrrn, 16:ü arid 18:0, fo r  a pre!iminary mrt i r ig.  I f  i t  
i s  di f i icul t  to determin the animal or igin ofthe glue with regard to these two, the range of fst?y 
acids! pr i rnar i ly 14:Ü, may t e  ircreased to give a rnore distinctive result I n  the table t e l o r  I 
present wha! I mean by "safe gliles", i.e glues !hat I have ei ther made myself accnrding to old 
iormulae ür  those which have teer1 coritrolled i r i  such a way that t t e i r  ideritity canriot t i  
questioned (meltingpoint tests). Heinrichs' method bas k e n  used to verform these tests This 
mans  $hat you use 8 0  mm lorq, !hin valled rneltinqpoint tubes, 4-5mm i n  diameter. Such a 
tute i s  f i l led v i t h  glue solution, i n  this case of 12,5%, to a level of 5 mm. The soltitiort i s  
allowed to gelatinize at a temperature o i  10° C during a fixed t i m  !one hour). After that thr 
tu te  i s  attached tu a thermomter,  which i s  plunged 3 0  mrn i n  a beaker w i th  cold vater Th? 
water i s  then gradl~al lq he~ted After a while w k n  !he je111~ p l q  k g i n s  to melt, I ?  asceniji 
to,$:iat-ds the surface, arid at that rwriient the tempe r d u r e  i s  red. G~ner311 y you can say that hone 
qlue i 9 t o  be i ~ u n d i n t h e i o v ~ r  p r t  of the register (22-2SaC) ,  and hideqlu i n  the upper ( 2 6 -  
35" C! eelov ttie tat le there 1s an arrarigemerit of the ur igin of the glues 



Fatty acids, re l .  % 

1. hide glue, cattle 
2.  hide gl ue, cattle 
3. hide glue-calf 

4. bone glue, cattle 
5. bone glue, cattle 
6. bone glue, cattle 

7 hide glue, sheep 
8. hide glue, sheep 

9. hide glue, rabbit 
10. hide gl ue hare 
1 1. hide glue, hare 

I Z .  hide glue, goat 

1 3 hidegl ue . el k 

1 4. hide glue, eel 

1 S casei n 

16 egg yolk 

melt. p 

31" 

2 2O 
23O 

30,S0 
3 0" 

3 4* 

3 J" 

1 .  Handmade hide glue f rom cattle. The raw rnateria (glue goods) has onl y been carefull y 
w h e d  No other preparation, neither alkaline rnr acid, has been performed. Surplus fat 
c lear ly vis i  ble on the f i r s t  fraction ( c r w t ) .  0wn manufacture 

2. Handmade hide glue from cattle. The glue goods has been prepared wi th  l ime for a week , aiter 
wh i ch i t  has beencarefullywshed. S ~ ~ r p l u s  fat clearly visible On the f i r s t  fraction (crust). 
Üwn manufacture. 

3 .  T o l l e  de Flandre". Handmade glue f r om calfskin. Prepared v i t h  l ime and ashes. Own 
rnanufactiire 

4. Hsndmade bone glue f rom cattle, which has her1 prepared wi th  l ime ( l part) and ashes ( 3  
parts). Inthissolut ion thegluegoods (crushed bone material) has beensoakingfor a week, 
ai ter which i t  has been carefully wasted and boiled down. Own manufacture. 

5. l rdustr ial  bone glue (cake) made by Sarvkiik (Swedish bne-Neal  Ltd.).Stamped "Extra". 
From the Museum of Cultural History, Lund. The bone glue identity hss been determined by 
melt i  ngpoi nt tet. 

6 lndustrial bone gluestamped "Kronlim"- probably also from Sandvik. From the Museum of 
Cultural History, Lund. The bone gl ue identity determined bq rneltingpoint test. 

7. Handmade hide glue f rom sheep. Prepared, wet glue goods (liirii ngj f rom the Kid Leather 
Factory Ldt., Kävlinge. Carefully wafhed before boiling. The f i r s t  fraction of the glue rather 
fat. Own rnanufacture. 

8. H a n d m d  hide gl ue f rom sheep. The gl ue pods received f rom the Kid Leather Factor y Ldt , 
Kävlingeasdryandsaltedclippings.Thefirstfract.ionof theglue rather fat.Own 
manuiacture 

9 Handmade hide glue from rabbit The sk in  was p i ~ t  i n  pure water for a week, after which i t  
was trsnsferred to a l ime and water r n i x twe  unt i l  ttie hairs Imsened. After !hat i t  was washed 
ard boiled down. 

10. Industrial "hareglue" i n  the form of a cake, stamped Chardin Pantin. Probably made from 
rabbit ~ k i n .  Apprwximately 5U yesrs old. 

1 I Industrial "hare qlue" (hide o r i g i n j  Probabl y t t e  samt manufecturer as under 10 but rn 
sign of a stamp can be found On t k  piece of glue l r om *ihich the sample comes 

I ?  Hardmade glue from goatskin Prepared with 1 part of I ime and 3 parts of ashes i n  water io r  
about a week, or unt i l  the hairs lmsen Tte f ~ r s t  fraction of the glue rather fat 

13 Handmade hide glue from elk Prepared, wet qlue W s  from the Kid Leather Factory Ltd i n  
Kavlinge (soakirq i n  I ime and water for a week) Üwn manufacture 

14 Handmdde glue from eelskin Acid preparation with Druvan's colourless ard biological 
vinegar ( 12%) The glue seems fat Own manufacture 

15 lndustrial casein i n  powder 
I 6  Eggyolk 

I t  becornes quite clear, I f  you look only at the fatty acid3 16.0 and 18:ü i n  the table a h a ,  that 
certain glues are impossible to separate Hide glue and bone glue f r om cattle heve simi lar vs lw , ,  
and these, on their  part, correspond quite well to the values of hide glue f rom sheep and hide g l ix  
from elk. Hide glue i r om hare (rabbit)  andqg yolk alsoshow correspondinq valuts. On ttte otrer 
hand each one of the glues mentioned differs from hide glue-goat, hide glue-eel and casein l i  -11 
exclude bone glue, which i s  a p u n g  member o i  the iamily, and add 14 Ü (myrist ic acid) to t k  

relativecompmition of fhe fatty acids, you w i l l  find a small difierence between hide glue i ram 
cattle and sheep, whereas i t  becornes quite obvious between cattle and s k e p  on one side and t!k, 
hare, goat. eel and casein on the other. Thus the glues i n  the table are separated, of c o u r x  v i t h  a 
a certain reservation for the glues i r om cattle arid sheep, which come quite close i n  values 
I t  may seem a l i t t l e  abstract to drtiwi parallel?, betwezn the difierent glues only on the basis of thc 
percentages above. Thereiore these relative percentages o i  the iat tu acids have been prov idd 
wi th  a jo int  ~qraphic appearance by means of a rectangular :gsterri üf co-ordinates I n  this e x h  
glue clbtdins i t s  look or proii le (gable proii le - sie picture?, 1 and 2 ) . 9  

1 The fatty acid composition of goat glue il lustrated by gable prof i le ( lef t  picture). To the riqht 
gable profile which il lustrates the fatty acid composition of elk glue. 



2. To the left the fatty acid compmition of glue i rom cattle illustrated by gable proiile. arid to 
the right;gable profile il lustrating the fatty acid compositionof hareglue (rabbi?) 

Cenni no Cenni ni , Th? Cr8flsms~S /r;ira7bk -Y i i h u  &??#rte"; transl . b y Ganiel Y. 
Thompson, New York 1960 ( 1933!, p 68. 
"Prislista 8 draglim" from the Glwmanufacturers Limited, Apri l  20 th 1953. 
Duhamel du Monceau, L 8rt&Ieii-edf/ere,?tesmrtes&m??e, Paris 1771, p I 4. 

Em~/u@euu Dictionmire .C8rsn/;n'&s 3reIws, &$ Rrts &&s riC"Ii~rs (ed. bq Did~rot  pt 

d'blembert), Tome troisikme, Paris M.DCC.LIII., p 626 
Saur has pointed out the connection between al kalinity and lob' ioaming val ues. The foami ng 
i s  at i t s  peak at a pH-value of 7,s (32,2 m l j  and h reases  then both i n  the acid ard the basic 
direction - m t  i n  the basic one, thoqh. A pH-value of, for instance, 8,9 gives a foaming 
durability (after 3 minutes) of 10,2 ml, whereas pH=3,5 g i m  one of 24,3 ml. This i s  a 
clear indication that thealcalinity has ade-foaming property of i t s  w n .  To be able to reach 8 

foaminq durability o f  zero i t  ims to be helped by the natural iat i n  the glue. E. Sauer, Ckrnre 
Undf8b~ik8~?01?dY tierimkn Leim und& &/8tim, Berli n, Götti ngen, Heide1 berg 1 958, p 
86. 
For correspondence Dr. Michelsens adress is: Egnahemsvägen 8 C, C-232 39  Arlöv, Swejin 
A. Kuksis, i&ndhkofLipid&.8rch, lded York, London 1978, p 84 f f .  See also P.N 
Williams, T/kPCArmcu/Comtitu1i0noI&1ur8/f8tls, Lordon 1964, p 1 ff. 
Sauer, Op cit, p 2 9 9  f. 
Bengt Skarn, ~dsSptr~8/t8rskB'peniti Fr.#?( English summary) Lund 1991, p 158 i f  

Zusammenfassung 

Die alten Hautleime waren von sehr guter Qwlitat Sie waren auch x h r  stark und enthielten 
einen natürlichen Fett der die Schumung verhinderte. Ausserdem diente der Fett als einer! 
Weichmacher, der den Leim flexibel, weniger hyyrcnkopixh und leicht unter Goldblättern zu 
polieren machte. Die alten Hautleime hatten auch einen "natürlichen" Alkalität, der den 
Schaumdrimpfenden Effekt des Fett: verzterkte. Dieser Fett kann auch zur Bestimmung der 
anirnalen Abstammung des Leims angewendet worden. Ermöglicht wi rd dies, weil die i m  Fett 
enthaltenen Fettsäuren a r t t yp ixh  sind, und die relative Zusammensetzunq von nur drei 
gesättigten Fettsäuren bestimmt werden muss, um die meisten Hautleime separieren zu können 
(Ursprungsart festzustellen). Die Fettsäuren sind Myristinsäure (14:0), Palmitinsäure 
( 1 6 0 )  und Stearinsäure ( 18:O). und die Analyse war auf einem Gaschromatoqraph alisgefiirt 
Mit Hilfe eines rechteckigen Koordinatsystems sind die relativen Prozentsätze dieser Fettsäuren 
mit einem gemeinsamen Aussehen versorgt. I n  diesem System bekomm? jeder Leim sein Ausseheri 
oder Profil (Giebelproiil). 


