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Abstract: Being one of the most important parts of polychrome cultural relics, a binder
is used as an adhesive of pigments, but it is closely related to various kinds of cultural
relic diseases. Recently, there are some reports on analyses of binders in artworks, such
as egg, animal glues, milk (casein), plant waxes, oils, resins, polysaccharide materials
and so on. However, methodological study of proteinaceous binders in artworks by gas
chromatography-mass spectrometry (GC-MS) is rarely reported. In this study, a meth-

od of GC-MS was developed for identification of proteinaceous binders in artworks
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depending on determination of the eleven common amino acids (alanine, glycine, valine,
leucine, isoleucine, serine, proline, phenylalanine, aspartic acid, glutamic acid and
hydroxyproline). The mainly analytical procedure was as follows: 1) extraction by
ammonia with an ultrasonic cleaner; 2) enrichment and purification by a C4 solid phase
extraction column; 3) digestion to amino acids in a microwave oven with 6 mol/L HCl;
4) derivatization by using N-tert-butyldimethylsilyl-N-methyltrifluoroacetamide (MTB-
STFA) with 1% tert-butyldimethylchlorosilane as a derivatization reagent; 5) analyses
by a 7890A-5975C GC-MS (Agilent, USA) with norleucine as the internal standard.
The results showed that they had good linear relationships with the linear correlation
coefficients (R) of no less than 0.99, and the limits of detection of the amino acids
ranged from 0. 066 to 0. 676 pug/g. The relative standard deviations (RSDs) were from
2.7% to 6.3% of 11 kinds of mixed standard solutions (n=16), and RSDs were below
5% excepting for that of serine and hydroxyproline. Based on the analyses of three
kinds of modern reference samples (pigskin glue, egg and milk), the results showed
that each binder was characterized by a specific set of amino acid percentages, which
could be used as a “fingerprint”. Animal glue binder contains hydroxyproline (Hyp) as
a special amino acid and has high percentage of glycine (Gly). Egg binder has high
percentages of aspartic acid (Asp) and serine (Ser), while milk has high percentage of
glutamic acid (Glu). Moreover, based on combination of principal component analysis
(PCA), the proteinaceous binders in the golden wire of Guangxi clothing were identified
as mixture glues consisting of animal glue and egg. From experimental results it has
been proved that GC-MS is suitable for quantitative analysis of proteinaceous binders in
artworks.

Key words: gas chromatography-mass spectrometry (GC-MS); amino acid; binder;

methodology; artwork
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Table 1 Linear equations, linearity ranges and limits of detection of 11 amino acids
LR . *Hff?%ﬁ ?)%‘f%?"l'i[ﬂ 1‘/}?7&%% o N oy B '
Amino acids Linear equations Correlation Linear Standard Slope(s) Limits of detection

coefficients ranges/(pg/g) deviations(S) (D) /(png/g)
WNE R Ala y=2.248x—0.623 0. 9987 0.56~6.51 0. 362 2.111 0.514
H & ik Gly y=23.222x—0.706 0.9982 0.45~5.47 0.067 3.038 0. 066
B R Val y=2.032x—0. 566 0. 9984 0.68~8.58 0. 392 1. 937 0. 607
R Leu y=1.960x—0. 821 0. 9981 0.85~9. 65 0.414 1. 837 0.676
FEE R e y=2.008x—0.639 0.9983 0.78~9. 60 0.270 1.912 0.424
22 1R Ser y=0.855x—0.434 0.9927 0.84~7.69 0.093 0.774 0. 360
i & B2 Pro y=1.3702+0. 187 0.9943 0. 37~8. 46 0. 094 1. 402 0. 201
4N % ik Phe y=1.116x—0. 642 0.9970 1.06~12. 21 0. 066 1. 040 0. 190
K& R Asp y=1.486x—0.737 0.9978 0.85~9. 82 0. 185 1. 377 0.403
KRR Glu y=1.297x—0. 889 0.9961 1. 04~10.91 0.154 1.178 0.392
AR Hyp y=0.321x—2. 329 0. 9804 12.63~52.01 0.028 0.253 0. 332
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Fig. 1

Total ion current chromatograms of pigskin glue (a), egg (b) and milk (c)
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Table 2 Relative amino acid molar percentage contents of reference samples and cultural relic

WM TR LR

Relative amino acid molar percentage contents/ %

HH
Amino acids R LTE 4 SCHIRE B,
Pigskin glue Egg Milk Cultural relic
N Ala 12. 69 23 4.32 10. 61
HA R Gly 31. 74 58 2. 84 30. 52
HE R Val 3.19 44 9.01 2.69
ZLE M Leu 4.32 11. 88 12.58 5. 44
S s e 2.12 .97 7.46 2.70
24 5 R Ser 3.58 11. 90 4,94 14. 02
I % B Pro 12.05 65 15. 27 11. 28
H N E R Phe 2.61 53 6. 40 1. 20
KAEM Asp 7.18 15.23 9.51 7.26
BEW Glu 11. 19 18.59 27. 67 12. 24
P2 8 Hyp 9.33 0. 00 0. 00 2.04
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Fig. 2 Scatter scores plots of the first two factors
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