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Abstract: To explore the effects of withering and baking factors on the antioxidant biological activity of flat green
tea, based on single factor analysis, it was found that the withering temperature should be controlled at 190~210 C and the
withering time should be 5~7 minutes to preserve the antioxidant activity of green tea; Baking time is 30~40 minutes. Additionally
moreover, the optimal process for preserving the antioxidant activity of green tea was as follow: fixing at 190 ‘C for
5~9 min, along with roating at 150 ‘C for 30 min; the suboptimal process was: fixing at 210 C for 5 or 9 min, along with roasting at
150 °C for 30 min; fixing at 230 “C for 3.5 min along with shaping at 165 °C for 3.5 min, followed by roasting at 150 C for 30 min.
Correlation analysis showed that the correlation between the mass concentration of tea polyphenols in green tea solution and its
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in vitro and in vivo antioxidant activities was relatively low. However, the results of the antioxidant activity characterization

via the targeted adsorption and removal of tea polyphenols in green tea solution, and the gradient differential recombination

of tea polyphenols and the tea polyphenols in green tea solution showed that the mass concentration of tea polyphenols was

extremely strong and significantly correlated with the tea’s antioxidant activity. Therefore, it is speculated that there might be

other interfering factors that still require further research. The results indicate that the antioxidant activity of flat shaped green

tea is influenced by different processes such as fixation temperature and time, and roasting time, and combined processing

processes should be preferentially selected in order to preserve the activity of green tea. The results provide scientific basis

for the optimization of green tea processing technology.
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Table 1 Experimental design for different green

1.2.1

tea fixing (shaping)
s ‘ *F ‘ (=7 ‘ ks
e RA/, BE/ O RE/ R/ B/ BN/
T min T min T min
T-1 190 2.5 190 2.5 150 30
T-2 190 3.5 190 3.5 150 30
T-3 190 4.5 190 4.5 150 30
T-4 210 2.5 210 2.5 150 30
T-5 210 3.5 210 3.5 150 30
T-6 210 4.5 210 4.5 150 30
T-7% 230 2.5 200 2.5 150 30
T-8% 230 3.5 165 3.5 150 30
T-9% 230 4.5 165 4.5 150 30
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Table 2 Experimental design for different green tea

baking processes
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Table 3 Mass concentration levels of tea polyphenols in different solution systems (ng/mL)

e TR L8R IRAR F R LB R RFRGERFNRER
R LB ERALE RRREREE BB ERETE RRXREREE
kB TERE 68.04~74.66 6.62 4.17~44.03 39.86
DPPH A v L if TR 34.02~37.33 3.31 2.09~22.01 19.93
ABTS" & Wi ifrh % 27.22~29.86 2.65 2.09~22.01 19.93

&4 FEBWKKEFHEITR (pg/mL)
Table 4 Design table for tea polyphenol test level distribution (pg/mL)
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Table 5 Gradient differentiation recombination of tea
polyphenols in green tea base solution (pg/mL)

WEE RERETLE AR EREAL

5.0 6.68~26.68  6.68. 14.18. 16.68. 21.68. 26.68
10.0  11.68~51.68 11.68. 21.68. 31.68. 41.68. 51.68

6.68. 11.68. 16.68. 21.68.

s 6.68-51.68 26.68. 31.68. 41.68. 51.68
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Table 6 Effects of different fixing (shaping) temperatures on antioxidant bioactivity of green tea

TRFF (HR) BE/C

20 3
190 210 230

ROS % /% 22.10+1.28" 17.15+2.28" 12.84 £2.32°

A% (MH) BB TEREES /mmol/L FeSO, 7TH,0  226+0.11° 2.26+0.10° 2.30+0.20°
5 min DPPH # &1 2L R E /% 44.67 £1.52° 37.65 £ 1.36" 32.69 +2.06°
ABTS™ B ®1 3L F R E /% 63.38 +1.76" 59.23 £1.76 55.70 £ 1.61°

ROS F M5 /% 15.47 £ 1.54° 15.17 £2.03° 13.83 £ 1.90°

A% (#H) B TLREE /mmol/L FeSO, TH,0 2.37£0.07° 2.05+0.12° 2.37 £0.08"
7 min DPPH A &1 385 R E /% 50.07 £ 4.47" 39.58 +1.22° 37.28 £2.02°
ABTS' g &1 3L F TR F /% 63.92 £ 1.73° 59.50 £2.29" 55.00 * 3.45°
ROS F IR /% 16.68 = 1.60° 13.70 £3.03" 14.57 £1.39"

A& (KW) KRB TERAES/mmol/L FeSO, 7TH,0  233+0.14° 2.10+0.09° 2.09+0.11°
9 min DPPH A #138F5 R E /% 48.75 +1.57 40.57 £0.81° 35.93 +3.59°
ABTS' g &1 3L F R E /% 62.88 £3.52° 61.47 £1.69™ 58.26 £2.96°
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Table 7 Effects of different fixing (shaping) time on antioxidant bioactivity of green tea
s TR A&F (HEH) BFE)/min
5 7 9

ROS FHE/% 22.10 +1.28" 1547 = 1.54° 16.68 + 1.60°
190 CA% 4B TELRAS /mmol/L FeSO, 7TH,0  2.26+0.11° 2.37+0.07° 2.33+0.14°
(R DPPH & & S B2 /% 44.67%152°  4142+257°  40.58%0.90°
ABTS™ g w2 % /% 63.38 + 1.76" 63.92 +1.73° 62.88 +3.52°
 ROS IR (Y% 17.15£2.28° 15.17 +£2.03" 13.70 +3.03°
210 °CA %  HBTLRAES /mmol/L FeSO,7TH,0  2.26+0.10° 2.05+0.12° 2.10%0.09°
(HEH) DPPH & 1 2% R % /% 37.65+1.36°  34.82+0.70°  35.44+047
ABTS" A i FHRE/% 59.23 +1.76" 59.50 +2.29° 61.47 + 1.69°
ROS /% 12.84 +2.32° 13.83 +1.90" 14.57 +1.39°
230 Cx% BB TERA ) /mmol/L FeSO, TH,0  2.30+0.20° 237+0.08" 2.09+0.11°
() DPPH £ & sk i# % /% 32.690£2.06° 3337+ 1.16'  32.52%2.06°
ABTS" A R FHRE/% 55.70 £ 1.61° 55.00 * 3.45° 58.26 2.96"
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Fig.1 Effects of different baking processes on the antioxidant

20
a
15+ ab
b
10 +
5 L
0
T-10 T-11 T-12
ZH 3
3 -
a
b b
2- I I
1k
0
T-10 T-1T T-12
ZH 5
40
a
b b
30 -
20+
10+
0
T-10 T-11 T-12
ZH 5
80
a
60 1 a a
40
20+
0
T-10 T-11 T-12
ZH 5

1 ARG TEXEF R AN EWF LR

bioactivity of green tea

E: BY ERFEHEIRATANEZRRE (P<0.05),

TR

2.1.4 FREEHBRBREF XBAE mH A %R m
IAMFHE A

AEZAE (ER) L& R HE A PUA
AR W 2. B2 BoR, ARFRT (E
o) RbRs T M A SR B A s AR B AN
[F 20, ELAS R HR AR VP 0 45 SR 18] F7 £E B 2 22 e
W& tetnE, Prabae i F it (it 25%) i
A (25%~50%) KRR IR 23 51024 « ROS i
B (iflt: T-1. T-4. T-3 5 RAR: T-2. T-5. T-9).
BRI RBE S (el T-84 T2, T-3 5 &Ak: T-10.
T-7. T-1). DPPH H HEiERE (HL: T-1. T2,
T-3 3 AR: T-4.T-6.T-10). ABTS H HZEiFHRE (&
fo: T-2¢ T-1. T-3 5 KM: T-6. T-10. T-5). K,
A% B — FR AR o vk BB VPN TR A 0 P 1)
RS .

B RBUNBUR 5y, (E R PUEARE SR L,
T AL (AT 25%) R (25%~50%) 7KF 11
SrESE s T-1. T-2. T-3; T-6. T-10. T-4, FLMHAL
HARB M N B 0.090 3. 0.090 3. 0.088 7 ;
YAk 0.085 8. 0.0840. 0.083 1. Z5&E 1, T
PRAKFHIIN T T E N 190 CHA#HE (HEE) 59 min,
FH4hA 150 'C 30 min FIMERE T 7. &b TR ALK
ML TZN: 210 CHAF (FEE) 589 min, Jf
454150 °C 30 min FIMERE TR 5 230 ‘CAAT 3.5 min &
165 ‘CAEJE 3.5 min, 7454 150 ‘C 30 min FIHERS L%

BEXHEVI AR A B2 Em, 2fF K
BFFESE TOX — s, B, TSR, B
MRS FEFE 38, Zert Ptk A /7 (DPPH H i
BEIEBRAE D) IEETRAC, KRN AR R R AR A
R, AT DL AR K PR B M OR B A5 i A A e 7).
PN L A5 RS A T RAEAS . S A AR
P RO eAh, E NSRRI TR N T
WA E R T RBAI . RARMEEPRE R T AET
BRI (40~80 C) Xf NS Hra s PR s,
RIBEEIRETEE, PUEMTE TR, DT 0
FTAFEPATIREE (40~120 'C) FFHKSEHIFZH,
RIS S f A s s RS T e %, 75 80 °C
FE AR BN . BRI, B AR B2 5 iR B Y — A
KA R Z, A BE RS FE B T DL s K PR 2 Hb R B AF
VIR e, B EE IR B T AR ) I A R 4y
FEAE R S
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SR, B FC AR RIS B (1 i T Ab 28 77 sU 5 £ 9
EHEZ KRR, BT AFRMER. LEP
BT AN TR0 FAGURL B %o A A3 1 B 23 AN T AR A T
FISm . 45 BELRT, 7E 110~140 C 4tk 4 B,
TR (P35 M R 43 AT A A M ) i IR
BTG . T AR REPOVRRE T AN [ AROR T AR
(50~100 C) XJ#& fhusa Ak ge 1 semd . B T8
WP, F8 R DPPH [ Hh 3 1375 b BE 7732 47 4
e PRI, XFFARBEY, HEErmT R (5
R RIEE) FERBEH TS REAT TEMhAMA
AbEE,  DLOREA Seomp) AR E T, AN B LR B
TRME.

T-1 [70.0832 0.084 1 0.12
T-2| 00859 0.10
T3 [ 0.0834 ~ 0.0863

T4 [ 0.0819 0.084 1 0.0827 0.083 1 0.08
T-4 [ 0.0809 00853 | 00781 | 00793 | 0.0831 0.083 0

T-6 | 0.0847 00770 | 00796 | 00813 | 0082 | | 00858 |

7 [ 0.0799 00722 | 00854 | 00726 | 0.0772 0.0770

T-8 | 0.0808 0.077 8 00747 | 00761 0.076 2

T-9 [ 0.0834 00820 | 00793 | 00720 [ 0.0812 0.080 9
T-10 [ 0.082 1 0.0802 | 0.0880 | 0.0813 0.0841 0.084 0

T-11| 0.0861 0.063 7 0.080 8 0.071 5 0.0822 0.081 6
12 00601 | 00817 | 00701 | 0.0798 0.0792

FLWKT  RDSWFRR gk Ti& DPPHEH ABTS'HH BHEL
JRfgS MERRRE AERRE fig 1K

B2 ARRE (1EF ) TZRMIEAEITES
AL EYEERIRm
Fig.2 Effects of different green tea Fixing (Shaping) and
baking combinations on antioxidant bioactivity
A R TEARHMNKAET R SE B EREKF
(pg/mL) vABRARAFST 69 ROS HHRE., 4B TR R4
71« DPPH @ e R /A TR F & ABTS' f di R iF IR F R )2
—ACA I S FEAT R R E, F SRR ) K & ROS

FIRE, 4 H FiL R4S . DPPH A & A7 R % & ABTS”
A R E R RO RS AR R SR it A, AR
e (L) MEERTLREREAKFAGIAREMNS.

22 KX EMAEZKFMAN T IR

221 REBEZFRE T ORENMAEARR

% 8 R, REZWMFEIRE/K TS ROS JHHRE.
BRETICIRAE S, ABTS™ H H2EIE K% 1 DPPH H
FH LT R 2R AT AR e 55 o [ B DI 23 BT R B
ROS %[ % 5 DPPH. ABTS' H Hi &3 B 2 17] 43 1
EHEE (P<001) FfIEZE (P<0.05) f13%; DPPH
5 ABTS HHETEMRFR 2R EMHL (P<0.05).

% Wy 2 A5 o e B () LA AR R R 2
—, HIENEA AR ZiE, A, G
A% 2 Wy 0 o ik B KT 5 LB AR A M e A D
A XIERESEPTER T RIS RS 5
PUAAGIEVERR DG, RILEIEHF HZ 1 Pty Pg. 3%
i 25 i) My R Qui, DA K AT ¥ 14 0 R0 3 £ IR 55
HapiEibge fy. AR TIERR 2. DPPH HH
B bR R PRI [ B A B R S h TR R 2 IEA
Ko REMERPUARE N EMEZIEME, HE
FBA B IS bR R B R ARG, BRI
T P T7 20 S SRS P o S I A A T
s, KB DPPH H 3T B F AL R /145 5 5
By, SZPEF GABA &2 2 EH B EMC. X
FHILLAT . BEZHEN GABA 1E A B H AL
PERLSY, AT AV SR 2R AR S A A R

* 8 BEFSHREREKTESHANEWF LB PearsonfBX X R

Table 8 Pearson correlation analysis between green tea polyphenols mass concentration level and antioxidant bioactivity

F R * SR

o REBREREAT ROSFRE 45 TLRAE DPPH g d 2 FHE  ABTS AwikiErks
B 5 0REREAKT 1 -0.294 0 -0.208 0 0.024 0 0.3470
ROS #F % -0.294 0 1 0.2290 0.872 0%* 0.606 0*
B TEREEA -0.208 0 0.2290 1 0.4120 0.083 0
DPPH f w1 kAR % 0.024 0 0.872 0** 0.4120 1 0.840 0**
ABTS' & @& 0.3470 0.606 0* 0.083 0 0.840 0** 1

E: R BB EIREAT A pgmL ; ROS F MK 28 % By 52 R4 25 R T REAKF: 1.02~1.12 pg/mL ; 4k & Ti& R 48
DPPH A & A A4 ABTS' A w1 AR EN XN R LB LR Z 55 4 1 68.04~74.66. 34.02~37.33. 27.22~29.86 pg/mL ;
0.0<R’< 02 AFMIAHAXRIAMA; 02<R<04 A THML; 04<R<0.6 AT FHEREMAL; 0.6<R<0.8 ATERMXL;
08<R<1.0 R THEAMA. * R TFHAMEE (P<0.05); ** ATARMREE (P<0.01).
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R 9 FEABFXSHREREKFHRAENEYFERE

Table 9 Antioxidant bioactivity characterization of green tea solution tea polyphenol mass concentration levels

e A7 Test 0 Test 1 Test 2 ) )3 H A2 R AR K A
R BB EREAT (ug/mL) 45992 +27.78  280.28 =544  45.22+4.95 /
RLEBFRE/% / 3898250  90.18 £0.48 /
4R B FiE R #E A /(mmol/L) 0.70 +0.04° 0.45+0.03°  0.10+0.02°  y=0.014 99x+0.035 05 (R*=0.999 8)
DPPH A w1 557 R 5/% 37.06+0.86°  22.55+0.80°  3.77+048  3=1.666x+0.071 78 (R*=0.999 2)

ABTS' g &1 AR F /% 57.91 +3.56" 32.90 +0.84° 5.90 £ 0.35° y=2.589x-0.482 0 ( R’=0.993 6)
E:y AT BTEEMA (mmol/L) 2 DPPH 3 ABTS' & di A TRE (%), x ATNFENE S Bre) /R EREKTF (ng/ml).
AFFERRATAREZFRE (P<0.05).
F 10 FZERASEIMTEL EWTEKERLE

Table 10 Characterization of the in vitro antioxidant bioactivity of tea polyphenol single components

£ 3 EEEo SLE— bl et
R EEmRERETE 25~1 000 68.0~74.5
KB TEREANKLE FEBRRRKREREE 975 6.5
B2 5 AR FEE 1=0.002 980x+0.171 7( R*=0.9902) »y=0.001 863x+0.198 6 ( R*=0.9769)
R 5B R ERIZTE 25~500 34.0~37.5
DPPH & WA FREM KL FEHRAMEREE 475 3.5
BV L y=0.171 1x+12.01 (R*=0.990 8 ) »=0.687 0x-8.104 (R’=0.983 1)
R LB R RELE 25~100 27.0~31.0
ABTS A A FREN KL REBRRIXREREE 75 4.0
)3 F AR R »=0.702 7x+2.061 (R*=0.9958) y=2.244x-46.28 (R’=0.938 8)

E:y KRB TR (mmol/L) K DPPH 3 ABTS™ £ &1 /ARE (%), x AFRE 5 % Bre)R 2K EKF (pgml).
x 1 GFRERDESHHEEZRUEANERSNLEYFERZMm
Table 11 Effects of gradient differentiation recombination of tea polyphenols in green tea base solution on its antioxidant bioactivity
7% By /(ug/mL) B3 75 A2 B AE % A4 R

WEZ MEREEHE & & R fE 71 /mmol/L DPPH A &y & R % /% ABTS™ & & A7 IR E /%

5.0 6.68~26.68  y=0.004 161x+0.024 29 (R’=0.999 1) y=0.143 0x+5.362 (R>=0.908 4) y=0.859 9x+7.069( R’=0.996 7 )

10.0  11.68~51.68  y=0.003 806x+0.03127 (R*=0.9972) y=0.227 7x+3.880 (R*=0.961 5) y=0.825 1x+8.115( R*=0.991 9)
A 6.68~51.68  y=0.003 871x+0.029 04 (R*=0.992 6) =0.213 5x+4.331 (R*=0.532) y=0.839 9x+7.565( R*=0.994 5)

ExARSEREREARF (ngml); y H4 B Fi£ R4S (mmol/L GSH) % DPPH A w1 i#F % (%) & ABTS™ A
A FIRE (%),

KT, —MTIRLRIF AR 8 Brx 222 RRERTESBRDREAS A LA

ST AR (S, WMk, . RARRATRENY .
HEI RS IR RN T oS . %9 WoR, Test | I Test 2 2025 £ W) 1 i ik
TRIL, BILRRMEARR LR R S E a2 ) JE KP4 50l S8 35 B T 38.98% A1 90.18%. £ 444k
BAHRAEREM M. XEY, Rz st PUAALRE IR, S5 HEZ (Test 00 AHEL, Test 1
FIReA e ALk ER dE, A2 ot T RE3E R A Test 2 2 4% 7% (RSN EK B 138 J5L iE /7. DPPH Al
AR g, e 2 m iRk K256 ABTS' H HEERRF Y BERIC. 4REY], 4%
REEZRZRHIGEMACTATIAFAEFAL, TP R0 VAR 2% 22 Ty 1 B Bk B K1 B P AL e ) s 2
Fo MERSERIFH, BRI R ZMAEA R R T MR (R9D. Gb, REMEGRERTRIE T E
HIFTE A I AE BRPEAEN, BRIB U EHEICRR. XF

283




MR @i

Modern Food Science and Technology

2025, Vol.41, No.4

JISCRE T 2R 2 Wy B B3 HUE AL VE RO AL
223 R EBBREANERARR

®10 BoR, REMPRERE S HEKE TIE
JifE /1. DPPH H HEIEERF M ABTS" H H L5 R
RY G R WL EMHIC. 4REH, XL2H
BAN Rt Ene /1, JF HHGrE A vas L
BHR AT B
224 BRERT RS EAHEE T BRI
HEAIFINIR Z R 7R

F 1 RoR, G SRR R 2R 2 1 5
BIREHATHE R E R, REZMEREKRES
HA B TR A8 7). DPPH Rl ABTS' H HiEi R %
BRI o 2 2 VE R FR OGP . S5 RR B, FEAH
Al ER A, 2R 2 B IR T S P EY)
VR RIS, HIR 2 Mk B 0 22 et iR A4t
AP A RIS FE SR o

HRZ Wy B — e E 1) W P B 2 o T Y
LW UL LR Z B A A SR BB A
k5 7% 2 My 1 SE e ot B OR B K3 A5G AR
1M, A LA 22 By B g LR S AT 72 i 4 L ) 465
WEEMBEARLZS %P X2 h &85 Al
T 1k 2 B 22 T F S BB M A 22 0 ) e R AL AT REAE
T, REBR—MERE ST, B2
AR, BEIUERML, ANFEE LR AR B
SR, R ETILRREE TERE (EGCG).
KREBTILARE (BGO). KILAREE TR
(ECG) %5, H 5 DPPH B i3 ¥ Bk i /1 ] 22 4%
BEM M, A, BRI E R
Theanine. Theophylline. EGC. EGCG. (-)-Epiafzelechin
gallate. Procyanidin dimer. 4-Galloylquinic acid.
5-Caffeoyloylquinic acid. 3-Galloylquinic acid. ECG.
5-Galloylquinic acid. Dihydrokaempferol %J 7 M-I HT 4
eI HA RERMIERS. AR LZ8%%, LA
R S A S AR B S 28 B, T s e
18 FH R0 2% 22 T 225 400 2H Bk 0 17 80 LI e, AT B AEAE
HAb TR R R m Y+ Sk S Pm 5
RIEF T L1 E 2R A BT AR ST AL
TER, ERPAFEZREEIGUAENIERAR, iR
WK BEVE LA, 2o BLRTE B DPPH [ 1 %
RS, ZLRARGRNIE H HEEREE T, B
TG A 7 H R B, RPIAFEKR
LR A BT A I RE R W] REATAE — E I 2 7
Peo PR, WEPE—BIRARTT, LU E S0 A (R
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WEFA T T 25 8 T i B e [R) RT AE 455 Bsf [)
AR PUAA A WG R . BRR R AT R
W, NOREASZEIPUAIEYE, R RN i) 7R
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AT 3.5 min & 165 CHEE 3.5 min 4R, kst
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T.ZN 210 CAFH 58 9 min, FF454 150 C HEks
30 min ; 230 ‘CA&F 3.5 min & 165 ‘CAEJ 3.5 min,
H4EL4 150 CHERS 30 min. JCEEME TR B, 2445
TR R 2 T R P K 5 H AR AL A B
TR TR AR SRR . AR, Sl SR AT 4
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