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Antimicrobial Activity of Starch-based Biodegradable Antimicrobial 
Films Incorporated with Biosynthesized Silver Nanoparticles Against 
Multiple Drug-resistant Staphylococcus aureus Food Isolates

This study was conducted to determine the antimicrobial activity of starch-based biodegradable antimicrobial 
films incorporated with biosynthesized silver nanoparticles (Ag-NPs) against multiple drug-resistant Staphy-
lococcus aureus food isolates. Herein, the in-vitro antimicrobial activities of Origanum marjorana (OM) leaf 
extract, OM essential oil, OM nano-emulsion, chemically synthesized Ag-NPs (chem-Ag-NPs), and OM-
based biosynthesized Ag-NPs (bio-Ag-NPs) using OM extracts were determined against a cocktail of three 
pathogenic Staphylococcus (S.) aureus strains isolated from meat products, using the agar well diffusion assay 
(AWDA). Afterward, homemade starch-based biodegradable antimicrobial films (SBAF) were incorporated 
with the suitable antimicrobials, based on AWDA and preliminary experiments, and investigated for their an-
timicrobial properties against S. aureus cocktail through the disc diffusion assay (DDA). The obtained results 
showed that in WDA, bio-Ag-NPs (1mM) had a significantly higher antimicrobial activity than chem-Ag-NPs 
(1mM), with inhibition zones accounting for 23 and 19mm, respectively. Whereas both types of nanoparticles 
were significantly more potent in their antimicrobial properties than different concentrations of OM extract, 
essential oil, and nano-emulsion (p<0.05). In concern to SBAF incorporated with antimicrobials, SBAF incor-
porated with chem-Ag-NPs (SBAF/chem-Ag-NPs) showed a significantly stronger antimicrobial effect than 
SBAF incorporated with bio-Ag-NPs (SBAF/bio-Ag-NPs) in the DDA, while both types of films produced 
significantly larger zones of inhibition than other antimicrobials (p<0.05). These homemade biodegradable 
films incorporated with bio-Ag-NPs could be a good alternative to petroleum-based packaging (plastic) in 
food packaging applications and meanwhile improve food safety and quality. Further studies investigating the 
effectiveness of these films on bacterial isolates inoculated in real food samples are suggested.
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INTRODUCTION

Foodborne illness is a major threat that faces the food sector. 
It could be induced through foods contaminated with pesticides, 
heavy metals, parasites, fungi, and viruses. Bacterial food poison-
ing is the most reported type of foodborne illness. One of the 
famous pathogens that cause food poisoning is Staphylococcus 
(S.) aureus which contaminates food through food contact sur-
faces, workers’ hands, or contact between raw and cooked food. 
Staphylococcal foodborne intoxication is one of the most com-
mon forms of foodborne illness globally, and it is caused by eat-
ing foods contaminated with one or more preformed heat-stable 
enterotoxins (SEs) produced due to growth of S. aureus in food 
(Hennekinne et al., 2012; Wang et al., 2013). The growth and pro-
liferation of S. aureus in foods cause extreme hazards to consum-
er health as many serotypes can produce enterotoxins (Bennett 
et al., 2013). Misuse and extensively using of antimicrobials lead 
to the shifting of bacterial pathogens away from easily treated 
bacteria toward drug-resistant bacteria (Mahdy et al, 2012). An-

timicrobial resistance (AMR) is one of the world’s most serious 
problems. At least 25% of foodborne isolates have antimicrobi-
al resistance to at least one class of antimicrobials (FAO, 2018). 
Consumer health protection and foodborne disease prevention 
need new ways that could protect foods from drug-resistant mi-
croorganisms. Additional barriers applied to restrict the growth 
of foodborne pathogens in foods could give a higher margin of 
safety for both raw and ready-to-eat (RTE) meals during long-
term refrigerated storage (Mangalassary et al., 2008). Over the 
past decade, Because of public awareness and worry about the 
addition of synthetic chemical additives to foods, researchers 
and food manufacturers have been interested in using natural 
antimicrobials (Pattanayaiying et al., 2014). Many natural herbs 
and spices contain antimicrobial components, Origanum marjo-
rana (OM) plant and its essential oil are one of them with a wide 
antimicrobial activity. The antimicrobial and antioxidant prop-
erties of Origanum majorana are attributed to the presence of 
many effective compounds such as phenols, terpenoids, esters, 
etc. Moreover, its essential oil is also being used as a flavoring 
agent in different types of commercially sold foodstuff. In the 
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last years, its antimicrobial effect also has attracted researchers 
to use it as an antimicrobial agent in packaged food (Bhardwaj 
and Dubey 2020). Recently, nanotechnology is widely used in 
different applications in food manufacturing and packaging. The 
features of the new nanomaterials give many new opportunities 
to the food industry, which include more potent food flavorings, 
colorings, nutritional additives, and antimicrobial components 
for food packaging (Alfadul and Elneshwy 2010). One of the 
widely used nanomaterials is silver nanoparticles which have a 
wide range of activity against gram-positive and negative bac-
teria. Silver metal has been recognized as a very effective an-
tibacterial agent, capable of killing several types of pathogens 
that cause various food poisoning diseases and has been used 
by mankind for nearly 7000 years (Chernousova and Epple 2013). 
Ag-NPs when compared with metallic silver it showed better an-
timicrobial properties due to their extremely larger surface area 
which provides a higher contact with the microorganisms (Toker 
et al., 2013). Proved that in S. aureus, Ag-NPs inhibit respirato-
ry chain dehydrogenase by converting numerous enzymes such 
as glycerol-3-phosphate dehydrogenase into dihydroxyacetone, 
interfering with the organism’s normal development and metab-
olism (Li et al., 2010). Biological approaches have been favored 
to overcome the difficulties of chemical synthesis of Ag-NPs and 
are thus well investigated as an alternate way for preparing silver 
nanoparticles; because biologically mediated synthesis does not 
involve hazardous or toxic chemicals, it has been shown to be 
cost-effective, easy, and ecologically benign (Katas et al,2018). 
Using green synthesized nanoparticles makes the biopoly-
mer-nanoparticles film or composite material cheap, non-toxic, 
and eco-friendly (Roopan et al., 2013).

Therefore, the current study was carried out to synthesize sil-
ver nanoparticles using both chemical and biological methods 
utilizing marjoram extract as a reducing agent. Then we applied 
the agar well diffusion assay (AWDA) to in-vitro investigates their 
antimicrobial activities by comparing with OM ethanolic extract, 
essential oil, and nano-emulsions against a cocktail of three 
strains of coagulase-positive multidrug-resistant S. aureus pre-
viously isolated and identified by Saleh et al. (2021) from some 
meat products. Additionally, these antimicrobials were individ-
ually incorporated into homemade starch-based antimicrobial 
films, and then the antimicrobial properties of these films were 
examined against the same cocktail of S. aureus strains using the 
disc diffusion method.

MATERIALS AND METHODS

Materials 

Local markets provided corn starch and dried marjoram 
leaves (Origanum marjorana). Sigma Aldrich (St. Louis, MO, USA) 
provided 70% ethanol, tri-sodium citrate, silver nitrate, glycer-
ol, bovine skin gelatin, and xanthan gum produced from Xan-
thomonas campestris. Bacterial growth media were acquired from 
Oxoid, including Muller Hinton agar (MHA), Muller Hinton broth 
(MHB), buffered peptone water (BPW), tryptic soy broth (TSB), 
Baird parker’s agar, and egg yolk tellurite emulsion (Hampshire, 
UK)

Bacterial strains

Three separate serovars of pathogenic multiple drug-resis-
tant (MDR) S. aureus were employed in this investigation, which 
were isolated from minced beef and beef-burger from the Micro-
biology Culture Collection (Department of Food Safety, Faculty 

of Veterinary Medicine, Beni-Suef University, Egypt), identified 
and tested for their antibiotic resistance according to Saleh et 
al. (2021). Frozen (-80°C) bacterial strains kept in glycerol were 
inoculated into tryptic soy broth (TSB) and incubated at 37°C for 
18 h, then streak-plated onto tryptic soy agar (TSA) plates for 18 
h. Then separate colonies were recovered from TSA plates and 
inoculated into TSA slopes to be incubated at 37°C for 18 h. Af-
terward, TSA slopes were stored as stock cultures at 4°C until use 
in the experiments.

Preparation of Origanum majorana ethanolic extract 

The percolation method was used for the preparation of mar-
joram ethanolic extract (Singh et al., 2017). One hundred grams 
of dried leaf powder of marjoram were mixed with 1000 mL of 
70% ethanol in a clean flask with thorough shaking. Then, the 
herb was kept soaked in ethanol for 24 h and then percolated 
several times until the soaking solution was faint to clear in color. 
Afterward, the attained extract was filtered through a Whatman 
filter paper (no. 1) and concentrated in a rotary evaporator (Shi-
madzu, Germany) under reduced pressure to get rid of the sol-
vent, and then stored in a dark bottle at 4°C for further use.

Chemical synthesis and biosynthesis of silver nanoparticles (Ag-
NPs)

Chemically synthesized silver nanoparticles were created us-
ing the chemical reduction method described by Li et al. (2010). 
Furthermore, utilizing marjoram extract, the biosynthesis of silver 
nanoparticles (Bio-Ag-NPs) was carried out according to Hame-
lian et al. (2018). The generated Ag-NPs were characterized by 
scanning electron microscopy (SEM) imaging with a Field Emis-
sion Electron Microscope (Zeiss Sigma 500 VP Analytical FE-SEM, 
Carl Zeiss, Germany) (Fig. 1).

Preparation of Origanum marjorana essential oil nano-emulsion

The procedures described by Gahruie et al. (2017) were em-
ployed to make a marjoram nano-emulsion. The dispersed phase 
of the Origanum marjorana nano-emulsion was made with mar-
joram essential oil. A magnetic stirrer was used to mix 10 mL of 
Tween (80 nonionic surfactant) with deionized water for 30 min-
utes at 800 rpm at room temperature. The solution was mixed 
with 10 mL of 10% marjoram essential oil, and a coarse emulsion 
was created using a high-speed homogenizer at 12,000 rpm for 
4 minutes.

In-vitro determination of antibacterial activities of different anti-
microbials against S. aureus cocktail

S. aureus strains were grown overnight in TSB (37°C) and 
streaked onto TSA plates separately. After that, separate colonies 
from each strain plate were collected in test tubes containing 5 
mL of sterile saline to achieve a 0.5 McFarland turbidity (1.5 x 108 
CFU/mL) for bacterial culture. Then, using equal amounts of the 
three strains, a bacterial cocktail with an approximate concentra-
tion of 8 log10 CFU/mL was generated.

The antimicrobial activity of various antimicrobials devel-
oped in this study, including OM ethanolic extract, chemically 
synthesized (Chem-Ag-NPs), biosynthesized (Bio-Ag-NPs) silver 
nanoparticles utilizing OM extract, OM essential oil, and OM 
nano-emulsion, was assessed using the AWDA described by Ja-
hangirian et al. (2013) against S. aureus cocktail. Under aseptic 
conditions, the bacterial cocktail was swabbed on the surface of 
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MHA plates, and 6 mm diameter wells were made and filled with 
50 µl of different doses of each antibiotic, which were incubated 
for 24 h at 37°C. The diameter of the growth inhibition zones was 
evaluated after the incubation period. The inhibitory zones were 
measured in millimeters (mm) and reported.

Development of homemade starch-based biodegradable antimi-
crobial films (SBAF)

To generate homemade starch-based biodegradable control 
films (SBCF) and biodegradable antimicrobial films (SBAF) con-
taining antimicrobials, 100 mL of sterile distilled water was mixed 
with 12.0±3.0 g corn starch, 1–3 g gelatin, 0.05–0.5 g xanthan 
gum, and 2–5 mL glycerol. Starch was added to distilled water 
with stirring using the hot plate stirrer. The mixture was then 
heated, and then gelatin was added with constant vigorous stir-
ring before the xanthan gum was added to stabilize it. The tem-
perature of the mixture was then raised to 150°C, with steady 
stirring, until all the ingredients had dissolved. Finally, glycerol 
was added to the mixture in a drop-wise manner to plasticize 
the biopolymer. The mixture was then autoclaved for 15 minutes 
at 121°C before being allowed to cool to 55°C. To make vari-
ous SBAFs, the antimicrobial solutions were filter-sterilized (0.45 
µm) before being added individually to the biopolymer solution. 
SBCF was made without the use of any antimicrobial agents from 
starch-based biopolymer solutions. The mixture was then spread 
out to a thickness of nearly 200 mm and allowed to dry for 24 to 
48 h at 45 percent relative humidity. All films were maintained at 
25°C in an aseptic environment until they were used in experi-
ments.

The bactericidal activity of the SBAF was tested against a S. 
aureus cocktail using a DDA. SBAF and SBCF were aseptically cut 
into rounded discs (about 6 mm in diameter) and applied to the 
surface of MHA plates that had been streaked with the S. aureus 
bacterial cocktail and prepared in sterile saline as described pre-
viously. After 24 h of incubation at 37°C, the inhibition zones of 
all bacteria-inoculated MHA plates were observed. A ruler was 
used to measure the diameters of the inhibitory zones.

Statistical analysis

In this study, each experiment was repeated three times. To 
assess significant differences and comparisons between means, a 
one-way ANOVA test was utilized (Minitab 18 statistical software). 
If P < 0.05, the means were considered significantly different.

RESULTS AND DISCUSSION

Characterization of the Ag-NPs and biodegradable films by SEM 
analysis

SEM imaging was used to characterize the silver nanoparti-
cles in this study (Fig. 1). Chem-Ag-NPs with a concentration of 
1 mM had a diameter of 36.0±2.4 nm and were spherical. Dey 
et al. (2015) reported silver nanoparticles produced chemically 
with identical results. Bio-Ag-NPs synthesized at a concentration 
of 1 mM, were spherical with a diameter of 51.5±2.0 nm. The in-
creased size of Bio-Ag-NPs compared to Chem-Ag-NPs could be 
explained by the Marjoram extract coating layer that covers the 
biosynthesized nanoparticles. 

Additionally, the surfaces of homemade starch-based biode-
gradable films both control and those incorporated with Ag-NPs 
were observed using scanning electron microscopy (Fig. 2). It was 
noticeable that the surface shape was different in the control film 

(Fig. 2A) in comparison with antimicrobial films (Fig. 2B and 2C), 
as well as the surface morphology appeared homogenous. The 
nanoparticles incorporated in the antimicrobial films were not 
noticeable under this scale (1 µm).
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Fig. 1. SEM images of (A) chemically synthesized silver nanoparticles Chem-Ag-NPs (1 
mM) and (B) biosynthesized silver nanoparticles Bio-Ag-NPs (1 mM).

Fig. 2. SEM images of (A) homemade starch-based biodegradable control films (SBCF) and 
homemade starch-based biodegradable antimicrobial films incorporated with (B) Chem-
Ag-NPs or (C) Bio-Ag-NPs.
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The antimicrobial activity of the different used antimicrobials de-
termined by AWDA

The AWDA is a widely used method for the detection of the 
antimicrobial activity of different antimicrobials. The results of 
the antimicrobial effect of different antimicrobials against a co-
agulase-positive S. aureus strain cocktail using AWDA are pre-
sented in Fig. 3. These strains were found MDR with MDR ratios 
of 0.83, 1, and 1 (Saleh et al., 2021). 

The OM nano-emulsion 2, 5, and 10 % achieved 7, 7, and 
7.6 mm of inhibition zone diameter, respectively, while the di-
ameter of the zones created by OM crude essential oil 2, 5, 10 
%, and pure oil was only 6 mm (p<0.05). Regarding marjoram 
ethanolic extract 2, 5, and 10 %, the inhibition zone diameters 
were 6, 6, and 7 mm, respectively. On the other hand, Chem-
Ag-NPs 1 mM and Bio-Ag-NPs 1 mM achieved inhibition zone 
diameters of about 19 and 23 mm, respectively with a significant 
difference in between (p<0.05). Accordingly, Bio-Ag-NPs fol-
lowed by Chem-Ag-NPs were the most effective antimicrobials 
against the S. aureus cocktail. Franci et al. (2015) proposed that 
because of their small size and wide surface area, Ag-NPs are 
well-known for having excellent antibacterial action against dif-
ferent pathogens such as bacteria, fungi, and viruses. Despite the 
lack of data on nanoparticles in vivo toxicity, Ag-NPs antibacterial 
properties have made it one of the nanotechnology industry’s 
fastest-growing product categories in the last decade (Liu et al., 
2017). According to various studies Ag-NPs can accumulate in 
the bacterial membrane, which make the integrity of bacteria’s 
membranes compromised, leading to cellular death (Istiqola and 
Syafiuddin 2020). The obtained results confirm the synergistic ef-
fect of the marjoram extract and the silver ions in the case of Bio-
Ag-NPs. Comparing these results with those reported by Qais et 
al. (2019) who prepared Ag-NPs using Murraya koenigii extract 
and reported inhibition zones of about 21 mm in diameter, the 
prepared Ag-NPs by marjoram in the present study had a stron-
ger antimicrobial activity, as well as gave a stronger antimicrobial 
effect than the biosynthesized Ag-NPs using Trigonella foenum 

graecum extract as a capping and reducing agent prepared by 
Rajkumar and Patra (2019) which achieved a 9.34 mm diameter 
of inhibition zone. Also, Ontong et al. (2019) recorded inhibition 
zones of about 14.12 mm when prepared Ag-NPs using Senna 
alata bark extract. 

Our chemically prepared Ag-NPs using tri-sodium citrate 
showed stronger antimicrobial activity than the chemically pre-
pared ones by Guzman et al., (2012) using a mixture of hydrazine 
hydrate and sodium citrate (1 mM), which displayed a 12 mm 
diameter of inhibition zone against S. aureus.

Despite it was recognized that the OM essential oils are tox-
ic to harmful fungi like Aspergillus flavus and have antimicrobial 
activity against antibiotic-resistant bacteria like methicillin-resis-
tant S. aureus (Liu et al., 2017), this investigation did not demon-
strate enough antibacterial action against MDR S. aureus, which 
could be attributed to the differences in oil sources and purities. 
Furthermore, it was reported that OM contains bioactive com-
pounds, reveals an important biological activity, and is used in 
the medicinal and food industries, as well as the nanoparticles 
synthesized from it may be a bioactive material for medical and 
food applications (Erenler and Dag, 2022). In the current study, 
the ethanolic extract of OM was applied at various concentrations 
as a potential antibacterial agent, however, their efficacy was sig-
nificantly lower than bio-Ag-NPs and chem-Ag-NPs (p<0.05).

Additionally, in the present study, the effects of different 
concentrations of OM nano-emulsion and OM crude essential 
oil were weaker than those previously reported by Amor et al. 
(2019), which could be due to the differences in oil sources and/
or bacterial species, isolate resistance, and inoculum concentra-
tions.

The antimicrobial activity of the different developed films through 
DDA. 

The antibacterial activity of various SBAFs and SBCF was as-
sessed by a DDA in order to evaluate the capability of each an-
timicrobial to diffuse from the biodegradable film to the media 

Fig. 3. The antimicrobial activity of various antimicrobial compounds, represented by the diameter of inhibition zones (mm) ± standard error, against S. aureus bacterial cocktail isolated 
from meat products, in an agar well diffusion assay (AWDA). Where, Chem-Ag-NPs= chemically synthesized silver nanoparticles, Bio-Ag-NPs= Biosynthesized silver nanoparticles, OM 
NE= Origanum marjorana nano-emulsion, OM EO= Origanum marjorana crude essential oil, OM EE= Origanum marjorana ethanolic extract, DW= sterile distilled water. Different small 
letters (a, b, c and d) above bars indicate significant differences between means at p < 0.05.
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(Fig. 4). In this experiment, the films were cut into discs measuring 
about 6 mm in diameter and tested on MHA plates inoculated 
with a pathogenic three-strain S. aureus cocktail. It was notice-
able that the DDA results matched that of the AWDA results with 
minor differences. 

SBAF/Chem-Ag-NPs and SBAF/Bio-Ag-NPs had the largest 
inhibition zones against a cocktail of pathogenic S. aureus strains. 
The inhibitory zones produced by SBAF/Chem-Ag-NPs were larg-
er than those produced by SBAF/Bio-Ag-NPs, which were 16 and 
13 mm, respectively (Fig. 4). This could be due to Bio-Ag-NPs 
having a slower diffusion capacity from the biodegradable film 
to the agar than Chem-Ag-NPs. Ag-NPs have previously been 
shown to have antibacterial properties against pathogenic S. 
aureus when mixed into a hydroxypropyl methylcellulose matrix 
with used as food packaging materials (De Moura et al., 2012). 

In this regard, many studies investigated the antibacterial 
activity of food packaging films containing various antimicro-
bials in vitro, such as Millette et al. (2007) who determined the 
antimicrobial effect of nisin-containing alginate films against a 
S. aureus strain with a clear inhibition zone was formed. Also, 
Hassan and Cutter (2020) examined antimicrobial films incorpo-
rated with lauric arginate and found that they had an effective 
inhibition against S. aureus cocktail. Additionally, Marzlan et al. 
(2022) recorded the antimicrobial effect of starch-based edible 
films when incorporated with torch ginger (Etlingera elatior Jack) 
inflorescence essential oil against S. aureus. Moreover, Kuorwel 
et al. (2011) reported the antimicrobial activities of starch-based 
film coated with carvacrol, linalool, and thymol against S. aureus.

In this concern, because of their antibacterial capabilities, Ag-
NPs have been widely used in food packaging technology among 
existing inorganic nanomaterials. Ag-NPs-coated food packag-
ing has been tried for a variety of items, including fresh meats, 
fresh fruits, and consumer products, especially because of the 
previous suggestions of Ag-NPs as safe for food packaging, with 
undetectable levels of silver nanoparticles that are released and 
migrated from impregnated containers into real food samples 

(Addo Ntim et al., 2015). 

CONCLUSION

To conclude, bio-Ag-NPs has a significantly higher antimicro-
bial activity against S. aureus than chem-Ag-NPs. Furthermore, 
both types of nanoparticles are significantly more powerful in 
their antimicrobial properties than different concentrations of 
OM extract, essential oil, and nano-emulsion (p<0.05). On the 
other hand, SBAF incorporated with chem-Ag-NPs show a signifi-
cantly stronger antimicrobial effect than that incorporated with 
bio-Ag-NPs, while both types of films have significantly stronger 
antimicrobial effects than other antimicrobials (p<0.05). These 
homemade biodegradable films incorporated with bio-Ag-NPs 
could be a good alternative to plastics in food packaging ap-
plications and meanwhile, reduce microbial growth and extend 
the shelf-life of food. Further studies for investigating the effec-
tiveness of these films on bacterial isolates artificially inoculat-
ed in real food samples are suggested, as well as the safety of 
biosynthesized Ag-NPs in food packaging applications must be 
furtherly investigated.

ACKNOWLEDGMENTS

The authors are gratefully acknowledging the financial sup-
port from Beni-Suef University, University Performance Devel-
opment Center, Support and Project Finance Office, project ID 
YR4-BSU2119.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest in this 
work.

REFERENCES

Addo Ntim, S., Thomas, T.A., Begley, T., Hand Noonan, G.O., 2015. 
Characterisation and potential migration of silver nanopar-
ticles from commercially available polymeric food contact 

Fig. 4. The antimicrobial activity of homemade starch-based biodegradable control films (SBCF) and different starch-based biodegradable antimicrobial films (SBAF) incorporated with 
various antimicrobials, represented by the diameter of inhibition zones (mm) ± standard error, against S. aureus bacterial cocktail isolated from meat products, in a disc diffusion assay 
(DDA). Where, Chem-Ag-NPs= chemically synthesized silver nanoparticles, Bio-Ag-NPs= Biosynthesized silver nanoparticles, OM NE= Origanum marjorana nano-emulsion, OM EO= 
Origanum marjorana crude essential oil, OM EE= Origanum marjorana ethanolic extract, DW= sterile distilled water. Different small letters (a, b, c and d) above bars indicate significant 
differences between means at p < 0.05.

Omnia A.M. Ahmed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 1, 41-46

45



materials. J. Food Add. Contam.: Part A, 32, 1003-1011. DOI: 
10.1080/19440049.2015.1029994  

Alfadul, S.M., Elneshwy, A.A., 2010. Use of nanotechnology in food pro-
cessing, packaging and safety–review. Afr. J. Food Agri. Nutri. De-
velop. 10, 2720-2739. DOI: 10.4314/ajfand.v10i6.58068

Amor, G., Caputo, L., La Storia, A., De Feo, V., Mauriello, G., Fechtali, T., 
2019. Chemical composition and antimicrobial activity of Arte-
misia herba-alba and Origanum majorana essential oils from 
Morocco. Molecules 24, 4021. doi: 10.3390/molecules24224021

Bennett, R.W., Hait, J.M., Tallent, S.M., 2013. Staphylococcus aureus. In: Lab-
b´e, R.G., García, S. (Eds.), Guide to Foodborne Pathogens, 2nd ed. 
John Wiley and Sons, Ltd. CDC, 2019. https://doi.org/10.1016/j.
ijfoodmicro.2021.109165

Bhardwaj, K., Dubey, W., 2020. Sweet Marjoram (Origanum marjorana 
L.) As a Magical Bioprotective Agent Against Food Spoilage: A 
review. Carpathian J. Food Sci. Technol. 12(1). DOI: 10.34302/crp-
jfst/2020.12.1.1

Chernousova, S., Epple, M., 2013. Silver as antibacterial agent: ion, 
nanoparticle, and metal. Angew. Chemie. Int. Ed. 52, 1636-1653. 
https://doi.org/10.1002/anie.201205923

De Moura, M.R., Mattoso, L.H., Zucolotto, V., 2012. Development of 
cellulose-based bactericidal nanocomposites containing silver 
nanoparticles and their use as active food packaging. J. Food Eng. 
109, 520-524. https://doi.org/10.1016/j.jfoodeng.2011.10.030

Dey, A., Dasgupta, A., Kumar, V., Tyagi, A., Verma, A.K., 2015. Evaluation 
of the of   antibacterial efficacy of polyvinylpyrrolidone (PVP) and 
tri-sodium citrate (TSC) silver nanoparticles.  Int. Nano Lett. 5, 
223-230. DOI 10.1007/s40089-015-0159-2

Erenler, R., Dag, B., 2022. Biosynthesis of silver nanoparticles us-
ing Origanum majorana L. and evaluation of their antiox-
idant activity. Inorg. Nano-Metal Chem. 52, 485-492. DOI: 
10.1080/24701556.2021.1952263

FAO, 2018. FAO/WHO expert meeting on foodborne antimicrobial re-
sistance: role of environment, crops and biocides. Available on 
https://www.who.int/foodsafety/areas_work/antimicrobialre-
sistance/FAO_WHO_AMR_Summary_Report_June2018.pdf. (Ac-
cessed 28 May 2022).

Franci, G., Falanga, A., Galdiero, S., Palomba, L., Rai, M., Morelli, G., Galdie-
ro, M., 2015. Silver nanoparticles as potential antibacterial agents. 
Molecules 20, 8856-8874. DOI: 10.3390/molecules20058856

Gahruie, H.H., Ziaee, E., Eskandari, M.H., Hosseini, S.M.H., 2017. Charac-
terization of basil seed gum-based edible films incorporated with 
Zataria multiflora essential oil nanoemulsion. Carbohyd. Polym. 
166, 93-103. https://doi.org/10.1016/j.carbpol.2017.02.103

Guzman, M., Dille, J., Godet, S., 2012. Synthesis and antibacterial activity 
of silver nanoparticles against gram-positive and gram-negative 
bacteria. Nanomed.: Nanotechnol. Biol. Med. 8, 37-45. https://
doi.org/10.1016/j.nano.2011.05.007

Hamelian, M., Zangeneh, M.M., Amisama, A., Varmira, K., Veisi, H., 2018. 
Green synthesis of silver nanoparticles using Thymus kotschyanus 
extract and evaluation of their antioxidant, antibacterial and cy-
totoxic effects.  Appl. Organomet. Chem. 32, e4458. https://doi.
org/10.1002/aoc.4458

Hassan, A.H.A., Cutter, C.N., 2020. Development and evaluation of pullu-
lan-based composite antimicrobial films (CAF) incorporated with 
nisin, thymol and lauric arginate to reduce foodborne pathogens 
associated with muscle foods. Int. J. Food Microbiol. 320, 108519. 
https://doi.org/10.1016/j.ijfoodmicro.2020.108519

Hennekinne, J.A., de Buyser, M.L., Dragacci, S., 2012. Staphylococcus au-
reus and its food poisoning toxins: characterization and outbreak 
investigation. FEMS Microbiol. Revi. 36, 815–836. https://doi.
org/10.1111/j.1574-6976.2011.00311.x

 Istiqola, A., Syafiuddin, A., 2020. A review of silver nanoparticles in food 
packaging technologies: Regulation, methods, properties, migra-
tion, and future challenges. J. Chinese Chem. Soc. 67, 1942-1956. 
DOI: 10.1002/jccs.202000179

Jahangirian, H., Haron, M.J., Shah, M.H., Abdollahi, Y.A., Rezayi, M.A. Va-
faei, N.A., 2013. Well diffusion method for evaluation of antibac-
terial activity of copper phenyl fatty hydroxamate synthesized 
from canola and palm kernel oils. Digest J. Nanomat. Biostruct. 8, 
1263-1270. https://www.chalcogen.ro/1263_Jahangirian.pdf

Katas, H., Moden, N.Z., Lim, C.S., Celesistinus, T., Chan, J.Y., Ganasan, 
P., Suleman Ismail Abdalla, S., 2018. Biosynthesis and poten-
tial applications of silver and gold nanoparticles and their chi-
tosan-based nanocomposites in nanomedicine. J. Nanotechnol. 
4290705. https://doi.org/10.1155/2018/4290705

Kuorwel, K.K., Cran, M.J., Sonneveld, K., Miltz, J., Bigger, S.W., 2011. An-
timicrobial activity of natural agents coated on starch-based 
films against Staphylococcus aureus. J. Food Sci. 76, M531-M537. 
https://doi.org/10.1111/j.1750-3841.2011.02344.x

Li, W.R., Xie, X.B., Shi, Q.S., Zeng, H.Y., You-Sheng, O.Y., Chen, Y.B., 2010. 
Antibacterial activity and mechanism of silver nanoparticles 
on Escherichia coli. Appl. Microbiol. Biotechnol. 85, 1115-1122. 
https://doi.org/10.1007/s00253-009-2159-5

Liu, Q., Meng, X., Li, Y., Zhao, C.N., Tang, G.Y., Li, H.B., 2017. Antibacterial 
and antifungal activities of spices. Int. J. Mol. Sci. 18, 1283. doi: 
10.3390/ijms18061283

Mahdy, H.M., Sharaf, A.M., Al-Aaser, M.M., El-Sayed, H.M., 2012. Diffusion 
method and Vitek machine analysis of ESBLs for Klebsiella pneu-
moniae a comparable study. Res. 4, 12. 

Mangalassary, S., Han, I., Rieck, J., Acton, J., Dawson, P., 2008. Effect of 
combining nisin and/or lysozyme with in-package pasteurization 
for control of Listeria monocytogenes in ready-to-eat turkey bo-
logna during refrigerated storage. Food Microbiol. 25, 866-870.

Marzlan, A.A., Muhialdin, B.J., Abedin, N.H.Z., Manshoor, N., Ranjith, 
F.H., Anzian, A., Hussin, A.S.M., 2022. Incorporating torch ginger 
(Etlingera elatior Jack) inflorescence essential oil onto starch-
based edible film towards sustainable active packaging for chick-
en meat. Ind. Crops Prod. 184, 115058. https://doi.org/10.1016/j.
indcrop.2022.115058

Millette, M.C.L.T., Le Tien, C., Smoragiewicz, W., Lacroix, M., 2007. Inhibi-
tion of Staphylococcus aureus on beef by nisin-containing modi-
fied alginate films and beads. Food Control, 18, 878-884. https://
doi.org/10.1016/j.foodcont.2006.05.003

Ontong, J.C., Paosen, S., Shankar, S., Voravuthikunchai, S.P., 2019. 
Eco-friendly synthesis of silver nanoparticles using Senna alata 
bark extract and its antimicrobial mechanism through enhance-
ment of bacterial membrane degradation. J. Microbiol. Methods, 
165, 105692. https://doi.org/10.1016/j.mimet.2019.105692

Pattanayaiying, R., Aran, H., Cutter, C.N., 2014. Effect of lauric arginate, 
nisin Z, and a combination against several food-related bacteria. 
Int. J. Food Microbiol. 188, 135-146. https://doi.org/10.1016/j.ij-
foodmicro.2014.07.013

Qais, F.A., Shafiq, A., Khan, H.M., Husain, F.M., Khan, R.A., Alenazi, B., 
Ahmad, I., 2019. Antibacterial effect of silver nanoparticles 
synthesized using Murraya koenigii (L.) against multidrug-re-
sistant pathogens.  Bioinorg. Chem. Appl. 2019. https://doi.
org/10.1155/2019/4649506

Rajkumar, T., Patra, J.K., 2019. A green approach for the biosynthesis of 
powdered silver nanoparticles using leaf extract of Trigonella foe-
num-graecum L.: Characterization and antibacterial evaluation. 
Bangladesh J. Bot. 48, 427-436. DOI: https://doi.org/10.3329/bjb.
v48i3.47722

Roopan, S.M., Madhumitha, G., Rahuman, A.A., Kamaraj, C., Bharathi, A., 
Surendra, T.V., 2013. Low-cost and eco-friendly phyto-synthe-
sis of silver nanoparticles using Cocos nucifera coir extract and 
its larvicidal activity. Ind. Crops Prod. 43, 631-635. https://doi.
org/10.1016/j.indcrop.2012.08.013 

Saleh, S., Salam, H., Hassan, A.H.A., 2021. Antibacterial Activity of Orig-
anum majorana and Curcuma longa Extracts against Multiple 
Drug-resistant Pathogenic E. coli and Methicillin-resistant Staph-
ylococcus aureus Isolates Recovered from Meat Products. J. Adv. 
Vet. Res. 11, 221-229. https://advetresearch.com/index.php/AVR/
article/view/787

Singh, N., Gupta, S., Rathore, V., 2017. Comparative antimicrobial study 
of ethanolic extract of leaf and rhizome of Curcuma longa Linn. 
Pharmaco. J. 9. DOI : 10.5530/pj.2017.2.35

Toker, R.D., Kayaman-Apohan, N.İ.L.H.A.N., Kahraman, M.V., 2013. UV-cur-
able nano-silver containing polyurethane based organic–inor-
ganic hybrid coatings. Prog. Org. Coat. 76, 1243-1250. https://
doi.org/10.1016/j.porgcoat.2013.03.023

Wang, X., Tao, X., Xia, X., Yang, B., Xi, M., Meng, J., Zhang, J., Xu, B., 2013. 
Staphylococcus aureus and methicillin-resistant Staphylococcus 
aureus in retail raw chicken in China. Food Control 29, 103–106. 
https://doi.org/10.1016/j.foodcont.2012.06.002

Omnia A.M. Ahmed et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 1, 41-46

46


