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I

W E: BM SOWARZIE AR ER B BN, FE # o S8 E 2 W A L (polyphenol
oxidase, PPO)HEAE il & 25T &K, FFH & U AH (A1 75 (high performance liquid chromatography, HPLC)#: il 2% 1%
REYI, 40t 6 FIARRZ I A EZ LY B R0, SR 2l ik SR 100 °CKi
o 3R, 435 %A% #E R W Bk B AE A TR, HPLC 455 7R 100 CoKIE AL I 258 28k B I i,
Hrh 22 53,3 - WK & T IR (theaflavin-3,3°-gallate, TEDG)I¥ T VK hy 32.47 pg/mL, 53 2SS4 0o it vk
JEN 119.12 pg/mL. £51® 2t 100 °CoKIALBILIG 25 8 2 28 R 1) o e B i s, IR 4 SRl X A5 bR
ORI AN Tl A A P 4R — 2 S5 M .

KB W, BAURMEGIED; A ki B KA

Detection of the concentration of theaflavins with different enzymatic
termination methods by high performance liquid chromatography

ZHANG Shi-Qi"", LIU Yan-Ling', DENG Lin', XU Yi', LI Yu-Hao?

(1. School of Light Industry Engineering, Sichuan Technology Business College, Dujiangyan 611800, China;
2. College of Agricultural Sciences, Xichang University, Xichang 513401, China)

ABSTRACT: Objective To analyze the effects of different termination methods on the yield of theaflavins.
Methods Theaflavins were prepared through the enzymatic action of potato polyphenol oxidase (PPO). A high
performance liquid chromatography (HPLC) analysis was conducted to detect theaflavin compounds. The effects of 6
kinds of different termination methods on theaflavin yield were then analyzed. Results Following treatment with
microwave medium power, microwave high power, a 100 °C water bath and 3 kinds of inhibitors, the concentration of
theaflavins was measured. The results of the HPLC analysis indicated that the 100 °C water bath treatment resulted in
the highest theaflavin content, with theaflavin-3,3’-gallate (TFDG) reaching 32.47 pg/mL and theaflavin substances

at 119.12 pg/mL. Conclusion The concentration of theaflavins is highest after treatment in a 100 °C water bath.
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The research findings may provide valuable reference for rapid detection and industrial-scale production of

theaflavins.

KEY WORDS: theaflavins; high performance liquid chromatography; polyphenol oxidase; enzymatic reaction;
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il

0 5

2% #2225 W) [T (theaflavins  substances, TFs)f&£145H 1Y
KRAWIETER I, P 2R K (theaflavin, TF), ZR##-3-
BT HRME (theaflavin-3-gallate, TF-3-G), A &-3 % F
21 (theaflavin-3’-gallate, TF-3’-G) , 25 8 K -3,3°- & IR
(theaflavin-3,3’-gallate, TFDG) &2 ZL 45 H & BLIY 4 B 3= 22 TFs,
Xt BRSSO Tk e tEVE AT, TFs J2—
FhFRZ AP BT R 2RI s I R I s )
Eifk A, HABRA | Bigone® . BeipiimAs " 42 Fh
Tifig R TFs AL /ER S LS Z e+
FRTE E Iy 2RI oG, By LRens Rir B R 4L T 1Y 6k
Bl Wy ki, TF Bt bk Eaml . a8 TFDG 2
AR DR AR AE YOS I S HRTE XS
TFDG il e 516 IF R R 520

AW M & 3 3% (high  performance liquid
chromatography, HPLC)Mll%E TFs HAG 43 & s 4F, Wewf
AR, R TFs A% A gl TF
TR 2 B AL B (polyphenol oxidase, PPO)EA A/EMT
MEALILZS A A TR DR LA A BE O S i 45 20 ) 92 g
Fio 8k, EBHE B ohBiE TF MR %k, e
SNLEAT B — B R B A AL B E T . BFE R IO
OISR 20 AR A A R L R e PPO
il S PR AT RAFRIAER . AR BARTIIEGE B, AR
1E25 % Eh 44 3 PPO BT 45 TF A7~ A — s sl 720,
UL, HRIE A T4 5 PPO B fil 45 TF J A& 1L 4R R
AW BT E

FEMAE ROV L AR, PPO 522 i, A<
M 5T, LA RERA RN, Al—FRHBA
SR RS AL A P A LT S A I
f) HPLC 4 f%, #l 4 Fh TFs, SRARIE P&k . 100 °CK
TR A ) 550 %] Pl 02 52 o M R AT AL B, ff PPO R KiE
P, 38 5k T R S N AR SN S AR Y TFs R4 7
frill, LA TFDG 5 TFs (A G A ITHInE, 8B E S
Y PPO FIE SN ARITT Ik, M)a g Tolkfb 4™ TF
P —E PRI S

1 MR5ERE

1.1 R F
TF.TF-3-G . TF-3’-G . TFDG(br i 5 4 ¥ KT 98%,

AR PSR E R A PR AD); SR (T K); e
% PPO MR(I =TT, A2 Wy (LR oA AR A R
KED); ATERIR . BERRE TGN, SBIE T . BURIAR . L-F
BEEBR (B, AL il A R 7).

1.2 UE5EF

Agilent 1100 FEGRAHETEL . EC-Cig fAiHE(4.6 mmx
150 mm, 2.7 um)(3% [F Agilent B4 BRAA H]); NS000PLUS 4£84h
ST R RH AR TR AR, HZ1500L fH iR 57
PRI A EA FRAFD); TG16 FHl i AL
PO B O A FRARD); M1-L23B MMk () 7R 2%
B J&F Gy H 2 il i A BR 2> l); BSA124S HLF K- (Ff B
0.0001 g, A —{UERA PR W),

1.3 SKWHE
1.3.1 E43% PPO #] &

A PPO HREICR AR Bk, B4 d s gl
FEHCESL PPO Jy ik B, FREC: Bz V1B th44 55 200 g
FRBEALSIFEHA, FEIA 400 mL 55 1% KB 24
& L i (crosslinked polyvinylpyrrolidone, PVPP)f{) Fi ¥4 B iR
R 0 AR (0.05 mol/L pH 7.6)iRA, FHZAZIAI3MIAGME S min,
BEEIHMBIN 4 °COKFEPAIGENIR 2 12 h, AL R Tk
THUEHT R, U S IR = YA VR B OBLH, T
45 4 CCHYIREE T LA 8500 r/min A5 54 2.0 30 min, £5.0
Ja b EIE R D42 PPO B
1.3.2 HPLC %47 &4

KH EC-Cyg (il AE, TahAfsrilh 0.1% F Wy i A
ZNEWEW, Wik 1.0 mL/min, H:3 35 °C, ¥IPEK 280 nm.
BRI N3 1 PR .

F1 BEERRER

Table 1 Gradient elution program

T SARARTRT 0%

17l /min A A LA B
0.0 95.0 5.0
5.0 80.0 20.0
8.0 75.0 25.0

30.0 75.0 25.0
31.0 95.0 5.0
32.0 95.0 5.0
32.1 72.0 28.0
38.0 72.0 28.0
38.1 95.0 5.0
40.0 95.0 5.0
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FH1TE

133 TFsArfEw&ayds

FREC 100 mg M TF Arififh, FAHESGIFEAE
1000 mL, Ei#% TF (100 mg/L). TF-3-G (100 mg/L).
TF-3’-G (100 mg/L)#l TFDG (100 mg/L) 4 Flkr 1 S B .
WHR G BRR TR R, BTk A 4351 5. 10, 20, 35,
50, 100 mg/L, F 0.45 pm GFLIE I g5 BN A5 BE AR v
S TAEM . M HPLC M5E TF A b i, DLy &

TF PR EIARIE I 28
1.3.4 RREZ KM TFs F B8 %0
(1) PPO fifffie &5 B TFs

%% TENG P55z 5% 450 PPO #4717
FAE B TF J5 i, FREL 0.50 g 252 T 100 mL #riEiREh
SEPI IR PRSI RO, T SO I 1S mL # T

A% PPO RN, MERIE RN IR R . R EEIRIEE N
30 °C., #%3# K 1300 t/min, SR ETEN 90 min, Ff 45 H
J&, RAARFER R PPO #EF A HG TG, 5000 r/min
B0 10 min, B HIFRHATIE, R 0.22 pm AL,
SHUEB AT HPLC P& .

Q)X TFs 7= 8 1 50

FE AR SN 58 B, K S IV T 43 ) JBC N AR A v
LR 20 s, 52K 20 s PR QLN JE kA T T 770 5 Al
HPLC 5E .

(3) 100 °C/KIEXT TFs f= g Y2 1A

MR RN TE BT, 1 RN I IRE 100 °CK B H Nk
5 min, FEZ LN 5 #E4T B 70 A HPLC & .

(O [EHIH RN TFs 7= B 1500

FERIE RN TE T, K RN AT B 0.8 mg/mL

PURIMLER | 0.8 mg/mL A7 . 0.8 mg/mL L-} P& FRIE S o
FEZ b O S A T 0 A HPLC i .
1.3.5 PPO Bgi& Ayl 2

PPO [itHi7% 7 00 5E f JFF R A 2 R e 7 00 ) kA 71,
i FH 2 AN 66 BE AT PPO S 7052 . B 1.5 mL 28
A 0.5 mL PPO BEET 25 °C/KIEH 4 min J7, s
A 0.5 mL 2578 " BVETR, ic3% 30 s P9 420 nm AbMEOGREE Y
XL, TR 3 W, AW IR IEEHAC R . W
o AE 420 nm ZETEOERE 1 min NZ54E 0.001 h— S
FALU)s TR IAF(D):

B SI= 0% X VT, (1)

S AOD g o 5 st 18] P WY BE AE AR (B ¢ oA 52 g s i,
min; ¥, 4 PPO W HE U SRR, mL; v, R BURE b AR,

mL,
1.4 BUELIE
HPLC #4173 IREXK, f#ifi IBM SPSS Statistics 27.0

Xof i B 2 A7 Ab 3R A £ F L 8 (Waller-Duncan #5), fi
Origin 2021 %

2 HERE5HH

2.1 33 TF fremtrfEsk

T ) O B R Bl 5~100 mg/L Y TF AvfE TARM,
5 4 ZbrfEii gk, 2SR 2 PR, 4 FbRiEZy 2
HRTF 0.99, FWIEPARZE 43 A FE X5 12 e B A (a0 1
FUHA KPR LM R G

# 2 TFinfmhg
Table 2 Standard curves of TF

TF Bifk LM Fl/(mg/L) LM PSS () % H BR/(ug/mL) FE R /(pg/mL)
TF 5~100 Y=11.564X-12.387 0.9995 475 15.83
TF-3-G 5~100 Y=16.154X-25.888 0.9991 3.16 10.53
TF-3’-G 5~100 ¥=23.916X-44.895 0.9957 2.67 3.90
TFDG 5~100 ¥=19.884X-54.569 0.9912 3.30 11.00
e Y AR B X AR ) R T AR
22 PPO Eﬁfﬁj}/ﬂ“iéﬁ% Table 3%% 3PP(1'))Pengﬁ:1Ee?c(t?\:2 (n=3)
XL 1 T 4% 2 PPO SFA TR 1l e, 253k 3 L F 7 2 WIHETHRE 11/U LR F G W F1/U
JR, HF 3 AIAL, PPO WIMRHEHE 14 297.39~303.25 U, ok 302.33+0.89° 0.00
PPO [l 14 HATAAE B2 1E 2 5 (P>0.05); 23 A K 299.01+1.30° 0.00
211 )5 AL IR O J10 0 U, 12 R )y 2 4 100 “CokHf 297.39+1.56" 0.00
J5, PPO ipd 2051k, /52 FEARSE ML /E 1L TFs. LA 303254067 0.00
AR 298.66+0.31° 0.00
23 FREIZIEFRI TF REKRE RS kiR 299.47+0.62° 0.00

TE R SN 45 5, R AN TR 28 11 07 X0 S A4 2

T RFEFIAF /NG F B RAATE 3 22 5+:(P<0.05).
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HEATALTR, @3 HPLC R TF i, 458 a0& 1 iR, ih
B AL 100 °CoKIR AR FRAS R TF BTt e B f e,
7 43.36 pg/mL, 100 °CKIRALRI S faeips e K ALFE TF Ry s
To M2 T (P>0.05) . AR DR 52k
SEFRARE RN TF vk i T i g vk 22 5, (05 o kA
100 °C/KVAbFRMIAEAE i 25 F(P<0.05). £ 6 FMbHT =
vh, (AR 11 SN TF R B A, }927.65 pg/mL.

60 |
a
2 w0l I
) b
25 e
2 ¢ iy
i
Hé«fzo L
On ¥ & & &
R R
%&' %&? Qodx% {Xﬁ\‘@ %% X‘%"@“
g g S \¢
POLiyrEz

T AN TR 2R B3, P<0.05, T,
Bl 1 OREZE T TF BT vk BE 52 0w
Fig.1 Effects of different termination methods on TF concentration
24 FREILIEFRIT TF-3-G RERERNZN
AFIZ1ET7 R TF-3-G P B Es R A 2 Bos, il
FH 100 °CAKIBZ LU, TF-3-G B EEiRoR, 4 23.70 pg/ml,
S AR TF-3-G AR AT B P22 5(P<0.05). fif

30

25

20 cd _I_ —I_ _blc_

15 -

10 +

TF-3-GJii ¥ ¥ /(ug/mL)

o E & &
&K@ 3 Rl o
& o 8

Q
Ab T2
2 ARFEIZ AL A TF-3-G iR 3k LS

Fig.2 Effects of different termination methods on
TF-3-G concentration

FABCE ok BUIR IR 5 2 b W A B AR B X TF-3-G
LR R TG B M 25 - (P>0.05) . 75 6 FPab B 7=, el
BES AR AR OB, e TF-3-G A e e /b,
4 15.62 pg/mL,
2.5 AELRIEFRN TF-3’-G RERERNIT
AJRIZ b J7 o TF-3°-G i R B 1 s i 25 SR an el 3
fiiw, A 100 °CKIBZ R R ), TF-3-G A2 il ik 3 ik
i, 4 19.69 pg/mL, &M 100 °CoKIAAL FEFN BEZ IR b F T
TF-3-G R E LRSS, SHAMCR X7 /e B4k
ZEFH(P<0.05)o [Pk | 8 K SHUIR AR A F BIXT TF-3°-G
HIA B TC R B MR 176 6 PR =0, REER S I ARY
BRIV, HTF-3°-G 15 S e AL, 12,05 pg/mL.

25|
a a
20}
m
7 b be + b
C
A
= ¢
ﬁ 1
2ot
Q
T o & & e &
:zg;,& -A%gf@ F e %’%”&& %&@“
& & X

JiSL g
B3 AFZ LR TF-3°-G BRI 5

Fig.3 Effects of different termination methods on
TF-3’-G concentration

2.6 AELRIEFRN TFDG RERE RSN

FEBGIE SR Je XHRE S A TR [ 1 W (40 3, TFDG
BRI ik I B 4] 4 B, (A 100 °COKIBACERRY, TFDG Jfi bt
WP e, M 32.47 pg/ml, SHAWGEES A EL TFDG =4t
FEAE M2 F(P<0.05), 7E 6 FbBE =0, FRIRE Sy rFom
AFUIR MR 2k 2 v, H TFDG 1 % 2 W B 5 A1k,
16.00 pg/mL,
2.7 ARIZIEFRIT TFs RERERS N

FE A SV 5 X & R T AR TR 2 0 SO0 (A B . TF's
PYBTEMEEANE 5 FR: AT 100 CCORVESES I I i,
TFs JREWESERAME, ~ 119.12 pg/mL, H5HAbAL
B AR AAAE B2 S o A ISR iR A
2 e 42 R ok 4b B 2 (] TFs 9 5T R R G BB M
(P>0.05). 7E 6 FlAbFR Jy=Urh, RRIUAR S Aol AFF G R R 22
1ESRE, H TFs BTtk B Ak, 4 71.70 pg/mL.
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Fig.4 Effects of different termination methods on
TFDG concentration
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Fig.5 Effects of different termination methods on TFs concentration

3 Wit5%ER

AT RFE 24 % 0 e YL U T 4 1143 1 = AR 2 A
AL, BRI PPO BHE J1 . 7E 100 °C/KH FRERS
il PPO M K16 1k, BH.L5k B MG R A T e S 1, Ll 2
S R LA R AR Y, TRESH RS TFs Ak @
RELAE, TFs AT IR, (EAEME I ] AR 23 B £ 28
AR TFs R BRI, XA 100 °Cok i il
AR, TFs AR RN LR Z I IR o X TR Ak e,
AWEFEAG B TR 18] 5 DA A AE I, %) 22 B S AL i Y
TR T BOR B R 25, B TR, R BRI,
S BT INES € M i [ ST (R I S 3|
kSR K TFs B S5 HORIFTE e, ShA Ok, B

PO ST, WAL 25 R IR . HPLC 25 R 2R,
A3 B - B SRS, TFs B 775 B AR, 2Rt
BN BRI MBRAL BS TFs PR R AR E, Sk
FRALFR)E TFs J fEf77E 2 125 5 (P<0.05), AfEZM T
MRV LA R 8500, #F5EP % B 0.8 mg/mL Y
L->P e BR BE IS I 56 4 PRI ) 55 4 B4 2 W AL g, (24
B2 A AT 06 M, UMK IR P Ak A 00 0 i g e
SIS B AP0, RIS E BT I R A A AR vk
R R PN RSl PEANAIF T A [ e FE A HU R I R Xt
WA S AR ROR . AT IR BT RAFIPTR AR RE 1, Wl
WAL pH SR PPO 1EME, 3AFIZ 1FFHAE N 1
FyB2,

Wi HPLC X 4 Ff TF 4 1E, HE57 ThrifErhek, &
PR (18 ST VA R R e T R LA BRI I R R
R o4 T ALk 7 0% TRs P i, 4551 & e
it 100 °CKIBALFRG, TFDG W Bk 32.47 ug/mL,
TFs P & f5 im0 119.12 pg/mL, 5 A4 A5 2] %)™ &
e Ve 22 5, Wt R [RZE )0 TFS j i, R
100 °CIKVAANHEUEE A B4 PPO BHEZ LN ik, B
TG R TV AL 145 TFs $RAEFS BLAl AN 52 Bk 3E 5:
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