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60%~80%"", H7i # 5E B 5% & W] EGCG \EGC |
ECG EC J& it il £ i) 5 2% M0 o ) 3 22 b0 4k
Pig, I X 4 Rl 56 A B i Bt SR 1
TR 5 1k 54.40% , BRI T AR KN EGCG>
EGC>ECG>EC,  [RIHZ M 5% ik B 45 0 11 P9 5P
P ALY T AE AR KRR B e o 0 A4S MU A B 4R f
TR 28 RS Y B & o e S A
TH B 20%~25% , Ho v, 25 it 228 9 I A 00
T SA AL TG M, Wang 25 O8JF 57 26 B K 4R 5 25 2 0
IR 75 Ik Ak B A% 2 B AR B4 — e 1 A S
(DPPH H i3t | WIS 7 A R A k)
WEREES, HAMLEREN A EEZHE
EARDG , B 4 0% B DPPH - 3 /K A% iR 125 AT 4B
R ZE N GE TLLAS . SRASR IR A5 1 2 i
WORT£525 At LIV R BE T, S5 SR B R 2 0
PB4 25 A R 3R A 0 5 R — B BR e
HAb, 28T A 19%~4% 0 & FE R 2 AR 4 (1
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PEZ S RIWFFR R R P b is R &
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SR, T8 KX A5 v v e S Ak Sk 5 Y SR Ak L
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B BT AR R BRI R N BE M T R, R
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Table 1 Manufacturing processes of different teas

Ty APk mITY

XS Stot R Hogh TR

% Sivt > Z W oRB R BT IR
e X R

stot—F > & F R F TR
stot—E Moo A FoRATR
stet & F BB RAET R

P -
HE OBt B

B T Gy i S 1 B A BE D A D LR AL PR AR
P AN R 28 AR S 2R A B PR AR T . e R
PRSI . JR2 M LA B 3 o3 93 W7 25 5 1%
HedB R 16 BT 5 25 R dh 25 PR ALY S
UG Z B I 2 28 S0 2, LI ORI 9 2kt
WEFE A DR 7 N DU R 2%

1 MRERE
1.1 5

16 Bl v AE 5 T i A% SE L D (650+70)
JClkg, FE S A4 PR 7 b S H G 1 G 5 DL 2,

i Akl DPPH ABTS , 3 & 1 \ BRIUAL A1
JEMK e T 2R T O B G BR TR K I M4
% E) (6-hydroxy-2,5,7,8-tetramethylchroman—2—
carboxylic acid,Trolox), 3 [¥ Sigma 2~ 7] ; H T 1k
PO AT Al g, 2GR AT R A

x2 FHERER

Table 2 Information of selected tea samples

55 o 4 AR 7 H o0 % 5 o % AR FH
Al ATEFE B 19 B E 44T ik ed
B2 e EIEY 1z J10 KEREFR Fi-F=1
C3 EE AR EES =% K11 S FioF<a
D4 v R M L12 L () =&
ES RS A # " M13 AL 2R a4k
F6 FRXRIEF & N14 eI EL 43z
G7 ETH 3 015 e #ir
HS ERIEN 2 P16 FrEgi M
12 WFEHEE A g A PR W 5 o AT R AR (HWS26
MD SpectraMax M2 # £ Z GEFER 1L, Molec- AU A IR OK 78 5, b —TE R AR A R A ]
ular Devices; EX223 B, T K| B8 ( I 1.3 FHix

)4 B2 7] s pH i1, METTLER TOLEDO; ¥ J7
FH M S B0 ) 3781 BURE J hin B a1 8%

1.3.1 FESRRTALER S BRE RS oo oy s
HERA PR IS ASRE 1.00 g, Jin A 100 mL NI Z& 3 17 7K
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S RN R 10 min 5, 3 0 15 )08 T
E SN RNCE
1.3.2 Pria AW oo ny e
1.3.2.1 B ilE 28 Xu S50 )5 5108 AE
BB, U 253 h i B 7 e (R B TR M A
HEA, AR B TR AR o I S AR i
TR, AR g GAE/mL (ug gallic acid e-
quivalent/mL) A3 % 7R .
1.3.2.2 SVECER AW A TR S bR
SR FH U i 12 ) — i 1 603 €20 72 000 2 5% ¥ v B BT
(B, AR T AR I 2T A5 v i T
T, AR g RE/mL (pg rutin equivalent/
mL) ZAER .
1.3.23  @HMREARN E
SER R LR AN E
1.3.2.4  RJEREMIE SR B PN
A0 IR JEORE Y h
1325 SR E W—EEMET T 250
mL HEFEIH, 7K 10 mL,6 mol/L. HCI 2 mlL,70
CARB M NS min, EEE A H LRI 2
T, 1 NaOH %5 ¥ (200 o/L) i i 2 L1 (4714 2% (I
PE) R HG&RH . H TP B S BGL JFE R I 2
o
1.3.3 P AL TE P I
1.33.1 DPPH H tH R Br 8 /1 #F Brand -
Williams A5 J7 2 3L 0l LRl o4& ol , 0 %2 2% i )
DPPH H i AIEBREE 1 . 254 DPPH H Hi J i
(RPN R RN

DPPH Fisitiir 0= = U a00 (1)

0

A, A0 Ay Rl A ——53 SIS DPPH

2RO, & 80K % DPPH B 251 I
JEHE
1332 ABTS A HIGBRAEST 2 M Lee 25
TR AR E S, WEZR A ABTS A Hi HE T BR
fie 71, fHH Trolox JAmE i, Z 45 F A wmol TE/
mL(pmol Trolox equivalent/mL) 433 7R .
1333 )77 AR Tehabo 2 )y ik 3 A i
e, ME 2R AR IR R R Sk A v
i, X AR DL wg AAE/mL (ug ascorbic acid e-
quivalent/mL) Z5 £ 7R .

SR FHR JBE TH L

1334 £EBETFEELEES 28 Zheng 21
Jr IR s o, W R A A R TR AR .
il & — P .8 (Ethylene diamine tetraacetic
acid, EDTA) MHRAES , %45 R UL ng EE/mL (g
EDTA equivalent/mL) 254 37R .
1.4 HIEHW

T A 8 B H 0 5 3 UK, LAV Y (B b
i 22 " 1 B X 3R 45 D B0is . 32 FH SPSS 18.0 #k
8 (321 SPSS 28 R) ) #EAT B K 2 5 22 43 B A DGk
I3 M BRI T B E A AT

2 FEREHSM
21 mENHERS T
16 RSz B9 Sy BB IR SR b R

BEFLLOBE 5 L3R 3,

FE R 7 D, SRR AR R Y R
128.84 pg GAE/mL (% DR A ) ~954.64 g
GAE/mL(¥ 4 2F) . RV et & isde & 55
B T AT B () SRR S R TG R 2 5 (P>
0.05)41 , Hop 454 dn (] A 5 3% 22 5 (P<0.05) . Bk
SAEPIER TR 2R A R IR
228 & AT 1.71%~9.75%2 8], Hik
F>P RS A SLLAS o B A G T B
HEATH A, e B 16 A A i ) S B % Y Ry
1.29%~9.55% , H. 2% 2% (1Y) Jl B &5 12 fie ey , W 9R 45
HEAR—F,

FE RV 7 D, AR S R R R Y R
21.25 pg RE/mL( R4S )~208.02 pg RE/mL
(W T ) B (#O S eins® Sisaw5E
PHES . FI AT 5 223 B Al 25 S A [A] G i 2%
2558 (P>0.05) 4h , A 25 R il ] 4 1 3% 22 57 (P<
0.05), il S 45200 5 T AN [7] T 25 i & 1 < %%
U RIS LU RN 25 45 77 i Y v T B R R
B BT 0.37%~0.63%2 18], 1A 58 fr
5 R B R AT IR K B 16 Fh AR Y
THEEEN 0.21%~2.08% , W5 45 R 2 F A K, H
TR RS — P, B &Ik 208.02 g
RE/mL, 255 2 A8 4280 1.91 1%, BRf5 — &%
DURFEZS Y 9.79 A% . HoJst R AT BEAE T AN ] 255 4 A
FASTR] A A5 I T T 20 T 8O v ™ b BT 5 8 ) o
ANSHAE i H ARG a5 A% A TR 5 1
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FHE X EEFE RS RSN ER, Y
IR, Gao SFPILFE BT 78 K of ] 22 5 76 =5 T AL
T BT AR E , P I B RS T2 i
TILT-AR ¥ KR AT 8 1 AT v v 2 i AN ]
FEBE RS, 8 07 (4G M 45 SR A [

TERFERS R, AHMMEERESA S
FHHE N 0.85 mg/100 mL (7 T 25 )~6.85 mg/100
mL (B BRI, BRIGIHER M anF AR 58
B0 R = A I B, P e 0, A2
B () RIE AR T EARI L RS
55 2 DU AR 25 55 B 5 W) JC 35 2% 5 (P>0.05) 81,
FOA B RE B A I 35 22 57 (P<0.05) . Lv S5PF
LT 3 A R (B AS IR A SBRA) Y
hREAER SR, RAWBAERSTENT
1.02%~1.32%2 18], 4 1 g A ~625g @R,
W AR 5 0 2 R R S R AT AR R, R I 16 Al
KR MMEAERSA T EEHE N 0.53%~
4.20%. ML ABE S8 BT RE G 19 2R R 7 &
WHETE,

FEIR JEME 75 1D, 454 il 0 3 DM 2 B TR

16.81 mg/100 mL (% 7H (34 ) )~79.02 mg/100 mL (¥
WR%ER), REILEESREERN ZHBREKY
FIZlE, WT RSN S SRR RTREES
(P>0.05) 41, HoA ke ) ¥4 I8 35 22 5% (P<0.05) .
FE SR JT D, 25 A i 04 BB B R 24.50 mg/
100 mL (7 T %% )~84.70 mg/100 mL(Fi i = %5 %) .
PRM  n s A 5 FHERS MK
INEEERS A RS S o8 A S 7 U A S
HIBHE S P IDURESR LBRK S A ZRE 2
B S 5 () SRR A TE B 2 22 = (P>0.05)
Ab AR S B A 3 2 5 (P<0.05) , Bk 4 Tk
SRR 2 TN R4S AR O T AR 2, R
A ZHESENT 2.19%~2.89% 2 18], i 5 A 1F
ST A SR e SpE S B AT R B 16 RS
VR Y I R S VO 1.68%~7.90%, EbE
VLN 2.45%~8.47% 97 45 25 ok, H:
JE PR T BEAE T BTN 7 v R — K B E R B R 2K
B | T AR AT 9% SR I e 1, i S 0T 4
PR JE IR 22—, TRl AR [ ) 2§ 32 3 07 X
AN R R R B R A R E R R RN E,

x3 16 MEFFMAMLD LR

Table 3 Comparison of antioxidant substances in sixteen kinds of tea infusions

oAk B/ B/ BRI E RS &7 K X HE/
pg GAE -mL™! pg RE-ml™? mg- (100 mL)™ mg- (100 mL)™ mg- (100 mL)™
I i 588.01 + 8.23¢ 66.87 + 1.16¢ 3.67 £0.16° 79.02 + 1.89* 84.70 + 3.98*
ER:EFPY 811.40 + 8.94° 92.64 + 1.49¢ 3.80 £ 0.08° 71.06 +2.06" 77.35 +3.10°
EIE RS 302.12 + 3.35¢ 48.08 £ 0.41) 1.12 £ 0.03 3341 +£0.71 36.71 +0.83"
A 815.22 + 4.60° 84.77 = 0.95° 3.53 +0.16' 68.37 + 1.42¢ 81.38 + 1.72*
i Al 900.62 + 7.31" 28.69 = 1.01™ 6.85 + 0.24* 61.09 £ 1.24° 74.03 £ 1.48"
FRAREF 128.84 + 1.79" 21.25 +0.70" 1.08 + 0.04 39.11 + 0.90" 59.50 + 2.40¢
ETH 419.43 + 3.61" 208.02 +£3.31¢ 0.85 £ 0.02 20.94 + 0.88! 24.50 £ 0.59'
e 490.68 + 4.30" 52.41 £0.78 358 +0.11°" 31.38 £ 0.63 40.25 +0.81¢
b 2 44T 386.99 + 2.99' 49.47 + 0.68 3.49 £ 0.08' 23.52 £ 0.56" 48.33 £ 1.54'
REBH 450.60 + 3.86¢ 56.25 £ 0.93" 3.06 +0.10¢ 31.25+0.78 53.77 + 2.44¢
I F 292.53 +3.97' 33.69 + 0.77' 1.77 + 0.06" 20.53 +0.41' 61.75 + 1.85¢
EE () 413.39 + 5.83" 96.25 + 1.20° 3.46 £ 0.10' 16.81 £ 0.51™ 35.06 £ 0.71"
ZA 2R 336.10 = 6.06 43.00 + 0.75 2.85+0.10¢ 24.29 + 0.50" 49.01 £ 1.67"
eI EE 814.69 + 5.05¢ 94.50 £ 1.60° 4.85 +0.20" 45.87 £0.98" 62.85 +2.85¢
HEHF 954.64 + 6.20° 108.68 +2.03" 6.08 +0.17 51.84 +1.14° 71.08 + 1.43¢
FLERA 660.85 + 4.46¢ 74.06 = 0.89" 5.52 +0.20° 42.83 +0.94¢ 61.02 +2.04¢

T 0 P (AR 227 (n=3) ; [RI 9 /NG 7 BEAS 7] 38 7 ] — ) Kidls ) 22 5 Wk 25 (P<0.05)
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PEHC DPPH A B3 EBRAE 1 ABTS H 3 TH
BRAEE ST . 5 ) T4 e B 5 G e 01 S5 4 b ok Al
A () 255 I T R 9 ) 2% 3 1 B AR AR T R R s
[vi] FF LA O 10 52 kg B A X6 R, AR o ) i L £
6 TR B AT A il T PR I R H 4
AR 100 mg, K501 7 rp 45 Rl 2R 17 1 5 25 AR
S 100 mL, A Ji5 2245 FF S R SAUA0 06 M 1 L
AP BT, W BH R X BT IR il R ST R R B R R 100
mg/100 mL, Bl 1 mg/mL, 16 F i 8 A [[] 4% i (1 4%
U BB i R 1 B S AT D 2 SR WL 4,

FE T A5 R i R PH P 6 BE BT IR 1t 52 24 7
200 1% By 1% 5 F ,DPPH [t 3 (1 5 Bk B 11 78
2.37% (B BURAE S )~T77.59% (43546 T ) 2 18], BH
PE X BE BT IR 1L B2 B9 DPPH [ il 2538 KR e 71 o
21.21%, HA A B PUERIEAS A T 2519 DPPH
F 2RV BRAE 59 TRHPEXS IR, BR & inse . 5 i
G2E PRI SEHEBR IR, M S
I () T (B0 ) 5 A 2% A A i ) O
FH 25 (P>0.05) 40, R &M R A W3 25 5
(P<0.05) , B MG SO 58 T 50 00 AN ) 5% 77 i 4%
Vs kR DPPH H W& m93E 1, 458 % 9] DPPH H
H 35 119 3 [ R AE 59.52%~95.61% 2 18], W58 4%
AT ES R A RELE T RE S BT BORTA]

£ ABTS A i Z:iE R AE ) 07 1, W3k 4 fiw
S FEA T ABTS A BRI BRBE 1 S F S 1.15
wmol TE/mL(Z TR SS)~16.35 pmol TE/mL (7Y
WA ), B XS BRBUIR B2 (4 ABTS H HH 275 BR
fit 714 5.21 wmol TE/mL, R A 3 Mt (%5 &
2% B DURAE SR T 4%) 1 ABTS A i 275 Bk
AR T FHVEXS B PR G 2 5 B In & pg nl il
B SEHEBR MR aEAS T THIEE I
B SRIERN B, AZWE 58 ()
LR S B) I (3 25 57 (P>0.05) Ab , Hi A 4% BE 1]
YA 3% 22 57 (P<0.05) . Cardoso 55PN T 28 2%
JRE 25 LT 25 JE 2 25 %) ABTS [ iy 2L 35 4 fiE
RN . SRR SR ABTS H 275 bR e
J9(8.22+0.86) wmol TE/mL, i 4L 2% B % 25 X}
ABTS H H 25 FREE ST 0 (13.59+1.43 pmol ) TE/
mL, 41N SRS 2SI 1.65 175, RSt TRy
KA H AR, ZRZE RS A% ABTS H Hy 5

HEAE IR T AT &, SR, Wit
ABTS H 2535 B fig J1 £ AW 58 BT I ABTS H i
LV BR AR T RIS A

FEIR R T D5 T8, AR S 8 R T S LR
297.04 pg AAE/mL (F BRI XL ) ~1 659.72 pg
AAE/mL(BE &) A —PAM (CEH Bii% P
R T A A 2WEe RAR s
) AR MR B R T B XS B R4
InteE S at s el FHER SR F T
HRFSEILEE AZRESREAR LR
725 58 () S5 AR R R B 25 S (P>0.05) Ab
A A5 FE S R A 1B 35 22 5% (P<0.05) , Gulua 551
Mg T oA BRI SRAIEG S WAL
PLEOKRLZE R R T 85 R Bon a2 BKoat
K RAACLRA EWACLLAR VL R B2 235 1 8 T
F143 514 2.35,0.96,2.31,0.35,0.53 mg AAE/mL,
AT DVE IS A iR I ) ey, S AR 45 RAAT
T 7 45 SR B A = TACHIESY, It K AT g J2 A B
FERIEK LA 1:100, 17 Gulua S5 5 9 25K H
0 1:50, B Z K SmBEA T, N FEIRAS A 1
YA

A RE AR, N3 4 Fis &R
SIREATE RN 1.69 pg EE/mL(%H &
248)~54.99 wg EE/mL (R 508 Je WL ), oA s I %) FH
PEXTIRBUIR MR 1 4 IR ZE A R ), X B IRE AW
FEPTHE 16 B 8 25 75 4 J8 25 01 Oy 1 3 B
T BAPEXT BE ) BREE I B0 S5 2 e 2 AR
AT UL 5 A SRS R A R 3 2
5 (P>0.05) 41, Hoax #5 #F mh A1 B A & 35 25 = (P<
0.05), Carloni 4 E T 2% (A5 AR n: 5] 4%
RO MUIELR N &R E AR ) 45 R 2.
FIAS g a5 AR PR 2R 2% | 2045 TR 21 2% 19 4
& A BE 1 B A 0.477,0.178,0.147,0.449 ,
0.249 mmol EE/L, 4&JEZE A6 S5 HET A
SLLASERAS , AT T 45 J& 38 & 66 ) b 17
BB, KM EEE AR S E R 0.0058~0.188
mmol EE/L, %5 % 258K, HIEH . —J5 i n] 58
Y T P92 X6 4% i 1 7 R [R] (AR B 9 2%
JK H A 1:100, 1 Carloni ZEHWFFE A9 25K HE R 1
40 ; A BIF 5 IF FH i 7K Sk ik 7K, Carloni ZEWHIF 5% B
FH AR EE 7 90 “C4§), U3 —J5 I, Carloni 55
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AIF 5T 1 245 IS D[R] — 2R B iy of rp 3R AR, i A AF
FERZR R E Nz, X AT fE

i,

FEERE

F4 16 TFFZREENRRAALFEHLR
Table 4 Comparison of antioxidant activities in sixteen kinds of tea infusions and positive control
o DPPH & 1 & i ik ABTS 8 v & i iR ERAI e/
e 711% #& 71 /pmol TE-mL™ g AAE-mL™! pg EE-mL™!
El A S 54.92 + 1.60¢ 11.33 £0.28! 1 073.05 +36.95° 25.95 +1.27¢
(E:EIES 68.86 + 1.82° 13.20 £ 0.34¢ 1392.11 £51.27¢ 34.99 + 1.06°
ZE G5 25.92 +0.76! 3.96 +0.14' 397.79 £ 9.54* 1.69 + 0.05"
5 4 5 69.79 + 1.40° 16.35 £ 0.48¢ 1370.14 + 39.76¢ 38.70 £ 1.77¢
S R 73.50 £2.74" 13.32 +0.58¢ 1545.31 + 58.86" 54.99 + 1.88°
¥ XRIEH 2.37 £0.10" 1.15 £ 0.03 297.04 £ 10.02' 50.89 + 1.69"
FTH 14.12 £ 0.54' 3.01 £0.14 806.38 + 24.30¢ 8.88 + 0.24*
o 2% 47.45 + 1.45° 8.35+0.28° 1149.72 + 48.45¢ 20.98 + 0.60"
& & 44t 38.30 = 1.36" 6.72 £ 0.26' 740.19 + 23.54" 19.62 £ 0.66"
KR ER 43.84 £ 0.95¢ 8.12 +0.18° 727.04 +34.23" 6.51 £0.28'
S F 28.69 + 1.07' 5.80 + 0.24¢ 495.12 £ 9.98 4.75£0.10"
() 27.94 + 0.63" 6.48 £0.18 577.75 + 17.84 14.16 £ 0.82
E(A 30.40 + 091 6.76 £ 0.14 611.55 +22.441 4.16 £0.13"
BIREE 77.59 + 1.98 14.65 + 0.30" 1556.43 + 58.76" 40.92 £ 1.79°
HeF 76.83 +2.23 15.02 +0.51" 1659.72 + 54.91* 18.08 +0.52!
FLERA 64.58 +2.74° 11.10 £ 0.34¢ 1200.56 + 38.45" 27.71 £ 0.60'
F I A BR 21.21 £ 0.42" 5.21 £0.19" 1 .000.00 -

TE S5 RN P MR 227 (n=3) 5 R 9 /ING P B AN [ 9 7 7] — S B30 1) 2 5 1 8825 (P<0.05) s =R R A i

23 MHEEMHSWER TEARE ) 54 Ry R A R RORE
YRR A bt E AL (DPPH H & MRS E ) AT M b 5 IR L 5,
FRfieJ1 ABTS A HIEERREETT . BRI A& 8 5

x5 FAPEUEASERENFEEZENBEXE
Table 5 Correlation between active ingredients and antioxidant activities in tea infusions

DPPH & ABTS A

X

Wt R WA WA EEA  FES  ED ARS8 SRS G %if
Bk B i

DPPH A W £ & 4t A 1 0.974%%  (0.936%* 0.423 0.947%* 0.039 0.862%*  (0.682**  (0.676%*
ABTS B WL F e A 1 0.918%:* 0.438 0.943%:* 0.078 0.805%**  (0.723%*  (.73]1%*
TR A 1 0.505%* 0.972%:* 0.258 0.823**  (0.666%* 0.581*
BB BT HAR 1 0.467 -0.189 0.459 0.622* 0.588*
BB 1 0.257 0.830**  (0.692%* 0.616*
% R 1 -0.088 -0.047 -0.291
&R HE 1 0.471 0.526*
A 1 0.868**
AARAR |

¥ 78 P<0.05 KF B EMSE, . 78 P<0.01 /K F iR E A,
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HH 2 5 A1, 16 B 85 45 iR 5 25 1 B T
5 DPPH A A IEFRAE ST ABTS A B3 IEIR
Al 77 LA J5 ) 2 0 S 3 1 IE A G (P<0.01) , #H 56
FZB0r 10 0.947,0.943 F10.972, i U & 5
DPPH [ i 535 KR BE 1 LABTS [ i 535 B E 11 Al
i 5 5 3 M I AR G (P<0.01) , AH G R EUy
4 0.862,0.805,0.823, E b & &5 DPPH H
SLUEBRAE ST ABTS B Hi L3 bR B8 71 FlA i ) 22 4%
35 1E A 2E (P<0.01) , #H5C R 8043 ok 0.682,
0.723,0.666, ZHERESA T &5 DPPH H B 54
FRHE IR ABTS H Hi 235 R fig 7 S 4% 5 35 1 1E A
K (P<0.01) ,MHE R 51510 0.676,0.731; 54 5
15 L IE A 56 (P<0.05) , M 5 R ¥ M 0581,
SRS ENEAERSASESSERETELARD
Py 5 M IE M 6 (P<0.05) , K 56 &R B0y i ok
0.622,0.588, Jf HAUGEER S 48 & 2 5 he
ERME, HIE RN -0.189, M ALy if R
B RO 2 R A U 5 e 4% b AR Ak T
RN EZEHY T, 2 5 25 R 52 16 Fhi
B RE S A P A A TR T T SR T HE T R
SN ST TR S RS R S A>T
2.4 BRENSHER

XF 16 FhAS I FEA B 4 Rl TG PEUEAT &R
GRS HT , R 7 Euclidean 25 4 i 2 1fE
WA BRI HranE 1 TR,

IR B KT 20 B FES AT 40 2 2 R
KF5/6F 10 B, w4 16 ke SAR 5 b 58 3
R HAEHER VOB e B el 44
EHME SN 1K, M mE 48 I B IR
T THEBHERE 2, A2 REA S 5
() AR T A VR A PO
DUREAS N E 3 26, 456 BB 5 00l 0 )
LRGP EALRE T HEY J . 58 1 25550 2 555
326 BME BB PO e It m s s R xR g
TOFIEE 42 2F 5 PR b 2R B B A fk BE ) 3L
25 EWRHADWER

X AR FE BT A TE M (DPPH [ H 3
IHBREETT (ABTS H M BEIHBRAE ST . 1657 Fl 4 )
BFEAARE ) MBT ALY R Ry R | S 3
MR A I JEOE RILEORE ) 33X 9 AN 78 5t A JL 4 50 H 2
(TES % IR ST R EHSYIERE -SRI ETE S

B2
D4
ES
N14
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B1 16 FFEMHERBYBEIFTHRARE
Fig.1 Tree diagram of cluster analysis

of sixteen tea samples

H 7 Z BTN R I A S 80% L) I 45 Wk 6 % 7
R 8,
2 6 I, PRI PR 35 B R AE (R 38 K
T 1, Bt Jr 2 5Tk R N 82.846% , i1 HUHT F A4~
T s, Hob 5 1 F RS (PCL) B R AE 2
6.021, 2R EZN, B 66.897% 1 7L 55, I3k 7
fi7n ,DPPH [ H 235 BR B 77 ABTS A H 235 bR
e IRy &R B TR G B E R
R JFUREFLEBEAE PCL A B s i 2 er , D6 45
1 T FEAR WX SR AR 5 2 . 565 2 i
(PC2) MRS EAE 2 1.435, it B 15.949%11) 748 5,
27 PR, BEEEE PC2 A 5 384, Ui 2R
2 BRI AR T R S B, TR R
P F2 00 AT DLSEA J e & 58 An 115 B, ik
HesE 2 AN AS B (PCL AT PC2) RARER JF R 1 9
ARl A 1 PCL 1549 PC2 154y FNLi &
1345 (N 8 iR ) 45 SRR W, W\ & 2R 4 G 3 o0 HiE
B LR R e W SR U el
FHER T LHREBE MEs%Z4 LB K
FAS VA ) VR RTE TR

B L W R A B DURETR
3 it

I A 16 Fhvi B S AR S AR A L
VIR RN I P, & BR A B T R i TR G
FME2E R (P>0.05) 51, HAR AR 25 7 K8 18] 1Y $e
AALY S B AP RATEE 2 R B (P<0.05);
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x6 ETHOWWMBFHEERERFERBE
Table 6 Initial eigenvalue and cumulative variance

contribution rate of principal components

R7 HM2ANERSHIEREKIR
Table 7 Source of variation for two principal

components (PC)

N g 5 £ it £ . F1ERS H2EIRS
Tk H1% Tk /% PCl PC2
1 6.021 66.897 66.897 DPPH # k& kst A 0.956 0.134
2 1.435 15.948 82.846 ABTS B WA Frkse A 0.960 0.121
3 0.749 8.325 91.171 TR 0.940 0.281
4 0.528 5.870 97.041 kB THRERA 0.618 -0.438
5 0.105 1.164 98.205 i) 0.952 0.279
6 0.096 1.071 99.276 % S 0.028 0.876
7 0.034 0.374 99.650 REBRER 0.845 0.068
8 0.020 0.217 99.868 & JRHE 0.817 -0.272
9 0.012 0.132 100.000 o 0.795 -0.457
*8 FEMHERABIMEEES
Table 8 Main component score and comprehensive score of tea

%5 H 0w 4 AR PCl1 # 4 F1 Fl1 # % PC2 74 F2 F2 # % B/ ZAFaHL
Al Ea e WS 1.68076 6 -0.97886 14 1.16888 7

B2 IEREIEN 2.56108 5 -0.02242 8 2.06385 5

C3 i E e -2.95260 15 -0.20634 9 —-2.42405 15

D4 o & 2.88473 3 -0.22624 11 2.28598 3

E5 ) T S AL 3.59674 1 -1.02386 15 2.70745 2

K6 FRRAK -2.70114 14 -2.65305 16 -2.69188 16

G7 ETR -3.03311 16 2.89420 1 -1.89232 13

H8 EER S -0.48783 8 0.24004 6 -0.34775 8

19 b T4 AT -1.31071 10 -0.25452 12 -1.10743 10
J10 Kk BFR -1.06280 9 0.02982 7 —-0.85251 9

K11 S F -2.27207 13 -0.78177 13 -1.98524 14
L12 A () -2.02954 12 0.87465 3 -1.47059 11
M13 E XIS —-1.95875 11 -0.22084 10 -1.62427 12
N14 B EE 2.60586 4 0.68012 4 2.23522 4
015 FA 3.08601 1.38965 2 2.75953 1

P16 FILEEAR 1.39335 0.25942 5 1.17511 6

G375 46 T B 4 4F 00 DPPH H i 5635 R BE ) &%
5%, HA 14 R0 25 % 00 DPPH A H 335 bR g )
T HUR RS ; PEIIEIEAY ABTS H i 535 BR g
T, A 13 R A 25710 ABTS [ B 375 BR
RE I THUIR LR ; 95 4 2F i I8 ) ek, AT 8
FP2E 25 W38 IR 0 8 FHUIR AR 5 me ot 2 e IR
e mEA TR, HITARTRoNEeBES
F1 359 T HUIR AR (A Y ) 5 AH 5k 43 A7 45 L 3%

BB 3 DEORE SO R R A U R T 2R 2R
DPTRALTE TR PR B, O B 2%
i it AT PR e HE R O S > R LR A R > 18 I
> SO>S TR 528 0 45 SR R WIAE B B AR (75 18
eI R R R | IR A M 2R 5 MR IR
LR PURALRE B AR o Bl R R W]
WA RS 1, ORI
AT P e (R IHBR, 5 RIS LR 2L



360

O &

[
[215)

i

2022 55 10 #1

ARFF— 2, DI R T 16 B B 2 i RE a2
DI PURAY B S PR AL TR VR Z B 28 5 &R
N BT EACHLRI AT S B T R dle e A, ] A
A R T R AL T 25

(1]

2]

[5]

(6]

& £ x #

ZHAO C N, TANG G Y, CAO S Y, et al. Pheno-
lic profiles and antioxidant activities of 30 tea infu-
sions from green, black, oolong, white, yellow and
dark Teas|J]. Antioxidants, 2019, 8(7). 1-14.
HHIERE , PROUH, MHEHE, SF. phif &R XT PR e
I AL R 09 52 0 K AR OCAE S BT v R
iz, 2018, 18(10). 128-136.

HAN Y C, CHEN H J, GAO H Y, et al. Effects
of brewing conditions on antioxidant properties of
Xihu Longjing and correlation analysis[J]. Journal of
Chinese Institute of Food Science and Technology,
2018, 18(10): 128-136.

e Ag b E 2R SCA X A B 5 2R i 0 BR B R T
R[D]. Kb, Ll R, 2017.

SHENG M. The study on international communica-
tion of Chinese tea culture and development of tea
exportation in China[D]. Changsha: Hunan Agricultu-
ral University, 2017.

CARLONI P, TIANO L, PADELLA L, et al. An-
tioxidant activity of white, green and black tea ob-
tained from the same tea cultivar[J]. Food Research
International, 2013, 53(2): 900-908.

SAMADI S, FARD F R. Phytochemical properties,
antioxidant activity and mineral content (Fe, Zn and
Cu) in Iranian produced black tea, green tea and
roselle calyces|J] Biocatalysis and Agricultural Biotech-
nology, 2020, 23: 101472.

WANG H S, CHEN J R, REN P F, et al. Ulira-
sound irradiation alters the spatial structure and im-
proves the antioxidant activity of the yellow tea
polysaccharide [J].
70 105355.
LIU Y, LUO L Y, LIAO C X. Effects of brewing

Ultrasonics  Sonochemistry, 2021,

conditions on the phytochemical composition, sensory
qualities and antioxidant activity of green tea infu-
sion: A study using response surface methodology[J].
Food Chemistry, 2018, 269: 24-34.

DONLAO N, OGAWA Y.

Impacts of processing

9

[10]

(1]

[12]

[13]

[14]

conditions on digestive recovery of polyphenolic
compounds and stability of the antioxidant activity of
green tea infusion during in wvitro gastrointestinal di-
gestion[J]. LWT=Food Science and Technology, 2018,
89: 648-656.

FRBE . 2 LW R AN T R b o Ak A AR Ak
MEDFFE[D]. S . LRkl R4, 2018.

CAO L T. Study on the changes of main chemical
components during the processing of Huoshan large
yellow tea[D]. Hefei: Anhui Agricultural University,
2018.

FRLLHL, IRV, BART, 4F. ICP-MS ML E A
PR T Y RO TR )] BRI ST R,
2015, 36(8): 65-67.

QL H G, YINHT, LIAO Z Y, et al. Determina-
tion of minerals and trace elements of green tea
from four different areas by ICP-MS with microwave
digestion[J]. Food Research and Development, 2015,
36(8): 65-67.

WO, RS, RV, . R TRRT EE KoEA
KPR W T (). R RS, 2019, 39(1): 23-
33.

DAT S, LU Y, YU P H, et al. Research progress
of the preventing effects of tea on aging and aged—
related pathologies[J]. Journal of Tea Science, 2019,
39(1): 23-33.

PORA BB RE)]. b E R e, 2018, 18(4):
210.

Drinking tea helps to prevent virus[J]. Journal of
Chinese Institute of Food Science and Technology,
2018, 18(4): 210.

IMIER], RUHEB, B A R[4 0y 5 I 28R A
W W R M 1 0 % e e mh ] & WA 5T R
2018, 39(9): 152-158.

SUN S L, LIU Y Q, LIU J, et al. Study on the
effects of Pu’er tea stored at different years in re-
lieving diabetes mellitus and hyperlipidemia in vitro
and its material basis[J]. Food Research and Devel-
opment, 2018, 39(9): 152-158.

gl A BE, A, SF 25 B A M K
i B0 AR RPLE[D] b B R AL AR A, 2019,
19(8): 303-311.

GU Y J, JIN E H, LI B, et al. The effect and
mechanism of tea pharmacological components on o-
ral pathogenic bacteria[J]. Journal of Chinese Insti-

tute of Food Science and Technology, 2019, 19



2286 %10

16 #F 7 & F vt 3 BAL B M B B ALY TR o AT

361

(8): 303-311.

[15] J7 ;e 28 v AL/ B FOm AL ST, A R,

[17]

[18]

[19]

[20]

[21]

2000(1): 21-22.

FANG Y Z. Anticancer mechanism of antioxidation
of tea[J]. Cancer in China, 2000(1). 21-22.
FIMEJR, 37 2. JURD 2 i A A il 23 B B s e i
PEPAT(T]. HEEY S5 ESE, 2020, 26(1): 31-36.
BAI' Y X, HOU C Y. Analysis of biochemical com-
ponents and antioxidant activities in several kinds of
tea|J]. Food and Nutrition in China, 2020, 26(1):
31-36.

i W S 2k 2 W BRLR EGCG Y BT 48 1B AE T I
PLAARWF[D]. dEat . JEathEZy R, 2019.

LIN M X. Anti-anxiety effect and mechanism of tea
and tea polyphenol monomer EGCG [D]. Beijing:
Beijing University of Chinese Medicine, 2019.
B, RBOW, SRR, 5. I AN TR
R (3 8 5 5 2 J/OL]. &R Rk, 2021 1-15.
http://kns.cnkinetkems/detail/11.2206.T5.20210323.1626.
054.html.

YANG L X, WU D H, LU Z D, et al. Isolation
and identification of antioxidative compounds in beer
with Yuan‘an yellow tea[J/OL]. Journal of Food Sci-
ence, 2021: 1-15. hitp://kns.cnki.net/kcms/detail/11.
2206.7S.20210323.1626.054.html.

PRa ik, FEH, KIGA. 28 805 Sl RiGt
B oy AT AL PR BEE]. B A BR A, 2009, 30(3):
62-66.

CHEN ] E, FENG H J, ZHANG H R. Effects of
active ingredients in black tea, green tea and oo-
long tea on antioxidant capability[J]. Journal of Food
Science, 2009, 30(3): 62-66.

BN, R, KB, L RRARGA CEE7
N TR 25 7 o B A 2 A3 B T AR P 43 BT[]
BAARE, 2016, 37(12): 122-127.

LV H P, LIANG M Z, ZHANG Y, et al. Major
chemical components and antioxidant activity in tea
infusion of tea products obtained from the special
different processing
technologies[J]. Journal of Food Science, 2016, 37
(12): 122-127.

GAO X L, LIU E M, ZHANG J K, et al. Effects

tea germplasm “Zijuan® using

of sonication during moromi fermentation on antioxi-

dant activities of compounds in raw soy sauce []J].

LWT -Food Science and Technology, 2019, 116:

[22]

[23]

[24]

[25]

[26]

[27]

(28]

108605.

ZHANG C, SUEN C L, YANG C, et al. Antioxi-
dant capacity and major polyphenol composition of
teas as affected by geographical location, plantation
elevation and leaf grade[J]. Food Chemistry, 2018,
244. 109-119.

XU L, DU B, XU B J. A systematic, comparative
study on the beneficial health components and an-
tioxidant activities of commercially fermented soy
products marketed in China [J].
2015, 174. 202-213.

e NIRIEHEEZ AT ATRN S B
PEFERASE I E . GB 5009.235-2016(S]. dta:
AR AR AL, 2017 1-3.

National Health and Family Planning Commission of

Food Chemistry,

the People’s Republic of China. Determination of
amino acid nitrogen in foods: GB 5009.235-2016[S].
Beijing: China Standards Press, 2017 1-3.

A NRGEFEE R AT AT RN . B
FRIR JFORE I 5 . GB 5009.7-2016[S]. db &t H [

bRl AL, 2017 7-9.

National Health and Family Planning Commission of
the People’s Republic of China. Determination of re-
ducing sugar in foods: GB 5009.7-2016[S]. Beijing:
China Standards Press, 2017. 7-9.
BRAND-WILLIAMS W, CUVELIER M E, BERSET
C. Use of a free radical method to evaluate antioxi-
dant activity[J]. LWT-Food Science and Technology,
1995, 28(1): 25-30.

LEE J] H, HWANG C E, SON K S, et al. Com-
parisons of nutritional constituents in soybeans dur-
ing solid state fermentation times and screening for
their glucosidase enzymes and antioxidant properties
[J]. Food Chemistry, 2019, 272. 362-371.
TCHABO W, MA Y K, KWAW E, et al. Effects
of ultrasound, high pressure, and manosonication
processes on phenolic profile and antioxidant proper-
ties of a sulfur dioxide—free mulberry (Morus nigra)
wine[J]. Food and Bioprocess Technology, 2017, 10
(7): 1210-1223.

[29] ZHENG L, ZHAO Y J, DONG H Z, et al. Struc-

ture—activity relationship of antioxidant dipeptides:
Dominant role of Tyr, Trp, Cys and Met residues|]].
Journal of Functional Foods, 2016, 21. 485-496.

[30] LV H P, ZHANG Y, SHI J, et al. Phytochemical



362 E N W 2022 4E45 10 1]

profiles and antioxidant activities of Chinese dark tive activities[J]. Food Research International, 2020,

teas obtained by different processing technologies|[J]. 128 108782.

Food Research International, 2017, 100(3): 486-493. [32] GULUA L, NIKOLAISHVILI L, JGENTI M, et al.
[31] CARDOSO R R, NETO R O, DALMEIDA C T D Polyphenol content, anti-lipase and antioxidant ac-

S, et al. Kombuchas from green and black teas tivity of teas made in GeorgialJ]. Annals of Agrarian

have different phenolic profile, which impacts their Science, 2018, 16(3): 357-361.

antioxidant capacities, antibacterial and antiprolifera-

Analysis of Antioxidant Activities and Antioxidant Substances

of Sixteen Kinds of Commercial Tea

Feng Tuo, Shan Pei, Zhang Zhankai, Gao Xianli", Ma Haile, Wang Bo
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu)

Abstract In this study, 16 kinds of teas with good sales were selected as the representative, the contents of total phe-
nols, total flavonoids, amino acid nitrogen, reducing sugar and total sugar in different tea samples were compared, and
ascorbic acid was used as the positive control, scavenging activity against DPPH radical, scavenging activity against
ABTS radical, reducing power and metal ion chelating activity were used to evaluate the antioxidant activity of different
tea samples; in addition, correlation analysis, cluster analysis and principal component analysis were used to reveal the
complex relationship between antioxidant substances and antioxidant activities of 16 kinds of tea samples. The results
showed that there were significant differences in the contents of antioxidant substances and antioxidant activities among
different tea samples except a few tea samples, the scavenging activity against DPPH radical of the Buxus jintan tea and
Golden sprout tea were the strongest, the scavenging activity against ABTS radical of West Lake Longjing tea was the
strongest, the reducing power of Golden sprout tea was the strongest, the metal ion chelating activity of Nanjing Huang-
longxian tea was the strongest. Golden sprout tea, Nanjing Huanglongxian tea, Buxus jintan tea, West Lake Longjing tea
and Xinyang Maojian tea had higher comprehensive scores. In this study, the antioxidant activities and antioxidant sub-
stance of commercially available teas were evaluated comprehensively, which can lay data foundation for the study of an-
tioxidant mechanism of teas and provide reference for consumers to select tea.

Keywords tea; antioxidant activities; antioxidant substances; cluster analysis; principal component analysis



