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Table 1 Search rules

R 1 R M 2

i A 3

TOPIC = ancient OR historical .
TOPIC = pigment

OR historic OR traditional OR AND AND

. OR painting
cultural OR archaeological

TOPIC = binding OR binder

TOPIC = albumin OR ovalbumin OR egg

TOPIC = casein OR milk OR curd

TOPIC = collagen OR gelatin OR animal glue OR bone glue OR skin
glue OR fish glue

TOPIC = gum

TOPIC = drying oil OR linseed oil OR walnut oil OR poppy oil OR
tung oil OR fatty acid

TOPIC =resin OR lacquer OR colophony OR rosin

TOPIC = wax

. TOPIC QU458 SCHRE FH 2 A& AR keywords plus,

2 Gt s R

2.1 BXEESH
TE Web of Science #%.L> 848 FE W 5% 38 SC
T2 S 45 W) (A BF 9 18 SR 0 R APy 2 1993 4F,
Kl 2 R R IS5 Mo SCHR AT B R 3R L
140

120

20

0
§§§§§8§§§§888888888
« LY
8 B

B2 RSO E

Fig.2 Annual distribution of paper counts

2 U AS WG (AR DGR SCARE YY) 2 SCECh
32.28 F e SCE R B T R B BB R
SR [R] A8 8 S0 FemT Tl AT T B3R | 7 22 2017 4 1 R
B SCRR IR A SR A B P v, 1 2017 A8 SC B AL
P A, HA AR WA 2 R
2.2 BXWERBRSH

BT Ie SR EHE ESRIE O, AT LA T o N
M LR . ARG A Bk 807 R,
615 Ji SCHk (5 SCHR S 76. 21% ) #2510
17 R (SCIE ) W57, 414 55 (51.30% ) # Bh2= 51
SCE 5] (SCI) W5k, 240 5 (29.74% ) # T R 5l
(ED) Wk, 148 55 (18. 34% ) # 2R 5 AN SCRH51 3¢
RG] (A&HCI) Wk, 30 5 (3. 72% ) gidt 2 B2 51
SCEB|(SSCI) Y sk, Ha L nl %0, SRR 22 SO e 45
VIR [ PR I, 22 R A SRR 2 T RE 2R
BARE . ZARN SR SR 2= 0 RS B AR X 358

b



55 )

PAEAERE UL ST T RIS I SE BUIR——2E T Web of Science $dla FEWFTEIESCHYE BEGETH 0 HT 121

2.3 BXARBTISH

REAS 2 807 £5cilik b, 70 15 &ilis S, 1

£ 737 B30k & FAE 213 R P, Hodb 126 Fhi
AL SRR 1R 262 R & SC8t 10 7 193 Tl

|2 RSCHCEERT 10 AT
Table 2 TOP 10 journals by paper counts

JEe) 7 2016 4F520 A 1 SR RIS/
1 Journal of Cultural Heritage( { SCALIRT=)) 1. 838 A&HCI; SCIE 44
2 Microchemical Journal( { BEAL2E)) 3.034 SCI; SCIE 4
3 Journal of Raman Spectroscopy ( { hi 2 615 ) ) 2.969 SCI; SCIE 40
4 Analytical and Bioanalytical Chemistry( {/3#7 54 W #rfb ) ) 3.431 SCI; SCIE; EI 31
5 Studies in Conservation( { {3 HF5E) ) 0.578 A&HCI; SCIE; EI 30
6 Applied Physics A — Materials Science & Processing 1.455 SCI; SCIE 28

(KR 3 A - BPERHE S5 INT))
7 Spectrochimica Acta Part A — Molecular and Biomolecular Spectroscopy 2.536 SCI; SCIE 20
(T A - 0T 5EY S TO6EE))
8 Applied Spectroscopy ({ N FHYGTES) ) 1.529 SCI; SCIE; EI 16
9 Heritage Science( {37 R2#4)) — SCIE; A&HCI 16
10 Journal of Archaeological Science( { % HFI2#)) 2.602 A&HCI; SCIE; SSCI 14
1 Talanta( (¥52245)) 4.162 SCI; SCIE; EI 14
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Table 3 TOP 10 authors by paper counts

F5 (=3 YEH NI KRR/ PUSE— 1 & OB
1 COLOMBINI M P HeB R 2 (R 31 6
2 MAZZEO R % Je R 2 (R ARH)) 16 3
3 EDWARDS H G M A PSR R (B ) 15 9
4 MILIANI C B BT R4 (BAH)) 15 3
5 PRATI S TR K2 (KA 15 5
6 BONADUCE I o R 2 (KA 15 4
7 BRUNETTI B G {55 Ko (KA 14 1
8 KUCKOVA S APARAL T K2 (FE58) 13 7
9 CASADIO F ZIE AR (SEH) 11 4
10 NAVAS N K PLAN IR R 2 (PEBEA) 11 2
11 VANDENABEELE P FRRF R (LA ) 11 5
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Table 4 TOP 10 authors’ institutions by paper counts
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s R SCHLK e E B ICH R
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4 RPN [ipi%7 23
5 BB R 23
6 (U NS RRA 21
7 AR ZAR g 18
8 KEF TR RRA 15
9 N YN Bl 15
10 A A% A R R 2 FEw 15
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Table 5 TOP 10 cited papers
Fre (= WA R Tk
1 FUKUNAGA K, OGAWA Y, Terahertz spectroscopy for art conservation ({ K255t IEICE Electronics Express({ H A< 107
HAYASHI S,HOSAKO I HEAE Z ARG i BT ,2007 ) HL IR 2 2 T
2 MILIANI C, ROSI F, BRU- In situ noninvasive study of artworks: the MOLAB mul-  Accounts of Chemical Research 100
NETTI B G,SGAMELLOTTI A titechnique approach( { 2R I AE R AW ST : MO-  ((AL2FIF5E4R4E) )
LAB Z4HARJ71%) ,2010)
3 DOMENECH - CARBOM T Novel analytical methods for characterising binding  Analytica Chimica Acta( {43H1k 89
media and protective coatings in artworks ({ | TR ME  222247))
AR PR SRR BT B R T 2L B O k)
2008)
4 LEONA M Microanalysis of organic pigments and glazes in poly-  Proceedings of the National Acad- 82
chrome works of art by surface — enhanced resonance emy of Sciences Of the United
Raman scattering ( i1 e iR ILIRPL 2 WA X States of America (3£ E R} 2B
G A HLEURL RURCEL BE AT B S BT, 2R
2009)
5 COLOMBINI M P, ANDRE- Analytical strategies for characterizing organic paint Accounts of Chemical Research 77
OTTI A, BONADUCE 1, media using gas chromatography/mass spectrometry ({fbL2EBFSEHRE))
MODUGNO F,RIBECHINI E  ({JHSUH G35/ [0 2 SR AE AT B2 8 112 45 90 1) 43 A
Mg ) ,2010)
6 VANDENABEELE P, BODE Raman spectroscopic analysis of the Maya wall paintings ~Spectrochimica Acta Part A — Mo- 76
S,ALONSO A,MOENS L in Ek’ Balam, Mexico ({ JHF7 B G1% /0 M S8 PG BF 7+ lecular and Biomolecular Spectros-
. LR FE R 7 ) L 2005 ) copy({ TGl A -3 75
W TOLIES) )
7 BITOSSI G, GIORGI R,MAU- Spectroscopic techniques in cultural heritage conserva- Applied Spectroscopy Reviews( { i 70
RO M,SALVADORI B,DEI L tion: a survey ({ SCfLst = SR AL IGH A : — 0 RDGIESAT8) )
#) ,2005)
8 COLOMBINI M P,MODUGNO GC - MS characterization of proteinaceous and lipid Microchemical Journal ({ i1k 68

F,MENICAGLI E,FUOCO R,
GIACOMELLI A

binders in UV aged polychrome artifacts( { %& 4 &4k 1)
BAT 20 & E BRI S P GC - MS %
fiE) ,2000)
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9 COTTE M, SUSINI J, SOLE Applications of synchrotron — based micro — imaging Journal of Analytical Atomic Spec- 68
VAZET A techniques to the chemical analysis of ancient painting trometry ({4} H1 R FIG3E2%) )
(CHETRIZE i s 28 A USSR B A T Az i i f 2
S3HT R BN Y ,2008)
10 VAGNINI M, MILIANI C, FT - NIR spectroscopy for non — invasive identification Analytical ~and  Bioanalytical 60

CARTECHINI L %6 A

of natural polymers and resins in easel paintings( { FT —
NIR S TR A M 4 o I A0 22 i vp (1 KR A
PIFIBI IR ,2009)
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Table 6 TOP 10 papers by impact factor
i e WICHPR 7 P2 CSER
MILIANI C,ROSI F,BRUNETTI In situ noninvasive study of artworks: the MOLAB  Accounts of Chemical Research — 20.268
B G,SGAMELLOTTI A multitechnique approach ({ Z- R F I Z AR ATIT:  ((GLERFIEIRE))
MOLAB Z 45 AR J5¥k) ,2010)
2 COLOMBINI M P, ANDREOTTI Analytical strategies for characterizing organic paint Accounts of Chemical Research — 20.268
A,BONADUCE I,MODUGNO F, media using gas chromatography/mass spectrometry ({{b2EWFSEHRED)
RIBECHINI E (KRR 3/ T B A A B2 1 45 9 B4 20 #
Mg ) ,2010)
3 BLUEMICH B,CASANOVA F, Noninvasive testing of art and cultural heritage by mobile  Accounts of Chemical Research ~ 20.268
PERLO J % 6 A NMER (RS S RE SR 1 KM 2R SR = 0 (IS )
NHTY ,2010)
4 CARTECHINI L, VAGNINI M, Immunodetection of proteins in ancient paint media( {7ty Accounts of Chemical Research  20.268
PALMIERI M %7 A FRE WA V2R PR 9 52K 2010) (CHEBIAR)
5 IMBROGNO J, NAYAK A, Egg white varnishes on ancient paintings: a molecular Angewandte Chemie — Internation- 11.994
BELFORT G connection to amyloid proteins ({ UL FPRIEEE ol Edition ({ i AL - E bR
B VEMREE A>T ) ,2014) FE))
6 LEONA M Microanalysis of organic pigments and glazes in poly- Proceedings of the National Acad- 9.661
chrome works of art by surface — enhanced resonance emy of Sciences of the United
Raman scattering ( {3 12 2 [ 38 5 FL 4R F7 2 5 6% States of America ({3 [E Bl 24 b
ARG T 4T B AR AT SO S ) L gy
2009)
7 D’ ERRICO F,BACKWELL L, Early evidence of San material culture represented by Proceedings of the National Acad- 9. 661
VILLA P %9 A organic artifacts from Border Cave, South Africa( { LAB§ emy of Sciences of the United
e A DLt S AR L BRI R3] States of America ({36 E R B
L) ,2012) 4D
8 SCARANO S,CARRETTI E,DEI  Coupling non invasive and fast sampling of proteins from  Biosensors & Bioelectronics ({ 4 7.780

L,BAGLIONI P,MINUNNI M

work of art surfaces to surface plasmon resonance
biosensing: differential and simultaneous detection of
egg components for cultural heritage diagnosis and
conservation ( 2 il 2 1T 2 11 5 ) G 1) PR e B 3
R T RS R 2 W A 12 SCAR B 712 W A 4
O R ST B AR BRI ,2016)
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VIGUERIE L, BECK L,
SALOMON J, PICHON L,
WALTER P

LEO G, BONADUCE I,
ANDREOTTI A %7 A

OAKLEY L H, DINEHART
S A, SVOBODA S, AWUS-
THOLZ K L

ROMERO - PASTOR J, DU-
RAN A, RUDRIGUEZ — NA-
VARRO A B,GRIEKEN R,
VCARDELL C

VINCIGUERRA R, GALA-
NOE,VALLONE F %510 A

GRANZOTTO C, SUTHER-
LAND K

Composition of Renaissance paint layers: simultaneous
particle induced X - ray emission and backscattering
spectrometry ( § 3C 2552 2% I YT 222 1 J22 FRO RS 1« () 25 K
TR X S5 R BUM RERE I RE ¥4 ) ,2009)

Deamidation at asparagine and glutamine as a major
modification upon deterioration/aging of proteinaceous
binders in mural paintings ( { A K 2 Bt flig A1 4% 2 Bk i
PE S FE 2R T B I 2 RS ) R A/
#4k) ,2011)

Identification of organic materials in historic oil paintings
using correlated extractionless surface — enhanced Ra-
man scattering and fluorescence microscopy ( { Fl| A5
149 1C 2 M T 494 i . 2 IR ' W R 4 R D ok
i A HLR R ,2011)

Compositional and quantitative microtextural character-
ization of historic paintings by micro — X — ray diffraction
and Raman microscopy ({ Fil X St A7 5 fnfr & i 1
BORWFFE I o0 22 1 ) 2L ORIE B W R AE) ,2011)
Deglycosylation step to improve the identification of egg
proteins in art samples ( { Z:H AL BRI T ZOARRE L
AR M EE) ,2015)
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Analytical Chemistry 6.320

Matrix assisted laser desorption ionization mass finger-
printing for identification of Acacia gum in microsamples
from works of art ( { F 4 IO A I8 R 25 o 415 2
R Y TR ZRBE A T 9 8 SRS ,2017)
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Table 7 TOP 5 Chinese authors by paper counts )
i TE¥ YEF B R PSR — 1 S DL A & SR
1 il (7SN 4 1 4
2 SRS (LRl 4 1 4
3 s RN 4 0 4
4 R iRl 4 0 1
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Table 8 TOP 3 cited papers written by Chinese authors

b =4 WA RS BT
1 A, Ly #k, SCHREIN-  Scientific investigation of the paint and adhesive materi-  Journal of Archaeological 21
ER M als used in the Western Han dynasty polychromy terra-  Science ({ FZHF}))
cotta army, Qingzhou, China (/& &M P NUE L
LA s K SRR A A R 2= IR A ) ,2012)
2 B PG, 9K [E ik, LEUNG € Studies of wall painting fragments from Kaiping Diaolou  Microchemical Journal 17
W, 2ot by SEM/EDX, micro Raman and FT — IR spectroscopy  ({f#&{b2%))
(CFIH SEM/EDX i fdchr @ FT - IR #F 55 1755 %
4 BE I e ) ,2010)
3 ¥, &5 3% 74, CHIAVARI  Analytical characterization of binding medium used in  Microchemical Journal 11
G,MAZZEO R ancient Chinese artworks by pyrolysis — gas chromatogra- (& 1{k%))

phy/mass spectrometry ( ] F #Aff AR €0 3%/ i 1% 43
P AU E 2R A PSS AL ,2007 )
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New Journal of Chemistry ({GHrAb2#WIHI)) (1 ha, IF
3.269) I Microchemical Journal ({{k B L)) (4
T IF 3..034) | 55 A IF 53 S0 8 N 52 i BR3¢ 7 114 SC
HRAH LI — 2 2500
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T ) 35 ) (Sl SHURE I 7 o B ) | S ZEBE ) | Ye 08
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PIFEAA A 2 3 500 AFRiH 9/l 521 H 1 2R
fio SPGB Y b R 2 SO A )
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J& T A R A SCRR
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Table 9 Statistics of papers written by Chinese authors included in the Web of Science ( sorted by publication time)
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3 pElkeam micro Raman W R R R LR
O
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ARG LTS R S (FTIR) ; Py - GC/MS; SAHE Bt (1A
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s R S oR IWRES ST ES ) IR
7 PP 28 0 5 B Th i ( Z2%) 7 MALDI - TOF - MS P [liE e
8 VYGRS ARG IR 2 (1016 Wigsi; X HERBEAME T RME  KREDIYKR. EAHRE HLKEY
4 18] (ESEM - EDX) ; micro Raman; FTIR sy
9 BRVURIR R LD () B R A g R kg [iESSibNes
R (PR , R E AR TFM  (On - line methylation pyrolysis GC —
FROE) MS)
10 Py =m0 FTIR R HeEE Y B
L1 B/ 25 R BE 20 (3 500 4R FTIR; 2 M i 40 2 43 #F ( Proteomic  44Ji% W E B2 B L
wiH analysis) R B KA
12 9 (AJ0RT 3 A —0  BEECOE R EI AR (ELISA) ; fugesé R OISR A7t iR
JE 10 fH2g) 112 I AR (TFM) lirs
13 BRPUZ R 2R H (40 1) IFM G AN
14 BEPGPER B RE BORE, W) E T Py - GC/MS BRER( TG 223538 K%
et
15 b AT AR B gERE R m T [ X S AT 4 (XRD) 5 micro Raman; EZIEY/)lid bl TR
SEM/EDX ; GC - MS
16 EANGE AR e AT (TCA) s SR AT (EA) HHLAE [l
17y pg pe b kA SEM/EDS; XRD; FTIR; HLEHE G % K o E B R
BRI (ICP - MS) oz
18 TEARILA A RS (AJC ELISA;IFM HIH B WK%
6—20 fHz) 1*
19 HRRHE(ATE 14—17 fikgg) 1) ELISA EIL7)i W H TR
20 — I LR 2 RS (FORS) 120 JR 4 B L [iEl N
PR FTIR PR KK [ NS
22 6 AbikE ey ELISA K WL R
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Table 10  Statistics of application of immunoassay to the detection of paint binders
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Research status of binders in ancient painted cultural relics
—based on data analysis of research papers from the Web of Science

LI Jiajia' , ZHANG Bingjian'"
(1. Department of Culiural Heritage and Museology, Zhejiang University, Hangzhou 310028, China;
2. Department of Chenustry, Zhejiang University, Hangzhou 310027, China)

Abstract; In order to understand the status of research on binders in ancient painted cultural relics, we collected
research papers on binders (e.g. proteinous binders, plant gums, drying oils, natural resins and natural waxes)
commonly used for this purpose based on the core database of the Web of Science. We also made a quantitative
analysis of the publishing year, index database, journal, author, research institution, citation frequency and impact
factors. In addition, we collected research papers written by Chinese scholars in order to understand the research
status and development level of binders not only internationally but also domestically. Finally, we also did a statistical
analysis of the burgeoning use of immunoassay for the detection of binders in painted cultural relics, so as to
understand the potential of immunological methods for identification of proteinous binders in painted cultural relics.

Key words: Painted cultural relics; Binders; Bibliometric analysis; Research status; Immunoassay
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