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Determination of theaflavins in instant Yunnan black tea products by high
performance liquid chromatography

LIU Xue-Na', WU Xue-Jiao', LIU Shun-Hang?, LU Nian-Dong? LI Li-Wei'"

(1. Tasly Academy, Tianjin 300410, China; 2. Yunnan Tasly Deepuer Biological Tea Group Company Limited,
Puer 665000, China)

ABSTRACT: Objective To establish a method for the determination of theaflavins in instant Yunnan black tea
products by high performance liquid chromatography. Methods After extraction, the samples were separated by
Agilent ZORBAX SB-C,gcolumn using 0.1% formic acid acetonitrile-0.1% formic acid aqueous solution as the
mobile phase for gradient elution. The flow rate was 1 mL/min, the column temperature was 30 °C, and the detection
wavelength was 280 nm. The samples were quantified by external standard method. Results The 4 theaflavins had
good linear relationships within their respective concentration ranges, the correlation coefficients were all greater
than 0.9995, the limits of detection were 1.1-1.6 pg/g, the limits of quantification were 3.7-5.5 pg/g, the standard
recoveries were 95.08%—104.50%, and the relative standard deviations were less than 2.01%. Conclusion This
method has good repeatability, precision and stability, and is suitable for the determination of theaflavins in Yunnan
black instant tea products.
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BOUE, KL AR BAT (R AR Y 25 R YR
(theaflavins, TFs)Z4L 2SR B AEYNE LY i 2 —, X125k
Mt . EURAN & R 3 P MV E D, R R R —2
HATHRIF el Az 0 B Z b5, B Pk
AN /11673 1A NI 11, 5L /1 1 95101 /RN
B HEN O B R ARV 2R . HR, EALIZE
Ay B S E 20 28 TFs, Hrhii =20 TFs A 4 Fln 4%
W R (theaflavin, TF) . % ¥ £ -3- & & T M M
(theaflavin-3-gallate, TF-3-G) ., FX# #£ -3- % & TR
(theaflavin -3'-gallate, TF-3'-G). A% K-3,3'-W 2 F MR EF
(theaflavin-3,3'-gallate, TF-3,3'-G), PATEZLASH N ORI &
[ A5 BRI 2 I S R R, (HA
OG- BB L2125 1] i rp 25 38 3 28 SR vk i R B 4
Do TR, AR SO BT X SR TELLL At 1) s S8OROH €3
#1775 (high performance liquid chromatography, HPLC),
MRE 4 iAo 2 R &8, LI A E L A5 5 19 R
IO BEBE SR .
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1.1 SKIGHHY

Agilent 1260 =RUE M GG (EE Agilent 24 H]);
Mettler Toledo AG135 #lHLF K F-(Hit: Mettler Toledo 2%
F]); Allegra 64R £ 2% VR R 1 B0 ML(3E B Beckman
Coulter 22 /]); KQ-500F R i i Ye v (R LI TR 5 {45
ABRAF]); HH B TR K V5 (R M A 2 A B ] )
Millipore-Q #8241 7K Zb ¥ 72 45 (32 [ Millipore /4 Fl)o

TF % BEAH (41 98.70%) . TF-3-G Xf [ 4 (46
99.24%) . TF-3,3'-G X B 5 (1R 99.16%)(RLaR fi A= 1y
FARA A A]); TF-3'-G X R (S0 96.10%, Lifg[a] A
PIEARFBRAF]); HEE . NG (G, fEEBRA b)), B
iR . VK SRR al, Brhr TilRA BRA D), SER KR
—K,

BRI G S: 20200610) 0 K+ S WF5E B AR
Sl IT RO &, e R o B LA (L5 202005, 45
G DU, zrE R AT I A 2R A A B | S5k
ZoK¥E . SR VR4S . TR ZWIR
1.2 XWHE

12,1 &5t
K Agilent ZORBAX SB-C5(4.6 mmx250 mm, 5 um)

e, PEREARTRCN 10 uL, WS 0.1%H BR 2 -0.1%

HRKH R, W 1.0 mL/min, FEIR 30 °C, AR
280 nm, SR FIREREVENL, TS ARAS VR R P LA 1.

®1 BERRERF

Table 1 Gradient elution program
TSI IRTR K%
Fif [) /min
0.1% MR LI 0.1% 1 K7
0 8 92
30 15 85
60 25 75
72 28 72
75 8 92

122 3B AGH &

K BHRIL TF % HR 5 9.47 mg, TE-3-G %f 8 /i 9.86 mg,
TF-3'-G X} B 5y 9.98 mg, TF-3,3'-G XJ I8 5% 6.96 mg 43 &
T 5 mL ZEHH, B (70% F B . 29.9% K F1 0.1%
M) st E s, B4 TFA.894 mg/mL). TE-3-G
(1.972 mg/mL) . TF-3-G(1.996 mg/mL) fl TF-3,3-G
(1.392 mg/mL)4 A R BN B B . A EL I 4 Fh
PRI A REE S 1 mL T 10 mL &8I, ASREUA
TEZIEEAL, BVASTR G B8 TAEWR, IR i Hh 45 %t B
WY N TF 189.4 pg/mL ., TF-3-G 197.2 pg/mL. TF-3-G
199.6 pg/mL., TF-3,3'-G 139.2 pg/mL. FBIR 4% T
YW, ff TF X HEARIRIE /0514 0.947 . 1.894, 9.47 . 47.35,
94.7.189.4 pg/mL; TF-3-G X% B8 S & 43510 0.986.1.972,
9.86. 49.3. 98.6. 197.2 pg/mL; TF-3'-G X Bt fit i 5 43 5 Ky
0.998. 1.996. 9.98. 49.9. 99.8. 199.6 pug/mL; TF-3,3'-G
IR SR B3 0.696 . 1.392, 6.96. 34.8. 69.6.
139.2 pg/mL, RPASALEEXT B A AR -

1.2.3 AR S ed 6 &

FREX 0.2g B THLLAHE SR 21 0.0001 g) & T 10 mL
OB, A 5 mL 70 °CHiHad RRBUAR, ERA,
70 °C/K¥ 10 min, %F 5 min IRHERS—IK, FRR IR ERE,
4000 r/min #.0> 10 min, $8 FIERE 10 mL F200, X
ZRTERAE, BRI & 2 10 mL K 5l, E 5
¥259, F 0.45 pm UEAGTNE, TSR R A AR At

2 HR55H

2.1
2.1.1 AshraeHE R

ABFFER RS 5 0F, S Sa!Y, fsh i
BT HE-K . 2% MR IE2%BRKER . 0.1%H R Z
HE-0.1% P MR/KIEW 3 Pk RGEXT R E R EEER .
5 B CRE-KVE R s @k e R, B i2E, TG
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RIREIHE AT 2% LR L NE-2% LR /K G AR A i sh A,
T B S, %5 BT, WIEA 8, A
TF-3-G 5 TF-3,3-G 2 MR BRCR 822, Akt
0.1%F R 2 JE—0.1% F IR K IS WA AR i sh A, A
TSNS A0 (W TR RLAT,  HLAS2H 50 1) 0 B8 BE 0T o
R, ASHIFSE 265 % SOk B ERE ERIVERRCEE, DASEEL 4 4
BRI E R AN .
2,12 REER LI

AR RHAMESG & FE, 5% GBT
30483—2013 ( XN PR EZE RN E SRR GG ), %
LT K, TO% W . & 0.1% MR 70% H LA 3 Fh
PR O A5 9 RARBUSCE AT B O s o 255 R,
RN R BB WO 2% 8 R AR ICR S AR /N, (AR
0.1%F R 70% FF BB AE IR BUA W, & A REIERE,
STEETELE, I, ABPRIERE S 0.1%H BRI 70% H EE
TR U T

22 FFEEIE
221 AEWL. R ER

B 1.2.2 T AS B0 BB BETR A 6 IR CAE W, e
1.2.1 T % 5 43 50000 o 5 B A3 A D TR B, LK R i
TR AR, LUK BESh JE R B AR AR UEA TR AR BT, 2%
TARAEIIZR o A5 SR ARV BE A PR MV MR AR, Hic IR 3 (5
Fb(S/N)A BRI 5 2 A R B, 42218 10 F5 {51 L (S/N) 1S
FIRI i e PR . g5 RN 2 FoR, TF 45 A ARG
WEAT BAFRILRPESC R, 4 RN E 2 R A0 A H BRI Rl R
1.1~1.6 pg/g, EHRMRIEFEN 3.7~5.5 ng/g.
222 EMSH

SR 1.2 iR rE, SRR A XIS TAER
THLLAAE b SO S TRV SRR SRS 10 pL, G045
W EIEE, S5 ME 1 PR, SEIEELARE S &4 TF.
TF-3-G. TF-3'-G. TF-3,3-G.

®2 FERZRNEHRZ. RBERMESR

Table 2 Standard curve, limit of detection and limit of quantitative of theaflavins

% 2R M5 [Fl/(ug/mL) ey i AHC R B i BR/(ng/g) FE R/ (ng/g)
TF 0.947~189.4 Y=14503X+9856.1 0.9997 1.3 4.4
TF-3-G 0.986~197.2 Y=20609X-3335.6 0.9999 1.2 4.0
TF-3'-G 0.998~199.6 Y=14583X-5394 1.0000 1.6 5.5
TF-3,3'-G 0.696~139.2 Y=20614X+3115.7 0.9997 1.1 3.7
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223 MHEBE
i AL RS AR A, SR 6 W, BIK
10 puL., PB4 R &, 3558 A0 X5 A 22 (relative
standard deviation, RSD), Z50EFH, BIATHLIATHT 4 FhEE
KRR RSD 1E 0.63%~1.15%2 1], BHIiZ i A R
U IR 25
224 EEME
il B A LT AR A, BERLAT 45 6 1, ARIR
HEFE 10 pL. WIS AW E R, 43S T8 RSD.
ZER LN, WIRTEHL RN 4 PR R PR RSD 7E
0.77%~1.20%2Z i), BEBHZ AL RA RIFHEE M.
225 REH
il 8 A P AT HEARE S, 430 F 0. 2. 4. 6. 8.

10, 12, 18, 24 hXFUbFES AT HPLC 4347, #R3ES 5
M ARk, 15 RSD. S5, HRELAN 4 Fis
B2 A RSD 7E 1.50%~2.08%22 8], $8Hi% )5 :7E 24 h
WHA BT rFa e M.
22.6 MmAFEIL

B 1.2.3 T R (B 2 o 21 i I BV T 21 %)
JEFRAE R 1/2, AR AR FRKS- RO 2% 8 20 B, L
o255 3 2 B i KOP 4 SR B I 11 80% . 100% 11
120%, ¥ 1.2.1 WP AEEHETIE, IR RER
A HARRENSCR . 5003 3 PR, BIAHEESS 4 Fiks
Z AR ASE B AR DI AL 95.08%~104.50% 2 ], RSD 7E
1.39%~2.01%2 ], Ui B2y ik #afE R R rp 4 2k 20, Tl
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Table 3 Results of standard recoveries for theaflavins
sy A/ ng AR /ug Il H/ug T2 /% P-4 IR /% RSD/%

27.86 16.20 41.05 93.17

TF 27.86 27.00 53.01 96.63 95.08 1.85
27.86 37.80 62.66 95.43
44.07 27.00 68.65 96.59

TF-3-G 44.07 45.00 84.33 94.68 95.11 1.39
44.07 63.00 100.72 94.07
14.50 9.00 25.01 106.43

TF-3'-G 14.50 15.00 30.92 104.81 104.50 2.01
14.50 21.00 36.30 102.25
20.04 12.00 31.10 97.07

TF-3,3'-G 20.04 20.00 39.45 98.53 98.83 1.96
20.04 28.00 48.47 100.90

2.2.7 HaRmE

I T 2T R d i A R i, R 1.2.1 T Y
ISR TSR R R TR, SR ER, HIEHLRFEM,
TF. TF-3-G. TF-3-G. TF-3,3-G BJ& 0500 0.03%.
0.04%. 0.02%. 0.02%, ZSHE BT H 4 PRS2 H,
REENEN 0.11%,

3 5Tt

ABEFEE XA . SEBOEW 2 DAL, &
ST T A AL R 4 R R A B E Y
RSB ETEAS N T o i — BRI IEA IR, UESEI%
TR RE . EAEL . WERR I , RTAES R I  A
TELZL ) it P T AR 5 SR O R T 1 R e AR %
FS IR ST G 7 32 (R i A D00 RIS ad 15 min) A EE,
AT A R JEL S A, A AR IR . (B A A
FIAAR B2 2 BRI/, (T I35 e, Rl A SR A
PR AR B R AR B N R SC R LA, ST TR R
IR 4 [ 2 R A A R I
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