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3D ML B, HEREFRHL 3.0 g AAFE T HEE M
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S8 E pH TN AE L 45 1 B R 8 25 000 e L 5%
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Table 1 Factors and levels of orthogonal array design

7K A 5K H/ (g/mL) B i i B/ °C C i i) /min D A& ifRife /pm
Levels Ratio of tea and water Brewing temperature Brewing time Tea particle size

1 2+ 50 80 4 250

2 3350 90 6 180

3 4+ 50 100 8 150

1.7 ZEiZHW RS H 41T

DA il A7 0 25 10 5 . 2 IR g A
1) 5 3 %o A 3 2% 3 v ) IR A A A R AT I . AR
ZRATR NP AL, AN 6 mol /L (3 BR ik 5L, 1 %
BB AE 10 mL A, In A BT LS MR ER R, T
DA A A8 B Sy O G O A B U D A D R S
M

RGPS A I E . R T B A%
B HAM B M EEN K KT S RN
R AFE KA F R HBEVLR) 7k S5 /ANy T i 4 8, 9F
Xof T S 4 5 0 I O B S R AT . AR R4y
T HNG T 05 19 43 85 2 Bk Par 46 1y 9%
FETEME B, B 50 mL FRIHTE 50 C N HZS 4 2
10 mLZEA A 3 fEARFL 95 % B L1 i B 6 h. Uit
FELZHESE R TR T 4 500 r/min &L 5 min,
UUVE FROK I RV B 0 A 2 IR B BT %
£ 100 mL, 45 B /NG 9 JoT 1 I 0 W 4 0 T 7K
JFEZASE 50 mL A5 & K49 K
1.8 MEALFENE

FEIN 72 2% 1 BT AU AR TS P I TRD B D0 AN [ i
Ve ¥ T A AL RE T 92 il AR v i 25 B 25 1) Bt
AL W M DL TR AR BT SR AB BE T ) Ve 2 i SRR
(mg/mL). DPPH H 3 Bk 1 5 B Xu %
77 % € . ABTS A H W R 8 J1 2 B Zeng
VTR R R BE ) S B L S O vk
E PR BE I e IR G U B A i O I E
19 FESWERNE

K v 3 S Y 2 I R T R YR PR BT AR
JE B AW 0.4 g, 43 i) Hie BEAS S 1.4 A Y R AR
SCULT A R I R AR R ik T Y B i R
AIEATIE
110 BEHBERSES A AL

HERR AR IR 2.0 g A5 T T B HE TR 0, A
7K 50 mL, 7E 100 °C F #ifl 6 min, B, ¥ KIE
5 min?®H) & =, R JE KK B IR 4 B EE 150,
300 W A #HL 10,30.60 min, % 2N 6] (19 18 75 4%
R 55 2 W0 1 I G ) 5 155 0 8 S

111 HiEaE

B S T AL 3 Y T b 5 2
HR. R SPSS 10,0 HOPk R 45 53 17 500 2% 4
BT 5RFH ¢ KE AT 2 43 57 R T2 (81 2 53
R LSD J7 22 4 B 4690 616 8 242 37 B A 49

{E Y 28 1

2 HRESH
21 FEMEWHER

2RI T L LI RSN A S Y A A Ol 3.35
mg/kg i5F] T B4 0.2~4.0 mg/kg B & bR
WS Hod Se' S 2.89 mg/kg. 5L 86.27%,
Se"" Fri 1A 0.46 mg/kg. B I AT 1, Rt & AT 4K
TR 32 DL Se' T AR AE
22 BHEEmFZEHHFEIZMAK

D AR H X 75 i i s e, fh R 1A R,
i o A% I 1 3 G R e T R n s s T
G, MK N 305 50 B B R B B R 298.50
ng/g. Z G IR LA R TR EHERS
(P>>0.05), BARAS M i35 i B, il BB A 4 o
A2 R AFF AR, B3R 3 50 4
BARBZE K, 288 2 ¢ 50,3 ¢ 50,4 ¢ 50 fERIEAL
R A KW 3 AKF,

2) I 90 L B A v B R s, i B 1B AT
HLAE 60~100 °C i [l P4, Bifi 5 o 96 3 B2 A9 385 im0
POV WG N . R R AR S AR o — S
I W) I 3 U IR L {F B DRI 2 B, 100 °C S B 1Y
LR R . L. R EE 80,90,100 °CAE M IE S IK 55
i TR Y 3 AN KR

3) Py B[] X A0 S RS2 . B 1C ]
P Bt 5 e s D A FEE K L G A R A B 2
2 i 1) 25 F 6 min S5 ARGV RS TR
6~12 min B H 5t RO AT 1S 0, BT 3 2
(P >0.05), K, #E#E 6 min KB AL A v of
], 2 8E 4.6.8 min 1 1E 383K 5 v vy B (E] 7 3
IR

A) % I RE AR X G I R TR A o
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I A B R LA 100,67 ng/ g K2R A B S
PR TG PV i S 3 AT R A R A S
KT AR fol i BUA 56, i B 1D ap AL, R MR AR
R G A 78 R BTG, P 7E 180~ 830 pm I
PG 4 35 S R AR (P <<0.05) , 7E 150 ~ 180
pm Z ] A A A AR E R R 2. i H
2 I JURE R 2, AN AL 23 38 IOk B AR , A T 55 1%
5B, W, %8 180 pm AL M A5
BiAE BEFE 150,180,250 pm 1E N IE i B p 25
RARIY 3 DK,

SYIEIR IS5 R . 3 2 2T Al A, 25

T B/ (nglg)
Dissolution of selenium
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35 (P <C0.05) , i i B8 X Al i i AT — g 52
117 o 6 ESF ] 719 5% i D) L X /N SR R 2 R 3,
iy o B it A0 A5 Y SR A v T2 AVB, G Dy B
ZRKEE 2+ 50 MR BE 100 °C L PRt E] 6 min, A%
MR 150 pm, DU AR T2 8647 3 P47 3¢
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Fig.1 Effects of tea-to-water ratio(A) ,brewing temperature(B) ,brewing time(C),
tea particle size(D) on the dissolution of selenium
K2 LBEXRRBRITRER
Table 2 Lo (3!) orthogonal array design and result
i 56 4 5 i e/ (ng/g)
A B C D
Test number Dissolution of selenium

1 1 1 1 1 333.26+7.11
2 1 2 2 2 370.06+1.91
3 1 3 3 3 379.6149.13
4 2 1 2 3 335.9945.75
5 2 2 3 1 317.124+5.38
6 2 3 1 2 344.24+8.87
7 3 1 3 2 297.6446.20
8 3 2 1 3 309.0645.20
9 3 3 2 1 292.544+2.32
k1 360.98 322.30 328.85 314.31
k2 332.45 332.08 332.86 337.31
k3 299.75 338.80 331.46 341.55
R 61.23 16.50 4.01 27.25
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Table 3 Variance analysis for the orthogonal array design
A # Factors i 2277 Al Anova SS H HE DF F I Significance

%7K It Ratio of tea and water 5 632.392 2 226.783

W IR F Brewing temperature 413.077 2 16.632

WA B Brewing time 24.836 2 1.000

F U R Tea particle size 1 289.665 2 51.927

%2 Error 24.84 2

W *» Z2RWEFHFP<0.0D), » 2REEHEP<0.05), Fon(2,2)=99,F05(2,2)=19, Note: * * extremely significant difference

(P<C0.01), * significant difference(P<C0.05),

FiAMELRMR
i 2% 4 AT, SE56 M A R K B 4k pH {E 4
SR 7.60.7.09, ¥ 0k 55 5K 1 (H vt S B 25 pH
{HTE 5.82~6.58 Z [H], ) i 55 R 1 , Ui BH % th B 4%
Do W o R M B A3 T L A K s [ R K it 1Y
259 pH FRARIE BE KT 88 4l /K vh it 09 2% % Ui A
F4

23

oK MRS A T S A E 2 IR A . AR K
A 2 7 B AT A — S B 22 57 H R ZK 0 Y
AU AL A 5, T REE A FR KR S A B E R
BT B A RIS 1 ) 22 B 2 Ik A AR A TR T
T AT AR REHMTG Y [R5 7 3R & 2k
TS Z W S i R AT, BUAR R DL Y

FAMERER

Table 4 The basic properties of tea soup

REZWE i/ (meg/g)

Wal/ej(rryizpes Brityﬁfﬂ\fies pi L “ b Dissolution of
tea polyphenols
5tk —il7% 7 First brewing tea soup 6.04+0.01**  24.1740.12%* 2.84-+0.02" * 1.1140.02* * 60.04+0.99
Tap T Second brewing tea soup 6.38£0.04 " 23.7940.29  2.5140.02*  0.560.04" 32.68+0.32
water =845 Third brewing tea soup 6.5840.01"*  23.46+0.11" 2.62+0.11*  0.54=+0.03 21.6540.13"
ok —iB 4514 First brewing tea soup 5.82+0.01 23.54+0.19 2.66+0.03 0.60+0.01 59.46+0.85
Ultrapure il 2% Second brewing tea soup 5.96+0.01 23.83+0.02 2.28+0.06 0.5140.04 36.74+£0.44" "
water =25 Third brewing tea soup 6.012£0.01 23.0740.23 2.2920.05 0.332£0.03 19.5140.27

O AR S A A vl T2 AR 2S£ Bt AR AR
MW, —iBERmLE T 60 mg/g. REWHHE WL
A 5 A AL LBt 5 e 9 00 38 o i ik 2L
24 FEHPEMBAHBERARBEENS

Hi 2% 5 AT, Bl Pt OB B0 AT A A L
FN2 2B REAL, HFREIR LB R TR 2/, Ak
JKFEE 405 7K b i ) — 38 2% 1 PO A B
401.42.385.57 ng/g. RN LR 120 ; H KK
aliyK byt i 1B 45 1 ol g A 40 oA 133,40,
147.97 ng/g, R MR L R 40, & —ERX AN 1/3;
H ke 7K FHE 40 /K whif () =38 2% 7 TR Al s 13
66.10.57.49 ng/g, B HFE AR 2%, I —EXY
M 1/6~1/7, P, AN Y £f B2 L 5 Al s v ifl 2~
SWE &R, i 3 W, iR 1R ORAS F
18 % » 13 BA & A5 4% rv (18 6 & 350 20 LS IR T K i I
BAETE . H KK wh i 1 1338 A5 h A0 68 7 5 L 1)
MRy 87.50% . 77.22 % Al 74.33 %, i 4l 7K vt 119
TRIE % U vh U BB BT L K Uk S 83,316

74.83 %0 H1 78.81 % , B WL T AT, ¥ H B 2% A 32
BELL AN B AETE  3X 5 48 v Aol i AN S — 3K
Wi 5 o 6 R B I 1E s A5 3 v DY G R S 0 G )
e LA B = R R D R K eI I 2% 1 T TG
iR AKX ATRE S ARKEAEREZM
W, HopH WS &, DTS A R T ) A OG
HEAR BN B2 AFAE — 3 22 57, A K ihifL iy
— 3B A5V R =3B A5 A N DO AN A
THE4aiK, HER R E HE GELXE T, AkAKi
U R 255 V7 B0 i L R0 D A G i AR TR Ak, B
R R R i — 25T .
25 FFHBEHNHEST

M1 % 6 AT AL, A5 P I AR 32 B4 A 7 2R I
B /NG T8 53 . 5 B T A5 Al 88 UL . Ak
KR 3 AW /N g3 - 40 SR A KR
KAFFHBAT 0 11.4.6.2.4.0 5, UM Ali & B4R Uk 2
KA T 18.7.7.5.5.1 £, HaliK sy 3 &
B A N s 1 0 N T - (R Tty N e 1 R 11
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12.3.5.4.3.9 i , DU M A5 5 2 M A2 K 43 3 4 1Y
20.4.6.0.5.1 %, Fh RN, Bl vt B B
AN R4 5 K - A3 AT B A T 1 G (E
FEU /N o DRI AR S /N G T W S5 A AT R
PR W 9 R BB B T, 2% R /N o T 5 A
Xof LA AE BEARR BRIt B /DN G340 T — 2 i o ) G

AR X Le s 7 B AR . e Ab, N o TR A B K g
3 DU GG 0 LA B TSR R Y LA
/9% 0% A N2 e 1 3 o 5 vl NI e 1 2 O Q0.0 I N
DA A R S 28— B0, BIAE — 1E 0 =
B, ARKE Tk, fE B BaKE T
H kK.

x5 FEFENBZHBRENE
Table 5 The dissolution and valence state of selenium in tea soup
K 5 LIRURY€ 18 iy i 4t/ (ng/g) 3= 4/ % Se'" it/ (ng/g) Seft gt/
Water Brewing Dissolution Leaching rate Content of (ng/g)
types times of selenium of selenium Se' ™ Content of Sef"
AL_fjlt(il First brewing tea soup 401.424+4.85" 11.99 351.234+5.43" " 50.19
sk 45 Second brewing tea soup 133.40+4.02 3.98 103.02+2.20 30.38
Tap water ﬁﬁa(jf Third brewing tea soup 66.10£0.63* * 1.97 49.13+£0.79* 16.97
A1 Total 600.92 17.94 503.38 97.54
iE 25 First brewing tea soup 385.57+5.32 11.51 321.2445.03 64.33
FERLININ QLQ—?@ Second brewing tea soup ~ 147.9742.68* * 1.42 110.73+2.65 37.24
Ultrapure B 25 Third brewing tea soup 57.4940.64 1.72 45.3140.41 12.18
water & 'ﬂr Total 591.03 17.65 477.28 113.75
Fx6 FHHFWMHUESSTH
Table 6 The speciation distribution of selenium in tea soup ng/g
INGE R 53 A B K338 53 W B
K B . ) Selenium content in small molecules Selenium content in macromolecule
Water (‘*‘({-‘2{5{%{ E'll—lﬁ/'\u Selt A ﬁmA\J_v Seltt & B
Brewing times s R s RS
types Content of Content of Content of Content of
total selenium Set ™ total selenium Set™
—iH 251 First brewing tea soup 367.62+1.11" " 325.924+2.89" 32.19+1.77" 17.4440.76
| > TR econd brewing tea soup .53+ 1. .75+0.75 .07+0. .82+0.2:
F1 Rk % Second b 112.534+1.11 88.75+0.75 18.07+0.18 11.82+0.23
Tap water =329 Third brewing tea soup 62.46+0.36 45.50+0.21" " 15.68+1.02 8.95+1.16
ik —J8 %5 First brewing tea soup 350.1440.55 305.514+2.68 28.58+£0.80 14.9740.11
Ultrapure — ﬁd—\(/j Second brewing tea soup 116.314-0.01 91.924-0.82" 21.6640.31" * 15.4040.17"
water iE45% Third brewing tea soup 56.74+0.77 37.82+0.44 14.60+0.20 7.394+0.38

2.6 %»S;‘Zrﬁ’x]ﬁaﬂciﬁ'ﬂ
oI 7 W BB AR sh 2R Y 4 R PR AL TS
PEFEAR AR T A R P il 2537 . SR AT RE A

IR T F o vl E J2 B 2K b 28 7 1 B 4R AL T
PERAL A I ARGE AT i TRt — P SRR . BEE
‘{EP?@W\%IB%iJL%&%E‘J?‘%‘M&‘(ﬁﬁiﬁﬁrﬁzﬁkﬁ,#

6] wfd K pH 22552 728 228 W B il JER AP A M E Y& 8% Y 1.02 ~1.64 %,
BOE, A, pHEBMRE AR T H MR E/EN ZERBMWL.91~3.4165, itk a] WL, o & 6 25
x7 FHHMALEHE
Table 7 Antioxidant activity of tea soup mg/mL
SR DPPH HWER ABTS H I B i JEAE 7 BhEL R
K L Y M H '(HF{F M H .(HF? LJ?EI? i) bL%LfCHx?JJ
R . DPPH radical ABTS radical Reducing Total antioxidant
Water types Brewing times X X X
scavenging scavenging power capacity
H Kk ﬁﬁ:(jj First brewing tea soup 4.94+0.02 5.63+0.10 3.65+0.12 2.32+0.05
Tap water /«(ZI Second brewing tea soup 3.56+0.05 3.51£0.04 2.26+0.04 2.28+0.07
i %5 Third brewing tea soup 2.5840.03 2.50+0.02 1.3040.02 0.68+0.03

4tk ng(ﬁ First brewing tea soup 5.0540.09 6.404+0.18* * 4.10+£0.11* % 3.484+0.10" *
Ultrapure B 25 Second brewing tea soup 4,02+0.05" " 3.90+0.20" 2.67+0.03" " 2.51+0.12"
water i %% Third brewing tea soup 2.6240.03 2.5540.02 1.4740.02* * 1.16+£0.06 " *
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Xof At R AT 4 Y, EL i 3 Y BT fe 2 0 P O
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Hi 32 8 ml L, phyfdad 3 Ry e i A R A
S ATHAT TA VO LA b BB B A 2 R M ) )
PR 08, 2Rt A AR K B A 25 18] a7 o 4
Al 258 £ Al ™ dh . INBRAE (25 L 2R R 900
S 3 LT 5 3 I L 7= W € i ¢ 3 =l S o
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Hi 9 WAL, A A A B A AR 2 R kv
G PR 352 238 L) 300 L o R I ) R G Y 3

R e A B T 19.49 %0 HEEAE G iy 2 £ .
{EL 2y S0 ] 58 2 — 2 B0 R G A 3 L
TGS 2% S A 1400 3 L 75 B B RE IR FESF N &
PL 300 W T3R8 30 min K. 47 i B 4K HR
R P R 2K T AR 2 W I L A R2R U BT AR
s T L B R e R B B A A A P T H S
L AN 1] AN B IE AR O, HUAT 5 3 A A ) R
i 6] A" BE LR 2% 22 B 19 iR 5 2R I I PSR T P 0K
B AL o P I T S ST 23 % 2K 22 W R OR L
8T 28 Z B i B A 2R i HT R A L X AT BB
TR N T 2R P v RV ik ST A 25 22 SR AL BT
PR R I A AR R UORE I L T 2 P A B
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Table 8 Selenium content in tea residue

R & &/ (mg/kg) 5% AF %/ Y - -
IK il Ui/ g Vﬁg‘i me/ ke Pﬁﬁ?ﬁz % Se!™ &4 /(mg/kg) Seb™ & it/ (mg/kg)
Mass of Content of Residual rate . .
Water types . ) . Content of Se*” Content of Se®”
tea residue selenium of selenium
F k7K Tap water 1.18+0.02 4.4540.05" 78.37 4.0340.04 " * 0.42
# 47K Ultrapure water 1.16+0.01 4.3240.02 74.83 3.8940.04 0.43
*9 BEHEBHERSESEFEHOIESN
Table 9 Comparative analysis of ultrasonic-assisted extraction and brewing
et ; KEBmw i/ DPPH A M2k JEEik =R ia:
‘ WY B/ (ng/ ) TN %5 Z Wi i ER: R i S Ak RE 7/
Ik . . . (mg/g) (mg/mL) (mg/mL)
Dissolution Leaching rate . . . o
Methods . i Dissolution of DPPH radical Total antioxidant
of selenium of selenium . .
tea polyphenols scavenging capacity
&5 #hifl Brewing 379.61+3.151 11.33 61.53+1.44d 5.1540.04¢ 3.56+£0.04c
150 W,10 min  420.07£9.52e¢ 12.54 70.80+£0.64b 5.48+0.01ab 3.92+0.06b
150 W,30 min  468.07+6.97d 13.97 72.93+0.39a 5.51+0.10ab 4.134+0.08a
fichal 150 W,60 min  585.0846.77b 17.47 68.76+0.53¢ 5.424+0.14b 4.03+0.15ab
Ultrasonic 400 .10 min 561,284 14.20c 16.75 74.29+0.72a 5.6540.08a 4.18+0.01a
300 W,30 min  642.20%8.93a 19.17 74.03£0.26a 5.65+0.02a 4.16+0.11a
300 W,60 min  652.12414.91a 19.49 69.57+1.26bc 5.5740.02ab 4.10£0.01ab

1 R RS R NG i o 22 55 5 3% (P <C0.05), Note: Different lowercase letters in the same column show significant differences

(P<20.05).
3 i #

BT A2 S — b BRAR R MG 7 3% . AR TRR A
T ES, B 22 18 2% It 9 5 Al 49 D0 B2 T A ] A g
S iR 2% M AR B A S B 2R P, IR s IR R
B, 08 255 I v 0 3 R A S 2R K PR 2L 2R
WA A% S e I I AT — R RN e I I (] 52 0 A
XFEL/N 5 28 A A5 B B0 de A vl il T2 s ZROK T

23250 Gm/V,g/mL) . Ml i BE 100 °C . e B [7]
6 min ASMRIAE 150 pm, 76 M0 25 1 T L RBUJit & A0 4%
PRI Ol 385.57 ng/g. MR IS LA A A HY
h A8 bR A B B A v T A R T DL SR
M2 W, i — B K7 28 Z W & 7E 60 mg/g
A3 WEGT R E 2k aikH T 116
mg/g. AR F . B ARKTEAF T E L. A%
IR 3 YR AT S A i e T Ak, R
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H ok K M A . Bl O OB B, 2 1
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3.41 1%,
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Dissolution characteristics and antioxidant activity of

selenium and tea polyphenols in Enshi Se-enriched tea

ZHENG Hongbin ZHANG Wanjun MU Qing XIE Bijun SUN Zhida

College of Food Science and Technology s Huazhong Agricultural University ,Wuhan 430070,China

Abstract The single factor and orthogonal experiments were performed to optimize the dissolution
of selenium from Enshi Se-enriched tea. The effects of brewing times using tap water and ultrapure wa-
ter on the antioxidant activity of the tea and the dissolution characteristics of selenium and polyphenols
were studied. The results showed that the ratio of tea and water 2 : 50 (m/V,g/mL),brewing tempera-
ture 100 °C ,brewing time 6 min,tea particle size 150 pm was the optimal brewing condition of Enshi Se-
enriched tea. Under the optimal brewing condition, the dissolution rate of selenium was 385.57 ng/g.
The selenium leaching rate of the first tea soup was about 12% ,nearly 3 and 6-7 times higher than that
of the second and third brewing tea soup,respectively. The general dissolution rate of selenium in tea
soup using the tap water was higher than that in ultrapure water. The proportion of tetravalent selenium
was 70% to 90% in each tea soup,and the selenium was mostly distributed in the small molecules of tea
soluble substance. Similar trend on polyphenols was found with 60 mg/g of extraction rate in the first
tea soup,2 and 3 times higher than that in the second and third tea soup, respectively. Se-enriched tea
soup had excellent antioxidant activity,and the antioxidant activity of tea soup brewed by ultrapure wa-
ter was slightly higher than that of tap water. The antioxidant activity of tea soup decreased with the in-
crease of the time of brewing. Brewing three times can achieve greater use of active ingredients.

Keywords Se-enriched tea; tea soup; selenium; tea polyphenols; antioxidant activity
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