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Plastic is one of the most commonly used materials for food packaging. Plastic is generally produced 
using oil derivative materials, which not only have high costs but also take a long time to be recycled. 
Furthermore, plastic packaging is also one of the most important reasons for environmental pollution. 
The aim of this research was to obtain silver nanoparticles from thyme (Thymus vulgaris L.), rosemary 
(Rosmarinus officinalis L.) and laurel (Laurus nobilis L.) extracts and examine their antibacterial proper-
ties in order to produce biodegradable antibacterial food packaging with natural and naturally derived 
polymers. First, the plant extracts were obtained and used for obtaining silver nanoparticles. The antibac-
terial activities of the extract+silver nanoparticles were tested on Staphylococcus aureus, Escherichia 
coli, Bacillus subtilis, and Vibrio parahaemolyticus bacteria using the disk diffusion test. We observed that 
the inhibition effects of thyme extract on bacteria were higher compared to rosemary, laurel and other 
materials used. Therefore, we produced three different food packages using the thyme extract and natu-
ral and naturally derived polymers (starch, PVA, and HEC). These packages were used for meat and 
cheese products, and the antibacterial effects of the films produced were investigated with the aerobic 
colony count method. As a result of the research conducted, we determined that it would be advanta-
geous to use food packages containing PVA + HEC + thyme as an inner layer between the product and 
the outer package rather than using plastic packages that take a long time to recycle, unhealthy and 
harmful to nature. 
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INTRODUCTION 
In the food industry, packages refer to materi-

als used to preserve food without causing spoil-
age, provide cheap and secure transportation, 
increase the durability of the product and protect 
the product inside, facilitate its marketing, and 
ensure easy loading, unloading and stocking 
(Üçüncü, 2007). One of the most commonly used 
materials in food packaging is plastic. Plastic is 
mostly produced from petroleum-derived materi-
als; however, the recycling of plastic takes a long 
time, and it is high in cost. Furthermore, plastic 
packaging is one of the most important causes of 
environmental pollution and adversely affects hu-
man health (Davis & Song, 2006). For example, 
dioxin is released during the production and recy-
cling of polyvinyl chloride (PVC), an artificial pol-
ymer in the structure of plastic packaging. If this 
substance enters the human body through the 
food chain, even at very small doses, it can cause 
problems in the immune and reproductive system 
(Bertazzi, 2001). Due to the increase in environ-
mental pollution, limited oil resources, and ad-
verse effects of plastic packaging on health, the 
use of renewable resources is increasing in the 
production of biodegradable food packaging mate-
rials (Namazi et al. 2011). Among the renewable 
sources used are polymers such as cellulose, 
starch, and protein (Çelebi and Dehmen 2013), as 
well as green polymers, including polycaprolac-
tone, chitosan, polyvinyl alcohol (PVA), and sodi-
um alginate (Pereira et al. 2014), which are being 
increasingly used and investigated in the litera-
ture. These substances are natural polymers that 
are highly successful in gel and film production 
and are not harmful to human health. Today, the 
total annual income of edible polymers is reported 
to exceed $100 million.  

In terms of producing food packages, as well 
as their storage and easy transportation, it is also 
important to take into consideration the protection 
of the product against microorganisms. Generally, 
chemicals are used for this purpose. However, it 
is well-known that chemical substances pose 
danger to human health and the environment. 
Therefore, natural substances are preferred in-
stead of chemical substances, with medicinal 
plants being the most commonly used materials 
for this purpose. In addition to substances of natu-
ral origin having many side effects, microorgan-
isms develop resistance against antimicrobial and 
antibacterial drugs, which has further increased 
the importance of natural plant-based resources 
and medicinal plants that possess the same quali-
ties (Nakipoglu and Otan 1922). Furthermore, one 
of the most important changes that occur during 

the preparation and consumption of foods is oxi-
dation. Antioxidants help maintain product quality 
by preventing the oxidation of lipids, the basic in-
gredients of food. For this purpose, synthetic anti-
oxidants such as butylated hydroxyanisole, bu-
tylate hydroxytoluene, propyl gallate, tertiary hy-
droxyquinone, and natural antioxidants such as α-
tocopherol acetate, β-carotene, and vitamin C 
have been widely used in the food industry for 
many years. However, it has been reported that 
synthetic antioxidants may have toxic effects on 
human health, which has limited or prohibited their 
use. Health authorities declaring al antioxidants as 
reliable products and conscious consumers’ grow-
ing preference of natural products have given rise 
to the increased use of herbal products. It has 
been demonstrated that flavonoids, phenolic 
compounds, and their derivatives are effective in 
preventing autooxidation (Malayoğlu, 2010).  

Thyme (Thymus vulgaris L.) was chosen as 
the plant for the current investigation considering 
that when added to foodstuffs or the packaging 
container, it prevents the  spoilage of antioxidant 
substances, which need to be stored for a certain 
period of time (Azaz et al. 2004). In recent years, 
there has been a particular increase in the num-
ber of studies on the use of medicinal and aro-
matic plants such as sage, thyme, rosemary 
(Rosmarinus officinalis L.), and clove rich in phe-
nolic compounds as preservatives in foods. 
Among these, rosemary has been studied inten-
sively and is the only commercial product offered 
as an antioxidant in Europe and the USA (Bozin et 
al. 2007). Therefore, we chose rosemary as the 
second plant for our investigation. The last plant 
included in the current study was laurel (Laurus 
nobilis L.), which stimulates appetite, facilitates 
digestion, sheds intestinal worms, prevents tooth 
decay, and has germ-killing, mucolytic, antiviral, 
antifungal, antibacterial, muscle-relaxant and in-
secticidal properties (Schnaubelt, 1999; Wyk and 
Wink 2004). When studies conducted using me-
dicinal plants were examined, it was observed that 
these plants actively formed silver nanoparticles 
(Farghaly and Nafad, 2015; Gholami et al. 2018; 
Heidari et al. 2018). Nanoparticles are the general 
name given to particles ranging from 0.1 nm to 
100 nm in size (Beykaya and Çağlar, 2016). The 
use of nanoscale materials is very common. Ex-
amples are gold, silver, zinc, copper, nickel, and 
palladium, which are widely used in the medical 
field, food industry, pharmacology, optics, electric-
ity, textiles, bioremediation, and agriculture (Aza-
rang et al. 2014; Fernandez et al. 2016). The aim 
of this study was to examine the antibacterial 
properties of the extracts of thyme, rosemary and 
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laurel and investigate the nanoparticles obtained 
from these extracts in terms of their usability in the 
production of biodegradable antibacterial food 
packaging containing green polymers. 
  
MATERIALS AND METHODS 

Supply of plants 
The plants used in this study, namely the lau-

rel (Laurus nobilis L.), rosemary (Rosmarinus of-
ficinalis L.), and thyme (Thymus vulgaris L.), were 
obtained from Zeytinburnu Medicinal Plants Gar-
den in Istanbul, Turkey. 

Preparation of plant extracts 
The magnetic stirrer extraction method was 

used in the preparation of extracts. Dried plants 
were washed with distilled water, cut into small 
pieces with a scalpel and scissors, and then thor-
oughly crushed with a blender. Thyme, rosemary 
and laurel samples were weighed to 5 g and 
placed in glass beakers containing 50 ml of dis-
tilled water. The beakers were placed in a mag-
netic stirrer and stirred for 24 hours at room tem-
perature. The plant samples were filtered into 
plastic tubes using the Whatman filter paper. They 
were then taken into tubes and centrifuged at 
2,500 rpm for 5 minutes to obtain the desired ex-
tracts.  

Obtaining silver nanoparticles 
20 ml of the thyme, rosemary and laurel ex-

tracts were put in glass beakers and placed in a 
magnetic stirrer. The mixing process was contin-
ued by adding 10 ml of silver nitrate to each 
beaker. A sample was taken every 30 minutes 
(three times) and examined in a spectrophotome-
ter. The change of color in the plant extracts was 
monitored during the procedure since it is a symp-
tom of nanoparticle formation (Gupta, 2017). The 
spectrophotometer measurement was conducted 
at 380-500 nm UV, and the absorbance values of 
the changes were obtained. Once the plant ex-
tract and the silver nitrate mixture were centri-
fuged (2500 rpm, 2 min), the pellet was removed. 
Pellet distilled water was vortexed briefly, filtered, 
and washed properly. After this process was re-
peated seven times, the silver nanoparticles were 
dried in an incubator (70 °C, 48 hours) (Gupta, 
2017). 

Media preparation 
The media to be used to determine the effects 

of the extracts on microorganisms were prepared 
as follows:                                                                                                                                            

Buffered Peptone Water (BPW) medium 
preparation: 2.295 g of medium was used for 90 
ml. The medium prepared was sterilized in an au-
toclave (121 °C, 15 min).                                     

Plate Count Agar (PCA) preparation: 26.5 g of 
medium was used for 1 liter. Each medium was 
poured into 12.5 ml petri dishes. The prepared 
medium was sterilized in an autoclave (121 °C, 15 
min).                                                                                                                                                                                                
Preparation of TCBS agar medium: This medium 
was used for Vibrio parahaemolyticus only. A total 
of 88 g of medium was used for one liter. Since 
this medium does not need to be autoclaved, it 
was mixed after adding to the water and prepared 
when the medium dissolves and begins to boil.  

Investigation of the antibacterial effects of the 
samples  

While selecting bacteria, priority was given to 
those that cause adverse effects on food products 
with an excessive increase in the number of bac-
teria, namely Staphylococcus aureus 
(ATCC25923), Escherichia coli (ATCC25922), 
Bacillus subtilis (ATCC6633), and Vibrio 
parahaemolyticus (ATCC17802). BPW was used 
to stimulate bacterial cultures. After preparing the 
medium and autoclaving, colonies produced (revi-
talized) using the plate count agar (LabM) spread-
ing plate method were incubated. The antibacteri-
al activities of the samples were investigated with 
the disc diffusion method. 1 ml of each sample to 
be tested was mixed with Vortex and placed in 
petri dishes by absorbing the discs. Seventy per-
cent ethanol was used as a positive control group, 
and the effect of silver nitrate alone was also in-
vestigated. The disc diffusion method was applied 
to the samples and kept at 37 °C for 24 hours, 
and the results were analyzed (Figures 1 to 4). 

Preparation of the protective film 
Considering the results of the disc diffusion meth-
od, three natural, biodegradable protective films 
were produced using the thyme extract. Natural 
and naturally derived polymers such as starch, 
PVA and HEC were used in the preparation of 
these films. 5 g PVA, 238 ml distilled water, 10 ml 
glycerol, and 2 ml thyme extract were used for the 
first film; 3 g PVA, 2 g HEC, 238 ml distilled water, 
10 ml glycerol, 2 ml thyme extract for the second 
film; 3 g PVA, 2 g starch, 238 ml distilled water, 10 
ml glycerol, and 2 ml thyme extract for the third 
film. These materials were placed in separate 
glass beakers and mixed in a magnetic stirrer at a 
suitable temperature for approximately 1-1.5 
hours. They were then poured onto a flat tray 
when they reached proper consistency. The trays 
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were placed in a vacuum sterile cabinet to remove 
excess water. 

Testing protective films on food  
It was observed that the films kept in the vac-

uum sterile cabinet for 24 hours had the desired 
consistency. The films were tested using foods 
that deteriorate quickly, such as cheese and meat 
(Figures 5 to 8). Stretch film was used as the con-
trol group. Foods were packed with films and kept 
for 2-3 hours at room temperature, and then 
placed in the refrigerator.  

Investigation of the Antibacterial Effects of the 
Films  

According to the inhibition effects of the plant 
extracts and silver nanoparticles on bacteria, it 
was decided to use the thyme extract in the pro-
duction of films. Whether the thyme extract had 
antibacterial activity in the films produced was 
investigated with the aerobic colony count meth-
od. Cheese was used as a sample in the analysis 
of the colony count. Cheese was sliced into four 
pieces, of which three were packed with the pro-
duced films and one was used as the control 
group. MRD solution was sterilized in the auto-
clave. Samples were taken and weighed at a ratio 
of 10:1 and made homogeneous in the MRD solu-
tion. Dilutions were prepared at the ratios of 10-1, 
10-2, 10-3, 10-4, and 10-5. 1 ml of diluted solutions 
was placed in a sterile empty petri dish and PCA 
was placed on it using the pour-plate method. The 
samples were kept at 30 °C for 3 days, and 10-3 
colonies were counted. 

Customer Satisfaction Survey 
A total of 100 randomly selected potential 

consumers were asked to evaluate how the smell 
and texture of the packages produced using PVA 
+ HEC + thyme extract would affect their choice of 
product based on a score of 1-5, with 5 being the 
most positive and 1 the most negative response. 

Statistical Analysis  
Statistical analyses were performed using 

Jump statistical package program. All the results 
were expressed as mean ± standard error mean. 
 
RESULTS  

When the results of the disc diffusion method 
were examined, the extracts obtained from laurel 
and rosemary had no inhibition effect on B. subti-
lis, S. aureus, V. parahaemolyticus, and E. coli; 
however, the thyme extract had higher inhibition 
effects compared to the other materials (Table 1). 
Although silver nanoparticles obtained using plant 

extracts had a 0.1-0.5 cm increase in some of the 
samples, it had low inhibition effects.               

In other studies, contrary to the results we ob-
tained, it was determined that the extracts ob-
tained from laurel had inhibition effects on B. sub-
tilis, S. aureus, and E.coli. (Özcan et al. 2010; 
Ceyhan et al. 2012; Fidan et al. 2019). Different 
results were obtained from studies conducted with 
rosemary. For example, a study conducted by 
Nascimento et al. supports our results, indicating 
that the rosemary extract was not effective against 
E. coli and S. aureus. However, in other studies, it 
has been stated that the rosemary extract has 
inhibition effects on E. coli, S. aureus, B. subtilis, 
and V. parahaemolyticus (Yano et al. 2006; 
Ceyhan et al.,2012; Ivanovic et al.,2012; 
Aminzare et al.,2018;  Gonelimali et al.,2018;  
Sarıcaoğlu and Turhan, 2018). The difference be-
tween our results concerning the antibacterial ac-
tivities of laurel and rosemary and those shown in 
other studies can be associated with different part 
of plant materials, methods and chemicals used 
and the time of plant collection. Our results on the 
antibacterial activities of thyme were consistent 
with previous research revealing that thyme has a 
high inhibition effect on E. coli, S. aureus , B. sub-
tilis and V.  parahaemolyticus bacteria (Yano et al. 
2006; Ivanovic et al. 2012; Oramadike and Ogun-
banwo 2017; Aminzare et al. 2018;  Gonelimali et 
al. 2018;  Sarıcaoğlu and Turhan, 2018). 

In the current study, considering that thyme 
had the highest inhibition effect among the three 
plant materials used and that it is an easy-to-use 
and available material, sample films were pro-
duced using the thyme extract. Natural and natu-
rally derived polymers, namely PVA, starch and 
HEC, were utilized in the production of films. 
These polymers were chosen since they are bio-
degradable and have no negative effects on hu-
man health. PVC is an artificial polymer that is 
generally used in packaging and has a negative 
effect on human health due to the generation of 
harmful chemical dioxin during the recycling pro-
cess (Bertazzi, 2001). In the observations made, it 
was determined that the film containing PVA 
alone started to melt on meat and cheese after a 
while (approximately 1 hour) due to PVA being 
soluble when contacted with water. The film con-
taining PVA + starch was very flexible during the 
packaging process. However, with the use of this 
film, deformation and contractions were observed, 
especially on certain parts of meat. The film con-
taining PVA + HEC resulted in no deformation or 
melting. Samples packed with the PVA + HEC film 
remained in the cabinet for 20-30 days with no 
deterioration. 
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There is a growing number of studies on bio-
degradable, natural, edible packaging that are not 
harmful to the environment, human health or food 
they cover. The most commonly used materials in 

the production of edible films are starch, agar, 
cellulose, and cellulose derivatives such as poly-
saccharides. 

Table 1: Inhibition effects of samples on microorganisms 

Samples Used Name of Organism 
Zone of Inhibition  

in (cm) 

1 L. nobilis L. extract 

E. coli 0.0 ± 0.0 

V. parahaemolyticus 0.0 ± 0.0 

B. subtilis 0.0 ± 0.0 

S. aureus 0.0 ± 0.0 

2 T. vulgaris L. extract 

E. coli 3.0 ± 0.29 

V. parahaemolyticus 3.0 ± 0.20 

B. subtilis 2.2 ± 0.25 

S. aureus 3.0 ± 0.34 

3 R. officinalis L. extract 

E. coli 0.0 ± 0.0 

V. parahaemolyticus 0.0 ± 0.0 

B. subtilis 0.0 ± 0.0 

  S. aureus 0.0 ± 0.0 

4 L. nobilis L. extract + AgNO3 E. coli 0.1 ± 0.18 

  V. parahaemolyticus 0.7 ± 0.15 

  B. subtilis 0.1 ± 0.11 

  S. aureus 1.0 ± 0.49 

5 T. vulgaris L. extract + AgNO3 E. coli 0.1 ± 0.9 

  V. parahaemolyticus 3.5 ± 0.22 

  B. subtilis 1.2 ± 0.19 

  S. aureus 0.0 ± 0.0 

6 R. officinalis L. extract + AgNO3 E. coli 0.1 ± 0.06 

  V. parahaemolyticus 0.9 ± 0.43 

  B. subtilis 0.1 ± 0.14 

  S. aureus 0.3 ± 0.28 

7 AgNO3 E. coli 0.4 ± 0.17 

  V. parahaemolyticus 1.0 ± 0.58 
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  B. subtilis 0.5 ± 0.24 

  S. aureus 0.3 ± 0.38 

8 70% ethanol E. coli 0.5 ± 0.47 

  V. parahaemolyticus 1.0 ± 0.35 

  B. subtilis 0.5 ± 0.28 

  S. aureus 0.5 ± 0.37 

Data presented as mean ± standard error mean (n = 3) 

 
 
 

 
Figure 1: Inhibition effects of the samples on Vibrio parahaemolytic, A: Antibiotic and Ag, B: L. 
nobilis  extract + Ag, T. vulgaris  extract + Ag,and R. officinalis  extract + Ag, C:  L. nobilis  extract, 
T. vulgaris  extract, and R. officinalis  extract 
 

 
 

 
Figure 2: Inhibition effects of samples on Escherichia coli, A: Antibiotic and Ag, B: L. nobilis  
extract + Ag, T. vulgaris  extract + Ag,and R. officinalis  extract + Ag, C:  L. nobilis  extract, T. 
vulgaris  extract, and R. officinalis  extract 
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Figure 3: Inhibition effects of samples on Bacillus subtilis,  A: Antibiotic and Ag, B: L. nobilis  ex-
tract + Ag, T. vulgaris  extract + Ag,and R. officinalis  extract + Ag, C:  L. nobilis  extract, T. 
vulgaris  extract, and R. officinalis  extract 

 

 
 

Figure 4: Inhibition effects of samples on Staphylococcus aureus, A: Antibiotic and Ag, B: L. 
nobilis  extract + Ag, T. vulgaris  extract + Ag,and R. officinalis  extract + Ag, C:  L. nobilis  extract, 
T. vulgaris  extract, and R. officinalis  extract 

 
 

Figure 5: Testing the film produced only with PVA in chicken meat and cheese packaging 
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Figure 6: Testing the film produced with PVA and starch in chicken meat and cheese packaging 
 

 
 

Figure 7: Testing the film produced with PVA and HEC in chicken meat and cheese packaging 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8: Testing the stretch film in chicken meat and cheese packaging 

 

 
Figure 9: Aerobic colony count in the films produced, A and B: Control groups, C and D: Films 
produced with PVA + HEC + thyme extract 

 Polysaccharide-derived materials are sensi-
tive to moisture and mechanical strength; howev-
er, this disadvantage can be eliminated with the 
addition of different materials. Cellulose, which 
has high-quality performance and high chemical 

stability in film production, is more commonly pre-
ferred due to the easy synthesis of its derivatives 
(methylcellulose, carboxymethyl cellulose, hy-
droxypropyl methylcellulose, hydroxypropyl cellu-
lose, and cellulose acetate) (Nesic et al. 2020). 
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Another reason for preferring cellulose is the high 
water vapor permeability of starch-based films, 
which makes them prone to deterioration through 
bacterial and fungal contamination (Syafiq et al. 
2020). To prevent food spoilage in a short time, 
plants with antimicrobial activities are also used in 
film production. In the literature, films have been 
developed using starch, PVA, thyme, and the es-
sential oils of neem (Azadirachta indica) and their 
antibacterial and antifungal effects have been de-
termined (Cano et al. 2016). In addition, starch-
based polymers have been produced using plants 
such as lemon, cinnamon, tea tree, Lavandula 
angustifolia, Origanum vulgare, and lavender. 
(Syafiq et al. 2020). Edible films containing green 
tea extract, agar, and agar gelatin (Giménezve et 
al. 2013), and agar-Stevia rebaudiana extract 
have also been produced (Puscaselu et al. 2019). 
Rad et al. (2018) produced antimicrobial films us-
ing the essential oils extracted from Zataria 
multiflora and Rosmarinus officinalis with a 
kefiran/water-based polyurethane mix (K/WPU) 
and used them in ostrich meat packaging. There 
are also studies in the literature investigating the 
use of oregano, thyme extract, and soy protein in 
the production of films for ground meat packaging 
(Emiroğlu et al. 2010), oregano, polypropylene, 
and polyethylene terephthalate for sheep milk 
cheese packaging (Otero et al. 2014), rosemary 
and cellulose acetate for chicken packaging (De-
Melo et al. 2012), oregano and cellulosic resin for 
pizza packaging (Botre et al. 2010), oregano, ber-
gamot, and hydroxypropyl methylcellulose for 
plum packaging (Choi et al. 2016), and pepper-
mint, red thyme, and chitosan for strawberry 
packaging (Perdones et al. 2016). It has been ex-
plained that when natural additives such as the 
essential oils of plants are actively used in foods 
in the form of films and packaging, they help to 
preserve the temperature, moisture level, hygiene 
and quality control of food (Sharma et al. 2021). 
Nanocomposites containing agar-ZnO (Kumar et 
al. 2019) and agar-silver (Lofti et al. 2019) have 
also been produced to extend the shelf life of food 
products. 

The total aerobic colony count analysis, in 
which the antibacterial effect of the films was in-
vestigated, revealed that the plate count varied 
between 70,000 and 80,000 colony forming units 
(CFU) in the control group while it ranged from 
45,000 to 47,000 CFU in the films produced using 
PVA alone, 21,000 to 22,000 CFU in the films 
produced using PVA + starch, and 28,000 to 
29,000 CFU in the films produced using PVA + 
HEC. It was also determined that bacteria for-
mation was reduced by 44.75% in the PVA films, 

65% in the PVA + HEC films, and 74.75% in the 
PVA + starch films. Although the antibacterial ac-
tivity of the PVA + starch films was higher, it is 
recommended to use PVA + HEC in the produc-
tion of films since starch results in quicker deterio-
ration. In previous studies, films produced by uti-
lizing the antibacterial effects of hydroxyethyl cel-
lulose and cellulose acetate enriched with 
resveratrol were shown to have high antibacterial 
activity against Campylobacter (Martelli et al. 
2017). Furthermore, various substance were add-
ed to create antimicrobial double-layered films. 
Double-layered cellulose films play an important 
role in chicken meat packaging since they inhibits 
the growth of foodborne pathogens (Silva et. al. 
2016). In the current study, the consumer satisfac-
tion survey revealed that 77% of the respondents 
scored the films containing PVA + HEC + thyme 5 
points, 12% of respondents scored them 4, 5% 3, 
3% 2, and 2% 1 point. When we asked the same 
respondents whether they would prefer biode-
gradable food packaging over ordinary food pack-
aging, 97% stated that they would prefer the for-
mer.   

CONCLUSION 
Food packaging can be considered as a pas-

sive barrier protecting food products from envi-
ronmental factors. In addition, it prolongs the shelf 
life of food products by protecting them from 
chemical and microbiological contaminants and 
ensures their safe transport and storage. Materi-
als used in the production of food packages bears 
crucial importance in these processes. Chemicals 
used can affect the chemical composition of the 
food and pose a great danger for human health. 
Additionally, materials used in the production of 
packages are petroleum-derived, which takes a 
long time to recycle, and it is also one of the most 
important underlying causes of environmental pol-
lution. For these reasons, antibacterial, biological-
ly soluble polymeric films can replace traditional 
food packaging materials to decrease environ-
mental hazards and extend the shelf life of food 
products. This is not only crucial for human and 
environmental health but it also has economic 
implications. The production of natural and natu-
rally derived polymers and antibacterial plants 
used in the production of films can also be an im-
portant contribution to farmers and the farming 
industry. 
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