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Zeth IR ARG A B Y R BEREFRIT, RSO, BOAR N /R, B B A VR
%, R, (HHRTRLZ WS %, Bl 2 B KA T T AR 2 B L, X RORIE
T B MBS ZARME, RN ZR R PRI B SCHE R, R GEM AT, I S ORI 7 5 LR IR B
LT ZAR, FERRMFBMATATSXHERE B2 LR ME, R B e E F 80k
JET AR, A RLBE " . LSRR RE DR XA RS, WA BRIRZE ARG
G XU T LA LRI, BERLRES A HEEN,

JEORHE R 22 J2 B B AR o3, A BIORN [ 36 OBV E T . R O B AR AT Rl RS ORI b 28 K
FRE R UIMC, NI, MR MBL BRI Rl R L s IS % . 1Ak, s R R
i ST ek (fpR Ut ) S SCI PR B S Y RN, o, JsUboRL” B AT REAE 50N
PR SCHIEATIE S, R R R, B4R i R TR R RO S, K N R 2 1Y
AP IR E 18 %

RSO IR 22 0 RIRAT L, 5 SR BT 73 3 26 (BB sh I 2R N 26 ) It
) MY CRLEER IS WIRG ) KRR JS (CELAE R W) 1L SCHIIBORHI A3 0T O A 241
JEHEE PLEOEHRE RPETOL T ETE-BE IR RO G- BOE IO A UG LS,
LA R OIS 5 ZRE R 2 BT, H ARERAEIR GRS 5 e POLE 5 Z R i 5
FOCTEFMFE T  WAH E3%-BTERE 1 S AT A 5, A HLBS IS (R i SRR R (2960 mg) 77, <
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Serefidou 55" FI i GC-MS 4307 T BB BHEE® 14 225 W — IR R MRS, R AUREHE T T 34
JE, AR A GRS B Leila 552 R HI GC-MS 4347 1 2 T ik J01 i o 21 €6 0k} b (R O RE, R R

2017-10-13 Yfi ;20190226 #4£3%Z
ALRERARFIEILETH (No. 21175104) BTBI

% E-mail; yanglu@ nwu. edu. cn




696 o B Ak 2 547 4

Hoh & A R

B0 23 A8 JRE 43 BT R JH B L Ak 2 A 0 AN i vk AT, (R AR Rl Es R
Bonaduce 5 i F] GC-MS X Z3 A BORHIEAT TR 0T, KIH & 82, EAUEHEIRTEIB R
BREMBELIXRIRE R L)Z, W N7 AR e RIS M R, 1512 W 4517 R I A o B O e A
HLES AT AT T MR, 2l AT 2 At 28 1 22 BRS04 A A S 3552 0, 50 5C
AL S 9O WA ST T IR, AR IZIBORHEE ] T8RS . AT 2 SR 4 7 28 HLEE %
HAL, BMBETRTAEIEFRABOR 2R, HEABOR AR BRI, AN
Zlh 2 IR B — S U =B A A AR, 7 SO Y 00 55— I ) SR R T P v F40 RS 2 B
FRORFREE A T REA S QR T RENE . R GC-MS 0t T RE S P O IR IR DT R AR W e, 1150
BT AR ORISR B AR SR IE . ARBITTE TAR AR AR ORI KA R BE AR AL T 430, R
HENHE TP T EREA R,

2 SLIGERSY

2.1 U5k

Milestone ETHOS ONE T3 7K fi# A% ( 2 K F| Milestone 23 ) ; 7890A-5975C U AH {53 - i 1 1 X
(EH Agilent ANHE) . Omix C4 [ FH A BURE ) 5 2 [ Agilent NI

SEUS T A VAR i, =3 OB (4 99% ) JE/KMEE  Amberlite MB 6113 55132 b i
(Hit: Fluka 28%]) . ZBREE(4EEE 99.5% ) A( = H FErELE ) =R B (BSTFA) (54 1% = H 3
SURELE(TMCS) 1Y BSTFA, 47 1% TMCS 19 N-(BUT JE W B3 ) -N-H 5L =9 & e (MTBSTFA ) |
=M (HE 99.5% ) ; RIEMAREEIR (57 12.5 mmol/L HIIHE R AL MR, UK 2.5 mmol/L
IR ITAER A ER AR KEEAR CEWER RN ER 2R AR e ai A
e MR EE R 2 AR AR 9 AR AR ) IR M R RN IR W, & H R
(0.24 mg/g) 3¢ FR(0.27 mg/g) . T f2(0.28 mg/g) N TEM(0.25 mg/g) ZE (0.3 mg/g) Fz
fHR (0. 25 mg/g) AR (0. 51 mg/g) FEHEHR (0. 51 mg/g); B/ " HEAIBERE R KA, BF5 D-FFLBk
(0.1 mg/g) , L-# 0% (0. 1 mg/g)  L-B IEBEWE (0. 1 mg/g)  L-BLZEHE (0. 1 mg/g) | L-H &% H
(0.1 mg/g) D-AWE (0.1 mg/g) D HME (0. 1 mg/g)  D-H A BERERR (0. 1 mg/g) . D-F FLH I %
(0.1 mg/g) KA ; FHFE IR /W70 bR IE 52 R IA TR (ZHE 99% , 138.66 wg/g) . TG 5
Bri bR+ =I5 Bei il (LB 99% , 135.48 pg/g) . T B AR H BRI (0. 1 mg/g) 3
) H S Sigma 23 F
2.2 KIEEH
2.2.1 HGEAKIE HEAFKH: PR 550 W, 5 min FHEZ 160°C , [RHZ 3R HRE 30 min; 28K
fif: P13 800 W, 2 min FHEZ 120°C, REFIZYRANGIE 18 min; ARNIERHER 24k %400 W, 5 min
B2 80°C, ZJFLA 300 W I RIEFFZIESE 55 min,
2.2.2 GC-MS 43#7 R ELE, HIET70 eV, fFHZIRE 280°C, LR TR0, A35H Y HP-SMS
(30 mx0.25 mmx0.25 wm) , A PG AT (2 mx0.32 mm) ; RN (LIE 99.998% ) 5 43
WAL

IR A 1.2 mL/min, JEFE R 220°C , @STHERRF  MITRIRE 100°C, f75F
2 min; LA 4°C/min HRTHE ZE 280°C , FAREFE 15 min, BEWIFR M IS AE M 1.2 mL/min, PERE T
TR 300°C , A3 FHEFRF :0°C 424 2 min; LA 10°C/min BRTHE E 200°C, 144% 3 min; LA 10°C/min
BORTHE ZE 280°C , 144F 3 min; FELA 20°C/min FHE ZE 300°C , 144%F 30 min, B89 8T E N
1.0 mL/min, #FFECREE 250°C , A FHERT .50°C 4457 2 min; DL 5°C/min BRFHEZE 190°C , {545
20 min; PA 5C/min HRTHE 2 280°C s 15345 15 min,
2.3 XWHE
2.3.1 HRXE HERERMELEEND NS —mR, HHS0FRIDEBE THE - FOEL 2
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BIABEAE RO, B IROTE , 12 PR =R, HoRET 12 MBI % 2% A,
AT EE v b g.p FIl w FRoR) ARIBUERT 15 RS, ARIEREFORIEZ M 07 8 X% 2w
STRESR A TS, T G11-44g FoR 0B N 11 S1HRE% S N 44 SEME LIS ORLRER
2.3.2 HEESH A 1 mg BLREN, A 200 WL 2.5 mol/L &K, MARTIAE, $ A BUR
TIa, H100 wL = ORI, F C AR B A K 1A W BRS04 TR0 A T R A T 22 M Bl ip
KA, SRIGAE R B T 2e e BE X K i g Ab . A S VS TR PO A H B8 EE bR, ARTR)E, Ha
B =9 L FRVS RO A T AR AL S, SR 5 FH BSTFA iE4The 381k, B SERE, RRET, ffiH 50 pL
T H 1% TMCS 19 BSTFA fiiAEAb)E, W2 L %W, SR GC-MS #ATHE2E 08T,

2.3.3 BERAERSHT I ZUKGE S AT B ZE I A SR B A 200 L 10% (w/w) KOH CBEAW, #EATHE
0 B TR A st 2 Ak, AR SR VAR 200 WL IE e AEHL, AR B3N HCL BRfk, FHH 200 pl ZEEAEHL,
FIEC M OB ZEBORIR &, AT =RNPR, AMRZET, FIIA 20 wL BSTFA 150 pL 5¥Leif
A, W2 WL W, SR GC-MS #E1Tig iR 534t

2.3.4 SEBSW HHPRR-HE-K0.1%:75:5, V/V)XF C MR 08 F#E T 0em, TERA R
SRTJE, A 6 mol/L HCl #4748 F BT A GIGHK A . K i P in A TESE R AR, BT
10 uL &4 1% TMCS ) MTBSTFA #4714k, W2 L %W, RH] GC-MS #EATZ AR 74T

3 #RE5itR

3.1 EESWHIE

VVE LR M ], 408 2.3, 4 J5 ik AN [RI R BEAR BE AR METR TR, LA 258 & 18 (ug/mL) A AH
Asbr, LANETR RN, 20 TAERTZR, 11 PR ERR AR DC R EL(R®) ]9 0.9916 ~0.9989, 4k
FRARE R R UL 1,
F 1 EHERRATRE TR

Table 1~ Working curve and correlation coefficient of eleven amino acids

e Pae =) N S
Ry FEE KGE T y - FHICREL

?k%%(. Qualitative and quantitative ion éﬁﬁ ik . Correlation coefficient
Amino acid (m/z) Regression equation (R?)
IR Alanine, Ala 158, 232 y=2.4555x-0.4879 0.9989
H%E®R Glycine, Gly 147, 218 y=3.2159x-0. 9243 0.9981
%R Valine, Val 186, 260 y=1.7704x-0. 1523 0.9946
TLRMR Leucine, Leu 200, 302 y=1.8721x-0.5172 0.9937
SR Isoleucine, Ile 200, 302 y=1.9180x-0. 4460 0.9931
22 %3 R Serine, Ser 362, 390 y=0.6433x-0. 1368 0.9974
B4R Proline, Pro 184, 286 y=1.7990x-2.9548 0.9937
KN Z A Phenylalanine, Phe 302, 336 y=1.0904x-0. 5237 0.9983
FAGIR Asparagic acid, As 302, 418 =1.1438x-0.3127 0.9916

parag , Asp ; ¥y

B IHEMR Hydroxyproline, Hyp 314, 416 y=0.1882x-0.4245 0.9941
AR BE Glutamic acid, Glu 330, 432 y=0.9880x-0. 6822 0.9916

A R HETR A Hh PR LA S256 28 [RTRE 25 0 T P ATHEA T 025 FURE i S0 28 R 1 LR AT miAg
LD, = kS,/m (1)

Hop, LD RS AERRIGR B ;& BT, ARSIBUE R 3, XA BT 98.3% ' S, Rk
RPRER 22 5 m N ITER R

B RO T R R R LA 11 FhaRERR % [ LD, Z A S 0.31 ng/mL, 8 Fhfig if& Al
TIRIRIZMEARSC R EL(R?) 24 0.9951 ~0. 9999, i 17 W2 e 24 OB 43 A J7 ik ity L BR A 8 b i Js 7%
TS A LD, Z M, h 3,46 wg/mL. 9 b B Tl R E R 19 2R P AH G R L (R 40.9910 ~
0.9990, ZHHEIEHL AT T5 T4 BURE BRI O Rl B BE FIBEE MR 25 A LD, ZF13t, 29 0.64 wg/mL,
3.2 FERLRHMHIERS T

RIET 15 DFAFRLAE B U ERR S T I A £ i I, AUSRIERESL G144 ¢ AYIA
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Fig.1 Total ion chromatogram of sample G11-44¢
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Fig.2 Selected ion chromatogram of sample G11-44¢

H1€ 2 nl g, R AR Al O K2 FHREHENE AR & BT 4s
GEMETFESEIR, IE RS Table 2 Content of protein component in samples

ﬂ:ﬁjth KE E,:J 10 /I\jC %ﬁé El]:"j ’ /ﬂ\: F"I Fedi Prﬁi';_li i%em Dﬁiﬁ?ﬁfll}ilﬁit Percﬁtfugzp 0% pﬁ‘o?i*ﬁi/na\fmple
FEABROFR QI T Gl G/l (%)
L0 0. 89%, B, BRHTEH L - - o .
N N b - g . . .
i%%ﬁﬂquﬁ/ﬂ L[ﬁfﬁﬂ/&ﬁ%ﬁﬁ E':JIE G11-30b 1.15 0.31 0.21
R, HSEE A2, B E Gl1131r 0.08 0.31 -
T2 m 5, U B e L giijj gj‘l‘ 3’2 o
BB A BT (8 Bk Gll-14w 0.40 0.31 2.11
WERE =12 1Y be ) e ) 22 i e G1146p 0.16 0.31 -
BT T, SEBRAMAT I % gﬂjﬁp ;-jj g-; g-jj
S e A =L ) ) ) :
THFE R 0. 89%0 I R B 2 AR B G1144r 0.37 0.31 0.51
fIRAY, X AT RESE RN 23 R 2 1 4 G11-30g 0.41 0.31 0.69
FRCL R BT ) R A Zﬂiﬁ 3 ig gii os
Kk, sEREAIIMNAMH T CL1-19r 0.28 031 '_

HERR IR

N T BRI RO P R A A (RS, 5 TR HIBR Y 10 PRRR SR 09 11 Fp 2 SR 41l
T FOBUIE (W3R 3) R4 SCH s TBORHCGh e XY 328 SR i B — A 7 IR 74
K3 CUIREAR R R RR ALK

Table 3 Amino acid ratios of samples

fin R ILMR & Amino acid ratio (% )
Samples Ala Gly Val Leu Tle Ser Pro Phe Asp Glu Hyp
Gl144g 4.0 11.7 4.4 7.3 3.5 9.2 19.2 7.7 14.1 18.3 0.6
GI11-13¢ 11.9 9.6 12.0 15.4 3.8 3.6 17.4 7.6 11.5 7.1 0.1
G11-30b 10.9 8.1 8.3 13.5 6.3 5.6 16.1 6.4 10.7 13.2 0.9
G1145r 7.6 11.7 6.9 9.9 3.6 5.6 12.5 9.0 16.8 15.5 0.9
Gl1-14w 8.8 12.4 8.5 13.6 5.7 4.2 9.6 5.5 17.1 12.6 2.0
G11-39p 9.4 6.7 7.4 10.3 5.1 6.7 13.6 7.2 13.4 18.7 1.5
Gl1-15¢ 13.3 7.5 11.1 16.1 7.4 6.1 14.2 5.0 6.3 11.5 1.5
G1144r 8.1 8.7 7.4 11.4 5.5 1.0 18.8 7.3 12.1 18.3 1.4
G11-30g 12.7 8.0 10.4 15.3 7.0 8.8 11.7 5.0 6.8 12.5 1.8
G11-35r 14.0 16.9 14.0 13.3 8.8 3.6 7.4 4.4 7.2 9.1 1.3
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TR SCN RIS i B Z2 08t oM T ik, TR RE S B O e/ M R B AL SE B
A, T Z2 ool o T E AT, L3 AT AL, SCIRE 4 PR A 0 B0 P R B A 7 A X R
8 AREARERIT RS, 2 MREA SR I , UEWITE T A SO Al A 8 NRE AL OB B EE R 4 s
MBS HERRIT, A7 2 DRSS YEREGE , EATAREG IS ERE A —E MR, LRk Rl

AU Bl i 2 2

201
MFE 3 W, B R R R T Hyp, MUK L5 ‘ e
FEdL G1144g. G11-13g. G11-30b, G11-45r [ Hyp 7% oSl ‘(“ﬁfw
BET 1%, B Cly P& EIAFI T 10.3% . Hyp  © oof G‘ﬂ_\;})l.)‘if(g”.%.f
RSN AR, Cly fEsh P&l (O B 0S¢ . o
WM =~ 20%) B BB T EKAB L CEBm Y s @
5% )P KULIIRE S T S S, AR o) v

Zed, B4 BT o s R, N 4 d] %30 25 220 <15 <10 =05 00 05 10 15
W, Gly F1 Hyp Je3 il #5s B & ) X il £l & 3h
=N ATI S S TSR RE i Y & S NG e
A3 2I X3 = B PR A 1) X A 67 ) B D RS

e, AR IE AR 2R/ 2 DX A 32 IR 2

Factor 1

B3 A R 3 2 B R 53 X1 20 i

Fig.3  Scatter plot of factor scores for analysis of amino

acids
Gly Il Hyp W o 5 5 192 (10 5 ik 5 76 28/ 03 28 v i1 2%
St EIRE 5O B 00 IR PR BRI A T Sh I, 1or
Hyp G- EREAUH 1.2% , T e S A g 3t L .
BRI S Al 3k 13.6% ") X AW AE BT 23 M B AE 05r 7 e
thr, SR H AR R R, X T RE S B TR R4 Eofi o
TUARGWEHE, W WTREEF NS Rk & | Lew 1
9, (EHEGE R R R E £, osl

ME 3 BRI RES G144 A G1144r e T Pro” = Gl
HERE AR R, Y B S R RS, SRR 0% 05 o

W, B AR Clu B AFRAET, £ 3 PRES Factor 1
G11-39p .G1144g Fl G11-44r /) Clu Zr ¥ & THE
FES, R 3 NFES P IRAG VT RE S DR R,
BAERE 3 i, S G11-39p JF K 5L Gl144g.,
Gl144r BAELLE—E, MFE 3 AlA, KM G11-39p 55 Gl144g Gl144r 7E R IEFR AW F 1 e K22 72
Pro ARG, L4 AT L, Pro el Y B 62 MBS sh A0 55 — B EA, 0 Pro 5 i AH X A1 0 2
K 3 G11-39p 57 4MF AN Glu REA MBS TP EZ RN, ShW e Pro MO XT & L2 s 2,
L, TR A I TR A TCIRE B Pro A & B REAK, 785 WS A2k, A &M Pro
TR, WEILVTAL, FER Gl144g Rl G144y SRR SIS IR A9, RS G11-39p B
SIYICRIZEAN , PTRERTRA TR, 15540 7 1FRE L 0 R A 8525 5 sh S TR A9
3.3 ERELERMBIERERRIES T
T WS A bR 2 R R kLA, sl T IR M RR R 2 2 B L, X TS i

FESIEAT T RE AR AT, G5 W 4, BERROR & D A i AR o R TR A E
i 25 R AFARER IR BERR R O BRI, MRS LA R 0 DR FUME LS LB
IR | L-BUSEE L-H 880 D-AWE D-# %505 D-AI A MRE IR | D-F- FUME IR & i BV RN, BRSOk
TEKE R A 3. 46 pwe/mL, MESICE LR R A 0. 64 pg/mL, HHZE 4 WAL, TR0 15 SRR,

BB A R S TR R, AR PRI, R BT R LR, X
R AR, SO AR,

P4 [N R A

Fig.4 Components matrix plot
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Table 4 Content of ester component and polysaccharide in samples

B P e okl o E2 e BEH, B IORL & B RS R
Samples Ester content Polysaccharide content Samples Ester content Polysaccharide content
(ng/mL) (ng/mL) (pg/mL) (ng/mL)
Gll144g 0.38 0.14 G11-39p 1.17 0.23
Gl1-13g 1.56 0.03 Gl1-15g 0.96 0.41
G11-30b 1.37 0.14 Gl144r 1.57 0.37
GI1-31r 0.69 0.34 G11-30g 0.84 0.46
G11-18r 0.58 0.36 G1146r 1.41 0.29
G1145r 0.88 0.25 G11-35r 1.38 0.51
Gl1-14w 1.28 0.17 GI11-19r 0.99 0.14
Gl146p 0.52 0.31
4 #i

X 2 i 2 A ER R OB ) IR R A IR TR e M BB oA, BB R DL 26
JERE R, R BRI E AL T T B O R, BB s e 5 ERIR A S IK
SUPRIRG LS EHE DR =JtiRG WL, KUY SERREG N E, BidgiREMN,
HIEZR TR, ORI P BOA TR — B LS, T A 1A Al REALHBIBORT | Bl ok 1 A [R] s X T
e A2 IR S i s . o ARG BN RIS, R 2 IR R | i ™, 5 i A /b
(120.89%0) . X RESEZRMMAL o TIIE R 5 — T2 RN . G, Z8 4 i s sz BV R AT R2 22 fin T
AREE, SRR, DUR SIS E R 2 R BURE B 1 B A AT, g R D S, mT L B i
FIXGEE YIRS INIE ], (HEARRC LR A TR — P05, eAh, R MRRIRAR 2451, =5 R A Btasm
1S DR AP, O 1 DI [ 590 e e 137 255 7 8 1) A
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Abstract For analysis and identification of binding media used in the polychrome of Qin Shihuang Terracotta
and Horses, gas chromatography-mass spectrometry combined with pretreatments such as solid phase
extraction, ultrasonic assisted extraction, ion exchange resin purification and microwave-assisted hydrolysis
was used for amino acids analysis, fatty acids analysis and saccharides analysis. By comparing the protein
amounts , ester amounts and polysaccharide amounts in the samples, it was found that only the protein binding
media was used in Terracotta and Horses of Qin Shihuang. The residue of protein was very low (only 0.89%0
in weight). According to the features of hydroxyproline, glycine, glutamic acid and proline in binder and
principle component analysis, it could be confirmed that the binder of seven samples were the mixture of
animal glue and egg, two samples were the mixture of animal glue and casein, and one sample was the mixture
of casein, egg and animal glue. From the analysis results, it was inferred that there might be not strict and
consistent regulations about the usage of binding media in Terracotta and Horses in Qin dynasty. And for the
Qin Shihuang Terracotta and Horses, the low amount of binding media residue was another important reason of
color decoration falling off. So the Terracotta and Horses should be consolidated immediately after excavation.
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