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Abstract: To study the phase behavior of an oil-in-water cinnamon essential oil-based microemulsion system, Tween -80 and ethanol were
selected as the surfactant and co-surfactant, respectively, and 0.5% nisin, 0.5% sodium phytate, or 0.5% &-poly-L-lysine-hydrochloride (HCI) was
used as the aqueous phase. The pH value, viscosity, electric conductivity, particle size, and other physical properties of the microemulsion
system were analyzed, the most stable water-soluble microemulsion formulations were optimized, and the minimum inhibitory concentrations
(MICs) of the microemulsions for Escherichia coli and Staphylococcus aureus were determined. Braised beef samples were treated with
composite microemulsions containing different preservatives, and the performances of the microemulsions on the preservation of braised beef
during cold storage based on total volatile base nitrogen and microbial characteristics were analyzed. The results showed that the three food
preservatives had no significant influence on the water solubility of the microemulsionss but affected the pH, electric conductivity, etc. The
microemulsions containing e-poly-L-lysine- HCl (MEP) had the lowest MIC for E. coli (16 mg/ml), and MEP and the microemulsions containing
nisin showed the lowest MIC for S. aureus (8 mg/ml). Treatment with the microemulsions delayed beef spoilage, reduced the content of total
volatile basic nitrogen in the braised beef during cold storage, and significantly lowered the growth of total bacterial count and coliform bacteria.
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systems along dilution line NS5
E: BF a. by oo d FTRAEKARS A A AEEK,
0.5% Nisin 7Kz& (wt/wt ). 0.5%AEBR 4K (wiwt )y 0.5%
e TR A BR B BR A KR (wywt),

TERRRIBIE NSS I, B /KAH SR RIS Ik R (1 pH
EHINE 2 R, 5 ALBREERRE R o R a Rk
R ER AL, FE pH (A S alZ8 TR /K AR A ] .
FLrp DAAi 280K KA LI 4 KA B E 70% DL T
i, pH {EFEE KSR 5.35 [£2] 3.74, XK
FIERAE 70%LA B, BEZ ARG I pH P61 N
e TZ&0KM pH fH. XML EERGT, K
IKAHS,  pH TEAR 25 B2 B BhaR VS ML LEE IR
BEE KA IR, CEERIRETEERR, M3 2
A TR KA N5 pH E TR, 7Em7K
FHES, pH B ZEZ KA IR, CEEANREk SR 2,
D11t pH B 24 T RIKAR ) pH E—8". &5 Nisin
B o FAT IR AR B M AL R AR AL A — 30

ik 2¢ 1, SHEMEBRIIMAARREL pHE—H
TESEK, LR R AR RN AT A S SRl pH {H
— H 2R
222 #HEEE NS5 Eo-FReg T 4L

TERPEEIE NS5 I, BEE KA R 5k R 1
SR 3, PAAEZIEKCAKH LA R,
R SERB R . MK ELE 85% L i, H
SREEE KRR 1.76 BN 35.3, /K&
TE85%LA LI, H S 3 ek /N Hks T4tk i e 5%
MEEIIAE SBIE G, B AKAHRE I B SR 4
A ARFEFERE RN . JRE R 2K AR R S S AT
TERT 2 T P RIRI N, HoK R e,
5 LR A R
40 -
35+ = =
30+ u [
25+ =
20 [ ] =
15
10 - =
5k [ ]

ol

o

EC on line N55 / (us/cm)

0 20 40 60 80 100

on

3000 -

2000

1000 - L]

EC on line N55 (us/cm)
| |

O—IIII.--.

0 20 40 60 80 100
%Aqueous Phase / (Wt%)

159



MR B MR Modern Food Science and Technology 2016, Vol.32, No.8
c C 70
4000 - - 60 L °
—_ °
g - @
o L s S0
2 3000 . & o ¢
0 . E 40 o ® °
= [
Z 2000 - . 2z 30t .
2 [ § o ® L4 °
= - % 20F L]
= 1000} .- 2 o® .
Q a" = 10 -
- Ofe mmmmmm® ol ®e
1 1 1 1 1 J 1 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100
%Aqueous Phase / (Wt%) %Aqueous Phase / wt%
d d oo
1200 - - s .
E . 7 o e
] A 40+ °
;-—; 800 - " g 0 o
z . - 5 30} o .
o w
£ 400t - oLl eec® .
=] | | = L]
1) . > .
Q L] [}
st = 10 -
Obfwemmm ™™ =" °
0 20 40 60 80 100 0 0 20 40 60 80 100

%Aqueous Phase / (Wt%)
3 WFLIERIESRENL
Fig.3 Variation in the electric conductivity of the different
microemulsion systems along dilution line NS5
2 BAY a. b oo d FHMEAGIKARS R A shARAEK,

0.5% Nisin 7Kz (wt/wt ). 0.5%AEBRAN KR (wiwt )y 0.5%
e TR A BRI BR A KR (wywt),

223 ABRIE NS5 _EASE 69 T

o

50
40 °
30+ ®

20 - o ®

Viscosity / (mPa-s)
°

0 20 40 60 80 100
%Aqueous Phase / wt%

on

60 -

50

40 °

20 @ .

Viscosity / (mPa-s)
W
S
°
.
.

0 20 40 60 80 100
%Aqueous Phase / wt%

160

%Aqueous Phase / wt%
E 4 WELIARAREEEL
Fig.4 Variation in the viscosity of the different microemulsion
systems along dilution line NS5

E: BF a. by o d ATRAEIKARS A SEEABK,
0.5% Nisin 7Kz& (wt'wt ). 0.5%AEBR 4N KIER (wiwt )y 0.5%
e- TR EBR 3 BR B KR (wwt),

FERREIEIE N55 L, B /KOAH S A0S ik SR kG
FEARAANIE 4 Fira, TN T 6 b 915 77 Fe X AL )
REEETCH R RIEEMR , 7ERREIEIE NS5 _EIOR AR L
BT, RIAVE KA R AL AR K Bl = dh B 771,
FEMR/KAH I, Tl kit AR BE A AR g
Ry KR RNE 65%I, R BEAE KA R AN
T3 /IS FF F 2R BRI B 2 8 T 28 TR K IORs 2 .
Gradzielsk! " Hi&, TEARACH R, R EEIZ T A2
N3 HIORH PP T RCRARE AR A 085 RPN I 6 ik 2 [] PR AH T
PR o T R AR IR RE 2 I 32 2232 K AR PRS2

HHAA ROMREETE Y pH TR FESEERAE vT LR i
FLBE ALK [ K B AR, SEIGeBOK A ik 2
L 72 N55 B HIEBOKAH &8 80% 1 ARELIR
M AW TT, BIKAH: FUALsR: Bl K
=32:4:3:1. JIri g i DU R FLIR B 20 28 PRk A 9 7K A
LR C Y MEW, 0.5% Nisin 7K RAE A 7KAH I
EFABFRICA MEN,  0.5% RN K IR E 7K AHT
TFLIBARIC A MES, 0.5% &- MR 1 R Eh /K I U
KA RCELIBARIE Y MEP.



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.8

224 HILRAKB BRI T M

PUFMFLIR RS G R LR 1. DAAiiZEI8K K
ORI RN A 3217 nm,  HRIAR A fe %
(PDD) FAXIHHE, PDI K MR RIS AT . TN
FURRBERR A R R A T SR, R E R
FUREERRE & — P Z AR S A G AT K, B,
PRI R IR/ e I ERENAN &5
R ERIR SR e o L I VA2 T A B S R

¥ DUBITEL 7 1 R B A P FLIE =R T 4000 g
B0 15 min RERAEMDE, 37 CHRAF 1 MHERRE
B

=1 PUAELRARIZ

Table 1 Particle sizes of the four microemulsions

Microemulsion Z-Average/nm PDI
MEW 32.17+1.35 0.27+0.02
MEN 213.50+2.42 0.34+0.02
MES 32.66+0.15 0.39+0.01
MEP 37.79+0.41 0.37+0.03
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Table 2 Minimal inhibitory concentrations of the four

microemulsion solutions for E. coli and S. aureus

Escherichia Staphylococcus
Microemulsions
coli/(mg/mL ) aureus/(mg/mL)
MEW 64 64
MEN 32 8
MES 64 64

MEP 16 8
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Fig.5 Total volatile basic nitrogen content of braised beef

treated with the four microemulsions
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Fig.6 Cell viability of bacteria in braised beef treated with the

four microemulsions during cold storage (4 'C)
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microemulsions during cold storage (4 'C)
3 g

3.1 BEE AT R S IO, R R
JEE T FH BN B S 7 B (AT FE A s A s, AR sitise
B JEORSI N R AR B S BT 2 LA L. A
AL 0.5%FLIRFERRIE R . 0.5% RN 0.5% -
FEIR IR EE KA, W FL A EERS I/ - 80-
B3 TR ARV R S LR R AR T A, e e
RARM) pHL AEFE. HLSERFIRAT Y ELRAE, BT
FUAAR Z00F K TR A0 < €0 1 467 3K BT ) e ALV BT U
JE. R =R By R A R AR A
ﬁ SIS ] T s SR E IAMFLAR R o BiCTT MEP
B e T EIRER IR H) X KA B MIC A%, A

16 mg/mLo ML /7 MEP 5 MEN (& LR EEER 1 22D
X & AR EREE 1 MIC MK, ¥4 8 mg/mL. 53 4h,
ISR R SR B E R I AN T TR &
ANTE 65 790 (%) 2 S LR 5 2 PRI A S 1) FRD 7 5 £
BERUR . G5 REIR, AL E s A A R 1 ER

162

FRS A EMREAK, T B 5 B g e BoR K
i B T A A

3.2 ARSI IE I A R AR/ 2B IR 80-BT B 7
IR ATAMR, AU T PRSI 245 R R
IRV VEZE ) IR R, A R SR BT B RS I e AL A
R IR AR RATYAR, WA T LAk R4 A
BT ORISR . A PIRERS I LI S S AN F
FIERCRH TR Rt T EIR 2%, DUGIERR
XFAN TRV AR RE P I B S AT IR NI AT

A LK

[1] Javier Camo, Alberto Lorés, Djamel Djenane, et al. Display
life of beef packaged with an antioxidant active film as a
function of the concentration of oregano extract [J]. Meat
Science, 2011, 88(1): 174-178

[2] M Arancibiab, B Giméneza, M E Lopez-Caballero, et al.
Release of cinnamon essential oil from polysaccharide
bilayer films and its use for microbial growth inhibition in
chilled shrimps [J]. Lebensmittel-Wissenschaft Und-
Technologie, 2014, 59(2): 989-995

[3] Abdollahzadeh E, Rezaei M, Hosseini H. Antibacterial
activity of plant essential oils and extracts: The role of thyme
essential oil, nisin, and their combination to control Listeria
monocytogenes inoculated in minced fish meat [J]. Food
Control, 2014, 35:177-183

[4] Liu H, Pei H, Han Z, et al. The antimicrobial effects and
synergistic antibacterial mechanism of the combination of
e-Polylysine and nisin against Bacillus subtilis [J]. Food
Control, 2015, 47: 444-450

[5] Najjar M B, Kashtanov D, Chikindas M L. e-Poly-I-lysine
and nisin A act synergistically against Gram-positive
food-borme pathogens Bacillus cereus and Listeria
monocytogenes [J]. Letters in Applied Microbiology, 2007,
45(1): 13-18

[6] Angela Perdones, Vargas M, Atarés L, et al. Physical,
antioxidant and antimicrobial properties of chitosan-
cinnamon leaf oil films as affected by oleic acid [J]. Food
Hydrocolloids, 2014, 36(2): 256-264

[71 HulJ, Wang X, Xiao Z, et al. Effect of chitosan nanoparticles
loaded with cinnamon essential oil on the quality of chilled
pork [J]. LWT-Food Science and Technology, 2015, 63:
519-526

[8] Zhang H, Shen Y, Weng P, et al. Antimicrobial activity of a
food-grade fully dilutable microemulsion against Escherichia

coli and Staphylococcus aureus [J]. International Journal of



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.8

(%]

(10]

[11]

Food Microbiology, 2009, 135(3): 211-215

Zhang H, Taxipalati M, Que F, et al. Microstructure
characterization of a food-grade U-type microemulsion
system by differential scanning calorimetry and electrical
conductivity techniques [J]. Food Chemistry, 2013, 141(3):
3050-3055

KM B i 20T ERR ST i R P LA 2R A S S LA R AT
FE[D]HUH TR AE,2009

ZHANG Hui. Construction and antibacterial performance of
glycerol monolaurate microemulsion [D]. Hang Zhou:
Zhejiang University, 2009

Park H D, Park S W, Kim H O. Inactivation of Escherichia
coli O157:H7 by cinnamic aldehyde purified from

Cinnamomum cassia shoot [J]. Food Microbiology, 2004,

[12]

21(3): 105-110

Spernath A, Aserin A, Garti N. Fully dilutable
microemulsions embedded with phospholipids and stabilized
by short-chain organic acids and polyols [J]. J. Colloid
Interface Sci., 2006, 299(2): 900-909

Kumar P, Mittal K L. Handbook of microemulsion science
and technology [M]. New York: Dekker, 1999

Liu H, Pei H, Han Z, et al. The antimicrobial effects and
synergistic antibacterial mechanism of the combination of

e-Polylysine and nisin against Bacillus subtilis [J]. Food

Control, 2015: 444-450

163



