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FE: NIRI G A KIRI A AS [R5 43 B 2068 7 it it o 1&526%&14&%%%&1&«&&5 SN, SR F M S (500 nm) FER I8
(20 10+ 5. 3.5 KDYWF S WA /KIRIIEAT 70 25, 22m8 55 TR 508 SR B S T T VAN AN [ R B
SRR AR S, R R 1 R B AR R AT A AT LS. IR, @3 DPPH H B ISR 7T FRAP%WC VP NE=E
H SRR ). PSR S s T B AR IR A A s . 45 SRR, MR NE R e SR A R e, R
AAPUAATEPETN R . 500 nm PRI 0 28 5 B HE KX ZW(TPs). I 2 LR (FAAS). HJJMFEBZ(CAF) AJ mTi*%(SPS)f‘S
VIR, IERTIR BRI AR, SREN S B )E ND A KRR A IR > 3, X TPs. CAF. SPS. A%%ﬁﬁ% TESE
SRR . HE A TE/NT 10 kDa WEIEIR A 2050 25 8 RIS 2L . 500 nm M & A R RN SPS & &, HLEA K
B R, PURMIETERAG. BT M. ThR TRE 3 KERFIE, 500 nm P B 5% I % 2 45 & ﬁ?ﬁn
KRR [WRE: A K BB PrEiEE
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Preparation of Oolong Tea Water Extract by Membrane Separation and
Evaluation of Antioxidant Activity In Vitro

LIN Qingxia', YANG Junguo?, WANG Lili!, SONG Zhenshuo!, CHEN Lin'"

(1. Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China; 2. School of Biological Science and Biotechnology, Minnan

Normal University, Zhangzhou 363000, Fujian, China)

Abstract: In order to investigate the effects of different membrane separation processes on product quality,
biochemical components and antioxidant activity in vitro, the water extract of Oolong tea was separated by
ceramic membrane (500 nm) and ultrafiltration membrane (20, 10, 5, 3.5 kD), and tea powder was prepared by spray
drying. The quality of tea powder prepared by different membrane separation processes was evaluated through
sensory quality and physical properties, and the main biochemical components of tea powder were analyzed and
compared. Meanwhile, the antioxidant activity of tea powder in vitro was evaluated by DPPH radical scavenging
capacity, the ferric ion reducing antioxidant power (FRAP), hydroxyl radical scavenging capacity and anti-
superoxide anion activity. The results showed that the sensory quality and antioxidant activity of ceramic
membrane were the highest. The 500 nm ceramic membrane can effectively separate and enrich tea polyphenols
(TPs), free amino acids (FAAs), caffeine (CAF), soluble sugar (SPS) and other substances, but also achieve the
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effect of impurity removal. The water extract of Oolong tea separated by ceramic membrane and then separated by

ultrafiltration membrane, TPs, CAF, SPS, catechin components have no separation and enrichment effect. Ultra-

filtration membranes with molecular weight less than 10 kDa can effectively separate and enrich free amino acids. The

500 nm ceramic membrane interception solution had the highest SPS content, but the worst sensory quality and

the lowest antioxidant activity. Therefore, considering the three factors of quality, efficiency and energy saving,

the comprehensive quality of tea powder prepared by 500 nm ceramic membrane through liquid is the best.

Key words: Southern Fujian; Oolong; Water extract; Membrane separation; Antioxidant activity

F5 RN T 4 % I B IR 1 R R R 3
ThEe i fRIES . BR25 5. HALA SR, A
NFE TR RIS, BRESNAE
Wk T RIFMIRENLE, MR RS- 4y g, 12
TET AR, A= A 5 . TR,
R EThRL. SRR 3 KR MUN A A
AT E . P B R B mak. ghea.
e ARAEAHARE S, FEARHAE RN A
TFRE T T 72 B8 F o Subramanian 5113 H 5 B BUK
P IR/INSORE BV, LA R S LA = (A LA
F, WnHEsL . EER . RRMEE S T ESSTEK
ZORYE B RTHIA AR R BRI E R R, %55k
A JEVES R YA S VERITE R, R IR 1
o SCARST LA SRS W I P 1S AR AT 1)
W, WHBRHEAREHEKR, Simr=mmiaet:, %
DV JEVE, AR A SRR A KR A EEE L.
Kumar 5¢2% H P 907K 3 R 0L H- 45 G 308 e
BARMNGZ R T S E R ETILRRE
X FIREE . Chandini 55E0BR FHAS R FLAR B G008 I
TR YR RN LT A SR AT VI, B A AL AR 1 Ok
AN, I EEE EERG N, (H#RE 4>+ & 500 kDa 1)
T 91 PR Rl 0 i T KRR B b £ B8 A% - R A 1
o, BERECRE R, OREEERIW R 2 m S
o on JTFEWE T #2088 2 500, 3 500 A1
5000 D [IEEJEMENT LA BB B R AR R 54l
FIsZI, 45538 3 500 D KR IEM SR e, I3k
RALFEN 8.92% MR AMRENE . 2 IR SFPIR H B
A E KU AR AR AR B R, RER
RN 55.3%, AiEEATIA 95%. FMECIL GRS
KNERL, KANZESE, EH 10 J55r TRk
JETE_ I PR AR TR B 43 B A i AT RE IR 91.82% )
X2l WAEIERRZmr=maAEi s T 13.14%.
SRIM, WHA 2 R T B r= i s . 9%, 4
R, VARCSHAME AR B . A SR B 5 5 55
P i A2 VA VAN M Z R G PE B AL

KB 2 ORMEDIRL JCBLIUEE TR %
FEREMERT B, AW LI R B
TEMENS 5 JE 2 KR BIEAT 73, ELBAS [ o F 0
BRI SB AA R AR ST A
FRISEME, AT DA 5 B A 2% PR N L ARdskdt — 2
FH 258 B LA

1 MRLRN 714

1.1 ¥

B SRR E RS A B S AR (R 1), WA %
3. FEEARA: 1,1- K- 2- =42 i (DPPH,
g >97.0%) 2,4,6- —NMLIEdE =B (TPTZ, 4l >
98%)- 6-F23£-2,5,7,8- VY H FL 4 5E-2- R R (Trolox, 4f
& >98%) H & ML SE AR A IR STAE A Al /5
IKE A FEARIY . B B =S8R pr 4l
WA, WE EEEZ; B R EBEY
HTRAE, WEREEE SR TR AT bR
i (A KT 98.0%), W H3EE Sigma A .

R 1 BRI B b

Table 1 Sample source and code

FE i SRJR Sample soucre g Code
505K P2 Water extract S0
P #5325 1 3 Ceramic membrane permeate S1
HBIENLE L) Ultrafiltration membrane permeate 20 kD S2
B PENE I Ultrafiltration membrane permeate 10 kD S3
ABIEMEE L) Ultrafiltration membrane permeate 5 kD S4
HBIEMLE LR Ultrafiltration membrane permeate 3.5 kD S5
P % Fak B Ceramic membrane retentate S6
HBIE ML B Ceramic membrane retentate 20 kD S7
HBIENEEL B Ceramic membrane retentate 10 kD S8
AR IE ML B Ceramic membrane retentate 5 kD S9
e B ¥ Ceramic membrane retentate 3.5 kD S10

1.2 EEB/TE
HWS.28 HLRVETE/KIBHA(IEHERFAF]); VARIO-
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SKAN LUX J#Fr{(3€ E Thermo SCIENTIFIC A ]);
T6 Hrit 2 54 aT W e FE T AL A i@ A); R-
100 fight7% K AX(F 1 BUCHI A &]); B-290 i % T4
MG+ BUCHI A #]); B4 25 RGu(HF rE AP
RAEMRAT): 4 BONA-GM-22 [ i /N sz
ML, BONA-GM-19 [BIZE /N ELRIGHL, BR# T
& E 30 cm, EAZ 3 cm, FL1E 500 nm, JEJEHIFR
0.08 m?), FAUEAETCE(PES BB T, K 30 cm,
B4 Scem, HUEMA 0.4 m?, EH#E S TE 20,
10+ 5. 3.5 kD JUF 8B o4 1647358 ); Agilent
1260 24 = BGRAH (i RS0 (3E [ Agilent A F]): FLIE
VYICF(G1311CVL). itk B2 (G1329B). #

58K Southern
Fujian oolong

v

HEHL Extract

'

3 I8 Filtrate — 1555 T8 Spray drying

v

T FE(G1316A) M — ML FEZ K5I 28(G1315DVL).

1.3 HiE
1.3.1 Ff b4

ZPEEERE, 140 H, 4% 1125 (m/ VYIMANRIK,
100 CiZ#E 45 min!'*"2, £ 10 min JRFE 1 UG
i€ LI RHE N PR B R A e, SRR
YEFE 77 0.15~0.2 MPa, AF2AEEKAEE, P30
21925 Cy SEIINZKBERE, YA M e 325 ik v AN
B . &S RE NGB R A, T
KB, WA DB M Ik YRR A B . o ]
TELZRAEIE 1.

Pt

Ceramic membrane

—p| PO A Retentate

—» i Thick | 15125 T4 Spray drying

'

P eI L K Permeate  —p{ 125 T-M¢ Spray drying

il

P BIEAAR R Retentate P

He4ii Thick —»{ 1% TJ4 Spray drying

ER ! L 3

g E S g e
ERRLS s 3 I ERR A
Bl M| S| FM
2 0 3 0 30 3 O
wg | 2g | Sg | g
S5 | 25| 75 | 25
T & =& & T &
o o] o

il

FRUEHE B Permeate —»| Mi%5 T4 Spray drying

S IO T (0 ¥

Fig. 1 Sample production process

1.3.2 ZH7 fb JoE B 32 BEAE A R o Ao il

FoM e # 1 ES I GB/T 23776—2018 #1 GB/T
31740.1—2015"1, 5 Z Wi(tea polyphenols, TPs)
E RS GB/T 8313—2018 (FRME} Eb (i), i
H R IR (free amino acids, FAAs)Z: [ GB/T 8314—
2013 (Bfi =M bkt yk)!e), Bl B (soluble polysac-
charide, SPS)% &l 2 FR A S TR 1 vk (W -
BN EE 138:), i ERR (caffeine, CAF). W& TR

(gallic acid, GA). JLRR MARERA ) &85 0Z
B SCHRU SR {1 HPLC 732530 5E
1.3.3 Zobr R oh b A R i s 10200

DPPH H HEER /1 R 2% FREL 100 mg 4%
¥, HZEMKERR 10 mL /EARRRSH, BUEE
BER, FHZEUB/KERE RS 4. 64 8. 10, 12 ug/mL.
B2 mL @&, i 0.1 mmol/L 1) DPPH
P 2 mL, WI5E 7K DPPH E Hi3EiEREE S,
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115 ICs0. PREFRS 7 R A B4l IE &SRR JE v, W5 e B

BPiEMEES] KA FRAP (ferric ion reducing
antioxidant power)i%&ill %€ . HX 10 mg/mL ¥ EEE 7%
TR/KMRE A 200 pg/mL, 737 0.3 mL IRV T
REH, I 2.7 mL 1) FRAP TAEW, JR51 )5 37 C

FALEHE 40 min, 593 nm FIWG(E. PA Trolox i
FEWRFELHIRRUEIZE, DL 1 g R INZEE R Trolox
5 (mmol TE/g)& 7~ .

REEHEBR. PUBEAE RSN X
FFR AL RN & AR R s . =
FH B BRI R YR EERFE R 100, 150, 200
250+ 300 ug/mL, FFEiTHE ICso. PUHA] BT
WREEAN 10 mg/mL, UUZEAEZER C b, 1 mg 4%
C B (U &1 B e EERIE Y 1 NS J1HAT

L4 BIEGHHT

JI A H s L3548 £ bR 22 (n=3) %~ . KA
ChemPattern 2017 Pro XA (1) 2 JE R 2H 73 AL
M HEAT E ST s R Excel X Hdl 47
AEFRRVER; SR SPSS 19.0 B x Fed 2t 47 5 [A
RITEST, BEMKFH0.05,

2 SR

2.1 RIS B AR X A B I R

M2, 3T, BlesR ORGSR A
[l fLAZ BB P AT 7 2, AR iAIE L E R
WOGEE . WitE s B Rk, E M. SO

2 ANFZBIEE &

Table 2 Sensory quality of tea

2, SR WA B B R AR (] 2), BIEtERCE.
S1 IR S RHERS A IES, HAER &, WRIKR)E
i, JFHIEEEME. WO, WiEtE R T
SO. S3. S4. S5 kB R 1, [F]H FH A Stk
Inaks S6 LR A BE M % S7. S8+ S9. S10 1§
REK.

2.2 JESBEXTFM B AT R
2.2.1 ZHK31) TPs. FAAs. CAF. SPS

TPs J& 4517 P TR R 1) AR B Sy TR A2 AT
FALI IR IER Y FAAs. SPS 73 Il & 2517 it
RN B R 10 =K R 2 s CAF 225 h & S e 1)
WERST, SRR, 6L B W, WERENE
Wk, Kb, 2K TPs. FAAs. SPS #l CAF &
EOO PPN R i B R L R 40T, ST
) TPs. FAAs. CAF & &8 5T S0 f1 S6, S6
(1) SPS & & .3 & S0 A S1, 1XiiH 500 nm FL
BRI &S I8 S BRI T B A B E R
TPs. FAAs. CAF. SPS %&¥)Jii; 454K 2 f13, 1L
175 500 nm P BTG 2502 BR AR BRI I A0
TOORE \ BVF A4 A6 KA T, X A —J5 T u B,
W e B AN AT LAy B 5 B R R i R ) R g
PEVIIR, 36 Rk B AR, I RO = 24 i
Jfi. SI ff] TPs. CAF. SPS & & & # & T S2. S3.
S4. S5; F& S2 () CAF S EREACT S7, HAt &K
B TPs. CAF. SPS S5y LB E %=
o LE LRTR, MR I S D R A SR BOE

e H1J¥ Shape (10%) 1 Color (20%) /<. Aroma (35%) Wk Taste (35%) é;gﬁ'ﬁ-}
Code VB (Cx VB (¥ VB (E¥ix PHE =45y Weighted
Remark Score Remark Score Remark Score Remark Score score
SO . 4. 5 90 jigiih 92 B ERHERE 90 WE. 4. 92 91.1
S1 g, 41, 5 90 . B 96 e HE 88 WIE . H 92 91.2
S2 BEE. AL 2 90 WL 96 e B 88 EEE ., H 90 90.5
S3 mEEG . . 2 90 WL W 98 A EE 86 SRR, ISk 88 89.5
S4 RS, . 5 90 WL R 96 A A 86 BERE, ERAHWSL 86 88.4
S5 EEE. . 5 90 WL R 96 A A 86 BERE, ERAHWSL 86 88.4
S6 s AL 85 B3, il 85 HES 80 HIE. AR 80 81.5
S7 . 4. 2 90 W, B 94 WA A 84 iz )5 84 86.6
S8 . . 5 90 L, B 94 WA FH A 84 R, FHE 82 85.9
S9 . 4. 5 90 L, B 94 WA A 84 R, FHE 82 85.9
S10 &G, A, 5 90 B, B 94 W& A 84 IR 82 85.9

S0~S10 4 1. LLFEER .
S0-S10 see Table 1. The same is following Tables and Figures.
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Table 3 Physical properties of tea powders

%5 Code 33 Yield /% AR Cold solubility ODy20 JEWIE Transmittance (Teao /%)
SO 33.08+0.63a HMET 0.316+0.004b 80.5+0.26¢
S1 18.33+0.38b [ 0.143+0.001g 97.840.72b
S2 15.42+0.38¢c IR 0.120£0.003h 99.4+0.10a
S3 13.67+0.38d IR 0.114+0.002i 99.0+0.36a
S4 13.17+0.14d IR 0.1140.004 98.7+0.53ab
S5 11.83+0.29¢ GRS 0.115+0.001i 98.7+0.53ab
S6 10.67+0.14f piidvas 0.674+0.004a 52.0+0.52f
S7 2.67+0.29i IR 0.189+0.002¢ 96.2+0.79¢
S8 3.08+0.14hi GIRG 0.170+0.003f 96.5+0.46¢
S9 3.42+0.29gh GIRES 0.204£0.002¢ 94.9+1.04d
S10 3.83+0.14g GRS 0.199+0.001d 94.9+1.04d

&5 5ds J5 AN [F) = BER R 2 7 R 3 (P<0.05). TR Al

Data followed different letters within column indicate significant differences at 0.05 level. The same is following Tables.

20.6 g BN 150 mL ZM/KE B KR

Fig. 2 0.6 g tea powder and add 150 mL distilled water to obtain an aqueous solution

4 TR B RS E (%)

Table 4 Main composition contents (%) of tea powder

% LW (TPs) WAL (FAAs) AETERE (SPS) nHER (CAF)

Code Tea polyphenols Free amino acids Soluble polysaccharide Caffeine
SO 27.29+0.53¢ 3.58+0.07¢ 12.12+0.33bc 1.02£0.05d
S1 31.53+1.33a 4.08+0.001bc 12.44+0.30b 1.26+0.01a
S2 28.93+0.95bc 4.20+0.02b 11.82+0.16¢ 1.10+0.03¢
S3 28.62+0.77bc 4.35+0.02a 11.77+0.36¢ 1.13£0.01bc
S4 29.10+£0.32b 4.30+0.062a 11.62+0.29¢ 1.18+0.02b
S5 29.23+0.16b 4.37+0.04a 11.66+0.12¢ 1.15+0.06bc
S6 23.69+0.20d 3.24+0.02f 13.58+0.26a 0.79+0.07¢
S7 28.02+1.60bc 3.69+0.08de 11.84+0.10c 1.18+0.03b
S8 29.05+0.54b 3.87+0.001d 11.79+0.38¢c 1.18+0.02b
S9 28.77+0.76bc 3.81+0.17d 11.73+0.34c 1.13+0.03bc
S10 28.61+1.17bc 3.84+0.16¢d 11.66+0.30c 1.14+0.04bc

LB TEN 20, 10, 5. 3.5 kDa [FERE R 3E, F/NT 10 kDa B IER .

%} TPs. CAF. SPS BB HEHEME. S3. S4. 222 REZMIILERAY

S5 K FAAs & & &% & T S0, S1. S2, S2. S3. IR RRERZHmFE RS, SEMELE
S4. S5 ff] FAAs & &8 5T S7. S8, S9. S10, (1) 60%~80%, FEAFHEREETILRRXEET TR
EUHESEESARRE S EFREE T T Bk (epigallocatechin gallate, EGCG). £ LA R EE T
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FR i (epicatechin gallate, ECG). R & & F LA & (epi-
gallocatechin, EGC)flI5% JL 4% & (epicatechin, EC)[)
P I 3 ) LR R A o M B RRIEAT F s
43T (principal component analysis, PCA), PAZSH;7E

1. 2 EHHPCL. PC2) LA ER, HdEi
Ak B SR FH % T A% B 1) B A 22 4% FE (unit variance
scaling, UV-scaling). FHIE 3 7 I, #5508 FE)LA
AT PC1 AT PC2 734 78.64%A1 14.37%, %
U Z 0Tk 3RIA 93.01%, 25 3 N 128

X7 4562 B E RER 5) i, SRS H0HR
SRS, LRRASULEETIREEY
BERE, WEESE, SnmAmE, LSl
w2 IR B B K . ST IR LR R 7 R BT IR
EYREET S0 M S6, Hitr i, fL42% 500 nm
MM REEAT AR B S EERETRALERA
5. LSO AZHE, S1 RSO [ Fw#e, HAthm T
¥, S3 [ Mt gL k. S3 #) EGCG M ECG
TERECT AR, X 2 M-S E SR
T 50%LL o BRSO AT S3 Ah, HABZ [H A
FEWR SRR X 7, X0 5 e 2 3R U4 500 nm
LR EEE RS, HARRP R EFRULIL
KRHASAEE HEHEE T 75N 10.5.3.5 kDa
IR — P B S E A . X5 CERPRTT
SERA—I, TR BT 3.5 kDa HIRBIEMRNS LA
RHHA M EREMR, HHE RIS
P, ARG N —iE T2 m) LA R
PR, MMEARKINH ILERAST 2N ESE
R

PC2 (14.37%)

-3 F

AN I T T T N Y T N Y R S

IR TN T T IS T T T T I |

-75 -5.0 25 0 25 5.0
PC1 (78.64%)

P 3 ASIE) 2ok ¥ B TR AN 32 B LA 3R B B

Fig. 3 Scatter plot of PCA scores on gallic acid and main catechins in

different tea powder samples

2.2.3 AFEZR I B IR 2 55

K HFEETARE ) UV-scaling TRALFE, S+ 458
TR R EEIR A AT E R b, DLZMTESE 1. 2
FERS5rPCL. PC2) BRI ER. HIE 470, &
T IR ALy 1) PC1 A PC2 4351 75.68%
H18.77%, FATT ZTTRRERIL 84.45%, &HMH 3
AN RERIREEX 4. BL SO RS, S3 [ (e iE
K. ZELEITEREE 6)FRY], 16 Fha it
PR Sy, R R A R R AR 3 FI 40 15 FAAS
(1) 70%, FEZRIAEEREK, H AR EER-

RS FMPRETR. WXRAS&&E
Table 5 Contents of gallic acid and catechins in tea powder
éﬁgi GA EGC C EGCG EC ECG TC TC/{,/IPS

SO 0.25+0.02¢ 3.75+0.23d 0.71+0.04d 7.78+0.49¢ 1.59+0.10e 2.05+0.13¢ 15.88+0.99¢ 58.20
S1 0.41£0.02a 6.47+0.32a 1.12+£0.06abc  11.63+0.58a 2.53+0.13ab 2.84+0.14a 24.58+1.22a 77.97
S2 0.38+0.04ab 6.34+0.06a 1.17+£0.07ab ~ 10.33+0.11bcd  2.52+0.07ab 2.32+0.09b 2.68+0.39abc  78.39
S3 0.38+0.02ab 6.53+0.24a 1.21£0.09a 9.43+0.06d 2.57+0.18a 1.82+00.04c  21.58=1.41bc 75.39
S4 0.34+0.02¢ 6.40+0.34a 1.11£0.06abc  10.50=0.56bc 2.52+0.13ab 2.34+0.12b 2.87+0.12abc  78.60
S5 0.38+0.02abc ~ 6.49+0.44a 1.12£0.07abc ~ 10.83+0.92ab 2.56+0.18a 2.49+0.20b 23.50+1.80ab 80.39
S6 0.29+0.02d 5.70+0.36bc 1.03+0.06¢ 9.57+0.60cd 2.26+0.14cd 2.43+0.15b 20.99+1.31¢c 88.61
S7 0.35+£0.02bc 5.84+0.33bc 1.10+£0.06abc  10.62+0.59bc 2.40+0.13abc 2.55+0.14b 22.52+1.26abc  80.35
S8 0.38+0.02abc ~ 5.80+0.30bc 1.04+0.05bc  10.38+0.54bcd ~ 2.29+0.12bcd 2.38+0.12b 21.90=+1.14bc 75.39
S9 0.42+0.02a 5.36+0.28¢c 1.08+£0.06bc ~ 10.19+£0.53bcd ~ 2.13+0.11d 2.56+0.13b 21.33+1.12bc 74.12
S10 0.41£0.02a 6.05+0.34ab 1.15+£0.06abc  10.61+0.59bc 2.37+0.13abed 2.57+0.14b 22.76+£127abc  79.57

EGC: RE R TILHKRE; C: JLKRK; EGCG: RERTILRRB R TN EC: RILFKEK, ECG: RILFRB R TIM, TC: JLEREE.
EGC: Epigallocatechin; C: Catechin; EGCG: Epigallocatechin gallate; EC: Epicatechin; ECG: Epicatechin gallate; TC: Total catechin.
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REIRZ) 5 FAAs [ 40%~60%. S3 [f] Thea. Glu.
ASP ()& &= 8% =T S0l S6, 1M S3. S4. S5 [d]
TREWZER, S3. S4. S5 Thea. Glu. ASP &
BEREET S7. S8. S9. S10, X5 FAAs HI384L,
BRI, YWHER T2/ T 10 kDa FIHE
R 05> B 5 & 4 Thea. Glu. ASP. Tyr. Val.
Leu.Phe.Lys 75 &R IR, HAEH 5 Theas

6 FMINAIEIRHA N TR (%)

Table 6 Contents (%) of amino acids in tea powders

Glu. ASP FEHIERIEAR —I. Ser 5 Ala NFHRE
BRR, S1 [ Ser Ml Ala & EE & T S0, {HIEEAL
T S3. S4. S5. Ile. Leu. Phe NFEMREILR, SI
&R EKT S3. S4. S5

2.3 ANEZM AR SMTEANTE T

AN BE e ik B POk . fR
TEERERL, HHRPDRIEARAE B N AT, H
AFE R E RS TR NAE, BT
R Z BRI, R, AW LEAS 2R BTEAL
RE I 5E 5 A S LIS MR =ik . B S ATLUE
i, DPPH j&FRAET). FH HEIERREE /). FRAP &
J 77 3 PP A TE P AR AR AR —BL, ST ML
AALTETE R T S0, S6 TG AR, ED 500 nm P4
BN S B ] R = AR BT AEATE PE . S2. S3. 4.
S5 [H]f) DPPH i&BRAE /1 2 H ESHFREE /). FRAP
WRNTEEZEZESRE, ST, S8, S9. S10 [AJR &%
S, XU [FFLAR IR AR 2 B0 Ak P E TS 1
A K. PUlBAR S PRI LGRS iR 3 fidisE
TTEME AR A AN ], ST R 25 =T S0 A S6,
SR S8 MIHLAE A B 1% i drm, W& =T S7. 89,
S10, S5 FIPTHAMEFH /T RECT S2. S3. S4.
HEMEEF S AN E TR R ET S TR
20 kD [PIREJENE, EHorT-58 10 kD HEJEREA T,
B = s U YT B T B R AE A% o) AR

Aﬁfgﬁi d S0 S1 S2 S3 S4 S5
RAGE Asp 0.105+0.007d 0.156=0.008b 0.162+0.012ab 0.173+0.001ab 0.174£0.009a 0.168+0.010ab
JRE 8 Thr 0.033+0.002¢ 0.067+0.003abc 0.069+0.006ab 0.073+0.006a 0.073+0.004a 0.070+0.004ab
2252 Ser 0.076+0.005¢ 0.144+0.007ab 0.141+0.011abc 0.152+0.009a 0.150+0.008a 0.148+0.009a
RAWERE Asn 0.018+0.001g 0.039+0.002bc 0.042+0.010b 0.049+0.003a 0.036+0.002bcd  0.032+0.007cde
BHEEE Glu 0.306+0.019d 0.464+0.023ab 0.459+0.028ab 0.495+0.033ab 0.507+0.027a 0.485+0.030ab
HEE Thea 1.437+0.0090g 2227+0.111bede  2.337+0.24labed  2.531+0.179a 2.433+0.129abc 2.463+0.148ab
WERE Ala 0.053+0.003d 0.079+0.004bc 0.083+0.006abc 0.090+0.006a 0.092+0.005a 0.085+0.005ab
4R Val 0.023+0.001de 0.025+0.001cd 0.027+0.003¢ 0.027+0.003bc 0.031+0.002ab 0.033+0.002a
St AR e 0.013+0.001d 0.014+0.001bc 0.0160.002bc 0.021+0.001ab 0.021£0.001bc 0.019+0.001¢
SR Leu 0.011+0.001e 0.016+0.001e 0.018+0.001d 0.020+0.001a 0.019+0.001a 0.019+0.001ab
F% 2 Tyr 0.012£0.001f 0.016+0.001de 0.018£0.001bed  0.023+0.001a 0.022+0.001ab 0.021+0.001abc
HRHEME Phe 0.034+0.002¢ 0.064+0.003d 0.071+0.008¢ 0.078+0.004a 0.069+0.004a 0.074+0.009ab
y-2 5T GABA 0.012+0.001g 0.018+0.001ef 0.018+0.001bcde  0.020+0.002ab 0.020+0.001cdef  0.019+0.001abed
MR His 0.010+0.001d 0.015+0.001bc 0.013+0.001bc 0.015£0.001a 0.014+0.001ab 0.014+0.001abc
R Try 0.062+0.004e 0.096+0.005b 0.090+0.005¢d 0.097+0.005b 0.093+0.005bc 0.091+0.007bc
HiE R Lys 0.017+0.001d 0.023+0.001a 0.019+0.001ab 0.021+0.002a 0.024+0.001ab 0.022+0.001ab
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4J:3% (Continued)
Amino acid S6 S7 S8 S9 S10

RAER Asp

0.132+0.008¢

0.155+0.009b

0.157+0.008b

0.153+0.008b

0.160+0.009ab

&R Thr 0.046+0.003d 0.061+0.003¢ 0.061+0.003¢ 0.061+0.003¢ 0.064+0.004bc
R Ser 0.100+0.006d 0.128+0.007¢ 0.130+0.007bc 0.127+0.007¢ 0.130+0.007bc
KA Asn 0.023+0.001fg 0.036+0.002bcd 0.036+0.002bcd 0.026£0.001ef 0.030£0.002def
HA Glu 0.390+0.024¢ 0.446+0.025b 0.446+0.024b 0.446+0.023b 0.461+0.026b
HREER Thea 1.806+0.113f 2.138+0.119de 2.193+0.114cde 2.049+0.107¢ 2.210+0.124bcde
WEMR Ala 0.089+0.006a 0.070+0.005bc 0.078+0.004bc 0.075+0.004c 0.076+0.004bc
AR Val 0.021+0.001¢ 0.031+0.002ab 0.027+0.001bc 0.025+0.001cd 0.022+0.001de
AR e 0.016+0.001ab 0.017+0.001ab 0.018+0.001a 0.017+0.001bc 0.016+0.001bc
SR Leu 0.015+0.001cd 0.017+0.001bcd 0.017+0.001bc 0.016+0.001bcd 0.016+0.001bc
ft %M Tyr 0.013+0.001e 0.020+0.001cd 0.020+0.001cd 0.019+0.001de 0.020+0.001de
KNEM Phe 0.065+0.004¢ 0.060=0.003bc 0.077+0.004bc 0.066+0.003¢ 0.081+0.005bc
y-Z AT GABA 0.017+0.001ef 0.017+0.001f 0.018+0.001abc 0.017+0.001def 0.017+0.001a
MR His 0.017+0.001¢c 0.012+0.001¢ 0.014+0.001bc 0.012+0.001¢ 0.014+0.001c¢
BEMR Try 0.075+0.005a 0.086+0.005d 0.091+0.005bc 0.085+0.004d 0.075+0.005bc
R Lys 0.019+0.001¢ 0.020+0.001b 0.019+0.001ab 0.016+0.001b 0.019+0.001b
AT H 5 AN R 7 B R OR 22 7 2 (P<0.05)
Data followed different letters within a row indicate significant differences at 0.05 level.
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Fig. 5 Antioxidant activities of tea powders. Data with different letters indicate significant differences at 0.05 level.
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