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Abstract: e-Poly-L-lysine (¢-PL) is a natural and safe food preservative with a broad-spectrum and strong antimicrobial activity. In the

present study, Escherichia coli and Bacillus subtilis were used to investigate their metabolic activity before and after treatment with the
fluorescent probe, 5-cyano-2,3-ditolyl tetrazolium chloride. The relative activity was calculated to investigate the bactericidal effect of e-PL.
Both the Linear and Weibull models were used to describe the bactericidal dynamics of e-PL. For E. coli in liquid culture, a low-concentration of
&-PL (0.005%) applied for 15 and 120 min decreased metabolic activity of E. coli to 86.33% and 73.44% of its original activity, respectively.
When a relative higher concentration of 0.025% was used, E. coli metabolic activity was only 21.06% after 15 min treatment and 3.61% at
120 min treatment. The bactericidal effect of e-PL on B. subtilis was similar to that on E. coli. The kinetic analysis revealed that the fit of the
Linear model was low, with an R* value <0.70. By contrast, the Weibull model showed a better fit in all test concentrations of e-PL against E.
coliand  B. subtilis, with an R* value >0.97. The findings indicate that using metabolic activity as an index, the Weibull model can accurately fit
the bactericidal kinetics of e-PL.

Key words: e-poly-L-lysine; natural food preservative; antimicrobial activity; metabolic activity; Weibull model

51 3Ckg K

RS, S 52, Wl 5 T ARUBRE T &- SRR B 3 7 2410 U R A RHEE,2023,39(11):94-100

LIU Zhenjie, HUANG Peihao, CHEN Shu, et al. Bactericidal kinetics of e-poly-L-lysine based on metabolic activity [J]. Modern Food
Science and Technology, 2023, 39(11): 94-100

Wiks BER: 2022-11-16

EEWH: "FEMT fREANENRESRRESIIWETR (2020B121201009)

EE RN XWRA (1975-), 5B, MLRE, WRAE: KUFRAMRFAL, E-mail: 1gh0828@126.com
BIREE: IBEE (1974, 5B, BERASKRTEM, MRAE: MEPRLEMFHA, E-mail: guowp@yeah.net

94



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

e-FHE IR (e-Poly-L-Lysine) &L & B —
Pl LI A, BORHHARS KT 1977 K
B, e BRI AR FIEI o RS oI
A, SEARSTHIKEARE. o R8BI wis
I, KN B BREAEERY, SRRt
THFWERP. & RBERSAET K, THEREY. shi
RIRIESE - AR L 2 ToRE . TIRNIRE . b
RS TR AR, (R, - SRR R P ERAR )
FIRE PR, 2013 3L E FDA fitifE o SRR
GRAS (Generally Recognized as Safe) Hufiz, U HTFK
W B, AL, Yohr, L, WK, AR SR
SRR AR, TR T 2014 SEHLHE o RS IR T
TREVTE R B AP i S B L IR

BT, WEERERBI R E R T amb s,
PUEKARBUH, H55—J7TH, BEE NI HISE f6
=N, DR iR s, KA
SIS BRI iy e e 2 BT H bk, HE
RALZFBIE A OO IR TGS . o- TR IRNE N —Fh
TAEPIRIEHI AR B B 7), iafRskos, mkIr
RAER, L, e RBERR T — EZ B R
IS, WA A BHURT, SRR T 2R,
e FLAEg a0 K= L K SR i e
RRTEAT o

e- SR EIR £ 55 2 /1-NH, 54141, pKa [HZ1 R
9.0M, (A ATILM N 22 E i, CAEE
FARTESS IR e- R BRAN BB L] 1A 7 & 4t R
AP B T, BRI e B IR T 4 F A
LA FHIWRBR 285 57 ey O DAE 4B, iR
B, SEHNARY SR, RS THEARNS
DNA 458, e SmsERZikt™>!, JmEmLa i o
N e TR AL A i T A B SEBR B AL T — 2 (1)
B, AR TS e M T %

N IVAE SR &2 R N sy NI P e
W, XREHARR LB R A IR 35
BN PRI R R IS, S i)
ke, DL AR B A I R R
JRP, APV R BRI S RIN, FELE
SR BRI R R — TR, i B S UK P R T
RER LA R BIRDIRH . BT, R ATR e 58
SRRV LS IR TR, AR —Fhoa R g7,
BN TIC AR WAGE, KL, a7n) o B
FRIR BB 22 AT, W A £ St BI7 J v 14 7
VLSRRI BT R SRR I E I ER AR -

WG PR AR 5 F 2,3 O R B S A6 Y e

(5-Cyano-2,3-Ditolyl Tetrazolium Chloride, CTC) f&—

PGB TERE S, PTHEE A R b
I A% e 1 i S I S — AR KA P 2 e )
iR, VORI T-40M, 7E— @R KEOtEK TR L R
i, TETENM R, AR A B, PR
JE SIS A )R RPN AT 7 LA LA
B K IGATE (Escherichia coli) ARG 21
FFEE (Bacillus subtilis) VE YRR, FIHAHRACEHE
PEREIN 2 CERER CTC KA pR AR ISV, 2Tk
PSR IXTEE, FIF Linear A1 Weibull S 4 o5
PN NI S

1 MRFNEE

1.1 MRS58

1.1.1 KA S5NE

BS02 CTC Mt ikg, HARICIZFT
Fs e FRER, WLRGZAEMTREGRAR, 5T
%) 3 500~4 000; —HIEERCEESE, 2558 R~
aii; Ultrospec 6300 pro 2870] W6t RETH, £
Amershan Biosciences; 5417 & R a4 & 00,
Eppendorf A
112 #EHk

KIGHFFE (E. coli) ATCC 8099 FlAH & 25 ft AT 4
(B. subtilis) ATCC 9372, A5 = {558 o
1.1.3 BRI FXA

Bl EAMR 10g, 4FWE 3 g NaCl5g,
1000 mL £ 517K BFHREN: EFRNHIEEARM
18~20 g Bifig, RUNEFRE.

1.2 Wk &

TS R B AT B RO B 2R AT T R 2
30 mL BFEPANI 150 mL =3, 37 ‘C. 200 r/min
B3R 18 h, ARKEXNFEKWEY. ET BRI
FRHE, AR ORI AR

WL 20 mL B, 8 000 r/min 250> 10 min, Y8
FE, 3B, H0.85% (m/m) TERAEFIEE /KIS 2
W, WEEBRELHEEREIK, HIHWEEKKEL
1x10° CFU/mL.

1.3 FEAE

WeEL 5 mL FEE 10 mL B0, IIARE3
0.5% e-JIERIAI (ZBF/KECHD, MHFES
0 0.005%~0.025%, SERIVES], FHFFUETHET 120 min,
%30 15 min 5 30 min BUFE 0.1 mL, EURE/ R CHE
FBFK 10 RS 1 mL, SEEDIRRZHMEE

95



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

MRESHANESE, K e BRI 0
L4 R#EEEN E

Pett GRS BacStain Pig e Bk & (BS02)
PRV 1 mL BRSO 20 pL 50 mmol/L
CTC ¥R S uL #9587, W51, 30 CH4fh 30 min.
CTC EJEF=H MR E S ISR Jett 5 iR
8 000 r/min &> 10 min, FF L&, MO 1 mL —H2
AR, AESKIRAT AR TEL, AR /- ddad =4,
FHFERS 1] 10 min, HAEIIRFT 1~2 #X. 8 000 r/min &L
10 min, 13 470 nm ARG EAE, —HETICHS
IR 2 o AT IRE i, AR5 B AR 4 BRI 1A 100%,
HARHE R ARYE R FEAR T EARRE , LLE 3 3R,

L5 gl
1.5.1 —%3) HFAR

AR A — PR R B A R AT g,
E5) 772 7] il Linear SAIRAHIR, HIANE T AR
HUEbER R AR R 2R, HISK (1D R,

N t
lg— =~ (D
N, D
AF:

Ny——F R SRR AT 09 5 B 3

N——R I G A A 0 R84

(——4#L AT E]), min;

D——45HEBITE], BP 3R 90%49 4k A M B ) 4 e 1],
min.

AR (1) BEEB.

A t
et -t (2
£ 4" D
AF:

Ay——ARAEH Fobl) CTC R MBS AR

A——FHRILE BN EAA,

tFq D——R X (1),

1.52  Weibull 2%

BRI N TR T AR A T Bl
J1E5 0T, ARG R — PP A B B A AN [F P
PR, HRAROTRER A (3) FoR.

N n

lgﬁo =—bt (3

AF:

No» Nv t——FRIX (1)

b—— IR T, Bpah Ay ARA S At ¢ R E B0 A R
Bt & bt Kol

n——HKRET, n¢§ R HIET HEHK, n>1 B HLE

96

E, n=l WWEA—ALK, n<l HHEE T W,

ARSI R S 7 R
A

lg—=-bt" 4
A,

AF:

Ay A—TFRX (2);
b. n—TRX (3).

1.6 AL A By I3E FoiTHh

K %2 RMSE. W 250 R K+
AFRZER T By 4 NESEEEH Weibull BLRILLA FE Y
P22, AR

oo [Zp-a? 5)
n

Af _ IOZ‘lg(p/a)‘ 6)

- n

> a
B, :107@({/ : D
AF:
C——3¥)F#it £ (RMSE);
p——TRNME;

a—— K IRH;
n——FIRIL;
A——AEHB T
B—— 1 mEZRF.

Ap ST TR 5 S B s (O RE R, LR bz
U1, REVEETINE S SE PR E A 2 ], AR
K5th. Be AWZERT, B>1 IR mBR e & T
SENME, Be<<I B FRoNBRL TG T S, By ik
B 1, BRI AR . PiE RER AT RMSE #oR
RRYFORETAE . ATSERE, ROEEIT 1, RMSE #/),
BRI E P

1.7 BS54

ARSI TAT 3 IR, SRV IEERE
#3F7R . Excel 2003 A1 Origin 8.0 #4H F#da 22 K AN
(RItE(Y

2 ZERFHS
2.1 F[E eRBAR K E L F A AT E F

1 52 AT W 0 P B R

CTC &M RO A VEASHIR B, T2 ]
Tl KRR IO AR I, o RO



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

(BiE7410.01%) 5K #/EA 30 min, CTC %%
R 1 iR, o BRI TS 1 KT
CTC Qe BTN, RIFFARUTEVENS, AR
FOXTIR, AUf R ST BRZIA e, HA I, &%
AR T A A L PRV RBIA A E TR e, SR ERITE T
FLAH R ELAE FH s I B 2 DR T B 4 P T -l
Wi, b e BRI /R =50
PR ARA AR LT AT TN . e- SR RN Rl B 2
TR B E S KT B AR .

B 1 KIFFFERTERZE 0. 01% — RIS IEFTERI CTC
REER
Fig.1 CTC staining results of E. coli samples after ¢-PL

treatment at a mass concentration of 0.01%

120 - -0 —o— 0.005% ——0.01%
—— 0.015% — 0.02% - 0.025%
100 -
° 80
#H o 60
"
T 40F
=
20
0 E. coli
-15 0 15 30 45 60 75 90 105 120
FF 1] / min
120 =0 —o— 0.005% —o—0.01%
—— 0.015% —v— 0.02% —* 0.025%
100 -
° 80
#H o 60r
H
T 40F
=
20
ol B. subtilis
-15 0 15 30 45 60 75 90 105 120
i 8] / min
E 2 IN[E RS R E S BUIEX AT R E S it E
REMTL

Fig.2 Change curves of metabolic activity of E. coli and
B. subtilis exposed to various concentrations of e-PL
RIERIR, e RN A A AN S TR, X
RMAAF T il 20 AT B A < €003 26 TR BT /AT
BT E 2 0 1~12.5. 1 F14~12.5 pg/mL>", R

[F) - SR A 2 o0 2 Z5OR AL ER N ) e R R AT B AR A
ZEAUAT BT RISM W 2. ARACHRIGIIE, AL
PRLAE WU 8] P9 PRIV PR A CRFE AR, 1T - SR IR
AESRR A ARG B 2F AT IR 15 min, VEPER A
NEE, IREACE R HOEE TR, (ER
[T 15 min JEAQENE 22208 %, Hikam, W)
IR RTT o- TR TR A MmO B SR A P IR
KT 5 R 0.005% e R mR/E M
15 min, VEPENREECD, AEMGTETER 86.33%, 1FH
120 min B} FRFE 73.44%; RRESE o FHER
(0.025%)> 1FH 15 min, JEHESCNRLGR 21.06%, 1F
FHITE] 120 min BEE T FEZRAR 3.61%. e-SRBHERRAL
HEAE L ZEAAT B, 0.005% e- S aIRIEH 15 min i,
PRGOS AR, IR TER) 88.54%, 1EH]
120 min 4 70.84%; $i2 a1 e- SR IR T =0 452 0.025%,
AEFE 15 min IEHSCAEIAEERT 16.45%, 1EH 120 min
1R 2.58% BET - IR A T FH o 223 B0 )b A Gt
TEPERTRMARERE, AIAN - SRR o = FCR PR B AT 2
PP AR B RCRARIT, S5Ok R

22 eRBAB KA E ot EFRATE R
B 2 R 89 Linear £ A # &

Ff 1) / min

15 30 45 60 75 90 105 120

03 ¥ T E'E = e o T 1
NHiHEE T T
aUE] I S M H
0.6 LT
> el * ..;'~
< § i .~§ ..- I
< 09r it "
g Y
o0 —1.2F N
- s \{‘\ {
. r ..
~
-1.8}
1L E. coli
5§ 18] / min
15 30 45 60 75 90 105 120
O'T.'—!_i;-::t___l_-.l-...l T T T 1
'.f..--::;_-:.'.l ______ Boen.. ]
-03+ N i SRR P 1
Pt Tt TrEeell Dl £
. 0.6 LN ;.
< i Tl 3,
z 09r I el
® -laf P, : '
-15¢ ..'. {
1.8} ta
o1l B. subtilis

& 3 TR —RHEERE S (0.005%-~0.025%) A TKAG
FEMAGEF TR EIER Sk
Fig.3 Fitting curves of linear model for E. coli and B. subtilis
under different &-PL concentrations (0.005%~0.025%)

97



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.11

TR BN 2 ARV F 2 I A AR R R R B 4
AR AR IGLRE, RPN KR BRI B RCR
HETTR, XREHRRSEER N R AR S . H
A, W LR BB ) B A Log-logistic 57
Weibull #%7%, Dose-response 1578 & —2 A /724 Y
Linear #i74252933]

AR5 B B e- SR S IR A PR AR 1Y) Linear A543
UELERIE 3. AFEBEEDE - RARRE I
RNEE T 0 R P e MR ST YR HES R R 51
KIS, JCHAZ e- BRI i Bl s, B
0.02%771 0.025%, {EF 15 min 55 30 min i f{SEME
SIE Z A TR BOR, BT WAE o RMEIR
VER B B BRI 25 T, Linear BEAMIE U2
xR 1 TR BHMRILEE 5 BAIE T KT E R A E S T

B MERRNE S
Table 1 Fitting parameters of linear model for E. coli and

B. subtilis under different e-PL concentrations

N, JE N RARK AR . ] WAE e- AR BRI
EHVEE N, Linear A K. 256 K I
e- AR R B, SR 1A] Y AT S S0 A
YRR 3 R R fERARER R E SR, WSt
AN LN o I - SR R o 1 7 BB (<
0.005%), Linear B85 AT B m b SRR A 2R,
TER R R B R, ARG HAR LG ORI
TIPS 557 R0 255 6 A1 FH e 1

23 e RBBB I KA E Aotk 2 2 AT H R

202 1 Weibull 4 34

Weibull & —Fh 2 B T2 B 51 71 22 B R 2
RSB 4 A F TR e BRI A K
RJGAT TR AR 5 2 FEUAT TP Weibull ASRUHDL A 2L
AR5t H e~ SRR A I KT B A 21
FFRERIARERCR, Weibull BEFEIATEE &, A0

cRMAE  KATH HEFIAH B s S A MR A —E e, Kk, Weibull
RENHY%S D R D R BOATRUERILG e SRR IR B 3N /)
0.005 71429 046 625.00 0.68 ANEJR R - RIEBR A KK AT B A 5
0.010 416.67 027 303.03  0.20 AT B Weibull B SR 2. I & 5040
0.015 263.16 035 21277 022 TGN, ToRAEH T R R Al B ZF A B, A5
0.02 137.00  0.44 109.89  0.46 R B8 R IR T 097, 4cH0 By R T-3458 1,
0.025 7143 0.67 64.52 0.59 RMSE fHARAK, R, Weibull A5%4a] DU ##0L &

Linear B HLESHNER 1. A2 KGHITFH
EARRTESEAAT I, D 1E o R MR =AU in
MK, R o- TR I 2% 1R 2R B8 T 5 2 408
MGG e SRMEIRIE R %0 0.005% 0, HREHR
R s, BUKHAFE R=0.46 ARG 2EfT 1
R=0.68, {EFIFIENDEILEZE 0.01%A1 0.015%H] 45

e-FEMA R A HBN 1l e, WTHT - B RN &%
AR A

KRBT TCH, DTN SUOREEE T RFRE
SRR EOE T R B AL BT S BT T AL, B TR R
(RIRTEUE 1NN TG0 BRI, ASHF Tk T
PANEVERAT R BB 1 & &, A — 2 Q.

%2 TF - RS RE S BASEA N ERS S TATEN Weibul | HRIS%

Table 2 Fitting parameters of Weibull model for E. coli and B. subtilis under different e-PL concentrations
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