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Abstract: To address the application limitations of eugenol due to its poor water solubility and volatility, this study devel-
oped a novel delivery system based on an ultrasound-assisted whey protein isolate-low methoxyl pectin bilayer nanoemul-
sion (WPI-LMP BN). Box-Behnken design was employed to optimize key parameters (WPI/LMP concentrations, ultra-
sound power/time), with mean particle size and polydispersity index (PDI) as critical evaluation indicators. The microscopic
morphology and intermolecular interactions of the emulsion were analyzed using scanning electron microscopy and Fourier
transform infrared spectroscopy; its stability under pH, ionic strength, and temperature stress was systematically evaluated;
and finally, agar diffusion assays were employed to compare its antibacterial activity with that of free eugenol. The optimal
conditions were established as follows: 2.60% WPI, 1.20% LMP, 500 W ultrasound power, and 8 min ultrasound time. Under
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these conditions, the resulting WPI-LMP BN exhibited a particle size of 318.6 nm, a PDI of 0.227, and an encapsulation

efficiency of 76.53%. Scanning electron microscopy revealed spherical and uniformly distributed droplets, while Fourier

transform infrared spectroscopy confirmed the successful formation of a WPI-LMP composite interface. Stability studies

indicated that the nanoemulsion maintained good physical stability under various environmental stresses, including a broad

pH range (3~10), Na" concentrations up to 250 mmol/L, and temperatures up to 80 °C. Antibacterial assays showed that the

inhibition zone diameters of WPI-LMP BN against Staphylococcus aureus and Escherichia coli were significantly

increased by 43.11% and 41.81%, respectively, compared to free eugenol, demonstrating a substantial enhancement in anti-

microbial efficacy. These findings indicate that the ultrasound-assisted WPI-LMP BN possesses excellent stability, effec-

tively encapsulates eugenol, and markedly improves its antibacterial performance, offering a promising approach for devel-

oping stable and efficient plant essential oil-based antimicrobial delivery systems.
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LMP) & AL, 7T A2 T 4574 i 35 s 2L
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T REEHYE FRRAET . H, AR HE
B EE WPI-LMP BN, §7E% i Box-Behnken
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ATVl WPI-LMP BN 7EZ F R0 77 (pH. 2571
IR TR AR T Sy HOG ML B e L (4 B
OAIRERTA . FHFF D BRI RLRE . TUHAZS S5
FER SR FRE N T ik Rt EZ A ENS
AT, I RER R ARG 19 FF R SRR ST 4
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1.1 M5

KA & (Escherichia coli) . 4= (0% 2 FR A
(Staphylococcus aureus) AT RFEMFBEE ™
AN S22 sl b P WPI(AlEE: 93.1%) 8
RIRTE A () A RRA ] LMP(ZEE: 99%) Bt
BEAYRHARRAE TEHW(4EE: 99%) . oKk
B IECbE RERRARERG; IR IR R
(BHD) 5 5 =Bk Tl Felig A o R A BRAF] .

DF-101S fEMRAfE IR In#wE i Flias g
JRIBVIALRFRH AT B F]; TY92-IIDN B 75 I 2 o3
L TR 2 AR IRA A RS F]; ZS90 ghK
BEE LA ATAY DL [E Malvern 43 7 ; Nicolet IS10
1 B2 - 78 e 21 7 56 i% ( Fourier Transform Infrared
Spectroscopy, FT-IR) 1% 32 [E ¢ BR K HE /R 2 ] 5
HPZ30 7 K 544 v 7 W8 (% SU8010 52X
HK) HASHIIAFE .
1.2 SEWFHE
1.2.1 KFLIEHIE =% Wel 5" 78I+
WM. HETRFRE WPLIE T 2B T /K, T 25 C
ZA4 N LA 1000 r/min % 3 1% J1 4% FF 30 min {7 H
FEOTV R . BEJSINAT AW, Z2 e 3 55 DI AL 3
(12000 r/min, 3 min), J& Bl FRLZ K FLI o B il
LMP #WAE N KAH, T8 LMP /K AH A2 2L
pH R 4, % ik LMP /K AH 5 02 2L IR ¥ R B E
7:3 34, PR LA 12000 r/min @854 3 min, 2
T A A RS A AR AT LA B, 395 WPI-LMP BN,
1.2.2 YOKFLBORAEA PDI IR FH 2SS90 9ir
FE R AT E WPI-LMP BN #3642 . PDI,
W1 mL SIS EE A AT SRl v, SPASTRTE] S
2 min, A ME 3 K.
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1.2.3 PR TERFHLR T ZLSE(WPL ik
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B SRR, MTEHFEBESINEILT 3% BIPUrRhG T
AR, ST 7% W2 T2 PER e M T’ SR &
JB 45 AR (A BE Rl IR . ORI o Rk, B2kt
5% M nE A T/E 8.

1.2.3.1 WPI ¥ FEXTRi4E . PDI U520 HEHL WPI
e (1% 2.5%. 5%. 7.5%. 10%), Z M BRI
LMP, 753 500 W, #75 B[] 8 min, B 2 fe i
WPI ¥

1.2.3.2 LMP ¥R EEXTRIAE . PDI (52 #EHL WP
He 5%, LMP ¥ EF(0.1%. 0.5%. 1%. 1.5%. 2%),
DI 500 W, B A 8 min, i 48 i fE LMP
1.2.3.3 HFSE RIS . PDI BISZM BEHL WPI
HE 5%, LMP HRJE 1.5%, #7515 (400, 450, 500,
550, 600 W), #BFEHTE] 8 min, B E A TR,
1.2.3.4 @ EFEIXRIAE . PDI B2 HEHL WPI
R 5%, LMP #E 1.5%, #5013 500 W, #8750t
[E](2. 4. 6. 8. 10 min), B & A EAE A IS [E] .

1.2.4 ma Efeieise P Ak L at R, AL
WORLAZ AN PDI AR AR, L WP HEE (A) . LMP ¥
BE(B) . MADIR(C) ., EErE(D) R A AR mE P E,
AR 4E BBD it ma ng miage (R 1), i WPI-LMP
BN AL R &%

E W I E s e IS NIV S S

Table 1 Response surface experimental design factors
and levels
K
S

-1 0 1

A: WPI(%) 2.5 5 7.5

B: LMP(%) 1 1.5 2
C: YA (W) 450 500 550
D: [ (min) 6 8 10

1.2.5 {ud}R (Encapsulation Efficiency, EE) =%
Zhang 55" (W IT IR T — 2Bk, PTA RS Y
i FH A G CRETHE T & W e KRR 282 nm
AT HT . FREL 100 mg T i FHI/K ZBEE R 2
10 mL, il sl 10 mg/mL fig#5¥%, )5 FHIC/K L B4
HH £ 2. 5. 10, 20, 50, 100 pg/mL T FEbRAER
TR iy, AR AN [ e R K Yl P8 2 ' B (B TRV E s A il
2. B 1 mL FLAA 2 mL 1E 2 4%, vKHSIAE 10 min,
BEJSTE 4 °C FE.C> 20 min(12000xg) . B EJZAHL
A, FHIC/K B 2 Ha R e SO G R FH i
BTNy, R R A RO G R R A EAR It £
LRPEVE B N o HE., HX 0.2 mL FL#E AN 0.8 mL 10%
SDS ¥, IRE 10 min J5 INJG/K 2B 25 200 24148

B, PR E B0, B RIS, i E A T T
By B, [FIRE, BB Ts s A G B (B A E 2 1Y
Bl #R¥E =15 EE.:

EE(%) = (1 - %) x 100

o Cp FoRUFE T HF W) (pg/mL), HAE N
NS T 5 AR i 2 ' R 310 1 ) e 3 e A LA
5% C, R T HMW AR (ng/mL), HABE WM ET
T YRR A OGRS TR e B e LU HIRR B AT 450 AE 5
Bl e v, SR R R T A WO B I A v il 2 e
AR ERE B PN, AR SRR LRI BEFEA T T AHN
FiRE
1.2.6 3 o 7t s AR B b AR 4 2T A G 53 AT

He /b WPI-LMP BN 5 E T B3 B RS 8] 47
MR A R, PR T el BAT S RS
LB Sl A F 3 F T S A e P R HLAOMLZ5 #4
R A IRAL AP R F 1 0 52 21 A 6 W Sl £k o K
WPI %W . T & H)Z K ZLH . WPI-LMP BN i
AT UR TR AL 3, 435 S5 IR AR 42 1:100 BTt LY
(2 mg/200 mg)IEA, W& 5 min J5 T 20 MPa & 7]
TIEH 40 s, 3545 1 mm EHEIHME A, ) FT-IR St
FEAYAE 4000~400 cm ! FEFHILL 2 ecm ™! 3R
1.2.7 Rt
1.2.7.1 #FasErE B 10 mL T FHEBZ 9K FLIK .
WPI-LMP BN # T45 H, 4350F 40~90 °C RS
JE T RCIEIRANEE 1 he BEGSZRPIIZERIAE . PDI,
1.2.7.2 &EETHEMH H 100~300 mmol/L NaCl
W T A/ R 29K FL . WPL-LMP BN #7 B
100 5, 4 °C BT 1 h J5Ek4sE . PDI
1.2.7.3 MRgFaErE  Sr0E 15 mL T & )20
KFLUE . WPI-LMP BN I AZE| 50 mL &5.0:48 1,
1 mol/L {J HCI 5{# 1 mol/L iy NaOH }f F #& pH
PHEE Ry 2.0~10.0 BHJE, 7€ 4 C FLRAFE 1 h Ji5 57 RPHC
2, MxE HRiAE . PDI,

1.2.8 fPEEMERE =% Moussaoui 2P I B vk
ki WPI-LMP BN XA P RETE M. B 5,
7 BHI [ 44 5% 35 2L - B2 5P 200 pL 40 B4 2 7% W
(10%CFU), H-EEEFREEREICE T AR /)5, 47
S 25 pL A=FHER K . WPI-LMP RS . WPI-LMP
BN DA 5 H & S AHSE I T & R i 2 R 8 b 76
37 °C FE:FE 24 h )5, R38O (5 45 ] [
FOh Pl 9 BLARS, T 435 SR B = U 4L

1.3 B

FRLH SEB A TN =K, Bdis DA BRI 22 3R
7R o K JH Excel 2016 #F 17 & fith £ 4 40 3, Origin
2022 5B E R AT AL, JFiE i SPSS 26.0 #fFHEAT
BA R 2 J5 2293 M7 (One-way ANOVA) 47 i k5>
7o >R Design-Expert 13.0 #A:HE47 0 )07 iz 56
BT S8R 5T
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2 HBRESH
2.1 WPLRE., LMPRE., @AINER, BEREX
WPI-LMP BN #[12 X PDI 520

WA B FLA3 AR SR VA ZLIRRS S P 1 SR FE AR o
B INPREARE ] B PR AT BHAZ sl B4, AT
PETHA R e s TR PDI D) Jsz By v IR~ 25—
P4, PDI {H AT 0 RIS SIEE T =Y, 2Lk
FERF KL R e e BT peE PR i 2]

W 1a Fias, BEE WPL K ETHE, )27
RidE K PDI 5K RE#EH, 18 5% B T e CRife
218 nm, PDI 0.269) . iZILG T P TR 1Y WPI
ST S AN R, RSN AE TCIR I 51 43 O35
BRI G R FERY 2 5% B, WPI 43T ZEl /K Fm
TE R AN B2, 38 a3 10 il 2R EE SC Bk A2 e/ IME
Yin 8P WARIE T IR, TR R Bk T
=1, B AR AN PDI L2 g O, X Al g I PR F 38 1Y
WP ¥ B T S04 22 28 3 0 A T A R a9y 3 n, AT
BRI T A 7 52 1 S OGRS WPT R
5% VE R 5 Lm0 A H o 7K o

FIE 1b AT, R E LMP BUFLIIAR R B A5
= B RUSTAT PDIL, X 2R LMP EE S AN R S
BRI J1000E5, 91 RO 2R EE, SR IER E 1.5%
J&, LMP 5245404 WP )2, il ¥ 5m B fa e HLH
A RBH IR ZRAEPO, TR S e LMP 9055 T S
VAR, (R T S RGP, R LMP ik
B 1.5% 1E NS OKF .

AR REFLALE AR, Tl /IRt | mhasE

PEKFLIRY . Bl 1e UL, B IE M 400 W T
%= 500 W I}, B4 364.57+5.82 nm i 35 U /N 2
316.37+4.84 nm(P<0.05) ., Jara-Quijada &5 21 5 H1,
X —AFA RSG5 | 2 Aoy — 2, 175 I RE
0% A7 RSO 0 W T T BB ZH ZLAL L 0T . IRl A, PDI 7E
500 W 35 B AR (0.224+0.006) , 3X 2 e T B
IR ST oA o 24 RS T SR AR S T, R AR
PDI P G, 33 S R A R s fizsfh
WA KK E LA 2, [R] sk o i S v IR AR A e fiE
A vt T BRIl )2, BELAE A % [l e A4, DA S
YA AR BEAIG, TR T SR A3 43 A1 AS 349 5 19 W
RO, B 500 W BFLIOR AR /N HL A s — 1
T, WoRs HoAf 2 A e ARk

& 1d SR I ff 5 B P B B3 in, LI B
K/INFT PDI 35 R (P<0.05), X =% 2 R AE—
SEMBFE TR, A AUAL BRI B B 25 AR 2 i A
P4 S e B v, AT o VR O B R B 743, IR a8 R S
Sharma 5P 2 B pRIE—2 . SEAHTK A 8 min
B, BiAE N PDI #8502 e/ IME, 1202 fh il
A e A AN, FE ST ARG, T Ak AL BRI A
b FAH, 3L PDI [ FH2
2.2 YRELITHIE SO AR
2.2.1 YKL A SR A N A Gy 58 Kb
R AR AN 2R SIS, SR DU PR 2R KV [T
15X WPI-LMP BN il & 5541 ik, 5648 WPI
HREE | LMP ¥ | A IR A BRI E R R, %
T 29 AHikLe, 45 5 IREKE, LI WPI-LMP BN ¥/

a 2754

s ifs — PDI A 040
e c." -0.35
g 2 F0.25 _
@ L0.20 £
£ o5 . 0.15
-0.10
-0.05
200 . . — : 0
1 2.5 5 75
WPI (%)
c 0.40
2004 2. B 7 ie — PDI |35
£ 3501
L:(t
i‘z‘
300
250

500

b 500-

450-
E 400+
£

H
NS 4
4‘>] 350

300+

A kifs - PDI

-0.20

r0.50
F0.45
r0.40
F0.35
£0.30
F0.25

PDI

F0.15
F0.10
- 0.05

250 Z
1.0
LMP (%)

0.1 05

=

# 0O

(m

#ifzE — PDI

D
A

0

+0.35
F0.30
+0.25
F0.20
F0.15
F0.10
+0.05

PDI

2 4 6
HFT IR (W)

ISR #4521 X% WPI-LMP BN 7 4% K PDI f54 0

400 450 550 600
A IIE (W)
B 1
Fig.1

Effect of different preparation conditions on particle size and PDI of WPI-LMP BN

T ARG FRER R RAR LR 22 57 B3 (P<0.05); AFIRE FhER R PDI 4 (8] 22 57 (.35 (P<0.05) 5 181 R L U] T B B
PDI (AL S, MR R LS PREOE R ] 1a AL WPL il 5 (19 SR LI
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12 B PDI SRy 3 A% &8, 16 58 S e A il £ T 223 503iE
(#F2),

72 Box-Behnken i36i% i Mgk
Table 2 Box-Behnken experimental design and results

W5 A:WPL B:LMP  C:Ij% D:.Af[A] Kif&(nm)  PDI

1 0 0 -1 1 369.45 0.347
2 1 1 0 0 384.25 0.381
3 0 1 1 0 355.45 0.342
4 0 0 -1 -1 382.5 0.389
5 -1 0 0 1 315.55 0.265
6 -1 0 1 0 338 0.304
7 1 0 0 1 354.85 0.369
8 -1 1 0 0 342.6 0.318
9 0 -1 -1 0 357.05 0.365
10 -1 0 0 -1 331.55 0.269
11 -1 -1 0 0 314.3 0.235
12 0 0 0 0 319.1 0.236
13 0 -1 1 0 335.9 0.291
14 1 0 1 0 357.35 0.375
15 0 1 1 350.4 0.331
16 -1 0 -1 0 337.2 0.303
17 0 0 0 0 327.8 0.238
18 0 0 0 0 321.9 0.224
19 1 -1 0 0 361.2 0.366
20 0 0 0 0 325.2 0.233
21 0 1 0 -1 365.7 0.342
22 0 -1 0 1 322.15 0.298
23 0 -1 0 -1 358.35 0.348
24 0 1 0 1 367.95 0.378
25 1 0 0 -1 382.3 0.389
26 0 0 0 0 3214 0.228
27 1 0 -1 0 379.85 0.408
28 0 1 -1 0 372.65 0.381
29 0 0 1 -1 363.55 0.3427

2.2.2 WPI-LMP BN il & 454404 [l A8 e N7 K 7
22570 FTER 2 B, dBid ot R mlE s hT R
T WPI-LMP BN il & T A S8 FUMAC R . WPI-
LMP BN }if2 1 PDI 545 K2R Z [E g k2 snmlid
Wagie= W

ki 42 . Y,=323.08+20.05A+11.64B—8.17C —
8.63D—1.31AB—5.83AC—2.86AD+0.9875BC+9.61BD—
0.025CD+9.16A%+13.98B>+21.71C>+17.33D?

PDI: Y,=0.2314+0.0496A+0.0199B—0.0173C—
0.0077D—0.017AB—0.0085AC—0.004AD+0.0086BC+
0.0213BD+0.0077CD+0.043 1 A>+0.0509B>+0.0675C>+
0.0538D?

X 3 T WrEE R, WPI-LMP BN ()
kit R PDI AERIPA R B2 /K- (P<0.0001), T2k
WIS IS4 22 57, RIS 221 R T a1 IR 2= .
PRI AP R 435120 0.9598 Fi1 0.9783, Ui
HH BT A5 1 AT 4 S BRI 42 95.98% A1 PDI 97.83%
FAR SR, BRI T AT FE A LA S

TERARFE R A, — YR I 22 BN AR 1 5 ) 127 2R
Wi 535 (P<0.01) . AZHIGIH BD BYAS T AEHXRIA%
BRI (P<0.01) . I, A% B>, C* 1
D? X hiA2 7 e B 2 2 (P<0.01) o 7E PDI 5%

3 AR 220 b

Table 3 Variance analysis of regression model

Y itz Y, PDI
WE O FE PE BEM WE OFHE  PHE BEH

AL 95486 23.9 <0.0001 **  0.0066 45.18 <0.0001 **
A-WPI 4824.03 120.73 <0.0001  **  0.0295 200.87 <0.0001  **
B-LMP 1625.18 40.67 <0.0001 **  0.0048 32.43 <0.0001 **
C-TJZE  801.15 20.05 0.0005 **  0.0036 24.49 0.0002  **
D-Iif[H]  894.41 2238 0.0003 **  0.0007 4.84 0.0452  *
AB 6.89 0.1724 0.6842 0.0012 7.92 0.0138  *
AC 13572 34 0.0866 0.0003 1.97 0.1823
AD 3278 0.8202 0.3804 0.0001 0.447 0.5146

BC 3.9 0.0976 0.7593 0.0003 2 0.1788

BD  369.6 925 0.0088 ** 0.0018 12.34 0.0035 **
CD  0.0025 0.0001 0.9938 0.0002 1.62 0.2244

A’ 54475 13.63 0.0024 **  0.0121 82.21 <0.0001 **
B> 126825 31.74 <0.0001 **  0.0168 114.41 <0.0001  **
C*  3056.65 76.5 <0.0001 **  0.0295201.31 <0.0001 **
D® 194733 48.73 <0.0001 **  0.0188 128 <0.0001 **

KT 5126 438 0.0838 0.0002 5.75 0.0533
(R) 0.9598 0.9783

BERH 0.9197 0.9567
(R, : :

Fh%

(Adeq) 16.4467 21.3468

TE: *P<0.05, FARFEI L35 ¥*P<0.01, TR B#

Hh, —RIT RO PDI Y52 4 25, Hor AL B Al
C % & 3 (P<0.01), D & 3% (P<0.05) . 28 H.Ifi
AB 22 HAEH .35 (P<0.05), BD BY32 HAE MK i
F(P<0.01), WRIH, It IR (A%, B>, C*,
D*) X PDI ¥ K i 2 52 e (P<0.01) . #RYE F{E K
7N, 2% DR PR AR R IR ) 8 35 R NTF A . ASB>D>C;
Xt PDI S0 14 & HEIUT A : ASB>C>D.

2.2.3 MR TE A R EAS HAEH ST e s A
TR PT T EDWPEAS WPT ¥R . LMP ¥REE | 8
7 Ty 25 K B[R] P PR 22 B AR R Lk A2 F PDI 195%
Wi W 7 T T P AR S sl A i ek A, AR HAL
7 ks A R R S R DU A R DR 2R (R A i A
AR, nE 2a Frzs, B A1 D A2 i b
FHXT BENE, H 25 = £ S A B2 A, TIESE 35 % WPI-
LMP BN kit BAT W2 Urmlsgmm . S48 S 25 thak
W A 38 ke A s R B U] 7, SRR A s N 4
KLY, ABRFLRAE R T T ATRENR R, AEfEE 2
W T A AP 55 R, ISR TEAR KRR S 3221k
FH VRS . IBAT, PDI AU 1534 (& 2b. ¢) [F]
e BxD MIZZ BEAEH BN 3, 4 R S5 &5
(3 3)45e—2k.

2.2.4 WPI-LMP BN A4 T 2245 R 5UE i@
if Design-Expert 13, #%Z B8tk H #R, K WPI-LMP
BN K742 F1 PDI % B N “minimize” , X458 7 7
MBS, 15 145 WPI-LMP BN [&fE T2 &4
k1 WPI ¥ B 2.60%. LMP ¥ & 1.24%. #8 7 o) =&
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Fig.2 Response surface and contour plots of WPI-LMP BN particle size and PDI
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5 P I ] B 5 H A I PDI AR o

500.78 W #EFEHIE] 7.65 min, FEMLEMA T, W3S
kit PDI f/NY WPI-LMP BN, HoRiA£Fl PDI
PR ER S TR 43 51 4 311.76 nm F1 0.222., AHF5E
38 o W] 7 TR 2 U A Y e AR T 2 S E(WPT: 2.60%,
LMP: 1.24%) 5 B 2R 8250 iy 22 19 7K P (WPL: 5%,
LMP: 1.5%)fFHE2E5 . X EEREHA T B
W] BAPRI 2R TG B FE 5 A A HAD AR Bt [ 58 ) 25 N 5%
— S AR ST SN, TN, TG AR B AR ST R AR (Y )
5 PDICY,) LG VA . 7 2257 BT 26, WPI
5 LMP #&JE X PDI A77F ik 35 1938 B340 (P<0.05),
H LMP ¥ 5 588 75 Bk a] 1 38 5 AE xR A2 F1 PDI
P 25200 (P<0.01) o 3X RS WP [ iad ik
B AR [ 2 R, T i B T LMP e /Ko
i 137 TS PR A B R AT 13X A 245 3R, R
I BEREAR WPT Il LMP ¥ 3 3B [F]FC HE (WPT 2.6%,
LMP 1.24%), BEAHEHA R 2R S2 90 1Y < Jmy et R Az
(218 nm) A Frif K, (HAE R FH L PDI %= 0.222,
TARAR S AT I — A | 2R G R PR L gk L
WA F

25 RN RS S B0 R ) A5 S B O, i A
WPI-LMP BN WA 554 1E 2 WPT HeE 2.60%.
LMP ¢ £ 1.20%. & 75 Ty 500 W, & 75 B [[]
8 min. 7E RN T4 WPI-LMP BN, Hokif2
1 PDI 43 %"~ 318.64 nm #1 0.227.
2.3 B#=E (Encapsulation Efficiency, EE)
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Fig.3 Eugenol standard curve and nanoemulsion
encapsulation rate

1 BPANE RS F R R i) 22 573 235 (P<0.05) .

WM Z (&l 3a) o &40 PritEAAS R B TRl y=
0.0096x-0.0069, R*=0.9997., 4nE 3b Aras, Mi15ea
JZ WPIFL# Y EE SN 64.36%, i WPI-LMP BN [
EE N 76.53%, WEA 2 WP ZLUIEE S T 12.17%. X
—ZE IR, WPI-LMP X2 45438 i T B 0 =08 1
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S, AT LIRSS B4 5) 50 BRI W 254, 1B 550
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Fig.4 Microscopic morphology and chemical structure
characterization of WPI-LMP BN
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A PATESE T F o8 D a3 T WPI-LMP JE i &
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JuHAE WPI-LMP BN A5 fc B G, 1 A 2R PR 4%
WAL . IR, 76 WPI-LMP BN F£ 4 i, 57
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PR, T WP B 2L G P H AT, TE
T WPI-LMP BN #}Z LMP [ h 7 . T A
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P4 DX 3 P 37 S IR S W e . 5540 WP AH Bk, WPT B
JEFLRR AR IESR B, R ZL SRR T R N
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FIF a1 HE—2E R 5, 3UEA T LMP 951 AR
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F 43 3ERH
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2.5.1 #AEE PR Sa FlE 5b fEox, WPI B
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fRoEtE, BEE R TS, )2 ZLIR I RIAR AT PDI &
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T B B ERIR SR 1A RS PE R T, S8 ERR RIS
FLARER, NI InE [ -8 H A A E AR, P &40
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HEL B E T . BRI EREH, 2T LIERL
ARFNER)Z 00 T 5] BRI LR )2, A Al 25 P st
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Fig.6 Inhibition zones of WPI-LMP BN and eugenol
on the tested bacteria
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Table 4 Inhibition zone diameter of WPI-LMP BN
and eugenol on the tested bacteria

—— e B4 (mm)
B AT ER A KIGHFEE
THB 11.04+0.48" 12.15£0.22°
WPI-LMP BN 15.80:£0.32° 17.23+0.16°

e Rl HR R/ NE Sk R [l BB R AS TR0 B 7R 28 0 2 A7
P25 57 (P<0.05) .
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