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Abstract: Animal glue is a traditional material that was used widely as an adhesive in cultural artifacts, such as
Buddhist paintings, dancheong (traditional multicolored paintwork on wooden buildings), mother-of-pearl inlay, and
so on. Spectroscopic methods, such as infrared spectroscopy, have been used for the analysis of animal glue. However,
such methods do not yield sufficient information about the constituents of the glue. Because pyrolysis/GC/MS analysis
is able to estimate the components of a material through the examination of its pyrolyzed products, it is useful
for the analysis of polymeric material. In this study, pyrolysis/lGC/MS analysis was used to determine the chemical
composition of animal glue. The appropriate conditions for analyzing animal glue were established by examining
pyrolysis temperature, quantity of the sample, and the repeatability of the method. Some products of pyrolysis were
identified. We also analyzed commercial gelatin and animal glue using the established method and found almost
no differences in chromatograms among the samples. The results will be used as supporting data to confirm the
use of animal glue in cultural artifacts and to replace traditional animal glue by commercial gelatin.
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Fig. 1. A typical structure of gelatin polypeptide.
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Table 1. Animal glues analyzed in this study

No. Product name Manufacturer, country Unit
AG1 Bansyu animal glue(grain) Nakagawa, Japan 1 kg
AG2 Animal glue (powder, special grade) Beijing tianya art painting factory, China 10 g
AG3 Animal glue (mingjiao, special grade) Suzhou jiangsixutang guohua yanliao chang, China 10g
AG4 Baoshipai animal glue(mingjiao) Beijing jinbizhai meishu cailiao yanjiu zhongxin, China 50g

AGS Animal glue(mingjiao)

Suzhou huacai shengyuan meishu yongpin youxiangongsi, China 30 g

Fig. 2. Photographs of animal glue. (a) stick glue from
cattle, (b) AG1, (c) AG2, (d) AG3, (e) AG4, (f)
AGS.
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Fig. 3. Pyrolysis/GC/MS chromatograms of animal glue sample(stick glue from cattle), (a) evolved gas analysis with increasing
temperature, (b) chromatograms according to pyrolysis temperature, (¢) chromatograms according to sample quantity,

(d) repeatability.
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Fig. 4. Pyrolysis/'GC/MS chromatogram of animal glue sample
(stick glue from cattle). (a) full chromatogram (b) 1st
half of the chromatogram (c) 2nd half of the chro-
matogram.
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Table 2. Compounds identified in the chromatogram of animal glue sample (Identification based on Wiley library matching)

No. RT (min.) Compound Major ions(m/z)
1 3.583 * 41,69
2 3.884 dimethyl disulfide 94,45,79
3 4.079 1H-pyrrole 67,39,40,41
4 4.663 1H-pyrrole, 1-ethyl- 80,95,67,53,39
5 5.011 1H-pyrrole, 2-methyl- 80,81,53,39
6 7.007 dimethyl trisulfide 126,79,45,64,111
7 7.461 phenol 94,66,39
8 7.603 * 83,54,59
9 7.697 * 94,67,83
10 7.969 benzylamine 106,79,52
11 9.386 * 99,56,42
12 11.440 picolinamide 79,122,52
13 12.042 * 98,42,56,123
14 12.302 pyrrole-2-carboxamide 110,94,66
15 13.601 * 152,123,83,55
16 15.171 * 136,107,80,53
17 16.204 ethyl pentyl disulfide 94,164,66
18 16.853 * 70,168,97,125
19 17.001 * 186,93,65,130
20 17.178 * 70,168,97,125
21 17.603 pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro- 111,83,154,70,41,55
22 18.447 * 94,150,206
23 18.565 * 190,94,134,162
24 19.120 3,9-diazatricyclo[7.3.0.0(3,7)]dodecan-2,8-dione 70,194,41,96
25 20.236 * 117,186,90
26 21.098 * 108,205
27 21.611 * 70,86,210,170,124,41
28 21.830 * 70,208,96
29 22.668 pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 125,244,153,91,70
30 23.028 pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 125,244,70,91,153
31 24.150 * 134,162,94,231
32 24.663 3-benzyl-6-isobutyl-2,5-dioxo-piperazine 95,141,260,169
33 24.882 * 229,200,172
34 24.976 3-benzyl-6-isobutyl-2,5-dioxo-piperazine 91,260,141,169

*Cannot be identified or has a low quality of library matching (quality < 80)
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