12 % 4513 0 R A T E K R Vol. 12 No. 13

2021 47 A Journal of Food Safety and Quality Jul., 2021
® M, BREE
(W A8 Bl B B A I A ST B, B e 4 e 5 PO T e A R SR 3, KD 410017)

# E: BN 2SS (high performance liquid chromatography, HPLC)[R] AN 5E Z¢ 1k S A% Fh ¢
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Quantitative analysis of functional components in Anhua dark tea by high
performance liquid chromatography
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(Hunan Institute of Food Supervision Inspection and Research, Hunan Provincial Key Laboratory of Food Safety
Monitoring and Early Warning, Changsha 410017, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of the content of gallic acid,
epigallocatechin, catechin, epicatechin, epigallocatechin gallate, epicatechin gallate, caffeine, theobromine and
theophylline in Anhua dark tea by high performance liquid chromatography, and to compare the differences of the
content of catechins and alkaloids in Anhua dark tea produced by different production processes. Methods The
dark tea samples were extracted by soaking in a constant temperature water bath at 90 °C. The samples were eluted
using a Cig column (4.6 mmx250 mm, 5.0 um) with acetonitrile-0.1% phosphoric acid as the mobile phase in a
gradient manner at a flow rate of 1.0 mL/min, and detected by a diode array detector at 270 nm. Results Under the
selected analytical conditions, the ideal separation was obtained for the 9 kinds of components in the dark tea sample.

The linear relationship was good (r=0.9997) within the range of 0.5-100 pg/mL, and the spiked recoveries were
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within the range of 81.20%-101.20%, with the relative standard deviations of 1.88%—7.61%. The content and

components of catechins and alkaloids in raw dark green tea from different sources varied significantly, and the

content and components of catechins changed significantly during the processing of Fuzhuan brick tea. Conclusion

This method is simple, accurate, stable and reproducible, and can be used for quantitative analysis of functional

components in dark tea. This study provides a reference for scientific blending and process improvement of Anhua

dark tea.

KEY WORDS: high performance liquid chromatography; Anhua dark tea; catechin; alkaloid
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WERR (o> b, 12548 FbA R A BRA R, 20 .
L[ al, s R AR (R A R AT ARifEdh: ¥
f F & (gallic acid, GA) . £ K & ¥ JL & %
[(-)-epigallocatechin, EGC]. JLZ%Z[(+)-catechin, C]. #JL
%% # [(-)-epicatechin, EC], #WEFILEXRKE FIRIG
[(-)-epigallocatechin gallate, EGCG]. FILAET T TBRIE
[(-)-epicatechin gallate, ECG]. MIIME[X (caffeine, CAF), ] AJ
B (theobromine, THEOB) , Zf#(theophylline, THEOP)(£1i Ji
=95%, LiERMAYRE A RAF).

1.2 UFE5E%

Waters €2695-2998 =R RAH (i - — AR5 A IAG I 71
(35 Waters /A wl); AB204-s Z0Hr K- (Fif M- A1 4%
A PRAT]); Avabti TXN-26 B URELOHLL I 5a 2 PR /R
CERNBOYA PR ], EMS-40 fHIRRE 3RS (i A
IS A PR F]); MILLI-Q 4li7KHL(3E [ Millipore 23 H]).
1.3 LI FFE
1.3.1  ARAEER 6 B4

4y BIFRE 10.0 mg GA, EGC. C. EC. EGCG. ECG.
CAF. THEOB, THEOP XM/, &F 10 mL FEAaA S
b, I BAMITE 2, B 1.0 mg/mL RFRERE & 52
B v P S AR B R bR A &, ECAK 0.50. 1.0, 5.0,
10.0, 50.0. 100.0 ug/mL VRS HRE TAER
132 #Hsara®

HAFER RS L 40 B, FREX2.0 g BT 2
0.01 g)F 50 mL HEE @& H, A 25 mL 7K, 7E 90 °ClH
A PRI 20 min, WIEIAERS 10 min IR 1 K, &
SHREL 2 R, EAZE 50 mL, BAIEZEIR, B EERER
0.45 pm K AHUEHE, AF 5 7E 24 h PN 58 BUEERE 53 BT o
133 ARG E4LH

WA B 2 ZORBAX SB Cig (250 mmx
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4.6 mm, 5 um); FRBNHH: A 4 0. 1% ER K IF, B tHA 4

& BRI VERAEF: 0~20 min, 10%~25% B; 20~25 min,
25%~45% B; 25~30 min, 45%~10% B; i 1.0 mL/min;
BEREURFR 10 pL; P& P 270 nm; #EiR 30 °C.
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IR BE F v i P Rl i, 2 2R R A S AR, B
RTERBUS A . A IRBONR M IRIE M E 2RI 1 Kk, AF
FHE R AEEY . BT, AT HE A K AR R
PO, € 90 °CIEIE/KIAHZIEIEA 20 min, W 4R
10 min R4E 1 IR, ERFZE 2 K.
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-0. 1% BRI TRE EE VRIS, TS A H A B sUR T
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Fig.] Mix standard chromatogram (a) and samples chromatogram (b)
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Fig.1 Mix standard chromatogram (a) and samples chromatogram (b)

2.3 ZMSEEFIE HR

SEgrH UL 9 A BARL G PV BE A AR, TR FR A
AR tlbR Lk, L 3 MREMR LA SR R IR . ik
LR, MR BMHRILE 2, SRENZITIEL
PR, HXBRBOKTET 0.9997, LK AZER, 9
Tl 23 i 46 H R AE 0.010~0.10 mg/ke.

Fz2 EXRFIOMLSYINIERMEEMERTE. HXREMN
1 PR
Table 2 Regression equations, correlation coefficients, limits of
detection of 9 kinds of compounds in dark tea samples

MRS KMEHE KR
(r) /(ng/mL) /(mg/kg)

GA  Y=2.88x107X+5.33x10* r=0.9999 0.5~100  0.010

Hoy AR

THEOB Y=1.26x10"X+2.47x10* r=0.9999 0.5~100  0.030
THEOP Y=3.12x10"X+7.67x10* r=0.9997 0.5~100  0.010
EGC  Y=2.27x10°X+1.16x10* r=0.9999 0.5~100  0.100
C  Y=4.42x10°X+9.32x10° r=0.9998 0.5~100  0.100
CAF  Y=2.33x10"X+3.23x10* r=0.9999 0.5~100  0.030
EC  Y=5.87x10°X+1.33x10* r=0.9997 0.5~100  0.100
EGCG Y=1.20x10"X+2.34x10* r=0.9999 0.5~100  0.050

ECG  Y=1.32x10"X+3.04x10* r=0.9999 0.5~100  0.050

24 [EWNERMBEEZEE

Fel 1.3.2 M EA TR SRR B, 1.3.3 Ik A
S3Mre 43142 10.0, 20.0. 100.0 mg/kg 3 P/KFhnprte
i RIBCRACR, BASKPFEENE 6 Kk, THEAHX AR
{2 (relative standard deviation, RSD), SZIZEHRILE 3, 9
Fh2H 43 -9 26 81.20%~101.20%, A8 X7 MR 2%
1.88%~7.61%, | ZEFIRG % R AT

Fz3 EBEHP 9 USSP FHEERFIE AR E R E (=6)
Table 3 Average recoveries and relative standard deviation of 9
kinds of components in dark tea (n=6)

S

44 pgiliheEs

{mg/ke) fg/ke) EC%/%  RSD/%
10 9.78 97.80 4.55
GA 20 18.96 94.80 5.26
100 99.17 99.17 3.81
10 10.12 101.20 5.89
THEOB 20 18.98 94.90 4.54
100 95.18 95.18 4.55
10 9.12 91.20 5.02
THEOP 20 18.96 94.80 4.88
100 94.12 94.12 4.63
20 20.12 100.60 7.61
EGC 40 36.19 90.48 7.11
200 189.11 94.56 5.44
20 18.74 93.70 5.66
C 40 38.88 97.20 5.12
200 190.12 95.06 4.69
10 8.99 89.90 1.89
CAF 20 18.96 94.80 2.96
100 96.50 96.50 1.88
20 18.53 92.65 2.12
EC 40 38.45 96.13 4.13
200 196.51 98.26 2.05
10 8.99 89.90 6.12
EGCG 20 18.94 94.70 5.02
100 95.78 95.78 3.14
10 8.12 81.20 4.11
ECG 20 18.45 9225 3.56
100 95.63 95.63 3.16
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2.5 FAEMSLE

B —HE g, %08 1.3.2 ki TR TAL 2, 1.3.3
PIEIESAIET 0T 0. 6. 12, 18, 24 h ##HE, iHEAE
W St 3 4D A P ESF [0 R0 TR AR AR X i vl (i 22, 5 4 RS H
BRI RUE T . AR B R AR PRHER 22 R 0.66%~1.39%,
Xof 1 U TR AR B AR AT AR v I 25 R 0.28%~2.75%, K Wi 52w
T3 T e i A A AL oA o B A M R AT
26 RUWEFRPILFZRE, £YHEHEYRIENH

SR b 7k 0 B B 2% LA R P B B RN T A
A, IRHE . BEE . AETE R E AR B LR R R YY)
R A&, JLZEFE B E (total catechins, TC)LL EGC., C,
EC. EGCG. ECG Z fiit, B9z (total alkaloids, TA)
Pl CAF, THEOB, THEOP Z flif, Z5R L% 4, LR
BETHEERN 1067 g100 g S4B & &
3.48 g/100 g, Fre i LA R £22 EGCG . EGC. ECG
3 FRBILEE, FHERERNTHN 545, 299, 135 g/
100 g, HJLZER EA0 91.8%., EGCG. ECG X 2 Fiis Y
LR GILERBEM 63.7%, BIREER LA HAE LR

TR SRR LR, (HERTLAS R AR R A B &
i, RSBERTILRRIALERRILARE . BED
A 3 BRI T OMMES, T RIS 3.28 ¢/100 g,
29 7 SAE IR 95%.

27 RUBEZFDPILEZZRE £YHLEVYRESE
a3

HBOR DR 5 FA B A5 LR E SR AE i e o & &,
GER LR 5 S BIRENALSY  EGCG, JFUR™ A KT 1l1(H
SKE), B R (7.5440.38) ¢/100 g; 7= @ YFEIE (ALK
Yy, BEBEGERRKIMEBEESR T EGCG & & 4l
(6.13£0.58) . (4.15£0.58) /100 g, [f]—y=HuA[FMHFh ., [H
— pa B[] b OB [R]— 0 2 A i R B 2% EGCG
T2 5 0 25 (P<0.05), Ud BHJEURE Y 7 Hb R0 S Y 25 5 s
HWRERRP EGCC WM& E., AW Rl CAF,
B YRR R 91.2%~96.4%., A [FSRIRN B E S
FHSTHEFBR, FRTEHESN EGC. EGCG.
ECG. CAF %44, T REFRAHMRN T ZH1E,
ISR AT 22 R B R R PR

=4 BEFIMELAYINE TC. TANEE(E100g)
Table 4 Content of 9 kinds of compounds, TC and TA in dark tea samples (g/100 g)

b GA EGC C EC EGCG ECG CAF THEOB THEOP TC TA
T1 0.35 4.43 0.12 0.82 6.13 1.12 2.93 0.035 0.077 12.62 3.04
T2 0.34 4.46 0.12 0.79 6.06 1.13 3.07 0.032 0.065 12.56 3.17
T3 1.01 4.31 0.10 0.83 4.64 0.86 3.05 0.030 0.038 10.74 3.12
T4 0.33 3.68 0.11 0.82 6.06 1.29 3.13 0.028 0.070 11.96 3.23
T5 0.23 3.86 0.12 0.78 5.86 1.26 2.92 0.025 0.072 10.88 3.02
Té6 0.29 3.51 0.10 0.82 6.32 1.31 3.02 0.030 0.074 12.06 3.12
T7 0.18 2.87 0.10 0.94 4.15 1.66 2.58 0.17 0.084 9.72 2.83
T8 0.23 2.80 0.14 0.96 4.18 1.69 2.72 0.18 0.067 9.77 2.97
T9 0.52 2.71 0.10 0.99 2.72 1.09 2.86 0.20 0.038 7.61 3.10
T10 0.25 2.40 0.12 0.84 3.78 1.52 2.72 0.18 0.072 8.66 2.97
T11 0.21 2.49 0.12 0.86 4.02 1.54 2.71 0.19 0.048 9.03 2.95
T12 0.24 2.49 0.13 0.86 4.04 1.60 2.68 0.18 0.079 9.12 2.94
T13 0.31 2.71 0.10 0.56 7.54 1.51 3.94 0.15 0.11 12.42 4.20
T14 0.34 2.44 0.09 0.62 7.53 1.54 4.28 0.18 0.10 12.22 4.56
T15 0.50 2.72 0.09 0.71 5.20 1.08 4.10 0.17 0.038 9.80 4.31
T16 0.36 1.90 0.08 0.48 6.78 1.39 4.16 0.18 0.094 10.63 4.43
T17 0.38 2.08 0.08 0.52 6.91 1.4 4.18 0.16 0.096 10.99 4.44
T18 0.36 1.97 0.09 0.54 6.41 1.28 4.04 0.16 0.10 10.29 4.30

I E 0.36 2.99 0.11 0.76 5.45 1.35 3.28 0.13 0.070 10.67 3.48
e/ ME 0.18 1.90 0.08 0.48 2.72 0.86 2.58 0.03 0.040 7.61 2.83
wRME 1.01 4.46 0.14 0.99 7.54 1.69 4.28 0.20 0.11 13.06 4.56
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Table 5 Content of 9 kinds of compounds, TC and TA in raw
dark green tea from different sources (n=3)

i BB BB KFl
/(g/100g) (&Rt CEIPNED CEIPNED
GA 0.35+0.06 0.18+0.04° 0.31+0.08*
EGC 4.43£0.15° 2.86+0.16" 2.71+0.15"
C 0.120.02° 0.10£0.04° 0.098+0.03°
EC 0.8240.05° 0.9440.04° 0.56+0.03°
EGCG 6.13+0.58" 4.15+0.58" 7.54+0.38°
ECG 1.12+0.23° 1.66£0.25" 1.50+0.28°
CAF 2.93+0.33 2.58+0.33 3.94+0.23"
THEOB 0.035+0.01* 0.17+0.01° 0.15+0.02°
THEOP 0.0770.02" 0.084:£0.04° 0.1120.02°
TC 12.63+0.88" 9.72+0.69" 12.41+0.78"
TA 3.04+0.55" 2.8340.45° 4.19+0.43°

e [AAT AR R B OR 25 5O .2 (P>0.05), AN FBER R

#5183 (P<0.05),
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ARI) L ERIRER SR ) . RF LU ARSI )3 Rk i
BERGIRERSA S EEl. RFERFERERSH
INTAEFP=RIRFE R S A N 2 IR, ARRE A A F=ad 2
1, EGCG. ECG il GA Z84bAc K, 3 A Jsopbm 1A 4R
M TR B4 EGCG. ECG Il TC BB T ARIFERE
BT R, GA SR RIS 0. #5245 ARE TR B EGCG
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36.0%; T GA FrEIEINT 157%, BB EIE = RR
it 25 EGCG 1 GA W78 k¥ —3, R EGCG % # TFE,
GA & RIEINE 3). 214220 EGCG 1R N AMNEALIFE %
B, EGCG #— & M4 T rT 4L AL GA S5 ZF ™4 . Rl It
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R A RUE VIR E R R T, XN EYRARL
FIREXSDRRE A XK TE B 5 52 . IRAE 250 T
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1k, TA FERPET CAF, TA St Lo Basfk.
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Fig.2

At 9 Ffb-& 9 ) TC. TA M35 18 (n=3)

Average content of 9 kinds of compounds, TC and TA in raw dark green tea and Fuzhuan brick tea samples (n=3)
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Fig.3 Average content of GA and EGCG in raw dark green tea,
Xiangjian tea, Fuzhuan tea, dark black tea, Huazhuan tea and
Bailiang tea (n=3)
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Fig.4 Average content of 9 kinds of compounds, TC and TA in raw
dark green tea, Xiangjian tea, dark black tea, Huazhuan tea and
Bailiang tea (n=3)
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