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[HEE] DIRUBE R TR R, B REM R T 5 e FoE T, (56 . Bi2E . SEORAETF IR 4L
FEER AR, IO AU 4 P A 06 B 2 M s IR R B R L TR AVE A, S5 SR 26 I, U0 I 8 T
TR, AR ECN 31.3% , FELFES LR AN IE EE, 4 FRE/DF 1000 u i A
Iy HE 95. 43% ;5 BRAKALE M B B0CR 55.5% , EEUBBERUNS TRRE R, A TFHEE/NT
1 000 ufJ LBl 3A 98. 67% ; E I B AECH 11.78% , Hirfr, EWREFERA LLHLATR] 75.13 %, 2k
RN R N 7.84% ; HAR P, BB #, HFALEGR B ES BN (3.3 x1077) % |
(3.1x107 )% . (2.3x107°)%A1(1.3 x107°)% , XFJF &R Il E K Bl (spontaneously hypertensive rats,
SHR) 7 5 XGRS 5 WA R TRE AL S, SHR IR M (28. 664 +2.026) kPa FFUA T FE, 12 h JFUYR4E & H
PREARAY (21.465 = 1.947) kPa, SRIGZEME TF, 24 h Jeusds RADAEF7ERARAE (25. 091 + 3.120) kPa, %
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Abstract: The pre-boiled liquid from mushroom ( Agaricus bisporus) was used as material and the basic
nutrient composition including protein, amino acids, saccharides, disodium ribonucleotide and the content of
heavy metals were analyzed according to the national standards after freeze-drying. The antihypertensive effect
of the lyophilized pre-boiled liquid on spontaneously hypertensive rats (SHR) was investigated. The results
showed that the protein content in the lyophilized pre-boiled liquid was 31.3% , which was mainly composed of
free amino acids and small peptides with relative molecular mass less than 1 000 u occupied 95. 43% . The car-
bohydrate content was 55.5% and was mainly in the form of monosaccharides and small molecules of polysac-
charides with molecular masses lower than 1 000 u reached 98.67% . The content of amino acid was 11.78%,
in which the percentage of delicious amino acids was 75. 13%. The content of disodium ribonucleotide was

7.84% . Analysis of heavy metals showed that the contents of total arsenic, lead, cadmium and total mercury
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were (3.3 x107°)%, (3.1 x107)%, (2.3 x107°)% and (1.3 x 10 ) %, respectively. Subsequent de-
crease of systolic blood pressure (SBP) of the SHR was observed after administration of the freeze-dried pre-
boiled liquid with initial SBP was (28. 664 +2.026) kPa and reached the lowest (21.465 +1.947) kPa after
12 h. It was observed that even after intragastric administration for 24 h, the SBP of the SHR still remained at
low level of (25.091 +3.120) kPa, suggesting that the pre-boiled liquid from A. bisporus have a certain effect
on antihypertension.

Keywords: Agaricus bisporus; pre-boiled liquid; components analysis; spontaneously hypertensive rats

(SHR) ; antihypertension
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MALEEGE (Agaricus bisporus) , NFRFBEEGE . FEEGE, REEE, WiEESE, BRFEE, SR
AR B RREEIFANRRRE RSN, A CttRzE RN 2000 FETE, FRELE
PR 40 DT WU, R AL PR REAR AR WA LA FE Y AN B R B SEREN , XUAE T ke 1
FPEEEARWEE R #2015 4F, AEPARE A 337.96 7 1 RUEEEAMUE SEA R, AR, 4R
B YRR S P L FE SRR, WS E S 28, 2K, Ak, =S, BA—en
PR A

FERFREE R I T RE s, AR s AR A 2B LR, DDA AT A A EE S XA
EEAETA SR, TR KIS A8, AT, B LB 2 A 7 Jin T Aill ™ A i R R 78 5
W BT 2, XN TR 2%, BN T IR B R T, AR, FRAT Ak 24 2 AT T
AT AFEE EM AR, sl gt e i VEB s AT | e g e w2 2R o T 4

IR ] PN ol X XSLFE 7 8 2% 85  11  JER P B AR AE At | AR LA OB o0 1) A 1 i 3
XD BRI 2 4 TP fE IR R Y R IR B A 00 ARk, BEE MR LG T 3
Folv £ FH TR 0 TR A R B, XSRS A0 M T A s T TR A R v gy, HRE, X P TR BB ST
ZAEPLEYUEA . BRI G | B IBE S IEE, WnRR AR K W v P R R S A AL
TGTERIZ K Zhang 25" BURFFE R, XUAREE 25 22 W X6 B 000 A0 1 3 A LA DRI Ve, O LR %
FEVETRE S BB INRUARSN LG W, RUA I 2 22 W A 0 400 A A M T v, TR Il b
K-, TR R A% Ot AR PR s /) BT R B G R SRR

o IR S A ULA I R, T B RO AR R R A, TR E NS fERE, BT, IR
I7 IR 254 B RS R | S R RN R 5 X2y BARRCR B3, AR RKIIR &
SRS | PREFSEARN ', iR I A BB FAYTY . 2400, 8 T T
AT IR 5k, [ NAME R A A FTGE , P, ASHIFZ S0U0T XA 188 7 1918 % P S A 5 33 4
EIRYIFN Sy R TR EAE SRR T T, R R & i K B (spontaneous-
ly hypertensive rats, SHR) X RS WA TRE MR DIROTEN, DU AR DI RENE & i O T R S48
K

1 #REFE
1.1 #R5iEH

ST s T T A A 55 L AR PR A A7 RN w48t s ek SHR W 3 1 3307 i v S 3 s ) A BR 33
EAT,

Milli-Q #B4l7K (EE Millipore 23 H]) 3 #hiR, fHIR, MR, %R, LR, W, milk, S&ER,
AEAALER, AL, A B, TEULEh, PURmER, PEALEE, EIREE, AULEE, SN, riE
FR, YT EZGER, srtral; =S TR, mimey, Sk, SBEmARES, BT ERIREY)
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By, D-EEREALEE bR (32 Sigma AF]) ; IR EIEMSMES (EE Sigma 23 H]) .
1.2 NE5E&

AR A5 (2 Agilent Technologies 23 Al ) 5 =y B0l (£ Beckman A F]) 3 fHIEIK
W (F8E Memmert A7) ; HFRFE (PERGEIRE) ; BHTENL (MEE Christ A7) ; $£4MHE
Yt (32 Perkin Elmer A ]) 3 K EMLEN E 1L (Softron BP —2010A, H A Softron /A ) ; 2k
BT (¥E[E Biochrom 2AH]) 3 JEF 2O (HAHSAH)

1.3 SEIH*
1.3.1  FEShHl

B G TERK G (m/V) 101, IEGREE N (98 £1)°C, NEAETEISH 8 ~ 10 min, FrEERR
IR 1%0 FARAG TR, 1008 VR 48080 vk 4 1) [ JE 40 T i 43 800 80% J5, LA — 80 °C UKFR & Uk
24 h, PEREEHLSEE, BCE TR TR TEPLN (63 Pa, -50 C), HE T, WEAK TG
MRS, B S R E TR M T B A S TS,

1.3.2 EFRBI

HEE SR, B GB 5009. 5—2016 M ; AR &4, %8 GB 5009. 6—2016 MI%E ; #H&, %
M GB/T 5009. 91—2003 M7 ; REmABAKMEY), &R GB/Z 21922—2008 A ikiHH.,

1.3.3  BESRER (A 0T 4 L 4 A o3 i

Moy TR, R AR BUHE B €8 % 75 (high performance size exclusion chromatography,
HPSEC) "7/ ; A TR, %I GB/T 22729—2008 i%E .,

1.3.4  FEER AR IR 80 & m T

GRS, HHE GB 5009. 124—2016 5 ; EMAL TR —4H % &, I8 GB 1886. 171—2016 MI%E
1.3.5 HERGE

S, %I GB 5009. 11—2014 P ; i, %I GB 5009. 12—2010 W& ; &, &M
GB 5009. 15—2014 Mz ; SO E I, M GB 5009. 17—2014 &,

1.3.6 5t e i He R B 86 It e A FH 43 B

SHR £ 9 ~ 11 Jii, itk (380 £20) g, IR R 23. 998 kPa MREM R . SHR 1T
24 CHEIR . 12 hBRE ., 12 h BB, S5 KA MRS, SMEmRFE 1 E, KRS8 3 4, &
a2, VZRBKIE R I RR, DURFGERIE N P IR, o R 10 mg/kg,  DARUHHE 25 i,
WHRTRERAE NI AL, HEE AN 100 mg/kg, FEMEE O IREE S 7 Xt — W EES , & 2K
FEE U, FHRBURLENE A ERES 0, 4, 8, 12, 24 h G RIS E, 4 B REIE 3 K,

ZR5i1Tie
2.1 BEXEFEMS D

22T, B 100 g WUAEE 4E WA VR VR TAESL Y, BBEEM 1476 k), NN 715 mg, ANEA MR,
EARABKIE G S EET, R T 31.3% 1 55.5% , Hi, oKIEYA R, (KR
ZWE AR, 208 EAT B R Sy ) A5 2R 2 B2 AL
2.2 WBERHYSFRENH

M 1 FIER 1 Al A, OB B 2 T P LA Ar T /N T 1 000 o BOBE2E R 32, o B T ALY
98.67% , o, HBERT & LLBIA 58.93% , Tsai 55" AUBFFE A, 16 SR 25 R[] (1) BB B, H
g 2 L e R AT PR, DRI, T A S 3 R A B /N R U s T
W SRR /N DS, 7Rl T Tad B rp Gy W gk e, 5 R Kk A SR AR I T 8™
ARG A T, R OUA R 2 A R A T TS, R AR SR A 4 S it e R B
%, B RRAGR R, W RN,
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2.3 MHOTFRENT

HH Pl 2 F% 2 RIAT, RUARLEE 4% T8 A3 1 BT K 2 000 u 9 RRAN o S & i i 2. 68% , KT
500 u B (5 7.38% ), MMizr+FBim/NT 500 u A9/ BRI 25 2 202 1Y 0T i 3 805138 92. 62% , AR
AW, @R TR/ NI RS T RER S, —WiAh, FEREUNF ik 2 ~
10 DMEFERA AL, 10 ~50 DB A AN Z K, AW, 23R 53405 ik 77.78%
M43 F R AE 180 ~2 000 u MY IKEL & & T 5 L BILR 19. 54% IS4 /INIR AR SUA B 0 T01 28 v 1) 75 1
W, mTHAEAZHAERIEE, 754550 TAEPA LEXT I RETEMEMOR AW 5T

23500 = 400 |
23000} 2350 ¢
£ 2500} £ 300 ¢
22000 | 5 207
g & 200
@ 15.00 a
X 150
= 10.00 A o
5”: § 5’; 100
= 5.001 o gz 50 ¢
O 1 1 1 1 1 1 0 1 < L 1 1
5.00 10.00 15.00 20.00 25.00 30.00 0 5.00 10.00 15.00 20.00 25.00 30.00
t/min t/min
B1 BESFRESHERIEER B2 HAFRESHEEE
Fig.1 Chromatogram of molecular Fig.2 Molecular weight distribution
weight distribution of carbohydrates chromatogram of peptides
xRl BEEOSTFRENT
Tab. 1 Relative molecular weight distribution of carbohydrates
fREEIE B i M, EXSRE M, WA 3Tt M I T U T AR L 151
Retention time Number average Weight average M./M, Peak molecular P$ A Peak area
. eak area
/min molecular mass molecular mass mass percentage/ %
14.833 511 052 631 820 1.24 551 262 26 255 0.89
17.967 12 266 13 984 1.14 12 627 13 135 0.44
20. 158 904 1117 1.24 900 1174 260 39.74
21.351 190 226 1.19 214 1741 475 58.93
x2 KAFREHNT
Tab.2 Relative molecular weight distribution of peptides
R i Y iy W 3 F i
e O PR RS B EI W
i Retention time " v M. /M, P R Peak area
Molecular mass/u . Number average Weight average Peak molecular Peak area
/min percentage/ %
molecular mass  molecular mass mass
>10 000 11.936 11 722 11 903 1.02 10 366 113 218 0.22
10 000 ~5 000 13.357 6 621 6 885 1.04 4 978 374 343 0.74
5 000 ~3 000 14.293 3777 3 858 1.02 3070 452 792 0.89
3 000 ~2 000 15.099 2433 2 465 1.01 2 025 419 910 0.83
2 000 ~1 000 16. 460 1370 1428 1.04 1003 963 530 1.89
1 000 ~500 17.784 675 703 1.04 506 1431 824 2.81
500 ~ 180 19. 803 246 268 1.09 178 7 547 510 14.84
<180 22.036 — — — 56 39 561 054 77.78
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2.4 SEBRANMEKZER_NSE

XA B 7 T R0 T RE PR R 58 KGRI R & i, 25 2R AN 3 PR, LT 4 191
BWEA 16 PR, SR SECH 11.78% , Hrf, UiEEEmA 7 f, (TR EER S 02kt
iR B 0 LB AR 11, 04% |, 5 RUA B 1S A vh b 5 3 R 1 AR 22 0 K, BT HOARGE A 1 & i
%Eﬁﬁ&oMﬂ@%ﬁﬁ%@@$#m%;ﬁ%%@%&ﬂ%ﬂﬁﬁﬁﬁ%ﬁﬁﬁi5%,%ﬁ%
SRR BN 1.35% , BEMREIEIR 5 S0 BEE] 75, 13% , SRR IR 8000 B 0 808
ﬂIM%O%%m%ﬁ@m MREA P R IR AT T 3. 0% , EWRAZTTIR 80 TR 44
F T 1L 6% B, HATEEERCR U0 B 4 TS R T W S S IR S AU i B0k 11.78% , Bk
R MR B 0Kk 7. 84% , 7 %%%ﬂﬁ%

AT, SRR A TS G . 00 S ) SR ok A PRI R A0 b T R R XUt
P G WA R R ARG R, 4R ma%ﬁaﬁﬂ&%i%ﬂ%&ﬁaﬂﬁﬁaﬂ%oE%#%¢
AR AR, (AR B M SRR (E AR R ZE oY

R3 WABEMRARTERERSESN

Tab.3 Analysis of amino acid composition in the pre-boiled liquid of A . bisporus

Py =y
KAGR" (Asp) 1.53 =R (1le) 0.14
HRIR™ (Thr) 0.24 TR MR (Leu) 0.18
22 F PR (Ser) 0.38 MR ( Tyr) 0.16
HEMR" (Glu) 5.97 FNER (Phe) 0.14
H&RR (Gly) 0.35 MR (Lys) 0.20
AR (Ala) 0.62 #H 7 2 (His ) 0.09
B R (Val) 0.22 5 E R (Arg) 0.38
EEBR" (Met) 0.18 Jiti %2 ( Pro) 1.00
LR 55 Total amino acid 11.78 fif IR 24 FE R 5L 5 Total tasty amino acid 7.50
T G FL TR B Total essential amino acid 1.30 BH R 2 L 12 B 5 Total sweet amino acid 1.35
AT FEMR BB Total non-essential amino acid 10.48 5 R LR B Total branched chain amino acid 0.54

Y. a— T RIERR ; b—EEREIEMNR,; c—RIREIERR ; d— e =IEm

Notes: a—essential amino acid; b—tasty amino acid; c—sweet amino acid; d—branched chain amino acid
2.5 EERSESW

UTAEA, HEA R X A TG Y T I R AY 7 B 2 A ) RS2 B 2 B O, FSER B, TR RSB R
Brnlfih, WX ESEITR A S E SRR, 2 AR5 % 3 E AR 6 i 0 & 48 AT
A, RIS DAL 1 SR P ) SOR R GRS T (5 x 10 7°) %, JEEZARER S 5 Ok
T T RS P 2 P O A AR T R AR IR, R DR 2 TIURRR T e e FLY L B Bk &
B SR, SRR 4 R,

x4 VABEMRARESESESWT

Tab.4 Analysis of heavy metal contents in the pre-boiled liquid of A . bisporus
E’i%é};& Mass fraction/ %

A6 ot H P TR PR3
Pre-boiled lyophilized sample Chinese standard

As 3.3x107° 5%x10°7

Pb 3.1x107° 1x10~*

Cd 2.3x107° 5%x10°7

Hg 1.3x107° 1x107°
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HIZe 4 I UL, RES R EY AR A TR 0 R (3.3 x 10 7°) % | (3.1 x107°) % F1(2.3 x
107°)% , YUK TEFbRAMEABREZR, HEARBESE R (1.3 x107°) %, W m T EEIRE(1 x
107°) % BYPR BRSO A FDOURL B 4 R W, B B E A B, 45, LB
HERW A, A= ESE, FRbEEoRm & &,

2.6 WMBMEFETE KT SHR BYFE I E1E A

W WAL 4 T RGHE S SHR, SCIRZE SRR 3 fiias, 25 FOG R, PHPEXT BRAL . SE364H Y SHR 78
FEERT (0 h) B9 ES 318 (30.731.5 £0.653) , (30.931 £0.240) , (28.691 +2.026) kPa, #EH 4,
8, 12 124 h J&, 25 FAXTHRALY SHR Y4 FE AR E R AN S PHPEXT BB ME S 4 h J5 Bk 3 e (R (E
(20.505 = 1.267) kPa, SCE04H SHR WZe M)A L 2 T RIS BAS TH A ka A, Wi Fe e AR A S B AE
B 12 h 5, BARMEHN (21.465 +1.947) kPa, #EH 24 h )5, W EIRERFAE (25.091 +3.120) kPa,

R, ZPEMES S TR MmAMRKRCEM:, ok, ZH0FxELGES
AN RE R A AN & A TG AR, (AR 4> F B Ik, WTCIETE s B I A R A 45 teah,
HAREMESRERZIK, —BH2 ~ 10NEERAE N, 0 FREEIR AR R ER, 0 E
W, /BTy 214 ~900 u I 205 5 B S Y 39. 74% , 43T IR 180 ~2 000 u /MK
Hi VR B Y 19. 54% |, SO ELAG 8 i FR 5 0 B 43 T A LA B 248 198 VA P ) 2 A /NI

§5[
= | DA
£ 30 s f_/-é
%
225 /
E
2. 20
]z —a— 25 ) R Blank control
& 15 —— [H X Positive control
= —— A Experiment group
l O 1 1 1 1 1 1 1 J
0 3 6 9 12 15 18 21 24

t/h

B 3 SHR i 4sEFE At iE R 2 1L
Fig.3 The change of SBP with time in SHR

3 Zhig

RALHE 4 T D F B TS . EOER RS R SRRy, RECRAN, &
SR REAT, BB A FE R LR RN T B I A7, R 1 S B2 L
B UL AUIE S T/ NI PO 20 R B0 R ML P AR 5 L S 24 90 0 o ) 8 I 4 TR
INBRAT S, ASHIFSE o XA B s T W 25 A TE R R PR T B 5%
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