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Abstract: A dihydrocoumarin nanoemulsion was prepared by using Tween 80 as the surfactant, anhydrous ethanol as
the co-surfactant, and dihydrocoumarin as the oil phase at a mass ratio of 6:2:1 and water content of 80%. The nanoemulsion
obtained was clear and transparent. Staining and transmission electron microscopy (TEM) characterization results revealed
that the nanoemulsion was of the O/W type. Uniformly dispersed nanoparticles were observed under TEM, with an average
particle size of 68.50 nm. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
the dihydrocoumarin nanoemulsion were estimated as 2.00 and 4.00 mg/mL, respectively. The antibacterial effects of the
nanoemulsion and its impact on the quality of red cabbage during storage were investigated. The results showed that the MBC
group effectively eliminated Salmonella. After 8 days of storage at 4 and 25 “C , the Salmonella count in the MBC group
was reduced by 3.59 and 4.86 1g colony forming units/g, respectively. Additionally, both the MIC and MBC groups exhibited
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significantly reduced color changes and weight losses, compared with the control group. In summary, the dihydrocoumarin

nanoemulsion has significant effects on the inhibition of Sa/monella on the surface as well as quality preservation of red

cabbage during storage. These findings provide new strategies for vegetable preservation.

Key words: Salmonella; dihydrocoumarin; nanoemulsion; red cabbage

o 1T IR A A2 — i i A T R 1 £ YR B B
H LA NS iy, 5EmE E Rk,
JEVE AR, R E A E S EET, WA R
JR T Y o Vb T BT A R AR O LN R
SRIRBUR B, SR A BRI TS B9 11 DY K = 2 i [
Zz—, H, RO ITIREMGRIDTTRE 2
T3 SR S5 e B A ) B Iy B b T) R AT BA
10 3 T B A A M A B £ i SR TH R o AR
T, AT 34 558 [ B 0 A 35 Folp s A B 77 R 2R
RN WITKESRIE 2, BAETET b
ITIRHE G G B &R 5, —SA g umA k.
HHE . FRER RS M EABRD T IKE T
R, R, BT R TS YR (H RS I >
Ut R, 1M H AR G o 3k AR E A
PR, R T ORI 2 A A JE AN AR 2E 4 it Pk 1 R B A
HEE L.

“HABEE RS MR AT Y, B2
AR ZIEIEE, RIR T 2R &S SRR~
W, 2 E AR GB2760-2014 H U VRN & & & KL
5 [ 75 A5G R B ) 1) 7 B e o AN “ — A
47 (FEMA-GRAS) WM& #. & #K
GRAGAS N BT R A%,
RSN i e R R L R e R R SR I S|
“HABFERAE RONPIE G, o )
A IR N A R AT 4 T DK B e T R0 A e s e
BE— D A SR B SRR, i E R EE
RS SR RIFRE R, BoR
BEERERABET KRS SRS R ZR. 9
KFUBE— P AR KA. RIEIEMEF. B
TR P R 2H B 5 11 38 — I e AR oy B R 4e, kL
BB /N 100 nme YORABEFH—FEW . &
EMEE. RREREAEYA RAWER D, JEE
— 58 A P B = T PR A 5 AR R R N A B AR
FI™ . A SCiEat th = oA RVE R 2 T 99Kk LR
BlJ5, BEGSEEN _AFTRI KW, ®
YR LR KT O HME R, AT PR B LA A B A
A3 1) R FH

1 MR5EE

1.1 ®EHEAHA

WK ¥k (Salmonella typhimurium ATCC
14028), KHE HRAWEDEM R O EHE,
W T s BRE AR KR (TSB) RS
KGRI (TSA), T MY E DA
FRAE]; rhiE 804 MR 40, F4: 80, WAT BN &L
WHEMBIR AR AT s TAKOE, WTRETE T
WL THRAT ;. B 1 400, W10 25
HEZWARAF ; —H&FTHE (CAS-No.119-84-6 ;
98%), 1T F¥E I VIR A BR A ] AR
FHFHANL, T R 5 B HE ARG R A A s AT
Yedm i, TR EAA AR A A .
12 FEQNBEE

IB-2 fEUR WL 1 P48, WM BARAL B A PR A
F] s HT7700 3% 5 M S5 85,  H 4% Hitachi 2 7] ;
Cytation5 £ Ijj fig B 45 1%, 3% [E Biotek 2 ) ; JW-
3021HR F AR B0 ML, B S A O PSS
HRAF ; TAXT PlusC i 44X, F[H Stable Micro
Systems A ]

1.3 SR F &

13.1 Z&F 2 FAARLRNH &

PR PR R — 8 8 1) 3 DV M 77 5 B 3 TV 12 )
THEMF, W14 30 min i 25 VR A 2 MG 57
(Spi)e 1% 9:1. 8:24 7:3. 6:4. 5:5, 4:6+ 3:7 2:8. 1:9
P B b, FREC— € & VR A 3R T 1R 5 A = A A
GETRAMT, W6 30 min 2R AS), 2
SR vk K S A Py N BE ST I ANE e
0 B VA T BT VB TR ) % 2
P& ot 85, f8 A Origin 2018 A4 E Dy
=JCHE, 18 AutoCAD # it 50 = oA K
YRR LI DX I AE X T o
1.3.1.1 R MHVE 177 1) i e

W 3R TH VS M Sk 35 80 kiR 40 AN E] 4 80 4%

117



MK ESBHL

Modern Food Science and Technology

2025, Vol.41, No.2

9:1~1:9 PRI 5 —AFEZRIES, 1% 1.3.1 H1H]
BTN T B TR, I T 55 4153 i = 7 4
1.3.1.2 BhaR & M 77 1 i ik

[l 5 I 3 80 VR T v P57, Kk 80 55
2 W 400, 2. RN R 3 MR E LIRS,
AW Son 1~ MR EE —EHF T RKIEE,
il & 77 R 1.3.1,
132 #RILRERHE

T gk W KR AL R R, B S mL A
TR, 23 AR N SRR A v ekl R
FHE AR M ek S FE R, o SR 9 1 e R
PHIOE BE K T KV Mgk, 0042 LR T AL K B
(W/O), RZIWNZAM KB (O/W).,
133 K SRR H

TEE B T R N WS K LI TE S,
Y 5 B 10 5 11 L V003 00 7 7 55 A T PR 4
I 2% (RESHD BRI T g ts, HIER
W22 Rk, EiRNTR, FEeTERETE
BT, 7F 80 kV NI ML,
134 BhHSH

B 5mL 47 2 1fL, 1500 v/min, 4 °C 20> 10 min,
7 3E, IR KIRS], EEVFR MO E
FIER M, fJa ION AR B B K 4 2% 204
MVRER (A0 B e A 2mL .08, 7l
B 900 pl 2% LA, Hr 158 A 100 uL
AR AR KA A B IR (ORI, 2~5 S &I
100 pL 5T 83 E 9 050, 1.00. 2.00. 4.00 mg/mL 4K
FL, 6 FEIN 100 uL £ 2% triton (AFR %0 {E
NBH ST IR (I . B AR EIR S S 37 (COKIB
1h, JRMEHSE, 1500 r/min 2.0 10 min, 43 HIHE
B0 RIS 200 uL 1 96 FLAR, P 540 nm AR
FefE. #IZE (Hemolysis Rate, HR) 115 AU :

A-A,
B=—""%_x100% (D
A ck _A ck

A

B——i#E@% (HR), %;

A—— e 540 nm 49 BRAA;
Ay —— AR 540 nm T 49 B HAL;
Ay ——FaERT FE AL 540 nm T &9 BRAL.,

135 WRAE®
KRR AR E A F T BRI
SV 1T B IR B /N IR B (MIC) R /N 3% B I

118

& (MBC). [f] 96 FLANMIES FRI S FLAF I 100 pL
TSB #5723, 765 —FIIM i &K 54 32 mg/mL
K I (UL A FE R RBIRE ),
TREJG, B HL 100 pL AT 56 2 HIFLH T IR 21,
HE FIRDEEE 8 FfL. MEFLIMA 100 puL 5
W (10° CFU/mL), ¥ 8 A gl K 703 i FLAE B
PEXTHE, RN B I FLIE MBI I . 37 CHEF%
24 h, WIE 600 nm ALMDEERE, H4 5 B EIR L
{ELAH 22 <<0.02 FFLXS LR BE A 2 A MIC, M B RT L
Y AE KA AL EL 100 pL AR IRAT TSA “Fil, 37 C
NHEFR 240, SR EEAKRRAGKE 2 MBC.
1.3.6 4k SUa A 38 5t 800 % 15 AR A S0 R 4
0
1.3.6.1  SHIERTEVD 1T R0 S b B 2% 1

DITREEM LS B IERT 7, KR
HWERIZmANZE0 , TG B TR e 5 H i 8y
BOAKH 3 em MIE T, TR TAE G R
5F 20 min VHBRTE S, SR SEREN AT R,
¥ 60 pL HE (10° CFU/mL) #5850 T H g
MR, BT TAEGET . M a5
ML 0. 1 MIC fil 1 MBC f) —A &S RYIKFLIE
AP 1 min, JRNEEOREFREH 73501 4 CHI 25 C
R17, T 0. 2. 4. 6. 8d HEATHURER I .
1.3.6.2 HHERMWTTREEZMN

I3 A hb PSR H I TR0, FCEEY )8y
&, N 10 mL TR AR ER /K, JR0E 2 mine HY 0.5 mL
WARBEA TR MR, B 1 mL MRS F4, 37 °C
BRI A% 24 h e
1.3.6.3 S HIE ARz

P €8 22 0 8 58 H W B IS Lx 404
a* FNEEWE b* fH, D58 FI A5 FH b v ASORH A 88 A
Xt — A B R B & 3 Wk, B AE
RFERBUEBAEEK, AE HHEAL:

AE=[(L;~L) ™ (a/~a,) ™+ (b, ~b,)’ 2

KF:

L' ay by'——Te i an e m & A4

L's a’s b/ ——TisE ReGM AL
1.3.6.4 SHERERNE

HLHE M2 0. 1 MIC 11 MBC [ A&
SRPURIBAI )G, FEEE 3 i AR E LR
R, FREFREE, BT 4 CHI25 CHRAF,
R 2 d FEAT PR E IR R R KO K E Y A 3R
JeE # (Weight Loss Rate, WLR) 5 LA (3).




MR B MR Modern Food Science and Technology 2025, Vol.41, No.2
a b $ c NS
) N} [
2
>\
¥

N .0 ~
0.00 0.25 0.50 0.75 1.00 0.00 0.25

A 4% 80 i 40

B 1 R [E 3R i M XA K SR A AL R &)

Fig.1 Effect of different surfactants on nanoemulsion formation
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Fig.2 Effect of different co-surfactants on nanoemulsion formation
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Fig.3 Appearance and type judgement of nanoemulsion

24 WA B AR A

WA K FLIBFRRE 10 £, 1535 ST HLB HOR A5 5L
10.0 k, ML 80 kV Z&A4F R, T8 LB 44 K i fir
TEWAT L. WP da Fn, AEERCK LB
REBKE, S5 AEE. M Imagel FHAFXT
KARHAT G 04T, el mE B, Wikl 4b
Fiws GKI0R RHEEHTE 40~100 nm 2 8], ~F
YIHEAE N 68.50 nm.
2.5 M

Vo5 I A N R R 25 0o I (i R A — R 7
PP Fa bR, R ML S I i A EFEERIK
FLI AW 22 4. 2% I 20 40 i 5 490 >k SL TR
W1h)E, &EHBEMIEME S fx,
R I 2T T 5 AR AR IR I ZT 4 bk B
TEE T REAKRIA EWREE N 0.50 A1 1.00 mg/mL
I, WS PENREE REZER, RUALIHE
AR, FUEIRIEZ N 2.00 F14.00 mg/mL i,
VR 50N 2.82% F1 4.64%., (ESZIRHAZIRET,
Vs MR IR T 5%, MR 48 4 I P S 56 kb 7 M R
PREhRiE, 0~9% NIEHM. “AFERYPKILITD

120

[T IS B 1 MIC AT MBC {H 73 71 9 2.00 F1 4.00 mg/mL,
B =& B R YUK IR R U8 18 A2 W 22 4 B 9 X v
IR BA R8s, el E A —Rpae 4
(140 77 5 700 FH 380 £ Tk

a '. i ..
- ‘Y . ..f
B .
F . N {
\ y .9, -
> o ®e
3 ® o

) » * '..l

0 20 40 60 80 100 120 140 160
J~F /nm
B 4 HRFLBERAFES (a) BAZES% (b)
Fig.4 Micromorphology (a) and particle size distribution (b)

of nanoemulsion
- - — - — | o
| |
! '
a - - - - -
lﬁi 0.5 1.0 2.0 4.0 I?i
L /mL mg/mL L L
f mg/mL mg/mL mg/mL mg/m f
e e
S5r a
4 -
X
=
K o2F
1+ c
d
[ ]
0.5 1.0 2.0 4.0

JREIKE / (mg/mL)
[ 5 ZHRFL XS LI 20 A I 1 9 220
Fig.5 In vitro hemolytic effect of dihydrocoumarin

nanoemulsion on erythrocyte



MR B MR Modern Food Science and Technology 2025, Vol.41, No.2
F1 4 CHEHEEHENRETK
Table 1 Color changes in purple cabbage during storage at 4 C
L* a* AE
0d 8d 0d 8d 0d 8d
Control 4190 +2.65™  36.49+0.49"  10.62+2.41™ 1280+ 1.59*  -185+0.16" -1.93+020™ 6.11 +3.92
MIC 4172137 37.83+220"  11.04+0.53"  12.80+1.40™  -1.72+027"  -2.05+0.70"  4.47+1.59
MBC 41.10+0.52* 4127+ 1.13% 1069 +1.35™  11.19+1.82%  -1.89+044™ 261087 1.68%0.96

E: R ERKEFEHRTRISER LFREFR; RITAER DN EFERTRATHER ZE M ZF (P<0.05). TF.

R 2 25 Cii L H KM ETH

Table 2 Color changes in purple cabbage during storage at 25 'C

L* a* b* AE
0d 8d 0d 8d 0d 8d
Control ~ 4045+ 1.11"  36.22+1.42"  13.82+0.58™  873+1.06"  -3.16+0.57" -0.97+037" 7.19+0.83
MIC  40.07+0.90™  36.83+0.65"  13.57+0.07* 9.92+022*®"  -3.03+0.17" -0.96+0.08" 532%0.16
MBC  40.01£0.71* 38.86+1.08*  14.60=0.80" 11.46+0.96"  -3.23+037" -1.61+0.05" 4.06+1.38
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