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ABSTRACT

Casein is one of the proteins that have been used historically, and traces of its use
have been visible throughout history. Casein is extracted from mammalian milk,
especially cow's milk, and is used in works of art such as painting staples, paper slats,
wood veneers, additives in gypsum mortars, or as an adhesive in the field of
conservation and restoration. This study aimed to introduce the applications of casein,
how to make adhesive from this material, the structural properties, and finally,
methods and chemical analysis introduced to identify this natural substance in
historical works. According to the findings of this study, it was determined: A: casein,
hydrated lime, sodium oxides and silicates, metal salts, and water are suitable
compounds for making casein glue B: casein structure is more spherical and has a
hydrophilic and hydrophobic part which causes waterproofing in some historical
works such as paintings. c: instrumental analyzes such as Raman spectroscopy, gas
chromatography-mass spectrometry (GC-MS), thin-layer chromatography (TLC), and
more chemical methods (Spot test) such as Ninhydrin test and Biore test is applicable
to identify proteins, especially casein.

Casein detection tests in
historical monuments

Casein

Appilication in historical
and artistic works

S S

Optimization of Casein with the
help of Additives

Reuse of Casein as a Glue in Works of Art
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Figure 1: Mural painting of the stories of the Holy Fathers by Bonamico Buffalmaco, which used animal glue and casein to preserve and restore the
work in the 1960s.
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Figure 2: The existing of milk casein in the painting of a hillside
landscape with cows on the road by the English painter Thomas
Ginsborough at the Morgan Library Museum, New York. Photo by
Steven H. Krast (2014).
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Figure 3: Edward Munch's painting called Scream, in the structure of
which casein is used as a binder and paint.
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Table 1: Application of casein and introduction of some cases of study that were used in works of art and history.

Types .Of casein Case study in historical and artistic works
application

e ﬁgfiﬁ?ﬂﬁg Spanish Allegri painting by Robert Madrel [35], Matisse's artwork for the concept in the Copenhagen staans Museum [36]

Casein as a binder in In the painting of making a basket by Publika Wallard [37], Winter tranquility painting by David Castanzo[38], Murals of

painting St. Demetrius Church in Bulgaria [39], Edward Munch Scream Painting [23]
Casein as a patina in h  casein in the cal ina of the pal fth ish A
RS The use of casein in the calcareous mortar patina of the palace of the Spanish Nuevo Baztan [31]
Casein as an additive in Gypsum mortar in the Romanesque building of St. Catherine:[26] Limestone mortar at Apollo Delphi in Greece and
mortar mortar at the Temple of Hierapolis in Anatolia [24]

Casein as a restorative
and protective substance
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1 Vincent Willem van Gogh
2 Thomas Burgess

D & L

Increase milk

temperature to 50° C Add acidic substance

Separation of casein from
milk solution

Mural of the Holy Fathers by Bonamico Buffalmco, in which casein was used as an adhesive [21], Cover painting of
falconry belonging to the German Alexander Church [5]
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Figure 4: Milk casein production process (authors).
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Figure 5: Proper production process of casein adhesive (authors).

PA-Y0 A (V&)Y /55 slsd )3 wilallbs sele &3 uin



bwliuh S H9) 9 )3 bowd YEELW 23 (599 20 /(S S34e 9 03 )sgiing Jola

29 (awge Mile (g p o ()% 50 WIS jph> 1 (Gaae Slge
o 4oy 0y Soa Vo L5+ Y ojlaslan slad s sS lawgs a5 o)l
sina olya [F] Wiy 3o Joz 5 (50055 drdgind 5 2 ol 5
Slg—e (il 1395 00 003 1l 53 35 (59 9 ey el piud wile
JeSeii 1) LacSos g odienS 5 50055 b oS g y20d aiile  Sueo
g S ceul 0lge (p JelS 3 (Ko et g L00] aims o
e 95 3 992y Gl (i (1 090 wiSle Sl 395
Sloo ) 9 Wgd oo e [R0Ss 4 i Gloigy Lawgi ol
HF JS) i o S5 1y JS5 (5,5 5 gty s b
Jo—e 2 p )5 YVB- -2 LEVO- - 099> 5 1o (355 JoSUge 39
1 sl idu e s oboons Jgo8 0 5 [T caud
o )b b 00 Stewd 5 diiwd ate b (gl g ooy JSi5 bacyael
|) wﬁ;j)_: )bL.» oole 9o u.;‘ (V Jim\) Sl My; Ml ‘al.s L:
LoF] sls (S
L aSispbar o)l (i el (eg Jllo )0 55 mendS 5 5008
s 73S slasiz 4 S (sl g S5 olgo il B
OBy 8 e S L e 3 p8LS g [OV] g e
y ilS Je b 583 U580 ol 5 (53,5 jlislos S Lnatolaen
J.al_w u,.j)lja\ Y Jm( Gy le AW JMTWA_@Q@J&“_,
ol a8 el e ] s ol SLliglS g o ol ol S
e €55tz s 5 095 et s2asli VA )Y+ 3l aboss
IS peboas L8V ] il 5L g syl Ly S2 WT ST W el

Sl el aid Salonl (555 sl colil cyz o ol Dlallas
LSl 53929 2 (G959 $p SHSTn 9 WSl gy Slalllas Jle
Ly Lo e 3o, opl 48Y] 035 o amo Jouso 30, pb & 05518
Jeaie FouSs 4 ccul (55LS Jisle oaimo Jlasl g5 45 CCP
[vove] oo o
oais JuSid olge ;3508 g Sl (0555 j09 cwlio woS 5 Y Jgu
L[580 c0V] 555 o

Table 2: Appropriate composition of casein powder, lime and other
casein adhesive ingredients [46, 50, 51].

Appropriate percentage of .
casein composition without water Mater_lals used_ to make
P casein adhesive
combination

507. Casein powder
10- 15 Hydrated lime
35- 381 Sodium silicate

1-2/ Salt of metals
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Figure 6: The structure of casein micelles and how they are located under the casein micelles in the casein super molecule [58].
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Figure 7: The chemical structure of casein, in which the carboxylic
acid and amino moieties can be detected in the structure.
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Figure 8: An average of 12 Raman spectra from dephosphorylated and phosphorylated casein [77].
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Figure 9: Identification of casein in gc-ms and the presence of glutamic acid with more abundance in casein structure.
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