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Abstract

Proton Nuclear Magnetic Resonance('H NMR) makes great sense for identifying
chemical structures of organic compounds. It detects the chemical shift, coupling constant,
coupling pattern and signal intensity, which provides information about pattern and number
of 'H nuclei and the nuclei or chemical groups around them. The 'H NMR spectra has the
characteristic of oneness, comprehensiveness, quantification and easy-assignment, and in
theory "H NMR can detects any proton containing molecules given that they are above the
limit of detection, which make it a good technology for fingerprinting. Although 'H NMR has
the disadvantage of relative low detection limit, low resolution, limited dynamic range and
costliness of instrument, it have the advantage of high reproducibility, non-destructiveness
and non-bias. In this thesis, a feasible '"H NMR fingerprinting method is established, and the
combination of "H NMR fingerprinting spectra and pattern recognition methods was applied

in the quality assessment of tea and TCM (Traditional Chinese Medicine).

Chapter 1 is an overview of the current research status of NMR technology, pattern

recognition methods and the domestic and external research of "H NMR fingerprinting.

In chapter 2, based on domestic and external research, a feasible 'H NMR fingerprinting
method is established, applying for discrimination and quality assessment of different kinds
of tea. The effects of important operational factors such as extraction methods, NMR solvent,
quantity of extract, spectra width, number of scan and residual water signal suppression have
been investigated and the optimum conditions of 'H NMR fingerprinting method have been
determined. 35 kinds of tea samples collected and purchased from Fujian. Yunnan.
Guangdong. Jiangxi province were analyzed by '"H NMR. Upon initial signal assignment,
many kinds of metabolites in tea were identified, including tea catechins, amino acids, sugars,
caffeine and so on. The obtained spectra were analyzed by Principal Component Analysis
(PCA). The discriminations of different kinds of tea and Tieguanyin from different producing
areas were achieved. Furthermore, the metabolites which can be used as markers are
discovered: compared with green tea and oolong tea, red tea and black tea contain high levels
of some kinds of amino acid and unknown metabolites, and low levels of catechins. Xiping

Tieguanyin, compared with Xianghua and Gande Tieguanyin, has high levels of some kinds

I
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of amino acid, caffeine, EGCG, ECG, EC and EGC. The Hierarchical Cluster Analysis (HCA)
of the spectra also shows similar results to those of PCA. In addition, NIR spectra and 6
consitituents analysed by HPLC were sent for PCA analysis. The result of NIR spectra is not
good, and HPLC analysis show similar results to 'H NMR fingerprinting.

In Chapter 3, upon research of metabolite fingerprinting of tea by 'H NMR, the
technology is applied in the field of quality assessment of Liquorice(Gancao),
BaicalSkullcapRoot (Huanggin) and Reishi (Lingzhi). '"H NMR spectra of different Gancao
samples appear the characteristic resonance peaks of flavone, 18B-glycyrrhetic acid and
glucuronic acid. Upon PCA, G. uralensis, G. glabra and G. inflata were basically separated;
"H NMR spectra of different producing areas of Huangqin appear the characteristic resonance
peaks of flavone and glucuronic acid, a fake one can easily recognized from the others. Upon
PCA, Hebei Huangqin, Shandong Huangqin and Neimeng Huangqin were basically separated;
'H NMR spectra of different kinds of Lingzhi show good consistency, appearing resonance

peaks range form 6 520 to 6 3.10. Most of Lingzhi show differences when computing

similarity by Pearson correlation.

Major conclusions and recommendations for future research are summarized in chapter
4. Upon research of fingerprinting tea and TCM by 'H NMR, 'H NMR fingerprint of
different tea and TCM show good consistency, appearing the characteristic resonance peaks
of their effective components. Combination of "H NMR fingerprint and pattern recognition
method is able to show the differences between different fingerprint in a intuitionistic way,

making it a effective way for identification and quality assessment of tea and TCM.

The main innovation points of the thesis are: "H NMR fingerprint combined with PCA
and HCA were the first time appllied to discriminations of different kinds of tea and
Tieguanyin from different producing areas; 'H NMR fingerprint of ethanol extract of
Liquorice was obtained and initial assignmen t was achieved, upon PCA analysis Upon PCA,
G. uralensis, G. glabra and G. inflata were basically separated; '"H NMR fingerprint of
ethanol extract of Huangqin was obtained for the first time, upon PCA, Hebei Huangqin,
Shandong Huangqin and Neimeng Huangqin were basically separated; 'H NMR spectra of

different kinds of Lingzhi were obtained for the first time.

Key words: NMR, fingerprinting, 'H NMR fingerprinting, tea, Chinese Traditional Medicine,
PCA, HCA, pattern recognition
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1.1 ZEEHRNTE

i3 P% (Nuclear Magnetic Resonance, NMR) & —F3& - HA5 H e i 1 )51 1% AE
REAMIIZVE R R, WO A S 1T 7 2E BT (K 22 BR . B4, NMRE& RCh %
T AN G RINC I 57, TEANULS: . AR 025 e b 45 3
JZ R . ANMRE B v m] DLIRASFAT RS54 (1 — LR A INE 45 B, R 76185 ( 6
ppm), FiE-AER AR EL), MEHHJ), NOEMMNAIERES. 55, HiE-
it A% 5t TR (T ) RV i) ST (TR S5 A AT I BB B o FH IR R A S e 1A A il S
PREGE('H NMR) AZRIEIRB (P C NMR) M — 4R G (2D NMR).

1.1.1 #ZEERSIE(H NMR)

'H NMR U P ot B b Al 24 R 8 R i A0, U o 205 0 R e T AR 4 A3t
WA H R TAZNIA . BH AR T SR TR R, AU A 0
52 BAT o B R U TH NMR A 422 (0 B o] LIOE ot AR AN [ X s ) T A%
Pl S S AL FM A, SR8 6 0-5 DI B AR S A R S 3 ]l e 077 4
Mifs, 65-6 KIBEMKEAES, §6-8 LA NEFA(IRXRITR) I ENfES, BAM
2Ty 8 9-10, TEULER 1-1. O-H. N-H 2535k S 2 B Bl 52 46 R AR
X, AT LI b K AR A5 S T BOR A 8 o 05 5 2400 BURME 2555 0 KN EAT 40 #0T
A DL HH AN R e e A TR ORI TR B, I FLE REf 8 A S I SLAR R 2L o DT
FAAT DA i R MRS A5 8L, E TH NMIR R AR S &0 5 B e b, A ] A
ISR BE I EE H 2 b, WHEH A O SR A BN AR
TULATIETIRY, "TH NMR A] U e & SRR S 8H [N IR A S L3 A 2 1n)
ERP G R, DMERGREEA 7454, X IEREAM ., 2L AMTT R s AR G i il R
ARG H RS ET e, RILATIRA 1 "H NMR 3% E 0 - AN A, Xt
] LUK R S SR G Y TR S0 i 5 IR A Hi



R1-1 FMHEEERER S nEEE

CENCL 6 (ppm) CENCL) 8 (ppm)
C-CH; 0.7-1.1 -CHO(%) 9.0-10.2
=C-CHj 1.5-1.8 -COOH 10.5-13.5
COCH;( L Bt2E) 2.0-2.5 C-OH([i%) 1.5-6.0
N-CH3 2.5-3.3 C-OH(%y) 6.5-18.5
O-CH; 3.3-4.3 fFi iz 1.1-1.8
C-CH,-C 1.3-2.5 fifiz 1.2-2.1
CO-CH,-C 2.5 Aryl'NH,(F %) 3.3-4.0
O-CH,-C 4.0-5.0 CO-NH- 5.0-6.5
C-CH-C 1.0-2.5 N-fedk-2d Ak 6.0-8.2
C-CH-OH 3.3-4.0 N-J7 v Hk- 2 Jik 7.8-9.4
C-CH-O-fif 4.2-5.3 BEh 7.1-7.7
=CH-C(}:l¥%) 5.5-8.5 -CH,-SH 1.0-2.0
T 6.0-9.0

PRKUE:  Fan T W-M. Metabolite profiling by one- and two- dimensional NMR analysis of complex mixtures [J]. Prog.
Nucl Magn Reson Spectrosc, 1996, 28: 161-219.

1.1.2 #%#£REIE(C NMR)

W ST A A AL S PR B B, B4R A7 S0 IR 1 IS BAE A AL S Y gt % e v A
A B o i IR S T 2, RIR SR AT PR AR S R BT TH A A 2 R
JEIGE PC NMR %, Bhi, THXE PC A A bR, HAE RIS IE, SRR
TR, A R (e B S i e o 52 S o, 0 PR T YO R B8, A RS
IS SR, AR T EWE EAHAE . BT ERE 4R NOE
WM, JELE PC A SR RN B IR T A S N A B B ) JE R S 2K
R EEAE B EE T PC MR LA LA TH 1 1/4, BCRIRRFEERAL A
H (¥ 17100, DHRBUERAC. Kk, MEmEEd it RREiE a2, BHEAmE
Bl R AR IR IR 2 .
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1.1.3 —#EZ# RIS 2D NMR)

X TGRSR RN IS IR, — a5 S el TR e, B
HERE — X T 78, PG 5 Z MR SR T2 WX 2D NMR SR AESR {701
B A Z M 2 FEA S B, Wiz 2 [l A 22 B 1 B AR5 A oG, i 2% [|] 1
HRAAENOEHIS, [FIFZZ M REAIC, S MEEEAR, 252 E
LA AR A AT o ARG IR LA AT B, wh ] BUE 2 3 i il o f
) 5% AN LR, AR K AL 120 T a5 i T A, O HLAE 2 ok BT SE 138
R P, 2D NMR IR R, WO T RREREAR, 2542 1D NMR 3%
WA G E B, I B AT S I RAE 5 R 4L S R AR EAS, HERI )
REAHE 008 RS 5 B0 5 R X o) BRI R & 55 1,

2D NMR [ UES) T A R BoRX NMR) A g . i 2 8 RIBUSE R
Fifr, FrLAR IR A R . {2 XNMR G ES G R A I E R, Hriin) 0
KAUE(HET-COSY )P i 7 4% Z IR A 65 (W H-C, C-C, H-P, H-N)AUNIXLLS
RIS 5 BB T nT SRR, 1 FLAESR A 'H NMR T RESR AL T2 45040 15 2

2D NMR AR 1)K et | NOE BIFFUAI N K & & - NOE S it 1 #% 5 % Ar 27 1]
WA BGE SRR, B EAMN AP B A% 5 R Z W) (351 iR & B 2 1R)) 3l = 7] ) 3%
LR, 1 HLBE IR FURZ AR 2% W) B AR BLAEAT B 23 5~ AR BN B 8] L. 2D NMR $0R
R DL S BRI 77, A8 NMR SR O R 53 2% 5 4[] R 1) e 7 22 ) A 2R
J7i%e

CHYER IR RSO Ay =R, MR AR O, T Rt 2 . I
AR AR RIS i T HER LRSI, R IIRAE T A G DU 2R
JURT AR 22 57 B AH S5 1 ] B 4
1.1.3.1 FE#xABE X
1.1.3.1.1 COSY('H-'H Correlation Spectroscopy, 'H-"H {iL #848 < i)

COSY s Mg = e rh e 2% 5y M 1) —Fh, e AT AN o 75U E T —
YEVE R . B0 FL (D T Fy CRERID 7 [l 8623 0 Brilite W0 — 4E =00 .
SR H B AER R 2 5 S A B R T BT TR RS A SR, RS 2SR —

Hi



B2 Fr B o 1% H (10 A8 SO BIAH DCUEE Sz e T A DA ] RO 45 DG 3R o AR — ARG HE R
W@ BT ——IBEE, RV A A AN G5 B
1.1.3.1.2 DQF-COSY(Double Quantum Filtered COSY, W& FiEi¥ 'H-'H L& +H < i)

DQF-COSY RIXUE T I 414, ALl 5 M1 COSY FeAME, HH KN
TR AR TR SR, AR A7 e B AT PR AC LIRS S A . 1X—3R 2 COSY S
A LA 2RI AR R 5 B I TR e Can G AT 3, FAE D A8 i
FIUKE 7 S V25U A RO, W R A RO 33, 6] A 4655 1A AE SOVEAN 32 TR BT
FILL 4% COSY iAf L, DQF-COSY i (fifr B il 5, 43 HF R Bt o
1.1.3.1.3 TOCSY(Total Correlation Spectroscopy, S#HXit)

TOCSY J&— Rl 73 7 BT R & SR M e A A AHDGE S AT —1%
W A, P AR BLE SR, e 3oR R E RIS TR — A AR R T A
R G R R I BT R AR [ — A H gk &b, JEL TOCSY (1 0T S BRize B
KA LRCOSY WAL KRN o MLRAE—LE S A AR 45 K 1) 45 g LAE
TOCSY ¢ 1 WA AJ ) — Th S 56
1.1.3.2 REAGIFBHEXKE

SFERLAL RS AR G 2R RO A E AL A OGO 2R, AITTHENT Hh 23 7 B &L T 1)
KR, KN TR AWEH &5 LN
1.1.3.2.1 HMQC('H-detected Heteronuclear Multiple Quantum Coherence, F4%% 8F
BFiL)

HMQC SE56 (F H B2 NMR S50 03 55 S0 e S22 o STk P ARRR (¥ B
(mmol ), HHME 4k C A EA LN, Al HMQC J7ikill N1 1 'H- PC
MR 12 /N, JF B A GRS i LR e R A IR R, B KK
LERRTSTI S 5 1A 8 . HMQC St ififs B "HPC-coSY 2K, Jf Hdxt 'H 4
W, REEL HPC-COSY mi, KRUhkA T HE S I A R ). R i 4E
Fi 7 R Fy 218 %, FTLA Fi4E (6 C) R 25 1E HMQC [ KEL S . 74k,
Fi i s H, 'H#G, #2087 HMQC 19 Fy 4t (TR 71D 31,
ST, 5K HMQC % B HSQC i ftas .
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