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Yunnan province, such as Yiwu and Jingmai were collected, and the infrared spectra were processed into standardized
infrared spectra and second derivative infrared spectroscopy (SD-IR), furthermore, the similarity evaluation, spectral
difference analysis and characteristic peak intensity analysis based on those spectra were carried out for the
discrimination and evaluation of the substance composition differences among different tea samples. Results All
spectral correlation coefficients (R) were over 0.98 and all 12 kinds of tea samples had common FT-IR peaks at 3354,
2925, 1649, 1517, 1451, 1239, 1147, 1039, 764, 611 cm™' and so on, even so, SD-IR peaks including 1649, 1577,
1568, 1540, 1532, 1147 and 486 cm™' had different absorption intensities or peak shapes. Tea samples from Jinggu,
Yiwu and Hekai had relative low peak intensities at 486 cm™', that from Jinggu was the lowest, which was only about
75% to the tea from Youle. The overall chemical compositions of the 12 kinds of tea samples were very similar, the
caffeine content in Jinggu, Yiwu and Hekai tea samples was relative lower than that of others, but the spectral
differences with other tea samples were only less than 2%, but the relative content of caffeine in different tea samples
could be conveniently compared based on the SD-IR peak intensity at 486 cm™', Tea samples from different tea
mountains could be thoroughly discriminated according to SD-IR spectral differences. Conclusion More or less
compositional differences among tea samples from different tea mountain can be appeared in their FT-IR spectra,
FT-IR analytical method is suitable for the overall identification and evaluation of the composition differences of
Pu-erh tea samples, to some extent, the statement of "one mountain, one flavor" about Pu-erh tea has a certain
scientific nature.

KEY WORDS: Pu-erh tea made from ancient trees; Fourier transform infrared spectroscopy; tea mountain;

discrimination; caffeine
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Table 1 Tea samples information
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Z5il (&R R 38 1% R S ByR BT i B il e By
ARIX hi4h A fi4h R 4H hi4h i 4h fi4h A hi4h FLRlEN W I 8
1.2 NF5ERE (1)
PE Frontier {8 B 25 2T S MEIEAL (L DTGS A8 2%, 2 h Wi ik Xk )

£ [# Perkin-Elmer 23 F]); HY-12N % - HL(FEE Specac 24
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PAF T TR AR A UMD, SRBUREAE 60 °CTF A
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LLAMNERERAE: B 1~2 mg #:5h5 100 mg Z2 45 OIR1L
POHEY S EE TERPLP, T 10 t EJ0RFF 2 min, B
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FATIE 31K
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U, EATTATRBIE TLFAER | B CURAEA L1 4y, T RETE
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SRPTRE LI E IR E T L, (HRER LA R T A R 8
JEH ., HAE 1750~1000 cm ™ X ] AU SO 3 & B, 12 2%
K FT-IR FSH, Sk A BOARX 5, I3 AR A
o ZEEER 2 T, OLIERHE R ARIZSRE P A Z . A
HREN D TR —EER, DR SBFEPERZ
SRS B M EAI, TR TF A o A 45 i

XTELAAT 3 AR R 25 7 (B 1a) BB, /K4
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Table 2 Assignment of the main characteristic peaks in the FT-IR spectra of large-leaf sun-dried raw tea from Yunnan ancient tree

e WAz /em ™! FHIAR FEMAEY
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FT-IR staked plots of tea samples from different origins (4000-400 cm™')



%5 18 3]

WROCH:, 25 ST HL AR T AN TE A AN )2 Ly AR T2 I 5 7123

2.2 FARIFRWLFMBILL SNSRI E TN

(i) A it 18] 174 A 2% 2 AR BB T DAl 2o 21 R b iS4
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AP IR, Gk BUIFRSA SRS 1UR
LH AR AR 22 AR R, TARIZS I 25RO
] ) 32 3 2% FAEAE T 1800~1300 em ' X — P 50X 48, Xy
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Wik (1 2), ZHL 12 NASREER A 1648 .1519.1450,1368
1238, 1147, 1038 cm ' 7 PMILA LSRG, AN, MUK,
B ZER . TTRIASRERY 1693 em ' U, Gk BUFSSEEM
1287 cm ™' W, AFFS GBI RIE AR BN ERFER 611 cm!
Wt o g bRiC R . PEAS IR R IR 45 51, 1693 .
1287, 611 cm ' W43 B FEIHJE FRER LI R . 4L
M DR O A R 12 R ASRE [RIfL A 4L B AR, {H
22 S U 4R 7R A [R] S s 20 A3 AR 025 1T BB A7 AE— i 10
25, TRKFIREE LA 1 B i 22 5 0T BRI A e — L
— MR UL I LA
232 ZM-gEems g oAt

W AT WA A L SR ST IR SR AT A T oy b
. SD-IR ] DR OGS MR U4 FE R (K 3), LR 1
) FT-IR 3% B4 B 4 (06 1% 25 50 % . B 3a 19 SD-IR
TERR T 1469, 1415, 1240 om™' 2 JLAL MR WCRHE L8 —
b, NS Z AL — R W B W5 5 ol 0
AR5

R3 R2MEBEFERBCEERN N EEN TR RIEROEITFNER(0=3)
Table 3 Similarity evaluation results in different wave number-ranges among FT-IR spectra from 12 kinds of different
tea powder (n=3)

IR HGE Fl em!
4000~400 4000~2500 1800~400 1800~1300 1800~1000 1000~400
(V&R 1.000 1.000 1.000 1.000 1.000 1.000
B 0.997 0.999 0.997 0.996 0.997 0.996
{E:Y 0.992 0.997 0.992 0.989* 0.992 0.993
B 357 0.996 0.994 0.996 0.996 0.997 0.992
Wk 0.997 0.996 0.997 0.997 0.998 0.997
S 0.985* 0.995 0.987* 0.984* 0.987* 0.987*
BIAR 0.994 0.998 0.994 0.990 0.994 0.994
BIT 0.989% 0.996 0.989% 0.987* 0.990 0.986*
A1 0.994 0.996 0.995 0.993 0.995 0.995
=sli] 0.995 0.995 0.996 0.995 0.996 0.993
A 0.987* 0.997 0.988* 0.982%* 0.989* 0.990
B 0.995 0.998 0.995 0.993 0.995 0.994
R s 0.993 0.997 0.994 0.992 0.994 0.993

TE: FTRDER 3 BTG RERYEH6E; #3078 R {EN R<0.990 BITEAN 455, 55 —47 M 16— i 3 FEI A 4% S0 0 S 4 {E
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1648 akal o
1519 1450 1368 1738 1147 1038
11
[ e B e g
I 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 n
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Fig.2 FT-IR offset layout diagram of tea samples from different tea mountains (1750-550 cm ")
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Fig.3 SD-IR spectra of tea powder samples from different tea mountains and local magnified

I 3b AL AFEIZS LR IEASHE SD-IR i5%7E 1577,
1568, 1540, 1532 cm™ ZEAb i i HAA W 25 5, %
FHUONBNAR IR BT BIE | AR 5 ANSRELE 1540 em!
ABAFAE M S0 LS AR SS, AR 7 M ASRRTE AR A7 A2
I, fHAE 1532 em ' A SEBLH ORISR EE A, AR,
AR I, SR B EERE 5 AELRTE 1510~1508 cm !
PRI eSS T W, (R 7 S R -V i i 2%
SRR, A AT 45 SR A R I o 4 SR P
B, X BRI DGR SURRIE 25 SO IR IR T oL it 22, M
2, TSRS RIS RE ) Ak 2 4 Al o 22 S i i Ak 2 8. R
FHIXSEHE SUEEE 5, AR 12 PP SRR AT 5. 32 FRTA
SCSEI B N = STk S, XK SR SURRIE 22 51
YIRIERE A TR 2R R (IR S5 R R, FT-IR FARFES

TR AR AL Y 5 2 T Al 25 S 0 R B TR, B oAt
IATBARAN B B E T LL FT-IR 43845 R 20,
254 HPLC, JHii% ki (mass spectrometry, MS) ., #aEI4R1%
(nuclear magnetic resonance spectroscopy, NMR)ZF HAth 4
BIOTHTHOR, RAEAS Y [R) 26 52 e i () fb 5 2H i 22 5
P R SRS
233 ook EARAT 2 AT

OO TR TS 3 0105 1 5 2 I 5 T R DA 5
AL RS PO R BRI SD-IR i 486 cm ! Kb 4HAE U4
SRR ASRE R IR e R IR ARG, WA i A K L
BRI e DR B AR 35 2, X 12 S 20BRE SD-IR i
f) 486 cm ' b IR AN S UEA T AR, MURZEFERY SD-IR
TETE 486 em ' b AT X R L, BOABURZERE N S 0,
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HAt R 486 em ™ g SRR ASRR AT ol B A 25 S L35 4.
P 4 HP AR AR e T AR R A e e = T R BN, B | ARG
FERE . BIAREZTREMIME R S A AR, B MURTSEE,
SASAER AR AR, Sk, BUOTAORE b N R
FRAARHE, s, S, F4a . BUOFSAE ik
B KT RE R T A5 HAA R B A R i 22
SREEFEN K 4 451, BRRIEAREZAh, H5 486 em™!
D6 TAT AR Ik e 2 A AR R 5 B e A 2 SR AR — 3%, (R TR
B 486 cm™' W THI BB F 41 B 81.1%F1 94.4%, Pi& It
A—5, HIFERGEE 2058, 285, % 486 cm ' kbig
588 J3E T AP A () 2 i R AR X i, (B
HPLC S22 vk, WA S5 s A5 b o e i
LT AT P I R T 1 o
F 4 TEIZFHFNHEHEN S 2 ((N=3)

Table 4 Relative content of caffeine in different tea samples
(486 cm™, n=3)

Fo AR WEIAE MR WEsE XS/ %

1 M5k 0.0044 100.0 0.00091 100.0
2 HFE S 0.0042 94.8 0.00087 95.8
3 S 0.0037 84.6 0.00076 83.8
4 FEEL 0.0042 94.5 0.00091 99.8
5 & 0.0040 90.5 0.00082 90.2
6 S 0.0035 79.8 0.00074 81.8
7 BIK 0.0041 92.7 0.00084 93.0
8  BIF 0.0034 77.4 0.00074 81.3
9 T 0.0039 88.3 0.00083 90.8
10 =i 0.0036 81.1 0.00086 94 .4
11 S48 0.0033 75.1 0.00068 75.2
12 #FE  0.0038 85.8 0.00078 86.3

T DMURZEFE A S IR, JLAACAE 486 om ™' W S50 SR 25 R AR X
SRIE

3 g

WX AE 3 REHATE X 12 BEAS A
WH 25 R AN AR TS AR T . 2046 e — B
BASGIEEF AP ETR, RIARE LA EE
[EGIEA 2 ZER)IE T 0.98, HA 3354, 2925, 1649,
1517, 1451, 1239, 1147, 1039, 764. 611 cm™' % FT-IR
I, {HA AT s SD-IR % 7E 16491577 .1568 1540,
1532, 1147, 486 cm ' PRHT AR i 22 S5 b A T 501, ek
SD-IR % 486 cm™" A e i R B3 g AR b 3 3 R o EL AN ]
ZRILR IR B RE S R ME R 5 B, KBRS . Sk, BUIF 3

ASZRBEIIHEDR S A, S ORI O N RHEAATEZE S,
HELLAMSEREZEFAR] 2% ARIZ IR M AEE
IR B8 22 B R R RRAE, 3 ol RUBR AR AL 22 S b SR T
TR B A2 R S5, AR 0] B4 22 3 A2
AR 2 A S 1 UL B AT ST R 12 Fh 2R 18] ) 20
T =2 22 SRR B T AR 2%MLLALiE 22 5+ 2
60, Gr ol fge A ) I SE AR ' 22 S 0 T AT TR
PRAEA R AR B AL 2 AU AR S B 2. 2 b, %
IS — I — BRI B A —E R

AWM A T bR 7RISR . sidn
JETE K R BOCTE AT . A AR SO 3E 22 50 B . SRR
W S ORE K i AR X R Z A, b AR R R R i
(hierachical cluster analysis, HCA). = 434347 (principal
component analysis, PCA), ZJ0H1IEE #A#HT . ZI050 B
B0 2 551 55 SEOITR A9 53 2 R 0B o A BIF T IF TS 4 2R
FeAR K SCHRNS IR, YR A WLLIM I AT IR e AR T i
Tl S 25 i ) 119 40 J5 2 S5 B BT U LA I B I 3, T4
SMEIEZE T M A @I . BGE . GRS A
S 2R R It PR BT U FL AT S IS (1 B P 5
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