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from the Roots of Suaeda salsa by Response
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Abstract : To optimize the extraction process of total alkaloids from the roots of Suaeda salsa and study its antibacterial activity,

based on the single—factor experiments , response surface method was used to determine the optimal extraction conditions of total

alkaloids from the roots of Suaeda salsa.The cylinder— plate method and the two— dilution method were used to detect the

inhibitory effects of the total alkaloid extract of the roots of Suaeda salsa on three common pathogenic bacteria( Escherichia coli,

Staphylococcus aureus , Bacillus subtilis) . The results showed that the highest yield of total alkaloids was 0.521% +0.04% when

the ratio of material to liquid was 1:25 g/mL, the concentration of ethanol was 86% ,the extraction temperature was 78 °C ,and

the extraction time was 2.1 h.The total alkaloid of the roots of Suaeda salsa had a certain bacteriostatic effect on Escherichia coli

and Staphylococcus aureus. The minimum bacteriostatic concentration was 0.4 mg/ml., and it had no bacteriostatic effect on

Bacillus subtilis.The extraction process was efficient and feasible, and could be used for the extraction of total alkaloids from the

roots of Suaeda salsa,and the extracts had certain bacteriostatic properties.

Key words: Suaeda salsa roots jtotal alkaloids ;extraction ;antibacterial activity

FE 2SS TS201.2 X EfFRIRES B X E 4 5:1002-0306(2020)12-0121-06

doi:10. 13386/j. issn1002 - 0306.2020. 12.019

SIscAgst: B AR, S, e, 45 R 17 IR VR DI AR AR A A ) BRI 2 B HAM T TG P L) ] B Tl R, 2020,
41(12) .121-125,132.

EEESI *?Eﬁiﬁﬁ R

AN S = TN

ﬁ%#@%ﬁﬁ}@ﬁ%?zﬁﬁﬂo

, IR JE T JE, Hﬁ‘,#wﬁ
)\” F"*ﬁﬁ“ﬂ E7IN b A 1
N T

Za Bl 2% B A ) 08 3% ( Suaeda salsa) X 4% 78 B,
LN, AR AR A Y), EETE TR E AT

1z, AR ZE 0 RORhoAE B 54 Wy 5T G s | H 1 J5R 4

ﬁz%m,%~ﬁﬁtﬁrpmm\ 2O VEI AN HAT 2T R WHFE T R msGE o> B BT A AL | R A e s 3 R
PR wE U8 o B 0 24 A A A B 4 ST FHE A5 S RS e 3 19 G S P I S A )

Y75 H#9:2019-10-22
TEERE AN : 35 (1993-) , %, M+, BT 7 &) HLM &P R % 09 BF 7, E—mail : Imd 190624 @ 163.com
« BIEE 36K (1969-) , B, 1, #I& AT 5 7 o 5 3 25 4 R 84 F- A AT %, E-mail : jyguobin@ 126.com,,

HEEWH: B RARA F b F A4 525 A (14C26242100741)

20204 551241 121



I@%sﬂ@h‘«i

Science and Technology of Food Industry

E g

HuTEY o v $2 B A IR 2, W R 4R Bk R
ARG 5 R A7 BT 2 Y R R 2T SR
e 17 T 325 0 38 2 14 O v B A A ) 5 R SR B SR A,
A0 5 b L Y AR 2 i B T 2 3k
Ttk E A O A i s, s |
Zs 2 B B TR S A B B R A R
Ko ZZHESE ST, PRI T HCEAR I3 i BT | PR 4 .
R VET B S TR, (B A Sk AR A W B 1) STk
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AL LA 2 T Ay 93 50 2 B 32 AR S A ) B, 3 e
L PR]Z S e R e N7 TR 92 P e B AR SR B D 2L, I X
SRR AR W) 0800 30 B AR T 3R AT 0 2B Y, A T 4F
22 PR VE .
1 #MR57TE
1.1 M58

aE 2019 45 H va)sk B AL TR T R vy
T IX, 4 M 22 ) R 2 08 Sl 132 2 5 Ty ZE L
JE IR , e e BOAR , B Ak B SR XUT, My e, Bl
R R ARAE 25 5 95% 20 B A9 9l Bk (96 &5 30 ~
80 C) . & Wk REKBMGHMTAHRAF ;A
EALEN (NaOH ) S5 - AR IGR] Y98 E 7= 40 B ali; 42 2
16,45 25 BR B ( Staphylococcus aureus ) | Fi B ZF £ FT B
( Bacillus subtilis) . RIHHFFE ( Escherichia coli) YK
AR P S g == A

FW-100 /=3 J7 B e AL dbmt b 24 A4
AR E];BP211D BIH T4 47 K- # [ Sartorious
2N ) s RE-3000 Jef% 28 kA B A s
TERIMARE R R AR A R A A 2R
LR HBIE/REFHASA IR A A LDZM A7 AR
NZERK WA IR EIT 4Rl ; SPX-150B A4k
I  RiEgERS R IR A
1.2 WHIE
121 GEEARSAEY R P T FR R 2 AR Ay
K 10.0 g, ¥ —xZ BHE FbIm A — 2 ¥R BE 19 B, FE—
SEMRBE T $Ee R — @ B A, H 42 2 W, &I 48 Uk,
WEFE 28 R A8 R E 2 F I 5% RS, 4
T pH3~4, Uk, uEWC S A1 hiE LURRR EE 1: 28R
WOKAEITH 5% NaOH JH75 pH11 ~12, 5% A 57 WK I
SR SRR A B AR E 3 R, BEIR 30 min, S I AR
W, U [ — S b, A5 B AR R R M, BT S
K
1.2.2 FARZESCE  PREWIERB K 10.0 g, DIfkE
MU0 AS 28R, B AR L (1: 10,12 15,
1:20,1:25.1:30 g/mL) . Z BEU E (55% .65% .
75% 85% 95% ) FEHUIE & (50 .60 .70 .80.90 °C)
FNERECATE] (0.5 1.0 1.5 2.0 2.5 h) PU-i~[E 2 %] 3%
AR AR W B8 AT 3 1 52 i, R b [ e PR s R L
1:25 g/mL 2Bk & 95% FEELR)E 70 °C | $REAT
[6] 2.0 h, &0 i =R EE I 5, BOFME
1.2.3  mahy S AR P2 Box— Benhnken #7if
SR 7 PR R RS IG BL At 1, 95 T Bk AR R AR
R RFZWEZER L (A) , SR EE(B),
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# 1 WRAEBO R KoK

Table 1 Factors and levels of
the response surface design
K
S
H= -1 0 1
A BHRE EE (g/mL) 1:20 1:25 1:30
B OEEHEE (% ) 75 85 95
C HRBGR I (C) 70 80 90
D $EHAFE] (h) 1.5 2.0 25
1.2.4 5 AR AR W) B AN R B0 I 2 = A STk

[14],

BAEIAE (P ) = PEH AR A= P ik 5T
/T MR AR BT % 100
1.2.5  HNEETEPESL LS
1.2.5.1  $5FRILAYAECH] LB [EABE 35 3k« 2 LE 2
5.0 g, FHEW 10.0 g, AR 20.0 g,NaCl 5.0 g, il
7K % 1000 mL, 121 °C K 20 min; LB WA BE 3538 . i
FEEEIY) 5.0 g, B M 10.0 g, NaCl 10.0 g, in/kK =
1000 mL,121 °C KB 20 min,
1.2.5.2  PHEWMHIE 5 A B R R T o
AR 1,37 °C .24 h 153R)5 , SRAS IR AL AR R Al . B2
FhIRPE B A 4 B T R VR R R T MR R R, &
37 °C 24 h {3 )5, Ter R PRER KRR B 5 B 1 x 10°
~1 x10" CFU/mL [ EEWRSAH™" .
1.2.5.3  IWEEBBCRARKI  SRHERER: ", IO 40k
T B KR PR RN 20 mL By Rk, HEE S,
B LA L R EIR 100 plL @) RE a5 -, )
ST o NG TSR KB 0 A4 AR T S B R 3R ML, 4y
FIIIA 240 L Y25 (R 0.2 04 0.8 mg/mL) , L)
TCH K FFTHE 37 °C F353E 24 h, #H4T7 =R E\EE 52
5 I IC SR R A
1254  JARIMEEW)E (MIC)  RAFMMFERRL,
FE 32 AR AR B o 43 5 # BE S 0.05.0.1.,0.2,0.4
0.8 mg/mL, B HUE Y I FG B 29 1 mL T &2 KK
BIFIIA 1 mL AREFFRILFN 100 pL PR, X R4
HMA T mL AARERFR 3 1 mL JCEE/K A1 100 pl bR B
W ,37 CTFHEFE 24 he WA IR, LLRE
TG 50 A VAT TRV A K 1 SR 8K A 0 R TR M A B
B e AT BT )2 (MIC)
1.3 HEE

SEG B LA Origin 8.5 4R 4 4FE &1, 2R FH Design
Expert 8.0.6 HAFHEAT 53T
2 H#RE5H
21 BREEXWHER
2.1.1 R texE R AR AR SR AR L T B
35 AR A P IR A5 25 B A TR B 1) A DT 3 DR 2 e R
FERIME B R, 2Bl A 1: 25 g/mL
Ak, A ) A 3 3k B i KA s R EL AR S 4 K,
A PIORAS R RRAK . T RE SR P S — 5 Y0 L P R L Y
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BERT 85% Jm M EWIASH T e, 2 h T L mEuk
B, DRV P Rt 3 S8 g vl B R £ i — K
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Fig.2 Effect of ethanol concentration
on extraction yield of total alkaloids
2.1.3  $RBURBEX SIS R sE I HE 3 A
B E—EIRBCE N, B AR R S BEIR R
TG i, VR R T R R i o e Sy Y
it K s 30 0995 3%, BT DA SR RO R 3 45 X Vi R i i
80 °C HHSFR M T [, 7] B S a5 o v 4 26 0 Bk 4%

My K ARAR Y R EGEE Jy 80 C

2.1.4  fREEFRIXT S A Y AS R A5z e & 4 AT
F,AE 0.5~2.0 h PN, 535 HL AR Wy B A5 22 bl B[]
A JE B T AS WY 42 T, 7T 68 S Fh 1 4% BR8] Y 28 < i
SR 25 SR SE A IR A 52.0 h i Bl 5 4R A ] ZE
KRR A R KR AE L, B 2 %5 &, 2
HH [a] 56455 2.0 b,

22 MEESEHER

221w SE G T AR AR A E S,
if i Design Expert 8.0.6 4@ 37 PUFR 2 = /K P-4
oA ST R LB L (A) L LB BE(B) (FRHR
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222 [HIABE A E S KT 2245587 SR A Design
Expert 8.0.6 #{4:%F 3 2 SCH0 45 K47 BS54

AR E[ )T AL .Y = 0.52-0.00625A + 0.004417B
—-0.016C +0.010D + 0.015AB—-0.004AC + 0.0045AD -
0.012BC-0.00253BD —0.013CD —0.027A* —0.052B> —
0.050C? —0.034D?

L3 W 2ZENMEE R BN, ZEIHER BA B
ZEPE(P <0.0001) , [ 75 ok 2% R* =0.9508 , &
IEHE R R, =0.9015, R BAIZ S0 F ik f1. &
HAIF P (0.1601 >0.05) A H. g 25, 156 W 2% 7] )9 A5 A
PORLA Bty o MR 3 ml i, — kI C(HR BRI |
ORI A (B CP DX i AR B A S (P <
0.01) ,— 31 D(FLHLHTAE]) (22 B3 AB F1 CD X iy
RABESZ 0 i 3 (P <0.05) , A CEHE L) F B ( Bk
FEY AR . PhgE FAE, Y04 PR3 e B B R e
B HRH:C>D>A>B,

223 WM IEESHT A T A R T B Y
1R T 520, M| Design Expert 8.0.6 3347
ST EIE 5 FE 6, &5 b, kB BN £ R 1Y
S 2R SN IR T 3 B PR 2 68 8 2R BRI A2 HAE B
BN EGRN £, B R 1 i) 7 T B B U 56 BH TR
HxF A YIS R A H B R, hBE 6 nA,
A= W HEAS 3R i HE B R R B ] A4 18 S TS
I, B R ) B i R B RS T R (], U B R B
TR EE Y s ) DR i B[R] 5 $2 BROURL B 5 e B[R] 38
HAEFH A T BE I, S5 A R, R AT E
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Table 2 RSM design scheme and results
Y BA Y Y B A8
A S S 103 A S ' 100
1 1 0 0 -1 0.438 16 1 0 0 1 0.448
2 0 1 0 0.401 17 -1 0 -1 0 0.455
3 0 0 -1 -1 0.431 18 -1 0 0 -1 0.469
4 0 -1 0 -1 0.407 19 0 0 -1 1 0.484
5 -1 1 0 0 0.432 20 1 0 1 0 0.412
6 0 -1 0 1 0.445 21 1 0 -1 0 0.453
7 0 0 0 0 0.527 22 0 0 0 0 0.517
8 0 0 1 1 0.423 23 0 -1 1 0 0.399
9 -1 -1 0 0 0.464 24 0 0 0 0 0.508
10 0 1 0 -1 0.415 25 1 -1 0 0 0.429
11 0 0 0 0 0.524 26 0 0 0 0 0.513
12 0 1 0 1 0.443 27 1 1 0 0 0.456
13 -1 0 0 1 0.461 28 0 0 1 -1 0.422
14 0 1 -1 0 0.450 29 -1 0 1 0 0.430
15 0 -1 -1 0 0.400
®3 AT R KT 25 o b
Table 3 Variance analysis of regression equation
J5 2K 7 A FI 1% ¥or FAH P{d B
yRiil 0.038 14 2.744E-003 19.31 <0.0001 * %
A 4.687E-004 1 4.687E-004 3.30 0.0908
B 2.341E-004 1 2.341E-004 1.65 0.2202
C 2.883E-003 1 2.883E-003 20.29 0.0005 ® %
D 1.240E-003 1 1.240E-003 8.73 0.0105 *
AB 8.702E-004 1 8.702E-004 6.12 0.0267 *
AC 6.400E-005 1 6.400E-005 0.45 0.5131
AD 8.100E-005 1 8.100E-005 0.57 0.4628
BC 5.760E-004 1 5.760E-004 4.05 0.0637
BD 2.500E-005 1 2.500E-005 0.18 0.6813
CD 6.760E-004 1 6.760E-004 4.76 0.0467 *
A? 4.607E-003 1 4.607E-003 3242 <0.0001 * %
B’ 0.018 1 0.018 125.34 <0.0001 e ok
c? 0.016 1 0.016 114.23 <0.0001 * s
D? 7.620E-003 1 7.620E-003 53.63 <0.0001 * %
RE 1.989E-003 14 1.421E-004
S48 1.747E-003 10 1.747E-004 2.88 0.1601
= 2.428 E-004 4 6.070E-005
pEyil| 0.040 28

F:*P<0.05 HEE, «x P <001 HREE,

VEF S35, %o S A il AS S5 iy s ) EL AT S 251

2.24 B UFiEE MR PG Design Expert 8.0.6 F A 43
BT, A5 A PR B R L 1: 24.626 g/mL, £ BEUk
BE 85.478% ,HRBUIREE 78.195 °C , I} [A] 2.088 h, 1t
SR BAEEAS N 0.520% , 45 G S2bR s, 8
FEPLHLSEA S B L 1: 25 g/ mL, ZEEH)E 86% , 12
B 78 °C$REXATTR] 2.1 h, Sy ik — A5 e i o T
AR TSRS 0T AT, SRR IOk 2% AR My >R 3
By, 507 10.0 g, #% IR TRARIRECT. 25 45 14 #E 4T =X
FE L, SRS R (E N 0.521% +0.04% ,
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2.3.1  BGEAR S AEMIEINERCR R4 LA,
B AR S A RO R T TR A% <5 B €0 ) g BR TR AT 410
PR , LT < 9 (5,4 %) BR AT A 900 BRI P i T O A
PR, XA R 2R B O R RO o il MR R A W A
JEE A AN [) X5 B0 B B 400 R AN [R) , TR T, 300 B
MG, IR, B AR S A R A R A
2.3.2  BHGEAR S AP R A B O (MIC) 3R
5 O, W AR R AR W BROGT <B B0 A 4 BR B AN R AT
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Table 4  Antibacterial activity of total alkaloids from different concentrations of the roots of Suaeda salsa

N , PG E A2 (mm)
BRI (mg/ml.) S B & B AR R R
0.8 14.26 £0.03 15.41 £0.02 6.00 +0.00
0.4 13.96 £0.05 14.13 £0.04 6.00 =0.00
0.2 10.06 +0.05 12.84 £0.03 6.00 +0.00
X B (TEHK) 6.00 =0.00 6.00 £0.00 6.00 +0.00

TE A HAR EAR R 6.00 mm, I 7R 400 R R LA

S BICE LS A PR Fr A R JEE (MIC)

Table 5 Minimum inhibitory concentration( MIC) of total alkaloids from the roots of Suaeda salsa

o S W B (mg/mL)
fEi AP ( me/
0.05 0.1 0.2 0.4 0.8 X e
KIFFIE + o+ o+t + + - - + o+ -
GO A ERE ++ + + o+ + + _ _ 44

TE:+ + + FORBRIEA R + + FREE AR + R AR - R A K.

FA) R (B A BT B2 (MIC) 29 09 0.4 mg/mlL; i AR i /=
W mT <B B C0 R 4 BR AT ) I B AR T 5 — 2B X R
J A TR B R 555 2
3 #it

AR I A A AL ] i Gk e B AR AR )
B, A B DR 2R S 6 i Al SR e 7 T 92 G A R T
R TS B EE 1225 g/mL, £ BEk
£ 86% , PEMGELEE 78 C , 2T E] 2.1 h, LA T il
EMR AV FR N 0.521% +0.04% ; 5256 A LS
TAE AR R A2 W O R AT T R < B (5 A 2 R TR A A B
R AW B th R EN Ny s O A BRI > K
FFEE , XAl 5 28 AT B JC M BRI . DB IR T

AT, AN S0 Dy I S R FH ik 32 % il 3 AR 1) 95 A Y
fERA—E NS E KI5

S 3Lk

(1) kB APACTE 31 L 38, 5 of B @ T ik AL AR E S BR
RERIE[J].FEBERE,2016,35(11) :140-144.
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