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Ui ZE] [HWYEIEHEE WA Y (Alkaloid from konjac powder, AKP) 4 411 18 VE B B H 6k K #F 7 i 4 7%
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TR 0 4 R T ) A R T R G TR P S 3 R 4% A A O A L IR S AR 6 AR I 40 T AR B AL
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Antimicrobial activity and mechanism of alkaloid from konjac powder

ZHOU Qi,ZHANG Baoshan, WEI Lusha,ZHAO Yu,
WANG Ying,PEI Yali, FU Junwei

(College of Food Engineering and Nutritional Science sShaanxi Normal University s Xi’an,Shaanxi 710119, China)

Abstract:[Objective] In this study, the antibacterial effect of alkaloid extraction isolated from konjac
powder (AKP) and its antibacterial mechanism against Escherichia coli and Staphylococcus aureus were
investigated to provide theoretical basis for production of new natural bacteriostatic and preservative agent.
[Method) The minimum inhibitory concentrations (MIC) of AKP to Escherichia coli ,Staphylococcus au-
reus , Bacillus subtilis and Salmonella typhimurium were determinedby liquid ratio dilution method, and
the susceptibility tests of AKP to these four bacteria were studied by the Oxford Cup method. The growth
curve,electrical conductivity of bacteria culture,cytomembrane integrity and mophologies of tested bacteria
were investigated to understand the antibacterial mechanism of AKP. [Result] AKP had the strongest anti-
bacterial effect on all test strains. Staphylococcus aureus was the most inhibited strain (MIC 10 mg/mL),
followed by Escherichia coli (MIC 20 mg/ml.). The inhibition zone diameters were in the order of Staphy-

lococcus aureus > Escherichia coli > Bacillus subtilis > Salmonella typhimurium. Growth curves showed
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that AKP had significant inhibitory effect on growth of Escherichia coli and Staphylococcus aureus. When

exposed to AKP,cell membrane was destroyed, bacteria survival was decreased and the conductivity of the

bacteria culture was increased. Besides, cell morphology was changed, some cells even had cavities after ex-

posure to AKP. [Conclusion] AKP showed antibacterial activities by destroying cell membrane and causing

cytoplasm leakage to inhibit cell growth and cause cell death.

Key words: konjac powder;alkaloid;antibacterial activity;antibacterial mechanism

JiE ¥ (Konjac) /& K #f & B ¥ J& (Amor-
phophallus Blume) 24 4 FAAE Yy, Ho b 2K 2K A
B R IR o A RO T Tz A TR Tl
o R SR — BT AR G A L AT
PE R B SR 3G BRI e R . i T EE R A2 KTy
VEFH R BE=F 8 43 25 S P & 43 o i 119 32 B A H R
KL FR RS A 5 B2 1 L 40 A4 BE B XU 25 B 3 5 L A
. OB BRSO E Y B
W2 ) T TG 3 LA B D B T R R . R
PRI A KA, SRk S g/kg L
AP AL G WA — E M Y. Mabhiza
SERF IR B 1. 67 mg/mL AR ) R OGS 4x B 6 4
BRAAERKWEOR S — MR A Y EFERM Y. £
JMRAEN R IE L S R B A AT S 3G K
PR P 200 L 5 28 T 400 o) R A P 2R G . T A O E
TR Y T R A 2 AR R AR AR IR L SR U S
PP At A 7 A R g e R
AW BETE SN L R AR T O T R
oy vb A W B A DG BIF 5T A L BT LR Ok M (BT (B A
TRAAZHE o AT 400D fi /DN 00 T Jo it R 32 4000
AT R L TR L T R BT Y 8RB RUE S 5 ) 5
D7 BRGERT T E OB AR W 8O0 K #F B (Esche-
richia coli) 4 8 0,75 % BRI (Staphylococcus au-
reus) 5 ZFE AT B (Bacillus subtilis) Fl B A5G FE VD
[TERH (Salmonella typhimurium) )W) B BLEE, 4
B i i B = ok A W R 410 T ML A R AIL B L LAY
TE R FVEE 77 0 A 22 4 v R0 ) R ) TR R SR e 1 R R
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1.1.1 B3R BEH KB HE (Escherichia coli)
CICC 10899 .4: # & % %5 BR H (Staphylococcus au-
reus)CICC 23656 4 B 2 #U #F 1 (Bacillus subtilis)
CICC 10732, RAG FE VY I K W (Salmonella typhi-
murium) CICC 21483, 457 ¢t H [ Tl fol A ) 16 7o £
g L AR AL

L1.2 E¥F &4 T 2016-10-05 Iy H PEVT A FH R
BHURBEFEMARRA A .
1.1.3 LBi&kEHRE 1 000 mL % & [ 10
g [R5 g BERERY 5 g, F kN 10 g.pH 7.2,
1.2 FENFE

Multiskan Go £ K BRI, £ E Thermo E-
lectron 24w ; FV1200 G RAE B . H A O-
lympus {25 A BR£& fi ; S-3400N 49 1 By + W fol 5%
H 7 Hitachi 28w s HT-7700 i& 5 ¥ B0, H A
Hitachi 2 &) ; SDDDS]J-308A I #t 5 %Y, | 1§ &
BEA A R A
1.3 BFEIHEVHRAKPHFHES5LE
1.3.1 BEFehA#Ha(AKP)#RR ZH 35|
JE AR E S RO AR R B T R B A B
90 Y% Z B VA VLR 70 10 1 4 WBUE 2 ok IR EE 70
TP 2 R T RERIA R L Ry 1+ 8, 4R IS
] 2 h, E23 fl U WA UE R L #ie BR 3R Ty 1 LUORR L
L 4 BEATHE 2 AR I, S JUNE ] 2 b, il OF [l i ik
WA IE 2 YR DB T R AL B I (0. 45 pm) LS il
U8 I e A 28 i 28 Wk BRLAR VA L 2 R T R S A R R
JBE S TR AR Wy BB AR )
1.3.2 AKP#HFETE4F 54 WRAEYH
M E A R e D 3k AT, B 160 mg/mL AKP 1
mL, S A 2 7% 10 g/mL $hme i 2 R M, 2R 5K
WAE R 10 g/ L AL B W 10 g/ L 5 IR 82 1 11
.50 g/ L AL R AR .5 ¢/ 1wk 4 4 ik
FIHEAT %08 A v 00 B 0 0E 7 A BRI E 45 R
PHAE . DhER R /N BE 6 Ry bR v VA W £ 414 nm 2 AT
B 0, 00 5 AL 42 9 v A 0 ) G A B0 44,8504
1.4 AKP #HIEEHENE
L4 1 smAd#WEREREMOGM T RHK
TRRE LA BELT Y 64T . FE LB AR RS 3R 3L P A
T E 44,85 06 18 A W TR B2 40 1R L B ) T
e BE 4R 0,5,10,20,40,80 1 160 mg/ml, £ B
5 mL 0% TRWIAE . ¥ 200 pL &3tk 10° ~
10" CFU/mL iy % il 1 73 5 8 T Fak il v, 98
FRE ., 7E 37 “C.120 r/min £FF % S0 HR ¥ 1
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72 15 h J5 PR B 552 W R 2 4 T LB [ 47 Al 15 77
b 37 CHEIREEFRM AT IR 24 h WA AL K
0L AR % 3 A E L #2 AKP 1E R/ e/
PR 5 19 B (MO

4.2 wHBaRE RAFEFE T, B
o 10° ~ 10" CFU/mL 9 45 it X B B i) 200
p L B50RA T LB [ A 5 55 e 0l L 200 pL A
7] Ji e B (0,10,20,40,80 1 160 mg/mL) {44
BICHL 2 97 43 S0 i A 45 K5 35 0L 24 e A6 o, 4 DL v
BCE 3 AN SR, 7E 37 ClHEES SR
Kig% 24 hJ5, LS B B R /DN .

1.5 AKP #HIEMEERR

1.5.1 AKP stk Ak Ww&ey%wm % LB K
TR 3 b AKP (% 5 & vk B 5 MIC #il1/2 MIC,
SRIG A A S H 10°~10" CFU/mL K i #F 5 Fi 42
B A A9 BRI TR R & 200 pl, FE 37 °CL 120
r/min fFF #E L E SR 15 h, B 1 h BORE I E
ODs s A& AKP 119 LB YA 55 7 3 0y % B, 2 1]
R AT BRI 4 5 €0 1 25 R TR 11 A K il R A 4L ik 3
NEE,

1.5.2 @WRABBRELEENR % WuZy
FOEY S J7 . 7E 20 mL LB M K5 3% 3 b A
AKP, i % {fi AKP B T & ¥ 5 4 3 2 20 F1 10
mg/mL., DI AKP () LB 4 55 77 3 8 X I, 78
WA B 35 v 2y A 200 pL A 10° ~ 107
CFU/mL i A B F1 4 5 €04 25 BR 0 1) 7 2 9 - 72
37 °C.120 r/min &/ F#%E 3.5 h,5 000 r/min &
A& T B0 10 min, A FEIRTTIE . ] PBS 22 nf
WG YRR A 3 .50 pL 9% vl VR 76 BB G 4510 R
MZOEHE SYTO9/PIL ARid, WHL 10 pL 3 T 2%
b b AR EOG I IR A OB T LS A TR A R O

Yedfa,,
1.5.3 AKP st &9 %% A AKP ffi

FEAE WA K 77 55 b i T B2 9k B MIC 00 1/2 MIC,
SRIG e AN & 10°~10" CFU/mL X ig ¥ & f
S (0, 7 BR T Y TR AR A 200 pLL 7E 37 TCL120
r/min 0 N ES SR 10 h, 2% Li 507 [ 757 230
JE B 358 /NI E 1 G AR & AKP )
A3 35 35 A 0k B, 225 1 RH XoF H, 52 58-I ] 46

15,4 AafesuiE S5 P Ere ol & 5
TS L 501 R AKP AR BERIR £
AKP Lb 1 K A T8 R0 4 B 60,4 4 3K % 2k K R
15 h J§,4 000 r/min 2 250 10 min, I E 4, H
PBS 22 sh il PE ¥ 3 vk, P AR AR 40 0 2. 500 Il — %

VSV ZE 2 o PBS 28 i vk 25 I RSV TR s R S AR
TR 50 30%.50%,70%,90 %, 100 % £ B A
BE MK B B K 5 TG K 2 B B 77 B B T )
B 10 min, W10 L 3 TRk b, AR BT W8
S EEHM RS T WA B HIES .
1.5.5 #ARENR S5 5 i BEAE il
W LTE PR B B 2.5 %0 1 T VA U I SE A0 PBS
GEhBOEVERT IR AE S 1504 WM. Z)5.
S R F B0 1 0 R R W 4 °C 58 2 ho LR K e
Y3 W, Bk 10 min, R B 4> ¥ 30%0,50%,
70%,90% , 100 %6 ) £ B 5 OB B K, B R T I
BfE 10 min, AN b B L BE 2 K. BEIR 10
min, H¢Jg IR AR V) A, 7635 B B T AR
B it I R 5 4
1.6 HIFBBHH

F ] Microsoft Excel 2010 #1 Origin 8. 0 &k {4
PEATE AR AL 3 2 8], 22 5 g MK P<<0. 05,

2 AR5

2.1 AKP WM HEEMG
2.1 HAHEREREMIC) HWELITL,
AKP %t 4 Fft ik 5 19 MIC A AH ] 6 4 o f6 5
2] TR AT i it %) 490 TR Jo i R e I, LR R W R A
Xof A B 2 0 AT T R B FE U 1T EC AT A 0 R O AR
R -8 40 mg/mL,
Fz 1 AKP 3 4 #X 4 E m MIC
Table 1 MIC of test strains treated with AKP
50 B

Test strain
KT CICC 10899
Escherichia coli CICC 10899

GO AR CICC 23656
Staphylococcus aureus CICC 23656

i 52 ALFF 1 CICC 10732
Bacillus subtilis CICC 10732

RATFEV TG CICC 21483
Salmonella typhimurium CICC 21483

2.1.2 #p@ B AKP X e el i e 25 2R
BLIE T A 2. A1 AT, AKP HA )T A 4R
TR 6 R AT BT <6 B €5 7] 200 BR BT LR 2R JRAT 1R
TR FEUD 1T A IR A B ROCR . i 3k 2 W]
L AE AH ) 5T ok BE R AKP X 4 38 7R 1 400 1 Pl
RN - < B 400 48] 280 B = R W T T > Al
AT > RAOTFED TR . di 3% 2 ik al . B
AKDP J5 v J3E 1 1 e » A0 o Pl A R 4 R 2
RA —E TR, B AKP BT ok R 5 0 8K
REIEM,

MIC/(mg *« mL~1)

20

10

40

40
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a. KA E CICC 108993 b. 4 ¥ i 4 BRI CICC 23656 ;. A 1 ZEHI 4T B CICC 10732

d. B 9E 7 TR B CICC 21483;al.bl.cl.dl % AKP Bt 160 me/ml;a2.b2,c2.d2 Jy it If
a. Escherichia coli CICC 10899 ;b. Staphylococcus aureus CICC 23656 ;c. Bacillus subtilis CICC 107323
d. Salmonella typhimurium CICC 214833al,bl,cl,d]l were uncentrations of alkaloid 160 mg/mlL;a2,b2,c2,d2 were CK
BT AKP P A0 B 40 i 41
Fig. 1 Bacteriostatic effect of AKP to tested strains
Fz 2 AKP Xt 40 & & B B
Table 2 Effect of AKP on inhibition zone tested strains mm

PR A

AKP fi ¥ % /(mg « mL~') Concentrations of alkaloid

Test strain 0 10

20 40 80 160

KpHFFH CICC 10899

Escherichia coli CICC 10899

& WA A Bk CICC 23656
Staphylococcus aureus CICC 23656

R v 2R AT CICC 10732

Bacillus subtilis CICC 10732
A2V R CICC 21483
Salmonella typhimurium CICC 21483

7.50+£0.26d 11.13£0.25 ¢ 16.37%0.15b 20.67£0.32 a
7.90+£0.45d 13.26%£0.30 b 17.50£0.15b 21.97£0.21 a
5.224£0.15d 8.6740.29 ¢ 12.204+0.35 b 16.3340.15 a

4.03£0.17d  7.8940.44 ¢ 11.894+0.26 b 16.2540.19 a

TE 7 A P B AR A /N TG BRI s [ AT B S5 AN [/ TR 3R AN (8] i ik B 2 ] Y I 25 4 2% 7 (P<C0. 05)

Note:“—" the zone of inhibition is too small to measure. Different lowercase letters indicate significant differences between different mass

concentrations (P<C0, 05).
2.2 AKPWHABHAENEECEHRENNE
L
2.2.1 A¥kw& ¥ AKP # MIC 1 1/2 MIC fy
I IPANE NP =30 SN 7R S R Rl R R KB 2 S
WA KM&mE 2 froa. fE 2-A flE 2-B |
L AKP ARG B K FF R 4 B €6 7 25 2K 1 5 %)
MM A K B F WS, HE AKP Jit & ik &1
T i« R I A T 0 4 €5 ] 2 R BT 110 410 o] 20CR
ORI . TEPIRN BB FRWI (0~3 b nkEdH 5
Xof B A LY o 2 K B BE A M [ 5 7E 15 9% 3~12 h, Xt
HE A K R b s TN R LTS A IR B A
A W]t i 0B AR L BT AKP il K AT R
R 4 B €5 2] BR A ) AR R T A L R T 4 R A

Xof B Y 2 K T s 7R B SR 12~15 b, 5 i B0 %
AR K BN AT 0. it
A UL AKP X KM A B R 4 B 607 4 Bk A I A KA
B I 1 0 o R

2.2.2 mppEr M H AKP AL B K AT R A
G A A Bk . AKP O &= - i 20 A1 10
mg/mL, 2 40 B A% R 98 Ot e B WL 55, 45 R LA 3.
SYTO9 DG E 7] 516 /W DNA 25 & Bt
PT 5 SEHREH RT3 5o 32 458 1) 40 I B, 55 58 1 DNA &5
HEBAEL . BB 3 AL, X B K AT A
G ¥ 00U 4 1R B R O L 2R AR I OB UL R B 1 4 K
ZRHONEAES L RO GG S (F 3-a.bse, D)
2% AKP AR B AP R 2B DR g afE S,
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LA fE5 (F 3-c.dog.h) o ([HEFE . INFE
Hh S W OHERENALOESHES TEAEYS
(FE 3-g F1E 3-h) , Bl 7E AKP WfEE T , 4 v (0 4

ODgg

f} [8]/h Time

%) BR A B0 200 i B 2 4 S T L AT R . 2D
WL AKP X < T (5 3 4 B A 10 1 80CR B A

> o =
T

ODg0

I} [8]/h Time

—B— % it CK; —e— 1/2 MIC; —A—MIC

A, KIAFFIE CICC 108993 B. 4 # @A #5514 CICC 23656
A. Escherichia coli CICC 10899 ;B. Staphylococcus aureus CICC 23656
B2 AKP XK i AT R R0 46 B €5 38 40 3K 1 2F 1< it 28 19 32 i)
Fig.2 Effect of AKP on growth curve of Escherichia coli and Staphylococcus aureus

a.b. R4 AKP 4b B KA FF B s c0d. 42 AKP AL SRR KA FF B s e [ R AKP ALY 4 88 (R A BRI 5 @, h. 28 AKP 40 J A0 42 B (4 3 2 2R 14
a,b. Untreated with AKP of Escherichia coli;c,d. Treated with AKP of Escherichia coli;

e,f. Untreated with AKP of Staphylococcus aureus;g.h. Treated with AKP of Staphylococcus aureus
B3 AKDP X KM T B RN A 5 (0 7 %5 3R 1R 41 i B8 57 B 1 1) 52 )

Fig. 3 Effects of AKP on cytomembrane of Escherichia coli and Staphylococcus aureus

2.2.3 wFF R F R AT LR WA R E A
PR AL, I 4-A RIE 4-B o] LA 1 AKP i
K FF T R 4 €0 ) 7 R T R R R R R AT s R
FEREFR I IR I 19 0~ 3 b, KA AT B i 4 5% (078 25 2k
RS RE X EZERIEAHE,3~7 h KA #
A4 H AR AKP 4B 1 H T8 24 5 F X% I
41, R T E UL AKP o] S T K R
1 4 ¥ €02 4 2K T 20 B P S L 5 SR T h e

FPTE AKP b B i 2R kA TR HEe A
7 25 R A R TR L R N BRI 218

2.2.4 wmie®Es MTHMBEMNE AKP 4
5 K A T 4 60 i 2 BR T 1) 40 B 3R TR S AR
b5 R ULE 5. H &5 RTAL IEF K i A T A
SRR (B 5-al) , 4 5 7 4 BR 5 52 4 45 0k (& 5-
b1, P A 58 3 A T 25 0000, 200 i 58 8 JC Rl 4
TN 20k AKP PE G K FF B A4
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CHAERFIE S LA T RS R ER L RERRE A KR AN A Y L A TR 658
TR AR (& 5-a2) . 8 R4 SR RO A M PRECOE 20 M A EORG 2 R AT .
FE IR (P 5-b2) B R 22 [] H AR DR 34 2 it
—— AKPAL# AKP treatment; —@— i i CK
or or
8 8t

7r 7r

S %/(ms+cm™)
— w

S Z/(ms +cm™)
+~ W

w

0 2 7 6 g 10 36 2 1 6 8 10

i A)/h i [A)/h
Time Time
A. KB FF CICC 10899 B. 4 # (3 % 3R ¥ CICC 23656
A. Escherichia coli CICC 10899 B. Staphylococcus aureus CICC 23656
B4 AKP XK i AT TR R 46 B €5 %80 40 R P AT T F S 38 1 32 I

Fig. 4 Effect of AKP on electrical conductivity of Escherichia coli and Staphylococcus aureus

al. KIGHF R B a2, KIBAE B AKP A3 5 b1, £ 5 (4 4 4 Bk 5 0 B8 5 b2, 4 2% 0 3 4 Bk 1 AKP &b 3t
al. Escherichia coli control;a2. Escherichia coli treated with AKP;bl. Staphylococcus aureus control;
b2. Staphylococcus aureus treated with AKP
B 5 AKP 4bBEET S I AT v 04 60 4 70 BR i T2 A5 45 40 1 49 il b B L 4%
Fig. 5 Cell morphologies of Escherichia coli and Staphylococcus aureus before and after AKP treatment observed by SEM

2.2.5 wmpasH ESESEBEME AKP AR kIt H 5%, AKPER G . K E (- 6-a2) fil

BT Je R AT 1 R < (5 7 g BT 1) 400 i 2 I 257
P Z R ILEE 6. ph &1 6 AT UL IE R AT T A0 I Y
REDD T A AFAR SR (B 6-al) 5 1E #1946 60 (A
2] BR T U T 52 289 50 1 [BE (&L 6-b 1) . 20 i BE | 200 Jig

G 08 AR A BR A (&L 6-b2) PR 28 4 1 38 58 W) 8 O
290 L JSE S B A5+ A S ) 45 R A SR L 20 i S
A7 THE 52 1) 200 ML P9 225 00 8 2 A B s 68 2
AN BEFEAT I RE R AT DT 32 2140 4
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al. KIGHF A B s a2, KHF T AKP A B b1 4 0 €0 75 45 BR 1 0T B 5 b2, 4 00 (35 4 3R A AKP AL 31 5 —. 20 i Bt B 79 45 4 o it 1% 40 T

al. Escherichia coli control;a2. Escherichia coli treated with AKP;bl. Staphylococcus aureus control;

b2. Staphylococcus aureus treated with AKP;—. Cells with damaged cell memhranes and leaked contents

6 AKP &b B K R AT R < B 00 4 4 R B 2 i 24 44 1) 7 S R S L

Fig. 6 Cell structures of Escherichia coli and Staphylococcus aureus before and after AKP

treatment observed by TEM

3 1 ik

AR 2> BRI T AKP X KA . 4 i 0
A 2 TR AT R 2 SR AT TR B T 1T IR A 4 R
PEHT . P06 PR 06 6 W AKP it 4 Fp b B394
RAF I BSOR B AKP HA T 3% s 20 0 e
T P LR 2 2 TG BH M A 22 [ B TR A W
A SR, FLA T AR 5 AKP i & vk B 2 OE A
XK. L. ¥ AKP JF RN KRG @I E 7 B A
A SE A EIE LA

AKP X K AT B AN 4 v 65 4 78 3K 0 0 2R Kl
2 TR A 200 i B 1) o E P L TR R B SR VR T R T
A 4 B 1 2 285 5/ n] 7 26 B S ) S . e 0 A
A B AR A R T AR B R 0 R R ] DA P R
5% AKP XJ K iz AT B M 4 85 68, ) 25 Bk B 09 90 7 BL
il A WEFE R 20 M RRE I P Y Bl W] RE 2 R 3
2 L PN R P B AZ TR LA B KT Na ™ 25 fif S5 14 S e
B ARG R, AKP SAE TR I R A4
B0, 7 BR A 20 i B 1 O 1 L A UK N H AR R
Wiz, 3~7 h Rl R AW T & .7 h 5
WHESE TR TREFTBRAFRET HHEL
A I O S R A R 5 AN TR A TR ¢

Qe 45 R KW AKP AE A 89 K AT i A< o5
A BRI L1 9O AR 5 W & T X IR AL B — 2k
ST AKP AR E MR SR B R B K
T M < o (0 5 760 K T AT KSR B L AN LA 1R
TG 1) 20 MR 25, A W) R A . OB ) R B L K
B O o T 0 <6 (5 ) 28 R AT TR S 00 R o L
fifk s AR S S T A R e B L SR IR S T
R A W T LR O A R A S A ) e
7 200 i P 0 T2 T L S+ DTG 28 38 400 R F R

4 5 B

JBE = OB AR Wy OGS A i A R 4 B €0 2 R T
FELA W 4 A R S e/ 0 R R (MO
Sy 20 #1110 mg/mL. LB A7 F B, AKP
57 200 T 240 L P 2 48 52D T 0 Y R ) A L S BOR
i T R A <5 5 A R A A R AR SN TS L
EBEAARE GRS IR AR o8 AKP B A
T R R A B R A D TR SR B R R A
FRELAT R (9 T 2 T R AN T S A R
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