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ABSTRACT

Objective: This study assessed the effect of cellulose sheets fortified with Natamycin-loaded algi-
nate nanoparticles on the growth of toxigenic Aspergillus flavus and aflatoxin production on the 
superficial layer of Egyptian Romy cheese after 12 weeks of maturation. 
Materials and Methods: Toxigenic A. flavus (GenBank accession No. MT645073) was inoculated 
into the outer surface of Egyptian Romy cheese (at 5 log CFU/gm) and wrapped with a cellulose 
sheet fortified with Natamycin-loaded alginate nanoparticles. Unwrapped control contaminated 
Romy wheels were made as well as non-contaminated wrapped cheese wheels for sensory eval-
uation. Romy cheese wheels were stored at a temperature similar to commercial methods for 12 
weeks. Fungal counts were enumerated during this time, and enzyme-linked immune sorbent 
assay detected aflatoxin after the 4th week of maturation storage.
Results: In cheese samples covered with cellulose sheets containing Natamycin-loaded alginate 
nanoparticles, the fungal count was reduced by 2 log approximately in contrast to control samples 
after the 2nd week of storage. However, within the 8th week of storage, the greatest significant 
reduction (p < 0.05) was seen where fungal growth was hindered entirely to the end of the rip-
ening period. The mean values for taste, color, flavor, and overall acceptability were 4, 4.7, 4.09, 
and 4.3, respectively. Furthermore, in the treated samples, the total aflatoxin concentration was 
decreased by 78.6% relative to the untreated control one. 
Conclusion: Using cellulose sheets fortified with Natamycin-loaded alginate nanoparticles in 
Egyptian Romy cheese wrapping could be an effective way of controlling A. flavus and subsequent 
aflatoxin production without influencing the typical taste, color, flavor, and overall appearance of 
traditional Romy cheese.
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Introduction

Ras (Romy) cheese is an Egyptian hard cheese made from 
bovine and buffalo milk. It takes an extended time to pro-
duce the distinctive flavor and texture, where maturation 
takes place for 3 months at a nearly constant relative 
humidity and temperature [1,2].

Fungus contamination is common in dairy products. 
They are accountable for visible or unseen imperfections, 
such as off-odor and off-flavor, resulting in considerable 
food waste and losses, leading to economic losses [3]. The 
production of toxigenic fungi during maturation of Ras 
cheese, as some Aspergillus spp., is considered a safety 

concern for human consumption. They are xerophilic fungi 
and are responsible for many cases of contamination of 
foods and feeds [4]. 

Aflatoxins are unavoidable, common food pollutants 
with a significant effect on well-being and food safety [5]. 
Dietary exposure to aflatoxin-polluted food has been cor-
related with considerable health complications such as 
liver cancer, impediment to growth, immune reduction, 
and doom [6]. Hindering fungal growth might be a severe 
concern for industrials and scientists seeking efficient 
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solutions to prevent and cut-off fungal decay in dairy prod-
ucts [3].

One of the innovative practices for preserving food 
products is active packaging technology, and antimicro-
bial packaging films could be a serious field, encouraging 
this innovation [7]. Active packaging technology could also 
be described as a packaging technique which, through the 
coating of packaging materials, adds antimicrobials, anti-
oxidants or other quality enhancing agents, allowing the 
active packaging agent to be released in minutes into the 
packaged food to ensure the safety of packaged foods. The 
great attention paid to active packaging with antimicrobial 
substances has been significantly increased among many 
active packaging applications [8]. 

Natamycin is produced by aerobic fermentation of 
Streptomyces natalensis [9]. After being approved by 
the Food and Drug Administration and the European 
Community as Generally Recognized as Safe, it is being used 
as a natural preservative in foods [10,11]. Natamycin car-
ries out its antifungal function by binding to fungal mem-
brane sterols, leading to cell lysis [12]. Natamycin can bind 
to ergosterol within the fungal plasma membrane, leading 
to a loss of membrane function [13]. While Natamycin is 
widely used as a food preservative, some factors can com-
promise its application effectiveness on the food surface, 
such as poor water solubility, inactivation by food matrix 
components, and rapid migration [14]. Natamycin’s low 
aqueous dissolvability restricts its availability for anti-
microbial activity in the molecular state and its diffusion 
rate to the place of antifungal action. The low solubil-
ity of Natamycin in water, however, results in a non-uni-
form distribution on the coated surface and decreases 
its fungal efficacy, so Natamycin inclusion complexes 
have been developed for various applications [15,16]. 
Nanotechnology is one of these applications which could 
provide Natamycin with greater availability and enhanced 
antifungal performance [17].

According to our knowledge, active packaging is not 
applied to the outer surface of the Egyptian Romy cheese 
to overcome fungal spoilage, thus the development of afla-
toxin occurs. The purpose of this study was to investigate 
the inhibitory effect of Natamycin nanoparticles on the 
growth of Aspergillus flavus and its production of toxins in 
the maturation of the Egyptian Ras (Romy) cheese.

Materials and Methods

Natamycin nanoparticles

Natamycin-alginate nanoparticles were prepared 
with some modifications using the strategy defined by 
Lertsutthiwong et al. [18]. In brief, 0.6 ml Natamycin solu-
tion (20 mg/ml ethanol) (Sigma, Chicago, IL No: 32417-
50MG) was regularly descended into 20 ml sodium alginate 

(0.3 mg/ml) (Sigma, Chicago, IL No: W201502) incorpo-
rated with 10% (w/v) pluronic F-127 (Sigma, Chicago, IL 
No: P2443). The solution was subjected to sonication for 
15 minutes, then 4 ml of 0.67 mg/ml CaCl2 was added with 
stirring for 30 minutes. Finally, the external structures and 
morphology of the Natamycin-loaded alginate nanoparti-
cles were assessed using a scanning electron microscope 
(SEM).

Packaging fortified with Natamycin

As indicated by Dias et al. [19], the antifungal sheets were 
set up; 30 gm of cellulose acetate (Rhodia Co., Courbevoie, 
France) were dissolved into 500 ml acetone. The sus-
pension of Natamycin-loaded alginate nanoparticles was 
applied at a concentration of 10% (v/w) to the sheet solu-
tion and was well blended. The sheet approaches were 
distributed with the aid of the thin layer chromatography 
spreader apparatus. The acetone was evaporated at 25°C. 
Sheets measured 30 × 20 cm with 0.5 mm thickness and 
were yellowish in color.

Manufacture of Romy cheese

As per the method described by Abou-Donia [20], cow milk 
(with 3% fat) was utilized and enough rennet was included 
with heating at 50°C to complete the coagulation and was 
molded in the Romy cheese molds lined with cloth sheets. 
Whey was then drained out from cheese curd by manual 
pressure to expel excess whey overnight. Cheese wheels 
were then removed from molds at room temperature for 
extra drainage. 

Preparation of inoculated strain

In the Reference Lab for Safety Analysis of Food of Animal 
Origin, Animal Health Research Institute (AHRI), an 
Egyptian field isolate of toxigenic A. flavus (Asp. Food 
Hygiene Department.1; GenBank accession No. MT645073) 
was used. The frozen culture was triggered in 9 ml of Potato 
Dextrose Broth. Mycelia were centrifuged and washed by 
phosphate buffer solution, with a final concentration of 
approximately106 colony forming unit (CFU)/ml.

Inoculation and packaging

Cheese disks were divided into three groups; the first was 
packed without dipping into the contamination solution 
with a Natamycin nanoparticle sheet (for sensory exam-
ination). In the contamination solution, the second and 
third groups were immersed for 10 minutes, then left to 
dry. Meanwhile, the second group was packed with a sheet 
of Natamycin nanoparticles, while the third group was 
left unpackaged. All the cheese disks were ripened for 3 
months at 25°C.
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Aspergillus flavus enumeration

Samples of cheese were taken for fungus count on 0 day 
(after 2 hours) and then every week within the 1st month 
and every 2 weeks within the 2nd and 3rd months. The 
sheet was removed from cheese, and fungal enumeration 
was carried out as per the method described previously 
[21] using the spread method on Rose Bengal chloram-
phenicol agar and incubated for 7 days at 25°C. The plates 
with 15–150 characteristic fungal colonies (green colored 
and 15 mm in diameter) were counted. All the tests were 
implemented in triplicate.

Determination of total aflatoxin

According to manufacture, aflatoxin concentrations 
were set on using enzyme-linked immune sorbent assay 
(Ridascreen®, aflatoxin Total -r-biofarm- R4701). Triple 
determinations were carried out, then the mean was cal-
culated. Aflatoxin concentrations were expressed as µg/kg 
of the sample.

Sensory analysis

The analysis was carried out by using a numeric descriptive 
5-point scale, ranging from 5 to 1, with 5 = very much like, 
4 = like, 3 = approved, 2 = dislike, and 1 = very much dislike 
[22]. Cheese samples were evaluated for taste, color, fla-
vor, and the overall acceptability. The sensory panel team 
comprised 15 qualified assessors by the Reference Lab for 
Safety Analysis of Food of Animal Origin, AHRI. Samples 
with a ranking below three were considered rejected.

Data analysis

Three repetitions of the experiment were carried out. The 
data were analyzed using the Statistical Package for the 
Social Sciences software mixed procedure (production 20, 
IBM CO) after logarithmic fungal count transformation. To 
detect significance (p < 0.05), the t-test was used.

Results and Discussion

Most of the dairy products favor the undesirable growth 
of spoilage as well as toxigenic fungi [3]. Penicillium and 
Aspergillus species are often isolated from cheese and are 
typically associated with poor hygiene requirements and 
resistance to antimicrobials or heat treatment [3,23]. New 
approaches were used to control fungal spoilage of cheese 
as packaging fortified with Natamycin (Pimaricin), which is 
a potent antifungal compound that can effectively prevent 
mold growth and inhibit the development of aflatoxin [24]. 
In the current study, Natamycin-loaded alginate nanoparti-
cles were studied to determine their ability to control fun-
gal growth and aflatoxin production on the outer surface 
of Romy cheese and their impact on the sensory quality of 
Romy cheese during ripening.

An SEM was used to determine the morphology and 
shape of the nanoparticles. The SEM images (Graph 1) 
revealed that the particles of Natamycin-loaded alginate 
nanoparticles presented a uniform appearance with spher-
ical-shaped, characteristic shell and core appearance, and 
the absence of significant agglomeration. The particle size 
ranged from 129 to157 nm. Uniformity in size resulted in 
stronger interaction between the Natamycin-nanoparticles 
and microorganism, also resulted in better distribution 
and sustained release of Natamycin on the surface of the 
examined product [25]. The loading of Natamycin on algi-
nate nanoparticles resulted in higher availability, improved 
efficiency of Natamycin, and being easier incorporated into 
food. This phenomenon could be attributed to the fact that 
some oligosaccharides as alginate containing functional 
groups show biological activities as antibacterial, antiviral, 
and antioxidant activities [26].

The impacts of Natamycin-loaded alginate nanoparti-
cles incorporated cellulose sheet on the development of 
A. flavus inoculated in Egyptian Ras cheese were studied 
and shown in Table 1 and Figure 1. The count of A. fla-
vus on non-wrapped inoculated cheese samples (control 
samples in Table 1 and Figure 3) developed from 5.3 to 
5.9 CFU gm−1 over 4 weeks of maturation, then reduced 
to 5.74 CFU gm−1 at the end of maturation. Almost, fungal 
count significantly decreased (p < 0.05) in cheese samples 
wrapped with Natamycin sheet than control samples after 
the 1st week of ripening. This decrease reached 2 log after 
the 2nd week of storage. However, the greatest significant 
reductions (p < 0.05) were seen in the 8th week of stor-
age, where the fungal growth was completely inhibited till 
the end of the ripening period. The same outcomes were 
acquired by Medina et al. [27], who found that Natamycin 
at 50–100 ng ml−1 can inhibit the growth of Aspergillus car-
bonarius. Similar findings were also described by Ture et 
al. [28] revealing that wheat gluten sheets and methyl-cel-
lulose incorporated with Natamycin have potent antifun-
gal capacity upon Aspergillus niger on fresh kashar cheese 
for a whole month.

Graph 1. Scanning electron micrograph (SEM) of an alginate-Na-
tamycin nanocapsule, size between 129 and 157 nm.
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Figure 1. Count of A. flavus (log10 CFU/gm) in contaminated 
Romy cheese samples during ripening.

Moreover, Kallinteri et al. [29] stated that Natamycin 
was able to effectively reduce the fungal growth within 
the Galotyri soft cheese and resulted in doubling its 
shelf-life (>28 days), when compared to the control 
untreated sample. Santonicola et al. [30] also showed 
that the complex of Natamycin-chitosan significantly 
lowered the yeasts and molds in cheese stored at 20°C 
for 7 days. However, Gonzalez-Forte et al. [31] showed 
that Natamycin has an antifungal effect against fungi 
isolated from cheese planets. These findings were con-
sistent with Shah et al. [32], who stated that Natamycin 
significantly (p < 0.05) reduced the growth of yeast, aer-
obic bacteria, and enterobacteria, while lactic acid bac-
teria were not influenced. Natamycin’s inhibitory action 
against A. flavus can be contributed to that it can inhibit 
fungal growth and causes cell lysis by binding to cell 
membrane sterols [12].

Regarding results of the sensory attributes (Fig. 2) 
showed that Natamycin did not influence the original 
taste, color, flavor, and the overall appearance of tradi-
tional Romy cheese, where the mean values were 4, 4.7, 
4.09, and 4.3, respectively. This result was similar to the 
finding recorded previously [33-37], stating that wrapped 
cheese was better than the non-wrapped ones. Nottagh et 
al. [38] also pointed out that the edible coating supported 
chitosan and Natamycin significantly prevented microor-
ganisms’ growth that causing cheese spoilage and did not 
affect starters that had a role in cheese ripening and sen-
sory characters.

As summarized in Table 2 and Figure 3, the control sam-
ples were higher in aflatoxin concentrations than those 
treated with Natamycin by 78.6% at the end of matura-
tion (12th week). The mean of aflatoxin concentration in 
control samples was 2.75 ± 0.01 at 4th week of maturation 
and increased throughout the period to reach 8.52 ± 0.15. 
However, the mean of aflatoxin concentration in Natamycin-
treated samples was 1.83 ± 0.03 at 4th week of maturation 
and remained almost constant throughout the maturation 
period. These results are agreed with those of Rusul and 
Marth [39], who found that increasing the concentration of 
Natamycin in glucose yeast extract-salt medium reduced 
the amounts of aflatoxin produced after 3 days of incuba-
tion. However, the presence of 20 ppm Natamycin inhibited 
toxin production after 7 days. Also, Medina et al. [27] have 
demonstrated that at 20°C, ochratoxin production by A. car-
bonarius in the fresh red grape medium was only signifi-
cantly inhibited by 10 ppm Natamycin.

In this study, these results demonstrate that using an 
active packaging containing Natamycin nanoparticles may 
provide the prevention and regulate the growth of fungi in 
hard cheese. Other dairy products, including various soft, 
semi-soft, and semi-hard cheeses, can be used to conduct 
future studies on the efficacy of Natamycin nanoparticles.

Figure 2. The average score of taste, color, flavor, and the overall 
acceptability of packed cheese.

Table 1.  Count of Aspergillus flavus (log10 CFU/gm ± SD) in contaminated Romy cheese samples during ripening.

Period 
(weeks)

Zero 1st 2nd 3rd 4th 6th 8th 10th 12th

Control 5.30a ± 0.09 5.60a ± 0.11 5.84a ± 0.09 5.95a ± 0.097 5.92a ± 0.11 5.84a ± 0.1 5.79a ± 0.11 5.69a ± 0.12 5.74a ± 0.11

Treated 5.47a ± 0.1 4.62b ± 0.10 3.90b ± 0.09 3.17b ± 0.09 2.47b ± 0.095 1.17b ± 0.096 <1b <1b <1b

Values are three replicate means. Mean values marked with different small letters for each column are significantly different (p < 0.05).
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Conclusion

Cellulose sheets fortified with Natamycin-loaded alginate 
nanoparticles were sufficient to complete the elimination 
of log 5 CFU gm−1 A. flavus after 8 weeks of ripening. Here, 
cheese storage also reduced aflatoxin production by 78.6% 
without affecting the original taste, color, flavor, and over-
all appearance of traditional Romy cheese.

List of abbreviations
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Electron Micrograph; CFU = Colony forming unit, FHD =  
Food Hygiene Department.

Acknowledgments

The authors express their deep appreciation to Dr. Kalid 
Tolba, Dr. Khaled El Khawas and Dr. Alaa Samir, AHRI’s 
Reference Lab for Safety Analysis of Food of Animal Origin 
members, for their insightful recommendations. 

Conflict of interest

The authors shall certify that they have NO affiliations 
with or participation in any organization or entity with any 
financial or non-financial interest in the subject matter or 
materials discussed in this Manuscript.

Authors’ contributions

All the authors made substantial contributions to the con-
ception, design, analysis, interpretation of data. The authors 
read the final version and approved it for publication.

References
[1]	 El-Hofi M, Ismail A, AbdRabo F, EL-Dieb S, Ibrahim O. Studies on 

acceleration of Ras cheese ripening by aminopeptidase enzyme 
from Dulfaloe’s pancereas ultilization of buffaloe’s pancreas ami-
nopeptidase  in acceleration of Ras cheese ripining. N Y Sci J 2010; 
3(9):91–6.

[2]	 El-Fadaly HA, Hamad MNF, El-Kadi1 SM, Habib AA. Effect of clove 
oil on physicochemical and microbiological characteristics of 
Egyptian Ras cheese (Romy) during storage. Int J Food Sci Nutr Eng 
2015a; 5(1):15–23.

[3]	 Garnier L, Valence F, Mounier J. Diversity and control of spoilage 
fungi in dairy. Microorganisms 2017; 5(42):2–34; https://doi.
org/10.3390/microorganisms5030042

[4]	 El-Fadaly HM, El-Kadi SM, Hamad MN, Habib AA. Isolation and 
identification of Egyptian Ras cheese (Romy) contaminating fungi 
during ripening period. J Microbiol Res 2015b; 5(1):1–10; https://
doi.org/10.4236/oalib.1101819

[5]	 Benkerroum N. Aflatoxins: producing-molds, structure, health 
issuesand incidence in Southeast Asian and Sub-SaharanAfrican 
countries. Int J Environ Res Public Health 2020; 17(1215):1–40; 
https://doi.org/10.3390/ijerph17041215

[6]	 Sarkanj B, Ezekiel CN, Turner PC, Abia WA, Rychlik M, Krska R, et 
al. Ultra-sensitive, stable isotope assisted quantification of multi-
ple urinary mycotoxin exposure biomarkers. Anal Chim Acta 2018; 
17(1019):84–92; https://doi.org/10.1016/j.aca.2018.02.036

[7]	 Dıblan S, Kaya S. Antimicrobials used in active packaging films. 
Food Health 2018; 4(1):63–79; https://doi.org/10.3153/
JFHS18007

[8]	 Imran M, Klouj A, Revol-Junelles AM, Desobry S. Controlled release 
of nisin from HPMC, sodium caseinate, poly-lactic acid and chi-
tosan for active packaging applications. J Food Eng 2014; 143:178–
85; https://doi.org/10.1016/j.jfoodeng.2014.06.040

[9]	 Radicevic T, Jankovic S, Stefanovic S, Nikolic D, Djinovic-Stojanovic 
J, Spiric D, et al. Determination of Natamycin (food additive in 
cheese production by liquid chromatography- electrospray tan-
dem mass spectrometry. IOP Conf Series Earth Environ Sci 2019; 
333:1–7; https://doi.org/10.1088/1755-1315/333/1/012096

[10]	 Bierhalz ACK, da Silva MA, Kieckbusch TG. Natamycin release 
from alginate/pectin films for food packaging applications. 
J Food Eng 2012; 110(1):18–25; https://doi.org/10.1016/j.
jfoodeng.2011.12.016

[11]	 Fucinos C, Miguez M, Cerqueira MA, Costa MJ, Vicente AA, Rua 
ML, et al. Functional characterisation and antimicrobial efficiency 
assessment of smart nanohydrogels containing Natamycin incor-
porated into polysaccharide-based films. Food Bioproc Tech 2015; 
8(7):1430–41; https://doi.org/10.1007/s11947-015-1506-z

[12]	 Duran M, Aday MS, Zorba NND, Temizkan R, Buyukcan MB, Caner C. 
Potential of antimicrobial active packaging ‘containing Natamycin, 
nisin, pomegranate and grape seed extract in chitosan coating’ to 
extend shelf life of fresh strawberry. Food Bioprod Process 2016; 
98:354–63; https://doi.org/10.1016/j.fbp.2016.01.007

[13]	 Te Welscher YM, ten Napel HH, Balagué MM, Souza CM, Rieman H, 
de Kruijff B, Breukink E. Natamycin block fungal growth by binding 
specifically to ergosterol without permeabilizing the membrane. 
J Biol Chem 2008; 283:6393–401; https://doi.org/10.1074/jbc.
M707821200

Table 2.  The effect of Natamycin nanoparticles on total aflatoxin (μg/kg ± SD) by A. flavous after 4 weeks of Romy 
cheese maturation at 25°C (mean of three trials).

Storage period (weeks) 4th 6th 8th 10th 12th

Control 2.75 ± 0.01a 4.07 ± 0.05a 4.32 ± 0.04a 6.71 ± 0.01a 8.52 ± 0.15a

Treated 1.83 ± 0.03b 1.82 ± 0.03b 1.81 ± 0.05b 1.8 ± 0.05b 1.82 ± 0.05b

Values are three replicate means. Mean values marked with different small letters for each column are significantly different 	
(p < 0.05).

Figure 3. Total aflatoxin concentrations (µg/kg).

https://doi.org/10.3390/microorganisms5030042
https://doi.org/10.3390/microorganisms5030042
https://doi.org/10.4236/oalib.1101819
https://doi.org/10.4236/oalib.1101819
https://doi.org/10.3390/ijerph17041215
https://doi.org/10.1016/j.aca.2018.02.036
https://doi.org/10.3153/JFHS18007
https://doi.org/10.3153/JFHS18007
https://doi.org/10.1016/j.jfoodeng.2014.06.040
https://doi.org/10.1088/1755-1315/333/1/012096
https://doi.org/10.1016/j.jfoodeng.2011.12.016
https://doi.org/10.1016/j.jfoodeng.2011.12.016
https://doi.org/10.1007/s11947-015-1506-z
https://doi.org/10.1016/j.fbp.2016.01.007
https://doi.org/10.1074/jbc.M707821200
https://doi.org/10.1074/jbc.M707821200


http://bdvets.org/javar/	 � 63Fayed et al./ J. Adv. Vet. Anim. Res., 8(1): 58–63, March 2021

[14]	 Veras FF, Ritter AC, Roggia I, Pranke P, Pereira CN. Brandelli A. 
Natamycinloaded electrospun poly(εcaprolactone) nanofibers as 
an innovative platform for antifungal applications. SN Appl Sci 
2020; 2:1105; https://doi.org/10.1007/s42452-020-2912-z

[15]	 Lorenzo-Veiga B, Sigurdsson HH, Loftsson T, Alvarez-Lorenzo C. 
Cyclodextrin–amphiphilic copolymer supramolecular assemblies 
for the ocular delivery of Natamycin. Nanomaterials 2019; 9:745; 
https://doi.org/10.3390/nano9050745

[16]	 Yang Y, Huan C, Liang X, Fang S, Wang J, Chen J. Development of 
starch-based antifungal coatings by incorporation of Natamycin/
Methyl-β-cyclodextrin inclusion complex for postharvest treat-
ments on cherry tomato against Botrytis cinerea. Molecules 2019; 
24(21):3962; https://doi.org/10.3390/molecules24213962

[17]	 Bouaoud C, Xu S, Mendes E, Lebouille JGJL, De Braal HEA, Meesters 
MH. Development of biodegradable polymeric nanoparticles for 
encapsulation, delivery, and improved antifungal performance 
of Natamycin. J Appl Polym Sci 2016; 133(31):1–10; https://doi.
org/10.1002/app.43736

[18]	 Lertsutthiwong P, Rojsitthisak P. Nimmannit U. Preparation of 
turmeric oil-loaded chitosan-alginate biopolymeric nanocap-
sules. Mater Sci Eng 2009; 29:856–60; https://doi.org/10.1016/j.
msec.2008.08.004

[19]	 Dias MV, Soares NFF, Borges SV, Medeiros EAA. Embalagem multi-
camada antimicrobiana com agente ativo encapsulado. Rev Propr 
Intelec, Viçosa, Brazil, p 2123, 2011.

[20]	 Abou-Donia SA. Recent development Ras cheese research: a 
review. Egypt J Dairy Sci 2002; 30:155–66.

[21]	 Duan J, Park SI, Daeschel MA, Zhao Y. Antimicrobial chitosan-ly-
sozyme films and coatings for enhancing microbial safety of 
mozzarella cheese. J Food Sci 2007; 72: 359–62; https://doi.
org/10.1111/j.1750-3841.2007.00556.x

[22]	 ISO 4121. Sensory analysis. Guidelines for the use of quantitative 
response scale. International Organization for Standardization, 
Geneva, Switzerland, 2003. 

[23]	 Anelli P, Haidukowski M, Epifani F, Cimmarusti MT, Moretti A, 
Logrieco A, et al. Fungal mycobiota and mycotoxin risk for tradi-
tional artisan Italian cave cheese. Food Microbiol 2018; 78:62–72; 
https://doi.org/10.1016/j.fm.2018.09.014

[24]	 Aparicio JF, Mendes MV, Anton N, Recio E, Martin JF. Polyene mac-
rolide antibiotic biosynthesis. Curr Med Chem 2004; 11:1645–56; 
https://doi.org/10.2174/0929867043365044

[25]	 Zohr M, Alavidjeh MS, Mirdamad SS, Behimadi H, Nasr SM, Gonbaki 
SE, et al. Nisin-loaded chitosan/alginate nanoparticles: a hopeful 
hybrid biopreservative. J Food Sci 2013; 33:40–9; https://doi.
org/10.1111/jfs.12021

[26]	 El-Sayed HS, Salama HH, El-Shafei K, Effat BA, Tawfik NF, Ibrahim 
GA, et al. Comparative study on antifungal activity of some nano-
encapsulated Natamycin systems. Middle East J Appl Sci 2018, 
08(03): 851–5.

[27]	 Medina A, Jimenez M, Mateo R, Magan N. Efficacy of Natamycin 
for control of growth and ochratoxin a production by 
Aspergillus carbonarius strains under different environmen-
tal conditions. J Appl Microbiol 2007; 103:2234–9; https://doi.
org/10.1111/j.1365-2672.2007.03462.x

[28]	 Ture H, Eroglu E, Ozen B, Soyer F. Effect of biopolymers containing 
Natamycin against Aspergillus niger and penicillium roquefortii 
on fresh kashar cheese. Int J Food Sci Technol 2011; 46:154–60; 
https://doi.org/10.1111/j.1365-2621.2010.02465.x

[29]	 Kallinteri LD, Kostoula OK, Savvaidis IN. Efficacy of nisin and/
or Natamycin to improve the shelf-life of Galotyri cheese. 
Food Microbiol 2013; 36:176–81; https://doi.org/10.1016/j.
fm.2013.05.006

[30]	 Santonicola S, Ibarra VG, Sendón R, Mercogliano R, Rodríguez-
Bernaldo de Quirós A. Antimicrobial films based on chitosan 
and methylcellulose containing Natamycin for active packaging 
applications. Coatings 2017; 7:177; https://doi.org/10.3390/
coatings7100177

[31]	 Gonzalez-Forte LS, Amalvy JI, Bertola N. Corn starch-based coating 
enriched with Natamycin as an active compound to control mold 
contamination on semi-hard cheese during ripening. J Heliyon 2019; 
e01957:1–8; https://doi.org/10.1016/j.heliyon.2019.e01957

[32]	 Shah AA, Qian C, Wu J, Liu Z, Khan S, Tao Z, et al. Effects of Natamycin 
and Lactobacillus plantarum on the chemical composition, micro-
bial community, and aerobic stability of Hybrid pennisetum at 
different temperatures. RSC Adv 2020; 10:8692–702; https://doi.
org/10.1039/D0RA00028K

[33]	 Del Nobile MA, Gammariello D, Conte A, Attanasio MA. Combination 
of chitosan, coating and modified atmosphere packaging for 
prolonging Fiordilatte cheese shelf life. Carbohydr Polym 2009; 
78:151–6; https://doi.org/10.1016/j.carbpol.2009.03.017

[34]	 Cerqueira MA, Sousa-Gallagher MJ, Macedo I, Rodriguez-Aguilera 
R, Souza BW, Teixeira JA, et al. Use of galactomannan edible coat-
ing application and storage temperature for prolonging shelf-life 
of “regional” cheese. J Food Eng 2010; 97:87–94; https://doi.
org/10.1016/j.jfoodeng.2009.09.019

[35]	 Ramos ÓL, Pereira JO, Silva SI, Fernandes JC, Franco MI, Lopes-da- 
Silva JA, et al. Evaluation of antimicrobial edible coatings from a 
whey protein isolate base to improve the shelf life of cheese. J Dairy 
Sci 2012; 95:6282–92; https://doi.org/10.3168/jds.2012-5478

[36]. Conte A, Longano D, Costa C, Ditaranto N, Ancona A, Cioffi N, et 
al. A novel preservation technique applied to fiordilatte cheese. 
Innov Food Sci Emerg Technol 2013; 19:158–65; https://doi.
org/10.1016/j.ifset.2013.04.010

[37]	 Otero V, Becerril R, Santos JA, Rodríguez-Calleja JM, Nerín C, García-
López ML. Evaluation of two antimicrobial packaging films against 
Escherichia coli O157:H7 strains in vitro and during storage of a 
Spanish ripened sheep cheese (Zamorano). Food Control 2014; 
42:296–302; https://doi.org/10.1016/j.foodcont.2014.02.022

[38]	 Nottagh S, Hesari J, Peighambardoust SH, Rezaei-Mokarram R, 
Jafarizadeh-Malmiri, H. Effectiveness of edible coating based on 
chitosan and Natamycin on biological, physico-chemical and organ-
oleptic attributes of Iranian ultra-filtrated cheese. Biologia 2019; 
75:605–11; https://doi.org/10.2478/s11756-019-00378-w

[39]	 Rusul G, Marth EH. Growth and aflatoxin production by Aspergillus 
parasiticus in a medium at different pH values and with or without 
pimaricin. Z Lebensm Unters Forsch 1988; 187:436–9; https://
doi.org/10.1007/BF01122645

https://doi.org/10.1007/s42452-020-2912-z
https://doi.org/10.3390/nano9050745
https://doi.org/10.3390/molecules24213962
https://doi.org/10.1002/app.43736
https://doi.org/10.1002/app.43736
https://doi.org/10.1016/j.msec.2008.08.004
https://doi.org/10.1016/j.msec.2008.08.004
https://doi.org/10.1111/j.1750-3841.2007.00556.x
https://doi.org/10.1111/j.1750-3841.2007.00556.x
https://doi.org/10.1016/j.fm.2018.09.014
https://doi.org/10.2174/0929867043365044
https://doi.org/10.1111/jfs.12021
https://doi.org/10.1111/jfs.12021
https://doi.org/10.1111/j.1365-2672.2007.03462.x
https://doi.org/10.1111/j.1365-2672.2007.03462.x
https://doi.org/10.1111/j.1365-2621.2010.02465.x
https://doi.org/10.1016/j.fm.2013.05.006
https://doi.org/10.1016/j.fm.2013.05.006
https://doi.org/10.3390/coatings7100177
https://doi.org/10.3390/coatings7100177
https://doi.org/10.1016/j.heliyon.2019.e01957
https://doi.org/10.1039/D0RA00028K
https://doi.org/10.1039/D0RA00028K
https://doi.org/10.1016/j.carbpol.2009.03.017
https://doi.org/10.1016/j.jfoodeng.2009.09.019
https://doi.org/10.1016/j.jfoodeng.2009.09.019
https://doi.org/10.3168/jds.2012-5478
https://doi.org/10.1016/j.ifset.2013.04.010
https://doi.org/10.1016/j.ifset.2013.04.010
https://doi.org/10.1016/j.foodcont.2014.02.022
https://doi.org/10.2478/s11756-019-00378-w
https://doi.org/10.1007/BF01122645
https://doi.org/10.1007/BF01122645

