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Identification of polysaccharide binding materials used in cultural
relics by pyrolysis-gas chromatography/mass spectrometry
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Ministry of Culture and Tourism , Beijing 100009, China)

Abstract: Pyrolysis-gas chromatography/mass spectrometry ( Py-GC/MS) is suitable for the
qualitative analysis of natural organic materials in cultural relics owing to its ability of accurate-
ly and rapidly identifying trace quantities of organic components in samples. In the present
study, pyrolytic components of starch and peach gum, which are commonly used in ancient
Chinese cultural relics such as calligraphic works, paintings, architecture, and objects, as well
as gum Arabic, which is commonly used in western cultural relics, were systematically charac-
terized using Py-GC/MS. As polysaccharide materials are often found mixed with other organic
materials in cultural relics, an online methylation Py-GC/MS procedure previously established
by the authors’ research group, which is suitable for the qualitative analysis of drying oils, pro-
teins, and waxes, was performed to analyze the starch, peach gum, and gum Arabic reference
samples. The established experimental procedure can be used to comprehensively analyze the
polysaccharides and other organic materials in cultural relics owing to its slow heating rate,

long running time, wide mass spectrometry detection range, and high chromatographic
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separation efficiency.

The experimental results were examined by dividing the pyrolytic products into three sections
depending on the retention time. In the first section (2.5-10 min) , pyrolytic products from the
three sample types were similar and mostly included small molecule furans and ketones. How-
ever, the peach gum and gum Arabic contain a wider variety of pyrolytic products than starch,
possibly because starch contains only glucose, whereas peach gum and gum Arabic contain a
variety of monosaccharides. In the middle section (10-19 min), the pyrolytic products of
starch, peach gum, and gum Arabic mostly consisted of furanones and other components.
However, a unique profile was produced for each material type. Nevertheless, it should be not-
ed that 2-methoxy-phenol and maltol were detected in all three materials with high chromato-
graphic peak intensities. Therefore, these components are suitable markers for the identifica-
tion of polysaccharides. In the last section (19-60 min), a variety of monosaccharide deriva-
tives and monosaccharide oligomer derivatives were detected in the reference samples. The py-
rolytic products of peach gum and gum Arabic were similar but completely different from those
of starch. Therefore, starch, peach gum, and gum Arabic could be distinguished according to
their pyrolytic products. In particular, 1, 6-anhydro-8-D-glucopyranose was detected in starch
with an extremely high intensity and was undetected in either of the other reference materials.
Thus, this compound could act as a characteristic pyrolytic component for the identification of
starch. Peach gum and gum Arabic could be rapidly distinguished according to the extracted ion
chromatograms for m/z 60 and m/z 101, which represented major fragments of the pyrolytic
products of peach gum and gum Arabic in the last section of the chromatogram.

The established Py-GC/MS method was successfully applied to the identification of starch in
binding materials from the rim of a globular carved red lacquer vase with dragon and cloud mo-
tifs, as well as in paper collected from a Tieluo with Bingdihanfang written by Min-ning. Both
objects are part of the Palace Museum collection and originate from the Qing Dynasty. Research
results of the present work are easy to be popularized. This study provides a method suitable for
the accurate and rapid identification of polysaccharide materials in cultural relics, as well as a
scientific basis for the research, conservation, and restoration of similar cultural relics. Howev-
er, it should be noted that aging and the presence of other organic or inorganic materials in cul-
tural relics may interfere with the detection of polysaccharide materials. Therefore, a further in-
vestigation on the aging behavior of polysaccharides and the effects of other materials on the
identification of polysaccharides is required.

Key words: pyrolysis-gas chromatography/mass spectrometry ( Py-GC/MS) ; polysaccharides;

binding material ; starch; peach gum; gum Arabic
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Fig. 1 Images of (a) a globular carved red lacquer vase with
dragon and cloud motifs, including a magnified im-
age of the rim, and (b) Tieluo with Bingdihanfang
written by Min-ning ( Emperor Daoguang, Qing Dy-
nasty) from the Palace Museum collection
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Fig. 2 Total ion chromatograms of starch, peach gum,
and gum Arabic analyzed by pyrolysis-gas chro-
matography/mass spectrometry ( Py-GC/MS)
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Table 1 Monosaccharide and uronic acid components of starch, peach gum, and gum Arabic

Sample Glucose Arabinose Rhamnose Galactose Xylose Mannose Uronic acid
Starch!? vV
Peach gum!?° vV 2 2 2 vV Vv
Gum Arabic!?”) VvV vV Vv

V indicates the presence of component.
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Table 2 Py-GC/MS results of starch, peach gum, and gum Arabic with the retention times of 2. 5-10 min

g/ min Pyrolytic component Starch Peach gum Gum Arabic
2.9 3-methyl-furan Vv Vv VvV
3.1 1-hydroxy-2-butanone Vv vV
3.2 1,2-ethanediol monoacetate Vv Vv
3.3 succindialdehyde Vv vV
3.5 1-deoxy-2,4-methylene-3, 5-anhydro-D-xylitol Vv
3.9 3-furaldehyde vV Vv
4.2 2-( methoxymethyl ) -furan Y4
4.2 2-cyclopenten-1-one \4
4.3 furfural vV vV Vv
4.7 2-butanone % vV
4.8 2-furanmethanol vV vV VvV
5.0 1-( acetyloxy ) -2-propanone Vv vV vV
5.4 cyclopent-4-ene-1,3-dione Vv Vv vV
5.6 2,5-dihydro-3, 5-dimethyl-2-furanone vV
6.0 2-methyl-2-cyclopenten-1-one Vv Y4
6.1 1-( 2-furanyl ) -ethanone VvV Vv VvV
6.2 2(5H)-furanone Vv Vv vV
6.5 1,2-cyclopentanedione Vv Vv vV
6.6 2,5-hexanedione Vv vV
6.9 5-methyl-2( 5H ) -furanone vV vV
7.0 3-methyl-2, 5-furandione Vv
7.6 5-methyl-2-furancarboxaldehyde Vv Vv Y4
7.7 1-(acetyloxy ) -2-butanone Vv vV vV
8.0 methyl 2-furoate Vv vV
8.8 2,5-dihydro-3,5-dimethyl-2-furanone Vv vV
9.5 2 ,2-dimethylpropanoic anhydride Vv
9.7 3-methylcyclopentane-1,2-dione Vv Vv Vv
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Table 3 Py-GC/MS results of starch, peach gum, and gum Arabic with the retention time of 10—19 min

Sample tz/min Pyrolytic component

Sample tz/min Pyrolytic component

Starch 10.3  2-ethyl-2-hexen-1-ol
11.6  2,5-dimethylfuran-3,4(2H ,5H ) -dione
11.7 2-methoxy-phenol
12.6  maltol

Gum Arabic  10.4 5-oxotetrahydrofuran-2-carboxylic acid
11.7 2-methoxy-phenol
12.0  3-methyl-1,2-cyclopentanedione
12.6  maltol

13.8 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 13.1 5-acetyldihydro-2( 3H) -furanone

13.9 tetrahydro-2H-pyran-2-one
15.1 5-(2-propynyloxy ) -2-pentanol
15.4 3,5-dihydroxy-2-methyl-4H-pyran-4-one
16.1 1,4:3,6-dianhydro-a-D-glucopyranose
16.3  2,3-anhydro-D-galactosan
16.5 2,3-anhydro-D-mannosan
17.0  5-hydroxymethylfurfural
Peach gum 10.2  4-methyl-5H-furan-2-one
10.5 4,5-dimethyl-1,3-dioxol-2-one
10.6  3-ethyl-2-hydroxy-2-cyclopenten-1-one
11.6  2,5-dimethylfuran-3,4(2H,5H ) -dione
11.7 2-methoxy-phenol
11.9 pentanal
12.0  3-methyl-1,2-cyclopentanedione
12.6 maltol
13.1 5-acetyldihydro-2(3H ) -furanone
13.9 dihydro-2H-pyran-2,6(3H ) -dione
15.1 5-(2-propynyloxy ) -2-pentanol

15.8 di(5-methoxy-3-methylpent-2-yl) glutaric acid ester

16.9 4-methoxycarbonyl-4-butanolide
18.1 1-(2,5-dihydroxyphenyl ) -ethanone

14.0 1-octen-3-yl-acetate

14.1 4-methoxycarbonyl-4-butanolide

14.2 1,4-dimethoxy-benzene

15.0 2,6-anhydro-1,3,4-tri-O-methyl-B-D-
fructofuranose

15.7 5-oxotetrahydrofuran-2-carboxylic
acid ethyl ester

15.8  di(5-methoxy-3-methylpent-2-yl)
glutaric acid ester

16.2 4-methoxy-2,5-dimethyl-3(2H)-
furanone

16.6 2-acetyl-5-methylfuran

17.1  4-( 1-methylethyl) -2-cyclohexen-1-one

x4 EMIREHRERBHE 19~60 min A Py-GC/MS T4 R
Table 4 Py-GC/MS results of starch with the retention time of 19-60 min

tp/min Pyrolytic component Typical fragments in mass spectra (m/z*)
21.8 B-D-2,6-anhydro-1,3,4-tri-O-methyl-fructofuranose 101, 45, 99, 71,127, 75, 87, 88
22.0 methyl 6-deoxy-2-O-methyl-3-D-allopyranoside 74, 87, 59, 57, 45
22.7 3,4,6-tri-O-methyl-D-glucose 45, 87, 71,101, 115, 84
23.3 2-O-methyl-D-mannopyranosa 45, 87, 74, 59, 115, 71, 57, 99
24.6 a-methyl 4-methylmannoside 88, 45, 87, 74, 175, 71

25.2-31.0 1,6-anhydro-B-D-glucopyranose 60, 57, 73

25.7 2 ,6-di-O-methyl-D-galactopyranose 87, 45, 88, 73, 75, 85
27.2 2 ,3-di-O-methyl-D-xylopyranose 87, 45, 88, 71, 101
28.3 3,4-di-O-acetyl-D-arabinal 98, 43, 73, 99, 115, 8l
48.4 monosaccharide oligomer derivative 1P 88, 45,173, 87, 71, 74,101, 205, 219
48.7 monosaccharide oligomer derivative 2 87, 101, 74, 73, 59, 173, 127, 115
50.2 monosaccharide oligomer derivative 3 87, 74, 45,127, 88, 101, 59, 191, 263

a: m/z were listed in decreasing order of intensity. b: Numbers represent the order in which components identified.
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Table 5 Py-GC/MS results of peach gum and gum Arabic with the retention time of 19-60 min
g/ min Pyrolytic component Typical fragments in mass spectra (m/z) Peach gum Gum Arabic

19.2 1,2,3,4-tetramethylmannose 101, 45, 88, 72,129 Vv Vv
19.7  2,3-di-O-methyl-D-xylopyranose 87, 101, 45,115, 74 Vv Vv
21.6-22.8 monosaccharide derivative 1 60, 57, 73, 56, 42 Vv
21.8 monosaccharide derivative 2 60, 73, 57,101, 43, 127 Vv
22.9  methyl-2,4-di-O-methyl-8-L-arabinopyranoside 101, 74, 87, 59, 45 Vv 2
26.4 1,2,3,4,5-pentamethoxy cyclopentane 101, 88, 45, 72 Vv
27.0  2,3,4,5-tetra-O-methyl-D-glucose 101, 88, 45, 73, 71 Vv Vv
35.1 monosaccharide oligomer derivative 4 45, 101, 145, 99, 71, 89, 55,113 Vv
37.6 monosaccharide oligomer derivative 5 101, 81, 45, 143, 89 Vv
41.4 monosaccharide oligomer derivative 6 101, 45, 143, 175, 99 vV
42.2 monosaccharide oligomer derivative 7 101, 88, 45, 115, 221, 143 Vv
42.3 monosaccharide oligomer derivative 8 101, 45, 115, 143, 99 Vv
42.9 monosaccharide oligomer derivative 9 45, 101, 143, 115, 99, 71, 89, 111, 175 Vv Vv
43.0 monosaccharide oligomer derivative 10 101, 45, 111, 143, 71, 87, 115, 175, 99 Vv
. monosaccharide oligomer derivative , s s s
43.5 haride oli derivative 11 101, 45, 87, 71, 59 v vV
44.1 monosaccharide oligomer derivative 12 101, 45, 143, 71, 99, 115, 89, 175 Vv
44.3 monosaccharide oligomer derivative 13 101, 143, 45, 74,175, 99, 115, 89, 187, 261 vV Vv
. monosaccharide oligomer derivative s s s s s
44.8 haride oli derivative 14 88, 101, 45,221, 115, 71 v vV
. monosaccharide oligomer derivative , s s s
45.3 haride oli derivative 15 101, 88, 45,219, 71 vV
55.6  monosaccharide oligomer derivative 16 101, 143, 175, 45, 115, 261, 99, 89, 71 vV v
58.1 monosaccharide oligomer derivative 17 101, 88, 143, 45, 71, 111, 99, 115, 160 Vv vV
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Fig. 3 Mass spectrum of 1,6-anhydro-3-D-glucopyranose

detected in starch with the retention time of 25.2
—31.0 min and the extracted ion chromatograms
(EICs) of main fragment ions
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Fig. 5 EICs for fragment ions with m/z 60 and m/z 101 in peach gum and gum Arabic

with the retention time of 19-60 min analyzed by Py-GC/MS
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Fig. 6 Py-GC/MS results and EICs for major fragment ions, with m/z 60, 57, and 73, of 1,6-anhydro-3-D-glucopyranose
in the binding material sampled from the rim of the carved red lacquer vase and paper from the Tieluo
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Table 6 Py-GC/MS results for the binding material sampled from the rim of the carved red lacquer

vase and paper from the Tieluo

Binding material in rim of Paper collected

{r/ 0N Pyrolytic component the carved red lacquer vase from the Tieluo
3.0 3-methyl-furan Vv
4.0 3-furaldehyde Vv Vv
4.3 furfural vV vV
4.7 2-butanone 2 vV
4.8 2-furanmethanol Vv
5.0 1-( acetyloxy ) -2-propanone Vv
5.4 cyclopent-4-ene-1,3-dione Vv
5.9 2-methyl-2-cyclopenten-1-one vV
6.1 1-(2-furanyl ) -ethanone Vv Vv
6.2 2(5H) -furanone vV
6.6 1,2-cyclopentanedione Vv Vv
6.9 5-methyl-2( 5H) -furanone Vv
7.5 5-methyl-2-furancarboxaldehyde vV
7.6 1-(acetyloxy ) -2-butanone vV
9.7 3-methylcyclopentane-1,2-dione Vv Vv
11.5 2,5-dimethylfuran-3,4( 2H,5H ) -dione Vv
11.7 2-methoxy-phenol vV vV
12.7 maltol Y vV
16.0 1,4 :3,6-dianhydro-«-D-glucopyranose Vv Vv
16.3 2,3-anhydro-D-galactosan Vv
16.5 2,3-anhydro-D-mannosan Vv
21.6 2,3, 6-tri-O-methyl-d-galactopyranose Vv Vv
21.8 2-O-methyl-D-mannopyranosa Vv
25.5-28.0 1,6-anhydro-B-D-glucopyranose Vv
25.8-30.0 v
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