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(Marcos et al. 1998; Fernandez-Céceres et al. 2001;
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#1(K) ~ $5 (Mg) ~ & (N) ~ & (O) ~ HE (P)
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WH -~ O JfF L ERE REYR AT KD F
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RS A & E R - R E S Cu
Se R/ B BHE AR -
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A R R ST AT e A BT A B A
HES R R ER TR ENREE
A ELERHE 9T (chemometrics) DA
Hl] (Marcos et al. 1998; Fernandez-Céceres et al.
2001; Moreda-Pifeiro et al. 2001; Moreda-
Pifieiro et al. 2003; Karak & Bhagat 2010)
BiI40 - Marcos et al. (1998) 7377 H # 1L ~
HrE R~ B HIE - A FEMN DAk 2
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LE - BRE2E) EAMEL4E (IRSE
B CEM2E (BERSRES 1) -
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2 (B RALZE 1 {B)  HRRE | 8 GRER M) -
FE TG ES 1 B (AI55) - IR 1 H GREZT 5658 -
HFEHR 2 (8 (407 - BN S
BIUEF 5 » RIS A R 1E A B E T 7
85 b AR O R b R
TTERDH

R T REARE TS A
SHE () BERTTE > BEE (Ag) ~ Bl (As) -
B (B) ~ $ (Ba) ~ # (Cd) ~ $i (Ce) ~ &5 (Co) ~
£ (Cr) ~ $ (Cs) ~ § (Cu) ~ £ (Ga) ~ ## (Ge) ~
$H (Mo) ~ § (Ni) ~ £ (Pb) ~ #1 (Rb) ~ i (Se) -
#8 (Sr) ~ 3k (T) ~ #1 (V) ~ 8 (W) ~ §¥ (Zn) ~
g (Zr) . —fTiE > METEERYROE
8/ B ARRINEERE  STERHR
B TE RN H IR - (2) B T
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(Kampf ef al. 2000) ; A (LT R 2 15
Al~Fe Mn G/EME RIS - F—EFAE
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1B 0] 8 BRI J AL A2 R A 52 45 B &5 AL ARG T AL
Fe-Mn & &% 8 K [KI > Al>Fe~Mn 2
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FREEREAREREE 4R S5k 1% DA IS 3 T 6 e ol 4
1 HERELF (RHD602, RISEN, Taichung,
Taiwan) DL 70°CHERZ 12 h = Z 12 FEHT 0.25 g Y
B EBBHT - A S mL AR EE K
0.5 mL #Y L& 2 HLE - TR 25 5L
Z.4% (Microwave Extraction System, MARS 6
Extraction, CEM, Matthews, NC, USA) Ik
£ 200°C » 4£FF 10 min « EE R ZE 100 mL FF2A
Whatman 42 38 S8 - SRR - 43t
B LRV FE RS & BB AR IR 1 3 4 O EE 0 i & (In-
ductively Coupled Plasma-Optical Emission
Spectroscopy; ICP-OES; Jobin Yvon ULTIMA
2C, HORIBA, Kyoto, Japan) JHIE JER} Rz Bl B4
Bot#E - KUARIERGEHE L (Inductive-
ly Coupled Plasma-Mass Spectroscopy; ICP-
MS; 7500 ICP-MS, Agilent, Santa Clara, CA,
USA) HIEMETTE °
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o - FESEAR fL A AV E TR VAR RI T
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MEEH  FENBENHMNERAGES -

HUE R (R R B R B W R
BUE - BEA s R EUE Y Bl an fa B E Ry
— (PC1) 5 55 2 RFFEEREAVH B TR D =
(PC2) - DUBLIAHE - BRHERAE £ 5o T 15 2y
Kuho gt ] & (loading) » 78 &y B
B il oy BV AH B R B BREEREVAE E R YA
W EEA - AREH L ERTHIZETME -

AHEFEE R SPSS 19.0 hiEAS ET PCA »
R B A E R AR > #5EE (score) HIf
& LB R T AR EL R o SERARRRAIT ¢ (1)
{58/ E o3 34 ol B R Sn R il oy B A
WAHE AR - fF Ryl oy A » (2) £ 34T
BEZEHURE b Z [ Y 3L [F 7 (communality) > 7
BURARIE & R B ERRECZ B G > R R
T BEESETREATAE - Q) RERE
BRI Sy O AERE (R EBOR V)N > LR B & RN
ZEEUH E R T A EROR > R R
oIS BT E - 2 o B R R B
BN > AR By Y S BT )N - (4)
ERI AT ERBR O REEEEATE
R ERRUE R TR ERERERTE
BER oy B K 2% R 12

LR

TTRSERNHE
EITR

H2l EMETEREESTERER 58
FRERSA RN & 80 BRBYNRENS - &
BTN SRS BRI E L 0.566-0.723 mg kg
(& 1A) > SFH{E K 0.627 mg kg 5 BLE{ERHAEY
ANESEEE g4 B0 1.083 mg kg o ZAT PE%E
TSk A BB B 0.522-1.957 mg kg E4yEE
BERERERE - I GEFRENRS 2HE
5 0.018-0.043 mg kg ([& 1B) » 55 5 0.028
mg kg™ o oA 5 75 HE R 2 e e B E FE AR
fiff & B A R 0.05 mg kg o B2 FE AR ASEE
ELEE R & EA N B R E  @En
4350 B 0.019 mg kg™ & 0.032 mg kg™ -
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Fig. 1. Diagrams showing trace-element concentrations of tea samples of each country. (A) Ti; (B) Se; (C) Cs; (D) Ga;
(E) Sr; (F) Ba; (G) Cr; (H) Ni; and (I) Co. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; andI Indla
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THAENTEREERAEHE EREM
Bx&E (E 1C) - HEFERE S S5 E K
0.265-1.170 mg kg > FH9 &8 5 0.832 mg kg -
H A % Z Y 8 2 E PR -~ 2 SBO1 £
AAb o EREERFL 0.100 mg kg™ > FHE £ 0.071
mg kg < HTELFEF SBO1 A $ & 8 5 0.276
mg kg ©

EARPE AR EEY8E 8 A E RS (B 1D-
1F) « AP A M $E & 8 5 2.990 mg kg
PRENFE BN & B2 2.569 mg kg 4h» &
BREFEFEZEEE/NN 2 mg kg' o B
GHAREESE & B 28.727 mg kg HAMEIR F
HEE 10951 mg kg - (ESHTE > B
MAREHERE_ERRESZE  Silk
50.821 mg kg ~ 43.687 mg kg » HEFEHZE 2
& BN 10 mg kg e

IR ERSE - 88 - $iaERe (B 16-
11) « R ENSE &8 By 0.649 mg kg™ » HfR
B% 2 P& B 47 0.235 mg kg o EIEASEER
BREE Ry 7.866 mg kg HANBI R EENPIIE
E493.069 mg kg o HIE A BN 6 & & Ry 0.632
mg kg HAE % 2 & BHER 0.5 mg kg -

R R T R RN TR G BT e
HHEERT (- IR > S BICTEAEM - 87 - #F - 6%
Bi ~ B B~ B0 55~ #H SR - 8l 85 B
B~ #8580 B Sa BT B SRR
M A5 -

JEA LT

SIS R BN S B Y B R BT R
b~ e EAEEER (B 2) A A& ]
TLE - RIS (8 2A)  BEXEZZENT
55.59-111.83 mg kg™ » F#4 /% 78.87 mg kg ;
BN EE S & B/ A 48.17-121.81 mg kg™
ik 84.50 mg kg 0 BEAEH S BEEN
BUAMNEEE - $5 - SR L EINAEEIR S (E
2B-2C) : BB ERE 2/ 313.28-994.91
mg kg SEH 5 569.01 mg kg 5 BN EEER SR
ESEI359.51-1,302.13 mg kg - &S EEY
SEE B A 308.35-1,314.50 mg kg >
756.28 mg kg™ BISNREENT T & B/ 329.70-
1,626.02 mg kg » ¥ #4 B 912.37 mg kg’ -
It o 7 BAiss ~ 85 - $h2 S ERELLE > B0A
&R & B R SN EE -
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Fig. 2. Diagrams showing weathering-element concentrations of tea samples of each country. (A) Fe; (B) Al; and (C)
Mn. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; and I: India.



236 HE RS

AR EOT R

FE AR T R ~ bR - 8 - IS B S
e REUR (8 3) - B8R ERTA R AERHR &
TEARGHBEYIM R ERAFAZR - DBNS
(& 3A) » &EZEES BAYVI9HE R o rsuE oy
A By 0.28% (0.22-0.32%) » EIYN 2 {H £y 0.26%
(0.18-0.43%) - DIHi 1M = (& 3B) » & /& E
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DsPms (B 3C)  /BXESENFIIEN
5y A5 LB 4T B B 1.74% (1.36-2.15%) > 5 4
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Fig. 3. Diagrams showing fertilizer-element concentrations of tea samples of each country. (A) P; (B) S; (C) K; (D)
Ca; and (E) Mg. T: Taiwan; C: China; M: Malaysia; V: Vietnam; S: Sri Lanka; and I: India.
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(0.29-0.54%) - LI = (B 3E) » &K
& BN E R o A EE 5y 7 Ry 0.22% (0.17-
0.28%) » B4 (BB 0.19% (0.16-0.21%) - £
AR EUT R & B R L AR
BB S AL -

& Lpral > DLERIZ &R ms 0 BAT
fHE—HTEEERE A ERERMEHE 8%
EEART IR EE o
EMD DT

Kb D ETE (T) ~ METEMER
{EFEUTE (TW) ~ ETEMEREETER
(TF) ~ FTA T E (A) FIUFEHE 4 #TT PCA
SYHT e
R ICR B (T)

AYBELRE 23 TR EBFERRE
PCA FrfT&E SR EUR (R 1) > £ T-PCA LU HY

®1. BROESIEERSE -

Table 1. Amount of variance of each principal component.

Eigenvalues
Amount of variance ~ Cumulative
Component Total (%) (%)
T-PC1 5.61 24.40 24.40
T-PC2 4.39 19.07 43.48
T-PC3 3.07 13.36 56.84
T-PC4 2.34 10.18 67.02
T-PC5 2.04 8.86 75.87
TF-PC1 5.90 21.07 21.07
TF-PC2 4.57 16.33 37.40
TF-PC3 422 15.06 52.45
TF-PC4 291 10.40 62.85
TF-PC5 2.28 8.16 71.01
TW-PC1 6.19 23.80 23.80
TW-PC2 4.68 18.00 41.80
TW-PC3 3.89 14.97 56.77
TW-PC4 2.61 10.05 66.82
TW-PC5 2.06 7.92 74.74
A-PCl 6.38 20.59 20.59
A-PC2 5.39 17.40 37.99
A-PC3 4.62 14.89 52.88
A-PC4 3.14 10.13 63.01
A-PC5 2.36 7.62 70.63

BT RE AR PR 8 BB BRI 10% - BE B FE
i/ #EEHL T-PC1 2 T-PC4 - T-PC1 1Y
TR EOR R - R~ Bk LRG> MEEREE
F5 24.40% 5 T-PC2 1y £ R0 Al ~ 8~ 85
Fo il > fRREEE RS K 19.07% 5 T-PC3 (Y = %
R het® - SRR H > fRREE R E K 13.36% ;
T-PC4 1) X R OB H Rl > MRS R E &
10.18% -

i T-PC1 ~ T-PC2 ~ T-PC3 & T-PC4 % ik
Sy R BE R B LLE R > T-PC1 %} T-PC4 2 AF
B FE AR I o7 2 VB A BB A A B (1] 4) 0 4R
fil FE % o fy 34.58% - B ACEE T-PCL 1915
BE 4y AR By -1.234-0.702 » BN ZEEE B -0.469—
2.941 ; BEZE T-PC4 HY5BE A0 By -0.231-
1.628 » B4 ZE B B -2.006-0.197 ([& 4) « fi%
T-PC1 X ERHEINE > HEHERK/NMRF
Rk~ o~ 81 - BREE (R 1) - BRI ELR
T-PC1 YRS+ Ry fal - BR T W RSN » E
i &5 Ry i S8 - 55— J7H 0 T-PC4 Y T 255
a2 i HAT A5 T-PC4 YR
il R 7~ By o] o

PR CRAE LR O TR BRRL (TW)

AEBHELF 20 HTEZEEFEBEE
PCA P& R EUR (R 1) » TW-PC4 DUTHYEL
SEREERED /NN 10% - #H B TW-PC1
% TW-PC4 - TW-PC1 Y F 5 # B Bf ~ $k -
W~ PE R o FRFESE Sy 23.80% 5 TW-PC2
N ERER - 38 SER > MERERER
18.00% : TW-PC3 1y LRl fs s ~ 850 dm 0 f#
B B B 14.97%  TW-PC4 [ 1 5 1405 8
o o fRFEEEEE K 10.05% £ Ll & F Rk
2 TR o SERRVEREUTE -

g TW-PC1 ~ TW-PC2 ~ TW-PC3 & TW-
PC4 % 1l 57 37 L AE B L8R » TW-PCI1 #f
TW-PCA{E[E /ROl & 5y &8 A BE B S 2 (]
5)c BB T Bl TW 2 FEEHHE: » T-PCI o
(8 Bz 5405 8% R s8R, 5 T-PC4 2 F A I Bl
TW-PC4 “R[d] - TW-PC1 Y5 Fs L3 (LA
Fo RELERCRTFHENENEFZE
71 e Wt METEMARMEREUTZNEE
TNREIE 7y BB A BE B E ST EE -



238 GEREME B70% H4H
2
° o
e
//
L /
1 % o -
[ ] s
. /
° () ~ I
— 7 ocC (@]
S ° -
2 °® 7 os c
> Ve
2 e ©
) sV
& 4t e O
= -
Ve
/
s M
c s©
2 - O @)
-3 1 1 I
2 -1 0 1 3

4. T-PClBiT-PC4 Z{F[H - @ BEX

1 HIE) -

Fig. 4. Plot of T-PC1 vs. T-PC4. @ : Taiwan tea; O : Foreign tea (C: China; M: Malaysia; V: Vietnam; S: Sri Lan-

ka; and I: India).
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Preliminary Study of Differentiating Imported Tea
from Taiwan Tea by Elemental Characteristics

Cheng-Hsiang Tsai', Tsung-Ren Peng’, Tsang-Sen Liu>", Yu-Wen Lin*, and Wen-Jun Zhan’

Abstract

Tsai, C. H., T. R. Peng, T. S. Liu, Y. W. Lin, and W. J. Zhan. 2021. Preliminary study of
differentiating imported tea from Taiwan tea by elemental characteristics. J. Taiwan Agric.
Res. 70(4):231-242.

This study analyzed the amounts of various elements of tea samples and applied principal com-
ponent analysis (PCA) to process the elemental data to differentiate imported tea from Taiwan tea.
The imported samples included tea made from China, Vietnam, Malaysia, India, and Sri Lanka, and
the analyzed elements were classified into trace elements (Ag, As, B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga,
Ge, Mo, Ni, Pb, Rb, Se, Sr, Ti, V, W, Zn, and Zr), weathering elements (Al, Fe, and Mn), and fertilizer
elements (Ca, K, Mg, P, and S). Our results showed that no single element could be used as an index
to distinguish imported tea from Taiwan tea; however, PCA analyses showed differences between
domestic and imported tea. Four data sets included trace elements (T), trace elements and weathering
elements (TW), trace elements and fertilizer elements (TF), and all analyzed elements (A) were used
for PCA. The results revealed that, besides TF, the remaining data sets could differentiate imported
tea from Taiwan tea. Data processing experience and the results derived from this study provide an
important reference for subsequent identification of the origin of other agricultural products.

Key words: Elemental concentration, Identify non-Taiwan tea, Principal component analysis (PCA).
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