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Simultaneous Determination of Epi-Catechins and Their Oxidized
Dimers, Gallic Acid and Caffeine in Tea by HPLC
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Abstract: Objective: The present study was aimed to develop the simultaneous determination of four kinds of epi-catechins
((-)-epicatechin, (-)-epicatechin gallate, (-)-epigallocatechin and (-)-epigallocatechin gallate) and their oxidized dimers (four
kinds of theaflavin (TF): theaflavin, theaflavin-3-gallate, theaflavin-3'-gallate and theaflavin-3,3'-digallate, three kinds of
theasinensin (TS): TSA, TSB and TSC), gallic acid and caffeine by high performance liquid chromatography (HPLC).
Methods: Firstly, TSA, TSB and TSC were chemically synthesized. Then, the gradient elution conditions for HPLC analysis

iR EA: 2022-12-12 +IH5) ek
EEWB: w74 E 5L % (IRRL) 548 ERA (BE2020341) ;i F @B AL T2 K8R A (PAPD)
EERNT: RIFF (1997-) %, LA A, BT 8): &5 243 K, E-mail: 2020108062@stu.njau.edu.cn,
FUHEE (1998-) , %, MEHR A, B 6] R A3 R, E-mail: 2020108060@njau.edu.cn
*EIEIEE: vt (1964-) , B, 1L, 308, SFRF 6 R AWK, E-mail: zengxx@njau.edu.cn,,


mailto:2020108062@stu.njau.edu.cn
mailto:2020108060@njau.edu.cn

%443 5 19

were obtained according to the reported methods with some modifications. Chromatographic separation was achieved on a
Cosmosil 5C,¢-AR- 1T column (250 mm=4.6 mm, 5 pm). Ultrapure water (eluent A), 50 mmol/L H,PO, (eluent B) and
acetonitrile (eluent C) were used as the mobile phases. The DAD acquisition wavelength was set at 280 nm. The flow rate
was 0.8 mL/min and oven temperature was set at 30 “C. The volume of injection was 20 pL. Finally, the conents of these
componds mentioned above in green, oolong, black and dark teas were determined by the developed HPLC method.
Results: Under the optimized conditions, 4 kinds of epicatechins, 4 kinds of theaflavins, 3 kinds of theasinensins, gallic acid
and caffeine could be separated within 66 min. At the same time, in the range of 0.01~1.00 mg/mL, the substances and their
peak areas showed a good linear relationship (R* 0.9904~0.9966). The relative standard of deviation (RSD) for repeatability
was 1.034%~4.008%. The RSD of the precision and the stability were 1.882%~4.835% and 0.349%~3.994%, respectively.
The recovery test of three concentrations was in the range of 90.106%~107.331% and the RSD was less than 3.268%. In
adition, it was found that the contents of these 13 compounds were significantly different among different tea samples, and
all the detected values were within the effective determination range of the standard curve. Conclusion: The developend
method is simple, accurate, and reproducible, it can be used for the simultaneous determination of epi-catechins,
theaflavins, theasinensins, gallic acid, and caffeine in tea samples.
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E X B EME L S/N S 3 Fl 10 B AORE SR B, 13
FhERUE S A9 LOD 24 0.0002~0.011 mg/mL, LOQ
0.0007~0.037 mg/mL
2.2.22 EEVME EEEMRREIE BEE VISR
Nz 4 iR, 484 RSD B ZE 1.034%~4.008% =
(], 5d BH 1t 7 v A B AR B e 2544 B R4
R R S 4 R R H & 4 RSD (H
1.882%~4.835% 2 [0], ULHH ML 7 0 25 8 R AT, £
TE MG A AR A4S B RSD {BAE 0.349%~3.994%
Z 18], UaBH e AR e AT .
2.2.2.3 SE¥MAREICE 13 FibREY AR . T
(IR A AR BE R 09 MR g5 B an 3k 5 iR, 13 Fp
FRUEY) BT AE A R INAR A T 19 IR AE 90.106%~
107.331% Z 0], f5-G& FLBTndr B E FE 80%~120%,
)5 RSD<3.268%, 4% F-UERf{ 7] 57 .
23 ARFMHESFRILEER. RRETFER. FTHRE.
BEER) LZS = FuEE A & =M E

LEZS . I . L0 AN SR AS A M AR i I
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Table 3 Standard curve of authentic standards

L) ¢ BTl (mg/mL) mUEp ¥ HIEES (0.9 i HiBR (mg/mL) FE PR (mg/mL)

TSC 0.01~1.000 y=3676.9775x-209.2683 R*=0.9966 0.002 0.007

GA 0.01~1.000 y=22704.2817x+1854.5021 R=0.9932 0.008 0.024

TSB 0.01~1.000 y=14950.5572x—-1030.4098 R*=0.9950 0.003 0.010
EGC 0.01~1.000 y=3529.5253x-237.9732 R=0.9916 0.011 0.037
WA Bk 0.01~1.000 y=34920.3469x+700.6612 R*=0.9934 0.0002 0.0007
TSA 0.01~1.000 y=22508.2687x—1795.0829 R=0.9926 0.002 0.007

EC 0.01~1.000 ¥=9390.1784x-238.4576 R*=0.9935 0.006 0.018
EGCG 0.01~1.000 y=23425.5722x-1771.3976 R*=0.9904 0.003 0.01

ECG 0.01~1.000 y=7211.3934x-283.3098 R*=0.9945 0.003 0.010

TF 0.01~1.000 y=3676.9775x-209.2683 R*=0.9966 0.005 0.016
TF3G 0.01~1.000 y=22704.2817x+1854.5021 R*=0.9932 0.003 0.009
TF3°G 0.01~1.000 y=14950.5572x-1030.4098 R*=0.9950 0.003 0.009
TFDG 0.01~1.000 y=3529.5253x-237.9732 R*=0.9916 0.003 0.010

R4 KYPTEENE R RS AR
Table 4 The results of the repetitive, precision and stability
tests for substances

W EEMAMIXERE ORSEEATERE RRE AR AR
2 (%) 25 (%) 2z (%)

TSC 2.890 3.030 2.071
GA 1.829 1.882 2.348
TSB 3.426 3.188 2.847
EGC 1.304 2.934 1.904
UIIE(E Y 1.901 2.541 2.062
TSA 3.592 4835 0.349
EC 1.949 3.124 0.423
EGCG 1.034 4.155 3.844
ECG 2.665 3.378 3.444
TF 3.123 3.881 2396
TF3G 3.020 4.020 0.724
TF3°G 4.008 4278 3.994
TFDG 3.909 4288 3.500

K5 BT o ASEIZSIERE S b 13 Fhdg ot i & & an
6 JIm. MAFR 6 MTLIFE I, 8R45. 4125 SRS
M 4 PR ILASE L GA L TFs. TSs FinEm & &
AR LT SRS 4 PR ILZE TR MR
(171.65 mg/g), Hk &1 5245 (135.19 mg/g), LTS A

M S S R (S 9 29.72 mg/g Bl 29.89 mg/g),
5 SCHRHGE ) — 2 Ak, SRS L, 150
AT s L4522 (EGCG . ECG) Fr3AI%, 13X Al
HESE T HESS N T A AR s o0 Tk ) LS R wl kK
fEFAIE AR R LAS A GA, i fa B AERE AL
RERERAAG G INA R | AL R A

R B A R A LAS R Sl S AR iR S
Yy, mifa ISR REAIE R TFs Fi1 TSsPY, TSs
Jy L SIE AT IRER AL LAS R & e (20.717 mg/g),
HYRSETEASRILTES, 43504 17.228 mg/g Fil 15.106 mg/g,
LA R R LA R K S = A0 (3.942 mg/g), H
POFpZsAE 2 TSA &ia s, TSB s mH&/, 5
ZHTSCHR [22] HRIEM—3X . TFs Jr, KEBELEAS
AR E] TFs. J& KA AR E] TFs, 3X AT
e TS AR R A 3R e K 520,
TR IS S HoAth Yy o i — 2 SR G LS54

RO ML ER LN R BESLT S TFs &g
e . LIASAE JEASTh TFs fMadas35h 10.904 me/g
F1 9.046 mg/g, Hoh 41245 h TFDG F1 TF & 1= ¥ i
=5, 43904 2.958+0.037 mg/g il 2.845+0.011 mg/g,
s SR 5 Sk [28] HiE —3 . £IA5D GA S

RS AWEINEREIBCRRER 25 HR
Table 5 The results of the recovery test for substances
JnARi B (mg/mL ) JAR IR (% ) RSD(%)
Y — — —
= i i = i fi% =1 L 1%

TSC 0.45 0.25 0.05 90.996 91.166 90.878 1.234 1.219 1.204
GA 0.45 0.20 0.10 94.150 95.682 96.822 1.210 0.991 0.712
TSB 0.45 0.25 0.05 91.876 92.727 93.398 1219 1.226 1.320
EGC 0.80 0.50 0.20 95.989 95.880 95.771 0.503 0.489 0.475
IAHER 0.45 0.30 0.10 95.926 93.689 91.383 1.809 2.228 2.329
TSA 0.45 0.30 0.10 92.889 93.556 92.557 1.210 1.424 1.788
EC 0.45 0.30 0.10 99.080 98.662 99.800 3.120 3.268 3.110
EGCG 0.45 0.30 0.10 104.127 105.110 103.756 1.923 1.899 1.779
ECG 0.45 0.20 0.10 95.356 97.002 97.674 3.109 3.224 3.165
TF 0.18 0.10 0.02 95.826 94.939 96.869 1210 1.118 0.534
TF3G 0.18 0.10 0.02 101.662 102.986 101.373 1.519 2.880 2.366
TF3°G 0.18 0.10 0.02 107.331 106.313 103.827 0.308 0.210 0.154
TFDG 0.18 0.10 0.02 90.256 90.961 90.106 2.239 2.528 1.512
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A ;éi}gz 1-TSC 2-GA 3-TSB 4-EGC 5-Caffeine K6 REEE i
1.8x10° ? 6-TSA 7-EC 8-EGCG 9-ECG Table 6 Content of compounds in tea samples
g }Zﬁgj Yl % (mglg) S F(mglg) L4 (mglg) BAE(mglg)
fz }:éiigj 0 TSC  1.008+0.046'  6.669+0.007°  4.260+0.029"  4.083£0.041°
= 8.0x10° GA  3.909£0.023  4.775:0.029°  5.728+0.025¢ 5.008+0.016°
EE g-giigj . TSB  0.901+0.085°  4.854+0.062° 3.398+0.032°  3.992+0.067°
Sox10? 1 1BF N EGC  38.195+0.003° 24.858+0.031° 10.803+0.030° 10.811:0.029"
0.0 WIHEBR  34.495+0.020° 35.714+0.024° 38.388+0.047" 31.1390.028"
—2.0x10° 0 5 101520 25 30 35 40 45 50 35 60 65 TSA  2.033+0.017°  9.194+0.013°  9.570+0.021°  7.031£0.031°
{5 BA1A] (min) EC  20.894+0.045% 10.565£0.005 5.498+0.038 7.348+0.017°
B 22x10° _ EGCG  81.813+0.025¢ 76.868+0.024° 5.979+0.025°  5.693+0.005"
2.0x10° s T o & attene ECG  30.751£0.022° 22.903:0.041° 7.443£0.005" 6.04720.025"
1.8x107 $ 11LTF3G 12-TF3G 13-TFDG TF ND 2.845£0.011°  2.853£0.025" ND
% }jgz%g—* TF3G ND 2289+0.045"  2.724+0.043" ND
§ }(2)28: TF3'G ND 1.800£0.010°  2.369+0.010° ND
@:f 30x10° 0 TFDG ND 2.112+0.040°  2.958+0.037" ND
o gzgz}gj Al Lo Y R NG F R AT AE B 3% 2% 5 (P<0.05); NDZ /R A 7.
T 20x10° b LILO 7] i
Lol TSB #1 TSC iy, S5 AL F A EGCG. EGC.
0 51015 20 25 30 35 40 45 50 55 60 65 ECG. EC. TF, TFDG. TF3G. TF3°G. TSA, TSB,
PREAIH] (min) TSC. GA FmHEGR Y HPLC Jrik . FEMZEF R4S
C I I 13 A ST TTE 66 min T BIELS
s Ha I, IR DA 0.01-1.00 megfnl. (10T BEIE
= 1.4x10° ' ) ' YU BN 5 A T A e DG AR R4, O HaZor s
c e STVELT KW G . RS VT . AR Il 34 4
“E% gigﬁgi 2 5 Ko BJFFINRZITIERT SRS, Bede LLAcfiseh
yin g.gﬁgz 314 B 1.0 112 (1) 4 Fhe JLES 3 R HAR AL — 2R A (4 Ff TFs F1 3 Fp
00 el LU TSs) . GA FINHEGLBETT /3T A LA, % BRAS T 1)
“2.0x10° JRAEA R B0 T A 3 28 5 o 2025 v MR
0o 23%2;3?,55&?13 30930003 iR (38.38840.047 me/g), SRS T HERAK(31.139
D 1810’ ; +0.028 mg/g) . GA TELLAS. JBAS. BIp A Mgk As
if&}gj o e o Sy Cateine 14 i b BMRAR R 5.72840.025 . 5.008+0.016 .,
2 200 4.775+0.029 Fl 3.909+0.023 mg/g. LR 4 FhIL
i ; gigl %‘&:f;*éé%ﬁ 171.65 mg/g, HUUELIPZE 135.19 mg/g,
Eéﬁ 6010 | LIZRAIRAS B HESr 52N 29.72 mg/g Fil 29.89 mg/g.
gz 4.0x10° SEISML, 2025 Be s MR Ach EGCG #l ECG
2o _JLW i AR, T 2055 B L P 090 L BGC Al
~2.0x10° EC & 840w, X vl Be 545 R I A rh e B LAS R

0 5 IIO 1I5 26 2'5 3'0 3‘5 4'0 4I5 5I0 5I5 6I0 (;5
PREAI ] (min)
5 A%, Gipdk . LRI AORAR (i
Fig.5 Liquid chromatographic diagram of green tea, Oolong
tea, black tea and dark tea

A G425 B BJp % C 4145 D: B4

7 (5.728+0.025 mg/g), HR i BRI 5 Jp 255 (4351
M 5.008+0.016 mg/g Fl 4.775+0.029 mg/g), L5
B AR (3.909+0.023 mg/g), X -5 kb HEE U TE
A R W AR TP R R LS SRR A AR AR BR B LS R
T GAP? FH—3 . ARSI, oiMERR & i s =
38.388+0.047 mg/g(£14%), fiefiihy 31.139+0.028 mg/g
(BB%), 13 530k [30] HRIE M & B3t .
3 g

I E e LS G iy 7 ik dl 4 TSA.

FRIREEAE LA S AR A 5 A QRO ARG i T s
PRERI A S5 RME A5, S TSRS b 4 Rk
JLESER L 25 R RERR LA R | I T IR A G
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