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Abstract: Increasing demands of consumers in food packaging enabled the
development of active packaging practices. Antimicrobial and antifungal
coatings or films are an active packaging application. In such packaging
materials, natural or synthetic antimicrobial material is added to the film or
coating to help the packaging protect food. The use of biofilms produced from
biopolymers in food packaging is more suitable than polymers with many
damages such as PET, PE. Film production of many biopolymers such as
cellulose derivatives, chitosan, PVA, starch PLA can be realized. Thymus
essential oils and extracts with antimicrobial and antioxidant properties are
widely used in pharmaceutical, cosmetic, herbal tea, flavoring agents and
perfume industry, also for flavorings and preservation of several food. In this
study, it is aimed to produce antibacterial printable edible which is used in
active packaging, using starch and thyme essential oil. For this purpose, starch
edible films containing different rates (0.1, 2.5, 5, 10%) of thyme oil were
produced by spin coating method. The transparency of prepared five different
films were determined by UV spectroscopy. Antimicrobial properties of the
obtained films were determined against S. aureus and E. coli. Edible films were
printed with screen printing and printability parameters such as color, gloss,
contact angle and surface tension were examined. Consequently, starch films
loaded with thyme oil were successfully produced. It is concluded that edible
films are colorless, transparent and have good printability. It was determined
that the amount of thyme essential oil increased in the edible had a strong
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inhibitory feature against S. aureus and E. coli. With these features; produced
films are considered to be suitable for active packaging applications.
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1 INTRODUCTION

The long supply chain from the production area of food products to the
consumer brings along some food safety problems. The deterioration of food
by the effects of physical, chemical and biological factors threatens human
health and safety. Food spoilage is appeared with bacterial growth, bad odor,
loss of taste and color deterioration as a result of a number of factors, and the
general quality and safety of the products are damaged and shelf life is
shortened (Ahmed et al., 2017; Ozcan and Tutak, 2020). Bringing different
features to packaging, which plays a critical role in the product supply chain,
increases efficiency in transportation and protection tasks, while also providing
access to fresh, delicious, safe, healthy and quality food products with a longer
shelf life (McMillin, 2017).

Smart packaging is defined as a material that adds new functions compared to
traditional packaging to improve the basic functions of the packaging, not only
improving the basic functions, but also responding to the stimuli around the
packaged product (Ozcan, 2020).

Edible films and coatings are also methods used in active packaging. Recently,
biodegradable materials such as polysaccharides, lipids and proteins obtained
from natural materials can add important functionality to packaging with their
antimicrobial properties (Bifani et al., 2007; Vargas et al., 2008). Films and
coatings that do not pose a problem in contact with food, edible,
biodegradable, biocompatible, environmentally friendly, have the potential to
reduce waste, provide barrier properties, and have protective, appearance and
aesthetic properties will be very functional in food packaging (Shankar and
Rhim, 2016; Kapetanakou et al., 2014). It is possible to find many studies
showing that edible films and coatings obtained from some plant extracts or
oils found in nature have antioxidant and antimicrobial activities and extend
the shelf life of the food in the package (Gutiérrez, 2017; Sirocchi et al., 2017;
Yang et al., 2016; u Nisa et al., 2015; Maryam Adilah and Nur Hanani, 2016). In
recent years, researchers have been working on using plants such as thyme oil
and basil, which are natural preservatives, as antimicrobial and antioxidant.
Thyme, which is the general name of thymus, thymbra, origanum,
coridothymus, satureja, genera from Lamiaceae family and known for its
distinctive smell, is a plant suitable for active packaging applications with its
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high protection, deodorization, antimicrobial and antioxidant properties
(Bakkali et al., 2008; Sanchez-Gonzdlez et al., 2011; Siripatrawan, 2016; Xie et
al., 2008; Yuan et al.,2016).

2 MATERIAL AND METHODS

2. 1 Materials

Corn starch was provided by Sigma Aldrich (Darmstadt, Germany). Glycerol and
Tween 80 were procured from MERCK (Darmstadt, Germany). Thyme oil was
obtained from ARPAS ARIFOGLU (Istanbul, Turkey). S. aureus was obtained
from microbiology laboratory of Ankara University Dairy Technology
Department, and E. coli from Ankara University Food Engineering Department.
Bacteria stock cultures were transported to the laboratory in cold storage
conditions.

2. 2 Methods

Starch-based biofilms were prepared according to the methods described by
Ghasemlou et. al., 2013. In the preparation of the film, first of all, 10 g starch
was added to 150 mL distilled water and gelatinized by stirring at 1000 rpm for
approximately one hour at 90 °C. 2 g of glycerol, 2 mL of Tween and thyme oil
in different proportions depending on the formulation were added to the
mixture at the same temperature. The compositions of the biofilms are given
in Table 1. It was dispersed at 20000 rpm for 8 minutes so that the mixture was
completely homogeneous. The homogeneous mixture was formed into a film
on the glass surface in the spin coating device. The resulting films were dried
at room temperature for 2 days.

UV-Vis spectra of the biofilms were recorded in the range of 400—-800 nm to
evaluate the transparency of the films. The antimicrobial activity of biofilms
was defined by inhibition zone method (disc diffusion method). Each bacteria
culture was activated by inoculation in tryptic soy broth, at 37 °C for 24 hours.
The inoculum (0.1 mL) was spread to the surface of Mueller-Hinton (MH) agar
petri dishes by spread plate technique; then, 6-mm-diameter films cut from
prepared films were placed onto petri dishes. Control samples were prepared
under the same conditions. Disc film containing petri dishes and control
samples were incubated at 37 °C for 24 hours. After incubation, petri dishes
were checked for bacterial growth; inhibition zones around the disc films were
evaluated qualitatively and quantitatively. Quantitative evaluation was
performed according to the inhibition zone diameter. The zones around the
disc films were evaluated as an indicator of inhibition of bacterial growth. The
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bio film that produced a large inhibition zone was considered to show a high
antimicrobial activity. Contact angle and total surface energies of the biofilms
were determined with Pocket Goniometer PGX+ in line with ASTM D5946.

Table 1: Formulations of the biofilms

Sample | Thyme oil (%) Starch (g) Glycerol (g) Tween (mL)
FO 0 10 2 2
F1 1 10 2 2
F2 2.5 10 2 2
F3 5 10 2 2
F4 10 10 2 2

Solid printing was performed on obtained five different biofilms with a weaving
density of 77 tpc, 75° scraping angle and 75° shore hardness by using an ARUS
semi-automatic screen printing machine. The color characteristic of the prints
was measured by X-Rite exact spectrophotometer spectral range 400 -700 nm,
with D50 light, 2° observer angle, with polarize filter, 0/45-degree). and gloss
values were measured by BYK Gardner gloss meter at 60° according to TAPPI
T480 OM-15. Color differences (AE) were calculated according to the given
below CIELab (2000) technique:

I'\2 N\ 2 r\2 r 1
AL AC AH AC' AH
AEqo = \/(ﬁ) + (kCSC) + (RHSH) + Ry kcSc kuSn (1)

3 RESULTS

Biofilms containing different amounts of thyme oil have been prepared
successfully. The transparency of the films obtained was examined by UV-Vis
spectrophotometer. The UV-Vis spectrum of the films, which are very
transparent even by eye, is given in Figure 1. As the films got thicker, the folding
and transparency of the films decreased. For this reason, all biofilms were
produced with a thickness of approximately 20 um and their transparency was
compared. When the results obtained were examined, it was determined that
all biofilms had high transparency, but as the amount of thyme oil in them
increased, there was a small decrease in transparency. This result is compatible
with the literature (Wang et al., 2021).
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Figure 1: Transmittance of the antibacterail biofilms.

The antimicrobial activity of obtained biofilms was tested against both gram-
positive (S. aureus) and gram-negative (E. coli) bacteria. Diameter of inhibition
zone diameters of different ratio of thyme oil ingredient biofilms are shown in
Table 2. It was seen that E. coli and S. aureus grown homogeneously in all
regions of petri dishes in control samples. Inhibition zone against E. coli and S.
aureus was not observed in films non-consisting thyme oil (FO). Because starch
is natural carbohydrates, it is a food of microorganisms. On the other hand,
thyme oil content biofilms showed inhibition zone against E. coli and S. aureus.
This result showed that the thyme oil was antimicrobial against both gram-
positive and gram-negative bacteria. When all the results were examined, it
was observed that as the amount of thyme oil increased, the inhibition zone
increased and the antimicrobial property increased. It was also concluded that
thyme oil was slightly more effective on S. Aureus than E. Coli (Semeniuc et al.,
2017).

Table 2: Antimicrobial activity of tyhme oil content biofilms against E. coliand S. aureus
(inhibition zone diameter in centimeter)

Sample E. coli S. aureus
FO - -
F1 1.2 1.8
F2 3.1 34
F3 3.9 4.4
F4 4.2 55
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The use of vegetable oils in the biofilms is a good way of create hydrophobic
(Pelletier and Gandini, 2006). The most important parameter in determining
the printing method and ink type to be used for printing is the surface energy
and contact angle of the substrate. For this purpose, these properties of
biofilms were examined and the results are given in Table 3.

Table 3: Contact Angle anda Surface Energies of tyhme oil content biofilms

Sample Contact Angle (°) Surface Energy (mJ/m?)
FO 72.3 38.9
F1 80.6 35.7
F2 82.4 34.2
F3 84.0 34.7
F4 85.9 33.3

When thyme oil was added to base formulation, the contact angle increased.
This is due to the hydrophobic nature of the oil. It is seen that the contact angle
increases when the amount of oil in the biofilm formulation is increased. This
improves the offset and screen printing printability of the biofilms with less ink.
Because the oleophilic groups in the offset and screen printing ink structure
will interact more with the peppermint oil on the biofilm surface and a good
ink surface relation will be provided and the printing process will be easier
(Kandirmaz and Zelzele, 2020).

In addition, prints were made with the screen printing technique on the
produced films and the color and gloss characters of the produced prints were
measured and the results are given in Table 4. When Table 4 was examined, it
was determined that the color shifted slightly towards yellow due to the oil's
own color. When FO and other prints containing thyme oil were compared, it
was determined that the color difference value, AE, was below 3 and the
difference between them could not be noticed with the human eye. When the
gloss values were examined, it was determined that the added oil slightly
reduced the gloss of the biofilm, but this reduction was within the standard
deviation range. It was possible to print well on the obtained films with oil-
based screen printing ink without any problems.

Table 4: Color and gloss properties of printed biofilms

Sample L* a* b* AEg Gloss
FO 47.5 74.3 -3.9 Ref. 15.6
F1 47.4 74.2 -2.6 0.43 15.5
F2 47.3 73.1 -2.2 1.46 15.5
F3 47.2 72.9 -1.8 1.15 15.4
F4 46.9 72.3 -1.1 1.35 15.2
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4 CONCLUSIONS

As a result, thyme oil containing starch biofilms have been successfully
produced. The obtained biofilms have transparent. Biofilms containing thyme
oil have inhibitory properties against both gram positive and negative bacteria.
The highest activity was observed against gram positive bacteria. When the
printed colors of the films were examined, it was determined that the color
difference was below 3, that is, there is no color difference that can be seen by
the eye. As the amount of oil in the biofilm increased, the contact angle
increased, the surface has become more sensitive to oil-based ink. The gloss
values are not change with adding thyme oil. The oil based ink printability of
the biofilm is increased by adding thyme oil. Screen prints were made onto
biofilms without any problem.
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