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1.2 BEZRRARK
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mL.70 mL.80 mL (¥4 K, 4% b — 4 BT 15 1 fe A
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KRR 2R SR AT ph i, 2 B ABTS 3K 55 &5 5 2
SEZRR ABTS" « TEFREE ST B AL B HEAT 3 Ik
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PEAT 3 RE A TR,
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4 THE 3 KF i ma 1z 1 3k 56 i — 2B AR oK 2 25
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Table 1 Response surface test factor level and coding

Kl & Factors
B:ofa iR AL C.oobif ik D;‘(EP‘JCWEE
)

v A E
K (min) (mL) O (

Level A:brewing B:brewing C:brewing D:brewing
time volume times temperature
(min) (mL) (times) C)H
1 1 40 1 70
0 2 50 2 80
-1 3 60 3 90

1.4 #BKEZEH ABTS” - EBRENE
FEROK S K W B 9 A5 )5 9% IR ABTS IA51 &
VLB 0 HoxF ABTS™ « Wy KR fE J1, 153 0%
1.5 #HiELE
BRI 8 BRI A 3 UK FH B0 £ Ao 22 R B
PEaE . R Origin 8.6 & SPSS 11. 5 #4474k
Y5537 . R Ducan 33547 2 P43 M7 (P <<0. 05) .

2 HRE5SMH

2.1 BERAKERSHHN
2.1.1 aet| iK% 5% ABTS'
EAL)

HI 3R 2 W0, PO OK 25 ot 3 min 1R B 1Y 25 7
1) ABTS" « Wb &, & & T 2 min il 4
min 457 (P <<0.05), ZE il 5 min B 745 2 19
INPERE K 2SS % ABTS" « By BRAE J1 ik (P <<
0.05) . & T il 4 min 1 6 min A, BFIHLK
ARG ABTS™ « 1 B R AE 35 5 fe AF v i i 1) §i
Y41 156 2 o v I 8] B 3 T e L T e v U B I
() ) 384 s S B, PR, 43 i £ 4 2 min.3 min. 4

« IR FEH
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min 1 4 min.5 min.6 min /E & P8 8K SR 7
B OK 28 i 252 Wi 7 T 3K 6 Y e Y I i) 2 A

R2 AR EXNEREFG ABTIS” « FREM M

Table 2 Influence of brewing time on ABTS" - clearance rate

of S. japonica tea soup

ABTS" « R

W B[R] ABTS" + clearance rate (%)
(min)
Brewing JTPEALRAS 1P MK S
time (min) Guangxi Shanxi

S. japonica tea S. japonica tea

1 26.27+0.29¢ 37.26+1.20°
2 27.89+0. 42" 38.36+ 3. 54"
3 34.79£0. 69" 38.57 + 4. 99"
4 27.47+0. 20" 41.33+5.20°
5 26.65+ 0. 26" 47.68 % 2. 70°
6 24.54£0.51° 41.19+7.15°

Note:different lowercase letters in the same column indicate signifi-

cantly difference (P<C0. 05)
2.1.2 AR KRR ABTS « FhFe
EAC)

B 22 3 A1, 250 09 ABTS" « 15 15 2 b6 5 vh it
AL 186 T i 2ok 6K L AR RROR R R 1 ABTST
4 SR AE s AR A 40 mL B f i, 78 80 mlL i %
. ERAR MR EET, KRR RT N
ABTS" « WEERFILINVIM K KR % m 11.25% ., 7E
80 mL &1 NN ML KR 2R 1) ABTS™ « R R
FoJ PO R 25 5 5. 200 . Bl vhy (R B 34 L
PR OK % B3 B 238 T R B2 B P AR KR 2 K. R,
FEFE 40 mL .50 mL.60 mL {1 A ¥ Fl B K 45 )5 42 1
IR AW S RUIMORE N AP S L o
F3 MEEBMIMMERELF ABTS' - EREMNZM

2.1.3
%
Hi & 4 AT, PEORROBEOK R BR 1 W b Y
ABTS™ « 5 B A 35 f o Bl o 6 U0 K09 5
ABTS" « iHBRRI B TREBHA. JTHRARKRG
) ABTS" « WBRAFT B0 B L Il P MK 2R 28 K
PUVERORERER 1 KoL) ABTS ™ « WBRFE L 5 1K
LR 19. 57 00 LM L PYBROK 2R HE 1 Ui I A T BR A
RS 6 UK 7,630, 55 5 YR ML I Ll P B OK 5% L
UMK IR 20. 1506, I R pP R 1 IR L2
U3 AT DRy PR B R 258 T 5 Wi o T 1 26 ) oo 9 1 KK
FAF.
R4 MIRRBIEKRERF ABTS™ - FREMFM
Table 4 Influence of brewing times on ABTS®

WK B MK RH ABTS « itk ey

clearance rate

of S. japonica tea soup

ABTS" « #EERR(%)

- 3
(*g%k};ﬁ ABTS" « clearance rate (%)
Brewing IR = UL P ALK 5
(tim :) Guangxi Shanxi
©s S. japonica tea S. japonica tea
1 24,47 + 1. 34° 32,68+ 2, 24°
2 9.19 % 0. 66" 28.12+0. 85"
3 7.90£0. 87 26.77+0. 66"
4 5.80+0.21" 25.72 % 0. 89"
5 4.90 +0. 64° 25,05+ 0, 94°

Table 3 Influence of brewing volume on ABTS® + clearance
rate of S. japonica tea soup
] ABTS" « {EBRF (%)
('T‘((@?i L ABTS" + clearance rate (%)
ml.
Brewing TP K SR L PG AR K A
volume (mL) Guangxi Shanxi

S. japonica tea

S. japonica tea

40 45.04 +14. 90° 33.79+ 1. 69"
50 37.60+ 8. 70" 31.58+ 0. 96%
60 28.30+1.34" 30. 30+ 0. 73%
70 27.50+1.50" 29.68+1.11"
80 23.50+ 4. 80" 28.70+1.12"

Note:different lowercase letters in the same column indicate signifi-

cantly difference (P<0. 05)

Note:different lowercase letters in the same column indicate signifi-

cantly difference (P<C0.05)
2.1.4 HABEXMRKERA ABTS - Fh e
e

H 25 AL VMR AS R I ABTS™ « i Bk
R v R 0 T v B TR B R o I
Jg 80°CHIZE A M ABTS” « (M i k. BEH
PR EE R T IS AR OR 2R A5 1A 1 ABTS ™ « W6 BR
RE T 2 b, whot R S 90°C B A
ABTS" - WiBRAE J7 1 3 & T b iR B2 (P <<0. 05)
TR 25 R VG RROK AS B LG AR 25 X R B Y AR
PR IR . AR 2L P AR R S 1 SR A i T L IS
S2 oh oy R 4 0 2 95°C 5 100°C, &
ABTS™ « & B R A5 4k 22 & F+, {0 A 80°C JF 4f,
ABTS" « WElRE LA R B, B, %&£ 70°C.
80°C \90°C AE 2y W R M oK 2% J 5 i o7 T X 565 174) o 94 Yk

B
2.1.5 AAARMSMRKZFF ABTS™ « FrkF

AL

i 6 AT, A S 2K b i 45 2 i 7 P AR
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£S5 MBREMNEKRERF ABTS™ - FREMFM
Table 5 Influence of brewing temperature on ABTS" -« clear-

ance rate of S. japonica tea soup

ABTS" « #EBRER %)

il 961 VB BE
(*g@ém;g ABTS" « clearance rate (%)
orewing IR K P B K ¢

?DC) Guangxi Shanxi

S. japonica tea S. japonica tea

50 4.20%0.57° 29.13+0. 20°

60 8.20+0.37" 30.08+0.10"

70 11.95+ 4. 80" 30.78+0.21"

30 38.27 +7.60° 33.79 4 61. 00°

90 20.60+ 1. 80" 34,68 + 24. 00°

Note:different lowercase letters in the same column indicate signifi-

cantly difference (P<Z0. 05)
ARG BRAE 1 f i, o ABTS « BRI H K
K REVREE™ ) JB K L A R L SR B SR K RVEE AR A s 1L
IROK ST B 4. T80 .4, 3800 12, 725 I 22.60% . F]
FHAREARAS #1111 SR K i BIr 45 09 2% 2 1 B 2R B A% A
7.66% . XTI PR W TG S Al K w1
FIRYZ ABTS™ « 15 BR A 5w o (H -5 H Al 7K BT il
2% 1 22 BEAN TR 0 3l e E SR K B W 5K B AR K A
F6 AEMiEAKIMNERIEZG ABIS™ - FHREMN M

Table 6 Effects of different water types on ABTS" -

SR K S 0.55%.,0.09%.0.92% M 1.11%.,
2.2 MEERKKERSHH
2.2.1 JERRKEZLFHw @SR
PORF W €/ TR RACI = B T = | DR ViP/ P S ]

B WwZxhl A BNy =3571 - 0.28A —
3.283B— 4.16C + 1.71D — 0.18AB — 1.36AC +
0.97AD+ 3. 37BC — 0. 79BD — 0. 62CD — 15. 16 A* —
3.21B* + 1.54C% — 2. 91D, W 3£ 7 Al 0. ]~ P HL K
REDGREAW P EH/NT 0.000 1, KT (P =
0.196 5=>0. 05) A 8 2 , i WAL B 4D 45 B A0 4f L 1 4%
AW, REZRBR® N 0.992 1,8 1F 5k E R

2 =0.984 2,5 R® #:3 . SCH MRS B B (C. V)
2. 66 %% » % B2 A A T A T oy 4% 4 X ) VS
MK ZE 451 ABTS' « WHBREMZ M, 3 D — kI
B.C.D K& 4 A~ kI A* .\ B*.C*.D* % ABTS" « ¥
B A B, 2 T AC,AD.BC X ABTS™ « B
RIS, FoAth R R 52 i R g 2, &% B %)
ABTS™ « 3 bR 3 14 52 W I > ol 360 Y0 > o it f
TR oy Yk B = iyt s ] L 4 A PR 2R R) AR B 5% e ) 32
W RIMF N BC>AC>AD>BD>CD>AB,

clearance rate of S. japonica tea soup

ABTS" « #EBRE (%) ABTS' -

clearance rate (%)

KB FI IS Types of water

T VMK 2E Guangxi S. japonica tea

I PGAE K ZS Shanxi S. japonica tea

Running water 25,48+ 3., 87" 32.10+£0. 66"
C'estbon purified water 30.26+9. 56" 32.65+ 0. 50"
Master Kang mineralized water 25.88+3.24" 32.56+0.73"
Nongfu spring mineral water 17.54+1.31% 31.73+1.76"
Guilin local mountain spring water 7.66+4.80° 31.54+0. 74"
Note:different lowercase letters in the same column indicate significantly difference (P<Z0. 05)
xRT TEARKREZZHFESREESN
Table 7 Variance and significance analysis of Guangxi S. japonica tea soup
T5 22 KR -5 Fil B W5 F {4 Py A
Source of variance Sum of squares df Mean square F value P value Significance
Model 2 062. 50 14 147. 32 154. 11 <<0.000 1 Significant
A 0.27 1 0.27 0.28 0.603 5
B 128.76 1 128.76 134. 69 <20.000 1 * %
C 207. 89 1 207. 89 217.47 <<0.000 1 * %
D 40. 80 1 40. 80 42.68 <<0.000 1 * %
AB 0.13 1 0.13 0.13 0.719 8
AC 7.39 1 7.39 7.73 0.014 8 *
AD 4.54 1 4.54 4.75 0.046 8 *
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Continued table
J7 2 K R RE =hii); 3 ¥1I7 F1{H Py B
Source of variance Sum of squares df Mean square F value P value Significance
BC 45. 45 1 45. 45 47.55 <20.000 1 * %
BD 2.48 1 2.48 2.59 0.129 8
CD 1.54 1 1.54 1.61 0.224 7
A? 1 483. 88 1 1 483. 88 1 552.25 <<0.000 1 * %
B? 67. 56 1 67.56 70. 67 <20.000 1 * %
c? 15. 04 1 15. 04 15.73 0.001 4 *
D* 53. 64 1 53. 64 56.11 <<0.000 1 * X
Residual 13.38 14 0.96
Lack of fit 11.53 10 1.15 2.49 0.196 5 sigrz\iIfCi)zant
Pure error 1.85 4 0. 46
Cor total 2 075. 88 28

Note: * indicates significant difference (P<Z0.05), * * indicates extremely significant difference (P<Z0.01)

2.2.2 LB MRRFR G0 ELERBESH

Xof 12t 0 A R AT 1T VA 43 B AR B PEBOK 2525
w2k Ay &K y=37.21 - 0.11A -
1.22B- 1.80C + 1.62D — 0.12AB — 0.35AC +
1. 08AD+ 0.30BC — 0. 41BD — 0. 14CD — 1. 10A* —
0.61B” — 1.54C* — 1. 80D*, 1 £ 8 1l %1, Ib L A Ay
P {H/NTF 0.000 1, KT (P = 0.051>0.05) A &
AR R Z X R A5 R N, JeE RBR?
®8 LWEBKEZRFHESBREMSN

9 0.990 0, & 1E 5 MU E REL RAy 4 0.9800, 5
R* i, LR AR H % (C. V. N 0.86% . £ 1%
R NG A 2 B i 56 T R 000 3o 2% 1 % o P AR K
KAV ABTS  « WHHREMNE W, & HE X
ABTS" « 15 bR R 10 52 W0 I3 Sy o 6 vk 450 > o i I
J3E = b AR > p e ) 4 A PR 3R ) AH B S Y 3
WX ZIFH AD>BD>AC>BC>CD>AB,

ISIA
2

Table 8 Variance and significance analysis of Shanxi S. japonica tea soup

J7 26 R I -5 A BN s Y7 F{E P i W
Source of variance Sum of squares df Mean square F value P value Significance

Model 125.19 14 9.1 98.99 <20. 000 1 * %
A 0.21 1 0.14 1.5 0.240 4
B 17. 88 1 17. 88 194. 45 <<0.000 1 * %
C 36. 68 1 38. 81 422. 06 <20. 000 1 * %
D 30.51 1 31.48 342.35 <<0.000 1 * %
AB 0. 059 1 0. 059 0.64 0.438 1
AC 0.72 1 0. 48 5.27 0.037 7 *
AD 4.66 1 4.66 50. 65 <20. 000 1 * %
BC 0.36 1 0.36 3.89 0.068 7
BD 0.69 1 0.69 7.46 0.016 3 *
CD 0.19 1 0. 081 0.88 0.364 7
A? 7.32 1 7.84 85.32 <<0.000 1 * %
B 2.44 1 2.44 26.58 0.000 1 *
c? 15.29 1 15.29 166. 28 <20. 000 1 * %
D* 21.84 1 20.95 227.87 <<0.000 1 * %
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Continued table

T3 22 KR F-J7 #il A i F {4 Py A
Source of variance Sum of squares df Mean square F value P value Significance
Residual 1.73 14 0.092
Lack of fit 1.65 10 5.9 0. 051 Not significant
Pure error 0.082 4
Cor total 126.92 28

Note: * indicates significant difference (P<C0.05), * * indicates extremely significant difference (P<Z0.01)

2.2.3 WA K TR B & 5T 5 HAL

R Y Iml 0 5 A 42 e o il v P 6 Y
P 28 BAE A AE T PR PR3 =2 J () i il R 3%
FE TEF KB 5% 0 PR [ 1) 22 B4R FH T 45 e 4 1
S et FLAR 550G & L A [R] IR R A A8 LR B B A
o 2 (B AN ] PRI 25T 1) 38 B AR R 5 55 1 4 R A
L. f &1 & 6 a] A, wfd R AR wfd 8 ofot
TEE 3 AP Z ) i 22 BAE T 3% (P <<0. 05) , F= A~
RGN HABH R 723, i A F, ) Pa AR
KZEAE 2.99 min,40. 11 mL.1.07 ¥X.88.69°C M
KT M ABTS « {5 %N 44.55% ;5 11

Clearance rate (%)
(==}

Clearance rate (%)

o 95 (SRS
e
(g VOJ%JOA.QP;_%@“: PN

P K 2576 5. 02 min.40. 16 mL.1.03 ¥k .87.75°C
S T AR R M ABTS - W BR RN
38.74% . FHIBFILFRAEEAE X LR g R TR L T
PORE K 25 09 f A vh L 45 /9 3 min. 40 mL.1 k.
90°C ; L PH MK A5 ) S L ot 257444 5 min 40 mL.1
W.90°C, ML T AT 3 WCOFAT IR I B E, ) 7Y
MK R A ABTS T -« W BR R {H h (45.61
1.62) %, VR KR ZE 25 1 1 ABTS™ -« W BRI H
9 (37.90 = 1. 02) Yo , 15 T F 4230, 156 B A5 AU %8 4k
MR M R AR S B L

(b) Clearance rate (%)
60

B: brewing volume (mL)

2.0 2.5 3.0 3.5 4.0
A:brewing time (min)

(d) Clearance rate (%)
60

B: brewing volume (mL)

4.0 4.5 5.0 5.5 6.0
A:brewing time (min)

(a) (b) is tea from Guangxi,(c) (d) is tea from Shanxi
BT MR AT wi it AR B ot i ) 22 B AR FH X ABTS ™« 1 B 3852 Wi 119 i) g p T % 55 v 6 1]

Fig.1 Response surface and contour line diagram of the influence of the interaction between brewing time and volume of S.

japonica tea on ABTS" + clearance rate



114

RE,LEN,EBE,F FRMEFHETHRREZRZ ABTS HE TR BHENBRER

(a)

wn

(=1
wn
(=]

o~
(=)

N

(=)

=]

(=]
o]
(=]

Clearance rate (%)
S
Clearance rate (%)
(98]
(=)

—
(=}

90
D: b[e 8‘5 80
Wlag te, 7S 0 7‘5

707
() Peratygy N (i

(b) Clearance rate (%)
.0

(b) Clearance rate (%)
0

g
n

C: brewing times (times)
[ S5}
(=)
]
B
D: brewign temperature (°C)

2.5 3.0 3.5 .0

2.0 2.5 3.0 3.5 4.0
A:brewing time (min)

A:brewing time (min)

(c)
ST ST IT
<38 =38
§ 36 § 36
834 834
§ 32 g 32—
T 30 O 30—
9 g —— 55 600
“brewjp ; ?em;i. rat70 4.2\:; w‘.;?g fime
(°c) ure (min)

(d) Clearance rate (%)
90 =

C:brewing times (times)
D: brewign temperature (°C)

. - 70
4.5 5.0 5.5 : 4.0 4.5 5.0 5.5 6.0

A:brewing time (min)

A:brewing time (min)

(a) (b) is tea from Guangxi,(c) (d) is tea from Shanxi (a) (b) is tea from Guangxi, (¢) (d) is tea from Shanxi

IV ISP R IR UN T LTI IR LR - G S N (ST DU P03 MK 2% oo i A5 ek R T AR A X
ABTS" 1 bR A5 1 4 0] 157 1 T B 46 o 2k 1] ABTS" « 15 BR 3 52 6 9 0 7 fth 17 B 268 s £k 14

Fig.2 Response surface and contour line diagram of the
influence of the interaction between brewing time and times of
S. japonica tea on ABTS" + clearance rate

Fig.3 Response surface and contour line diagram of the
influence of the interaction between brewing time and temper-
ature of S. japonica tea on ABTS" « clearance rate



115

I"AERFRFR,2023 £,39 % ,% 1 5 Journal of Guangxi Academy of Sciences,2023,Vol.39 No. 1

(a)

o4
(=3

W
(=1

N
=

~

=)

[~}
(=]

Clearance rate (%)
= 8 2
Clearance rate (%)
- N W
o S o

60 3.0
B, 55 5
'b’elv' N < 29 7“-\“\65
ng, 45 30 % W
() Olume 0N ¢ 0% (o)

(b) Clearance rate (%)
3.0

oo
T

~
wn

C: brewing times (times)
D: brewing temperature (°C)
(o]
<

40 45 50 55 60 40 45 50 55 60
B: brewing volume (mL) B: brewing volume (mL)

Clearance rate (%)

90

—
»n
o
g

=

N2
@
o
g

=
on

£
z
o
=
=)
O

D: brewing temperature (°C)

’ 70
40 45 50 55 60
E brewing valome (ml) 0 B:“lfrewingsv(z)lume (fnSL) o0

(a) (b) is tea from Guangxi, (c)(d) is tea from Shanxi () (b) is tea from Guangxi,(c) (d) is tea from Shanxi

A4 B b i PR B i U R 32 AR I S SRR R R b e (B
ABTS™ « 15 bR 45 W6l ) o) o7 pty TR0 % 468 e £k 4 ABTS" « 8 %2 22 5 i 1) w17 i T 5 25 v 4 7

Fig.4 Response surface and contour line diagram of the Fig.5 Response surface and contour line diagram of the

influence of the interaction between brewing volume and tem-
of S. japonica tea on ABTS" « clearance rate perature of S. japonica tea on ABTS" « clearance rate

influence of the interaction between brewing volume and times



RE,LEN,EBE,F FRMEFHETHRREZRZ ABTS HE TR BHENBRER

(a)

Y]
(=T -]

33
(=}

Clearance rate (%)
w
(=}

10

0
5 29 22 :S’
e
7030 V2 qwe®
(OC)'Hpera turg c ‘oseu,\ “\es\

(b) Clearance rate (%)

D: brewing temperature (°C)

1.0 1.5 2.0 2.5 3.0
C: brewing times (times)

(d) Clearance rate (%)

90

D: brewing temperature (°C)

70
1.0 1.5 2.0 2.5 3.0
C: brewing times (times)

(a) (b) is tea from Guangxi,(c) (d) is tea from Shanxi
B 6 MR AT vt RS vt I B S ELAE F X ABTS ™ « 15 B 5% Wi 119 i) 7 ph 1T % 45 v 46 ]

Fig. 6 Response surface and contour line diagram of the influence of the interaction between brewing times and temperature
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Scavenging Effect of Sophora japonica Tea Soup on ABTS Cat-
ionic Free Radical under Different Brewing Conditions

LIANG Hui'?,SHI Yancai' , XIONG Zhongchen' ,JIANG Yunsheng' .DENG Lili'"**

(1. Guangxi Institute of Botany,Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences,Guilin, Guangxi,541006,
China;2. College of Life Sciences,Guangxi Normal University,Guilin, Guangxi,541006, China)

Abstract: In order to investigate the optimum brewing conditions of Sophora japonica tea and the scavenging
effect of S. japonica tea soup on ABTS cationic free radicals (ABTS" « ), two main kinds of S. japonica tea
(Guangxi S. japonica tea and Shanxi S. japonica tea) in the market are used as raw materials, this study
was conducted by combining single factor and response surface test. The results showed that the effect of
Guangxi S. japonica tea soup was the best when the ratio of tea to water was 1 : 40 (g/mL), and it was
brewed with pure water at 90°C for 1 times and 3 min. The effect of Shanxi S. japonica tea soup was the best
when the ratio of tea to water was 1 : 40 (g/mL), and it was brewed with pure water at 90°C for 1 times and
5 min. Three parallel experiments were carried out under the optimal brewing conditions. The ABTS" -
scavenging rates of Guangxi S. japonica tea soup and Shanxi S. japonica tea soup were (45.61+1.62)%
and (37.89£1.02) % ,respectively, which were similar to the predicted values of the response surface, indi-
cating that the two kinds of S. japonica tea soup models had a good fitting degree. Under these conditions,
the S. japonica tea soup has the best scavenging effect of ABTS" + . The study provides a theoretical refer-
ence for the development of S. japonica tea industry.

Key words: Sophora japonica tea;antioxidant;brewing conditions;response surface analysis;single factor
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