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Introduction: This study was conducted to evaluate the influence of chitosan Nano-gel/emulsion
coating functionalized by Ziziphora clinopodioides essential oil (ZCEO) and nisin on growth
inhibition of Escherichia coli O1s7: H7 inoculated in beef samples during 16 days in cold storage
condition (4°C).

Methods: Beef sample was divided into six groups after inoculation of E. coli O1s7:H7. Treatments
including control (no coating), chitosan 2%, sonicated chitosan 2%, Nano-emulsion of chitosan
coating containing ZCEO (0.5%), Nano-gel of chitosan coating containing nisin (200 IU/g), Nano-
emulsion of chitosan coating containing ZCEO (0.5%) and nisin (200 1U/g) were stored at
refrigeration temperature and bacterial count were performed on days: 0, 1, 2, 4, 8, 12 and 16.
Data were analyzed using repeated measure ANOVA and Bonferroni post hoc tests. Results:
Result indicated a significant reduction in E. coli O1s7:H7 count in all treatments when compared
to control group and the highest inhibitory activity was observed in chitosan Nano-emulsion
coating containing ZCEO (0.5%) and nisin (200 1U/g).

Conclusion: Accordingly, it is suggested that chitosan Nano-emulsion coating with ZCEO and nisin
practically be applied in beef to increase its safety against pathogenic bacteria especially E. coli
O157: H7.
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Introduction

Beef has the third global position among meat
consumers that accounts for approximately 25%
of the meat needs. The ingredients of beef and
relevant products are proteins, lipids, and
importantly moisture content, thus predisposing
the growth of different species of
microorganisms as “natural media” (1). The
pathogenic bacteria after infecting beef and its
products proliferates rapidly in such excellent
nutrients; among which Escherichia coli O1s7:H7 is
a bacterial agent to contaminate the beef and its
products (2), it can produce entero-

haemorrhagic toxins and deferent virulence
factors responsible for mild to severe or bloody
and painful diarrhea and other adverse effects
(3). Moreover, these bacteria are able to spread
different kinds of food owing to surface
contamination basically in post-processing
phases (4).

Accordingly, the recent studies are looking for
naturally occurring food preservatives to
prolong the shelf life of food products without
any complications, establishing important field
of study for researchers and producers (5).
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Edible coatings and films have attracted further
attention because of their ability to carry food
additives, including antimicrobials, antioxidants,
colors, and flavors, as well as to keep high doses
of such agents on the food surface (4). In this
context, one of the preservatives widely used in
food packaging is chitosan owing to capability of
forming film with antimicrobial activity (6). A lot
of antimicrobial agents are available to control
the growth of different bacteria, fungi and yeast
in food products using the chitosan coating (7),
with various methods of applying preservatives,
such as directly augmentation into food (8), in
the form of sachets into packages (9), direct
application on the food surfaces (6), and
incorporated with packaging materials (10).

Essential oils (EOs) contain various phenolic
compounds, including flavonoids and phenolic
acids, with antimicrobial nature against to a
broad spectrum of microorganisms (4, 11).
Ziziphora clinopodioides essential oil (ZCEO) is a
widely used spice in food preservative owing to
potent antioxidant and antimicrobial activities,
and also as carminative, appetitive, stomach
tonic, antiseptic and expectorant (12), In
addition to EOs, other natural antimicrobial
agents known as generally recognized as safe
(GRAS), including nisin, have been recently at the
center of attention (12, 13).

Nisin is a more prevalent bacteriocin
synthesized by strains of Lactococcus lactis and
Streptococcus uberis, which is administered as an
additive and preservative in foods like cheese
(14), beef (12, 15) and chicken (16). It is
reportedly a strong substance to eliminate a vast
spectrum of gram-positive bacteria (17). It is also
can be functionalized and coupled with different
EOs (12,17).

Nano-emulsions can  be  specifically
prescribed for food products because of their
unique features, including ease of preparation,
high-grade functions and fine particle size, which
provide enhanced interactions of active
compounds and bio membranes, and their
transfer (18). The Nano-emulsions are produced
by multiple approaches; for example, low-energy
and high-energy techniques (18). One of the
high-energy = methods s ultrasonic
emulsification that can be effectively applied to
prepare Nano-emulsions having small droplet
diameters and low size distributions (19). The
emulsion-based systems developed by food-
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grade components are easily distributed in food
to control the growth of various existing
microorganisms (20).

There have been many studies concentrating
on the application of edible coatings and films in
food; but, few studies have used chitosan as
coating containing Nano-particles in food
products (21, 22), and there have been no studies
regarding effect of chitosan Nano-gel/emulsion
coatings containing natural antimicrobials
against food-born  pathogenic in  beef.
Accordingly, the present study was designed to
investigate the inhibitory activity of nisin and
ZCEO-containing chitosan Nano-gel/emulsion
alone and in combination on the growth of E. coli
O1s57:H7 inoculated in beef samples at 4°C.

Materials and methods
Materials

The ZCEO was prepared from Iranian
institute of medicinal plants, Karaj, Alborz
province, Iran. Low molecular weight (LMW;
1.03x10%) chitosan with degree of deacetylation
91% was purchased from Sigma-Aldrich
Company (St. Louis, MO, USA). All media cultures
were prepared from Merck (Darmstadt,
Germany). Nisin and all other reagents with
analytical grade were prepared from the Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA). E. Coli
O1s7:H7 (NCTC 12900) was obtained from the
department of food hygiene, faculty of veterinary
medicine, Ferdowsi university of Mashhad,
Mashhad, Iran.

Preparation of E. coli O157:H7

It was cultured in 9 mL of brain heart infusion
(BHI) broth, incubated at 37°C for 24 hours, and
then re-incubated for another 18 hours at 37°C.
The used bacterial suspension was obtained
from 18-h culture (23) to prepare 0.5 McFarland
turbidity standard (containing 1.5 x 108
CFU/mL) and diluted (1:10) to density of 1.5 x
107 CFU/mL (23).
Preparation of chitosan Nano-gel/emulsion
coating containing ZCEO and nisin

The chitosan powder (2% w/v) (in 5 sterile
container) was dissolved in sterile distilled water
containing acetic acid (1%, w/v), and glycerol
(1.5% v/v) as a plasticizer, to prepare the
solutions of chitosan, followed by constantly
stirring for 10-15 min to obtain clear solutions.
On the other hand, 50 mg of nisin was dissolved
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in 5 ml of hydrochloric acid (0.02 mol/L) to
provide stock solution of nisin, and then the
ZCEO (0.5% v/w) and nisin (200 IU/g) were
added to the chitosan solutions. The ZCEO was
poured in chitosan solutions in the presence of
tween 80 (0.2% w zceo), as an emulsifier, followed
by stirring for 30 min to become uniform, stable,
and clear emulsion. Then Chitosan Nano-
gel/emulsion was formulated in a basis of
protocol introduced by Ghosh et al. (2013) with
slight modification. Coating solutions were
subjected to ultraturrax for 3 min at 3000 rpm
and ultrasonic emulsification sonicator (50 °C,
pulse; 45s and rest; 15s) for 6 min (19). Particle
size was measured by DLS device as well.

Preparation of the beef samples and
inoculation of the bacteria

The fresh beef was purchased from a local
butchery of Mashhad, Iran, in summer 2018, and

Table 1. List of treatments in the present study

immediately was transmitted to the laboratory.
The blood and slime of beef samples were
removed by washing and then they were dried,
sectioned into pieces (10 g), sprayed by ethanol
(70% v/v), and burnt to remove the surface
microorganisms (11). Each side of samples were
separately inoculated by 50 pL of bacterial
suspension (1.5 x 108 CFU/mL) using
micropipettes to achieve a final concentration of
about 106 CFU/g (4, 11).

Preparation of treatments

The inoculated samples were divided into six
groups (Table 1) and then were treated by
immersing in chitosan Nano-gel/emulsion
coatings for 1 minute, drained for 15 minutes,
and stored at 4°C for 16 days. Finally, the analysis
was performed on days of 0, 1, 2,4, 8,12 and 16
during storage (4).

No Treatment Description

1 CON Control: Samples without any coating

2 Ch 2%

3 Nano Ch 2%

4 Nano Ch+ ZCEO

5 Nano Ch+ Nisin

Samples coated with chitosan 2%

Samples coated with sonicated chitosan 2%
Samples coated with Nano-emulsion of chitosan containing 0.5% (w/v) ZCEO

Samples coated with Nano-gel of chitosan containing nisin 2001U/g

6 Nano Ch+Nisin+ ZCEO  Samples coated with Nano-emulsion of chitosan containing 0.5% (w/v) ZCEO and nisin 2001U/g

Enumeration of E. coli O157:H7

For enumeration of the inoculated bacteria,
the samples (10 g) were brought to a final volume
of 90 mL with 0.1% sterile peptone water. Then,
a stomacher (Seward Medical, London, UK) was
used for two minutes to homogenize the samples.
After the preparation of decimal dilutions, 10 pL
(drops method) (4, 24) of serial dilutions of
homogenates were cultured onto Cefixime
Tellurite Sorbitol MacConkey (CT-SMAC) agar (4,
25) and incubated at 37°C for 24 hours.
Statistical analysis

All results were presented as mean *
standard deviation (SD) of three measurements
and statistical analysis was performed using
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SPSS ver. 21 software (SPSS, Inc. Chicago, USA)
using repeated measure ANOVA, followed by
Bonferroni post- hoc test and Dunnette T3 tests.
P< 0.05 was considered as the significance level.

Results and discussion
Nano-gel/emulsion characterization

Table 2 represent the mean droplet size in the
Nano-gel/emulsion and their PDI in different
groups. As shown in Table 2, the mean droplet
size and PDI also decreased after preparation of
different Nano-gel/emulsion coatings. The mean
droplet size decreased in the sonicated chitosan
coating in comparison with that of chitosan
coating (non-sonicated). Identical results were
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demonstrated in previous studies (26); they
observed that the droplet size of the Nano-
emulsion coated with chitosan decreased. The
highest particle size was observed in chitosan
coating (2194 nm), and the lowest was observed
in Nano ch+nisin + ZCEO (401.3 nm). Other
researchers fabricated Nano-emulsion by the

incorporation of EOs and antibacterial agents in
the biopolymer solutions such as sodium alginate
(27) and chitosan (28) prior to sonication
process. All of these researchers reported larger
droplet sizes (less than 1000 nm), than that
obtained in this research (lowest was 401.3 nm).

Table 2. Comparison of Lipid Profiles in Participants before and after Intervention

Group z-average (d.nm) PDI
Ch2% 2194 0.300
Nano Ch 2% 904.4 0.332
Nano Ch+ ZCEO 602.9 0.292
Nano Ch+ Nisin 595.8 0302
Nano Ch+Nisin+ ZCEO 401.3 0.406

As shown in Table. 2, the PDI also decreased
after Nano-gel/emulsion fabrication. The PDI
obtained in this research was less than 0.450 in
different groups. Noori et al. (2018), observed
that the PDI was recorded as 0.584 for GEO
emulsion and decreased to 0.222 when
conventional Nano-emulsion was prepared. Also,
some other researchers reported that the PDI
decreased after sonication (in all of them, PDI
less than 0.500 reported) (21, 29). The lower PDI
of Nano-emulsion approved the efficiency of
ultra-sonication method in formation of a
uniformly size distributed Nano-emulsion (21).

Enumeration of E. coli O157:H7

Table 3 represents the effect of different
treatments on growth of E. Coli O157:H7 during 16

106

days of storage. The initial count of E. Coli O157:H7
was 6.55 * 0.05 log CFU/g in CON samples,
although, it was lower than CON samples in other
treatments, which it may be due to the primary
effect of treatments on growth of E. Coli O1s7:H7.
The growth of E. coli O157:H7 decreased at 4°C in
all treatments; similar results were obtained in
previous studies (22). The maximum bacterial
count was observed in CON samples (on 16t day
of storage; 4.45 * 0.13 log CFU/g), and the
minimum count was observed in Nano Ch+Nisin+
ZCEO samples (on 8t day of storage; 3.15 + 0.21,
12t and 16% <3 log CFU/g), respectively.
Similarly, Shahbazi et al. (2015a) found that
ZCEO and nisin could decrease the E. coli O1s57:H7
growth in culture media especially when they
were used in combination.
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Effect of Active Coating on Escherichia Coli O157:H7

JNFH

Azizian A et Al

Table 3. Changes in bacterial count (Log CFU/g) of beef samples inoculated with E. coli 0157H7 during storage (M + SD)

Day CON Ch 2% Nano Ch 2% Nano Ch+ Nisin Nano Ch+ ZCEO Nano
Ch+Nisin+
ZCEO

0 6.55+ 0.05 5.39+0.13 5.22+0.11 5.12+0.11 4.84+0.15 4.73+0.15

1 6.35+0.08 4.86+0.12 447 +0.11 4.40 +0.09 431+0.01 4.01+0.07

2 6.09+0.11 4.53+0.08 4.25+0.03 4.24+0.13 3.89+0.05 3.77 £ 0.09

4 5.76 + 0.07 436 +0.05 4.10 +0.09 4.05 +0.07 3.68 +0.09 3.56 +0.09

8 5.33+0.08 424 +0.07 3.81+0.11 3.75+0.13 3.36+0.09 3.15+0.21

12 4.89 +0.30 411+0.17 3.67+0.15 3.63+0.17 3.12+0.16 ND

16 4.45+0.13 3.90 + 0.04 3.38+0.08 3.34+0.20 ND ND

ND: Non detected (ND<103)

The mean reduction rate of E. coli O1s57:H7
count in various treatments is shown in Table 4,
so that the maximum reduction rate was related
to Nano ch+nisin + ZCEO (2.81 log CFU/g) and
Nano ch+ZCEO (2.31log CFU/g), when they were
compared to CON. As it can be seen in Table 4, the
use of combinational antimicrobial agents, is
more effective against microbial growth than
their individual use. Several previous studies
(Shahbazi et al,, 2015; Ehsani et al., 2014; Raeisi

et al, 2016) confirmed the above finding;
nevertheless, they may have antagonistic,
synergistic, or additive effects according to the
type of antimicrobial agent and microorganism.
Heretofore this is the first study which reported
that the application of coating treatments could
eliminate the bacterial count to level of non-
detectable (103 CFU/g). As mentioned it is may
be due to use of coating solutions containing
ZCEO and nisin as Nano-emulsions.

Table 4. Average reduction rate of the E. coli O157H7 counts (Log CFU/g) among treatments when compared each other during study

period

Mean Group CON Ch 2% Nano Ch 2% Nano Ch+ Nano Ch+ Nano
Difference ) Nisin ZCEO Ch+Nisin+
1-J ZCEO
Group (1)

CON 1.14* 1.50* 1.55* 2.31* 2.81*

Ch 2% 0.35* 0.40* 1.17* 1.73*
Nano Ch 2% 0.05 0.81* 1.38*
Nano Ch+ Nisin 0.76* 1.32*
Nano Ch+ ZCEO 0.56*

J Nutrition Fasting Health. 2019; 7(2): 103-109.
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Conclusion

According to the results obtained from the
present study, Nanochitosan coating was more
effective than chitosan coating in eliminating E.
coli 0157:H7 in beef samples at 4°C. The Nano-
emulsion of chitosan combined with ZCEO and
nisin (Nano ch+nisin + ZCEO) indicated the
highest inhibitory effect on the growth of E. coli
0157:H7 inoculated in beef samples at 4°C. The
treatments had an acceptable effect on high
doses (106 CFU/g) of E. coli 0157:H7 and could
effectively accelerate its reduction rate in
contaminated beef samples stored in at 4°C.
These antimicrobial agents loaded in sonicated
chitosan coating could significantly reduce the
growth of E. coli 0157:H7. Accordingly, given the
preference of producer and consumer for using
natural food additives, we recommend the
administration of Nano-emulsion of chitosan
enriched with ZCEO and nisin in beef to
significantly control the pathogenic bacteria for
achieving adequate safety.
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