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Abstract The present study compared the effects of corn

starch coatings incorporated with Zataria multiflora

essential oil (ZEO) and cinnamaldehyde (CIN) in con-

ventional, nanoemulsion (NZEO) and fortified nanoemul-

sion (NZEOC) forms, on specific spoilage microorganisms

of chicken meat and on the fate of inoculated Listeria

monocytogenes during 20 days storage at 4 ± 1 �C. Based
on the results of GC–MS analysis of ZEO, carvacrol

(36.62%) was the most important compound of essential

oil. Samples coated with the starch solution containing

nanoemulsions had better antimicrobial activities than

conventional forms. Also, NZEOC treatment had the best

antimicrobial properties at the end of storage with the

following results: Total viable count (7.96 log10 CFU/g),

Psychrotrophic count (7.29 log10 CFU/g), Lactic acid

bacteria (6.51 log10 CFU/g), Enterobacteriaceae count

(6.98 log10 CFU/g), Mold and yeast count (5.16 log10 CFU/

g) and inoculated L. monocytogenes (6.51 log10 CFU/g).

Furthermore, the addition of CIN–ZEO during nanoemul-

sion formation (NZEOC) increased the antimicrobial

properties of the samples compared to individual addition

of NZEO and CIN (NZEO ? CIN) to the starch solution.

Therefore, corn starch coating containing NZEOC is rec-

ommended as a natural preservative to enhance the

microbial stability of poultry meat.
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Introduction

Chicken meat consumption, as one of the most popular

food around the world, has increased greatly in many

countries in recent years (OECD/Food and Agriculture

Organization of the United Nations 2016). Fresh chicken

meat is highly susceptible to microbial spoilage due to its

high levels of moisture and nutrients. Food packaging is

one of the known ways to protect foods against microbial

contamination and subsequently increase the shelf life of

foods during storage time (Bazargani-Gilani et al. 2015).

Nowadays, in order to solve the environmental issues of

application of plastic materials in industry, films and

coatings based on lipids, proteins or polysaccharides have

been used in food packaging systems. In addition, chemical

contaminations caused by artificial packaging materials are

a great threat for human life. Currently, there is an

increasing interest in use of edible coatings and films as

biodegradable packaging due to the presence of natural

materials and absence of environmental pollution. Also,

Edible coatings can improve the quality of foods by pre-

venting physical damage, controlling the transfer of

moisture and oxygen, and carrying antimicrobial agents.

Starch is a polysaccharide made up from glucose molecules

which is available at a low price and due to the nature of

polymer, can be used to produce films and coatings

(Molavi and Sedaghat 2013).

Alternative preservation techniques using naturally

derived ingredients in order to overcome side effects of

long-term usage of chemical preservatives, are attractive

& Majid Aminzare

m.aminzare@zums.ac.ir; majidaminzare@live.com

1 Department of Food Safety and Hygiene, School of Public

Health, Zanjan University of Medical Sciences, Zanjan, Iran

2 Department of Medicinal Chemistry, School of Pharmacy,

Zanjan University of Medical Sciences, Zanjan, Iran

123

J Food Sci Technol (July 2021) 58(7):2677–2687

https://doi.org/10.1007/s13197-020-04774-y

http://orcid.org/0000-0003-2316-7420
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-020-04774-y&amp;domain=pdf
https://doi.org/10.1007/s13197-020-04774-y


and their application in food products are being investi-

gated. Essential oils are natural compounds that are added

to the edible coatings to increase their antimicrobial

properties. On the other hand, essential oil cannot easily

escape from the coatings, so it remains at a high concen-

tration for a long time around the product (Zarei et al.

2015).

Zataria multiflora Boiss is an aromatic shrub belonging

to the Lamiaceae family and grows in different regions of

Asia including southern Iran. This herb is known as

antiseptic, antispasmodic, and anti-inflammatory in tradi-

tional medicine and is widely used in foods as a flavoring

and antimicrobial agent (Basti et al. 2007; Hosseinzadeh

et al. 2000). The antimicrobial activities of Z. multiflora

essential oil (ZEO) depends on phenolic compounds such

as thymol and carvacrol (Basti et al. 2007).

Cinnamaldehyde is a natural phenolic terpenoid com-

pound with strong antimicrobial effects which is catego-

rized as GRAS (Generally Recognized as Safe) and

approved by FDA (Food and Drug Administration, USA)

for use in food products. This compound is the most

important constituent of cinnamon bark and has a variety of

applications, including pharmaceutical, cosmetic and food

industries. Antimicrobial properties of cinnamaldehyde

(pure or as a component of cinnamon essential oils and

extract) have been evaluated in several studies (Abdol-

lahzadeh et al. 2018; Sheen et al. 2018).

Unfortunately, some characteristics of essential oils and

their derived pure compounds, such as low solubility in

water and volatility, have reduced the use of these natural

compounds in food products. One of the best methods for

solving this problem is encapsulating these compounds in

oil-in-water (O/W) nanoemulsions (Chang et al. 2013).

Using the inhibitory effect of nano-sized particles can

improve the quality and shelf life of meat products (Ra-

machandraiah et al. 2015). Materials in the nanoscale

dimension have greater surface area than larger particles,

so increase their biological activity. Another important

feature of nanoscale materials that distinguishes them from

other groups is their quantum effects. These properties can

lead to new changes such as effects on the reactions of

nanoscale materials (Gholami-Shabani et al. 2012).

Many studies have been carried out on the antimicrobial

effects of edible coatings incorporated with essential oils

and phenolic compounds (Ramos et al. 2016; Sánchez-

González et al. 2011). However, no studies have evaluated

the antimicrobial properties of edible coatings containing

essential oils fortified with pure compounds in the form of

a nanoemulsion in a food model. Therefore, the major

objective of the present study was to (1) determine the

chemical composition of ZEO, (2) fabricate and charac-

terize the nanoemulsions of ZEO alone and fortified with

cinnamaldehyde, (3) compare antimicrobial activity of a

corn starch coating incorporated with ZEO and cin-

namaldehyde, in the conventional, nanoemulsion and for-

tified nanoemulsion forms on the microbial quality of

chicken meat and on the fate of inoculated Listeria

monocytogenes during 20 days of storage at 4 ± 1 �C.

Materials and methods

Materials

Corn starch, Ethanol, Tween 80, glycerol and Calcium

chloride were purchased from Sigma Chemicals (Sigma-

Aldrich, Steinheim, Germany). All medium cultures

including BHI broth, peptone water (PW), plate count agar

(PCA), potato dextrose agar (PDA), violet red bile glucose

agar (VRBGA), de Man-Rogosa-Sharpe agar (MRSA) and

Listeria Chrom agar (CHROM agar) as well as an anaer-

obic atmosphere generator (GasPak system type C) were

provided by Merck company (Merck, Darmstadt, Ger-

many). Lyophilized bacteria cultures of Listeria monocy-

togenes (ATCC 13,932) were provided by the Iranian

Research Organization for Science and Technology, Teh-

ran, Iran.

Isolation of essential oil

Flower shoots of Z. multiflora were bought from a local

market in Zanjan, Iran and confirmed as such by the

Institute of Medicinal Plants, Karaj, Iran. The essential oil

was then extracted by a hydro-distillation method using the

clevenger apparatus (Electro mental, Tehran, Iran) at

100 �C for 3 h. Finally, obtained essential oil was dried

over anhydrous sodium sulfate, followed by sterilizing

using a syringe filter (0.45 lm) and stored in dark sterilized

vials at 4 �C prior to use.

Identification of chemical compounds of Zataria

multiflora essential oil

Chemical compounds of ZEO were analyzed by GC–MS

(Hewlett Packard 5890/5972, Palo Alto, CA, USA). The

capillary column (30 m, inner diameter of 250 mm and

film thickness of 0.25 lm) was applied where the tem-

perature was programmed to rise from 50 to 265 �C at

2.5 �C/min then remain at 265 �C for 10 min. The tem-

perature of the injection chamber was 250 �C and the

helium gas rate was 1.5 mL/min. An EI detector with

ionization energy of 70 eV and ionization temperature of

250 �C was applied for compound detection. Then, the

spectra were identified using the Wiley-229 mass database

retention time, the Kovats0 index calculation, the mass

spectrum analysis of the compounds and finally,
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comparison with the standard mass spectra and valid

sources from the National Institute of Standards and

Technology (NIST).

Preparation of Zataria multiflora essential oil

nanoemulsion alone and fortified

with cinnamaldehyde

A modified method of Gahruie et al. (2017) was used for

nanoemulsion preparation. The aqueous phase including

Tween 80 in 5 mL distilled water (4.5% w/w) was stirred

using a Heidolph MR Hei-Standard magnetic stirrer.

(Heidolph Instruments, Schwabach, Germany) at 400 rpm

for 10 min. Essential oil (6% w/w) was then added grad-

ually into the mixture and stirred for 10 min. The obtained

emulsion was homogenized at 10,000 rpm for 5, 10 and

15 min using a high speed homogenizer (SilentCrusher M,

Heidolph Instruments, Germany).

Also, to prepare the nanoemulsion of ZEO fortified with

cinnamaldehyde, equal amounts of ZEO and cinnamalde-

hyde (6% w/w) were added into the mixture of Tween 80

and distilled water, and the homogenization is performed

according to the above method.

The dynamic light scattering (DLS) method was used to

measure the particle size and zeta potential of dispersions

by the Zetasizer Nano ZS device (Malvern Instruments

Ltd., Malvern, UK) after appropriate dilution (Gahruie

et al. 2017).

Preparation of edible coating solutions

Corn starch (3.4% w/v) and glycerol (1.8% v/v) were

dissolved in sterile distilled water and heated at 90 �C with

stirring for 10 min until gelatinization. The solution was

then cooled to 40 �C and different treatments were added

to the solution according to Table 1. Finally, the mixture

was homogenized (IKA Ultra-Turrax T-25 Digital, Stau-

fen, Germany) for 2 min at 2000 rpm.

Chicken samples

25-g pieces of fresh, skinless and boneless chicken breast

meat were purchased and immediately transferred to the

Food Microbiology Laboratory, under hygienic conditions

using insulated polystyrene boxes containing ice bags.

Subsequently, chicken breast meat pieces (25 g) were

randomly divided into seven groups and immersed in

starch solutions containing different treatments for 5 min,

drained for 2 min and then immersed in CaCl2 solution

(2% w/v) for 1 min to induce the crosslinking reaction

(Table1). The coatings were dried on each side in a lami-

nar-flow hood under ventilation for about 20 min. At the

end, the samples were packed in sterile polyethylene

pouches (Zipack, Tehran, Iran), stored at 4 �C and ana-

lyzed on days: 0, 5, 10, 15, and 20 (Raeisi et al. 2016).

Microbiological analysis

25 g of each sample was homogenized with 225 mL of

0.1% sterile peptone water using a stomacher (Seward Ltd,

London, UK) with 400 strokes/min for 2.5 min at room

temperature. For bacterial enumeration, 10 ll of serial

dilutions of homogenates were transferred on to the

specific agar plates according to the drop plate method.

Plate count agar (PCA) was used for the total viable counts

(TVC) after incubation at 37 �C for 24 h. Lactic acid

bacteria (LAB) were determined by De Man, Rogosa and

Sharpe (MRS) agar incubated at 25 �C for 5 days under

anaerobic conditions (anaerobic jars with GasPak system

type C). Enterobacteriaceae bacteria were counted using

VRBG agar by the pour overlay method and the plates

were incubated at 37 �C for 24 h. Psychrotrophic bacteria

were determined on PCA and the plates were incubated at

Table 1 List of chicken meat treatments

No. Treatment Description

1 Control Chicken meat coated with corn starch solution

2 ZEO Chicken meat coated with corn starch solution containing 1% (W/V) Z. multiflora essential oil

3 NZEO Chicken meat coated with corn starch solution containing 1% (W/V) nanoemulsion of Z. multiflora essential oil

4 CIN Chicken meat coated with corn starch solution containing 1% (W/V) Cinnamaldehyde

5 ZEO ? CIN Chicken meat coated with corn starch solution containing 1% (W/V) Z. multiflora essential oil ? 1% (W/V)

Cinnamaldehyde

6 NZEO ? CIN Chicken meat coated with corn starch solution containing 1% (W/V) nanoemulsion of Z. multiflora essential oil ? 1%

(W/V) Cinnamaldehyde

7 NZEOC Chicken meat coated with corn starch solution containing 1% (W/V) nanoemulsion of Z. multiflora essential oil fortified

with Cinnamaldehyde
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7 �C for 10 days. For enumeration of molds and yeasts,

0.1 mL of homogenates was spread on to the potato dex-

trose agar (PDA) medium and colonies were counted after

5 days of incubation at 25 �C. All counts were reported as

log10 CFU/g (Bazargani-Gilani et al. 2015; Raeisi et al.

2016).

Inoculation of L. monocytogenes

Inoculation of L. monocytogenes was done as described by

Raeisi et al. (2016) method with some modifications. The

chicken meat was initially divided into 25 g pieces and

sprayed with ethanol 95% (v/v). Then, each sterile piece

was inoculated with 250 ll of a 106 CFU/ml viable cells of

L. monocytogenes, to reach a final concentration

of * 104 CFU/g. Finally, the inoculated samples were

immersed in coating solutions of the mentioned treatments

and stored under aerobic conditions at 4 ± 1 �C. At the
appropriate time intervals, each treated sample (25 g) was

mixed with 225 mL of peptone water (0.1%) and serial

dilution was performed as well. For counting Listeria

monocytogenes, 10 lL of each dilution was cultured on

Listeria Chrom agar (CHROM agar microbiology, France)

using the drop plate method and plates were incubated at

37 �C for 24 h under aerobic conditions (Raeisi et al.

2016).

Statistical analysis

All experiments were performed in triplicate and data were

statistically analyzed by One-way ANOVA using the SPSS

software (SPSS Statistics Software, version 18). Significant

difference among samples was determined by multiple

comparisons using Tukey’s test. Statistical significance

level was indicated at P B 0.05.

Results and discussion

Chemical composition of ZEO

The chemical compositions of ZEO are presented in

Table 2. The GC–MS analysis of ZEO showed 25 different

compounds that made up 95.89% of the essential oil. The

dominant constituents of ZEO were carvacrol (36.62%),

thymol (17.86%) and p-cymene (11.35%). This agreed

with a previous study which reported 33.65% of carvacrol

as the main compound of ZEO (Sharififar et al. 2007). In

another study, Ziaee et al. (2018) reported that carvacrol

(39.29%) and thymol (25.24%) were the main compounds

of ZEO, respectively, which is in consistent with the results

of present study. In another study, the main compounds of

ZEO were thymol (51.2%), p-cymene (13.8%) and

carvacrol (11.26%), which was similar to the present study

(Mohammadi et al. 2016). These differences in the com-

ponents of the ZEO could be due to differences in the

geographical area, soil and climate changes, plant age,

harvest season, essential oil extraction method and solvent

used for extraction. Carvacrol and thymol are both phenolic

compounds and have strong antimicrobial activities. These

compounds are similar in structure with only a difference

in the position of the hydroxyl group in the phenolic ring.

However, the position of the hydroxyl group in the phe-

nolic ring was not reported to affect the antimicrobial

activity (Shahnia and Khaksar 2013). Phenolic compounds

can penetrate the cell membrane and cause coagulation of

cell contents (Donsı̀ and Ferrari 2016).

Table 2 Chemical composition of Zataria multiflora essential oil

No. Compound name Area (%) RT (min)* KI**

1 a-Thujene 0.15 11.30 927

2 a-Pinene 1.83 11.69 934

3 b-Pinene 0.45 14.03 981

4 b-Myrcene 0.87 14.61 992

5 a-Phellandrene 0.39 15.55 1010

6 a-Terpinene 0.48 16.09 1021

7 p-Cymene 11.35 16.66 1032

8 D-Limonene 0.88 16.78 1034

9 1,8-Cineole 0.75 16.96 1036

10 c -Terpinene 4.74 18.33 1064

11 Linalol 7.98 20.62 1108

12 Terpinen-4-ol 0.65 24.71 1190

13 a-Terpineol 0.80 25.51 1207

14 Thymol methyl ether 0.44 26.96 1238

15 Carvacrol methyl ether 2.02 27.40 1247

16 2-Methyl-3-phenyl-propanal 0.69 27.93 1258

17 Carvone 0.50 28.17 1263

18 Thymol 17.86 30.23 1307

19 Carvacrol 36.62 30.75 1319

20 Thymol acetate 0.60 32.38 1356

.21 Carvacrol acetate 2.01 33.24 1375

22 b-Caryophyllene 0.81 35.47 1427

23 ( ?)-Aromadendrene 0.77 36.29 1447

24 b-Spathulenol 0.88 42.15 1592

25 Caryophyllene oxide 1.37 42.34 1596

Total 95.89

* Retention time
** Kovats indices
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Particle size and polydispersity index (PDI)

of nanoemulsions

The size of the nanoemulsion particles of Z. multiflora

essential oil (NZEO) and nanoemulsion of Z. multiflora

essential oil fortified with cinnamaldehyde (NZEOC) were

176.6 nm and 184.7 nm, respectively. The nano scale

particle size is much less than the wavelength of the light,

so causes no light distortion making the oil appear trans-

parent or slightly foggy. In the study by Masoumi et al.

(2016), the mean particle size of the nanoemulsion of ZEO

was 66.5 nm; which was smaller than the results of the

present study. However, in another study conducted by

Gahruie et al. (2017), the particle size of O/W nanoemul-

sion of ZEO was 210.5 nm which was larger than the

results of this study. The size of the nanoemulsion particle

is an indicator of its stability, and stirring is known to

reduce droplet size in an O/W emulsion. High energy

inputs impose deforming forces that break droplets into

smaller ones. The particle size of nanoemulsions obtained

by sonication is affected by various factors such as

amplitude, power, temperature and time (Gahruie et al.

2017). The type and polarity of essential oil, viscosity, type

of surfactant, the physicochemical properties of the dis-

persed phase and the fixed phase are other important fac-

tors which determine the particle size of a nanoemulsion.

The most important cause of emulsion instability is the

Ostwald Ripening phenomenon, whereby single-phase

droplets become larger in two-phase environments and

smaller droplets are eliminated. As a result, heavier parti-

cles form and the emulsion is separated into two separate

phases (Masoomi et al. 2016). However, the difference in

droplet size leads to different functional properties between

nanoemulsions (Chang et al. 2013). Also, the polydisper-

sity index (PDI) value revealed a narrow size distribution

of NZEO and NZEOC with 0.248 and 0.255 values,

respectively. This assessment shows how the particle size

distribution is spread and the small PDI values are related

to narrow size distributions.

Microbiological changes

Total viable count (TVC)

The changes in TVC of chicken breast meat coated with

starch solution during 20 days storage at 4 ± 1 �C are

shown in Table 3. The initial TVC of samples ranged from

5.26 to 5.39 log10 CFU/g with no significant difference

between treatments (P C 0.05). The growth of TVC tended

to increase in all experimental groups during the storage

period and the highest level of bacterial count was

observed in the control group with 12.58 log10 CFU/g at

the end of storage time (P B 0.05). This pattern was

consistent with the results of a study conducted by

Bazargani-Gilani et al. (2015), who reported an increase in

TVC of chicken meat, after using chitosan coating con-

taining ZEO. The combined use of ZEO and CIN in

coatings (ZEO ? CIN) was more effective than their

individual use (P B 0.05). Several studies have demon-

strated the synergistic and/or additive antimicrobial effects

between cinnamaldehyde with thymol or carvacrol as the

major components of ZEO (Pei et al. 2009; Ye et al. 2013).

Carvacrol and thymol can interact with the phospholipids

of cell membranes and disturb their functionality,

increasing the membrane permeability, breaking home-

ostasis, causing the leakage of ions and cytoplasmic con-

tent, as well as coagulation of cell contents (Donsı̀ and

Ferrari 2016). When carvacrol, thymol and cinnamalde-

hyde are used in combination, carvacrol or thymol increase

the permeability of the cytoplasmic membrane, and pos-

sibly enable cinnamaldehyde to be more easily transported

into the cell. On the other hand, carvacrol or thymol

increase the number, size or duration of existence of the

pores created by the binding of cinnamaldehyde to proteins

in the cell membrane, thus creating the synergistic effects

(Pei et al. 2009).

Treatments containing ZEO in the form of nanoemul-

sion (NZEOC, NZEO ? CIN, NZEO) showed better

results than others and the best result belonged to NZEOC

treatment with the count of 7.96 log10 CFU/g at the end day

of storage (P B 0.05). Also, the treatments containing ZEO

in the form of nanoemulsion never allowed the maximum

acceptable level of TVC for fresh chicken meat (7 log10

CFU/g) to be reached until day 10. This effect may be due

to the fact that ZEO in the form of nanoemulsion, because

of its smaller droplet size and higher surface charge, has a

greater effect on the cell membrane and subsequently better

interaction with multiple molecular sites in the microbial

cell membrane (Donsı̀ and Ferrari 2016). Our results

agreed with those of Moghimi et al. (2016), who reported

that the conversion of free essential oil to the nanoemulsion

form significantly increased its antibacterial activity. Sim-

ilar results have been reported in another study on the

antibacterial effect of chitosan coatings incorporated with

free or nano-encapsulated essential oil on the TVC of lamb

during 20 days storage at 4 �C (Pabast et al. 2018). But the

results disagreed with another study which showed that the

antibacterial effect of ZEO nanoemulsion was similar to

conventional ZEO (Shahabi et al. 2017). These contrasting

results may be due to the differences in the composition of

the essential oils and the preparation method of

nanoemulsions, which affect their biological activity

(Chang et al. 2013). Furthermore, the addition of CIN–

ZEO during nanoemulsion formation and subsequent

addition to coating solution (NZEOC) had a relatively

better result than individual addition of NZEO and CIN to
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coating solution (NZEO ? CIN), but this difference was

not statistically significant (P C 0.05). This phenomenon

may be due to the entry of cinnamaldehyde into ZEO

nanoparticles during sonication that facilitates the pene-

tration of cinnamaldehyde across the cell wall.

Psychrotrophic bacteria

One of the main causes of meat spoilage at refrigeration

temperatures is psychrotrophic bacteria. These Gram-neg-

ative bacteria decompose protein to produce several com-

pounds such as ammonia and increase the pH of the meat

Table 3 Microbial changes (log10 CFU/g) of chicken breast meat with starch coatings during 20 days storage at 4 ± 1 �C (Mean ± SD)

Microorganisms Treatment Time (days)

0 5 10 15 20

Total viable count Control 5.39 ± 0.01 Aa 8.36 ± 0.08 Bd 9.92 ± 0.06 Cd 11.15 ± 0.12 Cd 12.58 ± 1.08 Dd

ZEO 5.31 ± 0.05 Aa 6.43 ± 0.04 Bb 7.65 ± 0.50 Cb 8.87 ± 0.11 Dbc 9.77 ± 0.40 Ebc

NZEO 5.31 ± 0.05 Aa 5.67 ± 0.19 Aa 6.57 ± 0.14 Ba 7.85 ± 0.51 Ca 8.43 ± 0.04 Cab

CIN 5.38 ± 0.04 Aa 7.17 ± 0.19 Bc 8.56 ± 0.25 Cc 9.16 ± 0.08 Dc 10.52 ± 0.28 Ec

ZEO 1 CIN 5.33 ± 0.02 Aa 6.35 ± 0.01 Bb 7.32 ± 0.08 Cb 8.59 ± 0.32 Dabc 9.01 ± 0.38 Dab

NZEO 1 CIN 5.29 ± 0.02 Aa 5.74 ± 0.27 Ba 6.57 ± 0.14 Ca 8.09 ± 0.08 Dab 7.98 ± 0.09 Da

NZEOC 5.26 ± 0.10 Aa 5.71 ± 0.23 Aba 6.44 ± 0.02 Ba 7.76 ± 0.54 Ca 7.96 ± 0.26 Ca

Psychrotrophic bacteria Control 4.15 ± 0.04 Aa 7.411 ± 0.07 Bc 8.60 ± 0.31 Ce 10.31 ± 0.08 Dd 11.61 ± 0.41 Ed

ZEO 4.16 ± 0.02 Aa 5.91 ± 0.57 Bb 6.84 ± 0.41 Bcd 7.91 ± 0.41 Cbc 8.67 ± 0.06 Cc

NZEO 4.14 ± 0.03 Aa 4.85 ± 0.45 Aa 5.98 ± 0.48 Babc 6.40 ± 0.05 Ba 7.61 ± 0.25 Cab

CIN 4.16 ± 0.02 Aa 6.28 ± 0.06 Bb 7.18 ± 0.06 Cd 8.24 ± 0.05 Dc 9.10 ± 0.13 Ec

ZEO 1 CIN 4.16 ± 0.02 Aa 5.65 ± 0.46 Bab 6.48 ± 0.32 Cbcd 7.40 ± 0.02 Db 7.99 ± 0.13 Db

NZEO 1 CIN 4.14 ± 0.03 Aa 4.82 ± 0.34 Ba 5.88 ± 0.17 Cab 6.29 ± 0.07 Ca 7.69 ± 0.20 Dab

NZEOC 4.15 ± 0.00 Aa 4.75 ± 0.26 ABa 5.33 ± 0.19 BCa 5.93 ± 0.42 Ca 7.29 ± 0.10 Da

Lactic acid bacteria Control 4.11 ± 0.06 Aa 5.71 ± 0.12 Bc 7.44 ± 0.16 Cc 9.06 ± 0.56 Dd 11.03 ± 0.11Ed

ZEO 4.05 ± 0.02 Aa 4.59 ± 0.27 Aab 5.65 ± 0.50 Bab 6.61 ± 0.25 Cbc 7.55 ± 0.30 Dbc

NZEO 4.05 ± 0.08 Aa 4.19 ± 0.03 Aa 5.11 ± 0.09 Ba 5.92 ± 0.03 Ca 6.60 ± 0.26 Da

CIN 4.11 ± 0.10 Aa 4.71 ± 0.28 Ab 5.89 ± 0.42 Bb 6.98 ± 0.18 Cc 8.00 ± 0.04 Dc

ZEO 1 CIN 4.04 ± 0.04 Aa 4.50 ± 0.17 Bab 5.37 ± 0.20 Cab 6.15 ± 0.05 Dab 7.12 ± 0.02 Eab

NZEO 1 CIN 4.01 ± 0.02 Aa 4.30 ± 0.07 Aab 5.13 ± 0.04 Bab 5.97 ± 0.03 Cab 6.86 ± 0.43 Da

NZEOC 4.02 ± 0.08 Aa 4.15 ± 0.07 Aa 4.99 ± 0.08 Ba 5.86 ± 0.09 Ca 6.51 ± 0.18 Da

Enterobacteriaceae Control 4.30 ± 0.04 Aa 6.38 ± 0.06 Bc 8.08 ± 0.17 Ce 9.80 ± 0.30 Dd 10.94 ± 0.47 Ec

ZEO 4.28 ± 0.02 Aa 5.23 ± 0.07 Bb 6.13 ± 0.05 Cc 7.35 ± 0.08 Dc 8.11 ± 0.06 Eb

NZEO 4.26 ± 0.07 Aa 4.46 ± 0.02 Ba 5.44 ± 0.03 Ca 6.17 ± 0.07 Da 7.22 ± 0.05 Ea

CIN 4.29 ± 0.03 Aa 5.38 ± 0.06 Bb 6.39 ± 0.06 Cd 7.59 ± 0.43 Dc 8.33 ± 0.03 Eb

ZEO 1 CIN 4.27 ± 0.05 Aa 5.10 ± 0.14 Bb 5.95 ± 0.05 Cbc 6.96 ± 0.49 Dbc 7.45 ± 0.03 Da

NZEO 1 CIN 4.27 ± 0.04 Aa 4.61 ± 0.34 Aa 5.71 ± 0.12 Bb 6.44 ± 0.14 Cab 7.37 ± 0.04 Da

NZEOC 4.25 ± 0.02 Aa 4.35 ± 0.15 Aa 5.24 ± 0.07 Ba 6.24 ± 0.08 Cab 6.98 ± 0.05 Da

Mold & yeast Control 3.33 ± 0.02 Aa 5.46 ± 0.01 Bf 7.22 ± 0.03 Cf 8.34 ± 0.01 Dg 10.26 ± 0.01 Ec

ZEO 3.32 ± 0.03 Aa 4.19 ± 0.01 Bd 4.98 ± 0.04 Cd 5.44 ± 0.00 De 6.31 ± 0.03 Eb

NZEO 3.27 ± 0.01 Aa 3.89 ± 0.03 Bb 4.34 ± 0.00 Cb 5.03 ± 0.02 Dc 5.45 ± 0.01 Ea

CIN 3.33 ± 0.07 Aa 4.29 ± 0.01 Be 5.23 ± 0.01 Ce 6.28 ± 0.00 Df 6.74 ± 0.59 Db

ZEO 1 CIN 3.25 ± 0.05 Aa 4.04 ± 0.03 Bc 4.43 ± 0.02 Cc 5.22 ± 0.02 Dd 5.65 ± 0.08 Ea

NZEO 1 CIN 3.26 ± 0.13 Aa 3.86 ± 0.01 Bb 4.28 ± 0.01 Cb 4.95 ± 0.03 Db 5.34 ± 0.01 Ea

NZEOC 3.28 ± 0.02 Aa 3.64 ± 0.03 Ba 4.14 ± 0.01 Ca 4.76 ± 0.03 Da 5.16 ± 0.01 Ea

Values followed by the same capital letter within the same row are not significantly different according the Tukey’s test (P C 0.05)

Values followed by the same small letter within the same column of each microbial group, are not significantly different according the Tukey’s

test (P C 0.05)
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(Raeisi et al. 2016). Gram-negative bacteria shows a higher

resistance to herbal oils than Gram-positive bacteria

because they limit the release of hydrophobic substances

by the external lipopolysaccharide membrane (Sandri et al.

2007). The effect of treatments on the psychrotrophic

counts of samples during storage is presented in Table 3.

According to the results, there was no significant difference

between the control and other treatments at the initial day

of storage (P C 0.05) and an increasing trend in microbial

count can be observed over storage time (P B 0.05). At the

end of storage (day 20), the highest and lowest bacterial

count belonged to control (11.61 log10 CFU/g) and NZEOC

groups (7.29 log10 CFU/g), respectively (P B 0.05).

Comparing the results of TVC and psychrotrophic count

indicates the close values between these two groups,

because the psychrotrophic bacteria are the main spoilage

microorganisms in fresh meat that are aerobically stored at

refrigeration temperature (Bazargani-Gilani et al. 2015).

Also, CIN treatment had weaker antibacterial effect on this

group of bacteria than other treatments. This phenomenon

may be due to the lack of disruptive action of this com-

pound on the lipopolysaccharide membrane of Gram-neg-

ative bacteria and failure to evacuate intracellular ATP,

unlike carvacrol and thymol as the major compounds of

ZEO (Shahnia and Khaksar 2013). The antimicrobial effect

of cinnamaldehyde is probably due to the binding of its

carbonyl group to bacterial proteins and inhibition of

amino acid decarboxylase activity (Burt 2004). Similar to

the results for TVC, treatments containing ZEO

nanoemulsions showed better results than others. One of

the reasons for the increased antibacterial effects of

essential oils in the form of nanoemulsions is their higher

dispersion in the aqueous phase than in the conventional

form, which leads to greater access of nanoemulsions to

microbial cells (Donsı̀ and Ferrari 2016). In addition, small

nanoemulsion droplets can disrupt the cell membrane by

altering the integration of phospholipid bilayers or by

interfering with transport proteins (Moghimi et al. 2016).

On the other hand, the electrostatic interaction of positively

charged nanoemulsion droplets with the negatively charged

microbial cell wall increases the concentration of essential

oils at the site of action and results in their interference and

complete destruction of the bacterial membrane. Also, the

surface energy of the nanoparticles increases as compared

to the conventional form, and will have more antibacterial

properties due to increased passive cellular absorption

mechanisms and their smaller size. In agreement with these

results, Noori et al. (2018) reported the higher antimicro-

bial activity of sodium caseinate coating containing

nanoemulsion of Zingiber officinale essential oil than

coating containing conventional form of essential oil

against psychrophilic bacteria in chicken breast fillets

during storage at 4 �C. Moreover, in this bacterial group

synergistic effects were observed between ZEO and cin-

namaldehyde. The NZEOC treatment provided a better

result than NZEO ? CIN, with no statistical difference

(P C 0.05) at the end of storage time which could be due to

cinnamaldehyde entry into the nanoparticles thus facili-

tating its passage through the cell wall.

Lactic acid bacteria (LAB)

Lactic acid-producing bacteria are the facultative anaerobic

bacterial group that can be found in the microbial flora of

chicken meat (Raeisi et al. 2016). Table 3 shows that the

initial count of LAB in control group was 4.11 log10 CFU/g

and increased to 11.03 log10 CFU/g during the storage

period (P B 0.05). NZEOC treatment had the greatest

effect on the LAB count with a value about 4.5 log10 cycles

less than the control group (P B 0.05). The results indicate

that the inhibitory effects of treatments on this group of

bacteria were higher than on other bacterial groups,

because most of the bacteria in this group are Gram-posi-

tive. In Gram-positive bacteria, the two-layer phospholipid

membrane directly interacts with hydrophobic compounds

of essential oils. As a result, it increases ion permeability,

leakage of vital cell constituents and disruption of the

bacterial enzyme system (Sandri et al. 2007).

Also, the treatments containing nanoemulsion of ZEO—

NZEOC (6.51 log10 CFU/g), NZEO (6.60 log10 CFU/g)

and NZEO ? CIN (6.86 log10 CFU/g)—exhibited the

lowest values on the final day of storage, with no signifi-

cant difference between them (P C 0.05). In a study by

Pabast et al. (2018), the treatment with edible chitosan

coatings enhanced with nanoparticle of Satureja khuzes-

tanica essential oil, had a greater inhibitory effect than free

essential oil on LAB in lamb meat which in consistent with

the results of the present study (Pabast et al. 2018).

Because of the smaller size of nanoemulsion droplets and

their superficial load, they can be transported through the

cell wall. The nanoparticles can be attached to the bacterial

membrane through an electrostatic reaction and cause

complete destruction of the bacterial membrane. The

energy of the nanoparticle surface is increased in com-

parison with the conventional form, and will have more

antibacterial properties due to the increased passive cellular

absorption mechanisms and their smaller size (Nasseri

et al. 2017).

Enterobacteriaceae count

Enterobacteriaceae bacteria are a large family of Gram-

negative bacteria that naturally live in the intestines of

humans and animals and form an important part of the

microbial flora of chicken meat. The Enterobacteriaceae

count can be considered as an indicator of hygiene and
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possible enteric contamination in foods including chicken

meat (Bazargani-Gilani et al. 2015). According to Table 3,

the initial count for the control group was 4.30 log10 CFU/g

with no statistically significant difference to other groups

(P C 0.05) and increased to the final value of 10.94 log10
CFU/g on 20th day of storage. ZEO treatment reduced the

Enterobacteriaceae count about 2.8 log10 cycles at the end

of storage (P B 0.05). A study by Bazargani-Gilani et al.

(2015) about the antimicrobial effects of chitosan coatings

containing ZEO on the Enterobacteriaceae count of

chicken meat during refrigerated storage confirms the

results of the present study. This is probably due to the

synergistic effects between thymol and carvacrol as the

main compounds of ZEO against this group of bacteria.

The synergistic effects of thymol and carvacrol on the

Enterobacteriaceae population of poultry patties have been

previously demonstrated (Mastromatteo et al. 2009). Also,

the antimicrobial effects of CIN showed no significant

difference compared to ZEO at the end of storage (P

C 0.05). It has been proven that cinnamaldehyde can

inhibit the growth of bacteria belonging to the Enterobac-

teriaceae family (Dhara and Tripathi 2013). Moreover,

ZEO ? CIN treatment had a greater antimicrobial effect

than individual CIN and ZEO treatments which shows the

synergistic effect between CIN and ZEO in starch coating

(P B 0.05). In agreement with our findings, many studies

have proven synergistic antibacterial effects of thymol and/

or carvacrol (as the main components of ZEO) with cin-

namaldehyde against foodborne pathogens belonging to the

Enterobacteriaceae family (Pei et al. 2009; Ye et al. 2013).

Also, the effect of nanoemulsion treatments against

Enterobacteriaceae counts was less effective than conven-

tional treatments (P B 0.05) and the best antibacterial

effect belonged to NZEOC treatment with the value of 6.98

log10 CFU/g at the end of storage. The results of the study

by Khanzadi et al. (2020) showed that the antimicrobial

activity of alginate nanoemulsions coatings containing

Zataria multiflora essential oil was higher than a coarse

coating on the Enterobacteriaceae count of trout fillet,

which is consistent with the present results. In another

study, the inhibitory effect of encapsulated chitosan

nanoparticles containing cinnamon essential oil was higher

than free nanoparticles against Enterobacteriaceae bacteria

in beef patties (Ghaderi-Ghahfarokhi et al. 2017).

For this bacterial group, as in other groups, NZEOC

exhibited a higher synergistic antibacterial effect compared

with adding NZEO and CIN individually to the coating

solution (NZEO ? CIN). This phenomenon may be due to

the entry of cinnamaldehyde into ZEO nanoemulsion dur-

ing sonication that facilitates penetration of cinnamalde-

hyde through the cell wall.

Mold and yeast count

Several studies have shown that mold and yeast species are

involved in chicken meat spoilage (Bazargani-Gilani et al.

2015; Noori et al. 2018). As shown in Table 3, the initial

molds and yeasts count of samples ranged from 3.25 log10
CFU/g to 3.33 log10 CFU/g with no significant difference

between them (P C 0.05). The results indicate that all

antimicrobial treatments significantly reduced the molds

and yeasts count of the chicken samples compared to the

control group during storage (P B 0.05). Also, the inhibi-

tory effects of treatments on molds and yeasts were higher

than on the bacterial groups. The antifungal activity of

ZEO and cinnamaldehyde have been reported for various

types of molds and yeasts (Mohajeri et al. 2018; OuYang

et al. 2019). The results of the present study agreed with

those of Bazargani-Gilani et al. (2015) about the effects of

chitosan coating containing pomegranate juice and ZEO on

yeast/mold counts of chicken meat during 20 days of

refrigerated storage. Cinnamaldehyde and ZEO have sev-

eral different effects on cell membranes, cell walls, and

cytoplasmic contents of fungi that cause the destruction,

scraping and squashing of hyphae and structural destruc-

tion of the cytoplasm (OuYang et al. 2019). On the other

hand, the mechanism of the inhibitory effects on the

growth of antimicrobial compounds containing an alde-

hyde structure (e.g. cinnamaldehyde) against fungi is

mainly due to the reaction of aldehydes with the -SH

groups affecting the growth of this group of microorgan-

isms (Shahnia and Khaksar 2013). The nano-treatments

which include NZEOC, NZEO ? CIN and NZEO had

better antifungal activities than conventional treatments

with 5.16, 5.34 and 5.45 log10 CFU/g at the end of storage,

respectively (P B 0.05). In agreement with these findings,

Nasseri et al. (2016) reported that ZEO nanoparticles at

low doses had stronger antifungal effects than free ZEO

(Nasseri et al. 2016). In another study, the edible sodium

caseinate coatings containing nanoemulsion of ginger

essential oil had greater inhibitory effects than emulsion

forms against molds and yeasts of chicken breast fillets

during storage at 4 �C (Noori et al. 2018).

Fate of inoculated L. monocytogenes

L. monocytogenes is considered as one of the most

important foodborne pathogens that can infect humans

through consumption of chicken meat. As a result, con-

trolling the growth of this bacterium is a vital concept for

the safety of chicken meat. Counts of inoculated L.

monocytogenes in the control and treated samples during

20 days storage at 4 ± 1 �C are shown in Fig. 1. The

average count of inoculated L. monocytogenes was 4.16

log10 CFU/g at initial day of storage (P C 0.05). L.
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monocytogenes in the control samples increased signifi-

cantly more than the other treatments and finally reached

11.42 log10 CFU / g (P B 0.05). The antibacterial effects of

the EOs and pure components derived from them against L.

monocytogenes depend on several factors including the

major components of EOs, type and purity of components,

extraction method, bacterial strain and growth phase,

inoculum volume, storage condition and structure of food

(Abdollahzadeh et al., 2018). The antibacterial activity of

ZEO is probably due to its main constituents, carvacrol and

thymol. Both of these aromatic phenolic compounds appear

to make the cell membrane of L. monocytogenes perme-

able. Also, cinnamaldehyde probably exerts its anti-listerial

properties through inhibiting the glucose uptake by L.

monocytogenes and subsequently rapid inhibition of the

energy metabolism as well as the effect on cell membrane

permeability (Gill and Holley 2004). In the present study, a

single strain of L. monocytogenes was investigated, but the

antimicrobial agents may have different effects on other

strains of this bacterial species (Abdollahzadeh et al. 2018).

The results showed the greater antimicrobial activity of

ZEO ? CIN in comparison with CIN and ZEO individu-

ally, which confirms the synergistic effect between CIN

and ZEO in starch coating (P B 0.05). These results are

consistent with the results of Raeisi et al. (2016) which

showed that the combined use of cinnamon and rosemary

EOs and other antibacterial agent (nisin) in edible coating

had a greater inhibitory effect than individual usage on L.

monocytogenes inoculated in chicken meat (Raeisi et al.

2016). According to Fig. 1, samples treated with coatings

containing nanoemulsions had better anti-listerial activities

than conventional treatments, and the NZEOC sample had

the lowest final count (6.51 log10 CFU/g) between all

treatments (P B 0.05). Sani et al. (2017) reported the

noticeable inhibitory effect of whey protein nanocomposite

films containing rosemary essential oil against L. mono-

cytogenes inoculated in lamb meat which is consistent with

the results of this study. This feature is due to the increased

contact of the essential oil with bacteria as a result of

particle size reduction (Masoomi et al. 2016). A notewor-

thy finding in the present study was the comparison

between NZEO ? CIN and NZEOC. The results showed

that NZEOC treatment had significantly higher antimicro-

bial effects than the separate addition of nanoemulsion of

Z. multiflora essential oil and cinamaldehyde to the starch

solution (NZEO ? CIN) (P B 0.05). The greater antibac-

terial properties of NZEOC treatment compared with

NZEO ? CIN may be due to cinnamaldehyde entering the

nanoparticles and facilitating its passage through the cell

membrane, in addition to their synergistic effects.

Conclusion

The findings of this study showed that starch coatings

containing ZEO nanoemulsions had greater antimicrobial

effects than coatings containing conventional form of ZEO

on specific spoilage microorganisms and pathogenic bac-

teria of chicken meat during 20 days storage at 4 ± 1 �C.
Moreover, chicken meats coated with a starch solution

containing a nanoemulsion of ZEO fortified with cin-

namaldehyde (NZEOC) had the best antimicrobial prop-

erties. Also, the addition of CIN to ZEO during the

formation of nanoemulsion (NZEOC) increased the

antimicrobial effects of coating solutions compared with

the individual addition of NZEO and CIN to starch solution

4

5

6

7

8

9

10

11

12

0 5 10 15 20

L.
 m

on
oc

yt
og

en
es

 (L
og

 C
FU

/g
)

Storage �me (day)

Control

ZEO

NZEO

CIN

ZEO + CIN

NZEO + CIN

NZEOC

Fig. 1 Effect of different corn

starch coatings on inoculated L.
monocytogenes in chicken

breast meat during storage at

4 ± 1 �C for 20 days

(Mean ± SD)

J Food Sci Technol (July 2021) 58(7):2677–2687 2685

123



(NZEO ? CIN). In general, the starch solution containing

NZEOC as an example of edible coatings containing

essential oils enriched with pure compounds derived from

them in the form of nanoemulsions, can be recommended

for the meat packaging industry as an effective and natural

antimicrobial preservation method.
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