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Optimal HPLC Condition for Simultaneous Determination of Catechins and
Caffeine in Green Tea Extracts
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ABSTRACT The health benefits associated with tea con-
sumption have resulted in the wide inclusion of green tea
extracts in botanical dietary supplements, which are widely
consumed as adjuvants for complementary and alternative
medicines. Tea contains polyphenols such as catechins or
flavan-3-ols including (-)-epicatechin (EC), (-)-epigallocatechin
(EGC), (-)- epicatechin gallate (ECG), and (-)-epigallocate-
chin gallate (EGCG), as well as the alkaloid, caffeine. The
contents of catechins and caffeine in green tea are con-
sidered as a standard of quality evaluation of green tea.
Therefor, the purpose of this study was to investigate the
most suitable HPLC condition for simultaneous determina-
tion of catechins and caffeine in green tea extracts. The
efficient HPLC analytical condition of catechins and caf-
feine contained green tea extracts was developed. The gra-
dient elution employed a 250 mm X 4.6 mm i.d. YMC-pak
ODS-AM 303 column. The gradient system was used two
mobile phases. A gradient elution was performed with mo-
bile phase A, consisting of 0.1% aqueous phosphoric acid,
and mobile phase B, comprising 100% MeOH, and deli-
vered at a flow rate of 1 mL/min as follows: 0~25 min, 80%
A; 26~50 min, 80~70% A; 51 min, 80% A. 51~55 min, 80%
A. The UV detection wavelength was set at 280 nm. The
limit of detection (LOD) for catechins and caffeine stan-
dards were under 50 ng/mlL.

Keywords : green tea, catechins, caffeine, HPLC, simultaneous
determination
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acid(GA), (-)-gallocatechin(GC), (-)-epigallocatechin(EGC),
(+)-catechin(C), (-)-epigallocatechin gallate(EGCG), (-)-epi-
catechin(EC), (-)-gallocatechin gallate(GCG), (-)-epigallo-
catechin 3-(3"-O-methyl) gallate(EGCG-3) & (-)-epicatechin
gallate(ECG))2} caffeine<- Sigma-Aldrich Chemical Co.(USA)
2 Indofine chemical Co.(USA)Z K& 313, HPLC
22 AL-EH fetL-2 J. T. Baker Inc.(USA)ZHE L4
3t AEBIG oY, 24 TR 2o AlR7|(Milli-
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Table 1. The kinds of HPLC column for establishment of catechin and caffeine analysis condition.

No. Column Diameter (mm) Length (mm) Particle size (um)
1 Lichrospher RP-18e 4.6 125 5
2 Waters Nova pak C18 3.9 150 4
3 Zorbax Eclipse XDB C8 4.6 150 5
4 Hamilton PRP-1 4.1 150 5
5 Shiseido Capcell pak C18 4.6 150 5
6 Tosoh ODS-120T 4.6 150 5
7 Zorbax Eclipse XDB CI18 4.6 150 3.5
8 Shiseido Capcell pak C18 4.6 250 5
9 Tosoh ODS-120T 4.6 250 5
10 YMC-Pak ODS-AM 303 4.6 250 5
11 Waters Nova pak CI18 3.9 300 4
12 Waters u-Bondapak C18 3.9 300 10
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Fig. 1. UV spectra of galllc acid (left) and (-)-epicatechin gallate (right).

Table 2. Comparison on the characteristic absorbances of catechin compounds and caffeine.

Compound A max (nm) Compound A max (nm)
GA 216, 272 EGCG < 210, 274
GC < 210, 271 EC < 210, 279
EGC < 210, 270 GCG < 210, 275

C < 210, 279 EGCG-3 < 210, 276
Caffeine < 210, 273 ECG < 210, 278
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Fig. 2. HPLC chromatogram of 9 catechin compounds and caffeine standards (25 ppm) using Shiseido Capcell pak C18 column
(4.6%250 mm, 5 um)

Table 3. Comparison on the number of separation compounds with different HPLC columns.

Column Length (mm) No. of separation compounds
Hamilton PRP-1 150 7
Waters Nova-Pak C18 150 8
Zorbax Eclipse XDB C8 150 8
Waters l-Bondapak 300 8
Licroprep RP18e 125 9
Tosoh ODS 120T 150 9
Waters Nova-Pak C18 300 9
Zorbax Eclipse XDB-C18 150 10
Shiseido Capcell pak C18 150 10
Shiseido Capcell pak C18 250 10
Tosoh ODS 120T 250 10

YMC-Pak ODS-AM 303 250 10
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Fig. 3. Comparison on HPLC chromatograms of Hamilton PRP-1 and YMC-Pak ODS-AM 303 column.
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Table 4. Comparison on separation efficiency with different HPLC columns.

Column Compound Peak Rt. Peak Width N HEPT As Rs.
GA 2.96 0.1071 12213 0.0205 0.781 .
o GC 3.28 0.1317 9,912 0.0252 0.859 '
Shlseld(ol Scifrf)eu pak  pie 6.27 0.2024 15,330 0.0163 0.897 a
C 6.78 0.2164 15,683 0.0159 0.937
EGCG 12.36 0.3681 18,034 0.0139 0.942
GA 2.65 0.09 13,893 0.0180 0.712 Ny
Zorbax Eclipse GC 2.89 0.0994 13,563 0.0184 0.771 '
XDB C18 EGC 5.79 0.1476 24 587 0.0102 0.862
(15 cm) C 6.22 0.1552 25,666 0.0097 0.886 28
EGCG 1124 0.2702 27,682 0.0090 0.920
GA 472 0.1291 21351 0.0117 0.823 y
Shiseido Capcell pak GC 5.25 0.1561 18,126 0.0138 0.898
@25 cm) EGC 10.13 0.2494 26,391 0.0095 0.923 .
C 10.92 0.2640 27,370 0.0091 0.935
EGCG 20.07 0.5074 25.043 0.0100 0.893
GA 5.17 0.1351 23 431 0.0107 0.731 \
GC 5.68 0.1583 20,607 0.0121 0.806 |
TOSO}(‘Z?%;)DOT EGC 11.10 0.2573 29,777 0.0084 0.873 ‘s
C 11.99 0.2784 29,677 0.0084 0.871
EGCG 24.15 0.5712 28,594 0.0087 0.372
GA 5.47 0.1105 39,193 0.0064 0.829 .
6.21 0.1316 35,639 0.0070 0.873 '
YMC 8[5)50 r‘i‘)M 305 pae 13.60 0.2565 44.954 0.0056 0.973 -
C 14.32 0.2594 48,740 0.0051 0.982
EGCG 27.96 0.5054 48,955 0.0051 0.968

Rt.: Retention time, N: No. of theoretical plate, HEPT: Height equivalent to a theoretical plate, As: Peak asymmetric,
Rs: Resolution

Table S. Reproduction test of retention time at optimum HPLC condition(n = 10)

Retention time(min)

No. GA GC EGC C Caff EGCG EC GCG EGCG-3 ECG
1 5.19 6.06 12.65 13.24 21.25 25.81 31.02 41.84 44 .95 50.17
2 5.18 6.04 12.60 13.19 21.19 25.70 30.90 41.82 44 .98 50.23
3 5.19 6.06 12.63 13.23 21.24 25.80 30.96 41.79 44.99 50.24
4 5.19 6.06 12.70 13.29 21.28 25.91 31.06 41.84 45.00 50.24
5 5.19 6.06 12.75 13.34 21.29 25.88 31.07 41.94 45.05 50.28
6 5.19 6.03 12.59 13.18 21.19 25.77 30.99 41.89 45.03 50.29
7 5.20 6.07 12.64 13.23 21.28 25.86 31.07 41.92 45.05 50.28
8 5.20 6.07 12.66 13.25 21.30 25.88 31.07 41.92 45.03 50.26
9 5.34 6.07 12.60 13.19 21.22 25.71 30.93 41.68 4491 50.14
10 5.34 6.08 12.66 13.25 21.23 2571 30.39 41.76 4438 50.12

Min. 5.18 6.03 12.59 13.18 21.19 25.70 30.89 41.68 44.88 50.12

Max. 5.34 6.08 12.75 13.34 21.30 25.91 31.07 41.94 45.05 50.29

Mean 5.22 6.06 12.65 13.24 21.24 25.80 31.00 41.84 44.99 50.22

SD 0.06 0.02 0.05 0.05 0.04 0.08 0.07 0.08 0.06 0.06

CV 1.23 0.26 0.39 0.37 0.19 0.30 0.23 0.20 0.13 0.12
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Table 6. Reproduction test of peak area at optimum HPLC condition(n = 10)

Peak area
No: GA GC EGC C Caff EGCG EC GCG EGCG-3 ECG
1 17.0 4.2 135.0 7.1 1027.0 1006.3 196.9 23.3 40.7 405.9
2 16.8 4.1 134.7 6.9 1020.2 1010.3 188.0 24.2 39.7 399.4
3 17.3 4.3 135.9 6.8 1032.5 1022.7 176.4 24.7 39.9 404.2
4 18.2 4.1 133.2 6.4 1025.3 1027.8 177.4 24.6 42.7 404.5
5 17.5 3.8 133.8 6.4 1028.8 1029.4 183.9 24.6 41.0 406.3
6 17.9 4.3 136.2 6.4 1031.8 1017.4 184.6 24.8 40.8 409.7
7 16.7 4.3 135.5 7.1 1033.5 1034.1 183.8 26.7 42.0 405.5
8 16.1 4.2 132.3 6.4 1040.0 1016.0 183.1 253 40.7 396.4
9 16.3 4.3 135.0 6.1 1024.8 1010.6 184.9 26.5 42.2 412.1
10 17.4 3.9 132.0 6.6 1029.3 1014.6 178.9 24.6 41.2 402.3
Min. 16.10 3.80 132.00 6.10 1020.20 1006.30 176.40 23.30 39.70 396.40
Max. 18.20 4.30 136.20 7.10 1040.00 1034.10 196.90 26.70 42.70 412.10
Mean 17.12 4.15 134.36 6.62 1029.32 1018.92 183.79 24.93 41.09 404.63
SD 0.67 0.18 1.47 0.34 5.51 9.22 5.88 1.02 0.97 4.56
CV 3.91 4.29 1.09 5.13 0.54 0.91 3.20 4.08 2.35 1.13
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Fig. 4. Comparison on HPLC chromatograms for reproduction test (n = 10).
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Fig. 5. HPLC chromatogram of catechin compounds and caffeine at 50 ppb.
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