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Preparation of pueraria hypotensive tea by fermentation and its

hypertensive effect on spontaneously hypertensive rats
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Abstract: Objective: This study aimed to obtain a novel
fermented green tea with high ACE-inhibitory activity by Euroti-
um cristatum and to investigate its acute hypotensive effects on
spontaneously hypertensive rats (SHR). Methods: The effects of
pueraria addition, water content of substrate and spore
suspension on ACE-inhibitory activity in vitro were investigated.,
and the fermentation process was optimized by orthogonal design
experiment. The fermented tea solution was prepared by water
extraction method, and SHR model was selected to study the hy-
potensive effect of fermented tea. Results: The optimal fermenta-

tion process for fermented tea was as follows: adding 2 g pueraria

into 20 g green tea matrix. controlling the water content of the
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matrix to 20% , inoculatin 5% suspension of E. cristatum. Com-
pared with the control group, different doses of fermented tea
had lowering effects on blood pressure in SHR within 24 h. Con-
clusion; The acute hypotensive effect of the daily dose of 300~
600 mg/kg was the most significant, which could lower the blood
pressure of SHR in a short period of time.
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I B RSO R a0 & eSS VR B A R M i R
L CSHRO J& X He il 19 5% i, 1 A 55 AR B I 245 76 3l 1 1k
P 24 b YR FEMAPE T, R AT 43 47 AT R 1 R R ATL AR L M
H R OB TT & H R AL 1 3 AR A 2 A AR AR 3
1 #5057k
1.1 #R5iEFH
L1156 Ak

B RAEE R

GO PRV LR X R AR A RS EA T

IR B AT 4 25 BH 2% T AR 2k Hh o B AR A
TG AL AR B R 2 i e Bt T s 5 2 A SR E

fuliti ACE . Iy JR i —4H 4 Bk — 52 B (HHL, =>98%0) |
R (Hip, 98%0) P8 4% 30 W 78 B 27 ( L) 5 5 /IR
NG

VKR (Z=99.9%) JHHEE(Z=99.9%) « a3 9, 79 & 1k
&35 A

TR S Ak 4 L vk 20 R (360D 43 BT 400, 74 & 4k 2 it
A,
1.1.2 5zhy
{KTE 220~240 g,11 JE#%, 30 1 SPF %t [ & H
&L E R B(SHR) , 6 Bt Wistar-Kyoto(WKY) K KL,
A 55 GRDRHRTERORL , 4R 3% 1 V5 b6 A ROBR B R A% fd e 1 o
HHEETHE, WX T E4E A ELE ARG
RS ]
1.2 EENEE

B SO (0,35 43 - 1.C-2030 B, Th 3k P4 37 5 He A ) 5

1A VA M 5 3R 40 . MP160B B, G H 2l /A
PR 5

TR W 48 - HH-ZK2 59, I SO 4 (0 88 A R 3¢ 1T
NGIE

T 28 K AX : YRE-501 B S K At 37 A5 BRA W 5

1o Y R B0 L HC-3018R A4, 22 0 BL b B 2%
A BRA T

#alik Bl ULPHW-TT B, gy Jif 4 3 #8 gl B} £ 7 R
NEIR

ZLAM K 430 5 AL . MA3SM-1CN &Y, I 1 28 2 FI| {7 52
Gy BRF

e TG A I 3T : CODA-MNTR %1, b 57 i 3¢ {1 fF
BHEARAH .
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1.3.1 5 5 WO 1 70 1 B T VR ) o %

(1) PDA K537 561 1 5k 58 02 1« BRI 2 f 19 4 4%
B 200 g, BEfE 20 g FOH A ME 20 g, EL 1 000 mL ZE1#
K o R I I Y B Y B 2N BVE VR T IR AT R N 8
— I HCR B G 38 1 By v 4 e A 008 25 1R KR rh Ot
HE—FRETZEW 20 min, WEEEFMH 8 EY it

e

BE 24988 | 20225 7 B | RBE5VUR

8 S TEUE TR PO A BR AT 100 OB R 35 R L AR A O
K& 1000 mL,121 CEJEZEKKF 15 min,

(2) 165 B Wl + K DR JCCE A TFD b 79 23 85 4l A 1y
AR AN 2 PDA 8537 3k [+, 28 °C 1H iR 18 V8 K5 57 48 35 5%
5 d, TCTHERME ST PR HUTA 22 5% 5 B3 ff 1) PDA 85 5%
He FHEATIEAL 28 CHIREIR B R IE 5 4, TWERE
£ F .78 PDA B 953 BANA 5 mL JGTHE 4 B AR K L gk
Ja B 100 mL JG B A B ER K R A7 B L B I BR T
MR ATH 4 (0.5~2X10° 4 /mL) . £ H .

1.3.2 AR KEREMERER S AR 20 g AT K
WHIRZE A 3 g BARM CEARFT I, & 60 H ), 2R H
K R R R I S R K R 2596, 121 °C K T AR IR AR
15 min, B & 5 R0 3% M R A F R IR W T
28 C .78 % BB F Ay Mds3: 5.7,9,11,13 d, B G AR
TH: 5 h &M,

1.3.3 HHEZERR

(D) BEHRE NI 3% 1.3.2 AT R B KWW B] 7 d, 43
M RSN (1,2.3,4.5 @) X R EEZE ACE G H:m
il Z 1 52

(2) HEFTE K H% 1.3.2 AT R K WERS B] 7 d, 43
2 5 R A K B (156,20 %25 %, 30 %, 35 %0) X & B
% ACE 5% P40 i 2R 0952 0

(3) flFREIP ML R HE 1.3.2 JEAT R BE . & B ]
7 d, o B AT R A R (1%0,226,3%,4%6,5%)
X kA ACE & #4300 2 14 5% i
1.3.4  ERE 488 HRFERI SR,
WA AR it &K R T B R R R 3 R
Wit Lo (3 IEAZAL TR, 4387 Hoxt ACE il i 4 4 41 4
iR pA 0
1.3.5  ACE i V40 1 50 5

(1) FERSRE M R R M A% 2d 60 B, LATEKZ
BEA PR BB A R W L 12 10 (g/mb), # IR B A
(100 W,20 kHz) 2B 30 min, 45 B 0, g 5% 78 & 0K
b IO VR PR VR 4 15 3 O BER B K LV T 10 mL SSB
(pH 8.3), Bl 15 100 mg/mL fy & B A5 32 . 4 °C it
M.

(2) Ih BRI AR o il £ 09 7 BUH B 24 1.00 mmo/L
1) By R R b B 5 TR 4K 43 50 # B g 0.01, 0,05, 0. 10,
0.50,1.00 mmo/L F % ¥ & . 7E fe A s A TP T A
HPLC i & Hip iy g i £1 . Hip 1 110 B 5 ok B 19 £k ¢
ZHK y=1756.350+101.56,R*=0.999 5,

(3) ACE {4 2200 5 - 8 b HPLC 450 5 JR B2
W TR AR SR I ) ACE 3 R 7K F, JF #230 (1D 35 ACE

it 9% 1 ) AR Sh A A
R=(C,—Cs)/(Cy—Cy)X100% , (D
IQEP:
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Ca— X B4 5 JR R e £ mmol/L;

Cs—FE 41 5 IR IR Wk £ - mmol/L;

Co 25 [ B 5 PRIR VR B » mmol/ L.,

HPLC ¥ £ 4« % ) 8 SPD-M20A, Hypersil ODS
Cis (4.6 mm X250 mm,5 pm) . HENH A 4 0.1% vk Z i
T, AN AH B A R W Y 0.8 mL/min, £ il
35 C, #RRERE 10 pL AT DE K 228 nm. B UE AR 25 3% L
*1.

x1 BERKRE

Gradient elution procedure

Table 1

WA /min - FEBIAEA/Y B B/%
0 90 10
25 60 40
35 50 50
40 20 80
50 20 80
51 90 10
60 90 10
1.3.6  Iesh oA AR i E  WRFE@SED T,

HAXHIBE 5526 ~65% . B WA 58 &, A B4R MROK,
IE N PEME SR 1R G HEATHE . AR E A8 1
P33 1) R AT BEBLRY » BRI 6 g. il A 100 mL 100 °C %
K WKV 44 30 min, 3 JE , §E 7%, 100 mL B K&
W5 60 g/ L MIZRIAR I . HFA KB 1 mL/100 g
PAREPEE . BRI B ORI E KB LR AR AR E IS RIS
Trfic ik B, [ P IR Ok BR 44 24 I I IR 76 58 B PR
MRS R L IR 2 d PR R, A 3 IR (E
BRI, WA I AEL 251 2.4,6.12,24 h
8 B AP e I e A B i 4 S AT 5K

#4530 O SHR KL R 5 A 6 JD A5/ &
Tl AL BB ) R A A BH A X B A 512 O WKY R RUBE HL
Sl 2 A 6 PO IEH A KRS A, K
R4 (SHR-H) , 600 mg/kg %R [ M1 1 2% ¥ 5 5% o 74
41 (SHR-M) 300 mg/kg B MR Ifil He 245 W5 25 AR 7 22 41
(SHR-L), 150 mg/kg & i & Il = 4% s B3 8 XF 8 41
(SHR-NaCD , # Ji 7 % A4 B £k 7K 5 BH ¥ %F 18 40 (SHR-F
FEXFD , FFLW A MR 4 A B A i R R R e A
FIFEA 1 mg/kgs IEF &7 4L (WKY-HD , = 7l 5 5
R I 45 V5 16 5 o BB 2 CWIKY) o ) k2 B K
1.3.7  HmAbE FrA I EE 3 WHOE B, 45 R L
B bR 2 2R BEMR N T K% (P<<0.05), %
i SPSS 20.0 # A4 #4751 Ab B Excel 2016 3K FAE

2 #@R500
2.1 REERTEIX ACE BB 6 5MD I 1 %10
1T 60 o 2 R R K A O K 1 2

X OREBRENEFMHERMBRMESNEKRRKEEER

9001
T
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Figure 1 Changes in ACE-inhibitory rate during

fermentation

0 A 2 BEAR AL oA & RS 1 ACE Tl P 410 1) e 2
TR KBRS, HORBESS 7 RAES 13 KAy 30 5
Bl 74.68% F1 76.03% . BT KA K LS HR T
MR AR A A T A Y SR B R R AR
HEZIEVGE RN, KBRS T ERKN S
ZYMRIE A, Ik g M. K 13 K
REEFRAEAE W] W8 0k B R T e T T R
A T RE AR T G 2% 56 0 v 19y 24 % BB R 25 ) o ik A
WA, B G W K B P AR R & AR
M3 R T OGRS T KON K BELL LRI ],

2.2 ZEEEXMBEBRBEESR ACEHH RN F T

2.2.1 EARBmME BE2AH.YERBMER L g
i, ACE i3 M A 20 30 ] 38 05 w85 (75.43%0) . M B AR TR
ARSI R ACE G Pl R 2 TGS, YER
ARG 3 g i, K BESS A9 ACE [ 5 30 ) 2R A% T 5
IRER AR IR 7011 %0) o 76 R IHEFE T rhomn B AR A Ry 3
T L B AR 2K 0] it RAAS B2 0H B & VS I
FER BRI 1 ACE 22 88 RAAS 33 BE 805 1 ik 42 2
U R W R R e 5 I AT I AR R A e A T
KEMIYIR S 'A AN FREE K TS, o] 5 &R
PR TR S R Ak Ol T o0 B S 3R T . ACE il I
A S0 1] 2% B AR S o ) B KT R B T RB R RO R
i s JoT b 2 2 R JB L 91 IR B R T T 0 T M ) B
B 43 2 R b AE Ak AR IR ACE 35, BFgETY
T B ARBE I E A T R S MY R R & S R B
I AR g 5% A T A0 B L R ) SIS (2 T AL
S F ACE #0026 5 52 L, B S5 AR B 35 . AR R T & B 4%
B FE T Ak 3 . MOEREBARM gy 1~3 g,

2.2.2 EEFUEUKE BB 3 Al A, )N ACE B RSl
il Bk A B A FGE K= 20% ~30% . ACE Hi Tl
PE PR S ) 28 B8 kBT % K Y HE — 2B BT R B, B
M B K B AR T SCHRC15], 3% 7T AR B Ok 2R 0 A AR
B I X e A A A B2 43 006 1 R i T C D R 1 D 3
A S KBS TR S AR g B 2 A7 BB L AT

215



216

F % Bz DEVELOPMENT &. APPLICATION

801
S
=
=3
< E 60
£ 5
232 501
T 40t
o
S < s0r

20 2 3 5

BRI
Pueraria addition/g
B2 BARSmES ACE 394 & e) %

Figure 2 Effects of pueraria addition on ACE-

inhibitory rate

SR ACE B 6 VRG] 4 . PRI 8 2 0 5 T 4 o & 7K &t
HO P ] AT RASRAT B0 19 ACE B 4 1 22

2.2.3 AT RAIFWAEAE i 4 w70 8 5 O
Fiit 5 ACE F % P ORS00 ] A 5L IE Lh 25 4007 B0 W 4%
Tty 5201 ACE 5 P40 1] 4 fi v« 2 W ek 2 028 1A ok
TE TR LA OB IR ACE i I 1 42 ) 35 14 W) Dot A
o AR ST WY 7L TE 2 B Fh i Y B N O R O T R
NS VN ER Y] S R N AL RN R
P23 BT SR 0 R 2 e A T AR 2 B L
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Figure 3  Effects of water content on ACE-inhibitory rate
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Figure 4 Effects of spore suspension volume on
ACE-inhibitory rate
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LAY AT TR 55 S P ) ACE 75
565 S WU O AE R e R TR Ay W T 2 RN L 0 2 T AL T
o VERT TG B PG M R CR 2 W A WIS & &
KA EAL I A R A ) ACE i 265 134 B 3
R e P L TT LU 8040 Je I R 0T . HLOR PR el 2 g
DB AS R WA A A LR . Bk
R E R 3% ~5%,

2.3 EXMRHIRKE

DA PR 2y A % B AR WS L R T K A
B VR W A R R A T IE S AR AR T LA A T A AR
FEA M It R B4 . IESIE R KT L3k 2,50 1%
WSR3,

Hi 2% 3 A, 45 LR X ACE il i 4 400 1 32 5% i K/
MWW Ny A>C>B, RVE AR I i x4 i) ACE Bl i 1452 )
B R 0 58 P R P 2 B T A K X R BEAS I
ACE Ml g i/ o REER MBS AB G, Bl
BB 2 g KR 2090 T RFREME
5% AR AT ACE F G P 0 ) R 7 By 76.13%
(n=3), HAF BN (M S AR E AR R MR ik [l . R
ST B AR R T S SRR R 2 W AE YR

®2 EXHBERKFER

Table 2 Orthogonal test design

- A B B A C 77207 M
M smme wkmu BRI/ %

1 1 20 3

2 2 25 4

3 3 30 5

F3 EXRBWIFHRER
Table 3 Orthogonal test design and results
o A B c ACE R MR 5h
i3/ %

1 1 1 1 1 72.89

2 1 2 2 2 72.13

3 1 3 3 3 75.32

4 2 1 2 3 76.05

) 2 2 3 1 74.74

6 2 3 1 2 72.24

7 3 1 3 2 69.70

8 3 2 1 3 67.58

9 3 3 2 1 63.89

ok 73.45  72.88  70.90 7051

ko 74.34 71.48 70.69 71.36

ks 67.06 70.48 73.26 72.98

R 7.28 2.40 2.57 2.47
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NGV S R R T R RV R B Y A5 4L IR ACE [ TG
P ] 2R A AR
24 HAHMBEUESHEAREDRBEENFM

& 4 "M, 425 4 h 5. SHR-F 4L 3% A 41 M1 8
SHR-NaCl 4 5 & W% T (2.814£0.57) kPa; 5 45 24 i /6
B, 8 R IEH A JE SHR UL 4% JE B K T (2.48%
0.44) kPa, SHR-H A 7EWE H 6 h J5 ik 05 46 16 19 I A%
fH . 5 SHR-NaCl ZHAf L FEAIK T (2.42£0.22) kPa, 545
ZiBTAE LR AIR T (2.14220.56) kPa, 5 SHR-H 241 AR 1Y
JE . SHR-M 473 H 2 h 5 Bt e F+ s i B4, b s 5
SHR-H AL 7E#E H 6 h J5 ik B f IR0 46 R He X Il
BEAIL T (1.204-0.27) kPa, A 7E 6 h B /% SHR-M (1 %4
ZHRTIEAL T (1.28220.27) kPa, SHR-M 21 % (& [ JE 20 5
 SHR-H 4155 M H 24 h )5 4 B 17 I+ 2 4 25 /T i
WG 1 HE . SHR-L 20 K BRCIR 25 45 b o 5 4 B 3, R L
JhFab . SHR-L 4 004 e #E B 4 b5 7 46 B K 9
B, IF7E 12 h 35 B KR ERCR . % SHR-NaCl 41K T
(1.17420.62) kPa, 54525 RiAH L /EHEH 6 h B FEAR T
(1.2440.14) kPa, B JERL R 5 SHR-M 41 M8l 15 1A
B R B A UG R AR I AT 445 18~20 h, SHR-H 41 7] 4
F5 6~12 h,SHR-M A 0] 4 $5 6 h,1fif SHR-L 40 7] 4 #524
8 h, [t 5 AR R I T A% T S VR B 8 i, SHR R R i
245 1 W AV e 2l B =2 78 R O P R T AR S AR I
IR — MR, 5 5 2 0 i se as SR AL
25 b E B AL LR S X SHR K R A W 35 1Y B AR
FH o LR 2% 0 W 2 0 o % A A g

S BEZE 2 B LAAT LA SHR 2 31 200 F8 6 1 7, 42 A
TV 2 B A W O3 A S 2R R AR T R R T A
S TR I A B P 1t & S ML . ECGL K FF .
YOk AR Z VEC A K 4 70 2 5 AR B I R 45 Hh i il ACE
it 4% P S R G 1 0 ST LR Jn 5 AR AT R B & A% ke
ACE Tl i H: (19 Pl Sh 4 il 26000 5 A7 B F & I 2% ol 3%
FIERERE - WEE R L (RAAS Wiy, k4.5 8
P R B R R SR A i AR T SHR K B i

X OREBRENEFMHERMBRMESNEKRRKEEER

W Ang Il B R VEME R, WA S EWER
BHA—EREEMER . 7T %% SHR B BEAL 2R M AL,
JE T A [ 2 M I TNF-o 1 TLR4A 4548 1 B T 14 2% 3%
KA AT SHR R AR 3 B & AE A . 38 %3 5 IR AT £ b
YER . FoRAeE0 R B VI 2S£ W B 95 42 7 SHR
L35 PP A8 56 H G 4L W (GSH-PxO 8 484 4y 18 4L Tl
(SOD) Fl— AL B (NO) G ¥, B A2 0 E LR & W]
B FE{% SHR #y SBP M1 4F 5K /& (DBP), 5 4, & 58 45
G 0 o 2 5 0 A R A0 T b 1 3 M TR R R IS R L
VoK /U 4 2 iR R T R R A L2 2R W OB RCE A T
PRI AR 9 A P R %L B AT B B AR R I
FEZEST SHR 78 24 h )5 i St R AT 2 3% I
KWIRA .
25 HAHMNEAEUENEARRIHRKKEENE MW
B 5 W40, 5 SHR-NaCl 20 i 4 FEAH 1 SHR-R 4T
WRAAEREY 12 h BFREAR T (1.94£0.15) kPa, SHR-H
I7EHES 6 h BFFEAK T (0.8820.40) kPa, SHR-M 41 £ i
B 6 h BFRRAE T (0.664-0.40) kPa, H {345 %] 12 h, SHR-L
AL REET SR EAE R 59 AR ENEE 6 h WK T (0.49 %
0.63) kPa, L5 BH¢:XT 41 H . SHR-H 41 fil SHR-L 41
EHEE 12 h EFIRER E & T SHR-RIE LA, 5%
YA H . SHR-FRF03% I 41 8 3% P& 1% T SHR & 9K i %L
oA HGHA PR B EN,SHR-H WS 4 hid T
P8 %, SHR-M A 7E S 6 h of 4 B W FF R4,
SHR-L 41769 H 24 h B xF SHR [ £F 7 F B FERUR A 1
5o U AR R I S X B R M e L R B A R AR
FH A ARS8 Mk B8 ok 88 R oy, T K R 1 T R SOR i
1R AT A X SHR &5 9k 5 59 e 48 F G T 2 MR R M
B3 4.3 5 A0, 545 25 A0 A bb . 0 K 5% 43 M 3k
WKY-H 7 8 24 h PE&F 36 s Rl 3 00 8 3% A2 1k
RS 2 g 00 0 A S R BT e I R B AR A
FEIE B 1) 6T 3k HE RIS 48 HE 7K T o 156 WA 55 AR I o R 5% X 1E
i RER I 5 e AN R

%1 ERBANESEDEXREH RS ENE0
Table 4 Effects on systolic blood pressure of spontaneously hypertensive rats (n=6)

20 51 EeEZi} WY 2h WY 4h MY 6h #EH 12 h Y 24 h
WKY 19.36+0.44 19.3040.42 19.21+0.35 19.50+0.54 19.0740.28 19.2040.46
WKY-H 19.154+0.14 19.4640.16 19.00+0.39 19.174+0.41 18.6540.60 18.6840.37
SHR-NaCl 26.43+0.71%  25.8240.69* % 26.2440.66% 26.05+0.78" * 26.39+0.37% 26.714+0.15%
SHR-F 3£ F) 25.9141.36%  24,4540.97* %4 23.4241.08* *#4 24.06E£1.46*#L  24,80+1.32" 4 25.294+1.51#%4
SHR-H 25.77+£0.43%  25.4440.70%4 24414119 %4 23.6241.22* %4 24.12+£1.96* 74 25.3940.64%
SHR-M 26.134+1.06% 27.08+1.1074 25.764+1.47% 24.854+1.19* %4  25.3940.84%24 26.4640.537
SHR-L 26.11+0.81%  25.4040.967 25.194+1.08* %4 24.8840.96* 4 25.23+0.33* 74 26.1740.517

T XA ZRT . xS P<<0.05; % [k WKY 4, £ 5 P<<0.05; %} [ 4, A\ P<C0.05,
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BE 2498 | 20225 7 A | a5V

*5 BRBAMELAMENERRESNRGSKENZNE
Table 5 Effects on diastolic blood pressure of spontaneously hypertensive rats (n=26)

2851 25T #EH2h H#EH4h #EH 6 h #H 12 h #EH 24 h
WKY 13.8040.57 14.0340.66 14.03+0.31 14.24+0.51 14.234+0.43 14.0340.51
WKY-H 13.9841.05 14.0540.84 13.76+0.88 14.2940.58 14.58+0.52 14.4240.64
SHR-NaCl 19.48+0.73% 19.03+0.477 19.64+0.33% 19.38+0.76% 19.52+0.60" 19.38+1.05* 7
SHR-F£HE 3 ) 19.50+0.507 18.69+0.93* % 18.4540.64* %4 17.444+1.06* %4 19.1640.40* %4 19.7240.297
SHR-H 19.77+0.547 19.114+0.48* % 18.7540.43* %4 19.3840.997 19.40+0.997 19.674+0.77%
SHR-M 19.404+0.467 19.53+0.407 18.68+0.33* %4 18.424+0.41* %4 18.7140.52* %4 19.2340.767
SHR-L 19.41+0.70% 19.194+0.41% 7 19.154+0.447 19.4440.24% 19.18+0.277 19.48+0.507

T XA ZET, * O P<T0.05; % Eb WKY 41, # 24 P<C0.05; X} LA AI 41, A\ P<C0.05,
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